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MC96FR116C

CMOS 8-hit Flash Microcontroller : UR

1. OVERVIEW

1.1 Description

The MC96FR116C is an advanced 8-bit microcontroller based on CMOS process with 16K Bytes of
Flash. This is a powerful device which provides a highly flexible and cost effective solution to many
embedded control applications.

The MC96FR116C provides the following features : 16K Bytes of embedded FLASH ROM“°™ 2048
Bytes of XRAM, 256 Bytes of IRAM, 8/16-bit Timer/Counter, WDT, WT, 10-bit PWM, USART (w/ SPI
function), 12C, Carrier Generator, 8-bit Basic Interval Timer, Watch Timer and Clock control circuit. It
also provides one dedicated output pin which has large current drivability specialized for remote
control application. Additionally, the MC96FR116C supports power saving modes to reduce power

consumption.

NOTEL |n this document, the ROM means non-volitile memory which is read-writable.

Device Name FLASH size IRAM XRAM I/0 PORT Package
12 16 QFN

MC96FR116C 16KB 256B 2048B 12 16 WLCSP
16 20 TSSOP

1.2 Features

+ CPU * One Basic Interval Timer
8-bit CISC Core (8051 Compatible, 2 clocks * Timer / Counter
per cycle) 8-bitx2ch(16-bitx1ch) + 16-bitx2ch

+ 16K Bytes On-chip FLASH
Endurance : 10,000 times
Retention : 10 years

» 10-bit PWM (Using Timer0,1)
+ 16-bit PWM (using Timer3)
* One Watch Dog Timer

* XRAM + One Watch Timer
2048 Bytes + One USART(with SPI feature)
IRAM « Onel2C
256 Bytes

* One Carrier Generator
* General Purpose I/O

* Interrupt Sources
12 Ports (PO[5:0],P1[5:0])

External : 6
: 16 QFN, 16 WLCSP
USART: 1
16 Ports (PO[7:0],P1[7:0])
12C: 1

: 20 TSSOP .
Carrier Generator : 1
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WDT: 1 * On-Chip IR Transistor

WT:1

BIT:1 * On-Chip RC-Oscillator

Timer0,1,2,3: 4 12MHz +2% after tuning @ -30 ~ +85C
FLASH : 1 12MHz +1% after tuning @ 0 ~ +50°C
Key scan: 1

* Operating Frequency
1 ~ 12MHz (Xtal oscillator)

* Flash secure protection 12, 8, 6, 4MHz ( Internal RC oscillator)
* Analog Comparator for IR learning

Pin change(PO[7:0]):1

» Operating Voltage

* Power On Reset 1.6 ~ 3.6V (VDD)
* Programmable Brown-Out Detector 1.6 ~ 4.0V (VDD_IR)
Reset: 1.55V .

Operating Temperature
+ -30~+85T

* PKG Type

16 QFN, 20 TSSOP
Available Pb free package

Interrupt or flag: 1.65, 1.8, 2.0, 2.2, 2.4V
* Minimum Instruction Execution Time
200ns (@10MHz, 1 Cycle NOP Instruction)
* Power down mode
SLEEP, STOP mode

1.3 Ordering Information

Device name ROM size IRAM size XRAM size Package
MC96FR116CU 16 QFN
MC96FR116C 16KB FLASH 256B 2048B 16 WLCSP
MC96FR116CR 20 TSSOP

Table 1-1 Ordering Information
1.4 Development Tools

1.4.1 Compiler

ABOV semiconductor does not provide any compiler for MC96FR116C. As the CPU core of
MC96FR116C is Mentor 8051, you can use all kinds of third party’s standard 8051 compiler.

1.4.2 OCD emulator and debugger

OCD(On Chip Debugger) program is a debugging software for ABOV semiconductor’s 8051 MCU
series. OCD uses only two lines to download a user code, to read and modify the internal memory or
SFR(Special Function Register)s. And also OCD controls MCU'’s internal debugging logic, which
means OCD controls emulation, step run, monitoring, etc.

OCD debugger program works on Microsoft-Windows 7, NT, 2000, XP, Vista(32-bit) operating system.

If you want to see details more, please refer to OCD debugger manual. You can download debugger
S/W and manual from out web-site.

The connecting pins between PC and MCU is as follows :

July., 2014 Rev.1.0.1 11




MC96FR116C \BO\

- DSCL (P1[0] of MC96FR116C)
- DSDA (P1[1] of MC96FR116C)

1 o o (2 UserVCC
3 o o [ 4 UserGND
5[]o o |6 bDscL

7 © o (8 DSDA

9 o o |10

Figure 1-1 OCD Software and Connector

1.4.3 Programmer

To program or download user code into the ROM of MC96FR116C, ABOV semiconductor provides
several tools. As a single programmer which can program only one chip at a time, there are PGMPlus
for parallel programming and ISP/OCD for serial programming and debugging. On the other hand,
you can program multi-chips at a time by using a gang programmer. Gang programmer can program
up to 8 devices simultaneously.

1.4.3.1 Single programmer

1. PGMplus USB : This is a parallel programmer which is smaller and faster than our previous
parallel programmer PGM Plus Il

i

—_—

RO S
L3

Figure 1-2 PGMplus USB

2. Ez-ISP: This is one of stand alone type ISP tool. Notable thing is that it provides power to
the target MCU.

12 July., 2014 Rev. 1.0.1



ABOV MC96FR116C

Figure 1-3 Ez-ISP

3. OCD emulator : You can program or debug the MCU via OCD. Because the OCD supports
ISP(In System Programming), it does not require additional H/W except for developer’s
target system.

1.4.3.2 Gang programmer

The gang programmer can program maximum 8 MCUs at a time. So it is mainly used in mass
production line. As gang programmer is standalone type, it does not require host PC.

Figure 1-4 Gang programmer

July., 2014 Rev.1.0.1 13
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SEMICONDUCTOR

2. BLOCK DIAGRAM

P12/REM_PP_OUT<—

P10/DSCL

]

P11/DSDA

CARRIER <:> PO
GENERATOR ~
REM_OD_OUT < on-Chip ) (3| porT [l PO7-POO
Debug
REM.OD_OUT =] |RACN<|aFr)1t/ro| = P1
ISENSOR 7 MBO5.1. ) | porT [l P17-P10
CORE
wWT (—)
v
PO2/ECO —] RAM
PO4/EC3 —* TIMER
PO3/TO < & C:>
PO3/T1/PWM1 < PWM FLASH =)
POL/T2 = (16KE) [« P03/SDA
POS/PWM3 < N e
le» P02/SCL
wDT CZ> Power On
Reset
POO/INTO — Brown Out
Detector
PO1/INT1 —» ()| BIT
PO2/INT2 —
INTERRUPT -
D03/INTS —] - INT-RING OSC ﬁ
CONTROLLER 1MHz
P0O4/INT4 —»
CLOCK/ [*+— P13/XIN
PO5/INT5 —»
INT-RC OSC SYSTEM
12MHz CONTROL [ P14/XOUT
Voltage Down T
PO4/RXD0 <> Converter RESETB/P15
PO5/TXD0 = USARTO /
PO0O/SSO < SPIO <:> T T
PO1/XCKO -+
VDD VSS
Figure 2-1 Block Diagram of MC96FR116C
PIN Type Option Remarks
P15 110 RESETB FUSE Control
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3. PIN CONFIGURATIONS

16 QFN (MC96FR116CU)

cc
3 -
: 2
Z al
—_
=
3 :
S = =
E o o o
z S & &
Q16 15 14 13
VSS[ ! 12] P1[1]/DSDA
P1[3]/XIN [ 2 nﬂ P1[0]/DSCL
MC96FR116CU
P1 [4]IXOUT[ 3 10] PO [51/INTH/TXD/PWM3
P1[5)/RESETB [ 4 9 ] PO [4]/INTA/RXD/EC3
) 6 7 8
o o o -
g 5 2 2
B L O &
0 X O 9=
s = 2 &
=z £ 2
= = Z2 6
S - = &
= = N =
g B § g
ac)
(=]
Qa

Figure 3-1 16 QFN Pinout of MC96FR116CU
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ccccccccccccc

16 WLCSP (MC96FR116C)

16 WLCSP

156 Typ.
OO0 |
: .
1.6 Typ
1 2 3 4

A P11/DSDA wDD VDD_IR Was

B P10/DSCL REMOUT_PP/P12 REPOUT_OD P13/¥IN

r POS/INTS/TXD PO3/INT3/SDA P14/XOUT P15/RESETE
D PO4/INTA/RXD PO2/INT2/5CL POL/INT1/%CK POD/INTO/SS

16

Figure 3-2 16 WLCSP Pinout of MC96FR116C
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SEMICONDUCTOR

MC96FR116C

20 TSSOP (MC96FR116CR)

VDD_IR
REM_OD_OQUT

V33

P1[3]/XIN
P1[4]/X0UT
P1[5]/RESETB
P1[6]

P1[7]
PO[O]/INTO/SS/EC2

PO[1]/INT1/XCK/T2

EIRIRIRIRIBIRIEIRIE

MC96FR116CR

[

[1=]

[=2]

-

[=2]

w

[

TG EEEETET

VDD

P1[2]/REM_PP_OUT
P1[1]/DSDA

P1[0]/DSCL

PO(7]

PO (6]

PO [5])/INTH/ TXD/PWM3
PO[A]/INTA/RXD/EC3
PO[3]/INT3/SDAITO/PWM1

PO(2)/INT2/SCL/ECO

July., 2014 Rev.1.0.1

Figure 3-3 20 TSSOP Pinout of MC96FR116CR
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4. PACKAGE DIMENSION

C [
[#]ekb]c] | |~ EeeelT
P ol | el
E ljl _C_ - MILLIMETER
‘| [ SEATING PLANE DESCRIPTION SYMBOL [—pm ~Ton T
16 ‘ A = [TOTAL THICKNESS A 0.8 085 | 08
‘ ‘ ‘ STAND OFF Al ) 0.035 0.05
. i. | DH ! OLD THICKNESS A2 - 065 | 0.67
‘ i | L/F THICKNESS A3 0.203 REF
FIN 1 CORNER | ‘ LEAD WIDTH b 0.2 0.25 | 03
i I [ x B 3 BsC
BoDY SIZE
‘ -h | K 3 3 8sC
! [ ‘ LEAD PITCH e 0.5 BSC
i | .
{ [€] it ! X J 1.6 17 B
P SIZE T
i ‘ ¥ K 16 17 8
m i EAD LENGTH L 0.35 0.4 0.45
‘ ‘]‘ | FACKAGE EDGE TOLERANCE aog 0.1
| } ‘ OLD FLATNESS bbb 0.1
‘ il | COPLANARITY oo 0.08
| ! LEAD OFFSET add 0.1
‘ D ‘ J [XPOSED PAD OFFSET eee 0.1
| o
| a1
S acdlC] )]
TOP VIEW =
o7 VIEW S
. J -
[€[ece[c]ATE]
p - ’_L NOTES
i —_ _ ,,Jr,i, I S A 1.0 COPLANARITY APPLIES TO LEADS, CORNER LEADS AND DIE
@ B * ATTACH PAD.
i .F e A
9 j | . 4
‘
t
B 5 EXPOSED DIE
16 Lo J6x __I [ ATTACH PAD
[&]ada@[clal5]
BOTTOM VIEW
_MIEW M—M

Figure 4-1 PKG DIMENSION (16 QFN)
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E
@) SYMBOLS [ MIN, HOM, M2,
- £ 0,560 0,600 0,640
BaLL &1 a1 0.180 0,200 0,220
IDEMTIFIED Az 0,360 0375 0,350
B} b 0,240 0,250 0,260
o 1,60 1.64 1.68
o1 1.64 REF
E 160 | 164 | 1sa
TOP VIEW El 154 REF
- 3 0.40 REF
f 0,210 0215 0,220
coc - - 0.05
UNIT : mm
0.025 REF
; . T
'y
* Al* ‘ | | | | |_LA2 A
------------- T | Seating Plane
oo
COPLAMARITY =
B 1.2
El 0.4
- - L
& a} I N e
A s M Ty T
:'a, LN AN PN Py 4
B PPt
0|0 O O O e : 12
s
l0 00O TYYY
01 e
5O OO0 O Y
1 2 3 4
&
O O O O b Grid Macerment Area
12 3 4 FOOTPRINT

BOTTOM WIEW

Figure 4-2 PKG DIMENSION (16 WLCSP)
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SEMICONDUCTOR

ABOV

MC96FR116C

4 3 2 1
& COMMON DIMENSIONS
. S (UNITS OF MEASURE=MILLIMETER)
o X SYMBOL [ MIN NOM MAX
A = = 1.20
$1.5+0.05 0.05£0.05 DEP Al 0.05 =3 0.15
BTM E-MARK Bt—xg A2 0.90 1.00 1.05
+— 0 A3 0.34 0.44 0.54
B L ! b 0.20 - 0.28
b1 0.20 0.22 0.24
~ L c 0.10 - 0.19
& i cl 0.10 0.13 0.15
3 AlD 6.40 6.50 6.60
E 6.20 6.40 6.60
E1 4.30 4.40 4.50
BASE METAL g 0.65BSC
b \ L 0.45 [ 0.60 | 0.75
L1 1.00REF
INDEX 90.8+0.05 0.05:0.05 DEP b1 2 0.25B5C
/ R 0.09 = -
//r\ SNV R1 0.09 = =
m = S 0.20 - —
o N AN 01 0 — g
T ’ — R 92 10° 12 147
- 03 10° 17 14"
SECTION B-—B
<< | = NOTES:

(2N [0.10

ALL DIMENSIONS REFER TO JEDEC STANDARD MO—-153 AC
DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.

Figure 4-3 PKG DIMENSION (20 TSSOP)
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MC96FR116C
5. PIN DESCRIPTION
PIN Name I/0 Function @RESET | Shared with
P00 I/O | - 6-bit I/O port, PO. Input INTONOTEL/
- Can be set in input or output mode SSO0/EC2
bitwise.
POl . . INTLMOTE
- Internal pull-up resistor can be activated
by setting PxnPU bit in PxPU register XCKO/T2
P02 when this port is used as input port. INT2NOTEL
- Can be configured as an open drain
output mode by setting PxnOD bit in SCL/ECO
PO3 PxOD register. INT3NOTEL/
SDA/TO/
PWM1
PO4 INT4 NOTE1
/RXDO/EC3
P05 INT5 NOTE:
/TXDO
P06 NOTE2
PO7 NOTE2
P10 I/O | 3-bit I/O port, P1. Input DSCL
P11 - pan be set in input or output mode DSDA
bitwise.
P12 - Internal pull-up resistor can be activated REM_PP_OUT
by setting PxnPU bit in PxPU register
P13 . . ) XIN
when this port is used as input port.
P14 - Can be configured as an open drain XOuT
output mode by setting PxnOD bit in
P15 PxOD register. RESETB
P16 NOTE2
Pl? NOTE2
REM_OD_OUT | I/O | 1-bit I/O port. input SENSOR
- REM open-drain output
VDD P | Main power supply -
VDD_IR P | Power supply of IR transistor and IR -
analog amplifier
VSS P | Ground -
NOTEL |f EIPSx is controlled, The interrupt port(INTx) is chaged to any port.
NOTEZ pog, PO7, P16 and P17 are used at 20 TSSOP package type.
July., 2014 Rev.1.0.1 21
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6. PORT STRUCTURES

6.1 General Purpose I/O Port

22

BODR

PxBPC

PxPU

PxOD

(pull-up control)

(pull-up selection)

(open-drain)

Px

(data)

SUB-FUNC DATA OUTPUT

— SUB-FUNC ENABLE

SUB-FUNC DIRECTION

PxIO

(direction)

= |5

EA Levelshift ( 1.8V to ExtvDD)

7] Levelshift (ExtvDD to 1.8V)

PORTx INPUT

—(|
—(

L]

SUB-FUNC

ANALOG CHANNEL

CMOS or
Schmitt Level
Input

ENABLE

ANALOG INPUT
ANALOG INPUT

(without Resistor)

Figure 6-1 General 1/O
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6.2 External Interrupt I/O Port

EA Levelshift ( 1.8V to ExtvDD)

EA] Levelshift (ExtvDD to 1.8V)

BODR —1 e =

VDD

PxBPC
(pull-up control) I —

I
1
1
1
1
1
1
1
I
PxPU :
(pull-up selection) 1
1

1

1

1

I

1

1

1

1

1

1

PxOD
(open-drain)

Px
(data)

PAD

SUB-FUNC DATA OUTPUT

— SUB-FUNC ENABLE

SUB-FUNC DIRECTION

PxIO
(direction)

EXTERNAL
INTERRUPT

POLARITY

T

ANALOG INPUT

EDGE FLAG
REG CLEAR

' E—C
1

PORTX INPUT

‘Cﬁ | CMOS or

1 Schmitt Level
' Input
1

SUB-FUNC { '
1
1
1
1
1
1
1
1
|
1

ANALOG CHANNEL —

1
1
1
1
1

Figure 6-2 1/0 with external interrupt function
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6.3 REM_PP_OUT Port

VDD
Data4[>o— PAD
777
Figure 6-3 REM_PP_OUT port
6.4 REM_OD_OUT Port
SENSOR PAD
VDD_IR
Data I

Figure 6-4 REM_OD_OUT port
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MC96FR116C
7. ELECTRICAL CHARACTERISTICS
Unless otherwise noted, VDD = 1.6 ~ 3.6V, TA=-30~+85T.
7.1 Absolute Maximum Ratings
Parameter Symbol Rating Unit
VDD -0.3~+4.0 \Y
Supply Voltage VDD IR -0.3~+5.0 V
VSS -0.3~+0.3 \Y
VI -0.3~VDD+0.3 )Y
VO -0.3~VDD+0.3 \Y
. IOH 10 mA
Normal Voltage Pin
mA
IOL 20 mA
mA
Total Power Dissipation PT 600 mw
Storage Temperature TSTG -65~+150 C

NOTE

Table 7-1 Absolute Maximum Ratings

Stresses beyond 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 any other conditions beyond those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

7.2 RECOMMENDED OPERATING CONDITION

Parameter Symbol Condition MIN TYP MAX Unit
Supply Voltage VDD 1.6 - 3.6 V
Operating Temperature TOPR -30 - 85 T
Operating Frequency FOPR DC - 12 MHz

Table 7-2 Recommended Operating Condition

7.3 VOLTAGE DROPOUT CONVERTER(1.8V Internal regulator) CHARACTERISTICS

Parameter Symbol Condition MIN | TYP MAX | Unit
Regulation Voltage - 1.62 1.8 1.98 \
Table 7-3 Voltage Dropout Converter Characteristics
July., 2014 Rev.1.0.1 25




7.4 BROWN OUT DETECTOR(BOD) CHARACTERISTICS

Parameter Symbol Condition MIN TYP MAX Unit
Veopr NoTE 150 | 155 1.60 Vv
Veopio NoTE 1.60 | 1.65 1.70 v
, Veopit NoTE 1.70 | 1.80 1.90 v
Detection Level NOTE
Veobr 1.90 2.00 2.10 V
Veobis NOTE 2.10 2.20 2.30 v
Veopua NOTE 2.30 2.40 2.50 V
Startup time teops 30 us
Detection time tsobD 2 us
Operating Current IDD - - - 40 UA

Table 7-4 Brown Out Detector Characteristics

NOTE \/eoor is a voltage level and BODR flag indicating it can generate internal reset due to voltage drop. When
the external power drops below the Vgopr voltage level, the BOD detects the power condition and makes the
device enter STOP-like mode called BOD mode. When the external power is restored, a BOD reset is generated
according to pre-defined sequence and the device is initialized. Veopion/2i314 @lso indicate voltage levels and

BODI0/1/2/3/4 are these flags. When the external power drops below the level indicated in abov table, the

associated flag is set to ‘1’ and these values can be read through the BODSR register. These flags may be used

to monitor the status of battery charging. The Vsopr and Veopio can be revised typical level and £+30mV tolerance.

7.5 RAM data retention CHARACTERISTICS

Parameter Symbol Condition MIN TYP MAX Unit

Supply Voltage VDD 1.0 vV
Table 7-5 RAM data retention Characteristics

7.6 FLASH CHARACTERISTICS

Parameter Symbol Condition MIN TYP MAX Unit
Flash Read supply voltage VRreaD 1.48 3.6 \Y/
Flash write supply voltage VwRITE 1.6 3.6 \Y/
Page Erase tERS 2.5 ms
Page Program tPGM 25 ms
Program/Erase Cycle 10,000 Cycles
Data Retention 10 Years

26

Table 7-6 FLASH Characteristics
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7.7 Internal RC Oscillator CHARACTERISTICS

Parameter Symbol Condition MIN TYP MAX Unit
Supply Voltage VDD 1.6 - 3.6 V
-30~+85°C 11.76 12 12.24 MHz
Frequency firc
0~+50°C 11.88 12 12.12 MHz
Table 7-7 Internal RC Oscillator Characteristics
7.8 Analog Comparator CHARACTERISTICS
Parameter Symbol Condition MIN TYP MAX Unit
Input Offset Voltage VorrsET - - 10 40 mV
Hysteresis voltage Vhys - - 20 - mv
Response Time - VDD |IR=3.3V 130 ns
RS" | VDD IR=1.8V 4500 ns
Table 7-8 Analog Compatator Characteristics
7.9 POWER-ON RESET CHARACTERISTICS
Parameter Symbol Condition MIN TYP MAX Unit
RESET Release Level - 1.3 1.4 1.5 \
Table 7-9 Power-On Reset Characteristics
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7.10 DC CHARACTERISTICS

Parameter Symbol Condition MIN TYP MAX Unit
Input Low Voltage VIL 0 - 0.2vDD V
Input High VIH 0.8VDD - VDD v
Voltage

VDD=3.3V, IOL=18mA - 0.4 0.5
Output Low VOL m Vv
Voltage VDD=1.8V, IOL=7mA - 0.4 0.5
i VDD=3.3V, IOH=12mA VDD-0.5 - -
Output High VOH m v
Voltage VDD=1.8V, IOH=2mA VDD-0.5 - -
Input High
Leakage Current IiH L uA
Input Low
Leakage Current L -1 uA
. VDD=3.3V 61 - 109 kQ
Pull-Up Resistors RPU
VDD=1.8V 174 - 349 kQ
IDD1 RUN Mode, fxn=10MHz@3.6V - - 4.3 mA
IDD2 SLEEP Mode, fxin=10MHz@3.6V - - 2.9 mA
Power Supply
Current STOP Mode @3.6V
IDD3 (Without BOD, BOD is diabled with - 1 15 UA
chip at stop mode.)
Table 7-10 DC Characteristics
7.11 AC CHARACTERISTICS
Parameter Symbol PIN MIN | TYP | MAX | Unit
Operating Frequency fMCP XIN 0 - 12 MHz
System Clock Cycle Time tSYS - 83 - ns
Oscillation Stabilization Time (8MHz) tMST1 XIN, XOUT - - 10 ms
External Clock “H” or “L” Pulse Width tCPW XIN 40 - - ns
External Clock Transition Time tRCP,tFCP XIN - - 10 ns
Interrupt Input Width tIW INTO~INT3 2 - - tSYS
RESETB Input Pulse “L” Width tRST RESETB - 8 - us
Ex_ternal Counter Input “H” or “L” Pulse {ECW ECO 2 i i tSYS
Width
Event Counter Transition Time tREC,tFEC ECO - - 20 ns

Table 7-11 AC Characteristics
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Figure 7-1 AC Timing
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7.12 USART CHARACTERISTICS

The following table and figure show the timing condition of USART in SPI or Synchronous mode of
operation. The USART is one of peripherals in MC96FR116C.N°™5".

Parameter SymbolNOTE2 MIN MAX Unit
System clock period tscLk 83 1000 ns
Clock (XCK) period txck 4 1028 tscLk
Clock (XCK) high time tyckH 2 514 tscLk
Clock (XCK) low time Ixcke 2 514 tscik
Lead time
Master tLeaD 0.5 tyck 0.5 tyck ns
Slave tLeaD 2 tscik -
Lag time
Master tLac 0.5 tyck 0.5 tyck ns
Slave tiac 2 tscik -

Data setup time (inputs)

Master tsim 2 2 tscik
Slave tsis 2 2
Data hold time (inputs)
Master tam 10 - ns
Slave this 10 -
Data setup time (outputs)
Master tsom 2 2 tscik
Slave tsos
Data hold time (outputs)
Master thom -10 - ns
Slave thos -10 -
Disable time tois 1 2 tscik

Table 7-12 Timing characteristics of USART in SYNC. or SPI mode of operations

NOTEL | synchronous mode, Lead and Lag time with respect to SS pin is ignored. And the case of UCPHA=0 is

also applied to SPI mode only.

NOTEZ Al timing is shown with respect to 20% VDD and 80% VDD.
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/SS0O 7
(OUTPUT) N
_ lean - >
XCKO i/~
(UCPOL=0) Z \ \ \ 0-8VDD
(OUTPUT) 7 <3 - 0-2vDbD
—
XCKO R L X -
(UCPOL=1) S / _ Z
(OUTPUT)
tsim thim
MISO LSB
(INPUT) _ ;
:tSOM : H tDIS
MOSI X ;
(OUTPUT) MSB BIT6...1 LSB
Figure 7-2 SPI master mode timing (UCPHA = 0, MSB first)
B tiac
/1SS0 \ +
(OUTPUT) —
_ tieap _
XCKXx N\
(UCPOL=0) / & E 0-8VDD
(OUTPUT) 7+ I - 0-2vDD
 —
XCKx A L S — L
(UCPOL=1) \ _ Z \ / Z
(OUTPUT) | W
tsim v
MISO/RX1 MSB BIT6...1 LSB
(INPUT)
tois
MOSI/TX1 ;
(OUTPUT) MSB BIT6...1 LSB

NOTE When in Synchronous mode, the START bit becomes MSB and the 1% or 2™ STOP bit becomes LSB.
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Figure 7-3 SPI/ Synchronous master mode timing (UCPHA = 1, MSB first)
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Figure 7-4 SPI slave mode timing (UCPHA = 0, MSB first)
B tiac
/SS0O \ +
(INPUT) A
v R
PRI B tyck R
XCKx L A L X 0.8vDD
(UCPOL=0) / & / \ oo
(NPUT) — 1 7~ - 7 7 0
—_—  —
xekL txekH
XCKx a A L R 4
(UCPOL=1) Z S Z
(INPUT) 7
tuos tois
MISO/RX1 MSB LSB /
(OUTPUT) ,
o tam thim
MOSI/TX1
(INPUT)

Figure 7-5 SPI/ Synchronous slave mode timing (UCPHA =1, MSB first)

NOTEL \When in Synchronous mode, the START bit becomes MSB and the 1% or 2™ STOP bit becomes LSB.
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7.13 REM_PP_OUT PORT CHARACTERISTICS

The characteristics of REM_PP_OUT is reltated with VDD, not VDD _IR.

IOL(MA)
6
5 e
/
4 //‘ VDD=4V.
3 /
//
X AT VDD=3\
/ —
1 : /:'/‘ NI e D) /.
eV D=LV
0 H
0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
VOL(V)
Figure 7-6 IOL vs VOL for REM_PP_OUT
VOH(V)
0 0.5 1.0 15 2.0 2.5 3.0 35 4.0
0
5 VD=2V
/r /
-10 = /
_____e— VDD=3V
-15
20 ... NDDEAY,
e
-25
-30
IOH(MA)

Figure 7-7 IOH vs VOH for REM_PP_OUT
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7.14 REM_OD_OUT PORT CHARACTERISTICS

The characteristics of REM_OD_OUT is reltated with VDD _IR, not VDD.

|
VDD _IR=4.0V
1.4
— 1.2
=
5 19
5, / VDD _IR=3.0V
2 o8 o
T f’/
Z oo / VDD IR=2.5V
s/
0.4 - -
VDD IR=2.0%
) - VDD _IR=1.8V
021 - VDD [R=T5V
il
0.0 0.5 1.0 1.5 20 25 30 3.5 40

Vrem_op_ovt (V)

Figure 7-8 Characteristics for REM_OD_OUT

7.15 TYPICAL CHARACTERISTICS

These graphs and tables provided in this section are for design guidance only and are not tested or
guaranteed. In some graphs or tables the data presented are outside specified operating range (e.g.
outside specified VDD range). This is for information only and devices are guaranteed to operate
properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots
over a period of time. “Typical” represents the mean of the distribution while “max” or “min” represents
(mean + 30) and (mean - 30) respectively where o is standard deviation.
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8. MEMORY

The MC96FR116C has separate address spaces for Program and Data Memory. The logical
separation of Program and Data Memory allows the Data Memory to be accessed by 8-bit addresses,
which can be more quickly stored and manipulated by an 8-bit CPU. Nevertheless, 16-bit Data
Memory addresses can also be generated through the DPTR register.

Program Memory contains user software and is read-only while the device is in normal running mode.
But the Program Memory can be erased or programmed by ISP(In System Programming) method.
The MC96FR116C can assigh maximum 16KB to Program Memory which is divided into 2 banks.

Data Memory is composed of Internal RAM (IRAM), External RAM (XRAM). IRAM is read-writable
and address space is 256B including Stack Pointer. XRAM has 2048B of memory depth and also

read-writable.

NOTE The terms IRAM and XRAM are used just to classify kind of memory. XRAM doesn’t have to reside outside

the device. In MC96FR116C, both IRAM and XRAM reside in device.

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 16K bytes, but this device has 16K bytes of
program memory space located in one bank 0. The following figure shows a map of program memory
in MC96FR116C. After reset, the CPU begins program execution from address 0000y. All interrupt
vector is assigned to their fixed location in program memory. An interrupt causes the CPU to jump to
it's vector location, where the CPU commences execution of the service routine. External interrupt O,
for example, is assigned to location 000By,. If user wants to use external interrupt O as an interrupt
source, its service routine must begin at location 000By,. If the interrupt is not used, its service location
is available as general purpose program memory. Because all interrupt vector can use 8 bytes from
each vector address "°™F, the service routine can reside entirely within that 8 bytes if an interrupt
service routine is short enough (as is often the case in control applications). Normally an interrupt

service routine is longer than 8 bytes, so the service routine starts with a jump instruction.

NOTE Refer to Table 10-2 Interrupt Vector Address.

3FFFy

16KB

00004

BankO

Figure 8-1 Program Memory
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8.2 IRAM

FFy FFy
Upper Special Function

128 Bytes Registers
Internal RAM 128 Bytes

(Indirect Addressing) (Direct Addressing)

80H 80H

7F
. Lower

128 Bytes
Internal RAM

(Direct or Indirect
Addressing)

00w

Figure 8-2 DATA MEMORY (IRAM)

Internal Data Memory is mapped in Figure 8-2. The memory space is shown divided into three blocks,
which are generally referred to as the Lower 128, the Upper 128, and SFR space.

Internal Data Memory addresses are always one byte wide, which implies an address space of only
256 bytes. However, the addressing modes for internal RAM can in fact accommodate 384 bytes,
using a simple trick. Direct addresses higher than 7F, access one memory space, and indirect
addresses higher than 7F, access a different memory space. Thus Figure 8-2 shows the Upper 128
and SFR space occupying the same block of addresses, 804 through FFy, although they are
physically separate entities.

The Lower 128 bytes of RAM are present in all devices using MCS-51 devices as mapped in Figure 8-
2. The lowest 32 bytes are grouped into 4 banks of 8 registers. Program instructions call out these
registers as RO through R7. Two bits in the Program Status Word (PSW) select which register bank is
in use. This allows more efficient use of code space, since register instructions are shorter than
instructions that use direct addressing.

The next 16 bytes above the register banks form a block of bit-addressable memory space. The MCS-
51 instruction set includes a wide selection of single-bit instructions, and the 128 bits in this area can
be directly addressed by these instructions. The bit addresses in this area are 00y through 7F.

All of the bytes in the Lower 128 can be accessed by either direct or indirect addressing. The Upper
128 can only be accessed by indirect addressing. These spaces are used for user RAM and stack
pointer.
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Figure 8-3 Lower 128 Byte of IRAM

8.2.1 Indirect Address Area

Note that in Figure 8.2 the SFRs and the indirect address RAM have the same addresses (804~FF).
Nevertheless, they are two separate areas and accessed in two different ways.

For example the instruction

MOV  80H, #0AAH

writes 0AAy to Port 0 which is one of the SFRs and the instruction
MOV RO, #80H

MOV  @RO, #0BBH

writes 0BBy in location 80, of data RAM. Thus, after execution of both of the above instructions Port 0
will contain 0AA, and location 804 of the RAM will contain 0BBy,.

Note that stack operations are examples of indirect addressing, so the upper 128 bytes of data RAM
are available as stack space in MC96FR116C.

8.2.2 Direct And Indirect Address Area

The 128 bytes of RAM which can be accessed by both direct and indirect addressing can be divided
into 3 segments as listed below and shown in Figure 8.3.

Register Bank 0~3 Locations 004 through 1Fy (32 bytes). ASM-51 and the device after reset default
to register bank 0. To use the other register banks the user must select them in the software (refer to
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the MCS-51 Micro Assembler User’s Guide). Each register bank contains 8 one-byte registers, 0
through 7.

Reset initializes the Stack Pointer to location 074 and it is incremented once to start from location 08y
which is the first register (R0) of the second register bank. Thus, in order to use more than one
register bank, the SP should be initialized to a different location of the RAM where it is not used for
data storage (ie, higher part of the RAM).

Bit Addressable Area 16 bytes have been assigned for this segment, 204~2Fy. Each one of the 128
bits of this segment can be directly addressed (004~7F4).

The bits can be referred to in two ways both of which are acceptable by the ASM-51. One way is to
refer to their addresses, ie. 004 to 7F4. The other way is with reference to bytes 204 to 2F4. Thus, bits
04~74 can also be referred to as bits 20.0~20.7, and bits 8y ~F, are the same as 21.0~21.7 and so on.

Scratch Pad Area Bytes 304 through 7Fy are available to the user as data RAM. However, if the
stack pointer has been initialized to this area, enough number of bytes should be left aside to prevent
SP data destruction.

8.2.3 Special Function Registers

All I/O and peripherals operation for the MC96FR116C accessed via Special Function Registers
(SFRs). These registers occupy direct Internal Data Memory space locations in the range 804 to FFy.
Their names and addresses are given in the Table 8.9. Note these SFRs are implemented using flip-
flops within the core, not as RAM.

The MC96FR116C has special registers which are provided by M8051 core. These are Program
Counter(PC), Accumulator(A), B register(B), the Stack Pointer(SP), the Program Status Word(PSW),
general purpose register(RO~R7) and DPTR (Data pointer register).

NOTE There’s some address space in the SFRs which are not implemented. Reading these address space may

return arbitrary value, and writing to these reserved SFR address may result in un-expected operation. So
cautions are needed when accessing reserved address.

Accumulator (ACC) This register provides one of the operands for most ALU operations. It is
denoted as ‘A’ in the instruction table included later in this document. On reset this register returns
004.

B register (B) This register provides the second operand for multiply or divide instructions. Otherwise,
it may be used as a scratch pad register. On reset this register returns 004.

Stack Pointer (SP) The SP register contains the Stack Pointer. The Stack Pointer is used to load the
program counter into Internal Data Memory during LCALL and ACALL instructions and to retrieve the
program counter from memory during RET and RETI instructions. Data may also be saved on or
retrieved from the stack using PUSH and POP instructions. Instructions that manipulate the stack
automatically pre-increment or post-decrement the Stack Pointer so that the Stack Pointer always
points to the last byte written to the stack, i.e. the top of the stack. On reset the Stack Pointer is set to
074.

