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REVISION HISTORY

VERSION 0.0 (June 22, 2012)
VERSION 1.0 (July 24, 2012)

Change ‘+6LSB’ to “ILE” in A/D CONVERTER characteristics.

Change ‘3.0V’ to “Vdd @ 0.4-16MHz” in RECOMMENDED OPERATING condition.
Change ‘4.5/9.0mA (Typ/Max)" to “IDD1 @16MHz Crystal” in DC electrical characteristics.
Change ‘4.0/8.0mA (Typ/Max)" to “IDD1 @16MHz IRC” in DC electrical characteristics.
Change ‘2.0/4.0mA (Typ/Max)" to “IDD2 @16MHz Crystal” in DC electrical characteristics.
Change ‘1.0/2.0mA (Typ/Max)" to “IDD2 @12MHz Crystal” in DC electrical characteristics.
Change ‘1.2/2.4mA (Typ/Max)" to “IDD2 @16MHz IRC” in DC electrical characteristics.
Change ‘1.60/1.79V (Typ/Max)" to “VLvr, VLvi” in LVR and LVI characteristics.

Change Figure 10.6 Effective Timing of Interrupt

Change Figure 14.1 Block Diagram of On-Chip Debug System

Change Figure 1.1 Connection of Transmission

Remove 42 PIN DIP package

Remove INTERRUPT GROUP PRIORITY LEVEL at INTERRUPT CONTROLLER
Remove Appendix B

Add 64 PIN LQFP-1414 package

Add RUNFLAG Pull-Down Resistor(Rep) in DC electrical characteristics.

VERSION 1.1 (October 4, 2012)

Modify Figure 7.17 Recommended Circuit and Layout
Add Figure 7.18 Recommended Circuit and Layout with SMPS Power

VERSION 1.2 (January 11, 2013)

Add 0.1uF Bypass capacitor in Internal RC Oscillator characteristics

Change ‘14/24mA, 10/18mA’ to LVR/LVI current in LVR/LVI electrical characteristics.

Change ‘+5LSB’ to “ZOE” in A/D CONVERTER characteristics

Change ‘+5LSB’ to “FSE” in A/ID CONVERTER characteristics

Change ‘10,000/100,000 times‘ to Endurance of Write/Erase in internal flash rom characteristics.

VERSION 1.3 (March 18, 2014)

Add 64 PIN QFN package, MC97F2664UB

AVREF range changed from 1.8V~VDD to 2.7V~VDD

Figure 10.3 modified

Add contents, “Writing “1” has no effect” in all interrupt flag bits.
Appendix 1 “DJNZ Rn,rel” instruction 3bytes > 2bytes

VERSION 1.4 (March 18, 2014)
AVREF range changed from 2.7V~VDD to 1.8V~VDD
VERSION 1.5 (July 7, 2014)

Removed “PGM Plus USB” in Development Tools.

Modify note of LVRCR in RESET, "The LVRST, LVRVS[3:0] bits are cleared by a power-on reset but are
retained by other reset signals”.

Change “Read Protection” to “Code Read Protection” in Configure Option.

Change “Hard-Lock” to “Code Write Protection” in Configure Option.

Change “Vector Area Protection” to “Vector Area Write Protection” in Configure Option.

Change “RESETB select” to “Select RESETB pin” in Configure Option.

Change “Protection Area” to “Specific Area Write Protection” in Configure Option.

Add note of “Specific Area Write Protection” in Configure Option, “When PAEN = ‘1’| it is applied.”

Fix the typo.

VERSION 1.6 (Sep 24, 2014)

Change MAX value of VDD rising time “30V/ms” to “8V/ms” in Power-on Reset Characteristics
Modify contents of BUZZER

Modify Figure 10.3 Interrupt Sequence Flow

Fix the typo.
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VERSION 1.7 (April 13, 2015) This Book

Change MAX value of VDD rising time “8V/ms” to “5V/ms” in Power-on Reset Characteristics
Change a Figure 11.53 A/D Analog Input pin with Capacitor in12-Bit A/D Converter.
Add contents of Flash, “Protection for Invalid Erase/Write”.

Version 1.7
Published by FAE Team
©2015 ABOV Semiconductor Co.,Ltd. All rights reserved.

Additional information of this manual may be served by ABOV Semiconductor offices in Korea or Distributors.
ABOV Semiconductor reserves the right to make changes to any information here in at any time without notice.

The information, diagrams and other data in this manual are correct and reliable; however, ABOV
Semiconductor is in no way responsible for any violations of patents or other rights of the third party
generated by the use of this manual.
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MC97F2664

CMOS SINGLE-CHIP 8-BIT MICROCONTROLLER
WITH 12-BIT A/D CONVERTER

1. Overview

1.1 Description

The MC97F2664 is advanced CMOS 8-hit microcontroller with 64k bytes of FLASH. This is powerful
microcontroller which provides a highly flexible and cost effective solution to many embedded control applications.
This provides the following features : 64k bytes of FLASH, 256 bytes of IRAM, 4,096 bytes of XRAM , general
purpose 1/O, basic interval timer, watchdog timer, 8/16-bit timer/counter, 16-bit PPG output, 8-bit PWM output,
watch timer, buzzer driving port, SPI, UART, 12C, 12-bit A/D converter, on-chip POR, LVR, LVI, on-chip oscillator
and clock circuitry. The MC97F2664 also supports power saving modes to reduce power consumption.

Device Name FLASH XRAM IRAM ADC I/O PORT Package

MCO7F2664L 15 channel 61 64 LQFP-1010
MCO7F2664L14 15 channel 61 64 LQFP-1414
MCo7F2664up | OKDYIeS | 4096 bytes | 256 bytes | o\ el 61 64 QFN

MCO7F2464Q 10 channel 41 44 MQFP-1010
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1.2 Features

+ CPU
- 8 Bit CISC Core (8051 Compatible)
* ROM (FLASH) Capacity
- 64k Bytes
- Flash with self read/write capability
- On chip debug and In-system programming (ISP)

- Endurance : 10,000 times (Sector 0~1019)
100,000 times (Sector 1020~1023)

+ 256 Bytes IRAM
* 4,096 Bytes XRAM
* General Purpose I/0 (GPIO)
- Normal I/O : 61 Ports
(PO, P1,P2,P3,P4,P5,P6,P7[4:0])
* Basic Interval Timer (BIT)
- 8Bit x 1ch
- Watch Dog Timer (WDT)
- 8Bit x 1ch
- 5kHz internal RC oscillator
» Timer/ Counter
- 8Bit x 4ch (TO/T1/T2/T3)
- 16Bit x 6¢h (T4/T5/T6/T7/T8/T9)
* Programmable Pulse Generation
- 8Bit PWM (by TO/T1/T2/T3)
- Pulse generation (by T4/T5/T6/T7/T8/T9)
* Watch Timer (WT)
- 3.91ms/0.25s/0.5s/1s/1m interval at 32.768kHz
* Buzzer
- 8Bit x 1ch
* SPI
- 8Bit x 2ch
 UART
- 8Bit x 3ch
¢ USI (UART + SPI + 12C)
- 8Bit UART x 2ch, 8Bit SPI x 2ch, and 12C x 2ch
» 12 Bit A/D Converter
- 15 Input channels
* Power On Reset
- Reset release level (1.4V)
* Low Voltage Reset

- 14 level detect (1.60V/ 2.00V/ 2.10V/ 2.20V/
2.32V/ 2.44V[ 2.59V/ 2.75V/ 2.93V/ 3.14V/
3.38V/ 3.67V/ 4.00V/ 4.40V)

* Low Voltage Indicator

- 13 level detect (2.00V/ 2.10V/ 2.20V/ 2.32V/
2.44V/ 2.59V/ 2.75V/ 2.93V/ 3.14V/ 3.38V/
3.67V/ 4.00V/ 4.40V)

* Interrupt Sources
- External Interrupts
(EINTO~A, EINT10~19) (21)
- Timer(0/1/2/3/4/5/6/7/8/9) (14)
-WDT (1)
-BIT (1)
-WT (1)
-SP12/3 (2)
- UART 2/3/4 (6)
- UsIo0/1 (4)
-ADC (1)
- Stack OVF(1)
* Internal RC Oscillator
- Internal RC frequency:
16MHz £1.5% (Ta= 0 ~ +50°C)
* Power Down Mode
- STOP, IDLE mode
» Operating Voltage and Frequency
-1.8V ~ 5.5V (@32 ~ 38kHz with X-tal)
-1.8V ~ 5.5V (@0.4 ~ 4.2MHz with X-tal)
-2.7V ~ 5.5V (@0.4 ~ 12.0MHz with X-tal)
-3.0V ~ 5.5V (@0.4 ~ 16.0MHz with X-tal)
-1.8V ~ 5.5V (@0.5 ~ 8.0MHz with Internal RC)
-2.0V ~ 5.5V (@0.5 ~ 16.0MHz with Internal RC)
- Voltage dropout converter included for core
* Minimum Instruction Execution Time
-125nS (@ 16MHz main clock)
-61us (@t 32.768kHz sub clock)
» Operating Temperature: —40 ~+85C
* Oscillator Type
- 0.4-16MHz Crystal or Ceramic for main clock
- 32.768kHz Crystal for sub clock
+ Package Type
-64 LQFP-1010
- 64 LQFP-1414
-64 QFN
- 44 MQFP-1010
- Pb-free package

12
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1.3 Ordering Information
Table 1-1 Ordering Information of MC97F2664

Device name ROM size IRAM size XRAM size Package
MC97F2664L 64 LQFP-1010

MC97F2664L14 64 LQFP-1414

64k bytes FLASH 256 bytes 4,096 bytes

MC97F2664UB 64 QFN

MC97F2464Q 44 MQFP-1010

April 13, 2015 Ver. 1.7
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1.4 Development Tools

1.4.1 Compiler

We do not provide the compiler. Please contact the third parties.

The core of MC97F2664 is Mentor 8051. And, device ROM size is smaller than 64k bytes. Developer can use all
kinds of third party’s standard 8051 compiler.

1.4.2 OCD2 emulator and debugger

The OCD2 (On Chip Debug 2) emulator supports ABOV Semiconductor’'s 8051 series MCU emulation.

The OCD?2 interface uses two-wire interfacing between PC and MCU which is attached to user’s system. The
OCD2 can read or change the value of MCU internal memory and I/O peripherals. And the OCD2 also controls
MCU internal debugging logic, it means OCD2 controls emulation, step run, monitoring, etc.

The OCD2 Debugger program works on Microsoft-Windows NT, 2000, XP, Vista (32bit), 7 operating system.

If you want to see more details, please refer to OCD2 debugger manual. You can download debugger S/W and
manual from our web-site.

Connection:

- DSCL (MC97F2664 P62 port)

- DSDA (MC97F2664 P63 port)

- RTIME (MC97F2664 RUNFLAG port, Option)
NOTE) MC97F2664 Use Only OCD2.

OCD2 connector diagram: Connect OCD2 with user system

2 UserVCC
4 User GND
6 DSCL

(o]
RTIME 5 [] o]
o

8 DSDA

O 0 0 0o o

10

Figure 1.1 OCD2 Debugger and Pin Description
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1.4.3 Programmer

Single programmer:

StandAlone PGMplus: It programs MCU device directly.

o
AECs

L

I-’_“\.

Figure 1.2 StandAlone PGMplus (Single Writer)

OCD emulator: It can write code in MCU device too, because OCD debugging supports ISP (In System
Programming).

It does not require additional H/W, except developer’s target system.

Gang programmer:
It programs 8 MCU devices at once.
So, it is mainly used in mass production line.

Gang programmer is standalone type, it means it does not require host PC, after a program is
downloaded from host PC to Gang programmer.

Figure 1.3 StandAlone Gang8 (for Mass Production)
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2. Block Diagram

ANO-AN7/P10-P17
AN8-AN14/P01-P07
AVREF/P00

TOO/PWMOO/P50
EINT10/P50
ECO/P54
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<
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W
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K

v
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YYY
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TXDO/P63

UARTO
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SS0/P60
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3
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X
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P7 Port

P72/SCK3/EC4
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I W Y XY

YYYYY

P74/EC6
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P6 Port

P64/XOUT

P65/XIN

P66/SXIN

AAEAAAAKRX

YYYYYVYYY

P67/SXOUT
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P51/EINT11/T10/PWM10

P52/EINT12/T20/PWM20

P53/EINT13/T30/PWM30

P5 Port

P54/ECO

P55/EC1

KA A A A4 4K

P5

A

YYVYYYYY

6/EC2
P57/EC3/RESETB

RESETB

SXOUT

CLOCK/SYSTEM

SXIN

CONTROL

XIN

xout

) 4

VDD VSsS

Figure 2.1 Block Diagram

NOTE) The P03-P07, P23-P27, P52-P56, and P7 are not in the 44-pin package.
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3. Pin Assignment
g 3
33
= X
S 3
[
el 90
g S5
m Z =
O o o =
S X 3 o 8o T U U T
Pr3c38 S823S88&¢E
X 2T X g G2 3> >
nS9sx055888g2 222
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o o O O o g O o g g g o o o Jga b
A W NP O O 0N O O WNPFP O O
P56/EC2 [ 1 48 ] PO3/AN10
P55/EC1 [ 2 @ a7 ] PO2/AN9
P54/ECO [ 3 46 ] PO1/AN8
P53/EINT13/T30/PWM30 [ 4 45 ] POO/AVREF
P52/EINT12/T20/PWM20 [ 5 44 ] P17/EINT7/AN7
P51/EINT11/T10/PWM10 [ 6 43 ] P16/EINT6/ANG
P50/EINT10/TOO/PWMOO [—] 7 42 ] P15/EINT5/AN5
P47/RXD3 [ 8 MC97F2664L 41 ] P14/EINT4/AN4
P46/TXD3 9 40 P13/EINT3/AN3
= (64-LQFP-1010) —
P45/RXD2 [ 10 39 ] P12/EINT2/AN2
P44/TXD2 [ 11 38 ] P11/EINT1/AN1
P43/SS1 [ 12 37 ] P10/EINTO/ANO
P42/SCK1 [ 13 36 ] P27/EINTA
P41/RXD1/SCL1/MISO1 [ 14 35 ] P26/EINT9
P40/TXD1/SDA1/MOSI1 [] 15 34 [ P25/EINT8
P70/MOSI3 [ 16 33 ] P24/RXD4
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Figure 3.1 MC97F2664L 64LQFP-1010 Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P6[3:2] pin as DSDA, DSCL.
2. The pin in parentheses can be configured by software control.
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Figure 3.2 MC97F2664L14 64LQFP-1414 Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P6[3:2] pin as DSDA, DSCL.
2. The pin in parentheses can be configured by software control.
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Figure 3.3 MC97F2664UB 64QFN Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P6[3:2] pin as DSDA, DSCL.
2. The pin in parentheses can be configured by software control.
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Figure 3.4 MC97F2464 44MQFP-1010 Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P6[3:2] pin as DSDA, DSCL.
2. The P03-P07, P23-P27, P52-P56, and P7 pins should be selected as a push-pull output or
an input with pull-up resistor by software control when the 44-pin package is used.
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4. Package Diagram
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Figure 4.1 64-Pin LQFP-1010 Package
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Figure 4.2 64-Pin LQFP-1414 Package
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Figure 4.3 64-Pin QFN Package
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[SYMBOLS | MIN. NOM WVAX.
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1300 ,% 540
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NOTES:
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WHERE THE LEAD EXITS THE BOOY.
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Figure 4.4 44-Pin MQFP-1010 Package
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5. Pin Description
Table 5-1 Normal Pin Description
PIN 110 Function @RESET Shared with
Name
P00 | I/O | Port 0 is a bit-programmable 1/O port which can Input AVERF
PO1 be configured as an input, a push-pull output, ANS
or an open-drain output.
P02 A pull-up resistor can be specified in 1-bit unit. AN9
PO3 The P03-P07 are not in the 44-Pin package. AN10
P04 AN11
P05 AN12
P06 AN13
PO7 AN14
P10 | I/O | Port 1 is a bit-programmable 1/O port which can Input ANO/EINTO
P11 be chonfiglljlured asa schmitt-trigggr input, a AN1/EINT1
-pull output, or an open-drain output.
P12 PUST-pUT OUIPUL, or an open-arain ouwrpur. - AN2/EINT2
A pull-up resistor can be specified in 1-bit unit.
P13 AN3/EINT3
P14 AN4/EINT4
P15 ANS5/EINT5S
P16 ANG6/EINT6
P17 AN7/EINT7
P20 | I/O | Port 2 is a bit-programmable 1/0O port which can Input EINT17/T70/PWM70
P21 be chonfiglljlured asa schmitt-trigggr input, a EINT18/T8O/PWMSO
push-pull output, or an open-drain output.
P22 A pull-up resistor can be specified in 1-bit unit. EINT19/T9O/PWM9O
P23 The P23-P27 are not in the 44-Pin package. TXD4
P24 RXD4
P25 EINT8
P26 EINT9
P27 EINTA
P30 | I/O | Port 3 is a bit-programmable I/O port which can Input EINT14/T4A0/PWM40
P31 be configured as a schmitt-trigggr input, a EINT15/T50/PWM50
push-pull output, or an open-drain output.
P32 A pull-up resistor can be specified in 1-bit unit. EINT16/T60/PWMEO
P33 BUZO/(EC6)
P34 MOSI2
P35 MISO2/EC7
P36 SCK2/EC8
P37 SS2/EC9
P40 | I/O | Port 4 is a bit-programmable I/0 port which can Input TXD1/SDA1/MOSI1
pa1 be configured as an input, a push-pull output, RXD1/SCL1/MISO1
or an open-drain output.
P42 A pull-up resistor can be specified in 1-bit unit. SCK1
P43 Ss1
P44 TXD2
P45 RXD2
P46 TXD3
P47 RXD3

April 13, 2015 Ver. 1.7
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Table 5-1 Normal Pin Description (Continued)

PIN 110 Function @RESET Shared with
Name
P50 I/0 | Port 5 is a bit-programmable 1/O port which Input EINT10/TOO/PWMOO
P51 can bﬁ cor|1|figured asa schmitt—c;rigger input, EINT11/T1O0/PWM10
a push-pull output, or an open-drain output.
P52 A pull-up resistor can be specified in 1-bit EINT12/T20/PWM20
P53 unit. EINT13/T30/PWM30
The P52-P56 are not in the 44-Pin
P54 package. ECO
P55 EC1
P56 EC2
P57 EC3/RESETB
P60 I/O | Port 6 is a bit-programmable I/O port which Input SS0
P61 can be configured as a schmitt-trigger input, SCKO
a push-pull output, or an open-drain output.
P62 ) o ) RXDO0/SCLO/MISO0/DSCL
A pull-up resistor can be specified in 1-bit
P63 unit. TXDO/SDAO/MOSIO/DSDA
P64 XOouT
P65 XIN
P66 SXIN
P67 SXOUT
P70 I/0 | Port 7 is a bit-programmable 1/0 port which Input MOSI3
P71 can be configured as an input, a push-pull MISO3
output, or an open-drain output.
P72 ) o . SCK3/EC4
A pull-up resistor can be specified in 1-bit
P73 unit. SS3/EC5
P74 EC6
EINTO /0 | External interrupt inputs Input P10/ANO
EINT1 P11/AN1
EINT2 P12/AN2
EINT3 P13/AN3
EINT4 P14/AN4
EINTS P15/AN5
EINT6 P16/AN6
EINT7 P17/AN7
EINTS P25
EINT9 P26
EINTA p27
EINT10 | I/O | External interrupt and Timer O capture input Input P50/TOO/PWMOO
EINT11 | I/O | External interrupt and Timer 1 capture input Input P51/T10/PWM10
EINT12 | I/O | External interrupt and Timer 2 capture input Input P52/T20/PWM20
26 April 13, 2015 Ver. 1.7
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Table 5-1 Normal Pin Description (Continued)
PIN . .
Name /0 Function @RESET Shared with
EINT13 | I/O | External interrupt and Timer 3 capture input Input P53/T30/PWM30O
EINT14 | I/O | External interrupt and Timer 4 capture input Input P30/T40/PWM40
EINT15 | I/O | External interrupt and Timer 5 capture input Input P31/T50/PWM50
EINT16 | I/O | External interrupt and Timer 6 capture input Input P32/T60/PWME0O
EINT17 | I/O | External interrupt and Timer 7 capture input Input P20/T70/PWM70
EINT18 | I/O | External interrupt and Timer 8 capture input Input P21/T8O/PWMBO
EINT19 | I/O | External interrupt and Timer 9 capture input Input P22/T90/PWM90O
T0O I/O | Timer O interval output Input P50/EINTO/PWMOO
T10 I/O | Timer 1 interval output Input P51/EINT1/PWM10
T20 I/O | Timer 2 interval output Input P52/EINT2/PWM20
T30 I/0 | Timer 3 interval output Input P53/EINT3/PWM30
T40 I/0 | Timer 4 interval output Input P30/EINT4/PWM40
T50 I/O | Timer 5 interval output Input P31/EINT5/PWM50
T60 I/0 | Timer 6 interval output Input P32/EINT6/PWM6E0O
T70 I/0 | Timer 7 interval output Input P20/EINT7/PWM70
T80 I/0 | Timer 8 interval output Input P21/EINT8/PWMBO
T90 I/O | Timer 9 interval output Input P22/EINT9/PWM90O
PWMOO | IO | Timer O pulse output Input P50/EINTO/TOO
PWM10 | IO | Timer 1 pulse output Input P51/EINT1/T10
PWM20 | I/O | Timer 2 pulse output Input P52/EINT2/T20
PWM30 | I/O | Timer 3 pulse output Input P53/EINT3/T30
PWM40O | I/O | Timer 4 pulse output Input P30/EINT4/T40
PWM50 | I/O | Timer 5 pulse output Input P31/EINT5/T50
PWM60O | I/O | Timer 6 pulse output Input P32/EINT6/T60
PWM70O | I/O | Timer 7 pulse output Input P20/EINT7/T70
PWM8O | I/O | Timer 8 pulse output Input P21/EINT8/T80
PWM90 | I/O | Timer 9 pulse output Input P22/EINT9/T90
ECO /0 | Timer O event count input Input P54
EC1 /0O | Timer 1 event count input Input P55
EC2 1/0 | Timer 2 event count input Input P56
EC3 1/0 | Timer 3 event count input Input P57/RESETB
EC4 1/0 | Timer 4 event count input Input P72/SCK3
EC5 1/0 | Timer 5 event count input Input P73/SS3
EC6 /0O | Timer 6 event count input Input P74
EC7 /0O | Timer 7 event count input Input P35/MISO2
EC8 /0 | Timer 8 event count input Input P36/SCK2
EC9 /0 | Timer 9 event count input Input P37/SS2
BUZO /0 | Buzzer signal output Input P33/(EC6)
SCKO 1/0 | Serial 0 clock input/output Input P61
SCK1 1/0 | Serial 1 clock input/output Input P42
SCK2 /0 | Serial 2 clock input/output Input P36/EC8
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Table 5-1 Normal Pin Description (Continued)

NF:n’:Ie 110 Function @RESET Shared with
SCK3 | I/O | Serial 3 clock input/output Input P72/EC4

MOSIO | I/O | SPI 0 master output, slave input Input P63/TXD0/SDAO/DSDA
MOSI1 | I/O | SPI 1 master output, slave input Input P40/TXD1/SDA1
MOSI2 | I/O | SPI 2 master output, slave input Input P34

MOSI3 | I/O | SPI 3 master output, slave input Input P70

MISOO | I/O | SPI 0 master input, slave output Input P62/RXD0/SCLO/DSCL
MISO1 | I/O | SPI 1 master input, slave output Input P41/RXD1/SCL1
MISO2 | I/0O | SPI 2 master input, slave output Input P35/EC7

MISO3 | I/0 | SPI 3 master input, slave output Input P71

SSO I/O | SPI 0 slave select input Input P60

SS1 I/O | SPI 1 slave select input Input P43

SS2 I/O | SPI 2 slave select input Input P37/EC9

SS3 I/O | SPI 3 slave select input Input P73/EC5

TXDO | I/O | UART 0 data output Input P63/SDAO/MOSIO/DSDA
TXD1 | I/0 | UART 1 data output Input P40/SDA1/MOSI1
TXD2 | I/O | UART 2 data output Input P44

TXD3 | I/O | UART 3 data output Input P46

TXD4 | I/O | UART 4 data output Input P23

RXDO | I/O | UART 0 data input Input P62/SCLO/MISO0/DSCL
RXD1 | I/O | UART 1 data input Input P41/SCL1/MISO1
RXD2 | /O | UART 2 data input Input P45

RXD3 | /O | UART 3 data input Input P47

RXD4 | /O | UART 4 data input Input P24

SCLO | I/O | 12C 0 clock input/output Input P62/RXDO/MISO0/DSCL
SCL1 | I/O | 12C 1 clock input/output Input P41/RXD1/MISO1
SDAO | I/0 | 12C 0 data input/output Input P63/TXDO/MOSIO/DSDA
SDA1 | I/O | I12C 1 data input/output Input P40/TXD1/MOSI1
AVREF | I/O | A/D converter reference voltage Input P00

ANO I/0O | A/D converter analog input channels Input P10/EINTO

AN1 P11/EINT1

AN2 P12/EINT2

AN3 P13/EINT3

AN4 P14/EINT4

ANS P15/EINT5

ANG P16/EINT6

AN7 P17/EINT7

ANS P01

AN9 P02

AN10 P03

AN11 P04

AN12 P05
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Table 5-1 Normal Pin Description (Continued)
PIN Name | I/O Function @RESET Shared with
Al13 I/O | A/D converter analog input channels Input P06
Al4 PO7
RESETB | I/O | System reset pin with a pull-up resistor when it Input P57/EC3
is selected as the RESETB by CONFIGURE
OPTION
DSDA | I/O | On chip debugger data input/output =% Input P63/TXDO/SDAO/MOSIO
DSCL | I/O | On chip debugger clock input "% Input P62/RXD0/SCLO/MISO0
RUNFLAG | I/0 | On chip debugger run flag™°"™ with a pull- Input -
down resistor
XIN I/O | Main oscillator pins Input P65
XOuT P64
SXIN I/O | Sub oscillator pins Input P66
SXouT P67
VDD, VSS | — | Power input pins — —
NOTES) 1. The P03-P07, P22-P26, P53-P57, and P7are not in the 44-Pin package.

2.

3.

4.

The P57/EC3/RESETB pin is configured as one of the P57/EC3 and the RESETB pin by the
“CONFIGURE OPTION”.

If the P63/TXD0/SDAO/MOSIO/DSDA, P62/RXD0/SCLO/MISO0/DSCL, and RUNFLAG pins are
connected to an emulator, the pins are automatically configured as the debugger pins.

The P64/XOUT, P65/XIN, P66/SXIN, and P67/SXOUT pins are configured as a function pin by a
software control.

April 13, 2015 Ver. 1.7
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6. Port Structures

6.1 General Purpose I/O Port

PULL-UP

BZ] Level shift (1.8V to ExtvDD)

[7] Level shift (ExtvDD to 1.8)

VDD

REGISTER

OPEN DRAIN

REGISTER

DATA

BE—

VDD

REGISTER

SUB-FUNC DATA OUTPUT

f
VY

MUX 4

SUB-FUNC ENABLE

SUB-FUNC DIRECTION

DIRECTION
REGISTER

PORTx INPUT or

MUX

VDD

-

CMOS or
Schmitt Level
Input

SUB-FUNC DATA INPUT

ANALOG CHANNEL

PAD

ENABLE

ANALOG INPUT

Figure 6.1 General Purpose I/O Port
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6.2 External Interrupt 1/O Port

BZ] Level shift (1.8V to ExtvDD)
[Z7] Level shift (ExtvDD to 1.8)

VDD
PULL-UP
REGISTER >¢ - OI
VDD VDD
OPEN DRAIN
REGISTER

DATA — Zapsl
REGISTER
Mux p PAD
SUB-FUNC DATA OUTPUT »_L\_>
SUB-FUNC ENABLE

SUB-FUNC DIRECTION ——mM

DIRECTION

REGISTER T
VDD

EXTERNAL Q b u
INTERRUPT
—‘ cP POLARITY
r REG.
INTERRUPT T

ENABLE
FLAG
CLEAR Gnigrs e
Schmitt Level
Input

SUB-FUNC DATA INPUT

o I zH_E
o—
PORTx INPUT or MUX
1

I DEBOUNCE

T CLK
DEBOUNCE

ENABLE
ANALOG CHANNEL
ENABLE -

ANALOG INPUT 'I;g—

—

Figure 6.2 External Interrupt /O Port
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7. Electrical Characteristics

7.1 Absolute Maximum Ratings

Table 7-1 Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \% -
V| -0.3 ~ VDD+0.3 v o
Voltage on any pin with respect to VSS
Vo -0.3 ~VDD+0.3 \
Maximum current output sourced by (lon per
. lon -10 mA .
Normal Voltage Pin I/ pin)
Slon -80 mA Maximum current (¥ lon)
loL 60 mA | Maximum current sunk by (lo. per I/O pin)
Yloo 120 mA Maximum current (¥ loL)
Total Power Pr 600 mw -
Dissipation
Storage Temperature Tste -65 ~ +150 °C —

NOTE) 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 Conditions

Table 7-2 Recommended Operating Conditions
(Ta= -40°C ~ +85°C)

Parameter Symbol Conditions MIN TYP | MAX | Unit
fx= 32 ~ 38kHz SX-tal 1.8 - 5.5
fx= 0.4 ~ 4.2MHz 1.8 - 5.5
. fx=0.4 ~12.0MHz | X-tal 2.7 - 5.5
Operating Voltage VDD \%
fx= 0.4 ~ 16MHz 3.0 - 55
fx= 0.5 ~ 8.0MHz 1.8 - 55
Internal RC
fx= 0.5 ~ 16.0MHz 2.0 - 5.5
Operating Temperature Toprr VDD= 1.8 ~ 5.5V -40 — 85 °C
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7.3 A/D Converter Characteristics

Table 7-3 A/D Converter Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - - — 12 - bit
Integral Linear Error ILE - - 6
Differential Linearit
Error Y DLE | AVREF=2.7V - 55V - - 1

LSB
fx= 8MHz
Zero Offset Error ZOE - - 15
Full Scale Error FSE — — 5
Conversion Time tcon 12bit resolution, 8MHz 20 - - us
Analog Input Voltage Van - VSS - AVREF
Analog Reference v
AVREF *Note 3 1.8 - VDD
Voltage
VDD18 - - - 1.8 - \Y
Analog Input Leakage _
Current Ian AVREF=5.12V — — 2 uA
Enable - 1 2 mA
ADC Operating Current lanc VDD= 5.12V
Disable - - 0.1 UuA

NOTES) 1. Zero offset error is the difference between 000000000000 and the converted output for zero input

voltage (VSS).

2. Full scale error is the difference between 111111111111 and the converted output for full-scale input
voltage (AVREF).

3. When AVREEF is lower than 2.7V, the ADC resolution is worse.

April 13, 2015 Ver. 1.7
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7.4 Power-On Reset Characteristics

Table 7-4 Power-on Reset Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESET Release Level Veor - - 14 - \Y
VDD Voltage Rising Time tr - 0.05 - 5 V/ms
POR Current Ipor - - 0.2 - UuA

7.5 Low Voltage Reset and Low Voltage Indicator Characteristics

Table 7-5 LVR and LVI Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
- 1.60 1.79
1.85 2.00 2.15
1.95 2.10 2.25
2.05 2.20 2.35
2.17 2.32 2.47
2.29 2.44 2.59
. ViR The LVR can select all levels but 2.39 259 279
Detection Level LVI can select other levels except \Y
Vivi 1.60V. 2.55 2.75 2.95
2.73 2.93 3.13
2.94 3.14 3.34
3.18 3.38 3.58
3.37 3.67 3.97
3.70 4.00 4.30
4.10 4.40 4.70
Hysteresis AV - - 50 150 mV
Minimum Pulse Width tw - 100 - - us
Enable (Both) VDD= 3V, - 14.0 24.0
LVR and LVI Current IsL Enable (One of two) | RUN Mode - 10.0 18.0 UA
Disable (Both) VDD= 3V — — 0.1

34
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7.6 Internal RC Oscillator Characteristics

Table 7-6 High Internal RC Oscillator Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit

Frequency firc Vop =2.0-55V - 16 - MHz
Ta=0°Cto +50 °C With 0.1uE 15

Tolerance - Ta=-20°C to +85 °C Bypass - - 2.5 %
Ta=-40°C to +85 °C | capacitor +3.5

Clock Duty Ratio TOD - 40 50 60 %

Stabilization Time ThEs - - - 100 us
Enable - 0.2 - mA

IRC Current lirc ;
Disable — — 0.1 uA

NOTE) A 0.1uF bypass capacitor should be connected to VDD and VSS. Refer to the “7.21 Recommended

Circuit and Layout".

7.7 Internal Watch-Dog Timer RC Oscillator Characteristics

Table 7-7 Internal WDTRC Oscillator Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter

Symbol Conditions MIN TYP MAX Unit

Frequency fwpTrC - 2 5 10 kHz

Stabilization Time twoTs - - - 1 ms
Enable - 1 —

WDTRC Current lwpTrRC Disable _ _ 01 UuA

April 13, 2015 Ver. 1.7
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7.8 DC Characteristics

Table 7-8 DC Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V, fxn= 16MH2z)

Parameter Symbol Conditions MIN TYP MAX Unit
Vin1 P1, P2, P3, P5, P6, RESETB 0.8vDD — VDD \V;
Input High Voltage Viz | Allinput pins except VIH1 0.7VDD - VDD Vv
Vi P1, P2, P3, P5, P6, RESETB - - 0.2vDD \V;
Input Low Voltage ViL2 All input pins except VIL1 - - 0.3vDD \V;
Output High VDD= 4.5V, loy= -2mA, : _ _
Voltage Vor All output ports; VDD-1.0 v
VDD=4.5V, lo.= 5mA;
VoL1 All v - - 1.0 \Y,
Output Low Voltage output ports except Vorz
VDD= 4.5V, lo.= 15mA;
Voz | b p3,P50-53 - - 1.0 v
Input High Leakage . _ _
Current m All input ports 1 UuA
Input Low Leakage .
Current I All input ports -1 - - uA
VI=0V, VDD=5.0V 25 50 100
Rpu1 TA: 25°C kQ
) All Input ports VDD=3.0V 50 100 200
Pull-Up Resistor
VI=0V, VDD=5.0V 150 250 400
Rpuz TA= 25°C kQ
RESETB VDD=3.0V 300 500 700
Pull-Down Resistor Rpp XBRIZZLSA%/ Ta=25°C 10 20 30 kQ
XIN= VDD, XOUT=VSS
R o ~ 600 1200 2000
OSC feedback Xl Ta= 25°C, VDD= 5V KO
resistor SXIN=VDD, SXOUT=VSS
Rx2 Ta= 25 °C VDD=5V 2500 5000 10000
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Table 7-9 DC Characteristics (Continued)

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V, fxn= 16MHz)

Parameter Symbol Condition MIN TYP MAX Unit
| fxun= 16MHz, VDD= 5V+10% - 4.5 9.0
pot fun= 12MHz, VDD= 3V+10% - 3.0 6.0 mA
(RUN)
fire= 16MHz, VDD= 5V+10% - 4.0 8.0
| fxn= 16MHz, VDD= 5V+10% - 2.0 4.0
(ISEE) fun= 12MHz, VDD= 3V+10% - 1.0 2.0 mA
Supply Current firre= 16MHz, VDD= 5V+10% - 1.2 2.4
Iopa fun= 32.768kHz Sub RUN - 60.0 90.0 uA
VDD= 3V+10%
lopa Ta= 25°C Sub IDLE - 8.0 16.0 uA
loos STOP, VDD= 5V+10%, Ta= 25°C - 0.5 3.0 uA

NOTES) 1. Where the fXIN is an external main oscillator, the fSUB is an external sub oscillator, the fIRC is an

internal RC oscillator, and the fx is the selected system clock.
2. All supply current items don’t include the current of an internal Watch-dog timer RC (WDTRC)

oscillator and a peripheral block.
3. All supply current items include the current of the power-on reset (POR) block.

April 13, 2015 Ver. 1.7
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7.9 AC Characteristics

Table 7-9 AC Characteristics

(Ta= -40°C ~ +85°C

VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESETB input low width trsT Input, VDD= 5V 10 - - us
tiw, .
Interrupt input high, low width ;WH All interrupt, VDD= 5V 200 - -
IWL

External Counter Input High, tecwn, | ECn, VDD =5V 200 B B

Low Pulse Width teewt | (n=0-9) ns
External Counter Transition trEC, ECn, VDD =5V 20 B B

Time trec (n=0-9)

tRST

RESETB

0.2 VDD

A
A

Figure 7.1 Input Timing for RESETB

tiwL tiwH

External

Interrupt 0.8 VDD

A
A

0.2 VDD

Figure 7.2 Input Timing for External Interrupts

L tECWL Jd L tECWH

«— tFEC —»| |« [REC

ECn

A

Figure 7.3 Input Timing for ECO — EC9

38

April 13, 2015 Ver. 1.7




\BO\

MC97F2664

7.10 SPI Characteristics

Table 7-10 SPI Characteristics

(Ta= -40°C — +85°C, VDD= 1.8V — 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Output Clock Pulse Period Internal SCK source 200 - -
tsck
Input Clock Pulse Period External SCK source 200 - -
Output Clock High, Low
Pulse Width t t Internal SCK source 70 - -
SCKH, LSCKL

Input Clock High, Low
Pulse Width External SCK source 70 - - ns
_I?rst Output Clock Delay tron Internal/External SCK 100 _ _

ime source
Output Clock Delay Time tos - - - 50
Input Setup Time tois - 100 - -
Input Hold Time toi - 150 - -

SS

(Output/Input)

> >
< <
— tFOD i«— > < 1SCK

SCK

(CPOL=0)

(Output/Input)

v _ T 7 T
ISCKL i i tSCKH_
X [ £ X £

SCK

(CPOL=1)

(Output/Input)

Al s 4
tDIS tDIH
MISO/MOSI
(Data Input) C LSB
—> 1S _
EA < C
MISO/MOSI
(Data Output) MSB LSB
T >>
< C
Figure 7.4 SPI Timing
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7.11 UART Characteristics

Table 7-11 UART Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, fxn=11.1MHz)

Parameter Symbol MIN TYP MAX Unit
Serial port clock cycle time tsck 1250 tcpu X 16 1650 ns
Output data setup to clock rising edge ts1 590 tcpu X 13 - ns
Clock rising edge to input data valid ts2 - - 590 ns
Output data hold after clock rising edge th1 tcpu - 50 tepu - ns
Input data hold after clock rising edge th2 0 - - ns
Serial port clock High, Low level width thicH, tLow 470 tcpu X 8 970 ns
P tsck -~
tHIGH P tLow R
/ N\
N /] N

Figure 7.5 Waveform for UART Timing Characteristics

snitcok [\ \ ] \ \ /S /
L, tHi—p! ie—
Data Out \ DO >< D1 >< D3 D4 >< D5 >< >< D7
sz o> e
Data In >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid >< >< Valid
Figure 7.6 Timing Waveform for the UART Module
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7.12 12C Characteristics

Table 7-12 12C Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Standard Mode High-Speed Mode
Parameter Symbol Unit
MIN MAX MIN MAX
Clock frequency tscL 0 100 0 400 kHz
Clock High Pulse Width tscLm 4.0 - 0.6 -
Clock Low Pulse Width tscLe 4.7 - 1.3 -
Bus Free Time ter 4.7 - 1.3 -
Start Condition Setup Time tsTsu 4.7 - 0.6 -
Start Condition Hold Time tsTHD 4.0 - 0.6 - us
Stop Condition Setup Time tspsu 4.0 - 0.6 -
Stop Condition Hold Time tspHD 4.0 - 0.6 -
Output Valid from Clock tvp 0 - 0 -
Data Input Hold Time toiH 0 - 0 1.0
Data Input Setup Time tois 250 - 100 - ns
< tscL >
{SCLH  tsCLL
—>» 4—1tSTsu < P i€ ' g —p <€— {DIH —» «€—(SPSU
m - - -
SCL / \ / \ \ <€— {SPHD
SDA i / >< i )
& Z tBF
—>»i €—tSTHD <€— tDIS < >
—>! €—tvD
SDA X ><
Out :
—> <—tvD '

Figure 7.7 12C Timing
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7.13 Data Retention Voltage in Stop Mode

Table 7-13 Data Retention Voltage in Stop Mode
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Data retention supply voltage VboDR - 1.8 - 5.5 \%
Data retention supply current Ibbbr VDDR= 1.8V, - - 1 UA
(Ta= 25°C), Stop mode

IDLE Mode
X (Watchdog Timer Active)
| ¢———— Stop Mode > <>
Normal
Operating Mode
l¢—— Data Retention ——p]
Vob s
T \VDDDR
Execution of
STOP Instruction
VIH7L
INT Request
—(twAIT[E—
NOTE: tWAIT is the same as (the selected bit overflow of BIT) X 1/(BIT Clock)
Figure 7.8 Stop Mode Release Timing when Initiated by an Interrupt
RESET
Occurs
l Oscillation
— > <> S .
Stop Mode X Stabillization Time
. g Normal
4—— Data Retention ——p Operating Mode
VDD b
V DDDR
Execution of
RESETB STOP Instruction
s Z‘ 0.8VDD
0.2VvD
—» TWAITE—

NOTE : tWAIT is the same as (4096 X 4 X 16/fiRc) = (16.4 ms at fx=1MHz).

