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MICROCHIP

PIC16(L)F1826/27

18/20/28-Pin Flash Microcontrollerswith nanoWatt XL P Technology

High-Performance RISC CPU:

» C Compiler Optimized Architecture

» 256 bytes Data EEPROM

* Up to 8 Kbytes Linear Program Memory
Addressing

» Up to 384 bytes Linear Data Memory Addressing

* Interrupt Capability with Automatic Context Saving

» 16-Level Deep Hardware Stack with Optional
Overflow/Underflow Reset

« Direct, Indirect and Relative Addressing modes:
- Two full 16-bit File Select Registers (FSRs)
- FSRs can read program and data memory

Flexible Oscillator Structure:

* Precision 32 MHz Internal Oscillator Block:
- Factory calibrated to + 1%, typical
- Software selectable frequencies range of
31 kHz to 32 MHz
* 31 kHz Low-Power Internal Oscillator
» Four Crystal modes up to 32 MHz
» Three External Clock modes up to 32 MHz
* 4X Phase-Lock Loop (PLL)
+ Fail-Safe Clock Monitor:
- Allows for safe shutdown if peripheral clock
stops
» Two-Speed Oscillator Start-up
» Reference Clock Module:
- Programmable clock output frequency and
duty-cycle

Special Microcontroller Features:

+ 1.8V-5.5V Operation — PIC16F1826/27

* 1.8V-3.6V Operation — PIC16LF1826/27

» Self-Programmable under Software Control

» Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

* Programmable Brown-out Reset (BOR)

» Extended Watchdog Timer (WDT):
- Programmable period from 1ms to 268s

* Programmable Code Protection

¢ In-Circuit Serial Programming™ (ICSP™) via
two pins

* In-Circuit Debug (ICD) via two pins

» Enhance Low-Voltage Programming

» Power-Saving Sleep mode

Extreme Low-Power Management
PIC16LF1826/27 with nanoWatt XLP:

» Operating Current: 75 pyA @ 1 MHz, 1.8V, typical
» Sleep mode: 30 nA

* Watchdog Timer: 500 nA

» Timer1 Oscillator: 600 nA @ 32 kHz

Analog Features:

* Analog-to-Digital Converter (ADC) Module:
- 10-bit resolution, 12 channels
- Auto acquisition capability
- Conversion available during Sleep
* Analog Comparator Module:
- Two rail-to-rail analog comparators
- Power mode control
- Software controllable hysteresis
» Voltage Reference Module:
- Fixed Voltage Reference (FVR) with 1.024V,
2.048V and 4.096V output levels
- 5-bit rail-to-rail resistive DAC with positive
and negative reference selection

Peripheral Highlights:

* 151/0 Pins and 1 Input Only Pin:
- High current sink/source 25 mA/25 mA
- Programmable weak pull-ups
- Programmable interrupt-on- change pins
+ TimerO: 8-Bit Timer/Counter with 8-Bit Prescaler
* Enhanced Timer1:
- 16-bit timer/counter with prescaler
- External Gate Input mode
- Dedicated, low-power 32 kHz oscillator driver
* Up to three Timer2-types: 8-Bit Timer/Counter with
8-Bit Period Register, Prescaler and Postscaler
+ Up to two Capture, Compare, PWM (CCP) Modules
» Up to two Enhanced CCP (ECCP) Modules:
- Software selectable time bases
- Auto-shutdown and auto-restart
- PWM steering
* Up to two Master Synchronous Serial Port
(MSSP) with SPI and I°C™ with:
- 7-bit address masking
- SMBus/PMBus™ compatibility
* Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) Module
* mTouch™ Sensing Oscillator Module:
- Up to 12 input channels
» Data Signal Modulator Module:
- Selectable modulator and carrier sources
*S R Latch:
- Multiple Set/Reset input options
- Emulates 555 Timer applications

© 2011 Microchip Technology Inc.
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PIC16(L)F1826/27

PIC16(L)F1826/27 Family Types

Program Data . ) ©
Memory | Memory = S| oe 5 ]
o = S U Py % a i o ’5 ’5 §
5 v |sml8e 2|82z 5|8|=]5|8]|5%
g g 128|188/ 2| 2|3 |Elel2|=|C| |9
Q o >w> Q =2 o o w o o n
= nal gL o | §| o E O | O
5 = Y
a)
PIC16LF1826 2K 256 | 256 16 12 12 2 2/1 1 1 1 — — | Yes
PIC16F1826 2K 256 | 256 16 12 12 2 2/1 1 1 1 — — | Yes
PIC16LF1827 4K 384 | 256 16 12 12 2 4/1 1 2 1 1 2 Yes
PIC16F1827 4K 384 | 256 16 12 12 2 4/1 1 2 1 2 Yes
Note 1: One pin is input only.
Pin Diagram — 18-Pin PDIP, SOIC (PIC16(L)F1826/27)
PDIP, SOIC
RA2 <—[|1 U 18 []=— RA1
RA3 <[], 17 [J=— RA0
RA4 =—[]3 1= Ra
RASMCLRVPP —[4 % 15[]=— RA6
vss —5 i 14 [J—— vop
RBO <—[6 § 13 []=— RB7
re1 ~—[]7 & 12[]= Rss
RB2 =—[]3 11[]=— RB5
RB3 <—[]9 10[J<+— RB4
Pin Diagram — 20-Pin SSOP (PIC16(L)F1826/27)
SSOP
RA2 <[ 1 U 20 []=—= RA1
RA3 =[], 19[]=— RA0
RA4 =—[]3 18 []=—= RA7
RASMCIRNeP —=[s . 17[]=— RA6
vss —5 § 16 [J—— voo
vss — g 5 15— Voo
RBO —[]7 S 14 [J=— RB7
RB1 =—[]8 Y []<— RB6
RB2 «— ]9 12[]=— RB5
RB3 <—[]10 11[J=— RrB4
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PIC16(L)F1826/27

Pin Diagram — 28-Pin QFN/UQFN (PIC16(L)F1826/27)
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TABLE 1: 18/20/28-PIN SUMMARY (PIC16(L)F1826/27)
B L | B
b =) 0 ) 0 _
S - > 8 3 3 £ = m = 3 s o ©
= ) 5| 0 z > o) o = - 3 a o ) o) 2 = o
o) g » ul @ g ® ® 2 =1 o 9 > 0 2 5 z o
) » < = 3 > 2 o ® x o = S ° ©
@ o) c 2 @ = = 3 =4 3
ol |8 =
O =z
RAO | 17 | 19 | 23 Y ANO = CPSO C12INO- = = = = SD02@ = N =
RA1 18 | 20 | 24 Y AN1 — CPS1 C12IN1- — — — — 5522 — — N —
RA2 1 1 26 Y AN2 VREF- CPS2 C12IN2- = = = = = = = N =
DACOUT C12IN+
RA3 2 2 27 Y AN3 VREF+ CcPS3 C12IN3- SRQ — ccpP3®@ — — — — N —
C1IN+
c1ouT
RA4 3 3 28 Y AN4 — CPS4 C20UT | SRNQ TOCKI cCcP4@ — — — — N —
RA5 4 4 1 N — — — — — — — — 551 — — Y® MCLR, VPP
RA6 15 17 | 20 N — — = — = = P1D(" = spo1™ — — N 0SC2
p2(12) CLKOUT
CLKR
RA7 16 18 | 21 N — — — — — — p1c™ — — — — N 0sC1
ccp2(1:2) CLKIN
P2A(12)
RBO 6 7 7 N — — = — SRI T1G ccpq(™ = — INT — Y —
P1AM I0C
FLTO
RB1 7 8 8 Y AN11 — CPS11 — — — — RXx(14) SDAT1 lIoC — Y —
DT(4) SDI1
RB2 8 9 9 Y AN10 = CPS10 = = = = RX(MpT(™" | sSDA2(@ I0C MDMIN Y =
Tx(1:4) Spi2®
ck(4) spo1(t4)
RB3 9 10 10 Y AN9 — CPS9 — — — ccp1(14 — — I0C MDOUT Y —
P1A(14)
RB4 | 10 11 12 Y ANS8 — CPS8 — = = — = SCL1 I0C MDCIN2 Y —
SCK1
RB5 1 12 13 Y AN7 — CPS7 — — — P1B > scL2® lIoC — Y —
ck™M SCK2()
S51(14)
RB6 12 13 15 Y AN5 — CPS5 — = T1CKI p1c(4) = — I0C — Y ICSPCLK/
T10SI | ccp2(1:24) ICDCLK
PZA(1,2,4)
RB7 13 14 16 Y AN6 — CPS6 — — T10S0 p1D(-4) — — IoC MDCIN1 Y ICSPDAT/
p2B(1:24) ICDDAT
VDD 14 15,16 [ 17,19 = = = = = = = = = = = = = VDD
Vss 5 56 | 35 — — — — — — — — — — — — — Vss
Note 1: Pin functions can be moved using the APFCONO or APFCONT1 register.

Awn

Functions are only available on the PIC16(L)F1827.
Weak pull-up always enabled when MCLR is enabled, otherwise the pull-up is under user control.
Default function location.
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PIC16(L)F1826/27

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs . Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

» Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.

DS41391D-page 8 © 2011 Microchip Technology Inc.



PIC16(L)F1826/27

1.0 DEVICE OVERVIEW

The PIC16(L)F1826/27 are d escribed within this data
sheet. They are available in 18/20/28-pin packages.
Figure 1-1s hows a block di agram ofth e
PIC16(L)F1826/27 devices. Table 1-2 shows the pinout
descriptions.

Reference Table 1-1f or pe ripherals a vailable pe r
device.

TABLE 1-1: DEVICE PERIPHERAL

SUMMARY
3§
¥o| g
Peripheral 5 =
© ©
g | ©
o o
ADC '
Capacitive Sensing Module oo
Digital-to-Analog Converter (DAC) oo
Digital Signal Modulator (DSM) oo
EUSART '
Fixed Voltage Reference (FVR) oo
Reference Clock Module oo
SR Latch oo
Capture/Compare/PWM Modules
ECCP1 ° °
ECCP2 °
CCP3 °
CCP4 °
Comparators
C1 ° °
Cc2 ° °
Master Synchronous Serial Ports
MSSP1 ° °
MSSP2 °
Timers
Timer0 ° °
Timer1 o °
Timer2 ) °
Timer4 °
Timer6 °

© 2011 Microchip Technology Inc.
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PIC16(L)F1826/27

FIGURE 1-1: PIC16(L)F1826/27 BLOCK DIAGRAM
Program
Flash Memory
CLKR RAM  |€=p=J» EEPROM
Clock
Xl Reference
[
oscz/cLkouT  Timing
OSC1/CLKIN | Generation
D ] : PORTA
INTRC cPy
Oscillator 4
(Figure 2-1)
=) PORTB
MCLR X
L:tF;h {A()I?E(;t Timer0 Timer1 T-:-?;ég DAC Comparators
ECCPx CCPx MSSPx Modulator EUSART FVR CapSense
Note 1: See applicable chapters for more information on peripherals.
2:  See Table 1-1 for peripherals available on specific devices.

DS41391D-page 10

© 2011 Microchip Technology Inc.



PIC16(L)F1826/27

TABLE 1-2: PIC16(L)F1826/27 PINOUT DESCRIPTION
Name Function I_:j;)puet o_;’;g:t Description
RAO/ANO/CPS0/C12INO-/ RAO TTL | CMOS | General purpose 1/O.
spo2® ANO AN — | A/D Channel 0 input.
CPSO AN — Capacitive sensing input 0.
C12INO- AN — Comparator C1 or C2 negative input.
SDO2 — CMOS | SPI data output.
RA1/AN1/CPS1/C12IN1-/SS2®? RA1 TTL | CMOS | General purpose 1/O.
AN1 AN — A/D Channel 1 input.
CPS1 AN — Capacitive sensing input 1.
C12IN1- AN — Comparator C1 or C2 negative input.
Ss2 ST — Slave Select input 2.
RA2/AN2/CPS2/C12IN2-/ RA2 TTL | CMOS | General purpose I/O.
C12IN+/VReF-/DACOUT AN2 AN — | A/D Channel 2 input.
CPS2 AN — Capacitive sensing input 2.
C12IN2- AN — Comparator C1 or C2 negative input.
C12IN+ AN — Comparator C1 or C2 positive input.
VREF- AN — A/D Negative Voltage Reference input.
DACOUT — AN | Voltage Reference output.
RA3/AN3/CPS3/C12IN3-/C1IN+/ RA3 TTL | CMOS | General purpose 1/0.
VREF+/C10UT/CCP3?)ISRQ AN3 AN — | A/D Channel 3 input.
CPS3 AN — Capacitive sensing input 3.
C12IN3- AN — Comparator C1 or C2 negative input.
C1IN+ AN — Comparator C1 positive input.
VREF+ AN — A/D Voltage Reference input.
C10UT — CMOS | Comparator C1 output.
CCP3 ST CMOS | Capture/Compare/PWM3.
SRQ — CMOS | SR latch non-inverting output.
RA4/AN4/CPS4/C20UT/TOCKI/ RA4 TTL | CMOS | General purpose /0.
ccP4/SRNQ AN4 AN — | A/D Channel 4 input.
CPS4 AN — Capacitive sensing input 4.
C20UT — CMOS | Comparator C2 output.
TOCKI ST — TimerO clock input.
CCP4 ST CMOS | Capture/Compare/PWM4.
SRNQ — CMOS | SR latch inverting output.
RA5/MCLR/VPP/SS1(1:2) RA5 TTL | CMOS | General purpose I/O.
MCLR ST — Master Clear with internal pull-up.
VPP HV — Programming voltage.
SS1 ST — Slave Select input 1.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with 12c
HV = High Voltage XTAL = Crystal levels
Note 1: Pin functions can be moved using the APFCONO or APFCON1 register.

2: Functions are only available on the PIC16(L)F1827.

3: Default function location.

© 2011 Microchip Technology Inc.
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PIC16(L)F1826/27

TABLE 1-2: PIC16(L)F1826/27 PINOUT DESCRIPTION (CONTINUED)

Name Function I_Ir_lypuet O_F’;g:t Description
RAB6/0SC2/CLKOUT/CLKR/ RA6 TTL | CMOS | General purpose /0.
P1D(V/P28("2sD01™ 0SC2 — | XTAL |Crystal/Resonator (LP, XT, HS modes).
CLKOUT — CMOS | Fosc/4 output.
CLKR — CMOS | Clock Reference Output.
P1D — CMOS | PWM output.
P2B — CMOS | PWM output.
SDO1 — CMOS | SPI data output 1.
RA7/0SC1/CLKIN/P1C™) RA7 TTL | CMOS | General purpose I/O.
ccp2(t2yp2Al"? 0SC1 | XTAL | — |Crystal/Resonator (LP, XT, HS modes).
CLKIN | CMOS — External clock input (EC mode).
P1C — CMOS | PWM output.
CCP2 ST CMOS | Capture/Compare/PWM2.
P2A — CMOS | PWM output.
RBO/T1G/CCP1MP1AMINT/ RBO TTL | CMOS | General purpose 1/0. Individually controlled interrupt-on-change.
SRI/FLTO Individually enabled pull-up.
T1G ST — Timer1 Gate input.
CCP1 ST CMOS | Capture/Compare/PWM1.
P1A — CMOS | PWM output.
INT ST — External interrupt.
SRI ST — SR latch input.
FLTO ST — ECCP Auto-Shutdown Fault input.
RB1/AN11/CPS11/RX(1:3) RB1 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
DT("-3)/SDA1/SDI1 Individually enabled pull-up.
AN11 AN — A/D Channel 11 input.
CPS11 AN — Capacitive sensing input 11.
RX ST — USART asynchronous input.
DT ST CMOS | USART synchronous data.
SDA1 l2c™ | OD |I2C™ data input/output 1.
SDI1 CMOS — SPI data input 1.
RB2/AN10/CPS10/MDMIN/ RB2 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
TX(13)cK(3RX(MDT() Individually enabled pull-up.
SDA2)sDI12?)sDO11%) AN10 AN — | A/D Channel 10 input.
CPS10 AN — Capacitive sensing input 10.
MDMIN — CMOS | Modulator source input.
TX — CMOS | USART asynchronous transmit.
CK ST CMOS | USART synchronous clock.
RX ST — USART asynchronous input.
DT ST CMOS | USART synchronous data.
SDA2 | I’C™ | OD [I2C™ data input/output 2.
SDI2 ST — SPI data input 2.
SDO1 — CMOS | SPI data output 1.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with 1°c
HV = High Voltage XTAL = Crystal levels

Note 1: Pin functions can be moved using the APFCONO or APFCON1 register.
2: Functions are only available on the PIC16(L)F1827.
3: Default function location.
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PIC16(L)F1826/27

TABLE 1-2: PIC16(L)F1826/27 PINOUT DESCRIPTION (CONTINUED)

Name Function I_Ir_lypuet O_F’;g:t Description
RB3/AN9/CPS9/MDOUT/ RB3 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
ccp1:3)p1aU3) Individually enabled pull-up.

AN9 AN — A/D Channel 9 input.
CPS9 AN — Capacitive sensing input 9.
MDOUT — CMOS | Modulator output.
CCP1 ST CMOS | Capture/Compare/PWM1.
P1A — CMOS | PWM output.
RB4/AN8/CPS8/SCL1/SCK1/ RB4 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
MDCIN2 Individually enabled pull-up.
AN8 AN — A/D Channel 8 input.
CPS8 AN — Capacitive sensing input 8.
SCL1 | 1’c™ | OD |I1°C™ clock 1.
SCK1 ST CMOS | SPI clock 1.
MDCIN2 ST — Modulator Carrier Input 2.
RB5/AN7/CPS7/P1B/TX(MicK(/|  RB5 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
scL2@ysck2@/ss1(1:3) Individually enabled pull-up.
AN7 AN — A/D Channel 7 input.
CPS7 AN — Capacitive sensing input 7.
P1B — CMOS | PWM output.
TX — CMOS | USART asynchronous transmit.
CK ST CMOS | USART synchronous clock.
SCL2 | 1’c™ | OD |I12C™ clock 2.
SCK2 ST CMOS | SPI clock 2.
Ss1 ST — Slave Select input 1.
RB6/AN5/CPS5/T1CKI/T10SI/ RB6 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
p1ct!:3)ccp2(!:23)poat 23y Individually enabled pull-up.
ICSPCLK AN5 AN — | A/D Channel 5 input.
CPS5 AN — Capacitive sensing input 5.
T1CKI ST — Timer1 clock input.
T10SO XTAL | XTAL | Timer1 oscillator connection.
P1C — CMOS | PWM output.
CCP2 ST CMOS | Capture/Compare/PWM2.
P2A — CMOS | PWM output.
ICSPCLK ST — Serial Programming Clock.
RB7/AN6/CPS6/T10S0O/ RB7 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
p1D(:3)p2B(123)MDCIN1/ Individually enabled pull-up.
ICSPDAT ANG AN — | A/D channel 6 input.
CPS6 AN — Capacitive sensing input 6.
T10SO XTAL | XTAL | Timer1 oscillator connection.
P1D — CMOS | PWM output.
P2B — CMOS | PWM output.
MDCIN1 ST — Modulator Carrier Input 1.
ICSPDAT ST CMOS |ICSP™ Data I/O.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with 12c
HV = High Voltage XTAL = Crystal levels
Note 1: Pin functions can be moved using the APFCONO or APFCON1 register.

2: Functions are only available on the PIC16(L)F1827.

3: Default function location.

© 2011 Microchip Technology Inc.
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PIC16(L)F1826/27

TABLE 1-2: PIC16(L)F1826/27 PINOUT DESCRIPTION (CONTINUED)
Name Function I_Ir_];puet O_F’;pp:t Description
VDD VDD Power — Positive supply.
Vss Vss Power — Ground reference.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain

Note 1:

TTL = TTL compatible input ST

HV = High Voltage

Default function location.

= Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with 12c
XTAL = Crystal
Pin functions can be moved using the APFCONO or APFCON1 register.
Functions are only available on the PIC16(L)F1827.

levels

DS41391D-page 14
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PIC16(L)F1826/27

2.0 ENHANCED MID-RANGE CPU

This family of devices contain an enhanced mid-range
8-bit CPU core. The CPU has 49 instructions. Interrupt
capability inc ludes aut omatic co ntext sa ving. The
hardware stack is 16 levels deep and has Overflow and
Underflow R eset ¢ apability. D irect, In direct, an d
Relative addressing modes are av ailable. T wo Fil e
Select R egisters (F SRs) provide th e a bility to rea d
program and data memory.

» Automatic Interrupt Context Saving

» 16-level Stack with Overflow and Underflow
» File Select Registers

* Instruction Set

2.1 Automatic Interrupt Context
Saving

During interrupts, c ertain re gisters are a utomatically
saved in shadow registers and restored when returning
from the interrupt. T his saves stack space and user
code. See Section 8.5 “Automatic Context Saving”,
for more information.

2.2 16-level Stack with Overflow and
Underflow

These devices have an external stack memory 15 bits
wide and 16 words deep. A Stack Overflow or Under-
flow will set the appropriate bit (STKOVF or STKUNF)
in the PCON register, and if enabled will cause a soft-
ware Reset. See section Section 3.4 “ Stack” for more
details.

2.3 File Select Registers

There are two 16-bit File Select Registers (FSR). FSRs
can access al | file reg isters an d p rogram me mory,
which allows one Data Pointer for all memory. When an
FSR points to program memory, there is one additional
instruction cycle in instructions using INDF to allow the
data to be fetched. General purpose memory can now
also be addressed lin early, p roviding th e ab ility to
access contiguous data larger than 80 bytes. There are
also n ew i nstructions to s upport the FSRs . Se e
Section 3.4 “ Stack” for more details.

2.4 Instruction Set

There are 49 instructions for the enhanced mid-range
CPU tosup port thefea tures of the C PU. See
Section 29.0 “ Instruction Set Sum mary” for more
details.

© 2011 Microchip Technology Inc.
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PIC16(L)F1826/27

FIGURE 2-1: CORE BLOCK DIAGRAM
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PIC16(L)F1826/27

3.0 MEMORY ORGANIZATION

There are three types of memory in PIC16(L)F1826/27:

Data Memory, Program Memory and Data EEPROM
Memory®D.
* Program Memory
« Data Memory

- Core Registers

- Special Function Registers

- General Purpose RAM

- Common RAM

- Device Memory Maps

- Special Function Registers Summary
« Data EEPROM memory®

Note 1: The D ata EEPROM Me mory an d the
method to access Flash memory through
the EEC ON reg isters is de scribed in
Section 11.0 “Data EEPROM and Flash
Program Memory Control”.

The following features are associated with access and
control of program memory and data memory:

* PCL and PCLATH
« Stack
* Indirect Addressing

3.1 Program Memory Organization

The enhan ced mid-range core has a 15-bit program
counter capable of addressing a 32K x 14 program
memory s pace. Table 3-1 show s the memo ry sizes
implemented for the PIC 16(L)F1826/27 family.
Accessing a location above these boundaries will cause
a wrap-around within the implemented memory space.
The Reset vector is at 0000h and the interrupt vedor is
at 0004h (see Figures 3-1 and 3-2).

TABLE 3-1: DEVICE SIZES AND ADDRESSES
Device Program Memory Space (Words) Last Program Memory Address
PIC16(L)F1826 2,048 07FFh
PIC16(L)F1827 4,096 OFFFh

© 2011 Microchip Technology Inc.
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PIC16(L)F1826/27

FIGURE 3-1: PROGRAM MEMORY MAP
AND STACK FOR
PIC16(L)F1826
PC<14.0>
CALL, CALLW 15
RETURN, RETLW
Interrupt, RETFI E
Stack Level 0
Stack Level 1
Stack Level 15
Reset Vector 0000h
: —
Interrupt Vector 0004h
On-chip 0005h
Program Page 0
Memory 07FFh
Rollover to Page 0 0800h
Rollover to Page 0 7EEER

FIGURE 3-2: PROGRAM MEMORY MAP
AND STACK FOR
PIC16(L)F1827
PC<14:0> |
CALL, CALLW 15
RETURN, RETLW
Interrupt, RETFI E
Stack Level 0
Stack Level 1
Stack Level 15
Reset Vector 0000h
: 4—
Interrupt Vector 0004h
0005h
. Page 0
On-chip ’ 07FFh
Program
Memory 0800h
Page 1
OFFFh
Rollover to Page 0 1000h
Rollover to Page 1
7FFFh

DS41391D-page 18

© 2011 Microchip Technology Inc.




PIC16(L)F1826/27

3.1.1 READING PROGRAM MEMORY AS
DATA

There are two methods of accessing constants in pro-
gram memory. Thee first method is to us e tables of
RETLWinstructions. The second method is to s et an
FSR to point to the program memory.

3.1.11 RETLWiInstruction

The RETLWinstruction can be used to provide access
to tables of constants. The recommended way to create
such a table is shown in Example 3-1.

EXAMPLE 3-1: RETLWINSTRUCTION

constants

BRW ;Add Index in Wto
; program counter to
;select data

RETLW DATAO ;I ndex0 data

RETLW DATA1 ;I ndex1 data

RETLW DATA2

RETLW DATA3

ny_function
;... LOTS OF CODE...
MOVLW DATA | NDEX
call constants
;... THE CONSTANT IS IN W

The BRWinstruction makes this type of table very sim-
ple to implement. If your code must re main portable
with previous generations of microcontrollers, then the
BRWinstruction is not available so the older table read
method must be used.

© 2011 Microchip Technology Inc.
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3.1.1.2 Indirect Read with FSR

The program memory can be accessed as data by set-
ting bit 7 of the FSRxH register and reading the match-
ing INDFx register. The MOVl Winstruction will place the
lower 8 bits of the addressed word in the W register.
Writes to the program memory cannot be performed via
the INDF re gisters. Instructions th at access the pro-
gram memory via the FSR require one extra instruction
cycle to complete. Example 3-2 demonstrates access-
ing the program memory via an FSR.

The HIGH directive will set bit<7> if a label points to a
location in program memory.

EXAMPLE 3-2: ACCESSING PROGRAM
MEMORY VIA FSR

constants

RETLW DATAO ;1 ndex0 data

RETLW DATAL ;I ndexl data

RETLW DATA2

RETLW DATA3
my_function

;...LOTS OF CCODE...

MOVLW LOW const ant s
MOVWF  FSRI1L
MOVLW HI GH constants
MOVWF  FSR1H
MOVI W O[ FSR1]

; THE PROGRAM MEMORY IS IN W

3.2 Data Memory Organization

The data memory is p artitioned in 32 memory banks
with 12 8 by tesin a ban k. Each ban k c onsists of
(Figure 3-3):

* 12 core registers

» 20 Special Function Registers (SFR)

» Up to 80 bytes of General Purpose RAM (GPR)

* 16 bytes of common RAM

The active bank is selected by writing the bank number
into the Bank Select Register (BSR). Unimplemented
memory willreadas ‘0. Alldatamemorycanbe
accessed either directly (via instructions that use the
file registers) o r indirectly vi a th e tw o Fi le Se lect
Registers (F SR). Se e Section 3.5“ Indirect
Addressing” for more information.

Data Memory uses a 12-bit address. The upper 7-bit of
the address define the Bank address and the lo wer
5-bits select the registers/RAM in that bank.

3.2.1 CORE REGISTERS

The core registers contain the registers t hat d irectly
affect the basic operation. The core registers occupy
the first 1 2 addresses of e very data m emory bank
(addresses x00h/x08h t hrough x 0Bh/x8Bh). These
registers are listed below in Table 3-2. For for detailed
information, see Table 3-5.

TABLE 3-2: CORE REGISTERS
Addresses BANKX
x00h or x80h INDFO
x01h or x81h INDF1
x02h or x82h PCL
x03h or x83h STATUS
x04h or x84h FSROL
x05h or x85h FSROH
x06h or x86h FSR1L
x07h or x87h FSR1H
x08h or x88h BSR
x09h or x89h WREG
x0Ah or x8Ah PCLATH
x0Bh or x8Bh INTCON

DS41391D-page 20
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PIC16(L)F1826/27

3.2.11 STATUS Register
The STATUS register, shown in Register 3-1, contains:

« the arithmetic status of the ALU
* the Reset status

The STATUS register can be the de stination for an y
instruction, | ike any other register. | ft he S TATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or deared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as ‘000u uluu’ (where u = unchanged).

Itis recommended, therefore, that only BCF, BSF,
SWAPF and MOWF instructions are used to alter the
STATUS regi ster, be cause the se instructions do n ot
affect an y S tatus bit s. Fo r other instructions not
affecting a ny Status bit s (R eferto  Section 29.0
“Instruction Set Summary”).

Note 1: The C and D C bits op erate a s Borrow
and Digit Borrow out bits, respectively, in

STATUS register as destination may be different than subtraction,
intended.
REGISTER 3-1: STATUS: STATUS REGISTER
u-0 U-0 u-0 R-1/q R-1/q R/W-0/u R/W-0/u R/W-0/u
— — — TO PD z bcW cW
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-5 Unimplemented: Read as ‘0’
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Digit Borrow bit (ADDWF, ADDLW SUBLW SUBVF instructions)()
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result
bit O C: Carry/Borrow bit!) (ADDWF, ADDLW SUBLW SUBWF instructions)()

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order

bit of the source register.

© 2011 Microchip Technology Inc.
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3.2.2 SPECIAL FUNCTION REGISTER

The Special Function Registers are registers used by
the ap plication t o contro | the de sired oper ation of
peripheral functions in the device. The Special Function
Registers occupythe 20 bytes ater the core regisers of
every dat a memory bank (addr esses xOC h/x8Ch
through x1Fh/x9Fh). The registers associated with the
operation of the per ipherals are descr ibedint he
appropriate peripheral chapter of this data sheet.

3.2.3 GENERAL PURPOSE RAM

There are up to 80 bytes of GPR in each data memory
bank. The Special Function Registers occupy the 20
bytes after the core registers of ev ery data me mory
bank (addresses xOCh/x8Ch through x1Fh/x9Fh).

3.2.3.1 Linear Access to GPR

The general pu rpose R AM ca n be ac cessed in a
non-banked method via the FSRs. This can simplify
access to large memory structures. See Section 3.5.2
“Linear Data Memory” for more information.

3.24 COMMON RAM

There are 16 bytes of common RAM accessible from all
banks.

FIGURE 3-3: BANKED MEMORY

PARTITIONING

7-bit Bank Offset Memory Region

00h
Core Registers
(12 bytes)
0Bh
0Ch
Special Function Registers
(20 bytes maximum)
1Fh
20h
General Purpose RAM
(80 bytes maximum)
6Fh
70h
Common RAM
(16 bytes)
7Fh

3.2.5 DEVICE MEMORY MAPS

The memory maps for the device family are as shown
in Table 3-3 and Table 3-4.
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TABLE 3-3: PIC16(L)F1826/27 MEMORY MAP
BANK 0 BANK 1 BANK 2 BANK 3 BANK 4 BANK 5 BANK 6 BANK 7
000h 080h 100h 180h 200h 280h 300h 380h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
00Bh 08Bh 10Bh 18Bh 20Bh 28Bh 30Bh 38Bh
00Ch PORTA 08Ch TRISA 10Ch LATA 18Ch ANSELA 20Ch WPUA 28Ch = 30Ch = 38Ch =
00Dh PORTB 08Dh TRISB 10Dh LATB 18Dh ANSELB 20Dh WPUB 28Dh = 30Dh = 38Dh =
00Eh — 08Eh — 10Eh — 18Eh — 20Eh — 28Eh — 30Eh — 38Eh —
00Fh = 08Fh = 10Fh = 18Fh = 20Fh = 28Fh = 30Fh = 38Fh =
010h = 090h = 110h = 190h = 210h = 290h = 310h = 390h =
011h PIR1 091h PIE1 111h|  CM1CONO 191h EEADRL 211h SSP1BUF 291h CCPRI1L 311h| cCPR3L( | 391h —
012h PIR2 092h PIE2 112h|  CM1CON1 192h EEADRH 212h SSP1ADD 292h CCPR1H 312h|  CCPR3H(") | 392h —
013h PIR3(" 093h PIE3(") 113h|  CM2CONO 193h EEDATL 213h| SSP1MASK | 293h CCP1CON 313h | CCP3CON!") | 393h =
014h PIR4(" 094h PIE4(" 114h| CM2CON1 194h EEDATH 214h| SSP1STAT | 294h| PWM1ICON | 314h = 394h IOCBP
015h TMRO 095h OPTION 115h CMOUT 195h EECON1 215h SSP1CON 295h CCP1AS 315h = 395h IOCBN
016h TMRAL 096h PCON 116h BORCON 196h EECONZ 216h|  SSPI1CON2 | 296h| PSTRICON | 316h = 396h JOCBF
017h TMRTH 097h WDTCON 117h FVRCON 197h = 217h|[ SSP1CON3 | 297h = 317h = 397h =
018h T1CON 098h OSCTUNE 118h DACCONO 198h — 218h — 298h| CCPR2L(M | 318h| CCPR4L(M | 398h —
019h T1GCON 099h OSCCON 119h| DACCON1 199h RCREG 219h| ssp2BUF™M | 299n| ccPr2H() | 319h| CCPR4H(" | 399h —
01Ah TMR2 09Ah OSCSTAT 11Ah SRCONO 19Ah TXREG 21Ah| ssp2ADD( | 29An| ccP2coN™ | 31An| ccP4coN™ | 39Ah| CLKRCON
01Bh PR2 09Bh ADRESL 11Bh SRCON1 19Bh SPBRGL 21Bh| ssP2MASK() | 29Bh| PwM2CON(") | 31Bh — 39Bh —
01Ch T2CON 09Ch ADRESH 11Ch — 19Ch SPBRGH 21Ch| SSP2STAT™M | 20ch| ccP2AsS™ | 31Ch — 39Ch MDCON
01Dh — 09Dh ADCONO 11Dh|  APFCONO 19Dh RCSTA 21Dh| SSP2CON™ | 29ph| PsTR2cON®) | 31Dh — 39Dh MDSRC
01Eh| CPSCONO | 09Eh ADCON1 11Eh| APFCON1 19Eh TXSTA 21Eh| SSP2CcON2() | 29Eh| CCPTMRS!" | 31Eh — 39Eh MDCARL
01Fh| CPSCON1 09Fh = 11Fh = 19Fh| BAUDCON | 21Fh| ssP2coN3() | 29Fh = 31Fh = 39Fh MDCARH
020h OAOh T20h TAOR 220h General 7A0h 320h 3A0h
General General General ;:rgﬁ:tseer
Purpose Purpose Purpose 48 Bytes“) Unimplemented Unimplemented Unimplemented
General Register Register Register Read as ‘0’ Read as ‘0’ Read as ‘0’
Purpose 80 Bytes 80 Bytes 80 Bytes(") Unimplemented
o6Fh|  Register | oppy, 16Fh 1EFh oern| Re2das0 |y 36Fh 3EFh
—O7on| 96 Bytes OFOR T70R TFOR 770h 2FOR 370R 3FOR
Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh
07Fh OFFh 17Fh 1FFh 27Fh 2FFh 37Fh 3FFh
Legend: = Unimplemented data memory locations, read as ‘0’
Note 1:  Available only on PIC16(L)F1827.
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TABLE 3-3: PIC16(L)F1826/27 MEMORY MAP (CONTINUED)
BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13 BANK 14 BANK 15
400h 480h 500h 580h 600h 680h 700h 780h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
40Bh 48Bh 50Bh 58Bh 60Bh 68Bh 70Bh 78Bh
40Ch — 48Ch — 50Ch — 58Ch — 60Ch — 68Ch — 70Ch — 78Ch —
40Dh — 48Dh — 50Dh — 58Dh — 60Dh — 68Dh — 70Dh — 78Dh —
40Eh — 48Eh — 50Eh — 58Eh — 60Eh — 68Eh — 70Eh — 78Eh —
40Fh — 48Fh — 50Fh — 58Fh — 60Fh — 68Fh — 70Fh — 78Fh —
410h — 490h — 510h — 590h — 610h — 690h — 710h — 790h —
411h — 491h — 511h — 591h — 611h — 691h — 711h — 791h —
412h — 492h — 512h — 592h — 612h — 692h — 712h — 792h —
413h — 493h — 513h — 593h — 613h — 693h — 713h — 793h —
414h — 494h — 514h — 594h — 614h — 694h — 714h — 794h —
415h TMR4(" 495h — 515h — 595h — 615h — 695h — 715h — 795h —
416h PR4(" 496h — 516h — 596h — 616h — 696h — 716h — 796h —
417h | T4COND | 497h — 517h — 597h — 617h — 697h — 717h — 797h —
418h — 498h — 518h — 598h — 618h — 698h — 718h — 798h —
419h — 499h — 519h — 599h — 619h — 699h — 719h — 799h —
41Ah — 49Ah — 51Ah — 59Ah — 61Ah — 69Ah — 71Ah — 79Ah —
41Bh — 49Bh — 51Bh — 59Bh — 61Bh — 69Bh — 71Bh — 79Bh —
41Ch TMRe(") 49Ch — 51Ch — 59Ch — 61Ch — 69Ch — 71Ch — 79Ch —
41Dh PRe(") 49Dh — 51Dh — 59Dh — 61Dh — 69Dh — 71Dh — 79Dh —
41| T6CON() | 49 — 51Eh — 59Eh — 61Eh — 69Eh — 71Eh — 79Eh —
41Fh — 49Fh — 51Fh — 59Fh — 61Fh — 69Fh — 71Fh — 79Fh —
420h 4A0h 520h 5A0h 620h 6A0h 720h 7A0h
Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
46Fh 4EFh 56Fh 5EFh 66Fh 6EFh 76Fh 7EFh
470h 4F0h 570h 5FOh 670h 6FOh 770h 7FOh
Accesses Accesses Accesses Accesses Accesses Accesses Accesses Accesses
70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh 70h — 7Fh
47Fh 4FFh 57Fh 5FFh 67Fh 6FFh 77Fh 7FFh
Legend: = Unimplemented data memory locations, read as ‘0’
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TABLE 3-3:

BANK16

PIC16(L)F1826/27 MEMORY MAP (CONTINUED)

BANK17 BANK18 BANK19 BANK20 BANK21 BANK22 BANK23
800h 880h 900h 980h AOOh A80h BOOh B80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
80Bh 88Bh 90Bh 98Bh AOBh A8Bh BOBh B8Bh
80Ch 88Ch 90Ch 98Ch AOCh A8Ch BOCh B8Ch
Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented
Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’
86Fh 8EFh 96Fh 9EFh ABFh AEFh B6Fh BEFh
870h 8F0Oh 970h 9F0Oh A70h AFOh B70h BFOh
Common RAM Common RAM Common RAM Common RAM Common RAM Common RAM Common RAM Common RAM
(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh) 70h — 7Fh)
87Fh 8FFh 97Fh 9FFh A7Fh AFFh B7Fh BFFh
BANK 24 BANK 25 BANK 26 BANK 27 BANK 28 BANK 29 BANK 30 BANK 31
C00h C80h DOOh D80h EOOh E80h FOOh F80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
(Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2) (Table 3-2)
CO0Bh C8Bh DOBh D8Bh EOBh E8Bh FOBh F8Bh
COCh C8Ch DOCh D8Ch EOCh E8Ch FoCh F8Ch
Unimplemented
. . . . . . . Read as ‘0’
Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented Unimplemented FoFh
Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ Read as ‘0’ FAOh
See Table 3-4 for
more information
C6Fh CEFh D6Fh DEFh E6Fh EEFh F6Fh FEFh
C70h CFOh D70h DFOh E70h EFOh F70h FFOh
Common RAM Common RAM
Accesses Accesses Accesses Accesses Accesses Accesses (Accesses (Accesses
70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh 70h - 7Fh) 70h - 7Fh)
C7Fh CFFh D7Fh DFFh E7Fh EFFh F7Fh FFFh
Legend: = Unimplemented data memory locations, read as ‘0’
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TABLE 3-4:

F80h

F8Bh
F8Ch

FE3h
FE4h
FES5h
FEGh
FE7h
FE8h
FESh
FEAh
FEBh
FECh
FEDh
FEEh
FEFh
FFOh

FFFh

= Unimplemented data memory locations, read as ‘0’,

PIC16(L)F1826/27 MEMORY MAP (CONTINUED)

Bank 31

Core Registers
(Table 3-2)

Unimplemented
Read as ‘0’

STATUS_SHAD

WREG_SHAD

BSR_SHAD

PCLATH_SHAD

FSROL_SHAD

FSROH_SHAD

FSR1L_SHAD

FSR1H_SHAD

STKPTR

TOSL

TOSH

Common RAM
(Accesses
70h — 7Fh)

DS41391D-page 26

© 2011 Microchip Technology Inc.



PIC16(L)F1826/27

3.2.6 CORE FUNCTION REGISTERS
SUMMARY

The Core Function registers listed in Table 3-5 can be
addressed from any Bank.

TABLE 3-5: CORE FUNCTION REGISTERS SUMMARY

. . . . . . . . Value on Value on all
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR |other Resets
Bank 0-31
x00h or INDFO Addressing_this Ioc_ation uses contents of FSROH/FSROL to address data memory Xxxx xxxx | uuuu uuuu
x80h (not a physical register)
x01h or Addressing this location uses contents of FSR1H/FSR1L to address data memory
INDF1 f ; XXXX XXXX | uuuu uuuu
x81h (not a physical register)
igg: o (pcL Program Counter (PC) Least Significant Byte 0000 0000 | 0000 0000
X0%h o |sTaTUS — — — T0 PD z DC ¢ |---11000 | ---q quuu
x04h or . .
x84h FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 | uuuu uuuu
x05h or ' ) )
x85h FSROH Indirect Data Memory Address 0 High Pointer 0000 0000 | 0000 0000
x06h or . .
x86h FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 | uuuu uuuu
x07h or . ) )
x87h FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000 | 0000 0000
igg: °"IBsSrR = = = BSR4 BSR3 BSR2 BSR1 BSRO | ---0 0000 | ---0 0000
x09h or . .
x89h WREG Working Register 0000 0000 | uuuu uuuu
X0Ah or . .
x8Ah PCLATH — Write Buffer for the upper 7 bits of the Program Counter - 000 0000 | - 000 0000
iggn orlINTCON GIEP EIE TMROIE INTE IOCIE TMROIF INTF I0CIF 0000 0000 | 0000 0000
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0’, r = reserved.

Shaded locations are unimplemented, read as ‘0’.
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TABLE 3-6: SPECIAL FUNCTION REGISTER SUMMARY

i ; ; ’ ) . . ) Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other

Resets
Bank O
00Ch PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX | XXXX XXXX
00Dh PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | XXXX XXXX
00Eh — Unimplemented — —
00Fh — Unimplemented — —
010h — Unimplemented — —
011h PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF | TMR2IF | TMR1IF {0000 0000|0000 0000
012h PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — ccp2iF® | 0000 0--0|0000 0--0
013h PIR3M — — CCP4IF CCP3IF TMR6IF — TMR4IF — --00 0-0- [--00 0-0-
014h PIR4WM — — — — — — BCL2IF | SSP2IF |---- --00|---- --00
015h TMRO Timer0 Module Register XXXX XXXX [uuuu uuuu
016h TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX [uuuu uuuu
017h TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX [uuuu uuuu
018h T1CON TMR1CS1 | TMR1CSO | T1CKPS1 | T1CKPSO | TTOSCEN | T1SYNC — TMR1ON |0000 00-0|uuuu uu-u
019h T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GGO/ | T1GVAL | T1GSS1 | T1GSS0O |0000 0x00 [uuuu uxuu
DONE
01Ah TMR2 Timer2 Module Register 0000 0000 (0000 0000
01Bh PR2 Timer2 Period Register 1111 1111|1111 1111
01Ch T2CON — T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPSO0 | TMR20ON | T2CKPS1 | T2CKPS0 |- 000 0000 [- 000 0000
01Dh — Unimplemented — —
01Eh CPSCONO CPSON — — — CPSRNG1 | CPSRNGO | CPSOUT | TOXCS |[0--- 0000|0--- 0000
01Fh CPSCON1 — — — — CPSCH3 | CPSCH2 | CPSCH1 | CPSCHO |---- 0000|---- 0000
Bank 1
08Ch TRISA TRISA7 TRISAG TRISAS TRISA4 TRISA3 TRISA2 | TRISA1 TRISA0 |1111 11111111 1111
08Dh TRISB TRISB7 TRISB6 TRISBS TRISB4 TRISB3 TRISB2 | TRISB1 TRISBO |1111 11111111 1111
08Eh — Unimplemented — —
08Fh — Unimplemented — —
090h — Unimplemented — —
091h PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE | TMR2IE | TMR1IE |0000 0000|0000 0000
092h PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — ccpP2iE® (0000 0--0|0000 0--0
093h PIE3® — — CCP4IE CCP3IE | TMR6IE — TMRA4IE — --00 0-0- |--00 0-0-
094h PIE4D — — — — — — BCL2IE | SSP2E |---- --00|---- --00
095h OPTION_REG | WPUEN INTEDG TMROCS TMROSE PSA PS2 PS1 PSO 1111 1111|1111 1111
096h PCON STKOVF | STKUNF — — RMCLR RI POR BOR |00-- 11qq|qg-- qquu
097h WDTCON — — WDTPS4 WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN [--01 0110(--01 0110
098h OSCTUNE — — TUN5 TUN4 TUN3 TUN2 TUN1 TUNO |[--00 0000|--00 0000
099h OSCCON SPLLEN IRCF3 IRCF2 IRCF1 IRCFO — SCS1 SCSO [0011 1-00|0011 1-00
09Ah OSCSTAT T10SCR PLLR OSTS HFIOFR HFIOFL MFIOFR | LFIOFR | HFIOFS |10q0 0qg0O0 |qqqq qqOq
09Bh ADRESL A/D Result Register Low XXXX XXXX |uuuu uuuu
09Ch ADRESH A/D Result Register High XXXX XXXX |uuuu uuuu
09Dh ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO | GO/DONE| ADON |-000 0000 |- 000 0000
09Eh ADCON1 ADFM ADCS2 ADCS1 ADCS0 — ADNREF | ADPREF1 | ADPREFO {0000 - 000 0000 - 000
09Fh — Unimplemented — —
Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, r = reserved.
Shaded locations are unimplemented, read as ‘0.

Note 1: PIC16(L)F1827 only.
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TABLE 3-6: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

i ; ; . . . . ) Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other

Resets
Bank 2
10Ch LATA LATA7 LATA6 — LATA4 LATA3 LATA2 LATA1 LATAO [XX-X XXXX |[uu-u uuuu
10Dh LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO |XXXX XXXX |uuuu uuuu
10Eh — Unimplemented = —
10Fh — Unimplemented — —
110h — Unimplemented = —
111h CM1CONO C10ON C10UT C10E C1POL — C1SP C1HYS | C1SYNC |0000 -100|0000 -100
112h CM1CON1 C1INTP C1INTN C1PCH!1 C1PCHO — — C1NCH<1:0> 0000 --00{0000 --00
113h CM2CONO C20N C20UT C20E C2POL — C2SP C2HYS | C2SYNC |0000 -100|0000 -100
114h CM2CON1 C2INTP C2INTN C2PCH!1 C2PCHO — — C2NCH1 | C2NCHO (0000 --00|0000 --00
115h CMOUT — — — — — — MC20UT | MC10UT |---- --00(---- --00
116h BORCON SBOREN — — — — — — BORRDY |1--- ---q|u--- ---u
117h FVRCON FVREN FVRRDY Reserved Reserved | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO |Oqrr 0000|Oqrr 0000
118h DACCONO DACEN DACLPS DACOE — DACPSS1 | DACPSS0 — DACNSS |000- 00-0|000- 00-0
119h DACCON1 — — — DACR4 DACR3 DACR2 DACR1 DACRO |---0 0000|---0 0000
11Ah SRCONO SRLEN SRCLK2 SRCLK1 SRCLKO SRQEN | SRNQEN SRPS SRPR 0000 0000|0000 0000
11Bh SRCON1 SRSPE SRSCKE SRSC2E SRSC1E SRRPE SRRCKE | SRRC2E | SRRC1E [0000 0000|0000 0000
11Ch — Unimplemented = —
11Dh APFCONO RXDTSEL | SDO1SEL SS1SEL P2BSEL®W [ccP2SEL®| P1DSEL | P1CSEL | CCP1SEL {0000 0000|0000 0000
11Eh APFCON1 — — — — — — — TXCKSEL |---- ---0[---- ---0
11Fh — Unimplemented = =
Bank 3

18Ch ANSELA — — — ANSA4 ANSA3 ANSA2 ANSA1 ANSAO |---1 1111(---1 1111
18Dh ANSELB ANSB7 ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 — 1111 111- {1111 111-
18Eh — Unimplemented — —
18Fh — Unimplemented — —
190h — Unimplemented — —
191h EEADRL EEPROM / Program Memory Address Register Low Byte 0000 0000|0000 0000
192h EEADRH — EEPROM / Program Memory Address Register High Byte - 000 0000 |-000 0000
193h EEDATL EEPROM / Program Memory Read Data Register Low Byte XXXX XXXX [uuuu uuuu
194h EEDATH — — EEPROM / Program Memory Read Data Register High Byte - - XX XXXX|--Uuu uuuu
195h EECON1 EEPGD CFGS LWLO FREE WRERR WREN WR RD 0000 x000|0000 000
196h EECON2 EEPROM control register 2 0000 0000|0000 0000
197h — Unimplemented — —
198h — Unimplemented — —
199h RCREG USART Receive Data Register 0000 0000|0000 0000
19Ah TXREG USART Transmit Data Register 0000 0000|0000 0000
19Bh SPBRGL Baud Rate Generator Data Register Low 0000 0000|0000 0000
19Ch SPBRGH Baud Rate Generator Data Register High 0000 0000|0000 0000
19Dh RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D [0000 000x 0000 000x
19Eh TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D [0000 0010|0000 0010
19Fh BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN |01-0 0-00|01-0 0-00
Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved.

Note 1:

Shaded locations are unimplemented, read as ‘0’.
PIC16(L)F1827 only.

© 2011 Microchip Technology Inc.
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TABLE 3-6: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

i ; ; ’ ) . . ) Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other

Resets
Bank 4
20Ch WPUA — — WPUA5 — — — — — R e e S
20Dh WPUB WPUB7 WPUB6 WPUBS5 WPUB4 WPUB3 WPUB2 | WPUB1 WPUBO 1111 11111111 1111
20Eh — Unimplemented = —
20Fh — Unimplemented — —
210h — Unimplemented = —
211h SSP1BUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |uuuu uuuu
212h SSP1ADD ADD7 ADDG6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO 0000 0000|0000 0000
213h SSP1MSK MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO |1111 1111|1111 1111
214h SSP1STAT SMP CKE D/A P S R/W UA BF 0000 0000|0000 0000
215h SSP1CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO | 0000 0000|0000 0000
216h SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000|0000 0000
217h SSP1CON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN |0000 0000|0000 0000
218h — Unimplemented = —
219h S$sP2BUF(M | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |uuuu uuuu
21Ah ssP2ADDW ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO 0000 0000|0000 0000
21Bh ssp2msk® MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO 1111 1111|1111 1111
21Ch SSP2STAT(M SMP CKE D/A P S RIW UA BF 0000 0000|0000 0000
21Dh ssP2coN1® | wcoL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO |0000 0000|0000 0000
21Eh SsP2coN2® GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000|0000 0000
21Fh SSP2CON3Y | ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN |0000 0000|0000 0000
Bank 5
28Ch — Unimplemented — —
28Dh — Unimplemented — —
28Eh — Unimplemented — —
28Fh — Unimplemented — —
290h — Unimplemented — —
291h CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX |uuuu uuuu
292h CCPR1H Capture/Compare/PWM Register 1 (MSB) XXXX XXXX |uuuu uuuu
293h CCP1CON P1M1 P1MO DC1B1 DC1B0 CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO (0000 0000|0000 0000
294h PWM1CON P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DCA1 P1DCO |0000 0000 (0000 0000
295h CCP1AS CCP1ASE | CCP1AS2 | CCP1AS1 | CCP1AS0O | PSS1AC1 | PSS1ACO |PSS1BD1| PSS1BDO {0000 0000|0000 0000
296h PSTR1CON — — — STR1SYNC| STR1D STR1C STR1B STR1A |[---0 0001 |---0 0001
297h — Unimplemented — —
298h ccPrR2L® Capture/Compare/PWM Register 2 (LSB) XXXX XXXX |uuuu uuuu
299h CCPR2H®M | Capture/Compare/PWM Register 2 (MSB) XXXX XXXX |uuuu uuuu
29Ah CCP2CON® P2M1 P2MO0 DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO (0000 0000|0000 0000
29Bh PWM2CON® | P2RSEN P2DC6 P2DC5 P2DC4 P2DC3 P2DC2 P2DC1 P2DCO |0000 0000 (0000 0000
29Ch ccrP2as® CCP2ASE | CCP2AS2 | CCP2AS1 | CCP2AS0 | PSS2AC1 | PSS2ACO | PSS2BD1| PSS2BDO {0000 0000|0000 0000
29Dh PSTR2CON® — — — STR2SYNC| STR2D STR2C STR2B STR2A |[---0 0001|---0 0001
29Eh CCPTMRS® | C4TSEL1 C4TSELO | C3TSEL1 C3TSELO | C2TSEL1 | C2TSELO | C1TSEL1 | C1TSELO |0000 0000 (0000 0000
29Fh — Unimplemented — —
Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved.
Shaded locations are unimplemented, read as ‘0’.

Note 1: PIC16(L)F1827 only.
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TABLE 3-6: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

i ; ; . . . . ) Value on Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other
Resets
Bank 6
30Ch — Unimplemented — —
30Dh — Unimplemented — —
30Eh — Unimplemented — —
30Fh — Unimplemented — —
310h — Unimplemented — —
311h CCPR3LY Capture/Compare/PWM Register 3 (LSB) XXXX XXXX [uuuu uuuu
312h CCPR3H® Capture/Compare/PWM Register 3 (MSB) XXXX XXXX [uuuu uuuu
313h CCP3CON®Y — — DC3B1 DC3B0 | CCP3M3 | CCP3M2 | CCP3M1 | CCP3MO |--00 0000 |--00 0000
314h — Unimplemented — —
315h — Unimplemented — —
316h — Unimplemented — —
317h — Unimplemented — —
318h CCPR4LY Capture/Compare/PWM Register 4 (LSB) XXXX XXXX [uuuu uuuu
319h CCPR4H®M | Capture/Compare/PWM Register 4 (MSB) XXXX XXXX |uuuu uuuu
31Ah CCP4CON® — — DC4B1 DC4B0 CCP4M3 | CCP4M2 | CCP4M1 | CCP4MO (--00 0000 |--00 0000
31Bh — Unimplemented — —
31Ch — Unimplemented — —
31Dh — Unimplemented — —
31Eh — Unimplemented — —
31Fh — Unimplemented — —
Bank 7
38Ch — Unimplemented — —
38Dh — Unimplemented — —
38Eh — Unimplemented — —
38Fh — Unimplemented — —
390h — Unimplemented — —
391h — Unimplemented — —
392h — Unimplemented — —
393h — Unimplemented — —
394h 10CBP 10CBP7 10CBP6 10CBP5 10CBP4 10CBP3 10CBP2 10CBP1 IOCBPO | 0000 0000 (0000 0000
395h 10CBN IOCBN7 IOCBN6 IOCBN5 I0CBN4 IOCBN3 IOCBN2 | IOCBN1 IOCBNO [0000 0000|0000 0000
396h I0CBF I0CBF7 I0CBF6 I0CBF5 I0CBF4 I0CBF3 IOCBF2 IOCBF1 IOCBFO |0000 0000|0000 0000
397h — Unimplemented — —
398h — Unimplemented — —
399h — Unimplemented — —
39Ah CLKRCON CLKREN CLKROE CLKRSLR | CLKRDC1 | CLKRDCO | CLKRDIV2 | CLKRDIV1| CLKRDIVO {0011 0000|0011 0000
39Bh — Unimplemented — —
39Ch MDCON MDEN MDOE MDSLR MDOPOL — — — MDBIT |0010 ---0|0010 ---0
39Dh MDSRC MDMSODIS — — — MDMS3 MDMS2 MDMS1 MDMS0 |x--- XXXX|u--- uuuu
39Eh MDCARL MDCLODIS | MDCLPOL | MDCLSYNC — MDCL3 MDCL2 MDCLA1 MDCLO |xxX- XXXX [uuu- uuuu
39Fh MDCARH MDCHODIS | MDCHPOL [MDCHSYNC — MDCH3 MDCH2 MDCH1 MDCHO |xXX- XXXX |uuu- uuuu
Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved.
Shaded locations are unimplemented, read as ‘0’.

Note 1: PIC16(L)F1827 only.

© 2011 Microchip Technology Inc.
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TABLE 3-6: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

) ) ) ) ) ) ) ) value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other

Resets
Bank 8

40Ch — Unimplemented — _
40Dh — Unimplemented — —
40Eh — Unimplemented — —
40Fh — Unimplemented — —
410h — Unimplemented — —
411h — Unimplemented — —
412h — Unimplemented — —
413h — Unimplemented — —
414h — Unimplemented — —
415h TMR4® Timer4 Module Register 0000 0000|0000 0000
416h PR4® Timer4 Period Register 1111 1111|1211 1211
417h T4CON® — T40OUTPS3 | TAOUTPS2 | T4AOUTPS1 | TAOUTPSO | TMR4ON | T4ACKPS1 | T4CKPSO |- 000 0000 |- 000 0000
418h — Unimplemented — —
419h — Unimplemented — —
41Ah — Unimplemented — —
41Bh — Unimplemented — —
41Ch TMRe® Timer6 Module Register 0000 0000|0000 0000
41Dh PR6W Timer6 Period Register 1111 1111|1211 1111
41Eh T6CON® — T60OUTPS3 | TEBOUTPS2 | TBOUTPS1 | TEOUTPSO | TMRBON | TECKPS1 | TEBCKPSO |- 000 0000 |- 000 0000

4Fh  |—

Unimplemented

Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, r = reserved.

Shaded locations are unimplemented, read as ‘0’.
Note 1: PIC16(L)F1827 only.
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TABLE 3-6:

SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address Name

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Value on
POR, BOR

Value on all
other
Resets

Bank 9

48Ch —

49Fh

Unimplemented

Bank 10

50Ch —

51Fh

Unimplemented

Bank 11

58Ch =

59Fh

Unimplemented

Bank 12

60Ch =

61Fh

Unimplemented

Bank 13

68Ch —

69Fh

Unimplemented

Bank 14

70Ch —

71Fh

Unimplemented

Bank 15

78Ch =

79Fh

Unimplemented

Bank 16

80Ch =

86Fh

Unimplemented

Bank 17

88Ch —

8EFh

Unimplemented

Bank 18

90Ch —

96Fh

Unimplemented

Bank 19

98Ch =

9EFh

Unimplemented

Bank 20

AOCh =

AGFh

Unimplemented

Bank 21

A8Ch —

AEFh

Unimplemented

Bank 22

BOCh —

B6Fh

Unimplemented

Legend:

Note 1:

X =unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved.
Shaded locations are unimplemented, read as ‘0.
PIC16(L)F1827 only.

© 2011 Microchip Technology Inc.
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TABLE 3-6:

SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address Name

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Value on

Bit 1 Bit 0 POR, BOR

Value on all
other
Resets

Bank 23

B8Ch —

BEFh

Unimplemented

Bank 24

COCh —

C6Fh

Unimplemented

Bank 25

C8Ch =

CEFh

Unimplemented

Bank 26

DOCh =

D6Fh

Unimplemented

Bank 27

D8Ch —

DEFh

Unimplemented

Bank 28

EOCh —

E6Fh

Unimplemented

Bank 29

E8Ch =

EEFh

Unimplemented

Bank 30

FOCh =

F6Fh

Unimplemented

Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, r = reserved.
Shaded locations are unimplemented, read as ‘0’.

Note 1: PIC16(L)F1827 only.
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TABLE 3-6: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
i ; ; . . . . ) Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other
Resets
Bank 31

F8Ch — Unimplemented — —

FE3h

FE4h STATUS_ — — — — — Z_SHAD DC_ C_SHAD ([---- -XXX|[---- -uuu
SHAD SHAD

FE5h WREG_ Working Register Shadow 0000 0000 |uuuu uuuu
SHAD

FEG6h BSR_ — — — Bank Select Register Shadow ---X XXXX|---U uuuu
SHAD

FE7h PCLATH_ — Program Counter Latch High Register Shadow - XXX XXXX |uuuu uuuu
SHAD

FE8h FSROL_ Indirect Data Memory Address 0 Low Pointer Shadow XXXX XXXX [uuuu uuuu
SHAD

FESh FSROH_ Indirect Data Memory Address 0 High Pointer Shadow XXXX XXXX [uuuu uuuu
SHAD

FEAh FSR1L_ Indirect Data Memory Address 1 Low Pointer Shadow XXXX XXXX [uuuu uuuu
SHAD

FEBh FSR1H_ Indirect Data Memory Address 1 High Pointer Shadow XXXX XXXX [uuuu uuuu
SHAD

FECh — Unimplemented — —

FEDh STKPTR — | — — Current Stack pointer ---11111(---1 1111

FEEh TOSL Top-of-Stack Low byte XXXX XXXX [uuuu uuuu

FEFh TOSH — |Top-of-Stack High byte - XXX XXXX |-uuu uuuu

Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented, r = reserved.

Note 1:

Shaded locations are unimplemented, read as ‘0.

PIC16(L)F1827 only.
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3.3 PCL and PCLATH

The Program Counter (PC) is 15 bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The high byte(PC<14:8>)is not directy
readable or writable and comes from PCLATH. On any
Reset, the P Cis cleared. Figure 3-4 show s the five
situafions for the loadingof the PC.

FIGURE 3-4: LOADING OF PC IN
DIFFERENT SITUATIONS
14 PCH PCL 0 Instruction with
PCL T T LT T ITT L] re
6 75 0 8 r

PCLATHII T T T T T T ] ALUResult

14 PCH PCL 0
PCLITTTTITITITITT] cora car

T

6 4% 0 117
PCLATHIE [ | T W OPCODE <10:0>

14 PCH PCL 0
PCLITITTT[TITITITT] catw
T Y

6 Id 0 8.

PCLATHE [ [ [ [ [ [] w

14 PCH PCL 0
PCLITTTIITTIITTIITTIT) W
T
151
PC+W
14  PCH PCL 0
PCLITTTITTTITTITT] e
U > J
151

PC + OPCODE <8:0>

3.3.1 MODIFYING PCL

Executing any instruction with the PCL register as the
destination simultaneously causes the Program Coun-
ter PC<14:8> bits (PCH) to be replaced by the contents
of the PCLATH register. This allows the entire contents
of the p rogram counter to be changed by writing the
desired upper 7 bits to the PCLATH register. When the
lower 8 bits are written to the PCL register, all 15 bits of
the pro gram c ounter wiill change to the values con-
tained in the PCLATH register and those being written
to the PCL register.

3.3.2 COMPUTED GOTO

A computed GOTOis accompished byadding anoffset to
the program counter (ADDWF PCL). When performing a
table read using a computed GOTOmethod, care should
be exercised if he table location crosses a PCL memory
boundary (e ach 256-byte block). R efer to Ap plication
Note AN556, “Implementing a Table Read” (DS00556).

3.3.3 COMPUTED FUNCTION CALLS

A computed function CALL allows programs to maintain
tables of functions and provide another way to execute
state machines or lo ok-up tables. When performing a
table read usinga computed fu nction CALL, ca re
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block).

If using the CALL instruction, the PCH<2:0> and PCL
registers are loaded with th e ope rand of th e CALL
instruction. PCH<6:3> is loaded with PCLATH<6:3>.

The CALLWinstruction enables computed calls by com-
bining PCLATH and W to form the destination address.
A computed CALLWis accomplished by loading the W
register with the desired address and executing CALLW
The PCL register is loaded with the value of W an d
PCH is loaded with PCLATH.

3.34 BRANCHING

The bra nching ins tructions add an of fset to the PC.
This all ows relocatable c ode and cod e th at c rosses
page boundaries. T here are two forms of branching,
BRWand BRA. The PC will have incremented to fetch
the next instruction in both cases. When using either
branching instruction, a PCL memory boundary may be
crossed.

If using BRWIoadthe W r egister with t he d esired
unsigned address and execute BRW The entire PC will
be loaded with the address PC + 1 + W.

If using BRA, the entire PC will be loaded with PC + 1 +,
the signed value of the operand of the BRA instruction.

DS41391D-page 36
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3.4 Stack

All de vices ha ve a 16 -level x 15-bit w ide h ardware

stack (referto Fig ures 3-5 th rough 3-8). The stack

space is not part of either program or data space. The

PC is PUSHed onto the stack when CALL or CALLW
instructions are ex ecuted o r an in terrupt causes a

branch. The stack is POPed in the event of a RETURN,

RETLWor a RETFI E instruction execution. PCLATH is

not affected by a PUSH or POP operation.

The stack operates as a circular buffer if the STVREN
bit is programmed to ‘0 (Configuration Word 2). This
means that after the stack has been PUSHed sixteen
times, the seventeenth PUSH overwrites the value that
was stored from the first PUSH. The eighteenth PUSH
overwrites th e s econd PU SH (a ndso on ). Th e
STKOVF and STKUNF flag bits will be set on an Over-
flow/Underflow, re gardless of whether the Reset is
enabled.

Note 1: There are no in structions/mnemonics
called PUSH or POP. These are actions
that occur fr om the e xecution o f the
CALL, CALLW, RETURN, RETLW and
RETFI E instructions or the vectoring to
an interrupt address.

3.4.1 ACCESSING THE STACK

The stack is available through the TOSH, TOSL and
STKPTR registers. STKPTR is the current value of the
Stack Pointer. TOSH:TOSL register pair points to the
TOP of the stack. Both registers are read/writable. TOS
is splitinto TOSH and TOSL due to the 15-bit size of the
PC. To access the stack, adjust the value of STKPTR,
which w ill position T OSH:TOSL, th en read/write to
TOSH:TOSL. STKPTR is 5 bit s to al low detection of
overflow and underflow.

Note:  Care should be taken when modifying the
STKPTR while interrupts are enabled.

During normal program operation, CALL, CALLWand
Interrupts wil 1in crement ST KPTRwhi le RETLW
RETURN, and RETFI E will decrement STKPTR. At any
time STKPTR can be inspected to see how much stack
is left. The STKPTR always points at the currently used
place on the stack. Therefore, a CALL or CALLW will
increment the STKPTR and then write the PC, and a
return will unload the PC and then decrement STKPTR.

Reference Figure 3-5 through Figure 3-8 for examples
of accessing the stack.

FIGURE 3-5: ACCESSING THE STACK EXAMPLE 1

TOSH:TOSL ‘ <::\ 0XOF

0x0E

Stack Reset Disabled
(STVREN =0)

0x0D

0x0C

0x0B

0x0A

0x09

Initial Stack Configuration:

0x08

After Reset, the stack is empty. The

0x07

empty stack is initialized so the Stack
Pointer is pointing at 0x1F. If the Stack

0x06

Overflow/Underflow Reset is enabled, the

0x05

TOSH/TOSL registers will return ‘0°. If
the Stack Overflow/Underflow Reset is

0x04

disabled, the TOSH/TOSL registers will
return the contents of stack address 0xOF.

0x03

0x02

0x01

0x00

TOSH:TOSL ‘ <:\ Ox1F 0x0000

Stack Reset Enabled
(STVREN =1)

© 2011 Microchip Technology Inc.
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FIGURE 3-6: ACCESSING THE STACK EXAMPLE 2

0x0F
0x0E
0x0D
0x0C
0x0B
0x0A
0x09
0x08
0x07
0x06
0x05
0x04
0x03
0x02
0x01

TosHTOSL | <,i\ 0x00

Return Address

This figure shows the stack configuration
after the first CALL or a single interrupt.
If a RETURN instruction is executed, the
return address will be placed in the
Program Counter and the Stack Pointer
decremented to the empty state (Ox1F).

STKPTR = 0x00

FIGURE 3-7: ACCESSING THE STACK EXAMPLE 3

TOSH:TOSL \ <:\

0x0F

Ox0E

0x0D

0x0C

0x0B

0x0A

0x09

0x08

0x07

0x06

Return Address

0x05

Return Address

0x04

Return Address

0x03

Return Address

0x02

Return Address

0x01

Return Address

0x00

Return Address

After seven CALLS, or six CALLS and an
interrupt, the stack looks like the figure

on the left. A series of RETURN instructions
will repeatedly place the return addresses
into the Program Counter and pop the stack.

STKPTR = 0x06
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FIGURE 3-8: ACCESSING THE STACK EXAMPLE 4

OxOF Return Address

0x0E Return Address

0x0D Return Address

0x0C Return Address

0x0B Return Address
0x0A Return Address

When the stack is full, the next CALL or

0x09 Return Address interrupt will set the Stack Pointer to
0x10. This is identical to address 0x00
0x08 Return Address so the stack will wrap and overwrite the
return address at 0x00. If the Stack
0x07 Return Address Overflow/Underflow Reset is enabled, a
0x06 Return Address Reset will occur and location 0x00 will

not be overwritten.

0x05 Return Address
0x04 Return Address

0x03 Return Address
0x02 Return Address

0x01 Return Address
TOSH:TOSL ‘ <::| 0x00 |  Return Address STKPTR = 0x10

3.4.2 OVERFLOW/UNDERFLOW RESET

Ifthe STVR ENb iti nC onfiguraton W ord 2i s
programmed to ‘1’, the device will be reset if the stack
is PU SHed bey ond th e s ixteenth | evel o r POPe d
beyond the first le vel, s etting the a ppropriate bit s
(STKOVF or STKUNF, res pectively) i nth e PCON
register.

35 Indirect Addressing

The IN DFn registers are no t physical regi sters. Any
instruction that accesses an IN DFn register ac tually
accesses the register at the address specified by the
File Select Reg isters (FSR). Ifthe FSRn add ress
specifies one of the two INDFn registers, the read will
return ‘0’ and the write will not occur (though Status bits
may be affected). The FSRn register value is created
by the pair FSRnH and FSRnL.

The FSR registers form a 16-bit address that allows an
addressing space with 65536 locations. These locdions
are divided into three memory regions:

» Traditional Data Memory

 Linear Data Memory

* Program Flash Memory
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FIGURE 3-9: INDIRECT ADDRESSING
0x0000 0x0000
Traditional
Data Memory
OxOFFF OxOFFF
0x1000 5 g
Ox1FFF esenve
0x2000
Linear
Data Memory
0x29AF
0x29B0
FSR Reserved
Address OX7FFF
Range 0x8000 0x0000
Program
Flash Memory
OxFFFF Ox7FFF

Note: Not all memory regions are completely implemented. Consult device memory tables for memory limits.
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3.5.1 TRADITIONAL DATA MEMORY

The t raditional d ata m emory is ar egion from F SR
address 0x000 to FSR address OxFFF. The addresses
correspond to the absolute addresses of all SFR, GPR
and common registers.

FIGURE 3-10: TRADITIONAL DATA MEMORY MAP
Direct Addressing Indirect Addressing
4 BSR 0 6 From Opcode 0 7 FSRxH 0 70 FSRxL
LIl Lofofofo] [ [T LT T[T T[]}
— _J J — I\ J
KBank Select {Location Select Bank SelectJ VLocation Select
» 0000 0001 0010 1111
0x00
eeoo
0x7F
Bank 0 Bank 1 Bank 2 Bank 31
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3.5.2 LINEAR DATA MEMORY

The | inear d atame mory i s the region from FSR
address 0x2000 to FSR address 0x29AF. This region is
a virtual region that points back to the 80-byte blocks of
GPR memory in all the banks.

Unimplemented me mory r eads as 0x00. U se of the
linear data memory region allows buffers to be larger
than 80 bytes because incrementing the FSR beyond
one bank will go directly to the GPR memory of the next
bank.

The 16 bytes of common memory are not included in
the linear data memory region.
FIGURE 3-11: LINEAR DATA MEMORY
MAP

7  FSRnH 0o 7 FSRnL 0

lofofa [ [[TJLITTTTTT]
N J

Location Select ~ 0x2000 [ 5x020

Bank 0
0x06F
0x0A0
Bank 1
Ox0EF
0x120

—»< Bank 2
Ox16F

0xF20
Bank 30

\_ Ox29AF | OxF6F

3.5.3 PROGRAM FLASH MEMORY

To ma ke constant da ta ac cess eas ier, the entire
program Flash memory is mapped to the upper half of
the FSR address space. When the MSB of FSRnH is
set, th e lower 15 bits are the addressin pro gram
memory which will be accessed through INDF. Only the
lower 8 bits of each memory location is accessible via
INDF. Writing to the program Flash memory cannot be
accomplished v iath e FSR /INDF interface. Al |
instructions that access program Flash memory via the
FSR/INDF in terface w illrequ ire one add itional
instruction cycle to complete.

FIGURE 3-12: PROGRAM FLASH
MEMORY MAP

7  FSRnH 0 7 FSRnL 0

BN EEEREEEEEEEN

N /)

Location Select

/~ 0x8000 00000

Program
Flash
—» < Memory
(low 8
bits)

\_ OXFFFF|_OX7FFF
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4.0 DEVICE CONFIGURATION

Device Configuration consists of Configuration Word 1
and Configuration Word 2, Code Protection and Device
ID.

4.1 Configuration Words

There are several Configuration Word bits that allow
different os cillator a nd me mory p rotection op tions.
These are im plemented as C onfiguration Word 1 at
8007h and Configuration Word 2 at 8008h.

Note:  The DEBUG bit in C onfiguration W ord is
managed a utomatically by de vice
developmentto olsin cluding de buggers
and p rogrammers. F or normald evice
operation, this bit should be maintained as
a'l.

© 2011 Microchip Technology Inc.
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REGISTER 4-1: CONFIGURATION WORD 1

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1/1
FCMEN IESO CLKOUTEN BOREN<1:0> CPD
bit 13 bit 8
R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
CcP MCLRE PWRTE WDTE<1:0> FOSC<2:0>
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared ‘1’ = Bit is set -n = Value when blank or after Bulk Erase
bit 13 FCMEN: Fail-Safe Clock Monitor Enable bit
1 = Fail-Safe Clock Monitor is enabled
0 = Fail-Safe Clock Monitor is disabled
bit 12 IESO: Internal External Switchover bit
1 = Internal/External Switchover mode is enabled
0 = Internal/External Switchover mode is disabled
bit 11 CLKOUTEN: Clock Out Enable bit
If FOSC configuration bits are set to LP, XT, HS modes:
This bit is ignored, CLKOUT function is disabled. Oscillator function on the CLKOUT pin.
All other FOSC modes:
1 = CLKOUT function is disabled. I/O function on the CLKOUT pin.
0 = CLKOUT function is enabled on the CLKOUT pin
bit 10-9 BOREN<1:0>: Brown-out Reset Enable bits
11 = BOR enabled
10 = BOR enabled during operation and disabled in Sleep
01 = BOR controlled by SBOREN bit of the BORCON register
00 = BOR disabled
bit 8 CPD: Data Code Protection bit?®
1 = Data memory code protection is disabled
0 = Data memory code protection is enabled
bit 7 CP: Code Protection bit
1 = Program memory code protection is disabled
0 = Program memory code protection is enabled
bit 6 MCLRE: MCLR/VPP Pin Function Select bit
If LVP bit =1:
This bit is ignored.
If LVP bit = 0:
1 =MCLR/VPP pin function is MCLR; Weak pull-up enabled.
0 =MCLR/PP pin function is digital input; MCLR internally disabled; Weak pull-up under control of
WPUES3 bit.
bit 5 PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled
bit 4-3 WDTE<1:0>: Watchdog Timer Enable bit

11 =WDT enabled

10 =WDT enabled while running and disabled in Sleep

01 =WDT controlled by the SWDTEN bit in the WDTCON register
00 =WDT disabled
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REGISTER 4-1: CONFIGURATION WORD 1 (CONTINUED)

bit 2-0 FOSC<2:0>: Oscillator Selection bits
111 = ECH: External Clock, High-Power mode (4-20 MHz): device clock supplied to CLKIN pin
110 = ECM: External Clock, Medium-Power mode (0.5-4 MHz): device clock supplied to CLKIN pin
101 = ECL: External Clock, Low-Power mode (0-0.5 MHz): device clock supplied to CLKIN pin
100 = INTOSC oscillator: I/0O function on CLKIN pin
011 = EXTRC oscillator: External RC circuit connected to CLKIN pin
010 = HS oscillator: High-speed crystal/resonator connected between OSC1 and OSC2 pins
001 = XT oscillator: Crystal/resonator connected between OSC1 and OSC2 pins
000 = LP oscillator: Low-power crystal connected between OSC1 and OSC2 pins
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REGISTER 4-2: CONFIGURATION WORD 2
R/P-1 R/P-1 U-1 R/P-1 R/P-1 R/P-1/1
LvpP@ DEBUG® — BORV STVREN PLLEN
bit 13 bit 8
U-1 U-1 U-1 R/P-1/1 U-1 U-1 R/P-1 R/P-1
— — — Reserved — — WRT<1:0>
bit 7 bit 0
Legend:

R = Readable bit
‘0’ = Bit is cleared

P = Programmable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘1’
-n = Value when blank or after Bulk Erase

bit 13

bit 12

bit 11
bit 10

bit 9

bit 8

bit 7-5
bit 4

bit 3-2
bit 1-0

LVP: Low-Voltage Programming Enable bit

1 = Low-voltage programming enabled

0 = High-voltage on MCLR must be used for programming

DEBUG: In-Circuit Debugger Mode bit

1 = In-Circuit Debugger disabled, ICSPCLK and ICSPDAT are general purpose /O pins
0 = In-Circuit Debugger enabled, ICSPCLK and ICSPDAT are dedicated to the debugger

Unimplemented: Read as ‘1’

BORV: Brown-out Reset Voltage Selection bit
1 = Brown-out Reset voltage set to 1.9V (typical)
0 = Brown-out Reset voltage set to 2.5V (typical)

STVREN: Stack Overflow/Underflow Reset Enable bit

1 = Stack Overflow or Underflow will cause a Reset

0 = Stack Overflow or Underflow will not cause a Reset

PLLEN: PLL Enable bit
1 = 4xPLL enabled
0 = 4xPLL disabled

Unimplemented: Read as ‘1’

Reserved: This location should be programmed to a ‘1’.

Unimplemented: Read as ‘1’

WRT<1:0>: Flash Memory Self-Write Protection bits
2 kW Flash memory (PIC16(L)F1826 only):

11 = Write protection off

10 = 000h to 1FFh write-protected, 200h to 7FFh may be modified by EECON control
01 = 000h to 3FFh write-protected, 400h to 7FFh may be modified by EECON control
00 = 000h to 7FFh write-protected, no addresses may be modified by EECON control

4 kW Flash memory (PIC16(L)F1827 only):

11 = Write protection off

10 = 000h to 1FFh write-protected, 200h to FFFh may be modified by EECON control
01 = 000h to 7FFh write-protected, 800h to FFFh may be modified by EECON control
00 = 000h to FFFh write-protected, no addresses may be modified by EECON control

Note 1: The LVP bit cannot be programmed to ‘0’ when Programming mode is entered via LVP.
2:  The DEBUG bit in Configuration Word is managed automatically by device development tools
including debuggers and programmers. For normal device operation, this bit should be
maintained as a '1".
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4.2 Code Protection

Code protection allows the device to be protected from
unauthorized access. Program memory protection and
data EEPROM protection are controlled independently.
Internal ac cess to the program m emory and da ta
EEPROM are u naffected by a ny c ode pro tection
setting.

4.2.1 PROGRAM MEMORY PROTECTION

The entire program memory space is protected from
external reads and writes by the CP bit in Configuration
Word 1. When CP = 0, external reads and writes of
program memory are inhibited and a read will return all
‘0’s. The CPU can continue to read program memory,
regardless o f the protection bit s ettings. W riting the
program m emory is de pendentup ont hew rite
protection se tting. See Section 4.3“  Write
Protection” for more information.

422 DATA EEPROM PROTECTION

The entire data EEPROM is protected from external
reads and writes by the CPD bit. When CPD =0, exter-
nal reads and writes of data EEPROM are in hibited.
The CPU aan continue to read and write data EEPROM
regardless of the protection bit settings.

4.3 Write Protection

Write protection allows the device to be protected from
unintended se If-writes. Ap plications, su ch as bo ot-
loader software, can be protected while allowing other
regions of the program memory to be modified.

The WRT<1:0> bits in Configuration Word 2 define the
size of the program memory block that is protected.

4.4 User ID

Four memory locations (8000h-8003h) are designated
as ID locations where the user can store checksum or
other code identification numbers. These locations are
readable an d writable d uring n ormal execution. Se e
Section 11.5 “User ID, Device ID and Configuration
Word A ccess” for more information on a ccessing
these me mory | ocations. For m ore in formation on
checksum ca Iculation, se e the “PIC16F/LF1826/27
Memory Programming Specification” (DS41390).

© 2011 Microchip Technology Inc.

DS41391D-page 47



PIC16(L)F1826/27

4.5 Device ID and Revision ID

The memory location 8006h is where the Device ID and
Revision ID are stored. The upper nine bits hold the
Device ID. The lower five bits hold the Revision ID. See
Section 11.5 “User ID, Device ID and Configuration
Word A ccess” for more information on a ccessing
these memory locations.

Development tools, such as device programmers and
debuggers, may be used to read the Device ID and
Revision ID.
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REGISTER 4-3: DEVICEID: DEVICE ID REGISTER®™

RRRRRR
DEV<8:3>
bit 13 bit 8
RRRRRRRR
DEV<2:0> REV<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared P = Programmable bit
bit 13-5 DEV<8:0>: Device ID bits
DEVICEID<13:0> Values
Device
DEV<8:0> REV<4:0>

PIC16F 1826 10 0111 100 X XXXX

PIC16F 1827 10 0111 101 X XXXX

PIC16LF1826 10 1000 100 X XXXX

PIC16LF1827 10 1000 101 X XXXX
bit 4-0 REV<4:0>: Revision ID bits

These bits are used to identify the revision.

Note 1: This location cannot be written.

© 2011 Microchip Technology Inc.
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NOTES:
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5.00SCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)

51 Overview

The o scillator mo dule ha s a w ide va riety o f cl ock
sources and selection features that allow it to be used
in a wide range of applications while maximizing perfor-
mance and minimizing power consumption. Figure 5-1
illustrates a block diagram of the oscillator module.

Clock sources can be supplied from external oscillators,
quartz ¢ rystal resonators, ¢ eramic res onators a nd
Resistor-Capacitor (RC) circuits. In addition, the system
clock source can be supplied from one of two internal
oscillators and PLL c ircuits, with a ¢ hoice of sp eeds
selectable vi a sof tware. Addi tional clo ck features
include:

» Selectable system clock source between external
or internal sources via software.

» Two-Speed Start-up mode, which minimizes
latency between external oscillator start-up and
code execution.

» Fail-Safe Clock Monitor (FSCM) designed to
detect a failure of the external clock source (LP,
XT, HS, EC or RC modes) and switch
automatically to the internal oscillator.

 Oscillator Start-up Timer (OST) ensures stability
of crystal oscillator sources

The oscillator module can be configured in one of eight
clock modes.

1. ECL - External Clock Low-Power mode
(0 MHz to 0.5 MHz)

2. ECM - External Clock Medium-Power mode
(0.5 MHz to 4 MHz)

3. ECH - External Clock High-Power mode
(4 MHz to 32 MHz)

4. LP - 32 kHz Low-Power Crystal mode.

5. XT —Medium Gain Qrystal or Ceramic Resonator
Oscillator mode (up to 4 MHz)

6. HS —High Gain Crystal or Ceramic Resonator
mode (4 MHz to 20 MHz)

7. RC - External Resistor-Capacitor (RC).
8. INTOSC - Internal oscillator (31 kHz to 32 MHz).

Clock Source modes are selected by the FOSC<2:0>
bits i n th e C onfiguration Wor d 1. T he F OSC b its
determine the type of oscillator that will be used when
the device is first powered.

The EC clock mode relies on an external logic le vel
signal as the device clock source. The LP, XT, and HS
clock modes require an external crystal or resonator to
be connected to the device. Each mode is optimized for
a different f requency ra nge. T he RC c lock m ode
requires an external resistor and capacitor to set the
oscillator frequency.

The IN TOSC int ernal os cillator bl ock prod uces low,
medium, and high frequency clock sources, designated
LFINTOSC, MFI NTOSC, and HFINT OSC. (se e
Internal Oscillator Block, Figure 5-1). A wide selection
of device clock frequencies may be derived from these
three clock sources.