It falls to the programmer to ensure that the location of the stack in Internal Data Memory does not
interfere with other data stored therein.

Program Counter (PC) The Program Counter consists of two 8-bit registers PCH and PCL. This
counter indicates the address of the next instruction to be executed. On reset, the program counter is
initialized to reset routine address (PCH:00y, PCL:00y).
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Data Pointer Register (DPTR) The Data Pointer (DPTR) is a 16-bit register which is used to form 16-
bit addresses for External Data Memory accesses (MOVX A, @DPTR and MOVX @DPTR, A), for
program byte moves (MOVC A, @A+DPTR) and for indirect program jumps (JMP @A+DPTR).

Two true 16-bit operations are allowed on the Data Pointer — load immediate (MOV DPTR, #data) and
increment (INC DPTR).

Program Status Word (PSW) The PSW contains several status bits that reflect the current state of
the CPU. The PSW, shown in Figure 8.1, resides in SFR space. It contains the Carry bit, the Auxiliary
Carry (for BCD operations), the two register bank select bits, the Overflow flag, a Parity bit, and two
user-definable status flags.

CY The Carry bit, other than serving the function of a Carry bit in arithmetic operations, also serves as
the “Accumulator” for a number of Boolean operations.

AC The Auxiliary Carry bit, this bit is set when there is a carry from bit 3 of ALU or there is no borrow
from bit 4 of ALU after operation.

RSO0, RS1 The bits RS0 and RS1 are used to select one of the four register banks shown in Figure
8.3. A number of instructions refer to these RAM locations as RO through R7. The selection of which
of the four banks is being referred to is made on the basis of the bits RS0 and RS1 at execution time.

OV Overflow flag. This bit is set to “1” when an overflow occurs as the result of an arithmetic operation
involving signs. An overflow occurs when the result of an addition or subtraction exceeds +127(7Fy)
or 128(804). The CLRYV instruction clears the overflow flag. There is no set instruction. When the BIT
instruction is executed, bit 6 of memory is copied to this flag.

P The Parity bit reflects the number of 1s in the Accumulator: P=1 if the Accumulator contains an odd
number of 1s, and P=0 if the Accumulator contains an even number of 1s. Thus the number of 1s in
the Accumulator plus P is always even.

Two bits in the PSW are uncommitted and may be used as general purpose status flags.

CY| AC| FO |RS1|RSO| OV | F1 | P Program Status Word

L Parity Flag

User-definable Flag

ALU overflow Flag

Register Bank Select 0 Flag

Register Bank Select 1 Flag

General Purpose User-definable Flag

ALU Auxilliary Carry Flag

ALU Carry Flag

Figure 8-4 PSW Register
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8.3 XRAM

There’s another kind of RAM called XRAM (External RAM) in MC96FR116C and the size is 2048B,
0000y, through 07FF,. This address space is assigned to XDATA"°™® region and used for data
storage.

07FFy
Upper
2048 Bytes
Internal XRAM
(Direct Addressing)
00004

Figure 8-5 DATA MEMORY (XRAM)

NOTE XRAM, 32Bytes of page buffers and some eXtended SFR(XSFR) are assigned to XDATA area in

MC96FR116C. And these address space are accessed via MOVX instruction.
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8.4 Registers

8.4.1 SFR Map
- Reserved
M8051 Compatible
OH/gHNCTE 1H/9H 2H/AH 3H/BH 4HICH 5H/DH 6H/EH 7H/FH
F8u --OOIP(:}OOO CFGCR UCTRL11 UCTRL12 UCTRL13 USTAT1 UBAUD1 UDATA1
B
FOu 0000 0000 | WTCROH WTCROL WTCR1H WTCRI1L WTCR2H WTCR2L KITSR
E8n RMR FARH FARM FARL FCR FSR FTCR MCCR
EO ACC FMR UCTRLO1 UCTRL02 UCTRLO3 USTATO UBAUDO UDATAO
H | 0000_0000
D8y - - - - WTDRH IRCCO IRCC1 IRCC2
DO PSW WTMR SMRRO SMRRO WTRL WTRO SRLCO SRLC1
H | 0000_0000
T3L/CDR3L/ | T3H/CDR3H | T3DRL/PW | T3DRH/PW | T2L/T2DRL/
C8n i T3CR2 T3CR PWM3DRL | /PWM3DRH M3PRL M3PRH CDR2L
POPC T2H/T2DRH
COx - 0000_ 0000 RDBH RDBL RDRH RDRL T2CR /CDR2H
IP
B8x 1000000 - RDCH CFRH CFRL RDCL RODR ROB
TO/CDRO/TO T1DR/ T1/CDR1/
BOx - EIENAB TOCR DR TiCR PWMI1PR PWMLDR PWM1HR
IE
A8y 0000_ 0000 IE1 IE2 IE3 EIFLAG EIEDGEO EIEDGE1 EIPOLA
P1I0 EO
A0y 0000__0000 - 00000000 I2CSDHR - I2CDR I2CSAR I2CSAR1
POIO P310
984 00000000 - - 0000, 0000 I2CMR I2CSR I2CSCLLR | I2CSCLHR
90n - - - - - - - -
P1
88n 0000_0000 - SCCR BCCR BITR WDTMR WDTR BODSR
80 PO SP DPL DPH ) i BODR PCON
H | 0000_0000 | 0000_0111 | 0000_0000 | 0000_0000 1100_1001 | 0000_0000
Table 8-1 SFR Map
NOTE These registers are bit-addressable.
Caution : Writing to reserved registers may result in un-expected function.
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8.4.2 XSFR Map

[ ]

Page Buffer (32Bytes)

80204

8018y

8010y

8008y

8000y

2F68y

2F60y

2F504

2F18y

2F104

2F08y

2F00y

OH/8H 1H/9H 2H/AH 3H/BH 4H/CH 5H/DH 6H/EH 7HIFH
PBUF 18 | PBUF 19 | PBUF 1A | PBUF 1B | PBUF_IC | PBUF 1D | PBUF_1E | PBUF_1F
PBUF 10 | PBUF 11 | PBUF 12 | PBUF 13 | PBUF 14 | PBUF. 15 | PBUF 16 | PBUF 17
PBUF 08 | PBUF. 09 | PBUF.OA | PBUF OB | PBUF.OC | PBUF OD | PBUF.OE | PBUF OF
PBUF 00 | PBUF 01 | PBUF 02 | PBUF 03 | PBUF 04 | PBUF.O5 | PBUF 06 | PBUF 07
FSUBAO FSUTA1 FSUTAO FSCTRL

FSLBA1 FSLBAO FSLTAL FSLTAO FSUBA1

POBPC P1BPC - - - - RMR2 .

EIPSO EIPS1 EIPS2 EIPS3 EIPS4 EIPS5

PMISCO PMISC1
POOD P10D
00 0000 | - -000 - : - CSUMH
POPU P1PU
50,0000 | —rd00 - - CSUML CSUMM

Table 8-2 eXtended SFR Map

Caution : Writing to reserved registers may result in un-expected function.
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8.4.3 Compiler Compatible SFR

Refer to section 8.2.3 for detailed description of these registers.

ACC (Accumulator) EO4
7 6 5 4 3 2 1 0
| ACC
RW RW RW RW RW RW RW RW
Initial value : 004
ACC Accumulator
B (B Register) FOy
7 6 5 4 3 2 1 0
| B
RW RW RW RW RW RW RW RW
Initial value : 004
B B Register
SP (Stack Pointer) 81y
7 6 5 4 3 2 1 0
| SP
RW RW RW RW RW RW RW RW
Initial value : 074
SP Stack Pointer
DPL (Data Pointer Low Byte) 82,
7 6 5 4 3 2 1 0
| DPL
RW RW RW RW RW RW RW RW
Initial value : 00y
DPL Data Pointer Low Byte
DPH (Data Pointer High Byte) 834
7 6 5 4 3 2 1 0
| DPH
RW RW RW RW RW RW RW RW
Initial value : 00y
DPH Data Pointer High Byte
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PSW (Program Status Word) DOy
7 6 5 4 3 2 1 0
| o | A | m | R RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value : 00y
CY Carry Flag. Receives carry out from bit 1 for ALU operands.
AC Auxiliary Carry Flag. Receives carry out from bit 1 of addition
operands.
FO General Purpose Status Flag
RS1 Register Bank Selection bit 1
RSO Register Bank Selection bit 0
oV Overflow Flag. Set by arithmetic operations.
F1 User-definable Flag
P Parity of ACC. Set by hardware to 1 if it contains an odd number of

1s, otherwise it is reset to 0.

EO (Extended Operation Register) A2y
7 6 5 4 3 2 1 0
| - | - - | TRAPEN - DPSEL2 DPSEL1 | DPSELO |
R R R RW R RW RW RW
Initial value : 00y
TRAP_EN Select the instruction between software TRAP and MOVC @(DPTR++),
A.
0 Select MOVC @(DPTR++), A instruction.
1 Select software TRAP instruction.
DPSEL[2:0] Select DPT R.

44

DPSEL2 DPSEL1 DPSELO

DPTRO selected.

DPTR1 selected.

DPTR2 selected (if included).
DPTR3 selected (if included).
DPTR4 selected (if included).
DPTRS5 selected (if included).
DPTRS6 selected (if included).
DPTRY selected (if included).

P B, P P OO OO
P B, OO RrR PR OO
P O Fr OFr OFR O
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9.1/0 PORTS

9.1 Introduction

The MC96FR116C has four I/O ports (PO, P1, P2, P3). Each port can be easily configured by
software whether to use internal pull up resistor or not, whether to use open drain output or not, or
whether the pin is input or output. Also PO includes function that can generate interrupt when the state
of PO changes.

9.2 Register Description

9.2.1 Data Register (Px)

Data Register is a bidirectional 1/0 port. If ports are configured as output ports, data can be written to
the corresponding bit in the Px. If ports are configured as input ports, the port value can be read from
the corresponding bit in the Px.

9.2.2 Direction Register (PxI0)

The PxnlO bit in the PxIO register selects the direction of this pin. If PxnlO is written logic one, Pxn is
configured as an output pin. If PxnlO is written logic zero, Pxn is configured as an input pin. All bits
are cleared by a system reset.

9.2.3 Pull-up Resistor Selection Register (PxPU)

All ports PO, P1, P2, P3 have optional internal pull-ups. The PxnPU bit in the PxPU register allows the
use of pull-up resistor. If PxnPU is written logic one, the pull-up resistor is activated. If PxnPU is
written logic zero, the pull-up resistor is deactivated. When the port is configured as an input port,
internal pull-up is deactivated regardless of the PxnPU bit. After reset, all pull-up resistors are
switched off except those of P3[5:2]. According to PKG types, some of these ports are omitted, so to
maintain input status, the internal pull-ups for these ports are activated.

9.2.4 Open-drain Selection Register (PxOD)

The PxnOD bit in the PxOD register controls the port type when configured as an output port. If
PxnOD is written logic one, the port becomes open-drain type. If PxnOD is written logic zero, the port
becomes push-pull type. After reset, open-drain function is disabled.

Caution : Port 0 has no open drain control register.

9.2.5 Pull-up Control Register (PxBPC)

When the external VDD drops below the Vpopg level, the ports can be selectively configured as input
ports with pull-up resistors activated regardless of the PxnlO. In this case, the port direction is
changed by hardware automatically. If PxnBPC is written logic one, this function is enabled. If
PxnBPC is written logic zero, the port maintain its status even if the external VDD is fallen below the
Veoor level.
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9.2.6 Pin Change Interrupt Enable Register (POPC)

PO port support Pin Change Interrupt (PCI) function. Pin Change Interrupt will trigger if any pin
changes its status when POnPC is set to 1. At reset, PCI function is disabled for all PO pins.

9.2.7 Register Map

Name Address Dir Default Description

PO 80 R/W 00 PO Data Register

POIO 98y R/W 00y PO Direction Register

POPU 2F004 R/W 00y PO Pull-up Resistor Selection Register
P10OD 2F084 R/W 00y PO Open-drain Selection Register
POBPC 2F504 R/W 00y PO Pull-up Control Register

POPC Cly R/W 00 PO Pin Change Interrupt Enable Register
P1 88n R/W 00H P1 Data Register

P110 AOy R/W 00w P1 Direction Register

P1PU 2F014 R/W 00 P1 Pull-up Resistor Selection Register
P10D 2F094 R/W 00H P1 Open-drain Selection Register
P1BPC 2F514 R/W 00H P1 Pull-up Control Register

PMISCO 2F11y R/W 00H Port Miscellaneous 0 Register
PMISC1 2F12y R/W 00H Port Miscellaneous 1 Register

Table 0-1 Register Map of Port
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9.2.8 PORT 0

PO (PO Data Register) 804
7 6 5 4 3 2 1 0
| Pz | pPe | P | P PO3 P02 POL PO
RW RW RW RW RW RW RW RW
Initial value : 00y
PO[7:0] I/O Data
POIO (PO Direction Register) 984
7 6 5 4 3 2 1 0
| pmo | Peo | Peo | Poo POGIO P02I0 POLIO PO0IO
RW RW RW RW RW RW RW RW
Initial value : 00n
POIO[7:0] PO Direction
0 Input
1 Output
POPU (PO Pull-up Resistor Selection Register) 2F004
7 6 5 4 3 2 1 0
| poru | Py | PPU | PoPU | PosRU PO2PU POLPU POOPU
RW RW RW RW RW RW RW RW
Initial value : 004
POPU[7:0] PO Pull-up Control
0 Disable pull-up
1 Enable pull-up
POOD (PO Open-drain Selection Register) 2F08y4
7 6 5 4 3 2 1 0
| Poroo | Pob | PsoD | PmwoD | PmoOD PO20D POLOD POOOD
RW RW RW RW RW RW RW RW
Initial value : 00n
POODI[7:0] Control PO port type when configured as output port.
0 Push-pull type output drive
1 Open-drain type output drive
POBPC (PO Pull-up Control Register) 2F504
7 6 5 4 3 2 1 0
| porerc | PosePc | PosBPC | PoBPC PO3BPC PO2BPC POLBPC POOBPC
RW RW RW RW RW RW RW RW
Initial value : 00y
POBPC[7:0] Control port direction and use of internal pull-up resistor when

external VDD drops below Vgopr level.
0 Maintain its previous state (input or output)

July., 2014 Rev.1.0.1 47



1 Changed to input port and pull-up resistor is activated

POPC (PO Pin Change Interrupt Enable Register) Cly
7 6 5 4 3 2 1 0
| porc | Pepc | PePc | PoC | PosPC PO2PC POLPC POOPC
RW RW RW RW RW RW RW RW
Initial value : 00y
POPC[7:0] Control Pin Change Interrupt function
0 Disable PCI function
1 Enable PCI function
9.2.9 PORT 1
P1 (P1 Data Register) 884
7 6 5 4 3 2 1 0
| pz | P | P | Pu P13 P12 P11 P10
RW RW RW RW RW RW RW RW
Initial value : 00y
P1[7:0] 1/0 Data
P110 (P1 Direction Register) A0y
7 6 5 4 3 2 1 0
| pmo | Peo | PO | Puo P130 P12I0 PLLIO P10I0
RW RW RW RW RW RW RW RW
Initial value : 00y
P1IO[7:0] P1 Direction
0 Input
1 Output
P1PU (P1 Pull-up Resistor Selection Register) 2F01,
7 6 5 4 3 2 1 0
| P | Peru | PisU | PuPU | P1srU P12PU P11PU P10PU
RW RW RW RW RW RW RW RW
Initial value : 004
P1PU[7:0] P1 Pull-up Control
0 Disable pull-up
1 Enable pull-up
P10OD (P1 Open-drain Selection Register) 2F09y
7 6 5 4 3 2 1 0
| Pwop | PsoD PisOD | PuoD | P1oD P120D P110D P100D
RW RW RW RW RW RW RW RW
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Initial value : 00y
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P10OD[7:0] Control P1 port type when configured as output port.

0 Push-pull type output drive
1 Open-drain type output drive
P1BPC (P1 Pull-up Control Register) 2F51
7 6 5 4 3 2 1 0
| pierc | PeBPc | PisBPC | PuBPC P138PC P12BPC P11BPC P10BPC
RW RW RW RW RW RW RW RW
Initial value : 00y
P1BPC[7:0] Control port direction and use of internal pull-up resistor when
external VDD drops below Vgopr level.
0 Maintain its previous state (input or output)
1 Changed to input port and pull-up resistor is activated
9.2.10 PORT Miscellaneous
PMISCO (Port Miscellaneous 0 Register) 2F11,
7 6 5 4 3 2 1 0
| - | - - | - | - - TRODEN | TRPPEN
R R R R R R RW RW
Initial value : 004
TRPPEN REMOUT push-pull transistor control
0 REMOUT push-pull transistor is disabled
1 REMOUT push-pull transistor is enabled
TRODEN REMOUT open-drain transistor control
0 REMOUT open-drain transistor is disabled
1 REMOUT open-drain transistor is enabled
PMISC1 (Port Miscellaneous 0 Register) 2F12,
7 6 5 4 3 2 1 0
| - | - - | st | TRs RPUST2 | IRPUST2 | IRPUST2
R R R RW RW RW RW RW
Initial value : 00y
IRPUST IR learning pull-up strength control
000 Disable
001 30 KQ
010 35 KQ
011 40 KQ
100 45 KQ
101 50 KQ
110 55 KQ
111 60 KQ
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TRODST

REMOUT open-drain transistor strength selection

00
01
10
11

X4
X3
X2
X1
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10. Interrupt Controller

10.1 Overview

The interrupt controller has the following features to handle interrupt request from internal peripherals
or external pins.

- support up to 21 interrupt sources "°™F

- 6 group of 4 priority level
- multiple interrupts handling
- global enable by EA bit and selective control by IEXx bit

- Interrupt latency : 3~9 machine cycles in single interrupt system

NOTE |nterrupt controller can accept up to 24 interrupt sources, but there are only 19 interrupt sources in

MC96FR116C.

Interrupt controller has 4 Interrupt Enable Registers (IE, IEL, IE2, IE3) and 2 Interrupt Priority
Reqgisters (IP, IP1). There are 16 interrupt sources in MC96FR116C and overall control is done by EA
bit in IE register. When EA is set to 0, all interrupt requests are ignored. When EA is set to 1, each
interrupt request is accepted or not by INTnE bit in IEx registers. 16 interrupt sources are assigned to
6 groups and each group can have different priority according to IP and IP1 registers.

By default all interrupt sources are level-triggered, but external interrupts can be set to operate in
edge-trigger mode. If more than 2 interrupts of different group priority are requested almost at the
same time, the request of higher priority is serviced first. And among the requests of same priority, an
internal polling sequence determines which request is serviced, ie, the interrupt having lower priority
number in Table 10-2 is serviced first. Even in interrupt service routine, another interrupt of higher
priority can interrupt the execution of service routine for the lower priority by software configuration.

Interrupt | Highest Lowest

Group i

0 (Bit0) InterruptO Interrupt6 Interrupt12 Interrupt18 Highest
1 (Bitl) Interruptl Interrupt7 Interruptl3 Interrupt19

2 (Bit2) Interrupt2 Interrupt8 Interruptl4 Interrupt20

3 (Bit3) Interrupt3 Interrupt9 Interruptl5 Interrupt21

4 (Bit4) Interrupt4 Interruptl0 | Interruptl6 | Interrupt22

5 (Bit5) Interrupts Interruptll | Interruptl? | Interrupt23 y Lowest

Table 10-1 Interrupt Group and Default Priority
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10.2 External Interrupt

The External Interrupts are triggered by the INTO, INT1, INT2, INT3 INT4 and INT5 pins. The External
Interrupts can be triggered by a falling or rising edge or a low or high level. The trigger mode and
trigger level is controlled by External Interrupt Edge Register (EIEDGEX) and External Interrupt
Polarity Register (EIPOLA). When the external interrupt is enabled and is configured as level triggered,
the interrupt will trigger as long as the pin is held low or high. External interrupts are detected
asynchronously. This implies that these interrupts can be used for wake-up sources from stop mode.
The interrupt requests from INTO, INTZ1, INT2, INT3, INT4 and INT5 pins can be monitored through
the External Interrupt Flag Register (EIFLAG).

EIFLAGO —— INTO Interrupt

\4

INTO Pin | | >
(P0O0)

>§xx

A 4

EIFLAG1 ——» INT1 Interrupt

\4

INT1 Pin
(PO1) D

e

A\ 4

>§xx

A\ 4

EIFLAG2 — INT2 Interrupt

INT2 Pin
(P02) D

A 4

INT3 Pin .
(PO3) D EIFLAG3 [ INT3 Interrupt

e

v

>§xx

A\ 4

EIFLAG4 —— INT4 Interrupt

INT4 Pin
(PO4) D

A 4

e

INT5 Pin .
(POS5) D EIFLAGS [——» INT5 Interrupt

[ADy,AEH] EIEDGEX
[AF4] EIPOLA

EIEDGEX, EIPOLA

Figure 10-1 External Interrupt trigger condition
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10.3 Block Diagram
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FLAGO
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;

i
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EIFLAG.4[ ACy]
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12
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Release
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v

-

15 EA(IE.7[A84])
. 15
Timer 2 —>| INT7 I \ s i S
) o> 16
Timer 3 —>| INT8 I ‘D'D\ <=0 N I £ PN
RMR.7[E8,] ‘D_ o 17
REMOCON ———[ Rx0 ~ = S
o | 1 Y e
wr ——[o }— B
WDTMR.0[8Dy
o> 18
WDT . ~N. 18
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19 18
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IE3[AB] 0 1
20
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FLASH ——{INT19 | ~ 2
23 22 22
L__]23
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123 Priority Low
Figure 10-2 Block Diagram of Interrupt Controller
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10.4 Interrupt Vectors

There are 16 interrupt sources which are from internal peripherals or from external pin inputs. When a
interrupt is requested while EA bit in IE register and its individual enable bit INTnE in IEx register is
set, the CPU executes a long call instruction (LCALL) to the vector address listed in Table 10-2. As
can be seen in the table, all interrupt vector has 8 bytes address space except for reset vector. If
priority level is not set by user software, the interrupt sources have default priority as in the following
table, and the lower number has the higher priority.

Interrupt _— Vector
Interrupt Source Symbol Enable FE)ﬁit Priority Mask Address
Hardware Reset RESETB Always 0 Non-Maskable 00004
External Interrupt O INTO IEQ.O0 1 Maskable 00034
External Interrupt 1 INT1 IEO.1 2 Maskable 000BH
External Interrupt 2 INT2 IEQ.2 3 Maskable 00134
External Interrupt 3 INT3 IE0.3 4 Maskable 001BH
External Interrupt 4 INT4 IE0.4 5 Maskable 00234
External Interrupt 5 INTS IEQ.5 6 Maskable 002B4
IRI INT6 IE1.0 7 Maskable 00334
BOD Flag INT7 IE1.1 8 Maskable 003BH
USART RX0 INT8 IE1.2 9 Maskable 00434
USART TX0 INT9 IE1.3 10 Maskable 004Bx
12C INT10 IE1.4 11 Maskable 00534
T0 INT11 IE1.5 12 Maskable 005BH
T1 INT12 IE2.0 13 Maskable 0063u
T2 INT13 IE2.1 14 Maskable 006BH
T3 INT14 IE2.2 15 Maskable 0073u
REMOCON INT15 IE2.3 16 Maskable 007BH
WT INT16 IE2.4 17 Maskable 00834
WDT INT17 IE2.5 18 Maskable 008BH
BIT INT18 IE3.0 19 Maskable 00934
FLASH INT19 IE3.1 20 Maskable 009BH
KEYSCAN INT20 IE3.2 21 Maskable 00A3y
Pin Change Interrupt (P0O) INT21 IE3.3 22 Maskable 00ABH

Table 10-2 Reset and Interrupt Vectors Placement

To activate a interrupt request, both EA bit in IE register and INTNnE bit in IEX register are enabled.
When a interrupt is generated, the interrupt flag can be read through each status register. And almost
interrupt flags are automatically cleared when their interrupt is executed. These kinds of interrupts are
BIT, WDT, TIMERO/1/2/3, 12C, Watch Timer, USART RX/TX, REMOCON, KEYSCAN, Pin Change,
amd External Interrupt 0/1/2/3/4/5. FLASH Interrupts have no flag bit,so these interrupts cannot be
used in polling mode.

10.5 Interrupt Sequence

When a interrupt occurs, the flag is stored to the status register which belongs to the interrupt source.
An interrupt request is preserved until the request is accepted by CPU or cleared to ‘0’ by a reset or
an instruction."°"®. The CPU accepts a interrupt request at the last cycle of current instruction. So
instead of executing the instruction being fetched, the CPU executes internally a LCALL instruction
and saves the PC to the stack region. At the same time the interrupt controller hands over the
address of LJMP instruction to the service routine, which is used by the CPU. It takes 3 to 9 cycles to
finish current instruction and jump to the interrupt service routine. After executing the service routine,
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the program address is retrieved from the stack by executing RETI instruction to restart from the
position where the interrupt is accepted. The following figure shows the sequence.

NOTE

Interrupt flags due to USART TX and FLASH are not auto-cleared when the CPU accepts the request.

a [~

> |

[ ]

B B

IE.EAFlag €< 1
IExy €1

A

Saves Program Counter Low Byte

SP ¢«

SP+1

M(SP) < (PCL)

A 4

Saves Program Counter High Byte

SP ¢

SP+1

M(SP) < (PCH)
EA=0

’

A 4

Produces Interrupt Vector Address

(Interrupt Ve

ctor Address)

A 4

Jumps to ISR(Interr!

upt Service Routine)

A 4

Return from ISR
RETI

A 4

EA=1

Restores Program

Counter High Byte

(PCH) € M(SP), SP € SP-1

A 4

Restores Program

Counter Low Byte

(PCL) < M(SP), SP < SP-1

A 4

Executes M

ain Program

Saves PC to stack to continue program
execution after serving ISR

Figure 10-3 Sequence of Interrupt handling

10.6 Effective time of Interrupt Request

To activate interrupt request from interrupt sources, both EA bit in IE register and individual enable bit
INTNE in IEX register must be enabled. At this time, the effective time of interrupt request after setting
control registers is as follows.
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EA & INTNE set

Next Instruction
Setting both EA bit and individual interrupt

< enable bit INTnE makes the pending interrupt
active after executing the next instruction.

Next Instruction

v

Figure 10-4 Effective time of interrupt request after setting IEx registers

10.7 Multiple Interrupts

If more than two interrupts are requested simultaneously, one of higher priority level is serviced first
and others remain pending. Among pending interrupts, the interrupt of second highest priority is
serviced next after executing current interrupt service.

In addition, as shown in Figure 10-6, another interrupt request can be serviced while servicing
previously requested interrupt. In this case, interrupt requested later must have higher priority level
and the interrupt handler should allow another interrupt request.

Main Program
Service
INT1 ISR
INTO ISR
Enable INTO
EA =1
INT1 Interrupt ;
Occur INTO Interrupt N
Occur
RETI
RETI

Figure 10-5 Accept of another interrupt request in interrupt service routine

The following example shows how to allow INTO interrupt request while executing INT1 interrupt
service routine. In this example, INTO has higher group priority than INT1 interrupt according to 1PO,
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IP1 registers. Other interrupts having lower group priority than INTO cannot be serviced until INTO
service routine is finished even if the INTO interrupt handler allows those interrupt requests.

Example) Software Multi Interrupt

INT1 : MOV IE, #01H ;Enable INTO only
MOV IE1, #00H  ;Disable other interrupts
SETB EA

MOV IE, #OFFH  ;Enable all Interrupts
MOV IE1, #OFFH
RETI

In short, an interrupt service routine may only be interrupted by an interrupt of higher priority than
being serviced. And when more than two interrupts are requested at the same time, the one of
highest priority is serviced first.

10.8 Interrupt Service Procedure

Max. 4 Machine 4 Machine
Cycle Cycle
L S
1§8
Interrupt T
Aty - /N
Active Interrupt N ~
Latched Interrupt Processing

" LCALL & LIMP Interrupt Routine

Figure 10-6 Interrupt Request and Service Procedure

10.9 Generation of Branch Address to Interrupt Service Routine(ISR)

The following figure shows the relationship between the vector address of BIT interrupt and the
branch address to service routine.
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Basic Interval Timer Basic Interval Timer
Vector Table Address Service Routine Address

—— ——
0093H 02H : 0125H OEH
0094H 01H 0126H 2EH
0095H 25H

/\_—
/\—

Figure 10-7 Generating branch address to BIT interrupt service routine from vector table

10.10 Saving and Restoring General Purpose Registers

INTxx: PUSH PSW

PUSH DPL Main Task

PUSH DPH Interrupt

PUSH B | | Service Task

PUSH ACC —_—

: Saving
Register

Interrupt_Processing:

POP ACC :| Restoring
POP B | |<— Register
POP DPH

POP DPL

POP PSW

RETI

Figure 10-8 Processing General registers while an interrupt is serviced
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10.11 Interrupt Timing

SCLK

CLP2 NoTe

y

Interrupt sampled here

CLP1

CLP2

CiP1

C1P2 C2P1 C2P2

A

A

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL

INT_VEC

PROGA

8-bit interrupt Vector >

Xis’hoo, INT_VEC} j

Figure 10-9 Timing chart for Interrupt Accept and Branch Address Generation

The interrupt request is sampled at the last cycle of the command currently being executed. On
recognition of interrupt request, the interrupt controller hands over the corresponding lower 8-bit
vector address to the CPU, M8051W and the CPU acknowledges the request at the first cycle of the
next command to jump to the interrupt vector address.

NOTE

10.12 Interrupt Registers

10.12.1 Register Map

command cycle C?P? : L=Last cycle, 1=1% cycle or 1% phase, 2=2" cycle or 2™ phase

Name Address Dir Default Description

IE A84 R/W 00w Interrupt Enable Register

IE1 A9y R/W 00 Interrupt Enable Register 1

IE2 AA4 R/W 00w Interrupt Enable Register 2

IE3 ABy R/W 00w Interrupt Enable Register 3

IP B8u R/W 00 Interrupt Priority Register

IP1 F8u R/W 00 Interrupt Proprity Register 1
EIFLAG ACq R/W 00 External Interrupt Flag Register
EIEDGEO ADy R/W 00 External Interrupt EdgeO Register
EIEDGE1 AEH R/W 00 External Interrupt Edgel Register
EIPOLA AFy R/W 00y External Interrupt Polarity Register
EIENAB Bly R/W 00w External Interrupt Enable Register
EIPSO 2F18y4 R/W 00w External Interrupt Port Select O Register
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EIPS1 2F194 R/W 01n External Interrupt Port Select 1 Register
EIPS2 2F1AH R/W 024 External Interrupt Port Select 2 Register
EIPS3 2F1BH R/W 03H External Interrupt Port Select 3 Register
EIPS4 2F1Cy R/W 04y External Interrupt Port Select 4 Register
EIPS5 2F1Dy R/W 054 External Interrupt Port Select 5 Register

Table 10-3 Register Map of Interrupt Controller

10.12.2 Interrupt Enable Register (IE, IEL, IE2, IE3)

There’re 4 interrupt enable registers which are IE, IE1, IE2 and IE3. In IE register, there’s two kinds of
interrupt enable bits called the global interrupt enable bit, EA, and 6 individual interrupt enable bits,
INTnE. Each IE1, IE2 and IE3 register only has 6 individual interrupt enable bits. Totally 16 peripheral
and external interrupts are controlled by these registers.

10.12.3 Interrupt Priority Register (IP, IP1)

As described above, each interrupt enable register has 6 individual interrupt enable bits. So, interrupt
controller itself can deal up to 24 interrupt sources. These 24 sources are classified into 6 groups by 4
sources. Each group can have 4 level of priority through IP and IP1 registers. The level 3 group
interrupt is of the highest priority, and the level 0 group interrupt is of the lowest priority. The initial
values of IP and IP1 registers are 004. By default, the lower numbered interrupt has the higher priority
if group priority is the same. When the group priority is decided by configuring IP and IP1 registers,
among 4 interrupt sources within the group, the lower numbered interrupt has the higher priority.

10.12.4 External Interrupt Flag Register (EIFLAG)

External Interrupt Flag Register shows the status of external interrupts. Each flag is set to ‘1’ when a
port is configured as a external interrupt source, and the port state changes to equal to the interrupt
generating condition according to EIEDGEx and EIPOLA register. To clear each flag, write ‘0’ to
corresponding bit position of this register.

10.12.5 External Interrupt Edge Register (EIEDGEX)

External Interrupt Edge Register decides the trigger mode of external interrupt, edge or level mode.
To make a external interrupt triggered by a falling or rising edge, write ‘00g’ to the corresponding bit
position. And to make a external interrupt triggered by a low or high level, write ‘01g’, “10g’ or ‘115’ to
the corresponding bit position. Initially, all external interrupts are triggered by high level. Note there
are 2 bits for each external interrupt pin.

10.12.6 External Interrupt Polarity Register (EIPOLA)

This register has different meaning according to the value set in EIEDGEX register. When a external
interrupt is configured to be triggered by a level, the high or low trigger level is selected through this
register. When a external interrupt is configured to be triggered by a edge, the value in this register
has nothing to do with the triggering edge.
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10.12.7 External Interrupt Enable Register (EIENAB)

External Interrupt Enable Register selects each port pin, which has sub function for external interrupt,
whether to use as external interrupt pin or normal port pin. When a bit in this register is written ‘0’, the
corresponding pin is used as general purpose 1/O pin.

10.12.8 External Interrupt Port Selection x Register (EIPSx)

External Interrupt Port Selection x Register selects each port pin with external interrupt source.

