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REVISION HISTORY

VERSION 1.03 (December 3, 2012) This Book

ABOYV logo is renewed on this book.

Single and Gang writer are added in "1.3 Development Tools" on page 3.

VDD voltage for sub-active mode is changed to 3.0~5.5V in "7.2 Recommended Operating Conditions" on page 21.
The notice of STOP mode is added in "23.2 STOP Mode" on page 118.

Notice:If the STOP mode is used in the program, BOD function should be disabled in the initial routine of software.
Block diagram of BOD is updated in "Figure 27-1 Block Diagram of BOD (Brown-out Detector Reset)" on page 127.

VERSION 1.02 (February 11, 2010)
The caution for the ALE pin at ISP mode is added in "31.3 Hardware Conditions to Enter the ISP Mode" on page 136.

VERSION 1.01 (January 11, 2010)
The block diagram of LCD Bias is modified in Figure 18-3 LCD Bias Control
The figures of flash writer were updated in "1. OVERVIEW" on page 1.

Config Read Voltage(VconriG), maximum VDD Start Voltage(VsTarT) and description were added in "7.3 DC Electrical
Characteristics" on page 22.

In case AVREEF voltage was less than VDD voltage for ADC, the table-note and note were added in "7.5 A/D Converter
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MC81F8816/8616

CMOS SINGLE-CHIP 8-BIT MICROCONTROLLER
WITH LCD CONTROLLER/DRIVER

1. OVERVIEW

1.1 Description

The MC81F8816/8616 are an advanced CMOS 8-bit microcontroller with 16K bytes of FLASH ROM(MTP). This device is
one of the MC800 family and a powerful microcontroller which provides a high flexibility and cost effective solution to many
LCD applications. The MC81F8816/8616 provide the following standard features: 16K bytes of FLASH ROM, 512 bytes of
RAM, 40 bytes of segment LCD display RAM, 8/16-bit timer/counter, 10-bit A/D converter, 7-bit watch dog timer, 21-bit
watch timer with 7-bit auto reload counter, 12C, SPI, 8-bit UART, PLL, on-chip oscillator and clock circuitry. In addition,
this device supports power saving modes to reduce power consumption. So the MC81F8816/8616 is the best controller so-
lution in system which uses charatered LCD display and ADC.

Memory UART/
FLASH MCU MASK MCU (Bytes) ADC |[PWM | SPI/ | 1iO LCD Package
ROM | RAM 12C
leh/ 36SEG x 8COM
MC81F8816 MC81C8816 16K | 512 | 8ch. | 2ch. | 1ch/ | 56 80MQFP

(40SEG x 4COM)

1ch
1ch/ 28SEG x 8COM | 64MQFP
MC81F8616 | MC81C8616 | 16K | 512 | 5ch. | 2ch. 112:/ 48 | 32950 X 40OM) | oaLGLP

1.2 Features

16K Bytes On-chip FLASH ROM (ISP)

FLASH Memory
- Endurance : 1000 cycles
- Data Retention : 10 years

512 Bytes On-chip Data RAM

40 bytes Display RAM
32 MHz PLL Oscillator

Instruction Cycle Time
- 167ns at 12MHz (NOP instruction)

LCD display/controller
- 1/4 Duty Mode (40Seg x 4Com, 1/3 Bias)
- 1/8 Duty Mode (36Seg x 8Com, 1/4 Bias)

Four 8-bit Timer/Counter
(They can be used as two 16-bit Timer/Counter)

One 7-bit Watch Dog Timer

December 3, 2012 Ver 1.03

* One 21-bit Watch Timer
- 1 minute interrupt available

¢ One 8-bit Basic Interval Timer
¢ One 6-bit Buzzer Driving Port

¢ Dual Clock Operation
- Main Clock : 400kHz ~ 12MHz
- Sub Clock : 32.768kHz

¢ Main Clock Oscillation
- Crystal
- Ceramic Resonator
- Internal Oscillation : 8MHz/4MHz

¢ Operating Temperature : -40~85 °C

¢ Built-in Noise Immunity Circuit
- Noise Filter
- BOD(Brown-out Detector)

¢ Power Down Mode
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- Main Clock : STOP, SLEEP, SUB-Active mode
400kHz to 12MHz Wide Operating Frequency

On-Chip POR (Power On Reset) and
BOR(Brown Out Reset)

Internal Resistor for LCD Bias

56/48 Programmable 1/O Pins

I/0: 31
MC81F8816 1:1

1/0 with SEG/COM:24
MC81F8616 :/01 23
MC81C8616 /0 with SEG/COM:24

» 8/5-channel 10-bit On-chip A/D Converter

Two 10-bit High Speed PWM Output

16 Interrupt sources

- External Interrupt : 4

- Timer : 4

-UART: 2

-12C, SPI, ADC, WDT, WT, BIT

One Universal Asynchronous Receiver/Trans-
mitter (UART)/ One Serial Peripheral Inter-
face(SPI)/ One Inter IC Communication(l12C)
Wide Operating Voltage & Frequency Range

-22~5.5V @ (4.2Mhz)
-4.5~5.5V @ (12Mhz)

80MQFP, 64MQFP, 64LQFP Package Types
- Available Pb free package

MC81F8816 80MQFP

MC81F8616

MC81C8616 64MQFP, 64LQFP

MC81F8816 8-channel ADC

MC81F8616

MC81C8616 5-channel ADC
2
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1.3 Development Tools

The MC81F8816/8616 are supported by a full-featured
macro assembler, an in-circuit emulator CHOICE-Dr.™
and OTP/FLASH programmers. There are two different
type of programmers such as single type and gang type.

For mode detail, Macro assembler operates under the MS- i
Windows 95 and upversioned Windows OS. And N \
HMS800C compiler only operates under the MS-Windows el _&

2000 and upversioned Windows OS.

Please contact sales part of ABOV semiconductor.