© 2011 Microchip Technology Inc.
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FIGURE 5-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
"External |
'Oscillator’
i P > . LP, XT, HS, RC, EC
0SsC2 E : = L >
! Sleep
' (2 xPLLl
0sc1 : > 4xPLL > Sleep
‘Oscillator: Timer1 FOSC<2:0> = 100 T10SC | x L‘. ) CPUand
T10S0 E > 2 Peripherals
'|E'1O§CEN
nable
i IRCF<3:0>
Oscillator Internal Oscillator
16 MHZ‘\J\
Internal 8 MHz A
Oscillator 4 MHz
Block 2 MHz
3 1 MHz _ Clock
> © L
HFPLL 16 MHz 3 500kHz. | 35 Control
* (HFINTOSC) 8 250 kHz_| = |
500 kHz | ® 125 kHz | FOSC<2:0> SCS<1:0>
Source 500 kHz 62.5 kHz | _
(MFINTOSC) 31.25 kHz Clock Source Option
> for other modules
31kHz || 31 kHz
Source

31 kHz (LFINTOSC)

WDT, PWRT, Fail-Safe Clock Monitor

Two-Speed Start-up and other modules
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5.2 Clock Source Types

Clock sources can be classified as external or internal.

External clock sources rely on external circuitry for the
clock source to function. Examples are: oscillator mod-
ules (EC mode), quartz crystal resonators or ceramic
resonators (L P, XTand HS m odes) and R esis-
tor-Capacitor (RC) mode circuits.

Internal clock sources are contained internally within
the oscillator module. The internal oscillator block has
two internal oscillators and a ded icated Phase-Lock
Loop (HFPLL) that are used to generate three internal
system cl ock s ources: t he 1 6 MHz Hi gh-Frequency
Internal Oscillator (HFINTOSC), 500 kHz (MFINTOSC)
and th e 3 1 kHz Lo w-Frequency In ternal O scillator
(LFINTOSC).

The system clock can be selected between external or
internal cl ock sources via the S ystem Cl ock S elect
(SCS) bits in the OSCCON register. See Section 5.3
“Clock Switching” for additional information.

5.2.1 EXTERNAL CLOCK SOURCES

An external clock source can be used as the device
system cl ock by perf orming one of the foll owing
actions:

* Program the FOSC<2:0> bits in the Configuration
Word 1 to select an external clock source that will
be used as the default system clock upon a
device Reset.

* Write the SCS<1:0> bits in the OSCCON register
to switch the system clock source to:

- Timer1 Oscillator during run-time, or

- An external clock source determined by the
value of the FOSC bits.

See Section 5.3 “Clock Switching”for more informa-
tion.

5.2.1.1 EC Mode

The Ext ernal C lock (EC) mode al lows an ext ernally
generated logic le vel sig nal t o be the system clo ck
source. When operating in this mode, an external clock
source is con nected to the OSC 1inp ut.
OSC2/CLKOUT is available for general purpose 1/O or
CLKOUT. Figure 5-2 shows the pin connections for EC
mode.

EC mode has 3 pow er modes to select from through
Configuration Word 1:

» High-power, 4-32 MHz (FOSC = 111)

* Medium power, 0.5-4 MHz (FOSC = 110)

* Low-power, 0-0.5 MHz (FOSC = 101)

The Oscillator Start-up Timer (OST) is disabled when
EC mode is selected. Therefore, there is no delay in
operation after a Power-on Reset (POR) or w ake-up
from Sleep. B ecause the PIC® M CU designis fully
static, stopping the external clock input will have the
effect of halting the device while leaving all data intact.
Upon res tarting the e xternal cl ock, th e dev ice w ill
resume operation as if no time had elapsed.

FIGURE 5-2: EXTERNAL CLOCK (EC)
MODE OPERATION

Clock from ~>o—> OSC1/CLKIN
Ext. System

PIC® MCU

-<—» OSC2/CLKOUT

Fosc/4 or 1/0M

Note 1: Output depends upon CLKOUTEN bit of the
Configuration Word 1.

5.2.1.2 LP, XT, HS Modes

The LP, XT and HS modes support the us e of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 5-3). The three modes select
alow, me dium or high gai n se tting of th e int ernal
inverter-amplifier to support v arious re sonator ty pes
and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the lead of the three modks. This mode isdesigned to
drive only 32.768 kHz tuning-fork type crystals (watch
crystals).

XT Oscillator mo de se lects the in termediate gain
setting of the internal inv erter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is be st s uited to d rive re sonators with a
medium drive level specification.

HS Oscillator mode selects the Hghest gain setting of the
internal inverter-amplifier. HS mode current consumption
is the hi ghest of th e three modes. This mode is best
suited for resonators that require a high drive setting.

Figure 5-3 a nd Figure 5-4 show ty pical ¢ ircuits f or
quartz crystal and ceramic resonators, respectively.
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FIGURE 5-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
L. O_SC1/CLKIN :r______”:
C|1
Quartz
1 Crystal
c2 Rs® OSC2/CLKOUT

Note 1: A series resistor (RS) may be required  for
quartz crystals with low drive level.

2:  The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

Note 1: Quartzc rystdc haracteristicsv ary
accordingt o type,p ackagean d
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

2: Always verify oscillator performance over
the V DD and tem perature rang e that is
expected for the application.

3: Foroscillatar design assistance, reference
the following Microchip Applications Notes:

» AN826, “Crystal Oscillator Basics and
Crystal Selection for rfPIC® and PIC®
Devices” (DS00826)

» AN849, “Basic PIC® Oscillator Desigr’
(DS00849)

+ AN943, ‘Practical PIC® Oscillator
Analysis and Design” (DS00943)

* AN949, ‘Making Your Oscillabr Work”
(DS00949)

FIGURE 5-4: CERAMIC RESONATOR
OPERATION

(XT OR HS MODE)

PIC® MCU

OSC1/CLKIN

Rs() | OSC2/CLKOUT

C2 ceramic
Resonator

Note 1: A seriesres istor (R s) may bere quired for
ceramic resonators with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

3: An addit ional p arallel f eedback res istor ( RP)
may be required for proper cer amic reson ator
operation.

5213 Oscillator Start-up Timer (OST)

If the oscillator module is configured for LP, XT or HS
modes, the O scillator S tart-up T imer (OST ) co unts
1024 oscillations from OSC1. This occurs following a
Power-on Reset (POR) and when the Power-up Timer
(PWRT) has expired (if configured), or a wake-up from
Sleep. During this time, the program counter does not
increment and program execution is suspended. The
OST ensures that the oscillator circuit, using a quartz
crystal resonator or ceramic resonator, has started and
is providing a s table system c lock to th e os cillator
module.

In order to minimize latency between external oscillator
start-up a nd c ode ex ecution, the T wo-Speed C lock
Start-up m ode canbe selected (se e Section 5.4
“Two-Speed Clock Start-up Mode”).

521.4 4X PLL

The oscillator module contains a 4X PLL that can be
used with both external and internal clock sources to
provide a system clock source. The input frequency for
the 4X PLL must fall within specifications. See the PLL
Clock T iming Specifications in Section 30.0
“Electrical Specifications”.

The 4X PL L may be enabled forus e by one oftwo
methods:

1. Program the PLLEN bit in Configuration Word 2
toa‘l.

2. Write the SPLLEN bit in the OSCCON register to
a ‘1’. If the PLLEN bit in Configuration Word 2 is
programmed to a ‘1’, then the value of SPLLEN
is ignored.
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5.2.1.5 TIMER1 Oscillator

The Timer1 Oscillator is a separate crystal os cillator
that is associated with the Timer1 peripheral. It is opti-
mized for timekeeping operations with a 32.7 68 kHz
crystal ¢ onnected bet ween the T1 OSO and T10SI
device pins.

The Timer1 Oscillator can be used as an alternate sys-
tem clock source and can be selected during run-time
using c lock sw itching. R efer to  Section 5.3 “Cloc k
Switching” for more information.

FIGURE 5-5: QUARTZ CRYSTAL
OPERATION (TIMER1
OSCILLATOR)
PIC® MCU
L T108I {} -
| 0 !
C1 l .~ To Internal .
. Logic .
32.768 kHz
1 Quartz
= T Crystal
L A
& T10S0

Note 1: Quartzc rystadc haracteristicsv ary
accordingt o type,p ackagean d
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

2: Always verify oscillator performance over
the VDD and tem perature rang e that is
expected for the application.

3: Foroscillatar design assistance, reference
the following Microchip Applications Notes:

» AN826, “Crystal Oscillator Basics and
Crystal Selection for rfPIC® and PIC®
Devices” (DS00826)

» AN849, “Basic PIC® Oscillator Desigr’
(DS00849)

+ AN943, ‘Practical PIC® Oscillator
Analysis and Design” (DS00943)

* AN949, ‘Making Your Oscillabr Work”
(DS00949)

* TB097, “Interfacing a Micro Crystal
MS1V-T1K 32.768 kHz Tuning Fork
Crystal to a PIC16F690/SS” (DS91097)

* AN1288, “Design Practices for
Low-Power External Oscillators”

(DS01288)

5216 External RC Mode

The external Resistor-Capacitor (RC) modes support
the u se of an e xternal R C c ircuit. Th is al lows th e
designer maximum flexibility in frequency choice while
keeping costs to a minimum when clock accuracy is not
required.

The RC circuit connects to OSC1. OSC2/CLKOUT is
available f or general pu rpose 1 /0 or C LKOUT. T he
function of the OSC2/CLKOUT pin is determined by the
state of the CLKOUTEN bit in Configuration Word 1.

Figure 5-6 shows the external RC mode connections.

FIGURE 5-6: EXTERNAL RC MODES
VoD PIC® MCU
REXT
OSC1/CLKIN Internal
l o Clock
CEXTI
Vss = -
Fosc/4 or I | OSCZ/CLKOUT

Recommended values: 10 kQ < REXT < 100 kQ, <3V
3 kQ < REXT <100 kQ, 3-5V
CEXT > 20 pF, 2-5V

Note 1: Output depends upon CLKOUTEN bit of the
Configuration Word 1.

The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) values
and the operating temperature. Other factors affecting
the oscillator frequency are:

« threshold voltage variation

» component tolerances
» packaging variations in capacitance

The user also needs to take into account variation due
to tolerance of external RC components used.
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5.2.2 INTERNAL CLOCK SOURCES

The device may be configured to use the internal oscil-
lator block as the system clock by performing one of the
following actions:

* Program the FOSC<2:0> bits in Configuration
Word 1 to select the INTOSC clock source, which
will be used as the default system clock upon a
device Reset.

* Write the SCS<1:0> bits in the OSCCON register
to switch the system clock source to the internal
oscillator during run-time. See Section 5.3
“Clock Switching”for more information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose I/O. OS C2/CLKOUT is av ailable for general
purpose /O or CLKOUT.

The function of the OSC2/CLKOUT pin is determined
by the state o fthe C LKOUTEN biti n C onfiguration
Word 1.

The i nternal os cillator b lock has tw o i ndependent
oscillators and a dedicated Phase-Lock Loop, HFPLL
that can produce one of t hree internal s ystem clock
sources.

1. The HFINTOSC (H igh-Frequency Int ernal
Oscillator) is factory calibrated and operates at
16 MHz. The HFINTOSC source is generated
from the 500 kHz MFINTOSC source and the
dedicated Ph ase-Lock Loo p,H FPLL.Th e
frequency ofth eH FINTOSCc anb e
user-adjusted via software using the OSCTUNE
register (Register 5-3).

2. The MFINTOSC ( Medium-Frequency Internal
Oscillator) is factory calibrated and operates at
500 kHz. The frequency of the MFINTOSC can
be u ser-adjustedvi a software using the
OSCTUNE register (Register 5-3).

3. The LFINTOSC (Lo w-Frequency Int ernal
Oscillator) is  uncalibrated an d operates at
31 kHz.

5.2.2.1 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a factory calibrated 16 MHz internal clock source. The
frequency of th e H FINTOSC ca nbe al teredvi a
software using the OSCTUNE register (Register 5-3).

The output of the HFINTOSC connects to a postscaler
and mu ltiplexer (see  Figure 5-1). One of nine
frequencies derived from the H FINTOSC can be
selected via software using the IRCF<3:0> bits of the
OSCCON regis ter. See  Section5.2.2.7 “Int ernal
Oscillator Clock Switch Timing” for more information.

The HFINTOSC is enabled by:

» Configure the IRCF<3:0> bits of the OSCCON
register for the desired HF frequency, and

*F OSC<2:0> =100, or
» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1x’.

The H igh Fre quency | nternal Os cillator R eady b it
(HFIOFR) of the OSCSTAT register indicates when the
HFINTOSC is running and can be utilized.

The High Frequency Internal Oscillator Status Locked
bit (HFIOFL) of the OSCSTAT register indicates when
the HFINTOSC is running within 2% of its final value.

The High Fre quency Internal Oscillator Status Stable
bit (HFIOFS) of the OSCSTAT register indicates when
the HFINTOSC is running within 0.5% of its final value.

5222 MFINTOSC

The M edium-Frequency Internal O scillator
(MFINTOSC) is a factory calibrated 500 kHz internal
clock source. The frequency of the MFINTOSC can be
altered v ia s oftware u sing th e O SCTUNE reg ister
(Register 5-3).

The output of the MFINTOSC connects to a postscaler
and mu ltiplexer (see  Figure 5-1). One of nine
frequencies deriv ed from the M FINTOSC ¢ an be
selected via software using the IRCF<3:0> bits of the
OSCCON regis ter. See  Section 5.2.2.7 “Int ernal
Oscillator Clock Switch Timing” for more information.

The MFINTOSC is enabled by:

» Configure the IRCF<3:0> bits of the OSCCON
register for the desired HF frequency, and

*F OSC<2:0> =100, or

» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1x’

The Medium Frequency Internal O scillator Ready bit
(MFIOFR) of the OSCSTAT register indicates when the
MFINTOSC is running and can be utilized.
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5223 Internal Oscillator Frequency
Adjustment

The 500 k Hz i nternal os cillator i s f actory ca librated.
This internal oscillator can be adjusted in software by
writing to the OSCTUNE register (Register 5-3). Since
the HF INTOSC and MF INTOSC clock s ources are
derived from the 500 kHz internal oscillator a change in
the OSCTUNE register value will apply to both.

The default value of the OSCTUNE register is ‘0’. The
value is a 6-bit two’s complement number. A v alue of
1Fh w ill provide an adj ustmentto the ma ximum
frequency. A value of 20h will provide an adjustment to
the minimum frequency.

When the OSCTUNE register is modified, the oscillator
frequency will begin shifting to the new frequency. Code
execution continues during this s hift. Thereis no
indication that the shift has occurred.

OSCTUNE does not af fect the L FINTOSC frequency.
Operation of features that depend on the LF INTOSC
clock source frequency, such as the Power-up Timer
(PWRT), W atchdog Timer (WD T), Fai I-Safe Clock
Monitor (FSCM) and peripherals, arenot affected by the
change in frequengy.

5224 LFINTOSC

The Low-Frequency Internal Oscillator (LFINTOSC) is
an uncalibrated 31 kHz internal clock source.

The output of the LFINTOSC connects to a postscaler
and m ultiplexer (see Figure 5-1). Select3 1 kHz, via
software, us ing the IR CF<3:0> bits of the OSC CON
register. See  Section 5.2.2.7 “Interna | Oscillator
Clock S witch Timing” form ore i nformation. The
LFINTOSC is also the frequency for the Power-up Timer
(PWRT), Watchdog Timer (WDT) and Fail-Safe Clock
Monitor (FSCM).

The L FINTOSCi s enabled by se lecting 31 kHz
(IRCF<3:0> bits of the OSCCON register = 000) as the
system cl ock so urce ( SCS b its of t he OS CCON
register = 1x),orw henan yofth e fol lowing are
enabled:

» Configure the IRCF<3:0> bits of the OSCCON
register for the desired LF frequency, and

*F OSC<2:0> =100, or

» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1x’

Peripherals that use the LFINTOSC are:

* Power-up Timer (PWRT)

» Watchdog Timer (WDT)

 Fail-Safe Clock Monitor (FSCM)

The L ow F requency Int ernal O scillator R eady b it

(LFIOFR) of the OSCSTAT register indicates when the
LFINTOSC is running and can be utilized.

5225 Internal Oscillator Frequency
Selection
The system clock speed can be selected via software

using the Internal Oscillator Fre quency Sel ect bit s
IRCF<3:0> of the OSCCON register.

The o utput ofthe 16 MHz H FINTOSC and 3 1 kHz
LFINTOSC connects to a p ostscaler and m ultiplexer
(see Figure 5-1). T he Internal Os cillator Frequency
Select bits IRCF<3:0> of the OSCCON register select
the frequency output of the internal oscillators. One of
the following frequencies can be selected via software:
* 32 MHz (requires 4X PLL)

*1 6 MHz

8 MHz

4 MHz

2 MHz

1 MHz

* 500 kHz (Default after Reset)

*2 50 kHz

*1 25kHz

*6 2.5 kHz

*3 1.25kHz

* 31 kHz (LFINTOSC)

Note: Following any Reset, the IRCF<3:0> bits
of the OSCCON register are set to ‘0111’
and th e freq uency se lectionis se tto
500 kHz. The u ser can modify the IRCF

bits to select a different frequency.

The IR CF<3:0> bits of the O SCCON register all ow
duplicate selections for some frequencies. These dupli-
cate choices can offer system design trade-offs. Lower
power consumption can be o btained w hen c hanging
oscillator sources for a given frequency. Faster transi-
tion times can be obtained between frequency changes
that use the same oscillator source.

© 2011 Microchip Technology Inc.

DS41391D-page 57



PIC16(L)F1826/27

5226 32 MHz Internal Oscillator
Frequency Selection

The Internal Oscillator Block can be used with the 4X
PLL as sociated with the Ex ternal O scillator Blo ck to
produce a 32 MHz internal system clock source. The
following settings are required to use the 32 MHz inter-
nal clock source:

* The FOSC bits in Configuration Word 1 must be
set to use the INTOSC source as the device sys-
tem clock (FOSC<2:0> = 100).

* The SCS bits in the OSCCON register must be
cleared to use the clock determined by
FOSC<2:0> in Configuration Word 1
(SCS<1:0> = 00).

» The IRCF bits in the OSCCON register must be
set to the 8 MHz HFINTOSC set to use
(IRCF<3:0> =1110).

* The SPLLEN bit in the OSCCON register must be
set to enable the 4xPLL, or the PLLEN bit of the
Configuration Word 2 must be programmed to a
1.

Note:  When usingth e PLL EN bito fthe
Configuration Word 2, the 4xPLL cannot
be disabled by software and the 8 MHz
HFINTOSC o ption willn ol onger be
available.

The 4xPLL is not available for us e with t he i nternal
oscillator when the SCS bits of the OSCCON register
are set to ‘1x’. The SCS bits must be set to ‘00’ to use
the 4xPLL with the internal oscillator.

5.2.2.7 Internal Oscillator Clock Switch
Timing

When switching between the HFINTOSC, MFINTOSC
and the LFINTOSC, the new oscillator may already be
shut down to save power (see Figure 5-7). If this is the
case, there is a delay after the IRCF<3:0> bits of the
OSCCON register are mo dified before th e fre quency
selection takes p lace. Th e O SCSTAT reg ister w ill
reflect the current a ctive s tatus o f the HF INTOSC,
MFINTOSC and LFINTOSC oscillators. The sequence
of a frequency selection is as follows:

1. IRCF<3:0>bits o fthe OSCCON register ar e
modified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. Thecurrentclockis held lowand the cl ock
switch circuitry waits for a rising edge in the new
clock.

5. The new clock is now active.

6. The OSCSTAT register is updated as required.

7. Clock switch is complete.

See Figure 5-7 for more details.

If the internal oscillator speed is switched between two
clocks of the same source, there is no start-up delay
before the new frequency is selected. Clock switching
time delays are shown in Table 5-1.

Start-up de lay sp ecifications are locatedinth e
oscillatort ables of Section 30.0“ Electrical
Specifications”.
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FIGURE 5-7: INTERNAL OSCILLATOR SWITCH TIMING

HFINTOSC/— LFINTOSC (FSCM and WDT disabled)

MFINTOSC
HFINTOSC/
MFINTOSC Start-up Time 2-cycle Sync . Running
LFINTOSC NN
IRCF <3:0> =0 X -0

System Clock

HFINTOSC/— LFINTOSC (Either FSCM or WDT enabled)
MFINTOSC

HFINTOSC/

MFINTOSC

. 2-cycle Sync Running

LFINTOSC | [ L] ':‘ L

IRCF <3:0> #0 X =0

System Clock

LFINTOSC — HFINTOSC/MFINTOSC

LFINTOSC - |

LFINTOSC turns off unless WDT or FSCM is enabled

'Start—upTime EZ—cycIe Sync L Running
AAINAEOTe/ |\ S O
MFINTOSC :
IRCF <3:0> =0 X #0

System Clock
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5.3 Clock Switching

The s ystem cl ock s ource can b e switched b etween
external and internal clock sources via software using
the Sy stem Clock Select (SCS) bits of the OSCCON
register. T he following clock sources can be selected
using the SCS bits:

» Default system oscillator determined by FOSC
bits in Configuration Word 1

» Timer1 32 kHz crystal oscillator

« Internal Oscillator Block (INTOSC)

5.3.1 SYSTEM CLOCK SELECT (SCS)
BITS

The System Clock Select (SCS) bits of the OSCCON
register selects the system clock source that is used for
the CPU and peripherals.

* When the SCS bits of the OSCCON register =00,
the system clock source is determined by value of
the FOSC<2:0> bits in the Configuration Word 1.

* When the SCS bits of the OSCCON register =01,
the system clock source is the Timer1 oscillator.

* When the SCS bits of the OSCCON register = 1x,
the system clock source is chosen by the internal
oscillator frequency selected by the IRCF<3:0>
bits of the OSCCON register. After a Reset, the
SCS bits of the OSCCON register are always
cleared.

Note:  Any automatic clock sw itch, w hich may
occurf rom Two-Speed S tart-up or
Fail-Safe Clock Monitor, does not update
the SCS bits of the OSCCON register. The
user can m onitor the OSTS bit of the
OSCSTAT register to determire the aurrent

system clock source.

When sw itching b etween c lock s ources, a delayis
required to allow the new clock to stabilize. These oscil-
lator delays are shown in Table 5-1.

53.2  OSCILLATOR START-UP TIME-OUT
STATUS (OSTS) BIT

The Oscillator Start-up Time-out Status (OSTS) bit of
the OSCSTAT register i ndicates w hether t he sy stem
clock is run ning from th e ex ternal c lock source, a s
defined by the FO SC<2:0> bits in the C onfiguration
Word 1, or from the internal clock source. In particular,
OSTS ind icates tha t the Os cillator Start-up T imer
(OST) has timed out for LP, XT or HS modes. The OST
does not reflect the status of the Timer1 Oscillator.

5.3.3 TIMER1 OSCILLATOR

The Timer1 Oscillator is a separate crystal oscillator
associated with the T imer1 peripheral. It is optimized
for tim ekeeping operations with a 32. 768 kHz crystal
connected be tweenthe T10SO and T10SI device
pins.

The Timer1 oscillator is enabled using the TIOSCEN
control bitin the T1 CON re gister. See Section 21.0
“Timerl M odulew ith G ate Control” fo rm ore
information about the Timer1 peripheral.

534  TIMER1 OSCILLATOR READY
(T10SCR) BIT

The user must ensure that the Timer1 O scillator is
ready to be used before it is selected as a system clock
source. The Timer1 Oscillator Ready (T10SCR) bit of
the O SCSTAT register indicates whether the Timer1
oscillator is ready to be used. After the T1OSCR bit is
set, the SCS bits can be configured to select the Timer1
oscillator.
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54 Two-Speed Clock Start-up Mode

Two-Speed Start-up m ode pro vides a dditional po wer
savings by minimizing th e la tency bet ween ext ernal
oscillator start-up and code execution. In app lications
that make heavy use of the Sleep mode, Two-Speed
Start-up will rem ove the external os cillator s tart-up
time from the time spent awake and can reduce the
overall power consumption of the device. T his mode
allows the application to wake-up from Sleep, perform
a few instructions using the INTOSC internal oscillator
block as the clock source and go back to Sleep without
waiting for the external oscillator to become stable.

Two-Speed Start-up provides benefits when the oscil-
lator module is configured for LP, XT, or H S modes.
The Oscillator S tart-up T imer ( OST) is en abled for
these modes and must count 1024 oscillations before
the oscillator can be used as the system clock source.

If t he o scillator mo dule is configured for any mo de
other than LP, XT or HS m ode, t hen T wo-Speed
Start-up is disabled. This is because the external clock
oscillator does not require any stabilization time after
POR or an exit from Sleep.

Ifthe OST co unt reac hes 1 024 be fore the dev ice
enters Sleep mode, the OSTS bit of the OSCSTAT reg-
isteris s etand program execution switchesto the
external os cillator. H owever, the sy stem may n ever
operate from th e external o scillator if the time spent
awake is very short.

Note:  Executinga SLEEP instruction will abort
the oscillator start-up time and will cause
the OSTS bit of the O SCSTAT register to

5.4.1 TWO-SPEED START-UP MODE
CONFIGURATION

Two-Speed S tart-up modei s configured by th e
following settings:

» IESO (of the Configuration Word 1) = 1; Inter-
nal/External Switchover bit (Two-Speed Start-up
mode enabled).

* SCS (of the OSCCON register) = 00.

* FOSC<2:0> bits in the Configuration Word 1
configured for LP, XT or HS mode.

Two-Speed Start-up mode is entered after:

» Power-on Reset (POR) and, if enabled, after
Power-up Timer (PWRT) has expired, or

* Wake-up from Sleep.

remain clear.

TABLE 5-1: OSCILLATOR SWITCHING DELAYS

Switch From Switch To Frequency Oscillator Delay
LFINTOSC® 31 kHz

Sleep/POR MFINTOSC® 31.25 kHz-500 kHz Oscillator Warm-up Delay (TWARM)
HFINTOSC® 31.25k Hz-16 MHz

Sleep/POR EC, RCW DC - 32 MHz 2 cycles

LFINTOSC EC, RCY DC - 32 MHz 1 cycle of each
Timer1 Oscillator

Sleep/POR LP. XT, HS® 32 kHz-20 MHz 1024 Clock Cycles (OST)

Any clock source

MFINTOSC®
HFINTOSC®

31.25 kHz-500 kHz
31.25k Hz-16M Hz

2 us (approx.)

Any clock source

LFINTOSC®

31 kHz

1 cycle of each

Any clock source

Timer1 Oscillator

32 kHz

1024 Clock Cycles (OST)

PLL inactive

PLL active

16-32 MHz

2 ms (approx.)

Note 1: PLL inactive.
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5.4.2 TWO-SPEED START-UP
SEQUENCE

1.  Wake-up from Power-on Reset or Sleep.

2. Instructions be gin ex ecutionb y t he i nternal
oscillator at the frequency set in the IRCF<3:0>
bits of the OSCCON register.

3. OST enabled to count 1024 clock cycles.

4. OST timedout, waitf orf alling ed ge of t he
internal oscillator.

5. OSTS is set.

6. System clock held low until the next falling edge
of new clock (LP, XT or HS mode).

7. Systemcl ock is sw itched to external clock
source.

FIGURE 5-8: TWO-SPEED START-UP

5.4.3 CHECKING TWO-SPEED CLOCK
STATUS

Checking the state of the OSTS bit of the OSCSTAT
register will c onfirm if th e microcontroller is running
from the ex ternal cl ock so urce, as defined byt he
FOSC<2:0> bits in the Configuration Word 1, or th e
internal oscillator.

NTose 7\ /AN /NN

le TosT »
osc1t < 0 X 1 \\1022X 1023 / \ /
oscz {_X__§§ \
Program Counter |  PC-N_\ PC PC + 1 X

systemClock ~ \ /" \_/AN_/\/\_/ \ /
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55 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the device
to continue operating should the external oscillator fail.
The FSCM can detect oscillator failure any time after
the Oscillator Start-up Timer (OST) has expired. The
FSCM is enabled by s etting the F CMEN bitin the
Configuration Word 1. The FSCM is applicable to all
external O scillator modes (LP, XT,H S, EC, Timer1
Oscillator and RC).

FIGURE 5-9: FSCM BLOCK DIAGRAM
Clock Monitor
Ext | Latch
xterna
Clock ¢ =St Q
r— - — — = — — 1
| [LFINTOSC .
| Oscillator 64
| 31kHz 488 Hz
| (~32 ps) (~2 ms)
| Sample Clock | Clock
Lo 1 )
Failure
Detected

5.5.1 FAIL-SAFE DETECTION

The FS CM m odule dete cts a fai led os cillatorb y
comparing the external oscillator to the FSCM sample
clock. The sample clock is generated by dividing the
LFINTOSC b y 64.S ee Figure 5-9. Ins ide the fai |
detector block is a latc h. The external clock sets the
latch on each falling edge of the external clock. The
sample clock clears the latch on each rising edge of the
sample clo ck. A fail ure is de tected when an entire
half-cycle of the sa mple cl ock el apses before t he
external clock goes low.

5.5.2 FAIL-SAFE OPERATION

When the external clock fails, the FSCM switches the
device clock to an internal clock source and sets the bit
flag O SFIF of the PIR2 register. Setting this flag will
generate aninterruptifthe OSFIE bitofthe P IE2
register is also set. The device firmware can then take
steps to mitigate the problems that may arise from a
failed cl ock. T he s ystem c lock w ill co ntinue t o be
sourced from the internal clock source until the device
firmware s uccessfully re starts the e xternal os cillator
and switches back to external operation.

The in ternal cl ock so urce ch osen by the FSC M is
determined by the IRCF<3:0> bits of th e OSC CON
register. Thi s al lows the internal os cillatorto be
configured before a failure occurs.

5.5.3 FAIL-SAFE CONDITION CLEARING

The Fa il-Safe ¢ onditioni s ¢ leared a ftera R eset,
executing a SLEEP instruction or changing the SCS bits
of the OSCCON register. Whenth e SCSbitsare
changed, t he OST is re started. W hilethe OSTis
running, the dev ice co ntinues to op erate from the
INTOSC selected in O SCCON. When the OST times
out, the Fail-Safe condition is cleared and the device
will be operating from the external clock source. The
Fail-Safe condition must be cleared before the OSFIF
flag can be cleared.

5.5.4 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect an os cillator failure
after the Oscillator Start-up Timer (OST) has expired.
The OST is used after waking up from Sleep and after
any type of Reset. The OST is not used with the EC or
RC Clock modes so thatthe FSCM will be active as
soon as the Reset or wake-up has completed. When
the FSCM is enabled, the Two-Speed Start-up is also
enabled. Therefore, the device will always be executing
code while the OST is operating.

Note: Due to the wide range of oscillator start-up
times, the Fai I-Safe circuit is not active
during oscillator start-up (i.e., after exiting
Reset or Sleep). Af ter an appropriate
amount of time, the user should check the
Status bits int he OSCSTAT register to
verify the oscillator start-up and that the
system clock switchover has successfully
completed.
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FIGURE 5-10: FSCM TIMING DIAGRAM
Sample Clock J—l—l—l—l—l—
System : Oscillator
Clock . Failure

£
Output 3

Clock Monitor Output

Q) ' | :
X X ! X Failure
) ) ! ) Detected ’;7
OSCFIF ! ' ! : ! |
' Test ' Test ' Test
Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in

this example have been chosen for clarity.
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5.6 Oscillator Control Registers

REGISTER 5-1: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1 R/W-1/1 U-0 R/W-0/0 R/W-0/0
SPLLEN IRCF<3:0> — SCS<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 SPLLEN: Software PLL Enable bit
If PLLEN in Configuration Word 1 = 1:
SPLLEN bit is ignored. 4x PLL is always enabled (subject to oscillator requirements)
If PLLEN in Configuration Word 1 = 0:
1 = 4x PLL Is enabled
0 = 4x PLL is disabled
bit 6-3 IRCF<3:0>: Internal Oscillator Frequency Select bits
000x =31 kHz LF
0010 =31.25 kHz MF
0011 =31.25 kHz HF)
0100 =62.5 kHz MF
0101 =125 kHz MF
0110 =250 kHz MF
0111 =500 kHz MF (default upon Reset)
1000 =125 kHz HF(
1001 =250 kHz HF(
1010 =500 kHz HF()
1011 =1 MHz HF
1100 =2 MHz HF
1101 =4 MHz HF
1110 =8 MHz or 32 MHz HF(see Section 5.2.2.1 “HFINTOSC")
1111 =16 MHz HF
bit 2 Unimplemented: Read as ‘0’
bit 1-0 SCS<1:0>: System Clock Select bits

1x = Internal oscillator block
01 = Timer1 oscillator
00 = Clock determined by FOSC<2:0> in Configuration Word 1.

Note 1: Duplicate frequency derived from HFINTOSC.
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REGISTER 5-2: OSCSTAT: OSCILLATOR STATUS REGISTER

R-1/q R-0/q R-q/q R-0/q R-0/q R-q/q R-0/0 R-0/q
T10SCR PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Conditional
bit 7 T10OSCR: Timer1 Oscillator Ready bit
If TIOSCEN = 1:

1 = Timer1 oscillator is ready

0 = Timer1 oscillator is not ready

If TIOSCEN = 0:

1 = Timer1 clock source is always ready

bit 6 PLLR 4x PLL Ready bit
1= 4xPLL is ready
0 = 4xPLL is not ready
bit 5 OSTS: Oscillator Start-up Time-out Status bit
1 = Running from the clock defined by the FOSC<2:0> bits of the Configuration Word 1
0 = Running from an internal oscillator (FOSC<2:0> = 100)
bit 4 HFIOFR: High Frequency Internal Oscillator Ready bit
1 = HFINTOSC is ready
0 = HFINTOSC is not ready
bit 3 HFIOFL: High Frequency Internal Oscillator Locked bit
1 = HFINTOSC is at least 2% accurate
0 = HFINTOSC is not 2% accurate
bit 2 MFIOFR: Medium Frequency Internal Oscillator Ready bit
1= MFINTOSC is ready
0 = MFINTOSC is not ready
bit 1 LFIOFR: Low Frequency Internal Oscillator Ready bit
1 = LFINTOSC is ready
0 = LFINTOSC is not ready
bit 0 HFIOFS: High Frequency Internal Oscillator Stable bit

1 = HFINTOSC is at least 0.5% accurate
0 = HFINTOSC is not 0.5% accurate
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REGISTER 5-3: OSCTUNE: OSCILLATOR TUNING REGISTER
uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — TUN<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TUN<5:0>: Frequency Tuning bits

011111 = Maximum frequency
011110 =

000001 =

000000 = Oscillator module is running at the factory-calibrated frequency.
111111 =

100000 = Minimum frequency

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
OSCCON SPLLEN IRCF3 IRCF2 IRCF1 IRCFO — SCS1 SCS0 65
OSCSTAT T10SCR PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS 66
OSCTUNE — — TUNS TUN4 TUN3 TUN2 TUNA1 TUNO 67
PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — ccrP2IE® 94
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — ccP2IF® 97
T1CON TMR1CS1 | TMR1CSO | T1ICKPS1 | TICKPSO | T1OSCEN T1SYNC — TMR10ON 187
Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used by clock sources.
Note 1: PIC16(L)F1827 only.
TABLE 5-3: SUMMARY OF CONFIGURATION WORD ASSOCIATED WITH CLOCK SOURCES
Name |Bits | Bit-/7 Bit -/6 Bit13/5 | Bit12/4 | Bit13 | Bit102 | Bit9/1 Bitgio | Redister
on Page
13:8 — — FCMEN IESO CLKOUTEN | BOREN1 BORENO CPD
CONFIG1 — —— 50
7:0 CP MCLRE PWRTE WDTE1 WDTEO FOSC2 FOSC1 FOSCO
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used by clock sources.
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NOTES:

DS41391D-page 68 © 2011 Microchip Technology Inc.



PIC16(L)F1826/27

6.0 REFERENCE CLOCK MODULE

The reference clock module provides the ability to send
a divided clock to the clock output pin of the device
(CLKR) and provide a secondary internal clock source
to the modulator module. This module is available in all
oscillator configurations and allows the user to select a
greater range of clock s ubmultiples to drive external
devices in the application. The reference clock module
includes the following features:

» System clock is the source

» Available in all oscillator configurations

* Programmable clock divider

» Output enable to a port pin

» Selectable duty cycle

» Slew rate control

The re ference ¢ lock mo dulei s controlled by th e
CLKRCON register (Register 6-1) and is enabled when
setting the CLKREN bit. To output the divided clock sig-
nal to the CLKR port pin, the CLKROE bit must be set.
The CLKRDIV<2:0> bits enable the selection of 8 dif-
ferent clo ck divider op tions. The C LKRDC<1:0> bits
can be used to modify the duty cycle of t he o utput
clock®. The CLKRSLR bit controls slew rate limiting.

Note 1: If the base clock rate is selected without
a div ider, the out put clock w ill a lways
have a duty cycle equal to that of the
source clock, unless a 0% duty cycle is
selected. If the clock divider is set to base
clock/2, then 25 % and 7 5% duty cycle
accuracy w ill be d ependent u pon the

source clock.

For i nformation o n using th e re ference clock o utput
with t he modulator m odule, see Section 23.0 “D ata
Signal Modulator”.

6.1 Slew Rate

The slew rate limitation on the output port pin can be
disabled. The slew rate limitation can be removed by
clearing the CLKRSLR bit in the CLKRCON register.

6.2 Effects of a Reset

Upon any device Reset, the reference clock module is
disabled. Th e us er's firm ware isres ponsible for
initializing the module before enabling the output. The
registers are reset to their default values.

6.3 Conflicts with the CLKR Pin

There are two cases when the reference clock output
signal cannot be output to the CLKR pin, if:

e LP, XT or HS Oscillator mode is selected.
¢ CLKOUT function is enabled.

Even if either of these cases are true, the module can
still be enabled and the reference clock signal may be
used in conjunction with the modulator module.

6.3.1 OSCILLATOR MODES

If LP, XT or HS os cillator m odes are selected, the
OSC2/CLKR pin must be used as an oscillator input pin
andth e C LKR o utputca nnotbe ena bled. Se e
Section 5.2 “Clock Source Types” for more informa-
tion on different oscillator modes.

6.3.2 CLKOUT FUNCTION

The CLKOUT function has a higher priority than the
reference clock module. The refore, if the C LKOUT
function is enabled by the CLKOUTEN bit in Configura-
tion Word 1, Fosc/4 will always be output on the port
pin. Reference Section 4.0 “ Device Configuration”
for more information.

6.4 Operation During Sleep

As the reference clock module relies on t he system
clock as its source, and the system clock is disabled in
Sleep, the module does not function in Sleep, even if
an external clock source or the Timer1 clock source is
configured as the system clock. The module outputs
will remain in their current state until the device exits
Sleep.

© 2011 Microchip Technology Inc.
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6.5 Reference Clock Control Register

REGISTER 6-1: CLKRCON: REFERENCE CLOCK CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CLKREN CLKROE CLKRSLR CLKRDC<1:0> CLKRDIV<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 CLKREN: Reference Clock Module Enable bit

1 = Reference Clock module is enabled
0 = Reference Clock module is disabled

bit 6 CLKROE: Reference Clock Output Enable bit(®

1 = Reference Clock output is enabled on CLKR pin
0 = Reference Clock output disabled on CLKR pin

bit 5 CLKRSLR: Reference Clock Slew Rate Control limiting enable bit

1 = Slew Rate limiting is enabled
0 = Slew Rate limiting is disabled
bit 4-3 CLKRDC<1:0>: Reference Clock Duty Cycle bits
11 = Clock outputs duty cycle of 75%
10 = Clock outputs duty cycle of 50%
01 = Clock outputs duty cycle of 25%
00 = Clock outputs duty cycle of 0%

bit 2-0 CLKRDIV<2:0> Reference Clock Divider bits

111 = Base clock value divided by 128
110 = Base clock value divided by 64
101 = Base clock value divided by 32
100 = Base clock value divided by 16
011 = Base clock value divided by 8
010 = Base clock value divided by 4
001 = Base clock value divided by 2(%)
000 = Base clock value®

Note 1: In this mode, the 25% and 75% duty cycle accuracy will be dependent on the source clock duty cycle.

2: In this mode, the duty cycle will always be equal to the source clock duty cycle, unless a duty cycle of 0%
is selected.

3: To route CLKR to pin, CLKOUTEN of Configuration Word 1 = 1 is required. CLKOUTEN of Configuration
Word 1 = 0 will result in FOsc/4. See Section 6.3 “Conflicts with the CLKR Pin” for details.
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TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH REFERENCE CLOCK SOURCES

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Redister

on Page
CLKRCON CLKREN | CLKROE | CLKRSLR | CLKRDC1 | CLKRDCO | CLKRDIV2 | CLKRDIV1 | CLKRDIVO 70
Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used by reference clock sources.

TABLE 6-2: SUMMARY OF CONFIGURATION WORD WITH REFERENCE CLOCK SOURCES

Name |Bits | Bit-/7 Bit -/6 Bit13/5 | Bit12/4 | Bit1U3 | Bit102 | Bit9/l Bitgo | ~edister
on Page
13:8 — — FCMEN IESO CLKOUTEN | BOREN1 BORENO CPD
CONFIG1 — —— 44
7:0 CP MCLRE PWRTE WDTE1 WDTEO FOSC2 FOSC1 FOSCO
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used by reference clock sources.
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NOTES:
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7.0 RESETS

There are multiple ways to reset this device:

* Power-on Reset (POR)

* Brown-out Reset (BOR)

+ MCLR Reset

« WDT Bset

* RESET instruction

» Stack Overflow

» Stack Underflow

* Programming mode exit

Toallow VDD to stabilize, an optional power-up timer

can be enabled to extend the Reset time after a BOR
or POR event.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 7-1.

FIGURE 7-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

Programming Mode Exit

RESET Instruction
Stack |Stack Overflow/Underflow Reset
Pointer
External Reset
= D)
VMCLR MCLRE —
Sleep 1
WDT
Time-out i\
Reset
VDD
Brown-out
Reset
BOR

Enable

PWRT

64 ms
LFINTOSC 1>

PWRTEN
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7.1 Power-on Reset (POR)

The POR circuit holds the device in Reset until VDD has
reached an ac ceptable level for m inimum operation.
Slow rising VDD, fast operatin g speeds or analog
performance may require g reater than minimum V DD.
The PWRT, BOR or MC LR features ¢ an be us ed to
extend t he start-up period until all dev ice operation
conditions have been met.

711 POWER-UP TIMER (PWRT)

The Power-up Timer provides a n ominal 64 ms time-
out on POR or Brown-out Reset.

The device is held in Reset as long as PWRT is active.
The PWRT delay allows additional time for the VDD to
rise to an a cceptable le vel. The Pow er-up Timeris
enabled by clearing the PW RTE bit in C onfiguration
Word 1.

The Power-up Timer starts after the release of the POR
and BOR.

For add itional in formation, refe r to App lication N ote
ANB07, “Power-up Trouble Shooting” (DS00607).

7.2 Brown-Out Reset (BOR)

The BOR circuit holds the device in Reset when Vdd
reaches a s electable m inimum | evel. Betw een th e
POR and BOR, complete voltage range coverage for
execution protection can be implemented.

The Brow n-out R eset m odule ha s fou r operating
modes controlled by the BOREN<1:0> bits in Configu-
ration Word 1. The four operating modes are:

* BORis always on

* BOR is off when in Sleep

* BORis controlled by software

* BOR is always off

Refer to Table 7-1 for more information.

The B rown-out Reset v oltage | evel is se lectable by
configuring the BORV bit in Configuration Word 2.

A VDD noise rejection filter prevents the BOR from trig-
gering on small events. If VDD falls below VBOR for a
duration gre ater than parameter T BORDC, the device
will reset. See Figure 7-2 for more information.

TABLE 7-1: BOR OPERATING MODES
Device Operation Device Operation
BOREN<1:0> SBOREN Device Mode BOR Mode P upon wake- up from
upon release of POR
Sleep
11 X X Active Waits for BOR ready(?
Awake Active
10 X Waits for BOR ready
Sleep Disabled
1 Active Begins immediately
01 X
0 Disabled Begins immediately
00 X X Disabled Begins immediately

start-up.

Note 1: Even though this case specifically waits for the BOR, the BOR is already operating, so there is no delay in

7.21 BOR IS ALWAYS ON

When the BOREN bits of Configuration Word 1 are set
to ‘11’, the BOR is always on. The device start-up will
be delayed until the BOR is ready and VDD is higher
than the BOR threshold.

BOR protection is active during Sleep. The BOR does
not delay wake-up from Sleep.

7.2.2 BOR IS OFF IN SLEEP

When the BOREN bits of Configuration Word 1 are set
to ‘10’, the BOR is on, exceptin Sleep. The device
start-up will be delayed until the BOR is ready and VDD
is higher than the BOR threshold.

BOR protection is not active during Sleep. The device
wake-up will be delayed until the BOR is ready.

7.2.3

BOR CONTROLLED BY SOFTWARE

When the BOREN bits of Configuration Word 1 are set
to ‘01, the BOR is controlled by the SBOREN bit of the
BORCON register. The device start-up is not delayed
by the BOR ready condition or the VDD level.

BOR protection begins as soon as the BOR circuit is
ready. The status of the BOR circuit is reflected in the
BORRDY bit of the BORCON register.

BOR protection is unchanged by Sleep.
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FIGURE 7-2:

BROWN-OUT SITUATIONS

VDD

Internal
Reset

VDD

Internal
Reset

VDD

Internal
Reset

Note 1: TPWRT delay only if PWRTE bit is programmed to ‘0.

REGISTER 7-1: BORCON: BROWN-OUT RESET CONTROL REGISTER
R/W-1/u uU-0 uU-0 uU-0 uU-0 uU-0 u-0 R-q/u
SBOREN — — — — — — BORRDY
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 SBOREN: Software Brown-out Reset Enable bit

If BOREN <1:0> in Configuration Word 1 # 01:

SBOREN is read/write, but has no effect on the BOR.
If BOREN <1:0> in Configuration Word 1 = 01:

1 = BOR Enabled
0 = BOR Disabled
bit 6-1 Unimplemented: Read as ‘0’
bit 0 BORRDY: Brown-out Reset Circuit Ready Status bit

1 = The Brown-out Reset circuit is active
0 = The Brown-out Reset circuit is inactive
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7.3 MCLR

The MCLR is an optional exter nal input that can reset
the device. The MCLR fu nction is contr olled by t he
MCLRE bit of Configuration Word 1 and the L VP bit of
Configuration Word 2 (Table 7-2).

TABLE 7-2: MCLR CONFIGURATION
MCLRE LVP MCLR
0 0 Disabled
1 0 Enabled
X 1 Enabled

7.31 MCLR ENABLED

When MCLR is enabled and the pinis  held low, the
device is held in Reset. The MCLR pin is connected to
VDD through an internal weak pull-up.

The device has a noise filter in the MCLR Reset path.
The filter will detect and ignore small pulses.

Note: A Reset does not drive the MCLR pin low. I

7.3.2 MCLR DISABLED

When MCLR is disabled, the pin functions as a general
purpose input and the internal weak pull-up is under
software co ntrol. See Section 12.2 “POR TA Regis-
ters” for more information.

7.4 Watchdog Timer (WDT) Reset

The Watchdog Timer generates a Reset if the firmware
does not issue a CLRVDT instruction within the time-out
period. The TO and PD bits in the STATUS register are
changed to indicate the WDT Reset. See Section 10.0
“Watchdog Timer” for more information.

7.5 RESET Instruction

A RESET instruction will cause a device Reset. The RI
bit in the PCON register will be set to ‘0’. See Table 7-4
for default co nditions after a RESET inst ruction has
occurred.

7.6 Stack Overflow/Underflow Reset

The device ca n reset whe n the S tack Ov erflows or
Underflows. The STKOVF or STKUNF bits of the PCON
register indicate the Reset condition. These Resets are
enabled by setting the STVREN bitin Configuration Word
2. See Section 3.4.2 “Overflow/Underflow Reset”for
more information.

7.7 Programming Mode Exit

Upon ex it of Prog ramming m ode, the de vice w ill
behave as if a POR had just occurred.

7.8 Power-Up Timer

The Power-up Timer optionally delays deviceexecution
after a BORor PORevent. This timer is typicaly used to
allow VDD to stabilize before allowing the device to strt
running.

The Power-up Timer is controlled by the PWRTE bit of
Configuration Word 1.

7.9 Start-up Sequence

Upon the release of a POR or BOR, the following must
occur before the device will begin executing:

1. Power-up Timer runs to completion (if enabled).

2. Oscillator start-up timer runs to co mpletion (if
required for oscillator source).

3.  MCLR must be released (if enabled).

The total time-out will vary based on oscillator configu-
ration and Pow er-up T imer ¢ onfiguration. Se e
Section 5.0 “ Oscillator M odule (With Fail-Safe
Clock Monitor)” for more information.

The Power-up Timer and oscillator start-up timer run
independently of MCLR Reset. If MCLR is ke pt low
long enough, the Power-up Timer and oscillator start-
up timer will expire. Upon bringing MCLR hig h, the
device will begin execution immediately (see Figure 7-
3). This is useful for testing purposes or to synchronize
more than one device operating in parallel.
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FIGURE 7-3:

RESET START-UP SEQUENCE

VDD

Internal POR

Power-Up Timer

MCLR

Internal RESET

External Crystal
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7.10 Determining the Cause of a Reset

Upon an y R eset, m ultiple bits in the STATUS and
PCON register are updated to indicate the cause of the
Reset. Table 7-3 and Table 7-4 show the Reset condi-
tions of these registers.

TABLE 7-3: RESET STATUS BITS AND THEIR SIGNIFICANCE
STKOVF | STKUNF| RMCLR | RI | POR | BOR | TO | PD Condition
0 0 1 1 0 X 1 1 |Power-on Reset
0 0 1 1 0 X 0 x | lllegal, TO is set on POR
0 0 1 1 0 X X 0 |lllegal, PD is set on POR
0 0 1 1 u 0 1 1 |Brown-out Reset
u u u u u u 0 u |WDT Reset
u u u u u u 0 0 |WDT Wake-up from Sleep
u u u u u u 1 0 |Interrupt Wake-up from Sleep
u u 0 u u u u u |MCLR Reset during normal operation
u u 0 u u u 1 0 |MCLR Reset during Sleep
u u u 0 u u u u | RESET Instruction Executed
1 u u u u u u u | Stack Overflow Reset (STVREN = 1)
u 1 u u u u u u | Stack Underflow Reset (STVREN = 1)
TABLE 7-4: RESET CONDITION FOR SPECIAL REGISTERS®@
Condition Program STA_TUS PCQN
Counter Register Register
Power-on Reset 0000h ---1 1000 00-- 110x
MCLR Reset during normal operation 0000h ---U uuuu uu-- Ouuu
MCLR Reset during Sleep 0000h ---1 Ouuu uu- - Ouuu
WDT Reset 0000h ---0 uuuu uu-- uuuu
WDT Wake-up from Sleep PC +1 ---0 Ouuu uu-- uuuu
Brown-out Reset 0000h ---1 luuu 00-- 11u0
Interrupt Wake-up from Sleep PC + 1D ---1 Ouuu uu-- uuuu
RESET Instruction Executed 0000h ---Uu uuuu uu-- uOuu
Stack Overflow Reset (STVREN = 1) 0000h ---Uu uuuu lu-- uuuu
Stack Underflow Reset (STVREN = 1) 0000h ---Uu uuuu ul-- uuuu
Legend: u =unchanged, x =unknown, - =unimplemented bit, reads as ‘0.

Note 1: When the wake-up is due to an interrupt and Global Enable bit (GIE) is set, the return address is pushed on
the stack and PC is loaded with the interrupt vector (0004h) after execution of PC + 1.
2: If a Status bit is not implemented, that bit will be read as ‘0’.
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7.11

Power Control (PCON) Register

The Power Control (PCON) register contains flag bits
to differentiate between a:

+ Power-on Reset (POR)

+ Brown-out Reset (BOR)

« Reset Instruction Reset (RI)

+ MCLR Reset (RMCLR)

» Stack Underflow Reset (STKUNF)

» Stack Overflow Reset (STKOVF)

The PCON register bits are shown in Register 7-2.

REGISTER 7-2: PCON: POWER CONTROL REGISTER

R/W/HS-0/q R/W/HS-0/q u-0 uU-0 R/W/HC-1/g R/MW/HC-1/q R/W/HC-g/u R/W/HC-g/u
STKOVF STKUNF — — RMCLR RI POR BOR
bit 7 bit 0
Legend:
HC = Bit is cleared by hardware HS = Bit is set by hardware
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -m/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 STKOVF: Stack Overflow Flag bit
1 = A Stack Overflow occurred
0 = A Stack Overflow has not occurred or set to ‘0’ by firmware
bit 6 STKUNF: Stack Underflow Flag bit
1 = A Stack Underflow occurred
0 = A Stack Underflow has not occurred or set to ‘0’ by firmware
bit 5-4 Unimplemented: Read as ‘0’
bit 3 RMCLR: MCLR Reset Flag bit
1=A @ Reset has not occurred or set to ‘1’ by firmware
0 = A MCLR Reset has occurred (set to ‘0’ in hardware when a MCLR Reset occurs)
bit 2 RI: RESET Instruction Flag bit
1 = A RESET instruction has not been executed or set to ‘1’ by firmware
0 = ARESET instruction has been executed (set to ‘0’ in hardware upon executing a RESET instruction)
bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Power-on Reset or Brown-out Reset
occurs)
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TABLE 7-5: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁg;?;
BORCON | SBOREN — — — — — — BORRDY 75
PCON STKOVF | STKUNF — — RMCLR RI POR BOR 79
STATUS — — — TO PD z DC c 21
WDTCON — — WDTPS4 | WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN 99
Legend: — = unimplemented bit, reads as ‘0’. Shaded cells are not used by Resets.

Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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8.0 INTERRUPTS

The interrupt feature allows certain events to preempt
normal program flow. Firmware is used to determine
the source of the interrupt and act accordingly. Some
interrupts can be configured to w ake the MC U from
Sleep mode.

This ch apter co ntains t he following in formation for
Interrupts:

» Operation

* Interrupt Latency

* Interrupts During Sleep

| NT Pin

+ Automatic Context Saving

Many per ipherals pro duce In terrupts. R efer to the
corresponding chapters for details.

A bl ock di agram of the in terrupt lo gicis s hown in

Figure 8-1.
FIGURE 8-1: INTERRUPT LOGIC
IOCBNXx D Q
CK_
R
RBx
Data bus = S To data bus
IOCBPx D Q 0orl— D Q » |OCBFx
L »CcKS Write IOCBFx— CK'y_
IOCIE
R
Q2 .
From all other -
IOCBFx individual—* 10C interrupt
pin detectors to CPU core
Q1 Q1 Q1
Q2 Q2 Q2
Q3 Q3 Q3
Q4 4 Q4 Q4
Q4Q1 Q4Q1 Q4Q1 Q4Q1
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8.1 Operation

Interrupts are disabled upon any device Reset. They
are enabled by setting the following bits:

» GIE bit of the INTCON register

* Interrupt Enable bit(s) for the specific interrupt
events)

» PEIE bit of the INTCON register (if the Interrupt
Enable bit of the interrupt event is contained in the
PIEX registers)

The INTCON, PIRXx registers rec ord i ndividual inter-
rupts via interrupt flag bits. Interrupt flag bits will be set,
regardless of the status of the GIE, PEIE and individual
interrupt enable bits.

The following events happen when an interrupt event
occurs while the GIE bit is set:

+ Current prefetched instruction is flushed
» GIE bit is cleared

» Current Program Counter (PC) is pushed onto the
stack

« Critical registers are automatically saved to the
shadow registers (See “Section 8.5 “Automatic
Context Saving”."”)

* PC is loaded with the interrupt vector 0004h

The firmware within the Interrupt Service Routine (ISR)
should determine the source of the interrupt by polling
the interrupt flag bits. The interrupt flag bits must be
cleared before e xitingt he ISRt o avoid r epeated
interrupts. Because the GIE bit is cleared, any interrupt
that oc curs while executing the ISR will be recorded
through i tsi nterrupt fla g, b ut wil I n ot c ause th e
processor to redirect to the interrupt vector.

The RETFI Einstruction exits the ISR by popping the
previous address from the stack, restoring the saved
context from the shadow registers and setting the GIE
bit.

For add itional in formation on a  specific int errupt’s
operation, refer to its peripheral chapter.

Note 1: Individual int erruptfla g bi tsares et,
regardless of th e state of an y ot her
enable bits.

2: Al interrupts will be ignored while the GIE
bitis cl eared. An y i nterrupt occurring
while the GIE bit is clear will be serviced

when the GIE bit is set again.

8.2 Interrupt Latency

Interrupt latency is defined as the time from when the
interrupt event occurs to the time code execution at the
interrupt vector begins. T he latency for synchronous

interrupts is 3 or 4 instruction cycles. For asynchronous
interrupts, the la tency is3t o5 ins truction cycles,

depending on when the interrupt occurs. See Figure 8-2
and Figure 8.3 for more details.
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FIGURE 8-2: INTERRUPT LATENCY

atja2jesiad Q1iQ2iasiada1iazia3ias Q1jQ2ia3iadQiiaziasiad)a1iaziesias|alia2iasia|a1iazi3iad
[ [
CLKoUT / / Interrupt Sampled / / /
during Q1
Interrupt /
GIE \
PC < PC-1 PC PG+1 ( 0004h 0005h
Execute | 1 Cycle Instruction at PC | Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PC < PC-1 PC P‘X’SSFRSR Ng"éff/ 0004h 0005h
Execute—{ 2 Cycle Instruction at PC | Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PC PC-1 PC ) FSR ADDR PC+1 PC+2 0004h 0005h
Execute | 3 Cycle Instruction at PC | INST(PC) NOP NOP NOP Inst(0004h) | Inst(0005h)
Interrupt /
GIE \
PC PC-1 PC > FSR ADDR PC+1 PG+2 0004h 0005h
Execute | 3 Cycle Instruction at PC | INST(PC) NOP NOP NOP NOP Inst(0004h)
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FIGURE 8-3: INT PIN INTERRUPT TIMING

Q1] Q2| Q3| Q4. Q1] Q2] Q3| @4 Q1| @2] Q3| Q4. Q1] Q2] Q3| @4 Q1| Q2| Q3| Q4.

0sc1 :
cLkouT® \ . o . . . Z
A @ : : : :

NTpin } R : : | :
R Y . . . .

INTF L/ (5) : : Interrupt Latency @ ' : :
I | ' | | | | |
: : | \ : : :
INSTRUCTION FLOW ' : ' : '
PC ( PC X PC +1 ' PC + 1 X 0004h X 0005h '
Instruction [ . : : : : :
Fetched ! Inst (PC) ! Inst(PC+1) . — + Inst (0004h) . Inst (0005h)
E)?é::uuiizn{ . Inst(PC-1) Inst (PC) '  DummyCycle ! DummyCycle ! Inst (0004h)

Note 1: INTF flag is sampled here (every Q1).

2: Asynchronous interrupt latency = 3-5 T cy. Synchronous latency = 3-4 Tcy, where T CY = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

3:  CLKOUT not available in all Oscillator modes.
For minimum width of INT pulse, refer to AC specifications in Section 30.0 “Electrical Specifications””.
INTF is enabled to be set any time during the Q4-Q1 cycles.
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8.3 Interrupts During Sleep

Some interrupts can be used to wake from Sleep. To
wake f rom Slee p, th e pe ripheral m ust be a ble to
operate without the system clock. The interrupt source
must have the appropriate Interrupt Enable bit(s) set
prior to entering Sleep.

On waking from Sleep, if the GIE bitis also set, the
processor will branch to te interrupt vector. Otherwise,
the processor will continue executing instructions after
the SLEEP instruction. The instruction directly after the
SLEEP i nstruction will a lways b e executed b efore
branching to the ISR. Refer to Section 9.0 “ Power-
Down Mode (Sleep)” for more details.

8.4 INT Pin

The INT pin can be used to generate an asynchronous
edge-triggered interrupt. Th is interrupt is enabled by
setting the IN TE bit of th e IN TCON regi ster. The
INTEDG bitof the OPTION_REG registerdetermines on
which edge the interrupt will occur. When the INTEDG
bit is set, the rising edge will cause the interrupt. When
the INTEDG bit is clear, the falling edge will cause the
interrupt. The INTF bit of the INTCON register will be set
when a \alid edge appears on the INT pin. If the GIE and
INTE bits are also se t, the proc essor w ill redirect
program execution to the interrupt vector

8.5 Automatic Context Saving

Upon entering an interrupt, the return PC address is
saved on the stack. Additionally, the following registers
are automatically saved in the Shadow registers:

* W register

+ STATUS register (except for TO and PD)
* BSR register

* FSRregisters

* PCLATH register

Upon exiting the Interrupt Service Routine, these regis-
ters are auto matically re stored. Any m odifications to
these registers during the ISR will be lost. If modifica-
tions to any of these registers are desired, the corre-
sponding Shadow register should be modified and the
value w ill be res tored w hen ex itingth e ISR . Th e
Shadow reg isters are available in Bank 31 and are
readable and writable. Depending on the user’s appli-
cation, other registers may also need to be saved.
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8.6 Interrupt Control Registers

8.6.1 INTCON REGISTER

The IN TCON reg isteris area dable a nd w ritable
register, that contains the various enable and flag bits
for TM RO reg ister o verflow, int errupt-on-change and
external INT pin interrupts.

Note:

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the appropri-
ate i nterrupt flag bits are clear prior to
enabling an interrupt.

REGISTER 8-1: INTCON: INTERRUPT CONTROL REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-0/0

GIE PEIE TMROIE INTE IOCIE TMROIF INTF lIoCIF®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 GIE: Global Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

1 = Enables all active interrupts

0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all active peripheral interrupts
0 = Disables all peripheral interrupts
TMROIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the TimerO0 interrupt

0 = Disables the Timer0 interrupt

INTE: INT External Interrupt Enable bit

1 = Enables the INT external interrupt

0 = Disables the INT external interrupt
IOCIE: Interrupt-on-Change Enable bit

1 = Enables the interrupt-on-change

0 = Disables the interrupt-on-change
TMROIF: Timer0 Overflow Interrupt Flag bit
1 = TMRO register has overflowed

0 = TMRO register did not overflow

INTF: INT External Interrupt Flag bit

1 = The INT external interrupt occurred

0 = The INT external interrupt did not occur

IOCIF: Interrupt-on-Change Interrupt Flag bit()

1 = When at least one of the interrupt-on-change pins changed state
0 = None of the interrupt-on-change pins have changed state

Note 1: The IOCIF Flag bit is read-only and cleared when all the Interrupt-on-Change flags in the IOCBF register
have been cleared by software.
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8.6.2 PIE1 REGISTER

The PIE1 register contains the interrupt enable bits, as Note:  Bit PEIE of the INTCON register must be I
shown in Register 8-2. set to enable any peripheral interrupt.

REGISTER 8-2: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 TMR1GIE: Timer1 Gate Interrupt Enable bit

1 = Enables the Timer1 Gate Acquisition interrupt
0 = Disables the Timer1 Gate Acquisition interrupt
bit 6 ADIE: A/D Converter (ADC) Interrupt Enable bit

1 = Enables the ADC interrupt
0 = Disables the ADC interrupt

bit 5 RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

bit 4 TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3 SSP1IE: Synchronous Serial Port 1 (MSSP1) Interrupt Enable bit

1 = Enables the MSSP1 interrupt
0 = Disables the MSSP1 interrupt

bit 2 CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt

bit 0 TMRL1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt
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8.6.3 PIE2 REGISTER

The PIEZ2 register contains the interrupt enable bits, as Note:  Bit PEIE of the INTCON register must be I
shown in Register 8-3. set to enable any peripheral interrupt.

REGISTER 8-3: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 U-0 R/W-0/0
OSFIE C2IE C1IE EEIE BCL1IE — — ccpP2ie®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 OSFIE: Oscillator Fail Interrupt Enable bit

1 = Enables the Oscillator Fail interrupt
0 = Disables the Oscillator Fail interrupt
bit 6 C2IE: Comparator C2 Interrupt Enable bit

1 = Enables the Comparator C2 interrupt
0 = Disables the Comparator C2 interrupt

bit 5 C1IE: Comparator C1 Interrupt Enable bit
1 = Enables the Comparator C1 interrupt
0 = Disables the Comparator C1 interrupt
bit 4 EEIE: EEPROM Write Completion Interrupt Enable bit
1 = Enables the EEPROM Write Completion interrupt
0 = Disables the EEPROM Write Completion interrupt
bit 3 BCL1IE: MSSP1 Bus Collision Interrupt Enable bit

1 = Enables the MSSP1 Bus Collision Interrupt
0 = Disables the MSSP1 Bus Collision Interrupt

bit 2-1 Unimplemented: Read as ‘0’
bit 0 CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

Note 1: PIC16(L)F1827 only.
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8.6.4 PIE3 REGISTER

The PIES3 register contains the interrupt enable bits, as Note:  Bit PEIE of the INTCON register must be I
shown in Register 8-4. set to enable any peripheral interrupt.

REGISTER 8-4: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3%

uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0 R/W-0/0 uU-0
— — CCP4IE CCP3IE TMRG6IE — TMR4IE —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5 CCP4IE: CCP4 Interrupt Enable bit

1 = Enables the CCP4 interrupt
0 = Disables the CCP4 interrupt

bit 4 CCP3IE: CCP3 Interrupt Enable bit

1 = Enables the CCP3 interrupt
0 = Disables the CCP3 interrupt

bit 3 TMRG6IE: TMR6 to PR6 Match Interrupt Enable bit

1 = Enables the TMR6 to PR6 Match interrupt
0 = Disables the TMRG6 to PR6 Match interrupt

bit 2 Unimplemented: Read as ‘0’
bit 1 TMRA4IE: TMR4 to PR4 Match Interrupt Enable bit

1 = Enables the TMR4 to PR4 Match interrupt
0 = Disables the TMR4 to PR4 Match interrupt

bit 0 Unimplemented: Read as ‘0’

Note 1: This register is only available on PIC16(L)F1827.
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8.6.5 PIE4 REGISTER®

The PIE4 register contains the interrupt enable bits, as Note 1: The PIE4 register is available only on the
shown in Register 8-5. PIC16(L)F1827 device.

2: Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.

REGISTER 8-5: PIE4: PERIPHERAL INTERRUPT ENABLE REGISTER 4()

u-0 U-0 u-0 u-0 u-0 uU-0 R/W-0/0 R/W-0/0
— — — — — — BCL2IE SSP2IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 BCL2IE: MSSP2 Bus Collision Interrupt Enable bit

1 = Enables the MSSP2 Bus Collision Interrupt
0 = Disables the MSSP2 Bus Collision Interrupt

bit 0 SSP2IE: Master Synchronous Serial Port 2 (MSSP2) Interrupt Enable bit

1 = Enables the MSSP2 interrupt
0 = Disables the MSSP2 interrupt

Note 1: This register is only available on PIC16(L)F1827.
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8.6.6 PIR1 REGISTER

The PIR1 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 8-6. condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, G IE, of the IN TCON register.
Users oftwares hould ensure the
appropriate interrupt flag bits are clear prior
to enabling an interrupt.

REGISTER 8-6: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

R/W-0/0 R/W-0/0 R-0/0 R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TMR1GIF ADIF RCIF TXIF | SSP1IF ‘ CCP1IF TMR2IF TMR1IF
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7 TMR1GIF: Timer1 Gate Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 5 RCIF: USART Receive Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 4 TXIF: USART Transmit Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 3 SSP1IF: Synchronous Serial Port 1 (MSSP1) Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 2 CCPL1IF: CCP1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 1 TMR2IF: Timer2 to PR2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 0 TMR1IF: Timer1 Overflow Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
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8.6.7 PIR2 REGISTER

The PIR2 re gister contains the interrupt flag bits, as
shown in Register 8-7.

Note:

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, G IE, of the IN TCON register.
Users oftwares hould ensure the
appropriate interrupt flag bis are dear prior
to enabling an interrupt.

REGISTER 8-7: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 uU-0 R/W-0/0
OSFIF C2IF C1IF EEF | BCLIF | — — CCP2IF®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 OSFIF: Oscillator Fail Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 6 C2IF: Comparator C2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 5 C1IF: Comparator C1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 4 EEIF: EEPROM Write Completion Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending

bit 3 BCL1IF: MSSP1 Bus Collision Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending
bit 2-1 Unimplemented: Read as ‘0’
bit O CCP2IF: CCP2 Interrupt Flag bit(})
1 = Interrupt is pending
0 = Interrupt is not pending

Note 1: PIC16(L)F1827 only.
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8.6.8 PIR3 REGISTER

The PIRS3 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 8-8. condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, G IE, of the IN TCON register.
Users oftwares hould ensure the
appropriate interrupt flag bits are clear prior
to enabling an interrupt.

REGISTER 8-8: PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3

u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 U-0
— — CCP4IF CCP3IF | TMR6IF | — TMRA4IF —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5 CCPA4IF: CCP4 Interrupt Flag bit

1 = Interrupt is pending
0 = Interrupt is not pending
bit 4 CCP3IF: CCP3 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 TMRG6IF: TMRG6 to PR6 Match Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 2 Unimplemented: Read as ‘0’
bit 1 TMR4IF: TMR4 to PR4 Match Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 0 Unimplemented: Read as ‘0’

Note 1: This register is only available on PIC16(L)F1827.
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8.6.9 PIR4 REGISTER®W

The PIR4 re gister contains the interrupt flag bits, as Note 1: The PIR4 register is available only on the
shown in Register 8-9. PIC16(L)F1827 device.

2: Interrupt flag bits are set when an inter-
rupt co ndition occurs, regardless of the
state of its corresponding en able bit or
the Glo bal Enable bi t, GI E, of the
INTCON re gister. User s oftware should
ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt.

REGISTER 8-9: PIR4: PERIPHERAL INTERRUPT REQUEST REGISTER 4

u-0 uU-0 u-0 uU-0 u-0 u-0 R/W/HS-0/0 R/W/HS-0/0
— — — - | =1 = BCL2IF SSP2IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HS = Bit is set by hardware
bit 7-2 Unimplemented: Read as ‘0’
bit 1 BCL2IF: MSSP2 Bus Collision Interrupt Flag bit

1 = A Bus Collision was detected (must be cleared in software)
0 = No Bus collision was detected

bit 0 SSP2IF: Master Synchronous Serial Port 2 (MSSP2) Interrupt Flag bit

1 = The Transmission/Reception/Bus Condition is complete (must be cleared in software)
0 = Waiting to Transmit/Receive/Bus Condition in progress

Note 1: This register is only available on PIC16(L)F1827.

TABLE 8-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Hedister
on Page
INTCON GIE PE IE TMROIE INTE IOCIE TMROIF INTF IOCIF 86
OPTION_REG WPUEN INTEDG | TMROCS | TMROSE PSA PS2 PS1 PSO 177
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE | TMR2IE | TMR1IE 87
PIE2 OSFIE C2IE C1IE EEIE BCL1IE = — ccP2ie® 88
PIE3D — — CCP4IE | CCP3IE | TMREIE — TMR4IE — 89
PIE4D — — — — — — BCL2IE SSP2IE 90
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF | TMR2IF | TMR1IF 91
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — ccP2IF® 92
PIR3®M — — CCP4IF CCP3IF | TMR6IF — TMR4IF — 93
PIR4D — — — — — = BCL2IF SSP2IF 94
Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used by Interrupts.

Note 1: PIC16(L)F1827 only.
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9.0 POWER-DOWN MODE (SLEEP)

The Power-Down m ode i s e ntered by ex ecuting a
SLEEP instruction.

Upon en tering Sle ep m ode, the fo llowing conditions
exist:

1. WDT will be cl eared but keeps run ning, if
enabled for operation during Sleep.

PD bit of the STATUS register is cleared.

TO bit of the STATUS register is set.

CPU clock is disabled.

31 kHz LFINTOSC is unaffected and peripherals

that operate from it m ay continue operation in
Sleep.

6. Timer1 oscillator is unaffected and peripherals
that operate from it m ay continue operation in
Sleep.

7. ADC is unaffected, if the dedicated FRC clock is
selected.

8. Capacitive Sensing oscillator is unaffected.

9. 1/O ports maintain the status they had before
SLEEP was executed (driving high, low or high-
impedance).

10. Resets ot hert han WD T a re n ot aff ected by
Sleep mode.

Sl

Refer to in dividual ch apters form ore det ailso n
peripheral operation during Sleep.

To minimize current consumption, the following condi-
tions should be considered:

« 1/O pins should not be floating

» External circuitry sinking current from 1/O pins

* Internal circuitry sourcing current from 1/O pins

» Current draw from pins with internal weak pull-ups

» Modules using 31 kHz LFINTOSC

* Modules using Timer1 oscillator

I/O pins tha t are hig h-impedance in puts s hould b e

pulled to VDD or Vss externally to avoid switching cur-
rents caused by floating inputs.

Examples of internal circuitry that might be sourcing
current in clude modules such asthe DAC and FVR
modules. See Section 17.0 “Digital-to-Analog Con-
verter (DAC) Module” and Section 14.0 “Fixed Volt-
age Reference (FVR)” for more information on these
modules.

9.1 Wake-up from Sleep

The device can wake-up from Sleep through one of the
following events:

External Reset input on MCLR pin, if enabled
BOR Reset, if enabled

POR Reset

Watchdog Timer, if enabled

Any external interrupt

Interrupts by peripherals capable of running dur-
ing Sleep (see ind ividual p eripheral for more
information)

ok wNn-=

The first three events will cause a d evice Reset. The
last three events are considered a continuation of pro-
gram execution. To determine whether a device Reset
or wake-up ev ent occ urred, re ferto Section 7.10
“Determining the Cause of a Reset”.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is prefetched. F or the device to
wake-up through an interrupt event, the corresponding
interrupt e nable b it m ust be enabled. W ake-up wiill
occur regardless of the state of the GIE bit. If the GIE
bit is disabled, the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
enabled, the device executes the instruction after the
SLEEP instruction, the device will then call the Interrupt
Service Routine. In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.

© 2011 Microchip Technology Inc.
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9.1.1 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction
- SLEEP instruction will execute as a NOP.
- WDT and WDT prescaler will not be cleared
- TO bit of the STATUS register will not be set

- PD bit of the STATUS register will not be
cleared.

FIGURE 9-1:

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction
- SLEEP instruction will be completely exe-
cuted
- Device will immediately wake-up from Sleep
- WDT and WDT prescaler will be cleared
- TO bit of the STATUS register will be set
- PD bit of the STATUS register will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it m ay be possible for fl ag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

WAKE-UP FROM SLEEP THROUGH INTERRUPT

'Q1]Q2| @3] Q4 Q1] Q2|Q3] Q4 Q1| :

'Q1 lQ2| Q3] Q4' Q11 Q2| Q3| Q4 Q1] Q2| Q3| Q4+ Q1] Q2| Q3| Q4
e AVA VAW T AWA VAW AT A i YA A AV AT AVAVAVATAVAWAWAN

CLKOUT®@)y / \ / \ 1 Tost® / \ / n S
Interrupt flag ) ' /L +__Interrupt Latency® . . .
GIE bit . ) ) ! 3 ) ) ) '
(INTCON reg.) ! Processor in, : ! \ : : !

| | . Sleep ! \ | | I
Instruction Flow! X X : ' : X ' !
PC X PC X PC +1 X PC +2 X PC+2 X PC+2 X 0004h X 0005h |
struction £+ 1nst(PC) = Sleep!  Inst(PC + 1) ! ' Inst(PC +2) ' Inst(0004h) ' Inst(0005h)
Instruction { | |nst(pc-1) +  Sleep : | InstPC+1) . DummyCycle . Dummy Cycle:  Inst(0004h) -
Note 1 XT, HS or LP Oscillator mode assumed.
2: CLKOUT is not available in XT, HS, or LP Oscillator modes, but shown here for timing reference.
3:  TosT = 1024 Tosc (drawing not to scale). This delay applies only to XT, HS or LP Oscillator modes.
4: GIE = 1 assumed. In this case after wake-up, the processor calls the ISR at 0004h. If GIE = 0, execution will continue in-line.
TABLE 9-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Tedisteron
Page
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 91
I0OCBF I0CBF7 IOCBF6 I0CBF5 I0OCBF4 IOCBF3 I0CBF2 IOCBF1 I0CBFO 134
I0OCBN IOCBN7 IOCBN6 I0OCBN5 IOCBN4 IOCBN3 IOCBN2 IOCBN1 I0OCBNO 134
I0CBP I0CBP7 I0CBP6 I0CBP5 I0CBP4 IOCBP3 10CBP2 I0CBP1 I0CBPO 134
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 92
PIE2 OSFIE C2IE C1lE EEIE BCL1IE — — ccP2IE® 93
PIE4(M) — — — — — = BCL2IE SSP2IE 95
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 96
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — ccP2iIF® 97
PIR4(D _ — — — — — BCL2IF SSP2IF 99
STATUS — — — TO PD z DC C 23
WDTCON — — WDTPS4 | WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN 105
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used in Power-down mode.
Note 1: PIC16(L)F1827 only.
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10.0 WATCHDOG TIMER

The Watchdog Timer is a system timer that generates
aResetifthe firmware d oes not issue a CLRADT
instruction within the time-out period. The Watchdog
Timer is ty pically u sed to rec over the system from
unexpected events.

The WDT has the following features:

* Independent clock source
» Multiple operating modes
- WDT is always on
- WDT is off when in Sleep
- WDT is controlled by software
- WDT is always off

» Configurable time-out period is from 1 ms to 256
seconds (typical)

* Multiple Reset conditions
+ Operation during Sleep

FIGURE 10-1: WATCHDOG TIMER BLOCK DIAGRAM

WDTE<1:0> =01
SWDTEN

WDTE<1:0> =11

LFINTOSC

WDTE<1:0> =10
Sleep

23-bit Programmable
Prescaler WDT

—» WDT Time-out

WDTPS<4:0>
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10.1 Independent Clock Source

The W DT d erives itstime base f romt he 31 kHz
LFINTOSC internal o scillator. T ime i ntervals in this
chapter are based on a nominal interval of 1 ms. See
Section 30.0 “El ectrical S pecifications” for the
LFINTOSC tolerances.

10.2 WDT Operating Modes

The Watchdog Timer module has four operating modes
controlled by the WDTE<1:0> b its i n Configuration
Word 1. See Table 10-1.

10.2.1 WDT IS ALWAYS ON

When the WDTE bits of Configuration Word 1 are set to
‘11’, the WDT is always on.

WDT protection is active during Sleep.

10.2.2 WDT IS OFF IN SLEEP

When the WDTE bits of Configuration Word 1 are set to
‘10, the WDT is on, except in Sleep.

WDT protection is not active during Sleep.

10.2.3 WDT CONTROLLED BY SOFTWARE

When the WDTE bits of Configuration Word 1 are set to
‘01’, the WDT is controlled by the SWDTEN bit of the
WDTCON register.

WDT protection isun changedb y Sle ep. See
Table 10-1 for more details.

TABLE 10-1: WDT OPERATING MODES

10.3 Time-Out Period

The W DTPS b its of the W DTCON r egister se t t he
time-out period from 1 ms to 256 seconds (nominal).
After a Reset, the default time-out period is 2 seconds.

10.4 Clearing the WDT

The WDT is cleared when any of the following condi-
tions occur:

*A ny Reset

* CLRWDT instruction is executed

» Device enters Sleep

» Device wakes up from Sleep

» Oscillator fail event

* WDT is disabled

» Oscillator Start-up TImer (OST) is running

See Table 10-2 for more information.

10.5 Operation During Sleep

When the device enters Sleep, the WDT is cleared. If
the WDT is enabled during Sleep, the WDT resumes
counting.

When the d evice ex its Sle ep, the W DT is cl eared
again. T he W DT re mains c lear un til the O ST, if
enabled, c ompletes. Se e Section 5.0 “O scillator
Module (W ith F ail-Safe Clo ck M onitor)” for m ore
information on the OST.

When a WD T time-out occurs w hile the device isin
Sleep, no R eset i s ge nerated. Ins tead, the dev ice
wakes up and resumes operation. The TO and PD bits

CLRWDT Command

Device WDT in the S TATUS register are ch anged to indicate the
WDTE<1:0> SWDTEN| e Mode event. See Register 3-1 for more information.
11 X XA ctive
Awake Active
10 X
Sleep | Disabled
1 Active
01 X
0 Disabled
00 X X Disabled
TABLE 10-2: WDT CLEARING CONDITIONS
Conditions WDT
WDTE<1:0> =00
WDTE<1:0>=01 and SWDTEN =0
WDTE<1:0> =10 and enter Sleep
Cleared

Oscillator Fail Detected

Exit Sleep + System Clock = T10SC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

Cleared until the end of OST

Change INTOSC divider (IRCF bits)

Unaffected
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10.6  Watchdog Control Register

REGISTER 10-1: WDTCON: WATCHDOG TIMER CONTROL REGISTER

R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

uU-0 u-0 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 R/W-1/1 R/W-0/0

— — WDTPS<4:0> SWDTEN
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
-m/n = Value at POR and BOR/Value at all other Resets

‘1" = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-1 WDTPS<4:0>: Watchdog Timer Period Select bits()
Bit Value = Prescale Rate
00000 = 1:32 (Interval 1 ms nominal)
00001 = 1:64 (Interval 2 ms nominal)
00010 = 1:128 (Interval 4 ms nominal)
00011 = 1:256 (Interval 8 ms nominal)
00100 = 1:512 (Interval 16 ms nominal)
00101 = 1:1024 (Interval 32 ms nominal)
00110 = 1:2048 (Interval 64 ms nominal)
00111 = 1:4096 (Interval 128 ms nominal)
01000 = 1:8192 (Interval 256 ms nominal)
01001 = 1:16384 (Interval 512 ms nominal)
01010 = 1:32768 (Interval 1s nominal)
01011 = 1:65536 (Interval 2s nominal) (Reset value)
01100 = 1:131072 (2'7) (Interval 4s nominal)
01101 = 1:262144 (2'8) (Interval 8s nominal)
01110 = 1:524288 (2'°) (Interval 16s nominal)
01111 = 1:1048576 (22°) (Interval 32s nominal)
10000 = 1:2097152 (22") (Interval 64s nominal)
10001 = 1:4194304 (2%2) (Interval 128s nominal)
10010 = 1:8388608 (223) (Interval 256s nominal)
10011 = Reserved. Results in minimum interval (1:32)
11111 = Reserved. Results in minimum interval (1:32)
bit 0 SWDTEN: Software Enable/Disable for Watchdog Timer bit
If WDTE<1:0> = 0O:
This bit is ignored.
If WDTE<1:0> = Ol
1= WDT is turned on
0 = WDT is turned off
If WDTE<1:0> = 1Ix:
This bit is ignored.
Note 1: Times are approximate. WDT time is based on 31 kHz LFINTOSC.
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TABLE 10-3: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
OSCCON — IRCF<3:0> — SCS<1:0> 69
STATUS — — — TO PD z DC C 21
WDTCON — — WDTPS<4:0> SWDTEN 99
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by Watchdog Timer.
TABLE 10-4: SUMMARY OF CONFIGURATION WORD WITH WATCHDOG TIMER
Name | Bits | Bit-/7 Bit -/6 Bit13/5 | Bit12/4 | Bit11/3 | Bit1022 | Bit9A Bitso | Register
on Page
13:8 — — FCMEN IESO CLKOUTEN BOREN<1:0> CPD
CONFIG1 — —— 44
7:0 CP MCLRE PWRTE WDTE<1:0> FOSC<2:0>
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Watchdog Timer.
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11.0 DATA EEPROM AND FLASH
PROGRAM MEMORY
CONTROL

The Data EEPROM and Flash program memory are
readable and writable during normal operation (full VDD
range). These memories are not directly mapped in the
register file sp ace. Ins tead, they areind irectly
addressed th rough the S pecial Function R egisters
(SFRs). T here are six SFRs used to a ccess these
memories:

+ EECONT1
+ EECON2
« EEDATL
« EEDATH
« EEADRL
+ EEADRH

When inte rfacing th e da ta m emory blo ck, EED ATL
holds the 8-bit data for read/write, and EEADRL holds
the address of the EEDATL location being accessed.
These devices have 256 bytes of data EEPROM with
an address range from Oh to OFFh.

When accessing the program memory block, the EED-
ATH:EEDATL re gister p air forms a 2 -byte word th at
holds the 14-bit data for read/write, and the EEADRL
and EEADRH re gisters form a 2-byte word that holds
the 1 5-bit ad dress of the program me mory location
being read.

The EEPROM data memory allows byte read and write.
An EEPROM byte write automatically erases the loca-
tion and writes the new data (erase before write).

The write time is controlled by an on-chip timer. The
write/erase vol tages are gen erated by an on- chip
charge pump rated to operate over the voltage range of
the device for byte or word operations.

Depending on the s etting of the Fla sh Pro gram
Memory Self Write Ena ble bit s WR T<1:0> of th e
Configuration Word 2, the device may or may notbe
able to w rite certain bl ocks of the program me mory.
However, reads from the program memory are always
allowed.

When the de vice isco de-protected, the device
programmer can n o | onger a ccess data or pro gram
memory. When code-protected, the CPU may continue
to read and write the data EEPROM memory and Flash
program memory.

11.1 EEADRL and EEADRH Registers

The EEADRH:EEADRL register pair can address up to
a maximum of 256 bytes of data EEPROM or up to a
maximum of 32K words of program memory.