.0<= EIPSx <=7 : external interrupt x port is PO[EIPSX]

.8<= EIPSx <= 15: external interrupt x port is P1[EIPSx-8]

10.12.9 Register Description

IE (Interrupt Enable Register) A8y
7 6 5 4 3 2 1 0
| Ea | - | NmE INTAE- INT3E INT2E INTIE INTOE
RW R RW- RW RW RW RW RW
Initial value : 004
EA Globla Interrupt Enable Bit
0 Ignore interrupt request from any interrupt source.
1 Accept interrupt request
INTSE Enable or disable External Interrupt 5
0 Disable
1 Enable
INTAE Enable or disable External Interrupt 4
0 Disable
1 Enable
INT3E Enable or disable External Interrupt 3
0 Disable
1 Enable
INT2E Enable or disable External Interrupt 2
0 Disable
1 Enable
INT1E Enable or disable External Interrupt 1
0 Disable
1 enable
INTOE Enable or disable External Interrupt O
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IE1 (Interrupt Enable Register 1)

A9y

7 6 5 4 3 2 1 0
| - | - | NTEE | INTI0E INTOE INTSE INT7E INTGE
R R RW- RW RW RW RW RW
Initial value : 00y
INT11E Enable or disable Timer O Interrupt
0 Disable
1 Enable
INT10E Enable or disable 12C interrupt
0 Disable
1 Enable
INTOE Enable or disable USART TXO Interrupt
0 Disable
1 Enable
INT8E Enable or disable USART RXO Interrupt
0 Disable
1 Enable
INT7E Enable or disable BOD Flag Interrupt
0 Disable
1 Enable
INT6E Enable or disable IRI Input Interrupt
0 Disable
1 enable
IE2 (Interrupt Enable Register 2) AAy
7 6 5 4 3 2 1 0
| - | ] | n~Nm7E | NmieE INT15E INT14E INT13E INT12E
R R RW- RW RW RW RW RW
Initial value : 00y
INT17E Enalbe or disable WDT Interrupt
0 Disable
1 Enable
INT16E Enable or disable Watch Timer Interrupt
0 Disable
1 Enable
INT15E REMOCON (Carrier generator) Interrupt
0 Disable
1 Enable
INT14E Enable or disable Timer 3 Interrupt
0 Disable
1 Enable
INT13E Enable or disable Timer 2 Interrupt
0 Disable
1 enable
INT12E Enable or disable Timer 1 Interrupt

62

0 Disable
1 enable

July., 2014 Rev. 1.0.1



IE3 (Interrupt Enable Register 3)

ABy

7 6 5 4 3 2 1 0
| - | - | nmE INTZ22E- INT21E INT20E INT19E INT18E
R R RW- RW RW RW RW RW
Initial value : 00y
INT23E Reserved
0 Disable
1 Enable
INT22E Reserved
0 Disable
1 Enable
INT21E Enable or disable Pin Change Interrupt
0 Disable
1 Enable
INT20E Enable or disable KEYSCAN Interrupt
0 Disable
1 Enable
INT19E Enable or disable FLASH Interrupt
0 Disable
1 Enable
INT18E Enable or disable BIT Interrupt
0 Diable
1 Enable
IP (Interrupt Priority Register) B8y
7 6 5 4 3 2 1 0
| - | - I P4 P3 P2 P1 PO
R R RMW- RW RW RW RW RW
Initial value : 004
IP1 (Interrupt Priority Register 1) F8y
7 6 5 4 3 2 1 0
| - | - EE P14 P13 P12 P11 P10
R R RMW- RW RW RW RW RW
Initial value : 00y
IP[5:0], Select Interrupt Group Priority
IP1[5:0] IP1x IPx Description
0 0 Group x is of level O priority (lowest)
0 1 Group x is of level 1 priority
1 0 Group x is of level 2 priority
1 1 Group x is of level 3 priority (highest)

EIFLAG (External Interrupt Flag Register)
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7 6 5 4 3 2 1 0

- - | A | FAm FLAG3 FLAG2 FLAGL FLAGO
R R RW RW RW RW RW RW
Initial value : 00y
FLAG[5:0] External interrupt flag bit. To clear a flag, write ‘0’ to each bit
position.
0 External Interrupt not occurred
1 External Interrupt occurred
EIEDGEOQ (External Interrupt Edge Register) ADy
7 6 5 4 3 2 1 0
EDGESR | EDGEF | EDGER | EDGEF | EDGEIR | EDGEIF | EDGEOR | EDGEOF
Initial value : 004
EDGENR Selects the trigger mode of each external interrupt pin. Trigger
mode is also affected by the EDGENF bit.
0 External interrupt is triggered by level (default)
1 External interrupt is triggered by a rising edge
EDGENF Selects the trigger mode of each external interrupt pin. Trigger
mode is also affected by the EDGENR bit.
0 External interrupt is triggered by level (default)
1 External interrupt is triggered by a falling edge

When EDGENR and EDGENF bits are set at the same time, an
external interrupt is triggered by both rising and falling edge.

AEy
EIEDGEL (External Interrupt Edge Register)
7 6 5 4 3 2 1 0
- - - - | EpeeR | Epeess | EpcEaR | EpcEsF
R R R R RW RW RW RW
Initial value : 004
EDGENnR Selects the trigger mode of each external interrupt pin. Trigger
mode is also affected by the EDGENF bit.
0 External interrupt is triggered by level (default)
1 External interrupt is triggered by a rising edge
EDGENF Selects the trigger mode of each external interrupt pin. Trigger
mode is also affected by the EDGEnNR bit.
0 External interrupt is triggered by level (default)
1 External interrupt is triggered by a falling edge

When EDGENR and EDGEnNF bits are set at the same time, an
external interrupt is triggered by both rising and falling edge.

EIPOLA (External Interrupt Polarity Register) AFy
7 6 5 4 3 2 1 0

| - - | pPos | Pom | Poas POLA? POLAL POLA
R R RW- RW RW RW RW RW

Initial value : 00y

POLA[5:0] Selects the trigger level of external interrupt, high or log level.
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When configured as level trigger mode

0 External interrupt is triggered by a high level (default)
1 External interrupt is triggered by a low level
EIENAB (External Interrupt Enable Register) B1y
7 6 5 4 3 2 1 0
| - | - | eves | Enas | B3 ENAB2 ENABL ENABO
R R RAW- RW RW RW RW RW
Initial value : 00y
ENABI[5:0] Configure each port pin as external interrupt pin input
0 The port is not used for external interrupt (default)
1 The port is used for external interrupt
EIPSO (External Interrupt Port Selection 0 Register) 2F18y
7 6 5 4 3 2 1 0
| epsov | EPse | EPSS | EPSM4 | EPSB | EPSR2 EIPSOL EIPS00
RW RW RW RW RW RW RW RW
Initial value : 004
EIPS0[3:0] Configure external interrupt O port pin as some pin
EIPS1 (External Interrupt Port Selection 1 Register) 2F19y
7 6 5 4 3 2 1 0
| epsi7 | Epsie | EPSIs | EPSM | EPSI3 | EPSE2 EPSIL EPSI0
RW RW RW RW RW RW RW RW
Initial value : 01y
EIPS1[3:0] Configure external interrupt 1 port pin as some pin
EIPS2 (External Interrupt Port Selection 2 Register) 2F1Ay
7 6 5 4 3 2 1 0
| epszr | Epss | EPss | EPs4 | EPSB | EPS2 EIPS21 EIPS20
RW RW RW RW RW RW RW RW
Initial value : 02y
EIPS2[3:0] Configure external interrupt 2 port pin as some pin
EIPS3 (External Interrupt Port Selection 3 Register) 2F1By
7 6 5 4 3 2 1 0
| epssy | Epss | EPss | EPsy4 | EPs® | EPS® EIPS31 EIPS30
RW RW RW RW RW RW RW RW
Initial value : 034
EIPS3[3:0] Configure external interrupt 3 port pin as some pin

2F1Cy
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EIPS4 (External Interrupt Port Selection 4 Register)

7 6 5 4 3 2 1 0
| epsa7 | EPsts | EPs#s | EPsM | EPSB | EPS#2 EIPS41 EIPS40
RW RW RW RW RW RW RW RW
Initial value : 044
EIPS4[3:0] Configure external interrupt 4 port pin as some pin
EIPS5 (External Interrupt Port Selection 5 Register) 2F1Dy
7 6 5 4 3 2 1 0
| epsst | EPsss | EPss | EPss4 | EPS | EPS® EIPS51 EPS50
RW RW RW RW RW RW RW RW
Initial value : 054
EIPS5[3:0] Configure external interrupt 5 port pin as some pin
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11. Peripheral Units
11.1 Clock Generator

11.1.1 Overview

The clock generator module plays a main role in making a stable operating clock, SCLK. There’s only
one clock source in MC96FR116C, which is the output of main oscillator, XINCLK, connected to the
XIN and XOUT pins. The main clock input XINCLK is divided by 1.5, 2 or 3, and one of the divided
clocks is used as internal operating clock, SCLK, according to the DIV[1:0] bits in SCCR register. By
default, frequency of SCLK is same as that of XINCLK, ie, divided by 1.

11.1.2 Block Diagram

+1
XNCH— Main >
osc [ S [Ls
xouT[_] gl SCLK
) 2 > (System Clock)
INT-RC @,
0SC ‘/{2
(12MHz)
CLKSEL DIV
<16 |
el BIT
SCLK o > Overflow
(System Clock) 5’_, : >
£ [+2048 BIT > WDT
14
BCK
RING
0sC ~ - 256 BELIKS
(IMHz)

Figure 11-1 Block Diagram of Clock Generator
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11.1.3 Register Map

Name Address Dir Default Description
SCCR 8AH R/W 00 System and Clock Control Register
MCCR EFH R/W 33H Main Oscillator Clock Control Register

Table 11-1 Register Map of Clock Generator

11.1.4 Register Description

SCCR (System and Clock Control Register) 8A4
7 6 5 4 3 2 1 0
| ROSCEN | DML D\ | BOKS | MOSCEN | IOSCEN - CLKSEL
Initial value : 644
ROSCEN The operation of RING Oscillation at stop mode.
0 Ring-Oscillator is disabled at stop mode.
1 Ring-Oscillator is enabled at stop mode.
DIV[1:0] Selects the divide ratio of operating clock sources, XIN and INT-
RC.
DIV1 DIVO  Description (in case of fint.rc=12MHz)
0 0 fun /1 (12MHz)
0 1 fxin /1.5 (BMHZz)
1 0 f>(|N 12 (6|\/|HZ)
1 1 f>(|N /3 (4|\/|HZ)
BCLKS BIT clock source selection
0 BIT clock source is system clock.
1 BIT clock source is internal RING oscillator.
MOSCEN Main oscillator enable
0 Main oscialltor is disable.
1 Main oscillator is enable.
IOSCEN Internal oscillator enable
0 Internal RC oscialltor is disable.
1 Internal RC oscillator is enable.
CLKSEL System clock source selection
0 Internal RC oscillator is system clock source.
1 Main oscillator is system clock source.
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MCCR (Main Oscillator Clock Control Register)

EF,

7 6 5 4 3 1 0
| - | - | s | sEm0 | - ISEL1 ISELO
- - R R - RW RW
Initial value : 334
ISELM[1:0] Monitors the current strength of main oscillator. ISELM is updated
with ISEL at the MOSCEN of SCCR is 0 or STOP mode.
ISELM1 ISELM1 Description
0 0 X1
0 1 X2
1 0 X3
1 1 X4
ISEL[1:0] Selects the current strength of main oscillator. The applied time is
not ISEL, but ISELM.
ISEL1 ISEL1 Description
0 0 X1
0 1 X2
1 0 X3
1 1 X4

11.2 Basic Interval Timer (BIT)

11.2.1 Overview

BIT module is a 8-bit counter used to guarantee oscillator stabilization time when MC96FR116C is
reset or waken from STOP mode. The BIT counter is clocked by a clock divided from system
clock(SCLK) and the divide ratio is selected from BCK][2:0] bits in BCCR register, from 16 to 2048. At
reset, the BIT counter is clocked by a clock which is divided by 512 from SCLK. If BCLKS of SCCR is
set, BIT counter is clocked by a clock which is divided by 1024 from RING oscillator, regardless of

BCK[2:0].

BIT is a 8-bit binary counter and has the following features.

- Guarantees the oscillation stabilization time when a power-on or reset occurs

- Guarantees the oscillation stabilization time when this device wakes-from STOP mode

- Generates interval timer interrupt as a watch function
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11.2.2 Block Diagram

+16

I3 —————— WDT Source Clock
SCLK 2 8-bit up-counter
(System Clock) L) R [8CH] Overflow
K |-2048 BITR » BITIF [——BIT Interrupt
3
BC
RING
0SC + 255 1< BCLKS BCLR
(IMHz)
[8BH] | |
BCCR —
ACK
TT Read From CPU
N~

Interal BUS line )

11.2.3 Register Map

Figure 11-2 Block Diagram of BIT

Name Address Dir Default Description
BCCR 8By R/W 77w BIT Clock Control Register
BITR 8Chx R 00H Basic Interval Timer Register

11.2.4 Register Description

Table 11-2 Register Map of BIT

BCCR (BIT Clock Control Register) 8By
7 6 5 4 3 2 1 0
| BF | B BCKL |  BCKO BCLR PRD2 PRD1 PRDO
RW RW RW RW RW RW RW RW
Initial value : 574
BITF Reflects the state of BIT interrupt. To clear this flag, write ‘0’ to this bit
position. The BIT interrupt occurs when BIT counter reaches to the pre-
defined value. The interrupt interval is decided from BCK[2:0] and
PRD[2:0] bits.
0 BIT Interrupt not occurred
1 BIT Interrupt occurred
BCK[2:0] BCK2 BCK1 BCKO BIT Clock BIT Interrupt Period "°™®
0 0 0 fsys/24 1.024ms
0 0 1 fsys 1275 2.048ms
0 1 0 fsys 1276 4.096ms
0 1 1 fsys 1277 8.192ms
1 0 0 fsys 128 16.384ms
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1 0 1 fsys /279 32.768ms (default)

1 1 0 fsys 127210 65.536ms
1 1 1 fsys /2711 131.072ms
BCLR Clears BIT Counter. Writing ‘1’ to this bit resets BIT counter to 00u.
BCLR bit is auto cleared.
0 BIT counter free runs
1 BIT counter is cleared and counter re-starts
PRD[2:0] Selects BIT interrupt interval. When BIT counter reaches to the value

listed below, an interrupt may be issued. The BIT interrupt period is
same as the clock period for WDT counter.

PRD2 PRD1 PRDO Interrupt condition

0 When BITR[0] = 1

When BITR[1:0] = 11

When BITR[2:0] = 111

When BITR[3:0] = 1111

When BITR[4:0] = 11111

When BITR[5:0] = 111111

When BITR[6:0] = 1111111

When BITR[7:0] = 11111111 (default)

R P P P O O O O
P P OO R KB OO
P O FPr O Fr O R

NOTE This is the case when the frequency of system clock, fsys, is 4MHz and the overflow period PRD[2:0] is set

to 111;. If the BCLKS of SCCR is 1, BCK is don’t care. And then BIT clock source is 250uS.

The BIT interrupt period is acquired by multiplying clock period of BIT counter and the pre-defined
value of BIT counter. That is, Terr it = Tarr cik X 27°PF%D where Tgr iy is the interval of BIT
interrupt and Tgr_c.k IS the clock period of BIT counter.

BITR (Basic Interval Timer Register) 8Ch
7 6 5 4 3 2 1 0

| B7 | BW® | BB | BmM™ BIT3 BIT2 BIT1 BITO
R R R R R R R R

Initial value : 00y

BIT[7:0] BIT counter value
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11.3 Watch Dog Timer (WDT)

11.3.1 Overview

The WDT, if enabled, generates an interrupt or a system reset when the WDT counter reaches the
given time-out value set in WDTR. In normal operation mode, it is required that the user software
clears the WDT counter by setting WDTCL bit in WDTMR register before the time-out value is
reached. If the system doesn’t restart the counter, an interrupt or a system reset will be issued.

The main features are :
- 2 operating modes : Interrupt or System Reset mode

- Selectable Time-out period

In Interrupt mode, the WDT gives an interrupt when the WDT counter expires. This interrupt can be
used to wake the device from SLEEP mode (not from STOP mode™°™), and also as a general system
timer. One example is to limit the maximum time allowed for certain operations, giving an interrupt
when the operation has run longer than expected. In System Reset mode, the WDT gives a reset
when the timer expires. This is typically used to prevent system hang-up in case of runaway code.

The clock source of Watch Dog Timer is the BIT overflow. The interval of WDT interrupt is decided by
BIT overflow period and WDTR value, and is calculated as follows.
WDT Interrupt Interval = (BIT overflow period) x (WDTR + 1)

NOTE MC96FR116C has only one clock source, XINCLK, and in STOP mode, the main oscillator stops. Also, the

WDT/BIT module stops operation.

11.3.2 Block Diagram

Watchdog Timer
Counter Register

[
BIT Overflow — lear < >
WDTEN[ > } WDTCR N > )_' To Reset
Circuit
[8EH]
> 4 Is . Clear
> T T WOTIFR[*—— |NT Ack
Watchdog Timer WDTR P WDTIF
Renister
[8ExI
WDTCL WDTRSON
WDTMR

Figure 11-3 Block Diagram
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11.3.3 Register Map

Name Address Dir Default Description

WDTR 8EH W FFu Watch Dog Timer Register
WDTCR 8EH R 00 Watch Dog Timer Counter Register
WDTMR 8Dn R/W 00 Watch Dog Timer Mode Register

Table 11-3 Register Map of WDT

11.3.4 Register Description

WDTR (Watch Dog Timer Register, Write Case) 8E4
7 6 5 4 3 2 1 0

| worRr | woiRé | WDRS | WDlR4 | WDIR3 | WDTR2 | WDTRL | WDTRO |
w W W w w W W W

Initial value : FFy

WDTR[7:0] Time-out value of WDT counter (=the period of WDT interrupt)
WDT Interrupt Interval = (BIT Interrupt Interval) x (WDTR + 1)

Precaution must be taken when writing this register. To ensure proper operation, the written value,
WDTR should be greater than 014,.

WDTCR (Watch Dog Timer Counter Register, Read Case) 8En
7 6 5 4 3 2 1 0

| worcr7 | wortcre | wotcrs | wotcr4 | worcr3 | wotcr2 | wotcri | wotcro
R R R R R R R R

Initial value : 00y

WDTCR[7:0] The value of WDT counter

WDTMR (Watch Dog Timer Mode Register) 8Dy
7 6 5 4 3 2 1 0
| worEn | wotrRson | wotal | - - - - WDTIFR
Initial value : 00n
WDTEN Enable or disable WDT module
0 Disable
1 Enable
WDTRSON Decides whether to use WDT interrupt as a reset source or not
0 WDT operates as a free-running 8-bit timer
1 WDT reset is generated when WDT counter overflows
WDTCL Initialize WDT counter
0 Free runs
1 Reset WDT counter. This bit is auto-cleared after 1 machine
cycle.
WDTIFR This flag is set when WDT interrupt is generated. This bit is cleared

when the CPU services or acknowledges WDT interrupt or s/w write’0
to this bit position.
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0 WDT interrupt not occurred
1 WDT interrupt occurred

11.3.5 WDT Interrupt Timing

Source Clock
BIT Overflow

WDTCR[7:0]

WDTR[7:0]

WDTIF
Interrupt

WDTRESETB

JEREESEEREEEEEENEN N

XOOG

D EEN 00 OV e

— Counter Clear

n 3

WDTCL T
Occur Match

WDTR € 0000_0011b Detect

RESET
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Figure 11-4 WDT Interrupt and Reset Timing
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11.4 TIMER/PWM

11.4.1 8-bit Timer/Event Counter 0, 1

11.4.1.1 Overview

Timer 0 and Timer 1 can be used as either separate 8-bit Timer/Counter or one combined 16-bit
Timer/Counter. Each 8-bit Timer/Event Counter module has a multiplexer, 8-bit timer data register, 8-
bit counter register, mode control register, input capture register and comparator. For PWM mode of
operation, Timer 1 has additional registers which are PWM1PR, PWM1DR and PWM1HR.

Timer 0 and Timer 1 have 5 operating modes as following.
- two separate 8-bit Timer/Counter Mode
- two separate 8-bit Capture Mode
- 16-bit Timer/Counter Mode
- 16-bit Capture Mode
- PWM Mode

Timer 0, 1 are clocked by an internal an external clock source (ECO0). The clock source is selected by
clock select logic which is controlled by the clock select bits(TOCK][2:0], TLCK[2:0]) located in the
TOCR and T1CR registers. By configuring T1CK[2:0] bits, Timer 1 can be clocked by the clock source
used for Timer 0 or by its own divided clock “°™. Internal clock source is derived from the divider logic
of each timer module. In Capture Mode, the counter value is captured into each Input Capture
Register when a external interrupt condition is generated on INTO or INT1 pins. In 8/16-bit
Timer/Counter Mode, Timer O compares counter value with the value in timer data register and when
counter reaches to the compare value, the timer output is toggled internally. When the TO_PE bit in
TOCR register is set, the timer output overrides the normal port functionality of the 1/O pin it is
connected to. Timer 1 operates similar to Timer 0, and in addition can generate PWM wave form
when configured as PWM mode. And the Timer 1 output or PWM output appears on T1/PWML1 pin.

NOTE SCLK is internal operating clock, which is the output of clock divider logic. The input source of clock divider

is XINCLK, the output of main oscillator. The divide ratio can be selected from DIV[1:0] bits in SCCR register and
the default frequency is that of main oscillator output, XINCLK. For more information about clock scheme, refer to
chapter 11.1.

The next table shows register setting for each timer operating mode.

16 Bit | CAPO | CAP1 | PWMI1E | TOCK[2:0] | TICK[1:0] | TO/1_PE Timer 0 Timer 1
0 0 0 0 XXX XX 00 8-bit Timer 8-bit Timer
0 0 1 0 111 XX 00 8-bit Event Counter 8-bit Capture
0 1 0 0 XXX XX 01 8-bit Capture 8-bit Compare Output
0 0 0 1 XXX XX 11 8-bit Timer/Counter 10-bit PWM
1 0 0 0 XXX 11 00 16-bit Timer
1 0 0 0 111 11 00 16-bit Event Counter
1 1 1 0 XXX 11 00 16-bit Capture
1 0 0 0 XXX 11 01 16-bit Compare Output

Table 11-4 Operating modes of Timer 0, 1
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11.4.1.2 8-Bit Timer/Counter Mode

8-bit Timer/Counter Mode is selected when the TOCR and T1CR registers are configured as follows.

ADDRESS : B2,
TOCR TOEN | To_PE | cAPo | Tockz | Tocka [ Tocko | TocN | TosT INITIAL VALUE : 0000_0000;

1 X 0 X X X X X

ADDRESS : B4y

TICR poL1 | 16BIT |Pwmie | caP1 | Ticka | Ticko | Tien | TisT INITIAL VALUE : 0000_00005
X 0 0 0 X X X X
ECO A o TOST
TOEN&TOCN
<2 ‘ ls-bit Timer0 Counter
P N
r - > Clear
e 216 o] mux o o TO(8-bit) -
<64
SCLK > C - —>
? +256 > [B34]
e +1024 - > _ Timer0
r 4096 - >| TOIF > Interrup

[B34] Comparator
3

TOCK[240) TODR(8-bit) » FF (— ]PoorTo

8-bit Timer2 Data Register

T1ST
TI1CN

|3 ‘ lS-bit Timerl Counter

+16
2 Clear

- MUX T1(8-bit <
2 ) oo (8-bit)

| 0 [B6K]

> ‘ Timerl
%2 > > T1IF Interrupt
T1CK[1:0] [B54] Comparator

T1DR(8-bit) > EF —DPOl/Tl

8-bit Timerl Data Register

Figure 11-5 Block Diagram of Timer 0,1 in 8-bit timer/counter mode

Each Timer 0 and Timer 1 has its own counter register and data register. The counter is clocked by an
internal or external clock source. Internal clock source comes from divider logic whose input clock is
SCLK. For Timer 0 module, SCLK is divided by 2, 4, 16, 64, 256, 1024 and 4096. One of these
divided clock is used as internal clock source of Timer 0. Divider logic of Timer 1 is much simpler. The
SCLK is divided by 2 or 16. Along with these divided clock sources, the SCLK itself can be used as
internal clock source of Timer 1. And Timer 1 can also be clocked by the clock source of Timer O.
Each divide ratio is decided by TOCK[2:0] and T1CKJ2:0] bits. When the external clock , ECO is
selected as a clock source, the counter increases at rising edge of the clock. When the counter value
of each 8-bit timer matches individual data register, an interrupt can be requested. The interrupt flags
can be read through T3CR2 register.
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Match with TODR/T1DR

y
TODR/T1DR
Value n-1
n-2 Count Pulse Period
/ Pcp
Up-count 6
/ -
4
3
2
1
0
Interrupt Period TIME
=Pcpx (n+1)
A 3 A
Timer 0, 1
(TOIF, T1IF)
Interrupt Occur Occur Occur
Interrunt Interrunt Interrunt
Figure 11-6 Interrupt Period of Timer 0, 1
y
TODR/T1DR
Value Disable Enable
Clear&Start |
STOP I I /
I | Up-count
: i : /
| i !
_— | | .
i : | I TIME
\ I | | \
Timer 0, 1 I | i :
(TOIF, T1IF) | 1 !
Interrupt Occur . | | : Occur
Interrupt | | : | Interrupt
: : I ;
TOST, T1ST I : . |
Start&Stop TOST,T1ST = 1| ITOST,TlST =1 | I
TOST, T1ST=0 | |
TOCN, T1ICN :
Control f
count TOCN,TICN=1 ITOCN,TlCN =1

TOCN,TICN=0
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11.4.1.3 16-bit Timer/Counter Mode

When Timer 0, 1 are configured as 16-bit Timer/Counter Mode, Timer 0 becomes the lower part of the
new 16-bit counter. When the lower 8-bit counter TO matches TODR and higher 8-bit counter T1
matches T1DR simultaneously, a 16-bit timer interrupt is issued via Timer O interrupt(not Timer 1).
Both TO and T1 should use the same clock source, which leads to the configuration, TLICK1=1,
T1CKO=1 and 16BIT=1 in T1CR register. This means to use two separate 8-bit counters(T0, T1) as a
single 16-bit counter, T1 must be clocked by the clock source of TO. This is shown in the following
figure.

ADDRESS : B2y
TOCR TOEN | TO_PE | CAPO | TOCK2 | TOCK1 | TOCKO | TOCN | TOST INITIAL VALUE : 0000_0000g
1 X 0 X X X X X
ADDRESS : B4y
T1CR POL1 | 16BIT |PWMIE | CAP1 | TICK1 | TICKO | TICN | T1ST INITIAL VALUE : 0000_0000g

\
ECO| |— A >
TOEN&TOCN 00"
2 _ # l 16-bit Counter
P 4 >
r - > Clear
S o] MuX oo @bty | @b [°
SCLK — ¢ [=84
? 256 [B64] [B34]
e |zr024 | > _ . Timer0
r 4096 > > TOIF Interrup
[B54] Comparator
3 TIDR TODR
TOCK[2:0] @bit) | (8bit) |y, > FIF |]§?’\?/TO
H.

16-bit Data Register

Figure 11-8 Block Diagram of Timer 0, 1 in 16-bit Timer/ Counter mode

In 8-bit Timer/Counter Mode, timer output is toggled and appears on POO(P01) port whenever TO(T1)
matches TODR(T1DR). In 16-bit Timer/Counter Mode, timer output is toggled and appears on P01
port whenever T1+T0O matches TIDR+TODR. The initial value of each timer’s output is ‘0’ and output
frequency is calculated by the following equation.

Timer Clock Frequency
f —
COMP 2 x PrescalerValue x (TnDR +1)

where fcomp is the frequency of timer output, TnDR is TODR or T1DR in 8-bit timer mode or
concatenated TIDR+TODR in 16-bittimer mode.

To observe timer output via port, TO_PE in TOCR register or T1_PE in PWM1HR register must be set.

78 July., 2014 Rev. 1.0.1



11.4.1.4 8-bit Capture Mode

By setting CAPO(CAP1) to ‘1’ in TOCR(T1CR) register, Timer O(Timer 1) operates in Capture Mode.
Basic timer function is still effective even in capture mode. So when the counter value reaches to the
pre-defined data value in data register, an interrupt can be issued. When an external interrupt
generating condition is detected on port P36(P37), the counter value is captured into capture register
CDRO(CDR1). At the same time the counter TO(T1) is cleared to 00y and counts up again.

The timer interrupt in Capture Mode is very useful when the interval of capture event on port P36(P37)
is longer than the interrupt period of timer. That is, by counting number of timer interrupt, user
software can figure out the time interval of external event. As you know, external interrupt is triggered
by a falling edge, a rising edge or both edge according to the setting of EDEDGE register(Interrupt
Edge Selection Register, ADy).

CDRO, TO and TODR registers share peripheral address. Reading TODR gives the value of CDRO in
Capture Mode, TO in Timer/Count Mode. Writing TODR alters the contents of TODR in any mode.
CDR1, T1 and T1DR is all the same as above.
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ADDRESS : B2
TOCR TOEN | TO_PE | CAPO | TOCK2 | TOCK1 | TOCKO | TOCN | ToST INITIAL VALUE : 0000_0000s
1 X 1 X X X X X
ADDRESS : B4y
T1CR POL1 | 16BIT | PWMIE | CAP1 | TICK1 | TICKO | TI1CN | T1ST INITIAL VALUE : 0000_0000g
X 0 0 1 X X X X
\
ECO A o TOST
TOEN&TOCN
+2 g ; l 8-bit Timer2 Counter
P - >
r 4 >
¢ F16 I MUX | @ o o TO(8-bit)
SCLK > ¢ FE» I
? 5256, Clear [B34]
e +1024 >~ A
r +4096 > -
(B34
3
TOCK[2:0] CDRO(8-bit)
EIEDGE[1:0]
8-bit Timer0 Data Register
_ INTO
INTOD _\— > INTOIF Interrupt
T1ST
T1CN
>|5 ‘ l 8-bit Timer1 Counter
\ 16 2
2 MUX o o T1(8-bit)
| 1
»|0 Clear 1 [B64]
T1CK[1:0] [B54]
CDR1(8-bit)
EIEDGE[3:2]
8-bit Timerl Data Register
o INT1
INTlD _\_ > INTLIF Interrupt

AL
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Figure 11-9 Block Diagram of Timer 0O, 1 in 8-bit Capture mode
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CDRO, CDR1 Load

A
TO/T1 Value
n-1
n-2 Count Pulse Period
/ Per
Up-count 6
/ -
4
3
2
1
0 [,
TIME
Ext. INTO PIN |—
Interrupt
Request

(INTOF,INT1F)

Interrupt Interval Period

Figure 11-10 Timer 0,1 Operation in 8-bit Input Capture Mode

T0, T1

00

Interrupt

FEw FEu
XX
004 004 00,

00w

Request
(TOF,T1F)

Ext. INTO PIN

Interrupt

Request
(INTOF,INTLF)

Interrupt Interval Period = FFy + FFy + YYy +01y

Figure 11-11 Example of Capture Interval Calculation in 8-bit Input Capture Mode

July., 2014 Rev.1.0.1

81




11.4.1.5 16-bit Capture Mode

If two 8-bit timers are combined to operate as a single 16-bit timer, this new timer can be in 16-bit
Capture Mode. The operating mechanism is just like a 8-bit timer in capture mode except counter and
capture register is 16-bit wide which are concatenated TO+T1 and CDRO+CDR1. The 16-bit counter
TO+T1 is clocked by a clock source selected by TOCK[2:0] bits in TOCR register. And the T1CK1,
T1CKO and 16BIT bits in TLCR register must be set to ‘1’ to operate correctly. The following figure
shows how the Timer 0, 1 operate in 16-bit Capture Mode.

ADDRESS : B2
TOCR TOEN | TO_PE | CAPO | TOCK2 | TOCK1 | TOCKO | TOCN | TOST INITIAL VALUE : 0000_0000g

1 X 1 X X X X X

ADDRESS : B4y

TICR poL1 | 16BIT |PwmiE | caP1 | Tick | Ticko | TicN | TisT INITIAL VALUE : 0000_00005
X 1 0 1 1 1 X X
\
ECO A > TOST
TOEN&TOCN
=2 _ ‘ l 16-bit Counter
P T
r - >
e 216 | mux o o T1(8-bit) TO(8-bit)
+64
SCLK —»| ¢ - > ‘
a o286 (864 f Clear (83,
+1024
e >
r 4096 N
[B5y] [B3u]
s (8-bit) CDRO(8-bit)
. CDR1(8-bit -bit
TOCK[2:0] EIEDGE[1:0]

16-bit Data Register

S

INTO D @

INTO
Interrup

\

INTOIF

Figure 11-12 Block Diagram of Timer 0, 1 in 16-bit Capture Mode

11.4.1.6 PWM Mode (Timer 1)

Timer 1 supports simple PWM waveform generating function by setting PWML1E bit in TLCR register.
To output the PWM waveform through T1/PWM1 pin, the T1_PE bit in PWM1HR register is to be set.
The period and duty of PWM waveform are decided by PWM1PR(PWM Period Register),
PWM1DR(PWM Duty Register) and PWM1HR registers. Note the PWM resolution is 10-bit depth, the
period and duty is calculated by next equation.

PWM Period = [ PWM1HR[3:2], PWM1PR ] X Timer 1 Clock Period
PWM Duty =[PWM1HR[1:0], PWMI1DR ] X Timer 1 Clock Period
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Frequency

Resolution
T1CKJ1:0]=00 (125ns) | T1CKJ[1:0]=01 (250ns) | T1CK]1:0]=10 (2us)
10-bit 7.8KHz 3.9KHz 0.49KHz
9-bit 15.6KHz 7.8KHz 0.98KHz
8-bit 31.2KHz 15.6KHz 1.95KHz
7-bit 62.4KHz 31.2KHz 3.91KHz

Table 11-5 PWM Frequency vs. Resolution (In case frequency of SCLK(=fscLk) is 8MHz)

The POL bit in T1CR register determines the polarity of PWM waveform. Setting POL=1 makes PWM
waveform high for duty value. In other case, PWM waveform is low for duty value.

ADDRESS : B4y
T1CR POL1 | 16BIT |PWM1E | CAP1 | T1CK1 | T1CKO | TICN | T1ST INITIAL VALUE : 0000_0000s
X 0 1 0 X X X X
ADDRESS : B7y
PWM1HR T1_PE PW1H3|PW1H2 | PW1H1|PW1HO INITIAL VALUE * 0--- 00005
1 X X X X
| | |
Period High Duty High
8-bit Timerl PWM Period Register
I PWM1PR
PWMIHR(3:2] (8-bit) T1_PE
[B5H]
T1ST - >
P - >1S Q
j T1CN > PWM1
SCLK g 1 ‘ Comparator
— ¢ =2 > Clear R
a > . Tl
+16 MUX . <
! > MV oo 2Bit:  (gpir)
' > 8-bit Timer1 [B6:] PoL
Counter + 2-bit
2 >
T1CK[1:0] -
Comparator
TO Clock
Source PWM1DR
Slave | v (8-bit)
/ (B6.]
PWM1HR[1:0]
Master N PWM1DR
(8-bit)
[B6H]
Figure 11-13 Block Diagram of Timer 1 in PWM mode
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Source Clock
o Yo XXXl - G000 (o)oK
N
T1/PWM1 h
POLO=1
T1/PWM1
POLO=1 R
B Duty Cycle(1+804)X250ns = 32.25us
P Period Cycle(1+3FF4)X250ns = 256us = 3.9kHz _
T1CK[1:0] = 00u(fsci) PW1H3 | PW1H2 PWM1PR(8-bit)
PWM1HR = 034
PWM1PR = FFy 1 1 il
PWMIDR = 804 PWI1H1 | PWI1HO PWM1DR(8-bit)
0 0 804

Figure 11-14 Example of PWM Waveform (In case frequency of SCLK(=fscLk) is 4MHz)

T1CR[1:0] = 104(2us)
PWM1HR = 00y

PWM1PR = OE4 .
PWM1DR = 054 Write OAy to PWM1PR

Source Clock
(fsc) |
Pl ekttt

IER |—'

T1/PWM1
POLO=1 _ | |
D Duty Cycle - B Duty Cycle - B Duty Cycle -
(1+055)X2us = 12us (1+05)X2us = 12us (1+054)X2us = 12us
Period Cycle Period Cycle
(1+0Ew)X2us = 32us > 31.25KHz (1+0Ap)X2us = 22us > 45.5KHz

Figure 11-15 Behaviour of waveform when changing period (In case fscik is 4MHz)

11.4.1.7 Register Map

Name Address Dir Default Description

TOCR B2y R/W 00 Timer 0 Mode Control Register
TO B3u R 00 Timer O Register

TODR B3u W FFu Timer O Data Register

CDRO B3u R 00H Capture 0 Data Register
T1CR B4y R/W 00y Timer 1 Mode Control Register

84 July., 2014 Rev. 1.0.1



T1DR B54 W FFu Timer 1 Data Register
PWM1PR B54 W FFu Timer 1 PWM Period Register
T1 B6n R 00 Timer 1 Register

PWM1DR B6u R/W 00y Timer 1 PWM Duty Register
CDR1 B6u R 00y Capture 1 Data Register
PWM1HR B7n W 00y Timer 1 PWM High Register

11.4.1.8 Register Description

Table 11-6 Register Map of Timer 0, 1

TOCR (Timer 0 Mode Control Register) B2y
7 6 5 4 3 2 1 0
| TEN | ToPE cao | Tocke | ook TOCKO TOCN TOST
RW RW RW RW RW RW RW RW
Initial value : 004
TOEN Enables or disables Timer 0 module.
0 Disable Timer 0
1 Enable Timer O
TO_PE Controls whether to output Timer 0 output or not through 1/O pin.
0 Timer 0 output does not come out through 1/0 pin
1 Timer 0 output overrides the normal port functionality of I/O pin
CAPO Selects operating mode of Timer 0.
0 Timer/Counter mode
1 Capture mode
TOCK[2:0] Selects clock source of Timer 0. "°T&
TOCK2 TOCK1 TOCKO  Timer O clock
0 0 0 fscik/2
0 0 1 fscLk/2°2
0 1 0 fsck/2™4
0 1 1 fscLk/276
1 0 0 fscLk/2°8
1 0 1 fscLk/2710
1 1 0 fsck/2712
1 1 1 External Clock (ECO0)
TOCN Decides whether to pause or continue counting
0 Pause counting temporarily
1 Continue to count
TOST Decides whether to start or stop counter

0 Stops counting
1 Clear counter and starts up-counting

NOTE £ « is the frequency of internal operating clock, SCLK.