- MS-Windows based assembler
Software - MS-Windows based Debugger
- MC800 C compiler

Hardware - CHOICE-Dr.
(Emulator) - CHOICE-Dr. EVA81F88 B/D Rev2.0

POD N - POD80C73D-80MQ . . )
ameé | boDp80C74D-64MQ Figure 1-2 PGMplus USB ( Single Writer )

- PGM Plus USB (Single writer)
- Stand Alone PGM Plus(Single writer)

FLASH Writer | - Standalone GANG4/8 USB
(Gang writer)
- USB-SIO-ISP Board

NBOW

Stand Alone PGM_Plus

TEEEELELEL

.
LI

Figure 1-3 Stand Alone PGM_Plus(ISP)

Figure 1-1 Choice-Dr. (Emulator)

December 3, 2012 Ver 1.03
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Figure 1-4 Standalone Gang4 USB (Gang Writer)

Figure 1-5 Standalone Gang8 (Gang Writer)

Figure 1-6 USB-SIO-ISP Board

December 3, 2012 Ver 1.03
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1.4 Ordering Information

Device name ROM Size RAM size Package
MC81F8816Q 80MQFP
FLASH version MC81F8616Q 16K bytes 512 bytes 64MQFP
MC81F8616L 64LQFP
. MC81C8616Q 64MQFP
MASK version MC81C8616L 16K bytes 512 bytes 64LQFP

- Pb free package;

The “P” suffix will be added at original part number.
For example; MC81F8816Q(Normal package), MC81F8816Q P(Pb free package)

December 3, 2012 Ver 1.03 5
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2. BLOCK DIAGRAM

2.1 MC81F8816Q (80 pin package)

Common Drive Output Segment Drive Output
COMO ~ COM7 SEGO ~ SEG35
(COMO ~ COM3) (SEGO ~ SEG39)

AA

BIAS selection circuit ‘

Internal Resistor :> LCD Controller/Driver
for LCD Bias
\
Vbp I @ iI iE
—}— | Power
{\A/\s/;effH SL:Ipp|.y Stack Pointer Data PC
Power Circuit T Memory
Supply
T LCD
Display Program
‘ Interrupt Controller ‘ Memory Memory
RESET System controller } Data Table
System 8-bit Basic
Clock Controller Interval Timer
Timing generator
éngT — 1 High freq. Clock Watch/Watch Dog P
. 7 Timer 10-bit AID 8/16-bi -
§)>§'c',“UT Low freq. Generator 2¢ | | PLb Converter | | 'O [VART| PWM| Timer/Counter
PLLC ﬁ jt @ } [ H

T G000 R T L
or]  [e][we] o] ] (]| | [

&

BOD ‘ ‘ — |
8 8 8 8 8

L R L

R70 R60 R50 R40 R20/ANO R10/PWM1/T20 RO0O/PWMO /TOO
R71 R61 R51 R41/INT3 R21/AN1 R11/ACK/SCK RO1/ECO
R72 R62 R52 R42 R22/AN2 R12/TX0/SOUT R02
R73 R63 R53 R43/SXIN R23/AN3 R13/RX0/SI RO3
R74 R64 R54 RA44/SXOUT R24/AN4 R1g R04 / BUZO
R75 R65 R55 R45/XIN R25/ANS R15 RO5 / EC1/ INTO
R76 R66 R56 R46/XOUT R26 /AN6 R16/ SDA R06 / INT1
R77 R67 R57 R47/RESETB  RZT/ANT Ry7/scL RO7 / INT2
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2.2 MC81F8616Q (64 pin package)

Common Drive Output
COMO ~ COM7
(COMO ~ COM3)

— T

Segment Drive Output

SEGO ~ SEG27
(SEGO ~ SEG31)

A

BIAS selection circuit I

Internal Resistor
for LCD Bias

-

LCD Controller/Driver

I}

U

]

Vbp
{ AVref —— Power
Vss —f— | Supply
Circuit
Power
Supply
RESET System controller
System
Clock Controller
Timing generator
XN —|
Xout High freq.|  Glock
SX
ng“UT Low freq. Generator
PLLC

il

Stack Pointer Data
Memory
LCD
Display
Interrupt Controller ‘ Memory
8-bit Basic
Interval Timer
Watch/Watch Dog /160
] i 10-bit AID -bit
Timer Converter SIO |UART| PWM Timer/Counter

0

PC

Program
Memory

Data Table

i

&
BOD

NETNEV

R7HR6|| R5HR4‘

R70
R71
R72
R73
R74
R75
R76
R77

December 3, 2012 Ver 1.03

R60
R61
R62
R63
R64
R65
R66
R67

R50
R51
R52
R53
R54
R55
R56
R57

Buzzer
Driver
6‘ 5 8 \7 ‘
A4 e
R42 R20/ANO R10/PWM1/T20 R00 / PWMO /TOO
R43 / SXIN R21/AN1 R11/ACK/SCK R04 / BUZO
R44 /| SXOUT R22/AN2 R12/TX0/SOUT RO05/EC1/INTO
R45 / XIN R23/AN3 R13/RX0/SI R06 / INT1
R46 / XOUT R24 / AN4 R14 RO7 / INT2
R47 /| RESETB R15
R16 / SDA
R17 / SCL
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3. PIN ASSIGNMENT
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4. PACKAGE DIAGRAM

80MQFP
24.15 MAX
23.65 UNIT: MM —
20.10 M
19.90
A HA A A HA AR A A
ég ‘;g % % /\‘\0—10“
4 TR Pl | —
k
49 1.08 ﬁ‘ﬁ
olo 0.73 olo
3.18*max. ~ ;gg
DETAIL “A”
64MQFP
24.15 |
23.65 UNIT: MM
20.10
19.90
HAAAARAAARAAAAAAAAAH
= o =
L ARREEEEEEERREEEEEE N
SEE DETAIL “A” { k ) MTM
g2 103 35
I olo 0.73
3.18 max. «—1.95 —»

REF

Lé

0.50 J 1.00 Typ.
035 w DETAIL “A”
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64LQFP
12.25 |
1175 UNIT: MM
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AARAAARARARAARARH
qess = =
T g o ==
= = o7 |
y oL v
vy HHEHHHEEHOEEERGE SEE DETAIL ‘A" y X
o8 2750 35
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0.17 . DETAIL “A”
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5. PIN FUNCTION

Vpp: Supply Voltage.
Vgs: Circuit ground.
RESET: Reset the MCU Reset.

