CMOS single-chip 8-bit MCU \BO\
with LCD Driver SEMICONDUCTOR

Main features MCO906F6508A
« 8-bit Microcontroller With High Speed 8051 CPU MC96F6408A

e Basic MCU Function

User’s manual
— 8Kbytes Flash Code Memory

— 256bytes SRAM
V1.8

e Built-in Analog Function

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

e Peripheral Features

— UART, SIO
— LCD Diriver (24Segment x 8Common)

e /O and Packages

— Up to 49 Programmable 1/O lines with 52-PELLET
—52-PELLET, 48LQFP, 48TQFP

o Operating Conditions

—1.8 V to 5.5V Wide Voltage Range
—-40°C to 85°C Temperature Range

o Application

— LCD Remote Control Unit
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1 Overview

1.1  Description

The MC96F6508A and MC96F6408A are an advanced CMOS 8-bit microcontroller with 8Kbytes of FLASH memory.

Theseare powerful microcontroller which provides a highly flexible and cost effective solution to many embedded

control applications. These provide the following features : 8Kbytes of FLASH, 256bytes of IRAM, general purpose 1/O,

basic interval timer, watchdog timer, 8/16-bit timercounter, carrier generation, watch timer, buzzer driving port, SIO,
UART, LCD driver, on-chip POR, LVR, LVI, on-chip oscillator and clock circuitry.

Device Name FLASH IRAM /O PORT Package

MC96F6508AC 49 52-PELLET

MC96F6408AL 8Kbytes 256bytes 45 48LQFP
MC96F6408ATBN 45 48TQFP
Table 1-1. Ordering Information of MC96F6508A
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1.2 Feature

CPU

— 8-hit CISC Core(M8051, 2clocks per cycle)
ROM (FLASH) Capacity

— 8Kbytes

— Flash with self-read/write capability
— On chip debug and In-system programming (ISP)

— Endurance : 10,000 times
— Retention : 10 years

256bytes IRAM
— (30bytes including LCD display RAM)
General Purpose I/O (GPIO)

—Normal I/0 : 17 Ports
(PO[3:0], P1[7:0], P6[4:0])

—LCD shared I/O : 32 Ports
(P2[7:0], P3[7:0], P4[7:0Q], P5[7:0])

Basic Interval Timer (BIT)

—8-bitx 1-ch

Watch Dog Timer (WDT)

—8-bitx 1-ch

—5kHz internal RC oscillator

Timer/ Counter

—8-bitx 4-ch(TO/T1/T2/T3), 16-bitx 2-ch (TO/T2)
Carrier Generation

— Carrier Generation (by T1), T2 Clock source
Watch Timer (WT)

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

—8-bitx 1-ch

SIO

—8-bitx 1-ch

UART

—8-bitx 1-ch

LCD Driver

— 24Segments and 8Common terminals

—60kQ and 120kQ internal dividing resistor selectable
-1/2, 1/3, 1/4, 1/5, 1/6 and 1/8 duty selectable

—1/2, 1/3, and 1/4 bias selectable

Power On Reset

— Reset release level (1.4V)

Low Voltage Reset

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

Low Voltage Indicator

—13 level detect (2.00V/ 2.10V/ 2.20V/ 2.32V/ 2.44V/
2.50V/ 2.75V/ 2.93V/ 3.14V/ 3.38V/ 3.67V/ 4.00V/
4.40V)

Interrupt Sources

— External Interrupts (EINT10, EINT12) (2)

— Key Interrupts (8)

—Timer (0/1/2/3) (4)

—WDT (1)

-BIT (1)

-WT (1)

-SIo (1)

— UART(TX/RX) (2)

Internal RC Oscillator

—Internal RC frequency: 16MHz + 1.5%
(Ta=0°C ~ +50°C, Vpp=2.0V ~ 5.5V)

Power Down Mode

—STOP, IDLE mode

Operating Voltage and Frequency

—1.8V ~5.5V (@ 32 ~ 38kHz with X-tal)

— 1.8V ~5.5V (@ 0.4 ~ 4.2MHz with X-tal)

-2.7V ~5.5V (@ 0.4 ~ 12.0MHzwith X-tal)

-2.0V ~5.5V (@ 0.5 ~ 16.0MHz with internal RC)

—-2.0V~55V (@ 1.0 ~ 16.4MHz with PLL)

— Voltage dropout converter included for core

Minimum Instruction Execution Time

—122ns at 16.4MHz CPU clock

Operating Temperature: —-40 ~+85C

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

— Phase Locked Loop
(Max. 16.4MHz with sub clock)

Package Type
—52-PELLET

— 48 LQFP-0707
— 48 TQFP-0707
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1.3 Development Tools

1.3.1 Compiler

We do not provide the compiler. Please contact the third parties.
The core of MC96F6508Ais Mentor 8051. And,device ROM size is smaller than 8Kbytes.Developer can use all kinds
of third party’s standard 8051 compiler.

1.3.2 OCD(On-chip debugger) emulator and debugger

The OCD (On Chip Debug) emulator supports ABOV Semiconductor’s 8051 series MCU emulation.
The OCD interface uses two-wire interfacing between PC and MCU which is attached to user’s system.The OCD can
read or change the value of MCU internal memory and 1/O peripherals.And the OCD also controls MCU internal
debugging logic, it means OCD controls emulation, step run, monitoring, etc.
The OCD Debugger program works on Microsoft-Windows NT, 2000, XP, Vista (32bit) operating system.
If you want to see more details, please refer to OCD debugger manual.You can download debugger program and
manual from ABOV web-site.
Connection:

— DSCL (MC96F6508AP16 port)

—  DSDA (MC96F6508AP17 port)
OCD connector diagram: Connect OCD with user system

1 o O 2 UserVCC
3 o O 4 User GND
5 I:] o ©O 6 DSCL

7 o O 8 DSDA

9 o O 10

Figure 1.1 Debugger(OCD1/0CD2) and Pin description
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1.3.3 Programmer

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

1
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Figure 1.2 E-PGM+(Single writer)
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OCD emulator:
It can write code in MCU device too, because OCD debugging supports ISP (In System Programming).

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

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

- Easy to connect to the handler.

Figure 1.3 E-GANG4 and E-GANGS6 (for Mass Production)
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2 Block diagram

Flash
8KB
CORE IRAM
M8051 [—— P 256B
On-chip debug.
In-system programming
General purpose /O
17 ports normal I/O - Power control
32 ports LCD shared 1/0 Power on reset,
< > Low voltage res_et,
Low voltage indicator
Power down mode
Watchdog timer Clock generator
1 channel, 8-bit -~ 16MHz, Internal RC OSC
5kHz, internal RC OSC -—p 12MHz, Crystal 0oSsC
32.768kHz, Crystal OSC
Basic interval timer .
1 channel, 8-bit [—— LCD driver
4—P 24 Segments
8 Common terminals
Buzzer
1 channel, 8-bit
Timer / Counter
4 channels, 8-bit
or - ¢ » UART .
2 channels, 16-bit 1 channel, 8-bit
SIO
1 channel, 8-hit

Figure 2.1 MC96F6508A Block Diagram
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3 Pin assignment
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Figure 3.1 MC96F6508AC 52-PELLET Pin Assignment
NOTE)

1.  On On-Chip Debugging, ISP uses P1[6:7] pin as DSCL, DSDA.
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Figure 3.2

NOTE)

On On-Chip Debugging, ISP uses P1[6:7] pin as DSCL, DSDA.
The P33-P36isnot in the 48-pin package.

The P33-P36 pins should be selected as a push-pull output or an input with pull-up resistor by software
control when the 48-pin package is used.

MC96F6408AL 48LQFP/MC96F6408ATBN 48TQFP Pin Assignment
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Package Diagram

4

GAUGE PLANE 0.25

LEAD FORM PART

b1

P BASE METAL

1
| o

™

REV.

DESCRIPTION

DATE

ENG

APPROVAL

GEMERATE.

oaMamM7

JH. KIM

NOTES:

—

2

w

COMMON DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL | MIN NOM MAX
A - - 1.60
a1 0.05 — 0.15
a2 1.35 140 145
b 0.17 0.22 0.27
b1 0.17 020 0.23
e 0.09 - 0.20
el 0.09 — 0.16
D 5.80 3.00 9.20
D1 5.80 7.00 7.20
E 5.80 300 9.20
E1 5.50 7.00 7.20
e 0.50 BSC
L 045 | o080 | o7s
L1 1.00 REF
a o B

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

DIMENSION "D1" AND 'ET DO NOT INCLDUE MOLD PROTRUSIONS. ALLOWABLE
PROTRUSION IS 0.25MM PER SIDE. 'D1" AND "E1' ARE MAXIMUM PLASTIC BODY
DIMENSIONS INCLUDING MOLD MISMATCH.

DIMENSION "' DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMABR
PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE MAXIMUM

'b' DIMENSION BY MORE THAN 0.08MM.

'A1" 1S DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST
PQINT ON THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

- WITH PLATING

SECTIONB-B

BCALE:

DATE:

DRANMN:

NONE J5. KANG | TTE
e i B LQFP 7X7MM 48LD
PROJECTION o CHESKER . chaE PACKAGE OUTLINE
UNLESE e —
ZFECIFIED AMOLE APPROVER: M. KIM
CAD NAME: DRANMNE NUMSER REV. SHEET:
ABOV SEMICONDUCTOR OLQ-0707048 OLO-0707048 — 1 OF 1

48-Pin LQFP Package

Figure 4.1
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GAUGE PLANE 025

D A
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Hi A AR
— —1r
— —1r
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f— I
f— — |
== _~ _ —
== T g =
RILEEEEEEE ] =
_m_ __ b $|oos M) ! !
/7
C
4 b
r S a
| / i | —— BASEMETAL
ﬁlllllllnf__ll “__1_w| \
L 7 _ ; oo
L1
LEAD FORM PART SECTIONB-B. — WITH PLATING

REV.

DESCRIPTION

DATE ENG

APPROVAL

- GENERATE

21017 JH. KIM

¥J. CHAE

COMMON DIMENSICONS
(UNITS OF MEASURE=MILLIMETER)

symBoL | M NOM MAX
A — — 1.20
A1 0.05 — 0.15
A2 D.95 1.00 1.05
b 0.17 0.22 0.27
b1 0.7 0.20 0.23
c 0.09 - 0.20
¢l 0.09 - 0.16
D B.8D .00 9.20
D1 B.8D 7.00 7.20
E B.80 9.00 9.20
E 5.80 7.00 7.20
e 0.50 BSC
L 045 | oe0 | ors
L1 1.00 REF
o 0 HEE

NOTES:

1. ALL DIMENSIONS REFER TO JEDEC STANDARD M5-026-ABC.

2. DIMENSION 'D1' AND 'E1' DO NOT INCLDUE MOLD PROTRUSIONS. ALLOWABLE
PROTRUSION IS D.25MM PER SIDE. 'D1' AND 'E1' ARE MAXIMUM PLASTIC BODY
DIMENSIONS INCLUDING MOLD MISMATCH.

3. DIMENSION '»' DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMABR
PROTRUSION SHALL NOT CAUSE THE LEAD WIDTH TQ EXCEED THE MAXIMUM
B DIMENSION BY MORE THAN D.08MM.

4.'A1" 1S DEFINED AS THE DISTANCE FROM THE SEATING PLANE TO THE LOWEST
POINT ON THE PACKAGE BODY.

LIST OF MATERIAL AND APPLICABLE DOCUMENTS

SoALE: NONE | PRz gy | S IS, KANG | e
e e e TQFP 7X7MM 481D
FREECTION Hau. CHESKED: y). CHAE PACKAGE OUTLINE
unLERE
sPEciFED 1 proces APPROVED: 4 kM

CAD MAME: DRAWME NUMEER: REV. SHEET:
ABOV SEMICONDUCTOR OTQ-0707048 OTQ-0707048 — 1 OF

48-Pin TQFP Package

Figure 4.2
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5 Pin Description

PIN

Name /0 Function @RESET Shared with
POO The P00 and P01 are a bit-programmable I/O port which can EINT10
o) be configured as a Schmitt-trigger input, a push-pull output, or Input
PO1 an open-drain output. EINT12/T20/EC2
A pull-up resistor can be specified in 1-bit unit.
P02 The P02 and P03 are a bit-programmable 1/0 port which can BUZO
be configured as an input, a push-pull output, or an open-drain
I/0 Input
P03 output. REM
A pull-up resistor can be specified in 1-bit unit.
P10 Port 1 is a bit-programmable 1/O port which can be configured KEYO
P11 gﬁtgu?chmltt-tngger input, a push-pull output, or an open-drain KEY1
P12 A pull-up resistor can be specified in 1-bit unit. KEY2
P13 KEY3
I/0 Input
P14 KEY4
P15 KEY5
P16 KEY6/DSCL
P17 KEY7/DSDA
P20 Port 2 is a bit-programmable 1/O port which can be configured COMO
as an input, a push-pull output, or an open-drain output.
P21 A pull-up resistor can be specified in 1-bit unit. comi
P22 COM2/SEGO
P23 COMB3/SEG1
I/0 Input
P24 COM4/SEG2
P25 COM5/SEG3
P26 COM6/SEG4
P27 COMY7/SEG5
P30 Port 3 is a bit-programmable 1/O port which can be configured SEG6
P31 as an input, a push-pull output, or an open-drain output. SEG7
A pull-up resistor can be specified in 1-bit unit.
P32 The P33-P36 is not in the 48-pin package. SEGS8
P33 SEG9
I/1O Input
P34 SEG10
P35 SEG11
P36 SEG12
P37 SEG13
Table 5.1 Normal Pin Description
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NZInI:le I/10 Function @RESET Shared with
P40 Port 4 is a bit-programmable 1/O port which can be configured SEG14
P42 SEG16
P43 SEG17
P44 Vo nput SEG18
P45 SEG19
P46 SEG20
P47 SEG21
P50 Port 5 is a bit-programmable 1/0O port which can be configured SEG22
P52 SEG24
P53 SEG25
P54 Vo nput TOO/ECO/SEG26
P55 SI/SEG27
P56 SCK/TXD/SEG28
P57 SO/RXD/SEG29
P60 Port 6 is a bit-programmable 1/0 port which can be configured XOUT
P61 23tgu?chmitt-trigger input, a push-pull output, or an open-drain XIN
P62 /o | A puII-LJp resistor can be specified in 1-bit unit. Input RESETB
P63 SXIN
P64 SXOUT
EINT10 | I/O | External interrupt input/Timer O capture input Input POO
EINT12 | I/O | External interrupt input/Timer 2 capture input Input P0O1/T20/EC2
KEYO P10
KEY1 P11
KEY2 P12
KEY3 ) ) P13
I/O | External Key interrupt input Input
KEY4 P14
KEY5 P15
KEY6 P16/DSCL
KEY7 P17/DSDA
TOO I/O | Timer O interval output Input P54/ECO/SEG26
T20 I/O | Timer 2 interval output Input PO1/EINT12/EC2
ECO I/O | Timer O event count input Input P54/TOO/SEG26
EC2 I/O | Timer 2 event count input Input PO1/EINT12/T20
REM I/O | Carrier generation output Input P03
BUZO I/O | Buzzer signal output Input P02
SCK I/O | Serial clock input/output Input P56/TXD/ISEG28
Sl I/O | Serial data input Input P55/SEG27
SO I/O | Serial data output Input P57/RXD/SEG29
TXD I/0 | UART data output Input P56/SCK/SEG28
RXD I/O | UART data input Input P57/SO/SEG29
Table 5.2 Normal Pin Description (Continued)
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PIN

1/10 Function @RESET Shared with
Name
COMO- P20-P21
COM1 .
COM2— 1/0 | LCD common signal output Input
COM7 P22/SEGO0-P27/SEG5
SEGO-
SEG5 P22/COM2-P27/COM7
SEG6-
SEG21 P30-P47
SEG22-
P50-P53
SEG25 | |/0 | LCD segment signal output Input
SEG26 P54/TOO/ECO
SEG27 P55/SI
SEG28 P56/SCK/TXD
SEG29 P57/SO/RXD
DSDA | /O | On chip debugger data input/output™°T=* 2 Input P17/KEY7
DSCL I/0 | On chip debugger clock input™°TE4 Input P16/KEY6
System reset pin with a pull-up resistor when it is selected as
RESETB | | | e RESETB by “CONFIGURE OPTION” Input | P62
XIN ) ) ) P61
1/0 | Main oscillator pins Input
XOUuT P60
SXIN . ) P63
1/0 | Sub oscillator pins Input
SXOUT P64
LPF — | Loop filter pump output of PLL. - -
Vvob, — | Power input pins - -
VSS putp
Table 5.3 Normal Pin Description (Continued)
NOTE)
1. The P33-P36isnot in the 48-pin package.
2. The P62/RESETB pin is configured as one of the P62 and the RESETB pin by the “CONFIGURE
OPTION’.
3.  The P60/XOUT, P61/XIN, P63/SXIN, and P64/SXOUT pins are configured as a function pin by software
control.
4. If the P16/KEY6/DSCL and P17/KEY7/DSDA pins are connected to an emulator during power-on reset,
the pins are automatically configured as the debugger pins.
5. The P16/KEY6/DSCL and P17/KEY7/DSDA pins are configured as inputs with internal pull-up resistor

only during the reset or power-on reset.
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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 1.8)

VDD

PULL-UP
REGISTER - O|
VDD VDD
OPEN DRAIN

REGISTER

REGISTER MUX ——&

DATA —
PAD
SUB-FUNC DATA OUTPUT 1
= o—aH

WY

SUB-FUNC ENABLE 4

SUB-FUNC DIRECTION — 1

MUX
DIRECTION

REGISTER T 0

CMOS or
Schmitt Level
Input

PORTX INPUT or o-
SUB-FUNC DATA INPUT -

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

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

VDD
PULL-UP
REGISTER {>C - O|
VDD VDD
OPEN DRAIN
REGISTER

DATA — Zags!
REGISTER
WX p PAD
SUB-FUNC DATA OUTPUT >_[>o
SUB-FUNC ENABLE

SUB-FUNC DIRECTION ——M

DIRECTION

REGISTER T

D
EXTERNAL Q b
INTERRUPT
W cP POLARITY
r REG.
INTERRUPT T

<
)

ENABLE
FLAG
CLEAR
CMOS or
Schmitt Level
Input

PORTX INPUT or
SUB-FUNC DATA INPUT

<

% o\
»
2

[
O
O

" DEBOUNCE

T CLK
DEBOUNCE

ENABLE

—

Figure 6.2 External Interrupt /O Port
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7 Electrical Characteristics

7.1  Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply Voltage VDD -0.3~+6.5 \% -
Vi -0.3~vDD+0.3 \% o
Voltage on any pin with respect to VSS
Vo -0.3~vDD+0.3 \%
Maximum current output sourced by (lon per 1/0
X lon -10 mA .
Normal Voltage Pin pin)
Slon -80 mA Maximum current (¥ lon)
loL 60 mA Maximum current sunk by  (loL per I/O pin)
Sloo 120 mA Maximum current (¥ lov)
Total Power Dissipation Pr 600 mwW -
Storage Temperature Tste -65~+150 °C -
Table 7-1. Absolute Maximum Ratings

NOTE)

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

7.2 Recommended Operating Conditions
(TA=-40°C ~ +85°C)

Parameter Symbol Conditions MIN TYP MAX Unit
fx= 32 ~ 38kHz Sub crystal 1.8 - 55
fx= 0.4 ~ 4.2MHz . 1.8 - 55
Main Crystal
fx=0.4~12.0MHz 2.7 - 55
Supply Voltage VDD \%
fx=0.5~8.0MHz 1.8 - 5.5
Internal RC
fx=0.5~16.0MHz 2.0 - 5.5
fx=1.0~16.4MHz PLL 2.0 - 55
Operating Temperature Torr VDD=1.8V~5.5V -40 - 85 °C
Table 7-2. Recommended Operating Conditions
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7.3 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 - \%
VDD Voltage Rising Time tr - 0.05 - 30.0 Vims
POR Current lpor - - 0.2 - UuA
Table 7-3. Power-On Reset Characteristics

7.4  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
Detection Level Vivk The LVR can select all levels but LVI 2.39 2.59 2.79 v
Vivi can select other levels except 1.60V. 255 2.75 2.05
2.73 2.93 3.13
2.94 3.14 3.34
3.18 3.38 3.58
3.37 3.67 3.97
3.70 4.00 4.30
4.10 4.40 4.70
Hysteresis AV - - 50 150 mV
Minimum Pulse Width tow - 100 - - us
Enable (Both) VDD-= 3V, - 14.0 24.0
LVR and LVI Current lsL Enable (One of two) RUN Mode - 10.0 18.0 uA
Disable (Both) VDD= 3V - - 0.1
Table 7-4. LVR and LVI Characteristics
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7.5 Phase Locked Loop Characteristics
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V, VSS= 0V)

Parameter Symbol Condition MIN TYP MAX Unit
Input F R - - 32.768 - kH
nput Frequency Range VSS LPF z
Output Frequency Range fvco ] 1.024 - 16.384 MHz
Clock Duty Ratio Top 45 50 55 %
Tolerance - ¢ - - +1 %
C1
R
Settling Time to - 10 100 ms
Cc2
Enable, fvco=16.384MHz - 0.5 1.0 mA
PLL Current lpLL :
Disable - - 0.1 uA
Table 7-5. Phase Locked Loop Characteristics

NOTE)
1. Where R=6.8kQ, C1=820pF, and C2= 10nF.

7.6 Internal RC Oscillator Characteristics
(Ta= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Frequency firc VDD = 2.0V ~ 5.5V - 16.0 - MHz
Ta=0°C to +50°C ) - - 1.5
Tolerance - Ta=-20°C to +85°C With Q.luF Bypass - - 2.5 %
capacitor
Ta =-40°C to +85°C - - 3.5
Clock Duty Ratio Tob - 40 50 60 %
Stabilization Time tes - - - 100 us
Enable - 0.2 - mA
IRC Current lirc -
Disable - - 0.1 UA
Table 7-6. Internal RC Oscillator Characteristics
NOTE)

1. A 0.1uF bypass capacitor should be connected to VDD and VSS. Refer to the*7.21 Recommended
Circuit and Layout".

7.7 Internal Watch-Dog Timer RC Oscillator Characteristics
T,= -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
Enable - 1 -

WDTRC Current lwpTRC : uA
Disable - - 0.1

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

Parameter Symbol Conditions MIN TYP MAX Unit
LCD contrast disabled,1/4 bias Typx0.95 VDD Typx1.05 \%
LCDCCR=00H VDDx16/31
LCDCCR=01H VDDx16/30
LCDCCR=02H VDDx16/29
LCDCCR=03H VDDx16/28
LCDCCR=04H VDDx16/27
LCD contrast LCDCCR=05H VDDx16/26
enabled, LCDCCR=06H VDDx16/25
LCD Voltage Vice | L/ bias, LCDCCR=07H VDDx16/24
Rico1 Typx0.9 Typx1.1 \Y
No panel load LCDCCR=08H VDDx16/23
VDD = 2.7V to | LCDCCR=09H VDDx16/22
55V LCDCCR=0AH VDDXx16/21
LCDCCR=0BH VDDx16/20
LCDCCR=0CH VDDx16/19
LCDCCR=0DH VDDx16/18
LCDCCR=0EH VDDx16/17
LCDCCR=0FH VDDx16/16
Voltage(note) Vic2 LCD clock = OHz, Typ-0.2 2/4xVLCO Typ+0.2 \%
Vies 1/4 bias, No panel load Typ-0.2 1/4xVLCO Typ+0.2
LCD Driver
Output RLo VLCD=3V, ILOAD=%10uA - 5 10
Impedance kQ
LCD Bias Rico1 . 40 60 80
Dividing Ta=25C
Resistor Ricpz 80 120 160
Table 7-8. LCD Voltage Characteristics
NOTE)

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

Parameter Symbol Conditions MIN TYP MAX Unit
. Vi1 P0O0-PO1, P1, P6, RESETB 0.8vDD - VDD Y,
Input High Voltage - -
Vin2 All input pins except Vin1 0.7vDD - VDD \%
Vi1 P0O0-PO1, P1, P6, RESETB - - 0.2vDD Y,
Input Low Voltage - -
Vi All input pins except Vi1 - - 0.3vDD \%
Output High Voltage Von C:'Dglitgust \}oorts; lon=-2mA, VDD-1.0 - - v
Output Low Voltage VoL C::I)ODu:tz)Lgvports; lou= 15mA, - - 1.0 \Y;
Input High Leakage .
Current m All input ports - - 1.0 UA
Input Low Leakage .
Current I All input ports -1.0 - - uA
VI=0V, VDD=5.0V 25 50 100
Rpu1 TA= 25°C kQ
_ All Input ports VDD=3.0V 50 100 200
Pull-Up Resistor —
VI=0V, VDD=5.0V 150 250 400
Rpuz TA: 25°C kQ
XIN= VDD, XOUT=VSS
osc feedback | " | T,= 25°C, VDD= 5V 600 1200 200 |1 4
resistor SXIN=VDD, SXOUT=VSS
Rx2 Ta= 25 °C VDD=5V 2500 5000 10000
fxin= 12MHz VDD= 5V+10% - 3.0 6.0
(F';ij’ll\l) fyn= 10MHz VDD= 3V+10% - 2.2 4.4 mA
firc= 16MHz VDD= 5V+10% - 3.0 6.0
fxin= 12MHz VDD= 5V+10% - 1.3 2.6
Supply Current (||I§Efz) fxin= 10MHz VDD= 3V+10% - 0.7 1.4 mA
firc= 16MHz VDD= 5V+10% - 0.8 1.6
Iobs fsup=32.768kHz Sub RUN - 60.0 90.0 uA
VDD= 3V+10%
Ippa Ta= 25°C Sub IDLE - 8.0 16.0 uA
Iops STOP, VDD= 5V+10%, Ta= 25°C - 0.5 3.0 UA
Table 7-9. DC Characteristics
NOTE)

1.  Where the fy is an external main oscillator, fgg is an external sub oscillator, the fizc is an internal RC
oscillator, and the fx is the selected system clock.

