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REVISION HISTORY

VERSIONO.0 (November 10, 2011)

VERSION1.0 (April 12, 2012)

Change ‘1.3/2.6mA (Typ/Max)’ to “IDD2 @X-tal 12MHz” in DC Electrical characteristics.
Change ‘0.7/1.4mA (Typ/Max)’ to “IDD2 @X-tal 10MHz” in DC Electrical characteristics.
Change ‘0.8/1.6mA (Typ/Max)’ to “IDD2 @IRC 16MHz” in DC Electrical characteristics.
Change ‘60.0/90.0uA (Typ/Max)’ to “IDD3” in DC Electrical characteristics.

Change ‘6.0/12.0uA (Typ/Max) to “IDD4” in DC Electrical characteristics.

Change ‘+1.0%(Ta= 0°C~ +50°C)/+2.0%(Ta= -20°C~ +85°C)/+3.0%(Ta= -40°C~ +85°C) @2.0V — 5.5V to “IRC’s
Tolerance” in Internal RC Oscillator characteristics.

Change ‘t4 (Max)’ to “ILE” in ADC electrical characteristics.

Change ‘50/150mV (Typ/Max)’ to “LVR/LVI Hysteresis” in LVR/LVI electrical characteristics.
Change ‘8.0/12.0 uA (Typ/Max)’ to “Current consumption(one of two)” in LVR/LVI characteristics.
Change ‘10.0/15.0 uA (Typ/Max)’ to “Current consumption(both)” in LVR/LVI characteristics.
Add ‘Instructions on how to use the input port 'descriptions.

Add description about clock source(T1 A Match) of Timer 2.

Add ‘Application circuit for ADC Key Input by resistor string’.

Retype a typo at ‘EO Register description’.

Retype a typo on 12C Frequency formula.

Retype some typo errors.

VERSIONL1.1 (April 20, 2012)

Change ‘30V/ms (Max)’ to “VDD Voltage Rising Time” in Power-on Reset Electrical characteristics.
VERSION1.2 (July 9, 2012)

Change ‘-10mA’ to “IOH of VOH1” in DC Electrical characteristics.

Change ‘VDD-1.5V (Min)’ to “WVOH1” in DC Electrical characteristics.

VERSION1.3 (July 22, 2013)

Add a package type, “MC96F8316U (32QFN)”".

VERSION1.4 (March 24, 2014)

Fix the byte count of instruction “DJNZ Rn rel”.

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

VERSIONL1.5 (April 11, 2014)

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

VERSION1.6 (July 9, 2014)

Change ‘Read Protection’ to ‘Code Read Protection’ in Configure Option.

Change ‘Hard-Lock’ to ‘Code Write Protection’ in Configure Option.

Change ‘RESETB port with a pull-up resistor’ to ‘Enable RESETB pin’ in Configure Option.
Change ‘Protection Area Enable/Disable’ to ‘Specific Area Write Protection’ in Configure Option.
Change ‘Protection Area Size Select’ to ‘Select Specific Area for Write Protection’ in Configure Option.
VERSIONL1.7 (November 5, 2014)

Add Contents of Flash, “Protection for Invalid Erase/Write”

VERSIONL1.8 (February 2, 2015)

Add package types, “MC96F8316L (32LQFP)” and “MC96F8316R (28TSSOP)”,

Modify contents of Interrupt sequence flow

VERSION1.9 (April 8, 2015)

Add a note at PO, P1, P2, P3, EIFLAGO, EIFLAGL1 register description and SFR map.

Change a Figure 11.32 A/D Analog Input pin with Capacitor in 12-Bit A/D Converter.
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VERSION1.10 (May 11, 2015)

Add a chapter “C. ESD Test Method” in APPENDIX.
VERSION1.11 (November 10, 2015)

Modify 20-Pin SOP Package in Package Diagram.
VERSION1.12 (December 21, 2015)

Change symbol name from ILE, DLE, FSE, tcon, Van, Ian to INL, DNL, TOE, tcony, Van, lan in 7.3 A/D Converter
Characteristics

Change tr spec max value from 30.0V/ms to 5.0V/ms in 7.4 Power-On Reset Characteristics
Add a note about OSCCR in Chapter 11.1 Clock Generator.

Fixed typos.

VERSION1.13 (April 6, 2016)

Change tr spec max value from 5.0V/ms to 30.0V/ms in 7.4 Power-On Reset Characteristics
Add Flash Data Retention Time in 7.14 Internal Flash Rom Characteristics

Add a chapter 7.22 Recommended Circuit and Layout with SMPS Power

Modify the program tips in 15. Flash Memory.

Add an appendix about “Flash Protection for invalid Erase/Write”

VERSION1.14 (January 11, 2017)

Added the note on the flash memory erase and write in Chapter 15. Flash Memory.

Updated Package diagrams in Chapter 4. Package Diagram.

Updated OCD dongle image and writing tool images in Chapter 1.4 Development tools.
Fixed typos of I12C Status Register in Chapter 11.12 |12C.

VERSION1.15 (July 6, 2021) This book

Modify Exposed pad connection of QFN packages.

VERSION1.16 (December 13, 2022) This book

Modify a font.

VERSION1.17 (December 2, 2024) This book

Updated the disclaimer.
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MC96F8316

MC96F8316

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

1. Overview

1.1 Description

The MC96F8316 is an advanced CMOS 8-bit microcontroller with 16 Kbytes of FLASH. This is powerful
microcontroller which provides a highly flexible and cost effective solution to many embedded control applications.
This provides the following features : 16 Kbytes of FLASH, 256bytes of IRAM, 512 bytes of XRAM , general
purpose |/O, basic interval timer, watchdog timer, 8/16-bit timer/counter, 16-bit PPG output, 8-bit PWM output
watch timer, buzzer driving port, SPI, UART, 12C, 12-bit A/D converter, on-chip POR, LVR, LVI, on-chip oscillator
and clock circuitry. The MC96F8316 also supports power saving modes to reduce power consumption.

Device Name FLASH XRAM IRAM ADC I/O PORT Package
MC96F8316D 15 channel 30 32 SOP
MC96F8316U 15 channel 30 32 QFN
MC96F8316L 15 channel 30 32 LQFP
MC96F8316M 12 channel 26 28 SOP
MC96F8316R 16Kbytes 512bytes 256bytes 12 channel 26 28 TSSOP
MC96F8316G 12 channel 26 28 SKDIP
MC96F8216U 11 channel 22 24 QFN
MC96F8216D 8 channel 18 20 SOP
MC96F8216B 8 channel 18 20 PDIP

December 2, 2024 Ver. 1.17
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1.2 Features

+ CPU

- 8-bit CISC Core(8051 2 clocks per cycle)
* ROM (FLASH) Capacity

- 16Kbytes

- Flash with self read/write capability

- On chip debug and In-system programming(ISP)

- Endurance : 100,000 times
- Retention : 10 years
+ 256bytes IRAM
* 512bytes XRAM
* General Purpose I/0 (GPIO)
- Normal I/O : 30Ports
(PO[6:0], P1[7:0], P2[6:0], P3[7:0])
- LED display drive capability pins : 14 Ports
(P1[7:0], P2[5:0])
» Basic Interval Timer (BIT)
- 8-bitx 1ch
-Watch Dog Timer (WDT)
- 8-bitx 1ch
- 5kHz internal RC oscillator
» Timer/ Counter
- 8-bitx1ch(T0), 16-bitx 2ch (T1/T2)
* Programmable Pulse Generation
- Pulse generation (by T1/T2)
- 8-bit PWM (by TO)
* Watch Timer(WT)

- 3.91ms/0.25s/0.5s/1s/1minute interval at
32.768kHz

* Buzzer
- 8-bitx 1ch
* SPI
- 8-bitx 1ch
*+ UART
- 8-bitx 1ch
« 12C
- 8-bitx 1ch
» 12-bit A/D Converter
- 15 Input channels
- Power down wake-up function
* Power On Reset
- Reset release level (1.4V)

* Low Voltage Reset

- 14 level detect (1.60V/ 2.00V/ 2.10V/ 2.20V/
2.32V/ 2.44V[ 2.59V/ 2.75V/ 2.93V/ 3.14V/

3.38V/ 3.67V/ 4.00V/ 4.40V)

* Low Voltage Indicator

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

* Interrupt Sources
- External Interrupts

(EINTO~4, EINTS5, EINT6, EINT7~A, EINT10,
EINT11, EINT12) (7)

- Timer(0/1/2) (4)
-WDT (1)
-BIT (1)
-WT (1)
-SPI (1)
- UART (2)
-12C (1)
-ADC (1)
- ADC Wake-up (1)
* Internal RC Oscillator
- Internal RC frequency:
16MHz £1.0% (TA= 0 ~ +50°C)
* Power Down Mode
- STOP, IDLE mode
* Operating Voltage and Frequency
-1.8V ~ 5.5V (@32 ~ 38kHzwith 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 ~ 12.0MHzwith 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)
-61lus(@ 32.768kHz sub clock)
» Operating Temperature: —40 ~ +85C
» Oscillator Type
- 0.4-12MHz Crystal or Ceramic for main clock
- 32.768kHz Crystal for sub clock
+ Package Type
- 32SOP/QFN/LQFP
- 28SOP/TSSOP/SKDIP
- 24QFN
- 20SOP/PDIP
- Pb-free package

12
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1.3 Ordering Information
Table 1-1 Ordering Information of MC96F8316
Device name ROM size IRAM size XRAM size Package
MC96F8316D 32 SOP
MC96F8316U 32 QFN
MC96F8316L 32 LQFP
MC96F8316M 28 SOP
MC96F8316R 16Kbytes FLASH 256bytes 512bytes 28 TSSOP
MC96F8316G 28 SKDIP
MC96F8216U 24 QFN
MC96F8216D 20 SOP
MC96F8216B 20 PDIP
December 2, 2024 Ver. 1.17 13
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1.4 Development Tools

1.4.1 Compiler

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

The core of MC96F8316 is Mentor 8051. And device ROM size is smaller than 64 Kbytes .Developer can use all
kinds of third party’s standard 8051 compiler.

1.4.2 OCD emulator and debugger

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

The OCD interface uses two-wire interfacing between PC and MCU which is attached to user’s system. The
OCD can read or change the value of MCU internal memory and I/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 (32bit) 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.

Connection:
- DSCL (MC96F8316 P01 port)

- DSDA (MC96F8316 PO port)
OCD connector diagram: Connect OCD with user system

1 o O 2 User VCC
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/OCD2) and Pin description
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1.4.3 Programmer

Single programmer:
E-PGM+ : It programs MCU device directly.

1

NABOV
E_PGM"' SmICONOVCID

> o o©

O O

O O

DSDA —{»O O

VDD —»-O  Ca{— VSS

DSCL —{»O O
O O

O O

O O

O O

O O

O O

O O

O O

O O

O O

O O

O O

O O

O O

Figure 1.2 E-PGM+(Single writer)
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OCD emulator: It can write code in MCU device too, because OCD debugging supports ISP (In System

Programming).

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

Gang programmer: E-GANG4 and E-GANG6

It can run PC controlled mode.
It can 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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. Block Diagram
DSDA DSCL
A
ANO-AN6/P00-P06 | -
12 - Bit Low Voltage
AR ] oo S e |
On-Chip Debug
TOO/PWMOO/P35 )
EINT10/P35 ¢—>| 8-BitTimero K= <= Waitch Timer
ECO/P26 ¢—> M8051 Core K=
T10/PWM1O/P12 ¢ |
s __} . . <):(>| Buzzer |—> BUZO/P11
EC1/P11 &—3] 16K Bytes Flas C:D
MISO/P14
T20/PWM20/P13 ¢ MOSI/P15
EINT12/P13 -—» =y XRAM IRAM s Y SPI «—>$ SCK/P16
EC2/P17 ¢—> (512 Bytes)| | (256 Bytes) SS/P17
POO/ANO/DSDA ) ) SDA/P24/P30
PO1/AN1/DSCL Basic Interval Timer 12C |<_> SCL/P25/P31
PO2/AN2/AVREF/EINTO >
PO3/AN3/EINT1 > PO Port K=
PO4/AN4/EINT2 Power On Reset  TXD/P30
PO5/ANS/EINT3 UART RXD/P31
POB/AN6/EINT4 1
Low Voltage Reset
P10/AN7/EINTS P30/TXD
P11/ANS/EINT6/EC1/BUZO P31/RXD
P12/AN9/EINT11/T10/PWM10 > - Eggg%ﬁ?
PEAMGENTIZTOTMO RS e (| geestmer | Ry poren
P15/AN12/MOSI P35/EINT10/TOO/PWMOO
P16/AN13/SCK P36/XIN
P17/AN14/EC2/SS P37/XOUT
INT-RC OSC
16MHz
P20/EINT7
P21/EINT8
»o RESETB
P22/EINT9 > | cLOCK/ SXOUT
P23/EINTA > P2 Port K= Voltage
P24/SDA > Down CS(;/STTE(")"L SN
P25/SCL Converter
P26/ECO >0 XOUT
VDD VSSs

Figure 2.1 Block Diagram

NOTES)1. The P04-P06, and P26 are not in the 28-pin package.
2. The P04-P06, P17, P20—P22, and P26 are not in the 24-pin package.
3. The P04-P06, P14-P17, P20, P23, P26,P33-P34 and are not in the 20-pin package.
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3. Pin Assignment

VsS
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P32/RESETB
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P01/AN1/DSCL
P02/AN2/AVREF/EINTO
PO3/AN3/EINT1
PO4/AN4/EINT2
PO5/ANS/EINT3
PO6/ANG/EINT4
P10/AN7/EINT5
P11/ANS/EINT6/EC1/BUZO
P12/AN9/EINT11/T10/PWM10
P13/AN10/EINT12/T20/PWM20
P14/AN11/MISO
P15/AN12/MOSI
P16/AN13/SCK
P17/AN14/EC2/SS

Figure 3.1 MC96F8316D 32SOP Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P0[1:0] pin as DSCL,DSDA.
2. The SDA/SCL lines for I2C can be configured on the P30/P31 pins by software control.
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©c S ERGRGS
K ISIRZ2RR
VSS 290 NE QNG
22080 3>
>5335338 858
> © o N 2 ¥
883
N X o
2% a
[

PO4/AN4/EINT2

PO5/ANS/EINT3
PO6/ANG/EINT4
P10/AN7/EINTS
P11/ANS/EINT6/EC1/BUZO
P12/AN9/EINT11/T10/PWM10
P13/AN10/EINT12/T20/PWM20
P14/AN11/MISO

Figure 3.2 MC96F8316U 32QFN Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P0[1:0] pin as DSCL,DSDA.
2. The SDA/SCL lines for 12C can be configured on the P30/P31 pins by software control.
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Figure 3.3 MC96F8316L 32LQFP Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P0[1:0] pin as DSCL,DSDA.
2. The SDA/SCL lines for 12C can be configured on the P30/P31 pins by software control.

Vss
P37/XOUT
P36/XIN
P35/EINT10/TOO/PWMOO
P34/SXIN
P33/SXOUT
P32/RESETB
P31/RXD/(SCL)
P30/TXD/(SDA)
P25/SCL
P24/SDA
P23/EINTA
P22/EINT9
P21/EINT8

Aoonanoononnnm
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Uuiuturuuuurooh
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3 O'OZ
4 (0]
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8 0 s
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28
27
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16
15
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POO/ANO/DSDA
P01/AN1/DSCL
P02/AN2/AVREF/EINTO
PO3/AN3/EINT1
P10/AN7/EINT5S
P11/ANS/EINT6/EC1/BUZO
P12/AN9/EINT11/T10/PWM10
P13/AN10/EINT12/T20/PWM20
P14/AN11/MISO
P15/AN12/MOSI
P16/AN13/SCK
P17/AN14/EC2/SS

P20/EINT7

Figure 3.4 MC96F8316M/R/G 28SOP/28TSSOP/28SKDIP Pin Assignment
NOTES) 1. On On-Chip Debugging, ISP uses P0[1:0] pin as DSCL,DSDA.

2. The P04-P06 and P26 pins should be selected as a push-pull output or an input with pull-up resistor

by software control when the 28-pin package is used.
3. The SDA/SCL lines for 12C can be configured on the P30/P31 pins by software control.
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P35/EINT10/TOO/PWMOO
P34/SXIN

P33/SXOUT
P32/RESETB
P31/RXD/(SCL)
P30/TXD/(SDA)

VSS

S 3

T z 3

s gz

$5 <<33

< %]

258850

O N NN NN P
1 18
12} 17
3 | MC96F8216U; 16
(14! (24-QFN) 1504
5 14
DG? Exposed pad(25) 130

T Ne o5 ER

T U U T UV T

GEB5 b s

¢ O m>3>3 >

00 zz2z2z

>S5 8E

>g§§

~2 3

P02/AN2/AVREF/EINTO
PO3/AN3/EINT1

P10/AN7/EINTS
P11/ANS/EINT6/EC1/BUZO
P12/AN9/EINT11/T10/PWM10
P13/AN10/EINT12/T20/PWM20

Figure 3.5 MC96F8216U 24QFN Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P0[1:0] pin as DSCL,DSDA.
2. The P04-P06, P17, P20-P22 and P26 pins should be selected as a push-pull output or an input with

pull-up resistor by software control when the 24-pin package is used.

3. The SDA/SCL lines for I12C can be configured on the P30/P31 pins by software control.

VSS
P37/XOUT

P36/XIN
P35/EINT10/TOO/PWMOO
P32/RESETB
P31/RXD/(SCL)
P30/TXD/(SDA)

P25/SCL

P24/SDA

Q00000000

P22/EINT9 [

=
o

C

guguuuuunt

85
AN
o
5 <
— @0

20
19
18
17
16
15
14
13
12
11

<
o
o

POO/ANO/DSDA

P01/AN1/DSCL
P02/AN2/AVREF/EINTO
PO3/AN3/EINT1

P10/AN7/EINTS
P11/ANS/EINT6/EC1/BUZO
P12/AN9/EINT11/T10/PWM10
P13/AN10/EINT12/T20/PWM20
P21/EINT8

Figure 3.6 MC96F8216D/B 20SOP/20PDIP Pin Assignment

NOTES) 1. On On-Chip Debugging, ISP uses P0[1:0] pin as DSCL,DSDA.

2. The P04-P06, P14-P17, P20, P23, P26 and P33-P34 pins should be selected as a push-pull output
or an input with pull-up resistor by software control when the 20-pin package is used.

3. The SDA/SCL lines for I2C can be configured on the P30/P31 pins by software control.

20

December 2, 2024 Ver. 1.17




\BO\

MC96F8316

4. Package Diagram

D

EEEETEEY

HoHbbols

2 a N2

Index Area(0.250+0.75E)

TOFP View

HEEAHAAHH

' EJECTOR PIN

N
EEEN EEEE

ETM View

~

Sicle View

De

Tall

" >< "

Anst -

w |TITLE

FPODof SOP  Series

E'BAD| 'Z‘Em ORANING NO. FEV.
o e C-PED-PKSOP-001 AG
PROIECTION | SEALE [ SEE | Mgtarial Codt NiA SHEET L
B @] > | M Reference Code iR 2073
Symbol e QS0P20 Q50P21 QSOP (M) 24 0S0P28 s0r8 S0P8-6
i Min Nom Max Win Nom Max Min Nom Max Min Nom Max Min Nom Hax Nin Nom Max
I B 1.45 180 | 1.50 1.80 | 1.50 180 | 1.50 1.80_| 1.35 170 | 1.35 170
AL P 0.10 0.25 | 0.102 0.249 | 0.102 0.249 [0.102 0.245 | 0.05 0.20 | 0.05 0.20
42 MR 1.85 1.55 1. 40 1.55 1.40 1.55 | 1.40 1.55 | 1.30 150 | 1.80 1.50
E [ 5.80 6.20 | 5.842 6.198 | 5.842 6.198 | 5.842 6.168 | 5.80 6.20 | 5.80 6.20
El FAGY 3.80 4.00 | 3.861 | 3.998 | 3.861 | 3.008 | 3.86 3.998 | 3.80 _4.00 | 3.80 1.00
D MW 8. 55 8.75 | B.585 B.738 | 8.585 8.738 | 9.804 9.957 | 4.80 5.00 | 4.80 5.00
L T3 0.44 0.84 | 0.406 0.889 | 0.406 0.889 | 0.406 0.889 | 0.40 0.70 | 0.40 0.70
& [TTRET 0. 625TYP 0. G35TYP 0. 635TIP 0. 635T1P 1. 27TV 1. 27TIP
B RN 0.20 ] [o30 | 0.20 ] 0.30 | 0.20 ] 0.30 | 0.20 [o.30 | 0.7 0.47 | 0.37 [0.47
C [CEYs 0.2T7P 0. 2TTP 0.217F 0.2TVF 0. 3TTP 0.2T7F
01 4T 8" TVP 8" TP 8 TYP 8" TP 17° TP 17° TP
[P [ 8" TID 8" 1P 8 11P 8° TP 13" TP 13° 1D
03 e | [ & 0] 8’ 0° 8" 0° - 0 8 0" B
Ve | NNEERT 4" TP 4" VP 4" T1P 4" VP 12" TP 12" TP
SOP ™ 3 S0P
Symbol e i S0P (M) 16 i Soris ; s0r20 2 : S0P32
Hin Nom Max Win Nom Max Min Nom Max Min Nom Max
A BB 1.40 1.73 | 2.30 2.85 | 1.85 220 | 2.24 2.5G
Al W 0.05 0.18 | 0.10 0.25 | 0.05 0.20 | 0.10 0.25
A2 AN 1.35 1.55 | 4.20 2.60 | 1.80 200 | 214 .34
E B 5.84 6.24 | 10.01 10.64 | 7.60 820 | 10.2 10.8
El W R 3.84 4.04 | 7.37 7.62 | 5.20 540 | 7.42 7.62
D [ 9.90 10.10 | 11.35 11.68 | 12.38 12.55 | 20.68 20.88
L Bk 0.40 0.70 | 0.70 0.97 | 0.30 0.70 | 0.55 0.95
& Tl L. 2rTyP L arTyp 1.27TYP 1.27TYP
B M 0.56 ] [046 [ 036 ] 0.51 | 0.40 ] 0.48 | 0.30 | [o.50
c WER 0.31YP 0. Z54TTP 0.21YP 0. Z54TYP
01 sl 8" TYP 7P 15" 9P 15" TYP
[P [ B 8" TYP 7P 8 T1P 8° TP
83 T 0] [ & 0”1 8" 0] 107 0 B
V4| A& T 15" TiF 10" TYF 5" T1P 14" TYF
Notes
N IIHENSIDNS DY MILINETERS GRCLES 4 TEGREESS
a I SEZE LAIEL [F PACKAGE LEAGTH IS THE 10TTON SEZE
. W 15 THE WAKIRM MIMDER DF TERMDAAL POSTIIONS FIR THE SPECIFED PACKACE. DT
5 IDHENSION B 10EF MIT DICLUDE THE CAMBAR PROTALSIDN, ALLOWAILE 14KDAR PRCTAUSIN SHALL 1E Uit TOTAL W EXCESE F THE B INERSIDN AT NAHI WATERIAL CONITTCON THE DAMBAR WAVAOT € LOGATED O THE LOVER RADESS OF THE Fecn
“ DNLY FOR G304 AND GSOP2S T MO EEETOR PN OTHERS [0 THES TAILE. MTTTTM HAVE E-ECTDR FIN,
n [ ——
Figure 4.1 32-Pin SOP Package
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PIN 1 CORNER _
||||||| ||ﬂ.|||||||
1
|
]
|
| |
/U_DE
TOP VIEW
24 —1
-
1
« ) E S —
@ lecelcTAE | =
1
1
7 ) §
N1NNONOn
h EXPOSED DIE
_— alri L ATTACH PAD
32X L— [§adad@|c]alE
BOTTOM WIEW
VIEW M—M

[/ ]pos]C] = [eee]C]
MILLIVETER
- DESCRIPTION SYMBOL i o T
SEATING PLANE TOTAL THICKNESS A 07 | o075 | o8
ETAND OFF A1 [+] 0.035 0.05
MOLD THICKNESS A2 0.55 057
_”_L ! L/F THICKNESS A3 0.203 REF
9 _ LEAD WIDTH b 02 [ 025 [ 03
X D 5 BSC
ooy SIZE
m... i P ¥ £ 5 85C
1.»_ _ LEAD PITCH e 0.5 BsC
X J 3.4 3.5 3.8
-4 —$ ! P E
! [P SizE Y K 3.4 35 3.6
_ LEAD LENGTH L 0.35 0.2 0.45
_‘L\. “ .ﬂbn;_w_n EDGE TOLERANCE aaa 0.1
_ MOLD FLATMESS bbb Q.1
E COPLANARITY cce 0.08
| LEAD OFFSET ddd 0.1
EXPOSED PAD OFFSET eee 0.1

MOTES
1.0 COPLANARITY APPLIES TO LEADS, CORNER LEADS AND DIE

ATTACH PAD.

NR.TOL
. - R - . \ —
ASE ASSEMBLY&TEST(SHANGHAL) LIMITED |
— 5 MA

_ [oFM SXSXD.8MM (EP SIZE 3.5X3.5MM) 32 PINS 0.5MM Pricd| DRN XIN MU 04,/02/10

Tm.e PACKAGE OUTLINE DRAWING DEN XIN M| 04/02/10
OWG NO|  POWDAS50032-01 REV | o1 CHK | cusis xu | 04/02/10 |® ﬁ.l...
UNIT wv [ scale | s [ PAGE | 2/2 | app Honeuuan suU| 04/02/10 ¥ —

Figure 4.2 32-Pin QFN Package
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4 _ 3 g 2 _ 1
0 A COMMON DIMENSIONS
D1 A2 (UNITS OF MEASURE=MILLIMETER)
Ad SYMBOL | VWIN NOM VAX
m milm 1 A = B 1.60
_H_ D D =i | = — \\& Al 0.05 - 0.15
_n \ABOV\package &mm-m:_/wwl_ro_uv..mum- Al ”W MMW WNW MVMW
7 / | b 032 1 = 0.43
[l I b1 0.31 0.35 0.39
i _ c 0.13 - 0.18
I._j cl 0.12 0.127 0.134
LI : _ | ) 8.80 9.00 | 9.20
D1 £.90 7.00 | 7.10
] T0P E-MARK 2-612020.10 ] ] E 880 | 9.00 | 920
DEPTH 0.10+0Q.05 [ ] 5.90 - mwmmo 7.10
CIC] ] _ : : .
— L 045 | 060 | 0.75
Wl
BTME-MARK 2-9120:0.10] _ o TO0REF
LI DEPTH 0.10+0.05 | | | L2 S
I 1] ] R2 0.08 - .20
_ mo 0.20 = _Ji=
0 3.5 7
[EI= ] _ K > = =
I 4-02 [ 4-03[07 1 F3 13
I NDEX 90.80+0.10 ] _ 03 5 12 K3
N DEPTH 0.20+0.10 .\\
! { !

= [l

Figure 4.3 32-Pin LQFP Package
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. /v . N W D, W WITH PLATING NOTES:
% ~ 2 \ q \ ALL DIMENSIONS REFER TO JEDEC STANDARD
A L MS—-026 BBA DO NOT INCLUDE MOLD
R2 A . FLASH OR PROTRUSIONS.
/ nr; BASE METAL
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A L
(L) AT
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TP VIEW

1]

EXPOSED DIE  PAD

[—

2)

1). LEADFRAME WATERIAL: COPPER
FORMED LEAD SHALL BE PLANAR WITH RESPECT
TO ONE ANOTHER WITHIN 0.1 Wi

3). BOTH PACKAGE LENGTH AND WIDTH DO NOT
INCLUDE MOLD FLASH.

4). BACK EJECTOR PIN MARKED “CHIMA®

). CONTROLLING DIMENSION: MM

6). REFERENCE JEDEC WS—013, VAR, AE

7). THE SIZE LABEL OF THE LENGTH AND WIDTH IN
THE DRAWING BELONG TC THE BOTTOM SIZE OF THE
PACKAGE.

SIDE VIEW
F—P1i——4
I
I N
ANnSt sans
‘ uMESs omeme seecrep [TTTLE ,
o e ™| POD of SOIC Series
oETMAS naies
& @' "SPEDPKSOICO01  |Af
Materiol Code. | NUA [ srEer ]
= 4| 4 |44 Reference Cods.|  NIA |z or s
Symbol " S01CH (130MIL) SOLCHS (ZO8HIL) S01C14(150MIL) S01C16(150MIL) SOICWLE (300MIL) S501CZ0(300MIL)
- N n Mix Min Max Min Max Min Miax Min Max Min Max
A L 1.499 1. 798 1. 2.154 1.490 1. 798 1.499 1.798 2. 388 2. 138 2. 388 2. 138
Al S Py 0.102 0.240 0.051 0.210 0.102 0.240 0.102 0.210 0.103 0.300 0.102 0.200
A2 # ¥ s 75 1_3a7 1 5490 1701 1 005 1307 1_540 1307 1_540 2 286 2_ 438 2 286 2 438
E BT 5. 842 6.918 1. 747 8.077 5.842 6.108 5, 842 5.108 10. 109 10. 566 10. 109 10.566
El LN 3. B61 1. 998 5. 182 5.385 3.861 3.998 3. 861 3.998 T.442 7.585 7. 442 7.595
P2 Bob R
D SR 4.852 4.952 5.130 5.334 8.585 8.738 9.804 9.957 10.262 10.414 12.678 12.891
Pl Mt h
L ke 0.406 0. 889 0.508 0.762 0.406 0.889 0.406 0.889 0.406 0. 889 0.406 0.889
e 3| [} [ BF 1. 21TYP 1.27TYP 1.20TYP 1. 27TYP 1. 27TYP 1.20TYP
b FIN K 3: 0_406TYP 0. 406TYP 0_406TYP 0_406TYP 0_406TYP 0_406TYP
P EINIIEE: 0. 203TYP 0.203TYD 0.203TYP 0.203TYP 0. 254TYD 0_254TYP
[ B 12" TYP 7T TYP 7° TYP 7° TYP 77 TYP 7° TYP
a2 RAEE A 12° TYP 7" TYP 7° TYP 7° TYP 7" TYP i TYP
03 1 I 11 /i 0 | ) ) [ s 0 I s 0 [ s 0 [ s [ [ s
04 T £ {0 715 45 x 45 45 45 45
h TR AL 0 1 [ % [ [
h1 BetEfmze | 0.254 | 0.406 * 0.254 | 0.406 0.250 | 0_406 0.254 | 0.406 0.254 | 0.406
Symbal P SULC24 (B00MIL) S0IC28 (300OMILY SOLC2BEP (3U0MIL) SULCE-7(150MIL)
Min Max Min Max Min Hax Min Max
A B 2. 363 2. 764 2. 363 2. 764 2.363 2. 164 1499 1.798
Al il #y 0. 102 0,300 0. 102 0,300 0,102 0,300 0. 102 0.240
A2 90 ki k& 2. 261 2. 464 2. 261 2.464 2. 261 2. 464 1.307 1.549
E [ 10.109 | 10.566 0.100 10.566 | 10.108 0. 566 5. 842 6. 108
P2 1 b 4 7.418 7.569 7.417 7.569 i.417 1.569 3.861 3.998
E2 i 3.962 4. 166
D #riihte | 15.342 |15.494 17.831 17.983 | 17 831 17.983 1.852 4.952
[ | 4.2186 4.4%0
L [ 0. 406 0. 889 0. 406 0.889 0.406 0.889 0.406 0.889
e 51 [a] 85 1. 27TYP 1.27TYP 1.27TYP 1. 27TYP
b EI 534 0. 106TYP 0. 106TYP 0. 406TYP 0. 106TYP
P ] I P 0_254TYP 0_254TYP 0_254TYP 0_203TYP
a1 o A 77 _TYP 70 TYP 7" TYP 12° TYP
82 AR T 7°_TYP 17 TYP 7° TYP 12° TYP
03 EICET: 0 [ s 0 [ s 0 [ s 0 8
a4 o B A 45 45. 000 45000
h Mo tE A #11 0.254 | 0.406 0.381TYP 0.3B1TYP
h1 W 5 {54 12 | 0. 254 0406

Figure 4.4 28-Pin SOP Package (Ass’y site: ANST)
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b H .
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9, 4 e LU Nﬂ.}i %2 Bm
B Wl e B W | 2[0S0 W§ﬁw*+m%$ma\,._
\“,W_._.“_v o u.hukwwwn% £ Tian Shui Hua Tian Technology Co., Ltd.
U#-P»WAWWIL;:: £A| = % Bl S :HIFS0280375-4P
I b - 34 SOP28L B e | Ea
T b W5 Foreets. Mmr hAMEE-4P mm 0
il & mmu 20.8. 25 | it biid W% 1%
[ f: A4 50 i, = 3 —

MILLIMETER
SYMBOL
MIN | NOM | MAX
J A - - 265
)
i 0.2 010 | — | o3

225 | 230 | 235

097 | 102 | LO7

0.39 - | 048

038 | 041 | 043

025 031

024 | 025 | 026

17.80 | 18.00 | 13.20

11590 | 1200 | 12.10

10,10 | 10.30 | 10.50

730 | 750 | 7.0

\\\\\u“ ;

BASE METAL

1.27BSC

o.qo— = __co

Figure 4.5 28-Pin SOP Package (Ass’y site: TSHT)
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ABOV

TOP VIEW

IINIRINI I IN .