Xjn: Input to the inverting oscillator amplifier and input to
the internal main clock operating circuit.

Xour: Output from the inverting oscillator amplifier.

SXin: Input to the internal sub system clock operating cir-
cuit.

SXourt: Output from the inverting subsystem oscillator
amplifier.

SEGO0~SEG39: Segment signal output pins for the LCD
display. See "18. LCD DRIVER" on page 88 for details.
Also SEGO~SEG23 are shared with normal I/O ports and
SEG24~35 are only segment output port(SEG24~31 are
shared with normal I/O port at EVA chip) and SEG36~39
are multiplexed with COM7~COMA4.

Note: SEG28 ~ SEG35 are not supported in
MC81F8616Q(64pin).

COMO0~COM?7: Common signal output pins for the LCD
display. See "18. LCD DRIVER" on page 88 for details.
Also COM0~COM3 are only common output ports and
COM4~COM7 are multiplexed with SEG36~SEG39.

COM4~COM7 and SEG36~SEG39 are sclected by
LCDDO of the LCR register.

LCDDO COM4~COM?7 /| SEG39~SEG36
0 COM4 ~ COM7
1 SEG39 ~ SEG36

RO0~RO07: RO is a 8-bit CMOS bidirectional I/O port(5-bit
I/O port at MC81F8616Q). RO pins 1 or 0 written to the
Port Direction Register can be used as outputs or inputs.
Also, pull-up resistors and open-drain outputs can be as-
signed by software.

In addition, RO serves the functions of the various follow-

12

ing special features.

Port pin Alternate function

R0OO PWMO/TOO

(Timer1 PWM Output / Timer0 Output)
RO1 ECO (Timer 0 Event Count Input)

R04 BUZO (Buzzer Output)

R05 EC1/INTO

(Timer2 Event Count Input/External Inter-
rupt O Request Input)

R06 INT1 (External Interrupt 1 Request Input)
RO7 INT2 (External Interrupt 2 Request Input)

Note: RO1/ECO~R03 are not not supported in
MC81F8616Q(64pin).

R10~R17 : R1 is an 8-bit CMOS bidirectional I/O port.
R1 pins 1 or 0 written to the Port Direction Register can be
used as outputs or inputs or schmitt trigger inputs. Also,
pull-up resistors and open-drain outputs can be assigned by
software.

In addition, R1 serves the function of the following special
fature.

Port pin Alternate function

R10 PWM1/T20(Timer3 PWM / Timer2 Output)
R11 ACK/SCK
R12 TX/SOUT

R13 RX/SI
R14 -

R15 -

R16 SDA
R17 SCL

R20~R27: R2 is a 5/8-bit CMOS bidirectional I/O port(5-
bit I/O port at MC81F8616Q). Each pins 1 or 0 written to
the Port Direction Register can be used as outputs or in-
puts. Also, pull-up resistors and open-drain outputs can be
assigned by software.

In addition, R2 serves the functions of the various follow-

December 3, 2012 Ver 1.03
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ing special features. units by R5PSR Register.
Port pin Alternate function Port pin Alternate function
R20 ANO (Analog Input Port0) R50 SEGO (Segment Output 0)
R21 AN1 (Analog Input Port1) R51 SEG1 (Segment Output 1)
R22 AN2 (Analog Input Port2) R52 SEG2 (Segment Output 2)
R23 AN3 (Analog Input Port3) R53 SEG3 (Segment Output 3)
R24 AN4 (Analog Input Port4) R54 SEG4 (Segment Output 4)
R25 ANS5 (Analog Input Port5) R55 SEG5 (Segment Output 5)
R26 ANG6 (Analog Input Port6) R56 SEG6 (Segment Output 6)
R27 AN?7 (Analog Input Port7) R57 SEG7 (Segment Output 7)

Note: R25/AN5 ~ R27/AN7 are not supported in
MC81F8616Q(64pin).

R40~R47: R4 is a 6/8-bit CMOS bidirectional I/O port(6-
bit I/O port at MC81F8616Q). Each pins 1 or 0 written to
the Port Direction Register can be used as outputs or in-
puts. Also, pull-up resistors and open-drain outputs can be
assigned by software.

In addition, R4 serves the functions of the various follow-
ing special features.

Port pin Alternate function

R40 -

R41 INT3 (External Interrupt 3 Request input)

R42 -

R43 SXIN

R44 SXout

R45 XIN

R46 Xout

R47 RESET
Note: R40 ~ R41 are not supported in
MC81F8616Q(64pin).

R50~RS57: RS is an 8-bit CMOS bidirectional I/O port or
LCD segment output. Each pins 1 or 0 written to the Port
Direction Register can be used as outputs or inputs. And
each pins can also be set in segment output mode in 1-bit

December 3, 2012 Ver 1.03

R60~R67: R6 is an 8-bit CMOS bidirectional I/O port or
LCD segment output. Each pins 1 or 0 written to the Port
Direction Register can be used as outputs or inputs. And
each pins can also be set in segment output mode in 1-bit
units by R6PSR Register.

Port pin Alternate function
R60 SEG8 (Segment Output 8)
R61 SEG9 (Segment Output 9)

R62 SEG10 (Segment Output 10)
R63 SEG11 (Segment Output 11)
R64 SEG12 (Segment Output 12)
R65 SEG13 (Segment Output 13)
R66 SEG14 (Segment Output 14)
R67 SEG15 (Segment Output 15)

R70~R77: R7 is a 8-bit CMOS input port or LCD segment
output. Each pins can be set in digital input or segment out-
put mode in 1-bit units by R7PSR Register.

