CMOS single-chip 8-bit MCU
with 128 Kbytes Flash Code S}AQQ}
Memory

Main features MC97F60128
« 8-bit Microcontroller compatible with MCS®51 products M C9 7 F68 1 28
e Basic MCU Function MC97F66128

— 128 Kbytes Flash Code Memory
— 8,448 bytes SRAM

e Built-in Analog Function

User’s manual

— Power-On Reset and Low Voltage Detect Reset
— Internal 8MHz RC Oscillator (+1.5%,Ta= 0 ~ +50 °C)
— Watchdog Timer RC Oscillator (5 kHz) V18

e Peripheral features

— 12-bit Analog to Digital Converter (15 inputs)

— 12-bit Digital to Analog Converter (1 output)

—Fine ADPCM decoder (32kbps @fs = 8 kHz)

— UART 8-bit x 3-ch

— SPI 8-bit x 2-ch

— USI 8-bit UART x 2-ch, 8-bit SPI x 2-ch, 8-bit 12C x 2-ch

e |/O and packages

— Up to 88 programmable 1/O lines with 100 LQFP
—100 LQFP, 80 LQFP, 64 LQFP
— Pb-free package

e Operating conditions

—1.8 V to 5.5V wide voltage range
—-40°C to 85°C temperature range

e Application

— Home Appliance
— Voice Decoder

Revised 12 December, 2017
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1. Overview

1.1  Description

The MC97F60128 is an advanced CMOS 8-bit microcontroller with 128 Kbytes of FLASH. This is powerful

microcontroller which provides a highly flexible and cost effective solution to many embedded control applications. This
offers the following features: 128 Kbytes of FLASH, 256 bytes of IRAM, 8,192 bytes of XRAM, general purpose I/O,
basic interval timer, watchdog timer, 8/16-bit timer/counter, 16-bit PPG output, 8-bit PWM output, 10-bit PWM output,
watch timer, buzzer driving port, SPI, UART, 12C, USI, 12-bit A/D converter, 12-bit D/A converter, FADPCM, on-chip
POR, LVR, LVI, on-chip oscillator and clock circuitry. The MC97F60128 also supports power saving modes to reduce

power consumption.

Device name Flash

XRAM

IRAM Package

MC97F60128L
MC97F68128L
MC97F68128L14 128 Kbytes
MC97F67128LB14
MC97F66128LB14

8,192 bytes

100 LQFP-1414
80 LQFP-1212
256 bytes 80 LQFP-1414
64 LQFP-1414
64 LQFP-1414

Table 1-1 Ordering Information of MC97F60128

MC97F6x128 Family Name

MCO7F6x128 |

=
1~

M

x=0 100 pin

X=6 64 pin (type 1)
X=7 64 pin (type 2)
X=28 80 pin

Package Type

L LQFP

RoHS

B Halogen Free

Package Body Size

Packing

14 14 x 14 mm? (MC97F66128/67128/68128)

(M Tape & Reel

Figure 1.1 Device Nomenclature
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1.

2 Features

CPU

—8-Bit CISC Core (High Speed 8051 2 clocks per cycle)
ROM (FLASH) Capacity

— 128 Kbytes Flash with self read/write capability

— On chip debug and In-System Programming(ISP)

— Endurance : 10,000 times

— Retention : 10 years

256 bytes IRAM
8,192 bytes XRAM

General Purpose I/O (GPIO)

—Normal 1/0 : 20 Ports
(PO, P1[7:6], P6[5:1], P9)

—LCD shared I/O : 68 Ports
(P1[5:0],P2, P3, P4, P5, P6[0], P7, P8,PA,PB, PD)

10Bit PWM Generator
— Emergency/Shot stop available
Timer/ Counter
— Basic Interval Timer (BIT) 8-bitx 1-ch
—Watch Dog Timer (WDT) 8-bitx 1-ch
—5kHz internal RC oscillator
—8-Bit x 3ch (TO/T1/T2), 16-Bit x 4ch (T3/T4/T5/T6)
—8-Bit x 2ch (T7/T8) or 16-Bit x 1ch (T7)
Programmable Pulse Generation
—8-Bit PWM (by TO/T1/T2)
— Pulse generation (by T3/T4/T5/T6)
- 6-ch 10-Bit PWM for Motor (by T8)

Watch Timer (WT)

—3.91ms/0.25s/0.5s/1s /1 min interval at 32.768kHz
Buzzer

—6-Bit x 1-ch

SPI

- 8-Bitx 2-ch

UART

—8-Bit UART x 3-ch

USI (UART + SPI +12C)

— 8Bit UART x 2ch, 8Bit SPI x 2ch and 12C x 2ch

12-Bit A/D Converter

— 15 Input channels

12-Bit D/A Converter

— 1 output channel

FADPCM Decoder

— Fine ADPCM decoder (32kbps @ fs=8kHz)

— Adjustable sampling frequency and bundle size
— Automatic access to external serial flash (16MB)
LCD Driver

— 60 Segments and 8 Common

-1/2,1/3, 1/4, 1/5, 1/6, 1/8 duty selectable

— Resistor bias and 16-step contrast control

— Automatic bias control

Power On Reset

— Reset release level (1.4V)
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Low Voltage Reset

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

Low Voltage Indicator

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

Interrupt Sources

— External Interrupts
(EINTO~J, EINT10~18) (29)

— Timer(0/1/2/3/4/5/6/7/8) (13)
-WDT (1)

-BIT (1)

-WT (1)

- PWM (3)

—SPI12/3 (4)

—UART 2/3/4 (6)

—UsI0/1 (4)

—-ADC (1)

—-DAC (1)

—ADPCM (4)

Internal RC Oscillator
—Internal RC frequency: 8MHz +1.5% (Ta= 0 ~ +50°C)
Power Down Mode

— STOP, IDLE mode

Operating Voltage and Frequency

- 1.8V~ 5.5V (@32~ 38kHz with X-tal)

— 2.0V~ 5.5V (@0.4~ 4.2MHz with X-tal, Crystal)
—-1.8V~ 5.5V (@0.4~ 4.2MHz with X-tal, Ceramic)
- 2.7V~ 5.5V (@0.4~ 12.0MHz with X-tal )

- 1.8V~ 5.5V (@0.5~ 8.0MHz with Internal RC)
-1.8V~5.5V (@1.0 ~ 8.192MHz with PLL)

- Voltage dropout converter included for core

Minimum Instruction Execution Time

—-167ns (@ 12MHz main clock)
—61us (@ 32.768kHz sub clock)

Operating Temperature

- —40~+85T

Oscillator Type

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

—Phase locked loop (Max. 8.192MHz with sub clock)
Package Type

—100 LQFP-1414

- 80 LQFP-1212

—80 LQFP-1414

- 64 LQFP-1414

- Pb-free package
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1.3 Development tools

1.3.1 Compiler

ABOV Semiconductor does not provide compiler. It is recommended that you consult a compier provider.
The MC97F60128 core is Mentor 8051 and the ROM size is smaller than 128 Kbytes.Therefore, developer can use
the standard 8051 compiler from other providers.

1.3.2 0OCD2(On-chip debugger) emulator and debugger

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

The OCD?2 interface uses two-wire interfacing between PC and MCU which is attached to user’s system. The OCD2
can read or change the value of MCU internal memory and 1/O peripherals. And the OCD2 also controls MCU internal
debugging logic, it means OCD2 controls emulation, step run, monitoring, etc.

The OCD2 is very flexible, powerful and faster than OCD1(Real time monitoring, RAM break, Emulation time
measuring...). The MC97x series is supported by only OCD2.

The OCD2 Debugger program works on all Microsoft-Windows operating system.

If you want to see more details, please refer to OCD2 debugger manual. You can download debugger S/W and
manual from our web-site (http://www.abov.co.kr).

Connection:
- DSCL (MC97F60128 P14 port)
- DSDA (MC97F60128 P15 port)
- RTIME (MC97F60128 RUNFLAG port, Option)

NOTE)
1. MC97F60128 Use Only OCD2.

OCD connector diagram: Connect OCD with user system

1 o O 2 User VCC

3 O O | 4 UserGND
RUNFLAG 5 I:] o o | & pscL

7 O O | 8 DSDA

9 o o | 10

Figure 1.2 Debugger(OCD2) and Pin description
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1.3.3 Programmer

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

1

oV

NB
E_PG"+ SEMICONOUCTOR

>

DSDA —
VDD —
DSCL —
RUNFLAG —

— VSS

OOOOOOOOOOOOO%S%SOOO

OOOOOOOOOOOOOOO?OOOO

Figure 1.3 E-PGM+(Single writer)
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OCD emulator : OCD-II
- It can write code to MCU device too, because OCD debugger supports ISP (In System Programming).It

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

Gang programmer : E-GANG4 and E-GANG6
- ltcanrun PC controlled mode.
- ltcan run standalone without PC control too.
- USB interface is supported.

- Easy to connect to the handler.

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




ABOV Semiconductor Co., Ltd.

MC97F60128

1.4  MTP programming

1.4.1 Overview

The program memory of MC97F60128 is MTP Type. This flash is accessed by serial data format. There are five
pins(DSCL, DSDA, RUNFLAG, VDD, VSS) for programming/reading the flash.

. Main chip During programming
Pin name - —
pin name I/0 Description
DSCL P62 | Serial clock pin. Input only pin.
DSDA P63 /o Serial data pin. Output port when reading and input port when programming.
Can be assigned as input/push-pull output port.
VDD, VSS VDD, VSS - Logic power supply pin.
RUNFLAG RUNFLAG I/0 On chip debugger run flag with a pull-down resistor.
Table 1.2

1.4.2 On-Board programming

Descriptions of pins which are used to programming/reading the Flash

The MC97F60128 needs only five signal lines including VDD and VSS pins for programming FLASH with serial

protocol. Therefore the on-board programming is possible if the programming signal lines are considered when the
PCB of application board is designed.

10
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1.4.3

Circuit Design Guide

At the FLASH programming, the programming tool needs 5 signal lines that are DSCL, DSDA, RUNFLAG, VDD and

VSS. When you design the PCB circuits, you should consider the usage of these signal lines for the on-board

programming.

Please be careful to design the related circuit of these signal pins because rising/falling timing of DSCL and DSDA is

very important for proper programming.

E-PGM+, E-GANG4/E-GANG6

DSCL(I)

DSDA(I/O)

RUNFLAG

VDD

VSS

HEEE NN

VDD
s N Y
L. (10k<)

. R1 (2kQ ~ 5k)

:I—Q L To application circuit
R2 (2kQ ~ 5kR)
j L @ To application circuit
Option

—
|
]
-
| ] ®

NOTE)
1. Inon-board programming mode, very high-speed signal will be provided to pin DSCL and
DSDA. And it will cause some damages to the application circuits connected to DSCL or
DSDA port if the application circuit is designed as high speed response such as relay
control circuit. If possible, the 1/O configuration of DSDA, DSCL pins had better be set to
input mode.
2. The value of R1 and R2 is recommended value. It varies with circuit of system.
The RUNFLAG has an internal pull-down resistor(Typ 50kQ @ 5V).
4. The DSCL and DSDA have an internal pull-up resistor(Typ 50kQQ @ 5V) during power on
or OCD mode.
5.  The option is recommended if the DSCL and DSDL is not used to application circuit. This
can increase the stability of the system.
Figure 1.5 PCB design guide for on board programming

11
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2. Block diagram

CORE
M8051

Flash
128KB

XRAM
8,192B

IRAM
256B

General purpose I/O
20 ports normal I1/O
68 ports LCD shared 1/0O

On-chip debug
In-system programming

Watchdog timer
8 channels, 8-bit
32kHz, internal RC OSC

Basic interval timer
1 channel, 8-bit

Power control
Power on reset
Low voltage reset
Low voltage indicator

Power down mode

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

Clock generator
8MHz, Internal RC OSC
12MHz, Crystal OSC
32.768kHz, Crystal OSC

8.2MHz, PLL

LCD driver
60 segments

FADPCM Decoder
32Kbps @8kHz

Buzzer
1 channel, 8-bit

DAC
1 Output channel, 12-bit

UART
5 channels, 8-bit

ADC
15 Input channels, 12-bit

PWM
7 channels, 8-bit

6 channels 10-bit PWM for Motor

1 channel 10-bit PWM

SPI
4 channels, 8-bit

12C
2 channels, 8-bit

Block diagrom of MC97F60128
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PD2/SEG7

PD1/SEG6

PDO/SEG5

P77/COMO

P76/COM1

P75/COM2

P74/COM3
P73/SEG4/VLCO/PWMBCB
P72/SEG3/VLC1/PWMBCA
P71/SEG2/VLC2/PWM8BB
P70/SEG1/VLC3/PWM8BA
P60/SEGO/PWMBAB
P61/EINT18/T8O/PWMBAA
P62/ANS/EINT17/T70
P63/AN9/EC7/DAC
P64/AN10/TXD2
P65/AN11/RXD2
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P32/SEG39/RXD0/SCLO/MISO0
P33/SEG40/MISO2/LDACB2
P34/SEG41/MOSI2
P35/SEG42/SCK2
P36/SEG43/SS2/CSB2
P37/SEG44/MISO3/LDACB3
P20/SEG45/MOSI3
P21/SEG46/SCK3
P22/SEG47/SS3/CSB3
P23/SEGA48/(T30/PWM3O/EXTSP2)
P24/COM4/SEG49/PWMOUT
P25/COMS5/SEG50/TRIG
P26/COM6/SEG51/EC3/EXTSPO
P27/COM7/SEG52/ECA/EXTSP1
PAO/SEGS53/EINTF
PA1/SEG54/EINTG
PA2/SEGS55/EINTH
PA3/SEGS56/EINTI
PA4/SEG57/EINTJ
P10/SEG58/EINT13/T30/PWM3O/EXTSP2
P11/SEG59/EINT14/T40/PWM40
P12/SEG60/EINT15/T50/PWM50
P13/SEG61/EINT16/T60/PWM60O
P14/SEG62/EINT8/EC5/DSCL
P15/SEG63/EINT9/EC6/DSDA

NOTE)

On On-Chip Debugging, ISP uses P1[5:4] pin as DSDA, DSCL.
The pin in parentheses can be configured by software control.

1.

2.

MC97F60128L 100LQFP pin assignment

Figure 3.1
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POO/ANO/EINTO/BLNK

PO1/AN1/EINT1
PO2/AN2/EINT2
PO3/AN3/EINT3
PO4/AN4/EINT4
PO5/ANS/EINTS
PO6/ANG6/EINT6
PO7/AN7/EINT7
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RESETB
P17/XOUT
P16/XIN
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SXOUT
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':9 MC97F68128L 2:'
[ 5. ]
] 10 (80LQFP-1212), 51 [
11 50
':12 MC97F68128L14 49:'
— 13 (80LQFP-1414) 8
] 14 47 3
/] 15 46 ]
[ 16 45 ]
17 44 ™
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P86/SEG16

P87/SEG17

P50/SEG18/RXD4
P51/SEG19/TXD4
P52/SEG20/RXD3
P53/SEG21/TXD3
P54/SEG22/SS1
P55/SEG23/SCK1
P56/SEG24/TXD1/SDA1/MOSI1
P57/SEG25/RXD1/SCL1/MISO1
P40/SEG29/ECO

P41/SEG30/EC1

P42/SEG31/EC2
P43/SEG32/EINT10/TOO/PWM0OO
P44/SEGS33/EINT11/T10/PWM10
P45/SEG34/EINT12/T20/PWM20
P46/SEG35/BUZO
P47/SEG36/SS0
P30/SEG37/SCKO0
P31/SEG38/TXD0/SDAO/MOSIO

NOTE)
1. On On-Chip Debugging, ISP uses P1[5:4] pin as DSDA, DSCL.
2. The P9, PA, PB and PD pins should be selected as a push-pull output or an input with
pull-up resistor by software control when the 80-pin package is used.
3. The pin in parentheses can be configured by software control.
Figure 3.2 MC97F68128L/L14 80LQFP pin assignment
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P44/SEG33/EINT11/T10/PWM10
P45/SEG34/EINT12/T20/PWM20
P46/SEG35/BUZO
P47/SEG36/SS0
P30/SEG37/SCKO
P31/SEG38/TXD0/SDAO/MOSIO

NOTE)

1. On On-Chip Debugging, ISP uses P1[5:4] pin as DSDA, DSCL.

2. The P06-P07, P20-P23, P36-P37, P8, P9, PA, PB and PD pins should be selected as a
push-pull output or an input with pull-up resistor by software control when the 64-pin
package is used.

3. The pin in parentheses can be configured by software control.

Figure 3.3 MC97F67128LB14 64LQFP pin assignment
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P57/SEG25/RXD1/SCL1/MISO1
P40/SEG29/ECO

P41/SEG30/EC1

P42/SEG31/EC2
P43/SEG32/EINT10/TOO/PWM0OO
P44/SEG33/EINT11/T10/PWM10
P45/SEG34/EINT12/T20/PWM20
P46/SEG35/BUZO
P47/SEG36/SS0
P30/SEG37/SCKO0
P31/SEG38/TXD0/SDA0/MOSIO

NOTE)

1. On On-Chip Debugging, ISP uses P1[5:4] pin as DSDA, DSCL.

2. The P20-P23, P36-P37, P8, P91-P94, PA2-PA4, PB and PD pins should be selected as a
push-pull output or an input with pull-up resistor by software control when the 64-pin
package is used.

3. The AVSS, SXIN, SXOUT, VREG and LPF pins are not in the 64-Pin package.

4. The pin in parentheses can be configured by software control.

Figure 3.4 MC97F66128LB14 64LQFP pin assignment
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4. Package Diagram

AR ARASAAAAAR AR

PIMN #1 INDEX

@\‘ I

E1
E

SEEEELELELLELEL
e

GAUGE PLANE 0.25

LEAD FORM PART

BASE METAL

cl

/|. WITH FLATING

SECTIONA - A

NOTES:

-

- ALL DIMENSIONS REFER TO JEDEC STANDARD M3-026-BED.

REV. DESCRIFTION DATE ENG APPROVAL
- GENERATE. 08127 SJH. KIM ¥Jd CHAE
COMMON DIMENSIONS
{UNITS OF MEASURE=MILLIMETER}

gyMBOL | MIN NOM Max
A - — 160
Al 0.05 — 0.15
A2 1.35 1.40 145
b 017 02 027
bl 017 020 023
c 0.0 - 0.20
cl 0.03 — 016
D 15.80 16.00 16.20
D1 13.80 14.00 14.20
E 15.80 16.00 16.20
E1 13.80 14.00 14,20
e 0.50 BSC
L 045 | 080 | 075
L 1.00 REF
o o | 38 | 7

2. DIMENSION 'D1' AND "E1* DO NOT INCLUDE MOLD PROTRUSIONS. ALLOWAEBLE
PROTRUSICN IS 0.25MM PER SIDE. 'D1" AND 'E1" ARE MAXIMUM PLASTIC BODY SIZE
DIMENSIONS INCLUDING MOLD MISMATCH.

3. DIMENSION 'b' DOES NOT INLCUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR:
PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE MAXIMUM '
DIMENSION BY MORE THAN 0.08MM,

dn

POINT OM THE PACKAGE BODY,

."A1"1S DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SEALE: NONE _uro.._.nm_.__:.:_ﬂ RN J5. KANG

OMERSINAL MM | osnnese | BMEMEER o km

PROJECTION oo CHECKED o) chaz
XK

H.Mwﬂu ﬁ FFEREDR ¥l CHAE

e

LQFP 14X14MM 100LD
PACKAGE OUTLINE

ABOV SEMICONDUCTOR

CAD NAME:
OLQ-1414100

CRAWING NUMBER:
OLC-1414100

1 0OF 1

100-pin LQFP-1414 Package

Figure 4.1
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e

E1

:_T__::_

IIIIIIEI_

(L1)

LEAD FORM PART

A

..\\l BASE METAL

/K

/|15.._.r_ FLATING

SECTION A - A

MNOTES:

REV

DESCRIFTION

OATE ENG APPROVAL

GENERATE

HH 2T JH KM YU CHAE

COMMON DIMENEICHS
{UNITS OF MEASURE=MILLIMETER}

SYMBOL MIN HOM MAX,
A — - 1.80
Al 005 — 0.15
A2 135 1.40 1.45
b a7 Q.22 Q.27
b1 047 0.20 0.23
¢ 008 - 0.20
el 00% _ 0.16
o 13,80 14.00 14.20
D1 11,80 12.00 12.20
E 13,80 14.00 14.20
E1 11,80 12,00 12,20
& 050B5C
L 45 | o080 [ o7s
L1 1.00 REF
8 v [ ss | 7

1. ALL DIMENSIONS REFER TO JEDEC STANDARDMS-026-BDD.

2, DIMENSION 'D1" AND E1" DO NOT INCLUDE MOLD PROTRUSIONS, ALLOWABLE
PROTRUSION 15 0.25MM PER SIDE. "D AND "E1" ARE MAXIMUM PLAETIC BODY SIZE
DIMENSIONS INCLUDING MOLD MISMATCH.

3. DIMENSION & DOES NOT INLCUDE DAMBAR PROTRUSION. ALLOWAEBLE DAMBEAR.
FROTRLUSION SHALL NOT CALSE THE LEAD WIDTH TO EXCEED THE MAXIMLUM B°
DIMENSION BY MORE THAN 0,088,

4.'A41"15 DEFIMED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST
POINT ON THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENT S

AL NANE U_-lmm.._w..._..- CRARE JE KAMG | TME
o | [T o LQFP 12X12MM BOLD
H_u_ﬁdz@ = £y L . o PACKAGE OUTLINE
SFECFIED e AFROED:  wy cHag

AL A O RAHAA M MLMEER REY. HHEET
ABOV SEMICONDUCTOR|  oLa-1mzoan OLa-1212080 _ ¢ oF 1

80-Pin LQFP-1212 Package

Figure 4.2
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L1

LEAD FORM PART

SECTION A-A

AL
A2

W

N

a1
A

NOTES:

1. ALL DIMENSIONS REFER TO JEDEC STANDARD MS-026-BEC

REWV. DESCRIPTION DATE ENG APPROVAL
—_ GEMERATE. o4/18mM7 JH. KIM ). CHAE
COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL | MIN NOM MAX
A — - 1.80
Al 0.05 - 0.15
A2 135 1.40 145
b 0.22 0.32 0.38
b1 0.22 0.30 0.33
c 0.09 - 0.20
el 0.09 — 0.18
D 15.80 16.00 16.20
D1 13.80 14.00 14.20
E 15.80 16.00 16.20
E1 13.80 14.00 14.20
e 0.65 BSC
L 0as | oso | o7s
L1 1.00 REF
a S

2. DIMENSION "'D1" AND "E1" DO NOT INCLUDE MOLD PROTRUSIONS. ALLOWABLE
PROTRUSICN 1S 0.25MM PER. SIDE. 'D1" AND 'E1" ARE MAXIMUM PLASTIC BODY SIZE
DIMENSIONS INCLUDING MOLD MISMATCH.

3. DIMENSION "h' DOES NOT INLCUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE MAXIMUM '’
DIMENSION BY MORE THAN 0.08MM.

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

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

BCALE NONE _u...ﬂ:m._.ﬁ DRAWM 15, KANG | TME
e o LQFP 14X14MM 80LD
FRaETIoy y e v, cuE PACKAGE QUTLINE
UNLEZS 90d
SRECIFIED Aol AFFROVEC:  w). CHAE

CAD MAME DAANME NUMBER: A= IHEET
ABOV SEMICONDUCTOR OLQ-1414080 OLQ-1414080 — OF

80-Pin LQFP-1414 Package

Figure 4.3
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2 DMENSIONS D1"AND ET DO NOTINCLUDE MOLD PROTRUSIONS. ALLOWAELE

b
E 020 @ A A FROTRUSION |15 0 25MM PER SIDE DT AND "E1° ARE MAX MUM PALETIC BODY SIZE
DIMENSIONS INCLUDING MOLD MIZMATCH.

REV DESCRIPTION DATE ENG APPRON AL
bl GEMERATE aanafT JH M ¥ CHAE
A COMMON DIMENSIONS
" D T {UNITS OF MEAS URE=MILLIMETER)
D1 AL
(Al SYMBOL | MIN NCM MAX
A - - 160
A6 HEAARAAA AR AR | s o [ = [ o
7 4 A2 1.35 140 145
0 _ - T b 0.20 037 045
=5 = ] b1 0.30 035 040
I 0.08 020
o min| - € . -
— - L el 0.08 - 016
o= - LT D 1580 1600 16.20
(= = = ﬁ. D1 1380 1400 14.20
== _ _ - Aw - E 1580 1600 18.20
i - T Ei 1380 1400 14.20
o min ﬂ- o 0.80 BSC
0 11 ﬂl
— - I L 045 [ o0 | o075
- - ﬁ- L1 1,00 REF
0 P & 1 NDEX =i s 8 o _ 3.5 _ T
o | [ 11 ﬁ-
[ m=im] [ NOTES:
f_m_ E _t _m_ _m_ _m_ _m_ _m_ _m_ _m_ _m_ _m_ m _m_ _m_ _m_ v 1. ALL DIMENSIONS MEET JEDEC STANDARD MS-026-BEE,
el

e

DMENSION & DOES NOT INCLUDE DAMBAR PROTRUSION, ALLOWABLE DAMBAR
PROTRUSION SHALL NOT CAUSE THE LEAD WDTH TO EXCEED THE MAXIMUM &
DIMENSION BY MORE THAN 0.08MM,

20

64-Pin LQFP-1414 Package

4. A1 15 DEFINED AS THE DISTANGE FROM THE SEATING PLANE TO THE LOWEST
b
b POINT ON THE PACKAGE BODY,
— B EE METAL
r
f — LIST OF MATERIAL AND APPLICABLE DOCUMENTS
|
f E— k - e nonE | PR | T s wana | TS
L N WA L = R LQFP 14X14MM 64LD
_— PROJECTION s CHECHED -
L1 LEAD FORM PART SECTION A - A s @ —] o i PACKAGE QUTLINE
I SFECFIED — pirsH APPRONEDY oy o
R MM IR P P LUMEER REW. SHEET.
ABOV SEMICONDUCTOR|  oig1414084 OLO-1414064 - 1 OF 1

ABOV Semiconductor Co., Ltd.

Figure 4.4
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5. Pin Description

PIN

110 Function @RESET Shared with
Name
P00 ANO/EINTO/BLNK
PO1 AN1/EINT1
P02 Port_O is a bit-programma_ble I/Q port which can be AN2/EINT2
configured as a schmitt-trigger input, a push-pull
P03 /o | output or an open-drain output. Inout ANS/EINT3
P04 A pull-up resistor can be specified in 1-bit unit. P AN4/EINT4
The P06-P07 are not in the 64-
P05 Pin(MC97F67128LB14) package. ANS/EINTS
P06 ANG/EINT6
PO7 AN7/EINT7
P10 SEG58/EINT13/T30/PWM30O/EXTSP2
P11 SEG59/EINT14/T40/PWM40
P12 Port 1 is a bit-programmable 1/O port which can be SEG60/EINT15/T50/PWM50
P13 configured as a schmitt-trigger input, a push-pull SEG61/EINT16/T60/PWM60O
I/0O | output or an open-drain output. Input
P14 A pull-up resistor can be specified in 1-bit unit. SEG62/EINT8/EC5/DSCL
P15 SEG63/EINT9/EC6/DSDA
P16 XIN
P17 XOUT
P20 SEG45/MOSI3
P21 SEG46/SCK3
p22 Port 2 is a bit-programmable I/O port which can be SEG47/SS3/CSB3
P23 configured as a schmitt-trigger input, a push-pull SEG48/(T30/PWM30/EXTSP2)
I/O | output or an open-drain output. Input
P24 A pull-up resistor can be specified in 1-bit unit. COM4/SEG49/PWMOUT
P25 The P20-P23 are not in the 64-Pin package. COMS5/SEG50/TRIG
P26 COMG6/SEG51/EC3/EXTSPO
P27 COM7/SEG52/EC4/EXTSP1
P30 SEG37/SCKO0
P31 SEG38/TXD0/SDAO/MOSIO
P32 Port 3 is a bit-programmable I/O port which can be SEG39/RXD0/SCLO/MISO0
P33 configured as a schmitt-trigger input, a push-pull SEG40/MISO2/LDACB2
I/O | output or an open-drain output. Input
P34 A pull-up resistor can be specified in 1-bit unit. SEG41/MOSI2
P35 The P36-P37 are not in the 64-Pin package. SEG42/SCK?2
P36 SEG43/SS2/CSB2
P37 SEG44/MISO3/LDACB3
P40 SEG29/ECO
P41 SEG30/EC1
P42 . . . SEG31/EC2
Port 4 is a bit-programmable 1/0 port which can be
P43 yo | configured as a schmitt-trigger input, a push-pull Input SEG32/EINT10/TOO/PWMOO
P44 output or an open-drain output. o SEG33/EINT11/T10/PWM10
A pull-up resistor can be specified in 1-bit unit.
P45 SEG34/EINT12/T20/PWM20
P46 SEG35/BUZO
P47 SEG36/SS0
Table 5-1 Normal Pin Description
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Nzlrzle 110 Function @RESET Shared with
P50 SEG18/RXD4
P51 SEG19/TXD4
P52 . . ) SEG20/RXD3
Port 5 is a hit-programmable 1/0O port which can be
P53 /o | configured as a schmitt-trigger input, a push-pull nout SEG21/TXD3
P54 output or an open-drain output. o P SEG22/SS1
A pull-up resistor can be specified in 1-bit unit.
P55 SEG23/SCK1
P56 SEG24/TXD1/SDA1/MOSI1
P57 SEG25/RXD1/SCL1/MISO1
P60 SEGO/PWMBAB
P61 Port 6 is a bit-programmable I/O port which can be EINT18/T8O/PWMBAA
P62 configured as a schmitt-trigger input, a push-pull ANS/EINT17/T70
I/O | output or an open-drain output. Input
P63 A pull-up resistor can be specified in 1-bit unit. ANS/EC7/DAC
P64 AN10/TXD2
P65 AN11/RXD2
P70 SEG1/VLC3/PWM8BA
P71 SEG2/VLC2/PWM8BB
p72 Port 7 | it ble 16 bort which ) SEG3/VLC1/PWM8CA
ort 7 is a bit-programmable port which can be
P73 configured as an input, a push-pull output or an open- SEGA/VLCO/PWMBCB
P74 o drain output Input CcOM3
A pull-up resistor can be specified in 1-bit unit.
P75 COM2
P76 coM1
P77 COMO
P80 SEG10
P81 SEG11
P82 Port 8 is a bit-programmable 1/O port which can be SEG12
P83 con_figured as an input, a push-pull output or an open- SEG13
I/O | drain output.. Input
P84 A pull-up resistor can be specified in 1-bit unit. SEG14
P85 The P8 is not in the 64-Pin package. SEG15
P86 SEG16
P87 SEG17
P90 Port 9 is a bit-programmable I/O port which can be AN12/EINTA
configured as a schmitt-trigger input, a push-pull
Po1 output or an open-drain output. AN13/EINTB
P92 /0 A pull-up resistor can be specified in 1-bit unit. Inout AN14/EINTC
Po3 The P9 is not in the 64(MC97F67128LB14)/80-Pin P EINTD
package.
The P91-P94 are not in the 64-Pin
P94 (MC97F66128LB14) package. EINTE
PAO Port A is a bit-programmable 1/0 port which can be SEG53/EINTE
configured as a schmitt-trigger input, a push-pull
PAL output or an open-drain output. SEGS4/EINTG
PA2 /0 A puII-up_resistor_ can be specified in 1-bit unit. _ Input SEGS55/EINTH
PA3 ggsk:éb‘; is not in the 64(MC97F67128LB14)/80-Pin SEGS6/EINTI
The PA2-PA4 are not in the 64Pin
PA4 (MC97F66128LB14) package. SEGS7/EINTJ
Table 5-2 Normal Pin Description (Continued)
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NzlrI:e 110 Function @RESET Shared with
PBO Port B is a bit-programmable 1/0 port which can be SEG26
o | o | Comred s an ot apustvplouputoran | [ seeay
PDO ' . ) SEG5
PoL | | FonD s a it programmabie IO por whichcan e
PD2 I/O | open-drain output.. Input SEG7
PD4 SEG9
EINTO POO/ANO/BLNK
EINT1 PO1/AN1
EINT2 P0O2/AN2
EINT3 PO3/AN3
EINT4 P0O4/AN4
EINT5 PO5/AN5S
EINT6 PO6/AN6
EINT7 PO7/AN7
EINT8 P14/SEG62/EC5/DSCL
EINT9 . . P15/SEG63/EC6/DSDA
EINTA I/O | External interrupt inputs Input C90/ANLD
EINTB P91/AN13
EINTC P92/AN14
EINTD P93
EINTE P94
EINTF PAO/SEG53
EINTG PA1/SEG54
EINTH PA2/SEG55
EINTI PA3/SEG56
EINTJ PA4/SEG57
EINT10 I/0 | External interrupt input and Timer O capture input Input P43/SEG32/TOO/PWMOO
EINT11 I/0 | External interrupt input and Timer 1 capture input Input P44/SEG33/T10/PWM10
EINT12 I/0 | External interrupt input and Timer 2 capture input Input P45/SEG34/T20/PWM20
EINT13 I/0O | External interrupt input and Timer 3 capture input Input P10/SEG58/T30/PWM3O/EXTSP2
EINT14 I/0O | External interrupt input and Timer 4 capture input Input P11/SEG59/T40/PWM40
EINT15 I/0 | External interrupt input and Timer 5 capture input Input P12/SEG60/T50/PWM50
EINT16 I/0 | External interrupt input and Timer 6 capture input Input P13/SEG61/T60/PWM60
EINT17 I/O | External interrupt input and Timer 7 capture input Input P62/AN8/T70
EINT18 I/0 | External interrupt input and Timer 8 capture input Input P61/T8BO/PWMBAA
Table 5-3 Normal Pin Description (Continued)
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PIN . .
Name /1O Function @RESET Shared with
TOO I/O | Timer O interval output Input P43/SEG32/EINT10/PWM0OO
T10 I/O | Timer 1 interval output Input P44/SEG33/EINT11/PWM10
T20 I/O | Timer 2 interval output Input P45/SEG34/EINT12/PWM20
T30 I/O | Timer 3 interval output Input P10/SEG58/EINT13/PWM3O/EXTSP2
T40 I/O | Timer 4 interval output Input P11/SEG59/EINT14/PWM40
T50 I/O | Timer 5 interval output Input P12/SEG60/EINT15/PWM50
T60 I/O | Timer 6 interval output Input P13/SEG61/EINT16/PWM60
T70 I/O | Timer 7 interval output Input P62/ANS/EINT17
T80 I/O | Timer 8 interval output Input P61/EINT18/PWMBAA
PWMOO | I/O | Timer 0 PWM output Input P43/SEG32/EINT10/T0O
PWM10O | I/O | Timer 1 PWM output Input P44/SEG33/EINT11/T10
PWM20O | I/O | Timer 2 PWM output Input P45/SEG34/EINT12/T20
PWM3O | I/O | Timer 3 PWM output Input P10/SEG58/EINT13/T30/EXTSP2
PWM40 | I/O | Timer 4 PWM output Input P11/SEG59/EINT14/T40
PWM50 | I/O | Timer 5 PWM output Input P12/SEG60/EINT15/T50
PWM60O | I/O | Timer 6 PWM output Input P13/SEG61/EINT16/T60
PWMBAA P61/EINT18/T80
PWMS8AB P60/SEGO
PWMS8BA ) P70/SEG1/VLC3
PWMEEB I/O | Timer 8's 6-ch PWM outputs Input 571/SEG2VLC2
PWMB8CA P72/SEG3/VLC1
PWM8CB P73/SEG4/VLCO
BLNK I/O | External Sync Signal Input for 6-ch PWMs Input POO/ANO/EINTO
ECO-EC2 | I/O | Timer 0/1/2 event count inputs Input P40-P42/SEG29-SEG31
EC3 I/O | Timer 3 event count input Input P26/COM6/SEG51/EXTSPO
EC4 I/O | Timer 4 event count input Input P27/COM7/SEG52/EXTSP1
EC5 I/O | Timer 5 event count input Input P14/SEG62/EINT8/DSCL
EC6 I/O | Timer 6 event count input Input P15/SEG63/EINT9/DSDA
EC7 I/O | Timer 7 event count input Input P63/AN9/DAC
SCKO I/O | Serial O clock input/output Input P30/SEG37
SCK1 I/O | Serial 1 clock input/output Input P55/SEG23
SCK2 I/O | Serial 2 clock input/output Input P35/SEG42
SCK3 I/O | Serial 3 clock input/output Input P21/SEG46
MOSIO I/O | Serial 0 data input/output Input P31/SEG38/TXD0/SDAO
MOSI1 I/O | Serial 1 data input/output Input P56/SEG24/TXD1/SDA1
MOSI2 I/O | Serial 2 data input/output Input P34/SEG41
MOSI3 I/O | Serial 3 data input/output Input P20/SEG45
MISO0 I/O | Serial 0 data input/output Input P32/SEG39/RXD0/SCLO
MISO1 I/O | Serial 1 data input/output Input P57/SEG25/RXD1/SCL1
MISO2 I/O | Serial 2 data input/output Input P33/SEG40/LDACB2
MISO3 I/O | Serial 3 data input/output Input P37/SEG44/LDACB3
Table 5-4 Normal Pin Description (Continued)
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Nzlr;\le /1O Function @RESET Shared with
SSO I/O | Slave 0 select input Input P47/SEG36
SS1 I/O | Slave 1 select input Input P54/SEG22
SS2 I/O | Slave 2 select input Input P36/SEG43/CSB2
SS3 I/O | Slave 3 select input Input P22/SEG47/CSB3
TXDO | I/O | UART 0 data output Input P31/SEG38/SDA0/MOSIO
TXD1 | I/O | UART 1 data output Input P56/SEG24/SDA1/MOSI1
TXD2 | /0O | UART 2 data output Input P64/AN10
TXD3 | /0O | UART 3 data output Input P53/SEG21
TXD4 | 1/0O | UART 4 data output Input P51/SEG19
RXDO | /O | UART 0 data input Input P32/SEG39/SCLO/MISO0
RXD1 | I/O | UART 1 data input Input P57/SEG25/SCL1/MISO1
RXD2 | I/O | UART 2 data input Input P65/AN11
RXD3 | 1/0O | UART 3 data input Input P52/SEG20
RXD4 | I/0O | UART 4 data input Input P50/SEG18
SCLO | I/O | I12C 0 clock input/output Input P32/SEG39/RXD0/MISO0
SCL1 | I/O | I2C 1 clock input/output Input P57/SEG25/RXD1/MISO1
SDAO | I/O | 12C 0 data input/output Input P31/SEG38/TXD0/MOSIO
SDAl | I/O | 12C 1 data input/output Input P56/SEG24/TXD1/MOSI1
BUZO | I/0 | Buzzer signal output Input P46/SEG35
ANO POO/EINTO/BLNK
AN1 PO1 /EINT1
AN2 P02 /EINT2
AN3 PO3 /EINT3
AN4 P04 /EINT4
AN5 PO5 /EINT5
ANG6 P06 /EINT6
AN7 I/O | A/D converter analog input channels Input PO7 JEINT7
AN8 P62/EINT17/T70
AN9 P63/EC7/DAC
AN10 P64/TXD2
AN11 P65/RXD2
AN12 P90/EINTA
AN13 P91/EINTB
AN14 P92/EINTC
Table 5-5 Normal Pin Description (Continued)
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Nzlr;\le /0 Function @RESET Shared with
VLCO P73/PWMBCB/SEG4
VLC1 ) . P72/PWMBCA/SEG3
I/O | LCD bias voltage pins Input
VLC2 P71/PWM8BB/SEG2
VLC3 P70/PWMBBA/SEG1
COMO P77
CcoM1 P76
COM2 P75
COM3 . P74
I/O | LCD common signal outputs Input
ComM4 P24/SEG49/PWMOUT
COM5 P25/SEG50/TRIG
COM®6 P26/SEG51/EC3/EXTSPO
com7 P27/SEG52/EC4/EXTSP1
SEGO P60/SEGO/PWMBAB
SEG1 P70/VLC3/PWM8BA
SEG2 P71/VLC2/PWM8BB
SEG3 P72VLC1/PWM8CA
SEG4 P73/VLCO/PWMSBCB
SEG5 PDO
SEG6 PD1
SEG7 PD2
SEGS8 PD3
SEG9 PD4
SEG10 P80
SEG11 P81
SEG12 P82
SEG13 P83
SEG14 P84
SEG15 P85
SEG16 | I/O | LCD segment signal outputs Input P86
SEG17 P87
SEG18 P50/RXD4
SEG19 P51/TXD4
SEG20 P52/RXD3
SEG21 P53/TXD3
SEG22 P54/SS1
SEG23 P55SCK1
SEG24 P56/TXD1/SDA1/MOSI1
SEG25 P57/RXD1/SCL1/MISO1
SEG26 PBO
SEG27 PB1
SEG28 PB2
SEG29 P40/ECO
SEG30 P40/ECO
SEG31 P40/ECO
SEG32 P43/EINT10/TOO/PWMO0OO
Table 5-6 Normal Pin Description (Continued)
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NzlrI:e /0 Function @RESET Shared with
SEG33 P44/EINT11/T10/PWM10
SEG34 P45/EINT12/T20/PWM20
SEG35 P46/BUZO
SEG36 P47/SS0
SEG37 P30/SCKO
SEG38 P31/TXD0/SDAO/MOSIO
SEG39 P32/RXD0/SCLO/MISO0
SEG40 P33/MISO2/LDACB2
SEG41 P34/MOSI2
SEG42 P35/SCK2
SEG43 P36/SS2/CSB2
SEG44 P37/MISO3/LDACB3
SEG45 P20/MOSI3
SEG46 P21/SCK3
SEG47 P22/SS3/CSB3
SEG48 I/O | LCD segment signal outputs Input P23 (T30/PWM3O/EXTSP2)
SEG49 P24/COM4/PWMOUT
SEG50 P25/COMS5/TRIG
SEG51 P26/COM6/EC3/EXTSPO
SEG52 P27/COM7/EC4/EXTSP1
SEG53 PAO /EINTF
SEG54 PA1 /EINTG
SEG55 PA2 /EINTH
SEG56 PA3 /EINTI
SEG57 PA4 JEINTJ
SEG58 P10/EINT13/T30/PWM30O/EXTSP2
SEG59 P11/EINT14/T40/PWM40
SEG60 P12/EINT15/T50/PWM50
SEG61 P13/EINT16/T60/PWM60
SEG62 P14/EINT8/EC5/DSCL
SEG63 P15/EINT9/EC6/DSDA
PWMOUT | I/O | 10-bit PWM output Input P24/COM4/SEG49
TRIG I/O | External trigger input for PWM generator Input P25/COM5/SEG50
EXTSPO _ P26/COM6/SEG51/EC3
EXTSP1 | I/0 S;Ernaetll)r shot/emergency stop inputs for PWM | ["p27/cOM7/SEG52/ECA
EXTSP2 P10/SEG58/EINT13/T30/PWM30
CSB2 . ) P36/SEG43/SS2
I/O | Chip select signal for external D/AC Input
CsB3 P22/SEG47/SS3
LDACB2 o ) P33/SEG40/MISO2
I/0 | Synchronization signal for external D/AC Input
LDACB3 P37/SEG44/MISO3
Table 5-7 Normal Pin Description (Continued)
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PIN Name /1O Function @RESET Shared with
RESETB I/O | System reset pin with a pull-up resistor Input -
DSDA /0 | On chip debugger data input/output M4 Input P15/SEG63/EINTI/EC6
DSCL /0 | On chip debugger clock input " ¥ Input P14/SEG62/EINT8/EC5
T Note 4) - N
RUNELAG o, On_chlp debugger run flag with a pull-down Input _
resistor
XIN _ _ _ P16
I/0 | Main oscillator pins Input
XOUuT P17
SXIN Sub oscillator pins ™© 9 _
— | The SXIN/SXOUT are not in the 64-Pin -
SXOUT (MC97F66128LB14) package. -
Loop filter pump output for PLL "0 ®
LPF The LPF are not in the 64-Pin (MC97F66128LB14) - -
package.

Regulator voltage output for sub clock M°e /)
0.1uF capacitor needed

VREG Loop filter pump output for PLL - -
The VREG are not in the 64-Pin
(MC97F66128LB14) package.

AVREF A/D converter reference voltage - -
Analog power input pins
AVSS The AVSS are not in the 64-Pin (MC97F66128LB14) - -
package.
VDDL, VSS1 | _ Digital Power input pins - -
VDD2,VSS2 g putp
Table 5-8 Normal Pin Description (Continued)
NOTE)

1. The P9, PA, PB and PD pins are not in the 64(MC97F67128LB14)/80-pin package.

2. The P06-P07, P20-P23, P36-P37 and P8 pins are not in the 64-pin(MC97F67128LB14)
package.

3. The P20-P23, P36-P37, P8, P91-P94, PA2-PA4, PB and PD pins are not in the
64-pin(MC97F66128LB14) package.

4. |If the P14/SEG62/EINT8/EC5/DSCL, P15/SEG63/EINT9/EC6/DSDA and RUNFLAG pins are
connected to an emulator, the pins are automatically configured as the debugger pins.

5. The P17/XOUT and P16/XIN pins are configured as a function pin by software control.
Do not connect if you do not use the SXIN, SXOUT and LPF.
7. Even if VREG is not used, 0.1uF capacitor Connect to between VREG and VSS.

IS
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6. Port Structures

6.1  General Purpose I/O Port

BZ] Level Shift (1.8V to ExtvDD)
[7] Level Shift (ExtvDD to 1.8V)
VDD
PULL-UP
REGISTER >° 74 9
VDD VDD
OPEN DRAIN
REGISTER
DATA 0 — )3 H
REGISTER MUX b oAD
SUB-FUNC DATA OUTPUT 1 .__DO
SUB-FUNC ENABLE
SUB-FUNC DIRECTION
O
DIRECTION .
REGISTER
CMOS or
Schmitt Level
Input
PORTx INPUT or o
SUB-FUNC DATA INPUT =
ANALOG CHANNEL
ENABLE 78 *®
ANALOG INPUT {;3_

Figure 6.1 General Purpose 1/0 Port
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6.2  External Interrupt I/O Port

PULL-UP
REGISTER

BZ] Level Shift (1.8V to ExtvDD)

[7] Level Shift (ExtvDD to 1.8V)

OPEN DRAIN
REGISTER

DATA
REGISTER

SUB-FUNC DATA OUTPUT

SUB-FUNC ENABLE

SUB-FUNC DIRECTION

DIRECTION
REGISTER

EXTERNAL

PORTx INPUT or

SUB-FUNC DATA INPUT

ANALOG CHANNEL

INTERRUPT _< _‘

VDD
>C VDD
0 9 :
MUX
: ‘ D
1
MUX
0
VDD
9 o4
CcP POLARITY
r REG.
INTERRUPT T
FLAG
CLEAR EhElo @
Schmitt Level
Input
0 \ 4 >
00—
MUX
1 Q D
CP
r 4F DEBOUNCE
CLK
DEBOUNCE
ENABLE
4 *

ENABLE

ANALOG INPUT

PAD

Figure 6.2

External Interrupt /O Port
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7. Electrical Characteristics

7.1  Absolute Maximum Ratings
Parameter Symbol Rating Unit Note

Supply Voltage VDD -0.3~+6.5 V -

V -0.3~vDD+0.3 \ L

' Voltage on any pin with respect to VSS
Vo -0.3~VDD+0.3 \Y
Maximum current output sourced by (loy
. IOH -10 mA .

Normal Voltage Pin per I/O pin)

Slon -80 mA Maximum current (3lop)

loL 60 mA | Maximum current sunk by (o per /O pin)

YloL 120 mA | Maximum current (Ylo.)
T(_)tal_ Po_vver P, 600 mw B
Dissipation
Storage _ o _
Temperature Tste -65-+150 c
Table 7-1 Absolute Maximum Ratings

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
(Tp=-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 X-tal 2.0 - 5.5
fy= 0.4 ~12MHz (Crystal) 2.7 - 5.5
Operating Voltage VDD fy=0.4 ~ 4.2MHz X-tal 1.8 - 5.5 V
fx= 0.4 ~12MHz (Ceramic) 2.7 - 5.5
fy= 0.5 ~ 8MHz Internal RC 1.8 - 55
fy=1.0 ~ 8MHz PLL 1.8 - 55
Operating Temperature Torr VDD=1.8~5.5V -40 - 85 °C

Table 7-2

Recommended Operating Conditions
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7.3 A/D Converter Characteristics
(Ta=-40°Cto+85°C, Vpp = 1.8 — 5.5V, VDD = AVREF, VSS=AVSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - — — 12 — bit
Integral Non-Linear INL - - +6
Differential Non-Linearity DNL AVREF= 2.7V — 5.5V — - 1

_ LSB

Top Offset Error TOE fx= 8MHz - - +5
Zero Offset Error ZOE - - 5
Conversion Time tconv 12-bit resolution, 8MHz 20 - — us
Analog Input Voltage VaiN - AVSS - AVREF
Internal VDC Voltage VDD18 - - 1.8 - v
Analog Reference AVREF *NOTE3 1.8 - VDD
Voltage
Analog Input Leakage I AVREE=5.12V _ _ > UA
Current

i Enable - 1 2 mA
ADC Operating laoc ; AVREF =5.12V
Current Disable - - 0.1 uA
Table 7-3 A/D Converter Characteristics

NOTE)

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

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 D/A Converter Characteristics
(TA=-40°Cto+85°C, Vpp = 1.8 = 5.5V, VDD , VSS=AVSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Resolution - - - 12 - bit
In.tegral I__|ne§1r Err_or ILE VDD= 2.7V — 5.5V - - 5 LsB
Differential Linearity DLE | fx= 8MHz _ _ +1
Error

VDD=3.0V - 3.6 50.0
DACDR=0H mV
VDD=5.0V - 6.0 50.0
Output Voltage Range Vo
VDD=3.0V 1.69 1.84 1.99
DACDR=FFFH \%
VDD=5.0V 291 3.06 3.21
D/AC Current IDAC | Disable - - 0.1 UA

Table 7-4 D/A Converter Characteristics
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7.5 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 Vpor - - 1.4 - \Y
VDD Voltage Rising Time tr - 0.05 - 30.0 V/ms
POR Current lpor - - 0.2 - uA
Table 7-5 Power-on Reset Characteristics

7.6  Low Voltage Reset and Low Voltage Indicator Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, VSS=0V

Parameter Symbol Conditions MIN TYP MAX Unit
- 1.60 1.79
1.85 2.00 2.15
1.95 2.10 2.25
2.05 2.20 2.35
2.17 2.32 2.47
2.29 2.44 2.59
. Vi The LVR can select all levels but 239 259 279
Detection Level LVI can select other levels except \Y,
Vi 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
410 4.40 4.70
Hysteresis AV - - 50 150 mV
Minimum Pulse Width tw — 100 - - us
Enable (Both) VDD= 3V, - 14.0 24.0
LVR and LVI Current laL Enable (One of two) RUN Mode - 10.0 18.0 uA
Disable (Both) VDD= 3V - - 0.1
Table 7-6 LVR and LVI Characteristics

7.7 Phase Locked Loop Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Input Frequency Range - VSS LPE - 32.768 - kHz
Output Frequency Range fuco ] 1.024 - 8.192 MHz
Clock Duty Ratio TOD 45 50 55 %
*——
Tolerance - c1 R - - 4 %
Settling Time 5 — - 10 100 ms
Cc2

Enable, fvco=8.192MHz - 0.5 1.0 mA
PLL Current IpLL .

Disable - - 0.1 UA
Table 7-7 Phase Locked Loop Characteristics

NOTE)
1. Where R=6.8kQ, C1=820pF and C2= 10nF.
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7.8 Internal RC Oscillator Characteristics
(Tp=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, VSS=0V)
Parameter Symbol Conditions MIN TYP MAX Unit
Frequency firc Vpp =2.0-5.5V - 8 - MHz
Ta=0°Cto+50°C With 0.1uF 1.5
Tolerance - Ta=-20°C to +85°C Bypass - - 2.5 %
Ta=-40°C to +85°C | capacitor +3.5
Clock Duty TOD _ 40 50 60 %
Ratio
Stabilization
Time THFS - - - 100 us
Enable - 0.2 - mA
IRC Current |
IRC Disable - - 0.1 uA
Table 7-8 Internal RC Oscillator Characteristics
NOTE)

1. A 0.1uF bypass capacitor should be connected to VDD and VSS.

7.9 Internal Watch-Dog Timer RC Oscillator Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
Frequency fwotre - 2 5 10 kHz
Stabilization Time twoTs - - - 1 ms
WDTRC Current lwptre Ehable - 1 — UA

Disable - - 0.1
Table 7-9 Internal WDTRC Oscillator Characteristics
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7.10 LCD Voltage Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, VSS=0V)

Parameter Symbol Conditions MIN TYP MAX Unit
LCDCCR=00H VDDx16/31
LCDCCR=01H VDDx16/30
LCDCCR=02H VDDx16/29
LCDCCR=03H VDDx16/28
VDD= 2.7V LCDCCR=04H VDDx16/27
t0 5.5V, LCDCCR=05H VDDx16/26
VLCiD t LCDCCR=06H VDDx16/25
contras —
LCD Voltage Vico i&aﬁ!z?, tggggi:g;: Typx0.94 xggziggg Typx1.06 \%
RLCD1, | LCDCCR=09H VDDx16/22
No panel | LCDCCR=0AH VDDx16/21
load LCDCCR=0BH VDDXx16/20
LCDCCR=0CH VDDx16/19
LCDCCR=0DH VDDx16/18
LCDCCR=0EH VDDx16/17
LCDCCR=0FH VDDx16/16
. . Vic1 VDD=2.7V to 5.5V Tpr0.95 3/4xVLCO Tpr1.05
LCD Mid Bias _ '
Voltage(note) Vice LCD plock = 0Hz, Typx0.95 2/4xVLCO Typx1.05 \%
Vics | U4 bias, No panel load Typx0.95 | 1/4xVLCO | Typx1.05
LCD Driver
Output Rio VLCD=3V, ILOAD=110uA - 5 10
Impedance
Ricp1 Low 7.0 10 13.0
Rucoz 'l’}f[)'l‘j's resIStor | pigl-L 30 45 60
Ricps Ta= 25°C Mid-H 60 90 120 KO
LCD Bias Dividing | Ruicps High 150 225 300
Resistor Rico1 Low 7.0 10 13.0
Rucoz | 1y prad "7 | Mid-L 40 60 80
Ricos | Tp=25°C Mid-H 80 120 160
Ricps High 200 300 400
Table 7-10 LCD Voltage Characteristics
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7.11 DC Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V, fyn= 12MHz)

Parameter Symbol Conditions MIN TYP MAX Unit
ViH1 PO-P6, P9, PA, RESETB 0.8vDD - VDD \%
Input High Voltage Vinz2 ,I:g(i)npl)au;?)pir;sézxgzp?t.VIHl 0.7vDD - VDD \Y
Vikg 3V Interface mode 2.4 B VDD v
Vi1 PO-P6, P9, PA, RESETB - - 0.2vDD \%
Input Low Voltage - :
\P All input pins except V) 1 - - 0.3vDD \%
Output High VDD=4.5V, loy=-2mA, i B B
Voltage Von All output ports; VDD-1.0 v

v VDD=4.5V, lo.= 10mA; ~ ~ 10
Ot | All output ports except Vorz '

VDD=4.5V, IOL=15mA,

Output Low Voltage

Voz | p10_p13, P23-P24, P4 - - 1.0 v
Input High Leakage .
Current I All input ports - - 1 UA
Input Low Leakage .
Current I All input ports -1 - - UA
VI=0V, VDD=5.0V 25 50 100
RPUl TA: 25°C _ kQ
_ All Input ports VDD=3.0V 50 100 200
Pull-Up Resistor —
VI=0V, VDD=5.0V 150 250 400
Rpuz TA: 25°C _ kQ
RESETB vVDD=3.0V 300 500 700
. VDD= 5.0V, Tp=25°C
Pull-Down Resistor Rep RUNFLAG 10 20 30 kQ
XIN= VDD, XOUT=VSS
OSC feedback Rxa | 7,=25°C, VDD= 5V 600 200 | 20 .
resistor SXIN=VDD, SXOUT=VSS
Ry T,= 25°C, VDD=5V 2500 5000 10000
Table 7-11 DC Characteristics
(Tp=-40°C ~ +85°C, VDD= 1.8V ~ 5.5V, VSS= 0V)
Parameter Symbol Condition MIN TYP MAX Unit
fun= 12MHz, VDD= 5V+10% - 5.0 10.0
(IéDlj)ll\l) fun= 8MHz, VDD= 3V+10% - 3.0 6.0 mA
firc= 8MHz, VDD= 5V+10% - 3.5 7.0
fun= 12MHz, VDD= 5V+10% - 2.0 4.0
Supply (IIISIE_)E) fun= 8MHz, VDD= 3V+10% - 1.0 2.0 mA
Current flre= 8MHz, VDD= 5V+10% - 1.2 2.4
Ibps fun=32.768kHz Sub RUN - 80.0 125.0 uA
VDD= 3V+10%
IDD4 TA: 25°C1 Sub IDLE - 5.0 15.0 UA
PSAVE=1
Ibps STOP, VDD= 5V+10%, Ta= 25°C - 0.5 8.0 uA
Table 7-12 DC Characteristics(Continued)
NOTE)
1. Where the fxin is an external main oscillator, the fSuB is an external sub oscillator, the fiIRC is an
internal
RC oscillator, the fpLL is the output frequency of the PLL (phase locked-loop) and the fx is the
selected

system clock.
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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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7.12 AC Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESETB input low width trsT Input, VDD= 5V 10 - - us
Interrupt input high, low width t{WH’ All interrupt, VDD= 5V 200 - -

IWL
External Counter Input High, tecwH, ECn, VDD =5V 200 _ _ ns
Low Pulse Width tecwL (n=0,1,2,3,4,5,6,7))
External Counter Transition t t ECn, VDD = 5V 20 B B
Time REC: FEC | (n=0,1,2,3,4,5,6,7)

Table 7-13 AC Characteristics

P twL d L tIWH N
External 0.8vDD
Interrupt
X £ 0.2vDD
P tRST |
RESETB
N £ 0.2vDD
P tECWL = | tECWH |
«— tFEC —> tREC
ECn 0.8vDD
N £+ 0.2VvDD
Figure 7.1 AC Timing
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7.13 SPI0/1/2/3 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 - -
Input Clock Pulse Period sex External SCK source 200 - -
Output Clock High, Low
Pulse Width Internal SCK source 70 - -

tsckhs tsckL

Input Clock High, Low
Pulse Width External SCK source 70 - - ns

First Output Clock Delay Internal/External SCK

) trop 100 - -
Time source
Output Clock Delay Time tos - - - 50
Input Setup Time tois - 100 - -

Input Hold Time toiH - 150 - -

Table 7-14 SPI0/1/2/3 Characteristics

SSn
(Output/Input)

—» tFOD <«— < »
- + +— 0.8VDD
SCKn /

(CPOLN=0)
(Output/Input)
+ C C + 4 0.2vDD

X L L A £

SCKn
(CPOLN=1)
(Output/Input)

tDIS tDIH

MISOn/MOSIn

(Data Input) LSB

MISOn/MOSIn

(Data Output) MSB LSB

NOTE)n =0, 1,2 and 3

Figure 7.2 SPI10/1/2/3 Timing
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7.14 UARTO/1/2/3/4 Characteristics
(TA=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, fyy=11.1MHz)

Parameter Symbol MIN TYP MAX Unit
Serial port clock cycle time tsck 1250 tcpy X 16 1650 ns
Output data setup to clock rising edge ts1 590 tepy X 13 - ns
Clock rising edge to input data valid tso - - 590 ns
Output data hold after clock rising edge th1 tcpu- 50 tepu - ns
Input data hold after clock rising edge tho 0 - - ns
Serial port clock High, Low level width thichstLow 470 tcpu X 8 970 ns
Table 7-15 UARTO0/1/2/3/4 Characteristics
tsck
tHIGH P tLow o
N / \
Figure 7.3 Waveform for UARTO/1/2/3/4 Timing Characteristics
< tscK >
scosk [\ ]\ [\ [\ \

Data Out \ DO X D1 X D2 X D3 X D4 X D5 >< D6 X D7

52y trz—p!
Data In X Valid X X Valid X X Valid X X Valid X >< Valid X X Valid >< X Valid X X Valid
Figure 7.4 Timing Waveform for the UART0/1/2/3/4 Module
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7.15 12CO0/1 Characteristics

(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Standard Mode High-Speed Mode .
Parameter Symbol Unit
MIN MAX MIN MAX
Clock frequency tscL 0 100 0 400 kHz
Clock High Pulse Width tscLH 4.0 - 0.6 -
Clock Low Pulse Width tscLL 4.7 - 1.3 -
Bus Free Time ter 4.7 - 1.3 -
Start Condition Setup Time tsTsu 4.7 - 0.6 -
Start Condition Hold Time tsthHD 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 toim 0 - 0 1.0
Data Input Setup Time tois 250 - 100 - ns
Table 7-16 12C0/1 Characteristics
_ tscL
tSCLH  tsCLL
—>» €—1tsTsU i« P i > — €— tDIH —>» «4—tsPsu
SCLn / \ / S /L <€— tSPHD
SDAnN i / >< ] \
&— 7 tBF i\
—>»i €—{STHD €«— tDIS S
—> <4—1tvD
SDAnN [ X ><
Out :
—> <€— tvD '
NOTE) n=0, 1
Figure 7.5 12C0/1 Timing
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7.16 Data Retention Voltage in Stop Mode
(Tx=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Data retention supply voltage | Vpppr - 1.8 - 5.5 \Y
. VDDR= 1.8V,
Data retention supply current | Ipppr (Tx= 25°C), Stop mode - - 1 UA
Table 7-17 Data Retention Voltage in Stop Mode
Idle Mode
X (Watchdog Timer Active)
|¢———— Stop Mode
Normal
Operating Mode
l¢—— Data Retention ———p
Vb 0
T VDDDR
Execution of
STOP Instruction
0.8VDD7L
INT Request
—PtwAT|e—
NOTE: tWAIT is the same as (the selected bit overflow of BIT) X 1/(BIT Clock)
Figure 7.6 Stop Mode Release Timing when Initiated by an Interrupt
RESET
Occurs
l Oscillation
— > <> P )
Stop Mode X Stabillization Time
) 7 Normal
l«—— Data Retention ——p| Operating Mode
VDD it
V DDDR
Execution of
RESETB STOP Instruction
s 7 0.8VDD
0.2vD
—» TWAIfE—
NOTE : tWAIT is the same as (4096 X 4 X 1/fx) (16.4ms @ 1MHz)
Figure 7.7 Stop Mode Release Timing when Initiated by RESETB
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7.17 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 tesw - - 2.5 2.7
Sector Erase Time tese - - 2.5 2.7 ms
Code Write Protection Time terL — - 2.5 2.7
Page Buffer Reset Time trer - - - 5 us
Flash Programming Frequency feem - 0.4 - - MHz
Endurance of Write/Erase NFwe - - - 10,000 times
Flash Data Retention Time trT — 10 — - years
Table 7-18 Internal Flash Rom Characteristics

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).