Figure 7.9 Stop Mode Release Timing when Initiated by RESETB
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7.14 Internal Flash Rom Characteristics

Table 7-14 Internal Flash Rom Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Condition MIN TYP MAX Unit
Sector Write Time trsw - - 2.5 2.7
Sector Erase Time tese - - 2.5 2.7 ms
Code Write Protection Time teHL - - 2.5 2.7
Page Buffer Reset Time trBR - - - 5 us
Flash Programming Frequency feem - 0.4 - - MHz
Endurance of Write/Erase
(Sector 0~1019) 10,000 i

- NFwe - - - Times

Endurance of Write/Erase 100.000
(Sector 1020~1023) '

NOTE) During a flash operation, SCLK[1:0] of SCCR must be set to “00” or “01” (INT-RC OSC or Main X-TAL for

system clock).

7.15 Input/Output Capacitance

Table 7-15 Input/Output Capacitance

(Ta= -40°C ~ +85°C, VDD= 0V)

Parameter Symbol Condition MIN TYP MAX Unit
Input Capacitance Cin fx= 1MHz
Output Capacitance Cout Unmeasured pins are - - 10 pF
/O Capacitance Cio connected to VSS
April 13, 2015 Ver. 1.7 43
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7.16 Main Clock Oscillator Characteristics

Table 7-16 Main Clock Oscillator Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit
1.8V -5.5V 0.4 - 4.2

Crystal Main oscillation frequency 2.7V — 5.5V 0.4 - 12.0 MHz
3.0V -5.5V 0.4 - 16.0
1.8V -5.5V 0.4 - 4.2

Ceramic Oscillator Main oscillation frequency 27V —55V 0.4 _ 12.0 MHz
3.0V -5.5V 0.4 - 16.0
1.8V -5.5V 0.4 - 4.2

External Clock XIN input frequency 2.7\ — 5.5V 0.4 _ 12.0 MHz
3.0 V-5.5V 0.4 - 16.0

XOouT

[
o

Figure 7.10 Crystal/Ceramic Oscillator

‘ XIN XOouT

T T

External Open
Clock
Source

Figure 7.11 External Clock
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7.17 Sub Clock Oscillator Characteristics

Table 7-17 Sub Clock Oscillator Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit

Crystal Sub oscillation frequenc kHz
y q y 18V —55V 32 32.768 38

External Clock SXIN input frequency 32 — 100 kHz

SXIN SXOUT

Lo,

C

Figure 7.12 Crystal Oscillator

‘ SXIN SXOUT

T T

External Open
Clock
Source

Figure 7.13 External Clock
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7.18 Main Oscillation Stabilization Characteristics

Table 7-18 Main Oscillation Stabilization Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Crystal fx > 1MHz - - 60 ms
Oscillation stabilization occurs when VDD
is equal to the minimum oscillator voltage
Ceramic range. - - 10 ms
External Clock fan = 0.4 to 16MHz _ 31 - 1250 ns
XIN input high and low width (txu, tx)
P 1/fXIN N
P XL J L tXH N
XIN * 0.8vDD
K 0.2vDD

Figure 7.14 Clock Timing Measurement at XIN

7.19 Sub Oscillation Characteristics

Table 7-19 Sub Oscillation Stabilization Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Crystal - - - 10 S
External Clock SXIN input high and low width (txu, tx.) 5 - 15 us

. 1/fsus |
P XL L tXH N
SXIN * 0.8vDD
K 0.2vDD
Figure 7.15 Clock Timing Measurement at SXIN
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7.20 Operating Voltage Range

(fxiIN=0.4 to 16MHz)

16.0MHz

12.0MHz

4.2MHz -

0.4MHz -

18 27 3.0

Supply voltage (V)

5.5

32.768kHz -

(fsuB=32 to 38kHz)

1.8

Supply voltage (V)

5.5

Figure 7.16 Operating Voltage Range
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7.21 Recommended Circuit and Layout

¥99¢4.60N

VDD
VSS

110

XIN
XOouT

SXIN

SXOUT

{This 0.1uF capacitor should be within

PCB layout.

1cm from the VDD pin of MCU on the} ’ VDD VCC:

4

0.1uF 2

'DC Power

vCC

A Infrared LED,

32.768kHz

T+
~

_~High-Current Part

{ FND(7-Segment), }
etc
This 0.01uF capacitor is alternatively
for noise immunity.
4 X-tal
4 . Cl The load capacitors of the sub clock
o ~C1,C2: CLx 2+ 15%
a « - CL=(C1xC2)/(C1+ C2) - Cstray
:_T__l C2 - Cv: the specific capacitor value of crystal

{

< HhE

should be separated from the high-
current part at a DC power node on

The MCU power line (VDD and VSS)
the PCB layout. }

~ The main and sub crystal should be within 1cm from the pins of MCU on the PCB layout.

- Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)

Figure 7.17 Recommended Circuit and Layout
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7.22 Recommended Circuit and Layout with SMPS Power

SMPS Side «— i —» MCU Side
VCC VDD

|

SMPS ﬁ T
R1 MCO7F2664
I I I g 55

C1 C2 C3 =

1. The C1 capacitor is to flatten out the voltage of the SMPS power, VCC.
v Recommended C1: 470uF/25V more.
2. The R1 and C2 are the RC filter for VDD and suppress the ripple of VCC.
v Recommended R1: 10Q - 20Q
\ Recommended C2: 47uF/25V more
\ The R1 and C2 should be as close by the C3 as possible.
3. The C3 capacitor is used for temperature compensation because an electrolytic capacitor
becomes worse characteristics at low temperature.
v Recommended C3: ceramic capacitor 2.2uF more
\ The C3 should be within 1cm from VDD pin of MCU on the PCB layoui.
4. The above circuit is recommended to improve noise immunity (EFT, Surge, ESD, etc) when the
SMPS supplies the VDD of MCU.

Figure 7.18 Recommended Circuit and Layout with SMPS Power
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7.23 Typical Characteristics

These graphs and tables provided in this section are only for design guidance and are not tested or guaranteed.
In graphs or tables some data are out of specified operating range (e.g. out of specified VDD range). This is only
for information 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 + 3g) and
(mean - 30) respectively where o is standard deviation.

mA
6.00

5.00
——16MHz -40°C
4.00 44 16MHz +25°C
===16MHz +85°C
——IRC 16MHz -40°C

2.00 IRC 16MHz +25°C
—IRC 16MHz +85°C

3.00

1.00
000 T T T T T T 1
2.5V 3.0V 35V 40V 45V 50V 55V
Figure 7.19 RUN (IDD1) Current
mA
2.50
2.
00 =16MHz -40°C
=16MHz +25°C
1.50
==16MHz +85°C
1.00 IRC 16MHz -40°C
“="IRC 16MHz +25°C
0.50 “"IRC 16MHz +85°C
0.00 T T T T T T 1
25V 3.0V 35V 40V 45v 50V 55V

Figure 7.20 IDLE (IDD2) Current
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uA
120.0
/ —-40°C
600 // +250C
40.0 +85°C
20.0
0.0 T T T T T T 1
25V 3.0V 35V 40V 45V 50V 55V
Figure 7.21 SUB RUN (IDD3) Current
uA
35.0

300 /'
250 / //
200 —-40°C

150 +25°C
/ +85°C
100 +———
5.0 -
0.0 T T T T T T 1

25V 30V 35V 40V 45V 50V 55V

Figure 7.22 SUB IDLE (IDD4) Current
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uA
5.00
4.00 —
3.00 —_400(:
+25°C
2.00
+85°C
1.00
0.00 T T T T T T 1
25V 3.0V 35V 40V 45v 50V 55V
Figure 7.23 STOP (IDD5) Current
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8. Memory

The MC97F2664 addresses two separate address memory stores: Program memory and Data memory. The
logical separation of Program and Data memory allows Data memory to be accessed by 8-bit addresses, which
makes the 8-bit CPU access the data memory more rapidly. Nevertheless, 16-bit Data memory addresses can
also be generated through the DPTR register.

MC97F2664 provides on-chip 64k bytes of the ISP type flash program memory, which can be read and written
to. Internal data memory (IRAM) is 256 bytes and it includes the stack area. External data memory (XRAM) is
4,096 bytes and it can be used as the extended stack area

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 64k bytes, this device has just 64k bytes program
memory space.

Figure 8-1 shows the map of the lower part of the program memory. After reset, the CPU begins execution from
location 0000H. Each interrupt is assigned a fixed location in program memory. The interrupt causes the CPU to
jump to that location, where it commences execution of the service routine. External interrupt 0-7, for example, is
assigned to location 002BH. If external interrupt 0-7 is going to be used, its service routine must begin at location
002BH. If the interrupt is not going to be used, its service location is available as general purpose program
memory. If an interrupt service routine is short enough (as is often the case in control applications), it can reside
entirely within that 8 byte interval. Longer service routines can use a jump instruction to skip over subsequent
interrupt locations, if other interrupts are in use.
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8.2 Data Memory

Figure 8-2 shows the internal data memory space available.

FFH FFH
Upper 128 Bytes Special Function Registers
Internal RAM 128 Bytes
(Indirect Addressing) (Direct Addressing)
80H 80H
7FH

Lower 128 Bytes
Internal RAM
(Direct or Indirect
Addressing)

O0OH

Figure 8.2 Data Memory Map

The internal data memory space is divided into three blocks, which are generally referred to as the lower 128
bytes, upper 128 bytes, and SFR space.

Internal data memory addresses are always one byte wide, which implies an address space of only 256 bytes.
However, in fact the addressing modes for internal RAM can accommodate up to 384 bytes by using a simple
trick. Direct addresses higher than 7FH access one memory space and indirect addresses higher than 7FH
access a different memory space. Thus Figure 8-2 shows the upper 128 bytes and SFR space occupying the
same block of addresses, 80H through FFH, although they are physically separate entities.

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 8-3. 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 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 8051 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 00H through 7FH.

All of the bytes in the lower 128 bytes can be accessed by either direct or indirect addressing. The upper 128
bytes RAM can only be accessed by indirect addressing. These spaces are used for data RAM and stack.
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[ TFH |7r]7e]7D]7C]7B[7A] 79] 78
Slr7|ve| 75|74 73| 72| 71| 70
6F |6E | 6D |6C |6B|6A |69 |68
§ 67|66 |65|64]|63]|62|61(60
80 Bvtes < General Purpose 5F |5E (5D |5C 5B | 5A | 59 | 58
Y Register 57 (56|55 |54|53|52|51[50
' 4AF |4E|4D|4ac|4B|4A| 49|48
47|46 (45|44 (43424140
. 3F|3E|(3D|3Cc|3B|3A[39]38
\_ 30H 37(36(35(34(33|32(31(30
2FH 2F|2E|2D|2C|2B|2A |29 | 28
168 2726252423 22(21]20
(1282)’}:3 Bit Addressable 1F|[1E|1D|1C|1B|1A[|19[18
17|16|15(14|13| 12|11 10
20H OF |oE|0D|0C|0B|0A]| 09|08
1FH o Bk 3 e lo7]oe|os|04a]03]02]01(00
egister ban o
8 Bytes 18H (8 Bytes)
17H )
Register Bank 2
8 Bytes 10H (8 Bytes)
OFH . =
Register Bank 1
R 08H (8 Bytes) R6
o | =
Register Bank 0
8 Bytes (8 Bytes) R3
OO0H o
R1
RO

Figure 8.3 Lower 128 Bytes RAM
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8.3 XRAM Memory

MC97F2664 has 4,096 bytes XRAM. This area has no relation with RAM/FLASH. It can be read and written to

through SFR with 8-bit unit.

107FH

1000H
OFFFH

000OH

Extended
Special Function Registers
128 Bytes
(Indirect Addressing)

External RAM
4096 Bytes
(Indirect Addressing)

Figure 8.4 XDATA Memory Area
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8.4 SFR Map

8.4.1 SFR Map Summary

Table 8-1 SFR Map Summary

Reserved

M8051 compatible

OF8H

OFOH

OES8H

OEOH

OD8H

ODOH

0C8H

0COH

0B8H

OBOH

0A8H

OAOH

98H

90H

88H

80H

00H/8H™  01H/9H  02H/OAH  03H/OBH  04H/OCH  O5H/ODH  O06H/OEH  O7H/OFH
XBANK - FSADRH | FSADRM | FSADRL FIDR FMCR MODINR
B P35DB BUZCR BUZDR SPWRL SPWRH XSPCR SINTCR
RSTFR P2DB T8CRL T8CRH TSBADRL | T8BADRH | T8BDRL | T8BDRH
ACC P1DB T7CRL T7CRH T7ADRL | T7ADRH | T7BDRL | T7BDRH
LVRCR P710 T6CRL T6CRH T6ADRL | T6ADRH | T6BDRL | T6BDRH
PSW P6IO T5CRL T5CRH TS5ADRL | T5ADRH | T5BDRL | T5BDRH
OSCCR P5I0 T4CRL T4CRH T4ADRL | T4ADRH | T4BDRL | T4BDRH
P7 P4IO SPI2CR SPI2DR SPI2SR SPI3CR SPI3DR SPI3SR
P6 P3I0 T2CR T2CNT TTZZ(E’SF’{ T3CR T3CNT TchDgé
P5 P210 TOCR TOCNT TnggF’{ TICR TICNT TTlchgé
IE IE1 IE2 IE3 EIPOLIL | EIPOLIH | EIPOL2L | EIPOL2H
P4 P1I0O EO EIFLAGO | EIFLAG1 | EIFLAG2 | EIPOLOL | EIPOLOH
P3 POIO IP1L IP1H IP2L IP2H IP3L IP3H
P2 XSP IPOL IPOH TINTCR | TIFLAGO | TIFLAG1
P1 \‘,’VVTT([:’I\F% SCCR BITCR BITCNT WDTCR \‘/’VVSTTS,\F% WTCR
PO SP DPL DPH DPL1 DPH1 LVICR PCON

NOTE) 1.These registers are bit-addressable
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Table 8-2 Extended SFR Map Summary
- Reserved

00H/8H®  01H/9H  02H/OAH  O03H/OBH  04H/OCH  O5H/ODH  OB6H/OEH  O7H/OFH
1078H
1070H
1068H
1060H
1058H | T9CRL T9CRH T9ADRL | T9ADRH | T9BDRL | T9BDRH
1050H | ADCCRL | ADCCRH | ADCDRL | ADCDRH
1048H | UART4ACR1 | UART4CR2 | UARTACR3 | UART4ST | UART4BD | UART4DR
1040H | UART3CR1 | UART3CR2 | UART3CR3 | UART3ST | UART3BD | UART3DR
1038H | UART2CR1 | UART2CR2 | UART2CR3 | UART2ST | UART2BD | UART2DR
1030H | USI1ST1 | USIIST2 | USIIBD |USIISDHR | USIIDR | USIISCLR | USI1ISCHR | USI1SAR
1028H | USIICR1 | USIICR2 | USIICR3 | USI1CR4
1020H | USIOST1 | USIOST2 | USIOBD | USIOSDHR | USIODR | USIOSCLR | USIOSCHR | USIOSAR
1018H | USIOCR1 | USIOCR2 | USIOCR3 | USIOCR4
1010H |  pOFSR P1FSR P2FSR P3FSR P4FSR P5FSR P6FSR P7FSR
1008H POPU P1PU P2PU P3PU P4PU P5PU P6PU P7PU
1000H | poOD P10OD P20D P30D P40OD P50D P60D P70D
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8.4.2 SFR Map

Table 8-3 SFR Map

. @Reset
Address Function Symbol R/W

7/6]/5]4]3|2|1]|0

80H PO Data Register PO RW | |O0O|O0O|O0O|O0O|O0O 0|0]O
81H Stack Pointer SP RwW | 0|00/ 0|0|1]|1]1
82H Data Pointer Register Low DPL RW | O0O|]O|O|O|O0O| 0]O0]O
83H Data Pointer Register High DPH RW | | O0O|]O|O|O|O0O| 0O0]O0]|O
84H Data Pointer Register Low 1 DPL1 RW | O0O|]O|O|O|]O0O| 0O0]O0]O
85H Data Pointer Register High 1 DPH1 RW | O] O0O|O0O|O|O0O O0|0]O
86H Low Voltage Indicator Control Register LVICR RW | -] -]0|0|]0O0|0]0]O
87H Power Control Register PCON RW | |O0O|-|-|-]0|0]0]O0
88H P1 Data Register P1 RW | O] O0O|O0O|O0O| 0O O0|0]O
Watch Timer Data Register WTDR w o111 ,1 1|11

89H Watch Timer Counter Register WTCNT R -/0|0]O0O]O0O|O0O|O0]|O
8AH System and Clock Control Register SCCR RW |- | -|-|-]-|=1]0]0
8BH BIT Control Register BITCR RW | 0|]O0O|O0O|-]0|0]O0]12
8CH Basic Interval Timer Counter Register BITCNT R ojojo0o|j0|O0O|O|O0]O
8DH Watch Dog Timer Control Register WDTCR RW | 0O0O|]O|O|-|-|=]0]0
8EH Watch Dog Timer Data Register WDTDR \W 1 /1|1 11111
Watch Dog Timer Counter Register WDTCNT R ojojo0of0, 0 0|0]O

8FH Watch Timer Control Register WTCR RW | O0O|-|0|O0O|]O0O| 0]0]O
90H P2 Data Register P2 RW | 0|0/ 0O/ 0|O0O|O0O]O0]O
91H Extended Stack Pointer XSP RW | O0O|]O|O|O|O0O 0O0]O0O]|O
92H Interrupt Priority Register O Low Register IPOL RW | -] -]0|0]|]O0|0]0]O
93H Interrupt Priority Register 0 High Register IPOH RW | -] -]0|0]|]O0|0]0]O
94H Reserved - - -l -1-1-1-1-1-
95H Timer Interrupt Control Register TINTCR RW | O] O0O|]O0O|O0O| 0O O0|0]O
96H Timer Interrupt Flag O Register TIFLAGO | RW | O | O | O |0 | O0O|O0O|O0]|O
97H Timer Interrupt Flag 1 Register TIFLAG1T |RW |- | - | -] -]0|0|0]|O
98H P3 Data Register P3 RwW | o0oj0o/ 0/ 0|0|O0]O0]O
99H PO Direction Register POIO RW | O0O|]O0O|]O0O|O0O|O0O O0|0]O
9AH Interrupt Priority Register 1 Low Register IP1L RW | -] -]0|0]|]O0|0]0]O
9BH Interrupt Priority Register 1 High Register IP1H RW | -|-]0|0| 0 0|0]O
9CH Interrupt Priority Register 2 Low Register IP2L RW | -|-]0|0|0 0|0]O0
9DH Interrupt Priority Register 2 High Register IP2H RW | -|-|0|lO0O|O0O|O|O]|O
9EH Interrupt Priority Register 3 Low Register IP3L RW | -] -]0|0]|]O0|0]0]O
9FH Interrupt Priority Register 3 High Register IP3H RW | -] -]0|0]|]O0|0]0]O
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Table 8-3 SFR Map (Continued)
) @Reset
Address Function Symbol R/W

716|543 ]2]1]0

AOH P4 Data Register P4 RwW 0|0/ 0/ 0|0O|0]O0]O
AlH P1 Direction Register P110 RW | 0O|O|O|O|]O| 0O0]O0]O
A2H Extended Operation Register EO RW | -|-|-|0]|-0]0]O0
A3H External Interrupt Flag O Register EIFLAGO |RW |O | O |O|O0O|O0O|0|O0]O
A4H External Interrupt Flag 1 Register EIFLAGL |[RW |0 |O0O|O0O|O0O|O0O|0|0]O
A5H External Interrupt Flag 2 Register EIFLAG2 |RW | - | - | -0 00|00
A6H External Interrupt Polarity O Low Register EIPOLOL | RW | O | O|O|O|O0O 0O0]0]|O
A7H External Interrupt Polarity O High Register | EIPOLOH | R'W | O | O | O | O | O | O 0| O
A8H Interrupt Enable Register IE RW | 0O0O|-|0|O0O|]O0O | 0]0]O
A9H Interrupt Enable Register 1 IE1 RW | -|-]0|0|]O0|0]|-]0
AAH Interrupt Enable Register 2 IE2 RW | -|-]0|0|]O0O|0]0]O
ABH Interrupt Enable Register 3 IE3 RW | -|-]0|0|]0|0]0]O
ACH External Interrupt Polarity 1 Low Register EIPOLIL | RW |O | O |O|O|O0O 0O0]|0]O
ADH External Interrupt Polarity 1 High Register | EIPOL1IH | RW | 0 | O | O | O | O | O 0| O
AEH External Interrupt Polarity 2 Low Register EIPOL2ZL | RW | - |- | O |O0O|O0O 0]0]|O
AFH External Interrupt Polarity 2 High Register | EIPOL2H | RW | - | - | - | - | 0| 0| 0] O
BOH P5 Data Register P5 RW | 0O|O|O|O|]O| 0O0]|]O0]O
B1H P2 Direction Register P2I0 RW | O0O|O|O|O|O| 0]O0]O
B2H Timer 0 Control Register TOCR RW | 0O0O|-|0|O0O|]O0O|0]0]O
B3H Timer 0 Counter Register TOCNT R ojo|o0jO0O|]O0O|O|O]|O
B4H Timer 0 Data Register TODR Rw |1 |11 /1 |1|1|1]1
Timer 0 Capture Data Register TOCDR R o|o|o0o|jO0OjO0O|O|O]|O

B5H Timer 1 Control Register T1CR RW | O0O|-]0|0| 0 0|0]O
B6H Timer 1 Counter Register TICNT R ojo|o0|O0O|]O0O|O|O]|O
Timer 1 Data Register T1DR Rw | 1/|1|1|1]1|1]1]1

B7H Timer 1 Capture Data Register T1CDR R ojo|O0|O0O|O0O|O|O0]|O
B8H P6 Data Register P6 RwW | o0o|l0O| 0/ 0|0|O0]O0]O
B9H P3 Direction Register P310 RW | 0|0 |O0O|O0O| 0O 0| 0]O
BAH Timer 2 Control Register T2CR RW | O0O|-]0|0| 0 0|0]O
BBH Timer 2 Counter Register T2CNT R ojo|o0|0O0O|]O0O|O|O]|O
Timer 2 Data Register T2DR Rw | 1/|1|1|1]1|1]1]1

BeH Timer 2 Capture Data Register T2CDR R ojo|o0|O0O|]O0O|O|O]|O
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Table 8-3 SFR Map (Continued)

) @Reset
Address Function Symbol R/W

716|543 ]2]1]0

BDH Timer 3 Control Register T3CR RW | 0O0O|-|0|O0O|]O0O | 0]0]O
BEH Timer 3 Counter Register T3CNT R o|o|o0ojO0O|O|O|O]|O
BFH Timer 3 Data Register T3DR RwW | 1|1|1|1]1|1]1]1
Timer 3 Capture Data Register T3CDR R o|o|o0O|jO0O|]O|O|O]|O

COH P7 Data Register P7 RW | - | -] -|0|00|0]O0
C1H P4 Direction Register P410 RW | 0|0 |O0O|O0O|O0O O0|0]O
C2H SPI 2 Control Register SPI2CR RwW | 0|0/ 0O/ 0|0O|0]O0]O
C3H SPI 2 Data Register SPI2DR RwW | 0|0/ 0O/ 0|0|0]O0]O
C4H SPI 2 Status Register SPI2SR RwWi | ofloO|/O0O|-|0|0|-]|-
C5H SPI 3 Control Register SPI3CR RW | O0O|O|O|O|O| 0O0]O0]O
C6H SPI 3 Data Register SPI3DR RwW | o0o|l0O| 0/ 0|0O|O0]O0]O
C7H SPI 3 Status Register SPI3SR RW | 0O|O|O|-|0|0]-]-
C8H Oscillator Control Register OSCCR RW | -] -]0|0|212 0|0]0
C9H P5 Direction Register P510 RW | 0|0 |O0O|O0O| 0O O0|0]O
CAH Timer 4 Control Low Register T4CRL RWj o0o|/O0O|O|O|-|0]0]O
CBH Timer 4 Control High Register TACRH RW | O0O|-|]O0O|O|-|=-]-1]0
CCH Timer 4 A Data Low Register T4ADRL Rw |1 |11 /11 |1|1]1
CDH Timer 4 A Data High Register T4ADRH |RW |1 1111|111
CEH Timer 4 B Data Low Register T4BDRL RwW | 1|1|1|1]1|1]1]1
CFH Timer 4 B Data High Register T4BDRH RwW | 1|1|1|1]1|1]1]1
DOH Program Status Word Register PSW RW | 0O|O|O|O|]O| 0]O0]O
D1H P6 Direction Register P610 RW | 0|0 |]O0O|O0O| 0O O0|0]O
D2H Timer 5 Control Low Register T5CRL RW | 0O|O0O|]O0O|O0O|-0|0]O
D3H Timer 5 Control High Register T5CRH RW | 0O|-|]O0O|O|-|=-]-1]0
D4H Timer 5 A Data Low Register T5ADRL Rw | 1/|1|1|1]1|1]1]1
D5H Timer 5 A Data High Register T5ADRH RwW | 1|11 |11 1]|1]|1
D6H Timer 5 B Data Low Register T5BDRL RwW | 1|11 |11 1|1]|1
D7H Timer 5 B Data High Register T5BDRH RwW | 1|11 |11 1|11
D8H Low Voltage Reset Control Register LVRCR RW | O0O|-|-|0|0 0|0]O
D9H P7 Direction Register P710 RW | -|-|-|0]0|0]0]O0
DAH Timer 6 Control Low Register T6CRL RWj o0o|/O0O|O0O|-|-]0]0]O0
DBH Timer 6 Control High Register T6CRH RWj o|0O|O|O|-|=]-1]0
DCH Timer 6 A Data Low Register T6ADRL RwW | 1|11 |11 1|1]|1
DDH Timer 6 A Data High Register T6ADRH RwW | 1|11 |1,1 1|11
DEH Timer 6 B Data Low Register T6BDRL RwW | 1|11 |1,1 1|11
DFH Timer 6 B Data High Register T6BDRH RwW | 1|11 |1]1|1]1]1
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Table 8-3 SFR Map (Continued)
) @Reset
Address Function Symbol R/W

7/6/5/4]3|2|1]|0
EOH Accumulator Register ACC RW | 0|00 0|O0O|O0|O0|O
E1H P1 Debounce Enable Register P1DB RW | 0|00 0|O0O|O0|O0|O
E2H Timer 7 Control Low Register T7CRL RW | 0|00 -|-]0]0|0
E3H Timer 7 Control High Register T7CRH RW | O0|O|]O|O0O|-|-|-1]0
E4H Timer 7 A Data Low Register T7ADRL RwW 1|1 |1|1|1|1|1]|1
E5H Timer 7 A Data High Register T7ADRH RwW 1|1 |1|1|1|1|1]|1
EG6H Timer 7 B Data Low Register T7BDRL RW | 1|11 /11111
E7H Timer 7 B Data High Register T7BDRH RW | 1|11 /11111
E8H Reset Flag Register RSTFR RW | 1|x|0|0|Xx|—-|—-|-
E9H P2 Debounce Enable Register P2DB RW | O0O|0O|0O/ 0|O0O|0|O0|O
EAH Timer 8 Control Low Register T8CRL RW | | 0|0O|O0O -|-]0]0)|0O0
EBH Timer 8 Control High Register T8CRH RW | O0O|O0O|O0O O0O|-|-|—-|0
ECH Timer 8 A Data Low Register T8ADRL RW 1|1 ]1|1|1|1|1]|1
EDH Timer 8 A Data High Register T8ADRH RW | 1|11 /11111
EEH Timer 8 B Data Low Register T8BDRL RW | 1|11 /11111
EFH Timer 8 B Data High Register T8BDRH Rw | 1|1 |1|1|1|1|1|1
FOH B Register B RW|0|O|O0O|lO|O0O|O|0O|O
F1H P35 Debounce Enable Register P35DB RW | -|0|0/ 0|0|0|0|O
F2H BUZZER Control Register BUZCR RW | -|-|-/=-]0]0]0|0
F3H BUZZER Data Register BUZDR RwW |11 |11 |1|1|1|1
F4H Stack Pointer Watch Low Register SPWRL RW 1|1 ]1|1|1|1|1]|1
F5H Stack Pointer Watch High Register SPWRH RW | O0O|O0O|]O0O|O0O|1 |1 1|1
F6H Extended Stack Pointer Control Register XSPCR RW |-|-|-|=-|-|=-|-1]0
F7H System Interrupt Control Register SINTCR RW |-|-|-|0|-|=-|=-1]0
F8H External RAM Bank Selection Register XBANK RW | 0O|0O|]O0O|0O|O0O|O0O|0]|O
FOH Reserved - - -l === 1-1=-1-1|-
FAH Flash Sector Address High Register FSADRH RW |-|-]|-|=-]0|0|0]|O0
FBH Flash Sector Address Middle Register FSADRM RW | | O0O|O0O|]O0O|0O|O0O|O0O|0]|O
FCH Flash Sector Address Low Register FSADRL RW | | O0O|O0O|]O0O|0O|O0O|O0O|0]|O
FDH Flash Identification Register FIDR RW | 0|00/ 0|O0O|O0|O0)|O
FEH Flash Mode Control Register FMCR RW | O|-|-|=-|-]0|0]|0O0
FFH Mode Entry Register MODINR R -|=-|-/-1=-]1-10]0
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Table 8-4 Extended SFR Map

) @Reset

Address Function Symbol R/W

7/6]5/4]3|2|1]|0
1000H PO Open-drain Selection Register POOD RW | | O0O|]O|O|O|]O| 0O0]O0O]|O
1001H P1 Open-drain Selection Register P10OD RW | O0O|]O|O|O|O0O| 0O0]O0]O
1002H P2 Open-drain Selection Register P20D RW | | O0O|]O|O|O|O0O| 0]O0]|O
1003H P3 Open-drain Selection Register P30D RW | |O0O|O0O|O0O|O0O|O0O 0|0]O
1004H P4 Open-drain Selection Register P40D RW | |O0O|O0O|O0O|O0O|O0O 0|0]O
1005H P5 Open-drain Selection Register P50D RW | |O0O|O0O|O0O|O0O|O0O O0|0]O
1006H P6 Open-drain Selection Register P60OD RW | O0O|]O|O|O|O0O| 0]O0]O
1007H P7 Open-drain Selection Register P70D RW | -] -|-|0]0|0]0]|O0
1008H PO Pull-up Resistor Selection Register POPU RW | | O0O|]O|O|O|]O| 0O0]O0O]|O
1009H | P1 Pull-up Resistor Selection Register P1PU RW | O0O|]O0O|O|O|O| 00O
100AH | P2 Pull-up Resistor Selection Register P2PU RW | O0O|]O0O|O|O|O| 00O
100BH | P3 Pull-up Resistor Selection Register P3PU RW | O0O|]O0O|O|O|O| 00O
100CH | P4 Pull-up Resistor Selection Register P4PU RW | | O0O|]O|O|O|]O| 00O
100DH | P5 Pull-up Resistor Selection Register P5PU RW | | O0O|]O|O|O|O| 00O
100EH | P6 Pull-up Resistor Selection Register P6PU RW | | O0O|]O|O|O|]O| 00O
100FH | P7 Pull-up Resistor Selection Register P7PU RW | -|-|-|0]0|0]0]O0
1010H | PO Function Selection Register POFSR RW | O0O|]O0O|O|O|O| 00O
1011H | P1 Function Selection Register P1FSR RW | O0O|]O0O|O|O|O| 00O
1012H | P2 Function Selection Register P2FSR RW | -|-|-|-]00]0]O0
1013H P3 Function Selection Register P3FSR RW | |O0O|]O0O|O0O|O0O| 0O O0|0]O
1014H P4 Function Selection Register P4FSR RW | -|-]|-|0|00|0]O0
1015H P5 Function Selection Register P5FSR RW | -|-|-|-10,0|0]0
1016H P6 Function Selection Register P6FSR RW | -]0]0|O0O| 0O 0|0]O
1017H P7 Function Selection Register P7FSR RW | -|-|-|=-100|0]0
1018H | USIO Control Register 1 USIOCR1T |RW |O | O|O|O|O0O|0]0]O
1019H | USIO Control Register 2 USIOCR2 | RW |O | O|O|O|O0O|0]0]O
101AH | USIO Control Register 3 USIOCR3 |RW |0 | 0| O0O|O0O|O0O|O0O|O0]O
101BH | USIO Control Register 4 USIOCR4 | RW |O | -|O0O|O0|O0O|O0O]|O0]O
101CH | Reserved - - -
101DH | Reserved - - -
101EH Reserved - - -
101FH | Reserved - - -
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Table 8-4 Extended SFR Map (Continued)
) @Reset
Address Function Symbol R/W
7/6 /543|210
1020H | USIO Status Register 1 USIOST1 RwW | 1|0|0|0]0|O0]O0]|O
1021H | USIO Status Register 2 USIOST2 RwW | 0|0O|lO0O|O|O0O|O0O]O0O]|DO
1022H | USIO Baud Rate Generation Register USIOBD Rw |1|1|1]1|1|1|1]|1
1023H | USIO SDA Hold Time Register USIOSDHR | RW |0 | O | O |0 | O | 0|01
1024H | USIO Data Register USIODR RW | O0O|O|O|O]O0O|0O]O0)|O
1025H | USIO SCL Low Period Register USIOSCLR |RW | O | O |1 |21 |1 |1 |1]|1
1026H | USIO SCL High Period Register USIOSCHR | RW |0 | O |21 |1 |21 1|1 1
1027H | USIO Slave Address Register USIOSAR RW | |0|0|O0O|]O0O|O0O|O0O|O0]|O
1028H | USI1 Control Register 1 USI1CR1 RwW | 0|0O|lO0O|O]O0O|O0O]O0O]|DO
1029H | USI1 Control Register 2 USI1CR2 RW | |0|O0O|O0O|O0O|O0O|0O0|O0]|O
102AH | USI1 Control Register 3 USI1CR3 RW | |0|O0O|O0O|O0O|O0O|0O0|O0]|O
102BH | USI1 Control Register 4 USI1CR4 RW|O0|-|0|0|0|0|0]|O
102CH | Reserved - - -
102DH | Reserved - - -
102EH | Reserved - - -
102FH | Reserved - - -
1030H | USI1 Status Register 1 USI1ST1 RwW | 1|0|0|0]0|O0]O0]|O
1031H | USI1 Status Register 2 USI1ST2 RwW 0|O0O|lO0O|O]O0O|O0O]O0O]|O
1032H | USI1 Baud Rate Generation Register USI1BD RW | 1|1 111111
1033H | USI1 SDA Hold Time Register USIISDHR | RW |0 | O |0 |0 | 0| 0|0 |1
1034H | USI1 Data Register USI1DR RW | |0|0O|O0O|]O0O|O0O|O0O|O0]|O
1035H | USI1 SCL Low Period Register USIISCLR |RW |0 | O |21 | 1|1 1|1 1
1036H | USI1 SCL High Period Register USIISCHR | RW |0 | O |1 |1 |1 1|1 1
1037H | USI1 Slave Address Register USI1SAR RW | |0|0|O0O|O0O|O0O|O0O|O0]|O
1038H | UART2 Control Register 1 UART2CR1 |RW | - | - | 0|0 |O0|0]|O0]| -
1039H | UART2 Control Register 2 UART2CR2 | RW | O | O | O | O |O0O|0O0|0]|O
103AH | UART2 Control Register 3 UART2CR3 | RW | - | O |- | -|-|10| 0| O
103BH | UART2 Status Register UART2ST |RW |1 |0 | 0|0 |00 |0]|O
103CH | UART2 Baud Rate Generation Register UART2BD |RW |1 |1 |11 |1 |1 |11
103DH | UART2 Data Register UART2DR | RW |0 | O | O0O|O0O|O0O|O0|0]|O
103EH | Reserved - -
103FH | Reserved - -
April 13, 2015 Ver. 1.7 65




MC97F2664

\BO\

Table 8-4 Extended SFR Map (Continued)

) @Reset
Address Function Symbol R/W
7!/6 /514 ]3|2]1]0
1040H UART3 Control Register 1 UART3CRL | RW | - | - | 0| 0|0 |0 O0]|-
1041H UART3 Control Register 2 UART3CR2 |RW |0 | O | O |0 |0 |0|0]|O
1042H UART3 Control Register 3 UART3CR3S | RW |- |0 |-|-|-=]0|0]O0
1043H UART3 Status Register UART3ST RW |1 |0|0]|0O | 0|0|0]O
1044H UART3 Baud Rate Generation Register UART3BD |RW | 1 |1 |1 |1 |1 /1|11
1045H UART3 Data Register UART3IDR RW |O | O0O|O0O|O0O|O0O]|O0O]|O0]O
1046H Reserved - - -
1047H Reserved - - -
1048H UART4 Control Register 1 UART4CRL |RW | - | - | 0| 0|0 |0 ]| O0]|-
1049H UART4 Control Register 2 UART4CR2 |RW |0 | O | O | O |0 |0|0]|O
104AH UART4 Control Register 3 UART4ACR3 | RW |- |0 |- | -] -=]0|0]|O0
104BH UART4 Status Register UART4ST |RW |1 | 0| 0| 0|0 0 0 O
104CH UART4 Baud Rate Generation Register UART4BD |RW | 1 |1 |1 |1 |1 1|1/ 1
104DH UART4 Data Register UART4DR |RW |0 | O |O0O|O0O|O0O 0|0 O
104EH Reserved - - -
104FH Reserved - - -
1050H A/D Converter Control Low Register ADCCRL RW | 0|0 0O 0|/O0O|O|O0O]|O
1051H A/D Converter Control High Register ADCCRH RW | O0O|-|0|0|/0O0|O0O|O0]|O
1052H A/D Converter Data Low Register ADCDRL R X | X | X | X | X |X|X]|X
1053H A/D Converter Data High Register ADCDRH R X | X [ X | X | X | X |X|X
1054H Reserved - - -
1055H Reserved - - -
1056H Reserved - - -
1057H Reserved - - -
1058H Timer 9 Control Low Register TOCRL RW | O0|O0O|]O0O|-|-]0]0]O
1059H Timer 9 Control High Register T9CRH RW | O0O|O|]O|O|-|-]-1]0
105AH Timer 9 A Data Low Register T9ADRL RW | 1|11 ,1|1|1|1]|1
105BH Timer 9 A Data High Register T9ADRH RW | 1|11 ,1|1|1|1]|1
105CH | Timer 9 B Data Low Register T9BDRL RW | 1|11 ,1|1|1|1]|1
105DH Timer 9 B Data High Register T9BDRH RW | 1|11 ,212|1]1|1]|1
Reserved - 107FH ‘ - ‘ -
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8.4.3 Compiler Compatible SFR
ACC (Accumulator Register) : EOH

7 6 5 4 3 2 1 0
| ACC
RW RW RW RW RW RW RW RW
Initial value : 00H
ACC Accumulator

B (B Register) : FOH

7 6 5 4 3 2 1 0
| B
RW RW RW RW RW RW RW RW
Initial value : OOH
B B Register
SP (Stack Pointer) : 81H
7 6 5 4 3 2 1 0
| sP
RW RW RW RW RW RW RW RW
Initial value : 07H
SP Stack Pointer

XSP (Extend Stack Pointer) : 91H

7 6 5 4 3 2 1 0
| XSP
RW RW RW RW RW RW RW RW
Initial value : O0OH
XSP Extended Stack Pointer

The XSP is a high of stack pointer when XSPEN bit of the
XSPCR register is set. In this case Stack is located in XDATA
memory and the maximal size of stack is equal to 64k-bytes. If
the XSPEN bit is set to ‘0’, the XSP register is ignored.