P

W

NOTES:

miil
s

NIRRT
a2 ]f L { ‘J
‘_J “@L

BASE PLANE

s
SEATING PLANE

1) LEAD FRAME : C7025(THICKNESS :0.127MM)
2) LEAD FINISH : SOLDER PLATED
3) BOTH PACKAGE LENGTH AND WIDTH
DO NOT INCLUDE FLASH
4) FORMED LEAD SHALL BE PLANAR WITH RESPECT
TRO ONE ANOTHER WITHIN 0.10{0.004)
5) CONTROLLING DIMENSION : MM .
B)UNREMOVED FLASH BETWEEN LEADS&PACKAGE END FLASH SHALL
NOT EXCEED 0.15MM FROM BOTTOM BODY PER SIDE.
7)EDP PACKAGE:EXPOSED PAD SIZE P1&P2 ARE VARIATIONS
DEPENDING ON DEVICE FUNCTION(DIE PADDLE SIZE).

I R
EEJ\‘
T

“i RT/ :
i

L

I
P2
Anst EEHH
werss onaes svores | TITLE
‘m s e €= pOD of TSSOP Serles
e a0 :-mu ORAWING NO. REW.
e snomo S-PED-PKTSSCP-001 AF
BOTTOM VIEW = = %2 il
. s T350PELD TSSCP 14/ 161D TS50P20 TSSHP2ALD TSSCP28LE TSS0P48
o - Min Max Win Max Min Mex Win Max Win Max Win Wax
f FERen I 2 1.2 1.2 1.2 1.2 1.2
N | FAT 0, 05 0. 15 0. 05 i, 15 0,05 0. 15 0, 05 0, 15 0, 05 1, 15 0, 0, 133
A2 ELaloh Y [ .05 0.8 1.03 0.8 1. 05 0.3 1. 05 [ .05 0.821 1. 024
B B 6. 25 B.55 6. 25 6. 55 6. =5 6. 55 6. 25 6. 55 6. 25 6. 55 7.4 8.3
El RIS 43 4.5 4.3 4.5 4.3 4.5 4.3 4.5 4.5 4.5 fi 6,2
n WK 40 2.1 1.9 5.1 6.4 6. f 7.1 7.9 9.6 9.8 12. 1 12, 6
L BHE 1 1 1 I 1 1
L1 0. 45 0.75 0. 45 0.75 0. 25 0.75 0. 45 0.75 045 0. 75 0.35 0. 65
e [T 0. 63 0. 65 i, 65 [WH 0. 65 0.5
b [k 0. 19| 0.1 0. 18] 0.3 0, 19| 0.3 0. 14] 0.3 0. 19| 0.3 0.17] 0. 27
it 0, 15TYP 0. 15TYP 0, 15TYP 0. 15TYP 0. 15TYP 0. 22TYP
R2 0, 15TV 0. 15TYP 0. 151TYP . 15TYP 0. 15TVP 0. 22TYP
A=A 0. 09] 0.2 [ 0.2 0. (4] [ 0. 0] [ 0. 0u] 0,2 0. 1] 0, 22
[ st A e 2 TYP 12° TP 14° TYP 12 TyP 12° TyP 12 TyP
02 JL A e 20 TP 12° TP 12 TYP 12 TP 12" TP 12" Typ
R IR IS o] 8 o] 8 o] 8 | 8 0] 8 |
Symbol [550P-EP/16LD 1550P20-F [SS0F-EP/24LD TS50P-LP/ 281D TSS0P-LP/ 141D
) Min Max Min Max WNin Msx Min Max Min Miax
A 1.2 1.2 1.2 1.2 1.2
Al 7 0. 05 0,15 0.025]  0.102 0. 05 0.15 0. 05 0.15 0. 07 0. 15
AZ M {h 0.8 L.05 0.8 103 0.8 105 0.3 1. 05 0. 1. 05
B B B. 25 £. 55 6. 25 6. 55 6. 25 . 55 6. 25 fi. 55 6. 25 £i. 55
[ AR 4.3 1.5 4.3 1.5 1.3 1.5 4.3 1.5 1.4 1.5
[ AR 4.9 8.1 6,4 6.6 7 7.4 4. 5| 4.8 4.4 5.1
1 T E 3. 56 176 4.1 1.3 5.4 5.6 5.4 [} 3. 46 3686
P2 A )y 2. 65 2.84 2.9 31 2.9 3.1 2.9 3.1 2,93 3.15
Pac Siae [0 8 A B 05E 5 (12051400 | 3. 0%4, 2C1I8%165) | 3%5, a(1184217) | 3. 0%3, G0118+232) [3. 03, 5 (1205140 )
L Ry 1 1 | 1 | | 1
L1 0.45 075 0. 45| 0.75 0.5 0.7 0. 45| 0.75 045 0. 75
@ B i) 8 [E 0. ti5 i, 65 L 63 0. 63
b R 0,19 0.3 0. 19] 0.3 0. 19] 0.2 0. 1] 0.1 0. 19 0.3
i 0. 15THP 0. 15TYP 0, 15TYP i1, IATYP 0. 15TVP
R2 0. 15TYP 1. 1517P 0. 151YP . 151YP 0. 15TVP
A=A 0. 09 0.2 | 0.2 0. 9] 0.2 0. 03] 0.2 0. 04 0.2
L} WA EE | 12 Ty 12° TYP 12 TYP L2 TYP 12 TYP
032 ML | 12 Typ 127 1YP IR L2 TyP 12° TP
[ EIEEIES 0 8 o 8 o] 8 o] 8 [0 8
Figure 4.6 28-Pin TSSOP Package
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0.018typ.
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0.060typ.

Al

SYMBOLS| MIN. NOR. MAX_
A — — 0.210
Al 0.015 - -
A2 0.125 0.130 0.135
D 1.385 1.390 1.400
F 0.310 BSC
E1 0.283 0.288 0.293
L 0.115 0.130 0.150
Er 0.330 0.350 0.370
g’ 0 7 15

UNIT : INCH

NOTE:

1.JEDEC OQUTLINE : MS—015 AH

S5 SEFAMRAE

WJANG MIGHTYTEK SEMICONDUCTOR CO., LTD.

LA HE g e
SCHE NTRL: FINEH: oTy:
IR0 ANGLE SYS
o 3 [ DUAL INUNE PLASTIC DATA SHEET
" P—DIP 28 LEADS (300mil) SKINNY
fi: Ba: — _
T TATE! _m%n J1-0128K-001

. B N Al ”
Ik o B J1-0126K-001 TE: Tt

4] 1

Figure 4.7 28-Pin SKDIP Package
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F[reem|c[a[B H |
> e ans
PINL# u_“_m7m»||\\ U \\\\.\\\\\_ BIN 1% ﬂ - e} /__xz_z_;_ TP
\\\\\.\s | FVENATDD TERMINAL STOE
(DATUM bul\U _ ﬂ DWHDH[ w
—_——— g 0 | - | i
_ U _ ﬂfff. CDATUM B3
_ _ M
_ U _ ﬂ YMEO MIN, NOM, MAX,
— ) ] } A 0.70 075 0.80
o J / 0.85 0.90 0.95
e — T () D _ Al o | 002 [ 005
— | e 3 A3 - |o20 REF| -
- EEI b 0.18 0.25 0.30
SEE DETAIL B D &.Dowwm
TOFP VIEW BOTTOM WIEW £ 4.00BSC
Heee]c D2 2.60 2.70 2.80
Ee 2.60 2.70 2.80
Oz e 0.50BSC
SEATING PLANE
L 0.35 0.40 0.45
SIDE VIEW . K 020] - -
aac 0.15
NOTES: bbb 0.10
1. DIMENSIONING AND TOLERANCING CONFIRM TO ASME Y145M-1994 D_E
ccc .
2. ALL DIMENSIONS ARE IN MILLIMETERS, ANGLES ARE IN DEGREE. ddd 0.05
eee 0.08
3. UNILATERAL COPLANARITY ZONE APPLIES TO THE EXPOSED HEAT FEE 0.10
SINK SLUG AS WELL AS THE TERMINALS,
Anst ;-
4, SIMENSION b APPLIES TO METALLIZED TERMINAL AND IS MEASURED s v v [T 5 25 JEQFN24LD C9-DEM
BETWEEN 0130mm TO 0.30mm FROM THE TERMINAL TIP., DIMENSION b DS 4 ,_,_Mt._.,_hﬁ..n_.»h_uxmzm.umﬂv
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Figure 4.11 20-Pin PDIP Package
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5. Pin Description

Table 5-1 Normal Pin Description

PIN . .
Name 110 Function @RESET Shared with

PO0 | I1/O | Port 0 is a bit-programmable I/O port which can Input ANO/DSDA

PO1 be configured as a schmltt-trlgge_r input, a AN1/DSCL
push-pull output, or an open-drain output.

P02 A pull-up resistor can be specified in 1-bit unit. AN2/AVREF/EINTO

P03 The P04 — P06 are only in the 32-Pin package. ANS/EINT1

P04 ANA4/EINT2

PO5 ANS5/EINT3

P06 ANG/EINT4

P10 | /O | Port1is a bit-programmable I/O port which can Input AN7/EINTS

P11 be configured as a schmltt-trlgggr input, a ANS/EINT6/EC1/BUZO
push-pull output, or an open-drain output.

P12 A pull-up resistor can be specified in 1-bit unit. AN9/EINT11/T10/PWM10

P13 The P17 is not in the 24-Pin package. AN10/EINT12/T20/PWM20

P14 The P14 — P17 are not in the 20-Pin package. AN11/MISO

P15 AN12/MOSI

P16 AN13/SCK

P17 AN14/EC2/SS

P20 | 1/O | Port 2 is a bit-programmable /O port which can Input EINT7

P21 be configured as a schmitt-trigger input, a EINTS
push-pull output, or an open-drain output.

P22 A pull-up resistor can be specified in 1-bit unit. EINT9

P23 The P20 — P22 are not in the 24-Pin package. EINTA

P24 The P20 and P23 are not in the 20-Pin SDA
package.

P25 The P26 is only in the 32-Pin package. SCL

P26 ECO

P30 | IO | Port 3 is a bit-programmable 1/0 port which can Input TXD
be configured as a schmitt-trigger input, a RXD

P31 ;
push-pull output, or an open-drain output.

P32 A pull-up resistor can be specified in 1-bit unit. RESETB

P33 The P33 — P34 are not in the 20-Pin package. SXOUT

P34 SXIN

P35 EINT10/TOO/PWMOO

P36 XIN

P37 XOouT

32

December 2, 2024 Ver. 1.17




\BO\ MC96F8316
Table 5-1 Normal Pin Description (Continued)
PIN 110 Function @RESET Shared with
Name
EINTO | I/O | External interrupt inputs Input PO2/AN2/AVREF
EINT1 PO3/AN3
EINT2 PO4/AN4
EINT3 PO5/AN5
EINT4 P0O6/AN6
EINT5 P10/AN7
EINT6 P11/AN8/EC1/BUZO
EINT7 P20
EINT8 P21
EINT9 P22
EINTA P23
EINT10 | I/O | External interrupt input and Timer O capture Input P35/TOO/PWMOO
input
EINT11 | I/O | External interrupt input and Timer 1 capture Input P12/AN9/T10/PWM10
input
EINT12 | I/O | External interrupt input and Timer 2 capture Input P13/AN10/T20/PWM20
input
T0O I/O | Timer O interval output Input P35/EINT10/PWMO0O
T10 I/O | Timer 1 interval output Input P12/AN9/EINT11/PWM10O
T20 I/0 | Timer 2 interval output Input P13/AN10/EINT12/PWM20
PWMOO | |/O | Timer 0 PWM output Input P35/EINT10/T0O
PWM1O | /O | Timer 1 PWM output Input P12/AN9/EINT11/T10
PWM20O | |JO | Timer 2 PWM output Input P13/AN10/EINT12/T20
ECO 1/0 | Timer 0 event count input Input P26
EC1 1/0 | Timer 1 event count input Input P11/AN8/EINT6/BUZO
EC2 1/0 | Timer 2 event count input Input P17/AN14/SS
BUZO 1/0 | Buzzer signal output Input P11/ANS/EINT6/EC1
SCK 1/0 | Serial clock input/output Input P16/AN13
MISO 1/0 | Serial data input/output Input P14/AN11
MOSI /0 | Serial data input/output Input P15/AN12
SS I/0 | Slave select input Input P17/AN14/EC2
TXD I/0 | UART data output Input P30
RXD I/O | UART data input Input P31
SCL I/0 | 12C clock input/output Input P25
SDA I/O | 12C data input/output Input P24

December 2, 2024 Ver. 1.17
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Table 5-1 Normal Pin Description (Continued)

Nzln’:le I/0 Function @RESET Shared with
AVREF | I/O | A/ID converter reference voltage Input PO2/AN2/EINTO
ANO I/O | A/D converter analog input channels Input POO/DSDA
AN1 PO1/DSCL
AN2 P0O2/AVREF/EINTO
AN3 PO3/EINT1
AN4 PO4/EINT2
AN5 PO5/EINT3
AN6 PO6/EINT4
AN7 P10/EINTS
ANS P11/EINT6/EC1/BUZO
AN9 P12/EINT11/T10/PWM10
AN10 P13/EINT12/T20/PWM20
AN11 P14/MISO
AN12 P15/MOSI
AN13 P16/SCK
AN14 P17/EC2/SS
RESETB | /O | System reset pin with a pull-up resistor when Input P32
it is selected as the RESETB by
CONFIGURE OPTION
DSDA | I/O | On chip debugger data input/output (NOTES.6) Input P00
DSCL | /O | On chip debugger clock input (NOTES.6) Input P01
XIN I/O | Main oscillator pins Input P36
XOUT P37
SXIN | /O | Sub oscillator pins Input P34
SXOUT P33
VDD, — | Power input pins - -
VSS

NOTES) 1. The P04-P06 and P26 are not in the 28-Pin package.

2. The P04-P06, P17, P20-P22, and P26 are not in the 24-Pin package.

3. The P04-P06, P14-P17, P20, P23, P26 and P33-P34 are not in the 20-Pin package.

4. The P32/RESETB pin is configured as one of the P32 and the RESETB pin by the

“CONFIGURE OPTION”.

5. If the POO/DSDA and PO1/DSCL pins are connected to an emulator during power-on reset,
the pins are automatically configured as the debugger pins.

6. The POO/DSDA and PO1/DSCL pins are configured as inputs with internal pull-up resistor only
during the reset or power-on reset.

7. The P37/XOUT, P36/XIN, P34/SXIN, and P33/SXOUT pins are configured as a function pin by
software control.
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6. Port Structures

6.1 General Purpose I/O Port

PULL-UP

EZ Level shift (1.8V to ExtvDD)
[7] Level shift (ExtvDD to 1.8V)

VDD

REGISTER

OPEN DRAIN

REGISTER

DATA

=

VDD VDD

REGISTER
SUB-FUNC DATA OUTPUT

f
UV

MUX p

SUB-FUNC ENABLE

SUB-FUNC DIRECTION

DIRECTION
REGISTER

PORTx INPUT or

MUX

-

PAD

CMOS or
Schmitt Level
Input

SUB-FUNC DATA INPUT

ANALOG CHANNEL

> e
00—

ENABLE

ANALOG INPUT

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

PULL-UP
REGISTER

BZ Level shift (1.8V to ExtvDD)

[Z7] Level shift (ExtvDD to 1.8V)

VDD

OPEN DRAIN
REGISTER

DATA
REGISTER

SUB-FUNC DATA OUTPUT

SUB-FUNC ENABLE

SUB-FUNC DIRECTION

MUX

DIRECTION
REGISTER

EXTERNAL

MUX

BE—

VDD

WY

=

VDD

=

<
-
o

INTERRUPT _< _‘

INTERRUPT
ENABLE

PORTx INPUT or

SUB-FUNC DATA INPUT

ANALOG CHANNEL
ENABLE

ANALOG INPUT

PAD

CcP POLARITY
: (T
FLAG
CLEAR Sl ar
Schmitt Level
Input
0 \ 4 o
0—
MUX
1 D
CP
r 4F DEBOUNCE
CLK

DEBOUNCE

ENABLE

Figure 6.2 External Interrupt 1/O Port
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7. Electrical Characteristics

7.1 Absolute Maximum Ratings

Table 7-1 Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 V -
Vi -0.3~VDD+0.3 v o
Voltage on any pin with respect to VSS
Vo -0.3~VDD+0.3 V
_ o 25 mA Maximum current output sourced by (lon per
Normal Voltage Pin I/ pin)
Ylon -200 mA | Maximum current (3 lon)
loL 180 mA | Maximum current sunk by (lo. per 1/O pin)
SloL 200 mA | Maximum current (3lov)
Total Power
Dissipation Pr 600 mw -
Storage Temperature Tste -65~+150 °C —

NOTE) Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at any other conditions beyond those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

7.2 Recommended Operating Conditions

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

Parameter Symbol Conditions MIN | TYP | MAX | Unit
fx= 32 ~ 38kHz SX-tal 1.8 - 5.5
fx= 0.4 ~ 4.2MHz 1.8 - 5.5
. fx= 0.4 ~10.0MHz | X-tal 2.7 - 55
Operating Voltage VDD \%
fx= 0.4 ~ 12.0MHz 3.0 - 55
fx= 0.5 ~ 8.0MHz 1.8 - 55
Internal RC
fx= 0.5 ~16.0MHz 2.0 - 5.5
Operating Temperature Topr VDD=1.8 ~ 5.5V -40 — 85 °C
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7.3 A/D Converter Characteristics

Table 7-3 A/D Converter Characteristics

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

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - - — 12 - bit
Integral Non-Linear INL - - 4
Differential Non-

Linearity DNL | AVREF=2.7V -5.5V - - 1 LSB
fx= 8MHz
Top Offset Error TOE - - +3
Zero Offset Error ZOE - - +3
Conversion Time tconv 12-bit resolution, 8MHz 20 - - us
Analog Input Voltage Vain - VSS - AVREF
Analog Reference v
AVREF *Note 3 1.8 — VDD
Voltage
VDD18 - - - 1.8 - \Y
Analog Input Leakage _
Current laIN AVREF=5.12V - — 2 UA
Enable - 1 2 mA
ADC Operating Current lanc VDD=5.12V
Disable - - 0.1 UuA

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

voltage (VSS).

2. Top offset error is the difference between 111111111111 and the converted output for top input

voltage (AVREF).

3. When AVREEF is lower than 2,7V, the ADC resolution is worse.

7.4 Power-On Reset Characteristics

Table 7-4 Power-on Reset Characteristics

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

Parameter Symbol Conditions MIN TYP MAX Unit
RESET Release Level Vror - - 1.4 - Vv
VDD Voltage Rising Time tr - 0.05 - 30.0 Vims
POR Current Ipor - - 0.2 - UuA
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7.5 Low Voltage Reset and Low Voltage Indicator Characteristics

Table 7-5 LVR and LVI Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
- 1.60 1.75
1.85 2.00 2.15
1.95 2.10 2.25
2.05 2.20 2.35
2.17 2.32 2.47
2.29 2.44 2.59
Detection Level Vive I\r}lecl_a\r/szgﬁencts g:ﬁgtr ?e"vI:I\éetleSxE:g)t 239 259 2.79 \Y
Vivi 1.60V. 2.55 2.75 2.95
2.73 2.93 3.13
2.94 3.14 3.34
3.18 3.38 3.58
3.37 3.67 3.97
3.70 4.00 4.30
4.10 4.40 4.70
Hysteresis AV - - 50 150 mV
Minimum Pulse Width tw - 100 - - us
Enable (Both) - 10.0 15.0
LVR and LVI Current IsL Enable (One of two) | VDD= 3V - 8.0 12.0 UuA
Disable (Both) — — 0.1
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7.6 Internal RC Oscillator Characteristics

Table 7-6 Internal RC Oscillator Characteristics

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

Parameter Symbol Conditions MIN TYP MAX Unit
Freqguency firc Vop=2.0-55V - 16 - MHz
Ta=0°C to +50°C +1
Tolerance - Ta=-20°C to +85 °C - - +2 %
Ta=-40°C to +85 °C +3
Clock Duty Ratio TOD - 40 50 60 %
Stabilization Time THrs - - - 100 us
IRC Current lire Ehable - 0.2 - mA
Disable — — 0.1 UA

7.7 Internal Watch-Dog Timer RC Oscillator Characteristics

Table 7-7 Internal WDTRC Oscillator Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Frequency fwbTrC - 2 5 10 kHz
Stabilization Time twoTs - - - 1 ms

Enable - 1 -
WDTRC Current IwpTre . uA
Disable — — 0.1
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7.8 DC Characteristics

Table 7-8 DC Characteristics

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V, fxin= 12MHz)

Parameter Symbol Conditions MIN TYP MAX Unit
Input High Voltage ViH All input pins, RESETB 0.8vDD - VDD V
Input Low Voltage ViL All input pins, RESETB - - 0.2vDD Vv

VDD=4.5V, lon=-10mA,
Voh1 All output ports except Vohz, VDD-1.5 - -
VoHs
Output High VDD=4.5V, lon=-10mA; Vv
Vo|tage Vouz P20-P25 VDD-2.0 - -
VDD=4.5V, lon=-20mA;
VoHs VDD-2.0 — —
P1
VDD=4.5V, loL.= 15mA,;
VoL - - 1.0 \
All output ports except VoL2
Output Low Voltage
VDD=4.5V, loL.= 160mA;
VoL2 - 15 3.0 \%
P20-P25
Input High Leakage . _ _
Current liH All input ports 1 UuA
Input Low Leakage . ) _ _
Current I All input ports 1 UuA
VI=0V, VDD=5.0V 25 50 100
Rpu1 Ta= 25°C kQ
All Input ports VDD=3.0V 50 100 200
Pull-Up Resistor
VI=0V, VDD=5.0V 150 250 400
Rpu2 Ta= 25°C kQ
RESETB VDD=3.0V 300 500 700
ADC wake-up Rawpu1 e 100 150 200 o
pull-up resistor Rawpuz A= 200 300 400
XIN= VDD, XOUT= VSS
R o 600 1200 2000
OSC feedback “ Ta= 25°C, VDD= 5V KQ
resistor SXIN=VDD, SXOUT=VSS
Rx2 Ta= 25 °C VDD=5V 2500 5000 10000
41
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Table 7-9 DC Characteristics(Continued)

(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V, fxin= 12MHz)

Parameter Symbol Condition MIN TYP MAX Unit
fun= 12MHz, VDD=5V+10% - 3.0 6.0
(:ﬁ:\l) fun= 10MHz, VDD=3V+10% - 2.2 4.4 mA
fire= 16MHz, VDD=5V+10% - 3.0 6.0
fun= 12MHz, VDD=5V+10% - 13 26
ooz = 10MHz, VDD=3V+10% - 0.7 1.4 mA
Supply Current (DLE) ¢ e=16MHz, VDD=5V=10% - 0.8 16
los | fun=32.768kHz Sub RUN - 600 | 900 | UuA
VDD=3V+10%
loa | Ta= 25°C Sub IDLE - 6.0 120 | uA
lbos | STOP, VDD=5V+10%, Ta= 25°C - 05 3.0 UuA

NOTES) 1. Where the fxin 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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7.9 AC Characteristics

Table 7-9 AC Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

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

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

Low Pulse Width tecwL (n=0,1, 2) ns
External Counter Transition trec, ECn, VDD =5V 20 B B

Time trec (n=0,1,2)

tRST

RESETB

0.2 vDD

Figure 7.1 Input Timing for RESETB

tiwL Jd L tiwH

External
Interrupt

0.8 VDD

0.2 VDD

1

Figure 7.2 Input Timing for External Interrupts

tECWL tECWH

;l |4
> <

<«— tFEC —> «— tREC

ECn

A

Figure 7.3 Input Timing for ECO, EC1, EC2
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7.10 SPI Characteristics

Table 7-10 SPI Characteristics
(Ta=-40°C- +85°C, VDD=1.8V — 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit

Output Clock Pulse Period Internal SCK source 200 - -

tsck
Input Clock Pulse Period External SCK source 200 - -

Output Clock High, Low

Pulse Width Internal SCK source 70 - -

- tsckH, tsckL
Input Clock High, Low

. _ - ns
Pulse Width External SCK source 70

First Output Clock Delay Internal/External SCK
Time tFop source 100 - -

Output Clock Delay Time tos - - - 50

Input Setup Time tois - 100 - -

Input Hold Time toiH - 150 - -

SS
(Output/Input)

A
A

—» tFOD <« 2
SCK
(CPOL=0)
(Output/Input)

SCK
(CPOL=1)
(Output/Input)

MISO/MOSI
(Data Input)

MISO/MOSI

(Data Output) MSB LSB

Figure 7.4 SPI Timing
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7.11 UART Characteristics

Table 7-11 UART Characteristics

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

Parameter Symbol MIN TYP MAX Unit
Serial port clock cycle time tsck 1250 tcpu X 16 1650 ns
Output data setup to clock rising edge ts1 590 tcpu X 13 - ns
Clock rising edge to input data valid ts2 - - 590 ns
Output data hold after clock rising edge tH1 tcpu - 50 tcpu - ns
Input data hold after clock rising edge tH2 0 - - ns
Serial port clock High, Low level width thicH, tLow 470 tcpu X 8 970 ns
P tsck |
tHIGH P tLow R
N 7/ \\_

Figure 7.5 Waveform for UART Timing Characteristics

Shift Clock / \ : \ :_ \ /

\/

\/

\/

\/

\

Data Out \ DO X D1 >< D2 X

)

D4 ><

s )

o)

tHz—Vi <—

Data In

X Valid ><

X Valid X

X Valid ><

X Valid ><

X Valid ><

X Valid ><

X Valid

Figure 7.6 Timing Waveform for the UART Module
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7.12 12C Characteristics

Table 7-12 12C Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Standard Mode High-Speed Mode
Parameter Symbol Unit
MIN MAX MIN MAX
Clock frequency tscL 0 100 0 400 kHz
Clock High Pulse Width tscLH 4.0 - 0.6 -
Clock Low Pulse Width tscLL 4.7 - 1.3 -
Bus Free Time ter 4.7 - 1.3 -
Start Condition Setup Time tsTsu 4.7 - 0.6 -
Start Condition Hold Time tstHD 4.0 - 0.6 - us
Stop Condition Setup Time tspsu 4.0 - 0.6 -
Stop Condition Hold Time tspHD 4.0 - 0.6 -
Output Valid from Clock tvp 0 - 0 -
Data Input Hold Time toiH 0 - 0 1.0
Data Input Setup Time tois 250 - 100 - ns

_ tscL o
Y

tSCLH  tscLL
€— {STSU < > < » —p €4— tDIH —>»i €— tSPSU

ScL j \_/ \ / \__ L—\ ____________ / <— tSPHD
SDA \ / >< it . \_

—>» €— {STHD —p <— IDIS
—>» €— tvD

SDA X ><
Out :

—> <4— tvD

A
Y

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

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

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

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

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

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

Table 7-14 Internal Flash Rom Characteristics

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

Parameter Symbol Condition MIN TYP MAX Unit
Sector Write Time trsw - - 25 2.7
Sector Erase Time trse - - 2.5 2.7 ms
Code Write Protection Time teHL - - 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

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

system clock).

7.15 Input/Output Capacitance

Table 7-15 Input/Output Capacitance

(Ta=-40°C ~ +85°C, VDD=0V)

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

48
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7.16 Main Clock Oscillator Characteristics

Table 7-16 Main Clock Oscillator Characteristics
Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

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

Crystal Main oscillation frequency 2.7V — 5.5V 0.4 _ 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

XOouT

[
o

Figure 7.10 Crystal/Ceramic Oscillator

‘ XIN XOouT

T T

External Open
Clock
Source

Figure 7.11 External Clock
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7.17 Sub Clock Oscillator Characteristics

Table 7-17 Sub Clock Oscillator Characteristics

Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit

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

External Clock SXIN input frequency 32 — 100 kHz

SXIN SXOUT

o,

C

Figure 7.12 Crystal Oscillator

‘ SXIN SXOUT

T T

External Open
Clock
Source

Figure 7.13 External Clock
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7.18 Main Oscillation Stabilization Characteristics

Table 7-18 Main Oscillation Stabilization Characteristics

(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Crystal fx > 1MHz _ _ 60 ms
Oscillation stabilization occurs when VDD
is equal to the minimum oscillator voltage
Ceramic range. - - 10 ms
External Clock fxun = 0.4 to 12MHz _ 42 - 1250 ns
XIN input high and low width (txw, tx.)
P 1/fXIN R
P XL L tXH R
XIN % 0.8vDD
X 0.2vDD

Figure 7.14 Clock Timing Measurement at XIN

7.19 Sub Oscillation Characteristics

Table 7-19 Sub Oscillation Stabilization Characteristics

(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

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

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

(fxin=0.4 to 12MHz) (fsuB=32 to 38kHz)

R ———

12.0MHz

10.0MHz

4.2MHz -

0.4MHz -

18 2730 5.5 18 55

Supply voltage (V) Supply voltage (V)

Figure 7.16 Operating Voltage Range
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7.21 Recommended Circuit and Layout

9TE84960IN

VDD
VSS

/10

XIN
XOouT

SXIN

SXOUT

{Th\s 0.1uF capacitor should be within

1cm from the VDD pin of MCU onthe & { /DD VCC |
PCB layout. — >

0.1uF —— Z

VCC

current part at a DC power node on

The MCU power line (VDD and VSS)
{shnuld be separated from the high- }
the PCB layout.

