CMOS single-chip 8-bit MCU
with 12-bit A/D converter and S}nggh
LCD driver

Main features MC96F64328

User’s manual

e 8-bit Microcontroller With High Speed 8051 CPU

e Basic MCU Function

V 2.00
- 32Kbytes Flash Code Memory

- 1024bytes SRAM

e Built-in Analog Function

- Power-On Reset and Low Voltage Detect Reset
- Internal 16MHz RC Oscillator (+1.5%, TA= 0 ~ +50°C)
- Watchdog Timer RC Oscillator (5kHz)

e Peripheral Features

- 12-bit Analog to Digital Converter (16inputs)
- USI (USART + SPI + I12C) 2sets
- LCD Driver (21segments x 8commons)

e |/O and Packages

- Up to 42 programmable 1/O lines with 44 MQFP-1010
-32 LQFP
- 32/28 SOP, 28 TSSOP

e Operating Conditions
- 1.8V to 5.5V Wide Voltage Range

--40°C to 85°C Temperature Range

o Application

- Small Home Appliance
- BLDC Motor Controller

Revised 08 May, 2023
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1 Overview

1.1. Description

The MC96F6432S is an advanced CMOS 8-bit microcontroller with 32Kbytes of FLASH. This is powerful
microcontroller which provides a highly flexible and cost effective solution to many embedded control applications. This
offers the following features: 32Kbytes of FLASH, 256bytes of IRAM, 768bytes of XRAM, general purpose /O, basic
interval timer, watchdog timer, 8/16-bit timer/counter, 16-bit PPG output, 8-bit PWM output, 10-bit PWM output, watch
timer, buzzer driving port, SPI, USI, 12-bit A/D converter, LCD driver, on-chip POR, LVR, LVI, on-chip oscillator and

clock circuitry. The MC96F6432S also supports power saving modes to reduce power consumption.

Device Name FLASH XRAM IRAM ADC /O PORT Package
MC96F6432SQ 16inputs 42 44 MQFP
MC96F6332SL 12inputs 30 32 LQFP
MC96F6332SD 32Kbytes 768bytes 256bytes 12inputs 30 32 SOP
MC96F6332SM 1linputs 26 28 SOP
MC96F6332SR 1linputs 26 28 TSSOP

Table 1.1 Ordering Information of MC96F6432S
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1.2 Features

e CPU
- 8-bit CISC core (M8051, 2 clocks per cycle)

o ROM (FLASH) Capacity
- 32Kbytes Flash with self-read and write capability
- In-System Programming(ISP)
- Endurance : 100,000times
- Retention : 10 years

e 256bytes IRAM

e 768bytes XRAM
- (27bytes including LCD display RAM)

o General Purpose I/O (GPIO)
- Normal I/O : 9ports (P0O[2:0], P5[5:0])
- LCD shared I/O : 33ports (PO[7:3], P1, P2, P3, P4)

e Timer/Counter
- Basic Interval Timer (BIT) 8-bit x 1-ch
- Watch Dog Timer (WDT) 8-bit x 1-ch
- 5kHz internal RC oscillator
- 8-hit x 1-ch (T0), 16-bit x 2-ch (T1/T2)
- 8-hit x 2-ch (T3/T4) or 16-bit x 1-ch (T3)
e Programmable Pulse Generation
- Pulse generation (by T1/T2)
- 8-bit PWM (by TO)
- 6-ch 10-bit PWM for Motor (by T4)
e Watch Timer (WT)
-3.91ms/0.25s/0.5s/1s /1min interval at 32.768kHz

o Buzzer
- 8-bit x 1-ch
e SPI2
- 8-bit x 1-ch
e USIO/L (UART + SPI + 12C)
- 8-bit UART x 2-ch, 8-bit SPI x 2-ch and 12C x 2-ch

e 12-bit A/D Converter
- 16 Input channels

o LCD Driver
- 21segments and 8common terminals
- Internal or external resistor bias
- Two Internal Resistors Selectable
-1/2, 1/3, 1/4, 1/5, 1/6 and 1/8 duty selectable
- Resistor Bias and 16-step contrast control

e Power On Reset
- Reset release level (1.4V)

Low Voltage Reset

- 14 levels detect

(1.60/ 2.00/ 2.10/ 2.20/ 2.32/ 2.44/ 2.59/ 2.75/ 2.93/
3.14/ 3.38/ 3.67/ 4.00/ 4.40V)

Low Voltage Indicator

- 13 levels detect

(2.00 7 2.10/ 2.20/ 2.32/ 2.44/ 2.59/ 2.75/ 2.93/ 3.14/
3.38/ 3.67/ 4.00/ 4.40V)

Interrupt Sources

- External Interrupts

- (EXINTO~7, EINTS, EINT10, EINT11, EINT12) (12)
- Timer(0/1/2/3/4) (5)

-WDT (1)

-BIT ()

-WT (1)

-SPI2(1)

- USI0/1 (6)

-ADC (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 Crystal)
-1.8V~ 5.5V (@0.4 ~ 4.2MHz with Crystal)

- 2.7V~ 5.5V (@0.4 ~ 10.0MHzwith Crystal)

- 3.0V~ 5.5V (@0.4 ~ 12.0MHz with Crystal)
-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 (@ 32.768kHz sub clock)

Operating Temperature
- —-40~+85T

Oscillator Type
- 0.4 - 12MHz Crystal or Ceramic for main clock
- 32.768kHz Crystal for sub clock

* Package Type

- 44 MQFP-1010

- 32 LQFP, 32 SOP
- 28 SOP, 28 TSSOP
- Pb-free package
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1.3 Development tools

1.3.1 Compiler

ABOV Semiconductor does not provide compiler. It is recommended that you consult a compier provider.
The MC96F6432S core is Mentor 8051, and the ROM size is smaller than 64Kbytes.Therefore, developer can use the

standard 8051 compiler from other providers.
1.3.2 OCD(On-chip debugger) emulator and debugger

The OCD (On Chip Debug) emulator supports ABOV Semiconductor’s 8051 series MCU emulation.The OCD interface
uses two-wire connection between PC and MCU which is attached to user’s system. The OCD can read or change the
value of MCU internal memory and 1/O peripherals. And the OCD also controls MCU internal debugging logic, it means
OCD controls emulation, step run, monitoring, etc.

The OCD debugger program works on Microsoft-Windows NT, 2000, XP, Vista (32-bit) operating system.If you want to
see more details, please refer to OCD debugger manual. You can download debugger S/W and manual from our web-

site (http://www.abov.co.kr).

Connection:

— DSCL (MC96F6432 P01 port)
— DSDA (MC96F6432 P00 port)

NOTE)
1. MC96F6432S does not support the OCD function. MC96F6432 should be used for debugging.

OCD connector diagram: Connect OCD with user system

1 o O 2 UserVCC
3 o O 4 User GND
5 I:] o O 6 DSCL
7 o O 8 DSDA
9 O O 10
Figure 1.1 Debugger(OCD1/0OCD2) and Pin description
Subject MC96F6432S MC96F6432 (Evaluation chip)
| LCD bias divid ) 60kQ and 120kQ) selectable
Internal LCD bias dividing resistor - Added the IRSEL bit in the LCDCRL ist
(Chapter 11.15 — LCD driver) edihe ttin the LLDLIRL Tegister 1 60kQ only
- Added LCD contrast formula with 120kQ
Full-flash erase mode method
(Chapter 15 — Flash memory) Sector erase mode Sector and byte erase mode
Table 1.2 Difference between MC96F6432S and evaluation chip (MC96F6432)
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1.3.3 Programmer

Single programmer;

E-PGM+ : It programs MCU device directly.

1
NABOV
E-PGM+ SEMICONDUC
>
DSDA —
VDD — — VSS
DSCL —

STATUS
C

Y
OOOOOOOOOOOOOOO&%OOO
OOOOOOOOOOOOOOO?OOOO

Figure 1.2 E-PGM+(Single writer)
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Gang programmer: E-GANG4 and E-GANG6
- ltcanrun PC controlled mode.
- ltcan run standalone without PC control too.
- USB interface is supported.

- Easy to connect to the handler.

Figure 1.3 E-GANG4 and E-GANGS6 (for Mass Production)
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1.4  MTP programming

1.4.1 Overview

The program memory of MC96F6432S is MTP Type. This flash is accessed by serial data format. There are four
pins(DSCL, DSDA, VDD, and VSS) for programming/reading the flash.

. Main chip During programming
Pin name : -
pin name I/0 Description
DSCL PO1 | Serial clock pin. Input only pin.
DSDA POO /o Serial data pin. Output port when reading and input port when programming.
Can be assigned as input/push-pull output port.
VDD, VSS VDD, VSS - Logic power supply pin.
Table 1.3 Descriptions of pins which are used to programming/reading the Flash

1.4.2 On-Board programming

The MC96F6432S needs only four signal lines including VDD and VSS pins for programming FLASH with serial
communication protocol. Therefore the on-board programming is possible if the programming signal lines are ready at

the PCB of application board is designed.

1.4.2.1 Circuit Design Guide

At the FLASH programming, the programming tool needs 4 signal lines that areDSCL, DSDA, VDD, and VSS. When
you design the PCB circuits, you should consider the usage of these signal lines for the on-board programming.
Please be careful to design the related circuit of these signal pins because rising/falling timing of DSCL and DSDA is

very important for proper programming.
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E-PGM+, E-GANG4/E-GANG6

R1 (2kQ ~ 5kQ)
pscL() |} AANN— To application circuit
R2 (2kQ ~ 5kQ)
DSDA(I/0) | } ® AANN— To application circuit
vDD |}

VSS

]
e

NOTE)
1. Inon-board programming mode, very high-speed signal will be provided to pin DSCL and DSDA.
And it will cause some damages to the application circuits connected to DSCL or DSDA port if the
application circuit is designed as high speed response such as relay control circuit. If possible, the
I/O configuration of DSDA, DSCL pins had better be set to input mode.
2. The value of R1 and R2 is recommended value. It varies with circuit of system.

Figure 1.4 PCB design guide for on board programming
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2

Block diagram

CORE
M8051

Flash
32KB

XRAM
768B

IRAM
256B

General purpose /O
9 ports normal 1/O
33 ports LCD shared 1/0

ISP
In-system programming

Watchdog timer
1 channel, 8-bit
5kHz, internal RC OSC

Power control
Power on reset
Low voltage reset
Low voltage indicator
Power down mode

Basic interval timer
1 channel, 8-bit

Clock generator
16MHz, Internal RC OSC
12MHz, Crystal OSC

32.768kHz, Crystal OSC

Timer / Counter
1 channel, 8-bit
2 channels, 16-bit
2 channels, 8-bit
or 1 channel, 16-bit

LCD driver
21 segments

Buzzer
1 channel, 8-bit

ADC
16 Input channels, 12-bit

UART
2 channels, 8-bit

PWM
6 channels

SPI
3 channels, 8-bit

12C
2 channels, 8-bit

Figure 2.1

Block diagram of MC96F6432S

MC96F6432S
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3

Pin assignment

P55/RESETB
P40/VLC3/RXDO/SCLO/MISO0
P41/VLC2/TXDO/SDAO/MOSIO

P42/VLC1/SCKO
P43/VLCO0/SSO
P37/COMO
P36/COM1
P35/COM2/SEGO
P34/COM3/SEG1
P33/COM4/SEG2
P32/COM5/SEG3

NOTE)

1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses PO[1:0] pin as DSCL, DSDA.
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PO4/SEG25/AN2/EINT2/PWM4BA
PO5/SEG24/AN3/EINT3/PWM4BB
PO6/SEG23/AN4/EINT4/PWMA4CA
PO7/SEG22/AN5S/EINT5/PWM4CB
P17/SEG21/ANG6/EINT6/SS2
P16/SEG20/AN7/EINT7/SCK2
P15/SEG19/AN8/MISO2
P14/SEG18/AN9/MOSI2
P13/SEG17/AN10/EC1/BUZO
P12/SEG16/AN11/EINT11/T10/PWM10
P11/SEG15/AN12/EINT12/T20/PWM20

Figure 3.1 MC96F6432SQ 44MQFP-1010 pin assignment
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MC96F6432S

P53/SXIN/TOO/PWMOO [
P54/SXOUT/EINT10 ]
P55/RESETB [}
P40/VLC3/RXDO/SCLO/MISO0 [
P41/VLC2/TXDO/SDAO/MOSIO [
P42/VLC1/SCKO ]
P33/COM4/SEG2 [
P32/COM5/SEG3 [
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PO3/SEG26/AN1/EINT1/PWM4AB
P04/SEG25/AN2/EINT2/PWM4BA
PO5/SEG24/AN3/EINT3/PWM4BB
PO6/SEG23/AN4/EINT4/PWM4CA
PO7/SEG22/AN5/EINT5/PWM4CB
P13/SEG17/AN10/EC1/BUZO
P12/SEG16/AN11/EINT11/T10/PWM10
P11/SEG15/AN12/EINT12/T20/PWM20

NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses PO[1:0] pin as DSCL, DSDA.
2. The P14-P17, P23-P25, P34-P37 and P43 pins should be selected as a push-pull output or an
input with pull-up resistor by software control when the 32-pin package is used.
Figure 3.2 MC96F6332SL 32LQFP pin assignment
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VsSsS [ 1 U 32 [ vDD
P50/XOUT [ 2 31 [ POO/EC3/DSDA
P5UXIN [ 3 30 [ PO01/T30/DSCL
P52/EINTS/ECO/BLNK [ 4 29 [ PO2/ANO/AVREF/EINTO/T40/PWM4AA
P53/SXIN/TOO/PWMOO [ 5 28 [] PO3/SEG26/AN1/EINTL/PWM4AB
P54/SXOUT/EINT10 ] 6 27 [ PO4/SEG25/AN2/EINT2/PWMABA
P55/RESETB [ 7 26 [ PO5/SEG24/AN3/EINT3/PWM4BB
P40/VLC3/RXDO/SCLO/MISO0 [ 8 MCO6F6332SD 55 ] PO6/SEG23/AN4/EINT4/PWMACA
P41/VLC2/TXDO/SDAOMOSIO [ 9 (32-SOP) 24 [] PO7/SEG22/ANS/EINT5/PWMACB
P42/VLC1/SCKO [ 10 23 [ P13/SEG17/AN10/EC1/BUZO
P33/COM4/SEG2 [ 11 22 [ P12/SEG16/AN11/EINT11/T10/PWM10
P32/COMS/SEG3 [ 12 21 [ P11/SEG15/AN12/EINT12/T20/PWM20
P31/COM6/SEG4 [ 13 20 [ P10/SEG14/AN13/RXD1/SCLI/MISOL
P30/COM7/SEG5 [ 14 19 [ P20/SEG13/AN14/TXD1/SDAL/MOSI1
P27/SEG6 [ 15 18 [ P21/SEG12/AN15/SCK1
P26/SEG7 [ 16 17 [ P22/SEG11/SS1
NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses P0[1:0] pin as DSCL, DSDA.
2. The P14-P17, P23-P25, P34-P37 and P43 pins should be selected as a push-pull output or an
input with pull-up resistor by software control when the 32-pin package is used.
Figure 3.3 MC96F6332SD 32SOP pin assignment
vss ] 1 U 28 [ vDD
P50/XOUT [ 2 27 [] POO/EC3/DSDA
P5SLXIN ] 3 26 [ P01/T30/DSCL
P52/EINT8/ECO/BLNK | 4 25 [] P02/ANO/AVREF/EINTO/IT40/PWM4AA
P53/SXINITOO/PWMOO [ 5 24 [ PO3/SEG26/ANL/EINT1/PWMAAB
P54/SXOUT/EINT10 ] 6 23 [] PO4/SEG25/AN2/EINT2/PWM4BA
PSSIRESETB ] 7 \IC9BF6332SM 22 [—J POSISEG24/ANS/EINT3/PWM4BE
P40/VLC3/RXDO/SCLO/MISO0 [] 8 (28-SOP) 21 [ PO6/SEG23/ANA/EINT4/PWMACA
P41/VLC2/TXDO/SDAO/MOSIO [ 9 20 [] PO7/SEG22/ANS/EINTS/PWMA4CB
P42/VLC1/SCKO [ 10 19 [ P12/SEG16/AN11/EINT11/TI0/PWM10
P33/COM4/SEG2 [] 11 18 [ P11/SEG15/AN12/EINT12/T20/PWM20
P32/COM5/SEG3 [ 12 17 [ P10/SEG14/AN13/RXD1/SCL1/MISO1
P31/COM6/SEG4 [ 13 16 [ P20/SEG13/AN14/TXD1/SDAL/MOSI1
P30/COM7/SEG5 [] 14 15 [] P21/SEG12/AN15/SCK1
NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses PO[1:0] pin as DSCL, DSDA.
2. The P13-P17, P22-P27, P34-P37 and P43 pins should be selected as a push-pull output or an
input with pull-up resistor by software control when the 32-pin package is used.
Figure 3.4 MC96F6332SM 28SOP pinassignment
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Vvss [] 1 v 28 [ VDD
P50/XOUT [ 2 27 ] POO/EC3/DSDA
P51/XIN [ 3 26 [ P01/T30/DSCL
P52/EINT8/ECO/BLNK [ 4 25 [ P02/ANO/AVREF/EINTO/TA0/PWM4AA
P53/SXIN/TOO/PWMOO [ 5 24 [] PO3/SEG26/AN1/EINT1/PWM4AB
P54/SXOUT/EINT10 | 6 23 [] PO04/SEG25/AN2/EINT2/PWMA4BA
PS5/RESETB [ 7 MC96F6332SR 2 ] PO5/SEG24/AN3/EINT3/PWM4BB
P40/VLC3/RXDO/SCLO/MISO0 [] 8 (28-TSSOP) 21 [ PO6/SEG23/AN4/EINT4/PWMACA
P41/VLC2/TXDO/SDAO/MOSIO ] 9 20 [] PO7/SEG22/AN5/EINTS/PWM4CB
P42/VLC1/SCKO [] 10 19 [] P12/SEG16/AN11/EINT11/T10/PWM10O
P33/COMA4/SEG2 [ 11 18 [] P11/SEG15/AN12/EINT12/T20/PWM20
P32/COM5/SEG3 [ 12 17 [] P10/SEG14/AN13/RXD1/SCL1/MISO1
P31/COM6/SEG4 [ 13 16 ] P20/SEG13/AN14/TXD1/SDA1/MOSI1
P30/COM7/SEG5 [ 14 15 [] P21/SEG12/AN15/SCK1

NOTE)
1. The programmer (E-PGM+, E-Gang4/E-Gang6) uses PO[1:0] pin as DSCL, DSDA.
2. The P13-P17, P22-P27, P34-P37 and P43 pins should be selected as a push-pull output or an
input with pull-up resistor by software control when the 32-pin package is used.
Figure 3.5 MC96F6332SR 28TSSOP pinassignment
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Package Diagram

4
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\__WITH PLATING

SECTION B-B

Al

NOTES

REV.

DESCRIPTION

DATE

ENG

APPROVAL

GENERATE.

04M18M7

JH. KIM

YJ. CHAE

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER})

SYMBOL | MIN NOM MAX
A — — 245
Al 0.00 — 0.25
A2 1.80 2.10 2.20
b 0.28 — 0.45
b1 0.28 0.35 0.41
c 0.11 — 0.23
¢l 0.11 0.15 0.19
D 12.90 13.20 13.50
D1 9.80 10.00 10.20
E 12.90 13.20 13.50
E1 9.80 10.00 10.20
e 0.80BSC

L o0 | — | 103
L1 1.60 BSC

e T o T - T =

1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-022-AB.

M

- DIMENSIONS 'D1' AND 'E1' DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE

PROTRUSION IS 0.25MM PER SIDE. DIMENSIONS 'D1' AND 'E1' DO INCLUDE MOLD
MISMATCH

[

- DIMENSION 'b* DOES NOT INCLUDE DAMBAR PROTRUSION. THE DAMBAR

PROTRUSION(S) SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED 'b' MAXIMUM
BY MORE THAN 0.08MM

4.'A1" IS DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST
POINT OF THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SCALE: NONE _u)ﬂmo.#}m_:ﬂ DRAWN: JS. KANG TITLE:
T e | SRS NI MQFP 10X10MM 44LD
e = CHECRER o, crae PACKAGE OUTLINE
S5
mnmn_n,mo@lm Pt APFROVED: vy CHAE
CAD NAME: CRAWING NUMEER: REV. SHEET:

ABOV SEMICONDUCTOR

OMQ-1010044

OMQ-1010044

1 OF 1

44-Pin MQFP Package

Figure 4.1

15




MC96F6432S

ABOV Semiconductor Co., Ltd.

REV. DESCRIPTION DATE ENG APPROWVAL
— GEMERATE. 04120717 JH. KIM ¥YJ. CHAE
| D
D1 A2 COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
SYMBOL | MIN NOM MAX
HARARAAF S e
— Al 0.05 — 0.20
0] 1 A2 135 140 1.45
i i b 0.30 037 0.42
1] | b1 0.30 035 0.40
i i - c 0.09 — 0.20
o | w 1 0.09 - 0.16
- -] D 8.80 9.00 920
i R ) D1 6.80 7.00 7.20
o O ] E 8.80 9.00 920
] E1 6.80 7.00 720
TEFEEHEE m
le| Il b L 0.45 0.60 075
— % 020@)] A ] 1.00 REF
) o 35 T
NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-BBA.
o 2. DIMENSIONS 'D1' AND "E1' DO NCT INGLUDE MOLD PROTRUSIONS.
o ALLOWABLE PROTRUSION IS 0.25MM PER SIDE. 'D1' AND 'E1' ARE MAXIMUM
w b PLACTIS BODY SIZE DIMENSIONS INCLUDING MOLD MISMATCH.
|
M b1 | BASE METAL 3. DIMENSION 'b’ DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
w DAMBAR PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED
S \ THE MAXIMUM 'b’ DIMENSION BY MORE THAN 0.08MM.
2 -
v] © 4_'A1"1S DEFINED AS THE DISTANCE FROM THE SEATING PLANE TG THE
K AN LOWEST POINT ON THE PACKAGE BODY.
\L.J__ys WITH PLATING
L SECTION A- A
_— LIST OF MATERIAL AND APPLICABLE DOCUMENTS
L1 SCALE: NONE a»ﬂmﬁ;}w DRAWN: 15, KaNG | TME
LEAD FORM PART L b= LQFP 7X7MM 32LD
FROJECTION M CHECKED: ¥J. CHAE t>0§om OCl_lr_Zm
UMLESS
SPECIFIED % m e APFROVED: v cHAE
CAD NAME: DRAWING NUMEBER: REV. SHEET:
ABOV SEMICONDUCTOR|  oLq-0707032 0LQ-0707032 _ 1 OF 1

32-Pin LQFP Package

Figure 4.2
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SECTION B-B

\__WITH PLATING

REV. DESCRIPTION DATE ENG APPROVAL
- GENERATE. 04720M7 | JH. KIM Y.J. CHAE
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)
GAUGE PLANE 0.25 | SYMBOL MIN NOM MAX
7 A - - 2.60
] LL Al 0.05 — 0.25
I { A2 2.14 = 234
S,
b 030 - 0.50
b1 030 — 0.48
c 010 - 0.33
cl 010 — 0.30
D 20.60 — 2090
E 10.20 — 10.60
E1 740 - 7.60
e 127 BSC
e
L 0.40 127
J._ o o - g

BE B

NOTES:

—_

. DIMENSION "D’ DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.15MM PER END.

DIMENSION "E1" DOES NOT INCLUDE INTERLEAD FLASH OR. PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.

2. DIMENSION b’ DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.10MM TOTAL IN EXCESS OF THE 'b' DIMENSION MAXIMUM

MATERIAL CONDITION.

b

LOWEST POINT ON THE PACKAGE BODY.

'A1"1S DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING PLANE TO THE

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

TILE:

FRAC:
FROJECTION i

UNLESS @Imv 00
SFECIFIED ANGLE

SCALE: nonE | P4TEnapori7| DRAWN: JS. KANG
m_,‘_;_.wzm,oz_»_. MM A ENGINEER: 1y kim

CHECKED: YJ. CHAE

APFROVED: ¥J. CHAE

SOP 300MIL 32LD
PACKAGE OUTLINE

ABOV SEMICONDUCTOR

CAD NAME:
0S0-3000032

DRAWING NUMBER:
0S50-3000032

REV.

SHEET:
1 OF 1

32-Pin SOP Package

Figure 4.3
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REV. DESCRIPTION DATE ENG APPROVAL

- GEMERATE. 04/20M7 [ JH. KIM ¥J. CHAE

COMMON DIMENSIONS

D . GAUGE PLANE 0.25 (UNITS OF MEASURE=MILLIMETER)
4
7 SYMBOL | MIN NOM MAX
A - - 2.80
ilimilil T B T
[ AZ 2.05 - -
b 031 - 0.54
PIMN # 1 INDEX
b1 027 _ 0.50
c 0.10 - 033
- cl 0.10 _ 0.30
Wi w D 17.40 _ 18.20
E 10.00 _ 10.60
E1 7.30 - 7.70
e 127 BSC
- L 0.40 _ 127
JOOWTTgoEEgEgEeE & —
7 7 b 8 8 NOTES:
e
- @ E 1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-013-AE.

2. DIMENSION ‘D' DOES NOT INCLUDE MOLD FLASH, PROTRUSION OR
GATE BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL
NOT EXCEED 0.15MM PER END. DIMENSION "E1' DOES NOT INCLUDE

INTERLEAD FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.

3. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL BE 0.10MM TOTAL IN
EXCESS OF THE 'b' DIMENSION MAXIMUM CONDITION.

18

28-Pin SOP Package

4. "A1" 1S DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING
b1 PLANE TO THE LOWEST POINT ON THE PACKAGE BODY._
LIST OF MATERIAL AND APPLICABLE DOCUMENTS
\\ 5| o SCALE nonE | P amoerr| T s kang | ™E

f I SOP 300MIL 28LD

\ FrOJEeTIoN = CHECKED: v chas PACKAGE OUTLINE

WITH PLATING unLess oo
BASE METAL wnmnmmu@lm ANcLs APPROVED: v cHaE
mmOl_l_OZ WIw CAD NAME: DRAWING NUMBER: REV. BHEET:
ABOV SEMICONDUCTOR | 503000028 (0S0-3000023 - 1 0F 1

ABOV Semiconductor Co., Ltd.

Figure 4.4
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MC96F6432S

PIN# 1 INDEX

e

L

e

[

A1

REV. DESCRIPTION DATE ENG APPROVAL

- GEMERATE. 041217 JH. KIM ¥J. CHAE

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

GAUGE PLANE 0.25

LEAD FORM PART

SECTION B-B

SYMBOL MIM NOM A,
— A - - 1.20
Al 0.05 - 0.15
AZ 0.80 1.00 1.05
b 019 - 0.30
b1 019 0.2 D325
4 0.09 - 0.20
cl 008 - 0.18
D 9.60 9.70 9.80
E 620 6.40 B.60
E1 430 4.40 4.50
= 0.65 BSC
L 045 | 080 [ 075
L1 1.00 REF
- s o [ - [+
NOTES:
1. ALL DIMENSIONS REFER TO JEDEC STANDARD MO-153-AE.
B 2. DIMENSION "D’ DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR
GATE BURRS. MOLD FLASH, PROTRUSIONS OR GATE BURR SHALL NOT
EXCEED 0.15MM PER SIDE.
3. DIMENSION 'E1' DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25MM PER SIDE.
4. DIMENSION 'b' DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08MM TOTAL IN EXCESS OF THE b’
DIMENSION AT MAXIMUM MATERIAL CONDITION.
5.°A1"1S DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING PLANE TO
THE LOWEST POINT ON THE PACKAGE BODY.
LIST OF MATERIAL AND APPLICABLE DOCUMENTS
SCALE: none | PME ooy | P JS. KANG
O oA M| memene | M TSSOP 4.4MM 28LD
PROJECTION e CHECKED: vy cHas PACKAGE OUTLINE
mes @y e 5
SPECIFIED s APPROVED: v cHaE
CAD NAME: DRAWING NUMBER: REV. SHEET:
ABOV SEMICONDUCTOR | ors-4400028 OTS-4400028 _ 1 OF 1

28-Pin TSSOP Package

Figure 4.5
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ABOV Semiconductor Co., Ltd. MC96F6432S
5 Pin Description
PIN /1O Function @RESET Shared with
Name
P00 Port 0 is a bit-programmable /O port which can be EC3/DSDA
configured as a Schmitt-trigger input, a push-pull
POl output, or an open-drain output. T30/DSCL
P02 A pull-up resistor can be specified in 1-bit unit. ANO/AVREF/EINTO/T40/PWM4AA
P03 SEG26/AN1/EINT1/PWM4AB
le] Input
P04 SEG25/AN2/EINT2/PWM4BA
P05 SEG24/AN3/EINT3/PWM4BB
P06 SEG23/AN4/EINT4/PWMACA
PO7 SEG22/AN5/EINT5/PWM4CB
P10 Port 1 is a bit-programmable /O port which can be SEG14/AN13/RXD1/SCL1/MISO1
configured as a Schmitt-trigger input, a push-pull
P11 output, or an open-drain output. SEG15/AN12/EINT12/T20/PWM20
P12 A pull-up resistor can be specified in 1-bit unit. SEG16/AN11/EINT11/T10/PWM10
The P14 — P17 are not in the 32-pin package. The
P13 /o | P13 —P17 are not in the 28-pin package. Input SEG17/AN10/EC1/BUZO
P14 SEG18/AN9/MOSI2
P15 SEG19/AN8/MISO2
P16 SEG20/AN7/EINT7/SCK2
P17 SEG21/AN6/EINT6/SS2
P20 Port 2 is a bit-programmable I/O port which can be SEG13/AN14/TXD1/SDAL/MOSI1
configured as an input, a push-pull output, or an
P21 open-drain output. SEG12/AN15/SCK1
p22 A pull-up resistor can be specified in 1-bit unit. SEG11/SS1
The P23 — P25 are not in the 32-pin package.
P23 ijo | The P22 — P27 are not in the 28-pin package. Input SEG10
P24 SEG9
P25 SEGS8
P26 SEG7
P27 SEG6
P30 Port 3 is a bit-programmable I/O port which can be COM7/SEG5
configured as an input, a push-pull output.
P31 A pull-up resistor can be specified in 1-bit unit. COM6/SEG4
P32 The P34 — P37 are only in the 44-pin package. COMS5/SEG3
P33 COM4/SEG2
I/0 Input
P34 COMB3/SEG1
P35 COM2/SEGO
P36 CoM1
P37 COMO
P40 Port 4 is a bit-programmable I/O port which can be VLC3/RXDO/SCLO/MISO0
configured as an input, a push-pull output, or an
P41 open-drai VLC2/TXD0/SDAO/MOSIO
Jo | open-drain output. o o Input
P42 A pull-up resistor can be specified in 1-bit unit. VLC1/SCKO
pa3 The P43 is only in the 44-pin package. VLCO/SSO
Table 5.1 Normal Pin Description
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ABOV Semiconductor Co., Ltd.

Nzlrlr\:e 110 Function @RESET Shared with
P50 Port 5 is a bit-programmable /O port which can be XOUT
P51 ga?rf)lgﬁred as a Schmitt-trigger input or a push-pull XIN
P52 Vo A pull-up resistor can be specified in 1-bit unit. Input EINT8/ECO/BLNK
P53 SXIN/TOO/PWMOO
P54 SXOUT/EINT10
P55 RESETB
EINTO I/0 | External interrupt input and Timer 3 capture input Input P02/ANO/AVREF/T40/PWM4AA
EINT1 I/0 | External interrupt input and Timer 4 capture input Input PO3/SEG26/AN1/PWM4AB
EINT2 PO4/SEG25/AN2/PWM4BA
EINT3 PO5/SEG24/AN3/PWM4BB
EINT4 PO6/SEG23/AN4/PWM4CA
EINT5 I/0 | External interrupt inputs Input P0O7/SEG22/AN5/PWM4CB
EINT6 P17/SEG21/AN6/SS2
EINT7 P16/SEG20/AN7/SCK2
EINT8 P52/ECO/BLNK
EINT10 I/O | External interrupt input and Timer O capture input Input P54/SXOUT
EINT11 I/O | External interrupt input and Timer 1 capture input Input P12/SEG16/AN11/T10/PWM10
EINT12 I/O | External interrupt input and Timer 2 capture input Input P11/SEG15/AN12/T20/PWM20
TOO I/O | Timer O interval output Input P53/SXIN/PWMOO
T10 I/O | Timer 1 interval output Input P12/SEG16/AN11/EINT11/PWM10
T20 I/O | Timer 2 interval output Input P11/SEG15/AN12/EINT12/PWM20
T30 I/O | Timer 3 interval output Input P0O1/DSCL
T40 I/O | Timer 4 interval output Input PO2/ANO/AVREF/EINTO/PWM4AA
PWMOO | I/O | Timer 0 PWM output Input P53/SXIN/TOO
PWM10O | /O | Timer 1 PWM output Input P12/SEG16/AN11/EINT11/T10
PWM20O | I/O | Timer 2 PWM output Input P11/SEG15/AN12/EINT12/T20
PWM4AA P02/ANO/AVREF/EINTO/T40
PWM4AB PO3/SEG26/AN1/EINT1
PWM4BA ) P0O4/SEG25/AN2/EINT2
I/O | Timer 4 PWM outputs Input
PWM4BB PO5/SEG24/AN3/EINT3
PWM4CA PO6/SEG23/AN4/EINT4
PWM4CB PO7/SEG22/AN5/EINT5S
BLNK I/0 | External sync signal input for 6-ch PWMs Input P52/EINT8/ECO
ECO I/O | Timer O event count input Input P52/EINT8/BLNK
EC1 I/O | Timer 1 event count input Input P13/SEG17/AN10
EC3 I/O | Timer 3 event count input Input POO/DSDA
Table 5.2 Normal Pin Description (continue)
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PIN /1O Function @RESET Shared with
Name
BUZO | I/0 | Buzzer signal output Input P13/SEG17/AN10/EC1
SCKO | I/O | Serial O clock input/output Input P42/VLC1
SCK1 | I/O | Serial 1 clock input/output Input P21/SEG12/AN15
SCK2 | I/O | Serial 2 clock input/output Input P16/SEG20/AN7/EINT7
MOSIO | I/O | SPI 0 master output, slave input Input P41/VLC2/TXDO/SDAO
MOSI1 | I/O | SPI 1 master output, slave input Input P20/SEG13/AN14/TXD1/SDA1
MOSI2 | I/0 | SPI 2 master output, slave input Input P14/SEG18/AN9
MISOOQ | I/0O | SPI 0 master input, slave output Input P40/VLC3/RXD0/SCLO
MISO1 | I/O | SPI 1 master input, slave output Input P10/SEG14/AN13/RXD1/SCL1
MISO2 | I/0 | SPI 2 master input, slave output Input P15/SEG19/AN8
SS0 I/O | SPI 0 slave select input Input P43/VLCO
SS1 I/O | SPI 1 slave select input Input P22/SEG11
SS2 I/O | SPI 2 slave select input Input P17/SEG21/ANG/EINT6
TXDO | I/O | UART 0 data output Input P41/VLC2/SDAO/MOSIO
TXD1 | I/O | UART 1 data output Input P20/SEG13/AN14/SDA1/MOSI1
RXDO | I/O | UART 0 data input Input P40/VLC3/SCLO/MISO0
RXD1 | I/O | UART 1 data input Input P10/SEG14/AN13/SCL1/MISO1
SCLO | I/O | I12C 0 clock input/output Input P40/VLC3/RXD0O/MISO0
SCL1 | I/O | 12C 1 clock input/output Input P10/SEG14/AN13/RXD1/MISO1
SDAO | I/O | 12C 0 data input/output Input P41/VLC2/TXDO/MOSIO
SDAl1 | I/O | 12C 1 data input/output Input P20/SEG13/AN14/TXD1/MOSI1
AVREF | I/O | A/D converter reference voltage Input PO2/ANO/EINTO/TA0/PWM4AA
ANO PO2/AVREF/EINTO/TA0/PWM4AA
AN1 PO3/SEG26/EINT1/PWM4AB
AN2 PO4/SEG25/EINT2/PWM4BA
AN3 PO5/SEG24/EINT3/PWM4BB
AN4 PO6/SEG23/EINT4/PWMACA
AN5 PO7/SEG22/EINT5/PWM4CB
AN6 P17/SEG21/EINT6/SS2
AN7 ) P16/SEG20/EINT7/SCK2
I/O | A/D converter analog input channels Input
AN8 P15/SEG19/MISO2
AN9 P14/SEG18/MOSI2
AN10 P13/SEG17/EC1
AN11 P12/SEG16/EINT11/T10/PWM10
AN12 P11/SEG15/EINT12/T20/PWM20
AN13 P10/SEG14/RXD1/SCL1/MISO1
AN14 P20/SEG13/TXD1/SDA1/MOSI1
AN15 P21/SEG12/SCK1
Table 5.3 Normal Pin Description (continue)
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PIN Name 110 Function @RESET Shared with
VLCO P43/SS0
VLC1 , ) P42/SCKO
110 LCD bias voltage pins Input

VLC2 P41/TXD0O/SDAO/MOSIO
VLC3 P40/RXD0/SCLO/MISOO0
com P37-P36
%%'\IC/IZS_ 110 LCD common signal outputs Input P35-P34/SEGO0-SEG1
%OO'\IC/I‘;— P33-P30/SEG2-SEG5
P P35-P34/COM2-COM3
SSEE%ZS_ P33-P30/COM4-COM7
gggia P27-P23

SEG11 P22/SS1

SEG12 P21/SCK1/AN15

SEG13 P20/AN14/TXD1/SDA1/MOSI1
SEG14 P10/AN13/RXD1/SCL1/MISO1
SEG15 P11/AN12/EINT12/T20/PWM20
SEG16 e LCD segment signal outputs Input P12/AN11/EINT11/T10/PWM10
SEG17 P13/AN10/EC1

SEG18 P14/AN9/MOSI2

SEG19 P15/AN8/MISO2

SEG20 P16/AN7/EINT7/SCK2

SEG21 P17/AN6/EINT6/SS2

SEG22 PO7/AN5/EINT5/PWM4CB
SEG23 PO6/AN4/EINT4/PWMACA
SEG24 PO5/AN3/EINT3/PWM4BB
SEG25 PO4/AN2/EINT2/PWM4BA
SEG26 PO3/AN1/EINT1/PWM4AB

Table 5.4 Normal Pin Description (continue)
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PIN 110 Function @RESET Shared with
Name
System reset pin with a pull-up resistor when it is
RESETB | /0 | (ijected as the RESETB by CONFIGURE OPTION Input P55
DSDA I/O | In-system programming data input/output Input POO/EC3
DSCL I/0 | In-system programming clock input Input P01/T30
XIN _ _ _ P51
I/O | Main oscillator pins Input
XOouT P50
SXIN . . P53/TOO/PWMOO
I/O | Sub oscillator pins Input
SXOUT P54/EINT10
VDD, — | Power input pins - -
VSS putp
Table 5.5 Normal Pin Description (continue)
NOTE)
1. The P14-P17, P23-P25, P34-P37, and P43 are not in the 32-pin package.
2. The P13-P17, P22—-P27, P34-P37, and P43 are not in the 28-pin package.
3. The P55/RESETB pin is configured as one of the P55 and RESETB pin by the “CONFIGURE OPTION.”
4. If the POO/EC3/DSDA and P01/T30/DSCL pins are connected to the programmer during power-on reset,
the pins are automatically configured as In-system programming pins.
5. The POO/EC3/DSDA and P01/T30/DSCL pins are configured as inputs with internal pull-up resistor
only during the reset or power-on reset.
6. The P50/XOUT, P51/XIN, P53/SXINT/TOO/PWMOO, and P54/SXOUT/EINT10 pins are configured as

a function pin by software control.
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6 Port Structures

6.1  General Purpose I/O Port

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

VDD

PULL-UP
REGISTER

ZE—
VDD

VDD

WY

OPEN DRAIN
REGISTER
DATA 0 —q -_Ci
REGISTER
MUX > PAD
SUB-FUNC DATA OUTPUT 1 .__Do
SUB-FUNC ENABLE L
SUB-FUNC DIRECTION
>
DIRECTION
REGISTER
CMOS or
Schmitt Level
Input
PORTx INPUT or -
SUB-FUNC DATA INPUT o—
ANALOG CHANNEL
ENABLE -

ANALOG INPUT gﬁ—

Figure 6.1 General Purpose 1/0 Port
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6.2

External Interrupt I/O Port

PULL-UP
REGISTER

OPEN DRAIN
REGISTER

DATA
REGISTER

SUB-FUNC DATA OUTPUT

SUB-FUNC ENABLE

SUB-FUNC DIRECTION

DIRECTION
REGISTER

EXTERNAL
INTERRUPT

PORTx INPUT or
SUB-FUNC DATA INPUT

ANALOG CHANNEL
ENABLE

ANALOG INPUT

_CW

INTERRUPT

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

VDD

VDD VDD

g 10

>
3

PAD

VD

O

ENABLE

‘f |

POLARITY
REG.