When selecting a program address value, the MSB of
the address is written to the EEADRH register and the
LSB is written to the EEADRL register. When selecting
a EEPROM address value, only the LSB of the address
is written to the EEADRL register.

11.1.1 EECON1 AND EECON2 REGISTERS

EECON1 is the co ntrol regi ster for EE mem ory
accesses.

Control bit EEPGD determines if the access will be a
program or da ta me mory acce ss. Whencl ear,any
subsequent o perations w ill o perate on the E EPROM
memory. Wh en set, an y subsequent op erations will
operate on the program memory. On Reset, EEPROM is
selected by default.

Control bi ts R Da nd WRin itiate read an d w rite,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation to
occur. O n po wer-up, the WR EN bit isc lear. Th e
WRERR bit is set when a write operation is interrupted
by a Reset during normal operation. In these situations,
following R eset, the user can check the WRERR bit
and execute the appropriate error handling routine.

Interrupt flag bit EEIF of the PIR2 register is set when
write is complete. It must be cleared in the software.

Reading EECONZ2 will read all ‘0’s. The EECONZ2 reg-
ister is us ed exclusively in the data EEPROM write
sequence. To enable writes, a specific pattern must be
written to EECON2.
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11.2 Using the Data EEPROM

The data EEPROM is a high-endurance, byte address-
able array that has been optimized for t he storage of
frequently ¢ hanging inf ormation (e. g., pro gram va ri-
ables or other data that are updated often). When vari-
ables in one section change frequently, while variables
in an other s ection do notch ange, itis p ossible to
exceed the total nu mber of w rite c yclestoth e
EEPROM without exceeding the total number of write
cycles to a single byte. Refer to Section 30.0 “Electri-
cal Specifications”. If this is the case, then a refresh
of the array must be performed. For this reason, vari-
ables that change infrequently (such as constants, IDs,
calibration, etc .) s hould b e stored in F lash pro gram
memory.

11.2.1 READING THE DATA EEPROM
MEMORY

To read a data memory location, the user must write the
address to the EEADRL register, clear the EEPGD and
CFGS control bits of t he EEC ON1 register, and then
set control bit RD. The data is available at the very next
cycle, in the EEDATL register; therefore, it can be read
in the next instruction. EEDATL will hold this value until
another read or until it is written to by the user (during
a write operation).

EXAMPLE 11-1:

BANKSEL EEADRL ;
MOVLW  DATA _EE_ADDR ;
MOVWF  EEADRL ; Data Menory
; Address to read
BCF EECON1, CFGS ; Desel ect Config space
BCF EECON1, EEPGD; Poi nt to DATA nenory
BSF EECON1, RD ;EE Read
MOVF EEDATL, W ; W= EEDATL

DATA EEPROM READ

Note:  Data EEPROM can be read regardless of
the setting of the CPD bit.

11.2.2 WRITING TO THE DATA EEPROM
MEMORY

To write an EEPROM data location, the user must first
write the address to the EEADRL register and the data
to the EEDATL register. Then the user must follow a
specific sequence to initiate the write for each byte.

The write will not initiate if the above sequence is not
followed exactly (write 55h to EECON2, write AAh to
EECONZ2, then set the WR bit) for each byte. Interrupts
should be disabled during this code segment.

Additionally, the WREN bit in EECON1 must be set to
enable w rite. This m echanism p revents a ccidental
writes to data EEPROM due to erra nt (u nexpected)
code execution (i.e., lost programs). The user should
keep the WREN bitclearat all times, exceptw hen
updating EEPROM . Th e W REN bi ti s n ot cleared
by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bit is set.

At the completion of the write cy cle, the WR bit is
cleared in ha rdware a nd the EE Write Complete
Interrupt F lag bit (EEIF ) is set. T he user can either
enable thi s in terrupt or po Il this bit. EEIF m ust be
cleared by software.

11.2.3 PROTECTION AGAINST SPURIOUS
WRITE

There are conditions when the user may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM write s, various mechanisms have
been built-in. On power-up, WREN is cleared. Also, the
Power-up Timer (64 ms duration) prevents EEPROM
write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during:

* Brown-out
« Power Glitch
» Software Malfunction

11.2.4 DATA EEPROM OPERATION
DURING CODE-PROTECT

Data memory can be code-protected by programming
the CPD bit in the Configuration Word 1 (Register 4-1)
to ‘0.

When th e d ata m emory i s code-protected, only the
CPUisab letorea dand write data to thedata
EEPROM. It is recommended to code-protect the pro-
gram me mory when c ode-protecting d ata memory.
This prevents anyone from replacing your program with
a program that will access the contents of the data
EEPROM.
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EXAMPLE 11-2: DATA EEPROM WRITE

BANKSEL EEADRL ;
MOVLW  DATA EE_ADDR
MOVWF EEADRL ;Data Menory Address to wite
MOVLW  DATA EE DATA
MOVWF EEDATL ;Data Menory Value to wite
BCF EECON1, CFGS ; Desel ect Configuration space
BCF EECON1, EEPGD ; Point to DATA nmenory
BSF EECON1, WREN ;Enable writes
BCF INTCON, G E ; Di sabl e | NTs.
MOVLW 55h )

o3 MOVWF EECON2 ;Wite 55h

§§ MOVLW  OAAh ;

g g MOV EECON2 ;Wite AAh

@ Bsr EECONL, VR :Set WR bit to begin wite

BSF INTCON, G E ; Enabl e Interrupts
BCF EECON1, WREN ;Disable wites
BTFSC EECON1, WR ;Wait for wite to conplete
GOTO $-2 ; Done
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FIGURE 11-1: FLASH PROGRAM MEMORY READ CYCLE EXECUTION
Q1|Q2 Q3‘Q4 Q1|Q2 Q3‘Q4 Q1|Q2 Q3‘Q4 Q1|Q2 Q3‘Q4 Q1|Q2 Q3‘Q4 Q1|Q2 Q3‘Q4

|

| I I I I I I
Flash ADDR ( PC X PC +1 XEEADRH,EEADRLX PC+3 X PC+4 X PC+5
| I I I I I I
I | | | | | |
Flash D
ash Data ! >< INSTR (PC) >< INSTR (PC + 1) ><EEDATH,EEDATL>< INSTR (PC + 3) >< INSTR (PC + 4) >< |
I I I I I I I
| INSTR(PC - 1) | BSF PMCON1 ,RD | INSTR(PC + 1) | Forced NOP | INSTR(PC + 3) | INSTR(PC + 4) |
| executed here | executed here | executed here | executed here | executed here | executed here |
I I I | I I I
RD bit I |/ | \ | | |
I I | I I 1
I I I I I I I
EEDATH

ceoATL | | | X | | |
Register | [ [ [ [ [ [
| | | | |
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11.3 Flash Program Memory Overview

It is important to understand the Flash program mem-
ory structure for erase and programming ope rations.
Flash Program memory is arranged in rows. A row con-
sists o fa f ixed n umber o f 14- bit p rogram me mory
words. A row is the minimum block size that can be
erased by user software.

Flash program memory may only be written or erased
if the destination address is in a segment of memory
that is not write-protected, as defined in bits WRT<1:0>
of Configuration Word 2.

After a row has been erased, the user can reprogram
all or a portion of this row. Data to be written into the
program memory row is written to 14-bit wide data write
latches. These write latches are not directly accessible
to the user, but may be loaded via sequential writes to
the EEDATH:EEDATL register pair.

Note: If the user wants to modify only a portion
of a previously programmed row, then the
contents of the e ntire row must be re ad
and saved in RAM prior to the erase.

The number of data write latches may not be equivalent
to the number of row locations. During programming,
user software may need to fill the set of write latches
and initiate a programming operation multiple times in
order to fully reprogram an erased row. For example, a
device with arow size of 32 words and eight write
latches will need to load the write latches with data and
initiate a programming operation four times.

The size of a program memory row and the number of
program memory write latches may v ary by d evice.
See Table 11-1 for details.

TABLE 11-1: FLASH MEMORY
ORGANIZATION BY DEVICE

Erase Block Number of
Device (Row) Size/ | Write Latches/
Boundary Boundary
PIC16(L)F1826/27 32 words, 32 words,
EEADRL<4: 0> | EEADRL<4: 0>
= 00000 = 00000

11.3.1 READING THE FLASH PROGRAM
MEMORY

To read a program memory location, the user must:

1.  Write the L east a nd Mo st Significant ad dress
bits to the EEADRH:EEADRL register pair.

2. Clear the CFGS bit of the EECON1 register.

3. Setthe EEPG D c ontrol bit of the =~ EECON1
register.

4. Then, set control bit RD of the EECON1 register.

Once the read control bit is set, the program memory

Flash controller will use the second instruction cycle to

read t he d ata. Th is causest he secondin struction

immediately folowing the “BSF EECON1, RD instruction

to be ignored. Thedata isavailable in thevery next cycle,

in the EEDATH:EEDATL register pair; therefore, it can

be read as two bytes in the following instructions.

EEDATH:EEDATL register pair will hold this value until
another read or until it is written to by the user.

Note 1: The two instructions following a program
memory read are required tobe NOPs.
This prevents the user from executing a
two-cycle ins truction on the ne xt
instruction after the RD bit is set.

2: Flash pro gram m emory can be re ad

regardless of the setting of the CP bit.

© 2011 Microchip Technology Inc.
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EXAMPLE 11-3: FLASH PROGRAM MEMORY READ

* This code block will read 1 word of program
* menory at the menory address:
PROG_ADDR_HI PROG_ADDR _LO
* data will be returned in the variabl es;
* PROG DATA HI, PROG DATA LO

1

BANKSEL EEADRL ; Sel ect Bank for EEPROM registers
MOVLW PROG_ADDR_LO ;

MOVWF EEADRL ; Store LSB of address

MOVLW PROG_ADDR_HI ;

MOVW\L EEADRH ; Store MSB of address

BCF EECON1, CFGS ; Do not select Configuration Space
BSF EECONL1, EEPGD ; Sel ect Program Menory

BCF I NTCON, G E ; Disable interrupts

BSF EECON1, RD ; Initiate read

NOP ; lgnored (Figure 11-1)

NOP ; lgnored (Figure 11-1)

BSF I NTCON, G E ; Restore interrupts

MOVF EEDATL, W ; Get LSB of word

MOVWF PROG _DATA LO ; Store in user location

MOVF EEDATH, W ; Get MSB of word

MOVWF PROG_DATA _HI ; Store in user |location

DS41391D-page 106
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11.3.2 ERASING FLASH PROGRAM
MEMORY

While executing code, program memory can only be
erased by rows. To erase a row:

1. Load the EEADRH:EEADRL register pair with
the address of new row to be erased.

2. Clear the CFGS bit of the EECON1 register.

3. Setthe EEPGD, FREE, and WREN bits of the
EECONT1 register.

4. Write 55h, then A Ah,t o E ECON2 (Flash
programming unlock sequence).

5. Set control bit WR of the EEC ON1 register to
begin the erase operation.

6. Poll the FREE bitinthe EE CON1 register to
determine when the row erase has completed.

See Example 11-4.

After the “BSF EECONL, WR’ instruction, the processor
requires two cycles to set up the erase operation. The
user must place two NOP instructions after the WR bit is
set. The processor will halt internal operations for the
typical 2 ms erase time. This is not Sleep mode as the
clocks and peripherals will continue to run. After the
erase cycle, the processor will resume operation with
the third instruction after the EECON1 write instruction.

11.3.3 WRITING TO FLASH PROGRAM
MEMORY

Program memory is programmed using the following
steps:

1. Load the starting address of the word(s) to be
programmed.

2. Load the write latches with data.
3. Initiate a programming operation.
4. Repeat steps 1 through 3 until all data is written.

Before writing to program memory, the word(s) to be
written must be erased or prev iously unwritten. Pro-
gram memory can only be erased one row at a time. No
automatic erase occurs upon the initiation of the write.

Program memory can be written one or more words at
a time. The maximum number of words written at one
time is e qual to th e nu mber of w rite lat ches. See
Figure 11-2 (block writes to program memory with 32
write latc hes) for mo re details. The write latches are
aligned to th e address boundary defined by EEADRL
as shown in Table 11-1. Write operations do not cross
these b oundaries. At the ¢ ompletion o fa pro gram
memory write operation, the write latches are reset to
contain Ox3FFF.

The following steps should be completed to load the
write latches and program a block of program memory.
These steps are divided into two parts. First, all write
latches are loaded with data except for the last program
memory location. Then, the last write latch is loaded
and the programming sequence is initiated. A s pecial
unlock sequence is required to load a write latch with
data or initiate a FI ash pro gramming ope ration. This
unlock sequence should not be interrupted.

1. Set the EEPGD and WREN bits of the EECON1
register.

2. Clear the CFGS bit of the EECON1 register.

3. Set the LWLO bit of the EECON1 register. When
the LWLO bit of the EECONA1 register is ‘1’, the
write sequence will only load the write latches
and will not initiate the write to Flash program
memory.

4. Load the EEA DRH:EEADRL register p air with
the address of the location to be written.

5. Loadth e EED ATH:EEDATL register pair w ith
the program memory data to be written.

6. Write 55h, then AAh, to EECONZ2, then set the
WRb itof the EEC ON1reg ister (FI ash
programming unlock sequence). The write latch
is now loaded.

7. Increment the EEADRH:EEADRL re gister p air
to point to the next location.

8. Repeat steps 5 through 7 un til all butthe last
write latch has been loaded.

9. Clearthe LWLO bit of t he EEC ON1 r egister.
When the LWLO bit of the EECON1 register is
‘0’, the write sequence will initiate the write to
Flash program memory.

10. Load th e EED ATH:EEDATL register pair w ith
the program memory data to be written.

11. Write 55h, then AAh, to EECON2, then set the
WRb itof the EEC ON1reg ister (FI ash
programming un lock se quence). T he en tire
latch b lock is no w w ritten to Flash pro gram
memory.

Itis not necessary to load the e ntire write latch block
with user program data. However, the entire write latch
block will be written to program memory.

An example of the co mplete write sequence for eight
words is shown in Example 11-5. The initial address is
loaded into the EE ADRH:EEADRL regis ter pair; the
eight words of dat are loaded usingindirect addessing.
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After the “BSF EECONL, WR’ instruction, the processor
requires two cycles to set up the write operation. The
user must place two NOP instructions after the WR bit is
set. The processor will halt internal operations for the
typical 2 ms, only during the cycle in which the write
takes place (i.e., the last word of the block write). This
is not Sleep mode as the clocks and peripherals will
continue to ru n. The proc essor doe s not stall when
LWLO = 1, loading the write latches. After the write
cycle, the processor will resume operation with the third
instruction after the EECON1 write instruction.

FIGURE 11-2: BLOCK WRITES TO FLASH PROGRAM MEMORY WITH 32 WRITE LATCHES
7 5 07 0
EEDATH EEDATA
R e
\ J
First word of block M Last word of block
to be written to be written
(X X
14
EEADRL<4:0> = 00000 EEADRL<4:0>=00001 EEADRL<4:0> = 00010 EEADRL<4:0>=11111
v
Buffer Register | | Buffer Register ‘ | Buffer Register | Buffer Register ‘

} l l

Program Memory
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EXAMPLE 11-4: ERASING ONE ROW OF PROGRAM MEMORY -

; This row erase routine assunes the follow ng:

;1. Avalid address within the erase block is | oaded i n ADDRH: ADDRL

; 2. ADDRH and ADDRL are |ocated in shared data nenory 0x70 - Ox7F (common RAM)

BCF I NTCON, G E ; Disable ints so required sequences W || execute properly
BANKSEL EEADRL
MOVF ADDRL, W ; Load lower 8 bits of erase address boundary
MOVWF EEADRL
MOVF ADDRH, W ; Load upper 6 bits of erase address boundary
MOVWF EEADRH
BSF EECON1, EEPGD ; Point to program nmenory
BCF EECON1, CFGS ; Not configuration space
BSF EECON1, FREE ; Specify an erase operation
BSF EECON1, VREN ; Enable wites
MOVLW 55h ; Start of required sequence to initiate erase
MOVWF EECON2 ; Wite 55h
39 3 MOVLW 0AAh ;
.§§ MOVWF EECON2 ; Wite AAh
g g BSF EECONL, VIR ; Set WR bit to begin erase
v NOP ; Any instructions here are ignored as processor
; halts to begin erase sequence
NOP ; Processor will stop here and wait for erase conplete.

; after erase processor continues with 3rd instruction

BCF EECON1, WREN ; Disable wites
BSF I NTCON, G E ; Enable interrupts
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EXAMPLE 11-5:

WRITING TO FLASH PROGRAM MEMORY

; This wite routine assunmes the foll ow ng:

starting at the address in DATA ADDR

Each word of data to be witten is made up of two adjacent bytes in DATA_ADDR,

A valid starting address (the |least significant bits = 000)

is | oaded i n ADDRH: ADDRL

ADDRH and ADDRL are |ocated in shared data nmenory 0x70 - Ox7F (conmmon RAM

Di sable ints
Bank 3
Load initial

so required sequences will execute properly

addr ess
Load initial data address
Load initial data address

Point to program nenory

Not configuration space

Enabl e writes

Only Load Wite Latches

Load first data byte into |ower
Load second data byte into upper

Check if lower bits of address are ' 000
Check if we're on the last of 8 addresses

Exit if last of eight words,
Start of required wite sequence:
Wite 55h

Wite AAh

Set WR bit to begin wite

Any instructions here are ignored as processor

halts to begin wite sequence

Processor will stop here and wait for wite to conplete.

After wite processor continues with 3rd instruction.
Still |oading | atches Increment address

Wite next |atches

No nore |oading |atches - Actually start
menory write

Fl ash program

Start of
Wite 55h

required wite sequence:

Wite AAh

Set WR bit to begin wite

Any instructions here are ignored as processor

halts to begin wite sequence

Processor will stop here and wait for wite conplete.

after wite processor continues with 3rd instruction
Di sable wites

; 1. The 16 bytes of data are | oaded,
;2.
; stored in little endian format
;3.
;4.
BCF I NTCON, G E
BANKSEL EEADRH
MOVF ADDRH, W
MOVWF EEADRH ;
MOVF ADDRL, W ;
MOVWF EEADRL ;
MOVLW LOW DATA_ADDR
MOVWF FSROL ;
MOVLW HI GH DATA_ADDR ;
MOVWF FSROH ;
BSF EECON1, EEPGD
BCF EECON1, CFGS
BSF EECON1, VREN
BSF EECON1, LW.O
LOOP
MOVl W FSRO++
MOVWF EEDATL ;
MOVI W FSRO++
MOVWF EEDATH ;
MOVF EEADRL, W
XORLW 0x07
ANDLW 0x07 ;
BTFSC STATUS, Z
[co)[0] START_WRI TE ;
MOVLW 55h
MOVWF EECON2
- g MOVLW 0AAh
QL S MOVWF EECON2
08)- qg)_ BSF EECON1, VR
X o NOP
NOP
I NCF EEADRL, F
GOorTo LOOP
START_WRI TE
BCF EECON1, LW.O
MOVLW 55h
MOVWF EECON2
3 § MOVLW 0AAh ;
5 g MOVWF EECON2
g T BSF EECON1, VR
X o NOP
NOP
BCF EECON1, VREN
BSF I NTCON, G E

Enabl e interrupts
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11.4

When modifying existing data ina program me mory
row, and data within that row must be preserved, it must
first be read and saved in a R AM i mage. Pro gram
memory is modified using the following steps:

Modifying Flash Program Memory

11.5 User ID, Device ID and

Configuration Word Access

Instead of accessing program m emory or EEPRO M
data memory, the User ID’s, Device ID/Revision ID and
Configuration Words can be accessed when CFGS = 1

1. Load the starting address of the row to be mod-

ified.

2. Read the existing data from the row into a RAM

image.

3. Modify the RAM image to contain the new data
to be written into program memory.

4. Load the starting address of the row to be rewrit-

ten.

in the EECONT1 register. This is the region that would
be pointed to by PC<15> = 1, but not all addresses are
accessible. Different access may exist for reads and
writes. Refer to Table 11-2.

When read access is initiated on an address outside
the parameters listed in Table 11-2, the EEDATH:EED-
ATL register pair is cleared.

5. Erase the program memory row.
6. Load the write latches with data from the RAM

image.

7. Initiate a programming operation.

8. Repeat steps 6 and 7 as many times as required
to reprogram the erased row.

TABLE 11-2: USER ID, DEVICE ID AND CONFIGURATION WORD ACCESS (CFGS =1)
Address Function Read Access Write Access
8000h-8003h User IDs Yes Yes
8006h Device ID/Revision ID Yes No
8007h-8008h Configuration Words 1 and 2 Yes No

EXAMPLE 11-3:

CONFIGURATION WORD AND DEVICE ID ACCESS

* This code block wll
* PROG_ADDR LO (nust be 00h-08h) data will
* PROG_DATA HI ,

BANKSEL EEADRL Sel ect correct Bank

MOVLW PROG_ADDR _LO

MOVWF EEADRL Store LSB of address

CLRF EEADRH Cl ear MSB of address

BSF EECON1, CFGS Sel ect Configuration Space
BCF I NTCON, G E Di sabl e interrupts

BSF EECON1, RD Initiate read

NOP Executed (See Figure 11-1)
NOP Ignored (See Figure 11-1)
BSF I NTCON, G E Restore interrupts

MOVF EEDATL, W Get LSB of word

MOVWF PROG _DATA LO Store in user |ocation
MOVF EEDATH, W Get MSB of word

MOVWF PROG_DATA _HI Store in user |ocation

read 1 word of program menory at the nenory address:

PROG DATA LO

be returned in the variabl es;
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11.6  Write Verify

Depending o n th e a pplication, good p rogramming
practice may dictate that the value written to the data
EEPROM or program memory should be verified (see
Example 11-6) to th e d esired v alue tob e written.
Example 11-6 shows how to verify a write to EEPROM.

EXAMPLE 11-6: EEPROM WRITE VERIFY

BANKSEL EEDATL ;

MOVF EEDATL, W ; EEDATL not changed
;fromprevious wite

BSF EECON1, RD ;YES, Read the
;value witten

XORWF  EEDATL, W ;

BTFSS STATUS, Z ;I|s data the sane

GOoro WRI TE_ERR ; No, handle error

: ; Yes, continue
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11.7 EEPROM and Flash Control Registers

REGISTER 11-1: EEDATL: EEPROM LOW BYTE DATA REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
EEDAT<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 EEDAT<7:0>: Read/write value for EEPROM data byte or Leas Significant bits of program menory

REGISTER 11-2: EEDATH: EEPROM DATA HIGH BYTE REGISTER

u-0 u-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— — EEDAT<13:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 EEDAT<13:8>: Read/write value for Most Significant bits of program memory

REGISTER 11-3: EEADRL: EEPROM ADDRESS REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
EEADR<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 EEADR<7:0>: Specifies the Least Significant bits for program memory address or EEPROM address
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REGISTER 11-4: EEADRH: EEPROM ADDRESS HIGH BYTE REGISTER

U-1 R/W-0/0

R/W-0/0 R/W-0/0

R/W-0/0

R/W-0/0

R/W-0/0 R/W-0/0

EEADR<14:8>

bit 7

bit 0

Legend:
R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘1’
bit 6-0 EEADR<14:8>: Specifies the Most Significant bits for program memory address or EEPROM address
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REGISTER 11-5: EECON1: EEPROM CONTROL 1 REGISTER

R/W-0/0 R/W-0/0 R/W-0/0  R/W/HC-0/0 R/W-x/q R/W-0/0 R/S/HC-0/0  R/S/HC-0/0
EEPGD CFGS LWLO FREE WRERR WREN WR RD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HC = Bit is cleared by hardware
bit 7 EEPGD: Flash Program/Data EEPROM Memory Select bit
1 = Accesses program space Flash memory
0 = Accesses data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Accesses Configuration, User ID and Device ID Registers
0 = Accesses Flash Program or data EEPROM Memory
bit 5 LWLO: Load Write Latches Only bit
If CFGS = 1 (Configuration space) OR CFGS = 0 and EEPGD = 1 (program Flash):
1= The next WR command does not initiate a w rite; only the p rogram memory latches are
updated.
0 = The next WR command writes a value from EEDATH:EEDATL into program memory latches
and initiates a write of all the data stored in the program memory latches.
If CFGS = 0 and EEPGD = 0: (Accessing data EEPROM)
LWLO is ignored. The next WR command initiates a write to the data EEPROM.
bit 4 FREE: Program Flash Erase Enable bit
If CEGS = 1 (Configuration space) OR CFGS = 0 and EEPGD = 1 (program Flash):
1 = Performs an erase operation on the next WR command (cleared by hardware after comple-
tion of erase).
0 = Performs a write operation on the next WR command.
If EEPGD = 0 and CFGS = 0: (Accessing data EEPROM)
FREE is ignored. The next WR command will initiate both a erase cycle and a write cycle.
bit 3 WRERR: EEPROM Error Flag bit
1 = Condition indicates an im proper program or erase se quence attempt or termination (bit is set
automatically on any set attempt (write ‘1’) of the WR bit).
0 = The program or erase operation completed normally.
bit 2 WREN: Program/Erase Enable bit
1 = Allows program/erase cycles
0 = Inhibits programming/erasing of program Flash and data EEPROM
bit 1 WR: Write Control bit
1 = Initiates a program Flash or data EEPROM program/erase operation.
The operation is self-timed and the bit is cleared by hardware once operation is complete.
The WR bit can only be set (not cleared) in software.
0 = Program/erase operation to the Flash or data EEPROM is complete and inactive.
bit 0 RD: Read Control bit

1 = Initiates an program Flash or da ta EEPROM read. Read takes one cycle. RD is cleared in
hardware. The RD bit can only be set (not cleared) in software.
0 = Does not initiate a program Flash or data EEPROM data read.
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REGISTER 11-6: EECON2: EEPROM CONTROL 2 REGISTER

W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
EEPROM Control Register 2

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 Data EEPROM Unlock Pattern bits

To unlock writes, a 5 5h must be written first, followed by an AAh, before setting the WR bit of the
EECONT1 register. The value written to this register is used to unlock the writes. There are specific
timing requ irements on the se writes. R efer to Section 11.2.2 “ Writing to the D ata EEPROM
Memory” for more information.

TABLE 11-3: SUMMARY OF REGISTERS ASSOCIATED WITH DATA EEPROM

Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgp'zge;
EECON1 | EEPGD CFGS LWLO FREE WRERR | WREN WR RD 115
EECON2 |EEPROM Control Register 2 (not a physical register) 101*
EEADRL |EEADRL7|EEADRL6 |EEADRLS5 |EEADRL4 | EEADRL3 |EEADRL2 |EEADRL1 |EEADRLO 113
EEADRH — EEADRH6 |EEADRH5|EEADRH4 |EEADRH3 |EEADRH2 |EEADRH1|EEADRHO 114
EEDATL |EEDATL7 | EEDATL6 | EEDATLS | EEDATL4 | EEDATL3 | EEDATL2 | EEDALT1 | EEDATLO 113
EEDATH — — EEDATHS5 | EEDATH4 | EEDATH3 | EEDATH2 | EEDATH1 | EEDATHO 113
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 91
PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — CCP2IE 93
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — CCP2IF 97
Legend: — = unimplemented read as ‘0’. Shaded cells are not used by data EEPROM module.

*

Page provides register information.
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12.0 1/0 PORTS

Depending on th e dev ice s elected an d peri pherals
enabled, the re are two port s av ailable. In gen eral,
when a peripheral is enabled, that pin may not be used
as a general purpose I/O pin.

Each port has three registers for its operation. These
registers are:
» TRISx registers (data direction register)

* PORTXx registers (reads the levels on the pins of
the device)

» LATXx registers (output latch)

Some ports may have one or more of the foll owing
additional registers. These registers are:

* ANSELXx (analog select)
* WPUx (weak pull-up)

TABLE 12-1: PORT AVAILABILITY PER

DEVICE
< m @)
= [ =
i x e

Device o) 5 (DD:

o a o
PIC16(L)F1826 '
PIC16(L)F1827 YY)

The D atala tch (LA Txregi sters)i su seful for
read-modify-write operations on the value that the I/O
pins are driving.

A write operation to the L ATx register has the same
effect as a write to the corresponding PORTX register.
A read of the LATx register reads of the values held in
the I/ O PORT la tches, w hile are ad of the PO RTx
register reads the actual I/O pin value.

Ports w ith an alog fun ctions al so h ave an AN SELx
register which can disable the digital input and save
power. A simplified model of a generic I/O port, without
the i nterfaces to oth erp eripherals,i s showni n
Figure 12-1.

FIGURE 12-1: GENERIC I/0 PORT

OPERATION

Read LATx TRISX

S D Q

Write LATx

Write PORTX| CK_A

Data Register

Data Bus {
1/0 pin
Read PORTx

To peripherals ¢——
ANSELXx

Vss

EXAMPLE 12-1:  INITIALIZING PORTA

; This code exanple illustrates
initializing the PORTA register. The
other ports are initialized in the sane
menner .

BANKSEL PORTA

CLRF PORTA

BANKSEL LATA

CLRF LATA

BANKSEL ANSELA ;

CLRF ANSELA ;digital 1/0

BANKSEL TRI SA ;

MOVLW  B' 00111000 ; Set RA<5:3> as inputs

MOVWF TRI SA ;and set RA<2: 0> as
;out put's

;lnit PORTA
;Data Latch

© 2011 Microchip Technology Inc.
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12.1 Alternate Pin Function

The Alte rnate Pin Fun ction Control (APFCONO and
APFCONA1) registersare us edto ste ersp ecific
peripheral input and output functions between different
pins. The APFC ONO and APFCON1 registers are
shown in Register 12-1 a nd Register 12-2. Fo r thi s
device fa mily, the fo llowing fu nctions can be moved
between different pins.

‘R X/DT

S DO1

S S1 (Slave Select 1)

+ P2B

« CCP2/P2A

*« P1D

« P1C

+ CCP1/P1A

+ TX/CK

These bits have no effect on the values of any TRIS

register. PORT and TRIS overrides will be routed to the
correct pin. The unselected pin will be unaffected.
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REGISTER 12-1: APFCONO: ALTERNATE PIN FUNCTION CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
RXDTSEL SDO1SEL SS1SEL P2BSEL® | ccp2seL® P1DSEL P1CSEL CCP1SEL
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 RXDTSEL: Pin Selection bit
0= RX/DT function is on RB1
1= RX/DT function is on RB2
bit 6 SDO1SEL: Pin Selection bit
0= SDOf1 function is on RB2
1= 8SDO1 function is on RA6
bit 5 SS1SEL: Pin Selection bit
0= SS1 function is on RB5
1= 881 function is on RA5
bit 4 P2BSEL: Pin Selection bit
0 = P2B function is on RB7
1= P2B function is on RA6
bit 3 CCP2SEL: Pin Selection bit
0 = CCP2/P2A function is on RB6
1= CCP2/P2A function is on RA7
bit 2 P1DSEL: Pin Selection bit
0 = P1D function is on RB7
1= P1D function is on RA6
bit 1 P1CSEL: Pin Selection bit
0 = P1C function is on RB6
1= P1C function is on RA7
bit 0 CCP1SEL: Pin Selection bit
0= CCP1/P1A function is on RB3
1= CCP1/P1A function is on RBO

Note 1: PIC16(L)F1827 only.

REGISTER 12-2: APFCON1: ALTERNATE PIN FUNCTION CONTROL REGISTER 1

u-0 u-0 u-0 u-0 u-0 u-0 u-0 R/W-0/0

— — — — — — — TXCKSEL
bit 7 bit 0
Legend:

R = Readable bit
u = Bitis unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-1 Unimplemented: Read as ‘0’
bit 0 TXCKSEL: Pin Selection bit

0 = TX/CK function is on RB2
1 = TX/CK function is on RB5
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12.2 PORTA Registers

PORTAi sa 8-bi tw ide, b idirectional po rt. Th e
corresponding da ta directionreg isteri s TRISA
(Register 12-4). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i .e., disable the
output driver). Clearing a TRISA bit (= 0) will make the
corresponding PO RTA pi nan ou tput (i. e., e nables
output driver and puts the contents of the output latch
on the selected pin). The exception is RA5, which is
inputonlyandits TRIS bitw illalwaysreadas ‘1.
Example 12-1 shows how to initialize an 1/O port.

Reading the PORTA register (Register 12-3) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pi ns are read, thi s v alue is m odified an d the n
written to the PORT data latch (LATA).

The TR ISAregi ster ( Register 12-4) ¢ ontrols th e
PORTA pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits
in the TRISA register are ma intained set when using
them as analog inputs. 1/O pins configured as analog
input always read ‘0’.

12.21 WEAK PULL-UPS

Each ofthe PORTA pins has an individially confgurable
internal weak pull-up. Control bit WPUA<5> enables or
disables the pullup (seeRegister 12-6). The weak pullup
is autbomaticaly tumed off when the port pin is configured
as an aitput. The pullup is dsabled an a Power-on Reset
by the WPUEN bit of the OPTION register.

12.2.2 ANSELA REGISTER

The ANSEL A reg ister ( Register 12-7) is us ed to
configure the Inputmodeof anl/O pin to an alog.
Setting the appropriate ANSELA bit high will cause all
digital reads on the pinto be readas ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELA bits has no effect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode
will be analog. T his can cause une xpected b ehavior
when executing re ad-modify-write instructions on th e
affected port.

Note:  The AN SELA bits de fault to th e Anal og
mode af ter R eset. To u se any pins as
digital general pur pose or  peripheral
inputs, the co rresponding AN SEL bi ts

must be initialized to ‘0’ by user software.

DS41391D-page 120

© 2011 Microchip Technology Inc.



PIC16(L)F1826/27

12.2.3 PORTA FUNCTIONS AND OUTPUT
PRIORITIES

Each PORTA pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are shown in Table 12-2.

When multiple o utputs are en abled, the ac tual pin
control goes to the peripheral with the highest priority.

Analog input functions, such as ADC, comparator and
CapSense inputs, are not shown in the priority lists.
These inp uts are active when the 1/O piniss et for
Analog m ode u sing the ANSELx reg isters. D igital
output functions may control the pin when itis in Analog
mode with the priority shown in Table 12-2.

TABLE 12-2: PORTA OUTPUT PRIORITY

Pin Name Function Priority(l)

RAO SDO2 (PIC16(L)F1827 only)
RAO

RA1 SS2 (PIC16(L)F1827 only)
RA1

RA2 DACOUT (DAC)
RA2

RA3 SRQ (SR latch)

CCP3 (PIC16(L)F1827 only)
C10UT (Comparator)
RA3

RA4 SRNQ (SR latch)

CCP4 (PIC16(L)F1827 only)
TOCKI

C20UT (Comparator)

RA4

RA5 Input only pin

RA6 OSC2 (enabled by Configura-
tion Word)

CLKOUT

CLKR

SDO1

P1D

P2B (PIC16(L)F 1827 only)
RA6

RA7 OSC1/CLKIN (enabled by
Configuration Word)

P1C

CCP2 (PIC16(L)F1827 only)
P2A (PIC16(L)F1827 only)
RA7

Note 1: Priority listed from highest to lowest.
Each PORTA pin is multiplexed with other functions. The
pins, their combined functions and their output priorities

are briefly des cribed here. For add itional information,
refer to the appropriate section in this data sheet.

When multiple o utputs are en abled, the ac tual pi n
control goes to the peripheral with the lowest number in
the following lists.
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REGISTER 12-3:

PORTA: PORTA REGISTER

u = Bit is unchanged

X = Bit is unknown

R/W-x/x R/W-x/x R-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
Ra7 | Rae | RAs [ RM4 | RA3 RA2 RAT RAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 RA<7:0>: PORTA I/O Value bits!?
1 = Port pinis > VIH
0 = Port pin is < VIL
Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return of actual /0

pin values.

REGISTER 12-4:

TRISA: PORTA TRI-STATE REGISTER

u = Bit is unchanged

X = Bit is unknown

RIW-1/1 RIW-1/1 R-1/1 RIW-1/1 RIW-1/1 RIW-1/1 RIW-1/1 RIW-1/1
TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 TRISA2 TRISAT TRISAO

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-6 TRISA<7:6>: PORTA Tri-State Control bit
1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output

bit 5 TRISAS5: RA5 Port Tri-State Control bit
This bit is always ‘1’ as RAS is an input only

bit 4-0 TRISA<4:0>: PORTA Tri-State Control bit

1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output

REGISTER 12-5:

LATA: PORTA DATA LATCH REGISTER

R/W-x/u R/W-x/u U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATA7 LATA6 — LATA4 LATA3 LATA2 LATA1 LATAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

x = Bit is unknown

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-6 LATA<7:6>: RA<7:6> Output Latch Value bits(?)

bit 5 Unimplemented: Read as ‘0

bit 4-0 LATA<4:0>: RA<4:0> Output Latch Value bits®

Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return of actual I/O

pin values.
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REGISTER 12-6:

WPUA: WEAK PULL-UP PORTA REGISTER

uU-0 U-0 R/W-1/1 U-0 uU-0 uU-0 U-0 U-0

— — WPUA5 — — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

x = Bit is unknown

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5 WPUAGS: Weak Pull-up RA5 Control bit
If MCLRE in Configuration Word 1 = 0, MCLR is disabled):
1= Weak Pull-up enabled®
0 = Weak Pull-up disabled
If MCLRE in Configuration Word 1 = 1, MCLR is enabled):
Weak Pull-up is always enabled.
bit 4-0 Unimplemented: Read as ‘0’
Note 1. Global WPUEN bit of the OPTION register must be cleared for individual pull-ups to be enabled.

2:  The weak pull-up device is automatically disabled if the pin is in configured as an output.

REGISTER 12-7: ANSELA: PORTA ANALOG SELECT REGISTER

u-0 u-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — — ANSA4 ANSA3 ANSA2 ANSA1 ANSAOQ
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 ANSA<4:0>: Analog Select between Analog or Digital Function on pins RA<4:0>, respectively
0 = Digital I/O. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(l). Digital input buffer disabled.
Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to

allow external control of the voltage on the pin.
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TABLE 12-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELA — — — ANSA4 ANSA3 ANSA2 ANSA1 ANSAO 123
LATA LATA7 LATAG — LATA4 LATA3 LATA2 LATA1 LATAO 122
OPTION_REG | WPUEN INTEDG | TMROCS | TMROSE PSA PS2 PS1 PSO 176
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 122
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 122
WPUA — — WPUA5 — — = = = 123
Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
TABLE 12-4: SUMMARY OF CONFIGURATION WORD ASSOCIATED WITH PORTA
Name |Bits | Bit-/7 Bit -/6 Bit13/5 | Bit124 | Bit11/3 | Bit10/2 | Bit9/1 Bitsio | Redister
on Page
13:8 — — FCMEN IESO CLKOUTEN | BOREN1 BORENO CPD
CONFIG1 — —— 44
7:0 CP MCLRE PWRTE WDTE1 WDTEO FOSC2 FOSC1 FOSCO
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
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12.3 PORTB and TRISB Registers

PORTB isan 8-b it wide, bidirectionalpo rt. T he
correspondingd atadi rectionreg ister is TRISB
(Register 12-9). Setting a TRISB bit (= 1) will make the
corresponding POR TB pin  aninp ut(i.e ., put the
corresponding output driver in a High-lImpedance mode).
Clearing a TRISB bit (= 0) will make the corresponding
PORTB pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 12-1 shows how to initialize an I/O port.

Reading the PO RTB register (Register 12-8) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a p ort implies that the
port pins are read, this value is modified and then written
to the PORT data latch.

The TRISB register (Register 12-9) controls the PORTB
pin output drivers, even when they are being used as
analoginputs. The u ser should ensure the bitsin t he
TRISB registerare maintained set when using them as
analog inputs. /O pins configured as analoginput always
read 0.

12.3.1 INTERRUPT-ON-CHANGE

All of the PORTB pins are individually configurable as
an int errupt-on-change pi n. C ontrol bit s |0 CB<7:0>
enable or di sable the interrupt function for eac h pin.
The in terrupt-on-change fea ture is di sabled ona
Power-on R eset. Refe rence Section 13.0
“Interrupt-On-Change” for more information.

12.3.2 WEAK PULL-UPS

Each of the PORTB pins has an individually configurable
internal weak pull-up. Control bits WPUB<7:0> enable or
disable each pull-up (see Register 12-11). Each weak
pull-up is automatically turned off when the port pin is
configured as an output. All pull-ups are disabled on a
Power-on R eset by the WPU EN b it of the OPTION
register.

12.3.3 ANSELB REGISTER

The ANSELB re gister (Register 12-12) i s us ed to
configure the Input mo de of an /O pin to ana log.
Setting the appropriate ANSELB bit high will cause all
digital reads on the pinto be readas ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the A NSELB bits has no af fect on digital
output functions A pin with TRIS clear and ANSELB set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected be havior
when exec uting read-modify-write instructions on the
affected port.

The TRISB register (Register 12-9) controls the PORTB
pin output drivers, even when they are being used as
analog inputs. The u ser should ensure the b its in t he
TRISB register are maintained set when using them as
analog inputs. I/0 pins confgured as analoginput always
read ‘0’.

Note:  The ANSELB register must be initialized
to configure an analog channel as a digital
input. Pin s c onfigured a s an alog i nputs

will read ‘0.

© 2011 Microchip Technology Inc.
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12.3.4 PORTB FUNCTIONS AND OUTPUT
PRIORITIES

Each PORTB pinis multiplexed with other functions. The
pins, their combined functions and their output priorities
are shown in Table 12-5.

When multiple o utputs are en abled, the ac tual pi n
control goes to the peripheral with the highest priority.

Analog input and some digital input functions are not
included in the list below. These in put functions can
remain active when the pin is configured as an output.
Certain digital input functions, such as the EUSART RX
signal, override other port functions and are included in
the priority list.

TABLE 12-5:

PORTB OUTPUT PRIORITY

Pin Name

Function Priority®

RBO

P1A
RBO

RB1

SDA1
RX/DT
RB1

RB2

SDA2 (PIC16(L)F1827 only)
TX/CK

RX/DT

SDO1

RB2

RB3

MDOUT
CCP1/P1A
RB3

RB4

SCL1
SCK1
RB4

RBS

SCL2 (PIC16(L)F1827 only)
TX/CK

SCK2 (PIC16(L)F1827 only)
P1B

RB5

RB6

ICSPCLK (Programming)
T10SI

P1C

CCP2 (PIC16(L)F1827 only)
P2A (PIC16(L)F1827 only)
RB6

RB7

ICSPDAT (Programming)
T10SO

P1D

P2B (PIC16(L)F1827 only)
RB7

Note 1: Priority listed from highest to lowest.
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REGISTER 12-8: PORTB: PORTB REGISTER

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 RB<7:0>: PORTB I/O Pin bit

1 = Port pin is > VIH
0 = Port pin is < VIL

REGISTER 12-9: TRISB: PORTB TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 TRISB<7:0>: PORTB Tri-State Control bit

1 = PORTB pin configured as an input (tri-stated)
0 = PORTB pin configured as an output

REGISTER 12-10: LATB: PORTB DATA LATCH REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 LATB<7:0>: PORTB Output Latch Value bits®

Note 1: Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register is
return of actual I/O pin values.
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REGISTER 12-11: WPUB: WEAK PULL-UP PORTB REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUB7 WPUBG6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 WPUB<7:0>: Weak Pull-up Register bits

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global WPUEN bit of the OPTION register must be cleared for individual pull-ups to be enabled.
2:  The weak pull-up device is automatically disabled if the pin is in configured as an output.

REGISTER 12-12: ANSELB: PORTB ANALOG SELECT REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 u-0
ANSB7 ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-1 ANSB<7:1>: Analog Select between Analog or Digital Function on Pins RB<7:1>, respectively

0 = Digital I/0O. Pin is assigned to port or digital special function.
1= Analog input. Pin is assigned as analog input!). Digital input buffer disabled.

bit 0 Unimplemented: Read as ‘0’

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.
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TABLE 12-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELB ANSB7 ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 — 128
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO 127
OPTION_REG | WPUEN | INTEDG | TMROCS | TMROSE PSA PS2 PS1 PSO 176
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 127
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO 128
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTB.
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NOTES:
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13.0 INTERRUPT-ON-CHANGE

The PO RTB pin s c an be ¢ onfigured to o perate a s
Interrupt-On-Change (1OC) pins. An interrupt can be
generated by detecting a signal that has either a rising
edge or a falling edge. Any individual PORTB pin can
be c onfiguredto g eneratean i nterrupt. Th e
interrupt-on-change module has the following features:

* Interrupt-on-Change enable (Master Switch)

* Individual pin configuration

» Rising and falling edge detection

* Individual pin interrupt flags

Figure 13-1 is a block diagram of the 10C module.

13.1 Enabling the Module

To allow individual port pins to generate aninterrupt, the
IOCIE bit of the INTCON register must be set. If the
IOCIE bit is disabled, the edge detection on the pin will
still occur, but an interrupt will not be generated.

13.2 Individual Pin Configuration

For each port pin, a ris ing edge detector and a falling
edge detector are present. To enable a pin to detect a
rising edge, th e associated IOCBPx bit of the IO CBP
register is set. To enable a pin to detect a falling edge,
the associated IOCBNXx bit of the IOCBN register is set.

A pin can be configured to d etect rising an d falling
edges simultaneously by setting both the IOCBPx bit
and the IOCBNXx bit of the IOCCBP and IOCBN registers,
respectively.

FIGURE 13-1:

13.3 Interrupt Flags

The IO CBFx bit s located in the IO CBF register are
status flags that correspond to the Interrupt-on-change
pins of the port. If an expected edge is detected on an
appropriately enabledpin, then the status flag for that pin
will be et, and an interupt will be generated if the ICCIE
bit is set. The IOCIF bit of the INTCON register reflects
the status of all IOCBFx bits.

13.4 Clearing Interrupt Flags

The in dividual st atus fl ags, (IOC BFx bit s), ¢ an be
cleared by resetting them to zero. If another edge is
detected during this clearing operation, the associated
status flag w ill be se t at the end of the sequ ence,
regardless of the value actually being written.

In order to ensure that no de tected edge is lost w hile
clearing flags, only AND operations masking out known
changed bit s should be performed. The follow ing
sequence is an example of what should be performed.

EXAMPLE 13-1:

MOVLW  Oxf f
XORW | OCBF, W
ANDW | OCBF, F

13.5 Operation in Sleep

The interrupt-on-change interrupt s equence will wake
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the IOCBF
register will be u pdated p rior t o the fi rst i nstruction
executed out of Sleep.

INTERRUPT-ON-CHANGE BLOCK DIAGRAM

IOCBNx

I0CIE

I0CBFx

D

I G

I0CBPx D Q

From all other IOCBFx o
individual pin detectors ¢

’_G: Q2 Clock Cycle

10C Interrupt to
CPU Core
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13.6 Interrupt-On-Change Registers

REGISTER 13-1: IOCBP: INTERRUPT-ON-CHANGE POSITIVE EDGE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
I0CBP7 I0CBP6 IOCBP5 I0CBP4 IOCBP3 I0CBP2 IOCBP1 IOCBPO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-0 IOCBP<7:0>: Interrupt-on-Change Positive Edge Enable bits

1 = Interrupt-on-change e nabled on the pin for a p ositive going e dge. As sociated Status bit and
interrupt flag will be set upon detecting an edge.
0 = Interrupt-on-change disabled for the associated pin.

REGISTER 13-2: IOCBN: INTERRUPT-ON-CHANGE NEGATIVE EDGE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
IOCBN7 IOCBN6 IOCBN5 I0CBN4 IOCBN3 IOCBN2 IOCBN1 IOCBNO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-0 IOCBN<7:0>: Interrupt-on-Change Negative Edge Enable bits

1 = Interrupt-on-change enabled on th e pin for a ne gative going edge. Associated Status bit and
interrupt flag will be set upon detecting an edge.
0 = Interrupt-on-change disabled for the associated pin.

REGISTER 13-3: IOCBF: INTERRUPT-ON-CHANGE FLAG REGISTER

R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0

IOCBF7 IOCBF6 IOCBF5 IOCBF4 IOCBF3 IOCBF2 IOCBF1 IOCBFO
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared HS - Bit is set in hardware

bit 7-0 IOCBF<7:0>: Interrupt-on-Change Flag bits

1 = An enabled change was detected on the associated pin.
Set when IOCBPx = 1 and a rising edge was detected on RBx, or when IOCBNx = 1 and a falling
edge was detected on RBx.

0 = No change was detected, or the user cleared the detected change.
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TABLE 13-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPT-ON-CHANGE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁgpizt;

ANSELB ANSB7 | ANSB6 | ANSB5 | ANSB4 | ANSB3 | ANSB2 | ANSB1 — 128
INTCON GIE PEIE | TMROIE | INTE | IOCIE | TMROIF | INTF | IOCIF 86
IOCBF IOCBF7 | IOCBF6 | IOCBF5 | IOCBF4 | IOCBF3 | IOCBF2 | IOCBF1 | IOCBFO | 132
IOCBN IOCBN7 | IOCBN6 | IOCBN5 | IOCBN4 | IOCBN3 | IOCBN2 | IOCBN1 | IOCBNO | 132
IOCBP IOCBP7 | IOCBP6 | IOCBP5 | IOCBP4 | IOCBP3 | IOCBP2 | IOCBP1 | IOCBPO | 132
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 127
Legend:

— = unimplemented locations read as ‘0’. Shaded cells are not used by interrupt-on-change.
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14.0 FIXED VOLTAGE REFERENCE
(FVR)

The Fixed Voltage R eference, or FVR ,is a stable
voltage reference, independent of VDD, with 1.024V,
2.048V or 4.096V selectable output levels. The output
of the FVR can be configured to su pply a refer ence
voltage to the following:

* ADC input channel

» ADC positive reference

» Comparator positive input

« Digital-to-Analog Converter (DAC)

» Capacitive Sensing (CPS) module

The FVR can be enabled by setting the FVREN bit of
the FVRCON register.

14.1 Independent Gain Amplifiers

The ou tput ofthe FVR's uppliedto the AD C,
Comparators, and DAC and CPS is routed through two
independent pro grammable g ain am plifiers. Eac h
amplifier can be co nfigured to a mplify th e re ference
voltage by 1x, 2x or 4x, to produce the three possible
voltage levels.

The AD FVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the ADC module. Refer-
ence Section 16.0 “A nalog-to-Digital C onverter
(ADC) Module” for additional information.

The CDAFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the DAC and comparator
module. Re ference Section 16.0 “Dig ital-to-Analog
Converter (DAC) Module” and Section 18.0 “Com-
parator M odule” a nd Section 27.0 “Cap acitive
Sensing Module” for additional information.

14.2 FVR Stabilization Period

When the Fixed Voltage Reference module is enabled, it
requires time for the reference and amplifier circuits to
stabilize. Once the circuits stabilize and are ready for use,
the FVRRDY bit of the FVRCON register will be set. See
Section 30.0 “E lectrical S pecifications” for th e
minimum delay requirement.

FIGURE 14-1: VOLTAGE REFERENCE BLOCK DIAGRAM
ADFVR<1:0> 5
x1
— X2 FVR BUFFER1
x4 (To ADC Module)

CDAFVR<1:0> —5/———

1.024V Fixed
Reference

FVREN

Any peripheral requiring the
Fixed Reference -
(See Table 14-1)

FVR BUFFER2
(To Comparators, DAC, CPS)

FVRRDY
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14.3 FVR Control Registers

REGISTER 14-1: FVRCON: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0/0 R-a/q R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
FVREN FVRRDYD | Reserved Reserved CDAFVR<1:0> ADFVR<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 FVREN: Fixed Voltage Reference Enable bit

0 = Fixed Voltage Reference is disabled
1 = Fixed Voltage Reference is enabled
bit 6 FVRRDY: Fixed Voltage Reference Ready Flag bit(1)
0 = Fixed Voltage Reference output is not ready or not enabled
1 = Fixed Voltage Reference output is ready for use
bit 5-4 Reserved: Read as ‘0’. Maintain these bits clear.
bit 3-2 CDAFVR<1:0>: Comparator and DAC Fixed Voltage Reference Selection bit
00 = Comparator and DAC Fixed Voltage Reference Peripheral output is off.
01 = Comparator and DAC Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = Comparator and DAC Fixed Voltage Reference Peripheral output is 2x (2.048V)©
11 = Comparator and DAC Fixed Voltage Reference Peripheral output is 4x (4.096V)@
bit 1-0 ADFVR<1:0>: ADC Fixed Voltage Reference Selection bit
00 = ADC Fixed Voltage Reference Peripheral output is off.
01 = ADC Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = ADC Fixed Voltage Reference Peripheral output is 2x (2.048V)?@
11 = ADC Fixed Voltage Reference Peripheral output is 4x (4.096V)?)

Note 1: FVRRDY is always ‘1’ on devices with LDO (PIC16F1826/27).
2: Fixed Voltage Reference output cannot exceed VDD.

TABLE 14-1: SUMMARY OF REGISTERS ASSOCIATED WITH THE FVR MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on page
FVRCON FVREN | FVRRDY | Reserved | Reserved | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO 136

Legend: Shaded cells are unused by the FVR module.
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15.0 TEMPERATURE INDICATOR
MODULE

This family of devices is equipped with a temperature
circuit designed to measure the operating temperature
of the s ilicon di e. The circuit's ran ge of operating
temperature falls be tween of -40 °C and +85°C. The
output is a vo Itage that is proportional to the device
temperature. The output of the temperature indicator is
internally connected to the device ADC.

The circuit may be used as a tem perature threshold
detector or a mo re accurate temperature indicator,
depending on the level of calibration performed. A one-
point ca libration all ows the ci rcuitto in dicate a
temperature closely surrounding that point. A two-point
calibration allows the circuit to sense the entire range
of temperature more accurately. Reference Application
Note AN 1333, “ Use an d C alibration o f the Int ernal
Temperature In dicator” (DS01 333) for m ore det ails
regarding the calibration process.

15.1 Circuit Operation

Figure 15-1 shows a simplified bl ock diagram of the
temperature circuit. The proportional voltage output is
achieved by measuring he forward voltage drop across
multiple silicon junctions.

Equation 15-1 de scribes the o utput c haracteristics of
the temperature indicator.

EQUATION 15-1: VouT RANGES

High Range: VouT = VDD - 4VT

Low Range: VouT = VDD - 2VT

The temper ature sense circuit is int egrated with t he
Fixed V oltage Reference (FV R) module. See
Section 14.0 “Fixe d Voltage R eference (FVR)” for
more information.

The circuit is enabled by sett ing the TS EN bit of t he
FVRCON register. When disabled, the circuit draws no
current.

The circuit operates ineither high orlow range. The high
range, selected by set tingt he TS RNG bit of t he
FVRCON register, provides a wider output voltage. This
provides more resolution over the temperature range,
but may be less consistent from part to part. This range
requires a hi gher bias voltage to operate and thus, a
higher VDD is needed.

The low range is selected by clearing the TSRNG bit of
the FVRCON register. The low range generates a lower
voltage drop andthus, a lower bias voltage is needed to
operate the circuit. The low range is provided for low
voltage operation.

FIGURE 15-1: TEMPERATURE CIRCUIT

DIAGRAM

VouTt m
I \i}j ADC

CHS bits
(ADCONO register)

15.2 Minimum Operating VDD vs.
Minimum Sensing Temperature

When the temperature circuit is operated in low range,
the device may be operated at a ny operating voltage
that is within specifications.

When the temperature circuit is operated in high range,
the d evice o perating v oltage, V DD, mus tbe hig h
enough to ensure that the temperature circuit is cor-
rectly biased.

Table 15-1 shows the recommended minimum VDD vs.
range setting.
TABLE 15-1: RECOMMENDED VDD VS.
RANGE

Min. Vbb, TSRNG =1 Min. Vbbb, TSRNG =0

3.6V 1.8V

15.3 Temperature Output

The output of the circuit is measured using the internal
analog to digital converter. Channel 29 is reserved for
the temperature circuit output. Refer to Section 16.0
“Analog-to-Digital C onverter ( ADC) Module” fo r
detailed information.

© 2011 Microchip Technology Inc.
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16.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Ana log-to-Digital C onverter (AD C) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold ci rcuit. The ou tputoft he sample and holdis
connected to the input of the converter. The converter
generatesa1 O-bitb inaryr esultvi asu ccessive
approximation and stores the conversion result into the
ADC result registers (ADRESH:ADRESL register pair).
Figure 16-1 shows the block diagram of the ADC.

The ADC voltage reference is software selectable to be
either internally generated or externally supplied.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

FIGURE 16-1: ADC BLOCK DIAGRAM
VREF- ADNREF =1 o
N
ADNREF =0
VDD Vss
T ADPREF =00 _
ADPREF =11 o
VREF+ ADPREF =10 o
ANO 00000
AN1 00001
AN2 00010
AN3 00011
AN4 00100
AN5 00101
ANG6 00110
AN7 00111
AN8 01000 ADC
AN9 01001 GO/DONE <> \H\m
AN10 01010
AN11 01011 | 0 = Left Justify
. ADFM 1 = Right Justify
o ADON —| 16
[ )
Temp Indicator 11101 Vss_L | ADRESH | ADRESL |
DAC 11110 -
FVR Buffer1 11111
CHS<4:0>(2)/4|/
Note 1: When ADON = 0, all multiplexer inputs are disconnected.
2.  See ADCONO register (Register 16-1) for detailed analog channel selection per device.
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16.1 ADC Configuration

When c onfiguring a nd using the ADC th e following
functions must be considered:

» Port configuration

* Channel selection

» ADC voltage reference selection

» ADC conversion clock source

* Interrupt control

* Result formatting

16.1.1 PORT CONFIGURATION

The AD C can be usedto con vert both an alog and
digital signals. When converting analog signals, the 1/O
pin s hould be configured for analog by setting the
associated TRIS and AN SELbi ts.R efer to
Section 12.0 “1/0O Ports” for more information.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input buf-
fer to conduct excess current.

16.1.2 CHANNEL SELECTION

There are up to 15 channel selections available:

*A N<11:0> pins

» Temperature Indicator

* DAC Output

* FVR (Fixed Voltage Reference) Output

Referto Section 14.0 “ Fixed V oltage R eference
(FVR)"and Section 15.0 “T emperature In dicator

Module” for more information on these channel selec-
tions.

The CHS bits of the ADCONO register determine which
channel is connected to the sample and hold circuit.

When changing channels, a de lay is required before
starting th e n ext co nversion. R efert o Section 16.2
“ADC Operation” for more information.

16.1.3 ADC VOLTAGE REFERENCE

The AD PREF bits of th e AD CON1 register provides
control of the positive voltage reference. The positive
voltage reference can be:

*V REF+ pin

*V DD

* FVR 2.048V

* FVR 4.096V (Not available on LF devices)

The ADNREF bits of the ADCON1 register p rovides
control of the negative voltage reference. The negative
voltage reference can be:

*V REF- pin

*V ss

See Section 14.0 “Fixed Voltage Reference (FVR)”
for more details on the fixed voltage reference.

16.1.4 CONVERSION CLOCK

The source of the conversion clock is software select-
able via the ADCS bits of the ADCON1 register. There
are seven possible clock options:

*F 0sc/2

*F osc/4

*F 0osc/8

*F 0sc/16

*F 0sc/32

*F osc/64

*F Rc (dedicated internal oscillator)

The time to complete one bit conversion is defined as

TAD. One full 10-bit conversion requires 11.5 TAD peri-
ods as shown in Figure 16-2.

For correct conversion, the appropriate TAD specifica-
tion must be met. Refer to the A/D conversion require-
ments in Section 30.0 “Electrical Specifications” for
more information. Table 16-1 gives examples of appro-
priate ADC clock selections.

Note:  Unless using the FRC, any changes in the
system clock frequency will change the
ADC c lock fre quency,w hichma vy
adversely affect the ADC result.
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TABLE 16-1: ADC CLOCK PERIOD (TAD) Vs. DEVICE OPERATING FREQUENCIES

ADC Clock Period (TAD) Device Frequency (Fosc)
ADC

Clock Saurce | ADCS<2:0> 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 62.5ns® 100 ns®@ 125 ns@ 250 ns® 500 ns® 2.0ps
Fosc/4 100 125 ns@ 200 ns® 250 ns® 500 ns® 1.0 us 4.0 us
Fosc/8 001 0.5 us® 400 ns® 0.5 us®@ 1.0 us 2.0 ps 8.0 us®
Fosc/16 101 800 ns 800 ns 1.0 us 2.0 s 4.0 us 16.0 us®
Fosc/32 010 1.0 ps1 6 us2 .0 ps4 O pus 8.0 us® 32.0 ps®
Fosc/64 110 2.0 us3 2 usd Opus 8.0 us® 16.0 us® 64.0 ps®
FRC x11 1.0-6.0 ps™¥ | 1.0-6.0 us@? | 1.0-6.0 us®™¥ | 1.0-6.0 ps@4 | 1.0-6.0 us@? | 1.0-6.0 ps4

Legend: Shaded cells are outside of recommended range.
Note 1: The FRC source has a typical TAD time of 1.6 us for VDD.
2:  These values violate the minimum required TAD time.
3:  For faster conversion times, the selection of another clock source is recommended.
4:  The ADC clock period (TAD) and total ADC conversion time can be minimized when the ADC clock is derived from the
system clock Fosc. However, the FRC clock source must be used when conversions are to be performed with the
device in Sleep mode.

FIGURE 16-2: ANALOG-TO-DIGITAL CONVERSION Tab CYCLES

'|='CY - TAq TAD1  TAD2 . TAD3I TAD4 ITAD5 : TAD6B : TAD7 : TAD8 : TAD9 ITAD1O=TAD11
T b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Conversion starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO bit

On the following cycle:
ADRESH:ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

© 2011 Microchip Technology Inc. DS41391D-page 141



PIC16(L)F1826/27

16.1.5 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon com pletion of an Anal  og-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bitin
the PIR1 re gister. The ADC In terrupt Enableis th e
ADIE bitin the PIE1 re gister. The ADIF bi t must be
cleared in software.

Note 1: The ADIF bitis set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The AD C ope rates du ring Slee p on ly

when the FRC oscillator is selected.

This inte rrupt can be generated w hile the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will w ake-up the de vice. U pon waking from
Sleep, the next instruction following the SLEEP instruc-
tion is alw ays ex ecuted. If the useris attempting to
wake-up from Sleep and resume in-line code execu-
tion,the GIE and PEIE bits of the INTCON register
must be d isabled. If the G IE and PEIE bit s of th e
INTCON register are enabled, execution will switch to
the Interrupt Service Routine.

16.1.6 RESULT FORMATTING

The 10-bit A/D conversion result can be supplied in two
formats, left justified or right justified. The ADFM bit of
the ADCONT1 register controls the output format.

Figure 16-3 shows the two output formats.

FIGURE 16-3: 10-BIT A/D CONVERSION RESULT FORMAT
ADRESH ADRESL

worm=0) [mss] | [ [ [ | | L fesel [ [ [ [ [ |

bit 7 bit 0 bit 7 bit 0

—~ ~ i

10-bit A/D Result Unimplemented: Read as ‘0’

worv=1) [ [ [ | [ [ fmss[ | [ [ [ [ [ [ [ [uss]

bit 7 bit 0 bit 7 bit 0

Unimplemented: Read as ‘0’

10-bit A/D Result
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16.2 ADC Operation

16.2.1 STARTING A CONVERSION

To enable th e AD C module, the AD ONbitofthe
ADCONO register must be set to a ‘1’. Setting the GO/
DONE bit of the ADCONO register to a ‘1’ will start the
Analog-to-Digital conversion.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section 16.2.6 “ A/D C onver-
sion Procedure”.

16.2.2 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:

» Clear the GO/DONE bit
» Set the ADIF Interrupt Flag bit

» Update the ADRESH and ADRESL registers with
new conversion result

16.2.3 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the G O/DONE bit can be clearedin s oftware. The
ADRESH and ADRESL registers will be updated with
the p artially co mplete Ana log-to-Digital ¢ onversion
sample. Inc omplete bit s wil Im atchth ela stb it
converted.

Note: A device Reset forces all registers to their
Reset s tate. Th us, the ADC module is
turned off and any pending conversion is
terminated.

16.2.4 ADC OPERATION DURING SLEEP

The AD C mod ule ca n ope rate during Sl eep. Thi s
requires the ADC clock source tobe setto the FRC
option. When the F RC clock source is selected, the
ADC waits one additional instruction before starting the
conversion. This allows the SLEEP instructiontob e
executed, which can reduce system noise during the
conversion. If the ADC interrupt is enabled, the device
willw ake-up fro m SI eep whent he c onversion
completes. If the ADC interrupt is disabled, the ADC
module is turned off after the conversion completes,
although the ADON bit remains set.

When the ADC clock source is something other than
FRc, a SLEEP instruction causes the present conver-
sion to be aborted and the AD C module is turned off,
although the ADON bit remains set.

16.2.5 SPECIAL EVENT TRIGGER

The Special Event Trigger of the CCPx/ECCPx module
allows periodic ADC measurements without s oftware
intervention. When this trigger occurs, the GO/DONE
bit is set by hardware and the Timer1 counter resets to
zero.

TABLE 16-2: SPECIAL EVENT TRIGGER

Device CCPx/ECCPx
PIC16(L)F1826 ECCP1
PIC16(L)F1827 CCP4

Using the $ecial Event Trigger does notassure proper
ADC timing. It is the user’s responsibility to ensure that
the ADC timing requirements are met.

Refer to Section 24.0 “Capture/Compare/PWM Mod-
ules” for more information.
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16.2.6 A/D CONVERSION PROCEDURE

This is an example proc edure for using the ADC to
perform an Analog-to-Digital conversion:

1.

o

Configure Port:

» Disable pin output driver (Refer to the TRIS
register)

» Configure pin as analog (Refer to the ANSEL
register)

Configure the ADC module:

» Select ADC conversion clock

» Configure voltage reference

» Select ADC input channel

* Turn on ADC module

Configure ADC interrupt (optional):

» Clear ADC interrupt flag

» Enable ADC interrupt

« Enable peripheral interrupt

« Enable global interrupt®

Wait the required acquisition time(@.

Start conversion by setting the GO/DONE bit.

Wait for ADC conversion to complete by one of

the following:

» Polling the GO/DONE bit

» Waiting for the ADC interrupt (interrupts
enabled)

Read ADC Result.

Clear the ADC interrupt flag (required if interrupt

is enabled).

EXAMPLE 16-1:

A/D CONVERSION

; This code bl ock configures the ADC
;for polling, Vdd and Vss references, Frc

;clock and ANO i nput.

; Conversion start & polling for conpletion

; are included.

BANKSEL
MOVLW

MOVWF
BANKSEL
BSF
BANKSEL
BSF
BANKSEL
MOVLW
MOVWF
CALL
BSF
BTFSC
GOTO
BANKSEL
MOVF
MOVWF
BANKSEL
MOVF
MOVWF

ADCONL

B’ 11110000° ;Right justify, Frc

ADCON1L
TRI SA
TRI SA, 0
ANSEL
ANSEL, 0
ADCONO

B’ 00000001’ ; Sel ect channel ANO

ADCONO

Sanpl eTime ; Acqui siton del ay
ADCONO, ADGO ; Start conversion
ADCONO, ADGO ;Is conversion done?

$-1
ADRESH
ADRESH, W
RESULTHI
ADRESL
ADRESL, W
RESULTLO

;clock
;vdd and Vss Vref
; Set RAO to input

; Set RAO to anal og

; Turn ADC On

;No, test again
; Read upper 2 bits
;store in GPR space

;Read lower 8 bits
;Store in GPR space

Note 1: The global interrupt can be disabled if the

user is attempting to wake-up from Sleep
and resume in-line code execution.

2: Referto Section 16.4 “A/D Acquisition
Requirements”.

DS41391D-page 144

© 2011 Microchip Technology Inc.



PIC16(L)F1826/27

16.3 ADC Register Definitions

The fol lowing reg isters are usedtocon trol the
operation of the ADC.

REGISTER 16-1: ADCONO: A/D CONTROL REGISTER 0

u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— CHS<4:0> GO/DONE ADON
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 Unimplemented: Read as ‘0’
bit 6-2 CHS<4:0>: Analog Channel Select bits

00000 =ANO
00001 =AN1
00010 =AN2
00011 =AN3
00100 =AN4
00101 =AN5
00110 =AN6
00111 =AN7
01000 =ANS8
01001 =AN9
01010 =AN10
01011 =ANM
01100 = Reserved. No channel connected.

11101 = Temperature Indicator(®)
11110 = DAC output®
11111 =FVR (Fixed Voltage Reference) Buffer 1 Output®
bit 1 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress

bit 0 ADON: ADC Enable bit
1 =ADC is enabled
0 = ADC is disabled and consumes no operating current

Note 1: See Section 17.0 “Digital-to-Analog Converter (DAC) Module” for more information.
2: See Section 14.0 “Fixed Voltage Reference (FVR)” for more information.
3: See Section 15.0 “Temperature Indicator Module” for more information.
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REGISTER 16-2: ADCON1: A/D CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0
ADFM ADCS<2:0> — ADNREF ADPREF<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. Six Most Significant bits of ADRESH are set to ‘0’ when the conversion result is
loaded.
0 = Leftjustified. Six Least Significant bits of ADRESL are set to ‘0’ when the conversion result is
loaded.
bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 =F osc/2
001 =F osc/8

010 =F 0sc/32

011 =F Rc (clock supplied from a dedicated RC oscillator)
100 =F osc/4

101 =F osc/16

110 =F osc/64

111 =FRc (clock supplied from a dedicated RC oscillator)

bit 3 Unimplemented: Read as ‘0’

bit 2 ADNREF: A/D Negative Voltage Reference Configuration bit
0 =V REF-is connected to Vss
1 =V REF-is connected to external VREF- pin(l)

bit 1-0 ADPREF<1:0>: A/D Positive Voltage Reference Configuration bits
00 =V REF+ is connected to VDD
01 = Reserved
10 =V REF+ is connected to external VREF+ pin(l)
11 =V REF+ is connected to internal Fixed Voltage Reference (FVR) module?)

Note 1: When selecting the FVR or the VREF+ pin as the source of the positive reference, be aware that a
minimum voltage specification exists. See Section 30.0 “Electrical Specifications” for details.
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REGISTER 16-3: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =0

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRES<9:2>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-0 ADRES<9:2>: ADC Result Register bits
Upper 8 bits of 10-bit conversion result

REGISTER 16-4: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =0

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRES<1:0> — — — | =1 = —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 ADRES<1:0>: ADC Result Register bits
Lower 2 bits of 10-bit conversion result

bit 5-0 Reserved: Do not use.
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REGISTER 16-5: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =1

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— _ _ — — | — \ ADRES<9:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Reserved: Do not use.
bit 1-0 ADRES<9:8>: ADC Result Register bits

Upper 2 bits of 10-bit conversion result

REGISTER 16-6: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =1

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRES<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 ADRES<7:0>: ADC Result Register bits

Lower 8 bits of 10-bit conversion result
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16.4 A/D Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding ¢ apacitor (CHOLD) mu st be allowed t o f ully
charge to the input channel voltage level. The Analog
Input mo delis sho wnin Figure 16-4. Th e so urce
impedance (Rs) and the internal sampling switch (RSS)
impedance directly affect the time required to c harge
the ¢ apacitor C HOLD. The s ampling s witch (R ss)
impedance varies over the device voltage (VDD), refer
to Figure 16-4. Thema Xximumr ecommended
impedance for analog sourcesis 10k Q. Asthe

EQUATION 16-1:

source impedance is decreased, the acquisition time
may be d ecreased. After the analog input channel is
selected (or ¢ hanged), an A/D ac quisition m ust be
done before the conversion can be started. To calculate
the minimum acquisition time, Equation 16-1 may be
used. This equation assumes that 1/2 LSb error is used
(1,024 steps for the ADC). The 1/2 L Sb error is the
maximum error all owed forthe ADCtom eetits
specified resolution.

ACQUISITION TIME EXAMPLE

Assumptions:

TACQ
TampP+HcC TCOFF
2us+Hc

VAPPLlEDO———L— = VcHoLp

nk

e -1

—TIc
RC
VapPpL IEDGG— = VcHoLb

Note: Where n = number of bits of the ADC.

Temperature = 50°C and external impedance of 10k« 5.0V VDD

Amplifier Settling Time +-Hold Capacitor Charging Time Temperature Coefficient
[[remperature - 25°C (P.05us/°C

The value for Tc can be approximated with the following equations:

—Ic
RC
VapPpPL |EDO,€L = VAPPLIED O —--

;[1] VcHoLD charged to within 1/2 Isb

;[2] VcHoLD charge response to VAPPLIED

;combining [1] and [2]

leakage specification.

Solving for Tc:
Tc = —ChoLp(RIC +Rss  Rs In(1/511)

= —10pF(LkQ2++#k2 10k In(0.001957)

= 1.12us
Therefore:

TACQ = 2us+#.12us [{p0°C- 25°C (P.05us/°C

= 4.42us

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.

2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
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FIGURE 16-4: ANALOG INPUT MODEL
VDD .
Analog Sampling
N nput % visoey - Swien
: Rs IC < Rss !
' X AMA- P;’—ANV:_AL
: . cpN L (€ -
X @ . BpF T VT ~ O.6V<>| LEAKAGE CHoLD = 10 pF
= . I l Vss/VREF-
Legend: CHoLD = Sample/Hold Capacitance
CPIN = Input Capacitance
| LEAKAGE = Leakage current at the pin due to
various junctions
Ric = Interconnect Resistance 367 .8 910 .11
) . . ampling Switch
Rss = Resistance of Sampling Switch (kQ)
SS = Sampling Switch
VT = Threshold Voltage
Note 1: Referto Section 30.0 “Electrical Specifications”.

FIGURE 16-5: ADC TRANSFER FUNCTION

Full-Scale Range

3FFh
3FEh
3FDh
3FCh
3FBh

ADC Output Code
))

03h
02h
01h |
00h

> Analog Input Voltage

4.‘ ‘<— 0.5LSB

—
_ Zero-Scale
VREF Transition Full-Scale
Transition —

A

«—1.5LSB

— VREF+
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TABLE 16-3: SUMMARY OF REGISTERS ASSOCIATED WITH ADC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Esggzt;
ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO0 GO/DONE | ADON 145
ADCON1 ADFM ADCS2 ADCS1 ADCSO0 — ADNREF | ADPREF1 | ADPREFO 146
ADRESH A/D Result Register High 147,148
ADRESL A/D Result Register Low 147, 148
ANSELA — — — ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 123
ANSELB ANSB7 ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 — 123
CCPxCON PxM1 PxMO0 DCxB1 DCxB0 CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO0 226
INTCON GIE PEIE TMROIE INTE I0CE TMROIF INTF IOCF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 91
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 123
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 123
FVRCON FVREN FVRRDY | Reserved | Reserved | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO 136
DACCONO DACEN DACLPS DACOE — DACPSS1 | DACPSS0 — DACNSS 156
DACCON1 — — — DACR4 DACR3 DACR2 DACR1 DACRO 156
Legend: — =unimplemented read as ‘0’. Shaded cells are not used for ADC module.
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NOTES:
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17.0 DIGITAL-TO-ANALOG
CONVERTER (DAC) MODULE

The D igital-to-Analog C onverter s upplies a variable
voltage refe rence, rati ometric w ith th e in put so urce,
with 32 selectable output levels.

The input of the DAC can be connected to:

« External NEF pins

* VDD supply voltage

* FVR (Fixed Voltage Reference)

The output of the DAC can be configured to supply a
reference voltage to the following:

» Comparator positive input

* ADC input channel

+ DACOUT ip

» Capacitive Sensing module (CSM)

The Digital-to-Analog Converter (DAC) can be enabled
by setting the DACEN bit of the DACCONO register.

EQUATION 17-1: DAC OUTPUT VOLTAGE

17.1 Output Voltage Selection

The DAC has 32 voltage level ranges. The 32 levels
are se t with the DACR<4 :0> b its o f the DACCON1
register.

The DAC output voltage is determined by the equations
in Equation 17-1.

IF DACEN=1

IF DACEN = 0 and DACLPS = 1 and DACR[4:0] = 11111

VOUT = VSOURCE +

IF DACEN = 0 and DACLPS = 0 and DACR[4:0] = 00000

VOUT = VSOURCE —

VSOURCE+ = VDD, VREF, or FVR BUFFER 2

VSOURCE- = Vss

VouTt = @)/SOURCE+—VSOURCE- X et + VSOURCE-

17.2 Ratiometric Output Level

The DAC output value is derived using a resistor ladder
with ea ch end of the lad der tied to a posit ive and
negative voltage reference input source. If the voltage
of either input source fluctuates, a similar fluctuation will
result in the DAC output value.

The value of the individual resistors within the ladder
can bef oundin Section 29.0“  Electrical
Specifications”.

17.3 DAC Voltage Reference Output

The DAC can be output to the DACOUT pin by setting
the DACOE b ito fth e DACCO NOre gisterto* 1’.
Selecting the DAC reference voltage for output on the
DACOUT pin automatically overrides the digital output
buffer and digital input threshold detector functions of
that pin. Reading the DACOUT pin when it h as been
configured fo r D AC r eference v oltage ou tput w ill
always return a ‘0’.

Due to the limited current drive capability, a buffer must
be us ed on the DAC vo ltage r eference ou tput fo r
external connections to DACOUT. Figure 17-2 shows
an example buffering technique.

© 2011 Microchip Technology Inc.
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FIGURE 17-1:

DIGITAL-TO-ANALOG CONVERTER BLOCK DIAGRAM

DACEN —

DACLPS

32
Steps \

32-to-1 MUX

M VSOURCE-

gsﬁ DACR<4:0>

DAC

| (To Comparator and
| ADC Modules)

DACOUT

FIGURE 17-2:

VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE

PIC® MCU

DAC
Module

R
Voltage
Reference
Output
Impedance

DACOUT

I

———— Buffered DAC Output
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17.4 Low-Power Voltage State

In order forthe DAC module to consu me the least
amount of power, one of the two voltage reference input
sources to th e resistor ladder must be disco nnected.
Either the positive voltage source, (VSOURCE+), or the
negative voltage source, (VSOURCE-) can be disabled.

The negative voltage source is disabled by setting the
DACLPS bitin the D ACCONO register. C learing the
DACLPS bitint he D ACCONO reg ister d isables th e
positive voltage source.

17.41 OUTPUT CLAMPED TO POSITIVE
VOLTAGE SOURCE

The DAC output voltage can be set to VSOURCE+ with

the least amount of power consumption by performing

the following:

» Clearing the DACEN bit in the DACCONO register.

» Setting the DACLPS bit in the DACCONO register.

» Configuring the DACPSS bits to the proper
positive source.

» Configuring the DACR<4:0> bits to ‘11111’ in the
DACCONT1 register.

FIGURE 17-3:

This is also the method used to output the voltage level
fromth e FV Rto anout put pin. See Section 17.5
“Operation During Sleep” for more information.

Reference Figure 17-3 for output clamping examples.

17.4.2 OUTPUT CLAMPED TO NEGATIVE
VOLTAGE SOURCE

The DAC output voltage can be set to VSOURCE- with

the least amount of power consumption by performing

the following:

» Clearing the DACEN bit in the DACCONO register.

» Clearing the DACLPS bit in the DACCONO register.

» Configuring the DACNSS bits to the proper
negative source.

» Configuring the DACR<4:0> bits to ‘00000’ in the
DACCONT1 register.

This allows the comparator to detect a zero-crossing
while not consuming additional current through the DAC
module.

Reference Figure 17-3 for output clamping examples.

OUTPUT VOLTAGE CLAMPING EXAMPLES

Output Clamped to Positive Voltage Source

VSOURCE+
DACR<4:0>=11111
R
DACEN =0
DACLPS =1 DAC Voltage Ladder

(see Figure 17-1)

g
VSOURCE- —o"

Output Clamped to Negative Voltage Source

VSOURCE+ —o"
R
R
DACEN =0
DACLPS =0 DAC Voltage Ladder

(see Figure 17-1)

R % DACR<4:0> = 00000
VSOURCE-

17.5 Operation During Sleep

When the de vice w akes up from Sl eep throughan
interrupt or a Watchdog Timer time-out, the contents of
the DACCONQO register are not af fected. To minimize
current ¢ onsumptioni n SI eep m ode, t he voltage
reference should be disabled.

17.6 Effects of a Reset

A device Reset affects the following:

« DAC is disabled.

* DAC output voltage is removed from the
DACOUT pin.

» The DACR<4:0> range select bits are cleared.

© 2011 Microchip Technology Inc.
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17.7 DAC Control Registers

REGISTER 17-1:

DACCONO: VOLTAGE REFERENCE CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0 u-0 R/W-0/0
DACEN DACLPS DACOE — DACPSS<1:0> — DACNSS
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 DACEN: DAC Enable bit
1= DAC is enabled
0 = DAC is disabled
bit 6 DACLPS: DAC Low-Power Voltage State Select bit
1 = DAC Positive reference source selected
0 = DAC Negative reference source selected
bit 5 DACOE: DAC Voltage Output Enable bit
1 = DAC voltage level is also an output on the DACOUT pin
0 = DAC voltage level is disconnected from the DACOUT pin
bit 4 Unimplemented: Read as ‘0’
bit 3-2 DACPSS<1:0>: DAC Positive Source Select bits
00 =V DD
01 =V REF+ pin
10 = FVR Buffer2 output
11 = Reserved, do not use
bit 1 Unimplemented: Read as ‘0’
bit 0 DACNSS: DAC Negative Source Select bits

REGISTER 17-2:

1=V REF-
0=V ss

DACCON1: VOLTAGE REFERENCE CONTROL REGISTER 1

u-0 u-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — DACR<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 DACR<4:0>: DAC Voltage Output Select bits
TABLE 17-1: SUMMARY OF REGISTERS ASSOCIATED WITH THE DAC MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on page
FVRCON FVREN FVRRDY | Reserved | Reserved | CDAFVR1 | CDAFVRO | ADFVR1 ADFVRO 138
DACCONO DACEN DACLPS DACOE — DACPSS1 | DACPSS0 — DACNSS 156
DACCON1 — — — DACR4 DACR3 DACR2 DACR1 DACRO 156
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused with the DAC module.
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18.0 SR LATCH

The module consists of a single SR Latch with multiple
Set and Reset inputs as well as separate latch outputs.
The SR Latch module includes the following features:

* Programmable input selection

* SR Latch output is available externally
+ Separate Q and Q outputs

» Firmware Set and Reset

The SR Latch can be used in a variety of analog appli-
cations, in cluding oscillator ci rcuits, on e-shot cir cuit,
hysteretic controllers, and analog timing applications.

18.1 Latch Operation

The latch is a Set-Reset Latch that does not depend on
a clock source. Each of the Set and Reset inputs are
active-high. The lach can be Set or Reset by:

» Software control (SRPS and SRPR bits)
» Comparator C1 output (SYNCC10UT)
» Comparator C2 output (SYNCC20UT)
*S Rl pin

* Programmable clock (SRCLK)

The SRPS and the SRPR bits of the SRCONO register
may be used to set or reset the SR Latch, respectively.
The latch is Reset-dominant. Therefore, if both Set and
Reset inputs are high, the latch will go to the Reset
state. Both the SRPS and SRPR bits are self resetting
which means that a single write to either of the bits is all
that is necessary to complete alatch Set or Reset oper-
ation.

The output from Comparator C1 or C2 can be used as
the Set or Reset inputs of the SR Latch. The output of
either comparator can be synchronized to the Timer1
clock source. See Section 19.0 “Com parator M od-
ule” and Section 21.0 “ Timerl M odule w ith Gate
Control” for more information.

An external source on the SRI pin can be used as the
Set or Reset inputs of the SR Latch.

An internalclock source b avaiable that can periodically
set or reset the SR Latch. The SRCLK<2:0> bits in the
SRCONO register are used to select the clock source
period. The SRSCKE and SRRCKE bits of the SRCON1
register enable the clock source to set or reset the SR
Latch, respectively.

Note:  Enabling both the Set and Reset inputs
from any on e source atthe same time
may result in indeterminate operation, as
the Reset dominance cannot be assured.

18.2 Latch Output

The SRQEN and SRNQEN bits of the SRCONO regis-
ter control the Q and Q latch outputs. Both of the SR
Latch outputs may be directly output to an1/O pin at the
same time.

The applicable TRIS bit of the corresponding port must
be cleared to enable the port pin output driver.