TO (Timer 0 Register, Read Case) B34
7 6 5 4 3 2 1 0
| o | Tt | T8 | ™ T03 T2 TOL T0O
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R R R R R
Initial value : 00y

TO[7:0] TO Counter value
TODR (Timer 0 Data Register, Write Case) B34
7 6 5 4 3 2 1 0
| o7 | o6 | Top5 | ToM | Toms TOD2 TOD1 TODO
W w W \W W W W w
Initial value : FFy
TOD[7:0] TO Compare data
CDRO (Capture 0 Data Register, Read Case) B3y
7 6 5 4 3 2 1 0
| coror | cors | cors | cored | coRm CDRO2 CDROL CDRO0
R R R R R R R R
Initial value : 00n
CDRO[7:0] TO Capture value
T1CR (Timer 1 Mode Count Register) B4y
7 6 5 4 3 2 1 0
| po. | 1T PWMIE | caPl TICKL TICKO TICN TIST
RW RW RW RW RW RW RW RW
Initial value : 004
POL Selects polarity of PWM
0 PWM waveform is low for duty value
1 PWM waveform is high for duty value
16BIT Selects width of Timer 0,1
0 Timer 0,1 are two separate 8-bit timers
1 Timer 0+1 is combined single 16-bit timer
PWM1E Enable PWM function of Timer 1
0 Timer 1 is Normal Timer/Counter
1 Timer 1 is PWM
CAP1 Selects operating mode of Timer 1.
0 Timer/Counter mode
1 Capture mode
T1CK[1:0] Selects the clock source of Timer 1.
T1CK1 T1CKO Timer 1 clock
0 0 fscLk
0 1 fscLk/2
1 0 fscLk/2°4
1 1 Timer 0 Clock
T1CN Decides whether to pause or continue counting
0 Pause counting temporarily
1 Continue to count
T1ST Decides whether to start or stop counter
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0 Stops counting

1 Clear counter and starts up-counting
T1DR (Timer 1 Data Register, Write Case) B5y
7 6 5 4 3 2 1 0
| mor | moe | s | mo | T T1D2 TIDL TIDO
w W W W W W W W
Initial value : FFy
T1D[7:0] T1 Compare data
PWM1PR (Timer 1 PWM Period Register, Write Case) B5y
7 6 5 4 3 2 1 0
Tipr7 | mere | Ters | mepa | TR | mipe2 T1PPL TIPPO
W W W W W W W W
Initial value : FFy
T1PP[7:0] Period of PWM waveform
T1 (Timer 1 Register, Read Case) B6
7 6 5 4 3 2 1 0
| 7 | me | 15 | T4 TI3 T2 T T10
R R R R R R R R
Initial value : 00y
T1[7:0] T1 Counter value
PWM1DR (Timer 1 PWM Duty Register, Write Case) B6
7 6 5 4 3 2 1 0
TiP07 | mPoe | TiPDs | T4 | TP | meoe | TiPDL T1PDO
w W W W W W W W
Initial value : 00y
T1PD[7:0] Duty of PWM waveform. NOTE) This register is meaningful only

when PWML1E bit in T1ICR register is ‘1’.

CDRL1 (Capture 1 Data Register, Read Case) B6y
7 6 5 4 3 2 1 0
| coriz | come | coris | cor4 | coRis CDR12 CDRIL CDRI0
R R R R R R R R
Initial value : 00y
CDR1[7:0] T1 Capture value
PWM1HR (Timer 1 PWM High Register) B74
7 6 5 4 3 2 1 0
TLPE | - - | - | Pwus PWIH? PWIHL PW1HO
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w - - - W W wW w
Initial value : 00y

T1_PE Controls whether to output Timer 1 output or not through 1/0 pin. Note
this bit is write-only.
0 Timer 1 output does not come out through 1/O pin
1 Timer 1 output overrides the normal port functionality of I/O pin
PW1H[3:2] High (bit [9:8]) value of PWM period
PW1H[1:0] High (bit [9:8]) value of PWM duty

When Timer 1 operates in PWM mode, PW1H[3:2] and T1PP constitute the period of PWM,
PW1HJ[1:0] and T1PD constitute the duty of PWM.

11.4.2 16-bit Timer 2

11.4.2.1 Overview

16-bit Timer 2 is composed of Multiplexer, Timer Data Register High/Low, Timer Register High/Low
and Mode Control Register.

Timer 2 is clocked by Carrier Signal (CRF) from Carrier Generator module or by an internal clock
source deriving from clock divider logic where the base clock is SCLK. This timer supports output
compare(Timer/Counter) and input capture function.

When IRCEN bit in IRCCL1 is set, Timer 2 operates in IR capture mode. In this mode Timer 2 can
detect the envelope of IR input signal or counts the number of input carrier signal. In envelop
detection mode of operation, the counter value of Timer 2 is captured into timer capture register on
first rising edge of IR input(normally amplified carrier signal) and overflow of WT. When Timer 2 is
used to calculate the number of carrier signal, the rising edge of input carrier becomes the clock
source of Timer 2. For more information about IR capture operation, refer to WT and IRCC section.

11.4.2.2 16-bit Output Compare or Event Counter Mode

When Timer 2 is in Output Compare or Event Counter Mode, timer output is toggled and appears on
P02 port whenever T2(T2H+T2L) matches T2DR(T2DRH+T2DRL). An interrupt can be requested if
enabled and the interrupt flag can be read through T3CR2 register. The initial value of timer output is
‘0’ and output frequency is calculated by the following equation.

Timer Clock Frequency
f =
COMP 2 PrescalerValue x (T2DR +1)
where fcomp IS the frequency of timer output, T2DR is concatenated T2DRH+T2DRL. The clock

source of Timer 2 is selected by T2CK][2:0] bits in T2CR register. To observe timer output via port, set
T2_PE bit in T2CR register to ‘1’.
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ADDRESS : CEy
T2CR EC2E | T2_PE | cAP2 | T2ck2 | T2cK1 | T2cKO | T2CN | T2sT INITIAL VALUE : 0000_00005
X X 0 X X X X X
EC2 (or|:|_> f [~
IRSensor)
T2ST
<1 T2CN
P +2 : * lls-bit Timer2 Counter
r +4 g
S E > T2H T2L Clear
8 | MUX . X -
SCLK — ¢ [ oo (8-bit) | (8-bit)
T =ea [C74 [CFd
e |25 > Timer2
" [Grr ~ » > T2IF Interrupt
Comparator
1 3 T2DRH T2DRL
(8-bit) i (8-bit)

EC2E T2CK[2:0] p— -
H. H.

16-bit Timer2 Data Register

Figure 11-16 Block Diagram of 16-bit Timer 2 in Output Compare or Event Counter Mode

11.4.2.3 16-bit Capture Mode

Capture Mode is enabled by setting CAP2 bit in T2CR register. The clock source is the same as in
output compare mode of operation.

T2CR Ec2e | T2_PE | cap2 | T2ck2 | T2ck1 | T2cko | T2eN | T2sT ADDRESS : C6y
INITIAL VALUE : 0000_0000
X X 1 X X X X X
EC2 (or|:|_> f I
IRSensor)
T2sT
<1 T2CN
P 2 : ‘ l 16-bit Counter
r 4
e >
+8 MUX T2H(8-bit) T2L(8-bit)
s >
SCLK —* ¢ [=16 oo
a >
[ 64 (c74 } clear [CFd
e | 256
r > :
CRF
[C7] [CFd]
13 CDR2H(8-bit) | CDR2L(8-bit)
EIEDGE[5:4]
EC2E T2CK[2:0]
\L 16-bit Data Register
INT2 _\_ > —» INT2IF —>|NT2
| I [ Interrupt
_/_\_ 0
/
? 1
WTOutD " »| T2IF/ » T2 0r WT
—\_ | WTIF Interrupt
_/—\_ IRCAP2
T2EDGE[1:0] IRCAP2 = T2EDGE[1:0] != 005

Figure 11-17 Block Diagram of Timer 2 in Capture Mode
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When T2H+T2L reaches to the value of T2DRH+T2DRL, an interrupt is requested if enabled. When
a compare-match occurs, the counter values T2H and T2L are captured into the capture registers
CDR2H and CDR2L respectively. At the same time, the counter is cleared to 00004 and starts up-
counting.

Bit 4 and 5 in EIEDGE (External Interrupt Edge Selection Register, AD}) register select the
triggering condition of external interrupt 2(INT2), a falling edge, a rising edge or both edge.

When Timer 2 operates in IR capture mode, the capture source becomes the output of IR AMP.
And the T2EDGE[1:0] bits in IRCC2 register select the triggering condition of Watch Timer output. In
this mode, Timer 2 detects the envelop of input carrier signal, and the T2IR bit in IRCC2 register
should be cleared to ‘0’

11.4.2.4 Carrier Counting Mode

Carrier Counting Mode is enabled by setting T2IR bit in IRCC2 register. This mode of operation is only
available when IRCEN bit in IRCCL1 register is set. The clock source is the rising edge of input carrier
signal. Like output compare mode, when T2H+T2L reaches to the value of T2DRH+T2DRL, an
interrupt is requested if enabled.

T2CR ec2e | 12_Pe| cap2 |T2ck2 | T2ck | T2cko | T2eN | T2sT ADDRESS : C6y,
INITIAL VALUE : 0000_0000g
0 X 0 X X X X X
IRCC2 T3R | T2IR . . T3EDG | T3EDG | T2EDG | T2EDG ADDRESS : DFy
E1 E9 E1 EO INITIAL VALUE : 0000_0000g
X 1 X X X X X X
T2sT
T2CN
* llG-bit Timer2 Counter
Clear

IRSensorD—» T2H T2L |
1 oo (8-bit) | (8-bit)
[C74] [CFy]

> > T2IF Timer2
> Interrupt

Comparator
T2DRH T2DRL
(8-bit) i (8-bit)
[C74] [CFd]

16-bit Timer2 Data Register

Figure 11-18 Block Diagram of Timer 2 in Carrier Counting Mode

The EC2E and CAP2 bit in T2CR register should be cleared to ‘0’ for proper operation.

11.4.2.5 Register Map

Name Address Dir Default Description

T2CR C6n R/W 00 Timer 2 Mode Control Register
T2H C7n R 00H Timer 2 Counter High

T2DRH C7n W FFH Timer 2 Data Register High

CDR2H C7x R 00H Timer 2 Capture Data Register High
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T2L CFH R/W 00 Timer 2 Counter Low
T2DRL CFx W FFu Timer 2 Data Register Low
CDR2L CFx R 00 Timer 2 Capture Data Register Low

11.4.2.6 Register Description

Table 11-7 Register Map of Timer 2

CDR2H, T2DRH and T2H registers share peripheral address. Reading T2DRH gives CDRO in
Capture Mode, T2H in Output Compare Mode. Writing T2DRH alters the contents of T2DRH in any
mode. This applies to the case of CDR2L, T2DRL and T2L registers.

T2CR (Timer 2 Mode Control Register) C6y
7 6 5 4 3 2 1 0
| EcE | mpE ca2 | o | moa T2CKO T2CN T2ST
RW RW RW RW RW RW RW RW
Initial value : 00x
EC2E Enable event counter mode of Timer 2.
0 Timer 2 is a normal counter.
1 Timer 2 is an event counter clocked by EC2.
T2_PE Controls whether to output Timer 2 output or not through I/O pin.
0 Timer 2 output does not come out through 1/O pin
1 Timer 2 output overrides the normal port functionality of I/O pin
CAP2 Selects operating mode of Timer 2.
0 Timer/Counter mode
1 Capture mode
T2CK[2:0] Selects clock source of Timer 2. 08
T2CK2 T2CK1 T2CKO  Timer 2 clock
0 0 0 fscLk
0 0 1 fscLk/271
0 1 0 fscLk/2°2
0 1 1 fscik/273
1 0 0 fsck/2™4
1 0 1 fscLk/276
1 1 0 fscLk/28
1 1 1 CRF (Carrier)
T2CN Decides whether to pause or continue counting.
0 Pause counting temporarily
1 Continue to count
T2ST Decides whether to start or stop counter

0 Stops counting
1 Clears counter and starts up-counting

NOTE £c1k is the frequency of internal operating clock, SCLK.

T2L (Timer 2 Counter Low, Read Case) CFq
7 6 5 4 3 2 1 0
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T2L7 T2L6 | T2L5 T2L4 T2L3 T2L2 T2L1 T2L0
R R R R R R R R
Initial value : 00y
T2L[7:0] T2 Counter Low
T2DRL (Timer 2 Data Register Low, Write Case) CFq
7 6 5 4 3 2 1 0
| ™R7 | ToR6 | ™RS5 | TOR4 | ToDR3 T2DRL2 T2DRL1 T2DRLO
W w w w w W W w
Initial value : FFy
T2DRL[7:0] T2 Compare Data Low

CDR2L (Capture Data Register 2 Low, Read Case) CFq
7 6 5 4 3 2 1 0
| cora7 | corae | coras | cored | coRaz | oorel2 CDR2LL CDR2LO
R R R R R R R R
Initial value : 004
CDR2L[7:0] T2 Capture Data Low

T2H (Timer 2 Counter High, Read Case) C7y
7 6 5 4 3 2 1 0
| T THe | T2*E THA | T2 ToH? ToHL T2HO
R R R R R R R R
Initial value : 00y
T2H[7:0] T2 Counter High
T2DRH (Timer 2 Data Register High, Write Case) C74
7 6 5 4 3 2 1 0
| TDRH7 | ToDRH6 | T2DRHS | TODRH4 | T2DRH3 T2DRH? T2DRHL T2DRHO
w w w W W w w w
Initial value : FFy
T2DRH[7:0] T2 Compare Data High

CDR2H (Capture Data Register 2 High, Read Case) C74
7 6 5 4 3 2 1 0
| cor7 | CDReHe | CDRHS | CDReH4 | CDRHB | CDR2H2 COR?HL | CDR2HO
R R R R R R R R
Initial value : 00y
CDR2H[7:0] T2 Capture Data High
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11.4.3 16-bit Timer 3

11.4.3.1 Overview

16-bit Timer 3 is composed of Multiplexer, Timer Data Register High/Low, Timer Register High/Low,
Input Capture Register High/Low, Mode Control Register, PWM Duty High/Low and PWM Period
High/Low Register.

Timer 3 is can be clocked by Carrier Signal(CRF) from Carrier Generator module or by an internal
clock source deriving from clock divider logic where the base clock is SCLK.

When IRCEN bit in IRCCL1 is set, Timer 3 operates in IR capture mode. In this mode Timer 3 can
detect the envelope of IR input signal or counts the number of input carrier signal. In envelop
detection mode of operation, the counter value of Timer 3 is captured into timer capture register on
first rising edge of IR input(normally amplified carrier signal) and overflow of WT. When Timer 3 is
used to calculate the number of carrier signal, the rising edge of input carrier becomes the clock
source of Timer 3. For more information about IR capture operation, refer to WT and IRCC section.

11.4.3.2 16-bit Output Compare or Event Counter Mode

When Timer 3 is in Output Compare or Event Counter Mode, timer output is toggled and appears on
P03 port whenever T3(T3H+T3L) matches T3DR(T3DRH+T3DRL). An interrupt can be requested if
enabled and the interrupt flag can be read through T3CR2 register. The initial value of timer output is
‘0’ and output frequency is calculated by the following equation.

Timer Clock Frequency
f =
COMP 2 PrescalerValue x (T3DR +1)
where fcomp is the frequency of timer output. T3DR is concatenated T3DRH+T2DRL. The clock

source of Timer 3 is selected by T3CK][2:0] bits in T3CR register. To observe timer output via port, set
T3 _PE bit in T3CR2 register to ‘1’
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ADDRESS : CAy

T3CR EC3E PV\IIEMS CAP3 | T3CK2 | T3CK1 | T3CKO | T3CN | T3ST INITIAL VALUE : 0000_0000g
X 0 0 X X X X X
ADDRESS : C9y
T3CR2 T3REQ | T2REQ | TIREQ | TOREQ - - T3_PE| POL INITIAL VALUE : 0000_--00g
X X X X - - X X

EC3 (or|:|__> f Y
IRSensor)
T3ST
+1 T3CN
p 2 i * llG-bit Timer3 Counter
r +4
— Clear
s [__o| Mux oo (;-31;1) (E;T-et;iLt) -
SCLK —» ¢ [:16 _
A T [cCul [CB.]
e |:256 > Timer3
r > > —>| T3IF Interrupt
CRE___ > p

Comparator
1 3 T3DRH : T3DRL
(8-bit) (8-bit)

EC3E T3CK[2:0]

[CEX [CDH]
16-bit Timer3 Data Register

Figure 11-19 Block Diagram of Timer 3 in Output Compare or Event Counter Mode

11.4.3.3 16-bit Capture Mode

Capture Mode is enabled by setting CAP3 bit in T3CR register. The clock source is the same as in
output compare mode of operation. When T3H+T3L reaches to the value of T3DRH+T3DRL, an
interrupt is requested if enabled. When a compare-match occurs, the counter values T3H and T3L are
captured into the capture registers CDR3H and CDR3L respectively. At the same time, the counter is
cleared to 0000y and starts up-counting.

Bit 6 and 7 in EIEDGE(External Interrupt Edge Selection Register, ADy) register select the triggering
condition of external interrupt 3(INT3), a falling edge, a rising edge or both edge.

When Timer 3 operates in IR capture mode, the capture source becomes the output of IR AMP. And
the T3EDGE[1:0] bits in IRCC2 register select the triggering condition of Watch Timer output. In this
mode, Timer 3 detects the envelop of input carrier signal, and the T3IR bit in IRCC2 register should
be cleared to ‘0’
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T3CR Ec3e | PWM3 | caps | Tackz | T3cka | Tacko | T3eN | TasT ADDRESS : CAy
E INITIAL VALUE : 0000_0000g
X X 1 X X X X X
T3CR2 T3REQ | T2REQ | TIREQ | TOREQ| - - |T3_Pe| POL ADDRESS : C9y
INITIAL VALUE : 0000_--00g
X X X X X X X X
EC3 (or f I
IRSensor)
a1, T3CN 38T
P 2 o # l 16-bit Counter
r +4 g
e >
=8 MUX . .
S > - -
SCLK A o o T3H(8-bit) T3L(8-bit)
a I- > 7
| 64 > [CCH] T Clear [CBY]
e | :256
r > X
CRF >
[CCH] [CBH]
3
T3CK[2:0] CDR3H(8-bit) | CDR3L(8-bit)
EIEDGE[7:6]

INT3
Interrupt

> INT3IF

INT3 D

\L 16-bit Capture Register

A

| — 0

T3IF/ T3 or WT

\i

<

WT Out D

WTIF Interrupt
i} IRCAP3
T3EDGE[1:0] IRCAP3 = T3EDGE[1:0] != 00g

Figure 11-20 Block Diagram of Timer 3 in Capture Mode

11.4.3.4 Carrier Counting Mode

Carrier Counting Mode is enabled by setting T3IR bit in IRCC2 register. This mode of operation is only
available when IRCEN bit in IRCCL1 register is set. The clock source is the rising edge of input carrier
signal. Like output compare mode, when T3H+T3L reaches to the value of T3DRH+T3DRL, an
interrupt is requested if enabled.
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T3CR Ec3E | PWM3 | cap3 |T3ck2 | T3ck1 | Tacko | T3cN | T3sT ADDRESS : CA,
E INITIAL VALUE : 0000_0000g
0 X 0 X X X X X
IRCC2 T3IR | T2IR T3EDG | T3EDG | T2EDG | T2EDG ADDRESS : DFy
E1 E9 E1 EO INITIAL VALUE : 0000_0000g
1 X X X X X X X
T3ST
T3CN
* lls-bit Timer3 Counter
Clear

IRSensorD—; T3H T |
£ oo (8-bit) | (8-bit)
[CCh] [CBH]

> _ . Timer3
> g E Interrupt

Comparator
T2DRH T2DRL
(8-bit) i (8-bit)
[CEH [CDHl

16-bit Timer3 Data Register

Figure 11-21 Block Diagram of Timer 3 in Carrier Counting Mode

The EC3E and CAP3 bit in T3CR register should be cleared to ‘0’ for proper operation.

11.4.3.5 PWM Mode

Timer 3 supports simple PWM waveform generating function by setting PWMS3E bit in T3CR register.
As Timer 3 is 16-bit wide, the PWM resolution is also 16-bit depth. To output the PWM waveform
through T3/PWM3 pin, the T3_PE bit in T3CR2 register is to be set. The period and duty of PWM
waveform are decided by PWM3PRH, PWM3PRL, PWM3DRH and PWM3DRL registers. The
equation to calculate period and duty is as follows.

PWM Period = [ PWM3PRH, PWM3PRL ] X Timer 3 Clock Period

PWM Duty =[PWM3DRH, PWM3DRL ] X Timer 3 Clock Period
. Frequency
Resolution
T3CK[2:0]=000 (250ns) | T3CK[2:0]=001 (500ns) | T3CK[2:0]=011 (2us)
16-bit 60.938Hz 30.469Hz 7.617Hz
15-hit 121.87Hz 60.938Hz 15.234Hz
10-bit 3.9KHz 1.95KHz 0.49KHz
9-bit 7.8KHz 3.9KHz 0.98KHz
8-bit 15.6KHz 7.8KHz 1.95KHz

Table 11-8 PWM Frequency vs. Resolution (In case of fsc.k=4MHz)

The POL bit in T3CR register determines the polarity of PWM waveform. Setting POL=1 makes the
PWM waveform high for duty value. In other case, PWM waveform is low for duty value.
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ADDRESS : CAy4
INITIAL VALUE : 0000_0000g

ADDRESS : C9y
INITIAL VALUE : 0000_--00g

T3_PE

T3CK[2:01

Slave

Master

PWM3DRH PWM3DRL

(8-bit) (8-bit)

[CCul [CBH]

PWM3DRH PWMS3DRL
(8-bit) (8-bit)

T3CR EC3E | PWM3 | caAP3 | T3CK2 | T3CK1 | T3CKO | T3CN | T3ST
E
X 1 0 X X X X X
T3CR2 T3REQ | T2REQ | TIREQ | TOREQ T3_PE| POL
X X X X X X X X
16-bit Timer3 PWM Period Register
PWM3PRH PWM3PRL
(8-bit) (8-bit)
[DEH] [CDH]
+1 \
. > T3ST >
P 2 _ T3CN
r ) > * c
e - > omparator ledr
s =8 N
SCLK—> ¢ =16 | MUX | | {  T3HR TR [d
i T oo e (@b
e 1256 16-bit Timer3 [[CC,] ~ [CB]
r CRE | Counter >
/‘E Comparator

POL

P03/
PWM3
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Figure 11-22 Block Diagram of Timer 3 in PWM Mode
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Source Clock
(fscLk)

UUuUL-Mt

-

JTULHL
o6e

T3 ) . ﬂ *tc {3FF
T3/PWM3 ®
POLO=1
T3/PWM3
POLO=1 Ny

.
Duty Cycle(1+00804)X500ns = 64.50us

A

Period Cycle(1+03FF4)X500ns = 512us - 1.95kHz

4
y

T3CK][2:0] = 00u(fscLk/2) PWM3PRH(8-bit) PWM3PRL(8-bit)

PWM3PRH = 03y

PWM3PRL = FFy 034 PPy

PWM3DRH = 00y _ _

PWM3DRL = 80. PWM3DRH(8-bit) PWM3DRL(8-bit)
00y 80x

Figure 11-23 Example of PWM waveform (In case of fsci k=4MHz)

11.4.3.6 Register Map

Name Address Dir Default Description

T3CR2 CY4 R/W 00H Timer 3 Mode Control Register 2
T3CR CAH R/W 00w Timer 3 Mode Control Register
T3L CBHx R 00H Timer 3 Counter Low

PWM3DRL CBu R/W 00w PWM 3 Duty Register Low

CDR3L CBu R 00w Timer 3 Capture Data Register Low
T3H CCx R 00w Timer 3 Counter High

PWM3DRH CChx RW 00 PWM 3 Duty Register High

CDR3H CCq R 00H Timer 3 Capture Data Register High
T3DRL CDn W FFH Timer 3 Data Register Low
PWM3PRL CDn W FFH PWM 3 Period Register Low
T3DRH CEn W FFH Timer 3 Data Register High
PWM3PRH CEn W FFu PWM 3 Peiord Register High

Table 11-9 Register Map of Timer 3

11.4.3.7 Register Description

Timer3 can generate PWM output of 16-bit resolution. The period of PWM3 is decided by PWM3PRH
and PWM3PRL registers and the duty of PWM3 is decided by PWM3DRH and PWM3DRL registers.
PWM3PRH and PWM3PRL registers are write-only. Note that the value of period and duty registers
can be changed only when PWMS3E bit in T3CR register is set.

CDR3H, PWM3DRH and T3H registers share peripheral address. When PWM mode is enabled,
reading this address gives PWM3DRH. When PWM mode is disabled, reading this address gives
CDR3H in Capture Mode or T3H in Output Compare Mode. Writing this address alters PWM3DRH
when PWMS3E bit is ‘1’. When PWM mode is disabled, writing this address alters T3DRH.
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CDR3L, PWM3DRL and T3L registers share peripheral address. When PWM mode is enabled,
reading this address gives PWM3DRL. When PWM mode is disabled, reading this address gives
CDR3L in Capture Mode or T3L in Output Compare Mode. Writing this address alters PWM3DRL
when PWMS3E bit is ‘1’. When PWM mode is disabled, writing this address alters T3DRL.

T3CR (Timer 3 Mode Control Register) CAy
7 6 5 4 3 2 1 0
| EcE | PwmE s | moke | moa T3CKO T3CN T3ST
RW RW RW RW RW RW RW RW
Initial value : 00y
EC3E Enable event counter mode of Timer 3.
0 Timer 3 is a normal counter.
1 Timer 3 is an event counter clocked by EC3.
PWM3E Enable PWM function of Timer 3
0 Timer 3 is Normal Timer/Counter
1 Timer 1 is PWM
CAP3 Selects operating mode of Timer 3
0 Timer/Counter mode
1 Capture mode
T3CK[2:0] Selects the clock source of Timer 3. N°T¢
T3CK2 T3CK1l T3CKO Timer 3 clock
0 0 0 fscLk
0 0 1 fscLk/271
0 1 0 fscLk/2°2
0 1 1 fscLk/23
1 0 0 fscLk/2M4
1 0 1 fscLk/276
1 1 0 fscLk/2°8
1 1 1 CRF (Carrier)
T3CN Decides whether to pause or continue counting
0 Pause counting temporarily
1 Continue to count
T3ST Decides whether to start or stop counter
0 Stops counting
1 Clear counter and starts up-counting

NOTE fo ¢ is the frequency of internal operating clock, SCLK.

T3CR2 (Timer 3 Mode Control Register 2) C9y
7 6 5 4 3 2 1 0
| ™REQ | T™REQ TIREQ | TOREQ | - - T3 PE POL3
R R R R = = RW RW
Initial value : 00y
T3REQ Timer 3 Interrupt Flag "™
0 Timer 3 interrupt not occurred
1 Timer 3 interrupt occurred
T2REQ Timer 2 Interrupt Flag “°™®
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0 Timer 2 interrupt not occurred

1 Timer 2 interrupt occurred
T1IREQ Timer 1 Interrupt Flag "°™®
0 Timer 1 interrupt not occurred
1 Timer 1 interrupt occurred
TOREQ Timer O Interrupt Flag "°™®
0 Timer 0 interrupt not occurred
1 Timer O interrupt occurred
POL3 Selects polarity of PWM
0 PWM waveform is low for duty value
1 PWM waveform is high for duty value
T3_PE Controls whether to output Timer 3 output or not through I/O pin.
0 Timer 3 output does not come out through I/O pin
1 Timer 3 output overrides the normal port functionality of I/O pin

NOTE Wwriting ‘0’ to this bit position clears interrupt flag of each timer.

T3L (Timer 3 Counter Low, Read Case) CBy
7 6 5 4 3 2 1 0
| 7 | ms | w5 | T4 | T3 L2 3L T30
R R R R R R R R
Initial value : 00y
T3L[7:0] T3 Counter Low
CDR3L (Capture Data Register 3 Low, Read Case) CBy
7 6 5 4 3 2 1 0
| coRa7 | CDRI6 | CDRA5 | CDR34 | CDR33 | CDR32 CDR3L1 CDR3L0
R R R R R R R R
Initial value : 00y
CDR3L[7:0] T3 Capture Data Low
PWM3DRL (PWM3 Duty Register Low, Write Case) CBy
7 6 5 4 3 2 1 0
T3PDL7 | T3PDL6 | T3PDIS | T3PD4 | TPDL3 | TaPDL2 T3PDL1 T3PDLO
w w w w w w w W
Initial value : 00y
T3PDL[7:0] PWMS3 Duty Low

NOTE Wwriting is effective only when PWMS3E = 1 and T3ST = 0.

T3H (Timer 3 Counter High, Read Case) CCq
7 6 5 4 3 2 1 0

| ™ | ™6 | T | ™4 | T T3H2 T3HL T3HO
R R R R R R R R

Initial value : 00y

T3H[7:0] T3 Counter High
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CDR3H (Capture Data Register 3 High, Read Case) CCq

7 6 5 4 3 2 1 0
| coraw7 | cDRee | CDR35 | CDReH4 | CDR3B | COR32 CDR3HL CDR3HO
R R R R R R R R

Initial value : 00y

CDR3H[7:0] T3 Capture Data High

PWM3DRH (PWM3 Duty Register High, Write Case) CCq
7 6 5 4 3 2 1 0
TPDH7 | TaPDH6 | TePDH5 | TePDH4 | TePDHR | TePDH2 T3PDH1 T3PDHO
w W W W W W W W

Initial value : 00y

T3PDH([7:0] PWMS3 Duty High
NOTE Wwriting is effective only when PWMS3E = 1 and T3ST = 0.

T3DRL (Timer 3 Data Register Low, Write Case) CDy
7 6 5 4 3 2 1 0
| m™oR7 | TOR6 | TMOR5 | TMDR4 | TRI3 | TBR2 | TIORL | T3DRW
W W W W W W W W
Initial value : FFy
T3DRL[7:0] T3 Compare Data Low
NOTE Be sure to clear PWMS3E in T3CR register before loading this
register.
PWMS3PRL (PWM3 Period Register Low, Write Case) CDy
7 6 5 4 3 2 1 0
TPPL7 | TPe | TePPs | TeeP4 | TePP3 | TeeRR2 T3PPLL T3PPLO
W W W W W W W W
Initial value : FFy
T3PPL[7:0] PWM3 Period Low

NOTE Wwriting is effective only when PWMS3E = 1 and T3ST = 0.

T3DRH (Timer 3 Data Register High, Write Case) CEy
7 6 5 4 3 2 1 0
| ToRH7 | TORH6 | TORHS | ToDRM#M4 | TeDRS T3DRH2 T3DRHL T3DRHO
W W W W W W W W
Initial value : FFy
T3DRH[7:0] T3 Compare Data High
NOTE Be sure to clear PWMS3E in T3CR register before loading this
register.
PWM3PRH (PWM3 Period Register High, Write Case) CEy
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7 6 5 4 3 2 1 0

P3PPH7 P3PPH6 | P3PPH5 | P3PPH4 P3PPH3 P3PPH2 P3PPH1 P3PPHO

w wW W W W wW wW "
Initial value : FFy

P3PPHJ[7:0] PWM3 Period High
NOTE \Writing is effective only when PWM3E = 1 and T3ST = 0.
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11.5 Watch Timer with event capture function (WT)

11.5.1 Overview

The watch timer (WT) has the function for RTC (Real Time Clock) operation. This module consists of
the clock source select circuit, timer counter circuit, output select circuit and control registers. To
activate watch timer, determine the input clock source, output interval and then set WTEN bit in Watch
Timer Mode Register (WTMR). Control bits can be set individually or at a time. To stop or reset WT,
clear the WTEN bit in WTMR. To obtain high resolution, the counter of WT is composed of low 14-bit
binary counter(=WTIR) and high 7-bit counter(=WT_TMR), that makes the WT counter to become 21-
bit wide. The high and low counters are auto-cleared when each counter reaches to their pre-defined
data values. The WT Interrupt Interval is determined by writing to WTDRH, WTDR1 and WTDRO
registers. To read each WTDRH, WTDR1 and WTDRO returns WT_TMR, high 6-bit of WTIR, and low
8-bit of WTIR counter value.

When Watch timer operates in IR capture mode, the WT is a simple 14-bit up counter and the counter
is auto-cleared by the rising edge of an incoming event source. In this mode of operation, the 7-bit
counter WT_TMR stops operation and the WTIR counter value is captured into WTCRO, WTCR1,
WTCR2 registers on detecting the rising or falling edge of input carrier signal. The capture sequence
is decided according to the setting of SINGLE and PHASE bits in IRCC1 register.

Note that the divide ratio of input clock applies in different manner whether WT is in normal WT mode
or in IR capture mode.