CMOS or
Schmitt Level
Input

CP
r

I DEBOUNCE

DEBOUNCE

ENABLE

CLK

za Q=

Figure 6.2

External Interrupt /O Port
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7 Electrical Characteristics

7.1  Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \% -
Vi -0.3~vDD+0.3 \ .
Voltage on any pin with respect to VSS
Vo -0.3~vDD+0.3 \
) lon 10 mA Maximum current output sourced by (lon per 1/O pin)
Normal Voltage Pin -
Ylon 80 mA Maximum current (3 low)
loL 60 mA Maximum current sunk by (loL per I/O pin)

SloL 120 mA Maximum current (3 loL)
Total Power Dissipation Pr 600 mw -
Storage Temperature Tste -65~+150 °C -

Table 7.1 Absolute Maximum Ratings

NOTE)

1. 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
Ta=-40°C ~ +85°C)

Parameter Symbol Conditions MIN TYP MAX Unit
fx= 32 ~ 38kHz Sub Crystal 1.8 - 5.5
fx= 0.4 ~ 4.2MHz 1.8 - 55
. fx= 0.4 ~10MHz Main Crystal 2.7 - 5.5
Operating Voltage VDD \%
fx= 0.4 ~12MHz 3.0 - 55
fx= 0.5 ~ 8MHz 1.8 - 55
Internal RC
fx= 0.5 ~16MHz 2.0 - 55
Operating Temperature Torr VDD=1.8~5.5V -40 - 85 °C
Table 7.2 Recommended Operating Conditions
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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 Linearity Error DLE AVREF= 2.7V — 5.5V - - *1

_ ) ) LSB
Zero Offset Error ZOE fx= 8MHz - - +5
Full Scale Error FSE - - 15
Conversion Time tcon 12-bit resolution, 8MHz 20 - - us
Analog Input Voltage Van - VSS - AVREF v
Analog Reference Voltage AVREF *Note 3 1.8 - VDD
Analog Input Leakage Current lan AVREF=5.12V - - 2 UA
) Enable - 1 2 mA
ADC Operating Current lanc - VDD=5.12V
Disable - - 0.1 uA
Table 7.3 A/D Converter Characteristics

NOTE)
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.

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 VpPor - - 1.4 - \Y
VDD Voltage Rising Time tr - 0.05 - 30.0 V/ms
POR Current lpor - - 0.2 - uA
Table 7.4 Power-on Reset Characteristics
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7.5 Low Voltage Reset and Low Voltage Indicator 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
2.29 244 2.59
Detection Level ViR The LVR can select all levels but LVI 2.39 2.59 2.79 v
Vivi can select other levels except 1.60V 255 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 mVv
Minimum Pulse Width tw - 100 - - us
Enable (Both) VDD= 3V, - 14.0 24.0
LVR and LVI Current lsL Enable (One of two) RUN Mode - 10.0 18.0 uA
Disable (Both) VDD= 3V - - 0.1
Table 7.5 LVR and LVI Characteristics

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 =2.0-5.5V - 16 - MHz
Ta=0°C to +50°C With 0.1uF *1.5
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 ThHrs - - - 100 us
Enable - 0.2 - mA
IRC Current lirC -
Disable - - 0.1 uA
Table 7.6 High Internal RC Oscillator Characteristics
NOTE)

1. A 0.1uF bypass capacitor should be connected to VDD and VSS.
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7.7 Internal Watch-Dog Timer RC Oscillator Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, VSS=0V)
Parameter Symbol Conditions MIN TYP MAX Unit
Frequency fwoTre - 2 5 10 kHz
Stabilization Time twoTs - - - 1 ms
WDTRC Current lwoTrC Enable — ! _ uA
Disable - - 0.1
Table 7.7 Internal WDTRC Oscillator Characteristics
7.8 LCD Voltage Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, VSS=0V)
Parameter Symbol Conditions MIN TYP MAX Unit
LCD contrast disabled,1/4 bias Typx0.95 VDD Typx1.05 \%
LCDCCR=00H VDDx16/31
LCDCCR=01H VDDx16/30
LCDCCR=02H VDDx16/29
LCDCCR=03H VDDx16/28
LCDCCR=04H VDDx16/27
LCD LCDCCR=05H VDDx16/26
contrast LCDCCR=06H VDDx16/25
LCD Voltage Vico | enabled, LCDCCR=07H VDDx16/24
1/4 bias, Typx0.9 Typx1.1 \Y
RLCDL, LCDCCR=08H VDDx16/23
No panel LCDCCR=09H VDDx16/22
load LCDCCR=0AH VDDx16/21
LCDCCR=0BH VDDx16/20
LCDCCR=0CH VDDx16/19
LCDCCR=0DH VDDx16/18
LCDCCR=0EH VDDx16/17
LCDCCR=0FH VDDx16/16
L CD Mid Bias Vici VDD=2.7V 10 5.5V, Typ-0.2 3/4xVLCO Typ+0.2
Voltage(note) Vicz Ii/leDbgch; OHz,I | Typ-0.2 2/4xVLCO Typ+0.2 \Y,
Vics » No panel load Typ-0.2 1/4xVLCO Typ+0.2
LCD Driver
Output RLo VLCD=3V, ILOAD=%10uA - 5 10
Impedance KQ
i Ricp1 o 40 60 80
lf)(ii/%i?lgsResistor Ricb2 TA=25C 80 120 160

Table 7.8

NOTE)

LCD Voltage Characteristics

1. Itis middle output voltage when the VDD and the Vico node are connected.
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7.9 DC Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V, fxin= 12MHz)

Parameter Symbol Conditions MIN TYP MAX Unit
) ViH1 PO, P1,P5, RESETB 0.8vDD - VDD \%
Input High Voltage - -
ViH2 All input pins except Vin1 0.7vDD - VDD \%
Vi PO, P1,P5, RESETB - - 0.2vDD \Y
Input Low Voltage - -
ViL2 All input pins except Vi1 - - 0.3vDD \
Output High VDD=4.5V, lon=-2mA,
Voltage Von All output ports; VDD-1.0 - - v

V. VDD=4.5V, lo.= 10mA, _ _ 1.0
ot All output ports except VoLz '

VDD=4.5V, lo.= 15mA,;

Output Low Voltage

Vo2 Pl 3 _ 10 Y
Input High Leakage _
Current hH All input ports _ _ 1 A
Input Low Leakage . : - -
Current I All input ports 1 "
Vi=ov, VDD=5.0V 25 0 100
Rpu1 Ta=25°C Q
VDD=3.0V 50 100 200

All Input ports

Pull-Up Resistor

VI=0V, VDD=5.0V 150 250 400
Rpu2 Ta= 25°C kQ
XIN= VDD, XOUT=VSS
0SC feedback Ra | 1,2 25°C. VDD= 5v 600 1200 2000 kQ
resistor SXIN=VDD, SXOUT=VSS
Re | 1,2 25°C. VDD=5V 2500 5000 10000
Table 7.9 DC Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V, fxin= 12MHz)
Parameter Symbol Condition MIN TYP MAX Unit
fxin= 12MHz, VDD= 5V+10% - 3.0 6.0
(FIzDuDrl\l) fxin= 10MHz, VDD= 3V+10% - 2.2 4.4 mA
firc= 16MHz, VDD= 5V+10% - 3.0 6.0
fxin= 12MHz, VDD= 5V+10% - 2.0 4.0
Supply Current (I:DDEE) fxin= 10MHz, VDD= 3V+10% - 13 2.6 mA
firc= 16MHz, VDD= 5V+10% - 1.5 3.0
loos fxin=32.768kHz Sub RUN - 60.0 90.0 uA
VDD= 3V+10%
Ippa Ta= 25°C Sub IDLE - 8.0 16.0 UA
Ibps STOP, VDD= 5V+10%, Ta= 25°C - 0.5 3.0 UA
Table 7.10 DC Characteristics(Continued)

NOTE)
1. Where the fxiv is an external main oscillator, fsus 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.
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7.10 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
Interrupt input high, low width t{m All interrupt, VDD= 5V 200 - -
External Counter Input High, tECWH, _ _
Low Pulse Width tECWL ECn, VDD =5V (n=0, 1, 3) 200 B B ns
External Counter Transition Time t;ii% ECn,VDD =5V (n=0, 1, 3) 20 - -
Table 7.11 AC Characteristics
P tIwL R B tIWH N
External 0.8vDD
Interrupt
K £ 0.2vDD
B tRST N
RESETB
K £ 0.2vDD
B tECWL 1 L tECWH N
«— tFEC —> tREC
ECn 0.8vDD
K £ 0.2vDD
Figure 7.1 AC Timing
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7.11 SPI0/1/2 Characteristics
(Ta=-40°C- +85°C, VDD=1.8V — 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Output Clock Pulse Period (SCK Internal SCK source 200 - -
Input Clock Pulse Period External SCK source 200 - -
Output Clock High, Low Pulse Width | tsckn, | Internal SCK source 70 - -
Input Clock High, Low Pulse Width tSCKL | External SCK source 70 - -
ns
First Output Clock Delay Time tFOD Internal/External SCK source 100 - -
Output Clock Delay Time tDS - - - 50
Input Setup Time tDIS - 100 - -
Input Hold Time tDIH - 150 - -
Table 7.12 SPI0/1/2 Characteristics
SSn
(Output/Input)
>>
T<
—> {FOD > < SCK >
+ + ++ 0.8VDD
SCKn
(CPOLN=0)
(Output/Input)
+ + + + + 0.2VDD
tSCKL | i tSCKH_
nl s s nll s
SCKn
(CPOLN=1)
(Output/Input)
<L
tDIS tDIH
MISOn/MOSIn
(Data Input) LSB
> DS _
T<
MISOn/MOSIn
(Data Output) MSB LSB
L >>
T<
NOTE)
1. n=0,1and?2

Figure 7.2 SPI10/1/2 Timing
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7.12 UARTO/1 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 tcpu - ns
Input data hold after clock rising edge th2 0 - - ns
Serial port clock High, Low level width tHiGH, tLow 470 tcru X 8 970 ns

Table 7.13 UARTO/1 Characteristics

tsck
tHiGH P tLow -
N /] N
Figure 7.3 Waveform for UARTO/1 Timing Characteristics

Shift Clock / \ / \ / \ / \ / \ / \ / \ / \

B e

Data Out \ DO >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7
Data In X Valid X >< Valid >< X Valid X X Valid X X Valid X X Valid X X Valid X >< Valid
Figure 7.4 Timing Waveform for the UART0/1 Module
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7.13 12C0/1 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 tSCLH 4.0 - 0.6 -
Clock Low Pulse Width tSCLL 4.7 - 1.3 -
Bus Free Time tBF 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 tvD 0 - 0 -
Data Input Hold Time tDIH 0 - 0 1.0
Data Input Setup Time tDIS 250 - 100 - ns
Table 7.14 12C0/1 Characteristics
P tscL -
fSCLH  tscCLL
—>» €—tSTSU < P> i > —p €— tDIH —>»i €— tSPSU
- - - - - 7
SCLn \ / \ /L <— tSPHD
SDAN / X / \
I 1=] S N—
—>» €—{STHD <€— {DIS < >
—p i€—1tvD
SDAN [ X ><
Out :
<€— tvD '
NOTE)
1. n=0,and1
Figure 7.5 12C0/1 Timing
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7.14 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 VDDDR - 1.8 - 5.5 \%
VDDR= 1.8V,
Data retention supply current IbbbRrR (Ta= 25°C), - - 1 UA
Stop mode
Table 7.15 Data Retention Voltage in Stop Mode
Idle Mode
X (Watchdog Timer Active)
[ ¢———— Stop Mode
Normal
Operating Mode
l4—— Data Retention ———p
Vb it
T \VDDDR
Execution of
STOP Instruction
O.8VDD7L
INT Request
—P{twAiT|€—
NOTE: tWAIT is the same as (the selected bit overflow of BIT) X 1/(BIT Clock)
Figure 7.6 Stop Mode Release Timing when Initiated by an Interrupt
RESET
Occurs
l Oscillation
—— > 4> R .
Stop Mode X Stabillization Time
) 7 Normal
| 4«—— Data Retention ——p| Operating Mode
VDD it
T \ DDDR
Execution of
RESETB STOP Instruction
s Z‘ 0.8VDD
0.2VvD
— TWAITE—
NOTE : tWAIT is the same as (4096 X 4 X 1/fx) (16.4ms @ 1MHz)
Figure 7.7 Stop Mode Release Timing when Initiated by RESETB
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7.15 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 trse - - 2.5 2.7 ms
Code Write Protection Time trHL - - 2.5 2.7
Page Buffer Reset Time trBR - - - 5 us
Flash Programming Frequency frem - 0.4 - - MHz
Endurance of Write/Erase NFwe - - - 100,000 times
Flash Data Retention Time trT - 10 - - Years

Table 7.16

NOTE)

Internal Flash Rom Characteristics

1. 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).

7.16

Input/Output Capacitance

(TA=-40°C ~ +85°C, VDD=0V)

Parameter Symbol Condition MIN TYP MAX Unit
Input Capacitance Cin fx= 1MHz
Output Capacitance Cour Unmeasured pins are - - 10 pF
I/O Capacitance Cio connected to VSS

Table 7.17

Input/Output Capacitance
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7.17 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 - 10.0 MHz
3.0V -5.5V 0.4 - 12.0
1.8V -5.5V 0.4 - 4.2
Ceramic Oscillator Main oscillation frequency 2.7V -5.5V 0.4 - 10.0 MHz
3.0V -5.5V 0.4 - 12.0
1.8V -5.5V 0.4 - 4.2
External Clock XIN input frequency 2.7V -5.5V 0.4 - 10.0 MHz
3.0V -5.5V 0.4 - 12.0
Table 7.18 Main Clock Oscillator Characteristics
‘ XIN XOUT ‘

Hipe
iH }lﬂ

Ci Cc2
Figure 7.8 Crystal/Ceramic Oscillator
‘ XIN XOUT ‘
External  Open
Clock
Source
Figure 7.9 External Clock
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7.18 Sub Clock Oscillator Characteristics

(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)
Oscillator Parameter Condition MIN TYP MAX Unit
Crystal Sub oscillation frequency 32 32.768 38 kHz
- 1.8V -5.5V
External Clock SXIN input frequency 32 - 100 kHz
Table 7.19

Sub Clock Oscillator Characteristics

SXIN SXOUT ‘

B

'I||—| }lﬂ

Figure 7.10 Crystal Oscillator

‘ SXIN SXOUT

T T

External  Open
Clock
Source

Figure 7.11 External Clock
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7.19 Main Oscillation Stabilization Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
fx > 4MHz, VDD = 2.7V ~ 5.5V, 15
Crystal - - ms
fx > 1MHz, VDD = 1.8V, Ta=-40°C 60
Ceramic - - - 10 ms
fxin = 0.4 to 12MHz
External Clock | v\\/inout high and low width (tx, tx) 42 - 1250 ns
Table 7.20 Main Oscillation Stabilization Characteristics
P 1/EXIN N
P tXL N |‘ tXH N
\
N + 0.2VvDD

Figure 7.12 Clock Timing Measurement at XIN

7.20 Sub Oscillation 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 (txn, tx.) 5 - 15 us
Table 7.21 Sub Oscillation Stabilization Characteristics

P 1/fsuB R
P XL R |‘ XH R
— \
SXIN 0.8vDD
X 4 0.2VDD

Figure 7.13 Clock Timing Measurement at SXIN
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7.21 Operating Voltage Range

(fxin=0.4 to 12MHz) (fsuB=32 to 38kHz)
12.0MHz
s ————
10.0MHz
4.2MHz-
0.4MHz--
18 2730 55 1.8 55
Supply voltage (V) Supply voltage (V)

Figure 7.14 Operating Voltage Range
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7.22 Recommended Circuit and Layout

This 0.1uF capacitor should be within - .
1cm from the VDD pin of MCU on the VDD VCC
PCB layout. I T
VDD *
— +—T -
: 1uF 0.1uF hd zz = DC Power
vss [h—¢ ° ° T
hd T
vCC
The MCU power line (VDD and VSS)
{should be separated from the high-
i current part at a DC power node on
Z High-Current Part the PCE layout.
Infrared LED,
O {FND(?-Segmem), }
(o]
(®)] 1o 31—
I I 0.01uF "
N This 0.01uF capacitor is alternatively
m for noise immunity.
X-tal
XIN —30 <« - The main and sub crystal should be within 1cm from the pins of MCU on the PCB layout.
XOouT e
“«& )
7 C1 The load capacitors of the sub clock
SXIN 1+—e—hk= JC1,C2: CLx 2+ 15%
(=] C_2 > - CL=(C1x C2)/(C1 + C2) - Cstray
- Cu: the specific capacitor value of crystal
SXouT :_I_-”—_—é- - Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)
32.768kHz
Figure 7.15 Recommended Circuit and Layout
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7.23 Recommended Circuit and Layout with SMPS Power

SMPS Side <— i —» MCU Side
VCC VDD

SMPS I
>

I I I ._\S_l\sﬂcu

= 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
v 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.
' Recommended C3: ceramic capacitor 2.2uF more
 The C3 should be within 1cm from VDD pin of MCU on the PCB layout.
4. The above circuit is recommended to improve noise immunity (EFT, Surge, ESD, etc) when the
SMPS supplies the VDD of MCU.

Figure 7.16 Recommended Circuit and Layout with SMPS Power
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7.24 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 + 30) and (mean - 30)

respectively where o is standard deviation.

3100
2.50
2.00
1.50
1.00
0.50
0.00

e
10MHz -40°C
~ 10MHz +25°C
10MHz +85°C
A 3.0v 3.3V

Figure 7.17 RUN (IDD1 ) Current

mA
1.40

1.20

1.00

0.80

0.60

0.40

0.20

0.00

10 MHz -40 °C
10 MHz +25 °C

10 MHz +85 °C

27V 3.0V 3.3V

Figure 7.18 IDLE (IDD2) Current
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uA
160.0

140.0 _—
120.0 —

100.0 —

= -40°C

= +25°C
+85°C

80.0
60.0
40.0
20.0

O-O T T T T T 1
27V 3.0v 33V 45v 50V 55V

Figure 7.19 SUB RUN (IDD3) Current

uA
30.00

25.00

20.00

-40°C
15.00

// *25°C

10.00 / +85°C

0.00 T T T T T 1
27V 3.0v 33V 45V 50V 55V

5.00

Figure 7.20 SUB IDLE (IDD4) Current
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uA
5.00

4.50 S
4.00
3.50

3.00 —
-40°C
2.50

200 +25°C
1.50 +85°C
1.00

0.50 e

0-00 T T T T T 1
27v 3.0V 33v 45v 50V 55V

Figure 7.21 STOP (IDD5) Current
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8 Memory

The MC96F6432S 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.

MC96F6432S provides on-chip 32Kbytes of the ISP type flash program memory, which can be read and written to.
Internal data memory (IRAM) is 256bytes and it includes the stack area. External data memory (XRAM) is 768bytes
and it includes 27bytes of LCD display RAM.

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 64Kbytes, but this device has just 32Kbytes program memory
space.

Figure 8-1shows 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 11, for example, is assigned to
location O0O0BH. If external interrupt 11 is going to be used, its service routine must begin at location 000BH. 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 8bytes
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

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

Lower 128bytes

Internal RAM
(Direct or Indirect
Addressing)
OOH
Figure 8.2 Data Memory Map

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

Internal data memory addresses are always one byte wide, which implies an address space of only 256bytes.
However, in factthe addressing modes for internal RAM can accommodate up to 384bytes 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 128bytes and SFR space occupying the same block of
addresses, 80H through FFH, although they are physically separate entities.

The lower 128bytes of RAM are present in all 8051 devices as mapped in Figure 8-3. The lowest 32bytes 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 16bytes 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 128bytes can be accessed by either direct or indirect addressing. The upper 128bytes

RAM can only be accessed by indirect addressing. These spaces are used for data RAM and stack.
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[ TFH |7F|7E|7D|7C|7B|7A|79] 78
77176757473 | 72| 71|70
6F |6E [6D |6C | 6B |6A |69 | 68
67 (66 |65|64(63|62]|61(60
General Purpose 5F |5E | 5D [5C | 5B [5A | 59 | 58
80bytes < Register 57 |56 |55 |54 |53 |52 |51 |50
AF |4E |4D [4C | 4B [4A | 49| 48
47|46 | 45|44 |43 | 42|41 (40
3F|3E|3D|3C|3B|3A[39(38
\. 30H 37|36(35(34(33]32]31]30
2FH 2F [2E|2D|2C|2B|2A |29 | 28
27|26(25|24[23[22(21]20
16bytes Bit Addressable 1F|[1E[1D|1Cc|1B|1A| 19|18
(128bits) 17|16|15(14 1312|1110
20H OF |OE (oD |0C | 0B [0A |09 | 08
byt { 1FH Register Bank 3 _ |o7]o6]05]04]03]02]01]00
(8bytes)
18H
17H
Register Bank 2
8bytes { (8bytes)
10H
8bytes { OFH Register Bank 1 R7
(8bytes) R6
83::: Register Bank 0 22
8bytes { g(8bytes) -
00H =
R1
RO

Figure 8.3

Lower 128bytes RAM
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8.3  External Data Memory

MC96F6432S has 768bytes XRAM and XSFR. This area has no relation with RAM/FLASH. It can be read and written
to through SFR with 8-bit unit.

107FH
Extended
Special Function Registers
128bytes
(Indirect Addressing)
1000H
Not used
02FFH
External RAM
768bytes
(Indirect Addressing)
001BH
001AH
LCD Display RAM
0000H

Figure 8.4 XDATA Memory Area
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8.4  SFR Map
8.4.1 SFR Map Summary
- | Reserved
M8051 compatible
00H/8H® 01H/9H 02H/0AH 03H/0BH 04H/OCH 05H/0DH 06H/OEH 07H/OFH
OF8H IP1 - FSADRH FSADRM FSADRL FIDR FMCR P5FSR
OFOH B USI1ST1 USI1ST2 USI1BD USILSDHR USI1DR USILISCLR | USILSCHR
OE8H RSTFR USI1CR1 USI1CR2 USI1CR3 USI1CR4 USILSAR P3FSR P4FSR
OEOH ACC USIOST1 USIOST2 USIOBD USIOSDHR USIODR USIOSCLR | USIOSCHR
0D8H LVRCR USIOCR1 USIOCR2 USIOCR3 USIOCR4 USIOSAR PODB P15DB
ODOH PSW P510 POFSRL POFSRH P1FSRL P1FSRH P2FSRL P2FSRH
0C8H OSCCR P410 - - - - - -
O0COH | EIFLAGO P3IO T2CRL T2CRH T2ADRL T2ADRH T2BDRL T2BDRH
0B8H IP P2I10 T1CRL T1CRH T1ADRL T1ADRH T1BDRL T1BDRH
OBOH P5 P1I0 TOCR TOCNT TT(?g[?F/e SPICR SPIDR SPISR
0A8H IE IE1 IE2 IE3 POPU P1PU P2PU P3PU
0AOH P4 POIO EO P4PU EIPOLOL EIPOLOH EIFLAG1 EIPOL1
98H P3 LCDCRL LCDCRH LCDCCR ADCCRH ADCCRH ADCDRL ADCDRH
90H P2 POOD P10D P20D P40OD P5PU WTCR BUZCR
88H P1 \\,’VVTT(':DI\F% SCCR BITCR BITCNT WDTCR VV\\//DDTT(I:Dm BUZDR
80H PO SP DPL DPH DPL1 DPH1 LVICR PCON
Table 8.1 SFR Map Summary
NOTE)

1. O0OH/8H, These registers are bit-addressable.

2. Do not use the “direct bit test and branch” instruction on PO, P1, P2, P3, P4, P5 and EIFLAGO registers.
More detail information is at chapter 17.2 Instructions on how to use the input port.

Example) Avoid direct input port bit test and branch condition as below
if(P0O0) — if(PO & 0x01)
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00H/8H®W

01H/9H

02H/0AH

03H/0BH

04H/0CH

05H/0DH

06H/OEH

07H/OFH

1078H

1070H

1068H

1060H

1058H

1050H

1048H

1040H

1038H

1030H

1028H

1020H

1018H

1010H

T4ADLYA

T4DLYB

TADLYC

T4DR

TACAPR

TACNT

1008H

T4PPRL

TAPPRH

T4ADRL

TAADRH

T4BDRL

T4ABDRH

T4ACDRL

T4CDRH

100H

T3CR

T3CNT/
T3DR/
T3CAPR

T4CR

T4PCR1

T4PCR2

T4PCRS3

T4ISR

T4IMSK

Table 8.2

XSFR Map Summary
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8.4.2 SFR Map

] @Reset
Address Function Symbol R/W

716 |54 ]3|2]|1]0

80H PO Data Register PO R/W o|lo0|JO0O|O]jO|O]O0O]O
81H Stack Pointer SP R/W olo0|O0O|O0O|]O0O|1]|1]1
82H Data Pointer Register Low DPL R/W 0 0 0 0 0|0 0 0
83H Data Pointer Register High DPH R/W 0 0 0 0 0|0 0 0
84H Data Pointer Register Low 1 DPL1 R/W 0 0 0 0 0|0 0 0
85H Data Pointer Register High 1 DPH1 R/W 0 0 0 0 0|0 0 0
86H Low Voltage Indicator Control Register LVICR R/W -1 =10 0 0|0 0 0
87H Power Control Register PCON R/W o|-|-1-101]0 0 0
88H P1 Data Register P1 R/W o|lo0|JO0O|O0O|jO|O]O0O0]O
Watch Timer Data Register WTDR W 0 1 1 1 1 1 1 1

89H Watch Timer Counter Register WTCNT R - 10 0 0 0|0 0 0
8AH System and Clock Control Register SCCR R/W - |-/ =-1=-1-=-1-10 0
8BH Basic Interval Timer Control Register BITCR R/W ojo|O0O|-j0]0]O0]|12
8CH Basic Interval Timer Counter Register BITCNT R ojojo|lO0OjO0O|O]|]O0O]|O
8DH Watch Dog Timer Control Register WDTCR R/W ojo|jo0|-|-]-]01]0
8EH Watch Dog Timer Data Register WDTDR w 1 1 1 1 1 1 1|1
Watch Dog Timer Counter Register WDTCNT R ojojo|lO0OjO0O|O0O]|]O0O]|O

8FH BUZZER Data Register BUZDR R/W 1|11 (1}|11|1)1]|1
90H P2 Data Register P2 R/W ojo|jo|lO0OjO0O|O0O]|]O0O]|O
91H PO Open-drain Selection Register POOD R/W ojojo|lO0OjO0O|O]|]O0O]|O
92H P1 Open-drain Selection Register P10D R/W ojo|jo|lO0OjO0O|O0O]|]O0O]|O
93H P2 Open-drain Selection Register P20D R/W ojojo|lO0OjO0O|O]|]O0O]|O
94H P4 Open-drain Selection Register P40D RW [ - | - | =-| -]10]0]0]|O0
95H P5 Pull-up Resistor Selection Register P5PU R/W -/ =10 0 0|0 0 0
96H Watch Timer Control Register WTCR R/W Oo|-1]-120 0|0 0 0
97H BUZZER Control Register BUZCR RW [ - | - | = | -] -=-]1]0]01]0
98H P3 Data Register P3 R/W olo0ojJjojojo|l0O0O]|]O0]O
99H LCD Driver Control Low Register LCDCRL R/W - | - 0 0 0 0 0 0
9AH LCD Driver Control High Register LCDCRH R/W -/ -/-10|-]1-10 0
9BH LCD Contrast Control register LCDCCR R/W o|-|-]-101]0 0 0
9CH A/D Converter Control Low Register ADCCRL R/W 0 0 0 0 0|0 0 0
9DH A/D Converter Control High Register ADCCRH R/W o|-]J]0|0O0jO0O|O0O]O0]|O
9EH A/D Converter Data Low Register ADCDRL R X X X X X X X X
9FH A/D Converter Data High Register ADCDRH R X X X X X X X X

Table 8.3 SFR Map
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. @Reset
Address Function Symbol R/W

716 |5 |4 |32 1|0

AOH P4 Data Register P4 R/W -/ -]1=-1-10 0 0 0
AlH PO Direction Register POIO R/W 0 0 0 0 0 0 0 0
A2H Extended Operation Register EO R/W -/ =-]1-=-101]-10 0 0
A3H P4 Pull-up Resistor Selection Register P4PU R/W - | -] =-1-10 0 0 0
A4H External Interrupt Polarity O Low Register EIPOLOL R/W 0 0 0 0 0 0 0 0
A5H External Interrupt Polarity O High Register EIPOLOH R/W 0 0 0 0 0 0 0 0
A6H External Interrupt Flag 1 Register EIFLAG1 R/W 0 0 0 0 0 0 0 0
A7H External Interrupt Polarity 1 Register EIPOL1 R/W 0 0 0 0 0 0 0 0
A8H Interrupt Enable Register IE R/W Oo|-10 0 0 0 0 0
A9H Interrupt Enable Register 1 IE1 R/W -1 =10 0 0 o|-10
AAH Interrupt Enable Register 2 IE2 R/W -1 =10 0 0 0 0 0
ABH Interrupt Enable Register 3 IE3 R/W -1 =10 0 0 0 0 0
ACH PO Pull-up Resistor Selection Register POPU R/W o|jo|0j]0O0O|O0O|O]|O0O0]|O
ADH P1 Pull-up Resistor Selection Register P1PU R/W o|jo|0j]O0O|O0O|O]|O0O0]|O
AEH P2 Pull-up Resistor Selection Register P2PU R/W o|jo0o|0j]0O0O|O0O|O]|O0]|O
AFH P3 Pull-up Resistor Selection Register P3PU R/W o|jo|l0j]0O0O|O0O|O]|O0]|O
BOH P5 Data Register P5 RW [ - | - | O] O0]|O0O|O0]O0]|O
B1H P1 Direction Register P1IO R/W o|jo|l0j]0O0O|O0O|O]|O0]|O
B2H Timer 0 Control Register TOCR R/W o|-|0]0|O0O|O0O]|O0]|O
B3H Timer 0 Counter Register TOCNT R o|jo|l0j]0O0O|O0O|O]|O0]|O
B4 Timer 0 Data Register TODR R/W 1 1 1 1 1 1 1 1
Timer O Capture Data Register TOCDR R o|jo|l0j]0O0O|O0O|O]|O0]|O

B5H SPI 2 Control Register SPICR R/W olo|loO0O|lO0O|O]JO]O0O]O
B6H SPI 2 Data Register SPIDR R/W 0 0 0 0 0 0 0 0
B7H SPI 2 Status Register SPISR R/W o|jo|O0|-]0|0]|-/|-=-
B8H Interrupt Priority Register IP R/W -1 =10 0 0 0 0 0
BOH P2 Direction Register P210 R/W 0 0 0 0 0 0 0 0
BAH Timer 1 Control Low Register T1CRL R/W 0 0 0 o|-1|0 0 0
BBH Timer 1 Counter High Register T1CRH R/W o|-10 o|-|-1-160
BCH Timer 1 A Data Low Register T1ADRL R/W 1 1 1 1 1 1 1 1
BDH Timer 1 A Data High Register T1ADRH R/W 1 1 1 1 1 1 1 1
BEH Timer 1 B Data Low Register T1BDRL R/W 1 1 1 1 1 1 1 1
BFH Timer 1 B Data High Register T1BDRH R/W 1 1 1 1 1 1 1 1

Table 8.4 SFR Map (Continued)
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. @Reset
Address Function Symbol R/W

7|6 |5|4(3|2]|1]0
COH External Interrupt Flag O Register EIFLAGO R/W 0 0 0 0 0 0 0 0
C1H P3 Direction Register P3IO R/W 0 0 0 0 0 0 0 0
C2H Timer 2 Control Low Register T2CRL R/W 0 0 0 Oo|-]10]|-1]20
C3H Timer 2 Control High Register T2CRH R/W Oo|-10 o|-|-1-120
C4H Timer 2 A Data Low Register T2ADRL R/W 1 1 1 1 1 1 1 1
C5H Timer 2 A Data High Register T2ADRH R/W 1 1 1 1 1 1 1 1
C6H Timer 2 B Data Low Register T2BDRL R/W 1 1 1 1 1 1 1 1
C7H Timer 2 B Data High Register T2BDRH R/W 1 1 1 1 1 1 1 1
C8H Oscillator Control Register OSCCR R/W -1 =10 0 1 0 0 0
C9H P4 Direction Register P410 R/W -/ =-1-1-10 0 0 0
CAH Reserved - - -
CBH Reserved - - -
CCH Reserved - - -
CDH Reserved - - -
CEH Reserved - - -
CFH Reserved - - -
DOH Program Status Word Register PSW R/W o|o0o|O0|O0O|O0O]|]O0O|O0O0]O
D1H P5 Direction Register P5IO RW | - | -|0|O0|0]|]O0|O0]O
D2H PO Function Selection Low Register POFSRL RW | - | O0O|O0O|O0O|O0O]|]O0O|O0]O
D3H PO Function Selection High Register POFSRH RW | - | -|0|O0|]O0]|]O0|O0]O
D4H P1 Function Selection Low Register P1FSRL R/W o|o0o|O0|O0O|O]|JO0O|O0O]|O
D5H P1 Function Selection High Register P1FSRH R/W o|o0o|O0|O0O|O0O]|O0O|O0O0]O
D6H P2 Function Selection Low Register P2FSRL RW | - | -|0|O0|]O0]|]O0|O0]O
D7H P2 Function Selection High Register P2FSRH R/W -/ =-1-1-10 0 0 0
D8H Low Voltage Reset Control Register LVRCR R/W o|-|-10}|0]JO0|O0]O
D9H USIO Control Register 1 USIOCR1 R/W o|jo|O0|O0O|O]|JO|O0]O
DAH USIO Control Register 2 USIOCR2 RW | 0O|O0O|O]|JO|]O0O]O0O|O0]O
DBH USIO Control Register 3 USIOCR3 R/W ojo|O0|0O0O|O]JO|O]O
DCH USIO Control Register 4 USIOCR4 R/W o|-]1-1020 o|-1]0 0
DDH USIO Slave Address Register USIOSAR R/W 0 0 0 0 0 0 0 0
DEH PO De-bounce Enable Register PODB R/W ojo|O0|O0O|O]|]O|O0]O
DFH P1/P5 De-bounce Enable Register P15DB RW | - | - 00| O0O]|]O0|O0]O

Table 8.5 SFR Map (Continued)
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. @Reset
Address Function Symbol R/W