18.3 Effects of a Reset

Upon any device Reset, the SR Latch output is not ini-
tialized toa kn own s tate. The us er'sfirmwarei s
responsible f or i nitializing th e | atch o utput b efore
enabling the output pins.
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FIGURE 18-1: SR LATCH SIMPLIFIED BLOCK DIAGRAM

SRLEN ——
SRPS Pulse SRQEN }

Gen@

SRI

SRSPE —
SRCLK —
SRSCKE ——
SYNCC20UT®
SRSC2E —
SYNCC10UT® —
SRSC1E —

SRQ

SR
Latch(®

T%%u

SRPR Pulse
Gen®

SRI IX'i

SRRPE —
SRCLK —
SRRCKE —
SYNCC20uUT®
SRRC2E —
SYNCC10UT® —
SRRC1E —|

R Q

SRLEN — |
SRNQEN —}

SRNQ

T%%U
H

Note 1: IfR=1andS =1 simultaneously, Q =0, Q=1
2:  Pulse generator causes a 1 Q-state pulse width.
3:  Name denotes the connection point at the comparator output.
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TABLE 18-1: SRCLK FREQUENCY TABLE
SRCLK Divider Fosc =32 MHz | Fosc =20 MHz | Fosc =16 MHz | Fosc =4 MHz | Fosc =1 MHz
111 512 62.5 kHz 39.0 kHz 31.3 kHz 7.81 kHz 1.95 kHz
110 256 125 kHz 78.1 kHz 62.5 kHz 15.6 kHz 3.90 kHz
101 128 250 kHz 156 kHz 125 kHz 31.25 kHz 7.81 kHz
100 64 500 kHz 313 kHz 250 kHz 62.5 kHz 15.6 kHz
011 32 1 MHz 625 kHz 500 kHz 125 kHz 31.3 kHz
010 16 2 MHz 1.25 MHz 1 MHz 250 kHz 62.5 kHz
001 8 4 MHz 2.5 MHz 2 MHz 500 kHz 125 kHz
000 4 8 MHz 5 MHz 4 MHz 1 MHz 250 kHz
REGISTER 18-1: SRCONO: SR LATCH CONTROL 0 REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/S-0/0 R/S-0/0
SRLEN SRCLK<2:0> SRQEN SRNQEN SRPS SRPR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared S = Bit is set only
bit 7 SRLEN: SR Latch Enable bit
1= SR Latch is enabled
0 = SR Latch is disabled
bit 6-4 SRCLK<2:0>: SR Latch Clock Divider bits
000 = Generates a 1 Fosc wide pulse every 4th Fosc cycle clock
001 = Generates a 1 Fosc wide pulse every 8th Fosc cycle clock
010 = Generates a 1 Fosc wide pulse every 16th Fosc cycle clock
011 = Generates a 1 Fosc wide pulse every 32nd Fosc cycle clock
100 = Generates a 1 Fosc wide pulse every 64th FOsc cycle clock
101 = Generates a 1 Fosc wide pulse every 128th Fosc cycle clock
110 = Generates a 1 Fosc wide pulse every 256th Fosc cycle clock
111 = Generates a 1 FOsc wide pulse every 512th Fosc cycle clock
bit 3 SRQEN: SR Latch Q Output Enable bit
If SRLEN = 1:
1= Qis present on the SRQ pin
0 = External Q output is disabled
If SRLEN = 0:
SR Latch is disabled
bit 2 SRNQEN: SR Latch Q Output Enable bit
If SRLEN = 1:
1= Qis present on the SRnQ pin
0 = External Q output is disabled
If SRLEN = o:
SR Latch is disabled
bit 1 SRPS: Pulse Set Input of the SR Latch bit™®
1 = Pulse set input for 1 Q-clock period
0 = No effect on set input.
bit 0 SRPR: Pulse Reset Input of the SR Latch bit(®)
1 = Pulse reset input for 1 Q-clock period
0 = No effect on reset input.
Note 1: Setonly, always reads back ‘0’.
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REGISTER 18-2: SRCON1: SR LATCH CONTROL 1 REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
SRSPE SRSCKE SRSC2E SRSC1E SRRPE SRRCKE SRRC2E SRRC1E
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 SRSPE: SR Latch Peripheral Set Enable bit

1 = SR Latch is set when the SRI pin is high.
0 = SRI pin has no effect on the set input of the SR Latch

bit 6 SRSCKE: SR Latch Set Clock Enable bit

1 = Set input of SR Latch is pulsed with SRCLK

0 = SRCLK has no effect on the set input of the SR Latch
bit 5 SRSC2E: SR Latch C2 Set Enable bit

1 = SR Latch is set when the C2 Comparator output is high
0 = C2 Comparator output has no effect on the set input of the SR Latch

bit 4 SRSCI1E: SR Latch C1 Set Enable bit

1 = SR Latch is set when the C1 Comparator output is high
0 = C1 Comparator output has no effect on the set input of the SR Latch

bit 3 SRRPE: SR Latch Peripheral Reset Enable bit

1 = SR Latch is reset when the SRI pin is high.

0 = SRI pin has no effect on the reset input of the SR Latch
bit 2 SRRCKE: SR Latch Reset Clock Enable bit

1 = Reset input of SR Latch is pulsed with SRCLK
0 = SRCLK has no effect on the reset input of the SR Latch

bit 1 SRRC2E: SR Latch C2 Reset Enable bit

1 = SR Latch is reset when the C2 Comparator output is high

0 = C2 Comparator output has no effect on the reset input of the SR Latch
bit 0 SRRCI1E: SR Latch C1 Reset Enable bit

1 = SR Latch is reset when the C1 Comparator output is high
0 = C1 Comparator output has no effect on the reset input of the SR Latch
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TABLE 18-2: SUMMARY OF REGISTERS ASSOCIATED WITH SR LATCH MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
ANSELA — — — | ANSA4 | ANSA3 | ANSA2 | ANSAT | ANSAO | 123

SRCONO SRLEN SRCLK2 | SRCLK1 | SRCLKO | SRQEN | SRNQEN | SRPS SRPR 159
SRCON1 SRSPE | SRSCKE | SRSC2E | SRSC1E | SRRPE | SRRCKE | SRRC2E | SRRC1E 160
TRISA TRISA7 TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAOQ 122
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the SR latch module.
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NOTES:
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19.0 COMPARATOR MODULE

Comparators are used to inter face analog circuits to a
digital circuit by comp aring tw o analog v oltages and
providing a digital indication of their relative magnitudes.
Comparators are ver y useful mixed signal buil ding
blocks becauset hey pro vide analog functionality
independento fp rogram execution. T he an alog
comparator module includes the following features:

* Independent comparator control

* Programmable input selection

» Comparator output is available internally/externally
* Programmable output polarity

« Interrupt-on-change

» Wake-up from Sleep

* Programmable Speed/Power optimization

P WM shutdown

* Programmable and fixed voltage reference

19.1 Comparator Overview

A single comparator is shown in Figure 19-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at V IN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital lo w lev el. Whe n th e an alog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

FIGURE 19-1: SINGLE COMPARATOR
VIN+ +
Output
VIN- -

---- VIN-
— VIN+

Output l l l l

Note:  The black areas of t he outputo f the
comparator rep resents th e unc ertainty
due to input offsets and response time.

© 2011 Microchip Technology Inc.
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FIGURE 19-2: COMPARATOR 1 MODULE SIMPLIFIED BLOCK DIAGRAM

CxNCH<1:0>, CXON®
2 Interrupt
3 s
det
crzino- X0 Set CxIF
cramt-pXH|1
Interrupt

MUX
[ E—
c12m2- 32 @ N\ det

CxPOL
C12IN3—|X|— 3 CYUN
CxOouT
cx® ) D Q MCxOUT P To D ata Bus
+
Q1—EN
ctine X
CxXHYS
—11
oA © OxSP To ECCP PWM Lo&
FVR Buffer2 — 2
C12IN+ gl—
CXSYNC o
OO CXOF  1Ris bit
|
CxPCH<1:0> 0 | CcxouT
2 .
b aQ 1
(from Timer1)
TICLK —> U To Timer1 or SR Latch
= SYNCCxOUT

Note 1:  When CxON = 0, the Comparator will produce a ‘0’ at the output
2: When CxON = 0, all multiplexer inputs are disconnected.
3: Output of comparator can be frozen during debugging.
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FIGURE 19-3: COMPARATOR 2 MODULE SIMPLIFIED BLOCK DIAGRAM
CxNCH<1:0> CxON®
2 Interrupt
P _/_ det
C12INO- 0 Set CxIF
C12IN1- 1
MUX Interrupt
C12IN2- 2@ 1 T\ det
CxPOL
C12IN3- 3 CxUN
CxOouT
ToData Bus
ox® D D Q@ MCxoUT
+
Q1—EN
C12IN+|X|—
CxHYS
DAC —
CxSP To ECCP PWM Lggic
FVR Buffer2 — 2
CxSYNC
Vss — CXON CXOF RIS bit
|
CxPCH<1:0> 0 | cxouTt
2 -—
—D Q 1
(from Timer1)
TICLK — > To Timer1 or SR Latch
——p» SYNCCXOUT
Note 1: When CxON = 0, the Comparator will produce a ‘0’ at the output
2: When CxON = 0, all multiplexer inputs are disconnected.
3 Output of comparator can be frozen during debugging.
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19.2 Comparator Control

Each comparator has 2 control registers: CMxCONO and
CMxCONT1.

The C MxCONO registers (see Register 19-1) c ontain
Control and Status bits for the following:

* Enable

*O utput selection

» Output polarity

» Speed/Power selection

» Hysteresis enable

* Output synchronization

The C MxCONT1 registers (see Register 19-2) c ontain
Control bits for the following:

« Interrupt enable

* Interrupt edge polarity

» Positive input channel selection

» Negative input channel selection

19.21 COMPARATOR ENABLE

Setting the CxON bit of the CMxCONO register enables
the comparator for ope ration. Clearing the CxON bt
disables the comparator resulting in minimum current
consumption.

19.2.2 COMPARATOR OUTPUT
SELECTION

The o utput o f th e c omparator can be m onitored by

reading either the CxOUT bit of the CMxCONO register

or the MCxOUT bit of the CMOUT register. In order to

make the output available for an external connection,

the following conditions must be true:

* CxOE bit of the CMxCONO register must be set

» Corresponding TRIS bit must be cleared

* CxON bit of the CMxCONO register must be set

Note 1: The CxOE bit of the CMxCONO register
overrides the PORT data latch. Setting
the CxON bit of t he CMxCONO register
has no impact on the port override.

2: The internal output of the comparator is
latched with eac hins tructioncy cle.
Unless ot herwise specified, ex ternal
outputs are not latched.

19.2.3 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to s wapping th e comparator i nputs. Th e
polarity of th e comparator output can be inverted by
setting th e C xPOL bit of the C MxCONO register.
Clearing the CxPOL bit results in a nan-inverted output.

Table 19-1 sh ows the output st ate ve rsus input
conditions, including polarity control.

TABLE 19-1: COMPARATOR OUTPUT
STATE VS. INPUT

CONDITIONS
Input Condition CxPOL CxOuUT
CxVN > CxVp 00
CxVN < CxVP 01
CxVN > CxVP 11
CxVN < CxVP 1 0

19.2.4 COMPARATOR SPEED/POWER
SELECTION

The trade-off be tween s peed or power can be opti-
mized during program execution with the CxSP control
bit. The default state for this bit is ‘1’ which selects the
normal speed mode. D evice power consumption can
be optimized at the cost of slower comparator propaga-
tion delay by clearing the CxSP bit to ‘0’.
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19.3 Comparator Hysteresis

A sel ectable a mount of s eparation v oltage can be
added to the input pins of each comparator to provide a
hysteresis function to the overall operation. Hysteresis
is enabled by setting the CxHYS bit of the CMxCONO
register.

See Section 29.0 “ Electrical S pecifications” for
more information.

19.4 Timerl Gate Operation

The output resulting from a comparator operation can
be used as a source for gate control of Timer1. See
Section 21.6 “ Timerl Gate” form ore information.
This feature is useful for timing the duration or interval
of an analog event.

It is recommended that the comparator output be syn-
chronized to Timer1. This ensures that Timer1 does not
increment while a change in the comparator is occur-
ring.

19.4.1 COMPARATOR OUTPUT
SYNCHRONIZATION

The output from either comparator, C1 or C2, can be
synchronized with Timer1 by setting the CxSYNC bit of
the CMxCONQO register.

Once enabled, the comparator output is latched on the
falling edge of the Timer1 source clock. If a prescaler is
used with Timer1, the comparator output is latched after
the prescaling function. To prevent a race condition, the
comparator output is latched on the falling edge of the
Timer1 clo ck source and Timer1 i ncrements on the
rising e dge of its clock source. See the C omparator
Block Diagrams (Figure 19-2 and Figure 19-3) and the
Timer1 Block D iagram ( Figure 21-1)f or more
information.

19.5 Comparator Interrupt

An interrupt can be generated upon a c hange in the
output value of the comparator for each comparator, a
rising edge detector and a Falling edge detector are
present.

When either edge detector is triggered and its associ-
ated enable bitis set (CxINTP and/or CxINTN bits of
the CMxCON1 re gister), the Corre sponding In terrupt
Flag bit (CxIF bit of the PIR2 register) will be set.

To enable the interrupt, you must set the following bits:

*« CxON, CxPOL and CxSP bits of the CMxCONO
register

» CxIE bit of the PIE2 register

* CxINTP bit of the CMxCONT1 register (for a rising
edge detection)

* CxINTN bit of the CMxCONT1 register (for a falling
edge detection)

* PEIE and GIE bits of the INTCON register

The associated interrupt flag bit, CxIF bit of the PIR2
register, must be cleared in software. If another edge is
detected while this flag is being cleared, the flag will still
be set at the end of the sequence.

Note: Although a c omparator i s d isabled, an
interrupt ca n be gen erated by changing
the output polarity with the CxPOL bit of
the C MxCONQO reg ister, or by s witching
the comparator on or off with the CxON bit
of the CMxCONO register.

19.6 Comparator Positive Input
Selection

Configuring th e C xPCH<1:0> bits of the C MxCON1
register d irects an in ternal v oltage refe rence or an
analog pin to the non-inverting input of the comparator:
* C1IN+ or C2IN+ analog pin

‘D AC

* FVR (Fixed Voltage Reference)

*V ss (Ground)

See Section 14.0 “Fixed Voltage Reference (FVR)”

for more information on the Fixed Voltage Reference
module.

See Section 17.0 “Digi tal-to-Analog Conv erter
(DAC) Module” for more information on the DAC input
signal.

Any time the comparator is disabled (CxON = 0), all
comparator inputs are disabled.

© 2011 Microchip Technology Inc.
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19.7 Comparator Negative Input
Selection

The CxNCH<1:0> bits of the CMxCONO register direct
one of fo ur a nalog pins to the comparator i nverting
input.

Note:  To use CxIN+ and CxINx- pins as analog
input, the appropriate bits must be setin
the AN SEL register and the correspond-
ing TRIS bits must also be set to disable
the output drivers.

19.8 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The regponse time of the comparator
differs from the settli ng time of the vo Itage reference.
Therefore, bothof these tines must be conddered when
determining the tot al r esponse time to a ¢ omparator
input change. See the Comparator and Voltage Refer-
ence Specificationsin Section 29.0 “Electrical Specifi-
cations” for more details.

19.9 Interaction with ECCP Logic

The C1 and C2 comparators can be used as general
purpose co mparators. Th eir ou tputs can be br ought
out to the C10OUT and C20UT pins. When the ECCP
Auto-Shutdown i s a ctiveitc anus e o neo rbo th
comparator signals. If auto-restart is also enabled, the
comparators ca n be ¢ onfigured as aclo sedloo p
analog feedback to the EC CP, th ereby, creatingan
analog controlled PWM.

19.10 Analog Input Connection
Considerations

A simplified circuit for an a nalog input is s hownin
Figure 19-4. Sin ce the analog in put pins share the ir
connection w ith a di gital in put, they hav e rev erse
biased E SD protection diodes to V bband Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is for-
ward biased and a latch-up may occur.

A maximumsource impedance of 10 R isrecommended
for the ana log sources. Also, any exter nal component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very litle leakage current to
minimize inaccur&ies introduced.

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analoglevelson any pindefinedasa
digital input, may cause the input buffer to
consume more current than is specified.

Note:  When the co mparator m oduleis fi rst
initialized th e ou tput st ate i s un known.
Upon initialization, the user should verify
the output state of the comparator prior to
relying on the result, primarily when using
theres ultin co nnectionw itho ther
peripheral fea tures, such as the EC CP
Auto-Shutdown mode.

DS41391D-page 168

© 2011 Microchip Technology Inc.



PIC16(L)F1826/27

FIGURE 19-4: ANALOG INPUT MODEL
VDD
______________ Analog
Input
Rs < 10K pin VT~ 0.6V RIC
* * AV To Comparator

@ : CPIN l ILEAKAGE®

______________ — Vss

Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

Note 1: See Section 29.0 “Electrical Specifications”
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REGISTER 19-1: CMxCONO: COMPARATOR Cx CONTROL REGISTER 0

R/W-0/0 R-0/0 R/W-0/0 R/W-0/0 u-0 R/W-1/1 R/W-0/0 R/W-0/0
CxON CxOUuT CxOE CxPOL — CxSP CxHYS CxSYNC

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 CxON: Comparator Enable bit

1 = Comparator is enabled and consumes no active power
0 = Comparator is disabled
bit 6 CxOUT: Comparator Output bit
If CxPOL = 1 (inverted polarity):
1 = CxVP < CxVN
0 = CxVP > CxVN
If CxPOL = 0 (non-inverted polarity):
1= CxVP > CxVN
0 = CxVP < CxVN
bit 5 CxOE: Comparator Output Enable bit
1 = CxOUT is present on the CxOUT pin. Requires that the associated TRIS bit be cleared to actually
drive the pin. Not affected by CxON.
0 = CxOUT is internal only
bit 4 CxPOL: Comparator Output Polarity Select bit

1 = Comparator output is inverted
0 = Comparator output is not inverted

bit 3 Unimplemented: Read as ‘0’
bit 2 CxSP: Comparator Speed/Power Select bit
1 = Comparator operates in normal power, higher speed mode
0 = Comparator operates in low-power, low-speed mode
bit 1 CxHYS: Comparator Hysteresis Enable bit
1 = Comparator hysteresis enabled
0 = Comparator hysteresis disabled
bit 0 CxSYNC: Comparator Output Synchronous Mode bit

1 = Comparator output to Timer1 and 1/O pin is synchronous to c hanges on Timer1 clock source.
Output updated on the falling edge of Timer1 clock source.
0 = Comparator output to Timer1 and I/O pin is asynchronous.
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REGISTER 19-2: CMxCON1: COMPARATOR Cx CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 uU-0 R/W-0/0 R/W-0/0
CxINTP CxINTN CxPCH<1:0> — — CxNCH<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 CxINTP: Comparator Interrupt on Positive Going Edge Enable bits

1 = The CxIF interrupt flag will be set upon a positive going edge of the CxOUT bit
0 = No interrupt flag will be set on a positive going edge of the CxOUT bit
bit 6 CxINTN: Comparator Interrupt on Negative Going Edge Enable bits
1 = The CxIF interrupt flag will be set upon a negative going edge of the CxOUT bit
0 = No interrupt flag will be set on a negative going edge of the CxOUT bit
bit 5-4 CxPCH<1:0>: Comparator Positive Input Channel Select bits
00 = CxVP connects to CxIN+ pin
01 = CxVP connects to DAC Voltage Reference
10 = CxVP connects to FVR Voltage Reference
Eor C1:
11 = CxVP connects to C12IN+ pin
For C2:
11 = CxVP connects to Vss
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 CxNCH<1:0>: Comparator Negative Input Channel Select bits
00 = CxVN connects to C12INO- pin
01 = CxVN connects to C12IN1- pin
10 = CxVN connects to C12IN2- pin
11 = CxVN connects to C12IN3- pin

REGISTER 19-3: CMOUT: COMPARATOR OUTPUT REGISTER

uU-0 u-0 u-0 u-0 uU-0 u-0 R-0/0 R-0/0

_ - — — — — MC20UT MC10UT
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 MC20UT: Mirror Copy of C20UT bit
bit 0 MC1OUT: Mirror Copy of C10OUT bit
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TABLE 19-2: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARATOR MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgp'ztgeé

ANSELA — — — ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 123
CMxCONO CxON CxOUT CxOE CxPOL — CxSP CxHYS CxSYNC 170
CMxCON1 CxNTP CxINTN CxPCH1 CxPCHO — — CxNCH1 | CxNCHO 171
CMOUT — — — — — — MC20UT | MC10UT 171
DACCONO DACEN DACLPS DACOE — DACPSS1 | DACPSS0 — DACNSS 156
DACCON1 — — — DACR4 DACR3 DACR2 DACR1 DACRO 156
FVRCON FVREN FVRRDY | Reserved | Reserved | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO 136
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 86
LATA LATA7 LATA6 — LATA4 LATA3 LATA2 LATA1 LATAO 122
PIE2 OSFIE C2IE C1IE EEIE BCL1IE = — ccP2iE® 88
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — ccP2IF® 92
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 122
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 122
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the comparator module.

Note 1: PIC16(L)F1827 only.
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20.0 TIMERO MODULE

The Timer0 module is an 8-bit timer/counter with the
following features:

 8-bit timer/counter register (TMRO)

» 8-bit prescaler (independent of Watchdog Timer)

* Programmable internal or external clock source

» Programmable external clock edge selection

* Interrupt on overflow

* TMRO can be used to gate Timer1

Figure 20-1 is a block diagram of the Timer0 module.

20.1

The TimerO module can be used as either an 8-bit timer
or an 8-bit counter.

Timer0 Operation

20.1.1 8-BIT TIMER MODE

The T imer0 mo dule will inc rement every instruction
cycle, if used without a prescaler. 8-Bit Timer mode is
selected byc learingth e TMROCSbi to fth e
OPTION_REG register.

When TMRO is written, the increment is inhibited for
two instruction cycles immediately following the write.

20.1.2 8-BIT COUNTER MODE

In 8-Bit Counter mode, the Timer0 module will incement
on every rising or falling edge of the TOCKI pin or the
Capacitive Sensing Osdillator (CPSCLK) signal.

8-Bit Counter mode using the TOCKI pin is selected by
setting the TMROCS bit in the OPTION_REG register to
‘1’ and reseting the TOXCS bit inthe CPSCONQO register
to ‘0.

8-Bit C ounter mode using the C apacitive S ensing
Oscillator (CPSCLK) signal is selected by setting the
TMROCS bit in the OPTION_REG register to ‘1’ and
setting the TOXCS bit in the CPSCONO registerto ‘1’.

The rising or falling transition of the incrementing edge
for either input source is determined by the TMROSE bit
in the OPTION_REG register.

—n

PS<2:0>

Note:  The v alue written to th e TM RO re gister
can be adjusted, in order to ac count for
the tw o in struction cy cle del ay when
TMRO is written.
FIGURE 20-1: BLOCK DIAGRAM OF THE TIMERO
Fosc/4
Data Bus
0
8
TOCKI 1  J
Sync _
DF—— 0 1 ooy ™| TMRO
0
From CPSCLK
—— 1 ITMROSE - Set Flag bit TMROIF
TMROCS - 8-bit on Overflow
Prescaler PSA
TOXCS

Overflow to Timer1
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FIGURE 20-2: BLOCK DIAGRAM OF THE TIMERO
Fosc/4
Data Bus
0 8
TOCKI 1 Y
Sync o
L 2 Tcy o TMRO
0
TMROSE TMROCS o 8 bit Set ELa%\ll)gr;ll'gﬂwROIF
" | Prescaler PSA

Overflow to Timer1

is—

PS<2:0>
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20.1.3 SOFTWARE PROGRAMMABLE
PRESCALER

A so ftware pr ogrammable pr escaler is av ailable f or
exclusive use with Timer0. The prescaler is enabled by
clearing the PSA bit of the OPTION_REG register.

Note:  The Watchdog Timer (WDT) uses its own
independent prescaler.

There are 8 prescaler options for the T imer0 module
ranging from 1:2 to 1:256. T he prescale values are
selectable via the PS<2:0> bits of the OPTION_REG
register. In order to have a 1:1 prescaler value for the
Timer0 module, the prescaler must be disabled by set-
ting the PSA bit of the OPTION_REG register.

The prescaler is not readable or writable. All instructions
writing to the TMRO register will clear the prescaler.

20.1.4 TIMERO INTERRUPT

TimerO w ill generate an interrupt when the TM RO
register overflows f romF Fht o0 Oh. T he T MROIF
interrupt flag bit of the INTCO N register is set every
timet he TM RO r egister overflows, regardless of
whether or not the TimerO interruptis enabled. The
TMROIF bit can only be cleared in software. The Timer0
interrupt enable is th e TM ROIE b it of th e IN TCON
register.

Note:  The T imerQ i nterrupt ca nnot w ake the
processor from Slee p since the timer is
frozen during Sleep.

20.1.5 8-BIT COUNTER MODE
SYNCHRONIZATION

When in 8-Bit Counter mode, the incrementing edge on
the TOCKI pin must be synchronized to the instruction
clock. S ynchronization ca nbe a ccomplished by
sampling the prescaler output on the Q2 and Q4 cycles
of the instruction clock. The high and low periods of the
external clocking source mu stme etthe timing
requirements as s hown in Section 29.0 “Ele ctrical
Specifications”.

20.1.6 OPERATION DURING SLEEP

TimerQ cannot operate while the processor is in Sleep
mode. The contents of the TM RO register will remain
unchanged while the processor is in Sleep mode.

© 2011 Microchip Technology Inc.
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20.2 Option and Timer0 Control Register

REGISTER 20-1: OPTION_REG: OPTION REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUEN INTEDG TMROCS TMROSE PSA PS<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 WPUEN: Weak Pull-up Enable bit
1 = All weak pull-ups are disabled (except MCLR, if it is enabled)
0 = Weak pull-ups are enabled by individual WPUXx latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin
bit 5 TMROCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TMROSE: Timer0O Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is not assigned to the Timer0 module
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value  TimerO Rate
000 1:2
001 1:4
010 1:8
011 1:16
100 1:32
101 1:64
110 1:128
111 1:256
TABLE 20-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO
Name Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bitl1 | Bito | edister
on Page
CPSCONO CPSON — — — CPSRNG1|CPSRNGO | CPSOUT | TOXCS 318
INTCON GIE PEIE | TMROIE INTE IOCIE TMROIF INTF IOCIF 86
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE PSA PS2 PS1 PSO 177
TMRO Timer0 Module Register 173
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | 122
Legend: — = Unimplemented locations, read as ‘0’. Shaded cells are not used by the Timer0 module.

*

Page provides register information.
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21.0 TIMER1 MODULE WITH GATE + Gate Toggle mode
CONTROL + Gate Single-pulse mode

« Gate Value Status

The Timer1 module is a 16-bit timer/counter with the
» Gate Event Interrupt

following features:

» 16-bit timer/counter register pair (TMR1H:TMR1L)
* Programmable internal or external clock source

« 2-bit prescaler

» Dedicated 32 kHz oscillator circuit

» Optionally synchronized comparator out

» Multiple Timer1 gate (count enable) sources

* Interrupt on overflow

* Wake-up on overflow (external clock,
Asynchronous mode only)

» Time base for the Capture/Compare function
» Special Event Trigger (with CCP/ECCP)
» Selectable Gate Source Polarity

Figure 21-1 is a block diagram of the Timer1 module.

FIGURE 21-1: TIMER1 BLOCK DIAGRAM
T1GSS<1:0>
TG 00 T1GSPM
From Timer0 ____ |1
Overflow I T1G_IN T1GVAL 5 Data Bus
Comparator 1 10 Single Pulse RD
SYNCC10UT | Acq. Control Q1— EN T1GCON
Comparator 2 —— 11 _
SYNCC20UT T1GGO/DONE Interrupt | Set
TMR1ON "N\ det TMR1GIF
T1GPOL T1GTM
TMR1GE
Set flag bit
TMR1IF on » To Comparator Module
Overflow TMR1@
L EN o Synchronized
TMR1H TMRAL T1CLK clock input
—Q D
1|
TMR1CS<1:0> N S
T1SYNC
T10S0 Xb— ouT —
Cap. Sensing P
T10SC n Oscillator | [ Prescaler Synchronize®
1,2,4,8 f
il ] y det
11081 [X— EN 10
0 2
Fosc T1CKPS<1:0>
Internal — 01
Clock Fosc/2 .
T10SCEN Internal Sleep input
Fosc/4 Clock
o Internal — 00 o¢
Clock
T1CKI & '|>

» To Clock Switching Modules

Note 1: ST Buffer is high speed type when using T1CKI.
2: Timer1 register increments on rising edge.
3:  Synchronize does not operate while in Sleep.
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21.1 Timerl Operation

The Timer1 module is a 16- bit in crementing co unter
which is accessed through the TMR1H: TMR1L register
pair. Writes to TMR1H or TMR1L directly update the
counter.

When used with an internal clock source, the module is
a timer and increments on eve ry i nstruction cy cle.
When used with an external clock source, the module
can be used as either atimer or c ounter and incre-
ments on every selected edge of the external source.

Timer1 is en abled by con figuring the TM R10N and
TMR1GE bits in the TICON and T1GCON registers,
respectively. Table 21-1 di splays t he T imer1 en able
selections.

TABLE 21-1: TIMER1 ENABLE

SELECTIONS
TMR1ON TMR1GE O;L”:aetrii i
00 off
01 Off
10 Always On
11 Count Enabled

TABLE 21-2: CLOCK SOURCE SELECTIONS

21.2 Clock Source Selection

The TMR1CS<1:0> and T1OSCEN bits of the T1CON
register are used to select the clock source for Timer1.
Table 21-2 displays the clock source selections.

21.21 INTERNAL CLOCK SOURCE

Whenthe internal clockso urcei ss elected the
TMR1H:TMR1L register pair will increment on multiples
of Fosc as determined by the Timer1 prescaler.

When the Fosc internal clock source is selected, the
Timer1 register vaue will incrementby four ounts every
instruction clock cycle. Due to this condition, a 2 LSB
error in resolution will occur when reading the Timer1
value. T o utiliz e the full resol ution of T imer1, an

asynchronous input signal must be used to gate the
Timer1 clock input.

The following asynchronous sources may be used:

» Asynchronous event on the T1G pin to Timer1
gate
* C1 or C2 comparator input to Timer1 gate

21.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a courter.

When enabled to count, Timer1 is incremented on the
rising edge of the external clock input T1C Kl or the
capacitive sen sing o scillator signa I. Either of  these
external cloc k s ources can be synchronized to the
microcontroller s ystem clock orthey canrun
asynchronously.

Whenuse das at imerw ithac lock osc illator, a n
external 32.768 kHz crystal can be used in conjunction
with the dedicated internal oscillator circuit.

Note:  In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:

* Timer1 enabled after POR
* Write to TMR1H or TMR1L
» Timer1 is disabled

« Timer1 is disabled (TMR10ON = 0)
when T1CKl is high then Timer1 is
enabled (TMR10ON=1) when T1CKl is
low.

TMR1CS1 TMR1CSO T10SCEN Clock Source
0 0 Instruction Clock (Fosc/4)
01 X System Clock (Fosc)
10 0 External Clocking on T1CKI Pin
10 0 External Clocking on T1CKI Pin
11 X Capacitive Sensing Oscillator
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21.3 Timerl Prescaler

Timer1 has four pres caler options allowing 1, 2,4 or 8
divisions of the clock input. The T1C KPS bits of the
T1CON register control the  prescale coun ter. The
prescale ¢ ounter is not direc tly readab le or w ritable;
however, the prescaler counter is ckared upon a write to
TMR1H or TMR1L.

21.4 Timerl Oscillator

A dedicated low-power 32.768 kHz oscillator circuit is
built-in be tween p ins T 10SI (i nput) and T1 OSO
(amplifier output). This internal circuit is to be used in
conjunction with an external 32.768 kHz crystal.

The oscillator cir cuitis ena bledb ys ettingth e
T10SCEN bit of the T1CON register. The oscillator will
continue to run during Sleep.

Note:  The o scillator r equires a s tart-up and
stabilizationt ime b eforeus e. T hus,
T10SCEN should be se t and a sui table
delay ob served prior to using Timer1. A
suitable del ay similar to the O ST delay
can bei mplementedins oftware by
clearing the TMR1IF bit t hen p resetting
the TM R1H:TMR1Lregi sterp airto
FCOOh. The TMR1IF flag will be set when
1024 clock cycles have elapsed, thereby
indicating that the oscillator is running and

reasonably stable.

21.5 Timerl Operation in
Asynchronous Counter Mode

If control bit TISYNC of the T1CON register is set, the
external clock input is not synchronized. The timer
increments asynchronously t othe internal phase
clocks. If the extemal clock source is selected then the
timer w ill ¢ ontinue to run dur ing Sleep and can
generate an interrupt on overflow, which will wake-up
the processor . H owever, special precautions in
software are nee ded to read/ write the timer (see
Section 21.5.1 “Reading and W riting Timerl in
Asynchronous Counter Mode”).

21.5.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in h ardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself, p oses certain problems, since the
timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the tim erand write the desired values. A write
contention may occur by writing to the timer registers,
while the register is incrementing. This may produce an
unpredictable value in the TMR1H:TMR1L register pair.

21.6 Timerl Gate

Timer1 can be configured to count freely or the count
canb e e nabled and di sabled us ing T imer1 ga te
circuitry. This is also referred to as Timer1 gate enable.

Timer1 gate can also be driven by multiple selectable
sources.

21.6.1 TIMER1 GATE ENABLE

The Timer1 Gate Enable mode is enabled by setting
the TMR1GE bit of the T1GCON register. The polarity
of the Timer1 Gate Enable mode is configured using
the T1GPOL bit of the TIGCON register.

When Timer1 Gate Enable mode is enabled, Timer1
will increment on the rising edge of the Timer1 clock
source. When Timer1 Gate Enable mode is disabled,
no in crementing will oc cur and Timer1 will hold the
current count. See Figure 21-3 for timing details.

TABLE 21-3: TIMER1 GATE ENABLE

SELECTIONS
T1CLK | TIGPOL T1G Timerl Operation
T 0 0 Counts
0 0 1 Holds Count
0 10 Holds Count
0 11 Counts

Note:  When sw itching from sy nchronous to
asynchronous operation, it is possible to
skip an increment. W hen switching from
asynchronous to s ynchronous operation,
iti s p ossible to pr oduce an ad ditional

increment.
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21.6.2 TIMER1 GATE SOURCE
SELECTION

The Timer1 gate source can be selected from one of
four different sources. Source selection is controlled by
the T1GSS bits of the T1GCON register. The polarity
for each available source is also selectable. P olarity
selection i s co ntrolled byt he T 1GPOL bi to ft he
T1GCON register.

TABLE 21-4. TIMER1 GATE SOURCES
T1GSS Timerl Gate Source

00 Timer1 Gate Pin
01 Overflow of Timer0
(TMRO increments from FFh to 00h)

10 Comparator 1 Output SYNCC10UT
(optionally Timer1 synchronized output)

11 Comparator 2 Output SYNCC20UT
(optionally Timer1 synchronized output)

21.6.2.1 T1G Pin Gate Operation

The T1G pin is one source for Timer1 gate control. It
can be used to supply an external source to the Timer1
gate circuitry.

21.6.2.2

When T imerOi ncrements fro mFF hto 00h ,a
low-to-high pulse will automatically be g enerated and
internally supplied to the Timer1 gate circuitry.

Timer0 Overflow Gate Operation

21.6.2.3

The output resulting from a Comparator 1 operation can
be selected as a source for Timer1 gate c ontrol. The
Comparator 1 output (S YNCC10UT) ¢ anbe
synchronized to the Timer1 clock or left asynchronous.
For more information see Section 19.4.1 “Comparator
Output Synchronization”.

Comparator C1 Gate Operation

21.6.24

The output resulting from a C omparator 2 operation
can be selected as a source for T imer1 gate control.
The Co mparator 2 o utput (SYNCC20UT)canb e
synchronized to the Timer1 clock or left asynchronous.
For more information see Section 19.4.1 “Comparator
Output Synchronization”.

Comparator C2 Gate Operation

21.6.3 TIMER1 GATE TOGGLE MODE

When Timer1 Gate Toggle mode is enabled, it is possi-
ble to measure the full-cycle length of a Timer1 gate
signal, as op posed to the duration of a s ingle le vel
pulse.

The Timer1 gate source is routed through a flip-flop that
changes s tate o n ev ery i ncrementingedg eo fth e
signal. See Figure 21-4 for timing details.

Timer1 Gate Toggle mode is enabled by setting the
T1GTM bit of the TIGCON register. When the T1IGTM
bit is cleared, the flip-flop is cleared and held clear. This
isne cessaryino rdertoc ontrolw hichedg ei s
measured.

Note:  Enabling Toggle mode at th e same time
as changing the gate polarity may resultin

indeterminate operation.

2164 TIMER1 GATE SINGLE-PULSE
MODE

When Timer1 Gate Single-Pulse mode is enabled, it is
possible to capture a s ingle pulse gate event. Timer1
Gate Single-Pulse mode is first enabled by setting the
T1GSPMbi tin th e T1 GCON reg ister. Ne xt, th e
T1GGO/DONE bit in the T1IGCON register must be set.
The Timer1 will be fully enabled on the next incrementing
edge. On t he nextt railinge dge oft he pulse,t he
T1GGO/DONE bit will automatically be cleared. No other
gate events will be allowed to increment Timer1 until the
T1GGO/DONE bitis once again setin software. See
Figure 21-5 for timing details.

If the Single Pulse Gate mode isdisabled by clearing the
T1GSPM bit in the T1GCON register, the T1GGO/DONE
bit should also be cleared.

Enabling the Toggle mode and the Single-Pulse mode
simultaneously w ill p ermitb oth s ectionst ow ork
together. This allows the cycle times onthe Timer1 gate
source to be m easured. Se e Figure 21-6 for tim ing
details.

21.6.5 TIMER1 GATE VALUE STATUS

When Timer1 Gate Value Status is utilized, it is possible
to read the most current level of the gate control value.
The value is stored in the T1GVAL bit in the TIGCON
register. The T1IGVAL bit is valid even when the Timer1
gate is not enabled (TMR1GE bit is cleared).

21.6.6 TIMER1 GATE EVENT INTERRUPT

When Timer1 Gate Event Interrupt is enabled, it is pos-
sible to generate an interrupt upon the completion of a
gate event. When the falling edge of T1GVAL occurs,
the TMR1GIF flag bit in the PIR1 register will be set. If
the TMR1GIE bitin the PIE1 register is set, then an
interrupt will be recognized.

The TMR1GIF flag bit operates even when the Timer1
gate is not enabled (TMR1GE bit is cleared).
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21.7 Timerl Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timer1 rolls
over, the Timer1 interrupt flag bit of the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

*« TMR1ON bit of the T1ICON register

* TMR1IE bit of the PIE1 register

* PEIE bit of the INTCON register

» GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bitin
the Interrupt Service Routine.

Note:  The TMR1H:TMRI1L register pair and the
TMR1IF bit sho uld be cleared be fore
enabling interrupts.

21.8 Timerl Operation During Sleep

Timer1 can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or c lock source can be used to in crement the
counter. To set up the timer to wake the device:

* TMR1ON bit of the T1CON register must be set

* TMR1IE bit of the PIE1 register must be set

* PEIE bit of the INTCON register must be set

* T1SYNC bit of the T1CON register must be set

* TMR1CS bits of the T1CON register must be
configured

» T10SCEN bit of the T1CON register must be
configured

The device will wake-up on an ov erflow and execute

the nextinstructions. If the G IE bit of the INT CON

register is set, the device will call the Interrupt Service

Routine.

Timer1 os cillator w ill ¢ ontinue to ope rate in Slee p
regardless of the T1ISYNC bit setting.

FIGURE 21-2:

TIMER1 INCREMENTING EDGE

21.9 ECCP/CCP Capture/Compare Time
Base

The C CP modules use the TMR1H:TMR1L register
pair as the time base when o perating in Capture or
Compare mode.

In C apture m ode, t he v alue inthe T MR1H:TMR1L
register p airis copied intothe CCPR1H:CCPR1L
register pair on a configured event.

In Compare mode, an event is triggered when the value
CCPR1H:CCPR1L register pair matches the value in
the TMR1H:TMR1L register pair. This event can be a
Special Event Trigger.

Form orei nformation,s ee Section 24.0

“Capture/Compare/PWM Modules”.

21.10 ECCP/CCP Special Event Trigger

When any of the CCP’s are configured to trigger a spe-
cial event, the trigger will clear the TMR1H: TMR1L reg-
ister pair. This special event does not cause a Timer1
interrupt. The CCP module may still be configured to
generate a CCP interrupt.

In th is mode of operation, th e C CPR1H:CCPR1L
register pair becomes the period register for Timer1.

Timer1 should be synchronized and Fosc/4 should be
selected as the clock source in order to utilize the Spe-
cial Event Trigger. Asynchronous operation of Timer1
can cause a Special Event Trigger to be missed.

In the event that a write to TMR1H or TMR1L coincides
with a Special Event Trigger from the CCP, the write will
take precedence.

For m ore i nformation, see Section 16.2.5 " Special
Event Trigger”.

T1CKI =1
when TMR1

Enabled *

T1CKI= 0

when TMR1
Enabled *

Note 1: Arrows indicate counter increments.

2: In Counter mode, a falling edge must be registered by the counter prior fo the first incrementing rising edge of the clock.
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FIGURE 21-3: TIMER1 GATE ENABLE MODE
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FIGURE 21-4: TIMER1 GATE TOGGLE MODE
TMR1GE
T1GPOL
TIGTM

T1CKI I ' l !

T1GVAL | I Z C ] | : : .
Timer1 N N+ XN+ 2XN+3X N+4 XN+ 5N+ eXN+7X N+8
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FIGURE 21-5: TIMER1 GATE SINGLE-PULSE MODE

TMR1GE
T1GPOL

T1GSPM
T1GGO/ |<— Set by software

DONE

Cleared by hardware on
‘ falling edge of TIGVAL

Counting enabled on
rising edge of T1G

TIGIN [ \Al—‘ 1
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Timer1 N ><N+1>< N+2

Cleared by

TMR1G||:—\<— Cleared by software ‘4— Set by hardware on i‘: software

falling edge of TIGVAL
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FIGURE 21-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE
TMR1GE
T1GPOL
T1GSPM
TIGTM
Cleared by hardware on
T1GGO/ [«— set by software |+ falling edge of TIGVAL

DONE Counting enabled on

rising edge of T1G

moe L LT LU L L LT

T1GVAL | |

Timer1 N N+1><N+2>< N+3><N+4E

Set by hardware on Cleared by
TMRIGIF [« Cleared by software falling edge of TIGVAL —  [¢— software
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21.11 Timerl Control Register

The Timer1 Con trol re gister (T 1CON), s howni n
Register 21-1, is used to control Timer1 and select the
various features of the Timer1 module.

REGISTER 21-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u U-0 R/W-0/u

TMR1CS<1:0> T1CKPS<1:0> T10SCEN T1SYNC — TMR10ON

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 TMR1CS<1:0>: Timer1 Clock Source Select bits

11 =Timer1 clock source is Capacitive Sensing Oscillator (CAPOSC)
10 =Timer1 clock source is pin or oscillator:
If TIOSCEN = 0:
External clock from T1CKI pin (on the rising edge)
If TIOSCEN = 1:
Crystal oscillator on T10SI/T10SO0 pins
01 =Timer1 clock source is system clock (FOsC)
00 =Timer1 clock source is instruction clock (Fosc/4)

bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T1OSCEN: LP Oscillator Enable Control bit
1 = Dedicated Timer1 oscillator circuit enabled
0 = Dedicated Timer1 oscillator circuit disabled
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit
TMR1CS<1:0> = 1X:
1 = Do not synchronize external clock input
0 = Synchronize external clock input with system clock (FOsc)

TMR1CS<1:0> = 0X:
This bit is ignored.

bit 1 Unimplemented: Read as ‘0’
bit 0 TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1
Clears Timer1 gate flip-flop
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21.12 Timerl Gate Control Register

The Timer1 Gate Control register (T1GCON), shown in
Register 21-2, is used to control Timer1 gate.

REGISTER 21-2: T1GCON: TIMER1 GATE CONTROL REGISTER

R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W/HC-0/u R-x/x R/W-0/u R/W-0/u
TMR1GE T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS<1:0>
DONE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HC = Bit is cleared by hardware
bit 7 TMR1GE: Timer1 Gate Enable bit
If TMR1ON = O:
This bit is ignored
If TMR1ON = 1:
1 = Timer1 counting is controlled by the Timer1 gate function
0 = Timer1 counts regardless of Timer1 gate function
bit 6 T1GPOL: Timer1 Gate Polarity bit
1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)
bit 5 T1GTM: Timer1 Gate Toggle Mode bit
1 = Timer1 Gate Toggle mode is enabled
0 = Timer1 Gate Toggle mode is disabled and toggle flip-flop is cleared
Timer1 gate flip-flop toggles on every rising edge.
bit 4 T1GSPM: Timer1 Gate Single-Pulse Mode bit
1 = Timer1 gate Single-Pulse mode is enabled and is controlling Timer1 gate
0 = Timer1 gate Single-Pulse mode is disabled
bit 3 T1GGO/DONE: Timer1 Gate Single-Pulse Acquisition Status bit
1 = Timer1 gate single-pulse acquisition is ready, waiting for an edge
0 = Timer1 gate single-pulse acquisition has completed or has not been started
bit 2 T1GVAL: Timer1 Gate Current State bit
Indicates the current state of the Timer1 gate that could be provided to TMR1H: TMR1L.
Unaffected by Timer1 Gate Enable (TMR1GE).
bit 1-0 T1GSS<1:0>: Timer1 Gate Source Select bits

00 = Timer1 gate pin
01 = Timer0 overflow output

10 = Comparator 1 optionally synchronized output (SYNCC10UT)
11 = Comparator 2 optionally synchronized output (SYNCC20UT)
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TABLE 21-5: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgg‘f;;e;
ANSELB ANSB7 ANSB6 ANSB5 | ANSB4 ANSB3 ANSB2 | ANSB1 = 128
CCP1CON PxM1 PxMO0 DCxB1 DCxBO | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO 226
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE | CCP1IE | TMR2IE | TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF | CCP1IF | TMR2IF | TMR1IF 91
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 127
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 177*
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 177
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 127
TICON  |TMR1CS1|TMR1CS0 | T1CKPS1|T1CKPSO|T10SCEN| TISYNC| — |TMRI1ON| 185
T1GCON | TMR1GE | T1IGPOL | T1IGTM | T1IGSPM | T1GGO/ | T1IGVAL | T1GSS1 | T1GSS0 186
DONE
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer1 module.

* Page provides register information.
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NOTES:
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22.0 TIMER2/4/6 MODULES

There are up to three identical Timer2-type mo dules
available. To maintain pre-existing naming conventions,
the Timers are called Timer2, Timer4 and Timer6 (also
Timer2/4/6).

Note: The ‘ X’ variable usedin this se ction is
used to de signate Timer2, Timer4, or
Timer6. For example, TXCON references
T2CON, T4CON, or T6 CON. PRx refer-
ences PR2, PR4, or PR6.

The T imer2/4/6 m odules in corporate the foll owing
features:

+ 8-bit Timer and Period registers (TMRx and PRXx,
respectively)
» Readable and writable (both registers)

» Software programmable prescaler (1:1, 1:4, 1:16,
and 1:64)

» Software programmable postscaler (1:1 to 1:16)
« Interrupt on TMRx match with PRXx, respectively

» Optional use as the shift clock for the MSSPx
modules (Timer2 only)

See Figure 22-1 for a block diagram of Timer2/4/6.

FIGURE 22-1: TIMER2/4/6 BLOCK DIAGRAM

Prescaler Reset

1:1, 1:4, 1:16, 1:64

e

TxCKPS<1:0>

Fosc/4 ———» TMRx Output

. Postscaler
EQ | 1:1to1:16

b

TxOUTPS<3:0>

————» Sets Flag bit TMRxIF
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22.1 Timer2/4/6 Operation

The ¢ lock in put toth e T imer2/4/6 m odulesi s th e
system instruction clock (Fosc/4).

TMRx increments from 00h on each clock edge.

A 4-bit counter/prescaler on the clodk input alows direct
input, divid e-by-4 and divide-by-16 pres cale o ptions.
These options are selected by theprescaler control bis,
TxCKPS<1:0> of the Tx CON register. The v alue of
TMRXx is compared to that of thePeriod register, PRx, on
each cloc k cy cle. When the t wo v alues m atch, the
comparator generates a match  signal as the timer
output. This signal also resets the value of TMRx to 00h
on the nex t cycle and drives the output
counter/postscaler (see  Section 22.2 “T imer2/4/6
Interrupt”).

The TMRx and PRx registers are both directly readable
and w ritable. The TMRx register is cle ared on an y
device Reset, whereas the PR x regi ster initializes to
FFh. Both the pr escaler and postscaler counters are
cleared on the following events:

« awrite to the TMRX register

» a write to the TxCON register
* Power-on Reset (POR)

» Brown-out Reset (BOR)

‘M CLR Reset

» Watchdog Timer (WDT) Reset
» Stack Overflow Reset

» Stack Underflow Reset

* RESET Instruction

Note: TMRxis not cle ared w hen TxC ON is
written.

22.2 Timer2/4/6 Interrupt

Timer2/4/6 can als o generate anop  tional dev ice
interrupt. The Timer2/4/6 output signal ( TMRx-to-PRx
match) provides the inputf orthe 4-bit
counter/postscaler. This counter generates the TMR x
match interrupt flag which is latched in TMR xIF of the
PIRx register. The in terrupt is enabled by setting the
TMRx Match Interrupt Enable bit, TMRXIE of the PIEx
register.

A range of 16 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, TXOUTPS<3:0>, of the TXCON register.

22.3 Timer2/4/6 Output

The unscaled output of TMRX is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode.

Timer2 can be optionally used as the shift clock source
for the M SSPx modules op eratingin SPI m ode.
Additional i nformation i s p rovided i n Section 25.1
“Master SSPx (M SSPx) M odule O verview”
Timer2/4/6 Operation During Sleep

The Timer2/4/6 timers cannot be op erated while the
processor is in Sleep mode. The contents of the TMRx
and PR x reg isters w ill remain un changed w hile the
processor is in Sleep mode.
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22.4 Timer2 Control Register

REGISTER 22-1: TXCON: TIMER2/TIMER4/TIMER6 CONTROL REGISTER

u-0 R/W-0/0

R/W-0/0 R/W-0/0

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0

TxOUTPS<3:0>

TMRxON TxCKPS<1:0>

bit 7

bit 0

Legend:
R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TxOUTPS<3:0>: Timerx Output Postscaler Select bits

bit 2

bit 1-0

0000 = 1:1 Postscaler
0001 = 1:2 Postscaler
0010 = 1:3 Postscaler
0011 = 1:4 Postscaler
0100 = 1:5 Postscaler
0101 = 1:6 Postscaler
0110 =1:7 Postscaler
0111 = 1:8 Postscaler
1000 = 1:9 Postscaler
1001 = 1:10 Postscaler
1010 = 1:11 Postscaler
1011 = 1:12 Postscaler
1100 = 1:13 Postscaler
1101 = 1:14 Postscaler
1110 = 1:15 Postscaler
1111 = 1:16 Postscaler

TMRXON: Timerx On bit

imerx s o
imerx § &

1
0

TxCKPS<1:0>: Timer2-type Clock Prescale Select bits

00 =Rescaler 51
01 =PRescaler 54
10 =Prescaler is 16
11 =Prescaler is 64

© 2011 Microchip Technology Inc.
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TABLE 22-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2/4/6

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esggzt;
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF 91
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMRI1IE 92
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 96
PIE3D — — CCP4IE CCP3IE TMRGIE — TMRA4IE — 94
PIR3® — — CCP4IF CCP3IF TMRG6IF — TMRA4IF — 98
PR2 Timer2 Module Period Register 189*
PR4 Timer4 Module Period Register 189*
PR6 Timer6 Module Period Register 189*
T2CON — T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPSO | TMR20ON | T2CKPS1 | T2CKPSO0 191
T4CON — T40UTPS3 | TAOUTPS2 | TAOUTPS1 | T4AOUTPSO | TMR4ON | T4CKPS1 | T4ACKPSO 191
T6CON — T6OUTPS3 | T6BOUTPS2 | T6BOUTPS1 | TEBOUTPSO | TMR6ON | T6CKPS1 | T6CKPSO 191
TMR2 Holding Register for the 8-bit TMR2 Time Base 189*
TMR4 Holding Register for the 8-bit TMR4 Time Base(® 189*
TMR6 Holding Register for the 8-bit TMR6 Time Base(® 189
Legend: — =unimplemented read as ‘0’. Shaded cells are not used for Timer2 module.

*

Page provides register information.
Note 1: PIC16(L)F1827 only.
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23.0 DATA SIGNAL MODULATOR

The Data Signal Modulator (DSM) is a peripheral which
allows the user to mix a data stream, also known as a
modulator signal, with a ca rrier signal to p roduce a
modulated output.

Both the carrier and the modulator signals are supplied
to the DSM module either internally, from the output of
a peripheral, or externally through an input pin.

The modulated output signal is generated by perform-
ing a logical “AND” operation of both the carrier and
modulator signals andthen provided to the MDOUT pin.

The carrier signal is comprised of two distinct and sep-
arate signals. A carrier high (CARH) signal and a car-
rier low (CARL) signal. During the time in which the
modulator (MOD) signalis in a logic high state, the
DSM mixes the carrier high signal with the modulator
signal. Whe n the modulator signal is in alog ic low
state, the DSM mixes the carrier low signal with the
modulator signal.

Using this method, the DSM can generate the following
types of Key Modulation schemes:

» Frequency-Shift Keying (FSK)

* Phase-Shift Keying (PSK)

» On-Off Keying (OOK)

Additionally, the following features are provided within
the DSM module:

 Carrier Synchronization

» Carrier Source Polarity Select

» Carrier Source Pin Disable

* Programmable Modulator Data

» Modulator Source Pin Disable

* Modulated Output Polarity Select

» Slew Rate Control

Figure 23-1 shows a Simplified Block Diagram of the
Data Signal Modulator peripheral.

FIGURE 23-1: SIMPLIFIED BLOCK DIAGRAM OF THE DATA SIGNAL MODULATOR
MDCH<3:0> TI\
MDEN
Vss — 0000 N
MDCIN1X—0001 FTTTEN T T T T TS T T T B
MDCIN2X—0010 ! Data Signal !
gélgﬁ — 0011 | Modulator !
—0100 | |
CCP2 —0101| CARH |
CCP3 —|0110 | ) |
CCP4 —0111 | |
Reserved }OOO | MDCHPOL |
No Channely |, | |
Selected 1111 : D :
| SYNC |
MDMS<3:0>"\I} : N Q1 |
MDBIT —000 ' !
MDMINX—0001 I !
CCP1 — 0010 I !
CCP2 —{0011 | 0 I
CCP3 —0100 I |
CCP4 —0101 | |
Comparator C1 —0110| moD | MDCHSYNC |
Comparator C2 —{0111 0 T
MSSP1 SDO1 —|1000 | | mMDOUT
MSSP2 SDO2 —1001 | | MDOE
EUSART —1010
MDOPOL
Reserved (10011 ! !
No Channel{* ! !
Selected {1111 : :
I |
| 0 |
MDCL<3:0> | SYNC |
| — N Qfe 1 !
Vss — 0000 ! !
MDCIN1X—0001 | !
MDCIN2X—0010 [ !
CLKR —0011 I 0 I
CCP1 —0100 | |
CCP2 —0101| CARL MDCLSYNC
CCP3 —0110 | B :
CCP4 —0111 | |
Reserved [ 11000 ! MDCLPOL !
No Channely |, | |
Selected 1111 | |
ke e e e e e e e e e e e e e e e e —— - J
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23.1 DSM Operation

The DSM module can be enabled by setting the MDEN
bit in the MDCON register. Clearing the MDEN bit inthe
MDCON register, disables the DSM module by auto-
matically switching the carrier high and carrier low sig-
nals to the V ss signal source. The modulator signal
source is also switched to the MDBIT in the MDCON
register. This not only assures that the DSM module is
inactive, but that it is also consuming the least amount
of current.

The values used to select the carrier high, carrier low,
and modulator sources held by the Modulation Source,
Modulation High Carrier, and Modulation Low Carrier
control registers are not affected when the MDEN bit is
cleared and the DSM module is disabled. The values
inside th ese registers re main unchanged w hile th e
DSM is inactive. The sources for the carrier high, car-
rier low an d modulator si gnals will on ce again be
selected when the MDEN bit is set and the DSM mod-
ule is again enabled and active.

The modulated output signal can be disabled without
shutting down the DSM module. The DSM module will
remain active and continue to mix signals, but the out-
put value will not be sent to the MDOUT pin. During the
time that the output is disabled, the MDOUT pin wiill
remain low. The modulated output can be disabled by
clearing the MDOE bit in the MDCON register.

23.2 Modulator Signal Sources

The modulator signal can be supplied from the follow-
ing sources:

* CCP1 Signal

+ CCP2 Signal

» CCP3 Signal

» CCP4 Signal

* MSSP1 SDO1 Signal (SPI Mode Only)
* MSSP2 SDO2 Signal (SPI Mode Only)
» Comparator C1 Signal

» Comparator C2 Signal

+ EUSART TX Signal

» External Signal on MDMIN1 pin

* MDBIT bit in the MDCON register

The m odulator signal is s elected by co nfiguring th e
MDMS <3:0> bits in the MDSRC register.

23.3 Carrier Signal Sources

The carrier high signal and carrier low signal can be
supplied from the following sources:

» CCP1 Signal

» CCP2 Signal

» CCP3 Signal

» CCP4 Signal

» Reference Clock Module Signal
» External Signal on MDCIN1 pin
» External Signal on MDCIN2 pin
*V ss

The carrier high signal is selected by configuring the
MDCH <3:0> bits in the MDCARH register. The carrier
low signal is selected by configuring the MDCL <3:0>
bits in the MDCARL register.

23.4 Carrier Synchronization

During the time when the DSM switches between car-
rier high and carrier low signal sources, the carrier data
in the modulated output signal can become truncated.
To prevent this, the carrier signal can be synchronized
to the m odulator sig nal. Whe n sy nchronizationi s
enabled, the carrier pulse that is being mixed at th e
time of the transition is allowed to transition low before
the DSM switches over to the next carrier source.

Synchronization is enabled separately for the carrier
high and carrier low signal sources. Synchronization for
the carrier high signal can be e nabled by setting the
MDCHSYNC bit in the MDCARH register. Synchroniza-
tion for the carrier low signal can be enabled by setting
the MDCLSYNC bit in the MDCARL register.

Figure 23-1 through Figure 23-5 show timing diagrams
of using various synchronization methods.
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FIGURE 23-2: ON OFF KEYING (OOK) SYNCHRONIZATION

Carrier Low (CARL)

Modulator (MOD) \ / \ / \
MDCLSYNC = 0 - . ; : ;
MDCHSYNG = 1 , : ' : :
MDCLSYNC = 1 ! ' . . .
MDCLSYNC = 0 ; ; ; . .
e NAVAVAV, W VaVaVaVa' VAW

MDCLSYNC =1

EXAMPLE 23-1:  NO SYNCHRONIZATION (MDSHSYNC = 0, MDCLSYNC = 0)

cartrgh AR ) ) L L L
camertoviear) [ L LM U UL LU
Modulator (MOD) | | |
s ot I N B O 3y Yy M
Active Carrier CARH X CARL X CARH >< CARL

FIGURE 23-3: CARRIER HIGH SYNCHRONIZATION (MDSHSYNC =1, MDCLSYNC = 0)
Carrier High (CARH) ' X .

Carrier Low (CARL) [ [ ML L/ L L LML LWL L
Modulator (MOD) ] - |

MDCHSYNC =1 T 1] mEnk e

MDCLSYNC =0

Active Carrier CARH /both\ CARL | N\ / CARH / both \ CARL
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FIGURE 23-4: CARRIER LOW SYNCHRONIZATION (MDSHSYNC =0, MDCLSYNC =1)
Carter HGNCARK) . | ) L L L Ll
Carrier Low (CARL) mmm
Modulator (MOD) 1 | | :
MDCHSYNC = 0 [ : 1L
MDCLSYNC = 1 . ; [ R e - ,
Active Carrier CARH y CARL /\ CARH \( CARL
FIGURE 23-5: FULL SYNCHRONIZATION (MDSHSYNC =1, MDCLSYNC =1)
Comerfen©ARW) - 1 L L L L L LT

Modulator (MOD)

MDCHSYNC =1
MDCLSYNC =1

Active Carrier
State

Cartertow(eARY [ [ [ [ 1L L L U UL L L

Falling edges | o | : : |

used tosync . | .
I S I A IS [ U N S B e O
CARH \/ CARL\  / CARH \/CARL
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23.5 Carrier Source Polarity Select

The signal provided from any selected input source for
the carrier high and carrier low signals can be inverted.
Inverting the si gnal for the ca rrier hi gh so urce is
enabled by setting the MDCHPOL bit of the MDCARH
register. Inverting the signal for the carrier low source is
enabled by setting the MDCLPOL bit of the MDCARL
register.

23.6 Carrier Source Pin Disable

Some peripherals assert control over their correspond-
ing output pin when they are enabled. For ex ample,
when the CCP1 module is enabled, the output of CCP1
is connected to the CCP1 pin.

This default connection to a pin can be disabled by set-
ting the MDCHODIS bit in the MDCARH register for the
carrier hig h sou rce and the MDCLODIS bitin the
MDCARL register for the carrier low source.

23.7 Programmable Modulator Data

The MDBIT of the MDCON register can be selected as
the source for the modulator signal. This gives the user
the ability to program the value used for modulation.

23.8 Modulator Source Pin Disable

The modulator source default connection to a pin can
be d isabled by s etting th e M DMSODIS bitin th e
MDSRC register.

23.9 Modulated Output Polarity

The modulated output signal provided on the MDOUT
pin can also be inverted. Inverting the modulated out-
put signal is enabled by setting the MDOPOL bit of the
MDCON register.

23.10 Slew Rate Control

The slew rate limitation on the output port pin can be
disabled. The slew rate limitation can be removed by
clearing the MDSLR bit in the MDCON register.

23.11 Operation in Sleep Mode

The DSM module is not affected by Sleep mode. The
DSM can still operate during Sleep, if the Carrier and
Modulator input sources are also still operable during
Sleep.

23.12 Effects of a Reset

Upon any dev ice R eset, the data signal m odulator
module is disabled. The user's firmware is responsible
for initializing the module before enabling the output.
The registers are reset to their default values.

© 2011 Microchip Technology Inc.
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REGISTER 23-1: MDCON: MODULATION CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-1/1 R/W-0/0 R-0/0 uU-0 uU-0 R/W-0/0
MDEN MDOE MDSLR MDOPOL MDOUT — — MDBIT
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 MDEN: Modulator Module Enable bit

1 = Modulator module is enabled and mixing input signals
0 = Modulator module is disabled and has no output
bit 6 MDOE: Modulator Module Pin Output Enable bit
1 = Modulator pin output enabled
0 = Modulator pin output disabled
bit 5 MDSLR: MDOUT Pin Slew Rate Limiting bit
1 = MDOUT pin slew rate limiting enabled
0 = MDOUT pin slew rate limiting disabled
bit 4 MDOPOL: Modulator Output Polarity Select bit

1 = Modulator output signal is inverted
0 = Modulator output signal is not inverted

bit 3 MDOUT: Modulator Output bit
Displays the current output value of the modulator module.®
bit 2-1 Unimplemented: Read as ‘0’
bit 0 MDBIT: Allows software to manually set modulation source input to module®

1 = Modulator uses High Carrier source
0 = Modulator uses Low Carrier source

Note 1: The modulated output frequency can be greater and asynchronous from the clock that updates this
register bit, the bit value may not be valid for higher speed modulator or carrier signals.

2:  MDBIT must be selected as the modulation source in the MDSRC register for this operation.
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REGISTER 23-2: MDSRC: MODULATION SOURCE CONTROL REGISTER

R/W-x/u uU-0 uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u

MDMSODIS — — — MDMS<3:0>
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7 MDMSODIS: Modulation Source Output Disable bit

1 = Output signal driving the peripheral output pin (selected by MDMS<3:0>) is disabled
0 = Output signal driving the peripheral output pin (selected by MDMS<3:0>) is enabled

bit 6-4 Unimplemented: Read as ‘0’
bit 3-0 MDMS<3:0> Modulation Source Selection bits
No channel connected.
No channel connected.
No channel connected.
No channel connected.
No channel connected.
1010 = EUSART TX output

1001 = MSSP2 SDOx output

1000 = MSSP1 SDOx output

0111 = Comparator2 output

0110 = Comparator1 output

0101 = CCP4 output (PWM Output mode only

1111 = Reserved.
1110 = Reserved.
1101 = Reserved.
1100 = Reserved.
1011 = Reserved.

0011 = CCP2 output (PWM Output mode only

)
0100 = CCP3 output (PWM Output mode only)
)
)

0010 = CCP1 output (PWM Output mode only
0001 = MDMIN port pin
0000 = MDBIT bit of MDCON register is modulation source

Note 1. Narrowed carrier pulse widths or spurs may occur in the signal stream if the carrier is not synchronized.
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REGISTER 23-3: MDCARH: MODULATION HIGH CARRIER CONTROL REGISTER

R/W-x/u R/W-x/u R/W-x/u uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u
MDCHODIS | MDCHPOL | MDCHSYNC — MDCH<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 MDCHODIS: Modulator High Carrier Output Disable bit
1 = Output signal driving the peripheral output pin (selected by MDCH<3:0>) is disabled
0 = Output signal driving the peripheral output pin (selected by MDCH<3:0>) is enabled
bit 6 MDCHPOL: Modulator High Carrier Polarity Select bit
1 = Selected high carrier signal is inverted
0 = Selected high carrier signal is not inverted
bit 5 MDCHSYNC: Modulator High Carrier Synchronization Enable bit
1 = Modulator waits for a falling edge on the high time carrier signal before allowing a switch to the
low time carrier
0 = Modulator Output is not synchronized to the high time carrier signal(®
bit 4 Unimplemented: Read as ‘0’
bit 3-0 MDCH<3:0> Modulator Data High Carrier Selection bits (1)
1111 = Reserved. No channel connected.
1000 = Reserved. No channel connected.
0111 = CCP4 output (PWM Output mode only)
0110 = CCP3 output (PWM Output mode only)
0101 = CCP2 output (PWM Output mode only)
0100 = CCP1 output (PWM Output mode only)
0011 = Reference Clock module signal
0010 = MDCIN2 port pin
0001 = MDCIN1 port pin
0000 =V ss
Note 1. Narrowed carrier pulse widths or spurs may occur in the signal stream if the carrier is not synchronized.
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REGISTER 23-4:

MDCARL: MODULATION LOW CARRIER CONTROL REGISTER

R/W-x/u R/W-x/u R/W-x/u U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u
MDCLODIS | MDCLPOL | MDCLSYNC — MDCL<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 MDCLODIS: Modulator Low Carrier Output Disable bit
1 = Output signal driving the peripheral output pin (selected by MDCL<3:0> of the MDCARL register)
is disabled
0 = Output signal driving the peripheral output pin (selected by MDCL<3:0> of the MDCARL register)
is enabled
bit 6 MDCLPOL: Modulator Low Carrier Polarity Select bit
1 = Selected low carrier signal is inverted
0 = Selected low carrier signal is not inverted
bit 5 MDCLSYNC: Modulator Low Carrier Synchronization Enable bit
1 = Modulator waits for a falling edge on the low time carrier signal before allowing a switch to the high
time carrier
0 = Modulator Output is not synchronized to the low time carrier signal(l)
bit 4 Unimplemented: Read as ‘0’
bit 3-0 MDCL<3:0> Modulator Data High Carrier Selection bits (1)

1111 = Reserved. No channel connected.

.
.

.

1000 = Reserved. No channel connected.
0111 = CCP4 output (PWM Output mode only)
0110 = CCP3 output (PWM Output mode only)
0101 = CCP2 output (PWM Output mode only)
0100 = CCP1 output (PWM Output mode only)
0011 = Reference Clock module signal
0010 = MDCIN2 port pin
0001 = MDCIN1 port pin
0000 =V ss
Note 1: Narrowed carrier pulse widths or spurs may occur in the signal stream if the carrier is not synchronized.
TABLE 23-1: SUMMARY OF REGISTERS ASSOCIATED WITH DATA SIGNAL MODULATOR MODE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
MDCARH | MDCHODIS | MDCHPOL |MDCHSYNC — MDCH<3:0> 200
MDCARL | MDCLODIS | MDCLPOL | MDCLSYNC — MDCL<3:0> 201
MDCON MDEN MDOE MDSLR MDOPOL | MDOUT — — MDBIT 198
MDSRC | MDMSODIS — — — MDMS<3:0> 199
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used in the Data Signal Modulator mode.
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NOTES:
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24.0 CAPTURE/COMPARE/PWM
MODULES

The C apture/Compare/PWM module i s a p eripheral
which al lows the us er to tim e an d c ontrol d ifferent
events, andto ge nerate Puls e-Width Modulation
(PWM) signals. In Capture mode, the peripheral allows
the timing of the duration of an ev ent. The Compare
mode allows the user to trigger an external event when
a pre determined a mount of time has e xpired. Th e
PWM m ode can gen erate Puls e-Width Mo dulated
signals of varying frequency and duty cycle.

This f amily of d evices co ntains two Enhanced
Capture/Compare/PWM modul es(E CCP1an d
ECCP2)and two st andard C apture/Compare/PWM
modules (CCP3 and CCP4).

The Capture and Compare functions are identical for all
four CCP m odules (E CCP1,EC CP2,C CP3an d
CCP4). The only differences between CCP modules
are in the Pulse-Width Modulation (PWM) function. The
standard PWM function is identical in modules, CCP3
and CCP4. In CCP modules ECCP1 and ECCP2, the
Enhanced PWM function has slight variations from one
another. Ful |-Bridge EC CP modules have fo ur
available 1/0 pins w hile H alf-Bridge EC CP modules
only have two available /0O pins. See Table 24-1 for
more information.

Note 1:

Ind evices with m ore th an one CCP
module, it is very important to pay close
attention to the re gister names used. A
number placed after the module acronym
is used to distinguish between separate
modules. For example, the C CP1CON
and C CP2CONco ntrolthe sam e
operational as pects of two ¢ ompletely
different CCP modules.

Throughout this s ection,  generic
referencesto a C CP module in any of its
operating modes may be interpreted as
being equally applic ableto EC CP1,
ECCP2,C CP3and C CP4.R egister
names, module signals, I/O pins, and bit
names may use the generic designator x'
toi ndicate theuse ofanu meralto

distinguish a p articular modul e, when
required.

TABLE 24-1: PWM RESOURCES
Device Name ECCP1 ECCP2 ccP3 ccpPa
PIC16(L)F1826 Enhanced PWM Not Available Not Available Not Available
Full-Bridge
Enhanced PWM Enhanced PWM
PIC16(L)F1827 Ful-Bridge Hait Bridge Standard PWM Standard PWM

© 2011 Microchip Technology Inc.
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24.1 Capture Mode

The Capture mode function described in this section is
available and id entical fo r C CP mo dules EC CP1,
ECCP2, CCP3 and CCP4.

Capture mo de m akes use ofth e 16 -bit Timer1
resource. When an event occurs on the CCPx pin, the
16-bit C CPRxH:CCPRXxL r egister pa ir ¢ aptures a nd
stores the 16-bit value of the TMR1H:TMR1L register
pair, res pectively. An eventis defined as one ofthe
following and is configured by the CCPxM<3:0> bits of
the CCPxCON register:

» Every falling edge

» Every rising edge

» Every 4th rising edge

« Every 16th rising edge

When a capture is made, the Interrupt Request Flag bit
CCPxIF of the PIRx register is set. The interrupt flag
must be cleared in software. If another capture occurs
before the value in the CCPRxH, CCPRXL register pair
is read, the old captured value is overwritten by the new
captured value.

Figure 24-1 shows a simplified diagram of the Capture
operation.

2411 CCP PIN CONFIGURATION

In Capture mode, the C CPx pin should be configured
as an input by setting the associated TRIS control bit.

Also, the C CPxpi nfun ctioncan be moved to
alternative pins using the APFCONO register. Refer to
Section 12.1 “Alte rnate Pin Fun ction” form ore
details.

a write to the port can cause a capture

Note:  If the CCPx pin is configured as an output, ‘
condition.

FIGURE 24-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM

Set Flag bit CCPxIF

Prescaler (PIRx register)
X'* +1,4,16
CCPx | ccPRxH | CCPRxL |
pin
and Capture
Edge Detect Enable

| TMR1H | TMRIL |

CCPxM<3:0>
System Clock (Fosc)

24.1.2 TIMER1 MODE RESOURCE

Timer1 must be running inTimer mode or Synchronized
Counter mode for the C CP module to use the capture
feature. In Asynchronous Counter mode, the capture
operation may not work.

See Section 21.0 “Timerl Module with Gate Control”
for more information on configuring Timer1.

24.1.3 SOFTWARE INTERRUPT MODE

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPXxIE interrupt enable bit of the PIEx register clear to
avoid f alse interrupts. Add itionally, the us er should
clear the CCPxIF interrupt flag bit of the PIRx register
following any change in Operating mode.

2414 CCP PRESCALER

There are fo ur pr escaler s ettings sp ecified b y th e
CCPxM<3:0> bits of the CCPxCON register. Whenever
the CCP module is turned off, or the CCP module is not
in Capture mode, the prescaler counter is cleared. Any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another does not
clear the prescaler and may generate a false interrupt. To
avoid this unexpected operation, turn the module off by
clearing the C CPxCON re gister bef ore ch anging th e
prescaler. Equation 24-1 demonstratest he co det o
perform this function.

EXAMPLE 24-1: CHANGING BETWEEN

CAPTURE PRESCALERS

; Set Bank bits to point
; to CCPxCON

CLRF CCPx CON ; Turn CCP nodul e of f
MOVLW NEW CAPT_PS; Load the Wreg with

; the new prescal er
;move val ue and CCP ON
;Load CCPXCON with this

BANKSEL CCPxCON

MOV  CCPxCON

;val ue
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24.1.5

CAPTURE DURING SLEEP

Capture mode depends upon the T imer1 module for

proper ope ration. The re ar e tw o optio ns for driving the
Timer1 module in Capture mode. It can be driven by the
instruction clock (Fosc/4), or by an external clock source.

When Timer1is clocked by Fosc/4, Timer1 will n ot
increment during Sleep. When the device wakes from
Sleep, Timer1 will continue from its previous state.

Capture mode will operate during Sleep when Timer1
is clocked by an external clock source.

24.1.6

ALTERNATE PIN LOCATIONS

This module incorporates /O pins that can be moved to
other locations with the use of the alternate pin function
registers, APFC ONO and APFCON1. T o de termine
which pins can be moved and what their default loca-
tions are upon ares et, see Section 12.1 “ Alternate
Pin Function” for more information.

TABLE 24-2: SUMMARY OF REGISTERS ASSOCIATED WITH CAPTURE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eé
APFCONO | RXDTSEL | SDO1SEL | SS1SEL |P2BSEL@ | CCP2SEL®@ P1DSEL | P1CSEL | CCP1SEL 119
CCPxCON | Pxm1® | pxmo® | DCxB1 DCxBO CCPxM3 CCPxM2 | CCPxM1 | CCPxMO 226
CCPRxL Capture/Compare/PWM Register x Low Byte (LSB) 204*
CCPRxH Capture/Compare/PWM Register x High Byte (MSB) 204*
CM1CONO C10N C10UT C10E C1POL — C1SP C1HYS C1SYNC 170
CM1CON1 C1INTP C1INTN | C1PCH1 | C1PCHO — — C1NCH1 | C1NCHO 171
CM2CONO C20N C20UT C20E C2POL — C2SP C2HYS C2SYNC 170
CM2CON1 C2INTP C2INTN | C2PCH1 | C2PCHO — — C2NCH1 | C2NCHO 171
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 87
PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — CCP2IE@ 88
PIE3? — = CCP4IE CCP3IE TMR6IE — TMR4IE — 89
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 91
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — CCP2IF® 92
PIR3? — = CCP4IF CCP3IF TMREIF — TMR4IF — 93
T1CON TMR1CS1 | TMR1CSO | TICKPS1 | TICKPSO | T10SCEN T1SYNC — TMR10ON 185
T1GCON TMR1GE | T1GPOL | T1GTM | T1GSPM | TIGGO/DONE | T1GVAL | T1GSS1 | T1GSS0 186
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 177*
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 177
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 122
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
Legend: — = Unimplemented locations, read as ‘0’. Shaded cells are not used by Capture mode.
* Page provides register information.
Note 1: Applies to ECCP modules only.
2:  PIC16(L)F1827 only.
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24.2 Compare Mode

The Compare mode function described in this section
is a vailable and id entical for C CP mo dules EC CP1,
ECCP2, CCP3 and CCP4.

Compare mode m akes u se o f the 16-bit T imer1
resource. The 16-bit value o f the CCPRx H:CCPRxL
register pair is constantly compared against the 16-bit
value of the TM R1H:TMR1L register pair. Whe n a
match occurs, one of the following events can occur:

+ Toggle the CCPx output

+ Set the CCPx output

+ Clear the CCPx output

» Generate a Special Event Trigger

» Generate a Software Interrupt

The action on the pinis based on the value ofthe

CCPxM<3:0> control bits of the CCPxCON register. At
the same time, the interrupt flag CCPxIF bit is set.

All Compare modes can generate an interrupt.

Figure 24-2s howsas implifiedd iagramofth e
Compare operation.
FIGURE 24-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCPxM<3:0>
Mode Select

Set CCPxIF Interrupt Flag

(PIRx)
CCP 4
\V/
I\

|| Output
Rl Logic Match

TRIS
Output Enable

Special Event Trigger

2421 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the associated TRIS bit.

Also, the C CPxpi nfun ctioncan be moved to
alternative pins using the APFCONO register. Refer to
Section 12.1 “Alte rnate Pin Fun ction” form ore
details.

2422 TIMER1 MODE RESOURCE

In Compare mode,Timer1 must be runing in eitler Timer
mode or Synch ronized C ounter mode. T he compare
operation may nat work in Asynchrorous Counter mode.

See Section 21.0 “Timerl Module with Gate Control”
for more information on configuring Timer1.

Note:  Clocking Timer1 f rom th e sy stem cl ock
(Fosc) sh ould not be usedin C ompare
mode. In or der for C ompare mo de to
recognize the trigger event on the CCPx
pin, T Imer1 mu st be cl ocked fromt he
instruction clo ck ( Fosc/4) orfr oma n
external clock source.

2423 SOFTWARE INTERRUPT MODE

When Generate S oftware | nterrupt m ode i s ¢ hosen
(CCPxM<3:0> =1010), th e C CPx m odule d oes n ot
assert c ontrol of the C CPx pin (s ee the C CPxCON
register).

2424 SPECIAL EVENT TRIGGER

When S pecial Ev entT riggerm odei s chosen
(CCPxM<3:0>=1011),the C CPx module d oes the
following:

* Resets Timer1
« Starts an ADC conversion if ADC is enabled

The CCPx module does not assert control of the CCPx
pin in this mode.

The Special Eve nt Trigger output of th e C CP occurs
immediately upona match betw eenthe TMR1H,
TMRI1L re gister p aira nd th e CCPRx H, CCPRxL
register pair. The TMR1H, TMR1L register pair is not
reset until the next rising edge of the Timer1 clock. The
Special Event Trigger output starts an A/D conversion
(if the AAD mo duleis enabled). This all ows the
CCPRxH, CCPRXxL register pair to effectively provide a
16-bit programmable period register for Timer1.

TABLE 24-3: SPECIAL EVENT TRIGGER

Device CCPx/ECCPx
PIC16(L)F1826 ECCP1
PIC16(L)F1827 CCP4

Refer to Section 16.2.5 “ Special Event Trigger” for
more information.

Note:  Clearing the CCPxCON register will force
the CCPx ¢ ompare output la tch to the
default low level. This is not the PORT I/O
data latch.

Note 1: The Special Event Trigger from the CCP
module d oes not s eti nterrupt f lag b it
TMR1IF of the PIR1 register.

2: Removingth em atchc onditonb y
changing the contents of the C CPRxH
and C CPRXL register pair, between the
clock edge tha t gen erates the S pecial
Event T rigger an d the cl ock ed ge t hat
generatesth eT imer1 Res et,wi |l

preclude the Reset from occurring.
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24.2.5

COMPARE DURING SLEEP

The C ompare mode i s de pendent upo n the system
clock (Fosc) for proper operation. Since FOSC is shut
down during Sleep mode, the Compare mode will not
function properly during Sleep.

24.2.6 ALTERNATE PIN LOCATIONS

This module incorporates /O pins that can be moved to
other locations with the use of the alternate pin function
registers, APFC ONO and APFCON1. T o de termine
which pins can be moved and what their default loca-
tions are upon ares et, see Section 12.1 “ Alternate

Pin Function” for more information.

TABLE 24-4: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eé
APFCONO | RXDTSEL | SDO1SEL | SS1SEL |P2BSEL@ | CCP2SEL®@ P1DSEL | P1CSEL | CCP1SEL 119
CCPxCON | Pxm1® | pxmo® | DCxB1 DCxBO CCPxM3 CCPxM2 | CCPxM1 | CCPxMO 226
CCPRxL Capture/Compare/PWM Register x Low Byte (LSB) 204*
CCPRxH Capture/Compare/PWM Register x High Byte (MSB) 204*
CM1CONO C10N C10UT C10E C1POL — C1SP C1HYS C1SYNC 170
CM1CON1 C1INTP C1INTN | C1PCH1 | C1PCHO — — C1NCH1 | C1NCHO 171
CM2CONO C20N C20UT C20E C2POL — C2SP C2HYS C2SYNC 170
CM2CON1 C2INTP C2INTN | C2PCH1 | C2PCHO — — C2NCH1 | C2NCHO 171
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 87
PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — CCP2IE@ 88
PIE3? — = CCP4IE CCP3IE TMR6IE — TMR4IE — 89
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 91
PIR2 OSFIF C2IF C1IF EEIF BCLIF — — CCP2IF® 92
PIR3? — = CCP4IF CCP3IF TMR6IF — TMR4IF — 93
T1CON TMR1CS1 | TMR1CSO | TICKPS1 | TICKPSO | T10SCEN T1SYNC — TMR10ON 185
T1GCON TMR1GE | T1GPOL | T1GTM | T1GSPM |T1GGO/DONE| T1GVAL | T1GSS1 | T1GSS0 186
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 177*
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 177*
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 122
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
Legend: — = Unimplemented locations, read as ‘0’. Shaded cells are not used by Compare mode.
* Page provides register information.
Note 1: Applies to ECCP modules only.
2:  PIC16(L)F1827 only.
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24.3 PWM Overview

Pulse-Width Mo dulation (PWM)i sasch emeth at
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the on state and the low portion of the signal
is considered the off state. The high portion, also known
as the pulse width, can vary in time and is defined in
steps. A la rgern umber of st eps ap plied, w hich
lengthens the pulse width, also supplies more power to
the load. Lowering the number of steps applied, which
shortens the pu Ise w idth, su pplies le ss po wer. The
PWM period is defined as the duration of one complete
cycle or the total amount of on and off time combined.

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the pulse
width time and in turn the power that is applied to the
load.

The term duty cycle describes the proportion of the on
time to the off time and is expressed in percentages,
where 0% is fully off and 100% is fully on. A lower duty
cycle corresponds to less power applied and a higher
duty cycle corresponds to more power applied.

Figure 24-3 sh ows at ypical waveform o fthe P WM
signal.

24.3.1 STANDARD PWM OPERATION

The standard PWM function described in this section is
available a nd id entical for C CP mo dules EC CP1,
ECCP2, CCP3 and CCP4.

The standard PW M m ode ge nerates a Pu Ise-Width
Modulation (PWM) signal on the CCPx pin with up to 10
bits of resolution. The period, duty cycle, and resolution
are controlled by the following registers:

*P Rxregisters

*T xCON registers

* CCPRXxL registers

* CCPxCON registers

Figure 24-4 shows a simplified block diagram of PWM
operation.

FIGURE 24-3: CCP PWM OUTPUT SIGNAL

Period

] I

Pulse Width
- ~<—TMRx = PRx

LI

<+«—TMRx = CCPRxH:CCPxCON<5:4>

:L<—TMRx =0
FIGURE 24-4: SIMPLIFIED PWM BLOCK
DIAGRAM
CCPxCON<5:4>

Duty Cycle Registers ’/

| CCPRL | ‘

;

| CCPRxH® (Slave) | |

4; CCPx
| Comparator l R Q
| TMRx ‘ W ‘ s

TRIS

Comparator

Clear Timer,
toggle CCPx pin and
latch duty cycle

Note 1: The 8-bit timer TMRX register is concatenated
with the 2-bit internal system clock (Fosc), or
2 bits of the prescaler, to create the 10-bit time
base.
2. In PWM mode, CCPRxH is a read-only register.

Note 1: The co rresponding TR IS bit must be
cleared to enable the PWM output on the
CCPx pin.
2: Clearingth e C CPxCON register will
relinquish control of the CCPx pin.
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24.3.2 SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for standard PWM operation:

1. Disable the CCPx pin output driver by setting the
associated TRIS bit.

2. Loadthe P Rxregister with the P WM pe riod
value.

3. Configure the CCP module for the PWM mode
by lo ading th e C CPxCON regi ster w ith th e
appropriate values.

4. Loadthe CCPRXxL register and the DCxBx bits
of the C CPxCON re gister, with the PWM duty
cycle value.

5. Configure and start Timer2/4/6:

*Select the Timer2/4/6 resource to be used
for PWM generation by setting the
CxTSEL<1:0> bits in the CCPTMRS
register.