Port pin Alternate function
R70 SEG16 (Segment Output 16)
R71 SEG17 (Segment Output 17)

R72 SEG18 (Segment Output 18)
R73 SEG19 (Segment Output 19)
R74 SEG20 (Segment Output 20)
R75 SEG21 (Segment Output 21)
R76 SEG22 (Segment Output 22)
R77 SEG23 (Segment Output 23)

13
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. . . Secondary
PIN NAME Pin No. Primary Function Function State State
@ Reset | @ STOP
MCB81F8816Q | MC81F8616Q | 1/O Description 110 | Description
Vpp 61 48 - Supply Voltage - - - -
Vss 64 51 - Circuit Ground - - - -
RESET / R47 67 54 | | GeneralllOport | I Reset (low ‘L'input | ‘H’input
active)
XIN/R45, Main clock oscilla- I 0 g
XouT/R46 65,66 52,53 1,0 tor - - Oscillation L, ‘H
SX|N/R43, ) o
SXouT/R44 62,63 49,50 1,O | Sub clock oscillator | - - Oscillation
R50/SEGO ~ - - LCD segment
R77/SEG23 8~31 3~26 I/O | General I/O port o output Input port
SEG24~SEG25 | 6,7 12 o | cP Segumte”t out- | : i
SEG26~SEG27 | 45 6364 | O | LODsegmEntodt . : :
SEG28~SEG35 | 1~3,76~80 ; o | cP Segumte”t out- | _ : -
SEG36/COM7~ - - LCD segment out- LCD common Output
SEG39/COM4 72~75 62~59 o put © output port Sbtate of
efore
COM3 ~COMO |  34~37 39~42 | o | FCP i out- | _ : - STOP
Analog Power Volt-
AVref 56 45 I age Input to A/D - - -
Converter
PLLC 60 47 I PLL input - - -
R40 57 - I/0 - -
R41/INT3 58 - I/0 General I/O port | | Interrupt3 Input | Input port
R42 49 46 I/0 - -

Table 5-1 Port Function Description

14 December 3, 2012 Ver 1.03
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Pin N Pri Functi Secondary
PIN NAME in No. rimary Function Function State State
@ Reset | @ STOP
MC81F8816Q | MC81F8616Q | 1/O Description /0 | Description
Timer1 PWM
$88/PWMO/ 32 27 I/0 (0] Output
Timer0 Output
RO1/ECO 33 - o | | Timer0 Event
Counter Input
R02 34 - I/0 - -
R03 35 - I/0 - -
R04/BUZO 36 28 I/0 O | Buzzer Output
Timer2 Event
RO5/EC1/INTO 37 29 1/0 | Counter Input
InterruptO Input
RO6/INT1 38 30 I/0 I | Interrupt1 Input
RO7/INT2 39 31 I/0 | | Interrupt2 Input
Timer3 PWM
AP 40 32 o o Output
Timer2 Output
Asynchronous
Serial Interface
R11/ACK/SCK 41 33 o /] Clock Input State of
General 1/0 port | O /810 Serial Input port before
Clock STOP
Input/Output
UART Serial
Data Output
R12/TX/SOUT 42 34 I/0 0] /S10 Serial
Data Output
UART Serial
Data Input
R13/RX/SI 43 35 I/0 | /SI0 Serial
Data Input
R14 44 36 I/O - -
R15 45 37 I/O - -
I/ | SIO Serial Data
R16/SDA 46 38 I/0 o In/Out
I/ 12C Serial
R17/SCL 47 39 I/0 o Clock In/Out
R20/ANO ~ A/D Converter
R24/AN4 48~52 40~44 Vo ! Analog Input
R25/AN5 ~ A/D Converter
R27/AN7 53~55 ) Vo ! Analog Input
Table 5-1 Port Function Description
December 3, 2012 Ver 1.03 15



MC81F8816/8616

\BO\

SEMICONDUCTOR

6. PORT STRUCTURES

R01/ECO0, RO5S/EC1/INTO, RO6/INT1, RO7/INT2, R13/

RX/SI, R16/SDA, R41/IN3

|

Pull up Register

Data Bus

<——| Data Register

—>| Open Drain Register Ii

AD;e”: Pull-up Tr.

—>| Direction Register

I,

Sub Func.
Input Register

Sub Func.

Noise
Canceller

Voo

Vbp

Pin

Vss

Input Enable

R00/PWMO0/T00, R04/BUZO, R10/PWM1/T20, R17/

SCL

—>| Pull up Register

|_

4>| Open Drain Register |7

DHE Pull-up Tr.

Ii

2]
@ <——| Data Register
@
3 Sub Func.
Output Register
Sub Func.

Output Enable

4—| Direction Register

- >

] >—

Py

Voo

Vbp
Vbp

Pin

Vss Vss

16
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R11/ACK/SCK, R12/TX/SOUT
Voo
~")
|
——| Pull up Register | __D—dl: Pull-up Tr.
—'l Open Drain Register |7 v
DD
V
g \l DD
[s3} <——| Data Register |— 0
% MUX
Sub Func.
o Output Register | !
Sub Func. Pin
Output Enable
— - ] Vss
—>| Direction Register I
L1
I’ 1
MUX
o I\o
Sub Func. |
Input Register | ¢ Canceller
Sub Func.
Input Enable
Priority :ACK > SCK(in) > SCK(out)
TX1 > SOUT(out) > SOUT(in)
R20/AN0~R27/AN7
Voo
")
) ]
—>| Pull up Register | - i P—C”: Pull-up Tr.
—>| Open Drain Register |7 Vbp
o) Vbb
[ia}
§ <——| Data Register H ,_D—CI
—’l Direction Register F,@ D°—| Pin
=»
Vss Vss
1
MUX
L <
S
ADC Input Data I E :I
ADC Enable &
Channel Selectable
December 3, 2012 Ver 1.03 17
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R02, R03, R14, R15, R40, R42