716 |54 3]2 1|0
EOH Accumulator Register ACC R/W 0 0 0 0 0 0 0 0
E1H USIO Status Register 1 USIOST1 R/W o|lojo0o|O0O|-]0]0]0O
E2H USIO Status Register 2 USIOST2 R o|lo0jO0O|O|O]|]O]O]O
E3H USIO Baud Rate Generation Register USIOBD R/W 1 1 1 1 1 1 1 1
E4H USIO SDA Hold Time Register USIOSHDR R/W o|l0jO0O|O0O|O]O]O0]|1
E5H USIO Data Register USIODR R/W o|lo0|jO0O|O0O|O]|]O]O]O
E6H USIO SCL Low Period Register USIOSCLR R/W 0| O 1 1 1 1 1 1
E7H USIO SCL High Period Register USIOSCHR R/W 0| O 1 1 1 1 1 1
E8H Reset Flag Register RSTFR R/W 1 X 0 0 X - -] -
E9H USI1 Control Register 1 USI1CR1 R/W o|lo0jO0O|O|O]|]O]O]O
EAH USI1 Control Register 2 USI1CR2 R/W o|lo0jO0O|O0O|]O]|]O]O]O
EBH USI1 Control Register 3 USI1CR3 R/W 0 0 0 0 0 0 0 0
ECH USI1 Control Register 4 USI1CR4 R/W o|-|-10 Oo|-|0]O
EDH USI1 Slave Address Register USI1SAR R/W 0| O 0| O oOo|O0|O0]O
EEH P3 Function Selection Register P3FSR R/W 0| O 0| O oOo|O0|O0]O
EFH P4 Function Selection Register PAFSR RW | - |0 0| O oOo|O0O|O0]O
FOH B Register B R/W o|lo0jO0O|O0O]|]O]O]O]O
F1H USI1 Status Register 1 USI1ST1 R/W olojo0o|O0|-]0]0]0O
F2H USI1 Status Register 2 USI1ST2 R o|lo0jO0O|O0O]|]O]O]O]O
F3H USI1 Baud Rate Generation Register USI1BD R/W 1 1 1 1 1 1 1 1
F4H USI1 SDA Hold Time Register USI1SHDR R/W o0 jO0O|O0O]|]O]O]O]|1
F5H USI1 Data Register USI1DR R/W o|lo0jO0O|O0O|]O]O]O]O
F6H USI1 SCL Low Period Register USI1SCLR R/W 0|0 1 1 1 1 1 1
F7H USI1 SCL High Period Register USI1SCHR R/W 0|0 1 1 1 1 1 1
F8H Interrupt Priority Register 1 IP1 R/W - | - 0 0 0 0 0 0
FOH Reserved - - -
FAH Flash Sector Address High Register FSADRH RW | - | -] -|-]0|0]0]O0
FBH Flash Sector Address Middle Register FSADRM R/W 0 0 0 0 0 0 0 0
FCH Flash Sector Address Low Register FSADRL R/W 0 0 0 0 0 0 0 0
FDH Flash Identification Register FIDR R/W 0 0 0 0 0 0 0 0
FEH Flash Mode Control Register FMCR R/W o|-|-|-]-]101]01|0
FFH P5 Function Selection Register P5FSR R/W - | - 0 0 0 0 0 0

Table 8.6 SFR Map (Continued)
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. @Reset
Address Function Symbol R/W

7|16 |5 |4 |32 110
1000H Timer 3 Control Register T3CR R/W 0 - 10 0 0 0 0 0
Timer 3 Counter Register T3CNT R 0 0 0 0 0 0 0 0
1001H Timer 3 Data Register T3DR w 1 1 1 1 1 1 1 1
Timer 3 Capture Data Register T3CAPR R 0 0 0 0 0 0 0 0
1002H Timer 4 Control Register T4ACR R/W 0 0 0 0 0 0 0 0
1003H Timer 4 PWM Control Register 1 T4PCR1 R/W 0 0 0 0 0 0 0 0
1004H Timer 4 PWM Control Register 2 T4PCR2 R/W 0 0 0 0 0 0 0 0
1005H Timer 4 PWM Control Register 3 T4PCR3 R/W - 10 0 o|-|-1-1-
1006H Timer 4 Interrupt Status Register T4ISR R/W 0 0 0 0 ol -1 -1-
1007H Timer 4 Interrupt Mask Register TAMSK R/W 0 0 0 0 ol -1|-1-
1008H Timer 4 PWM Period Low Register T4PPRL R/W 1 1 1 1 1 1 1 1
1009H Timer 4 PWM Period High Register T4PPRH R/W - -]=-1-=-1]1-=-1-10 0
100AH | Timer 4 PWM A Duty Low Register T4ADRL R/W 0 1)1 1 1 1 1)1
100BH | Timer 4 PWM A Duty High Register T4ADRH RW | - | - | -|-]-]-101]0
100CH | Timer 4 PWM B Duty Low Register T4BDRL R/W 0 1)1 1 1 1 1)1
100DH | Timer 4 PWM B Duty High Register T4BDRH RW | - | - | -|-]-]-101]0
100EH | Timer 4 PWM C Duty Low Register T4CDRL R/W 0 1)1 1 1 1 1)1
100FH Timer 4 PWM C Duty High Register TACDRH R/W -l =-1=-/-]1-/-1010
1010H Timer 4 PWM A Delay Register T4DLYA R/W ojo0ojo0joO0ojO0O|O|O]|O
1011H Timer 4 PWM B Delay Register T4DLYB R/W o|jo0ojo0joO0ojO0O|O|O]|O
1012H Timer 4 PWM C Delay Register T4DLYC R/W o|jo0ojo0joO0ojO0O|O|O]|O
1013H Timer 4 Data Register T4DR R/W 1 1)1 1 1 1 1)1
1014H Timer 4 Capture Data Register TACAPR R o|jo0joO0O]JO0O]O]O|O0]O
1015H Timer 4 Counter Register TACNT R 0 0 0 0 0 0 0 0

107FH Reserved - ‘ - ‘ -

Table 8.7 XSFR Map (Continued)
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8.4.3 SFR Map

ACC (Accumulator Register): EOH
7 6 5 4 2 1 0
| ACC
RW RW RW RW RW RW RW
Initial value: OOH
ACC Accumulator
B (B Register): FOH
7 6 5 4 3 1 0
| B
RW RW RW RW RW RW RW
Initial value: O0OH
B B Register
SP (Stack Pointer): 81H
7 6 5 4 2 1 0
| SP
RW RW RW RW RW RW RW
Initial value: 07H
SP Stack Paointer
DPL (Data Pointer Register Low): 82H
7 6 5 4 2 1 0
| DPL
RW RW RW RW RW RW RW
Initial value: 00H
DPL Data Pointer Low
DPH (Data Pointer Register High): 83H
7 6 5 4 2 1 0
| DPH
RW RW RW RW RW RW RW
Initial value: OOH
DPH Data Pointer High

59



ABOV Semiconductor Co., Ltd. MC96F6432S

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: O0H

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: O0H

DPH1 Data Pointer High 1

PSW (Program Status Word Register): DOH

7 6 5 4 3 2 1 0
| oY | AC FO |  Rst RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value: O0OH

CY 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

EO (Extended Operation Register): A2H

7 6 5 4 3 2 1 0
| - | - | - | TRAPEN | - |  DpsE2 DPSEL1 DPSELO
- - - RW - RW RW RW
Initial value: 00H
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
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9 I/O Ports

9.1 I/O Ports

The MC96F6432S has tengroups of 1/0 ports (PO ~ P5). Each port can be easily configured by software as /O pin,
internal pull up and open-drain pin to meet various system configurations and design requirements. Also PO includes

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 /0O 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 I/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 ofPx 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 1/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 ~ P4 and a bit for P5. 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 De-bounce Enable Register (PxDB)

PO[7:2], P1[2:1], P1[7:6], P52 and P54 support debounce function. Debounce clocks of each ports arefx/1, fx/4, and
x/4096.
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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 ‘00H’, which makes all pins to normal I/O ports.

9.2.7 Register Map

Name Address Direction Default Description
PO 80H R/W OOH PO Data Register
POIO AlH R/W O0OH PO Direction Register
POPU ACH R/W O0OH PO Pull-up Resistor Selection Register
POOD 91H R/W OOH PO Open-drain Selection Register
PODB DEH R/W OOH PO De-bounce Enable Register
POFSRH D3H R/W O0OH PO Function Selection High Register
POFSRL D2H R/W 00H PO Function Selection Low Register
P1 88H R/W O00H P1 Data Register
P110 B1H R/W O00H P1 Direction Register
P1PU ADH R/W 00H P1 Pull-up Resistor Selection Register
P10OD 92H R/W OOH P1 Open-drain Selection Register
P15DB DFH R/W OOH P1/P5Debounce Enable Register
P1FSRH D5H R/W OOH P1 Function Selection High Register
P1FSRL D4H R/W OOH P1 Function Selection Low Register
P2 90H R/W OOH P2 Data Register
P210 B9H R/W 00H P2 Direction Register
P2PU AEH R/W OOH P2 Pull-up Resistor Selection Register
P20D 93H R/W OOH P2 Open-drain Selection Register
P2FSRH D7H R/W OOH P2 Function Selection High Register
P2FSRL D6H R/W OOH P2 Function Selection Low Register
P3 98H R/W O00H P3 Data Register
P3IO C1H R/W O0OH P3 Direction Register
P3PU AFH R/W 00H P3 Pull-up Resistor Selection Register
P3FSR EEH R/W 00H P3 Function Selection Register
P4 AOH R/W O00H P4 Data Register
P41O C9H R/W 00OH P4 Direction Register
P4PU A3H R/W O00H P4 Pull-up Resistor Selection Register
P40D 94H R/W 00OH P4 Open-drain Selection Register
PAFSR EFH R/W 00OH P4 Function Selection Register
P5 BOH R/W 00H P5 Data Register
P5IO D1H R/W 00H P5 Direction Register
P5PU 95H R/W 00H P5 Pull-up Resistor Selection Register
P5FSR FFH R/W 00H P5 Function Selection Register
Table 9.1 Port Register Map
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9.3 PO Port

9.3.1 PO Port Description

PO is 8-bit I/O port. PO control registers consist of PO data register (PQ), PO direction register (P0IO), debounce
enable register (PODB), 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
| PO7 | P06 | P05 PO4 P03 P2 POL P00
RW RW RW RW RW RW RW RW

Initial value: OOH

PO[7:0] I/0 Data
NOTE)

1. Do not use the “direct bit test and branch” instruction for input port. More detail information is at chapter
17.2 Instructions on how to use the input port.
Example) Avoid direct input port bit test and branch condition as below

if(PO0) — if(PO & 0x01)

POIO (PO Direction Register): A1H

7 6 5 4 3 2 1 0
| pPmo | Peo | PO PO4IO P3O PO20 POLIO POOIO
RAW RAW RW RW RW RAW RW RW
Initial value: O0H
POIO[7:0] PO Data I/O Direction.
0 Input
1 Output
NOTE)

1. EC3/EINTO ~ EINT5 function possible when input

POPU (PO Pull-up Resistor Selection Register): ACH

7 6 5 4 3 2 1 0
poPu | Py | Peru | Pupu | Pmru PO2PU POLPU POOPU
RW RW RW RW RW RW RW RW
Initial value: 00H
POPUI[7:0] Configure Pull-up Resistor of PO Port
0 Disable
1 Enable
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POOD (PO Open-drain Selection Register): 91H
7 6 5 4 3 1 0
| Porob | PeoD | PosoD PO4OD POSOD POLOD POOOD
RW RW RW RW RW RW RW
Initial value: 00H
POODI[7:0] Configure Open-drain of PO Port
0 Push-pull output
1 Open-drain output
PODB (PO De-bounce Enable Register): DEH
7 6 5 4 3 1 0
| pBokt | DBoko | PoDB POGDB POSDB POGDB POZDB
RW RW RW RW RW RW RW
Initial value: OOH
DBCLK][1:0] Configure De-bounce Clock of Port
DBCLK1 DBCLKO Description
0 0 fx/1
0 1 fx/4
1 0 x/4096
1 1 Reserved
PO7DB Configure De-bounce of PO7 Port
0 Disable
1 Enable
P0O6DB Configure De-bounce of P06 Port
0 Disable
1 Enable
PO5DB Configure De-bounce of P05 Port
0 Disable
1 Enable
P04DB Configure De-bounce of P04 Port
0 Disable
1 Enable
PO3DB Configure De-bounce of PO3Port
0 Disable
1 Enable
P02DB Configure De-bounce of P02 Port
0 Disable
1 Enable
NOTE)

If the same level is not detected on enabled pin three or four times in a row at the sampling clock, the

signal is eliminated as noise.

A pulse level should be input for the duration of 3 clock or more to be actually detected as a valid edge.
The port de-bounce is automatically disabled at stop mode and recovered after stop mode release.
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POFSRH (Port 0 Function Selection High Register): D3H

7 6 5 4 3 2 1 0
| _ | _ | PoFSR5 | POFSRH4 | POFSRHB POFSRH2 POFSRHL POFSRHO
_ _ RW RW RW RW RW RW

Initial value: O0H

POFSRH[5:4] P07 Function Select
POFSRH5 POFSRH4 Description

0 0 I/0 Port (EINTS5 function possible when input)
0 1 SEG22 Function

1 0 ANS5 Function

1 1 PWM4CB Function

POFSRH[3:2] P06 Function Select
POFSRH3 POFSRH2 Description

0 0 I/O Port (EINT4 function possible when input)
0 1 SEG23 Function

1 0 AN4 Function

1 1 PWMA4CA Function

POFSRH[1:0] P05 Function Select
POFSRH1 POFSRHO Description

0 0 I/0 Port (EINT3 function possible when input)
0 1 SEG24 Function

1 0 AN3 Function

1 1 PWM4BB Function

65



ABOV Semiconductor Co., Ltd.

MC96F6432S

POFSRL (Port 0 Function Selection Low Register): D2H

7 6 5 4 3 2 1 0
| - | POFSRL6 | POFSRI5 | POFSR4 | POFSRL3 POFSRL2 POFSRLL POFSRLO
- RW RW RW RW RW RW RW

POFSRL[6:5]

POFSRL[4:3]

POFSRL[2:1]

POFSRLO

P04 Function Select

POFSRL6 POFSRL5 Description

0
0
1
1

P03 Function Select
POFSRL4 POFSRL3

0
0
1
1

P02 Function Select
POFSRL2 POFSRL1

0
0
1
1

P01 Function Select
1/0 Port

0
1

0
1
0
1

0
1
0
1

0
1
0
1

I/0 Port(EINT2 function possible when input)
SEG25 Function

AN2 Function

PWM4BA Function

Description

I/O Port(EINT1 function possible when input)
SEG26 Function

AN1 Function

PWMA4AB Function

Description

I/0O Port (EINTO function possible when input)
AVREF Function

ANO Function

T40/PWMA4A Function

T30 Function

Initial value: O0H
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9.4 P1 Port

9.4.1 P1 Port Description

P1 is 8-bit I/O port. P1 control registers consist of P1 data register (P1), P1 direction register (P110), debounce enable
register (P15DB), P1 pull-up resistor selection register (P1PU), andP1 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
| P17 | P16 | P15 P14 P13 P12 P11 P10
RW RW RW RW RW RW RW RW

Initial value: OOH

P1[7:0] I/0 Data

NOTE)

1. Do not use the “direct bit test and branch” instruction for input port. More detail information is at chapter
17.2 Instructions on how to use the input port.
Example) Avoid direct input port bit test and branch condition as below

if(P10) — if(P1 & Ox01)

P1IO (P1 Direction Register): B1H

7 6 5 4 3 2 1 0
| Pmo | Peo | pPiso P1410 P130 P1210 PLLIO P10I0
RW RW RW RW RW RW RW RW
Initial value: 00H
P110[7:0] P1 Data I/O Direction
0 Input
1 Output
NOTE)

1. EINT6/ENINT7/EINT11/EINT12/SS2/EC1 function possible when
input

P1PU (P1 Pull-up Resistor Selection Register): ADH

7 6 5 4 3 2 1 0
| p7ru | Py | PisU | PuPu | PwRU P12PU P11PU P10PU
RAW RAW RW RW RW RAW RW RW
Initial value: OOH
P1PU[7:0] Configure Pull-up Resistor of P1 Port
0 Disable
1 Enable
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P10D (P1 Open-drain Selection Register): 92H
7 6 5 4 3 2 1 0
| pPwoo | pPwoD | PisOD P140D P130D P120D P110D P100D
RW RW RW RW RW RW RW RW
Initial value: 08H
P10ODI[7:0] Configure Open-drain of P1 Port
0 Push-pull output
1 Open-drain output
P15DB (P1/P5 De-bounce Enable Register): DFH
7 6 5 4 3 2 1 0
| - | - P54DB P52DB P17DB P16DB P12DB P11DB
- - RW RW RW RW RW RW
Initial value: O0OH
P54DB Configure De-bounce of P54 Port
0 Disable
1 Enable
P52DB Configure De-bounce of P52 Port
0 Disable
1 Enable
P17DB Configure De-bounce of P17 Port
0 Disable
1 Enable
P16DB Configure De-bounce of P16 Port
0 Disable
1 Enable
P12DB Configure De-bounce of P12 Port
0 Disable
1 Enable
P11DB Configure De-bounce of P11 Port
0 Disable
1 Enable
NOTE)
1. If the same level is not detected on 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 clock or more to be actually detected as a valid edge.
3. The port de-bounce is automatically disabled at stop mode and recovered after stop mode release.
4. Refer to the port 0 de-bounce enable register (PODB) for the de-bounce clock of port 1 and port 5.
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P1FSRH (Port 1 Function Selection High Register): D5H

7 6 5 4 3 2 1 0
| PIFSRH7 | PIFSRH6 | PIFSRHE | PIFSRH4 | PIFSRHB P1FSRH2 P1FSRH1 P1FSRHO
RW RW RW RW RW RW RW RW

Initial value: O0H

P1FSRH[7:6] P17 Function Select
P1FSRH7 P1FSRH6 Description

0 0 I/0 Port(EINT6/SS2 function possible when
input)

0 1 SEG21 Function

1 0 ANG6 Function

1 1 Not used

P1FSRH[5:4] P16 Function Select
P1FSRH5 P1FSRH4 Description

0 0 I/O Port (EINT7 function possible when input)
0 1 SEG20 Function

1 0 AN7 Function

1 1 SCK2 Function

P1FSRH[3:2] P15 Function Select
P1FSRH3 P1FSRH2 Description

0 0 I/O Port

0 1 SEG19 Function
1 0 AN8 Function

1 1 MISO2 Function

P1FSRH[1:0] P14 Function Select
P1FSRH1 POFSRHO Description

0 0 I/O Port

0 1 SEG18 Function
1 0 AN9 Function

1 1 MOSI2 Function
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P1FSRL (Port 1 Function Selection Low Register): D4H
7 6 5 4 3 2 1 0
| PIFSR7 | PIFSR6 | PIFSRIS | PIFSR4 PIFSRL3 PIFSRL2 P1FSRLL P1FSRLO
RW RW RW RW RW RW RW RW
Initial value: OOH
P1FSRL[7:6] P13 Function Select

P1FSRL[5:4]

P1FSRL[3:2]

P1FSRL[1:0]

P1FSRL7 P1FSRL6

0 0
0 1
1 0
1 1

P12Function Select
P1FSRL5 P1FSRL4

0 0
0 1
1 0
1 1

P11 Function Select
P1FSRL3 P1FSRL2

0 0
0 1
1 0
1 1

P10 Function Select
P1FSRL1 P1FSRLO
0 0

0 1
1 0
1 1

Description

I/0 Port(EC1 function possible when input)
SEG17 Function

AN10 Function

BUZO Function

Description

I/O Port(EINT11 function possible when input)
SEG16 Function

AN11 Function

T10/PWM10 Function

Description

I/0 Port(EINT12 function possible when input)
SEG15 Function

AN12 Function

T20/PWM20 Function

Description

I/O Port

SEG14 Function

AN13 Function
RXD1/SCL1/MISO1 Function
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9.5 P2 Port

9.5.1 P2 Port Description

P2 is 8-hit I/O port. P2 control registers consist of P2 data register (P2), P2 direction register (P210), P2 pull-up resistor
selection register (P2PU) andP2 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 | px P24 P23 P22 P21 P20
RV R RW RW RW R RW RW

Initial value: OOH

P2[7:0] I/0 Data

NOTE)

1. Do not use the “direct bit test and branch” instruction for input port. More detail information is at chapter
17.2 Instructions on how to use the input port.
Example) Avoid direct input port bit test and branch condition as below

if(P20) — if(P2 & Ox01)

P210 (P2 Direction Register): BOH

7 6 5 4 3 2 1 0
| pPmo | Peo | pPxo P2410 P230 P2210 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)

1. SS1 function possible when input
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P2PU (P2 Pull-up Resistor Selection Register): AEH
7 6 5 4 3 2 1 0
| Paru PPU |  P2sPU P4PU | P2spU P22PU P21PU P20PU
RW RW RW RW RW RW RW RW
Initial value: 00H
P2PU[7:0] Configure Pull-up Resistor of P2 Port
0 Disable
1 Enable
P20D (P2 Open-drain Selection Register): 93H
7 6 5 4 3 2 1 0
| pP270D P260D | P250D P240D P230D P220D P210D P200D
RW RW RW RW RW RW RW RW
Initial value: O0OH
P20D[7:0] Configure Open-drain of P2 Port
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P2FSRH (Port 2 Function Selection High Register): D7H

7 6 5 4 3 2 1 0
| - - - - | Porsmes P2FSRH2 P2FSRHL P2FSRHO
- - - - RW RW RW RW
Initial value: 00H
P2FSRH3 P27 Function select
0 I/O Port
1 SEG6 Function
P2FSRH2 P26 Function Select
0 I/O Port
1 SEG?7 Function
P2FSRH1 P25 Function select
0 I/O Port
1 SEGS8 Function
P2FSRHO P24 Function Select
0 I/O Port
1 SEG9 Function

P2FSRL (Port 2 Function Selection Low Register): D6H

7 6 5 4 3 2 1 0
| - | - PFSRL5 | P2FSR4 | P2FSRL3 P2FSRL2 P2FSRLL P2FSRLO
- - RW RW RW RW RW RW
Initial value: O0OH
P2FSRL5 P23 Function Select
0 I/0 Port
1 SEG10 Function
P2FSRL4 P22Function Select
0 1/0 Port(SS1 function possible when input)
1 SEG11 Function

P2FSRL[3:2] P21 Function Select
P2FSRL3 P2FSRL2 Description

0 0 I/O Port

0 1 SEG12 Function
1 0 AN15 Function
1 1 SCK1 Function

P2FSRL[1:0] P20 Function Select
P2FSRL1 P1FSRLO Description

0 0 I/O Port

0 1 SEG13 Function

1 0 AN14 Function

1 1 TXD1/SDA1/MOSI1 Function
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9.6 P3 Port

9.6.1 P3 Port Description

P3 is 8-hit I/O port. P3 control registers consist of P3 data register (P3), P3 direction register (P310) and P3 pull-up

resistor selection register (P3PU). Refer to the port function selection registers for the P3 function selection.

9.6.2 Register description for P3

P3 (P3 Data Register): 98H

1.

7 6 5 4 3 2 1 0
| p7 | P | P> P34 P P32 P3L P30
RW RW RW RW RW RW RW RW
Initial value: O0OH
P3[7:0] I/O Data
NOTE)

Do not use the “direct bit test and branch” instruction for input port. More detail information is at chapter
17.2 Instructions on how to use the input port.

Example) Avoid direct input port bit test and branch condition as below

if(P30) — if(P3 & Ox01)

P310 (P3 Direction Register): C1H

0
1

Disable
Enable

7 6 5 4 3 2 1 0
| Pmo | pPwo | pPm0 P340 P30 P3210 P3LI0 P30I0
RW RW RW RW RW RW RW RW
Initial value: 00H
P3I10[7:0] P3 Data I/O Direction
0 Input
1 Output
P3PU (P3 Pull-up Resistor Selection Register): AFH
7 6 5 4 3 2 1 0
| pau | Pwu | PmU | Paru Pa3PU PR2PU PaIPU PaOPU
RW RW RW RW RW RW RW RW
Initial value: 00H
P3PU[7:0] Configure Pull-up Resistor of P3 Port
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P3FSR (Port 3 Function Selection Register): EEH

7 6 5 4 3 2 1 0
| PSR | ParsRe PSFSRE |  P3FSR4 P3FSR3 P3FSR2 P3FSRL P3FSRO
RW RW RW RW RW RW RW RW
Initial value: OOH
P3FSR7 P37 Function select
0 I/O Port
1 COMO Function
P3FSR6 P36 Function Select
0 I/O Port
1 COM1 Function
P3FSR5 P35 Function select
0 I/O Port
1 COM2/SEGO Function
P3FSR4 P34 Function Select
0 I/O Port
1 COMB3/SEGL1 Function
P3FSR3 P33 Function select
0 I/O Port
1 COM4/SEG2 or COMO Function
P3FSR2 P32 Function Select
0 I/O Port
1 COMS5/SEG3 or COM1 Function
P3FSR1 P31 Function select
0 I/O Port
1 COMG6/SEG4 or COM2/SEG4 Function
P3FSRO P30 Function Select
0 I/0 Port
1 COM7/SEG5 or COM3/SEG5 Function
NOTE)

1. The P30-P35 is automatically configured as common or segment signal according to the duty in the
LCDCRL register when the pin is selected as the sub-function for common/segment.

2. The COMO0O-COMS3 signals can be outputted through the P33-P30 pins. Refer to the LCD drive control

high register (LCDCRH).
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9.7 P4 Port

9.7.1 P4 Port Description

P4 is 4-bit I/O port. P4 control registers consist of P4 data register (P4), P4 direction register (P410), P4 pull-up resistor
selection register (P4PU) andP4 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
| - | - | - - P43 P42 P41 P40
Z _ _ _ RW RW RW RW

Initial value: OOH

P4[3:0] I/0 Data

1. Do not use the “direct bit test and branch” instruction for input port. More detail information is at chapter
17.2 Instructions on how to use the input port.
Example) Avoid direct input port bit test and branch condition as below

if(P40) — if(P4 & Ox01)

P410 (P4 Direction Register): CO9H

7 6 5 4 3 2 1 0
| - | - | - - P430 P4200 P4110 P40I0
- - - - RW RW RW RW
Initial value: 00H
P410[3:0] P4 Data I/O Direction
0 Input
1 Output
NOTE)

1. SS0 function possible when input

P4PU (P4 Pull-up Resistor Selection Register): A3H

7 6 5 4 3 2 1 0
| - | - | - | - | Paru P42PU P41PU PAO0PU
- - - - RW RW RW RW
Initial value: 00H
P4PU[3:0] Configure Pull-up Resistor of P4 Port
0 Disable
1 Enable
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P40D (P4 Open-drain Selection Register): 94H

7 6 5 4 3 2 1 0
| — | - | - | - P430D P420D P410D P40OD
- _ B ~ —y ~— — —
Initial value: 00OH
P40D[3:0] Configure Open-drain of P4 Port

0 Push-pull output
1 Open-drain output

PAFSR (Port 4 Function Selection Register): EFH

7 6 5 4 3 2 1 0
| - |  Parsre PAFSR5 |  PAFSR4 PAFSR3 PAFSR2 P4FSRL PAFSRO
- RW RW RW RW RW RW RW
Initial value: O0OH
PAFSR6 P43 Function Select
0 I/0O Port(SSO function possible when input)
1 VLCO Function
PAFSR[5:4] P42 Function Select
PAFSR5 P4FSR4 Description
0 0 1/0 Port
0 1 VLC1 Function
1 0 SCKO Function
1 1 Not used
PAFSR[3:2] P41 Function Select
PAFSR3 P4FSR2 Description
0 0 1/0O Port
0 1 VLC2 Function
1 0 TXDO/SDAO/MOSIO Function
1 1 Not used
PAFSR6[1:0] P40 Function Select
PAFSR1 P4FSRO Description
0 0 1/0 Port
0 1 VLC3 Function
1 0 RXDO0/SCLO/MISOO0 Function
1 1 Not used
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0.8 P5 Port

9.8.1 PS5 Port Description

P5 is 6-bit I/0O port. P5 control registers consist of P5 data register (P5), P5 direction register (P510) andP5 pull-up

resistor selection register (P5PU) . 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
| - | - | P55 P54 P53 P52 P51 P50
_ _ RW RW RW RW RW RW

Initial value: O0H

P5[5:0] I/O Data

NOTE)

1. Do not use the “direct bit test and branch” instruction for input port. More detail information is at chapter
17.2 Instructions on how to use the input port.
Example) Avoid direct input port bit test and branch condition as below

if(P50) — if(P5 & 0x01)

P510O (P5 Direction Register): D1H

7 6 5 4 3 2 1 0
| - | - |  Pso PS40 PS30 P52I0 P5100 P00
- - RW RW RW RW RW RW
Initial value: OOH
P5IO[5:0] P5 Data I/O Direction
0 Input
1 Output
NOTE)

1. ECO/EINT8/EINT10/BLNK function possible when input

P5PU (P5 Pull-up Resistor Selection Register): 95H

7 6 5 4 3 2 1 0
| - | - | e | Pau | Psru PS2PU P51PU PSOPU
- - RW RW RW RW RW RW
Initial value: O0OH
P5PUI[5:0] Configure Pull-up Resistor of P5 Port
0 Disable
1 Enable
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P5FSR (Port 5 Function Selection Register): FFH

7 6 5 4 3 2 1 0
| - | - PSFSRE |  PSFSR4 PSFSR3 PSFSR2 PSFSR1 PSFSRO
- - RW RW RW RW RW RW
Initial value: OOH
P5FSR5 P54 Function Select
0 I/0 Port(EINT10 function possible when input)
1 SXOUT Function

P5FSR[4:3] P53 Function Select
P5FSR4 P5FSR3 Description

0 0 1/0O Port
0 1 SXIN Function
1 0 TOO/PWMOO Function
1 1 Not used
P5FSR2 P51 Function Select
0 I/O Port
1 XIN Function

P5FSR[1:0] P50 Function Select
P5FSR1 P5FSRO Description

0 0 1/0 Port

0 1 XOUT Function
1 0 Not used

1 1 Not used

NOTE)
1. Refer to the configure option for the P55/RESETB.
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10 Interrupt Controller

10.1 Overview

The MC96F6432S supports up to 23 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 23 interrupt source

— 6 group priority

— 4 priority levels

— Multi Interrupt possibility

— If the requests of different priority levels are received simultaneously, the request of higher prioritylevel is

served first.
— Each interrupt source can be controlled by EA bit and each IEx bit

— Interrupt latency: 3~9 machinecycles 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, and 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 MC96F6432S supports a four-level priority scheme. Each maskable interrupt is individually
assigned to one of four priority levels according to IP and IP1.

Default interrupt mode is level-trigger mode basically, but if needed, it is possible to change to edge-trigger mode.
Table 10-1 shows the Interrupt Group Priority Level that is available for sharing interrupt priority. 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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Interrupt Highest Lowest

Group >

0 (Bit0) Interrupt O Interrupt 6 Interrupt 12 Interrupt 18 Highest
1 (Bitl) Interrupt 1 Interrupt 7 Interrupt 13 Interrupt 19

2 (Bit2) Interrupt 2 Interrupt 8 Interrupt 14 Interrupt 20

3 (Bit3) Interrupt 3 Interrupt 9 Interrupt 15 Interrupt 21

4 (Bit4) Interrupt 4 Interrupt 10 Interrupt 16 Interrupt 22

5 (Bit5) Interrupt 5 Interrupt 11 Interrupt 17 Interrupt 23 v Lowest

Table 10.1 Interrupt Group Priority Level
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10.2 External Interrupt

The external interrupt on INTO, INT1, INT5, INT6 and INT11 pins receivevarious interrupt request depending on the
external interrupt polarity 0 high/low register (EIPOLOH/L) and external interrupt polarity 1 register (EIPOL1) as shown
in Figure 10.1. Also each external interrupt source has enable/disable bits.The External interrupt flag O register

(EIFLAGO) and external interrupt flag 1 register 1 (EIFLAGL) provides the status of external interrupts.

EINTSPin [ |——»

2

FLAGS8 INT6 Interrupt

EINT10 Pin [ ] FLAG10 INTO Interrupt

EINT11 Pin D

FLAG11 INT1 Interrupt

EINT12 Pin [ ] FLAG12 INT11 Interrupt

SN ErRNEEERE

EIPOL1 |

EINTOPin [ |——»
EINTLPin [ - E X
ent2pin [ HE E

ENT3Pin [ ;

2 > INTS Interrupt

EINTAPin [ ] >

EINTS Pin [ ] - ; —»{FLAGS5]

EINT6 Pin [ ] ’ : 7AN
EINT7Pin ] >

| EIPOLOH,EPOLOL |
Figure 10.1 External Interrupt Description
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10.3 Block Diagram

EIPOL1
EIFLAGL.1

EINT10 [ H FLAG10
EIFLAG1.2
EINT1L [ H FLAGLL
USI1 12C

USI1 Rx [

x
S
bR

USI1 Tx

EINTO[ H
EINTL[ H EIFLAGOL
E|NT2|:|— EIFLAGO.2
EINT3[ H
EINT4[ H
EINTS[
EINT6[ HX L

EINT7[ H

X

FLAG6 EIFLAGO0.6
FLAG7 EIFLAGO.7

X
EINTS D—ﬁ

usio 12C

USIO Rx

USIO Tx

EIFLAG1.3

FLAG12

g
EINT12 g
I

EIPOL1

Timer O overflow:

Timer O

Timer 1

Timer 2

Timer 3

Timer 4

ADC

SPI2

WT

WDT

BIT

10

11

12

13

14

10

11

12

13

14

10

11

12

13

14

10

11

12

13

14

Priority High

Level O
Level 1
Level 2
Level 3 Release

Stop/Sleep

Priority Low

Figure 10.2
NOTE)

Block Diagram of Interrupt

1. The release signal for stop/idle mode may be generated by all interrupt sources which are enabled

without reference to the priority level.

2. Aninterrupt request is delayed while data are written to IE, IE1, IE2, IE3, IP, IP1, 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.

Interrupt Source Symbol éﬂ;%rlrggtit Priority Mask Vector Address
Hardware Reset RESETB - 0 Non-Maskable 0000H
External Interrupt 10 INTO IE.O 1 Maskable 0003H
External Interrupt 11 INT1 IE.1 2 Maskable 000BH
USI1 12C Interrupt INT2 IE.2 3 Maskable 0013H
USI1 Rx Interrupt INT3 IE.3 4 Maskable 001BH
USI1 Tx Interrupt INT4 IE.4 5 Maskable 0023H
External Interrupt O - 7 INT5S IE.5 6 Maskable 002BH
External Interrupt 8 INT6 IE1.0 7 Maskable 0033H
- INT7 IE1.1 8 Maskable 003BH
USIO I12C Interrupt INT8 IE1.2 9 Maskable 0043H
USIO Rx Interrupt INT9 IE1.3 10 Maskable 004BH
USIO Tx Interrupt INT10 IE1.4 11 Maskable 0053H
External Interrupt 12 INT11 IE1.5 12 Maskable 005BH
TO Overflow Interrupt INT12 IE2.0 13 Maskable 0063H
TO Match Interrupt INT13 IE2.1 14 Maskable 006BH
T1 Match Interrupt INT14 IE2.2 15 Maskable 0073H
T2 Match Interrupt INT15 IE2.3 16 Maskable 007BH
T3 Match Interrupt INT16 IE2.4 17 Maskable 0083H
T4 Interrupt INT17 IE2.5 18 Maskable 008BH
ADC Interrupt INT18 IE3.0 19 Maskable 0093H
SPI 2 Interrupt INT19 IE3.1 20 Maskable 009BH
WT Interrupt INT20 IE3.2 21 Maskable 00A3H
WDT Interrupt INT21 IE3.3 22 Maskable 00ABH
BIT Interrupt INT22 IE3.4 23 Maskable 00B3H
- INT23 IE3.5 24 Maskable 00BBH

Table 10.2 Interrupt Vector Address Table

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

B B B 0

IE.EA Flag <0

A 4

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

v

Return from ISR
RETI

v

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

A 4

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

A 4

IE.EAFlag <1

\4

Main Program execution

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

Figure 10.3 Interrupt Sequence Flow

85



ABOV Semiconductor Co., Ltd.

MC96F6432S

10.6 Effective Timing after Controlling Interrupt Bit

Case a) Control Interrupt Enable Register (IE, IE1, IE2, IE3)

Interrupt Enable Register
command

<
<

Next Instruction

Next Instruction

v

After executing I|E 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

After executing next instruction,

P
«

Next Instruction

v

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_’
Occur
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
priorityoccur at the same time, the higher level interrupt will be served first. An interrupt cannot be interrupted by
another interrupt ofthe 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 —p.|]g——— 4 Machine Cycle —p]
System
O e I |_] |_|
\\ .......
A ASY
Interrupt T
goes
i - N
Active Interrupt h'd Y~
Latched Interrupt Processing Interrupt Routine
: LCALL & LIMP
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 e ————
. Saving
Register
Interrupt Processing:
POP ACC Res;oring
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 C1P1 C1P2 C2P1 C2pP2
/

A A \ A

SCLK

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL l

INT_VEC X 8-bit interrupt Vector >

PROGA >< {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)
1. command cycle CLPx: L=Last cycle, 1=15t cycle or 15t phase, 2=2"d cycle or 2" phase

10.12 Interrupt Register Overview

10.12.1 Interrupt Enable Register (IE, IE1, 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 (IP, IP1)

The 24 interrupts are divided into 6 groups which haveeach 4 interrupt sources. A group can be assigned 4 levels
interrupt priority using interrupt priority register. Level 3 is the highest priority, while level 0 is the lowest priority. After a

reset IP and IP1 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)

The external interrupt flag O register (EIFLAGO) and external interrupt flag 1 register (EIFLAG1) areset 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 (EIPOLOL, EIPOLOH, EIPOL1)

The external interrupt polarityO high/low register (EIPOLOH/L) and external interrupt polarityl register

(EIPOL1)determines which type of rising/falling/both edge interrupt. Initially, default value is no interrupt at any edge.