- High-Current Part

Infrared LED,
{ FND(7-Segment), }

This 0.01uF capacitor is alternatively
for noise immunity.

X-tal

:_| L]ﬁ « - The main and sub crystal should be within 1cm from the pins of MCU on the PCB layout.
&
=

The load capacitors of the sub clock
-C1,C2:CLx2+15%
L - CL=(C1xC2)/(C1+ C2) - Cstray
- Cu: the specific capacitor value of crystal
- Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)

aHR -||_-r8

16

32.768kHz

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

SMPS Side «— i —» MCU Side
VCC VDD

smMPs  —Pp| %
! |

= C1 C2 C3

MCU

VSS
.

1. The C1 capacitor is to flatten out the voltage of the SMPS power, VCC.
Y 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 7.18 Recommended Circuit and Layout with SMPS Power
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7.23 Typical Characteristics

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

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

mA
3.50
3.00
12MHz -40°C
2.50
=12MHz +25°C
2.00 12MHz +85°C
150 ==HF-IRC 16MHz -40°C
==HF-IRC 16MHz +25°C
1.00
“==HF-IRC 16MHz +85°C
0.50
000 T T T T T T 1
25V 3.0V 35V 40V 45V 50V 55V
Figure 7.19 RUN (IDD1) Current
mA
1.80
1.60

1.40 / =12MHz -40°C
1.20 / 12MHz +25°C
1.00

12MHz +85°C

0.80 - =" HF-IRC 16MHz -40°C
0.60 HF-IRC 16MHz +25°C
0.40 HF-IRC 16MHz +85°C
0.20

0.00 T T T T T . .

25V 3.0V 35V 4.0V 45V 50V 55V

Figure 7.20 IDLE (IDD2) Current
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uA
90.0

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

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

==-40°C
+25°C
+85°C

Figure 7.21 SUB RUN (IDD3) Current

uA
40.00

35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

25V 3.0V 35V 40V 45V 50V 55V

=-40°C
+25°C
+85°C

Figure 7.22 SUB IDLE (IDD4) Current

56

December 2, 2024 Ver. 1.17




ABOV

MC96F8316

uA
4.00

3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

-

e ==

25V 3.0V 35V 40V 45V 50V 55V

==-40°C
+25°C
+85°C

Figure 7.23 STOP (IDD5) Current

December 2, 2024 Ver. 1.17

57




MC96F8316 \BO\

8. Memory

The MC96F8316 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.

MC96F8316 provides on-chip 16 Kbytes 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 512
bytes.

8.1 Program Memory

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

Figure 8-1 shows the map of the lower part of the program memory. After reset, the CPU begins execution from
location 0000H. Each interrupt is assigned a fixed location in program memory. The interrupt causes the CPU to
jump to that location, where it commences execution of the service routine. External interrupt 11, for example, is
assigned to location 000BH. 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 8 byte interval. Longer service routines can use a jump instruction to skip over subsequent
interrupt locations, if other interrupts are in use.
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FFFFH
BN
\ 16Kbytes §
0000H \\\\\
Figure 8.1 Program Memory
16Kbytes Including Interrupt Vector Region
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8.2 Data Memory

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

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 128
bytes, upper 128 bytes, and SFR space.

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

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 8-3. The lowest 32 bytes are
grouped into 4 banks of 8 registers. Program instructions call out these registers as RO through R7. Two bits in
the Program Status Word select which register bank is in use. This allows more efficient use of code space, since
register instructions are shorter than instructions that use direct addressing.

The next 16 bytes above the register banks form a block of bit-addressable memory space. The 8051 instruction
set includes a wide selection of single-bit instructions, and the 128 bits in this area can be directly addressed by
these instructions. The bit addresses in this area are 00H through 7FH.

All of the bytes in the lower 128 bytes can be accessed by either direct or indirect addressing. The upper 128
bytes RAM can only be accessed by indirect addressing. These spaces are used for data RAM and stack.
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[ 7FH J7F|7E|7D|7C|7TB|7A| 79|78
7776|7574 |73 (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 5352|5150
AF |4E [4D|4C|4B|4A | 49 | 48
4714614544 143142141 (40
3F|[3E(3D|3C|3B|3A|39]38
k 30H 3713635134 (33(32|31|30
2FH 2F|2E|2D|2C|2B|2A |29 |28
272612524 (23(22|21|20
16bytes Bit Addressable IF[1E[1D|1C|1B|1A[ 19|18
(128hits)
17116(15(14|13|12|11]|10
20H OF |OE|OD|OC|0OB|0OA| 09 |08
1FH ~|07]{06|05(04|03|02)|01|00
8bytes { Register Bank 3 ’
(8bytes)
18H
17H Register Bank 2
8bytes (8bytes)
10H
oFf Register Bank 1 R7
8bytes . (8bytes) R6
07H ) Ei
Register Bank 0
Bbytes { g(8bytes) R3
OOH R2
R1
RO
Figure 8.3 Lower 128bytes RAM
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8.3 XRAM Memory

MC96F8316 has 512 bytes XRAM. This area has no relation with RAM/FLASH. It can be read and written to
through SFR with 8-bit unit.

O01FFH
External RAM
512bytes
(Indirect Addressing)
0000H

Figure 8.4 XDATA Memory Area
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8.4 SFR Map
8.4.1 SFR Map Summary
Table 8-1 SFR Map Summary Reserved

M8051 compatible

OF8H

OFOH

OE8H

OEOH

OD8H

ODOH

0C8H

O0COH

0B8H

0BOH

OA8H

OAOH

98H

90H

88H

80H

OOH/8H®  01H/9H  O02H/0AH  03H/OBH  04H/OCH  05H/ODH  O6H/OEH 07H/OFH
IP1 - FSADRH | FSADRM FSADRL FIDR FMCR -
B I2CSAR1 | ADWRCRO | ADWRCR1 | ADWRCR2 | ADWRCR3 | ADWCRL | ADWCRH
RSTFR I2CCR I2CSR I2CSARO I2CDR I2CSDHR | 12CSCLR | I2CSCHR
ACC - UARTCR1 | UARTCR2 | UARTCR3 | UARTST | UARTBD | UARTDR
LVRCR - - - ADWIFRL | ADWIFRH | PO03DB P12DB
PSW - - POFSR P1FSRL P1FSRH P2FSR P3FSR
OSCCR - - - - - - -
EIFLAGO | P3IO T2CRL T2CRH T2ADRL T2ADRH | T2BDRL T2BDRH
IP P2I0 T1CRL T1CRH T1ADRL TIADRH | T1BDRL T1BDRH
EIFLAG1 P10 TOCR TOCNT TTSSSQ SPICR SPIDR SPISR
IE IE1 IE2 IE3 POPU P1PU P2PU P3PU
IIFLAG POIO EO - EIPOLOL | EIPOLOH EIPOL1 EIPOL2
P3 - - - ADCCRL | ADCCRH | ADCDRL | ADCDRH
P2 POOD P10D P20D P30D - WTCR BUZCR
P1 VV\Y';'I—CDI\IT'{' SCCR BITCR BITCNT WDTCR \\//vVDD‘I-!—C[:DI\IT‘{' BUZDR
PO SP DPL DPH DPL1 DPH1 LVICR PCON

NOTE) 1. 00H/8H(1), These registers are bit-addressable.

2. Do not use the “direct bit test and branch” instruction on PO, P1, P2, P3, EIFLAGO and EIFLAG1

registers.

More detail information is at Appendix B.
Example) Avoid direct input port bit test and branch condition as below

if(P00) — if(PO & 0x01)

December 2, 2024 Ver. 1.17
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8.4.2 SFR Map

Table 8-2 SFR Map

) @Reset
Address Function Symbol R/W
7,654 ]3|]2]1]0
80H PO Data Register PO RW | -]0]0|O0|O0O|O0O|O0]|O
81H Stack Pointer SP RW | ojofo|jO0oO|O|1 |1 1
82H Data Pointer Register Low DPL RW | O0O|O|]O0O|]O0O|O|O|O]|O
83H Data Pointer Register High DPH RW | O0O|O|]O0O|]O0O|O|O|O]|O
84H Data Pointer Register Low 1 DPL1 RW | 0O|]O0O|]O|O|O0O|O|O]|O
85H Data Pointer Register High 1 DPH1 RW | O0O|O|]O0O|]O0O|O0O|O0O|O]|O
86H Low Voltage Indicator Control Register LVICR RW | -|-]0]0|0|O0|O0]|O
87H Power Control Register PCON RW | |O0O|-|-|-]0|0]0]|O
88H P1 Data Register P1 RW | 0|O0O|O|O|O0O|O|O]|O
89H Watch Timer Data Register WTDR w o111 ]1 1|11
Watch Timer Counter Register WTCNT R -0, 0/ 0|]0|0|0]O
8AH System and Clock Control Register SCCR RW | -|-|-]|-|=-]|-]01]0
8BH Basic Interval Timer Control Register BITCR RW|O0O|O0O|]O|-|0|O0O]|]O0]|1
8CH Basic Interval Time Counter Register BITCNT R ojo0ojo0o|j0|]0O|0]|]0]O
8DH Watch Dog Timer Control Register WDTCR RW| 0 |O0O|O|-|-|=]0]0
8EH Watch Dog Timer Data Register WDTDR w 1 /11|11 |11]1
Watch Dog Timer Counter Register WDTCNT R o|ojo0oj0|O0O|O0O|O]|O
8FH BUZZER Data Register BUZDR RW |1 11|11 |11 1
90H P2 Data Register P2 RW | -|0]0]O0|O0O]|O0O|O0]|O
91H PO Open-drain Selection Register POOD RW | -|0]0]O0O|O0O|O0O|O0O]|O
92H P1 Open-drain Selection Register P10OD RW | O0O|O|]O0O|]O0O|O0O|O|O]|O
93H P2 Open-drain Selection Register P20D RW | -|0]0]O0O|O0O|O0O|O0O]|O
94H P3 Open-drain Selection Register P30D RW | O0O|O|]O0O|]O0O|O0O|O|O]|O
95H Reserved - - -
96H Watch Timer Control Register WTCR RW | O|-|-]0|0]|O0O|O0]|O
97H BUZZER Control Register BUZCR RW | — | — | — | -
98H P3 Data Register P3 RW | O0|0|]O0]|O
99H Reserved - - -
9AH Reserved - - -
9BH Reserved - - -
9CH A/D Converter Control Low Register ADCCRL Y RW | O|O| O0O]O0O]O|O|O]|O
9DH A/D Converter Control High Register ADCCRH | RW |0 |- |-]|0|0]|0]|O0]O
9EH A/D Converter Data Low Register ADCDRL R X X | X | X | X | X
9FH A/D Converter Data High Register ADCDRH R X X | X | X | X | X
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Table 8-2 SFR Map (Continued)
) @Reset
Address Function Symbol R/W

7165413210
AOH Internal Interrupt Flag Register IIFLAG RW | -|-|-|-]|-]0]0]O0
AlH PO Direction Register POIO RW | -]0|0|0|0|0|0]O
A2H Extended Operation Register EO RW | -|-|-|0|-=-]0|0]0

A3H Reserved - -
A4H External Interrupt Polarity O Low Register EIPOLOL | RW |O | O|O0O| OO0 |0]|0]O
AS5H External Interrupt Polarity O High Register | EIPOLOH | R'W | — | —= | O | O | O | O | 0| O
A6H External Interrupt Polarity 1 Register EIPOL1 RW | -] -|/0|0|0|0|0]0O
A7H External Interrupt Polarity 2 Register EIPOL2 RW | O0O|O0O|O0O|O0O|0|O0O|0]O
A8H Interrupt Enable Register IE RW O0|-]0|-]-]0]0]O0
A9H Interrupt Enable Register 1 IE1 RW |  -|-]0|0]0]0]0]O
AAH Interrupt Enable Register 2 IE2 RW | -|-]0|-]0]0]0]O0
ABH Interrupt Enable Register 3 IE3 RW | -|-|-/0]0]0]0]O0
ACH PO Pull-up Resistor Selection Register POPU RW | -|0]0|0]0]O0]|]0]O
ADH P1 Pull-up Resistor Selection Register P1PU RW O0|O0O|O0O|O0]|O0O]O0O]|O0]O
AEH P2 Pull-up Resistor Selection Register P2PU RW | -|0]0|0]0]O0]|]0]O
AFH P3 Pull-up Resistor Selection Register P3PU RW 0|O0O|O0O|0]|O0O]O0O]O0]O
BOH External Interrupt Flag 1 Register EIFLAG1 |RW |- |0 O0O]O0O]|O0O|O0O|O0]|O
B1H P1 Direction Register P110 RW 0|O0O|O0O|0]|O0O]O0O]O0]O
B2H Timer 0 Control Register TOCR RW O0|-]0|0]0]0O0]|0]O
B3H Timer 0 Counter Register TOCNT R ojo0oj0|J0 0|0|0]O
B4H Timer 0 Data Register TODR RW | 111,111 1|1
Timer 0 Capture Data Register TOCDR R ojojo0oj0,0|0|0]O
B5H SPI Control Register SPICR RW 0|0 0| 0|O0O|O0O]O0O]O
B6H SPI Data Register SPIDR RW | O0O|lO0O| O O0O|O0O|O0O]|]O]|O
B7H SPI Status Register SPISR RW | O0O|]O0O|O|-100)|-]|-
B8H Interrupt Priority Register IP RW | -] -0 0|0|0|0]O
BO9H P2 Direction Register P210 RW | -|0]0|0]0O]0O0]O0]O
BAH Timer 1 Control Low Register T1CRL RW O0|O|]O0O|O0O]|-]0]0]O
BBH Timer 1 Control High Register T1CRH RW O0|-]0|0|-|-]-1]0
BCH Timer 1 A Data Low Register T1ADRL RW | 111,111 1|1
BDH Timer 1 A Data High Register T1ADRH RW | 1111 1|1 1|1
BEH Timer 1 B Data Low Register T1BDRL RW | 1111 1|1 1|1
BFH Timer 1 B Data High Register T1BDRH RW 1|11 11111
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Table 8-2 SFR Map (Continued)

. @Reset
Address Function Symbol R/W
716|543 ]2]1]0
COH External Interrupt Flag O Register EIFLAGO |RW |- | O |O0O|O0O|0O0O|0|O0]O
C1H P3 Direction Register P310 RW| 0|0 |O0O|O0O|O0O O0|0]O
C2H Timer 2 Control Low Register T2CRL RW| O0O|O|O|O|O| 0]O0]O
C3H Timer 2 Control High Register T2CRH RW| O0O|-|]O0|O|-|=-]-1]0
C4H Timer 2 A Data Low Register T2ADRL RW | 1 |1|1/1]1|1]1]1
C5H Timer 2 A Data High Register T2ADRH Rw | 1|11 |11 1|11
C6H Timer 2 B Data Low Register T2BDRL Rw | 1|11 |1,1 1|11
C7H Timer 2 B Data High Register T2BDRH Rw | 1|11 |1,1 1|11
C8H Oscillator Control Register OSCCR RW | -] -]0|0|212,0|0]0
C9H Reserved - - -
CAH Reserved - - -
CBH Reserved - - -
CCH Reserved - - -
CDH Reserved - - -
CEH Reserved - - -
CFH Reserved - - -
DOH | Program Status Word Register psw | Rw o|o|ojo/ofo]o]o
D1H Reserved - - -
D2H Reserved - - -
D3H PO Function Selection Register POFSR RW | 0|0 |]O0O|O0O| 0O 0|0]O
D4H P1 Function Selection Low Register P1FSRL RW | -|0|O0|O0O|]O0O|0]0]O
D5H P1 Function Selection High Register P1FSRH RW | -|0|O0|O0O|]O0O|0]0]O
D6H P2 Function Selection Register P2FSR RW | - | -|-|-|=-=|=10]0
D7H P3 Function Selection Register P3FSR RW | 0|0 |]O0O|O0O| 0O O0|0]O
D8H Low Voltage Reset Control Register LVRCR RW | O0O|-|-|0)0 0|0]O
D9H Reserved - - -
DAH Reserved - - -
DBH Reserved - - -
DCH gg;s\gfke'“p Interrupt Flag Low ADWIFRL | RW |0 0|0 0|0 0|0 0O
DDH ég;s\gfke'”p Interrupt Flag High ADWIFRH | RW | - |0 |0|0|0| 0|0 0
DEH P03 Debounce Enable Register PO3DB R/W
DFH P12 Debounce Enable Register P12DB R/W
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Table 8-2 SFR Map (Continued)
. @Reset
Address Function Symbol R/W

7/6|/5/4/3/2]1]0
EOH Accumulator A Register ACC RW | 0|O0O|]O0O|0O|O0O|O0O|0]|O
E1H Reserved - - -
E2H UART Control Register 1 UARTCR1 RW | — | — 00| -
E3H UART Control Register 2 UARTCR2 RW | |0|O|O0O|lO|O0O|O|O0]|DO
E4H UART Control Register 3 UARTCR3 RW | -]0|-/-|-]0]0|0
E5H UART Status Register UARTST RW|1|0|0|l0|0|O0O|0]|DO
E6H UART Baud Rate Generation Register UARTBD RW | 1|11 |1|1|1|1]|1
E7H UART Data Register UARTDR RW | 0O|O0O|]O0O|0O|O0O|O0O|0]|O
E8H Reset Flag Register RSTFR RW |1 |x|0|0|x|—-|—-|-
E9H 12C Control Register I2CCR RW | 0|00 O0|O0O|O0O|O0|O
EAH 12C Status Register I2CSR RW | 0|00 0O|O0O|O0|O0|O
EBH 12C Slave Address 0 Register I2CSARO RW | 0|00 0|O0O|O0|O0|O
ECH 12C Data Register I2CDR RW | |0|O|O0O|lO|O0O|O|0O|O
EDH 12C SDA Hold Time Register I2CSDHR RW | 0|00 0|0|0|0|1
EEH 12C SCL Low Period Register I2CSCLR RW | 0[O |21|1|1|1 1|1
EFH 12C SCL High Period Register I2CSCHR RW | 0[O |212 |1 1|1 |11
FOH B Register B RW | O0O|O0O]|]O0O|0O|O0O|O0O|0]|O
F1H 12C Slave Address 1 Register I2CSAR1 RW | 0|00 0|O0O|O0|O0|O
F2H ADC Wake-up Resistor Control Register0 ADWRCRO RW | 0|00/ 0|O0O|O0|O0|O
F3H ADC Wake-up Resistor Control Registerl ADWRCR1 RW | O0O|O0O|O0O|0O|O0O|O0O|0]|O
F4H ADC Wake-up Resistor Control Register2 ADWRCR2 RW | O0O|O0O|]O0O|0O|O0O|O0O|0]|O
F5H ADC Wake-up Resistor Control Register3 ADWRCR3 RW |-|-]0|0|0|0|0]|O
F6H ADC Wake-up Control Low Register ADWCRL RW | 0O|O0O]|]O0O|0O|O0O|O0O|0]|O
F7H ADC Wake-up Control High Register ADWCRH RW | -|0]0|0|O0O|O0|0]|O
F8H Interrupt Priority Register 1 IP1 RW |-|-]0|0|0|0|0]|O
FOH Reserved - - -
FAH Flash Sector Address High Register FSADRH RW | -|-|-/=-]0]0]0|0
FBH Flash Sector Address Middle Register FSADRM RW | O0O|0O|]O0O|0O|O0O|O0O|0]|O
FCH Flash Sector Address Low Register FSADRL RW | O0O|0O]|]O0O|0O|O0O|O0O|0]|O
FDH Flash Identification Register FIDR RW | O0O|O0O|O0O|0O|O0O|O0O|0]|O
FEH Flash Mode Control Register FMCR RW | O|-|-|=-|-]0|0]|0O0
FFH Reserved - - -

December 2, 2024 Ver. 1.17

67




MC96F8316

\BO\

8.4.3 Compiler Compatible SFR

ACC (Accumulator Register): EOH

7 6 5 4 2 1 0
| ACC
RW RW RW RW RW RW RW
Initial value: O0OH
ACC Accumulator

B (B Register): FOH

7 6 5 4 2 1 0
| B
RW RW RW RW RW RW RW
Initial value: 00OH
B B Register
SP (Stack Pointer): 81H
7 6 5 4 2 1 0
| P
RW RW RW RW RW RW RW
Initial value: 07H
SP Stack Pointer

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: 00H
DPH Data Pointer High
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DPL1 (Data Pointer Register Low 1): 84H
7 6 5 4 3 2 1 0
| DPLL
RW RW RW RW RW RW RW RW
Initial value: 00H
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: O0OH
DPH1 Data Pointer High 1
PSW (Program Status Word Register): DOH
7 6 5 4 3 2 1 0
| o | &« P | Rt 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
(0)Y] 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
- | - | - [ mwmween| - [ opse2 | Dpsmn 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
DPTRO
DPTR1

0
0

Reserved

0
1

December 2, 2024 Ver. 1.17

69



MC96F8316 \BO\

9. 1/0 Ports

9.1 I/O Ports

The MC96F8316 has four groups of I/O ports (PO ~P3). Each port can be easily configured by software as I/O
pin, internal pull up and open-drain pin to meet various system configurations and design requirements. Also PO,
P1, P2, and P3 include function that can generate interrupt according to change of state of the pin.

9.2 Port Register

9.2.1 Data Register (Px)

Data Register is a bidirectional I/O port. If ports are configured as output ports, data can be written to the
corresponding bit of the Px. If ports are configured as input ports, the data can be read from the corresponding bit
of the Px.

9.2.2 Direction Register (PxIO)

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

9.2.3 Pull-up Resistor Selection Register (PxPU)

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

9.2.4 Open-drain Selection Register (PxOD)

There are internally open-drain selection registers (PxOD) for PO ~ P3. The open-drain selection register
controls the open-drain enable/disable of each port. Almost ports become push-pull by a system reset, but some
ports become open-drain by a system reset.

9.2.5 Debounce Enable Register (PxDB)

PO[6:2], P1[3:0], P2[3:0]and P35 support debounce function. Debounce clocks of each ports are fx/1, fx/4, and
fx/4096.

9.2.6 Port Function Selection Register (PxFSR)

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

Table 9-1 Port Register Map

Name Address Dir Default Description
PO 80H R/W O00H PO Data Register
POIO AlH R/W O00H PO Direction Register
POOD 91H R/W O0OH PO Open-drain Selection Register
POPU ACH R/W O0OH PO Pull-up Resistor Selection Register
PO3DB DEH R/W O0OH PO/P3 Debounce Enable Register
POFSR D3H R/W O0OH PO Function Selection Register
P1 88H R/W OOH P1 Data Register
P1IO B1H R/W OOH P1 Direction Register
P10D 92H R/W OOH P1 Open-drain Selection Register
P1PU ADH R/W OOH P1 Pull-up Resistor Selection Register
P12DB DFH R/W O00H P1/P2 Debounce Enable Register
P1FSRH D5H R/W O00H P1 Function Selection High Register
P1FSRL D4H R/W O00H P1 Function Selection Low Register
P2 90H R/W O00H P2 Data Register
P210 B9H R/W OOH P2 Direction Register
P20D 93H R/W OOH P2 Open-drain Selection Register
P2PU AEH R/W OOH P2 Pull-up Resistor Selection Register
P2FSR D6H R/W O00H P2 Function Selection Register
P3 98H R/W OOH P3 Data Register
P3I0 C1H R/W OOH P3 Direction Register
P30D 94H R/W OOH P3 Open-drain Selection Register
P3PU AFH R/W O00H P3 Pull-up Resistor Selection Register
P3FSR D7H R/W O00H P3 Function Selection Register
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9.3 PO Port

9.3.1 PO Port Description

PO is 7-bit I/O port. PO control registers consist of PO data register (P0), PO direction register (P0IO), debounce
enable register (PO3DB), 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
| - | pe | pP» PO4 P03 P02 POL PO
- RW RW RW RW RW RW RW
Initial value : 0OH
PO[6:0] I/0 Data
Note) Do not use the “direct bit test and branch” instruction for input port, more detail information is at
Appendix B.

Example) Avoid direct input port bit test and branch condition as below
If(P00) — if(PO & 0x01)

POIO (PO Direction Register) : A1H

7 6 5 4 3 2 1 0
| - | pPeo | Peo | Pouo POBIO PO2I0 POLIO POOIO
- RW RW RW RW RW RW RW
Initial value : OOH
P0IO[6:0] PO Data I/O Direction.
0 Input
1 Output

NOTE: EINTO ~ EINT4 function possible when input

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

7 6 5 4 3 2 1 0
| - | peru | Peru | P | Poru PO2PU POLPU POOPU
- RW RW RW RW RW RW RW
Initial value : O0OH
POPU[6:0] 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 2 1 0
| - | Peop | Pwod | PosoD PO3OD PO20D POLOD POOOD
- RW RW RW RW RW RW RW
Initial value : OOH
POOD[6:0] Configure Open-drain of PO Port
0 Push-pull output
1 Open-drain output
PO3DB (P0/P3 Debounce Enable Register) : DEH
7 6 5 4 3 2 1 0
| oeoxt | oecko | pPwpB | PoeDB | PosDB PO4DB POGDB P02DB
RW RW RW RW RW RW RW RW
Initial value : OOH
DBCLK[1:0] Configure Debounce Clock of Port
DBCLK1 DBCLKO Description
0 0 fx/1
0 1 fx/4
1 0 fx/4096
1 1 Reserved
P35DB Configure Debounce of P35 Port
0 Disable
1 Enable
PO6DB Configure Debounce of P06 Port
0 Disable
1 Enable
PO5DB Configure Debounce of P05 Port
0 Disable
1 Enable
P04DB Configure Debounce of P04 Port
0 Disable
1 Enable
PO3DB Configure Debounce of P03 Port
0 Disable
1 Enable
P02DB Configure Debounce of P02 Port
0 Disable
1 Enable

NOTES)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 clocks or more to be actually detected as a valid

edge.

3. The port debounce is automatically disabled at stop mode and recovered after stop mode release.
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POFSR (Port 0 Function Selection Register) : D3H
7 6 5 4 3 2 1 0
| PorsR7 | Porsre POFSR5 | POFSR4 | PoFsRa POFSR2 POFSR1 POFSR0
RW RW RW RW RW RW RW RW
Initial value : OOH
POFSR7 P06 Function select
0 I/0 Port (EINT4 function possible when input)
1 ANG6 Function
POFSR6 P05 Function select
0 I/0O Port (EINT3 function possible when input)
1 ANS5 Function
POFSR5 P04 Function select
0 I/O Port (EINT2 function possible when input)
1 AN4 Function
POFSR4 P03 Function select
0 I/O Port (EINT1 function possible when input)
1 AN3 Function
POFSR[3:2] P02 Function Select
POFSR3 POFSR2  Description
0 0 I/O Port (EINTO function possible when
input)
0 1 AVREF Function
1 0 AN2 Function
1 1 Not used
POFSR1 P01 Function select
0 I/O Port
1 AN1 Function
POFSRO P00 Function select
0 I/O Port
1 ANO Function
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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 (P12DB),P1 pull-up resistor selection register (P1PU), and P1 open-drain selection register
(P1OD). Refer to the port function selection registers for the P1 function selection.

9.4.2 Register description for P1

P1 (P1 Data Register) : 88H

7 6 5 4 3 2 1 0
| Pz | pPe | pis P14 P13 P12 P11 P10
RW RW RW RW RW RW RW RW
Initial value : 00H
P1[7:0] I/0 Data
Note) Do not use the “direct bit test and branch” instruction for input port, more detail information is at

Appendix B.
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 | PO | Puo P130 P12I0 P1110 P10I0
RW RW RW RW RW RW RW RW
Initial value : O0OH
P1IO[7:0] P1 Data I/O Direction
0 Input
1 Output

NOTE: EINT5/ENINT6/EINT11/EINT12/EC1/EC2/SS function
Possible when input

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

7 6 5 4 3 2 1 0
| Py | Py | pPisrUu | Pupu | Pi3u P12PU P11PU P10PU
RAW RW RW RAW RAW RW RW RW
Initial value : O0OH
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 1 0
| Pwop | pPwop | PsoD | PuoD P130D P120D P110D P100D
RW RW RW RW RW RW RW
Initial value : O0OH
P10ODI[7:0] Configure Open-drain of P1 Port

0 Push-pull output
1 Open-drain output

P12DB (P1/P2 Debounce Enable Register) : DFH

7 6 5 4 3 1 0
| Pz | P2mB P2DB | PaDB | P130B P12DB P11DB P10DB
RW RW RW RW RW RW RW
Initial value : 0OH
P23DB Configure Debounce of P23 Port
0 Disable
1 Enable
P22DB Configure Debounce of P22 Port
0 Disable
1 Enable
P21DB Configure Debounce of P21 Port
0 Disable
1 Enable
P20DB Configure Debounce of P20 Port
0 Disable
1 Enable
P13DB Configure Debounce of P13 Port
0 Disable
1 Enable
P12DB Configure Debounce of P12 Port
0 Disable
1 Enable
P11DB Configure Debounce of P11 Port
0 Disable
1 Enable
P10DB Configure Debounce of P10 Port
0 Disable
1 Enable

NOTES)1. If 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 clocks or more to be actually detected as a valid

edge.