7.18 Input/Output Capacitance
(Tx=-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
/O Capacitance Co connected to VSS
Table 7-19 Input/Output Capacitance
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7.19 Main Clock Oscillator Characteristics
(TA=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit
. _ 2.0V -5.5V 0.4 - 4.2

Crystal Main oscillation frequency MHz
2.7V - 5.5V 0.4 — 12.0

Ceramic Oscillator | Main oscillation frequency 1.8V -5.5V 04 — 4.2 MHz
2.7V - 5.5V 0.4 — 12.0

External Clock XIN input frequency 1.8V -55V 04 — 4.2 MHz
2.7V - 5.5V 0.4 — 12.0

Table 7-20 Main Clock Oscillator Characteristics

XOouT ‘

[

Figure 7.8 Crystal/Ceramic Oscillator
‘ XIN XOuT ‘
External Open
Clock
Source
Figure 7.9 External Clock
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7.20 Sub Clock Oscillator Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)
Oscillator Parameter Condition MIN TYP Unit
Crystal Sub oscillation frequency 32 32.768 kHz
- 1.8V -5.5V
External Clock SXIN input frequency 32 -
Table 7-21 Sub Clock Oscillator Characteristics
SXIN SXOUT VREG
0 1uF
az e |
Figure 7.10 Crystal Oscillator
‘ SXIN SXOUT
External Open
Clock
Source
External Clock

Figure 7.11
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7.21 Main Oscillation Stabilization Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)
Oscillator Parameter MIN TYP MAX Unit

fxiN=2 1 MHz, VDD = 2.0V~5.5V

Oscillation stabilization occurs when VDD is

Crystal S ; - - 60 ms
equal to the minimum oscillator voltage

range.

fxiIN =2 1 MHz, VDD = 1.8V~5.5V

. Oscillation stabilization occurs when VDD is

Ceramic s . — - 10 ms
equal to the minimum oscillator voltage

range.

fXIN = 0.4 to 10MHz

External Clock | yi\ input high and low width (txe, tx) 42 - 1250 ns
Table 7-22 Main Oscillation Stabilization Characteristics
1/XIN R
’ tXL | tXH N
\
XIN 0.8vDD
N + 0.2VvDD

Figure 7.12 Clock Timing Measurement at XIN

7.22 Sub Oscillation Characteristics
(TA=-40°C ~ +85°C, VDD=1.8V ~ 5.5V

Oscillator Parameter MIN TYP MAX Unit
Crystal - - - 10 S
External Clock SXIN input high and low width (txu, tx) 5 - 15 us
Table 7-23 Sub Oscillation Stabilization Characteristics

P 1/fsuB
B tXL R | tXH R

SXIN % 0.8vDD
X + 0.2VDD

Figure 7.13 Clock Timing Measurement at SXIN
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7.23 Operating Voltage Range

(fxin=0.4 to 10MHz) (fxin=0.4 to 10MHz)
12.0MHz 12.0MHz
4.2MHz freeeeeeeees 4.2MHZ freeeeeeeees
0.4MHZ --prereseeeeess ; ; 0.4MHz --f-eeseeees ;
l%8 2.7 5%5 2%0 2.7 5%5
Supply voltage for Ceramic (V) Supply voltage for Crystal (V)

Figure 7.14 Operating Voltage Range (MAIN OSC)

(fsuB=32 to 38KHz)

B ————

1.8 55

Supply voltage (V)

Figure 7.15 Operating Voltage Range (SUB OSC)
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7.24 Recommended Circuit and Layout

This 0.1uF capacitor should be within T
4 1cm from the VDD pin of MCU on the VDD VCC
/ { PCB layout. T T
vDD1 o I
0.1uF = DC Power
VSS1 I
=||v
VCC .
The MCU power line (VDD and VSS)
{should be separated from the high-
T current part at a DC power node on
High-Current Part the PCB layout.
A Infrared LED,
{ FND(7-Segment), }
Z etc
110 31—
0’ __J This 0.01uF capacitor is alternatively
for noise immunity.
N XIN - The main and sub crystal should be within 1cm from the pins of MCU on the PCB layout.
XOuT
The load capacitors of the sub clock
SXIN -C1,C2: CLx2+15%
- - CL=(C1xC2)/(C1+ C2) - Cstray
- Cu: the specific capacitor value of crystal
SXOuT - Cstray: the parasitic capacitor of a PCB (1pF — 1.5pF)
VREG
The VREG pin is the output of an internal regulator for sub oscillator.
- S0, this 0.1uF capacitor is needed and should be as close by the MCU
as possible if the sub clock is used for system.
LPF
.. The LPF pin is the loop filter pump output for the PLL.
So, these parts should be as close by the MCU as possible if needed.
Figure 7.16 Recommended Circuit and Layout
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7.25 Recommended Circuit and Layout with SMPS Power

SMPS Side «— | —» MCU Side

vCC VDD
sMPs | —Ppl % AW —]

R1
I Option I I MCU
VSS

y ¢ ¢ &1

= c1 c2 cC3 =

1. The C1 capacitor is to flatten out the voltage of the SMPS power, VCC.
v Recommended C1: 470uF/25V more.
2. The R1 and C2 are the RC filter for VDD and suppress the ripple of VCC.
v Recommended R1: 10Q - 20Q
v Recommended C2: 47uF/25V more
\ The R1 and C2 should be as close by the C3 as possible.
\ The R1 is optional so it may not apply.
3. The C3 capacitor is used for temperature compensation because an electrolytic capacitor
becomes worse characteristics at low temperature.
v Recommended C3: ceramic capacitor 2.2uF more
 The C3 should be within 1cm from VDD pin of MCU on the PCB layout.
4. The above circuit is recommended to improve noise immunity (EFT, Surge, ESD, etc) when the
SMPS supplies the VDD of MCU.

Figure 7.17 Recommended Circuit and Layout with SMPS Power
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7.26 Typical Characteristics

These graphs and tables provided in this section are only for design guidance and are not tested or guaranteed. In

graphs or tables some data are out of specified operating range (e.g. out of specified VDD range). This is only for

information and devices are guaranteed to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period of

time. “Typical” represents the mean of the distribution while “max” or “min” represents (mean + 30) and (mean - 30)

respectively where o is standard deviation.

mA
6.00

5.00

4.00

3.00

2.00

1.00

0.00

=12MHz -40C

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

12MHz +25C
===12MHz +85C
=—|RC 8MHz -40C
=—|RC 8MHz +25C
===]RC 8MHz +85C

Figure 7.18 RUN (IDD1 ) Current
mA
2.50
2.00 Z
=—12MHz -40C
e—12MHz +25C
1.50
e=—=12MHz +85C
—|RC 8MHz -40C
1.00 — .
==]RC 8MHz +25TC
—|RC 8MHz +85C
0.50
0.00 T T T T T T )
25V 3.0V 35V 4.0V 45V 5.0V 55V
Figure 7.19 IDLE (IDD2) Current
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uA
120.0

100.0 +—

80.0

60.0

40.0

20.0

0-0 T T T T T T 1
2.5V 3.0v 3.5V 4.0v 45V 50V 55V

—_40C
+25C
+85TC

Figure 7.20

SUB RUN (IDD3) Current

uA
9.0

8.0
7.0
6.0
5.0

3.0
2.0
1.0

0.0 T T T T T T 1
25v 3.0v 35V 4.0V 45v 50V 55V

=—_40T
+25C
+85T

Figure 7.21

SUB IDLE (IDD4) Current
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uA
4.50

4.00 -
3.50
3.00
2.50 —-40T
+25C

2.00
1.50 +85C

1.00
0.50

0-00 T T T T T T 1
25V 3.0v 35V 4.0V 45V 50V 55V

Figure 7.22 STOP (IDD5) Current
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8. Memory

The MC97F60128 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.

Program Memory can be up to 64K bytes of Program memory in a bank. MC97F60128 provides on-chip 128 Kbytes
of the ISP type flash program memory, which can be read and written to. Internal data memory (IRAM) is 256 bytes
and it includes the stack area. External data memory (XRAM) is 8,192 bytes and it includes 64 bytes of LCD display
RAM.

8.1 Program Memory

A 16-hit program counter is capable of addressing up to 64 Kbytes for one bank of memory space, but this device has
128K bytes program memory space with bank selection scheme.

Figure 8.1 shows the map of the lower part of the program memory. After reset, the CPU begins execution from
location 0000H. Each interrupt is assigned a fixed location in program memory. The interrupt causes the CPU to jump
to that location, where it commences execution of the service routine. External interrupt 0-7, for example, is assigned
to location 002BH. If external interrupt 0-7 is going to be used, its service routine must begin at location 002BH. If the
interrupt is not going to be used, its service location is available as general purpose program memory. If an interrupt
service routine is short enough (as is often the case in control applications), it can reside entirely within that 8 bytes
interval. Longer service routines can use a jump instruction to skip over subsequent interrupt locations, if other

interrupts are in use.
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8.2 Data Memory

FFH FFH 40CFH
. . . Extended
Upper 128 Bytes Special Function Registers Special Function Registers
Internal RAM 128 Bytes 208 Bytes
(Indirect Addressing) (Direct Addressing) (indirect Addressing)
80H 80H 4000H
7EH Not used
Lower 128 Bytes 1FFFH
Internal RAM
(Direct or Indirect
Addressing)
00H
External RAM
8,192 Bytes
(Indirect Addressing)
0040H
003FH
LCD Display RAM
0000H
Figure 8.2 Data Memory Map

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

Internal data memory addresses are always one byte wide, which implies an address space of only 256 bytes.
However, in factthe addressing modes for internal RAM can accommodate up to 384 bytes by using a simple trick.
Direct addresses higher than 7FH access one memory space and indirect addresses higher than 7FH access a
different memory space. Thus Figure 8.2 shows the upper 128 bytes and SFR space occupying the same block of
addresses, 80H through FFH, although they are physically separate entities.

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 8.3. The lowest 32 bytes are
grouped into 4 banks of 8 registers. Program instructions call out these registers as RO through R7. Two bits in the
Program Status Word select which register bank is in use. This allows more efficient use of code space, since register
instructions are shorter than instructions that use direct addressing.

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

All of the bytes in the lower 128 bytes can be accessed by either direct or indirect addressing. The upper 128 bytes
RAM can only be accessed by indirect addressing. These spaces are used for data RAM and stack.
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[ TFH
80 bytes <
\. 30H
2FH
16 bytes
(128 bits)
20H
1FH
8 bytes
18H
17H
8 bytes
10H
OFH
8 bytes
08H
07H
8 bytes
O0H

General Purpose
Register

Bit Addressable

Register Bank 3
(8 bytes)

Register Bank 2
(8 bytes)

Register Bank 1
(8 bytes)

Register Bank 0
(8 bytes)

17F

7E

7D

7C

7B

7A

79

78

77

76

75

74

73

72

71

70

6F

6E

6D

6C

6B

6A

69

68

67

66

65

64

63

62

61

60

5F

5E

5D

5C

5B

5A

59

58

57

56

55

54

53

52

51

50

4F

4E

4D

4C

4B

4A

49

48

47

46

45

44

43

42

41

40

3F

3E

3D

3C

3B

3A

39

38

37

36

35

34

33

32

31

30

2F

2E

2D

2C

2B

2A

29

28

27

26

25

24

23

22

21

20

1F

1E

1D

1C

1B

1A

19

18

17

16

15

14

13

12

11

10

OF

OE

0D

0oC

0B

0A

09

08

107

06

05

04

03

02

01

00

R7

R6

R5

R4

R3

R2

R1

RO

Figure 8.3

Lower 128 bytes RAM
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8.3  External Data Memory

MC97F60128 has 8,192 bytes XRAM and XSFR. This area has no relation with RAM/FLASH. It can be read and
written to through SFR with 8-bit unit.

40CFH
Extended
Special Function Registers
208 Bytes
(Indirect Addressing)
4000H
Not used
1FFFH
External RAM
8,192 Bytes
(Indirect Addressing)
0040H
003FH
LCD Display RAM
0000H

Figure 8.4 XDATA Memory Area
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8.4 SFR Map
8.4.1 SFR Map Summary
- Reserved
M8051 compatible
00H/8H™ 01H/9H 02H/0AH 03H/0BH 04H/0CH 05H/0DH 06H/OEH 07H/OFH
OF8H XBANK - FSADRH FSADRM FSADRL FIDR FMCR MODINR
OFOH B PDIO BUZCR BUZDR SPWRL SPWRH XSPCR SINTCR
OE8H RSTFR PBIO POPU P1PU P2PU P3PU P4PU P5PU
OEOH ACC PAIO T3CRL T3CRH T3ADRL T3ADRH T3BDRL T3BDRH
OD8H LVRCR P9IO T1CR T1CNT 'ITllgtl)Qlé T2CR T2CNT ';—;g[?é
ODOH PSW P8IO TOCR TOCNT TODR/ TIFLAG PLLCR PADB
TOCDR
0C8H OSCCR P710 EIPOLA4L EIPOL4H PODB P1DB P46DB PODB
O0COH P7 P61O EIPOLOL EIPOLOH EIPOL2L EIPOL2H EIPOL3L EIPOL3H
0B8H P6 P5I10 EIFLAGO EIFLAG1 EIFLAG2 EIFLAG3 EIFLAG4 EIPOL1
O0BOH P5 P410 POIO P11O0 P210 P3I1O PBPU PDPU
0A8H IE IE1 IE2 IE3 P8PU POPU PAPU
OAOH P4 P9 EO PA PB PD P6PU P7PU
98H P3 P8 IP1L IP1H IP2L IP2H IP3L IP3H
90H P2 XSP IPOL IPOH MEX1 MEX2 MEX3 MEXSP
88H P1 \\//VV.ITCI:DS.{. SCCR BITCR BITCNT WDTCR \\//VVDD_;_I'CI?’\IT{_ WTCR
80H PO SP DPL DPH DPL1 DPH1 LVICR PCON
Table 8-1 SFR Map Summary
NOTE)

1.

00H/8H, These registers are bit-addressable.
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00H/08H 01H/09H  O02H/OAH  03H/OBH  04H/OCH  OSH/ODH  O06H/OEH  O7H/OFH
40C8H | DAOFSCR | DACIFCR |DACIFCMD
40COH| DACCR PGSR DACDRL | DACDRH | DACBRL | DACBRH VPCR SFDDNO
40B8H | VPADDR1 | VPADDR2 | VPADDR3 | VPSIZE1l | VPSIZE2 | VPSIZE3 VPINF1 VPINF2
40BOH | DECCR DFIFOR DECDR DBDLR DODRL DODRH FAFLAG SFCMD
40A8H | PWMCRL | PWMCRH | PWMADRL | PWMADRH | PWMBDRL | PWMBDRH | PWMCNTL | PWMCNTH
40A0H | TB8DLYA T8DLYB T8DLYC T8DR T8CAPR T8CNT |PWMDLYDR| NFILDR
4098H | T8PPRL T8PPRH T8ADRL T8ADRH T8BDRL T8BDRH T8CDRL T8CDRH

T7CNT/
4090H T7CR T7DR/ T8CR T8PCR1 T8PCR2 T8PCR3 T8ISR T8MSK
T7CAPR
4088H| T6CRL T6CRH T6ADRL T6ADRH T6BDRL T6BDRH SPI2CRL | SPI2CRH
4080H| T5CRL T5CRH T5ADRL T5ADRH T5BDRL T5BDRH SPI2SRL | SPI2SRH
4078H| TA4CRL T4CRH T4ADRL T4ADRH T4BDRL T4BDRH SPI2DR
4070H | UART4CR1 |UART4CR2 | UART4CR3 | UART4ST | UART4BD | UART4DR
4068H | UART3CR1 | UART3CR2 | UART3CR3 | UART3ST | UART3BD | UART3DR
4060H | UART2CR1 |UART2CR2 |UART2CR3 | UART2ST | UART2BD | UART2DR | PGINTCR | PGIFLAG
4058H
4050H
4048H | USI1ST1 USI1ST2 USI1IBD |USI1ISDHR | USI1IDR | USI1SCLR | USI1ISCHR | USI1SAR
4040H | USI1CR1 | USI1ICR2 | USIICR3 | USI1CR4
4038H | USIOST1 USIOST2 USIOBD | USIOSDHR | USIODR | USIOSCLR | USIOSCHR | USIOSAR
4030H | USIOCR1 | USIOCR2 | USIOCR3 | USIOCR4 PDFSR
4028H | P6FSRL P6FSRH P7FSRL P7FSRH P8FSR POFSR PAFSR PBFSR
4020H | P2FSRL P2FSRH P3FSRL P3FSRH P4FSRL P4FSRH P5FSRL P5FSRH
4018H P8OD POOD PAOD PBOD PDOD POFSR P1FSRL P1FSRH
4010H POOD P10OD P20D P30D P40D P50D P60OD P70D
4008H LCDCCR LCDCRL LCDCRH LCDBCR SPI3CR SPI3DR SPI3SR
4000H | ADCDRL | ADCDRH | ADCCRL | ADCCRH TINTCR
Table 8-2 XSFR Map Summary
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8.4.2 SFR Map

@Reset
Address Function Symbol R/W

7/6 |54 ]3]2|1]|0

80H PO Data Register PO R/W 0 0 0 0 0 0|0} O
81H Stack Pointer SP RW Oo/0 | 0|]0]0]|1 1)1
82H Data Pointer Register Low DPL R/W 0 0 0 0 0 0] 0| O
83H Data Pointer Register High DPH R/W 0 0 0 0 0 0] 0| O
84H Data Pointer Register Low 1 DPL1 R/W 0 0 0 0 0 0| 0| O
85H Data Pointer Register High 1 DPH1 R/W 0 0 0 0 0 0| 0| O
86H Low Voltage Indicator Control Register LVICR R/W -/ =10 0 0 0| 0| O
87H Power Control Register PCON R/W o, -]|-]1-10 0| 0| O
88H P1 Data Register P1 R/W 0 0 0 0 0 0| 0| O
89H Watch Timer Data Register WTDR w 0|1 1 1 1 1 1|1
Watch Timer Counter Register WTCNT R -/0]0|]0O0O|0|O0]O0]|O

8AH System and Clock Control Register SCCR R/W -0 | -|=-|=-|=1]01]0O
8BH BIT Control Register BITCR R/W 0 0 0 0 0 0] O 1
8CH Basic Interval Timer Counter Register BITCNT R 0 0 0 0 0 0 0 0
8DH Watch Dog Timer Control Register WDTCR R/W o|jojO0|0|-|-]0/,0
8EH Watch Dog Timer Data Register WDTDR w 1 1 1 1 1 1 1|1
Watch Dog Timer Counter Register WDTCNT R 0 0 0 0 0 O] 0| O

8FH Watch Timer Control Register WTCR R/W o, -1]10 0 0 0| 0| O
90H P2 Data Register P2 R/W 0 0 0 0 0 0| 0| O
91H Extended Stack Pointer XSP R/W 0 0 0 0 0 0 0 0
92H Interrupt Priority Register O Low Register IPOL R/W -/ =10 0 0 0| 0| O
93H Interrupt Priority Register 0 High Register IPOH R/W -/ -]0]0,0|0]O0]|O
94H Memory Extension Register 1 MEX1 Rw | 0] 0 0 O0|]O0O]O0|0]|O
95H Memory Extension Register 2 MEX2 R/W 0 0 0 0 0 0 0 0
96H Memory Extension Register 3 MEX3 R/W 0 0 0 0 0 0| 0| O
97H Memory Extension Stack Pointer MEXSP R/W - 1 1 1 1 1 1 1
98H P3 Data Register P3 R/W o000 ]O0O]O0|O0]O
99H P8 Data Register P8 R/W o000 ]O0O]O0|O0]0O
9AH Interrupt Priority Register 1 Low Register IP1L R/W -/ =10 0 0 0| 0| O
9BH Interrupt Priority Register 1 High Register IP1H R/W -/ =10 0 0 0| 0| O
9CH Interrupt Priority Register 2 Low Register IP2L R/W -/ =10 0 0 0| 0| O
9DH Interrupt Priority Register 2 High Register IP2H R/W - | = 0 0 0 0 0 0
9EH Interrupt Priority Register 3 Low Register IP3L R/W -/ -]0|]0,0|O0]O0]|O
9FH Interrupt Priority Register 3 High Register IP3H R/W -/ =10 0 0 0| 0| O

Table 8-3 SFR Map
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@Reset
Address Function Symbol R/W

7 6 5|14 3] 2 110
AOH P4 Data Register P4 R/W 0 0 0 0 0 0 0|0
AlH P9 Data Register P9 R/W - | - - 0 0 0 0|0
A2H Extended Operation Register EO R/W - | - - 0| - 0 0[O
A3H PA Data Register PA R/W - | - - 0 0 0 0[O
A4H PB Data Register PB R/W - | - - | -] = 0 0|0
A5H PD Data Register PD R/W - | - - 0 0 0 0|0
A6H P6 Pull-up Resistor Selection Register P6PU R/W - | - 0 0 0 0 0|0
A7TH P7 Pull-up Resistor Selection Register P7PU R/W 0 0 0 0 0 0 0[O
A8H Interrupt Enable Register IE R/W 0 - 0 0 0 0 0[O
A9H Interrupt Enable Register 1 IE1 R/W - | =10 0O 0| O 0|0
AAH Interrupt Enable Register 2 IE2 R/W - | =10 0O 0| O 0|0
ABH Interrupt Enable Register 3 IE3 R/W - | - 0 0 0 0 0[O
ACH Reserved - - -l -] - =-1-1-1-1-
ADH P8 Pull-up Resistor Selection Register P8PU R/W 0 0 0 0O 0| O 0|0
AEH P9 Pull-up Resistor Selection Register POPU R/W - |/ =-|/=]01|01|0O0 0|0
AFH PA Pull-up Resistor Selection Register PAPU R/W - |/ =-]/=]01|01|0O0 0|0
BOH P5 Data Register P5 R/W 0 0 0 0 0 0 0[O
B1H P4 Direction Register P410 R/W 0 0 0 0 0 0 0[O
B2H PO Direction Register POIO R/W 0 0 0 0 0 0 0|0
B3H P1 Direction Register P1IO R/W 0 0 0 0O 0| O 0|0
B4H P2 Direction Register P2I0 R/W 0 0 0 0O 0| O 0|0
B5H P3 Direction Register P310 R/W 0 0 0 0 0 0 0[O
B6H PB Pull-up Resistor Selection Register PBPU R/W - | - - -] = 0 0[O
B7H PD Pull-up Resistor Selection Register PDPU R/W - | - - 0 0 0 0[O
B8H P6 Data Register P6 R/W - | - 0 0 0 0 0[O
BOH P5 Direction Register P510 R/W 0 0 0 0 0 0 0[O
BAH External Interrupt Flag Register 0 EIFLAGO R/W 0 0 0 0 0 0 0[O
BBH External Interrupt Flag Register 1 EIFLAG1 R/W 0 0 0 0 0 0 0[O
BCH External Interrupt Flag Register 2 EIFLAG2 R/W 0 0 0 0 0 0 0[O
BDH External Interrupt Flag Register 3 EIFLAG3 R/W - | - - 0 0 0 0[O
BEH External Interrupt Flag Register 4 EIFLAG4 R/W - | - - 0 0 0 0[O
BFH External Interrupt Polarity 1 Register EIPOL1 R/W - | - 0 0 0 0 0[O

Table 8-4 Table 8.3 SFR Map (Continued)
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COH P7 Data Register P7 R/W 0 0 0 0 0 0 0 0
C1H P6 Direction Register P6I1O R/W -/ =10 0 0 0 0 0
C2H External Interrupt Polarity O Low Register EIPOLOL R/W 0 0 0 0 0 0 0 0
C3H External Interrupt Polarity O High Register EIPOLOH R/W 0 0 0 0 0 0 0 0
C4H External Interrupt Polarity 2 Low Register EIPOL2L R/W 0 0 0 0 0 0 0 0
C5H External Interrupt Polarity 2 High Register EIPOL2H R/W 0 0 0 0 0 0 0 0
C6H External Interrupt Polarity 3 Low Register EIPOL3L R/W 0 0 0 0 0 0 0 0
C7H External Interrupt Polarity 3 High Register EIPOL3H R/W - -/ =-1=-1-=-1-=-10 0
C8H Oscillator Control Register OSCCR R/W -/ —-10 0 1 0 0 0
C9H P7 Direction Register P710 R/W 0 0 0 0 0 0 0 0
CAH External Interrupt Polarity 4 Low Register EIPOL4L R/W o|jo,0|0|O0O|O0O|O0]|O
CBH External Interrupt Polarity 4 High Register EIPOL4H R/W - -/ =-]/=-]1=-/-=-]1701]0
CCH PO Debounce Enable Register PODB R/W 0 0 0 0 0 0 0 0
CDH P1 Debounce Enable Register P1DB R/W ojo,o0|0]O0O]|O0O|O0]|O
CEH P46 Debounce Enable Register P46DB R/W -/ -|/=-]0]0|0]0]|O
CFH P9 Debounce Enable Register PODB R/W -/ -|/=-]0]0|0]0]|O
DOH Program Status Word Register PSW R/W o|jo,0|0|]O0O|O0O|O0]|O
D1H P8 Direction Register P8IO R/W 0 0 0 0 0 0 0 0
D2H Timer O Control Register TOCR R/W o| -0 0 0 0 0 0
D3H Timer O Counter Register TOCNT R 0 0 0 0 0 0 0 0
D4H Timer 0 Data Register TODR R/W 1 1 1 1 1 1 1 1
D4H Timer O Capture Data Register TOCDR R 0 0 0 0 0 0 0 0
D5H Timer Interrupt Flag Register TIFLAG R/W -/ =10 0 0 0 0 0
D6H Phase Locked Loop Control Register PLLCR R/W -/ -/0]0]0|O0O0]O0]|O
D7H PA Debounce Enable Register PADB R/W -/ =-1=-10 0 0 0 0
D8H Low Voltage Reset Control Register LVRCR R/W o -]1-10 0 0 0 0
D9H P9 Direction Register POIO R/W -/ =-1=-10 0 0 0 0
DAH Timer 1 Control Register T1CR R/W o| -0 0 0 0 0 0
DBH Timer 1 Counter Register TICNT R 0 0 0 0 0 0 0 0
DCH Timer 1 Data Register T1DR R/W 1 1 1 1 1 1 1 1
DCH Timer 1 Capture Data Register T1CDR R 0 0 0 0 0 0 0 0
DDH Timer 2 Control Register T2CR R/W o| -0 0 0 0 0 0
DEH Timer 2 Counter Register T2CNT R 0 0 0 0 0 0 0 0
DFH Timer 2 Data Register T2DR R/W 1 1 1 1 1 1 1 1
DFH Timer 2Capture Data Register T2CDR R 0 0 0 0 0 0 0 0

Table 8-5 Table 8.3 SFR Map (Continued)
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EOH Accumulator A Register ACC R/W 0 0 0 0 0 0 0 0
E1H PA Direction Register PAIO R/W -/ -/ =10 0 0 0 0
E2H Timer 3 Control Low Register T3CRL R 0 0 o|-|-1]0 0 0
E3H Timer 3 Control High Register T3CRH R 0 0 0 o|-|-]-10
E4H Timer 3 A Data Low Register T3ADRL R/W 1 1 1 1 1 1 1 1
E5H Timer 3 A Data High Register T3ADRH R/W 1 1 1 1 1 1 1 1
E6H Timer 3 B Data Low Register T3BDRL R/W 1 1 1 1 1 1 1 1
E7H Timer 3 B Data High Register T3BDRH R/W 1 1 1 1 1 1 1 1
E8H Reset Flag Register RSTFR R/W 1 X 0 0 x| -] =180
E9H PB Direction Register PBIO R/W - -/ =-1=-1-=-10 0 0
EAH PO Pull-up Resistor Selection Register POPU R/W o|jo,0|0|O0O|O0O|O0]|O
EBH P1 Pull-up Resistor Selection Register P1PU R/W ojo,0|0|]O0O|O0O|O0]|O
ECH P2 Pull-up Resistor Selection Register P2PU R/W ojo,0|0]O0O]|O0O|O0]|O
EDH P3 Pull-up Resistor Selection Register P3PU R/W ojo,o0|0]O0O]|O0O|O0]|O
EEH P4 Pull-up Resistor Selection Register P4PU R/W ojo,o0|0]O0O|O0O|O0]|O
EFH P5 Pull-up Resistor Selection Register P5PU R/W ojo,0|0]|]O0O|O0|O0]|O
FOH B Register B R/W ojo|/0|jO0O|jO0O|O0O 0]|O
F1H PD Direction Register PDIO R/W -/ -1-10 0 0 0 0
F2H BUZZER Control Register BUZCR R/W -/ -|/=-]/=-]10|0]0]|O0
F3H BUZZER Data Register BUZDR R/W 1 /1|11 |1|1|1]|1
F4H Stack Pointer Watch Low Register SPWRL R/W 1 1 1 1 1 1 1 1
F5H Stack Pointer Watch High Register SPWRH R/W 0 0 0 0 1 1 1 1
F6H Extended Stack Pointer Control Register XSPCR R/W - -l =-1=]1=-]1-=-1=10
F7H System Interrupt Control Register SINTCR R/W -/ -/=-10|-=-]-=1]1=10
F8H External RAM Bank Selection Register XBANK R/W 0 0 0 0 0 0 0 0
FOH Reserved - - -l === =1-=-1=-1-=
FAH Flash Sector Address High Register FSADRH R/W - |-/ =-1-=-10 0 0 0
FBH Flash Sector Address Middle Register FSADRM R/W 0 0 0 0 0 0 0 0
FCH Flash Sector Address Low Register FSADRL R/W 0 0 0 0 0 0 0 0
FDH Flash Identification Register FIDR R/W 0 0 0 0 0 0 0 0
FEH Flash Mode Control Register FMCR R/W o|-|-]-1]-=-180 0 0
FFH Mode Entry Register MODINR R - |-/ =-l=-1=-1-=-10 0

Table 8-6

Table 8.3 SFR Map (Concluded)

63



ABOV Semiconductor Co., Ltd. MC97F60128

) @Reset
Address Function Symbol R/W
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4000H A/D Converter Data Low Register ADCDRL R X X X X X X X X
4001H A/D Converter Data High Register ADCDRH R X X X X X X X X
4002H A/D Converter Control Low Register ADCCRL R/W 0 o| -0 0 0 0 0
4003H A/D Converter Control High Register ADCCRH R/W - |10 0 0 0 0 0 0
4004H Timer Interrupt Control Register TINTCR R/W -/ —-10 0 0 0 0 0
4005H Reserved - - - -] = =-|=-1-=-1-1-
4006H Reserved - - - -] = =-|=-1-=-1-1-
4007H Reserved - - - -] = =-|=-1-=-1-1-
4008H Reserved - - -l =-=-1-=-1-1-1-1-
4009H LCD Contrast Control Register LCDCCR R/W o|-|-]1-10 0 0 0
400AH LCD Driver Control Low Register LCDCRL R/W -/ =-|/=-]0]0|0]0]|O
400BH LCD Driver Control High Register LCDCRH R/W -/ =-|/=-]0]0|-]01]0
400CH LCD Automatic Bias Control Register LCDBCR R/W 0 0 0 0 0 0 0 0
400DH SPI3 Control Register SPI3CR R/W 0 0 0 0 0 0 0 0
400EH SPI3 Data Register SPI3DR R/W 0 0 0 0 0 0 0 0
400FH SPI3 Status Register SPI3SR R/W ojo|O0|-]0]O0]|-]|-
4010H PO Open-drain Selection Register POOD R/W o|jo,0|0|]O0O|O0O|O0]|O
4011H P1 Open-drain Selection Register P10OD R/W ojo,o0|0]O0O|O0O|O0]|O
4012H P2 Open-drain Selection Register P20D R/W ojo,o0|0]O0O]|O0O|O0]|O
4013H P3 Open-drain Selection Register P30D R/W ojo,0|0]O0O]|O0O|O0]|O
4014H P4 Open-drain Selection Register P40D R/W o|jo,0|0|]O0O|O0O|O0]|O
4015H P5 Open-drain Selection Register P50D R/W 0 0 0 0 0 0 0 0
4016H P6 Open-drain Selection Register P60OD R/W -/ -/0]0]0|O0O0]O0]|O
4017H P7 Open-drain Selection Register P70D R/W ojo,0|0]O0O]|]O0O|O0]|O
4018H P8 Open-drain Selection Register P8OD R/W 0 0 0 0 0 0 0 0
4019H P9 Open-drain Selection Register P9OD R/W -/ =-1=-10 0 0 0 0
401AH PA Open-drain Selection Register PAOD R/W -/ =-1=-10 0 0 0 0
401BH PB Open-drain Selection Register PBOD R/W - |-/ =-1=1-=-10 0 0
401CH PD Open-drain Selection Register PDOD R/W -/ =-1=10 0 0 0 0
401DH PO Function Selection Register POFSR R/W 0 0 0 0 0 0 0 0
401EH P1 Function Selection Low Register P1FSRL R/W 0 0 0 0 0 0 0 0
401FH P1 Function Selection High Register P1FSRH R/W - |-/ =1-=-10 0 0 0

Table 8-7 XSFR Map
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4020H P2 Function Selection Low Register P2FSRL R/W 0 0 0 0 0 0 0 0
4021H P2 Function Selection High Register P2FSRH R/W -/ -/ =10 0 0 0 0
4022H P3 Function Selection Low Register P3FSRL R/W 0 0 0 0 0 0 0 0
4023H P3 Function Selection High Register P3FSRH R/W 0 0 0 0 0 0 0 0
4024H P4 Function Selection Low Register P4AFSRL R/W -/ -1 -10 0 0 0 0
4025H P4 Function Selection High Register P4FSRH R/W - 10 0 0 0 0 0 0
4026H P5 Function Selection Low Register P5FSRL R/W -/ =10 0 0 0 0 0
4027H P5 Function Selection High Register P5FSRH R/W - 10 0 0 0 0 0 0
4028H P6 Function Selection Low Register P6FSRL R/W 0 0 0 0 0 0 0 0
4029H P6 Function Selection High Register P6FSRH R/W - -/ =-1=-1-=-10 0 0
402AH P7 Function Selection Low Register P7FSRL R/W o|jo,0|0|O0O|O0O|O0]|O
402BH P7 Function Selection High Register P7FSRH R/W -/ =-|/=-]/=-]10|0]0]|O0
402CH P8 Function Selection Register P8FSR R/W 0 0 0 0 0 0 0 0
402DH P9 Function Selection Register POFSR R/W - -/ =-1=-1-=-10 0 0
402EH PA Function Selection Register PAFSR R/W - | - = 0 0 0 0 0
402FH PB Function Selection Register PBFSR R/W - =-|/=-]/=-]1=-]10]0]O0
4030H USIO Control Register 1 USIOCR1 R/W o|jo,0|0|]O0O|O0O|O0]|O
4031H USIO Control Register 2 USIOCR2 R/W 0 0 0 0 0 0 0 0
4032H USIO Control Register 3 USIOCR3 R/W ojo,o0|0]O0O]|O0O|O0]|O
4033H USIO Control Register 4 USIOCR4 R/W o|-,0|0]O0O]|O0O|O0]|O
4034H Reserved - - - - =] =1 =1=-1-=-1-=
4035H Reserved - - -l === =1-=-1=-1-=
4036H Reserved - - e e = e A B B
4037H PD Function Selection Register PDFSR R/W - |- -0 0 0 0 0
4038H USIO Status Register 1 USIOST1 R/W 1/0]0|O0| O0|O0]O0]|O
4039H USIO Status Register 2 USIOST2 R/W ojo,0|0|]O0O|O0O|O0]|O
403AH USIO Baud Rate Generation Register USIOBD R/W 1 1 1 1 1 1 1 1
403BH USIO SDA Hold Time Register USIOSDHR R/W oj/o0|O0O|O0O|]O0O|O0) 0|1
403CH | USIO Data Register USIODR R/W ojo,o0|0]O0O]|O0O|O0]|O
403DH | USIO SCL Low Period Register USIOSCLR R/W ojo ;1|11 |1|1]|1
403EH USIO SCL High Period Register USIOSCHR R/W ojo ;1|11 |1|1]|1
403FH USIO Slave Address Register USIOSAR R/W 0 0 0 0 0 0 0 0

Table 8-8 Table 8.4 XSFR Map (Continued)
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4040H USI1 Control Register 1 USI1CR1 R/W 0 0 0 0 0 0 0 0
4041H USI1 Control Register 2 USI1CR2 R/W 0 0 0 0 0 0 0 0
4042H USI1 Control Register 3 USI1CR3 R/W 0 0 0 0 0 0 0 0
4043H USI1 Control Register 4 USI1CR4 R/W 0 - 0 0 0 0 0 0
4044H Reserved - - - - == =1-|-1-=-
4045H Reserved - - - - =] =1 =1=-1-=-1-=
4046H Reserved - - - - =] =1 =1=-1-=-1-=
4047H Reserved - - - - =] =1 =1=-1-=-1-=
4048H USI1 Status Register 1 USI1ST1 R/W 1 0 0 0 0 0 0 0
4049H USI1 Status Register 2 USI1ST2 R/W ojo|lO0O|jO0O|O0O|O0O O0]|O
404AH USI1 Baud Rate Generation Register USI1BD R/W 1 1 1 1 1 1 1 1
404BH USI1 SDA Hold Time Register USI1SDHR R/W 0 0 0 0 0 0 0 1
404CH USI1 Data Register USI1DR R/W 0 0 0 0 0 0 0 0
404DH USI1 SCL Low Period Register USI1SCLR R/W 0 0 1 1 1 1 1 1
404EH USI1 SCL High Period Register USI1SCHR R/W 0 0 1 1 1 1 1 1
404FH USI1 Slave Address Register USI1SAR R/W ojo,0|0]|]O0O|O0|O0]|O

4050H Reserved - -
4051H Reserved - -
4052H Reserved - -
4053H Reserved - - - - =] = = =1|=1-=
4054H Reserved - - - = =] =] = =1=1-=
4055H Reserved - - -l - = = =] =1=1=
4056H Reserved - - - == = = =1|=1-=
4057H Reserved - - -l - = = =] =1 =1=
4058H Reserved - - -l - = = =] =1=1=
4059H Reserved - - -l - = = =] =1=1=
405AH Reserved - - -l - = = =] =1=1=
405BH Reserved - - -l - = = =] =1 =1=
405CH Reserved - - - == = = =1|=1-=
405DH Reserved - - -l - = = =] =1=1=
405EH Reserved - - -l - = = =] =1=1=
405FH Reserved - - -l - = = =] =1=1=
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4060H UART2 Control Register 1 UART2CR1 R/W -/ =10 0 0 0 0| -
4061H UART2 Control Register 2 UART2CR2 R/W 0 0 0 0 0 0 0 0
4062H UART2 Control Register 3 UART2CR3 R/W - /0|l -1-=-1-=-10 0 0
4063H UART2 Status Register UART2ST R/W i1/0]0|O0O| O0|O0O]O0]|O
4064H UART2 Baud Rate Generation Register UART2BD R/W 1 1 1 1 1 1 1 1
4065H UART2 Data Register UART2DR R/W 0 0 0 0 0 0 0 0
4066H PWM Generator Interrupt Control Register PGINTCR R/W - | -/ =1-=10 0 0 0
4067H PWM Generator Interrupt Flag Register PGIFLAG R/W - | -/ =1-=10 0 0 0
4068H UART3 Control Register 1 UART3CR1 RW | - | -/ 0]|0|0|0]|O0] -
4069H UART3 Control Register 2 UART3CR2 R/W ojo,0|0]O0O]|O0O|O0]|O
406AH UART3 Control Register 3 UART3CRS3 R/W -/0|-|-=-]=-=]l0]0]|O0
406BH UART3 Status Register UART3ST R/W 1/0]0|O0| O0|O0O]O0]|O
406CH UART3 Baud Rate Generation Register UART3BD R/W 1 1 1 1 1 1 1 1
406DH | UART3 Data Register UART3DR R/W ojo,o0|0]O0O]|O0O|O0]|O
406EH Reserved - - e e e B R B i
406FH Reserved - - - - =] =1 =1=-1-=-1-=
4070H UART4 Control Register 1 UART4CR1 RW | - | -/ 00| 00| 0] -
4071H UART4 Control Register 2 UART4CR2 R/W 0 0 0 0 0 0 0 0
4072H UART4 Control Register 3 UART4CR3 R/W - 0 - - = 0 0 0
4073H UART4 Status Register UART4ST R/W 1/,0]0|O0 O0|O0O]O0]|O
4074H UART4 Baud Rate Generation Register UART4BD R/W 1 1 1 1 1 1 1 1
4075H UART4 Data Register UART4DR R/W ojo,0|0|]O0O|O0O|O0]|O
4076H Reserved - - e e = e A B B
4077H Reserved - - e e = e A B B
4078H Timer 4 Control Low Register TACRL R/W 0 0 o|-|-1]0 0 0
4079H Timer 4 Control High Register TACRH R/W 0 0 0 o|-|-]-10
407AH Timer 4 A Data Low Register T4ADRL R/W 1 1 1 1 1 1 1 1
407BH Timer 4 A Data High Register TAADRH R/W 1 1 1 1 1 1 1 1
407CH Timer 4 B Data Low Register TABDRL R/W 1 1 1 1 1 1 1 1
407DH Timer 4 B Data High Register TABDRH R/W 1 1 1 1 1 1 1 1
407EH Reserved - - -l === =1-=-1=-1-=
407FH SPI2 Data Register SPI2DR R/W ojo,0|0|]O0O|O0|O0]|O
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4080H Timer 5 Control Low Register T5CRL R/W 0 0 o|-|-1]0 0 0
4081H Timer 5 Control High Register T5CRH R/W 0 0 0 o|-|-]1-10
4082H Timer 5 A Data Low Register T5ADRL R/W 1 1 1 1 1 1 1 1
4083H Timer 5 A Data High Register T5ADRH R/W 1 1 1 1 1 1 1 1
4084H Timer 5 B Data Low Register T5BDRL R/W 1 1 1 1 1 1 1 1
4085H Timer 5 B Data High Register T5BDRH R/W 1 1 1 1 1 1 1 1
4086H SPI2 Status Low Register SPI2SRL R/W 0 0 o|-10 i
4087H SPI2 Status High Register SPI2SRH R/W - 10 o|-10 o|-1]0
4088H Timer 6 Control Low Register T6CRL R/W 0 0 o|-|-1]20 0 0
4089H Timer 6 Control High Register T6CRH R/W 0 0 0 o|-|-]1-10
408AH | Timer 6 A Data Low Register T6ADRL R/W 1 1 1 1 1 1 1 1
408BH | Timer 6 A Data High Register T6ADRH R/W 1 1 1 1 1 1 1 1
408CH Timer 6 B Data Low Register T6BDRL R/W 1 1 1 1 1 1 1 1
408DH Timer 6 B Data High Register T6BDRH R/W 1 1 1 1 1 1 1 1
408EH SPI2 Control Low Register SPI2CRL R/W -/ -|/=-]10|=|=1]1-=1]0
408FH SPI2 Control High Register SPI2CRH R/W ojo,0|0]|]O0O|O0|O0]|O
4090H Timer 7 Control Register T7CR R/W o|jo,0|0|]O0O|O0O|O0]|O
4091H Timer 7 Counter Register T7CNT R 0 0 0 0 0 0 0 0
4091H Timer 7 Data Register T7DR \W 1 1 1 1 1 1 1 1
4091H Timer 7 Capture Data Register T7CAPR R 0 0 0 0 0 0 0 0
4092H Timer 8 Control Register T8CR R/W o|jo,0|0|]O0O|O0O|O0]|O
4093H Timer 8 PWM Control Register 1 T8PCR1 R/W 0 0 0 0 0 0 0 0
4094H Timer 8 PWM Control Register 2 T8PCR2 R/W 0 - 0 0 0 0 0 0
4095H Timer 8 PWM Control Register 3 T8PCRS3 R/W ojo,0|0]O0O]|]O0O|O0]|O
4096H Timer 8 Interrupt Status Register T8ISR R/W 0 0 0 0 ol - -1 -
4097H Timer 8 Interrupt Mask Register T8MSK R/W 0 0 0 0 ol - -1 -
4098H Timer 8 PWM Period Low Register T8PPRL R/W 1 1 1 1 1 1 1 1
4099H Timer 8 PWM Period High Register T8PPRH R/W - - =] = =-1-= 0 0
409AH Timer 8 PWM A Duty Low Register T8ADRL R/W 0 1 1 1 1 1 1 1
409BH Timer 8 PWM A Duty High Register T8ADRH R/W - |-/ =-l=-1=-1-=-10 0
409CH Timer 8 PWM B Duty Low Register T8BDRL R/W 0 1 1 1 1 1 1 1
409DH Timer 8 PWM B Duty High Register T8BDRH R/W - |-/ =-l=-1=-1-=-10 0
409EH Timer 8 PWM C Duty Low Register T8CDRL R/W 0 1 1 1 1 1 1 1
409FH Timer 8 PWM C Duty High Register T8CDRH R/W - =/ =-1=-1-=-1-=-10 0
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40A0H Timer 8 PWM A Delay Register T8DLYA R/W 0 0 0 0 0 0 0 0
40A1H Timer 8 PWM B Delay Register T8DLYB R/W 0 0 0 0 0 0 0 0
40A2H | Timer 8 PWM C Delay Register T8DLYC R/W ojo|lO0O|jO0O|]O0O|O0O O0]|O
40A3H Timer 8 Data Register T8DR R/W 1 1 1 1 1 1 1 1
40A4H Timer 8 Capture Data Register T8CAPR R 0 0 0 0 0 0 0 0
40A5H Timer 8 Counter Register T8CNT R 0 0 0 0 0 0 0 0
40A6H PWM Generator Delay Data Register PWMDLYDR | RW 0 0 0 0 0 0 0 0
40A7H PWM Generator Noise Filter Register NFILDR R/W 0 0 0 0 1 1 1 1
40A8H PWM Generator Control Low Register PWMCRL R/W 0 0 0 0 0 0 0 0
40A9H PWM Generator Control High Register PWMCRH R/W ojo,0|0]O0O]|O0O|O0]|O
40AAH PWM Generator A Data Low Register PWMADRL R/W 1 1 1 1 1 1 1 1
40ABH | PWM Generator A Data High Register PWMADRH R/W - - =-]1=-1=-1-11 1
40ACH | PWM Generator B Data Low Register PWMBDRL R/W o|jo,0|0|]O0O|O0O|O0]|O
40ADH | PWM Generator B Data High Register PWMBDRH R/W - -|/=-]/=-]1=/-=-]1701]0
40AEH PWM Generator Counter Low Register PWMCNTL R 0 0 0 0 0 0 0 0
40AFH PWM Generator Counter High Register PWMCNTH R - - =] = =-1-= 0 0
40BOH FADPCM Decoder Control Register DECCR R/W ojo,o0|0]O0O|O0O|O0]|O
40B1H FADPCM Decoder FIFO Register DFIFOR R/W ojo|/0|jO0O|jO0O|O0O 0]|O
40B2H FADPCM Decoder Data Register DECDR R/W o|jo,0|0|]O0O|O0O|O0]|O
40B3H FADPCM Decoder Bundle Register DBDLR R/W ojo,0|0]|]O0O|O0|O0]|O
40B4H FADPCM Decoder Output Data Low Register DODRL R 0 0 0 0 0 0 0 0
40B5H Eﬁl;l;’glr\/l Decoder Output Data High DODRH 1 0 0 0 0 0 0 0
40B6H FADPCM Interrupt Flag Register FAFLAG R/W o|-|-]1-10 0 0 0
40B7H Serial Flash Command Register SFCMD R/W ojo,0|0]O0O]|]O0O|O0]|O
40B8H Voice Prompt Address Register 1 VPADDR1 R/W ojo,o0|0|]O0O]|O0O|O0]|O
40B9H Voice Prompt Address Register 2 VPADDR2 R/W ojo,0|0]O0O]|]O0O|O0]|O
40BAH | Voice Prompt Address Register 3 VPADDR3 R/W 0 0 0 0 0 0 0 0
40BBH | Voice Prompt Size Register 1 VPSIZE1 R/W 0 0 0 0 0 0 0 0
40BCH | Voice Prompt Size Register 2 VPSIZE2 R/W 0 0 0 0 0 0 0 0
40BDH | Voice Prompt Size Register 3 VPSIZE3 R/W 0 0 0 0 0 0 0 0
40BEH | Voice Prompt Inform Register 1 VPINF1 R/W 0 0 0 0 0 0 0 0
40BFH Voice Prompt Inform Register 2 VPINF2 R/W 0 0 0 0 0 0 0 0

Table 8-12 Table 8.4 XSFR Map (Continued)
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) @Reset

Address Function Symbol R/W

4 |32 |1/|0
40COH D/A Converter Control Register DACCR R/W 0 0 0 0 0 0 0 0
40C1H Programmable Gain Selection Register PGSR R/W - | -/ =1-=10 0 0 0
40C2H D/A Converter Data Low Register DACDRL R/W 0 0 0 0 0 0 0 0
40C3H D/A Converter Data High Register DACDRH R/W 0 0 0 0 0 0 0 0
40C4H D/A Converter Buffer Low Register DACBRL R 0 0 0 0 0 0 0 0
40C5H D/A Converter Buffer High Register DACBRH R 0 0 0 0 0 0 0 0
40C6H Voice Prompt Control Register VPCR R/W 0 0 0 0 0 0 0 0
40C7H Serial Flash Dummy and Data Number SFDDNO R/W 0 0 0 o|-10 0 0
40C8H D/A Converter Offset Control Register DAOFSCR R/W 0 o -]1-120 0 0 0
40C9H D/AC Interface Control Register DACIFCR R/W o| -0 0 0 0 0 0
40CAH D/AC Interface Command Register DACIFCMD R/W -/ =-|/=-]/=-]10|0]0]|O0
40CBH Reserved - - - -] == =1]1=-1-1=-
40CCH Reserved - - - -1 = =-|=-1=-1-1-
40CDH Reserved - - - -1 = =-|=-1=-1-1-
40CEH Reserved - - - -1 = =-|=-1=-1-1-
40CFH Reserved - - - -] == =1]1=-1-1=-

Table 8-13 Table 8.4 XSFR Map (Concluded)
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8.4.3 SFR Map

ACC (Accumulator Register) : EOH

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

B (B Register) : FOH

7 6 5 4 3 2 1 0
| B
RW RW RW RW RW RW RW RW
Initial value : O0OH
B B Register

SP (Stack Pointer) : 81H

7 6 5 4 3 2 1 0
| sP
RW RW RW RW RW RW RW RW
Initial value : 07H
SP Stack Pointer

XSP (Extended Stack Pointer) : 91H

7 6 5 4 3 2 1 0
| XSP
RW RW RW RW RW RW RW RW
Initial value : 07H
XSP Extended Stack Pointer

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

XSPCR (Extended Stack Pointer Control Register) : F6H

7 6 5 4 3 2 1 0
| - - - | - | _ _ _ XSPEN
= = = = = = = RW
Initial value : OOH
XSPEN Extended Stack Pointer Enable/Disable
0 Disable
1 Enable
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DPL (Data Pointer Register Low) : 82H
7 6 5 4 3 2 1 0
| DPL
RW RW RW RW RW RW RW RW
Initial value : OOH
DPL Data Pointer Low
DPH (Data Pointer Register High) : 83H
7 6 5 4 3 2 1 0
| DPH
RW RW RW RW RW RW RW RW
Initial value : OOH
DPH Data Pointer High
DPL1 (Data Pointer Register Low 1) : 84H
7 6 5 4 3 2 1 0
| DPL1
RW RW RW RW RW RW RW RW
Initial value : 00H
DPL1 Data Pointer Low 1
DPH1 (Data Pointer Register High 1) : 85H
7 6 5 4 3 2 1 0
| DPHL
RW RW RW RW RW RW RW RW
Initial value : OOH
DPH1 Data Pointer High 1
PSW (Program Status Word Register) : DOH
7 6 5 4 3 2 1 0
| oY AC FO |  Rst RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value : OOH
CcYy Carry Flag
AC Auxiliary Carry Flag
FO General Purpose User-Definable Flag
RS1 Register Bank Select bit 1
RSO Register Bank Select bit 0
ov Overflow Flag
F1 User-Definable Flag
P Parity Flag. Set/Cleared by hardware each instruction cycle to indicate an

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

7 6 5 4 3 2 1 0
| - - | - | TR EN | - |  DpseE DPSELL DPSELO
- - - RW - RW RW RW
Initial value : OOH
TRAP_EN Select the Instruction (Keep always ‘0’).
0 Select MOVC @(DPTR++), A
1 Select Software TRAP Instruction

DPSEL[2:0] Select Banked Data Pointer Register
DPSEL2 DPSEL1 DPSELO Description

0 0 0 DPTRO
0 0 1 DPTR1
Reserved

SPWRL (Stack Pointer Watch Register Low Byte) : F4H
7 6 5 4 3 2 1 0
| SPWRL

RW RW RW RW RW RW RW RW
Initial value : O0OH

SPWRL Stack Pointer Watch Low

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

RW RW RW RW RW RW RW RW
Initial value : O0OH

SPWRH Stack Pointer Watch High

MODINR (Mode Entry Register) : FFH

7 6 5 4 3 2 1 0
| - | - | _ _ - - MODEL MODED
— _ _ _ — — RW RW

Initial value : O0H

DPSEL[1:0] MCU MODE Indicator
MODE1 MODEO Description

0 0 User Mode

0 1 OCD Mode

1 0 Runflag High Indicator, If the RUNFLAG pin is high level
During a power-on reset, the MODEJ[1:0] is set to “10b”

1 1 Not available

73



ABOV Semiconductor Co., Ltd. MC97F60128

SINTCR (System Interrupt Control Register) : F7H

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

is cleared only by writing a ‘0’ to the bit. So, the flag should
be cleared by software.

0 Stack pointer overflow Interrupt no generation
1 Stack pointer overflow Interrupt generation

NOTE)

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

2. When the XSPEN bit of the XSPCR register is “1b”
- The extended stack pointer and stack pointer (XSP:SP) registers are compared to the stack

pointer watch high and low register (SWARH:SWARL).

- If the values are same (XSP:SP[15:0] == SWARH:SWARL[15:0]), the SPOVIFR bit is set to “1b”.

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

XBANK XRAM Bank Pointer

NOTE)
1. This XBANK register holds the [15:8] part of memory address during access to data.
2. Address[15:0]: “XBANK:Ri” (Ri: RO or R1)
3. EXx) MOVX A,@Ri ; Move external data (XBANK:RIi[15:0]) to A
MOVX @Ri,A ; Move A to external data (XBANK:Ri[15:0])
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MEX1 (Memory Extension Register 1) :94H

7 6 5 4 3 2 1 0
| oo | cB8 | B | B NB19 NB18 NB17 NB16
RW RW RW RW RW RW RW RW
Initial value : OOH
CB[19:16] Current Bank
NB[19:16] Next Bank

NOTE)
1. This register records the “current” and “next” memory bank numbers for program code.

MEX2 (Memory Extension Register 2) :95H

7 6 5 4 3 2 1 0
| wmov | moes | wmoBir | momis IB19 IB18 IBL7 IB16
RW RW RW RW RW RW RW RW
Initial value : OOH
MCM Memory Constant Mode, Set go “1b” when Memory Bank used
MCB[18:16] Memory Constant Bank (with MEX3.7)
I1B[19:16] Interrupt Bank

NOTE)
1. This register controls the current memory bank numbers for interrupt service routine code and
for memory constants.

MEX3 (Memory Extension Register 3) :96H

7 6 5 4 3 2 1 0
T uBl | UBD |  MXBIO MXM MXB18 MXBL7 MXB16
RW RW RW RW RW RW RW RW
Initial value : OOH
MCB19 Memory Constant Bank MSB, See MEX2 Register
UB[1:0] Bits available to the user
MXB19 XRAM Bank
MXM XRAM Bank Selector, When set to “1b”, the MOVX Bank bits
MX19-MX16 are used as XRAMA 19-16 instead of the current
bank (CB)

MXB[18:16]  XRAM Bank

NOTE)
1. This register chiefly controls the current memory bank number for external data memory.
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MEXSP (Memory Extension Register Stack Pointer) :97H

7 6 5 4 3 2 1 0
| - | MExsPe | MEXSPs | MEXSP4 | MEXSP3 MEXSP2 MEXSP1 MEXSPO
- RW R RAW RW R RW RW

Initial value : O0OH

MEXSP[6:0] Memory Extension Stack Pointer

NOTE)
1. This register is the memory extension stack pointer. It provides for a stack depth of up to 128
bytes
(Bit 7 is always 0). It is pre-incremented by call instructions and post-decremented by return instructions.
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9. I/0 Ports
9.1 I/O Ports

The MC97F60128 has thirteen groups of 1/O ports (PO ~ PB/PD). 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, P4, P6, P9 and PA includes function that can generate interrupt according to change of state of the pin.

9.2 Port Register

9.2.1 Data Register (Px)

Data Register is a bidirectional 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 ofPx to input mode. Set bits of this register will make the pin to output mode. Almost

bits are cleared by a system reset, but some bits are set by a system reset.

9.2.3 Pull-up Resistor Selection Register (PxPU)

The on-chip pull-up resistor can be connected to 1/O ports individually with a pull-up resistor selection register (PxPU).
The pull-up register selection controls the pull-up resister enable/disable of each port. When the corresponding bit is 1,

the pull-up resister of the pin is enabled. When 0, the pull-up resister is disabled. All bits are cleared by a system reset.

9.2.4 Open-drain Selection Register (PxOD)

There are internally open-drain selection registers (PxOD) for PO ~ PB and a bit for PD. 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[7:1], P1[5:0], P4[5:3], P6[2:1], P9[4:0] and PA[4:0] support debounce function. Debounce clocks of each ports are
fx/1, fx/4, tx/4096 and fSUB-
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9.2.6

Port Function Selection Register (PxFSR)

These registers define alternative functions of ports. Please remember that these registers should be set properly for

alternative port function. A reset clears the PxFSR register to ‘00H’, which makes all pins to normal I/O ports.