10.12.5 Register Map

Name Address Direction Default Description
IE A8H R/W OOH Interrupt Enable Register
IE1 A9H R/W OOH Interrupt Enable Register 1
IE2 AAH R/W OOH Interrupt Enable Register 2
IE3 ABH R/W OOH Interrupt Enable Register 3
IP B8H R/W OOH Interrupt PriorityRegister
IP1 F8H R/W OOH Interrupt PriorityRegister 1
EIFLAGO COH R/W OOH External Interrupt Flag O Register
EIPOLOL A4H R/W OOH External Interrupt Polarity O Low Register
EIPOLOH A5H R/W 00H External Interrupt Polarity O High Register
EIFLAG1 A6H R/W 00H External Interrupt Flag 1 Register
EIPOL1 A7TH R/W 00H External Interrupt Polarity 1 Register
Table 10.3 Interrupt Register Map

10.12.6 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) andexternal interrupt polarity 1 register(EIPOL1).
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10.12.7 Register Description for Interrupt

IE (Interrupt Enable Register): A8H

7 6 5 4 3 2 1 0
| EA - N INT4E INT3E INT2E INTLE INTOE
RW - RW RW RW RW RW RW
Initial value: 00H
EA Enable or Disable All Interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INTSE Enable or Disable External Interrupt 0 ~ 7 (EINTO ~ EINT7)
0 Disable
1 Enable
INT4E Enable or Disable USI1 Tx Interrupt
0 Disable
1 Enable
INT3E Enable or Disable USI1 Rx Interrupt
0 Disable
1 Enable
INT2E Enable or Disable USI1 12C Interrupt
0 Disable
1 Enable
INT1E Enable or Disable External Interrupt 11(EINT11)
0 Disable
1 Enable
INTOE Enable or Disable External Interrupt 10 (EINT10)
0 Disable
1 Enable
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IE1 (Interrupt Enable Register 1): A9H

7 6 5 4 3 2 0
| - | - INTLE | INTI0E INTE |  INTEE INTBE
- - RW RW RW RW RW
Initial value: 00H
INT11E Enable or Disable External Interrupt 12 (EINT12)
0 Disable
1 Enable
INT10E Enable or Disable USIOTx Interrupt
0 Disable
1 Enable
INTOE Enable or Disable USIO Rx Interrupt
0 Disable
1 Enable
INT8E Enable or Disable USIO 12C Interrupt
0 Disable
1 Enable
INT6E Enable or Disable External Interrupt 8 (EINT8)

0 Disable
1 Enable
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IE2 (Interrupt Enable Register 2): AAH

7 6 5 4 3 2 1 0
| — | - G INT16E INT15E INT14E INT13E INT12E
- - RW RW RW RW RW RW
Initial value: O0H
INT17E Enable or Disable Timer 4 Interrupt

INT16E

INT15E

INT14E

INT13E

INT12E

0 Disable

1 Enable

Enable or Disable Timer 3 Match Interrupt
0 Disable

1 Enable

Enable or Disable Timer 2 Match Interrupt
0 Disable

1 Enable

Enable or Disable Timer 1 Match Interrupt
0 Disable

1 Enable

Enable or Disable Timer 0 Match Interrupt
0 Disable

1 Enable

Enable or Disable Timer 0 Overflow Interrupt
0 Disable

1 Enable

IE3 (Interrupt Enable Register 3): ABH

7 6 5 4 3 2 1 0
| - | - - | T2 INT21E INT20E INTI9E INT18E
- - - RW RW RW RW RW
Initial value :00H
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 Interrupt
0 Disable
1 Enable
INT19E Enable or Disable SPI 2 Interrupt
0 Disable
1 Enable
INT18E Enable or Disable ADC Interrupt
0 Disable
1 Enable
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IP (Interrupt Priority Register): B8H

7 6 5 4 3 2 1 0
| - - | IP5 P4 P3 P2 P1 PO
- - RW RW RW RW RW RW
Initial value :00H
IP1 (Interrupt Priority Register 1): F8H
7 6 5 4 3 2 1 0
| - | - EE P14 P13 P12 P11 P10
- - RW RW RW RW RW RW
Initial value :00H
IP[5:0], Select Interrupt Group Priority
IP1[5:0] IP1x  IPx 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 Flag0 Register): COH

7 6 5 4 3 2 1 0
AAGT | RAG | RAG | A FLAG3 FLAG2 FLAGL FLAGO
RW RW RW RW RW RW RW RW

Initial value :00H

EIFLAGO[7:0] When an External Interrupt 0-7 is occurred, the flag becomes ‘1’.The flag is cleared
only by writing ‘0’ to the bhit. So, the flag should be cleared by software.
0 External InterruptO ~ 7 not occurred
1 External InterruptO ~ 7 occurred
NOTE)
1. Do not use the “direct bit test and branch” instruction for input port. More detail information is at chapter

17.2 Instructions on how to use the input port.
Example) Avoid direct input port bit test and branch condition as below

if(FLAGO) — if(EIFLAGO & 0x01)

EIPOLOH (External Interrupt Polarity OHigh Register): A5H

7 6 5 4 3 2 1 0
POL7 | POL6 | POL5 | POL4
RW RW RW RW RW RW RW RW
Initial value: O0OH

EIPOLOH[7:0] External interrupt (EINT7, EINT6, EINT5, 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 OLow Register): A4H

7 6 5 4 3 2 1 0
POL3 | POL2 | POLL | POLO
RW RW RW RW RW RW RW RW
Initial value: OOH

EIPOLOL[7:0] External interrupt (EINTO, EINT1, EINT2, EINT3) 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): A6H

7 6 5 4 3 2 1 0
TOOVFRR |  TORR TIFR | - FLAGL2 FLAG1L FLAGIO FLAGS
RW RW RW - RW RW RW RW
Initial value :00H

TOOVIFR When TO overflow interrupt occurs, this bit becomes ‘1’. For clearing bit, write'0’ to
this bit or automatically clear by INT_ACK signal. Writing “1” has no effect.
0 TO overflow Interrupt no generation
1 TO overflow Interrupt generation

TOIFR When TO interrupt occurs, this bit becomes ‘1. For clearing bit, write ‘0’ to this bit or
automatically clear by INT_ACK signal. Writing “1” has no effect.
0 TO Interrupt no generation
1 TO Interrupt  generation

T3IFR When T3 interrupt occurs, this bit becomes “1’. For clearing bit, write ‘0’ to this bit or
automatically clear by INT_ACK signal. Writing “1” has no effect.
0 T3 Interrupt no generation
1 T3 Interrupt generation

EIFLAG1[3:0] When an External Interrupt (EINT8, EINT10-EINT12) is occurred, the flag becomes
‘1. The flag is cleared by writing ‘0’ to the bit or automatically cleared by INT_ACK
signal. Writing “1” has no effect.

0 External Interrupt not occurred
1 External Interrupt occurred

EIPOL1 (External Interrupt Polarity 1 Register): A7H

7 6 5 4 3 2 1 0
| POL12 | POL11 | POL10 | POL8

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

EIPOL1[7:0] External interrupt (EINT8,EINT10,EINT11,EINT12) 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 =8, 10, 11 and 12
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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 1IMHz INT-RC

Oscillator and the default division rate is eight. In order to stabilize system internally, it is used 1MHz INT-RC oscillator

on POR.

— Calibrated Internal RC Oscillator (16MHz )

INT-RC OSC/1 (16MHz)

INT-RC OSC/2 (8MHz)

INT-RC OSC/4 (4MHz)

INT-RC OSC/8 (2MHz)

INT-RC OSC/16 (1MHz, Default system clock)
INT-RC OSC/32 (0.5MHz)

— Main Crystal Oscillator (0.4~12MHz)
—  SubCrystal Oscillator (32.768kHz)
— Internal WDTRC Oscillator (5kHz)
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11.1.2 Block Diagram

XIN |—
Main OSC L
XouT [}
STOP Mode j:)_T IRCS[2:0]
XCLKE i 3 fx S
n ystem
n » ClockGen, [ » SCLK
|-
12 o Clock A (ClgreA, iystch,
/4 | M Change eripheral)
Internal RC OSC 1/ » U LiRe
1/32 > Stabilization Time
> BITCK[1:0] Generation
STOP Mode ﬁ:}i i ) BIfT
IRCE /4096 OVerioW  \WbT clock
— fx/1024 .I M| BIT clock l
SN Sub OSC fsus fx/128 U BIT »
sxouT [ ! g ——P x wDT
fx/16
—P»

xXCcZ

STOP Mode 12
SCLKE v

) WDTRC OSC
SCLK[1:0 _-_>
wWT -0l (5kHz) 256

WDTCK

Figure 11.1 Clock Generator Block Diagram
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11.1.3 Register Map

Name Address Direction Default Description
SCCR 8AH R/W O00OH System and Clock Control Register
OSCCR C8H R/W 20H Oscillator Control Register
Table 11.1 Clock Generator Register Map

11.1.4 Clock Generator Register Description

The clock generatorregister 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 4

SCLK [1:0] System Clock Selection Bit
SCLK1 SCLKO Description

2 1 0
- SCLK1 SCLKO
- RW RW

Initial value: OOH

0 0 INT RC OSC (firc) for system clock

0 1 External Main OSC (fxin) for system clock
1 0 External Sub OSC (fsus) for system clock
1 1 Not used
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OSCCR (Oscillator Control Register): C8H
7 6 5 4 3 2 1 0
| - | - | Rre2 | 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 (2MHz)
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 MC96F6432S 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 MC96F6432S 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

A A 4

selected bit

8-Bit Up Counter overflow To interrupt
BIT Clock ———p| BITCNT BITIFR F—p block
4 Tclear
clear
INT_ACK
RESET n _
STOP :[>—> BCLR WDT

Figure 11.2 Basic Interval Timer Block Diagram

11.2.3 Register Map

Name Address Direction Default Description
BITCNT 8CH R OOH Basic Interval Timer Counter Register
BITCR 8BH R/W 01H Basic Interval Timer Control Register
Table 11.2 Basic Interval Timer Register Map
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11.2.4 Basic Interval Timer Register Description

The basicinterval 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
| Bmon7 | Bmonte | BTONTs | BTON4 | BTONT3 BITCNT2 BITCNTL BITCNTO
R R R R R R R R
Initial value: OOH
BITCNT[7:0] BIT Counter

BITCR (Basic Interval Timer Control Register): 8BH

7 6 5 4 3 2 1 0
| BmR | BT BTCKO | - | 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
BITCKI[1:0] Select BIT clock source
BITCK1 BITCKO Description
0 0 fx/4096
0 1 fx/1024
1 0 x/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
BCKJ[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)

P PP P OO OO
B PO OFR PR OO
B OFr OFR OFrR 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 CPUreset 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 ‘O’ 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><1><2
/\
Counter Clear
WDTDR[7:0] n 3
WDTCL
Occur Match
WDTIFR WDTDR € 0000_0011b atc
Detect
Interrupt
WDTRESETB RESET

Figure 11.3 Watch Dog Timer Interrupt Timing Waveform
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11.3.3 Block Diagram

WDT Clock ———p> clear ) To RESET
WDTCNT 4—<] < > Circuit
WDTEN
C C
:| > Q I_,
To interrupt
WDTDR Tclear
INT_ACK
WDTCL WDTRSON
WDTCR
Figure 11.4 Watch Dog Timer Block Diagram
11.3.4 Register Map
Name Address Direction Default Description
WDTCNT 8EH R OOH Watch Dog Timer Counter Register
WDTDR 8EH w FFH Watch Dog Timer Data Register
WDTCR 8DH R/W OOH Watch Dog Timer Control Register
Table 11.3 Watch Dog Timer Register Map

11.3.5 Watch Dog Timer Register Description

The watch dog timer register consists of watch dog timer counter register (WDTCNT), watch dog timer dataregister
(WDTDR) and watch dog timer controlregister (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 | WDTONT3 WDTCNT2 WDTCNT 1 WDTCNTO
R R R R R R R R

Initial value: O0H

WDTCNT[7:0] WDT Counter

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

7 6 5 4 3 2 1 0
| womrr | womRe | WDTDRS 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)
1. Do not write “0” in the WDTDR register.

WDTCR (Watch Dog Timer Control Register): 8DH

7 6 5 4 3 2 1 0
| woEen | wotrson wotcL | - - - WDTCK WDTIFR
RW RW RW - - - RW RW
Initial value: OOH
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

105



ABOV Semiconductor Co., Ltd.

MC96F6432S

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
Even if CPU is STOP mode, sub clock is able to be so alive that WT can

WT, clear the WTEN bit in WTCR register.

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.

The watch timer supplies the clock frequency for the LCD driver (fiep). Therefore, if the watch timer is disabled, the

LCD driver controller does not operate.

11.4.2 Block Diagram

™

fsug ——p»

fx/64_,,

xXCcZ

fwex/2
B

fwek 14Bit
Binary Counter v

x/128 »

x/256 »

|~(D—n>nmﬂ)ﬂ'0|

£

. Clear
Timer counter

match

Comparator

fwek /2"

Yvyy

fwok/2”

[

WTCR | WTEN | - | - | WTIFR | WTIN1 | WTINO |WTCK1|WTCKO|

U N

Reload

Match
WTCL

p fLcp=1024Hz

Match
WTCL

fwek/(2*X(7 bit WTDR Value +1))

WTIFR

|—p Tointerrupt
block

Clear T

INT_ACK

WTDR
Write case

—>| WTCL |WTDR6 |WTDR5 |WTDR4 | WTDR3 | WTDR2 | WTDR1 | WTDRO|

WTCNT

Read case |

- |WTCNT6 |WTCNT5 |WTCNT4|WTCNT3 |WTCNT2|WTCNT1|WTCNTO|

Figure 11.5 Watch Timer Block Diagram
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11.4.3 Register Map

Name Address Direction Default Description
WTCNT 89H R O00H Watch Timer Counter Register
WTDR 89H w 7FH Watch Timer Data Register
WTCR 96H R/W O00H Watch Timer Control Register
Table 11.4 Watch Timer Register Map

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 controlregister (WTCR). ASWTCR is 6-bit writable/ readable register, WTCR can control the clock source
(WTCK][21:0]), 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

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

7 6 2 1 0
| - | wrente | wronts | wiont4 | wrents WTCNT 2 WTCNT 1 WTCNTO
- R R R R
Initial value: 00H
WTCNT[6:0] WT Counter

7 6 2 1 0
| wia | wmrse WIDR5 | REE WTDR2 WTDR1 WTDRO
RW 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/(2714 x(7bit WTDR Value+1))

NOTE)

Do not write “0” in the WTDR register.
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WTCR (Watch Timer Control Register): 96H

AonNPE

7 6 5 4 3 2 1 0
| wmen | - - | wir WTINL WTINO WTCKL WTCKO
RW - - RW RW RW RW RW
Initial value: 00H
WTEN Control Watch Timer
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 INT_ACK signal. 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/2/\7
0 1 fwek/2°13
1 0 fwek/2°14
1 1 fwek/(2714 x (7bit WTDR Value+1))
WTCK]J1:0] Determine Source Clock
WTCK1 WTCKO Description
0 0 fsus
0 1 x/256
1 0 x/128
1 1 fx/64
NOTE)

fx— System clock frequency (Where fx= 4.19MHz)
fsuse— Sub clock oscillator frequency (32.768kHz)
fwek— Selected Watch timer clock
fLeo — LCD frequency (Where fx= 4.19MHz, WTCK][1:0]="10’; f.co= 1024Hz)
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11.5 Timer O

11.5.1 Overview

The 8-hit timer 0 consists of multiplexer, timer 0 counter register, timer 0 data register, timer O capture data register and
timer O control register (TOCNT, TODR, TOCDR, TOCR).

It has three operating modes:
—  8-bit timer/counter mode
—  8-bit PWM output mode

—  8-bit capture mode

The timer/counter 0 can be clocked by an internal or an external clock source (ECO0). The clock source is selected by
clock selection logic which is controlled by the clock selection bits (TOCK][2:0]).

— TIMERO clock source: fx/2, 4, 8, 32, 128, 512, 2048 and ECO

In the capture mode, by EINT10, the data is captured into input capture data register (TOCDR). In timer/counter mode,
whenever counter value is equal to TODR, TOO port toggles. Also the timer O outputsPWM waveform through
PWMOOport in the PWM mode.

TOEN TOMSJ[1:0] TOCK][2:0] Timer O
1 00 XXX 8-bit Timer/Counter Mode
1 01 XXX 8-bit PWM Mode
1 1X XXX 8-bit Capture Mode

Table 11.5 Timer 0 Operating Modes

109



ABOV Semiconductor Co., Ltd. MC96F6432S

11.5.2 8-bit Timer/Counter Mode

The 8-hit 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 can use the input clock with one of 2, 4, 8, 32, 128, 512 and 2048 prescaler division rates (TOCK][2:0]). When
the value of TOCNT and TODR is identical in timer O, a match signal is generated and the interrupt of Timer O
occurs. TOCNT value is automatically cleared by match signal. It can be also cleared by software (TOCC).

The external clock (ECO) counts up the timer at the rising edge. If the ECO is selected as a clock source by TOCK[2:0],
ECO port should be set to the input port by P52I0 bit.

ADDRESS : B2H
TOCR |TEN| - |TM1|TM |T K2|T Kl|TK|T |
oc 0 oMS omMS0 oc oc ocko oce INITIAL VALUE: 0000_0000B

1 - 0 0 X X X X

Clear Match signal
X2 _,,
| fx/4 8-bit Timer 0 Counter

o TOCNT(8Bit) INT_ACK

TOCC

=4

X
L
xXC=Z

x/32 >

X —» l Clear
fx/128 >

fx/512 Match ;
—XR2s ) TOEN :t To interrupt
[>—> MUX TOFR ——— O

x/2048
74

ECO \
P
r
e
S
C
a
[
e
r

Comparator

3 2

TODR(8Bit)
TOCK([2:0] TOMS[1:0]
8-bit Timer 0 Data Register

{7] Too/rPwmoo

Figure 11.6 8-bit Timer/Counter Mode for Timer O

Match with TODR
A
n
TOCNT
Value n-1
n-2 .
Count Pulse Period
/ Pcp
Up-count 6 _>| '4—
/ -
4
3
2
1
0
Interrupt Period TIME
=Pcp x (n+1)
4 \ 4
Timer O
(TOIFR)
Interrupt Occur Occur Occur
Interrunt Interrunt Interrunt

Figure 11.7 8-bit Timer/Counter 0 Example
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11.5.3 8-bit PWM Mode

The timer 0 has a high speed PWM (Pulse Width Modulation) function. In PWM mode, TOO/PWMO0O pin outputs up
to 8-bit resolution PWM output. This pin should be configured as a PWM output by setting the TOO/PWMOO function
by P5FSR[4:3] bits. In the 8-bit timer/counter mode, a match signal is generated when the counter value is identical to
the value of TODR. When the value of TOCNT and TODR is identical in timer O, a match signal is generated and the
interrupt of timer O 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 O overflow interrupt is generated

whenever a counter overflow occurs. TOCNT value is cleared by software (TOCC) bit.

ADDRESS : B2H

TR|TEN| - |TM1|TM |T K2|T Kl|TK|T
oc 0 oms omMS0 oc oc ocko oce INITIAL VALUE: 0000_0000B
1 - 0 1 X X X X
INT_ACK

l Clear
To interrupt

—» | TOOVIFR ——» block

EG: Match signal
x/2 >
TOCC

fx/4 > 8-bit Timer 0 Counter

— TOCNT(8BIt) <! INT_ACK

=4

X
L
xXCZ

x/32
L IXI32 4, l Clear
fx/128 >

X —»

fx/512 Match ;
—XR2s ) TOEN :t To interrupt
[>—> MUX TOFR [——— [0

x/2048
74

ECO \
P
r
e
S
C
a
[
e
r

Comparator

3 2

TODR(8Bit)
TOCK([2:0] TOMS[1:0]
8-bit Timer 0 Data Register

{7] Too/rPwmoo

Figure 11.8 8-bit PWM Mode for Timer 0
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PWM Mode(TOMS = 01b)

Timer 0
clock

v

Set TOEN

TOCNT XX

00H

]
o} X

TODR

TO Overflow
Interrupt

1. TODR = 4AH

TOPWM

TO Match
Interrupt

2. TODR = 00H

TOPWM

TO Match
Interrupt

3. TODR = FFH

TOPWM

TO Match
Interrupt

Figure 11.9

PWM Output Waveforms in PWM Mode for Timer O
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11.5.4 8-bit Capture Mode

The timer 0 capture mode is set by TOMS[1:0] as “1x’. The clock source can use the internal/external clock. Basically,
it has the same function as the 8-hit timer/counter mode and the interrupt occurs when TOCNT is equal to TODR.
TOCNTvalue is automatically cleared by match signal and it can be also cleared by software (TOCC).

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 TOCDR. In the timer O capture mode, timer 0 output (TOO) waveform is not available.
According to EIPOL1 registers setting, the external interrupt EINT10 function is chosen. Of course, the EINT10 pin
must be set to an input port.

TOCDR and TODR are in the same address. In the capture mode, reading operation readsTOCDR, not TODR and
writing operation will update TODR.

ADDRESS : B2H

TOCR | TOEN | - |TOMSl |TOMSO | TOCK2 | TOCK1 | TOCKO | TOCC | INITIAL VALUE: 0000_0000B

1 - 1 X X X X X

Clear Match signal

fx/2 >
fx/a I TOCC
L x4 8-bit Timer 0 Counter

fx/18
— > |u o TOCNT(8BIt) INT_ACK
[

x —p

Clear l Clear
128 T
fx/512 : Match i
I IXiole TOEN :t MUX ) TOIFR > To interrupt

block

coo =N
P
r
e
S
Cc
a
|
e
r

fx/2048 ,
/ Comparator

3 2
TODR(8Bit)
TOCK[2:0] — : TOMS[1:0]
8-bit Timer 0 Data Register

EIPOL1[1:0]

R

i
X TOCDR(8Bit)
|—> )
EINT10 ! '_ INT_ACK
ﬂ' % 2 l Clear
TOMSI[1:0]

FLAG10 To interrupt
(EIFLAG1.0) " block

y

Figure 11.10  8-bit Capture Mode for Timer O
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TOCDR Load
A
TOCNT Value
n-1
n-2 .
Count Pulse Period
/ Pcp
Up-count 6 —>| |<—
5
/ 4
3
2
TIME=
Ext. EINT10 PIN |_
Interrupt ] I —|
Request
(FLAG10) < >
Interrupt Interval Period
Figure 11.11  Input Capture Mode Operation for Timer O

TOCNT

Interrupt
Request

00H

XXu

FFu

FFH
YYH
00H 00H

(TOIFR)

Ext. EINT10 PIN

Interrupt
Request

(FLAG10)

A—

Interrupt Interval Period = FFu+01n+FFn +01n+YYn+01n

Figure 11.12

Express Timer Overflow in Capture Mode
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11.5.5 Block Diagram

INT_ACK

lclear

ECO ™ TOOVIFR To interrupt
P
r
e
S
c
a
|
e
r

block

fx/4 > 8-bit Timer 0 Counter

Clear Match signal
—s TOCNT (8Bit) <—<j: INT_ACK
[ Tocc
Clear
£x/128 T Clear
fx/512 > TOEN : : Match MUX

X
o
xXCZx

x —»

To interrupt

v

TOIFR —»

| x/2048 ,, block
/ Comparator
3 _ $ 2
TODR (8Bit) TOMS[L:0]
TOCK[2:0] — - ’
8-bit Timer 0 Data Register
EIPOL1[1:0] ] Too/PwMoO

R

iz
TOCDR (8Bit)
EINT10 [ }—» { INT_ACK
E 2 lclear
TOMS[1:0]

o| FLAGI10 To interrupt
> (EIFLAGL.0)[ ™ block

Figure 11.13  8-bit Timer 0 Block Diagram

11.5.6 Register Map
Name Address Direction Default Description

TOCNT B3H R 00OH Timer O Counter Register

TODR B4H R/W FFH Timer 0 Data Register

TOCDR B4H R 00OH Timer O Capture Data Register

TOCR B2H R/W O00H Timer O Control Register

Table 11.6 Timer 0 Register Map

11.5.7 Timer/Counter 0 Register Description

The timer/counter 0O register consists of timer 0 counterregister (TOCNT), timer O data register (TODR), timer O capture
dataregister (TOCDR), andtimer 0 controlregister (TOCR). TOIFR and TOOVIFR bits are in the external interrupt flag 1
register (EIFLAGL).
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11.5.8 Register Description for Timer/Counter 0
TOCNT (Timer 0 Counter Register): B3H
7 6 5 4 3 2 1 0
| Toon7 | Toonts | TooNts | TooNT4 TOCNT3 TOCNT2 TOCNTL TOCNTO
R R R R R R R R
Initial value: OOH
TOCNTI[7:0] TO Counter
TODR (Timer O Data Register): B4H
7 6 5 4 3 2 1 0
| TR | ToORe |  ToORS TODR4 TODR3 TODR2 TODRL TODRO
RW RW RW RW RW RW RW RW
Initial value: FFH
TODR[7:0] TO Data
TOCDR (Timer 0 Capture Data Register: Read Case, Capture mode only): B4H
7 6 5 4 3 2 1 0
| TocoR7 | TocDRe | TOCDRS TOCDR4 TOCDR3 |  TOCDR2 TOCDRL TOCDRO
R R R R R R R R
Initial value: O0OH
TOCDR[7:0] TO Capture Data
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TOCR (Timer 0 Control Register): B2H

1. Match Interrupt is generated in Capture mode.
2. Refer to the external interrupt flag 1 register (EIFLAG1) for the TO interrupt flags.

7 6 5 4 3 2 1 0
| TN | - | Ttowst | Towso TOCK2 TOCKL TOCKO TocC
RW - RW RW RW RW RW RW
Initial value: 00H

TOEN Control Timer O
0 Timer O disable
1 Timer 0 enable

TOMS[1:0] Control Timer 0 Operation Mode
TOMS1 TOMSO Description
0 0 Timer/counter mode
0 1 PWM mode
1 X Capture mode

TOCK[2:0] Select Timer 0 clock source. fx is a system clock frequency
TOCK2 TOCK1 TOCKO 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 (ECO)

TOCC Clear timer 0 Counter
0 No effect
1 Clear the Timer O counter (When write, automatically cleared “0” after being

cleared counter)
NOTE)
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11.6 Timer 1l

11.6.1 Overview

The 16-bit timer 1 consists of multiplexer, timer 1 A data register high/low, timer 1 B data register high/low and timer 1
control registerhigh/low (TLADRH, T1ADRL, T1BDRH, T1BDRL, TICRH, TICRL).

It has four operating modes:
— 16-bit timer/counter mode
— 16-bit capture mode
— 16-bit PPG output mode (one-shot mode)
— 16-bit PPG output mode (repeat mode)

The timer/counter 1 can be clocked by an internal or an external clock source (EC1). The clock source is selected by
clock selection logic which is controlled by the clock selection bits (T1CK][2:0]).
— TIMER 1 clock source: fx/1, 2, 4, 8, 64, 512, 2048 and EC1

In the capture mode, by EINT11, the data is captured into input capture data register (TLIBDRH/T1BDRL). Timer 1
outputsthe comparison result between counter and data register through T10 port in timer/counter mode. Also Timer 1
outputsPWM wave form through PWM1Oport in the PPG mode.

T1EN P1FSRL[5:4] T1MS[1:0] T1CK[2:0] Timer 1
1 11 00 XXX 16-bit Timer/Counter Mode
1 00 01 XXX 16-bit Capture Mode
1 11 10 XXX 16-bit PPG Mode(one-shot mode)
1 11 11 XXX 16-bit PPG Mode(repeat mode)

Table 11.7 Timer 1Operating Modes

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 1 can use the input clock with one of 1, 2, 4, 8, 64, 512 and 2048 prescaler division rates (T1CK[2:0]). When the
value of TICNTH, T1CNTL and the value of TLADRH, T1ADRLareidentical in Timer 1 respectively, a match signal is
generated and the interrupt of Timerloccurs.The T1CNTH, T1ICNTL value is automatically cleared by match
signal.lt can be also cleared by software (T1CC).

The external clock (EC1) counts up the timer at the rising edge. If the EC1 is selected as a clock source by T1CK[2:0],
EC1 port should be set to the input port by P13I0 bit.
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T1CRH | TIEN | - | TiMS1 | TIMSO | - | - | - | TiCC | ADDRESS:BBH
INITIAL VALUE : 0000_0000B
1 - 0 0 - - - X
T1CRL | TiCK2 | TiCK1 | T1CKO | T1IFR | - | T1POL | T1ECE |TlCNTR| ADDRESS:BAH
INITIAL VALUE : 0000_0000B
X X X X - X X X
16-bit A Data Register
T1ADRH/T1ADRL
Reload e 7— A Match
TiCC
T1CK[2:0] -5 TIEN
T1ECE - INT_ACK
¢ 3 | Buffer Register A |
lCIear
Edge
—» > i
EC1 Detector :t A Match TUFR _>'tl)'|<z)(|;rl1<terrupt
P fx/1 > T1EN
' /2 ¢ Comparator
e M Clear /7_ A Match
. | fx/4 U — 16-bit Counter R g T1CC
K| o 28 5| | TLICNTH/T1CNTL N\ TN
a fx/64 >
| Pulse
e | x(512_, Generator {] 110
v | fxi2048
TIMS[1:0] T1POL
Figure 11.14  16-bit Timer/Counter Mode for Timer 1
Match with TLIADRH/L
I /
TICNTHIL \
Value n-1
n-2 "
Count Pulse Period
/ Pcp
Up-count 6 —>| |<-—
/ -
4
3
2
1
0
Interrupt Period TIME
=Pcp x (n+1)
A y A
Timer 1
(TLIFR)
Interrupt Occur Occur Occur
Interrunt Interrunt Interrunt

Figure 11.15  16-bit Timer/Counter 1 Example
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11.6.3 16-bit Capture Mode

The 16-bit timer 1 capture mode is set by TIMS[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 TLCNTH/T1CNTL is
equal to TIADRH/T1ADRL. The TICNTH, T1CNTL valuesare automatically cleared by match signal. It can be also

cleared by software (T1CC).

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 TIBDRH/T1BDRL.
According toEIPOLL1 registers setting, the external interrupt EINT11 function is chosen. Of course, the EINT11 pin

must be set as an input port.

T1CRH | T1EN | - | TIMS1 | TIMSO | - | - | - | Ticc | ADDRESS:BBH
INITIAL VALUE : 0000_00008
1 - 0 1 - - - X
TICRL | TiCKL | TiCK1 | T1CKO | TLFR | - | T1POL | T1ECE |T10NTR| ADDRESS:BAH
INITIAL VALUE : 0000_00008
X X X X - X X X
16-bit A Data Register
T1ADRH/T1ADRL
Reload _~— /—— AMatch
TiCC
N — TIEN
T1CK[2:0]
T1ECE _ INT_ACK
¢ 3 | Buffer Register A |
lclear
Edge
c1[} Delegctor ’ :t A Match TLFR To interrupt
P fx/1 ) T1EN block
r x/2 ¢ Comparator
e x/4 M bi Clear A Match
s——» U — o 16-bit Counter R TiCC
| c 8 | TICNTH/TICNTL T1EN
? —M/M Clear
o 12y,
r | fx/2048 »
EIPOLB[L:0]
{2
16-bit B Data Register
EINT11 T1BDRH/T1BDRL INT_AGK
52 lclear
TIMS[1:0] )
o | FLAGI11 To interrupt
” | (EIFLAG1.2) block
Figure 11.16 16-bit Capture Mode for Timer 1
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A T1BDRH/L Load
T1CNTH/L Value .
n Count Pulse
/ Period
Up-count 6
/ 5
4
3
2
1
0
TIVE
Ext. EINT11 PIN I_
Interrupt [ T —|
Request
(FLAGLL) D Interrupt Interval "
Period
Figure 11.17  Input Capture Mode Operation for Timer 1
FFFFu FFFFu
XXH
T1CNTH/L
YYH
00H 00H 0QH 00H 00w
Interrupt —| —|
Request
(TLIFR)

Ext. EINT11 PIN

Interrupt
Request

(FLAG11)

| —

Interrupt Interval Period = FFFFu+01n+FFFFH +014+YYn+01n

Figure 11.18

Express Timer Overflow in Capture Mode
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11.6.4 16-bit PPG Mode

The timer 1 has a PPG (Programmable Pulse Generation) function. In PPG mode, T1O/PWM10O pin outputs up to
16-bit resolution PWM output. This pin should be configured as a PWM output by settingP1FSRL[5:4] to “11’. The
period of the PWM output is determined by the TIADRH/T1ADRL. And the duty of the PWM output is determined by
the TLBDRH/T1BDRL.

T1CRH | T1EN | - | TiMS1 | T1IMSO |
1 - 1 1 - - - X

| — | — |Tlcc| ADDRESS:BBH
INITIAL VALUE : 0000_0000B

TICRL | T1CK2 | T1CK1 | T1CKO | TLFR | | T1POL | T1ECE |T1CNTR| ADDRESS:BAH

INITIAL VALUE : 0000_0000B

X X X X - X X X

16-bit A Data Register
T1ADRH/T1ADRL

Reload /7— A Match
TiCC

T1CK[2:0]
T1ECE INT_ACK
¢ 3 | Buffer Register A | l
Clear
D ) Edge \
—> .
ECt Detector :: A Match TLFR To interrupt
p XL T1EN » block
r x/2 ¢ Comparator
e M Clear A Match
s fxl—4> U — o 16-bit Counter R T1CC
fx—p | c By TICNTH/TICNTL T1EN
a x/64
>
I Pulse D T10/
. fx/512 :t I>m> Generator PWM10
r |x/2048
— / Comparator 2

Buffer Register B | TIMS[1:0] T1POL
Reload o~ [——AMatch
TiCC
N \—— TIEN

16-bit B Data Register
T1BDRH/T1BDRL

NOTE)

1. The T1EN 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 1
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Repeat Mode(T1IMS = 11b) and "Start High"(T1POL = Ob).
Set T1EN 1 Clear and Start

DD aa0nooosC00800]

T1ADRH/L M

/
T1 Interrupt / K _‘

1. TIBDRH/L(5) < TLADRH/L Y

PWM10 B Match A Match

2. TIBDRH/L >= TIADRH/L

PWM10 A Match

3. TIBDRH/L = "0000H"

PWM10 Low LeQeI

A Match

One-shot Mode(T1MS = 10b) and "Start High"(T1POL = Ob).
Clear and Start

Set TIEN

Timer 1 clock

I 00000000000

T1ADRH/L M

/ /
i
) }

1. TIBDRH/L(5) < TLIADRH/L

PWM10 B Match A Match
2. TIBDRH/L >= T1ADRH/L )
PWM10 A Match

3. TIBDRH/L = "0000H"

PWM10 Low Levjel

A Match

Figure 11.20 16-bit PPG Mode Timming chart for Timer 1
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11.6.5 Block Diagram

16-bit A Data Register
T1ADRH/T1ADRL
M@ A Match
Ticc
T1EN To Timer 2
———»
T1ECE T1CK[2:0] block
INT_ACK
¢ 3 | Buffer Register A |
lCIear
Edge
|_> —  » i
ECl Detector \ :t AMatch | To interrupt
- B TUFR [P0
gy I i T1EN
r fx/12 ¢ Comparator
e —fom M . Clear A Match
> — 16-bit Counter R TiCC
s U ° T1CNTH/TICNTL
fx »| c x/8 | x T1EN
a | 6y Clear L—p
| Pulse T10/
e 512y, :t I>%> Generator L] PWM10
r |Lfx/2048
— / Comparator /T, 5 T
EIPOL1[5:4] | Buffer Register B | TIMS[1:0] T1POL
i 2 Reload A Match
TICNTR rice
X T1EN
EINT11[ |—» o«
X ° 16-bit B Data Register INT_ACK
ﬂ % , T1BDRH/T1BDRL l Clear
THMSTLO) | FLAGI11 To interrupt
" |(EIFLAG1.2) » block
Figure 11.21 16-bit Timer 1 Block Diagram
11.6.6 Register Map
Name Address Direction Default Description
T1ADRH BDH R/W FFH Timer 1 A Data High Register
T1ADRL BCH R/W FFH Timer 1 A Data Low Register
T1BDRH BFH R/W FFH Timer 1 B Data High Register
T1BDRL BEH R/W FFH Timer 1 B Data Low Register
T1CRH BBH R/W 00H Timer 1 Control High Register
T1CRL BAH R/W OOH Timer 1 Control Low Register
Table 11.8 Timer 2 Register Map
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11.6.7 Timer/Counter 1 Register Description

The timer/counter 1 register consists of timer 1 Adata high register (TLADRH), timer 1 Adata low register (TLADRL),
timer 1 Bdata high register (TIBDRH), timer 1 Bdata low register (T1BDRL), timer 1controlHigh register (TLCRH) and

timer 1controllow register (TLCRL).
11.6.8 Register Description for Timer/Counter 1

T1ADRH (Timer 1 A data High Register): BDH

7 6 5 4 3 2 1 0
T1ADRH7 | T1ADRH6 | T1ADRH5 | T1ADRH4 T1ADRH3 T1ADRH2 T1ADRH1 T1ADRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T1ADRH[7:0] T1 A Data High Byte

T1ADRL (Timer 1 A Data Low Register): BCH

7 6 5 4 3 2 1 0
| T1ADRL7 | T1ADRL6 | T1ADRL5 | T1ADRL4 T1ADRL3 T1ADRL2 T1ADRL1 T1ADRLO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T1ADRL[7:0] T1 A Data Low Byte

NOTE)
1. Do not write “O000H” in the TIADRH/T1ADRL register when PPG
mode
T1BDRH (Timer 1 B Data High Register): BFH
7 6 5 4 3 2 1 0
T1BDRH7 | T1BDRH6 | T1BDRH5 | T1BDRH4 T1BDRH3 T1BDRH2 T1BDRH1 T1BDRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T1BDRH[7:0] T1 B Data High Byte

T1BDRL (Timer 1 B Data Low Register): BEH

7 6 5 4 3 2 1 0
| T1BDRL7 | T1BDRL6 | T1BDRL5 | T1BDRL4 T1BDRL3 T1BDRL2 T1BDRL1 T1BDRLO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T1BDRL[7:0] T1 B Data Low Byte
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T1CRH (Timer 1ControlHigh Register): BBH

7 6 5 4 3 2 1 0
| men | - TIMS1T | TIMSO - - - TiCC
RW - R/W RW - - - RW
Initial value: 00H
T1EN Control Timer 1
0 Timer 1 disable
1 Timer 1 enable (Counter clear and start)

T1MS[1:0] Control Timer 1 Operation Mode
T1IMS1 T1MSO Description

0 0 Timer/counter mode (T1O: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWM10)
1 1 PPG repeat mode (PWM10)
T1CC Clear Timer 1 Counter
0 No effect
1 Clear the Timer 1 counter (When write, automatically

cleared “0” after being cleared counter)
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T1CRL (Timer 1ControlLow Register): BAH

7 6 5 4 3 2 1 0
| Ticke | Tickt | Ticko | TUFR - TIPOL TIECE TICNTR
R/W R/W R/W R/W - RW RW RW
Initial value: 00H
T1CK[2:0] Select Timer 1 clock source. fx is main system clock frequency
T1CK2 T1CK1 T1CKO 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 (EC1)
T1IFR When T1 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 T1 Interrupt no generation
1 T1 Interrupt generation
T1POL T10/PWM10 Polarity Selection
0 Start High (T1O/PWM10 is low level at disable)
1 Start Low (T1O/PWM10 is high level at disable)
T1ECE Timer 1 External Clock Edge Selection
0 External clock falling edge
1 External clock rising edge
T1CNTR Timer 1 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 2

11.7.1 Overview

The 16-bit timer 2 consists of multiplexer, timer 2 A data high/low register, timer 2 B data high/low register and timer 2
control high/low register (T2ADRH, T2ADRL, T2BDRH, T2BDRL, T2CRH, and T2CRL).