3. The port debounce is automatically disabled at stop mode and recovered after stop mode release.

4. Refer to the port 0/3 debounce enable register (PO3DB) for the debounce clock of port 1 and port 2.
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P1FSRH[3:2]

P1FSRH[1:0]

P1FSRH5 P1FSRH4

0
0
1
1

P15 Function Select
P1FSRH3 P1FSRH2

0
0
1
1

P14 Function Select
P1FSRH1 POFSRHO

0

0
1
1

0
1
0
1

0
1
0
1

0

1
0
1

Description
I/O Port

SCK Function
AN13 Function
Not used

Description
I/O Port

MOSI Function
AN12 Function
Not used

Description

I/O Port

MISO Function
AN11 Function
Not used

\BO\ MC96F8316
P1FSRH (Port 1 Function Selection High Register) : D5H
7 6 5 4 2 1 0
| - | PirsR6 | PIFSRH5 | PIFSRH4 | PIFSRH3 | PIFSRH2 | PIFSRHL | PIFSRHO
- RW RW RW RW RW RW
Initial value : OOH
P1FSRH6 P17 Function Select
0 I/O Port (EC2/SS function possible when input)
1 AN14 Function
P1FSRHI[5:4] P16 Function Select
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P1FSRL (Port 1 Function Selection Low Register) : D4H

7

6

5

4 3 2 1 0

| Pirsrie | Pirsris | pirsR4 | Pirsri3 | PirsR2 | Pirsra | PiFsRLO

RW

RW

P1FSRL[6:5]

P1FSRL[4:3]

P1FSRL[2:1]

P1FSRLO

RW RW RW RW RW
Initial value : O0OH

P13 Function Select
P1FSRL6 P1FSRL5 Description

0 0 I/O Port (EINT12 function possible when
input)

0 1 T20/PWM20 Function

1 0 AN10 Function

1 1 Not used

P12 Function Select
P1FSRL4 P1FSRL3 Description

0 0 I/O Port (EINT11 function possible when
input)

0 1 T10/PWM10 Function

1 0 AN9 Function

1 1 Not used

P11 Function Select
P1FSRL2 P1FSRL1 Description

0 0 I/0O Port (EINT6/EC1 function possible
when input)

0 1 BUZO Function

1 0 AN8 Function

1 1 Not used

P10 Function Select

0 1/0 Port (EINT5 function possible when input)

1 AN7 Function
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9.5 P2 Port

9.5.1 P2 Port Description

P2 is 7-bit I/O port. P2 control registers consist of P2 data register (P2), P2 direction register (P210), P2 pull-up
resistor selection register (P2PU) and P2 open-drain selection register (P20D).Refer to the port function
selection registers for the P2 function selection.

9.5.2 Register description for P2

P2 (P2 Data Register) : 90H

7 6 5 4 3 2 1 0
| - | ps | px P24 P23 P2 P21 P20
- RW RW RW RW RW RW RW
Initial value : 0OH
P2[6:0] I/O Data
Note) Do not use the “direct bit test and branch” instruction for input port, more detail information is at
Appendix B.

Example) Avoid direct input port bit test and branch condition as below
If(P20) — if(P2 & 0x01)

P2I0O (P2 Direction Register) : BO9H

7 6 5 4 3 2 1 0
| - | pPeo | Pso | Pao P230 P22I0 P21I0 P20I0
- RW RW RW RW RW RW RW
Initial value : O0H
P210[6:0] P2 Data I/O Direction
0 Input
1 Output

NOTE: EINT7-EINTA, ECO function possible when input

P2PU (P2 Pull-up Resistor Selection Register) : AEH

7 6 5 4 3 2 1 0
| - | peu | Pxru | Papu | Pru P22PU P21PU P20PU
- RW RW RW RW RW RW RW
Initial value : OOH
P2PU[6:0] Configure Pull-up Resistor of P2 Port
0 Disable
1 Enable
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P20D (P2 Open-drain Selection Register) : 93H
7 6 5 4 3 2 1 0
| - | pPeoo | Psop | PauoD P230D P220D P210D P200D
- RW RW RW RW RW RW RW
Initial value : OOH
P20DI[6:0] Configure Open-drain of P2 Port
0 Push-pull output
1 Open-drain output

P2FSR (Port 2 Function Selection Register) : D6H

7 6 5 4 3 2 1 0
e _ - - | - - P2FSR1 P2FSRO
- - - - - - RW RW
Initial value : 00H
P2FSR1 P25 Function select
0 I/O Port
1 SCL Function
P2FSRO P24 Function Select
0 I/O Port
1 SDA Function
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9.6 P3 Port

9.6.1 P3 Port Description

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

9.6.2 Register description for P3

P3 (P3 Data Register) : 98H

7 6 5 4 3 2 1 0
| P | Px | Px P34 P P2 P3L P30
RW RW RW RW RW RW RW RW
Initial value : 0OH
P3[7:0] I/0 Data
Note) Do not use the “direct bit test and branch” instruction for input port, more detail information is at
Appendix B.

Example) Avoid direct input port bit test and branch condition as below
If(P30) — if(P3 & 0x01)

P3IO (P3 Direction Register) : C1H

7 6 5 4 3 2 1 0
| Pmo | pPoeo | PmO | PO P30 P32I0 P3LI0 P30I0
RW RW RW RW RW RW RW RW
Initial value : OOH
P3IO[7:0] P3 Data I/O Direction
0 Input
1 Output

NOTE: RXD, EINT10 function possible when input

P3PU (P3 Pull-up Resistor Selection Register) : AFH

7 6 5 4 3 2 1 0
| paru | Poeu | ParU | PpU | Pau P32PU P31PU P30PU
RW RW RW RW RW RW RW RW
Initial value : OOH
P3PU[7:0] Configure Pull-up Resistor of P3 Port
0 Disable
1 Enable
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P30D (P3 Open-drain Selection Register) : 94H
7 6 5 4 3 2 1 0
| pwop | pPxwop | Pmsop | PaoD P330D P320D P310D P300D
RW RW RW RW RW RW RW RW
Initial value : OOH
P30DI[7:0] Configure Open-drain of P3 Port
0 Push-pull output
1 Open-drain output
P3FSR (Port 3 Function Selection Register) : D7H
7 6 5 4 3 2 1 0
| ParsR7 | Parsre | ParsRs | pParsRe | ParsR3 | parsRe | ParsRL | parsro
RW RW RW RW RW RW RW RW
Initial value : 00H
P3FSR7 P37 Function select
0 I/0 Port
1 XOUT Function
P3FSR6 P36 Function Select
0 1/0O Port
1 XIN Function
P3FSR5 P35 Function select
0 1/0 Port
1 TOO/PWMOO Function
P3FSR4 P34 Function Select
0 1/0 Port
1 SXIN Function
P3FSR3 P33 Function select
0 1/0O Port
1 SXOUT Function
P3FSR2 P31 Function Select
0 1/0 Port(RXD function possible when input)
1 SCL Function
P3FSR[1:0] P30 Function select
P3FSR1 P3FSRO Description
0 0 I/O Port
0 1 TXD Function
1 0 SDA Function
1 1 Not used

NOTE) Refer to the configure option for the P32/RESETB
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10. Interrupt Controller

10.1 Overview

The MC96F8316 supports up to 20 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 20 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 priority level
is served first.

- Each interrupt source can be controlled by EA bit and each IEx bit

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

The non-maskable interrupt is always enabled. The maskable interrupts are enabled through four pair of
interrupt enable registers (IE, IE1, IE2, IE3). Each bit of IE, IE1, IE2, IE3 register individually enables/disables the
corresponding interrupt source. Overall control is provided by bit 7 of IE (EA). When EA is set to ‘0’, all interrupts
are disabled: when EA is set to ‘1’, interrupts are individually enabled or disabled through the other bits of the
interrupt enable registers. The EA bit is always cleared to ‘0’ jumping to an interrupt service vector and set to ‘1’
executing the [RETI] instruction. The MC96F8316 supports a four-level priority scheme. Each maskable interrupt
is individually assigned to one of four priority levels according to IP and IP1.

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.

Table 10-1 Interrupt Group Priority Level

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
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10.2 External Interrupt

The external interrupt on INTO, INT1, INT2, INT3, INT4, INT5, INT6,INT7, INT8, INT9, INTA, INT10, INT11 and
INT12 pins receive various interrupt request depending on the external interrupt polarity 0 high/low
register(EIPOLOH/L), external interrupt polarity 1 register (EIPOL1) and external interrupt polarity 2 register
(EIPOL2) as shown in Figure 10.1. Also each external interrupt source has enable/disable bits. The external
interrupt flag 0 register (EIFLAGO) and external interrupt flag 1 register (EIFLAG1) provides the status of external
interrupts.

EIPOL1

2
x
EINT10 Pin >
D Ly ™ FLAG10 INTO Interrupt
, P ~
EINTLL Pin ] >~ FLAG11 INT1 Interrupt
LN

h 4

: X
EINT12 P >
in [] _ FLAG12 INT2 Interrupt
A ~
EINTS Pin [ ] > FLAG5 INT6 Interrupt
~ LR
EINT6 Pin >
n [] o FLAG6 INT7 Interrupt
A

2

EIPOLOH
EINTOPin [ J———» FLAGO ‘
: S

EINTLPin [ ] >

2
EINT2Pin [ ] > INT5 Interrupt

2 Ladl
EINT3Pin [ ] <

2
EINT4Pin [ ] > FLAG4

=

| EIPOLOH,EIPOLOL |

EINT7 Pin —— FLAG7

2
EINT8 Pin [ | > o FLAGS

7~ . INT17 Interrupt
EINTOPin [ | > FLAGY

2
EINTA Pin [ ] X FLAGA

=

EIPOL2

Figure 10.1 External Interrupt Description

84 December 2, 2024 Ver. 1.17




\BO\ MC96F8316
10.3 Block Diagram
EIPOLI I
EIFLAG1.4 \
EINT10 [ H x HFLAG10 0o ——
EIFLAGLS 0 0 Priority High
EINT11 [ H _ HFLAGT] 1
EIFLAG1.6 l 1
eNT12 [ H¥ Y H{FIAGT? ) 1
2
EIPOLOH/L 2|,
3
3
EINTOD— FLAGO EIFLAG0.0 3 3
EINTlD— X EIFLAGO.1 4 4 4
4
EINT2[ H ™ 5|,
E|NT3|:|—JDL 5(g
EINT4|:|— FLAGA EIFLAG0.4
EIPOLOH
EIFLAGO.5
ENT5 [ H X H{FLAGS 66
e 6
EINT6 [ H¥ 6
7
7
12C . 7
8
Uart Rx ° 8 8
9
Vart Tx [ L'\:D_'\‘ yE 9
10
10/,
ano [H ANOWIFR u 10 Level 0
: . Level 1
: R : 4, Lg\‘;gl 2
AN14[ ANTAWIFR 1 Levels Release
Stop/Sleep
12
12)1,
12
Timer 0 overflow 13 13 1
) 13
Timer O 14 1 EA
14
Timer 1 15 14
. 15) ¢
imer 2 15
EIPOL2 16|,
16|,
ENT7[H 17,7 -
EINTS[ - 17
EINTO[
EINTA] X
18|;4
ADC 19 19
SPI
20159
WT
21
WDT 21
22
BIT 22
23 23 Priority Low

Figure 10.2 Block Diagram of Interrupt

NOTES)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. An interrupt 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.

Table 10-2 Interrupt Vector Address Table

Interrupt Source Symbol ég;%rlggtit Priority Mask Vector Address
Hardware Reset RESETB 00 0 Non-Maskable 0000H
External Interrupt 10 INTO IE.O 1 Maskable 0003H
External Interrupt 11 INT1 IE.1 2 Maskable 000BH
External Interrupt 12 INT2 IE.2 3 Maskable 0013H
- INT3 IE.3 4 Maskable 001BH
- INT4 IE.4 5 Maskable 0023H
External Interrupt 0 -4 INT5 IE.5 6 Maskable 002BH
External Interrupt 5 INT6 IE1.0 7 Maskable 0033H
External Interrupt 6 INT7 IE1.1 8 Maskable 003BH
12C Interrupt INT8 IE1.2 9 Maskable 0043H
UART RXx Interrupt INT9 IE1.3 10 Maskable 004BH
UART Tx Interrupt INT10 IE14 11 Maskable 0053H
ADC Wake-up Interrupt 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
- INT16 IE2.4 17 Maskable 0083H
External Interrupt 7-A INT17 IE2.5 18 Maskable 008BH
ADC Interrupt INT18 IE3.0 19 Maskable 0093H
SPI 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

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.

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.
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IE.EA Flag €0
\ 4
Program Counter low Byte
SP € SP + 1, M(SP) €< (PCL)

A

y

Program Cou

A

nter high Byte

SP € SP + 1, M(SP) € (PCH)

A

y

o

Interrupt Vector Address occurrence
(Interrupt Vector Address)

A

y

o]

ISR(Interrupt Service Routine) move,
execute

A

A

Return fi

rom ISR

RETI

y

E B

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

A

Program Counter

low Byte recovery

(PCL) €M(SP), SP € SP-1

y

B IE.EA Flag <1
\4
Main Program execution

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

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

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

Interrupt Enable Register
command

<
<

Next Instruction

Next Instruction

v

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

Figure 10.4 EffectiveTiming of Interrupt Enable Register

Case b)Interrupt flag Register

Interrupt Flag Register
Command

Next Instruction

P
<

Next Instruction

v

After executing next instruction,
interrupt flag result is effective.

Figure 10.5 EffectiveTiming 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 EffectiveTiming of Multi-Interrupt

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

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

Max. 4 Machine Cycle —»<€—— 4 Machine Cycle ——|
System | Y.
Clock I I | | |
B S
A 1$Y

Interrupt T

goes . B U

Active Interrupt Y hd

Latched Interrupt Processing

“LCALL & LIMP Interrupt Routine

Figure 10.7 Interrupt Response Timing Diagram

10.9 Interrupt Service Routine Address

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

—— —l ——
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 |__________>

Saving
Register
Interrupt Processing:

POP ACC Restoring
POP B | | -— Register

POP DPH
POP DPL
POP PSW
RETI

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

Interrupt sampled here

CLP2 CLP1 CLP2 C1P1 CiP2 C2P1 C2pP2
A A A A}

SCLK

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL |

INT_VEC 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) command cycle CLPx: L=Last cycle, 1=1%t cycle or 1 phase, 2=2" 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 have each 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 ‘00H'. 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) are set to ‘1’
when the external interrupt generating condition is satisfied. The flag is cleared when the interrupt service routine
is executed. Alternatively, the flag can be cleared by writing ‘0’ to it.

10.12.4 External Interrupt Polarity Register (EIPOLOH, EIPOLOL, EIPOL1, EIPOL2)

The external interrupt polarity 0 high/low register (EIPOLOH/L), external interrupt polarity 1 register (EIPOL1)
and external interrupt polarity 2 register (EIPOL2) determines which type of rising/falling/both edge interrupt.
Initially, default value is no interrupt at any edge.
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10.12.5 Register Map

Table 10-3 Interrupt Register Map

Name Address Dir Default Description

IE A8H R/W 00H Interrupt Enable Register

IE1 A9H R/W 00H Interrupt Enable Register 1

IE2 AAH R/W 00H Interrupt Enable Register 2

IE3 ABH R/W 00H Interrupt Enable Register 3

P B8H R/W 00H Interrupt Priority Register

IP1 F8H R/W 00H Interrupt Priority Register 1

IIFLAG AOH R/W O00H Internal Interrupt Flag Register

EIFLAGO COH R/W O00H External Interrupt Flag O Register
EIPOLOL A4H R/W O00H External Interrupt Polarity 0 Low Register
EIPOLOH ASH R/W O00H External Interrupt Polarity O High Register
EIFLAG1 BOH R/W O0OH External Interrupt Flag 1 Register
EIPOL1 AG6H R/W O0OH External Interrupt Polarity 1 Register
EIPOL2 ATH R/W O0OH External Interrupt Polarity 2 Register

10.13 Interrupt Register Description

The interrupt register is used for controlling interrupt functions. Also it has external interrupt control registers.
The interrupt register consists of interrupt enable register (IE), interrupt enable register 1 (IE1), interrupt enable
register 2 (IE2) and interrupt enable register 3 (IE3). For external interrupt, it consists of external interrupt flag O
register(EIFLAGO), external interrupt polarity 0 high/low register (EIPOLOH/L),external interrupt flag 1 register
(EIFLAG1), external interrupt polarity 1 register(EIPOL1) and external interrupt polarity 2register(EIPOL2).
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10.13.1 Register Description for Interrupt

IE (Interrupt Enable Register) : A8H

7 6 5 4 3 2 1 0
| ea | - | wNmE | - - INT2E INTLE INTOE
RW - RW - - RW RW RW
Initial value : 0OH
EA Enable or Disable All Interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INTSE Enable or Disable External Interrupt 0 ~ 4 (EINTO ~ EINT4)
0 Disable
1 Enable
INT2E Enable or Disable External Interrupt 12(EINT12)
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 1 0
- - | wNuE | NTIE INTOE INTSE INT7E INTBE
- - RW RW RW RW RW RW
Initial value: 00H
INT11E Enable or Disable ADC Wake-up Interrupt
0 Disable
1 Enable
INT10E Enable or Disable UART Tx Interrupt
0 Disable
1 Enable
INTO9E Enable or Disable UART RXx Interrupt
0 Disable
1 Enable
INT8E Enable or Disable 12C Interrupt
0 Disable
1 Enable
INT7E Enable or Disable External Interrupt 6 (EINT6)
0 Disable
1 Enable
INT6E Enable or Disable External Interrupt 5 (EINT5)

0 Disable
1 Enable
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IE2 (Interrupt Enable Register 2) : AAH
7 6 5 3 2 1 0
| — ] - | ~mE | INT15E NT4E | ONTIE | NTE |
- - RW RW RW RW RW

Initial value : O0OH

Enable or Disable External Interrupt 7 ~ A (EINT7 ~ EINTA)

0
1

Disable
Enable

Enable or Disable Timer 2 Match Interrupt

0
1

Disable
Enable

Enable or Disable Timer 1 Match Interrupt

0
1

Disable
Enable

Enable or Disable Timer 0 Match interrupt

0
1

Disable
Enable

Enable or Disable Timer 0 Overflow Interrupt

0
1

Disable
Enable
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IE3 (Interrupt Enable Register 3) : ABH
7 6 5 4 3 2 1 0
| - ] - - | mmzE INT21E INT20E INTL9E INT18E
- - - RW RW RW RW RW
Initial value : OOH

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 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
- | - | wm» | P3 P2 P1 PO

- - RW RW RW RW RW RW

IP1 (Interrupt Priority Register 1) : F8H

Initial value : O0OH

7 6 5 4 3 2 1 0
| _ | _ | P55 | P P13 P12 P11 IP10
_ _ RW RW RW RW RW RW

IP[5:0], IP1[5:0]

Initial value : OOH

Select Interrupt Group Priority
IP1x IPx Description

0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
IIFLAG (Internal Interrupt Flag Register) : AOH
7 6 5 4 3 2 1 0
- ] - - | = - ICFR TOOVIFR TOFR
- - - - - R RW RW
Initial value : OOH

IICIFR This is an interrupt flag bit. When an interrupt occurs, this bit
becomes ‘1. This bit is cleared when all interrupt source bits in the
I2CSR register are cleared to “Ob”. Writing “1” has no effect.
0 12C interrupt no generation
1 12C interrupt generation

TOOVIFR When TO overflow 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 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 auto clear by INT_ACK signal. Writing “1” has no
effect.

0 TO interrupt no generation
1 TO interrupt generation
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EIFLAGO (External Interrupt Flag O Register) : COH

7 6 5 4 3 2 1 0
| - | AAe | FAs | AAG | FAAGB FLAG2 FLAGL FLAGO
_ RW RW RW RW RW RW RW

Initial value : O0OH

EIFLAGO[6:5] When an External Interrupt 5 ~ 6 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 5 ~ 6 not occurred
1 External Interrupt 5 ~ 6 occurred

EIFLAGO[4:0] When an External Interrupt O ~ 4 is occurred, the flag becomes ‘1.
The flag is cleared only by writing ‘0’ to the bit. So, the flag should
be cleared by software. Writing “1” has no effect.

0 External Interrupt O ~ 4 not occurred
1 External Interrupt O ~ 4 occurred

Note) Do not use the “direct bit test and branch” instruction on EIFLAGO, more detail information is at
Appendix B.

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

If(FLAGO) — if(EIFLAGO& 0x01)

EIPOLOH (External Interrupt Polarity 0 High Register): A5H
7 6 5 4 3 2 1 0
- - ] POL6 | POLS | POL4
- - RW RW RW RW RW RW
Initial value: O0OH

EIPOLOHI5:0] External interrupt (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 and 6

EIPOLOL (External Interrupt Polarity O Low Register): A4H
7 6 5 4 3 2 1 0
POL3 | POL2 | POLL | POLO
RW RW RW RW RW RW RW RW
Initial value: O0OH

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

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Wheren =0, 1,2 and 3

December 2, 2024 Ver. 1.17 99



MC96F8316 \BO\

EIFLAG1 (External Interrupt Flag 1 Register) : BOH

7 6 5 4 3 2 1 0
| _ | rre2 | Rracn | Racio | RAGA FLAGY FLAGS FLAG7
_ RW RW RAW RAW RW RW RAW

Initial value : O0OH

EIFLAG1[6:4] When an External Interrupt 10 ~ 12 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 10 ~ 12 not occurred
1 External Interrupt 10 ~ 12 occurred

EIFLAG1[3:0] When an External Interrupt 7 ~ A is occurred, the flag becomes ‘1°.
The flag is cleared only by writing ‘0’ to the bit. So, the flag should
be cleared by software. Writing “1” has no effect.

0 External Interrupt 7 ~ A not occurred
1 External Interrupt 7 ~ A occurred

Note) Do not use the “direct bit test and branch” instruction on EIFLAGO, more detail information is at
Appendix B.

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

If(FLAG7) — if(EIFLAG1& 0x01)

EIPOL1 (External Interrupt Polarity 1 Register): A6H

7 6 5 4 3 2 1 0
- - ] POL12 | POL11 | POL10
- - RW RW RW RW RW RW
Initial value: OOH
EIPOL1[5:0] External interrupt (EINT12,EINT11,EINT10) polarity selection
POLN[1:0] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge

Where n =10, 11 and 12

EIPOL2 (External Interrupt Polarity 2 Register): A7TH

7 6 5 4 3 2 1 0
| POLA | POLY | POLS | POL7
RW RW RW RW RW RW RW RW
Initial value: O0OH
EIPOL2[7:0] External interrupt (EINTA,EINT9,EINT8,EINT7) 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=7,8,9and A
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11. Peripheral Hardware

11.1 Clock Generator

11.1.1 Overview

As shown in Figure 11.1, the clock generator produces the basic clock pulses which provide the system clock to
be supplied to the CPU and the peripheral hardware. It contains main/sub-frequency clock oscillator. The
main/sub clock operation can be easily obtained by attaching a crystal between the XIN/SXIN and XOUT/SXOUT
pin, respectively. The main/sub clock can be also obtained from the external oscillator. In this case, itis
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 sixteen. In order to stabilize system

internally, it is used 1 MHz INT-RC oscillator on POR.

- Calibrated Internal RC Oscillator (16 MHz)
. 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)
- Sub Crystal Oscillator (32.768kHz)
- Internal WDTRC Oscillator (5kHz)

11.1.2 Block Diagram

A 4

XIN I:l f fXIN
Main OSC »
XouT [}
STOP Mode IRCS[2:0]
XCLKE .
11 o
2 o Clock
>
Internal RC 0SC -4 M| goc | Change
(16MHz) 18 |V
1/16 | X
132 o

STOP Mode
IRCE

SxIN [}
Sub 0SC fsus

SXouT [ }—

BITCK[1:0]

x/4096

_»fx/1024 M BIT clock

.
—Dd16 o

System

Clock Gen. ’ SCLK

(Core, System,

4 Peripheral)

Stabilization Time

Generation
BIT
overflow  \wpT clock
»
BIT WDT
M
U
X

WDTRC OSC -/256 )

(5kHz)

STOP Mode 12 T I
SCLKE v ®— WDTCK
SCLK[1:0]
[wr ]
Figure 11.1 Clock Generator Block Diagram
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11.1.3 Register Map

Table 11-1 Clock Generator Register Map

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

11.1.4 Clock Generator Register Description

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

11.1.5 Register Description for Clock Generator

SCCR (System and Clock Control Register) : 8AH

SCLK [1:0]

3 2 1 0
- - SCLK1 SCLKO
- - RW RW

Initial value : O0OH

System Clock Selection Bit
SCLK1 SCLKO Description

0

0
1
1

0

1
0
1

INT RC OSC (firc) for system clock
External Main OSC (fxi) for system clock
External Sub OSC (fsus) for system clock
Not used
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XCLKE Control the Operation of the External Main Oscillator
Disable operation of X-TAL

Enable operation of X-TAL

SCLKE Control the Operation of the External Sub Oscillator
Disable operation of SX-TAL

Enable operation of SX-TAL

0
1

0
1

\BO\ MC96F8316
OSCCR (Oscillator Control Register) : C8H
7 6 5 4 3 2 1 0
| - | - | re=2 | Rost 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

NOTES) When IRC is system clock and clock frequency is changed, NOP must follow immediately after the clock

frequency change instruction.

Example)
MOV  OSCCR, #0x21
NOP

; Change the frequency to 16MHz in IRC

; Add dummy instruction, this instruction must be needed.
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11.2 Basic Interval Timer

11.2.1 Overview

The MC96F8316 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 MC96F8316 has these basic interval timer (BIT) features:

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

11.2.2 Block Diagram

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

INT_ACK
RESET n ~
sl :[>—> BCLR WDT

Figure 11.2 Basic Interval Timer Block Diagram
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11.2.3 Register Map

Table 11-2 Basic Interval Timer Register Map

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

11.2.4 Basic Interval Timer Register Description

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

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

11.2.5 Register Description for Basic Interval Timer

BITCNT (Basic Interval Timer Counter Register) : 8CH

7

6

2 1 0

| Bron7 | Bmonts | BTONTs | BmoNT4 | BTONT3 | BTCNT2 | BTONTL | BITCNTO

R

R

BITCNT[7:0]

BIT Counter

R R R
Initial value : OOH
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BITCR (Basic Interval Timer Control Register) : 8BH

7 6 5 4 3 2 1 0
| BOR | BTOa Btk | - | Bor BCK2 BCK1 BCKO
RW RW RW - RW RW RW RW
Initial value : 01H
BITIFR When BIT Interrupt occurs, this bit becomes ‘1. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 BIT interrupt no generation
1 BIT interrupt generation
BITCK[1:0] Select BIT clock source
BITCK1 BITCKO Description
0 0 x/4096
0 1 fx/1024
1 0 fx/128
1 1 fx/16
BCLR If this bit is written to ‘1’, BIT Counter is cleared to ‘0’
0 Free Running
1 Clear Counter
BCK[2:0] Select BIT overflow period

BCK2 BCK1 BCKO Description

Bit 0 overflow (BIT Clock * 2)

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

Bit 3 overflow (BIT Clock * 16)

Bit 4 overflow (BIT Clock * 32)

Bit 5 overflow (BIT Clock * 64)

Bit 6 overflow (BIT Clock * 128)

Bit 7 overflow (BIT Clock * 256)

P PP P OO OO
P B OO FrR L OO
P O FPr O Fr O Fr O
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11.3 Watch Dog Timer

11.3.1 Overview

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

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

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

Source Clock
BIT Overflow

WDTCNT[7:0] 0 >< 1 >< 2 1 >< 2 >< 3 0 >< 1 ><E
A t
: __ Counter Clear
WDTDR[7:0] n 3
WDTCL _|
Occur Match
WDTIFR WDTDR 4 0000_0011b 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
— D_’ WDTCNT <_<j <+ Circuit

WDTEN
— 1> e
Q I_,
To interrupt
D—» WDTIFR (——
WDTDR Tclear
INT_ACK
WDTCL WDTRSON
WDTCR

Figure 11.4 Watch Dog Timer Block Diagram
11.3.4 Register Map
Table 11-3 Watch Dog Timer Register Map
Name Address Dir Default Description
WDTCNT 8EH R 00H \Watch Dog Timer Counter Register
WDTDR 8EH W FFH \Watch Dog Timer Data Register
WDTCR 8DH R/W 00H \Watch Dog Timer Control Register

11.3.5 Watch Dog Timer Register Description

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

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

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

Initial value : OOH

WDTCNT[7:0] WDT Counter

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

7 6 5 4 3 2 1 0
| womr7 | womre | wDTDR5 | woTDR4 | WDTDR3 | wotR2 | WDTDR1 | wWDTDRO
W w w W w W W w

Initial value : FFH

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

WDTCR (Watch Dog Timer Control Register) : 8DH

7 6 5 4 3 2 1 0
| woren [ womRsoN | wotal | - | - - 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 RESETON

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

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

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

11.4.1 Overview

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

11.4.2 Block Diagram

fsug ——»
b
i
M i “‘ Match
e /64 fwek 14Bit fwe/27 ) Clear a
s g —D—P Binary Counter > Timer counter WTCL
fx —»| ¢
o | tatze
|
1x/256
Y — fwe/(2* X(7 bit WTDR Value +1))
r Comparator
t fwek/2" | .
1 fwe/ 22 o] MUX WTIFR _p'll)'lo |rl1(terrupt
] fuck/2” | oc
Clear
) :
WTCRlWTENl - | - |WTIFR|WTINllWTINOlWTCKllWTCKOl INT_ACK
Reload Match
WTCL

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

110 December 2, 2024 Ver. 1.17




\BO\ MC96F8316

11.4.3 Register Map

Table 11-4 Watch Timer Register Map

Name Address Dir Default Description

WTCNT 89H R 00H \Watch Timer Counter Register
WTDR 89H W 7FH \Watch Timer Data Register
WTCR 96H R/W 00H \Watch Timer Control Register

11.4.4 Watch Timer Register Description

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

11.4.5 Register Description for Watch Timer

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

7 6 5 4 3 2 1 0
| - | wrente | wrents | wront4 | wrents | wront2 | wrenTi | wreNTo
- R R R R R R R

Initial value : O0OH

WTCNTI[6:0] WT Counter

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

7 6 5 4 3 2 1 0
| wia | wmrs WIDR5 | WTDR4 | WIDR3 WTDR2 WTDR1 WTDRO
RW w W w wW 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

7 6 5 4 3 2 1 0
| wen | _ - | wm WTINL WTINO WTCKL WTCKO
RW - - RW RW RW RW RW
Initial value : OOH
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/2714
1 1 fwek/(2714 x (7bit WTDR Value+1))
WTCK[1:0] Determine Source Clock
WTCK1 WTCKO Description
0 0 fsus
0 1 fx/256
1 0 fx/128
1 1 fx/64

NOTE) fx— System clock frequency (Where fx= 4.19MHz)
fsus— Sub clock oscillator frequency (32.768kHz)
fwck— Selected Watch timer clock
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11.5Timer O

11.5.1 Overview

The 8-bit timer O consists of multiplexer, timer O counter register, timer 0 data register, timer O capture data
register and timer 0 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 0 outputs PWM waveform
through PWMOO port in the PWM mode.

Table 11-5 Timer 0 Operating Modes

TOEN TOMS[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
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11.5.2 8-Bit Timer/Counter Mode

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

The 8-bit timer have counter and data register. The counter register is increased by internal or external clock
input. Timer 0 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 0, a match signal is generated and the
interrupt of Timer 0 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 P2610 bit.