*Clear the TMRXIF interrupt flag bit of the
PIRx register. See Note below.

*Configure the TxCKPS bits of the TXCON
register with the Timer prescale value.

*Enable the Timer by setting the TMRxON bit
of the TxCON register.

6. Enable PWM output pin:

*Wait until the Timer overflows and the TMRxIF
bit of the PIRXx register is set. See Note
below.

*Enable the CCPx pin output driver by clearing
the associated TRIS bit.

When TMRXx is equal to PRx, the following three events
occur on the next increment cycle:

* TMRXx is cleared
» The CCPx pin is set. (Exception: If the PWM duty
cycle = 0%, the pin will not be set.)

* The PWM duty cycle is latched from CCPRXxL into
CCPRxH.

Note:  The Timer post scaler (see Section 22.1
“Timer2/4/6 Operation”)is not used in the

determination of the PWM frequency.

Note: In order to send a complete duty cycle and
period on the first PWM output, the above
steps m ust bei ncludedi n thes etup
sequence. If it is not critical to start with a
complete PWM signal on the first output,

then step 6 may be ignored.

2433 TIMER2/4/6 TIMER RESOURCE

The PWM standard mode makes use of one of the 8-bit
Timer2/4/6 timer resources to specify the PWM period.

Configuring the CxTSEL<1:0> bits in the CCPTMRS
register selects which Timer2/4/6 timer is used.
24.3.4 PWM PERIOD

The PWM period is specified by the PRx register of
Timer2/4/6. The PWM period can be calculated using
the formula of Equation 24-1.

EQUATION 24-1: PWM PERIOD

PWM Period = [(PRX)+ 1] e 4 TOSC e
(TMRXx Prescale Value)

Note 1: Tosc = 1/Fosc

243.5 PWM DUTY CYCLE

The PWM duty cycle is s pecified by writing a 1 0-bit
value to mu ltiple registers: C CPRxL register an d
DCxB<1:0> bit sof the C CPxCON reg ister. Th e
CCPRXxL contains the eight MSbs and the DCxB<1:0>
bits of the CCPxCON re gister contain the two LSbs.
CCPRxL a nd DCxB<1 :0>b itso fth e CCPx CON
register can be written to at any time. The duty cycle
value is not latched into CCPRxH until after the period
completes (i .e., a m atch between PRx an d TMRXx
registers occurs). While using the PWM, the CCPRxH
register is read-only.

Equation 24-2 is us ed to ¢ alculate th e PWM pu Ise
width.

Equation 24-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 24-2: PULSE WIDTH

Pulse Width = (CCPRXL:CCPXCON<5:4>) e
Tosc e (TMRxPrescale Value)

EQUATION 24-3: DUTY CYCLE RATIO

o= (CCPRXL: CCPXCON<5: 4>

Duty Cycle Rati APRx 4 1

The C CPRxH register and a 2-bit i nternal I atch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

The 8-bit timer TMR register is concatenated with either
the 2-bit internal system clock (FOSC), or 2 bits of the
prescaler, to create the 1 0-bit time base. The sys tem
clock is used if the Timer2/4/6 prescaler is set to 1:1.

When the 10-bit time base matches the CCPRxH and
2-bit latch, th enthe C CPxpi n iscl eared (see
Figure 24-4).
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24.3.6

PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit

resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is 10 bits when PRx is
255. The resolution is a function of the PRx register
value as shown by Equation 24-4.

EQUATION 24-4:

PWM RESOLUTION

Resolution =

log[4(PRx + 1)]

bits

Note:

If the pulse width value is greater than the
period the as signed PWM pin (s) w ill
remain unchanged.

TABLE 24-5: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 32 MHz)
PWM Frequency 1.95 kHz 7.81 kHz 31.25 kHz 125 kHz 250 kHz 333.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRXx Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 24-6: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc =20 MHz)
PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz | 208.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRx Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 24-7: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)
PWM Frequency 1.22 kHz 4.90 kHz 19.61 kHz 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRXx Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5
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24.3.7 OPERATION IN SLEEP MODE

In Sleep mode, the TM Rx register will not increment
and the state of the module will not change. If the CCPx
pin is driving a value, it will continue to drive that value.
When the device wakes up, TMRx will continue from its
previous state.

24.3.8 CHANGES IN SYSTEM CLOCK

FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will re sultin ch anges to the PWM freq uency. Se e
Section 5.0 “O scillator Module (W ith Fail-Safe
Clock Monitor)” for additional details.

24.3.9 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

24.3.10 ALTERNATE PIN LOCATIONS

This module incorporates /O pins that can be moved to
other locations with the use of the alternate pin function
registers, APFC ONO and APFCON1. T o de termine
which pins can be moved and what their default loca-
tions are upon ares et, see Section 12.1 “ Alternate
Pin Function” for more information.

TABLE 24-8: SUMMARY OF REGISTERS ASSOCIATED WITH STANDARD PWM

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;zl;eer
APFCONO RXDTSEL | SDO1SEL | SS1SEL | P2BSEL® |[ccP2SEL®@| P1DSEL P1CSEL | CCP1SEL 119
CCPxCON | PxM1® | Pxmo® DCxB1 DCxBO | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO 226
CCPxAS CCPxASE | CCPxAS2 | CCPxAS1 | CCPxASO | PSSxAC1 | PSSxACO | PSSxBD1 | PSSxBDO 228
CCPTMRS C4TSEL1 | CATSELO | C3TSEL1 | C3TSELO | C2TSEL1 | C2TSELO | C1TSEL1 | C1TSELO 227
INTCON GIE P EIE TMROIE INTE I0CIE TMROIF INTF I0CIF 86
PR2 Timer2 Period Register 189~
PR4 Timer4 Module Period Register 189
PR6 Timer6 Module Period Register 189
PSTRxCON — — — STRxXSYNC| STRxD STRxC STRxB STRxA 230
PWMxCON PxXRSEN PxDC6 PxDC5 PxDC4 PxDC3 PxDC2 PxDC1 PxDCO 229
T2CON — T20UTPS3 | T20UTPS2 | T20UTPS1 [ T20UTPSO | TMR20ON | T2CKPS1 | T2CKPSO 191
T4CON — T40UTPS3 | T4OUTPS2 | T4OUTPS1 | TAOUTPSO | TMR4ON | T4CKPS1 | TACKPSO 191
T6CON — T60OUTPS3 | T6BOUTPS2 | TEBOUTPS1 | TEBOUTPSO| TMRB6ON | T6CKPS1 | T6CKPSO 191
TMR2 Holding Register for the 8-bit TMR2 Time Base 189*
TMR4 Holding Register for the 8-bit TMR4 Time Base(® 189*
TMR6 Holding Register for the 8-bit TMR6 Time Base(® 189*
TRISB TRISB7 | TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
Legend: — = Unimplemented locations, read as ‘0’. Shaded cells are not used by the PWM.

* Page provides register information.

Note 1: Applies to ECCP modules only.

2:

PIC16(L)F1827 only.
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24.4 PWM (Enhanced Mode)

The enhanced PWM function described in this sectionis
available for CCP modules ECCP1 and ECCP2, with
any differences between modules noted.

The enhanced PWM mode generates a P ulse-Width
Modulation (PWM) signal on up to four different output
pins with up to 10 bits of resolution. The period, duty
cycle, and resolution are con trolled by th e follow ing
registers:

*P Rxregisters

*T xCON registers

* CCPRXxL registers

* CCPxCON registers

The ECCP modules have the following additional PWM
registers w hich control Auto-shutdown, Auto-rest art,
Dead-band Delay and PWM Steering modes:

» CCPxAS registers

* PSTRxCON registers

* PWMxCON registers

The enhanced PWM nodule can generate the following
five PWM Output modes:

» Single PWM

» Half-Bridge PWM

» Full-Bridge PWM, Forward Mode

» Full-Bridge PWM, Reverse Mode

» Single PWM with PWM Steering Mode

To select an Enhanced PWM Output mode, the PxMbits
ofthe =~ CCPxCON register must be configured
appropriately.

The PWM outputs are multiplexed with I/O pins and are
designated PxA, PxB, PxC and PxD. The polarity of the
PWM pins is configurable and is selected by setting the
CCPxM bits in the CCPxCON register appropriately

Figure 24-5 s hows an example of a simplified block
diagram of the Enhanced PWM module.

Figure 24-9 show s the pin  assignments for various
Enhanced PWM modes.

Note 1: The c orresponding TR IS bitm ust be
cleared to enable the PWM output on the
CCPx pin.

2: Clearingth e CC PxCON register will
relinquish control of the CCPx pin.

3: Any pin not used in the enhanced PWM
mode is available foral ternate pin
functions, if applicable.

4: Top revent thegen erationof an
incomplete waveform when the PWM is
first e nabled, the EC CP mo dule w aits
until th e startofa ne w PW M period
before generating a PWM signal.

FIGURE 24-5: EXAMPLE SIMPLIFHED BLOCK DIAGRAM OF THE ENHANCED PWM MODE

DCxB<1:0> PxM<1:0>

CCPxM<3:0>

CCPRxL

|

| CCPRxH (Slave) |

| Comparator i R Q
{}
| TMRx | ) | s

Comparator

Clear Timer,

Dut le Regist
| uty Cycle eglsAers |K _11’2 ,1/4—

CCPx/PxA CCPx/PxA
TRISx
PxB PxB
Output TRISx

Controller

PxC PxC
TRISx

toggle PWM pin and

base.

latch duty cycle
PWMxCON

Note 1: The 8-bit timer TMRXx register is concatenated with the 2-bit internal Q clock, or 2 bits of the prescaler to create the 10-bit time

PxD PxD
TRISX

7S
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TABLE 24-9: EXAMPLE PIN ASSIGNMENTS FOR VARIOUS PWM ENHANCED MODES

ECCP Mode PxM<1:0> CCPx/PxA PxB PxC PxD
Single 00 Yes® Yes® Yes®@ Yes®
Half-Bridge 10 Yes Yes No No

Full-Bridge, Forward 01 Yes Yes Yes Yes

Full-Bridge, Reverse 11 Yes Yes Yes Yes

Note 1:

PWM Steering enables outputs in Single mode.

PxC Active

FIGURE 24-6: EXAMPLE PWM (ENHANCED MODE) OUTPUT RELATIONSHIPS (ACTIVE-HIGH
STATE)
PRX+1
PxM<1:0> Signal 0 ‘- Width .
24— ! Perod ———————
00 (Single Output) PxA Modulated | i i_
- Delay Delay .
PxA Modulated ~ ___ . [
10 (Half-Bridge) PxB Modulated ~ ___ : : |
PxA Active _ E X I :
(Full-Bridge, PxB Inactive _ !
01 Forward) . ' ,
PxC Inactive _ ' !
PxD Modulated 4 i !
PxA Inactive : E E
1, (Ful-Bridge, PxB Modulated —  ___| |
Reverse) _ ' '

PxD Inactive

Relationships:

+ Period = 4 * Tosc * (PRx + 1) * (TMRx Prescale Value)

+ Pulse Width = Tosc * (CCPRxL<7:0>:CCPxCON<5:4>) * (TMRx Prescale Value)
+ Delay = 4 * Tosc * (PWMxCON<6:0>)

© 2011 Microchip Technology Inc.
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PxC Active

FIGURE 24-7: EXAMPLE ENHANCED PWM OUTPUT RELATIONSHIPS (ACTIVE-LOW STATE)
_ Soral . PRx+1

Pr<1:0> on T width > 1
-~ : Perod ———
00  (Single Output) PxAModulated — ___ | [ .

PxA Modulated ~ ___ : 0 l_
'Delay Pelay .

10 (Half-Bridge) PxB Modulated ~ ___ ' ] T
PxA Active : X : :
(Full-Bridge, PxB Inactive - :
01 Forward) - : ' :
PxC Inactive - X : X
PxD Modulated : T :
PxA Inactive : E E E
1, (Ful-Bridge, PxB Modulated ~ — | ;
Reverse) _ ' .

PxD Inactive

Relationships:

+ Period =4 * Tosc * (PRx + 1) * (TMRx Prescale Value)
Pulse Width = Tosc * (CCPRxL<7:0>:CCPxCON<5:4>) * (TMRXx Prescale Value)

« Delay = 4 * Tosc * (PWMxCON<6:0>)
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2441 HALF-BRIDGE MODE

In Half-Bridge mode, two pins are used as outputs to
drive push-pull loads. The PWM output signal is output
on the CCPx/PxA pin, while the complementary PWM
outputsi gnali so utputo nt hePx B pin( see
Figure 24-9). This mode can be us ed for H alf-Bridge
applications, as shown in Figure 24-9, or for Full-Bridge
applications, w here four po wer s witches a re b eing
modulated with two PWM signals.

In Half-Bridge mode, the pogrammable deadband dday
canbe usedto preven tshoot -through curr ent in
Half-Bridge power devices. The value of the PDC<6:0>
bits of the PW MxCON r egister set s th e number of
instruction cycles before the output is driven active. If the
value is greater than the duty cycle, the corresponding
output r emains inactive during the e ntire cycle. S ee
Section 24.4.5 “Pr ogrammable Dead-Band D elay
Mode” fo rmore details of the dead- band de lay
operations.

FIGURE 24-9:

EXAMPLE OF HALF-BRIDGE APPLICATIONS

Since the PxA and PxB outputs are multiplexed with the
PORT data latches, the associated TRIS bits must be
cleared to configure PxA and PxB as outputs.

FIGURE 24-8: EXAMPLE OF
HALF-BRIDGE PWM
OUTPUT
Period Period
| Pulse Width ; | |
PxA® ! ,—1 o e
i I I I
[ [ |
! td I |
PxB®@ | = - |
— n s

td = Dead-Band Delay

Note 1: At this time, the TMRX register is equal to the

PRXx register.

2: Output signals are shown as active-high.

Standard Half-Bridge Circuit (“Push-Pull”)

FET

Driver "
™~ | —
PxA I/ |t —
Load
FET
Driver +
™S |'¢ =
PxB L hs - .
Half-Bridge Output Driving a Full-Bridge Circuit ]
V+
FET J FET
Driver Driver
™S~ |t Y e
PxA e 14 <
Meaad |
FET 1Load | FET
Driver Driver
™~ |t Y
PxB L~ 116 |

© 2011 Microchip Technology Inc.
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2442 FULL-BRIDGE MODE

In Full-Bridge mode, all four pins are used as outputs.
An ex ample of Full-Bridge applicationis sh ownin
Figure 24-10.

In the Forward mode, pin CCPx/PxA is driven to its active
state, pin PxD is modulated, while PxB and PxC will be
driven to their inactive state as shown in Figure 24-11.

In the Reverse mode, PxCis driven taits active stte, pin
PxB is modulated, while PxA and PxD will be driven to
their inactive state as shown Figure 24-11.

PxA, PxB, PxC and PxD outputs are multiplexed with
the PORT data latches. The associated TRIS bits must
be cleared to co nfigure the PxA, PxB, PxC and PxD
pins as outputs.

FIGURE 24-10: EXAMPLE OF FULL-BRIDGE APPLICATION

V+

:

FET QA J QC FET
Driver Driver
™S e | 1
M Aad |

PxB Load
FET FET
Driver ] Driver
™S | ; ol
L [~

PxC QB QD

V-
PxD >
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FIGURE 24-11: EXAMPLE OF FULL-BRIDGE PWM OUTPUT

Forward Mode

! Period | |
— '. I
PxA?) | | | |
| Pulse Width ! : \
le——«——»
| | | |
PxB@ ! ! ! '
[ I [ T
| | | |
[ I | I
PxC( I I I I
[ T | T
| | | |
[ I | I

D@ — [ ] ]

| |
(1) | I 1(1)

Reverse Mode
:< Period =; .
' _Pulse Width ' | :
——————

PxA®) I | I !
] T T t
| | | |

- |

pe® ]
| I | I
1 | 1 |
pxc® __ | | | |
| I | I
| I | I

PxD® : f : :
l I | I

()]

Note 1: At this time, the TMRXx register is equal to the PRx register.
2: Output signal is shown as active-high.
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24421 Direction Change in Full-Bridge
Mode

In the Full-Bridge mode, the PxM1 bit in the CCPxCON
register allows users to cont rol t he f orward/reverse
direction. When the application firmware changes this
direction control bit, the module will change to the new
direction on the next PWM cycle.

A direction change is initiated in software by changing
the PxM1 bit of the CCPxCON register. The following
sequence occurs four Timer cycles prior to the end of
the current PWM period:

* The modulated outputs (PxB and PxD) are placed
in their inactive state.

» The associated unmodulated outputs (PxA and
PxC) are switched to drive in the opposite
direction.

* PWM modulation resumes at the beginning of the
next period.

See Figure 24-12 for an illustration of this sequence.

FIGURE 24-12:

The Fu lI-Bridge m ode do es not prov ide d ead-band
delay. As one output is modulated at a time, dead-band
delay is generally notrequired. T here is a situation
where de ad-band del ay is required. Thi s s ituation
occurs when both of the following conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn off time of the power switch, including
the power d evice and driver circuit, is greater
than the turn on time.

Figure 24-13 shows an example of the PWM direction
changing from forward to reverse, at a near 100% duty
cycle. In this example, at time t1, the output PxA and
PxD b ecome in active, w hile ou tput Px C be comes
active. Since the turn off time of the power devices is
longer than the turn on time, a shoot-through current
will f low t hrough p ower devices QCand QD ( see
Figure 24-10) fo rt he du ration of ‘t. Th e same
phenomenon will occur to power devices QA and QB
for PWM direction change from reverse to forward.

If changing PWM direction at high duty cycle is required

for an application, two possible solutions for eliminating

the shoot-through current are:

1. Reduce PWM duty cycle for one PWM period
before changing directions.

2. Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prev ent sh oot-through cu rrent may
exist.

EXAMPLE OF PWM DIRECTION CHANGE

~<———  Period®

Signal

> < Period ————#

PxA (Active-High)

[ outee Wit |

PxB (Active-High) |

PxC (Active-High)

« Pulse Width |
P,

PxD (Active-High)

< (@

Pulse Width

Note 1: The direction bit PxM1 of the CCPxCON register is written any time during the PWM cycle.

2:  When changing directions, the PxA and PxC signals switch before the end of the current PWM cycle. The
modulated PxB and PxD signals are inactive at this time. The length of this time is four Timer counts.
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FIGURE 24-13: EXAMPLE OF PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE

External Switch D

Potential X
Shoot-Through Current :

"—|‘ T = ToFF — TON

Forward Period t1 Reverse Period

- > < »
PxA l | .
PxB : ! | < PW -1
PxC ! |
PO _ |a PW >

: —: <— TON

External Switch C : :
: — ' <¢— TOFF

Note 1: All signals are shown as active-high.
2: ToN is the turn on delay of power switch QC and its driver.
3: ToFF is the turn off delay of power switch QD and its driver.
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2443 ENHANCED PWM

AUTO-SHUTDOWN MODE

The PWM mode supports an Auto-Shutdown mode that
will di sable the PWM output s w hen an external
shutdown eve nt occurs. Auto-Shutdown mode places
the PWM output pins into a prede termined state. This
mode is used to help prevent the PWM from damaging
the application.

The auto-shutdown sources are s elected usin g the
CCPxAS<2:0> bits of the CCPxAS register. A shutdown
event may be generated by:

*A logic ‘0’ on the INT pin

*A logic ‘1’ on a Comparator (Cx) output

A sh utdown co ndition is in dicated by the C CPxASE
(Auto-Shutdown Ev ent S tatus) bit of the CCPxAS
register. If the bitis a ‘0’, the PWM pins are operating
normally. If the bitis a ‘1’, the PWM outputs are in the
shutdown state.

When a shutdown event occurs, two things happen:

The C CPxASE bitis setto‘ 1. T he CCPx ASE wiill
remain set until cleared in firmware or an auto-restart
occurs (see Section 24.4.4 “ Auto-Restart Mode”).

The enabled PWM pins are as ynchronously placed in
their s hutdown st ates. The PWM ou tput pins are

Note 1:

The auto-shutdown c onditioni s a
level-based si gnal, no t an ed ge-based
signal. As long as the level is present, the
auto-shutdown will persist.

Writingto  the CCPx ASE bi t of the
CCPxAS regi ster is di sabled w hile an
auto-shutdown condition persists.

Once the a uto-shutdown co ndition h as
been re moved and the PW M restarted
(either through firmware or a uto-restart)
the PWM signal will always restart at the
beginning of the next PWM period.

Prior to an auto-shutdown event caused
by a comparator output or INT pin event,
a software shutdown can be triggered in
firmware by setting the C CPxASE bit of
the CCPxASr egistert o 1'.T he
Auto-Restart fe ature t racks the active
status of ash utdownca usedb ya
comparator output or INT pin event only.
If itis en abled att hist ime,it w ill
immediately clear this bit and restart the
ECCP mo dule at th e be ginning of t he
next PWM period.

grouped into pairs [PxA/PxC] and [PxB/PxD]. The state
of each pin p air is determi ned by the PS SxAC and
PSSxBD bits ofthe CCPxAS register. Each pin pair may
be placed into ore of three states:

*D rive logic ‘1’

*D rive logic ‘0’

« Tri-state (high-impedance)

FIGURE 24-14:

PWM AUTO-SHUTDOWN WITH FIRMWARE RESTART (PXRSEN = 0)

Missing Pulse
(Auto-Shutdown)

Timer
Overflow

Timer
Overflow

'

[~<——PWM Period — |

PWM Activity s

Timer
Overflow

Missing Pulse
(CCPXASE not clear)

Timer
Overflow

Timer
Overflow

Start of
PWM Period

Shutdown Event

CCPXASE bit |

ShutdownjA Shutdown
Event Occurs Event Clears

A

PWM
Resumes

CCPxASE

— Cleared by
Firmware
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2444 AUTO-RESTART MODE

The Enhanced PWM can be configured to automati-
cally restart the PWM signal once the auto-shutdown
condition has been removed. Auto-restart is enabled by
setting the PxRSEN bit in the PWMxCON register.

FIGURE 24-15:

If auto-restart is enabled, the CCPxASE bit will remain
set as long as the auto-shutdown condition is active.
When the a uto-shutdown c ondition i s re moved, th e
CCPXxASE bit will be cleared via hardware and normal
operation will resume.

PWM AUTO-SHUTDOWN WITH AUTO-RESTART (PXRSEN =1)

Missing Pulse
(Auto-Shutdown)

Timer
Overflow

Timer
Overflow

~¢——PWM Period —»

PWM Activity s

Missing Pulse
(CCPXASE not clear)

Timer Timer Timer
Overflow Overflow Overflow
| | |

Start of
PWM Period

Shutdown Event

l.
|

CCPxASE bit
PWM
Shutdown X Resumes
Event Occurs '
Shutdown __, CCPxASE
Event Clears ' Cleared by
Hardware

A
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24.4.5 PROGRAMMABLE DEAD-BAND FIGURE 24-16: EXAMPLE OF
DELAY MODE HALF-BRIDGE PWM
In Half-Bridge a pplications w here all p ower s witches ouTPUT
are m odulated at th e PW M frequency, the po wer Period Period
switches normally require more time to turn off than to | I |
turn on. If both the upper and lower power switches are e Pulse Width, [ [
switched at the same time (one turnedon, andthe PxA@ ! | ! !
other turned off), both switches may be on for a short L | | [
period of ti me until one switch c ompletely turn s off. o g [ : :
During thi s bri efi nterval,av ery hi ghc urrent PxB® : ' t_>: :<_| |
(shoot-through c urrent) will flow th rough both po wer -/ e |—1_
switchgs, sh orting t_he b ridge su pply. To avoid t his :(1) : :(1) '(1)
potentially de structive s hoot-through ¢ urrent fro m ! '
floyving dgring switching, turning on either of the power d = Dead-Band Delay
switches is normally delayed to allow the other switch
to completely turn off. Note 1: Atthistime, the TMRX register is equal to the
In Half-Bridge mode, adi gitally pro grammable PRx register.
dead-band d elay i s available to a void s hoot-through 2: Output signals are shown as active-high.
current from destroying the bridge power switches. The
delay occurs at the signal transition from the non-active
statetoth e ac tives tate. See  Figure 24-16 for
illustration. Th e | ower s even b its of th e a ssociated
PWMxCON re gister ( Register 24-4) s ets th e d elay
period in terms o f microcontroller instruction cycles
(Tcy or 4 Tosc).
FIGURE 24-17: EXAMPLE OF HALF-BRIDGE APPLICATIONS
\V+
Standard Half-Bridge Circuit (“Push-Pull™) T
FET
Driver +
™S |'€ —
PxA e |t} =V
Load
FET
Driver +
™S | € —
PxB — > |t} =V
V-
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2446 PWM STEERING MODE

In Single Output mode, PWM steering allows any of the
PWM pins to be the modulated signal. Additionally, the
same PWM signal can be simultaneously available on
multiple pins.

Onceth eSi ngleO utputm odeis s elected
(CCPxM<3:2> =11 and PxM<1:0> = 00 of the
CCPxCON register), the us er firmware can bring out
the same PWM signal to one, two, three or four output
pins by setting the appropriate STRx<D:A> bits of the
PSTRxCON register, as shown in Register 24-5.

Note:  The associated TRIS bits must be set to
output (‘0’) to enable the pin output driver
in order to see the PWM signal on the pin.

While the PWM Steering mode is active, CCPxM<1:0>
bits of the CCPxCON register select the PWM output
polarity for the Px<D:A> pins.

The PWM auto-shutdown ope ration al so applies to
PWM Steering mode as described in Section 24.4.3
“Enhanced PWM Auto-shutdown mo de”. An
auto-shutdown ev ent w ill on ly aff ect pi ns t hat have
PWM outputs enabled.

FIGURE 24-18: SIMPLIFIED STEERING
BLOCK DIAGRAM

STRxA

PxA Signal PxA pin
cepami )] 1 ; E

PORT Data

TRIS

CCPxMO'jE}TL PxB pin

STRxB

PORT Data 0
TRIS
STRxC
cepxm1 )] 1 PxC pin
PORT Data o
TRIS
STRxD
CCPXMO )D 1 PxD pin
PORT Data 0
TRIS

Note 1: Portoutputs are configured as show n when
the CCPx CON regist er bit s Px M<1:0> = 00
and CCPxM<3:2> = 11.

2: Single P WM out put requires setting at least
one of the STRx bits.

© 2011 Microchip Technology Inc.
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24.4.6.1 Steering Synchronization

The STRxSYNC bit of the PSTRXxCON register gives
the user two selections of when the steering event will
happen. When the STRxSYNC bit is ‘0’, the steering
event will happen atthe endof the in struction th at
writes to the PSTRxCON regi ster. In th is case, the
output s ignal atth e P x<D:A>p insm aybea n
incomplete PWM w aveform. This operation is useful
when the user firmware needs to immediately remove
a PWM signal from the pin.

When the ST RxSYNC bit is ‘1, the effective steering
update will happen at the b eginning of the next PWM
period. In this case, steering on/off the PWM output will
always produce a complete PWM waveform.

Figures 24-19 and 24-20 illustrate the timing diagrams
of the PWM st eering d epending on the S TRxSYNC
setting.

2447 START-UP CONSIDERATIONS

When any PWM modeis us ed, the a pplication
hardware must use the proper external pull-up and/or
pull-down resistors on the PWM output pins.

The CCPxM<1:0> bits of the CCPxCON register allow
the user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (Px A/PxC a nd Px B/PxD). T he PW M o utput
polarities must be selected before the PWM pin output
driversare en abled. Changingt he polarity

FIGURE 24-19:

configuration w hile the PWM pi n ou tput dri vers are
enable i s n ot re commended since it mayresultin
damage to the application circuits.

The PxA, PxB, PxC and PxD output latches may not be
inthe prop ers tatesw henth e PWM mo dulei s
initialized. Enabling the PWM pin output drivers at the
same time as the Enhanced PWM modes may cause
damage to the application circuit. The Enhanced PWM
modes must be enabled inthe proper Output mode and
complete a full PWM cycle before enabling the PWM
pin output drivers. The completion of a full PWM cycle
is i ndicated by the TMRXIF bit of the PIRx register
being set as the second PWM period begins.

Note:  When the microcontroller is released from
Reset,a Il ofth e I/Opins arein the
high-impedance state. Th e e xternal c ir-
cuits must keep the power switch devices
in the Off s tate un til the m icrocontroller
drives the 1/O pins with the proper signal
levels or activates the PWM output(s).

2448 ALTERNATE PIN LOCATIONS

This module incorporates I/O pins that can be moved to
other locations with the use of the alternate pin function
registers, APFC ONO and APFCON1. T o de termine
which pins can be moved and what their default loca-
tions are upon ares et, see Section 12.1 “ Alternate
Pin Function” for more information.

EXAMPLE OF STEERING EVENT AT END OF INSTRUCTION (STRxSYNC = 0)

< PWM Period —

PWM ‘, I_‘

L L L

STRx |

P1<D:A> PORT Datay' \ /

P1n = PWM

\ / \< PORT Data

FIGURE 24-20:
(STRXSYNC = 1)

EXAMPLE OF STEERING EVENT AT BEGINNING OF INSTRUCTION

PWM u

L] L]

I

STRx ;

P1<D:A> —(

PORT Data X

\ / \ ,{: PORT Data

P1n=PWM
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TABLE 24-10: SUMMARY OF REGISTERS ASSOCIATED WITH ENHANCED PWM

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁgpizt;
APFCONO RXDTSEL | SDO1SEL | SS1SEL | P2BSEL® [cCP2SEL@| P1DSEL P1CSEL | CCP1SEL 119
CCPxCON PxM<1:0>(1) DCxB<1:0> CCPxM<3:0> 226
CCPxAS CCPxASE CCPxAS<2:0> PSSxAC<1:0> PSSxBD<1:0> 228
CCPTMRS C4TSEL<1:0> C3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0> 227
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE 87
PIE2 OSFIE C2IE C1IE EEIE BCLIE — — CCP2IE 88
PIE3@ — — CCP4IE CCP3IE TMRG6IE — TMR4IE — 89
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 91
PIR2 OSFIF C2IF C1IF EEIF BCLIF — — CCP2IF 92
PIR3® — — CCP4IF CCP3IF TMRG6IF — TMRA4IF — 93
PR2 Timer2 Period Register 189*
PR4 Timer4 Module Period Register 189
PR6 Timer6 Module Period Register 189
PSTRxCON — — — STRxSYNC| STRxD STRxC STRxB STRxA 230
PWMxCON PxXRSEN PxDC<6:0> 229
T2CON — T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPS0 | TMR20ON | T2CKPS1 | T2CKPSO0 191
T4CON — T40UTPS3 | TAOUTPS2 | TAOUTPS1 | TAOUTPSO | TMR4ON | T4CKPS1 | TACKPSO 191
T6CON — T60OUTPS3 | T6BOUTPS2 | TEBOUTPS1 | TEBOUTPSO| TMRB6ON | T6CKPS1 | T6CKPSO 191
TMR2 Holding Register for the 8-bit TMR2 Time Base 189*
TMR4 Holding Register for the 8-bit TMR4 Time Base(® 189*
TMR6 Holding Register for the 8-bit TMR6 Time Base(® 189*
TRISA TRISA7 TRISA6 TRISA5S TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 122
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the PWM.

* Page provides register information.
Note 1: Applies to ECCP modules only.
2:  PIC16(L)F1827 only.
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24.5 CCP Control Registers

REGISTER 24-1: CCPxCON: CCPx CONTROL REGISTER

R/W-00 R/W-0/0 R/W-0/0 R/W-0/0 R/ W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
PxM<1:0>( DCxB<1:0> CCPxM<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Reset
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 PxM<1:0>: Enhanced PWM Output Configuration bits(®)
Capture mode:
Unused
Compare mode:
Unused

If CCPxM<3:2> = 00, 01, 10:
xx =PxA assigned as Capture/Compare input; PxB, PxC, PxD assigned as port pins
If CCPxM<3:2> =11:
00 = Single output; PxA modulated; PxB, PxC, PxD assigned as port pins
01 = Full-Bridge output forward; PxD modulated; PxA active; PxB, PxC inactive
10 = Half-Bridge output; PxA, PxB modulated with dead-band control; PxC, PxD assigned as port pins
11 =Full-Bridge output reverse; PxB modulated; PxC active; PxA, PxD inactive
bit 5-4 DCxB<1:0>: PWM Duty Cycle Least Significant bits

Capture mode:
Unused

Compare mode:

Unused

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.
bit 3-0 CCPxM<3:0>: ECCPx Mode Select bits

0000 =Capture/Compare/PWM off (resets ECCPx module)

0001 =Reserved

0010 =Compare mode: toggle output on match

0011 =Reserved

0100 =Capture mode: every falling edge
0101 =Capture mode: every rising edge
0110 =Capture mode: every 4th rising edge
0111 =Capture mode: every 16th rising edge

1000 =Compare mode: initialize ECCPx pin low; set output on compare match (set CCPxIF)

1001 =Compare mode: initialize ECCPXx pin high; clear output on compare match (set CCPxIF)

1010 =Compare mode: generate software interrupt only; ECCPx pin reverts to 1/O state

1011 =Compare mode: Special Event Trigger (ECCPx resets Timer, sets CCPxIF bit, starts A/D conversion if A/D
module is enabled)®

CCP Modules only:

11xx =PWM mode

ECCP Modules only:

1100 =PWM mode: PxA, PxC active-high; PxB, PxD active-high
1101 =PWM mode: PxA, PxC active-high; PxB, PxD active-low
1110 =PWM mode: PxA, PxC active-low; PxB, PxD active-high
1111 =PWM mode: PxA, PxC active-low; PxB, PxD active-low

Note 1: These bits are not implemented on CCP<4:3>.
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REGISTER 24-2:

CCPTMRS: PWM TIMER SELECTION CONTROL REGISTER

‘1’ = Bit is set

R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown
‘0’ = Bit is cleared

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
C4TSEL<1:0> C3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0>
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-6

bit 5-4

bit 3-2

bit 1-0

CA4TSEL<1:0>: CCP4 Timer Selection

00 =CCP4 is based off Timer 2 in PWM Mode
01 =CCP4 is based off Timer 4 in PWM Mode
10 =CCP4 is based off Timer 6 in PWM Mode
11 =Reserved

C3TSEL<1:0>: CCP3 Timer Selection

00 =CCP3 is based off Timer 2 in PWM Mode
01 =CCP3 is based off Timer 4 in PWM Mode
10 =CCP3 is based off Timer 6 in PWM Mode
11 =Reserved

C2TSEL<1:0>: CCP2 Timer Selection

00 =CCP2 is based off Timer 2 in PWM Mode
01 =CCP2 is based off Timer 4 in PWM Mode
10 =CCP2 is based off Timer 6 in PWM Mode
11 =Reserved

CITSEL<1:0>: CCP1 Timer Selection

00 =CCP1 is based off Timer 2 in PWM Mode
01 =CCP1 is based off Timer 4 in PWM Mode
10 =CCP1 is based off Timer 6 in PWM Mode
11 =Reserved

© 2011 Microchip Technology Inc.
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REGISTER 24-3:

CCPxAS: CCPx AUTO-SHUTDOWN CONTROL REGISTER

‘1’ = Bit is set

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CCPxASE CCPxAS<2:0> PSSxAC<1:0> PSSxBD<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘0’ = Bit is cleared

bit 7

bit 6-4

bit 3-2

bit 1-0

Note 1:

CCPxASE: CCPx Auto-Shutdown Event Status bit

1 = A shutdown event has occurred; CCPx outputs are in shutdown state
0 = CCPx outputs are operating

CCxPAS<2:0>: CCPx Auto-Shutdown Source Select bits

000 = Auto-shutdown is disabled

001 = Comparator C1 output high(?

010 = Comparator C2 output high(l)

011 = Either Comparator C1 or C2 high?)

100 =V iL on INT pin

101 =V iL on INT pin or Comparator C1 high(l)

110 =V iL on INT pin or Comparator C2 high(l)

111 =ViL on INT pin or Comparator C1 or Comparator C2 high®
PSSxAC<1:0>: Pins PxA and PxC Shutdown State Control bits
00 = Drive pins PxA and PxC to ‘0’

01 = Drive pins PxA and PxC to ‘1’

1x = Pins PxA and PxC tri-state

PSSxBD<1:0>: Pins PxB and PxD Shutdown State Control bits

00 = Drive pins PxB and PxD to ‘0’
01 = Drive pins PxB and PxD to ‘1’
1x = Pins PxB and PxD tri-state

If CxSYNC is enabled, the shutdown will be delayed by Timer1.
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REGISTER 24-4: PWMxCON: ENHANCED PWM CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
PxRSEN PxDC<6:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 PXRSEN: PWM Restart Enable bit

1 = Upon auto-shutdown, the CCPxASE bit clears automatically once the shutdown event goes away;
the PWM restarts automatically
0 = Upon auto-shutdown, CCPxASE must be cleared in software to restart the PWM
bit 6-0 PxDC<6:0>: PWM Delay Count bits

PxDCx =Number of Fosc/4 (4 * Tosc) cycles between the scheduled time when a PWM signal should
transition active and the actual time it transitions active

Note 1: Bitresets to ‘0’ with Two-Speed Start-up and LP, XT or HS selected as the Oscillator mode or Fail-Safe
mode is enabled.
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REGISTER 24-5: PSTRxCON: PWM STEERING CONTROL REGISTER®

u-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/ W-0/0 R/W-1/1
— — — STRxSYNC STRxD STRxC STRxB STRxA
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bitis cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4 STRxSYNC: Steering Sync bit

1 = Output steering update occurs on next PWM period
0 = Output steering update occurs at the beginning of the instruction cycle boundary
bit 3 STRxD: Steering Enable bit D
1 = PxD pin has the PWM waveform with polarity control from CCPxM<1:0>
0 = PxD pin is assigned to port pin
bit 2 STRxC: Steering Enable bit C
1 = PxC pin has the PWM waveform with polarity control from CCPxM<1:0>
0 = PxC pin is assigned to port pin
bit 1 STRxB: Steering Enable bit B
1 = PxB pin has the PWM waveform with polarity control from CCPxM<1:0>
0 = PxB pin is assigned to port pin
bit 0 STRxA: Steering Enable bit A
1 = PxA pin has the PWM waveform with polarity control from CCPxM<1:0>
0 = PxA pin is assigned to port pin

Note 1: The PWM Steering mode is available only when the CCPxCON register bits CCPxM<3:2> =11 and
PxM<1:0> = 00.
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25.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP1 AND
MSSP2) MODULE

25.1 Master SSPx (MSSPx) Module
Overview

The Master Synchronous Serial Port (MSSPx) module
is a serial interface useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be Serial EEPROMSs, shift registers, dis-
play drivers, A/D converters, etc. The MSSPx module
can operate in one of two modes:

« Serial Peripheral Interface (SPI)

* Inter-Integrated Circuit (IZCTM)

The SPI i nterface su pports the following modes and
features:

M aster mode

» Slave mode

Clock Parity

» Slave Select Synchronization (Slave mode only)

» Daisy-chain connection of slave devices

Figure 25-1 is a block diagram of the SPI interface
module.

FIGURE 25-1: MSSPX BLOCK DIAGRAM (SPI MODE)
< :> Data Bus
Read —ZE% Write
| SSPxBUFReg |
SDIx ’
X—{2>—+] ssPxsRReg |—
bit 0 Shift
SSEOX P Clock
SSx ISSx Control 2 (CKP, CKE)
Enable Clock Select
Edge
Select
SSPxM<3:0>
4 TMR2 Output )
SCKx 2
|X'_‘ Edge Prescaler | TOSC
Select 4,16, 64
Baud Rate
Generator
TRIS bit (SSPxADD)
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The 1°C interface s upports th e fo llowing mo des and
features:

* Master mode

» Slave mode

» Byte NACKing (Slave mode)

 Limited Multi-master support

» 7-bit and 10-bit addressing

» Start and Stop interrupts

* Interrupt masking

» Clock stretching

» Bus collision detection

» General call address matching

*A ddress masking

» Address Hold and Data Hold modes

» Selectable SDAXx hold times

Figure 25-2 is a bl ock dia gram of th e | 2C i nterface

module in Master mode. Figure 25-3 is a diagram of the
I2C interface module in Slave mode.

The PIC16F1827 has two MSSP modules, MSSP1 and
MSSP2, each m odule op erating in dependently from
the other.

Note 1: In de vices w ith m ore than on e M SSP
module, it is very important to pay close
attention to SS PxCONXx re gister names.
SSP1CON1 an d SSP 1CON2 re gisters
control d ifferent op erational asp ects of
the same module, while SSP1CON1 and
SSP2CON1 control the same features for
two different modules.

Throughout thi s se ction, generic ref er-
ences to an M SSP module in any of its
operating modes may be interpreted as
being eq ually ap plicable to M SSP1 or
MSSP2. Register names, module 1/O sig-
nals, and bit names may use the generic
designator ‘x ’ to in dicate the us e of a
numeral to distinguish a particular module
when required.

FIGURE 25-2: MSSPX BLOCK DIAGRAM (I2CT"’I MASTER MODE)
<: > Internal
data bus [SSPxM 3:0]
Read Write 4|7
| SSPxBUF | Baud rate
generator
‘ ’ (SSPXADD
SDAXx ﬁ Shift
SDAX in

SSPxSR

LSb

‘TGT

Start bit, Stop bit,
Acknowledge
Generate (SSPxCONZ2)

Clock Cntl

Clock arbitrate/BCOL detect
(Hold off clock source)

Receive Enable (RCEN)T

Y

A

SCLx in

-

-
>

Bus Collision

Start bit detect,
Stop bit detect
Write collision detect
Clock arbitration
State counter for

end of XMIT/RCV
Address Match detect

[iE

—> Set/Reset: S, P, SSPxSTAT, WCOL,
Reset SEN, PEN (SSPxCON2)
Set SSPxIF, BCLxIF

SSPxOV
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FIGURE 25-3: MSSPX BLOCK DIAGRAM (I2C™ SLAVE MODE)

Internal

Data Bus

Write

Addr Match

Start and
Stop bit Detect

Set, Reset
— S, P bits
(SSPxSTAT Reg)
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25.2 SPI Mode Overview

The S erial Pe ripheral | nterface (SPI )bu s is a
synchronous s erial data ¢ ommunication b us th at
operates in Full-Duplex mode. Devices com municate
in a master/slave environment where the master device
initiates the  communication. A slave de vice is
controlled thro ugh a C hip Select known a s S lave
Select.

The SPI bus specifies four signal connections:

» Serial Clock (SCKXx)

» Serial Data Out (SDOx)
» Serial Data In (SDIx)

+ Slave Select (SSx)

Figure 25-1 shows the block diagram ofthe M SSPx
module when operating in SPI Mode.

The SPI bus operates with a single master device and
one or mo re sl ave dev ices. When multiple s lave
devices are used, an independent Slave Select con-
nection is re quired from the m aster de vice to each
slave device.

Figure 25-4 s hows a t ypical ¢c onnection be tween a
master device and multiple slave devices.

The master selects only one slave at a ime. Most slave
devices ha ve ftri-state ou tputs s o their output signal
appears disconnected from the bus when they are not
selected.

Transmissions involve two shift registers, eight bits in
size, one in the master and one in the slave. With either
the master or the slave device, data is always shifted
out one bit at a time, with the Most Significant bit (MSb)
shifted out fi rst. Atth e sa me time,ane w Least
Significant bit (LSb) is shifted into the same register.

Figure 25-5 shows a ty pical connection between two
processors configured as master and slave devices.

Data is shifted out of both shift registers on the pro-
grammed clock edge and latched on the opposite edge
of the clock.

The master de vice tra nsmits information outon its
SDOx output pin which is connected to, and received
by, the slave's SDIx input pin. The slave device trans-
mits information out on its SDOXx output pin, which is
connected to, and received by, the master's SDIx input
pin.

To begin communication, the master device first sends
out the clock signal. Both the master and the slave
devices should be configured for the same clock polar-
ity.

The master device starts a transmission by sending out
the MSb from its shift register. The slave device reads
this bit from that same line and saves it into the LSb
position of its shift register.

During each S Plcl ock cycle,a f ull-duplexd ata
transmission occurs. This means that while the master
device is sending out the MSb from its shift register (on
its SDOx pin) and the slave device is reading this bit
and saving it as the LSb of its shift register, that the
slave device is also sending out the MSb from its shift
register (on its SD Ox pin) and the master deviceis
reading this bitand savingitas the LSb of its shift
register.

After 8 bits have been shifted out, the master and slave
have exchanged register values.

If there is more data to exchange, the shift registers are
loaded with new data and the process repeats itself.

Whether the data is meaningful or not (dummy data),
depends on th e app lication sof tware. This lea ds to
three scenarios for data transmission:

» Master sends useful data and slave sends dummy
data.

* Master sends useful data and slave sends useful
data.

* Master sends dummy data and slave sends useful
data.

Transmissions ma y in volve any num ber of cl ock
cycles. When there is no more data to be transmitted,
the master stops sending the clock signal and it dese-
lects the slave.

Every slave device connected to the bus that has not
been selected through its slave select line must disre-
gard the clock and transmission signals and must not
transmit out any data of its own.
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FIGURE 25-4: SPI MASTER AND MULTIPLE SLAVE CONNECTION
SCK
SPI Master X | SCKx
SDOx B SDIx  SP| Slave
SDIx g SDOx #1
General 1/0 B SSx
General I/0O
General I/0 B SCKx
P~ SDIX  SPI Slave
~t SDOx #2
B SSx
——» SCKx
— = SDIx  SP| Slave
<———— SDOx #3
B SSx

25.21 SPIMODE REGISTERS

The M SSPx module has five registers for SPI m ode
operation. These are:

* MSSPx STATUS register (SSPxSTAT)

* MSSPx Control Register 1 (SSPxCON1)
* MSSPx Control Register 3 (SSPxCON3)
* MSSPx Data Buffer register (SSPxBUF)
* MSSPx Address register (SSPxADD)

* MSSPx Shift register (SSPxSR)
(Not directly accessible)

SSPxCON1 and SSPxSTAT are the control and STA-
TUS registers in SPI mode operation. The SSPxCON1
register is readable and writable. The lower 6 bits of
the SSPxSTAT are read-only. The upper two bits of the
SSPxSTAT are read/write.

In one SPI m aster mode, SSPx ADD can be loaded
with a va lue used in th e Baud Rate Generator. More
information on the Baud Rate Generator is available in
Section 25.7 “Baud Rate Generator”.

SSPxSR is the s hift register used for s hifting data in
and ou t. SSPx BUF provides in direct access to the
SSPxSR register. SSPx BUF is the b uffer re gister to
which d ata by tes a re written, and fro m which data
bytes are read.

Inre ceive o perations, S SPxSR and SSPx BUF
together c reate a buf fered rec eiver. Whe n SSPx SR
receives a complete byte, it is transferred to SSPxBUF
and the SSPxIF interrupt is set.

During transmission, the SSPxBUF is not buffered. A
write t o SSPx BUF wi ll write to b oth SSPx BUF and
SSPxSR.

© 2011 Microchip Technology Inc.

DS41391D-page 235



PIC16(L)F1826/27

25.2.2 SPIMODE OPERATION

When initializing the SPI, several options needtob e

specified. This is done by programming the appropriate

control bits (SSPxCON1<5:0> and SSPxSTAT<7:6>).

These control bits allow the following to be specified:

» Master mode (SCKXx is the clock output)

» Slave mode (SCKXx is the clock input)

» Clock Polarity (Idle state of SCKXx)

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCKXx)

+ Clock Rate (Master mode only)

» Slave Select mode (Slave mode only)

To enable the serial port, SSPx Enable bit, SSPxEN of

the SSPxCON1 register, must be set. To reset or recon-

figure SPI mode, clear the SSPxEN bit, re-initialize the

SSPxCONX regi sters and then set the SSPx EN bit.

This configures the SDIx, SDOx, SCKx and SSx pins

as serial port pins. For the pins to behave as the serial

port function, some must have their data direction bits

(in the TRIS register) appropriately programmed as fol-

lows:

» SDIx must have corresponding TRIS bit set

» SDOx must have corresponding TRIS bit cleared

* SCKx (Master mode) must have corresponding
TRIS bit cleared

* SCKXx (Slave mode) must have corresponding
TRIS bit set

+ SSx must have corresponding TRIS bit set

Any serial po rt function thatis not desired maybe
overridden by programming the co rresponding dat a
direction (TRIS) register to the opposite value.

The MSSPx consists of a transmit/receive shift register
(SSPxSR) and a buf fer reg ister (SSPx BUF). The
SSPxSR shifts the data in and out of the device, MSb
first. The SSPxBUF holds the data that was written to
the SSPxSR until the received data is ready. Once the
8 bits of data have been received, that byte is moved to
the SSPxBUF register. Then, the Buffer Full Detect bit,
BF of the SSPxSTAT register, and the interrupt flag bit,
SSPxIF, are set. This double-buffering of the received
data (SSPxBUF) allows the next byte to start reception
before read ing the data that w as ju st re ceived. Any
write to t he SSPx BUFreg isterd uring
transmission/reception of data will be ignored and the
write ¢ ollision d etect bit WC OL o fth e S SPxCON1
register, will be set. U ser software m ust ¢ lear th e
WCOLDb itt oal lowt hef ollowing w rite(s)toth e
SSPxBUF register to complete successfully.

When the application software is expecting to receive
valid data, the SSPxBUF s hould be read before the
next byte of data to transfer is written to the SSPxBUF.
The Buf fer Ful | bit, BF of the SSPx STAT register,
indicates when SSPxBUF has been loaded with the
received da ta (tra nsmission is complete). When the
SSPxBUF is read, the BF bit is cleared. This data may
be irrelevant if the SPI is only a transmitter. Generally,
the M SSPx interrupt is used to d etermine when the
transmission/reception has completed. If the interrupt
method is not going to be used, then software polling
can be done to ensure that a write collision does not
occur.

FIGURE 25-5: SPI MASTER/SLAVE CONNECTION

| SPI Master SSPxM<3:0> = 00xx | | SPI Slave SSPxM<3:0> = 010x |
: = 1010 5pox | SDx :
| ] T |
| | | |
: Serial Input Buffer : : Serial Input Buffer :
| (BUF) | | (SSPxBUF) |
l @ l l @ l
| | | |
| | | |
| Shift Register SDIx 1 |SDOX Shift Register :
. (SSPxXSR) . | (SSPxSR) .

| |
: MSb LSb L | MSb LSb |
: SCKx : Serial Clock =: SCKx :
| | | |
: : Slave Select : — :
\ General /O - — — — 1 SSx |
| Processor 1 , (optional) Processor 2 |
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2523 SPI MASTER MODE

The master can initiate the data transfer at any time
because i t co ntrolsthe SC Kx1 ine. Th e m aster
determines when the slave (Processor 2, Figure 25-5)
is to broadcast data by the software protocol.

In Ma ster mode, the data is transmitted/received as
soon as the SSPxBUF register is written to. If the SPI
is only going to receive, the SDOx output could be dis-
abled (programmed as an input). The SSPxSR register
will continue to shift in the signal present on the SDIx
pin atthe p rogrammed clock rate. As eachbyteis
received, it will be loaded into the SSPxBUF register as
if a normal rec eived byte (interrupts and Status bits
appropriately set).

FIGURE 25-6:

The c lock p olarityis s elected by ap propriately
programming the CKP bi t of th e SSPxCON1 register
and the CKE bit of the SSPxSTAT register. This then,
would g ive w aveforms for S Pl communication as
shown in Figure 25-6, Figure 25-8 and Figure 25-9,
where the MSB is transmitted first. In Master mode, the
SPI clock rate (bit rate) is user programmable to be one
of the following:

*F osc/4 (or Tcy)

*F 0sc/16 (or 4 * Tcy)

*F 0sc/64 (or 16 * Tcy)

» Timer2 output/2

» Fosc/(4 * (SSPxADD + 1))

Figure 25-6 shows the waveforms for Master mode.

When the CKE bit is set, the SDOx data is valid before
there is a clock edge on SCKx. The change of the input
sample is shown based on the state of the SMP hit. The
time when the SSPxBUF is loaded with the received
data is shown.

SPI MODE WAVEFORM (MASTER MODE)
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25.24 SPI SLAVE MODE

In Slave mode, the data is transmitted and received as
external clock pulses appear on SCKx. When the last
bit is latched, the SSPxIF interrupt flag bit is set.

Before enabing the module inSPI Slave mode, the clock
line must matchthe proper Idle state. The clock line can
be observed by reading the SCKx pin. The Idle state is
determined by the CKP bit of the SSPxCON1 register.

While in Slave mode, the external clock is supplied by
the external clock source on the SCKx pin. This exter-
nal clock must meet the minimum high and low times
as specified in the electrical specifications.

While in Sle ep mode, the s lave can tran smit/receive
data. T he shift register is clocked from the SCKx pin
input and when a byte is received, the device will gen-
erate an interrupt. If enabled, the device will wake-up
from Sleep.

25.2.4.1 Daisy-Chain Configuration

The SPIbu s c ans ometimes be ¢ onnected ina
daisy-chain configuration. The first slave output is con-
nected to the second s lave in put, the second slave
output is connected to the third slave input, and so on.
The final slave output is connected to the master input.
Each slave sends out, during a second group of clock
pulses, an exact copy of what was received during the
first group of c lock pulses. The whole chain acts as
one largec ommunications hiftre gister. Th e
daisy-chain feature only requires a single Slave Select
line from the master device.

Figure 25-7 showst he block di agram of aty pical
daisy-chain connection when operating in SPI Mode.

In a daisy-chain configuration, only the m ost re cent
byte on the bus is required by the slave. Setting the
BOEN bit of the SSPxCONS register will enable writes
to the SSPxBUF register, even if the previous byte has
not been read. This allows the software to ignore data
that may not apply to it.

25.2.5 SLAVE SELECT
SYNCHRONIZATION

The Slave Select can also be used to synchronize com-
munication. The Slave Select line is held high until the
master dev ice isread y to communicate. Whe n the
Slave Select line is pulled low, the slave knows that a
new transmission is starting.

If the slave fails to receive the communication properly,
it will be reset at the end of the transmission, when the
Slave Select line returns to a high state. The slave is
then re ady to re ceive a ne w tran smission w hen the
Slave Select line is pulled low again. If the Slave Select
line is not used, there is a risk that the slave will even-
tually become out of sync with the master. If the slave
misses a bit, it will always be one bit off in future trans-
missions. Use of the Slave Select line allows the slave
and master to al ign th emselves at the be ginning of
each transmission.

The SSx pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SSx pi n co ntrol
enabled (SSPxCON1<3:0> = 0100).

When the SSx pin is low, transmission and reception
are enabled and the SDOXx pin is driven.

When the SSx pin goes high, the SDOX pin is no longer
driven, even if in the middle of a transmitted byte and
becomes a floating output. External pull-up/pull-down
resistors may be desirable depending on the applica-
tion.

Note 1: When the SPIis in Slave mode with SSx
pin control enabled (SSPxCON1<3:0> =
0100), the SPI module will reset if the SSx
pin is set to VDD.

2: When the SPl is used in Slave mode with
CKE set; the user must enable SSx pin
control.

3: While o perated in SPI SI ave m ode the
SMP bit of the SSPx STAT register must
remain clear.

When the SPI module resets, the bit counter is forced
to ‘0’. This can be done by either forcing the SSx pin to
a high level or clearing the SSPxEN bit.
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FIGURE 25-7: SPI DAISY-CHAIN CONNECTION
SPI Master SCK | SCK
SDOx > SDIx  SPI Slave
SDIX |« SDOx #1
General I/0 P SSx
B SCK
P~ SDIx  sSPJ Slave
SDOx #2
| SSx
L | SCK
— = SDIX  SP| Slave
<«——{SDOx #3
L BSSx
FIGURE 25-8: SLAVE SELECT SYNCHRONOUS WAVEFORM
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FIGURE 25-9: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)
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25.2.6 SPI OPERATION IN SLEEP MODE

In SPI Master mode, module clocks may be operating
at a different speed than when in full power mode; in
the case of the Sleep mode, all clocks are halted.

Special care mu st be taken by the us erw hen the
MSSPx clock is much faster than the system clock.

In Slave mode, when MSSPx interrupts are enabled,
after the master completes sending data, an MS SPx
interrupt will wake the controller from Sleep.

If an exit from Sleep mode is not desired, MSSPx inter-
rupts should be disabled.

In SPI Master mode, when the Sleep mode is selected,
allm odule c locks are ha Ited and the tra nsmis-
sion/reception will remain in that state until the device
wakes. After the device returns to Run mode, the mod-
ule will resume transmitting and receiving data.

In SPI Slave mo de, the SPI T ransmit/Receive Shi ft
register o perates asy nchronously to the device. This
allows the device to be placed in Sleep mode and data
tob e s hifted i ntoth e S PI T ransmit/Receive Shift
register. Whe n al | 8 bi ts have be en re ceived, th e
MSSPx interrupt flag bit will be set and if enabled, will
wake the device.

TABLE 25-1: SUMMARY OF REGISTERS ASSOCIATED WITH SPI OPERATION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁg;;eer
APFCONO | RXDTSEL | SDO1SEL | SS1SEL | P2BSEL® |ccP2SEL® | P1DSEL P1CSEL | CCP1SEL 119
ANSELA — — — ANSA4 ANSA3 ANSA2 ANSA1 ANSAO 123
ANSELB ANSB7 ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 — 128
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF I0CIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMRI1IF 91
SSPxBUF | Synchronous Serial Port Receive Buffer/Transmit Register 235*
SSPxCON1 WCOL SSPx0OV SSPxEN CKP SSPxM3 SSPxM2 SSPxM1 SSPxMO0 280
SSPxCON3 | ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 282
SSPxSTAT SMP CKE D/A P S RIW UA BF 279
TRISA TRISA7 TRISAG6 TRISAS TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 122
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the MSSPx in SPI mode.

*

Note 1:

Page provides register information.
PIC16(L)F1827 only.
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25.3 1°C MODE OVERVIEW

The Inter-Integrated Circuit Bus (I12C) is a multi-master
serial data communication bus. Devices communicate
ina master/slave environmentw here the m aster
devices initiate the communication. A Slave device is
controlled through addressing.

The I2C bus specifies two signal connections:

 Serial Clock (SCLx)
» Serial Data (SDAX)

Figure 25-11 shows the block diagram of the MS SPx
module when operating in 12C Mode.

Both the SCLx and SDAXx connections are bidirectional
open-drain lines, each requiring pull-up resistors for the
supply voltage. Pulling the line to ground is considered
a logical zero and letting the line float is considered a
logical one.

Figure 25-11 shows a typical connection between two
processors configured as master and slave devices.

The 12C bus can op erate with one or mo re m aster
devices and one or more slave devices.

There are four potential modes of operation for a given
device:

» Master Transmit mode
(master is transmitting data to a slave)

» Master Receive mode
(master is receiving data from a slave)

*S lave Transmit mode
(slave is transmitting data to a master)

« Slave Receive mode
(slave is receiving data from the master)

To begin communication, a master device starts out in
Master Transmit mode. The master device sends out a
Start bit followed by the address byte of th e slave it
intends to communicate with. This is followed by a sin-
gle Read/Write bit, which determines whether the mas-
ter intends to transmit to or receive data from the slave
device.

If the requested slave exists on the bus, it will respond
with an Acknowledge bit, otherwise known as an ACK.
The master then continues in either Transmit mode or
Receive mode and the slave continues in the comple-
ment, ei ther in Receive mode or T ransmit mo de,
respectively.

A Start bit is indicated by a high-to-low transition of the
SDAX line while the SCLx line is held high. Address and
data bytes are sent out, Most Significant bit (MSb) first.
The Read/Write bitis sent out as a logical one when the
master intends to read data from the slave, and is sent
out as alogical zero when it intends to write data to the
slave.

FIGURE 25-11: I2C MASTER/
SLAVE CONNECTION
VDD
SCLx % SCLx
VDD
Master % Slave
SDAXx SDAX

The Ack nowledge bit (AC K) is an active-low signal,
which holds the SDAX line low to indicate to the trans-
mitter that the slave device has received the transmit-
ted data and is ready to receive more.

The transition of a d ata bit is always performed while
the SCLx line is held low. Transitions that occur while
the SCLx line is held high are used to indicate Start and
Stop bits.

If the master intends to write to the slave, then it repeat-
edly sends out a byte of data, with the slave responding
after each byte with an ACK bit. In this example, the
master device is in Master Transmit mo de and the
slave is in Slave Receive mode.

If the masterintends to read from the slave, then it
repeatedly receives a byte of data from the slave, and
responds after each byte with an ACK bit. In this exam-
ple, the master device is in Master Receive mode and
the slave is Slave Transmit mode.

Onthelastbyte of data communicated, the m aster
device may end the transmission by sending a Stop bit.
If the master device is in Receive mode, it se nds the
Stop bit in place of the last ACK bit. A Stop bit is indi-
cated by a low-to-high transition of the SDAX line while
the SCLx line is held high.

In some cases, the master may want to maintain con-
trol of the bus and re-initiate another transmission. If
so, the master device may send another Start bit in
place of the Stop bit or last ACK bit when it is inreceive
mode.

The I2C bus specifies three message protocols;

» Single message where a master writes data to a
slave.

» Single message where a master reads data from
a slave.

» Combined message where a master initiates a
minimum of two writes, or two reads, or a
combination of writes and reads, to one or more
slaves.
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When one device is transmitting a logical one, or letting
the line float, and a second device is transmitting a log-
ical zero, or holding the line low, the first device can
detect that the line is not a logical one. This detection,
when used on the SCLx line, is called clock stretching.
Clock stretching gives slave devices a me chanism to
control the flow of data. When this detection is used on
the SD Axlin e, i tis ca lled a rbitration. A rbitration
ensures that there is only one master device communi-
cating at any single time.

25.3.1 CLOCK STRETCHING

When a slave device has not completed p rocessing
data, it can delay the transfer of more data through the
process of C lock S tretching. An add ressed s lave
device may hold the SCLx clock line low after receiving
or sending a bit, indicating that it isnot yet ready to con-
tinue. The master that is communicating with the slave
will attempt to raise the SCLx line in order to transfer
the next bit, but will detect that the clock line has not yet
been rele ased. Because the SC Lx con nectioni s
open-drain, the slave has the ability to hold that line low
until it is ready to continue communicating.

Clock stretching allows receivers that cannot keep up
with a transmitter to control the flow of incoming data.

25.3.2 ARBITRATION

Each master device must monitor the bus for Start and
Stop bits. If the device detects that the bus is busy, it
cannot begin a new message until the bus returns to an
Idle state.

However, two master devices may try to initiate atrans-
mission on or about the same time. When this occurs,
the proc ess of arbitration beg ins. Eac h tran smitter
checks the level of the SDAXx data line and compares it
to the level that it expects to find. The first transmitter to
observe that the two levels don't match, loses arbitra-
tion, and must stop transmitting on the SDAX line.

For example, if one transmitter holds the SDAXx line to
alogical one (lets it f loat) and a s econd tran smitter
holds it to a logical zero (pulls it low), the result is that
the SD Ax line will be low. The first transmitter the n
observes th at th e le vel of th e line i s d ifferent tha n
expected an d co ncludes that another tra nsmitteri s
communicating.

The first transmitter to notice this difference is the one
that loses arbitration and must stop driving the SDAx
line. If this transmitter is also a master device, it also
must stop driving the SCLx line. It then can monitor the
lines for a Stop condition before trying to reissue its
transmission. In the meantime, the other device that
has not noticed any difference between the expected
and actual levels on the SD Ax line continues with it's
original transmission. It can do so without any compli-
cations, b ecause s o far, the tran smission appears
exactly as expected with no other transmitter disturbing
the message.

Slave Transmit mode can also be arbitrated, when a
master addresses multiple slaves, but this is less com-
mon.

If two master devices are sending a message to two dif-
ferent slave devices at the address stage, the master
sending the lower slave address always wins arbitra-
tion. When two master devices send messages to the
same slave address, and addresses can sometimes
refer to multiple slaves, the arbitration process must
continue into the data stage.

Arbitration usually occurs very rarely, but it is a neces-
sary process for proper multi-master support.

© 2011 Microchip Technology Inc.
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25.4  1°C MODE OPERATION

All M SSPx | 2C co mmunication is byte o riented an d
shifted out MSb first. Six SFR registers and 2 interrupt
flags i nterface the m odule with the PI C® microcon-
troller and user software. Two pins, SDAx and SCLx,
are ex ercised b y th e m odule to co mmunicate w ith
other external 1°C devices.

2541 BYTE FORMAT

All communication in 12C is done in 9-bit segments. A
byte is sent from a Master to a Slave or vice-versa, fol-
lowed by an Acknowledge bit sent back. After the 8th
falling ed ge of the SCLx line, th e d evice ou tputting
data on the SDAx changes that pin to aninputand
reads in an ac knowledge value on the nex tcl ock
pulse.

The clock signal, SC Lx, i s provided by the master.
Data is valid to change while the SCLx signal is low,
and sampled on the rising edge of the clock. Changes
on the SD Ax line while the SCLx line is high define
special conditions on the bus, explained below.

25.4.2 DEFINITION OF 1°C TERMINOLOGY

There is language and terminology in the description
of 12C communication that have definitions specific to
12C. That word us age is defined below and may be
used in the rest of this document without explanation.
Thist ablew asad aptedfro mth ePhi lips| 2C
specification.

25.43 SDAX AND SCLX PINS

Selection of any 12C mode with the SSPXEN bit set,
forces the SC Lx and SD Ax pi ns to be op en-drain.
These pins should be set by the user to inputs by set-
ting the appropriate TRIS bits.

Note: Dataistiedto output zerowhenanl 2c
mode is enabled.

2544 SDAXHOLD TIME

The hoId tim e of the SD Axpiniss elected by the
SDAHT bit of the SSPxCON3 register. Hold time is the
time SDAX is held valid after the falling edge of SCLx.
Setting the SD AHT bit selects a longer 300 ns mini-
mum holdtimeandmayhelpon buseswithlarge
capacitance.

TABLE 25-2:

I2C BUS TERMS

TERM

Description

Transmitter

The device which shifts data out
onto the bus.

Receiver The device which shifts data in
from the bus.

Master The device that initiates a transfer,
generates clock signals and termi-
nates a transfer.

Slave The device addressed by the mas-
ter.

Multi-master A bus with more than one device
that can initiate data transfers.

Arbitration Procedure to ensure that only one

master at a time controls the bus.
Winning arbitration ensures that
the message is not corrupted.

Synchronization

Procedure to synchronize the
clocks of two or more devices on
the bus.

Idle No master is controlling the bus,
and both SDAx and SCLx lines are
high.

Active Any time one or more master
devices are controlling the bus.

Addressed Slave device that has received a

Slave matching address and is actively
being clocked by a master.

Matching Address byte that is clocked into a

Address slave that matches the value

stored in SSPxADD.

Write Request

Slave receives a matching
address with R/W bit clear, and is
ready to clock in data.

Read Request

Master sends an address byte with
the R/W bit set, indicating that it
wishes to clock data out of the
Slave. This data is the next and all
following bytes until a Restart or
Stop.

Clock Stretching

When a device on the bus hold
SCLx low to stall communication.

Bus Collision

Any time the SDAX line is sampled
low by the module while it is out-
putting and expected high state.
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25.45 START CONDITION

The 12C spe cification defines a Start condition as a
transition of S DAxfromah ightoal ow state w hile
SCLx line is high. A S tart condition is always gener-
ated by the master and signifies the transition of the
bus from anld leto an Ac tive s tate. Figure 25-10
shows wave forms for Start and Stop conditions.

A bus collision can occur on a Start condition if th e
module samples the SDAX line low before asserting it
low. This does not conform to the I2C Specification that
states no bus collision can occur on a Start.

2546 STOP CONDITION

A Stop condition is a transition of the SDAXx line from
low-to-high state while the SCLx line is high.

Note: Atleast one SCLx |ow time mu st a ppear
before a Stop is valid, therefore, if the SDAx
line goes low then high again while the SCLx
line stays high, only the Start condition is

25.4.7 RESTART CONDITION

A Restart is valid any time that a Stop would be valid.
A master can issue a R estart if i t wishes to ho Id the
bus af ter term inating the current tran sfer. A Restart
has the same effect on th e slave that a S tart would,
resetting all slave logic and preparing it to clock in an
address. The master may want to address the same or
another slave.

In 10-bit Addressing Slave mode a Restart is required
for the ma ster to cl ock dat a out of the add ressed
slave. Once a slave has been fully addressed, match-
ing both high and low address bytes, the m aster can
issue a R estart and the high address by te with the
R/W bit set. The slave logic will then hold the clock
and prepare to clock out data.

After a full match with R/W clear in 10-bit mode, a prior
match flag is set and maintained. Until a Stop condi-
tion, a h igh address with R/W clear, or high address
match fails.

detected. 25.4.8 START/STOP CONDITION INTERRUPT
MASKING
The SCIE and PCIE bits of the SSPxCON3 register
can en able the gen eration of anin terruptin Slave
modes that do not typically support this function. Slave
modes w here interrupt on S tart and Stop detect are
already enabled, these bits will have no effect.
FIGURE 25-12: 12C START AND STOP CONDITIONS
r— " ' r— "
SDAx | | ! I |
I i . T | |
I L |
SN N
R R < S P
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FIGURE 25-13: I2C RESTART CONDITION
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2549 ACKNOWLEDGE SEQUENCE

The 9th SCLx pulse for any transferred byte in 1Cis
dedicated as a n Ac knowledge. Ita llows receiving
devices to respond back to the transmitter by pulling
the SDAX line low. The transmitter must release con-
trol of the line during this time to shift in the response.
The Acknowledge (ACK) is an active-low signal, pull-
ing the SDAX line low indicated to the transmitter that
the d evice h as received the transmitted dataandis
ready to receive more.

The result of an ACK is placed in the ACKSTAT bit of
the SSPxCONZ2 register.

Slave software, when the AHEN and DHEN bits are
set, allow the user to set the ACK value sent back to
the transmitter. The ACKDT bit of the SSPxCON2 reg-
ister is set/cleared to determine the response.

Slave hardware will generate an ACK response if the
AHEN and DHEN bits of the SSPxCONS3 register are
clear.

There are certain conditions where an ACK will not be
sent by the slave. If the BF bit of the SSPxSTAT regis-
ter or the SSPxQV bit of the SSPxCON1 register are
set when a byte is received.

When the module is ad dressed, after the 8th falling
edge of SCLxonthe bus,the ACKTIMbitofthe
SSPxCONBS register is set. The ACKTIM bit indicates
the acknowledge time of the active bus. The ACKTIM
Status bit is only active when the AHEN bit or DHEN
bit is enabled.

25.5 1°C SLAVE MODE OPERATION

The MSSPx S| ave m ode o peratesi n one o ffo ur
modes selected in the SSPxM bits of SSPxCON1 reg-
ister. The modes can be divided into 7-bit and 10-bit
Addressing mode. 10- bit Add ressing m odes op erate
the same as 7-bit with some additional overhead for
handling the larger addresses.

Modes with Start and Stop bit interrupts operated the
same as the other modes with SSPxIF add itionally
getting set upon detection of a Start, Restart, or Stop
condition.

25.5.1 SLAVE MODE ADDRESSES

The SSPx ADD reg ister ( Register 25-6) c ontains t he
Slave mode address. The first by te rec eived after a
Start or R estart con dition is co mpared aga inst th e
value stored in this register. If the byte matches, the
value is loaded into the SSPx BUF regi sterand an
interrupt is generated. If the value does not match, the
module goes Idle and no indication is given to the soft-
ware that anything happened.

The SSPx M ask re gister (Register 25-5) a ffects th e
address m atching process. Se e Section 25.5.9
“SSPx Mask Register” for more information.

25.5.1.1  12C Slave 7-bit Addressing Mode

In 7-bit Addressing mode, the LSb of the received data
byte is ignored when determining if there is an address
match.

25.5.1.2  12C Slave 10-bit Addressing Mode

In 10-bit Addressing mode, the f irst received byte is
compared to the binary value of ‘11110 A9 A8 0’. A9
and A8 are thetwo M Sb ofthe 10-bit address and
stored in bits 2 and 1 of the SSPxADD register.

After the acknowledge of the high byte the UA bit is set
and SCLx is held low until the user updates SSPxADD
with the low address. The low address byte is clocked
in and all 8 bits are compared to the low address value
in SSPxADD. Even if th ere is not an address match;
SSPxIF and UA are set, and SCLx is held | ow u ntil
SSPxADD is updated to receive a hig h by te ag ain.
When SSPxADD is updated the UA bit is cleared. This
ensures the m oduleis readyto receivethe hig h
address byte on the next communication.

A high and low address match as a write requestis
required at the start of all 10-bit addressing communi-
cation. A transmission can b e initiated by is suing a
Restart once the slave is addressed, and clocking in
the high address with the R/W bit set. The slave hard-
ware will then acknowledge the read request and pre-
pare to clock out data. Thisis only valid for a slave
after it has received a complete high and low address
byte match.
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25.5.2 SLAVE RECEPTION

When the R/W bit of a matching received address byte
is clear, the R/W bitof the SSPx STAT register is
cleared. The received address is loaded into the SSPx-
BUF register and acknowledged.

When t he ov erflow condition ex ists forar eceived
address, then not Acknowledge is given. An overflow
condition is defined as either bit BF of the SSPxSTAT
register is set, or bit SSPxOV of the SSPxCON1 regis-
teris set. The BOEN bi t of th e SSPx CON3 register
modifies thi s ope ration. For more in formation se e
Register 25-4.

An MSSPx interrupt is generated for e ach transferred
data byte. Flag bit, SSPxIF, must be cleared by soft-
ware.

When the SEN bi t of the SSPxCON2 registeris set,
SCLx will be held low (clock stretch) following each
received byte. The clock must be released by setting
the C KP bi to ft he SSPx CON1 register, except
sometimes in 10-bit mode. See Section 25.2.3 “ SPI
Master Mode” for more detail.

25.5.2.1  7-bit Addressing Reception

This section describes a standard sequence of events
for the MSSPx module configured as an 12C Slave in
7-bit Add ressing mode. All d ecisions made by hard-
ware o rs oftware a nd their e ffecton rec eption.
Figure 25-13 a nd Figure 25-14is used as avi sual
reference for this description.

This is a step by step process of what typically must
be done to accomplish 12C communication.
1. Start bit detected.

2. S bit of SSPxSTAT is set; SSPxIF is set if inter-
rupt on Start detect is enabled.

3. Matching address with R/W bit clear is received.

4. The slave pulls SDAx low sending an ACK tothe
master, and sets SSPxIF bit.

5. Software clears the SSPxIF bit.

6. Software re ads received a ddress from SS Px-
BUF clearing the BF flag.

7. IfSEN =1; S lave s oftware se ts C KP bi t to
release the SCLx line.

8. The master clocks out a data byte.

9. Slave drives SDAx low sending an ACK to the
master, and sets SSPxIF bit.

10. Software clears SSPxIF.

11. Software reads the received by te from S SPx-
BUF clearing BF.

12. Steps 8-12 are repeated for all received bytes
from the Master.

13. Master sends Stop c ondition, s etting P biit of
SSPxSTAT, and the bus goes Idle.

255.2.2  7-bit Reception with AHEN and DHEN

Slave dev ice rec eption with AH EN and DHEN s et
operate the same as without these options with extra
interrupts and clock stretching added after the 8th fall-
ing edge of SCLx. These additional interrupts allow the
slave software to d ecide whether it wants to ACK the
receive address or data byte, ra ther than the hard-
ware. This functionality adds support for PMBus™ that
was not present on previous versions of this module.

This list describes the steps that need to be taken by
slave software to use these options for | 2C commun-
cation. Figure 25-15 d isplays a mo dule us ing both
address and data holding. Figure 25-16 includes the
operation with the SEN bit of the SSPxCON2 register
set.

1. S bit of SSPxSTAT is set; SSPxIF is set if inter-
rupt on Start detect is enabled.

2. Matching address with R/W bit clear is clocked
in. SSPxIF is set and CKP cleared after the 8th
falling edge of SCLx.

3. Slave clears the SSPxIF.

4. Slavecan look atth e AC KTIM bitofth e
SSPxCONS3 register to determine if the SSPxIF
was after or before the ACK.

5. Slave reads the address value from SSPxBUF,
clearing the BF flag.

6. Slave sets ACK value clocked out to the master
by setting ACKDT.

7. Slave releases the clock by setting CKP.
SSPxIF is set after an ACK, not after a NACK.

9. If SEN =1 the slave hardware will stretch the
clock after the ACK.

10. Slave clears SSPxIF.

®

Note: SSPxIF is still set after the 9th falling edge of
SCLx even if there is no clock stretching and
BF has been cleared. Only if NACK is sent
to Master is SSPxIF not set

11. SSPxIF set and CKP c leared after 8th falling
edge of SCLx for a received data byte.

12. Slave looks at ACKTIM bit of SSPxCON3 to
determine the source of the interrupt.

13. Slave reads the received data from SSPxBUF
clearing BF.

14. Steps 7-14 are the same for each received data
byte.

15. Communication is ended by eit her th e sl ave
sending an ACK =1, or the master sending a
Stop condition. If a Stop is sent and Interrupt on
Stop Detect is disabled, the slave will only know
by polling the P bit of the SSTSTAT register.
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I°C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN

FIGURE 25-14:
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FIGURE 25-15:
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FIGURE 25-16:
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FIGURE 25-17:
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2553 SLAVE TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bitof t he
SSPxSTAT re gisteris set. The re ceived addressis
loaded into the SSPxBUF register, and an ACK pulse is
sent by the slave on the ninth bit.

Following the ACK, slave hardware clears the CKP bit
and the S CLx pinis held|ow (s ee Section 25.5.6
“Clock Stretching” for more detail). By stretching the
clock, the master will be unable to assert another clock
pulse until the slave is done prep aring the transmit
data.

The transmit data must be loaded into the SSPxBUF
register which also loads the SSPxSR register. Then
the SCLx pin should be released by setting the CKP bit
of the SSPx CON1 re gister. The eightdatabits are
shifted out on the falling edge of the SCLx input. This
ensures that the SDAX signal is valid during the SCLx
high time.

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCLx input pulse. This ACK
value is copied to the ACKSTAT bit of the SSPxCON2
register. If A CKSTAT is set (not ACK), then the data
transfer is complete. In this case, when the not ACK is
latched by the slave, the slave goes | dle and w aits for
another occurrence of the Start bit. If the SDAX line was
low (ACK), the next tr ansmit data must be loaded into
the SS PxBUF reg ister. A gain, the S CLx pin must be
released by setting bit CKP.

An MSSPx interrupt is generated for each data transfer
byte. The SSPxIF bit must be cleared by software and
the SSPxSTAT register is used to determine the status
of the byte. The SSPxIF bit is set on the falling edge of
the ninth clock pulse.

25.5.3.1 Slave Mode Bus Collision

A slave receives a Read request and begins shifting
data out on the SDAX line. If a bus collision is detected
and the SBCDE bit of the SSPxCONS3 register is set,
the BCLxIF bit of the PIRx register is set. Once a bus
collision is detected, the slave goes Idle and waits to be
addressed again. User software can use the BCLxIF bit
to handle a slave bus collision.

255.3.2 7-bit Transmission

A ma ster dev ice cantran smitarea drequesttoa
slave, and then clock data out of the slave. The list
below outlines what software for a slave will need to
do to ac complish a st andard transmission.
Figure 25-17 can be used as a reference to this list.

1. Master sends a Start condition on SD Ax and
SCLx.

2. S bit of SSPxSTAT is set; SSPxIF is set if inter-
rupt on Start detect is enabled.

3. Matching address with R/W bit set is received by
the Slave setting SSPxIF bit.

4. Slave h ardware generates an ACK and s ets
SSPxIF.

5. SSPxIF bit is cleared by user.

6. Softwareread st here ceived a ddress from
SSPxBUF, clearing BF.

7. R/W is set so CKP was automatically cleared
after the ACK.

8. The slave software loads the transmit data into
SSPxBUF.

9. CKP bitis set releasing SCLx, allowing the mas-
ter to clock the data out of the slave.

10. SSPxIF is set after the ACK response from the
master is loaded into the ACKSTAT register.

11. SSPxIF bit is cleared.

12. The slave software checks the ACKSTAT bit to
see if the master wants to clock out more data.

Note 1: If the master ACKs the clock will be
stretched.

2: ACKSTAT is the only bit updated on the
rising edge of SC Lx (9th) rather than the
falling.

13. Steps 9-13 are repeated for eac h trans mitted
byte.

14. If the master sends a not ACK: the clock is not
held, but SSPxIF is still set.

15. The master sends a Restart condition or a Stop.

16. The slave is no longer addressed.
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FIGURE 25-18:
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255.3.3 7-bit Transmission with Address

Hold Enabled

Setting th e AHEN bi toft he SSPx CON3 reg ister
enables additional clock stretching and interrupt gen-
eration after the 8th falling edge of a re ceived match-
ing address. O nce a m atching address h as bee n
clocked in, CKP is cleared and the SSPxIF interrupt is

set.

Figure 25-18 displays a standard waveform of a 7-b it
Address Slave Transmission with AHEN enabled.

1.
2.

1.
12.

Bus starts Idle.

Master sends Start condition; the S bit of SSPx-
STAT is set; SSPxIF is set if i nterrupt on Start
detect is enabled.

Master s ends ma tching add ress w ith R/W bi t
set. After the 8th falling edge of the SCLx line the
CKP bit is cleared and SSPxIF interrupt is gen-
erated.

Slave software clears SSPxIF.

Slave software reads ACKTIM bit of SSPxCON3
register, and R/W and D/A of the SSPx STAT
register to determine the source of the interrupt.
Slave reads the address value from the SSPx-
BUF register clearing the BF bit.

Slave software decides from this information if it
wishes to ACK or not ACK and sets ACKDT bit
of the SSPxCONZ2 register accordingly.

Slave sets the CKP bit releasing SCLx.

Master clocks in the ACK value from the slave.

. Slave hardware automatically clears the CKP bit

and sets SSPxIF after the ACK if the R/W bit is
set.

Slave software clears SSPxIF.

Slave loads value to transmit to the master into
SSPxBUF setting the BF bit.

Note: SSPxBUF cannot be loaded until after the

ACK.

13.
14.

15.

16.

17.

Slave sets CKP bit releasing the clock.

Master clocks out the data from the slave and
sends an ACK value on the 9th SCLx pulse.
Slave hardware copies the ACK value into the
ACKSTAT bit of the SSPxCON2 register.

Steps 10-15 are repeated for each byte transmit-
ted to the master from the slave.

Ift he ma sterse nds a not ACKthe s lave
releases the bus allowing the master to send a
Stop and end the communication.

Note: Master must send a not ACK on the last byte

to ensure that the slave releases the SCLx
line to receive a Stop.
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:1)

I2C SLAVE, 7-BIT ADDRESS, TRANSMISSION (AHEN

FIGURE 25-19:
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2554 SLAVE MODE 10-BIT ADDRESS
RECEPTION

This section describes a standard sequence of events
for the MSSPx module configured as an 12C Slave in
10-bit Addressing mode.

Figure 25-19 is us ed as av isual re ference for this
description.

This is a step by step process of what must be done by
slave software to accomplish [°C communication.
1. Bus starts Idle.

2. Master sends Start condition; S bitof SSPxSTAT
is set; SSPxIF is set if interrupt on Start detect is
enabled.

3. Master sends matching high address with R/W
bit clear; UA bit of the SSPxSTAT register is set.

4. Slave sends ACK and SSPxIF is set.

5. Software clears the SSPxIF bit.

6. Software re ads received a ddress from SS Px-
BUF clearing the BF flag.

7. Slave loadslow add ressint o SSPxADD,
releasing SCLx.

8. Master sends matching low address byte to the
Slave; UA bit is set.

Note: Updates to the SSPxADD re gister are n ot
allowed until after the ACK sequence.

9. Slave sends ACK and SSPxIF is set.

Note: If the low address does not match, SSPxIF
and UA are still set so that the slave soft-
ware can set SSPxADD back to the high
address. BF is not set because there is no
match. CKP is unaffected.

10. Slave clears SSPxIF.

11. Slave re ads t he received m atching address
from SSPxBUF clearing BF.

12. Slave loads high address into SSPxADD.

13. Master clocks a databytetotheslaveand
clocks out the sl aves ACKon the 9th SC Lx
pulse; SSPxIF is set.

14. If SEN bit of SSPxCON2 is set, CKP is cleared
by hardware and the clock is stretched.

15. Slave clears SSPxIF.

16. Slave reads the received byte from SSPxBUF
clearing BF.

17. If SEN is set the slave sets CKP to release the
SCLx.

18. Steps 13-17 repeat for each received byte.
19. Master sends Stop to end the transmission.

2555 10-BIT ADDRESSING WITH ADDRESS OR
DATA HOLD

Reception us ing 10 -bit ad dressing w ith AH EN or
DHEN set is the same as with 7-bit modes. The only
difference is the need to update the SSPxADD register
using the UA bit. All functionality, specifically when the
CKP bit is cleared and SCLx line is held low are the
same. Figure 25-20 can be used as a reference of a
slave in 10-bit addressing with AHEN set.