2. All supply current items don’t include the current of an internal Watch-dog timer RC (WDTRC) oscillator
and a peripheral block.

3. All supply current items include the current of the power-on reset (POR) block.
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7.10 AC Characteristics

(Ta=-40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
RESETB Input Low Width trsT Input, VDD= 5V 10 - - us
Interrupt Input High, . _ _ _

Low Width twn, tiwL All interrupt, VDD= 5V 200
External Counter Input ¢ ¢ ECn,VDD =5V 200 _ _ ns
High, Low Width ECWH, TECWL | (n=0 and 2)
External Counter Transition ¢ ¢ ECn,VDD =5V 20 _ _
Time REC: 'FEC | (n=0 and 2)
REM port High, Low Width tREMWH, REM, VDD =5V 5 - - us
trREMWL
Table 7-10. AC Characteristics
P tRST N
RESETB W
0.2 VDD
Figure 7.1 Input Timing for RESETB
P tiwL 1 L tiwH N
External
Interrupt 0.8 VDD
0.2 vDD
Figure 7.2 Input Timing for External Interrupts
L tECWL 1 L tECWH N
— «— tFEC —> «— tREC
ECn
Figure 7.3 Input Timing for ECO and EC2
P tREMWL Jd L tREMWH
REM \ V
Figure 7.4 REM Timing

23



ABOV Semiconductor Co., Ltd.

MC96F6508A/MC96F6408A

7.11 UART 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 tcpu X 16 1650 ns
Output Data Setup to Clock Rising Edge ts1 590 tcpu X 13 - ns
Clock Rising Edge to Input Data Valid ts2 - - 590 ns
Output Data Hold after Clock Rising Edge tH1 tcpu- 50 tcpu - ns
Input Data Hold after Clock Rising Edge th2 0 - - ns
Serial Port Clock High, Low Level Width tHicH, tLow 470 tcpu X 8 970 ns
Table 7-11. UART Characteristics
tsck
tHIGH P tLow o
N /] \
Figure 7.5  Waveform for UART Timing Characteristics

_ tsck
<

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

H tH1—p! —
Data Out \ DO >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7
52! tHe—p! l€—
Data In X Valid X X Valid X X Valid X X Valid X X Valid X X Valid X X Valid X X Valid
Figure 7.6 Timing Waveform for the UART Module
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7.12 Serial I/O Characteristics
(TA= -40°C ~ +85°C, VDD= 1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
) External SCK source 1,000
SCK cycle time tkey ns
Internal SCK source 1,000
. . External SCK source 500
SCK high, low width tkn, tke ns
Internal SCK source tkey/2-50
. . External SCK source 250
Sl setup time to SCK high tsik ns
Internal SCK source 250
. . External SCK source 400
Sl hold time to SCK high tksi ns
Internal SCK source 400
External SCK source 300
Output delay for SCK to SO tkso - - ns
Internal SCK source 250
Table 7-12. Serial I/O Characteristics
<& t KL > <& t KH »
SCK 1 0.7 VDD
X 0.3VDD #

tSIK | tksl

A
A
A
A

b ¢ 0.7 VDD
Sl

T r 0.3VvDD

tKso

SO Output Data

Figure 7.7 Serial Interface Data Transfer Timing
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7.13 Data Retention Voltage in Stop Mode
(Ta=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Parameter Symbol Conditions MIN TYP MAX Unit
Data retention supply voltage VboDR - 1.8 - 55 \%
Data retention supply current IobDR E{FEEEZ)&FS{:C)lg\t/op mode - - 1 uA

Table 7-13. Data Retention Voltage in Stop Mode

Idle Mode
X (Watchdog Timer Active)
| ¢———— Stop Mode > <>
Normal
Operating Mode
l«—— Data Retention ——p]
Vb it
T VDDDR
Execution of
STOP Instruction
O.8VDD7L
INT Request
—PtwAIT[e—

NOTE: tWAIT is the same as (the selected bit overflow of BIT) X 1/(BIT Clock)

Figure 7.8  Stop Mode Release Timing when Initiated by an Interrupt

RESET
Occurs
l Oscillation
. Stop Mode X Stabillization Time
_ g Normal
l[¢—— Data Retention ——p Operating Mode
VDD it
T V/ DDDR
Execution of
STOP Instruction
RESETB

s 7 0.8VDD
0.2VD

— TWAITE—

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

Figure 7.9 Stop Mode Release Timing when Initiated by RESETB
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7.14 Internal Flash Rom Characteristics
(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 feam - 0.4 - - MHz
Endurance of Write/Erase NFwe - - - 10,000 Times
Flash Data Retention Time trr - 10 — — Years

Table 7-14.

NOTE)

Internal Flash Rom Characteristics

1. During a flash operation, SCLK[1:0] of SCCR must not be set to “10b” (Sub X-TAL for system clock).

7.15

Input/Output Capacitance

(Ta=-40°C ~ +85°C, VDD=0V)

Parameter Symbol Condition MIN TYP MAX Unit
Input Capacitance Cin fx= 1MHz
Output Capacitance Cour Unmeasured pins are - - 10 pF
/O Capacitance Co connected to VSS
Table 7-15. Input/Output Capacitance
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7.16 Main Clock Oscillator Characteristics
(TA=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit
) _ 1.8V -5.5Vv 0.4 - 4.2
Crystal Main oscillation frequency MHz
2.7V - 5.5V 0.4 - 12.0
. . ) I 1.8V -5.5V 0.4 - 4.2
Ceramic Oscillator Main oscillation frequency MHz
2.7V - 5.5V 0.4 - 12.0
. 1.8V -5.5Vv 0.4 - 4.2
External Clock XIN input frequency MHz
2.7V - 5.5V 0.4 - 12.0
Table 7-16. Main Clock Oscillator Characteristics
‘ XIN XOouT

H1 8
Hi——g

Figure 7.10 Crystal/Ceramic Oscillator

‘ XIN XOouT

T T

External  Open
Clock
Source

Figure 7.11  External Clock
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7.17 Sub Clock Oscillator Characteristics
(TA=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Oscillator Parameter Condition MIN TYP MAX Unit
Crystal Sub oscillation frequency 32 32.768 38 kHz
- 1.8V -5.5V
External Clock SXIN input frequency 32 - 100 kHz
Table 7-17. Sub Clock Oscillator Characteristics

‘ SXIN SXOUT

o,

C

Figure 7.12  Crystal Oscillator

‘ SXIN SXOUT

T T

External  Open
Clock
Source

Figure 7.13 External Clock
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7.18 Main Oscillation Stabilization Characteristics
(TA=-40°C ~ +85°C, VDD=1.8V ~ 5.5V)

Oscillator Parameter MIN TYP MAX Unit
Crystal fx> 1MHz - - 60 ms
; Oscillation stabilization occurs when VDD is
Ceramic equal to the minimum oscillator voltage range. - - 10 ms
fxin = 0.4 to 12MHz
External Clock XIN input high and low width (tx, tx) 42 - 1250 ns
Table 7-18. Main Oscillation StabilizationCharacteristics
P 1/fXIN N
P XL N |‘ tXH N
XIN % 0.8vDD
x + 0.2vDD

Figure 7.14  Clock Timing Measurement at XIN
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7.19 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 7-19. Sub Oscillation StabilizationCharacteristics

B 1/fsuB R
P tXL N | tXH R

SXIN X% 0.8vDD
K 0.2vDD

Figure 7.15 Clock Timing Measurement at SXIN
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7.20 Operating Voltage Range

(fxiN=0.4 to 12MHz) (fsus=32 to 38kHz)

.

12.0MHz -

4.2MHz -

0.4MHz -

18 27 55 18 55

Supply voltage (V) Supply voltage (V)

Figure 7.16 Operating Voltage Range

32



MC96F6508A/MC96F6408A

ABOV Semiconductor Co., Ltd.

7.21 Recommended Circuit and Layout

This 0.1uF capacitor should be within e,
4 1cm from the VDD pin of MCU onthe & { \/DD VCC
/ L PCB layout. s . iy
vDD [—1—®F% I Y
’o 1uF 0.1uF — DC Power
VSS d° ;
= v
VCC
The MCU power line (VDD and VSS)
{should be separated from the high-
i current part at a DC power node on
High-Current Part the PCB layout.
A Infrared LED,
{FND(7-Segment), }
() I/0
m This 0.01uF capacitor is alternatively
o for noise immunity.
> XIN = The main and sub crystal should be within 1cm from the pins of MCU on the PCB layout.
XOuUT
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)
68k
LPF The LPF pin is the loop filter pump output for the PLL.
- S0, these parts should be as close by the MCU as possible if needed.
BZOPFI 100k This pin may be connected to VSS if the PLL is always disabled.

Figure 7.17 Recommended Circuit and

Layout
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7.22 Recommended Circuit and Layout with SMPS Power

SMPS Side «— i —» MCU Side
VCC VDD
SMPS
R1 MCU
I I I VSS
¢ ¢ o — &
= 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
J The R1 and C2 should be as close by the C3 as possible.
3. The C3 capacitor is used for temperature compensation because an electrolytic capacitor
becomes worse characteristics at low temperature.
v Recommended C3: ceramic capacitor 2.2uF more
\ The C3 should be within 1cm from VDD pin of MCU on the PCB layout.
4. The above circuit is recommended to improve noise immunity (EFT, Surge, ESD, etc) when the
SMPS supplies the VDD of MCU.

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

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

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

respectively where o is standard deviation.

mA

3.50

3.00
2.50 - = 12MHz -40C
e 12MHz +25°C

2.00

———12MHz +85C

1.50 IRC 16MHz -40°C
—|RC 16MHz +25C
—|RC 16MHz +85C

1.00

0.50

0-00 T T T T T T 1
2.5V 3.0V 35V 4.0v 45V 50V 55V

Figure 7.19 RUN (IDD1 ) Current

mA

1.60

1.40

1.20 =12MHz -40C

1.00 12MHz +25TC

0.80 - 12MHz +85C

0.60 = = |RC 16MHz -40TC
==|RC 16MHz +25C

0.40 .
==|RC 16MHz +85C

0.20

0.00 T T T T T T 1

25V 3.0v 3.5V 4.0V 4.5V 5.0V 5.5V

Figure 7.20 IDLE (IDD2) Current
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uA
120.0

100.0

80.0

60.0 -

=—-40C

40.0

+25C
+85C

20.0

0.0 T T T T

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

Figure 7.21 SUB RUN (IDD3) Current

UuA

30.00

25.00

20.00

15.00

——_40C

10.00

+25C
+85TC

/

5.00

=

0.00

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

Figure 7.22 SUB IDLE (IDD4) Current

36



MC96F6508A/MC96F6408A ABOV Semiconductor Co., Ltd.

uA
1.60

1.40

1.20

1.00

——.40C
+25C

0.40

0.20

0.80

0.00 T T T T T T 1
25V 3.0v 3.5V 4.0V 45V 50V 55V

Figure 7.23 STOP (IDD5) Current
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8

Memory

The MC96F6508A 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.

MC96F6508A provides on-chip 8Kbytes 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 and 30 bytes of LCD display RAM.

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 64Kbytes, but this device has just 8Kbytes program memory
space.

Figure 8-1 shows the map of the lower part of the program memory. After reset, the CPU begins execution from
location 0000H. Each interrupt is assigned a fixed location in program memory. The interrupt causes the CPU to jump
to that location, where it commences execution of the service routine. External interrupt 10, for example, is assigned to
location O0O0BH. If external interrupt 10 is going to be used, its service routine must begin at location 000BH. If the
interrupt is not going to be used, its service location is available as general purpose program memory. If an interrupt
service routine is short enough (as is often the case in control applications), it can reside entirely within that 8 byte
interval. Longer service routines can use a jump instruction to skip over subsequent interrupt locations, if other

interrupts are in use.
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FFFFH

1FFFH

0000H

=

8Kbytes

s

Figure 8.1 Program Memory

NOTE)

1.

8Kbytes Including Interrupt Vector Region
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8.2 Data Memory

FFH ) FFH
LCD Display RAM
E2H
Special Function Registers
Upper 128bytes 128bytes
Internal RAM (Direct Addressing)
(Indirect Addressing)
80H 80H
7FH
Lower 128bytes
Internal RAM
(Direct or Indirect
Addressing)
OOH

Figure 8.2  shows the internal data memory space available

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

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

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

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

All of the bytes in the lower 128bytes can be accessed by either direct or indirect addressing. The upper 128bytes
RAM can only be accessed by indirect addressing. These spaces are used for data RAM and stack and LCD Display
RAM.
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[ TFH S| 7F|7E|7D|7C|7B|7A| 79|78
S|\ 77|76|75|74|73(72|71|70
6F | 6E | 6D [ 6C | 6B | 6A | 69 | 68
- 67|66 |65|64|63|62|61|60
General Purpose S5F|5E 5D |5C| 5B | 5A |59 | 58
80bytes < Register 5756|5554 |53 525150
g 4F | 4E |4D |4C | 4B |4A |49 |48
47146 |45 (44|43 |42 (41|40
. 3F|3E(3D|3C|3B|3A|39]38
\_ 30H 37[36[35[34(33[32(31]30
2FH 2F|2E|2D|2C|2B|2A |29 |28
16bytes { 27126|25|24 (2322|2120
(128bits) Bit Addressable 1F|1E|1D|1C|1B|1A|19|18
17|16 (15|14 (13|12 |11 |10
20H OF [OE [OD [0C|0B|0A |09 | 08
1FH . e lo7|oe|o05]04]03]02]01]00
8bytes { Register Bank 3 -
(8bytes)
18H
L Register Bank 2
8bytes (8bytes)
10H
oFH Register Bank 1 R7
8bytes g(8bytes) L o
08H RS
o Register Bank 0 R4
8bytes (8bytes) R3
00H R2
R1
RO

Figure 8.3 Lower 128bytes RAM
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8.3 SFR Map
8.3.1 SFR Map Summary
- Reserved
M8051 compatible
00H/8H® 01H/9H 02H/0AH 0O3H/0BH 04H/0CH O5H/0ODH 06H/OEH 07H/OFH
OF8H IP1 - FSADRH FSADRM FSADRL FIDR FMCR PLLCR
OFOH B P4FSR P5FSRL P5FSRH P6FSR LCDCCR - -
OE8H KFLAG PODB P1DB LCDCRL LCDCRH POFSR P2FSR P3FSR
OEOH ACC LVICR UARTCR1 UARTCR2 UARTCR3 UARTST UARTBD UARTDR
OD8H LVRCR OSCCR P4PU P5PU P6PU - - -
ODOH PSW - - - POPU P1PU P2PU P3PU
oc c c T1DRH/ CARC
8H - - T1CR T1CNT T1DRL T1CDR ARCR -
T3DR/
OCOH P6 P6I1O T3CR TIFR T3CNT - T3CDR -
T2DR/
0B8H IP P510 T2CR - T2CNT - T2CDR -
0OBOH P5 P410 TOCR TOCNT TODR/ SIOCR SIODR SIOPS
TOCDR
0A8H IE IE1 IE2 IE3 - - KPOLO KPOL1
0AOH P4 P310 EO - EIFLAG EIPOL - -
WTDR/
98H P3 P210 P50D P60OD - - WTCR WTCNT
90H P2 P11O POOD P10OD P20OD P30D P40D BUZCR
WDTDR/
88H P1 POIO SCCR BITCR BITCNT WDTCR WDTCNT BUZDR
80H PO SP DPL DPH DPL1 DPH1 RSTFR PCON
Table 8-1. SFR Map Summary
NOTE)

1. (1)These registers are bit-addressable.
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8.3.2 SFR Map

@Reset
Address Function Symbol R/W
7,6 |54 ]3]2 1|0
80H PO Data Register PO RW | - | - | -] -=]0]0|0/0
81H Stack Pointer SP RW  o0o|O0O|O0O|O0O]|]O0|121]1]|1
82H Data Pointer Register Low DPL RW | O0O]O0O|O|]O0O|]O0O]O0|O0)O
83H Data Pointer Register High DPH RW | O0O]O0O|O|]O0O|]O0O]O0|O0)O
84H Data Pointer Register Low 1 DPL1 RW | O0O]O0O|O|]O|]O0O]O0O|O0) O
85H Data Pointer Register High 1 DPH1 RW | O0O]O0O|O|O|]O0O]O0O|O0)O
86H Reset Flag Register RSTFR R/W 1|/ x|]0]0 | x| —|—-|-
87H Power Control Register PCON RW | 0| -|-|-=-]0]0/|0),0
88H P1 Data Register P1 RW  0|O0O|]O0O|O0O|]O0O|O]O0]|O
89H PO Direction Register POIO RW | - | - | -|-=]0,0]|0]O0
8AH System and Clock Control Register SCCR RW | - | - | -| -] - =]01]0
8BH Basic Interval Timer Control Register BITCR RW | 0| -|-|-=]01]01]0 1
8CH Basic Interval Timer Counter Register BITCNT R 0 0 0 0 0 0 0 0
8DH Watch Dog Timer Control Register WDTCR RW | O0O]O0|O|-|-]-]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 o,0/0]0|0O0|0]0]O
8FH BUZZER Data Register BUZDR RwW 1|1 |1|1|1/|1]1]|1
90H P2 Data Register P2 RW | O] O0O|O0O|O]O0O|0|O0]O
91H P1 Direction Register P110 RW | O0O]O0O|O|O|]O0O]O0O|O0) O
92H PO Open-drain Selection Register POOD RW | - | - | -|-=]0,0|0]0O0
93H P1 Open-drain Selection Register P10OD RW | O] O0O|O0O|O]O0O|0|O0]O
94H P2 Open-drain Selection Register P20D RW | O|O0O|O0O|O]O0O|0|O0]O
95H P3 Open-drain Selection Register P30D RW | O] O0O|O0O|O]O0O|0|O0]O
96H P4 Open-drain Selection Register P40OD RW | O] O0O|O0O|O]O0O|0|O0]O
97H BUZZER Control Register BUZCR RW | - | - | -] -] =100/, 0
98H P3 Data Register P3 RW | O0O]O0O|O|]O|]O0O]O0O|O0)O
99H P2 Direction Register P210 R/W 0 0 0 0 0 0 0 0
9AH P5 Open-drain Selection Register P50D RW | O0O]O0O|O|]O0O|]O0O]O0O|O0)O
9BH P6 Open-drain Selection Register P60OD RW | - | - | -]0]0]0|0/|O0
9CH Reserved - - -
9DH Reserved - - -
9EH Watch Timer Control Register WTCR RW | 0 | — | -
oFH Watch Timer Data Register WTDR W 0 1 1 1 1 1)1 1
Watch Timer Counter Register WTCNT R -
Table 8-2. SFR Decsription
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@Reset
Address Function Symbol R/W
7,6 |5 (4|32 |1]|0
AOH P4 Data Register P4 RwW 0|0 O0O|O0]|]O0O|O0O]O0]|O
AlH P3 Direction Register P310 R/W o,0/0]0|0O0|0]0]O
A2H Extended Operation Register EO RW | - | - | -]0|-]0|0/,0
A3H Reserved - -
A4H External Interrupt Flag Register EIFLAG RW | - | - | -| -] -=-]-10/]0
A5H External Interrupt Polarity Register EIPOL RW | - | - | -] =-=]0]0|0/0
A6H Reserved - -
A7TH Reserved - -
A8H Interrupt Enable Register IE R/W 0| - -/ -101]0 | -
A9H Interrupt Enable Register 1 IE1 RW | — | — o0 | —-|—-| -
AAH Interrupt Enable Register 2 IE2 RW | - | - | -]0]O0 0| -
ABH Interrupt Enable Register 3 IE3 RW | — | - | -] 0] O - | -
ACH Reserved - -
ADH Reserved - -
AEH Key Interrupt Polarity O Register KPOLO RW | 0]O0|O0O|]O|]O0O]O0O|O0)O
AFH Key Interrupt Polarity 1 Register KPOL1 R/W o,0/0]0|0O0|0]0]O
BOH P5 Data Register P5 RW | 0|]O0|O0O|]O|]O0O]O0O|O0) O
B1H P4 Direction Register P410 R/W o,0/0]0|0O0|0]0]O
B2H Timer O Control Register TOCR R/W o,0/0]0|0O0|0]0]O
B3H Timer O Counter Register TOCNT R o,0/0]0|0O0|0]0]O
B4H Timer O Data Register TODR Rw 1|11 |1|1/|1]1]|1
Timer O Capture Data Register TOCDR R o|o|lO0O|O0O|O0O]O|O0)O
B5H SIO Control Register SIOCR RW | 0|]O0|O0O|O|]O0O]O0O|O0) O
B6H SIO Data Register SIODR RwW 00| O0O|O0O]|O0O|O]O0]|O
B7H SIO Pre-scale Register SIOPS R/W o,0/0|]O0|O0O|0]O0]O
B8H Interrupt Priority Register IP RW | - | - | 0]|0]O0]O0|O0)O0
BOH P5 Direction Register P510 R/W o,0/0]0|0O0|0]O0]O
BAH Timer 2 Control Register T2CR R/W o,-/0]0|0O0|0]0]O
BBH Reserved - -
BCH Timer 2 Counter Register T2CNT R o,0/0]0|0O0|0]0]O
BDH Reserved - -
BEH Timer 2 Data Register T2DR R/W
Timer 2 Capture Data Register T2CDR R
BFH Reserved - -
Table 8-3. SFR Decsription (continue)
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@Reset
Address Function Symbol R/W
716|543 ]2 1|0
COH P6 Data Register P6 RW | - | -] -|0]|0]0]O0]|O
C1H P6 Direction Register P6I1O RW | - | -] -|0]|0]0]O0]|O
C2H Timer 3 Control Register T3CR R/W ojo|-J0|0|0]0]O
C3H Timer Interrupt Flag Register TIFR R/W o|-|-|-]1]0,0]0]O0
C4H Timer 3 Counter Register T3CNT R ojo|/0|0O0O|O0O|0]O0]|O
C5H Reserved - - -
coH Timer 3 Data Register T3DR R/W 1 1 11
Timer 3 Capture Data Register T3CDR R
C7H Reserved - - -
C8H Reserved - - -
C9H Reserved - - -
CAH Timer 1 Control Register T1CR R/W ojo/o0oj0|0O0|0]0]O
CBH Timer 1 Counter Register T1CNT R ojo/o0oj0|0|0]0]|O
CCH Timer 1 Data Low Register T1DRL R/W 1 1 1 1 1 1 1 1
CDH Timer 1 Data High Register T1DRH R/W 1 1 1 1 1 11 1
Timer 1 Capture Data Register T1CDR R ojo|/o0j0|0|0]0]O
CEH Carrier Mode Control Register CARCR RW | - | -]0|O0| -] -]01]|0
CFH Reserved - - -
DOH | Program Status Word Register PSW RW o|lofolofo]o|o]o
D1H Reserved - - -
D2H Reserved - - -
D3H Reserved - - -
D4H PO Pull-up Resistor Selection Register POPU RW | - | -| -] -=]0]0|]0]O0
D5H P1 Pull-up Resistor Selection Register P1PU RW | 0O|O0O]O0O|O|O|O0O]O0]|O
D6H P2 Pull-up Resistor Selection Register P2PU RW | O0O|O0O]O0O|O|O|O0O]O0]|O
D7H P3 Pull-up Resistor Selection Register P3PU RW | 0O|O0O]O0O|O|O0O|O0O]O0]|O
D8H Low Voltage Reset Control Register LVRCR RW | 0| -] -|0]0]0]O0]|O
D9H Oscillator Control Register OSCCR RW | - | — | 0|0 10|00
DAH P4 Pull-up Resistor Selection Register P4PU RW | O0O|O0O]O0O|O|O|O0O]O0]|O
DBH P5 Pull-up Resistor Selection Register P5PU RW | O0O|O0O]O0O|O|O|O0O]O0]|O
DCH P6 Pull-up Resistor Selection Register P6PU RW | - | -| -]0]0]0]|O0]O0
DDH Reserved - - -
DEH Reserved - - -
DFH Reserved - - -

Table 8-4. SFR Description (continue)
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@Reset
Address Function Symbol R/W

7/6 |54 3|2 ]1|0
EOH Accumulator Register ACC RW | 0| O 0 0|0 0O, 0| O
E1H Low Voltage Indicator Control Register LVICR RW | — | — | O 0|0 0O, 0] O
E2H UART Control Register 1 UARTCR1 RW | -|-]0]0|O0]|]O0] 0 -
E3H UART Control Register 2 UARTCR2 RW| | o0|O|O]O|O|]O]O) O
E4H UART Control Register 3 UARTCR3 RW | -]10|-|-|-10/|0]0
E5H UART Status Register UARTST RW |1 |0|0]0|O0O]O0]O0) O
E6H UART Baud Rate Generation Register UARTBD RW | 1 1 1 1 1 1 1 1
E7H UART Data Register UARTDR RW| o0|O|O]O|O]O]O) O
E8H Key Interrupt Flag Register KFLAG RW | 0| O 0 0|0 0O, 0| O
E9H PO De-bounce Enable Register PODB RW|O0|]O|-|-|-|-]101]0
EAH P1 De-bounce Enable Register P1DB RW | 0| O 0 0|0 0O, 0| O
EBH LCD Driver Control Low Register LCDCRL RW | 0| -] O 0|0 0O, 0| O
ECH LCD Driver Control High Register LCDCRH RW | - | - | -| - =-=|-=-|-10
EDH Port 0 Function Selection Register POFSR RW | -| -|-| -] -=]0]0]0
EEH Port 2 Function Selection Register P2FSR RW|O0O|]O|]O|O0O 0| 0|O0]|O
EFH Port 3 Function Selection Register P3FSR RW | 0 | O 0 0|0 0O, 0| O
FOH B Register B RW | 0 | O 0 0|0 0O, 0| O
F1H Port 4 Function Selection Register P4AFSR RW | 0 | O 0 0|0 0,0} O
F2H Port 5 Function Selection Low Register P5FSRL RW | - | - | - =10 0,0 | O
F3H Port 5 Function Selection High Register P5FSRH RW | — | O 0 0|0 0,0 | O
F4H Port 6 Function Selection Register P6FSR RW | - | -] -10]0 0O, 0| O
F5H LCD Contrast Control Register LCDCCR RW | O0|-|-|-1]0 0O, 0| O
F6H Reserved - - -
F7H Reserved - - -
F8H Interrupt Priority Register 1 IP1 RW | — ‘ - ’ 0 ‘ 0 ‘ 0 ’ 0 ‘ 0 ’ 0
FOH Reserved - - -
FAH Flash Sector Address High Register FSADRH RW |- | -] -] -=10]0/|0]0O0
FBH Flash Sector Address Middle Register FSADRM RW | 0| O 0 0|0 0O, 0| O
FCH Flash Sector Address Low Register FSADRL RW | 0| O 0 0|0 0O, 0| O
FDH Flash Identification Register FIDR RW | 0| O 0 0|0 0O, 0] O
FEH Flash Mode Control Register FMCR RW |0 | -|-|-|-=10/|01]0
FFH Phase Locked Loop Control Register PLLCR RW | -] -]0|]0,0,0|O0]|O