TOCR | TOEN |

|TOMSl |TOMSO | TOCK2 | TOCK1 | TOCKO | TOCC

ADDRESS : B2H
INITIAL VALUE: 0000_0000B

1

0 0 X X X

%
xc=Z

/32 »
x/128 »
/512 »

£x/2048 »

fx —

ECO

P
r
e
S
Cc
a
[

e
r

X

Clear Match signal
8-bit Timer 0 Counter Toce
— o TOCNT(8Bit) INT_ACK
[—
Clear
Match
TOEN — 3| >—| mMux TOIFR
Comparator
3 . 2
TODR(8Bit)
TOMSI[1:0]

TOCK[2:0]

8-bit Timer 0 Data Register

N To interrupt

block

{"] ToorPwMoO

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

A Match with TODR
TOCNT
Value n-1
n-2 Count Pulse Period
/ Pcp
Up-count 8
5
4
3
2
1
0 |
¢ Interrupt Period > TIME
=Pcp X (n+1)
4 \ 4
Timer 0
(TOIFR) o o o
ccur ccur ccur
Interrupt Interrunt Interringt Interript

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/PWMOO 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 P3FSR[5] bit. 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 0, a
match signal is generated and the interrupt of timer 0 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

TOCR |TEN| - |TM1|TM |T K2|T K1|TK|T |
oc o OMS OMS0 oc oc 0cko oce INITIAL VALUE: 0000_0000B
1 - 0 1 X X X X
INT_ACK

Clear

— | TOOVIFR ——» g%'cr:e"“m

fx/2 Clear Match signal
X2,
TOCC

x/4 » 8-bit Timer 0 Counter

xcZ

o TOCNT(8Bit) <« INT_ACK

X —» l Clear
x/128 »

fx/512 » Match i
TOEN :t To interrupt
[>—> MUX TOFR [———» L

1x/2048 ,,
Comparator

P
r
e
S
Cc
a
|

e
r

3 2
TODR(8Bit)

TOCK[2:0] TOMS[L:0]
8-bit Timer 0 Data Register

{"] ToorPwMoOO

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

Set TOEN

v

Timer 0
clock

ooy

-1

- —

TOCNT XX 00H

01H >< 02H >< ~~~~~~ X 4AH

L

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 0
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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-bit timer/counter mode and the interrupt occurs when TOCNT is equal
to TODR. TOCNT value 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 O output (TOO) waveform is not
available.

According to EIPOLL1 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 reads TOCDR, not TODR
and writing operation will update TODR.

ADDRESS : B2H

TOCR | TOEN | - |TOMSl |TOMSO | TOCK2 | TOCK1 | TOCKO | TOCC | INITIAL VALUE: 0000_00008
1 - 1 X X X X X
ECO
Clear Match signal
fx/2
p X2 L Tocc
r fx/4 » 8-bit Timer 0 Counter
e M
fx/8 »
s o U TOCNT(8Bit) INT_ACK
fx p|C— > X Clear lclear
a | faizs T
|
fx/512 Match i
e L /512 4, TOEN [>_> MUX —— o | TOFR b Tointerrupt
r fx/2048 4, block
Comparator
3 X 2
TODR(8Bit)
TOCK[2:0] __ i TOMS[1:0]
8-bit Timer 0 Data Register
EIPOL1[1:0]
i —
f TOCDR(8BIt)
ENT10 [} W '_ INT_ACK
ﬁ % 2 l Clear
TOMSI[1:0]
FLAG10 To interrupt
(EIFLAG1.4) block

Figure 11.10 8-Bit Capture Mode for Timer O
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A TOCDR Load
TOCNT Value n-1
n-2

/6

Up-count
5

Count Pulse Period
Pcp

—~ =

[

Ext. EINT10 PIN

TIME

Interrupt
Request < >
(FLAG10) Interrupt Interval Period
Figure 11.11 Input Capture Mode Operation for Timer 0
FEn FEH
XXH
TOCNT
YYwH
00H 00H 00+ 00n 00H
Interrupt —| —|
Request
(TOIFR)
Ext. EINT10 PIN
Interrupt —|
Request < >
(FLAG10) Interrupt Interval Period = FFu+01n+FFn +01n+YYn+01k

Figure 11.12 Express Timer Overflow in Capture Mode
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11.5.5 Block Diagram

fx/2 »
fx/a »
fx/8 »

INT_ACK

lCIear

8-bit Timer 0 Counter

o

N

x —»
/128 T Clear

x/512 » TOEN
x/2048 »

P
r
e
S
C
a
|
e
r

3

TOCK([2:0]

EIPOL1[1:0]

i 2
EINT10 [ }—» @—1
fe
TOMSI[L:0]

—» | TOOVIFR ———»

TOCC

Clear
ToeNT e <_<j: Match signal INT-ACK
lCIear

To interrupt
block

To interrupt

: Match MUX

Comparator
To other ?2

TODR (8Bit) block

TOMS[1:0]

8-bit Timer 0 Data Register

I

TOCDR (8Bit)

» | TOIFR —» block

L [™1] Too/PWMOO

INT_ACK

l Clear

FLAG10 To interrupt

A4

(EIFLAG1.4) block

Figure 11.13 8-Bit Timer 0 Block Diagram
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11.5.6 Register Map

Table 11-6 Timer 0 Register Map

Name Address Dir Default Description

TOCNT B3H R 00H Timer 0 Counter Register
TODR B4H R/W FFH Timer 0 Data Register

TOCDR B4H R 00H Timer 0 Capture Data Register
TOCR B2H R/W 00H Timer O Control Register

11.5.6.1 Timer/Counter O Register Description

The timer/counter 0 register consists of timer O counter register (TOCNT), timer

0 data register (TODR), timer O

capture data register (TOCDR), and timer 0 control register (TOCR). TOIFR and TOOVIFR bits are in the internal

interrupt flag register (IIFLAG).

11.5.6.2 Register Description for Timer/Counter 0

TOCNT (Timer O Counter Register) : B3H

7 6 5 4 3 2 1 0
| ToonT7 | TocNts | ToONTS | TocNT4 | TOONT3 | ToONT2 | TOCNTL | TOCNTO
R R R R R R R R
Initial value : 00H
TOCNT[7:0] TO Counter

TODR (Timer O Data Register) : B4H

7 6 5 4 3 2 1 0
| Toor7 | TooRe | ToDRs |  ToDR4 TODR3 TODR2 TODRL TODRO
RW RW RW RW RW RW RW RW
Initial value : FFH
TODR[7:0] T0 Data

TOCDR (Timer 0 Capture Data Register: Read Case, Capture mode only) : B4H

1 0

R R
Initial value : O0OH

7 6 5 4 3 2
| Tocor7 | TocDRe | TocDRs | TocDR4 | TocDR3 | TocDR2 | TOCDRL | TOCDRO
R R R R R R
TOCDR([7:0] TO Capture Data
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TOCR (Timer 0 Control Register) : B2H
7 6 5 4 3 2 1 0
| 7To,ewv | - | Towst | Towso TOCK2 TOCKL TOCKO ToCC
RW - RW RW RW RW RW RW
Initial value : OOH
TOEN Control Timer O
0 Timer 0O disable
1 Timer 0 enable
TOMSI[1:0] Control Timer O Operation Mode
TOMS1 TOMSO Description
0 0 Timer/counter mode(T0OO: toggle at match)
0 1 PWM mode (The overflow interrupt can occur)
1 X Capture mode(The match interrupt can occur)
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 0 counter (When write, automatically cleared

“0” after being cleared counter)

NOTE)Refer to the internal interrupt flag register (IIFLAG) for the TO interrupt flags.

December 2, 2024 Ver. 1.17

121



MC96F8316 \BO\

11.6 Timer 1

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 register high/low (TLADRH, T1ADRL, T1BDRH, T1BDRL, TICRH, T1CRL).

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]).

- TIMER1 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 (TLBDRH/T1BDRL). Timer
1 outputs the comparison result between counter and data register through T10 port in timer/counter mode. Also
Timer 1 outputs PWM wave form through PWM10 port in the PPG mode.

Table 11-7 Timer 10perating Modes

TIEN | P1FSRL[4:3] | TIMS[1:0] | T1CK[2:0] Timer 1
1 01 00 XXX 16 Bit Timer/Counter Mode
1 00 01 XXX 16 Bit Capture Mode
1 o1 10 XX 16 Bit PPG Mode

(one-shot mode)
16 Bit PPG Mode
(repeat mode)

1 01 11 XXX

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 TLCNTH, TLCNTL and the value of TLADRH, T1ADRL are identical in Timer 1 respectively, a
match signal is generated and the interrupt of Timer 1 occurs. The TLCNTH, TICNTL value is automatically
cleared by match signal. It 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 P1110 bit.

122 December 2, 2024 Ver. 1.17



\BO\

MC96F8316

T1CRH | T1EN | - |T1MSl | TiMSO |

ADDRESS:BBH

| - | - |T1CC|

1 - 0 0

X

T1CRL | TiCK2 | T1CK1 | T1CKO | T1FR |

| T1POL | T1ECE |TlCNTR| ADDRESS:BAH

INITIAL VALUE : 0000_0000B

INITIAL VALUE : 0000_0000B

X X X X - X X X
16-bit A Data Register
T1ADRH/T1ADRL
Reload ~ 7— A Match
< T1CC
T1CK[2:0] TIEN
T1ECE - INT_ACK
¢ 3 | Buffer Register A |
lCIear
Edge
EC1 l—} ———> A Match i
Detector :t TUFR _>g|o |rl1<terrupt
_P fx/1 T1EN ocl
! f2 ¢ Comparator
e M Clear A Match
< L x4y, U —o 16-bit Counter R T1CC
x—p| c B |« || T1CNTH/T1CNTL T1EN
a fx/64 »
| Pulse
e |x(512_,, Generator {] 10
r | /2048
TIMS[1:0] T1POL
Figure 11.14 16-Bit Timer/Counter Mode for Timer 1
A Match with TIADRH/L
T1CNTH/L
Value n-1
n-2 Count Pulse Period
/ Pcp
Up-count 8
5
4
3
2
1
0 | -
¢ Interrupt Period R TIME
=Pcp X (n+1)
| 3 |
Timer 1
T1IFR
In(terru % Occur Occur Occur
p 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
T1CNTH/T1CNTL is equal to TLADRH/T1ADRL. The TICNTH, TICNTL values are 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 to EIPOLL1 registers setting, the external interrupt EINT11 function is chosen. Of course, the EINT11
pin must be set as an input port.

T1CRH | T1EN | - |T1MSl | TlMSO| - | - | - | TiCC | ADDRESS:BBH
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
TICRL | TicK2 | TiCKL | T1CKO | TUFR | - | T1POL | T1ECE |T10NTR| 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
N \—— TIEN
T1CK[2:0]
T1ECE - INT_ACK
¢ 3 | Buffer Register A |
lCIear
EC1 Edge A Match To interrupt
m, Detector T1EN :{[>—> TUFR [—p 0 BETP
P bt Comparator
r fx/2 » ¢
e 0 M - Clear A Match
s 2XE—> U — 16-bit Counter R TiCC
x— | c X8 | | T1CNTH/TICNTL T1EN
? LB, Clear
o 512
r [ixi2048

EIPOLBI[1:0]

e

16-bit B Data Register

EINT11 T1BDRH/T1BDRL INT_ACK
52 lCIear
TIMS[1:0] .
o | FLAGI11 To interrupt
" |(EIFLAG1.5) block

Figure 11.16 16-Bit Capture Mode for Timer 1
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A T1BDRHIL Load
T1CNTH/L
Value n-1
n-2

/

Up-count
5

6

Count Pulse Period
Pcp

—~

-

Ext. EINT11 PIN

TIME

Interrupt
Request < >
(FLAG11) Interrupt Interval Period
Figure 11.17 Input Capture Mode Operation for Timer 1
FFEFu FFEFH
T1CNTH/L
YYH
00H 00H 00n 00H
Interrupt —| —|
Request
(TLIFR)

Ext. EINT11 PIN

Interrupt

Request

A—

(FLAG11)

Interrupt Interval Period = FFFFu+01n+FFFFy +014+YYr+01n

Figure 11.18 Express Timer Overflow in Capture Mode

December 2, 2024 Ver. 1.17

125




MC96F8316 \BO\

11.6.4 16-Bit PPG Mode

The timer 1 has a PPG (Programmable Pulse Generation) function. In PPG mode, TLO/PWM10 pin outputs up
to 16-bit resolution PWM output. This pin should be configured as a PWM output by setting PLIFSRL[4:3] to ‘01’.
The period of the PWM output is determined by the TLADRH/T1ADRL. And the duty of the PWM output is
determined by the TIBDRH/T1BDRL.

T1CRH | TIEN | - |T1MSl | TlMSO| - | - | - | TicC | ADDRESS:BBH
INITIAL VALUE : 0000_0000B
1 - 1 1 - - - X
T1CRL | T1CK2 | T1CK1 | 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 /F A Match
TiCC
\E T1EN

T1CK[2:0]
TIECE - INT_ACK
¢ 3 | Buffer Register A | l
Clear
Edge
> )
EC1 |—> Detector En :t A Match TLFR :)—lcc,)g;:errupt
e .
P —>
r fx/2 > ¢ Comparator
el o (M — 16-bit Counter Clear e A Mateh
: v e TICNTHTICNTL [ N\ rice
| o 8 x T1EN
a fx/64
—=="—>
| Pulse T10/
. X512 :tb%, Generator L] PWM10
¢ [x2048
Comparator *2 T

Buffer Register B | T1IMS[1:0] T1POL

Reload /7— A Match
TicC
\A— T1EN

16-bit B Data Register
T1BDRH/T1BDRL

NOTE) 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(T1MS = 11b) and "Start High"(T1POL = 0b).

Set TIEN Clear and Start

Timer 1 clock

Counter X

T1ADRH/L M

T1 Interrupt

:

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

PWM10

2. TIBDRH/L >= T1IADRH/L

PWM10

3. TIBDRH/L = "0000H"

PWM10

B Match A Match
A Match
Low Lev:el A Match
One-shot Mode(T1MS = 10b) and "Start High"(T1POL = 0b).

Set TIEN Clear and Start

Timer 1 clock

Counter X

T1ADRH/L M

T1 Interrupt

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

PWM10

2. TIBDRH/L >= TIADRH/L

B Match

A Match

l

PWM10

3. TIBDRH/L ="0000H"

PWM10 Low Levjel

A Match

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

J7 Reload /7— A Match
TiCC
\A— T1EN

To other
————>
T1ECE T1CK[2:0] block
INT_ACK
¢ 3 | Buffer Register A | 1
lCIear
Edge
—> i
ECL[| petector AMatch | To interrupt
. EN — b TUFR b0
P21
j /2 ¢ Comparator
. —ae—> M Clear A Match
. fx/4 > U —o 16-bit Counter R TiCC
o g X TICNTH/TICNTL T1EN
a fx/64
—> Clear
| Pulse T10/
o | fx/512 ,, :tb%» Generator ] PWM10
r [fx2048
L | Comparator 2
EIPOL1[3:2] | Buffer Register B | TIMS[1:0] T1POL

Reload A Match
TICNTR Ticc

iz
o TIEN
ENTLL [ ;_i . INT_ACK

16-bit B Data Register

%2 T1BDRH/T1BDRL lCIear

TIMS[L:0]

| FLAG11 To interrupt
| EIFLAGL5)[ block
Figure 11.21 16-Bit Timer 1 Block Diagram

11.6.6 Register Map

Table 11-8 Timer 2 Register Map

Name Address Dir 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 O00H Timer 1 Control Low Register

128 December 2, 2024 Ver. 1.17




\BO\ MC96F8316

11.6.6.1 Timer/Counter 1 Register Description

The timer/counter 1 register consists of timer 1 A data high register (TLADRH), timer 1 A data low register
(T1ADRL), timer 1 B data high register (TLIBDRH), timer 1 B data low register (TIBDRL), timer 1 control high
register (TLCRH) and timer 1 control low register (TLCRL).

11.6.6.2 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]  T1A Data Low Byte

NOTE) Do not write “O000H” in the TLADRH/T1ADRL register when
PPG mode

T1BDRH (Timer 1 B Data High Register) : BFH

7 6 5 4 3 2 1 0
| T1BDRH7 | T1BDRHG6 | 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

TI1BDRL[7:0]  T1 B Data Low Byte
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T1CRH (Timer 1 Control High Register) : BBH

7 6 5 4 3 2 1 0
| men | - TIMSL | TIMSO - - - T1ICC
RW - R/W RW - - - RW
Initial value : OOH
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 (T10: 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)

130 December 2, 2024 Ver. 1.17



\BO\ MC96F8316

T1CRL (Timer 1 Control Low Register) : BAH

7 6 5 4 3 2 1 0
| Tickz | Ticki | Ticko | TWFR - TIPOL TIECE TICNTR
R/W R/W R/W R/W - RW RW RW
Initial value : OOH

T1CK][2:0] Select Timer 1 clock source. fx is main system clock frequency
T1CK2 T1CK1l 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 (TLO/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, 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 clocked by an internal or an external clock source (EC2) or T1A 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)).

- TIMERZ clock source: fx/1, 2, 4, 8, 64, 512, 2048, EC2 and T1 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 outputs
PWM wave form to PWM20 port in the PPG mode.

Table 11-9 Timer 20perating Modes

T2EN P1FSRL[6:5] | T2MS[1:0] | T2CK[2:0] Timer 2

1 01 00 XXX 16 Bit Timer/Counter Mode

1 00 01 XXX 16 Bit Capture Mode
16 Bit PPG Mode

1 01 10 XXX
(one-shot mode)
16 Bit PPG Mode

1 01 11 XXX

(repeat mode)

11.7.2 16-Bit Timer/Counter Mode

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

The 16-bit timer have counter and data register. The counter register is increased by internal or external
clock(EC2)or timer 1 A match clock input. Timer 2 can use the input clock with one of 1, 2, 4, 8, 64, 512 and 2048
prescaler division rates, EC2 and T1A Match(T2CK][2:0]). When the values of T2ZCNTH/T2CNTL and
T2ADRH/T2ADRL are identical in timer 2, a match signal is generated and the interrupt of Timer 2 occurs. The
T2CNTH/T2CNTL values are automatically cleared by match signal. It can be also cleared by software (T2CC).
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T2CRH | T2EN | - |T2MSl | T2MSO| _ | ADDRESS:C3H

- | T2cC |
X

1 - 0 0 - -

T2CRL | T2CK2 | T2CK1 | T2CKO | T2IFR | T2ECS | T2POL | T2ECE |T2(:NTR| ADDRESS:C2H

INITIAL VALUE : 0000_0000B

INITIAL VALUE : 0000_0000B

X X X X X X X X
16-bit A Data Register
T2ADRH/T2ADRL
Reload /7— A Match
T2CC
T2ECE T2CK[2:0 — T2EN
¢ T2ECS (20 INT_ACK
3 | Buffer Register A |
Edge lCIear
ECZD > Detector B M A Match To interrupt
: T2IFR —»
T1AMatch——— > X | r—  #/1 T2EN block
p X1l
s r /2 Comparator
> A Match
i | X4 "J — 16-bit Counter R Clear T2CC
x—p| c X8 _p| ¥ | T2CNTH/T2CNTL ToEN
a fx/64 »
| Pulse I:l
e X512, Generator 20
¢ Lix2048 } T
2

T2MS[1:0] T2POL
NOTE) 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
A / Match with T2ADRH/L
T2CNTHIL
Value n-1
n-2 Count Pulse Period
/ Pcp
Up-count 6
5
4
3
2
1
0 -
Interrupt Period TIME
f— eyt —
/ 3 /
Timer 2
In(t'Fle:FRz Occur Occur Occur
Up Interrunt Interrunt Interrunt
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/T2CNTL is equal
to T2ADRH/T2ADRL. T2CNTH/T2CNTL values are 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 EIPOLL1 registers setting, the external interrupt EINT12 function is chosen. Of course, the EINT12

pin must be set to an input port.

T2CRH |T2EN| - |T2MSl|T2MSO| - | - | - |T2CC|

1

- 0 1

- - X

T2CRL | T2CK2 | T2CK1 | T2CKO | T2IFR | T2ECS | T2POL | T2ECE |T2CNTR|

ADDRESS:C3H
INITIAL VALUE : 0000_0000B

ADDRESS:C2H
INITIAL VALUE : 0000_0000B

X X X X X X X
16-bit A Data Register
T2ADRH/T2ADRL
Reload /7— A Match
T2CC
T2ECE . \A—TZEN
T2CK[2:0]
¢ T2ECS - INT_ACK
3 Buffer Register A |
Clear
ECZD ’ DEtde?:‘teor > M
U A Match T2FR To interrupt
T1 A Match ———p{ X /1 T2EN :t ’ block
p 1
s r /2 ¢ Comparator
e t/d > M - Clear A Match
s A U —o 16-bit Counter R T2CC
i o |L_tus 5 T2CNTH/T2CNTL T2EN
? D64, Clear
e | fx/512 ,,
r | fx/2048 »

EIPOL1[5:4]

2
EINT12 [ —

T2CNTR

) O
i
T2MS[1:0]

16-bit B Data Register
T2BDRH/T2BDRL

INT_ACK

lclear

FLAG12

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

\4

(EIFLAG1.6)

To interrupt
block

Figure 11.24 16-Bit Capture Mode for Timer 2
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A T2BDRHIL Load
T2CNTH/L
Value n-1
n-2

/

Up-count
5

6

Count Pulse Period
Pcp

—~

-

Ext. EINT12 PIN

TIME

Interrupt
Request < >
(FLAG12) Interrupt Interval Period
Figure 11.25 Input Capture Mode Operation for Timer 2
FFEFu FFEFH
T2CNTH/L
YYH
00H 00H 00n 00H
Interrupt —| —|
Request
(T2IFR)

Ext. EINT12 PIN

Interrupt

Request

A—

(FLAG12)

Interrupt Interval Period = FFFFu+01n+FFFFy +014+YYr+01n

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 P1IFSRL[6:5]
to ‘01’. 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.

Tecrr | 2N | - [Tewsi|tawso| - | - | - [ 72cc | APDRESSCaH
INITIAL VALUE : 0000_00008
1 - 1 1 - - - X

T2CRL | T2CK2 | T2CK1 | T2CKO | T2IFR | T2ECS | T2POL | T2ECE |T2CNTR| ADDRESS:C2H
INITIAL VALUE : 0000_0000B

X X X X X X X X

16-bit A Data Register
T2ADRH/T2ADRL

Reload /7— A Match
T2CC
T2ECE _\+—T2EN

¢ T2ECS T2CK([2:0] INT_ACK
i 3 | Buffer Register A | 7
Clear
EC2 D ’ Dsti?:.teor > M l
u A Match Toi
TLAMach———| x| T2EN — T2IFR > bl?:lcrl](te"upt
P ——»
" /2 ¢ Comparator
. —ae P " Clear A Match
c a4, U — o 16-bit Counter R T2CC
. . fx/8 X T2CNTH/T2CNTL T2EN
a fx/64
—=""—
| Pulse T20/
e | /512 :tbm; Generator L] PWM20
¢ Lbe0a8
L Comparator *2 T

Buffer Register B | T2MS[1:0] T2POL

Reload [~ AMatch
T2CC
N 726N

16-bit B Data Register
T2BDRH/T2BDRL

NOTES)
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 Hi

Set T2EN Clear and Start

Timer 2 clock

h"(T2POL = 0b).

Counter X

T2ADRH/L M

/
/

Cooooo

T2 Interrupt

.

1. T2BDRH/L(5) < T2ADRH/L

PWM20

2. T2BDRH/L >= T2ADRH/L

B Match

A Match

PWM20

3. T2BDRH/L = "0000H"

PWM20 Low Level

A Match

A Match

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

Set T2EN Clear and Start

Timer 2 clock

Counter X

T2ADRH/L M

T2 Interrupt

1. T2BDRH/L(5) < T2ADRH/L

PWM20

2. T2BDRH/L >= T2ADRH/L

B Match

A
\

A Match

1

PWM20

3. T2BDRH/L = "0000H"

PWM20 Low Level

A Match

A Match

Figure 11.28 16-Bit PPG Mode Timming chart for Timer 2
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11.7.5 Block Diag

ram

T2ECE

v

Edge

EC2 D ’ Detector

T1 A Match————p
.

_’

EIPOL1[5:4]

i 2
ENTL2[ }—» Ig—w

T2ECS
M
u
X

X——p

T2CK[2:0]

ia

/1 »
x/2 >
fx/4 >
x/8 »
/64,
x/512 ,,
/2048 ,

xCcZ

te
T2MS[1:0]

16- bit A Data Register
T2 ADRHT2 ADRL

J7 Reload e ?
\_\— T2EN

A Match
T2CC

T2EN

To other
————p
block
- INT_ACK
| Buffer Register A |
l Clear
A Match To interrupt
— :l> P T2IFR = ok
Comparator
/7— A Match
16- bit Counter Rl Clear N T2CC
T2CNTHT2CNTL 7N T2en
| Pulse T20/
:t > B Match —»| Generator PWM20O
Comparator $ 2 T
| Buffer Register B | T2MS[1:0] T2POL
Reload /7— A Match
T2CC
\_\—— T2EN
16- bit B Data Register INT-ACK
T2BDRHT2BDRL l Clear
FLAG12 To interrupt
» —>
"1 (EIFLAGL.6) block

NOTE) 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

Table 11-10 Timer 3 Register Map

Name Address Dir 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 00H Timer 2 Control High Register
T2CRL C2H R/W O00H Timer 2 Control Low Register
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11.7.6.1 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).

11.7.6.2 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
RIW RIW RIW RIW RIW RIW RIW RIW

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 | T2ADRL4 | T2ADRL3 | T2ADRL2 | T2ADRL1 | T2ADRLO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

T2ADRL[7:0] T2 A Data Low Byte

NOTE) Do not write “O000H” 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
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

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

7 6 5 4 3 2 1 0
e To2MS1 | Tovso - - - T2CC
RW - R/W RW - - - RW
Initial value : OOH
T2EN Control Timer 2
0 Timer 2 disable
1 Timer 2 enable (Counter clear and start)
T2MS[1:0] Control Timer 2 Operation 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)

140 December 2, 2024 Ver. 1.17



\BO\ MC96F8316

T2CRL (Timer 2 Control Low Register) : C2H

7 6 5 4 3 2 1 0
| Tack2 | T2cki | T2cko | T2IFR T2ECS T2POL T2ECE T2CNTR
R/W R/W R/W R/W R/W RW R/W RW
Initial value : OOH

T2CK][2:0] Select Timer 2 clock source. fx is main system clock frequency
T2CK2 T2CK1 T2CKO 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 Selected clock by T2ECS bit

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

T2ECS Timer 2 External Clock Selection
0 Select external clock(EC2)
1 SelectTimer 1 A match

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)

T2ECE Timer 2 External Clock Edge Selection
0 External clock falling edge
1 External clock rising edge

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 Buzzer Driver

11.8.1 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 P11/BUZO pin. The buzzer data register
(BUZDR) controls the buzzer frequency (look at the following expression). In buzzer control register(BUZCR),
BUCK][2:0] selects source clock divided by prescaler.

Oscillator Frequency

f Hz) =
oz (H2) 2 x Prescaler Ratio x (BUZDR +1)

Table 11-11 Buzzer Frequency at 8 MHz

Buzzer Frequency (kHz)
BUZDR[7:0]
BUZCRJ[3:1]=000 BUZCRJ[3:1]=001 BUZCRJ[3:1]=010 BUZCR[3:1]=011

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

11.8.2 Block Diagram

BUZEN

fsus > .
¢ 8-bit Up-Counter

fx/32 >
pre X84 | U o Counter
scaler fx/128 » X

fx/256 ,,
Match
%3 :{ FF +—— BUzO

Comparator

Clear

X —»

BUCK[2:0]

BUZDR

Figure 11.30 Buzzer Driver Block Diagram
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11.8.3 Register Map
Table 11-12 Buzzer Driver Register Map
Name Address Dir Default Description
BUZDR 8FH R/W FFH Buzzer Data Register
BUZCR 97H R/W 00H Buzzer Control Register
11.8.4 Buzzer Driver Register Description

Buzzer driver consists of buzzer data register (BUZDR) and buzzer control register (BUZCR).
11.8.5 Register Description for Buzzer Driver
BUZDR (Buzzer Data Register) : 8FH

7 6 4 3 2 1 0
| Buzor7 | BuzDRe | BUZDRS | BUZDR4 | BUZDR3 | BUZDR2 | BUZDRL | 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 4 3 2 1 0
e - | - BUCK2 BUCKL BUCKO BUZEN
- - - RW RW RW RW
Initial value : OOH
BUCK[2:0] Buzzer Driver Source Clock Selection
BUCK2 BUCK1 BUCKO Description
0 0 0 fx/32
0 0 1 fx/64
0 1 0 x/128
0 1 1 x/256
1 X X fsus (External Sub OSC)
BUZEN Buzzer Driver Operation Control
0 Buzzer Driver disable
1 Buzzer Driver enable

NOTE) fx: System clock oscillation frequency.
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11.9 12-Bit A/D Converter

11.9.1 Overview

The analog-to-digital converter (A/D) allows conversion of an analog input signal to corresponding 12-bit digital
value. The A/D module has fifteen analog inputs. The output of the multiplexer is the input into the converter
which generates the result through successive approximation. The A/D module has four registers which are the
A/D converter control high register (ADCCRH), A/D converter control low register (ADCCRL),A/D converter data
high register (ADCDRH), and A/D converter data low register (ADCDRL). The channels to be converted are
selected by setting ADSEL[3:0]. To execute A/D conversion, TRIG[1:0] bits should be set to ‘xx’. The register
ADCDRH and ADCDRL contains the results of the A/D conversion. When the conversion is completed, the result
is loaded into the ADCDRH and ADCDRL, the A/D conversion status bit AFLAG is set to ‘1’, and the A/D interrupt
is set. During A/D conversion, AFLAG bit is read as ‘0’.

11.9.2 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)The A/D converter needs at least 20us for conversion time. So you must set the conversion time more
than 20us.

11.9.3 Block Diagram

TRIG[1:0]
2
M l«—— ADST
ADSEL[_3:O] ) Start ) U «—— TO match signal
(Select one input pin Mo T1 A match signal
of the assigned pins) l-«—— T2 A match signal
—_— Clock
ADCLK
l l l —>»| Selector Clear

ANO —»

AN1 N AFLAG

Al'\12 —> M
InputPins ¢ —»| U \ Comparator i

: X CLc:)ntirsl ADCIER 'tl)'lo |nkterrupt
AN14 —» g oc
VvVDD18 —»
Clear
INT_ACK
Reference
Voltage
ADCDRH (R), ADCDRL (R)

REFSEL—> A\/Tss
t 1

VDD AVREF

Figure 11.31 12-bit ADC Block Diagram
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Analog ©-1000

o—/w—I——E ANX
Input
l 0 - 1000pF

Figure 11.32 A/D Analog Input Pin with Capacitor

Analog
Power AVREF
Input

22uF

Figure 11.33 A/D Power (AVREF) Pin with Capacitor
11.9.4 ADC Operation

Align bit set “0”

|ADCOll | ADC010| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO0 |

v v A v v A A v v A A v v A A
| ADCDRH7 | ADCDRH6 |ADCDRH5 | ADCDRH4 | ADCDRH3 |ADCDRH2 | ADCDRH1 | ADCDRHO | ADCDRL7 | ADCDRL6 | ADCDRLS | ADCDRL4 |

~— ~

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

Align bit set “1”

|ADC011 | ADC010| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO0 |

y N y
|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 11.34 ADC Operation for Align Bit
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SET ADCCRH

\i

SET ADCCRL

\i

Converting START

AFLAG =17

READ ADCDRH/L

\

ADC END ]

o O O 10

Select ADC Clock and Data Align Bit.