VoD

|
4" Pull up Register | - i p—————[_ Pull-upTr.
——l Open Drain Register |7 v
DD

<——| Data Register I ‘,_D—Ci

] >O Pin
— - ] RD Vss Vss
4—| Direction Register - ’

Vbp

Data Bus

R50/SEG0~R77/SEG23

VCL2 or VCL1

| LCD Data Registger H —ODD_C|
Frame Counter

LCD Control Do—'

Vbp

Data Bus

<——| Data Register I : j )3‘ c|
| Port Selection Register |7- D | Pin

| . RPp—»] Vss Vss

4>| Direction Register *

=
C
X =

g
/o
/

18 December 3, 2012 Ver 1.03
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COM0~COM3 XiN, XouT (Crystal or Ceramic resonator)
Vbp
MAIN
VCL2 or VCL1 VeL2 CLOCK
Frame Counterg‘m XouT
. Vss
LCD Control ———————+——q | Pin A Vob
VCLO or Vss Vss . % '
% XiN
sToP l ‘
COM0O~COM3,SEG24~SEG35,COM4/ é Vs
SEG39~COM7/SEG36
XiN, XouT (@RC, R)
VCL2 or VCL1
VCL2 Vob
LCD Data fxin + 4
Reg. m (H Output@S'\TOP) %
Frame Counter J . - Xout
LCD Control 4«@_{ Pin
Vss
VCLO or Vss Vss Vbb
Vbp %
RESET(R47) srop .
Voo % XiN

Pull up ﬁj—q Pull-up Tr.
Reg.

Internal RESET

IRESET Disable
(Configuration DO

option bit)

PLLC '%[
POWER=VREeG
Vbp D I:/ >° .

DIASBLE

December 3, 2012 Ver 1.03 19
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R43(SXiN), R44(SXouT)

I:TPUII-Up
Pull-up D cj| Tr.
Reg.
Open Drain Vbb
Reg. Vbb
Data Reg. rDC|
Direction e SXin
V
Vss Ss
Data Bus «——— MUX )
RD E
L
Disable rm
Sub Clock
Open Drain|
V
Reg. bb Voo
Data Reg. w
Direction J:DQ_{
Reg. o SXout
/ R44
V
Ves ss
Data Bus
- MUX
RD E
Pull-Up Enable

"

_VDD

R45 (Xin), R46 (XouT)

20

Pull-up
Reg.

\%s)s)
Pull-up

Reg.

Open Drain

—D—#g i

Data Reg.

Reg.

Direction

Data Bus <«—< # MUX )

Xinout Disable

Voo Vob
=S
X
D e /RA5
Vss Ves

A,

h}i

>

(Configuration
option bit)

Main Clock |

(to ONP Block)

Pull-up
Reg.

Reg.

Open Drain|

Vob

Data Reg.

Reg.

Direction

i:oD '——DO_| Xout

Data Bus <—<}— MUX

/ R46

Vss
Vss

RD ET
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7. ELECTRICAL CHARACTERISTICS
7.1 Absolute Maximum Ratings
Supply voltage ......ccccoveverieciniiniiiecee -03t0o+6.0V Maximum current (ZI0H) . ..ccceeeerrveereenvesrveenneennns 80 mA
Supply Voltage (AVref) ............... Vpp-0.3 to Vpp+0.3 V Total Power Dissipation (PT) ......cccoeevvvvieniennnnne 600 mW

Storage Temperature ..........c..ccccecevereennene

Voltage on any pin with respect to Ground (Vss)
-0.3to Vppt+0.3

20 mA

Maximum current sunk by (Ior, per I/O Pin)

-45to +125 °C

Maximum output current sourced by (Ioy per I/O Pin)

7.2 Recommended Operating Conditions

Note: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the de-
vice. This is a stress rating only and functional operation of
the device at any other conditions above those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

Specifications
Parameter Symbol Condition Unit
Min. Typ. Max.
fmain=12MHz 4.5 - 55 V
Supply Voltage Vbb
fuain=4MHz 2.2 - 55 \%
Vpp=2.2~5.5V 1 - 4.0
fmAIN MHz
Main Operating Frequency Vpp=4.5~5.5V 1 - 12.0
fsus Vpp=3.0~5.5V - 32.768 - kHz
Sub Operating Frequency fsus Vpp=VpD - 32.768 - kHz
Vpp=2.2~5.5V -40 - 85 °C
Operating Temperature ToPr
Vpp=4.5~5.5V -40 - 85 °C

December 3, 2012 Ver 1.03
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7.3 DC Electrical Characteristics
(Ta=-40~85°C, Vpp=2.2~5.5V, Vss=0V)