Figure 25-21 shows a standard waveform for a slave
transmitter in 10-bit Addressing mode.
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I2C SLAVE, 10-BIT ADDRESS, RECEPTION (SEN

FIGURE 25-20:
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FIGURE 25-21:
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I2C SLAVE, 10-BIT ADDRESS, TRANSMISSION (SEN

FIGURE 25-22:
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25.5.6 CLOCK STRETCHING

Clock stre tching oc curs w hen a dev ice on the bus
holds the SCLx line low effectively pausing communi-
cation. The slave may stretch the clock to allow more
time to handle data or prepare a response for the mas-
ter de vice. A ma ster de vice is not co ncerned w ith
stretching as anytime it is active on the bus and not
transferring data it is stretching. Any stretching done
by a slave is invisible to the master software and han-
dled by the hardware that generates SCLx.

The CKP bit of the SSPxCON1 register is used to con-
trol s tretching in s oftware. Any time the CKP bitis
cleared, the module will wait for the SCLx line to go
low and then hold it. Setting CKP will release SC Lx
and allow more communication.

25.5.6.1 Normal Clock Stretching

Following an ACK if the R/W bit of SSPxSTAT is set, a
read request, the slave hardware will clear CKP. This
allows the slave time to update SSPxBUF with data to
transfer to the master. If the SEN bit of SSPxCON2 is
set, the slave hardware will always stretch the clock
after the ACK sequence. Once the slave is ready; CKP
is set by software and communication resumes.

Note 1: The BF bit has no effect on if the clock will
be stretched or not. This is different than
previous v ersions of th e mo dule th at
would not stretch the clock, clear CKP, if
SSPxBUF was read before the 9th falling
edge of SCLx.

: Previous versions of the module did not
stretch th e ¢ lock f or atra nsmission if
SSPxBUF was loaded before the 9th fall-
ing edge of SCLx. Itis now always cleared
for read requests.

25.5.6.2 10-bit Addressing Mode

In 10-bit Addressing mode, when the UA bit is set, the
clock is al ways stretched. This is the onlytimethe
SCLx is stretched without CKP being cleared. SCLx is
released immediately after a write to SSPxADD.

Note: Previous ve rsions of th e m odule did not
stretch the clock if the second address byte
did not match.

255.6.3 Byte NACKing

When AHEN bit of SSPxCON3 is set; CKP is cleared
by hardware after the 8t h falling edge of SCLx for a
received matching ad dress byte. When DHEN bit of
SSPxCONS is set; CKP is cleared after the 8th falling
edge of SCLx for received data.

Stretching after the 8th falling edge of SCLx allows the
slave to look at th e received ad dress o r d ata and
decide if it wants to ACK the received data.

25.5.7 CLOCK SYNCHRONIZATION AND
THE CKP BIT

Any time the CKP bit is cleared, the module will wait
for the SCLx line to go low and then hold it. However,
clearing the CKP bit will not assert the SCLx output
low un til the SC Lx out put is already s ampled lo w.
Therefore, the CKP bit will not assert the SC Lx line
until an e xternal | 2C m aster d evice has alre ady
asserted the SC Lx line. The SCLx output will remain
low until the CKP bit is set and all other devices on the
I2C bus have released SCLx. This ensures that a write
to the CKP bit will not violate the minimum high time
requirement for SCLx (see Figure 25-22).

FIGURE 25-23: CLOCK SYNCHRONIZATION TIMING
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25.5.8 GENERAL CALL ADDRESS SUPPORT

The addressing procedure for the I2C bus is such that
the firs t by te after the Start condition usually det er-
mines which device will be the slave addressed by the
master d evice. Th e ex ceptioni st he g eneral c all
address w hich can ad dress all de vices. W hen thi s
address is used, all devices should, in theory, respond
with an acknowledge.

The general call address is a reserved address in the
12C pro tocol, defined as a ddress 0x0 0. Wh enth e
GCEN bit of the SSPx CONZ2 register is set, the slave
module w ill automatically AC K t he reception of this
address regardless of the v alue stored in SSPxADD.
After the slave clocks in an ad dress of all zeros with
the R/W bit clear, an interrupt is generated and slave
softwarec anrea dSSPx BUFa nd respond.
Figure 25-23 shows a ge neral ca llre ception
sequence.

FIGURE 25-24:

In 10-bit Address mode, the UA bit will not be seton
the reception of the general call address. The slave
will prepare to receive the second byte as data, just as
it would in 7-bit mode.

If the AHEN bit of the SSPxCONS3 register is set, just
as with any other address re ception, the slave hard-
ware will stretch the clock after the 8th falling edge of
SCLx. The slave must then set its ACKDT value and
release the clock with communication progressing as it
would normally.

SLAVE MODE GENERAL CALL ADDRESS SEQUENCE

General Call Address

SDAX T\

Address is compared to General Call Address
after ACK, set interrupt

Receiving Data ACK

SCLx

.S

SSPxIF

ACK/ b7 X D6 X D5X D4 X D3X D2 D1 X D0)

_

BF (SSPxSTAT<0>)

.: [
— ﬁ

GCEN (SSPXCON2<7>)

=

I Cleared by software
SPxBUF is read

25,59 SSPX MASK REGISTER

An SSPx Mask (SSPxMSK) register (Register 25-5) is
available in I2C Slave mode as a ma sk for the v alue
heldin the SSPx SRreg isterd uring an address
comparison operation. A zero (‘0’) bit in the SSPxMSK
register has the effect of making the corresponding bit
of the received address a “don’t care”.

This register isres ettoal |‘1'sup onan yR eset
condition a nd, therefore, has no ef fect on standard
SSPx operation until written with a mask value.

The SSPx Mask register is active during:

» 7-bit Address mode: address compare of A<7:1>.

» 10-bit Address mode: address compare of A<7:0>
only. The SSPx mask has no effect during the
reception of the first (high) byte of the address.

© 2011 Microchip Technology Inc.
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25.6 1°C MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPxM bits in the SSPxCON1 register and
by setting the SSPxEN bit. In Master mode, the SDAXx
and SC Kx pi ns must be co nfigured as inputs. The
MSSP p eripheral hardware wil | o verride th e o utput
driver TRIS controls when necessary to drive the pins
low.

Master m ode of ope ration is su pported by in terrupt
generation on the detection of the Start and Stop con-
ditions. The Stop (P) and Start (S) bits are cleared from
a Reset or when the MSSPx module is disabled. Con-
trol of the 12C bus may be taken when the P bit is set,
or the bus is Idle.

In Firmware C ontrolled Ma ster mode, us er cod e
conducts all 1 2C bu's operations based on Start and
Stop bit condition detection. Start and Stop condition
detection is the only active circuitry in this mode. All
other com munication is don e by th e us er s oftware
directly manipulating the SDAx and SCLx lines.

The following events will cause the SSPx Interrupt Flag
bit, SSPxIF, to be set (SSPx interrupt, if enabled):

« Start condition detected

» Stop condition detected

» Data transfer byte transmitted/received

» Acknowledge transmitted/received

* Repeated Start generated

Note 1: The MSSPx module, when configured in
I2C Master mode, does not allow queue-
ing of events. For instance, the user is not
allowed to initiate a Start co ndition and
immediately write the SSPxBUF register
to ini tiate tra nsmission before th e S tart
condition i s complete. In this case, the
SSPxBUF will not be writte n to and the
WCOL bitwill b e s et, i ndicating thata
write to the SSPxBUF did not occur

2: When in Master mode, Start/Stop detec-
tion is masked and an interrupt is gener-
ated when the SEN/PEN bit is cleared and
the generation is complete.

25.6.1 1°C MASTER MODE OPERATION

The m aster de vice generates all of th e s erial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a R epeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the I2C bus will
not be released.

In Master T ransmitter mo de, serial da tais output
through SDAX, while SCLx outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bitis received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted con-
tains th e s lave add ress of th e t ransmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to ind icate the receive bit.
Serial data is received via SDAX, while SCLx outputs
the serial clock. Serial data is received 8 bits at a time.
After ea ch by te i s re ceived, an Ac knowledge bitis
transmitted. S tart an d S top ¢ onditions in dicate th e
beginning and end of transmission.

A Baud Rate Generator is used to set the clock fre-
quency ou tput on SC Lx. S ee Section 25.7 “ Baud
Rate Generator” for more detail.
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25.6.2 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, t ransmit o r R epeated Start/Stop ¢ ondition,
releases the SCLx pin (SCLx allowed to float high).
When the SCLx pin is allowed to float high, the Baud
Rate Gen erator (BRG) is s uspended fro m ¢ ounting
until the SCLx pin is actually sampled high. When the
SCLx pin is sampled high, the Baud Rate Generator is
reloaded with t he c ontents of SSPx ADD<7:0>and
begins counting. This ensures that the SCLx high time
will always be at lea st one BRG rollover count in the
event that the clock is held low by an external device
(Figure 25-25).

FIGURE 25-25: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDAX DX >< DX, — 1
SCLx deasserted but slave holds SCLx allowed to transition high
SCLx low (clock arbitration) | r

SCLX—\ S

BRG decrements on
Q2 and Q4 cycles

1 1 l l |
\Ejzfe X o03n >< 02h >< 01h >< 00h (hold off) |>< 03h X o02n
|

I
| SCLx is sampled high, reload takes
BRG | h

place and BRG starts its count
Reload

25.6.3 WCOL STATUS FLAG

If the user writes the SSPxBUF when a Start, Restart,
Stop, Receive or Transmit sequence is in progress, the
WCOLis s etan d the c ontents of the bu ffera re
unchanged (the write does not occur). Any time the
WCOL bit is set it indicates that an action on SSPxBUF
was attempted while the module was not Idle.

Note:  Because queueing ofev entsis not
allowed, writing to th e | ower 5 b its of
SSPxCON2 i s d isabled until the Start
condition is complete.
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I°C MASTER MODE START
CONDITION TIMING

To initiate a S tart c ondition, the us er se ts th e Start
Enable bit, SEN bit of the SSPxCONZ2 register. If the
SDAx and SCLx pins are sampled high, the Baud Rate
Generator is reloaded w ith the co ntents of

SSPxADD<7:0> an d s tarts it s c ount. If SCL xan d
SDAXx are bo th s ampled hi gh w hen the Baud Rate
Generator times out (T BRG), the SD Ax pinisdriven
low. T he action of th e SD Ax be ing driven low w hile
SCLx is high is the Start condition and causes the S bit
of the SSPxSTAT1 register to be set. Following this,
the Baud Rate Generator is reloaded with the contents
of SSPxADD<7:0> and resumes its count. When the
Baud Rate Generator times out (TBRG), the SEN bit of
the SSPxCON2 register will be automatically cleared

25.64

FIGURE 25-26: FIRST START BIT TIMING

by hardware; the Baud Rate Generator is suspended,
leaving the SDAX line held low and the Start condition
is complete.

Note 1: If at the beginning of the Start condition,
the SDAx and SCLx pins are already sam-
pled low, or if during the Start condition,
the SCLx line is sampled low before the
SDAXx line is drivenlow, a bus collision
occurs, the Bus Collision Inte rrupt Flag,
BCLxIF, is set, the S tart c ondition is
aborted and the 12C module is reset into
its Idle state.

2: The Philips 12c Specification states that a
bus collision cannot occur on a Start.

Write to SEN bit occurs here

Set S bit (SSPxSTAT<3>)

At completion of Start bit,
hardware clears SEN bit
l and sets SSPxIF bit

rite to SSPxBUF occurs here
1st bit

>< 2nd bit

SDAx =1,

SCLx=1

k= TBRrRG - TBRG™
SDAX N\
SCLx

l«TBRG
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25.6.5 1°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
of the SSPXCONZ2 register is programmed high and the
Master state machine is n o longer active. When the
RSEN bit is set, the SCLx pin is asserted low. When the
SCLx pin is sampled low, the Baud Rate Generator is
loaded and begins counting. The SDAX pin is released
(brought high) fo r one Ba ud R ate Generator c ount
(TBRG). When the Baud Rate Generator times out, if
SDAX is sampled high, the SCLx pin will be deasserted
(brought high). When SCLx is sampled high, the Baud
Rate Generator is reloaded and begins counting. SDAXx
and SCLx must be sampled high for one TBRG. This
action is then followed by assertion of the SDAXx pin
(SDAX = 0) for one TBRG while SCLx is high. SCLx is
asserted lo w. Following t his, t he R SEN bit of t he

FIGURE 25-27:

SSPxCONZ2 register will be automatically cleared and
the Baud Rate Generator will not be reloaded, leaving
the SDAX pin held low. As soon as a Start condition is
detected on the SDAx and SCLx pins, the S bit of the
SSPxSTAT register will be set. The SSPxIF bit will not
be set until the Baud Rate Generator has timed out.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if:

» SDAXx is sampled low when SCLx
goes from low-to-high.

* SCLx goes low before SDAX is
asserted low. This may indicate
that another master is attempting to
transmit a data ‘1’.

REPEAT START CONDITION WAVEFORM

Write to SSPxCON2

SDAX )

occurs here SDAx = 1 At completion of Start bit,
SDAx =1, Lx= ’ hardware clears RSEN bit
SCLx (no change), SCLx = 1 1 and sets SSPxIF
[+TBRG-*-TBRG—+TBRG |
1 . - —l )

S bit set by hardware

| | X 1st bit X

| | : Write to SSPxBUF occurs here

SCLx ' : [ Z
< . S |
L r B lTBRG|

Repeated Start
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25.6.6 1°C MASTER MODE TRANSMISSION

Transmission of a data byte, a 7 -bit ad dress orthe
other half of a 10-bit address is accomplished by simply
writing a value to the SSPxBUF register. This action will
set the Buffer Full flag bit, BF and allow the Baud Rate
Generator to begin counting and start the next trans-
mission. Each bit of address/data will be shifted out
onto the SD Ax pin after the falling edge of SC Lx is
asserted. SCLx is held low for one Baud Rate Genera-
tor rollover count (TBRG). Data should be valid before
SCLx is released high. When the SCLx pin is released
high, it is held that way for TBRG. The data on the SDAX
pin must remain stable for that duration and some hold
time after the next falling edge of SCLx. After the eighth
bit is shifted out (the falling edge of the eighth clock),
the BF flag is cleared and the master releases SDAx.
This al lows the sl ave de vice be ing addressed to
respond with an ACK bit during the ninth bit time if an
address match occurred, or if data was received prop-
erly. The status of ACK is written into the ACKSTAT bit
on the rising edge of the ninth clock. If the m aster
receives an Acknowledge, the Acknowledge Status bit,
ACKSTAT, is cleared. If not, the bit is set. After the ninth
clock, the SSPxIF bit is set and the master clock (Baud
Rate Generator) is suspended until the next data byte
is lo aded in to the SSPx BUF, | eaving SCLx low an d
SDAx unchanged (Figure 25-27).

After the write to the SSPxBUF, each bit of the address
will be shifted out on the falling edge of SCLx until all
seven address bits and the R/W bit are completed. On
the falling ed ge of the eighth clock, the m aster wiill
release the SD Ax pin, allowing the slave to respond
with an Acknowledge. On the falling edge of the ninth
clock, the master will sample the SDAX pin to see if the
address was recognized by a slave. The status of the
ACK bit is loaded into the ACKSTAT Status bit of the
SSPxCONZ2 register. Following the falling edge of the
ninth clock transmission of the address, the SSPxIF is
set, the BF flag is cleared and the Baud Rate Generator
is turned off until another write to the SSPxBUF takes
place, holding SCLx low and allowing SDAX to float.

25.6.6.1 BF Status Flag

In Transmit mode, the BF bit of the SSPxSTAT register
is set when the CPU writes to SSPxBUF and is cleared
when all 8 bits are shifted out.

25.6.6.2 WCOL Status Flag

If the user writes the SSPxBUF when atransmitis
already in progress (i.e., SSPxSR is still shifting out a
data byte), the WCOL is set and the contents of the buf-
fer are unchanged (the write does not occur).

WCOL must be cleared by software before the next
transmission.

25.6.6.3  ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit of the SSPxCON2
register is cleared when the slave has sent an Acknow!-
edge (ACK =0) andis set when the slave does not
Acknowledge (ACK = 1). A sl ave sends an Acknowl-
edge when it has recognized its address (including a
general call), or when the slave has properly received
its data.

25.6.6.4 Typical transmit sequence:

1. The user generates a Start condition by setting
the SEN bit of the SSPxCONZ2 register.

2. SSPxIF is set by hardware on completion of the
Start.

3. SSPxIF is cleared by software.

4. The MSSPx module will wait the required start
time before any other operation takes place.

5. The us erlo ads the SSPx BUF with the s lave
address to transmit.

6. Addressis shifted out the SDAXx pin until all 8 bits
are tran smitted. T ransmission begins as soon
as SSPxBUF is written to.

7. The MSSPx module shifts in t he ACK bit from
the slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

8. The MSSPx module generates an interrupt at
the end of th e ninth clock cycle by setting the
SSPxIF bit.

9. The user loads the SSPxBUF with eight bits of
data.

10. Data is shifted out the SDAX pin until all 8 bits
are transmitted.

11. The MSSPx module shifts in the ACK bit from
the slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

12. Steps 8-11 are repeated for all transmitted data
bytes.

13. The user generates a Stop or Restart condition
by s ettingth e PEN or RSEND itso fth e
SSPxCONZ2 register. Interrupt is generated once
the Stop/Restart condition is complete.
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1°C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 25-28:
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25.6.7 I°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enab le bit, R CEN b it o f the SSPx CON2
register.

Note: The M SSPx module mustbe ina nldle
state before the RCEN bit is set or the
RCEN bit will be disregarded.

The Baud Rate Generator begins counting and on each
rollover,t hes tateof t heS CLxpi nch anges
(high-to-low/low-to-high) and da tais shifted intothe
SSPxSR. After the falling edge of the eighth clock, the
receive enable flag is automatically cleared, the con-
tents of the SSPxSR are loaded into the SSPxBUF, the
BF flag bit is set, the SSPAF flag bit is set and the Baud
Rate Generator is suspended from counting, holding
SCLx low. The MSSPx is now in Idle state awaiting the
next command. When the buffer is read by the CPU,
the BF flag bit is automatically cleared. The user can
then send an Acknowledge bit at the end of reception
by setting the Acknowledge Sequence Enable, ACKEN
bit of the SSPxCON2 register.

25.6.7.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPxBUF from SSPxSR. It
is cleared when the SSPxBUF register is read.

25.6.7.2  SSPxOV Status Flag

In receive operation, the SSPxOV bit is set when 8 bits
are received into the SSPxSR and the BF fla g bit is
already set from a previous reception.

25.6.7.3 WCOL Status Flag

If th e u ser wri tes the SSPxBUF when a re ceiveis
already in p rogress (i.e., SSPx SR is still shifting in a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write does not occur).

25.6.7.4 Typical Receive Sequence:

1.

o

10.

11.

12.

13.
14.

15.

The user generates a Start condition by setting
the SEN bit of the SSPxCONZ2 register.

SSPxIF is set by hardware on completion of the
Start.

SSPxIF is cleared by software.

User writes SSPxBUF with the slave address to
transmit and the R/W bit set.

Address is shifted out the SDAX pin until all 8 bits
are tran smitted. T ransmission begins as soon
as SSPxBUF is written to.

The MSSPx module shifts in the ACK bit from
the slave device and writes its value into the
ACKSTAT bit of the SSPxCON2 register.

The M SSPx m odule generates an interrupt at
the end of th e ninth clock cycle by setting the
SSPXIF bit.

User sets the RCEN bit of the SSPxCON2 regis-
ter and the Magter clocks in a byte from the slave.
After the 8th falling edge of SCLx, SSPxIF and
BF are set.

Master clears SSPxIF and reads the re ceived
byte from SSPxUF, clears BF.

Master sets ACK value sent to slave in ACKDT
bit of the SSPxCONZ2 register and initiates the
ACK by setting the ACKEN bit.

Masters ACK is clocked out to t he Slave and
SSPxIF is set.

User clears SSPxIF.

Steps 8-13 are repeated for each received byte
from the slave.

Master s endsano t ACKor S top to end
communication.
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1°C MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 25-29:
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25.6.8 ACKNOWLEDGE SEQUENCE

TIMING

An Acknowledge sequence is e nabled by setting the
Acknowledge Sequence Enable bit, ACKEN bit of the
SSPxCONZ2 register. Whenthis bit is set, the SCLx pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SD Ax pin. If the user wishes to
generate an Acknowledge, then the ACKDT bit should
be cleared. If not, th e user s hould set the AC KDT bit
before starting an Ac knowledge sequence. The Baud
Rate G enerator then count s for on e rollov er period
(TBRG) and the S CLx pin is deasserted (pulled high).
When the SCLx pin is sampled high (clock arbitration),
the Baud Rate Generator cunts for TBRG. The SCLx pin
is then pulled low. Following this, the ACKEN bit is auto-
matically cleared, the Baud Rate Generator is turned off
and the M SSPx m odule then goes into Idle m ode
(Figure 25-29).

25.6.8.1 WCOL Status Flag

If the user writes the SSPxBUF when an Acknowledge
sequence isin progress,then WCOL is setand the
contents of the buffer are unchanged (the write does
not occur).

25.6.9 STOP CONDITION TIMING

A Stop bit is asserted on the SDAX pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN bit of the SSPxCON?2 register. At the end of a
receive/transmit, the SCLx lineis held low afterthe
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the S DAXx line low. When the
SDAX line is sampled low, the Baud Rate Generator is
reloaded and counts down to ‘0’. When the Baud Rate
Generator times out, the SCLx pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDAX pin will be deasserted. When the SDAx
pin is sampled high while SCLx is high, the P bit of the
SSPxSTAT register is set. A TBRG later, the PEN bit is
cleared and the SSPxIF bit is set (Figure 25-30).

25.6.9.1 WCOL Status Flag

If the user writes the SSPxBUF when a Stop sequence
is i npro gress, the nth e W COL bit is setandthe
contents of t he buffer are unchanged (the write does
not occur).

FIGURE 25-30: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge sequence starts here, i
write to SSPXCON3 l— ACKEN automatically cleared
ACKEN =1, ACKDT =0
f— TBrG —*—TsRrRG —]
SDAXx >< DO \ ACK :
]
\ |
SCLx 8 I ! 9 I
I I
| ! |
] |
SSPxIF :
Cleared in
SSPxIF set at I . L
; — Cleared in software
the end of receive software SSPXIF set at the end
of Acknowledge sequence
Note: TBRG = one Baud Rate Generator period.
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FIGURE 25-31: STOP CONDITION RECEIVE OR TRANSMIT MODE

to setup Stop condition

Note: TBRG = one Baud Rate Generator period.

Write to SSPxCON2, ___ SCLx = 1 for TBRG, followed by SDAx = 1 for TBRG
set PEN after SDAx sampled high. P bit (SSPxSTAT<4>) is set.
Falling edge of PEN bit (SSPxCON2<2>) is cleared by
9th clock l hardware and the SSPxIF bit is set
r— 7
TBRG
SCLx \ <—>~/ | |
SDAX ACK | |
L P v

“— Tere —— TerG —l— TBrRG —

SCLx brought high after TBRG
SDAXx asserted low before rising edge of clock

25.6.10 SLEEP OPERATION

While in Sleep mode, the [2C slave module can receive
addresses ord ataand w hen an ad dress match or
complete by te t ransfer o ccurs, wa ke t he p rocessor
from Sleep (if the MSSPx interrupt is enabled).

25.6.11 EFFECTS OF A RESET

A Reset disables the MSSPx module and terminates
the current transfer.

25.6.12 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of th e Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bit s are cleared from a Reset or w hen the
MSSPx module is disabled. Control of the 12C bus may
be taken when the P bit of the SSPxSTAT register is
set, or the bus is Idle, with both the S and P bits clear.
When the bus is busy, enabling the SSPx interrupt will
generate the interrupt when the Stop condition occurs.

In m ulti-master op eration, th e SD Axline mustb e
monitored for arbitration to see if the signal level is the
expected o utput le vel. This checkis performedby
hardware with the result placed in the BCLxIF bit.

The states where arbitration can be lost are:
» Address Transfer

» Data Transfer

« A Start Condition

* A Repeated Start Condition

* An Acknowledge Condition

25.6.13 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS
ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDAX pin, arbitration takes place when the master
outputs a ‘1’ on SDAX, by letting SDAXx float high and
another master asserts a ‘0’. When the SCLx pin floats
high, data should be stable. If the expected data on
SDAXx is a ‘1’ and the data sampled on the SDAX pin is
‘0’, then a bus collision has taken place. The master will
set the Bus Collision Interrupt Flag, BCLxIF and reset
the I°C port to its Idle state (Figure 25-31).

If a tran smit was in progress when the bus collision
occurred, th e transmission i s h alted, the BF flagis
cleared, the SDAx and SCLx lines are deasserted and
the SSPxBUF can be written to. When the user ser-
vices the bus collision Interrupt Service Routine and if
the 12C bus is free, the user can resume communica-
tion by asserting a Start condition.

If a Start, Repeated Start, Stop or Acknowledge condi-
tion was in progresswhen the buscollision occurred, the
condition isaborted, the SDAx and SCLx lines are deas-
serted and the respective control bits in the SSPxCON2
register are cleared. When the user services the bus col-
lision Interrupt Service Routine andif the I2C bus is free,
the user can resume communication by asserting aStart
condition.

The master will continue to monitor the SDAx and SCLx
pins. If a Sop condifon occurs, the SSPxIF bit will be set.

A write to the SSPxBUF will start the transmission of
data atthefirstdatabit, regardless o fw here th e
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the deter-
mination of when the bus is free. Control of the I2C bus
can be taken when the P bitis setin the SSPxSTAT
register, orthe busis Idle andthe Sand P bitsare
cleared.

© 2011 Microchip Technology Inc.
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FIGURE 25-32: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
Sample SDAx. While SCLx is high,

Data changes SDAx line pulled low data does not match what is driven
while SCLx =0 by another source by the master.
l SDAX released J Bus collision has occurred.
by master

SDAX \ \
SCLx —\—/—\ Set bus collision
l interrupt (BCLxIF)

BCLxIF
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25.6.13.1 Bus Collision During a Start

Condition

During a Start condition, a bus collision occurs if:

a) SDAXx or SCLx are sampled low at the beginning
of the Start condition (Figure 25-32).

b) SCLxis sampled low before SDAx is asserted
low (Figure 25-33).

During a Start condition, both the SDAx and the SCLx

pins are monitored.

Ifthe S DAx pinisalreadylow,or the SCLxpinis

already low, then all of the following occur:

« the Start condition is aborted,

» the BCLxIF flag is set and

» the MSSPx module is reset to its Idle state

(Figure 25-32).

The Start condition begins with the SDAx and SCLx
pins deasserted. When the SDAX pin is sampled high,
the Baud Rate Generator is loaded and counts down. If
the SCLx pin is sampled low while SDAXx is high, a bus
collision o ccurs b ecause it is as sumed that an other
master is attempting to drive a data ‘1’ during the Start
condition.

FIGURE 25-33:

If the SDAX pin is sampled low during this count, the
BRGis resetand the SD Axlineis a sserted e arly
(Figure 25-34). If, ho wever,a“ 1’ is sampled on th e
SDAX pin, the SDAX pin is asserted low at the end of
the BR G c ount. The Baud Rate Ge nerator is the n
reloaded and counts down to zero; if the SCLx pinis
sampled as ‘0’ during this time, a bus collision does not
occur. Atthe end of the BRG count, the SCLx pinis
asserted low.

The reason that bus collision is not a fac-
tor during a Start condition is that no two
bus masters can assert a Start condition
at the exact same time. The refore, one
master will always assert SDAXx before the
other. This condition does not cause a bus
collision because the two masters must be
allowed to arbitrate the first address fol-
lowing the Start condition. If the address is
the same, arbitration must be allowed to
continue into the data portion, Repeated
Start or Stop conditions.

Note:

BUS COLLISION DURING START CONDITION (SDAX ONLY)

Set BCLxIF,

SDAx =0, SCLx = 1.

SDAX \

S bit and SSPxIF set because

SDAXx goes low before the SEN bit is set.

—_— e e — =

{ SEN cleared automatically because of bus collision.

SSPx module reset into Idle state.

t_ SSPxIF and BCLxIF are
cleared by software

SCLx .
Set SEN, enable Start 3 :
condition if SDAx =1, SCLx =1 |

SEN |

SDAXx sampled low before !
Start condition. Set BCLxIF.
S bit and SSPxIF set because
BCLxIF SDAx =0, SCLx = 1.
|
|
S
SSPxIF

SSPxIF and BCLxIF are
cleared by software
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FIGURE 25-34: BUS COLLISION DURING START CONDITION (SCLX =0)
SDAx =0, SCLx =1
l+— TBRG —*¢— TBrRG —
SDAX N
SCLx Set SEN, enable Stat N

sequence if SDAx =1, SCLx =1

!
SEN

T— SCLx = 0 before SDAx =0,
bus collision occurs. Set BCLXxIF.

SCLx = 0 before BRG time-out, _l
bus collision occurs. Set BCLxIF.

BCLxIF |
tby Sottare
S 0’ 0’
sspxiF [0’ o
FIGURE 25-35: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION

SDAx=0,SClLx=1
l Set S
Less than TBRG —':

SDAx SDAx pulled low by other master. | \I\ |
Reset BRG and assert SDAX. I

i Set SSPxIF

|
SCLx :
I
I

|
|
b
LS
| 1 SCLx pulled low after BRG
SEN | : time-out
Set SEN, enable Start
sequence if SDAx =1, SCLx =1 s
BCLxIF - , 0
| |
| |
| |
S |
|
|
SSPxIF

set SSPxIF

SDAx =0, SCLx =1,

A 4

Interrupts cleared
— by software
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25.6.13.2 Bus Collision During a Repeated
Start Condition

During a R epeated S tart c ondition, a bus c ollision
occurs if:

a) Alowlev el is sampled on SDAx when SCLx
goes from low level to high level.

b) SCLx goeslow before SDAxis asserted low,
indicating that another master is attempting to
transmit a data ‘1’.

When the user releases SDAXx and the pin is allowed to
float h igh, t he BRG i s loaded wi th SSPxADD and
counts down to zero. The SCLx pin is then deasserted
and when sampled high, the SDAXx pin is sampled.

If SDAX is low, a bus wllision has oacurred (i.e., another
master is attemptirg to transmit a dat 0’, Figure 25-35).
If SD Ax is sam pled hig h, the BR G is reload ed and
begins counting. If SDAx goes from high-to-low before
the BRG times out, no bus collision occurs because no
two masters can assert SDAx at exactly the same time.

If SCLx goes from high-to-low before the BRG times
out and SDAXx has not already been asserted, abu s
collision oc curs. In this ¢ ase, another ma steri s
attempting to transmit a data ‘1’ during the Repeated
Start condition, see Figure 25-36.

If, at the end of the BRG time-out, both SCLx and SDAx
are still high, the SDAX pin is driven low and the BRG
is re loaded a nd begins counting. At the endofthe
count, reg ardless of the status of th e SCLx pin, the
SCLx pi ni sd riven| owa ndth e R epeated S tart
condition is complete.

FIGURE 25-36: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDAXx
SCLx
Sample SDAx when SCLx goes high.
If SDAX = 0, set BCLxIF and release SDAx and SCLx.
RSEN |
BCLxIF
Cleared by software
S 0’
SSPxIF 0’
FIGURE 25-37: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
i i TBRG i
SDAx /el

SCLx
SCLx goes low before SDA/
BCLxIF set BCLxIF. Release SDAx and SCLx. |

Interrupt cleared

by software
RSEN |
s 0’
SSPxIF
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25.6.13.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDAXx pin has been deasserted and
allowed to float high, SDAX is sampled low after
the BRG has timed out.

b) Aftert he SCLx pinis d easserted, SC Lxi s
sampled low before SDAXx goes high.

The Stop c ondition b egins w ith S DAx as serted | ow.
When SDAXx is sampled low, the SCLx pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPxADD and
counts down to 0. After the BRG times out, SDAX is
sampled. If SD Ax is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive ad ata“‘0’ ( Figure 25-37). Ifthe SC Lxpinis
sampled low before SDAX is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 25-38).

FIGURE 25-38: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TBRG TBRG TBRG | SDAx sampled
low after TBRG,
_______________ set BCLxIF
SDAX
!
SDAXx asserted low
SCLx
PEN L
BCLxIF
P o’
SSPxIF 0’
FIGURE 25-39: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG TBRG ‘ TBRG |
SDAX
T Assert SDAX SCLx goes low before SDAx goes high,
set BCLxIF
SCLx \/
PEN
BCLxIF
P o’
SSPxIF 0’

DS41391D-page 276

© 2011 Microchip Technology Inc.



PIC16(L)F1826/27

TABLE 25-3: SUMMARY OF REGISTERS ASSOCIATED WITH I°C™ OPERATION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values on
Page:
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 87
PIE2 OSFIE C2IE C1IE EEIE BCL1IE — — ccP2iEW 88
PIE4D — — — — — = BCL2IE SSP2IE 90
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 91
PIR2 OSFIF C2IF C1IF EEIF BCL1IF — — ccp2iF® 92
PIR4D — — — — — = BCL2IF SSP2IF 94
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 122
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
SSPxADD ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO 283
SSPxBUF MSSPx Receive Buffer/Transmit Register 235*
SSPxCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 280
SSPxCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 281
SSPxCON3 | ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 282
SSPxMSK MSK?7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO 283
SSPxSTAT SMP CKE D/A P S RIW UA BF 279
Legend: —= unimplemented, read as ‘0’. Shaded cells are not used by the MSSP module in 1°C™ mode.

* Page provides register information.

Note 1:

PIC16(L)F1827 only.
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25.7 BAUD RATE GENERATOR

The MSSPx module has a Baud Rate Generator avail-
able for clock generation in both 12C and SPI Master
modes. The Baud Rate Generator (BRG) reload value
is pl aced in the SSPx ADD register (Register 25-6).
When a write occurs to SSPxBUF, the Baud Rate Gen-
erator will automatically begin counting down.

Once the given operation is complete, the internal clock
will automatically stop counting and the clock pin will
remain in its last state.

An internal signal “Reload” in Figure 25-39 triggers the
value fro m SSP xADD tob el oadedintothe B RG
counter. This occurs twice for each oscillation of th e

FIGURE 25-40:

module clock line. The logic dictating when the reload
signal is asserted depends on the mode the MSSPx is
being operated in.

Table 25-4 de monstrates cl ock rate sba sed on
instruction ¢ ycles an d t he BR G v alue | oaded in to
SSPxADD.

EQUATION 25-1:

Fosc
(SSPXADD + 1)(4)

FcLock =

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPXM<3:0> j|>{ SSPXADD<7:0>

SSPxM<3:0>_‘/‘ Reload
SCLx—P Control

R

SSPxCLK«—‘ BRG Down Counter [«—— Fosc/2

Reload

Note: Values of 0x00, 0x01 and 0x02 are not valid
for SSPxADD when used as a Ba ud Rate
Generator for I°C. This is an implementation

limitation.
TABLE 25-4: MSSPX CLOCK RATE W/BRG
FcLock
Fosc Fcy BRG Value (2 Rollovers of BRG)
32 MHz 8 MHz 13h 400 kHz("
32 MHz 8 MHz 19h 308 kHz
32 MHz 8 MHz 4Fh 100 kHz
16 MHz 4 MHz 09h 400 kHzD
16 MHz 4 MHz 0Ch 308 kHz
16 MHz 4 MHz 27h 100 kHz
4 MHz 1 MHz 09h 100 kHz

Note 1: The I2C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.
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REGISTER 25-1: SSPxSTAT. SSPx STATUS REGISTER

R/W-0/0 R/W-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
SMP CKE D/A P S R/W UA BF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 SMP: SPI Data Input Sample bit

SPI Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode
In I _Master or Slave mode:
1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high speed mode (400 kHz)
bit 6 CKE: SPI Clock Edge Select bit (SPI mode only)
In SPI Master or Slave mode:
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
In 1< ™ mode only:
1 = Enable input logic so that thresholds are compliant with SM bus™ specification
0 = Disable SM bus™ specific inputs
bit 5 D/A: Data/Address bit (I2C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: Stop bit
(IPC mode only. This bit is cleared when the MSSPx module is disabled, SSPXEN is cleared.)
1 = Indicates that a Stop bit has been detected last (this bit is ‘0’ on Reset)
0 = Stop bit was not detected last
bit 3 S: Start bit
(IPC mode only. This bit is cleared when the MSSPx module is disabled, SSPXEN is cleared.)
1 = Indicates that a Start bit has been detected last (this bit is ‘0’ on Reset)
0 = Start bit was not detected last
bit 2 R/W: Read/Write bit information (I20 mode only)

This bit holds the R/W bit information following the last address match. This bit is only valid from the address match
to the next Start bit, Stop bit, or not ACK bit.

In IC_Slave mode:

1= Read

0= Write

In IC_Master mode:

1= Transmitis in progress

0 = Transmit is not in progress

OR-ing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSPx is in Idle mode.

bit 1 UA: Update Address bit (10-bit 12C mode only)

1 = Indicates that the user needs to update the address in the SSPxADD register

0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit

Receive (SPl and 1< modes):

1 = Receive complete, SSPxBUF is full

0 = Receive not complete, SSPxBUF is empty

Transmit (I2C mode only):

1 = Data transmit in progress (does not include the ACK and Stop bits), SSPxBUF is full

0 = Data transmit complete (does not include the ACK and Stop bits), SSPxBUF is empty
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REGISTER 25-2: SSPxCON1: SSPx CONTROL REGISTER 1

R/C/HS-0/0 R/C/HS-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
wcoL | ssexov | ssexen | CKP | SSPxM<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HS = Bit is set by hardware C = User cleared
bit 7 WCOL: Write Collision Detect bit

Master mode:

1= A write to the SSPxBUF register was attempted while the I2C conditions were not valid for a transmission to be started
0 = No collision

Slave mode:

1= The SSPxBUF register is written while it is still transmitting the previous word (must be cleared in software)

0= No collision

bit 6 SSPxOV: Receive Overflow Indicator bit(!)

In SPI mode:

1= Anewbyteis received while the SSPxBUF register is still holding the previous data. In case of overflow, the data in SSPxSR is lost.
Overflow can only occur in Slave mode. In Slave mode, the user must read the SSPxBUF, even if only transmitting data, to avoid
setting overflow. In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by writing to the
SSPxBUF register (must be cleared in software).

0= No overflow

In I2C mode:

1= Abyte is received while the SSPxBUF register is still holding the previous byte. SSPxOV is a “don’t care” in Transmit mode
(must be cleared in software).

0= No overflow

bit 5 SSPxEN: Synchronous Serial Port Enable bit
In both modes, when enabled, these pins must be properly configured as input or output
In SPI mode: _
1= Enables serial port and configures SCKx, SDOx, SDIx and SSx as the source of the serial port pins(z)
0 = Disables serial port and configures these pins as 1/O port pins
In 12C mode:
1= Enables the serial port and configuresthe SDAx and SCLx pins as the source of the serial port pins(3)
0 = Disables serial port and configures these pins as 1/0 port pins

bit 4 CKP: Clock Polarity Select bit
In SPI mode:
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
In I°C Slave mode:
SCLx release control
1 = Enable clock
0 = Holds clock low (clock stretch). (Used to ensure data setup time.)
In I°C Master mode:
Unused in this mode

bit 3-0 SSPxM<3:0>: Synchronous Serial Port Mode Select bits
0000 = SPI Master mode, clock = Fosc/4
0001 = SPI Master mode, clock = Fosc/16
0010 = SPI Master mode, clock = Fosc/64
0011 = SPI Master mode, clock = TMR2 output/2
0100 = SPI Slave mode, clock = SCKx pin, SSx pin control enabled
0101 = SPI Slave mode, clock = SCKx pin, SSx pin control disabled, SSx can be used as I/O pin
0110 = IC Slave mode, 7-bit address
0111 = I’C Slave mode, 10-bit address
1000 = I2C Master mode, clock = Fosc/(4 * (SSPxADD+1))
1001 = Reserved
1010 = SPI Master mode, clock = Fosc/(4 * (SSPXxADD+1))®)
1011 = I2C firmware controlled Master mode (Slave idle)
1100 = Reserved
1101 = Reserved
1110 = I2C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1111 = I2C Slave mode, 10-bit address with Start and Stop bit interrupts enabled

Note 1 In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by writing to the SSPxBUF register.
2: When enabled, these pins must be properly configured as input or output.

3: When enabled, the SDAx and SCLx pins must be configured as inputs.

4: SSPxADD values of 0, 1 or 2 are not supported for 12C Mode.

5

SSPxADD value of ‘0’ is not supported. Use SSPxM = 0000 instead.
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REGISTER 25-3: SSPxCON2: SSPx CONTROL REGISTER 2

R/W-0/0 R-0/0 R/W-0/0 R/S/HS-0/0 R/S/HS-0/0 R/S/HS-0/0  R/S/HS-0/0 R/W/HS-0/0
GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HC = Cleared by hardware S = User set
bit 7 GCEN: General Call Enable bit (in I2C Slave mode only)

1 = Enable interrupt when a general call address (0x00 or 00h) is received in the SSPxSR
0 = General call address disabled
bit 6 ACKSTAT: Acknowledge Status bit (in 12C mode only)
1 = Acknowledge was not received
0 = Acknowledge was received
bit 5 ACKDT: Acknowledge Data bit (in I°C mode only)
In Receive mode:
Value transmitted when the user initiates an Acknowledge sequence at the end of a receive
1 = Not Acknowledge
0 = Acknowledge
bit 4 ACKEN: Acknowledge Sequence Enable bit (in I°C Master mode only)
In Master Receive mode:
1 = Initiate Acknowledge seq uence on SD Axan d SCLx pi ns, and tra nsmit ACKDT da ta bit .
Automatically cleared by hardware.
0 = Acknowledge sequence Idle
bit 3 RCEN: Receive Enable bit (in I°C Master mode only)
1 = Enables Receive mode for I1°C
0 = Receive Idle
bit 2 PEN: Stop Condition Enable bit (in I2C Master mode only)
SCKXx Release Control:
1 = Initiate Stop condition on SDAx and SCLx pins. Automatically cleared by hardware.
0 = Stop condition Idle
bit 1 RSEN: Repeated Start Condition Enabled bit (in 1°C Master mode only)
1 = Initiate Repeated Start condition on SDAx and SCLx pins. Automatically cleared by hardware.
0 = Repeated Start condition Idle
bit 0 SEN: Start Condition Enabled bit (in I°C Master mode only)
In Master mode:

1 = Initiate Start condition on SDAx and SCLx pins. Automatically cleared by hardware.

0 = Start condition Idle

In Slave mode:

1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is disabled

Note 1: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the I2C module is not in the Idle mode, this bit may not be
set (no spooling) and the SSPxBUF may not be written (or writes to the SSPxBUF are disabled).
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REGISTER 25-4: SSPxCON3: SSPx CONTROL REGISTER 3

R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 ACKTIM: Acknowledge Time Status bit (12C mode only)©)

1 = Indicates the I2C bus is in an Acknowledge sequence, set on 8™ falling edge of SCLx clock
0 = Not an Acknowledge sequence, cleared on 9™ rising edge of SCLx clock

bit 6 PCIE: Stop Condition Interrupt Enable bit (IZC mode only)
1 = Enable interrupt on detection of Stop condition
0 = Stop detection interrupts are disabled®

bit 5 SCIE: Start Condition Interrupt Enable bit (IZC mode only)

1 = Enable interrupt on detection of Start or Restart conditions
0 = Start detection interrupts are disabled®

bit 4 BOEN: Buffer Overwrite Enable bit

In SPI Slave mode:(!)
1 = SSPxBUF updates every time that a new data byte is shifted in ignoring the BF bit
0 = If new byte is received with BF bit of the SSPxSTAT register already set, SSPxOV bit of the
SSPxCONT1 register is set, and the buffer is not updated
In 12C Master mode and SPI Master mode:
This bit is ignored.
In 12C Slave mode: _
1 = SSPxBUF is updated and ACK is generated for a received address/data byte, ignoring the
state of the SSPxOV bit only if the BF bit = 0.
0 = SSPxBUF is only updated when SSPxOV is clear

bit 3 SDAHT: SDAXx Hold Time Selection bit (I2C mode only)
1 = Minimum of 300 ns hold time on SDAXx after the falling edge of SCLx
0 = Minimum of 100 ns hold time on SDAX after the falling edge of SCLx
bit 2 SBCDE: Slave Mode Bus Collision Detect Enable bit (I°C Slave mode only)

If on the rising edge of SCLx, SDAXx is sampled low when the module is outputting a high state, the
BCLXxIF bit of the PIR2 register is set, and bus goes Idle

1 = Enable slave bus collision interrupts
0 = Slave bus collision interrupts are disabled
bit 1 AHEN: Address Hold Enable bit (I°C Slave mode only)
1 = Following the 8th falling edge of SCLx for a matching re ceived address byte; CKP bit of the
SSPxCONT1 register will be cleared and the SCLx will be held low.
0 = Address holding is disabled
bit 0 DHEN: Data Hold Enable bit (I°C Slave mode only)

1 = Following the 8th falling edge of SCLx for a received data byte; slave hardware clears the CKP bit
of the SSPxCON1 register and SCLx is held low.
0 = Data holding is disabled

Note 1. For daisy-chained SPI operation; allows the user to ignae all but the last receved byte. SSPxQV is still set
when a new byte is received and BF = 1, but hardware continues to write the most reaent byte to SSPxBUF.

2: This bit has no effect in Slave modes that Start and Stop condition detection is explicitly listed as enabled.
3:  The ACKTIM Status bit is only active when the AHEN bit or DHEN bit is set.
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REGISTER 25-5: SSPxMSK: SSPx MASK REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
MSK<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-1 MSK<7:1>: Mask bits

1 = The received address bit n is compared to SSPxADD<n> to detect I2C address match
0 = The received address bit n is not used to detect 12C address match

bit 0 MSK<0>: Mask bit for I12C Slave mode, 10-bit Address
I2C Slave mode, 10-bit address (SSPxM<3:0> = 0111 or 1111):
1 = The received address bit 0 is compared to SSPxADD<0> to detect I2C address match
0 = The received address bit 0 is not used to detect 12C address match
I2C Slave mode, 7-bit address, the bit is ignored

REGISTER 25-6: SSPxADD: MSSPx ADDRESS AND BAUD RATE REGISTER (I°C MODE)

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ADD<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared

Master mode:

bit 7-0 ADD<7:0>: Baud Rate Clock Divider bits
SCLx pin clock period = ((ADD<7:0> + 1) *4)/Fosc

10-Bit Slave mode — Most Significant Address byte:

bit 7-3 Not used: Unused for Most Significant Address byte. Bit state of this register is a “don’t care”. Bit pat-
tern sent by master is fixed by IC specification and must be equal to ‘11110’. However, those bits are
compared by hardware and are not affected by the value in this register.

bit 2-1 ADD<2:1>: Two Most Significant bits of 10-bit address
bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.

10-Bit Slave mode — Least Significant Address byte:

bit 7-0 ADD<7:0>: Eight Least Significant bits of 10-bit address

7-Bit Slave mode:

bit 7-1 ADD<7:1>: 7-bit address
bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.
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NOTES:
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26.0 ENHANCED UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is a serial 1/0
communications pe ripheral. It co ntains all the cl ock
generators, shift registers and data buffers necessary
to p erform an in put or o utput se rial da tat ransfer
independent of dev ice p rogram execution. Th e
EUSART, als o kn own as a Seri al C ommunications
Interface ( SCI), ca n b e co nfigured as a fu ll-duplex
asynchronous s ystem o r ha If-duplex sy nchronous
system. Fu II-Duplexmo dei su seful for
communications with peripheral systems, such as CRT
terminals and p ersonal c omputers. H alf-Duplex
Synchronous m ode is i ntended for c ommunications
with peripheral devices, such as A/D or D/A integrated
circuits, s erial EEPRO Ms or ot her m icrocontrollers.
These devices typically do not have internal clocks for
baud rate gen eration an d re quire th e ex ternal cl ock
signal provided by a master synchronous device.

FIGURE 26-1:

The EUSART module includes the following capabilities:

Full-duplex asynchronous transmit and receive
Two-character input buffer

One-character output buffer

Programmable 8-bit or 9-bit character length
Address detection in 9-bit mode

Input buffer overrun error detection

Received character framing error detection
Half-duplex synchronous master

Half-duplex synchronous slave

Programmable clock polarity in synchronous
modes

Sleep operation

The E USART modulei mplementst he following
additional features, making it ideally suited for use in
Local Interconnect Network (LIN) bus systems:

» Automatic detection and calibration of the baud rate

» Wake-up on Break reception

» 13-bit Break character transmit

Block di agrams of the EU SART tra nsmitter an d
receiver are shown in Figure 26-1 and Figure 26-2.

EUSART TRANSMIT BLOCK DIAGRAM

Data Bus

TXREG Register I |

Interrupt

TX/CK pin

'+ Baud Rate Generator

' BRG16 n

' .T.—> Multiplier | x4 | x16 |x64
! SYNC | 1X00 0
X | SPBRGH ‘ SPBRGL‘ BRGH | X110 0
' BRG16 |X|1[0|1| 0

! Pin Buffer
| and Control
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FIGURE 26-2: EUSART RECEIVE BLOCK DIAGRAM

SPEN CREN ‘ OERR ‘ RCIDL

RX/DT pin " MSb RSR Register LSb
Pin Buffer Data ' '
and Control Recovery . Stop ce 1 0 |START :

[ Baud Rate Generaior T TC Fose ‘D‘ ) R

! — | +n

' BRG16 .

:—ﬁDT Multiplier | x4 | x16 |x64—" ;

; SYNC | 1X00 0 ' [ [ I

' | SPBRGH ‘ SPBRGL‘ BRGH | X110 0 X FERR RX9D RCREG Register FIFO

X BRG16 | X101 .

_______________________________________ 8

Data Bus
—

RCIF Interrupt
RCIE

The o peration of the EU SART m odule is co ntrolled
through three registers:

* Transmit Status and Control (TXSTA)

* Receive Status and Control (RCSTA)

» Baud Rate Control (BAUDCON)

Theser egisters are de tailed in Register 26-1,
Register 26-2 and Register 26-3, respectively.

When the receiver or transmitter section is not enabled
then the corresponding RX or TX pin may be used for
general purpose input and output.
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26.1 EUSART Asynchronous Mode

The EU SART tran smits and r eceives data using the
standard non-r eturn-to-zero ( NRZ) f ormat. NRZ is

implemented with two levels: a V OH mark state which
represents a ‘1’ data bit, and a VoL space state which
represents a ‘ 0’ data bit. NRZ refers to t he fact th at
consecutively transmitted data bit s of t he same value
stay at the output level of that bit without returning to a
neutral level betw een each bitt ransmission. An NRZ
transmission port idles in the mark state. Each character
transmission consists of one Start bit followed by eig ht
or nine data bit s and is alw ays terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. T he most common data
format is 8 bis. Each ransmitted bit persistsfor a period
of 1/(Baud Rate). An on-chip dedicated 8-bit/16-bit Baud
Rate Generator is used to derive st andard baud rate
frequencies from the system oscillator. See Table 26-5
for examples of baud rate configurations.

The EUSART transmits and receives the LSb first. The
EUSART's tran smitter and receiver are fun ctionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

26.1.1 EUSART ASYNCHRONOUS
TRANSMITTER

The EU SART tra nsmitter bl ock diagram is shown in
Figure 26-1. The heart of the transmitter is the serial
Transmit Shift R egister (TSR ), w hich is no t directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXREG register.

26.1.1.1 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by c onfiguring th e fo llowing th ree co ntrol
bits:

T XEN=1
« SYNC=0
« SPEN=1

All other EUSART control bits are assumed to be i n
their default state.

Setting the TXEN bit of the TXSTA register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TX STA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of t he
RCSTA register enables theEUSART and aubmatically
configures the TX/CK I/O pin as an output If the TX/CK
pin is shared with an analog peripheral, the analog 1/O
function must be disabled by cleaiing the corresponding
ANSEL bit.

Note:  The TXIF Transmitter Interrupt flag is setI
when the TXEN enable bit is set.

26.1.1.2

A transmission is initiated by writing a character to the
TXREG register. If this is the first characte r, or the
previous character has be en completely flushed from
the TS R, thedataint he TXR EG is imm ediately
transferred to the TSR register. If the TSR still contains
all or p art of a previous chara cter, the new character
datais held in the TX REG until the S top bit of the
previous character has been transmitted. The pending
character in the TXREG is then transferred to the TSR
inone T cCY immediately f ollowingt he Stop bit
transmission. The transmission of the Sart bit, data bits
and S top bit sequence commences imm ediately
following the transfer of the data to the TSR from the
TXREG.

Transmitting Data

26.1.1.3

The polarity of the transmit data can be controlled with
the SCKP bit of the BAUDCON register. The default
state of thisbit is ‘0’ which selects high true transmit idle
and data bits. Setting the SCKP bit to ‘1’ will invert the
transmit data resulting in low true idle and data bis. The
SCKP bit cont rols tr ansmit data polarit  yin
Asynchronous mode only. In Synchronous mode, the
SCKP bit has adifferent function. See Section 26.4.1.2
“Clock Polarity”.

Transmit Data Polarity

26.1.1.4 Transmit Interrupt Flag

The TXIF interrupt flag bit of the P IR1 register is set
whenever the E USART transmitter is enabled and no
character is being held for transmission in the TXREG.
In other words, the TXIF bit is only clear when the TSR
is busy with a character and a new character has been
queued for transmission in the TXREG. The TXF flag bit
is not cleared immediately upon writing TXREG. TXIF
becomes valid in the second instruction cycle following
the write execution. Polling TXIF immediately following
the TXREG write will return invalid results. The TXIF bit
is read-only, it cannot be set or cleared by software.

The TXIF interrupt can be enabled by setting the TXIE
interrupt enable bit of the PIE1 re gister. However, the
TXIF flag bit will be set whenever the TXREG is empty,
regardless of the state of TXIE enable bit.

To use interrupts when transmitting data, set the TXIE
bit only when there is more data to send. Clear the
TXIE interrupt enable bit upon writing the last character
of the transmission to the TXREG.

© 2011 Microchip Technology Inc.

DS41391D-page 287



PIC16(L)F1826/27

26.1.1.5 TSR Status

The TR MT bit of the TXST A regi ster indicates the
status of the TSR register. This is a read-only bit. The
TRMT bit is set when the TSR register is empty and is
cleared w hen a ¢ haracter is transferred tothe TSR
register from the TXREG. The TRMT bit remains clear
until all bits have been shifted out of the TSR register.
No interrupt logic is tied to this bit, so the user has to
poll this bit to determine the TSR status.

Note:  The TSR register is not mapped in dataI
memory, so it is not available to the user.
26.1.1.6  Transmitting 9-Bit Characters

The EUSART supports 9-bit character transmissions.
When the TX9 bit of th e TXSTA registeris set, the
EUSART will shift 9 bits out for each character transmit-
ted. The TX9D bit of the TXSTA register is the ninth,
and Most Significant, data bit. When transmitting 9-bit
data, the TX9D data bit must be written before writing
the 8 Least Significant bits into the TXREG. All nine bits
of data will be transferred tothe T SR shift r egister
immediately after the TXREG is written.

A special 9-bit Address mode is available for use with
multiple r eceivers. S ee Section 26.1.2.7 “ Address
Detection” for more information on the address mode.

26.1.1.7

1.

Asynchronous Transmission Set-up:

Initialize the SPBRGH, SPBRGL register @ir and
the BRGH and BRG16 bits to achieve the desired
baudr ate (see Section 26.3 “EUSART Baud
Rate Generator (BRG)").

Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

If 9-bit transmission is desired, set the TX9 con-
trol bit. A set ninth data bit will indicate that the 8
Least Significant data bits are an address when
the receiver is set for address detection.

Set SCKP bit if inverted transmit is desired.
Enable the tran smission by setting the TXEN
control bit. This will cause the TXIF interrupt bit
to be set.

If interrupts are desired, set the TXIE interrupt
enable bit of the PIE1 register. An interrupt will
occur im mediately provided thatthe GIE and
PEIE bits of the INTCON register are also set.
If 9 -bit transmission is selected, the ni nth b it
should be loaded into the TX9D data bit.

Load 8-bit data into the TXR EG register. This
will start the transmission.

FIGURE 26-3: ASYNCHRONOUS TRANSMISSION
Write to TXREG I ((
BRG Output Worg 1 2 !
utpu '
(Shift Clol) — L= 1 T L —
TX/CK ' : !
pin Start bit bito X bit1 ><j S X bit7/8 Stop bit
TXIF bit . Word 1 ' !
R(Trzall':_\smitt BFulffer - <1Tcy ((
eg. Empty Flag) L ))
. Word1 —
(Tran-srrzg\tms-hti)g Transmit Shift Reg.
Reg. Empty Flag) —| ((
) )
FIGURE 26-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXREG I 1 ((
Word 1 Word 2 ))
BRG Output ' '
(Shift Clook) R ST e B by L L | 1
TX/CK ' !
pin T N StartBit < bito X bit1 D( bit7/8 Stop bit \Startbit < bito
TXIF bit 1TeY = - | — Word 1 } Word 2
(Transmit Buffer L] ' ((
Reg. Empty Flag) - = 1ToY )]
TRMT bit Word1 —— —
Re(TrggsTitFSlgi:‘)t Transmit Shift Reg. }Il'\:g;dsr%it Shift Reg.
g. pty Flag ] S S

This timing diagram shows two consecutive transmissions.
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TABLE 26-1: SUMMARY OF REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reggsa;eg on
APFCONO RXDTSEL | SDO1SEL SS1SEL P2BSEL® | ccP2seEL® | P1DSEL P1CSEL CCP1SEL 119
APFCON1 — — — — — — — TXCKSEL 119
BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 296
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 91
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 295
SPBRGL BRG<7:0> 297*
SPBRGH BRG<15:8> 297*
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 127
TXREG EUSART Transmit Data Register 287*
TXSTA CSRC | TX9 | TXEN | SYNC | SENDB | BRGH | TRMT | TX9D 294
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for Asynchronous Transmission.

*

Page provides register information.
Note 1:  PIC16(L)F1827 only.
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26.1.2 EUSART ASYNCHRONOUS
RECEIVER

The Asynchronous mode is typically used in RS-232
systems. The rec eiver blo ck di agramis sh ownin
Figure 26-2. The data is received on the RX/DT pin and
drives the data recovery block. The data recovery block
is actually a high-speed shifter operating at 1 6 times
the ba ud rat e, w hereas the s erial R eceive Shi ft
Register (RSR) operates at the bit rate. When all 8 or 9
bits o f th e character ha ve b een s hifted in, they are
immediately tran sferredt o atw oc haracter
First-In-First-Out (FIFO) memory. The FIFO b uffering
allows re ception of two complete characters and the
start of a third character be fore s oftware must start
servicing the EU SART receiver. The FIFO and RSR
registers are no t directly ac cessible by software.
Access to the received data is via the RCREG register.

26.1.2.1 Enabling the Receiver

The EU SART receiver i s e nabled for a synchronous
operation by configuring the following three control bits:

« CREN=1
« SYNC=0
« SPEN=1

All other EUSART control bits are assumed to be i n
their default state.

Setting the CREN bit of the RCSTA register enables the
receiver circuitry of the EUSART. Clearing the SYNC bit
of t he TX STA r egister configur es the EUSART for
asynchronous operation. Setting the SPEN bit of t he
RCSTA register enables the BUSART. The programmer
must set the corresponding TRIS bit to configure the
RX/DT /O pin as aninput.

Note: If the RX/DT function is on an analog pin,
the cor responding ANSEL bit mu st be
cleared for the receiver to function.

26.1.2.2

The receiver d ata recovery circuit i nitiates character
reception on the falling edge of the first bit. The first bit,
also known as the Start bit, is always a zero. The data
recovery circuit counts one-half bit time to the center of
the Start bit and verifies that the bit is still a zero. If it is
notaz erothe nthe dat arec overy ci rcuita borts
character re ception, without generating an error, and
resumes looking for th e falling edge of the Start bit. If
the Start bit zero v erification succeeds then the data
recovery circuit counts a full bit time to the center of the
next bit. The bitis then sampled by a m ajority detect
circuit and the resulting ‘0’ or ‘1’ is shifted into the RSR.
This repeats until all data bits have been sampled and
shifted into the RSR. One final bittime is measured and
the level sampled. This is the Stop bit, which is always
a‘l’. If the data recovery circuit samples a ‘0’ in the
Stop bit position then a f raming error is set for this
character, otherwise the framing error is cleared for this
character. Se e Section 26.1.2.4 “R eceive Fr aming
Error” for more information on framing errors.

Receiving Data

Immediately after all data bits and the Stop bit have
been received, the character in the RSR is transferred
to the EUSART receive FIFO and the RCIF interrupt
flag bit of the PIR1 register is set. The top character in
the FIFO is transferred out of the FIFO by reading the
RCREG register.

Note: If the receive FIFO is overrun, noadditional
characters will be received until the overrun
condition is cleared. See Section 26.1.2.5
“Receive Ov errun Error” f or more
information on overrun errors.

26.1.2.3 Receive Interrupts

The RCIF interrupt flag bit of the PIR1 register is s et
whenever the EUSART receiver is enabled and there is
an unread characterin the receive FIFO. The RCIF
interrupt flag bit is read-only, it cannot be set or cleared
by software.

RCIF int errupts are ena bled by set ting all of the
following bits:
» RCIE interrupt enable bit of the PIE1 register
* PEIE peripheral interrupt enable bit of the
INTCON register
» GIE global interrupt enable bit of the INTCON
register

The RCIF interrupt flag bit will be set when there is an
unread character in the FIFO, regardless of the state of
interrupt enable bits.

DS41391D-page 290
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26.1.2.4

Each ch aracter in the rec eive FIFO b ufferh as a
corresponding framing error Status bit. A framing error
indicates that a Stop bit was not seen at the expected
time. Th e framing error sta tus is ac cessed viat he
FERR bi tof t he R CSTA register. T he F ERR bi t
represents the status of the top unread character in the
receive FIFO. Therefore, the FERR bit must be read
before reading the RCREG.

The FERR bit is read-only and only applies to the top
unread character in the receive FIFO. A framing error
(FERR = 1) does not preclude reception of additional
characters. It is not necessary to clear the FERR bit.
Reading the next character from the FIFO buffer will
advance the FIFO to th e next character and the next
corresponding framing error.

The FERRbit can be forced clear by clearing the SPEN
bit of the RCSTA register which resets the EU SART.
Clearing the CREN bit of the RCSTA register does not
affect the FERR bit. A framing error by itself does not
generate an interrupt.

Receive Framing Error

Note: If all re ceive cha racters in th e rec eive
FIFO have framing errors, repeated reads
of the RCREG will not clear the FERR bit.

26.1.2.5

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before the FIFO is accessed. When
this happens the OERR bit of the RCSTA register is set.
The characters already in the FIFO buffer can be read
but no additional characters will be received until the
error is cleared. The error mu st be cl eared by either
clearing the C REN bit of the RCSTA registerorb y
resetting the EUSART by clearing the SPEN bit of the
RCSTA register.

Receive Overrun Error

26.1.2.6 Receiving 9-bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set the EUSART
will s hift 9 bit si ntothe RSRfor each c haracter
received. The RX9D bit of the RCSTA register is the
ninth and Most Significant data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the 8 Least Significant bits from
the RCREG.

26.1.2.7

A special Address Detection mode is available for use
when multiple receivers share the same transmission
line, such as in RS-485 systems. Address detection is
enabled by s etting the AD DEN bito fth e R CSTA
register.

Address Detection

Address detection requires 9-bit ch aracter rec eption.
When address detection is enabled, only characters
with the ninth data bit set will be transferredtothe
receive FIFO buffer, thereby setting the RCIF interrupt
bit. All other characters will be ignored.

Upon re ceiving an address c haracter, user s oftware
determines if the add ress matches its ow n. U pon
address ma tch, u ser so ftware mu st disable a ddress
detection by clearing the AD DEN bit before the next
Stop bit occurs. When user software detects the end of
the mes sage, determined by the me ssage protocol
used, so ftware pla ces th e rec eiverb ackin toth e
Address Detection mode by setting the ADDEN bit.
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26.1.2.8

1.

Asynchronous Reception Set-up:

Initialize the SPBRGH, SPBRGL reg ister p air
and the BRGH and BRG16 bits to achieve the
desired baud rate (see Section 26.3 “EUSART
Baud Rate Generator (BRG)").

2. Clear the ANSEL bit for the RX pin (if applicable).

3. Enable the serial port by setting the SPEN bi t.
The SYNC bit must be clear for asynchronous
operation.

4. If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

5. If 9-bit reception is desired, set the RX9 bit.

6. Enable reception by setting the CREN bit.

7. The RCIF interrupt flag bit willbe setwhen a
character is transferred from the RSRto the
receive buffer. An interrupt will be generated if
the RCIE interrupt enable bit was also set.

8. Readthe RCSTA register to get the error flags
and, if 9-bit data reception is enabled, the ninth
data bit.

9. Get thereceived 8 Le ast Significant data bits
from the receive buffer by reading the RCREG
register.

10. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

FIGURE 26-5: ASYNCHRONOUS RECEPTION

26.1.2.9

9-bit Address Detection Mode Set-up

This mode would typically be used in RS-485 systems.
To setup an Asynchronous R eception with Address
Detect Enable:

1.

10.

1.

12.

Initialize the SPBRGH, SPBRGL reg ister p air
and the BRGH and BRG16 bits to achieve the
desired baud rate (see Section 26.3 “EUSART
Baud Rate Generator (BRG)").

Clear the ANSEL bit for the RX pin (if applicable).

Enable the serial port by setting the SPEN bit.
The SYNC bit must be clear for asynchronous
operation.

If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

Enable 9-bit reception by setting the RX9 bit.
Enable address detection by setting the ADDEN
bit.

Enable reception by setting the CREN bit.

The RCIF interrupt flag bit willbe setwhen a
character with the ninth bitsetis tra nsferred
from the RSR to the receive buffer. An interrupt
will be generated if the RCIE interrupt enable bit
was also set.

Read the RCSTA register to get the error flags.
The ninth data bit will always be set.

Get the received 8 L east Significant data bits
from the receive buffer by reading the RCREG
register. Software det ermines if thisisth e
device’s address.

If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

If th e de vice h as been addressed, cl ear th e
ADDEN bitto al low all received data into the
receive buffer and generate interrupts.

Start Start Start
RX/DT pi M bit 7/8 i i bit 7/8/ St bit i St
pin it_(bito X bt )} § Yo stop\ it bit0 Y § { )78/ Step\ i A5 X 71/ Sice

Rog oM __ (( M (¢ M (( .
Rev Buffer Reg. 2 T Word 1 ) o2 T }) :
I RCREG RCREG !
RebL (( 1 L
J)) ' \
Read Rcv . )
Buffer Reg. S S 5 S S S : [T
RCREG ')
(C (S g .
(Interrupt Flag) ))
i (( (( ((
OERR bit D )Y ) 1
CREN (( (( ( 3
)) )) )) R
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,

causing the OERR (overrun) bit to be set.
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TABLE 26-2: SUMMARY OF REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgpizt;

APFCONO RXDTSEL | SDO1SEL | SS1SEL | P2BSEL® [ cCcP2SEL® | P1DSEL | P1CSEL | CCP1SEL 119
APFCON1 — — — — — — — TXCKSEL 119
BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 296
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 91
RCREG EUSART Receive Data Register 290*
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 295
SPBRGL BRG<7:0> 297*
SPBRGH BRG<15:8> 297*
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 294
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for Asynchronous Reception.

*

Note 1:

Page provides register information.
PIC16(L)F1827 only.
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26.2 Clock Accuracy with

Asynchronous Operation

The factory calibrates the internal oscillator block out-
put (INTOSC). However, the INTOSC frequency may
drift as VDD or temperature changes, and this directly
affects the asynchronous baud rate. Two methods may
be used to adjust the baud rate clock, but both require
a reference clock source of some kind.

REGISTER 26-1:

The fir st (preferred) method usesthe O  SCTUNE
register to adjust the IN TOSC output . Adjusti ng the
value in he OSCTUNE register allows for fine resolufon
changes to the system clocksource. See Section 5.2.2
“Internal Clock Sources” for more information.

The other method adjusts the value in the Baud Rate
Generator. This can be d one auto matically with the
Auto-Baud D etectfe ature (s ee Section 26.3.1
“Auto-Baud Detect”). There may not be fine enough
resolution when adjusting the Baud Rate Generator to
compensate for a g radual ch ange i n th e pe ripheral
clock frequency.

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

‘1’ = Bit is set

u = Bit is unchanged

R/W-/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-1/1 R/W-0/0
CSRC TX9 TXEN® SYNC SENDB BRGH TRMT TX9D
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘0’ = Bit is cleared

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

CSRC: Clock Source Select bit
Asynchronous mode:

Don’t care

Synchronous mode:

1= Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
TX9: 9-bit Transmit Enable bit

1= Selects 9-bit transmission

0 = Selects 8-bit transmission

TXEN: Transmit Enable bit®

1= Transmit enabled

0 = Transmit disabled

SYNC: EUSART Mode Select bit

1= Synchronous mode

0 = Asynchronous mode

SENDB: Send Break Character bit
Asynchronous mode:

1= Send Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission completed
Synchronous mode:

Don’t care

BRGH: High Baud Rate Select bit
Asynchronous mode:

1 = High speed

0 = Low speed

Synchronous mode:

Unused in this mode

TRMT: Transmit Shift Register Status bit
1= TSR empty

0= TSRfull

TX9D: Ninth bit of Transmit Data

Can be address/data bit or a parity bit.

SREN/CREN overrides TXEN in Sync mode.
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REGISTER 26-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER®

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-0/0 R-0/0 R-0/0
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled (held in Reset)
bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit
Asynchronous mode:

Don't care
Synchronous mode — Master:

1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode — Slave

Don't care
bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables receiver
0 = Disables receiver
Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enable interrupt and load the receive buffer when RSR<8> is set
0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = 0):

Don'’t care
bit 2 FERR: Framing Error bit
1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit
1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error
bit 0 RX9D: Ninth bit of Received Data
This can be address/data bit or a parity bit and must be calculated by user firmware.
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REGISTER 26-3:

BAUDCON: BAUD RATE CONTROL REGISTER

R-0/0

R-1/1 u-0 R/W-0/0 R/W-0/0

u-0

R/W-0/0 R/W-0/0

ABDOVF

RCIDL — SCKP BRG16

WUE ABDEN

bit 7

bit 0

Legend:

‘1’ = Bit is set

‘0’ = Bit is cleared

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2
bit 1

bit 0

ABDOVF: Auto-Baud Detect Overflow bit

Asynchronous mode:

1 = Auto-baud timer overflowed

0 = Auto-baud timer did not overflow
Synchronous mode:

Don't care

RCIDL: Receive Idle Flag bit

Asynchronous mode:

1 = Receiver is Idle

0 = Start bit has been received and the receiver is receiving
Synchronous mode:

Don't care

Unimplemented: Read as ‘0’

SCKP: Synchronous Clock Polarity Select bit
Asynchronous mode:

1 = Transmit inverted data to the TX/CK pin

0 = Transmit non-inverted data to the TX/CK pin
Synchronous mode:

1 = Data is clocked on rising edge of the clock
0 = Data is clocked on falling edge of the clock
BRG16: 16-bit Baud Rate Generator bit

1 = 16-bit Baud Rate Generator is used
0 = 8-bit Baud Rate Generator is used

Unimplemented: Read as ‘0’
WUE: Wake-up Enable bit
Asynchronous mode:

1 = Receiver is waiting for a falling edge. No character will be received, byte RCIF will be set. WUE

will automatically clear after RCIF is set.
0 = Receiver is operating normally
Synchronous mode:

Don't care
ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:

1 = Auto-Baud Detect mode is enabled (clears when auto-baud is complete)

0 = Auto-Baud Detect mode is disabled
Synchronous mode:
Don’t care
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26.3 EUSART Baud Rate Generator
(BRG)

The Baud Rate Generator (BRG) is an 8-bit or 1 6-bit
timer thatis dedicated to the support of both the
asynchronous and sy nchronous EU SART o peration.
By default, the BRG operates in 8-bit mode. Setting the
BRG16 b it o f the BAUDCON re gister se lects 1 6-bit
mode.

The SPB RGH, S PBRGL register p air determines the
period of the freerunning baudrateti mer. In
Asynchronous m ode the m ultiplier of the baud rate
period is determined by both the BRGH bit of the TXSTA
register and the BRG16 bit of the BAUDCON register. In
Synchronous mode, the BRGH bit is ignored.

Table 26-3 contains the fo rmulas for dete rmining the
baud rate. Example 26-1 provides a sample calculation
for determining the baud rate and baud rate error.

Typical b aud rate s a nd e rror v alues for various
asynchronous mo des have bee n co mputed for yo ur
convenience and are shown in Table 26-3. It may be
advantageous to use the high baud rate (BRGH = 1),
or the 16-bit BRG (BRG16 = 1) to reduce the baud rate
error. The 16-bit BRG mode is used to achieve slow
baud rates for fast oscillator frequencies.

Writing a new value to the SPBRGH, SPBRGL register
pair causes the BRG timer to be reset (or cleared). This
ensures that the BRG does not wait for a timer overflow
before outputting the new baud rate.

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit to
make s ure th at the receive operation is Idl e b efore
changing the system clock.

EXAMPLE 26-1: CALCULATING BAUD
RATE ERROR

For a device with Fosc of 16 MHz, desired baud rate
of 9600, Asynchronous mode, 8-bit BRG:

Fosc
64(]SPBRGH:SPBRGL] + 1

Solving for SPBRGH:SPBRGL:

Desired Baud Rate =

=[p5.042 25

Calculated Baud Rate = éZ(fiéT’l_'"

= 9615

_ Calc. Baud Rate — Desired Baud Rate

Error = Desired Baud Rate

© 2011 Microchip Technology Inc.
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TABLE 26-3:

BAUD RATE FORMULAS

Configuration Bits

BRG/EUSART Mode

Baud Rate Formula

SYNC BRG16 BRGH
00 0 8-bit/Asynchronous Fosc/[64 (n+1)]
00 1 8-bit/Asynchronous
01 0 16-bit/Asynchronous FoSG/1S (n+1)
01 1 16-bit/Asynchronous
10 X 8-bit/Synchronous Fosc/[4 (n+1)]
11 X 16-bit/Synchronous
Legend: x =Don't care, n = value of SPBRGH, SPBRGL register pair

TABLE 26-4: SUMMARY OF REGISTERS ASSOCIATED WITH THE BAUD RATE GENERATOR
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Er‘fg;z;eé
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 296
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 295
SPBRGL BRG<7:0> 297*
SPBRGH BRG<15:8> 297*
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 294
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for the Baud Rate Generator.

* Page provides register information.
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TABLE 26-5: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC =0, BRGH =0, BRG16 =0
BAUD Fosc = 32.000 MHz Fosc =20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE | actual % S\/PjuReG Actual % S\faIIBUReG Actual % Sfjfee Actual % S\/PjuReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 _— — _— — e — _— —
1200 — — — 1221 1.73 255 1200 0.00 239 1200 0.00 143
2400 2404 0.16 207 2404 0.16 129 2400 0.00 119 2400 0.00 71
9600 9615 0.16 51 9470 -1.36 32 9600 0.00 29 9600 0.00 17
10417 | 10417 0.00 47 10417 0.00 29 10286  -1.26 27 10165 -2.42 16
19.2k 19.23k  0.16 25 19.53k 1.73 15 19.20k  0.00 14 19.20k  0.00 8
57.6k | 55.55k  -3.55 3 — — — 57.60k  0.00 7 57.60k  0.00 2
115.2k — — — — — — — — — — — —
SYNC =0,BRGH =0,BRG16 =0
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE Actual % S\/PjuReG Actual % S\faIIBUReG Actual % Sfjfee Actual % S\/PjuReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — 300 0.16 207 300 0.00 191 300 0.16 51
1200 1202 0.16 103 1202 0.16 51 1200 0.00 47 1202 0.16 12
2400 2404 0.16 51 2404 0.16 25 2400 0.00 23 — — —
9600 9615 0.16 12 — — — 9600 0.00 5 — — —
10417 10417 0.00 11 10417 0.00 5 — — — — — —
19.2k — — — — — — 19.20k  0.00 2 — — —
57.6k — — — — — — 57.60k  0.00 0 — — —
115.2k — — — — — — — — — — — —
SYNC =0,BRGH=1,BRG16 =0
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE Actual % S\/PjuReG Actual % S\faIIBUReG Actual % Sfjfee Actual % S\/PjuReG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — —
1200 — — — — — — — — — — — —
2400 — — — — — — — — — - —
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 71
10417 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 0.53 65
19.2k 19.23k  0.16 103 19.23k  0.16 64 19.20k  0.00 59 19.20k  0.00 35
57.6k | 57.14k -0.79 34 56.82k  -1.36 21 57.60k  0.00 19 57.60k  0.00 11
115.2k | 117.64k 2.12 16 113.64k -1.36 10 115.2k  0.00 9 115.2k 0.00 5
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TABLE 26-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH =1,BRG16=0
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE Actual % S\/PjLITeG Actual % S\':jfee Actual % S\I;jfeG Actual % S\,Pa?feG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 —_— — — — — — — — 300 0.16 207
1200 — — — 1202 0.16 207 1200 0.00 191 1202 0.16 51
2400 2404 0.16 207 2404 0.16 103 2400 0.00 95 2404 0.16 25
9600 9615 0.16 51 9615 0.16 25 9600 0.00 23 — — —
10417 10417 0.00 47 10417 0.00 23 10473 0.53 21 10417 0.00 5
19.2k 19231 0.16 25 19.23k  0.16 12 19.2k 0.00 11 — — —
57.6k 55556  -3.55 8 — — — 57.60k  0.00 3 — — —
115.2k — — — — — — 115.2k  0.00 1 — — —
SYNC =0,BRGH=0,BRG16 =1
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE Actual % S\/PjuReG Actual % S\faIIBUReG Actual % Sfjfee Actual % Sfa?fee
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 -0.01 4166 300.0 0.00 3839 300.0 0.00 2303
1200 1200 -0.02 3332 1200 -0.03 1041 1200 0.00 959 1200 0.00 575
2400 2401 -0.04 832 2399 -0.03 520 2400 0.00 479 2400 0.00 287
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 71
10417 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 0.53 65
19.2k 19.23k  0.16 103 19.23k  0.16 64 19.20k  0.00 59 19.20k  0.00 35
57.6k | 57.14k -0.79 34 56.818 -1.36 21 57.60k  0.00 19 57.60k  0.00 11
115.2k | 1176k  2.12 16 113.636 -1.36 10 115.2k  0.00 9 115.2k 0.00 5
SYNC =0,BRGH=0,BRG16 =1
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc =1.000 MHz
RATE Actual % S\/PjuReG Actual % S\faIIBUReG Actual % Sfjfee Actual % Sfa?fee
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 299.9 -0.02 1666 300.1 0.04 832 300.0 0.00 767 300.5 0.16 207
1200 1199 -0.08 416 1202 0.16 207 1200 0.00 191 1202 0.16 51
2400 2404 0.16 207 2404 0.16 103 2400 0.00 95 2404 0.16 25
9600 9615 0.16 51 9615 0.16 25 9600 0.00 23 — — —
10417 10417 0.00 47 10417 0.00 23 10473 0.53 21 10417 0.00 5
19.2k 19.23k  0.16 25 19.23k  0.16 12 19.20k  0.00 11 — — —
57.6k 55556  -3.55 8 — — — 57.60k  0.00 3 — — —
115.2k — — — — — — 115.2k  0.00 1 — — —
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TABLE 26-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=1,BRG16=10or SYNC=1,BRG16=1
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE Actual % S\/PjLITeG Actual % S\':jfee Actual % S\I;jfeG Actual % SvpjfeG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 26666 300.0 0.00 16665 300.0 0.00 15359 300.0 0.00 9215
1200 1200 0.00 6666 1200 -0.01 4166 1200 0.00 3839 1200 0.00 2303
2400 2400 0.01 3332 2400 0.02 2082 2400 0.00 1919 2400 0.00 1151
9600 9604 0.04 832 9597 -0.03 520 9600 0.00 479 9600 0.00 287
10417 10417 0.00 767 10417 0.00 479 10425 0.08 441 10433 0.16 264
19.2k 19.18k  -0.08 416 19.23k  0.16 259 19.20k  0.00 239 19.20k  0.00 143
57.6k | 57.55k -0.08 138 5747k  -0.22 86 57.60k  0.00 79 57.60k  0.00 47
115.2k | 115.9k 0.64 68 116.3k  0.94 42 115.2k  0.00 39 115.2k 0.00 23
SYNC =0,BRGH =1,BRG16 =1 or SYNC=1,BRG16 =1
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE Actual % S\/PjuReG Actual % S\faIIBuReG Actual % Sfjfee Actual % S\/lelj?eG
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 0.01 3332 300.0 0.00 3071 300.1 0.04 832
1200 1200 -0.02 1666 1200 0.04 832 1200 0.00 767 1202 0.16 207
2400 2401 0.04 832 2398 0.08 416 2400 0.00 383 2404 0.16 103
9600 9615 0.16 207 9615 0.16 103 9600 0.00 95 9615 0.16 25
10417 10417 0 191 10417 0.00 95 10473 0.53 87 10417 0.00 23
19.2k 19.23k  0.16 103 19.23k  0.16 51 19.20k  0.00 47 19.23k  0.16 12
57.6k | 57.14k -0.79 34 58.82k  2.12 16 57.60k  0.00 15 — — —
115.2k | 117.6k 2.12 16 1M11.1k  -3.55 8 115.2k  0.00 7 — — —
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26.3.1 AUTO-BAUD DETECT

The EUSART m odule s upports a utomatic de tection
and calibration of the baud rate.

In the Auto-Baud Detect (ABD) mode, the clock to the
BRG is reversed. Rather than the BRG clocking the
incoming RX signal, the RX signal is timing the BRG.
The Baud Rate Generator is used to time the period of
a received 55h (ASCII “U”) which is the Sync character
for the LIN bus. The unique feature of this character is
that it has five rising edges including the Stop bit edge.

Setting the ABDEN bit of the BAUDCON register starts
the a uto-baud c alibration s equence ( Figure 26-6).
While the ABD s equence takes place, the EUSART
state machine is held in Idle. On the first rising edge of
the receive line, after the Start bit, the SPBRG begins
counting up using the BRG counter clock as shown in
Table 26-6. The fifth rising edge will occur on the RX pin
at the end of the eighth bit period. At thattime, an
accumulated value totaling the proper BRG period is
left in the SPBRGH, SPBRGL register pair, the ABDEN
bit is automatically cleared and the RCIF interrupt flag
is set. The value in the RCREG needs to be read to
clear the RCIF interrupt. RCREG co ntent should be
discarded. When calibrating for modes that do not use
the SPBRGH reg isterth euserc anv erifyth atth e
SPBRGL register did not overflow by checking for 00h
in the SPBRGH register.

The BRG auto-baud clock is determined by the BRG16
and BRGH bits as shown in Table 26-6. During ABD,
both the SPBRGH and SPBRGL registers are used as
a 16-bit counter, independent of the BRG16 bit setting.
While calibrating the baud rate period, the SPBRGH

and SPBRGL regi sters are clocked at 1/8th the BRG
base clock rate. The resulting byte measurement is the
average bit time when clocked at full speed.

Note 1: If the WUE bit is set with the ABDEN bit,
auto-baud detection will occur on the byte
following th e Bre ak c haracter (s ee
Section 26.3.3“ Auto-Wake-up on
Break”).

2: ltisuptot he usertodet ermine thatthe
incoming character baud r ate is within the
range of t he selected BRG clock source.
Some combinations of oscillator frequency
and EUSART baud rates are not possible.

3: During theaut o-baudp rocess, the
auto-baud counter starts counting at 1.
Upon complet iono fthe auto -baud
sequence, to achieve maximum accuracy,
subtract 1 fromt he S PBRGH:SPBRGL
register pair.

TABLE 26-6: BRG COUNTER CLOCK RATES

00 Fosc/64 Fosc/512
01 Fosc/16 Fosc/128
10 Fosc/16 Fosc/128
11 Fosc/4 Fosc/32

Note:  During the ABD sequence, SPBRGL and
SPBRGH registers are both used as a 16-bit
counter, independent of BRG16 setting.