It has four operating modes:
— 16-bit timer/counter mode
— 16-bit capture mode
— 16-bit PPG output mode (one-shot mode)
— 16-bit PPG output mode (repeat mode)

The timer/counter 2 can be divided clock of the system clock selected from prescaler output and T1 A Match (timer 1 A
match signal). The clock source is selected by clock selection logic which is controlled by the clock selection bits
(T2CK[2:0)).

— TIMER 2 clock source: fx/1, fx/2, fx/4,ix/8,ix/32, fx/128, fx/512 andT1 A Match

In the capture mode, by EINT12, the data is captured into input capture data register (T2BDRH/T2BDRL). In
timer/counter mode, whenever counter value is equal to T2ADRH/L, T20 port toggles. Also the timer 2 outputsPWM
wave form to PWM20 port in the PPG mode.

T2EN P1FSRL[3:2] T2MS[1:0] T2CK[2:0] Timer 2
1 11 00 XXX 16-bit Timer/Counter Mode
1 00 01 XXX 16-bit Capture Mode
1 11 10 XXX 16-bit PPG Mode (one-shot mode)
1 11 11 XXX 16-bit PPG Mode (repeat mode)

Table 11.9 Timer 2 Operating Modes

128



MC96F6432S ABOV Semiconductor Co., Ltd.

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 timer 1 A match clock
input. Timer 2 can use the input clock with one of 1, 2, 4, 8, 32, 128, 512 and T1 A Match prescaler division rates
(T2CK[2:0]). When the values of T2CNTH/T2CNTL and T2ADRH/T2ADRLareidentical in timer 2, a match signal is
generated and the interrupt of Timer2occurs.The T2CNTH/T2CNTL valuesare automatically cleared by match signal.
It can be also cleared by software (T2CC).

T2CRH | T2EN | - |T2MSl | T2MSO| | - |

1 - 0 0 - - - X

| T2cC | ADDRESS:C3H
INITIAL VALUE : 0000_0000B

T2CRL | T2CK2 | T2CK1 | T2CKO | T2IFR |

| T2POL | |T20NTR| ADDRESS:C2H

INITIAL VALUE : 0000_0000B

X X X X - X - X

16-bit A Data Register

T2ADRH/T2ADRL
Reload /7— A Match
T2CC
T2CK[2:0] ~— &—TZCEN
INT_ACK
3 | Buffer Register A | 1
lclear
g \
T1 A Match———» A Match i
:; T2IER 'tl)'lo |nkterrupt
b1 T2EN > bloc
r x/2 > ¢ Comparator
e M Clear A Match
< | x4 U — 16-bit Counter R T2CC
x— | c X8 p| | | T2CNTH/T2CNTL T2EN
a x/32 >
| Pulse
o P22 Generator —1L] 120
r L fx512 % /T, T
2

T2MS[1:0] T2POL

NOTE)
1. T1 A Match is a pulse for the timer 2 clock source if it is selected.

Figure 11.22 16-bit Timer/Counter Mode for Timer 2
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Match with

A T2ADRH/L

T2CNTHIL [
Value n-
n-
Count Pulse
/ Period
Up-count 6
/ 5
4
3
2
1
0
¢ Interrupt Period > TIME
=Pcp X (N+1)
Timer 2 T T
(T2IFR)
Interrupt Occur Occur Occur
Interrupt Interrupt Interrupt

Figure 11.23  16-bit Timer/Counter 2 Example
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11.7.3 16-bit Capture Mode

The timer 2 capture mode is set by T2MS[1:0] as ‘01’. The clock source can use the internal clock. Basically, it has
the same function as the 16-bit timer/counter mode and the interrupt occurs when T2CNTH/T2CNTLis equal to
T2ADRH/T2ADRL. T2CNTH/T2CNTL valuesare automatically cleared by match signal and it can be also cleared by
software (T2CC).

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 T2BDRH/T2BDRL. In the timer 2 capture mode, timer 2 output(T20) waveform is not
available.

According to EIPOL1 registers setting, the external interrupt EINT12 function is chosen. Of course, the EINT12 pin

must be set to an input port.

T2cRH | T2EN | - | Tams | Tamso |
1 - 0 1 - - - X

|T2POL| - |T2CNTR| ADDRESS:C2H
INITIAL VALUE : 0000_0000B

| — | — |T2CC| ADDRESS:C3H
INITIAL VALUE : 0000_0000B

T2CRL | T2CK2 | T2CK1 | T2CKO | T2IFR |

X X X X - X - X

16-bit A Data Register
T2ADRH/T2ADRL

Reload - 7— A Match
T2CC
T2CK[2:0] ~_Y——T2EN

| INT_ACK

lCIear

Buffer Register A

<+
w

o
T1 A Match ——p : A Match To interrupt
_P L’ T2EN : T2IFR _bblock
r fx/2 ¢ Comparator
—=—>
e a M FP— Clear /7— A Match
s U o T2ONTHTZCNTL | \A_Tzcc
fx — | c —XB—p| ¥ T2EN
A
? —>fx/32 Clear
e fx/128 >
r 512
EIPOL1[7:6]
2
T2CNTR
f 16-bit B Data Register
EINT12 D_> x o o T2BDRH/T2BDRL INT_ACK
f\. % 5 lclear
T2MS{1.0] FLAG12 To int t
o 0 interrup
¥ | (EIFLAG1.3) » block

NOTE)
1. T1 A Match is a pulse for the timer 2 clock source if it is selected.

Figure 11.24  16-bit Capture Mode for Timer 2

131



ABOV Semiconductor Co., Ltd. MC96F6432S
T2BDRH/L Load
A
T2CNTH/L
Value
n Count Pulse
/ Period
Up-count 6
/ 5
4
3
2
TVE
Ext. EINT12 PIN I_
Interrupt ] I —|
Request
(FLAG12) D Interrupt Interval -
Period
Figure 11.25  Input Capture Mode Operation for Timer 2
FFFFy FFFFy
XXH
T2CNTH/L
YYH
00H 00H 0QH 00H 00w
Interrupt
Request —| —|
(T2IFR)

Ext. EINT12 PIN

Interrupt
Request

\ —

(FLAG12)

Interrupt Interval Period = FFFFu+01n+FFFFH +014+YYu+014

Figure 11.26

Express Timer Overflow in Capture Mode
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11.7.4 16-bit PPG Mode

The timer 2 has a PPG (Programmable Pulse Generation) function. In PPG mode, the T20/PWM20 pin outputs up
to 16-bit resolution PWM output. This pin should be configured as a PWM output by set PIFSRL[3:2] to ‘11’. The
period of the PWM output is determined by the T2ADRH/T2ADRL. And the duty of the PWM output is determined by
the T2BDRH/T2BDRL.

T2CRH |T2EN| - |T2MSl|T2MSO| - | - | - |TZCC| ADDRESS:C3H
INITIAL VALUE : 0000_0000B

1 - 1 1 - - - X

T2CRL | T2CK?2 | T2CK1 | T2CKO | T2IFR |

| T2poL | |T2cnTR|  ADDRESS:C2H

INITIAL VALUE : 0000_0000B

X X X X - X - X

16-bit A Data Register

T2ADRH/T2ADRL
Reload /7— A Match
< T2CC
T2CK][2:0] T2EN
INT_ACK
3 | Buffer Register A | 1
lCIear
o
T1 A Match \ A Match To interrupt
p
E— T2IFR —bbl K
L T2EN oc
. _fx/2 > ¢ Comparator
! X2, " . Clear /7— A Match
e ey " — 16-bit Counter R |« T2CC
o : /8 o T2CNTH/T2CNTL \A— T2EN
a /32,
| a1z B Match Pulse 120
. :: I>—> Generator PWM20
r |52y
/ Comparator $ 2 T
Buffer Register B | T2MS[1:0] T2POL

Reload ~ F/——— A Match
T2CC
\A— T2EN

16-bit B Data Register
T2BDRH/T2BDRL

NOTE)

1. The T2EN is automatically cleared to logic “0” after one pulse is generated at a PPG one-shot
mode.

2. T1 A Match is a pulse for the timer 2 clock source if it is selected.

Figure 11.27 16-bit PPG Mode for Timer 2
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Repeat Mode(T2MS = 11b) and "Start High"(T2POL = Ob).

Set T2EN 1 Clear and Start

Timer 2 clock

x(HHXXXHXWXHHK

T2ADRH/L M

T2 Interrupt _‘

1. T2BDRH/L(5) < T2ADRH/L ‘

PWM20 B Match A Match

2. T2BDRH/L >= T2ADRH/L

PWM20 A Match

3. T2BDRH/L = "0000H"

PWM20 A Match

Low Level

One-shot Mode(T2MS = 10b) and " Start High"(T2POL = 0b).
Set T2EN 1 Clear and Start

Timer 2 clock

XHXXXXXXXWX :

T2ADRH/L M

it
}

1. T2BDRHI/L(5) < T2ADRH/L :

PWM20 B Match A Match
2. T2BDRH/L >= T2ADRH/L 1
PWM20 A Match

3. T2BDRH/L ="0000H"

PWM20 A Match

Low Level

Figure 11.28 16-bit PPG Mode Timming chart for Timer 2

134



MC96F6432S

ABOV Semiconductor Co., Ltd.

11.7.5 Block Diagram

16-bit A Data Register

T2ADRH/T2ADRL
Reload /7_ A Match
< T2CC
T2CK[2:0] T2EN
- INT_ACK
3 | Buffer Register A |
n lCIear
T1 A Match —— A Match Toi
o interrupt
—1 /1 T2EN :: T2IFR block
P ———»
r fx/2 > ¢ Comparator
e M Clear ya A Match
s %’ U —o 16-bit Counter R | T2CC
" . /8 o T2CNTH/T2CNTL N~ &_ T2EN
? 32y, 4C'96WT Pulse T20/
x/128 B Match
e 5> :t > p{ Generator PWM20
r /512
— Comparator $ 2 T
EIPOL1[7:6 i
[7:6] | Buffer Register B | T2MS[1:0] T2POL

iz

T2CNTR

Reload

O —

S~

A Match
T2CC

T2EN

X

S

EINT12
L] X 16-bit B Data Register INT_ACK
j—)(_ % , T2BDRH/T2BDRL lCIear
T2MS[L0] FLAG12 To interrupt
> EIFLAGL.3)[ block
NOTE)
1. T1 A Match is a pulse for the timer 2 clock source if it is selected.
Figure 11.29 16-bit Timer 2 Block Diagram
11.7.6 Register Map

Name Address Direction Default Description
T2ADRH C5H R/W FFH Timer 2 A Data High Register
T2ADRL C4H R/W FFH Timer 2 A Data Low Register
T2BDRH C7H R/W FFH Timer 2 B Data High Register
T2BDRL C6H R/W FFH Timer 2 B Data Low Register
T2CRH C3H R/W OOH Timer 2 Control High Register
T2CRL C2H R/W OOH Timer 2 Control Low Register
Table 11.10 Timer 2 Register Map
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11.7.7 Timer/Counter 2 Register Description

The timer/counter 2 register consists of timer 2 A data high register (T2ADRH), timer 2 A data low register (T2ADRL),
timer 2 B data high register (T2BDRH), timer 2 B data low register (T2BDRL), timer 2 control high register (T2CRH)

and timer 2 control low register (T2CRL).
11.7.8 Register Description for Timer/Counter 2

T2ADRH (Timer 2 A data High Register): C5H

7 6 5 4 3 2 1 0
T2ADRH7 | T2ADRH6 | T2ADRH5 | T2ADRH4 T2ADRH3 T2ADRH2 T2ADRH1 T2ADRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T2ADRH[7:0] T2 A Data High Byte

T2ADRL (Timer 2 A Data Low Register): C4H

7 6 5 4 3 2 1 0
| T2ADRL7 | T2ADRL6 | T2ADRL5 | T2ADRLA4 T2ADRL3 T2ADRL2 T2ADRL1 T2ADRLO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T2ADRL[7:0] T2 A Data Low Byte

NOTE)
1. Do not write “0000H” in the T2ADRH/T2ADRL register when PPG
mode.
T2BDRH (Timer 2 B Data High Register): C7H
7 6 5 4 3 2 1 0
T2BDRH7 | T2BDRH6 | T2BDRH5 | T2BDRH4 T2BDRH3 T2BDRH2 T2BDRH1 T2BDRHO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T2BDRH[7:0] T2 B Data High Byte

T2BDRL (Timer 2 B Data Low Register): C6H

7 6 5 4 3 2 1 0
| T2BDRL7 | T2BDRL6 | T2BDRL5 | T2BDRL4 T2BDRL3 T2BDRL2 T2BDRL1 T2BDRLO
R/W R/W R/W R/W R/W R/W R/W R/W

Initial value: FFH

T2BDRL[7:0] T2 B Data Low Byte
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T2CRH (Timer 2ControlHigh Register): C3H

7 6 5 4 3 2 1 0
RE - T2MS1 | T2vsO - - - T20C
RW - R/W RW - - - RW
Initial value: 00H
T2EN Control Timer 2
0 Timer 2 disable
1 Timer 2 enable (Counter clear and start)
T2MS[1:0] Control Timer 20peration Mode
T2MS1 T2MSO0 Description
0 0 Timer/counter mode (T20: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWM20)
1 1 PPG repeat mode (PWM20)
T2CC Clear Timer 2 Counter
0 No effect
1 Clear the Timer 2 counter (When write, automatically

cleared “0” after being cleared counter)
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T2CRL (Timer 2ControlLow Register): CAH

7 6 5 4 3 2 1 0
| T2ck2 T2ckL | T2cko | T2FR - T2POL - T2ONTR
R/W R/W R/W R/W - RW - RW
Initial value: 00H

T2CK[2:0] Select Timer 2 clock source. fx is main system clock frequency
T2CK2 T2CK1 T2CKO Description
0 0 0 fx/512
0 0 1 fx/128
0 1 0 fx/32
0 1 1 fx/8
1 0 0 fx/4
1 0 1 fx/2
1 1 0 fx/1
1 1 1 T1 A Match

T2IFR When T2 Match 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 T2interrupt no generation
1 T2 interrupt generation

T2POL T20/PWM20 Polarity Selection
0 Start High (T20/PWM20 is low level at disable)
1 Start Low (T20/PWM20 is high level at disable)

T2CNTR Timer 2 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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11.8 Timer 3, 4

11.8.1 Overview

Timer 3 and timer 4 can be used either two 8-bit timer/counter or one 16-bit timer/counter with combine them.Each 8-
bit timer/event counter module has multiplexer, comparator, 8-bit timer data register, 8-bit counter register, control
register and capture data register(T3CNT, T3DR, T3CAPR, T3CR, TACNT, T4DR, TACAPR, and T4CR). For PWM, it
has PWM register (T4APPRL. T4PPRH, T4ADRL, T4ADRH, T4BDRL, T4BDRH, T4ACDRL, TACDRH, T4DLYA,
TADLYB, T4DLYC).

It has five operating modes:
—  8-bit timer/counter mode
—  8-bit capture mode
— 16-bit timer/counter mode
— 16-bit capture mode
— 10-bit PWM mode

The timer/counter 3 and 4can be clocked by an internal or an external clock source (EC3).The clock source is selected
by clock selection logic which is controlled by the clock selection bits (T3CKJ[2:0], T4CK[3:0]). Also the timer/counter 4
can use more clock sources than timer/counter 3.
— TIMER 3 clock source: fx/2, fx/4,ix/8,ix/32, /128, fx/512, fx/2048 and EC3
— TIMER 4 clock source: fx/1, fx/2, fx/4, fx/8, fx/16, fx/32, fx/64, fx/128,fx/256, fx/512, fx/1024, fx/2048, fx/4096,
x/8192, fx/16384 and T3 clock

In the capture mode, by EINTO/EINTL, the data is captured into input capture data register (T3CAPR, TACAPR).

In 8-bit timer/counter 3/4 mode, whenever counter value is equal to T3DR/T4DR, T30/T40 port toggles. Also In 16-bit
timer/counter 3 mode,

The timer 3 outputs the comparison result between counter and data register through T30 port.The PWM wave form
to PWMAA, PWMAB, PWMBA, PWMBB, PWMCA, PWMCB Port(6-channel) in the PWM mode.

16BIT | T3MS | TAMS | PWM4E | T3CK[2:0] | T4CK[3:0] Timer 3 Timer 4
0 0 0 0 XXX XXXX 8-bit Timer/Counter Mode | 8-bit Timer/Counter Mode
0 1 1 0 XXX XXXX 8-bit Capture Mode 8-bit Capture Mode
1 0 0 0 XXX XXXX 16-bit Timer/Counter Mode
1 1 1 0 XXX XXXX 16-bit Capture Mode
0 X X 1 XXX XXXX 10-bit PWM Mode

Table 11.11 Timer 3, 4 Operating Modes
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11.8.2 8-bit Timer/Counter 3, 4 Mode

The 8-hit timer/counter mode is selected by control register as shown in Figure 11.30.

The two 8-bit timers have each counter and data register. The counter register is increased by internal or external
clock input.Timer 3 can use the input clock with one of 2, 4, 8, 32, 128, 512, 2048 and EC3prescaler division rates
(T3CK[2:0]). Timer 4 can use the input clock with one of 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192,
16384 and timer 3 clock prescaler division rates (T4CK[3:0]). When the value of T3CNT, TACNT and T3DR, T4DR are
respectively identical in Timer 3, 4, the interrupt Timer 3, 4 occurs.

The external clock (EC3) counts up the timer at the rising edge. If the EC3 is selected as a clock source by T3CK[2:0],
EC3 port should be set to the input port by POOIO bit. Timer 4 can’t use the external EC3 clock.

T3CR | T3EN | - | T3MS |T3CK2 | T3CK1 | T3CKO| T3CN | T3ST | ADDRESS:1000H (ESFR)
INITIAL VALUE : 0000_0000B

1 - 0 X X X X X

T4CR | 16BIT | T4Ms | T4CN | T4ST |T4CK3 | T4CK2 | T4CK1 | T4CKO| ADDRESS:1002H (ESFR)
INITIAL VALUE : 0000_0000B

0 0 X X X X X X
[ ] 140
8-bit Timer 4 Data Register
T4CK[3:0]
i TADR (8Bit)
4
b /1 \ Comparator
x/2 :t Py . To interrupt
N TACN Match > block
< fx/4 > ¢
fx/8 >
fx —p| € , M
a ; U o TACNT (8Bit)
I X Clear
e ‘ T 8-bit Timer 4 Counter
r [ fx/16384
L | T4ST
EC3 ™\
] /2 T3ST
P —Xe—p ¢
; fx/4 » " 8-bit Timer 3 Counter
fx/8 Clear
s —>f - U o T3CNT (8Bit) «— INT_ACK
X
i —p| ¢ 2> X lCIear
a | _fuizs | T
| .
fx/512 Match
O T3CN :{l>—o—> T3IFR [——p 1O IMIEMTURL
r | fx/2048 > block
L / Comparator
3 .
% T3DR (8Bit)
T3CK[2:0]

8-bit Timer 3 Data Register

[ ] T30

NOTE)
1. Donotsetto “1111b” in the T4CK][3:0], when two 8-bit timer 3/4 modes.

Figure 11.30 8-bit Timer/Counter Mode for Timer 3, 4
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11.8.3 16-bit Timer/Counter 3 Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 11.31.

The 16-bit timer have counter and data register. The counter register is increased by internal or external clock input.
Timer 3 can use the input clock with one of 2, 4, 8, 32, 128, 512 and 2048 prescaler division rates (T3CK[2:0]).

A 16-bit timer/counter register T3CNT, TACNT are incremented from 0000H to FFFFH until it matches T3DR, T4DR
and then cleared to 0000H. The match signal output generates the Timer 3 Interrupt (No timer 4 interrupt).The clock
source is selected from T3CK[2:0] and 16BIT bit must be set to ‘1’. Timer 3 is LSB 8-bit, the timer 4 is MSB 8-bit.

The external clock (EC3) counts up the timer at the rising edge.f the EC3 is selected as a clock source by T3CK[2:0],
EC3 port should be set to the input port by POOIO bit.

T3CR | T3EN | - | T3MS |T3CK2 | T3CK1 | T3CKO| T3CN | T3ST | ADDRESS:1000H (ESFR)
INITIAL VALUE : 0000_0000B

1 - 0 X X X X X

T4CR | 16BIT | T4MS | T4CN | T4ST |T4CK3 | T4CK2 | T4CK1 | T4CKO| ADDRESS:1002H (ESFR)
INITIAL VALUE : 0000_0000B

1 0 X X 1 1 1 1

EC3 ™\
— T3ST
= fx/2 >
r fx/a ¢16-bitTimer3Counter
M
e
X8y — TACNT/T3CNT (16Bit) | ¢ C1" INT_ACK
. c X382 5 | x MSB LSB lCIear
> a | uizs > T
[ .
fx/512 Match
e[ > T3CN :t[>_._> T3IER To interrupt
r x/2048 > block
L / Comparator
% 3 T4ADR/T3DR (16Bit)
T3CK[2:0] MSB LSB

16-bit Timer 3 Data Register

[] T30

NOTE)
1. The T4CR.7 bit (16BIT) should be set to ‘1’ and the T4CK[3:0] should be set to “1111b”.

Figure 11.31  16-bit Timer/Counter Mode for Timer 3
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11.8.4 8-bit Timer 3, 4 Capture Mode

The 8-hit Capture 3 and 4 mode is selected by control register as shown in Figure 11.32.

The timer 3, 4 capture mode is set by T3MS, T4MS as ‘1. 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 T3CNT, T4ACNT is
equal to T3DR, T4DR. The T3CNT, TACNT value is automatically cleared by match signal.

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 T3CAPR, T4CAPR. In the timer 3, 4 capture mode, timer 3, 4 output (T30, T40)
waveform is not available.

According to the EIPOLOL register setting, the external interrupt EINTO and EINT1 function is chose. Of course, the
EINTO and EINT1 pins must be set to an input port.

The T3CAPR and T3DR are in the same address. In the capture mode, reading operation reads T3CAPR, not T3DR
and writing operation will update T3DR. The TACAPR has the same function.
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T3CR | T3EN | - | T3Ms |T3CK2 | T3CK1 | T3CKO| T3CN | T3ST | ADDRESS:1000H (ESFR)
INITIAL VALUE : 0000_0000B
1 - 1 X X X X X
TACR | 16BIT | TAMS | T4CN | T4ST |T4CK3 | TACK2 | TACK1 | T4CKO| ADDRESS:1002H (ESFR)
INITIAL VALUE : 0000_0000B
0 1 X X X X X X
FLAGO To interrupt
» >
" |(EIFLAGO.1) block
T4MS
f TCIear
EINTL |:| -x_ — o 8-bit Timer 4 Capture Register SIW
2 TACAPR (8Bit)
$2 Q D T40
EIPOLOL[3:2] 8-bit Timer 4 Data Register
T4CK[3:0]
i T4DR (8Bit)
4
Comparator
fx/1 >
': /2 \ :t ® o To interrupt
e T4cN Match " block
s %P ¢ Clear
x/8 >
x —p| © \ M
a E U o o T4CNT (8Bit)
[ f X Clear
e ' T 8-bit Timer 4 Counter
r | x/16384
L | TAST
EC3 ™\
] /2 T3ST
PI—Xs p
r fx/i4 ¢ 8-bit Timer 3 Counter
M
€ fx/8 Clear
s —’f - u o T3CNT (8Bit) INT_ACK
X
X —p|C— > X lCIear
a 1128 T Clear
o | /512 T3CN :t > Match T3IFR To interrupt
r M’/ block
L | Comparator
3 .
$ T3DR (8Bit)
T3CK[2:0] — —
EIPOLOL[L:0] 8-bit Timer 3 Data Register
iz [ ] T30
X T3CAPR (8Bit)
|—> o
EINTO X‘ ° 8-bit Timer 3 Capture Register S/IwW
ﬂ lCIear
T3MS
FLAGO To interrupt
|-
> (EIFLAG0.0)[ block
NOTE)
1. Do notsetto “1111b” in the T4CK][3:0], when two 8-bit timer 3/4 modes.
Figure 11.32  8-bit Capture Mode for Timer 3, 4
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11.8.5 16-bit Timer 3 Capture

Mode

The 16-bit Capture mode is selected by control register as shown in Figure 11.33.

The 16-bit capture mode is the same operation as 8-bit capture mode, except that the timer register uses 16 bits. The
16-bit timer 3 capture mode is set by T3MS, T4MS as ‘1. The clock source is selected from T3CK][2:0] and 16BIT bit
must be set to ‘1. Timer 3 is LSB 8-bit, the timer 4 is MSB 8-bit.

T3CR | T3EN | - | T3MS |T3CK2 | T3CK1 | T3CKO| T3CN | T3ST |

1

- 1

X X X X X

TACR | 16BIT | T4MS | T4CN | T4ST | T4ACK3 | T4CK2 | T4CK1 | T4CKO |

ADDRESS:1000H (ESFR)
INITIAL VALUE : 0000_0000B

ADDRESS:1002H (ESFR)
INITIAL VALUE : 0000_0000B

NOTE)

1 1 X X 1 1 1 1
EC3 RN
1 2 T3ST
P —2=—» ¢
; fx/4 > " 16-bit Timer 3 Counter
c X8|y — TACNT/T3CNT (16Bit) | o 18" INT_ACK
x/32
x —p | C | X MSB LSB lCIear
a | f128 | T Clear
|
fx/512 : Match i
e 25 T3CN :t T3IFR To interrupt
r | fx/2048 > block
/ Comparator
% 3 T4DR/T3DR (16Bit)
T3CK[2:0] M‘Z_B : LSB
EIPOLOL[L:0] 16-bit Timer 3 Data Register
T
iz — []T30
X TACAPR/T3CAPR (16Bit)
X — MSB LSB
EINTO |:| ° 16-bit Timer 3 Capture Register S/IW
ﬂ lCIear
T3MS
FLAGO To interrupt
- '
" [(EIFLAGO0.0) block

1. The T4CR.7 bit (16-bit) should be set to ‘1’ and the T4CK][3:0] should be set to “1111b”.

Figure 11.33 16-bit Capture Mode for Timer 3
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11.8.6 10-bit Timer 4 PWM Mode

The timer 4 has a high speed PWM (Pulse Width Modulation) function. In PWM mode, the 6-channel pins output up to
10-bit resolution PWM output. This pin should be configured as a PWM output by set PWM4E to ‘“1’. When the value of
2-bit +TACNT and T4PPRH/L are identical in timer 4, a period match signal is generated and the interrupt of timer 4
occurs. In 10-bit PWM mode, A, B, C, bottom(underflow) match signal are generated when the 10-bit counter value
are identical to the value of TAXDRH/L. The period of the PWM output is determined by the TAPPRH/L (PWM period
register), TAXDRH/L (each channel PWM duty register).

PWM Period= [T4PPRH/T4PPRL ] X Source Clock
PWM Duty(A-ch) = [ T4AADRH/T4ADRL ] X Source Clock

] Frequency
Resolution
T4CK[3:0]=0001 (250ns) T4CK[3:0]=0010 (500ns) T4CK][3:0]=0100 (2us)
10-bit 3.9kHz 1.95kHz 0.49kHz
9-bit 7.8kHz 3.9kHz 0.98kHz
8-bit 15.6kHz 7.8kHz 1.95kHz
7-bit 31.2kHz 15.6kHz 3.91kHz

Table 11.12 PWM Frequency vs. Resolution at 8MHz

The POLXA bit of T4APCRS register decides the polarity of duty cycle. If the duty value is set same to the period value, the
PWM output is determined by the bit POLXA (1: High, O: Low). And if the duty value is set to "00H", the PWM output is
determined by the bit POLXA (1: Low, 0: High).

PHLT:PxxOE POLXA | POLBO | POLxB ng'u‘lt’;Au tp'” ng”u‘ltﬁ tp'“

0 Low-level Low-level
0 0 1 Low-level High-level
Ox. X0, 00 1 X L?W-Ievel L?W-Ievel
0 High-level High-level
1 0 1 High-level Low-level
1 X High-level High-level

0 Positive-phase Positive-Phase

1 0 X 1 Positive-phase Negative-Phase

1 « 0 Negative-Phase Negative-Phase

1 Negative-Phase Positive-phase

Table 11.13 PWM Channel Polarity
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T4CR | 16BIT | T4MS | T4CN | T4ST |T4CK3 | T4CK2 | T4CK1 | T4CKO| ADDRESS:1002H (ESFR)
INITIAL VALUE : 0000_00008
0 X X X X X X X

T4PCR1 |PWM4E| ESYNC| BMOD | PHLT | UPDT | UALL |NOPSl | NOPSO| ADDRESS:1003H (ESFR)
INITIAL VALUE : 0000_0000B

1 X X X X X X X
T4PCR2 | FORCA | - | PAAOE | PABOE | PBAOE | PBBOE | PCAOE | PCBOE | ADDRESS:1004H (ESFR)
INITIAL VALUE : 0000_0000B
0 - X X X X X X

T4PCR3 | HZCLR | POLBO | POLAA | POLAB | POLBA | POLBB | POLCA | POLCB | ADDRESS:1005H (ESFR)
INITIAL VALUE : 0000_0000B

X X X X X X X X

Timer 4 PWM Period Register

T4CK[3:0]
TAPPRH/T4PPRL (10Bit) Bottom (Underflow) —
4 A Match —p»] .
B Match —p»| Interrupt To interrupt
beriod Match C Match > Generator block
eriod Matc
b1y TACN T4ST :{
fx/2 ¢
T ¢ Comparator
X
— > — 10-bit Counter Up/Down PWM PWM | oivana
fx/8 > 2Bit + TACNT Output Delay
P ix/16 > Control —{ Control
rlfse tr———————3 Ach Ach 1] PWM4AB
e
s - xEd '\S Comparator
x/128
fx —p| ¢ 22 Pp
X al wose X 10-bit A Data Register PWM PWM PWMABA
| e T4ADRH/T4ADRL Output Delay U]
e | /512, Control | Control
x/1024
r X022 0—_{ M
x/2048 B-ch B-ch PIN4BE
Comparator
fx/4096 >
fx/8192 10-bit B Data Register PWM PWM
/16384 ’ T4BDRH/TABDRL Output Delay [ PWM4CA
L | ’ »| Control —¥| Control
: C Match
: C-ch C-ch —| PWM4CB
Comparator
10-bit C Data Register
TACDRH/T4CDRL
NOTE)

1. Do notsetto“1111b” in the T4CKJ[3:0], when two 8-bit timer 3/4 modes.

Figure 11.34  10-bit PWMMode (Force 6-ch)
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T4ACR | 16BIT | T4MS | T4ACN | T4ST |T4CK3 | TACK2 | T4CK1 | T4CKO| ADDRESS:1002H (ESFR)
INITIAL VALUE : 0000_0000B

0 X X X X X X X

T4PCR1 |PWM4E| ESYNC| BMOD | PHLT | UPDT | UALL |NOPSl | NOPSO| ADDRESS:1003H (ESFR)
INITIAL VALUE : 0000_0000B

1 X X X X X X X
T4PCR2 | FORCA| - | PAAOE | PABOE | PBAOE | PBBOE | PCAOE | PCBOE | ADDRESS:1004H (ESFR)
INITIAL VALUE : 0000_0000B
1 - X X X X X X

T4PCR3 | HZCLR | POLBO | POLAA | POLAB | POLBA | POLBB | POLCA | POLCB | ADDRESS:1005H (ESFR)
INITIAL VALUE : 0000_0000B

X X X X X X X X

Timer 4 PWM Period Register

T4CK[3:0]
T4PPRH/T4PPRL (10Bit) Bottom (U”:e'\;ﬂfiwg —>
atch —p»
) B Match —p»| Interrupt p O interrupt
beriod Match C Match p| Generator block
eriod Matc
fx/1 » T4CN TAST :
f)(/—2> ¢ Comparator
fx/4 Control
8 ’ — 10-bit Counter Up/Down PWM PWM | o ivaaa
——> 2Bit + TACNT Output Delay
p fx/16 Control —{ Control
r x/32 > _|
e fx/64 A-ch A-ch PWM4AB
s X | M Comparator
i p| c [ fx128 g — :
a | fx/256 10-bit A Data Register PWM PWM
' ovotn TAADRHITAADRL Output Delay [ PWM4BA
N »| Control —| Control
fx/1024 >
' B-ch B-ch —| PWM4BB
fx/2048 >
fx/4096 >
/8192 PWM PWM MACA
fx/16384 > Output Delay D
| »| Control —»| Control
C-ch C-ch —| PWM4CB
NOTE)

1. Do notsetto “1111b” in the T4CK][3:0], when two 8-bit timer 3/4 modes.

Figure 11.35 10-bit PWM Mode (Force All-ch)
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Source Clock

PO2/PWM4AA
POLAA =1

PO2/PWM4AA
POLAA =0

()

TACNT

:

3N
ALY

UL

o7

b)Y

Duty Cycle(1+801)X250ns =

2%32.25us

A A

Period Cycle(1+3FFx)X250ns

= 256usi=> 3.9kHz

T4ACR = 00k (fxin)
T4PPRH = 03H
T4PPRL = FFy
T4ADRH = 004

T4ADRL = 804

TUUuL
00

T4PPRH(2-bit)

T4PPRL(8-bit)

03y

FFu

T4ADRH(2-bit)

T4ADRL (8-bit)

00

80H

Figure 11.36

Example of PWM at 4 MHz

Source Clock

T4CR = 03k(2 us)
T4PPRH = 00H
T4PPRL = OEH
T4ADRH = 004

T4ADRL = 054

()

LS AR

Write OAn to TAPPRL

UL

Duty Cycle
(1+051)X2 us = 12 us

Duty Cycle
(1+05n)X2 us = 12 us

TACNT
PO2/PWM4AA
POLAA=1
< Duty Cycle >
(1+051)X2 us = 12 us
< P
(1+0En)X2u

eriod Cycle
s =32us > 31.25 kHz

\

Period Cycle
(1+0AH)X2 us = 22 us > 45.5 kHz

LTI
e

g1

Figure 11.37

Example of Changing the Period in Absolute Duty Cycle at 4 MHz

Update period & duty register value at once

The period and duty of PWM comes to move from temporary registers to TAPPRH/L (PWM Period Register) and
TAADRH/L/T4BDRH/L/TACDRH/L (PWM Duty Register) when always period match occurs. If you want that the period
and duty is immediately changed, the UPDT bit in the T4APCR1 register must set to ‘1’. It should be noted that it needs

the 3 cycle of timer clock for data transfer in the internal clock synchronization circuit. So the update data is written

before 3 cycle of timer clock to get the right output waveform.
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Phase correction & Frequency correction

On operating PWM, it is possible that it is changed the phase and the frequency by using BMOD bit (back-to-back

mode) in TAPCR1 register. (Figure 1.38, Figure 11.39, Figure 11.40 referred)

In the back-to-back mode, the counter of PWM repeats up/down count. In fact, the effective duty and period becomes

twofold of the register set values. (Figure 1.38, Figure 11.39 referred)

Duty, Period
MAX MAX / Update MAX MAX
TACNT / /
00H 00H 00n 00H 00H
Normal PWM
mode I | I
Output DL ‘
Period
Duty, Period
MAX MAX Update MAX
TACNT / \
00H 00w 00w
Back-to-Back
mode |_
Output Duty Duty
Period Period
Non Back-to-Back mode - ero - ero >
Back-to-Back mode
Figure 11.38 Example of PWM Output Waveform
TACR = 03kx(2 us)
T4PPRH = 00n
T4PPRL = 0By
T4ADRH = 004 Start down Counter — Start up Counter
T4ADRL = 054 Duty match Duty match
detect detect

Source Clock

()

LT

TACNT 00 ﬁ@@@ 05
P02/PWM4AA
POLAA =1

4

LT

\

LU

Duty Cycle
(1+05n)X2 us = 12 us

Duty Cycle
(1+05n)X2 us = 12 us

Duty Cycle
(1+05n)X2 us = 12 us

<

Period Cyc
(1+0BH)X2 us = 26 us

\

le
-> 38.46 kHz

A

Period Cycle "
(1+0BH)X2 us = 26 us = 38.46 kHz

Figure 11.39

Example of PWM waveform in Back-to-Back mode at 4 MHz
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MAX

Duty, Period Update

MAX

TACNT /
00H 0OH

Back-to-Back
mode

Dutyl Duty2 :Duty3

Output < Y > < Y > y:

Period1 Period2 Period3

Interrupt Timing

Overflow INT. Overflow INT. Bottom INT.

Overflow INT.

Figure 11.40

External Sync

Example of Phase Correction and Frequency correction of PWM

If using ESYNC bit of TAPCRL register, it is possible to synchronize the output of PWM from external signal.
If ESYNC bit sets to ‘1°, the external signal moves to PWM module through the BLNK pin. If BLNK signal is low,

immediately PWM output becomes a reset value, and internal counter becomes reset. If BLNK signal returns to ‘1°, the

counter is started again and PWM output is normally generated. (Figure 11.41referred)

PWM Halt

If using PHLT bit of TAPCRL register, it is possible to stop PWM operation by the software. During PHLT bit being ‘1°,

PWM output becomes a reset value, and internal counter becomes reset as 0. Without changing PWM setting,

temporarily it is able to stop PWM. In case of TACNT, when stopping counter, PWM output pin remains before states.
But if PHLT bit sets to “1’, PWM output pin has reset value.