XSPCR (Extended Stack Pointer Control Register) : F6H

7 6 5 4 3 2 1 0
[ - 1 - T - T - T - T = Toeu
- - - - - - - RW
Initial value : OOH
SP Extended Stack Pointer Enable/Disable

0 Disable
1 Enable
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DPL (Data Pointer Register Low) : 82H
7 6 5 4 3 2 1 0
| DPL
RW RW RW RW RW RW RW RW
Initial value : OOH
DPL Data Pointer Low
DPH (Data Pointer Register High) : 83H
7 6 5 4 3 2 1 0
| DPH
RW RW RW RW RW RW RW RW
Initial value : 0OH
DPH Data Pointer High
DPL1 (Data Pointer Register Low 1) : 84H
7 6 5 4 3 2 1 0
| DPL1
RW RW RW RW RW RW RW RW
Initial value : 0OH
DPL1 Data Pointer Low 1
DPH1 (Data Pointer Register High 1) : 85H
7 6 5 4 3 2 1 0
| DPH1
RW RW RW RW RW RW RW RW
Initial value : OOH
DPH1 Data Pointer High 1
PSW (Program Status Word Register) : DOH
7 6 5 4 3 2 1 0
| o | &« O | Rsl RS0 ov F1 P
RW RW RW RW RW RW RW RW
Initial value : OOH
CYy Carry Flag
AC Auxiliary Carry Flag
FO General Purpose User-Definable Flag
RS1 Register Bank Select bit 1
RSO Register Bank Select bit 0
oV Overflow Flag
F1 User-Definable Flag
P Parity Flag. Set/Cleared by hardware each instruction cycle to

indicate an odd/even number of ‘1’ bits in the accumulator
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EO (Extended Operation Register) : A2H

7 6 5 4 3 2 1 0
E - | - | TRAPEN | - | opsE2 | DpsEU DPSELO
- - - RW - RW RW RW
Initial value : OOH
TRAP_EN Select the Instruction (Keep always ‘0°).
0 Select MOVC @(DPTR++), A
1 Select Software TRAP Instruction
DPSEL[2:0] Select Banked Data Pointer Register
DPSEL2 DPSEL1 SPSELO Description
0 0 0 DPTRO
0 0 1 DPTR1
Reserved
SPWRL (Stack Pointer Watch Register Low Byte) : F4H
7 6 5 4 3 2 1 0
| SPWRL
RW RW RW RW RW RW RW RW
Initial value : FFH
SPWRL Stack Pointer Watch Low

SPWRH (Stack Pointer Watch Register High Byte) : F5H
7 6 5 4 3 2 1 0
| SPWRH

RW RW RW RW RW RW RW RW
Initial value : OFH

SPWRH Stack Pointer Watch High

MODINR (Mode Entry Register) : FFH

7 6 5 4 3 2 1 0
- 1 - 1 = I - - - MODEL MODED
- - - - - - R R
Initial value : O0H
MODE[1:0] MCU Mode Indicator
MODE1 MODEDO description
0 0 User mode
0 1 OCD mode
1 0 Runflag High Indicator, If the RUNFLAG pin is

high level during a power-on reset, the
MODE[1:0] is set to “10b”

1 1 Not available
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SINTCR(System Interrupt Control Register) : F7H

7 6 5 4 3 2 1 0
- | - - | spove | - - - SPOVIFR
- - - RW - - - RW
Initial value : OOH
SPOVIE Enable or Disable Stack Pointer Overflow Interrupt
0 Disable
1 Enable
SPOVIFR When SPOVF Interrupt occurs, this bit becomes ‘1. The flag is

cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.
0 Stack pointer overflow Interrupt no generation

1 Stack pointer overflow Interrupt generation
Notes) 1. When the XSPEN bit of the XSPCR register is “Ob”
- The stack pointer (SP) register is compared to the stack pointer watch low register (SWARL).
- If the values are same (SP[7:0] == SWARL[7:0]), the SPOVIFR bit is set to “1b”.
- At this time, the XSP and SWARH registers are don'’t care.

2. When the XSPEN bit of the XSPCR register is “1b”
- The extended stack pointer and stack pointer (XSP:SP) registers are compared to the stack
pointer watch high and low register (SWARH:SWARL).
- If the values are same (XSP:SP[15:0] == SWARH:SWARL[15:0]), the SPOVIFR bit is set to

“1b”.

XBANK (XRAM Bank Pointer) : F8H
7 6 5 4 3 2 1 0
| XBANK
R/W R/W R/W R/W R/W R/W R/W RW
Initial value : OOH

XBANK XRAM Bank Pointer

Notes) 1. This XBANK register holds the [15:8] part of memory address during access to data.
2. Address[15:0]: “XBANK:Ri” (Ri: RO or R1)
3.Ex) MOVXA,@Ri ; Move external data (XBANK:Ri[15:0]) to A
MOVX @Ri,A ; Move A to external data (XBANK:Ri[15:0])
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9. 1/0 Ports

9.1 1/0 Ports

The MC97F2664 has eight groups of 1/O ports (PO ~ P7). Each port can be easily configured by software as
I/O pin, internal pull up and open-drain pin to meet various system configurations and design requirements. Also
P1, P2, P3, and P5 include function that can generate interrupt according to change of state of the pin.

9.2 Port Register
9.2.1 Data Register (Px)
Data Register is a bidirectional I/0 port. If ports are configured as output ports, data can be written to the

corresponding bit of the Px. If ports are configured as input ports, the data can be read from the corresponding bit
of the Px.

9.2.2 Direction Register (PxIO)

Each 1/O pin can be independently used as an input or an output through the PxIO register. Bits cleared in this
register will make the corresponding pin of Px to input mode. Set bits of this register will make the pin to output
mode. Almost bits are cleared by a system reset, but some bits are set by a system reset.

9.2.3 Pull-up Resistor Selection Register (PxPU)

The on-chip pull-up resistor can be connected to I/O ports individually with a pull-up resistor selection register
(PxPU). The pull-up register selection controls the pull-up resister enable/disable of each port. When the
corresponding bit is 1, the pull-up resister of the pin is enabled. When 0, the pull-up resister is disabled. All bits
are cleared by a system reset.

9.2.4 Open-drain Selection Register (PxOD)

There are internally open-drain selection registers (PxOD) for PO ~ P7. The open-drain selection register
controls the open-drain enable/disable of each port. Almost ports become push-pull by a system reset, but some
ports become open-drain by a system reset.

9.2.5 Debounce Enable Register (PxDB)

P1[7:0], P2[2:0], P2[7:5], P3[2:0] and P5[3:0] support debounce function. Debounce clocks of each ports are fx/1,
fx/4, and fx/4096.

9.2.6 Port Function Selection Register (PxFSR)

These registers define alternative functions of ports. Please remember that these registers should be set
properly for alternative port function. A reset clears the PxFSR register to ‘O0H’, which makes all pins to normal
I/O ports.
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9.2.7 Register Map

Table 9-1 Port Register Map

Name Address Dir Default Description
PO 80H R/W O0OH PO Data Register
POIO 99H R/W O0OH PO Direction Register
POOD 1000H (XSFR) R/W O00H PO Open-drain Selection Register
POPU 1008H (XSFR) R/W O00H PO Pull-up Resistor Selection Register
POFSR 1010H (XSFR) R/W O00H PO Function Selection Register
P1 88H R/W O00H P1 Data Register
P110 AlH R/W O00H P1 Direction Register
P10D 1001H (XSFR) R/W OOH P1 Open-drain Selection Register
P1PU 1009H (XSFR) R/W O00H P1 Pull-up Resistor Selection Register
P1DB E1H R/W O00H P1 Debounce Enable Register
P1FSR 1011H (XSFR) R/W OOH P1 Function Selection Register
P2 90H R/W OOH P2 Data Register
P210 B1H R/W OOH P2 Direction Register
P20D 1002H (XSFR) R/W OOH P2 Open-drain Selection Register
P2PU 100AH (XSFR) R/W O00H P2 Pull-up Resistor Selection Register
P2DB E9H R/W O00H P2 Debounce Enable Register
P2FSR 1012H (XSFR) R/W OOH P2 Function Selection Register
P3 98H R/W O00H P3 Data Register
P3IO0 B9H R/W OOH P3 Direction Register
P3PU 100BH (XSFR) R/W O00H P3 Pull-up Resistor Selection Register
P30D 1003H (XSFR) R/W O00H P3 Open-drain Selection Register
P35DB F1H R/W O00H P3/P5 Debounce Enable Register
P3FSR 1013H (XSFR) R/W O00H P3 Function Selection Register
P4 AOH R/W O00H P4 Data Register
P410 C1H R/W O0H P4 Direction Register
P40OD 1004H (XSFR) R/W OOH P4 Open-drain Selection Register
P4PU 100CH (XSFR) R/W O00H P4 Pull-up Resistor Selection Register
P4AFSR 1014H (XSFR) R/W O00H P4 Function Selection Register
P5 BOH R/W O00H P5 Data Register
P510 C9H R/W O00H P5 Direction Register
P50D 1005H (XSFR) R/W OOH P5 Open-drain Selection Register
P5PU 100DH (XSFR) R/W O00H P5 Pull-up Resistor Selection Register
P5FSR 1015H (XSFR) R/W O00H P5 Function Selection Register
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Table 9-1 Port Register Map (CONTINUED)

Name Address Dir Default Description
P6 B8H R/W OOH P6 Data Register
P610 D1H R/W OOH P6 Direction Register
P60OD 1006H (XSFR) R/W OOH P6 Open-drain Selection Register
P6PU 100EH (XSFR) R/W 00OH P6 Pull-up Resistor Selection Register
P6FSR 1016H (XSFR) R/W 00OH P6 Function Selection Register
P7 COH R/W 00OH P7 Data Register
P710 D9H R/W O00OH P7 Direction Register
P70D 1007H (XSFR) R/W OOH P7 Open-drain Selection Register
P7PU 100FH (XSFR) R/W O0OH P7 Pull-up Resistor Selection Register
P7FSR 1017H (XSFR) R/W O0OH P7 Function Selection Register
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9.3 PO Port

9.3.1 PO Port Description

PO is 8-bit I/0 port. PO control registers consist of PO data register (P0), PO direction register (P0IO), PO pull-up
resistor selection register (POPU), and PO open-drain selection register (POOD). Refer to the port function
selection registers for the PO function selection.

9.3.2 Register description for PO

PO (PO Data Register) : 80H

7 6 5 4 3 2 1 0
| Pz | Pe | P PO4 P03 P02 POL P00
R RW RW R RIW RW RW RIW
Initial value : 00H
PO[7:0] 1/0 Data

POIO (PO Direction Register) : 99H

7 6 5 4 3 2 1 0
| pmo | Peo | Peo | Poo POBO P20 POLIO POOIO
RAW RAW RAW RAW RAW RAW RAW RAW
Initial value : OOH
POIO[7:0] PO Data I/O Direction.
0 Input
1 Output

POPU (PO Pull-up Resistor Selection Register) : 1008H (XFSR)

7 6 5 4 3 2 1 0
| poru | Py | PsPU | PPU | PmPU | POPU POLPU POOPU
RW RW RW RW RW RW RW RW
Initial value : OOH
POPUJ[7:0] Configure Pull-up Resistor of PO Port
0 Disable
1 Enable

POOD (PO Open-drain Selection Register) : 1000H (XFSR)

7 6 5 4 3 2 1 0
| Porob | pPoop | PsoD | PwoD | PoD | PooD PO10OD POOOD
RW RW RW RW RW RW RW RW
Initial value : 00H
POOD[7:0] Configure Open-drain of PO Port
0 Push-pull output
1 Open-drain output
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POFSR (Port 0 Function Selection Register) : 1010H (XSFR)
7 6 4 3 2 1 0
| POFSR7 | POFSRe POFSR5 | POFSR4 | POFSR3 | POFSR2 POFSR1 POFSRO
RW RW RW RW RW RW RW
Initial value : OOH
POFSR7 P07 Function select
0 I/O Port
1 AN14 Function
POFSR6 P06 Function select
0 I/O Port
1 AN13 Function
POFSR5 P05 Function select
0 I/O Port
1 AN12 Function
POFSR4 P04 Function select
0 I/O Port
1 AN11 Function
POFSR3 P03 Function Select
0 I/O Port
1 AN10 Function
POFSR2 P02 Function select
0 I/O Port
1 AN9 Function
POFSR1 P01 Function select
0 I/O Port
1 ANB8 Function
POFSRO P00 Function select
0 I/O Port
1 AVREF Function
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9.4 P1 Port

9.4.1 P1 Port Description

P1 is 8-bit I/0O port. P1 control registers consist of P1 data register (P1), P1 direction register (P110), debounce
enable register (P1DB), P1 pull-up resistor selection register (P1PU), and P1 open-drain selection register
(P1OD) . Refer to the port function selection registers for the P1 function selection.

9.4.2 Register description for P1

P1 (P1 Data Register) : 88H

7 6 5 4 3 2 1 0
| Pz | pPe | p5 P14 P13 P12 P11 P10
RW RW RW RW RW RW RW RW

Initial value : O0OH

P1[7:0] 1/0 Data

P1IO (P1 Direction Register) : A1H

7 6 5 4 3 2 1 0
| pmo | Peo | PO | Puo P130 P12I0 P1110 P10I0
RAW RW RW RAW RAW RW RW RAW
Initial value : OOH
P110[7:0] P1 Data I/O Direction
0 Input
1 Output

NOTE) EINTO-EINT7 function possible when input

P1PU (P1 Pull-up Resistor Selection Register) : 1009H (XSFR)

7 6 5 4 3 2 1 0
| Py | Py | PisU | P4PU | PIRU | PIPU P11PU P10PU
R RW RW RAW RAW RW RW RAW
Initial value : O0OH
P1PU[7:0] Configure Pull-up Resistor of P1 Port
0 Disable
1 Enable

P10OD (P1 Open-drain Selection Register) : 1001H (XSFR)

7 6 5 4 3 2 1 0
| Prob | pPwop | PisoD | PuoD | PmOoD | PROD P110D P100D
RW RW RW RW RW RW RW RW
Initial value : 00H
P10OD[7:0] Configure Open-drain of P1 Port
0 Push-pull output
1 Open-drain output
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P1DB (P1 Debounce Enable Register) : E1H

7 6 5 4 3 2 1 0
| PpB | PI6DB PISDB | Pl4DB P13DB P12DB P11DB P10DB
RW RW RW RW RW RW RW RW
Initial value : OOH
P17DB Configure Debounce of P17 Port
0 Disable
1 Enable
P16DB Configure Debounce of P16 Port
0 Disable
1 Enable
P15DB Configure Debounce of P15 Port
0 Disable
1 Enable
P14DB Configure Debounce of P14 Port
0 Disable
1 Enable
P13DB Configure Debounce of P13 Port
0 Disable
1 Enable
P12DB Configure Debounce of P12 Port
0 Disable
1 Enable
P11DB Configure Debounce of P11 Port
0 Disable
1 Enable
P10DB Configure Debounce of P10 Port
0 Disable
1 Enable

NOTES) 1. If a level is not detected on an enabled pin three or more times in a row at the sampling clock, the
signal is eliminated as noise.

2. A pulse level should be input for the duration of 3 clocks or more to be actually detected as a valid
edge.

3. The port debounce is automatically disabled at stop mode and recovered after stop mode release.
4. Refer to the port 2 debounce enable register (P2DB) for the debounce clock of port 1.
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P1FSR (Port 1 Function Selection Register) : 1011H (XSFR)
7 6 5 4 3 2 1 0
| PIFSR7 | PIFSRe PIFSR5 | PIFSR4 | PIFSR3 | PIFSR2 P1FSR1 P1FSRO
RW RW RW RW RW RW RW RW
Initial value : OOH
P1FSR7 P17 Function select
0 I/O Port (EINT7 function possible when input)
1 AN7 Function
P1FSR6 P16 Function select
0 I/0 Port (EINT6 function possible when input)
1 ANG6 Function
P1FSR5 P15 Function select
0 I/0O Port (EINT5 function possible when input)
1 AN5 Function
P1FSR4 P14 Function select
0 I/O Port (EINT4 function possible when input)
1 AN4 Function
P1FSR3 P13 Function Select
0 I/O Port (EINT3 function possible when input)
1 AN3 Function
P1FSR2 P12 Function select
0 I/0O Port (EINT2 function possible when input)
1 AN2 Function
P1FSR1 P11 Function select
0 I/O Port (EINT1 function possible when input)
1 AN1 Function
P1FSRO P10 Function select
0 I/O Port (EINTO function possible when input)
1 ANO Function
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9.5 P2 Port

9.5.1 P2 Port Description

P2 is 8-bit I/0 port. P2 control registers consist of P2 data register (P2), P2 direction register (P210), debounce
enable register (P2DB), P2 pull-up resistor selection register (P2PU) and P2 open-drain selection register
(P20D). Refer to the port function selection registers for the P2 function selection.

9.5.2 Register description for P2

P2 (P2 Data Register) : 90H

7 6 5 4 3 2 1 0
| Pz | P | pPx P24 P23 P2 P21 P20
RW RW RW RW RW RW RW RW
Initial value : OOH
P2[7:0] 1/0 Data
P210 (P2 Direction Register) : B1H
7 6 5 4 3 2 1 0
| Pmo | Peo | Pm0 | Pao P230 P20 P21I0 P20I0
RW RW RW RW RW RW RW RW
Initial value : OOH
P210[7:0] P2 Data I/O Direction
0 Input
1 Output

NOTE) EINT8/EINTO/EINTA/EINT17/EINT18/EINT19/RXD4
function possible when input

P2PU (P2 Pull-up Resistor Selection Register) : 100AH (XSFR)

7 6 5 4 3 2 1 0
| Py | Peru | Pru | Pupu | PPU | P2RU P21PU P20PU
RW RW RW RW RW RW RW RW
Initial value : O0H
P2PU[7:0] Configure Pull-up Resistor of P2 Port
0 Disable
1 Enable

P20D (P2 Open-drain Selection Register) : 1002H (XSFR)

7 6 5 4 3 2 1 0
| Prob | pPxop | PsopD | PuoD | Pmob | P2oD P2IOD | P200D
RW RW RW RW RW RW RW RW
Initial value : O0H
P20D[7:0] Configure Open-drain of P2 Port
0 Push-pull output
1 Open-drain output
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P2DB (P2 Debounce Enable Register) : E9H

7 6 5 4 3 1 0
| pBoki | DBk | PrpB | P26DB P25DB P22DB P21DB P20DB
RW RW RW RW RW RW RW RW
Initial value : OOH
DBCLK][1:0] Configure Debounce Clock of Port
DBCLK1 DBCLKO description
0 0 fx/1
0 1 fx/4
1 0 fx/4096
1 1 Reserved
P27DB Configure Debounce of P27 Port
0 Disable
1 Enable
P26DB Configure Debounce of P26 Port
0 Disable
1 Enable
P25DB Configure Debounce of P25 Port
0 Disable
1 Enable
P22DB Configure Debounce of P22 Port
0 Disable
1 Enable
P21DB Configure Debounce of P21 Port
0 Disable
1 Enable
P20DB Configure Debounce of P20 Port
0 Disable
1 Enable

NOTES) 1. If a level is not detected on an enabled pin three or four times in a row at the sampling clock, the

signal is eliminated as noise.

2. A pulse level should be input for the duration of 3 clocks or more to be actually detected as a valid

edge.

3. The port debounce is automatically disabled at stop mode and recovered after stop mode release.
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P2FSR (Port 2 Function Selection Register) : 1012H (XSFR)
7 6 5 4 3 2 1 0
| - | - - | - | PorsR | PSR P2FSR1 P2FSR0
- - - - RW RW RW RW
Initial value : OOH
P2FSR3 P23 Function select
0 I/O Port
1 TXD4 Function
P2FSR2 P22 Function select
0 I/0 Port (EINT19 function possible when input)
1 T9O/PWM9O0 Function
P2FSR1 P21 Function select
0 I/0O Port (EINT18 function possible when input)
1 T8O/PWMS8O Function
P2FSRO P20 Function select
0 I/O Port (EINT17 function possible when input)
1 T70/PWM70 Function
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9.6 P3 Port

9.6.1 P3 Port Description

P3 is 8-bit I/0 port. P3 control registers consist of P3 data register (P3), P3 direction register (P310), debounce
enable register (P35DB),P3 pull-up resistor selection register (P3PU) and P3 open-drain selection register
(P30D). Refer to the port function selection registers for the P3 function selection.

9.6.2 Register description for P3

P3 (P3 Data Register) : 98H

7 6 5 4 3 2 1 0
| P | pPx | P» P34 P P32 P3L P30
RW RW RW RW RW RW RW RW
Initial value : 00H
P3[7:0] 1/0 Data
P3I0 (P3 Direction Register) : B9H
7 6 5 4 3 2 1 0
| pmo | pPeo | PmO | PO P30 P32I0 P3LI0 P30I0
RW RW RW RW RW RW RW RW
Initial value : 00H
P310[7:0] P3 Data I/O Direction
0 Input
1 Output

NOTE) EINT14/EINT15/EINT16/SS2/EC7/EC8/EC9 function
possible when input

P3PU (P3 Pull-up Resistor Selection Register) : 100BH (XSFR)

7 6 5 4 3 2 1 0
| pru | Peeu | Pmru | PupU | PmPU | PRRU P3IPU P30PU
RW RW RW RW RW RW RW RW
Initial value : O0H
P3PU[7:0] Configure Pull-up Resistor of P3 Port
0 Disable
1 Enable

P30D (P3 Open-drain Selection Register) : 1003H (XSFR)

7 6 5 4 3 2 1 0
| Pwop | pPxoD | PsoD | Px:oD | PmoD | Px0D P3IOD | P30OD
RW RW RW RW RW RW RW RW
Initial value : O0H
P30D[7:0] Configure Open-drain of P3 Port
0 Push-pull output
1 Open-drain output
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P35DB (P35 Debounce Enable Register) : F1H

7 6 5 4 3 2 1 0
| - | PseoB Ps2DB |  PsIDB P50DB P32DB P31DB P30DB
- RW RW RW RW RW RW RW
Initial value : OOH
P53DB Configure Debounce of P53 Port
0 Disable
1 Enable
P52DB Configure Debounce of P52 Port
0 Disable
1 Enable
P51DB Configure Debounce of P51 Port
0 Disable
1 Enable
P50DB Configure Debounce of P50 Port
0 Disable
1 Enable
P32DB Configure Debounce of P32 Port
0 Disable
1 Enable
P31DB Configure Debounce of P31 Port
0 Disable
1 Enable
P30DB Configure Debounce of P30 Port
0 Disable
1 Enable

NOTES) 1. If a level is not detected on an enabled pin three or four times in a row at the sampling clock, the
signal is eliminated as noise.

2. A pulse level should be input for the duration of 3 clocks or more to be actually detected as a valid
edge.

3. The port debounce is automatically disabled at stop mode and recovered after stop mode release.
4. Refer to the port 2 debounce enable register (P2DB) for the debounce clock of port 3 and port 5.
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P3FSR (Port 3 Function Selection Register) : 1013H (XSFR)

7 6 5 4 3 2 1 0
| PaFSR7 | P3FSRe PSFSR5 | P3FSR4 | P3FSR3 | P3FSRe P3FSR1 P3FSRO
RW RW RW RW RW RW RW RW
Initial value : OOH
P3FSR7 P36 Function select
0 I/O Port (EC8 function possible when input)
1 SCK2 Function
P3FSR6 P35 Function select
0 I/0 Port (EC7 function possible when input)
1 MISO2 Function
P3FSR5 P34 Function select
0 I/O Port
1 MOSI2 Function
P3FSR[4:3] P33 Function select
P3FSR4 P3FSR3 description
0 0 I/O Port
0 1 BUZO
1 0 EC6
1 1 Not used
P3FSR2 P32 Function select
0 I/0O Port (EINT16 function possible when input)
1 T60/PWM60 Function
P3FSR1 P31 Function select
0 I/O Port (EINT15 function possible when input)
1 T50/PWM50 Function
P3FSRO P30 Function select
0 I/O Port (EINT14 function possible when input)
1 T40/PWM40 Function
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9.7 P4 Port

9.7.1 P4 Port Description

P4 is 8-bit I/0 port. P4 control registers consist of P4 data register (P4), P4 direction register (P410), P4 pull-up
resistor selection register (P4PU) and P4 open-drain selection register (P40D). Refer to the port function
selection registers for the P4 function selection.

9.7.2 Register description for P4

P4 (P4 Data Register) : AOH

7 6 5 4 3 2 1 0
| P | P | Pss P44 P43 P42 P41 P40
RW RW RW RW RW RW RW RW

Initial value : O0OH

P4[7:0] 1/0 Data

P410 (P4 Direction Register) : C1H

7 6 5 4 3 2 1 0
| Pwmo | pPwo | Ps0O | Pao P4310 P4210 P4110 P40I0
RAW RW RW RAW RAW RW RW RAW
Initial value : OOH
P410[7:0] P4 Data I/O Direction
0 Input
1 Output

NOTE) SS1/RXD2/RXD3 function possible when input

P4PU (P4 Pull-up Resistor Selection Register) : 100CH (XSFR)

7 6 5 4 3 ) L 0
| Paru | Papu | PasPU | PMPU | PRPU | PaPU P41PU PAOPU
RW RW RW RW RW = — e
Initial value : 0OH
P4PU[7:0] Configure Pull-up Resistor of P4 Port
0 Disable
1 Enable

P40OD (P4 Open-drain Selection Register) : 1004H (XSFR)

7 6 5 4 3 2 1 0
| pParoD | pPaoD | PasoD | PumoD | Pwop | PaoD P410D P400D
R W RV 2 RW RW RW RW
Initial value : OOH
P40D[7:0] Configure Open-drain of P4 Port
0 Push-pull output
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P4AFSR (Port 4 Function Selection Register) : 1014H (XSFR)
6 5 4 3 1 0
| - ~ | PSR4 | PAFSR3 | PAFSR2 PAFSR1 PAFSRO
- - RW RW RW RW
Initial value : OOH
PAFSR4 P46 Function select
0 1/0O Port
1 TXD3 Function
P4FSR3 P44 Function Select
0 1/0 Port
1 TXD2 Function
P4AFSR2 P42 Function select
0 1/0O Port
1 SCK1 Function
P4AFSR1 P41 Function Select
0 1/O Port
1 RXD1/SCL1/MISO1 Function
P4FSRO P40 Function select
0 1/O Port
1 TXD1/SDA1/MOSI1 Function
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9.8 P5 Port

9.8.1 P5 Port Description

P5 is 8-bit I/0 port. P5 control registers consist of P5 data register (P5), P5 direction register (P510), P5 pull-up
resistor selection register (P5PU) and P5 open-drain selection register (P50D). Refer to the port function
selection registers for the P5 function selection.

9.8.2 Register description for P5

P5 (P5 Data Register) : BOH

7 6 5 4 3 2 1 0
| P | Pe | P» P54 P53 P52 P51 P50
R RW RW R RIW RW RW RIW
Initial value : 00H
P5[7:0] 1/0 Data

P5I0O (P5 Direction Register) : C9H

7 6 5 4 3 2 1 0
| pmo | peo | Pso | Psao PS310 P5200 P5LI0 PS0I0
R RW RW R RIW RW RW RIW
Initial value : 00H
P510[7:0] P5 Data I/O Direction
0 Input
1 Output

NOTE) EINT10-EINT13/ECO0-EC3 function possible when input

P5PU (P5 Pull-up Resistor Selection Register) : 100DH (XSFR)

7 6 5 4 3 2 1 0
| pspu | Py | PssPU | PPU | PsPU | PS2RU P51PU PS0PU
RAW RW RW RAW RAW RW RW RW
Initial value : OOH
P5PU[7:0] Configure Pull-up Resistor of P5 Port
0 Disable
1 Enable

P50D (P5 Open-drain Selection Register) : 1005H (XSFR)

7 6 5 4 3 2 1 0
| psrob | pPseop | Pssop | PssoD | Pssob | Ps2oD P510D PS00D
RW RW RW RW RW RW RW RW
Initial value : O0OH
P50D[7:0] Configure Open-drain of P5 Port
0 Push-pull output
1 Open-drain output
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NOTE) Refer to the configure option for the P57/EC3/RESETB.

MC97F2664
P5FSR (Port 5 Function Selection Register) : 1015H (XSFR)
7 6 5 4 3 2 1 0
| - | - - | - | PSR | PSR PSFSR1 P5FSRO
- - - - RW RW RW RW
Initial value : OOH
P5FSR3 P53 Function Select
0 1/0 Port (EINT13 function possible when input)
1 T30/PWM3O Function
P5FSR2 P52 Function select
0 I/O Port (EINT12 function possible when input)
1 T20/PWM20 Function
P5FSR1 P51 Function Select
0 I/0 Port (EINT11 function possible when input)
1 T10/PWM10 Function
P5FSRO P50 Function select
0 1/0 Port (EINT10 function possible when input)
1 TOO/PWMOO Function
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9.9 P6 Port

9.9.1 P6 Port Description

P6 is 8-bit I/0 port. P6 control registers consist of P6 data register (P6), P6 direction register (P610), P6 pull-up
resistor selection register (P6PU) and P6 open-drain selection register (P60D). Refer to the port function
selection registers for the P6 function selection.

9.9.2 Register description for P6

P6 (P6 Data Register) : B8H

7 6 5 4 3 2 1 0
| per | P | P P64 P63 P62 P61 P60
R RW RW R RIW RW RW RIW
Initial value : 00H
P6[7:0] 1/0 Data

P610O (P6 Direction Register) : D1H

7 6 5 4 3 2 1 0
| pmo | pPeo | Peo | Psao P6310 P62I0 P6LIO P60IO
R RW RW R RIW RW RW RIW
Initial value : 00H
P610[7:0] P6 Data I/O Direction
0 Input
1 Output

NOTE) SSO function possible when input

P6PU (P6 Pull-up Resistor Selection Register) : 100EH (XSFR)

7 6 5 4 3 2 1 0
| peru | Peu | PesPU | PePU | PePU | Pe2RU P61PU PEOPU
RAW RW RW RAW RAW RW RW RW
Initial value : OOH
P6PU[7:0] Configure Pull-up Resistor of P6 Port
0 Disable
1 Enable

P60OD (P6 Open-drain Selection Register) : 1006H (XSFR)

7 6 5 4 3 2 1 0
| porob | pPeoD | PesoD | PesoD | PssoD | Pe2oD P610D PE0OD
RW RW RW RW RW RW RW RW
Initial value : 00H
P60D[7:0] Configure Open-drain of P6 Port
0 Push-pull output
1 Open-drain output
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P6FSR (Port 6 Function Selection Register) : 1016H (XSFR)
7 6 4 3 2 1 0
| - | persre PSFSR5 | POFSR4 | PO6FSR3 | POFSR2 P6FSR1 PGFSRO
- RW RW RW RW RW RW
Initial value : OOH
P6FSR6 P67 Function select
0 I/O Port
1 SXOUT Function
P6FSR5 P66 Function select
0 I/O Port
1 SXIN Function
P6FSR4 P65 Function select
0 I/O Port
1 XIN Function
P6FSR3 P64 Function Select
0 I/O Port
1 XOUT Function
P6FSR2 P63 Function select
0 I/O Port
1 TXDO/SDAO/MOSIO Function
P6FSR1 P62 Function select
0 I/O Port
1 RXD0/SCLO/MISOO0 Function
P6FSRO P61 Function select
0 I/O Port
1 SCKO Function
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9.10 P7 Port

9.10.1 P7 Port Description

P7 is 5-bit I/0 port. P7 control registers consist of P7 data register (P7), P7 direction register (P710), P7 pull-up
resistor selection register (P7PU) and P7 open-drain selection register (P70D). Refer to the port function
selection registers for the P7 function selection.

9.10.2 Register description for P7

P7 (P7 Data Register) : COH

7 6 5 4 3 2 1 0
| ez | P | P& P74 P73 P72 P71 P70
RW RW RW RW RW RW RW RW

Initial value : O0OH

P7[7:0] 1/0 Data

P710 (P7 Direction Register) : D9H

7 6 5 4 3 2 1 0
| pmo | pPmeo | Pmo | Puo P730 P7210 P7110 P70I0
RAW RW RW RAW RAW RW RW RAW
Initial value : OOH
P710[7:0] P7 Data I/O Direction
0 Input
1 Output

NOTE) EC4/EC5/SS3 function possible when input

P7PU (P7 Pull-up Resistor Selection Register) : 100FH (XSFR)

7 6 5 4 3 2 1 0
| pru | Py | PmPu | PHPU | PEPU | PT2RU P71PU P70PU
RAW RW RW RAW RAW RW RW RW
Initial value : OOH
P7PU[7:0] Configure Pull-up Resistor of P7 Port
0 Disable
1 Enable

P70D (P7 Open-drain Selection Register) : 1007H (XSFR)

7 6 5 4 3 2 1 0
| pmop | peoo | Pmop | Pmop | Pmop | ProD P710D P700D
RW RW RW RW RW RW RW RW
Initial value : 0OH
P70D[7:0] Configure Open-drain of P7 Port
0 Push-pull output
1 Open-drain output
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P7FSR (Port 7 Function Selection Register) : 1017H (XSFR)
7 6 5 4 3 2 1 0
| - | - - | - | PSR | PrFSR2 P7FSR1 P7FSRO
- - - - RW RW RW RW
Initial value : OOH
P7FSR3 P73 Function Select
0 1/0O Port
1 EC6 Function
P7FSR2 P72 Function select
0 I/O Port (EC4 function possible when input)
1 SCK3 Function
P7FSR1 P71 Function Select
0 1/0O Port
1 MISO3 Function
P7FSRO P70 Function select
0 1/O Port
1 MOSI3 Function
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10. Interrupt Controller

10.1 Overview

The MC97F2664 supports up to 24 interrupt sources. The interrupts have separate enable register bits
associated with them, allowing software control. They can also have four levels of priority assigned to them. The
non-maskable interrupt source is always enabled with a higher priority than any other interrupt source, and is not
controllable by software. The interrupt controller has following features:

- Receive the request from 24 interrupt source
- Individual priority

- 4 priority levels

- Multi Interrupt possibility

- If the requests of different priority levels are received simultaneously, the request of higher priority level
is served first.

- Each interrupt source can be controlled by EA bit and each IEx bit
- Interrupt latency: 3~9 machine cycles in single interrupt system

The non-maskable interrupt is always enabled. The maskable interrupts are enabled through four pair of
interrupt enable registers (IE, IE1, IE2, IE3). Each bit of IE, IE1, IE2, IE3 register individually enables/disables the
corresponding interrupt source. Overall control is provided by bit 7 of IE (EA). When EA is set to ‘0’, all interrupts
are disabled: when EA is set to ‘1’, interrupts are individually enabled or disabled through the other bits of the
interrupt enable registers. The EA bit is always cleared to ‘0’ jumping to an interrupt service vector and set to ‘1’
executing the [RETI] instruction. The MC97F2664 supports a four-level priority scheme. Each maskable interrupt
is individually assigned to one of four priority levels according to IPOH/L, IP1H/L, IP2H/L, and IP3H/L.

Default interrupt mode is level-trigger mode basically, but if needed, it is possible to change to edge-trigger
mode. Priority of a group is set by two bits of interrupt priority registers (one bit from IP, another one from IP1).
Interrupt service routine serves higher priority interrupt first. If two requests of different priority levels are received
simultaneously, the request of higher priority level is served prior to the lower one.
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10.2 External Interrupt

The external interrupt on EINTO~A and EINT10~19 pins receive various interrupt request depending on the
external interrupt polarity O high/low register (EIPOLOH/L), external interrupt polarity 1 high/low register
(EIPOL1H/L), and external interrupt polarity 2 high/low register (EIPOL2H/L), as shown in Figure 10.1. Also each
external interrupt source has enable/disable bits. The external interrupt flag O register (EIFLAGO), external
interrupt flag 1 register (EIFLAG1) and external interrupt flag 2 register (EIFLAG2) provides the status of external

interrupts.
EINTOPin [ }——» FLAGO
2
EINTLPin [ ] <Pl FLAGL
2 Ll
EINT2Pin [_] > FLAG2
2
EINT3Pin [ ] >
5 INT 5 Interrupt
EINT4Pin [ ]
2
EINTS Pin [ ] >
2
EINT6 Pin [ | » i [ FLAGE ——
2
EINT7 Pin  [_] FLAG?
/{ 2
| EIPOLOH/EIPOLOL |
EINT10 Pin [ |———» FLAG10
2
EINT11Pin || > X —{FLAG11}——
2 Ll
EINT12 Pin [_] > —[FLAG12}——
2
EINT13 Pin [FLAG13]
D 2 ' INT 11 Interrupt
EINT14 Pin [_]
2
EINT15 Pin [ ] FLAG15
2
EINT16 Pin [_] X —»{FLAG16}—
2
EINT17 Pin [_] FLAG17
,{ 2
| EIPOLIH/EIPOLIL |
EINT8Pin [ F——» x~ FLAG8
2
EINTOPin [ ] <
i 2
EINTAPin [ ] e INT 16 Interrupt
2
EINT18 Pin [ ] FLAG18
EINT19 Pin [_] 2 f —»[FLAG19|——
2
EIPOL2H/EIPOL2L |
Figure 10.1 External Interrupt Description
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10.3 Block Diagram
1POL IPOH
IPTL IPTH
USIO Rx H[{ o5 1 [ipeL [ ipeH |
1
USI1 Rx ) o = 1P3L_|_IP3H
UART2 Rx %%[Lh 11 1 Priority High
2
UART3 Rx [ LD\ 2|2 2
3
SPI2 bD\ 33 2
EIPOLOH/L . . 4|,
vy 44
EINTO (H FLAGO J=r=eee 5/5
EINT1 [H - HFag jemen 5ls
EINT2 D_ EIFLAG0.2
EINT3 [ H
.
EINT4 [ H
EINTS [ H FLAGS J=r=ees
ente [Hay
ElNT7 D_ EIFLAG0.7
USIO Tx/12C {[[[ ° 6|
6
USIL Tx/12C { { { LD—\ . 6
7
UART2 Tx {[ LD—\ . |7
8
UART3 Tx [ Lh 8lg
9
SPI3 °lo 9
EIPOLTH/L . . 10]10
| EIFLAGL.0 10 1 Levels
enT10 [ H FLAGI0 ' 1 0 Level1 )
EINT11 D_ x FLAGTT ertacL 1144 1 Level3 ] Release
EINT12 [ H FLAGI2 oo Stop/Sieep
EINT].?) D_ EIFLAG1.3
.
EINT14 [ H " 4FD—’
EINT15 [ H FLAG15 J=== 12115 12 A
EINT16 D‘ﬂ 13,4
EINT17 D_ _@}E\FLAGI‘/ » 13 13
UART4 Rx 114 14
Timer 6 —»| T6IFR 15 15
Timer 7 —[_T7FR ] 1815
Timer 8 — 16|14
Timer 9 — 16 16
Timer 5 v 17 17
Timer 4 17
EIPOL2H/L
X
EINT8 FLAGS ezl
EINTY I FLAGY M
ENTA [ h IFLAGAI
EINT18 [ ] Sy [LFLAGTS
EINT19 [ ] FLAG19
Timer0 ——» =]
Timerl1 ——— L
Timer2 ———— LD—\ 18,
Timer 3 ——» [ 4D_\ 181 18
19
UARTA4 Tx [ B9 19
ADC ——»[ADCIFR 20(,5
Watch Timer —m 20/50
SP OVF ——» 2401 -
Watch-Dog Timer ——m[ WDTIFR 2 21
BIT —» [ BITIFR 22|55 -
Timer 0 OVF ——— [ T1OVIFR } 23,5
Timer LOVF ————» =233 ¥ Priority Low
Timer 20VF ———
Timer 3 OVF ——— | T40VIFR

Figure 10.2 Block Diagram of Interrupt

NOTES) 1. The release signal may be generated by all interrupt sources which are enabled without reference to

a priority level.

2. An interrupt request is delayed during data are written to IE, IE1, IE2, IE3, IPOL/H, IP1L/H, IP2L/H,

IP3L/H and PCON register.
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10.4 Interrupt Vector Table

The interrupt controller supports 24 interrupt sources as shown in the Table 10-2. When interrupt is served,
long call instruction (LCALL) is executed and program counter jumps to the vector address. All interrupt requests
have their own priority order.

Table 10-1 Interrupt Vector Address Table

Interrupt Source Symbol ég;%rlr;gtit Polarity Mask Vector Address
Hardware RESET RESETB 00 0 Non-Maskable 0000H
USIO Rx Interrupt INTO IE.O 1 Maskable 0003H
USI1 Rx Interrupt INT1 IE.1 2 Maskable 000BH

UART2 Rx Interrupt INT2 IE.2 3 Maskable 0013H
UART3 Rx Interrupt INT3 IE.3 4 Maskable 001BH
SPI2 Interrupt INT4 IE.4 5 Maskable 0023H
External Interrupt 0 -7 INT5S IE.5 6 Maskable 002BH
USIO Tx/I2C Interrupt INT6 IE1.0 7 Maskable 0033H
USI1 Tx/I2C Interrupt INT7 IE1.1 8 Maskable 003BH
UART2 Tx Interrupt INT8 IE1.2 9 Maskable 0043H
UART3 Tx Interrupt INT9 IE1.3 10 Maskable 004BH
SPI3 Interrupt INT10 IE1.4 11 Maskable 0053H
External Interrupt 10 — 17 INT11 IE1.5 12 Maskable 005BH
UART4 Rx Interrupt INT12 IE2.0 13 Maskable 0063H
T6/7/8/9 Match Interrupt INT13 IE2.1 14 Maskable 006BH
T5 Match Interrupt INT14 IE2.2 15 Maskable 0073H
T4 Match Interrupt INT15 IE2.3 16 Maskable 007BH
E)’(‘tt:rrr:‘;' |Irr1]tteerrrrlljgtt i INT16 IE2.4 17 Maskable 0083H
TO0/1/2/3 Match Interrupt INT17 IE2.5 18 Maskable 008BH
UART4 Tx Interrupt INT18 IE3.0 19 Maskable 0093H
ADC Interrupt INT19 IE3.1 20 Maskable 009BH

<p O‘(/V;f'gv‘f/rlrr‘]‘tpet”upt INT20 IE3.2 21 Maskable 00A3H
WDT Interrupt INT21 IE3.3 22 Maskable 00ABH

BIT Interrupt INT22 IE3.4 23 Maskable 00B3H
T0/1/2/3 Overflow Interrupt INT23 IE3.5 24 Maskable 00BBH

For maskable interrupt execution, EA bit must set ‘1’ and specific interrupt must be enabled by writing ‘1’ to
associated bit in the IEx. If an interrupt request is received, the specific interrupt request flag is set to ‘“1°. And it
remains ‘1’ until CPU accepts interrupt. If the interrupt is served, the interrupt request flag will be cleared
automatically.
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10.5 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0’ by a reset or an
instruction. Interrupt acceptance always generates at last cycle of the instruction. So instead of fetching the
current instruction, CPU executes internally LCALL instruction and saves the PC at stack. For the interrupt
service routine, the interrupt controller gives the address of LIMP instruction to CPU. Since the end of the

execution of current instruction, it needs 3~9 machine cycles to go to the interrupt service routine. The interrupt

service task is terminated by the interrupt return instruction [RETI]. Once an interrupt request is generated, the

following process is performed.