FIGURE 26-6: AUTOMATIC BAUD RATE CALIBRATION
BRG Value __ XXXXh Y\ 0000h OO OO OO OO0 ooten
' :/—Edge #1 Edge #2 Edge #3 Edge#4  ,Edge#5
RX pin . | Start [bito | bit1 [bitz |_bit3 [Tbita | bit5 [t | _bit7 | Stop bit

BRG Clock

Set by User — !

' Auto Cleared

o

ABDEN bit
RCIDL

—

RCIF bit

(Interrupt)

Read

RCREG

SPBRGL XXh

SPBRGH XXh

Iy
\
\ .
Y 1Ch
X

00h

Note 1: The ABD sequence requires the EUSART module to be configured in Asynchronous mode.
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26.3.2 AUTO-BAUD OVERFLOW

During the c ourse of a utomatic b aud detection, the
ABDOVF bit of the BAUDCON register will be set if the
baud rate counter overflows before the fifth rising edge
is detected on the RX pin. The ABDOVF bit indicates
that the counter has exceeded the maximum count that
can fit in the 16 bits of the SPBRGH:SPBRGL register
pair. After the ABDOVF has been set, the counter con-
tinues to count until the fifth rising edge is detected on
the RX pin. Upon detecting the fifth RX edge, the hard-
ware will setthe RCIF interruptflagand clearthe
ABDEN bit of the BAUDCON re gister. The RCIF flag
can be subsequently cleared by reading the RCREG
register. The ABDOVF flag of the BAUDCON register
can be cleared by software directly.

To terminate the auto-baud process before the R CIF
flag is set, clear the ABDEN bit then clear the ABDOVF
bit o f the BAUDCON re gister. The ABDOVF bit will
remain set if the ABDEN bit is not cleared first.

26.3.3 AUTO-WAKE-UP ON BREAK

During Slee p m ode, al | c locks to the EU SART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper character reception cannot be
performed. The Auto-Wake-up feat ure al lows the
controller to wake-up due to activity on the RX/DT line.
This feature is available only in Asynchronous mode.

The Au to-Wake-up fea ture is enabled by s etting the
WUE bit of the BAUDCON register. Once set, the normal
receive s equence on R X/DT is disabled, and the
EUSART rem ains in an Idle s tate, mo nitoring for a
wake-up e vent independento fth e CPU mode. A
wake-up event consists of a high-to-low transition on the
RX/DT lire. (This coincides with the strt of aSync Break
or a wake-up signal character for the LIN protocol.)

The E USART mod ule generates an R CIF interrupt

coincident w ith the w ake-up e vent. The interrupt is

generated synchronously to the Q clocks in normal CPU
operating modes (Figure 26-7), and asynchronously if
the device is in Sleep mode (Figure 26-8). The interrupt
condition is cleared by readng the RCREG register.

The WUE bitis automatically cleared by the low-to-high
transition on the R X line at the end of the Break. This
signals to the user that the Break event is over. At this
point, the EUSART module is in Idle mode waiting to
receive the next character.

26.3.3.1 Special Considerations
Break Character

To avoid character errors or character fragments during
a wake-up event, the wake-up character must be al |
zeros.

When the w ake-upis en abled the fun ction works
independent of the low time on the data stream. If the
WUE bit isset and a valid no n-zero ch aracter is
received, the low time from the Start bit to the first rising
edge will be interpreted as the wake-up event. The
remaining bits in the character will be received as a
fragmented character and subsequent characters can
result in framing or overrun errors.

Therefore, the initial character in the transmission must
be all ‘0’s. This must be 10 or mo re bit times, 13-bit
times recommended for LIN bus, or any number of bit
times for standard RS-232 devices.

Oscillator Start-up Time

Oscillator start-up time must be considered, especially
in ap plications using o scillators w ith lo nger st art-up
intervals (i.e., LP, XT orHS/PLL mode). The Sync
Break (or wake-up s ignal) ¢ haracterm ustb e of
sufficient | ength, and be fol lowed b y a s ufficient
interval, to allow enough time for the selected oscillator
to start and provide proper initialization of the EUSART.

WUE Bit

The w ake-up eve nt c auses arec eive in terruptb y
settingt he R CIFb it. The W UEDb iti sc learedin
hardware by aris ing edge on RX/DT. The interrupt
condition is the n cleared in software by re ading the
RCREG register and discarding its contents.

To ensure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in p rocess
before setting the WUE bit. If a receive operation is not
occurring, the WUE bit may then be s et just prior to
entering the Sleep mode.
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FIGURE 26-7: AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION

1Q11Q2/Q3|04 Q110234 a1Q2|Q3|a4,a1/02Q3|a4, a102/Q3Q4a11a2|Q3|04,a1|0203/Q4,a102|a3|a4,a11a2|a3|a4,a1/Q2as|as,
fo-ToX I 1L J N [ UV UV (O O O W
' Bit set by user N [ '

| \
! Yo Auto:Cleared l
: : y'd \ \

WUE bit . o . . T ), .
RX/DT Line - , , : : . !
RCIF ! ' ' \ \ 1% T — T 7 '
X ! ! X X ! Cleared due to User Read of RCREG —* !
Note 1: The EUSART remains in Idle while the WUE bit is set.
FIGURE 26-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP
,Q1Q2/Q3|04,Q1Q2|Q3)Qa4,Q1|Q2/Q3|Q4, Q1 |Q2|a3|a4,Q1/Q2|Q3|Q4,Q1|Q2|Q3|Q4,Q1|Q2|Q3|Q4,Q1/Q2|Q3|Q4,
(NI RWAWAWAWRWAWAW RN RWAWAWRW, |V O 0 U U O O S OO 0 O O 0 R O
. Bit Set by User " . . . Lo e Auto,Cleared
WUE bit| : / Z l L Cp ; :
RXIDT Line: : : : Y : R 1 :
RCIF' : , , : - : . :
. . T Cleared due to User Read of RCREG —#
Sleep Command Executed Sleep Ends

Note 1: If the wake-up event requires long oscillator warm-up time, the automatic clearing of the WUE bit can occur while the st posc signal is
still active. This sequence should not depend on the presence of Q clocks.

2: The EUSART remains in Idle while the WUE bit is set.
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26.3.4 BREAK CHARACTER SEQUENCE

The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN bus standard. A Break character consists of a
Start bit, followed by 12 ‘0’ bits and a Stop bit.

To send a Break character, set the SENDB and TXEN
bits of the TXSTA register. The Break character trans-
mission is then initiated by a write to the TXREG. The
value of data written to TXREG will be ignored and all
‘0’s will be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Bre ak character (ty pically, th e Syn ¢
character in the LIN specification).

The TRMT bit of the TXSTA register indicates when the
transmit operation is active or Idle, just as it does during
normal transmission. See Figure 26-9 for the timing of
the Break character sequence.

26.3.41

The fol lowing se quence w ill start a m essage fram e
header made up of a Break, followed by an auto-baud
Sync byt e. This sequence ist ypical ofa LIN bus
master.

1. Configure the EUSART for the desired mode.

2. Setthe TXEN and SENDB bits to enable the
Break sequence.

3. Loadthe TXREG with a du mmy ch aracter to
initiate transmission (the value is ignored).

4. Write 55h’ to TXREG to load the Sync character
into the transmit FIFO buffer.

5. After the Break has been sent, the SENDB bit is
reset by hard ware and the Sy nc ch aracter is
then transmitted.

Break and Sync Transmit Sequence

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

26.3.5 RECEIVING A BREAK CHARACTER

The Enhanced EUSART module can receive a Break
character in two ways.

The first method to detect a Break character uses the
FERR bit of the RCSTA register and the Received data
as indicated by RCREG. The Baud Rate Generator is
assumed to have been initialized to the expected baud
rate.

A Break character has been received when;

¢ RCIF bit is set
*« FERR bit is set
« RCREG = 00h

The second method uses the Auto -Wake-up fe ature
described in  Section 26.3.3“ Auto-Wake-up 0 n
Break”. By ena bling this feature, th e EU SART w ill
sample the next two transitions on RX/DT, cause an
RCIF interrupt, and receive the next data byte followed
by another interrupt.

Note tha t fol lowing a Bre ak character, the us er wiill
typically want to enable the Auto-Baud Detect feature.
For both methods, the user can set the ABDEN bit of
the BAUDCON register before placing the EUSART in
Sleep mode.

FIGURE 26-9: SEND BREAK CHARACTER SEQUENCE
Write to TXREG : (C
Dummy Write ) )
BRG Output 1
(Shift Clock) | I I I I I ) S I I I I I [
TX{(pin) T\ Start bit bit 0 bit 1 q bit 11/ Stop bit
| -t Break >
TXIF bit . T :
(Transmit ] )) T
Interrupt Flag) )
TRMT bit , 2
(Transmit Shift ———— (( [
Empty Flag) ) )

SENDB Sampled Here

Auto Cleared_\‘:

SENDB e
(send Break 0

control bit)

—
—

[
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26.4 EUSART Synchronous Mode

Synchronous serial communications are typically used
in sy stems w ith a single masterand one ormo re
slaves. The master device contains the necessary cir-
cuitry for baud rate generation and supplies the clock
for all devices in the system. Slave devices can take
advantage of the master clock by eliminating the inter-
nal clock generation circuitry.

There are two signal lines in Synchronous mode: a bidi-
rectional datalineand aclockline. Slavesusethe
external clock supplied by the master to shift the serial
data into and out of their respective receive and trans-
mit shift registers. Since the data line is bidirectional,
synchronous operation is half-duplex only. Half-duplex
refers to the fact that master and slave d evices can
receive and transmit data but not both simultaneously.
The EUSART can operate as either a master or slave
device.

Start and Stop bits are not used in synchronous trans-
missions.

26.4.1 SYNCHRONOUS MASTER MODE

The following bits are used to configure the EUSART
for Synchronous Master operation:

« SYNC=1
« CSRC=1
* SREN = 0 (for transmit); SREN = 1 (for receive)
* CREN =0 (for transmit); CREN = 1 (for receive)
« SPEN=1

Setting the SYNC bit of the TXSTA register configures
the device for synchronous operation. Setting the CSRC
bit of the T XSTA register c onfigures the deviceas a
master. Clearing the SREN and CREN bits of the RCSTA
register ensures that the device is in the Transmit mode,
otherwise the device will be configured  receive. Setting
the S PEN bi to fth e R CSTA re gister e nables th e
EUSART.

26.4.1.1 Master Clock

Synchronous data transfers use a separate clock line,
which is synchronous with the data. A device config-
ured as a master transmits the clock on the TX/CK line.
The TX/CK pin output driver is automatically enabled
when t he EUSART i s ¢ onfigured for sy nchronous
transmit or r eceive operation. Serial data bits change
on the leading edge to ensure they are valid at the trail-
ing edge of e ach clock. One clock cycle is g enerated
for each data bit. Only as many clock cycles are gener-
ated as there are data bits.

26.4.1.2  Clock Polarity

A c lock pol arity o ptioni s pr ovided for M icrowire
compatibility. Clock polarity is selected with the SCKP
bit of the BAUDCON register. Setting the SCKP bit sets
the clock Idle state as high. When the SCKP bit is set,
the data changes on the falling edge of eac h clock.

Clearing the SCKP bit sets the Idle state as low. When
the SCKP bit is cleared, the data changes on the rising
edge of each clock.

26.4.1.3 Synchronous Master Transmission

Data is transferred out of the device on the RX/DT pin.
The RX/DT and TX/CK pin output drivers are automat-
ically enabled when the EUSART is configured for syn-
chronous master transmit operation.

A transmission is initiated by writing a character to the
TXREG register. If the TSR still contains all or part of a
previous character the new character data is held in the
TXREG until the last bit of the previous character has
been transmitted. If this is the first character, or the pre-
vious character has been completely flushed from the
TSR, the data in the TXREG is immediately transferred
tothe T SR. The transmission of the character com-
mences immediately following the transfer of the data
to the TSR from the TXREG.

Each data bit changes on the leading edge of the mas-
ter clock and remains valid until the subsequent leading
clock edge.

Note:  The TSR register is not mapped in dataI
memory, so it is not available to the user.

26.4.1.4  Synchronous Master Transmission
Set-up:

1. Initialize the SPBRGH, SPBRGL reg ister p air
and the BRGH and BRG16 bits to achieve the
desired baud rate (see Section 26.3 “EUSART
Baud Rate Generator (BRG)").

2. Enable the synchronous master serial portby
setting bits SYNC, SPEN and CSRC.

3. Disable Receive mode by clearing bits SREN
and CREN.

4. Enable Transmit mode by setting the TXEN bit.

5. If 9-bit transmission is desired, set the TX9 bit.

6. If interrupts are desired, set the TXIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

7. If 9-bit transmission is selected, the ninth b it
should be loaded in the TX9D bit.

8. Start transmission by loading data to the TXREG
register.
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FIGURE 26-10: SYNCHRONOUS TRANSMISSION
il X B0 X BT X Bz X § o< Bi7 BItD i P Y -
- Word 1 P Word 2 -
i I N N s H s B S_IL
R IS S
K pin N s S e S s s e A e A
Write to M I (¢ (s
TXREGReg  write Word 1 Write Word 2
i . ((
(Tliw(tlgrﬂ:)t Flag) L | S S ) )
TRMT bit —l ( ( (( ,—
) ) ))
TXEN bit v S S S S !
Note: Sync Master mode, SPBRGL = 0, continuous transmission of two 8-bit words.
FIGURE 26-11: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
RX/DT pin X bito X bit1 X bit 2 S 3 >< bit 6 bit 7
TX/CK pin 4/_\_/_\_/_\5 S—/—\
Write to .
TXREG reg j 5 S :
. : (¢
TXIF bit m {
TRMT bit 4‘ (
((
TXEN bit ))
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TABLE 26-7: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER
TRANSMISSION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgpizt;
APFCONO | RXDTSEL | SDO1SEL | SS1SEL | P2BSEL® | CCP2SEL® | P1DSEL | P1CSEL | CCP1SEL 119
APFCON1 — — — — — — — TXCKSEL 119
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 296
INTCON GIE PE IE | TMROIE INTE IOCIE TMROIF INTF IOCIF 86
PIE1 TMR1GIE | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRI1IE 87
PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMRI1IF 91
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 295
SPBRGL BRG<7:0> 297+
SPBRGH BRG<15:8> 297+
TRISB TRISB? | TRISB6 ‘ TRISB5 | TRISB4 ‘ TRISB3 ‘ TRISB2 | TRISB1 \ TRISBO 127
TXREG EUSART Transmit Data Register 287*
TXSTA CSRC | Tx9 | TXEN [ SYNC | SENDB | BRGH | TRMT | Tx9D 204
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for Synchronous Master Transmission.

*

Page provides register information.
Note 1: PIC16(L)F1827 only.

DS41391D-page 308 © 2011 Microchip Technology Inc.



PIC16(L)F1826/27

26.4.1.5 Synchronous Master Reception

Data i s re ceived atthe RX/DT pin. The RX/DT pin
output d river is au tomatically d isabled whenth e
EUSART is configured for synchronous master receive
operation.

In Synchronous mode, reception is enabled by setting
either t he S ingle R eceive E nable b it ( SREN of t he
RCSTA register) or the Continuous Receive Enable bit
(CREN of the RCSTA register).

When SREN is set and CREN is clear, only as many
clock cycles are generated as there are data bits in a
single character. The SREN bit is automatically cleared
at the completion of one character. When CREN is set,
clocks are ¢ ontinuously generated unt il C REN is
cleared. If CREN is cleared in the middle of a character
the CK clock stops immediately and the partial charac-
ter is discarded. If SREN and CREN are both set, then
SREN is cleared at the completion of the first character
and CREN takes precedence.

To initiate reception, set either SREN or CREN. Data is
sampled at the RX/DT pin on the trailing edge of the
TX/CK clock pin and is shifted into the Receive Shift
Register (R SR). W hen aco mplete cha racteri s
received into the RSR, the RCIF bit is set and the char-
acter is automatically transferred to the two character
receive FIFO. The Least Significant eight bits of the top
character in the receive FIFO are available in RCREG.
The RCIF bit remains set as long as there are unread
characters in the receive FIFO.

Note: If the RX/DT function is on an analog pin,
the cor responding ANSEL bit mu st be
cleared for the receiver to function.

26.4.1.6 Slave Clock

Synchronous data transfers use a s eparate clock line,
which is synchronous with the data. A deviee configured
as a sl ave receives the clock on the TX/CK line. The
TX/CK pin output driver is automatically disabled when
the device is configured for synchronous slave transmit
or receive operation. Serial data bits change on the
leading edge to ensure theyare vaid at the trailirg edge
of each clock. One data bit is transferred for each clock
cycle. Only as many clock cycles should be received as
there are daf bits.

Note: If the device is configured as a slave and
the TX/CK function ison an analog pin, the
corresponding A NSELb itmus t be
cleared.

26.4.1.7

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before RCREG is read to access
the F IFO. W hen this ha ppens the OERR bitofthe
RCSTA register is set. Previous data in the FIFO will
not be overwritten. Th e tw o c haracters in the FIFO

Receive Overrun Error

buffer can be read, however, no additional characters
will be received until the error is cleared. The OERR bit
can only be cleared by clearing the overrun condition.
If the overrun error occurred when the SREN bit is set
and CREN is clear then the error is cleared by reading
RCREG. If the overrun occurred when the CREN bit is
set then the error condition is cleared by either clearing
the CREN bit of the RCSTA register or by clearing the
SPEN bit which resets the EUSART.

26.4.1.8 Receiving 9-bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set the EUSART
will s hift 9-bi ts into the RSR fo reac h c haracter
received. The RX9D bit of the RCSTA register is the
ninth, and Most Significant, data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the R X9D data bit must
be read before reading the 8 Least Significant bits from
the RCREG.

26.4.1.9 Synchronous Master Reception

Set-up:

1. Initialize the SPBRGH, SPBRGL register pair for
the ap propriate ba ud rat e. Set orcl earth e
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Clear the ANSEL bit for the RX pin (if applicable).

3. Enable the synchronous master serial portby

setting bits SYNC, SPEN and CSRC.

Ensure bits CREN and SREN are clear.

If interrupts are desired, set the RCIE bit of the

PIE1 register and the GIE and PEIE bits of the

INTCON register.

6. If 9-bit reception is desired, set bit RX9.

7. Start reception by setting the SR EN bit or for
continuous reception, set the CREN bit.

8. Interrupt flag bit RCIF will be set when reception
of a character is complete. An interrupt will be
generated if the enable bit RCIE was set.

9. Read the RCSTA register to get the ninth bit (if
enabled) and de termine if an y error occurred
during reception.

10. Read t he 8 -bit rec eived da ta by rea ding th e
RCREG register.

11. Ifan overrun error oc curs, c lear the error by
either cl earing the C REN bi t of the R CSTA
register or by clearing the SPEN bit which resets
the EUSART.

o &
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FIGURE 26-12: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

R X bito X bit1 X bit2 bit 3 bit 4 bits > bit6 X bit7

(Soxp o) S s Yy B U s Y I A Iy A

TX/CK pin
LI N e A s (N s N sy A AN s N s MO

Write to

bit SREN ~— ||
SREN bit ___| -

CREN bit _0’ o

RCIF bit

(Interrupt) |—

RCREG

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 26-8: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER

RECEPTION
Name Bit 7 Bt 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgpizt;

APFCONO RXDTSEL | SDO1SEL | SS1SEL | P2BSEL® [ cCcP2SEL® | P1DSEL | P1CSEL | CCP1SEL 119
APFCON1 = = = = = = = TXCKSEL 119
BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 296
INTCON GIE PE IE TMROIE INTE IOCIE TMROIF INTF I0CIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 91
RCREG EUSART Receive Data Register 290*
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 295
SPBRGL BRG<7:0> 297*
SPBRGH BRG<15:8> 297*
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 294
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for Synchronous Master Reception.

*

Page provides register information.
Note 1: PIC16(L)F1827 only.
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26.4.2 SYNCHRONOUS SLAVE MODE

The following bits are used to configure the EUSART
for Synchronous slave operation:

« SYNC=1

« CSRC=0

* SREN = 0 (for transmit); SREN = 1 (for receive)

* CREN =0 (for transmit); CREN = 1 (for receive)

« SPEN=1

Setting the SYNC bit of the TXSTA register configures the
device for synchronous operation. Clearing the CSRC bit
of the TXSTA register configures the device as a slave.
Clearing the SREN and CREN bits ofthe RCSTA register
ensures t hat thed evicei sin t he Transmitmo de,
otherwise the device will be confgured to receive. Setting

the S PEN bit of the R CSTA r egister ena bles th e
EUSART.

26.4.2.1 EUSART Synchronous Slave

Transmit

The operation of the Synchronous Master and S| ave
modes ar eident ical( see  Section 26.4.1.3
“Synchronous Master Transmission”), except in the
case ofthe Sleep mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately tran sfer to
the TSR register and transmit.

2. The second word will remain in TXREG register.

The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the seond
character to the TSR and the TXIF bit vll now be
set.

5. Ifthe PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next in struction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

w

26.4.2.2  Synchronous Slave Transmission

Set-up:

1. Set the SYNCand SPENbitsand clear the
CSRC bit.

2. Clear the ANSEL bit for the CK pin (if applicable).

3. Clear the CREN and SREN bits.

4. If interrupts are desired, set the TXIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

5. If 9-bit transmission is desired, set the TX9 bit.

6. Enable transmission by setting the TXEN bit.

7. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D bit.

8. Starttra nsmissionby w ritingth el east
Significant 8 bits to the TXREG register.

TABLE 26-9: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE
TRANSMISSION

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bt 0 Eﬁgpizt;
APFCONO RXDTSEL | SDO1SEL | SS1SEL | P2BSEL® [ cCcP2SEL® | P1DSEL | P1CSEL | CCP1SEL 119
APFCON1 — — — — — — — TXCKSEL 119
BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 296
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 91
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 295
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
TXREG EUSART Transmit Data Register 287*
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 204
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for Synchronous Slave Transmission.

*

Page provides register information.

Note 1: PIC16(L)F1827 only.
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26.4.2.3 EUSART Synchronous Slave

Reception

The operation of the Synchronous Master and Slave
modes is ide ntical ( Section 26.4.1.5 “ Synchronous
Master Reception”), with the following exceptions:

* Sleep

» CREN bit is always set, therefore the receiver is
never ldle

* SREN bit, which is a “don’t care” in Slave mode

A character may be re ceived while in Sleep mode by
setting the CREN bit prior to entering Sleep. Once the
word is received, the RSR register will transfer the data
to the RCREG register. If the RCIE enable bit is set, the
interrupt generated will wake th e device from Sleep
and execute the next instruction. If the GIE bit is also
set, the program will branch to the interrupt vector.

26.4.2.4  Synchronous Slave Reception
Set-up:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the ANSEL bit for both the CK and DT pins
(if applicable).

3. Ifinterrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

4. If 9-bit reception is desired, set the RX9 bit.

5. Set the CREN bit to enable reception.

6. The R CIF bitwill bes et whenr eception is
complete. An inte rrupt will be g enerated if th e
RCIE bit was set.

7. If 9-bit mo deis e nabled, re trieve t he M ost
Significant bit from the RX9D bit of the RCSTA
register.

8. Retrieve the 8 L east Significant bits from the
receive FIFO by reading the RCREG register.

9. Ifan overrun error occurs, clear the error by
either cl earing the C REN b it of the R CSTA
register or by clearing the SPEN bit which resets
the EUSART.

TABLE 26-10: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE

RECEPTION
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on Page

APFCONO RXDTSEL | SDO1SEL | SS1SEL | P2BSEL® [ cCcP2SEL® | P1DSEL | P1CSEL | CCP1SEL 119
APFCON1 — — — — — — — TXCKSEL 119
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 206
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 86
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMRA1IF 91
RCREG EUSART Receive Data Register 290*
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 205
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 TRISB3 TRISB2 | TRISB1 | TRISBO 127
TXSTA CSRC X9 TXEN SYNC SENDB BRGH TRMT TX9D 204
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for Synchronous Slave Reception.

*

Note 1:

Page provides register information.
PIC16(L)F1827 only.
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26.5 EUSART Operation During Sleep

The EUSART will remain active during Sleep only in the
Synchronous Slave mode. All other modes require the
system clock and therefore cannot generate the neces-
sary signals to run the Transmit or Receive Shift regis-
ters during Sleep.

Synchronous Slave mode uses an externally generated
clock to run the Transmit and Receive Shift registers.

26.5.1 SYNCHRONOUS RECEIVE DURING
SLEEP

To re ceive during Sle ep, all the fol lowing c onditions
must be met before entering Sleep mode:

* RCSTA and TXSTA Control registers must be
configured for Synchronous Slave Reception (see
Section 26.4.2.4 “Synchronous Slave
Reception Set-up:").

« Ifinterrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

» The RCIF interrupt flag must be cleared by read-
ing RCREG to unload any pending characters in
the receive buffer.

Upon entering Sleep mode, the device will be ready to
accept data and clocks on the RX/DT and TX/CK pins,
respectively. When the data word has been completely
clocked in by the external device, the RCIF interrupt
flag bit of the PIR1 register will be set. Thereby, waking
the processor from Sleep.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the GIE global
interrupt enable bit of the INTCON register is also set,
then the Interrupt Service Routine at address 004h will
be called.

26.5.2 SYNCHRONOUS TRANSMIT
DURING SLEEP

To tran smit during Sleep, all the following conditions
must be met before entering Sleep mode:

* RCSTA and TXSTA Control registers must be
configured for Synchronous Slave Transmission
(see Section 26.4.2.2 “Synchronous Slave
Transmission Set-up:”).

» The TXIF interrupt flag must be cleared by writing
the output data to the TXREG, thereby filling the
TSR and transmit buffer.

« If interrupts are desired, set the TXIE bit of the
PIE1 register and the PEIE bit of the INTCON reg-
ister.

* Interrupt enable bits TXIE of the PIE1 register and
PEIE of the INTCON register must set.

Upon entering Sleep mode, the device will be ready to
accept clocks on TX/CK pin and transmit data on the
RX/DT pin. When the data word in the TSR has been
completely clocked out by the ex ternal device, the
pending byte in the TXREG will transfer to the TSR and
the TXIF flag will be set. Thereby, waking the processor
from Sleep. At this point, the TXR EG is available to
accept another character for tran smission, which will
clear the TXIF flag.

Upon waking from Sleep, the instruction following the
SLEEP in struction willbe executed. Ifth e Gl obal
Interrupt Enable (GIE) bit is also set then the Interrupt
Service Routine at address 0004h will be called.

26.5.3 ALTERNATE PIN LOCATIONS

This module incorporates /O pins that can be moved to
other locations with the use of the alternate pin function
registers, APFC ONO and APFCON1. T o de termine
which pins can be moved and what their default loca-
tions are upon ares et, see Section 12.1 “ Alternate
Pin Function” for more information.

© 2011 Microchip Technology Inc.
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27.0 CAPACITIVE SENSING

MODULE

The capacitive sensing module allows for an interaction
with an end user without a mechanical interface. In a
typical a pplication, the ¢ apacitive se nsing module is
attached to apad on a P rinted Circuit Board (PCB),
which is electrically isolated from theend user. When the
end user placestheir finger overthe PCBp ad, a
capacitive load isadded, causing a frequency shift in the
capacitive s ensing module. The capacitive sen sing
module requires sof tware and at least one timer
resource to d etermine the change in freque ncy. Key

features of this module include:

* Analog MUX for monitoring multiple inputs

» Capacitive sensing oscillator
* Multiple timer resources

» Software control

» Operation during Sleep

FIGURE 27-1: CAPACITIVE SENSING BLOCK DIAGRAM
TimerO Module
Set
TMR —
TOXCS 0cs TMROIF
TocKI 0 Fosc/4 Overflow |
1
— CPSCH<3:0>
( CPSON®

CPSO0 X}—

CPS1 [X}—

CPS2 — Timerl Module

CPS3 [X}—| ’“ CPSON T1CS<1:0>

CPS4 J— — Fosc

Capacitive
CPS5 X— Sensing CPSCLK Fosc/4
— Oscillator TMR1H:TMR1L

CPS6 X— T10SC/ —|EN

CPS7 [X CPSOSC CPSOUT T1CKI

CPS8 X}— L CPSRNG<1:0> T1GSEL<1:0>

CPS9 X— TG

Timer1 Gate

CPS10 SYNCC10UT Control Logic

CPS11 X}—

SYNCC20UT

Note 1: If CPSON = 0, disabling capacitive sensing, no channel is selected.
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27.1 Analog MUX

The capacitive sensing module can monitor up to 12
inputs. The capacitive sensing inputs are defined as
CPS<11:0>. To determine if a freq uency change has
occurred the user must:

» Select the appropriate CPS pin by setting the
CPSCH<3:0> bits of the CPSCONT1 register

» Set the corresponding ANSEL bit
» Set the corresponding TRIS bit
* Run the software algorithm

Selection of the CPSx pin while the module is enabled
will cause the capacitive sensing oscillator to be on the
CPSx pin. Failure to set the corresponding ANSEL and
TRIS bits can cause the capacitive sensing oscillator to
stop, leading to false frequency readings.

27.2 Capacitive Sensing Oscillator

The capacitive sensing oscillator consists of a constant
current source and a constant current sink, to produce
atri angle waveform. The CPSO UTbi to fth e
CPSCONO register shows the status of the capacitive
sensing oscillator, whether it i s a sinking or s ourcing
current. The oscillator is designed to drive a capacitive
load (single PCB pad) and at the same time, be a clock
source to either TimerO or Timer1. The o scillator has
three di fferentc urrent settingsas d efinedb y
CPSRNG<1:0> of the CPSCONO register. The different
current settings for the oscillator serve two purposes:

* Maximize the number of counts in a timer for a
fixed time base

* Maximize the count differential in the timer during
a change in frequency

27.3 Timer resources

To measure the change in frequency of the capacitive
sensing oscillator, a fixed time base is required. For the
period of the fixed time base, the capacitive sensing
oscillator is used to clock either TimerO or Timer1. The
frequency of the capacitive sensing oscillator is equal
to the number of counts in the timer divided by the
period of the fixed time base.

27.4 Fixed Time Base

To me asure th e freq uency of the capacitive sensing
oscillator, a fix ed ti me base is req uired. Any tim er
resource or software loop can be used to establish the
fixed time base. Itis up to the end user to determine the
method in which the fixed time base is generated.

Note:  The fixed time base can not be generated
by the timer resource that the capacitive
sensing oscillator is clocking.

2741 TIMERO

To select Timer0 as the timer resource for the capacitive
sensing module:

» Set the TOXCS bit of the CPSCONO register
» Clear the TMROCS bit of the OPTION register

When Timer0 is ch osen a s th e ti mer resource, the
capacitive sensing oscillator will be the clock source for
Timer0. Refer to Section 20.0 “Timer0 Module” for
additional information.

2742 TIMER1

Tos electT imer1 as the tim er resource f orth e
capacitive sensing module, set the TMR 1CS<1:0> of
the T1CON register to ‘11’. When Timer1 is chosen as
the timer resource, the capacitive sensing oscillator will
be the clock source for Timer1. B ecause the Timer1
module has a gate control, developing a time base for
the frequency measurement can be simplified by using
the Timer0 overflow flag.

It is recommend that the TimerO overflow flag, in con-
junction with the Toggle mode of the Timer1 gate, be
used to de velop the fixed time base required by the
software p ortion of t he capacitive s ensing module.
Refer to Section 21.6.3 “Timerl Gate Toggle Mode”
for additional information.

TABLE 27-1: TIMER1 ENABLE FUNCTION

TMR1ON TMR1GE Timerl Operation
0 0 Off
0 1 Off
1 0 On
1 1 Count Enabled by input
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27.5 Software Control

The software portion of the capacitive sensing module
is required to determine the change in frequency of the
capacitive se nsing oscillator. T his is a ccomplished by
the following:

+ Setting a fixed time base to acquire counts on
TimerO or Timer1

+ Establishing the nominal frequency for the
capacitive sensing oscillator

+ Establishing the reduced frequency for the
capacitive sensing oscillator due to an additional
capacitive load

+ Set the frequency threshold

27.5.1 NOMINAL FREQUENCY
(NO CAPACITIVE LOAD)

To determine the nominal frequency of the capacitive
sensing oscillator:

* Remove any extra capacitive load on the selected
CPSx pin

« At the start of the fixed time base, clear the timer
resource

« At the end of the fixed time base save the value in
the timer resource

The value of the timerres ource is the number of
oscillations of the capacitive sensing oscillator for the
given tim e bas e. The frequency of the capacitive
sensing oscillator is equal to the number of counts on
in the timer divided by the period of the fixed time base.

275.2 REDUCED FREQUENCY
(ADDITIONAL CAPACITIVE LOAD)

The extra capacitive load will cause the frequency of the
capacitive sensing oscillator to decrease. To determine
the r educed f requency of the capacit ive se nsing
oscillator:

» Add a typical capacitive load on the selected
CPSx pin

* Use the same fixed time base as the nominal
frequency measurement

» At the start of the fixed time base, clear the timer
resource

» At the end of the fixed time base save the value in
the timer resource

The value of the timer resource is the number of oscil-
lations of the capacitive sensing oscillator with an addi-
tional capacitive load. The frequency of the capacitive
sensing oscillator is equal to the number of counts on
in the timer divided by the period of the fixed time base.
This frequency should be less than the value obtained
during the nominal frequency measurement.

2753 FREQUENCY THRESHOLD

The f requency th reshold s hould be p laced m idway
between the val ue of nom inal frequency a ndth e
reduced frequency of the capacitive sensing oscillator.
Refer to Application Note AN1103, “Software Handling
for C apacitive Sensing” (DS0 1103) for m ore d etailed
information ont he software r equired f or ca pacitive
sensing module.

Note: For more informdion on general capcitive
sensing refer to Applicdion Notes:

+ AN1101, “Introduction to Capacitive
Sensing” (DS01101)

« AN1102, “Layout and Physical
Design Guidelines for Capacitive
Sensing” (DS01102)

27.6 Operation during Sleep

The capacitive sensing oscillator will continue to run as
long as the module is enabled, independent of the part
being in Sleep. In order for the software to determine if
a frequency change has occurred, the part must be
awake. However, the part does not have to be awake
when the timer resource is acquiring counts.

Note:  TimerO does not operate when in Sleep,
andt herefore ca nnotbe us ed for
capacitive sense measurements in Sleep.

© 2011 Microchip Technology Inc.
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REGISTER 27-1: CPSCONO: CAPACITIVE SENSING CONTROL REGISTER O

R/W-0/0 uU-0 u-0 uU-0 R/W-0/0 R/W-0/0 R-0/0 R/W-0/0
CPSON — — — CPSRNG1 | CPSRNGO CPSOUT TOXCS
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7 CPSON: Capacitive Sensing Module Enable bit

1 = Capacitive sensing module is enabled
0 = Capacitive sensing module is disabled

bit 6-4 Unimplemented: Read as ‘0’

bit 3-2 CPSRNG«<1:0>: Capacitive Sensing Oscillator Range bits
00 = Oscillator is off
01 = Oscillator is in low range. Charge/discharge current is nominally 0.1 pA.
10 = Oscillator is in medium range. Charge/discharge current is nominally 1.2 pA.
11 = Oscillator is in high range. Charge/discharge current is nominally 18 pA.

bit 1 CPSOUT: Capacitive Sensing Oscillator Status bit
1 = Oscillator is sourcing current (Current flowing out the pin)
0 = Oscillator is sinking current (Current flowing into the pin)

bit 0 TOXCS: Timer0 External Clock Source Select bit
If TMROCS =1
The TOXCS bit controls which clock external to the core/Timer0 module supplies TimerQ:
1 = Timer0 clock source is the capacitive sensing oscillator
0 = TimerO clock source is the TOCKI pin
If TMROCS =0
Timer0 clock source is controlled by the core/Timer0 module and is Fosc/4
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REGISTER 27-2: CPSCON1: CAPACITIVE SENSING CONTROL REGISTER 1

u-0 u-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — CPSCH3 CPSCH2 CPSCH1 CPSCHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 CPSCH<3:0>: Capacitive Sensing Channel Select bits
If CPSON = 0:
These bits are ignored. No channel is selected.
If CPSON = 1:

0000 = channel 0, (CPS0)

0001 = channel 1, (CPS1)

0010 = channel 2, (CPS2)

0011 = channel 3, (CPS3)

0100 = channel 4, (CPS4)

0101 = channel 5, (CPS5)

0110 = channel 6, (CPS6)

0111 = channel 7, (CPS7)

1000 = channel 8, (CPS8)

1001 = channel 9, (CPS9)

1010 = channel 10, (CPS10)

1011 = channel 11, (CPS11)

1100 = Reserved. Do not use.

1101 = Reserved. Do not use.

1110 = Reserved. Do not use.

1111 = Reserved. Do not use.

TABLE 27-2: SUMMARY OF REGISTERS ASSOCIATED WITH CAPACITIVE SENSING

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Ssggztge;
ANSELA — — — ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 123
ANSELB ANSB7 ANSB6 ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 — 128
CPSCONO CPSON — — — CPSRNG1 | CPSRNGO | CPSOUT TOXCS 318
CPSCON1 — — — — CPSCH3 | CPSCH2 | CPSCH1 | CPSCHO 319
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 86
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE PSA PS2 PS1 PSO 176
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 87
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 91
T1CON TMR1CS1 | TMR1CSO | TICKPS1 | TICKPS0 | TTOSCEN | T1SYNC — TMR10ON 185
TxCON — TxOUTPS3 | TxOUTPS2 | TxOUTPS1 | TxOUTPSO| TMRxON | TxCKPS1 | TXxCKPSO0 185
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 122
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 127
Legend: — = Unimplemented locations, read as ‘0’. Shaded cells are not used by the capacitive sensing module.
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28.0 IN-CIRCUIT SERIAL
PROGRAMMING™ (ICSP™)

ICSP™ programming allows customers to manufacture
circuit boards with unprogrammed devices. Programming
can be d one after th e asse mbly pr ocess all owing th e
device to be programmed with the most recent firmware
or a custom firmware. Five pins are needed for ICSP™
programming:

* ICSPCLK

» ICSPDAT

*M CLR/VPP

* VDD

* Vss

In Program/Verify mode the Program Memory, User IDs
and the C onfiguration Words are programmed through
serial communicatio ns. The ICSPDAT pinis abi direc-
tional I/0 use d for tra nsferring the serial dataandt he
ICSPCLK pin is the clock input. For more information on
ICSP™ re fer to the “ PIC16(L)F182X/PIC12(L)F1822
Memory Programming Specification” (DS41390).

28.1 High-Voltage Programming Entry
Mode

The device is placed into High-Voltage Programming
Entry mode by holding the ICSPCLK and IC SPDAT
pins low then raising the voltage on MCLR/VPP to IHH.

Some programmers prod uce V PP grea ter than VIHH
(9.0V), an external circuit is required to limit the VPP
voltage. See Figure 28-1 for example circuit.

FIGURE 28-1: VPP LIMITER EXAMPLE CIRCUIT
RJ11-6PIN
1 6
Vpp 2 5
VDD
3 4
Vss 4 3
ICSP_DATAI S S
ICSP_CLOCK
nc el |
RJ11-6PIN
ToMPLAB®ICD2 _|_ J}V To Target Board
= 270 Ohm
LM431BCMX
21 K
3 A Ul .
6  NCI&-
7fan  NCP>-
VREF
8
R2 R3
10k 1% 24k 1%

Note:  The ICD 2 produces a VPP voltage greater
than the maximum VPP specification of the
PIC16(L)F1826/27.
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28.2 Low-Voltage Programming Entry

Mode

The Low-Voltage Programming Entry mode allows the
PIC16(L)F1826/27 de vices to b e pro grammed u sing
VDD only, without high voltage. When the LVP bit of
Configuration Word 2 is set to ‘1’, the low-voltage ICSP
programming en tryi sen abled. T odi sablet he
Low-Voltage IC SP m ode,th eL VP bi tmu stb e
programmed to ‘0’.

Entry into the Low-Voltage Programming Entry mode
requires the following steps:

1. MCLR is brought to VIL.

2. A3 2-bitke ys equenceis pres entedo n
ICSPDAT, while clocking ICSPCLK.

Once the key sequence is complete, MCLR must be
held at VIL for as long as Program/Verify mode is to be
maintained.

If low-voltage programming is enabled (LVP = 1), the
MCLR R eset f unction is a utomatically enabled and
cannot be disabled. See Section 7.3 “MCLR” for more
information.

The LVP bit can only be reprogrammed to ‘0’ by using
the High-Voltage Programming mode.

28.3

Connection to a target device is typically done through
an ICSP™ header. A commonly found connector on
development tools is the RJ-11 in the 6P6C (6 pin, 6
connector) configuration. See Figure 28-2.

Common Programming Interfaces

FIGURE 28-3:

FIGURE 28-2: ICD RJ-11 STYLE

CONNECTOR INTERFACE

ICSPDAT

NC

CSPCLK
Target
PC Board
Bottom Side

® { )
VDD\gg 6 |
000

/1 3\ 5

VPP/MCLR Vss

Pin Description*
1= VPPIMCLR

2 = VDD Target

3 =Vss (ground)
4 = ICSPDAT
5=ICSPCLK

6 = No Connect

Another connector often found in use with the PICkit™
programmers is a standard 6-pin header with 0.1 inch
spacing. Refer to Figure 28-3.

PICkit™ STYLE CONNECTOR INTERFACE

*

>

Pin 1 Indicator

OB WN -

Pin Description*
1=VPP/MCLR

2 = VDD Target

3 = Vss (ground)
4 = |CSPDAT
5=ICSPCLK

6 = No Connect

The 6-pin header (0.100" spacing) accepts 0.025" square pins.
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For additional interface recommendations, refer to your
specific de vice p rogrammer manual p rior to PC B
design.

Itis recommended that is olation devices be used to
separate the pro gramming pi ns from oth er circuitry.
The type ofisolation is highly dependent on the specific
application and may include devices such as resistors,
diodes, or eve n jumpers. See Figure 28-4 for more

information.
FIGURE 28-4: TYPICAL CONNECTION FOR ICSP™ PROGRAMMING
External
Programming VDD Device to be
Signals Programmed
VDD . VDD
VPP MCLR/VPP
Vss Vss
Data ICSPDAT
Clock ' ICSPCLK

To Normal Connections

* |solation devices (as required).
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29.0 INSTRUCTION SET SUMMARY

Each PIC16 instruction is a 14-bit word containing the
operation co de (opc ode) and all req uired o perands.
The op codes are broken into three broad categories.

» Byte Oriented
« Bit Oriented
« Literal and Control

The literal and control category contains the most var-
ied instruction word format.

Table 29-3 lists the instructions re cognized by the
MPASM™ assembler.

All instructions are executed within a single instruction
cycle, with the fol lowing exceptions, which may take
two or three cycles:

» Subroutine takes two cycles (CALL, CALLW

» Returns from interrupts or subroutines take two
cycles (RETURN, RETLW RETFI E)

* Program branching takes two cycles (GOTO, BRA,
BRW BTFSS, BTFSC, DECFSZ, | NCSFZ)

» One additional instruction cycle will be used when
any instruction references an indirect file register
and the file select register is pointing to program
memory.

One instruction cycle consists of 4 oscillator cycles; for
an oscillator frequency of 4 MHz, this gives a nominal
instruction execution rate of 1 MHz.

All'i nstruction e xamples us et he f ormat ‘Oxhh’t o
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

29.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

TABLE 29-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to 0x7F)

Bit address within an 8-bit file register

f
W | Working register (accumulator)
b
k

Literal field, constant data or label

x | Don’t care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd = 1.

n | FSR or INDF number. (0-1)
mm | Pre-post increment-decrement mode

selection

TABLE 29-2: ABBREVIATION
DESCRIPTIONS

Field Description

PC | Program Counter
TO | Time-out bit

C | Carry bit
DC | Digit carry bit
Z | Zero bit

PD | Power-down bit

© 2011 Microchip Technology Inc.
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FIGURE 29-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE |b(BIT#)| f (FILE #)

b = 3-bit bit address
f = 7-bit file register address
Literal and control operations
General
13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTOinstructions only
13 11 10 0

OPCODE k (literal)

k = 11-bit immediate value

MOVLP instruction only
13 7 6 0

OPCODE | k (literal)

k = 7-bit immediate value

MOVLB instruction only
13 5 4 0
OPCODE | k (literal)

k = 5-bit immediate value

BRA instruction only
13 9 8 0
OPCODE k (literal)

k = 9-bit immediate value

FSR Offset instructions
13 7 6 5 0
OPCODE | n | k (literal)

n = appropriate FSR
k = 6-bit immediate value

FSR Increment instructions
13 3 2 1 0
OPCODE | n [m (mode)

n = appropriate FSR
m = 2-bit mode value

OPCODE only
13 0
OPCODE
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TABLE 29-3: PIC16(L)F1826/27 ENHANCED INSTRUCTION SET
Mnemonic, I 14-Bit Opcode Status
Description Cycles Notes
Operands MSb Lsp | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF  f,d Add W and f 1 00 0111 dfff ffff |C,DC,Z |2
ADDWFC f,d Add with Carry W and f 1 11 1101 dfff ffff |[C,DC,Z |2
ANDWF  f, d AND W with f 1 00 0101 dfff ffff |Z 2
ASRF f, d Arithmetic Right Shift 1 11 0111 dfff ffff [C,Z 2
LSLF f, d Logical Left Shift 1 11 0101 dfff ffff [C,Z 2
LSRF f, d Logical Right Shift 1 11 0110 dfff ffff [C,Z 2
CLRF f Clear f 1 00 0001 Ifff ffff |Z 2
CLRW - Clear W 1 00 0001 0000 O0Oxx |Z

COMF f, d Complement f 1 00 1001 dfff ffff |Z 2
DECF f, d Decrement f 1 00 0011 dfff ffff |Z 2
INCF f, d Increment f 1 00 1010 dfff ffff |Z 2
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff |Z 2
MOVF f, d Move f 1 00 1000 dfff ffff |Z 2
MOVWF  f Move W to f 1 00 0000 1fff ffff 2
RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff |C 2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff |C 2
SUBWF  f,d Subtract W from f 1 00 0010 dfff ffff |C,DC,Z |2
SUBWFB f,d Subtract with Borrow W from f 1 11 1011 dfff ffff |C,DC,Z |2
SWAPF  f,d Swap nibbles in f 1 00 1110 dfff ffff 2
XORWF  f,d Exclusive OR W with f 1 00 0110 dfff ffff |Z 2

BYTE ORIENTED SKIP OPERATIONS
DECFsz |f. d Decrement f, Skip if 0 1(2) 00 1011 (dfff |[ffff 1,2
INCFsz |f. d Increment f, Skip if 0 1(2) 00 1111 |(dfff |[ffff 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 00bb |bfff [ffff 2
BSF f,b Bit Set f 1 01 01bb |bfff [ffff 2
BIT-ORIENTED SKIP OPERATIONS

BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 1,2
BTFSS f,b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 1,2
LITERAL OPERATIONS

ADDLW  k Add literal and W 1 11 1110 kkkk kkkk |C,DC,Z
ANDLW  k AND literal with W 1 11 1001 kkkk kkkk |Z

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk |z

MOVLB k Move literal to BSR 1 00 0000 001k kkkk

MOVLP k Move literal to PCLATH 1 11 0001 1kkk kkkk

MOVLW  k Move literal to W 1 11 0000 kkkk Kkkkk

SUBLW k Subtract W from literal 1 11 1100 kkkk kkkk [C,DC, zZ
XORLW  k Exclusive OR literal with W 1 11 1010 kkkk kkkk |Z

Note 1:If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle is

executed as a NOP.
2:
additional instruction cycle.

If this instruction addresses an INDF register and the MSb of the corresponding FSR is set, this instruction will require one
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TABLE 29-3: PIC16(L)F1826/27 ENHANCED INSTRUCTION SET (CONTINUED)

Mnemonic, - 14-Bit Opcode Status
Description Cycles Notes
Operands MSb Lsp | Affected

CONTROL OPERATIONS

BRA k Relative Branch 2 11 001k kkkk kkkk

BRW - Relative Branch with W 2 00 0000 0000 1011

CALL k Call Subroutine 2 10 Okkk kkkk kkkk

CALLW - Call Subroutine with W 2 00 0000 0000 1010

GOTO k Go to address 2 10 1kkk kkkk kkkk

RETFIE k Return from interrupt 2 00 0000 0000 1001

RETLW k Return with literal in W 2 11 0100 kkkk kkkk

RETURN - Return from Subroutine 2 00 0000 0000 1000
INHERENT OPERATIONS

CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 |TO, PD

NOP - No Operation 1 00 0000 0000 0000

OPTION - Load OPTION_REG register with W 1 00 0000 0110 o0010

RESET - Software device Reset 1 00 0000 0000 0001 |

SLEEP - Go into Standby mode 1 00 0000 0110 0011 [TO,PD

TRIS f Load TRIS register with W 1 00 0000 0110 Offf
C-COMPILER OPTIMIZED

ADDFSR n, k Add Literal k to FSRn 1 11 0001 Onkk kkkk

MOVIW n mm Move Indirect FSRn to W with pre/post inc/dec |1 00 0000 0001 Onmm|Z 2,3

modifier, mm
k[n] Move INDFn to W, Indexed Indirect. 1 11 1111 oOnkk Kkkkk |Z 2
MOVWI n mm Move W to Indirect FSRn with pre/post inc/dec |1 00 0000 0001 1nmm 2,3
modifier, mm
k[n] Move W to INDFn, Indexed Indirect. 1 11 1111 1nkk kkkk 2

Note 1:If the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
2:  If this instruction addresses an INDF register and the MSb of the corresponding FSR is set, this instruction will require
one additional instruction cycle.
3: See Table in the MOVIW and MOVWI instruction descriptions.
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29.2 Instruction Descriptions

ADDFSR Add Literal to FSRn

Syntax: [label ] ADDFSR FSRn, k

Operands: -32<k<31
nel0,1]

Operation: FSR(n) + kK > FSR(n)

Status Affected: None

Description: The signed 6-bit literal 'k’ is added to
the contents of the FSRnH:FSRnL
register pair.
FSRn is limited to the range 0000h -
FFFFh. Moving beyond these bounds
will cause the FSR to wrap around.

ADDLW Add literal and W

Syntax: [label ] ADDLW  k

Operands: 0<k<255

Operation: (W) +k > (W)

Status Affected: C,DC,z

Description: The contents of the W register are
added to the eight-bit literal 'k’ and the
result is placed in the W register.

ADDWF Add W and f

Syntax: [label ] ADDWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) + (f) > (destination)

Status Affected: C,DC,Zz

Description:

ADDWFC

Add the contents of the W register
with register ‘. If ‘d’ is ‘0’, the result is
stored in the W register. If ‘d’ is ‘1’, the
result is stored back in register ‘f’.

ADD W and CARRY bit to f

Syntax:
Operands:

Operation:

Status Affected:

Description:

[label JADDWFC  f{,d}
0<f<127

d e [0,1]

(W) + (f) + (C) —> dest

C,DC,z

Add W, the Carry flag and data mem-
ory location ‘f'. If ‘d” is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed in data memory location f’.

ANDLW AND literal with W
Syntax: [label] ANDLW k
Operands: 0<k<255
Operation: (W) .AND. (k) = (W)
Status Affected: z

Description: The contents of W register are
AND’ed with the eight-bit literal k’.
The result is placed in the W register.

ANDWF AND W with f

Syntax: [label ] ANDWF fd

Operands: 0<f<127
de[0,1]

Operation: (W) .AND. (f) — (destination)

Status Affected:

z

Description: AND the W register with register f’. If
‘d’is ‘0’, the result is stored in the W
register. If ‘d’ is ‘1’, the result is stored
back in register ‘f".

ASRF Arithmetic Right Shift

Syntax: [label ] ASRF f{,d}

Operands: 0<f<127
d e [0,1]

Operation: (f<7>)— dest<7>

Status Affected:

Description:

(f<7:1>) — dest<6:0>,
(f<0>) - C,

C,z

The contents of register ‘' are shifted
one bit to the right through the Carry
flag. The MSb remains unchanged. If
‘d’ is ‘0, the result is placed in W. If ‘d’
is ‘1, the result is stored back in reg-
ister ‘f".

et ]
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Bit Test f, Skip if Clear

[ label ] BTFSC f,b

0<f<127

0<b<7

skip if (f<b>) =0

None

If bit ‘b’ in register ‘f' is ‘1’, the next
instruction is executed.

If bit ‘b’, in register f’, is ‘0, the next
instruction is discarded, and a NOP is

executed instead, making this a
2-cycle instruction.

Bit Test f, Skip if Set

BCF Bit Clear f BTFSC
Syntax: [label ] BCF  fb Syntax:
Operands: 0<f<127 Operands:

0<b<7
Operation: 0 — (f<b>) Operation:
Status Affected: None Status Affected:
Description: Bit ‘b’ in register ‘f’ is cleared. Description:
BRA Relative Branch BTFSS
Syntax: [label ] BRA label Syntax:

[label ] BRA $+k Operands:
Operands: -256 < label - PC + 1 <255

-256 <k <255 Operation:
Operation: (PC)+1+k—>PC Status Affected:
Status Affected: None Description:

Description: Add the signed 9-bit literal 'k’ to the
PC. Since the PC will have incre-
mented to fetch the next instruction,
the new address will be PC + 1 + k.
This instruction is a two-cycle instruc-
tion. This branch has a limited range.

BRW Relative Branch with W

Syntax: [ label ] BRW

Operands: None

Operation: (PC) + (W) > PC

Status Affected: None

Description: Add the contents of W (unsigned) to
the PC. Since the PC will have incre-
mented to fetch the next instruction,
the new address will be PC + 1 + (W).
This instruction is a two-cycle instruc-
tion.

BSF Bit Set f

Syntax: [label ] BSF f,b

Operands: 0<f<127
0<b<7

Operation: 1 — (f<b>)

Status Affected: None

Description: Bit ‘b’ in register f’ is set.

[ label | BTFSS fb

0<f<127

0<b<7

skip if (f<b>) =1

None

If bit ‘b’ in register f is ‘0’, the next
instruction is executed.

If bit ‘b’ is ‘1’, then the next
instruction is discarded and a NOP is
executed instead, making this a
2-cycle instruction.
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CALL Call Subroutine
Syntax: [label] CALL k
Operands: 0 <k<2047
Operation: (PC)+ 1> TOS,

k - PC<10:0>,

Status Affected:

(PCLATH<6:3>) - PC<14:11>

None

CLRWDT Clear Watchdog Timer
Syntax: [label] CLRWDT
Operands: None
Operation: 00h -» WDT
0 — WDT prescaler,
1->TO
1—->PD
Status Affected: TO, PD

Description: Call Subroutine. First, return address
(PC + 1) is pushed onto the stack.
The eleven-bit imnmediate address is
loaded into PC bits <10:0>. The upper
bits of the PC are loaded from
PCLATH. CALL is a two-cycle instruc-
tion.

CALLW Subroutine Call With W

Syntax: [ label ] CALLW

Operands: None

Operation: (PC) +1 > TOS,

(W) - PC<7:0>,
(PCLATH<6:0>) —» PC<14:8>

Description: CLRWDT instruction resets the Watch-
dog Timer. It also resets the prescaler
of the WDT. .
Status bits TO and PD are set.

COMF Complement f

Syntax: [label] COMF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) — (destination)

Status Affected: z

Description: The contents of register ‘¥’ are com-
Status Affected: None plemented. If ‘d’ is ‘0’, the result is
Description: Subroutine call with W. First, the stored in W. .If ‘d’ i§ ‘1’, the result is
return address (PC + 1) is pushed stored back in register f'.
onto the return stack. Then, the con-
tents of W is loaded into PC<7:0>,
and the contents of PCLATH into
PC<14:8>. CALLWis a two-cycle
instruction.
CLRF Clear f DECF Decrement f
Syntax: [label] CLRF f Syntax: [label ] DECF f,d
Operands: 0<f<127 Operands: 0<f<127
Operation: 00h — (f) d<[0.1]
152 Operation: (f) - 1 — (destination)
Status Affected: z Status Affected: z
Description: The contents of register ‘f’ are cleared Description: Decrement register ". If ‘d’ is ‘0’, the
and the Z bit is set. result is stored in the W
register. If ‘d’ is ‘1’, the result is stored
back in register ‘f".
CLRW Clear W
Syntax: [label] CLRW
Operands: None
Operation: 00h — (W)
157
Status Affected: z
Description: W register is cleared. Zero bit (Z) is

set.
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DECFSZ Decrement f, Skip if O
Syntax: [label] DECFSZ fd
Operands: 0<f<127

d e [0,1]
Operation: (f) - 1 — (destination);

Status Affected:

skip if result = 0

None

Description: The contents of register ‘f’ are decre-
mented. If ‘d’ is ‘0’, the result is placed
in the W register. If ‘d’ is ‘1, the result
is placed back in register f'.

If the result is ‘1, the next instruction is
executed. If the result is ‘0’, then a
NOP is executed instead, making it a
2-cycle instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0 <k<2047

Operation: k - PC<10:0>
PCLATH<6:3> —» PC<14:11>

Status Affected: None

Description: QOTOis an unconditional branch. The
eleven-bit immediate value is loaded
into PC bits <10:0>. The upper bits of
PC are loaded from PCLATH<4:3>.
QOTOis a two-cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) + 1 — (destination)

Status Affected: z

Description: The contents of register ‘" are incre-

mented. If ‘d’ is ‘0’, the result is placed
in the W register. If 'd’ is ‘1’, the result
is placed back in register .

INCFSZ Increment f, Skip if O
Syntax: [label] INCFSZ f.d
Operands: 0<f<127

d e [0,1]
Operation: (f) + 1 — (destination),

Status Affected:

skip if result = 0

None

Description: The contents of register ‘f’ are incre-
mented. If ‘d’ is ‘0’, the result is placed
in the W register. If ‘d’ is ‘1’, the result
is placed back in register ‘f".

If the result is ‘1’, the next instruction is
executed. If the resultis ‘0’, a NOP is
executed instead, making it a 2-cycle
instruction.

IORLW Inclusive OR literal with W

Syntax: [label] IORLW k

Operands: 0<k<255

Operation: (W) .OR. k —> (W)

Status Affected: z

Description: The contents of the W register are

OR’ed with the eight-bit literal ‘k’. The
result is placed in the W register.

IORWF Inclusive OR W with f

Syntax: [label] IORWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) .OR. (f) > (destination)

Status Affected: 4

Description:

Inclusive OR the W register with regis-
ter ’f. If ‘d’ is ‘'0’, the result is placed in
the W register. If ‘d’ is ‘1’, the result is
placed back in register ‘f".
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LSLF Logical Left Shift MOVF Move f
Syntax: [label ]LSLF f{,d} Syntax: [label] MOVF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d e [0,1]
Operation: (f<7>) > C Operation: (f) > (dest)
(f<6:0>) — dest<7:1> Status Affected: z
0 — dest<0>
) Description: The contents of register f is moved to
Status Affected: C.z a destination dependent upon the
Description: The contents of register ‘' are shifted status of d. Ifd =0,
one bit to the left through the Carry flag. destination is W register. If d = 1, the
A ‘0’ is shifted into the LSb. If ‘d’ is ‘0’, destination is file register fitself. d = 1
the result is placed in W. If ‘d’ is ‘1’, the is useful to test a file register since
result is stored back in register ‘f’. status flag Z is affected.
Cycles: 1
Example: MOVF FSR, 0
; ; ; After Instruction
LSRF Logical Right Shift
S ogical Right S W = value in FSR register
Syntax: [label JLSLF f{,d} zZ =1
Operands: 0<f<127
de[0,1]
Operation: 0 — dest<7>
(f<7:1>) — dest<6:0>,
(f<0>) » C,
Status Affected: C,z

Description:

The contents of register ‘' are shifted
one bit to the right through the Carry
flag. A ‘0’ is shifted into the MSb. If ‘d’ is
‘0", the result is placed in W. If 'd"is ‘1’,
the result is stored back in register ‘f’.

o[ regrert |
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MOVIW

Move INDFn to W

Syntax:

Operands:

Operation:

Status Affected:

[ label ] MOVIW ++FSRn
[ label ] MOVIW --FSRn
[ label ] MOVIW FSRn++
[ label ] MOVIW FSRn--
[ label ] MOVIW k[FSRn]

n e [0,1]
mm e [00,01, 10, 11]
-32<k<31

INDFn —» W

Effective address is determined by
* FSR + 1 (preincrement)

* FSR - 1 (predecrement)

* FSR + k (relative offset)

After the Move, the FSR value will be
either:

* FSR + 1 (all increments)

* FSR -1 (all decrements)

» Unchanged

z

Mode

Syntax mm

Preincrement
Predecrement

Postincrement

Postdecrement

++FSRn 00
--FSRn 01
FSRn++ 10
FSRn-- 11

Description:

MOVLB

This instruction is used to move data
between W and one of the indirect
registers (INDFn). Before/after this
move, the pointer (FSRn) is updated by
pre/post incrementing/decrementing it.

Note: The INDFn registers are not
physical registers. Any instruction that
accesses an INDFn register actually
accesses the register at the address
specified by the FSRn.

FSRn is limited to the range 0000h -
FFFFh. Incrementing/decrementing it
beyond these bounds wil cause it to wrap
around.

Move literal to BSR

Syntax:
Operands:
Operation:
Status Affected:

Description:

[label ] MOVLB k
0<k<15

k - BSR

None

The five-bit literal ‘’k’ is loaded into the
Bank Select Register (BSR).

MOVLP Move literal to PCLATH

Syntax: [label ] MOVLP k

Operands: 0<k<127

Operation: k — PCLATH

Status Affected: None

Description: The seven-bit literal 'k’ is loaded info the

PCLATH register.

MOVLW Move literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k— (W)

Status Affected: None

Description: The eight-bit literal ‘k’ is loaded into W
register. The “don’t cares” will assem-
ble as ‘O’s.

Words: 1

Cycles: 1

Example: MOVLW  Ox5A
After Instruction

W = Ox5A

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: (W) — ()

Status Affected: None

Description: Move data from W register to register

.

Words: 1

Cycles: 1

Example: MOV OPTI ON_REG

Before Instruction
OPTION_REG = OxFF
W = 0x4F
After Instruction
OPTION_REG = 0x4F
W = 0x4F
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MOVWI

Move W to INDFn

Syntax:

Operands:

Operation:

Status Affected:

[ label ] MOVWI ++FSRn
[ label ] MOVWI --FSRn
[ label ] MOVWI FSRn++
[ label ] MOVWI FSRn--
[ label ] MOVWI k[FSRn]

n e [0,1]
mm e [00,01, 10, 11]
-32<k<31

W — INDFn

Effective address is determined by
* FSR + 1 (preincrement)

* FSR - 1 (predecrement)

* FSR + k (relative offset)

After the Move, the FSR value will be
either:

* FSR + 1 (all increments)

* FSR -1 (all decrements)
Unchanged

None

Mode

Syntax mm

Preincrement
Predecrement

Postincrement

Postdecrement

++FSRn 00
--FSRn 01
FSRn++ 10
FSRn-- 11

Description:

This instruction is used to move data
between W and one of the indirect
registers (INDFn). Before/after this
move, the pointer (FSRn) is updated by
pre/post incrementing/decrementing it.

Note: The INDFn registers are not
physical registers. Any instruction that
accesses an INDFn register actually
accesses the register at the address
specified by the FSRn.

FSRn is limited to the range 0000h -
FFFFh. Incrementing/decrementing it
beyond these bourds wil cause it to wrap
around.

The increment/decrement operation on
FSRn WILL NOT affect any Status bits.

NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation

Status Affected:

None

Description: No operation.

Words: 1

Cycles: 1

Example: NOP

OPTION \I/_v(i)tidVSPTION_REG Register
Syntax: [label] OPTION

Operands: None

Operation: (W) —> OPTION_REG

Status Affected: None

Description: Move data from W register to
OPTION_REG register.
Words: 1
Cycles: 1
Example: OPTI ON
Before Instruction
OPTION_REG = 0xFF
W = 0x4F
After Instruction
OPTION_REG = 0x4F
W = 0x4F
RESET Software Reset
Syntax: [label] RESET
Operands: None
Operation: Execute a device Reset. Resets the

Status Affected:

Description:

nRI flag of the PCON register.
None

This instruction provides a way to
execute a hardware Reset by soft-
ware.
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RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS — PC,

1> GIE
Status Affected: None

Description: Return from Interrupt. Stack is POPed
and Top-of-Stack (TOS) is loaded in
the PC. Interrupts are enabled by
setting Global
Interrupt Enable bit, GIE
(INTCON<7>). This is a two-cycle
instruction.

Words: 1

Cycles: 2

Example: RETFI E
After Interrupt

PC = TOS
GEE= 1

RETLW Return with literal in W

Syntax: [label] RETLW k

Operands: 0<k<255

Operation: k — (W);

TOS - PC

Status Affected: None

Description: The W register is loaded with the eight
bit literal ‘k’. The program counter is
loaded from the top of the stack (the
return address). This is a two-cycle
instruction.

Words: 1

Cycles: 2

Example: CALL TABLE; W contains table

;of fset val ue
. ; Wnow has table val ue
TABLE .

ADDW PC ; W= of fset
RETLW k1 ;Begin table
RETLW k2 ;

RETLW kn ; End of table

Before Instruction

w = 0x07
After Instruction
W = value of k8

RETURN Return from Subroutine
Syntax: [label] RETURN
Operands: None

Operation: TOS - PC

Status Affected: None

Description: Return from subroutine. The stack is
POPed and the top of the stack (TOS)
is loaded into the program counter.
This is a two-cycle instruction.

RLF Rotate Left f through Carry

Syntax: [ label ] RLF fd

Operands: 0<f<127

d e [0,1]
Operation: See description below
Status Affected: C

Description:

Words:
Cycles:
Example:

The contents of register ‘' are rotated
one bit to the left through the Carry
flag. If ‘d’ is ‘0’, the result is placed in
the W register. If ‘d’ is ‘1’, the result is
stored back in register f.

RLF REGL, 0

Before Instruction
REGL = 1110 0110
C = 0

After Instruction
REGL = 1110 0110
% = 1100 1100
C = 1
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. SUBLW Subtract W from literal
RRF Rotate Right f through Carry
Syntax: [label ]S UBLW k
Syntax: [label] RRF fd
Operands: 0<k<255
Operands: 0<f<127 )
del0,1] Operation: k- (W) —> (W)
Operation: See description below Status Affected: ~ C, DC, Z
Status Affected: c Description: The W register is subtracted (2’s com-
o ) . plement method) from the eight-bit
Description: The cgntents qf register ‘f’ are rotated literal ‘k’. The result is placed in the W
one bit to the right through the Carry register.
flag. If ‘d’ is ‘0’, the result is placed in
the W register. If ‘d’ is ‘1’, the result is C=0 W >k
placed back in register ‘f'.
. Cc=1 W <k
’ DC=0 W<3:0> > k<3:0>
DC=1 |W<3:0><k<3:0>
SLEEP Enter Sleep mode SUBWF Subtract W from f
Syntax: [label ]S LEEP Syntax: [label] SUBWF fd
Operands: None Operands: 0<f<127
Operation: 00h — WDT, def0.1]
0 — WDT prescaler, Operation: (f) - (W) — (destination)
1-T0, Status Affected: ~ C, DC, Z
0—->PD
[ Description: Subtract (2's complement method) W
Status Affected: TO, PD register from register ‘f’. If ‘d’ is ‘0’, the
Description: The power-down Status bit, PD is result is stored in the W
cleared. Time-out Status bit, TO is register. If ‘d’ is ‘1’, the result is stored
set. Watchdog Timer and its pres- back in register ‘f.
caler are cleared.
The processor is put into Sleep mode C=0 W > f
with the oscillator stopped. C=1 W<f
DC=0 W<3:0> > f<3:0>
DC=1 W<3:0> < f<3:0>
SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB f{,d}
Operands: 0<f<127
d e [0,1]
Operation: (f) = (W) = (B) - dest
Status Affected: C,DC,Z

Description:

Subtract W and the BORROW flag
(CARRY) from register ‘f’ (2’'s comple-
ment method). If ‘d” is ‘0’, the result is
stored in W. If ‘'d” is ‘1’, the result is
stored back in register f.
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SWAPF Swap Nibbles in f
Syntax: [label ] SW APF f,d
Operands: 0<f<127
d e [0,1]
Operation: (f<3:0>) — (destination<7:4>),

Status Affected:

Description:

TRIS

(f<7:4>) — (destination<3:0>)

None

The upper and lower nibbles of regis-

ter f’ are exchanged. If ‘d’ is ‘0’, the

result is placed in the W register. If ‘d’
is ‘1’, the result is placed in register f'.

Load TRIS Register with W

XORLW Exclusive OR literal with W
Syntax: [label] XORLW k

Operands: 0 <k <255

Operation: (W) XOR. k = (W)

Status Affected: z

Syntax:
Operands:

Operation:

Status Affected:

Description:

[label] TRISf
5<f<7

(W) > TRIS register f’
None

Move data from W register to TRIS
register.

When ¥ =5, TRISA is loaded.
When ‘f = 6, TRISB is loaded.
When f =7, TRISC is loaded.

Description: The contents of the W register are
XOR’ed with the eight-bit
literal ‘k’. The result is placed in the
W register.
XORWF Exclusive OR W with f
Syntax: [label] XORWF fd
Operands: 0<f<127
d e [0,1]
Operation: (W) .XOR. (f) — (destination)
Status Affected: 4
Description: Exclusive OR the contents of the W

register with register ‘f’. If ‘d’ is ‘0’, the

result is stored in the W register. If ‘d’

is ‘1’
ter ‘f'.

the result is stored back in regis-
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30.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings(")

Ambient temperature UNAEr DI@s............coocuuiiiiiiiiiiiee et e et e et raae e -40°C to +125°C
SEOrage tEMPEIATUIE ... ..eeiiiiie ettt e et e et e e -65°C to +150°C
Voltage on VDD with respect to VSS, PIC1BF 1826/27 .........coocoveiiee e -0.3V to +6.5V
Voltage on VDD with respect to VSS, PIC1BLF1826/27 .........cceeviiiiiiiiiiiiee e -0.3V to +4.0V
Voltage on MCLR With reSPECE t0 VSS ....viiiiiiiiiiiiie i -0.3V to +9.0V
Voltage on all other pins with respect t0 VSS ......c.c.ooiiiiiiiiii e -0.3V to (VDD + 0.3V)
Total power dissipation(l) ............................................................................................................................... 800 mW
Maximum current out of VsSs pin, -40°C < TA < +85°C for industrial...........c...ooiiiiiiiii e, 396 mA
Maximum current out of VsS pin, -40°C < TA < +125°C for extended ...........cccoeoeviiiiieiiiiiee e 114 mA
Maximum current into VDD pin, -40°C < TA < +85°C for industrial.............occcooiiiiiiii e, 292 mA
Maximum current into VDD pin, -40°C < TA < +125°C for extended ...........cccvveeieiiiiiiiie e 107 mA
Clamp current, 1K (VPIN < 0 OF VPIN 3 VDD) ....ciiitiiiiiiiieiiieeste ettt sne ettt et e ab e e e naneeeas 20 mA
Maximum output current SUNK by @ny /O PiN........ooiiiiiii e 25 mA
Maximum output current sourced by any /O Pin .....coooiiiii e 25 mA

Note 1: Power dissipation is calculated as follows: PDIS = VDD x {IDD — X IoH} + X {(VDD — VOH) x IoH} + > (VoI x
loL).

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above
those indicated in the operation listings of this specification is not implied. Exposure above maximum rating condi-
tions for extended periods may affect device reliability.
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PIC16F1826/27 VOLTAGE FREQUENCY GRAPH, -40°C <TA <+125°C

FIGURE 30-1:
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
2: Refer to Table 30-1 for each Oscillator mode’s supported frequencies.

PIC16LF1826/27 VOLTAGE FREQUENCY GRAPH, -40°C <TA <+125°C

FIGURE 30-2:
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.
2: Refer to Table 30-1 for each Oscillator mode’s supported frequencies.
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FIGURE 30-3: HFINTOSC FREQUENCY ACCURACY OVER DEVICE Vop AND TEMPERATURE
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30.1

DC Characteristics: PIC16(L)F1826/27-I/E (Industrial, Extended)

PIC16LF1826/27

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Operating temperature

PIC16F1826/27

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Operating temperature

Param. Sym. Characteristic Min. | Typt | Max. | Units Conditions
No.
D001 VDD Supply Voltage
PIC16LF1826/27 | 1.8 — 3.6 \Y Fosc <16 MHz:
25 — 3.6 \Y Fosc <32 MHz (NOTE 2)
D001 PIC16F1826/27 | 1.8 — 515 Vv Fosc < 16 MHz:
25 — 615 Y Fosc <32 MHz (NOTE 2)
D002* |VDR RAM Data Retention Voltage®
PIC16LF1826/27 | 1.5 — — \% Device in Sleep mode
D002* PIC16F1826/27 | 1.7 — — Vv Device in Sleep mode
VPOR* Power-on Reset Release Voltage — 1.6 — \Y
VPORR* Power-on Reset Rearm Voltage
PIC16LF1826/27 | — 0.8 — \% Device in Sleep mode
PIC16F1826/27 | — 1.7 — V Device in Sleep mode
D003 | VADFVR Fixed Voltage Reference Voltage for -8 — 6 % 1.024V, VDD > 2.5V
ADC -8 — 6 2.048V, VbD > 2.5V
-8 — 6 4.096V, VDD > 4.75
DO03A |VcDAFVR | Fixed Voltage Reference Voltage for -1 — 7 % 1.024V, VDD > 2.5V
Comparator and DAC -11 — 7 2.048V, VDD > 2.5V
-1 — 7 4.096V, VDD > 4.75
D004* | SvbD VDD Rise Rate to ensure internal 0.05 — — V/ms | See Section 7.1 “Power-on Reset
Power-on Reset signal (PORY)” for details.

*  These parameters are characterized but not tested.
T Datain “Typ” column is at 3.0V, 25°C unless otherwise stated.

tested.
Note 1:

2:  PLL required for 32 MHz operation.

These parameters are for design guidance only and are not

This is the limit to which VDD can be lowered in Sleep mode without losing RAM data.
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FIGURE 30-4: POR AND POR REARM WITH SLOW RISING VDD

VDD -

NPOR
POR REARM
Vss —: , ,
TVLOW(Z) TPOR(3)

Note 1: When NPOR is low, the device is held in Reset.
2:  TPOR 1 ps typical.
3:  TvLow 2.7 us typical.
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30.2 DC Characteristics: PIC16(L)F1826/27-1/E (Industrial, Extended)

PIC16LF1826/27

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

PIC16F1826/27

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

; Conditions
Param Device . .
No. Characteristics Min. Typt Max. Units VDD Note
Supply Current (Ipp): 2
D010 — 7.0 13 HA1 -8 |Fosc =32 kHz
—9 16 1A3 0 LP Oscillator mode, -40°C < TA < +85°C
—7 17 pA1 .8 Fosc = 32 kHz
-9 18 UA3 0 LP Oscillator mode, -40°C < TA < +125°C
2 — 24 40 uA 1.8 |Fosc = 32 kHz
_ 30 48 LA 3.0 LP Oscillator mode
-40°C < TA < +85°C
— 32 55 pA 5.0
- 24 43 pA 1.8 |Fosc =32 kHz
_ 30 50 LA 3.0 LP Oscillator mode
-40°C < TA < +125°C
— 32 60 pA 5.0
D011 — 110 200 pA1 .8 Fosc =1 MHz
_ 200 400 A3 o | XT Oscillator mode
bot1 = 160 210 7y 1.8 |Fosc =1 MHz
= 210 400 uA 3.0 |XT Oscillator mode
— 250 450 pA 5.0
D012 — 290 475 pA1 .8 Fosc =4 MHz
— 600 900 LA3 0 | XT Oscillator mode
D012 = 380 570 A 1.8 |Fosc =4 MHz
_ 650 880 uA 3.0 XT Oscillator mode
— 680 1100 pA 5.0
D013 — 40 80 pA1 .8 Fosc = 500 kHz
7 0 120 LA3 0 EC Oscillator mode, Low-power mode
D013 — 60 120 pA 1.8 Fosc = 500 kHz
_ 80 180 LA 3.0 EC Oscillator mode
Low-power mode
— 93 200 pA 5.0

*

These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

Note 1: The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from
rail-to-rail; all /0 pins as inputs, pulled to VDD; MCLR = VDD; WDT disabled.
2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as /O pin loading
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current

consumption.

3: 8 MHz internal RC oscillator with 4x PLL enabled.
8 MHz crystal oscillator with 4x PLL enabled.

B

5:  For RC oscillator configurations, current through REXT is notincluded. The current through the resistor can be extended

by the formula IR = VDD/2REXT (mA) with REXT in kQ.
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30.2 DC Characteristics: PIC16(L)F1826/27-1/E (Industrial, Extended) (Continued)

Standard Operating Conditions (unless otherwise stated)
PIC16LF1826/27 Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended
Standard Operating Conditions (unless otherwise stated)
PIC16F1826/27 Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended
. Conditions
Param Device . .
- Min. Typt Max. Units
No. Characteristics VDD Note
Supply Current (Iop)® 2
D014 — 260 475 pA1 .8 Fosc = 4 MHz
_5 50 800 A3 0 EC Qscnlator mode,
Medium-power mode
D014 — 375 655 pA 1.8 Fosc = 4 MHz
— 600 800 LA 3.0 EC Qscnlator mode
Medium-power mode
— 650 930 pA 5.0
D015 — 3.6 10 pA1 .8 Fosc = 31 kHz
7 0 15 UA3 0 |LFINTOSC mode
D015 — 21 42 pA 1.8 Fosc = 31 kHz
— 27 55 WA 3.0 LFINTOSC mode
— 28 60 pA 5.0
D016 — 110 210 pA1 .8 Fosc = 500 kHz
— 150 250 LA3 0 MFINTOSC mode
D016 — 150 250 pA 1.8 Fosc = 500 kHz
— 210 345 A 3.0 MFINTOSC mode
— 270 425 pA 5.0
DO17* — 0.8 1.5 mA 1.8 Fosc = 8 MHz
— 13 24 mA 3.0 HFINTOSC mode
DO17* — 1.0 2.0 mA 1.8 Fosc = 8 MHz
— 15 26 mA 3.0 HFINTOSC mode
— 1.7 2.8 mA 5.0
D018 — 1.2 2.5 mA 1.8 Fosc = 16 MHz
— 25 375 mA 3.0 HFINTOSC mode
D018 — 1.7 2.23 mA 1.8 Fosc = 16 MHz
— 27 43 mA 3.0 HFINTOSC mode
— 3.0 4.6 mA 5.0

*

These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from
rail-to-rail; all I/O pins as inputs, pulled to Vbb; MCLR = VDD; WDT disabled.

2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/O pin loading
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current
consumption.

3: 8 MHz internal RC oscillator with 4x PLL enabled.

8 MHz crystal oscillator with 4x PLL enabled.
5:  For RC oscillator configurations, current through ReXT is not included. The current through the resistor can be extended
by the formula IR = VDD/2REXT (mA) with REXT in kQ.

B
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30.2 DC Characteristics: PIC16(L)F1826/27-1/E (Industrial, Extended) (Continued)

PIC16LF1826/27

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

PIC16F1826/27

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

. Conditions
Param Device . _
No. Characteristics Min. | Typt | Max. | Units - o~
Supply Current (Ipp)(*- )

pote - 40 73 mA 3.0 |Fosc=32MHz

—4 4 75 mA 3.6 HFINTOSC mode (Note 3)
D019 — 4.2 7.3 mA 3.0 Fosc = 32 MHz

= 4.6 75 mA 5.0 HFINTOSC mode (Note 3)
D020 — 4.0 6.0 mA 3.0 Fosc = 32 MHz

—4 7 7.0 mA 3 |HS Oscillator mode (Note 4)
LAY — | 42 | 68 | mA | 30 |Fosc=32MHz

— 4.9 7.6 mA 50 HS Oscillator mode (Note 4)
Dozt - 410 0.65 mA 1.8 |Fosc =4 MHz

— 710 1.25 mA 3.0 EXTRC mode (Note 5)
Doz - 430 | 0.695 mA 1.8 |Fosc =4 MHz

= 730 13 mA 3.0 EXTRC mode (Note 5)

— 860 1.35 mA 5.0

*

These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

Note 1: The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from
rail-to-rail; all I/O pins as inputs, pulled to Vbb; MCLR = VDD; WDT disabled.
2:  The supply current is mainly a function of the operating voltage and frequency. Other factors, such as /O pin loading
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current

consumption.

3: 8 MHz internal RC oscillator with 4x PLL enabled.
8 MHz crystal oscillator with 4x PLL enabled.

B

5:  For RC oscillator configurations, current through REXT is notincluded. The current through the resistor can be extended

by the formula IR = VDD/2REXT (mA) with REXT in kQ.
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30.3

DC Characteristics: PIC16(L)F1826/27-I/E (Power-Down)

PIC16LF1826/27

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial

Operating temperature

-40°C < TA < +125°C for extended

PIC16F1826/27

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial

Operating temperature

-40°C < TA < +125°C for extended

Pilrgm Device Characteristics Min Typt +'\ggi(c +2A;5XO'C Units Conditions
: VDD Note
Power-down Base Current (IPD)(Z)

D022 — 0.02 1.0 4.0 pA 1.8 WDT, BOR, FVR, and T10SC
_ 0.03 11 7.0 uA3 0 disabled, all Peripherals Inactive

D022 — 15 35 50 pA 1.8 WDT, BOR, FVR, and T10SC
_ 18 40 60 WA 30 disabled, all Peripherals Inactive
— 19 45 70 pA 5.0

D023 — 0.5 1.1 5.0 pA 1.8 LPWDT Current (Note 1)
— 0.8 2.0 8.0 pnA3 .0

D023 — 16 35 50 pA 1.8 LPWDT Current (Note 1)
— 19 40 60 pA 3.0
— 20 45 70 pA 5.0

D023A — 8.5 23 32 pA 1.8 FVR current (Note 1)
— 8.5 26 40 pA3 .0

D023A — 32 62 66 pA 1.8 FVR current (Note 1)
— 39 70 80 pA 3.0
— 70 110 120 pA 5.0

D024 — 8.1 14 20 pA 3.0 BOR Current (Note 1)

D024 — 34 57 70 pA 3.0 BOR Current (Note 1)
— 67 100 115 pA 5.0

D025 — 0.6 1.5 5.0 pA 1.8 T10SC Current (Note 1)
— 0.8 25 8.0 pA3 .0

D025 — 16 35 50 pA 1.8 T10SC Current (Note 1)
— 21 40 60 pA 3.0
— 25 45 70 pA 5.0

D026 — 0.1 1.1 5.0 pA 1.8 A/D Current (Note 1, Note 3), no
_ 0.1 2.0 8.0 uA3 0 conversion in progress

D026 — 16 35 50 pA 1.8 A/D Current (Note 1, Note 3), no
_ 21 40 60 uA 30 conversion in progress
— 25 45 70 pA 5.0

These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.
Note 1:

The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is

enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.
2:  The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with

the part in Sleep mode, with all I/0 pins set to inputs state and tied to VDD.
3:  A/D oscillator source is FRC.
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30.3

DC Characteristics: PIC16(L)F1826/27-I/E (Power-Down) (Continued)

PIC16LF1826/27

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial

Operating temperature

-40°C < TA < +125°C for extended

PIC16F1826/27

Standard Operating Conditions (unless otherwise stated)
-40°C < TA < +85°C for industrial

Operating temperature

-40°C < TA < +125°C for extended

Conditions
P;a\lram Device Characteristics Min Typt '\ggfc YI;SX"-C Units
0. + * VDD Note
Power-down Base Current (IPD)(Z)
D026A* — 250 — — pA 1.8 A/D Current (Note 1, Note 3),
_ 250 _ _ uA3 0 conversion in progress
D026A* — 280 — — pA 1.8 A/D Current (Note 1, Note 3),
_ 280 _ _ uA 3.0 conversion in progress
— 280 — — pA 5.0
D027 — 3.5 6 8 pA 1.8 Cap Sense Low Power
_ 7 10 14 A3 0 Oscillator mode (Note 1)
D027 — 4.3 36 38 pA 1.8 Cap Sense Low Power
_ 58 39 42 uA 3.0 Oscillator mode (Note 1)
— 6.3 42 45 pA 5.0
D027A — 4.2 8 10 pA 1.8 Cap Sense Medium Power
_ 6 12 15 A3 0 Oscillator mode (Note 1)
DO027A — 7.4 38 40 pA 1.8 Cap Sense Medium Power
_ 9.7 42 43 uA 3.0 Oscillator mode (Note 1)
— 10.4 46 48 pA 5.0
D027B — 6 10 15 pA 1.8 Cap Sense High Power
_ 10 14 20 A3 0 Oscillator mode (Note 1)
D027B — 17 44 50 pA 1.8 Cap Sense High Power
_ 41 68 30 WA 30 Oscillator mode (Note 1)
— 50 78 90 pA 5.0
D028 — 6.9 11 15 pA 1.8 Comparator Current, Low Power
_ 7.0 13 16 uA3 0 mode, one comparator enabled
(Note 1)
D028 — 24 45 60 pA 1.8 Comparator Current, Low Power
_ 24.5 60 70 WA 30 mode, one comparator enabled
(Note 1)
— 25 65 75 pA 5.0
D028A — 7.0 12 16 pA 1.8 Comparator Current, Low Power
_ 7.2 14 17 uA3 0 mode, two comparators enabled
(Note 1)
DO028A — 24 45 60 pA 1.8 Comparator Current, Low Power
_ 24.5 60 70 uA 30 mode, two comparators enabled
(Note 1)
— 25 65 75 pA 5.0
* These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.