11.5.2 Block Diagram

WTDR1:WTDRO

+64
o MUX fwek 14-bit Up Counter
128 (=WTIR counter)

fscLk =1

=0O—POVM®=T

fwok 12"
v WCK

256

7-bit Up Counter OVF = Tyek X 2" X WTDRH + Tyek X WTDR
(=WT_TMR counter)

#|% D QpF—»

WTDRH

- i

RESETB

WTMRlWTENlOVFDISlWTCLl - | - | - |WTCK1|WTCKO|

INT_ACK
Twek = 1/ fwek Write ‘0’ to WTSR

Figure 11-24 Block Diagram of Watch Timer in Normal mode
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|RCC1|IRCEN| | - | - | - | |SINGLEIPHASEI_V CAPO/1/2EN (=Capture &
MUX WTI|R Clear source)
WTCROH/L WTCRIH/L WTCR2H/L
* 14 14
WTCL WTCL WTCL
CAPOEN CAP1EN CAP2EN
=1
P >
r
e 1=z fwck 14-bit Up Counter OVF =Twex x WTIR
fsck—">1 ¢ | Mux (WTIR)
+3
| >
e
r +4
" WTIF
D Qp——»
r WTDR1:WTDRO
—>
» SCLK p %
wrmR|wren Joveois|wre | - | - | - Jwrokafwrexo]
WTEN | ovFDIS | wTCL WTCK1|wTCKo RESETB
INT_ACK

Write ‘0’ to WTSR

D-

Figure 11-25 Block Diagram of Watch Timer in IR capture mode

SENSOR Input
(P31)

capturel

capture0 T capture2 captureO

11

capturel
Capturez

HH

Capture sequence is decided by SINGLE
and PHASE bits in IRCC1 register

WTIR Counter

WT Output

N

I

WT
clear

O

WT WT
clear clear

T

WT
clear

WT
Sync start

o

WT WT Overflow
clear (WT stop)

T

WT
clear

Timer2 captures when T2EDGE[1] = 1
Timer3 captures when T3EDGE[1] = 1

Capture event for Timer 2 or Timer 3

Timer2 captures when T2EDGE[0

]=1
Timer3 captures when T3EDGE[0] = 1
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Figure 11-26 Timing Diagram of Watch Timer in IR capture mode
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11.5.3 Register Map

Name Address Dir Default Description

WTMR D1x R/W 00 Watch Timer Mode Register

WTDR1 D4y W 3FH Watch Timer Data Register 1
WTDRO D5 W FFu Watch Timer Data Register 0

WTSR D9y R 00 Watch Timer Status Register
WTDRH DCq W TFn Watch Timer Data Register High
WTCROH Fly R 3Fy Watch Timer Capture Register0 High
WTCROL F2y R FFy Watch Timer Capture Register0 Low
WTCR1H F3u R 3Fy Watch Timer Capture Registerl High
WTCR1L Fay R FFu Watch Timer Capture Registerl Low
WTCR2H F5x R 3FH Watch Timer Capture Register2 High
WTCR2L F6H R FFH Watch Timer Capture Register2 Low

Table 11-10 Register Map of Watch Timer

11.5.4 Register Description

WTMR (Watch Timer Mode Register) D1,
7 6 5 4 3 2 1 0
| wmen | ovms wicL | - - - WTCK1 WTCKO
Initial value : 00n
WTEN Enable Watch Timer
0 Disable WT
1 Enable WT
OVFDIS Control auto clear function of WT when counters overflow. "°™&*
0 Auto clear counters when overflow
1 Overflow event is ignored
WTCL Clear counter of Watch Timer
0 No operation (Free Run mode)
1 Clear WT counter (Auto-clear after 1 cycle)
WTCK][1:0] Select clock source of WT (=fwck) VOT52
WTCK1 WTCKO Watch Timer mode IR Capture mode
0 0 fscLk/32 fscik
0 1 fscLk/64 fscLk/2
1 0 fscLk/128 fscLk/3
1 1 fscLk/256 fscLk/4

NOTEL The overflow means WT_TMR equals to WTDRH, and WTIR equals to WTCR1/0 when WT is in Watch
Timer mode. In IR capture mode, the overflow condition occurs when WTIR equals to WTCR1/0.

NOTE2

fwek is the frequency of WTIR counter clock

fscik is the frequency of system clock, SCLK.

WTDR1 (Watch Timer Data Register 1) D4y
7 6 5 4 3 2 1 0
| - - WIDRI3 | WIDR22 | WIDRUL | WIDRIO | WIDRo WTDRS
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- - W W W W wW w
Initial value : 3F4

WTDR[13:8] Select WT overflow period. Reading this register returns the high
8-bit WTIR counter value.

WT Interrupt Interval = (Twck x 2°14) x (7-bit WTDRH) + (Twck x

14-bit WTDR)
WTDRO (Watch Timer Data Register 0) D5y
7 6 5 4 3 2 1 0
| worr | wmore | wmrs | wmR4 | wWDR3 WTDR2 WTDRL WTDRO
W W W \W \W W W w
Initial value : FFy
WTDR[7:0] Select WT overflow period. Reading this register returns the low 8-

bit WTIR counter value.

WTSR (Watch Timer Status Register) D9y
7 6 5 4 3 2 1 0
| R - ] | ] | ] - | - WTIFR
R - - - - - - R
Initial value : 004
IRI IRI status (IRAMP output or Port input)
0 IRl'is ‘0’
1 IRl'is ‘1’
WTIFR Interrupt flag of WT. This flag bit is cleared when the interrupt is

serviced or by writing ‘0’ to this bit field.
0 No WT interrupt is generated

1 WT interrupt occurred
WTDRH (Watch Timer Data Register High) DCy
7 6 5 4 3 2 1 0
| ] | wiors6 | wores | wmR# | wDRHS | WDRH2 | WDRHL | WDRHO
] W W W W W W W

Initial value : 7Fy

WTDRH[6:0] Select WT overflow period. Reading this register returns WT_TMR
counter value, the high 7-bit counter.

WTCROH (Watch Timer Capture Register 0 High) Fly
7 6 5 4 3 2 1 0
- | - | wrcrms | wrcroz | wicron | wrcroo | wicrom | wrcroos
- : R R R R R R

Initial value : 3F4

WTCRO0[13:8] When WT is in IR capture mode, the high 6-bit of WTIR counter is
captured to this register at the first falling edge (when PHASE bit is
‘0’) or first rising edge (when PHASE bit is ‘1") of input carrier
signal. This register is initialized by setting WTCL bit in WTMR.
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WTCROL (Watch Timer Capture Register 0 Low) F24

7 6 5 4 3 2 1 0
| WTCRoO7 | WTCRoo6 | WTCROOS | WTCRo04 | WICROO3 | WTCRO02 | WTCROOL | WTCRO0O
R R R R R R R R

Initial value : FFy

WTCRO[7:0] When WT is in IR capture mode, the low 8-bit of WTIR counter is
captured to this register at the first falling edge (when PHASE bhit is
‘0’) or first rising edge (when PHASE bit is ‘1’) of input carrier
signal. This register is initialized by setting WTCL bit in WTMR.

WTCR1H (Watch Timer Capture Register 1 High) F34
7 6 5 4 3 2 1 0
- | - | WicRi3 | wrcru2 | WTCRmL | WTCRUO | WICRI09 | WTCRI08
- ] R R R R R R

Initial value : 3Fy

WTCR1[13:8] When WT is in IR capture mode, the high 6-bit of WTIR counter is
captured to this register at the second rising edge (when PHASE
bit is ‘0’) or first falling edge (when PHASE bit is ‘1’) of input carrier
signal. This register is initialized by setting WTCL bit in WTMR.

WTCRI1L (Watch Timer Capture Register 1 Low) Fa,
7 6 5 4 3 2 1 0

| wrcrior | wrcrios | wrcris | wrcri4 | wrcris | wrcrio2 | wicriol | wrcrioo
R R R R R R R R

Initial value : FFy

WTCR1[7:0] When WT is in IR capture mode, the low 8-bit of WTIR counter is
captured to this register at the second rising edge (when PHASE
bit is ‘0’) or first falling edge (when PHASE bit is ‘1’) of input carrier
signal. This register is initialized by setting WTCL bit in WTMR.

WTCR2H (Watch Timer Capture Register 2 High) F54
7 6 5 4 3 2 1 0
- | - | wicre1z | wicrer2 | wrcrent | wrcre0 | wicRae | WTCR208
- ] R R R R R R

Initial value : 3Fy

WTCR2[13:8] When WT is in IR capture mode, the high 6-bit of WTIR counter is
captured to this register at the second falling edge (when PHASE
bit is ‘0’) or second rising edge (when PHASE bit is ‘1’) of input
carrier signal. This register is initialized by setting WTCL bit in

WTMR.

WTCR2L (Watch Timer Capture Register 2 Low) F6y
7 6 5 4 3 2 1 0

| wrcraor | wrcreos | wrcreos | wicreo4 | WicRaos | wicreo2 | wicRaoL | wTcReoo
R R R R R R R R

Initial value : FFy

WTCR2[7:0] When WT is in IR capture mode, the low 8-bit of WTIR counter is
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captured to this register at the second falling edge (when PHASE
bit is ‘0") or second rising edge (when PHASE bit is ‘1’) of input
carrier signal. This register is initialized by setting WTCL bit in
WTMR.

The WT interrupt is requested only when overflow condition occurs. That is when WT is in IR capture
mode, the interrupt is not issued even when capture event is generated.

108
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11.6 IR Capture Control (IRCC)

11.6.1 Overview

MC96FR116C has an IR capture module which receives and captures the incoming digital IR signal
to detect the IR carrier frequency and count the carrier number. With this module, the Watch Timer
and Timer 2 can be configured to operate in IR capture mode by setting IRCEN bit in IRCCL1 register.
Also Timer 3 can support IR capture feature. Both Timer 2 and Timer 3 can detect the envelop of
incoming carrier or count the number of input carrier signal according to the setting of IRCC2 register.

11.6.2 Block Diagram

) WT Output _
SENSOR . Watch Timer . Timer 2/3
| (Detect Carrier Frequency) g (Detect Envelop)
< Timer 2/3
"] (Count carrier number)
Figure 11-27 Block Diagram of IR Capture function
VDD_IR
IRAEN[ > :I_I
IRPUST L PULLUP
(PMISC1, 2F12,) 3
SENSOR[ I +\

COMP_OUT

[ Reference
RELED—7 Voltage p

3

Figure 11-28 Block Diagram of IR AMP
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11.6.3 Register Map

Name Address Dir Default Description
IRCCO DDy R/W 00 IR Capture Control Register O
IRCC1 DEH R/W 00 IR Capture Control Register 1
IRCC2 DFH R/W 00 IR Capture Control Register 2

Table 11-11 Register Map of IR Capture Control module

11.6.4 Register Description

IRCCO (IR Capture Control Register 0) DDy
7 6 5 4 3 2 1 0
| RN | - - | - - RSEL2 RSELL RSELO
Initial value : 00n
IRAEN Enable or disable IR AMP.
0 Disable IR AMP
1 Enable IR AMP
RSEL[2:0] Select reference voltage.
0 0 0 VO (56/64 VDD_IR)
0 0 1 V1 (57/64 VDD_IR)
0 1 0 V2 (58/64 VDD_IR)
0 1 1 V3 (59/64 VDD_IR)
1 0 0 V4 (60/64 VDD_IR)
1 0 1 V5 (61/64 VDD_IR)
1 1 0 V6 (62/64 VDD_IR)
1 1 1 V7 (63/64 VDD_IR)
X X X IRAEN = 0; Disable (VO~V7=0V)
IRCC1 (IR Capture Register 1) DEy
7 6 5 4 3 2 1 0
| Reen | RF | REDGEL | IREDGED - RPOL | SNGLE | PHASE
RW R RW RW - RW RW RW
Initial value : 00y
IRCEN Control operation mode of WT, T2 and T3
0 IR capture mode is disabled, normal timer function
1 IR capture mode is enabled (WT, T2 and T3 modules are
under control of this bit)
IRIIF Interrupt flag of IRI input. This flag is cleared by writing ‘0’ to this bit
field or interrupt is serviced.
0 No IRl input is generated
1 IRI interrupt is generated on the condition by IREDGE[1:0]
bits
IREDGE[1:0] Select IRI interrupt triggering condition.

110

00 IRl interrupt is disabled
01 Interrupt is triggered on falling edge of IRI input
10 Interrupt is triggered on rising edge of IRI input
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IRPOL

SINGLE

PHASE

11 Interrupt is triggered on both edge of IRI input
Select the polarity of WT input source.

0 The inverted signal from IRAMP output(=COMP_OUT) or
PAD_REM_OUT input becomes the input source of WT.

1 The multiplexed output of IRAMP output(=COMP_OUT) or
PAD_REM_OUT input becomes the input source of WT.

Select carrier capture numbers. Used with the PHASE bit.

0 Capture continuously until WTIR overflows(=WTIR reaches
to pre-defined value, WTDR1 and WTDRO)
1 Capture first 3 edges of carrier signal

Select carrier capture sequence. Used with the SINGLE bit.
0 Capture sequence is 1 Falling>Rising=>Falling edge
1 Capture sequence is 1% Rising=>Falling>Rising edge

IRCC2 (IR Capture Register 2) DFy
7 6 5 4 3 2 1 0
| R | ™R | - i T3EDGEL | T3EDGEO | T2EDGEL | T2EDGED
RW RW - - RW RW RW RW
Initial value : 004
T3IR Make T3 to calculate the number of incoming carrier signal if CAP3
bit in T3CR bit is not ‘1.
0 Timer 3 is in normal operation
1 Timer 3 calculates the number of incoming carrier signals.
T2IR Make T3 to calculate the number of incoming carrier signal if CAP3

T3EDGE[1:0]

T2EDGE[1:0]

bit in T3CR bit is not ‘1’
0 Timer 2 is in normal operation
1 Timer 2 calculates the number of incoming carrier signals.

Select capture edge when T3 is used for envelop detection of
incoming carrier signal. These bits should be cleared to ‘00’ when
T3 operates in normal capture mode, or the WT output becomes
capture source of Timer 3. The T3IR bit should be cleared to ‘0’
also.

00 No capture
01 Falling edge
10 Rising edge
11 Both edge

Select capture edge when T2 is used for envelop detection of
incoming carrier signal. These bits should be cleared to ‘00’ when
T2 operates in normal capture mode, or the WT output becomes
capture source of Timer 2. The T2IR bit should be cleared to ‘0’
also.

00 No capture
01 Falling edge
10 Rising edge
11 Both edge

The next table shows register setting for Timer 2 and 3 for IR capture features.

IRCEN CAP2(3) T2(3)IR T2(3)EDGE[1:0] Timer 2(3) Operating Mode
0 0 0 XX Normal 16-bit Counter
0 1 X 00 Normal 16-bit Capture
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X 01, 10,11 IR Capture (Envelop detect)
0 1 XX Count IR Carrier

Table 11-12 Operating modes of Timer 2(3)
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11.7 Carrier Generator

11.7.1 Overview

MC96FR116C has a specific module to generate carrier signal for remote control application. The
internal carrier(CRF) signal is AND-ed with register value(RODR) and outputs through REMOUT port.
The frequency and duty ratio of carrier signal is controlled by two 8-bit registers, CFRH and CFRL.
Carrier signal can be on/off at previous stage of REMOUT port by the CEN bit in RMR register. When
CEN=1, the remote out signal is generated by AND-ing carrier signal with RODR value. When CEN=0,
the 8-bit counter for carrier generation(=CRC) stops and the remote out signal comes directly from
RODR value. The RODR register is updated by ROB register when the 16-bit counter for data pulse
generation(=RDC) reaches to RDRH or RDRL"°™E, In this case, the RDPE bit in RMR should be ‘1’. At
each match event, an interrupt can be issued. The RODR register can also be altered by writing to
this register. In this case, the RDPE bit is to be cleared to ‘0’. The base clock for RDC and CRC is
system clock, SCLK or its divided clock. Note that the output clock of main oscillator, XINCLK, may

differ from SCLK.

NOTE

The concatenated RDRH and RDRL composes RDR value. And the RDR register is loaded with RDB(=

concatenated RDBH and RDBL) when interrupt is generated. This is like the relationship between ROB and

RODR.

11.7.2 Block Diagram

RDB (16-bit)
?6
RDCK[2:0]
RDR (16-bit)
3
=1 L
Iy > RDIF > Remocon
- > Interrupt
=3 _
4 : M
8 | U RDC (16-bit)
LI RDPE — ROB
+64
LK — Pre !
sc scaler
' CRF
. RODR
=2 i M
+3 g U .
— CRC (8-bit) ceout
- > X CEN —»|
5 [>— REMOUT
CCK[1:0] r CEN _
RDR=RDRH(8-bt): RDRL (8-bit) CFRH (8-bit)
RDB=RDBH(8-bt):RDBL (8-bit) CFRL (8-bit)
Figure 11-29 Block Diagram of Carrier Generator
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11.7.3 Register Map

Name Address Dir Default Description

RMR E8H R/W 00 Remocon Mode Register

RMR2 2F56H4 R/W 00 Remocon Mode Register 2
RDCH BAH R 00 Remocon Data Counter High
CFRH BBH R/W FFH Carrier Frequency Register High
CFRL BChx R/W FFy Carrier Frequency Register Low
RDCL BDn R 00H Remocon Data Counter Low
RODR BEn R/W 00y Remocon Output Data Register
ROB BFH R/W 00y Remocon Output Buffer

RDBH C24 R/W FFH Remocon Data Buffer High
RDBL C3u4 R/W FFn Remocon Data Buffer Low
RDRH Cay R/W FFu Remocon Data Register High
RDRL C54 R/W FFn Remocon Data Register Low

Table 11-13 Register Map of Carrier Generator

11.7.4 Register Description

RMR (Remocon Mode Register) E84
7 6 5 4 3 2 1 0

| rRoF | cen | oo | cocko RDPE RDCK2 RDCK1 RDCKO
R RW RW RW RW RW RW RW

Initial value : 00y

RDIF Interrupt flag. This flag is cleared when the interrupt is serviced,
RDPE bit is cleared or software writes ‘0’ to this bit position. This
flag has nothing to do with CEN bit. Writing ‘1’ to this bit sets the
interrupt flag.

RDCK][2:0] Selects clock source for 6-bit RDC counter. These bits are effective
only when RDPE=1. "°TF

RDCK2 RDCK1 RDCKO

0 0 0 fscLk/1
0 0 1 fscik/2
0 1 0 fscik/3
0 1 1 fscLk/4
1 0 0 fscLk/8
1 0 1 fscik/16
1 1 0 fscLk/64
1 1 1 Carrier Signal(=CRF)
RDPE Remote Data Pulse Enable. Setting this bit enables RDC counter.
Interrupt can only be issued when this bit is set.
0 Disable RDC counter
1 Enable RDC counter
CCK[1:0] Select clock source for 8-bit CRC counter. These bits are effective
only when CEN=1. "°T&
0 0 fscLk/l
0 1 fscik/2
1 0 fscik/3
1 1 fscLk/4

114 July., 2014 Rev. 1.0.1



CEN

Carrier Frequency Enable. This bit enables CRC counter.
0 Carrier Frequency is not generated.

1 Carrier Frequency is generated and goes out through the
REMOUT port with RODR value and-ed.

NOTE t<cik is the frequency of system clock, SCLK.

RMR2 (Remocon Mode Register 2) 2F564
7 6 5 4 3 2 1 0
T - : : - ST
Initial value : 004
CME Carrier Mask Enable

0 Carrier is not masked.
1 Carrier is masked.

CFRH (Carrier Frequency Register High) BBy
7 6 5 4 3 2 1 0
| cmr | o6 | comb cFH | oA CRH2 CFHL CFHO
RW RW RW RW RW RW RW RW
Initial value : FFy
CFH[7:0] Carrier Frequency High

Carrier High Interval = CFH[7:0] X Tcr_cik

Tcr_ck is the period of clock source for CRC counter selected by
CCK]1:0].

CFRL (Carrier Frequency Register Low) BCy
7 6 5 4 3 2 1 0
| caz | case | oms cA4 | cAs CFL2 CAL1 CFLO
RW RW RW RW RW RW RW RW
Initial value : FFy
CFL[7:0] Carrier Frequency Low

Carrier Low Interval = CFL[7:0] X Tcr_cik

Tcr_ck is the period of clock source for CRC counter selected by
CCK]1:0].

RDBH (Remocon Data Buffer High) C2y
7 6 5 4 3 2 1 0
| rRoBls | ROB4 | RDBI3 RDB12 RBIL | RDBIO | RDBO | ROB8
RAW RW RW RAW RAW RW RW RW
Initial value : FFy
RDB[15:8] Remote Data High Buffer (Lower byte of RDB)

RDBL (Remocon Data Buffer Low) C34
7 6 5 4 3 2 1 0
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RDB7 RB6 | RDB5 | ROB4 rRoB3 | RoB2 | RoBL | RORO
RW RW RW RW RW RW RW RW
Initial value : FF4
RDB[7:0] Remote Data Low Buffer (Lower byte of RDB).

The RDB is transferred to RDR when interrupt occurs.

RDRH (Remocon Data Register High) C4y
7 6 5 4 3 2 1 0
| RORIS | ROR4 | RORI3 | ROR2 | RORIL | RORIO | RORO RDRS
RW RW RW RW RW RW RW RW
Initial value : FFy
RDR[15:8] Remote Data High (Higher byte of RDH)

Remote Data High Interval = RDR[15:0] X Tro_cLk

Tro_cik is the period of clock source for RDC counter selected by
RDCK]J2:0].

RDRL (Remocon Data Register Low) C5,
7 6 5 4 3 2 1 0
| RORIs | ROR4 | RORI3 | ROR2 | RORL | RORIO | RORO RDRB
RW RW RW RW RW RW RW RW
Initial value : FFy
RDR[7:0] Remote Data Low (Lower byte of RDL)

Remote Data Low Interval = RDR[15:0] X Tro_cLk

Tro_cik is the period of clock source for RDC counter selected by
RDCK]J2:0].

RDCH (Remocon Data Counter High) BAy
7 6 5 4 3 2 1 0
| rocis | rc4 | Rz | Rocw RDC1L RDC10 RDC9 RDCS8
R R R R R R R R
Initial value : 00y
RDCJ[15:8] Data Counter Value High
RDCL (Remocon Data Counter Low) BDy
7 6 5 4 3 2 1 0
| rocz | Roos | ROs | RO RDC3 RDC2 RDCL RDCO
R R R R R R R R
Initial value : 00y
RDCJ[7:0] Data Counter Value High
RODR (Remocon Output Data Register) BEH
7 6 5 4 3 2 1 0
T T - — [ ®o
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Initial value : 00y

ROD Remote Data Output
ROB (Remocon Output Buffer) BFy
7 6 5 4 3 2 1 0
I I B : - [ e
Initial value : 00y
ROB Remote Data Output Buffer

11.7.5 Carrier Signal and Data Pulse

The Remote Out signal(=CGOUT in Block Diagram) on REMOUT port is generated from carrier signal
and RODR value. The carrier signal and RODR value are controlled independently. The CEN bit in
RMR register makes the carrier signal on or off. The RODR register is updated by ROB on interrupt or
by direct writing to this register. In this way, four kinds of signal muxing is supported using carrier
signal and RODR value.

The period and frequency of carrier signal and remote data pulse is calculated by the following
equation. The waveform is shown below.

ty (Length of Carrier Signal’s High Phase) = Tcg cik X CFRH[7:0]
t_ (Length of Carrier Signal’s Low Phase) = Tcg cik X CFRL[7:0]
fc (Carrier Frequency) = 1/(ty + t))

ton (Length of Data Pulse’s High Phase) = Trp cik X RDR[15:0]
toL (Length of Data Pulse’s Low Phase) = Trp ¢k X RDR[15:0]

th L

Carrier Frequency

Data Pulse

tDH tDL

ROB =014 ROB = 004 ROB =014

RODR = 00y RODR = 014 N RODR = 004

As soon as the carrier interrupt is occurred, the content of ROB is transferred to RODR.

Figure 11-30 Period of Carrier signal and Remote data pulse



11.7.6 Examples of REMOUT control

Three examples of controlling REMOUT port are shown below.

RDPE

RDC

Remocon
Interrupt

ROB

ROD

REMOUT

}

RDR N

e |

/

|

\
=0Uly
RODR$>

RODR=00y

—

\

\>

RODR=01y

tDH

ton, toL : Min. 0.5us ~ Max. 32.64ms @ 4MHz

Match with RDRH/RDRL

Figure 11-31 REMOUT by CRF & ROB (In case of CEN=1, RDPE=1)

The next figure shows the case carrier signal is off. As can be seen, only RODR value appears on
REMOUT port. The difference between previous and below figure is apparent.
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RDPE

RDC

Remocon
Interrupt

ROB

RDR
N

//

RDR
N

Match with RDRH/RDRL

RODR

REMOUT

\

~—

RODR=014

RODR=00y4

RODR=014

tDL

tpn, tow : Min. 0.5us ~ Max. 32.64ms @ 4MHz

In the last figure, RODR is updated directly by writing to this register when the 16-bit Timer 2, 3

Figure 11-32 REMOUT by ROB only (In case of CEN=0, RDPE=1)

interrupts occur. As shown, the REMOUT waveforms are different according to CEN bit.

RDPE

T2DR/T3DR

T2, T3
Interrupt

RODR

REMOUT
(CEN=1)

REMOUT
(CEN=0)

T2DR R

_/

T3DR N

e

T2DR N

/

/ Match with T2DR/T3DR

RODR=014

RODR=00y4

RODR=014

ton

ton, toL : Depend on T2, T3(16-bit timer)

Figure 11-33 REMOUT by RODR

11.7.7 Carrier Generator Interrupt

When RDC counter reaches to RDRH or RDRL register, an interrupt can be requested. As the RDC
counter functions when RDPE bit is ‘1’, the interrupt is requested only when RDPE bit is ‘1’. Even if
the interrupt is not required to be serviced by CPU, the flag can be read through RMR register. And
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this flag is cleared when the interrupt is serviced, RDPE bit is cleared or software writes ‘0’ to the bit
position.
11.7.8 Examples of Carrier Signal Selection

The next table shows examples of selecting carrier signal according to CFRH and CFRL registers for
two kinds of carrier clocks.

Registers CR_CLK=PS1 CR_CLK=PS3 Registers CR_CLK=PS1 CR_CLK=PS3
CFRH | CFRL tu(us) t (us) tu(us) t (us) CFRH | CFRL tu(us) t (us) tu(us) t (us)
00y 00y - - - - 20y 204 8.00 8.00 32.00 32.00
01y 014 0.25 0.25 1.00 1.00 21y 21y 8.25 8.25 33.00 33.00
02y 024 0.50 0.50 2.00 2.00 22y 22y 8.50 8.50 34.00 34.00
034 034 0.75 0.75 3.00 3.00 234 234 8.75 8.75 35.00 35.00
04y 04y 1.00 1.00 4.00 4.00 24y 24y 9.00 9.00 36.00 36.00
054 05y 1.25 1.25 5.00 5.00 25y 25y 9.25 9.25 37.00 37.00
064 06n 1.50 1.50 6.00 6.00 264 264 9.50 9.50 38.00 38.00
07y 07y 1.75 1.75 7.00 7.00 27y 27y 9.75 9.75 39.00 39.00
084 08y 2.00 2.00 8.00 8.00 28y 28y 10.00 10.00 40.00 40.00
09y 09y 2.25 2.25 9.00 9.00 29y 29y 10.25 10.25 41.00 41.00
0A4 0A4 2.50 2.50 10.00 10.00 2A4 2A4 10.50 10.50 42.00 42.00
0By OBy 2.75 2.75 11.00 11.00 2By 2By 10.75 10.75 43.00 43.00
0Cy 0Cy 3.00 3.00 12.00 12.00 2Cy 2Cy 11.00 11.00 44.00 44.00
0Dy 0Dy 3.25 3.25 13.00 13.00 2Dy 2Dy 11.25 11.25 45.00 45.00
(0]=M (o] = 3.50 3.50 14.00 14.00 2E, 2Ey 11.50 11.50 46.00 46.00
OFy OF4 3.75 3.75 15.00 15.00 2Fy 2Fy 11.75 11.75 47.00 47.00
104 104 4.00 4.00 16.00 16.00 304 304 12.00 12.00 48.00 48.00
114 114 4.25 4.25 17.00 17.00 314 314 12.25 12.25 49.00 49.00
12, 12, 4.50 4.50 18.00 18.00 324 324 12.50 12.50 50.00 50.00
134 134 4.75 4.75 19.00 19.00 334 334 12.75 12.75 51.00 51.00
14y 14, 5.00 5.00 20.00 20.00 34y 34y 13.00 13.00 52.00 52.00
154 154 5.25 5.25 21.00 21.00 354 354 13.25 13.25 53.00 53.00
164 164 5.50 5.50 22.00 22.00 364 364 13.50 13.50 54.00 54.00
174 174 5.75 5.75 23.00 23.00 37n 37u 13.75 13.75 55.00 55.00
184 18, 6.00 6.00 24.00 24.00 384 384 14.00 14.00 56.00 56.00
194 19y 6.25 6.25 25.00 25.00 39% 39% 14.25 14.25 57.00 57.00
1Ay 1Ay 6.50 6.50 26.00 26.00 3A4 3A4 14.50 14.50 58.00 58.00
1By 1By 6.75 6.75 27.00 27.00 3Bu 3By 14.75 14.75 59.00 59.00
1Cy 1Cy 7.00 7.00 28.00 28.00 3Cy 3Cy 15.00 15.00 60.00 60.00
1Dy 1Dy 7.25 7.25 29.00 29.00 3Dy 3Dy 15.25 15.25 61.00 61.00
1E4 1Ey 7.50 7.50 30.00 30.00 3En 3En 15.50 15.50 62.00 62.00
1Fy 1Fy 7.75 7.75 31.00 31.00 3Fn 3Fy 15.75 15.75 63.00 63.00

Table 11-14 Period of carrier signal according to CFRH/CFRL

In above table, we assume the frequency of main oscillator, fy is 8MHz and system clock is not
divided from that clock, that is fsc k = fxn. PSh represents SCLK-divided clock, PS1=SCLK/2 and
PS3=SCLK/8. CR_CLK is the clock source for CRC counter.
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11.8 Key Scan

11.8.1 Overview

Port 0 and Port 1 can be used as key input sources. If KEY interrupt is enabled, this can be a wake-
up source in STOP mode. Usually Port O(Port 1) is used as output strobe lines, and Port 1(Port 0) is
used as key input sources. The key interrupt triggering mode is selected by KITSR register.

11.8.2 Block Diagram

P07

P00

P17

P10

SRLCO7
SRLCO0
SMRR17
KS15
SRLC17
SMRR10
KS8

SRLC10

SMRRO7
KS7
SMRRO00 : KSO

Internal
Key Scan
Interrupt

POx : Each bit of port 0

P1x : Each bit of port 1

SMRROXx : KEY SCAN enable of POx
SMRR1x : KEY SCAN enable of P1x
SRLCOx : KEY input polarity of POx
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11.8.3 Register Map

Name Address Dir Default Description

SMRRO D24 R/W 00 Standby Mode Release Register 0
SMRR1 D3x R/W 00 Standby Mode Release Register 1
SRLCO D6H R/W 00 Standby Release Level Control Register 0
SRLC1 D74 R/W 00 Standby Release Level Control Register 1
KITSR F7u R/W 00y Key Interrupt Trigger Selection Register

Table 11-15 Register Map of KEYSCAN module

11.8.4 Register Description

SMRRO (Standby Mode Release Register 0) D2y
7 6 5 4 3 2 1 0
| svRRo7 | SWRRos | SVRRS | SWRRM4 | SVRR®B | SWRR:2 SMRROL | SMRROO
RW RW RW RW RW RW RW RW
Initial value : 00y
SMRRO[7:0] Enables key function of Port O pins.
0 Key function is not used.
1 Key function overrides the normal port functionality of 1/0
pin.
SMRR1 (Standby Mode Release Register 1) D3y
7 6 5 4 3 2 1 0
| SWRR17 | SWRRI6 | SVRRI5 | SWMRR4 | SVRRI3 | SWRRL2 SMRRIL SMRRI0
RW RW RW RW RW RW RW RW
Initial value : 00y
SMRR1[7:0] Enables key function of Port 1 pins.
0 Key function is not used.
1 Key function overrides the normal port functionality of 1/0
pin.
SRLCO (Standby Release Level Control Register 0) D6y
7 6 5 4 3 2 1 0
| sRoo7 | SR | SRos | SRloM | SR | SROw SRLCOL SRLOO
RW RW RW RW RW RW RW RW
Initial value : 00y
SRLCO[7:0] Selects the trigger level of key input & interrupt when Port 0 is
used as key input source.
0 Triggered by a low level
1 Triggered by a high level
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SRLC1 (Standby Release Level Control Register 1) D74

7 6 5 4 3 2 1 0
| SRCI7 | SRICl6 | SRICI5 | SRICl4 | SRICI3 | SRCR2 SRLCIL SRLCI0
RW RW RW RW RW RW RW RW
Initial value : 00y
SRLC1[7:0] Selects the trigger level of key input & interrupt when Port 1 is
used as key input source.
0 Triggered by a low level
1 Triggered by a high level
KITSR (Key Interrupt Trigger Select Register) F74
7 6 5 4 3 2 1 0
T S I - [
Initial value : 00n
KITSR Selects interrupt trigger mode.
0 Triggered by level detection
1 Triggered by edge detection
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11.9 USART

11.9.1 Overview

The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a highly
flexible serial communication device. The main features are listed below.

- Full Duplex Operation (Independent Serial Receive and Transmit Registers)
- Asynchronous or Synchronous Operation

- Master or Slave Clocked Synchronous and SPI Operation

- Supports all four SPI Modes of Operation (Mode 0, 1, 2, 3)

- LSB First or MSB First Data Transfer @SPI mode

- High Resolution Baud Rate Generator

- Supports Serial Frames with 5,6,7,8, or 9 Data Bits and 1 or 2 Stop Bits

- Odd or Even Parity Generation and Parity Check Supported by Hardware

- Data OverRun Detection

- Framing Error Detection

- Digital Low Pass Filter

- Three Separate Interrupts on TX Complete, TX Data Register Empty and RX Complete

- Double Speed Asynchronous Communication Mode

USART has three main parts of Clock Generator, Transmitter and Receiver. The Clock Generation
logic consists of synchronization logic for external clock input used by synchronous or SPI slave
operation, and the baud rate generator for asynchronous or master (synchronous or SPI) operation.
The Transmitter consists of a single write buffer, a serial shift register, parity generator and control
logic for handling different serial frame formats. The write buffer allows a continuous transfer of data
without any delay between frames. The receiver is the most complex part of the USART module due
to its clock and data recovery units. The recovery unit is used for asynchronous data reception. In
addition to the recovery unit, the Receiver includes a parity checker, a shift register, a two level
receive FIFO (UDATARN) and control logic. The Receiver supports the same frame formats as the
Transmitter and can detect Frame Error, Data OverRun and Parity Errors.
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11.9.2 Block Diagram

N\
UBAUD <
SCLK l
»|Baud Rate Generator
\ A
Master
‘ Clock Sync '\
| Logic J
XCK
XCKXx D Control | T\
UMSEL[1:0]
»| RXC — Rx Interrupt |
n
RXDx/ v A
MISOx L Y Rx | clock e
M X Control " | Recovery r
)lg A n
a
[ I
_ Data | Receive Shift Register< ’\lj'
" | Recovery - (RXSR) X B
u
s
UMSEL1&UMSELO y
Master |, | DOR/PE/FE UDATA[0] L
Checker (Rx) I~> i
n
. | |7
Stop bit UDATA[1] UMSELO €
Generator UPMO (Rx)
Y *
TXDx/ E Parity
P D Tx M Generator
MOSIx A E c | u
p ontro X | Transmit Shift Registe{ ’\lj'
A - ~ (TXSR) X |
A
UPM1
UDATA(TX) < ::
SS
SSx Control »| TXC |— Tx Interrupt
\J

ADDRESS : E2y/ FA,
UCTRLx1 umseL1 | umseLo | upma | upmo |usize2|usizei |usizeo|ucPoL INITIAL VALUE : 0000_0000s

ADDRESS : E3y / FBy,

UCTRLx2 UDRIE | TXCIE | RXCIE | WAKEIE | TXE RXE |USARTEN | U2X INITIAL VALUE : 0000_0000g

ADDRESS : E4y, / FCy,

UCTRLX3 MASTER [LOOPS | Disxck | sPiss | - | usBs | Txs | Rxs INITIAL VALUE : 0000_-0005
ADDRESS : E5y/ FDy,
USTATx UDRE | TxC | Rxc | wAkE [soFtrsT| DOR | FE | PE INITIAL VALUE : 0000_0000s

Figure 11-35 The Block Diagram of USART
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11.9.3 Clock Generation

UBAUD
u2x
\ fscLk
. UBAUD+1,
Prescaling ( D » /g > 2 > M
Up-Counter o o o U M
»| X U txclk
X
SCLK g MASTER
A A
Sync Register > Edge M g M UMSELO
Detector U !
\ > X
UCPOL
XCKx < 12
M
U rxclk
X

Figure 11-36 The Block Diagram of Clock Generation

The Clock generation logic generates the base clock for the Transmitter and Receiver. The USART
supports four modes of clock operation and those are Normal Asynchronous, Double Speed
Asynchronous, Master Synchronous and Slave Synchronous. The clock generation scheme for
Master SPI and Slave SPI mode is the same as Master Synchronous and Slave Synchronous
operation mode. The UMSELnN bit in UCTRL1 register selects between asynchronous and
synchronous operation. Asynchronous Double Speed mode is controlled by the U2X bit in the
UCTRL2 register. The MASTER bit in UCTRL2 register controls whether the clock source is internal
(Master mode, output port) or external (Slave mode, input port). The XCK pin is only active when the
USART operates in Synchronous or SPI mode.