9.2.7 Register Map

Name Address Direction Default Description
PO 80H R/W OOH PO Data Register
POIO B2H R/W O00OH PO Direction Register
POOD 4010H(XSFR) R/W 00H PO Open-drain Selection Register
POPU EAH R/W 00H PO Pull-up Resistor Selection Register
PODB CCH R/W 00H PO Debounce Enable Register
POFSR 401DH(XSFR) R/W 00H PO Function Selection Register
P1 88H R/W 00H P1 Data Register
P110 B3H R/W O00H P1 Direction Register
P10D 4011H (XSFR) R/W 00H P1 Open-drain Selection Register
P1PU EBH R/W O00H P1 Pull-up Resistor Selection Register
P1DB CDH R/W 00H P1 Debounce Enable Register
P1FSRH 401FH (XSFR) R/W O00H P1 Function Selection High Register
P1FSRL 401EH (XSFR) R/W O00H P1 Function Selection Low Register
P2 90H R/W OOH P2 Data Register
P210 B4H R/W O00H P2 Direction Register
P20D 4012H (XSFR) R/W O00H P2 Open-drain Selection Register
P2PU ECH R/W OOH P2 Pull-up Resistor Selection Register
P2FSRH 4021H (XSFR) R/W O00H P2 Function Selection High Register
P2FSRL 4020H (XSFR) R/W O00H P2 Function Selection Low Register
P3 98H R/W O00H P3 Data Register
P3IO B5H R/W O0OH P3 Direction Register
P30D 4013H (XSFR) R/W O00H P3 Open-drain Selection Register
P3PU EDH R/W O0OH P3 Pull-up Resistor Selection Register
P3FSRH 4023H (XSFR) R/W O00H P3 Function Selection High Register
P3FSRL 4022H (XSFR) R/W 00H P3 Function Selection Low Register
P4 AOH R/W O00H P4 Data Register
P41O B1H R/W O00H P4 Direction Register
P40D 4014H (XSFR) R/W O00H P4 Open-drain Selection Register
P4PU EEH R/W O00H P4 Pull-up Resistor Selection Register
P46DB CEH R/W O00H P4/P6 Debounce Enable Register
PAFSRH 4025H (XSFR) R/W O00H P4 Function Selection High Register
PAFSRL 4024H (XSFR) R/W O00H P4 Function Selection Low Register
Table 9-1 Port Register Map
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Name Address Direction Default Description
P5 BOH R/W 00OH P5 Data Register
P5IO BOH R/W 00OH P5 Direction Register
P50D 4015H (XSFR) R/W O00OH P5 Open-drain Selection Register
P5PU EFH R/W O00OH P5 Pull-up Resistor Selection Register
P5FSRH 4027H (XSFR) R/W 00OH P5 Function Selection High Register
P5FSRL 4026H (XSFR) R/W 00OH P5 Function Selection Low Register
P6 B8H R/W 00H P6 Data Register
P6IO C1H R/W 00H P6 Direction Register
P60OD 4016H (XSFR) R/W 00OH P6 Open-drain Selection Register
P6PU A6H R/W 00H P6 Pull-up Resistor Selection Register
P6FSRH 4029H (XSFR) R/W OOH P6 Function Selection High Register
P6FSRL 4028H (XSFR) R/W O00H P6 Function Selection Low Register
P7 COH R/W 00H P7 Data Register
P710 C9H R/W 00H P7 Direction Register
P70D 4017H (XSFR) R/W 00H P7 Open-drain Selection Register
P7PU A7TH R/W 00H P7 Pull-up Resistor Selection Register
P7FSRH 402BH (XSFR) R/W 00H P7 Function Selection High Register
P7FSRL 402AH (XSFR) R/W 00H P7 Function Selection Low Register
P8 99H R/W O00H P8 Data Register
P8IO D1H R/W 00H P8 Direction Register
P8OD 4018H (XSFR) R/W O00H P8 Open-drain Selection Register
P8PU ADH R/W 00H P8 Pull-up Resistor Selection Register
P8FSR 402CH (XSFR) R/W 00H P8 Function Selection Register
P9 AlH R/W 00OH P9 Data Register
P9IO D9H R/W OOH P9 Direction Register
PO0OD 4019H (XSFR) R/W O00H P9 Open-drain Selection Register
POPU AEH R/W OOH P9 Pull-up Resistor Selection Register
PODB CFH R/W OOH P9 Debounce Enable Register
POFSR 402DH (XSFR) R/W OOH P9 Function Selection Register
PA A3H R/W O0OH PA Data Register
PAIO E1H R/W 00H PA Direction Register
PAOD 401AH (XSFR) R/W O00H PA Open-drain Selection Register
PAPU AFH R/W O00H PA Pull-up Resistor Selection Register
PADB D7H R/W O0OH PA Debounce Enable Register
PAFSR 402EH (XSFR) R/W O00H PA Function Selection Register
PB A4H R/W OOH PB Data Register
PBIO E9H R/W O00H PB Direction Register
PBOD 401BH (XSFR) R/W O00H PB Open-drain Selection Register
PBPU B6H R/W O00H PB Pull-up Resistor Selection Register
PBFSR 402FH (XSFR) R/W O00H PB Function Selection Register
PD A5H R/W 00H PD Data Register
PDIO F1H R/W 00H PD Direction Register
PDOD 401CH (XSFR) R/W 00H PD Open-drain Selection Register
PDPU B7H R/W 00H PD Pull-up Resistor Selection Register
PDFSR 4037H (XSFR) R/W 00H PD Function Selection Register
Table 9-2 Port Register Map
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9.3 PO Port

9.3.1 PO Port Description

PO is 8-bit I1/0O port. PO control registers consist of PO data register (P0), PO direction register (P0IO), debounce
enable register (PODB), PO pull-up resistor selection register (POPU) and PO open-drain selection register (POOD).
Refer to the port function selection registers for the PO function selection.

9.3.2 Register description for PO

PO (PO Data Register): 80H

7 6 5 4 3 2 1 0
| PO7 | P06 | P05 PO4 P03 P2 POL P00
RW RW RW RW RW RAW RW RW

Initial value: OOH

PO[7:0] I/O Data

POIO (PO Direction Register): B2H

7 6 5 4 3 2 1 0
| pPmo | Peo | PO PO4IO PO3IO P20 POLIO POOIO
RW RW RW RW RW RW RW RW
Initial value: O0OH
POIO[7:0] PO Data I/O Direction.
0 Input
1 Output
NOTE)

1. EINTO ~ EINT7/BLNK function possible when input

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

7 6 5 4 3 2 1 0
| Py | Py | PPU | POPU | POBRU PO2PU POLPU POOPU
RW RW RW RW RW RW RW RW
Initial value: OOH
POPUI[7:0] Configure Pull-up Resistor of PO Port
0 Disable
1 Enable

POOD (PO Open-drain Selection Register): 4010H (XSFR)

7 6 5 4 3 2 1 0
| pPoroo | pPwoD | PsOD | PodoD | PosoD PO20D PO1OD POOOD
RW RW RW RW RW RW RW RW
Initial value: 00H
POOD[7:0] Configure Open-drain of PO Port
0 Push-pull output
1 Open-drain output
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PODB (PO Debounce Enable Register): CCH

7 6 5 4 3 2 1 0
| PomB | PoeDB POSDB |  PO4DB POSDB P02DB POLDB POODB
RW RW RW RW RW RW RW RW
Initial value: 00H
PO7DB Configure Debounce of P07 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 PO3Port
0 Disable
1 Enable
P02DB Configure Debounce of P02 Port
0 Disable
1 Enable
P0O1DB Configure Debounce of P01 Port
0 Disable
1 Enable
POODB Configure Debounce of POO Port
0 Disable
1 Enable

NOTE)

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

2. A pulse level should be input for the duration of 3 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 1 debounce enable register (P1DB) for the debounce clock of port 0.
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POFSR (Port 0 Function Selection Register): 401DH (XSFR)

1 ANO Function

7 6 5 4 3 2 1 0
| PoFsRY POFSR6 POFSR5 | POFSR4 | POFSR3 | POFSR2 POFSRL POFSRO
RW RW RW RW RW RW RW RW
Initial value: 00H
POFSR7 P07 Function Select
0 1/0 Port (EINT7 function possible when input)
1 AN7 Function
POFSR6 P06 Function Select
0 I/O Port (EINT6 function possible when input)
1 ANG6 Function
POFSR5 P05 Function Select
0 I/0O Port (EINTS5 function possible when input)
1 AN5 Function
POFSR4 P04 Function Select
0 I/0O Port (EINT4 function possible when input)
1 AN4 Function
POFSR3 P03 Function Select
0 1/0 Port (EINT3 function possible when input)
1 AN3 Function
POFSR2 P02 Function Select
0 I/0O Port (EINT2 function possible when input)
1 AN2 Function
POFSR1 P01 Function Select
0 1/0 Port (EINT1 function possible when input)
1 AN1 Function
POFSRO P00 Function Select
0 1/0 Port (EINTO/BLNK function possible when input)
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9.4 P1 Port

9.4.1 P1 Port Description

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

the port function selection registers for the P1 function selection.

9.4.2 Register description for P1

P1 (P1 Data Register): 88H

7 6 5 4 3 2 1 0
| P17 | P16 | P15 P14 P13 P12 P11 P10
RW RW RW RW RW RW RW RW

Initial value: OOH

P1[7:0] I/O Data

P110O (P1 Direction Register): B3H

7 6 5 4 3 2 1 0
| Pmo | Peo | PO P1410 P130 P12I0 P1110 P10I0
R RAW RW RW RW RAW RW RW
Initial value: O0H
P1IO[7:0] P1 Data I/O Direction
0 Input
1 Output
NOTE)

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

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

7 6 5 4 3 2 1 0
| Py | Py | PisU | PuPU | PBRU P12PU P11PU P10PU
RAW RAW RW RW RW RAW RW RW
Initial value: OOH
P1PU[7:0] Configure Pull-up Resistor of P1 Port
0 Disable
1 Enable

P10D (P1 Open-drain Selection Register): 4011H (XSFR)

7 6 5 4 3 2 1 0
| pPwoo | pPwoD | PmsoD | PuoD | P1OD P120D P110D P100D
RW RW RW RW RW RW RW RW
Initial value: 08H
P10D[7:0] Configure Open-drain of P1 Port
0 Push-pull output
1 Open-drain output
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P1DB (P1 Debounce Enable Register): CDH

7 6 5 4 3 2 1 0
| beokt | DBCLKO PISDB |  P14DB P13DB P12DB P11DB P10DB
RW RW RW RW RW RW RW RW
Initial value: 00H
DBCLK Configure Debounce Clock of Port
DBCLK1 DBCLKO description
0 0 fx
0 1 fx/4
1 0 fx/4096
1 1 fSUB (External sub OSC)
P15DB Configure Debounce of P15Port
0 Disable
1 Enable
P14DB Configure Debounce of P14 Port
0 Disable
1 Enable
P13DB Configure Debounce of P13 Port
0 Disable
1 Enable
P12DB Configure Debounce of P12 Port
0 Disable
1 Enable
P11DB Configure Debounce of P11 Port
0 Disable
1 Enable
P10DB Configure Debounce of P10 Port
0 Disable
1 Enable
NOTE)

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

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

valid edge.

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

release.
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P1FSRH (Port 1 Function Selection High Register): 401FH (XSFR)

7 6 5 4 3 2 1 0
| - | - - | - | PIFSRHB | PIFSRH2 PIFSRHL PLFSRHO
- - - - RW RW RW RW
Initial value: 00H
P1FSRH3 P17 Function Select
0 1/0O Port
1 XOUT Function
P1FSRH2 P16 Function Select
0 1/0 Port
1 XIN Function
P1FSRH1 P15 Function Select
0 1/0 Port (EINT9/EC6 function possible when input)
1 SEG63 Function
P1FSRHO P14 Function Select
0 1/0O Port (EINT8/ECS5 function possible when input)
1 SEG62 Function
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P1FSRL (Port 1 Function Selection Low Register): 401EH (XSFR)

7 6 5 4 3 2 1 0
| PIFSR7 | PIFSR6 | PIFSRI5 | PIFSR4 PIFSRL3 | PIFSRL2 P1FSRL1 P1FSRLO
RAW RAW RW RW RW RW RW RW

P1FSRL[7:6]

P1FSRL[5:4]

P1FSRL[3:2]

P1FSRL[1:0]

P13 Function Select

P1FSRL7 P1FSRL6
0 0
0 1
1 0
1 1

P12Function Select
P1FSRL5 P1FSRL4

0 0

0 1

1 0

1 1

P11 Function Select
P1FSRL3 PI1FSRL2
0 0

0 1

1 0

1 1

P10 Function Select
P1FSRL1 PI1FSRLO
0 0

0 1

1 0

1 1

Initial value: O0H

Description

I/O Port (EINT16 function possible when input)
T60/PWM60 Function

SEG61 Function

Not used

Description

I/O Port(EINT15 function possible when input)
T50/PWM50 Function

SEG60 Function

Not used

Description

I/O Port(EINT14 function possible when input)
T40/PWM40 Function

SEG59 Function

Not used

Description

I/0 Port(EINT13 function possible when input)
T30/PWM3O0 Function

EXTSP2 Function

SEG58 Function
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9.5 P2 Port

9.5.1 P2 Port Description

P2 is 8-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
| P27 | P26 | P25 P24 P2 P2 P21 P20
RAW RAW RW RW RW RAW RW RW

Initial value: OOH

P2[7:0] I/O Data

P2IO (P2 Direction Register): B4H

7 6 5 4 3 2 1 0
| Pmo | Peo | Px0 P24iI0 P230 P20 P2110 P20I0
R RAW RW RW RW RAW RW RW
Initial value: O0H
P2I0[7:0] P2 Data I/O Direction

0 Input
1 Output
NOTE)

1. SS3/EC3-ECA4/TRIG/EXTSPO/EXTSP1 function
possible when input

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

7 6 5 4 3 2 1 0
| Py | Py | PEPU | PaPU | PRU P22PU P21PU P20PU
RW RW RW RW RW RW RW RW
Initial value: O0OH
P2PU[7:0] Configure Pull-up Resistor of P2 Port
0 Disable
1 Enable

P20D (P2 Open-drain Selection Register): 4012H (XSFR)

7 6 5 4 3 2 1 0
| pProo | pPwodD | PsoD | PMoD | POD P220D P210D P200D
RW RW RW RW RW RW RW RW
Initial value: 00H
P20D[7:0] Configure Open-drain of P2 Port
0 Push-pull output
1 Open-drain output
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P2FSRH (Port 2 Function Selection High Register):4021H (XSFR)

7 6 5 4 3 2 1 0
| - - - | PorsRH4 | PoFSRB | PoFSRRR P2FSRHL P2FSRHO
- - - RW RW RW RW RW
Initial value: 00H

P2FSRH4 P27 Function select
0 1/0 Port (EXTSP1 function possible when input)
1 COM7/SEG52 Function

P2FSRH3 P26 Function Select
0 I/O Port (EXTSPO function possible when input)
1 COMG6/SEG51 Function

P2FSRH2 P25 Function select
0 1/0 Port (TRIG function possible when input)
1 COMS5/SEG50 Function

P2FSRHJ[1:0] P24 Function Select
P2FSRH1 P2FSRHO Description
0 0 I/O Port
0 1 COM4/SEGA49 Function
1 0 PWMOUT Function
1 1 Not used

NOTE)

The P24-P27 is automatically configured as common or segment signal according to the duty in
the LCDCRL register when the pin is selected as the sub-function for common/segment.
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P2FSRL (Port 2 Function Selection Low Register): 4020H (XSFR)

7 6 5 4 3 2 1 0
| sPBav | PoFSRI6 PFSRL5 | P2FSR4 | P2FSRIB |  P2FSRL2 P2FSRLL P2FSRLO
RW RW RW RW RW RW RW RW
Initial value: O0OH
SPI3_3V SPI3 Input Signal (MOSI3 or MISO3) 3V Interface Selection

P2FSRLI[6:5]

P2FSRL4

P2FSRL[3:2]

P2FSRL[1:0]

0 Normal voltage interface mode for SPI3

1 3V interface input mode for SPI3 (When VDD >= 3V)
P23 Function Select

P2FSRL6 P2FSRL5 Description

0 0 I/O Port

0 1 SEG48 Function

1 0 T30/PWM3O0 Function

1 1 EXTSP2

P22 Function Select

0 I/0O Port(SS3 function possible when input)
1 SEGA47 Function

NOTE)

1. Refer to the DACIFCR register for the CSB3 function
P21 Function Select

P2FSRL3 P2FSRL2 Description

0 0 I/O Port

0 1 SEG46 Function
1 0 SCK3 Function
1 1 Not used

P20 Function Select
P2FSRL1 P1FSRLO Description

0 0 I/O Port

0 1 SEG45 Function
1 0 MOSI3 Function
1 1 Not used
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9.6 P3 Port

9.6.1 P3 Port Description

P3is 8-bit I/O port. P3 control registers consist of P3 data register (P3), P3 direction register (P310), P3 pull-up resistor
selection register (P3PU) and open-drain selection register (P20D). 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
| p7 | P | P> P34 P P32 P3L P30
R RV R RAW R R R RW

Initial value: OOH

P3[7:0] I/O Data

P3IO (P3 Direction Register): B5H

7 6 5 4 3 2 1 0
| Pmo | Pwo | P30 P340 P30 P3210 P3LI0 P30I0
R R RW RW RW RAW RW RW
Initial value: 00H
P3IO[7:0] P3 Data I/O Direction
0 Input
1 Output
NOTE)

1. SS2 function possible when input

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

7 6 5 4 3 2 1 0
| Py | Pwu | PmPU | PaPU | PmRU P32PU P3IPU 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

P30D (P1 Open-drain Selection Register): 4013H (XSFR)

7 6 5 4 3 2 1 0
| pPsroo | pPwoD | PmsoD | PuoD | PxOD P320D P310D P300D
RW RW RW RW RW RW RW RW
Initial value: 08H
P30D[7:0] Configure Open-drain of P3 Port
0 Push-pull output
1 Open-drain output
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P3FSRH (Port 3 Function Selection High Register): 4023H (XSFR)

7 6 5 4 3 2 1 0
| sPeav | ParsRHe PSFSRH5 | P3FSRH4 | P3FSRH3 |  P3FSRH2 P3FSRHL P3FSRHO
RW RW RW RW RW RW RW RW
Initial value: 00H
SPI2_3V SPI2 Input Signal (MOSI2 or MISO2) 3V Interface Selection
0 Normal voltage interface mode for SPI2
1 3V interface input mode for SPI2 (When VDD >= 3V)
P3FSRHI[6:5] P37 Function Select
P3FSRH6 P3FSRH5 Description
0 0 I/O Port
0 1 SEG44 Function
1 0 MISOS3 Function
1 1 Not used
NOTE)
1. Refer to the DACIFCR register for the LDACB3
function
P3FSRH4 P36 Function select
0 1/O Port (SS2 function possible when input)
1 SEG43 Function
NOTE)
1. Refer to the DACIFCR register for the CSB2 function
P3FSRH[3:2] P35 Function Select
P3FSRH3 P3FSRH2 Description
0 0 I/O Port
0 1 SEGA42 Function
1 0 SCK2 Function
1 1 Not used
P3FSRHI[1:0] P34 Function select

P3FSRH1 P3FSRHO Description

0 0 I/O Port

0 1 SEGA41 Function
1 0 MOSI2 Function
1 1 Not used
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P3FSRL (Port 3 Function Selection Low Register): 4022H (XSFR)

7 6 5 4 3 2 1 0
| P3FSR7 | P3FSR6 | PIFSRI5 | PSR4 | PIFSRIB | PaFSRR2 PSFSRLL PSFSRLO
R R RW RW RW R RW RW

Initial value: O0H

P3FSRL[7:6] P33 Function Select
P3FSRL7 P3FSRL6 Description

0 0 I/O Port

0 1 SEG40 Function
1 0 MISO2 Function
1 1 Not used
NOTE)

1. Refer to the DACIFCR register for the CSB2 function
P3FSRL[5:4] P32 Function Select
P3FSRL5 P3FSRL4 Description

0 0 I/O Port

0 1 SEG39 Function

1 0 RXDO0/SCLO/MISOO0 Function
1 1 Not used

P3FSRL[3:2] P31 Function select
P3FSRL3 P3FSRL2 Description

0 0 I/O Port

0 1 SEG38 Function

1 0 TXDO/SDAO/MOSIO Function
1 1 Not used

P3FSRL[1:0] P30 Function select
P3FSRL1 P3FSRLO Description

0 0 I/O Port

0 1 SEG37 Function
1 0 SCKO Function
1 1 Not used
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9.7 P4 Port

9.7.1 P4 Port Description

P4 is 8-bit I/0O port. P4 control registers consist of P4 data register (P4), P4 direction register (P410), debounce enable
register (P46DB), P4 pull-up resistor selection register (P4PU) and P4 open-drain selection register (P40D).Refer to

the port function selection registers for the P4 function selection.

9.7.2 Register description for P4

P4 (P4 Data Register): AOH

7 6 5 4 3 2 1 0
| Pa7 | Pi6 | P45 P44 P43 P42 P41 P40
RW RW RW RW RW RW RW RW

Initial value: OOH

P4[7:0] I/O Data

P410 (P4 Direction Register): B1H

7 6 5 4 3 2 1 0
| pPamo | pPwo | PwsiO PA4I0 P430 P420 PA110 P40i0
RW RW RW RW RW RW RW RW
Initial value: 00H
P410[7:0] P4 Data I/O Direction
0 Input
1 Output
NOTE)
1. EINT10-EINT12/ECO-EC2/SSO0 function possible
when input
P4PU (P4 Pull-up Resistor Selection Register): EEH
7 6 5 4 3 2 1 0
| Py | Py | PsPU | PuPU | PmRU P42PU P41PU PA0PU
RW RW RW RW RW RW RW RW
Initial value: 00H
P4PU[7:0] Configure Pull-up Resistor of P4 Port
0 Disable
1 Enable

P40OD (P4 Open-drain Selection Register): 4014H (XSFR)

7 6 5 4 3 2 1 0
| pPwop | pPwodD | pPasoD | PuoD | PaOD P420D P410D P400D
RW RW RW RW RW RW RW RW
Initial value: 00H
P40D[7:0] Configure Open-drain of P4 Port
0 Push-pull output
1 Open-drain output
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P46DB (P4/P6 Debounce Enable Register): CEH

7 6 5 4 3 2 1 0
| - - - |  PooDB P61DB P45DB P44DB P43DB
- - - RW RW RW RW RW
Initial value: 00H

P62DB Configure Debounce of P62 Port
0 Disable
1 Enable

P61DB Configure Debounce of P61 Port
0 Disable
1 Enable

P45DB Configure Debounce of P45 Port
0 Disable
1 Enable

P44DB Configure Debounce of P44 Port
0 Disable
1 Enable

P43DB Configure Debounce of P43 Port
0 Disable
1 Enable

NOTE)

If the same level is not detected on enabled pin three or four times in a row at the sampling
clock, the signal is eliminated as noise.
A pulse level should be input for the duration of 3 clock or more to be actually detected as a

valid edge.

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

release.

Refer to the port 1 debounce enable register (P1DB) for the debounce clock of port 4 and 6.
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P4FSRH(Port 4 Function Selection High Register): 4025H (XSFR)

7 6 5 4 3 2 1 0
| - | Parsrre PAFSRH5 | P4FSRH4 | PAFSRH3 | PAFSRH2 P4FSRHL P4FSRHO
- RW RW RW RW RW RW RW
Initial value: 00H
PAFSRH6 P47 Function Select
0 1/0 Port (SSO function possible when input)
1 SEG36 Function

PAFSRHI[5:4] P46 Function Select
PAFSRH5 PA4FSRH4 Description

0 0 I/O Port

0 1 SEG35 Function
1 0 BUZO Function
1 1 Not used

PAFSRHI[3:2] P45 Function Select
PAFSRH3 P4FSRH2 Description

0 0 I/0O Port (EINT12 function possible when input)
0 1 SEG34 Function

1 0 T20/PWM20 Function

1 1 Not used

PAFSRHI[1:0] P44 Function Select
PAFSRH1 P4FSRHO Description

0 0 I/0 Port (EINT11 function possible when input)
0 1 SEG33 Function

1 0 T10/PWM10 Function

1 1 Not used
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P4FSRL(Port 4 Function Selection Low Register): 4024H (XSFR)

7 6 5 4 3 2 1 0
| - | - | - | PaSR4 | PaFSRIB | PaFSR2 PAFSRLL PAFSRLO
- - - RW RW RW RW RW
Initial value: 00H
PAFSRL[4:3] P43 Function Select
P4FSRL4 P4FSRL3 Description
0 0 I/O Port (EINT10 function possible when input)
0 1 SEG32 Function
1 0 TOO/PWMOO Function
1 1 Not used
PAFSRL2 P42 Function Select
0 1/0 Port (EC2 function possible when input)
1 SEG31 Function
P4AFSR1 P41 Function Select
0 1/0 Port (EC1 function possible when input)
1 SEG30 Function
PAFSRLO P40 Function Select
0 1/0 Port (ECO function possible when input)
1 SEG29 Function
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0.8 P5 Port

9.8.1 PS5 Port Description

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

for the P5 function selection.

9.8.2 Register description for P5

P5 (P5 Data Register): BOH

7 6 5 4 3 2 1 0
| | P | s P54 PS3 P52 P51 P50
R RV R RAW RW R RW RW

Initial value: OOH

P5[7:0] I/O Data

P5IO (P5 Direction Register): BOH

7 6 5 4 3 2 1 0
| pmo | Peo | Pmo PS40 P5310 P5200 P5LI0 P5010
R R RW RW RW RAW RW RW
Initial value: 00H
P5IO[7:0] P5 Data I/O Direction
0 Input
1 Output
NOTE)

1. RXD3/RXD4/SS1 function possible when input

P5PU (P5 Pull-up Resistor Selection Register): EFH

7 6 5 4 3 2 1 0
| Py | Py | PPU | PePU | Ps3RU P52PU PSLPU PSOPU
RW RW RW RW RW RW RW RW
Initial value: OOH
P5PU[7:0] Configure Pull-up Resistor of P5 Port
0 Disable
1 Enable

P50D (P5 Open-drain Selection Register): 4015H (XSFR)

7 6 5 4 3 2 1 0
| pPstoo | pPssob | PssoD | Ps4oD | PssoD P520D P510D P500D
RW RW RW RW RW RW RW RW
Initial value: 00H
P50D[7:0] Configure Open-drain of P5 Port
0 Push-pull output
1 Open-drain output
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P5FSRH (Port 5 Function Selection High Register): 4027H (XSFR)

7 6 5 4 3 2 1 0
| - | PoFSRH6 | PSFSRH5 | PSFSRHA | PSFSRHB | PSFSRH2 PSFSRHL PSFSRHO
- RW RW RW RW RW RW RW
Initial value: 00H
P5FSRHI[6:5] P57 Function Select
P5FSRH6 P5FSRH5 Description
0 0 I/O Port
0 1 SEG25 Function
1 0 RXD1/SCL1/MISO1 Function
1 1 Not used
P5FSRH[4:3] P56 Function Select
P5FSRH4 P5FSRH3 Description
0 0 I/O Port
0 1 SEG24 Function
1 0 TXD1/SDA1/MOSI1 Function
1 1 Not used
P5FSRH[2:1] P55 Function Select
P5FSRH2 P5FSRH1 Description
0 0 I/O Port
0 1 SEG23 Function
1 0 SCK1 Function
1 1 Not used
P5FSRHO P54 Function Select
0 I/O Port (SS1 function possible when input)
1 SEG22 Function
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P5FSRL (Port 5 Function Selection Low Register): 4026H (XSFR)

7 6 5 4 3 2 1 0
| - | - | PSFSR5 | PSFSR4 | PSFSRI3 | PSFSRL2 PSFSRLL PSFSRLO
- - RW RW RW R RW RW

Initial value: O0H

P5FSRL[5:4] P53 Function Select
P5FSRL5 P5FSRL4 Description

0 0 I/O Port
0 1 SEG21 Function
1 0 TXD3 Function
1 1 Not used
P5FSRL3 P52 Function Select
0 1/0 Port (RXD3 function possible when input)
1 SEG20 Function

P5FSRL[2:1] P51 Function Select
P5FSRL2 P5FSRL1 Description

0 0 I/O Port
0 1 SEG19 Function
1 0 TXD4 Function
1 1 Not used
P5FSRLO P50 Function Select
0 I/0 Port (RXD4 function possible when input)
1 SEG18 Function
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9.9 P6 Port

9.9.1 P6 Port Description

P6 is 6-bit I/O port. P6 control registers consist of P6 data register (P6), P6 direction register (P610), P6 pull-up resistor
selection register (P6PU) and P6 open-drain selection register (P60D) . Refer to the port function selection registers

for the P6 function selection.

9.9.2 Register description for P6

P6 (P6 Data Register): B8H

7 6 5 4 3 2 1 0
| - | - | s P64 P63 P62 P6L P60
Z - RW RV RW R RW RW

Initial value: OOH

P6[5:0] I/O Data

P6IO (P6 Direction Register): C1H

7 6 5 4 3 2 1 0
| - - | peo P64I0 P6310 P6210 P6LIO P60IO
- - RW RW RW RW RW RW
Initial value: 00H
P6I0O[5:0] P6 Data I/O Direction
0 Input
1 Output
NOTE)
1. EINT17/EINT18/EC7/RXD2 function possible when
input
P6PU (P6 Pull-up Resistor Selection Register): A6H
7 6 5 4 3 2 1 0
| - - | PPy | P | Pe3RU P62PU P6LPU POPU
- - RW RW RW RW RW RW
Initial value: O0OH
P6PUI[5:0] Configure Pull-up Resistor of P6 Port
0 Disable
1 Enable
P60D (P6 Open-drain Selection Register): 4016H (XSFR)
7 6 5 4 3 2 1 0
| - | - | PesoD | pPeaoD |  PesoD P620D P610D PEOOD
- - RW RW RW RW RW RW
Initial value: 00H
P60ODI[5:0] Configure Open-drain of P6 Port
0 Push-pull output
1 Open-drain output
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P6FSRH (Port 6 Function Selection High Register): 4029H (XSFR)

7 6 5 4 3 2 1 0
| - | - - | - | - | PeFsR2 P6FSRHL P6FSRHO
- - - - - RW RW RW
Initial value: 00H
P6FSRH2 P65 Function Select
0 1/0 Port (RXD2 function possible when input)
1 AN11 Function
P6FSRH[1:0] P64 Function Select

P6FSRH1 P6FSRHO Description

0 0 I/O Port

0 1 AN10 Function
1 0 TXD2 Function
1 1 Not used
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P6FSRL (Port 6 Function Selection Low Register): 4028H (XSFR)

7 6 5 4 3 2 1 0
| POoFSRL7 | PeFSRL6 | P6FSRI5 | POFSRL4 PSFSRL3 |  P6FSRL2 P6FSRLL P6FSRLO
R R RW RW RW R RW RW

P6FSRL[7:6]

P6FSRL[5:4]

P6FSRL[3:2]

P6FSRL[1:0]

P63 Function Select

P6FSRL7 P6FSRL6
0 0

0 1

1 0

1 1

P62 Function Select
P6FSRL5 P6FSRL4
0 0

0 1

1 0

1 1

P61 Function Select
P6FSRL3 P6FSRL2
0 0

0 1

1 0

1 1

P60 Function Select
P6FSRL1 P6FSRLO
0 0

0 1

1 0

1 1

Initial value: O0H

Description

I/0 Port (EC7 function possible when input)
AN9 Function

DAC Function

Not used

Description

I/0 Port (EINT17 function possible when input)
AN8 Function

T70 Function

Not used

Description

I/O Port (EINT18 function possible when input)
Not used

T8O/PWMBAA Function

Not used

Description

I/O Port

SEGO Function
PWMB8AB Function
Not used
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9.10 P7 Port

9.10.1 P7 Port Description

P7 is 8-bit I/O port. P7 control registers consist of P7 data register (P7), P7 direction register (P710), P7 pull-up resistor
selection register (P7PU) and P7 open-drain selection register (P70D) . Refer to the port function selection registers

for the P7 function selection.

9.10.2 Register description for P7

P7 (P7 Data Register): COH

7 6 5 4 3 2 1 0
| P77 | P76 | P75 P74 P73 P72 P71 P70
RW RW RW RW RW RW RW RW

Initial value: OOH

P7[7:0] I/0 Data

P710 (P7 Direction Register): CO9H

7 6 5 4 3 2 1 0
| pmo | Pwo | Pmo P7410 P730 P7210 P7110 P7010
R RAW RW RW RW RAW RW RW
Initial value: O0H
P710[7:0] P7 Data I/O Direction
0 Input
1 Output

P7PU (P7 Pull-up Resistor Selection Register): A7H

7 6 5 4 3 2 1 0
| pmu | Py | PmPU | PMPU | PTRU P72PU P71PU P70PU
RAW RAW RW RW RW RAW RW RW
Initial value: OOH
P7PU[7:0] Configure Pull-up Resistor of P7 Port
0 Disable
1 Enable

P70D (P7 Open-drain Selection Register): 4017H (XSFR)

7 6 5 4 3 2 1 0
| Pmoo | pPmwop | pPmop | Puop | PmoD P720D P710D P700D
RW RW RW RW RW RW RW RW
Initial value: 00H
P70DI[7:0] Configure Open-drain of P7 Port
0 Push-pull output
1 Open-drain output
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P7FSRH (Port 7 Function Selection High Register): 402BH (XSFR)

7 6 5 4 3 2 1 0
| - | - - | - | PFSRHB | PTRSRH2 P7FSRHL P7FSRHO
- - - - RW RW RW RW
Initial value: 00H
P7FSRH3 P77 Function Select
0 1/0O Port
1 COMO Function
P7FSRH2 P76 Function Select
0 1/0 Port
1 COM1 Function
P7FSRH1 P75 Function Select
0 1/0 Port
1 COM2 Function
P7FSRHO P74 Function Select
0 1/0 Port
1 COMBS Function
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P7FSRL (Port 7 Function Selection Low Register): 402AH (XSFR)

7 6 5 4 3 2 1 0
| PFSR7 | PFSR6 | PFSRI5 | PTESR4 | PFSRIB | PSR P7FSRLL P7FSRLO
RAW RAW RW RW RW RW RW RW

Initial value: O0H

P7FSRL[7:6] P73 Function Select
P7FSRL7 P7FSRL6 Description

0 0 I/O Port

0 1 VLCO Function

1 0 PWMB8CB Function
1 1 SEG4 Function

P7FSRL[5:4] P72 Function Select
P7FSRL5 P7FSRL4 Description

0 0 I/O Port

0 1 VLC1 Function

1 0 PWMS8CA Function
1 1 SEG3 Function

P7FSRL[3:2] P71 Function Select
P7FSRL3 P7FSRL2 Description

0 0 I/O Port

0 1 VLC2 Function

1 0 PWMS8BB Function
1 1 SEG2 Function

P7FSRL[1:0] P70 Function Select
P7FSRL1 P7FSRLO Description

0 0 I/O Port

0 1 VLC3 Function

1 0 PWMB8BA Function
1 1 SEG1 Function
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9.11 P8 Port

9.11.1 P8 Port Description

P8 is 8-bit I/O port. P8 control registers consist of P8 data register (P8), P8 direction register (P810), P8 pull-up resistor
selection register (P8PU) and P8 open-drain selection register (P80D) . Refer to the port function selection registers

for the P8 function selection.

9.11.2 Register description for P8

P8 (P8 Data Register): 99H

7 6 5 4 3 2 1 0
| pz | P | P P84 P83 P82 P8l P80
R RV R RAW R R R RIW

Initial value: OOH

P8[7:0] I/O Data

P8IO (P8 Direction Register): D1H

7 6 5 4 3 2 1 0
| Pmo | pPwo | a0 P840 P83I0 P82I0 P8LIO P80IO
R R RW RW RW RAW RW RW
Initial value: 00H
P8IO[7:0] P8 Data I/O Direction
0 Input
1 Output

P8PU (P8 Pull-up Resistor Selection Register): ADH

7 6 5 4 3 2 1 0
| Py | PePU | PePU | PBPU | PsRPU P82PU P8IPU PSOPU
RAW RAW RW RW RW RAW RW RW
Initial value: OOH
P8PU[7:0] Configure Pull-up Resistor of P8 Port
0 Disable
1 Enable

P80OD (P8 Open-drain Selection Register): 4018H (XSFR)

7 6 5 4 3 2 1 0
| pPerop | pPeeoD | PesoD | PsaoD | oD P820D P8LOD P8OOD
RW RW RW RW RW RW RW RW
Initial value: OOH
P8OD[7:0] Configure Open-drain of P8 Port
0 Push-pull output
1 Open-drain output
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P8FSR (Port 8 Function Selection Register): 402CH (XSFR)

7 6 5 4 3 2 1 0
| PeFsR7 |  PersRe PSFSR5 | PBFSR4 | PSFSR3 | PSFSR2 PBFSRL PFSRO
RW RW RW RW RW RW RW RW
Initial value: 00H
P8FSR7 P87 Function Select
0 1/0O Port
1 SEG17 Function
P8FSR6 P86 Function Select
0 1/0 Port
1 SEG16 Function
P8FSR5 P85 Function Select
0 1/0 Port
1 SEG15 Function
P8FSR4 P84 Function Select
0 1/0 Port
1 SEG14 Function
P8FSR3 P83 Function Select
0 1/0O Port
1 SEG13Function
P8FSR2 P82Function Select
0 1/0 Port
1 SEG12 Function
P8FSR1 P81 Function Select
0 1/0 Port
1 SEG11 Function
P8FSRO P80 Function Select
0 1/0O Port
1 SEG10 Function
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9.12 P9 Port

9.12.1 P9 Port Description

P9 is 5-bit I1/O port. P9 control registers consist of P9 data register (P9), P9 direction register (P910), debounce
enable register (P9DB), P9 pull-up resistor selection register (P9PU) and P9 open-drain selection register (P9OD).
Refer to the port function selection registers for the P9 function selection.

9.12.2 Register description for P9

P9 (P9 Data Register): A1H

7 6 5 4 3 2 1 0
| - | - | - PA P33 PR Pa1 P
- - - RW RW RW RW RW

Initial value: OOH

P9[4:0] I/O Data

P9IO (P9 Direction Register): D9H

7 6 5 4 3 2 1 0
| - | - | - P40 PI3I0 P90 PI1I0 P0IO
- - - RW RW RW RW RW
Initial value: O0OH
P9IO[4:0] P9 Data I/O Direction.
0 Input
1 Output
NOTE)
1. EINTA-EINTE function possible when
input
P9PU (P9 Pull-up Resistor Selection Register): AEH
7 6 5 4 3 2 1 0
| - - - | Pwru | PmrU P92PU POLPU P9OPU
- - - RW RW RW RW RW
Initial value: 00H
POPU[4:0] Configure Pull-up Resistor of P9 Port
0 Disable
1 Enable
P90OD (P9 Open-drain Selection Register): 4019H (XSFR)
7 6 5 4 3 2 1 0
| - | - | - | pPuop | PwmoD P920D P910D P9OOD
- - - RW RW RW RW RW
Initial value: 00H
POODI[4:0] Configure Open-drain of P9 Port
0 Push-pull output
1 Open-drain output
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PIDB (P9 Debounce Enable Register): CFH

7 6 5 4 3 2 1 0
| - | - - | PoB P9EDB P92DB P91DB P9ODB
- - - RW RW RW RW RW
Initial value: 00H
P94DB Configure Debounce of P94 Port
0 Disable
1 Enable
P93DB Configure Debounce of P93Port
0 Disable
1 Enable
P92DB Configure Debounce of P92 Port
0 Disable
1 Enable
P91DB Configure Debounce of P91 Port
0 Disable
1 Enable
PO0DB Configure Debounce of P90 Port
0 Disable
1 Enable

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

2. A pulse level should be input for the duration of 3 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 1 debounce enable register (P1DB) for the debounce clock of port 9.
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PIOFSR (Port 9 Function Selection Register): 402DH (XSFR)

7 6 5 4 3 2 1 0
| - | - - | - | - | Porsre POFSRL POFSRO
- - - - - RW RW RW
Initial value: 00H
POFSR2 P92 Function Select
0 I/O Port (EINTC function possible when input)
1 AN14 Function
PO9FSR1 P91 Function Select
0 I/0 Port (EINTB/SS5 function possible when input)
1 AN13 Function
POFSRO P90 Function Select
0 I/0O Port (EINTA function possible when input)
1 AN12 Function
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9.13 PA Port

9.13.1 PA Port Description

PA is 5-bit I1/O port. PA control registers consist of PA data register (PA), PA direction register (PAIO), debounce
enable register (PADB), PA pull-up resistor selection register (PAPU) and PA open-drain selection register (PAOD).
Refer to the port function selection registers for the PA function selection.

9.13.2 Register description for PA

PA (PA Data Register): A3H

7 6 5 4 3 2 1 0
| - | - | - PAA PA3 PA2 PAL PAD
- - - RW RW RW RW RW

Initial value: OOH

PA[4:0] I/O Data

PAIO (PA Direction Register): E1H

7 6 5 4 3 2 1 0
| - | - | - PAAIO PA3IO PA2I0 PALIO PAOIO
- - - RW RW RW RAW RW
Initial value: O0OH
PAIO[4:0] PA Data /O Direction.
0 Input
1 Output
NOTE)
1. EINTF-EINTJ function possible when
input
PAPU (PA Pull-up Resistor Selection Register): AFH
7 6 5 4 3 2 1 0
| - | - | - | pPampu | PasU PA2PU PAIPU PAOPU
- - - RW RW RW RW RW
Initial value: OOH
PAPUI[4:0] Configure Pull-up Resistor of PA Port
0 Disable
1 Enable

PAOD (PA Open-drain Selection Register): 401AH (XSFR)

7 6 5 4 3 2 1 0
| - | - | - | Pmop | PasoD PAOD PAIOD PAOOD
- - - RW RW RW RW RW
Initial value: O0OH
PAODI[4:0] Configure Open-drain of PA Port
0 Push-pull output
1 Open-drain output
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PADB (PA Debounce Enable Register): D7H

7 6 5 4 3 2 1 0
| - - - | P8 PA3DB PAZDB PAIDB PAODB
- - - RW RW RW RW RW
Initial value: 00H

PA4DB Configure Debounce of PA4 Port
0 Disable
1 Enable

PA3DB Configure Debounce of PA3Port
0 Disable
1 Enable

PA2DB Configure Debounce of PA2 Port
0 Disable
1 Enable

PA1DB Configure Debounce of PA1 Port
0 Disable
1 Enable

PAODB Configure Debounce of PAO Port
0 Disable
1 Enable

NOTE)

If the same level is not detected on enabled pin three or four times in a row at the sampling
clock, the signal is eliminated as noise.
A pulse level should be input for the duration of 3 clocks or more to be actually detected as a

valid edge.

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

release.

Refer to the port 1 debounce enable register (P1DB) for the debounce clock of port A.
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PAFSR (Port A Function Selection Register): 402EH (XSFR)

7 6 5 4 3 2 1 0
| - | - - | Parsra | ParsR3 | parsRe PAFSRL PAFSRO
- - - RW RW RW RW RW
Initial value: 00H
PAFSR4 PA4 Function Select
0 I/O Port (EINTJ function possible when input)
1 SEG57 Function
PAFSR3 PAS3 Function Select
0 I/0 Port (EINTI function possible when input)
1 SEG56 Function
PAFSR2 PA2 Function Select
0 I/0 Port (EINTH function possible when input)
1 SEG55 Function
PAFSR1 PA1 Function Select
0 I/0 Port (EINTG function possible when input)
1 SEG54 Function
PAFSRO PAO Function Select
0 I/O Port (EINTF function possible when input)
1 SEG53 Function
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9.14 PB Port

9.14.1 PB Port Description

PB is 3-bit I/0O port. PB control registers consist of PB data register (PB), PB direction register (PBIO), PB pull-up
resistor selection register (PBPU) and PB open-drain selection register (PBOD). Refer to the port function selection
registers for the PB function selection.

9.14.2 Register description for PB

PB (PB Data Register): A4H

7 6 5 4 3 2 1 0
| - | - | - - - PB2 PBL PBO
Z _ _ _ - RW RW RW

Initial value: OOH

PB[2:0] I/O Data

PBIO (PB Direction Register): E9H

7 6 5 4 3 2 1 0
| - | - | - - - PB20 PB1O PBOIO
- - - - - RW RW RW
Initial value: O0OH
PBIO[2:0] PB Data I/O Direction.
0 Input
1 Output

PBPU (PB Pull-up Resistor Selection Register): B6H

7 6 5 4 3 2 1 0
| - | - | - | - | - PB2PU PBIPU PBOPU
- - - - - RW RW RW
Initial value: OOH
PBPU[2:0] Configure Pull-up Resistor of PB Port
0 Disable
1 Enable

PBOD (PB Open-drain Selection Register): 401BH (XSFR)

7 6 5 4 3 2 1 0
| - | - | - | - | - PB20D PB1OD PBOOD
- - - - - RW RW RW
Initial value: OOH
PBOD[2:0] Configure Open-drain of PB Port
0 Push-pull output
1 Open-drain output
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PBFSR (Port B Function Selection Register): 402FH (XSFR)

7 6 5 4 3 2 1 0
| - | - - | - | - | PersR2 PBFSRL PBFSRO
- - - - - RW RW RW
Initial value: 00H
PBFSR2 PB2 Function Select
0 I/O Port
1 SEG28 Function
PBFSR1 PB1 Function Select
0 I/O Port
1 SEG27 Function
PBFSRO PBO Function Select
0 I/O Port
1 SEG26 Function
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9.15 PD Port

9.15.1 PD Port Description

PD is 5-bit I/O port. PD control registers consist of PD data register (PD), PD direction register (PDIO), PD pull-up
resistor selection register (PDPU) and PD open-drain selection register (PDOD). Refer to the port function selection
registers for the PD function selection.

9.15.2 Register description for PD

PD (PD Data Register): A5H

7 6 5 4 3 2 1 0
| - | - | - PD4 PD3 PD2 PD1 PDO
_ _ - RW RW RW RW RW

Initial value: OOH

PD[4:0] I/O Data

PDIO (PD Direction Register): F1H

7 6 5 4 3 2 1 0
| - | - | - PD4I0 PD30 PD2IO PDLIO PDOIO
- - - RW RW RAW RW RW
Initial value: OOH
PDIO[4:0] PD Data I/O Direction.
0 Input
1 Output

PDPU (PD Pull-up Resistor Selection Register): B7H

7 6 5 4 3 2 1 0
| - | - | - | Py | PDsRU PD2PU PD1PU PDOPU
- - - RW RW RW RW RW
Initial value: OOH
PDPU[4:0] Configure Pull-up Resistor of PD Port
0 Disable
1 Enable

PDOD (PD Open-drain Selection Register): 401CH (XSFR)

7 6 5 4 3 2 1 0
| = | = | - | PD40OD | PD30D PD20D PD10D PDOOD
- - - RW RW RW RW RW
Initial value: OOH
PDODI4:0] Configure Open-drain of PD Port
0 Push-pull output
1 Open-drain output
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PDFSR (Port A Function Selection Register): 4037H (XSFR)

7 6 5 4 3 2 1 0
| - | - - | PoFsre | PoFSR3 | POFSRe PDFSRL PDFSRO
- - - RW RW RW RW RW
Initial value: 00H
PDFSR4 PD4 Function Select
0 I/O Port
1 SEG9 Function
PDFSR3 PD3 Function Select
0 I/O Port
1 SEGS8 Function
PDFSR2 PD2 Function Select
0 I/O Port
1 SEG7 Function
PDFSR1 PD1 Function Select
0 I/O Port
1 SEG6 Function
PDFSRO PDO Function Select
0 I/O Port
1 SEGS5 Function
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10. Interrupt Controller

10.1 Overview

The MC97F60128 supports up to 24 interrupt sources. The interrupts have separate enable register bits associated
with them, allowing software control. They can also have four levels of priority assigned to them. The non-maskable
interrupt source is always enabled with a higher priority than any other interrupt source and is not controllable by
software. The interrupt controller has following features:

— Receive the request from 24 interrupt source

— Individual priority

— 4 priority levels

—  Multi Interrupt possibility

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

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

— Interrupt latency: 3~9 machinecycles in single interrupt system

The non-maskable interrupt is always enabled. The maskable interrupts are enabled through four pair of interrupt
enable registers (IE, IEL1, IE2 and IE3). Each bit of IE, IE1, IE2, IE3 register individually enables/disables the
corresponding interrupt source. Overall control is provided by bit 7 of IE (EA). When EA is set to ‘0’, all interrupts are
disabled: when EA is set to ‘1, interrupts are individually enabled or disabled through the other bits of the interrupt
enable registers. The EA bit is always cleared to ‘0’ jumping to an interrupt service vector and set to ‘1’ executing the
[RETI] instruction. The MC97F60128 supports a four-level priority scheme. Each maskable interrupt is individually
assigned to one of four priority levels according to IPOH/L, IP1H/L, IP2H/L and IP3H/L.

Default interrupt mode is level-trigger mode basically, but if needed, it is possible to change to edge-trigger mode.
Priority is set by two bits of interrupt priority registers (one bit from IPxH, another one from IPxL). 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.

118



MC97F60128

ABOV Semiconductor Co., Ltd.

10.2 External Interrupt

The external interrupt on INT5, INT16, INT21 and INT23 pins receive various interrupt request depending on the

external interrupt polarity 0/2/3/4 high/low register (EIPOLxH/L) and external interrupt polarity 1 register (EIPOL1) as

shown in Figure 10.1. Also each external interrupt source has enable/disable bits.The External interrupt flag 0/1/2/3

register (EIFLAGO/1/2/3) and external interrupt flag 4 register (EIFLAG4) provides the status of external interrupts.

EINTOPIn [ J———» FLAGO
EINT1 Pin <Eal FLAG1
> >

EINT2 Pin »
= >
EINT3 Pin »
2 > INT 5 Interrupt
EINT4 Pin >
—>
EINT5 Pin <
—>
EINT6 Pin N\ FLAG6
2
EINT7 Pin < FLAG7
/|: 2
[ EPoLoH/EIPOLOL |
EINT8 Pin [ ———» ~~
. 2
EINT9 Pin S INT 16 Interrupt
2
EINT18 Pin N\ FLAG18
2
[ EIPOLL |
EINTA Pin [ |———»
2
EINTB Pin <
> <
EINTC Pin »
S >
EINTD Pin »
> >
EINTE Pin »
2 > INT 21 Interrupt
EINTF Pin >
—>
EINTG Pin
2
EINTH Pi
n -
EINTI Pin <
.
EINTJ Pin
2
EIPOL3H/EIPOL3L, EIPOL4H/EIPOLAL |
EINT10 Pin [ |——» FLAG10
EINT11 Pin <l FLAG11
= >
EINT12 Pin »> FLAG12
] 2 i
EINT13 Pin »
> B INT 23 Interrupt
EINT14 Pin <
—>
EINT15 Pin » FLAG15
—>
EINT16 Pin FLAG16
1 3l /\ [—FESTs]
EINT17 Pin > FLAG17
T 2
[ EIPOL2H/EIPOL2L |
Figure 10.1 External Interrupt Description
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10.3 Block Diagram

UART2 Tx
UART3 Tx
UART4 Tx
USI1 Rx
USIL Tx/I2C

EIPOLOH/L
EINTO FLAGO =A<t
EINTL FLAGL JrAced
EINT2 I FLAG2 M
EINT3 \I FLAG3 M
EINT4 II FLAG4 Mm
EINT5 FLAGS
EINTG
EINT7 erLaco7 IEL
UART2 Rx %
UART3 Rx

USI0 Rx

SPI2 Rx FIFO Full

——»[Rwr]

Timer 0 OVF ———»[ TOOVIFR
Timer 0 — [ TOFR
Timer 1 OVF ———»{ TIOVIFR
Timer 1 —— [ TIFR
Timer 2 OVF —————[ T20VIFR

Timer 2 ——» T2IFR

Timer 3 ——»[ B3R °

Timer 4 ——»[ T4FR [ Lh
Timer 5 —»| T5IFR

Timer 6 —— [ _TeIFR

Timer 7 T7IFR :‘ )

Timer 8

Emergency Stop ——®| EMGIFR - o
Decoder Match —»| DMIFR

Decoder FIFO Empty —| DFEIFR
Voice Prompt End  —#| VPEDIFR
Voice Prompt Table —m{ VPTBLIFR

D/AC DACIFR
EIPOLL
ENTS [ ] FLAGB Ao
Ewrs D
EnT1g [ ]

SPI2 Tx FIFO Empty ——— [ TXFEIFR |

SPI2 R

SPI3 — ™| SPIBIFR

Watch Timer ————[ WTIFR_}
PWM Generator OVF —#| POVIFR

Shot Stop  —————m{ SHTIFR |
TRIG Interrupt ——m[ TRGIFR |

enta [ [ FLAGA Jorvsse

ENTB [ H A
EINTC [ H Hees
EINTD [ H
EINTE [ H
EINTF [ H
EINTG [ H
EINTH [ H

EINTI [ H Y H_FLAGI J=2ee
ENTI [ H feess
wDT —»

BIT —»

AIDC

SP OVF

EINT10

EINT11
EINT12 FLAG12 JoRicz
EINT13
enria Mr
EINT15
EINT16
EINT17 [FLAGLy [t

[
(
UART4 Rx [ [ Lh
[ LD—\
USIO Tx/I2C [

12|

14]

15|

17|

10|

11

12|

13

14

15|

16|

17|

18|

19|

20|

21

Priority High

Level 0

Level 3 Release
Stop/Sleep

I

Priority Low

Figure 10.2
NOTE)

Block Diagram of Interrupt

1.

The release signal for stop/idle mode may be generated by all interrupt sources which are
enabled without reference to the priority level.
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2. An interrupt request is delayed during data are written to IE, IE1, IE2, IE3, IPOL/H, IP1L/H, IP2L/H,
IP3L/H and

PCON register..

10.4 Interrupt Vector Table

The interrupt controller supports 24 interrupt sources as shown in the Table 11-1. When interrupt is served, long call
instruction (LCALL) is executed and program counter jumps to the vector address. All interrupt requests have their

own priority order.

Interrupt Source Symbol Elgtaebrlr:gtit Priority Mask Vector Address
Hardware RESET RESETB - 0 Non-Maskable 0000H
UART2 Tx Interrupt INTO IE.O 1 Maskable 0003H
UART3 Tx Interrupt INT1 IE.1 2 Maskable 000BH
UART4 Tx Interrupt INT2 IE.2 3 Maskable 0013H
USI1 Rx Interrupt INT3 IE.3 4 Maskable 001BH
USI1 Tx/I2C Interrupt INT4 IE.4 5 Maskable 0023H
External Interrupt 0 — 7 INTS IE.5 6 Maskable 002BH
UART2 Rx Interrupt INT6 IE1.0 7 Maskable 0033H
UART3 Rx Interrupt INT7 IE1.1 8 Maskable 003BH
UART4 Rx Interrupt INT8 IE1.2 9 Maskable 0043H
USIO Rx Interrupt INT9 IE1.3 10 Maskable 004BH
USIO Tx/I2C Interrupt INT10 IE1.4 11 Maskable 0053H
SPI2 Rx FIFO Full Interrupt INT11 IE1.5 12 Maskable 005BH
TO0/1/2 OVF/Match Interrupt INT12 IE2.0 13 Maskable 0063H
T3/4/5/6 Match Interrupt INT13 IE2.1 14 Maskable 006BH
T7 Match Interrupt
T8 Interrupt INT14 IE2.2 15 Maskable 0073H
Emergency Stop Interrupt
EAA%PI%'ZLBZ‘;O‘:’” Interrupt INT15 IE2.3 16 Maskable 007BH
External Interrupt 8/9/18 INT16 IE2.4 17 Maskable 0083H
SPI2 Tx FIFO Empty Interrupt INT17 IE2.5 18 Maskable 008BH
SPI2 Interrupt INT18 IE3.0 19 Maskable 0093H
SPI3 Interrupt INT19 IE3.1 20 Maskable 009BH
WT Interrupt
gm’:ﬂsffg‘fr:f‘etﬁza"erﬂow Interrupt INT20 IE3.2 21 Maskable 00A3H
TRIG Interrupt
EINTA — EINTJ Interrupt INT21 IE3.3 22 Maskable 00ABH
ggg\\’/ 'ngﬂ/?V'aﬁn'grthS:pt INT22 IE3.4 23 Maskable 00B3H
External Interrupt 10 — 17 INT23 IE3.5 24 Maskable 00BBH
Table 10-1 Interrupt Vector Address Table

For maskable interrupt execution, EA bit must set ‘1’ and specific interrupt must be enabled by writing ‘1’ to associated
bit in the IEx. If an interrupt request is received, the specific interrupt request flag is set to ‘1°. And it remains ‘1’ until

CPU accepts interrupt. If the interrupt is served, the interrupt request flag will be cleared automatically.
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10.5 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0’ by a reset or an
instruction. Interrupt acceptance always generates at last cycle of the instruction. So instead of fetching the current
instruction, CPU executes internally LCALL instruction and saves the PC at stack. For the interrupt service routine, the
interrupt controller gives the address of LIMP instruction to CPU. Since the end of the execution of current instruction,
it needs 3~9 machine cycles to go to the interrupt service routine. The interrupt service task is terminated by the

interrupt return instruction [RETI]. Once an interrupt request is generated, the following process is performed.

IE.EA Flag <0
A
\
Program Counter low Byte
SP & SP + 1, M(SP) €« (PCL)
Saves PC value in order to continue
A 4 process again after executing ISR
Program Counter high Byte
SP & SP + 1, M(SP) €« (PCH)
J

A 4

Interrupt Vector Address occurrence
(Interrupt Vector Address)

[~

A\ 4

ISR(Interrupt Service Routine) move, execute

[

A 4

Return from ISR
RETI

A 4

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

v

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

B B

y

9 IE.EA Flag <1
Main Program execution

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

After executing I|E set/clear, enable
register is effective.

<
<

Next Instruction

Next Instruction

v

Figure 10.4 Effective Timing of Interrupt Enable Register

Case b) Interrupt flag Register

Interrupt Flag Register
Command

Next Instruction

After executing next instruction,
interrupt flag result is effective.

<
<

Next Instruction

v

Figure 10.5 Effective Timing of Interrupt Flag Register
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10.7 Multi Interrupt

If two requests of different priority levels are received simultaneously, the request of higher priority level is served first.
If more than one interrupt request are received, the interrupt polling sequence determines which request is served first

by hardware. However, for special features, multi-interrupt processing can be executed by software.

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

Figure 10.6 Effective Timing of Interrupt

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

An interrupt service routine may be only interrupted by an interrupt of higher priority and, if two interrupts of different
priorityoccur at the same time, the higher level interrupt will be served first. An interrupt cannot be interrupted by
another interrupt ofthe same or a lower priority level. If two interrupts of the same priority level occur simultaneously,

the service order for those interrupts is determined by the scan order.
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10.8 Interrupt Enable Accept Timing

Max. 4 Machine Cycle —p.|ge—— 4 Machine Cycle — ]
System
Clock ™ T ................... I ,_l |_|
—_
/ Y

Interrupt T
goes

- . AN
Active Interrupt Y Y

Latched Interrupt Processing Interrupt Routine
1 LCALL & LIMP
Figure 10.7 Interrupt Response Timing Diagram

10.9 Interrupt Service Routine Address

Basic Interval Timer Basic Interval Timer
Vector Table Address Service Routine Address
/\_ /\_
00B3H 02H 0125H OEH
00B4H 01H |:> 0126H 2EH
00B5H 25H
/\_—
— ]

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

10.10 Saving/Restore General-Purpose Registers

INTxx : PUSH PSW

PUSH DPL Main Task

PUSH DPH Interrupt

PUSH B Service Task

PUSH ACC . )
Saving
Register

Interrupt Processing:

Restoring

| |<— Register

POP ACC
POP B

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

Interrupt sampled here

CLP2 CLP1 \ CLP2 Ci1P1 C1P2 C2P1 C2pP2
[

 § y A

|
SCLK

INT_SRC

INTR_ACK

LAST _CYC

INTR_LCALL l

INT_VEC X 8-Bit interrupt Vector >

PROGA X {8'h00, INT_VEC} >

Figure 10.10  Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

Interrupt sources are sampled at the last cycle of a command. If an interrupt source is detected the lower 8-bit of
interrupt vector (INT_VEC) is decided. M8051W core makes interrupt acknowledge at the first cycle of a command

and executes long call to jump to interrupt service routine.

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

10.12 Interrupt Register Overview

10.12.1 Interrupt Enable Register (IE, 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 ‘O0H'. If interrupts have the same priority level, lower number interrupt is served first.

126



MC97F60128 ABOV Semiconductor Co., Ltd.