B B

E B QA

IE.EA Flag €< 0

v

Program Counter low Byte
SP&SP+1
M(SP) < (PCL)

v

Program Counter high Byte
SP&SP+1
M(SP) € (PCH)

v

Interrupt Vector Address occurrence
(Interrupt Vector Address)

A 4

ISR(Interrupt Service Routine) move,
execute

A 4

Return from ISR
RETI

A 4

Program Counter high Byte recovery
(PCH) € M(SP),SP ¢ SP-1

v

Program Counter low Byte recovery
(PCL) € M(SP), SP & SP-1

y

IE.EA Flag € 1

y

Main Program execution

Saves PC value in order to continue
process again after executing ISR

Figure 10.3 Interrupt Sequence Flow
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10.6 Effective Timing after Controlling Interrupt Bit

Case a) Control Interrupt Enable Register (IE, IEL, IE2, IE3)

Interrupt Enable Register
command

>
hl

Next Instruction

Next Instruction

v

After executing IE set/clear, enable
register is effective.

Figure 10.4 Effective Timing of Interrupt Enable Register

Case b) Interrupt flag Register

Interrupt Flag Register
Command

Next Instruction

<
<

Next Instruction

v

After executing next instruction,
interrupt flag result is effective.

Figure 10.5 Effective Timing of Interrupt Flag Register
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10.7 Multi Interrupt

If two requests of different priority levels are received simultaneously, the request of higher priority level is
served first. If more than one interrupt request are received, the interrupt polling sequence determines which
request is served first by hardware. However, for special features, multi-interrupt processing can be executed by
software.

Main Program
Service
INT1 ISR
INTO ISR
Set EA
Occur )
INT1 Interrupt Oceur
INTO Interrupt
RETI
RETI

Figure 10.6 Effective Timing of Multi-Interrupt

Figure 10.6 shows an example of multi-interrupt processing. While INT1 is served, INTO which has higher
priority than INT1 is occurred. Then INTO is served immediately and then the remain part of INT1 service routine
is executed. If the priority level of INTO is same or lower than INT1, INTO will be served after the INT1 service has
completed.

An interrupt service routine may be only interrupted by an interrupt of higher priority and, if two interrupts of
different priority occur at the same time, the higher level interrupt will be served first. An interrupt cannot be
interrupted by another interrupt of the same or a lower priority level. If two interrupts of the same priority level
occur simultaneously, the service order for those interrupts is determined by the scan order.
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10.8 Interrupt Enable Accept Timing

Max. 4 Machine Cycle —#<4——4 Machine Cycle ——|
System ¥ e
Clock | | | | |
B T
/ C

Interrupt T

goes g 7 U

Active Interrupt hd Y

Latched Interrupt Processing

“LCALL & LIMP Interrupt Routine

Figure 10.7 Interrupt Response Timing Diagram

10.9 Interrupt Service Routine Address

Basic Interval Timer Basic Interval Timer
Vector Table Address Service Routine Address

—— ——
00B3H 02H 0125H OEH
00B4H 01H 0126H 2EH
00B5H 25H

/\_—
/\_

Figure 10.8 Correspondence between Vector Table Address and the Entry Address of ISR

10.10 Saving/Restore General-Purpose Registers

INTxx : PUSH PSW
PUSH DPL Main Task
PUSH DPH Interrupt
PUSH B | Service Task

PUSH ACC | . o

Saving
Register
Interrupt Processing:

POP ACC Restoring
POP B -— Register
POP DPH | |

POP DPL

POP PSW

RETI

Figure 10.9 Saving/Restore Process Diagram and Sample Source
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10.11 Interrupt Timing

Interrupt sampled here

CLP2 CLP1 CLP2 ClP1 C1P2 C2P1 C2p2
A A

SCLK

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL |

INT_VEC X 8-Bit interrupt Vector >

PROGA X {8'h00, INT_VEC} >

Figure 10.10 Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

Interrupt sources are sampled at the last cycle of a command. If an interrupt source is detected the lower 8-bit of
interrupt vector (INT_VEC) is decided. M8051W core makes interrupt acknowledge at the first cycle of a
command, and executes long call to jump to interrupt service routine.

NOTE) command cycle CLPx: L=Last cycle, 1=1* cycle or 1% phase, 2=2"" cycle or 2" phase

10.12 Interrupt Register Overview

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

Interrupt enable register consists of global interrupt control bit (EA) and peripheral interrupt control bits. Total 24
peripherals are able to control interrupt.

10.12.2 Interrupt Priority Register (IPOH/L, IP1H/L, IP2H/L, IP3H/L)

The 24 interrupts are divided into 6 groups which have each 4 interrupt sources. An individual interrupt can be
assigned 4 levels interrupt priority using interrupt priority register. Level 3 is the highest priority, while level O is
the lowest priority. After a reset IPOH/L, IP1H/L, IP2H/L, and IP3H/L, are cleared to ‘O0H’. If interrupts have the
same priority level, lower number interrupt is served first.
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10.12.3 External Interrupt Flag Register (EIFLAGO, EIFLAG1, EIFLAG2)

The external interrupt flag O register (EIFLAGO), external interrupt flag 1 register (EIFLAG1) and external
interrupt flag 2 register (EIFLAG2) are set to ‘1’ when the external interrupt generating condition is satisfied. The
flag is cleared when the interrupt service routine is executed. Alternatively, the flag can be cleared by writing ‘0’ to
it.

10.12.4 External Interrupt Polarity Register (EIPOLOH/L , EIPOL1H/L, EIPOL2H/L)
The external interrupt polarity 0 high/low register (EIPOLOH/L), external interrupt polarity 1 high/low register

(EIPOL1H/L) and external interrupt polarity 2 high/low register (EIPOL2H/L) determines which type of
rising/falling/both edge interrupt. Initially, default value is no interrupt at any edge.
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10.12.5 Register Map

Table 10-2 Interrupt Register Map

Name Address Dir Default Description
IE A8H R/W O00OH Interrupt Enable Register
IE1 A9H R/W O00OH Interrupt Enable Register 1
IE2 AAH R/W O0OH Interrupt Enable Register 2
IE3 ABH R/W O0OH Interrupt Enable Register 3
IPOL 92H R/W OOH Interrupt Priority O Low Register
IPOH 93H R/W OOH Interrupt Priority 0 High Register
IP1L 9AH R/W 00OH Interrupt Priority 1 Low Register
IP1H 9BH R/W O00OH Interrupt Priority 1 High Register
IP2L 9CH R/W OOH Interrupt Priority 2 Low Register
IP2H 9DH R/W O00OH Interrupt Priority 2 High Register
IP3L 9EH R/W 00H Interrupt Priority 3 Low Register
IP3H 9FH R/W 00H Interrupt Priority 3 High Register
EIFLAGO A3H R/W 00H External Interrupt Flag O Register
EIPOLOL A6H R/W 00H External Interrupt Polarity O Low Register
EIPOLOH A7H R/W O00OH External Interrupt Polarity O High Register
EIFLAG1 A4H R/W OOH External Interrupt Flag 1 Register
EIPOL1L ACH R/W OOH External Interrupt Polarity 1 Low Register
EIPOL1H ADH R/W OOH External Interrupt Polarity 1 High Register
EIFLAG2 A5H R/W 00H External Interrupt Flag 2 Register
EIPOL2L AEH R/W O00OH External Interrupt Polarity 2 Low Register
EIPOL2H AFH R/W O00OH External Interrupt Polarity 2 High Register

10.13 Interrupt Register Description

The interrupt register is used for controlling interrupt functions. Also it has external interrupt control registers.
The interrupt register consists of interrupt enable register (IE), interrupt enable register 1 (IE1), interrupt enable
register 2 (IE2) and interrupt enable register 3 (IE3). For external interrupt, it consists of external interrupt flag O
register (EIFLAGO), external interrupt polarity O high/low register (EIPOLOH/L), external interrupt flag 1 register
(EIFLAG1), external interrupt polarity 1 high/low register (EIPOL1H/L), external interrupt flag 2 register (EIFLAG2)
and external interrupt polarity 2 high/low register (EIPOL2H/L).
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10.13.1 Register Description for Interrupt

IE (Interrupt Enable Register) : A8H

7 6 5 4 3 2 1 0
EA | - | w~NmE | w4 INT3E INT2E INTLE INTOE
RW - RW RW RW RW RW RW

Initial value
EA Enable or Disable All Interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INTS5E Enable or Disable External Interrupt 0 ~ 7 (EINTO ~ EINT7)
0 Disable
1 Enable
INT4E Enable or Disable SPI2 Interrupt
0 Disable
1 Enable
INT3E Enable or Disable UART3 Rx Interrupt
0 Disable
1 Enable
INT2E Enable or Disable UART2 Rx Interrupt
0 Disable
1 Enable
INT1E Enable or Disable USI1 Rx Interrupt
0 Disable
1 Enable
INTOE Enable or Disable USIO Rx Interrupt

0 Disable
1 Enable

: O0H
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IE1 (Interrupt Enable Register 1): A9H
7 6 5 4 3 2 1 0
- | - | NuE | mNmoe INTOE NBE | NTE | NTEE |
- - RW RW RW RW RW RW
Initial value: 00H
INT11E Enable or Disable External interrupt 10 ~ 17 (EINT10 ~ EINT17)
0 Disable
1 Enable
INT10E Enable or Disable SPI3 interrupt
0 Disable
1 Enable
INTOE Enable or Disable UART3 Tx interrupt
0 Disable
1 Enable
INT8E Enable or Disable UART2 Tx interrupt
0 Disable
1 Enable
INT7E Enable or Disable USI1 Tx/I12C interrupt)
0 Disable
1 Enable
INT6E Enable or Disable USIO Tx/I12C interrupt

0 Disable
1 Enable
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INT15E

INT14E

INT13E

INT12E

(EINT8 ~ EINTA/EINT18 ~ EINT19)

0 Disable

1 Enable

Enable or Disable Timer 4 match interrupt
0 Disable

1 Enable

Enable or Disable Timer 5 match interrupt
0 Disable

1 Enable

Enable or Disable Timer 6/7/8/9 match interrupt
0 Disable

1 Enable
Enable or Disable UART4 Rx interrupt
0 Disable
1 Enable

MC97F2664 \BO\
IE2 (Interrupt Enable Register 2) : AAH
7 6 5 4 3 2 1 0
| - | - | mNn®E | nmee INTL5E INT14E INTL3E INTL2E
- - RW RW RW RW RW RW
Initial value : OOH
INT17E Enable or Disable Timer 0/1/2/3 match interrupt
0 Disable
1 Enable
INT16E Enable or Disable External interrupt 8 ~ A/18 ~ 19
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IE3 (Interrupt Enable Register 3) : ABH
7 6 5 4 3 2 1 0
- | - | mmE | NT2E INT21E INT20E INT19E INT18E
- - RW RW RW RW RW RW
Initial value : OOH
INT23E Enable or Disable Timer 0/1/2/3 overflow interrupt
0 Disable
1 Enable
INT22E Enable or Disable BIT Interrupt
0 Disable
1 Enable
INT21E Enable or Disable WDT Interrupt
0 Disable
1 Enable
INT20E Enable or Disable WT and SP overflow interrupt
0 Disable
1 Enable
INT19E Enable or Disable ADC Interrupt
0 Disable
1 Enable
INT18E Enable or Disable UART4 Tx interrupt
0 Disable
1 Enable
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IPOL (Interrupt Priority O Low Register) : 92H
7 6 5 4 3 2 1 0
- | - Pos | PO IPOL3 IPOL2 IPOL1 IPOLO
- - RW RW RW RW RW RW
Initial value : OOH
IPOH (Interrupt Priority O High Register) : 93H
7 6 5 4 3 2 1 0
- | - | pPrs | PO IPOH3 IPOH2 IPOHL IPOHO
- - RW RW RW RW RW RW
Initial value : 0OH
IPOL[5:0], Select IE Interrupt Priority
IPOH[5:0] IPOHx IPOLx Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
IP1L (Interrupt Priority 1 Low Register) : 9AH
7 6 5 4 3 2 1 0
| = | = PU5 | P4 P1L3 P1L2 PIL1 IP1LO
- - RW RW RW RW RW RW
Initial value : 0OH
IP1H (Interrupt Priority 1 High Register) : 9BH
7 6 5 4 3 2 1 0
| - | - | e | pP1u P1H3 IP1H2 IP1H1 IPLHO
- - RW RW RW RW RW RW
Initial value : OOH
IP1L[5:0], Select IE1 Interrupt Priority
IP1H[5:0] IP1Hx IP1Lx Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
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IP2L (Interrupt Priority 2 Low Register) : 9CH
7 6 5 4 3 2 1 0
- | = P25 | P24 P2L3 P2L2 P2L1 IP2L0
- - RW RW RW RW RW RW
Initial value : OOH
IP2H (Interrupt Priority 2 High Register) : 9DH
7 6 5 4 3 2 1 0
| - | - | P25 | P2 P2H3 P2H2 IP2H1 IP2HO
- - RW RW RW RW RW RW
Initial value : OOH
IP2L[5:0], Select IE2 Interrupt Priority
IP2H[5:0]] IP2Hx IP2Lx Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
IP3L (Interrupt Priority 3 Low Register) : 9EH
7 6 5 4 3 2 1 0
I - | - P35 | P34 IP3L3 P32 IP3LL IP3LO
- - RW RW RW RW RW RW
Initial value : O0H
IP3H (Interrupt Priority 3 High Register) : 9FH
7 6 5 4 3 2 1 0
| - | - | wm | pP3u P3H3 P3H2 IP3H1 IP3HO
- - RW RW RW RW RW RW
Initial value : OOH
IP3L[5:0], Select IE3 Interrupt Priority
IP3H[5:0]] IP3Hx IP3Lx Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
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EIFLAGO (External Interrupt Flag O Register) : A3H

7 6 5 4 3 2 1 0
| AAGr | RAAe | RAAG | AAx | AAG3 FLAG2 FLAGL FLAGO
RAW RW RW RAW RW RW RW RW

Initial value : O0OH

EIFLAGO[6:5] When an External Interrupt O ~ 7 is occurred, the flag becomes ‘1.
The flag is cleared by writing ‘0’ to the bit. Writing “1” has no effect.

So, the flag should be cleared by software.
0 External Interrupt O ~ 7 not occurred
1 External Interrupt O ~ 7 occurred

EIPOLOH (External Interrupt Polarity 0 High Register): A7H
7 6 5 4 3 2 1 0
| POL7 | POL6 | POL5 | POL4
RW RW RW RW RW RW RW RW
Initial value: OOH

EIPOLOH[7:0] External interrupt (EINT7, EINT6, EINTS5, EINT4) polarity selection

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Where n =4, 5, 6 and 7

EIPOLOL (External Interrupt Polarity O Low Register): A6H
7 6 5 4 3 2 1 0
| POL3 | POL2 | POLL | POLO
RW RW RW RW RW RW RW RW
Initial value: O0OH

EIPOLOL[7:0] External interrupt (EINT3, EINT2, EINT1, EINTO) polarity selection

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Wheren =0, 1,2 and 3
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EIFLAGL1 (External Interrupt Flag 1 Register) : A4H

7 6 5 4 3 2 1 0
| FAAGl7 | AAGIE | FAGI5 | FAAGHM | FAGI FLAGI2 FLAGL1 FLAGI0
RIW RW RW RAW RW RW RW RW

Initial value : O0OH

EIFLAG1[7:0] When an External Interrupt 10 ~ 17 is occurred, the flag becomes
‘1. The flag is cleared by writing ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 External Interrupt 10 ~ 17 not occurred
1 External Interrupt 10 ~ 17 occurred

EIPOL1H (External Interrupt Polarity 1 High Register): ADH
7 6 5 4 3 2 1 0
| POL17 | POL16 | POLI5 | POL14

RW RW RW RW RW RW RW RW
Initial value: O0H

EIPOL1H[7:0] External interrupt (EINT14,EINT15,EINT16,EINT17) polarity

selection

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Where n =14, 15, 16 and 17

EIPOL1L (External Interrupt Polarity 1 Low Register): ACH
7 6 5 4 3 2 1 0
| POL13 | POL12 | POL11 | POL10

RW RW RW RW RW RW RW RW
Initial value: O0H

EIPOL1L[7:0] External interrupt (EINT10,EINT11,EINT12,EINT13) polarity

selection

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Where n =10, 11, 12 and 13
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EIFLAG2(External Interrupt Flag 2 Register) : A5H

7 6 5 4 3 2 1 0
| _ | _ | - | Facle | AAGH FLAGA FLAGY FLAGS
— _ _ RW RW RW RW RW

Initial value : O0OH

EIFLAG2[4:0] When an External Interrupt 8 ~ A/18 ~ 19 is occurred, the flag

becomes ‘1’. The flag is cleared by writing ‘0’ to the bit. So, the flag
should be cleared by software. Writing “1” has no effect.

0 External Interrupt not occurred
1 External Interrupt occurred

EIPOL2H (External Interrupt Polarity 2 High Register): AFH
7 6 5 4 3 2 1 0
. - 1 - [ - [ - | POLI9 | POLIS
- - RW RW RW RW
Initial value: OOH

EIPOL2H[3:0] External interrupt (EINT18,EINT19) polarity selection

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Where n = 18 and 19

EIPOL2L (External Interrupt Polarity 2 Low Register): AEH
7 6 5 4 3 2 1 0
I - [ - ] POLA | POLY | POL8
- - RW RW RW RW RW RW
Initial value: 00H

EIPOL2L[5:0] External interrupt (EINT8,EINT9,EINTA) polarity selection

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Wheren=8,9and A
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11. Peripheral Hardware

11.1 Clock Generator

11.1.1 Overview

As shown in Figure 11.1, the clock generator produces the basic clock pulses which provide the system clock to
be supplied to the CPU and the peripheral hardware. It contains main/sub-frequency clock oscillator. The
main/sub clock operation can be easily obtained by attaching a crystal between the XIN/SXIN and XOUT/SXOUT
pin, respectively. The main/sub clock can be also obtained from the external oscillator. In this case, it is
necessary to put the external clock signal into the XIN/SXIN pin and open the XOUT/SXOUT pin. The default
system clock is 1MHz INT-RC Oscillator and the default division rate is sixteen. In order to stabilize system
internally, it is used 1MHz INT-RC oscillator on POR.

- Calibrated Internal RC Oscillator (16 MHz)
. INT-RC OSC/1 (16 MHz)
. INT-RC OSC/2 (8 MHz)
. INT-RC OSC/4 (4 MHZ)
. INT-RC OSC/8 (2 MHz)
. INT-RC OSC/16 (1 MHz, Default system clock)
. INT-RC OSC/32 (0.5 MHZ)
- Main Crystal Oscillator (0.4~16 MHz)
- Sub Crystal Oscillator (32.768 kHz)
- Internal WDTRC Oscillator (5 kHz)

11.1.2 Block Diagram

XN [
Main OSC ban

XOUT [}
STOP Mode ﬁ:}_T IRCS[2:0]
XCLKE fx
3 | System
" » ClockGen. [ > SCK
< Core, System,
12 ,, Clock 4 ( Periph)(/eral)
1/4 (M Change
Internal RC OSC > fiRc
18 |V
(16MHz) 116”1 x
1/32 E Stabilizatior_l Time
e BITCK[L:0] Generation
STOP Mode ﬁj_T iz Bl;:-
IRCE x/4096 overlioW  WpT clock
tx/1024 [ M | BIT clock
SXIN [[}— fsus e 2 Y BIT >
Sub OSC » x/128 WDT
sxouT [} Wi D] X M
U

51O M“’e:E)—T l {: x
SCLKE
. WDTRC OSC
SCLK 1.0 _-_>

WDTCK

Figure 11.1 Clock Generator Block Diagram
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11.1.3 Register Map

Table 11-1 Clock Generator Register Map

Name Address Dir Default Description
SCCR 8AH R/W 00H System and Clock Control Register
OSCCR C8H R/W 08H Oscillator Control Register

11.1.4 Clock Generator Register Description

The clock generator register uses clock control for system operation. The clock generation consists of System
and clock control register and oscillator control register.

11.1.5 Register Description for Clock Generator

SCCR (System and Clock Control Register) : 8AH

7 6 5 3 2 1 0
e - I = ] | - - SCLKL SCLKO
- - - - - RW RW
Initial value : 00H
SCLK [1:0] System Clock Selection Bit

SCLK1 SCLKO Description

0

0
1
1

0

1
0
1

INT RC OSC (firc) for system clock
External Main OSC (fxn) for system clock
External Sub OSC (fsug) for system clock
Not used
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OSCCR (Oscillator Control Register) : C8H

7 6 5 4 3 2 1 0
| - | - | re=2 | Rest IRCSO IRCE XCLKE SCLKE
- - RW RW RW RW RW RW
Initial value : 08H
IRCS[2:0] Internal RC Oscillator Post-divider Selection
IRCS2 IRCS1 IRCSO Description
0 0 0 INT-RC/32 (0.5MHz)
0 0 1 INT-RC/16 (1MHZ)
0 1 0 INT-RC/8 (2MH?z)
0 1 1 INT-RC/4 (4MHz)
1 0 0 INT-RC/2 (8MHz)
1 0 1 INT-RC/1 (16MHz)
Other values Not used
IRCE Control the Operation of the Internal RC Oscillator
0 Enable operation of INT-RC OSC
1 Disable operation of INT-RC OSC
XCLKE Control the Operation of the External Main Oscillator
0 Disable operation of X-TAL
1 Enable operation of X-TAL
SCLKE Control the Operation of the External Sub Oscillator
0 Disable operation of SX-TAL
1 Enable operation of SX-TAL
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11.2 Basic Interval Timer

11.2.1 Overview

The MC97F2664 has one 8-bit basic interval timer that is free-run and can'’t stop. Block diagram is shown in
Figure 11.2. In addition, the basic interval timer generates the time base for watchdog timer counting. It also
provides a basic interval timer interrupt (BITIFR).

The MC97F2664 has these basic interval timer (BIT) features:

- During Power On, BIT gives a stable clock generation time
- On exiting Stop mode, BIT gives a stable clock generation time
- As timer function, timer interrupt occurrence

11.2.2 Block Diagram

BCK][2:0]
¢¢ — Start CPU
selected bit
8-Bit Up Counter overflow To interrupt
———> |
BIT Clock ———| BITCNT BITIFR —»
Tclear
clear \ 4

INT_ACK
RESET n —
il :[>—> BCLR WDT

Figure 11.2 Basic Interval Timer Block Diagram
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11.2.3 Register Map

Table 11-2 Basic Interval Timer Register Map

Name Address Dir Default Description
BITCNT 8CH R 00H Basic Interval Timer Counter Register
BITCR 8BH R/W 01H Basic Interval Timer Control Register

11.2.4 Basic Interval Timer Register Description

The basic interval timer register consists of basic interval timer counter register (BITCNT) and basic interval
timer control register (BITCR). If BCLR bit is set to ‘1’, BITCNT becomes ‘0’ and then counts up. After 1 machine

cycle, BCLR bit is cleared to ‘0’ automatically.

11.2.5 Register Description for Basic Interval Timer

BITCNT (Basic Interval Timer Counter Register) : 8CH

7 6 5 4 3 2 1 0
| BTCNT7 | BTCNTS | BTONTS | BTCNT4 | BITONT3 BITCNT2 BITCNTL BITCNTO
R R R R R R R R
Initial value : OOH
BITCNT[7:0]  BIT Counter

April 13, 2015 Ver. 1.7
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BITCR (Basic Interval Timer Control Register) : 8BH

7 6 5 4 3 2 1 0
| BTR | Bmok BITCKO | - | BoR BCK2 BCK1 BCKO
RW RW RW - RW RW RW RW
Initial value : 01H
BITIFR When BIT Interrupt occurs, this bit becomes ‘1. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 BIT interrupt no generation
1 BIT interrupt generation

BITCK[1:0] Select BIT clock source
BITCK1 BITCKO Description

0 0 fx/4096
0 1 fx/1024
1 0 fx/128
1 1 fx/16
BCLR If this bit is written to ‘1’, BIT Counter is cleared to ‘0’
0 Free Running
1 Clear Counter
BCK[2:0] Select BIT overflow period

BCK2 BCK1 BCKO Description

Bit 0 overflow (BIT Clock * 2)

Bit 1 overflow (BIT Clock * 4) (default)
Bit 2 overflow (BIT Clock * 8)

Bit 3 overflow (BIT Clock * 16)

Bit 4 overflow (BIT Clock * 32)

Bit 5 overflow (BIT Clock * 64)

Bit 6 overflow (BIT Clock * 128)

Bit 7 overflow (BIT Clock * 256)

B B P P O OO O
P B OO Fr P OO
P O FPr OFr OFr O
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11.3 Watch Dog Timer

11.3.1 Overview

The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or something
like that, and resumes the CPU to the normal state. The watchdog timer signal for malfunction detection can be
used as either a CPU reset or an interrupt request. When the watchdog timer is not being used for malfunction
detection, it can be used as a timer to generate an interrupt at fixed intervals. It is possible to use free running 8-
bit timer mode (WDTRSON="0’) or watch dog timer mode (WDTRSON="1") as setting WDTCR[6] bit. If WDTCR][5]
is written to ‘1’, WDT counter value is cleared and counts up. After 1 machine cycle, this bit is cleared to ‘0’
automatically. The watchdog timer consists of 8-bit binary counter and the watchdog timer data register. When
the value of 8-bit binary counter is equal to the 8 bits of WDTCNT, the interrupt request flag is generated. This
can be used as Watchdog timer interrupt or reset of CPU in accordance with the bit WDTRSON.

The input clock source of watch dog timer is the BIT overflow. The interval of watchdog timer interrupt is decided
by BIT overflow period and WDTDR set value. The equation can be described as

WDT Interrupt Interval = (BIT Interrupt Interval) X (WDTDR Value+1)

11.3.2 WDT Interrupt Timing Waveform

Source Clock
BIT Overflow

WDTCNT[7:0] 0><1><21><2><3 O><l><2
A t
:__ Counter Clear
WDTDR[7:0] n 3
WDTCL
Occur
Match
WDTIFR WDTDR € 0000_0011b D;ecm
Interrupt
WDTRESETB RESET

Figure 11.3 Watch Dog Timer Interrupt Timing Waveform

April 13, 2015 Ver. 1.7 119



MC97F2664 \BO\

11.3.3 Block Diagram

WDT Clock ———p Clear To RESET
WDTCNT <—<j ¢ Circuit

WDTEN
— 1> €
< I_,
To interrupt
D—» WDTIFR (——
WDTDR Tclear
INT_ACK
WDTCL WDTRSON
WDTCR
Figure 11.4 Watch Dog Timer Block Diagram
11.3.4 Register Map

Table 11-3 Watch Dog Timer Register Map
Name Address Dir Default Description
WDTCNT 8EH R 00H \Watch Dog Timer Counter Register
WDTDR 8EH W FFH Watch Dog Timer Data Register
WDTCR 8DH R/W 00H \Watch Dog Timer Control Register

11.3.5 Watch Dog Timer Register Description

The watch dog timer register consists of watch dog timer counter register (WDTCNT), watch dog timer data
register (WDTDR) and watch dog timer control register (WDTCR).
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11.3.6 Register Description for Watch Dog Timer

WDTCNT (Watch Dog Timer Counter Register: Read Case) : 8EH

7 6 5 4 3 2 1 0
| WDTCNT7 | WDTCNT6 | WDTCNTS | WDTCNT4 | WDTCNT3 | WDTCNT2 | WDTCNTL | WDTCNTO
R R R R R R R R

Initial value : OOH
WDTCNT[7:0] WDT Counter

WDTDR (Watch Dog Timer Data Register: Write Case) : 8EH

7 6 5 4 3 2 1 0
| womr7 | womRe | WDTDR5 | WDTDR4 | WDTDR3 | WDTDR2 | WDTDR1 | WDTDRO
W w W W W W W W

Initial value : FFH

WDTDR[7:0] Set a period
WDT Interrupt Interval=(BIT Interrupt Interval) x(WDTDR Value+1)
NOTE) Do not write “0” in the WDTDR register.

WDTCR (Watch Dog Timer Control Register) : 8DH

7 6 5 4 3 2 1 0
| worEen | womson | wotal | - | - - WDTCK WDTIFR
RW RW RW - - - RW RW
Initial value : 00H

WDTEN Control WDT Operation
0 Disable
1 Enable

WDTRSON Control WDT RESET Operation
0 Free Running 8-bit timer
1 Watch Dog Timer RESET ON

WDTCL Clear WDT Counter
0 Free Run
1 Clear WDT Counter (auto clear after 1 Cycle)

WDTCK Control WDT Clock Selection Bit
0 BIT overflow for WDT clock (WDTRC disable)
1 WDTRC for WDT clock (WDTRC enable)

WDTIFR When WDT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write
‘0’ to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 WDT Interrupt no generation
1 WDT Interrupt generation
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11.4 Watch Timer

11.4.1 Overview

The watch timer has the function for RTC (Real Time Clock) operation. It is generally used for RTC design. The
internal structure of the watch timer consists of the clock source select circuit, timer counter circuit, output select
circuit, and watch timer control register. To operate the watch timer, determine the input clock source, output
interval, and set WTEN to ‘1" in watch timer control register (WTCR). It is able to execute simultaneously or
individually. To stop or reset WT, clear the WTEN bit in WTCR register. Even if CPU is STOP mode, sub clock is
able to be so alive that WT can continue the operation. The watch timer counter circuits may be composed of 21-
bit counter which contains low 14-bit with binary counter and high 7-bit counter in order to raise resolution. In
WTDR, it can control WT clear and set interval value at write time, and it can read 7-bit WT counter value at read

time.

11.4.2 Block Diagram

fsug ——p
b
r
M - 4
e fuwek 14Bit fuck/2* ] Clear Match
f s /B4y, g —D—b Binary Counter > Timer counter wTcL
X —»| ¢ | 128 >
a
I w256
e > fwek/(2*X(7 bit WTDR Value +1))
r Comparator
ﬁ fwck/2 o
| fwek/2°_o | MUX WTIFR To interrupt
’/ ] fwcc/2” ), block
( ClearT
2 SW WTIE
WTCR | WTEN | - | WTIE | WTIFRl WTIN1 | WTINO |WTCK1|WTCKO|
Reload Match
WTCL

WTDR

[
Write case —Vl WTCL | WTDR6 |WTDR5 |WTDR4 | WTDR3 | WTDR2 | WTDR1 | WTDROl

R\éva-l;iccr\f‘:l-;e > | - |WTCNT6|WTCNT5|WTCNT4|WTCNT3|WTCNT2|WTCNT1|WTCNTO|

Figure 11.5 Watch Timer Block Diagram
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11.4.3 Register Map

Table 11-4 Watch Timer Register Map

Name Address Dir Default Description

WTCNT 89H R 00H Watch Timer Counter Register
WTDR 89H W 7FH \Watch Timer Data Register
WTCR 8FH R/W 00H Watch Timer Control Register

11.4.4 Watch Timer Register Description

The watch timer register consists of watch timer counter register (WTCNT), watch timer data register (WTDR),
and watch timer control register WTCR). As WTCR is 6-bit writable/readable register, WTCR can control the
clock source (WTCK][1:0]), interrupt interval (WTIN[1:0]), and function enable/disable (WTEN). Also there is WT
interrupt flag bit (WTIFR).

11.4.5 Register Description for Watch Timer

WTCNT (Watch Timer Counter Register: Read Case) : 89H

7 6 5 4 3 2 1 0
| _ | wrente | wrents | wronta | wrents | wront2 | wrenti | wrenmo
- R R R R R R R

Initial value : O0OH

WTCNT[6:0] WT Counter

WTDR (Watch Timer Data Register: Write Case) : 89H

7 6 5 4 3 2 1 0
| wrce | wmre WTDR5 | WTDR4 | WTDR3 WTDR2 WTDR1 WTDRO
RW w w W w w w w
Initial value : 7FH
WTCL Clear WT Counter
0 Free Run
1 Clear WT Counter (auto clear after 1 Cycle)
WTDR[6:0] Set WT period

WT Interrupt Interval=fwck/(2”14 x(7bit WTDR Value+1))
NOTE) Do not write “0” in the WTDR register.
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WTCR (Watch Timer Control Register) : 8FH

7 6 5 4 3 2 1 0
| wen | - WIE | WTRR WTINL WTINO WTCK1 WTCKO
RW - RW RW RW RW RW RW
Initial value : OOH
WTEN Control Watch Timer
0 Disable
1 Enable
WTIE Enable or Disable Watch Timer Interrupt
0 Disable
1 Enable
WTIFR When WT Interrupt occurs, this bit becomes ‘1’. For clearing bit,
write ‘0’ to this bit or automatically clear by software Writing “1” has
no effect.
0 WT Interrupt no generation
1 WT Interrupt generation
WTIN[1:0] Determine interrupt interval
WTIN1  WTINO Description
0 0 fwek/277
0 1 fwek/2713
1 0 fwek/2714
1 1 fwek/(214 x (7bit WTDR Value+1))
WTCK][1:0] Determine Source Clock
WTCK1 WTCKO Description
0 0 fsus
0 1 fx/256
1 0 fx/128
1 1 fx/64

NOTE) fx — System clock frequency (Where fx= 4.19MHz)
fsus — Sub clock oscillator frequency (32.768kHz)
fwck — Selected Watch timer clock
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11.5 Timer 0/1/2/3

11.5.1 Overview

The 8-bit timer 0/1/2/3 consists of multiplexer, timer 0/1/2/3 counter register, timer 0/1/2/3 data register, timer
0/1/2/3 capture data register, and timer 0/1/2/3 control register (TNCNT, TnDR, TnCDR, TnCR).

It has three operating modes:

- 8-bit timer/counter mode
- 8-bit PWM output mode
- 8-bit capture mode

The timer/counter 0/1/2/3 can be clocked by an internal or an external clock source (ECn). The clock source is
selected by clock selection logic which is controlled by the clock selection bits (TnCK[2:0]).

- TIMER 0/1/2/3 clock source: fx/2, 4, 8, 32, 128, 512, 2048 and ECn

In the capture mode, by EINT1n, the data is captured into input capture data register (TNCDR). In timer/counter
mode, whenever counter value is equal to TnDR, TnO port toggles. Also the timer 0/1/2/3 outputs PWM
waveform through PWMnO port in the PWM mode.

Table 11-5 Timer 0/1/2 Operating Modes

TnEN TnMS[1:0] | TnCK][2:0] Timer n
1 00 XXX 8 Bit Timer/Counter Mode
1 01 XXX 8 Bit PWM Mode
1 1X XXX 8 Bit Capture Mode
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11.5.2 8-Bit Timer/Counter Mode

The 8-bit timer/counter mode is selected by control register as shown in Figure 11.6.

The 8-bit timer have counter and data register. The counter register is increased by internal or external clock
input. Timer 0/1/2/3 can use the input clock with one of 2, 4, 8, 32, 128, 512 and 2048 prescaler division rates
(TnCK][2:0]). When the value of TNCNT and TnDR is identical in timer 0/1/2/3, a match signal is generated and
the interrupt of Timer n occurs. TNCNT value is automatically cleared by match signal. It can be also cleared
by software (TnCC).

The external clock (ECn) counts up the timer at the rising edge. If the ECn is selected as a clock source by
TnCK][2:0], ECO/EC1/EC2/EC3 port should be set to the input port by P5410/P5510/P5610/P5710 bit.

TnCR | ThEN | _ |T MS1 |T M | TnCK2 | ThCK1 | TneK | T | ADDRESS : B2H/BSH/BAH/BDH
nc 0 nMs nMSo nc nc ncko ncc INITIAL VALUE: 0000_0000B
1 - 0 0 X X X X
Clear Match signal
p L2,
- TnCC
[ N 8-bit Timer n Counter
e M
x/8
s—_*|u ‘ TnCNT(8BIt)
—p | ¢ 22| x TAMIE

a |tz T

| To interrupt

fx/512 Match
e 5> TnEN MUX TnIFR block
v [ixi2048 > >
L Comparator
2 TCIear
3
TnDR(8Bit) S/IW
TnCK([2:0] TAMS[1:0]

8-bit Timer n Data Register

{] Tno/PWMNO

Figure 11.6 8-Bit Timer/Counter Mode for Timer 0/1/2/3 (Wheren =0, 1, 2, and 3)

A Match with TnDR

TnCNT
Value n-1

n-2

Count Pulse Period
/ Pcp
Up-count 6

‘ Interrupt Period . TIME
=Pcp X (n+1)

| A |

Timer n
(TnIFR) o o o
ccur ccur ccur
Imermpt Interrupt Interrupt Interrupt

Figure 11.7 8-Bit Timer/Counter 0/1/2/3 Example (Wheren =0, 1, 2, and 3)

126 April 13, 2015 Ver. 1.7



\BO\ MC97F2664

11.5.3 8-Bit PWM Mode

The timer 0/1/2/3 has a high speed PWM (Pulse Width Modulation) function. In PWM mode, TnO/PWMnO pin
outputs up to 8-bit resolution PWM output. This pin should be configured as a PWM output by setting the
TOO/PWMO0O, T1O0/PWM10,T20/PWM20 and T30/PWM3O function by P5FSR0, P5SFSR1, P5FSR2, and
P5FSR3 bit. In the 8-bit timer/counter mode, a match signal is generated when the counter value is identical to
the value of TnDR. When the value of TnCNT and TnDR is identical in timer n, a match signal is generated and
the interrupt of timer 0/1/2/3 occurs. In PWM mode, the match signal does not clear the counter. Instead, it runs
continuously, overflowing at “FFH”, and then continues incrementing from “00H”. The timer 0/1/2/3 overflow
interrupt is generated whenever a counter overflow occurs. TnCNT value is cleared by software (TnCC) bit.

ThCR | ThEN | i |T MS1 |T M | ThCK2 | TCK1 | ThCK | T | ADDRESS : B2H/B5H/BAH/BDH
nC n nMS1 | TMSO | TnC nc nCKO | TnCC | |\iTIAL VALUE: 0000_0000B
1 - 0 1 X X X X
sw

l Clear
TnOVIE :l ) To interrupt
—» | TnOVIFR block
ECn
P
r
e
s
c
a
|
e
r

fx/ Clear Match signal
2 »
TnCC

4 8-bit Timer n Counter

oy |«
TnMIE
TnEN

Match To interrupt
MUX TnIFR block

Comparator
2 T Clear

TnDR(8Bit) Sw

TnCK[2:0] TaMS[L:0]
8-bit Timer n Data Register

| ix/8
| fx/32 »
| 128
| 512
| fx/2048

xc=Z

X —»

3

{"] Tmo/PwMnO

Figure 11.8 8-Bit PWM Mode for Timer 0/1/2/3 (Where n =0, 1, 2, and 3)
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PWM Mode(TnMS = 01b)

Set TnEN

v

Timer n
clock

JEREREREENES

TnCNT XX 00H

TnDR

Tn Overflow
Interrupt

1. TnDR = 4AH

TnPWM

Tn Match
Interrupt

2. TnDR = 00H

TnPWM

Tn Match
Interrupt

3. TnDR = FFH

TnPWM

Tn Match
Interrupt

|

Figure 11.9 PWM Output Waveforms in PWM Mode for Timer 0/1/2 (Where n =0, 1, 2, and 3)

128

April 13, 2015 Ver. 1.7




\BO\ MC97F2664

11.5.4 8-Bit Capture Mode

The timer 0/1/2/3 capture mode is set by TnMS[1:0] as “1X’. The clock source can use the internal/external
clock. Basically, it has the same function as the 8-bit timer/counter mode and the interrupt occurs when
TnCNT is equal to TnDR. TnCNT value is automatically cleared by match signal and it can be also cleared
by software (TnCC).

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the
maximum period of timer.

The capture result is loaded into TNCDR. In the timer n capture mode, timer n output (TnO) waveform is not
available.

According to EIPOL1H/L registers setting, the external interrupt EINT1n function is chosen. Of course, the
EINT1n pin must be set to an input port.

TnCDR and TnDR are in the same address. In the capture mode, reading operation reads TnCDR, not ThDR
and writing operation will update TnDR.