Table below contains equations for calculating the baud rate (in bps).

Operating Mode Equation for Calculating Baud Rate
A h N | Mode (U2X=0 Baud Rate = fSCLK
synchronous Normal Mode ( =0) aud Rate = 16(UBAUD + 1)
A h Double S d Mode (U2X=1 Baud Rate = SCLK
synchronous Double Speed Mode ( =1) aud Rate = 8(UBAUD + 1)
fSCLK
Synchronous or SPI Master Mode Baud Rate =

2(UBAUD + 1)

Table 11-16 Equations for Calculation Baud Rate
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11.9.4 External Clock (XCK)

External clocking is used by the synchronous or spi slave modes of operation.

External clock input from the XCK pin is sampled by a synchronization logic to remove meta-stability.
The output from the synchronization logic must then pass through an edge detector before it can be
used by the Transmitter and Receiver. This process introduces a two CPU clock period delay and
therefore the maximum frequency of the external XCK pin is limited by the following equation.

fSCLK
fXCK = 7

where fXCK is the frequency of XCK and fSCLK is the frequency of main system clock (SCLK).

11.9.5 Synchronous mode operation

When synchronous or spi mode is used, the XCK pin will be used as either clock input (slave) or clock
output (master). The dependency between the clock edges and data sampling or data change is the
same. The basic principle is that data input on RXD (MISO in spi mode) pin is sampled at the opposite
XCK clock edge of the edge in the data output on TXD (MOSI in spi mode) pin is changed.

The UCPOL bit in UCTRL1 register selects which XCK clock edge is used for data sampling and
which is used for data change. As shown in the figure below, when UCPOL is zero the data will be
changed at rising XCK edge and sampled at falling XCK edge.

UCPOL =1
XCK
TXD/RXD X \ X X X
A
Sample
UCPOL =0
XCK
TXD/RXD X \ X X x
A
Sample

Figure 11-37 Synchronous Mode XCKn Timing.

11.9.6 Data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits),
and optionally a parity bit for error checking.

The USART supports all 30 combinations of the following as valid frame formats.
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- 1 start bit
-5,6, 7, 8 or 9 data bits
- no, even or odd parity bit

- 1 or 2 stop bits

A frame starts with the start bit followed by the least significant data bit (LSB). Then the next data bits,
up to a total of nine, are succeeding, ending with the most significant bit (MSB). If enabled the parity
bit is inserted after the data bits, before the stop bits. A high to low transition on data pin is considered
as start bit. When a complete frame is transmitted, it can be directly followed by a new frame, or the
communication line can be set to an idle state. The idle means high state of data pin. The next figure
shows the possible combinations of the frame formats. Bits inside brackets are optional.

1 data frame

&
¥

|
idle | st | oo | o1 | D2 | D3 | D4 [ [D51] [D61] [D71] [D8] | [P1 | Sp1 [Sp2]|1die / st

Character bits

&
.

Figure 11-38 frame format

1 data frame consists of the following bits

+ ldle No communication on communication line (TXD/RXD)
« St Start bit (Low)

* Dn Data bits (0~8)

. Parity bit ------------ Even parity, Odd parity, No parity

*  Stop bit(s) ---------- 1 bit or 2 bits

The frame format used by the USART is set by the USIZE[2:0], UPM[1:0] and USBS bits in UCTRL1
register. The Transmitter and Receiver use the same setting.

11.9.7 Parity bit

The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used, the result
of the exclusive-or is inverted. The parity bit is located between the MSB and first stop bit of a serial
frame.

Peven =Dpa ™ ... AD3 "Dy "D; "D "0
Podgd =Dp1?...2D3*"D, "Dy "D "1
Peven : Parity bit using even parity
Pogg : Parity bit using odd parity

D, : Data bit n of the character
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11.9.8 USART Transmitter

The USART Transmitter is enabled by setting the TXE bit in UCTRLL1 register. When the Transmitter
is enabled, the normal port operation of the TXD(=MOSI) pin is overridden by the serial output pin of
USART. The baud-rate, operation mode and frame format must be setup once before doing any
transmissions. If synchronous or spi operation is used, the clock on the XCK pin will be overridden
and used as transmission clock. If USART operates in spi mode, SS pin is used as SS input pin in
slave mode or can be configured as SS output pin in master mode. This can be done by setting
SPISS bit in UCTRLS3 register.

11.9.8.1 Sending TX data

A data transmission is initiated by loading the transmit buffer (UDATA register 1/O location) with the
data to be transmitted. The data written in transmit buffer is moved to the shift register when the shift
register is ready to send a new frame. The shift register is loaded with the new data if it is in idle state
or immediately after the last stop bit of the previous frame is transmitted. When the shift register is
loaded with new data, it will transfer one complete frame at the settings of control registers. If the 9-bit
characters are used in asynchronous or synchronous operation mode (USIZE[2:0]=7), the ninth bit
must be written to the TX8 bit in UCTRLS3 register before loading transmit buffer (UDATA register).

11.9.8.2 Transmitter flag and interrupt

The USART Transmitter has 2 flags which indicate its state. One is USART Data Register Empty
(UDRE) and the other is Transmit Complete (TXC). Both flags can be interrupt sources.

UDRE flag indicates whether the transmit buffer is ready to be loaded with new data. This bit is set
when the transmit buffer is empty and cleared when the transmit buffer contains data to be
transmitted that has not yet been moved into the shift register. And also this flag can be cleared by
writing ‘0’ to this bit position. Writing ‘1’ to this bit position is prevented.

When the Data Register Empty Interrupt Enable (UDRIE) bit in UCTRL2 register is set and the Global
Interrupt is enabled, USART Data Register Empty Interrupt is generated while UDRE flag is set.

The Transmit Complete (TXC) flag bit is set when the entire frame in the transmit shift register has
been shifted out and there are no more data in the transmit buffer. The TXC flag is automatically
cleared when the Transmit Complete Interrupt service routine is executed, or it can be cleared by
writing ‘0’ to TXC bit in USTAT register.

When the Transmit Complete Interrupt Enable (TXCIE) bit in UCTRL2 register is set and the Global
Interrupt is enabled, USART Transmit Complete Interrupt is generated while TXC flag is set.

11.9.8.3 Parity Generator
The Parity Generator calculates the parity bit for the sending serial frame data. When parity bit is

enabled (UPM[1]=1), the transmitter control logic inserts the parity bit between the MSB and the first
stop bit of the sending frame.
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11.9.8.4 Disabling Transmitter

Disabling the Transmitter by clearing the TXE bit will not become effective until ongoing transmission
is completed. When the Transmitter is disabled, the TXD(=MOS]I) pin is used as normal General
Purpose I/0 (GPIO) or primary function pin.

11.9.9 USART Receiver

The USART Receiver is enabled by setting the RXE bit in the UCTRL1 register. When the Receiver is
enabled, the normal pin operation of the RXD(=MISO) pin is overridden by the USART as the serial
input pin of the Receiver. The baud-rate, mode of operation and frame format must be set before
starting serial reception. If synchronous or spi operation is used, the clock on the XCK pin will be used
as transfer clock. If USART operates in spi mode, SS pin is used as SS input pin in slave mode or can
be configured as SS output pin in master mode. This can be done by setting SPISS bit in UCTRL3
register.

11.9.9.1 Receiving RX data

When USART is in synchronous or asynchronous operation mode, the Receiver starts data reception
when it detects a valid start bit (LOW) on RXD(=MISO) pin. Each bit after start bit is sampled at pre-
defined baud-rate (asynchronous) or sampling edge of XCK (synchronous), and shifted into the
receive shift register until the first stop bit of a frame is received. Even if there’s 2 stop bit in the
frame, the 2" stop bit is ignored by the Receiver. That is, receiving the first stop bit means that a
complete serial frame is present in the receiver shift register and the contents of shift register are to
be moved into the receive buffer. The receive buffer is read by reading the UDATA register.

If 9-bit characters are used (USIZE[2:0] = 7) the ninth bit is stored in the RX8 bit position in the
UCTRLS3 register. The 9" bit must be read from the RX8 bit before reading the low 8 bits from the
UDATA register. Likewise, the error flags FE, DOR, PE must be read before reading the data from
UDATA register. This is because the error flags are stored in the same FIFO position of the receive
buffer.

11.9.9.2 Receiver flag and interrupt

The USART Receiver has one flag that indicates the Receiver state.

The Receive Complete (RXC) flag indicates whether there are unread data present in the receive
buffer. This flag is set when there are unread data in the receive buffer and cleared when the receive
buffer is empty. If the Receiver is disabled (RXE=0), the receiver buffer is flushed and the RXC flag is
cleared.

When the Receive Complete Interrupt Enable (RXCIE) bit in the UCTRL2 register is set and Global
Interrupt is enabled, the USART Receiver Complete Interrupt is generated while RXC flag is set.

The USART Receiver has three error flags which are Frame Error (FE), Data OverRun (DOR) and
Parity Error (PE). These error flags can be read from the USTAT register. As data received are stored
in the 2-level receive buffer, these error flags are also stored in the same position of receive buffer. So,
before reading received data from UDATA register, read the USTAT register first which contains error
flags.
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The Frame Error (FE) flag indicates the state of the first stop bit. The FE flag is zero when the stop bit
was correctly detected as one, and the FE flag is one when the stop bit was incorrect, ie detected as
zero. This flag can be used for detecting out-of-sync conditions between data frames.

The Data OverRun (DOR) flag indicates data loss due to a receive buffer full condition. A DOR occurs
when the receive buffer is full, and another new data is present in the receive shift register which are
to be stored into the receive buffer. After the DOR flag is set, all the incoming data are lost. To prevent
data loss or clear this flag, read the receive buffer.

The Parity Error (PE) flag indicates that the frame in the receive buffer had a Parity Error when
received. If Parity Check function is not enabled (UPM[1]=0), the PE bit is always read zero.

Caution : The error flags related to receive operation are not used when USART is in spi mode.

11.9.9.3 Parity Checker

If Parity Bit is enabled (UPM[1]=1), the Parity Checker calculates the parity of the data bits in
incoming frame and compares the result with the parity bit from the received serial frame.

11.9.9.4 Disabling Receiver

In contrast to Transmitter, disabling the Receiver by clearing RXE bit makes the Receiver inactive
immediately. When the Receiver is disabled the Receiver flushes the receive buffer and the remaining
data in the buffer is all reset. The RXD(=MISO) pin is not overridden the function of USART, so
RXD(=MISO) pin becomes normal GPIO or primary function pin.

11.9.9.5 Asynchronous Data Reception

To receive asynchronous data frame, the USART includes a clock and data recovery unit. The Clock
Recovery logic is used for synchronizing the internally generated baud-rate clock to the incoming
asynchronous serial frame on the RXD(=MISO) pin.

The Data recovery logic samples and low pass filters the incoming bits, and this removes the noise of
RXD(=MISO) pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling
rate is 16 times the baud-rate for normal mode, and 8 times the baud rate for Double Speed mode
(U2X=1). The horizontal arrows show the synchronization variation due to the asynchronous sampling
process. Note that larger time variation is shown when using the Double Speed mode.

\ START /
RXD IDLE BITO

e bt tEEEEEEEENENEEEMY
o0 o 1 2 3 4 5 6 7|8|o]w|11 12 13 14 15 168 1 2 3
s [ A T A A bt
0 1 2 3 [e] 7 8 1 2

Figure 11-39 Start Bit Sampling
July., 2014 Rev.1.0.1 131



When the Receiver is enabled (RXE=1), the clock recovery logic tries to find a high to low transition
on the RXD(=MISO) line, the start bit condition. After detecting high to low transition on RXD(=MISO)
line, the clock recovery logic uses samples 8,9, and 10 for Normal mode, and samples 4, 5, and 6 for
Double Speed mode to decide if a valid start bit is received. If more than 2 samples have logical low
level, it is considered that a valid start bit is detected and the internally generated clock is
synchronized to the incoming data frame. And the data recovery can begin. The synchronization
process is repeated for each start bit.

As described above, when the Receiver clock is synchronized to the start bit, the data recovery can
begin. Data recovery process is almost similar to the clock recovery process. The data recovery logic
samples 16 times for each incoming bits for Normal mode and 8 times for Double Speed mode. And
uses sample 8, 9, and 10 to decide data value for Normal mode, samples 4, 5, and 6 for Double
Speed mode. If more than 2 samples have low levels, the received bit is considered to a logic 0 and
more than 2 samples have high levels, the received bit is considered to a logic 1. The data recovery
process is then repeated until a complete frame is received including the first stop bit. The decided bit
value is stored in the receive shift register in order. Note that the Receiver only uses the first stop bit
of a frame. Internally, after receiving the first stop bit, the Receiver is in idle state and waiting to find
start bit.

RXD >< BITn ><
e i A O AR AR AR R O O O
1 2 3 4 5 6 7|8lofi|nm 12 13 14 15 16 1

oiomure S R B N R f
1 2 3 Lel 7 8 1

Figure 11-40 The Sampling of Data and Parity Bit

The process for detecting stop bit is like clock and data recovery process. That is, if 2 or more
samples of 3 center values have high level, correct stop bit is detected, else a Frame Error flag is set.
After deciding first stop bit whether a valid stop bit is received or not, the Receiver goes idle state and
monitors the RXD(=MISO) line to check a valid high to low transition is detected (start bit detection).

RXD J STOP 1 }AQ }B\> }c\>
Recuc S O I N N O O N A

12 4 6 7[8]9]wo]1r 12 13
Sample T T T
(U2x=1) ) l >

f
1 e M
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Figure 11-41 Stop Bit Sampling and Next Start Bit Sampling

11.9.10 SPI Mode

The USART can be set to operate in industrial standard SPI compliant mode. The SPI mode has the
following features.
132 July., 2014 Rev. 1.0.1



- Full duplex, three-wire synchronous data transfer

- Master or Slave operation

- Supports all four SPI modes of operation (mode0, 1, 2, and 3)
- Selectable LSB first or MSB first data transfer

- Double buffered transmit and receive

- Programmable transmit bit rate

When SPI mode is enabled (UMSEL[1:0]=11g), the Slave Select (SS) pin becomes active low input in
slave mode operation, or can be output in master mode operation if SPISS bit is set.

Note that during SPI mode of operation, the pin RXD is renamed as MISO and TXD is renamed as
MOSI for compatibility to other SPI devices.

11.9.10.1 SPI Clock Formats and Timing

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the
USART has a clock polarity bit (UCPOL) and a clock phase control bit (UCPHA) to select one of four
clock formats for data transfers. UCPOL selectively insert an inverter in series with the clock. UCPHA
chooses between two different clock phase relationships between the clock and data. Note that
UCPHA and UCPOL bits in UCTRL1 register have different meaning according to the UMSEL[1:0]
bits which decides the operating mode of USART.

Table below shows four combinations of UCPOL and UCPHA for SPI mode 0, 1, 2, and 3.

SPI Mode | UCPOL | UCPHA Leading Edge Trailing Edge
0 0 0 Sample (Rising) Setup (Falling)
1 0 1 Setup (Rising) Sample (Falling)
2 1 0 Sample (Falling) Setup (Rising)
3 1 1 Setup (Falling) Sample (Rising)

Table 11-17 SPI Mode by UCPOL & UCPHA
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Figure 11-42 SPI Clock Formats when UCPHA=0

When UCPHA=0, the slave begins to drive its MISO output with the first data bit value when SS goes
to active low. The first XCK edge causes both the master and the slave to sample the data bit value
on their MISO and MOSI inputs, respectively. At the second XCK edge, the USART shifts the second
data bit value out to the MOSI and MISO outputs of the master and slave, respectively. Unlike the
case of UCPHA=1, when UCPHA=0, the slave’s SS input must go to its inactive high level between
transfers. This is because the slave can prepare the first data bit when it detects falling edge of SS

input.
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Figure 11-43 SPI Clock Formats when UCPHA=1

When UCPHA=1, the slave begins to drive its MISO output when SS goes active low, but the data is
not defined until the first XCK edge. The first XCK edge shifts the first bit of data from the shifter onto
the MOSI output of the master and the MISO output of the slave. The next XCK edge causes both the
master and slave to sample the data bit value on their MISO and MOSI inputs, respectively. At the
third XCK edge, the USART shifts the second data bit value out to the MOSI and MISO output of the
master and slave respectively. When UCPHA=1, the slave’s SS input is not required to go to its
inactive high level between transfers.

Because the SPI logic reuses the USART resources, SPI mode of operation is similar to that of
synchronous or asynchronous operation. An SPI transfer is initiated by checking for the USART Data
Register Empty flag (UDRE=1) and then writing a byte of data to the UDATA Register.

Caution : In master mode of operation, even if transmission is not enabled (TXE=0), writing data to
the UDATA register is necessary because the clock XCK is generated from transmitter block.

11.9.11 Register Map

Name Address Dir Default Description

UCTRLO1 E24 R/W 00 USARTO Control 1 Register

UCTRLO2 E3u R/W 00 USARTO Control 2 Register

UCTRLO3 Edy R/W 00H USARTO Control 3 Register

USTATO E5H R 80H USARTO Status Register

UBAUDO E6H R/W FFy USARTO Baud Rate Generation Register
UDATAO E7x R/W FFu USARTO Data Register

Table 11-18 Register map of USART
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11.9.12 Register Description

UCTRLO1 (USARTO Control 1 Register) E2,
7 6 5 4 3 2 1 0
USIZE1 USIZEO
UMSEL1 UMSELO UPML UPMO USIZE2 UDORD UCPHA UCPOL
RW RW RW RW RW RW RW RW

Initial value : 00y

UMSEL[1:0] Selects operation mode of USART
UMSEL1 UMSELO Operating Mode

0 0 Asynchronous Mode (Normal Uart)
0 1 Synchronous Mode (Synchronous Uart)
1 0 Reserved
1 1 SPI Mode
UPM[1:0] Selects Parity Generation and Check methods
UPM1 UPMO Parity mode
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
USIZE[2:0] When in asynchronous or synchronous mode of operation, selects the

length of data bits in frame.
USIZE2 USIZE1 USIZEO Data length

0 0 0 5 bit
0 0 1 6 bit
0 1 0 7 bit
0 1 1 8 bit
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9 bit
UDORD This bit is in the same bit position with USIZE1. In SPI mode, when set

to one the MSB of the data byte is transmitted first. When set to zero
the LSB of the data byte is transmitted first.

0 LSB First
1 MSB First
UCPOL Selects polarity of XCK in synchronous or spi mode
0 TXD(=MOSI) change @Rising Edge, RXD(=MISO) change
@Falling Edge
1 TXD(=MOSI) change @ Falling Edge, RXD(=MISO) change @
Rising Edge
UCPHA This bit is in the same bit position with USIZEO. In SPI mode, along

with UCPOL bit, selects one of two clock formats for different kinds
of synchronous serial peripherals. Leading edge means first XCK
edge and trailing edge means 2" or last clock edge of XCK in one
XCK pulse. And Sample means detecting of incoming receive bit,
Setup means preparing transmit data.

UCPOL UCPHA Leading Edge Trailing Edge

0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)
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1 1 Setup (Falling) Sample (Rising)

UCTRLO2 (USARTO Control 2 Register) E34
7 6 5 4 3 2 1 0

UDRE | TXCE RCcE | waee | DE | RE | usarmEN [ ux |
RW RW RW RW RW RW RW RMW

Initial value : 00y

UDRIE Interrupt enable bit for USART Data Register Empty.
0 Interrupt from UDRE is inhibited (use polling)
1 When UDRE is set, request an interrupt
TXCIE Interrupt enable bit for Transmit Complete.
0 Interrupt from TXC is inhibited (use polling)
1 When TXC is set, request an interrupt
RXCIE Interrupt enable bit for Receive Complete
0 Interrupt from RXC is inhibited (use polling)
1 When RXC is set, request an interrupt
WAKEIE Interrupt enable bit for Asynchronous Wake in STOP mode. When
device is in stop mode, if RXD(=MISO) goes to LOW level an interrupt
can be requested to wake-up system.
0 Interrupt from Wake is inhibited
1 When WAKE is set, request an interrupt
TXE Enables the transmitter unit.
0 Transmitter is disabled
1 Transmitter is enabled
RXE Enables the receiver unit.
0 Receiver is disabled
1 Receiver is enabled
USARTEN Activate USART module by supplying clock.
0 USART is disabled (clock is halted)
1 USART is enabled
uz2x This bit only has effect for the asynchronous operation and selects
receiver sampling rate.
0 Normal asynchronous operation
1 Double Speed asynchronous operation
UCTRLO3 (USARTO Control 3 Register) E4y
7 6 5 4 3 2 1 0
MASTER | LOOPS DISXCK | sPss | - USBS ™8 RX8
RW RW RW RW - RW RW RW
Initial value : 00y
MASTER Selects master or slave in SPI or Synchronous mode operation and
controls the direction of XCK pin.
0 Slave mode operation and XCK is input pin.
1 Master mode operation and XCK is output pin
LOOPS Controls the Loop Back mode of USART, for test mode
0 Normal operation
1 Loop Back mode
DISXCK In Synchronous mode of operation, selects the waveform of XCK
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USTATO (USARTO Status Register)

7

6

SPISS

USBS

TX8

RX8

5

0 XCK is free-running while USART is enabled in synchronous
master mode.

1 XCK is active while any frame is on transferring.
Controls the functionality of SS pin in master SPI mode.
0 SS pin is normal GPIO or other primary function
1 SS output to other slave device

Selects the length of stop bit in Asynchronous or Synchronous mode of
operation.

0 1 Stop Bit
1 2 Stop Bit

The ninth bit of data frame in Asynchronous or Synchronous mode of
operation. Write this bit first before loading the UDATA register.

0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is ‘1’

The ninth bit of data frame in Asynchronous or Synchronous mode of
operation. Read this bit first before reading the receive buffer.

0 MSB (9" bit) received is ‘0’
1 MSB (9" bit) received is ‘1’

E54

UDRE

TXC

RXC

| wae | soFtrst poR | FE | PE
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RW

RW

RW

UDRE

TXC

RXC

WAKE

SOFTRST

RW RW R R R
Initial value : 80y

The UDRE flag indicates if the transmit buffer (UDATA) is ready to be
loaded with new data. If UDRE is ‘1’, it means the transmit buffer is
empty and can hold one or two new data. This flag can generate an
UDRE interrupt. Writing ‘O’ to this bit position will clear UDRE flag.

0 Transmit buffer is not empty.
1 Transmit buffer is empty.

This flag is set when the entire frame in the transmit shift register has
been shifted out and there is no new data currently present in the
transmit buffer. This flag is automatically cleared when the interrupt
service routine of a TXC interrupt is executed. It is also cleared by
writing ‘0’ to this bit position. This flag can generate a TXC interrupt.

0 Transmission is ongoing.

1 Transmit buffer is empty and the data in transmit shift register
are shifted out completely.

This flag is set when there are unread data in the receive buffer and
cleared when all the data in the receive buffer are read. The RXC flag
can be used to generate a RXC interrupt.

0 There is no data unread in the receive buffer
1 There are more than 1 data in the receive buffer

This flag is set when the RXD(=MISO) pin is detected low while the
CPU is in stop mode. This flag can be used to generate a WAKE
Lrg)tTeErrupt. This bit is set only when in asynchronous mode of operation.

0 No WAKE interrupt is generated.
1 WAKE interrupt is generated.

This is an internal reset and only has effect on USART. Writing ‘1’ to this
bit initializes the internal logic of USART and is auto cleared.

0 No operation
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1 Reset USART

DOR This bit is set if a Data OverRun occurs. While this bit is set, the
incoming data frame is ignored. This flag is valid until the receive buffer
is read.

0 No Data OverRun
1 Data OverRun detected
FE This bit is set if the first stop bit of next character in the receive buffer is
detected as ‘0’. This bit is valid until the receive buffer is read.
0 No Frame Error
1 Frame Error detected
PE This bit is set if the next character in the receive buffer has a Parity

Error when received while Parity Checking is enabled. This bit is valid
until the receive buffer is read.

0 No Parity Error

1 Parity Error detected

NOTE \When the WAKE function of USART is used as a release source from STOP mode, it is required to clear this

bit in the RX interrupt service routine. Else the device will not wake-up from STOP mode again by the change of
RXD(=MISO) pin.

UBAUDO (USARTO Baud-Rate Generation Register) E64
7 6 5 4 3 2 1 0

| usauDr | ueaups | uBaUDs | ueAauD4 | uBAUDB | uBAUD2 UBAUDL URAUDO
RW RW RW RW RAW RW RW RW

Initial value : FFy

UBAUD [7:0] The value in this register is used to generate internal baud rate in
asynchronous mode or to generate XCK clock in synchronous or
spi mode. To prevent malfunction, do not write ‘0’ in asynchronous
mode, and do not write ‘0’ or ‘1’ in synchronous or spi mode.

UDATAO (USARTO Data Register) E74
7 6 5 4 3 2 1 0
| upa7 | upams | ubAAs | UDATA4 UDATA3 UDATA2 UDATA1 UDATAO
RW RW RW RW RW RW RW RW

Initial value : FFy

UDATA [7:0] The USART Transmit Buffer and Receive Buffer share the same
I/0O address with this DATA register. The Transmit Data Buffer is
the destination for data written to the UDATA register. Reading the
UDATA register returns the contents of the Receive Buffer.

Write this register only when the UDRE flag is set. In spi or
synchronous master mode, write this register even if TX is not
enabled to generate clock, XCK.
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11.9.13 Baud Rate Setting (example)

fOSC=1.00MHz

fOSC=1.8432MHz

fOSC=2.00MHz

Baud U2X=0 U2x=1 U2X=0 U2x=1 U2X=0 U2x=1
Rate UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO

D R D R D R D R D R D R
2400 | 25 | 02% | 51 | 02% | 47 | 00% | 95 | 0.0% | 51 | 02% | 103 | 0.2%
4800 | 12 | 02% | 25 | 02% | 23 | 00% | 47 | 00% | 25 | 02% | 51 | 02%
9600 6 | 7.0% | 12 | 02% | 11 | 00% | 23 | 00% | 12 | 02% | 25 | 0.2%
144K | 3 8.5% -3.5% 00% | 15 | 0.0% 35% | 16 | 2.1%
192K | 2 8.5% 7.0% 00% | 11 | 0.0% 70% | 12 | 02%
288K | 1 8.5% 3 8.5% 0.0% 7 0.0% 8.5% 8 | -35%
BAK | 1| g |2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 | -7.0%
57.6K . - 1 8.5% 1| oo | 3 0.0% 1 8.5% 3 8.5%
76.8K - - 1 18.'6% 1 0.0% 2 0.0% 1 18"6% 2 8.5%
152 ; - - - - - 1 0.0% . . 1 8.5%
230.4 ] ] ] ] ] ] ] ) ) ) ) )

K
fOSC=3.6864MHz fOSC=4.00MHz fOSC=7.3728MHz

Baud U2X=0 U2x=1 U2X=0 U2x=1 U2X=0 U2x=1
Rate UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO

D R D R D R D R D R D R
2400 | 95 | 0.0% | 191 | 00% | 103 | 02% | 207 | 0.2% | 191 | 0.0% : :
4800 | 47 | 00% | 95 | 00% | 51 | 0.2% | 103 | 0.2% | 95 | 00% | 191 | 0.0%
9600 | 23 | 0.0% | 47 | 00% | 25 | 02% | 51 | 02% | 47 | 00% | 95 | 0.0%
144K | 15 | 00% | 31 | 00% | 16 | 21% | 34 | -0.8% | 31 | 00% | 63 | 0.0%
192K | 11 | 00% | 23 | 00% | 12 | 02% | 25 | 02% | 23 | 00% | 47 | 0.0%
288K | 7 00% | 15 | 0.0% 8 | 35% | 16 | 21% | 15 | 00% | 31 | 0.0%
384K | 5 00% | 11 | 0.0% 6 | 70% | 12 | 02% | 11 | 00% | 23 | 0.0%
57.6K | 3 0.0% 7 0.0% 3 8.5% 3.5% 0.0% | 15 | 0.0%
76.8K | 2 0.0% 5 0.0% 2 8.5% 70% | 5 0.0% | 11 | 00%
112'2 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
2304 - - 1 0.0% - - 1 8.5% 1 0.0% 3 0.0%
250K ; - 1| 7.8% - - 1 0.0% 1 | 78% | 3 | -7.8%
0.5M : - - - - - - - - - -7.8%

fOSC=8.00MHz fOSC=11.0592MHz fOSC=14.7456MHz

Baud U2X=0 U2x=1 U2X=0 U2x=1 U2X=0 U2x=1
Rate UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO UBAU ERRO

D R D R D R D R D R D R
2400 | 207 | 0.2% - . . . . : : : ; ;
4800 | 103 | 0.2% | 207 | 02% | 143 | 0.0% - . 191 | 0.0% ; ;
9600 | 51 | 02% | 103 | 02% | 71 | 00% | 143 | 00% | 95 | 0.0% | 191 | 0.0%
144K | 34 | 08% | 68 | 06% | 47 | 00% | 95 | 00% | 63 | 0.0% | 127 | 0.0%
192K | 25 | 02% | 51 | 02% | 35 | 00% | 71 | 00% | 47 | 00% | 95 | 0.0%
288K | 16 | 21% | 34 | -08% | 23 | 00% | 47 | 00% | 31 | 00% | 63 | 0.0%
384K | 12 | 02% | 25 | 02% | 17 | 00% | 35 | 0.0% | 23 | 00% | 47 | 0.0%
576K | 8 | 35% | 16 | 21% | 11 | 00% | 23 | 00% | 15 | 00% | 31 | 00%
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76.8K 70% | 12 | 02% 00% | 17 | 00% | 11 | 00% | 23 | 0.0%
112'2 8.5% 8 -3.5% 00% | 11 | 0.0% 7 00% | 15 | 00%
23}?'4 8.5% 3 8.5% 0.0% 5 0.0% 3 0.0% 7 0.0%
250K 0.0% 3 0.0% 7.8% 7.8% 7.8% 5.3%
0.5M ] 0.0% ] 7.8% 7.8% -7.8%
M ] ] ] ] ] ] ] ] -7.8%
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11.10 I’C

11.10.1 Overview

The I1°C is one of industrial standard serial communication protocols, and which uses 2 bus lines
Serial Data Line (SDA) and Serial Clock Line (SCL) to exchange data. Because both SDA and SCL
lines are open-drain output, each line needs pull-up resistor. The features are as shown below.

- Compatible with I°C bus standard
- Multi-master operation

- Up to 400 KHz data transfer speed
- 7 bit address

- Support two slave addresses

- Both master and slave operation

- Bus busy detection

11.10.2 Block Diagram
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Figure 11-44 I°C Block Diagram
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11.10.3 I°C Bit Transfer

The data on the SDA line must be stable during HIGH period of the clock, SCL. The HIGH or LOW
state of the data line can only change when the clock signal on the SCL line is LOW. The exceptions
are START(S), repeated START(Sr) and STOP(P) condition where data line changes when clock line
is high.

/ X : \
SCL — \

Data line Stable:
Data valid
exept S, Sr, P

Change of Data
allowed

Figure 11-45 Bit Transfer on the 1°C-Bus

11.10.4 Start / Repeated Start / Stop

One master can issue a START (S) condition to notice other devices connected to the SCL, SDA
lines that it will use the bus. A STOP (P) condition is generated by the master to release the bus lines
so that other devices can use it.

A high to low transition on the SDA line while SCL is high defines a START (S) condition.
A low to high transition on the SDA line while SCL is high defines a STOP (P) condition.

START and STOP conditions are always generated by the master. The bus is considered to be
busy after START condition. The bus is considered to be free again after STOP condition, ie, the bus
is busy between START and STOP condition. If a repeated START condition (Sr) is generated
instead of STOP condition, the bus stays busy. So, the START and repeated START conditions are
functionally identical.

SO X/

A%Y

W L\,

START Condition STOP Condition

Figure 11-46 START and STOP Condition

11.10.5 Data Transfer

Every byte put on the SDA line must be 8-bits long. The number of bytes that can be transmitted
per transfer is unlimited. Each byte has to be followed by an acknowledge bit. Data is transferred with

July., 2014 Rev.1.0.1 143



the most significant bit (MSB) first. If a slave can’t receive or transmit another complete byte of data
until it has performed some other function, it can hold the clock line SCL LOW to force the master into
a wait state. Data transfer then continues when the slave is ready for another byte of data and
releases clock line SCL.

— ‘Iz P
on T\ XX/ X OGO X
MSB Acknowledgement Acknowledgement S
Signal form Slave Signal form Slave
Byte Complete, Clock line held low while
Interrupt within Device interrupts are served.
\ / 1 \ 2 9 1 R / 9 \ /
SCL s Sr
or ACK ACK or
Sr P
START or Repeated STOP or Repeated
START Condition START Condition

Figure 11-47 STOP or Repeated START Condition

11.10.6 Acknowledge

The acknowledge related clock pulse is generated by the master. The transmitter releases the SDA
line (HIGH) during the acknowledge clock pulse. The receiver must pull down the SDA line during the
acknowledge clock pulse so that it remains stable LOW during the HIGH period of this clock pulse.
When a slave is addressed by a master (Address Packet), and if it is unable to receive or transmit
because it's performing some real time function, the data line must be left HIGH by the slave. And
also, when a slave addressed by a master is unable to receive more data bits, the slave receiver must
release the SDA line (Data Packet). The master can then generate either a STOP condition to abort
the transfer, or a repeated START condition to start a new transfer.

If a master receiver is involved in a transfer, it must signal the end of data to the slave transmitter by
not generating an acknowledge on the last byte that was clocked out of the slave. The slave
transmitter must release the data line to allow the master to generate a STOP or repeated START
condition.

Data Output R
By T?;isrgig;r \ X X N )( )(

ALY
3N

Data Output A
By Receiver \_/

SCL From MASTER —/1\_/2\ M\_
T—Clock pulse for ACK

Figure 11-48 Acknowledge on the I°C-Bus
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11.10.7 Synchronization / Arbitration

Clock synchronization is performed using the wired-AND connection of I1°C interfaces to the SCL
line. This means that a HIGH to LOW transition on the SCL line will cause the devices concerned to
start counting off their LOW period and it will hold the SCL line in that state until the clock HIGH state
is reached. However the LOW to HIGH transition of this clock may not change the state of the SCL
line if another clock is still within its LOW period. In this way, a synchronized SCL clock is generated
with its LOW period determined by the device with the longest clock LOW period, and its HIGH period
determined by the one with the shortest clock HIGH period.