Table 8-5. SFR Description (continue)
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8.3.3 Compiler Compatible SFR

ACC (Accumulator Register): EOH

7 6 5 4 2 1 0
| ACC
RW RW RW RW RW RW RW
Initial value: 00H
ACC Accumulator
B (B Register): FOH
7 6 5 4 2 1 0
| B
RW RW RW RW RW RW RW
Initial value: O0OH
B B Register
SP (Stack Pointer): 81H
7 6 5 4 2 1 0
| SP
RW RW RW RW RW RW RW
Initial value: 07H
SP Stack Paointer
DPL (Data Pointer Register Low): 82H
7 6 5 4 2 1 0
| DPL
RW RW RW RW RW RW RW
Initial value: O0OH
DPL Data Pointer Low Byte
DPH (Data Pointer Register High): 83H
7 6 5 4 2 1 0
| DPH
RW RW RW RW RW RW RW
Initial value: O0OH
DPH Data Pointer High Byte
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DPL1 (Data Pointer Register Low 1): 84H

7 6 5 4 3 2 1 0
| DPLL
RW RW RW RW RW RW RW RW
Initial value: 00H
DPL1 Data Pointer Low 1 Byte
DPH1 (Data Pointer Register High 1): 85H
7 6 5 4 3 2 1 0
| DPH1
RW RW RW RW RW RW RW RW
Initial value: 00H
DPH1 Data Pointer High 1 Byte
PSW (Program Status Word Register): DOH
7 6 5 4 3 2 1 0
| o | A~ | r | ra RSO ov F1 P
RW RW RW RW RW RW RW RW
Initial value: O0OH
CY Carry Flag
AC Auxiliary Carry Flag
FO General Purpose User-Definable Flag
RS1 Register Bank Select bit 1
RSO Register Bank Select bit O
ov Overflow Flag
F1 User-Definable Flag
P Parity Flag. Set/cleared by hardware each instruction cycle to indicate an odd/even

number of ‘1’ bits in the accumulator

EO (Extended Operation Register):A2H
7 6 5 4 3 2 1 0
| - - | - | TRAPEN | - | DrsE2 DPSEL1 DPSELO
- - - RW - RW RW RW
Initial value:00H
TRAP_EN Select the Instruction (Keep always ‘0’).
0 Select MOVC @(DPTR++), A
1 Select Software TRAP Instruction
DPSEL[2:0] Select Banked Data Pointer Register

DPSEL2 DPSEL1 SPSELO Description

0 0 0 DPTRO
0 0 1 DPTR1
Reserved
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9 I/O Ports

9.1 I/O Ports

The MC96F6508A has seven groups of I/O ports (PO ~ P6). Each port can be easily configured by software as I/O pin,
internal pull up and open-drain pin to meet various system configurations and design requirements. Also P1, POO and

P01 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 1/0O 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 ~ P6. The open-drain selection register controls the
open-drain enable/disable of each port. Almost ports become push-pull by a system reset, but some ports become

open-drain by a system reset.
9.2.5 De-bounce Enable Register (PxDB)

P1J0:7], P00, and P01 support debounce function. Debounce clocks of each ports are fx/1, fx/4, and fx/4096.
9.2.6 Port Function Selection Register (PxFSR)

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

alternative port function. A reset clears the PxFSR register to ‘O0H’, which makes all pins to hormal I/O ports.
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9.2.7 Register Map

Name Address Dir Default Description
PO 80H R/W OOH PO Data Register
POIO 89H R/W O00OH PO Direction Register
POPU D4H R/W OOH PO Pull-up Resistor Selection Register
POOD 92H R/W O0OH PO Open-drain Selection Register
PODB E9H R/W OOH PO De-bounce Enable Register
POFSR EDH R/W O0OH Port 0 Function Selection Register
P1 88H R/W O00H P1 Data Register
P110 91H R/W O00H P1 Direction Register
P1PU D5H R/W O00H P1 Pull-up Resistor Selection Register
P10D 93H R/W O00H P1 Open-drain Selection Register
P1DB EAH R/W 00H P1 De-bounce Enable Register
P2 90H R/W 00H P2 Data Register
P210 99H R/W 00H P2 Direction Register
P2PU D6H R/W 00H P2 Pull-up Resistor Selection Register
P20D 94H R/W 00H P2 Open-drain Selection Register
P2FSR EEH R/W 00H Port 2 Function Selection Register
P3 98H R/W O00H P3 Data Register
P3IO A1H R/W O00H P3 Direction Register
P3PU D7H R/W 00H P3 Pull-up Resistor Selection Register
P30D 95H R/W 00H P3 Open-drain Selection Register
P3FSR EFH R/W 00H Port 3 Function Selection Register
P4 AOH R/W 00H P4 Data Register
P41O B1H R/W O00H P4 Direction Register
P4PU DAH R/W O00H P4 Pull-up Resistor Selection Register
P40D 96H R/W O00OH P4 Open-drain Selection Register
PAFSR F1H R/W 00OH Port 4 Function Selection Register
P5 BOH R/W 00H P5 Data Register
P510 B9H R/W 00H P5 Direction Register
P5PU DBH R/W 00H P5 Pull-up Resistor Selection Register
P50D 9AH R/W 00H P5 Open-drain Selection Register
P5FSRH F3H R/W 00H Port 5 Function Selection High Register
P5FSRL F2H R/W 00H Port 5 Function Selection Low Register
P6 COH R/W O00H P6 Data Register
P6IO C1H R/W O00OH P6 Direction Register
P6PU DCH R/W O00H P6 Pull-up Resistor Selection Register
P60OD 9BH R/W O00H P6 Open-drain Selection Register
P6FSR F4H R/W O00H Port 6 Function Selection Register
Table 9-1. Port Register Map
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9.3 PO Port

9.3.1 PO Port Description

PO is 4-bit 1/0O 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), PO open-drain selection register (POOD), and port O
function selection register (POFSR).

9.3.2 Register description for PO

PO (PO Data Register) : 80H

7 6 5 4 3 2 1 0
| - | - | - - P03 P02 PO1 POO
_ — - = RW RW RW RW

Initial value :00H
PO[3:0] I/O Data

POIO (PO Direction Register) :89H

7 6 5 4 3 2 1 0
| - | _ | _ - PO3I0 PO2I0 POLIO PO0IO
- - - - RW RW RW RW
Initial value :00H
POIO[3:0] PO Data I/O Direction.
0 Input
1 Output
NOTE)

1. EINT10/EINT12/EC2 function possible when input.

POPU (PO Pull-up Resistor Selection Register) :D4H

7 6 5 4 3 2 1 0
| - | - | - | - POGPU PO2PU PO1PU POOPU
- - - - RW RW RW RW
Initial value :00H
POPUI[3:0] Configure Pull-up Resistor of PO Port
0 Disable
1 Enable

POOD (PO Open-drain Selection Register) :92H

7 6 5 4 3 2 1 0
| - - - - PO3OD P020D PO1OD POOOD
- - - - RW RW RW RW
Initial value :00H
POOD[3:0] Configure Open-drain of PO Port
0 Push-pull output
1 Open-drain output
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PODB (PO De-bounce Enable Register) :E9H

7 6 5 4 3 2 1 0
| opeoxt | DpBcko | - | - - - POLDB POODB
RW R - - - - RW RW

Initial value :00H

DBCLK]1:0] Configure De-bounce Clock of Port
DBCLK1 DBCLKO Description

0 0 fxll(NOTEl)
0 1 fx/4
1 0 fx/4096
1 1 Reserved
PO1DB Configure De-bounce of P01 Port
0 Disable
1 Enable
POODB Configure De-bounce of POO Port
0 Disable
1 Enable

NOTE)
1. “DBCLK][1:0] = 00b” setting(De-bounce clock of port = fx/1) should not use during IDLE mode.

2. 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.

3. A pulse level should be input for the duration of 3 clocks or more to be actually detected as a valid edge.
4. The port de-bounce is automatically disabled at stop mode and recovered after stop mode release.

POFSR (Port 0 Function Selection Register) :EDH

7 6 5 4 3 2 1 0
| _ | _ - | - - POFSR? POFSRL POFSRO
- - - - - RW RW RW
Initial value :00H
POFSR2 P03 Function Select
0 I/O Port
1 REM Function
POFSR1 P02 Function Select
0 I/O Port
1 BUZO Function
POFSRO P01 Function Select
0 I/O Port
1 T20 Function

52



MC96F6508A/MC96F6408A ABOV Semiconductor Co., Ltd.

9.4 P1 Port

9.4.1 P1 Port Description

P1 is 8-bit /0O port. P1 control registers consist of P1 data register (P1), P1 direction register (P110), debounce enable
register (P1DB), P1 pull-up resistor selection register (P1PU), andP1 open-drain selection register (P10D) .

9.4.2 Register description for P1

P1 (P1 Data Register) : 88H

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

Initial value :00H

P1[7:0] 1/0 Data

P110 (P1 Direction Register) :91H

7 6 5 4 3 2 1 0
| Ppmo | pPeo | PO P1410 P130 P12I0 P1110 P10I0
RW RAW RAW RAW RW RW RW RW
Initial value :00H
P110[7:0] P1 Data I/O Direction
0 Input
1 Output
NOTE)

1. KEYO - KEY7 function possible when input.

P1PU (P1 Pull-up Resistor Selection Register) :D5H

7 6 5 4 3 2 1 0
| Py | Py | PsRU | PuRU P13PU P12PU P11PU P10PU
RW RAW RAW RAW RW RW RW RW
Initial value :00H
P1PU[7:0] Configure Pull-up Resistor of P1 Port
0 Disable
1 Enable

P10D (P1 Open-drain Selection Register) : 93H

7 6 5 4 3 2 1 0
| pPwvoo | pPwoo | pPisoD | PuoD P130D P120D P110D P100D
RW RW RW RW RW RW RW RW
Initial value :00H
P10D[7:0] Configure Open-drain of P1 Port
0 Push-pull output
1 Open-drain output
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P1DB (P1 De-bounce Enable Register): EAH

7 6 5 4 3 2 1 0
| PmB | PeoB | PiDB |  PuDB P13DB P12DB P11DB P10DB
RW RW RW RW RW RW RW RW
Initial value: OOH
P1DB[7:0] Configure De-bounce of P1 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.

w

The port de-bounce is automatically disabled at stop mode and recovered after stop mode release.

4. Refer to the port 0 de-bounce enable register (PODB) for the de-bounce clock of port 1.
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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),P2 open-drain selection register (P20D), and port 2 function selection register (P2FSR)
9.5.2 9.5.2 Register description for P2

P2 (P2 Data Register) : 90H

7 6 5 4 3 2 1 0
| P27 | P26 | P25 P24 P23 P2 P21 P20
RW RAW RAW RAW RW RW RW RW

Initial value :00H

P2[7:0] 1/0 Data

P210 (P2 Direction Register) : 99H

7 6 5 4 3 2 1 0
| Pmo | Peo | Pmo P24iI0 P230 P210 P2110 P20I0
RW RAW RAW RAW RW RW RW RW
Initial value :00H
P210[7:0] P2 Data I/O Direction
0 Input
1 Output

P2PU (P2 Pull-up Resistor Selection Register) :D6H

7 6 5 4 3 2 1 0
| Py | Peru | PPU | PaRU P23PU P2PU P21PU P20PU
RW RW RW RW RW RW RW RW
Initial value :00H
P2PU[7:0] Configure Pull-up Resistor of P2 Port
0 Disable
1 Enable

P20D (P2 Open-drain Selection Register) :94H

7 6 5 4 3 2 1 0
| pProo | pPwoo | pPmoD | PauoD P230D 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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P2FSR (Port 2 Function Selection Register) :EEH

7 6 5 4 3 2 1 0
| PoFsR7 | PorsRe PFSRS | P2FSR4 P2FSR3 P2FSR2 P2FSRL P2FSRO
RW RW RW RW RW RW RW RW
Initial value :00H

P2FSR7 P27 Function select
0 I/O Port
1 COM7/SEGS5 Function

P2FSR6 P26 Function select
0 I/O Port
1 COMG6/SEG4 Function

P2FSR5 P25 Function select
0 I/O Port
1 COMS5/SEGS3 Function

P2FSR4 P24 Function select
0 I/O Port
1 COM4/SEG2 Function

P2FSR3 P23 Function select
0 I/O Port
1 COMB3/SEG1 Function

P2FSR2 P22 Function select
0 I/O Port
1 COM2/SEGO Function

P2FSR1 P21 Function select
0 I/O Port
1 COML1 Function

P2FSRO P20 Function select
0 I/O Port
1 COMO Function

NOTE)
1. The P22-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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9.6 P3 Port

9.6.1 P3 Port Description

P3 is 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),P3 open-drain selection register (P30D), and port 3 function selection register (P3FSR)
9.6.2 Register description for P3

P3 (P3 Data Register) : 98H

7 6 5 4 3 2 1 0
| P37 | P36 | P35 P P33 P32 P31 P30
RW RAW RAW RAW RW RW RW RW

Initial value :00H

P3[7:0] 1/0 Data

P310 (P3 Direction Register) : A1H

7 6 5 4 3 2 1 0
| Pmo | pPeo | PO P340 P30 P32I0 P3LIO P30I0
RW R R R RW RW RW RW
Initial value :00H
P310[7:0] P3 Data I/O Direction
0 Input
1 Output

P3PU (P3 Pull-up Resistor Selection Register) :D7H

7 6 5 4 3 2 1 0
| Py | PePu | PEPU | PaRU P33PU P32PU P31PU P30PU
RW RW RW RW RW RW RW RW
Initial value :00H
P3PU[7:0] Configure Pull-up Resistor of P3 Port
0 Disable
1 Enable

P30D (P3 Open-drain Selection Register) :95H

7 6 5 4 3 2 1 0
| pwoo | pPwoD | pPmOD |  PmoD P330D P320D P310D P300D
RW RW RW RW RW RW RW RW
Initial value :00H
P30D[7:0] Configure Open-drain of P3 Port
0 Push-pull output
1 Open-drain output
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P3FSR (Port 3 Function Selection Register) :EFH

7 6 5 4 3 2 1 0
BEEEEES PSFSR5 |  P3FSR4 P3FSR3 P3FSR2 P3FSRL PFSRO
RW RW RW RW RW RW RW RW
Initial value :00H
P3FSR7 P37 Function select
0 I/O Port
1 SEG13 Function
P3FSR6 P36 Function select
0 I/O Port
1 SEG12 Function
P3FSR5 P35 Function select
0 I/O Port
1 SEG11 Function
P3FSR4 P34 Function select
0 I/O Port
1 SEG10 Function
P3FSR3 P33 Function select
0 I/O Port
1 SEG9 Function
P3FSR2 P32 Function select
0 I/O Port
1 SEGS8 Function
P3FSR1 P31 Function select
0 I/O Port
1 SEG?7 Function
P3FSRO P30 Function select
0 I/O Port
1 SEG6 Function
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9.7 P4 Port

9.7.1 P4 Port Description

P4 is 8-bit I/O port. P4 control registers consist of P4 data register (P4), P4 direction register (P410), P4 pull-up resistor
selection register (P4PU), P4 open-drain selection register (P40D), and port 4 function selection register (P4FSR)

9.7.2 Register description for P4

P4 (P4 Data Register) :AOH

7 6 5 4 3 2 1 0
| Pa7 | P6 | P45 P44 P43 P42 P41 P40
RW RW RW RW RW RW RW RW

Initial value :00H

P4[7:0] 1/0 Data

P410 (P4 Direction Register) : B1H

7 6 5 4 3 2 1 0
| pPamo | pPwo | PaO P40 P4310 P4210 P4110 P40I0
RW RAW RAW RAW RW RW RW RW
Initial value :00H
P410[7:0] P4 Data I/O Direction
0 Input
1 Output

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

7 6 5 4 3 2 1 0
| papu | PwPu | PePU | PaRU P43PU P42PU P41PU P40PU
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

P40D (P4 Open-drain Selection Register) :96H

7 6 5 4 3 2 1 0
| pPwoo | pPwoo | pPsoD | PuoD P430D 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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PAFSR (Port 4 Function Selection Register) :F1H

7 6 5 4 3 2 1 0
S PAFSRS |  P4FSR4 PAFSR3 PAFSR2 PAFSRL PAFSRO
RW RW RW RW RW RW RW RW
Initial value :00H
PAFSR7 P47 Function select
0 I/O Port
1 SEG21 Function
PAFSR6 P46 Function select
0 I/O Port
1 SEG20 Function
P4FSR5 P45 Function select
0 I/O Port
1 SEG19 Function
PAFSR4 P44 Function select
0 I/O Port
1 SEG18 Function
P4FSR3 P43 Function select
0 I/O Port
1 SEG17 Function
P4AFSR2 P42 Function select
0 I/O Port
1 SEG16 Function
P4AFSR1 P41 Function select
0 I/O Port
1 SEG15 Function
P4FSRO P40 Function select
0 I/O Port
1 SEG14 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), P5 open-drain selection register (P50D), and port 5 function selection high/low register
(P5FSRH/P5FSRL)

9.8.2 Register description for P5

P5 (P5 Data Register) :BOH

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

Initial value :00H

P5[7:0] 1/0 Data

P510O (P5 Direction Register) : B9H

7 6 5 4 3 2 1 0
| pmo | pPeo | PsO PS40 P5310 P5200 P5LI0 P5010
RW RAW R R RW RW RW RW
Initial value :00H
P510[7:0] P5 Data I/O Direction
0 Input
1 Output
NOTE)

1. ECO/SI/SCK-Iin/RXD function possible when input.

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

7 6 5 4 3 2 1 0
| PPy | PePU | PEPU | PsaRU P53PU P52PU P51PU PSOPU
RW RAW RAW RAW RW RW RW RW
Initial value :00H
P5PU[7:0] Configure Pull-up Resistor of P5 Port
0 Disable
1 Enable

P50D (P5 Open-drain Selection Register) :9AH

7 6 5 4 3 2 1 0
| poo | pwoo | pPsoD | PmoD P530D P520D P510D PS0OD
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) :F3H

7 6 5 4 3 2 1 0
| - | PoFSRH6 | PSFSRHS | PSFSRHA | PSFSREB PSFSRH2 PSFSRHL PSFSRHO
- R R RAW RW RW RW RW

Initial value :00H

P5FSRH[6:5] P57 Function select
P5FSRH6 P5FSRH5 Description

0 0 1/0 Port (RXD function possible when input)
0 1 SO Function

1 0 SEG29 Function

1 1 Not used

P5FSRH[4:3] P56 Function select
P5FSRH4 P5FSRH3 Description

0 0 I/O Po_rt _ _ _
(SCK-in function possible when input)
0 1 SCK-out Function
1 0 SEG28 Function
1 1 TXD Function
P5FSRH2 P55 Function select
0 1/0 Port (S| function possible when input)
1 SEG27 Function

P5FSRH[1:0] P54 Function select
P5FSRH1 P5FSRHO Description

0 0 I/0O Port (ECO function possible when input)
0 1 TOO Function

1 0 SEG26 Function

1 1 Not used
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P5FSRL (Port 5 Function Selection Low Register) :F2H

7 6 5 4 3 2 1 0
| _ | - - | - | PSFSR3 PSFSRL2 PSFSRL1 P5FSRLO
- - - - RW RW RW RW
Initial value :00H
P5FSRL3 P53 Function select
0 I/O Port
1 SEG25 Function
P5FSRL2 P52 Function select
0 I/O Port
1 SEG24 Function
P5FSRL1 P51 Function select
0 I/O Port
1 SEG23 Function
P5FSRLO P50 Function select
0 I/O Port
1 SEG22 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), P6 open-drain selection register (P60D),and port 6 function selection register (P6FSR)

9.9.2 Register description for P6

P6 (P6 Data Register) :COH

7 6 5 4 3 2 1 0
| - | - | - P64 P63 P62 P61 P60
- - - RW RW RW RW RW
Initial value :00H
P6[4:0] I/0 Data
P610O (P6 Direction Register) : C1H
7 6 5 4 3 2 1 0
| - | - | - P40 P6310 P620 P6LIO PE0IO
- - - RW RW RW RW RW
Initial value :00H
P610[4:0] P6 Data I/O Direction
0 Input
1 Output
P6PU (P6 Pull-up Resistor Selection Register) :DCH
7 6 5 4 3 2 1 0
| - | - | - | Peru P63PU P62PU P61PU PEOPU
- — — RW RW RW RW RW
Initial value :00H
P6PU[4:0] Configure Pull-up Resistor of P6 Port
0 Disable
1 Enable
P60OD (P6 Open-drain Selection Register) :9BH
7 6 5 4 3 2 1 0
| - - - | pesoD P630D P620D P610D P60OD
- - - RW RW RW RW RW
Initial value :00H
P60D[4:0] Configure Open-drain of P6 Port
0 Push-pull output
1 Open-drain output
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P6FSR (Port 6 Function Selection Register) :F4H

7 6 5 4 3 2 1 0
| _ | - - | - P6FSR3 PGFSR2 PGFSRL P6FSRO
- - - - RW RW RW RW
Initial value :00H
P6FSR3 P64 Function Select
0 I/O Port
1 SXOUT Function
P6FSR2 P63 Function Select
0 I/O Port
1 SXIN Function
P6FSR1 P61 Function Select
0 I/O Port
1 XIN Function
P6FSRO P60 Function Select
0 I/O Port
1 XOUT Function

NOTE)
1. Refer to the configure option for the P62/RESETB.
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10 Interrupt Controller

10.1 Overview

The MC96F6508Asupports up to 20 interrupt sources. The interrupts have separate enable register bits associated
with them, allowing software control. They can also have four levels of priority assigned to them. The non-maskable
interrupt source is always enabled with a higher priority than any other interrupt source, and is not controllable by
software. The interrupt controller has following features:

— Receive the request from 20 interrupt source

— 6 group priority

— 4 priority levels

—  Multi Interrupt possibility

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

served first.
— Each interrupt source can be controlled by EA bit and each 1Ex bit

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

The non-maskable interrupt is always enabled. The maskable interrupts are enabled through four pair of interrupt
enable registers (IE, IE1, IE2, 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 MC96F6508A supports a four-level priority scheme. Each maskable interrupt is individually
assigned to one of four priority levels according to IP and I1P1.

Default interrupt mode is level-trigger mode basically, but if needed, it is possible to change to edge-trigger mode.
Table 10-1 shows the Interrupt Group Priority Level that is available for sharing interrupt priority. Priority of a group is
set by two bits of interrupt priority registers (one bit from IP, another one from IP1). Interrupt service routine serves
higher priority interrupt first. If two requests of different priority levels are received simultaneously, the request of higher

priority level is served prior to the lower one.
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Interrupt Highest Lowest

Group >

0 (Bit0) Interrupt O Interrupt 6 Interrupt 12 Interrupt 18 Highest
1 (Bit1) Interrupt 1 Interrupt 7 Interrupt 13 Interrupt 19

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

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

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

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

Table 10-1. Interrupt Group Priority Level
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10.2 External Interrupt

The external interrupt on INT1, INT2 and INT5 pins receivevarious interrupt request depending on the external
interrupt polarity register (EIPOL), key interrupt polarity O register (KPOLO) andkey interrupt polarity 1 register (KPOL1)
as shown in Figure 10.1.The external interrupt flag register (EIFLAG) and key interrupt flag register (KFLAG) provides
the status of external interrupts.

X

EINTI0Pin [ ———» _ FLAG10 INT1 Interrupt
- _X_

EINT12 Pin D e FLAG12 INT2 Interrupt

EIPOL |

KEYO Pin

|

KEY1 Pin

KEY2 Pin
KEY3 Pin

INT5 Interrupt
KEY4 Pin

KEY5 Pin

KEY®6 Pin

KEY7 Pin

CICICICICICIE]
ﬁ' A 4 Vl'l‘ l'"!

=

KPOLO,

Figure 10.1 External Interrupt Description
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10.3 Block Diagram

EIPOL
NT10 [ X
R Priority High
INT12 >,
N\ Fa——
—
o
=
KEYO [ | KFLAGO [X&Ae0 —> 2|2
3
KEYL [ o A —[KFLAGT jreet MEIR
KEY2 [ ] KFLAG2 =22 41,
4
KEY3 [ - KFLAG3 [Xracs . ) - s 4
KEY4 [} KFLAGA [reLaes — E 5
KEYs [ ] KFLAGS [Xehes
6
KEYs [ /\ | KFLAGE e ®le |,
KFLAG.7
KEY?7 [ ] KFLAG7 7|,
7
8
KPOLO, 1 IE1 8 3 .
UART Rx ° 9
9o
UART Tx 9
10010
10
510 W—D_\ 10 Release
1 11 1 Stop/Sleep
1 (Note)
12}, b
12
Timer0 ———» 13 13 13
13
Timerl, ——» 14|14 EA
14,
Timer2 ——»| T2IFR ° 151515
15
Timer3 — [ T3IFR ° 1Ol16,
16
17|, o
17
L .
18
19|19 .
19
20
wT 20|,
, 20
WDT 21),,
- 21
BIT BITIFR 22|,
22
23 Y
23 o
—123] 23 Priority Low

Figure 10.2 Block Diagram of Interrupt

NOTE)

1. The release signal for stop/idle mode may be generated by all interrupt sources which are enabled
without reference to the priority level.