TnCR | TEN | - |TnMSl |TnMSO | TnCK2 | TnCK1 | TnCKO | Tncc | APDRESS : B2H/BSH/BAH/BDH
INITIAL VALUE: 0000_0000B
1 - 1 X X X X X
=
] Clear Match signal
P —22p Tncc
r| fx/4 » 8-bit Timer n Counter
e M
fx/8
fx c —IXo2 . x Clear TnMIE
T‘ p— T To interrupt
fx/512 Match
e [ > TnEN [>—> MUX »| TniFr block
¢ |fx/2048
[ Comparator
2 Tclear
3
TnDR(8BIt) SIW
TNCK[2:0] TAMS[1:0]
8-bit Timer n Data Register
POL1n of EIPOL1L
i —
X TnCDR(8Bit)
ENTIn [} X '_ SIW
ﬂ 2 l Clear
TnMS[1:0]
FLAG1 i
N Gln To interrupt

(EIFLAGL.n)| block

Figure 11.10 8-Bit Capture Mode for Timer 0/1/2/3 (Where n =0, 1, 2, and 3)
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A TnCDR Load
TnCNT Value n-1
n-2

/

Up-count 5

Count Pulse Period
PCP

—~{—

Ext. EINT1n PIN

Interrupt

Request
(FLAG1n)

A

Interrupt Interval Period

Figure 11.11 Input Capture Mode Operation for Timer 0/1/2/3 (Where n =0, 1, 2, and 3)

TnCNT

Interrupt

00w

FEu
XX
00 00,

00

Request
(TnIFR)

Ext. EINT1n PIN

Interrupt

Request
(FLAG1n)

Interrupt Interval Period = FFy+01,+FFy +014+YY+01,

Figure 11.12 Express Timer Overflow in Capture Mode (Wheren =0, 1, 2, and 3)
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11.5.5 Block Diagram

SIW

l Clear

ECn TnOVIE To interrupt

— | TNOVIFR ;D_' block

x/2 »
p x/4 > y 8-bit Timer n Counter
r X Clear TnCC

fx »|s fx/32 » | X Match signal TnMIE

C

t128 T al
? /512 ear Match To interrupt
e a2y, TnEN MUX »| TnIFR block
¢ [fx2048 > '

Ci

omparator
} 2 T Clear
3
TnDR (8Bit)

TnMS[1:0] s

TnCK[2:0]

8-bit Timer n Data Register

R

iz
TnCDR (8Bit)
EINTIn [ —» { sw
Ez lclear
TnMS[1:0]

FLAG1n To interrupt
(EIFLAGL.n) block

POL1n of EIPOLIL

L[] Tno/PWMNO

A\ 4

Figure 11.13 8-Bit Timer 0/1/2/3 Block Diagram (Wheren =0, 1, 2, and 3)
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11.5.6 Register Map

Table 11-6 Timer 0/1/2/3 Register Map

Name Address Dir Default Description

[TNCNT B3H/B6H/BBH/BEH |R 00H Timer n Counter Register
TNDR B4H/B7H/BCH/BFH [R/W FFH Timer n Data Register

TNnCDR B4H/B7H/BCH/BFH R 00H Timer n Capture Data Register
TnCR B2H/B5H/BAH/BDH [R/W 00H Timer n Control Register
TINTCR 95H R/W 00H Timer Interrupt Control Register
TIFLAGO 96H R/W 00H Timer Interrupt Flag Register

11.5.6.1 Timer/Counter 0/1/2/3 Register Description

The timer/counter 0/1/2/3 register consists of timer 0/1/2/3 counter register (TNCNT), timer 0/1/2/3 data register
(TnDR), timer 0/1/2/3 capture data register (TnCDR), timer 0/1/2/3 control register (TnCR), timer interrupt control
register(TINTCR), and timer interrupt flag register(TIFLAGO).

11.5.6.2 Register Description for Timer/Counter 0/1/2/3

TnCNT (Timer n Counter Register) : B3H/B6H/BBH/BEH, n=0, 1, 2, and 3

7 6 5 4 3 2 1 0
| mon7 | ments | Tonts | TnenTa TNCNT3 ThCNT2 ThCNTL ThCNTO
R R R R R R R R

Initial value : O0OH

TnCNT[7:0] Tn Counter

TnDR (Timer n Data Register : Write only when it is capture mode) : B4H/B7H/BCH/BFH, n=0, 1, 2, and 3

7 6 5 4 3 2 1 0
| Tor7 | ToRe | TnDRS | TnDR4 TDR3 | TnDR2 ThDR1 ThDRO
RW RW RW RW RW RW RW RW

Initial value : FFH

TnDR[7:0] Tn Data

TnCDR (Timer n Capture Data Register : Capture mode only) : B4H/B7H/BCH/BFH, n=0, 1, 2, and 3

7 6 5 4 3 2 1 0
| m™cor7 | TooRe | TncDRs | TnobRe | TncDR3 | TnoDRe ThCDR1 ThCDRO
R R R R R R R R

Initial value : O0OH

TnCDR[7:0] Tn Capture Data
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TnCR (Timer n Control Register) : B2H/B5H/BAH/BDH, n=0, 1, 2, and 3
7 6 5 4 3 2 1 0
| men | - | TwmsL | Tavso TnCK2 TnCKL TCKO ThCC
RW - RW RW RW RW RW RW
Initial value : OOH
TnEN Control Timer n
0 Timer n disable
1 Timer n enable
TnMSJ[1:0] Control Timer n Operation Mode
TnMS1 TnMSO Description
0 0 Timer/counter mode
0 1 PWM mode
1 X Capture mode
TnCKJ[2:0] Select Timer n clock source. fx is a system clock frequency
TnCK2 TnCK1 TnCKO Description
0 0 0 fx/2
0 0 1 fx/4
0 1 0 fx/8
0 1 1 fx/32
1 0 0 fx/128
1 0 1 fx/512
1 1 0 fx/2048
1 1 1 External Clock (ECn)
TnCC Clear timer n Counter
0 No effect
1 Clear the Timer n counter (When write, automatically cleared

“0” after being cleared counter)

2. Refer to the timer interrupt flag register (TIFLAGO) for the T0/1/2/3 interrupt flags.

April 13, 2015 Ver. 1.7

133



MC97F2664 \BO\

TINTCR(Timer Interrupt Control Register) : 95H

7 6 5 4 3 2 1 0
| mvE | ToME TIME | TOME T30VIE T20VIE TIOVIE TOOVIE
RW RW RW RW RW RW RW RW
Initial value : OOH
T3MIE Enable or Disable Timer 3Match Interrupt
0 Disable
1 Enable
T2MIE Enable or Disable Timer 2 Match Interrupt
0 Disable
1 Enable
TIMIE Enable or Disable Timer 1 Match Interrupt
0 Disable
1 Enable
TOMIE Enable or Disable Timer 0 Match Interrupt
0 Disable
1 Enable
T30OVIE Enable or Disable Timer 3 Overflow Interrupt
0 Disable
1 Enable
T20VIE Enable or Disable Timer 2 Overflow Interrupt
0 Disable
1 Enable
T10VIE Enable or Disable Timer 1 Overflow Interrupt
0 Disable
1 Enable
TOOVIE Enable or Disable Timer 0 Overflow Interrupt
0 Disable
1 Enable
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TIFLAGO(Timer Interrupt Flag Register) : 96H

7 6

5

4 3 2 1 0

| BoVR | W T20VR | TR TIOVIFR TUFR TOOVIFR TOFR

RW RW

T3OVIFR

T3IFR

T20VIFR

T2IFR

T1O0OVIFR

T1IFR

TOOVIFR

TOIFR

RW

RW RW RW RW RW

Initial value : O0OH

When T3 overflow interrupt occurs, this bit becomes ‘1. The flag
is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 T3 overflow interrupt no generation
1 T3 overflow interrupt generation

When T3 match interrupt occurs, this bit becomes ‘1. The flag
is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 T3 interrupt no generation
1 T3 interrupt generation

When T2 overflow interrupt occurs, this bit becomes ‘1’. The flag
is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 T2 verflow interrupt no generation
1 T2 verflow interrupt generation

When T2 match interrupt occurs, this bit becomes ‘1’. The flag
is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 T2 interrupt no generation
1 T3 interrupt generation

When T1 overflow interrupt occurs, this bit becomes ‘1’. The flag
is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 T1 overflow interrupt no generation
1 T1 overflow interrupt generation

When T1 match interrupt occurs, this bit becomes ‘1. The flag
is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 T1 interrupt no generation
1 T1 interrupt generation

When TO overflow interrupt occurs, this bit becomes ‘1’. The flag
is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 TO overflow interrupt no generation
1 TO overflow interrupt generation

When TO match interrupt occurs, this bit becomes ‘1. The flag
is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 TO interrupt no generation
1 TO interrupt generation

April 13, 2015 Ver. 1.7
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11.6 Timer 4/5

11.6.1.1 Overview

The 16-bit timer 4/5 consists of multiplexer, timer 4/5 A data register high/low, timer 4/5 B data register high/low
and timer 4/5 control register high/low (TnADRH, ThADRL, TnBDRH, TnBDRL, TnCRH, TnCRL).

It has four operating modes:

- 16-bit timer/counter mode

- 16-hit capture mode

- 16-bit PPG output mode (one-shot mode)
- 16-bit PPG output mode (repeat mode)

The timer/counter 4/5 can be clocked by an internal or an external clock source (ECn). The clock source is
selected by clock selection logic which is controlled by the clock selection bits (TnCK[2:0]).

- TIMER n clock source: fx/1, 2, 4, 8, 64, 512, 2048 and ECn

In the capture mode, by EINT1n, the data is captured into input capture data register (TnBDRH/TnBDRL). Timer
4/5 outputs the comparison result between counter and data register through TnO port in timer/counter mode.
Also Timer 4/5 outputs PWM wave form through PWMnO port in the PPG mode.

Table 11-7 Timer 4/5 Operating Modes

TnEN TnMS[1:0] | TnCK][2:0] Timer 4/5
1 00 XXX 16 Bit Timer/Counter Mode
1 01 XXX 16 Bit Capture Mode
16 Bit PPG Mode
1 10 XXX
(one-shot mode)
16 Bit PPG Mode
1 11 XXX

(repeat mode)

11.6.2 16-Bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 11.14.

The 16-bit timer have counter and data register. The counter register is increased by internal or external clock
input. Timer 4/5 can use the input clock with one of 1, 2, 4, 8, 64, 512 and 2048 prescaler division rates
(TnCK[2:0]). When the value of TNnCNTH, TnCNTL and the value of TnADRH, ThADRL are identical in Timer 4/5
respectively, a match signal is generated and the interrupt of Timer 4/5 occurs. The TNCNTH, TnCNTL value is
automatically cleared by match signal. It can be also cleared by software (TnCC).

The external clock (ECn) counts up the timer at the rising edge. If the ECn is selected as a clock source by
TnCK]2:0], ECn port should be set to the input port by P7210, P73I0 bit.
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TnCRH | TnEN | - | TnMS1 | TnMSO0 |

| - | - |TnCC|

1 - 0 0

- - - X

ThCRL | TnCK2 | TnCK1 | TnCKO | TnIFR |

- | TnPOL | TnECE |TnCNTR|

ADDRESS:CBH/D3H
INITIAL VALUE : 0000_0000B

ADDRESS:CAH/D2H
INITIAL VALUE : 0000_0000B

X X X X - X X X
16-bit A Data Register
TnADRH/TnADRL
Reload / 7— A Match
TnCC
TNCK[2:0] 5 TnEN
TnECE . INT_ACK
¢ 3 | Buffer Register A |
lCIear
ecn[—»| Sl | Toi
Detector [ :t ThIFR _»bltz)::rll(terrupt
P fx/1 ) TnEN
r /2 > ¢ Comparator
e M Clear /7— A Match
. | x4 u —s 16-bit Counter R |¢ TnCC
x—p | c B | || TnCNTH/TNCNTL AN 5 ThEN
T fz/56142 Pulse _D
e 5> Generator Tno
¢ Lfx2048
- ol
TnMS[1:0] TnPOL
Figure 11.14 16-Bit Timer/Counter Mode for Timer 4/5 (where n=4 and 5)
A Match with TnADRH/L
TnCNTH/L
Value n-1
n-2 Count Pulse Period
/ Per
Up-count 6
5
4
3
2
1
0 -
‘ Interrupt Period . TIME
=Pcp X (n+1)
4 A 4
Timer n
m(tTer:lrERz Occur Occur Occur
p Interrunt Interrunt Interrunt
Figure 11.15 16-Bit Timer/Counter 4/5 Example (where n=4 and 5)
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11.6.3 16-Bit Capture Mode

The 16-bit timer 4/5 capture mode is set by TnMS[1:0] as ‘01’. The clock source can use the internal/external
clock. Basically, it has the same function as the 16-bit timer/counter mode and the interrupt occurs when
TnCNTH/TNCNTL is equal to TNADRH/TnADRL. The TNnCNTH, TnCNTL values are automatically cleared by
match signal. It can be also cleared by software (TnCC).

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the
maximum period of timer.

The capture result is loaded into TnBDRH/TnBDRL.

According to EIPOL1H registers setting, the external interrupt EINT1n function is chosen. Of course, the EINT1n
pin must be set as an input port.

ThCRH | TnEN | - |TnMSl | TnMso| - | _ | _ | Tnee | ADDRESS:CBH/D3H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - — X
TnCRL | TnCK2 | TnCK1 | TnCKO | ThIFR | - | TnPOL | TnECE |TnCNTR| ADDRESS:CAH/D2H
INITIAL VALUE : 0000_0000B
X X X X - X X X

16-bit A Data Register
TnADRH/TnADRL

Reload /7— A Match
TnCC
\A_ TnEN

| INT_ACK

lclear
Edge

ECn |—> > I: A Match i
Detector » TEN :t THIER 'lI)'Ic(J)érllterrupt

fx/1 »
Comparator

x/2 > ¢
Clear A Match
— 16-bit Counter R TnCC
TnCNTH/TNCNTL ThEN

fx/4 »
x/8 »
| fx/64 Clear
fx/512 »
x/2048 »

TnCK[2:0]

TnECE
¢ iB | Buffer Register A

xc=Z

X —p

-0 — 0 00T

POL1n of EIPOL1H

16-bit B Data Register

EINT1n TnBDRH/TnBDRL

SIW
Cl
%2 l ear
TIMS{L.0] FLAGL To interrupt
N n o interrup
" |(EIFLAG1.n) » block

Figure 11.16 16-Bit Capture Mode for Timer 4/5 (where n=4 and 5)
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TnBDRH/L Load

TnCNTH/L
Value

n-1
n-2

/

Up-count
5

6

Count Pulse Period
PCP

—~{—

Ext. EINT1n PIN

TIME

Interrupt
Request < >
(FLAG1n) Interrupt Interval Period
Figure 11.17 Input Capture Mode Operation for Timer 4/5 (where n=4 and 5)
FFEF. FFEFu
XX
TNCNTHIL vy,
00 00y 00w 00w 00
Interrupt —| —|
Request
(TnIFR)

Ext. EINT1n PIN

Interrupt

Request
(FLAG1n)

Interrupt Interval Period = FFFF+01,+FFFFy +01,+YY,+01y,

Figure 11.18 Express Timer Overflow in Capture Mode (where n=4 and 5)
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11.6.4 16-Bit PPG Mode

The timer 4/5 has a PPG (Programmable Pulse Generation) function. In PPG mode, TnO/PWMnO pin outputs
up to 16-bit resolution PWM output. This pin should be configured as a PWM output by setting P3FSR0,P3FSR1
to ‘1’. The period of the PWM output is determined by the TnADRH/TnADRL. And the duty of the PWM output is
determined by the TnBDRH/TnBDRL.

TncRH | ToeN | - [Tomsi|Ttamso| - | - | - | Tncc | ADDRESSICBHIDSH
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
TnCRL | TnCK2 | TnCK1 | TnCKO | TnIFR | - | TnPOL | ThECE |TnCNTR| ADDRESS:CAH/D2H
INITIAL VALUE : 0000_0000B
X X X X - X X X

16-bit A Data Register
TnADRH/TnADRL

Reload /7— A Match
TnCC
\\A—— TnEN

TnCK[2:0]
TnECE - INT_ACK
¢ 3 | Buffer Register A | l
Clear
Edge
|—> ———> > i
ECn Detector A Match ThiER To interrupt
T fx/1 TnEN block
" /2 I ¢ Comparator
. —"—> Clear A Match
: fa BA |_o/o 16-bit Counter R TnCC
. . /8 X |_, TnCNTH/TNCNTL ThEN
a fx/64 »
U [ fesin B Match Pulse TnO/
e[ > :{ > p| Generator PWMnO
r o048
L Comparator *2 T

Buffer Register B | TnMS[1:0] TnPOL

Reload S 7— A Match
TnCC
\A— TnEN

16-bit B Data Register
TnBDRH/TnBDRL

NOTE) The TnEN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 11.19 16-Bit PPG Mode for Timer 4/5 (where n=4 and 5)
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Repeat Mode(TnMS = 11b) and "Start High"(TnPOL = 0b).

Set TnEN —¢

L 08080000 Xﬁffu 88001

/
/

Clear and Start

TnADRH/L M

Tn Interrupt _‘

1. TnBDRH/L(5) < TnADRH/L

PWMnO B Match A Match

2. TnBDRH/L >= TnADRH/L

PWMnO A Match

3. TnBDRH/L = "0000H"

PWMnO A Match

Low Level

One-shot Mode(TnMS = 10b) and "Start High"(TnPOL = 0b).
Clear and Start

Set TnEN

Timer n clock

x(XXXXXXXXH““X °

TnADRH/L M

Tn Interrupt K H

1. TnBDRH/L(5) < TnADRH/L \

PWMnO B Match A Match
2. TnBDRH/L >= TnADRH/L l
PWMnO A Match

3. TnBDRH/L = "0000H"

PWMNO A Match

Low Le\)el

Figure 11.20 16-Bit PPG Mode Timming chart for Timer 4/5 (where n=4 and 5)
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11.6.5 Block Diagram

16-bit A Data Register

TnADRH/TnADRL
Reload A Match
TnCC
TnECE TnCK[2:0] TEN
¢ 3 | Buffer Register A | INT_ACK
To other block
Edge Clear
—» >
ECn Detector A Match To interrupt
Lt ThEN —3 TIFR = hiock
—=>
P
; £x/2 ¢ Comparator it
fx/4 M ; Clear alc
g —XE | | — 16-bit Counter R Tnce
f p| o8 |y TRCNTH/TRCNTL ThEN
a fx/64
| Clear
e | X512 4 B Match Pulse Tno/
Generator PWMnO
" Lix2048 :t > >
E— Comparator $ 2 T
POL1n of EIPOL1H | Buffer Register B | TAMS[1:0] TnPOL
2 Reload /7— A Match
TRCNTR TncC
X \A— TnEN
N alp
\(_ 16-bit B Data Register Sw
% ) TnBDRH/TNBDRL lqear
TnMS[1:0] )
»| FLAGIn To interrupt
"|(EIFLAG1.n) block

Figure 11.21 16-Bit Timer 4/5 Block Diagram (where n=4 and 5)

11.6.6 Register Map

Table 11-8 Timer 2 Register Map

Name Address Dir Default Description

TNADRH CDH/D5H R/W FFH Timer n A Data High Register
TNADRL CCH/D4H R/W FFH Timer n A Data Low Register

[TnBDRH CFH/D7H R/W FFH Timer n B Data High Register
[TnBDRL CEH/D6H R/W FFH Timer n B Data Low Register

TNCRH CBH/D3H R/W 00H Timer n Control High Register
TNCRL CAH/D2H R/W O00H Timer n Control Low Register
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11.6.6.1 Timer/Counter 4/5 Register Description

The timer/counter 4/5 register consists of timer 4/5 A data high register (TNADRH), timer 4/5 A data low register
(TnADRL), timer 4/5 B data high register (TnBDRH), timer 4/5 B data low register (TnBDRL), timer 4/5 control
high register (TNCRH) and timer 4/5 control low register (TnCRL).

11.6.6.2 Register Description for Timer/Counter 4/5

TnADRH (Timer n A data High Register) : CDH/D5H, n= 4 and 5

7 6 5 4 3 2 1 0
| TNADRH7 | TnADRH6 | TnADRH5 | TnADRH4 | TnADRH3 | TnADRH2 | TnADRHL | TnADRHO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TnADRH[7:0] Tn A Data High Byte

TnADRL (Timer n A Data Low Register) : CCH/D4H, n=4 and 5

7 6 5 4 3 2 1 0
| TnADRL7 | TnADRL6 | TnADRL5 | TnADRL4 | TnADRL3 | TnADRL2 | TnADRL1 | TnADRLO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TnADRL[7:0] Tn A Data Low Byte

NOTE) Do not write “0000H” in the TNADRH/TnADRL register when
PPG mode

TnBDRH (Timer n B Data High Register) : CFH/D7H, n=4 and 5

7 6 5 4 3 2 1 0
| TnBDRH7 | TnBDRH6 | TnBDRH5 | TnBDRH4 | TnBDRH3 | TnBDRH2 | TnBDRH1 | TnBDRHO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TnBDRH[7:0] Tn B Data High Byte

TnBDRL (Timer n B Data Low Register) : CEH/D6H, n=4 and 5

7 6 5 4 3 2 1 0
| TnBDRL7 | TnBDRL6 | TnBDRL5 | TnBDRL4 | TnBDRL3 | TnBDRL2 | TnBDRL1 | TnBDRLO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TnBDRL[7:0] Tn B Data Low Byte
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TnCRH (Timer n Control High Register) : CBH/D3H, n=4 and 5

7 6 5 4 3 2 1 0
| mTEN | - TAMS1 | TnMSO - - - TnCC
RW - R/W RW - - - RW
Initial value : OOH
TnEN Control Timer n
0 Timer n disable
1 Timer n enable (Counter clear and start)
TnMSJ[1:0] Control Timer n Operation Mode
TnMS1 TnMSO Description
0 0 Timer/counter mode (TnO: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWMnO)
1 1 PPG repeat mode (PWMnO)
TnCC Clear Timer n Counter
0 No effect
1 Clear the Timer n counter (When write, automatically

cleared “0” after being cleared counter)
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TnCRL (Timer n Control Low Register) : CAH/D2H, n=4 and 5

7 6 5

4 3 2 1 0

| Tnck2 | Tncki | Tacko | TnIFR - ThPOL ThECE TnCNTR

R/W R/W R/W

TnCK[2:0]

TnIFR

TnPOL

TnECE

TnCNTR

R/W - RW RW RW
Initial value : OOH
Select Timer n clock source. fx is main system clock frequency
TnCK2 TnCK1l TnCKO Description
0 0 fx/2048
fx/512
fx/64
fx/8
fx/4
fx/2
fx/1
1 1 External clock (ECn)

When Tn Interrupt occurs, this bit becomes ‘1. For clearing bit, write
‘0’ to this bit or auto clear by INT_ACK signal. Writing “1” has no
effect.

B P B, O O O O
P O O B L O
B O P O kP O

0 Tn Interrupt no generation

1 Tn Interrupt generation

TnO/PWMnNO Polarity Selection

0 Start High (TnO/PWMnO is low level at disable)
1 Start Low (TnO/PWMnO is high level at disable)
Timer n External Clock Edge Selection

0 External clock falling edge

1 External clock rising edge

Timer n Counter Read Control

0 No effect

1 Load the counter value to the B data register (When write,
automatically cleared “0” after being loaded)
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11.7 Timer 6/7/8/9

11.7.1.1 Overview

The 16-bit timer 6/7/8/9 consists of multiplexer, timer 6/7/8/9 A data register high/low, timer 6/7/8/9 B data
register high/low and timer 6/7/8/9 control register high/low (TRADRH, TnhADRL, TnBDRH, TnBDRL, ThCRH,
TnCRL).

It has four operating modes:

- 16-bit timer/counter mode

- 16-hit capture mode

- 16-bit PPG output mode (one-shot mode)
- 16-bit PPG output mode (repeat mode)

The timer/counter 6/7/8/9 can be clocked by an internal or an external clock source (ECn). The clock source is
selected by clock selection logic which is controlled by the clock selection bits (TnCK[2:0]).

- TIMER n clock source: fx/1, 2, 4, 8, 64, 512, 2048 and ECn

In the capture mode, by EINT1n, the data is captured into input capture data register (TnBDRH/TnBDRL). Timer
6/7/8/9 outputs the comparison result between counter and data register through TnO port in timer/counter mode.
Also Timer 6/7/8/9 outputs PWM wave form through PWMnO port in the PPG mode.

Table 11-9 Timer 6/7/8/9 Operating Modes

TnEN TnMS[1:0] | TnCK][2:0] Timer 6/7/8/9
1 00 XXX 16 Bit Timer/Counter Mode
1 01 XXX 16 Bit Capture Mode
16 Bit PPG Mode
1 10 XXX
(one-shot mode)
16 Bit PPG Mode
1 11 XXX

(repeat mode)

11.7.2 16-Bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 11.22.

The 16-bit timer have counter and data register. The counter register is increased by internal or external clock
input. Timer 6/7/8/9 can use the input clock with one of 1, 2, 4, 8, 64, 512 and 2048 prescaler division rates
(TnCK][2:0]). When the value of TNCNTH, TnCNTL and the value of TNADRH, TnADRL are identical in Timer
6/7/8/9 respectively, a match signal is generated and the interrupt of Timer 6/7/8/9 occurs. The TnCNTH,
TnCNTL value is automatically cleared by match signal. It can be also cleared by software (ThnCC).

The external clock (ECn) counts up the timer at the rising edge. If the ECn is selected as a clock source by
TnCKJ2:0], ECn port should be set to the input port by P7410, P35I0, P3610, P37I10 bit.
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TnCRH | TnEN | - | TnMS1 | TnMSO0 |

| - | - |TnCC|

1 - 0 0

X

ThCRL | TnCK2 | TnCK1 | TnCKO | TnIFR |

| TnPOL | TnECE |TnCNTR|

ADDRESS:DBH/E3H/EBH/1059H
INITIAL VALUE : 0000_0000B

ADDRESS:DAH/E2H/EAH/1058H
INITIAL VALUE : 0000_0000B

X X X X - X X X
16-bit A Data Register
TnADRH/TnADRL
Reload / 7— A Match
TnCC
TNCK[2:0] 5 TnEN
TnECE SwW
¢ 3 | Buffer Register A |
lCIear
Edge
ECn |—> ———> i
Detector [ ThEN :t ThIFR _>Z;Z)érllterrupt
p fx/1 » n
r /2 ¢ Comparator
e [ on Clear Y A Match
. | x4 ’\ljl —s 16-bit Counter R |¢ ThCC
x—p | c B | || TnCNTH/TNCNTL AN 5 ThEN
i fi);/:fZ Puse 1 o
e > Generator n
¢ Lfx2048
- ol
TnMS[1:0] TnPOL
Figure 11.22 16-Bit Timer/Counter Mode for Timer 6/7/8/9 (where n=6,7,8, and 9)
A Match with TnADRH/L
TnCNTH/L
Value n-1
n-2 Count Pulse Period
/ Pee
Up-count 6
5
4
3
2
1
O -
‘ Interrupt Period . TIME
=Pcp X (n+1)
4 A 4
Timer n
TnIFR
In(ter:ru % Occur Occur Occur
p Interrunt Interruot Interruot
Figure 11.23 16-Bit Timer/Counter 6/7/8/9 Example (where n=6,7,8,and 9)
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11.7.3 16-Bit Capture Mode

The 16-bit timer 6/7/8/9 capture mode is set by TnMS[1:0] as ‘01’. The clock source can use the
internal/external clock. Basically, it has the same function as the 16-bit timer/counter mode and the interrupt
occurs when TNCNTH/TnCNTL is equal to TNADRH/TnADRL. The TnCNTH, TnCNTL values are automatically
cleared by match signal. It can be also cleared by software (TnCC).

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the
maximum period of timer.

The capture result is loaded into TnBDRH/TnBDRL.

According to EIPOL1H and EIPOL2H registers setting, the external interrupt EINT1n function is chosen. Of
course, the EINT1n pin must be set as an input port.

TnCRH | ThEN | _ |TnMSl | TnMSOl _ | _ | _ | Tnee | ADDRESS:DBH/E3H/EBH/1059H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
TnCRL | TnCK2 | TnCK1 | TnCKO | TnIFR | - | TnPOL | TnECE |TnCNTR| ADDRESS:DAH/E2H/EAH/1058H
INITIAL VALUE : 0000_0000B
X X X X - X X X

16-bit A Data Register
TnADRH/TnADRL

Reload /7— A Match
TnCC
\A_ TnEN

| SIW

lclear

D Edge . )
ECn Detector » TEN :t : A Match THIER ?)—lo |rl1<terrupt
fx/1 n ’ oc
=

x/2 ¢ Comparator
—e—> A Match
| fga — 16-BIT COUNTER R 4C"*""—<E Thee
8 TNCNTH/TNCNTL THEN
x84y, Clear
f512
£x/2048_,,

TnCK[2:0]

TnECE
¢ iB | Buffer Register A

xc=Z

X —p

-0 — 0 00T

POL1n of EIPOL1H/2H

16-bit B Data Register

EINT1n T1BDRH/T1BDRL

SIW

% 2 lCIear
TnMS[1:0
0] To interrupt

FLAG1In +—» block

A\ 4

Figure 11.24 16-Bit Capture Mode for Timer 6/7/8/9 (where n=6,7,8, and 9)
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A TnBDRHIL Load
TnCNTH/L
Value n-1
n-2

Count Pulse Period
/ Pcp
Up-count 5

Ext. EINT1n PIN

Interrupt —|
Request
(FLAG1n)

A
y

Interrupt Interval Period

Figure 11.25 Input Capture Mode Operation for Timer 6/7/8/9 (where n=6,7,8, and 9)

FFEF. FFEF.
XX
TRCNTHIL
YYu
004 004 004 0b. 004
Interrupt —| —|

Request
(TnIFR)

Ext. EINT1n PIN

Interrupt
Request
(FLAG1n)

Interrupt Interval Period = FFFF+01,+FFFFy +01,+YY,+01y,

Figure 11.26 Express Timer Overflow in Capture Mode ( where n=6,7,8, and 9)
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11.7.4 16-Bit PPG Mode

The timer 6/7/8/9 has a PPG (Programmable Pulse Generation) function. In PPG mode, TnO/PWMnO pin
outputs up to 16-bit resolution PWM output. This pin should be configured as a PWM output by setting
P3FSR2,P2FSR0,P2FSR1,P2FSR2 to ‘1. The period of the PWM output is determined by the TnADRH/TnADRL.
And the duty of the PWM output is determined by the TnBDRH/TnBDRL.

THCRH | THEN | _ |TnM51 | TnMSO| - | _ | - | hee | ADDRESS:DBH/E3H/EBH/1059H
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
ThCRL | TnCK2 | TnCK1 | TnCKO | TnIFR | - | TnPOL | ThECE |TnCNTR| ADDRESS:DAH/E2H/EAH/1058H
INITIAL VALUE : 0000_0000B
X X X X - X X X

16-bit A Data Register
TnADRH/TnADRL

Reload /7— A Match
TnCC
\\A—— TnEN

TnCK[2:0]
TnECE SIW
¢ i3 | Buffer Register A | l
Clear
Edge .
ECn D—> Detector ———> A Match To interrupt
— ThEN TniFR P block
gy A M
' /2 ¢ Comparator
e fx/4 M ,_| 16-bit C Clear A Match
s —2= U —o -bit Counter R TnCC
" . /8 ™ TnCNTH/TNCNTL THEN
a fx/64 »
| pos12 B Match Pulse Tno/
e :t [>—> Generator PWMnO
r o048
— Comparator *2 T

Buffer Register B | TnMS[1:0] TnPOL

Reload S 7— A Match
TnCC
\A— TnEN

16-bit B Data Register
TnBDRH/TnBDRL

NOTE) The TnEN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot mode.

Figure 11.27 16-Bit PPG Mode for Timer 6/7/8/9 (where n=6,7,8, and 9)
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Repeat Mode(TnMS = 11b) and "Start High"(TnPOL = 0b).

Set TnEN —¢

L 08080000 Xﬁffu 88001

/
/

Clear and Start

TnADRH/L M

Tn Interrupt _‘

1. TnBDRH/L(5) < TnADRH/L

PWMnO B Match A Match

2. TnBDRH/L >= TnADRH/L

PWMnO A Match

3. TnBDRH/L = "0000H"

PWMnO A Match

Low Level

One-shot Mode(TnMS = 10b) and "Start High"(TnPOL = 0b).
Clear and Start

Set TnEN

Timer n clock

x(XXXXXXXXH““X °

TnADRH/L M

i
!

1. TnBDRH/L(5) < TNADRH/L

PWMnO B Match A Match
2. TnBDRH/L >= TnADRH/L l
PWMnO A Match

3. TnBDRH/L = "0000H"

PWMNO A Match

Low Le\)el

Figure 11.28 16-Bit PPG Mode Timming chart for Timer 6/7/8/9 (where n=6,7,8, and 9)
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11.7.5 Block Diagram

ECn[—»

TnECE TnCK[2:0]

Edge

>
Detector

fx/1 »
X2,

| x4
x/8 »
fx/64 »
fx/512 »

x/2048 »

xcZ

P
r
e
S
fx—p| C
a
|
e
r

POL1n of EIPOL1H/2H

TnCNTR

v Je

16-bit A Data Register
TnADRH/TnADRL

Reload /7—— A Match
TnCC

NG . =y
SIW
| Buffer Register A | TnMIE
To other block lmea,
A Match To interrupt
:; TnIFR block
Comparator
A Match
16-bit Counter R Clear Tnece
TnCNTH/TnCNTL ThEN

iz
EINTIn [ }—» 5—4 .)
& TnMS[1:0]

Pulse TnO/

:t Dw» Generator PWMnO
Comparator $2 T

| Buffer Register B | TnMS[1:0] TnPOL

Reload /7— A Match
TnCC

\\A— TnEN
16-bit B Data Register Siw
TnBDRH/TnBDRL lCIear

To interrupt

A4

FLAG1n —p block

Figure 11.29 16-Bit Timer 6/7/8/9 Block Diagram ( where n=6,7,8, and 9)

11.7.6 Register Map

Table 11-10 Timer 2 Register Map

Name Address Dir Default Description

TNADRH DDH/E5H/EDH/105BH  |R/W  |FFH Timer n A Data High Register

TNADRL DCH/E4H/ECH/105AH |R/W  |FFH Timer n A Data Low Register

TNnBDRH DFH/E7H/EFH/105DH RW  |FFH Timer n B Data High Register

TnBDRL DEH/E6H/EEH/105CH RW  |FFH Timer n B Data Low Register

TNCRH DBH/E3H/EBH/1059H R/W  |00OH Timer n Control High Register

TNCRL DAH/E2H/EAH/1058H R/W O0OH Timer n Control Low Register

TIFLAG1 97H R/W O00H Timer Interrupt Flag 1 Register
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11.7.6.1 Timer/Counter 6/7/8/9 Register Description

The timer/counter 6/7/8/9 register consists of timer 6/7/8/9 A data high register (TNADRH), timer 6/7/8/9 A data
low register (TNADRL), timer 6/7/8/9 B data high register (TnBDRH), timer 6/7/8/9 B data low register (TnBDRL),
timer 6/7/8/9 control high register (TNCRH), timer 6/7/8/9 control low register (TNCRL), and timer interrupt flag
register(TIFLAG1).

11.7.6.2 Register Description for Timer/Counter 6/7/8/9

TnADRH (Timer n A data High Register) : DDH/ESH/EDH/105BH (SFR/SFR/SFR/XSFR), n=6, 7, 8, and 9

7 6 5 4 3 2 1 0
| TNADRH7 | TnADRH6 | TnADRH5 | TnADRH4 | TnADRH3 | TnADRH2 | TnADRHL | TnADRHO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TNADRH[7:0]  Tn A Data High Byte

TnADRL (Timer n A Data Low Register) : DCH/E4H/ECH/105AH (SFR/SFR/SFR/XSFR), n=6, 7, 8, and 9

7 6 5 4 3 2 1 0
| TnADRL7 | TnADRL6 | TnADRL5 | TnADRL4 | TnADRL3 | TnADRL2 | TnADRL1 | TnADRLO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TnADRL[7:0] Tn A Data Low Byte

NOTE) Do not write “O000H” in the TNADRH/TnADRL register when
PPG mode

TnBDRH (Timer n B Data High Register) : DFH/E7H/EFH/105DH (SFR/SFR/SFR/XSFR), n=6, 7, 8, and 9

7 6 5 4 3 2 1 0
| TnBDRH7 | TnBDRH6 | TnBDRH5 | TnBDRH4 | TnBDRH3 | TnBDRH2 | TnBDRH1 | TnBDRHO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TnBDRH[7:0] Tn B Data High Byte

TnBDRL (Timer n B Data Low Register) : DEH/E6H/EEH/105CH (SFR/SFR/SFR/XSFR), n=6, 7, 8, and 9

7 6 5 4 3 2 1 0
| TnBDRL7 | TnBDRL6 | TnBDRLS | TnBDRL4 | TnBDRL3 | TnBDRL2 | TnBDRL1 | TnBDRLO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TnBDRL[7:0] Tn B Data Low Byte
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TnCRH (Timer n Control High Register) : DBH/E3H/EBH/1059H (SFR/SFR/SFR/XSFR), n=6, 7, 8, and 9

7 6 5 4 3 2 1 0
| TEN | TnME TAMS1 | TnMSO - | - | - | 7ncc
RW R/W R/W RW - - - RW
Initial value : OOH
TnEN Control Timer n
0 Timer n disable
1 Timer n enable (Counter clear and start)
TnMIE Enable or Disable Timer n Match Interrupt
0 Disable
1 Enable
TnMSJ[1:0] Control Timer n Operation Mode
TnMS1 TnMSO0 Description
0 0 Timer/counter mode (TnO: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWMnO)
1 1 PPG repeat mode (PWMnO)
TnCC Clear Timer n Counter
0 No effect
1 Clear the Timer n counter (When write, automatically

cleared “0” after being cleared counter)
Note) Refer to the timer interrupt flag 1 register (TIFLAG1) for the T6/T7/T8/T9 interrupt flags.

154 April 13, 2015 Ver. 1.7



\BO\ MC97F2664

TnCRL (Timer n Control Low Register) : DAH/E2H/EAH/1058H (SFR/SFR/SFR/XSFR), n=6, 7, 8, and 9

7 6 5 4 3 2 1 0
| tack2 | Tncki | Tacko | - - | TproL | TnECE | TneNTR
R/W R/W R/W - - RW RW RW
Initial value : OOH

TnCK[2:0] Select Timer n clock source. fx is main system clock frequency
TnCK2 TnCK1l TnCKO Description
0 0 0 fx/2048
0 0 1 fx/512
0 1 0 fx/64
0 1 1 fx/8
1 0 0 fx/4
1 0 1 fx/2
1 1 0 fx/1
1 1 1 External clock (ECn)

TnPOL TnO/PWMnO Polarity Selection
0 Start High (TnO/PWMnO is low level at disable)
1 Start Low (TnO/PWMnO is high level at disable)

TnECE Timer n External Clock Edge Selection
0 External clock falling edge
1 External clock rising edge

TnCNTR Timer n Counter Read Control
0 No effect
1 Load the counter value to the B data register (When write,

automatically cleared “0” after being loaded)
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TIFLAGL1(Timer Interrupt Flag 1 Register) : 97H

7 6 5 4 3 2 1 0
- | - - - TOIFR TSIFR T7IFR T6IFR
- - - - R/W R/W RW RW
Initial value : OOH

TIIFR When T9 interrupt occurs, this bit becomes ‘1’ The flag is cleared
only by writing a ‘O’ to the bit. So, the flag should be cleared by
software. Writing “1” has no effect.
0 T9 interrupt no generation
1 T9 interrupt generation

T8IFR When T8 interrupt occurs, this bit becomes ‘1’ The flag is cleared
only by writing a ‘0’ to the bit. So, the flag should be cleared by
software. Writing “1” has no effect.
0 T8 interrupt no generation
1 T8 interrupt generation

T7IFR When T7 interrupt occurs, this bit becomes ‘1’ The flag is cleared
only by writing a ‘0’ to the bit. So, the flag should be cleared by
software. Writing “1” has no effect.
0 T7 interrupt no generation
1 T7 interrupt generation

T6IFR When T6 interrupt occurs, this bit becomes ‘1’ The flag is cleared

only by writing a ‘0’ to the bit. So, the flag should be cleared by
software. Writing “1” has no effect.