ADC enable & Select AN Input Channel.

Start ADC Conversion.

If Conversion is completed, AFLAG is set “1” and ADC
interrupt is occurred.

After Conversion is completed, read ADCDRH and ADCDRL.

Figure 11.35 A/D Converter Operation Flow

11.9.5 ADC Power-down Wake-up Function

The A/D converter has ADC power-down wake-up function. The function includes two pull-up resistors for wake-
up from power-down mode. The corresponding pull-up resistor which is selected as an ADC input function by
POFSR/P1FSRL/P1FSRH register is enabled during power-down mode(IDLE, STOP) if ANNRS[1:0] is not “00b”.
An ADC wake-up interrupt can occur by a falling edge(VIL) of key inputs during power-down mode(IDLE, STOP)
if ANNWEN bit is ‘1’. Wheren=0, 1, 2,,,,,,,,,,,,,and 14.
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11.9.6 ADC Power-down Wake-up Function Block Diagram

VDD VDD

ANNRSO _|_
IDLE or STOP—D@—O{ B [
ANnN Function I

IDLE or STOP —
Rawpu1 Rawpu2
ANnN Function [ % %
ANnN

Eg S/W
i Clear
ANNWEN 1
To interrupt
IDLE or STOP \ j—b ADNWIFR bIocI:k upl
ANnN Function—l_

Figure 11.36 ADC Power-down Wake-up Function Block Diagram

NOTES) 1. ANO~AN14 Function can be controlled by POFSR, P1FSRL, and P1FSRH.
2. The pull-up resistor of PO/P1 can be enabled by POPU/P1PU register. So, Be careful of each PO/P1
pull-up resistor. If a pull-up resistor of PO/P1 is enabled, the corresponding pin will be changed the
equivalent resistor value by it.
3. ADC wake-up interrupt can occur by a falling edge(VIL)of selected ANn pins.

4. ADC path is off when it is power-down mode and ADC wake-up interrupt path is on during
power-down mode when ANNWEN bit is ‘1".

5.Where n =0, 1, 2,,,,,1,,,,ss,and 14,

11.9.7 ADC Power-down Wake-up Function Operation

To use ADC power-down wake-up function in case of ANO and a wake-up pull-up resistor 150kQ, follow the
recommended steps below.

Select ANO function by POFSRO bit set to ‘1’ in POFSR register. Disable POQ’s pull-up resistor (POOPU).
Enable pull-up resistor 150kQ by ANORSJ[1:0] bits of ADWRCROregister set to ‘01b’ for ANO.

Enable ADC wake-up interrupt by ANOWEN bit of ADWCRL register set to ‘1’ for ANO.

Enter the power-down(idle or stop) mode.

If it occurs the falling edge(VIL) of key input through ANO, an ADC wake-up interrupt will be requested
and released from power-down mode.

6. At this time, ADC wake-up interrupt flag for ANO, ANOWIFR bit of ADWIFRL register becomes ‘1. The
flag is cleared only by writing a ‘0’ to the bit. So, the flag should be cleared by software.

ok wdhPR
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11.9.8 Application circuit for ADC Key Input by resistor string.

The resistor Rs needs to use the “ADC power-down wake-up function". The resistor prevents the ADC input pin
from floating when the CPU goes into power-down mode. If Rs >> R1, the equivalent resistor of Rs//R1 depends
on the resistor R1. So, the resistor Rs had better use highly greater value than the R1 resistor.

VDD

Pxx

ANnN

Rm

1

Figure 11.37 Application circuit for ADC Key Input by resistor string

NOTES) 1. The Rs about 1MQ recommended.
2. Pxx is normal 1/O pin.
3. Wheren=0,1, 2,,,,,1,,,,m,and 14.
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11.9.9 Register Map

Table 11-13 ADC Register Map

Name Address Dir Default Description

ADCDRH 9FH R XxH A/D Converter Data High Register
ADCDRL 9EH R xxH A/D Converter Data Low Register
IADCCRH 9DH R/W 00H A/D Converter Control High Register
IADCCRL 9CH R/W 00H A/D Converter Control Low Register
IADWRCRO F2H R/W 00H ADC Wake-up Resistor Control Register O
IADWRCR1 F3H R/W 00H ADC Wake-up Resistor Control Register 1
IADWRCR2 F4H R/W O00H ADC Wake-up Resistor Control Register 2
IADWRCR3 F5H R/W O00H ADC Wake-up Resistor Control Register 3
IADWCRH F7H R/W O00H ADC Wake-up Control High Register
IADWCRL F6H R/W O00H ADC Wake-up Control LowRegister
IADWIFRH DDH R/W 00H ADC Wake-up Interrupt Flag High Register
IADWIFRL DCH R/W 00H ADC Wake-up Interrupt Flag Low Register

11.9.10 ADC Register Description

The ADC register consists of A/D converter data high register (ADCDRH), A/D converter data low register
(ADCDRL), A/D converter control high register (ADCCRH),A/D converter control low register (ADCCRL), ADC
wake-up resistor control register 0 (ADWRCRO0), ADC wake-up resistor control register 1 (ADWRCR1), ADC
wake-up resistor control register 2 (ADWRCR2), ADC wake-up resistor control register 3 (ADWRCR3), ADC
wake-up control high register (ADWCRH), ADC wake-up control low register (ADWCRL), ADC wake-up interrupt

flag high register (ADWIFRH), and ADC wake-up interrupt flag lowregister (ADWIFRL).

11.9.11 Register Description for ADC

ADCDRH (A/D Converter Data High Register) :9FH

7 6 5 4 3 2 0
ADDM11 ADDM10 ADDM9 ADDM8 ADDM7 ADDM6 ADDV4
ADDL11 ADDL10 ADDLS8
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 0
ADDM3 ADDM2 ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDLO
R R R R R- R R
Initial value : xxH
ADDM][3:0] MSB align, A/D Converter Low Data (4-bit)
ADDL[7:0] LSB align, A/D Converter Low Data (8-bit)
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ADCCRH (A/D Converter High Register) :9DH

7 6 5 4 3 2 1 0
| AacrR | - - | wa TRIGO ALIGN CKSELL CKSELO
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[1:0] A/D Trigger Signal Selection(The ADC module is automatically

disabled at stop mode)
TRIG1 TRIGO Description

0 0 ADST

0 1 Timer 0 match signal

1 0 Timer 1 A match signal

1 1 Timer 2 A match signal
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 x/2

1 0 fx/4

1 1 fx/8
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ADCCRL (A/D Converter Counter Low Register) : 9CH

7 6 5 4 3 2 1 0
| smy | st REFSEL | AFLAG | ADSEL3 ADSEL? ADSEL1 ADSELO
RW RW RW R RW RW RW RW
Initial value : OOH
STBY Control Operation of A/D
(The ADC module is automatically disabled at stop mode)
0 ADC module disable
1 ADC module enable
ADST Control A/D Conversion start.
0 No effect
1 Trigger signal generation for conversion start
REFSEL A/D Converter Reference Selection
0 Internal Reference (VDD)
1 External Reference (AVREF)
AFLAG A/D Converter Operation State (This bit is cleared to ‘O’'when the STBY
bit is set to ‘0’ or when the CPU is at STOP mode)
0 During A/D Conversion
1 A/D Conversion finished
ADSEL[3:0] A/D Converter input selection
ADSEL3 ADSEL2 ADSEL1 ADSELO Description
0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 ANS
0 1 1 0 ANG
0 1 1 1 AN7
1 0 0 0 AN8
1 0 0 1 AN9
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13
1 1 1 0 AN14
1 1 1 1 vVDD18
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ADWRCRO (ADC Wake-up Resistor Control Register 0): F2H

7 6 5 4 3 2 1 0
AN3RS1 | AN3RSO | AN2RS1 | AN2RSO | ANIRS1 | ANIRSO | ANORSL | ANORSO
RW RW RW RW RW RW RW RW

Initial value: O0OH

ADWRCROQ[7:0] ADC Wake-up Resistor selection for ANn input

ANNRS[1:0] 300k Resistor 150k Resistor
0 0 Disable Disable
0 1 Disable Enable
1 0 Enable Disable
1 1 Enable Enable

Wheren =0, 1, 2, and 3

ADWRCR1 (ADC Wake-up Resistor Control Register 1): F3H

7 6 5 4 3 2 1 0
AN7RS1 | AN7RSO | AN6RSL | AN6RSO | ANSRS1 | ANSRSO | AN4RSL | AN4RSO
R RW RW R R RW RW RW

Initial value: O0OH

ADWRCR1[7:0] ADC Wake-up Resistor selection for ANn input

ANNRS[1:0] 300k Resistor 150kR Resistor
0 0 Disable Disable
0 1 Disable Enable
1 0 Enable Disable
1 1 Enable Enable

Wheren=4,5,6,and 7

ADWRCR2 (ADC Wake-up Resistor Control Register 2): F4H

7 6 5 4 3 2 1 0
AN11RS1 | AN11RSO | AN10RS1 | ANIORSO | AN9RS1 | ANORSO | AN8SRSL | ANBRSO
RW RW RW RW RW RW RW RW

Initial value: O0H

ADWRCR2[7:0] ADC Wake-up Resistor selection for ANn input

ANNRS[1:0] 300k Resistor 150k Resistor
0 0 Disable Disable
0 1 Disable Enable
1 0 Enable Disable
1 1 Enable Enable

Wheren =8, 9, 10, and 11
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ADWRCR3 (ADC Wake-up Resistor Control Register 3): F5H

7 6 5 4 3 2 1 0
- | - | AN14RS1 | AN14RSO | AN13RS1 | AN13RSO | ANI2RS1 | AN12RSO
- - RW RW RW RW RW RIW

Initial value: O0OH

ADWRCR3[5:0] ADC Wake-up Resistor selection for ANn input

ANNRS[1:0] 300k Resistor 150k Resistor
0 0 Disable Disable
0 1 Disable Enable
1 0 Enable Disable
1 1 Enable Enable

Where n =12, 13, and 14

ADWCRH (ADC Wake-up Control High Register): F7H

7 6 5 4 3 2 1 0
- | ANLAWEN | ANI3WEN | ANI2WEN | AN1IWEN | ANIOWEN | ANOWEN | ANSWEN
- RW RW RW RW RW RW RIW

Initial value: O0H

ADWCRH[6:0] Enable or Disable ADC Wake-up Function for ANn input
ANNWEN  Description
0 Disable
1 Enable
Wheren =8, 9, 10, 11, 12, 13, and 14

ADWCRL (ADC Wake-up Control Low Register): F6H

7 6 5 4 3 2 1 0
| AN7TWEN | AN6BWEN | ANSWEN | ANAWEN | ANBWEN | AN2WEN | ANIWEN | ANOWEN
RW RW RW RW RW RW RW RW

Initial value: O0H

ADWCRL[7:0] Enable or Disable ADC Wake-up Function for ANn input
ANNWEN Description
0 Disable
1 Enable
Wheren=0,1,2,3,4,5,6,and 7
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ADWIFRH (ADC Wake-up Interrupt Flag High Register): DDH

7 6 5 4 3 2 1 0
- | AN14WIFR | AN13WIFR | AN12WIFR | AN1IWIFR [ AN1IOWIFR [ ANOWIFR | ANSWIFR
= RW RW RW RW RW RW RW

Initial value: O0OH

ADWIFRH[6:0] When a ADC wake-up interrupt AN14 ~ AN8 is occurred, the flag
becomes ‘1’. The flag is cleared only by writing a ‘0’ to the bit. So,
the flag should be cleared by software. Writing “1” has no effect.

0 ADC wake-up interrupt AN14 ~ AN8 not occurred
1 ADC wake-up interrupt AN14 ~ AN8 occurred

ADWIFRL (ADC Wake-up Interrupt Flag Low Register): DCH

7 6 5 4 3 2 1 0
AN7WIFR | ANG6WIFR | ANSWIFR | AN4AWIFR | AN3WIFR | AN2WIFR | ANIWIFR | ANOWIFR
RW RW RW RW RW RW RW RW

Initial value: O0H

ADWIFRL[7:0] When a ADC wake-up interrupt AN7 ~ ANO is occurred, the flag
becomes ‘1’. The flag is cleared only by writing a ‘0’ to the bit. So,
the flag should be cleared by software. Writing “1” has no effect.

0 ADC wake-up interrupt AN7 ~ ANO not occurred
1 ADC wake-up interrupt AN7 ~ ANO occurred
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11.10 SPI

11.10.1 Overview

There is serial peripheral interface (SPI) one channel in MC96F8316. The SPI allows synchronous serial data
transfer between the external serial devices. It can do Full-duplex communication by 4-wire (MOSI, MISO, SCK,
SS), support master/slave mode, can select serial clock (SCK) polarity, phase and whether LSB first data transfer
or MSB first data transfer.

11.10.2 Block Diagram

SPIEN
P l_fxi2 ;\
L
r fx/4 > l
e >
s 2B gBY '\S Edge N SPI
tx —p| ¢ fx/16 » U X Detector Control Circuit
a fx/32 > X A
D twes o T
e L
r (fx128 ;/ WS CPOL  CPHA
%,
SPICR[2:0]
MS
SCK
SCKD Control |«
MISO [ Je— " g-bitshift |
X Register
FXCH \ 4 T
MTS FLSB 8
MOSI [ ] ¢
vy
D SPIDR
<
E < @by 3
P
—3 SS
SSD Control

[T

SSENA MS

»{ WCOL

TCIear

INT_ACK

»| SPIFR ) To interrupt

block

Internal Bus Line

Figure 11.38 SPI Block Diagram
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11.10.3 Data Transmit / Receive Operation

User can use SPI for serial data communication by following step

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

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

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

4. In this time, if the SPI is configured as a Master, serial clock will come out of SCK 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 is configured as a Slave, serial clock will come into SCK 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 interrupt is enabled, an interrupt is requested.
And SPIIFR bit is cleared by hardware when executing the corresponding interrupt. If SPI 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 SS pin function

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

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

NOTES)

-When the SS pin is configured as an output at Master mode, SS pin’s output value is defined by user’s software
(P1710). Before SPICR setting, the direction of SS pin must be defined

- If you don’t need to use SS pin, clear the SSENA bit of SPISR. So, you can use disabled pin by P1710 freely. In
this case, SS signal is driven by ‘HIGH’ or ‘LOW’ internally. In other words, master is ‘HIGH’, salve is ‘LOW’

- When SS pin is configured as input, if ‘HIGH’ signal come into SS pin, SS_HIGH flag bit will be set. And you can
clear it by writing ‘0’.
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11.10.5 SPI Timing Diagram
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Figure 11.39 SPITransmit/Receive Timing Diagram at CPHA =0
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11.10.6 Register Map

Table 11-14 SPI Register Map

Name Address Dir Default Description

SPISR B7H R/W 00H SPI| Status Register
SPIDR B6H R/W 00H SPI Data Register
SPICR B5H R/W 00H SPI Control Register

11.10.7 SPI Register Description

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

(SPIDR)

11.10.8 Register Description for SPI

SPIDR (SPI Data Register) : B6H

7 6 1 0
| sPor7 | spore | sPDRs | sPom4 SPIDR3 SPIDR2 SPIDR1 SPIDRO
RW RW RW RW RW RW RW
Initial value : OOH
SPIDR [7:0] SPI Data

When it is written a byte to this data register, the SPI will start
an operation.
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SPISR (SPI Status Register) : B7TH
7 6 5 4 3 2 1 0
| sAFR | wecol | ssHGH - FXCH SSENA - -
RW R RW - RW RW - -
Initial value : OOH
SPIIFR When SPI Interrupt occurs, this bit becomes ‘1. IF SPI interrupt is
enable, this bit is auto cleared by INT_ACK signal. And if SPI 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 Interrupt no generation
1 SPI 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 SS 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 port function exchange control bit.
0 No effect
1 Exchange MOSI and MISO function
SSENA This bit controls the SS pin operation
0 Disable
1 Enable (The P17 should be a normal input)
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SPICR (SPI Control Register) : B5H

7 6 5 4 3 2 1 0
| senv | mse | wms | cro CPHA DSCR SCR1 SCRO
RW RW RW RW RW RW RW RW
Initial value : OOH
SPIEN This bit controls the SPI operation
0 Disable SPI operation
1 Enable SPI 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 (SCK) mode.
CPHA Clock polarity(CPOL) bit determine SCK’s value at idle mode.

Clock phase (CPHA) bit determine if data are sampled on the leading or
trailing edge of SCK.

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 SCK rate of the device configured as a
SCRI[2:0] master. When DSCR bit is written one, SCK will be doubled in master

mode.

DSCR SCR1 SCRO SCK frequency

0 0 0 fx/4

0 0 1 fx/16

0 1 0 fx/64

0 1 1 fx/128

1 0 0 fx/2

1 0 1 fx/8

1 1 0 x/32

1 1 1 fx/64
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11.11 UART

11.11.1 Overview

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

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

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

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

- Data Over Run Detection

- Framing Error Detection

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

UART has baud rate generator, transmitter and receiver. The baud rate generator for asynchronous operation.
The Transmitter consists of a single write buffer, a serial shift register, parity generator and control logic for
handling different serial frame formats. The write buffer allows continuous transfer of data without any delay
between frames. The receiver is the most complex part of the 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 (UARTDR) and control logic. The receiver
supports the same frame formats as the transmitter and can detect frame error, data overrun and parity errors.
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11.11.2 Block Diagram
To interrupt
block ~
UARTBD ¢
WAKEIE — — RXCIE ¢
B SCLK —— | Baud Rate Generator
At Stop mode
detector I:
T '
RXD '\le Rx .| Clock N
| x Control ¥ | Recovery -Er
R
T Data Receive Shift Register N
—> — L S— A
{ Recovery (RXSR) N L
LOOPS
; ;
u
DOR/PE/FE UARTDR[0]
Checker (Rx) > S
UARTDR[1] L
Stop bit (Rx) |
Generator UPMO N
i E
Parity
M
XD [] «—e Tx U 4 Generator
Control X Transmit Shift Registe&
(TXSR)
Clear i T
INT_ACK E(ZI UPML Empty signal
UDRE
UARTDR(TX) <|':
U
TXCIE — —— UDRIE

To interrupt

block

Figure 11.41 UART Block Diagram
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11.11.3 Clock Generation
UARTBD
u2x
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Baud Rate (UARTBD+1) s

SCLK — Generator 8 4 | wm
u txclk

I—
» rxclk

Figure 11.42 Clock Generation Block Diagram
The clock generation logic generates the base clock for the transmitter and receiver.
Following table shows equations for calculating the baud rate (in bps).
Table 11-15 Equations for Calculating Baud Rate Register Setting
Operating Mode Equation for Calculating Baud Rate
Baud Rate = fx
Normal Mode(U2X=0) aud kate = 16(UARTBD + 1)
fx
Double Speed Mode(U2X=1) Baud Rate = B(UARTBD + 1)
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11.11.4 Data format

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

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

- 1 or 2 stop bits

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

| 1 data frame >|

|
idle | St Do | b1 | b2 | D3 | D4 | [Ds] | [D6] | [D7] | (D8] - Spl  sp2 | Idle/st

Character
bits

Figure 11.43 Frame Format
1 data frame consists of the following bits
. Idle  No communication on communication line (TxD/RxD)
. St Start bit (Low)
. Dn Data bits (0~8)
. Parity bit ------------ Even parity, Odd parity, No parity
. Stop bit(s) ---------- 1 bit or 2 bits

The frame format used by the UART is set by the USIZE[2:0], UPM[1:0] and USBS bits in UARTCR1 and
UARTCR3 register. The Transmitter and Receiver use the same setting.

11.11.5 Parity bit

The parity bit is calculated by doing an exclusive-OR of all the data bits. If odd parity is used, the result of the
exclusive-or is inverted. The parity bit is located between the MSB and first stop bit of a serial frame.
Peven =Dn1 ... A"D3"D2"D1"Do”0
Podd =Dn1” ... "D3"D2"D1"Do”"1
Peven : Parity bit using even parity
Poda : Parity bit using odd parity
Dn : Data bit n of the character
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11.11.6 UART Transmitter

The UART transmitter is enabled by setting the TXE bit in UARTCR2 register. When the Transmitter is enabled,
the TXD pin should be set to TXD function for the serial output pin of UART by the P3FSR[1:0].The baud-rate,
operation mode and frame format must be setup once before doing any transmission.

11.11.6.1 Sending Tx data

A data transmission is initiated by loading the transmit buffer (UARTDR Register I/O location) with the data to be
transmitted. The data written in transmit buffer is moved to the shift register when the shift register is ready to
send a new frame. The shift register is loaded with the new data if it is in idle state or immediately after the last
stop bit of the previous frame is transmitted. When the shift register is loaded with new data, it will transfer one
complete frame according to the settings of control registers .If the 9-bit characters are used, the ninth bit must
be written to the TX8 bit in UARTCRS register before it is loaded to the transmit buffer (UARTDR register).

11.11.6.2 Transmitter flag and interrupt

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

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

When the data register empty interrupt enable (UDRIE) bit in UARTCR?2 register is set and the global interrupt is
enabled, UART data register empty interrupt is generated while UDRE flag is set.

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

When the transmit complete interrupt enable (TXCIE) bit in UARTCR2 register is set and the global interrupt is
enabled, UART transmit complete interrupt is generated while TXC flag is set.
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11.11.6.3 Parity Generator

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

11.11.6.4 Disabling Transmitter

Disabling the transmitter by clearing the TXE bit will not become effective until ongoing transmission is
completed. When the Transmitter is disabled, the TXD pin can be used as a normal general purpose 1/0 (GPIO).

11.11.7 UART Receiver

The UART receiver is enabled by setting the RXE bit in the UARTCR2 register. When the receiver is enabled,
the RXD pin should be set to the input port for the serial input pin of UART by P3110 bit. The baud-rate, mode of
operation and frame format must be set before serial reception.

11.11.7.1 Receiving Rx data

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

If 9-bit characters are used (USIZE[2:0] = “111”"), the ninth bit is stored in the RX8 bit position in the UARTCR3
register. The 9™ bit must be read from the RX8 bit before reading the low 8 bits from the UARTDR register.
Likewise, the error flags FE, DOR, PE must be read before reading the data from UARTDR register. It's because
the error flags are stored in the same FIFO position of the receive buffer.
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11.11.7.2 Receiver Flag and Interrupt

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

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

When the receive complete interrupt enable (RXCIE) bit in the UARTCR2 register is set and global interrupt is
enabled, the UART receiver complete interrupt is generated while RXC flag is set.

The UART receiver has three error flags which are frame error (FE), data overrun (DOR) and parity error (PE).
These error flags can be read from the UARTST register. As received data are stored in the 2-level receive buffer,
these error flags are also stored in the same position of receive buffer. So, before reading received data from
UARTDR register, read the UARTST register first which contains error flags.

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

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

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

11.11.7.3 Parity Checker

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

11.11.7.4 Disabling Receiver

In contrast to transmitter, disabling the Receiver by clearing RXE bit makes the Receiver inactive immediately.
When the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer is all reset,
and the RXD pin can be used as a normal general purpose /O (GPIO).
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11.11.7.5 Asynchronous Data Reception

To receive asynchronous data frame, the UART includes a clock and data recovery unit. The clock recovery
logic is used for synchronizing the internally generated baud-rate clock to the incoming asynchronous serial
frame on the RXD pin.

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

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate is 16
times the baud-rate for normal mode(U2X=0) and 8 times the baud-rate for double speed mode (U2X=1). The
horizontal arrows show the synchronization variation due to the asynchronous sampling process. Note that larger
time variation is shown when using the double speed mode.

\ START /
RXD IDLE BITO

g Pt ELt TTTTTT
o0 1 2 3 5 7l8]o]w]|n 5 16 1 2 3
s | bt T bt
0 2 3 1 = [E] 7 8 1 2

Figure 11.44 Start Bit Sampling

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

As described above, when the receiver clock is synchronized to the start bit, the data recovery can begin. Data
recovery process is almost similar to the clock recovery process. The data recovery logic samples 16 times for
each incoming bits for normal mode and 8 times for double speed mode. And uses sample 8, 9, and 10 to decide
data value for normal mode, and samples 4, 5, and 6 for double speed mode. If more than 2 samples have low
levels, the received bit is considered to a logic ‘0’ and if more than 2 samples have high levels, the received bit is
considered to a logic ‘1’. The data recovery process is then repeated until a complete frame is received including
the first stop bit. The decided bit value is stored in the receive shift register in order. Note that the Receiver only
uses the first stop bit of a frame. Internally, after receiving the first stop bit, the Receiver is in idle state and
waiting to find start bit.
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Figure 11.45 Sampling of Data and Parity Bit
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The process for detecting stop bit is like clock and data recovery process. That is, if 2 or more samples of 3
center values have high level, correct stop bit is detected, else a frame error (FE) flag is set. After deciding
whether the first stop bit is valid or not, the Receiver goes to idle state and monitors the RXD line to check a valid
high to low transition is detected (start bit detection).

\ \ \

RXD STOP 1 *) B) ©

\ \ \

Sample k_T_,‘ T T
(U2X =0)

3

Sample # T
(U2x=1)

2

Figure 11.46 Stop Bit Sampling and Next Start Bit Sampling
11.11.8 Register Map

Table 11-16 UART Register Map

Name Address Dir Default Description

UARTBD E6H R/W FFH UART Baud Rate Generation Register
UARTDR E7H R/W 00H UART Data Register

UARTCR1 E2H R/W 00H UART Control Register 1

UARTCR2 E3H R/W 00H UART Control Register 2

UARTCR3 E4H R/W 00H UART Control Register 3

UARTST E5H R/W 80H UART Status Register

11.11.9 UART Register Description

UART module consists of UART baud rate generation register (UARTBD), UART data register
(UARTDR),UART control register 1 (UARTCR1),UART control register 2 (UARTCR2) ,UART control register 3
(UARTCR3), and UART status register (UARTST).

11.11.10 Register Description for UART

UARTBD (UART Baud Rate Generation Register) : E6H

7 6 5 4 3 2 1 0
| UARTBD7 | UARTBD6 | UARTBD5 | UARTBD4 | UARTBD3 | UARTBD2 | UARTEDL | UARTBDO
RW RW RW RW RW RW RW RW

Initial value : FFH

UARTBD [7:0] The value in this register is used to generate internal baud rate. To
prevent malfunction, do not write ‘0’.
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UARTDR (UART Data Register) : E7TH

7 6 5 4 3 2 1 0
| UARTDR7 | UARTDR6 | UARTDRS | UARTDR4 | UARTDR3 | UARTDR2 | UARTDRL | UARTDRO
RW RW RW RW RW RW RW RW

Initial value : O0OH

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

Write this register only when the UDRE flag is set.

UARTCR1 (UART Control Register 1) : E2H

7 6 5 4 3 2 1 0
- - ] v | uewo USIZE2 USIZEL USIZED :
Initial value : 00H
UPM[1:0] Selects Parity Generation and Check methods
UPM1 UPMO Parity
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
USIZE[2:0] Selects the Length of Data Bits in Frame
USIZE2 USIZE1 USIZEO Data Length
0 0 0 5 bit
0 0 1 6 bit
0 1 0 7 bit
0 1 1 8 bit
1 1 1 9 bit
Other values Reserved
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UARTCR2 (UART Control Register 2) : E3H

7 6 5 4 3 2 1 0
UDRE | TXCE RXCE | WAKEE TXE RXE UARTEN U2x
RW RW RW RW RW RW RW RW
Initial value : OOH
UDRIE Interrupt enable bit for UART Data Register Empty
0 Interrupt from UDRE is inhibited (use polling)
1 When UDRE is set, request an interrupt
TXCIE Interrupt enable bit for Transmit Complete
0 Interrupt from TXC is inhibited (use polling)
1 When TXC is set, request an interrupt
RXCIE Interrupt enable bit for Receive Complete
0 Interrupt from RXC is inhibited (use polling)
1 When RXC is set, request an interrupt
WAKEIE Interrupt enable bit for Wake in STOP mode. When device is in stop

mode, if RXD goes to LOW level, an interrupt can be requested to wake-
up system. At that time the UDRIE bit and UARTST register value should
be set to ‘0Ob’ and “00H”, respectively.

0 Interrupt from Wake is inhibited
1 When WAKE is set, request an interrupt
TXE Enables the transmitter unit
0 Transmitter is disabled
1 Transmitter is enabled
RXE Enables the receiver unit
0 Receiver is disabled
1 Receiver is enabled
UARTEN Activate UART module by supplying clock. When one of TXE and RXE
values is “1”, the UARTEN bit always set to “1”.
0 UART is disabled (clock is halted)
1 UART is enabled
u2Xx This bit selects receiver sampling rate.
0 Normal Asynchronous operation
1 Double Speed Asynchronous operation
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UARTCRS3 (UART Control Register 3) : E4H

7 6 5 4 3 2 1 0
- | woors R - USBS 8 RX8
- RW - - - RW RW R
Initial value : OOH
LOOPS Controls the Loop Back Mode of UART, for test mode
0 Normal operation
1 Loop Back mode
USBS Selects the length of stop bit.
0 1 Stop Bit
1 2 Stop Bit
TX8 The ninth bit of data frame in UART. Write this bit first before loading the
UARTDR register
0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9™ bit) to be transmitted is ‘1’
RX8 The ninth bit of data frame in UART. Read this bit first before reading the
receive buffer
0 MSB (9™ bit) received is ‘0’
1 MSB (9" bit) received is 1’
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UARTST (UART Status Register) : E5H
7 6 4 3 2 1 0
| wrRE | ™c | Rxc | wae SOFTRST poR | FE | P |
RW RW RW RW R RW RW
Initial value : 80H

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

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

TXC This flag is set when the entire frame in the transmit shift register has
been shifted out and there is no new data currently present in the
transmit buffer. This flag is automatically cleared when the interrupt
service routine of a TXC interrupt is executed. This flag can generate a
TXC interrupt.

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

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

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

WAKE This flag is set when the RXD pin is detected low while the CPU is in
stop mode. This flag can be used to generate a WAKE interrupt. This bit
should be cleared by program software.

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

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

0 No operation
1 Reset UART

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

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

to be received while Parity Checking is enabled. This bit is valid until the
receive buffer is read.