Note 1: The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is
enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.

2:  The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all 1/0 pins set to inputs state and tied to VDD.
3:  A/D oscillator source is FRC.
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30.3 DC Characteristics: PIC16(L)F1826/27-1/E (Power-Down) (Continued)

PIC16LF1826/27

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

PIC16F1826/27

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended

Conditions
P;a\lram Device Characteristics Min Typt '\ggfc Y?SX"-C Units
0. + * VDD Note
Power-down Base Current (IPD)(Z)
D028B — 24 32 40 pA 1.8 Comparator Current, High Power
_ 25 35 45 uA3 0 mode, one comparator enabled
(Note 1)
D028B — 36 60 80 pA 1.8 Comparator Current, High Power
_ 37 63 87 WA 30 mode, one comparator enabled
(Note 1)
— 38 65 90 pA 5.0
D028C — 40 80 90 pA 1.8 Comparator Current, High Power
_ 41 83 95 uA3 0 mode, two comparators enabled
D028C — 43 86 100 pA 1.8 Comparator Current, High Power
_ 44 90 105 uA 3.0 mode, two comparators enabled
(Note 1)
— 45 95 110 pA 5.0

These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.

Note 1: The peripheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is
enabled. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
values should be used when calculating total current consumption.

2:  The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all 1/0 pins set to inputs state and tied to VDD.

3:  A/D oscillator source is FRC.
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30.4 DC Characteristics: PIC16(L)F1826/27-1/E

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended
Pilroam Sym. Characteristic Min. Typt Max. Units Conditions
ViL Input Low Voltage
I/O PORT:
D030 with TTL buffer — — 0.8 V  |4.5V <VDD<5.5V
DO30A — — 0.15Vobp | V1 .8V <VbD <4.5V
D031 with Schmitt Trigger buffer — — 0.2 VbD V2 .0V <VDD £5.5V
with 12C™ levels — — 03Vop | V
with SMBus™ levels — — 0.8 V |27V <VDD<5.5V
D032 MCLR, OSC1 (RC mode)® — — 02VoD | V
D033 OSC1 (HS mode) — — 0.3 Vbp \Y
VIH Input High Voltage
1/0 ports: — —
D040 with TTL buffer 2.0 — — V |45V <VDD<5.5V
DO040A 0.25 VpD + —_— V  [1.8V<VDD<4.5V
0.8
D041 with Schmitt Trigger buffer 0.8 VDD E— \% 2.0V <VDD < 5.5V
with 12C™ levels 0.7 VbD — v
with SMBus™ levels 21 — — \% 2.7V <VDD < 5.5V
D042 MCLR 0.8 VDD — — v
D043A OSC1 (HS mode) 0.7 VDD — — \
D043B 0OSC1 (RC mode) 0.9 VDD — — V | (Note 1)
I Input Leakage Current®
D060 1/0 ports — +5 + 100 nA | Vss < VPIN < VDD, Pin at high-
impedance at 85°C
+5 + 1000 nA |125°C
D061 MCLR® — + 0 & 00 | DA |Vss<VPIN<VDD at85°C
IPUR Weak Pull-up Current
D070* 25 100 200 VDD = 3.3V, VPIN = Vss
25 140 300 pA | VDD = 5.0V, VPIN = Vss
VoL Output Low Voltage®
D080 1/0 ports loL = 8mA, VDD = 5V
—_— 0.6 V |loL=6mA, VDD = 3.3V
loL =1.8mA, VDD = 1.8V
VOH Output High Voltage®
D090 1/0 ports IoH = 3.5mA, VDD = 5V
VDD - 0.7 — — \% IoH = 3mA, VDD = 3.3V
IoH = 1mA, VDD = 1.8V
Capacitive Loading Specs on Output Pins
D101* | COSC2 | OSC2 pin — — 15 pF | In XT, HS and LP modes when
external clock is used to drive
0OSC1
D101A* | Cio All 1/O pins — — 50 pF

These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended to use an external
clock in RC mode.
2: Negative current is defined as current sourced by the pin.
3: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent
normal operating conditions. Higher leakage current may be measured at different input voltages.
4: Including OSC2 in CLKOUT mode.
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30.5 Memory Programming Requirements
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA <+125°C
Pilr:m Sym. Characteristic Min. Typt Max. | Units Conditions
Program Memory
Programming Specifications
D110 |VIHH |Voltage on MCLR/VPP/RAS5 pin 8.0 — 9.0 V | (Note 3, Note 4)
D111 IbbP | Supply Current during e 10 mA
Programming
D112 VDD for Bulk Erase 2.7 — VDD \Y
max.
D113 VPEW | VDD for Write or Row Erase VDD —V DD \%
min. max.
D114 IPPPGM | Current on MCLR/VPP during Erase/ — — 1.0 mA
Write
D115 IDDPGM | Current on VDD during Erase/Write — 5.0 mA
Data EEPROM Memory
D116 |ED Byte Endurance 100K — —E /W |-40°C to +85°C
D117 |VDRw |VDD for Read/Write VbD —V DD \%
min. max.
D118 |Tpew |Erase/Write Cycle Time — 4.0 5.0 ms
D119 |TRETD |Characteristic Retention — 40 — Year | Provided no other
specifications are violated
D120 |TReEF |Number of Total Erase/Write ™ 10M — E/W |-40°C to +85°C
Cycles before Refresh(@
Program Flash Memory
D121 |EpP Cell Endurance 10K — —E /W | -40°C to +85°C (Note 1)
D122 |VPR VDD for Read VbD —V DD \%
min. max.
D123 |Tiw Self-timed Write Cycle Time — 2 2.5 ms
D124 |TReTD |Characteristic Retention — 40 — Year | Provided no other
specifications are violated
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1: Self-write and Block Erase.
2: Referto Section 11.2 “Using the Data EEPROM” for a more detailed discussion on data EEPROM
endurance.
3: Required only if single-supply programming is disabled.
4: The MPLAB ICD 2 does not support variable VPP output. Circuitry to limit the ICD 2 VPP voltage must be

placed between the ICD 2 and target system when programming or debugging with the ICD 2.
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30.6 Thermal Considerations

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C
Pilrgm Sym. Characteristic Typ. Units Conditions
THO1 0JA Thermal Resistance Junction to Ambient 65.5 °C/W 18-pin PDIP package
76 °C/W 18-pin SOIC package

89.3 °C/W  [20-pin SSOP package

TBD °C/W  [28-pin UQFN 4x4mm package

31.1 °C/W  [28-pin QFN 6x6mm package
THO2 0Jc Thermal Resistance Junction to Case 29.5 °C/W 18-pin PDIP package

23.5 °C/W 18-pin SOIC package

311 °C/W  [20-pin SSOP package

TBD °C/W  [28-pin UQFN 4x4mm package

5 °C/W  [28-pin QFN 6x6mm package

THO3 TJMAX | Maximum Junction Temperature 150 °C
THO4 PD Power Dissipation — W PD = PINTERNAL + PI/0
THO5 | PINTERNAL | Internal Power Dissipation — w PINTERNAL = IDD x VDD®)
THO6 Pi/o I/0 Power Dissipation — w Pi/o =% (loL * VoL) + X (IoH * (VDD - VOH))
THO7 PDER |Derated Power — w PDER = PDMAX (TJ - TA)/0JA@
Legend: TBD = To Be Determined
Note 1: IDD is current to run the chip alone without driving any load on the output pins.

2:  TA = Ambient Temperature
3: TJ = Junction Temperature
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30.7 Timing Parameter Symbology

The timing parameter symbols have been created with

one of the following formats:

1. TppS2ppS

2. TppS

T
F Frequency T Time
Lowercase letters (pp) and their meanings:

pp
cc CCP1 osc OSC1
ck CLKOUT rd RD
cs [ w RD or WR
di SDIx sC SCKXx
do SDO ss Ss
dt Data in t0 TOCKI
io 1/0 PORT t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:

S
F Fall P Period
H High R Rise
| Invalid (High-impedance) \Y, Valid
L Low Z High-impedance

FIGURE 30-5: LOAD CONDITIONS

Load Condition

Cl

Pin l
T

Vss

Legend: CL =50 pF for all pins, 15 pF for
OSC2 output
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30.8 AC Characteristics: PIC16(L)F1826/27-1/E

FIGURE 30-6: CLOCK TIMING
i Q4 i Q1 : @2 Q3 : Q4 : a !
: : : : : 3 |
OSC1/CLKIN Ww
'+— 0S02—» -~ : o
' : 0S04  0S04 :
- 0S03 >
OSC2/CLKOUT ' '
(LPXT.HS MOdes)\_/—\_/—\_/—\_/—\_/—\_m
OSC2/CLKOUT
(CLKOUT Mode)
TABLE 30-1: CLOCK OSCILLATOR TIMING REQUIREMENTS
Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C
P;a\lr:m Sym. Characteristic Min. Typt Max. Units Conditions
0S01 Fosc External CLKIN Frequency(l) DC — 0.5 MHz |EC Oscillator mode (low)
DC — 4 MHz |EC Oscillator mode (medium)
DC — 20 MHz |EC Oscillator mode (high)
Oscillator Frequency(l) — 32.768 — kHz |LP Oscillator mode
0.1 — 4 MHz | XT Oscillator mode
1 — 4 MHz |HS Oscillator mode
1 — 20 MHz |HS Oscillator mode, VDD > 2.7V
DC — 4 MHz |RC Oscillator mode, VDD > 2.0V
0S02 |Tosc |External CLKIN Period® 27 — opt s |LP Oscillator mode
250 — 0 ns | XT Oscillator mode
50 — 0 ns HS Oscillator mode
50 — 0 ns EC Oscillator mode
Oscillator Period® — 30.5 — us LP Oscillator mode
250 — 10,000 ns XT Oscillator mode
50 — 1,000 ns HS Oscillator mode
250 — — ns RC Oscillator mode
0S03 |Tey Instruction Cycle Time™ 200 Tcy| —D C ns |Tcy = Fosc/4
0S04* |TosH, |External CLKIN High, 2— — us LP oscillator
TosL External CLKIN Low 100 _ _ ns XT oscillator
20 — — ns HS oscillator
0S05* |TosR, |External CLKIN Rise, 0— 0 ns LP oscillator
TosF External CLKIN Fall 0— o ns XT oscillator
0— 0 ns HS oscillator

*

These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at “min” values with an external clock applied to OSC1 pin. When an external
clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.
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TABLE 30-2: OSCILLATOR PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C < TA < +125°C

Param Sym. Characteristic Freq. Min. | Typt | Max. | Units Conditions
No. Tolerance
0S08 |HFosc Internal Calibrated HFINTOSC +2% — 16.0 — MHz | 0°C < Ta < +60°C, VDD > 2.5V
Frequency® +3% — | 16.0 | — | MHz |60°C < TA<+85°C, VDD > 2.5V
+5% — 16.0 — MHz |-40°C < TA< +125°C
OSO08A | MFosc Internal Calibrated MFINTOSC +2% — 500 — kHz |0°C <TAa < +60°C, VDD > 2.5V
Frequency® +3% — 500 — kHz |60°C < Ta < +85°C, VDD > 2.5V
+5% — 500 — kHz |-40°C<Ta<+125°C
0S09 |LFosc Internal LFINTOSC Frequency — — 31 — kHz |-40°C<TAa<+125°C
0S810* |Tiosc ST |HFINTOSC — — 3.2 8 us
Wake-up from Sleep Start-up Time
MFINTOSC
Wake-up from Sleep Start-up Time — — 24 35 us

*  These parameters are characterized but not tested.

T Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing
code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current
consumption. All devices are tested to operate at “min” values with an external clock applied to the OSC1 pin. When an
external clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.

2: To ensure these oscillator frequency tolerances, VDD and VSs must be capacitively decoupled as close to the device as
possible. 0.1 uF and 0.01 pF values in parallel are recommended.

3: By design.

TABLE 30-3: PLL CLOCK TIMING SPECIFICATIONS (VDD = 2.7V TO 5.5V)

P;a\:sm Sym. Characteristic Min. Typt Max. | Units| Conditions
F10 Fosc | Oscillator Frequency Range 4 — 8 MHz

F11 Fsys | On-Chip VCO System Frequency 16 — 32 MHz

F12 TRC | PLL Start-up Time (Lock Time) — — 2 ms

F13* ACLK | CLKOUT Stability (Jitter) -0.25% — +0.25% | %

* These parameters are characterized but not tested.

1 Datain “Typ” column is at 3V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.
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FIGURE 30-7: CLKOUT AND I/O TIMING
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TABLE 30-4: CLKOUT AND I/O TIMING PARAMETERS
Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA <+125°C
PaNr:m Sym. Characteristic Min. Typt | Max. | Units | Conditions
OS11 |TosH2ckL |FoscT to CLKOUTY (D — 70 | ns |VDD=3.3-5.0V
0S12 |TosH2ckH |FoscT to CLKOUTT ) — 72 | ns |VDD=3.3-5.0V
0S13 |TckL2ioV | CLKOUTY to Port out valid® —— 20 | ns
0S14 |TioV2ckH |Port input valid before CLKOUTTM T | osc+200ns| — | — | ns
0S15 |TosH2ioV |FoscT (Q1 cycle) to Port out valid — 50 70* ns |VDD=3.3-5.0V
0S16 |TosH2iol |FoscT (Q2 cycle) to Port input invalid 50 — — ns |VDD=3.3-5.0V

(/O in hold time)
0S17 |TioV2osH |Port input valid to FoscT (Q2 cycle) 20 — — ns

(/O in setup time)
0S18 |TioR Port output rise time® — 40 | 72 ns |VDD=1.8V

— 15 32 VDD = 3.3-5.0V
0S19 | TioF Port output fall ime®) — 28 | 55 ns |VDD=1.8V
— 15 30 VDD = 3.3-5.0V

0S20* | Tinp INT pin input high or low time 25 — — ns
0S21* | Tioc Interrupt-on-change new input level 25 — — ns

time

These parameters are characterized but not tested.

T Datain “Typ” column is at 3.0V, 25°C unless otherwise stated.
Note 1: Measurements are taken in RC mode where CLKOUT output is 4 x TOSC.
2: Includes OSC2 in CLKOUT mode.
FIGURE 30-8: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
3
vdd /
: '
MCLR , : ,
' 1 ~— 30—
Internal .
POR ' Sg
33— ((
PWRT ) )
Time-out 32 .
- ((
osc ))
Start-Up Time
3 —
Internal Reset(1)
Watchdog Timet . S 5 —
Reset(1) :
Vg 31
34 = — 34—
1/0O pins / \

Note 1: Asserted low.
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FIGURE 30-9: BROWN-OUT RESET TIMING AND CHARACTERISTICS

Vdd

VBOR and VHYST

(Device not in Brown-out Rese

Reset ! —

(due to BOR)

Note 1: 64 ms delay only if PWRTE bit in the Configuration Word 1 is programmed to ‘0’.
2 ms delay if PWRTE =0 and VREGEN = 1.
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TABLE 30-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA < +125°C

P;a\lr(;o\m Sym. Characteristic Min. | Typt | Max. | Units Conditions
30 TMCLM | CLR Pulse Width (low) 2 — | — | s
31 TwDTLP |Low-Power Watchdog Timer 10 16 27 ms |VDD = 3.3V-5V
Time-out Period (No Prescaler) 1:16 Prescaler used
32 TosT  |Oscillator Start-up Timer Period® @] — | 1024 | — | Tosc |(Note 3)
33* |TPWRT |Power-up Timer Period, PWNRTE=0| 40 | 65 | 140 | ms
34> Tioz I/O high-impedance from MCLR Low | — — 20 us
or Watchdog Timer Reset
35 VBOR Brown-out Reset Voltage 238 | 25 | 273 VB | ORV=2.5V
1.80 | 19 | 2.11 BORV=1.9V
36* VHYST |Brown-out Reset Hysteresis 0 25 50 mV | -40°C to +85°C
37* TBORDC |Brown-out Reset DC Response 03 35 pusV | DD < VBOR
Time

* These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions with the
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or
higher than expected current consumption. All devices are tested to operate at “min” values with an external
clock applied to the OSC1 pin. When an external clock input is used, the “max” cycle time limit is “DC” (no
clock) for all devices.
By design.
Period of the slower clock.
4: To ensure these voltage tolerances, VDD and Vss must be capacitively decoupled as close to the device as
possible. 0.1 uF and 0.01 pF values in parallel are recommended.

FIGURE 30-10: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

40— < 41 - |
| [
- 42 -
[
! i | |
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T1CKI | T /| |
| 45 - 46 ~ | |
| | |
- 47 -— 49 -l
|
|
™MRT X
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TABLE 30-6: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA <+125°C

Pilrgm Sym. Characteristic Min. Typt Max. | Units Conditions
40* TTOH TOCKI High Pulse Width No Prescaler 0.5Tcy +20 — — ns
With Prescaler 10 — — ns
41* TTOL TOCKI Low Pulse Width No Prescaler 0.5Tey + 20 — — ns
With Prescaler 10 — — ns
42* TTOP TOCKI Period Greater of: — — ns |N = prescale value
20 or Tcy +40 (2, 4, ..., 256)
N
45* TT1H T1CKI High |Synchronous, No Prescaler 0.5Tcy + 20 — — ns
Time Synchronous, 15 — — ns
with Prescaler
Asynchronous 30 — — ns
46* TT1L T1CKI Low |Synchronous, No Prescaler 0.5Tcy +20 — — ns
Time Synchronous, with Prescaler 15 — — ns
Asynchronous 30 — — ns
47* TT1P T1CKI Input | Synchronous Greater of: — — ns
Period 30 or Tcy +40
N
Asynchronous 60 — — ns
48 FT1 Timer1 Oscillator Input Frequency Range 324 32.768[33. 1 kHz
(oscillator enabled by setting bit TTOSCEN)
49* TCKEZTMR1 | Delay from External Clock Edge to Timer 2 Tosc —7 Tosc — |Timers in Sync
Increment mode

*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

FIGURE 30-11: CAPTURE/COMPARE/PWM TIMINGS (CCP)

CCPx
(Capture mode)

Note: Refer to Figure 30.5 for load conditions.

TABLE 30-7: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP)

Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C < TA < +125°C

Pilr:m Sym. Characteristic Min. Typt | Max. | Units Conditions
CCO01* |TccL |CCPx Input Low Time No Prescaler | 0.5Tcy + 20 — — ns
With Prescaler 20 — — ns
CC02* |TccH |CCPx Input High Time No Prescaler | 0.5Tcy +20 | — — ns
With Prescaler 20 — — ns
CCO03* |TccP |CCPx Input Period 3Tcy +40 — — ns |N = prescale value (1, 4 or 16)
N

*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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TABLE 30-8: PIC16(L)F1826/27 A/ID CONVERTER (ADC) CHARACTERISTICS:

Standard Operating Conditions (unless otherwise stated)
Operating temperature  Tested at +25°C

PaNr:m Sym. Characteristic Min. | Typt | Max. |Units Conditions
ADO1 |NR Resolution — — 10 bit
ADO2 |EIL Integral Error — — +1.7 | LSb |VREF = 3.0V
ADO3 |EbL |Differential Error — — +1 LSb |No missing codes
VREF = 3.0V
AD04 |EoFF |Offset Error — — +2.5 | LSb |VREF = 3.0V
ADO05 |EGN |Gain Error — — +2.0 | LSb |VREF =3.0V
ADO6 |VREF |Reference Voltage® S VDD | VV | REF= (VREF+ minus VREF-) (NOTE 5)
ADO7 |VAIN |[Full-Scale Range — — VREF \%
ADO08 |ZAIN |Recommended Impedance of o 10 kQ |Can go higher if external 0.01uF capacitor is
Analog Voltage Source present on input pin.

*

These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: Total Absolute Error includes integral, differential, offset and gain errors.
2: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
3: ADC VREF is from external VREF, VDD pin or FVR, whichever is selected as reference input.
4: When ADC is off, it will not consume any current other than leakage current. The power-down current specification
includes any such leakage from the ADC module.
5: FVR voltage selected must be 2.048V or 4.096V.

TABLE 30-9: PIC16(L)F1826/27 A/ID CONVERSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C

Pilrgm Sym. Characteristic Min. Typt Max. | Units Conditions

AD130* | TAD A/D Clock Period 1.0 — 9.0 usT | osc-based
A/D Internal RC Oscillator 1.0 2.5 6.0 us |ADCS<1:0> =11 (ADRC mode)
Period

AD131 |TcNv | Conversion Time (not including —1 1 — TAD |Set GO/DONE bit to conversion
Acquisition Time)(l) complete

AD132* |TAcQ |Acquisition Time — 5.0 — us

*

These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: The ADRES register may be read on the following TcY cycle.
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FIGURE 30-12: PIC16(L)F1826/27 A/D CONVERSION TIMING (NORMAL MODE)

BSF ADCONO, G
AD134—»; <— (Tosc/2®)

as | [T

—>' I<— 1 Tcy

AD131 ]

—~AD130~— C
AD Data >:<7>:<6>:<5>:<222>:<3>:<2>:<1>:<05><2
ADRES OLD_DATA gg X ENEW_DATA
ADIF . (( —>| §<—1Tcy
GO | f$ | DONE
Sample W Samgp%ing Stopped I

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

FIGURE 30-13: PIC16(L)F1826/27 A/D CONVERSION TIMING (SLEEP MODE)

BSF ADCONO, GO
AD134—' '<— (Tosc/2 + ToyD)

—= 1 Toy

AD131
Q4 , , o
L —=AD130~—— o
AID Data B X7 X8 X 5X 4%2}( 2 X 10X X
C (( L
ADRES B OLD_DATA, X NEW_DATA
ol )) .
ADIF . (¢ — 1Ty
L X (C ' '
GO : )) : DONE
' Sampling Stopped '
Sample . AD132 P %5 pp T

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.
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TABLE 30-10: COMPARATOR SPECIFICATIONS

Operating Conditions: 1.8V < VDD < 5.5V, -40°C < TA < +125°C (unless otherwise stated).

Pilr:m Sym. Characteristics Min. | Typ.Ma x. | Units Comments
CMO1 Vioff Input Offset Voltage — 7.5 | 160 mV |High Power Mode
CMO02 Vicm Input Common Mode Voltage 0 — VDD \Y
CM03* |[CMRR |Common Mode Rejection Ratio — 50 — dB
CMO4A Response Time Rising Edge — 400 800 ns |High Power Mode
CM04B Tresp Response Time Falling Edge — 200 400 ns |High Power Mode
CMO04C Response Time Rising Edge — 1200 — ns |Low Power Mode
CMO04D Response Time Falling Edge — 550 — ns
CMO05* |[Tmc2ov |Comparator Mode Change to e 10 us

Output Valid
CMO06 Chyster |Comparator Hysteresis — 65 — mV |Hysteresis ON

These parameters are characterized but not tested.

TABLE 30-11: DIGITAL-TO-ANALOG CONVERTER (DAC) SPECIFICATIONS

Operating Conditions: 1.8V < VDD < 5.5V, -40°C < TA < +125°C (unless otherwise stated).

Pzrgm Sym. Characteristics Min. Typ.Ma x. | Units Comments
DACO01* |CLsB Step Size — VDD/32 — \Y,
DAC02* |CAcc Absolute Accuracy — — +1/2 LSb
DAC03* |CR Unit Resistor Value (R) — 5000 — Q
DAC04* |CsT Settling Time™® S 10 us

*

Note 1:

These parameters are characterized but not tested.
Settling time measured while DACR<4:0> transitions from ‘0000’ to ‘1111’
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FIGURE 30-14: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

o« A N

—= ' US121—> | = US121

oT D D
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Note: Refer to Figure 30-5 for load conditions. I

TABLE 30-12: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)

Operating Temperature -40°C < TA <+125°C
Pa’\:;\m. Symbol Characteristic Min. Max. Units | Conditions
US120 | TckH2DTV | SYNC XMIT (Master and Slave) 3.0-5.5V — 80 ns
Clock high to data-out valid 1.8-5.5V — 100 ns
US121 | TCKRF Clock out rise time and fall time 3.0-5.5V — 45 ns
(Master mode) 1.8-5.5V — 50 ns
US122 | TDTRF Data-out rise time and fall time 3.0-5.5V — 45 ns
1.8-5.5V — 50 ns

FIGURE 30-15: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

CKm

. US125 |
——— '
DT X ' X

|-———US126——>

Note: Refer to Figure 30-5 for load conditions.

TABLE 30-13: USART SYNCHRONOUS RECEIVE REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA<+125°C

Pa’\rlgm. Symbol Characteristic Min. Max. | Units Conditions
US125 | ToTV2CKL | SYNC RCV (Master and Slave)

Data-hold before CK { (DT hold time) 10 — ns
US126 | TckL2DTL | Data-hold after CK { (DT hold time) 15 — ns
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FIGURE 30-16: SPI MASTER MODE TIMING (CKE =0, SMP = 0)

SSx
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Note: Refer to Figure 30-5 for load conditions.

FIGURE 30-17: SPI MASTER MODE TIMING (CKE =1, SMP = 1)
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Note: Refer to Figure 30-5 for load conditions.
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FIGURE 30-18: SPI SLAVE MODE TIMING (CKE = 0)

(
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Note: Refer to Figure 30-5 for load conditions.
FIGURE 30-19: SPI SLAVE MODE TIMING (CKE =1)
SSx S ePe2 « /L
§— .

—' '-—

SP75, SP76 Co

SDIx

' SP74

Note: Refer to Figure 30-5 for load conditions.
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TABLE 30-14: SPI MODE REQUIREMENTS

Pilrglm Symbol Characteristic Min. Typt | Max. |Units | Conditions
SP70* | TssL2scH, |SSx{ to SCKx! or SCKx™ input Ty — | — | ns
TssL2scL
SP71* | TscH SCKXx input high time (Slave mode) Tcy + 20 — — ns
SP72* |TscL SCKXx input low time (Slave mode) Tcy + 20 — — ns
SP73* |TbIV2scH, |Setup time of SDIx data input to SCKx edge 100 — — ns
TpivV2scL
SP74* |TscH2pIL, [Hold time of SDIx data input to SCKx edge 100 — — ns
TscL2pIL
SP75* |TbOR SDO data output rise time 3.0-5.5V — 10 25 ns
1.8-5.5V — 25 50 ns
SP76* | TDOF SDOx data output fall time — 10 25 ns
SP77* |TssH2D0Z |SSxT to SDOXx output high-impedance 10 — | 50 | ns
SP78* |TSCR SCKXx output rise time 3.0-5.5V — 10 25 ns
(Master mode) 1.8-5.5V — 25 | 50 | ns
SP79* | TscF SCKXx output fall time (Master mode) — 10 25 ns
SP80* | TscH2poV, |SDOx data output valid after 3.0-5.5V — — 50 ns
TscL2poV |SCKx edge 1.8-5.5V _ _ 145 ns
SP81* | TboV2scH, |SDOx data output setup to SCKx edge Tey — — ns
TboV2scL
SP82* | TssL2poV |SDOx data output valid after ssi edge — — 50 ns
SP83* [TscH2ssH, |SSx T after SCKx edge 15Tcy+40] — | — | ns
TscL2ssH

*

These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

FIGURE 30-20:

I2C™ BUS START/STOP BITS TIMING
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Note: Refer to Figure 30-5 for load conditions.
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FIGURE 30-21:

I2C™ BUS DATA TIMING
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Note: Refer to Figure 30-5 for load conditions.

TABLE 30-15: 1°C™ BUS START/STOP BITS REQUIREMENTS

Pilr:m Symbol Characteristic Min. | Typ | Max. | Units Conditions
SP90* |Tsu:STA |Start condition 100 kHz mode | 4700 | — — ns |Only relevant for Repeated
Setup time 400 kHzmode | 600 | — | — Start condition
SP91* |THD:STA |Start condition 100 kHz mode 4000 | — — ns |After this period, the first
Hold time 400 kHzmode | 600 | — | — clock pulse is generated
SP92* |Tsu:sTO |Stop condition 100 kHz mode | 4700 | — — ns
Setup time 400 kHz mode 600 | — —
SP93 |THD:STO |Stop condition 100 kHz mode | 4000 | — — ns
Hold time 400 kHz mode 600 | — —

These parameters are characterized but not tested.
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TABLE 30-16: 1°C™ BUS DATA REQUIREMENTS

Param.

No Symbol Characteristic Min. Max. | Units Conditions
SP100* |THIGH Clock high time 100 kHz mode 4.0 — pus  |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — pus  |Device must operate at a
minimum of 10 MHz
SSPx module 1.5Tey e
SP101* |TLow Clock low time 100 kHz mode 4.7 — ps |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 1.3 — pus |Device must operate at a
minimum of 10 MHz
SSPx module 1.5Tey e
SP102* |TR SDAx and SCLx 100 kHz mode — 1000 ns
rise time 400 kHz mode |20 +0.1CB| 300 ns |CB is specified to be from
10-400 pF
SP103* |TF SDAXx and SCLx fall | 100 kHz mode — 250 ns
time 400 kHz mode |20 +0.1CB| 250 ns |CB is specified to be from
10-400 pF
SP106* |THD:DAT |Data input hold time [100 kHz mode 0 — ns
400 kHz mode 0 0.9 us
SP107* |TSU:DAT |Data input setup 100 kHz mode 250 — ns |(Note 2)
time 400 kHz mode 100 — ns
SP109* |TAA Output valid from 100 kHz mode — 3500 ns |(Note 1)
clock 400 kHz mode — — ns
SP110* |TBUF Bus free time 100 kHz mode 4.7 — pus | Time the bus must be free
400 kHz mode 13 _ us before a new transmission
can start
SP111 |CB Bus capacitive loading — 400 pF
* These parameters are characterized but not tested.
Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region
(min. 300 ns) of the falling edge of SCLx to avoid unintended generation of Start or Stop conditions.
2: A Fast mode (400 kHz) I2C™ bus device can be used in a Standard mode (100 kHz) 1°C bus system, but

the requirement TSU:DAT > 250 ns must then be met. This will automatically be the case if the device does
not stretch the low period of the SCLx signal. If such a device does stretch the low period of the SCLx sig-
nal, it must output the next data bit to the SDAXx line TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according

to the Standard mode 1°C bus specification), before the SCLx line is released.
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TABLE 30-17: CAP SENSE OSCILLATOR SPECIFICATIONS

Pa’\rlgm. Symbol Characteristic Min. | Typt | Max. | Units Conditions
CS01 |IsrRC Current Source High -3 -8 -15 pA
Medium -0.8 -1.5 -3 pA
Low -0.1 -0.3 -0.4 pA
CS02 |ISNK Current Sink High 25 7.5 14 pA
Medium 0.6 1.5 2.9 pA
Low 0.1 0.25 0.6 pA
CS03 |[VCTH |[Cap Threshold — 0.8 — mV
CS04 |VCTL |[Cap Threshold — 0.4 — mV
CS05 |VCHYST |CAP HYSTERESIS High 350 525 725 mV
(VCTH - VeTL) Medium 250 | 375 | 500 | mv
Low 175 300 425 mV

* These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

FIGURE 30-22: CAP SENSE OSCILLATOR
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31.0 DCAND AC
CHARACTERISTICS GRAPHS
AND CHARTS

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or t ables, the data presented are outside specified operating range (i.e., outside specified VDD
range). This is for information only and devices are ensured to operate properly only within the specified range.

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum” or “minimum” r epresents
(mean + 3c) or (mean - 3c) respectively, where ¢ is a standard deviation, over each temperature range.

FIGURE 31-1: VoH VS. IoH OVER TEMPERATURE (VDD = 5.0V)
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FIGURE 31-2: VoL VS. loL OVER TEMPERATURE (VDD = 5.0V)
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FIGURE 31-3: VOH VS. IoH OVER TEMPERATURE (VDD = 3.0V)
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FIGURE 31-4: VoL VS. loL OVER TEMPERATURE (VDD = 3.0V)
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FIGURE 31-5:

VOH VS. IoH OVER TEMPERATURE (VDD = 1.8V)
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FIGURE 31-6:

VoL VS. loL OVER TEMPERATURE (VDD = 1.8V)
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FIGURE 31-7: PIC16(L)F1826/27 RESET VOLTAGE (BOR =1.9V)
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FIGURE 31-8: PIC16(L)F1826/27 RESET VOLTAGE (BOR = 1.9V)
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FIGURE 31-9: PIC16(L)F1826/27 POR RELEASE
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FIGURE 31-10: PIC16(L)F1826/27 COMPARATOR HYSTERISIS, HIGH-POWER MODE
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FIGURE 31-11: PIC16(L)F1826/27 COMPARATOR HYSTERISIS, LOW-POWER MODE
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FIGURE 31-12: PIC16(L)F1826/27 COMPARATOR OFFSET, HIGH-POWER MODE (VDD = 5.5V)
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FIGURE 31-13: PIC16(L)F1826/27 COMPARATOR RESPONSE TIME, HIGH-POWER MODE
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FIGURE 31-14: TYPICAL COMPARATOR RESPONSE TIME OVER TEMP, HIGH-POWER MODE
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NOTES:
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32.0 DEVELOPMENT SUPPORT

The P IC® microcontrollers a nd d sPIC® di gital signal
controllers are supported with a full range of software
and hardware development tools:
* Integrated Development Environment

- MPLAB® IDE Software
» Compilers/Assemblers/Linkers

- MPLAB C Compiler for Various Device
Families

- HI-TECH C for Various Device Families
- MPASM™ Assembler

-M PLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

» Simulators
- MPLAB SIM Software Simulator
*E mulators
- MPLAB REAL ICE™ In-Circuit Emulator
 In-Circuit Debuggers
- MPLABICD 3
- PICkit™ 3 Debug Express
* Device Programmers
- PICkit™ 2 Programmer
- MPLAB PM3 Device Programmer

* Low-Cost Demonstration/Development Boards,
Evaluation Kits, and Starter Kits

32.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of s oftware
development pre viously unseen inthe 8/1 6/32-bit
microcontroller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
» A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- In-Circuit Emulator (sold separately)

- In-Circuit Debugger (sold separately)
A full-featured editor with color-coded context
* A multiple project manager

¢ Customizable data windows with direct edit of
contents

» High-level source code debugging
* Mouse over variable inspection

» Drag and drop variables from source to watch
windows

» Extensive on-line help

« Integration of select third party tools, such as
IAR C Compilers

The MPLAB IDE allows you to:

 Edit your source files (either C or assembly)

* One-touch compile or assemble, and download to
emulator and simulator tools (automatically
updates all project information)

» Debug using:

- Source files (C or assembly)
- Mixed C and assembly
- Machine code

MPLAB IDE s upports multiple d ebuggingtoolsin a
single development paradigm, from the co st-effective
simulators, t hrough low-cost i n-circuit de buggers, to
full-featured emu lators. Thi s el iminates the learning
curve when upgrading to tools with increased flexibility
and power.

© 2011 Microchip Technology Inc.
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32.2 MPLAB C Compilers for Various
Device Families

The MPLAB C C ompiler code development sy stems
are complete ANSI C compilers for Microchip’s PIC18,
P1C24 and PIC32 families of microcontrollers and the
dsPIC30 and dsPIC33 families of digital signal control-
lers. T hese compilers p rovide p owerful integration
capabilities, s uperior co de o ptimization an d ea se of
use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

32.3 HI-TECH C for Various Device
Families

The HI-TECH C Compiler code development systems
are co mplete AN SI C com pilers for Microchip’s PIC
family of microcontrollers and the dsPIC family of digital
signal controllers. T hese c ompilers p rovide po werful
integration ¢ apabilities, o mniscient code ge neration
and ease of use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

The compilers include a macro assembler, linker, pre-
processor, and one-step driver, and can run on multiple
platforms.

32.4 MPASM Assembler

The MP ASM Assembiler is a full -featured, un iversal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM As sembler generates re locatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP file s to detail memory usage and symbol
reference, absolute LST files that contain source lines
and g enerated m achine c ode and C OFF fil es for
debugging.

The MPASM Assembler features include:

« Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multi-purpose
source files

» Directives that allow complete control over the
assembly process

32.5 MPLINK Object Linker/
MPLIB Object Librarian

The M PLINK O bject L inker c ombines relocatable
objects created by the MPASM Assembler andthe
MPLAB C18 C Compiler. It can link relocatable objects
from p recompiled | ibraries, using d irectives f rom a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the ap plication. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

 Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

32.6 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB As sembler p roduces re locatable m achine
code from sy mbolic as sembly la nguage for PIC24,
PIC32 and dsPIC devices. MPLAB C Compiler uses
the assembler to produce its object file. The assembler
generates rel ocatable obj ectfilesthatcanthenbe
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
» Command line interface

* Rich directive set

* Flexible macro language

* MPLAB IDE compatibility

DS41391D-page 380

© 2011 Microchip Technology Inc.



PIC16(L)F1826/27

32.7 MPLAB SIM Software Simulator

The M PLAB SIM Sof tware Sim ulator al lows ¢ ode
development in a P C-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the po wer of
the simulator to record and track program exe cution,
actions on I/O, most peripherals and internal registers.

The M PLAB SIM So ftware Simulator ful ly supports
symbolic de bugging u sing the MPL AB C Compilers,
and the MPASM and M PLAB Ass emblers. The so ft-
ware s imulator o ffers the fl exibility to develop an d
debug code outside of the hardware laboratory e nvi-
ronment, making it an excellent, economical software
development tool.

32.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL IC E In-C ircuit Emulator Sy stem is

Microchip’s next generation high-spee d emulator for

Microchip Flash DSC and MCU devices. It debugs and

programs PIC® Flash MCUs and ds PIC® Flash D SCs

with the easyto-use, powerful graphial user interface of
the MPLAB Integated Development Environment (IDE),

included with each kit.

The emulator is connected to the design engineer's PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low -Voltage D ifferential Signal
(LVDS) interconnedion (CATS5).

The emulator is fieldupgradable through future firmware
downloads in MPLAB IDE. In upc oming rele ases of
MPLAB IDE, new devices will be supported, and new
features willbe added. MPLAB R EAL IC E of fers
significant advantages o ver ¢ ompetitive em ulators
including low-cost, ful I-speed e mulation, run-time
variable watches, trace analysis, complex breakponts, a
ruggedized probe interface andlong (up to threemeters)
interconnection cables.

32.9 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit D ebugger System is Micro-
chip's m ost coste ffective h igh-speed ha rdware
debugger/programmer for Microchip Flash Digital Sig-
nal Con troller (DSC)an d m icrocontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPL AB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

32.10 PICKit 3 In-Circuit Debugger/
Programmer and
PICkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated D evelopment
Environment (IDE). The MPLAB PICkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target viaan
Microchip de bug (R J-11) co nnector (c ompatible w ith
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to im ple-
ment i n-circuit d ebugging a nd In-Circuit Se rial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s g uide, lessons, t utorial, c ompiler and
MPLAB IDE software.
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32.11 PICKit 2 Development
Programmer/Debugger and
PICKit 2 Debug Express

The PICkit™ 2 Development Programmer/Debugger is
a low-cost development tool with an easy to use inter-
face for programming and debugging Microchip’s Flash
families of mi crocontrollers. T hef ullf eatured
Windows® prog ramming in terface supports baseline
(PIC10F, P IC12F5xx, P IC16F5xx), mi  drange
(PIC12F6xx, P IC16F), P IC18F, PIC24,ds PIC30,
dsPIC33, and PIC32 families of 8-bit, 16-bit, and 32-bit
microcontrollers, and many Microchip Serial EEPROM
products. With Microchip’s powerful MPLAB Integrated
Development En vironment (I DE)the PIC kit™ 2
enables in-circuit debugging on most PIC® microcon-
trollers. In -Circuit-Debugging runs, h alts a nd si ngle
steps th e pro gram w hile t he PIC m icrocontroller i s
embedded in the application. When halted at a break-
point, the file registers can be examined and modified.

The PICkit 2 Debug Express include the PICkit 2, demo
board and microcontroller, hookup cables and CDROM
with user’s gui de, lessons, tut orial, co mpiler and
MPLAB IDE software.

32.12 MPLAB PMS3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage ve rification atV DDMIN an d V DDMAX for
maximum rel iability. It features al arge LC D d isplay
(128 x 64) for menus and error messages and a modu-
lar, de tachable socket assembly to su pport var ious
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code p rotection inth is mode. Th e MPLAB PM 3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized al gorithms for quick programming of large
memory devices and incorporates an MMC card for file
storage and data applications.

32.13 Demonstration/Development
Boards, Evaluation Kits, and
Starter Kits

A w ide v ariety of d emonstration, de velopment and
evaluation bo ards f or va rious P IC MC Us a nd dsP IC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature se nsors, sw itches, s peakers, R S-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The de monstration and dev elopment boards canbe
used in teaching environments, for prototyping custom
circuits and for le arning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has aline of evaluation kits and demonstration software
for ana log filter de sign, K EEL0Q® security | Cs, CAN,
IrDA®, P owerSmart b attery management, S EEVAL®
evaluation system, Sigma-Delta A DC, fl owra te
sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for th e complete | ist o f de monstration, de velopment
and evaluation kits.
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33.0 PACKAGING INFORMATION

33.1 Package Marking Information

18-Lead PDIP Example
XXXXXXXXXXXXXXXXX PIC16F1826-1/P
D XXXXXKXXXXXXXXXXX D R\ 1110017
o A YYWWNNN o
18-Lead SOIC (.300”) Example
XXXXXXXXXXXX PIC16C1826-I
XXXXXXXXXXXX /SO
XXXXXXXXXXXX R\ 1110017
o8 YYWWNNN o
20-Lead SSOP Example
XXXXXXXXXXX PIC16F1827
XXXXXXXXXXX -1/SS
R YYWWNNN R\ 1110017
O O
28-Lead QFN/UQFN Example

N

XXXXXXXX

SR

16F1827

XXXXXXXX
YYWWNNN

/ML
1110017

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
wWw Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be ca rried ove rto the next line, thu s lim iting the nu mber of av ailable
characters for customer-specific information.

*  Standard P ICmicro® d evice m arking con sists of Microchip p art number, y ear code, week code and
traceability code. For PICmicro device marking beyond this, certain price adders apply. Please check
with your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP
price.
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33.2 Package Details

The following sections give the technical details of the packages.

18-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

NOTE 1 g
N\

N SN EE

w

D

T IO T O G O T R T O
2

N P Py

><—

N

A1l I
b e eB—=
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 18
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 115 130 195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .880 .900 .920
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .014
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

. § Significant Characteristic.

2
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-007B

DS41391D-page 384

© 2011 Microchip Technology Inc.



PIC16(L)F1826/27

18-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

ax g

Notes:

/’\ T~ a4X

\
)

|——
|——

L

VIEW C
Units MILLIMETERS

Dimension Limits MIN [ NOM [ MAX
Number of Pins N 18
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 11.55 BSC
Chamfer (Optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Lead Angle €] 0° - -
Foot Angle % 0° - 8°
Lead Thickness c 0.20 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom g 5° - 15°

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic

3. Dimension D does not include mold flash, protrusions or gate burrs, which shall
not exceed 0.15 mm per end. Dimension E1 does not include interlead flash
or protrusion, which shall not exceed 0.25 mm per side.

4. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

5. Datums A & B to be determined at Datum H.

Microchip Technology Drawing No. C04-051C Sheet 2 of 2
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18-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

| m—
 —

(1]0.33|C
2X N2 TIPS
~+— NXb

[¢]o25@[c[AB[D]

TOP VIEW

A —=—j

0.10

td Al

A i NX
UJILIILIILIILIILIILIILIILII SEATING PLANE

fAz—f .

SIDE VIEW

[
Tt =il

N— - -

SEE VIEW C

VIEW A-A

A—=—o

Microchip Technology Drawing C04-051C Sheet 1 of 2
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20-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

Notes:

E1

L

Uﬁﬁi@ﬂﬂcﬂmj TJ ]
L1 |
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 20
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 6.90 7.20 7.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle ¢ 0° 4° 8°
Lead Width b 0.22 - 0.38

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
Microchip Technology Drawing C04-072B
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

EXPOSED
PAD

E

- V77 £2

77

\////// 2 i 2

v/ / 7 A 1

00X

\ N

NOTE 1
TOP VIEW BOTTOM VIEW

A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105B
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

| c |
| w2 |
® || }|:| |:| |:| |:| |:| |: ll r E
e | — I
T2 I
L1 L]
X1 —»‘ | ————
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2105A
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28-Lead Plastic Ultra Thin Quad Flat, No Lead Package (MV) — 4x4x0.5 mm Body [UQFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

]
B
=]

TOP VIEW

L]
’47
]
:

SEATING PLANE _f ?
28X
”3) 3 [Sooe[]

- D2 —={[4[0.10®[c|A[B]
NOTE 1

(DATUM A)

[©[0.100|c|A]B]

(DATUM B)

E2

" —>I|<|—28Xb

0.07MW|C
¢ 0.05(M)|C

BOTTOM VIEW

Microchip Technology Drawing C04-152A Sheet 1 of 2
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28-Lead Plastic Ultra Thin Quad Flat, No Lead Package (MV) — 4x4x0.5 mm Body [UQFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
Units MILLIMETERS

Dimension Limits|  MIN | NOM [ MAX
Number of Pins N 28
Pitch e 0.40 BSC
Overall Height A 0.45 0.50 0.55
Standoff A1l 0.00 0.02 0.05
Contact Thickness A3 0.127 REF
Overall Width E 4.00 BSC
Exposed Pad Width E2 255 | 265 | 275
Overall Length D 4.00 BSC
Exposed Pad Length D2 2.55 2.65 2.75
Contact Width b 0.15 0.20 0.25
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-152A Sheet 2 of 2
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NOTES:
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APPENDIX A: DATA SHEET
REVISION HISTORY

Revision A
Original release (06/2009)

Revision B (08/09)

Revised Tables 5-3, 6-2, 12-2, 12-3; Updated Electrical
Specifications; Add ed U QFN Pa ckage; Added SO IC
and QFN Land Patterns; Updated Product ID section.

Revision C (06/10)

Updated Ele ctrical S pecificationan din cluded
Enhanced Core Golden Chapters.

Revision D (04/11)

Added Char Data to release Final data sheet.

APPENDIX B: MIGRATING FROM

OTHER PIC®
DEVICES
This s ection p rovides comparisons when m igrating
fromot her similarP IC®dev ices toth e

PIC16(L)F1826/27 family of devices.

B.1 PIC16F648A to PIC16(L)F1827

TABLE B-1: FEATURE COMPARISON
Feature PIC16F648A | PIC16(L)F1827

Max. Operating 20 MHz 32 MHz

Speed

Max. Program 4K 4K

Memory (Words)

Max. SRAM (Bytes) 256 384

Max. EEPROM 256 256

(Bytes)

A/D Resolution 10-bit 10-bit

Timers (8/16-bit) 2/1 a1

Brown-out Reset Y Y

Internal Pull-ups RB<7:0> RB<7:0>, RA5

Interrupt-on-Change RB<7:4> | RB<7:0>, Edge

Selectable

Comparator 2 2

AUSART/EUSART 1/0 0/2

Extended WDT N Y

Software Control NY

Option of WDT/BOR

INTOSC 48 kHz or 31 kHz -

Frequencies 4 MHz 32 MHz

Clock Switching Y Y

Capacitive Sensing N Y

CCP/ECCP 2/0 2/2

Enhanced PIC16 NY

CPU

MSSPx/SSPx 0 2/0

Reference Clock N Y

Data Signal NY

Modulator

SR Latch N Y

Voltage Reference N Y

DAC Y Y

© 2011 Microchip Technology Inc.
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NOTES:
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INDEX
A
A/D
Specifications..........ceveiiiiiiiiiiie e 361
Absolute Maximum Ratings ..........ccccevvieieiniiiiieieeiees 339

AC Characteristics
Industrial and Extended

Load Conditions.............
ACKSTAT et
ACKSTAT Status Flag .......ccccoovveeiiiiiiiiiee e
ADC

Acquisition Requirements ..............ccccceeiiiniieniennnn. 149

Associated registers..........coccviiiiiiiiiiiie 151

Block Diagram..........ccccovviiiieiiieiic e 139

Calculating Acquisition Time.........cccocvvviiniiniennens 149

Channel Selection

Configuration..........ccooeiiiiiiienee

Configuring Interrupt .........cocooeviiiiiiniiicne e 144

Conversion Clock........... ... 140

Conversion Procedure ..........cccccceoveniennnnnne ... 144

Internal Sampling Switch (RsSS) IMPEDANCE ... 149

INEEITUPES ...

OPEration .......coovueiiiieeie et

Operation During Sleep .

Port Configuration.............

Reference Voltage (VREF).. .

Source Impedance...........ccccveiiiiiiiiciiinie e

Special Event Trigger........ccoveviiiiiiiiiiie e

Starting an A/D Conversion ..

ADCONO RegiSter........ccciriiriiieniiniieieccee e
ADCONT ReGISter....ccocuviiiiiiiieriii e
ADDFSR ..ottt
ADDWEFC ...ttt
ADRESH Register

ADRESH Register (ADFM = 0) ....ooiviieiieceecee e 147
ADRESH Register (ADFM = 1) ... 148
ADRESL Register (ADFM = 0).. . 147
ADRESL Register (ADFM = 1).. ... 148
Alternate Pin Function............cccooiiiiiiiiiiiceece 118
Analog-to-Digital Converter. See ADC

ANSELA REGISIET ...t 123
ANSELB Register ..... .. 128
APFCONO Register... ... 119
APFCONT ReQIStEr ...ttt 119
Assembler

MPASM Assembler..........ccccoooiiiiiiiiiiiciiiec 380
Automatic Context Saving.........cccveeeeriiiieniieee e 85
B

Bank 14
Bank 15
Bank 16
Bank 17
Bank 18
Bank 19

BF Status Flag
Block Diagram
Capacitive Sensing.........c.ccovueecueeriiineeiieee e 315
Block Diagrams
(CCP) Capture Mode Operation ..........cccccueeereeeennns 204

Analog Input Model .
CCP PWM .ottt
ClOCK SOUICE ...
COMPArAtOr.....cccueiiiieiie et
COMPAIE ..ottt
Crystal Operation
Digital-to-Analog Converter (DAC) ........ccceecieneenns 154
EUSART RECEIVE ..o 286
EUSART Transmit... 285
External RC Mode............cocceeueeee.
Fail-Safe Clock Monitor (FSCM).. .
Generic /O Port.........ccoooiiiiiice
Interrupt LOGIC. ......oooeiiiieeiiieee e
On-Chip Reset Circuit.
PIC16F/LF1826/27 .....
PIC16F193X/LF193X . .
PWM (Enhanced) ........cccoeiiieniiiiiniccie e
Resonator Operation ............ccccvieeeeeeiiiiiiiieie e
Timer0
Timer1
Timer1 Gate.......ccooviiiiiiiiie
TIMEI2/A/B ..o
Voltage Reference...........cccooevviiiiiiniceiicnieenee
Voltage Reference Output Buffer Example .
BORCON REGISLEN.......eiiuiiiiiiiiiieiieeeeeete e
BRA s
Break Character (12-bit) Transmit and Receive ..
Brown-out Reset (BOR)...
Specifications ..........c.cccece.e
Timing and Characteristics ............ccccovvieeiiieenneeene

C

C Compilers
MPLAB C18....eiiiee e e 380

Capacitive SensiNg ........cccccecveereirnieiie e ... 315
Associated registers w/ Capacitive Sensing............. 319
Specifications ........coooeiiiiiiiieie e 370

Capture Module. See Enhanced Capture/Compare/PWM
(ECCP)

Capture/Compare/PWM .........cccccooiiiiiiieeeeeiiiiieee e 203

Capture/Compare/PWM (CCP)

Associated Registers w/ Capture ...........ccccoceeneenee.
Associated Registers w/ Compare ....
Associated Registers w/ PWM ............ccccoceee.
Capture Mode..........oooieiiiiiiieieeeeeee e
CCPx Pin Configuration...........cccccoeeriieeininiecnieeees
Compare Mode.........ccceviiiiiiiiieniieeeee e
CCPx Pin Configuration...
Software Interrupt Mode.........ccccceeeeenne
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Special Event Trigger.........ccccovvevvciinciieeceee 206
Timer1 Mode Resource .............ccccevueeen.. 204, 206
Prescaler..........ccoooiiiiiiiiiie e 204
PWM Mode
Duty CycCle......ooiiiiiiiiiieeee e 209
Effects of Reset.........ccooiiiiiiie 211
Example PWM Frequencies and
Resolutions, 20 MHZ .............cccceeeeeinnnn. 210
Example PWM Frequencies and
Resolutions, 322 MHZ ............cccoceeeieinnnn. 210
Example PWM Frequencies and
Resolutions, 8 MHz............ccccooiieiiiiiennns
Operation in Sleep Mode .. .
ResOIUtioN ........oeeviiiiiiiiieecccceee e

System Clock Frequency Changes................... 211
PWM Operation
PWM Overview
PWM Period.........occooiiiiiiiiiiii e
PWM SetUP ....coiiiiiiiie i
CCP1CON REQGISter ....cc.eeviiiiiiiiieiceteee e
CCPR1H Register ....
CCPRIL ReQISter......eiiiiiiiiiiiicieee e
CCPTMRS REJISIEN .....cviiiiiiiiiiiiieieee e
CCPxAS Register..................
CCPxCON (ECCPx) Register .. .
CLKRCON Register ........cccovmieiieineiniieieene ... 70
Clock Accuracy with Asynchronous Operation ................. 294
Clock Sources

Internal Modes .........ccooiiiiiiiiii e 56
HFINTOSC ... 56
Internal Oscillator Clock Switch Timing............... 58
LFINTOSC
MFINTOSC ... 56
Clock SWItChiNG......ceiiiiiieiie e 60
CMOUT Register...... 171
CMxCONO Register .... ..170
CMXCONT REGISEEN ...ttt 171
Code Examples
A/D CONVEISION ....eiieiiieeeeee e e 144
Changing Between Capture Prescalers. ..204
Initializing PORTA .......ooiiiiiiiieiiieeee 117
Write Verify .....c.cocveviiiiiiiieeee 112
Writing to Flash Program Memory ..........ccccoevvceenns 110
Comparator
Associated Registers ... 172
OPEration ......c..oociieiieiiie et 163
Comparator Module .........c.coeiiiiiiiieeiciee e 163
Cx Output State Versus Input Conditions ................. 166
Comparator Specifications ............ccceevieiiiiiiiiiicicees 363
Comparators
C20UT as T1 Gate ...oocvvevieiiiieiieeeeeeeee e 179
Compare Module. See Enhanced Capture/Compare/
PWM (ECCP)
CONFIG1 Register... ... 44
CONFIG2 Register......... ....46
Core Function Register ..........ccccoeiiiiiiiiiiiiicecceee 27
CPSCONO REGISTEN .....eveiiiiiieiiiiee et 318
CPSCONT REJISEN ..o 319

Customer Change Notification Service............cccocoeeeeenns 403
Customer Notification Service ..........cccocoeiiiiiiiiieene 403
CUStOMEr SUPPOTE.....cviiieeeiiiiiiiiiee et 403

D

DACCONO (Digital-to-Analog Converter Control 0)
REGIStEr ... 156
DACCONT1 (Digital-to-Analog Converter Control 1)
REGISLEN ..
Data EEPROM Memory.........cocoviiiiiiiiiienieecieesee e
Associated Registers. .
Code Protection ...,
ReadiNg .....occvieiiiiie e
Writing ...
Data Memory .........cccceeeenee.
DC and AC Characteristics.... .
Graphs and Tables ........ccccovviiiieieeiiiee e 371
DC Characteristics
Extended and Industrial.............ccccoiiiiiiiiiinniees
Industrial and Extended ...
Development Support.............. .
Device Configuration ...........cccociriieiiiiiiiniie e
Code Protection ..o
Configuration Word
USEI ID e
Device ID RegiSter........coouiiiiiiiiiiiie e
Device OVErVIEW.........cccoiiiiiiiiiiiicee e
Digital-to-Analog Converter (DAC) ........cccocvveviiiniirieeeeen. 153
Associated Registers .
Effects of aReset ...
Specifications ..........coeiieiiiiiiec

E

ECCP/CCP. See Enhanced Capture/Compare/PWM
EEADR ReQiISters .......coooiiiiiiiiiieec e
EEADRH Registers
EEADRL Register.......
EEADRL Registers
EECON1T Register........cccooviiiiiiiiiniinneeie e
EECON2 Register....
EEDATH Register....
EEDATL REGIStEr ..ot
EEPROM Data Memory

Avoiding Spurious Write .........ccccceeviiiiiieeeniieceee. 102

Write VErify ..o 112
Effects of Reset

PWM mode......ccccooiiiiiiiiicic e 21
Electrical Specifications ...........cccocveiiiiiiniiiicceeee 339
Enhanced Capture/Compare/PWM (ECCP)..........cccec...... 203

Enhanced PWM Mode .

Auto-Restart ........ccocveiiiiiiii e

Full-Bridge Application.... ..216
Full-Bridge Mode ............ .. 216
Half-Bridge Application ...........cccceviiiiiiiiiennnns 215
Half-Bridge Application Examples ................... 222
Half-Bridge Mode...........cccocieiiiniiiiienieeee e 215
Output Relationships (Active-High and
ACHIVE-LOW) ..o 213
Output Relationships Diagram............ccocevevene 214
Programmable Dead Band Delay ..................... 222
Shoot-through Current .
Start-up Considerations...........ccccceeiiinneennenne 224
Specifications ........cccveeveeiiiii 360
Enhanced Mid-Range CPU ...........ccccoiiiiiiiiiiiiiieceeeecs 15
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Enhanced Universal Synchronous Asynchronous

Receiver Transmitter (EUSART).......ccccevciiiiierncenn. 285
Errata ......ooooiiii
EUSART L.t
Associated Registers
Baud Rate Generator...........ccccuveeiiiieiiiiieenns 298
Asynchronous Mode ..........ccceevieniciicennen. ....287
12-bit Break Transmit and Receive .................. 305
Associated Registers
RECEIVE ... 293
Transmit..........ccce..... ....289
Auto-Wake-up on Break ........ ....303
Baud Rate Generator (BRG) . ... 297
ClOCK ACCUFACY ....vveinieiiiieieceiie st 294
RECIVET ... 290
Setting up 9-bit Mode with Address Detect....... 292
TranSmMItter........coveiieiieie e 287
Baud Rate Generator (BRG)
Auto Baud Rate Detect..........ccceeieieiiiireneen.
Baud Rate Error, Calculating ..........ccccccccceeennnes
Baud Rates, Asynchronous Modes .
FOrmulas ........ccooiiiiiie e
High Baud Rate Select (BRGH Bit) .................. 297
Synchronous Master Mode.............cccoocveeinnnenn. 306, 311
Associated Registers
RECEIVE ..o 310
Transmit.......oooeeiiiiien e 308
Reception........ccoociiiiiiiii 309
TranSMISSION ......ooveiiiiieiieeee e e 306

Synchronous Slave Mode
Associated Registers

RECEIVE ..o 312
Transmit......cccoooviiiiiii 311
Reception .
TranSMISSION .......oeeiiiiieiiieee e e 311
Extended Instruction Set
ADDFSR ...t 329
F
Fail-Safe Clock MoNitor.........c.cooiiiiiiiee e 63
Fail-Safe Condition Clearing ...........ccccceevvirerniieennnenn. 63
Fail-Safe Detection
Fail-Safe Operation............cccooviiiieniiniienccc e 63
Reset or Wake-up from Sleep........cccceevvvvveeeeeeniiinnnns 63
Firmware Instructions.............ccccoooiiiiiiiiii, 325
Fixed Voltage Reference (FVR)
Associated Registers ..........ccoooeiviniiiiiiiiie e 136
Flash Program MemoOry .........ccoccveiiiiiiiiiiiieiicc e 101
Erasing...c.ocoeeeiiiiieeee e 107
Modifying.. 111
Writing....... ... 107
FSR REGISIET ..o 27
FVRCON (Fixed Voltage Reference Control) Register..... 136
|
12C Mode (MSSPx)
Acknowledge Sequence Timing.......cccccoeevvvvreeiienenn. 270

Bus Collision
During a Repeated Start Condition
During a Stop Condition...................
Effects of @ ReSet.........cccooiiiiiiiiiiiiieeee
I2C Clock Rate WBRG..........cocoevereeeereeieeiceenne.
Master Mode
OPEration .........cceeceeriiinieeee e 262
ReCEPtioN......viiiiieeicieee e 268
Start Condition Timing .........ccccoeceeeriieeenne 264, 265

TranSmMISSION .......vevieiiiiiiiiiee e 266
Multi-Master Communication, Bus Collision and

Arbitration .......cceveeeiiiii e 271
Multi-Master Mode............cooooviiiiiieeiieiciiee e 271
Read/Write Bit Information (R/W Bit) oo 247
Slave Mode

Transmission ...
Sleep Operation..........
Stop Condition TiMING ......eeeviiiiiiiiieieeee e 270

INDF REGISLET ...ttt

Indirect Addressing
Instruction Format..
Instruction Set........

DECF ... 331
DECFSZ .. .. 332
GOTO...

SWAPFE L. 338
XORLW . 338
XORWF ......... 338
INTCON REGIStE.......tiiiiiiiiiiiieieeee e 86
Internal Oscillator Block
INTOSC
Specifications .........oocvvviiiiiiiie e 355
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Internal Sampling Switch (RSS) IMPEDANCE ..........c.ccc...... 149
Internet AdAress.........cuoecieiieeiiinee e
Interrupt-On-Change .
Associated Registers ..........ccoccvoiiiiiniiciiicneiiees 133
INEEITUPES ..o 81
ADC ..o .. 144
Associated registers w/ Interrupts....... ...94

Configuration Word w/ Clock Sources .
Configuration Word w/ PORTA .......cooiiiiiiiiieeiieene 124
Configuration Word w/ Reference Clock Sources....... 71
TIMRT e
INTOSC Specifications
IOCBF Register.............. .
IOCBN REGISTer ..ot
IOCBP RegiSter....cocuiiiiiiiiiiiiiee e

L

LATA ReGISIEr ...t
LATB Register......
Load Conditions ...

MDCARH ReGISter........c.cooiiiiiiiiiiiiecicce e
MDCARL ReISter......uviiiiiiiiieiiie e
MDCON REQISLET ...ttt
MDSRC REJISTEN.......coiuiiiiiiiieiiiinecee e
Memory Organization

Data ..o

Program ..o
Microchip Internet Web Site.........cccovvveeeiiiiiiinnnnn.
Migrating from other PIC Microcontroller Devices....

MOVLB. ...ttt
MOVWIL ..o
MPLAB ASM30 Assembler, Linker, Librarian ...................
MPLAB Integrated Development Environment Software .. 379
MPLAB PM3 Device Programmer............coceeceenveenueenenn. 382

I2C Mode

[2C MOdE OPEration .......ceeveeeeeeeeeeeeeeeseeeeeeeeeseesreenns 244

SPIMOAE ... 234

SSPXBUF Register ........ccoccvvciiniiiiieiiecec e 237

SSPXSR RegiSter......ccoviiiiiiiiiiiiiiieeeee e 237
O
OPCODE Field Descriptions ..........cceeevveiiieieeeeieiiiieeeeeenne 325
OPTION Lot 335
OPTION_REG REJISEN .....eoeiiiiiiiiiieeieeiie e 176
OSCCON REGISter ...coiiiiiiiieieeceeeee e 65
Oscillator

Associated Registers ..........ccocevceiiiiiiiniinieee 67
Oscillator MOdUIE ..........ceeeiiiiiiiiiee e 51

D PSS 51
Oscillator Parameters ..........ccccooieriiiieiiiiee e 355
Oscillator Specifications..........ccceevveeeieiiiiiie e 354
Oscillator Start-up Timer (OST)

Specifications .........ccooeiiiiiiiiiec 359
Oscillator Switching

Fail-Safe Clock Monitor ...... ... 63

Two-Speed Clock Start-up.. ... 61
OSCSTAT ReGISter ....eeiiiiiiiiiieie e 66
OSCTUNE ReQ@ISter.......oiviiieiiiiiieiee et 67
P
P1A/P1B/P1C/P1D.See Enhanced Capture/Compare/

PWM (ECCP)...ooiiiieceieeee e 212
Packaging......

Marking .

PDIP Details ....cceocveriiiieniiniciene e 384
PCL and PCLATH. .....ooiiiiiiecieiiee e 16
PCL Register ........... .27
PCLATH Register ....

PCON Register-..... .
PIE1 ReGISter...c..eiiiiiiiieieee e
PIE2 REQISTEN......eiiiiiiiie e
PIE3 Register....
PIE4 REGISTEr.....eiiiiiiiii i
Pin Diagram

PIC16F/LF1826/27, 18-pin PDIP/SOIC ...........cccveuvenen. 4

PIC16F/LF1826/27, 28-pin QFN/UQFN............ccceeeeeeee 5
Pinout Descriptions

PICABF/LF1826/27 ... 11
PIRT REGISEr ...t

PIR2 Register ...
PIR3 Register ...
PIR4 Register ...

PORTA L
ANSELA REGIStEr .....ocvviiiiiiieiieie e 120
Associated Registers ........ccccoviieriiiiiiiee e 124

PORTA Register........ . 28,29
Specifications ........cccveeveeiiiii 357
PORTA RegiSter.......cociiiiiiiiieiiieieeeeee e 122
PORTB ..t 125
Additional Pin Functions
Weak PUll-up .....ccoooiiiiiiiiiiecceceee 127
ANSELB RegISter ........eeviiiiieiiiiie e 125
Associated Registers..........cccoviiiiiiiiiiee 129
Interrupt-on-Change ..........cccooieiiiiiiiiiicieneee 125
P1B/P1C/P1D.See Enhanced Capture/Compare/
PWM+ (ECCPH) ..ot 125
Pin Descriptions and Diagrams ..........ccccccccueenueeneen. 129
PORTB Register.......ccccccveevneeenn. .28, 29
PORTB Register................... 127
Power-Down Mode (Sleep).........cooeevieeiiieniiiieiieeseecee 95
Associated Registers..........cccooveiniiiniiieiineen, 96, 201
Power-on Reset ... 74
Power-up Time-out Sequence.... ... 76
Power-up Timer (PWRT) ............ ... 74
Specifications ........cccvveieeiiiii 359
PR2 REGISter ...c..viiiiiiiieeieie e 28, 32
Precision Internal Oscillator Parameters ...............c.c........ 355
Program Memory
Map and Stack (PIC16F/LF1826).........cccccceeruernenee. 18
Map and Stack (PIC16F/LF1826/27).................... 17,18
Programming, Device InStructions..........c..ccceeevviieininnennns 325
PSTRXCON REQIStEr ......c.eeiviiiiiiiiiiiieee e 230
PWM (ECCP Module)
PWM Steering.......ccooviiiiiiiiiiee e 223
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Steering Synchronization .............cccceeeiviiniciniennene 224
PWM Mode. See Enhanced Capture/Compare/PWM ...... 212
PWM STEEIING ....ceiiiiiie it 223
PWMXCON REJISEEr ......ooiiiiiieiiieiiecieeee e 229

RCREG REGISter....ccuiiiiiiiiiieieie e 29
RCSTA REQGISIEr ..o 29, 295
Reader RESPONSE .........ooouviiiiiiiiiieeee e 404
Read-Modify-Write Operations ..
Reference ClocK ..........coociiiiiiiiiiiiii e 69
Associated Registers ...........cccovuviiiiiiiiiicnieeee 71
Registers
ADCONO (ADC Control 0) ...
ADCON1 (ADC Control 1) ....cccecveriieenieenen.
ADRESH (ADC Result High) with ADFM = 0)...........
ADRESH (ADC Result High) with ADFM = 1)...........
ADRESL (ADC Result Low) with ADFM = 0).....
ADRESL (ADC Result Low) with ADFM = 1).....
ANSELA (PORTA Analog Select)...............
ANSELB (PORTB Analog Select)..........ccccocvvevueenen.
APFCONO (Alternate Pin Function Control 0)...........
APFCON?1 (Alternate Pin Function Control 1)..........
BAUDCON (Baud Rate Control)............ccceecueernenne.
BORCON Brown-out Reset Control)............c.ccceeueee. 75
CCPTMRS (PWM Timer Selection Control) ............. 227
CCPxAS (CCPx Auto-Shutdown Control)................. 228
CCPxCON (ECCPx Control)
CLKRCON (Reference Clock Control)..........ccccueeenee 70
CMOUT (Comparator Output)........ccceeveeeieenieeninene 171
CMxCONO (Cx Control)............
CMxCON1 (Cx Control 1).
Configuration Word 1 ........
Configuration Word 2...........cccciiiiiiiiiiiee e
Core Function, SUMMArY ........ccccccveeiiiieeniiee e
CPSCONO (Capacitive Sensing Control Register 0) 318
CPSCON1 (Capacitive Sensing Control Register 1) 319
DACCOND ...ttt
DACCONT .ottt
Device ID ......coiiiiiiic
EEADRL (EEPROM Address) ....
EECON1 (EEPROM Control 1)......ccccevveeiiiirennieene
EECON2 (EEPROM Control 2).........cccccevevverennennn.
EEDATH (EEPROM Data)........ccccccvervecrennnnne.
EEDATL (EEPROM Data) ......cccceeeenenieeeiceieneene
FVRCON
INTCON (Interrupt Control).........cooecvveiiiiieiniiieeiieeene
IOCBF (Interrupt-on-Change Flag) ..........cccccvenuenee. 132
IOCBN (Interrupt-on-Change Negative Edge) ...
IOCBP (Interrupt-on-Change Positive Edge)..

LATA (Data Latch PORTA)......ccccccvcveiieas .. 122
LATB (Data Latch PORTB).......ccccovvvenirieniciienieee 127
MDCARH (Modulation High Carrier Control

REGISter) ..o 200
MDCARL (Modulation Low Carrier Control Register) 201
MDCON (Modulation Control Register) .................... 198
MDSRC (Modulation Source Control Register) ........ 199
OPTION_REG (OPTION) ..o
OSCCON (Oscillator Control)
OSCSTAT (Oscillator Status)
OSCTUNE (Oscillator TUNING) ....ccceeeveenieenieeeeneeene 67
PCON (Power Control Register).........cccoccveviriieeennenn. 79
PCON (Power Control) .........cocvereeeieenieiieeiie e 79
PIE1 (Peripheral Interrupt Enable 1)..

PIE2 (Peripheral Interrupt Enable 2).............ccccceeeeee. 88

PIE3 (Peripheral Interrupt Enable 3) ..........ccccceceenee.
PIE4 (Peripheral Interrupt Enable 4) ..........ccccccceeeeee.
PIR1 (Peripheral Interrupt Register 1).. .
PIR2 (Peripheral Interrupt Request 2) ..........c.ccccce..e..
PIR3 (Peripheral Interrupt Request 3) .........ccccceceenee.
PIR4 (Peripheral Interrupt Request 4)..
PORTA ....

PSTRxCON (PWM Steering Control) ...........cccceeneeee.
PWMxCON (Enhanced PWM Control)............ccc......

RCSTA (Receive Status and Control) ..
SPBRGH ..o
] =] (]
Special Function, Summary..........cccoecveiiiiiiiiecenn.
SRCONO (SR Latch Control 0)....
SRCON1 (SR Latch Control 1)
SSPxADD (MSSPx Address and Baud Rate,

12C MOG) .o, 283
SSPXCON1 (MSSPx Control 1)......ccoceeeceeeniirieennnne 280
SSPxCON2 (SSPx Control 2)
SSPxCON3 (SSPx Control 3)
SSPXMSK (SSPX Mask).......ccccueevririienriiiiie e
SSPxSTAT (SSPx Status)....
STATUS ..o
T1CON (Timer1 Control) .............
T1GCON (Timer1 Gate Control).........ccceevevvernnenenne 186
TRISA (Tri-State PORTA) ....coiiiiiieeieee e
TRISB (Tri-State PORTB) ...

Associated Registers.........cc.ccvviiviiiiicicicnieeeee
ReVision HiStOry.........coiiiiiiiiiie e

S

Shoot-through Current...........ccccooiiiiiiiinnieceeeee e 222
Software Simulator (MPLAB SIM) .......cocoeiiiiiiniinieeee. 381
SPBRG REGIStEr....ccoiiiiiiiiiiiiieie e
SPBRGH Register ...
SPBRGL REQISTEr.....cc.viiiiiiiieiiiiieeee e
Special Event Trigger
Special Function Registers (SFRS)........ccoccovvieiiiiiiniieeins 28
SPI Mode (MSSPx)

Associated Registers.........ccocveviiiiiiiiiiceiiceeee 241

SPI Clock....
SRLatCh ..o

Associated registers w/ SR Latch...........cccccceeeieene 161
SRCONO RIS .....eeieiiiiiiiie e
SRCON1 Register .
SSP1ADD Register....
SSP1BUF Register.... .
SSP1CON ReGiSter......coiiiiiiiiiiiiiie ettt
SSP1CON2 ReGiSEr .....cueiiiiiiiiesiie et
SSP1CON3 Register .... .
SSPAMSK RegiSter ......cccoeiiiiiiiiiiieiiceieeseeeeee e
SSPASTAT RegiSter......cccevviiiiiiiiieiieeeeee e
SSP2ADD REGIStEr.....ccoiiiiiiiiie it
SSP2BUF RegiSter.......oociiiiiiiiiieieieceeec e
SSP2CON1 Register-.... .
SSP2CON2 REGISLEN ...ccoieiiiiiiiieeiiieie e
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SSP2CON3 REGISTEN.......coiiiiiiiiciiieiieeeeee e
SSP2MSK Register.......ccoiviiiiiiiiiiieceeeeeee e
SSP2STAT Register ...
SSPXADD RegiSter .......cccovviiiiiiiiieiienieeeceee e

SSPxCON1 Register
SSPxCON2 Register
SSPxCON3 Register
SSPxMSK Register..... .
SSPXOV ..ttt
SSPXOV Status Flag......cccccveviiiniiiiieiiieiieeieee e
SSPxSTAT Register....

Stack Overflow/Underflow.
STATUS REJISIEN.....eiiiiiiiiiiiieeiie e
SUBWEFB.......ottiieceee et

T

T1CON ReQISter.....ueiiiiiiiiiiiiee e 28, 185
T1GCON ReGISter....c..eiiiiiiiiiiiic it 186
T2CON ReQISter...ccuiiiiiiiiiiiiiie e
Temperature Indicator Module .
Thermal Considerations ...........cccocceeiiiieiiiie e
TIMEr0 ..o
Associated Registers ..........ccccoviiiiiiieiiiicee
OPEration ......c..ooiiieriieiiie it
Specifications... .
TIMEIT oo 177
Associated registers...........ccoeveviiiiinniicii e 187
Asynchronous Counter Mode
Reading and Writing ...

Clock Source Selection....... .. 178
INEEITUPL.... e 181
OPEratioN ....vveiieeiiceiie e 178
Operation During Sleep ..181
Oscillator .........cccovveeene 179
Prescaler...... 179
SPeCificationS .......coccviiiiiiiiee e 360
Timer1 Gate
Selecting SoUrCe..........coovveviiiiieeiiee e 179
TMR1H Register ......ccocooiiiiiiiiiiceceeeeee e 177
TMRTIL RegiSter.......coiiiiiiiiiiiiieiceiee e 177
Timer2
Associated registers...........ccoveviiiiieiiienicneee 192
Timer2/4/6 .
Associated registers.........cococvvviiiiniiieii e 192
Timers
Timer1

Timing Diagrams

A/D CONVEISION ..ottt
A/D Conversion (Sleep Mode) .
Acknowledge Sequence ..........ccceveienieiieeiieeneee
Asynchronous Reception ...........cccoovevvieiieiiecnccenns
Asynchronous Transmission ............ccccevveeenanes

Asynchronous Transmission (Back to Back)
Auto Wake-up Bit (WUE) During Normal Operation . 304

Auto Wake-up Bit (WUE) During Sleep ...........cc....... 304
Automatic Baud Rate Calibration.....................ccc....... 302
Baud Rate Generator with Clock Arbitration.............. 263

BRG Reset Due to SDA Arbitration During Start

(70731 11 (o] o
Brown-out Reset (BOR) .
Brown-out Reset Situations ............ccoceveiiiiiiinncnes 75
Bus Collision During a Repeated Start Condition

(CASE 1) i 275
Bus Collision During a Repeated Start Condition

(CASE 2) ..ttt 275
Bus Collision During a Start Condition (SCL = 0)..... 274
Bus Collision During a Stop Condition (Case 1)....... 276
Bus Collision During a Stop Condition (Case 2)....... 276
Bus Collision During Start Condition (SDA only)...... 273
Bus Collision for Transmit and Acknowledge ........... 272
CLKOUT and /O ..eeeieeiiiiieeeee e 356
Clock Synchronization ...........cccccovcveeiiieeiniecniieeee 260
Clock Timing .
Comparator OULPUL............covviierieeieneeeee e 163
Enhanced Capture/Compare/PWM (ECCP)............. 360
Fail-Safe Clock Monitor (FSCM).........ccccevciiriuiiiiienins 64
First Start Bit Timing .........cccoevieiiniiccec e
Full-Bridge PWM Output..

Half-Bridge PWM Output ..........ccccoveviiniieniens

12C BUS Data.....ooooooeoeeoeeeeeeeeeeeee

12C Bus Start/Stop BitS .......oceveeeveerererenen.

I2C Master Mode (7 or 10-Bit Transmission) ... .

I2C Master Mode (7-Bit Reception)................. .. 269
12c Stop Condition Receive or Transmit Mode.......... 271
INT Pin Interrupt .........cooooiiiiiiiieeeee e 84
Internal Oscillator Switch Timing .. ... 59
PWM Auto-shutdown................... ..221

Firmware Restart..... .. 220
PWM Direction Change .........ccccccoeiriiiniciciienieceene 218
PWM Direction Change at Near 100% Duty Cycle... 219
PWM Output (Active-High) ........ccccoiriiiiiiiiiccee 213
PWM Output (Active-LOW) .......cccoviiriiiiiiiniieiieeee 214
Repeat Start Condition ...........cocoeiviieiiiiiiiiiiieneees 265
Reset Start-up Sequence ..........ccccccoveevieiciiniciciens 77
Reset, WDT, OST and Power-up Timer................... 357
Send Break Character Sequence .

SPI Master Mode (CKE =1, SMP = 1) .....ccccvviennne 365
SPI Mode (Master Mode)..........ccccecuieieeniennieneeeene.

SPI Slave Mode (CKE = 0).

SPI Slave Mode (CKE = 1) ....oeiiiiiiiiiienieciee e
Synchronous Reception (Master Mode, SREN)....... 310
Synchronous TransmisSIoN ...........ccceeevereennieeeenninenn. 307
Synchronous Transmission (Through TXEN)........... 307
Timer0 and Timer1 External Clock ...........c..cceeeenee. 359

Timer1 Incrementing Edge ..........coccoviiiiieiiieeecne. 181

Two Speed Start-up........ccccevereieieniniieciees ... 62

USART Synchronous Receive (Master/Slave)......... 364

USART Synchronous Transmission (Master/Slave). 364

Wake-up from Interrupt..........cocoeoeiiiiiiciicnececn, 96
Timing Diagrams and Specifications

PLL CIOCK ..ttt 355
Timing Parameter Symbology ..........ccccecvvirnieeenineeenenen. 353
Timing Requirements

12C BUS DA8...-evoeeneereeineeieieseeeeee e 369

12C Bus Start/Stop BitS.......ccccvveeveeeiiiiiiieee e 368

SPIMOGE ... 367

TMRO Register..

TMR1H Register ... ... 28
TMRIL REGISIEr ...ttt 28
TMR2 ReGISter...ccoiiiiiiiiiieeie e 28, 32
TRIS e 338
TRISA REGISIEN ......eiiiiiiiiiieeee e 28,122
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TRISB .
TRISB REGIStEr .....eeiiiiiiiiiiiieiec e
Two-Speed Clock Start-up Mode ..
TXCON (Timer2/4/6) Register .........ccccoovreiineeniiineeinens
TXREG. ...ttt e
TXREG Register ....
TXSTA Register-.....
BRGH Bit .o
U
USART
Synchronous Master Mode
Requirements, Synchronous Receive .............. 364
Requirements, Synchronous Transmission ...... 364
Timing Diagram, Synchronous Receive ........... 364
Timing Diagram, Synchronous Transmission ... 364
\%
VREF. SEE ADC Reference Voltage
W
WaKe-UP ON Break ........cceeeeiiiiiiiiiieeeeeeeiiieeee e eeeiieeee e
Wake-up Using Interrupts .........ccccooeiieiiiiiiniieceee e
Watchdog Timer (WDT) ...ccooiiiiiiiiiieieceeeeeee e
Associated Registers ..........ccccceeviiiieinns
Configuration Word w/ Watchdog Timer ..

MOES ..o
Specifications.........coviiiiiiiiiie e
WECOL ..ot 263, 266, 268, 270
WCOL Status Flag..... ... 263, 266, 268, 270
WDTCON REGISIEN ..o 99
WPUB Register......... 123, 128
Write ProteCtion ..........ccueeiiiieeee e 47
WWW AAAreSS.......ccoeiiiiiiiiiiiiciiee e 403
WWW, On-Line SUPPOrt .....ccooveiiiiieeeeieeee e 8
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
tom ake fi les an d i nformation e asily av ailable to
customers. Accessible by using your favorite Internet
browser,th ew ebsi tec ontainsthe following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s c ustomer notification s ervice h elps keep
customers current on Microchip products. Subscribers
will r eceive e-mail notification w henever t here are
changes, upd ates, rev isions or errat a related to a

specified product family or development tool of interest.

To register, accesst he Microchipw ebs itea t
www.microchip.com. U nder “Sup port”,c licko n
“Customer Cha nge No tification” andfo llowth e
registration instructions.

CUSTOMER SUPPORT

Users of Microchip p roducts c an rec eive as sistance
through several channels:

« Distributor or Representative

» Local Sales Office

» Field Application Engineer (FAE)

» Technical Support

» Development Systems Information Line

Customers sh  ould con tactthe irdis tributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A lis ting of s ales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://microchip.com/support
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READER RESPONSE

It is our intention to pro vide you with the best documentation possible to ens ure successful use of yo ur Microchip
product. If y ou wish to pro vide your c omments on org anization, c larity, subject matter, and w ays in which o ur
documentation ¢ an be tter s erve y ou, p lease F AX your comments tot he Technical Pub lications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO:
RE:

From: Name

Technical Publications Manager Total Pages Sent
Reader Response

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: LPIC16(L)F1826/27 terature Number: DS41391D

Questions:

1.

What are the best features of this document?

How does this document meet your hardware and software development needs?

Do you find the organization of this document easy to follow? If not, why?

What additions to the document do you think would enhance the structure and subject?

What deletions from the document could be made without affecting the overall usefulness?

Is there any incorrect or misleading information (what and where)?

How would you improve this document?
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. _|)g XX XXX
Device Temperature  Package Pattern
Range
Device: PIC16F1826(M), PIC16F1827(), PIC16F1826T®),
PIC16F1827T(®);
VDD range 1.8V to 5.5V
PIC16LF1826(), PIC16LF1827(%, PIC16LF1826T(),
PIC16LF1827T®);
VDD range 1.8V to 3.6V
Temperature = -40°Cto +85°C  (Industrial)
Range: E= -40°C to +125°C  (Extended)
Package: ML = Micro Lead Frame (QFN) 6x6
MV = Micro Lead Frame (UQFN) 4x4
P = Plastic DIP
SO = 8SOIC
SS = SSOP
Pattern: QTP, SQTP, Code or Special Requirements
(blank otherwise)

Examples:

a) PIC16F1826 - IML 301 = Industrial temp., QFN
package, Extended VDD limits, QTP pattern
#301.

b)  PIC16F1826 - I/P = Industrial temp., PDIP
package, Extended VDD limits.

c) PIC16F1827 - E/SS= Extended temp., SSOP
package, normal VDD limits.

Note 1: F = Wide Voltage Range
LF = Standard Voltage Range
2 T = intape and reel SOIC, SSOP, and

QFN/UQFN packages only.
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Worldwide Sales and Service

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Cleveland
Independence, OH
Tel: 216-447-0464
Fax: 216-447-0643
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, Ml
Tel: 248-538-2250
Fax: 248-538-2260

Indianapolis
Noblesville, IN

Tel: 317-773-8323
Fax: 317-773-5453

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Chongging
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hong Kong SAR
Tel: 852-2401-1200

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-6578-300
Fax: 886-3-6578-370

Taiwan - Kaohsiung
Tel: 886-7-213-7830
Fax: 886-7-330-9305
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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