0
1

T6 interrupt no generation
T6 interrupt generation
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11.8 Buzzer Driver

11.8.1 Overview

The Buzzer consists of 6 bit counter, buzzer data register (BUZDR), and buzzer control register (BUZCR). The Square Wave
(122Hz~62.5kHz @fsuz = 500kHz) is outputted through P33/BUZO pin. In buzzer data register (BUZDR),BUZDR[5:0] controls
the buzzer frequency (look at the following expression) and BUZDIV[1:0] selects fsuz divided by DIV block . In buzzer control
register (BUZCR), BUCK[2:0] selects source clock divided by prescaler.

fBUZO (HZ)

Oscillator Frequency

Table 11-11 Buzzer Frequency at fsuz= 500 kHz

" 2x BUZDIVx Prescaler Ratio x (BUZDR+1)

BUZ BUZDR BUZDR BUZDR BUZDR BUZ | BUZDR BUZDR BUZDR BUZDR
DR | [7:6]=00 | [7:6]=01 | [7:6]=10 | [7:6]=11 DR | [7:6]=00 | [7:6]=01 | [7:6]=10 | [7:6]=11
[5:0] fbuz/8 fbuz/16 | fbuz/32 | fbuz/64 [5:0] fbuz/8 fbuz/16 fbuz/32 fbuz/64
0 62.500 | 31.250 | 15.625 7.813 32 1.894 0.947 0.473 0.237
1 31.250 | 15.625 7.813 3.906 33 1.838 0.919 0.460 0.230
2 20.833 | 10.417 5.208 2.604 34 1.786 0.893 0.446 0.223
3 15.625 7.813 3.906 1.953 35 1.736 0.868 0.434 0.217
4 12.500 6.250 3.125 1.563 36 1.689 0.845 0.422 0.211
5 10.417 5.208 2.604 1.302 37 1.645 0.822 0.411 0.206
6 8.929 4.464 2.232 1.116 38 1.603 0.801 0.401 0.200
7 7.813 3.906 1.953 0.977 39 1.563 0.781 0.391 0.195
8 6.944 3.472 1.736 0.868 40 1.524 0.762 0.381 0.191
9 6.250 3.125 1.563 0.781 41 1.488 0.744 0.372 0.186
10 5.682 2.841 1.420 0.710 42 1.453 0.727 0.363 0.182
11 5.208 2.604 1.302 0.651 43 1.420 0.710 0.355 0.178
12 4.808 2.404 1.202 0.601 44 1.389 0.694 0.347 0.174
13 4.464 2.232 1.116 0.558 45 1.359 0.679 0.340 0.170
14 4.167 2.083 1.042 0.521 46 1.330 0.665 0.332 0.166
15 3.906 1.953 0.977 0.488 47 1.302 0.651 0.326 0.163
16 3.676 1.838 0.919 0.460 48 1.276 0.638 0.319 0.159
17 3.472 1.736 0.868 0.434 49 1.250 0.625 0.313 0.156
18 3.289 1.645 0.822 0.411 50 1.225 0.613 0.306 0.153
19 3.125 1.563 0.781 0.391 51 1.202 0.601 0.300 0.150
20 2.976 1.488 0.744 0.372 52 1.179 0.590 0.295 0.147
21 2.841 1.420 0.710 0.355 53 1.157 0.579 0.289 0.145
22 2.717 1.359 0.679 0.340 54 1.136 0.568 0.284 0.142
23 2.604 1.302 0.651 0.326 55 1.116 0.558 0.279 0.140
24 2.500 1.250 0.625 0.313 56 1.096 0.548 0.274 0.137
25 2.404 1.202 0.601 0.300 57 1.078 0.539 0.269 0.135
26 2.315 1.157 0.579 0.289 58 1.059 0.530 0.265 0.132
27 2.232 1.116 0.558 0.279 59 1.042 0.521 0.260 0.130
28 2.155 1.078 0.539 0.269 60 1.025 0.512 0.256 0.128
29 2.083 1.042 0.521 0.260 61 1.008 0.504 0.252 0.126
30 2.016 1.008 0.504 0.252 62 0.992 0.496 0.248 0.124
31 1.953 0.977 0.488 0.244 63 0.977 0.488 0.244 0.122
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11.8.2 Block Diagram

BUZEN
fsus »

fx/1 >

fx/2 fauz Clear
—Xs—p o DIV (— Counter

fx/4 » M

x/8 >

Match
/16 4, —3 FIF |——BUZO
fx/32 > 2 6

fx/6a
%, BUZDR

BUCK[2:0]

8-bit Up-Counter

Pre
scaler

U A
X

Comparator

Figure 11.30 Buzzer Driver Block Diagram

11.8.3 Register Map

Table 11-12 Buzzer Driver Register Map

Name Address Dir Default Description
BUZDR F3H R/W FFH Buzzer Data Register
BUZCR F2H R/W O00H Buzzer Control Register

11.8.4 Buzzer Driver Register Description

Buzzer driver consists of buzzer data register (BUZDR) and buzzer control register (BUZCR).

11.8.5 Register Description for Buzzer Driver

BUZDR (Buzzer Data Register) : F3H

7 6 5 4 3 2 1 0
| Buvi | BuZDWO | BUZDRS | BUZDR4 BUZDR3 BUZDR2 BUZDR1 BUZDRO
RAW RW RW RAW RW RW RW RW

Initial value : FFH
BUZDIV[1:0] Buzzer Clock Divider.
BUZDIV1 BUZDIVO description

0 0 fauz/8

0 1 fauz /16
1 0 fauz /32
1 1 fauz /64

BUZDR[5:0] This bits control the Buzzer frequency
Its resolution is 0OH ~ 3FH
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BUZCR (Buzzer Control Register) : F2H

7 6 5 4 3 2 1 0
| - | - - | - BUCK?2 BUCK1 BUCKO BUZEN
- - - - RW RW RW RW
Initial value : OOH
BUCK][2:0] Buzzer Driver Source Clock Selection
BUCK2 BUCK1 BUCKO Description
0 0 0 fx/1
0 0 1 fx/2
0 1 0 fx/4
0 1 1 fx/8
1 0 0 fx/16
1 0 1 fx/32
1 1 0 fx/64
1 1 1 fsus (External Sub OSC)
BUZEN Buzzer Driver Operation Control
0 Buzzer Driver disable
1 Buzzer Driver enable

NOTE) fx: System clock oscillation frequency.
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11.9 SPI 2/3

11.9.1 Overview

There is serial peripheral interface (SPI 2/3) one channel in MC97F2664. The SPI 2/3 allows synchronous serial
data transfer between the external serial devices. It can do Full-duplex communication by 4-wire (MOSI2/3,
MISO2/3, SCK2/3, SS2/3), support master/slave mode, can select serial clock (SCK2/3) polarity, phase and
whether LSB first data transfer or MSB first data transfer.

11.9.2 Block Diagram

P (WCOLN

SPInEN
P l_fx2 ;\
L
r fxi4 o l
e L
< X '\Lj' Edge SPI
fx » c fx/16 3| X Detector Control Circuit
a x132 o X
| L
fx/64 T T T
e L
r fx/128 > CPOLn CPHAN
L | / SPINMS
%
SPINCR[2:0]
SPInMS
| ) SCK
SCKn |:| Control |
mison [ }e— '\Lj' Bbit Shift
X Register
FXCHn ® T
SPItMS FLSBn 8
MOSIn [« ¢
vy
D SPINDR
E < @by  J¢
SS
Ssn D Control

T

SPINSSEN SPInMS

_|—VSPInIFR—V

T Clear

INT_ACK

To interrupt
block

2

Internal Bus Line

Figure 11.31 SPI 2/3 Block Diagram (where n =2 and 3)
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11.9.3 Data Transmit / Receive Operation

User can use SPI 2/3 for serial data communication by following step

1. Select SPI 2/3 operation mode(master/slave, polarity, phase) by control register SPInCR.

2. When the SPI 2/3 is configured as a Master, it selects a Slave by SS2/3 signal (active low).
When the SPI 2/3 is configured as a Slave, it is selected by SS2/3 signal incoming from Master

3. When the user writes a byte to the data register SPINDR, SPI 2/3 will start an operation.

4. In this time, if the SPI 2/3 is configured as a Master, serial clock will come out of SCK2/3 pin. And Master shifts
the eight bits into the Slave (transmit), Slave shifts the eight bits into the Master at the same time (receive). If
the SPI 2/3 is configured as a Slave, serial clock will come into SCK2/3 pin. And Slave shifts the eight bits into
the Master (transmit), Master shifts the eight bits into the Slave at the same time (receive).

5. When transmit/receive is done, SPInIFR bit will be set. If the SPI 2/3 interrupt is enabled, an interrupt is
requested. And SPInIFR bit is cleared by hardware when executing the corresponding interrupt. If SPI 2/3
interrupt is disable, SPInIFR bit is cleared when user read the status register SPINSR, and then access
(read/write) the data register SPInDR.

11.9.4 SS2/3 pin function

1. When the SPI 2/3 is configured as a Slave, the SS2/3 pin is always input. If LOW signal come into SS2/3 pin,
the SPI 2/3 logic is active. And if ‘HIGH’ signal come into SS2/3 pin, the SPI 2/3 logic is stop. In this time, SPI
2/3 logic will be reset, and invalidated any received data.

2. When the SPI 2/3 is configured as a Master, the user can select the direction of the SS2/3 pin by port direction
register (P3710/P7310). If the SS2/3 pin is configured as an output, user can use general P3710/P7310 output
mode. If the SS2/3 pin is configured as an input, ‘HIGH’ signal must come into SS2/3 pin to guarantee Master
operation. If ‘LOW’ signal come into SS2/3 pin, the SPI 2/3 logic interprets this as another master selecting the
SPI 2/3 as a slave and starting to send data to it. To avoid bus contention, MSB bit of SPICR will be cleared
and the SPI 2/3 becomes a Slave and then, SPInIFR bit of SPINSR will be set, and if the SPI 2/3 interrupt is
enabled, an interrupt is requested.

NOTES)

- When the SS2/3 pin is configured as an output at Master mode, SS2/3 pin’s output value is defined by user’s
software (P3710/P73I0). Before SPINCR setting, the direction of SS2/3 pin must be defined

- If you don’t need to use SS2/3 pin, clear the SPINSSEN bit of SPInSR. So, you can use disabled pin by
P3710/P73I0 freely. In this case, SS2/3 signal is driven by ‘HIGH’ or ‘LOW’ internally. In other words, master is
‘HIGH’, salve is ‘LOW’

- When SS2/3 pin is configured as input, if ‘HIGH’ signal come into SS2/3 pin, SS_HIGH flag bit will be set. And
you can clear it by writing ‘0’.
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11.9.5 SPI 2/3 Timing Diagram

SCKn
(CPOLN =0)

SCKn
(CPOLN = 1) )
MBO%&E%S X Do X b1 ) D2 X D3 D4 ) D5 X D6 X D7
v
Mogmﬁﬁﬁg X Do X 1) D2 X D3 D4 ) D5 X D6 X D7

ssn | [
SPInIFR [

Figure 11.32 SPI 2/3 Transmit/Receive Timing Diagram at CPHA =0 (Where n =2 and 3)

SCKn
(CPOLN =0)

SCKn
(CPOLN = 1) )

MBO%&EﬂS X Do Y D1 X D2 X D3 X D4 X D5 X D6 X D7
v

MO&W%ﬁSS XDoXD1XD2XD3XD4XD5XD6XD7

SSn —‘ r
SPInIFR ’_

Figure 11.33 SPI 2/3 Transmit/Receive Timing Diagram at CPHA =1 (Where n =2 and 3)
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11.9.6 Register Map

Table 11-13 SPI 2/3 Register Map

Name Address Dir Default Description

SPINSR C4H/CT7H R/W 00H SPI n Status Register
SPINDR C3H/C6H R/W 00H SPI n Data Register
SPINCR C2H/C5H R/W 00H SPI n Control Register

11.9.7 SPI 2/3 Register Description

The SPI 2/3 register consists of SPI 2/3 control register (SPINCR), SPI 2/3 status register (SPInNSR) and SPI 2/3
data register (SPINDR)

11.9.8 Register Description for SPI 2/3

SPINDR (SPI 2/3 Data Register) : C3H/C6H, n=2, 3

7 6 2 0
| sPrDR7 | sPnDRe | SPrDRs | sPnDR4 SPINDR3 SPINDR2 SPINDRL SPINDRO
RW RW RW RW RW RW
Initial value : 00H
SPINDR [7:0] SPI 2/3 Data

When it is written a byte to this data register, the SPI 2/3 will start
an operation.
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SPINSR (SPI 2/3 Status Register) : C4H/C7H, n=2, 3

7 6 5 4 3 2 1 0
| sPmR | wcoln | SSHGH | - FXCHn SPSSEN - -
RW R RW - RW RW - -
Initial value : OOH
SPIIFRN When SPI 2/3 Interrupt occurs, this bit becomes ‘1’. If SPI 2/3 interrupt is
enable, this bit is auto cleared by INT_ACK signal. And if SPI 2/3
Interrupt is disable, this bit is cleared when the status register SPnISR is
read, and then access (read/write) the data register SPINDR Writing “1”
has no effect.
0 SPI 2/3 Interrupt no generation
1 SPI 2/3 Interrupt generation
WCOLn This bit is set if any data are written to the data register SPINDR during
transfer. This bit is cleared when the status register SPInSR is read, and
then access (read/write) the data register SPInDR
0 No collision
1 Collision
SS_HIGHn When the SS2/3 pin is configured as input, if “HIGH” signal comes into
the pin, this flag bit will be set.
0 Cleared when ‘0’ is written
1 No effect when ‘1’ is written
FXCHn SPI 2/3 port function exchange control bit.
0 No effect
1 Exchange MOSIn and MISOn function
SPINSSEN This bit controls the SS2/3 pin operation
0 Disable
1 Enable (The corresponding pin should be a normal input)
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SPINCR (SPI 2/3 Control Register) : C2H/C5H, n= 2, 3
7 6 5 4 3 2 1 0
| SPINEN | FLSBn | SPInMs | cPOLn CPHANn | SPINDSCR | SPINSCR1 | SPINSCRO
RW RW RW RW RW RW RW RW
Initial value : OOH
SPInEN This bit controls the SPI 2/3 operation
0 Disable SPI 2/3 operation
1 Enable SPI 2/3 operation
FLSBn This bit selects the data transmission sequence
0 MSB first
1 LSB first
SPINMS This bit selects whether Master or Slave mode
0 Slave mode
1 Master mode
CPOLN This two bits control the serial clock (SCK2/3) mode.
CPHAN Clock polarity(CPOLN) bit determine SCK2/3'’s value at idle mode.
Clcok phase (CPHAN) bit determine if data are sampled on the leading or
trailing edge of SCK2/3.
CPOLn CPHANn Leading edge Trailing edge
0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)
1 1 Setup (Falling) Sample (Rising)
SPInDSCR These three bits select the SCK2/3 rate of the device configured as a

SPINSCR [1:0]

master. When DSCR bit is written one, SCK2/3 will be doubled in master
mode.

SPINDSCR SPINSCR 1 SPINSCR 0 SCKn frequency

0 0 0 x/4

0 0 1 x/16
0 1 0 fx/64
0 1 1 x/128
1 0 0 x/2

1 0 1 x/8

1 1 0 x/32
1 1 1 fx/64
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11.10 UART2/3/4

11.10.1 Overview

The universal asynchronous serial receiver and transmitter (UART2/3/4) is a highly flexible serial communication
device. The main features are listed below.

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

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

UART2/3/4 has baud rate generator, transmitter and receiver. The baud rate generator for asynchronous
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 continuous transfer of data without any
delay between frames. The receiver is the most complex part of the UART2/3/4 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 FIFOn (UARTNDR) 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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11.10.2 Block Diagram
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Figure 11.34 UART Block Diagram(where n = 2,3, and 4)
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11.10.3 Clock Generation

UARTNBD
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Baud Rate (UARTnBD+1)

u2Xn
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/8

22
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xcZ

\ ]
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Figure 11.35 Clock Generation Block Diagram (where n = 2,3, and 4)

The clock generation logic generates the base clock for the transmitter and receiver.

Following table shows equations for calculating the baud rate (in bps).

Table 11-14 Equations for Calculating Baud Rate Register Setting

Operating Mode

Equation for Calculating Baud Rate

fx
Normal Mode(U2Xn=0) Baud Rate = 16(UARTnBD + 1)
fx
Baud Rate =

Double Speed Mode(U2Xn=1)

8(UARTnBD + 1)
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11.10.4 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 detection.

The UART2/3/4 supports all 30 combinations of the following as valid frame formats.
- 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 nine,
are succeeding, ending with the most significant bit (MSB). If parity function is enabled, the parity bit is inserted
between the last data bit and the stop bit. 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 following figure shows the possible combinations of the
frame formats. Bits inside brackets are optional.

A

1 data frame >|

|
ide | St | bo | b1 | o2 | b3 | pa | [p5) | [(D6] | D71 | (D8] - Spl sp2 | Idle/st

Character
bits

A

Figure 11.36 Frame Format
1 data frame consists of the following bits
. Idle 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 UART2/3/4 is set by the UnSIZE[2:0], UnPM[1:0] and USBSn bits in UARTNCR1
and UARTNCRS register. The Transmitter and Receiver use the same setting.

11.10.5 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 =Dn1* ... AD3*D2"D1 " Do "0
Podd =Dna? ... "D3"D2"D1"Do"1
Peven @ Parity bit using even parity
Poda : Parity bit using odd parity
Dn : Data bit n of the character
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11.10.6 UART2/3/4 Transmitter

The UART2/3/4 transmitter is enabled by setting the TXEn bit in UARTNCR2 register. When the Transmitter is
enabled, the TXDn pin should be set to TXDn function for the serial output pin of UART2/3/4 by the PAFSR3/
P4FSR4/P2FSR3. The baud-rate, operation mode and frame format must be setup once before doing any
transmission.

11.10.6.1 Sending Tx data

A data transmission is initiated by loading the transmit buffer (UARTNDR register I/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 according to the settings of control registers. If the 9-bit characters are used, the ninth bit must
be written to the UnTX8 bit in UARTNCRS register before it is loaded to the transmit buffer (UARTNDR register).

11.10.6.2 Transmitter flag and interrupt

The UART2/3/4 transmitter has 2 flags which indicate its state. One is UART2/3/4 data register empty flag
(UDRERN) and the other is transmit complete flag (TXCn). Both flags can be interrupt sources.

UDRER flag indicates whether the transmit buffer is ready to receive new data. This bit is set when the transmit
buffer is empty and cleared when the transmit buffer contains data to be transmitted but 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 (UDRIEN) bit in UARTNCR2 register is set and the global interrupt
is enabled, UART2/3/4 data register empty interrupt is generated while UDRERN flag is set.

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

When the transmit complete interrupt enable (TXCIEnN) bit in UARTNCR?2 register is set and the global interrupt
is enabled, UART2/3/4 transmit complete interrupt is generated while TXCn flag is set.
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11.10.6.3 Parity Generator

The parity generator calculates the parity bit for the serial frame data to be sent. When parity bit is enabled
(UnPM[1]=1), the transmitter control logic inserts the parity bit between the MSB and the first stop bit of the frame
to be sent.

11.10.6.4 Disabling Transmitter

Disabling the transmitter by clearing the TXEn bit will not become effective until ongoing transmission is
completed. When the Transmitter is disabled, the TXDn pin can be used as a normal general purpose /0 (GPIO).

11.10.7 UART Receiver

The UART2/3/4 receiver is enabled by setting the RXEn bit in the UARTNCR2 register. When the receiver is
enabled, the RXDn pin should be set to the input port for the serial input pin of UART2/3/4 by P2410/ P45I0/
P4710 bit. The baud-rate, mode of operation and frame format must be set before serial reception.

11.10.7.1 Receiving Rx data

The receiver starts data reception when it detects a valid start bit (LOW) on RXDn pin. Each bit after start bit is
sampled at pre-defined baud-rate (asynchronous) 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 contents
of the shift register are to be moved into the receive buffer. The receive buffer is read by reading the UARTNDR
register.

If 9-bit characters are used (UnSIZE[2:0] = “111”"), the ninth bit is stored in the RX8n bit position in the
UARTNCR3 register. The 9™ bit must be read from the RX8n bit before reading the low 8 bits from the UARTNDR
register. Likewise, the error flags FEn, DORn, PEn must be read before reading the data from UARTNDR register.
It's because the error flags are stored in the same FIFO position of the receive buffer.
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11.10.7.2 Receiver Flag and Interrupt

The UART2/3/4 receiver has one flag that indicates the receiver state.

The receive complete (RXCn) flag indicates whether there are unread data 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 (RXEn=0), the receiver buffer is flushed and the RXCn flag is cleared.

When the receive complete interrupt enable (RXCIEN) bit in the UARTNCR2 register is set and global interrupt is
enabled, the UART2/3/4 receiver complete interrupt is generated while RXCn flag is set.

The UART2/3/4 receiver has three error flags which are frame error (FEn), data overrun (DORnN) and parity error
(PEN). These error flags can be read from the UARTNST register. As received data 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 UARTNDR register, read the UARTNST register first which contains error flags.

The frame error (FEN) flag indicates the state of the first stop bit. The FEn flag is ‘O’ when the stop bit was
correctly detected as ‘1’, and the FE flag is ‘1’ when the stop bit was incorrect, i.e. detected as ‘0’. This flag can
be used for detecting out-of-sync conditions between data frames.

The data overrun (DORn) flag indicates data loss due to a receive buffer full condition. DORn 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 DORN flag is set, all the incoming data are lost. To prevent data loss or clear this flag,
read the receive buffer.

The parity error (PEn) flag indicates that the frame in the receive buffer had a parity error when received. If
parity check function is not enabled (UnPM[1]=0), the PEn bit is always read ‘0’.

11.10.7.3 Parity Checker

If parity bit is enabled (UnPM[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.

11.10.7.4 Disabling Receiver
In contrast to transmitter, disabling the Receiver by clearing RXEn bit makes the Receiver inactive immediately.

When the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer is all reset,
and the RXDn pin can be used as a normal general purpose I/O (GPIO).
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11.10.7.5 Asynchronous Data Reception

To receive asynchronous data frame, the UART 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 RXDn pin.

The data recovery logic samples and low pass filters the incoming bits, and this removes the noise of RXDn pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate is 16
times of the baud-rate in normal mode and 8 times the baud-rate for double speed mode (U2Xn=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
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o0 o 1 2 3 4 5 6 7[|8|o]wo|11 12 13 14 15 16 1 2 3
e bttt ottt
0 1 2 3 [e] 7 8 1 2

Figure 11.37 Start Bit Sampling (where n = 2,3, and 4)

When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition on the
RXDn line, the start bit condition. After detecting high to low transition on RXDn line, the clock recovery logic
uses samples 8,9, and 10 for normal 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. If more than 2 samples have low levels, the received bit is considered to a logic ‘0’ and if 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.
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X
Wi %TITTTTTTT Pttt
I T

Figure 11.38 Sampling of Data and Parity Bit (wheren =2,3, and 4)
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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 (FEn) flag is set. After deciding
whether the first stop bit is valid or not, the Receiver goes to idle state and monitors the RXD line to check a valid
high to low transition is detected (start bit detection).
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Figure 11.39 Stop Bit Sampling and Next Start Bit Sampling (where n = 2,3, and 4)

11.10.8 Register Map

Table 11-15 UART Register Map (where n = 2,3, and 4)

Name Address Dir Default [Description

UARTNBD  |103CH/1044H/104CH (XSFR) RW FFH UARTN Baud Rate Generation Register

UARTNDR  |103DH/1045H/104DH (XSFR) RW 00H UARTN Data Register

UARTNCR1 |1038H/1040H/1048H (XSFR) R/W O00H UARTN Control Register 1

UARTNCR2 [1039H/1041H/1049H (XSFR) R/W 00H UARTN Control Register 2

UARTNCR3 |103AH/1042H/104AH (XSFR) R/W 00H UARTN Control Register 3

UARTNST  |103BH/1043H/104BH (XSFR) R/W 80H UARTN Status Register

11.10.9 UART Register Description

UART2/3/4 module consists of UART2/3/4 baud rate generation register (UARTnBD), UART?2/3/4 data register
(UARTNDR), UART2/3/4 control register 1 (UARTNCR1), UART2/3/4 control register 2 (UARTNCR2) ,UART2/3/4
control register 3 (UARTNCR3), and UART2/3/4 status register (UARTNST).

11.10.10 Register Description for UART2/3/4

UARTNBD (UARTn Baud Rate Generation Register) : 103CH/1044H/104CH (XSFR), Where n =2, 3, and 4

7 6 5 4 3 2 1 0
UARTRBD7 | UARTNBD6 | UARTNBD5 | UARTNBD4 | UARTNBD3 | UARTRBD2 | UARTREBDL | UARTNBDO
RW RW RW RAW RAW RW RW RW

Initial value : FFH

UARTNBD [7:0] The value in this register is used to generate internal baud rate. To
prevent malfunction, do not write ‘0’.
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UARTNDR (UARTnN Data Register) : 103DH/1045H/104DH (XSFR), Wheren = 2, 3, and 4

7 6 5 4 3 2 1 0
UARTRDR? | UARTNDR6 | UARTNDRS | UARTNDR4 | UARTFDR3 | UARTNDR2 | UARTNDRL | UARTRDRO
RAW RW RW RAW RW RW RW RW

Initial value : O0OH

UARTNDR [7:0] The UARTN Transmit Buffer and Receive Buffer share the same 1/O
address with this DATA register. The Transmit Data Buffer is the
destination for data written to the UARTNDR register. Reading the
UARTNDR register returns the contents of the Receive Buffer.

Write this register only when the UDRER flag is set.

UARTNCR1 (UARTN Control Register 1) : 1038H/1040H/1048H (XSFR), Where n = 2, 3, and 4

7 6 5 4 3 2 1 0
- | - | upmt | uPwo | usze2 | unszEL | unsizeo -
Initial value : OOH
UnPM[1:0] Selects Parity Generation and Check methods
UnPM1 UnPMO Parity
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity

UnSIZE[2:0] Selects the Length of Data Bits in Frame
UnSIZE2 UnSIZE1 UnSIZEO Data Length

0 0 0 5 bit
0 0 1 6 bit
0 1 0 7 bit
0 1 1 8 bit
1 1 1 9 bit
Other values Reserved
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UARTNCR2 (UARTN Control Register 2) : 1039H/1041H/1049H (XSFR), Where n =2, 3, and 4

7 6 5 4 3 2 1 0
UDREn | TXCEn RCEn | WAKBEn | DEn | RE& | UARTnEN u2xn
RW RW RW RW RW RW RW RW
Initial value : OOH
UDRIENn Interrupt enable bit for UARTn Data Register Empty
0 Interrupt from UDRER is inhibited (use polling)
1 When UDRERn is set, request an interrupt
TXCIEn Interrupt enable bit for Transmit Complete
0 Interrupt from TXCn is inhibited (use polling)
1 When TXCn is set, request an interrupt
RXCIEN Interrupt enable bit for Receive Complete
0 Interrupt from RXCn is inhibited (use polling)
1 When RXCn is set, request an interrupt
WAKEIENn Interrupt enable bit for Wake in STOP mode. When device is in stop

mode, if RXDn goes to LOW level an interrupt can be requested to wake-
up system. At that time the UDRIEn bit and UARTNST register value
should be set to ‘Ob’ and “00H”, respectively.

0 Interrupt from Wake is inhibited
1 When WAKER is set, request an interrupt
TXEn Enables the transmitter unit
0 Transmitter is disabled
1 Transmitter is enabled
RXEn Enables the receiver unit
0 Receiver is disabled
1 Receiver is enabled
UARTNEN Activate UARTn module by supplying clock. When one of TXEn and
RXEn values is “1”, the UARTNnEN bit always set to “1”.
0 UARTN is disabled (clock is halted)
1 UARTN is enabled
U2Xn This bit selects receiver sampling rate.
0 Normal operation
1 Double Speed operation
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UARTNCR3 (UARTN Control Register 3) : 103AH/1042H/104AH (XSFR), Wheren =2, 3, and 4

7 6 5 4 3 2 1 0
- | LooPsn - | - - | usesn | ume UnRX8
- RW - - - RW RW R
Initial value : OOH
LOOPSNH Controls the Loop Back Mode of UARTN, for test mode
0 Normal operation
1 Loop Back mode
USBSn Selects the length of stop bit.
0 1 Stop Bit
1 2 Stop Bit
unTX8 The ninth bit of data frame in UARTn. Write this bit first before loading
the UARTNDR register
0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is 1’
UnRX8 The ninth bit of data frame in UARTn. Read this bit first before reading
the receive buffer
0 MSB (9" bit) received is ‘0’
1 MSB (9" bit) received is ‘1’
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UARTNST (UARTN Status Register) : 103BH/1043H/104BH (XSFR), Where n =2, 3, and 4

7 6 5 4 3 2 1 0
UREn | T™Cn | RXh | WAKEn | SOFIRSTn | DORn | Fen | PEn |
RAW RW R RAW RW R RW RW

Initial value : 80H

UDREnN The UDREnN flag indicates if the transmit buffer (ULARTNDR) is ready to
receive new data. If UDREn is ‘1’, the buffer is empty and ready to be
written. This flag can generate a UDREn interrupt.

0 Transmit buffer is not empty.
1 Transmit buffer is empty.
TXCn 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 TXCn interrupt is executed. This flag can generate a
TXCn interrupt.

0 Transmission is ongoing.
1 Transmit buffer is empty and the data in transmit shift register
are shifted out completely.
RXCn 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 RXCn flag
can be used to generate a RXCn interrupt.

0 There is no data unread in the receive buffer
1 There are more than 1 data in the receive buffer
WAKEnN This flag is set when the RXDn pin is detected low while the CPU is in

stop mode. This flag can be used to generate a WAKEnR interrupt. This
bit should be cleared by program software.

0 No WAKERn interrupt is generated.
1 WAKER interrupt is generated.

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

0 No operation
1 Reset UARTN

DORnN 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

FEn 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

PEn This bit is set if the next character in the receive buffer has a Parity Error
to be received while Parity Checking is enabled. This bit is valid until the
receive buffer is read.

0 No Parity Error
1 Parity Error detected
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11.10.11 Baud Rate setting (example)

Table 11-16 Examples of UARTNBD Settings for Commonly Used Oscillator Frequencies

Baud fx=1.00MHz fx=1.8432MHz fx=2.00MHz

Rate UARTNBD ERROR UARTNBD ERROR UARTNBD ERROR
2400 25 0.2% 47 0.0% 51 0.2%
4800 12 0.2% 23 0.0% 25 0.2%
9600 6 -7.0% 11 0.0% 12 0.2%
14.4k 3 8.5% 7 0.0% 8 -3.5%
19.2k 2 8.5% 5 0.0% 6 -7.0%
28.8k 1 8.5% 3 0.0% 3 8.5%
38.4k 1 -18.6% 2 0.0% 2 8.5%
57.6K - - 1 -25.0% 1 8.5%
76.8k - - 1 0.0% 1 -18.6%
115.2k - - - - - -
230.4k - - - - - -
(continued)

Baud fx=3.6864MHz fx=4.00MHz fx=7.3728MHz

Rate UARTNBD ERROR UARTNBD ERROR UARTNBD ERROR
2400 95 0.0% 103 0.2% 191 0.0%
4800 47 0.0% 51 0.2% 95 0.0%
9600 23 0.0% 25 0.2% 47 0.0%
14.4k 15 0.0% 16 2.1% 31 0.0%
19.2k 11 0.0% 12 0.2% 23 0.0%
28.8k 7 0.0% 8 -3.5% 15 0.0%
38.4k 5 0.0% 6 -7.0% 11 0.0%
57.6k 3 0.0% 3 8.5% 7 0.0%
76.8k 2 0.0% 2 8.5% 5 0.0%
115.2k 1 0.0% 1 8.5% 3 0.0%
230.4k - - - - 1 0.0%
250k - - - - 1 -7.8%
0.5M - - - - - -
(continued)

Baud fx=8.00MHz fx=11.0592MHz

Rate UARTNBD ERROR UARTNBD ERROR

2400 207 0.2% - -

4800 103 0.2% 143 0.0%

9600 51 0.2% 71 0.0%

14.4k 34 -0.8% 47 0.0%

19.2k 25 0.2% 35 0.0%

28.8k 16 2.1% 23 0.0%

38.4k 12 0.2% 17 0.0%

57.6K 8 -3.5% 11 0.0%

76.8k 6 -7.0% 8 0.0%
115.2k 3 8.5% 5 0.0%
230.4k 1 8.5% 2 0.0%

250k 1 0.0% 2 -7.8%

0.5M - - - -

1M - - - -

Where n=2,3, and 4
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11.11 USIO/1 (UART + SPI + 12C)

11.11.1 Overview

The USIO/1 consists of USI0/1 control register1/2/3/4, USIO0/1 status register 1/2, USI0/1 baud-rate generation
register, USIO/1 data register, USI0/1 SDA hold time register, USIO/1 SCL high period register, USI0/1 SCL low
period register, and USIO/1 slave address register (USINCR1, USINCR2, USINCR3, USInCR4, USInST1,
USInST2, USINBD, USInDR, USInSDHR, USINSCHR, USINSCLR, USInSAR).

The operation mode is selected by the operation mode of USIO/1 selection bits (USINMS[1:0]).

It has four operating modes:
- Asynchronous mode (UART)
- Synchronous mode
- SPI mode
- 12C mode
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11.11.2 USIO/1 UART Mode

The universal synchronous and asynchronous serial receiver and transmitter (UART) 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

- 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

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

- Double Speed Asynchronous communication mode

USIO0/1 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 continuous transfer of data without any delay
between frames. The receiver is the most complex part of the UART 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 (USINDR) 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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11.11.3 USIO/1 UART Block Diagram
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Figure 11.40 USIO/1 UART Block Diagram (Where n =0 and 1)
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11.11.4 USIO/1 Clock Generation
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Figure 11.41 Clock Generation Block Diagram (USIn, where n =0 and 1)

The clock generation logic generates the base clock for the transmitter and receiver. The USI0/1 supports four
modes of clock operation and those are normal asynchronous, double speed asynchronous, master synchronous
and slave synchronous mode. The clock generation scheme for master SPI and slave SPI mode is the same as
master synchronous and slave synchronous operation mode. The USInMS[1:0] bits in USINCR1 register selects
asynchronous or synchronous operation. Asynchronous double speed mode is controlled by the DBLSn bit in the
USInCR2 register. The MASTERN bit in USINCR3 register controls whether the clock source is internal (master
mode, output pin) or external (slave mode, input pin). The SCKn pin is active only when the USIO0/1 operates in

synchronous or SPI mode.

Following table shows the equations for calculating the baud rate (in bps).

Table 11-17 Equations for Calculating USIO/1 Baud Rate Register Setting

Operating Mode

Equation for Calculating Baud Rate

fx
Asynchronous Normal Mode (DBLSnh=0) Baud Rate = m
fx
Asynchronous Double Speed Mode (DBLSn=1) Baud Rate = m
fx
Baud Rate =

Synchronous or SPI Master Mode

2(USInBD + 1)
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11.11.5 USIO/1 External Clock (SCKn)

External clocking is used in the synchronous mode of operation.

External clock input from the SCKn pin is sampled by a synchronization logic to remove meta-stability. The
output from the synchronization logic must be passed through an edge detector before it is used by the
transmitter and receiver. This process introduces two CPU clock period delay. The maximum frequency of the
external SCKn pin is limited up-to 1MHz.

11.11.6 USIO Synchronous mode operation

When synchronous or SPI mode is used, the SCKn pin will be used as either clock input (slave) or clock output
(master). Data sampling and transmitter is issued on the different edge of SCKn clock each other. For example, if
data input on RXDn (MISOn in SPI mode) pin is sampled on the rising edge of SCKn clock, data output on TXDn
(MOSIn in SPI mode) pin is altered on the falling edge.

The CPOLnN bit in USINCR1 register selects which SCKn clock edge is used for data sampling and which is used
for data change. As shown in the figure below, when CPOLn is zero, the data will be changed at rising SCKn
edge and sampled at falling SCKn edge.

CPOLNn =1
SCKn
TXDn/RXDn X \ X X X
A
Sample
CPOLN =0
SCKn
TXDn/RXDn x \ X X x
A
Sample

Figure 11.42 Synchronous Mode SCKn Timing (USIn , where n =0 and 1)
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11.11.7 USIO/1 UART 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 detection.

The UART supports all 30 combinations of the following as valid frame formats.
- 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 nine,
are succeeding, ending with the most significant bit (MSB). If parity function is enabled, the parity bit is inserted
between the last data bit and the stop bit. 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 following figure shows the possible combinations of the
frame formats. Bits inside brackets are optional.

A

1 data frame >|

|
Idle St DO D1 D2 D3 D4 [DS] [D6] [D7] [D8] - Spl [sp2] | Idle/St

Character
bits

A

Figure 11.43 Frame Format (USIO0/1)
1 data frame consists of the following bits
. Idle No communication on communication line (TXDn/RXDn)
. 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 UART is set by the USInS[2:0], USINPM[1:0] bits in USInCR1 register and
USInSB bit in USINCR3 register. The Transmitter and Receiver use the same setting.

11.11.8 USIO/1 UART 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-O is inverted. The parity bit is located between the MSB and first stop bit of a serial frame.
Peven =Dn1* ... AD3*D2"D1 " Do "0
Podd =Dna? ... "D3"D2"D1"Do"1
Peven @ Parity bit using even parity
Poda : Parity bit using odd parity
Dn : Data bit n of the character
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11.11.9 USIO0/1 UART Transmitter

The UART transmitter is enabled by setting the TXEn bit in USINCR2 register. When the Transmitter is enabled,
the TXDn pin should be set to TXDn function for the serial output pin of UART by the P6FSR2/P4FSRO. The
baud-rate, operation mode and frame format must be setup once before doing any transmission. In synchronous
operation mode, the SCKn pin is used as transmission clock, so it should be selected to do SCKn function by
P6FSRO/P4FSR2.

11.11.9.1 USIO/1 UART Sending Tx data

A data transmission is initiated by loading the transmit buffer (USINDR register I/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 according to the settings of control registers. If the 9-bit characters are used in asynchronous or
synchronous operation mode, the ninth bit must be written to the USInTX8 bit in USINCR3 register before it is
loaded to the transmit buffer (USINDR register).

11.11.9.2 USIO/1 UART Transmitter flag and interrupt

The UART transmitter has 2 flags which indicate its state. One is UART data register empty flag (DREnN) and the
other is transmit complete flag (TXCn). Both flags can be interrupt sources.

DREn flag indicates whether the transmit buffer is ready to receive new data. This bit is set when the transmit
buffer is empty and cleared when the transmit buffer contains data to be transmitted but 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 (DRIEN) bit in USINCR2 register is set and the global interrupt is
enabled, USINST1 status register empty interrupt is generated while DREn flag is set.

The transmit complete (TXCn) flag bit is set when the entire frame in the transmit shift register has been shifted
out and there is no more data in the transmit buffer. The TXCn flag is automatically cleared when the transmit
complete interrupt service routine is executed, or it can be cleared by writing ‘0’ to TXCn bit in USINST1 register.

When the transmit complete interrupt enable (TXCIEN) bit in USINCR2 register is set and the global interrupt is
enabled, UART transmit complete interrupt is generated while TXCn flag is set.
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11.11.9.3 USI0/1 UART Parity Generator

The parity generator calculates the parity bit for the serial frame data to be sent. When parity bit is enabled
(USInPM1=1), the transmitter control logic inserts the parity bit between the MSB and the first stop bit of the
frame to be sent.

11.11.9.4 USI0/1 UART Disabling Transmitter

Disabling the transmitter by clearing the TXEn bit will not become effective until ongoing transmission is
completed. When the Transmitter is disabled, the TXDn pin can be used as a normal general purpose /0 (GPIO).

11.11.10 USIO/1 UART Receiver

The UART receiver is enabled by setting the RXEn bit in the USINCR2 register. When the receiver is enabled,
the RXDn pin should be set to RXDn function for the serial input pin of UART by P6FSR1/P4FSR1. The baud-
rate, mode of operation and frame format must be set before serial reception. In synchronous or SPI operation
mode the SCKn pin is used as transfer clock, so it should be selected to do SCKn function by PEFSR0/P4FSR2.
In SPI operation mode the SSn input pin in slave mode or can be configured as SSn output pin in master mode.
This can be done by setting USINSSEN bit in USnCR3 register.

11.11.10.1 USIO/1 UART Receiving Rx data

When UART is in synchronous or asynchronous operation mode, the receiver starts data reception when it
detects a valid start bit (LOW) on RXDn pin. Each bit after start bit is sampled at pre-defined baud-rate
(asynchronous) or sampling edge of SCKn (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
contents of the shift register are to be moved into the receive buffer. The receive buffer is read by reading the
USInDR register.

If 9-bit characters are used (USInS[2:0] = “111”), the ninth bit is stored in the USINRX8 bit position in the
USINCR3 register. The 9" bit must be read from the USINRX8 bit before reading the low 8 bits from the USINDR
register. Likewise, the error flags FEn, DORn, PEn must be read before reading the data from USInDR register.
It's because the error flags are stored in the same FIFO position of the receive buffer.
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11.11.10.2 USIO/1 UART Receiver Flag and Interrupt

The UART receiver has one flag that indicates the receiver state.

The receive complete (RXCn) flag indicates whether there are unread data 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 (RXEn=0), the receiver buffer is flushed and the RXCn flag is cleared.

When the receive complete interrupt enable (RXCIEN) bit in the USINCR2 register is set and global interrupt is
enabled, the UART receiver complete interrupt is generated while RXCn flag is set.

The UART receiver has three error flags which are frame error (FEn), data overrun (DORnN) and parity error
(PEN). These error flags can be read from the USINST1 register. As received data 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 USInDR register, read the USInST1 register first which contains error flags.