A master may start a transfer only if the bus is free. Two or more masters may generate a START
condition. Arbitration takes place on the SDA line, while the SCL line is at the HIGH level, in such a
way that the master which transmits a HIGH level, while another master is transmitting a LOW level
will switch off its DATA output state because the level on the bus doesn’t correspond to its own level.
Arbitration continues for many bits until a winning master gets the ownership of I°C bus. Its first stage
is comparison of the address bits.

Wait High Start High
Counting Counting

Fast Device
SCLOUT

High Counter
_Reset

Slow Device Y
SCLOUT \<—\—|
\

i

SCL \

Figure 11-49 Clock Synchronization during Arbitration Procedure

Arbitration Process Device 1 loses Devicel outputs
not adaped Arbitration High
Devicel
DataOut \ / \ /

Device2

DataOut \_ _[ \ /_ _\_/_
SDA on BUS __\—_/_\ /—_\—/_

/S \ /

Figure 11-50 Arbitration Procedure of Two Masters
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11.10.8 Operation

The I°C is byte-oriented and interrupt based. Interrupts are issued after all bus events except for a
transmission of a START condition. Because the 1°C is interrupt based, the application software is
free to carry on other operations during a 1°C byte transfer.

Note that when a I°C interrupt is generated, IIF flag in I2CMR register is set, it is cleared by writing
an arbitrary value to I2CSR. When I°C interrupt occurs, the SCL line is hold LOW until writing any
value to I2CSR. When the IIF flag is set, the I2CSR contains a value indicating the current state of the
I°C bus. According to the value in I2CSR, software can decide what to do next.

I°C can operate in 4 modes by configuring master/slave, transmitter/receiver. The operating mode
is configured by a winning master. A more detailed explanation follows below.

11.10.8.1 Master Transmitter

To operate 1°C in master transmitter, follow the recommended steps below.

1. Enable I’C by setting IICEN bit in 2CMR. This provides main clock to the peripheral.

2. Load SLA+W into the I2CDR where SLA is address of slave device and W is transfer
direction from the viewpoint of the master. For master transmitter, W is ‘0’. Note that I2CDR is
used for both address and data.

3. Configure baud rate by writing desired value to both I2CSCLLR and I2CSCLHR for the Low
and High period of SCL line.

4. Configure the I2CSDAHR to decide when SDA changes value from falling edge of SCL. If
SDA should change in the middle of SCL LOW period, load half the value of I2CSCLLR to the
[2CSDAHR.

5. Setthe START bit in I2CMR. This transmits a START condition. And also configure how to
handle interrupt and ACK signal. When the START bit is set, 8-bit data in I2CDR is
transmitted out according to the baud-rate.

6. This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can know
whether the slave acknowledged or not in the ot high period of SCL. If the master gains bus
mastership, I’c generates GCALL interrupt regardless of the reception of ACK from the slave
device. When I°C loses bus mastership during arbitration process, the MLOST bit in I2CSR is
set, and I°C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLSOT bit in I2CSR is set, the ACKEN bit in I2CMR must be set and the
received 7-bit address must equal to the SLA bits in I2CSAR. In this case 1’c operates as a
slave transmitter or a slave receiver (go to appropriate section). In this stage, I°C holds the
SCL LOW. This is because to decide whether 1°C continues serial transfer or stops
communication. The following steps continue assuming that I°C does not lose mastership
during first data transfer.

1°C (Master) can choose one of the following cases regardless of the reception of ACK signal
from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can
receive more data from master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the
STOP bit in I2CMR.

3) Master transmits repeated START condition with not checking ACK signal. In this case,
load SLA+R/W into the I2CDR and set START bit in 2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of
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3), move to step 6 after transmitting the data in I2CDR and if transfer direction bit is ‘1’ go to
master receiver section.

7. 1-Byte of data is being transmitted. During data transfer, bus arbitration continues.

8. This is ACK signal processing stage for data packet transmitted by master. 1°C holds the SCL
LOW. When I°C loses bus mastership while transmitting data arbitrating other masters, the
MLOST bit in I2CSR is set. If then, I°C waits in idle state. When the data in I2CDR is
transmitted completely, 1°C generates TEND interrupt.

I°C can choose one of the following cases regardless of the reception of ACK signal from
slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can
receive more data from master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the
STOP bit in I2CMR.

3) Master transmits repeated START condition with not checking ACK signal. In this case,
load SLA+R/W into the I2CDR and set the START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of
3), move to step 6 after transmitting the data in I2CDR, and if transfer direction bit is ‘1’ go to
master receiver section.

9. This is the final step for master transmitter function of 1’c, handling STOP interrupt. The
STOP bit indicates that data transfer between master and slave is over. To clear I2CSR, write
arbitrary value to I2CSR. After this, I°C enters idle state.
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The next figure depicts above process for master transmitter operation of 1°C.
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Figure 11-51 Formats and States in the Master Transmitter Mode
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11.10.8.2 Master Receiver

To operate I°C in master receiver, follow the recommended steps below.
1. Enable I°C by setting IICEN bit in I2CMR. This provides main clock to the peripheral.

2. Load SLA+R into the I12CDR where SLA is address of slave device and R is transfer direction
from the viewpoint of the master. For master receiver, R is ‘1’. Note that I2CDR is used for
both address and data.

3. Configure baud rate by writing desired value to both I2CSCLLR and I2CSCLHR for the Low
and High period of SCL line.

4. Configure the I2CSDAHR to decide when SDA changes value from falling edge of SCL. If
SDA should change in the middle of SCL LOW period, load half the value of I2CSCLLR to the
[2CSDAHR.

5. Setthe START bit in I2CMR. This transmits a START condition. And also configure how to
handle interrupt and ACK signal. When the START bit is set, 8-bit data in I2CDR is
transmitted out according to the baud-rate.

6. This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can know
whether the slave acknowledged or not in the ot high period of SCL. If the master gains bus
mastership, I°Cc generates GCALL interrupt regardless of the reception of ACK from the slave
device. When I°C loses bus mastership during arbitration process, the MLOST bit in I2CSR is
set, and I°C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLSOT bit in I2CSR is set, the ACKEN bit in 2CMR must be set and the
received 7-bit address must equal to the SLA bits in I2CSAR. In this case 1’c operates as a
slave transmitter or a slave receiver (go to appropriate section). In this stage, I°C holds the
SCL LOW. This is because to decide whether 1°C continues serial transfer or stops
communication. The following steps continue assuming that I°C does not lose mastership
during first data transfer.

I’c (Master) can choose one of the following cases according to the reception of ACK signal
from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can
prepare and transmit more data to master. Configure ACKEN bit in I2CMR to decide whether
1°C ACKnowledges the next data to be received or not.

2) Master stops data transfer because it receives no ACK signal from slave. In this case, set
the STOP bit in I2CMR.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case,
load SLA+R/W into the I2CDR and set START bit in 2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of
3), move to step 6 after transmitting the data in I2CDR and if transfer direction bit is ‘0’ go to
master transmitter section.

7. 1-Byte of data is being received.

8. This is ACK signal processing stage for data packet transmitted by slave. 1°C holds the SCL
LOW. When 1-Byte of data is received completely, 1’C generates TEND interrupt.

I°C can choose one of the following cases according to the RXACK flag in I2CSR.

1) Master continues receiving data from slave. To do this, set ACKEN bit in I2CMR to
ACKnowledge the next data to be received.

2) Master wants to terminate data transfer when it receives next data by not generating ACK
signal. This can be done by clearing ACKEN bit in I2CMR.

3) Because no ACK signal is detected, master terminates data transfer. In this case, set the
STOP bit in I2CMR.

4) No ACK signal is detected, and master transmits repeated START condition. In this case,
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load SLA+R/W into the I2CDR and set the START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1) and 2), move to step 7. In case of 3), move to step 9 to handle STOP interrupt. In
case of 4), move to step 6 after transmitting the data in I2CDR, and if transfer direction bit is
‘0’ go to master transmitter section.

9. This is the final step for master receiver function of I°C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear I2CSR, write
arbitrary value to I2CSR. After this, I°C enters idle state.

The processes described above for master receiver operation of I°C can be depicted as the following
figure.
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Figure 11-52 Formats and States in the Master Receiver Mode
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11.10.8.3 Slave Transmitter

To operate I°C in slave transmitter, follow the recommended steps below.

1.

If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00
into I2CSDAHR to make SDA change within one system clock period from the falling edge of
SCL. Note that the hold time of SDA is calculated by SDAH x period of SCLK where SDAH is
multiple of number of SCLK coming from I2CSDAHR. When the hold time of SDA is longer
than the period of SCLK, I’c (slave) cannot transmit serial data properly.

Enable I°C by setting IICEN bit and INTEN bit in I2CMR. This provides main clock to the
peripheral.

When a START condition is detected, I°C receives one byte of data and compares it with SLA
bits in I2CSAR. If the GCALLEN bit in I2CSAR is enabled, I°C compares the received data
with value 0x00, the general call address.

If the received address does not equal to SLA bits in I2CSAR, I°C enters idle state ie, waits
for another START condition. Else if the address equals to SLA bits and the ACKEN bit is
enabled, 1°C generates SSEL interrupt and the SCL line is held LOW. Note that even if the
address equals to SLA bits, when the ACKEN bit is disabled, I°C enters idle state. When
SSEL interrupt occurs, load transmit data to I2CDR and write arbitrary value to I2CSR to
release SCL line.

1-Byte of data is being transmitted.

In this step, I°C generates TEND interrupt and holds the SCL line LOW regardless of the
reception of ACK signal from master. Slave can select one of the following cases.

1) No ACK signal is detected and I°C waits STOP or repeated START condition.
2) ACK signal from master is detected. Load data to transmit into I2CDR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1) move to step 7 to terminate communication. In case of 2) move to step 5. In either
case, a repeated START condition can be detected. For that case, move step 4.

This is the final step for slave transmitter function of 1’C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear I2CSR, write
arbitrary value to I2CSR. After this, I°C enters idle state.
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The next figure shows flow chart for handling slave transmitter function of 1°C.
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Figure 11-53 Formats and States in the Slave Transmitter Mode
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11.10.8.4 Slave Receiver

To operate I°C in slave receiver, follow the recommended steps below.

1.

If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00
into I2CSDAHR to make SDA change within one system clock period from the falling edge of
SCL. Note that the hold time of SDA is calculated by SDAH x period of SCLK where SDAH is
multiple of number of SCLK coming from I2CSDAHR. When the hold time of SDA is longer
than the period of SCLK, I°Cc (slave) cannot transmit serial data properly.

Enable I°C by setting IICEN bit and INTEN bit in I2CMR. This provides main clock to the
peripheral.

When a START condition is detected, I°C receives one byte of data and compares it with SLA
bits in I2CSAR. If the GCALLEN bit in I2CSAR is enabled, I°C compares the received data
with value 0x00, the general call address.

If the received address does not equal to SLA bits in I2CSAR, I°C enters idle state ie, waits
for another START condition. Else if the address equals to SLA bits and the ACKEN bit is
enabled, I°C generates SSEL interrupt and the SCL line is held LOW. Note that even if the
address equals to SLA bits, when the ACKEN bit is disabled, I°C enters idle state. When
SSEL interrupt occurs and I°C is ready to receive data, write arbitrary value to I2CSR to
release SCL line.

1-Byte of data is being received.

In this step, I°C generates TEND interrupt and holds the SCL line LOW regardless of the
reception of ACK signal from master. Slave can select one of the following cases.

1) No ACK signal is detected (ACKEN=0) and I°C waits STOP or repeated START condition.
2) ACK signal is detected (ACKEN=1) and I°C can continue to receive data from master.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1) move to step 7 to terminate communication. In case of 2) move to step 5. In either
case, a repeated START condition can be detected. For that case, move step 4.

This is the final step for slave receiver function of 1°C, handling STOP interrupt. The STOP bit
indicates that data transfer between master and slave is over. To clear I2CSR, write arbitrary
value to I2CSR. After this, I°C enters idle state.

The process can be depicted as following figure when I°Cc operates in slave receiver mode.
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Figure 11-54 Formats and States in the Slave Receiver Mode

11.10.9 Register Map

Name Address Dir Default Description

I2CMR 9Ch RIW 004 I°C Mode Control Register
I2CSR 9Dy R 00H I°C Status Register
[2CSCLLR 9EH R/W 3FH SCL Low Period Register
[2CSCLHR 9Fy R/W 3FH SCL High Period Register
I2CSDAHR A3y R/W 01y SDA Hold Time Register
I2CDR A5y R/W FFH I°C Data Register

I2CSAR A6y R/W 004 I°C Slave Address Register
I2CSAR1 ATh R/W 004 I°C Slave Address Register 1

Table 11-19 Register map of 12C
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11.10.10 I°C Register description

I°C Registers are composed of I°C Mode Control Register (I2CMR), I°C Status Register (I2CSR),
SCL Low Period Register (I2CSCLLR), SCL High Period Register (I2CSCLHR), SDA Hold Time
Register (I2CSDAHR), I°C Data Register (I2CDR), and I°C Slave Address Register (I2CSAR).

11.10.11 Register description for I°C

I2CMR (I°C Mode Control Register) 9Cy
7 6 5 4 3 2 1 0
T RESET | INTEN ACKEN MASTER SToP START
RW RW RW RW RW R RW RW
Initial value : 004
IIF This is interrupt flag bit.
0 No interrupt is generated or interrupt is cleared
1 An interrupt is generated
IICEN Enable I°C Function Block (by providing clock)
0 I°C is inactive
1 I°C is active
RESET Initialize internal registers of 1°C.
0 No operation
1 Initialize 1°C, auto cleared
INTEN Enable interrupt generation of 1°C.
0 Disable interrupt, operates in polling mode
1 Enable interrupt
ACKEN Controls ACK signal generation at ninth SCL period.

Note) ACK signal is output (SDA=0) for the following 3 cases.
When received address packet equals to SLA bits in I2CSAR
When received address packet equals to value 0x00 with GCALL

enabled

When I°C operates as a receiver (master or slave)

0 No ACK signal is generated (SDA=1)

1 ACK signal is generated (SDA=0)
MASTER Represent operating mode of I°’c

0 I°C is in slave mode

1 I°C is in master mode
STOP When I°C is master, generates STOP condition.

0 No operation

1 STOP condition is to be generated
START When IC is master, generates START condition.

0 No operation

1 START or repeated START condition is to be generated
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I2CSR (I°C Status Register) 9Dy
7 6 5 4 3 2 1 0
| ccaL | T | sop | ssE MLOST BUSY TMODE RXACK
R R R R R R R R
Initial value : 00y
GCALL This bit has different meaning depending on whether I°C is master or
slave. Note 1)
When I°C is a master, this bit represents whether it received AACK
(Address ACK) from slave.
When I°C is a slave, this bit is used to indicate general call.
0 No AACK is received (Master mode)
1 AACK is received (Master mode)
0 Received address is not general call address (Slave mode)
1 General call address is detected (Slave mode)
TEND This bit is set when 1-Byte of data is transferred completely. Note 1)
0 1 byte of data is not completely transferred
1 1 byte of data is completely transferred
STOP This bit is set when STOP condition is detected. Note 1)
0 No STOP condition is detected
1 STOP condition is detected
SSEL This bit is set when I°C is addressed by other master. Note 1)
0 I°C is not selected as slave
1 I°C is addressed by other master and acts as a slave
MLOST This bit represents the result of bus arbitration in master mode. Note 1)
0 I°C maintains bus mastership
1 I°C has lost bus mastership during arbitration process
BUSY This bit reflects bus status.
0 I°C bus is idle, so any master can issue a START condition
1 I°C bus is busy
TMODE This bit is used to indicate whether I°C is transmitter or receiver.
0 I°C is a receiver
1 I°C is a transmitter
RXACK This bit shows the state of ACK signal.
0 No ACK is received
1 ACK is generated at ninth SCL period

Note 1) These bits can be source of interrupt.

When an I°C interrupt occurs except for STOP interrupt, the SCL line is hold LOW. To release SCL,
write arbitrary value to I2CSR. When I12CSR is written, the TEND, STOP, SSEL, LOST, RXACK bits

are cleared.
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[I2CSCLLR (SCL Low Period Register) 9Ey

7 6 5 4 3 2 1 0
sc7 | scue | scus | scu4 scL3 SCLL2 scL SCLLO
RAW RW RW RAW RAW RW RW RW

Initial value : 3Fy

SCLL[7:0] This register defines the LOW period of SCL when 1°c operates in
master mode. The base clock is SCLK, the system clock, and the
period is calculated by the formula : tscik X (4 X SCLL + 1) where
tscik is the period of SCLK.

[2CSCLHR (SCL High Period Register) 9Fy
7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW

Initial value : 3Fy

SCLH[7:0] This register defines the HIGH period of SCL when 1’c operates in
master mode. The base clock is SCLK, the system clock, and the
period is calculated by the formula : tscik X (4 X SCLH + 3) where
tscik is the period of SCLK.

So, the operating frequency of I°C in master mode (f12C) is calculated by the following equation.
1

f12€ = Seik = (4 (SCLL + SCLH) + 4)
I2CSDAHR (SDA Hold Time Register) A3y
7 6 5 4 3 2 1 0
SDAH7 | SDAH6 | SDAH5 | SDAH4 SDAH3 SDAH2 SDAHL SDAHO
RW RW RW RW RW RW RW RW
Initial value : 014
SDAH[7:0] This register is used to control SDA output timing from the falling

edge of SCL. Note that SDA is changed after tscik X SDAH. In
master mode, load half the value of SCLL to this register to make
SDA change in the middle of SCL. In slave mode, configure this
register regarding the frequency of SCL from master. The SDA is
changed after tscix X (SDAH + 1). So, to insure normal operation
in slave mode, the value tscik X (SDAH + 1) must be smaller than
the period of SCL.

I2CDR (I°C Data Register) A5,
7 6 5 4 3 2 1 0
| oo | e | ks | o4 IcD3 ICD2 ICD1 ICDO
RAW RW RW RW RW RW RW RW

Initial value : FFy

ICD[7:0] When I°C is configured as a transmitter, load this register with data
to be transmitted. When I°C is a receiver, the received data is
stored into this register.
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I2CSAR (I°C Slave Address Register) A6,

7 6 5 4 3 2 1 0
| saor | s | sias | so SLAGS SLAR SLAOL SLAD
RW RW RW RW RW RW RW RW
Initial value : 00y
SLAOQ[7:1] These bits configure the slave address of this I°C module when I°C
operates in slave mode.
GCALLEN This bit decides whether 1°C allows general call address or not
when I°’C operates in slave mode.
0 Ignore general call address
1 Allow general call address
I2CSARL (I°C Slave Address Register 1) ATy
7 6 5 4 3 2 1 0
sia7 | sae | sias | sia4 | sl SLAL2 SLA1L SLAI0
RW RW RW RW RW RW RW RW
Initial value : 004
SLA1[7:1] These bits configure the slave address of this I°C module when I1°C
operates in slave mode.
GCALLEN This bit decides whether 1°C allows general call address or not
when I1°C operates in slave mode.
0 Ignore general call address
1 Allow general call address
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12. POWER MANAGEMENT

12.1 Overview

MC96FR116C supports two kinds of power saving modes, SLEEP and STOP. In these modes, the
program execution is stopped. There’s also BOD mode caused by voltage drop, which is almost the
same as STOP mode.

12.2 PERIPHERAL OPERATION IN SLEEP/STOP/BOD MODE

Peripheral SLEEP Mode STOP Mode BOD mode
CPU ALL CPU Operations are ALL CPU Operations are ALL CPU Operations are
disabled disabled disabled
RAM Retain Retain Retain
Basic Interval .
Timer Operates Continuously Stop Stop
Watch Dog .
Timer Operates Continuously Stop Stop
Timer0~3 Operates Continuously Halted Halted
Carrier .
Generator Operates Continuously Stop Stop
USART Operates Continuously Stop Stop
BOD Enabled Disabled Enabled
Main OSC P
(1~12MH2) Oscillation Stop Stop
INT-RC OSC .
Oscillation Stop Stop
12MHz
1/0 Port Retain Retain Retain or Input pull-up
mode
Con_trol Retain Retain Retain
Register
Address / Retain Retain Retain
Data Bus
Release By RESET, Key interrupt, By Reset, By power rise
By RESET, all Interrupts External Interrupt, UART by detect
Method RX. PCI

Table 12-1 CPU and peripherals state in power saving modes

12.3 SLEEP mode

To enter SLEEP mode, write 014 to Power Control Register(PCON, 87y). In this mode, only the CPU
halts and other peripherals including main oscillator operate normally. SLEEP mode can be released
by a reset or interrupt. When SLEEP mode is released by a reset, all internal logics is initialized.

The following example shows the way to enter SLEEP mode.

(ex) MOV PCON, #0000_0001b ; Enter SLEEP mode : set bits of STOP and SLEEP Control register (PCON)
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12.4 STOP mode

The least power consuming state called STOP mode is initiated by writing 03, to Power Control
Register (PCON, 874). In STOP mode, all analog and digital blocks including main oscillator stop
operation. The analog block VDC also enters its own stop mode and BOD is auto-disabled, so power
consumption is radically reduced. All registers value or RAM data are reserved.

STOP mode release is done by a reset or external pin interrupt request. When a reset is detected in
STOP mode, the device is initialized, so all registers except for BODR register is reset to initial state.
BODR register may or may not be initialized ‘cause it has reset flags which are affected only by it’s
specific reset source. There're three kinds of reset sources which can be used to release STOP mode,
power on reset(nPOR), external reset(P15) and BOD reset.

When a reset or interrupt occurs in STOP mode, the clock control logic makes system clock active
when a pre-defined time is passed. The oscillation stability time can be calculated by the overflow
period of BIT counter. “°T¢
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NOTE

So the 20ms of recommended stability time is not absolute.

The oscillation stability time is up to the characteristic of an oscillator or a resonator connected to the device.

XIN

CPU Clock

External

Interrupt

BIT Counter

Toan = Ufxn

U
Lot

N

144

N

¢

i

FF

TST > 20ms by Software

X

N / Release
¢
STOP Command\
(n n+l n+2Xn+3XX 0 x 1 * 2)
> Clear & Start
64 Tun
»
ALY
Normal Operation > STOP Mode X e
N

PRD[2:0] in BCCR = 1114

ALY

Normal Operation

Before executing STOP command, BCCR must be set properly
by software to get stability time is to be longer than 20ms.

Figure 12-3 Wake-up from STOP mode by an interrupt

XIN

CPU Clock

RESETB

BIT Counter

T = Uxin

N
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N
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| |\ Rel
STOP Command \ n Release
»
ALY
(m-Z m-1 an)<>(0 Xle)...FExFF Oxl
64 Tan Clear & Start
s TST = 65.5ms @ 8MHz
Normal Operation STOP Mode < 1 Normal Operation
R
TST = 1 X 256
~ fXIN + 2048

PRD[2:0] in BCCR = 1114

Figure 12-4 STOP mode release by an external reset

MC96FR116C acts in a little different manner after it awakes from STOP mode according to the
external power condition after wake-up event.

In stop mode, the main oscillator is halted and any internal peripheral does not operate normally. So
only an interrupt from external world can wake the device up from STOP mode. These kinds of
interrupts are an external interrupt, key input or MISO(RXD) pin in UART mode. When an interrupt is
detected, the wake-up logic enables BOD to check the external voltage level. If the voltage level is
higher than the BOD stop level(=Vgopr), the device wakes up normally to resume program execution.
Otherwise if the checked voltage level is below the Vgopg, it remains in STOP mode. This continues
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unless the power level is recovered. Thereafter the device wakes up by another interrupt when the
power level detected by BOD is sufficient. In this case, BOD reset is generated to initialize the device.

To wake up by an interrupt and accept interrupt request, the EA bit in IE register and the individual
interrupt enable bit INTnE in IEX registers should be set.

12.5 BOD mode

When BOD is enabled and the external voltage drops below Vgopr, the device enters BOD mode
instantaneously. In BOD mode, all analog and digital blocks except for BOD stops operating. The
internal state of the device is almost the same as in STOP mode. But there are 3 different points as
follows. First, on entering BOD mode, the I/O ports can be set input ports with pull-up registers on if
PxBPC registers are enabled. Second, BOD mode can only be released by voltage rise detected by
BOD. And after mode exit, the device is initialized by a BOD reset event. Third, because BOD is
enabled to detect voltage variation, the current consumption is larger than STOP mode of operation,
typically maximum 40uA of current is consumed. Except the three different points described above,
BOD mode is the same as STOP mode.

.All port type are user defined type is maintained

~ PcPBC bit is "0": user defined type is maintained without POPBC and P1PBC

I | I
| | twakeup !
| o T
| |
VDD ! ! ‘
\ / |
I | I
| |
Vaoor ‘ ! i
\ / |
I | I
I | I
Normal operation BOD mode Reset mode i Normal mode
.BOD is enabled with BODR[0] .All analog |Ps are disabled except BOD. .All analog IPs are enabled i
(default is enabled) .Each port type is redefined with POPBC and PIPBC | .CPU is reset !
|
|
|
|
|
|
|

| |
| |
| |
s s
I — PxPBC bit is "1": input with pull-up I
| |
| |
| |
| |
| |

Figure 12-5 BOD mode during normal mode
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i
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|

|
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|
|
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i
i
|
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Figure 12-6 BOD mode during stop mode

162 July., 2014 Rev. 1.0.1



12.6 Register Map

Name Address

Dir

Default

Description

PCON 87H

R/W

00

Power Control Register

Table 12-2 Register Map of Power Control Logic

12.7 Register Description

PCON (Power Control Register)

874
7 6 5 4 2 1 0
| B7 | B® | BB | BM BIT2 BITL BITO
RW RW RW RW RW RW RW
Initial value : 00y
SLEEP mode
01y Enters SLEEP mode
STOP mode

034 Enters STOP mode

NOTE 1. Write PCON register 014 or 03y to enter SLEEP or STOP mode.
2. When mode exit from STOP or SLEEP is done successfully, the PCON register is auto-cleared.
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13. RESET

13.1 Overview

When a reset event occurs, the CPU immediately stops whatever it is doing and all internal logics
except for BODR register is initialized. The external reset pin(P20) shares normal I/O pin and the
functionality is defined by fuse configuration(FUSE_CONF register). The hardware configuration right
after reset event is as follows.

On Chip Hardware Initial Value
Program Counter (PC) 00004
Accumulator 004
Stack Pointer (SP) 07H
Peripheral Clocks On
Control Registers Refer to Peripheral Registers
Brown-Out Detector Enabled on power-on-reset

Table 13-1 Internal status when areset is asserted

13.2 Reset source

Reset can be caused by a power-on-reset (hPOR) event, configuration reset by software, watchdog
overflow, voltage drop detection by BOD, OCD command, or by assertion of an external active-low
reset pin. Five of reset sources except for power-on-reset can be configured whether to be used as a
reset source or not.

-. External reset pin (P20) (Share with P20 pin. Active low)
-. Power-on reset (nPOR, Active low)

-. WDT overflow (when WDTEN is ‘1’ and WDTRSON is ‘1’)
-. Configuration reset by software (nSW)

-. BOD reset (when BODEN is ‘1’) N°™8

-. OCD command (When debugger issues a command)

13.3 Block Diagram

Ext RESETB RESET Noise
Disable by FUSE Canceller
BODR BOD Reset |
BOD Enable Control Logic

nPOR
nSW

R Q |——Internal
RESETB

7)o

WDT Overflow S
WDTEN
WDTRSON
IFBIT
OCD RSTB (BIT Overflow)

Figure 13-1 Block Diagram of Reset Circuit
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NOTE Unlike other reset sources, BOD reset does not take place as soon as BODR goes HIGH(=voltage drops

below BOD stop level). On detecting low voltage while the device is in normal run mode, the device enters
BOD(STOP) mode first. And then by detecting voltage rise, the power control logic wakes the device up to give a
reset signal.

Caution : When the device is in STOP mode by CPU command(PCON=0x03), the BOD cannot
detect voltage drop because the BOD is disabled to reduce power consume. In this case, the BOD
reset may be issued when a wake-up event or interrupt is generated with the external voltage below
the BOD stop level.

13.4 Noise Canceller for External Reset Pin

A glitch-like or short pulse on external reset pin(P15) is ignored by the dedicated noise-canceller. To
have an effect as a reset source, P15 port should be maintained low continuously at least 8us of
time(Trnc) in typical condition. The Tryc may vary from 4.8us up to 13.8us according to the condition
of manufacturing process.

t < Trae t<Trne

A I_J_U_l_ll_u_u_

t> T;;Nc | | t > Trne Tt Teae

PO N . I

A : Reset Input to Noise Canceller
A’ : Reset output of Noise Canceller

Figure 13-2 Noise Cancelling of External Reset Pin

13.5 Power-On-RESET

When power is initially applied to the MCU, or when the supply voltage drops below the Vpor level,
the POR circuit will cause a reset condition. Owing to presence of POR, the external reset pin can be
used as a normal I/O pin. Thus additional resistor and capacitor can be removed to be connected to
reset pin.

Fast VDD Rise Time
1

]

VDD /1 Vror
]
]

nPOR
(Internal Signal)

BIT Overflows

|
1 BIT Starts

 ———
Internal RESETh

Lt

R R

Oscillation ’ ’

|- -

Figure 13-3 Reset Release Timing when Power is supplied (VDD Rises Rapidly)
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/DN

nPOR
(Internal Signal)

Internal RESETb

Slow VDD Rise Time, max 0.02v/ms

T Vpor=1.4V (Typ)

| BIT Starts

—

BIT Overflows
[}

|
v

/

Oscillation

LTI AT

Figure 13-4 Reset Release Timing when Power is supplied (VDD Rises Slowly)

VDD

Internal nPOR

PAD RESETB (P25)

BOD_RESETB

BIT (for Config)

BIT (for Reset)

Config Read

RESET_SYSB

Counting for config read start after POR is released
1

—
-

|

“yr

External reset has no effect on counter value for configuration read

(66O (- XEUE

(oo)oseaos o0+ YokeX-X)

196us X F2, = abolit 48ms
L]

=]

1
|
| 196us X FFy = Max 50ms
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Figure 13-5 Fuse Configuration Value Read Timing after Power On
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Reset Release

Config Read

VPOR

= /DD Input
mmm : OSC (XIN)

®
©4

Figure 13-6 Operation according to Power Level

The above figure shows internal operation according to the voltage level and time. And the following
table is short description about the figure.

Process Description Remarks
O) -POR
-POR release point
® _ _ - -Around 1.3V ~ 1.5V
-Main OSC (Typically 8MHz) starts oscillation
-(250ns X 1024 ) x F24 (30ms) delay section
® ( , ) r ) ) y -Slew Rate >= 0.025V/ms
-VDD must rise above flash operating voltage
-Around 1.5V ~ 1.6V
@ -Configuration value read point -Config value is determined by
writing option
® -Rising section to reset release level ~32ms after power-on-reset or
external reset is released
. -BIT is used to ensure oscillation
® -Reset release point (BIT overflow) stability time
@ -Normal operation
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13.6 External RESETB Input

External reset pin is a Schmitt Trigger type input. External reset input should be asserted low at least
for 8us(typically) for normal reset function when operating voltage and output of main oscillator are
stable.

When the external reset input goes high, the internal reset is released after 64ms of stability time in
case external clock frequency is 8MHz. For 5 clock periods from the point internal reset is released,
an initialization procedure is performed. Thereafter the user program is executed from the address
00004,

REEEH
o AN ANAANAANA- AN

N

A))
RESETB ////
Release

Internal R
RESETB Release

ADDRESS - Y
BUS ? ? 00 02
CORE R 7 R
BUS - 7 -

Stabilization Time RESET Process
TST =32ms Step

—
—

Main Program

Figure 13-7 Reset procedure due to external reset input

BIT COUNT START
VDD

OSC START TIMING

Figure 13-8 Example of oscillation

NOTE Oscillation start time does not belong to oscillation stability time.
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13.7 Brown Out Detector

The MC96FR116C includes a system to protect against low voltage conditions in order to preserve
memory contents and control MCU system states during supply voltage variations. The system is
comprised of a power-on-reset(nPOR) and an BOD with 4 voltage level indicators. The BOD is
enabled when BODEN in BODR is high. The BOD is auto-disabled upon entering STOP mode. This
auto-disable function reduces operating power noticeably consumed by BOD itself.

The BOD has two main functions. One is to generate a BOD stop level(=BODR) and the other is to
indicate voltage levels above BOD stop level denoted by BODIO0,1,2,3,4 each.

Remember that BOD itself does not generate a reset signal. When operating voltage drops below a
pre-defined level(Vgopr), the BOD does not cause the whole system to be reset, but signals main chip
to enter BOD(STOP) mode instantaneously. For more information about BOD stop, refer to section
12.4 POWER MANAGEMENT.

Besides BOD stop level, the BOD gives four low voltage warning flags to indicate to the user that the
supply voltage is approaching, but is still above, the BOD stop level. These flags can be read through
the BODSR register, also can be an interrupt source when BODIEN bit in BODSR is set.

Like external reset, BODR is also filtered by a dedicated noise cancelling logic. A pulse shorter than
about 2us(typically) is ignored by the system.

External VDD —— | I
Brown Out
BODLS[1:0] —*{ Detector r Q[ STOP OSCB
N —
BODEN | BODR —l>o—> b o
STOP MODE S
DEBOUNCE .
CLK _>> ; | VDD Rise
T VDC Lock
RESET_BODB
CPU — ) s Q> BODRF
Write (BOD Reset Flag)
STOP_OSCB : Indicates STOP mode (active low signal) SCLK _,>
r
VDC Lock : VDC Lock detect signal indicating that VDC is (System CLK)
stable after BOD(STOP) mode exit. T

nPOR

Figure 13-9 Block Diagram of BOD
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1
1

VDD |

Wy |

T

Internal nPOR 1

“yr 1

1

PAD RESETB (R20) |
1

1

BOD_RESETB I—lI

BIT (for Config)

BIT (for Reset)

Config Read

RESET_SYSB

~ Main OSC Off
INT-OSC (128KHz) AMMHMMMW >
INT-OSC 128KHz32 MR EEEEEEEEEEEEEEEEE NN

INT-OSC 128KHz / 32 = 4KHz (250us)

Figure 13-10 Configuration value read timing when BOD RESET is asserted

13.8 Register Map

Name Address Dir Default Description

BODR 86H R/W C9y BOD Control Register
BODSR 8Fu R/W 00 BOD Status Register

CFGCR FOu R/W 01n Configuration Control Register

Table 13-3 Register Map of BOD

13.9 Register Description

BODR (BOD Control Register) 864
7 6 5 4 3 2 1 0
| porF | BxRF | womRF | oOCDRF BODRF BODLS? BODLSL BODEN
RW RW RW RW RW RW RW RW
Initial value : C9y4
PORF Power-on reset or software reset event “°'F
0 No POR event detected after clear
1 POR occurred
EXTRF External Reset Event "°'F
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0 No external reset detected after clear

1 External reset occurred

WDTRF Watchdog reset event "°™&
0 No WDT reset detected after clear
1 WDT reset occurred

OCDRF On-chip debugger reset event "°™¢
0 No OCD reset detected after clear
1 OCD reset occurred

BODRF Brown-out detector reset event "°'F
0 No BOD reset detected after clear
1 BOD reset occurred

BODLS[2:1] Select bod flag level bit[2:1]
BODLS2 BODLS1 BODLSO(BODSRI6])

1 1 1 BODIO(1.63V) is bod flag.

0 0 0 BODI1(1.8V) is bod flag.

0 0 1 BODI2(2.0V) is bod flag.

0 1 0 BODI3(2.2V) is bod flag.