Specifications

Parameter Symbol Pin / Condition Unit
Min Typ. Max.
VIH1 RO~R7 0.7Vpp - Vpp+0.3
Input High Voltage RESET, RX0, SI, SCK, ACK, XiN, SXIN v
ViH2 INTO~3, ECO~1 0.8Vpp Vpp+0.3
Vi1 RO~R7 -0.3 - 0.3Vpp
Input Low Voltage RESET, RX0, SI, SCK, ACK, XN, SXIN, v
Viz | |NTo~3, ECO~1 03 ) 0-2Voo
VoH1 RO~R4 (Vpp=4.5V, IoH1=-1.6mA) Vpp-0.3 - -
Output High Voltage VoH2 | R5~R7 (Vpp=4.5V, IoH2=-1.6mA) Vpp-1.0 - - v
SEG0~39, COM0~3
1 . ; - -
VOH3" | (vpp=4.5V, VCL3~0=3V, lop3=-15uA) VCL3-0.4
VoL1 RO~R4 (Vpp=4.5V, loL1=1.6mA) - 0.35
Output Low Voltage VoL2 R5~R7 (Vpp=4.5V, loL2=1.6mA) 0.4 Vv
Vey 22 SEG0~39, COM0~3 012
OL3™ | (Vpp=4.5V, VCL3~0=3V, loL3=15pA) :
Input High . - . - _ i i
Leakage Current IiH All input pins including R5~R7 (V|N=VDD) 1 .
n
Input Low . — . - -
Leakage Current I All input pins including R5~R7 (V|N=Vss) -1 - -
Vpp (BODR<2:0>=000) 2.0£15% 2.0 2.0+15% \%
Brown-out Detector Veop | Vpp (BODR<2:0>=011) 2.7+15% 2.7 2.7£15% \%
Vpp (BODR<2:0>=110) 3.6£15% 3.6 3.6+15%
POR(Power on ~ro
Reset) Level Vpor | Vpp (Ta=25°C) 2.0 2.4 2.8 \%
VDD Start Voltage® | VsTART | Vbp (TA=25°C) Vss 0.3 \%
Config Read
9 3 Vconfig Tvpp=40ms/V, VsTaART=VsSs 1.8 \
Voltage
VDD rising Time3 Tvop | Vob (Ta=25°C) 40 ms/V
Hysteresis VJ: RESET, RX0, INTO~3, ECO~1 (Vpp=5V) 0.2Vpp - 0.8Vpp %
Pull-up Current Ipu RO~R4 (Vpp=3.0V, VpN=0V) 20 - 60 pA
currentdissIbatonn |15 | Vop( fua=12MHz, Vop=5.5V, fsus=0) : 5 15
active mode
Cc tdissipationin mA
urrentdaissi { |
5p Isteep | VoD ( fmain=12MHz, Vpp=5.5V, fsug=0 ) - 2 4
sleep mode
Currentdissipationin | lsubactive | fmaIN=0ff, VDp=5V, fsup=32.768kHz - 67 - HA
sub active mode® Isubsleep | fmain=0ff, Vpp=5V, fsus=32.768kHz - 32 - pA
Currentdissipationin | sToP | fuaiN=0ff, VDD=5.5V, fsus=0 - 7 pA
stop mode Isus fmain=off, Vpp=5.5V, fsyg=32.768kHz 14 A
Internal 8MHz Oscil- | ¢ o) VDD=5V, Ta=25°C 810% 8 8410% | MHz

lation Frequency

22
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Specifications
Parameter Symbol Pin / Condition Unit
Min. Typ. Max.
Internal 4MHz Oscil- | ¢\ VDD=5V, Ta=25°C +10% 4 +10% MHz
lation Frequency

. Vons3 is the voltage when VCL3, VCL2, VCL1 and VCLO are supplied at pads.

. VoL3 is the voltage when Vsg is supplied at pad.

These parameters are presented for design guidance only and not tested or guaranteed.

. Current dissipation is proportioned according to operation voltage and frequency.

. In sleep mode, oscillation continues and peripherals are operated normally but internal CPU clock stops.

. In sub sleep mode, sub oscillation continues and peripherals are operated normally but internal CPU clock stops.

oA WN

Vv
£C
Tvbp < 40ms/V o
VopMIN - — - — - — - - T - o T T T
("Config(POR) Read | (" Corflig(POR) Read)
Detection Point | kDe ection Point ‘
- /) e =
VCONFIG - — — — = - — Tt ———— =\ — = — - — — - — -
I S
( I
| No Config(POR) Read |
N _
VSTART |- —_—— e e - - - e e A - A - - - = = -
ov
T
Figure 7-1 Config Read Voltage including POR vs Supply Voltage
7.4 LCD Characteristics
(Ta=-40~85°C, Vpp=2.2~5.5V, Vgg=0V)
Specifications
Parameter Symbol Condition Unit
Min. Typ. Max.
LCD Common e
Output Current Icom | Output Voltage Deviation=0.2V 30 - - .
L
LCD Segment N
Output Current Isec Output Voltage Deviation=0.2V 5 - -
7.5 A/D Converter Characteristics
(Ta=-40~85°C, Vpp=AVref=5.12V/3.072V, Vgs=0V)
Specifications
Parameter Symbol | Pin/Condition Unit
Min. Typ. Max.
Resolution NR - - 10 - Bit
Analog Power Supply Input Voltage Range | AVRgfr! - AVss - VDD v
Analog Input Voltage Range VAIN - AVss - AVref
. Vpp = 5.12V
Conversion Current IcoN Fyin = 8MHzZ - 80 200 pA

December 3, 2012 Ver 1.03 23
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Parameter Symbol | Pin/Condition Specifications Unit
Min. Typ. Max.
Overall Accuracy Nacc - - +1.0 +3.0
Non Linearity Error NNLE - - +3.0
Differential Non Linearity Error NDNLE - - +3.0
Zero Offset Error Nzoe fXiN = 4MHz - - +3.0 -S8
Full Scale Error Nrse - - +3.0
Gain Error NGe - - +3.0
Conversion Time (Clock) (-l_;_iitll\(/) Cin.\ll.i:_lir;?;n © 1.0 - - uS
Analog Input Impedance RaN - 5 100 - MO

1. If the AVREgF voltage is less than Vpp voltage and anlalog input pins(ANX), shared with various alternate function, are used bidirectional I/

O port, the leakage current may flow Vpp pin to AVRgr pin in output high mode or anlalog input pins(ANX) to AVRgr pin in input high
mode.
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7.6 AC Characteristics

(TA=25°C, Vpp=4V, AVref=4V, Vgs=AVss=0V)

Specifications

Parameter Symbol Pins Unit
Min. Typ. Max.