10.12.3 External Interrupt Flag Register (EIFLAGO, EIFLAG1)

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

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

The external interrupt polarity0 high/low register (EIPOLOH/L) and external interrupt polarityl register

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

10.12.5 Register Map

Name Address Direction Default Description
IE A8H R/W 00H Interrupt Enable Register
IE1 A9H R/W 00H Interrupt Enable Register 1
IE2 AAH R/W OOH Interrupt Enable Register 2
IE3 ABH R/W OOH Interrupt Enable Register 3
IPOL 92H R/W OOH Interrupt Priority O Low Register
IPOH 93H R/W OOH Interrupt Priority 0 High Register
IP1L 9AH R/W OOH Interrupt Priority 1 Low Register
IP1H 9BH R/W 00H Interrupt Priority 1 High Register
IP2L 9CH R/W OOH Interrupt Priority 2 Low Register
IP2H 9DH R/W 00H Interrupt Priority 2 High Register
IP3L 9EH R/W OOH Interrupt Priority 3 Low Register
IP3H 9FH R/W OOH Interrupt Priority 3 High Register
EIFLAGO BAH R/W OOH External Interrupt Flag O Register
EIPOLOL C2H R/W OOH External Interrupt Polarity O Low Register
EIPOLOH C3H R/W O00H External Interrupt Polarity O High Register
EIFLAG1 BBH R/W O00OH External Interrupt Flag 1 Register
EIPOL1 BFH R/W O00OH External Interrupt Polarity 1 Register
EIFLAG2 BCH R/W O00H External Interrupt Flag 2 Register
EIPOL2L C4H R/W O00H External Interrupt Polarity 2 Low Register
EIPOL2H C5H R/W O00H External Interrupt Polarity 2 High Register
EIFLAG3 BDH R/W O00H External Interrupt Flag 3 Register
EIPOL3L C6H R/W O00H External Interrupt Polarity 3 Low Register
EIPOL3H C7H R/W O00H External Interrupt Polarity 3 High Register
EIFLAG4 BEH R/W O00H External Interrupt Flag 4 Register
EIPOLAL CAH R/W O00H External Interrupt Polarity 4 Low Register
EIPOL4H CBH R/W O00H External Interrupt Polarity 4 High Register
Table 10-2 Interrupt Register Map
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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 0/1/2/3/4
register(EIFLAGX), external interrupt polarity 0/2/3/4 high/low register (EIPOLXH/L), interrupt polarity 1
register(EIPOL1).
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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 - | e INTAE INT3E INT2E INTLE INTOE
RW - RW RW RW RW RW RW
Initial value: 00H
EA Enable or Disable All Interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INTS5E Enable or Disable External Interrupt 0 ~ 7 (EINTO ~ EINT7)
0 Disable
1 Enable
INT4E Enable or Disable USI1/12C Tx Interrupt
0 Disable
1 Enable
INT3E Enable or Disable USI1 Rx Interrupt
0 Disable
1 Enable
INT2E Enable or Disable UART4 Tx Interrupt
0 Disable
1 Enable
INT1E Enable or Disable UART3 Tx Interrupt
0 Disable
1 Enable
INTOE Enable or Disable UART2 Tx Interrupt
0 Disable
1 Enable
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IE1 (Interrupt Enable Register 1); A9H

7 6 5 4 3 2 1 0
| - | - | mwmue INT10E INTOE INTSE INT7E INTBE
- - RW RW RW RW RW RW
Initial value: 00H
INT11E Enable or Disable SPI2 Rx FIFO full Interrupt

INT10E

INTOE

INT8E

INT7E

INT6E

0 Disable

1 Enable

Enable or Disable USIO Tx/12C Interrupt
0 Disable

1 Enable

Enable or Disable USIO Rx Interrupt

0 Disable

1 Enable

Enable or Disable UART4 Rx Interrupt
0 Disable

1 Enable

Enable or Disable UART3 Rx Interrupt
0 Disable

1 Enable

Enable or Disable UART2 Rx Interrupt
0 Disable

1 Enable
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IE2 (Interrupt Enable Register 2): AAH

7 6 5 4 3 2 1 0
| — | - | mwNmzE | T INTLSE INTL4E INTL3E INTL2E
- - RW RW RW RW RW RW
Initial value: 00H
INT17E Enable or Disable SPI12 Tx FIFO empty Interrupt
0 Disable
1 Enable
INT16E Enable or Disable External Interrupt 8/9/18
0 Disable
1 Enable
INT15E Enable or Disable FADPCM Decoder and D/AC Interrupt
0 Disable
1 Enable
INT14E Enable or Disable Timer 7 Match/Timer8/Emergency stop Interrupt
0 Disable
1 Enable
INT13E Enable or Disable Timer 3/4/5/6 Match Interrupt
0 Disable
1 Enable
INT12E Enable or Disable Timer 0/1/2 Overflow Interrupt
0 Disable
1 Enable
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IE3 (Interrupt Enable Register 3): ABH

7 6 5 4 3 2 1 0
| - | - R N2E | NT20E | NTIE | INmisE
- - RW RW RW RW RW RW
Initial value :00H
INT23E Enable or Disable External interrupt 10 — 17 (EINT10 — EINT17)
0 Disable
1 Enable
INT22E Enable or Disable BIT/WDT/ADC/SP OVF Interrupt
0 Disable
1 Enable
INT21E Enable or Disable EINTA - EINTJ Interrupt
0 Disable
1 Enable
INT20E Enable or Disable WT, PWM generator overflow, Shot stop and TRIG Interrupt
0 Disable
1 Enable
INT19E Enable or Disable SPI 3 Interrupt
0 Disable
1 Enable
INT18E Enable or Disable SPI2 Interrupt
0 Disable
1 Enable
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IPOL (Interrupt Priority O Low Register): 92H

7 6 5 4 3 2 1 0
| - | - PO5 | IPo4 POL3 IPOL2 PO IPOLO
- - RW RW RW R RW RW

Initial value :00H

IPOH (Interrupt Priority 0 High Register): 93H

7 6 5 4 3 2 1 0
| - | - | Pos | PO IPOH3 IPOH2 IPOHL IPOHO
- - RW RW RW RW RW RW
Initial value :00H
IPOL[5:0], Select IE Interrupt Priority
IPOH[5:0] IPOHx IPOLx Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)

IP1L (Interrupt Priority 1 Low Register): 9AH

7 6 5 4 3 2 1 0
| - | - PL5 | PL4 IP1L3 IP1L2 P1L1 IP1LO
— — RW RW RW RW RW RW

Initial value :00H

IP1H (Interrupt Priority 1 High Register): 9BH

7 6 5 4 3 2 1 0
| - | - | Ps | P4 IP1H3 P1H? IP1HL IP1HO
- - RW RW RW RW RW RW
Initial value :00H
IP1L[5:0], Select IE1 Interrupt Priority
IP1H[5:0] IP1Hx IP1Lx Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
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IP2L (Interrupt Priority 2 Low Register): 9CH

7 6 5 4 3 2 1 0
| - | - P2L5 P2L4 P23 P22 P2L1 P2L0
- - RW RW RW RW RW RW
Initial value :00H
IP2H (Interrupt Priority 2 High Register): 9DH
7 6 5 4 3 2 1 0
| - | - | P25 IP2HA IP2H3 P2H2 IP2HL IP2HO
- - RW RW RW RW RW RW
Initial value :00H
IP2L[5:0], Select IE Interrupt Priority
IP2H[5:0] IP2Hx IP2Lx  Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
IP3L (Interrupt Priority 3 Low Register): 9EH
7 6 5 4 3 2 1 0
| - | - IP3L5 P3L4 IP3L3 P3L2 IP3L1 IP3LO
- - RW RW RW RW RW RW
Initial value :00H
IP3H (Interrupt Priority 3 High Register): 9FH
7 6 5 4 3 2 1 0
| - | - | Pb IP3HA IP3H3 IP3H2 IP3HL IP3HO
— — RW RW RW RW RW RW
Initial value :00H
IP3L[5:0], Select IE3 Interrupt Priority
IP3H[5:0] IP3Hx IP3Lx Description
0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)
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EIFLAGO (External Interrupt Flag O Register): BAH

7 6 5 4 3 2 1 0
AAG7 | RAG | FAAG | FAe FLAG3 FLAG2 FLAGL FLAGO
R R RW RW RW R RW RW

Initial value :00H

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

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

EIPOLOH (External Interrupt Polarity O High Register): C3H
7 6 5 4 3 2 1 0
POL7 | POL6 | POL5 | POL4
RW RW RW RW RW RW RW RW
Initial value: OOH

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

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Where n =4,5, 6 and 7

EIPOLOL (External Interrupt Polarity O Low Register): C2H
7 6 5 4 3 2 1 0
POL3 | POL2 | POL1 | POLO
RW RW RW RW RW RW RW RW
Initial value: 00H

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

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

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

7 6 5 4 3 2 1 0
TIFRR |  TeRR TSFR | T4RR T3FR FLAGI8 FLAGY FLAGS
RW RW RW RW RW RW RW RW
Initial value: 00H

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

T6IFR When T6 interrupt occurs, this bit becomes ‘1’. The flag is cleared only by writing a ‘0’
to the bit. So, the flag should be cleared by software. Writing “1” has no effect.
0 T6 Interrupt no generation
1 T6 Interrupt generation

T5IFR When T5 interrupt occurs, this bit becomes ‘1’. The flag is cleared only by writing a ‘0’
to the bit. So, the flag should be cleared by software. Writing “1” has no effect.
0 T5 Interrupt no generation
1 T5 Interrupt generation

T4IFR When T4 interrupt occurs, this bit becomes ‘1’. The flag is cleared only by writing a ‘0’
to the bit. So, the flag should be cleared by software. Writing “1” has no effect.
0 T4 Interrupt no generation
1 T4 Interrupt generation

T3IFR When T3 interrupt occurs, this bit becomes ‘1’. The flag is cleared only by writing a ‘0’
to the bit. So, the flag should be cleared by software. Writing “1” has no effect.
0 T3 Interrupt no generation
1 T3 Interrupt generation

EIFLAG1[2:0] When an External Interrupt 8/9/18(EINT8, EINT9, EINT18) is occurred, the flag
becomes ‘1’. The flag is cleared by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Writing “1” has no effect.

0 External Interrupt 8/9/18 not occurred
1 External Interrupt 8/9/18 occurred

EIPOL1 (External Interrupt Polarity 1 Register): BFH

7 6 5 4 3 2 1 0
| - | POL18 | POLY POL8
- - RW RW RW RW RW RW
Initial value: 00H
EIPOL1[5:0] External interrupt (EINT8,EINT9,EINT18) polarity selection
POLN[1:0] Description
0 0 No interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge

Where n =8, 9 and 18
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EIFLAG2 (External Interrupt Flag 2 Register): BCH

7 6 5 4 3 2 1 0
FAGL7 | FAGI6 | FAGS | FAAGH FLAGL3 FLAGL2 FLAGLL FLAGIO
R R RW RW RW R RW RW

Initial value :00H

EIFLAG2[7:0] When an External Interrupt 10-17 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 10 ~ 17 not occurred
1 External Interrupt 10 ~ 17 occurred

EIPOL2H (External Interrupt Polarity 2 High Register): C5H
7 6 5 4 3 2 1 0
POL17 | POL16 | POLI5 | POL14
RW RW RW RW RW RW RW RW
Initial value: OOH

EIPOL2H[7:0] External interrupt (EINT17, EINT16, EINT15, EINT14) polarity selection

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Where n =14, 15, 16 and 17

EIPOL2L (External Interrupt Polarity 2 Low Register): C4H
7 6 5 4 3 2 1 0
POL13 | POLL2 | POL11 | POL10
RW RW RW RW RW RW RW RW
Initial value: 00H

EIPOL2L[7:0] External interrupt (EINT10, EINT11, EINT12, EINT13) polarity selection

POLN[1:0] Description

0 0 No interrupt at any edge

0 1 Interrupt on rising edge

1 0 Interrupt on falling edge

1 1 Interrupt on both of rising and falling edge

Where n =10, 11, 12 and 13
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EIFLAGS3 (External Interrupt Flag 3 Register): BDH

7 6 5 4 3 2 1 0
- | - | - | RaAcE FLAGD FLAGC FLAGB FLAGA
- - - RW RW RW RW RW

Initial value :00H

EIFLAG3[5:0] When an External Interrupt A-E 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 A ~ E not occurred
1 External Interrupt A ~ E occurred

EIPOL3H (External Interrupt Polarity 3 High Register): C7H
7 6 5 4 3 2 1 0
S N — T - - PoE
= = = - - - RW RW
Initial value: OOH

EIPOL3H[1:0] External interrupt (EINTE) polarity selection

POLE [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

EIPOL3L (External Interrupt Polarity 3 Low Register): C6H
7 6 5 4 3 2 1 0
POLD | POLC | POLB | POLA
RW RW RW RW RW RW RW RW
Initial value: OOH

EIPOL3L[7:0] External interrupt (EINTA, EINTB, EINTC, EINTD) 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 =A, B, C and D
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EIFLAG4 (External Interrupt Flag 4 Register): BEH

7 6 5 4 3 2 1 0
- | - | - | A FLAGI FLAGH FLAGG FLAGF
- - - RW RW RW RW RW

Initial value :00H

EIFLAGA4[5:0] When an External Interrupt F-J 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 F ~ J not occurred
1 External Interrupt F ~ J occurred

EIPOL4H (External Interrupt Polarity 4 High Register): CBH
7 6 5 4 3 2 1 0
S N — T - - =
= = = - - - RW RW
Initial value: OOH

EIPOL4H[1:0] External interrupt (EINTJ) polarity selection

POLJ [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

EIPOLAL (External Interrupt Polarity 4 Low Register): CAH
7 6 5 4 3 2 1 0
POLI | POLH | POLG | POLF
RW RW RW RW RW RW RW RW
Initial value: OOH

EIPOLAL[7:0] External interrupt (EINTF, EINTG, EINTH, EINTI) 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 =F, G, Hand |
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11. Peripheral Hardware

11.1 Clock Generator

11.1.1 Overview

As shown in Figure 11.1, the clock generator produces the basic clock pulses which provide the system clock to be

supplied to the CPU and the peripheral hardware. It contains main/sub-frequency clock oscillator. The main/sub clock

operation can be easily obtained by attaching a crystal between the XIN/SXIN and XOUT/SXOUT pin, respectively.

The main/sub clock can be also obtained from the external oscillator. In this case, it is necessary to put the external
clock signal into the XIN/SXIN pin and open the XOUT/SXOUT pin. The default system clock is 1IMHz INT-RC
Oscillator and the default division rate is sixteen. In order to stabilize system internally, it is used 1MHz INT-RC

oscillator on POR.

— Calibrated Internal RC Oscillator (8 MHz )

INT-RC OSC/2 (8 MHz)

INT-RC OSC/4 (4 MHz)

INT-RC OSC/8 (2 MHz)

INT-RC OSC/16 (1 MHz, Default system clock)
INT-RC OSC/32 (0.5 MH2z)

— Main Crystal Oscillator (0.4~10 MHZz)
—  Sub Crystal Oscillator (32.768 kHz)

— Phase Look Loop (1.024~8.192 MHz)
— Internal WDTRC Oscillator (5 kHz)
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11.1.2 Block Diagram

XIN [ }—
Main OSC v,

o Dotk System |y seik (f)
STOP Mode "] Clock Gen.
XCLKE ) Y (Core, System,
IRCS[2:0] Peripheral)
3
142 Stabilization Time
1/a > M Generation
Internal RC OSC > firc .
> Change overflow
ﬂég » X 9 fl WDT clock
> x/4096
>

x/1024 o | M
STOP Mode “ro1zs Pl u [ BT clock BIT wDT
IRCE 16 | X
—16 )
SN [] Sub 0SC fsus
SXOUT WDTRC OSC _P
[ (5KH2) /256
STOP Mode v foLL ?
SCLKE PLL > WDTCK
{.

SCLK[1:0]

xcZ

A

Figure 11.1 Clock Generator Block Diagram

11.1.3 Phase Locked-Loop Block Diagram

Phase fvco - —
— Post 1-Divider Post 2-Divider fpLL
»
PLLEN —— ) > "Egg‘;d » Veo fuco+(P1DIV+3) P fcos2PoV >

P1DIV[1:0] P2DIV[1:0]

fr8 | Feedback Divider
fvco+(1500)

Figure 11.2 Phase Locked-Loop Circuit Diagram
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11.1.4 Register Map

Name Address Dir Default Description
SCCR 8AH R/W O00H System and Clock Control Register
OSCCR C8H R/W 08H Oscillator Control Register
PLLCR D6H R/W O00H Phase Locked-Loop Control Register
Table 11-1 Clock Generator Register Map

11.1.5 Clock Generator Register Description

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

clock control register, oscillator control register and phase locked-loop control register.

11.1.6 Register Description for Clock Generator

SCCR (System and Clock Control Register) : 8AH

7 6 5 2 1 0
| - | PsaE - | - SCLK1 SCLKO
- RW - - RW RW
Initial value : 00H
PSAVE Power Save Mode Control Bit
0 Normal circuit for sub oscillator
1 Power saving circuit for sub oscillator
NOTE)

1. A capacitor (0.1uF) should be connected between VREG
and VSS when the sub oscillator is used to power saving
mode.

2. The PSAVE automatically cleared to ‘0’ when the sub
oscillator is stopped by SCLKE or CPU is entered into
STOP mode in sub operating mode.

3. The delay is needed 500ms over from sub osc start to
PSAVE change to “1”.

SCLK [1:0] System Clock Selection Bit

SCLK1 SCLKO Description

0

0
1
1

0

1
0
1

INT RC OSC (firc) for system clock
External Main OSC (fxn) for system clock
External Sub OSC (fsus) for system clock

Phase Locked-Loop (fpL) for system clock
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OSCCR (Oscillator Control Register) : C8H

7 6 5 4 3 2 1 0
| - | - | Res2 | Rest IRCSO IRCE XCLKE SCLKE
- - RW RW RW RW RW RW
Initial value : 08H
IRCS[2:0] Internal RC Oscillator Post-divider Selection
IRCS2 IRCS1 IRCSO Description
0 0 0 INT-RC/32 (0.5MHz)
0 0 1 INT-RC/16 (1MHz)
0 1 0 INT-RC/8 (2MH?z)
0 1 1 INT-RC/4 (4MHz)
1 0 0 INT-RC/2 (8MHZz)
Other values Not used
IRCE Control the Operation of the Internal RC Oscillator
0 Enable operation of INT-RC OSC
1 Disable operation of INT-RC OSC
XCLKE Control the Operation of the External Main Oscillator
0 Disable operation of X-TAL
1 Enable operation of X-TAL
SCLKE Control the Operation of the External Sub Oscillator
0 Disable operation of SX-TAL
1 Enable operation of SX-TAL
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PLLCR (Phase Locked-Loop Control Register) : D6H

7 6 5 4 3 2 1 0
| - | - PLLSTA | PIDIVL P1DIVO P2DIV1 P2DIVO PLLEN
- - R RW RW RW RW RW
Initial value : 00H
PLLSTA PLL Locked/Unlocked Status Bit
0 PLL currently in unlocked state
1 PLL currently in locked state
P1DIV[1:0] PLL Post 1-Divider Selection Bits (49.152MHz)
P1DIV1 P1DIVO Description
0 0 fucol3 = 16.384MHz
0 1 fvcol4 = 12.888MHz
1 0 fvcol5 = 9.8304MHz
1 1 fvcol6 = 8.192MHz
P2DIV[1:0] PLL Post 2-Divider Data Bits
P2DIV1 P2DIVO Description
0 X feLL = fucol2
1 0 feLL = fvcold
1 1 fpLL = fvcol8
PLLEN PLL Enable/Disable Control Bit
0 PLL Disable
1 PLL Enable

144



MC97F60128 ABOV Semiconductor Co., Ltd.

11.2 Basic Interval Timer

11.2.1 Overview

The MC97F60128 has one 8-bit basic interval timer that is free-run and can’t stop. Block diagram is shown in Figure

11.3. In addition, the basic interval timer generates the time base for watchdog timer counting. It also provides a basic
interval timer interrupt (BITIFR).

The MC97F60128 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]

vy

8-Bit Up Counter
BITCNT

Start CPU

BITIFR To interrupt
block
Tclear

BITIE

selected bit
overflow

Tclear
SIW
RESET n
STOP :[>—> BCLR WDT

Figure 11.3 Basic Interval Timer Block Diagram

BIT Clock ————p»|

145



ABOV Semiconductor Co., Ltd.

MC97F60128

11.2.3 Register Map

Name Address Dir Default Description
BITCNT 8CH R O00H Basic Interval Timer Counter Register
BITCR 8BH R/W 01H Basic Interval Timer Control Register
Table 11-2 Basic Interval Timer Register Map

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
| BmoNT? BTCNT6 | BTCNTS | BTCNT4 |  BITCNT3 BITCNT2 BITCNTL BITCNTO
R R R R R
Initial value : 0OH
BITCNT[7:0] BIT Counter
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BITCR (Basic Interval Timer Control Register) : 8BH

7 6 5 4 3 2 1 0
| BmR | BT BTCKO |  BTE BCLR BCK2 BCKL BCKO
RW 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. So,
the flag should be cleared by software. Writing “1” has no effect.
0 BIT interrupt no generation
1 BIT interrupt generation
BITCK[1:0] Select BIT clock source
BITCK1 BITCKO Description
0 0 fx/4096
0 1 fx/1024
1 0 fx/128
1 1 fx/16
BITIE Enable or Disable Basic Interval Timer Interrupt
0 Disable
1 Enable
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 P PP OO OO
B P OOPR PR OO
B O Fr OFP OFr O
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11.3 Watch Dog Timer

11.3.1 Overview

The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or something like

that and resumes the CPU to the normal state. The watchdog timer signal for malfunction detection can be used as

either a CPU reset or an interrupt request. When the watchdog timer is not being used for malfunction detection, it can

be used as a timer to generate an interrupt at fixed intervals. It is possible to use free running 8-bit timer mode
(WDTRSON="0’) or watch dog timer mode (WDTRSON="1") as setting WDTCR[6] bit. If WDTCR[5] is written to ‘1’,

WDT counter value is cleared and counts up. After 1 machine cycle, this bit is cleared to ‘0’ automatically. The

watchdog timer consists of 8-bit binary counter and the watchdog timer data register. When the value of 8-bit binary

counter is equal to the 8 bits of WDTCNT, the interrupt request flag is generated. This can be used as Watchdog timer

interrupt or reset of CPU in accordance with the bit WDTRSON.

The input clock source of watch dog timer is the BIT overflow. The interval of watchdog timer interrupt is decided by

BIT overflow period and WDTDR set value. The equation can be described as
WDT Interrupt Interval = (BIT Interrupt Interval) X (WDTDR Value+1)

11.3.2 WDT Interrupt Timing Waveform

Source Clock
BIT Overflow

WDTCNT[7:0]

WDTDR[7:0]

WDTIFR
Interrupt

WDTRESETB

JEEEESEERNEEEEENEN N

P XX R X X

DG

Counter Clear

n

3

WDTCL
Occur

WDTDR 4 0000_0011b

Match
Detect

RESET

Figure 11.4 Watch Dog Timer Interrupt Timing Waveform
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11.3.3 Block Diagram

WDT Clock ———— clear To RESET
D_> WDTCNT <—<] < J— Circuit
WDTEN
— 1> (
. |_>
To interrupt
D—} WDTIFR _bblock
WDTDR Tclear
INT_ACK
WDTCL WDTRSON
WDTCR
Figure 11.5 Watch Dog Timer Block Diagram
11.3.4 Register Map
Name Address Dir Default Description
WDTCNT 8EH R OOH Watch Dog Timer Counter Register
WDTDR 8EH w FFH Watch Dog Timer Data Register
WDTCR 8DH R/W OOH Watch Dog Timer Control Register

Table 11-3 Watch Dog Timer Register Map

11.3.5 Watch Dog Timer Register Description

The watch dog timer register consists of watch dog timer counter register (WDTCNT), watch dog timer 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
| woton7 | woToNte | WDTCNTS | WDTCNT4 | WDTONT3 | WDTCNT2 | WDTCNTL | WDTCNTO
R R R R R R R R
Initial value : 0OH
WDTCNT[7:0] WDT Counter

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

7 6 5 4 3 2 1 0
| womrr | womme | womDRs WDTDR4 |  WDTDR3 WDTDR2 WDTDRL WDTDRO
W W W W W W W W
Initial value : FFH
WDTDR[7:0] Set a period
WDT Interrupt Interval=(BIT Interrupt Interval) x(WDTDR Value+1)
NOTE)

1. Do not write “0” in the WDTDR register.

WDTCR (Watch Dog Timer Control Register) : 8DH

7 6 5 4 3 2 1 0
| woEN | wotRson wotcL | WDTE - - WDTCK WDTIFR
RW RW RW RW - - RW RW
Initial value : 00OH
WDTEN Control WDT Operation
0 Disable
1 Enable
WDTRSON Control WDT RESET Operation
0 Free Running 8-bit timer
1 Watch Dog Timer RESET ON
WDTIE Enable or Disable Watch Dog Timer Interrupt
0 Disable
1 Enable
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. So,

the flag should be cleared by software. 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.

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

LCD driver controller does not operate.

11.4.2 Block Diagram

fsve ——> » fLco=1024Hz
P
r
M : 1 Match
e /64 fwek 14Bit fwex/27 . Clear
s > g Binary Counter g Timer counter WTCL
—>1 ¢l nos ,
a
| txos6
Y fwek/(2*X(7 bit WTDR Value +1)) WTIE
r
— ﬁ [ 4\—D_’ To interrupt
| fue/2% )| MUX WTIFR block
] fucc/2” ),
TCIear
2 sw
WTCR | WTEN| - | WTIE |WTIFR| WTIN1|WTINO|WTCK1|WTCKO|
Reload Match
WTCL

WTDR

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

WTCNT |

- |WTCNT6 |WTCNT5 |WTCNT4|WTCNT3|WTCNT2|WTCNT1|WTCNTOl
Read case

Figure 11.6 Watch Timer Block Diagram
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11.4.3 Register Map

Name Address Dir Default Description
WTCNT 89H R O00H Watch Timer Counter Register
WTDR 89H w 7FH Watch Timer Data Register
WTCR 8FH R/W O00H Watch Timer Control Register

Table 11-4 Watch Timer Register Map

11.4.4 Watch Timer Register Description

The watch timer register consists of watch timer counter register (WTCNT), watch timer data register (WTDR) and
watch timer control register (WTCR). As WTCR is 7-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 WTCNT4 |  WTCNT3 WTCNT2 WTCNTL WTCNTO
_ R R R R R R R

Initial value : OOH
WTCNTI[6:0] WT Counter

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

7 6 5 4 3 2 1 0
| waa | wmrs WIDRs | WDR4 | WIDR3 WTDR2 WTDRL WTDRO
RW W w W w w w w
Initial value : 7FH
WTCL Clear WT Counter
0 Free Run
1 Clear WT Counter (auto clear after 1 Cycle)
WTDRI[6:0] Set WT period
WT Interrupt Interval=fwck/(2"14 x(7bit WTDR Value+1))
NOTE)

1. Do not write “0” in the WTDR register.
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WTCR (Watch Timer Control Register) : 8FH

7 6 5 4 3 2 1 0
| wmen | - WIE |  WIFR WTINL WTINO WTCKL WTCKO
RW - RW RW RW RW RW RW
Initial value : 00H
WTEN Control Watch Timer
0 Disable
1 Enable
WTIE Enable or Disable Watch Timer Interrupt
0 Disable
1 Enable
WTIFR When WT Interrupt occurs, this bit becomes ‘1’. 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 WT Interrupt no generation
1 WT Interrupt generation
WTIN[1:0] Determine interrupt interval
WTIN1  WTINO Description
0 0 fwek/277
0 1 fwek/2713
1 0 fwek/2714
1 1 fwek/(214 x (7bit WTDR Value+1))
WTCK][1:0] Determine Source Clock
WTCK1 WTCKO Description
0 0 fsus
0 1 fx/256
1 0 x/128
1 1 fx/64

NOTE)

fx — System clock frequency (Where fx= 4.19MHz)

fsus — Sub clock oscillator frequency (32.768kHz)

fwek — Selected Watch timer clock

fucp — LCD frequency (Where fy= 4.19MHz, WTCK[1:0]="10’; f_.cp= 1024HZ)

E A
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11.5 Timer 0/1/2

11.5.1 Overview

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

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

—  8-bit capture mode

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

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

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

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

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

154



MC97F60128 ABOV Semiconductor Co., Ltd.

11.5.2 8-Bit Timer/Counter Mode

The 8-bit timer/counter mode is selected by control register as shown in Figure 11.7.

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

The external clock (ECn) counts up the timer at the rising edge. If the ECn is selected as a clock source by ThCKJ[2:0],
ECO/EC1/EC2 port should be set to the input port by P40I0/P4110/P4210 bit.

TnCcR | ThEN | - |TnMSl |TnMSO |TnCK2| TnCKll TnCKOl Tnce | ADDRESS : D2ZH/DAH/DDH
INITIAL VALUE: 0000_0000B
1 - 0 0 X X X X
ECnII———lIF————*
Clear Match signal
P —DZy, _ Tnce
ro| fx/4 » 8-bit Timer n Counter
e M
fx/8
s——_*|u | TnCNT(8Bit)
c |32 3 | x TnMIE
a | fg128
| To interrupt
fx/512 Match
e [P ThEN l>—> MUX ThIFR block
r [ fx/2048
Comparator
2 TCIear
3
TnDR(8Bit) SIW
TnCK[2:0] TnMS[1:0]
8-bit Timer n Data Register
{7] Tno/PWMNO

Figure 11.7 8-Bit Timer/Counter Mode for Timer 0/1/2 (Where n =0, 1 and 2)

Match with TnDR

TnCNT
Value n-1

n-2

Count Pulse Period
/ Pcp
Up-count 6 > <

Interrupt Period TIME -
=Pcp X (N+1)
Timer n T T
(TnIFR)

Interrupt Occur Occur Occur
Interrunt Interruot Interrunt

Figure 11.8 8-Bit Timer/Counter 0/1/2 Example (Where n =0, 1 and 2)
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11.5.3 8-Bit PWM Mode

The timer 0/1/2 has a high speed PWM (Pulse Width Modulation) function. In PWM mode, ThO/PWMnO pin outputs
up to 8-bit resolution PWM output. This pin should be configured as a PWM output by setting the TOO/PWMO0O,
T10/PWM10O and T20/PWM20O function by P4FSRL[4:3], P4FSRH[1:0] and P4FSRH[3:2] bits. In the 8-hit
timer/counter mode, a match signal is generated when the counter value is identical to the value of TnDR. When the
value of TnCNT and TnDR is identical in timer n, a match signal is generated and the interrupt of timer 0/1/2 occurs. In
PWM mode, the match signal does not clear the counter. Instead, it runs continuously, overflowing at “FFH” and then
continues incrementing from “O0H”. The timer 0/1/2 overflow interrupt is generated whenever a counter overflow
occurs. TNCNT value is cleared by software (TnCC) bit.

tncr | Toen | - [Tawsa [tamso | tncka | tacka [ tacko | ncc | ADDRESS : DZHIDAH/DDH
INITIAL VALUE: 0000_00008

1 - 0 1 X X X X

sw

l Clear
TnOVIE :l ) To interrupt
—» | TnOVIFR block
=

Clear Match signal
| fx/2 »
TnCC

| 4 8-bit Timer n Counter

P

r

e

s

c | x/32
fx—ba

|

e

r

TNCNT(8BIit) <«
TAMIE

xCZ
-/
o

[ fj128
To interrupt
/512 ,, Match
‘ TnEN [>—> MUX TNIFR block

| f2048
Comparator
2 TCIear

TnDR(8BIt) SIwW

TnCK[2:0] TnMS[1:0]
8-bit Timer n Data Register

{] Tno/PwWMnO

Figure 11.9 8-Bit PWM Mode for Timer 0/1/2 (Where n =0, 1 and 2)
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PWM Mode(TnMS = 01b)

Set TnEN

v

e UL UL
v Yom Yo W X Yo Y Y e W

TnDR

I___J

Tn Overflow
Interrupt

1. TnDR = 4AH

TnPWM

Tn Match
Interrupt

2. TnDR = 00H

TnPWM

Tn Match
Interrupt

3. TnDR = FFH

TnPWM

Tn Match
Interrupt

Figure 11.10 PWM Output Waveforms in PWM Mode for Timer 0/1/2 (Where n =0, 1 and 2)
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11.5.4 8-Bit Capture Mode

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

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

The capture result is loaded into TNCDR. In the timer n capture mode, timer n output (TnO) waveform is not available.
According to EIPOL2HI/L registers setting, the external interrupt EINT1n function is chosen. Of course, the EINT1n pin
must be set to an input port.

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

Tcr | Ten [ - [romst [tamso [ Tcka | tncka [ Tcko | T ADDRESS : D2H/DAH/DDH
nc n nMS nMso nc nc ncko nce INITIAL VALUE: 0000_0000B
1 - 1 X X X X X
ECn
.| Clear Match signal
p D2y TncC
rl—fx4 8-bit Timer n Counter
e M
X
1] T Py R RSP
" p | ¢ 32| x Clear TnMIE
all‘ p— T To interrupt
fx/512 Match
o D512 THEN [>_> MUX »| TR block
r | x/2048
Comparator
2 TCIear
3
TnDR(8Bit) SIwW
TnCK[2:0] _ i TnMS[1:0]
8-bit Timer n Data Register
POL1n of EIPOL2L
1 —
X TnCDR(8BIt)
EINT1n [}—9{ 0
SIW
ﬂ 2 l Clear
TnMS[1:0]
.| FLAGIn | ) To interrupt
(EIFLAG2.n) block

Figure 11.11  8-Bit Capture Mode for Timer 0/1/2 (Where n =0, 1 and 2)
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TnCDR Load
A
TnCNT Value o
n-2 .
Count Pulse Period
/ Pep
Up-count 6 —>| I"_
/ -
4
3
2
1
0
T™ME >
Ext. EINT1n PIN |_
Interrupt I ] —|
Request
(FLAG1n) < >
Interrupt Interval Period

Figure 11.12  Input Capture Mode Operation for Timer 0/1/2 (Where n = 0, 1 and 2)

XX

TnCNT
YYu

004 004 00 00w 004

Interrupt —| —|
Request

(TnIFR)

Ext. EINT1n PIN

Interrupt
Request
(FLAG1n)

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

Figure 11.13 Express Timer Overflow in Capture Mode (Where n =0, 1 and 2)
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11.5.5 Block Diagram

X2
fx/a »
X8,
xI32_,,

xcZ
m

-
X
=0 —0WnwO-=T

x/2048 »

15
TnCK[2:0]
POL1n of EIPOL2L

8-bit Timer n Counter

| fx/128 4, T Clear
fx/512 THEN
C

omparator

TNDR (8Bit)

8-bit Timer n Data Register

2

EINT1n []

}.
TnMS[1:0]

P

v

TnCDR (8Bit)

SIW

lclear

Match
MUX

TnCC
Match signal

To interrupt

TnOVIE
TnOVIFR block
. Clear
TnCNT (8Bit)

TnMIE

1.

TnMS[1:0]

\4

TnIFR

Tclear

S/IW
L—— "] Tho/PWMnO
S/IW
lclear
| FLAGI1n To interrupt
”|(EIFLAG2.n) block

To interrupt
block

Figure 11.14 8-Bit Timer 0/1/2 Block Diagram (Where n =0, 1 and 2)
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11.5.6 Register Map

Name Address Dir Default Description
TnCR D2H/DAH/DDH R/W O00H Timer n Control Register
TnCNT D3H/DBH/DEH R O00H Timer n Counter Register
TnDR D4H/DCH/DFH R/W FFH Timer n Data Register
TnCDR D4H/DCH/DFH R O00H Timer n Capture Data Register
TINTCR 4004H (XSFR) R/W O00H Timer Interrupt Control Register
TIFLAG D5H R/W O00H Timer Interrupt Flag Register
Table 11-6 Timer 0/1/2 Register Map

11.5.7 Timer/Counter 0/1/2 Register Description

The timer/counter 0/1/2 register consists of timer 0/1/2 counter register (TNCNT), timer 0/1/2 data register (TnDR),
timer 0/1/2 capture data register (TNnCDR), timer 0/1/2 control register (TnCR), timer interrupt control register(TINTCR)

and timer interrupt flag register(TIFLAG).

11.5.8 Register Description for Timer/Counter 0/1/2

TnCNT (Timer n Counter Register) : D3H/DBH/DEH, Wheren =0, 1 and 2

7 6 2 1 0
| mon7 | ments | | o ThCNT3 ThCNT2 ThCNTL ThCNTO
R R R R R
Initial value : 00OH
TnCNT[7:0] Tn Counter

TnDR (Timer n Data Register : Write only when it is capture mode) : D4H/DCH/DFH, Wheren =0, 1 and 2

7 6 2 1 0
| tore | TR | ThDR4 TDOR3 | TnDR2 ThDRL ThDRO
RW RAW RAW RW RW RW RW
Initial value : FFH
TnDR[7:0] Tn Data

TnCDR (Timer n Capture Data Register : Capture mode only) : D4H/DCH/DFH, Wheren =0, 1 and 2

7 6 2 1 0
| moorr | Toore | TCDR4 | TcDR3 | TnoDR2 ThCDR1 ThCDRO
R R R R R R
Initial value : 00H
TnCDRJ[7:0] Tn Capture Data
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TnCR (Timer n Control Register) : D2H/DAH/DDH, Where n =0, 1 and 2

7 6 5 4 3 2 1 0
REE - | Tvst TNMSO TNCK2 TNCKL TnCKO TnCC
RW - RW RW RW RW RW RW
Initial value : 00H
TnEN Control Timer n
0 Timer n disable
1 Timer n enable
TnMS[1:0] Control Timer n Operation Mode
TnMS1 TnMSO Description
0 0 Timer/counter mode (TnO: toggle at match)
0 1 PWM mode (The overflow interrupt can occur)
1 X Capture mode (The match interrupt can occur)
TnCK][2:0] Select Timer n clock source. fx is a system clock frequency
TnCK2 TnCK1 TnCKO Description
0 0 0 fx/2
0 0 1 fx/4
0 1 0 x/8
0 1 1 fx/32
1 0 0 fx/128
1 0 1 fx/512
1 1 0 fx/2048
1 1 1 External Clock (ECn)
TnCC Clear timer n Counter
0 No effect
1 Clear the Timer n counter (When write, automatically cleared “0” after being

cleared counter)
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TINTCR(Timer Interrupt Control Register) : 4004H (XSFR)

7 6 5 4 3 2 1 0
| - | - T2ME | TIME | TOMIE T20VIE T10VIE TOOVIE
- - RW RW RW RW RW RW
Initial value : 00H
T2MIE Enable or Disable Timer 2 Match Interrupt
0 Disable
1 Enable
T1MIE Enable or Disable Timer 1 Match Interrupt
0 Disable
1 Enable
TOMIE Enable or Disable Timer 0 Match Interrupt
0 Disable
1 Enable
T20VIE Enable or Disable Timer 2 Overflow Interrupt
0 Disable
1 Enable
T1O0OVIE Enable or Disable Timer 1 Overflow Interrupt
0 Disable
1 Enable
TOOVIE Enable or Disable Timer 0 Overflow Interrupt
0 Disable
1 Enable
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TIFLAG(Timer Interrupt Flag Register) : D5H

7 6 5 4 3 2 1 0
| - | - T20VIFR |  T2IFR T1OVIFR T1IFR TOOVIFR TOIFR
- - RW RW RW RW RW RW
Initial value : 00H
T20VIFR When T2 overflow interrupt occurs, this bit becomes ‘1’. The flag is cleared only by
writing a ‘0’ to the bit. So, the flag should be cleared by software. Writing ‘1’ has no
effect.
0 T2 overflow interrupt no generation
1 T2 overflow interrupt generation
T2IFR When T2 match interrupt occurs, this bit becomes ‘1’. The flag is cleared only by writing
a ‘0’ to the bit. So, the flag should be cleared by software. Writing ‘1’ has no effect.
0 T2 interrupt no generation
1 T2 interrupt generation
T1OVIFR When T1 overflow interrupt occurs, this bit becomes ‘1’. The flag is cleared only by
writing a ‘0’ to the bit. So, the flag should be cleared by software. Writing ‘1’ has no
effect.
0 T1 overflow interrupt no generation
1 T1 overflow interrupt generation
T1IFR When T1 match interrupt occurs, this bit becomes ‘1’. The flag is cleared only by writing
a ‘0’ to the bit. So, the flag should be cleared by software. Writing ‘1’ has no effect.
0 T1 interrupt no generation
1 T1 interrupt generation
TOOVIFR When TO overflow interrupt occurs, this bit becomes ‘1’. The flag is cleared only by
writing a ‘0’ to the bit. So, the flag should be cleared by software. Writing ‘1’ has no
effect.
0 TO overflow interrupt no generation
1 TO overflow interrupt generation
TOIFR When TO match interrupt occurs, this bit becomes ‘1’. The flag is cleared only by writing
a ‘0’ to the bit. So, the flag should be cleared by software. Writing ‘1’ has no effect.
0 TO interrupt no generation
1 TO interrupt generation
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11.6 Timer 3/4/5/6

11.6.1 Overview

The 16-bit timer 3/4/5/6 consists of multiplexer, timer 3/4/5/6 A data register high/low, timer 3/4/5/6 B data register
high/low and timer 3/4/5/6 control register high/low (TnADRH, TnADRL, TnBDRH, ThnBDRL, TnCRH, TnCRL).

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 3/4/5/6 can be clocked by an internal or an external clock source (ECn). The clock source is
selected by clock selection logic which is controlled by the clock selection bits (TNCK[2:0]).
— TIMER 3/4/5/6 clock source: fy/1, 2, 4, 8, 32, 128, 512 and ECn

In the capture mode, by EINT1n, the data is captured into input capture data register (TnBDRH/TnBDRL). Timer
3/4/5/6 outputs the comparision result between counter and data register through TnO port in timer/counter mode. Also
Timer 3/4/5/6 outputs PWM wave form through PWMnO port in the PPG mode.

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

Table 11-7 Timer 3/4/5/6 Operating Modes

11.6.2 16-Bit Timer/Counter Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 11.15.

The 16-bit timer have counter and data register. The counter register is increased by internal or external clock input.
Timer 3/4/5/6 can use the input clock with one of 1, 2, 4, 8, 32, 128 and 512 prescaler division rates (TnCK[2:0]).
When the value of TNCNTH, TnCNTL and the value of TNADRH, TnADRL are identical in Timer 3/4/5/6 respectively, a
match signal is generated and the interrupt of Timer 3/4/5/6 occurs. The TNCNTH, TnCNTL value is automatically
cleared by match signal. It can be also cleared by software (TnCC).

The external clock (ECn) counts up the timer at the rising edge. If the ECn is selected as a clock source by ThCK[2:0],
EC3/ECA4/EC5/EC6 port should be set to the input port by P2610/P2710/P1410/P15I10 bit.
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ThCRH | ThEN | TAMIE | TnMs1 | TAMSO | _ | _ | _ | Tnce | ADDRESS:E3H/4079H/4081H/4089H
INITIAL VALUE : 0000_0000B
1 X 0 0 - - - X
TnCRL | Tnck2 | TnCK1 | TnCKO | - | - | TnPOL | TNECE |TnCNTR| ADDRESS:E2H/4078H/4080H/4088H
INITIAL VALUE : 0000_0000B
X X X - - X X X
16-bit A Data Register
TnADRH/TnADRL
Reload e 7— A Match
TnCC
ThECE TnCK[2:0] — TnEN
n SIW
¢ 3 | Buffer Register A | TnMIE
To other block laear
Edge To interrupt
I » p
En | petector A Mateh TnIFR block
P fx/1 ) TnEN
r /2 ¢ Comparator
e 4 > M |_| oG Clear A Match
s — X2 U — o -bit Counter R TnCC
x—p | c DBy 5 | TnCNTH/TRCNTL ThEN
a x/32 »
| Pulse
e | x/128 o, Generator D o
r | fx/512
o
TnMS[1:0] TnPOL
NOTE)
1. Do notsetto “110b” in the TnCK]2:0], when fx is over 10MHz.
Figure 11.15 16-Bit Timer/Counter Mode for Timer 3/4/5/6 (where n = 3,4,5 and 6)
Match with TnADRH/L
A
TRCNTHIL \
Value n-1
n-2 .
Count Pulse Period
/ Pcp
Up-count 6 _’I |<_
/ -
4
3
2
1
0
Interrupt Period IME
=Pcp X (N+1)
y 4
Timer n
(TnIFR)
Interrupt Occur Occur Occur
Interrunt Interrunt Interrunt

Figure 11.16

16-Bit Timer/Counter 3/4/5/6 Example (where n = 3,4,5 and 6)
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11.6.3 16-Bit Capture Mode

The 16-bit Timer 3/4/5/6 capture mode is set by TnMS[1:0] as ‘01’. The clock source can use the internal/external
clock. Basically, it has the same function as the 16-bit timer/counter mode and the interrupt occurs when
TNCNTH/TNCNTL is equal to TNADRH/TnADRL. The TnCNTH, TnCNTL values are automatically cleared by match
signal. It can be also cleared by software (TnCC).

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the maximum
period of timer.
The capture result is loaded into TNBDRH/TnBDRL.
According to EIPOL2L/H registers setting, the external interrupt EINT1n function is chosen. Of course, the EINT1n pin

must be set as an input port.

ThCRH | ThEN | _ |TnMSl | TnMSO| _ | _ | _ | oo | ADDRESS:E3H/4079H/4081H/4089H
INITIAL VALUE : 0000_0000B
1 - 0 1 - - - X
TncrL | Tncki [ Tneka [ Tncko | Taier [ - | neoL | TnecE [TncNTR|  ADDRESS:E2H/4078H/4080H/4088H
INITIAL VALUE : 0000_0000B
X X X X - X X X
16-bit A Data Register
TnADRH/TnADRL
Reload /7— A Match
TnCC
~_%Y——TnEN
TrECE TnCK[2:0] n
n SIW
3 | Buffer Register A | TnMIE
To other block laea,
Edge A Match To interrupt
|_> I atc
ECn Detector :: TnIFR block
P fx/1 ) TnEN
r fx/2 > ¢ Comparator
e M Clear A Match
. | fx/4 U — 16-bit Counter R 4—<E‘mcc
i —p | ¢ —XB | | R TNCNTH/TRCNTL ThEN
a x/32 > Clear
|
e fx/128 »
r |52

POL1n of EIPOL2H/L

e

16-bit B Data Register

EINT1n TnBDRH/TnBDRL

SIW
%2 lCIear
TnMSJ[1:0] .
»| FLAGIn To interrupt
" |(EIFLAG2.n) block

NOTE)
1. Do not setto “110b” in the TnCK][2:0], when fx is over 10MHz.

Figure 11.17  16-Bit Capture Mode for Timer 3/4/5/6 (where n = 3,4,5 and 6)
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A

TnCNTH/L

TnBDRHI/L Load

Value

n-1

n-2

/

Up-count 6

Count Pulse Period
PCP

—~

Ext. EINT1n PIN

TIME

Interrupt —|
Request
(FLAG1n) - >
Interrupt Interval Period
Figure 11.18  Input Capture Mode Operation for Timer 3/4/5/6 (where n = 3,4,5 and 6)

TnCNTH/L

004

Interrupt
Request

XX

FFFFy

FFFFy

YYu

004

(TnIFR)

Ext. EINT1n PIN

Interrupt
Request

(FLAG1n)

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

Figure 11.19

Express Timer Overflow in Capture Mode (where n = 3,4,5 and 6)
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11.6.4 16-Bit PPG Mode

The Timer 3/4/5/6 has a PPG (Programmable Pulse Generation) function. In PPG mode, T30/PWM30, T40/PWM40,
T50/PWM50 and T60/PWM60 pin outputs up to 16-bit resolution PWM output. This pin should be configured as a
PWM output by setting PIFSR[1:0] to ‘01’, PIFSR[2] to ‘1’, P1FSR[3] to ‘1’ and P1FSR[4] to ‘1’. The period of the
PWM output is determined by the ThADRH/TNADRL. And the duty of the PWM output is determined by the
TnBDRH/TNBDRL.

ADDRESS:E3H/4079H/4081H/4089H
INITIAL VALUE : 0000_0000B

TnCRH | TnEN| TnMIE| TnMSl| TnMSO| | - | - | TnCC|

1 X 1 1 - - - X

ADDRESS:E2H/4078H/4080H/4088H

TnCRL | T”CK2| T”CK1| T”CK°| - | INITIAL VALUE : 0000_0000B

| TnPOL| TnECE| TnCNTR|
X X X - - X X X

16 - bit A Data Register
TnADRH/TnADRL

Reload /7— A Match
TnCC

TnCK [2:0] ThEN
TnECE ' SW  TnmiE
. n
¢ i 3 | Buffer Register A | To other block l Clear
Edge \ To interrupt
|—> > 4\_' ) I
ECn Detector :t j Mateh TnIFR block
_P fx/1 TnEN
r /2 > ¢ Comparator
> A Match
z tha | M — 16 bit Counter R |q_'2" TnCcC
o ° /8 g TNCNTH/TRCNTL ThEN
a Fx/32
——>
| Pulse ™o/
e | /128 :t [>M, Generator {] PWMnO
r 0512
/ Comparator ? 2 T
Buffer Register B | TnMS[1:0] TnPOL
Reload /7— _»?I\C/I:eétch
n
N \—— TrEN

16- bit B Data Register
TnBDRH/TnBDRL

NOTE)

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

2. Do not setto “110b” in the TnCK[2:0], when fx is over 10MHz.

Figure 11.20 16-Bit PPG Mode for Timer 3/4/5/6 (where n = 3,4,5 and 6)
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Repeat Mode(TnMS = 11b) and "Start High"(TnPOL = 0b).

Set ThEN _¢ Clear and Start

Timer n clock

D 0a000a008C00a004

TnADRH/L M

Tn Interrupt _‘

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

PWMnO B Match A Match

2. TnBDRH/L >= TnADRH/L

PWMnO A Match

3. TnBDRH/L = "0000H"

PWMnO Low Le\)el

A Match

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

Set TnEN

Timer n clock

00000000080 E

TnADRH/L M

/ /
) }

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

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

3. TnBDRH/L ="0000H"

PWMnO Low Le\)el

A Match

Figure 11.21  16-Bit PPG Mode Timming chart for Timer 3/4/5/6 (where n = 3,4,5 and 6)
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11.6.5 Block Diagram

16- bit A Data Register

Reload

4 ‘ TncC
\A— TnEN

TnADRH TnADRL
Reload e %M\C/Igtch
\\A— n
TnECE TnCK2:0] TnEN
SIW
3 | Buffer Register A | TnMIE
\ 4 To other block Clear
Ed .
Ecn[ }— Detegcst)or > To interrupt
Bl ThEN TnIFR block
P fx/2 > ¢ Comparator
e| s M A Match
ey 16- bit Counter R hee
fx- »| c—8 I x TNCNTH TnCNTL ThEN
a fx/32 »
! Clear
e | {128 B Match Pulse o
r :t[>—> Generator PWMnO
fx/512 >
Comparator } 2 T
POL1 n of EIPO2H/L | Bufer Rgister B | ol TaROL
2
A Match

EINTD 16- bit B Data Register siw
% , TnBDRH TnBDRL l Clear
TnMg1:0] .
»| FLAGIn To interrupt
™| (EIFLAG2.n) block
NOTE)
1. Do notsetto “110b” in the TnCK]2:0], when fx is over 10MHz.
Figure 11.22 16-Bit Timer 3/4/5/6 Block Diagram (where n = 3,4,5 and 6)
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11.6.6 Register Map

Name Address Dir Default Description
TnCRH E3H/4079H/4081H/4089H R/W 00OH Timer n Control High Register
TnCRL E2H/4078H/4080H/4088H R/W OOH Timer n Control Low Register
TnADRH E5H/407BH/4083H/408BH R/W FFH Timer n A Data High Register
TnADRL E4H/407AH/4082H/408AH R/W FFH Timer n A Data Low Register
TnBDRH E7H/407DH/4085H/408DH R/W FFH Timer n B Data High Register
TnBDRL E6H/407CH/4084H/408CH R/W FFH Timer n B Data Low Register

Table 11-8 Timer 3/4/5/6 Register Map (where n = 3,4,5 and 6)
11.6.7 Timer/Counter 3/4/5/6 Register Description
The timer/counter 3/4/5/6 register consists of Timer 3/4/5/6 A data high register (TnADRH), Timer 3/4/5/6 A data low

register (TNADRL), Timer 3/4/5/6 B data high register (TR BDRH), Timer 3/4/5/6 B data low register (TnBDRL), Timer
3/4/5/6 control High register (TNnCRH) and Timer 3/4/5/6 control low register (ThCRL).
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11.6.8 Register Description for Timer/Counter 3/4/5/6

TnADRH (Timer n A data High Register) : E5H/407BH/4083H/408BH (where n = 3,4,5 and 6)

7 6 5 4 3 2 1 0
| TnADRH7 | TnADRH6 | TnADRH5 | TnADRH4 TRADRH3 | TnADRH2 | TnADRHL | TnADRHO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH

TnADRHI[7:0] Tn A Data High Byte

TnADRL (Timer n A Data Low Register) : E4AH/407AH/4082H/408AH (where n = 3,4,5 and 6)

7 6 5 4 3 2 1 0
| TADRL7 | TnADRL6 | TnADRLS | TnADRL4 TNADRL3 | TnADRL2 | TnADRLL | TnADRLO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH
TnADRL[7:0] Tn A Data Low Byte

NOTE)

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

TnBDRH (Timer n B Data High Register) : E7TH/407DH/4085H/408DH (where n = 3,4,5 and 6)

7 6 5 4 3 2 1 0
| ™BDRH7 | TnBDRH6 | TnBDRH5 | TnBDRH4 | TnBDRH3 | TnBDRH2 | TnBDRH1 | TnBDRHO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH
TnBDRHI[7:0] Tn B Data High Byte

TnBDRL (Timer n B Data Low Register) : E6H/407CH/4084H/408CH (where n = 3,4,5 and 6)

7 6 5 4 3 2 1 0
| TBDRL7 | TnBDRL6 | TnBDRLS | TnBDRL4 ThBDRL3 | TnBDRL2 | TnBDRLL | TnBDRLO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : FFH
TnBDRL[7:0] Tn B Data Low Byte
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TnCRH (Timer n Control High Register) : E3H/4079H/4081H/4089H (where n = 3,4,5 and 6)

7 6 5 4 3 2 1 0
| men | TMvE TAMSL | TMSO - | - | - |  mcc
RW RW R/W RW - - - RW
Initial value : 00H
TnEN Control Timer n
0 Timer n disable
1 Timer n enable (Counter clear and start)
TnMIE Enable or Disable Timer n Match Interrupt
0 Disable
1 Enable
TnMS[1:0] Control Timer n Operation Mode
TnMS1 TnMSO Description
0 0 Timer/counter mode (TnO: toggle at A match)
0 1 Capture mode (The A match interrupt can occur)
1 0 PPG one-shot mode (PWMnO)
1 1 PPG repeat mode (PWMnO)
TnCC Clear Timer n Counter
0 No effect
1 Clear the Timer n counter (When write, automatically

cleared “0” after being cleared counter)

NOTE)
1. Referto the external interrupt flag 1 register (EIFLAGL) for the T6/T5/T4/T3 interrupt flags.
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TnCRL (Timer n Control Low Register) : E2H/4078H/4080H/4088H (where n = 3,4,5 and 6)

7 6 5 4 3 2 1 0
| Tnck2 | Tnckt | Tacko | - - | mPo. | TECE | TN
RW RW RW - - RW RW RW
Initial value : 00H
TnCK][2:0] Select Timer n clock source. fx is main system clock frequency
TnCK2 TnCK1l TnCKO Description
0 0 0 fx/512
0 0 1 fx/128
0 1 0 fx/32
0 1 1 fx/8
1 0 0 fx/4
1 0 1 fx/2
1 1 0 fx/1
1 1 1 External clock (ECn)
TnPOL TnO/PWMnO Polarity Selection
0 Start High (TnO/PWMnO is low level at disable)
1 Start Low (TnO/PWMnO is high level at disable)
TnECE Timer n External Clock Edge Selection
0 External clock falling edge
1 External clock rising edge
TnCNTR Timer n Counter Read Control
0 No effect
1 Load the counter value to the B data register (When write, automatically

cleared “0” after being loaded)

NOTE)
1. Do notsetto “110b” in the TnCKJ2:0], when fx is over 10MHz.
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11.7 Timer 7/8

11.7.1 Overview

Timer 7 and timer 8 can be used either two 8-bit timer/counter or one 16-bit timer/counter with combine them. Each 8-
bit timer/event counter module has multiplexer, comparator, 8-bit timer data register, 8-bit counter register, control
register and capture data register (T7CNT, T7DR, T7CAPR, T7CR, T8CNT, T8DR, T8CAPR, T8CR). For PWM, it has
PWM register (TSPPRL. T8SPPRH, TBADRL, TSADRH, T8BDRL, T8BDRH, T8CDRL, T8SCDRH, T8DLYA, T8DLYB,
T8DLYC).

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

The timer/counter 7 and 8 can be clocked by an internal or an external clock source (EC7). The clock source is
selected by clock selection logic which is controlled by the clock selection bits (T7CK[2:0], T8CK[3:0]). Also the
timer/counter 8 can use more clock sources than timer/counter 7.

— TIMER 7 clock source: fy/2, 4, 8, 32, 128, 512, 2048 and EC7

— TIMER 8 clock source: fy/1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192, 16384 and T7 clock

In the capture mode, by EINT17/EINT18, the data is captured into input capture data register (T7CAPR, TSCAPR).

In 8-bit timer/counter 7/8 mode, whenever counter value is equal to T7TDR/T8DR, T70/T80 port toggles. Also In 16-bit
timer/counter 7 mode,

The timer 7 outputs the comparison result between counter and data register through T70 port. The PWM wave form
to PWMAA, PWMAB, PWMBA, PWMBB, PWMCA, PWMCB Port (6-channel) in the PWM mode.

16BIT | T7MS | T8BMS | PWMBE | T7CK[2:0] | T7CK[3:0] Timer 7 Timer 8
0 0 0 0 XXX XXXX 8 Bit Timer/Counter Mode | 8 Bit Timer/Counter Mode
0 1 1 0 XXX XXXX 8 Bit Capture Mode 8 Bit Capture Mode
1 0 0 0 XXX XXXX 16 Bit Timer/Counter Mode
1 1 1 0 XXX XXXX 16 Bit Capture Mode
0 X X 1 XXX XXXX 10 Bit PWM Mode
Table 11-9 Timer 7/8 Operating Modes
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11.7.2 8-Bit Timer/Counter 7/8 Mode

The 8-bit timer/counter mode is selected by control register as shown in Figure 11.23.

The two 8-bit timers have each counter and data register. The counter register is increased by internal or external
clock input. Timer 7 can use the input clock with one of 2, 4, 8, 32, 128, 512, 2048 and EC7 prescaler division rates
(T7CK[2:0]). Timer 8 can use the input clock with one of 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192,
16384 and timer 7 clock prescaler division rates (T8CK[3:0]). When the value of T7CNT, TBCNT and T7DR, T8DR are
respectively identical in Timer 7/8, the interrupt Timer 7/8 occurs.

The external clock (EC7) counts up the timer at the rising edge. If the EC7 is selected as a clock source by T7CK|[2:0],
EC7 port should be set to the input port by P6310 bit. Timer 8 can’t use the external EC7 clock.

T7CR | T7EN| T7IE | T7MS| T7CK2| T7CK1| T7CKO| T7CN| T7ST| ADDRESS : 4090H (XSFR)
INITIAL VALUE 0000_0000B
1 X 0 X X X X X
T8CR | 16BIT| T8MS| T8CN | T8ST | T8CK3| T8CK2| T8CK1| T8CKO| ADDRESS : 4092H (XSFR)
INITIAL VALUE 0000_0000B
0 0 X X X X X X
] T80
8- bit Timer8 Data Register
TBCK[3:0]
i T8 DR(8BIf)
4
Comparator
1,
P /2 \ :; o Tointerrupt
; > T8CN Match " block
: e, ¢
g
fx —p| € . M
a i o T8 CNT(8Bit)
| i g ° (8Bi Clear
e : T 8- bit Timer8 Counter
r [ fx/ 16384
| T8ST
EC7 N
— T7ST
P 2
(re B4, v ¢ 8- bit Timer7 Counter
fx/8 Clear
s —>fX/32 u o T7 CNT(8BIit) -« SW e
fx —»| © »| X lclear
? p— To interrupt
fx/512 > Match
¢ /2048 ,, Tren :t >——¢—P»| TIIFR block
'
| / Comparator
3 .
% T7 DR(8BIt)
T7CK[2:0] — -
8- bit Timer7 Data Register
] t7o0
NOTE)
1. Do notsetto “1111b” in the T8CK]3:0], when two 8-bit timer 7/8 modes.
2. Do not set to “0000b” in the T8CK][3:0], when fx is over 10MHz.

Figure 11.23  8-Bit Timer/Counter Mode for Timer 7/8
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11.7.3 16-Bit Timer/Counter 7 Mode

The 16-bit timer/counter mode is selected by control register as shown in Figure 11.24.

The 16-bit timer have counter and data register. The counter register is increased by internal or external clock input.
Timer 7 can use the input clock with one of 2, 4, 8, 32, 128, 512 and 2048 prescaler division rates (T7CK[2:0]).

A 16-hit timer/counter register T7CNT, TBCNT are incremented from 0000H to FFFFH until it matches T7DR, T8DR
and then cleared to 0000H. The match signal output generates the Timer 7 Interrupt (No timer 8 interrupt). The clock
source is selected from T7CK[2:0] and 16BIT bit must be set to ‘1’. Timer 7 is LSB 8-bit, the timer 8 is MSB 8-bit.

The external clock (EC7) counts up the timer at the rising edge. f the EC7 is selected as a clock source by T7CK[2:0],
EC7 port should be set to the input port by P63IO bit.

T7CR | T7EN | T7IE | T7MS | T7CK2| T7CK1| T7CKO| T7CN | T7ST | ADDRESS : 4090H (XSFR)
INITIAL VALUE 0000 00008
1 X 0 X X X X X
T8CR | 1GBIT| T8MS| T8CN| T8ST | TBCK3| TSCK2| TBCK1| TSCKO| ADDRESS : 4092H (XSFR)
INITIAL VALUE 0000_0000B
1 0 X X 1 1 1 1
EC7 N
— T7ST
b2,
r /4, M ¢ 16- bit Timer7 Counter
€ x/8 . cl
s W u —o M;’:CNWT? CNT(16I?_|gB < ear SIW HIE
tx—p| C— > X lclear
a| _tuizs .
| /512 Match To interrupt
_r / Comparator
3 T8DR/T7 DR(16Bif)
T7CK[2:0] MSB LSB
16- bit Timer7 Data Register
{7 170
NOTE)
1. The T8CR.7 bit (16BIT) should be set to ‘1’ and the T8CK[3:0] should be set to “1111b".
2. Do not set to “0000b” in the T8CK][3:0], when fx is over 10MHz.

Figure 11.24  16-Bit Timer/Counter Mode for Timer 7
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11.7.4 8-Bit Timer 7/8 Capture Mode

The 8-bit Capture 7 and 8 mode is selected by control register as shown in Figure 11.25.
The timer 7/8 capture mode is set by T7MS, T8MS as ‘1. The clock source can use the internal/external clock.
Basically, it has the same function as the 8-bit timer/counter mode and the interrupt occurs when T7CNT, T8CNT is
equal to T7DR, T8DR. The T7CNT, T8CNT value is automatically cleared by match signal.

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider than the maximum
period of timer.
The capture result is loaded into T7CAPR, T8CAPR. In the timer 7/8 capture mode, timer 7/8 output (T70, T80)
waveform is not available.
According to the EIPOL2H/EIPOL1 register setting, the external interrupt EINT17 and EINT18 function is chose. Of
course, the EINT17 and EINT18 pins must be set to an input port.