The frame error (FEN) flag indicates the state of the first stop bit. The FEn flag is ‘O’ when the stop bit was
correctly detected as “1”, and the FEn flag is “1” when the stop bit was incorrect, i.e. detected as “0”. This flag
can be used for detecting out-of-sync conditions between data frames.

The data overrun (DORn) flag indicates data loss due to a receive buffer full condition. DORn 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 DORN flag is set, all the incoming data are lost. To prevent data loss or clear this flag,
read the receive buffer.

The parity error (PEN) flag indicates that the frame in the receive buffer had a parity error when received. If
parity check function is not enabled (USInPM1=0), the PEn bit is always read “0”.

11.11.10.3 USIO/1 UART Parity Checker

If parity bit is enabled (USInPM1=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.

11.11.10.4 USIO/1 UART Disabling Receiver
In contrast to transmitter, disabling the Receiver by clearing RXEn bit makes the Receiver inactive immediately.

When the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer is all reset,
and the RXDn pin can be used as a normal general purpose I/O (GPIO).
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11.11.10.5 USIO/1 Asynchronous Data Reception

To receive asynchronous data frame, the UART 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 RXDn pin.

The data recovery logic samples and low pass filters the incoming bits, and this removes the noise of RXDn pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate is 16
times of the baud-rate in normal mode and 8 times the baud-rate for double speed mode (DBLSn=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.
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Figure 11.44 Asynchronous Start Bit Sampling (USIn, where n =0 and 1)

When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition on the
RXDn line, the start bit condition. After detecting high to low transition on RXDn line, the clock recovery logic
uses samples 8, 9 and 10 for normal 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. If more than 2 samples have low levels, the received bit is considered to a logic ‘0’ and if 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.
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Figure 11.45 Asynchronous Sampling of Data and Parity Bit (USIn, where n =0 and 1)
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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 (FEn) flag is set. After deciding

whether the first stop bit is valid or not, the Receiver goes to idle state and monitors the RXDn line to check a
valid high to low transition is detected (start bit detection).

\ \ \
RXDn STOP 1 @ ®) ©
Sample ¢ | > T T T
(DBLSn = 0)

3

Sample ¢ T
(DBLSn = 1)

2

Figure 11.46 Stop Bit Sampling and Next Start Bit Sampling (USIn, where n =0 and 1)
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11.11.11 USIO/1 SPI Mode

The USIO/1 can be set to operate in industrial standard SPI compliant mode. The SPI mode has the following
features.

- Full Duplex, Three-wire synchronous data transfer

- Mater and Slave Operation

- Supports all four SPI0 modes of operation (mode 0, 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 (USINMS[1:0]="11"), the slave select (SSn) pin becomes active LOW input in slave
mode operation, or can be output in master mode operation if USINSSEN bit is set to ‘0’.

Note that during SPI mode of operation, the pin RXDn is renamed as MISOn and TXDn is renamed as MOSIn
for compatibility to other SPI devices.

11.11.12 USIO/1 SPI Clock Formats and Timing

To accommodate a wide variety if synchronous serial peripherals from different manufacturers, the USIO/1 has a
clock polarity bit (CPOLN) and a clock phase control bit (CPHAN) to select one of four clock formats for data
transfers. CPOLnN selectively insert an inverter in series with the clock. CPHAN chooses between two different
clock phase relationships between the clock and data. Note that CPHAn and CPOLn bits in USINCRL1 register
have different meanings according to the USInMS[1:0] bits which decides the operating mode of USIO/1.

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

Table 11-18 CPOLnN Functionality (wheren =0 and 1)

SPI Mode CPOLnN CPHAnN 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)
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Figure 11.47 USIO/1 SPI Clock Formats when CPHANn=0 (where n =0 and 1)

When CPHAN=0, the slave begins to drive its MISOn output with the first data bit value when SSn goes to active
low. The first SCKn edge causes both the master and the slave to sample the data bit value on their MISOn and
MOSIn inputs, respectively. At the second SCKn edge, the USI0/1 shifts the second data bit value out to the
MOSIn and MISOn outputs of the master and slave, respectively. Unlike the case of CPHAn=1, when CPHAN=0,
the slave’s SSn 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 SSn input.
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Figure 11.48 USIO/1 SPI Clock Formats when CPHAn=1 (where n =0 and 1)

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

Because the SPI logic reuses the USIO0/1 resources, SPI mode of operation is similar to that of synchronous or
asynchronous operation. An SPI transfer is initiated by checking for the USIO/1 Data Register Empty flag
(DREN=1) and then writing a byte of data to the USINDR Register. In master mode of operation, even if
transmission is not enabled (TXEn=0), writing data to the USInDR register is necessary because the clock SCKn
is generated from transmitter block.
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11.11.13 USIO/1 SPI Block Diagram
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Figure 11.49 USIO/1 SPI Block Diagram (where n =0 and 1)
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11.11.14 USI0/1 I12C Mode

The USIO/1 can be set to operate in industrial standard serial communication protocols mode. The 12C mode
uses 2 bus lines serial data line (SDAnN) and serial clock line (SCLn) to exchange data. Because both SDAn and
SCLn lines are open-drain output, each line needs pull-up resistor. The features are as shown below.

- Compatible with 12C bus standard

- Multi-master operation

- Up to 400kHz data transfer read speed
- 7 bit address

- Both master and slave operation

- Bus busy detection

11.11.15 USI0/1 I12C Bit Transfer

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

s
/ Y . Y
— ——
SCLn

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

Change of Data
allowed

Figure 11.50 Bit Transfer on the 12C-Bus (USIn, where n =0 and 1)
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11.11.16 USIO/1 12C Start / Repeated Start / Stop

One master can issue a START (S) condition to notice other devices connected to the SCLn, SDAnN 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 SDAn line while SCLn is high defines a START (S) condition.
A low to high transition on the SDAn line while SCLn 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.

o T\ . X/
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O\ [,

START Condition STOP Condition

SCLn

Figure 11.51 START and STOP Condition (USIn, where n =0 and 1)

11.11.17 USIO/1 12C Data Transfer

Every byte put on the SDAnN 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 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 SCLn 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 SCLn.
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Interrupt within Device interrupts are served.
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Figure 11.52 Data Transfer on the [12C-Bus (USIn, where n =0 and 1)
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11.11.18 USIO/1 12C Acknowledge

The acknowledge related clock pulse is generated by the master. The transmitter releases the SDAnN line
(HIGH) during the acknowledge clock pulse. The receiver must pull down the SDAn 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 SDAn 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.
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Figure 11.53 Acknowledge on the I12C-Bus (USIn, wheren =0 and 1)

11.11.19 USIO/1 12C Synchronization / Arbitration

Clock synchronization is performed using the wired-AND connection of 12C interfaces to the SCLn line. This
means that a HIGH to LOW transition on the SCLn line will cause the devices concerned to start counting off their
LOW period and it will hold the SCLn 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 SCLn line if another clock is still within its LOW
period. In this way, a synchronized SCLn 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 SDAn line, while the SCLn 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 12C bus. Its first stage is comparison of the address bits.
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Figure 11.55 Arbitration Procedure of Two Masters (USIn, where n =0 and 1)

11.11.20 USIO/1 12C Operation

The I12C is byte-oriented and interrupt based. Interrupts are issued after all bus events except for a
transmission of a START condition. Because the 12C is interrupt based, the application software is free to carry
on other operations during a 12C byte transfer.

Note that when a 12C interrupt is generated, IICnIFR flag in USINCR4 register is set, it is cleared by writing an
any value to USInST2. When 12C interrupt occurs, the SCLn line is hold LOW until writing any value to USINST2.
When the IICnIFR flag is set, the USInST2 contains a value indicating the current state of the 12C bus. According
to the value in USInST2, software can decide what to do next.

I12C 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.
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11.11.20.1 USIO/1 I12C Master Transmitter

To operate 12C in master transmitter, follow the recommended steps below.

1.

Enable 12C by setting USINMS[1:0] bits in USINCR1 and USINEN bit in USINCR2. This provides main
clock to the peripheral.

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

Configure baud rate by writing desired value to both USINSCLR and USINSCHR for the Low and High
period of SCLn line.

Configure the USINSDHR to decide when SDAN changes value from falling edge of SCLn. If SDAn
should change in the middle of SCLn LOW period, load half the value of USINSCLR to the USINSDHR.

Set the STARTCn bit in USINCR4. This transmits a START condition. And also configure how to handle
interrupt and ACK signal. When the STARTCn bit is set, 8-bit data in USINDR is transmitted out
according to the baud-rate.

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 9™ high period of SCLn. If the master gains bus mastership, 12C generates
GCALLn interrupt regardless of the reception of ACK from the slave device. When I12C loses bus
mastership during arbitration process, the MLOSTn bit in USInST2 is set, and 12C waits in idle state or
can be operate as an addressed slave. To operate as a slave when the MLOSTn bit in USINST2 is set,
the ACKnEN bit in USINCR4 must be set and the received 7-bit address must equal to the USInSLA[6:0]
bits in USINSAR. In this case 12C operates as a slave transmitter or a slave receiver (go to appropriate
section). In this stage, 12C holds the SCLn LOW. This is because to decide whether I12C continues serial
transfer or STOP communication. The following steps continue assuming that I12C does not lose
mastership during first data transfer.

12C (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 USInDR.

2) Master STOP data transfer even if it receives ACK signal from slave. In this case, set the STOPCn bit
in USINCRA4.

3) Master transmits repeated START condition with not checking ACK signal. In this case, load
SLANn+R/W into the USINDR and set STARTCn bit in USINCR4.

After doing one of the actions above, write any arbitrary to USInST2 to release SCLn 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 USInDR and if transfer direction bit is ‘1’ go to master receiver section.

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

This is ACK signal processing stage for data packet transmitted by master. 12C holds the SCLn LOW.
When 12C loses bus mastership while transmitting data arbitrating other masters, the MLOSTn bit in
USInST2 is set. If then, I12C waits in idle state. When the data in USINDR is transmitted completely, 12C
generates TENDnN interrupt.

12C 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 USINDR.

2) Master STOP data transfer even if it receives ACK signal from slave. In this case, set the STOPCn bit
in USINCR4.

3) Master transmits repeated START condition with not checking ACK signal. In this case, load
SLAN+R/W into the USINDR and set the STARTCn bit in USINCRA4.

After doing one of the actions above, write any arbitrary to USInST2 to release SCLn 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 USINDR, and if transfer direction bit is ‘1’ go to master receiver section.

This is the final step for master transmitter function of 12C, handling STOP interrupt. The STOP bit
indicates that data transfer between master and slave is over. To clear USInST2, write any value to
USInST2. After this, 12C enters idle state.
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The next figure depicts above process for master transmitter operation of 12C.
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Figure 11.56 Formats and States in the Master Transmitter Mode (USIn, where n =0 and 1)
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11.11.20.2 USI0/1 12C Master Receiver

To operate 12C in master receiver, follow the recommended steps below.

1.

Enable 12C by setting USINMS[1:0] bits in USINCR1 and USINEN bit in USINCR2. This provides main
clock to the peripheral.

Load SLANn+R into the USINDR 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 USInDR is used for both address
and data.

Configure baud rate by writing desired value to both USINSCLR and USInSCHR for the Low and High
period of SCLn line.

Configure the USINSDHR to decide when SDAn changes value from falling edge of SCLn. If SDAn
should change in the middle of SCLn LOW period, load half the value of USINSCLR to the USINSDHR.

Set the STARTCn bit in USINCRA4. This transmits a START condition. And also configure how to handle
interrupt and ACK signal. When the STARTCn bit is set, 8-bit data in USINDR is transmitted out
according to the baud-rate.

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 9™ high period of SCLn. If the master gains bus mastership, 12C generates
GCALL interrupt regardless of the reception of ACK from the slave device. When 12C loses bus
mastership during arbitration process, the MLOSTn bit in USInST2 is set, and 12C waits in idle state or
can be operate as an addressed slave. To operate as a slave when the MLOSTn bit in USINST2 is set,
the ACKnEN bit in USINCR4 must be set and the received 7-bit address must equal to the USInSLA[6:0]
bits in USINSAR. In this case I12C operates as a slave transmitter or a slave receiver (go to appropriate
section). In this stage, 12C holds the SCLn LOW. This is because to decide whether 12C continues serial
transfer or STOP communication. The following steps continue assuming that I12C does not lose
mastership during first data transfer.

12C (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 ACKnEN bit in USINCR4 to decide whether 12C ACKnowledges
the next data to be received or not.

2) Master STOP data transfer because it receives no ACK signal from slave. In this case, set the
STOPCh bit in USINCRA4.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case, load
SLAN+R/W into the USINDR and set STARTCn bit in USINCRA4.

After doing one of the actions above, write arbitrary value to USInST2 to release SCLn 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 USINDR and if transfer direction bit is ‘0’ go to master transmitter section.

1-Byte of data is being received.

This is ACK signal processing stage for data packet transmitted by slave. 12C holds the SCLn LOW.
When 1-Byte of data is received completely, 12C generates TENDn interrupt.

12C can choose one of the following cases according to the RXACKn flag in USInST2.

1) Master continues receiving data from slave. To do this, set ACKnEN bit in USINCR4 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 ACKnEN bit in USINCRA4.

3) Because no ACK signal is detected, master terminates data transfer. In this case, set the STOPCn bit
in USINCRA4.

4) No ACK signal is detected, and master transmits repeated START condition. In this case, load
SLANn+R/W into the USINDR and set the STARTCn bit in USINCRA4.

After doing one of the actions above, write arbitrary value to USInST2 to release SCLn 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 USINDR, and if transfer direction bit is ‘O’ go to master transmitter
section.
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9. This is the final step for master receiver function of I12C, handling STOP interrupt. The STOP bit
indicates that data transfer between master and slave is over. To clear USInST2, write any value to
USInST2. After this, 12C enters idle state.

The processes described above for master receiver operation of 12C can be depicted as the following figure.

Master
Transmitter

<4— SLA+W

A

Sor Sr

A 4

SLA+R
ACK >N »| sTOP » P
Y
» LOST
\ 4 \ 4 \ 4 \ 4
DATA Rs LosT || LosT&

Slave Receiver (0x1D)
or Transmitter (Ox1F)
-

From master to slave /

Sr
STOP >
LOST

Master command or Data Write

From slave to master

Value of Status Register

Other master continues

'E }Interrupt, SCLn line is held low

P

LOST&

Interrupt after stop command

Arbitration lost as master and
addressed as slave

Figure 11.57 Formats and States in the Master Receiver Mode (USIn, where n =0 and 1)
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11.11.20.3 USI0/1 I12C Slave Transmitter

To operate 12C in slave transmitter, follow the recommended steps below.

1.

If the main operating clock (SCLK) of the system is slower than that of SCLn, load value 0x00 into
USInSDHR to make SDAN change within one system clock period from the falling edge of SCLn. Note
that the hold time of SDAn is calculated by SDAH x period of SCLK where SDAH is multiple of number
of SCLK coming from USInNSDHR. When the hold time of SDAn is longer than the period of SCLK, 12C
(slave) cannot transmit serial data properly.

Enable 12C by setting USINMS[1:0] bits in USINCR1 , lICnIE bit in USINCR4 and USInEN bit in USINCR2.
This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with USINSLA[6:0]
bits in USINSAR. If the GCALLRn bhit in USINSAR is enabled, 12C compares the received data with value
0x00, the general call address.

If the received address does not equal to USINSLA[6:0] bits in USINSAR, 12C enters idle state ie, waits
for another START condition. Else if the address equals to USINSLA[6:0] bits and the ACKnEN bit is
enabled, 12C generates SSELn interrupt and the SCLn line is held LOW. Note that even if the address
equals to USINSLA[6:0] bits, when the ACKnEN bit is disabled, 12C enters idle state. When SSELn
interrupt occurs, load transmit data to USINDR and write arbitrary value to USInST2 to release SCLn line.

1-Byte of data is being transmitted.

In this step, 12C generates TENDn interrupt and holds the SCLn 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 12C waits STOP or repeated START condition.
2) ACK signal from master is detected. Load data to transmit into USINDR.

After doing one of the actions above, write arbitrary value to USInST2 to release SCLn 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 12C, handling STOP interrupt. The STOPCn bit
indicates that data transfer between master and slave is over. To clear USInST2, write any value to
USInST2. After this, I12C enters idle state.
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The next figure shows flow chart for handling slave transmitter function of I12C.
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GCALL| General Call Address

Figure 11.58 Formats and States in the Slave Transmitter Mode (USIn, wheren =0 and 1)
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11.11.20.4 USIO0/1 12C Slave Receiver

To operate 12C in slave receiver, follow the recommended steps below.

1.

If the main operating clock (SCLK) of the system is slower than that of SCLn, load value 0x00 into
USInSDHR to make SDAN change within one system clock period from the falling edge of SCLn. Note
that the hold time of SDAn is calculated by SDAH x period of SCLK where SDAH is multiple of number
of SCLK coming from USInSDHR. When the hold time of SDAn is longer than the period of SCLK, 12C
(slave) cannot transmit serial data properly.

Enable 12C by setting USINMS[1:0] bits in USINCR1, IICnlE bit in USINCR4 and USINEN bit in USINnCR2.
This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with USInSLA[6:0]
bits in USINSAR. If the GCALLn bit in USINSAR is enabled, I2C compares the received data with value
0x00, the general call address.

If the received address does not equal to SLAN bits in USINSAR, 12C enters idle state ie, waits for
another START condition. Else if the address equals to SLAn bits and the ACKnEN bit is enabled, 12C
generates SSELn interrupt and the SCLn line is held LOW. Note that even if the address equals to
SLAnN bits, when the ACKnEN bit is disabled, 12C enters idle state. When SSELn interrupt occurs and
12C is ready to receive data, write arbitrary value to USInST2 to release SCLn line.

1-Byte of data is being received.

In this step, 12C generates TENDn interrupt and holds the SCLn 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 (ACKNEN=0) and I12C waits STOP or repeated START condition.
2) ACK signal is detected (ACKnEN=1) and 12C can continue to receive data from master.

After doing one of the actions above, write arbitrary value to USINST2 to release SCLn 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 I12C, handling STOP interrupt. The STOPCn bit
indicates that data transfer between master and slave is over. To clear USINST2, write any value to
USInST2. After this, I12C enters idle state.
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The process can be depicted as following figure when 12C operates in slave receiver mode.

v
» SorSr
v \ 4
SLA+W GCALL

y
LOST& —><CK N

A 4
@)
>
—
>

>

STOP

From master to slave / L
Master command or Data Write Interrupt, SCLn line is held low

v

From slave to master P Interrupt after stop command
. Arbitration lost as master and
Value of Status Register LOST&| .qdressed as slave

GCALL| General Call Address

Figure 11.59 Formats and States in the Slave Receiver Mode (USIn, where n =0 and 1)
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11.11.21 USIO/1 12C Block Diagram

lICnIFR . To interrupt

block ;
Slave Address Register
* USInSAR C:
RXACKn, GCALLn, Interrupt
TENDn, STOPDN, | |Generator| ""“"'E ¢
SSELn, MLOSTn
’ ’ General Call And
BUSYn, TMODEn T Address Detector ¢— USInGCE \
t f N
- - - T
Receive Shift Register
EEE—
SDAN (RXSR) USINDR, (Rx) :} E
SDA In/Out ACK Signal N
—»| | — —
N-ch | Controller Generator «4— ACKnEN ﬁ
VSS STOP/START <— STOPCn B
Condition Generator | 44— STARTCn U
S
Transmit Shift Register
—
Q (XSR) USINDR, (Tx) —— ]
SDA Hold Time Register N
+—]
USInSDHR C: E
Time Generator " " "
SCL Out SCL High Period Register
—> —]
SCLn Controller | _ And USINSCHR —
Time Controller
SCL Low Period Register
] <:I
N-ch —p] |« USINSCLR
SCLK
VSS

(fx: System clock)

NOTE) When the USI0/1 block is an I12C mode and the corresponding port is an sub-function for SCLn/SDAn pin,
The SCLn/SDAn pins are automatically set to the N-channel open-drain outputs and the input latch is read
in the case of reading the pins. The corresponding pull-up resistor is determined by the control register.

Figure 11.60 USIO/1 12C Block Diagram (where n =0 and 1)
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11.11.22 Register Map

Table 11-19 USI0/1 Register Map (where n =0 and 1)

Name Address Dir Default |Description

USInBD 1022H/1032H (XSFR) R/W FFH USIn Baud Rate Generation Register
USINDR 1024H/1034H (XSFR) R/W 00H USIn Data Register
USINSDHR 1023H/1033H (XSFR) R/W 01H USIn SDA Hold Time Register
USINSCHR 1026H/1036H (XSFR) R/W 3FH USIn SCL High Period Register
USINnSCLR 1025H/1035H (XSFR) R/W 3FH USIn SCL Low Period Register
USINSAR 1027H/1037H (XSFR) R/W 00H USIn Slave Address Register
USINCR1 1018H/1028H (XSFR) R/W 00H USIn Control Register 1
USINCR2 1019H/1029H (XSFR) R/W 00H USIn Control Register 2
USINCR3 101AH/102AH (XSFR)  |R/IW O00H USIn Control Register 3
USINnCR4 101BH/102BH (XSFR)  [R/W 00H USIn Control Register 4
USInST1 1020H/1030H (XSFR) R/W 80H USIn Status Register 1
USINST2 1021H/1031H (XSFR) R/W O00H USIn Status Register 2

11.11.23 USIO/1 Register Description

USI0/1 module consists of USIO/1 baud rate generation register (USInBD), USIO/1 data register (USINDR),
USI0/1 SDA hold time register (USINSDHRY), USI0/1 SCL high period register (USINSCHR), USIO/1 SCL low
period Register (USINSCLR), USIO/1 slave address register (USINSAR), USI0/1 control register 1/2/3/4
(USInCR1/2/3/4), USIO/1 status register 1/2 (USInST1/2).

11.11.24 Register Description for USI0/1

USInBD (USIO/1 Baud- Rate Generation Register: For UART and SPI mode) : 1022H/1032H (XSFR), n =0, 1

7 6 5 4 3 2 1 0
| usmeD7 | usmeDe | usmeD5 | usmeD4 | usnBD3 | usmeD2 | usmBD1 | usnBDO |
RAW RW RW RAW RAW RW RW RAW

Initial value : FFH

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

NOTE) In common with USINSAR register, USINBD register is
used for slave address register when the USIO/1 12C mode.
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USINnDR (USI0/1 Data Register: For UART, SPI, and 12C mode) : 1024H/1034H (XSFR),n =0, 1

7 6 5 4 3 2 1 0
| USmDR7 | USMDR6 | USNDRS | USMDR4 | USWDR3 | USNDR2 | USMDR1 | USMDRO
RAW RW RW RAW RW RW RW RW

Initial value : O0OH

USInDR[7:0] The USIn transmit buffer and receive buffer share the same 1/0
address with this DATA register. The transmit data buffer is the
destination for data written to the USInDR register. Reading the
USINDR register returns the contents of the receive buffer.

Write to this register only when the DREnN flag is set. In SPI master
mode, the SCK clock is generated when data are written to this
register.

USInSDHR (USI0/1 SDA Hold Time Register: For I12C mode) : 1023H/1033H (XSFR),n =0, 1

7 6 5 4 3 2 1 0
USNSDHR? | USINSDHR6 | USINSDHRS | USNSDHR4 | USNSDHR3 | USNSDHR2 | USSDHR1 | USSDHRO
RW RW RW RW RW RW RW RW

Initial value : 01H

USINnSDHR([7:0]  The register is used to control SDAN output timing from the falling
edge of SCLn in I2C mode.
NOTE) that SDA is changed after tscik X USINSDHR. In master
mode, load half the value of USInSCLR 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 tscik X (USINSDHR+2) in master mode.
So, to insure operation in slave mode, the value tscik X
(USINSDHR + 2) must be smaller than the period of SCL.

USINSCHR (USI0/1 SCL High Period Register: For 12C mode) : 1026H/1036H (XSFR),n =0, 1

7 6 5 4 3 2 1 0
USNSCHR? | USINSCHR6 | USINSCHRS | USNSCHR4 | USNSCHR3 | USNSCHR2 | USNSCHR1 | USINSCHRO
RAW RW RW RAW RW RW RW RW

Initial value : 3FH

USINSCHR[7:0]  This register defines the high period of SCLn when it operates in
I12C master mode.

The base clock is SCLK, the system clock, and the period is
calculated by the formula: tscik X (4 X USINSCHR + 2) where
tscik is the period of SCLK.

So, the operating frequency of I2C master mode is calculated by the following equation.

1
tsck X (4 X (USINSCLR + USINSCHR) + 4)

flac =
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USINSCLR (USI0/1 SCL Low Period Register: For 12C mode) : 1025H/1035H (XSFR),n =0, 1

7 6 5 4 3 2 1 0
USNSCLR7 | USNSCLR6 | USNSCLR5 | USNSCLR4 | USNSCLR3 | USISCLR2 | USNSCLRL | USISCLRO
RAW RW RW RAW RW RW RW RW

Initial value : 3FH

USInSCLR([7:0] This register defines the high period of SCL when it operates in
I12C master mode.

The base clock is SCLK, the system clock, and the period is
calculated by the formula: tscik X (4 X USINSCLR +2) where

tscik is the period of SCLK.

USINSAR (USI0/1 Slave Address Register: For 12C mode) : 1027H/1037H (XSFR), n =0, 1

7 6 5 4 3 2 1 0
| Ushsia6 | UsnsAs | UShSLA4 | USnSLA3 | UShSLA2 | USRSLAL | USSLAO | USNGCE
RW RW RW RW RW RW RW RW
Initial value : 00H

USINSLA[6:0] These bits configure the slave address of I12C when it operaties in
12C slave mode.

USInGCE This bit decides whether 12C allows general call address or not in
12C slave mode.
0 Ignore general call address
1 Allow general call address
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USInCR1 (USI0/1 Control Register 1: For UART, SPI, and 12C mode) : 1018H/1028H (XSFR),n =0, 1

7 6 5 4 3 2 1 0
USInS1 USInSO
USInMS1 USINMSO USInPM1 USInPMO USInS2 ORDN CPHAN CPOLN
RW RW RW RW RW RW RW RW

Initial value : OOH

USInMS[1:0] Selects operation mode of USIn
USInMS1 USInMSO Operation mode

0 0 Asynchronous Mode (UART)
0 1 Synchronous Mode (UART)
1 0 I12C mode

1 1 SPI mode

USInPM[1:0] Selects parity generation and check methods (only UART mode)
USInPM1 USInPMO Parity

0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
USInS[2:0] When in asynchronous or synchronous mode of operation,

selects the length of data bits in frame
USInS2 USInS1 USInSO 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 hit
ORDnN This bit in the same bit position with USInS1. The MSB of the data

byte is transmitted first when set to ‘1’ and the LSB when set to ‘0’
(onl SPI mode)

0 LSB-first
1 MSB-first
CPHAN This bit is in the same bit position with USInS0. This bit determines if
data are sampled on the leading or trailing edge of SCK (only SPI
mode).
CPOLN CPHAN Leading edge Trailing edge
0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)
1 1 Setup (Falling) Sample (Rising)
CPOLN This bit determines the clock polarity of ACK in synchronous or SPI
mode.
0 TXD change@Rising Edge, RXD change@Falling Edge
1 TXD change@Falling Edge, RXD change@Rising Edge
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USInCR2 (USI0/1 Control Register 2: For UART, SPI, and I12C mode) : 1019H/1029H (XSFR),n =0, 1

7 6 5 4 3 2 1 0
| DREn | TXCEn RXCEn | WAKEEN T@En | RE | USkEN | DBlsn |
RW RW RW RW RW RW RW RW
Initial value : OOH
DRIEN Interrupt enable bit for data register empty (only UART and SPI mode).
0 Interrupt from DRER is inhibited (use polling)
1 When DRERn is set, request an interrupt
TXCIEn Interrupt enable bit for transmit complete (only UART and SPI mode).
0 Interrupt from TXCn is inhibited (use polling)
1 When TXCn is set, request an interrupt
RXCIEN Interrupt enable bit for receive complete (only UART and SPI mode).
0 Interrupt from RXCn is inhibited (use polling)
1 When RXCn is set, request an interrupt
WAKEIENn Interrupt enable bit for asynchronous wake in STOP mode. When device

is in stop mode, if RXDn goes to low level an interrupt can be requested
to wake-up system. (only UART mode). At that time the DRIEn bit and
USInST1 register value should be set to ‘Ob’ and “00H”, respectively.

0 Interrupt from Wake is inhibited
1 When WAKER is set, request an interrupt
TXEn Enables the transmitter unit (only UART and SPI mode).
0 Transmitter is disabled
1 Transmitter is enabled
RXEn Enables the receiver unit (only UART and SPI mode).
0 Receiver is disabled
1 Receiver is enabled
USINEN Activate USIn function block by supplying.
0 USiIn is disabled
1 USIn is enabled
DBLSn This bit selects receiver sampling rate (only UART).
0 Normal asynchronous operation
1 Double Speed asynchronous operation
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USINnCR3 (USI0/1 Control Register 3:

For UART, SPI, and 12C mode) : 101AH/102AH (ESFR),n =0, 1

7 6 5 4 3 2 1 0
| MASTERn | LoOPsh | DISSckn | USRSSEN | FxcHn | USnSB | USWTX8 | USHRX8
RW RW RW RW RW RW RW RW
Initial value : OOH

MASTERnN Selects master or slave in SPl and synchronous mode operation and
controls the direction of SCKn pin
0 Slave mode operation (External clock for SCK).
1 Master mode operation(Internal clock for SCK).

LOOPSNH Controls the loop back mode of USIn for test mode (only UART and SPI
mode)
0 Normal operation
1 Loop Back mode

DISSCKn In synchronous mode of operation, selects the waveform of SCKn output
0 ACK is free-running while UART is enabled in synchronous

master mode

1 ACK is active while any frame is on transferring

USINSSEN This bit controls the SSn pin operation (only SPI mode)
0 Disable
1 Enable (The SSn pin should be a normal input)

FXCHn SPI port function exchange control bit (only SPI mode)
0 No effect
1 Exchange MOSIn and MISOn function

USInSB Select_s the length of stop bit in asynchronous or synchronous mode of
operation.
0 1 Stop Bit
1 2 Stop Bit

USInTX8 The ninth bit of data frame in asynchronous or synchronous mode of
operation. Write this bit first before loading the USINDR register
0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is 1’

USInRX8 The ninth bit of data frame in asynchronous or synchronous mode of

operation. Read this bit first before reading the receive buffer (only UART
mode).

0 MSB (9" bit) received is ‘0’
1 MSB (9" bit) received is ‘1’
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USInCR4 (USI0/1 Control Register 4: For 12C mode) : 101BH/102BH (XSFR),n =0, 1

7

6

5

4 3 2 1 0

lICnIFR

TXDLYENBN ICNE | ACKNEN | IVASTERn | STOPCn | STARTCn

R

RW

lICnIFR

TXDLYENBnN

lICnIE

ACKnEN

IMASTERN

STOPCn

STARTCn

RW RW R RW RW
Initial value : O0OH

This is an interrupt flag bit for 12C mode. When an interrupt occurs, this
bit becomes ‘1’. This bit is cleared when write any values in th USInST2.
Writing “1” has no effect.

0 I2C interrupt no generation

1 I12C interrupt generation

USInSDHR register control bit

0 Enable USINSDHR register

1 Disable USINSDHR register

Interrupt Enable bit for I2C mode

0 Interrupt from 12C is inhibited (use polling)
1 Enable interrupt for 12C

Controls ACK signal Generation at ninth SCL period.
0 No ACK signal is generated (SDA =1)

1 ACK signal is generated (SDA =0)

NOTES) ACK signal is output (SDA =0) for the following 3 cases.
1. When received address packet equals to USINnSLA bits in USINSAR.

2. When received address packet equals to value 0x00 with GCALLnN
enabled.

3. When 12C operates as a receiver (master or slave)

Represent operating mode of 12C

0 I2C is in slave mode

1 I2C is in master mode

When 12C is master, STOP condition generation

0 No effect

1 STOP condition is to be generated

When 12C is master, START condition generation

0 No effect

1 START or repeated START condition is to be generated
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USInST1 (USIO/1 Status Register 1: For UART and SPI mode) : 1020H/1030H (XSFR),n =0, 1

7 6 4 3 2 1 0
| DREn | TXn RXCn WAKEn | USRRST | Dorn | Fn | PEn |
RW RW RW RW R RW RW
Initial value : 80H

DREN The DREn flag indicates if the transmit buffer (USINDR) is ready to
receive new data. If DREn is ‘1, the buffer is empty and ready to be
written. This flag can generate a DREn interrupt.

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

TXCn 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 TXCn interrupt is executed. This flag can generate a
TXCn interrupt. This bit is automatically cleared.

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

RXCn 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 RXCn flag
can be used to generate a RXCn interrupt.

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

WAKEnN This flag is set when the RXDn pin is detected low while the CPU is in
STOP mode. This flag can be used to generate a WAKER interrupt. This
bit is set only when in asynchronous mode of operation. This bit should
be cleared by program software. (only UART mode)

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

USINRST This is an internal reset and only has effect on USIn. Writing ‘1’ to this bit
initializes the internal logic of USIn and this bit is automatically cleared to
0
0 No effect
1 Reset USIn

DORnN 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

FEn 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. (only
UART mode)

0 No Frame Error
1 Frame Error detected
PEn This bit is set if the next character in the receive buffer has a Parity Error

to be received while Parity Checking is enabled. This bit is valid until the
receive buffer is read. (only UART mode)

0 No Parity Error
1 Parity Error detected
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USInST2 (USIO/1 Status Register 2: For I12C mode) : 1021H/1031H (XSFR),n =0, 1

7 6 5 4 3 2 1 0
| ccaln | TENDn STOPDN SSEn | MOSh | BUSYn | TMODEn RXACKn
R RW RW RAW RW RW RW RW

GCALLn®™N™®

TENDN®™CTE)

sToPDNMCTE)

SSELn®™OT®

MLOSTR"NCT®

BUSYn

TMODEnN

RXACKnN

Initial value : O0OH

This bit has different meaning depending on whether 12C is master or
slave. When 12C is a master, this bit represents whether it received
AACK (address ACK) from slave.

0 No AACK is received (Master mode)

1 AACK is received (Master mode)

When 12C is a slave, this bit is used to indicated general call.

0 General call address is not detected (Slave mode)

1 General call address is detected (Slave mode)

This bit is set when 1-byte of data is transferred completely

0 1 byte of data is not completely transferred

1 1 byte of data is completely transferred

This bit is set when a STOP condition is detected.

0 No STOP condition is detected

1 STOP condition is detected

This bit is set when 12C is addressed by other master.

0 I2C is not selected as a slave

1 I2C is addressed by other master and acts as a slave
This bit represents the result of bus arbitration in master mode.
0 I2C maintains bus mastership

1 I2C maintains bus mastership during arbitration process
This bit reflects bus status.

0 I2C bus is idle, so a master can issue a START condition
1 I2C bus is busy

This bit is used to indicate whether 12C is transmitter or receiver.
0 I2C is a receiver

1 I2C is a transmitter

This bit shows the state of ACK signal

0 No ACK is received

1 ACK is received at ninth SCL period

NOTE) These bits can be source of interrupt.
When an 12C interrupt occurs except for STOP mode, the SCL line is hold LOW. To

release SCL, write arbitrary value to USINST2. When USInST2 is written, the TENDn,
STOPDnN, SSELn, MLOSTn, and RXACKn bits are cleared.
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11.12 Baud Rate setting (example)

Table 11-20 Examples of USIOBD and USI1BD Settings for Commonly Used Oscillator Frequencies

Baud fx=1.00MHz fx=1.8432MHz fx=2.00MHz

Rate USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR
2400 25 0.2% 47 0.0% 51 0.2%
4800 12 0.2% 23 0.0% 25 0.2%
9600 6 -7.0% 11 0.0% 12 0.2%
14.4k 3 8.5% 7 0.0% 8 -3.5%
19.2k 2 8.5% 5 0.0% 6 -7.0%
28.8k 1 8.5% 3 0.0% 3 8.5%
38.4k 1 -18.6% 2 0.0% 2 8.5%
57.6k - - 1 -25.0% 1 8.5%
76.8k - - 1 0.0% 1 -18.6%
115.2k - - - - - -
230.4k - - - - - -
(continued)

Baud x=3.6864MHz fx=4.00MHz fx=7.3728MHz

Rate USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR
2400 95 0.0% 103 0.2% 191 0.0%
4800 47 0.0% 51 0.2% 95 0.0%
9600 23 0.0% 25 0.2% 47 0.0%
14.4k 15 0.0% 16 2.1% 31 0.0%
19.2k 11 0.0% 12 0.2% 23 0.0%
28.8k 7 0.0% 8 -3.5% 15 0.0%
38.4k 5 0.0% 6 -7.0% 11 0.0%
57.6k 3 0.0% 3 8.5% 7 0.0%
76.8k 2 0.0% 2 8.5% 5 0.0%
115.2k 1 0.0% 1 8.5% 3 0.0%
230.4k - - - - 1 0.0%
250k - - - - 1 -7.8%
0.5M - - - - - -
(continued)

Baud fx=8.00MHz fx=11.0592MHz

Rate USIOBD/USI1IBD ERROR USIOBD/USI1BD ERROR

2400 207 0.2% - -

4800 103 0.2% 143 0.0%

9600 51 0.2% 71 0.0%

14.4k 34 -0.8% 47 0.0%

19.2k 25 0.2% 35 0.0%

28.8k 16 2.1% 23 0.0%

38.4k 12 0.2% 17 0.0%

57.6k 8 -3.5% 11 0.0%

76.8k 6 -7.0% 8 0.0%
115.2k 3 8.5% 5 0.0%
230.4k 1 8.5% 2 0.0%

250k 1 0.0% 2 -7.8%

0.5M - - - -

1M - - - -
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11.13 12-Bit A/D Converter

11.13.1 Overview

The analog-to-digital converter (A/D) allows conversion of an analog input signal to corresponding 12-bit digital
value. The A/D module has fifteen analog inputs. The output of the multiplexer is the input into the converter
which generates the result through successive approximation. The A/D module has four registers which are the
A/D converter control high register (ADCCRH), A/D converter control low register (ADCCRL), A/D converter data
high register (ADCDRH), and A/D converter data low register (ADCDRL). The channels to be converted are
selected by setting ADSEL[3:0]. To execute A/D conversion, TRIG[1:0] bits should be set to ‘xx'. The register
ADCDRH and ADCDRL contains the results of the A/D conversion. When the conversion is completed, the result
is loaded into the ADCDRH and ADCDRL, the A/D conversion status bit AFLAG is set to ‘1’, and the A/D interrupt
is set. During A/D conversion, AFLAG bit is read as ‘0’.

11.13.2 Conversion Timing

The A/D conversion process requires 4 steps (4 clock edges) to convert each bit and 10 clocks to set up A/D
conversion. Therefore, total of 58 clocks are required to complete a 12-bit conversion: When fxx/8 is selected for
conversion clock with a 12MHz fxx clock frequency, one clock cycle is 0.66 us. Each bit conversion requires 4
clocks, the conversion rate is calculated as follows:

4 clocks/bit x 12 bits + set-up time = 58 clocks,
58 clock x 0.66 us = 38.28 us at 1.5 MHz (12 MHz/8)

NOTE) The A/D converter needs at least 20 us for conversion time. So you must set the conversion time more
than 20 us.
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11.13.3 Block Diagram

TRIG[2:0]
3

«—— ADST
[¢—— T4 match signal
Start M |¢—— T5 match signal

U |«—— T6 match signal
X |4—— T7 match signal
ADSEL[3:0] CKSEL[1:0 ;
(Select one input pin 2[ 1 ¢ T8 match s!gnal
of the assigned pins) < T9 match signal
4 x/1 »
—>§;i w Clear
ANO —» x/8 X
AN1 —» E— AFLAG
Al.\12 e M
Input Pins ~ y —»| U 3 Comparator ;
Control To interrupt
]
¢! —| X Logic ADCIFR —— =
AN14 —»
VDD18——» TCI
ear
l INT_ACK
Reference
Voltage
9 ADCDRH (R), ADCDRL (R)

REFSEL—> vls
)

VDD AVREF

Figure 11.61 12-bit ADC Block Diagram

Analog
Power AVREF
0 - 100Q OT
Analog ANX Input
Input
l 0 - 1000pF 22uF
Figure 11.62 A/D Analog Input Pin with Figure 11.63 A/D Power (AVREF) Pin with
Capacitor Capacitor
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11.13.4 ADC Operation

Align bit set “0”

| ADCO11 | ADC010| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO0 |

4 A 4 4 4 4 A A A A 4 4
| ADCDRH7 | ADCDRH6 | ADCDRH5 | ADCDRH4 | ADCDRH3 |ADCDRH2 | ADCDRH1 | ADCDRHO | ADCDRL7 | ADCDRL6 | ADCDRL5 | ADCDRL4 |

~ ~

ADCDRH[7:0] ADCDRL][7:4]
ADCDRL[3:0] bits are “0”

Align bit set “1”

| ADCO11 | ADCOlO| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO0 |

A 4 A A 4 A 4 A 4 A 4 A 4 A 4 A A A 4 A 4
| ADCDRH3 | ADCDRH2 | ADCDRH1 | ADCDRHO | ADCDRL7 |ADCDRL6 | ADCDRL5 | ADCDRL4 | ADCDRL3 | ADCDRL2 | ADCDRL1 | ADCDRLO |

~N ~

ADCDRL[3:0] ADCDRL[7:0]
ADCDRL[7:4] bits are “0”

Figure 11.64 ADC Operation for Align Bit
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SET ADCCRH

Select ADC Clock and Data Align Bit.