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

69



ABOV Semiconductor Co., Ltd. MC96F6508A/MC96F6408A

10.4 Interrupt Vector Table

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

own priority order.

Interrupt Source Symbol Elﬂtaebrlr:gtit Priority Mask Vector Address
Hardware Reset RESETB - 0 Non-Maskable 0000H
- INTO IE.O 1 Maskable 0003H
External Interrupt 10 INT1 IE.1 2 Maskable 000BH
External Interrupt 12 INT2 IE.2 3 Maskable 0013H
- INT3 IE.3 4 Maskable 001BH
- INT4 IE.4 5 Maskable 0023H
KEY Interrupt INT5 IE.5 6 Maskable 002BH
- INT6 IE1.0 7 Maskable 0033H
- INT7 IE1.1 8 Maskable 003BH
- INT8 IE1.2 9 Maskable 0043H
UART RXx Interrupt INT9 IE1.3 10 Maskable 004BH
UART Tx Interrupt INT10 IE1.4 11 Maskable 0053H
SIO Interrupt INT11 IE1.5 12 Maskable 005BH
- INT12 IE2.0 13 Maskable 0063H
TO Interrupt INT13 IE2.1 14 Maskable 006BH
T1 Interrupt INT14 IE2.2 15 Maskable 0073H
T2 Interrupt INT15 IE2.3 16 Maskable 007BH
T3 Interrupt INT16 IE2.4 17 Maskable 0083H
- INT17 IE2.5 18 Maskable 008BH
- INT18 IE3.0 19 Maskable 0093H
- INT19 IE3.1 20 Maskable 009BH
WT Interrupt INT20 IE3.2 21 Maskable 00A3H
WDT Interrupt INT21 IE3.3 22 Maskable 00ABH
BIT Interrupt INT22 IE3.4 23 Maskable 00B3H
- INT23 IE3.5 24 Maskable 00BBH
Table 10-2. Interrupt Vector Address Table

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

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

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0’ by a reset or an

instruction. Interrupt acceptance always generates at last cycle of the instruction. So instead of fetching the current

instruction, CPU executes internally LCALL instruction and saves the PC at stack. For the interrupt service routine, the

interrupt controller gives the address of LIMP instruction to CPU. Since the end of the execution of current instruction,

it needs 3~9 machine cycles to go to the interrupt service routine. The interrupt service task is terminated by the

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

E KB

E E EH H

IE.EA Flag <0

A 4

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

v

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

v

Interrupt Vector Address occurrence
(Interrupt Vector Address)

Y

ISR(Interrupt Service Routine) move,
execute

v

Return from ISR
RETI

v

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

A 4

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

A 4

IE.EAFlag <1

v

Main Program execution

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

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

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

Interrupt Enable Register
command

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

&
al

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

P After executing next instruction,
il 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.

Occur
INT2 Interrupt

Main Program

Service

Occur
INTO Interrupt

NT1 ISR

Set EA

RETI

INTO ISR

RETI

Figure 10.6  Effective Timing of Multi-Interrupt

Figure 10.6 shows an example of multi-interrupt processing. While INT1 is served, INTO which has higher priority than

INT1 is occurred. Then INTO is served immediately and then the remain part of INT1 service routine is executed. If the

priority level of INTO is same or lower than INT1, INTO will be served after the INT1 service has completed.

An interrupt service routine may be only interrupted by an interrupt of higher priority and, if two interrupts of different

priorityoccur at the same time, the higher level interrupt will be served first. An interrupt cannot be interrupted by

another interrupt ofthe same or a lower priority level. If two interrupts of the same priority level occur simultaneously,

the service order for those interrupts is determined by the scan order.
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10.8 Interrupt Enable Accept Timing
Max. 4 Machine Cycle —p.|g——4 Machine Cycle ——|
System
O
L[ L] — .
Interrupt T B
goes
Active Interrupt - ~ AN ~ "
Latched Int tP i )
atche :”L?:TI'_IIJ_&ECG;S'”Q Interrupt Routine
Figure 10.7 Interrupt Response Timing Diagram
10.9 Interrupt Service Routine Address

Basic Interval Timer
Vector Table Address

Basic Interval Timer
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
PUSH
PUSH
PUSH

PUSH

PSW
DPL
DPH

ACC

Interrupt Processing:

POP
POP
POP
POP
POP
RETI

ACC

DPH
DPL
PSW

Main Task
Interrupt
| | Service Task
e

Saving
Register
Restoring
Register

|

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

Interrupt sampled here

CLP2 CLP1 \ CLP2 C1P1 C1P2 C2P1 C2pP2
|

A A A A
SCLK

INT_SRC

INTR_ACK

LAST_CYC

INTR_LCALL l

INT_VEC 8-Bit interrupt Vector >

PROGA >< {8'h00, INT_VEC} >

Figure 10.10 Timing Chart of Interrupt Acceptance and Interrupt Return Instruction

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

and executes long call to jump to interrupt service routine.

NOTE)
1. command cycle CLPx: L=Last cycle, 1=1" cycle or 1¥ phase, 2=2" cycle or 2" phase
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10.12 Interrupt Register Overview

10.12.1 Interrupt Enable Register (IE, IE1, IE2, IE3)

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

peripherals are able to control interrupt.
10.12.2 Interrupt Priority Register (IP, IP1)

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

reset IP and IP1 are cleared to ‘O0H’. If interrupts have the same priority level, lower number interrupt is served first.
10.12.3 External Interrupt Flag Register (EIFLAG, KFLAG)

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

10.12.4 External Interrupt Edge Register (EIPOL, KPOLO, KPOL1)

The external interrupt polarityregister (EIPOL) and key interrupt polarity 0/1 register (KPOLO/KPOL1) determine the
edge of interrupt (rising, falling and both edge).
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10.12.5 Register Map

Name Address Dir Default Description
IE A8H R/W OOH Interrupt Enable Register
IE1 A9H R/W O00OH Interrupt Enable Register 1
IE2 AAH R/W OOH Interrupt Enable Register 2
IE3 ABH R/W O0OH Interrupt Enable Register 3
IP B8H R/W OOH Interrupt Priority Register
IP1 F8H R/W O0OH Interrupt Priority Register 1
EIFLAG A4H R/W O00OH External Interrupt Flag Register
EIPOL A5H R/W OOH External Interrupt Polarity Register
KFLAG E8H R/W O0OH Key Interrupt Flag Register
KPOL1 AFH R/W OOH Key Interrupt Polarity 1 Register
KPOLO AEH R/W 00H Key Interrupt Polarity O Register
Table 10-3. Interrupt Register Map

10.12.6 Interrupt Register Description

The interrupt register is used for controlling interrupt functions. Also it has external interrupt control registers. The
interrupt register consists of interrupt enable register (IE), interrupt enable register 1 (IE1), interrupt enable register 2
(IE2) and interrupt enable register 3 (IE3). For external interrupt, it consists of external interrupt flag register (EIFLAG),
external interrupt polarity register (EIPOL), Keyinterrupt flag register (KFLAG), keyinterrupt polarity O register (KPOLO)
andkey interrupt polarity 1 register (KPOL1).
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10.12.7 Register Description for Interrupt

IE (Interrupt Enable Register) : ABH

7 6 5 4 3 2 1 0
| EA - N - - INT2E INTLE -
RW - RW - - RW RW -
Initial value :00H
EA Enable or Disable All Interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INTSE Enable or Disable Key Interrupt 0 ~ 7 (KEYO ~ KEY7)
0 Disable
1 Enable
INT2E Enable or Disable External Interrupt 12 (EINT12)
0 Disable
1 Enable
INT1E Enable or Disable External Interrupt 10 (EINT10)
0 Disable
1 Enable

IE1 (Interrupt Enable Register 1): A9H

7 6 5 4 3 2 1 0
| - - | NTuEe INT10E INTOE - - -
- - RW RW RW - - -
Initial value: 00H
INT11E Enable or Disable SIO Interrupt
0 Disable
1 Enable
INT10E Enable or Disable UART Tx Interrupt
0 Disable
1 Enable
INTOE Enable or Disable UART RXx Interrupt
0 Disable
1 Enable
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IE2 (Interrupt Enable Register 2) : AAH

7 6 5 4 3 2 1 0
| - - | - INT16E INT15E INT14E INT13E -
- - - RW RW RW RW -
Initial value :00H
INT16E Enable or Disable Timer 3 Interrupt
0 Disable
1 Enable
INT15E Enable or Disable Timer 2 Interrupt
0 Disable
1 Enable
INT14E Enable or Disable Timer 1 Interrupt
0 Disable
1 Enable
INT13E Enable or Disable Timer O Interrupt
0 Disable
1 Enable

IE3 (Interrupt Enable Register 3) : ABH

7 6 5 4 3 2 1 0
| _ - | _ INT22E INT21E INT20E - -
- - - RW RW RW - -
Initial value :00H
INT22E Enable or Disable BIT Interrupt
0 Disable
1 Enable
INT21E Enable or Disable WDT Interrupt
0 Disable
1 Enable
INT20E Enable or Disable WT Interrupt
0 Disable
1 Enable
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IP (Interrupt Priority Register) : B8H

7 6 5 4 3 2 1 0
| - - | IP5 P4 IP3 P2 P1 IPO
- - RAW RAW RW RW RW RW

Initial value :00H

IP1 (Interrupt Priority Register 1) : F8H

7 6 5 4 3 2 1 0
| - | - EE P14 P13 P12 P11 P10
- - RW RW RW RW RW RW
Initial value :00H
IP[5:0], Select Interrupt Group Priority
IP1[5:0] IP1x IPx Description

0 0 level O (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)

EIFLAG (External Interrupt Flag Register) : A4H

7 6 5 4 3 2 1 0
| - | - | - | - - - FLAGI2 FLAGIO
- - - - - - RW RW
Initial value :00H
FLAG[1:0] When an external interrupt is occurred, the flag becomes ‘1°. The flag is cleared only by
writing ‘0’ to the bit or automatically cleared by INT_ACK signal. Writing “1” has no
effect.
0 External Interrupt not occurred
1 External Interrupt occurred

EIPOL (External Interrupt Polarity Register): A5H

7 6 5 4 3 2 1 0
T - T - T -7 PO Po0
- - - - RW RW RW RW
Initial value: OOH
POL[3:0] External Interrupt (EINT10/EINT12) Polarity Selection
POLN[1:0] Description
0 0 No Interrupt at any edge
0 1 Interrupt on rising edge
1 0 Interrupt on falling edge
1 1 Interrupt on both of rising and falling edge

Where n =10, 12
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KFLAG (Key Interrupt Flag Register) : E8H

7 6 5 4 3 2 1 0
| KkAas7T | KAAGE | KAAGS | KRAGA KFLAG3 KFLAG2 KFLAGL KFLAGO
RW R R RAW RW RW RW RW

Initial value :00H

KFLAG[7:0] When key interrupt 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 Key Interrupt 0~7 not occurred
1 Key Interrupt 0~7 occurred

KPOL1 (Key Interrupt Polarity 1 Register) : AFH

7 6 5 4 3 2 1 0
| KPOL7 | KPOL6 | KPOL5 KPOL4

RW RW RW RW RW RW RW RW
Initial value :00H

KPOL1[7:0] Key Interrupt (KEY4/KEY5/KEY6/KEY7) Polarity Selection

KPOLN[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=4,5,6,and 7

KPOLO (Key Interrupt Polarity O Register) : AEH

7 6 5 4 3 2 1 0
| KPOL3 | KPOL2 | KPOLL KPOLO
RW RW RW RW RW RW RW RW
Initial value :00H

KPOLO[7:0] Key Interrupt (KEYO/KEY1/KEY2/KEY3) Polarity Selection

KPOLN[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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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 usedlMHz INT-RC

oscillator on POR.

— Calibrated Internal RC Oscillator (16MHz )

INT-RC OSC/1 (16MHz)

INT-RC OSC/2 (8MHz)

INT-RC OSC/4 (4MHz)

INT-RC OSC/8 (2MHz)

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

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

82



MC96F6508A/MC96F6408A ABOV Semiconductor Co., Ltd.

11.1.2 Block Diagram

XIN [ — , BN
XOUT I:l Main OSC >
fx .| System SCLK
STOP Mode "] Clock Gen.
XCLKE 7'y (Core, System,
IRCS[2:0] Peripheral)
3
1/1
172 > Stabilization Time
14 E M Generation
Internal RC OSC » fiRC .
(16MH2) vB | U Clock BITCK[1:0] BIT
1;;2 » X Change ¢ overflow  \woT clock
» x/4096 >
MP M BIT clock >
STOP Mode p128 JI U BIT WDT
IRCE M
x/16 X
—Pp U
SXIN |— X
sxouT [ —| Sub OSC = WDTRC OSC [7255]
v (5kHz)
STOP Mode ﬁ:}j oL T I
SCLKE Iil PLL > &— WDTCK

2
SCLKI[1:0]
Figure 11.1 Clock Generator Block Diagram
11.1.3 PLL Circuit Diagram
fsus Phase fvco Post 1-Divider Post 2-Divider | frLL
PLLEN —| ) > Lfggzd » VvCo fvco=(P1DIV+3) P R0 >
5 T, £

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

fr8 | Feedback Divider
fvco+(1500)

Figure 11.2 Clock Generator Block Diagram
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11.1.4 Register Map

Name Address Dir Default Description
SCCR 8AH R/W OOH System and Clock Control Register
OSCCR D9H R/W 08H Oscillator Control Register
PLLCR FFH R/W OOH Phase Locked-Loop Control Register
Table 11-1. Clock Generator Register Map

11.1.5 Clock Generator Register Description

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

clock control register (SCCR), oscillator control register (OSCCR) and phase locked-loop control register (PLLCR).

11.1.6 Register Description for Clock Generator

SCCR (System and Clock Control Register) : 8AH

SCLK [1:0]

System Clock Selection Bit

SCLK1 SCLKO Description

0

0
1
1

0

1
0
1

2 1 0
= SCLK1 SCLKO
= RW RW

Initial value :00H

INT-RC OSC (firc) for system clock
External Main OSC (fxn) for system clock
External Sub OSC (fsug) for system clock
Phase Locked-Loop (fer) for system clock
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OSCCR (Oscillator Control Register) : D9H

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 f|Rc/32 (O.SMHZ)
0 0 1 firc/16 (LMHZ)
0 1 0 firc/8 (2MHz)
0 1 1 firc/4 (4MHz)
1 0 0 f|Rc/2 (8|\/|HZ)
1 0 1 f|Rc/1 (16MHZ)
Other values Not used
IRCE Control the Operation of the Internal RC Oscillator
0 Enable operation of INT-RC OSC
1 Disable operation of INT-RC OSC
XCLKE Control the Operation of the External Main Oscillator
0 Disable operation of X-TAL
1 Enable operation of X-TAL
SCLKE Control the Operation of the External Sub Oscillator
0 Disable operation of SX-TAL
1 Enable operation of SX-TAL
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PLLCR (Phase Locked Loop Control Register) : FFH

7 6 5 4 3 2 1 0
| - | - PUSTA | PIDMVL PIDVO P2DIVL P2DVO 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 fvcol/3 = 16.384MHz
0 1 fvcol4 = 12.888MHz
1 0 fvcol5 = 9.8304MHz
1 1 fvcol/6 = 8.192MHz
P2DIV[1:0] PLL Post 2-Divider Data Bits
P2DIV1 P2DIVO Description
0 0 fpLL = fucoll
0 1 feLL = fucol2
1 0 feLL = fvcold
1 1 fpLL = fvcol8
PLLEN PLL Enable/Disable Control Bit
0 PLL Disable
1 PLL Enable
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11.2 Basic Interval Timer

11.2.1 Overview

The MC96F6508A 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 MC96F6508A has these basic interval timer (BIT) features:
— During Power On, BIT gives a stable clock generation time

— On exiting Stop mode, BIT gives a stable clock generation time

— As timer function, timer interrupt occurrence

11.2.2 Block Diagram

BCK][2:0]
¢ ¢ — Start CPU
selected bit
-Bi overflow :
BIT Clock ——|  © BItBL|J+oCCIZ\loTunter =" &—» BITIFR | ) glc:)(lzrllterrupt
Tclear
clear \ 4

INT_ACK
RESET n ~
STOP :[>—> BCLR WDT

Figure 11.3 Basic Interval Timer Block Diagram

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 basicinterval timer register consists of basic interval timer counter register (BITCNT) and basic interval timer

control register (BITCR). If BCLR bit is set to ‘“1’, BITCNT becomes ‘0’ and then counts up. After 1 machine cycle,
BCLR hit is cleared to ‘0’ automatically.
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11.2.5 Register Description for Basic Interval Timer

BITCNT (Basic Interval Timer Counter Register) : 8CH

7 6 5 4 3 2 1 0
| BmoN7 | BmoNte | BmONTS | BTONTA | BTONT3 BITCNT2 BITCNT1 BITCNTO
R R R R R R R R
Initial value :00H
BITCNT[7:0] BIT Counter

BITCR (Basic Interval Timer Control Register) : 8BH

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

BCK2 BCK1 BCKO Description

0 0 0 Bit O overflow (BIT Clock * 2)

0 0 1 Bit 1 overflow (BIT Clock * 4) (default)
0 1 0 Bit 2 overflow (BIT Clock * 8)

0 1 1 Bit 3 overflow (BIT Clock * 16)

1 0 0 Bit 4 overflow (BIT Clock * 32)

1 0 1 Bit 5 overflow (BIT Clock * 64)

1 1 0 Bit 6 overflow (BIT Clock * 128)

1 1 1 Bit 7 overflow (BIT Clock * 256)
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11.3 Watch Dog Timer

11.3.1 Overview

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

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

overflow period and WDTDR set value. The equation can be described as

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

11.3.2 WDT Interrupt Timing Waveform

Source Clock
BIT Overflow

WDTCNT[7:0] 0 ><1 ><2 Xi:X):Xl ><2 ><3 () ><1 >€
A
P Counter Clear
WDTDR[7:0] n 3
wDTCL
Occur
WDTIFR WDTDR € 0000_0011b Match
Detect
Interrupt
WDTRESETB RESET

Figure 11.4 Watch Dog Timer Interrupt Timing Waveform
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11.3.3 Block Diagram

WDT Clock ———> clear ) To RESET
— WDTCNT <—<] «— Circuit
WDTEN
— 1> e
Q I_,
To interrupt
D—> WDTIFR —— o
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 00H Watch Dog Timer Counter Register
WDTDR 8EH w FFH Watch Dog Timer Data Register
WDTCR 8DH R/W 00H Watch Dog Timer Control Register

Table 11-3. Watch Dog Timer Register Map

11.3.5 Watch Dog Timer Register Description

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

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

7 6 5 4 3 2 1 0
| woton7 | worente | woTeNTS WDTCNT4 | WDTCNT3 WDTCNT2 WDTCNTL WDTCNTO
R R R R R R R R

Initial value :00H

WDTCNT[7:0] WDT Counter

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

7 6 5 4 3 2 1 0
| womrr | womme | womRS 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
| womEn | wotRson wotcL | - - - WDTCK WDTIFR
RW RW RW - - - RW RW
Initial value :00H
WDTEN Control WDT Operation
0 Disable
1 Enable
WDTRSON Control WDT RESET Operation
0 Free Running 8-bit timer
1 Watch Dog Timer RESET ON
WDTCL Clear WDT Counter
0 Free Run
1 Clear WDT Counter (auto clear after 1 Cycle)
WDTCK Control WDT Clock Selection Bit
0 BIT overflow for WDT clock (WDTRC disable)
1 WDTRC for WDT clock (WDTRC enable)
WDTIFR When WDT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or
auto clear by INT_ACK signal. Writing “1” has no effect.
0 WDT Interrupt no generation
1 WDT Interrupt generation
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11.4 Watch Timer

11.4.1 Overview

The watch timer has the function for RTC (Real Time Clock) operation.lt 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 P fLco=1024Hz
b
i
M i o Match
e fx/64 fwek 14Bit fwek/2” . Clear
s g > Binary Counter v Timer counter WTCL
X—>| ¢ | 8
a
| match
1x/256
e > fwek/(2* X(7 bit WTDR Value +1))
r Comparator
t 1 fuck /25 x| MUX WTIFR }—— Tointerrupt
] [ block
[WCK, t
Clear
2
WTCR | WTENl - | - |WTIFR|W'I'INllWTINOlWTCKllWTCKOl INT_ACK
Reload Match
WTCL

[
Wﬂf:se—q wTCL |WTDR6 |WTDR5 |WTDR4 |WTDR3 | WTDR2 | WTDR1 | WTDROl

WTCNT |

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

Figure 11.6 Watch Timer Block Diagram
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11.4.3 Register Map

Name

Address

Dir Default Description
WTCNT 9FH R OOH Watch Timer Counter Register
WTDR 9FH w 7FH Watch Timer Data Register
WTCR 9EH R/W OOH Watch Timer Control Register
Table 11-4. Watch Timer Register Map

11.4.4 Watch Timer Register Description

The watch timer register consists of watch timer counter register (WTCNT), watch timer data register (WTDR), and
watch timer controlregister (WTCR). ASWTCR is 6-bit writable/readable register, WTCR can control the clock source
(WTCK]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) : 9FH

7 6 5 2 1 0
| - WICNTE |  WTCNTS WICNT4 | WITCNT3 WTCNT2 WTCNTL WTCNTO
- R R R R R
Initial value :00H
WTCNT[6:0] WT Counter

WTDR (Watch Timer Data Register: Write Case) : 9FH

7

6 5 2 1 0
| wa WTDR6 wors | wmore | wmms WTDR2 WTDRL WTDRO
RW W W W W W
Initial value :7FH
WTCL Clear WT Counter
0 Free Run
1 Clear WT Counter (auto clear after 1 Cycle)
WTDR][6:0] Set WT Period

WT Interrupt Interval=fwck/(2714 x(7bit WTDR Value+1))

NOTE)
1.

Do not write “0” in the WTDR register.
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WTCR (Watch Timer Control Register) : 9EH

6 5 4 3 2 1 0
| wmen | - | - WTIFR WTINL WTINO WTCKL WTCKO
RW - - RW RW RW RW RW
Initial value :00H
WTEN Control Watch Timer
0 Disable
1 Enable
WTIFR When WT Interrupt occurs, this bit becomes ‘1'. For clearing bit, write ‘O’ to this bit or
auto clear by INT_ACK signal. Writing “1” has no effect.
0 WT Interrupt no generation
1 WT Interrupt generation
WTIN[1:0] Determine Interrupt Interval
WTIN1  WTINO Description
0 0 fwek/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 x/256
1 0 fx/128
1 1 fx/64
NOTE)
1. fy— System clock frequency (Where fx= 4.19MHZz)
2. fsus— Sub clock oscillator frequency (32.768kHz)
3. fwek— Selected Watch timer clock
4. f.cp— LCD frequency (Where fy= 4.19MHz, WTCK[1:0]="10’; f_.cp= 1024H2z)
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11.5 TimerO,1

11.5.1 Overview

Timer O and timer 1 can be used either two 8-bit timer counter or one 16-bit timer counter with combine them. Each 8-
bit timer counter module has multiplexer, comparator, 8-bit timer data register, 8-bit counter register, control register,
capture data register, carrier mode control register and timer interrupt flag register. (TOCNT, TODR, TOCDR, TOCR,
T1CNT, TIDRH, T1DRL, TICDR, T1CR, CARCR, TIFR).

It has five operating modes:
—  8-bit timercounter mode
—  8-bit capture mode
— 16-bit timercounter mode
— 16-bit capture mode

—  Carrier mode

The timercounter 0 and 1 can be clocked by an internal or an external clock source (ECO). The clock source is
selected by clock selection logic which is controlled by the clock selection bits (TOCK[2:0], T1CK][2:0]).

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

— TIMER1 clock source: fy/1, 2, 4, 8, 64, 256, 512, 1024

In the capture mode, by EINT10, the data is captured into input capture data register (TOCDR, T1CDR).

In 8-bit timercounter 0/1 mode, whenever counter value is equal to TODR/T1DRH, TOO/REM port toggles. Also In 16-
bit timercounter 0 mode, Timer O outputs the comparison result between counter and data register through TOO port.

In the carrier mode, Timer 1 can be used to generate the carrier frequency or a remote controller signal. Timer 1 can
output the comparison result between TICNT & T1DRH/L and carrier frequency through REM port. TICNT value is
cleared by hardware.

16BITO TOMS T1IMS TOCK[2:0] T1CK[2:0] Timer O Timer 1

0 0 0 XXX XXX 8 Bit TimerCounter Mode 8 Bit TimerCounter Mode
0 1 0 XXX XXX 8 Bit Capture Mode 8 Bit TimerCounter Mode
0 0 1 XXX XXX 8 Bit TimerCounter Mode Carrier Mode
0 1 1 XXX XXX 8 Bit Capture Mode Carrier Mode
1 0 0 XXX XXX 16 Bit TimerCounter Mode
1 1 0 XXX XXX 16 Bit Capture Mode

Table 11-5. Timer 0/1Operating Modes
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11.5.2 8-Bit Timer/Counter Mode

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

The two 8-bit timers have each counter and data register. The counter register is increased by internal clock or
external clock(ECO) input.Timer O can use the input clock with one of 2, 4, 8, 32, 128, 512, and 2048prescaler division
rates (TOCKJ[2:0]). Timer 1 can use the input clock with one of 1, 2, 4, 8, 64, 256, 512, and 1024 prescaler division
rates (T1CK[2:0]). When the value of TOCNT, TICNT and TODR, T1DRH are respectively identical in Timer 0, 1, the
interrupt of Timer 0, 1 occurs.