The T7CAPR and T7DR are in the same address. In the capture mode, reading operation reads T7CAPR, not T7TDR
and writing operation will update T7DR. The TBCAPR has the same function.
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T7CR | T7EN | T7IE | T7IMS |T7CK2 | T7CK1 | T7CKO| T7CN | T7ST | ADDRESS:4090H (XSFR)
INITIAL VALUE : 0000_0000B

1 X 1 X X X X X

T8CR | 16BIT | T8MS | T8CN | T8ST |TSCK3 | T8CK2 | T8CK1 | TSCKO| ADDRESS:4092H (XSFR)
INITIAL VALUE : 0000_0000B

0 1 X X X X X X

FLAG18 To interrupt
(EIFLAG1.2) ™ block

T8MS
X Tclear
ENT18 [ X 8-bit Timer 8 Capture Register SIW
f.

v

TBCAPR (8Bit)

I

8-bit Timer 8 Data Register

——— T[] T80
EIPOLOL[3:2]
T8CK([3:0]

i T8DR (8Bit)
4

Comparator
fx/1 >

o TO interrupt
2, T8CN —3 l> Viatch » block

X4y ¢ Clear
fx./8 >

— % TBCNT (8Bit)

xCc<Z

Clear

' T 8-bit Timer 8 Counter
fx/16384 »

<
|~m—momm~'u|

T8ST

M T7ST

| /4 o ¢ 8-bit Timer 7 Counter

/8 — cl
— o T7CNT (8Bit) = SwW
32,

lCIear
/128 T Clear

fx/512 Match
| fx/512 ,, T7CN — l>

| £x/2048 ,

T7IE

xCcZ

X —»

To interrupt
T7IFR block

\ 4

EC7

P
r
e
S
c
a
I

e
r

Comparator

3
T7DR (8Bit)

T7CK[2:0]

EIPOL2H([7:6] 8-bit Timer 7 Data Register

R

iz
X T7CAPR (8Bit)
|—> o ¢
BINT17 j\_k*_ 8-bit Timer 7 Capture Register S/W
lCIear
L T7MS

FLAG17 To interrupt
(EIFLAG2.7) > block

L 70

\ 4

NOTE)
1. Do notsetto “1111b” in the T7CK][3:0], when two 8-bit timer 7/8 modes.
2. Do not set to “1110b” in the T8CK[3:0], when fx is over 10MHz.

Figure 11.25  8-Bit Capture Mode for Timer 7/8
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11.7.5 16-Bit Timer 7 Capture Mode

The 16-bit Capture mode is selected by control register as shown in Figure 11.26.

The 16-bit capture mode is the same operation as 8-bit capture mode, except that the timer register uses 16 bits. The
16-bit timer 7 capture mode is set by T7MS, T8MS as ‘1’. The clock source is selected from T7CK[2:0] and 16BIT bit
must be set to ‘1’. Timer 7 is LSB 8-bit, the timer 8 is MSB 8-bit.

T7CR | T7EN | T7IE | TIMS |T7CK2 | T7CK1 | T7CKO| T7CN | T7ST | ADDRESS:4090H (XSFR)
INITIAL VALUE : 0000_0000B

1 X 1 X X X X X

T8CR | 16BIT | T8MS | T8CN | T8ST |T8CK3 | T8CK2 | T8CK1 | TSCKO| ADDRESS:4092H (XSFR)
INITIAL VALUE : 0000_0000B

1 1 X X 1 1 1 1
EC7 .—.—>
_P /2 T7ST
x4, ¢ 16-bit Timer 7 Counter
M
e
X8 p|y — TBCNT/T7CNT (16Bit) | o 1ear swo
o o Lt | x [ MSB LsB ldear
a 128 T Clear ——
fx/512 Match o interrup
e > T7CN :{l> > TIFR block
¢ [fx/2048 |
L | Comparator
3 T8DRI/T7DR (16Bit)
T7CK[2:0] MSB LSB
EIPOL2H[7:6] 16-bit Timer 7 Data Register
L [0

iz —

X T8CAPR/T7CAPR (16Bit)

X — MSB LSB

EINTLY D 16-bit Timer 7 Capture Register S/IwW
ﬂ lclear
T7MS
| FLAG17 To interrupt
7| (EIFLAG2.7) » block

NOTE)
1. The T8CR.7 bit (16BIT) should be set to ‘1’ and the T8CK]3:0] should be set to “1111b”.

Figure 11.26 16-Bit Capture Mode for Timer 7
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11.7.6 10-Bit Timer 8 PWM Mode

The timer 8 has a high speed PWM (Pulse Width Modulation) function. In PWM mode, the 6-channel pins output up to
10-bit resolution PWM output. This pin should be configured as a PWM output by set PWMSE to ‘“1’. When the value of
2bit +T8CNT and T8PPRHI/L are identical in timer 8, a period match signal is generated and the interrupt of timer 8
occurs. In 10-bit PWM mode, A, B, C, bottom(underflow) match signal are generated when the 10-bit counter value
are identical to the value of T8XDRH/L. The period of the PWM output is determined by the TBPPRH/L (PWM period
register), TBXDRH/L (each channel PWM duty register).

PWM Period = [TBPPRH/T8PPRL ] X Source Clock
PWM Duty(A-ch) = [ TSADRH/T8ADRL ] X Source Clock

. Frequency
Resolution
T8CK[3:0]=0001 (250ns) T8CK[3:0]=0010 (500ns) T8CK][3:0]=0100 (2us)
10 Bit 3.9kHz 1.95kHz 0.49kHz
9 Bit 7.8kHz 3.9kHz 0.98kHz
8 Bit 15.6kHz 7.8kHz 1.95kHz
7 Bit 31.2kHz 15.6kHz 3.91kHz
Table 11-10 PWM Frequency vs. Resolution at 8 MHz

The POLXA bit of TBPCR3 register decides the polarity of duty cycle. If the duty value is set same to the period value,
the PWM output is determined by the bit POLXA (1: High, 0: Low). And if the duty value is set to "00H", the PWM
output is determined by the bit POLXA (1: Low, 0: High).

PHLT:PxxOE POLXA POLBO POLxB PWMB8xA Pin Output PWMB8xB Pin Output
0 Low-level Low-level
0 0 1 Low-level High-level
OX. X0, 00 1 X L9w-level L?W—Ievel
0 0 High-level High-level
1 1 High-level Low-level
1 X High-level High-level
0 « 0 Positive-phase Positive-Phase
1 1 Positive-phase Negative-Phase
1 « 0 Negative-Phase Negative-Phase
1 Negative-Phase Positive-phase
Table 11-11 PWM Channel Polarity
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ADDRESS:4092H (XSFR)

T8CR | 16BIT | T8MS | T8CN | T8ST |T8CK3 | TeCK2 | T8CK1 | T8CKO|
INITIAL VALUE : 0000_0000B

0 X X X X X X X

ADDRESS:4093H (XSFR)

Tepcry [ Pwmsk | Esyne [ Bmop | prLT | uppT | uaLL | Nost [ Nopso |
INITIAL VALUE : 0000_0000B

1 X X X X X X X
T8PCR2 | FORCA | - | PAACE | PABOE | PBAOE | PBBOE | PCAOE | PCBOE | ADDRESS:4094H (XSFR)
INITIAL VALUE : 0000_00008
0 - X X X X X X

ADDRESS:4095H (XSFR)

T8PCR3 | HZCLR | POLBO | POLAA | POLAB | POLBA | POLBB | POLCA | POLCS |
INITIAL VALUE : 0000_00008

X X X X X X X X

Timer 8 PWM Period Register

T8CK[3:0]
T8PPRH/T8PPRL (10Bit) Bottom (Underflow) —
4 A Match —p»| .
nterrup! o interrup
BMatch—b(;t tt —pgl kt t
enerator oc
T7 Clock Source ————» Period Match C Match —»|
T8ST :: l> >
P fx/1 T8CN ¢ . .
r fx/2 » ¢ omparator Control
2 fx/a » — 10-bit Counter o Up/Down o PWM PWM _| PWMSAA
. /8 2Bit + TSCNT - 7| output Delay
a /16 > Control | Control
|—IX/10 ~A Match
Y E —3 l> 7" ach Ach [ PWMsAB
r fx/64 > M Comparator
x—p| X128 [ x 10-bit A Data Register [ Pwm PWM | o ivesa
x/256 » T8ADRH/T8ADRL ™| output Delay
M’ 5 o ﬁ Control | Control
p atc
x/2048 » Comparator
x/4096 »
/8192 10-bit B Data Register o| PWM PWM D PWMBSCA
=== T8BDRH/T8BDRL ™| Output Delay
fx/16384 » »| Control | Control
— C Match
: C-ch C-ch —| PWM8CB

Comparator

10-bit C Data Register
T8CDRH/T8CDRL

NOTE)
1. Do notsetto“1111b” in the T8CK]3:0], when two 8-bit timer 7/8 modes.
2. Do not set to “0000b” in the T8CK][3:0], when fx is over 10MHz.

Figure 11.27 10-Bit PWM Mode (Force 6-ch)
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NOTE)

T8PCRL |PWM8E| ESYNC| BMOD |

T8CR | 16BIT | Tems | TECN |

TesT | T8CK3 | T8CK2 | T8CK1 | T8CKO |

0

X

X X X

X

X

PHLT | UPDT | UALL |NOPSl | NOPSO|

1 X X X X X X
T8PCR2 | FORCA | - | PAAOE | PABOE | PBAOE | PBBOE | PCAOCE | PCBOE |
1 - X X X X X

T8PCR3 | HZCLR | POLBO | POLAA | POLAB | POLBA | POLBB | POLCA | POLCB |

T7 Clock Source ————»

—x('D—SDJOU‘I('D-!'U|

ADDRESS:4092H (XSFR)
INITIAL VALUE : 0000_0000B

ADDRESS:4093H (XSFR)
INITIAL VALUE : 0000_0000B

ADDRESS:4094H (XSFR)
INITIAL VALUE : 0000_0000B

ADDRESS:4095H (XSFR)
INITIAL VALUE : 0000_0000B

X X X X X X X
Timer 8 PWM Period Register
TS8CK[3:0]
T8PPRH/T8PPRL (L0Bit) Bottom (Underflow) —
4 A Match —] .
B Match —»{ Interrupt p. TO interrupt
C Match » Generator block
Period Match
T8ST >
|_bg1 T8CN | :tc l>t >
L’ ¢ omparator Control
fx/4 d -bi Up/Down
—X= —— 10-bit Counter »| PWM PWM
e ° 2Bit + TSCNT ¢ | output Delay [ PWMBAA
/16 Control | Control
—=> ~A Match
32y, 3l> > Ach Ach [ PwmeAB
fx/64 > ,\L/J Comparator
28y | X 10-bit A Data Register PWM PWM [ PwmiseA
fx/256 » T8ADRH/T8ADRL Output Delay
fx/512 »| Control —{ Control
/1024 ,, B-ch Bch 1] PwmsBB
x/2048 »
fx/4096
SR
PWM PWM
/8192 Output Delay —1{] PwmscA
| 16384 ), »{ Control —{ Control
C-ch C-ch —| PWM8CB

1. Donotsetto “1111b” in the T8CK]3:0], when two 8-bit timer 7/8 modes.
2. Do not set to “0000b” in the T8CK][3:0], when fx is over 10MHz.

Figure 11.28

10-Bit PWM Mode (Force All-ch)
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Source Clock

()

T8CNT

P61/PWMSBAA
POLAA=1

P61/PWMSBAA
POLAA =0

TBCR = 004 (fxin)
T8PPRH = 034
TBPPRL = FFy
TBADRH = 00y

T8ADRL = 804

UUuuL

R

UL

o=

UL
Q0C

Duty Cycle(1+80,)X250n

A

N
s =32.25Us

Period Cycle(1+3FFy)X250ns = 256us

- 3.9kHz

\

T8PPRH(2 Bit)

T8PPRL (8 Bit)

03y

FFy

TBADRH(2 Bit)

TBADRL(8 Bit)

00y

80y

Figure 11.29

Example of PWM at 4 MHz

Source Clock

P61/PWMBAA
POLAA=1

T8CR = 03, (2us)
T8PPRH = 004
T8PPRL = OEy
TS8ADRH = 00y

T8ADRL = 054

(Y

TACNT

I
R

Write OA, to TAPPRL

LU

Duty Cycle

(1+054)X2us = 12us

|

REGR00E

(1+0

Duty Cycle
5p)X2us = 12us

Duty Cycle
(1+05,)X2us = 12us

Period Cycle

(1+0Ey)X2us = 32us = 31.25kHz

Period Cycle

(1+0A)X2us = 22us = 45.5kHz

Figure 11.30

Example of Changing the Period in Absolute Duty Cycle at 4 MHz
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Update period & duty register value at once

The period and duty of PWM comes to move from temporary registers to TBPPRH/L (PWM Period Register) and
T8ADRH/L,T8BDRH/L, TSCDRH/L (PWM Duty Register) when always period match occurs. If you want that the period
and duty is immediately changed, the UPDT bit in the TBPCR1 register must set to ‘1’. It should be noted that it needs
the 3 cycle of timer clock for data transfer in the internal clock synchronization circuit. So the update data is written

before 3 cycle of timer clock to get the right output waveform.

Phase correction & Frequency correction

On operating PWM, it is possible that it is changed the phase and the frequency by using BMOD bit (back-to-back
mode) in T8PCR1 register. (Figure 11.31, Figure 11.32, Figure 11.33 referred)

In the back-to-back mode, the counter of PWM repeats up/down count. In fact, the effective duty and period becomes
twofold of the register set values. (Figure 11.32, Figure 11.33 referred)

Duty, Period

MAX /MAVUpdate MAX MAX
T8CNT / /
0] H 0 H 0 H 0 H 0 H

Normal PWM mode
Output I | I
Duty |

Period

A A

Duty, Period
MAX MAX Update MAX

e

T8CNT /
0 H 0 H JH

Back-to-Back mode

Output |
Duty Duty

PeriodV l;eriod
Back-to-Back mode

Yy

Non Back-to-Back mode

Figure 11.31 Example of PWM Output Waveform
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TBCR = 03y (2us)

T8PPRH = 004

T8PPRL = 0By

T8ADRH = 004 — Start down Counter — Start up Counter
T8ADRL = 054 Duty match Duty match

detect detect
\/ \ \ \

Source Clock
(fx)
TecNT Y ﬂ@ﬁ@ 0sY o6 ﬁ@@@ 08y o5 @@@ﬁ 06Y05 @@@@ oY 00 @@@ﬂ s 0608

P61/PWMBAA
POLAA=1
Duty Cycle > < Duty Cycle > Duty Cycle
(1+054)X2us = 12us (1+054)X2us = 12us : (1+054)X2us = 12us
- Period Cycle D Period Cycle o
(1+0By)X2us = 26us = 38.46kHz (1+0By)X2us = 26us = 38.46kHz

Figure 11.32 Example of PWM waveform in Back-to-Back mode at 4 MHz

Duty, Period Update

T8CNT
004
Back-to-Back
mode
A~ Duty1l Duty2 :Duty3
B Periodz T’eriodZ e Period3
Interrupt Timing
Overflow INT. Overflow INT. Bottom INT. Overflow INT.

Figure 11.33 Example of Phase Correction and Frequency correction of PWM
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External Sync

If using ESYNC bit of TBPCRL register, it is possible to synchronize the output of PWM from external signal.

If ESYNC bit sets to ‘1’, the external signal moves to PWM module through the BLNK pin. If BLNK signal is on rising

edge, immediately PWM output become HIGH-Z. Then HZCLR bit set ‘1’ PWM output is normally generated. (Figure

11.34 referred)

PWM Halt

If using PHLT bit of TBPCR1 register, it is possible to stop PWM operation by the software. During PHLT bit being ‘1°,

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

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

T8PCR1 = 40, (EYNC=1)
T8PPRH = 00y
T8PPRL = 2A
TBADRH = 00y
TBADRL = 12y

Source Clock
(t)
T8 _\".6
h)Y
W

-0

BLNK “1”
—PWM OUTPUT HZCLR “1”
HIGH-Z PWM Release
HIGH-Z

@". aﬁﬁﬂ@@ .“E
N N
A\Y «w

P61/PWMBAA
POLAA=1

N

HIGH-Z )

b)Y

o %
S

‘ Q
S}

BLNK
ESYNC=1

ALY

R

N

ALY |

ALY

Figure 11.34 Example of PWM External Synchronization with BLNK Input
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FORCE Drive ALL Channel with A-ch mode
If FORCA bit sets to ‘1’, it is possible to enable or disable all PWM output pins through PWM outputs which occur from

A-ch duty counter. It is noted that the inversion outputs of A, B, C channel have the same A-ch output waveform.

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

T8PCR2

FORCA

PAAOE

PABOE

PBAOE | PBBOE

PCAOE

PCBOE

PWMA |

PAAOE
PWMSAA

PABOE

X

LI

X X

X

1L

ADDRESS : 1054H (ESFR)
INITIAL VALUE : 0-00_0000B

PWMB8AB

-

PBAOE

PWM8BA

PBBOE

PWM8BB

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

Figure 11.35 Example of Force Drive All Channel with A-ch
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FORCE 6-Ch Drive

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

written by a A-channel duty register.

ADDRESS : 1054H (ESFR)
T8PCR2 FORCA - PAAOE | PABOE | PBAOE | PBBOE | PCAOE | PCBOE INITIAL VALUE : 0-00_0000B

0 - X X X X X X

o UL

PAAOE

PWMBAA | | |

PABOE

PWMBSBAB || | |

e g U L

PBAOE

PWM8BA

PBBOE

PWM8BB || I | | |

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

Figure 11.36 Example of Force Drive 6-ch Mode
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PWM output Delay

If using the T8DLYA, T8DLYB, T8DLYC register, it can delay PWM output based on the rising edge. At that time, it
does not change the falling edge, so the duty is reduced as the time delay. In POLAA/BA/CA setting to ‘0’, the delay is
applied to the falling edge. In POLAA/BA/CA setting to ‘1°, the delay is applied to the rising edge. It can produce a pair
of Non-overlapping clock. The each channel is able to have 4-bit delay. As it can select the clock up to 1/8 divided

clock using NOPS[1:0] the delay of its maximum 128 timer clock cycle is produced.
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ADDRESS : 4094H (XSFR)
T8PCR2 FORCA - PAAOE PABOE PBAOE PBBOE PCAOE PCBOE | |NITIAL VALUE - 0-00_0000B
0 - X X X X X X
T8PCR3 ADDRESS : 4095H (XSFR)
HZCLR POLBO POLAA POLAB POLBA POLBB POLCA POLCB  [|{/T AL VALUE . 0000 00008
X X 1 1 X X X X
T8DLYA ADDRESS : 40A0H (XSFR)
TBDLYAA3 [ T8DLYAAZ | TSDLYAAL | TBDLYAAO | T8DLYAB3 [ T8DLYAB2 | TeDLYABL [ TeDLYABO || Gt =or J0% (0 0= o
0 0 0 0 0 0 0 0
PWMA
PWMSAA
PWMSAB
ADDRESS : 4094H (XSFR)
T8PCR2 FORCA - PAAOE PABOE PBAOE PBBOE PCAOE PCBOE  [|NITIAL VALUE : 0-00 00008
0 - X X X X X X
T8PCR3 ADDRESS : 4095H (XSFR)
HZCLR POLBO POLAA POLAB POLBA POLBB POLCA POLCB ||\ AL VALUE - 0000 00008
X ~ 1 1 X X X X
T8DLYA ADDRESS : 40A0H (XSFR)
TBDLYAAS [ T8DLYAAZ | T8DLYAAL | TBDLYAAO | T8DLYAB3 [ T8DLYAB2 | T8DLYABL [ T8DLYABO ||rria 0N T d000=00ohe

0 0 1 0 0 1 0 0

PWMA
T8DLYAA =02y
— —
PWMBAA
PWMB8AB
T8DLYAB = 04y
T8PCR2 FORCA - PAACE PABOE PBAOE PBBOE PCAOE PCBOE m?-ﬁif?/il_jgg‘g__'o(é(sozz)os
0 - X X X X X X
T8PCR ADDRESS : 4095H (XSFR)
8PCR3 HZCLR POLBO POLAA POLAB POLBA POLBB POLCA POLCB INITIAL VALUE : 0000_0000B
X X 0 1 X X X X
TSDLYA ADDRESS : 4090H (XSFR)
T8DLYAA3 | T8DLYAA2 | T8DLYAAL | T8DLYAAO | T8DLYAB3 | T8DLYAB2 | T8DLYAB1 | T8DLYABO INITIAL VALUE : 0000_0000B

0 0 1 0 0 1 0 0

PWMA
T8DLYAA = 02,
— —
PWMB8AA
PWMSAB

T8DLYAB = 04'H
¥B-ch and C-ch operation is the same with channel A waveform

Figure 11.37 Example of PWM Delay
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11.7.7 Block Diagram

FLAG18 To interrupt
|-
"1(EIFLAG1.2) > block
T8MS
f TCIear
EINTL8 [] 'y 8-bit Timer 8 Capture Register SIW
j—)(_ T8CAPR (8Bit)
2 I
— [Ts0
EIPOLOL[3:2
[3:2] 8-bit Timer 8 Data Register
T8CK[3:0]
i T8DR (8Bit)
4
Comparator
fx/1 >
P /2 :: o To interrupt
Lo T8CN Match > block
s % ¢ Clear
fx/8
fx —p| © | M
a ! U o TSBCNT (8Bit)
| X Clear
e ' 8-bit Timer 8 Counter
r [ fx/16384
L | T8ST
] T7ST
p fx/2 >
4 " ¢ 8-bit Timer 7 Counter
€ fx/8 Clear
s[— _—»|Uu o T7CNT (8Bit) +—
i c X382 5 [ x - T7IE
™| a | noos > T Clear
| /512 Match To interrupt
Y T7CN —3 l> »| T7IFR block
r | 2048 o
L | Comparator
TCIear
3
T7DR (8Bit) SIW
T7CK[2:0] — -
EIPOL2H[7:6] 8-bit Timer 7 Data Register
i [ 170
2
X T7CAPR (8Bit)
¢
EINT17[ ] X 8-bit Timer 7 Capture Register S/W
ﬂ Lclear
T7MS
FLAG17 To interrupt
> >
7| (EIFLAG2.7) block

NOTE)
1. Do notsetto“1111b” in the T8CK]3:0], when two 8-bit timer 7/8 modes.
2. Do not set to “0000b” in the T8CK][3:0], when fx is over 10MHz.

Figure 11.38  Two 8-Bit Timer 7/8 Block Diagram
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EC7
1 w2 T7ST
P —X=—
r x4, ¢ 16-bit Timer 7 Counter
M
g (T — TBCNT/T7CNT (16Bit) | o 1"
o c |32 | x [N MSB LsB T7IE
a | _fx128 T Clear .
| /512 Match To interrupt
o X312y T7CN ::l> > T7IER block
r |fx/2048 |,
L | Comparator
TCIear
3 T8DR/T7DR (16Bit) sw
T7CK[2:0] MSE - L_SB
16-bit Timer 7 Data Register
EIPOL2H[7:6]
iz — ] 70
X T8CAPRI/T7CAPR (16Bit)
— MSB LSB
EINT17 || \' 16-bit Timer 7 Capture Register SIW
ﬂ iCIear
T7IMS
o| FLAG17 To interrupt
"|(EIFLAG2.7) block
NOTE)
1. The T8CR.7 bit (16BIT) should be set to ‘1’ and the T8CK]3:0] should be set to “1111b”.

Figure 11.39 16-Bit Timer 7 Block Diagram

Timer 8 PWM Period Register
T8CK[3:0]
TBPPRH/TSPPRL (108it) |  Bottom (Underflow) —
4 A Match —, )
B Match—p»| INterrupt To interrupt
> Generator block
T7 Clock Source —————p Period Match C Mateh
— T8ST —3 l> >
P fx/1 ) T8CN ¢ c t
Pt ¢ omparator
el fxa b Up/Down
N 4y, [—l 10-bit Counter < p| PWM PWM [ Pwhsa
x/8 2Bit + TSCNT Output Delay
c —=—>
Control —¥| Control
6|1 | /16, D “A Match PWMBAB
x/32 :t 7l A- - I:l
o FEe—p " J A-ch A-ch
r x/64 > Comparator
x—p| D28 | x 10-bit A Data Register | pwm PUM | o vgen
x/256 » T8ADRH/T8ADRL | Output Delay
x/512 | Control —| Control
> P B Match
/1024 ——3 B-ch Ben L] PwmeBB
| x/2048 _,, Comparator
x/4096 >
/8192 10-bit B Data Register o PWM PWM [] PwmscaA
o= T8BDRH/T8BDRL | Output Delay
| x/16384 , »{ Control | Control
— C Match
: C-ch C-ch —| PWM8CB
Comparator
10-bit C Data Register
T8CDRH/T8CDRL
NOTE)
1. Do notsetto “1111b” in the T8CK]3:0], when two 8-bit timer 7/8 modes.
2. Do not set to “0000b” in the T8CK]3:0], when fx is over 10MHz

Figure 11.40 10-Bit PWM Timer 8 Block Diagram
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11.7.8 Register Map

Name Address Dir Default Description
T7CR 4090H (XSFR) R/W O00H Timer 7 Control Register
T7CNT 4091H (XSFR) R O00H Timer 7 Counter Register
T7DR 4091H (XSFR) w FFH Timer 7 Data Register
T7CAPR 4091H (XSFR) R O00H Timer 7 Capture Data Register
T8CR 4092H (XSFR) R/W O00H Timer 8 Control Register
T8PCRL1 4093H (XSFR) R/W O00H Timer 8 PWM Control Register 1
T8PCR2 4094H (XSFR) R/W O00H Timer 8 PWM Control Register 2
T8PCRS3 4095H (XSFR) R/W O00H Timer 8 PWM Control Register 3
T8ISR 4096H (XSFR) R/W OOH Timer 8 Interrupt Status Register
T8MSK 4097H (XSFR) R/W O00H Timer 8 Interrupt Mask Register
T8PPRL 4098H (XSFR) R/W FFH Timer 8 PWM Period Low Register
T8PPRH 4099H (XSFR) R/W OOH Timer 8 PWM Period High Register
T8ADRL 409AH (XSFR) R/W 7FH Timer 8 PWM A Duty Low Register
T8ADRH 409BH (XSFR) R/W OOH Timer 8 PWM A Duty High Register
T8BDRL 409CH (XSFR) R/W 7FH Timer 8 PWM B Duty Low Register
T8BDRH 409DH (XSFR) R/W OOH Timer 8 PWM B Duty High Register
T8CDRL 409EH (XSFR) R/W 7FH Timer 8 PWM C Duty Low Register
T8CDRH 409FH (XSFR) R/W OOH Timer 8 PWM C Duty High Register
T8DLYA 40A0H (XSFR) R/W O00H Timer 8 PWM A Delay Register
T8DLYB 40A1H (XSFR) R/W O00H Timer 8 PWM B Delay Register
T8DLYC 40A2H (XSFR) R/W O00H Timer 8 PWM C Delay Register
T8DR 40A3H (XSFR) R/W FFH Timer 8 Data Register
T8CAPR 40A4H (XSFR) R O00H Timer 8 Capture Data Register
T8CNT 40A5H (XSFR) R OOH Timer 8 Counter Register

Table 11-12 Timer 7/8 Register Map
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11.7.9 Timer/Counter 7 Register Description

The timer/counter 7 register consists of timer 7 counter register (T7CNT), timer 7 data register (T7DR), timer 7 capture
data register (T7CAPR) and timer 7 control register (T7CR).

11.7.10 Register Description for Timer/Counter 7

T7CNT (Timer 7 Counter Register: Read Case, Timer mode only) : 4091H (XSFR)

7 6 5 4 3 2 1 0
| monr | monts | Trenms TIONT4 | TN | TIoN2 | TreNm T7CNTO
R R R R R R R R

Initial value : 00H
T7CNT[7:0] T7 Counter

T7DR (Timer 7 Data Register: Write Case) : 4091H (XSFR)

7 6 5 4 3 2 1 0
| ™rRte | TorRe | TR | TmR4 | Tooms T/DR2 T/DR1 T7DRO
W W W W W W W W

Initial value : FFH
T7DR[7:0] T7 Data

T7CAPR (Timer 7 Capture Data Register: Read Case, Capture mode only) : 4091H (XSFR)

7 6 5 4 3 2 1 0
| TcaPrR7 | TrcaPRe | T7CAPRS TICAPR4 TICAPR3 | T7cAPR2 | T7CAPRL | T7CAPRO
R R R R R R R R

Initial value : O0OH

T7CAPR[7:0] T7 Capture Data
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T7CR (Timer 7 Control Register) : 4090H (XSFR)

7 6 5 4 3 2 1 0
| ™™ | mE | ™ | e | moa T7CKO T7CN T7ST
RW RW RW RW RW RW RW RW
Initial value : 00H
T7EN Control Timer 7
0 Timer 7 disable
1 Timer 7 enable
T7IE Enable or Disable Timer 7 Interrupt
0 Disable
1 Enable
T7MS Control Timer 7 Operation Mode
0 Timer/counter mode (T70: toggle at match)
1 Capture mode (the match interrupt can occur)
T7CK[2:0] Select Timer 7 clock source. fx is main system clock frequency
T7CK2 T7CK1 T7CKO 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 (EC7)
T7CN Control Timer 7 Count Pause/Continue
0 Temporary count stop
1 Continue count
T7ST Control Timer 7 Start/Stop
0 Counter stop
1 Clear counter and start

NOTE)
1. Referto the external interrupt flag 1 register (EIFLAGL1) to the T7 interrupt flag.

197



ABOV Semiconductor Co., Ltd. MC97F60128

11.7.11 Timer/Counter 8 Register Description

The timer/counter 8 register consists of timer 8 PWM period high/low register (TBPPRH/L), timer 8 PWM A duty
high/low register (TSADRH/L), timer 8 PWM B duty high/low register (T8BDRH/L), timer 8 PWM C duty high/low
register (TBCDRHY/L), timer 8 PWM A delay register (T8DLYA), timer 8 PWM B delay register (T8DLYB), timer 8 PWM
C delay register (T8DLYC), timer 8 data register (T8DR), timer 8 capture data register (TBCAPR), timer 8 counter
register (TBCNT), timer 8 control register (T8CR), timer 8 PWM control register 1 (TBPCR1), timer 8 PWM control
register 2 (TB8PCR2), timer 8 PWM control register 3 (TBPCR3), timer 8 interrupt status register (T8ISR) and timer 8
interrupt mask register (T8MSK).

11.7.12 Register Description for Timer/Counter 8

T8PPRH (Timer 8 PWM Period High Register : 6-ch PWM mode only) : 4099H (XSFR)

7 6 5 4 3 2 1 0
| _ | _ | _ _ _ | _ | TePPRHL T8PPRHO
_ - _ _ - - RAW RAW

Initial value : 0OH

T8PPRH[1:0] T8 PWM Period Data High Byte

T8PPRL (Timer 8 PWM Period Low Register : 6-ch PWM mode only) : 4098H (XSFR)

7 6 5 4 3 2 1 0
| TePPR7 | TePPRI6 | TePPRIS TBPPRL4 TePPRI3 | TePPR2 | TePPRU TBPPRLO
RW RAW RAW RAW RW RW RW RW

Initial value : FFH

T8PPRL[7:0] T8 PWM Period Data Low Byte

T8ADRH (Timer 8 PWM A Duty High Register : 6-ch PWM mode only) : 409BH (XSFR)

7 6 5 4 3 2 1 0
| - | - | - - - | - | TeADRHL TADRHO
- - - - - - RW RW

Initial value : 0OH

TSADRH[1:0] T8 PWM A Duty Data High Byte

TBADRL (Timer 8 PWM A Duty Low Register : 6-ch PWM mode only) : 409AH (XSFR)

7 6 5 4 3 2 1 0
| TOR7 | TBADRIE | TBADRIS TBADRL4 TBADRL3 | TBADRL2 | TBADRUL TBADRLO
RAW RV R R RAW R RIW R

Initial value : 7FH

T8ADRL[7:0] T8 PWM A Duty Data Low Byte
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T8BDRH (Timer 8 PWM B Duty High Register : 6-ch PWM mode only) : 409DH (XSFR)

7 6 5 4 3 2 1 0
| _ | _ | _ _ _ | - | TeBDRHL T8BDRHO
_ _ _ _ _ _ RW RW

Initial value : 00OH

T8BDRH[1:0] T8 PWM B Duty Data High Byte

T8BDRL (Timer 8 PWM B Duty Low Register : 6-ch PWM mode only) : 409CH (XSFR)

7 6 5 4 3 2 1 0
| TeBDRL7 | TBBDRL6 | TBBDRLS TBBDRL4 TBBDRL3 | TSBDRL2 | T8BDRU TBBDRLO
RW R R RAW RW RW RW RW

Initial value : 7FH

T8BDRL[7:0] T8 PWM B Duty Data Low Byte

T8CDRH (Timer 8 PWM C Duty High Register : 6-ch PWM mode only) : 409FH (XSFR)

7 6 5 4 3 2 1 0
| - - - - - - | Tecorm TBCDRHO
- - - - - - R R

Initial value : 0OH

T4CDRH[1:0] T4 PWM C Duty Data High Byte

T8CDRL (Timer 8 PWM C Duty Low Register : 6-ch PWM mode only) : 409EH (XSFR)

7 6 5 4 3 2 1 0
| mcorz | TecoRs | TeCORLS TBCDRL4 T8CDRL3 | TecDR2 |  TeCDRU TBCDRLO
RW RW RW RW RW RW RAW RAW

Initial value : 7FH

T8CDRL][7:0] T8 PWM C Duty Data Low Byte

T8DLYA (Timer 8 PWM A Delay Register : 6-ch PWM mode only) : 40A0H (XSFR)

7 6 5 4 3 2 1 0
| Tebvass | Tebvax | TebLvam TBDLYAO | TeDLyAB3 | TeDLyaB2 | TeDLvABL TBDLYABO
RW RW RW RW RW RW RW RW

Initial value : 0OH

T8DLYAA[3:0] PWMBAA Delay Data (Rising edge only)
T8DLYAB[3:0] PWMB8AB Delay Data (Rising edge only)

T8DLYB (Timer 8 PWM B Delay Register : 6-ch PWM mode only) : 40A1H (XSFR)

7 6 5 4 3 2 1 0
| Teoveas | Tebver | TeDLvBAL TSDLYBAO | T4DLYBB3 | TepLyBB2 | TeDLYBBL TBDLYBBO
RW RAW RAW RAW RW RW RW RW

Initial value : O0OH

T8DLYBA[3:0] PWMB8BA Delay Data (Rising edge only)
T8DLYBB[3:0] PWM8BB Delay Data (Rising edge only)
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T8DLYC (Timer 8 PWM C Delay Register : 6-ch PWM mode only) : 40A2H (XSFR)
7 6 5 4 3 2 1 0
| TeDlvcas | TeDlycA2 | TeDLYCAL | TeDLYCA0 | TeDLYCB3 | TeDLYCB2 | TBDLYCBL | TBDLYCBO
RW RW RW RW RW RW RW RW

Initial value : 00H
T8DLYCA[3:0] PWMBS8CA Delay Data (Rising edge only)

T8DLYCB[3:0] PWMBS8CB Delay Data (Rising edge only)

T8DR (Timer 8 Data Register: Timer and Capture mode only) : 40A3H (XSFR)

7 6 5 4 3 2 1 0
| more | TorRe | TeDRS TOOR4 | TOR3 | TOR | TeDRL T8DRO
RW RAW RAW RAW RW RW RW RW
Initial value : FFH
T8DR[7:0] T8 Data

T8CAPR (Timer 8 Capture Data Register: Read Case, Capture mode only) : 40A4H (XSFR)

7 6 5 4 3 2 1 0
| mcaPrR7 | TecAPRe | TeCAPRS TBCAPRY TBCAPR3 | TBCAPR2 | TBCAPRL | TBCAPRO
R R R R R R R R

Initial value : OOH
T8CAPR[7:0] T8 Capture Data

T8CNT (Timer 8 Counter Register: Read Case, Timer mode only) : 40A5H (XSFR)

7 6 5 4 3 2 1 0
| mon7 | meonts | TeONTS TBONT4 | TBCNT3 | TeoN2 | TeoNm TBCNTO
R R R R R R R R
Initial value : 00OH
T8CNTI[7:0] T8 Counter
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T8BCR (Timer 8 Control Register) : 4092H (XSFR)

7 6 5 4 3 2 1 0
| BT | mws | moN | TmsT | T TBCK2 TBCKL TBCKO
RW RW RW RW RW RW RW RW
Initial value : 00H
16BIT Select Two 8-bit or 16-bit Mode for Timer 7/8
0 Two 8-bit Timer 7/8
1 16-bit Timer 7
T8MS Control Timer 8 Operation Mode
0 Timer/counter mode (T8O: toggle at match)
1 Capture mode (the match interrupt can occur)
T8CN Control Timer 8 Count Pause/Continue
0 Temporary count stop
1 Continue count
T8ST Control Timer 8 Start/Stop
0 Counter stop
1 Clear counter and start
T8CK][3:0] Select Timer 8 clock source. fx is main system clock frequency
T8CK3 T8CK2 T8CK1 T8CKO Description
0 0 0 0 fx/1
0 0 0 1 fx/2
0 0 1 0 fx/4
0 0 1 1 fx/8
0 1 0 0 fx/16
0 1 0 1 fx/32
0 1 1 0 fx/64
0 1 1 1 fx/128
1 0 0 0 fx/256
1 0 0 1 fx/512
1 0 1 0 fx/1024
1 0 1 1 fx/2048
1 1 0 0 fx/4096
1 1 0 1 fx/8192
1 1 1 0 fx/16384
1 1 1 1 Timer 7 clock (only 16-Bit Timer 7)

NOTE)
1. Donotsetto “1111b” in the T8CKJ[3:0] when two 8-bit timer 7/8 modes.
2. Do not set to “0000b” in the T8CK]3:0], when fx is over 10MHz.
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T8PCR1 (Timer 8 PWM Control Register 1) : 4093H (XSFR)

7 6 5 4 3 2 1 0
| Pwmee ESYNC BMOD | PHT | UPDT UALL NOPSL NOPSO
RW RW RW RW RW RW RW RW
Initial value : 00H
PWMBE Control Timer 8 Mode
0 Select timer/counter or capture mode of Timer 8
1 Select 10-bit PWM mode of Timer 8
ESYNC Select the Operation of External Sync with the BLNK pin
0 Disable external sync operation
1 Enable external sync operation
(The all PWM8XxA/PWMS8xB pins are high-impedance outputs
on rising edge of the BLNK input pin. Where x= A, B and C)
BMOD Control Back-to-Back Mode Operation
0 Disable back-to-back mode (up count only)
1 Enable back-to-back mode (up/down count only)
PHLT Control Timer 8 PWM Operation
0 Run 10-bit PWM
1 Stop 10-bit PWM (counter hold and output disable)
UPDT Select the Update Timer of TSPPR/T8ADR/T8BDR/T8CDR
0 Update at period match of TSCNT and T8PPR
1 Update at any time when written
UALL Control Update All Duty Registers (TSADR/T8BDR/T8CDR)
0 Write a duty register separately
1 Write all duty registers via Timer 8 PWM A duty register
(TBADR)
NOPS[1:0] Select on-Overlap Prescaler

NOPS1 NOPSO Description

0 0 fowm/1

0 1 fowm /2

1 0 fowm /4

1 1 fowm /8
NOTE)

1. Where the fpwm is the clock frequency of the
Timer 8 PWM.
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T8PCR2 (Timer 8 PWM Control Register 2) : 4094H (XSFR)

7 6 5 4 3 2 1 0
| Forca | - PMOE | PABOE | PBACE PBBOE PCAOE PCBOE
RW - RW RW RW RW RW RW
Initial value : 00H
FORCA Control The PWM outputs Mode
0 6-channel mode

(The PWMBXA/PWMB8xXB pins are output according to the
T8xXDR registers, respectively. Where x = A, B and C)

1 Force A-channel mode
(The all PWM8XA/PWMB8XB pins are output according to the
only TBADR registers. Where x = A, B and C)

PAAOE Select Channel PWMB8AA Operation
0 Disable PWMS8AA output
1 Enable PWMB8AA output

PABOE Select Channel PWMB8AB Operation
0 Disable PWMB8AB output
1 Enable PWMBS8AB output

PBAOE Select Channel PWMB8BA Operation
0 Disable PWMB8BA output
1 Enable PWMB8BA output

PBBOE Select Channel PWM8BB Operation
0 Disable PWM8BB output
1 Enable PWMS8BB output

PCAOE Select Channel PWM8CA Operation
0 Disable PWMB8CA output
1 Enable PWMBS8CA output

PCBOE Select Channel PWM8CB Operation
0 Disable PWMB8CB output
1 Enable PWMB8CB output
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T8PCR3 (Timer 8 PWM Control Register 3) : 4095H (XSFR)

7 6 5 4 3 2 1 0
| HoRrR | PoBO PpoLMA | PoB | PoBA POLBB POLCA POLCB
RW RW RW RW RW RW RW RW
Initial value : 00H
HZCLR High-Impedance Output Clear Bit
0 No effect
1 Clear high-impedance output

(The PWMBXA/PWMB8xXB pins are back to output and this bit is automatically
cleared to logic ‘0’. where x = A, B and C)

POLBO Configure PWMSBAB/PWM8BB/PWMSCB Channel Polarity When these pins are
disabled
0 These pins are output according to the polarity setting when disable
(POLAB/POLBB/POLCB bits)
1 These pins are same level as the PWMB8XxA pins regardless of the polarity
setting when disable (POLAB/POLBB/POLCB bits, where x = A, B and C)
POLAA Configure PWMB8AA Channel Polarity
0 Start at high level (This pin is low level when disable)
1 Start at low level (This pin is high level when disable)
POLAB Configure PWMB8AB Channel Polarity
0 Non-inversion signal of PWMB8AA pin
1 Inversion signal of PWMB8AA pin
POLBA Configure PWMB8AA Channel Polarity
0 Start at high level (This pin is low level when disable)
1 Start at low level (This pin is high level when disable)
POLBB Configure PWM8BB Channel Polarity
0 Non-inversion signal of PWM8BA pin
1 Inversion signal of PWMB8BA pin
POLCA Configure PWMB8CA Channel Polarity
0 Start at high level (This pin is low level when disable)
1 Start at low level (This pin is high level when disable)
POLCB Configure PWMB8CB Channel Polarity
0 Non-inversion signal of PWM8CA pin
1 Inversion signal of PWMB8CA pin
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T8ISR (Timer 8 Interrupt Status Register) : 4096H (XSFR)

7 6 5 4 3 2 1 0
| owr | BWM cva | o8 | ieme - - -
RW RW RW RW RW - - -
Initial value : 00H
IOVR Timer 8 Compare Match or Timer 8 Overflow Interrupt Status, Write '0' to this bit for
clear. Write ‘1’ has no effect.
0 Compare match or Overflow no occurrence
1 Compare match or Overflow occurrence
IBTM Timer 8 Bottom Interrupt Status, Write ‘0’ to this bit for clear. Write ‘1’ has no effect.
(In the Back-to-Back mode)
0 Bottom no occurrence
1 Bottom occurrence
ICMA Timer 8 PWM A-ch Match Interrupt Status, Write ‘0’ to this bit for clear. Write ‘1’ has no
effect.
0 PWM A-ch match no occurrence
1 PWM A-ch match occurrence
ICMB Timer 8 PWM B-ch Match Interrupt Status, Write ‘0’ to this bit for clear. Write ‘1’ has no
effect.
0 PWM B-ch match no occurrence
1 PWM B-ch match occurrence
ICMC Timer 8 PWM C-ch Match Interrupt Status, Write ‘0’ to this bit for clear. Write ‘1’ has no
effect.
0 PWM C-ch match no occurrence
1 PWM C-ch match occurrence

T8MSK (Timer 8 Interrupt Mask Register) : 4097H (XSFR)

7 6 5 4 3 2 1 0
| owwvsk | Bmvmsk cvAMSK | ovBMsk | ovomsk - - -
RW RW RW RW RW - - -
Initial value : 00OH
OVRMSK Control Timer 8 Overflow Interrupt
0 Disable compare match or overflow interrupt
1 Enable compare match or overflow interrupt
BTMMSK Control Timer 8 Bottom Interrupt
0 Disable bottom interrupt
1 Enable bottom interrupt
CMAMSK Control Timer 8 Compare Match or PWM A-ch Match Interrupt
0 Disable PWM A-ch match interrupt
1 Enable PWM A-ch match interrupt
CMBMSK Control Timer 8 PWM B-ch Match Interrupt
0 Disable PWM B-ch match interrupt
1 Enable PWM B-ch match interrupt
CMCMSK Control Timer 8 PWM C-ch Match Interrupt
0 Disable PWM C-ch match interrupt
1 Enable PWM C-ch match interrupt
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11.8 10-Bit PWM Generator

11.8.1 Overview

The 10-bit PWM generator consists of multiplexer, PWM A data high/low register, PWM B data high/low register, pulse
generator, delay controller, shot stop controller, emergency stop controller and PWM control high/low register
(PWMADRH/L, PWMBDRH/L, PWMDLYDR, NFILDR, PWMCRH/L, PWMCNTH/L). This 10-bit PWM generator can

be used for a IH cooker application.
11.8.2 Function Description

It has three operating modes:
— 10-bit PWM one-shot mode without auto-enable
— 10-bit PWM one-shot mode with auto-enable
— 10-bit PWM repeat mode

The 10-bit PWM generator can select a divided system clock from prescaler output. The clock source is selected by
clock selection logic which is controlled by the clock selection bits (PWMCK]2:0]).
— 10-bit PWM clock source: fy/1, 2, 4, 8, 16, 32, 64 and 128

The 10-bit PWM generator has four external falling edge trigger pins. The one pin is TRIG. The other three pins are
EXTSPO, EXTSP1 and EXTSP2. The falling edge signal of the TRIG pin will clear the 10-bit PWM generator counter.
It will restart one PWM cycle immediately or after some delay time. The delay time can be enabled or disabled by
TRIGRS[1:0] bits. The delay time is programmable with the 10-bit PWM generator delay data register (PWMDLYDR).
The EXTSPO, EXTSP1 and EXTSP2 pins can be selected for shot stop or emergency stop signal by ESPnS[1:0] bits.
Where n =0, 1 and 2. The falling edge signal of the pin which is selected for the shot stop holds the PWMOUT pin to
low level by PWMPOL bit set to “Ob” or to high level by PWMPOL bit set to “1b” for the current PWM cycle. After that,
The 10-bit PWM generator will restart with the value of the PWM B data register (PWMBDRH/L) and the value of the
PWM A data register (PWMADRHI/L) is changed with the value of the PWM B data register. The emergency stop
controller STOP the 10-bit PWM generator by the falling egde signal of the selected pin. The 10-bit PWM generator
has a noise filter controller to remove a mis-trigger signal of the TRIG pin. The noise filter controller dons’t work with
the noise filter data register (NFILDR) set to “O0H”. If the noise filter data register isn't “O0H”, the noise filter can

eliminate an invalid signal of the TRIG pin and the filtering time is programmable by the register.

PWMEN P2FSRH[1:0] PWMMD[1:0] PWMCK[2:0] 10-bit PWM generator
1 10 00 XXX One-shot mode without auto-enable
1 10 01 XXX One-shot mode with auto-enable
1 10 1x XXX Repeat mode

Table 11-13 10-bit PWM generator Operating Modes
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11.8.3 10-Bit PWM One-Shot Mode Without Auto-Enable

The 10-bit PWM one-shot mode without auto-enable is selected by PWMMD[1:0] bits set to “00b”. A 10-bit counter
register is increased by internal clock input on operation. When the PWMCNTH/PWMCNTL is identical to the
PWMADRH/PWMADRL, a match signal is generated, the PWMOUT pin is inverted and the counting is continued to
“3FFH”. If a valid falling edge signal comes from the TRIG pin during the counting, the counter will be cleared to “000H”
and the 10-bit PWM generator will be restarted. But if there is no a valid falling edge signal of the TRIG pin, an

overflow will be generated finally and the 10-bit PWM generator finishes operation with automatically clearing the
PWMEN bit.

- PWMOUT signal without auto-enable: "Start Low" (PWMPOL = 1b)

Set PWMEN Clear and Start

e 08000 DDOE H XfffXgFFX e ke X

PWMADRH/L 4
—> Tst <—
PWM Interrupt 0 < Tst < 2/fpwm
TRIG Input \ \ /
Don'’t care
PWMOUT L»
Mateh Match TRIG Signal

Figure 11.41 A Timing Chart of 10-bit PWM One-Shot Mode Without Auto-Enable
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11.8.4 10-Bit PWM One-Shot Mode With Auto-Enable

The 10-bit PWM one-shot mode with auto-enable is selected by PWMMD[1:0] bits set to “01b”. The function of the 10-
bit PWM one-shot mode with auto-enable is the same as the one of the 10-bit PWM one-shot mode without auto-
enable, but the 10-bit PWM generator in the 10-bit PWM one-shot mode with auto-enable is automatically enabled as
PWMEN bit set to ‘1’ by a valid falling edge of the TRIG pin even if the operation stop. Of course, The EMGIFR bit
should be cleared to ‘O’ before a valid falling edge of the TRIG pin.

- PWMOUT signal with auto-enable: "Start Low" (PWMPOL = 1b)

Set PWMEN Clear and Start

coms > XXXXX _____ X*FXXXXXXXXXX

PWMADRH/L 4
—> Tst l—
PWM Interrupt 0 < Tst < 2/fpwm
TRIG Input \ \
PWMOUT Match Match

Figure 11.42  ATiming Chart of 10-bit PWM One-Shot Mode With Auto-Enable

208



MC97F60128

ABOV Semiconductor Co., Ltd.

11.8.5 10-Bit

PWM Repeat Mode

The 10-bit PWM repeat mode is selected by PWMMD[1:0] bits set to “I1xb”. A 10-bit counter register is increased by

internal clock

input on operation. When the PWMCNTH/PWMCNTL is identical to the PWMADRH/PWMADRL, a

match signal is generated, the PWMOUT pin is inverted and the counting is continued to “3FFH”. If the counter

reaches “3FFH” , the counter will be cleared to “O00H” and the 10-bit PWM generator will be restarted.

- PWMOUT signal without delay: "Start Low" (PWMPOL = 1b) and without delay (TRIGRS = 10b)
Set PWMEN Clear and Start
PWM clock
PWMADRH/L 4
—» Tst <—
PWM Interrupt H 0 < Tst < 2/fpwm
TRIG Input \
PWMOUT Match Match
Figure 11.43  Timing Chart of 10-bit PWM Repeat Mode Without Delay

PWM clock

Counter

PWMADRH/L 4

- PWMOUT signal with delay: "Start Low" (PWMPOL = 1b) and with delay (TRIGRS = 11b)

Clear and Start

iniinnhphnnhhnihnn
308800000000000004

Set PWMEN

PWMDLYDR 3 [ [

Delay Time
TRIG Input > T pWMDLYDR+Ly/fpwm \
PWMOUT Match Match
Figure 11.44  Timing Chart of 10-bit PWM Repeat Mode With Delay
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11.8.6 Timing Chart of the Valid Falling Edge by an External Pin

- Noise filter function: "Start Low" (PWMPOL = 1b) and noise filter (NFILDR = 2b)

N nnnnn000000000008

/
/

PWMADRH/L 13

TRIG Input (

PWMOUT R Invalid Trigger Match

—» Tst <€— Filtering Time = (NFILDR x4)/fpwm —>

Figure 11.45  Timing Chart of Noise Filter Function

- Shot Stop by the falling edge trigger of the selected EXTSP0/1/2 pins: "Start Low" (PWMPOL = 1b)

o Y RO

PWMADRH/L 8 3
PWMBDRH/L 3 woroformrreeeiee™ X 2 ™ e / /
PWM Interrupt S H \
TRIG Input  —»{ Tst €— \ —> Tst €—
Shot Stop Input / \

] [

A\ |

PWMOUT Immediately «— PWMBDR —>»| Match l«— PWMADR

Figure 11.46  Timing Chart of Shot Stop
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- Emergency Stop by the falling edge trigger of the selected EXTSP0/1/2 pins: "Start Low" (PWMPOL = 1b)

PWMADRH/L 10

EMG Interrupt _‘

TRIG Input  —» Tst <€—

Emergency Stop Input /

PWMOUT Immediately

Figure 11.47  Timing Chart of Emergency Stop
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11.8.7 Block Diagram
SIW
PWMCK]2:0] Clear
rfl
3 Overflow > . To interrupt
i1y [N block
P x/2 > POVIE
é z;; M Clear PWMCC
S —""—» 10-bit Counter R [«
o> o | bae | Y PWMCNTH/PWMCNTL PWMEN _
T a2 ﬁ;TRIGRS[lD]
e /64 Set U U J—ﬂﬁ; PWMMDJ[1:0]
r —==—» PWMEN NV PWMPOL
__M_wx 12 yy 0—| A AN 4 +_
Clear EMGIER = l> Match > couse L] PwmouT
A A
EXTSPO [_] Comparator L$
Emergency Stop
ExTsPi] | Controller
TRGIE
EXTSP2 D—»I:\j 10-bit A Data Register
AAA PWMADRH/PWMADRL . To interrupt
p- P24 ESPOS[L:0] ¢-—»{ TRGIFR | block
¢-2-ESP1S[L0] 4 ciear
@2 ESP2S[1:0] s/w
vy SHTIE
[ To interrupt
irc])ﬂiri:?e? ) — .__/—P . block
10-bit B Data Register TCIear
PWMBDRH/PWMBDRL S/W
TRIG | ] A\ Delay Controller EMGIE
r El ) To interrupt
TRIGRS1 »( EMGIFR block
lJ lJ TCIear
[ | Sw
Noise Filter Delay Data Register
Controller PWMDLYDR
Noise Filter
Data Register
NFILDR
NOTE)
1. The PWMEN bit is automatically cleared to “Ob” after an overflow of the 10-bit counter
occurs at a PWM one-shot mode.
2. The PWMEN bit is set to “1b” by a falling edge trigger of the external TRIG pin when it is
a PWM one-shot mode with auto-enable and the EMGIFR bit is set to “Ob”.
3. The noise filter controller has a timer to realize an invalid trigger signal. The timer will be
cleared and restarted every the new cycle of the PWM generator.
4. The noise filter controller doesn’t work if the noise filter data register (NFILDR) is “00H”.
5. If a shot stop occurs by a falling edge trigger of the selected pin, the PWMOUT pin goes to
low/high level according to PWMPOL = “Ob”/”1b” during the remaining current PWM cycle,
respectively. After that, the next PWM cycle starts with the PWMBDR.
Figure 11.48 10-Bit PWM generator Block Diagram
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11.8.8 Register Map

Name Address Dir Default Description
PWMCRH 40A9H (XSFR) R/W O00H PWM Generator Control High Register
PWMCRL 40A8H (XSFR) R/W O00H PWM Generator Control Low Register
PWMADRH 40ABH (XSFR) R/W 03H PWM Generator A Data High Register
PWMADRL 40AAH (XSFR) R/W FFH PWM Generator A Data Low Register
PWMBDRH 40ADH (XSFR) R/W O00H PWM Generator B Data High Register
PWMBDRL 40ACH (XSFR) R/W O00H PWM Generator B Data Low Register
PWMCNTH 40AFH (XSFR) R O00H PWM Generator Counter High Register
PWMCNTL 40AEH (XSFR) R O00H PWM Generator Counter Low Register
PWMDLYDR 40A6H (XSFR) R/W OOH PWM Generator Delay Data Register
NFILDR 40A7H (XSFR) R/W OFH PWM Generator Noise Filter Data Register
PGINTCR 4066H (XSFR) R/W OOH PWM Generator Interrupt Control Register
PGIFLAG 4067H (XSFR) R/W OOH PWM Generator Interrupt Flag Register

Table 11-14 10-Bit PWM Generator Register Map

11.8.9 10-Bit PWM Generator Register Description

The 10-bit PWM generator register consists of PWM generator A data high register (PWMADRH), PWM generator A
data low register (PWMADRL), PWM generator B data high register (PWMBDRH), PWM generator B data low
register (PWMBDRL), PWM generator control high register (PWMCRH), PWM generator control low register
(PWMCRL), PWM generator delay data register (PWMDLYDR), PWM generator noise filter data register (NFILDR),
PWM generator interrupt control register (PGINTCR) and PWM generator interrupt flag register (PGIFLAG).
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11.8.10 Register Description for 10-Bit PWM Generator

PWMADRH (PWM Generator A Data High Register) : 40ABH (XSFR)

7 6 5 4 3 2 1 0
- - | - | - | - - PWMADRY | PWMADRS
— — — — — — RIW RIW
Initial value : 03H
PWMADR[9:8] PWM Generator A Data High Byte
PWMADRL (PWM Generator A Data Low Register) : 40AAH (XSFR)
7 6 5 4 3 2 1 0
PWMADR? | PWMADR6 | PWMADRS | PWMADR4 | PWMADR3 | PWMADR2 | PWMADRL | PWMADRO
R/W R/W R/W R/W R/W R/W R/W R/W
Initial value : FFH
PWMADR[7:0] PWM Generator A Data Low Byte
PWMBDRH (PWM Generator B Data High Register) : 40ADH (XSFR)
7 6 5 4 3 2 1 0
- - | - | - | - - PWMBDR9 | PWMBDRS
- - - - - - R/W R/W
Initial value : 00H
PWMBDR[9:8] PWM Generator B Data High Byte

PWMBDRL (PWM Generator B Data Low Register) : 40ACH (XSFR)

7 6 5 4 3 2 1 0
PWMBDR7 | PWMBDR6 | PWMBDR5 | PwMBDR4 | PWMBDR3 | PWMBDR2 | PWMBDRL | PWMBDRO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : OOH
PWMBDR[7:0] PWM Generator B Data Low Byte
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PWMCNTH (PWM Generator Counter High Register) : 40AFH (XSFR)

7 6 5 4 3 2 1 0
_ | _ | _ _ | — | - PWMCNT9 | PWMCNTS
_ _ _ _ _ - R R

Initial value : 00OH

PWMCNT[9:8] PWM Generator Counter High Byte

PWMCNTL (PWM Generator Counter Low Register) : 40AEH (XSFR)

7 6 5 4 3 2 1 0
PWMCNT7 | PWMCNT6 | PWMCNT5 | PWMCNT4 | PWMCNT3 | PWMCNT2 | PWMCNTL | PWMCNTO
R R R R R R R R

Initial value : 00H
PWMCNT[7:0] PWM Generator Counter Low Byte

PWMDLYDR (PWM Generator Delay Data Register) : 40A6H (XSFR)

7 6 5 4 3 2 1 0
PwmDLY7 | PwmDLY6 | PwmDLYsS | PwmDLY4 | PwmDLY3 | PwmDLY2 | PwmDLYL | PwMDLYO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : 00H
PWMDLY[7:0] PWM Generator Delay Data

NFILDR (PWM Generator Noise Filter Data Register) : 40A7H (XSFR)

7 6 5 4 3 2 1 0
| NFILDR7 | NFILDR6 | NFILDRS NFILDR4 | NFILDR3 | NFILDR2 NFILDR1 NFILDRO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : OFH
NFILDR[7:0] PWM Generator Noise Filter Data
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PWMCRH (PWM Generator Control High Register) : 40A9H (XSFR)

7 6 5 4 3 2 1 0
ESP2s1 | ESP2so | ESP1S1 | ESP1SO | ESPOSL | ESPOSO PWMCC PWMEN
RW RW RW R/W R/W RW R/W RW
Initial value : 00H
ESPnS[1:0] Select the external EXTSPn pin function with falling edge trigger

ESPnS1 ESPnS0 Description

0 0 Disable the EXTSPn pin function

0 1 Enable shot stop. The PWMOUT pin is held for the current PWM

cycle and restarts with PWMBDR by the external EXTSPn pin
falling edge trigger. If a shot stop occurs, the PWMOUT pin is held
for the current PWM cycle to low level when PWMPOL bit is ‘0’ and
high level when PWMPOL bit is ‘1’.

1 0 Enable emergency stop. The PWMOUT pin can be stopped by the
external EXTSPn pin falling edge trigger or software control with
PWMEN bit. If an emergency stop occurs, the PWMEN bit is
immediately cleared to ‘0.