T4PCR1 = 404 (EYNC=1)
T4PPRH = 004
T4PPRL = 2Ax
T4ADRH = 004
T4ADRL = 124

Source Clock

()

mﬂm
00008

BLNK “1”
— PWM OUTPUT
HIGH-Z

N

N

/—“ \
HIGH-Z D

(- BOEEER- 8-

HZCLR “1”
PWM Release
HIGH-Z

o
S

‘ Q %
S}

N

T4 ...6
N
PO2/PWM o
POLAA =1
BLNK
ESYNC =1

ALY

b

b)Y

ALY |

ALY

Figure 11.41

Example of PWM External Synchronization with BLNK Input
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FORCE Drive ALL Channel with A-ch mode
If FORCA bit sets to ‘1’, it is possible to enable or disable all PWM output pins through PWM outputs which occur from
A-ch duty counter. It is noted that the inversion outputs of A, B, C channel have the same A-ch output waveform.

According to POLAA/BB/CC, it is able to control the inversion of outputs.

ADDRESS : 1004H (ESFR)
T4PCR2 FORCA - PAAOE | PABOE | PBAOE | PBBOE | PCAOE | PCBOE INITIAL VALUE : 0-00_0000B

1 - X X X X X X

~ [ U ULIUL

PAAOCE

PWM4AA | | |

PABOE

PWM4AB | |

PBAOE

PWM4BA | | | | ||

PBBOE

PWM4BB

¥ C-ch operation is the same with channel A and B waveform

Figure 11.42 Example of Force Drive All Channel with A-ch
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FORCE 6-Ch Drive

If FORCA bit sets to ‘0’, it is possible to enable or disable PWM output pin and inversion output pin generated through
the duty counter of each channel. The inversion output is the reverse phase of the PWM output. A AA/AB output of the
A-channel duty register, a BA/BB output of the B-channel duty register, a CA/CB output of the C-channel duty register
are controlled respectively. If the UALL bit is set to ‘1’, it is updated B/C channel duty at the same time, when it is

written by a A-channel duty register.

ADDRESS :1004H (ESFR)
T4PCR2 FORCA - PAAOE | PABOE | PBAOE | PBBOE | PCAOE | PCBOE INITIAL VALUE : 0-00_0000B

0 - X X X X X X

o UL

PAAOCE

PWM4AA | | |

PABOE

PWM4AB || | |

e g U L

PBAOE

PWM4BA

PBBOE

PWM4BB || I | | |

¥ C-ch operation is the same with channel A and B waveform

Figure 11.43  Example of Force Drive 6-ch Mode
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PWM output Delay

If using the TADLYA, T4DLYB, and T4DLYC register, it can delay PWM output based on the rising edge. At that time, it
does not change the falling edge, so the duty is reduced as the time delay. In POLAA/BA/CA setting to ‘0’, the delay is
applied to the falling edge. In POLAA/BA/CA setting to ‘1°, the delay is applied to the rising edge. It can produce a pair
of Non-overlapping clock. The each channel is able to have 4-bit delay. As it can select the clock up to 1/8 divided

clock using NOPS[1:0] the delay of its maximum 128 timer clock cycle is produced.
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ADDRESS :1004H (ESFR)
T4PCR2 FORCA - PAAOE PABOE PBAOE PBBOE PCAOE PCBOE | |\TIAL VALUE : 0-00_00008
0 - X X X X X X
T4PCR3 ADDRESS : 1005H (ESFR)
HZCLR POLBO POLAA POLAB POLBA POLBB POLCA POLCB ||\ TIAL VALUE - 0000, 00008
X X 1 1 X X X X
T4DLYA ADDRESS : 1010H (ESFR)
TADLYAA3 | TADLYAA2 | TADLYAAL | TADLYAAO | TADLYAB3 | T4DLYAB2 | TADLYABL | T4DLYABO [/ t-mr =02 o 000000008
0 0 0 0 0 0 0 0
PWMA
PWM4AA
PWM4AB
ADDRESS :1004H (ESFR)
T4PCR2 FORCA - PAAOE PABOE PBAOE PBBOE PCAOE PCBOE | |\TIAL VALUE : 0-00_00008
0 - X X X X X X
T4PCR3 ADDRESS : 1005H (ESFR)
HZCLR POLBO POLAA POLAB POLBA POLBB POLCA POLCB  |\\ITIAL VALUE - 0000, 00008
X A 1 1 X X X X
T4DLYA ADDRESS : 1010H (ESFR)
TADLYAA3 | TADLYAA2 | TADLYAAL | TADLYAAO | TADLYAB3 | TADLYAB2 | TADLYABL | TADLYABO (it oon =02 Jo o n 0. 00008

0 0 1 0 0 1 0 0

PWMA
TADLYAA = 02n
PWM4AA
PWMJ4AB
T4DLYAB = 04y,
ADDRESS :1004H (ESFR)
T4PCR2 FORCA - PAAOE PABOE PBAOE PBBOE PCAOE PCBOE  [|\ITIAL VALUE : 0-00_00008
0 - X X X X X X
T4PCR ADDRESS : 1005H (ESFR)
CR3 HZCLR POLBO POLAA POLAB POLBA POLBB POLCA POLCB | [0 AL VALUE : 0000 0000B
X X 0 1 X X X X
T4DLYA ADDRESS : 1010H (ESFR)
TADLYAAS | TADLYAA2 | TADLYAAL [ T4DLYAAO | TADLYABS [ T4DLYAB2 | T4DLYABL | TADLYABO || "ON i 0000 00008

0 0 1 0 0 1 0 0

PWMA
TADLYAA =024
—_— i
PWM4AA
PWM4AB

TADLYAB =04
¥B-ch and C-ch operation is the same with channel Awaveform

Figure 11.44 Example of PWM Delay
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11.8.7 Block Diagram

FLAGO To interrupt

rT4MS

IL
EINTL [ J—{
b 81
e

8-bit Timer 4 Capture Register

A\ 4

(EIFLAGO.1) block

TCIear

INT_ACK

[ ] 140

o To interrupt

L T3MS

Clear

Clear

Match To interrupt
— 3| >——¢—»| IR — Dok

o o
T4CAPR (8Bit)
EIPOLOL[3:2] 8-bit Timer 4 Data Register
T4CK][3:0]
i TADR (8Bit)
4
Comparator
p 25 N P
' /2 > TACN : | Match *
e
s /4y, ¢ Clear
x/18
K —p|C—, M .
a i U — o TACNT (8Bit)
I X
e ' 8-bit Timer 4 Counter
¢ | 1/16384
L | T4ST
EC3 ™\
] T3ST
p fx/2 > ¢
; | x4, " 8-bit Timer 3 Counter
fx/8
s—  —»|u o o T3CNT (8Bit)
& c fx/32 »| X
> a | uizs > T Clear
|| _tws12 T3CN
e
x/2048
r /===
/ Comparator
3
$ T3DR (8Bit)
T3CK][2:0] — .
EIPOLOL[1:0] 8-bit Timer 3 Data Register
iz —
X T3CAPR (8Bit)
|—> o
EINTO A ° 8-bit Timer 3 Capture Register

" block

INT_ACK

l Clear

NOTE)

1. Do notsetto“1111b” in the T4CK][3:0], when two 8-bit timer 3/4 modes.

[] T30
INT_ACK
l Clear
»| FLAGO To interrupt
" |(EIFLAGO0.0) block

Figure 11.45  Two 8-bit Timer 3, 4 Block Diagram
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EC3 N
] T3ST
p fx/2 >
r fxid ¢ 16-bit Timer 3 Counter
M
e
< 28—y — TACNT/T3CNT (16Bit) Clear INT_ACK
x/32 > MSB LSB
fx —p| € X S S lCIear
a | fxi128 T Clear
I .
fx/512 Match
| 1x/512 ,, T3CN > To interrupt
e : T3IFR —»
r | x/2048 o, block
L / Comparator
3 T4DRIT3DR (16Bit)
MSB LSB
T3CK[2:0] i, _ S
EIPOLOL[1:0] 16-bit Timer 3 Data Register
i [] 130
2 ﬁ
X TACAPR/T3CAPR (16Bit)
X — MSB LSB
EINTO |:| ° 16-bit Timer 3 Capture Register INT_ACK
ﬂ lCIear
T3MS
.| FLAGO To interrupt
" |(EIFLAGO0.0) block
NOTE)
1. The T4CR.7 bit (16-BIT) should be set to ‘1’ and the T4CK][3:0] should be set to “1111b”.
Figure 11.46  16-bit Timer 3 Block Diagram
Timer 4 PWM Period Register
TACK[3:0]
TAPPRH/T4PPRL (10Bity |  Bottom (Underflow) —
4 A Match —p»] )
B Match > Interrupt To interrupt
C Match > Generator block
- Period Match
1, Tion | TAST :{| >
X2y, ¢ ¢ Comparator
x/4 >
8 — 10-bit Counter  Up/Down | Pwm PWM PWMAAA
> 2Bit + TACNT - | output Delay L]
p |16 o Control || Control
Ptz YA Match
. —»MM ' =| > Ach ach [ PWm4rB
s —_—»|M Comparator
& | o L2128 | U
a | fx/256 X 10-bit A Data Register PWM PWM
| /512 TAADRH/T4ADRL > Output Delay |:| PWM4BA
e > »| Control —{ Control
x/1024 B Match
' > * ;I>%9—> h o L Pwmass
| /2048 ,, B-c B-c
M’ Comparator
x/8192 -bi i
8197 o 10-bit B Data Register o PWM PWM |:|
x/16384 T4BDRH/T4BDRL | Output Delay PWMA4CA
L »{ Control —{ Control
C Match
|
3 | > ceh c.ch 1] Pwmacs
Comparator
10-bit C Data Register
TACDRH/T4CDRL
NOTE)
1. Do notsetto “1111b” in the T4CKJ[3:0], when two 8-bit timer 3/4 modes.
Figure 11.47 10-bit PWM Timer 4 Block Diagram
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11.8.8 Register Map

Name Address Direction Default Description
T3CNT 1001H (ESFR) R O00OH Timer 3 Counter Register
T3DR 1001H (ESFR) W FFH Timer 3 Data Register
T3CAPR 1001H (ESFR) R OOH Timer 3 Capture Data Register
T3CR 1000H (ESFR) R/W O00OH Timer 3 Control Register
T4PPRH 1009H (ESFR) R/W O00OH Timer 4 PWM Period High Register
T4PPRL 1008H (ESFR) R/W FFH Timer 4 PWM Period Low Register
T4ADRH 100BH (ESFR) R/W O00H Timer 4 PWM A Duty High Register
T4ADRL 100AH (ESFR) R/W 7FH Timer 4 PWM A Duty Low Register
T4ABDRH 100DH (ESFR) R/W O0H Timer 4 PWM B Duty High Register
T4BDRL 100CH (ESFR) R/W 7FH Timer 4 PWM B Duty Low Register
TACDRH 100FH (ESFR) R/W O00H Timer 4 PWM C Duty High Register
T4CDRL 100EH (ESFR) R/W 7FH Timer 4 PWM C Duty Low Register
TADLYA 1010H (ESFR) R/W O00H Timer 4 PWM A Delay Register
T4DLYB 1011H (ESFR) R/W O0H Timer 4 PWM B Delay Register
T4DLYC 1012H (ESFR) R/W O0H Timer 4 PWM C Delay Register
T4DR 1013H (ESFR) R/W FFH Timer 4 Data Register
TACAPR 1014H (ESFR) R 00H Timer 4 Capture Data Register
TACNT 1015H (ESFR) R 00H Timer 4 Counter Register
T4CR 1002H (ESFR) R/W 00H Timer 4 Control Register
T4PCR1 1003H (ESFR) R/W 00H Timer 4 PWM Control Register 1
T4PCR2 1004H (ESFR) R/W 00H Timer 4 PWM Control Register 2
T4PCR3 1005H (ESFR) R/W 00H Timer 4 PWM Control Register 3
T4ISR 1006H (ESFR) R/W 00H Timer 4 Interrupt Status Register
TAMSK 1007H (ESFR) R/W 00H Timer 4 Interrupt Mask Register
Table 11.14 Timer 3, 4Register Map
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11.8.9 Timer/Counter 3 Register Description

The timer/counter 3 register consists of timer 3counterregister (T3CNT), timer 3data register (T3DR), timer 3 capture
data register (T3CAPR) and timer 3controlregister (T3CR).

11.8.10 Register Description for Timer/Counter 3

T3CNT (Timer 3Counter Register: Read Case, Timer mode only): 1001H (ESFR)

7 6 5 4 3 2 1 0
| mon | ments | TeNTS T3NT4 | TN | monm | moam T3CNTO
R R R R R R R R

Initial value: O0OH

T3CNT[7:0] T3 Counter

T3DR (Timer 3 Data Register: Write Case): 1001H (ESFR)

7 6 5 4 3 2 1 0
| Tm™oRm | TORe | TIORS | TR | TIOR3 T3DR2 T3DRL T3DRO
w w w w w w w w

Initial value: FFH

T3DR[7:0] T3 Data

T3CAPR (Timer 3Capture Data Register: Read Case, Capture mode only): 1001H (ESFR)

7 6 5 4 3 2 1 0
| TmcAaPR7 | T3cAPR6 | T3CAPRS | T3CAPR4 | T3CAPR3 | T3CAPR2 | T3CAPRL | T3CAPRO
R R R R R R R R

Initial value: O0H

T3CAPR[7:0] T3 Capture Data
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T3CR (Timer 3Control Register): 1000H (ESFR)

7 6 5 4 3 2 1 0
| N | - | mws | mae | mx T3CKO T3CN T3ST
RW - RW RW RW RW RW RW
Initial value: 00H
T3EN Control Timer 3
0 Timer 3 disable
1 Timer 3 enable
T3MS Control Timer 3 Operation Mode
0 Timer/counter mode (T30: toggle at match)
1 Capture mode (the match interrupt can occur)
T3CK[2:0] Select Timer 3 clock source. fx is main system clock frequency
T3CK2 T3CK1 T3CKO 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 (EC3)
T3CN Control Timer 3 Count Pause/Continue
0 Temporary count stop
1 Continue count
T3ST Control Timer 3 Start/Stop
0 Counter stop
1 Clear counter and start

NOTE)
1. Refer to the external interrupt flag 1 register (EIFLAGL1) for the T3 interrupt flag.

159



ABOV Semiconductor Co., Ltd.

MC96F6432S

11.8.11 Timer/Counter 4 Register Description

The timer/counter 4 register consists of timer 4 PWM period high/low register (T4PPRH/L), timer 4 PWM A duty
high/low register (T4ADRH/L), timer 4 PWM B duty high/low register (T4BDRH/L), timer 4 PWM C duty high/low
register (T4ACDRHI/L), timer 4 PWM A delay register (T4DLYA), timer 4 PWM B delay register (T4DLYB), timer 4 PWM
C delay register (TADLYC), timer 4data register (T4DR), timer 4 capture data register (TACAPR), timer
4counterregister (TACNT), timer 4controlregister (TACR), timer 4 PWM control register 1 (T4PCR1), timer 4 PWM
control register 2 (T4APCR2), timer 4 PWM control register 3 (T4PCR3), timer 4 interrupt status register (T4ISR) and

timer 4 interrupt mask register (T4AMSK).
11.8.12 Register Description for Timer/Counter 4

T4PPRH (Timer 4 PWM Period High Register: 6-ch PWM mode only): 1009H (ESFR)

7 6 5 4 3 2 1 0
| - | - | _ | _ _ | _ | maPer T4PPRHO
_ _ _ _ _ - RW RW

T4PPRH[1:0] T4 PWM Period Data High Byte

TAPPRL (Timer 4 PWM Period Low Register: 6-ch PWM mode only): 1008H (ESFR)

Initial value: O0H

7 6 5 4 3 2 1 0
| mPPR7 | TaPPRIE | T4PPRIS TAPPRL4 T4PPR3 | TaPPR2 | T4PPRUL T4PPRLO
RW RW RW RW RW RW RW RW

TAPPRL[7:0] T4 PWM Period Data Low Byte

T4ADRH (Timer 4 PWM A Duty High Register: 6-ch PWM mode only): 100BH (ESFR)

Initial value: FFH

7 6 5 4 3 2 1 0
_ | _ | _ | _ _ | - | T4ADRHL T4ADRHO
- - - _ - - RW RW

T4AADRH[1:0] T4 PWM A Duty Data High Byte

TAADRL (Timer 4 PWM A Duty Low Register: 6-ch PWM mode only): 100AH (ESFR)

Initial value: O0H

7 6 5 4 3 2 1 0
| T40R7 | TAADR6 | T4ADRIS | T4ADRU T4DR3 | T4ADR2 | T4ADRUL TAADRLO
RW RW RMW RMW RW RW RW RW

T4ADRL[7:0] T4 PWM A Duty Data Low Byte

Initial value: 7FH
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T4BDRH (Timer 4 PWM B Duty High Register: 6-ch PWM mode only): 100DH (ESFR)

7 6 5 4 3 2 1 0
_ | _ | _ | _ _ | _ | T4BDRHL TABDRHO
- - - - - - RW RW
Initial value: O0H
T4BDRH[1:0] T4 PWM B Duty Data High Byte

TABDRL (Timer 4 PWM B Duty Low Register: 6-ch PWM mode only): 100CH (ESFR)

7 6 5 4 3 2 1 0
| TBor7 | T4BDR6 | T4BDRIS | T4BDRU T48DR3 | T4BDR2 | T4BDRUL TABDRLO
RW RW RAW RAW RW RW RAW RW
Initial value: 7FH
T4BDRL[7:0] T4 PWM B Duty Data Low Byte

TACDRH (Timer 4 PWM C Duty High Register: 6-ch PWM mode only): 100FH (ESFR)

7 6 5 4 3 2 1 0
- | - | - | - - | - | T4cDRHL TACDRHO
- - - - - - RW RW
Initial value: 00H
T4CDRH[1:0] T4 PWM C Duty Data High Byte

T4CDRL (Timer 4 PWM C Duty Low Register: 6-ch PWM mode only): 100EH (ESFR)

7 6 5 4 3 2 1 0
| mcor7 | Tacors | TacDRIs | TacDRU4 TACDRL3 | TACDRL2 | T4cDRLL T4CDRLO
RW RW RW RW RW RW RW RW
Initial value: 7FH
TACDRL[7:0] T4 PWM C Duty Data Low Byte

TADLYA (Timer 4 PWM A Delay Register: 6-ch PWM mode only): 1010H (ESFR)

7 6 5 4 3 2 1 0
| movass | mpivax | mpivaat | Tpivao | Tapivass | Tapivas | T4pval TADLYABO
RW RW RW RW RW RW RW RW
Initial value: O0OH
TADLYAA[3:0] PWMA4AA Delay Data (Rising edge only)

TADLYAB[3:0] PWMA4AB Delay Data (Rising edge only)

T4DLYB (Timer 4 PWM B Delay Register: 6-ch PWM mode only): 1011H (ESFR)

7 6 5 4 3 2 1 0
| movess | move | moivear | moivea | Tapvees | mapveee | mbiveer | mpLvemo
RW RW RW RW RW RW RW RW
Initial value: O0OH
TADLYBA[3:0] PWMA4BA Delay Data (Rising edge only)

TADLYBB[3:0] PWM4BB Delay Data (Rising edge only)
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TADLYC (Timer 4 PWM C Delay Register: 6-ch PWM mode only): 1012H (ESFR)

7 6 5 4 3 2 1 0
| TDlvcas | TaplycA2 | T4DLYCAL | T4DLYCAD | T4DLYCB3 | T4DLYcR2 | T4DLYCBL TADLYCRO
RW RW RW RW RW RW RW RW

Initial value: O0H

T4DLYCA[3:0] PWMACA Delay Data (Rising edge only)
TADLYCB[3:0] PWMA4CB Delay Data (Rising edge only)

TADR (Timer 4 Data Register: Timer and Capture mode only): 1013H (ESFR)

7 6 5 4 3 2 1 0
| TR | TORe | RS R4 | TR | TR | TR TADRO
RW RW RMW RW RW RW RW RW

Initial value: FFH

T4DR([7:0] T4 Data

T4CAPR (Timer 4Capture Data Register: Read Case, Capture mode only): 1014H (ESFR)

7 6 5 4 3 2 1 0
| TacAPR7 | TACAPRE | TACAPRS | T4CAPR4 TACAPR3 | TACAPR2 | TACAPRL | TACAPRO
R R R R R R R R

Initial value: O0H

TACAPR[7:0] T4 Capture Data

TACNT (Timer 4Counter Register: Read Case, Timer mode only): 1015H (ESFR)

7 6 5 4 3 2 1 0
| mon | maonts | T4enTs TaNT4 | TNz | TaoN2 | TaeNTL TACNTO
R R R R R R R R

Initial value: O0H

TACNT[7:0] T4 Counter
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T4CR (Timer 4Control Register): 1002H (ESFR)

7 6 5 4 3 2 1 0
| w81 | mms | moN | msT | Tacks TACK2 TACKL TACKO
RW RW RW RW RW RW RW RW
Initial value: 00H
16BIT Select Two 8-bit or 16-bit Mode for Timer 3/4
0 Two 8-bit Timer 3/4
1 16-bit Timer 3
T4MS Control Timer 4 Operation Mode
0 Timer/counter mode (T40O: toggle at match)
1 Capture mode (the match interrupt can occur)
TACN Control Timer 4 Count Pause/Continue
0 Temporary count stop
1 Continue count
TAST Control Timer 4 Start/Stop
0 Counter stop
1 Clear counter and start
T4CK[3:0] Select Timer 4 clock source. fx is main system clock frequency
TACK3 T4CK2 T4CK1 T4CKO Description
0 0 0 0 fx/1
0 0 0 1 fx/2
0 0 1 0 fx/4
0 0 1 1 x/8
0 1 0 0 fx/16
0 1 0 1 x/32
0 1 1 0 fx/64
0 1 1 1 fx/128
1 0 0 0 fx/256
1 0 0 1 fx/512
1 0 1 0 fx/1024
1 0 1 1 fx/2048
1 1 0 0 fx/4096
1 1 0 1 fx/8192
1 1 1 0 fx/16384
1 1 1 1 Timer 3 clock (only 16-bit Timer 3)
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NOTE)

0

1
0
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1.

fewm/1
frwm /2
fewm /4
fewm /8
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T4PCR1 (Timer 4PWM Control Register 1): 1003H (ESFR)
7 6 5 4 3 2 1 0
| Pwwae ESYNC BMOD | PHT |  uPDT UALL NOPSL1 NOPS0
RW RW RW RW RW RW RW RW
Initial value: 00H
PWM4E Control Timer 4 Mode
0 Select timer/counter or capture mode of Timer 4
1 Select 10-bit PWM mode of Timer 4
ESYNC Select the Operation of External Sync with the BLNK pin
0 Disable external sync operation
1 Enable external sync operation
(The all PWM4xA/PWM4xB pins are high-impedance outputs on rising edge
of the BLNK input pin. Where x= A, B and C)
BMOD Control Back-to-Back Mode Operation
0 Disable back-to-back mode (up count only)
1 Enable back-to-back mode (up/down count only)
PHLT Control Timer 4 PWM Operation
0 Run 10-bit PWM
1 Stop 10-bit PWM (counter hold and output disable)
UPDT Select the Update Timer of TAPPR/T4AADR/T4BDR/T4CDR
0 Update at period match of TACNT and T4PPR
1 Update at any time when written
UALL Control Update All Duty Registers (T4ADR/T4BDR/T4CDR)
0 Write a duty register separately
1 Write all duty registers via Timer 4 PWM A duty register
(TAADR)
NOPS[1:0] Select on-Overlap Pre-scale

Where the frwm is the clock frequency of the Timer 4 PWM.
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T4PCR2 (Timer 4PWM Control Register 2): 1004H (ESFR)

7 6 5 4 3 2 1 0
| Forca | - PMOE | PABOE | PBACE PBBOE PCAOE PCBOE
RW - RW RW RW RW RW RW
Initial value: OOH
FORCA Control The PWM outputs Mode
0 6-channel mode

(The PWM4xA/PWM4xB pins are output according to the
TAXDR registers, respectively. Where x = A, B and C)

1 Force A-channel mode
(The all PWM4xA/PWM4xB pins are output according to the
only T4ADR registers. Where x = A, B and C)

PAAOE Select Channel PWM4AA Operation
0 Disable PWM4AA output
1 Enable PWM4AA output

PABOE Select Channel PWM4AB Operation
0 Disable PWM4AB output
1 Enable PWM4AB output

PBAOE Select Channel PWM4BA Operation
0 Disable PWM4BA output
1 Enable PWM4BA output

PBBOE Select Channel PWM4BB Operation
0 Disable PWM4BB output
1 Enable PWM4BB output

PCAOE Select Channel PWM4CA Operation
0 Disable PWM4CA output
1 Enable PWMA4CA output

PCBOE Select Channel PWM4CB Operation
0 Disable PWM4CB output
1 Enable PWM4CB output
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T4PCR3 (Timer 4PWM Control Register 3): 1005H (ESFR)

7 6 5 4 3 2 1 0
| Hor | PoBO PposA | PoB | PoBA POLBB POLCA POLCB
RW RW RW RW RW RW RW RW
Initial value: OOH
HZCLR High-Impedance Output Clear Bit
0 No effect
1 Clear high-impedance output
(The PWM4xA/PWMA4xB pins are back to output and this bit is automatically
cleared to logic ‘0. where x = A, B and C)
POLBO Configure PWM4AB/PWM4BB/PWMCB Channel Polarity When these pins are
disabled
0 These pins are output according to the polarity setting when disable
(POLAB/POLBB/POLCB bits)
1 These pins are same level as the PWM4xA pins regardless of the polarity
setting when disable (POLAB/POLBB/POLCB bits, where x = A, B and C)
POLAA Configure PWM4AA Channel Polarity
0 Start at high level (This pin is low level when disable)
1 Start at low level (This pin is high level when disable)
POLAB Configure PWM4AB Channel Polarity
0 Non-inversion signal of PWM4AA pin
1 Inversion signal of PWM4AA pin
POLBA Configure PWM4BA Channel Polarity
0 Start at high level (This pin is low level when disable)
1 Start at low level (This pin is high level when disable)
POLBB Configure PWM4BB Channel Polarity
0 Non-inversion signal of PWM4BA pin
1 Inversion signal of PWM4BA pin
POLCA Configure PWM4CA Channel Polarity
0 Start at high level (This pin is low level when disable)
1 Start at low level (This pin is high level when disable)
POLCB Configure PWM4CB Channel Polarity
0 Non-inversion signal of PWMA4CA pin
1 Inversion signal of PWMA4CA pin
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T4ISR (Timer 4 Interrupt Status Register): 1006H (ESFR)

7 6 5 4 3 1 0
| owr | BWw ova | o8 | iome - -
RW RW RW RW RW - -
Initial value: 00H
IOVR Timer 4 Compare Match or Timer 4 Overflow Interrupt Status, Write '0' to this bit for
clear
0 Compare match or Overflow no occurrence
1 Compare match or Overflow occurrence
IBTM Timer 4 Bottom Interrupt Status, Write ‘0’ to this bit for clear
(In the Back-to-Back mode)
0 Bottom no occurrence
1 Bottom occurrence
ICMA Timer 4 PWM A-ch Match Interrupt Status, Write ‘0’ to this bit for clear
0 PWM A-ch match no occurrence
1 PWM A-ch match occurrence
ICMB Timer 4 PWM B-ch Match Interrupt Status, Write ‘0’ to this bit for clear
0 PWM B-ch match no occurrence
1 PWM B-ch match occurrence
ICMC Timer 4 PWM C-ch Match Interrupt Status, Write ‘0’ to this bit for clear

0 PWM C-ch match no occurrence
1 PWM C-ch match occurrence

T4MSK (Timer 4 Interrupt Mask Register): 1007H (ESFR)

7 6 5 4 3 1 0
| owwsk | BmMsK cMAMSK | ovBMSK | cvovsk - -
RW RW RW RW RW - -
Initial value: O0OH
OVRMSK Control Timer 4 compare match or Overflow Interrupt
0 Disable compare match or overflow interrupt
1 Enable compare match or overflow interrupt
BTMMSK Control Timer 4 Bottom Interrupt
0 Disable bottom interrupt
1 Enable bottom interrupt
CMAMSK Control Timer 4 PWM A-ch Match Interrupt
0 Disable PWM A-ch match interrupt
1 Enable PWM A-ch match interrupt
CMBMSK Control Timer 4 PWM B-ch Match Interrupt
0 Disable PWM B-ch match interrupt
1 Enable PWM B-ch match interrupt
CMCMSK Control Timer 4 PWM C-ch Match Interrupt
0 Disable PWM C-ch match interrupt
1 Enable PWM C-ch match interrupt
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11.9 Buzzer Driver

11.9.1 Overview

The Buzzer consists of 8bit counter,buzzer data register (BUZDR), and buzzer control register (BUZCR). The Square
Wave (61.035Hz~125.0kHz @8MHz)is outputted through P13/SEG17/AN10/EC1/BUZO pin. The buzzer dataregister

(BUZDR) controls the buzzer frequency (lookat the following expression). In buzzer control register(BUZCR),

BUCK]1:0] selects source clock divided by prescaler.

Oscillator Frequency

fo,(H2) = :
BUz 2 x Prescaler Ratio x (BUZDR +1)
BUZDRI7:0] Buzzer Frequency (kHz)

' BUZCRJ[2:1]=00 BUZCR[2:1]=01 BUZCR[2:1]=10 BUZCR[2:1]=11
0000_0000 125kHz 62.5kHz 31.25kHz 15.625kHz
0000_0001 62.5kHz 31.25kHz 15.625kHz 7.812kHz
1111 1101 492.126Hz 246.063Hz 123.031Hz 61.515Hz
1111 1110 490.196Hz 245.098Hz 122.549Hz 61.274Hz
1111 1111 488.281Hz 244 .141Hz 122.07Hz 61.035Hz

Table 11.15 Buzzer Frequency at 8 MHz

11.9.2 Block Diagram

BUZEN
fx/32 ¢ 8-bit Up-Counter
pre | X644 Clear
> re | Counter
x scaler fX/128 ik
fx/256
—3 FIF —— ] BUZO
Comparator

Figure 11.48 Buzzer Driver Block Diagram
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11.9.3 Register Map

Name Address Direction Default Description
BUZDR 8FH R/W FFH Buzzer Data Register
BUZCR 97H R/W 00OH Buzzer Control Register

Table 11.16 Buzzer Driver Register Map
11.9.4 Buzzer Driver Register Description

Buzzer driver consists of buzzer dataregister (BUZDR) and buzzer control register (BUZCR).
11.9.5 Register Description for Buzzer Driver

BUZDR (Buzzer Data Register): 8FH

7 6 5 4 3 2 1 0
| BuzoR7 | BuzDRe | BUZDRS | BUZDR4 BUZDR3 BUZDR2 BUZDR1 BUZDRO
RW RW RW RW RW RW RW RW

Initial value: FFH

BUZDR[7:0]  This bits control the Buzzer frequency
Its resolution is 00H ~ FFH

BUZCR (Buzzer Control Register): 97H

7 6 5 4 3 2 1 0
- - T = - - BUCKL BUCKO BUZEN
- - - - - RW RW RW
Initial value: OOH
BUCK]1:0] Buzzer Driver Source Clock Selection
BUCK1 BUCKO Description
0 0 x/32
0 1 fx/64
1 0 fx/128
1 1 fx/256
BUZEN Buzzer Driver Operation Control
0 Buzzer Driver disable
1 Buzzer Driver enable
NOTE)

1. fx: System clock oscillation frequency.
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11.10 SPI 2

11.10.1 Overview

There is serial peripheral interface (SPI 2) one channel in MC96F6432S. The SPI 2 allows synchronous serial data
transfer between the external serial devices. It can do Full-duplex communication by 4-wire (MOSI2, MISO2, SCK2,
SS2), support master/slave mode, can select serial clock (SCK2) polarity, phase and whether LSB first data transfer or
MSB first data transfer.

11.10.2 Block Diagram

SPIEN
|2 ;\
»
r fx/4 > l
e
< fx/8 > ——p I\J Edge S SP| p| WCOL
fx > x/16 » U | x Detector ) Control Circuit
a fx/32 > X T T A
|
fx/64 N i
. > T SPIER To interrupt
r fx/128 > MS CPOL CPHA block
o e TCIear
% INT_ACK
SPICR[2:0]
MS
| SCK
sckz [] Control | ®
MISO2 [ ]« '\lj' 8-bit Shift
X Register
FXCH 3 T T
MS ass Y8
MOSI2 [ ]« ¢
vy
D SPIDR
i
E < @by
Z N
SS
SSZD' I Control
SSENA MS
)] Internal Bus Line )i

Figure 11.49  SPI 2 Block Diagram
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11.10.3 Data Transmit / Receive Operation

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

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

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

When the SPI 2 is configured as a Slave, it is selected by SS2 signal incoming from Master

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

In this time, if the SPI 2 is configured as a Master, serial clock will come out of SCK2 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
is configured as a Slave, serial clock will come into SCK2 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, SPIIFR bit will be set. If the SPI 2 interrupt is enabled, an interrupt is requested.
And SPIIFR bit is cleared by hardware when executing the corresponding interrupt. If SPI 2 interrupt is disable,
SPIIFR bit is cleared when user read the status register SPISR, and then access (read/write) the data register
SPIDR.

11.10.4 SS2 pin function

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

2. When the SPI 2 is configured as a Master, the user can select the direction of the SS2 pin by port direction
register (P1710). If the SS2 pin is configured as an output, user can use general P1710 output mode. If the SS2
pin is configured as an input, ‘HIGH’ signal must come into SS2 pin to guarantee Master operation. If ‘LOW’ signal
come into SS2 pin, the SPI 2 logic interprets this as another master selecting the SPI 2 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 becomes a Slave and
then, SPIIFR bit of SPISR will be set, and if the SPI 2 interrupt is enabled, an interrupt is requested.

NOTE)
1. When the SS2 pin is configured as an output at Master mode, SS2 pin’s output value is defined by
user’s software (P1710). Before SPICR setting, the direction of SS2 pin must be defined
2. Ifyou don’t need to use SS2 pin, clear the SSENA bit of SPISR. So, you can use disabled pin by P1710

freely. In this case, SS2 signal is driven by ‘HIGH’ or ‘LOW’ internally. In other words, master is ‘HIGH’,
salve is ‘LOW’

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

171



ABOV Semiconductor Co., Ltd. MC96F6432S

11.10.5 SPI 2 Timing Diagram
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Figure 11.50 SPI 2 Transmit/Receive Timing Diagram at CPHA =0
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Figure 11.51 SPI 2 Transmit/Receive Timing Diagram at CPHA =1
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11.10.6 Register Map

Name Address Direction Default Description
SPISR B7H R/W O00H SPI 2 Status Register
SPIDR B6H R/W O0H SPI 2 Data Register
SPICR B5H R/W O00H SPI 2 Control Register
Table 11.17 SPI 2Register Map

11.10.7 SPI 2 Register Description

The SPI 2 register consists of SPI 2 control register (SPICR), SPI 2 status register (SPISR) and SPI 2 data register

(SPIDR)

11.10.8 Register Description for SPI 2

SPIDR (SPI 2 Data Register): B6H

7 6 5 2 1 0
| sPorr SPDR6 |  SPDRS SPIDR4 SPIDR3 SPIDR2 SPIDRL SPIDRO
RW RW RW RW RW RW
Initial value: OOH
SPIDR[7:0]  SPI2Data

When it is written a byte to this data register, the SPI 2 will start

an operation.

173




ABOV Semiconductor Co., Ltd. MC96F6432S

SPISR (SPI 2 Status Register): B7H

7 6 5 4 3 2 1 0
| swR | weol | ssHGH - FXCH SSENA _ _
RW R RAW - RW RW - -

Initial value: O0H

SPIIFR When SPI 2 Interrupt occurs, this bit becomes ‘1’. IF SPI 2 interrupt is enable, this bit is
auto cleared by INT_ACK signal. And if SPI 2 Interrupt is disable, this hit is cleared
when the status register SPISR is read, and then access (read/write) the data register
SPIDR. Writing “1” has no effect.

0 SPI 2 Interrupt no generation
1 SPI 2 Interrupt generation
WCOL This bit is set if any data are written to the data register SPIDR during transfer. This bit

is cleared when the status register SPISR is read, and then access (read/write) the
data register SPIDR

0 No collision
1 Collision
SS_HIGH When the SS2 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
FXCH SPI 2 port function exchange control bit.
0 No effect
1 Exchange MOSI2 and MISO2 function
SSENA This bit controls the SS2 pin operation
0 Disable
1 Enable (The P17 should be a normal input)
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SPICR (SPI 2Control Register): B5H

7 6 5 4 3 2 1 0
| sen | RAs8 | MS cPoL CPHA DSCR SCR1 SCRO
RW RW RW RW RW RW RW RW
Initial value: 00H
SPIEN This bit controls the SPI 2 operation
0 Disable SPI 2 operation
1 Enable SPI 2 operation
FLSB This bit selects the data transmission sequence
0 MSB first
1 LSB first
MS This bit selects whether Master or Slave mode
0 Slave mode
1 Master mode
CPOL This two bits control the serial clock (SCK2) mode.
CPHA Clock polarity(CPOL) bit determine SCK2’s value at idle mode.
Clock phase (CPHA) bit determine if data are sampled on the leading or trailing edge of
SCK2.
CPOL CPHA 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)
DSCR These three bits select the SCK2 rate of the device configured as a master. When
SCRJ[2:0] DSCR bit is written one, SCK2 will be doubled in master mode.

DSCR SCR1 SCRO SCK2 frequency
0 0 fx/4
fx/16
fx/64
fx/128
fx/2
fx/8
x/32
fx/256

Rk Rk B P OO OO
B P O O R KL O
R Ok O Fr O K
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11.11 12-bit A/D Converter

11.11.1 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 eight analog inputs.The output of the multiplexeris 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
highregister (ADCCRH), A/D converter control lowregister (ADCCRL),A/D converter datahigh register (ADCDRH), and
A/D converter datalow register (ADCDRL). The channels to be converted are selected by setting ADSEL[3:0]. To
execute A/D conversion, TRIG[2:0] bits should be set to ‘xxx’.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.