\i

SET ADCCRL

ADC enable & Select AN Input Channel.

\i

Converting START Start ADC Conversion.

If Conversion is completed, AFLAG is set “1” and ADC
interrupt is occurred.

AFLAG =17

READ ADCDRH/L After Conversion is completed, read ADCDRH and ADCDRL.

a o 4O O

\

ADC END ]

Figure I1.65 A/D Converter Operation Flow

11.13.5 Register Map

Table 11-21 ADC Register Map

Name Address Dir Default Description

IADCDRH 1053H (XSFR) R xxXH A/D Converter Data High Register
IADCDRL 1052H (XSFR) R xxXH A/D Converter Data Low Register
ADCCRH 1051H (XSFR) R/W O00H A/D Converter Control High Register
ADCCRL 1050H (XSFR) R/W O00H A/D Converter Control Low Register

11.13.6 ADC Register Description

The ADC register consists of A/D converter data high register (ADCDRH), A/D converter data low register
(ADCDRL), A/D converter control high register (ADCCRH) and A/D converter control low register (ADCCRL).
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11.13.7 Register Description for ADC

ADCDRH (A/D Converter Data High Register) : 1053H (XSFR)

7 6 5 4 3 2 0
ADDM11 ADDM10 ADDM9 ADDM8 ADDM7 ADDM6 ADDMA4
ADDL11 ADDL10 ADDL8
R R R R R R R
Initial value : xxH
ADDM[11:4] MSB align, A/D Converter High Data (8-bit)
ADDL[11:8] LSB align, A/D Converter High Data (4-bit)
ADCDRL (A/D Converter Data Low Register) : 1052H (XSFR)
7 6 5 4 3 2 0
ADDM3 ADDM2 ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDLO
R R R R R- R R
Initial value : xxH
ADDM[3:0] MSB align, A/D Converter Low Data (4-bit)
ADDL[7:0] LSB align, A/D Converter Low Data (8-bit)

222
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ADCCRH (A/D Converter High Register) : 1051H (XSFR)
7 6 5 4 3 2 1 0
| AabcRR | - TRG2 | TGl | TG | AueN CKSELL CKSELO
RW - RW RW RW RW RW RW
Initial value : OOH

ADCIFR When ADC interrupt occurs, this bit becomes ‘1’. For clearing bit,
write ‘0’ to this bit or auto clear by INT_ACK signal. Writing “1” has
no effect.
0 ADC Interrupt no generation
1 ADC Interrupt generation

TRIG[2:0] A/D Trigger Signal Selection(The ADC module is automatically
disabled at stop mode)
TRIG2 TRIG1 TRIGO Description
0 0 0 ADST
0 0 1 Timer 4 match signal
0 1 0 Timer 5 match signal
0 1 1 Timer 6 match signal
1 0 0 Timer 7 match signal
1 0 1 Timer 8 match signal
1 1 0 Timer 9 match signal
1 1 1 Not used

ALIGN A/D Converter data align selection.
0 MSB align (ADCDRH][7:0], ADCDRL[7:4])
1 LSB align (ADCRDH][3:0], ADCDRL][7:0])

CKSEL[1:0] A/D Converter Clock selection

CKSEL1 CKSELO Description

0 0 x/1
0 1 x/2
1 0 x/4
1 1 x/8

April 13, 2015 Ver. 1.7
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ADCCRL (A/D Converter Counter Low Register) : 1050H (XSFR)

7 6 5 4 3 2 1 0
| smy | apst REFSEL | AFAG | ADsE3 | ADsE2 ADSEL1 ADSELO
RW RW RW R RW RW RW RW
Initial value : OOH

STBY Control Operation of A/D
(The ADC module is automatically disabled at stop mode)
0 ADC module disable
1 ADC module enable

ADST Control A/D Conversion start.
0 No effect
1 Trigger signal generation for conversion start

REFSEL A/D Converter Reference Selection
0 Internal Reference (VDD)
1 External Reference (AVREF)

AFLAG A/D Converter Operation State (This bit is cleared to ‘0’ when the STBY
bit is set to ‘0’ or when the CPU is at STOP mode)
0 During A/D Conversion
1 A/D Conversion finished

ADSEL[3:0] A/D Converter input selection
ADSEL3 ADSEL2 ADSEL1 ADSELO Description

0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 ANS
0 1 1 0 ANG
0 1 1 1 AN7
1 0 0 0 AN8
1 0 0 1 AN9
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13
1 1 1 0 AN14
1 1 1 1 VvVDD18
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12. Power Down Operation

12.1 Overview

The MC97F2664 has two power-down modes to minimize the power consumption of the device. In power down
mode, power consumption is reduced considerably. The device provides three kinds of power saving functions,
Main-IDLE, Sub-IDLE and STOP mode. In three modes, program is stopped.

12.2 Peripheral Operation in IDLE/STOP Mode

Table 12-1 Peripheral Operation during Power Down Mode

Peripheral IDLE Mode STOP Mode
CPU ALL CPU Operation are Disable ALL CPU Operation are Disable
RAM Retain Retain
Basic Interval Timer | Operates Continuously Stop
Watch Dog Timer Operates Continuously Stop (Can be operated with WDTRC OSC)
Watch Timer Operates Continuously Stop (Can be operated with sub clock)
Timer0~9 Operates Continuously Eﬁgﬁié(’).?:%\grEg;ftelzsvﬁzt”ggﬁxer Mode is
ADC Operates Continuously Stop
BUZ Operates Continuously Stop
SPI2/3 Operates Continuously Only operate with external clock
UART2/3/4 Operates Continuously Only operate with external clock
uslo/1 Operates Continuously Only operate with external clock
Int(elrg'\e/lllH(i)SC Oscillation Stop when the system clock (fx) is firc
WDéRkEZ?SC Can be operated with setting value Can be operated with setting value
(Oh./lfiqglv?l-?z) Oscillation Stop when fx = fxin
(3829362552) Oscillation Stop when fx = fsus
I/O Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain
By RESET, Timer Interrupt (ECO~ EC9),
Release Method By RESET, all Interrupts SPI (External clock), External Interrupt,
UART by RX, WT (sub clock), WDT
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12.3 IDLE Mode

The power control register is set to ‘01h’ to enter the IDLE Mode. In this mode, the internal oscillation circuits
remain active. Oscillation continues and peripherals are operated normally but CPU stops. It is released by reset
or interrupt. To be released by interrupt, interrupt should be enabled before IDLE mode. If using reset, because
the device becomes initialized state, the registers have reset value.

= JUVUVUVUUVLVLL - SUVUUUUVUUUIL

N

A%Y
CPU Clock ||||||||||||||||||||| ||||||||||||||||||||

hY
A3}

External
Interrupt

Normal Operation >< Stand-by Mode Normal Operation

R

Figure 12.1 IDLE Mode Release Timing by External Interrupt
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12.4 STOP Mode

The power control register is set to ‘03H’ to enter the STOP Mode. In the stop mode, the selected oscillator,
system clock and peripheral clock is stopped, but watch timer can be continued to operate with sub clock. With
the clock frozen, all functions are stopped, but the on-chip RAM and control registers are held. For example, If
the internal RC oscillator (firc) is selected for the system clock and the sub clock (fsus) is oscillated, the internal
RC oscillator stops oscillation and the sub clock is continuously oscillated in stop mode. At that time, the watch
timer can be operated with the sub clock.

The source for exit from STOP mode is hardware reset and interrupts. The reset re-defines all the control

registers.

When exit from STOP mode, enough oscillation stabilization time is required to normal operation. Figure 12.2

shows the timing diagram. When released from STOP mode, the Basic interval timer is activated on wake-up.

Therefore, before STOP instruction, user must be set its relevant prescale divide ratio to have long enough time.
This guarantees that oscillator has started and stabilized.

oscC

CPU Clock

External
Interrupt

BIT Counter

S
RS iRiy

R 18 1 1T

h )Y

= E

L - UL

STOP Instruction
Execute

¢ IA//“ leas

=)

L

0
\ b)Y

00 - 00

ALY

N
AY)

Normal Operation

STOP Operation
5

A3

Clear & Start

By Software setting

\
y

Normal Operation

Before executed STOP instruction, BIT must be set
properly by software to get stabilization.

Figure 12.2 STOP Mode Release Timing by External Interrupt
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12.5 Release Operation of STOP Mode

After STOP mode is released, the operation begins according to content of related interrupt register just before
STOP mode start (Figure 12.3). If the global interrupt Enable Flag (IE.EA) is set to "1°, the STOP mode is
released by the interrupt which each interrupt enable flag = *1" and the CPU jumps to the relevant interrupt
service routine. Even if the IE.EA bit is cleared to ‘0’, the STOP mode is released by the interrupt of which the
interrupt enable flag is set to ‘1.

SET PCON[7:0]
SET IEx.b

STOP Mode <«

\

Interrupt Request

Corresponding Interrupt N
Enable Bit(IE, IE1, IE2, IE3)

STOP Mode
Release

\ i

Interrupt Service
Routine

Next Instruction

Figure 12.3 STOP Mode Release Flow
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12.5.1 Register Map

Table 12-2 Power Down Operation Register Map

Name

Address

Dir

Default

Description

PCON

87H

R/W

00H

Power Control Register

12.5.2 Power Down Operation Register Description

The power down operation register consists of the power control register (PCON).

12.5.3 Register Description for Power Down Operation

PCON (Power Control Register) : 87H

7 6 4 2 1 0
| poovv | - | | - PCON3 PCON2 PCONL PCONO
RV - - R R R R

NOTES) 1. To enter IDLE mode, PCON must be set to ‘01H’.
2. To enter STOP mode, PCON must be set to ‘03H’.
3. The PCON register is automatically cleared by a release signal in STOP/IDLE mode.

PCON[7:0]

Power Control

01H
03H

IDLE mode enable
STOP mode enable
Other Values Normal operation

Initial value : OOH

4. Three or more NOP instructions must immediately follow STOP/IDLE mode like the below examples.

Ex1) MOV  PCON, #01H ; IDLE mode Ex2) MOV  PCON, #03H ; STOP mode
NOP NOP
NOP NOP
NOP NOP
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13. RESET

13.1 Overview

The following is the hardware setting value.

Table 13-1 Reset State

On Chip Hardware Initial Value
Program Counter (PC) 0000h
Accumulator 00h
Stack Pointer (SP) 07h
Peripheral Clock On
Control Register Refer to the Peripheral Registers

13.2 Reset Source

The MC97F2664 has five types of reset sources. The following is the reset sources.
- External RESETB
- Power ON RESET (POR)
- WDT Overflow Reset (In the case of WDTEN = "17)
- Low Voltage Reset (In the case of LVREN = "0 )
- OCD Reset

13.3 RESET Block Diagram

RESET Noise
Canceller

Ext RESET
Disable by FUSE

POR RST

WDT RST
WDT RSTEN

Internal

—
Q Reset

IFBIT
(BIT Overflow)

OCD RST
OCD RSTEN

LVR RESET Noise
LVR Enable Canceller

Figure 13.1 RESET Block Diagram
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13.4 RESET Noise Canceller

The Figure 13.2 is the noise canceller diagram for noise cancellation of RESET. It has the noise cancellation
value of about 2us (@Vpp=5V) to the low input of system reset.

t < Trne t<Trne

t> Trne b | t > Trne Tt Trae

— N [ R s

Figure 13.2 Reset noise canceller timer diagram

13.5 Power on RESET

When rising device power, the POR (Power On Reset) has a function to reset the device. If POR is used, it
executes the device RESET function instead of the RESET IC or the RESET circuits.

Fast VDD Rise Time, max. 5.0V/ms

VDD

nPOR

(Internal Signal) BIT Overflows

1
1
I
: BIT Starts :
—>
1
= R ® ;
Oscillation ’ ’

Figure 13.3 Fast VDD Rising Time

Internal RESETB

Slow VDD Rise Time, min. 0.05V/ms

Oscillation

1
1
1
VDD | T Veor=1.4V (Typ)

i
1

nPOR I

(Internal Signal) : BIT IOverﬂows
1
' |
| ! BIT Starts \/
1
Internal RESETB X /

|
]
|
|
|
1
1
1

T

Figure 13.4 Internal RESET Release Timing On Power-Up
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Counting for config read start after POR is released

VDD /
|

Internal nPOR

I
1
I
1
I
1
I
I
I

PAD RESETB |/ |

wpn :
LVR_RESETB :
I

revers (900BCED0—00 - )
BIT (for Reset) 00 )L ooi X 01\ X 02 X 03 )L 04 E

T
|
lus X 286 X 28h = about 10ms

Config Read i
i‘ 1us X 4096 X 4h = about 16ms [

RESET_SYSB = >
wrosc uswr  LLLLLLLLLLLCLALLT LA E L P TUTO LU PO PR EEE PO
INT-OSC 16MHz/16 .IIIIIIIIEIIIIIIIIIIIIlIIIIllIIIII

INT-OSC 16MHz / 16 = IMHz (1us)

Figure 13.5 Configuration Timing when Power-on

BN /DD Input
A S :|nternal OSC

Reset Release

Config Read

Figure 13.6 Boot Process WaveForm
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Table 13-2 Boot Process Description

Process Description Remarks
@ -No Operation
) -1st POR level Detection -about 1.4V

- (INT-OSC 16MHz/16)x256x28h Delay section (=10ms)

® -VDD input voltage must rise over than flash operating | -Slew Rate >= 0.05V/ms
voltage for Config read

-about 1.5V ~ 1.6V

@ - Config read point -Config Value is determined by
Writing Option

-16ms point after POR or Ext_reset

® - Rising section to Reset Release Level
release

- Reset Release section (BIT overflow)
® i) after1l6éms, after External Reset Release (External reset) | - BIT is used for Peripheral stability
i) 16ms point after POR (POR only)

@ -Normal operation
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13.6 External RESETB Input

The External RESETB is the input to a Schmitt trigger. If RESETB pin is held with low for at least 10us over
within the operating voltage range and stable oscillation, it is applied and the internal state is initialized. After
reset state becomes ‘1’, it needs the stabilization time with 16ms and after the stable state, the internal RESET
becomes ‘1’. The Reset process step needs 5 oscillator clocks. And the program execution starts at the vector
address stored at address 0000H.

| +]2]s]+]s]
osc ||||||||||| ...... ||||||||||||||||||J_””HH”|||||||||
R
RESETB ////
Release
Internal [
RESETB Release
ADDRESS
BUS ? ? 00 02
S E X
BUS ? ? ?
ilizati i RESET Process .
TST = 16.4ms Stabilization Time Step Main Program
1
TST = —x 4096 X 4
fx

Figure 13.7 Timing Diagram after RESET

PRESCALER COUNT START

airny

VDD

OSC START TIMING

Figure 13.8 Oscillator generating waveform example

NOTE) As shown Figure 13.8, the stable generating time is not included in the start-up time.
The RESETB pin has a Pull-up register by H/W.
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13.7 Brown Out Detector Processor

The MC97F2664 has an On-chip brown-out detection circuit (BOD) for monitoring the VDD level during
operation by comparing it to a fixed trigger level. The trigger level for the BOD can be selected by LVRVS[3:0] bit
to be 1.60V/ 2.00V/ 2.10V/ 2.20V/2.32V/ 2.44V| 2.59V/ 2.75V/ 2.93V/ 3.14V/ 3.38V/ 3.67V/ 4.00V/ 4.40V. In the
STOP mode, this will contribute significantly to the total current consumption. So to minimize the current
consumption, the LVREN bit is set to off by software.

External VDD ——
Brown Out

LVRVS[3:0] —{ Detector
(BOD) $— RESET_BODB

LVREN ——»

CPU LVRF
wiite 1P @ ™ (Low Voltage
Reset Flag)
CP
SCLK —->
(System CLK) I
nPOR
Figure 13.9 Block Diagram of BOD
VDD \\ / VeopMAX
VeopMIN
|
Internal 16ms
RESETB
VDD \\ // \\ // VBODMAX
: : VeopMIN
. t<16ms | : 16ms
—> < >
Internal ' : |
RESETB '

Figure 13.10 Internal Reset at the power fail situation
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wp g 1

H ]

VDD |

Wy |

T

Internal nPOR 1
“yr 1

1

PAD RESETB 1
1

1

LVR_RESETB I_il

BIT (for Config)

n
[ty

09X Q@ F1 )
X o X\\oz X s X o4 X oo

s X 256 X 28h = about lOms‘
lus X 4096 X 4h = about 16ms ‘—

BIT (for Reset) 00

N

I
1
1
I
1
I
u

1

Config Read

RESET_SYSB

~ Main OSC Off ‘:||””””””l””””””””l”””””””””””””””””
INT-OSC (16MHz)  |[— —
|

INT-05C 16MH2/16 e fd

INT-OSC 8MHz / 8 = 1MHz (1us)

Figure 13.11 Configuration timing when BOD RESET

13.8 LVI Block Diagram

Reference%»
VDD [ }— Voltage W
Generator W

LVI Circuit ———» LVIF

xXCcZ

4.00V LVIEN

1

LVILS3:0]

Figure 13.12 LVI Diagram
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13.9 Register Map

Table 13-3 Reset Operation Register Map

Name Address Dir Default Description

RSTFR E8H R/W 80H Reset Flag Register

LVRCR D8H R/W 00H Low Voltage Reset Control Register

LVICR 86H R/W 00H Low Voltage Indicator Control Register

13.10 Reset Operation Register Description

The reset control register consists of the reset flag register (RSTFR), low voltage reset control register (LVRCR),
and low voltage indicator control register (LVICR).

13.11 Register Description for Reset Operation

RSTFR (Reset Flag Register) : E8H

7 6 4 3 2 1 0
| PoRF | BARF | WDIRF | OCDRF LVRF - - -
RW RW RW RW - - -
Initial value : 80H
PORF Power-On Reset flag bit. The bit is reset by writing ‘0’ to this bit.
0 No detection
1 Detection
EXTRF External Reset (RESETB) flag bit. The bit is reset by writing ‘0’ to this bit
or by Power-On Reset.
0 No detection
1 Detection
WDTRF Watch Dog Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power-On Reset.
0 No detection
1 Detection
OCDRF On-Chip Debug Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power-On Reset.
0 No detection
1 Detection
LVRF Low Voltage Reset flag bit. The bit is reset by writing ‘0’ to this bit or by

Power-On Reset.
0 No detection
1 Detection

NOTES) 1. When the Power-On Reset occurs, the PORF bit is only set to “1”, the other flag (WDTRF and
OCDRF) bits are all cleared to “0”.

2. When the Power-On Reset occurs, the EXTRF bit is unknown, At that time, the EXTRF bit can be set
to “1” when External Reset (RESETB) occurs.

3. When the Power-On Reset occurs, the LVRF bit is unknown, At that time, the LVRF bit can be set to

“1” when LVR Reset occurs.

4. When a reset except the POR occurs, the corresponding flag bit is only set to “1”, the other flag bits
are kept in the previous values.
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LVRCR (Low Voltage Reset Control Register) : D8H

7 6 5 4 3 2 1 0
| LRsT | - - | LR | LR LVRVSL LVRVSO LVREN
RW - - RW RW RW RW RW
Initial value : OOH
LVRST LVR Enable when Stop Release

0 Not effect at stop release

1 LVR enable at stop release

NOTES)

When this bit is ‘1’, the LVREN bit is cleared to ‘0’ by stop mode to
release. (LVR enable)

When this bit is ‘0’, the LVREN bit is not effect by stop mode to
release.

LVRVS[3:0] LVR Voltage Select
LVRVS3 LVRVS2 LVRVS1l LVRVSO Description

0 0 0 0 1.60V
0 0 0 1 2.00v
0 0 1 0 2.10vV
0 0 1 1 2.20V
0 1 0 0 2.32Vv
0 1 0 1 2.44v
0 1 1 0 2.59v
0 1 1 1 2.75V
1 0 0 0 2.93Vv
1 0 0 1 3.14V
1 0 1 0 3.38Vv
1 0 1 1 3.67V
1 1 0 0 4.00V
1 1 0 1 4.40V
Other Values Not available
LVREN LVR Operation
0 LVR Enable
1 LVR Disable

NOTES) 1. The LVRST, LVRVS[3:0] bits are cleared by a power-on reset but are retained by other reset signals.
2. The LVRVSJ[3:0] bits should be set to ‘0000b’ while LVREN bit is “1”.
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LVICR (Low Voltage Indicator Control Register) : 86H
7 6 5 4 3 2 1 0
| - | - IMF | LVEN | LVIS3 LVILS2 LVILSL LVILSO
- - RW RW RW RW RW RW
Initial value : OOH

LVIF Low Voltage Indicator Flag Bit
0 No detection
1 Detection

LVIEN LVI Enable/Disable
0 Disable
1 Enable

LVILS[3:0] LVI Level Select
LVILS3 LVILS2 LVILS1 LVILSO Description
0 0 0 2.00v
0 0 0 1 2.10v
0 0 1 0 2.20V
0 0 1 1 2.32v
0 1 0 0 2.44v
0 1 0 1 2.59Vv
0 1 1 0 2.75V
0 1 1 1 2.93v
1 0 0 0 3.14v
1 0 0 1 3.38Vv
1 0 1 0 3.67V
1 0 1 1 4.00V
1 1 0 0 4.40V
Other Values Not available
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14. On-chip Debug System

14.1 Overview

14.1.1 Description

On-chip debug system (OCD2) of MC97F2664 can be used for programming the non-volatile memories and on-
chip debugging. Detail descriptions for programming via the OCD?2 interface can be found in the following chapter.

Figure 14.1 shows a block diagram of the OCD?2 interface and the On-chip Debug system.

14.1.2 Feature

» 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
— Flash and Data EEPROM 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, EEPROM, 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

Target MCU internal circuit

Format
converter

DSCL
USB 3 \ DSDA DBG
< ’__% RUNFLAG BDC Control

Il
A

CPU DBG Register

Address bus

-_ Internal data bus

User /0 «—

Code memory
- SRAM
- Flash
- EEPROM

Data memory Peripheral

Figure 14.1 Block Diagram of On-Chip Debug System
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14.2 Two-Pin External Interface

14.2.1 Basic Transmission Packet

* 10-bit packet transmission using two-pin interface.

» 1-packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.

* Parity is even of ‘1’ for 8-bit data in transmitter.

* Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has no error.

* When transmitter has no acknowledge (Acknowledge bit is ‘1’ at tenth clock), error process is executed in
transmitter.

* When acknowledge error is generated, host PC makes stop condition and transmits command which has error
again.

* Background debugger command is composed of a bundle of packet.
« Start condition and stop condition notify the start and the stop of background debugger command respectively.

St Do | D1 D2 | D3 | D4 | D5 | D | D7 F A,

D1 D21 D3 ' D4 D5t DB

Figure 14.2 10-bit Transmission Packet
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14.2.2 Packet Transmission Timing

14.2.2.1 Data Transfer

DSDA
acknowledgement acknowledgement
signal from receiver signal from receiver
DSCL
St \J?\____/;\_/T\___/;\_/ Sp

START STOP

Figure 14.3 Data Transfer on the Twin Bus

14.2.2.2 Bit Transfer

| X X

DSCL \

data line
stable: change
data valid of data
allowed

except Start and Stop

Figure 14.4 Bit Transfer on the Serial Bus
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14.2.2.3 Start and Stop Condition

DSDA

DSCL

DSDA

DSCL

X
- It

START condition

STOP condition

Figure 14.5 Start and Stop Condition

14.2.2.4 Acknowledge Bit

Data output \ X X ............. X
by transmitter

X

no acknowledge

Data output
By receiver

DSCL from
master ! S U o

/

acknowledge

clock pulse for acknowledgement

Figure 14.6 Acknowledge on the Serial Bus
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Host PC
DSCL OUT

Target Device
DSCL OUT

DSCL

Acknowledge bit
transmission

¢ Minimum
500ns
—

D
.
.
.
«
.

wait HIGH

_. Etart wait

start HIGH

Acknowledge bit
transmission

v

46___

o

Maximum 5 Tscix

e

minimum 1 Tscix

b

Internal Operation

< for next byte
_\ﬁansmission

—

........... [

Figure 14.7 Clock Synchronization during Wait Procedure
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14.2.3 Connection of Transmission

Two-pin interface connection uses open-drain (wire-AND bidirectional 1/0O).

T ? VDD

pull -up Rp Rp

resistors
DSDA(Debugger Serial Data Line)
© ©
DSCL(Debugger Serial Clock Line) l
O Q
RUNFLAG
? o—
VDD
VDD, VDD, VDD
RUNFLAG
ouT i
DSCL DSDA RUNFLAG DSCL DSDA
ouT I ouT | ouT | out I ouT | —
A4 A4 A4 A4
DSCL DSDA RUNFLAG DSCL DSDA RUNFLAG
IN IN IN IN 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 Connection of Transmission
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15. Flash Memory

15.1 Overview

15.1.1 Description

MC97F2664 incorporates flash memory to which a program can be written, erased, and overwritten while
mounted on the board. The flash memory can be read by ‘MOVC’ instruction and it can be programmed in OCD2,
serial ISP mode or user program mode.

. Flash Size : 64k bytes
. Single power supply program and erase
. Command interface for fast program and erase operation

i Up to 10,000(sector 0~1019)/100,000(sector 1020~1023) program/erase at typical voltage and temperature
for flash memory
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15.1.2 Flash Program ROM Structure
OFFFFH
Sector 1023
OFFCOH OFFCOH
OFFBFH
Sector 1022
OFF80H OFF80H
OFF7FH
Sector 1021
OFF40H OFF40H
OFF3FH
Sector 1020
I I I
I I I
ROM I I I Flash
Address ' ' ' Sector
I I I Address
I I I
I I I
| | |
I I I
I I I
Sector 2
00080H 00080H
0007FH
Sector 1
00040H 00040H
0003FH
Sector 0
00000H 00000H
—>
64bytes
803FH
Acce§sed by Flash Page Buffer Page(Sector)
MOVX instruction Buffer
| y (External Data Memory, 64bytes) Add
ony 8000H ress
FSADRH/M/L
Flash Controller FIDR
FMCR
Figure 15.1 Flash Program ROM Structure
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15.1.3 Register Map

Table 15-1 Flash Memory Register Map

Name Address Dir Default Description

FSADRH FAH R/W 00H Flash Sector Address High Register
FSADRM FBH R/W 00H Flash Sector Address Middle Register
FSADRL FCH R/W 00H Flash Sector Address Low Register
FIDR FDH R/W 00H Flash Identification Register

FMCR FEH R/W 00H Flash Mode Control Register

15.1.4 Register Description for Flash Memory Control and Status

Flash control register consists of the flash sector address high register (FSADRH), flash sector address middle
register (FSADRM), flash sector address low register (FSADRL), flash identification register (FIDR), and flash
mode control register (FMCR). They are mapped to SFR area and can be accessed only in programming mode.
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15.1.5 Register Description for Flash

FSADRH (Flash Sector Address High Register) : FAH

7 6 5 4 3 2 1 0
| - | - | - — | FSADRH3 | FSADRH2 | FSADRHL | FSADRHO
_ _ _ _ RAW RAW RAW RAW

Initial value : OOH

FSADRHI[3:0] Flash Sector Address High

FSADRM (Flash Sector Address Middle Register) : FBH

7 6 5 4 3 2 1 0
| FSADRM7 | FSADRV6 | FSADRME | FSADRWA | FSADRMB | FSADRM2 | FSADRML | FSADRWO
RW RW RW RW RW RW RW RW

Initial value : OOH

FSADRM[7:0] Flash Sector Address Middle

FSADRL (Flash Sector Address Low Register) : FCH

7 6 5 4 3 2 1 0
| FSADRL7 | FSADRI6 | FSADRI5 | FSADR4 | FSADRI3 | FSADR2 | FSADRUL | FSADRLO
RAW RW RAW RAW RAW RW RW RAW

Initial value : OOH

FSADRL([7:0] Flash Sector Address Low

FIDR (Flash Identification Register) : FDH

7 6 5 4 3 2 1 0
| FOR7 | FDR6 | FDRS | FDR4 FIDR3 FIDR2 FDRL FIDRO
R RW R RAW RAW RW RW RAW
Initial value : O0H
FIDR[7:0] Flash Identification
Others No identification value

10100101 Identification value for a flash mode

(These bits are automatically cleared to logic ‘O0H’ immediately after one
time operation except “flash page buffer reset mode”)
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FMCR (Flash Mode Control Register) : FEH
7 6 5 4 3 2 1 0
| AvBUSY | - - | - - FMCR2 FMCR1 FMCRO

R - - - - RW RW RW
Initial value : O0OH

FMBUSY Flash Mode Busy Bit. This bit will be used for only debugger.
0 No effect when “1” is written
1 Busy

FMCR[2:0] Flash Mode Control Bits. During a flash mode operation, the CPU is
hold and the global interrupt is on disable state regardless of the IE.7
(EA) bit.

FMCR2 FMCR1 FMCRO Description

0 0 1 Select flash page buffer reset mode
and start regardless of the FIDR
value (Clear all 32bytes to ‘0)

0 1 0 Select flash sector erase mode and
start operation when the
FIDR="10100101b’

0 1 1 Select flash sector write mode and
start operation when the
FIDR="10100101b’

1 0 0 Select flash sector Code Write
Protection and start operation when
the FIDR="10100101b’

Others Values: No operation

(These bits are automatically cleared to logic ‘O0H immediately after
one time operation)
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15.1.6 Serial In-System Program (ISP) Mode

Serial in-system program uses the interface of debugger which uses two wires. Refer to chapter 14 in details
about debugger

15.1.7 Protection Area (User program mode)

MC97F2664 can program its own flash memory (protection area). The protection area can not be erased or
programmed. The protection areas are available only when the PAEN bit is cleared to ‘0’, that is, enable
protection area at the configure option 2 if it is needed. If the protection area isn’t enabled (PAEN ='1’), this area
can be used as a normal program memory.

The size of protection area can be varied by setting of configure option 2.

Table 15-2 Protection Area size

Protection Area Size Select Size of Protection Area Address of Protection Area
PASS1 PASSO

0 (0] 3.8k Bytes 0100H — OFFFH

0 1 1.7k Bytes 0100H — O7FFH

1 (0] 768 Bytes 0100H — O3FFH

1 1 256 Bytes 0100H — O1FFH

NOTE) Refer to chapter 16 in configure option control.
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15.1.8 Erase Mode

The sector erase program procedure in user program mode

S L T o

Erase verify

Page buffer clear (FMCR=0x01)
Write ‘0’ to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).
Set flash identification register (FIDR).

Set flash mode control register (FMCR).

Program Tip — sector erase

Pgbuf_clr:

Erase_verify:

Verify_error:

MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

MOVX
INC

DJINZ

MOV
MOV
MOV
MOV
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV
MOV

MOVC
SUBB
JINZ
INC
DJINZ

FMCR,#0x01

A#O
RO,#64
DPH,#0x80
DPL,#0

@DPTR,A
DPTR

RO, Pgbuf_clr

FSADRH,#0x00
FSADRM,#0x7F
FSADRL,#0x40
FIDR,#0xAS5
FMCR,#0x02

A#0
RO,#64
R1,#0
DPH,#0x7F
DPL,#0x40

A, @A+DPTR
AR1
Verify_error
DPTR

RO, Erase_verify

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;Sector size is 64bytes

;Write ‘0’ to all page buffer

:Select sector 509

:ldentification value

:Start flash erase mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;erase verify
;Sector size is 64bytes
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The Byte erase program procedure in user program mode
Page buffer clear (FMCR=0x01)

Write ‘0’ to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).
Set flash identification register (FIDR).

Set flash mode control register (FMCR).

o g s~ wDdh PR

Erase verify

Program Tip — byte erase

MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOVX

MOV
MOV

MOVX

MOV
MOV
MOV
MOV
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV
MOvC
SUBB
INZ

MOV
MOV
MOV
MOV
MOvVC
SUBB
JINZ

Verify_error:

FMCR,#0x01

A#O
DPH,#0x80
DPL,#0
@DPTR,A

DPH,#0x80
DPL,#0x05

@DPTR,A

FSADRH,#0x00
FSADRM,#0x7F
FSADRL,#0x40
FIDR,#0xA5
FMCR,#0x02

A#O

R1,#0

DPH #0x7F
DPL,#0x40
A,@A+DPTR
AR1
Verify_error

A#O

R1,#0

DPH #0x7F
DPL,#0x45
A,@A+DPTR
AR1
Verify_error

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;Write ‘0’ to page buffer

;Select sector 509

:Identification value

;Start flash erase mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;erase verify

;OX7TF40 =07

;OX7TF45 =07
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15.1.9 Write Mode

The sector Write program procedure in user program mode

S L T o

Page buffer clear (FMCR=0x01)
Write data to page buffer

Set flash sector address register (FSADRH/FSADRM/FSADRL).
Set flash identification register (FIDR).

Set flash mode control register (FMCR).

Write verify

NOTE) All data of the sector should be “00H” before writing data to a sector

Program Tip — sector write

Pgbuf_WR:

Write_verify:

Verify_error:

MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

MOVX
INC
INC
DJINZ

MOV
MOV
MOV
MOV
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV
MOV

MOvVC
SUBB
JNZ
INC
INC
DJINZ

FMCR,#0x01

A#O
RO,#64
DPH,#0x80
DPL,#0

@DPTR,A

A

DPTR

RO, Pgbuf_WR

FSADRH,#0x00
FSADRM,#0x7F
FSADRL,#0x40
FIDR,#0xAS5
FMCR,#0x03

A#O
RO,#64
R1,#0
DPH,#0x7F
DPL,#0x40

A @A+DPTR
AR1
Verify_error

R1

DPTR

RO, Write_verify

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;Sector size is 64bytes

;Write data to all page buffer

;Select sector 509

:ldentification value

;Start flash write mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;write verify
;Sector size is 64bytes
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The Byte Write program procedure in user program mode

o g s~ wDdh PR

Write verify

Page buffer clear (FMCR=0x01)
Write data to page buffer

Set flash sector address register (FSADRH/FSADRM/FSADRL).
Set flash identification register (FIDR).

Set flash mode control register (FMCR).

NOTE) Data of the address should be “O0H” before writing data to an address

Program Tip — byte write

MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOV
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV
MOVC
SUBB
INZ

MOV
MOV
MOV
MOV
MOvVC
SUBB
JINZ

Verify_error:

FMCR,#0x01

A#5
DPH,#0x80
DPL,#0
@DPTR,A

A#6
DPH,#0x80
DPL,#0x05
@DPTR,A

FSADRH,#0x00
FSADRM,#0x7F
FSADRL,#0x40
FIDR,#0xA5
FMCR,#0x03

A#O

R1,#5

DPH #0x7F
DPL,#0x40
A, @A+DPTR
AR1
Verify_error

A#O

R1,#6
DPH,#0x7F
DPL,#0x45

A @A+DPTR
AR1
Verify_error

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;Write data to page buffer

;Write data to page buffer

;Select sector 509
:Identification value
:Start flash write mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;write verify

;OX7F40 =57

‘OX7TF45=6?
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15.1.10 Protection for Invalid Erase/Write

It should be taken care to the flash erase/write programming in code.

You must make preparations for invalid jump to the flash erase/write code by malfunction, noise, and power off.

1. User ID check routine for the flash erase/write code.

ErwWt_rtn:
MOV
MOV
CJINE
MOV
CJINE
MOV
CJINE
MOV

No_WriteErase:
MOV
MOV
MOV
MOV
MOV
RET

FIDR,#10100101B  ;ID Code

A#ID_DATA 1 :EX) ID_DATA_1: 93H, ID_DATA_2: 85H, ID_DATA_3: 5AH
A,UserlD1,No_WriteErase

A#ID_DATA 2

A,UserlD2,No_WriteErase

A#ID_DATA 3

A,UserlD3,No_WriteErase

FMCR,#0x?? :0x03 if write, 0x02 if erase

FIDR,#00H

UserlD1,#00H
UserlD2,#00H
UserlD3,#00H
Flash_flag,#00H

If code is like the above lines, an invalid flash erase/write can be avoided.

2. Itis important where the UserID1/2/3 is written. It will be remain the invalid flash erase/write
problem if the UserlD1/2/3 is written at the above line of the instruction “MOV
FIDR,#10100101B”. So. It had better writing the UserlD1/2/3 in another routine after return.

Decide_ErWt:
MOV
MOV

MOV
RET

Flash_flagl,#38H ;Random value for example, in case of erase/write needs
FSADRL,#20H ;Here 20H is example,
Flash_flag2,#75H
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3. The flash sector address (FSADRH/FSADRM/FSADRL) should always keep the address of
the flash which is used for data area. For example, The FSADRH/FSADRM is always
0x00/0x7f” if 0x7f00 to Ox7fff is used for data.

4. Overview of main

CALL
CALL
CALL
CALL
CALL
CALL
CALL

ID_wire:

MOV
CJINE
MOV
CJINE
MOV
MOV
CJINE
MOV
CJINE
MOV
MOV
CJINE
MOV
CJINE
MOV
RET

No_write_ID:
MOV
MOV
MOV
RET

Work1
Decide_Erwt
Work2
ID_write
Work3
Flash_erase
Flash_write

A #38H

A,Flash_flag1,No_write_ID

A#75H

A,Flash_flag2,No_write_ID
UserlD1,#ID_DATA_1 ;Write Uiser ID1
A#38H

A,Flash_flag1,No_write_ID

A#75H

A,Flash_flag2,No_write_ID
UserlD2,#ID_DATA_2 ;Write Uiser ID2
A #38H

A,Flash_flag1,No_write_ID

A#75H

A,Flash_flag2,No_write_ID
UserID3,#ID_DATA_3 :Write Uiser ID3

UserID1,#00H
UserlD2,#00H
UserID3,#00H

April 13, 2015 Ver. 1.7
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15.1.10.1 Flow of Protection for Invalid Erase/Write

C =

Decide to write/erase on

flash Set Flags

A

Work2

Check the flag for UserID Write UserlD1/2/3

A

Work3

Check the UserlD for

. Write/Erase Flash
write/erase flash

A

A 4

Clear the Flag
Clear UserlD1/2/3

NOTE)
This method is helpful to reduce the case for flash memory to be erased by malfunction, noise and power off.

Figure 15.2 Flow of Protection for Invalid Erase/Write
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15.1.11 Read Mode

The Reading program procedure in user program mode
1. Load receive data from flash memory on MOVC instruction by indirectly addressing mode.

Program Tip —reading

MOV  A#0

MOV  DPH,#0x7F

MOV DPL,#0x40 ;flash memory address
MOVC A @A+DPTR ;read data from flash memory

15.1.12 Code Write Protection Mode

The Code Write Protection program procedure in user program mode
1. Set flash identification register (FIDR).
2. Set flash mode control register (FMCR).

Program Tip — Code Write Protection

MOV FIDR,#0xA5 ;Identification value

MOV FMCR,#0x04 ;Start flash Code Write Protection mode

NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
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16. Configure Option

16.1 Configure Option Control

The data for configure option should be written in the configure option area (003EH — 003FH) by programmer
(Writer tools).

CONFIGURE OPTION 1 : ROM Address 003FH

7 6 5 4 3 2 1 0
| rRP | H VAPEN _ _ - - RSTS
Initial value : 0OH
R_P Code Read Protection
0 Disable
1 Enable
HL Code Write protection
0 Disable
1 Enable
VAPEN Vector Area (OOH — FFH) Write Protection
0 Disable Protection (Erasable by instruction)
1 Enable Protection (Not erasable by instruction)
RSTS Select RESETB pin
0 Disable RESETB pin (P57/EC3)
1 Enable RESETB pin

CONFIGURE OPTION 2: ROM Address 003EH
7 6 5 4 3 2 1 0
- - - - - PAEN PASSL PASSD

Initial value : O0OH

PAEN Enable Specific Area Write Protection
0 Disable Protection (Erasable by instruction)
1 Enable Protection (Not erasable by instruction)
PASS [1:0] Select Specific Area for Write Protection
NOTE)

1. When PAEN =1, it is applied.
PASS1 PASSO Description

0 0 3.8k Bytes (Address 0100H — OFFFH)
0 1 1.7k Bytes (Address 0100H — 07FFH)
1 0 768 Bytes (Address 0100H — 03FFH)
1 1 256 Bytes (Address 0100H — 01FFH)
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17. APPENDIX
A. Instruction Table

Instructions are either 1, 2 or 3 bytes long as listed in the ‘Bytes’ column below.
Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following table. 1 machine cycle
comprises 2 system clock cycles.

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,@Ri 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 A4
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,@RIi 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
CLRA 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 A6-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 A,Rn 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
CJINE 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 EO[7:4])
Mnemonic Description Bytes | Cycles | Hex code

HOVC @EPTRr)A_| Mool IE spece reeion 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 immediate data; other instructions use #data.
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