1 1 Not available
NOTE)
1. Wheren=0,1and2.
PWMCC Clear PWM Generator Counter
0 No effect
1 Clear the PWM generator counter (When write, automatically cleared “0” after
being cleared counter)
PWMEN Control PWM Generator
0 PWM generator disable
1 PWM generator enable (Counter clear and start)
NOTE)

1. This bit shouldn’t set to “1b” when EMGIFR = “1b”.
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PWMCRL (PWM Generator Control Low Register) : 40A8H (XSFR)

7 6 5 4 3 2 1 0
| pwmck2 | Pwmcki | pwmMcko | PwwmPOL | PWMMDL | PWMMDO TRIGRS1 TRIGRSO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : 00OH

PWMCK]2:0] Select PWM generator clock source. fx is system clock frequency.
PWMCK2 PWMCK1 PWMCKO Description

0 0 0 fx/128
0 0 1 fx/64
0 1 0 fx/32
0 1 1 fx/16
1 0 0 x/8
1 0 1 x4
1 1 0 fx/2
1 1 1 fx/1
PWMPOL PWM Output Polarity Selection
0 Start High (PWMOUT is low level at disable)
1 Start Low (PWMOUT is high level at disalbe)

PWMMD[1:0] PWM Generator Operation Mode
PWMMD1 PWMMDO Description

0 0 PWM one-shot mode without auto-enable

0 1 PWM one-shot mode with auto-enable
(The PWMEN bit is set by the external TRIG pin valid falling edge
trigger)

1 X PWM repeat mode

TRIGRS[1:0] Select the external TRIG pin function with falling edge trigger
TRIGRS1 TRIGRSO Description

0 X Disable the TRIG pin function
1 0 Enable the TRIG pin function without delay
1 1 Enable the TRIG pin function with delay
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PGINTCR (PWM Generator Interrupt Control Register) : 4066H (XSFR)
7 6 5 4 3 2 1 0
| - | - - - | PovE | EMGE SHTIE TRGIE
- - - - R/W RW R/W RW
Initial value : 00H
POVIE Enable or Disable PWM Generator Overflow Interrupt
0 Disable
1 Enable
EMGIE Enable or Disable Emergency Stop Interrupt
0 Disable
1 Enable
SHTIE Enable or Disable Shot Stop Interrupt
0 Disable
1 Enable
TRGIE Enable or Disable TRIG Interrupt
0 Disable
1 Enable

PGIFLAG (PWM Generator Interrupt Flag Register) : 4067H (XSFR)

7 6 5 4 3 2 1 0
| - | - - | - | PoviFR | EMGIFR SHTIFR TRGIFR
- - - - R/W R/W R/W R/W
Initial value : 00H
POVIFR When PWM generator overflow interrupt occurs, this bit becomes ‘1’. The
flag is cleared only by writing a ‘0’ to the bit. So, the flag should be
cleared by software. Write ‘1’ has no effect.
0 PWM generator overflow interrupt no generation
1 PWM generator overflow interrupt generation
EMGIFR When emergency stop interrupt occurs, this bit becomes ‘1’. The flag is
cleared only by writing a ‘0’ to the bit. So, the flag should be cleared by
software. Write ‘1’ has no effect.
0 Emergency stop interrupt no generation
1 Emergency stop interrupt generation
SHTIFR When shot stop interrupt occurs, this bit becomes ‘1’. The flag is cleared
only by writing a ‘0’ to the bit. So, the flag should be cleared by software.
Write 1’ has no effect.
0 Shot stop interrupt no generation
1 Shot stop interrupt generation
TRGIFR When TRIG interrupt occurs, this bit becomes ‘1’. The flag is cleared only

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

0 TRIG interrupt no generation
1 TRIG interrupt generation
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11.9 Buzzer Driver

11.9.1 Overview

The Buzzer consists of 6 bit counter, buzzer data register (BUZDR) and buzzer control register (BUZCR). The Square
Wave (122Hz~62.5kHz @fBUZ=1MHz) is outputted through P46/SEG35/BUZO pin. The buzzer data register (BUZDR)
BUZDR([5:0] controls the bsuzzer frequency (look at the following expression) and BUZDIV[1:0] selects fBUZ divided

by DIV block. In buzzer control register (BUZCR), BUCK][2:0] selects source clock divided by prescaler.

fBUZO (HZ) =

fBUZ

2x DIV x (BUZDR +1)
(DIV =8, 16, 32 and 64, BUZDR =0 ~ 63)

BUZDR BUZDR | BUZDR | BUZDR | BUZDR BUZDR BUZDR BUZDR BUZDR BUZDR

[5:0] [7:6]=00 | [7:6]=01 | [7:6]=10 | [7:6]=11 [5:0] [7:6]=00 | [7:6]=01 | [7:6]=10 | [7:6]=11

fbuz/8 fbuz/16 | fbuz/32 | fbuz/64 fbuz/8 fbuz/16 fbuz/32 fbuz/64
0 62.500 31.250 15.625 7.813 32 1.894 0.947 0.473 0.237
1 31.250 15.625 7.813 3.906 33 1.838 0.919 0.460 0.230
2 20.833 10.417 5.208 2.604 34 1.786 0.893 0.446 0.223
3 15.625 7.813 3.906 1.953 35 1.736 0.868 0.434 0.217
4 12.500 6.250 3.125 1.563 36 1.689 0.845 0.422 0.211
5 10.417 5.208 2.604 1.302 37 1.645 0.822 0.411 0.206
6 8.929 4.464 2.232 1.116 38 1.603 0.801 0.401 0.200
7 7.813 3.906 1.953 0.977 39 1.563 0.781 0.391 0.195
8 6.944 3.472 1.736 0.868 40 1.524 0.762 0.381 0.191
9 6.250 3.125 1.563 0.781 41 1.488 0.744 0.372 0.186
10 5.682 2.841 1.420 0.710 42 1.453 0.727 0.363 0.182
11 5.208 2.604 1.302 0.651 43 1.420 0.710 0.355 0.178
12 4.808 2.404 1.202 0.601 44 1.389 0.694 0.347 0.174
13 4.464 2.232 1.116 0.558 45 1.359 0.679 0.340 0.170
14 4.167 2.083 1.042 0.521 46 1.330 0.665 0.332 0.166
15 3.906 1.953 0.977 0.488 47 1.302 0.651 0.326 0.163
16 3.676 1.838 0.919 0.460 48 1.276 0.638 0.319 0.159
17 3.472 1.736 0.868 0.434 49 1.250 0.625 0.313 0.156
18 3.289 1.645 0.822 0.411 50 1.225 0.613 0.306 0.153
19 3.125 1.563 0.781 0.391 51 1.202 0.601 0.300 0.150
20 2.976 1.488 0.744 0.372 52 1.179 0.590 0.295 0.147
21 2.841 1.420 0.710 0.355 53 1.157 0.579 0.289 0.145
22 2,717 1.359 0.679 0.340 54 1.136 0.568 0.284 0.142
23 2.604 1.302 0.651 0.326 55 1.116 0.558 0.279 0.140
24 2.500 1.250 0.625 0.313 56 1.096 0.548 0.274 0.137
25 2.404 1.202 0.601 0.300 57 1.078 0.539 0.269 0.135
26 2.315 1.157 0.579 0.289 58 1.059 0.530 0.265 0.132
27 2.232 1.116 0.558 0.279 59 1.042 0.521 0.260 0.130
28 2.155 1.078 0.539 0.269 60 1.025 0.512 0.256 0.128
29 2.083 1.042 0.521 0.260 61 1.008 0.504 0.252 0.126
30 2.016 1.008 0.504 0.252 62 0.992 0.496 0.248 0.124
31 1.953 0.977 0.488 0.244 63 0.977 0.488 0.244 0.122

Table 11-15 Buzzer Frequency(fBuz=1MHz, kHz unit)
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11.9.2 Overview

SUB
—ISUB
\ ¢ 6-bit Up-Counter
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T X Match
| 16 —3 FIF | —— BUZO
fx/32
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Pre
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3 BUZDR

BUCK[2:0]

Figure 11.49 Buzzer Driver Block Diagram
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11.9.3 Register Map

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

Table 11-16 Buzzer Driver Register Map

11.9.4 Buzzer Driver Register Description
Buzzer driver consists of buzzer data register (BUZDR) and buzzer control register (BUZCR).

11.9.5 Register Description for Buzzer Driver

BUZDR (Buzzer Data Register) : F3H

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

Initial value : FFH

BUZDIV[1:0] Buzzer Clock Divider
BUZDIV1 BUZDIVO Description

0 0 fBUZ/8

0 1 fBUZ/16
1 0 fBUZ/32
1 1 fBUZ/64

BUZDR[5:0] These bits control the Buzzer frequency
Its resolution is OOH ~ 3FH

BUZCR (Buzzer Control Register) : F2H

7 6 5 4 3 2 1 0
| - | - | - | - BUCK2 BUCKL BUCKO BUZEN
- - - - RW RW RW RW
Initial value : 00H
BUCK][2:0] Buzzer Driver Source Clock Selection
BUCK2 BUCK1 BUCKO Description
0 0 0 fx/1
0 0 1 fx/2
0 1 0 fx/4
0 1 1 fx/8
1 0 0 fx/16
1 0 1 fx/32
1 1 0 fx/64
1 1 1 fSuB (External Sub OSC)
BUZEN Buzzer Driver Operation Control
0 Buzzer Driver disable
1 Buzzer Driver enable

NOTE)
1. fxis the system clock frequency
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11.10 SPI 2

11.10.1 Overview

There is serial peripheral interface with FIFO (SPI 2) one channel in MC97F60128. The SPI 2 allows synchronous

serial data transfer between the external serial devices. It can do Full-duplex communication by 4-wire (MOSI2,

MISO2, SCK2, SS2), support master/slave mode, can select serial clock (SCK2) polarity, phase and whether LSB first

data transfer or MSB first data transfer.

11.10.2 Block Diagram

MSTR2  SPI2EN
b2 ;\
Ll
r x4 l
e X8 o ——»| M
Xi [
s > M Edge SPI ) To interrupt
fx —p ¢ /16 3| ;'i Detector > Control Circuit »SPI2IFR block
a fx/32 > X al
"a fx/64_, ear
r fx/128 » CPOL2 CPHA2 INT_ACK
L | Pa SPI2MS
%
SPI2CR[2:0] INT_ACK
SPI2MS ‘ lCIear
FIFOC »RXFFIFR To interrupt
SCK block
SCK2 D Control |4 DOR2
>
| M\ 8 /T p|[Rx FIFO Controller wcoLz
(8-Bytes FIFO)
<l
MISO2 [ ]« 8-bit Rx Shift | _ | TXEEE
: «
Register Tx FIFO Controller
FXCH2 (8-Bytes FIFO) -
T ANe AT —bTXFEIFR—bg;;(I:TerrUpt
FLSB2 A
MOSI2 D: l Write | Read Clear
A
y
8-bit "I'x Shift SPI2DR NTACK
—] - l— 8-bit]
Register q @oit
— SS
Ss2 D Control
SSEN2 SPI2MS ! Internal Bus Line )
Figure 11.50  SPI 2 Block Diagram
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11.10.3 Data Transmit / Receive Operation

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

1.
2.

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

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

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

When the user writes a byte to the data register SPI2DR, SPI 2 will start an operation.

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

When transmit/receive is done, SPI2IFR bit will be set. If the SPI 2 interrupt is enabled, an interrupt is
requested. And SPI2IFR bit is cleared by hardware when executing the corresponding interrupt. If SPI 2
interrupt is disable, SPI2IFR bit is cleared when user read the status register SPI2SRL and then access
(read/write) the data register SPI2DR.

11.10.4 SS2 pin function

NOTE)

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

When the SPI 2 is configured as a Master, the user can select the direction of the SS2 pin by port direction
register (P3610). If the SS2 pin is configured as an output, user can use general P3610 output mode. If the
SS2 pin is configured as an input, ‘HIGH’ signal must come into SS2 pin to guarantee Master operation. If
‘LOW’ signal come into SS2 pin, the SPI 2 logic interprets this as another master selecting the SPI 2 as a
slave and starting to send data to it. To avoid bus contention, MSB bit of SPI2CRH will be cleared and the
SPI 2 becomes a Slave and then, SPI2IFR bit of SPI2SRL will be set and if the SPI 2 interrupt is enabled, an
interrupt is requested.

1. When the SS2 pin is configured as an output at Master mode, SS2 pin’s output value is defined
by user’s software (P3610). Before SPI2CRH setting, the direction of SS2 pin must be defined

2. If you don’t need to use SS2 pin, clear the SPI2SSEN bit of SPI2SR. So, you can use disabled
pin by P3610 freely. In this case, SS2 signal is driven by ‘HIGH’ or ‘LOW’ internally. In other
words, master is ‘HIGH’, salve is ‘LOW’

3. When SS2 pin is configured as input, if ‘HIGH’ signal come into SS2 pin, SS_HIGH flag bit will
be set. And you can clear it by writing ‘0’.
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11.10.5 SPI 2 Timing Diagram
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Figure 11.51

SPI 2 Transmit/Receive Timing Diagram at CPHA = 0
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Figure 11.52

SPI 2 Transmit/Receive Timing Diagram at CPHA =1
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11.10.6 Register Map

Name Address Dir Default Description
SPI2CRH 408FH (XSFR) R/W O0H SPI2 Control High Register
SPI2CRL 408EH (XSFR) R/W O00H SPI2 Control Low Register
SPI2DR 407FH (XSFR) R/W O0H SPI2 Data Register
SPI2SRH 4087H (XSFR) R/W O00H SPI2 Status High Register
SPI2SRL 4086H (XSFR) R/W O00H SPI2 Status Low Register
Table 11-17 SPI 2 Register Map

11.10.7 SPI 2 Register Description

The SPI 2 register consists of SPI 2 control register (SPI2CRH/L), SPI 2 status register (SPI2SRH/L) and SPI 2 data
register (SPI2DR)

11.10.8 Register Description for SPI 2

SP2DR (SPI 2 Data Register) : 407FH (XSFR)

7 6 2 1 0
| speor7 | sPeore | T SPIDR3 SPI2DR2 SPI2DR1 SPI2DRO
RW RW RW RW RW RW RW
Initial value : 00H
SPI2DR [7:0] SPI 2 Tx/Rx Data

The data go to the SPI2 Tx FIFO (8 bytes length) if data are written in this
register and the data come out from SPI2 Rx FIFO (8 bytes length) if data are
read.
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SPI2SRH (SPI 2 Status High Register) : 4087H (XSFR)

7 6 5 4 3 2 1 0
| - | weo2 | ssHoH | - e SPI2SSEN - DOR2
- RW RW - RW RW - RW
Initial value : 00H

WCOL2 This bit is set if any data are written to the data register SPI2DR during transfer in the
master mode and during the SPI12 Tx FIFO is full. This bit is cleared by writing ‘0’.
0 No collision
1 Collision

SS_HIGH2 When the SS2 pin is configured as input, if “HIGH” signal comes into the pin, this flag bit
will be set.
0 Cleared when ‘0’ is written
1 No effect when ‘1’ is written

FXCH2 SPI 2 port function exchange control bit.
0 No effect
1 Exchange MOSI2 and MISO2 function

SPI2SSEN This bit controls the SS2 pin operation
0 Disable
1 Enable (The corresponding pin should be a normal input)

DOR2 This bit is set if data are received during the SPI2 Rx FIFO full. While this bit is set, the
incoming data frame is ignored.
0 No Data OverRun
1 Data OverRun detected
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SPI2SRL (SPI 2 Status Low Register) : 4086H (XSFR)

7 6 5 4 3 2 1 0
| DER | REFR | SPRRR | - | e RXFEF - -
RW RW RW - RW RW - -
Initial value : 04H
TXFEIFR When SPI2 Tx FIFO empty Interrupt occurs, this bit becomes ‘1’. For clearing bit, write
‘0’ to this bit or auto clear by INT_ACK signal. Write ‘1’ has no effect.
0 SPI2 Tx FIFO empty Interrupt no generation
1 SPI2 Tx FIFO empty Interrupt generation
RXFFIFR When SPI2 Rx FIFO full Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Write ‘1’ has no effect.
0 SPI2 Rx FIFO full Interrupt no generation
1 SPI2 Rx FIFO full Interrupt generation
SPI2IFR When SPI2 Interrupt occurs, this bit becomes ‘1’. If SPI2 interrupt is enable, this bit is

auto clear by INT_ACK signal. If SPI2 interrupt is disable, SPI2IFR bit is cleared when
the SPI2SRH is read and then access (read/write) the SPI2DR. Write ‘1’ has no effect.

0 SPI2 Interrupt no generation

1 SPI2 Interrupt generation
TXFFF SPI2 Tx FIFO Full Flag

0 No SPI2 Tx FIFO full

1 SPI2 Tx FIFO full
RXFEF SPI2 Rx FIFO Empty Flag

0 No SPI2 Rx FIFO empty

1 SPI2 Rx FIFO empty
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SPI2CRH (SPI 2 Control High Register) : 408FH (XSFR)

7 6 5 4 3 2 1 0
| sP2EN | FLsB2 SPI2MS | CPOL2 | CPHA2 | SPI2DSCR | SPI2SCR1 | SPI2SCRO
RW RW RW RW RW RW RW RW
Initial value : 00H
SPI2EN This bit controls the SPI 2 operation
0 Disable SPI 2 operation
1 Enable SPI 2 operation
FLSB2 This bit selects the data transmission sequence
0 MSB first
1 LSB first
SPI2MS This bit selects whether Master or Slave mode
0 Slave mode
1 Master mode
CPOL2 This two bits control the serial clock (SCK2) mode.
CPHA2 Clock polarity (CPOL2) bit determine SCK2’s value at idle mode.
Clock phase (CPHAZ2) bit determine if data are sampled on the leading or trailing edge
of SCK2.
CPOL2 CPHA2 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)
SPI2DSCR These three bits select the SCK2 rate of the device configured as a master. When

SPI2SCR [1:0]

DSCR bit is written one, SCK2 will be doubled in master mode.
SPI2DSCR SPI2SCR 1 SPI2SCR 0 SCK2 frequency

0 0 fx/4

fx/16

fx/64

fx/128

fx/2

fx/8

fx/32

fx/64

R B PR P OO O O
P B O O F P O
Bk O R, O Fr O K
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SPI2CRL (SPI 2 Control Low Register) : 408EH (XSFR)

7 6 5 4 3 2 1 0
| - | - - | FFoc | - - - MSTR2
- - - RW - - - RW
Initial value : 00H
FIFOC SPI2 Tx/Rx FIFO and Pointer Clear Bit
0 No effect
1 Clear all Tx/Rx FIFO, Pointer and Control signal. Stop transfer
MSTR2 SPI2 Master Start Bit
0 No effect
1 Start SPI2 transfer. The transfer is finished after SPI2 Tx FIFO empty (This bit

is automatically cleared after one clock)
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11.11 SPI 3

11.11.1 Overview

There is serial peripheral interface (SPI 3) one channel in MC97F60128. The SPI 3 allows synchronous serial data
transfer between the external serial devices. It can do Full-duplex communication by 4-wire (MOSI3, MISO3, SCK3,
SS3), support master/slave mode, can select serial clock (SCK3) polarity, phase and whether LSB first data transfer or

MSB first data transfer.

11.11.2 Block Diagram
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Figure 11.53  SPI 3 Block Diagram
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11.11.3 Data Transmit / Receive Operation

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

1.
2.

Select SPI 3 operation mode(master/slave, polarity, phase) by control register SPI3CR.

When the SPI 3 is configured as a Master, it selects a Slave by SS3 signal (active low).

When the SPI 3 is configured as a Slave, it is selected by SS3 signal incoming from Master

When the user writes a byte to the data register SPI3DR, SPI 3 will start an operation.

In this time, if the SPI 3 is configured as a Master, serial clock will come out of SCK3 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 3 is configured as a Slave, serial clock will come into SCK3 pin. And Slave shifts the eight bits into
the Master (transmit), Master shifts the eight bits into the Slave at the same time (receive).

When transmit/receive is done, SPI3IFR bit will be set. If the SPI 3 interrupt is enabled, an interrupt is
requested. And SPI3IFR bit is cleared by hardware when executing the corresponding interrupt. If SPI 3
interrupt is disable, SPI3IFR bit is cleared when user read the status register SPI3SR and then access
(read/write) the data register SPI3DR.

11.11.4 SS3 pin function

NOTE)

When the SPI 3 is configured as a Slave, the SS3 pin is always input. If LOW signal come into SS3 pin, the
SPI 3 logic is active. And if ‘HIGH’ signal come into SS3 pin, the SPI 3 logic is stop. In this time, SPI 3 logic
will be reset and invalidated any received data.

When the SPI 3 is configured as a Master, the user can select the direction of the SS3 pin by port direction
register (P2210). If the SS3 pin is configured as an output, user can use general P2210 output mode. If the
SS3 pin is configured as an input, ‘HIGH’ signal must come into SS3 pin to guarantee Master operation. If
‘LOW’ signal come into SS3 pin, the SPI 3 logic interprets this as another master selecting the SPI 3 as a
slave and starting to send data to it. To avoid bus contention, MSB bit of SPICR will be cleared and the SPI 3
becomes a Slave and then, SPI3IFR bit of SPI3SR will be set and if the SPI 3 interrupt is enabled, an
interrupt is requested.

1. When the SS3 pin is configured as an output at Master mode, SS3 pin’s output value is defined
by user’s software (P2210). Before SPI3CR setting, the direction of SS3 pin must be defined

2. If you don’t need to use SS3 pin, clear the SPISSSEN bit of SPI3SR. So, you can use disabled
pin by P2210 freely. In this case, SS3 signal is driven by ‘HIGH’ or ‘LOW’ internally. In other
words, master is ‘HIGH’, salve is ‘LOW’

3. When SS3 pin is configured as input, if ‘HIGH’ signal come into SS3 pin, SS_HIGH flag bit will
be set. And you can clear it by writing ‘0’.
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11.11.5 SPI 3 Timing Diagram
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Figure 11.54 SPI 3 Transmit/Receive Timing Diagram at CPHA =0
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Figure 11.55  SPI 3 Transmit/Receive Timing Diagram at CPHA =1
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11.11.6 Register Map

Name Address Dir Default Description
SPI3CR 400DH (XSFR) R/W O0H SPI3 Control Register
SPI3DR 400EH (XSFR) R/W O0H SPI3 Data Register
SPI3SR 400FH (XSFR) R/W O0H SPI3 Status Register
Table 11-18 SPI 3 Register Map

11.11.7 SPI 3 Register Description

The SPI 3 register consists of SPI 3 control register (SPI3CR), SPI 3 status register (SPI3SR) and SPI 3 data register

(SPI3DR)

11.11.8 Register Description for SPI 3

SPI3DR (SPI 3 Data Register) : 400EH (XSFR)

7 6 2 1 0
| sPeor7 | sPebre | SPeDRs | sPeDR4 SPIRDR3 SPI3DR2 SPIRBDR1 SPI3DRO
RW RW RW RW RW RW RW
Initial value : 0OH
SPI3DR [7:0] SPI 3 Data

When it is written a byte to this data register, the SPI 3 will start an operation.
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SPI3SR (SPI 3 Status Register) : 400FH (XSFR)

7 6 5 4 3 2 1 0
| sBRR | woo3 | SsHGH | - e SPBSSEN - -
RW R R - RW RW - -

Initial value : 00OH

SPI3IFR When SPI 3 Interrupt occurs, this bit becomes ‘1’. IF SPI 3 interrupt is enable, this bit is
auto cleared by INT_ACK signal. And if SPI 3 Interrupt is disable, this bit is cleared
when the status register SP3ISR is read and then access (read/write) the data register
SPI3DR. Write ‘1’ has no effect.

0 SPI 3 Interrupt no generation
1 SPI 3 Interrupt generation
WCOL3 This bit is set if any data are written to the data register SPI3DR during transfer. This bit

is cleared when the status register SPI3SR is read and then access (read/write) the data
register SPI3DR

0 No collision
1 Collision
SS_HIGH3 When the SS3 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
FXCH3 SPI 3 port function exchange control bit.
0 No effect
1 Exchange MOSI3 and MISOS3 function
SPI3SSEN This bit controls the SS3 pin operation
0 Disable
1 Enable (The corresponding pin should be a normal input)
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SPI3CR (SPI 3 Control Register) : 400DH (XSFR)

7 6 5 4 3 2 1 0
| sPBEN | FLsB3 | sPsvus | cPolda | CPHA3 | SPI3DSCR | SPI3SCRL | SPI3SCRO
RW RW RW RW RW RW RW RW
Initial value : 00H
SPI3EN This bit controls the SPI 3 operation
0 Disable SPI 3 operation
1 Enable SPI 3 operation
FLSB3 This bit selects the data transmission sequence
0 MSB first
1 LSB first
SPI3MS This bit selects whether Master or Slave mode
0 Slave mode
1 Master mode
CPOL3 This two bits control the serial clock (SCK3) mode.
CPHA3 Clock polarity (CPOL3) bit determine SCK3’s value at idle mode.
Clock phase (CPHAS3) bit determine if data are sampled on the leading or trailing edge
of SCK3.
CPOL3 CPHA3 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)
SPI3DSCR These three bits select the SCK3 rate of the device configured as a master. When

SPI3SCR [1:0] DSCR bit is written one, SCK3 will be doubled in master mode.
SPI3BDSCR SPI3SCR1 SPI3SCRO0O SCKS3 frequency

0 0 fx/4
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fx/64

fx/128

x/2

x/8

fx/32

fx/64
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11.12 UART2/3/4

11.12.1 Overview

The universal asynchronous serial receiver and transmitter (UART2/3/4) is a highly flexible serial communication

device. The main features are listed below.

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

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

— Odd or Even Parity Generation and Parity Check Supported by Hardware
— Data OverRun Detection

—  Framing Error Detection

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

UART2/3/4 has baud rate generator, transmitter and receiver. The baud rate generator for asynchronous operation.
The Transmitter consists of a single write buffer, a serial shift register, parity generator and control logic for handling
different serial frame formats. The write buffer allows continuous transfer of data without any delay between frames.
The receiver is the most complex part of the UART2/3/4 module due to its clock and data recovery units. The recovery
unit is used for asynchronous data reception. In addition to the recovery unit, the receiver includes a parity checker, a
shift register, a two-level receive FIFOn (UARTNDR) and control logic. The receiver supports the same frame formats

as the transmitter and can detect frame error, data overrun and parity errors.
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11.12.2 Block Diagram
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Figure 11.56 UART Block Diagram(where n = 2,3 and 4)
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11.12.3 Clock Generation
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Baud Rate
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Figure 11.57  Clock Generation Block Diagram (where n = 2,3 and 4)

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

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

Operating Mode

Equation for Calculating Baud Rate

fx
Normal Mode(U2Xn=0) Baud Rate = —16(UARTnBD D
f;
Double Speed Mode(U2Xn=1) Baud Rate = X

8(UARTnBD + 1)

Table 11-19

Equations for Calculating Baud Rate Register Setting(where n = 2,3 and 4)
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11.12.4 Data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits) and optionally a
parity bit for error detection.
The UART2/3/4 supports all 30 combinations of the following as valid frame formats.

— 1 startbit

— 5,6, 7, 8or9 data bits

— no, even or odd parity bit

— 1or2stop bits

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

l: 1 data frame :=
ldle | St DO D1 D2 D3 D4 | [D5] | [D6] | [D7] | [D8] - Spl lsz Idle / St
:* Chta)lirticter ==

Figure 11.58 Frame Format
1 data frame consists of the following bits

+ Idle No communication on communication line (TXD/RxD)

- St Start bit (Low)

* Dn Data bits (0~8)

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

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

The frame format used by the UART2/3/4 is set by the UnSIZE[2:0], UnPM[1:0] and USBSn bits in UARTnCR1 and

UARTNCRS3 register. The Transmitter and Receiver use the same setting.
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11.12.5 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=Dpa ... "D3~D,~D; "Dy~ 0

Posd =Dp1™...AD3"D;"D; "Dy 1

Peven : Parity bit using even parity

Poa  : Parity bit using odd parity

D, : Data bit n of the character
11.12.6 UART2/3/4 Transmitter

The UART2/3/4 transmitter is enabled by setting the TXEn bit in UARTNCR2 register. When the Transmitter is enabled,
the TXDn pin should be set to TXDn function for the serial output pin of UART2/3/4 by the
P6FSRH[1:0]/P5FSRL[5:4]/P5FSRL[2:1]. The baud-rate, operation mode and frame format must be setup once before

doing any transmission.
11.12.7 Sending Tx data

A data transmission is initiated by loading the transmit buffer (UARTNDR register I/O location) with the data to be
transmitted. The data written in transmit buffer is moved to the shift register when the shift register is ready to send a
new frame. The shift register is loaded with the new data if it is in idle state or immediately after the last stop bit of the
previous frame is transmitted. When the shift register is loaded with new data, it will transfer one complete frame
according to the settings of control registers. If the 9-bit characters are used, the ninth bit must be written to the UnTX8
bit in UARTNCR3 register before it is loaded to the transmit buffer (UARTNDR register).

11.12.8 Transmitter flag and interrupt

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

UDRERN 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 ‘O’ to this bit position. Writing ‘1’ to this bit position is
prevented.

When the data register empty interrupt enable (UDRIEN) bit in UARTNCR2 register is set and the global interrupt is
enabled, UART2/3/4 data register empty interrupt is generated while UDRER flag is set.

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

When the transmit complete interrupt enable (TXCIEn) bit in UARTNCR2 register is set and the global interrupt is

enabled, UART2/3/4 transmit complete interrupt is generated while TXCn flag is set.
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11.12.9 Parity Generator

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

sent.
11.12.10 Disabling Transmitter

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

11.12.11 UART Receiver

The UART2/3/4 receiver is enabled by setting the RXEn bit in the UARTNCR2 register. When the receiver is enabled,
the RXDn pin should be set to the input port for the serial input pin of UART2/3/4 by P65I0/ P5210/ P501O bit. The
baud-rate, mode of operation and frame format must be set before serial reception.

11.12.12 Receiving Rx data

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

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

flags are stored in the same FIFO position of the receive buffer.
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11.12.13 Receiver Flag and Interrupt

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

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

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

The UART2/3/4 receiver has three error flags which are frame error (FEn), data overrun (DORn) and parity error (PEn).
These error flags can be read from the UARTNST register. As received data are stored in the 2-level receive buffer,
these error flags are also stored in the same position of receive buffer. So, before reading received data from
UARTNDR register, read the UARTNST register first which contains error flags.

The frame error (FEnN) flag indicates the state of the first stop bit. The FEn 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 (DORn) flag indicates data loss due to a receive buffer full condition. DORn occurs when the receive
buffer is full and another new data is present in the receive shift register which are to be stored into the receive buffer.
After the DORN flag is set, all the incoming data are lost. To prevent data loss or clear this flag, read the receive buffer.
The parity error (PEnN) flag indicates that the frame in the receive buffer had a parity error when received. If parity
check function is not enabled (UnPM[1]=0), the PEn bit is always read ‘0’.

11.12.14 Parity Checker

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

11.12.15 Disabling Receiver

In contrast to transmitter, disabling the Receiver by clearing RXEn bit makes the Receiver inactive immediately. When
the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer is all reset and the

RXDn pin can be used as a hormal general purpose 1/0 (GPIO).
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11.12.16 Asynchronous Data Reception

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

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

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling rate is 16 times of
the baud-rate in normal mode and 8 times the baud-rate for double speed mode (U2Xn=1). The horizontal arrows
show the synchronization variation due to the asynchronous sampling process. Note that larger time variation is

shown when using the double speed mode.

\ START /
RXD IDLE BITO

s Phebttrrrtrtrtrtrtetst
0o o0 1 3 4 5 6 7[B]o]i0]u 12 138 14 15 16 1 2 3
vt (S A U A N A
0 2 3 El 7 8 1 2

Figure 11.59 Start Bit Sampling (where n = 2,3 and 4)
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When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition on the RXDn line,
the start bit condition. After detecting high to low transition on RXDn line, the clock recovery logic uses samples 8,9
and 10 for normal mode to decide if a valid start bit is received. If more than 2 samples have logical low level, it is
considered that a valid start bit is detected and the internally generated clock is synchronized to the incoming data
frame. And the data recovery can begin. The synchronization process is repeated for each start bit.

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

RXD

X
EENTRRRY

1 2

Sample
(U2Xn =1) < I >

1

N —p
@ —

Figure 11.60 Sampling of Data and Parity Bit (where n = 2,3 and 4)

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 (FEnN) 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 / STOPL @ (@ ©
\ \ \
Sample T
(U2Xn = 0) * I >
Sample
(U2xn = 1) "_T—’f

Figure 11.61  Stop Bit Sampling and Next Start Bit Sampling (where n = 2,3 and 4)
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11.12.17 Register Map
Name Address Dir Default Description
UARTNCR1 | 4060H/4068H/4070H (XSFR) R/W OOH UARTN Control Register 1
UARTNCR2 | 4061H/4069H/4071H (XSFR) R/W OOH UARTN Control Register 2
UARTNCR3 | 4062H/406AH/4072H (XSFR) R/W OOH UARTN Control Register 3
UARTNST 4063H/406BH/4073H (XSFR) R/W 80H UARTN Status Register
UARTNBD 4064H/406CH/4074H (XSFR) R/W FFH UARTnN Baud Rate Generation Register
UARTNDR 4065H/406DH/4075H (XSFR) R/W OOH UARTnN Data Register
Table 11-20 UART Register Map (where n = 2,3 and 4)
11.12.18 UART Register Description

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

11.12.19

Register Description for UART2/3/4

UARTNBD (UARTn Baud Rate Generation Register) : 4064H/406CH/4074H (XSFR), Where n =2, 3 and 4

7 6 5 4 3 2 1 0
UARTrBD7 | UARTNBD6 | UARTNBD5 | UARTNBD4 | UARTBD3 | UARThBD2 | UARTBDL UARTNBDO
RW RAW RW RW RW RW RW RW

Initial value : FFH

UARTNBD [7:0] The value in this register is used to generate internal baud rate. To prevent

malfunction, do not write ‘0’.
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UARTNDR (UARTn Data Register) : 4065H/406DH/4075H (XSFR), Wheren =2, 3 and 4

7 6 5 4 3 2 1 0
UARTRDR7 | UARTNDR6 | UARTNDRS | UARTNDR4 | UARTIDR3 | UARTRDRR UARTNDRL UARTNDRO
RW RAW RAW RAW RW RW RW RW

UARTNDR [7:0]

Initial value : 00OH

The UARTnN 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
UARTNDR register. Reading the UARTNDR register returns the contents of the Receive

Buffer.

Write this register only when the UDRER flag is set.

UARTNCR1 (UARTnN Control Register 1) : 4060H/4068H/4070H (XSFR),, Wheren =2,3 and 4

7 6 5 4 3 2 1 0
- | - | uPwe uPvo | unsze2 | unszel UnSIZED -
Initial value : 00H
UnPM[1:0] Selects Parity Generation and Check methods
UnPM1 UnPMO Parity
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
UnSIZE[2:0] Selects the Length of Data Bits in Frame

UnSIZE2 UnSIZE1 UnSIZEO  Data Length

=, O O O O

0
0
1
1
1

Other values

0 5 bit

1 6 bit

0 7 bit

1 8 bit

1 9 hit
Reserved

246



MC97F60128 ABOV Semiconductor Co., Ltd.

UARTNCR2 (UARTnN Control Register 2) : 4061H/4069H/4071H (XSFR), Wheren =2, 3 and 4

7 6 5 4 3 2 1 0
UDREn |  TXCEn RXCEn | WAKEEn | TEn | REn UARTREN u2xn
RW RW RW RW RW RW RW RW
Initial value : 00H
UDRIENn Interrupt enable bit for UARTn Data Register Empty
0 Interrupt from UDRER is inhibited (use polling)
1 When UDRERn is set, request an interrupt
TXCIEn Interrupt enable bit for Transmit Complete
0 Interrupt from TXCn is inhibited (use polling)
1 When TXCn is set, request an interrupt
RXCIEN Interrupt enable bit for Receive Complete
0 Interrupt from RXCn is inhibited (use polling)
1 When RXCn is set, request an interrupt
WAKEIEn Interrupt enable bit for Wake in STOP mode. When device is in stop mode, if RXDn

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

0 Interrupt from Wake is inhibited
1 When WAKER is set, request an interrupt
TXEn Enables the transmitter unit
0 Transmitter is disabled
1 Transmitter is enabled
RXEn Enables the receiver unit
0 Receiver is disabled
1 Receiver is enabled
UARTNEN Activate UARTN module by supplying clock. When one of TXEn and RXEn values is “1”,
the UARTNEN bit always set to “1”.
0 UARTN is disabled (clock is halted)
1 UARTN is enabled
uz2Xn This bit selects receiver sampling rate.
0 Normal operation
1 Double Speed operation
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UARTNCR3 (UARTnN Control Register 3) : 4062H/406AH/4072H (XSFR), Where n =2, 3 and 4

7 6 5 4 3 2 1 0
- | LooPs - | - | - | uses UnTX8 UnRX8
- RW - - - RW RW R
Initial value : 00H
LOOPSNH Controls the Loop Back Mode of UARTN, for test mode
0 Normal operation
1 Loop Back mode
USBSn Selects the length of stop bit.
0 1 Stop Bit
1 2 Stop Bit
unTX8 The ninth bit of data frame in UARTN. Write this bit first before loading the UARTNDR
register
0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is 1’
UnRX8 The ninth bit of data frame in UARTN. Read this bit first before reading the receive buffer
0 MSB (9" bit) received is ‘0’
1 MSB (9" bit) received is ‘1’
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UARTNST (UARTnN Status Register) : 4063H/406BH/4073H (XSFR), Wheren =2,3 and 4

7 6 5 4 3 2 1 0
UREn | ™cn | Rn | WAKEn | SOFIRSTn | DORn |  Fen PEN
RW R R RAW RW R RW RW

Initial value : 80H

UDREnN The UDREN flag indicates if the transmit buffer (UJARTNDR) is ready to receive new
data. If UDREn is ‘1’, the buffer is empty and ready to be written. This flag can generate
a UDRERn interrupt. Write ‘1’ has no effect.

0 Transmit buffer is not empty.
1 Transmit buffer is empty.
TXCn This flag is set when the entire frame in the transmit shift register has been shifted out

and there is no new data currently present in the transmit buffer. This flag is
automatically cleared when the interrupt service routine of a TXCn interrupt is executed.
This flag can generate a TXCn interrupt. Write ‘1’ has no effect.

0 Transmission is ongoing.
1 Transmit buffer is empty and the data in transmit shift register are shifted out
completely.
RXCn This flag is set when there are unread data in the receive buffer and cleared when all

the data in the receive buffer are read. The RXCn flag can be used to generate a RXCn
interrupt. Write ‘1’ has no effect.

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

flag can be used to generate a WAKER interrupt. This bit should be cleared by program
software. Write ‘1’ has no effect.

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

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

0 No operation
1 Reset UARTN
DORnN This bit is set if a Data OverRun occurs. While this bit is set, the incoming data frame is
ignored. This flag is valid until the receive buffer is read.
0 No Data OverRun
1 Data OverRun detected
FEnN This bit is set if the first stop bit of next character in the receive buffer is detected as ‘0.
This bit is valid until the receive buffer is read.
0 No Frame Error
1 Frame Error detected
PEn This bit is set if the next character in the receive buffer has a Parity Error to be received
while Parity Checking is enabled. This bit is valid until the receive buffer is read.
0 No Parity Error
1 Parity Error detected

249



ABOV Semiconductor Co., Ltd. MC97F60128
11.12.20 Baud Rate setting (example)
Baud fx=1.00MHz fx=1.8432MHz fx=2.00MHz
Rate UARTNBD ERROR UARTNBD ERROR UARTNBD ERROR
2400 25 0.2% a7 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 - - - - - -
Baud fx=3.6864MHz fx=4.00MHz fx=7.3728MHz
Rate UARTNnBD ERROR UARTNBD ERROR UARTNBD ERROR
2400 95 0.0% 103 0.2% 191 0.0%
4800 47 0.0% 51 0.2% 95 0.0%
9600 23 0.0% 25 0.2% 47 0.0%
14.4k 15 0.0% 16 2.1% 31 0.0%
19.2k 11 0.0% 12 0.2% 23 0.0%
28.8k 7 0.0% 8 -3.5% 15 0.0%
38.4k 5 0.0% 6 -7.0% 11 0.0%
57.6k 3 0.0% 3 8.5% 7 0.0%
76.8k 2 0.0% 2 8.5% 5 0.0%
115.2k 1 0.0% 1 8.5% 3 0.0%
230.4k - - - - 1 0.0%
250k - - - 1 -7.8%
0.5M - - - - - -
Baud fx=8.00MHz fx=11.0592MHz
Rate UARTNnBD ERROR UARTNBD ERROR
2400 207 0.2% - -
4800 103 0.2% 143 0.0%
9600 51 0.2% 71 0.0%
14.4k 34 -0.8% 47 0.0%
19.2k 25 0.2% 35 0.0%
28.8k 16 2.1% 23 0.0%
38.4k 12 0.2% 17 0.0%
57.6k 8 -3.5% 11 0.0%
76.8k 6 -7.0% 8 0.0%
115.2k 3 8.5% 5 0.0%
230.4k 1 8.5% 2 0.0%
250k 1 0.0% 2 -7.8%
0.5M - - - -
1M - - - -
Where n=2,3and 4
Table 11-21 Examples of UARTNBD Settings for Commonly Used Oscillator Frequencies

250




MC97F60128 ABOV Semiconductor Co., Ltd.

11.13 USIO/L (UART + SPI + 2C)

11.13.1 Overview

The USIO0/1 consists of USIO/1 control register1/2/3/4, USIO/1 status register 1/2, USIO/1 baud-rate generation register,
USIO/1 data register, USIO/1 SDA hold time register, USIO/1 SCL high period register, USIO/1 SCL low period register
and USI0/1 slave address register (USINCR1, USINCR2, USINCR3, USINCR4, USInST1, USINST2, USINBD, USINDR,
USINnSDHR, USINSCHR, USInSCLR, USInSAR).

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

It has four operating modes:
— Asynchronous mode (UART)
— Synchronous mode
— SPImode
— 12C mode
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11.13.2 USIO/1 UART Mode

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

communication device. The main features are listed below.

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

— Asynchronous or Synchronous Operation

— Baud Rate Generator

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

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

— Data OverRun Detection

— Framing Error Detection

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

— Double Speed Asynchronous communication mode

USIO/1 has three main parts of clock generator, Transmitter and receiver. The clock generation logic consists of
synchronization logic for external clock inut used by synchronous or SPI slave operation and the baud rate generator
for asynchronous or master (synchronous or SPI) operation.

The Transmitter consists of a single write buffer, a serial shift register, parity generator and control logic for handling
different serial frame formats. The write buffer allows continuous transfer of data without any delay between frames.
The receiver is the most complex part of the UART module due to its clock and data recovery units. The recovery unit
is used for asynchronous data reception. In addition to the recovery unit, the receiver includes a parity checker, a shift
register, a two-level receive FIFO (USInDR) and control logic. The receiver supports the same frame formats as the

transmitter and can detect frame error, data overrun and parity errors.
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11.13.3 USI0/1 UART Block Diagram
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Figure 11.62 USIO/1 UART Block Diagram (Where n =0 and 1)
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11.13.4 USI0/1 Clock Generation
USInBD
DBLSN
f
= y - (USInBD+1) ~L
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Up-Counter 8 12 > ’\S "
»| X U txclk
X
SCLK > —
> MASTERnN
M \i \L
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¢
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SCKn CPOLN ||
< 12
M
U rxclk
X

Figure 11.63  Clock Generation Block Diagram (USIn, where n = 0 and 1)

The clock generation logic generates the base clock for the transmitter and receiver. The USIO/1 supports four modes

of clock operation and those are normal asynchronous, double speed asynchronous, master synchronous and slave

synchronous mode. The clock generation scheme for master SPI and slave SPI mode is the same as master

synchronous and slave synchronous operation mode. The USInMS[1:0] bits in USINnCR1 register selects

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

USINCR?2 register. The MASTERN bit in USINCR3 register controls whether the clock source is internal (master mode,

output pin) or external (slave mode, input pin). The SCKn pin is active only when the USI0/1 operates in synchronous

or SPI mode.

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

Operating Mode Equation for Calculating Baud Rate
fx
Asynchronous Normal Mode (DBLSn=0) Baud Rate = m
fx
A h D | M DBLSn=1 B Rate = ————
synchronous Double Speed Mode ( Sn=1) aud Rate 8(USINBD + 1)
Synch SPI Master Mod Baud Rate = fx
ynchronous or aster Mode aud Rate = 2(USBD T 1)

Table 11-22 Equations for Calculating USIO/1 Baud Rate Register Setting
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11.13.5 USI0/1 External Clock (SCKn)

External clocking is used in the synchronous mode of operation.

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

11.13.6 USIO/1 Synchronous mode operation

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

SPI mode) pin is altered on the falling edge.

The CPOLn bit in USINCRL1 register selects which SCKn clock edge is used for data sampling and which is used for
data change. As shown in the figure below, when CPOLn is zero, the data will be changed at rising SCKn edge and

sampled at falling SCKn edge.

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

Figure 11.64 Synchronous Mode SCKn Timing (USIn , where n =0 and 1)
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11.13.7 USI0/1 UART Data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits) and optionally a

parity bit for error detection.

The UART supports all 30 combinations of the following as valid frame formats.

1 start bit
5, 6, 7, 8 or 9 data bits
no, even or odd parity bit

1 or 2 stop bits

A frame starts with the start bit followed by the least significant data bit (LSB). Then the next data bits, up to nine, are

succeeding, ending with the most significant bit (MSB). If parity function is enabled, the parity bit is inserted between

the last data bit and the stop bit. A high-to-low transition on data pin is considered as start bit. When a complete frame

is transmitted, it can be directly followed by a new frame or the communication line can be set to an idle state. The idle

means high state of data pin. The following figure shows the possible combinations of the frame formats. Bits inside

brackets are optional.

» 1 data frame >|
idle | St o | o1 | o2 | ps | pa | s | e | o7 | s - sp1 lispzy | idlesst
=< Chta)lirticter ==
Figure 11.65 Frame Format (USI0/1)
1 data frame consists of the following bits
+ Idle No communication on communication line (TXDn/RXDn)
- St Start bit (Low)
* Dn Data bits (0~8)
*  Parity bit ------------ Even parity, Odd parity, No parity
*  Stop bit(s) ---------- 1 bit or 2 bits

The frame format used by the UART is set by the USInS[2:0], USINPM[1:0] bits in USINCR1 register and USINSB bit in

USInCR3 register. The Transmitter and Receiver use the same setting.
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11.13.8 USIO/1 UART Parity bit

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

Peven=Dp1 ... "D3"D,~D; "Dy " 0

Posd =Dp1™...AD3"D;"D; "Dy 1

Peven : Parity bit using even parity

Poa  : Parity bit using odd parity

D, : Data bit n of the character

11.13.9 USIO0/1 UART Transmitter

The UART transmitter is enabled by setting the TXEn bit in USINCR2 register. When the Transmitter is enabled, the
TXDn pin should be set to TXDn function for the serial output pin of UART by the P3FSRL[3:2]/P5FSRH[4:3]. The
baud-rate, operation mode and frame format must be setup once before doing any transmission. In synchronous
operation mode, the SCKn pin is used as transmission clock, so it should be selected to do SCKn function by
P3FSRL[1:0/P5FSRH[2:1].

11.13.10 USIO/1 UART Sending Tx data

A data transmission is initiated by loading the transmit buffer (USINDR register I/O location) with the data to be
transmitted. The data written in transmit buffer is moved to the shift register when the shift register is ready to send a
new frame. The shift register is loaded with the new data if it is in idle state or immediately after the last stop bit of the
previous frame is transmitted. When the shift register is loaded with new data, it will transfer one complete frame
according to the settings of control registers. If the 9-bit characters are used in asynchronous or synchronous
operation mode, the ninth bit must be written to the USINTX8 bit in USINCR3 register before it is loaded to the transmit
buffer (USINDR register).

11.13.11 USIO/1 UART Transmitter flag and interrupt

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

DREn flag indicates whether the transmit buffer is ready to receive new data. This bit is set when the transmit buffer is
empty and cleared when the transmit buffer contains data to be transmitted but has not yet been moved into the shift
register. And also this flag can be cleared by writing ‘0’ to this bit position. Writing ‘1’ to this bit position is prevented.
When the data register empty interrupt enable (DRIEn) bit in USINCR2 register is set and the global interrupt is
enabled, USInST1 status register empty interrupt is generated while DREn flag is set.

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

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

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

11.13.13 UART Disabling Transmitter

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

11.13.14 USIO0/1 UART Receiver

The UART receiver is enabled by setting the RXEn bit in the USINCR2 register. When the receiver is enabled, the
RXDn pin should be set to RXDn function for the serial input pin of UART by P3FSRL[5:4])/P5FSRH[6:5]. The baud-
rate, mode of operation and frame format must be set before serial reception. In synchronous or SPI operation mode
the SCKn pin is used as transfer clock, so it should be selected to do SCKn function by P3FSRL[1:0)/P5FSRH[2:1]. In
SPI operation mode the SSn input pin in slave mode or can be configured as SSn output pin in master mode. This can
be done by setting USINSSEN bit in USNCRS3 register.

11.13.15 USIO/1 UART Receiving Rx data

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

If 9-bit characters are used (USInS[2:0] = “111”), the ninth bit is stored in the USINRX8 bit position in the USINCR3
register. The 9™ bit must be read from the USINRX8 bit before reading the low 8 bits from the USINDR register.
Likewise, the error flags FEn, DORN, PEn must be read before reading the data from USINDR register. It's because

the error flags are stored in the same FIFO position of the receive buffer.
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11.13.16 USIO/1 UART Receiver Flag and Interrupt

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

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

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

The UART receiver has three error flags which are frame error (FEn), data overrun (DORn) and parity error (PEn).
These error flags can be read from the USInST1 register. As received data are stored in the 2-level receive buffer,
these error flags are also stored in the same position of receive buffer. So, before reading received data from USINDR
register, read the USInST1 register first which contains error flags.

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

The data overrun (DORn) flag indicates data loss due to a receive buffer full condition. DORnN 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 DORNn flag is set, all the incoming data are lost. To prevent data loss or clear this flag, read the receive buffer.
The parity error (PEn) flag indicates that the frame in the receive buffer had a parity error when received. If parity
check function is not enabled (USINPM1=0), the PEn bit is always read “0”.

11.13.17 USIO/1 UART Parity Checker

If parity bit is enabled (USInPM1=1), the Parity Checker calculates the parity of the data bits in incoming frame and

compares the result with the parity bit from the received serial frame.
11.13.18 USIO/1 UART Disabling Receiver

In contrast to transmitter, disabling the Receiver by clearing RXEn bit makes the Receiver inactive immediately. When
the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer is all reset and the

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

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

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

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

shown when using the double speed mode.

\ START /
RXDn IDLE BITO

Sample
(DBLSN = 0)

0
Sample T T T
(DBLSn = 1)
0 2 3

Figure 11.66 Asynchronous Start Bit Sampling (USIn, where n =0 and 1)
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When the receiver is enabled (RXEn=1), the clock recovery logic tries to find a high-to-low transition on the RXDn line,
the start bit condition. After detecting high to low transition on RXDn line, the clock recovery logic uses samples 8, 9
and 10 for normal mode to decide if a valid start bit is received. If more than 2 samples have logical low level, it is
considered that a valid start bit is detected and the internally generated clock is synchronized to the incoming data
frame. And the data recovery can begin. The synchronization process is repeated for each start bit.

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

RXDn

X
it b T

1 2

Sample
(DBLSn = 1) < I >

1

N —p
@ —

Figure 11.67  Asynchronous Sampling of Data and Parity Bit (USIn, where n = 0 and 1)

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

\ \ \
RXDn / STOPL @ ©
\ \ \
Sample T
(DBLSn =0) ) I >
Sample
(DBLSn =1) "_T—’f

Figure 11.68  Stop Bit Sampling and Next Start Bit Sampling (USIn, where n = 0 and 1)
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11.13.20 USIO/1 SPI Mode
The USIO/1 can be set to operate in industrial standard SPI compliant mode. The SPI mode has the following features.

— Full Duplex, Three-wire synchronous data transfer

— Mater and Slave Operation

—  Supports all four SPI0 modes of operation (mode 0, 1, 2 and 3)
— Selectable LSB first or MSB first data transfer

— Double buffered transmit and receive

— Programmable transmit bit rate

When SPI mode is enabled (USINMS[1:0]="11"), the slave select (SSn) pin becomes active LOW input in slave mode
operation or can be output in master mode operation if USINSSEN bit is set to ‘0'.
Note that during SPI mode of operation, the pin RXDn is renamed as MISOn and TXDn is renamed as MOSIn for

compatibility to other SPI devices.

11.13.21 USIO/1 SPI Clock Formats and Timing

To accommodate a wide variety if synchronus serial peripherals from different manufacturers, the USIO/1 has a clock
polarity bit (CPOLN) and a clock phase control bit (CPHAN) to select one of four clock formats for data transfers.
CPOLnN selectively insert an inverter in series with the clock. CPHAN chooses between two different clock phase
relationships between the clock and data. Note that CPHAn and CPOLn bits in USINCR1 register have different
meanings according to the USINMS[1:0] bits which decides the operating mode of USIO/1.

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

SPI Mode CPOLN CPHAnN Leading Edge Trailing Edge
0 0 0 Sample (Rising) Setup (Falling)
1 0 1 Setup (Rising) Sample (Falling)
2 1 0 Sample (Falling) Setup (Rising)
3 1 1 Setup (Falling) Sample (Rising)

Table 11-23 CPOLnN Functionality (where n =0 and 1)
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Figure 11.69 USIO/1 SPI Clock Formats when CPHAN=0 (where n =0 and 1)

When CPHAN=0, the slave begins to drive its MISOn output with the first data bit value when SSn goes to active low.
The first SCKn edge causes both the master and the slave to sample the data bit value on their MISOn and MOSIn
inputs, respectively. At the second SCKn edge, the USIO/1 shifts the second data bit value out to the MOSIn and
MISOn outputs of the master and slave, respectively. Unlike the case of CPHAn=1, when CPHAN=0, the slave’s SSn
input must go to its inactive high level between transfers. This is because the slave can prepare the first data bit when
it detects falling edge of SSn input.
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Figure 11.70 USIO/1 SPI Clock Formats when CPHAN=1 (where n =0 and 1)

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

Because the SPI logic reuses the USIO/1 resources, SPlI mode of operation is similar to that of synchronous or
asynchronous operation. An SPI transfer is initiated by checking for the USI0O/1 Data Register Empty flag (DREn=1)
and then writing a byte of data to the USINDR Register. In master mode of operation, even if transmission is not
enabled (TXEn=0), writing data to the USInDR register is necessary because the clock SCKn is generated from
transmitter block.
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11.13.22 USIO/1 SPI Block Diagram
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Figure 11.71 USIO/1 SPI Block Diagram (where n =0 and 1)
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11.13.23 USI0/1 12C Mode

The USIO/1 can be set to operate in industrial standard serial communicatin protocols mode. The 12C mode uses 2
bus lines serial data line (SDAn) and serial clock line (SCLn) to exchange data. Because both SDAn and SCLn lines

are open-drain output, each line needs pull-up resistor. The features are as shown below.

—  Compatible with 12C bus standard

—  Multi-master operation

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

— Both master and slave operation

— Bus busy detection
11.13.24 USIO0/1 12C Bit Transfer

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

R
SDAnN / X 2 X
SCLn — \

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

Change of Data
allowed

Figure 11.72 Bit Transfer on the 12C-Bus (USIn, where n =0 and 1)
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11.13.25 USIO/1 12C Start / Repeated Start / Stop

One master can issue a START (S) condition to notice other devices connected to the SCLn, SDAn lines that it will
use the bus. A STOP (P) condition is generated by the master to release the bus lines so that other devices can use it.
A high to low transition on the SDAn line while SCLn is high defines a START (S) condition.

A low to high transition on the SDAN line while SCLn is high defines a STOP (P) condition.

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

o T SN SNV

ASY

SCLn s \ / }_\—/7 p

START Condition STOP Condition

Figure 11.73  START and STOP Condition (USIn, where n =0 and 1)

11.13.26 USIO/1 12C Data Transfer

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

ready for another byte of data and releases clock line SCLn.

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

Figure 11.74 Data Transfer on the 12C-Bus (USIn, where n =0 and 1)
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11.13.27 USIO/1 12C Acknowledge

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

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

allow the master to generate a STOP or repeated START condition.

Data Output R
By Transmitter \ X )( N X X
ALY
NACK
Data Output )
By Receiver \_/
ACK

SCLn From MASTER \ /1\_/2\ /8\ /9o\
T_Clock pulse for ACK

Figure 11.75  Acknowledge on the I2C-Bus (USIn, where n =0 and 1)

11.13.28 USIO/1 12C Synchronization / Arbitration

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

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

ownership of I12C bus. Its first stage is comparison of the address bits.
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Figure 11.76  Clock Synchronization during Arbitration Procedure (USIn, where n = 0 and 1)
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Figure 11.77  Arbitration Procedure of Two Masters (USIn, where n =0 and 1)

11.13.29 USIO/1 12C Operation

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

Note that when a 12C interrupt is generated, IICnIFR flag in USINCRA4 register is set, it is cleared when all interrupt
source bits in the USINST2 register are cleared to “Ob”. When 12C interrupt occurs, the SCLn line is hold LOW until
clearing “Ob” all interrupt source bits in USINST2 register. When the IICnIFR flag is set, the USINST2 contains a value
indicating the current state of the I12C bus. According to the value in USInST2, software can decide what to do next.
I2C can operate in 4 modes by configuring master/slave, transmitter/receiver. The operating mode is configured by a

winning master. A more detailed explanation follows below.
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11.13.30

USIO/1 12C Master Transmitter

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

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

Load SLAn+W into the USINDR where SLAN is address of slave device and W is transfer direction from the
viewpoint of the master. For master transmitter, W is ‘0’. Note that USInDR is used for both address and data.
Configure baud rate by writing desired value to both USINSCLR and USINSCHR for the Low and High period
of SCLn line.

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

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

This is ACK signal processing stage for address packet transmitted by master. When 7-bit address and 1-bit
transfer direction is transmitted to target slave device, the master can know whether the slave acknowledged
or not in the 9" high period of SCLn. If the master gains bus mastership, 12C generates GCALLn interrupt
regardless of the reception of ACK from the slave device. When 12C loses bus mastership during arbitration
process, the MLOSTn bit in USInST2 is set and 12C waits in idle state or can be operate as an addressed
slave. To operate as a slave when the MLOSTn bit in USINST2 is set, the ACKNnEN bit in USINCR4 must be
set and the received 7-bit address must equal to the USINnSLA[6:0] bits in USINSAR. In this case 12C
operates as a slave transmitter or a slave receiver (go to appropriate section). In this stage, 12C holds the
SCLn LOW. This is because to decide whether I2C continues serial transfer or STOP 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 USInDR.

2) Master STOP data transfer even if it receives ACK signal from slave. In this case, set the STOPCn bit in
USInCRA4.

3) Master transmits repeated START condition with not checking ACK signal. In this case, load SLAN+R/W
into the USINDR and set STARTCn bit in USINCRA4.

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

1-Byte of data is being transmitted. During data transfer, bus arbitration continues.
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8. This is ACK signal processing stage for data packet transmitted by master. I2C holds the SCLn LOW. When
12C loses bus mastership while transmitting data arbitrating other masters, the MLOSTn bit in USINST2 is set.
If then, 12C waits in idle state. When the data in USINDR is transmitted completely, 12C generates TENDn

interrupt.

I2C can choose one of the following cases regardless of the reception of ACK signal from slave.

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

2) Master STOP data transfer even if it receives ACK signal from slave. In this case, set the STOPCn bit in
USInCRA4.

3) Master transmits repeated START condition with not checking ACK signal. In this case, load SLAn+R/W
into the USINDR and set the STARTCn bit in USINCRA4.

After doing one of the actions above, clear to “Ob” all interrupt source bits in USINST2 to release SCLn line. In
case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of 3), move to
step 6 after transmitting the data in USINDR and if transfer direction bit is ‘1’ go to master receiver section.

9. This is the final step for master transmitter function of 12C, handling STOP interrupt. The STOP bit indicates
that data transfer between master and slave is over. To clear USINnST2, write “0” to USInST2. After this, 12C

enters idle state.
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11.13.31

USIO/1 12C Master Receiver

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

1.

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

Load SLAn+R into the USINDR where SLA is address of slave device and R is transfer direction from the
viewpoint of the master. For master receiver, R is ‘1’. Note that USINDR is used for both address and data.
Configure baud rate by writing desired value to both USINSCLR and USINSCHR for the Low and High period
of SCLn line.

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

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

This is ACK signal processing stage for address packet transmitted by master. When 7-bit address and 1-bit
transfer direction is transmitted to target slave device, the master can know whether the slave acknowledged
or not in the 9" high period of SCLn. If the master gains bus mastership, I12C generates GCALL interrupt
regardless of the reception of ACK from the slave device. When 12C loses bus mastership during arbitration
process, the MLOSTn bit in USInST2 is set and 12C waits in idle state or can be operate as an addressed
slave. To operate as a slave when the MLOSTn bit in USINST2 is set, the ACKnEN bit in USINCR4 must be
set and the received 7-bit address must equal to the USINSLA[6:0] bits in USINSAR. In this case 12C
operates as a slave transmitter or a slave receiver (go to appropriate section). In this stage, 12C holds the
SCLn LOW. This is because to decide whether I2C continues serial transfer or STOP communication. The

following steps continue assuming that 1I2C does not lose mastership during first data transfer.
I2C (Master) can choose one of the following cases according to the reception of ACK signal from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can prepare and
transmit more data to master. Configure ACKnEN bit in USINCR4 to decide whether 12C ACKnowledges the
next data to be received or not.

2) Master STOP data transfer because it receives no ACK signal from slave. In this case, set the STOPCn bit
in USINCRA4.

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

After doing one of the actions above, clear to “Ob” all interrupt source bits in USINST2 to release SCLn line. In
case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of 3), move to

step 6 after transmitting the data in USINDR and if transfer direction bit is ‘O’ go to master transmitter section.

1-Byte of data is being received.
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8.

This is ACK signal processing stage for data packet transmitted by slave. 12C holds the SCLn LOW. When 1-

Byte of data is received completely, I2C generates TENDn interrupt.

I2C can choose one of the following cases according to the RXACKn flag in USINST2.

1) Master continues receiving data from slave. To do this, set ACKnEN bit in USINCR4 to ACKnowledge the
next data to be received.

2) Master wants to terminate data transfer when it receives next data by not generating ACK signal. This can
be done by clearing ACKNnEN bit in USINCRA4.

3) Because no ACK signal is detected, master terminates data transfer. In this case, set the STOPCn bit in
USInCRA4.

4) No ACK signal is detected and master transmits repeated START condition. In this case, load SLAn+R/W
into the USINDR and set the STARTCn bit in USINCRA4.

After doing one of the actions above, clear to “Ob” all interrupt source bits in USINST2 to release SCLn line. In
case of 1) and 2), move to step 7. In case of 3), move to step 9 to handle STOP interrupt. In case of 4), move
to step 6 after transmitting the data in USINDR and if transfer direction bit is ‘O’ go to master transmitter
section.

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

enters idle state.
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11.13.32

USIO/1 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 SCLn, load value 0x00 into
USINSDHR to make SDAN change within one system clock period from the falling edge of SCLn. Note that
the hold time of SDAn is calculated by SDAH x period of SCLK where SDAH is multiple of number of SCLK
coming from USINSDHR. When the hold time of SDAnN is longer than the period of SCLK, 12C (slave) cannot
transmit serial data properly.

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

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

If the received address does not equal to USINSLA[6:0] bits in USINSAR, 12C enters idle state ie, waits for
another START condition. Else if the address equals to USINSLA[6:0] bits and the ACKnEN bit is enabled,
I2C generates SSELn interrupt and the SCLn line is held LOW. Note that even if the address equals to
USINSLA[6:0] bits, when the ACKnEN bit is disabled, 12C enters idle state. When SSELn interrupt occurs,
load transmit data to USINDR and clear to “Ob” all interrupt source bits in USINST2 to release SCLn line.

Byte of data is being transmitted.