11.11.2 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 ps. 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 0.66us = 38.28us at 1.5MHz (12MHz/8)

NOTE)

1. The A/D converter needs at least 20us for conversion time. So you must set the conversion time more
than 20us.
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11.11.3 Block Diagram

TRIG[2:0]

is
¢—— ADST
l¢—— T1 A match signal
|¢—— T4 overflow event signal
ADSEL[3:0] Start «—— T4 A match event signal

M
u
X .
(Select one input pin ’ ¢—— T4 B match event s!gnal
l¢—— T4 C match event signal

of the assigned pins)

—»| Clock
l l l ADCLK —| Selector

Clear
ANO —»
AN1 —» AFLAG
AI:IZ —>| M
InputPins ¢« —»| U \ Com .
parator
: X CLoontir:I ADCIFR LO |r|1(terrupt
AN14 —» g oc
AN15 —»
Clear
INT_ACK
Reference
Voltage
ADCDRH (R), ADCDRL (R)

REFSEL—> AVTSS
t 1

VDD AVREF

Figure 11.52 12-bit ADC Block Diagram

0 - 100Q
Analog ANX
Input l 4
l 0 - 1000pF
Figure 11.53  A/D Analog Input Pin with Capacitor
Analog
Power AVREF
Input
22uF

Figure 11.54  A/D Power (AVREF) Pin with Capacitor
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11.11.4 ADC Operation

Align bit set “0”

|ADC011 | ADCOlO| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO0 |

A A A 4 4 A A A 4 A A A y
| ADCDRH7 | ADCDRH6 | ADCDRH5 | ADCDRH4 | ADCDRH3 |ADCDRH2 |ADCDRH1 |ADCDRHO | ADCDRL7 | ADCDRL6 | ADCDRL5 | ADCDRL4 |

~ ~

ADCDRL[3:0] bits are “0”

Align bit set “1”

|ADCOll | ADCOlO| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO0 |

A A A A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4
| ADCDRH3 | ADCDRH2 | ADCDRH1 | ADCDRHO | ADCDRL7 |ADCDRL6 | ADCDRL5 | ADCDRL4 | ADCDRL3 | ADCDRL2 | ADCDRL1 | ADCDRLO |

~ ~—

ADCDRL[3:0] ADCDRL[7:0]
ADCDRL[7:4] bits are “0”

Figure 11.55  ADC Operation for Align Bit
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SET ADCCRH Select ADC Clock and Data Align Bit.

Y
SET ADCCRL

ADC enable & Select AN Input Channel.

A
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.

I O T O o

Y
ADC END ]

Figure 11.56  A/D Converter Operation Flow

11.11.5 Register Map

Name Address Direction Default Description
ADCDRH 9FH R xxH A/D Converter Data High Register
ADCDRL 9EH R xxH A/D Converter Data Low Register
ADCCRH 9DH R/W 00OH A/D Converter Control High Register
ADCCRL 9CH R/W O00H A/D Converter Control Low Register

Table 11.18 ADC Register Map

11.11.6 ADC Register Description

The ADC register consists of A/D converter data highregister (ADCDRH), A/D converter datalowregister (ADCDRL),
A/D converter control high register (ADCCRH) and A/D converter control low register (ADCCRL).
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11.11.7 Register Description for ADC
ADCDRH (A/D Converter Data High Register):9FH
7 6 5 4 3 2 1 0
ADDM11 ADDM10 ADDM9 ADDM8 ADDM7 ADDM6 ADDM5 ADDM4
ADDL11 ADDL10 ADDL9 ADDL8
R 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): 9EH
7 6 5 4 3 2 1 0
ADDM3 ADDM2 ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDL1 ADDLO
R 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)
ADCCRH (A/D Converter Control High Register): 9DH
7 6 5 4 3 2 1 0
ADCIFR - TRG2 | TRGL | TRGO ALIGN 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
TRIG2 TRIG1 TRIGO Description
0 0 0 ADST
0 0 1 Timer 1 A match signal
0 1 0 Timer 4 overflow event signal
0 1 1 Timer 4 A match event signal
1 0 0 Timer 4 B match event signal
1 0 1 Timer 4 C match event signal
Other Values 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 fx/1
0 1 fx/2
1 0 fx/4
1 1 fx/8
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ADCCRL (A/D Converter Control Low Register): 9CH

7 6 5 4 3 2 1 0
smBY | ADST REFSEL | AAAG | ADSES3 ADSEL2 ADSEL1 ADSELO
RW RW RW R RW RW RW RW
Initial value: 00H
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 stop/start.
0 No effect
1 ADC Conversion Start and auto clear
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 ANG6
0 1 1 1 AN7
1 0 0 0 ANS8
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 AN15
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11.12 USI (USART + SPI + 12C)

11.12.1 Overview

The USI is an acronym of USART, SPI and 12C, MC96F6432S has two USI function blocks, USIO and USI1 are
absolutely same functionally. Each USI consists of USI control registerl/2/3/4, USI status register 1/2, USI baud-rate
generation register, USI data register, USI SDA hold time register, USI SCL high period register, USI SCL low period
register, and USI slave address register (USINCR1, USINCR2, USInCR3, USINCR4, USInST1, USInST2, USInBD,
USInDR, USINSDHR, USINSCHR, USInSCLR, USINSAR) nis 0 or 1.

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

It has four operating modes:
— Asynchronous mode (UART)
— Synchronous mode (USART)
— SPImode
— 12C mode
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11.12.2 USIn UART Mode

The universal synchronous and asynchronous serial receiver and transmitter (USART) is a highly flexible serial

communication device. The main features are listed below.

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

— Asynchronous or Synchronous Operation

— 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 are Supported by Hardware

— Data OverRun Detection

— Framing Error Detection

— Three Separate Interrupts on TX Completion, TX Data Register Empty and RX Completion

— Double Speed Asynchronous communication mode

The USIn comprises clock generator, transmitter and receiver. The clock generation logic consists of synchronization
logic for external clock input used by synchronizing 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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11.12.3 USIn UART Block Diagram

Master
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Figure 11.57 USIn USART Block Diagram(n =0, 1)

184



MC96F6432S

ABOV Semiconductor Co., Ltd.

11.12.4 USIn Clock Generation

USInBD
DBLSh
y f@(‘LK
Prescaling (USInBD+1)
Up-Counter 8 > /2 »| M
U M
> X U txclk
X
SCLK .
MASTERn
\ v
i Edge
Syne Register > Dete?:tor 1) /] \—>'L\jl USINMS[1:0]
y — ] X
SCKn CPOLN
= 12
M
U rxclk
X

Figure 11.58

Clock Generation Block Diagram (USIn)

The clock generation logic generates the base clock for the transmitter and receiver. The USIn supports fourmodes of

clock operationand 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 USINnCR1 register selects

asynchronous or synchronous operation. Asynchronous double speed mode is controlled by the DBLSnh bit in the

USINCR?2 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 USIn operates in synchronous or

SPI mode.

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

Operating Mode Equation for Calculating Baud Rate
fx
Asynchronous Normal Mode (DBLSn=0) Baud Rate = T6(USIBD ¥ 1)
Asynch Double Speed Mode (DBLSn=1 Baud Rate = fx
synchronous Double Speed Mode ( n=1) aud Rate = 8(USINBD + 1)
Synchron r SPI Master Mod Baud Rate = fx
ynchronous o aster Mode au ae_Z(USInBD+1)

Table 11.19

Equations for Calculating USIn Baud Rate Register Setting
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11.12.5 USIn 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.

11.12.6 USIn 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.

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

Figure 11.59  Synchronous Mode SCKn Timing (USIn)
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11.12.7 USIn 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 USARTsupports 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

— 1or2stop 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.

| 1 data frame

ide | St | bo | b1 | b2 | D3 | b4 | [Ds] | D6l | (D7) | [D8] - sp1 1 [spz)| 1dle/ st

Character >l
bits 1

A

Figure 11.60  Frame Format(USIn)

1 data frame consists of the following bits
* Idle  Nocommunication 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

USInCR3register. The transmitter andreceiver use the same figures.
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11.12.8 USIn 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-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 =Dn1”...AD3"D2"D1"Do"1

Peven : Parity bit using even parity

Poda : Parity bit using odd parity

Dn : Data bit n of the character

11.12.9 USIn 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 PAFSR[3:2] and P2FSRL[1:0].The
baud-rate, operation mode and frame format must be set up 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
PAFSR[5:4] and P2FSRL[3:2].

11.12.9.1 USIn UART Sending TX data

A data transmission is initiated by loading the transmit buffer (USInDRregister 1/0O location) with the data to be
transmitted. The data be 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 USINCRS3 register before it is loaded to the transmit
buffer (USINDR register).

11.12.9.2 USIn UART Transmitter flag and interrupt

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

DREnN 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->.prohibited.

When the data register empty interrupt enable (DRIEN) bit in USINCR2 register is set and the global interrupt isenabled,
USInST1 status register empty interrupt is generated while DREnN 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 serve 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 setand the global interrupt is enabled,
UART transmit complete interrupt is generated while TXCn flag is set.
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11.12.9.3 USIn 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.

11.12.9.4 USIn 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 1/0 (GPIO).

11.12.10 USIn UART Receiver

The USART receiver is enabled by setting the RXEn bit in the USINCR2register. When the receiver is enabled, the
RXDn pin should be set to RXDn function for the serial input pin of UART by P4FSR[1:0] and P4FSR][1:0]. 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 input, so it should be selected to do SCKn function by P4FSR[5:4] and
P2FSRL[3:2]. 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 USINCR3 register.

11.12.10.1 USIn 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 RXDO 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 the second stop bit in the frame, the second stop bit is ignored by the receiver. That is,
receiving the first stop bit means that a complete serial frame is presented 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 nineth 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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11.12.10.2 USIn UART Receiver Flag and Interrupt

The UARTreceiver 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 is 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 (DORn) and parity error (PEn).
These error flags can be read from the USInST1 register. As received datas 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 (FEnN) 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 presented 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 avoid data loss or clear this flag, read the receive
buffer.

The parity error (PEnN) 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 PE bit is always read “0".

11.12.10.3 USIn 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.
11.12.10.4 USIn 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, andthe

RXDn pin can be used as a normal general purpose 1/0 (GPIO).
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11.12.10.5 USIn Asynchronous Data Reception

To receive asynchronous data frame, the UART includes a clock and data recovery unit. Theclock 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 does sampling and low pass filtering the incoming bits, and removing 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.

\ START /
RXDn IDLE BITO

Sample
(DBLSn =0)

0
Sample T #
(DBLSn = 1)
0

Figure 11.61  Asynchronous Start Bit Sampling (USIn)
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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 same 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.

RXDn

Sample k'T"{ T
(DBLSn = 0)
1
1

Sample
(DBLSN = 1) |

H
H
~
o]

Figure 11.62  Asynchronous Sampling of Data and Parity Bit (USIn)

The process for detecting stop bit is same as 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 / STOPL )  (® ©

\ \ \

Sample 1 T T
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Figure 11.63  Stop Bit Sampling and Next Start Bit Sampling (USIn)
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11.12.11

USIn SPI Mode

The USIn 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 SPIn 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.

11.12.12

USIn SPI Clock Formats and Timing

To accommodate a wide variety if synchronous serial peripherals from different manufacturers, the USIn has a clock

polarity bit (CPOLNn) and a clock phase control bit (CPHAN) to select one of four clock formats for data transfers.

CPOLn 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 CPOLnN bits in USINCR1 register have different

meanings according to the USINMS[1:0] bits which decides the operating mode of USIn.
Table below shows four combinations of CPOLn and CPHAnN for SPI mode 0, 1, 2, and 3.

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)
Table 11.20 CPOLnN Functionality
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Figure 11.64  USIn SPI Clock Formats when CPHAN=0

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 USIn 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 11.65 USIn SPI Clock Formats when CPHANn=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 USIn shifts the second data bit
value out to the MOSIn and MISOn output of the master and slave respectively. When CPHAN=1, the slave’s SSn
input is not required to go to its inactive high level between transfers.

Because the SPI logic reuses the USIn resources, SPI mode of operation is similar to that of synchronous or
asynchronous operation. An SPI transfer is initiated by checking for the USIn 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.

195



ABOV Semiconductor Co., Ltd. MC96F6432S

11.12.13 USIn SPI Block Diagram
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Figure 11.66 USIn SPI Block Diagram(n =0, 1)
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11.12.14 USIn 12C Mode

The USIn can be set to operate in industrial standard serial communication protocols mode. The 12C mode uses 2 bus
lines serial data line (SDAN) 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

11.12.15 USIn 12C 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.

R
SDAnN / X 2 X
SCLn — \

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

Change of Data
allowed

Figure 11.67 Bit Transfer on the 12C-Bus (USIn)
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11.12.16 USIn I12C Start / Repeated Start / Stop

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

Alow 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 SN SV

ASY

SCLn s \ / }_\—/7 p

START Condition STOP Condition

Figure 11.68  START and STOP Condition (USIn)

11.12.17 USIn 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.

P
- N
o T\ XXX/ X G O X
mMsB Acknowledgement Acknowledgement Sr
Signal form Slave Signal form Slave
Byte Complete, Clock line held low while
Interrupt within Device interrupts are served.
SCLn 1 9 1 9
S \_/_\_} Sr
or ACK ACK or
Sr p
START or Repeated STOP or Repeated
START Condition START Condition

Figure 11.69 Data Transfer on the 12C-Bus (USIn)
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11.12.18 USIn 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 SDAnN 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.

Data Output R
By Transmitter \ X X R X X
NACK
Data Output 2
By Receiver \ /
ACK

SCLn From MASTER \_/\/2\ /8\_/ 9\
T_Clock pulse for ACK

Figure 11.70  Acknowledge on the 12C-Bus (USIn)
11.12.19 USIn I12C 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 I12C bus. Its first stage is comparison of the address bits.
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Figure 11.71  Clock Synchronization during Arbitration Procedure (USIn)
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Figure 11.72  Arbitration Procedure of Two Masters (USIn)

11.12.20 USIn I2C 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 when all interrupt

source bits in the USINST2 register are cleared to “Ob”. When 12C interrupt occurs, the SCLn line is hold LOW until

clearing “Ob” all interrupt source bits in USInST2 register. When the lICnIFR flag is set, the USINST2 contains a value

indicating the current state of the 12C bus. According to the value in USINnST2, 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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11.12.20.1

USIn 12C 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 SLAn+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 USINnCR4. 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 ACKNnEN 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 12C continues serial transfer or stops communication. The

following steps continue assuming that I2C does not lose mastership during first data transfer.

I2C (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 stops 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 SLAn+R/W
into the USINDR and set STARTCn bit in USINCRA4.

After doing one of the actions above, clear to “Ob” all interrupt source bits in 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.
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8. This is ACK signal processing stage for data packet transmitted by master. 12C holds the SCLn LOW. When
I2C loses bus mastership while transmitting data arbitrating other masters, the MLOSTn bit in USINST2 is set.
If then, 12C waits in idle state. When the data in USINDR is transmitted completely, 12C generates TENDnN

interrupt.

I2C 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 stops 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 SLAn+R/W
into the USINDR and set the STARTCn bit in USINCRA4.

After doing one of the actions above, clear to “Ob” all interrupt source bits in 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.

9. 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 USINnST2, write “0” to USINST2. After this, 12C

enters idle state.
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11.12.20.2

USIn 12C Master Receiver

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

1.

Enable 12C by setting USINMS[1:0]bits in USINCR1and 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 USINnCR4. 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 ACKNnEN 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 12C continues serial transfer or stops communication. The

following steps continue assuming that I2C does not lose mastership during first data transfer.

I2C (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 stops data transfer because it receives no ACK signal from slave. In this case, set the STOPCn bit
in USINCR4.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case, load
SLANn+R/W into the USINDR and set STARTCn bit in USINCR4.

After doing one of the actions above, clear to “Ob” all interrupt source bits in 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 ‘O’ go to master transmitter section.
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7. 1-Byte of data is being received.
8. 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, I2C generates TENDn interrupt.

I2C 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 SLAn+R/W
into the USINDR and set the STARTCn bit in USINCRA4.

After doing one of the actions above, clear to “Ob” all interrupt source bits in 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 ‘0’ go to master transmitter
section.

9. This is the final step for master receiver function of 12C, handling STOP interrupt. The STOP bit indicates that
data transfer between master and slave is over. To clear USInST2, write “0” to USInST2. After this, 12C

enters idle state.
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11.12.20.3

USIn 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 SDAnN 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 SDAnN is longer than the period of SCLK, 12C (slave) cannot
transmit serial data properly.

Enable 12C by setting USINMS[1:0]bits in USINCR1 , IICnlEbit in USINCR4 and USInEN bit in USINCR2.
This provides main clock to the peripheral.

When a START condition is detected, I12C receives one byte of data and compares it with USInSLA[6:0] bits
in USINSAR. If the GCALLN bit 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,
I2C 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 clear to “Ob” all interrupt source bits in 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, clear to “Ob” all interrupt source bits in 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 I12C, handling STOP interrupt. The STOPCn bit indicates
that data transfer between master and slave is over. To clear USINnST2, write “0” to USInST2. After this, 12C

enters idle state.
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11.12.20.4

USIn I12C 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 SDAnN 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 SDAnN is longer than the period of SCLK, 12C (slave) cannot
transmit serial data properly.

Enable 12C by setting USINMS[1:0] bits in USINCR1, IICnlEbit in USINCR4 and USInEN bit in USINCR2.
This provides main clock to the peripheral.

When a START condition is detected, I12C receives one byte of data and compares it with USInSLA[6:0] bits
in USINSAR. If the GCALLRn bit in USINSAR is enabled, 12Cn compares the received data with value 0x00,
the general call address.

If the received address does not equal to SLAnN 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
ACKnNEN bit is disabled, 12C enters idle state. When SSELn interrupt occurs and I12C is ready to receive data,
clear to “Ob” all interrupt source bits in USINST2 to release SCLn line.

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 12C waits STOP or repeated START condition.

2) ACK signal is detected (ACKNEN=1) and I2C can continue to receive data from master.

After doing one of the actions above, clear to “Ob” all interrupt source bits in 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 USINnST2, write “0” to USInST2. After this, 12C

enters idle state.
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11.12.21 USIn 12C Block Diagram

. ™\
lICnIFR . To interrupt
block ;
Slave Address Register
* USINnSAR <:I
RXACKn, GCALLnN, Interrupt
TENDnN, STOPDn, Generator liCnlE ¢
SSELn, MLOSTn
' ' General Call And
BUSYn, TMODEN T Address Detector +— USInGCE |
T f N
Receive Shift Register T
>
SDAN (RXSR) USINDR, (RX) E{
SDAnN In/Out ACK Signal N
-ch —p| | ¢——— —
N-ch | Controller Generator 4— ACKnEN ﬁ
VSS STOP/START <«— STOPCn B
—> — "~
Condition Generator | q— STARTCn U
| S
Transmit Shift Register
+— )
(TXSR) USINDR, (TX) (—— !
SDA Hold Time Register N
+— <
USINSDHR E
Time Generator - - -
SCLn Out SCL High Period Register
<
SCLn | Controller | _And ) USINSCHR —
Time Controller
SCL Low Period Register
+— <
N-ch —p] | USINSCLR
SCLK
VSS (fx: System clock) —J

NOTE)

1. When the USIn block is an I2C mode and the corresponding port is an sub-function for SCLn/SDAnN
pin, The SCLn/SDAnN 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 11.73 USIn 12C Block Diagram
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11.12.22 Register Map
Name Address Direction Default Description

USIOBD E3H R/W FFH USIO Baud Rate Generation Register
USIODR E5H R/W O0H USIO Data Register
USIOSDHR E4H R/W 01H USIO SDA Hold Time Register
USIOSCHR E7H R/W 3FH USIO SCL High Period Register
USIOSCLR E6H R/W 3FH USIO SCL Low Period Register
USIOSAR DDH R/W 00OH USIO Slave Address Register
USIOCR1 D9H R/W O00OH USIO Control Register 1
USIOCR2 DAH R/W 00OH USIO Control Register 2
USIOCR3 DBH R/W 00OH USIO Control Register 3
USIOCR4 DCH R/W 00OH USIO Control Register 4
USIOST1 E1H R/W 80H USIO Status Register 1
USIOST2 E2H R OOH USIO Status Register 2
USI1BD F3H R/W FFH USI1 Baud Rate Generation Register
USI1DR F5H R/W O00H USI1 Data Register
USI1SDHR F4H R/W 01H USI1 SDA Hold Time Register
USI1SCHR F7H R/W 3FH USI1 SCL High Period Register
USI1SCLR F6H R/W 3FH USI1 SCL Low Period Register
USI1SAR EDH R/W O00H USI1 Slave Address Register
USI1CR1 E9H R/W 00H USI1 Control Register 1
USI1CR2 EAH R/W 00H USI1 Control Register 2
USI1CR3 EBH R/W 00H USI1 Control Register 3
USI1CR4 ECH R/W 00H USI1 Control Register 4
USI1ST1 F1H R/W 80H USI1 Status Register 1
USI1ST2 F2H R 00H USI1 Status Register 2
Table 11.21 USI Register Map

11.12.23 USIn Register Description

USIn module consists of USIn baud rate generation register (USINBD), USIn data register (USInDR), USIn SDA hold
time register (USINSDHR), USIn SCL high period register (USINSCHR), USIn SCL low period Register (USINSCLR),
USIn slave address register (USINSAR), USIn control register 1/2/3/4 (USINCR1/2/3/4), USIn status register 1/2

(USINST1/2).
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11.12.24 Register Description for USIn

USInBD (USIn Baud- Rate Generation Register: For UART and SPI mode): E3H/F3H,n =0, 1

7 6 5 4 3 2 1 0
| usmeDr | usmBD6 | UshBD5 USINBD 4 UsnBD3 | UsnBD2 | UShBD1 USINBDO
RW RW RW RW RW RW RW RIW

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)

1. In common with USINSAR register, USInBD register is used for
slave address register when the USIn [2C mode.

USInDR (USIn Data Register: For UART, SPI, and 12C mode): ESH/F5H, n =0, 1

7 6 5 4 3 2 1 0
| usnor7 | usmDRe | usnDRs USNDR4 | USMDR3 |  USKDR2 USDR1 USIDRO
RW RW RW RW RW RW RW RW

Initial value: O0H

USInDR([7:0] The USIn transmit buffer and receive buffer share the same /O 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 DREn flag is set. In SPI master mode, the SCK
clock is generated when data are written to this register.
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USInSDHR (USInSDA Hold Time Register: For 12C mode): E4H/F4H, n =0, 1

7 6 5 4 3 2 1 0
USNSDHR? | USNSDHR6 | USIWSDHRS | USNSDHR4 | USNSDHR3 | USMSDHR2 | USMSDHR1 | USKSDHRO
RW RW R R RW RW R RW

Initial value: 01H

USINSDHR[7:0] The register is used to control SDAnN output timing from the falling edge of SCl in 12C
mode.

NOTE)

1. That SDAnis changed after tsck X (USINSDHR+2), in master
SDAnN change in the middle of SCLn.

2. In slave mode, configure this register regarding the frequency of
SCLn from master.

3. The SDAn is changed after tscik X (USINSDHR+2) in master mode.
So, to insure operation in slave mode, the value

4. tscik X (USINSDHR+2) must be smaller than the period of SCL.

USInSCHR (USInSCL High Period Register: For I2C mode): E7TH/F7H,n =0, 1

7 6 5 4 3 2 1 0
USNSCHR? | USNSCHR6 | USISCHRS | USNSCHR4 | USNSCHR3 | USISCHR2 | USMSCHRL | USISCHRO
R RW R R RW RW RW RW

Initial value: 3FH

USINnSCHR][7:0] This register defines the high period of SCLn when it operates in I2C 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

tscLk is the period of SCLK.

So, the operating frequency of 12C master mode is calculated by the following equation.

1
tscLkX (4 X (USINSCLR + USINSCHR) + 4)

fioc =
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USINSCLR (USInSCL Low Period Register: For 12C mode): E6H/F6H, n =0, 1

7 6 5 4 3 2 1 0
USInSCLR7 | USINSCLR6 | USINSCLR5 | USINSCLR 4 | USINSCLR 3 USINSCLR2 USINSCLR1 USINSCLRO
RW RW RW RW RW RW RW RW

Initial value: 3FH

USINSCLR[7:0] This register defines the high period of SCLn when it operates in 12C master mode.

The base clock is SCLK, the system clock, and the period is calculated by the
formula: tsck X (4 X USInSCLR +2) where

tscik is the period of SCLK.

USINnSAR (USIn Slave Address Register: For 12C mode): DDH/EDH, n =0, 1

7 6 5 4 3 2 1 0
USNSLA6 | USnSLA5 | usihsLA4 | ushsLA3 | UshsLa2 USISLAL USNSLAD USNGCE
RW RW R R RW RW R RW

Initial value: O0H

USInSLA[6:0] These bits configure the slave address of 12C when it operates in 12C slave mode.

USInGCE This bit decides whether 12C allows general call address or not in I2C slave mode.
0 Ignore general call address
1 Allow general call address
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USINCR1 (USIn Control Register 1: For UART, SPI, and 12C mode): D9H/E9H, 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 USInMS0 Operation mode

0 0 Asynchronous Mode (UART)
0 1 Synchronous Mode

1 0 I2C mode

1 1 SPI mode

USInPM[1:0] Selects parity generation and check methods (only UART mode)

USInS[2:0]

ORDn

CPHAN

CPOLN

USInPM1 USInPMO Parity

0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity

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 bit

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’ (only SPI mode)

0 LSB-first
1 MSB-first

This bit is in the same bit position with USInS0. This bit determines if data are
sampled on the leading or trailing edge of SCKn (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)

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 (USIn Control Register 2: For UART, SPI, and 12C mode): DAH/EAH,n =0, 1

7 6 5 4 3 2 1 0
DREn |  TXCEn RXCIEn WAKEIEN TXEn | RXEn USPEN |  DBLSn
RW RW RW RW RW RW RW RW
Initial value: 00H
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
USINnEN Activate USIn function block by supplying.
0 USIn 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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USINCR3 (USIn Control Register 3: For UART, SPI, and 12C mode): DBH/EBH,n =0, 1

7 6 5 4 3 2 1 0
MASTERN | LOOPSN DISSCKn USINSSEN FXCHn | USInSB USInTx8 USINRX8
RW RW RW RW RW RW RW R
Initial value: 00H
MASTERN Selects master or slave in SPI and synchronous mode operation and controls the
direction of SCKn pin
0 Slave mode operation (External clock for SCKn).
1 Master mode operation(Internal clock for SCKn).
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
USINnSSEN 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 Selects 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’

214



MC96F6432S ABOV Semiconductor Co., Ltd.

USIOCR4 (USIn Control Register 4: For 12C mode): DCH/ECH,n =0, 1

7 6 5 4 3 2 1 0
IcnFR | - TXDLYENBn | ICNE | ACKmEN IMASTERN STOPCn STARTCn
R - RW RW RW R RW RIW

Initial value: O0H

lICnIFR This is an interrupt flag bit for I2C mode. When an interrupt occurs, this bit becomes ‘1’.
This bit is cleared when all interrupt source bits in the USINST2 register are cleared to
“Ob”. Writing “1” has no effect.

0 I2C interrupt no generation
1 I2C interrupt generation
TXDLYENBn USINSDHR register control bit
0 Enable USINSDHR register
1 Disable USInSDHR register
lICnIE Interrupt Enable bit for 12C mode
0 Interrupt from 12C is inhibited (use polling)
1 Enable interrupt for 12C
ACKnEN Controls ACK signal Generation at ninth SCLn period.
0 No ACK signal is generated (SDAn =1)
1 ACK signal is generated (SDAn =0)

NOTE) ACK signal is output (SDA =0) for the following 3 cases.
1. When received address packet equals to USInSLA bits in USINSAR.

2. When received address packet equals to value 0x00 with GCALLnN
enabled.

3. When I12C operates as a receiver (master or slave)
IMASTERN Represent operating mode of 12C

0 I2C is in slave mode
1 I2C is in master mode
STOPCn When 12C is master, STOP condition generation
0 No effect
1 STOP condition is to be generated
STARTCn 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 (USIn Status Register 1: For UART and SPI mode): E1IH/F1IH,n=0, 1

7 6 5 4 3 2 1 0
DREn | TXCn RXCn WAKEn | USWRST | DORn | FEN PEn
RW RW R RW RW R RW RW
Initial value: 80H

DREN The DRERN 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 WAKEnN 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

USINnRST 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 operation
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 (USIn Status Register 2: For I2C mode): E2H/F2H,n =0, 1

7 6 5 4 3 2 1 0
GCALn | TENDn STOPDn | SSEn | MLOST BUSYn TMODEN RXACKnN
RW RW RW RW RW RW R RW

GCALLNMNOT®)

TENDN(NOTE)

STOPDN(NOTE)

SSELNMNOTE)

MLOSTn(NCT®

BUSYn

TMODER

RXACKnN

NOTE)

Initial value: O0H

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 hot 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 I12C 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 I12C is a receiver

1 I12C is a transmitter

This bit shows the state of ACK signal

0 No ACK is received

1 ACK is received at ninth SCL period

The GCALLN, TENDn, STOPDnN, SSELn, and MLOSTn bits can be source of interrupt.

When an I12C interrupt occurs except for STOP mode, the SCLn line is hold LOW. To
release SCLn, Clear to “Ob” all interrupt source bits in USInST2 register.

The GCALLN, TENDn, STOPDn, SSELn, MLOSTn, and RXACKn bits are cleared when
“Ob” is written to the corresponding bit.
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11.12.25 Baud Rate setting (example)
Baud Rate fx=1.00MHz fx=1.8432MHz fx=2.00MHz
(bps) 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 - . - - - -
Table 11.22 Examples of USIOBD and USI1BDSettings for Commonly Used Oscillator Frequencies
Baud Rate fx=1.00MHz fx=1.8432MHz fx=2.00MHz
(bps) 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 Rate fx=8.00MHz fx=11.0592MHz
(bps) USIOBD/USI1BD 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 - - - -
M - - - -

(continued)
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11.13 LCD Driver

11.13.1 Overview

The LCD driver is controlled by the LCD Control Register (LCDCRH/L). The LCLK][1:0] determines the frequency of
COM signal scanning of each segment output. A RESET clears the LCD control register LCDCRH and LCDCRL
values to logic ‘0.

The LCD display can continue operating during IDLE and STOP modes if a sub-frequency clock is used as LCD clock
source.
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11.13.2 LCD Display RAM Organization

Display data are stored to the display data area in the external data memory.

The display data which stored to the display external data area (address 0000H-001AH) are read automatically and
sent to the LCD driver by the hardware. The LCD driver generates the segment signals and common signals in
accordance with the display data and drive method. Therefore, display patterns can be changed by only overwriting
the contents of the display external data area with a program.

Figure 11-99 shows the correspondence between the display external data area and the COM/SEG pins. The LCD is

turned on when the display data is “1” and turned off when “0”.

SEG26 001AH

SEG25 0019H

SEG24 0018H

SEG23 0017H

SEG22 0016H

SEG7 0007H

SEG6 0006H

SEGS5 0005H

SEG4 0004H

SEG3 0003H

SEG2 0002H

SEG1 0001H

SEGO 0000H
bit0 | bit1 | bit2 | bit3 | bita | bit5 | bit6 | bit7
Cc ¢ c ¢c ¢c c c c
O o 0 o 0O O O O
M M M M M M M M
o 1 2 3 4 5 6 7

Figure 11.74 LCD Circuit Block Diagram
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11.13.3 LCD Signal Waveform

r — VDD
VSS

VLCO

VLC2(VLC1, VLC3)
VSS

VLCO

VLC2(VLC1, VLC3)

VSS

VLCO

VLC2(VLC1, VLC3)

VSS

VLCO

VLC2(VLC1, VLC3)

VSS

+VLCO

| o |
P
1 Frame
COMO
|
SEG1 SEG2 SEG3
CoM1
SEGO
SEG1
COMO-SEGO

+VLC2(VLC1, VLC3)
VSS

-VLC2(VLC1, VLC3)
-VLCO

Figure 11.75 LCD Signal Waveforms (1/2Duty, 1/2Bias)
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SEG3 SEG2  SEG1 | o] 2] 2 o] 1] 2|
| |

COMO 1 Frame

VLCO
VLC1
VLC2(VLC3)

com2——<4llpr—O VSS

VLCO

VLC1
VLC2(VLC3)
VSS

COM1

COMO

—_——

ComM1

VLCO

VLC1
VLC2(VLC3)
VSS

COM2

VLCO

VLC1
VLC2(VLC3)
VSS

SEG1

VLCO
VLC1
VLC2(VLC3)
VSS

SEG2

+VLCO
+VLC1
+VLC2(VLC3)
COMO-SEG1 VSS
-VLC2(VLC3)
-VLC1

-VLCO

Figure 11.76 LCD Signal Waveforms (1/3Duty, 1/3Bias)
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SEG3 SEG2 lol1]2]3]o|1]2]3]

' ' _J | {— — VDD
— VSS
P
1 Frame

COMO

ComM1

1

|

| VLCO

: VLC1
COMO

\ VLC2(VLC3)

coms ——<E»—O vss

VLCO
VLC1
VLC2(VLC3)
VSS

Ccom2

coMmi

VLCO
VLC1
VLC2(VLC3)
VSS

COomM2

VLCO
VLC1
VLC2(VLC3)
VSS

SEG2

VLCO
VLC1
VLC2(VLC3)
VSS

SEG3

+VLCO

+VLC1
+VLC2(VLC3)
COMO-SEG2 VSS
-VLC2(VLC3)
-VLC1

-VLCO

Figure 11.77 LCD Signal Waveforms (1/4Duty, 1/3Bias)
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COMO =EEE= lo|1]2]3]4]|5|6|7|0|1]|2]3]|4]|5]|6]7]
comz MOCCIM ] | i

COM3 — VSS
— P
COM4 1 Frame

COMS
COM6
COoM7

VLCO
VLC1
SSSSS como VLC2
EEEEE VLC3
GGGGG L VSS
678091
0

VLCO
VLC1
COoM1 VLC2
VLC3
VSS

VLCO
VLC1

COM2 VLC2
VLC3
VSS

VLCO
VLC1
SEG6 VLC2
VLC3
VSS

VLCO
VLC1
SEG7 VLC2
VLC3
VSS

+VLCO
+VLC1
+VLC2
+VLC3
COMO-SEG6 VSS

-VLC3
-VLC2
-VLC1
-VLCO

Figure 11.78 LCD Signal Waveforms (1/8Duty, 1/4Bias)
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11.13.4 LCD Voltage Dividing Resistor Connection

(1/2Bias, 2xRLCD ) |‘— VICD —— (V/2Bias, RLCD ) |4— VICD ———p

A A A A

AW AW MW AW
W Wy WVr Wy

MW A
W W

J18]j013U0D
| 1senuod

]
1
>
J19]|03U0D
1senuod
sl
I

VLCO VLCL vLC2 VLC3 VLCO VLC1 VLC2 VLC3

e

DISP VSS DISP VSS
LCTEN LCTEN
J J J J J J J J
VLCO VLCL VLC2 VLC3 VLCO VLCL VLC2 VLC3
(U3BIAS) < VLCD > (U4BIAY |4— VLICD ——p
A A A A A A A
9o R R R So R R R R
,S. 5 A A A T A ,(:_’J, S, MW M MW A
i3 5z
T2 T Ta
VLCO VLCL VLC2 VLC3 A VLCO VLC1 VLC2 VLC3
DISP VSS DISP VSS
LCTEN LCTEN

J J
VLCO VLC1 VLC2 VLC3 VLCO VLC1 VLC2 VLCG3

1. The above figures are for the internal resistor bias connection. So, It is not needed an external
connection

2. When the internal resistors are selected, all the P40/VLC3, P41/VLC2, P42/VLC1 and P43/VLCO
pins can be used for normal I/O.

Figure 11.79 Internal Resistor Bias Connection
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(V2BIAY) | < VLCD >

J13]]01U0D
» | jsenuon

— B>

DISP
LCTEN

e

J J
VLCO VLCL VLC2 VLC3
ANV ° AW

R’ R’

VSS

(U3BIAS) —— VD —» (174 BIAY |4— vLCD ———p

A

—

13]]03U0D
1seNU0D

18]j013U0D
jsenuod

NOTE)

VSS VSS

3.  When the external resistor bias is selected, the internal resistors for bias are disconnected.

4. When the external resistor bias is selected, the dividing resistors should be connected like the
above figure and the needed bias pins should be selected as the LCD bias function pins (VLCO,
VLC1, VLC2, and VLC3) by P4FSR register.

5. When itis 1/2 bias, the P43/VLCO0 and P41/VLC2 pins should be selected as VLCO and VLC2
functions. The other pins can be used for normal I/O.

6. Whenitis 1/3 bias, the P43/VLCO, P42/VLC1, and P41/VLC2 pins should be selected as VLCO,
VLC1, and VLC2 functions. Another pin can be used for normal I/O.