The external clock (ECO0) counts up the timer at the rising edge. If the ECO is selected as a clock source by TOCK|[2:0],
ECO port should be set to the input port by P5410 bit

TOCR | TOEN | ; | TOMS |TOCK2 |TOCK1 | TOCKO| TOCN | TOST | ADDRESS : B2H
INITIAL VALUE: 0000_0000B
1 - 0 X X X X X
TICR | T1EN |1GBITO | TIMS |T1CK2 | T1CK1 | T1CKO| TICN | T1ST | ADDRESS : CAH
INITIAL VALUE: 0000_0000B
X 0 X X X X X X
s T —— N
—— TOST
p fx/2 > ¢
r fx/4 » 8-bit Timer 0 Counter
e /8 M Clear
s— —»|u o TOCNT (8Bit) <« INT_ACK
. ol o 32 5| x lclear

? /128

fx/512 i
e 25D TOEN :t TOIER > Toljr?(t)irlzunt
¢ | _fx/2048 P >

Comparator
3 .
TODR (8Bit)
{7] Too
TOCK[2:0] — .
8-bit Timer 0 Data Register

Figure 11.7  8-Bit Timer/Counter Mode for Timer O
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TOCR | TOEN | - | ToMs |TOCK2 |TOCK1 | TOCKO| TOCN | TOST | ADDRESS : B2H
INITIAL VALUE: 0000_0000B
X - X X X X X X
ADDRESS : CAH
T1CR | T1EN |1GBITO | TiMS |T1CK2 | T1CK1 | T1CKO | T1CN | T1ST |
INITIAL VALUE: 0000_0000B
1 0 0 X X X X X
| /1y, T1ST
fx/2 > ¢ o
:Z4 > " 8-bit Timer 1 Counter
8
Pre - Clear INT_ACK
X —— | lerl_f/6a u o TICNT (8Bit) -
1x/256 X Clear
e
fx/512
/1024 T1EN To Interrupt
I :: T1FR block
Comparator
3
T1DRH (8Bit REMO —— REM
T1CK[2:0] (851
8-bit Timer 1 Data high Register
TiM
(T2 clock source)
Figure 11.8  8-Bit Timer Counter Mode for Timerl
A Match with TODR, TIDRH
TOCNT, TICNT
Value n-1
n-2 "
Count Pulse Period
/ PCP
Up-count 6 _’I |<_
/ i
4
3
2
1
0
Interrupt Period IME ™
=Pcp x (n+1)
4 4
Timer 0, 1
(TOIFR, T1IFR)
Interrupt Occur Occur Occur
Interrunt Interrunt Interrunt

Figure 11.9  8-Bit Timer Counter 0, 1 Example
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11.5.3 16-Bit Timer Counter 0 Mode

The 16-bit timercounter mode is selected by control register as shown in Figure 11.10.

The timer register is being run with all 16bits. A 16-bit timercounter register TOCNT, TICNT are incrementd 0000H to
FFFFH until it matches TODR, T1DRH and then resets to 0000H. The match output generates the Timer O interrupt
(No Timer 1 interrupt). The clock source is selected from TOCK[2:0] and 16BITO bit must be set to ‘1’. Timer 0 is LSB
8-bit, the timer 1 is MSB 8-hit.

ADDRESS : B2H

TOCR | TOEN | - | TOMS |TOCK2 | TOCK1 | TOCKO| TOCN | TOST |
INITIAL VALUE: 0000_0000B

1 - 0 X X X X X

ADDRESS : CAH

T1CR | T1EN |1GBITO| T1IMS |T1CK2 | T1CK1 | T1CKO | T1CN | T1ST |
INITIAL VALUE: 0000_0000B

X 1 X X X X X X

= . i \ TOST
p fx/2 >
r|_fxida ¢ 16-bit Counter
e M X
x/8 . Clear
s = u — o TlCB:NT : TO%NT < INT_ACK
x > | ¢ x/32 » | x (8Bit) :  (8Bit) lclear
a fx/128 » MSB LSB
|
fx/512 i
e > TOEN :t TOIFR To interrupt
x/2048 block
r X0
L | / Comparator
3 T1DRH TODR
(8Bit) :  (8Bit) {] 100
TOCK][2:0] VISB SB

16-bit Data Register

Figure 11.10 16-Bit Timer Counter Mode for Timer 0
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11.5.4 8-Bit Timer 0 Capture Mode

The 8-bit Capture mode is selected by control register as shown in Figure 11.11.

The timer O capture mode is set by TOMS 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 TOCNT is equal to TODR. TOCNT
value is automatically cleared by hardware and it can be also cleared by software (TOST).

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

The capture result is loaded into TOCDR. In the timer 0 capture mode, timer 0 output (TOO) waveform is not available.
According to the EIPOL register setting, the external interrupt EINT10 function is chose. Of course, the EINT10 pin
must be set to an input port.

TOCDR and TODRare in the same address. In the capture mode, reading operation reads TOCDR, not TODR and

writing operation will update TODR.

ADDRESS : B2H

TOCR | TOEN | - | TOMS |TOCK2 |TOCK1 | TOCKO| TOCN | TOST | INITIAL VALUE: 0000_00008

1 - 1 X X X X X

ADDRESS : CAH

T1CR | T1EN |1GBITO| T1MS |TlCK2 |TlCKl | T1CKO| T1CN | T1ST | INITIAL VALUE: 0000_00008

X 0 X X X X X X

fx/4 > ¢ 8-bit Timer 0 Counter

Clear
TOCNT (8Bit) INT_ACK

lclear

x/128 »
| fx/512 4, Clear To Interrupt
= TOIFR F——»

block

N

fx —»

=
o
m
z

=0 ™ TOST
P
r
e
S
C
a
[
e
r

x/2048
> /

Comparator
3 .
TODR (8Bit)

TOCK[2:0]

8-bit Timer 0 Data Register

’\‘ TOCDR (8BIit) INT_ACK
T ¢ Clear
TOMS FLAG10

(EIFLAG.0)

To Interrupt
block

v

—

Figure 11.11 8-Bit Capture Mode for Timer O
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TOCDR Load
A
TOCNT Value )
n-2 .
Count Pulse Period
/ Per
Up-count 6 —>| I"_
/ i
4
3
2
1
0
™ME >
Ext. EINT10 PIN |_
Interrupt I ] —|
Request
(FLAG10) < >
Interrupt Interval Period

Figure 11.12 Input Capture Mode Operation for Timer 0

FFy FFy

TOCNT
YYu

004 00y 00y 00y 00

Interrupt —| —|
Request

(TOIFR)

Ext. EINT10 PIN

Interrupt
Request
(FLAG10)

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

Figure 11.13 Express Timer Overflow in Capture Mode
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11.5.5 16-Bit Timer 0 Capture Mode

The 16-bit capture mode is selected by control register as shown in Figure 11.14.
The 16-bit captue mode is the same oeration as 8-bit capture mode, except that the timer register uses 16 bits.The
clock source is selected from TOCK[2:0] and 16BITO bit must be set to ‘1’.

ADDRESS : B2H

TOCR | TOEN | - | TOMS |TOCK2 |TOCK1 | TOCKO| TOCN | TOST | INITIAL VALUE: 0000_00008

1 - 1 X X X X X

ADDRESS : CAH
T1CR | T1EN |1GBITO| T1MS |TlCK2 |TlCK1 | T1CKO| TI1CN | T1ST | INITIAL VALUE: 0000_00008

X 1 X X X X X X

= . i \ TOST
p x/2 »
r A’ ¢ 16-bit Counter
z g 'EJ" —. TICNT : TOCNT Clear INT_ACK
8Bit) -  (8Bif)
™ p| o Lf32 o Ix ( : lCIear
a fx/128 » MSB LSB
: | /512 o, Clear To Interrupt
e TOEN 3 TOFR ——» P
r | x/2048 ,, block
L | / Comparator
3 TIDRH @ TODR
(8Bit) :  (8Bit)
TOCK[2:0
[2:0] 16-bit Data Register
’7‘ T1CDR TOCDR INT ACK
EINT10 [ ] RN 8Bty (8Biy =
f\_ 1 ¢Clear
TOMS FLAG10 To Interrupt
> >
$ " | (EIFLAG.0) block
2

EIPOL[1:0]

Figure 11.14 16-Bit Capture Mode for Timer O
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11.5.6 8-Bit Timer 1 Carrier Frequency Mode

The carrier frequency and the pulse of data are calculated by the formula in the following sheet. The Figure 11.15

shows the block diagram of Timer 1 for carrier frequency mode.

TOCR | TOEN |

T1CR | T1EN |lGBITO | TiIMS |T1CK2 | T1CK1 | T1CKO | TICN | T1ST |

x —»

| TOMS |TOCK2 | TOCK1 | TOCKO | TOCN | TOST |

X

X X X

X X X

1

Pre
scaler

ix/4

x/256
x/512

fx/1 >
fx/2 >

x/8 >
fx/64 >

fx/1024 ,,
/

0

1 X X

X X X

T1ST

T1EN

L ¢ 8-bit Timer 1 Counter

xc<Z

e

T1CK[2:0]

)

TLCNT (8Bit)

CMOD

TLT

Match
Comparator
M

ADDRESS : B2H
INITIAL VALUE: 0000_0000B

ADDRESS : CAH
INITIAL VALUE: 0000_0000B

TiM
(T2 clock source)

T

REMO ——1 REM

INT_ACK

lCIear

i

To Interrupt

T1IFR —> block

T1DRL (8Bit)

T1DRH (8Bit)

Figure 11.15 Carrier Mode for Timer 1

NOTE)

1.

When one of T1IDRH and T1DRL values is “00H”, the carrier frequency generator (REM) output always
becomes a “High” or “Low”. At that time, Timer 1 Interrupt Flag Bit (T1IFR) is not set.
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11.5.7 Carrier Output Pulse Width Calculations

tHiGH

|<tl'$> tLow

To generate the above repeated waveform consisted of low period time (t_ow), and high period time (tych).
When REMO =0,
tiow = (TADRL + 1) x 1/fr;, OH < TAIDRL < 100H, where fr; = The selected clock.
trion = (TIDRH + 1) x 1/fy;, OH < TAIDRH< 100H, where fr; = The selected clock.

When REMO =1,
tiow = (TADRH + 1) x 1/fr;, OH < TIDRH< 100H, where fr; = The selected clock.
thien = (TADRL + 1) x 1/f11, OH < T1IDRL < 100H, where fr; = The selected clock.

Tomake tow=24usand tygu=15us. fyxy=4 MHz, f;; =4 MHz/4 =1 MHz
When REMO =0,
t.ow = 24 us = (TIDRL + 1) ffr; = (TAIDRL + 1) x 1us, TIDRL = 22.
tuen = 15 us = (TADRH + 1) ffr; = (TIDRH + 1) x 1us, TIDRH = 13.
When REMO =1,
tlow =24 us =(T1DRH + 1) / f;; = (T1DRH + 1) x 1us, TADRH = 22.
trigh = 15 us = (TADRL + 1) / fr; = (T1IDRL + 1) x 1us, TADRL = 13.
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Timer 1 Clock
(T1CK[2:0])

REMO ='0'
T1DRL = 00H
T1DRH = 00H

REMO =0’
T1DRL = 00H
T1DRH = 01-FFH

REMO ='0'
T1DRL = 01-FFH
T1DRH = 00H

REMO ="1'
T1DRL = 00H
T1DRH = 00H

REMO =1’
T1DRL = 00H
T1DRH = 01-FFH

REMO ='1'
T1DRL = 01-FFH
T1DRH = 00H

Timer 1 Clock
(T1CK[2:0])

REMO =1
T1DRL = DFH
T1DRH =1FH

REMO =0
T1DRL = DFH
T1DRH = 1FH

REMO =1’
T1DRL = 7FH
T1DRH = 7FH

REMO =0’
T1DRL = 7FH
T1DRH = 7FH

OH

Low

High

Low

High

Low

High

OH 100H

EOH

200H

20H

EOH
20H

80H

D =N
—r [ ————>

80H

" sfe—»
“———— P (———»

Figure 11.16 Carrier Output Waveforms in Repeat Mode for Timer 1

104



MC96F6508A/MC96F6408A ABOV Semiconductor Co., Ltd.

11.5.8 Block Diagram

fx/4 > ¢ 8-bit Timer 0 Counter

=0 ™ TOST
P
r
e
S
Cc
a
[
e
r

x/8 M Clear
—>f - u o TOCNT (8Bit) -« INT_ACK
X
fx > »>| X lCIear
x/128 »
| fx/512 o, TOEN Clear To Interrupt
: [>—0—> TOIFR |——p
| _fx/2048 ,, block
L / Comparator
3 TODR (8Bit)
I
{] T00
TOCK[2:0] — -
8-bit Timer 0 Data Register
EINT10 [} m TOCDR (8Bit) INT_ACK
m [ ¢ Clear
TOMS FLAG10 To Interrupt
|- ’
¢ " | (EIFLAG.0) block
2
EIPOL[1:0]
Figure 11.17 8-Bit Timer O Block Diagram
|1, T1ST
ix/2 > ¢
ix/4 > 8-bit Timer 1 Counter
/8 M Clear
tx —p| T T e Y| U o TLCNT (8Bit) INT_ACK
scaler|1X/o2 X
| fx/256 ,, lCIear
fx/512
/1024 T1EN To Interrupt
> :t T1FR block
Comparator
3
T1DRH (8Bit REMO —— REM
T1CK[2:0] (851
8-bit Timer 1 Data high Register ¢
TiM
(T2 clock source)

Figure 11.18 8-Bit Timer Counter 1 Block Diagram
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Feo L -i \ TOST
P x/2 >
r fx/4 » ¢ 16-bit Counter
e fx/8 M : Clear
s 2>y — o TgCBNT : T%g!\t” < INT_ACK
fx | o 32 o | (8Bit) : (8B lclear
a | 128 MSB LSB
! | fx/512 Clear To Interrupt
e TOEN :t[>—.—> TOIFR |——P P
r M’ block
L / Comparator
%3 TIDRH © TODR
(8Bit) . (8BIt) L[] 100
TOCK[2:0
[2:0] 16-bit Data Register
’7‘ TICDR : TOCDR INT ACK
ENT10 [} 0 (8Bit) -  (8Bit) i
f\ Clear
T— TOMS FLAG10 To Interrupt
» ’
{ " | (EIFLAG.0) block
2
EIPOL[1:0]

Figure 11.19 16-Bit Timer Counter 0 Block Diagram
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11.5.9 Register Map

Name Address Dir Default Description
TOCNT B3H R OOH Timer O Counter Register
TODR B4H R/W FFH Timer 0 Data Register
TOCDR B4H R OOH Timer O Capture Data Register
TOCR B2H R/W O0OH Timer 0 Control Register
TICNT CBH R OOH Timer 1 Counter Register
T1DRH CDH R/W FFH Timer 1 Data High Register
T1DRL CCH R/W FFH Timer 1 Data Low Register
T1CDR CDH R OOH Timer 1 Capture Data Register
T1CR CAH R/W O0OH Timer 1 Control Register
CARCR CEH R/W OOH Carrier Mode Control Register
TIFR C3H R/W 00H Timer Interrupt Flag Register
Table 11-6. Timer 0, 1 Register Map

11.5.10 Timer Counter 0, 1 Register Description

The timer counter 0, 1 register consists of timer O counterregister (TOCNT), timer O data register (TODR), timer O
capture dataregister (TOCDR), timer O controlregister (TOCR), timer 1counterregister (TLCNT), timer 1data high/low
register (TIDRH/L), timer 1capture dataregister (TLCDR), timer 1 controlregister (TLCR) and carrier mode control
register(CARCR). TOIFR and T1IFR bits are in the timer interrupt flag register (TIFR).

11.5.11 Register Description for Timer Counter 0, 1

TOCNT (Timer 0 Counter Register) : B3H

7 6 5 4 3 2 1 0
| toonz | toonts | Toonts | TooNa TOCNT3 TOCNT2 TOCNTL TOCNTO
R R R R R R R R

Initial value :00H

TOCNT[7:0] TO Counter

TODR (Timer 0 Data Register) : B4H

7 6 5 4 3 2 1 0
| Tore | TooRe | ToDRS TODR4 TODR3 TODR2 TODR1 TODRO
RW RAW RW RAW RW RW RW RW

Initial value :FFH

TODR([7:0] TO Data

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

7 6 5 4 3 2 1 0
| Tooor7 | TocoRe | TooDRs TOCDR4 TOCDR3 |  TOCDR2 TOCDR1 TOCDRO
R R R R R R R R

Initial value :00H

TOCDR[7:0] TO Capture
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TOCR (Timer 0 Control Register) : B2H

7 6 5 4 3 2 1 0
| TN | - | Tows TOCK2 TOCK1 TOCKO TOCN TOST
RW - RW RW RW RW RW RW
Initial value :00H
TOEN Control Timer 0
0 Timer 0O disable
1 Timer 0 enable
TOMS Control Timer 0 Operation Mode
0 Timer Counter mode
1 Capture mode
TOCK][2:0] Select Timer 0 clock source. fx is a system clock frequency
TOCK2 TOCK1 TOCKO Description
0 0 0 fx/2
0 0 1 fx/4
0 1 0 fx/8
0 1 1 fx/32
1 0 0 fx/128
1 0 1 fx/512
1 1 0 fx/2048
1 1 1 External Clock (ECO)
TOCN Clear Timer 0 Counter Pause/Continue
0 Temporary count stop
1 Continue count
TOST Control Timer 0 Start/Stop
0 Counter stop
1 Clear counter and start

NOTE)
1. Match Interrupt is generated in Capture mode.
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T1CNT (Timer 1Counter Register) : CBH

7 6 5 4 2 1 0
| TNz | ments | Tions | Tionm TICNT2 TICNTL TICNTO
R R R R R R R
Initial value :00H
T1CNT[7:0] T1 Counter
T1DRH (Timer 1 Data High Register) : CDH
7 6 5 4 2 1 0
| TORH7 | TIDRHE | TIORB | TIDRHM TIDRH2 TIDRH1 TIDRHO
RW RW RW RW RW RW RW
Initial value :FFH
TIDRH[7:0]  T1 Data High
T1DRL (Timer 1 Data Low Register: Carrier mode only) : CCH
7 6 5 4 2 1 0
| morz | TibRe | TIDRS TIDRI4 | TIDRL2 TIDRL1 TIDRLO
RW RW RW RW RW RW RW
Initial value :FFH
TIDRL[7:0]  T1 DataLow
T1CDR (Timer 1Capture Data Register: Read Case, 16bit Capture mode only) : CDH
7 6 5 4 2 1 0
| Tworr | TicoRe | TicDRS TICDR4 TICDR2 TICDRL TICDRO
R R R R R R R
Initial value :00H
T1CDR[7:0] 16bit TO Capture
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T1CR (Timer 1 Control Register) : CAH

7 6 5 4 3 2 1 0
| men | B | TIvs T1CK2 TICKL TICKO TICN TIST
RW RW RW RW RW RW RW RW
Initial value :00H
T1EN Control Timer 1
0 Timer 1 disable
1 Timer 1 enable
16BITO Select Timer 0 8/16Bit
0 8 Bit
1 16 Bit
T1MS Control Timer 1 Operation Mode
0 Timer counter mode
1 Carrier mode
T1CK[2:0] Select Timer 1 clock source. fx is main system clock frequency
T1CK2 TI1CK1 T1CKO Description
0 0 0 fx/1
0 0 1 fx/2
0 1 0 fxl4
0 1 1 fx/8
1 0 0 fx/64
1 0 1 fx/256
1 1 0 fx/512
1 1 1 fx/1024
T1CN Control Timer 1 Counter Pause/Continue
0 Temporary count stop
1 Continue count
T1ST Control Timer 1 Start/Stop
0 Counter stop
1 Clear counter and start
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CARCR (Carrier Control Register: Carrier mode only) : CEH

7 6 5 4 3 2 1 0
| - | - | mm T~ | - - CMOD REMO
- - RW RW - - RW RW
Initial value :00H
T1IT[1:0] T1 Interrupt Time Select
TLITL  T1ITO Description
0 0 Elapsed time for low data value
0 1 Elapsed time for high data value
1 0 Elapsed time for low and high data value
1 1 Not available
CMOD Carrier Frequency Mode Select
0 One-shot mode
1 Repeating mode
REMO REM Output Control
0 T1DRL— Low width, TLDRH— High width
1 T1DRL— High width, TLDRH— Low width

TIFR (Timer Interrupt Flag Register) : C3H

7 6 5 4 3 2 1 0
| sorRr | - | - | - T3FR T2FR TUFR TOFR
RW - - - RW RW RW RW
Initial value :00H
SIOIFR When SIO interrupt occurs, this bit becomes ‘1. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 SIO Interrupt no generation
1 SIO Interrupt generation
T3IFR When T3 interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 T3 Interrupt no generation
1 T3 Interrupt generation
T2IFR When T2 interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 T2 Interrupt no generation
1 T2 Interrupt generation
T1IFR When T1 interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 T1 Interrupt no generation
1 T1 Interrupt generation
TOIFR When TO interrupt occurs, this bit becomes ‘1. For clearing bit, write ‘0’
to this bit or auto clear by INT_ACK signal. Writing “1” has no effect.
0 TO Interrupt no generation
1 TO Interrupt generation
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11.6 Timer 2, 3

11.6.1 Overview

Timer 2 and timer 3 can be used either two 8-bit timer counter or one 16-bit timer counter with combine them. Each 8-
bit timer counter module has multiplexer, comparator, 8-bit timer data register, 8-bit counter register, control register,
capture data register and timer interrupt flag register. (T2CNT, T2DR, T2CDR, T2CR, T3CNT, T3DR, T3CDR, T3CR,
TIFR).

It has four operating modes:
—  8-bit timercounter mode
—  8-bit capture mode
— 16-bit timercounter mode

— 16-bit capture mode

The timercounter 2 and 3 can be clocked by an internal or an external clock source (EC2).The clock source is selected
by clock selection logic which is controlled by the clock selection bits (T2CK[2:0], T3CK[2:0]).

— TIMER2 clock source: fy/4, 16, 64, 256, 1024, 4096,T1M, EC2

— TIMERS clock source: fy/1, 2, 32, 128, 256, 512, 1024, 2048

In the capture mode, by EINT12, the data is captured into input capture data register (T2CDR, T3CDR).
In 8-bit timercounter 2 mode, whenever counter value is equal to T2DR, T20 port toggles. Also In 16-bit timercounter 2

mode, Timer 2 outputs the comparison result between counter and data register through T20 port.

16BIT2 T2MS T2CK[2:0] T3CK[2:0] Timer 2 Timer 3
0 0 XXX XXX 8 Bit TimerCounter Mode 8 Bit TimerCounter Mode
0 1 XXX XXX 8 Bit Capture Mode 8 Bit TimerCounter Mode
1 0 XXX XXX 16 Bit TimerCounter Mode
1 1 XXX XXX 16 Bit Capture Mode
Table 11-7. Timer 2/30perating Modes
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11.6.2 8-Bit Timer Counter 2, 3 Mode

The 8-bit timer counter mode is selected by control register as shown in Figure 11.20.

The two 8-bit timers have each counter and data register. The counter register is increased by internal clock, external
clock(EC2) input or TIM. Timer 2 can use the input clock with one of 4, 16, 64, 256, 1024, and 4096 prescaler division
rates (T2CK][2:0]). Timer 3 can use the input clock with one of 1, 2, 32, 128, 256, 512, 1024, and 2048 prescaler
division rates (T3CK[2:0]). When the value of T2CNT, T3CNT and T2DR, T3DR are respectively identical in Timer 2, 3,
the interrupt of Timer 2, 3 occurs.

The external clock (EC2) counts up the timer at the rising edge. If the EC2 is selected as a clock source by T2CK[2:0],
EC2port should be set to the input port by PO110 bit.

ADDRESS : BAH

T2CR |T2EN| - |T2M |T2K2|T2K1|T2K|T2N|T2T|
c S c c cKo c S INITIAL VALUE: 0000_0000B
1 - 0 X X X X X
ADDRESS : C2H
T3CR | T3EN | 16BIT2 | |T3CK2 | T3CK1 | T3CKO | T3CN | T3ST | INITIAL VALUE: 0000_0000B
X 0 - X X X X X

EC2 RN
T2ST
TiM »
= -
. i’ y 8-bit Timer 2 Counter
fx/16 Clear
e —X2| — o T2CNT (8Bit) «— INT_ACK
i« (s: —fo);I;; X lCIear
> X

a >

| fx/1024 » T2EN :t > T2IER To Interrupt

e M’ block

r / Comparator

3 .
$ T2DR (8Bit)
{] 120
T2CK[2:0] 8-bit Timer 2 Data Register

Figure 11.20 8-Bit Timer Counter Mode for Timer 2
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T2CR | T2EN | - | T2Ms |TZCK2 | T2cK1 | T20K0| T2CN | T2sT | ADDRESS : BAH
INITIAL VALUE: 0000_0000B
X - X X X X X X
ADDRESS : C2H
T3CR | T3EN |lGBIT2 | - |T3CK2 | T3CK1 | T3CKO | T3CN | T3ST |
INITIAL VALUE: 0000_0000B
1 0 - X X X X X
fx/1
N ™ T3ST
r x/2 ' ¢
e x/32 > 8-bit Timer 3 Counter
s fx/128 M Clear
& > | o —’fx/256 U e o T3CNT (8Bit) INT_ACK
a > x lclear
| 512
e | fx/1024 4, T3EN :t T3IFR To Interrupt
" | fx/2048 block
e /
Comparator
3 )
T3DR (8Bit)
T3CK([2:0] 8-bit Timer 3 Data high Register
Figure 11.21 8-Bit Timer Counter Mode for Timer 3
A Match with T2DR, T3DR
T2CNT, T3CNT
Value n-1
n-2 .
Count Pulse Period
/ Pcp
Up-count 6 _’| |<—
/ -
4
3
2
1
0
Interrupt Period IME ™
=Pcp X (n+1)
Timer 2,3 T T
(T2IFR, T3IFR)
Interrupt Occur Occur Occur
Interrupt Interrunt Interrunt

Figure 11.22 8-Bit Timer Counter 2, 3 Example
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11.6.3 16-Bit Timer Counter 2 Mode

The 16-bit timercounter mode is selected by control register as shown in Figure 11.23.