Main Operating Frequency fmep XIN 0.4 - 12 MHz
Sub Operating Frequency fscp SXIN 30 32.768 35 kHz
System Clock Frequency'’ tsys - 166 - 5000 nS
Main Oscillation
Stabilization Time (4MHz) tmsT XiN, XouT - - 20 mS
Sub Oscillation
Stabilization Time tssT SXiN, SXout - 1 2 S
External Clock tmcPw XIN 35 - - nS
“H” or “L” Pulse Width tscpw SXin 5 . . uS
External Clock Transition Time trcp, trcp XIN - - 20 nS
Interrupt Pulse Width tiw INTO, INT1, INT2, IN3 2 - - tsys
RESET Input Pulse “L” Width trRsT RESET 8 - - tsys
Event Counter Input
“H” or “L” Pulse Width tecw EC0~1 2 - - tsys
Event Counter Transition Time | tREC, tFEC EC0~1 - - 20 nS

1.SCMR=XXXX000Xg that is fmain+2

December 3, 2012 Ver 1.03
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XIN

SXIN

INTO
INT1
INT2
INT3

RESET

ECO
EC1

tmepw tmepw

1/fscp

trRsT

0.2Vpp

26

Figure 7-2 AC Timing Chart

December 3, 2012 Ver 1.03




\BO\

SEMICONDUCTOR

MC81F8816/8616

7.7 Serial I/O Characteristics
(Ta=-40~85°C, Vpp=5.0V+10%, Vss=0V)

Specifications
Parameter Symbol Pins Unit
Min. Typ. Max.

Input Clock Pulse Period tscyc 2tsys+200 - -
Input Clock “H” or “L”

Pulse Width tsckw tsys*70 - -
Input Clock Pulse

Transition Time tFscKitRsCK ) ) 30

. SCK

Ouput Clock Cycle Time tscyc 4tsys - 16tsys
Output Clock “H” or “L”

Pulse Width tsckw 2svs-30 . -
Output Clock Transition Time trsck.trsck - - 30 ns
Output Clock Delay Time tps - - 100
Input Pulse Transition Time tFsIN, tRsIN - - 30
Input Setup Time

(External SCK) tesus S 100 ) )
Input Setup Time

(Internal SCK) tisus 200 . )
Input Hold Time tHs tsys+70 - -

tscyc
tFsck tRsck
tsckw tsckw
0.8Vpp 1
SCLK o.2vDD\ / _
| tsys > | tyg >
f N 0.8Vpp
Sl #\ 0-2Vpp
»‘ - — |-
tFsIN tRSIN
tos
SO {0.8Vop
\ 0.2Vpp
Figure 7-3 Serial I/O Timing Chart
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7.8 Typical Characteristics

These graphs and tables are for design guidance only and

are not tested or guaranteed.

In some graphs or tables, the data presented are out-
side specified operating range (e.g. outside specified
Vpp range). This is for information only and devices
are guaranteed to operate properly only within the

specified range.

28

The data is a statistical summary of data collected on units
from different lots over a period of time. “Typical” repre-
sents the mean of the distribution while “max” or “min”
represents (mean + 3c) and (mean — 3c) respectively
where o is standard deviation.

Operating Area

fmAIN
(MHz)| Ta=-40~85°C
(Main-clock)
12
10
8 /
6 /
4
2
0 Vop
12 4 5 6(V)
Marmal mode
IDD1(mA)
45
1 Tag25. Fain=gMhz
35
3
25
2
1.5
1 ]
ns
0
2% 3 4% oY EY WODW )
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Zleep mode

DD U
1600

Ta=g5, Fn ain=43hf|hz
1400

1200

1000

aao /

=0N]

400

200

0
2 3 44 v B%  WDDY)

Stop mode

(o] ATEY
1.6

Ta=zp, Fmain=akhz

1.4

1.2

.1 .
- /

04
0z E— |
[
0
e 3y Ay o Bv  WDD{W)
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30

WOHY)

[OH=-%0H, YDD=45Y

Tg=21

45

35

&5

1.5

ns

il = il il i
¢ Y > ¢ -~ ;$" ;‘:l"'

e g W e g

& 6*: [ HE A
LA

- #

[OL=%oL, wWhD=45%

"

.-'-""-FFFF

Zma 10ma Z0m A, 30m A 35m A A0mA (oL ma)

WIHT(W )
4

WDD-%IH1{normal port)

s

Ta=%3, Frain=1Mhz

3

5

2

=y 4 Ny B WO W)
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WDD-YIL1{narmal port)
WL )

5

Ta=2%, Fmdin=1khz

1.5

ns

2 = 4 a B WDDY)

WDD-%IHZ
WVIHA W)
45

Ta=35, Fmain=1khz
4

35
3

Z5

z

1.5

1

ns

1]

oy Ty 4y Sy gy DDV

WhD-%ILE
WILZ Y )

1.8

Ta=35, Fmpin=1Khz
1B

1.4

1.2

]
0a
06
04
0z

0

2 3 4 =Y B WDDW
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8. MEMORY ORGANIZATION

The have separate address spaces for Program memory,
Data Memory and Display memory. Program memory can
only be read, not written to. It can be up to 16K bytes of

8.1 Registers

This device has six registers that are the Program Counter
(PC), a Accumulator (A), two index registers (X, Y), the
Stack Pointer (SP), and the Program Status Word (PSW).
The Program Counter consists of 16-bit register.

ACCUMULATOR

X REGISTER

Y REGISTER

S STACK POINTER

PCH | PCL | PROGRAM COUNTER
PROGRAM STATUS
PSwW WORD

Figure 8-1 Configuration of Registers

Accumulator: The Accumulator is the 8-bit general pur-
pose register, used for data operation such as transfer, tem-
porary saving, and conditional judgement, etc.

The Accumulator can be used as a 16-bit register with Y
Register as shown below.

Two 8-bit Registers can be used as a “YA” 16-bit Register

Figure 8-2 Configuration of YA 16-bit Register

X, Y Registers: In the addressing mode which uses these
index registers, the register contents are added to the spec-
ified address, which becomes the actual address. These
modes are extremely effective for referencing subroutine
tables and memory tables. The index registers also have in-
crement, decrement, comparison and data transfer func-
tions, and they can be used as simple accumulators.

Stack Pointer: The Stack Pointer is an 8-bit register used
for occurrence interrupts and calling out subroutines. Stack
Pointer identifies the location in the stack to be accessed
(save or restore).
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Program memory. Data memory can be read and written to
up to 512 bytes including the stack area. Display memory
has prepared 64bytes for LCD.