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

Table 11-17 Examples of UARTBD Settings for Commonly Used Oscillator Frequencies

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

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

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

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

Baud fx=8.00MHz fx=11.0592MHz

Rate UARTBD ERROR UARTBD ERROR

2400 207 0.2% - -

4800 103 0.2% 143 0.0%

9600 51 0.2% 71 0.0%

14.4k 34 -0.8% 47 0.0%

19.2k 25 0.2% 35 0.0%

28.8k 16 2.1% 23 0.0%

38.4k 12 0.2% 17 0.0%

57.6k 8 -3.5% 11 0.0%

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

250k 1 0.0% 2 -7.8%

0.5M - - - -

1M - - - -
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11.12 12C

11.12.1 Overview

The I12C is one of industrial standard serial communication protocols, and which uses 2 bus lines Serial Data

Line (SDA) and Serial Clock Line (SCL) to exchange data. Because both SDA and SCL lines are open-drain
output, each line needs pull-up resistor. The features are as shown below.

- Compatible with 12C bus standard

- Multi-master operation

- Up to 400kHz data transfer read speed

- 7 bit address

-Support two slave address

- Both master and slave operation

- Bus busy detection

11.12.2 12C Block Diagram

Clear
INT_ACK — [ IICIFR To interrupt
* block Slave Address Register
12CSAR
RXACK, GCALL, Interrupt
TEND, STOPD, Generator lICIE ¢
SSEL, MLOST, General Call And
BUSY, TMODE T Address Detector
Receive Shift Register
> ,
SDA (RXSR) T I2CDR, (Rx)
SDA In/Out ACK Signal
—| | — +—
N-ch | Controller Generator <4— ACKEN
VSS STOP/START <— STOPC
—> b E— o
Condition Generator | q— STARTC
Transmit Shift Register
+—]
(TXSR) I2CDR, (Tx)
SDA Hold Time Register
+—
_ I2CSDHR
scL SCL Out Time iﬁzerator SCL High Period Register
—> +—
Controller | ) I2CSCHR
Time Controller
SCL Low Period Register
<+—
N-ch —p] |« I2CSCLR
SCLK
VSS

(fx: System clock)

|

<«+— lICGCE

|

r>»zZzaom-+HzZz-—

Il

nCcw

mz—r

—J

NOTE) When the corresponding port is an sub-function for SCL/SDA pin, the SCL/SDA 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 11.47 12C Block Diagram
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11.12.3 12C Bit Transfer

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

- mE——
SCL — \

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

Change of Data
allowed

Figure 11.48 Bit Transfer on the 12C-Bus

176 December 2, 2024 Ver. 1.17



\BO\ MC96F8316

11.12.4 Start / Repeated Start /Stop

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

can use it.

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

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

S X/

ASY

O\ [,

START Condition STOP Condition

SCL

Figure 11.49 START and STOP Condition
11.12.5 Data Transfer

Every byte put on the SDA line must be 8-bits long. The number of bytes that can be transmitted per transfer is
unlimited. Each byte has to be followed by an acknowledge bit. Data is transferred with the most significant bit
(MSB) first. If a slave can’t receive or transmit another complete byte of data until it has performed some other
function, it can hold the clock line SCL LOW to force the master into a wait state. Data transfer then continues
when the slave is ready for another byte of data and releases clock line SCL.

P
son T\ XXX
MSB Acknowledgement Acknowledgement Sr
Signal form Slave Signal form Slave
Byte Complete, Clock line held low while
Interrupt within Device interrupts are served.
1 9 1 9
scL s 1 \_n/ I\-l { / 1\ Ql—/_\—/ Sr
or ACK ACK or
Sr p
START or Repeated STOP or Repeated
START Condition START Condition

Figure 11.50 Data Transfer on the 12C-Bus
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11.12.6 I12C Acknowledge

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

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

o N
ey trenmiter X X ? X

W

3N

Data Output {3
By Receiver \_/

SCL From MASTER /1\_/2\ /?\_/?\_
LlCIock pulse for ACK

Figure 11.51 Acknowledge on the I2C-Bus
11.12.7 Synchronization/Arbitration

Clock synchronization is performed using the wired-AND connection of I12C interfaces to the SCL line. This
means that a HIGH to LOW transition on the SCL line will cause the devices concerned to start counting off their
LOW period and it will hold the SCL line in that state until the clock HIGH state is reached. However the LOW to
HIGH transition of this clock may not change the state of the SCL line if another clock is still within its LOW period.
In this way, a synchronized SCL clock is generated with its LOW period determined by the device with the
longest clock LOW period, and its HIGH period determined by the one with the shortest clock HIGH period.

A master may start a transfer only if the bus is free. Two or more masters may generate a START condition.
Arbitration takes place on the SDA line, while the SCL line is at the HIGH level, in such a way that the master
which transmits a HIGH level, while another master is transmitting a LOW level will switch off its DATA output
state because the level on the bus doesn’t correspond to its own level. Arbitration continues for many bits until a
winning master gets the ownership of 12C bus. Its first stage is comparison of the address bits.
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: Wait High Start High
Counting Counting
Fast Device
SCLOUT \
High Counter
. — —Reset
Slow Device Y
SCLOUT / \
\ \
SCL \ \

Figure 11.52 Clock Synchronization during Arbitration Procedure

Arbitration Process Device 1 loses Devicel outputs
not adapted Arbitration High
Devicel -
Data Out \ / \ /
Device2 -
Data Out \ / \ / \ /
SDA on BUS -\ —\ '__\—/_

SCL on BUS / \ / \ \ \ / \

Figure 11.53 Arbitration Procedure of Two Masters

11.12.8 Operation

The 12C 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, IICIFR flag in IIFLAG register is set, it is cleared when all interrupt
source bits in the I2CSR register are cleared to “Ob”. When I12C interrupt occurs, the SCL line is hold LOW until
clearing “Ob” all interrupt source bits in I2CSR register. When the IICIFR flag is set, the I2CSR contains a value
indicating the current state of the 12C bus. According to the value in I2CSR, 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.

11.12.8.1 Master Transmitter

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

1. Enable I2C by setting IICEN bit in I2CCR. This provides main clock to the peripheral.
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2. Load SLA+W into the I2CDR where SLA is address of slave device and W is transfer direction from the
viewpoint of the master. For master transmitter, W is ‘0’. Note that I2CDR is used for both address and
data.

3. Configure baud rate by writing desired value to both I2CSCLR and I2CSCHR for the Low and High
period of SCL line.

4. Configure the I2CSDHR to decide when SDA changes value from falling edge of SCL. If SDA should
change in the middle of SCL LOW period, load half the value of I2CSCLR to the I2CSDHR.

5. Setthe STARTC bitin I2CCR. This transmits a START condition. And also configure how to handle
interrupt and ACK signal. When the STARTC bit is set, 8-bit data in I2CDR is transmitted out according
to the baud-rate.

6. This is ACK signal processing stage for address packet transmitted by master. When 7-bit address and
1-bit transfer direction is transmitted to target slave device, the master can know whether the slave
acknowledged or not in the 9™ high period of SCL. 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 MLOST bit in I2CSR is set, and 12C waits in idle state or can
be operate as an addressed slave. To operate as a slave when the MLOST bit in I2CSR is set, the
ACKEN bit in I2CCR must be set and the received 7-bit address must equal to the SLA bits in I2CSAR.
In this case 12C operates as a slave transmitter or a slave receiver (go to appropriate section). In this
stage, 12C holds the SCL LOW. This is because to decide whether I2C continues serial transfer or stops
communication. The following steps continue assuming that 12C 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 I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the STOPC bit
in I2CCR.

3) Master transmits repeated START condition with not checking ACK signal. In this case, load
SLA+R/W into the I2CDR and set STARTC bit in I2CCR.

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

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

This is ACK signal processing stage for data packet transmitted by master. 12C holds the SCL LOW.
When 12C loses bus mastership while transmitting data arbitrating other masters, the MLOST bit in
I2CSR is set. If then, I12C waits in idle state. When the data in I2CDR is transmitted completely, 12C
generates TEND interrupt.

I12C can choose one of the following cases regardless of the reception of ACK signal from slave.

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

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the STOPC bit
in I2CCR.

3) Master transmits repeated START condition with not checking ACK signal. In this case, load
SLA+R/W into the I2CDR and set the STARTC bit in I2CCR.

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

9. This is the final step for master transmitter function of 12C, handling STOP interrupt. The STOP bit
indicates that data transfer between master and slave is over. To clear I2CSR, write “0” to I2CSR. After
this, 12C enters idle state.

11.12.8.2 Master Receiver

To operate 12C in master receiver, follow the recommended steps below.
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1. Enable I2C by setting IICEN bit in I2CCR. This provides main clock to the peripheral.

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

3. Configure baud rate by writing desired value to both I2CSCLR and I2CSCHR for the Low and High
period of SCL line.

4. Configure the I2CSDHR to decide when SDA changes value from falling edge of SCL. If SDA should
change in the middle of SCL LOW period, load half the value of I2CSCLR to the I2CSDHR.

5. Setthe STARTC bitin I2CCR. This transmits a START condition. And also configure how to handle
interrupt and ACK signal. When the STARTC bit is set, 8-bit data in I2CDR is transmitted out according
to the baud-rate.

6. This is ACK signal processing stage for address packet transmitted by master. When 7-bit address and
1-bit transfer direction is transmitted to target slave device, the master can know whether the slave
acknowledged or not in the 9™ high period of SCL. 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 MLOST bit in I2CSR is set, and 12C waits in idle state or can
be operate as an addressed slave. To operate as a slave when the MLOST bit in I2CSR is set, the
ACKEN bit in I2CCR must be set and the received 7-bit address must equal to the SLA bits in I2CSAR.
In this case 12C operates as a slave transmitter or a slave receiver (go to appropriate section). In this
stage, 12C holds the SCL LOW. This is because to decide whether 12C continues serial transfer or stops
communication. The following steps continue assuming that 12C does not lose mastership during first
data transfer.

12C (Master) can choose one of the following cases according to the reception of ACK signal from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can prepare and
transmit more data to master. Configure ACKEN bit in I2CCR to decide whether I2C 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 STOPC
bit in I2CCR.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case, load
SLA+R/W into the I2CDR and set STARTC bit in I2CCR.

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

1-Byte of data is being received.

This is ACK signal processing stage for data packet transmitted by slave. 12C holds the SCL LOW.
When 1-Byte of data is received completely, 12C generates TEND interrupt.

12C0 can choose one of the following cases according to the RXACK flag in I2CSR.

1) Master continues receiving data from slave. To do this, set ACKEN bit in I2CCR to ACKnowledge the
next data to be received.

2) Master wants to terminate data transfer when it receives next data by not generating ACK signal. This
can be done by clearing ACKEN bit in I2CCR.

3) Because no ACK signal is detected, master terminates data transfer. In this case, set the STOPC bit
in I2CCR.

4) No ACK signal is detected, and master transmits repeated START condition. In this case, load
SLA+R/W into the I2CDR and set the STARTC bit in I2CCR.

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

9. This is the final step for master receiver function of I2C, handling STOP interrupt. The STOP bit
indicates that data transfer between master and slave is over. To clear I2CSR, write “0” to I2CSR. After
this, 12C enters idle state.
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11.12.8.3 12C 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 SCL, load value 0x00 into
I2CSDHR to make SDA change within one system clock period from the falling edge of SCL. Note that
the hold time of SDA is calculated by SDAH x period of SCLK where SDAH is multiple of number of
SCLK coming from 12CSDHR. When the hold time of SDA is longer than the period of SCLK, 12C (slave)
cannot transmit serial data properly.

Enable 12C by setting IICIE bit and IICEN bit in I2CCR. This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with SLA bits in
I2CSAR. If the GCALLEN bit in I2CSAR is enabled, 12C compares the received data with value 0x00,
the general call address.

If the received address does not equal to SLA bits in I2CSAR, 12C enters idle state ie, waits for another
START condition. Else if the address equals to SLA bits and the ACKEN bit is enabled, 12C generates
SSEL interrupt and the SCL line is held LOW. Note that even if the address equals to SLA bits, when
the ACKEN bit is disabled, 12C enters idle state. When SSEL interrupt occurs, load transmit data to
I2CDR and clear to “Ob” all interrupt source bits in I2CSR to release SCL line.

1-Byte of data is being transmitted.

In this step, 12C generates TEND interrupt and holds the SCL line LOW regardless of the reception of
ACK signal from master. Slave can select one of the following cases.

1) No ACK signal is detected and 12C waits STOP or repeated START condition.
2) ACK signal from master is detected. Load data to transmit into I2CDR.

After doing one of the actions above, clear to “Ob” all interrupt source bits in I2CSR to release SCL line.
In case of 1) move to step 7 to terminate communication. In case of 2) move to step 5. In either case, a
repeated START condition can be detected. For that case, move step 4.

This is the final step for slave transmitter function of 12C, handling STOP interrupt. The STOPC bit
indicates that data transfer between master and slave is over. To clear I2CSR, write “0” to I2CSR. After
this, 12C enters idle state.
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11.12.8.4 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 SCL, load value 0x00 into
I2CSDHR to make SDA change within one system clock period from the falling edge of SCL. Note that
the hold time of SDA is calculated by SDAH x period of SCLK where SDAH is multiple of number of
SCLK coming from I12CSDHR. When the hold time of SDA is longer than the period of SCLK, 12C (slave)
cannot transmit serial data properly.

Enable 12C by setting IICIE bit and USIEN bit in I2CCR. This provides main clock to the peripheral.

When a START condition is detected, 12C receives one byte of data and compares it with SLA bits in
I2CSAR. If the GCALLEN bit in I2CSAR is enabled, 12C compares the received data with value 0x00,
the general call address.

If the received address does not equal to SLA bits in I2CSAR, 12C enters idle state ie, waits for another
START condition. Else if the address equals to SLA bits and the ACKEN bit is enabled, 12C generates
SSEL interrupt and the SCL line is held LOW. Note that even if the address equals to SLA bits, when
the ACKEN bit is disabled, 12C enters idle state. When SSEL interrupt occurs and 12C is ready to
receive data, clear to “Ob” all interrupt source bits in I2CSR to release SCL line.

1-Byte of data is being received.

In this step, 12C generates TEND interrupt and holds the SCL line LOW regardless of the reception of
ACK signal from master. Slave can select one of the following cases.

1) No ACK signal is detected (ACKEN=0) and 12C waits STOP or repeated START condition.
2) ACK signal is detected (ACKEN=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 I2CSR to release SCL line.
In case of 1) move to step 7 to terminate communication. In case of 2) move to step 5. In either case, a
repeated START condition can be detected. For that case, move step 4.

This is the final step for slave receiver function of I12C, handling STOP interrupt. The STOPC bit
indicates that data transfer between master and slave is over. To clear I2CSR, write “0” to I2CSR. After
this, 12C enters idle state.
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11.12.9 Register Map

Table 11-18 I12C Register Map

Name Address Dir Default Description

I2CCR E9H R/W 00H 12C Control Register

I2CSR EAH R/W 00H I12C Status Register

[2CSARO EBH R/W 00H I12C Slave Address 0 Register
[2CSAR1 F1H R/W 00H I12C Slave Address 1 Register
I2CDR ECH R/W 00H I12C Data Register

[2CSDHR EDH R/W 01H 12C SDA Hold Time Register

[2CSCLR EEH R/W 3FH I12C SCL Low Period Register
[2CSCHR EFH R/W 3FH I12C SCL High Period Register

11.12.10 12C Register Description

I2C module consists of 12C control register (I2CCR),I2C status register (I2CSR),I12C slave address 0/1 register
(I2CSARO0/I12CSAR1), 12C data register (I2CDR),I2C SDA hold time register (I2CSDHR),12C SCL low period
register (I2CSCLR), and I2CSCL high period Register (I2CSCHR).

11.12.11 Register Description for 12C

I2CDR (I2C Data Register) : ECH

7 6 5 4 3 2 1 0
| ecor7 | rpoore | ecoRs | poors I2CDR3 I2CDR? IPCDR1 I2CDRO
RW RW RW RW RW RW RW RW

Initial value : O0OH

I2CDR[7:0] The I2CDR transmit buffer and receive buffer share the same I/O
address with this DATA register. The transmit data buffer is the
destination for data written to the 12CDR register. Reading the
I2CDR register returns the contents of the receive buffer.

I2CSDHR (I2CSDA Hold Time Register) : EDH

7 6 5 4 3 2 1 0
| [2CSDHR7 | [2CSDHRG | [2CSDHRS | [2CSDHR4 [2CSDHR3 [2CSDHR2 [2CSDHR1 [2CSDHRO
RW RW RW RW RW RW RW RW

Initial value : 01H

I2CSDHR[7:0] The register is used to control SDA output timing from the falling
edge of SCL.
Note that SDA is changed after tscik X (I2CSDHR+2), in master
mode, load half the value of I2CSCLR to this register to make
SDA change in the middle of SCL.
In slave mode, configure this register regarding the frequency of
SCL from master.
The SDA is changed after tsclk X (I2CSDHR+2) in master mode.
So, to insure operation in slave mode, the value
tscik X(I2CSDHR +2) must be smaller than the period of SCL.
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[2CSCHR (12CSCL High Period Register) : EFH

7 6 5 4 3 2 1 0
| [2CSCHR7 | [2CSCHRG | [2CSCHRS | [2CSCHR4 [2CSCHR3 [2CSCHR2 [2CSCHR1 [2CSCHRO
RW RW RW RW RW RW RW RW

Initial value : 3FH

I2CSCHR[7:0] This register defines the high period of SCL in master mode.

The base clock is SCLK, the system clock, and the period is
calculated by the formula: tscik X (4XI2CSCHR+2) where

tscik is the period of SCLK.

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

1
tscikX (4 X (I2CSCLR + I12CSCHR) + 4)

fioc =

I2CSCLR (I2CSCL Low Period Register) : EEH

7 6 5 4 3 2 1 0
| 2CSCLIR7 | 1CSCLR6 | ICSCLRS | 12CSCLR4 | 12CSCLR3 | I2CSCLR2 | I2CSCIRL | 12CSCLRO
RV R R RV R R R RAV

Initial value : 3FH

I2CSCLR[7:0] This register defines the low period of SCL in master mode.

The base clock is SCLK, the system clock, and the period is
calculated by the formula: tscik X (4XI2CSCLR +2) where

tscik is the period of SCLK.
I2CSARO (I12C Slave Address 0 Register) : EBH

7 6 5 4 3 2 1 0
| cslas | lcslaos | CSLAD4 | I2CSLAB | CSLAD2 | I2CSLAGL | [2CSLADD | GCALLOEN
RW RW RW RW RW RW RW RW
Initial value : OOH

I2CSLA0[6:0] These bits configure the slave address 0 in slave mode.

GCALLOEN This bit decides whether 12C allows general call address or not in
12C slave mode.
0 Ignore general call address
1 Allow general call address

I2CSARL1 (12C Slave Address 1 Register) : F1H

7 6 5 4 3 2 1 0
| posiae | ecsas | posiaa | ecsias | ecsiaz | eesiann | ecsiao | ceAllten
RW RW RW RW RW RW RW RW
Initial value : O0H

I2CSLA1[6:0] These bits configure the slave address 1 in slave mode.

GCALL1EN This bit decides whether 12C allows general call address or not in
12C slave mode.
0 Ignore general call address
1 Allow general call address
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I2CCR (I2C Control Register) : E9H

7 6 5 4 3 2 1 0
| wcrsT | mcen | movens | icE ACKEN IMASTER | STOPC STARTC
RW RW RW RW RW R RW RW
Initial value : OOH
IICRST Initialize Internal Registers of 12C.
0 No effect
1 Initialize 12C, auto cleared
IICEN Activate 12C Function Block by Supplying.
0 I2C is disabled
1 I12C is enabled
TXDLYENB I2CSDHR register control bit
0 Enable I2CSDHR register
1 Disable I2CSDHR register
IICIE Interrupt Enable bit
0 Interrupt from 12C is inhibited (use polling)
1 Enable interrupt for 12C
ACKEN Controls ACK signal Generation at ninth SCL period.
0 No ACK signal is generated (SDA =1)
1 ACK signal is generated (SDA =0)

NOTES) ACK signal is output (SDA =0) for the following 3 cases.
1. When received address packet equals to I2CSLA bits in [2CSAR.

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

3. When 12C operates as a receiver (master or slave)

IMASTER Represent operating mode of 12C
0 I2C is in slave mode
1 I2C is in master mode
STOPC When 12C is master, STOP condition generation
0 No effect
1 STOP condition is to be generated
STARTC When 12C is master, START condition generation
0 No effect
1 START or repeated START condition is to be generated

NOTE) Refer to the internal interrupt flag register (IIFLAG) for the 12C interrupt flags.
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[2CSR(12C Status Register) : EAH
7 6 5 4 3 2 1 0
| ecaL | T | storp SSEL MLOST BUSY TMODE RXACK
RW RW RW RW RW RW R RW
Initial value : OOH
GCALL(NOTE) 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)
TENDNOTE) This bit is set when 1-byte of data is transferred completely
0 1 byte of data is not completely transferred
1 1 byte of data is completely transferred
STOPDNOTE) This bit is set when a STOP condition is detected.
0 No STOP condition is detected
1 STOP condition is detected
SSEL(NOTE) 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
MLOST®MOTE)  This bit represents the result of bus arbitration in master mode.
0 I2C maintains bus mastership
1 I2C has lost bus mastership during arbitration process
BUSY This bit reflects bus status.
0 I12C bus is idle, so a master can issue a START condition
1 I12C bus is busy
TMODE This bit is used to indicate whether 12C is transmitter or receiver.
0 12C is a receiver
1 12C is a transmitter
RXACK This bit shows the state of ACK signal
0 No ACK is received
1 ACK is received at ninth SCL period
NOTES)

1. The GCALL, TEND, STOPD, SSEL, and MLOST bits can be source of

interrupt.

2. When an 12C interrupt occurs except for STOP mode, the SCL line is hold
LOW. To release SCL, Clear to “Ob” all interrupt source bits in I2CSR

register.

3. The GCALL, TEND, STOPD, SSEL, MLOST, and RXACK bits are cleared
when “0b” is written to the corresponding bit.

December 2, 2024 Ver. 1.17
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12. Power Down Operation

12.1 Overview

The MC96F8316 has two power-down modes to minimize the power consumption of the device. In power down
mode, power consumption is reduced considerably. The device provides three kinds of power saving functions,
Main-IDLE, Sub-IDLE and STOP mode. In three modes, program is stopped.

12.2 Peripheral Operation in IDLE/STOP Mode

Table 12-1 Peripheral Operation during Power Down Mode

Peripheral IDLE Mode STOP Mode
CPU ALL CPU Operation are Disable ALL CPU Operation are Disable
RAM Retain Retain
Basic Interval Timer | Operates Continuously Stop

Watch Dog Timer

Operates Continuously

Stop (Can be operated with WDTRC OSC)

Watch Timer Operates Continuously Stop (Can be operated with sub clock)
. _ . Halted (Only when the Event Counter Mode is
Timer0~2 Operates Continuously Enabled, Timer operates Normally)
ADC Operates Continuously Stop
BUZ Operates Continuously Stop
SPI Operates Continuously Only operate with external clock
UART Operates Continuously Stop
12C Operates Continuously Only operate with external clock
Internal OSC —_— B
(16MHz) Oscillation Stop when the system clock (fx) is firc
WDéRkﬁZ?SC Can be operated with setting value Can be operated with setting value
Main OSC —_— _
(0.4~12MHz) Oscillation Stop when fx = fxiN
Sub OSC —_ _
(32.768KHz2) Oscillation Stop when fx = fsus
1/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, EC2),
SPI (External clock), External Interrupt,
UART by RX, WT (sub clock), WDT

188
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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.

= JIUUUVUVUUULVLL - SUVUUUUUUVLUIL

N

ALY
CPU Clock ||||||||||||||||||||| ||||||||||||||||||||

3N
ALY

External
Interrupt

Normal Operation >< Stand-by Mode Normal Operation

R

Figure 12.1 IDLE Mode Release Timing by External Interrupt
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12.4 STOP Mode

The power control register is set to ‘03H’ to enter the STOP Mode. In the stop mode, the selected oscillator,
system clock and peripheral clock is stopped, but watch timer can be continued to operate with sub clock. With
the clock frozen, all functions are stopped, but the on-chip RAM and control registers are held. For example, If
the internal RC oscillator (firc) is selected for the system clock and the sub clock (fsuB) is oscillated, the internal
RC oscillator stops oscillation and the sub clock is continuously oscillated in stop mode. At that time, the watch
timer can be operated with the sub clock.

The source for exit from STOP mode is hardware reset and interrupts. The reset re-defines all the control
registers.

When exit from STOP mode, enough oscillation stabilization time is required to normal operation. Figure 12.2
shows the timing diagram. When released from STOP mode, the Basic interval timer is activated on wake-up.
Therefore, before STOP instruction, user must be set its relevant prescale divide ratio to have long enough time.
This guarantees that oscillator has started and stabilized.

111111 1 R
CPU Clock Mmﬂ__ Mm

» el
External

)  neleas
Interrupt

STOP Instruction
Execute

R 3: :C
BIT Counter ( n Xn+1Xn+2 0 X 1 X 2 ) *** FE FF 0 1
5

ALY
Clear & Start

b)Y . [r—
¢ By Software setting

Normal Operation STOP Operation < Normal Operation
- Me—

"

= E

\J

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 setto "1°, the STOP mode is released
by the interrupt which each interrupt enable flag = "1 and the CPU jumps to the relevant interrupt service routine.
Even if the IE.EA bit is cleared to ‘0’, the STOP mode is released by the interrupt of which the interrupt enable
flag is setto ‘1.

SET PCONJ[7:0]
SET IEX.b

STOP Mode <

\ i

Interrupt Request

Corresponding Interrupt N
Enable Bit(IE, IE1, IE2, IE3)

STOP Mode
Release

\ i

Interrupt Service
Routine

Next Instruction

Figure 12.3 STOP Mode Release Flow
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12.5.1 Register Map

Table 12-2 Power Down Operation Register Map

Name

Address

Dir

Default

Description

PCON

87H

R/W

00H

Power Control Register

12.5.2 Power Down Operation Register Description

The power down operation register consists of the power control register (PCON).

12.5.3 Register Description for Power Down Operation

PCON (Power Control Register) : 87H

7 6 4 2 1 0
| poovv | - | | - PCON3 PCON2 PCONL PCONO
R - - R RW RW RW

NOTES) 1. To enter IDLE mode, PCON must be set to ‘01H’.
2. To enter STOP mode, PCON must be set to ‘03H’.

Ex1)

PCONJ[7:0]

Power Control

01H
03H

Initial value : O0OH

IDLE mode enable
STOP mode enable
Other Values Normal operation

3. The PCON register is automatically cleared by a release signal in STOP/IDLE mode.
4. Three or more NOP instructions must immediately follow STOP/IDLE mode like the below examples.

MOV
NOP
NOP
NOP

PCON, #01H

; IDLE mode

Ex2) MOV  PCON, #03H ; STOP mode
NOP
NOP
NOP
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13. RESET
13.1 Overview
The following is the hardware setting value.
Table 13-1 Reset State
On Chip Hardware Initial Value
Program Counter (PC) 0000h
Accumulator 00h
Stack Pointer (SP) 07h
Peripheral Clock On
Control Register Refer to the Peripheral Registers
13.2 Reset Source
The MC96F8316 has five types of reset sources. The following is the reset sources.
- External RESETB
- Power ON RESET (POR)
- WDT Overflow Reset (In the case of WDTEN = "17)
- Low Voltage Reset (In the case of LVREN = "0 )
- OCD Reset
13.3 RESET Block Diagram
Ext RESET RESET Noise
Disable by FUSE Canceller
LVR RESET Noise
LVR Enable Canceller
POR RST Internal
Reset
WDT RST
WDT RSTEN r
IFBIT
OCD RST (BIT Overflow)
OCD RSTEN @
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(@Vbp=5V) to the low input of system reset.

t<Trne t<Trne

t> TI:RNC E | t >:TRNC S Trae

— N [ R s

Figure 13.2 Reset noise canceller timer diagram

13.5 Power on RESET

When rising device power, the POR (Power On Reset) has a function to reset the device. If POR is used, it
executes the device RESET function instead of the RESET IC or the RESET circuits.

Fast VDD Rise Time, max. 30V/ms
1

VDD

nPOR
(Internal Signal)

_

: BIT Starts \
—> 7

1

¥ R R
Oscillation ’

1
BIT Overflows :
1
1

Internal RESETB

Figure 13.3 Fast VDD Rising Time

Slow VDD Rise Time, min. 0.05V/ms

1
1
VDD M Veor=1.4V (Typ)
1
1

nPOR

(Internal Signal) BIT |Overﬂows

: BIT Starts *

i

Internal RESETB

1
.
v

Oscillation

Figure 13.4 Internal RESET Release Timing On Power-Up
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Counting for config read start after POR is released

VDD /
|

1
]
1
1
1
T
Internal nPOR 1
1
1

PAD RESETB |/ I

wpn :
LVR_RESETB :
I

ot coni) (DB DR— 000 z )
BIT (for Reset) L 00 3( 00 X 01\ X 02 X 03 X 04 XE

I
. lus X 25I@X 28h = about 10ms
Config Read [ >
1
1
:‘ 1lus X 4096 X 4h = about 16ms _
RESET_SYSB = =
1
I
wrosc ez —ALLLLLLLLLLLLCLLLELBTLTLE L LR T LT T T TR
1
wroscaomzne L L UL LL Ll
1

INT-OSC 16MHz / 16 = 1MHz (1us)

Figure 13.5 Configuration Timing when Power-on

/DD Input
A W :Internal OSC

Reset Release

Config Read

Figure 13.6 Boot Process WaveForm
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Table 13-2 Boot Process Description
Process Description Remarks
@ -No Operation
) -1st POR level Detection -about 1.4V
- (INT-OSC16MHz/16)x256x28h Delay section (=10ms)
® -VDD input voltage must rise over than flash operating | -Slew Rate >= 0.05V/ms
voltage for Config read
-about 1.5V ~ 1.6V
@ - Config option read point -Config 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) after 16ms, after External Reset Release (External reset) | - BIT is used for Peripheral stability
i) 16ms point after POR (POR only)
@ -Normal operation
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13.6 External RESETB Input

The External RESETB is the input to a Schmitt trigger. If RESETB pin is held with low for at least 10us over
within the operating voltage range and stable oscillation, it is applied and the internal state is initialized. After
reset state becomes ‘1’, it needs the stabilization time with 16ms and after the stable state, the internal RESET
becomes ‘1. The Reset process step needs 5 oscillator clocks. And the program execution starts at the vector

address stored at address 0000H.

RERER

1
TST = —x 4096 X 4
fx

oscC ||||||||||| ...... ||||||||||||||||||J_|||||||||||||||||||
R
RESETB ////
Release
Internal ?
RESETB Release
ADDRESS x
BUS ? X ? X 00 02 (EX
CORE ” ” ”
BUS ) ) )
Stabilization Time RESET Process Main Program
TST =16.4ms Step

Figure 13.7 Timing Diagram after RESET

VDD

PRESCALER COUNT START

airny

OSC START TIMING

Figure 13.8 Oscillator generating waveform example

NOTE) As shown Figure 13.8, the stable generating time is not included in the start-up time.
The RESETB pin has an internal pull-up resistor by H/W.