The timer register is being run with all 16 bits. A 16-bit timercounter register T2CNT, T3CNT are incrementd 0000H to
FFFFH until it matches T2DR, T3DR and then resets to 0000H. The match output generates the Timer 2 interrupt (No
Timer 3 interrupt). The clock source is selected from T2CK][2:0] and 16BIT2 bit must be set to ‘1’. Timer2 is LSB 8-bit,
the timer 3 is MSB 8-bit.

ADDRESS : BAH

T2CR | T2EN | - | T2MS |T2CK2 | T2CK1 | T2CKO | T2CN | T2ST |
INITIAL VALUE: 0000_0000B
1 - 0 X X X X X
ADDRESS : C2H
T3CR |TEN|1BIT2| - |T K2|T K1|TK|T N|TT|
3¢ 3 6 3¢ 3¢ 3CKo 3¢ 3S INITIAL VALUE: 0000_0000B
X 1 - X X X X X

EC2 AN
T2ST
TiM »
] v ien
" fx/4 16-bit Counter
e x/16 ’\Llll — T3CNT T2CNT Clear INT_ACK
s fx/64 (8Bi) . (8BIt)
fx | c »| x Clear
a x/256 > MSB LSB
x/1024
| XLV |y, T2EN :t T2IFR To Interrupt
e M’ block
r / Comparator
3 T3DR : T2DR
(8Bit) . (8BIt) {] 120
T2CK][2:0] MSB LSB

16-bit Data Register

Figure 11.23 16-Bit Timer Counter Mode for Timer 2
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11.6.4 8-Bit Timer 2 Capture Mode

The 8-bit Capture mode is selected by control register as shown in Figure 11.24.
The timer 2 capture mode is set by T2MS 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 T2CNT is equal to T2DR. T2CNT
value is automatically cleared by hardware and it can be also cleared by software (T2ST).

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 T2CDR. In the timer 2 capture mode, timer 2 output (T20) waveform is not available.
According to the EIPOL register setting, the external interrupt EINT12 function is chose. Of course, the EINT12 pin
must be set to an input port.

T2CDR and T2DRare in the same address. In the capture mode, reading operation reads T2CDR, not T2DR and
writing operation will update T2DR.
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T2CR | T2EN | | T2MS |T2CK2 | T2CK1 | T2CKO | T2CN

| TosT | ADDRESS : BAH

1 1 X X X X

T3CR | T3EN | 16BIT2 | |T3CK2 | T3CK1 | T3CKO | T3CN

| TasT | ADDRESS : C2H

X 0 X X X X

EC2

TiM > T2ST

fx/4 >

¢ 8-bit Timer 2 Counter

x/16 >
x/64 >

N

T2CNT (8Bit)

xcZ

Clear

x/256 »
x/1024 »
x/4096 »

—
N
m
P~

Clear

|—‘¢'D—$DOU>CD—"U|

e

>

INITIAL VALUE: 0000_0000B

INITIAL VALUE: 0000_0000B

INT_ACK

lCIear

T2IFR

To Interrupt

’ block

Comparator

3 T2DR (8Bit)

%

T2CK[2:0]

R

8-bit Timer 2 Data Register

EINT12 D T2CDR (8Bit)

INT_ACK

¢ Clear

» | FLAG12 To Interrupt
{2 ¥ | (EIFLAG.1) > block
EIPOL[3:2]
Figure 11.24 8-Bit Capture Mode for Timer 2
T2CDR Load
A
T2CNT Value o
n-2 .
Count Pulse Period
/ Pcp
Up-count 6 _>| <
/ -
4
3
2
1
0
VE >
Ext. EINT12 PIN |_
Interrupt I I —|
Request
(FLAG12) - >

Interrupt Interval Period

Figure 11.25 Input Capture Mode Operation for Timer 2
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FFy FFy
XXn
T2CNT
YYy
00y 004 004 00y 004
Interrupt —| —|
Request
(T2IFR)

Ext. EINT12 PIN

Interrupt
Request
(FLAG12)

[
|

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

Figure 11.26 Express Timer Overflow in Capture Mode
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11.6.5 16-Bit Timer 2 Capture Mode

The 16-bit capture mode is selected by control register as shown in Figure 11.27.
The 16-bit captue mode is the same oeration as 8-bit capture mode, except that the timer register uses 16 bits.The
clock source is selected from T2CK[2:0] and 16BIT2 bit must be set to ‘1.

ADDRESS : BAH

T2CR |T2EN| - |T2M |T2K2|T2K1|T2K|T2N|T2T|
¢ S ¢ c CKo ¢ S INITIAL VALUE: 0000_0000B
1 - 1 X X X X X
ADDRESS : C2H
T3CR | T3EN | 16BIT2 | |T3CK2 | T3CK1 | T3CKO | T3CN | T3ST | INITIAL VALUE: 0000_00008
X 1 - X X X X X

EC2
TIM > T2ST
}: x4 ¢ 16-bit Counter
o D16 o "Lj' —.l T3CNT © T2CNT Clear INT_ACK
s | fxi64 (8Bit) :  (8Bit)
"> ¢ [ oee X MSB LSB lclear
&1 1024 > T Clear
N )
I T2EN :t T2FR —» To interrupt
e M’ block
r Comparator
3 T3DR T2DR
(8Bity -  (8Bit)
T2CK[2:0] 16-bit Data Register

o

7
T3CDR . T2CDR INT_ACK
EINT12 [} R (8Bity :  (8Bit) T
m ¢ Clear
L T2MS FLAG12

v

To Interrupt
(EIFLAG.1) block

2
EIPOL[3:2]

Figure 11.27 16-Bit Capture Mode for Timer 2
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11.6.6 Block Diagram

EC2

TiM T2ST

v

¢ 8-bit Timer 2 Counter

Clear

3 T2DR (8Bit)
T2CK[2:0]

7]
I

o
i

T2CNT (8Bit)

xc<£

/256
11024 T2EN
£/4096 ,

|w(‘D—QJO(I)wa-U|

Comparator

8-bit Timer 2 Data Register

S

T2CDR (8Bit)

EINT12 [}

rﬂ

T2MS

Clear
4+—

Z[>—e—>

INT_

ACK

lclear

T2IFR

v

INT_ACK

¢ Clear

{5

EIPOL[3:2]

FLAG12
(EIFLAG.1)

—>

—>

To Interrupt
block

{7 720

To Interrupt
block

Figure 11.28 8-Bit Timer 2 Block Diagram

fx/1

fx/2 >
/32,
fx/128 ,,
{x/256
fx/512 >
fx/1024 >
fx/2048 ,,

T3ST

¢ 8-bit Timer 3 Counter

Clear

o T3CNT (8Bit)

U o

X —p

T3EN

= ®—® 0 n®o® =T

—

Comparator

+’
w

T3DR (8Bit)

T3CK[2:0] 8-bit Timer 3 Data high Register

INT_ACK

l Clear

T3IFR

—>

To Interrupt
block

Figure 11.29 8-Bit Timer Counter 3 Block Diagram
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M > T2sT
[P ¢ i
r 22— 16-bit Counter
e X164 '\Lj' [—.] T3CNT © T2CNT | Clear INT_ACK
. 'z f::;/26546 » | x MSB (8Bit) (8Bit) LSB lclear
? x/1024 ,, TZTEN Clear To interrupt
e | 4006 3| >—8—>| T2FR > block
L Comparator
3 T3DR T2DR
(8Bit) (8Bit) {] 120
T2CK[2:0] 16-bit Data Register
B 1
T3CDR . T2CDR INT ACK
ENT12 [} R (8Bity :  (8BiY) h
m [ ¢ Clear
T2MS n | FLAGI12 To Interrupt
{ " | (EIFLAG.1) block
EIPOL[%:Z]
Figure 11.30 16-Bit Timer Counter 2 Block Diagram
11.6.7 Register Map
Name Address Dir Default Description

T2CNT BCH R 00H Timer 2 Counter Register
T2DR BEH R/W FFH Timer 2 Data Register
T2CDR BEH R O00H Timer 2 Capture Data Register
T2CR BAH R/W O00H Timer 2 Control Register
T3CNT C4H R O00H Timer 3 Counter Register
T3DR C6H R/W FFH Timer 3 Data Register
T3CDR C6H R 00OH Timer 3 Capture Data Register
T3CR C2H R/W O00H Timer 3 Control Register
TIFR C3H R/W O00H Timer Interrupt Flag Register
Table 11-8. Timer 2, 3 Register Map

11.6.8 Timer Counter 2, 3 Register Description

The timer counter 2, 3 register consists of timer 2counterregister (T2CNT), timer 2data register (T2DR), timer 2capture
dataregister (T2CDR), timer 2 controlregister (T2CR), timer 3counterregister (T3CNT), timer 3data register (T3DR),

timer 3capture dataregister (T3CDR), timer 3 controlregister (T3CR). T2IFR and T3IFR bits are in the timer interrupt

flag register (TIFR).
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11.6.9 Register Description for Timer Counter 2, 3

T2CNT (Timer 2Counter Register) : BCH

7 6 5 4 3 2 1 0
| TNz | ToNte | TN | TeoNm4 T2CNT3 T2CNT2 T2CNTL T2CNTO
R R R R R R R R
Initial value :00H
T2CNT[7:0] T2 Counter
T2DR (Timer 2 Data Register) : BEH
7 6 5 4 3 2 1 0
| t™ort | TORE | ToORS T2DR4 T2DR3 T2DR2 T2DRL T2DRO
RW RW RW RW RW RW RW RW
Initial value :FFH
T2DR[7:0] T2 Data

T2CDR (Timer 2 Capture Data Register: Read Case, Capture mode only) : BEH

7 6 5 4 3 2 1 0
| Tcorr | TcDRe | T2oDRS T2CDR4 T2CDR3 |  T2CDR2 T2CDRL T2CDRO
R R R R R R R R
Initial value :00H
T2CDR[7:0] T2 Capture
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T2CR (Timer 2 Control Register) : BAH

7 6 5 4 3 2 1 0
RETE - | Tws T2CK2 T2CK1 T2CKO T2CN ToST
RW - RW RW RW RW RW RW
Initial value :00H
T2EN Control Timer 2
0 Timer 2 disable
1 Timer 2 enable
T2MS Control Timer 2 Operation Mode
0 Timer Counter mode
1 Capture mode
T2CKJ[2:0] Select Timer 2 clock source. fx is main system clock frequency
T2CK2 T2CK1 T2CKO Description
0 0 0 T1iM
0 0 1 fx/4
0 1 0 fx/16
0 1 1 fx/64
1 0 0 fx/256
1 0 1 fx/1024
1 1 0 fx/4096
1 1 1 External Clock (EC2)
T2CN Clear Timer 2 Counter Pause/Continue
0 Temporary count stop
1 Continue count
T2ST Control Timer 2 Start/Stop
0 Counter stop
1 Clear counter and start

NOTE)
1. Match Interrupt is generated in Capture mode.
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T3CNT (Timer 3Counter Register) : C4H

7 6 5 4 3 2 1 0
| mon7 | monte | T3NS | T3oNm T3CNT3 T3CNT2 T3CNTL T3CNTO
R R R R R R R R
Initial value :00H
T3CNT[7:0] T3 Counter
T3DR (Timer 3 Data Register) : C6H
7 6 5 4 3 2 1 0
| m™orRr | TORE | TIORS T3DR4 T3DR3 T3DR2 T3DRL T3DRO
RW RW RW RW RW RW RW RW
Initial value :FFH
T3DR[7:0] T3 Data

T3CDR (Timer 3Capture Data Register: Read Case, 16bit Capture mode only) : C6H

7 6 5 4 3 2 1 0
| mcorr | TecoRe | T30DRS T3CDR4 T3CDR3 TECDR2 |  T3CDRL T3CDRO
R R R R R R R R

T3CDR[7:0] 16bit T2 Capture

Initial value :00H
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T3CR (Timer 3Control Register) : C2H

7 6 5 4 3 2 1 0
| 1N | wBm | - T3CK2 T3CKL T3CKO T3CN T3ST
RW RW - RW RW RW RW RW
Initial value :00H
T3EN Control Timer 3
0 Timer 3 disable
1 Timer 3 enable
16BIT2 Select Timer 2 8/16Bit
0 8 Bit
1 16 Bit
T3CKJ[2:0] Select Timer 3 clock source. fx is main system clock frequency
T3CK1 T3CKO T3CK2 Description
0 0 0 fx/1
0 0 1 fx/2
0 1 0 fx/32
0 1 1 fx/128
1 0 0 fx/256
1 0 1 fx/512
1 1 0 fx/1024
1 1 1 fx/2048
T3CN Control Timer 3 Counter Pause/Continue
0 Temporary count stop
1 Continue count
T3ST Control Timer 3 Start/Stop
0 Counter stop
1 Clear counter and start
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TIFR (Timer Interrupt Flag Register) : C3H

7 6 5 4 3 2 1 0
| sorr - - | - T3FR T2FR TUFR TOFR
RW - - - RW RW RW RW
Initial value :00H
SIOIFR When SIO interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or
auto clear by INT_ACK signal. Writing “1” has no effect.
0 SIO Interrupt no generation
1 SIO Interrupt generation
T3IFR When T3 interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or auto
clear by INT_ACK signal. Writing “1” has no effect.
0 T3 Interrupt no generation
1 T3 Interrupt generation
T2IFR When T2 interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or auto
clear by INT_ACK signal. Writing “1” has no effect.
0 T2 Interrupt no generation
1 T2 Interrupt generation
T1IFR When T1 interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or auto
clear by INT_ACK signal. Writing “1” has no effect.
0 T1 Interrupt no generation
1 T1 Interrupt generation
TOIFR When TO interrupt occurs, this bit becomes ‘1’. For clearing bit, write ‘0’ to this bit or auto

clear by INT_ACK signal. Writing “1” has no effect.
0 TO Interrupt no generation
1 TO Interrupt generation
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11.7 Buzzer Driver

11.7.1 Overview

The Buzzer consists of 8-bit counter,buzzer data register (BUZDR), and buzzer control register (BUZCR). The Square
Wave (61.035Hz~125.0kHz @8MHz)is outputted through P02/BUZOpin. The buzzer dataregister (BUZDR) controls

the bsuzzer frequency (look at the following expression). In buzzer control register(BUZCR), BUCK[1:0] selects source
clock divided by prescaler.

Oscillator Frequency

feuz(HZ)=

2 x Prescaler Ratio x (BUZDR+1)

Buzzer Frequency (kHz)
BUZDR[7:0]
BUZCR[2:1]=00 BUZCR[2:1]=01 BUZCR[2:1]=10 BUZCR[2:1]=11
0000_0000 125kHz 62.5kHz 31.25kHz 15.625kHz
0000_0001 62.5kHz 31.25kHz 15.625kHz 7.812kHz
11111101 492.126Hz 246.063Hz 123.031Hz 61.515Hz
1111_1110 490.196Hz 245.098Hz 122.549Hz 61.274Hz
11111111 488.281Hz 244.141Hz 122.07Hz 61.035Hz
Table 11-9. Buzzer Frequency at 8 MHz
11.7.2 Block Diagram
BUZEN
/32 ¢ 8-bit Up-Counter
pre | —X/64 5 Clear
> re Counter
fx scaler fX/128 0/0 |
fx/256
—3 FIF —— ] BUZO
Comparator

Figure 11.31 Buzzer Driver Block Diagram
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11.7.3 Register Map

Name Address Dir Default Description
BUZDR 8FH R/W FFH Buzzer Data Register
BUZCR 97H R/W O00OH Buzzer Control Register

Table 11-10. Buzzer Driver Register Map

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

BUZDR (Buzzer Data Register) : 8FH

7 6 5 4 3 2 1 0
| BumrRr | BumRe | BUZDRS BUZDR4 BUZDR3 BUZDR2 BUZDR1 BUZDRO
RW RAW R RAW RW RW RW RW

Initial value :FFH

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

BUZCR (Buzzer Control Register) :97H

7 6 5 4 3 2 1 0
| - | - | - | - - BUCKL BUCKO BUZEN
- - - - - RW RW RW
Initial value :00H
BUCK]1:0] Buzzer Driver Source Clock Selection
BUCK1 BUCKO Description
0 0 x/32
0 1 fx/64
1 0 x/128
1 1 fx/256
BUZEN Buzzer Driver Operation Control
0 Buzzer Driver disable
1 Buzzer Driver enable

NOTE)
1. fx: System clock oscillation frequency.
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11.8 SIO

11.8.1 Overview

Theserial input/output is used to transmit/receive 8-bit data serially. The serial input/output(SIO) module is a useful
serial interface to communicate with other peripheral of microcontroller devices. This SIO is 8-bit clock synchronous
type and consists of SIO pre-scaler register, SIO data register, SIO control register, and control circuit as illustrated in
Figure 11.32. The SO pin is designed to input and output. So SIO can operate with two pins minimally. Pin P57/SO,
P56/SCK and P55/SI pins are controlled by the SIO control register (SIOCR) and port function selection control
registers(P5FSRH and P510).The Sl pin must be set to input port.

The contents of the SIO data register can be written into or read out by software. The data in the SIO data register can
be shifted synchronously with the transfer clock signal. SIO data register (SIODR) is an 8 bit shift register. MSB-first

and LSB-first transfers are possible.

11.8.2 Block Diagram

INT_ACK
lCIear
3-Bit Counter SIOIFR To interrupt
Clear block
CLK
CSEL CCLR
¢ SEDGE slop
SIOM[1:0]
U —p | CLK  g-Bjt SIO shift buffer N
Pre | fx/4 {1 sO
fx scaler_> SIOPS X (SIODR) I/

T DIT

j [L*f

SIOM[1:0]

SO
S|

Figure 11.32 SIO Block Diagram

NOTE)
1. The system clock should be greater than the SIO input clock. So, take care of using the external clock.
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11.8.3 SIO Pre-Scale Register (SIOPS)

SIOPS contains the SIO pre-scaler value. The SIO clock rate (baud rate) is calculated by the following formula.
Baud rate = Input clock (fx/4)/(Pre-scaler value + 1)
orSCK input clock, where the input clock is fx/4

MSB LSB

ADDRESS : B7H

IP|IP7|IP|IP|IP4|IP|IP2|IP1|IP|
SIOPS [ SIOPS7 | SIOPS6 | SIOPS5 | SIOPS4 | SIOPS3 | SIOPS2 | SIOPS1 | SIOPSO INITIAL VALUE: 0000_0000B

R/W R/W R/IW R/IW R/IW R/W R/W R/W

Baud rate = (fx/4)/(SIOPS + 1)

Figure 11.33 SIO Pre-Scale Register (SIOPS)
11.8.4 The usage of SIO

Select transmitter/receiver mode.

In transmitter mode, write data to be sent to SIODR.

Set CCLR to “1” to clear SIO counter and start shifting.

If Tx or Rx is completed, the SIO interrupt is generated and SIOIFR is set to “1”.

o~ v DN E

In receiver mode, the received data can be acquired by reading SIODR.
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11.8.5 SIO Timing Diagram

scK
[SEDGE=0]

N

N

SO[P14]

D7 M\DG
/

SI[P16] D7 D6

IOSWIN[P14]
(I0SW = 1)

X
(I0SW =0) ><
A

X
X
X

A

SIOIFR
(SIO Int. Req)
SIO status Transmit
(CCLR =1) Complete

Figure 11.34 SIO Timing Diagram at SEDGE=0

SCK

a’

3

N

[SEDGE=1] K' \ \
SO[P14] >< D7 M\DG >< D5 >< D4 >< D3 >< D2 >< D1 >< DO ><\
(IOSé[\lljvlS]O) p7 Y/ D6 >< D5 >< D4 >< D3 >< D2 >< D1 >< DO ><
I%(S)\/S\/\I/{I\l[fgl] D7 D6 >< D5 >< D4 >< D3 >< D2 >< D1 >< DO ></
SIOIFR 7{/
(SIO Int. Req)
slostaus | 7%
(CCLR =1) Complete

Figure 11.35 SIO Timing Diagram at SEDGE=1
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11.8.6 Register Map

Name Address Dir Default Description
SIOPS B7H R/W OOH SIO Pre-scale Register
SIODR B6H R/W O00OH SPI Data Register
SIOCR B5H R/W OOH SIO Control Register

Table 11-11. SIO Register Map

11.8.7 SIO Register Description

The SIOregister consists of SlOpre-scaler register (SIOPS), SlOData Register (SIODR), and SIO control register
(SIOCR).The SIOIFR bit is in the timer interrupt flag register (TIFR).

11.8.8 Register Description for SIO

SIOPS (SIO Pre-scaler Register) :B7H

7 6 5 4 3 2 1 0
| SIOPS7 | SIOPS6 | SIOPS5 SIOP4 SIOPS3 SIOPS2 SIOPS1 SIOPSO
RW RW RW RW RW RW RW RW

Initial value :00H

SIOPS [7:0] SIO Pre-scale
Baud Rate = (fx/4)/(SIOPS+1)

SIODR (SIO Data Register) :B6H

7 6 5 4 3 2 1 0
| SIODR7 | SIODR6 | SIODR5 SIODR4 SIODR3 SIODR2 SIODR1 SIODRO
RW RW RW RW RW RW RW RW

Initial value :00H

SIODR [7:0] SIO Data
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SIOCR (SIO Control Register) :B5H

7 6 5 4 3 2 1 0
| cs | opar | sop losw SiomL SOV CCLR SEDGE
RW RW RW RW RW RW RW RW
Initial value :00H
CSEL SIO Shift Clock Selection
0 Internal clock (P.S clock)
1 External clock (SCK)
DAT Data Direction Control
0 MSB first mode
1 LSB first mode
SIOP SIO Shift Operation Enable
0 Disable shifter and clock counter
1 Enable shifter and clock counter
IOSW Serial Input Pin Selection Bit
0 Sl pin selection
1 SO pin selection
NOTE)

1. If SO pinis selected for a serial data input, SO pin should be set to an
input and port. So, the SIOM, P5FSRH[6:5] and P5710 bits should be
set to ‘01b’, ‘00b’ and ‘Ob’ respectively. Refer to the P510 and P5SFSRH
register for setting

SIOM[1:0] SIO Mode Selection
SIOM1 SIOMO Description

0 0 Transmit mode

0 1 Receive mode

1 X Transmit/Receive mode
CCLR SIO Counter Clear and Shift Start

0 No action

1 Clear 3-bit counter and start shifting
SEDGE SIO Clock Edge Selection

0 Tx at falling edges, Rx at rising edges

1 Tx at rising edge, Rx at falling edges

NOTE)
1. The serial I/O interrupt flag (SIOIFR bit) is in the timer interrupt flag register (TIFR register).
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11.9 UART

11.9.1 Overview

The universal asynchronous serial receiver and transmitter (UART) is a highly flexible serial communication device.

The main features are listed below.

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

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

— Odd or Even Parity Generation and Parity Check Supported by Hardware
— Data OverRun Detection

—  Framing Error Detection

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

UART has baud rategenerator, transmitter and receiver. The baud rate generator for asynchronous operation.The
Transmitter consists of a single write buffer, a serial shift register, parity generator and control logic for handling
different serial frame formats.The write buffer allows continuous transfer of data without any delay between frames.
The receiver is the most complex part of the UART module due to its clock and data recovery units. The recovery unit
is used for asynchronous data reception. In addition to the recovery unit, the receiver includes a parity checker, a shift
register, a two-level receive FIFO (UARTDR) and control logic. The receiver supports the same frame formats as the

transmitter and can detect frame error, data overrun and parity errors.
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11.9.2 Block Diagram

To interrupt
block ~
UARTBD ¢
WAKEIE — — RXCIE ¢
] SCLK — | Baud Rate Generator
At Stop mode
WAKE <_ Low level RXC
detector I::I
D—l—» '
RXD '\L/Jl Rx .| Clock $
»
5| x Control Recovery £
R
T Data Receive Shift Register N
—p —p <——¢ A
1 Recovery (RXSR) N f L
LOOPS
; ;
u
DOR/PE/FE UARTDRI[0]
Checker (Rx) > S
UARTDR[1] L
Stop bit (RY) I
Generator UPMO N
E
M arlty
TXD D < ® Tx U Generator
Control X Transmit Shift Reglsté <
(TXSR)
Clear T
INT_ACK —p[ TxC ] Ule Empty signal
\j—lL’DRE UARTDR() | {———
Y,
TXCIE — —— UDRIE
To interrupt
block

Figure 11.36 UART Block Diagram
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11.9.3 Clock Generation

SCLK

UARTBD

Y

fSCLK

Baud Rate
—_— Generator

(UARTBD+1)

/8

u2x

2 —»|wm
u txclk
| X

rxclk

Figure 11.37 Clock Generation Block Diagram

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

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

Operating Mode

Equation for Calculating Baud Rate

fx
Normal Mode(U2X=0) Baud Rate = m
f
Double Speed Mode(U2X=1) Baud Rate = X

8(UARTBD + 1)

Table 11-12.

Equations for Calculating Baud Rate Register Setting
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11.9.4 Data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits), and optionally a
parity bit for error detection.
The UART supports all 30 combinations of the following as valid frame formats.