In this step, 12C generates TENDn interrupt and holds the SCLn line LOW regardless of the reception of ACK

signal from master. Slave can select one of the following cases.

1) No ACK signal is detected and 12C waits STOP or repeated START condition.

2) ACK signal from master is detected. Load data to transmit into USInDR.

After doing one of the actions above, clear to “Ob” all interrupt source bits in USINST2 to release SCLn line. In
case of 1) move to step 7 to terminate communication. In case of 2) move to step 5. In either case, a
repeated START condition can be detected. For that case, move step 4.

This is the final step for slave transmitter function of 12C, handling STOP interrupt. The STOPCn bit indicates
that data transfer between master and slave is over. To clear USINST2, write “0” to USINST2. After this, 12C

enters idle state.
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11.13.33

USIO/1 12C Slave Receiver

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

1.

If the main operating clock (SCLK) of the system is slower than that of SCLn, load value 0x00 into
USINSDHR to make SDAN change within one system clock period from the falling edge of SCLn. Note that
the hold time of SDAn is calculated by SDAH x period of SCLK where SDAH is multiple of number of SCLK
coming from USINSDHR. When the hold time of SDAnN is longer than the period of SCLK, 12C (slave) cannot
transmit serial data properly.

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

When a START condition is detected, I12C receives one byte of data and compares it with USINSLA[6:0] bits
in USINSAR. If the GCALLN bit in USINSAR is enabled, I2C compares the received data with value 0x00, the
general call address.

If the received address does not equal to SLAN bits in USINSAR, 12C enters idle state ie, waits for another
START condition. Else if the address equals to SLANn bits and the ACKnEN bit is enabled, 12C generates
SSELn interrupt and the SCLn line is held LOW. Note that even if the address equals to SLAn bits, when the
ACKNEN bit is disabled, I12C enters idle state. When SSELn interrupt occurs and 12C is ready to receive data,
clear to “Ob” all interrupt source bits in USINST2 to release SCLn line.

Byte of data is being received.

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

1) No ACK signal is detected (ACKNEN=0) and 12C waits STOP or repeated START condition.

2) ACK signal is detected (ACKnEN=1) and 12C can continue to receive data from master.

After doing one of the actions above, clear to “Ob” all interrupt source bits in USINST2 to release SCLn line. In
case of 1) move to step 7 to terminate communication. In case of 2) move to step 5. In either case, a
repeated START condition can be detected. For that case, move step 4.

This is the final step for slave receiver function of 12C, handling STOP interrupt. The STOPCn bit indicates
that data transfer between master and slave is over. To clear USINST2, write “0” to USINST2. After this, 12C

enters idle state.
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11.13.34 USIO/1 12C Block Diagram
To interrupt ™
block Slave Address Register
4 USINSAR CZ'
RXACKn, GCALLN, Interrupt
TENDn, STOPDN, [ |Generator| "CME ¢
SSELN, MLOSTn,
BUSYn, TMODEn T fgg;g gzlt'eé{fr <— USINGCE
I
) s N
Receive Shift Register
SDAN > (RXSR) T USINDR, (Rx) — -
. N
SDA In/Out ACK Signal
- <— <—
N-ch —| | Controller Generator 4— ACKnEN ﬁ
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Q (TXSR) «— USINDR, (TX) C:| %
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SCLn | Controller | _And “ USINSCHR —
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SCL Low Period Register
N-ch —p] |« ¢ USINSCLR CZ'
|
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NOTE)

1. When the USIO/1 block is an 12C mode and the corresponding port is an sub-function for
SCLn/SDAn pin, The SCLn/SDAn pins are automatically set to the N-channel open-drain
outputs and the input latch is read in the case of reading the pins. The corresponding pull-
up resistor is determined by the control register.

Figure 11.78 USIO/1 12C Block Diagram (where n =0 and 1)
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11.13.35 Register Map
Name Address Dir Default Description

USInCR1 4030H/4040H (XSFR) R/W OOH USIn Control Register 1
USInCR2 4031H/4041H (XSFR) R/W OOH USIn Control Register 2
USINnCR3 4032H/4042H (XSFR) R/W OOH USIn Control Register 3
USInCR4 4033H/4043H (XSFR) R/W O00H USIn Control Register 4
USInST1 4038H/4048H (XSFR) R/W O00H USIn Status Register 1
USInST2 4039H/4049H (XSFR) R O00H USIn Status Register 2
USInBD 403AH/404AH (XSFR) R/W FFH USIn Baud Rate Generation Register
USInSDHR | 403BH/404BH (XSFR) R/W 01H USIn SDA Hold Time Register
USInDR 403CH/404CH (XSFR) R/W OOH USIn Data Register
USInSCLR | 403DH/404DH (XSFR) R/W 3FH USIn SCL Low Period Register
USINSCHR | 403EH/404EH (XSFR) R/W 3FH USIn SCL High Period Register
USInSAR 403FH/404FH (XSFR) R/W OOH USIn Slave Address Register
Table 11-24 USI0/1 Register Map (where n = 0 and 1)

11.13.36 Register Description

USIO/1 module consists of USIO/1 baud rate generation register (USINBD), USIO/1 data register (USINDR), USIO0/1
SDA hold time register (USINSDHR), USI0/1 SCL high period register (USINSCHR), USI0O/1 SCL low period Register
(USINSCLR), USIO/1 slave address register (USINSAR), USIO/1 control register 1/2/3/4 (USINCR1/2/3/4), USIO/1
status register 1/2 (USINST1/2).

11.13.37

Register Description for USI0/1

USInBD (USI0/1 Baud- Rate Generation Register: For UART and SPI mode) : 403AH/404AH (XSFR),

n=0and 1
7 6 4 3 2 1 0
| usmeor | wusmeDe | usneDs USnBD4 usnBD3 | usmD2 | usmBDL |  usnBDO
RW RW RW RW RW RW RW RW
Initial value : FFH
USInBD[7:0] The value in this register is used to generate internal baud rate in asynchronous

mode or to generate SCKn clock in SPI mode. To prevent malfunction, do not write ‘0’
in asynchronous mode and do not write ‘0’ or ‘1’ in SPI mode.

1. In common with USINnSAR register, USINBD register is
used for slave address register when the USIO0/1 12C mode.
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USInDR (USIO/1 Data Register: For UART, SPI and 12C mode) : 403CH/404CH (XSFR), n=0and 1

7 6 5 4 3 2 1 0
| usmbR7 | usnDR6 | USNDRs USKDR4 | USWDR3 | USMDR2 | USKDRL USINDRO
RW R R RAW RW RW RW RW

Initial value : 00OH

USINDR[7:0] The USIn transmit buffer and receive buffer share the same /O address with this
DATA register. The transmit data buffer is the destination for data written to the
USInDR register. Reading the USInDR register returns the contents of the receive
buffer.
Write to this register only when the DREn flag is set. In SPI master mode, the SCK
clock is generated when data are written to this register.

USINSDHR (USI0/1 SDA Hold Time Register: For [12C mode) : 403BH/404BH (XSFR), n =0and 1

7 6 5 4 3 2 1 0
USNSDHR7 | USNSDHR6 | USNSDHRS | USNSDHR4 | USNSDHR3 | UsisDHR2 | UsisDHRL | UShSDHRO
R RV R R RW RW RW RW

Initial value : 01H

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

1. That SDA is changed after tscix X USINSDHR. In master
mode, load half the value of USINSCLR to this register to
make SDA change in the middle of SCL.

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

3. The SDA is changed after tscik X (USINSDHR+2) in master
mode. So, to insure operation in slave mode, the value
tscik X (USINSDHR + 1) must be smaller than the period of
SCL.

USINSCHR (USI0/1 SCL High Period Register: For 12C mode) : 403EH/404EH (XSFR),n =0and 1

7 6 5 4 3 2 1 0
USNSCHR? | USNnSCHR6 | USnSCHRS | usnscHR4 | usinscHR3 | usimscHRe | usinscHRr | usinscHro
RAW RAW R R RW RW RW RW

Initial value : 3FH

USINSCHR[7:0] This register defines the high period of SCLn when it operates in 12C master mode.
The base clock is SCLK, the system clock and the period is calculated by the

formula: tscik X (4 X USINSCHR + 2) where tscik is the period of SCLK.
So, the operating frequency of 12C master mode is calculated by the following equation.

1
fizc = tscik X (4 X (USINSCLR + USINSCHR) + 4)
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USINSCLR (USIO0/1 SCL Low Period Register: For 12C mode) : 403DH/404DH (XSFR),n =0and 1

7 6 5 4 3 2 1 0
USNSCLR7 | USNSCLR6 | USNSCLR5 | USMSCLR4 | USNSCLR3 | USNSCLR2 | USWSCLRL | USRSCLRO
RW R R RAW RW RW RW RW

Initial value : 3FH

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

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

USINnSAR (USI0/1 Slave Address Register: For 12C mode) : 403FH/404FH (XSFR),n =0 and 1

7 6 5 4 3 2 1 0
| usnsae | usnsas | usnsLm usnsLA3 | usnsA2 | usnsLAL | usinsLAD USNGCE
RW RW RW RW RW RW RW RW
Initial value : OOH
USInSLA[6:0] These bits configure the slave address of 12C when it operates in 12C slave mode.
USInGCE This bit decides whether 12C allows general call address or not in 12C slave mode.
0 Ignore general call address
1 Allow general call address
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USINnCR1 (USIO/1 Control Register 1: For UART, SPI and 12C mode) : 4030H/4040H (XSFR), n=0and 1

7 6 5 4 3 2 1 0
USinsi USInso
USInMS1 USInMSO USInPML USInPMO USInS2 ORDN CPHAN CPOLN
RW RW RW RW RW RW RW RW
Initial value : OOH
USInMS[1:0] Selects operation mode of USIn
USInMS1 USInMSO Operation mode
0 0 Asynchronous Mode (UART)
0 1 Synchronous Mode (UART)
1 0 I12C mode
1 1 SPI mode
USInPM[1:0] Selects parity generation and check methods (only UART mode)
USInPM1 USInPMO Parity
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
USInS[2:0] When in asynchronous or synchronous mode of operation,
selects the length of data bits in frame
uUsInS2 UsInS1 USInSO Data Length
0 0 0 5 bit
0 0 1 6 bit
0 1 0 7 bit
0 1 1 8 bit
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9 bit
ORDn This bit in the same bit position with USInS1. The MSB of the data byte is transmitted
first when set to ‘1’ and the LSB when set to ‘0’ (only SPI mode)
0 LSB-first
1 MSB-first
CPOLN This bit determines the clock polarity of ACK in synchronous or SPI mode.
0 TXD change@Rising Edge, RXD change@Falling Edge
1 TXD change@Falling Edge, RXD change@Rising Edge
CPHAnN This bit is in the same bit position with USInS0. This bit determines if data are sampled
on the leading or trailing edge of SCK (only SPI mode).
CPOLN CPHAN Leading edge Trailing edge
0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)
1 1 Setup (Falling) Sample (Rising)
CPOLN This bit determines the clock polarity of ACK in synchronous or SPI mode.
0 TXD change@Rising Edge, RXD change@Falling Edge
1 TXD change@Falling Edge, RXD change@Rising Edge
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USINCR2 (USIO/1 Control Register 2: For UART, SPI and 12C mode) : 4031H/4041H (XSFR), n=0and 1

7 6 5 4 3 2 1 0
| DREn | ™CEn RXCEn WAKEEN ™En | RE& | usneN | DB
RW RAW RW RAW RW RW RW RW

Initial value : OOH

DRIEN Interrupt enable bit for data register empty (only UART and SPI mode).
0 Interrupt from DRER is inhibited (use polling)
1 When DRERn is set, request an interrupt
TXCIEn Interrupt enable bit for transmit complete (only UART and SPI mode).
0 Interrupt from TXCn is inhibited (use polling)
1 When TXCn is set, request an interrupt
RXCIEn Interrupt enable bit for receive complete (only UART and SPI mode).
0 Interrupt from RXCn is inhibited (use polling)
1 When RXCn is set, request an interrupt
WAKEIEn Interrupt enable bit for asynchronous wake in STOP mode. When device is in stop

mode, if RXDn goes to low level an interrupt can be requested to wake-up system. (only
UART mode). At that time the DRIEn bit and USInST1 register value should be set to
‘Ob’ and “00H”", respectively.

0 Interrupt from Wake is inhibited
1 When WAKER is set, request an interrupt
TXEn Enables the transmitter unit (only UART and SPI mode).
0 Transmitter is disabled
1 Transmitter is enabled
RXEn Enables the receiver unit (only UART and SPI mode).
0 Receiver is disabled
1 Receiver is enabled
USINEN Activate USIn function block by supplying.
0 USiIn is disabled
1 USIn is enabled
DBLSn This bit selects receiver sampling rate (only UART).
0 Normal asynchronous operation
1 Double Speed asynchronous operation
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USINCR3 (USIO/1 Control Register 3: For UART, SPI and 12C mode) : 4032H/4042H (XSFR), n=0and 1

7 6 5 4 3 2 1 0
| wmASTERn | LoOPsn DISSCKn USINSSEN Pchin | usnsB | Usim8 | UShR®
RW RW RW RW RW RW RW R
Initial value : 00H
MASTERnN Selects master or slave in SPI and synchronous mode operation and controls the
direction of SCKn pin
0 Slave mode operation (External clock for SCK).
1 Master mode operation(Internal clock for SCK).
LOOPSN Controls the loop back mode of USIn for test mode (only UART and SPI mode)
0 Normal operation
1 Loop Back mode
DISSCKn In synchronous mode of operation, selects the waveform of SCKn output
0 ACK is free-running while UART is enabled in synchronous master mode
1 ACK is active while any frame is on transferring
USINnSSEN This bit controls the SSn pin operation (only SPI mode)
0 Disable
1 Enable (The SSn pin should be a normal input)
FXCHn SPI port function exchange control bit (only SPI mode)
0 No effect
1 Exchange MOSIn and MISOn function
USInSB Selects the length of stop bit in asynchronous or synchronous mode of operation.
0 1 Stop Bit
1 2 Stop Bit
USInTX8 The ninth bit of data frame in asynchronous or synchronous mode of operation. Write
this bit first before loading the USInDR register
0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is 1’
USINRX8 The ninth bit of data frame in asynchronous or synchronous mode of operation. Read
this bit first before reading the receive buffer (only UART mode).
0 MSB (9" bit) received is ‘0’
1 MSB (9" bit) received is ‘1’
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USINCR4 (USIO/1 Control Register 4: For 12C mode) : 4033H/4043H (XSFR),n=0and 1

7 6 5 4 3 2 1 0
| IR | - TOLYENBn | ICNE | ACKEN | IMASTERn |  StoPcn STARTCn
R - R RAW RW R RW RW

Initial value : 00H

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

0 I2C interrupt no generation
1 I12C interrupt generation
TXDLYENBN USInSDHR register control bit
0 Enable USINSDHR register
1 Disable USInSDHR register
lICnIE Interrupt Enable bit for I2C mode
0 Interrupt from 12C is inhibited (use polling)
1 Enable interrupt for 12C
ACKnEN Controls ACK signal Generation at ninth SCL period.
0 No ACK signal is generated (SDA =1)
1 ACK signal is generated (SDA =0)

NOTE) ACK signal is output (SDA =0) for the following 3 cases.

1. When received address packet equals to USINSLA bits in
USInSAR.

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

3.  When I2C operates as a receiver (master or slave)

IMASTERN Represent operating mode of 12C
0 I2C is in slave mode
1 I2C is in master mode
STOPCn When 12C is master, STOP condition generation
0 No effect
1 STOP condition is to be generated
STARTCn When 12C is master, START condition generation
0 No effect
1 START or repeated START condition is to be generated
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USInST1 (USI0/1 Status Register 1: For UART and SPI mode) : 4038H/4048H (XSFR),n =0and 1

7 6 5 4 3 2 1 0
G TCn RXCn WAKEn | USmRST | Dorn |  FEn PEn
RW RW R RW RW R RW RW
Initial value : 80H

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

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

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

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

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

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

WAKEN This flag is set when the RXDn pin is detected low while the CPU is in STOP mode. This
flag can be used to generate a WAKEnN interrupt. This bit is set only when in
asynchronous mode of operation. This bit should be cleared by program software. (only
UART mode)

0 No WAKE interrupt is generated.
1 WAKE interrupt is generated
USINRST This is an internal reset and only has effect on USIn. Writing ‘1’ to this bit initializes the
internal logic of USIn and this bit is automatically cleared to ‘0’.
0 No operation
1 Reset USIn
DORnN This bit is set if a Data OverRun occurs. While this bit is set, the
incoming data frame is ignored. This flag is valid until the receive buffer is read.
0 No Data OverRun
1 Data OverRun detected
FEn This bit is set if the first stop bit of next character in the receive buffer is detected as ‘0'.
This bit is valid until the receive buffer is read. (only UART mode)
0 No Frame Error
1 Frame Error detected
PEn This bit is set if the next character in the receive buffer has a Parity Error to be received

while Parity Checking is enabled. This bit is valid until the receive buffer is read. (only
UART mode)

0 No Parity Error
1 Parity Error detected
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USInST2 (USIO/1 Status Register 2: For 12C mode) : 4039H/4049H (XSFR), n =0 and 1

7 6 5 4 3 2 1 0
| ocain | TENDn stoPon | SsEln | MoOsm | BUSW TMODEN RXACKN
RW R R RAW RW RW R RW

Initial value : 00OH

GCALLN™°™®  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)
TENDN™®™  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
STOPDN™°™  This bit is set when a STOP condition is detected.
0 No STOP condition is detected
1 STOP condition is detected
SSELN™®™  This bit is set when I12C is addressed by other master.
0 I12C is not selected as a slave
1 I2C is addressed by other master and acts as a slave
MLOSTN™O™®  This bit represents the result of bus arbitration in master mode.
0 I2C maintains bus mastership
1 I2C maintains bus mastership during arbitration process
BUSYn This bit reflects bus status.
0 I2C bus is idle, so a master can issue a START condition
1 I12C bus is busy
TMODEN This bit is used to indicate whether 12C is transmitter or receiver.
0 I2C is a receiver
1 12C is a transmitter
RXACKn This bit shows the state of ACK signal
0 No ACK is received
1 ACK is received at ninth SCL period

NOTE)

1. The GCALLn, TENDn, STOPDn, SSELnN, and MLOSTNn bits can be
source of interrupt.

2. When an 12C interrupt occurs except for STOP mode, the SCLn line is
hold LOW. To release SCLn, Clear to “Ob” all interrupt source bits in
USInST2 register.

3. The GCALLn, TENDn, STOPDn, SSELn, MLOSTn, and RXACKn bits
are cleared when “0Ob” is written to the corresponding bit.
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11.13.38 Baud Rate setting (example)
Baud fx=1.00MHz fx=1.8432MHz fx=2.00MHz
Rate USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR
2400 25 0.2% a7 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 - - - - - -
Baud fx=3.6864MHz fx=4.00MHz fx=7.3728MHz
Rate USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR
2400 95 0.0% 103 0.2% 191 0.0%
4800 47 0.0% 51 0.2% 95 0.0%
9600 23 0.0% 25 0.2% 47 0.0%
14.4k 15 0.0% 16 2.1% 31 0.0%
19.2k 1 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 - - - - - -
Baud fx=8.00MHz fx=11.0592MHz
Rate USIOBD/USI1BD ERROR USIOBD/USI1BD ERROR
2400 207 0.2% - -
4800 103 0.2% 143 0.0%
9600 51 0.2% 71 0.0%
14.4k 34 -0.8% 47 0.0%
19.2k 25 0.2% 35 0.0%
28.8k 16 2.1% 23 0.0%
38.4k 12 0.2% 17 0.0%
57.6k 8 -3.5% 11 0.0%
76.8k 6 -7.0% 8 0.0%
115.2k 3 8.5% 5 0.0%
230.4k 1 8.5% 2 0.0%
250k 1 0.0% 2 -7.8%
0.5M - - - -
M - - - -
Table 11-25 Examples of USIOBD and USI1BD Settings for Commonly Used Oscillator Frequencies
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11.14 12-Bit A/D Converter

11.14.1 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 twelve 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[2:0] bits should be set to ‘xxx’. The register ADCDRH and ADCDRL contains the results
of the A/D conversion. When the conversion is completed, the result is loaded into the ADCDRH and ADCDRL, the
A/D conversion status bit AFLAG is set to ‘1’ and the A/D interrupt is set. During A/D conversion, AFLAG bit is read as
‘0.

11.14.2 Conversion Timing

The A/D conversion process requires 4 steps (4 clock edges) to convert each bit and 10 clocks to set up A/D
conversion. Therefore, total of 58 clocks are required to complete a 12-bit conversion: When fxx/8 is selected for
conversion clock with a 12MHz fxx clock frequency, one clock cycle is 0.66 us. Each bit conversion requires 4 clocks,
the conversion rate is calculated as follows:

4 clocks/bit x 12 bits + set-up time = 58 clocks,
58 clock x 0.66 ps = 38.28 ps at 1.5 MHz (12 MHz/8)

NOTE)

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

TRIG[2:0]

3
«—— ADST
-4—— T3 A match signal
M l4—— T4 A match signal
) ult— T5 A match signal
t

A4

Start
«—— T8 overflow event signal
CKSEL[1:0] l4—— T8 A match event signal
> l«—— T8 B match event signal
[¢—— T8 C match tsi |
ADSEL[3:0] - i match event signal
4
—%i 3 Clear
ANO _ 8 X AFLAG
AN1 —»
: N ADCIE
Input Pins § ——»| MUx Comparator | control To interrupt
AN13 —» Logic ADCIFR block
AN14 — 9
VDD18 —» TCI
ear
S/IW

Reference
Voltage

ADCDRH (R), ADCDRL (R)

1

AVREF AVSS

Figure 11.79  12-bit ADC Block Diagram

Analog
Input

0-100Q

0—/\/-—I—-D

0 - 1000pF

!

ANX

Figure 11.80  A/D Analog Input Pin with Capacitor

Analog
Power
Input

22uF

AVREF

Figure 11.81  A/D Power Pin with Capacitor
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11.14.4 ADC Operation

Align bit set “0”

| ADCO11 | ADC010| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

A 4 A 4 A 4 h 4 h 4 A 4 A 4 A 4 A h 4 h 4 A 4
| ADCDRH7 | ADCDRH6 | ADCDRH5 | ADCDRH4 | ADCDRH3 |ADCDRH2 | ADCDRH1 | ADCDRHO | ADCDRL7 | ADCDRL6 | ADCDRLS5 | ADCDRL4 |

~ ~

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

Align bit set “1”

| ADCO11 | ADCOlO| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCOO0 |

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

~ ~

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

Figure 11.82  ADC Operation for Align Bit
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SET ADCCRH

\ i

SET ADCCRL

\ i

Converting START

AFLAG =1?

READ ADCDRH/L

o 4 O

\i
ADC END ]

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 11.83

A/D Converter Operation Flow

11.14.5 Register Map

Name Address Dir Default Description
ADCCRH 4003H (XSFR) R/W O00H A/D Converter Control High Register
ADCCRL 4002H (XSFR) R/W O00H A/D Converter Control Low Register
ADCDRH 4001H (XSFR) R xxH A/D Converter Data High Register
ADCDRL 4000H (XSFR) R xxH A/D Converter Data Low Register
Table 11-26 ADC Register Map

11.14.6 ADC Register Description

The ADC register consists of A/D converter data high register (ADCDRH), A/D converter data low register (ADCDRL),
A/D converter control high register (ADCCRH) and A/D converter control low register (ADCCRL).

290



MC97F60128

ABOV Semiconductor Co., Ltd.

11.14.7 Register Description for ADC

ADCDRH (A/D Converter Data High Register) : 4001H (XSFR)

7 6 5

4 3 2 1 0
ADDM11 ADDM10 ADDM9 ADDM8 ADDM7 ADDM6 ADDM5 ADDV4
ADDL11 ADDL10 ADDL9 ADDL8
R R R R R R R R
Initial value : xxH
ADDM[11:4] MSB align, A/D Converter High Result (8-bit)
ADDL[11:8] LSB align, A/D Converter High Result (4-bit)
ADCDRL (A/D Converter Data Low Register) : 4000H (XSFR)
7 6 5 4 3 2 1 0
ADDM3 ADDM2 ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDL1 ADDLO
R R R R R- R R R
Initial value : xxH
ADDM[3:0] MSB align, A/D Converter Low Result (4-bit)
ADDL[7:0]

LSB align, A/D Converter Low Result (8-bit)
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ADCCRH (A/D Converter High Register) : 4003H (XSFR)
7 6 5 4 3 2 1 0
| AcE | ADCFR TRG2 | TG | TRGO ALIGN CKSELL CKSELO
RW RW RW RW RW RW RW RW
Initial value : 00H

ADCIE Enable or Disable A/DC Interrupt
0 Disable
1 Enable

ADCIFR When ADC interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or
auto clear by INT_ACK signal. Write ‘1’ has no effect.
0 ADC Interrupt no generation
1 ADC Interrupt generation

TRIG[2:0] A/D Trigger Signal Selection
TRIG2 TRIG1 TRIGO  Description
0 0 0 ADST
0 0 1 Timer 3 A match signal
0 1 0 Timer 4 A match signal
0 1 1 Timer 5 A match signal
1 0 0 Timer 8 overflow event signal
1 0 1 Timer 8 A match event signal
1 1 0 Timer 8 B match event signal
1 1 1 Timer 8 C match event 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 fx/2
1 0 fx/4
1 1 fx/8
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ADCCRL (A/D Converter Counter Low Register) : 4002H (XSFR)

7 6 5 3 2 1 0
| sy ADST - | ADsEL3 ADSEL2 ADSELL ADSELO
RW RW - RW RW RW RW
Initial value : 00H

STBY Control Operation of A/D
(The ADC module is automatically disabled at stop mode)
0 ADC module disable
1 ADC module enable

ADST Control A/D Conversion Start.
0 No effect
1 Trigger signal generation for conversion start

AFLAG A/D Converter Operation State (This bit is cleared to ‘0’ when the STBY bit is set to ‘0’
or when the CPU is at STOP mode)
0 During A/D Conversion
1 A/D Conversion finished

ADSEL[3:0] A/D Converter input selection

ADSEL3

P P PP P RPPRPROOOOOOOO

ADSEL2 ADSEL1 ADSELO Description

P OO0 OOk P+ PFr PFP OO O O

0

H P OOFRP P OOR PR OOLRFR P O

0

P OFRr OFP OFR OFR OFP OFR O R

ANO
AN1
AN2
AN3
AN4
ANS
ANG
AN7
AN8
AN9
AN10
AN11
AN12
AN13
AN14
VvVDD18
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11.15 12-Bit D/A Converter

11.15.1 Overview

The digital-to-analog converter (D/A) uses successive approximation logic to convert 12-bit digital value to an analog
output level. The D/A module has six registers which are the D/A converter control register (DACCR), D/A converter
data high register (DACDRH), D/A converter data low register (DACDRL), D/A converter buffer high register
(DACBRH), D/A converter buffer low register (DACBRL) and programmable gain selection register (PGSR).

11.15.2 Function Description

The D/A converter has R-2R structure and the data regiser is a binary format. It is possible to update the D/A converter
data register as the result output data (DODRHI/L register) of FADPCM decoder every the FADPCM decoder result
signal by FADFEN bit set to “1b”. The 16-bit digital value of the D/AC data register goes into D/AC buffer register
through the programmable gain controller every a reload signal. The reload signal is one of the “Always”, “FADPCM
decoder match signal”, “Timer O match signal” and “Timer 1 match signal’. The signal is selected by the DACRLDSJ[1:0]
bits. The programmable gain controller has eleven step (-30dB, -24dB, -18dB, -12dB, -6dB, 0dB, +6dB, +12dB, +18dB,
+24dB and +30dB) and the gain is selected by the programmable gain register (PGSR). The value of the D/A
converter data register can be automatically incremented from the current data value to “800xH” when the D/A
converter is enabled by DACEN bit set to “1b” and vice vesa. At that time, the D/A converter interrupt flag bit (DACIFR)
is set to “1b”. The auto-increment/decrement structure for D/A converter data is useful to remove a pop noise when a
speaker is turn on/off. Two kinds External D/AC Converter is be accessed.

11.15.3 D/A Converter Data and Buffer Registers

The D/A converter data and buffer registers are 16-bits, repectively. But only the upper 12-bits of the D/A converter
buffer register specifies to generate DAC output signal. The reset value of the data and buffer is “0000H”. The D/A
converter output value, Vpac, is calculated by the following formula.

Voac = VDD X (n + 4096), (n =0, 1, 2,,,,, 4095. That is DACBR[15:4] value)
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11.15.4 Automatically D/AC Data Increment/Decrement

The “automatically D/AC data increment/decrement” function is important to remove a pop noise when voice prompt
play. If this function is not embedded, a programmer have to code to reduce a pop noise on speaker. The
DACDR][15:4] value increases a curret D/AC data value to 800H with “automatically D/AC data increment” when the
ADATID bit is set to “1b” and the DACEN bit is changed to “1b” from “0b”. The DACDR[15:4] value decreases a curret

D/AC data value to 000H with “automatically D/AC data decrement” when the ADATID bit is set to “1b” and the
DACEN bit is changed to “Ob” from “1b”.

How to remove a pop noise when a speaker is turn on:
—  Write “O5H” for 0dB to PGSR register
—  Write “O000H” to D/A converter data register
— Clear D/A converter buffer register by DACBC bit set to “1b”
— Select one of the “FADPCM decoder match signal”, “Timer 0 match signal” and “Timer 1 match signal” for
D/A converter reload signal with DACRLDSJ1:0] bits
— Start D/AC operation by DACEN bit set to “1b”

How to remove a pop nhoise when a speaker is turn off:
—  Write “O5H” for 0dB to PGSR register
— Keep the value of DACRLDSJ[1:0] bits set when speaker is turn on
—  Stop D/AC operation by DACEN bit set to “Ob”

A

DACDRJ[15:4] = FFFH

DACDRJ[15:4] = 800H ]J.H

DACDRI[15:4] = 000H j’F __ __ H'f >
Auto-Increment Voice Prompt Play Auto-Decrement
- PGSR = 05H - PGSR = OxH - PGSR = 05H
- DACDR = 0000H - DACCR = xx00x011b - DACCR = xx10x010b

- DACCR = xx11x010b
- DACCR.DACEN = 1b

Figure 11.84 A pop noise removement when a reload signal is “FADPCM decoder match signal”
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11.15.5 Programmable Gain Controller

There are 11 selectable step in the programmable gain controller. The steps are -30dB, -24dB, -18dB, -12dB, -6dB,
0dB, +6dB, +12dB, +18dB, +24dB and +30dB. The gain is selected by the programmable gain register (PGSR).

The gain controller converts the value of the DACDR[15:0] by the following procedure.

Get the value of the D/A converter data register (DACDRJ[15:0])

Change the data into a 16-bit signed format

Adjust the data by a selected gain

Modify the data into a 16-bit binary format

Write the data to the D/A converter buffer register (DACBR[15:0])

DACDR[15:0]
A

FFFFH

8000H //\\\J//\\\

0000H

PGSR = 05H [0dB]
DACBR[15:0]
A

FFFFH

8000H [N

0000H

PGSR = 04H [-6dB]

DACDRJ[15:0] = DACBR[15:0]

DACBR[15:0]
A

FFFFH

8000H

0000H >
PGSR = 06H [+6dB]

DACBR[15:0]
A

FFFFH

8000H

0000H

PGSR = 07H [+12dB]

Figure 11.85

The DACBR[15:0] Value by a Selected Gain
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11.15.6 12-Bit External D/AC Interface

DIAC Interface Signal 1: DACIFEN = “1b”, MDSEL = “0”, Where n = 2 and 3 (Only CPHAn = CPOLn = “0b”)

CSBn \ /
SCKn
MOSIn X X CMD3 X CMD2 X CMD1 X D15 X D14 X D13 X D12 X D11 X D10 X D9 X D8 X D7 X D6 X D5 X D4 X CMDO

D/AC Interface Signal 2: DACIFEN = “1b”, MDSEL = “1”, Where n = 2 and 3 (CPHAn = CPOLn = “Ob” or CPHANn = CPOLn = “1b”)

MOSIn X XCMDSXCMDZXCMDIXCMDOX D15 X D14 X D13 X D12 X D11 X D10 X D9 X D8 X D7 X D6 X D5 X D4

LDACBn

—
L
\/

Figure 11.86  12-Bit D/AC Interface Signal Timing Diagram
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11.15.7 Block Diagram

VDD1 —>» 12-bits D/A Converter DAC Pin
VSS —» [Upper 12-bits] < DACIFEN MDSEL
AAAAAAAAAAAAS
AN N N N N N B CSB Signal
D/AC Buffer - >
pAcBC-2 5| High [15].14] 13[.12[.11] 10] 0] 8] [ 13- | DIAC Interface LLDACB Signal ,,
tow [7]6[5[4a]3][2[1][0] SPI2DR (8-BIT)
T A
I
OFSEN 4 SPI3DR (8-BIT)
OFSD.IRTb DAC Offset Controller CMDI[3:0]
OFS[3:0] =3 > SPISEL
DACRLDS[1:0] t [
2& L l: E »| Enable/Disable
FADPCM Decoder match Controller
Timer 0 match M
Timer 1 match _ | U p
. X
High
_on DACEN
ADATID 16-bits
v v VY
DACDRH/DACDRL

DACDRH [.15].14].13[.12].11[.10] 9] .8 ]
DACDRL|[ 7] 6] 5]4]3].2]1].0] DACIFR

FADFEN I Iy
. S
FADPCM Decoder Result Signal DACIE

DODRH/DODRL | Result Output Data
(16-bits, Read only) | of FADPCM Decoder

To interrupt
block

NOTE)

1. The DODRHY/L register is a binary format with 16-bits length.

2. The gain controller converts data like the below order.
- Get the DACDR[15:0] value
- Adjust the data by selection gain
- Write the data to the D/AC buffer

3. The D/AC interface block doesn’t work when DACRLDS bits of the DACCR register are set
to “00b”

Figure 11.87 12-Bit D/AC Block Diagram

Analog
Power

Analog
Ground

Figure 11.88  Analog Power (AVREF) Pin with Capacitor
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11.15.8 Register Map

Name Address Dir Default Description
DACCR 40COH (XSFR) R/W O00H D/A Converter Control Register
PGSR 40C1H (XSFR) R/W O00H Programmable Gain Selection Register
DACDRH 40C3H (XSFR) R/W O00H D/A Converter Data High Register
DACDRL 40C2H (XSFR) R/W O00H D/A Converter Data Low Register
DACBRH 40C5H (XSFR) R O00H D/A Converter Buffer High Register
DACBRL 40C4H (XSFR) R O00H D/A Converter Buffer Low Register
DAOFSCR 40C8H (XSFR) R/W O00H D/A Converter Offset Control Register
DACIFCR 40C9H (XSFR) R/W O00H D/AC Interface Control Register
DACIFCMD 40CAH (XSFR) R/W OOH D/AC Interface Command Register
Table 11-27 DAC Register Map

11.15.9 DAC Register Description

The D/A converter register consists of D/A converter control register (DACCR), D/A converter data high register
(DACDRH), D/A converter data low register (DACDRL), D/A converter buffer high register (DACBRH), D/A converter

buffer low register (DACBRL) and programmable gain selection register (PGSR).
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11.15.10 Register Description for DAC
DACDRH (D/A Converter Data High Register) : 40C3H (XSFR)
7 6 5 4 3 2 1 0
| DACDRI5 | DACDRI4 | DACDRI3 | DACDRI2 | DACDRIL | DACDRIO DACDRY DACDRS
RW RW RW RW RW RW RW RW

DACDR[15:8] D/A Converter High Data (8-bit)

DACDRL (D/A Converter Data Low Register) : 40C2H (XSFR)

Initial value : 00OH

7 6 5 4 3 2 1 0
| pacor7 | pacore | pacors | pacore | pacors | Droore DACDRL DACDRO
RW RV R R RW RW RW RW
Initial value : 00OH
DACDR[7:0] D/A Converter Low Data (8-bit)

The DACDR[15:0] is a binary format.

DACBRH (D/A Converter Buffer High Register) : 40C5H (XSFR)

7 6 5 4 3 2 1 0
| DACBR15 | DACBR14 | DACBR13 | DACBR12 | DACBR1l1 | DACBRI0 DACBR9 DACBRS
R R R R R R R R

DACBR[15:8] D/A Converter Buffer High Data (8-bit)

DACBRL (D/A Converter Buffer Low Register) : 40C4H (XSFR)

Initial value : 0OH

7 6 5 4 3 2 1 0
| DACBR7 | DACBR6 | DACBRS | DACBR4 | DACBR3 | DACBR2 DACBR1 DACBRO
R R R R R R R R
Initial value : O0OH
DACBR[7:0] D/A Converter Buffer Low Data (8-bit)

The DACBR[15:0] is a binary format.

DACIFCMD (D/AC Interface Command Register) : 40CAH (XSFR)

7 6 5 4 3 2 1 0
- | - | - | - | owps | cwmp2 CMD1 CMDO
- - - - R/W R/W R/W R/W
Initial value : 00H
CMDI3:0] Command bits to be transferred to an external D/AC.

So, an appropriate values should be written to these bits.
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DACCR (D/A Converter Control Register) : 40COH (XSFR)

7 6 5 4 3 2 1 0
| DACE | DACIFR ADATID | DACBC | FADFEN | DACRLDS1 | DACRLDSO DACEN
RW RW RW RW R/W RW R/W RW
Initial value : 00H
DACIE Enable or Disable D/AC Interrupt
0 Disable
1 Enable
DACIFR When D/AC Interrupt occurs, this bit becomes ‘1’. The flag is cleared only by writing a

‘0’ to the bit. So, the flag should be cleared by software. This interrupt is for a result that
the DACDRH register automatically increments to “800xH” or decrements to “000xH”.

Write ‘1’ has no effect.

0 D/AC interrupt no generation
1 D/AC interrupt generation
ADATID Automatically D/A Converter Data Increment/Decrement
0 Disable automatically D/AC data increment/decrement
1 Automatically D/AC data increment from DACDR value to “800xH” when

DACEN bit is changed to “1b”.
Automatically D/AC data decrement from DACDR value to “000xH” when
DACEN bit is changed to “Ob”.

NOTE)
1. Itdoesn’t fetch data from FADPCM block during
automatically data increment/decrement even if the
FADFEN bit is ‘1’.
DACBC D/A Converter Buffer Clear
0 No effect
1 Clear the D/AC buffer (When write, automatically cleared to ‘O’ after being
cleared)
FADFEN Decoder Result Output Data Fetch Enable
0 Disable to fetch data from FADPCM decoder block
1 Enable to fetch data from FADPCM decoder block

DACRLDS[1:0] D/A Converter Reload Selection. These bits select a reload signal to load data from
D/AC data register to buffer.

DACRLDS1 DACRLDSO Description

0 0 Always
0 1 FADPCM decoder match signal
1 0 Timer 0 match signal
1 1 Timer 1 match signal
DACEN D/A Converter Enable Bit
0 Stop D/AC operation (Low level output)
1 Start D/AC operation
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PGSR (Programmable Gain Control Register) : 40C1H (XSFR)

7 6 5 4 3 2 1 0
| - | - | - | - | Pess | Pes2 PGS1 PGS0
- - - - R/W R/W R/W R/W
Initial value : 00H
PGS[3:0] Programmable Gain Selection
PGS3 PGS2 PGS1 PGSO Description
0 0 0 0 -30dB
0 0 0 1 -24dB
0 0 1 0 -18dB
0 0 1 1 -12dB
0 1 0 0 -6dB
0 1 0 1 0dB
0 1 1 0 +6dB
0 1 1 1 +12dB
1 0 0 0 +18dB
1 0 0 1 +24dB
1 0 1 0 +30dB
Other Values Not available
DAOFSCR (D/A Converter Offset Control Register) : 40C8H (XSFR)
7 6 5 4 3 2 1 0
OFSEN | OFSDR - | - | oFss | oFs2 OFS1 OFS0
R/W R/W - - R/W R/W R/W R/W
Initial value : 00OH
OFSEN D/AC Offset Control Enable Bit
0 Disable
1 Enable
OFSDIR D/AC Offset Direction Selection Bit
0 D/AC buffer data are subtracted by (n + 1)
1 D/AC buffer data are added by (n + 1)
NOTE)

1. Where nisthe OFS[3:0] valueandn=0, 1, 2,,,,, 15.
OFS[3:0] D/AC Offset Value
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DACIFCR (D/AC Interface Control Register) : 40C9H (XSFR)

7 6 5 4 3 2 1 0
| DACIFEN | - | LDACB3FS | LDACB2FS | CSB3FS CSB2FS SPISEL MDSEL
RIW - RIW RW RW RIW RW RW
Initial value : 00H
PGS[3:0] D/AC Interface Enable Bit
0 Disable
1 Enable

LDACB3FS LDACBS3 Function Selection Bit. This bit is effective only when the P3FSRH[6:5] bits are
set to “00b”, the SPISEL bit is set to “1b”, the DACIFEN bit is set to “1b” and the MDSEL
bit is set to “1b”.

0 Not effect
1 LDACBS3 function instead of MISO3
NOTE)

1. Refer to the P3FSRH register for P3FSRH[6:5] bits.

LDACB2FS LDACB2 Function Selection Bit. This bit is effective only when the P3FSRL[7:6] bits are
set to “00b”, the SPISEL bit is set to “Ob”, the DACIFEN bit is set to “1b” and the MDSEL
bit is set to “1b”.

0 Not effect
1 LDACB?2 function instead of MISO2
NOTE)
1. Referto the P3FSRL register for P3FSRL[7:6] bits.
CSB3FS CSB3 Function Selection Bit. This bit is effective only when the P2FSRL4 bit is set to
“Ob”, the SPISEL bit is set to “1b” and the DACIFEN bit is set to “1b”.
0 Not effect
1 CSB3 function instead of SS3
NOTE)
1. Refer to the P2FSRL register for P2FSRL4 bit.
CSB2FS CSB2 Function Selection Bit. This bit is effective only when the P3FSRH4 bit is set to
“Ob”, the SPISEL bit is set to “Ob” and the DACIFEN bit is set to “1b”.
0 Not effect
1 CSB2 function instead of SS2
NOTE)
1. Refer to the P3FSRH register for P3FSRH4 bit.
SPISEL SPI Block Selection to transfer data to an external D/AC
0 Select SPI2
1 Select SPI3
MDSEL Mode Selection Bit
0 Mode 0
1 Mode 1

NOTE)

1. This D/AC interface block doesn’t work when DACRLDS bits of the DACCR register are set to
“00b”.
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11.16 LCD Driver

11.16.1 Overview

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

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

The clock and duty for LCD driver is automatically initialized by hardware, whenever LCDCRH register data value is
rewritten. So, don’t rewrite LCDCRH frequently.
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11.16.2 LCD Display RAM Organization

Display data are stored to the display data area in the external data memory.

The display data which stored to the display external data area (address 0000H-003FH) are read automatically and

sent to the LCD driver by the hardware. The LCD driver generates the segment signals and common signals in

accordance with the display data and drive method. Therefore, display patterns can be changed by only overwriting

the contents of the display external data area with a program.

Figure 11-89 shows the correspondence between the display external data area and the COM/SEG pins. The LCD is

turned on lights when the display data is “1” and turned off when “0”.

SEG63
SEG62
SEG61
SEG60
SEG59
SEG58
SEG57
SEG56

SEG7
SEG6
SEG5
SEG4
SEG3
SEG2
SEG1
SEGO

003FH

003EH

003DH

003CH

003BH

003AH

0039H

0038H

0007H

0006H

0005H

0004H

0003H

0002H

0001H

0000H

bit0

bitl

bit2

bit3

bit4

bits

bit6

bit7

oZ00

00

MO0

w00

~Z00

aZ00

o000

~Z00

Figure 11.89 LCD RAM Organization
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11.16.3 LCD Signal Waveform

] | [
— VSS
1 Frame

VLCO
COMO VLC1(VLC2, VLC3)

| VSS
SEG2 SEG3 SEG4

VLCO
coM1 VLC1(VLC2, VLC3)
VSS

VLCO

SEG1 VLC1(VLC2, VLC3)
VSS

VLCO
SEG2 VLC1(VLC2, VLC3)
VSS

+VLCO
+VLC1(VLC2, VLC3)
COMO-SEG1 VSS

-VLC1(VLC2, VLC3)
-VLCO

Figure 11.90 LCD Signal Waveforms (1/2Duty, 1/2Bias)
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COMO

CoM1

SEG4
I

SEG3
|

SEG2

COMO

—_

coM? —— @EEE»—O

COoM1

COM2

SEG2

SEG3

COMO-SEG2

ol 1l 21]0o] 1] 2]

-

VDD
VSS

1 Frame

VLCO
vLC1
VLC2(VLC3)
VSS

VLCO

VLC1
VLC2(VLC3)
VSS

VLCO

VLC1
VLC2(VLC3)
VSS

VLCO

VLC1
VLC2(VLC3)
VSS

VLCO
VLC1
VLC2(VLC3)
VSS

+VLCO

+VLC1
+VLC2(VLC3)
VSS
-VLC2(VLC3)
-VLC1

-VLCO

Figure 11.91

LCD Signal Waveforms (1/3Duty, 1/3Bias)
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SEG4 SEG3 lol1]2|3|o|1]2]3|

! ! _J | r — VDD
— VSS
P
1 Frame

COMO

COM1 VLCO

VLC1
VLC2(VLC3)

coms —<E»r—O VsS

VLCO

VLC1
VLC2(VLC3)
VSS

COM2

COMO

CcoM1

VLCO
VLC1
VLC2(VLC3)
VSS

Com2

VLCO
VLC1
VLC2(VLC3)
VSS

SEG3

VLCO
VLC1
VLC2(VLC3)
VSS

SEG4

+VLCO

+VLC1
+VLC2(VLC3)
COMO-SEG3 VSS
-VLC2(VLC3)
VLC1

-VLCO

Figure 11.92 LCD Signal Waveforms (1/4Duty, 1/3Bias)
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lol1]2]3|4]|s[6|7|0]|1]2]3|4]5]6]7]
J r— VDD
— VSS
>
1 Frame

VLCO
VLC1
COMO VLC2

VLC3
L VSS

VLCO
VLC1
CcoM1 VLC2
VLC3
VSS

VLCO
VLC1

COM2 VLC2
VLC3

VSS

VLCO
VLC1
SEG7 VLC2
VLC3
VSS

VLCO
VLC1
SEG8 VLC2
VLC3
VSS

+VLCO
+VLC1
+VLC2
+VLC3
COMO-SEG7 VSS

-VLC3
-VLC2
-VLC1
-VLCO

Figure 11.93 LCD Signal Waveforms (1/8Duty, 1/4Bias)
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11.16.4 LCD Voltage Dividing Connection

(1/ 2 Bias) | < VLCD > |
A A
o6 VLC 0 vLC 1 vicz | vics
S S MW
EF R R
DISP vss
LCTE
L | - | | - Ld
VLCO VLC1 VLC2 VLC3
(1/3 BIAS) | < VLCD >| (U 4 BIAS) |<_ vVLICD —— P
A A A A A A A
o VLC O VLC 1 VLC 2 l VLC 3 0o VLC O vLC 1 VLC 2 VLC 3
. g8 "™ " o T—Ass W ™ " W
g8 = |2
22 R R R "I‘ g2 R R R R
A
LLI

DISP VSss DISP Vss
LCTEl LCTEN:

VLCO VLC1 VLC2 VLC3 VLCO VLC1 VLC2 VLC3

NOTE)
1. When 1/2 bias are selected, the VLC1, VLC2 and VLC3 are internally connected.

When 1/3 bias are selected, the VLC2 and VLC3 are internally connected.
3.  When the internal resistors are selected, all the P73/VLCO, P72/VLC1, P71/VLC2 and
P70/VLC3 pins can be used for normal I/O.

n

Figure 11.94 Internal Resistor Bias Connection
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(1/2 BIAS) — VLCD —>|
A A
54
28
DISP
LCTEN
| - | L
VLCO vLCl vLC2 VLC3
" " /J7
vss
(1/3 BIAS) < VLCD > (1 4 BIAS) |<— vicbD ——p
A A A A A A A

90 90

T _ A S T A Sg
28 -|— S8

A

LLT

DISP DISP:
LCTEN LCTE
| -
VLCO vLcl vLC2 vLC3 VLCO vLCl vLC2 VLC3
R R R R’ R R R
vss vss
NOTE)

1. When the external resistor bias is selected, the internal resistors for bias are disconnected.

2. When the external resistor bias is selected, the dividing resistors should be connected like
the above figure and the needed bias pins should be selected as the LCD bias function
pins (VLCO, VLC1, VLC2 and VLC3) by P7FSRL register.

- When it is 1/2 bias, the P73/VLCO and P72/VLC1 pins should be selected as VLCO and
VLC1

functions. The other pins can be used for normal I/O.
- When it is 1/3 bias, the P73/VLCO, P72/VLC1 and P71/VLC2 pins should be selected as
VLCO,

VLC1 and VLC2 functions. The P70/VLC3 pin can be used for normal I/O.
- When it is 1/4 bias, the P73/VLCO, P72/VLC1, P71/VLC2 and P70/VLC3 pins should be
selected

as VLCO, VLC1, VLC2 and VLC3 functions.

Figure 11.95 External Resistor Bias Connection
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(Internal Resistor Bias)

A
VLCO VLC1

<4——— VICD —>|

vLC?2 | VLC3

R

(2o}

S o

23 e MW »
58 R R

VSS

A A

19]]01U0D
1Se11U0D

| - | - | - |
R VLCO| VLC1 VLC2 VLC3

. . |<— v.cb —m——p
(External Resistor Bias)

A

Ll

VLC2 VLC3

VSS

Figure 11.96  Resistor Bias Connection for External VLCD
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11.16.5 LCD AUTOMATIC BIAS CONTROL

Bias Mode A Bias Mode B
Bias Mode A Bias Mode B
/L :'l /L
7/ 7 7/ 7
/L /L
&4 &4
o
o
o
o

Figure 11.97  Bias Mode A and Bias Mode B
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11.16.6 Block Diagram
Port
Latch
SEG/Port
:>> Driver
LCD
Display
RAM
:: COM/Port
fLCD Driver
LCDCRL |——p| _Timing iy
Controller
LCDCRH
P
—{ ] vLoo
LCD —| | VLC1
LCDCCR > Voltage
Bias — | vLe2
—{ ] vLe3
LCDBCR P>

Figure 11.98

NOTE)

1.

2.

LCD Circuit Block Diagram

The clock and duty for LCD driver is automatically initialized by hardware, whenever LCDCRL
register data value is rewritten. So, don’t rewrite LCDCRL frequently

fLCD Clock Source is used fyck (Watch Timer Clock).
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11.16.7 Register Map

Name Address Dir Default Description
LCDBCR 400CH (XSFR) R/W O00OH LCD Automatic Bias Control Register
LCDCRH 400BH (XSFR) R/W O0OH LCD Driver Control High Register
LCDCRL 400AH (XSFR) R/W O00H LCD Driver Control Low Register
LCDCCR 4009H (XSFR) R/W O0OH LCD Driver Contrast Control Register
Table 11-28 LCD Register Map

11.16.8 LCD Driver Register Description

LCD driver register has three control registers, LCD driver control high register (LCDCRH), LCD driver control low
register (LCDCRL) and LCD driver contrast control register (LCDCCR).

11.16.9 Register Description for LCD Driver

LCDCRH (LCD Driver Control High Register) : 400BH (XSFR)

7 6 5 4 3 2 1 0
| - - | - | IRsELl1 | IRSELO | - LCDDR DISP
Initial value : 00H
IRSEL[1:0] Internal LCD Bias Dividing Resistor Select
IRSEL1 IRSELO Description
0 0 Mid-H resistance
(RLCD: 105kQ @1/3 and 1/2bias, 80kQ @1/4bias)
0 1 Low resistance
(RLCD: 10kQ @1/3 and 1/2bias, 10kQ @1/4bias)
1 0 Mid-L resistance
(RLCD: 65kQ @1/3 and 1/2bias, 50kQ @1/4bias)
1 1 High resistance
(RLCD: 320kQ @1/3 and 1/2bias, 240kQ @1/4bias)
LCDDR LCD Driving Resistor for Bias Select
0 Internal LCD driving resistors for bias
1 External LCD driving resistors for bias
DISP LCD Display Control
0 Display off (The internal power is off)
1 Normal display on
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LCDCRL (LCD Driver Control Low Register) : 400AH (XSFR)

7 6 5 3 2 1 0
| - | - | - | B2 | Bt DBSD LOLKL LCLKO
Initial value : 00H

DBS[2:0] LCD Duty and Bias Select
DBS2 DBS1 DBSO Description
0 0 0 1/8Duty, 1/4Bias
0 0 1 1/6Duty, 1/4Bias
0 1 0 1/5Duty, 1/3Bias
0 1 1 1/4Duty, 1/3Bias
1 0 0 1/3Duty, 1/3Bias
1 0 1 1/3Duty, 1/2Bias
1 1 0 1/2Duty, 1/2Bias
1 1 1 Not available

LCLK][1:0] LCD Clock Select (When fwck(Watch timer clock)= 32.768 kHz)

LCLK1 LCLKO Description

0 0

0 1
1 0
1 1

fLeo = 128Hz
fLeo = 256Hz
fLeo = 512Hz
fleo = 1024Hz (* NOTE)

1.

When the fLCD is 1024Hz, LCD automatic bias control (bias
mode A/B) is disabled
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LCDCCR (LCD Driver Contrast Control Register) : 4009H (XSFR)

7 6 5 4 3 2 1 0
| LeEn | - - | - | looccs | Leoce2 LCDCCL LCDCCD
Initial value : 00H
LCTEN Control LCD Driver Contrast
0 LCD driver contrast disable
1 LCD driver contrast enable

LCDCC[3:0] VLCDO Voltage Control when the contrast is enabled.
LCDCC3 LCDCC2 LCDCC1 LCDCCO Description

0 0 0 0 (16/31) x VDD
0 0 0 1 (16/30) x VDD
0 0 1 0 (16/29) x VDD
0 0 1 1 (16/28) x VDD
0 1 0 0 (16/27) x VDD
0 1 0 1 (16/26) x VDD
0 1 1 0 (16/25) x VDD
0 1 1 1 (16/24) x VDD
1 0 0 0 (16/23) x VDD
1 0 0 1 (16/22) x VDD
1 0 1 0 (16/21) x VDD
1 0 1 1 (16/20) x VDD
1 1 0 0 (16/19) x VDD
1 1 0 1 (16/18) x VDD
1 1 1 0 (16/17) x VDD
1 1 1 1 (16/16) x VDD
NOTE)

1. The above LCD contrast step is based on 1/3 bias with 65kQ
RLCD and on 1/4 bias with 50kQ RLCD.

2. The LCD contrast function is disabled when the LCD
automatic bias control function is on.
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LCDBCR (LCD Automatic Bias Control Register) : 400CH (XSFR)

7 6 5 4 3 2 1 0
| tcomc | BwsEL2 BMSELL | BWSELO | BVODEBL | BMODEBO | BMODEAL BMODEAD
RW RW RW RW RW RW RW RW
Initial value : 00H
LCDABC LCD Automatic Bias Control
0 LCD Automatic Bias is Off
1 LCD Automatic Bias is On

(LCD contrast control function is disable when LCDABC=1)
BMSEL[2:0] Select Bias A/B Mode Time (Refer to the Figure “LCD bias automatic control”)

O r O kL, O Fr O

1

Bias Mode A  Bias Mode B

1/64 63/64 LCD COM Period
2/64 62/64 LCD COM Period
3/64 61/64 LCD COM Period
4/64 60/64 LCD COM Period
5/64 59/64 LCD COM Period
6/64 58/64 LCD COM Period
7164 57164 LCD COM Period
8/64 56/64 LCD COM Period

BMODEB]|1:0] Select Bias Mode B Resistor (Refer to the Figure “LCD bias automatic control”)

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

Mid-H resistance

(RLCD: 120kQ @1/3 and 1/2bias, 90kQ @1/4bias)
Low resistance

(RLCD: 10kQ @1/3 and 1/2bias, 10kQ @1/4bias)
Mid-L resistance

(RLCD: 60kQ @1/3 and 1/2bias, 45kQ @1/4bias)
High resistance

(RLCD: 300kQ @1/3 and 1/2bias, 225kQ @1/4bias)

BMODEA[1:0] select Bias Mode A Resistor (Refer to the Figure “LCD bias automatic control”)

0

0

0

1

Mid-H resistance

(RLCD: 120kQ @1/3 and 1/2bias, 90kQ @1/4bias)
Low resistance

(RLCD: 10kQ @1/3 and 1/2bias, 10kQ @1/4bias)
Mid-L resistance

(RLCD: 60kQ @1/3 and 1/2bias, 45kQ @1/4bias)
High resistance

(RLCD: 300kQ @1/3 and 1/2bias, 225kQ @1/4bias)
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11.17 The Fine ADPCM Decoder

11.17.1 Overview

The fine ADPCM decoder has the decoder block to play voice promt and the interface block to read data of a serial
flash memory. The fine ADPCM has eighteen registers which are the decoder control register (DECCR), decoder FIFO
register (DFIFOR), decoder sampling frequency data register (DECDR), decoder bundle register (DBDLR), decoder
result output high/low register (DODRHY/L), voice prompt control register (VPCR), serial flash dummy and data number
register (SFDDNO), serial flash command register (SFCMD), voice prompt address register 1/2/3 (VPADDR1/2/3),
voice prompt size register 1/2/3 (VPSIZE1/2/3) and voice prompt inform register 1/2 (VPINF1/2).

11.17.2 Function Description

The bundle size and sampling frequency should be set to decode voice prompt data. The sampling frequency is an
interval to play. It can be adjusted by the clock and sampling frequency data of the decoder. The clock source is
selected by clock selection logic which is controlled by the clock selection bits (DCLKS[1:0]). The clock source is fx/2,
fx/4, £x/8 and fx/16. The bundle size is a block unit to decode encoding data. The bundle size, “O0H”, means 256-bytes
bundle structure of encoding data. The fine ADPCM decoder uses the auto-interface with a serial flash memory to
read the table data of voice prompt and the encoding data of the FADPCM format. The SPI2 or SPI3 can be selected
for interface by SPICSS bit (VPCRI[4]). The table data of voice prompt consists of the block which has 3-bytes address,
3-bytes size and 2-bytes information.
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11.17.3 The Decoder Result Output of the FADPCM

The decoder result output data (DODRH/L) are a 16-bit binary format. The data will be output every decoder match

signal and the first data is 8000H after clear of decoder block by DIVS bit set to ‘1’. The match signal is generated

twice in the interval time which is set for a sampling frequency. The decoder result output is the result of decoding and

the average of previous and next data. The decoder data for the sampling frequency is calculated by the following

formula.

Decoder Data (DECDR[7:0]) = (System Clock (fx) + Sampling frequency (fs) + Divider) — 1, Where the divider is one of

2,4, 8 and 16.

Clear and Start

Decoder

clock

DECOder X n'n ! n'nnn'n ! EXi

Counter

DECDR[7:0] 8 / / /
CDECDR + 2) K <«—— ts: Sampling Time ( ( >

Decoder Buffer 4 4—/

A

g%zc;ier Match —‘ Match Match —‘ Match
gﬁfg&e{);‘:‘s“'t >< 800OH X (8000H + Datal) + 2 X Datal X ------
Figure 11.99 Decoder Match Signal and Sampling Time
Clear and Start H H H H H H H H
Decoder Match Signal Match Match Match Match Match Match Match
B:f;?;r[}%e};s[ullégﬁwul X X a Da?:gg:, stary X 8000H+2Dala 1 X Data(1) X Data(1, ;Da[a 2 X Data(2) X Data(2 +Da‘a 3 X Data(3) X Data(3) +Dala 4 X
-------------------------- H Match H Match H Match H Match H Match H Match H Match H
.......................... X Data(n-3) XM@X Data(n-2) wa Data(n-1) X Lol DD, X Data(n)

Voice Prompt End
Interrupt

Figure 11.100 Decoder Result Output Data
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11.17.4 Serial Flash Interface by SPI2 or SPI3

The interface block with a serial flash memory are to automatically read the table data of voice prompt and the
encoding data of the FADPCM format. One of the SPI2 and SPI3 can be selected for a serial interface with flash

memory by SPICSS bit. The first trigger signal should be generated to read data block from a serial flash memory by

SFRDST bhit to set ‘1". The data block can be maximum 8-bytes for voice prompt table data and maximum 16M-bytes

for voice prompt play data in one auto-interface. The DTRS bit should be set to ‘1’ to transfer data from SPI2DR or

SPI3DR to FADPCM decoder block every interface.

How to read voice prompt table data from a serial flash memory by SPI2:

Write “xxxx1010b”/“10xxxxxxb” to P3FSRH/P3FSRL registers for the serial interface pins, repectively. If the
MCU VDD = 5V and the serial flash VCC = 3V, Set the SPI2_3V bit (the P3FSRH.7) to “1b” for reading 3V
output of the serial flash.

Set the nCS pin of the serial flash to low level for the serial flash selection

Write “read instruction of the serial flash” to the SFCMD register

Write the number of dummy for serial flash interface and the number of data to read from the serial flash to
the SFDDNO register

Write the start address of voice prompt table to voice prompt address registers (VPADDR1/2/3)

Set the VPCR register to “xx100101b” for start of auto-interface

Clear the VPTBLIFR bit to ‘0’

Finish auto-interface as the nCS pin of the serial flash set to high level after the VPTBLIFR bit is set to ‘1’

- Voice prompt table data fetch: ATRIGS[1:0] = “01b”, DUMY[3:0] = “n”, RDNO[2:0] = "7b”

nCs

SFRDST This bit is automatically cleared to ‘0" after being exection

MOsI X ~ SFCMD X\/PADDRlX\/PADDRZXVPADDRSX DUMY1 X DUMY2 X B

X ouYn X

X

MISO

Registers

Voice Prompt Table Data Receive End Interrupt

/ DATAO

]

VPADDR1

DATAL

]

VPADDR2

DATA2

]

VPADDR3

DATA3

]

VPSIZE1

DATA4

]

VPSIZE2

DATAS

]

VPSIZE3

DATA6

l

VPINF1

e
l

VPINF2

L

Figure 11.101 Voice Prompt Table Data Fetch Timing Diagram
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11.17.5 Voice Prompt Play

The FADPCM decoder decodes the encoding data of FADPCM format every sampling frequency. The encoding data

can be read from a serial flash memory through auto-interface function up to 16M-bytes. The decoding data can be

played by the D/A converter. Of cource, the output of D/A converter should be connected to an external power amp.