0 1 1 BODI4(2.4V) is bod flag.
BODEN Enables or disables BOD. If stop mode is entered, BOD is temporary disabled.

And if stop mode is exited, BOD state id restored with BODEN.

0 Disable BOD

1 Enable BOD

NOTE T clear each reset flag, write ‘0’ to associated bit position.

Intial vaule of ocd mode(debug mode) is D9y.

BODSR (BOD Status Register) 8F4
7 6 5 4 3 2 1 0
| BoDF | BODLSO | BODT |
R RW RW - - - - -
Initial value : 00y
BODIF BOD interrupt flag. To clear this flag, write ‘0’ to this bit position.
0 BOD interrupt not requested
1 BOD interrupt requested
BODLS[0] Select bod flag level bit[0]. Please refer the register of BODLS[2:1],
BODR.
BODIT Select bod flag type.
0 Level event
1 Falling edge envet
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CFGCR (Configuration Control Register) 8Fy

7 6 5 4 3 2 1 0
| SwrRv | - - | sE | ] - SWU SWR
RW - 5 RW - - RW RW

172

SWRM

STUE

SWuU

SWR

Initial value : 104

The monitor of Software reset

0 Software reset was not asserted.

1 Sofware reset was asserted.

Configuration/trimming register update is enabled at stop mode.

0 Hardware will not update configuration register at stop mode.
1 Hardware will update configuration register at stop mode.
Configuration/trimming register update enable with at software

0 Configuration register will not be updated.

1 Configuration register will be updated at once.

Generate software reset signal.

0 Software reset is no enabled.

1 Software reset is enabled.
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14. On-chip Debug System
14.1 Overview

14.1.1 Description

The On-chip debug system(OCD) of MC96FR116C is used to program/erase the non-volatile memory
or debug the device. The main features are shown as follows.

14.1.2 Features

» Two-wire external interface : 1-wire serial clock input, 1-wire bi-directional serial data bus
* Debugger Access to :
* All Internal Peripheral Units
* Internal data RAM
* Program Counter
* Non-volatile Memories
» Extensive On-chip Debug Support for Break Conditions, Including
— Break Instruction
— Single Step Break
— Program Memory Break Points on Single Address
— Programming of Flash, Fuses, and Lock Bits through the two-wire Interface
— On-chip Debugging Supported by Dr.Choice®

» Operating frequency : Supports the maximum frequency of the target MCU

Caution : When the device operates with OCD module connected, the main oscillator of
MC96FR116C does not stop even if it is in STOP mode.
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Target MCU internal circuit

Format
converter

DSCL
USB = \
- DBG
¢ > ﬁ_ DSDA BDC Control

CPU DBG Register

Address bus

-_ Internal data bus

User /0 <«—»

Data memory ]
FEEZgHemory - EEPROM Peripherals
- SRAM

Figure 14-1 Block Diagram of On-Chip Debug System

14.2 Two-pin external interface

14.2.1 Basic transmission packet

v' 10-bit packet transmission via two-wire interface.

v' 1 packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.
v' Even parity for 8-bit transmit data.
v

Receiver gives acknowledge bit by pulling the data line low when 8-bit transmit data and parity bit
has no error.

\

When transmitter receives no acknowledge bit from the receiver, error process is done by
transmitter.

v" When acknowledge error is generated, host PC issues a stop condition and re-transmits the
command.

v' Background debugger command is composed of a bundle of packets.

v' Each packet starts with a start condition and ends with a stop condition.

174 July., 2014 Rev. 1.0.1



St Do | D1 D2 | D3 | D4 | D5 | D6 | D7 F A,

D1 D21 D3 ' D4 D5t DB

Figure 14-2 10-bit transmission packets

14.2.2 Packet transmission timing

14.2.2.1 Data transfer

DsDA
acknowledgement acknowledgement
signal from receiver signal from receiver
DSCL
st 1 10 1 [10\ [ s
: ACK ACK :
START STOP

Figure 14-3 Data transfer on the twin bus
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14.2.2.2 Bit transfer

DSDA /

DSCL

data line
stable:
data valid
except Start and Stop

change
of data
allowed

Figure 14-4 Bit transfer on the serial bus

14.2.2.3 Start and stop condition

DSCL

START condition

—
_/

DSCL

_ X
-/,

STOP condition

Figure 14-5 Start and stop condition

14.2.2.4 Acknowledge bit

Data output
by transmitter

Data output
By receiver

DSCL from
master

L X

I S

no acknowledge

/

acknowledge

clock pulse for acknowledgement

176

Figure 14-6 Acknowledge by receiver
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Host PC
DSCL OUT

Target Device
DSCL OUT

DSCL

—

.
«
»
.
«
O

Acknowledge bit
transmission

inimum 500n,
<— i wait HIGH start HIGH

"""" A —

Acknowledge bit
transmission

_~ ~§tart wait

o

< Maximum 5T g

minimum 1 T g«

—>— for next byte >

< Internal Operation

%‘

/_\ﬁansmission /_

Figure 14-7 Clock synchronization during wait procedure

14.2.3 Connection of transmission

Two-pin interface connection uses open-drain (wired-AND bidirectional 1/O).

?

? VDD

pull-up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
o ©
DSCL(Debugger Serial Clock Line)
O Q
E VDD
DSCL DSDA
ouT | ouT |
DSCL - DSDA v
IN IN

Host Machine(Master)

Target Device(Slave)

Current source for DSCL to fast 0 to 1 transition in high speed mode

Figure 14-8 Wire connection for serial communication
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15. FLASH Memory Controller
15.1 Overview

15.1.1 Description

The MC96FR116C has 16KB of embedded FLASH memory. On reset, this non-volatile memory is
used as code memory. In user application program, parts of this non-volatile memory can be updated.
Program and erase is performed by ISP via OCD or parallel ROM writer in byte size.

15.1.2 Features of FLASH

*  Memory size : 16Kbytes

* Boot Area : Configurable boot area according to BSIZE[1:0]

* Can be updated through registers setting(ISP feature)

*  PROGRAM or ERASE operation is performed with single power supply
+ Command interface for fast program and erase operation

+ Upto 10,000 program/erase cycles at typical voltage and temperature
*  Security feature : Code and Boot Area

+ Page (Buffer) Size : 64B (XDATA region, addresses 80004 ~ 803F)

15.2 Boot Area

Boot Area located in program memory area can store Boot program code for upgrading application
code by interfacing with I/O port pins.

The Boot Area can’t be erased or programmed by unless LOCKB in FUSE_CONF is cleared for the
safety of boot code.

The size of Boot Area can be varied by BSIZE bits in FUSE_CONF. See chapter 16.
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BankO
(16Kbytes)

12KB

4KB

3FFFy

" OFFF.

0000+

Boot Area Size

BSIZE[1:0] = 00 & 512B (0000 ~ 01FF4)
= 01 >1024B (00004 ~ 03FF)
=10 =»2048B (00004 ~ 07FFy)
=11 =>4096B (0000 ~ OFFF)

KB OFFFH
1KB O07FFH
512B 03FFH
O01FFH

Boot Code Area 256B
2568 00OFFH

Interruot table

0000+

15.3 Register Map

Figure 15-1 Program Memory Address Space

Name Address Dir Default Description

FMR Eln R/W 00H FLASH Mode Register

FARH E94 R/W 00H FLASH Address Register High

FARM EAH R/W 00w FLASH Address Register Middle

FARL EBH R/W 00w FLASH Address Register Low

FCR ECH R/W 034 FLASH Control Register

FSR EDx R/W 804 F LASH Status Register

FTCR EEH R/W 00H F LASH Time Control Register

CSUMH 2F06H R 00w FLASH Read Checksum Register High
CSUMM 2F074 R 00H FLASH Read Checksum Register Middle
CSUML 2FO0F4 R 00H FLASH Read Checksum Register Low
FSLBAX 2F614~2F624 R/W 00w F LASH Secure Lock Base Address Register
FSLTAX 2F64,4~2F654 R/W 00w F LASH Secure Lock Top Address Register
FSUBAX 2F674~2F684 R/W 00 F LASH Secure Unlock Base Address Register
FSUTAX 2F6AL~2F6BH R/W 00 F LASH Secure Unlock Top Address Register
FSCTRL 2F6CH R/W 00H F LASH Secure Control Register

PageBuffer 80001~803FH R/W FLASH Page Buffer @XSFR

Table 15-1 Register Map of FLASH Memory Controller
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15.4 Register Description

15.4.1 FLASH Control Registers Description

FMR (FLASH Mode Register) Ely
7 6 5 4 3 2 1 0
| AF | PUF | PR | OTPE VFY READ NFERST
RW RW RW RW RW RW RW RW
Initial value : 01y
AEF FLASH Bulk Erase Enable.
0 FLASH Bulk Erase Disabled
1 FLASH Bulk Erase Enabled
PBUFF Select Flash Page Buffer.
0 Main cell selected.
1 Page buffer selected.
OTPE Select OTP area
0 No operation
1 OTP READ/WRITE is enabled
VFY Enable verify mode with PGM or ERASE bit
0 No verify operation
1 Program Verify with PGM=1
Erase Verify with ERASE=1
READ FLASH Read(VFY=0) or Write(program or erase) Verify(VFY=1). This bit

initiates reading the entire FLASH area, and must be set in chip test
mode, debugger mode or rom writing mode. Clear all FARH, FARM and
FARL before setting this bit for proper operation.

0 No operation
1 Start Read or Verify operation
nFERST Reset FLASH/EEPROM Controller. This bit is auto-set after 1 system
clock period.
0 No operation
1 Reset internal registers for FLASH/EEPROM Controller

Caution : The FEMR register is not used in normal operation including self programming. Do not alter
the contents of this register if possible.

FARH (FLASH Address Register High) E9y
7 6 5 4 3 2 1 0
| ] | - | - | ] | FADDR19 | FADDR17 | FADDRI7 | FADDRI6

Initial value : 00y

FADDR[19:16] Flash Address High (Write)
Checksum result in auto verify mode (Read)

FARM (FLASH Address Register Middle) EA4
7 6 5 4 3 2 1 0
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FADDRI5 | FADDRI4 | FADDRI3 | FADDRI2 | FADDRIL | FADDRIO FADDR9 FADDRS

RW RW RW RW RW RW RW RW
Initial value : 00y

FADDR[15:8] Flash Address Middle (Write)
Checksum result in auto verify mode (Read, PCRCRD=0)
CRC result in auto verify mode (Read, PCRCRD=1)
FARL (FLASH Address Register Low) EBH
7 6 5 4 3 2 1 0
| FADDR7 | FADDR6 | FADDRS | FADDR4 FADDR3 FADDR2 FADDRL FADDRO
RW RW RW RW RW RW RW RW
Initial value : 004
FADDR[7:0] Flash Address Low. As flash page buffer size is of 64 Bytes, only

the MSB of this register is meaningful. (Write)

Checksum result in auto verify mode (Read, PCRCRD=0)

CRC result in auto verify mode (Read, PCRCRD=1)
FARH, FARM and FARL registers are used for program, erase, or auto-verify operation. In program or
erase mode, these registers point to the page number to be programmed or erased.

FCR (FLASH Control Register) ECy
7 6 5 4 3 2 1 0
PGM/ ERASE/ nPBRST/
’ ) BT BT VD3 CMD2 CMD1 CMDO
- - RW RW RW RW RW RW
Initial value : 01y
EXIT[1:0] Exit from program or erase mode. This bit is auto-cleared after 1
system clock period.
EXIT1 EXITO Description
0 0 No exit
0 1 No exit
1 0 No exit
1 1 Exit
CMDI3:0] FLASH Command. The CMDO bit(=nPBRST) is auto-set after 1

system clock period.

0000 Page Buffer Reset
0011 Erase

0101 Program

1101 LOCKF Program

others  Prohibited (no operation)
FSR (FLASH Status Register) EDy
7 6 5 4 3 2 1 0
| rPEvBSY | VFYGoOD | PCRCRD | - ROMINT PMODE EMODE | VMODE
R RW RW - RW R R R
Initial value : 804
nPEVBSY BUSY flag. Represents that program, erase, or verify operation is on-
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going, active low. This bit is auto-set when operation is done.

0 Busy (Operation processing)
1 Operation completed

VFYGOOD Auto-verification result flag
0 Auto-verification failed
1 Auto-verification succeeded

PCRCRD CRC calculation data read control. For correct operation, clear the
FARH, FARM and FARL before starting CRC or setting READ bit in
FEMR.
0 Reading FARH, FARM and FARL registers return checksum

value (24-hit)

1 Reading FARM and FARL registers return CRC result (16-bit)

ROMINT FLASH Interrupt Flag. This bit is auto-cleared when program, erase, or
verify operation is started.
0 No interrupt requested
1 Interrupt requested

PMODE Program mode flag

EMODE Erase mode flag

VMODE Verify mode flag

FTCR (FLASH Time control Register) EEy
7 6 5 4 3 2 1 0
| TR | TR | ToRS | ToR4 TCR3 TOR2 TCR1 TCRO
RW RW RW RW RW RW RW RW
Initial value : 004
TCR[7:0] Program or Erase Time control

Program or erase time is controlled by the value in FETCR register.

The FLASH Memory controller includes a 10-bit counter used to calculate program or erase time. The
counter is clocked by a clock which is divided by 64 from XIN clock(XIN/64). It's a simple counter.
When program or erase operation starts, the counter is cleared and start up-counting until it reaches
the target value coming from FTCR. On matching, the counter stops and the PEVBSY flag is set.

In bulk erase mode, the TCR[7:0] becomes the most significant eight bits in counter target value, and
the least significant two bits are filled with “11”. In program or erase mode, the most significant two bit
is filled with ‘01, the least significant bit is filled with ‘1’, and the TCR[7:0] becomes the middle eight
bits in counter target value. So the program or erase time is calculated by the following equation. In
the following equation and description, it is assumed that the frequency of external clock source, fyy is
8MHz. In that case, the period of XIN/64 clock is about 8us.

Tpe = (TCR+1) * 2 * Bus
The = (TCR+1) * 4 * 8us
where Tpe is time to be taken when program or erase operation is performed in byte- or page-size,

Tbe is time for bulk erase operation.

Normally the maximum program or erase time can be 8us * 512 = 4ms. And considering the error rate

of +10%, about 3.6~4.4ms of program/erase time can be ensured. Similarly in bulk erase mode, the
maximum time can be 8ms, so 7.2~8.8ms of bulk erase time will be applied.
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The CSUMH, CSUMM and CSUML registers are test purpose only.

CSUMH (FLASH Read Check Sum Register High) 2F06y
7 6 5 4 3 2 1 0

| csuves | csuvz2 | csuwver | csuweo | csuvmo | csumis | csuwr CSUM16
R R R R R R R R

Initial value : 00y

CSUM[23:16] FLASH Read Checksum in auto-verify mode

CSUMM (FLASH Read Check Sum Register Middle) 2F074
7 6 5 4 3 2 1 0
| csuvis | csuv4 | csuvus | csumiz | csumut | csumio | csuwe CsuvB
R R R R R R R R
Initial value : 00y
CSUM[15:8] FLASH Read Checksum in auto-verify mode
CSUML (FLASH Read Check Sum Register Low) 2F0F4
7 6 5 4 3 2 1 0
| csuwr | csuve | csuvs | csuws | csuvs | csuwe | csumt | csuwo
R R R R R R R R
Initial value : 00y
CSUM[7:0] FLASH Read Checksum in auto-verify mode

In auto-verify mode, the FLASH address increases automatically by one. CSUMH, CSUMM and
CSUML registers are read-only, and reading these registers returns the 24-bit checksum result.

FSLBA1 (FLASH Secure Lock Base Address 1 Register) 2F61,
7 6 5 4 3 2 1 0
| FsiBas | FsiBal4 | FsiBA3 | FsiBA2 | FSiBAL | FsiBAIO0 FSLBA9 FSLBAS
RAW RW RW RW RW RW RW RW

Initial value : 00y

FSLBA[15:8] Flash Secure Lock Base Address

FSLBA1 (FLASH Secure Lock Base Address 0 Register) 2F62
7 6 5 4 3 2 1 0
| FsiBA7 | FsBAs | FSIBAS | FSlBM | FSIBA3 | FSlBA2 FSLBAL FSLBAD
RW RW RW RW RW RW RW RW

Initial value : 00y

FSLBA[7:0] Flash Secure Lock Base Address
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FSLTA1 (FLASH Secure Lock Top Address 1 Register) 2F64
7 6 5 4 3 2 1 0
| Fsiais | FSta4 | FSITAI3 | FSLTAR2 | FSLTAIL | FSLTAWD FSLTA9 FSLTAS
RW RW RW RW RW RW RW RW

FSLTA[15:8] Flash Secure Lock Top Address

Initial value : 00y

FSLTA1L (FLASH Secure Lock Top Address 0 Register) 2F65y
7 6 5 4 3 2 1 0
| Fsa7 | Fsime | Fsas | Fslid | FS3 | R FSLTAL FSLTAO
R R RAW R R RAW RAW R
Initial value : 00y
FSLTA[7:0] Flash Secure Lock Top Address

FSUBA1 (FLASH Secure Unlock Base Address 1 Register) 2F67y
7 6 5 4 3 2 1 0

| FSUBAI5 | FsUBA4 | FSUBAI3 | FSUBA2 | FSUBAIL | FSUBAIO | FSUBA9 | FSUBAB
RW RW RW RW RW RW RW RW

FSUBA[15:8] Flash Secure Unlock Base Address

Initial value : 00y

FSUBA1 (FLASH Secure Unlock Base Address 0 Register) 2F68y
7 6 5 4 3 2 1 0
| Fsuea7r | Fsumse | Fsueas | Fsuem FseA3 | FsuBm FSUBAL FSUBAO
RW RW RW RW RW RW RW RW

FSUBA[7:0] Flash Secure Unlock Base Address

Initial value : 00y

FSUTA1 (FLASH Secure Unlock Top Address 1 Register) 2F6AL
7 6 5 4 3 2 1 0

| Fsutas | Fsutai4 | Fsutaz | Fsutaiz | FsuTAll | Fsutaio | Fsut | Fsums
RW RW RW RW RW RW RW RW

FSUTA[15:8] Flash Secure Unlock Top Address

Initial value : 00y

FSUTA1 (FLASH Secure Unlock Top Address 0 Register) 2F6By
7 6 5 4 3 2 1 0
| Fsua7 | Fsums FSUTAS FSUIM | FsUA3 | Fsum2 FSUTAL FSUTAO
RW RW RW RW RW RW RW RW

Initial value : 00y
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FSUTA[7:0] Flash Secure Unlock Top Address

FSCTRL (FLASH Secure Control Register) 2F6Cy
7 6 5 4 3 2 1 0
| - | - - | - | - - UCTRL LCTRL
R R R R R R RW RW
Initial value : 00y
UCTRL FLASH unlock control
0 FLASH unlock control is disabled
1 FLASH unlock control is enabled
LCTRL FLASH lock control
0 FLASH lock control is disabled
1 FLASH lock control is disabled

FSLBAX, FSLTAX, FSUBAX, FSUTAx and FSCTRL registers are used for code write protedction. If
FSLBAX is 0x0100, FSLTAX is 0x4000 and FSCTRL][0] is 1, code regision from 0x0100 to 0x4000 is
protected for erase and program. If FSUBAX is 0x0200, FSUTAX is 0x3000 and FSCTRL[1] is 1, code
regision from 0x0200 to 0x3000 is unprotected for erase and program. The priority of UCTRL is higher
than that of LCTRL.
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15.5 Memory map

As described previously, MC96FR116C has 16KB of Program Memory called FLASH. Itis needed to
write page address into FARH, FARM and FARL registers to program or erase the non-volatile
memory.

15.5.1 FLASH area division

P 03FFFy A
R
o
. G
E R
A A
R M
M pgm/ersiviy MC96FR116C
C
o Code Memory
—>|
U MUX |—F—> (PROGRAM)
F — N |—
E T
A E
R
L R
000004

Figure 15-2 FLASH Memory Map

15.5.2 Address configuration of FLASH memory

19 18 17 10 9 8 7 6 5 4 3 2 1 0
PAGE ADDRESS WORD ADDRESS
FLASH (Program)
03FFFy >
. Page 511 *x 1Fy
Page 510
R 00y
Page 1 * Page buffer size: 32Bytes
Page 0
00000y

Figure 15-3 FLASH Memory Address generation
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15.6 Serial In-System Program Mode

Serial In-System Program is performed via the interface of debugger which uses two wires. For more
information about debugger, refer to chapter 14.

15.6.1 ISP or Self Programming Sequence

In MC96FR116C, the commands needed to update FLASH is commenced by FECR register only.
PROGRAM or ERASE sequence is as follows :

1. Set Erase or Program time ;: FETCR(EE) = 0xxx
2. Enter ISP or Self Program Mode

NOTE2

3. Reset Page Buffer : FECR(ECy) = 0x00
4. Load Page Buffer by “MOVX” instruction (up to 64Bytes).
5. Set Page Address to be programmed or erased by writing FARH(E9y), FARM(EA) and FARL(EB)
6-1. Set AEF and FSEL bits in FEMR. (This is used in ISP mode for Bulk Erase operation)

6-2. Set OTPE bit in FEMR. (OTPE bit is used to access OTP area. Set this bit if needed.)

6-3. Set VFY bit in FEMR. (VFY bit is used for read-verify operation. Set this bit if needed.)

7. Start Erase or Program : FECR(ECy) = 0x03(Erase) or 0x05(Program)
8. Wait PEVBSY bit in FESR(EDy) : for OCD mode

9. ISP or Self Program Mode Exit : FECR(ECy) = 0x31

NOTE1

doesn’t have to be changed.
NOTE2

NOTE1

need to exit flash program mode when all program or erase operations are done.

Program or Erase time is only to be set before real program or erase operation. Normally, the FETCR value

Between flash program mode entry and exit, there can be several program or erase operation. It is only

Step eration

Page/Byte Program

Page/Byte Erase

Bulk Erase

Set Erase or Program Time

1) FETCR = Oxxx

1) FETCR = Oxxx

1) FETCR = Oxxx

Mode Entry

2) Mode Entry

2) Mode Entry

2) Mode Entry

Page Buffer Reset

3) FECR = 0x00

3) FECR = 0x00

3) FECR = 0x00

Load Page Buffer

4) Load bytes by MOVX
instruction

4) Load bytes by
MOVX instruction

4) Load page(64B) by
movx instruction

Set Page Address

5) FARH = Oxxx

5) FARH = 0x00

FARM = 0xxx

FARM = 0Oxxx

FARL = 0xxx

FARL = 0xxx

Set AEF/FSEL (Bulk Erase only)

6-1) FEMR = OxA1

Set OTPE (OTP Access only)

6-2) FEMR |= 0x09

6-2) FEMR |= 0x09

6-2) FEMR |= 0x09

Set VFY (Verify operation only)

6-3) FEMR |= 0x02

6-3) FEMR |= 0x02

6-3) FEMR |= 0x02

Start Program or Erase

7) FECR = 0x05

7) FECR = 0x03

7) FECR = 0x03

Wait PEVBSY (OCD only)

8) Wait PEVBSY

8) Wait PEVBSY

8) Wait PEVBSY
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Mode Exit 9) Mode Exit 9) Mode Exit 9) Mode Exit

Table 15-2 Program or Erase sequence in ISP or Self Program Mode

15.6.1.1 FLASH Read

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Read data from Flash.

15.6.1.2 Enable ISP or Self Programming Mode

Step 1. Enter OCD(=ISP) mode."°™*
Step 2. Set ENBDM bit of BCR.
Step 3. Enable debug and Request debug mode.

Step 3. Enter program/erase mode sequence.N°™F?

(1) Write AA, to 15554
(2) Write 55, to 1AAA,
(3) Write A5, to 1555y

NOTEL Refer to chapter 14

NOTE2 Command sequence to activate FLASH program/erase mode. It is composed of sequential write to fixed

FLASH addresses.

15.6.2 Example of FLASH control in C language

The next example code shows how to program or erase a specific page area of FLASH using C
language. The program or erase sequence used in the test code complies with above rules. In this
example code, the page address FO00y is erased and programmed.

Example:

T n

/I Project : Write data to EEPROM at 0xF000
/I Device : MC96FR116C

/I Oscillator : 4MHz

/I Compiler : Keil uvision C Compiler V7.20
T |

#include <intrins.h>
#include "MC96FR116C.h"

#define FLASH_PBUFF_SIZE 64
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/I PGM or ERASE Timing, normally the same values are set.
#define PGMTIME Ox4F  // 2.5ms @4MHz
#define ERSTIME Ox4F  // 2.5ms @4MHz

void page_buffer_reset();

void flash_page_write(unsigned int addr, unsigned char *wdata);
void flash_page_erase(unsigned int addr);

void flash_program_enter();

void flash_program_exit();

xdata unsigned char pagerom[FLASH_PBUFF_SIZE] _at_0x8000; // page buffer
data unsigned char page_data[FLASH_PBUFF_SIZE]; /l write data buffer

void main()

{

unsigned p_index;

Il Step 2
flash_program_entry();

eeprom_page_erase(0xF000);
/l Tmp data for page write operation. Try other data!!!
for (p_index=0; p_index < FLASH_PBUFF_SIZE; p_index++) {
page_data[p_index] = p_index;
eeprom_page_write(0xF000, page_data);
/l Step 10

flash_program_exit();
while(1);

void flash_page_erase(unsigned int addr)

{
inti;
unsigned char temp;
int addr_index;
/l Step 1
FETCR = ERSTIME;
I/l Step 3
page_buffer_reset();
/] Step 4
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for (i=0; | < FLASH_PBUFF_SIZE; i++) {
pagerom[i] = 0x00;

/I Step 5
FARL = (unsigned char) addr;
FARM = (unsigned char) (addr>>8);

I/l Step 8
FECR = 0x0B;

// Step 9 : Itis optional because the CPU clock halts while in program or erase operation.
while(FESR>>7 == 0x00);

void flash_page_write(unsigned int addr, unsigned char *wdata)

{
inti;
unsigned char temp;
int addr_index;
/l Step 1
FETCR = PGMTIME;
I/l Step 3
page_buffer_reset();
/] Step 4
for (i=0; | < FLASH_PBUFF_SIZE; i++) {
pagerom([i] = wdata[i];
}
/I Step 5
FARL = (unsigned char) addr;
FARM = (unsigned char) (addr>>8);
/] Step 8

FECR = 0x0D;

// Step 9 : It is optional because the CPU clock halts while in program or erase operation.
while(FESR>>7 == 0x00);

void page_buffer_reset()

{
FECR = 0x00;
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void flash_program_exit()

{
FECR =0x31;

15.6.3 Summary of FLASH Program/Erase Mode

Flash Operation

Description

FLASH read

Read cell by byte.

FLASH write

Write cell by bytes or page.

FLASH page erase

Erase cell by page.

FLASH bulk erase

Erase the whole cells.

FLASH program verify

Read cell in verify mode after programming.

FLASH erase verify

Read cell in verify mode after erase.

FLASH page buffer load

Load data to page buffer.

15.7 Security

Table 15-3 FLASH operating mode

The MC96FR116C provides one LOCKF bit to protect memory contents from illegal attempt to read.
The LOCKEF bit can be erased only by bulk erase operation.

USER MODE OCD(ISP) / PMODE
LOCKF FLASH oTP FLASH oTP
R |w/|PE|BE| R | W |PE|BE| R | W /| PE|BE| R | W | PE| BE
0 o] o] o] X X X X X o] o) o) 0 0 o) o) 0
1 o] o] o] X X X X X X X X 0 0 X X 0
Table 15-4 Memory protection by lock bit

* LOCKEF : Lock bit of FLASH memory

* R:Read

« W : Write

* PE: Page Erase

* BE: Bulk Erase

* O : Operation is possible.

» X : Operation is impossible.
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16. FUSE

16.1 FUSE Control Register

FUSE_CONF (Pseudo-Configure Data) 2FFO0y
7 6 5 4 3 2 1 0
BSZEL | BSZED | - - | rems - | oo | ook
R R R R R R R R
Initial value : 00y
BSIZE[1:0] Select Specific Area for Write Protection (Boot Area)

192

RSTDIS

LOCKB

LOCKF

Note) When LOCKB="1’, it is applied.

00 512B (0000h~01FFh)
01 1024B (0000h~03FFh)
10 2048B (0000h~07FFh)
11 4096B (0000h~0FFFh)
Select external reset function

0 RESETB pin enable

1 RESETB pin disable
Enable Specific Area Write Protection
0 Disable

1 Enable

Code Read Protection

0 Disable

1 Enable
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17. APPENDIX

A. Instruction Table

The instruction length of M8051W can be 1, 2, or 3 bytes as listed in the following table. It takes 1, 2,
or 4 cycles for the CPU to execute an instruction. The cycle is composed of two internal clock periods.

ARITHMETIC
Mnemonic Description Bytes Cycles Hex code
ADD A,Rn Add register to A 1 1 28-2F
ADD A,dir Add direct byte to A 2 1 25
ADD A @RI Add indirect memory to A 1 1 26-27
ADD A #data Add immediate to A 2 1 24
ADDC A,Rn Add register to A with carry 1 1 38-3F
ADDC A,dir Add direct byte to A with carry 2 1 35
ADDC A,@Ri Add indirect memory to A with carry 1 1 36-37
ADDC A #data Add immediate to A with carry 2 1 34
SUBB A,Rn Subtract register from A with borrow 1 1 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 1 95
SUBB A,@RiI Subtract indirect memory from A with borrow 1 1 96-97
SUBB A #data Subtract immediate from A with borrow 2 1 94
INC A Increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC dir Increment direct byte 2 1 05
INC @RI Increment indirect memory 1 1 06-07
DEC A Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 Ad
DIV AB Divide A by B 1 4 84
DA A Decimal Adjust A 1 1 D4
LOGICAL
Mnemonic Description Bytes Cycles Hex code
ANL A,Rn AND register to A 1 1 58-5F
ANL A,dir AND direct byte to A 2 1 55
ANL A, @RI AND indirect memory to A 1 1 56-57
ANL A #data AND immediate to A 2 1 54
ANL dir,A AND A to direct byte 2 1 52
ANL dir,#data AND immediate to direct byte 3 2 53
ORL A,RN OR register to A 1 1 48-4F
ORL A.dir OR direct byte to A 2 1 45
ORL A @RI OR indirect memory to A 1 1 46-47
ORL A #data OR immediate to A 2 1 44
ORL dir,A OR A to direct byte 2 1 42
ORL dir,#data OR immediate to direct byte 3 2 43
XRL A,Rn Exclusive-OR register to A 1 1 68-6F
XRL A,dir Exclusive-OR direct byte to A 2 1 65
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XRL A, @RI Exclusive-OR indirect memory to A 1 1 66-67
XRL A #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir #data Exclusive-OR immediate to direct byte 3 2 63
CLR A Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
RL A Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RR A Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13
DATA TRANSFER
Mnemonic Description Bytes Cycles Hex code
MOV A,Rn Move register to A 1 1 ES8-EF
MOV A,dir Move direct byte to A 2 1 E5
MOV A, @RI Move indirect memory to A 1 1 E6-E7
MOV A #data Move immediate to A 2 1 74
MOV Rn,A Move A to register 1 1 F8-FF
MOV Rn,dir Move direct byte to register 2 2 A8-AF
MOV Rn,#data Move immediate to register 2 1 78-7F
MOV dir,A Move A to direct byte 2 1 F5
MOV dir,Rn Move register to direct byte 2 2 88-8F
MOV dir,dir Move direct byte to direct byte 3 2 85
MOV dir, @RI Move indirect memory to direct byte 2 2 86-87
MOV dir,#data Move immediate to direct byte 3 2 75
MOV @Ri,A Move A to indirect memory 1 1 F6-F7
MOV @Ri,dir Move direct byte to indirect memory 2 2 AB-A7
MOV @Ri,#data Move immediate to indirect memory 2 1 76-77
MOV DPTR,#data Move immediate to data pointer 3 2 20
MOVC A,@A+DPTR Move code byte relative DPTR to A 1 2 93
MOVC A,@A+PC Move code byte relative PC to A 1 2 83
MOVX A,@Ri Move external data(A8) to A 1 2 E2-E3
MOVX A,@DPTR Move external data(A16) to A 1 2 EO
MOVX @Ri,A Move A to external data(A8) 1 2 F2-F3
MOVX @DPTR,A Move A to external data(A16) 1 2 FO
PUSH dir Push direct byte onto stack 2 2 Co
POP dir Pop direct byte from stack 2 2 DO
XCH ARn Exchange A and register 1 1 C8-CF
XCH A,dir Exchange A and direct byte 2 1 C5
XCH A,@Ri Exchange A and indirect memory 1 1 C6-C7
XCHD A,@Ri Exchange A and indirect memory nibble 1 1 D6-D7
BOOLEAN
Mnemonic Description Bytes Cycles Hex code
CLRC Clear carry 1 1 Cc3
CLR hit Clear direct bit 2 1 Cc2
SETB C Set carry 1 1 D3
SETB bit Set direct bit 2 1 D2
CPLC Complement carry 1 1 B3
CPL bit Complement direct bit 2 1 B2
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ANL C,bit AND direct bit to carry 2 2 82
ANL C,/hit AND direct bit inverse to carry 2 2 BO
ORL C,hit OR direct bit to carry 2 2 72
ORL C,/hit OR direct bit inverse to carry 2 2 A0
MOV C,bit Move direct bit to carry 2 1 A2
MOV bit,C Move carry to direct bit 2 2 92
BRANCHING
Mnemonic Description Bytes Cycles Hex code
ACALL addr 11 Absolute jump to subroutine 2 2 11-F1
LCALL addr 16 Long jump to subroutine 3 2 12
RET Return from subroutine 1 2 22
RETI Return from interrupt 1 2 32
AJMP addr 11 Absolute jump unconditional 2 2 01-E1
LIMP addr 16 Long jump unconditional 3 2 02
SIMP rel Short jump (relative address) 2 2 80
JC rel Jumponcarry =1 2 2 40
JNC rel Jump on carry =0 2 2 50
JB bit,rel Jump on direct bit=1 3 2 20
JNB bit,rel Jump on direct bit =0 3 2 30
JBC bit,rel Jump on direct bit = 1 and clear 3 2 10
JMP @A+DPTR Jump indirect relative DPTR 1 2 73
JZ rel Jump on accumulator = 0 2 2 60
JINZ rel Jump on accumulator # 0 2 2 70
CJNE A,dir,rel Compare A,direct jne relative 3 2 B5
CINE A #d,rel Compare A,immediate jne relative 3 2 B4
CINE Rn#d,rel Compare register, immediate jne relative 3 2 B8-BF
CINE @Ri#d,rel | Compare indirect, immediate jne relative 3 2 B6-B7
DJINZ Rn,rel Decrement register, jnz relative 2 2 D8-DF
DJINZ dir,rel Decrement direct byte, jnz relative 3 2 D5
MISCELLANEOUS
Mnemonic Description Bytes Cycles Hex code
NOP No operation 1 1 00
ADDITIONAL INSTRUCTIONS (selected through EQ[7:4])
Mnemonic Description Bytes | Cycles | Hex code

HOVC @EPTRr) | Mool IE spece remeion o | 1 | 2 | s
TRAP Software break command 1 1 A5

In the above table, an entry such as E8-EF indicates a continuous block of hex opcodes used for 8

different registers, the register numbers of which are defined by the lowest three bits of the

corresponding code. Non-continuous blocks of codes, shown as 11—F1 (for example), are used for
absolute jumps and calls, with the top 3 bits of the code being used to store the top three bits of the
destination address.

The CJINE instructions use the abbreviation #d for inmediate data; other instructions use #data.
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