7. Whenitis 1/4 bias, the P43/VLCO, P42/VLC1, P41/VLC2, and P40/VLC3 pins should be selected
as VLCO, VLC1, VLC2, and VLC3 functions

Figure

11.80 External Resistor Bias Connection
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11.13.5 Block Diagram

T

Port
Latch
SEG/Port
>> Driver
LCD
Display
RAM
ll: COM/Port
Driver
fLCD :
LCDCRL |—— | _Timing 4
Controller
P>

LCDCRH — ] vLco
LCD Bias |—{ | vLC1
Voltage
Contrast Generator _El vLC2
LCDCCR Controller _El VLC3
Figure 11.81 LCD Circuit Block Diagram
11.13.6 Register Map
Name Address Direction Default Description
LCDCRH 9AH R/W OOH LCD Driver Control High Register
LCDCRL 99H R/W OOH LCD Driver Control Low Register
LCDCCR 9BH R/W OOH LCD Driver Contrast Control Register
Table 11.23 LCD Register Map

11.13.7 LCD Driver Register Description

LCD driver register has two control registers, LCD driver control high register (LCDCRH), LCD driver control low
register (LCDCRL) and LCD driver contrast control register (LCDCCR).
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11.13.8 Register Description for LCD Driver

LCDCRH (LCD Driver Control High Register): 9AH

7 6 5 4 3 2 1 0
- - - | comcre - - LCDDR DISP
- - - RW - - RW RW
Initial value: 00H
COMCHG Common Signal Output Port Change Control
0 COMO — COM3 signals are outputted through the P37-P34
1 COMO — COM3 signals are outputted through the P33-P30
NOTE)
1. The COMO/COM1/COM2/COMS signals can be outputted through the
P33/P32/P31/P30, respectively.
2. For example, the COMO signal may be outputted to P33 pin if the
P3FSR.3 is “1b” and the COMCHG bit is “1b”.
3. Refer to the port3 function selection register (P3FSR).
4. Available only below the 1/4 duty.
LCDDR LCD Driving Resistor for Bias Select
0 Internal LCD driving resistors for bias
1 External LCD driving resistors for bias
DISP LCD Display Control
0 Display off
1 Normal display on
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LCDCRL (LCD Driver Control Low Register): 99H

7 6 5 4 3 2 1 0
RSEL | - DBS3 | DBS2 DBS1 DBSO LCLK1 LCKO
RW - RV RW RW RW RW RIW

Initial value: O0H

IRSEL Internal LCD Bias Dividing Resistor Select
0 Riep = 60kQ (Ricp1)
1 Riep = 120kQ (Recp2)
DBS[3:0] LCD Duty and Bias Select (NOTE)
DBS3 DBS2 DBS1 DBSO Description
0 0 0 0 1/8Duty, 1/4Bias, Ricp
0 0 0 1 1/6Duty, 1/4Bias, Ricp
0 0 1 0 1/5Duty, 1/3Bias, Ricp
0 0 1 1 1/4Duty, 1/3Bias, Ricp
0 1 0 0 1/3Duty, 1/3Bias, Ricp
0 1 0 1 1/3Duty, 1/2Bias, Ricp
0 1 1 0 1/3Duty, 1/2Bias, 2xRLcp
0 1 1 1 1/2Duty, 1/2Bias, Ricp
1 0 0 0 1/2Duty, 1/2Bias, 2xRLcp
Other values Not available
LCLK[1:0] LCD Clock Select (When fwek(Watch timer clock)= 32.768kHz)
LCLK1 LCLKO Description
0 0 fLeco = 128Hz
0 1 fLeo = 256Hz
1 0 fLeo = 512Hz
1 1 fLeo = 1024Hz
NOTE)
1. The LCD clock is generated by watch timer clock (fwck). So the watch
timer should be enabled when the LCD display is turned on.
LCD Clock LCD Frame Frequency (frrame) Unit
Frequency (fLco) 1/2 Duty 1/3 Duty 1/4 Duty 1/5 Duty 1/6 Duty 1/8 Duty
128 64 43 32 26 21 16
256 128 85 64 51 43 32
512 256 171 128 102 85 64 Hz
1024 512 341 256 205 171 128
Table 11.24 LCD Frame Frequency

The LCD frame frequency is calculated by the following formula:

EXx) In case of 1/4 duty and f.cp=512Hz, frrame = fLcox 1/4 =512 x 1/4 = 12Hz

LCD Frame Frequency (frrave) = fLcox Duty Hz
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LCDCCR (LCD Driver Contrast Control Low Register): 9BH
7 6 5 4 3 2 1 0
LCTEN | - _ _ | vicm VLCD VLCDL VLCDO
RW - - - RW RW RW RW
Initial value: O0H
LCTEN Control LCD Driver Contrast
0 LCD Driver Contrast disable
1 LCD Driver Contrast enable
VLCDI[3:0] VLCO Voltage Control when the contrast is enabled

VLCD3 VLCD2 VLCD1 VLCDO Description

0

P P PP RPRRPRRPRRPLOOOOOOOO
P OO R P OOREREPROOHLERLERO

P P P PO OO OF PF PFP PFP OO O O

1

0

O r OFrPr O FrPr OF O Fr O Fr Ok

1

VLCO = VDD x 16/31 step
VLCO = VDD x 16/30 step
VLCO = VDD x 16/29 step
VLCO = VDD x 16/28 step
VLCO = VDD x 16/27 step
VLCO = VDD x 16/26 step
VLCO = VDD x 16/25 step
VLCO = VDD x 16/24 step
VLCO = VDD x 16/23 step
VLCO = VDD x 16/22 step
VLCO = VDD x 16/21 step
VLCO = VDD x 16/20 step
VLCO = VDD x 16/19 step
VLCO = VDD x 16/18 step
VLCO = VDD x 16/17 step
VLCO = VDD x 16/16 step

NOTE) The LCD contrast step is based on 1/4 bias and RLco=60kQ.

1. 1/4 bias: VDD x 16/(31 — VLCI[3:0]) when RLco= 60kQ
2. 1/3 bias: VDD x 12/(27 — VLCJ[3:0]) when Rico= 60kQ

3. 1/2 bias : VDD x 8/(23 — VLC[3:0]) when RiLco= 60kQ

VDD x 32/(47 — VLC[3:0]) when Ricp= 120kQ

VDD x 24/(39 — VLC[3:0]) when Ricp= 120kQ

VDD x 16/(31 — VLC[3:0]) when Ricp= 120kQ
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12

12.1 Overview

Power Down Operation

The MC96F6432S 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

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)
. _ . Halted (Only when the Event Counter Mode is Enabled,

Timer0~4 Operates Continuously Timer operates Normally)

ADC Operates Continuously Stop

BUZ Operates Continuously Stop

SPI Operates Continuously Only operate with external clock

uslo/1 Operates Continuously Only operate with external clock

LCD Controller Operates Continuously Stop (Can be operated with sub clock)

Internal OSC i ]

(16MHz) Oscillation Stop when the system clock (fx) is fIRC

\(/gEJZF‘;C 0SC Can be operated with setting value Can be operated with setting value

Main OSC _ _

(0.4~12MHz) Oscillation Stop when fx = fXIN

Sub OSC o _

(32.768KH2) Oscillation Stop when fx = fSUB

I/O Port Retain Retain

Control Register Retain Retain

Address Data Bus Retain Retain

Release Method

By RESET, all Interrupts

By RESET, Timer Interrupt (ECO, EC1, EC3),
SPI (External clock), External Interrupt,
UART by RX, WT (sub clock), WDT

Table 12.1

Peripheral Operation during Power Down Mode
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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.

»
ALY
CPU Clock ||||||||||||||||||||| ||||||||||||||||||||

b)Y

External w
Interrupt
Rel
| A §< |
Normal Operation >< Stand-by Mode Normal Operation
s
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 ‘O3H’ 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 and LCD controller
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.

osc ||||||||||||||| _I—(]:H_ ||||||||||||
CPU Clock ||||||||||||||| ||||||||||||
3
External A L
Interrupt

STOP Instruction
Execute

BIT Counter ( n Xn+1Xn+zm\ T X 1 X 2 ) FEXE 0 x 1

ALY

= E

Clear & Start
}} By Software f—m
Normal Operation STOP Operation x < setting ») Normal Operation

b)Y
"

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 isreleased by the
interrupt which each interrupt enable flag = “1" and the CPU jumps to the relevant interrupt service routine. Even if the

IE.EAbit 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
i
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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12.6 Register Map

Name Address Direction Default Description
PCON 87H R/W 00H Power Control Register
Table 12.2 Power Down Operation Register Map

12.7 Power Down Operation Register Description

The power down operation register consists of the power control register (PCON).

12.8 Register Description for Power Down Operation

PCON (Power Control Register): 87H

7 6 5 4 3 2 1 0
| povv | - | - | - PCON3 PCON2 PCONL PCONO
RW - - - RW RW RW RW

Initial value: O0H

PCONJ7:0] Power Control
01H IDLE mode enable
03H STOP mode enable
Other Values Normal operation

NOTE)
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.
4. Three or more NOP instructions must immediately follow the instruction that make the device enter
STOP/IDLE mode. Refer to the following 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.

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
Table 13.1 Reset State

13.2 Reset Source

The MC96F6432S 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 = "1")
— Low Voltage Reset (In the case of LVREN =70 ")

13.3 RESET Block Diagram

Ext RESET RESET Noise
Disable by FUSE Canceller
LVR RESET Noise
LVR Enable Canceller |
_\ Internal
POR RST —° ° > Reset
WDT RST R
WDT RSTEN
IFBIT
(BIT Overflow)

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(@Vop=5V) to the low input of system reset.

t < Trne t < Trne
A RN S I R S Iy G | 1)
t> TEch | t >ETRNC ot S Trne E 3 ]
PO L L [T I

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. 30.0V/ms

VDD

nPOR
(Internal Signal)

BIT Overflows

—_—
1 BIT Starts

o .
Internal RESETB i :—’ 7
i ¥ R R
Oscillation '

Figure 13.3 Fast VDD Rising Time

Slow VDD Rise Time, min. 0.05V/ms

1
1
VDD _:’///”'f Veor=1.4V (Typ)
1
1

nPOR

BIT Overflows
1

1
1
1
:
1
1
! 1 BIT Starts +
1
Internal RESETB i —> /
1
1
1
1
1
1
1
1

T

(Internal Signal)

Oscillation

Figure 13.4 Internal RESET Release Timing On Power-Up

237



ABOV Semiconductor Co., Ltd.

MC96F6432S

VDD

Internal nPOR

PAD RESETB

LVR_RESETB

BIT (for Configure)

BIT (for Reset)

Configure Read

RESET_SYSB

INT-OSC (8 MHz)

INT-OSC 8 MHz/8

INT-OSC 8MHz / 8 = 1MHz (1us)

Counting for configure read start after POR is released

| —
|

N

oy

966000000
X

00 02

01\

1
lus X 256 X 28h = about 10ms

X )Los X 04E

lus X 4096 X 4h = about 16ms

I AR
Attt PPl

Figure 13.5

Configuration Timing when Power-on

Reset Release

Configure Read

POR

= VDD Input
= :Internal OSC

Figure 13.6

Boot Process WaveForm
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Process Description Remarks
@ - No Operation
@) -1st POR level Detection -about 1.4V
- (INT-OSC 8MHz/8)x256x28h Delay section (=10ms)
® -VDD input voltage must rise over than flash operating | -Slew Rate >= 0.05V/ms
voltage for Configure option read
-about 1.5V ~ 1.6V
@ - Configure option read point -Configure Value is determined by Writing
Option
® - Rising section to Reset Release Level -16ms point after POR or Ext_reset release
- Reset Release section (BIT overflow)
® i) afterléms, after External Reset Release (External reset) - BIT is used for Peripheral stability
i) 16ms point after POR (POR only)
@ -Normal operation
Table 13.2 Boot Process Description
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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.

RERRN
o< AN~ ANAANAANA-AAAANANL

N

RESETB //// -
Release

Internal R /

RESETB Release
ADDRESS X » X 2 00 <:><
BUS
ORI
BUS /

Stabilization Time RESET  Process  Main Program
TST = 16.4ms Step

\J

1
TST = ——x 4096 x 4
fx

Figure 13.7 Timing Diagram after RESET

PRESCALER COUNT START

UL

Figure 13.8 Oscillator generating waveform example

VDD

OSC START TIMING

NOTE)
1. As shown Figure 13.8, the stable generating time is not included in the start-up time.
2. The RESETB pin has a Pull-up register by hardware
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13.7 Brown Out Detector Processor

The MC96F6432S 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 ——p
Brown Out

LVRVS[3:0] —|  Detector

(BOD) » RESET_BODB

LVREN — ]

CPU LVRF
—»| D Q>
Write (Low Voltage
Reset Flag)
CP
SCLK _>> ;
(System CLK) I
nPOR
Figure 13.9 Block Diagram of BOD
VDD \\ // VeooMAX
\ 7/ VeopMIN
Internal 16ms
RESETB
VDD \ /[ \ /[ VeooMAX
N N\ /i
1 \_/I VsooMIN
: t<16ms : 16ms
> < >
Internal 1 ] !
RESETB

Figure 13.10 Internal Reset at the power fail situation
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wyr
VDD
wyr
Internal nPOR
wyr
PAD RESETB
LVR_RESETB

L

BIT (for Config) F1 o012y~ X -) ’@

\

1
1
T
BIT (for Reset) ( 00 | X 01 X\ 02 X 03 )L 04 X 00
1
| !
Config Read 11'L_ 256 X 28h = about 10ms=
[l
| \
RESET_SYSB p lus X 4096 X 4h = about 16ms _

INT-OSC 8MHz/8

Main OSC Off
INT-OSC (8MHz) | =|||||||||”””””|”””””””l””””””””l”””””””l
AR

INT-OSC 8MHz / 8 = 1MHz (1us)

Figure 13.11  Configuration timing when BOD RESET
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13.8 LVIBlock Diagram

2.00V >
| 2.10V >
| 2.20V
2.32V
| 2.44V >
Reference %?\;b M
VDD [} Voltage —2mt |y L » | |viCircuit — LVIF
Generator —5225—p |
| 3.14V
3.38V
| 3.67V > T
| 4.00V
—aaov > LVIEN
LVIREF [} >
4%
LVILS[3:0]
Figure 13.12  LVI Diagram
13.9 Register Map
Name Address Direction Default Description
RSTFR E8H R/W 80H Reset Flag Register
LVRCR D8H R/W OOH Low Voltage Reset Control Register
LVICR 86H R/W OOH Low Voltage Indicator Control Register
Table 13.3 Reset Operation Register Map

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).
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13.11 Register Description for Reset Operation

RSTFR (Reset Flag Register): ES8H

7 6 5 4 3 2 1 0
PORF EXTRF | WDTRF - 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
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
NOTE)

When the Power-On Reset occurs, the PORF bit is only set to “1”, the other flag (WDTRF) bits are all
cleared to “0”.

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.

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.

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 | - - |  LRvs3 LVRVS2 LVRVSL LVRVSO LVREN
RW - - RW RW RW RW RW
Initial value: 00H
LVRST LVR Enable when Stop Release
0 Not effect at stop release
1 LVR enable at stop release
NOTE)

1. When this bitis ‘1", the LVREN bit is cleared to ‘0’ by stop mode to
release. (LVR enable)

2. 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 1.60V
2.00v
2.10Vv
2.20vV
2.32v
2.44v
2.59v
2.75V
2.93v
3.14Vv
3.38V
3.67V
4.00V
4.40V
Not available

B R R R R R R P O0OO0OO0O0OO0OOoOOoOOo
P P P OO OO RIRRERRELROOO

B B O O R P OOFRIPRPROOTLRPRLR O

m O Fr OFR OFR OFR ORFR OFR O R

1

LVREN LVR Operation
0 LVR Enable
1 LVR Disable

Not available

NOTE)
1. The LVRST, LVRVS[3:0] bits are cleared by a power-on reset but are retained by other reset signals.
2. The LVRVS[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 | LS3 LVILS2 LVILSL LVILSO
- - RW RW RW RW RW RW
Initial value: 00H
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 0 2.00Vv
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 2.93Vv
1 0 0 0 3.14Vv
1 0 0 1 3.38V
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(MC96F6432 ONLY)

14.1 Overview

14.1.1 Description

MC96F6432S can not support On-chip debug(OCD). MC96F6432S isn't equipped with on-chip debugger. We
recommend to develop and debug program with MC96F6432. On-chip debug system of MC96F6432 can be used for
programming the non-volatile memories and on-chip debugging. Detail descriptions for programming via the OCD
interface can be found in the following chapter.

Figure 14.1 shows a block diagram of the OCD interface and the On-chip Debug system.
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14.1.2 Feature

+  Two-wire external interface: 1-wire serial clock input, 1-wire bi-directional serial data bus

»  Debugger Access to:

+  Extensive On-chip Debug Support for Break Conditions, Including

*  Operating frequency

Program Counter
Flash and Data EEPROM Memories

Break Instruction

Single Step Break

All Internal Peripheral Units
Internal data RAM

On-chip Debugging Supported by Dr.Choice®

Program Memory Break Points on Single Address

Supports the maximum frequency of the target MCU

Programming of Flash, EEPROM, Fuses, and Lock Bits through the two-wire Interface

Format converter

ot

2

User I/0

DSCL

Target MCU internal circuit

DSDA

<D

DBG
BDC Control
CPU DBG Register

Address bus

-_ Internal data bus

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 D2 ' D3 1 D4 I D5 1 DB ! D7 F A

Figure 14.2 10-bit Transmission Packet
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14.2.2 Packet Transmission Timing

14.2.2.1 Data Transfer

DSDA

LSB acknowledgement LSB acknowledgement

signal from receiver signal from receiver
DSCL

st \ /1\ /10\ /1\ /10\ / Sp
ACK ACK
START sTOP
Figure 14.3 Data Transfer on the Twin Bus

14.2.2.2 Bit Transfer

DSDA /

DSCL

data line
stable
data valid
except Start and Stop

change
of data
allowed

Figure 14.4 Bit Transfer on the Serial Bus
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14.2.2.3 Start and Stop Condition

DSDA

DSDA

DSCL

START condition

X
st \ / ____\ / Sp

DSCL

STOP condition

Figure 14.5 Start and Stop Condition

14.2.2.4 Acknowledge Bit

Data output
By transmitter

X

X A

Data output

no acknowledge

By receiver

DSCL from
master

\ ’1\ /2\ 9 10

_J/

acknowledge

clock pulse for acknowledgement

Figure 14.6

Acknowledge on the Serial Bus

Acknowledge bit
transmission

: Minimum
%,/ 500ns é
.
HostPC \
DSCLOUT ¢

Acknowledge bit
transmission

wait HIGH start HIGH

v

—  Start wait
Target Device %
DSCL OUT
minimum 1 Tsck
< — Maximum 5 Tscix —L for next byte —
— transmission —
pscL \ / \ /
< — Internal Operation —_—

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 I/O).

? VDD
pull-up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
© ©
DSCL(Debugger Serial Clock Line) l
O O
]_ VDD ]_ VDD
DSCL DSDA DSCL DSDA
ouT ouT ouT ouT
DSCL 4 DSDA ~ DSCL ~ DSDA ~
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

252



MC96F6432S ABOV Semiconductor Co., Ltd.

15 Flash Memory

15.1 Overview

15.1.1 Description

MC96F6432S 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 serial ISP mode or

user program mode.

*  Flash Size : 32Kbytes

*  Single power supply program and erase

+  Command interface for fast program and erase operation

* Upto 100,000 program/erase cycles at typical voltage and temperature for flash memory

NOTE)
1. The RXE bit of USINCR2 register should be disabled before flash memory erase and write start.
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15.1.2 Flash Program ROM Structure
O7FFFH
Sector 511
07FCOH 07FCOH
07FBFH
Sector 510
07F80H 07F80H
07F7FH
Sector 509
07F40H 07F40H
07F3FH
Sector 508
I I I
l l l Flash
ROM I | | as
Address | I I Sector
| | | 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
MOVX matruotion [«—E5}—> Flash Page Buffer nutor "
(External Data Memory, 64bytes) Add
only S000H ress
FSADRH/M/L
Flash Controller FIDR
FMCR

Figure 15.1 Flash Program ROM Structure
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15.1.3 Register Map

Name Address Direction Default Description
FSADRH FAH R/W O00OH Flash Sector Address High Register
FSADRM FBH R/W 00OH Flash Sector Address Middle Register
FSADRL FCH R/W 00OH Flash Sector Address Low Register
FIDR FDH R/W O00OH Flash Identification Register
FMCR FEH R/W O00OH Flash Mode Control Register
Table 15.1 Flash Memory Register Map

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 FSADRH1 FSADRHO
- - - - RW RW RW RW
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 | FSADRM6 | FSADRVE | FSADRWA | FSADRMB FSADRM2 FSADRML FSADRVO
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 | FSADRIS | FSADR4 |  FSADRL3 FSADRL2 FSADRLL FSADRLO
RW RW RW RW RW RW RW RW
Initial value: O0OH
FSADRL[7:0] Flash Sector Address Low
FIDR (Flash Identification Register): FDH
7 6 5 4 3 2 1 0
| rmre | FoRe | FORs | FDOR4 FIDR3 FIDR2 FIDRL FIDRO
RW RW RW RW RW RW RW RW
Initial value: 00H
FIDR[7:0] Flash Identification

Others No identification value

10100101 Identification value for a flash mode

(These bits are automatically cleared to logic ‘00H immediately

operation)

after one time
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FMCR (Flash Mode Control Register): FEH

7 6 5 4 3 2 1 0
| FvBusy | - | - | - - FMCR2 FMCRL FMCRO
R - - - - RW RW RW
Initial value: 00H
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 64bytes 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)

257



ABOV Semiconductor Co., Ltd. MC96F6432S

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)

MC96F6432S 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.

Protection Area Size Select . ) .
Size of Protection Area Address of Protection Area
PASS1 PASSO
0 0 3.7Kbytes 0100H - OFFFH
0 1 1.7Kbytes 0100H - O7FFH
1 0 768bytes 0100H — 03FFH
1 1 256bytes 0100H — 01FFH
Table 15.2 Protection Area size

NOTE)
1. Referto chapter 16 in configure option control.
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15.1.8 Erase Mode

The sector erase program procedure in user program mode

1. Page buffer clear (FMCR=0x01)

Write ‘0’ to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).

Check the UserID for to prevent the invalid workMot),
Set flash mode control register (FMCR).
Erase verify

NOTE)

2
3
4. Set flash identification register (FIDR).
5
6
7

1. Please refer to the chapter “Protection for Invalid Erase/Write”
2. On flash memory erase and write, it should be disabled the RXE bit of USINCR2 register.

Program Tip — sector erase

Pgbuf clr:

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

MOVX
INC
DJINZ

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LJMP

No WriteErase:

MOV
MOV
MOV

Erase verify:

Verify error:

EO, #0xF8
FMCR, #0x01

A, #0

RO, #SectorSize

DPH, #0x80
DPL, #0

@DPTR, A
DPTR
RO, Pgbuf clr

FSADRH, #SAH
FSADRM, #SAM
FSADRL, #SAL
FIDR, #0xA5

A, #ID DATA 1

;Set DPTRO
;page buffer clear

; Dummy
; Dummy
; Dummy

instruction, This instruction must be needed.
instruction, This instruction must be needed.
instruction, This instruction must be needed.

;Sector size of Device
;Page Buffer Address is 8000H

;Write

‘0’ to all page buffer

;Sector Address High Byte.
;Sector Address Middle Byte
;Sector Address Low Byte
;Identification value

;Check

A,UserIDl,No WriteErase;This

A, #ID DATA 2

A,UserID2,No WriteErase

FMCR, #0x02

Erase verify

FIDR, #00H
UserID1, #00H
UserID2, #00H

;Start
; Dummy
; Dummy
; Dummy

the UserID(written by user)
routine for UserID must be needed.

flash erase mode

instruction, This instruction must be needed.
instruction, This instruction must be needed.
instruction, This instruction must be needed.
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15.1.9 Write Mode
The sector Write program procedure in user program mode
1. Page buffer clear (FMCR=0x01)
2. Write data to page buffer
3. Set flash sector address register (FSADRH/FSADRM/FSADRL).
4. Set flash identification register (FIDR).
5. Check the UserID for to prevent the invalid work®ote1),
6. Set flash mode control register (FMCR).
7. Erase verify
NOTE)
1. Please refer to the chapter “Protection for Invalid Erase/Write”
2. All data of the sector should be “00H” before writing data to a sector
3. On flash memory erase and write, it should be disabled the RXE bit of USINCR2 register.
Program Tip — sector write
ANL EO, #0xF8 ;Set DPTRO
MOV FMCR, #0x01 ;page buffer clear
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
MOV A, 40
MOV RO, #SectorSize ;Sector size of Device
MOV DPH, #0x80 ;Page Buffer Address is 8000H
MOV DPL, #0

Pgbuf WR: MOVX  @DPTR,A

INC A

INC DPTR

DJNZ RO, Pgbuf WR ;Write data to all page buffer

MOV FSADRH, #SAH ;Sector Address High Byte.

MOV FSADRM, #SAM ;Sector Address Middle Byte

MOV FSADRL, #SAL ;Sector Address Low Byte

MOV FIDR, #0xA5 ;Identification value

MOV A,#ID_DATA_l ;Check the UserID(written by user)

CJINE A,UserIDl,No WriteErase;This routine for UserID must be needed.

MOV A, #ID DATA 2

CJNE A,UserID2,No WriteErase

MOV FMCR, #0x03 ;Start flash write 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.

LJMP Write verify

No WriteErase:

MOV FIDR, #00H
MOV UserIDl, #00H
MOV UserID2, #00H

Write verify:

Verify error:
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The Byte Write program procedure in user program mode
1. Page buffer clear (FMCR=0x01)

Write data to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).

Check the UserlID for to prevent the invalid work®ote1),

Set flash mode control register (FMCR).

Erase verify

NOTE)

2
3
4. Set flash identification register (FIDR).
5
6
7

1. Please refer to the chapter “Protection for Invalid Erase/Write”
2. Data of the address should be “00H” before writing data to an address
3. On flash memory erase and write, it should be disabled the RXE bit of USINCR2 register.

Program Tip — byte write

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LJMP
No WriteErase:
MOV
MOV
MOV
Write verify:

Verify error:

EO, #0xF8
FMCR, #0x01

A, #5

DPH, #0x80
DPL, #0
@DPTR, A

A, #6

DPH, #0x80
DPL, #0x05
@DPTR, A

FSADRH, #SAH
FSADRM, #SAM
FSADRL, #SAL
FIDR, #0xA5

A, #ID DATA 1

;Set DPTRO

;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

;Sector Address High Byte.
;Sector Address Middle Byte
;Sector Address Low Byte
;Identification value

;Check

A,UserIDl,No WriteErase;This

A, #ID DATA 2

A,UserID2,No WriteErase

FMCR, #0x03

Write verify

FIDR, #00H
UserID1, #00H
UserID2, #00H

;Start
; Dummy
; Dummy
; Dummy

the UserID(written by user)
routine for UserID must be needed.

flash write mode

instruction, This instruction must be needed.
instruction, This instruction must be needed.
instruction, This instruction must be needed.
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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.

NOTE) For more information, please refer to the appendix “Flash Protection for Invalid Erase/Write”.

1. User ID check routine for the flash erase/write code.

ErWt rtn:

MOV
MOV
CJINE
MOV
CJINE
MOV
CJINE
MOV

RET

FIDR, #10100101B ;ID Code

A, #ID DATA 1 ;Ex) ID DATA 1: 93H, ID DATA 2: 85H, ID DATA 3: 5AH
A,UserIDl,No WriteErase

A, #ID DATA 2

A,UserID2,No WriteErase

A, #ID DATA 3

A,UserID3,No WriteErase

FMCR, #0x?? ;0x03 if write, 0x02 if erase

No WriteErase:

MOV
MOV
MOV
MOV
MOV
RET

FIDR, #00H
UserID1, #00H
UserID2, #00H
UserID3, #00H
Flash flag, #00H

If code is like the above lines, an invalid flash erase/write can be avoided.
NOTE) On flash memory erase and write, it should be disabled the RXE bit of USINCR2 register.

2. ltis important where the UserlD1/2/3 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 Ox7f00 to Ox7fff is used

for data.

4. Overview of main

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

Workl
Decide ErWt
Work2

ID write
Work3

Flash erase
Flash write

A, #38H

A,Flash flagl,No write ID

A, #75H

A,Flash flag2,No write ID

UserID1,#ID DATA 1
A, #38H

;Write Uiser ID1

A,Flash flagl,No write ID

A, #75H

A,Flash flag2,No write ID

UserID2,#ID DATA 2
A, #38H

;Write Uiser ID2

A,Flash flagl,No write ID

A, #75H

A,Flash flag2,No write ID

UserID3,#ID_DATA 3

UserID1, #00H
UserID2, #00H
UserID3, #00H

;Write Uiser ID3
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15.1.10.1

Flow of Protection for Invalid Erase/Write

NOTE)

1.

= O

A

Work1

Decide to write/erase
on flash

Set Flags

A

Work2

Check the flag for
UserlD

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

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, QA+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. Check the UserID for to prevent the invalid workMot):
3. Set flash mode control register (FMCR).

NOTE) Please refer to the chapter “Protection for Invalid Erase/Write”

Program Tip — Code Write Protection

MOV FIDR, #0xA5 ;Identification value

MOV A,#ID_DATA_l ;Check the UserID(written by user)

CJINE A,UserIDl,No WriteErase;This routine for UserID must be needed.
MOV A, #ID DATA 2

CJNE A,UserID2,No WriteErase

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.

No WriteErase:

MOV FIDR, #00H
MOV UserID1, #00H
MOV UserID2, #00H
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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
RP HL - - - - - RSTS
Initial value : 00H
R_P Code Read Protection
0 Disable
1 Enable
HL Code Write Protection
0 Disable
1 Enable
RSTS Select RESETB pin
0 Disable RESETB pin(P55)
1 Enable RESETB pin

CONFIGURE OPTION 2: ROM Address 003EH

7 6 5 4 3 2 1 0
— — — - — PAEN PASS1 PASSD

Initial value : 0OH

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 3.7Kbytes (Address 0100H — OFFFH)
0 1 1.7Kbytes (Address 0100H — 07FFH)
1 0 768bytes (Address 0100H — 03FFH)
1 1 256bytes (Address 0100H — 01FFH)
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17 APPENDIX

17.1 Instruction Table

Instructions are eitherl, 2 or 3bytes 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
INCA 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
DECA Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 Ad
DIV AB Divide Aby B 1 4 84
DAA Decimal Adjust A 1 1 D4
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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
ORLA,RN OR register to A 1 1 48-4F
ORL A,dir OR direct byte to A 2 1 45
ORLA, @RI OR indirect memory to A 1 1 46-47
ORL A #data OR immediate to A 2 1 44
ORL dir,A OR Ato 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
XRLA,dir Exclusive-OR direct byte to A 2 1 65
XRLA, @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
RLA Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RRA Rotate A right 1 1 03
RRCA Rotate A right through carry 1 1 13
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DATA TRANSFER
Mnemonic Description Bytes Cycles Hex code
MOV A,Rn Move register to A 1 1 E8-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 78-7TF
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 90
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 Cco
POP dir Pop direct byte from stack 2 2 DO
XCHA,Rn Exchange A and register 1 1 C8-CF
XCH A dir Exchange A and direct byte 2 1 C5
XCHA,@RIi 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 C3
CLR bit 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
ANL C,bit AND direct bit to carry 2 2 82
ANL C,/bit AND direct bit inverse to carry 2 2 BO
ORL C,bit OR direct bit to carry 2 2 72
ORL C,/bit OR direct bit inverse to carry 2 2 AO
MOV C,bit Move direct bit to carry 2 1 A2
MOV bit,C Move carry to direct bit 2 2 92
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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
SJIMP rel Short jump (relative address) 2 2 80
JC rel Jumponcarry =1 2 2 40
JINC 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 hit,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
CJINE A #d,rel Compare A,immediate jne relative 3 2 B4
CJINE Rn,#d,rel Compare register, immediate jne relative 3 2 B8-BF
CJINE @Ri,#d,rel Compare indirect, immediate jne relative 3 2 B6-B7
DJNZ Rn,rel Decrement register, jnz relative 2 2 D8-DF
DJNZ 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
OVC GOPTR-n A | Mo L peci pefucier soppori NN
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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17.2 Instructions on how to use the input port.

*  Error occur status
— Using compare jump instructions with input port, it could cause error due to the timing conflict inside the MCU.

— Compare jump Instructions which cause potential error used with input port condition:

JB it rel ; jump on direct bit=1

JNB  bit, rel ; jump on direct bit=0

JBC bit, rel ; jump on direct bit=1 and clear
CINE A, dir, rel ; compare A, direct jne relative
DJNZ dir, rel ; decrement direct byte, jnz relative

— ltis only related with Input port. Internal parameters, SFRs and output bit ports don't cause any error by
using compare jump instructions.

— Ifinput signal is fixed, there is no error in using compare jump instructions.

. Error status example

while (1) { ZZZ: JNB 080.0, xxx , it possible to be error
if (P00==1){ P10=1; } SETB 088.0
else { P10=0; } SJMP VYYy
P117=1; XXX CLR 088.0
} Vyy: MOV c,088.1
CPL C
MOV 088.1,C
SJIMP 227

unsigned char ret bit err(void)
- - MOV R7, #000

{ . .
return !P00; JB 080.0, xxx , it possible to be error
} MOV R7, #001
XXX RET

*  Preventative measures (2 cases)
— Do not use input bit port for bit operation but for byte operation. Using byte operation instead of bit operation

will not cause any error in using compare jump instructions for input port.

Wl_lile(l){ zzz: MOV A, 080 ; read as byte
if ((P0&0x01)==0x01){ P10=1; } JNB 0E0.0, xxx ; compare
else { P10=0; } SETB 088.0

P117=1; SJMP  yyy

} XXX CLR 088.0

Vyy: MOV Cc,088.1

CPL C
MOV 088.1,C
SJMP Z27Z
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— If you use input bit port for compare jump instruction, you have to copy the input port as internal parameter or

carry bit and then use compare jump instruction.

bit tt; zzz: MOV C,080.0 ; input port use internal parameter
while (1) { MOV 020.0, C ; move
tt=P00; JB 020.0, xxx ; compare
if (tt==0){ P10=1;} SETB 088.0
else {P10=0;} SIMP  yyy
P117=1; xxx: CLR 088.0
} yyy: MOV  C,088.1
CPL C
MOV  088.1,C
SIJMP zzz
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17.3 ESD Test Method

1) ESD Test Description

ESD Testing was perform on Zapmaster system using the Human-Body-Model (H.B.M) and Machine-Model (M.M)
according JESD22-A114F and EIA/JJESD22-A115-A respectively. Human-Body-Model stresses devices by sudden
application of a high voltage supplied by a 100pF capacitor through 1.5k Ohms resistance. Machine-Model stresses

devices by sudden application of a high voltage supplied by a 200pF capacitor through very low (0 Ohm) resistance.

2) ESD Test Circuit and Condition

VvV O NV
Condition

1) Zap Interval : 1 second

2) Number of Zaps :

- C—— DUT 3 positive & 3 negative at room temp.
3) Criteria : Q.A Program

3) ESD Test Method : VDD Mode
VDD pin is grounded.
Other pins (VSS and I/O) are zapped, pin by pin.

Vdd Mode

(I

L] m— R

Il

4) ESD Test Method : VSS Mode
VSS pin is grounded
Other pins (VDD and I/O ) are zapped, pin by pin.

Vas Mode
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5) ESD Test Method : I/O (Pin-to-Pin) Mode
I/O pins are zapped, pin by pin.

I/0 pins which are not zapped are grounded.
All power pins (VDD and VSS) are floated.

Pin-to-Pin Mode

IJHIJLIIJWHHIJ

I

6) ESD Class
HBM (Human-Body-Model) : 3A
M.M. (Machine-Model) : B
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17.4 Flash Protection for Invalid Erase/Write

» Overview
This is example to prevent changing code or data in flash by abnormal operation(noise, unstable power, malfunction,

etc...).

Program[J
Sequence
Noise,
Unstable Power,
Malfunction,
ETC... L
Program
Invalid
PC Jump
Flash Erase/Write code

» How to protect the flash

+ Divide into decision and execution to Erase/Write in flash.
- Check the program sequence from decision to execution in order of precedence about Erase/Write.
- Setting the flags in program and check the flags in main loop at the end
- When the Flash Erase/Write is executed, check the flags. If not matched, do not execute.
» Check the range of Flash Sector Address
- If the flash sector address is outside of specific area, do not execute.
* Use the Dummy Address
- Set the flash sector address to dummy address in usually run time.
- Change the flash sector address to real area range shortly before Erase/Write.
- Even if invalid Erase/Write occurred, it will be Erase/Write in dummy address in flash.
* Use the LVR/LVI
- Unstable or low powers give an adverse effect on MCU. So use the LVR/LVI

275



ABOV Semiconductor Co., Ltd. MC96F6432S

> Flowchart

Initial
Set LVR/LVI more than 2.0V

v

Start Main Loop

v

Working

A

® Set User_ID1

@ Write Flash?

No |« |
Y

Working

Set User_ID2

Set User_ID3

Working

Write Flash

A 4
@ Set FSADDRH/M/L
Set FIDR

®

Yes

Check Flash Addr
Min/Max

Check User_ID1/2/3 Set FMCR

No
)
Y

Clear User_ID1/2/3

Clear FIDR

Clear FMCR

Set FSADRH/M/L to Dummy Addr
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» Descript of Flowchart

* @ Initialization

- Setthe LVR/LVI
Check the power by LVR/LVI and do not execute under unstable or low power.

- Initialize User_1D1/2/3
- Set Flash Sector Address High/Middle/Low to Dummy address

Dummy address is set to unused area range in flash.
* @ Decide to Write
- When the Erase/Write are determined, set flag. Do not directly Erase/Write in flash.
- Make the user data.

* ® Check and Set User_ID1/2/3
- In the middle of source, insert code which can check and set the flags.
- By setting the User_ID 1/2/3 sequentially and identify the flow of the program.

* @ Set Flash Sector Address

- Set address to real area range shortly before Erase/Write in flash.
Set to Dummy address after Erase/Write

Even if invalid work occurred, it will be Erase/Write in Dummy address in flash.

* ® Check Flags
- If every flag(User_ID1/2/3, LVI, Flash Address Min/Max) was set, than do Erase/Write.
- If the Flash Sector Address is outside of Min/Max, do not execute
- Address Min/Max is set to unused area.
* ® Initialize Flags
- Initialize User_ID1/2/3
- Set Flash Sector Address to Dummy Address
+ Sample Source
- Refer to the ABOV homepage.

- ltis created based on the MC97F2664.
- Each product should be modified according to the Page Buffer Size and Flash Size

> Etc

* Protection by Configure option

- Set flash protection by MCU Write Tool(OCD, PGM+, etc...)
Vector Area :

O0OH~FFH
Specific Area :
3.7k Bytes (Address 0100H — OFFFH)
1.7k Bytes (Address 0100H — 07FFH)
768 Bytes (Address 0100H — 03FFH)
256 Bytes (Address 0100H — 01FFH)
- The range of protection may be different each product.
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