— 1 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 >l

< >

Idle St DO D1 D2 D3 D4 [D5] [D6] [D7] [D8] - Spl l[SPZ] Idle / St
Character

A

bits

Figure 11.38 Frame Format

1 data frame consists of the following bits

+ Idle No communication on communication line (TXD/RxD)

- St Start bit (Low)

* Dn Data bits (0~8)

*  Parity bit ------------ Even parity, Odd parity, No parity
+  Stop bit(s) ---------- 1 bit or 2 bits

The frame format used by the UART is set by the USIZE[2:0], UPM[1:0] and USBS bits in UARTCR1 and
UARTCR3register. The Transmitter and Receiver use the same setting.
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11.9.5 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=Dp1 ... "D3"D,~D; A" Dy "0

Posa =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
11.9.6 UART Transmitter

The UART transmitter is enabled by setting the TXE bit in UARTCRZregister.When the Transmitter is enabled, the
TXD pin should be set to TXD function for the serial output pin of UART by the PSFSRH[4:3].The baud-rate, operation

mode and frame format must be setup once before doing any transmission.
11.9.6.1 Sending Tx data

A data transmission is initiated by loading the transmit buffer (UARTDRregister 1/0O location) with the data to be
transmitted.The data written in transmit buffer is moved to the shift register when the shift register is ready to send a
new frame.The shift register is loaded with the new data if it is in idle state or immediately after the last stop bit of the
previous frame is transmitted. When the shift register is loaded with new data, it will transfer one complete frame
according to the settings of control registers.If the 9-bit characters are used, the ninth bit must be written to the TX8 bit
in UARTCR3 register before it is loaded to the transmit buffer (UARTDR register).

11.9.6.2 Transmitter flag and interrupt

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

UDRE flag indicates whether the transmit buffer is ready to receive new data. This bit is set when the transmit buffer is
empty and cleared when the transmit buffer contains data to be transmitted but has not yet been moved into the shift
register. And also this flag can be cleared by writing ‘0’ to this bit position. Writing ‘1’ to this bit position is prevented.
When the data register empty interrupt enable (UDRIE) bit in UARTCR2 register is set and the global interrupt
isenabled, UART data register empty interrupt is generated while UDRE flag is set.

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

When the transmit complete interrupt enable (TXCIE) bit in UARTCR2 register is set and the global interrupt is

enabled,UART transmit complete interrupt is generated while TXC flag is set.
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11.9.6.3 Parity Generator

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

11.9.6.4 Disabling Transmitter

Disabling the transmitter by clearing the TXE bit will not become effective until ongoing transmission is completed.

When the Transmitter is disabled, the TXD pin can be used as a normal general purpose 1/0 (GPIO).
11.9.7 UART Receiver

The UART receiver is enabled by setting the RXE bit in the UARTCR2register. When the receiver is enabled, the RXD
pin should be set to the input port for the serial input pin of UARTby P5710 bit.The baud-rate, mode of operation and

frame format must be set before serial reception.
11.9.7.1 Receiving Rx data

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

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

The UARTreceiver has one flag that indicates the receiver state.

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

When the receive complete interrupt enable (RXCIE) bit in the UARTCR?2 register is set and global interrupt is enabled,
the UART receiver complete interrupt is generated while RXC flag is set.

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

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

The data overrun (DOR) flag indicates data loss due to a receive buffer full condition. DOR occurs when the receive
buffer is full, and another new data is present in the receive shift register which are to be stored into the receive buffer.
After the DOR flag is set, all the incoming data are lost. To prevent data loss or clear this flag, read the receive buffer.
The parity error (PE) flag indicates that the frame in the receive buffer had a parity error when received. If parity check
function is not enabled (UPM[1]=0), the PE bit is always read ‘0’.

11.9.7.3 Parity Checker

If parity bit is enabled (UPM[1]=1), the Parity Checker calculates the parity of the data bits in incoming frame and

compares the result with the parity bit from the received serial frame.
11.9.7.4 Disabling Receiver

In contrast to transmitter, disabling the Receiver by clearing RXE bit makes the Receiver inactive immediately. When
the receiver is disabled, the receiver flushes the receive buffer, the remaining data in the buffer is all reset, andthe RXD

pin can be used as a nhormal general purpose 1/O (GPIO).
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11.9.7.5 Asynchronous Data Reception

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

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

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

START
RXD  ple \ / BITO

=S I T O I O O R A A I
o 0o 1 2 3 4 5 6 7 [8 [o Jo]ut 12 138 14 15 16 1 2 3
e I T N N N I I N f
0 1 2 3 El 7 8 1 2

Figure 11.39 Start Bit Sampling

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

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

frame. Internally, after receiving the first stop bit, the Receiver is in idle state and waiting to find start bit.
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Figure 11.40 Sampling of Data and Parity Bit

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

is detected (start bit detection).
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Figure 11.41 Stop Bit Sampling and Next Start Bit Sampling
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11.9.8 Register Map

Name Address Dir Default Description
UARTBD E6H R/W FFH UART Baud Rate Generation Register
UARTDR EFH R/W OOH UART Data Register
UARTCR1 E2H R/W OOH UART Control Register 1
UARTCR2 E3H R/W OOH UART Control Register 2
UARTCR3 E4H R/W O0OH UART Control Register 3
UARTST E5H R/W 80H UART Status Register
Table 11-13. UART Register Map

11.9.9 UART Register Description

UART module consists of UART baud rate generation register (JARTBD), UART data register (UARTDR),UART
control register 1 (UARTCRL1),UART control register 2 (UARTCR?2) ,UART control register 3 (UARTCR3), and UART
status register (UARTST).

11.9.10 Register Description for UART

UARTBD (UART BaudRate Generation Register) : E6H

7 6 5 4 3 2 1 0
| usRmBD? | uUaRTBDE | UARTBDS | UARTBD4 | UARTBD3 UARTBD2 UARTBD1 UARTBDO
RW RW RW RW RW RW RW RW
Initial value :FFH
UARTBD [7:0] The value in this register is used to generate internal baud rate. To prevent

malfunction, do not write ‘0’.
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UARTDR (UART Data Register) : E7H

7 6 5 4 3 2 1 0
| UARTDR7 | UARTDR6 | UARTDRS UARTDR4 UARTDR3 UARTDR2 UARTDR1 UARTDRO
RW RW RW RW RW RW RW RW

Initial value :00H

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

Write this register only when the UDRE flag is set.

UARTCRL1 (UART Control Register 1) : E2H

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

7 6 5 4 3 2 1 0
URE | T™CE | RCE | WAEE ™E RXE UARTEN U2x
RW RW RW RW RW RW RW RW
Initial value : 00H
UDRIE Interrupt enable bit for UART Data Register Empty
0 Interrupt from UDRE is inhibited (use polling)
1 When UDRE is set, request an interrupt
TXCIE Interrupt enable bit for Transmit Complete
0 Interrupt from TXC is inhibited (use polling)
1 When TXC is set, request an interrupt
RXCIE Interrupt enable bit for Receive Complete
0 Interrupt from RXC is inhibited (use polling)
1 When RXC is set, request an interrupt
WAKEIE Interrupt enable bit for Wake in STOP mode. When device is in stop mode, if RXD goes

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

0 Interrupt from Wake is inhibited
1 When WAKE is set, request an interrupt
TXE Enables the transmitter unit
0 Transmitter is disabled
1 Transmitter is enabled
RXE Enables the receiver unit
0 Receiver is disabled
1 Receiver is enabled
UARTEN Activate UART module by supplying clock. When one of TXE and RXE values is “1”, the
UARTEN bit always set to “1”.
0 UART is disabled (clock is halted)
1 UART is enabled
uz2x This bit selects receiver sampling rate.
0 Normal operation
1 Double Speed operation
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UARTCRS3 (UART Control Register 3) : E4H

7 6 5 4 3 2 1 0
- |  Loops - | - - USBS X8 RX8
- RW - - - RW RW R
Initial value : 00H
LOOPS Controls the Loop Back Mode of UART, for test mode
0 Normal operation
1 Loop Back mode
USBS Selects the length of stop bit.
0 1 Stop Bit
1 2 Stop Bit
TX8 The ninth bit of data frame in UART. Write this bit first before loading the UARTDR
register
0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is 1’
RX8 The ninth bit of data frame in UART. Read this bit first before reading the receive buffer
0 MSB (9" bit) received is ‘0’
1 MSB (9" bit) received is ‘1’
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UARTST (UART Status Register) : E5H

7 6 5 4 3 2 1 0
| wre | ™ | R WAKE SOFIRST | DR | FE PE
RW RW R RW RW R RW RW
Initial value :80H
UDRE The UDRE flag indicates if the transmit buffer (UARTDR) is ready to receive new data. If
UDRE is ‘1’, the buffer is empty and ready to be written. This flag can generate a UDRE
interrupt.
0 Transmit buffer is not empty.
1 Transmit buffer is empty.
TXC This flag is set when the entire frame in the transmit shift register has been shifted out

and there is no new data currently present in the transmit buffer. This flag is
automatically cleared when the interrupt service routine of a TXC interrupt is executed.
This flag can generate a TXC interrupt. 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.

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

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

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

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

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

0 No operation
1 Reset UART
DOR This bit is set if a Data Overrun occurs. While this bit is set, the incoming data frame is
ignored. This flag is valid until the receive buffer is read.
0 No Data Overrun
1 Data Overrun detected
FE This bit is set if the first stop bit of next character in the receive buffer is detected as ‘0’
This bit is valid until the receive buffer is read.
0 No Frame Error
1 Frame Error detected
PE This bit is set if the next character in the receive buffer has a Parity Error to be received
while Parity Checking is enabled. This bit is valid until the receive buffer is read.
0 No Parity Error
1 Parity Error detected
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11.9.11 Baud Rate setting (example)

Baud fx=1.00MHz fx=1.8432MHz fx=2.00MHz
Rate UARTBD ERROR UARTBD ERROR UARTBD ERROR
2400 25 0.2% 47 0.0% 51 0.2%
4800 12 0.2% 23 0.0% 25 0.2%
9600 6 -7.0% 1 0.0% 12 0.2%
14.4k 3 8.5% 7 0.0% 8 -3.5%
19.2k 2 8.5% 5 0.0% 6 -7.0%
28.8k 1 8.5% 3 0.0% 3 8.5%
38.4k 1 -18.6% 2 0.0% 2 8.5%
57.6k - - 1 -25.0% 1 8.5%
76.8k - - 1 0.0% 1 -18.6%
115.2k - - - - - -
230.4k - - - - -
(continued)
Baud fx=3.6864MHz fx=4.00MHz fx=7.3728MHz
Rate UARTBD ERROR UARTBD ERROR UARTBD ERROR
2400 95 0.0% 103 0.2% 191 0.0%
4800 47 0.0% 51 0.2% 95 0.0%
9600 23 0.0% 25 0.2% 47 0.0%
14.4k 15 0.0% 16 2.1% 31 0.0%
19.2k 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% 1 0.0%
57.6k 3 0.0% 3 8.5% 7 0.0%
76.8k 2 0.0% 2 8.5% 5 0.0%
115.2k 1 0.0% 1 8.5% 3 0.0%
230.4k - - - - 1 0.0%
250k - - - - 1 -7.8%
0.5M - - - - - -
(continued)
Baud fx=8.00MHz fx=11.0592MHz
Rate UARTBD ERROR UARTBD ERROR
2400 207 0.2% - -
4800 103 0.2% 143 0.0%
9600 51 0.2% 71 0.0%
14.4k 34 -0.8% 47 0.0%
19.2k 25 0.2% 35 0.0%
28.8k 16 2.1% 23 0.0%
38.4k 12 0.2% 17 0.0%
57.6k 8 -3.5% 1 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 - - - - - -
Table 11-14. Examples of UARTBD Settings for Commonly Used Oscillator Frequencies
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11.10 LCD Driver

11.10.1 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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11.10.2 LCD Display RAM Organization

Display data are stored to the display data area in the internal data memory.

The display data which stored to the display internal data area (address E2H-FFH) 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 11-36 shows the correspondence between the display external data area and the COM/SEG pins. The LCD is

turned on when the display data is “1” and turned off when “0”.
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Figure 11.42 LCD Circuit Block Diagram
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11.10.3 LCD Signal Waveform
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Figure 11.43 LCD Signal Waveforms (1/2Duty, 1/2Bias)

151



ABOV Semiconductor Co., Ltd.

MC96F6508A/MC96F6408A

SEG3 SEG2 SEG1
| | |
| |
| |
| | |
COMO : ]
r I |
| |
| |
COM1 I 4 como
I |
| |
comz——<4llllp;—O
COM1
COM2
SEG1
SEG2
COMO-SEG1

ol [ 2]o0o]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 11.44 LCD Signal Waveforms (1/3Duty, 1/3Bias)
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Figure 11.45 LCD Signal Waveforms (1/4Duty, 1/3Bias)
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Figure 11.46 LCD Signal Waveforms (1/8Duty, 1/4Bias)
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11.10.4 LCD Voltage Dividing Resistor Connection

(1/2 Bias, 2xRLcp)

it

19]j0U0D
1sR1U0D

DISP
LCTEN

Da—

VLCD —>|

VSSs

(1/2 Bias, Ricp)

o—|
I
J19]|01U0D
1sRNHU0D

|<— VLCD ———p

VSSs

19]j018U0D
1sR1IU0D

(1/3 Bias) —

(1/4 Bias) |<— VLCD —>|
A
0
_ S g R T R T R T R
< i é’ = MW ¢ MW : MW o MW
5 &
=7 VLCO VLC1 VLC2 VLC3
DISP vsS
LCTEN

1.  When 1/2 bias are selected, the VLCO, VLC1 and VLC2, VLC3 are internally connected.
2. When 1/3 bias are selected, the VLC2 and VLC3 are internally connected.

Figure 11.47 Internal Resistor Bias Connection
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11.10.5 Block Diagram

Port
Latch
SEG/Port
—V> Driver
LCD
Display
RAM
: COM/Port
Driver
fLCD [
LCDCRL | _MiNg 4
Controller
4 0 vico
LCDCRH LCD Lo vict
» | Voltage
Controller O vLc2
—O VLC3

Figure 11.48 LCD Circuit Block Diagram

NOTE)
1.

11.10.6 Register Map

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

Name Address Dir Default Description
LCDCRH ECH R/W 00OH LCD Driver Control High Register
LCDCRL EBH R/W O00OH LCD Driver Control Low Register
LCDCCR F5H R/W O00H LCD Contrast Control Register
Table 11-15. LCD Register Map

11.10.7 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 contrast control register (LCDCCR)..
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11.10.8 Register Description for LCD Driver

LCDCRH (LCD Driver Control High Register) : ECH

7 6 5 4 3 2 1r 0
[ [ [ [ [ [ — T w

- - - - - - - RW
Initial value :00H

DISP LCD Display Control
0 Display off
1 Normal Display on

LCDCRL (LCD Driver Control Low Register) : EBH

7 6 5 4 3 2 1 0
| R | - DBs3 |  DBs2 DBS1 DBSO LCLKL LCLKO
RW - RW RW RW RW RW RW
Initial value :00H

IRSEL Internal LCD Bias Dividing Resistor Select
0 Rico = 60kQ (RLCD1)
0 Ricp = 120kQ (RLCD2)

DBS[3:0] LCD Duty and Bias Select

DBS3 DBS2 DBS1 DBSO Description

0 0 0 0 1/8Duty, 1/4Bias, Ricp
0 0 0 1 1/6Duty, 1/4Bias, Ricp
0 0 1 0 1/5Duty, 1/3Bias, Ricp
0 0 1 1 1/4Duty, 1/3Bias, Ricp
0 1 0 0 1/3Duty, 1/3Bias, Ricp
0 1 0 1 1/3Duty, 1/2Bias, Ricp
0 1 1 0 1/3Duty, 1/2Bias, 2x Ricp
0 1 1 1 1/2Duty, 1/2Bias, Ricp
1 0 0 0 1/2Duty, 12Bias, 2x Ricp

Other values Not available
LCLK[1:0] LCD Clock Select (When fwck(Watch timer clock)= 32.768 kHz)
LCLK1 LCLKO Description

0 0 fLeo = 128Hz
0 1 fLeo = 256Hz
1 0 fLeo = 512Hz
1 1 fLco = 1024Hz

NOTE)

1. The LCD clock is generated by watch timer clock (fwck). So the watch
timer should be enabled when the LCD display is turned on.
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LCD Clock

LCD Frame Frequency(frrame)

Frequency (fLcp) 1/2 Duty 1/3 Duty 1/4 Duty 1/5 Duty 1/6 Duty 1/8 Duty unit
128 64 43 32 26 21 16
256 128 85 64 51 43 32 Hy
512 256 171 128 102 85 64
1024 512 341 256 205 171 128

Table 11-16. LCD Frame Frequency

The LCD frame frequency is calculated by the following formula:

Ex) In case of 1/4 duty and f cp=512Hz, frrame = fLep* 1/4 =512 x 1/4 = 128[Hz]

LCD Frame Frequency (ferame) = fLcp* Duty[HZ]
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LCDCCR (LCD Driver Contrast Control Register) : F5H

7 6 5 4 3 2 1 0
| LeEn | - - | - | vicm VLCD2 VLCDL VLCDO
RMW - - - RW RW RW RW
Initial value :00H
LCTEN Control LCD Driver Contrast
0 LCD Driver Contrast Disable
0 LCD Driver Contrast Enable

VLCDI[3:0] VLCO Voltage Control when the Contrast is enabled
VLCD3 VLCD2 VLCD1 VLCDO Description

0 0 0 VLCO = VDD x 16/31 step
VLCO = VDD x 16/30 step
VLCO = VDD x 16/29 step
VLCO = VDD x 16/28 step
VLCO = VDD x 16/27 step
VLCO = VDD x 16/26 step
VLCO = VDD x 16/25 step
VLCO = VDD x 16/24 step
VLCO = VDD x 16/23 step
VLCO = VDD x 16/22 step
VLCO = VDD x 16/21 step
VLCO = VDD x 16/20 step
VLCO = VDD x 16/19 step
VLCO = VDD x 16/18 step
VLCO = VDD x 16/17 step
VLCO = VDD x 16/16 step

P R P R R R REPRRPROOOOOOORO
R R PP OOOORIHRIERERRELROOO
P OORrR PR OORIERER OOTLR PR O
m O R OFR OFR OFR OFR OFR O R

NOTE)

1. The contrast step is based on 1/4 bias and RLCD = 60kQ.

2. 1/4 bias: VDD x 16/(31 — VLCD[3:0]) when RLCD = 60Kw
VDD x 32/(47 — VLCD[3:0]) when RLCD = 120kQ

3. 1/3 bhias: VDD x 12/(27—- VLCDI[3:0]) when RLCD = 60kQ
VDD x 24/(39- VLCD[3:0]) when RLCD = 120kQ

4. 1/2 bias: VDD x 8/(23 — VLCD[3:0]) when RLCD = 60kQ
VDD x 16/(31 — VLCD[3:0]) when RLCD = 120kQ
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12 Power Down Operation

12.1 Overview

The MC96F6508A 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
Stop (Can be operated with WDTRC OSC)

Watch Dog Timer Operates Continuously

Watch Timer Operates Continuously Stop (Can be operated with sub clock)
Timer0~3 Operates Continuously Halte(éﬁgg:wt}?;é?%E;Z?;fﬁﬁ?rf;:\; )0 de s
BUZ Operates Continuously Stop
UART Operates Continuously Stop
SIO Operates Continuously Only operate with external clock
LCD Controller Operates Continuously Stop (Can be operated with sub clock)
Internal OSC (16MHz) Oscillation Stop when the system clock (fx) is firc
WD@E&SSC Can be operated with setting value Can be operated with setting value
Main OSC (1~12MHz) Oscillation Stop when fx = fxin
Sub OSC (32.768kHz) Oscillation Stop when fx = fsus
1/0 Port Retain Retain
Control Register Retain Retain
Address Data Bus Retain Retain
By RESET, Timer Interrupt (EC0,EC2),
Release Method By RESET, all Interrupts SIO (External clock), External Interrupt,
UART by RX, WT (sub clock), WDT
Table 12-1. Peripheral Operation during Power Down Mode
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12.3 IDLE Mode

The power control register is set to ‘01h’ to enter the IDLE Mode. In this mode, the internal oscillation circuits remain

active. Oscillation continues and peripherals are operated normally but CPU stops. It is released by reset or interrupt.

To be released by interrupt, interrupt should be enabled before IDLE mode. If using reset, because the device

becomes initialized state, the registers have reset value.

osC

CPU Clock

External
Interrupt

TN

UL

Ui

N

QAL

AL

b)Y

ISy

ALY

Normal Operation >

<

Stand-by Mode

é< Normal Operation

L

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

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

o ML~ QAN - AL
CPU Clock MU‘HUL_ MMM

External A o
Interrupt

STOP Instruction

Execute\
R
BIT Counter <n xn+1 xn+z \ 0 X1 Xz )...FE o 1
)Y
«

Clear & Start

N By Software —_—
Normal Operation STOP Operation x < setting Normal Operation

b)Y
A%Y

Before executed STOP instruction, BIT must be set
properly by software to get stabilization.

Figure 12.2 STOP Mode Release Timing by External Interrupt
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12.5 Release Operation of STOP Mode

After STOP mode is released, the operation begins according to content of related interrupt register just before STOP
mode start (Figure 12.3).If the global interrupt Enable Flag (IE.EA)is set to "1°, the STOP mode isreleased by the
interrupt which each interrupt enable flag = "1" and the CPU jumps to the relevant interrupt service routine. Even if the

IE.EAbit is cleared to ‘0’, the STOP mode is released by the interrupt of which the interrupt enable flag is set to ‘1.

SET PCON[7:0]
SET IEx.b

\
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 O00OH 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 3 2 1 0
| Poony | - | - 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
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.
Ex1l) wmov PCON, #01H; IDLE mode Ex2) wmov 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 MC96F6508A has five types of reset sources. The following is the reset sources.
— External RESETB
— Power ON RESET (POR)
—  WDT Overflow Reset (In the case of WDTEN = "1")
— Low Voltage Reset (In the case of LVREN =70 ")
— OCD Reset

13.3 RESET Block Diagram

OCD RSTEN

Ext RESET RESET Noise
Disable by FUSE Canceller
LVR RESET Noise
LVR Enable Canceller
POR RST \' oS Q > gézrer:al
WDT RST R
WDT RSTEN
IFBIT
0CD RST @ (BIT Overflow)

Figure 13.1 RESET Block Diagram
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13.4 RESET Noise Canceller

The Figure 13.2 is the noise canceller diagram for noise cancellation of RESET. It has the noise cancellation value of

about 2us(@Vpp=5V) to the low input of system reset.

t < Trne

> Trne

t<Trne

t > Trne

ot Taae

PO

L

L

1

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. 30.0V/ms

VDD

nPOR
BIT Overflows

]

|
(Internal Signal) :
[}

Internal RESETB

|
[}
¥ R R
Oscillation ’ ’

Figure 13.3 Fast VDD Rising Time

1
1
1
1
1
[]
1
1
1
1
\
1
! I BIT Starts
1
1
1
1
[
1
1
1
1
1
1

Slow VDD Rise Time, min. 0.05V/ms

VDD T Vpor=1.4V (Typ)

nPOR

. BIT Overflows
(Internal Signal)

[}
|
I BIT Starts \/
[}

—

T

Internal RESETB

Oscillation

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

VDD /
|

]
1
1
1
T
Internal nPOR |
1
1

PAD RESETB /_\—

“p I
LVR_RESETB 1
|
|

e DB 0—009 g )
BIT (for Reset) |(00 W i X01 \ )@2 )@3 Xo4 )@

1
Configure lus X 256 X 28h = about 10ms I-l

i —
option Read I

lus X 4096 X 4h = about 16ms —

RESET_SYSB < >
INT-OSC (8MHz) .|||||I|I||||||||”||||||||”|”””JJJJJJJJJW“M“MM
|
|
INT-OSC 8MHz/g AN NN
|

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

Figure 13.5 Configuration Timing when Power-on

= VDD Input
= :INternal OSC

® 1
Reset Release | o & & @ o o o o e e e e e e e e e m e mm ] ___________
Configure

optionRead [~ -~ ~ - - T T T T T T T T T T T T T T2

}
= AN

Figure 13.6 Boot Process WaveForm
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Process Description Remarks
©) -No Operation
@ -1st POR level Detection -about 1.4V
- (INT-OSC 16MHz/16)x256x28h Delay section (=10ms)
® -VDD input voltage must rise over than flash operating voltage for -Slew Rate >= 0.05V/ms
Configure option read
- about 1.5V ~ 1.6V
@ - Configure option read point -Configure Value is determined by
Writing Option
® - Rising section to Reset Release Level -16ms point after POR or Ext_reset
release
- Reset Release section (BIT overflow)
® i) after 16ms, after External Reset Release (External reset) - BIT is used for Peripheral stability
i) 16ms point after POR (POR only)
@ -Normal operation
Table 13-2. Boot Process Description
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13.6 External RESETB Input

The External RESETB is the input to a Schmitt trigger. If RESETB pin is held with low for at least 10us over within the
operating voltage range and stable oscillation, it is applied and the internal state is initialized. After reset state becomes
‘1", it needs the stabilization time with 16ms and after the stable state, the internal RESET becomes ‘1’. The Reset
process step needs 5 oscillator clocks. And the program execution starts at the vector address stored at address
00O0O0H.

NENEN
o< AN ANAANAANA- DAL

N

RESETB //// N
Release

Internal R /

RESETB Release
ADDRESS X') X') 00 X{on )(:X
BUS
CORE X7 X° R X:X
BUS /

Stabilization Time RESET  Process wain Program
TST = 16.4ms Step

1
TST = —x 4096 x 4
fx

Figure 13.7 Timing Diagram after RESET

PRESCALER COUNT START
VDD

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 MC96F6508A 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]. In the STOP mode,
this will contribute significantly to the total current consumption. So to minimize the current consumption, the LVREN
bit is set to off by software.