December 2, 2024 Ver. 1.17
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13.7 Brown Out Detector Processor

The MC96F8316 has an On-chip brown-out detection circuit (BOD) for monitoring the VDD level during
operation by comparing it to a fixed trigger level. The trigger level for the BOD can be selected by LVRVS[3:0] bit
to be 1.60V, 2.00V, 2.10V, 2.20V,2.32V, 2.44V, 2.59V, 2.75V, 2.93V, 3.14V, 3.38V, 3.67V, 4.00V, 4.40V. In the
STOP mode, this will contribute significantly to the total current consumption. So to minimize the current
consumption, the LVREN bit is set to off by software.

External VDD ——
Brown Out

LVRVS[3:0] —{ Detector
(BOD) 9— RESET_BODB

LVREN ————»;

CPU LVRF
Write —Pe (Low Voltage
Reset Flag)
CP
SCLK —->
(System CLK) I
nPOR
Figure 13.9 Block Diagram of BOD
VDD \\ // VeooMAX
\ / VeooMIN
Internal 16ms
RESETB
VDD \\ / \\ / VeooMAX
\_/: : VeooMIN
1 1
1 t<l16ms . 1 16ms
Internal : : :‘ /
RESETB '

Figure 13.10 Internal Reset at the power fail situation
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VDD

Internal nPOR

PAD RESETB

LVR_RESETB

BIT (for Config)

BIT (for Reset)

Config Read

RESET_SYSB

INT-OSC (16MHz)

INT-OSC 16MHz/16

oy

oy

oy

320 00m0Y T

00

N

‘K 01 3(\ 02 X 03 X 04 X 00

X 256 X 28h = about lOms‘

lus X 4096 X 4h = about 16ms

v

INT-OSC 8MHz / 8 = IMHz (1us)

Figure 13.11 Configuration timing when BOD RESET

13.8 LVI Block Diagram

VDD [ }—

Reference
Voltage
Generator

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 >

M
g L »| LVICircuit
LVIEN

1

LVILS[3:0]

—» LVIF

Figure 13.12 LVI Diagram
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13.9 Register Map

Table 13-3 Reset Operation Register Map

Name Address Dir Default Description

RSTFR E8H R/W 80H Reset Flag Register

LVRCR D8H R/W 00H Low Voltage Reset Control Register
LVICR 86H R/W 00H Low Voltage Indicator Control Register

13.10 Reset Operation Register Description

The reset control register consists of the reset flag register (RSTFR), low voltage reset control register (LVRCR),
and low voltage indicator control register (LVICR).

13.11 Register Description for Reset Operation

RSTFR (Reset Flag Register) : ES8H

7 6 4 3 2 1 0
| PoRF | BXRF | WDIRF | OCDRF LVRF - - _
RW RW RW RW - - -
Initial value : 80H
PORF Power-On Reset flag bit. The bit is reset by writing ‘0’ to this bit.
0 No detection
1 Detection
EXTRF External Reset (RESETB) flag bit. The bit is reset by writing ‘0’ to this bit
or by Power-On Reset.
0 No detection
1 Detection
WDTRF Watch Dog Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power-On Reset.
0 No detection
1 Detection
OCDRF On-Chip Debug Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power-On Reset.
0 No detection
1 Detection
LVRF Low Voltage Reset flag bit. The bit is reset by writing ‘0’ to this bit or by

Power-On Reset.
0 No detection
1 Detection

NOTES) 1. When the Power-On Reset occurs, the PORF bit is only set to “1”, the other flag (WDTRF and
OCDRF) bits are all cleared to “0”.

2. When the Power-On Reset occurs, the EXTRF bit is unknown, At that time, the EXTRF bit can be set
to “1” when External Reset (RESETB) occurs.

3. When the Power-On Reset occurs, the LVRF bit is unknown, At that time, the LVRF bit can be set to

“1” when LVR Reset occurs.

4. When a reset except the POR occurs, the corresponding flag bit is only set to “1”, the other flag bits
are kept in the previous values.
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LVRCR (Low Voltage Reset Control Register) : D8H
7 6 5 4 3 2 1 0
| LRsT | - - | LWRs3 | LR LVRVSL LVRVSO LVREN
RW - - RW RW RW RW RW
Initial value : OOH

LVRST LVR Enable when Stop Release
0 Not effect at stop release
1 LVR enable at stop release
NOTES)
When this bit is ‘1’, the LVREN bit is cleared to ‘O’ by stop mode
release. (LVR enable)
When this bit is ‘0’, the LVREN bit is not effect by stop mode release.

LVRVSJ[3:0] LVR Voltage Select
LVRVS3 LVRVS2 LVRVS1 LVRVSO Description
0 0 0 0 1.60V
0 0 0 1 2.00Vv
0 0 1 0 2.10V
0 0 1 1 2.20Vv
0 1 0 0 2.32v
0 1 0 1 2.44v
0 1 1 0 2.59v
0 1 1 1 2.75V
1 0 0 0 2.93v
1 0 0 1 3.14v
1 0 1 0 3.38V
1 0 1 1 3.67V
1 1 0 0 4.00V
1 1 0 1 4.40V
Other Values Not available

LVREN LVR Operation
0 LVR Enable
1 LVR Disable

NOTES) 1. The LVRST, LVRVS[3:0] bits are cleared by a power-on reset but are retained by other reset signals.
2. The LVRVSJ3:0] bits should be set to ‘0000b’ while LVREN bit is “1”.

December 2, 2024 Ver. 1.17
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LVICR (Low Voltage Indicator Control Register) : 86H

7 6 5 4 3 2 1 0
- ] - WMF | vEN | s LVILS2 LVILSL LVILSO
- - RW RW RW RW RW RW
Initial value : OOH
LVIF Low Voltage Indicator Flag Bit
0 No detection
1 Detection
LVIEN LVI Enable/Disable
0 Disable
1 Enable
LVILS[3:0] LVI Level Select
LVILS3 LVILS2 LVILS1 LVILSO Description
0 0 0 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 3.14v
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

14.1 Overview

14.1.1 Description

On-chip debug system(OCD) of MC96F8316 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.

14.1.2 Feature

» Two-wire external interface: 1-wire serial clock input, 1-wire bi-directional serial data bus
» Debugger Access to:

— All Internal Peripheral Units

— Internal data RAM

— Program Counter

— Flash and Data EEPROM Memories
Extensive On-chip Debug Support for Break Conditions, Including

Break Instruction

Single Step Break
— Program Memory Break Points on Single Address
— Programming of Flash, EEPROM, Fuses, and Lock Bits through the two-wire Interface
— On-chip Debugging Supported by Dr.Choice®

» Operating frequency

Supports the maximum frequency of the target MCU

Target MCU internal circuit

Format
converter

DSCL
< _"% . DSDA Control

CPU DBGRegister

Address bus

-_ Internal data bus

User /0 «—

Code memory
- SRAM
- Flash

Data memory Peripheral

- EEPROM

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-hit 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 0o | D1 D2 | D3 | D4 | D5 | D | D7 F A,

D1 D21 D3 ' D4 D5t DB

Figure 14.2 10-bit Transmission Packet
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14.2.2 Packet Transmission Timing

14.2.2.1 Data Transfer

DSDA

0\

X_)C]( /_X_)LX:X

DSCL

acknowledgement
signal from receiver

St

START

SN\ S

acknowledgement
signal from receiver

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 DSCL
o \—/— \—/ s
START condition STOP condition

Figure 14.5 Start and Stop Condition

14.2.2.4 Acknowledge Bit

Data output \ X X ............. X
By transmitter

no acknowledge
Data output
By receiver

acknowledge

DSCL from
master ! L VO o 10

clock pulse for acknowledgement

Figure 14.6 Acknowledge on the Serial Bus
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Acknowledge bit

Acknowledge bit
transmission

transmission

i Minimum H
X/ soons < ! wait HIGH start HIGH N

—_— : .................
Host PC g / \ /
DSCLOUT ¥ HE:
_%artwait
Target Device
DSCL OUT

minimum 1 Tscix
for next byte >

<
_\ transmission /_

é Maximum 5 Tscix

DSCL \

< Internal Operation

b

Figure 14.7 Clock Synchronization during Wait Procedure
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14.2.3 Connection of Transmission

Two-pin interface connection uses open-drain(wire-AND bidirectional 1/0).

f ? VDD

pull-up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
O O
DSCL(Debugger Serial Clock Line) l
O O

Host Machine(Master) Target Device(Slave)

Current source for DSCL to fast 0 to 1 transition in high speed mode

Figure 14.8 Connection of Transmission
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15. Flash Memory

15.1 Overview

15.1.1 Description

MC96F8316 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 OCD,
serial ISP mode or user program mode.

. Flash Size : 16Kbytes

. Single power supply program and erase

. Command interface for fast program and erase operation

. Up to 100,000 program/erase cycles at typical voltage and temperature for flash memory

NOTE) The RXE bit of UARTCR2 register should be disabled before flash memory erase and write start.
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15.1.2 Flash Program ROM Structure

O3FFFH
Sector 511
O3FEOH O3FEOH
O3FDFH
Sector 510
03FCOH O3FCOH
03FBFH
Sector 509
O3FAOH 03FAOH
O3F9FH
Sector 508
| | |
| | |
ROM | | | Flash
Address I I | Sector
| | | Address
| | |
| | |
| | |
| | |
| | |
Sector 2
00040H 00040H
0003FH
Sector 1
00020H 00020H
0001FH
Sector O
00000H 00000H
—
32bytes
801FH
O eechon [ »| e page outer Cagesectn
| (External Data Memory, 32bytes) Add
only 8000H ress
FSADRH/M/L
Flash Controller FIDR
FMCR

Figure 15.1 Flash Program ROM Structure
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15.1.3 Register Map

Table 15-1 Flash Memory Register Map

Name Address Dir Default Description

FSADRH FAH R/W 00H Flash Sector Address High Register
FSADRM FBH R/W 00H Flash Sector Address Middle Register
FSADRL FCH R/W 00H Flash Sector Address Low Register
FIDR FDH R/W 00H Flash Identification Register

FMCR FEH R/W 00H Flash Mode Control Register

15.1.4 Register Description for Flash Memory Control and Status

Flash control register consists of the flash sector address high register (FSADRH), flash sector address middle

register (FSADRM), flash sector address low register (FSADRL), flash identification register (FIDR), and flash

mode control register (FMCR). They are mapped to SFR area and can be accessed only in programming mode.

December 2, 2024 Ver. 1.17
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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
| - | - | - | - | FsrDR3 | FSADRH2 | FSADRHL | FSADRHO
- - - - RW RW RW RW

Initial value : OOH

FSADRH[3:0] Flash Sector Address High

FSADRM (Flash Sector Address Middle Register) : FBH

7 6 5 4 3 2 1 0
| FSADRM7 | FSADRM6 | FSADRMS | FSADRWA | FSADRM3 | FSADRM2 | FSADRML | FSADRMO
R RW RV R R RW RW R

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 | FSADRL6 | FSADRL5 | FSADR4 | FSADRL3 | FSADR2 | FSADRLL | FSADRLO
R RW RAV R R RW RW RW

Initial value : OOH

FSADRL[7:0] Flash Sector Address Low

FIDR (Flash Identification Register) : FDH

7 6 5 4 3 2 1 0
| FOR7 | FDR6 | FDRS | FDR4 FIDR3 FIDR2 FDRL FIDRO
RW RW RW RW RW RW RW RW
Initial value : O0OH
FIDR[7:0] Flash ldentification
Others No identification value

10100101 Identification value for a flash mode

(These bits are automatically cleared to logic ‘O0H’ immediately after one
time operation except “flash page buffer reset mode”)
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FMCR (Flash Mode Control Register) : FEH
7 6 5 4 3 2 1 0
| AvBUSY | - - | - - FMCR2 FMCR1L FMCRO
R - - - - RW RW RW
Initial value : OOH
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

0 0 1
0 1 0
0 1 1
1 0 0

Others Values: No operation

FMCRO Description

Select flash page buffer reset mode
and start regardless of the FIDR
value (Clear all 32bytes to ‘0’)

Select flash sector erase mode and
start operation when the
FIDR="10100101b’

Select flash sector write mode and
start operation when the
FIDR="10100101b’

Select flash sector hard lock and
Start operation when the
FIDR="10100101b’

(These bits are automatically cleared to logic ‘OOH’ immediately after

one time operation)
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15.1.6 Serial In-System Program (ISP) Mode

Serial in-system program uses the interface of debugger which uses two wires. Refer to chapter 14 in details
about debugger

15.1.7 Protection Area (User program mode)

MC96F8316 can program its own flash memory (protection area). The protection area can not be erased or
programmed. The protection areas are available only when the PAEN bit is cleared to ‘0’, that is, enable
protection area at the configure option 2 if it is needed. If the protection area isn’t enabled (PAEN ='1’), this area
can be used as a normal program memory.

The size of protection area can be varied by setting of configure option 2.

Table 15-2 Protection Area size

Protection Area Size Select Size of Protection Area Address of Protection Area
PASS1 PASSO

0 0 3.7Kbytes 0100H — OFFFH

0 1 1.7Kbytes 0100H — O7FFH

1 0 768bytes 0100H — O3FFH

1 1 256bytes 0100H — O1FFH

NOTE) Refer to chapter 16 in configure option control.
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15.1.8 Erase Mode

The sector erase program procedure in user program mode

S L T o

Erase verify

Page buffer clear (FMCR=0x01)
Write ‘0’ to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).
Set flash identification register (FIDR).

Check the UserID for to prevent the invalid work®ote),

Set flash mode control register (FMCR).

Notes) 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 UARTCR2 register.

Program Tip — sector erase

MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

MOVX
INC
DJINZ

Pgbuf_clr:

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LIMP
No_WriteErase:

MOV

MOV

MOV

Erase_verify:

Verify_error:

FMCR, #0x01

A#O
RO,#SectorSize
DPH,#0x80
DPL,#0

@DPTR,A
DPTR
RO, Pgbuf_clr

FSADRH,#SAH
FSADRM,#SAM
FSADRL,#SAL
FIDR,#0xA5

A#ID_DATA 1

A,UserlD1,No_WriteErase

A#ID_DATA 2

A,UserlD2,No_WriteErase

FMCR,#0x02

Erase_verify

FIDR,#00H
UserlD1,#00H
UserlD2,#00H

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;Sector size 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
:ldentification value

;Check the UserID(written by user)
:This routine for UserlD must be needed.

:Start flash erase mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
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The Byte erase program procedure in user program mode

o g s~ wDdhPE

. Erase verify
Notes) 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 UARTCR?2 register.

Program Tip — byte erase

MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOVX

MOV
MOV
MOVX

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CINE

MOV
NOP
NOP
NOP

LIMP

No_WriteErase:

Erase_verify:

Verify_error:

MOV
MOV
MOV

Page buffer clear (FMCR=0x01)
Write ‘0’ to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).
Set flash identification register (FIDR).

Check the UserlD for to prevent the invalid work®ote),

Set flash mode control register (FMCR).

FMCR,#0x01

A#O
DPH,#0x80
DPL,#0
@DPTR,A

DPH #0x80
DPL,#0x05
@DPTR,A

FSADRH,#SAH
FSADRM, #SAM
FSADRL,#SAL
FIDR,#0xA5

A#ID_DATA 1

A,UserlD1,No_WriteErase

A#ID_DATA 2

A,UserID2,No_WriteErase

FMCR,#0x02

Erase_verify

FIDR,#00H
UserlD1,#00H
UserlD2,#00H

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;Page Buffer Address is 8000H

;Write ‘0’ to page buffer

;Sector Address High Byte
;Sector Address Middle Byte
;Sector Address Low Byte
:Identification value

;Check the UserID(written by user)
:This routine for UserID must be needed.

:Start flash erase mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
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15.1.9 Write Mode

The sector Write program procedure in user program mode

S L T o

Erase verify

Page buffer clear (FMCR=0x01)
Write data to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).
Set flash identification register (FIDR).

Check the UserID for to prevent the invalid work®Mote1),

Set flash mode control register (FMCR).

Notes) 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 UARTCR2 register.

Program Tip — sector write

MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

Pgbuf_WR: MOVX
INC
INC
DJINZ

MOV
MOV
MOV
MOV

MOV
CINE
MOV
CINE

MOV
NOP
NOP
NOP

LIMP
No_WriteErase:
MOV
MOV
MOV
Write_verify:

Verify_error:

FMCR,#0x01

A #O
RO,#SectorSize
DPH,#0x80
DPL,#0

@DPTR,A

A

DPTR

RO, Pgbuf_WR

FSADRH,#SAH
FSADRM,#SAM
FSADRL,#SAL
FIDR,#0xA5

A#ID_DATA 1

A,UserID1,No_WriteErase

A#ID_DATA 2

A,UserID2,No_WriteErase

FMCR,#0x03

Write _verify

FIDR,#00H
UserlD1,#00H
UserlD2,#00H

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

:Sector size of Device
;Page Buffer Address is 8000H

;Write data to all page buffer

;Sector Address High Byte
;Sector Address Middle Byte
;Sector Address Low Byte
:Identification value

;Check the UserID(written by user)
:This routine for UserID must be needed.

:Start flash write mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
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The Byte Write program procedure in user program mode

o g s~ wDdhPE

. Erase verify
Notes) 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 UARTCR2 register.

Program Tip — byte write

MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LIMP

No_WriteErase:

Write_verify:

Verify_error:

MOV
MOV
MOV

Page buffer clear (FMCR=0x01)
Write data to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).
Set flash identification register (FIDR).

Check the UserlD for to prevent the invalid workNoted).

Set flash mode control register (FMCR).

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

A,UserlD1,No_WriteErase

A#ID_DATA 2

A,UserlD2,No_WriteErase

FMCR,#0x03

Write _verify

FIDR,#00H
UserlD1,#00H
UserlD2,#00H

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;Page Buffer Address is 8000H

;Write data to page buffer

;Write data to page buffer

;Sector Address High Byte
;Sector Address Middle Byte
;Sector Address Low Byte
:ldentification value

;Check the UserID(written by user)
:This routine for UserID must be needed.

;Start flash write mode

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
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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  FIDR,#10100101B ;ID Code

MOV  A#ID_DATA 1 ;EX) ID_DATA_1: 93H, ID_DATA_2: 85H, ID_DATA_3: 5AH
CINE A,UserlD1,No_WriteErase

MOV  A#ID_DATA 2

CINE AUserlD2,No_WriteErase

MOV  A#ID_DATA_ 3

CINE AUserlD3,No_WriteErase

MOV  FMCR,#0x?? :0x03 if write, 0x02 if erase

No_WriteErase:
MOV  FIDR,#00H
MOV  UserlD1,#00H
MOV  UserlD2,#00H
MOV  UserlD3,#00H
MOV  Flash_flag,#00H
RET

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 UARTCR2 register.

2. Itis important where the UserID1/2/3 is written. It will be remain the invalid flash erase/write
problem if the UserID1/2/3 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_ErWwt:

MOV  Flash_flagl,#38H ;Random value for example, in case of erase/write needs

MOV  FSADRL,#20H ;Here 20H is example,
MOV  Flash_flag2,#75H
RET
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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
0x00/0x3f” if 0x3f00 to Ox3fff is used for data.

4. Overview of main

ID_wire:

No_write_ID:

CALL
CALL
CALL
CALL
CALL
CALL
CALL

MOV
CJINE
MOV
CJINE
MOV
MOV
CINE
MOV
CJINE
MOV
MOV
CINE
MOV
CINE
MOV
RET

MOV
MOV
MOV
RET

Work1
Decide_ErWt
Work2
ID_write
Work3
Flash_erase
Flash_write

A#38H
A,Flash_flag1,No_write_ID
A#75H
A,Flash_flag2,No_write_ID
UserlD1,#ID_DATA_1
A#38H
A,Flash_flag1,No_write_ID
A#75H
A,Flash_flag2,No_write_ID
UserlD2,#ID_DATA 2

A #38H
A,Flash_flag1,No_write_ID
A#75H
A,Flash_flag2,No_write_ID
UserlD3,#ID_DATA_3

:Write Uiser ID1

:Write Uiser ID2

:Write Uiser ID3

UserlD1,#00H
UserlD2,#00H
UserID3,#00H

220

December 2, 2024 Ver. 1.17



\BO\ MC96F8316

15.1.10.1 Flow of Protection for Invalid Erase/Write

C =

A

Work1

Decide to write/erase on

flash Set Flags

Check the flag for UserID Write UserlD1/2/3

Check the UserlD for

write/erase flash Write/Erase Flash

A

A 4

Clear the Flag
Clear UserlD1/2/3

NOTE)
This method is helpful to reduce the case for flash memory to be erased by malfunction, noise and power off.

Figure 15.2 Flow of Protection for Invalid Erase/Write
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15.1.11 Read Mode

The Reading program procedure in user program mode
1. Load receive data from flash memory on MOVC instruction by indirectly addressing mode.

Program Tip —reading

MOV  A#O

MOV DPH,#0x3F

MOV DPL,#0xA0 ;flash memory address
MOVC A @A+DPTR ;read data from flash memory

15.1.12 Code Write Protection Mode

The Code Write Protection program procedure in user program mode
1. Setflash identification register (FIDR).
2. Check the UserlD for to prevent the invalid work®ote),
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 :ldentification value

MOV  A#ID_DATA_1 ;Check the UserID(written by user)
CINE A,UserlD1,No_WriteErase ;This routine for UserID must be needed.
MOV  A#ID _DATA 2

CINE AUserlD2,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  UserlD1,#00H
MOV  UserlD2,#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 (001EH — 001FH) by programmer

(Writer tools).

CONFIGURE OPTION 1 : ROM Address 001FH

7 6 5 4 3 2 1 0
| RP | H - - - - - RSTS
Initial value : O0H

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 (P32)
1 Enable RESETB pin

CONFIGURE OPTION 2: ROM Address 001EH

7 6 5 4 3 2 1 0
- - - - - PAEN PASS1 PASSO
Initial value : O0H
PAEN Enable Specific Area Write Protection
0 Disable (Erasable by instruction)
1 Enable (Not erasable by instruction)
PASS [1:0] Select Specific Area for Write Protection
NOTE)
1. When PAEN ='1’, itis applied
PASS1 PASSO Description
0 0 3.7Kbytes (Address 0100H — OFFFH)
0 1 1.7Kbytes (Address 0100H — O7FFH)
1 0 768bytes (Address 0100H — 03FFH)
1 1 256bytes (Address 0100H — 01FFH)

December 2, 2024 Ver. 1.17

223



MC96F8316

\BO\

17. APPENDIX

A. Instruction Table

Instructions are either 1, 2 or 3 bytes long as listed in the ‘Bytes’ column below.
Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following table. 1 machine cycle
comprises 2 system clock cycles.

ARITHMETIC
Mnemonic Description Bytes Cycles Hex code
ADD A,Rn Add register to A 1 1 28-2F
ADD A.dir Add direct byte to A 2 1 25
ADD A, @RI Add indirect memory to A 1 1 26-27
ADD A #data Add immediate to A 2 1 24
ADDC A,Rn Add register to A with carry 1 1 38-3F
ADDC A,dir Add direct byte to A with carry 2 1 35
ADDC A,@Ri Add indirect memory to A with carry 1 1 36-37
ADDC A #data Add immediate to A with carry 2 1 34
SUBB A,Rn Subtract register from A with borrow 1 1 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 1 95
SUBB A,@RiI Subtract indirect memory from A with borrow 1 1 96-97
SUBB A #data Subtract immediate from A with borrow 2 1 94
INC A Increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC dir Increment direct byte 2 1 05
INC @Ri Increment indirect memory 1 1 06-07
DEC A Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 Ad
DIV AB Divide A by B 1 4 84
DA A Decimal Adjust A 1 1 D4
LOGICAL
Mnemonic Description Bytes Cycles Hex code
ANL A,Rn AND register to A 1 1 58-5F
ANL A, dir AND direct byte to A 2 1 55
ANL A, @RI AND indirect memory to A 1 1 56-57
ANL A #data AND immediate to A 2 1 54
ANL dir,A AND A to direct byte 2 1 52
ANL dir,#data AND immediate to direct byte 3 2 53
ORL A,RN OR register to A 1 1 48-4F
ORL A.dir OR direct byte to A 2 1 45
ORL A @RI OR indirect memory to A 1 1 46-47
ORL A, #data OR immediate to A 2 1 44
ORL dir,A OR A to direct byte 2 1 42
ORL dir,#data OR immediate to direct byte 3 2 43
XRL A,Rn Exclusive-OR register to A 1 1 68-6F
XRL A,dir Exclusive-OR direct byte to A 2 1 65
XRL A, @RI Exclusive-OR indirect memory to A 1 1 66-67
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XRL A #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir,#data Exclusive-OR immediate to direct byte 3 2 63
CLRA Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
RL A Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RR A Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13

DATA TRANSFER
Mnemonic Description Bytes Cycles Hex code
MOV A,Rn Move register to A 1 1 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 78-7F
MOV dir,A Move A to direct byte 2 1 F5
MOV dir,Rn Move register to direct byte 2 2 88-8F
MOV dir,dir Move direct byte to direct byte 3 2 85
MOV dir,@Ri Move indirect memory to direct byte 2 2 86-87
MOV dir,#data Move immediate to direct byte 3 2 75
MOV @Ri,A Move A to indirect memory 1 1 F6-F7
MOV @Ri,dir Move direct byte to indirect memory 2 2 A6-A7
MOV @Ri,#data Move immediate to indirect memory 2 1 76-77
MOV DPTR, #data Move immediate to data pointer 3 2 20
MOVC A,@A+DPTR Move code byte relative DPTR to A 1 2 93
MOVC A, @A+PC Move code byte relative PC to A 1 2 83
MOVX A,@Ri Move external data(A8) to A 1 2 E2-E3
MOVX A,@DPTR Move external data(A16) to A 1 2 EO
MOVX @Ri,A Move A to external data(A8) 1 2 F2-F3
MOVX @DPTR,A Move A to external data(A16) 1 2 FO
PUSH dir Push direct byte onto stack 2 2 Co
POP dir Pop direct byte from stack 2 2 DO
XCH A,Rn Exchange A and register 1 1 C8-CF
XCH A.dir Exchange A and direct byte 2 1 C5
XCH A,@RIi Exchange A and indirect memory 1 1 C6-C7
XCHD A,@RIi 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
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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
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
AIMP addr 11 Absolute jump unconditional 2 2 01—-E1
LIMP addr 16 Long jump unconditional 3 2 02
SIMP rel Short jump (relative address) 2 2 80
JC rel Jumponcarry =1 2 2 40
JNC rel Jump on carry =0 2 2 50
JB bit,rel Jump on direct bit = 1 3 2 20
JNB bit,rel Jump on direct bit =0 3 2 30
JBC bit,rel Jump on direct bit = 1 and clear 3 2 10
JMP @A+DPTR Jump indirect relative DPTR 1 2 73
JZ rel Jump on accumulator = 0 2 2 60
JINZ rel Jump on accumulator #0 2 2 70
CJNE A, dir,rel Compare A, direct jne relative 3 2 B5
CJINE A #d,rel Compare Aimmediate 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
DJINZ Rn,rel Decrement register, jnz relative 2 2 D8-DF
DJINZ dir,rel Decrement direct byte, jnz relative 3 2 D5
MISCELLANEOUS
Mnemonic Description Bytes Cycles Hex code
NOP No operation 1 1 00
ADDITIONAL INSTRUCTIONS (selected through EO[7:4])
Mnemonic Description Bytes | Cycles | Hex code

HOVC QEPTRrA | Moo NSIE spece reeior o | 1 |z | s
TRAP Software break command 1 1 A5

In the above table, an entry such as E8-EF indicates a continuous block of hex opcodes used for 8 different
registers, the register numbers of which are defined by the lowest three bits of the corresponding code. Non-
continuous blocks of codes, shown as 11—F1 (for example), are used for absolute jumps and calls, with the top 3
bits of the code being used to store the top three bits of the destination address.

The CJINE instructions use the abbreviation #d for immediate data; other instructions use #data.
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B. 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 bit, 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

It is only related with Input port. Internal parameters, SFRs and output bit ports don’t cause any error by
using compare jump instructions.

If input 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; } SIMP  yyy
P11/=1; xxx: CLR 088.0
} yyy: MOV C,088.1
CPL C
MOV  088.1,C
SIMP  zzz
unsigned char ret_bit_err(void) MOV R7, #000
{ JB 080.0, xxx ; it possible to be error
return 'POO; 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 oper
ation will not cause any error in using compare jump instructions for input port.

while(21){ zzz. MOV A, 080 ; read as byte
if (P0&0x01)==0x01){ P10=1;} JNB O0EO0.0, xxx ; compare
else { P10=0; } SETB  088.0
P11n=1; SIMP  yyy
} xxx: CLR 088.0
yyy: MOV  (C,088.1
CPL C
MOV  088.1,C
SIMP  zzz
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= If you use input bit port for compare jump instruction, you have to copy the input port as internal paramet
er or carry bit and then use compare jump instruction.

bit tt;

while(1){
tt=P00;
if (tt==0){ P10=1;}
else {P10=0;}
P117=1;

Z7Z:

XXX:

yyy:

MOV
MOV
JB
SETB
SIMP
CLR
MOV
CPL
MOV
SIMP

C,080.0

020.0, C
020.0, xxx

088.0
yyy
088.0
C,088.1
C
088.1,C
Y4

; input port use internal parameter
; move
; compare

228
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C. 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/JESD22-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

NN O AVAYAY,
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 1/O) are zapped, pin by pin.

Vdd Mode

RSN |

e "

’ | LY
o

(T

VeI - -

=

4) ESD Test Method : VSS Mode
VSS pin is grounded
Other pins (VDD and I/0O ) are zapped, pin by pin.

Vss Mode
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5) ESD Test Method : I/O (Pin-to-Pin) Mode
I/O pins are zapped, pin by pin.
1/0O pins which are not zapped are grounded.
All power pins (VDD and VSS) are floated.

Pin-to-Pin Mode

ey
N
f r\. \

=

6) ESD Class
HBM (Human-Body-Model) : 2
M.M. (Machine-Model) : B
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D. 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...).

Noise,

Unstable Power,
Malfunction,
ETC...

Program[J

Sequence

R

Invalid
PC Jump

Program

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

- Ifthe 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.

- Evenifinvalid 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

December 2, 2024 Ver. 1.17
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> Flowchart

Initial
Set LVR/LVI more than 2.0V

y

Start Main Loop <€

v

Working

(2)  Write Flash? ® Set User_ID1
No |« |
Y
Working
Set User_ID2
Set User_ID3

Write Flash

A
Set FSADDRH/M/L
@ Set FIDR

®

Check User_ID1/2/3

No
.

Check Flash Addr
Min/Max

Yes

Set FMCR

)
A 4

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_ID1/2/3
- 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 :
OOH~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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