How to play voice prompt with auto-interface by SPI2 and FADPCM decoder;

1.

10.
11.

12.

13.
14.

15.
16.
17.
18.

Write “xxxx1010b”/“10xxxxxxb” to P3FSRH/P3FSRL registers for the serial interface pins, repectively. If the
MCU VDD = 5V and the serial flash VCC = 3V, Set the SPI2_3V bit (the P3FSRH.7) to “1b” for reading 3V
output of the serial flash.

Set the DBDLR register to the value which is used for encoding by FADPCM encoder

Set the DECDR register and the DCLKS[1:0] bits to the value for sampling frequency

Set the PGSR register to “00000101b” for 0dB gain and clear the DACDRHI/L registers to 0x0000

+  Toremove a pop noise when a speaker turns on

Write the DACCR register to “x0111011b”

*  Automatically D/AC data increment/decrement mode

»  Enable to fetch data from FADPCM decoder block

+  FADPCM decoder match signal selection for data update

* Enable D/A converter and clear the buffer register of D/A converter

Write the DECCR register to “000011xxb”

+  Disable decoder FIFO empty and match interrupts

+ Disable decoder block and initialize decoder block and enable decoder counting operation

Set the PGSR register to appropriate value for volume after waiting until the DACIFR bit is set to ‘1’
Read voice prompt table data with a serial flash auto-interface

* Refer to the previous page

Set the DIVS bit to ‘1’ for initialization of the decoder block

Set the nCS pin of the serial flash to low level for reading voice prompt play data

Set the VPCR register to “xx101111b” and clear the VPEDIFR bit to ‘0’

+  Transfer SPI2DR to decoder block every interface

*  Voice prompt size register is decreased by ‘1’ every interface

«  Start of voice prompt play by the DECEN bit set to ‘1’

Stop auto-interface as the nCS pin of the serial flash set to high level after waiting until the VPTBLIFR bit is
setto ‘1’

Hold current voice prompt play by the DECEN bit set to ‘0’

Decide the followings

*  Jump to “the clause h” for the next voice prompt play

*  Goto “the clause 0” to finish voice prompt play

Clear the VPCR register to “Ox00” to stop auto-interface

Set the PGSR register to “00000101b” for 0dB gain to remove a pop noise when the speaker turns off
Write the DACCR register to “x0100010b” for D/AC disable

Finish voice prompt play by clearing DACCR/DECCR registers to “0x00” after the DACIFR bit is set to ‘1’
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- Voice prompt data fetch for play: ATRIGS[1:0] = “11b”, DUMY[3:0] = *n”, RDNO[2:0] = “Don’t care”

CsB

SFRDST This bit is automatically cleared to ‘0" after being exection

MOSI X ~ SFCMD XVPADDRIXVPADDRZXVPADDR3X DUMY1 X DUMY2 X R —

X

X DATA7 X DATAO X

l l

ws @ —_——  { DATAO |
FIFO ‘ DFIFOR H ---------

H DFIFOR ‘ ‘ DFIFOR H

FIFO Empty Signal ‘

FIFO Empty Interrupt

|

SIZE[23:0]

Voice Prompt Size Registers (VPSIZE1/2/3) SIZE[23:0]=n —n1

I

SIZE[23:0] = 0

I

Voice Prompt End Interrupt

L

4-sample
Interval

Figure 11.102 Voice prompt play Data Fetch Timing Diagram
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11.17.6 Block Diagram

DCEN
x/2 >
fx/4 DIVS
/8 Initialize DMIE
16 5 Match Signal
2 DECEN To interrupt
block
DCLKS[1:0] n
DFEIFR
| FIFO Empty Signal
Data out[7:0]
<
FADPCM D_FIFO
Decoder block Data Request (8-bytes) » DFFF
Decoder Data >
(DECDR, R/W)
A
. I
FADPCM Result Signal
DODRH/L Bundle Data D_FIFO Data
(16-bits, Read only) (DBDLR, R/W) (DFIFOR, R/W)
| Receive Data T
7| Allocator/Writer
A A ¢
Tri-Signal 0 _ 4
Tri-Signal 1 Address/Size/Inform Registers
Tri-Signal 2 ——— (VPADDR1/2/3, VPSIZE1/2/3, VPINF1/2)
SPI2 Control Signal » [
8 From SPI2 E_“OCk U FIFO Empty Signal
SPI3 Control Signal ) XJ ¢ ¢ Match Signal
From SPI3 Block 7% Tri-Signal 0
W Trigger ——% VPTBLIE To interrupt
Z \_Cho— SPICSS 1 Generator/ N VPTBLIFR block
o Controller o
3 Q Q
3 2
: N =
SPI2DR (8-bit) T U B
o 9 o
A 9 2 @
w o -
5
To interrupt
| SPI3DR (8-bit) |<— —<}—e>~ block
A
DTRS
Internal
Com_mand/Address ¢ SPICSS Flag
Write Controller Tri-Signal 0
(SFCMD, VPADDR1/2/3) < 9 A
“0x000000" If match, ‘0’
Comparator HDﬂ TIf°1, Clear signal
Voice Prompt Size ATRIGSI[1:0]
Decrement by ‘1’ V) —
(VPSIZE1/2/3 Registers) \_l— VPSDEC

Figure 11.103 Fine ADPCM Block Diagram
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11.17.7 Register Map

Name Address Dir Default Description
DECCR 40BOH (XSFR) R/W 00OH FADPCM Decoder Control Register
DFIFOR 40B1H (XSFR) RW O00H FADPCM Decoder FIFO Register
DECDR 40B2H (XSFR) R/W O00OH FADPCM Decoder Sampling Frequency Data Register
DBDLR 40B3H (XSFR) R/W OOH FADPCM Decoder Bundle Register
DODRL 40B4H (XSFR) R OOH FADPCM Decoder Result Output Low Register
DODRH 40B5H (XSFR) R 80H FADPCM Decoder Result Output High Register
FAFLAG 40B6H (XSFR) R/W OOH FADPCM Interrupt Flag Register
VPCR 40C6H (XSFR) R/W 00OH Voice Prompt Control Register
SFDDNO 40C7H (XSFR) R/W 00H Serial Flash Dummy and Data Number
SFCMD 40B7H (XSFR) R/W OOH Serial Flash Command Register
VPADDR1 40B8H (XSFR) R/W OOH Voice Prompt Address Register 1
VPADDR2 40B9H (XSFR) R/W 00H Voice Prompt Address Register 2
VPADDR3 40BAH (XSFR) R/W 00H Voice Prompt Address Register 3
VPSIZE1 40BBH (XSFR) R/W 00H Voice Prompt Size Register 1
VPSIZE2 40BCH (XSFR) R/W 00H Voice Prompt Size Register 2
VPSIZE3 40BDH (XSFR) R/W O00H Voice Prompt Size Register 3
VPINF1 40BEH (XSFR) R/W O00OH Voice Prompt Inform Register 1
VPINF2 40BFH (XSFR) R/W O00OH Voice Prompt Inform Register 2
Table 11-29 FADPCM Register Map

11.17.8 FADPCM Register Description

The fine ADPCM docoder register consists of the decoder control register (DECCR), decoder FIFO register (DFIFOR),
decoder sampling frequency data register (DECDR), decoder bundle register (DBDLR), decoder result output high/low

register (DODRHY/L), voice prompt control register (VPCR), serial flash dummy and data number register (SFDDNO),

serial flash command register (SFCMD), voice prompt address register 1/2/3 (VPADDR1/2/3), voice prompt size
register 1/2/3 (VPSIZE1/2/3) and voice prompt inform register 1/2 (VPINF1/2).
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11.17.9 Register Description for FADPCM

DFIFOR (FADPCM Decoder FIFO Register) : 40B1H (XSFR)

7 6 5 4 3 2 1 0
| DFIFOR7 | DFIFOR6 | DFIFOR5S | DFIFOR4 | DFIFOR3 DFIFOR2 | DFIFORL | DFIFORO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : 00OH

DFIFOR[7:0] Decoder FIFO Data. The data goes to the decoder FIFO (8-bytes length) if data are
written in this register.

DECDR (FADPCM Decoder Sampling Frequency Data Register) : 40B2H (XSFR)

7 6 5 4 3 2 1 0
| DECDR7 | DECDR6 | DECDRS DECDR4 | DECDR3 | DECDR2 | DECDRL | DECDRO |
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : 00H

DECDR[7:0] Decoder Sampling Frequency Set Register. The sampling time (ts) is 1+(sampling
frequency). The voice data get out every ts and interpolation data get out between
every the voice data.
ex) datal, (datal+data2?)/2, data2, (data2+data3)/2, ----- .

DBDLR (FADPCM Decoder Bundle Register) : 40B3H (XSFR)

7 6 5 4 3 2 1 0
| peDLR7 | DBDLR6é | DBDLRS | DBDLR4 | DBDLR3 | DBDLR2 DBDLR1 DBDLRO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : 0OH

DBDLRJ[7:0] Decoder Bundle Size. This value should be greater than 6. If this value is “00”, the
bundle size is 256-bytes. This value should be same with encoder’s bundle size.

DODRH (FADPCM Decoder Result Output High Register) : 40B5H (XSFR)

7 6 5 4 3 2 1 0
| pobATis | DODAT14 | DODAT13 DODAT12 | DODAT11 | DODATI0 DODAT9 DODATS
R R R R R R R R

Initial value : 80H

DODAT[15:8] Decoder Result Output Data High Byte.

DODRL (FADPCM Decoder Result Output Low Register) : 40B4H (XSFR)

7 6 5 4 3 2 1 0
| pobAT7 | DODATe | DODATS DODAT4 | DODAT3 | DODAT2 DODAT1 DODATO
R R R R R R R R

Initial value : 0OH

DODATI[7:0] Decoder Result Output Data Low Byte.
The DODR[15:0] is a binary format.
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SFCMD (Serial Flash Command Register) : 40B7H (XSFR)

7 6 5 4 3 2 1 0
| sFcMp7 | sFcmpe | SFcmps | sFcmpa | SFCMD3 | SFCMD2 | SFCMDL | SFCMDO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value : OOH
SFCMD[7:0] Serial Flash Command Data.
VPADDR1 (Voice Prompt Address Register 1) : 40B8H (XSFR)
7 6 5 4 3 2 1 0
VPAR23 | VPAR22 | VPAR21 | VPAR20 | VPARI19 VPAR18 VPAR17 VPAR16
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value : OOH
VPAR[23:16] Voice Prompt Address MSB-byte.
VPADDR?2 (Voice Prompt Address Register 2) : 40B9H (XSFR)
7 6 5 4 3 2 1 0
vPAR1S | VvPAR14 | vPAR1IZ | VPARI2 | VPARILL VPAR10 VPAR VPARS
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value : OOH
VPAR[15:8] Voice Prompt Address Mid-byte.
VPADDR3 (Voice Prompt Address Register 3) : 40BAH (XSFR)
7 6 5 4 3 2 1 0
vwArR7 | wvPare | wvPARs | VvPAR4 | VPAR3 VPAR? VPARL VPARO
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value : OOH
VPAR[7:0] Voice Prompt Address LSB-byte.

The VPADDR[23:0] is the start address of a voice prompt or voice prompt table in a
serial flash and can access up to 16M-bytes.

VPSIZE1 (Voice Prompt Size Register 1) : 40BBH (XSFR)

7 6 5 4 3 2 1 0
| veszaza | wvepszze | wvepszzi | wveszzo | veszio VPSZ18 VPSZ17 VPSZ16
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value : OOH
VPSZ[23:16] Voice Prompt Size MSB-byte.
VPSIZE?2 (Voice Prompt Size Register 2) : 40BCH (XSFR)
7 6 5 4 3 2 1 0
| veszis | wveszia | wvesziz | wesziz | veszu VPSZ10 VPSZ9 VPSZ8
RIW RIW RIW RIW RIW RIW RIW RIW
Initial value : OOH
VPSZ[15:8] Voice Prompt Size Mid-byte.

327



ABOV Semiconductor Co., Ltd. MC97F60128

VPSIZE3 (Voice Prompt Size Register 3) : 40BDH (XSFR)

7 6 5 4 3 2 1 0
| wvpszz | wvpsze | vpszs | vesza | vpsz3 VPSZ2 VPSZ1 VPSZ0
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : 00OH

VPSZ[7:0] Voice Prompt Size LSB-byte.

The VPSIZE[23:0] is the size of a voice prompt to play continuously
in a serial flash.

VPINF1 (Voice Prompt Inform Register 1) : 40BEH (XSFR)

7 6 5 4 3 2 1 0
| veinFis | veiNFi4 | vPINFI3 | VPINFI2 | VPINFL1 VPINF10 VPINF9 VPINF8
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : 0OH

VPINF[15:8] Voice Prompt Inform High-byte.

VPINF2 (Voice Prompt Inform Register 2) : 40BFH (XSFR)

7 6 5 4 3 2 1 0
| venez | veinee | vPINFs | vPINFA | VPINF3 VPINF2 VPINF1 VPINFO
RIW RIW RIW RIW RIW RIW RIW RIW

Initial value : 0OH

VPINF[7:0] Voice Prompt Inform Low-byte.
The VPINF[15:0] is the voice prompt information.

SFDDNO (Serial Flash Dummy and Data Number) : 40C7H (XSFR)

7 6 5 4 3 2 1 0
| obumya | pumy2 | pumyr | pumvo | - | RrONO2 RDNO1 | RDNOO
R/W R/W R/W R/W - R/W R/W R/W
Initial value : 00H
DUMY[3:0] The number of dummy for serial flash interface. The number of dummy is (n). Where n
=0,1,2, - and 15.
RDNOJ[2:0] The number of data to read from a serial flash. The number of data to read is (n+1).

Wheren=0,1, 2, ----- and 7.
Ex) If n = 7, the voice prompt table data are 8-bytes to read from a serial flash.
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DECCR (FADPCM Decoder Control Register) : 40BOH (XSFR)

7 6 5 4 3 2 1 0
| DFEE | DME DFFF | DECEN | DIVS | DCEN DCLKS1 DCLKSO
R/W R/W R R/W R/W R/W R/W R/W
Initial value : 00H
DFEIE Decoder FIFO Empty Interrupt Enable
0 Disable
1 Enable
DMIE Decoder Match Interrupt Enable
0 Disable
1 Enable
DFFF Decoder FIFO Full Flag
0 Not decoder FIFO full
1 Decoder FIFO full
DECEN Decoder Block Enable
0 Disable decoder block
1 Enable decoder block
DIVS Decoder Initial Value Setting
0 No effect
1 Clear counter and set initial data for decoder (When write, automatically
cleared ‘0’ after being execution)
DCEN Decoder Counting Enable
0 Disable counting operation
1 Enable counting operation
DCLKS[1:0] Decoder Clock Select
DCLKS1 DCLKSO Description
0 0 fx/16
0 1 fx/8
1 0 fx/4
1 1 fx/2

329



ABOV Semiconductor Co., Ltd. MC97F60128

VPCR (Voice Prompt Control Register) : 40C6H (XSFR)

7 6 5 4 3 2 1 0
| VPEDIE | VPTBLIE | SFRDST | SPICSS | VPSDEC DTRS ATRIGS1 | ATRIGSO
RW RW RW RW R/W RW R/W RW
Initial value : 00H
VPEDIE Voice Prompt End Interrupt Enable
0 Disable
1 Enable
VPTBLIE Voice Prompt Table Data Receive End Interrupt Enable
0 Disable
1 Enable
SFRDST Serial Flash Data Read Start Signal
0 No effect
1 First trigger signal generator (When write, automatically cleared ‘0’ after
being execution)
NOTE)
1. This bit should not be set to ‘1’ during the interface with a
serial flash.
SPICSS SPI2 or SPI3 Selection to interface a serial flash
0 Select SPI2 to interface
1 Select SPI3 to interface
VPSDEC Voice Prompt Size Register Decrement Enable
0 No effect
1 Voice prompt size register is decreased by ‘1’ every interface
DTRS Enable Data Transfer from SPI2/SPI3
0 Disable data transfer
1 Transfer data from SPI2DR or SPI3DR to FADPCM decoder block every
interface
ATRIGS[1:0] Automatically Read Trigger Selection for SPI12 or SPI3
ATRIGS1 ATRIGSO Description
0 0 No automatically read trigger
0 1 Voice prompt table data fetch for address, size and inform
by an internal counter
1 0 Voice prompt data fetch for play by FADPCM decoder FIFO
empty signal
(1-byte, only one interface)
1 1 Voice prompt data fetch for play by
FADPCM decoder FIFO empty signal
(8-byte, eight interface continuously)
NOTE)

1. ATRIGS[1:0] bits should not be changed during the interface
with a serial flash for voice prompt data.
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FAFLAG (FADPCM Interrupt Flag Register) : 40B6H (XSFR)

7 6 5 4 3 2 1 0
| sFsToP | - - | - | VPEDIFR | VPTBLIFR DFEIFR DMIFR
RW - - - R/W RW R/W RW
Initial value : 00H
SFSTOP Stop the Serial Flash Interface for reading voice data
0 No effect
1 Stop with a serial flash interface (When write, automatically cleared ‘0’
after being execution)
NOTE)
1. It should not be restarted an interface by the SFRDST bit set
to ‘1’ until the end of the current byte interface with SPI12 or
SPI3
VPEDIFR When voice prompt end interrupt occurs, this bit becomes ‘1’. The flag is cleared only
by writing a ‘0’ to the bit. So, the flag should be cleared by software. Write ‘1’ has no
effect.
0 Voice prompt end interrupt no generation
1 Voice prompt end interrupt generation
VPTBLIFR When voice prompt table data receive end interrupt occurs, this bit becomes ‘1’. The

flag is cleared only by writing a ‘0’ to the bit. So, the flag should be cleared by software.
Write ‘1" has no effect.

0 Voice prompt table data receive end interrupt no generation
1 Voice prompt table data receive end interrupt generation
DFEIFR When FADPCM decoder FIFO empty interrupt occurs, this bit becomes ‘1’. The flag is

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

0 FADPCM decoder FIFO empty interrupt no generation
1 FADPCM decoder FIFO empty interrupt generation
DMIFR When FADPCM decoder match interrupt occurs, this bit becomes ‘1’. The flag is

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

0 FADPCM decoder match interrupt no generation
1 FADPCM decoder match interrupt generation
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12. Power Down Operation

12.1 Overview

The MC97F60128 has two power-down modes to minimize the power consumption of the device. In power down
mode, power consumption is reduced considerably. The device provides three kinds of power saving functions, Main-
IDLE, Sub-IDLE and STOP mode. In three modes, program is stopped.

12.2 Peripheral Operation in IDLE/STOP Mode

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

Watch Dog Timer

Operates Continuously

Stop (Can be operated with WDTRC OSC)

Watch Timer Operates Continuously Stop (Can be operated with sub clock)
Timer0~8 Operates Continuously :ﬁgﬁ%é?%%ghoepne:gfef\&%ﬁaqiﬁ;)mer Mode is
10-bit PWM Operates Continuously Stop

ADC Operates Continuously Stop

DAC Operates Continuously Retain output level

BUZ Operates Continuously Stop

SPI2/3 Operates Continuously Only operate with external clock
UART2/3/4 Operates Continuously Only operate with external clock
usIo/1 Operates Continuously Only operate with external clock

LCD Controller Operates Continuously Stop (Can be operated with sub clock)
FADPCM Operates Continuously Stop

PLL Oscillation Stop when the system clock (fx) is frLL
Internal OSC (8MHz) Oscillation Stop when the system clock (fx) is firc

WDTRC OSC (5kHz)

Can be operated with setting value

Can be operated with setting value

Main OSC (0.4~12MHz) Oscillation Stop when fx = fxin
Sub OSC (32.768kHz) Oscillation Stop when fx = fsus
I/O Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain

Release Method

By RESET, all Interrupts

By RESET, Timer Interrupt (ECO-EC7),
SPI (External clock), External Interrupt,
UART by Rx, WT (sub clock), WDT

Table 12-1

Peripheral Operation during Power Down Mode
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12.3 IDLE Mode

The power control register is set to ‘01h’ to enter the IDLE Mode. In this mode, the internal oscillation circuits remain
active. Oscillation continues and peripherals are operated normally but CPU stop. 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.

< NAAAAAAAN. - ANAAAARANTL

N

W
CPU Clock ||||||||||||||||||||| ||||||||||||||||||||

b)Y

External A
Interrupt
Rel
| , B< |
Normal Operation >< Stand-by Mode Normal Operation
s
Figure 12.1 IDLE Mode Release Timing by External Interrupt
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12.4 STOP Mode

The power control register is set to ‘03H’ to enter the STOP Mode. In the stop mode, the selected oscillator, system

clock and peripheral clock is stopped, but watch timer can be continued to operate with sub clock. With the clock

frozen, all functions are stopped, but the on-chip RAM and control registers are held. For example, If the internal RC

oscillator (firc) is selected for the system clock and the sub clock (fsus) is oscillated, the internal RC oscillator STOP

oscillation and the sub clock is continuously oscillated in stop mode. At that time, the watch timer and LCD controller

can be operated with the sub clock.

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

When exit from STOP mode, enough oscillation stabilization time is required to normal operation. Figure 12.2 shows

the timing diagram. When released from STOP mode, the Basic interval timer is activated on wake-up. Therefore,

before STOP instruction, user must be set its relevant prescale divide ratio to have long enough time. This guarantees

that oscillator has started and stabilized.

0OSsC

CPU Clock

External
Interrupt

BIT Counter

UL
TUUIuUL

STOP Instruction
Execute

2
L//

Release

11 T
[ - UL

= E

< n Xn+1xn+2

R
\ b)Y

«

h )Y

Normal Operation

A%
STOP Operation X
5

ASY

Clear & Start

By Software
setting

00 -5

og

Normal Operation

Before executed STOP instruction, BIT must be set

properly by software to get stabilization.

\J

Figure 12.2 STOP Mode Release Timing by External Interrupt

334



MC97F60128 ABOV Semiconductor Co., Ltd.

12.5 Release Operation of STOP Mode

After STOP mode is released, the operation begins according to content of related interrupt register just before STOP
mode start (Figure 12.3). If the global interrupt Enable Flag (IE.EA) is set to "1°, the STOP mode is released by the
interrupt which each interrupt enable flag = "1™ and the CPU jumps to the relevant interrupt service routine. Even if the

IE.EAbit is cleared to ‘0’, the STOP mode is released by the interrupt of which the interrupt enable flag is set to ‘1.

SET PCON[7:0]
SET IEx.b
A
STOP Mode <
A
Interrupt Request
Corresponding Interrupt N
Enable Bit(IE, IE1, IE2, IE3)

STOP Mode Release

\i

Interrupt Service
Routine

Next Instruction

Figure 12.3 STOP Mode Release Flow
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12.6 Register Map

Name Address Dir Default Description
PCON 87H R/W 00OH Power Control Register
Table 12-2 Power Down Operation Register Map

12.7 Power Down Operation Register Description

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

12.8 Register Description for Power Down Operation

PCON (Power Control Register) : 87H

7 6 5 4 3 2 1 0
| Poont | - - - PCON3 PCON2 PCONL PCONO
RW - - - RW RW RW RW
Initial value : 00H
PCON[7:0] Power Control
01H IDLE mode enable
03H STOP mode enable

Other Values Normal operation

NOTE)
1. To enter IDLE mode, PCON must be set to ‘01H".
2. To enter STOP mode, PCON must be set to ‘03H’.
3. The PCON register is automatically cleared by a release signal in STOP/IDLE mode.
4. Three or more NOP instructions must immediately follow the instruction that make the device
enter STOP/IDLE mode. Refer to the following examples.
Ex1) MOV PCON, #01H ; IDLE mode Ex2) MOV PCON, #03H ; STOP mode

NOP NOP

NOP NOP

NOP NOP
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13. RESET

13.1 Overview

The following is the hardware setting value.

On Chip Hardware Initial Value
Program Counter (PC) 0000h
Accumulator 00h
Stack Pointer (SP) 07h
Peripheral Clock On
Control Register Refer to the Peripheral Registers
Table 13-1 Reset State

13.2 Reset Source

The MC97F60128 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 =70 ")
— Flash fail detection ( Parity Check )
— OCD Reset

13.3 RESET Block Diagram

RESET Noise
Canceller

Ext RESET
Disable by FUSE

RESET Noise
Canceller

LVR
LVR Enable

Internal

POR RST
S >
Q Reset

WDT RST
WDT RSTEN

IFBIT

OCD RST
(BIT Overflow)

OCD RSTEN

FLASH FAIL
FFCHK Enable

Figure 13.1 RESET Block Diagram
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13.4 RESET Noise Canceller

The Figure 13.2 is the noise canceller diagram for noise cancellation of RESET. It has the noise cancellation value of

about 2us (@Vpp=5V) to the low input of system reset.

t < Trne

> Trne

t > Trne

ot Tane

t < Trne

PO

L]

Figure 13.2

Reset noise canceller timer diagram
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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

VDD

nPOR

(Internal Signal) BIT Overflows

: BIT Starts .
—> 7

[}

v R R

Oscillation ’

Figure 13.3 Fast VDD Rising Time

Internal RESETB

Slow VDD Rise Time, min. 0.05V/ms

VDD T Veor=1.4V (Typ)

nPOR

(Internal Signal) BIT Overflows

1
|
I BIT Starts \/
[}

—

T

Internal RESETB

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

PAD RESETB /_\—
wpyn

LVR_RESETB 1
|
|

e BOBAC—0—00) g )
BIT (for Reset) 00 r OOE X 01\ X 02 K 03 3( 04 XE

1
. lus X 256 X 28h = about 10ms
Config Read |<—>r|

1
! lus X 4096 X 4h = about 16ms —
RESET_SYSB le >

1
|
INT-OSC (8MHz) ,||||||””””””l||||||||||||||||”””|||”””””””””””||||||||||||||||||

I
mroscemrze | | [ [ L PPl
I

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

Figure 13.5 Configuration Timing when Power-on
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= VDD Input
A == :Internal OSC
®
© —
Reset Release |_ _ — & & o o o e e e e e e e e e q ____________
1
ConfigRead b m o o e e e e e e e e e e e e :
I 1
| 1
1 |
1 |
| |
| |
1 |
® = | :
= =
1
1 1 1
! 1 1
! 1 1
! 1 1
! 1 1
! 1 1 >
o k3 k) k)
Figure 13.6 Boot Process WaveForm
Process Description Remarks
@ -No Operation
@ -1st POR level Detection -about 1.4V
-(INT-OSC 8MHz/8)x256x28h Delay section (=10ms)
® -VDD input voltage must rise over than flash | -Slew Rate >= 0.05V/ms
operating voltage for Config read
-about 1.5V ~ 1.6V
@ - Config read point -Config Value is determined by
Writing Option
® - Rising section to Reset Release Level ~16ms point after POR o
Ext_reset release
- Reset Release section (BIT overflow)
® i) afterléms, after External Reset Release (External | - BIT is used for Peripheral
reset) stability
i) 16ms point after POR (POR only)
@ -Normal operation
Table 13-2 Boot Process Description
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13.6 External RESETB Input

The External RESETB is the input to a Schmitt trigger. If RESETB pin is held with low for at least 10us over within the

operating voltage range and stable oscillation, it is applied and the internal state is initialized. After reset state becomes

‘1", it needs the stabilization time with 16ms and after the stable state, the internal RESET becomes ‘1. The Reset

process step needs 5 oscillator clocks. And the program execution starts at the vector address stored at address

OOOO0H.
RENEN
osc ||||||||||| ...... ||||||||||||||||||J_|||||||||||||||||||
R
RESETB ////
Release
Internal ks /
RESETB Release
ADDRESS X - X ” X 00 02 XEX
BUS
& XX
BUS
Stabilization Time RESET  Process  \ain Program
TST =16.4ms Step
1
TST = — X 4096 X 4
fx
Figure 13.7 Timing Diagram after RESET
PRESCALER COUNT START
VDD I\I\WW\I\
OSC START TIMING
Figure 13.8 Oscillator generating waveform example
NOTE)

1. As shown Figure 13.8, the stable generating time is not included in the start-up time.
2. _The RESETB pin has a pull-up resistor by H/W.
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13.7 Brown Out Detector Processor

The MC97F60128 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) e—» RESET_BODB
LVREN ——]
CPU 15 gl LVRF
Write (Low Voltage
Reset Flaa)
CcP
SCLK —IS7
(System CLK) I
nPOR
Figure 13.9 Block Diagram of BOD
VDD \\ // VaooMAX
7/ VaopMIN
Internal 16ms
RESETB
VDD \\ // \\ // VaosMAX
: \ VaooMIN
| t<i16ms | 16ms
—> <« »
Internal 1 ] !
RESETB

Figure 13.10  Internal Reset at the power fail situation
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B

RESET_SYSB

INT-OSC (8MHz)

INT-OSC 8MHz/8

wpyn

VDD

wpyn

Internal nPOR

wpyn

PAD RESETB

LVR_RESETB

IT (for Config)

L

! RAXI) 0@

BIT (for Reset)

00

Config Read

X o1 X\ 02 K 03 X 04 X 00

lus X 256 X 28h = about 10ms

Main OSC Off

lus X 4096 X 4h = about 16ms

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

Figure 13.11

Configuration timing when BOD RESET

13.8 LVI Block Diagram

voD1 [

Reference |

Voltage
Generator

—» LVIF

1 2.00V
[_210v
[_220v
[_232v
‘ 2.44V >

2.59v M
275V o y | ——p| LVICircuit
[_29v o x
[ 31av o
[ 3.38v T
[_367v
[_400v LVIEN
[_440v

4$
LVILS[3:0]

Figure 13.12

LVI Diagram
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13.9 Register Map

Name Address Dir Default Description
LVICR 86H R/W O00H Low Voltage Indicator Control Register
RSTFR E8H R/W 80H Reset Flag Register
LVRCR D8H R/W O00H Low Voltage Reset Control Register
Table 13-3 Reset Operation Register Map

13.10 Reset Operation Register Description

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

low voltage indicator control register (LVICR).
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13.11 Register Description for Reset Operation

RSTFR (Reset Flag Register) : ESH

7 6 5 4 3 2 1 0
| PORF EXTRF WDTRF OCDRF LVRF - - FPRIRF
RW RW 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

FPRIRF Flash ROM Parity Fail Reset flag bit. This bit is set to ‘1’ by a reset of
flash ROM parity fail detection during the CPU fetches the next flash
ROM data. This bit is reset by writing ‘O’ to this bit or by Power-On Reset.
0 No detection
1 Detection

NOTE)

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

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

When the Power-On Reset occurs, the LVRF bit is unknown, At that time, the LVRF bit can be
set to “1” when LVR Reset occurs.

When a reset except the POR occurs, the corresponding flag bit is only set to “1”, the other flag
bits are kept in the previous values.
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LVRCR (Low Voltage Reset Control Register) : D8H

7 6 5 4 3 2 1 0
|  LwRsT | - - | LvRvs3 LVRVS2 LVRVSL LVRVSO LVREN
RW - - RW RW RW RW RW
Initial value : 00H
LVRST LVR Enable when Stop Release
0 Not effect at stop release
1 LVR enable at stop release
NOTE)

1. When this bitis ‘1’, the LVREN bit is cleared to ‘0’ by stop
mode to release. (LVR enable)

2. When this bitis ‘0", the LVREN bit is not effect by stop mode

to release.

LVRVSJ[3:0] LVR Voltage Select

LVRVS3 LVRVS2 LVRVS1l LVRVSO Description

0 0 0 0 1.60V

0 0 0 1 2.00v

0 0 1 0 2.10vV

0 0 1 1 2.20V

0 1 0 0 2.32v

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

1 1 1 0 Not available

1 1 1 1 Not available
LVREN LVR Operation

0 LVR Enable

1 LVR Disable

NOTE)

1. The LVRVS[3:0] and LVREN bits are cleared by a power-on reset but are retained by other
reset.

2. The LVRVSJ3:0] bits should be set to ‘0000b’ while LVREN bit is “1”.
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LVICR (Low Voltage Indicator Control Register) : 86H

7 6 5 4 3 2 1 0
| - | - IMF | LVEN | s LVILS2 LVILSL LVILSO
- - RW RW RW RW RW RW
Initial value : 00H

LVIF Low Voltage Indicator Flag Bit
0 No detection
1 Detection

LVIEN LVI Enable/Disable
0 Disable
1 Enable

LVILS[3:0] LVI Level Select
LVILS3 LVILS2 LVILS1 LVILSO Description
0 0 0 0 2.00Vv
0 0 0 1 2.10vV
0 0 1 0 2.20vV
0 0 1 1 2.32v
0 1 0 0 2.44v
0 1 0 1 2.59v
0 1 1 0 2.75V
0 1 1 1 2.93v
1 0 0 0 3.14v
1 0 0 1 3.38Vv
1 0 1 0 3.67V
1 0 1 1 4.00V
1 1 0 0 4.40V
Other Values Not available
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14. On-chip Debug System

14.1 Overview

14.1.1 Description

On-chip debug system (OCD2) of MC97F60128 can be used for programming the non-volatile memories and on-chip
debugging. Detail descriptions for programming via the OCD?2 interface can be found in the following chapter.
Figure 14.1 shows a block diagram of the OCD2 interface and the On-chip Debug system.
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14.1.2 Feature

+  Two-wire external interface: 1-wire serial clock input, 1-wire bi-directional serial data bus

»  Debugger Access to:

»  Extensive On-chip Debug Support for Break Conditions, Including

All Internal Peripheral Units

Internal data RAM

Program Counter

Flash and Data EEPROM Memories

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 OCD dongle

*  Operating frequency

*  Supports the maximum frequency of the target MCU

Target MCU internal circuit

Peripheral

Format
converter
LI DSCL
USB - k — " DSDA BDC DBG
<_}::|\ : ‘RUNFLAG Control
L
CPU DBG Register
! Address bus
-_ Internal data bus
User I/0 »l . |
Code memory
- SRAM Data memory
- Flash
- 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.

»  packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.

»  Parity is even of ‘1’ for 8-bit data in transmitter.

* Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has no error.

*  When transmitter has no acknowledge (Acknowledge bit is ‘1’ at tenth clock), error process is executed in
transmitter.

*  When acknowledge error is generated, host PC makes stop condition and transmits command which has
error again.

»  Background debugger command is composed of a bundle of packet.

+ Start condition and stop condition notify the start and the stop of background debugger command

respectively.

St Do | D1 D2 | D3 | D4 | D5 | D | D7 F A,

D1 D2 ' D3 I D4 D5 | DB ! D7 F A

Figure 14.2 10-bit Transmission Packet
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14.2.2 Packet Transmission Timing

14.2.2.1 Data Transfer

DSDA
LSB acknowledgement LSB acknowledgement
signal from receiver signal from receiver
DSCL
St \Jl_\_ M /1_0\_/ S
ACK ACK
START STOP
Figure 14.3 Data Transfer on the Twin Bus

14.2.2.2 Bit Transfer

DSDA /

DSCL

data line
stable:
data valid
except Start and Stop

change
of data
allowed

Figure 14.4 Bit Transfer on the Serial Bus
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14.2.2.3 Start and Stop Condition
DSDA
DSDA
DSCL _——— DSCL
St \—/— \—/ Sp
START condition STOP condition
Figure 14.5 Start and Stop Condition
14.2.2.4 Acknowledge Bit
Dataoutput = m——\ || j—ssernaneeee
By transmitter \ X X X X
no acknowledge
Data output
By receiver \ ’
acknowledge
DSCL from
master \ / 1 \ ’ 2 \ 9 10
clock pulse for acknowledgement
Figure 14.6 Acknowledge on the Serial Bus
Acknowledge bit Acknowledge bit
transmission transmission
: Minimum .
TRy e S R B v
HostPC  § \ /
pscLout  f S & R VO
— Start wait
minimum 1 Tsck
N for next byte —
transmission

Target Device
Maximum 5 Tscik

DSCL OUT

ﬂe

)

DSCL
Internal Operation

“e

Clock Synchronization during Wait Procedure

o

Figure 14.7
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14.2.3 Connection of Transmission

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

? VDD
pull-up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
© ©
DSCL(Debugger Serial Clock Line) l
0 ©
RUNFLAG
? o—
VDD VDD VDD
| RUNFLAG
ouT
DSCL RUNFLAG
ouT outT —]
DSCL N RUNFLAG ~ RUNFLAG
N q IN IN i

Host Machine(Master)

Target Device(Slave)

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

Figure 14.8

14.2.4 Circuit

Connection of Transmission
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15. Flash Memory

15.1 Overview

15.1.1 Description

MC97F60128 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 : 128kbytes
*  Single power supply program and erase
+  Command interface for fast program and erase operation

+ Upto 10,000 program/erase cycles at typical voltage and temperature for flash memory

NOTE)

1. The RXE bit of USINCR2/UARTNCR2 register should be disabled before flash memory erase and
write start.
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15.1.2 Flash Program ROM Structure

/

ROM
Address

\

Accessed by

only

NOTE)
1.

1FFFFH

1FF80H
1FF7FH

1FFOOH
1FEFFH

1FE80H
1FE7FH

00100H
O00OOFFH

00080H
0007FH

00000H

MOVX instruction

Sector 1023

Sector 1022

Sector 1021

Sector 1020
I
I
I
I
I
I
I
I
I
|

Sector 2

Sector 1

Sector 0

A

128bytes

Flash Page Buffer
(External Data Memory, 128bytes)

The corresponding address of flash should be erased to write data on flash.

FSADRH/M/L

Flash Controller FIDR
FMCR

1FF80H
1FFOOH
1FE8OH
I
I
| Flash
| Sector
| Address
|
I
|
|
|
00100H
00080H
OOOOOFI///
807FH Page(Sector)
Buffer
8000H Address

Figure 15.1 Flash Program ROM Structure
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15.1.3 Register Map

Name Address Direction Default Description
FSADRH FAH R/W O00OH Flash Sector Address High Register
FSADRM FBH R/W 00OH Flash Sector Address Middle Register
FSADRL FCH R/W 00OH Flash Sector Address Low Register
FIDR FDH R/W O00OH Flash Identification Register
FMCR FEH R/W O00OH Flash Mode Control Register
Table 15-1 Flash Memory Register Map

15.1.4 Register Description for Flash Memory Control and Status

Flash control register consists of the flash sector address high register (FSADRH), flash sector address middle register
(FSADRM), flash sector address low register (FSADRL), flash identification register (FIDR) and flash mode control

register (FMCR). They are mapped to SFR area and can be accessed only in programming mode.
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15.1.5 Register Description for Flash

FSADRH (Flash Sector Address High Register): FAH

7 6 5 4 3 2 1 0
- | - | - | - | FSADRHB FSADRH2 FSADRHL FSADRHO
- - - - RW RW RW RW
Initial value: 00H
FSADRH[3:0] Flash Sector Address High
FSADRM (Flash Sector Address Middle Register): FBH
7 6 5 4 3 2 1 0
FSADRM7 | FSADRM6 | FSADRM5 | FSADRWA | FSADRMB | FSADRMR2 | FSADRML | FSADRWO
RW RW RW RW RW RW RW RW
Initial value: OOH
FSADRM([7:0] Flash Sector Address Middle
FSADRL (Flash Sector Address Low Register): FCH
7 6 5 4 3 2 1 0
FSADRL7 | FSADRL6 | FSADRI5S | FSADRM4 | FSADR3 FSADRL2 FSADRLL FSADRLO
RW RW RW RW RW RW RW RW
Initial value: O0OH
FSADRL[7:0] Flash Sector Address Low
FIDR (Flash Identification Register): FDH
7 6 5 4 3 2 1 0
| rmre | FoRe | FORS | FDR4 FIDR3 FIDR2 FIDRL FIDRO
RW RW RW RW RW RW RW RW
Initial value: O0OH
FIDR[7:0] Flash Identification

Others
10100101

(These bits are automatically cleared to logic ‘00H immediately

operation)

No identification value

Identification value for a flash mode

after one time
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FMCR (Flash Mode Control Register): FEH

7 6 5 4 3 2 1 0
| FvBUSY | - | - | - - FMCR2 FMCRL FMCRO
R - - - - RW RW RW
Initial value: 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 FMCRO Description

0 0 1 Select flash page buffer reset mode
and start regardless of the FIDR
value (Clear all 128bytes to ‘0’)

0 1 0 Select flash sector erase mode and
start operation when the
FIDR="10100101b’

0 1 1 Select flash sector write mode and
start operation when the
FIDR="10100101b’

1 0 0 Select flash sector hard lock and

Start operation when the
FIDR="10100101b’

Others Values: No operation

(These bits are automatically cleared to logic ‘O0OH’ 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)

MC97F60128 can program its own flash memory (protection area). The protection area can not be erased or
programmed. The protection areas are available only when the PAEN bit is cleared to ‘0’, that is, enable protection
area at the configure option 2 if it is needed. If the protection area isn’t enabled (PAEN ='1’), this area can be used as a
normal program memory.

The size of protection area can be varied by setting of configure option 2.

Protection Area Size Select ] ) )
PASS? PASSL PASSO Size of Protection Area Address of Protection Area
0 0 0 768 bytes 0100H — 03FFH
0 0 1 1.7 Kbytes 0100H — O7FFH
0 1 0 2.7 Kbytes 0100H — OBFFH
0 1 1 3.7 Kbytes 0100H — OFFFH
1 0 0 123.7 Kbytes 0100H — 1EFFFH
1 0 1 125.7 Kbytes 0100H — 1F7FFH
1 1 0 126.7 Kbytes 0100H — 1FBFFH
1 1 1 127.5 Kbytes 0100H — 1FEFFH
Table 15-2 Protection Area size
NOTE)

1. Referto chapter 16 in configure option control.
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15.1.8 Erase Mode

The sector erase program procedure in user program mode

1. Page buffer clear (FMCR=0x01)

Write ‘0’ to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).

Check the UserlID for to prevent the invalid work™®.
Set flash mode control register (FMCR).
Erase verify

NOTE)

2
3
4. Set flash identification register (FIDR).
5
6
7

1. Please refer to the chapter “Protection for Invalid Erase/Write”

2. On flash memory erase and write, it should be disabled the RXE bit of USINCR2/UARTNCR2
register.

Program Tip — sector erase

Pgbuf clr:

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

MOVX
INC
DJINZ

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LJMP

No WriteErase:

MOV
MOV
MOV

Erase verify:

Verify error:

EO, #0xF8
FMCR, #0x01

A, #0

RO, #SectorSize

DPH, #0x80
DPL, #0

@DPTR, A
DPTR
RO, Pgbuf clr

FSADRH, #SAH
FSADRM, #SAM
FSADRL, #SAL
FIDR, #0xA5

A, #ID DATA 1

;Set DPTRO
;page buffer clear

; Dummy
; Dummy
; Dummy

instruction, This instruction must be needed.
instruction, This instruction must be needed.
instruction, This instruction must be needed.

;Sector size of Device
;Page Buffer Address is 8000H

;Write

‘0’ to all page buffer

;Sector Address High Byte. If used BANK1l,SAH is 1.
;Sector Address Middle Byte

;Sector Address Low Byte

;Identification value

; Check

A,UserIDl,No WriteErase;This

A, #ID DATA 2

A,UserID2,No WriteErase

FMCR, #0x02

Erase verify

FIDR, #00H
UserID1, #00H
UserID2, #00H

;Start
; Dummy
; Dummy
; Dummy

the UserID(written by user)
routine for UserID must be needed.

flash erase mode

instruction, This instruction must be needed.
instruction, This instruction must be needed.
instruction, This instruction must be needed.
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15.1.9 Write Mode

The sector Write program procedure in user program mode
1. Page buffer clear (FMCR=0x01)

Write data to page buffer

2

3. Set flash sector address register (FSADRH/FSADRM/FSADRL).
4. Set flash identification register (FIDR).

5. Check the UserID for to prevent the invalid worl
6. Set flash mode control register (FMCR).

7. Erase verify

NOTE)

1. Please refer to the chapter “Protection for Invalid Erase/Write”.
All data of the sector should be “00H” before writing data to a sector.

n

k(Notel)

3. On flash memory erase and write, it should be disabled the RXE bit of USINCR2/UARTNCR2
register.

Program Tip — sector write

Pgbuf WR:

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

MOVX
INC
INC
DJINZ

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LJMP

No WriteErase:

MOV
MOV
MOV

Write verify:

Verify error:

EO, #0xF8
FMCR, #0x01

A, #0

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

;Set DPTRO

;page buffer clear
;Dummy instruction,
;Dummy instruction,
;Dummy instruction,

;Sector size of Device
; Page Buffer Address is 8000H

;Write data to all page buffer

;Sector Address
; Sector Address
;Sector Address
;Identification

;Check the UserID(written by user)

High Byte.
Middle Byte

This instruction must be needed.
This instruction must be needed.
This instruction must be needed.

If used BANK1,SAH is 1.

A,UserIDl,No WriteErase;This routine for UserID must be needed.

A, #ID DATA 2

A,UserID2,No WriteErase

FMCR, #0x03

Write verify

FIDR, #00H
UserID1, #00H
UserID2, #00H

;Start flash write mode
;Dummy instruction,
;Dummy instruction,
;Dummy instruction,

This instruction must be needed.
This instruction must be needed.
This instruction must be needed.
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The Byte Write program procedure in user program mode

1. Page buffer clear (FMCR=0x01)

Write data to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).

Check the UserID for to prevent the invalid work™?.

Set flash mode control register (FMCR).

Erase verify

NOTE)

2
3
4. Set flash identification register (FIDR).
5
6
7

1. Please refer to the chapter “Protection for Invalid Erase/Write”.

n

Data of the address should be “00H” before writing data to an address.

3. On flash memory erase and write, it should be disabled the RXE bit of USINCR2/UARTNCR2
register.

Program Tip — byte write

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LJMP

No WriteErase:

MOV
MOV
MOV

Write verify:

Verify error:

EO, #0xF8
FMCR, #0x01

A, #5

DPH, #0x80
DPL, #0
@DPTR, A

A, #6

DPH, #0x80
DPL, #0x05
@DPTR, A

FSADRH, #SAH
FSADRM, #SAM
FSADRL, #SAL
FIDR, #0xA5

A, #ID DATA 1

;Set DPTRO

;page buffer clear
;Dummy instruction,
;Dummy instruction,
;Dummy instruction,

This instruction must be needed.
This instruction must be needed.
This instruction must be needed.

;Write data to page buffer

;Write data to page buffer

;Sector Address High Byte.
;Sector Address Middle Byte
;Sector Address Low Byte
;Identification value

If used BANK1l,SAH is 1.

;Check the UserID(written by user)

A,UserIDl,No WriteErase;This routine for UserID must be needed.

A, #ID DATA 2

A,UserID2,No WriteErase

FMCR, #0x03

Write verify

FIDR, #00H
UserID1, #00H
UserID2, #00H

;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
CJNE A,UserIDl,No WriteErase
MOV A, #ID DATA 2
CJINE A,UserID2,No WriteErase
MOV A, #ID DATA 3
CJNE A,UserID3,No WriteErase
MOV FMCR, #0x7?7? ;0x03 if write, 0x02 if erase
RET

No WriteErase:

MOV FIDR, #00H

MOV UserID1, #00H
MOV UserID2, #00H
MOV UserID3, #00H
MOV Flash flag, #00H
RET B

If code is like the above lines, an invalid flash erase/write can be avoided.
NOTE) On flash memory erase and write, it should be disabled the RXE bit of USINCR2/UARTNCR?2 register

2. It is important where the UserlD1/2/3 is written. It will be remain the invalid flash erase/write problem if the

UserlD1/2/3 is written at the above line of the instruction “MOV FIDR,#10100101B". So. It had better writing

the UserlD1/2/3 in another routine after return.

Decide ErWt:

MOV 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 0x01/0xff” if 0x01ff00 to OxO1ffff is

used for data.

4. Overview of main

CALL
CALL
CALL
CALL
CALL
CALL

ID wire:
MOV
CJINE
MOV
CJINE
MOV
MOV
CJINE
MOV
CJINE
MOV
MOV
CJNE
MOV
CJNE
MOV
RET

No write ID:
MOV
MOV
MOV
RET

Workl
Decide ErWt
Work?2

ID write
Work3

Flash erase
Flash write

A, #38H

A,Flash flagl,No write ID

A, #75H

A,Flash flag2,No write ID

UserID1,#ID DATA 1
A, #38H

;Write Uiser ID1

A,Flash flagl,No write ID

A, #75H

A,Flash flag2,No write ID

UserID2,#ID_DATA 2
A, #38H

;Write Uiser ID2

A,Flash flagl,No write ID

A, #75H

A,Flash flag2,No write ID

UserID3,#ID_DATA 3

UserID1, #00H
UserID2, #00H
UserID3, #00H

;Write Uiser ID3
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15.1.10.1 Flow of Protection for Invalid Erase/Write
< Start >
y
Work1

Decide to write/erase

Set Flags
on flash 9

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)
1. 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

ANL EO, #0xF8 ;Set DPTRO

ORL MEX2, #0x90 ;If used BANK1l, set MCM and MCB is ‘1/,
ANL MEX3, #0x7F ;If used BANKO, set MCM and MCB is ‘0’,
MOV A, #0

MOV DPH, #0XFE

MOV DPL, #0x80 ;flash memory address

MOVC A, @A+DPTR ;read data from flash memory

15.1.12 Code Write Protection Mode

The Code Write Protection program procedure in user program mode
1. Set flash identification register (FIDR).
2. Check the UserID for to prevent the invalid work™"®"
3. Set flash mode control register (FMCR).

NOTE) Please refer to the chapter “Protection for Invalid Erase/Write”

Program Tip — Code Write Protection

MOV FIDR, #0xA5 ;Identification value

MOV A,#ID DATA 1 ;Check the UserID(written by user)

CJINE A,UserIDl,No WriteErase;This routine for UserID must be needed.
MOV A, #ID DATA 2

CJINE A,UserID2,No WriteErase

MOV FMCR, #0x04 ;Start flash Code Write Protection mode

NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.
NOP ;Dummy instruction, This instruction must be needed.

No WriteErase:

MOV FIDR, #00H
MOV UserIDl, #00H
MOV UserID2, #00H
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16. Configure Option

16.1 Configure Option Control

The data for configure option should be written in the configure option area (003EH — 003FH) by programmer (Writer

tools).

CONFIGURE OPTION 1 : ROM Address 003FH

7 6 5 4 3 2 1 0
RP HL FFCK VAPEN - - - -
Initial value : 00H
R P Code Read Protection
0 Disable
1 Enable
HL Code Write Protection
0 Disable
1 Enable
FFCK Enable/Disable Parity bit Check Function for flash fail detection
0 Disable flash fail detection function
1 Enable flash fail detection function
VAPEN Vector Area(00H — FFH) Protection Enable/Disable
0 Disable Protection (Erasable by instruction)
1 Enable Protection (Not erasable by instruction)

CONFIGURE OPTION 2: ROM Address 003EH

7 6 5 4 3 2 1 0
- - - - PAEN PASS2 PASS1 PASSO
Initial value : 00OH
PAEN Enable Specific Area Write Protection
0 Disable Protection (Erasable by instruction)
1 Enable Protection (Not erasable by instruction)
PASS [1:0] Select Specific Area for Write Protection

NOTE)

1. When PAEN =1, it is applied.
PASS2 PASS1 PASSO Description

768 Bytes (0100h — 03FFH)

1.7K Bytes (0100h — 07FFH)

2.7K Bytes (0100h — O0BFFH)
3.7K Bytes (0100h — OFFFH)
123.7K Bytes (0100h — 1EFFFH)
125.7K Bytes (0100h — 01F7FFH)
126.7K Bytes (0100h — 01FBFFH)
127.5K Bytes (0100h — 01FEFFH)

P B B P O O O O
B O O Fr +» O O
P O Fr O Fr O+ O
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17. APPENDIX

17.1 Instruction Table

Instructions are eitherl, 2 or 3bytes long as listed in the ‘Bytes’ column below.

Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following table. 1 machine cycle

comprises 2 system clock cycles.

ARITHMETIC
Mnemonic Description Bytes Cycles Hex code
ADD A,Rn Add register to A 1 1 28-2F
ADD A,dir Add direct byte to A 2 1 25
ADD A,@Ri Add indirect memory to A 1 1 26-27
ADD A #data Add immediate to A 2 1 24
ADDC A,Rn Add register to A with carry 1 1 38-3F
ADDC A,dir Add direct byte to A with carry 2 1 35
ADDC A,@Ri Add indirect memory to A with carry 1 1 36-37
ADDC A #data Add immediate to A with carry 2 1 34
SUBB A,Rn Subtract register from A with borrow 1 1 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 1 95
SUBB A,@Ri Subtract indirect memory from A with borrow 1 1 96-97
SUBB A #data Subtract immediate from A with borrow 2 1 94
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
DECA Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 Ad
DIV AB Divide A by B 1 4 84
DAA Decimal Adjust A 1 1 D4
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LOGICAL
Mnemonic Description Bytes Cycles Hex code
ANL A,Rn AND register to A 1 1 58-5F
ANL A, dir AND direct byte to A 2 1 55
ANL A,@Ri AND indirect memory to A 1 1 56-57
ANL A #data AND immediate to A 2 1 54
ANL dir,A AND A to direct byte 2 1 52
ANL dir,#data AND immediate to direct byte 3 2 53
ORLA,RN OR register to A 1 1 48-4F
ORL A,dir OR direct byte to A 2 1 45
ORLA, @RI OR indirect memory to A 1 1 46-47
ORL A #data OR immediate to A 2 1 44
ORL dir,A OR Ato direct byte 2 1 42
ORL dir,#data OR immediate to direct byte 3 2 43
XRLA,Rn Exclusive-OR register to A 1 1 68-6F
XRL A, dir Exclusive-OR direct byte to A 2 1 65
XRLA, @Ri Exclusive-OR indirect memory to A 1 1 66-67
XRL A #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir,#data Exclusive-OR immediate to direct byte 3 2 63
CLRA Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
RLA Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RRA Rotate A right 1 1 03
RRCA Rotate A right through carry 1 1 13

370



MC97F60128

ABOV Semiconductor Co., Ltd.

DATA TRANSFER
Mnemonic Description Bytes Cycles Hex code
MOV A,Rn Move register to A 1 1 E8-EF
MOV A,dir Move direct byte to A 2 1 E5
MOV A,@Ri Move indirect memory to A 1 1 E6-E7
MOV A #data Move immediate to A 2 1 74
MOV Rn,A Move A to register 1 1 F8-FF
MOV Rn,dir Move direct byte to register 2 2 A8-AF
MOV Rn,#data Move immediate to register 2 1 78-7TF
MOV dir,A Move A to direct byte 2 1 F5
MOV dir,Rn Move register to direct byte 2 2 88-8F
MOV dir,dir Move direct byte to direct byte 3 2 85
MOV dir, @Ri Move indirect memory to direct byte 2 2 86-87
MOV dir,#data Move immediate to direct byte 3 2 75
MOV @Ri,A Move A to indirect memory 1 1 F6-F7
MOV @Ri,dir Move direct byte to indirect memory 2 2 A6-A7
MOV @Ri,#data Move immediate to indirect memory 2 1 76-77
MOV DPTR,#data Move immediate to data pointer 3 2 90
MOVC A,@A+DPTR Move code byte relative DPTR to A 1 2 93
MOVC A, @A+PC Move code byte relative PC to A 1 2 83
MOVX A, @Ri Move external data(A8) to A 1 2 E2-E3
MOVX A,@DPTR Move external data(A16) to A 1 2 EO
MOVX @RIi,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
XCHA,Rn Exchange A and register 1 1 C8-CF
XCH A,dir Exchange A and direct byte 2 1 C5
XCHA,@Ri Exchange A and indirect memory 1 1 C6-C7
XCHD A,@Ri Exchange A and indirect memory nibble 1 1 D6-D7
BOOLEAN
Mnemonic Description Bytes Cycles Hex code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 1 Cc2
SETB C Set carry 1 1 D3
SETB bit Set direct bit 2 1 D2
CPLC Complement carry 1 1 B3
CPL bit Complement direct bit 2 1 B2
ANL C,bit AND direct bit to carry 2 2 82
ANL C,/bit AND direct bit inverse to carry 2 2 BO
ORL C,bit OR direct bit to carry 2 2 72
ORL C,/bit OR direct bit inverse to carry 2 2 AO
MOV C,bit Move direct bit to carry 2 1 A2
MOV bit,C Move carry to direct bit 2 2 92
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BRANCHING
Mnemonic Description Bytes Cycles Hex code
ACALL addr 11 Absolute jump to subroutine 2 2 11-F1
LCALL addr 16 Long jump to subroutine 3 2 12
RET Return from subroutine 1 2 22
RETI Return from interrupt 1 2 32
AJMP addr 11 Absolute jump unconditional 2 2 01—-E1
LIMP addr 16 Long jump unconditional 3 2 02
SJIMP rel Short jump (relative address) 2 2 80
JC rel Jumponcarry =1 2 2 40
JINC rel Jump on carry =0 2 2 50
JB bit,rel Jump on direct bit = 1 3 2 20
JNB bit,rel Jump on direct bit =0 3 2 30
JBC bit,rel Jump on direct bit = 1 and clear 3 2 10
JMP @A+DPTR Jump indirect relative DPTR 1 2 73
JZ rel Jump on accumulator = 0 2 2 60
JINZ rel Jump on accumulator #0 2 2 70
CJINE A,dir,rel Compare A,direct jne relative 3 2 B5
CJINE A #d,rel Compare A,immediate jne relative 3 2 B4
CJINE Rn,#d,rel Compare register, immediate jne relative 3 2 B8-BF
CJINE @Ri,#d,rel Compare indirect, immediate jne relative 3 2 B6-B7
DJNZ Rn,rel Decrement register, jnz relative 2 2 D8-DF
DJNZ dir,rel Decrement direct byte, jnz relative 3 2 D5
MISCELLANEOUS
Mnemonic Description Bytes Cycles Hex code
NOP No operation 1 1 00
ADDITIONAL INSTRUCTIONS (selected through EO[7:4])
Mnemonic Description Bytes Cycles Hex code
OVC GOPTR A | Moo Tt spece ety suppe L e |
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 imnmediate data; other instructions use #data.
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17.2 Flash Protection for Invalid Erase/Write

» Overview
This is example to prevent changing code or data in flash by abnormal operation(noise, unstable power, malfunction,

etc...).

Program[J
Sequence
Noise,
Unstable Power,
Malfunction,
ETC... L
Program
Invalid
PC Jump
Flash Erase/Write code

» How to protect the flash

+ Divide into decision and execution to Erase/Write in flash.
- Check the program sequence from decision to execution in order of precedence about Erase/Write.
- Setting the flags in program and check the flags in main loop at the end
- When the Flash Erase/Write is executed, check the flags. If not matched, do not execute.
* Check the range of Flash Sector Address
- If the flash sector address is outside of specific area, do not execute.
* Use the Dummy Address
- Set the flash sector address to dummy address in usually run time.
- Change the flash sector address to real area range shortly before Erase/Write.
- Even if invalid Erase/Write occurred, it will be Erase/Write in dummy address in flash.
* Use the LVR/LVI
- Unstable or low powers give an adverse effect on MCU. So use the LVR/LVI
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> Flowchart

Initial
Set LVR/LVI more than 2.0V

v

Start Main Loop

v

Working
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@ Write Flash?
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Working
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(3) Check User_ID1?

No |«
A

Working
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No |«

Working

Write Flash

A 4
@ Set FSADDRH/M/L
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®
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\ 4

Clear User_ID1/2/3

Clear FIDR

Clear FMCR
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» Descript of Flowchart

* @ Initialization

- Setthe LVR/LVI
Check the power by LVR/LVI and do not execute under unstable or low power.

- Initialize User_1D1/2/3
- Set Flash Sector Address High/Middle/Low to Dummy address

Dummy address is set to unused area range in flash.
* @ Decide to Write
- When the Erase/Write are determined, set flag. Do not directly Erase/Write in flash.
- Make the user data.

* 3 Check and Set User_ID1/2/3

- Inthe middle of source, insert code which can check and set the flags.
- By setting the User_ID 1/2/3 sequentially and identify the flow of the program.

* @ Set Flash Sector Address

- Set address to real area range shortly before Erase/Write in flash.
Set to Dummy address after Erase/Write

Even if invalid work occurred, it will be Erase/Write in Dummy address in flash.

* ® Check Flags
- If every flag(User_ID1/2/3, LVI, Flash Address Min/Max) was set, than do Erase/Write.
- If the Flash Sector Address is outside of Min/Max, do not execute
- Address Min/Max is set to unused area.
* ® Initialize Flags
- Initialize User_ID1/2/3
- Set Flash Sector Address to Dummy Address
+ Sample Source
- Refer to the ABOV homepage.
- ltis created based on the MC97F2664.
- Each product should be modified according to the Page Buffer Size and Flash Size

» Etc

* Protection by Configure option

- Set flash protection by MCU Write Tool(OCD, PGM+, etc...)
Vector Area :

O0OH~FFH

Specific Area :
3.7k Bytes (Address 0100H — OFFFH)
1.7k Bytes (Address 0100H — 07FFH)
768 Bytes (Address 0100H — 03FFH)
256 Bytes (Address 0100H — 01FFH)

- The range of protection may be different each product.
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