External VDD ——]
Brown Out

LVRVS[3:0] ——»] Detector
(BOD)

» RESET_BODB

LVREN —07

cPU
—{p q*VRF

Write (Low Voltage
Reset Flaa)
CP
SCLK —>
(System CLK) I
nPOR
Figure 13.9 Block Diagram of BOD
VDD \\ // VeopMAX
\ / VeooMIN
Internal 16ms
RESETB
vDD \\ // \\ // VeooMAX
" N VeooMIN
| t<16ms , . 16ms
—> <« >
Internal ! [ !
RESETB '

Figure 13.10 Internal Reset at the power fail situation
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VDD

Internal nPOR

PAD RESETB

LVR_RESETB

BIT (for Configure)

BIT (for Reset)

Configure
option Read

RESET_SYSB

INT-OSC (16MHz)

INT-OSC 16MHz/16

INT-OSC 16MHz / 16 =

wpyn

wpyn

wpyn

= N

@ {

F1 )

00

Xoo

lus

X 256 X 28h = about 10ms

Main OSC Off

lus X 4096 X 4h = about 16ms

1MHz (1us)

Figure 13.11 Configuration timing when BOD RESET

13.8 LVIBlock Diagram

vDD [

Reference
Voltage
Generator

200V,
| 210v

2.20V

2.3V,
2.44V >
2.50V »
2.75V >
| 2,93V >
3.14v >
3.38V >
| 3.67V »
4.00V >
4.40V »

xc<

1

LVI Circuit

————» LVIF

f

LVIEN

LVILS[3:0]

Figure 13.12 LVI Diagram
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13.9 Register Map

Name Address Dir Default Description
RSTFR 86H R/W 80H Reset Flag Register
LVRCR D8H R/W 00OH Low Voltage Reset Control Register
LVICR E1H R/W O00OH Low Voltage Indicator Control Register
Table 13-3. Reset Operation Register Map

13.10 Reset Operation Register Description

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

low voltage indicator control register (LVICR).

13.11 Register Description for Reset Operation

RSTFR (Reset Flag Register) : 86H

7 6 5 4 3 2 1 0
| porF | BarRF | wowe OCDRF LVRF - - -
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
NOTE)
1.  When the Power-On Reset occurs, the PORF bit is set to “1” and the WDTRF/OCDRF bits are all
cleared to “0”.
2. When the Power-On Reset occurs, the EXTRF bit is unknown, At that time, the EXTRF bit can be set to
“1” when External Reset (RESETB) occurs.
3. When the Power-On Reset occurs, the LVRF bit is unknown, At that time, the LVRF bit can be setto “1”
when Low Voltage Reset(LVR) occurs.
4. When a reset except the POR occurs, the corresponding flag bit is only set to “1”, the other flag bits are

kept in the previous values.
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LVRCR (Low Voltage Reset Control Register) :D8H

7 6 5 4 3 2 1 0
|  LwRsT | - - | LvRvs3 LVRVS2 LVRVSL LVRVSO LVREN
RW - - RW RW RW RW RW
Initial value :00H
LVRST LVR Enable when Power-down Mode Release
0 Not effect at Power-down Mode release
1 LVR enable at Power-down Mode release
NOTE)

1.  When this bitis ‘1, the LVREN bit is cleared to ‘0’ by power-down
(STOP/IDLE) mode release. (LVR enable)

2. When this bit is ‘0’, the LVREN bit is not effect by power-down mode
release.

LVRVS[3:0] LVR Voltage Select
LVRVS3 LVRVS2 LVRVS1 LVRVSO Description

0 0 1.60V
2.00v
2.10v
2.20Vv
2.32v
2.44v
2.59v
2.75V
2.93v
3.14v
3.38V
3.67V
4.00V
4.40V
Not available

P PR PR PR P OOOOOOOO
B Bk OO OORRPRREREREROOOO

P P OO R PP OOR R OOLER PR O

P O R OFR OFR OFR OFR OFR O R

1

LVREN LVR Operation
0 LVR Enable
1 LVR Disable

Not available

NOTE)
1. The LVRST, LVRVSJ3:0] bits are cleared by a power-on reset but are retained by other reset signals.
2. The LVRVSJ3:0] bits should be set to ‘0000b’ while LVREN bit is “1”.
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LVICR (Low Voltage Indicator Control Register) :E1H

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 2.00v
0 0 0 1 2.10v
0 0 1 0 2.20vV
0 0 1 1 2.32v
0 1 0 0 2.44v
0 1 0 1 2.59Vv
0 1 1 0 2.75V
0 1 1 1 2.93v
1 0 0 0 3.14v
1 0 0 1 3.38v
1 0 1 0 3.67V
1 0 1 1 4.00V
1 1 0 0 4.40V
Other values Not available
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14  On-chip Debug System

14.1 Overview

14.1.1 Description

On-chip debug system(OCD) of MC96F6508A can be used for programming the non-volatile memories and on-chip
debugging. Detail descriptions for programming via the OCD interface can be found in the following chapter.
Figure 14.1 shows a block diagram of the OCD interface and the On-chip Debug system.

14.1.2 Feature

+  Two-wire external interface: 1-wire serial clock input, 1-wire bi-directional serial data bus
*  Debugger Access to:
—  All Internal Peripheral Units
— Internal data RAM
— Program Counter
— Flash and Data EEPROM Memories
+  Extensive On-chip Debug Support for Break Conditions, Including
— Break Instruction
— Single Step Break
— Program Memory Break Points on Single Address
— Programming of Flash, EEPROM, Fuses, and Lock Bits through the two-wire Interface
—  On-chip Debugging Supported by Dr.Choice®
*  Operating frequency

—  Supports the maximum frequency of the target MCU
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Target MCU internal circuit

Format
converter
USB = \ - BOC DBG
4—}:;\ —  DSDA Control

CPU DBGRegister

Address bus

-_ Internal data bus

User /0 <«—
Code memory :
- SRAM Data memory Peripheral
- 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.

» 1-packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.

»  Parity is even of ‘1’ for 8-bit data in transmitter.

* Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has no error.

*  When transmitter has no acknowledge(Acknowledge bit is ‘1’ at tenth clock), error process is executed in
transmitter.

*  When acknowledge error is generated, host PC makes stop condition and transmits command which has
error again.

»  Background debugger command is composed of a bundle of packet.

+ Start condition and stop condition notify the start and the stop of background debugger command

respectively.

St Do | D1 D2 | D3 | D4 | D5 | D | D7 F A,

D1 D2 ' D3 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

0\

DSCL

XXX/ XX [

acknowledgement
signal from receiver

St

START

LSB acknowledgement
signal from receiver

STO

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
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14.2.2.4 Acknowledge Bit

Dataoutput )| fr— s
by transmitter \ X X X X
no acknowledge

Dataoutput
By receiver \ ’

acknowledge

DSCL from
master 1 2 9 10

clock pulse for acknowledgement

Figure 14.6  Acknowledge on the Serial Bus

Acknowledge bit
transmission

Acknowledge bit
transmission

Host PC

< | wait HIGH start HIGH
: \
DSCLOUT ¢ \

Y B /

Start wait

Target Device %
DSCL OUT
minimum 1 Tsck
< —  Maximum 5 Tsox —S< for next byte —

— transmission —
pScL \ / \ /

< — Internal Operation —

Figure 14.7 Clock Synchronization during Wait Procedure
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14.2.3 Connection of Transmission

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

DSDA(Debugger Serial Data Line)

pull-up
resistors

? VDD

Rp Rp

DSCL(Debugger Serial Clock Line)

]_ VDD

Host Machine(Master)

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

Target Device(Slave)

Figure 14.8

Connection of Transmission
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15 Flash Memory

15.1 Overview

15.1.1 Description

MC96F6508A 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 : 8Kbytes
— 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) The RXE bit of UARTCR2 register should be disabled before flash memory erase and write start.
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15.1.2 Flash Program ROM Structure

01FFFH
Sector 255
O1FEOH 01FEOH
01FDFH
Sector 254
01FCOH 01FCOH
01FBFH
Sector 253
01FAOQOH 01FAOH
01F9FH
Sector 252
| | |
| | |
ROM [ I I Flash
Address I I I Sector
| | I Address
| | |
| | |
| | |
| | |
| | |
Sector 2
00040H 00040H
0003FH
Sector 1
00020H 00020H
0001FH
Sector O
00000H 00000H
—>
32bytes
801FH
y é\c;;eﬁ]ssci?ulgtxgon 4_{53_) Flash Page Buffer EﬂggESector)
(External Data Memory, 32bytes)
only 8000H Address
FSADRH/M/L
Flash Controller FIDR
FMCR

Figure 15.1 Flash Program ROM Structure
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15.1.3 Register Map

Name Address Dir Default Description
FSADRH FAH R/W OOH Flash Sector Address High Register
FSADRM FBH R/W O00OH Flash Sector Address Middle Register
FSADRL FCH R/W OOH Flash Sector Address Low Register
FIDR FDH R/W O0OH Flash Identification Register
FMCR FEH R/W OOH Flash Mode Control Register
Table 15-1. Flash Memory Register Map

15.1.4 Register Description for Flash Memory Control and Status

Flash control register consists of the flash sector address high register (FSADRH), flash sector address middle
register (FSADRM), flash sector address low register (FSADRL), flash identification register (FIDR), and flash mode

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

FSADRH (Flash Sector Address High Register) : FAH

7 6 5 4 3 2 1 0
| - | - | - | - | FSADRH3 | FSADRH2 | FSADRHL FSADRHO
_ _ - - RW RW RW RW

FSADRHI[3:0]

Initial value :00H

Flash Sector Address High

FSADRM (Flash Sector Address Middle Register) :FBH

7 6 5 4 3 2 1 0
| FsaoRW7 | FsDRVE | FsDRVE | FsaoRw | FSADRMB | FsADRM2 | FsaDRMI | FSADRWO
RAV RV RV RV RV RV R R

FSADRM[7:0]

Initial value :00H

Flash Sector Address Middle

FSADRL (Flash Sector Address Low Register) :FCH

7 6 5 4 3 2 1 0
| FsoR7 | FsaDRE | FsADRIS | FsaDRU4 FSADRL3 FSADRL2 FSADRLL FSADRLO
R RV RAW R RW RW RW RW

FSADRL([7:0]

Initial value :00H

Flash Sector Address Low

FIDR (Flash Identification Register) :FDH

7 6 5 4 3 2 1 0
| rmrRe | FoRe | FORS | FOR FIDR3 FIDR2 FIDRL FIDRO
RAW RAW RAW RAW RAW RAW RAW RW
Initial value :00H
FIDR[7:0] Flash Identification

Others
10100101

(These bits are automatically cleared to logic ‘00H’ immediately after one time operation
except “flash page buffer reset mode”)

No identification value
Identification value for a flash mode
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FMCR (Flash Mode Control Register) :FEH

7 6 5 4 3 2 1 0
| FvBUSY | - | - | - - FMCR2 FMCRL FMCRO
R - - - - RW RW RW
Initial value :00H
FMBUSY Flash Mode Busy Bit. This bit will be used for only debugger.
0 No effect when “1” is written
1 Busy
FMCR[2:0] Flash Mode Control Bits. During a flash mode operation, the CPU is hold and the global

interrupt is on disable state regardless of the IE.7 (EA) bit.
FMCR2 FMCR1 FMCRO Description

0 0 1 Select flash page buffer reset mode
and start regardless of the FIDR
value (Clear all 32bytes to ‘0’)

0 1 0 Select flash sector erase mode and
start operation when the
FIDR="10100101b’

0 1 1 Select flash sector write mode and
start operation when the
FIDR="10100101b’

1 0 0 Select flash sector Code Write Protection and
start operation when the
FIDR="10100101b’

Others Values: No operation

(These bits are automatically cleared to logic ‘O0H’ immediately after one time
operation)
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15.1.6 Serial In-System Program (ISP) Mode

Serial in-system program uses the interface of debugger which uses two wires. Refer to chapter 14 in details about
debugger

15.1.7 Protection Area (User program mode)

MC96F6508A can program its own flash memory (protection area). The protection area can not be erased or
programmed. The protection areas are available only when the PAEN bit is cleared to ‘0’ that is, enable protection
area at the configure option 2 if it is needed. If the protection area isn’t enabled (PAEN ='1’), this area can be used as a
normal program memory.

The size of protection area can be varied by setting of configure option 2.

Protection Area Size Select ) ] )
Size of Protection Area Address of Protection Area
PASS1 PASSO
0 0 3.7Kbytes 0100H — OFFFH
0 1 1.7Kbytes 0100H — O7FFH
1 0 768bytes 0100H — 03FFH
1 1 256bytes 0100H — O1FFH
Table 15-2. Protection Area size

NOTE)
1. Refer to chapter 16 in configure option control.
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15.1.8 Erase Mode

The sector erase program procedure in user program mode

1

2

3

4.

5

6

7. Erase verify
NOTE)

Page buffer clear (FMCR=0x01)

Write ‘0’ to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).

Set flash identification register (FIDR).
Check the UserlID for to prevent the invalid work™®.

Set flash mode control register (FMCR).

Please refer to the chapter “Protection for Invalid Erase/Write”
On flash memory erase and write, it should be disabled the RXE bit of UARTCR2 register.

Program Tip — sector erase

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

Pgbuf clr:

MOVX
INC
DJNZ

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LJMP

No WriteErase:

MOV
MOV
MOV

Erase verify:

Verify error:

EO, #0xF8
FMCR, #0x01

A, #0

RO, #SectorSize

DPH, #0x80
DPL, #0

@DPTR, A
DPTR
RO, Pgbuf clr

FSADRH, #SAH
FSADRM, #SAM
FSADRL, #SAL
FIDR, #0xA5

A, #ID DATA 1

;Set DPTRO
;page buffer clear

; Dummy
; Dummy
; Dummy

instruction, This instruction must be needed.
instruction, This instruction must be needed.
instruction, This instruction must be needed.

;Sector size of Device
;Page Buffer Address is 8000H

;Write

‘0’ to all page buffer

;Sector Address High Byte.
;Sector Address Middle Byte
;Sector Address Low Byte
;Identification value

; Check

A,UserIDl,No WriteErase;This

A, #ID DATA 2

A,UserID2,No WriteErase

FMCR, #0x02

Erase verify

FIDR, #00H
UserID1, #00H
UserID2, #00H

;Start
; Dummy
; Dummy
; Dummy

the UserID(written by user)
routine for UserID must be needed.

flash erase mode

instruction, This instruction must be needed.
instruction, This instruction must be needed.
instruction, This instruction must be needed.
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15.1.9 Write Mode

The sector Write program procedure in user program mode
Page buffer clear (FMCR=0x01)

1

2

3

4,

5

6

7. Erase verify
NOTE)

Write data to page buffer
Set flash sector address register (FSADRH/FSADRM/FSADRL).

Set flash identification register (FIDR).

Check the UserID for to prevent the invalid wor

Set flash mode control register (FMCR).

k(Notel)

1. Please refer to the chapter “Protection for Invalid Erase/Write”.
2. All data of the sector should be “00H” before writing data to a sector.
3. On flash memory erase and write, it should be disabled the RXE bit of UARTCR2 register.

Program Tip — sector write

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOV

Pgbuf WR: 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 ;Set DPTRO

FMCR, #0x01 ;page buffer clear
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

A, #0

RO, #SectorSize ;Sector size of Device

DPH, #0x80 ; Page Buffer Address is 8000H

DPL, #0

@DPTR, A

A

DPTR

RO, Pgbuf WR ;Write data to all page buffer

FSADRH, #SAH ;Sector Address High Byte.

FSADRM, #SAM ;Sector Address Middle Byte

FSADRL, #SAL ;Sector Address Low Byte

FIDR, #0xA5 ;Identification value

A,#ID DATA 1 ;Check the UserID(written by user)

A,UserIDl,No WriteErase;This
A, #ID DATA 2
A,UserID2,No WriteErase

FMCR, #0x03 ;Start
; Dummy
; Dummy
; Dummy

Write verify

FIDR, #00H
UserID1, #00H
UserID2, #00H

routine for UserID must be needed.

flash write mode

instruction, This instruction must be needed.
instruction, This instruction must be needed.
instruction, This instruction must be needed.
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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”.
2. Data of the address should be “00H” before writing data to an address.
3. On flash memory erase and write, it should be disabled the RXE bit of UARTCR2 register.

Program Tip — byte write

ANL
MOV
NOP
NOP
NOP

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOVX

MOV
MOV
MOV
MOV

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

LJMP
No WriteErase:
MOV
MOV
MOV
Write verify:

Verify error:

EO, #0xF8
FMCR, #0x01

A, #5

DPH, #0x80
DPL, #0
@DPTR, A

A, #6

DPH, #0x80
DPL, #0x05
@DPTR, A

FSADRH, #SAH
FSADRM, #SAM
FSADRL, #SAL
FIDR, #0xA5

A, #ID DATA 1

;Set DPTRO

;page buffer clear

;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.
;Dummy instruction, This instruction must be needed.

;Write data to page buffer

;Write data to page buffer

;Sector Address High Byte.
;Sector Address Middle Byte
;Sector Address Low Byte
;Identification value

;Check 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
MOV
CJINE
MOV
CJINE
MOV
CJINE
MOV

FIDR, #10100101B ;ID Code

A, #ID DATA 1 ;Ex) ID DATA 1: 93H, ID DATA 2: 85H, ID DATA 3: 5AH
A,UserIDl,No WriteErase

A, #ID DATA 2

A,UserID2,No WriteErase

A, #ID DATA 3

A,UserID3,No WriteErase

FMCR, #0x7?7? ;0x03 if write, 0x02 if erase

No WriteErase:

MOV
MOV
MOV
MOV
MOV
RET

FIDR, #00H
UserID1, #00H
UserID2, #00H
UserID3, #00H
Flash flag, #00H

If code is like the above lines, an invalid flash erase/write can be avoided.
NOTE) On flash memory erase and write, it should be disabled the RXE bit of UARTCR?2 register.

2. ltis important where the UserlD1/2/3 is written. It will be remain the invalid flash erase/write problem if the

UserID1/2/3 is written at the above line of the instruction “MOV FIDR,#10100101B". So. It had better writing

the UserlD1/2/3 in another routine after return.

Decide ErWt:

MOV
MOV
MOV
RET

Flash flagl, #38H ;Random value for example, in case of erase/write needs
FSADRL, #20H ;Here 20H is example,
Flash flag2, #75H
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3. The flash sector address (FSADRH/FSADRM/FSADRL) should always keep the address of the flash which

is used for data area. For example, The FSADRH/FSADRM is always 0x00/0x1f" if Ox1f00 to Ox1fff is used

for data.

4. Overview of main

CALL
CALL
CALL
CALL
CALL
CALL

ID write:
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 User ID1

A,Flash flagl,No write ID

A, #75H

A,Flash flag2,No write ID

UserID2,#ID_DATA 2
A, #38H

;Write User 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 User ID3
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15.1.10.1

Flow of Protection for Invalid Erase/Write

NOTE)
1.

= O

A

Work1

Decide to write/erase
on flash

Set Flags

A

Work2

Check the flag for
UserlD

Write UserlD1/2/3

A

Work3

Check the UserlD for
write/erase flash

Write/Erase Flash

A

A 4

Clear the Flag
Clear UserlD1/2/3

This method is helpful to reduce the case for flash memory to be erased by malfunction, noise and power off.

Figure 15.2

Flow of Protection for Invalid Erase/Write
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15.1.11 Read Mode

The Reading program procedure in user program mode

1. Load receive data from flash memory on MOVC instruction by indirectly addressing mode.

Program Tip —reading

MOV
MOV
MOV

MOVC

A, #0

DPH, #0x1F

DPL, #0xA0 ;flash memory address

A, @QA+DPTR ;read data from flash memory

15.1.12 Code Write Protection Mode

The Code Write Protection program procedure in user program mode
1. Set flash identification register (FIDR).

2. Check the UserID for to prevent the invalid 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

MOV
CJINE
MOV
CJINE

MOV
NOP
NOP
NOP

No WriteErase:
MOV
MOV
MOV

FIDR, #0xA5 ;Identification value

A, #ID DATA 1 ; Check
A,UserIDl,No WriteErase;This
A, #ID DATA 2

A,UserID2,No WriteErase

FMCR, #0x04 ;Start
; Dummy
; Dummy
; Dummy

FIDR, #00H
UserID1, #00H
UserID2, #00H

the UserID(written by user)
routine for UserID must be needed.

flash Code Write Protection mode

instruction,
instruction,
instruction,

This instruction must be needed.
This instruction must be needed.
This instruction must be needed.
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16 Configure Option

16.1 Configure Option Control

The data for configure option should be written in the configure option area (001EH — 001FH) by programmer (Writer
tools).

CONFIGURE OPTION 1 :ROM Address 001FH

7 6 5 4 3 2 1 0
R P HL VAPEN = = = = RSTS

Initial value :00H

R_P Code Read Protection
0 Disable
1 Enable
HL Code Write Protection
0 Disable
1 Enable
VAPEN Vector Area(00H — FFH) Write Protection
0 Disable Protection (Erasable by instruction)
1 Enable Protection (Not erasable by instruction)
RSTS Select RESETB pin
0 Disable RESETB pin(P62)
1 Enable RESETB pin

CONFIGURE OPTION 2 :ROM Address 001EH

7 6 5 4 3 2 1 0
- PAEN PASS1 PASSO

Initial value :00H

PAEN Enable Specific Area Write Protection
0 Disable Protection (Erasable by instruction)
1 Enable Protection (Not erasable by instruction)
PASS [1:0] Select Specific Area for Write Protection
NOTE)

1. When PAEN = ‘1’, it is applied.
PASS1 PASSO Description

0 0 3.7Kbytes (Address 0100H — OFFFH)
0 1 1.7 Kbytes (Address 0100H — 07FFH)
1 0 768 bytes (Address 0100H — 03FFH)
1 1 256 bytes (Address 0100H — 01FFH)
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17 APPENDIX

17.1 Instruction Table

Instructions are either1, 2 or 3 bytes long as listed in the ‘Bytes’ column below.
Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following table. 1 machine cycle
comprises 2 system clock cycles.

ARITHMETIC
Mnemonic Description Bytes Cycles Hex code
ADD A,Rn Add register to A 1 1 28-2F
ADD A,dir Add direct byte to A 2 1 25
ADD A @RI Add indirect memory to A 1 1 26-27
ADD A #data Add immediate to A 2 1 24
ADDC A,Rn Add register to A with carry 1 1 38-3F
ADDC A,dir Add direct byte to A with carry 2 1 35
ADDC A,@Ri Add indirect memory to A with carry 1 1 36-37
ADDC A #data Add immediate to A with carry 2 1 34
SUBB A,Rn Subtract register from A with borrow 1 1 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 1 95
SUBB A,@Ri Subtract indirect memory from A with borrow 1 1 96-97
SUBB A #data Subtract immediate from A with borrow 2 1 94
INCA Increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC dir Increment direct byte 2 1 05
INC @Ri Increment indirect memory 1 1 06-07
DECA Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 A4
DIV AB Divide Aby B 1 4 84
DAA Decimal Adjust A 1 1 D4
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LOGICAL
Mnemonic Description Bytes Cycles Hex code
ANL A,Rn AND register to A 1 1 58-5F
ANL A, dir AND direct byte to A 2 1 55
ANL A, @RI AND indirect memory to A 1 1 56-57
ANL A #data AND immediate to A 2 1 54
ANL dir,A AND A to direct byte 2 1 52
ANL dir #data AND immediate to direct byte 3 2 53
ORLA,RNn 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
XRLA,dir Exclusive-OR direct byte to A 2 1 65
XRLA, @Ri Exclusive-OR indirect memory to A 1 1 66-67
XRL A #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir#data Exclusive-OR immediate to direct byte 3 2 63
CLRA Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
RLA Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RRA Rotate A right 1 1 03
RRCA Rotate A right through carry 1 1 13
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DATA TRANSFER
Mnemonic Description Bytes Cycles Hex code
MOV A,Rn Move register to A 1 1 E8-EF
MOV A,dir Move direct byte to A 2 1 E5
MOV A,@Ri Move indirect memory to A 1 1 E6-E7
MOV A #data Move immediate to A 2 1 74
MOV Rn,A Move A to register 1 1 F8-FF
MOV Rn,dir Move direct byte to register 2 2 A8-AF
MOV Rn,#data Move immediate to register 2 1 78-7F
MOV dir,A Move A to direct byte 2 1 F5
MOV dir,Rn Move register to direct byte 2 2 88-8F
MQV dir,dir Move direct byte to direct byte 3 2 85
MOV dir,@Ri Move indirect memory to direct byte 2 2 86-87
MOV dir,#data Move immediate to direct byte 3 2 75
MOV @Ri,A Move A to indirect memory 1 1 F6-F7
MOV @Ri,dir Move direct byte to indirect memory 2 2 AB-A7
MOV @Ri,#data Move immediate to indirect memory 2 1 76-77
MOV DPTR, #data Move immediate to data pointer 3 2 90
MOVC A,@A+DPTR Move code byte relative DPTR to A 1 2 93
MOVC A,@A+PC Move code byte relative PC to A 1 2 83
MOVX A, @Ri Move external data(A8) to A 1 2 E2-E3
MOVX A,@DPTR Move external data(A16) to A 1 2 EO
MOVX @Ri,A Move A to external data(A8) 1 2 F2-F3
MOVX @DPTR,A Move A to external data(A16) 1 2 FO
PUSH dir Push direct byte onto stack 2 2 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
XCH A, @Ri Exchange A and indirect memory 1 1 C6-C7
XCHD A,@Ri Exchange A and indirect memory nibble 1 1 D6-D7
BOOLEAN
Mnemonic Description Bytes Cycles Hex code
CLRC Clear carry 1 1 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 hit 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
LIJMP addr 16 Long jump unconditional 3 2 02
SJIMP rel Short jump (relative address) 2 2 80
JC rel Jumponcarry=1 2 2 40
JNC rel Jumponcarry=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,directjne relative 3 2 B5
CJINE A #d,rel Compare A,immediatejne 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
NOVC @OPTR- A | Mol E e P ey | 2 |
TRAP Software break command 1 1 A5

In the above table, an entry such as E8-EF indicates a continuous block of hex opcodes used for 8 different registers,
the register numbers of which are defined by the lowest three bits of the corresponding code. Non-continuous blocks
of codes, shown as 11—F1 (for example), are used for absolute jumps and calls, with the top 3 bits of the code being
used to store the top three bits of the destination address.

The CJINE instructions use the abbreviation #d for immediate data; other instructions use #data.
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17.2 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
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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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