Generally, SP is automatically updated when a subroutine
call is executed or an interrupt is accepted. However, if it
is used in excess of the stack area permitted by the data
memory allocating configuration, the user-processed data
may be lost.

The stack can be located at any position within 100y to
1FFy of the internal data memory. The SP is not initialized
by hardware, requiring to write the initial value (the loca-
tion with which the use of the stack starts) by using the ini-
tialization routine. Normally, the initial value of “1FFy> is
used.

Stack Address (1004 ~ 1FFH)
15 8 7 0
1 | Sp

}

Hardware fixed : RAM 1 page = 01XXH

Caution:

The Stack Pointer must be initialized by software be-
cause its value is undefined after RESET.

Example: To initialize the SP

LDX #0FFH :
TXSP ;SP <« OFFy

Program Counter: The Program Counter is a 16-bit wide
which consists of two 8-bit registers, PCH and PCL. This
counter indicates the address of the next instruction to be
executed. In reset state, the program counter has reset rou-
tine address (PCy:0FFy, PCL:0FEp).

Program Status Word: The Program Status Word (PSW)
contains several bits that reflect the current state of the
CPU. The PSW is described in Figure 8-3. It contains the
Negative flag, the Overflow flag, the Break flag the Half
Carry (for BCD operation), the Interrupt enable flag, the
Zero flag, and the Carry flag.

[Carry flag C]

This flag stores any carry or borrow from the ALU of CPU
after an arithmetic operation and is also changed by the
Shift Instruction or Rotate Instruction.
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[Zero flag Z]

This flag is set when the result of an arithmetic operation
or data transfer is “0” and is cleared by any other result.

MSB LSB
psw |N[V]G]B]H] I]Z]c] reservarue oo,
NEGATIVE FLAG CARRY FLAG RECEIVES
CARRY OUT
OVERFLOW FLAG ZERO FLAG

SELECT DIRECT PAGE
when g=1, page is addressed by RPR

BRK FLAG

INTERRUPT ENABLE FLAG

HALF CARRY FLAG RECEIVES

CARRY OUT FROM BIT 1 OF
ADDITION OPERLANDS

Figure 8-3 PSW (Program Status Word) Register

[Interrupt disable flag I]

This flag enables/disables all interrupts except interrupt
caused by Reset or software BRK instruction. All inter-
rupts are disabled when cleared to “0”. This flag immedi-
ately becomes “0” when an interrupt is served. It is set by
the EI instruction and cleared by the DI instruction.

[Half carry flag H]

After operation, this is set when there is a carry from bit 3
of ALU or there is no borrow from bit 4 of ALU. This bit
can not be set or cleared except CLRV instruction with
Overflow flag (V).

[Break flag B]

This flag is set by software BRK instruction to distinguish
BRK from TCALL instruction with the same vector ad-
dress.

[Direct page flag G]
This flag assigns RAM page for direct addressing mode. In

December 3, 2012 Ver 1.03

the direct addressing mode, addressing area is from zero
page 00y to OFFy when this flag is "0". If it is set to "1",
addressing area is assigned by RPR register (address
0F3p). It is set by SETG instruction and cleared by CLRG.

[Overflow flag V]

This flag is set to “1” when an overflow occurs as the result
of an arithmetic operation involving signs. An overflow
occurs when the result of an addition or subtraction ex-
ceeds +127 (7Fy) or —128 (80y). The CLRYV instruction
clears the overflow flag. There is no set instruction. When
the BIT instruction is executed, bit 6 of memory is copied
to this flag.

[Negative flag N]

This flag is set to match the sign bit (bit 7) status of the re-
sult of a data or arithmetic operation. When the BIT in-
struction is executed, bit 7 of memory is copied to this flag.
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At execution of a At acceptance At execution At execution
CALL/TCALL/PCALL of interrupt of RET instruction of RETI instruction
01FC 01FC 01FC 01FC
01FD 01FD PSW <}— 01FD 01FD PSW <—
Push Push Po
01FE PCL = down 01FE PCL < 4own 01FE PCL **P 01FE PCL **upp
op
01FF PCH <|— 01FF PCH «|— 01FF PCH <I—up 01FF PCH <|—
SP before
execution 01FF 01FF 01FD 01FC
v v v Y
SP after
execution 01FD 01FC 01FF 01FF
At execution At execution
of PUSH instruction of POP instruction
PUSH A (X,Y,PSW) POP A (X,Y,PSW)
01FC 01FC 01004
| Stack
01FD 01FD depth
01FE 01FE ﬁ
Push Pop '
A — A — '
01FF 7 down O1FF 7 up 01FFH
SP before
execution O1FF 01FE
SP after + +
execution 01FE 01FF

Figure 8-4 Stack Operation
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8.2 Program Memory

A 16-bit program counter is capable of addressing up to
64K bytes, but this device has 16K bytes program memory
space only physically implemented. Accessing a location
above FFFFy will cause a wrap-around to 0000y.

Figure 8-5 shows a map of Program Memory. After reset,
the CPU begins execution from reset vector which is stored
in address FFFEy and FFFFy as shown in Figure 8-6.

As shown in Figure 8-5, each area is assigned a fixed loca-
tion in Program Memory. Program Memory area contains
the user program.

C000H 7

16K MTP

FEFFH
FFOOH

FFCOH
TCALL area

FFDFH
FFEOH

PCALL area

Interrupt
Vector Area

FFFFy

Figure 8-5 Program Memory Map

Page Call (PCALL) area contains subroutine program to
reduce program byte length by using 2 bytes PCALL in-
stead of 3 bytes CALL instruction. If it is frequently called,
it is more useful to save program byte length.

Table Call (TCALL) causes the CPU to jump to each
TCALL address, where it commences the execution of the
service routine. The Table Call service area spaces 2-byte
for every TCALL: OFFCOy for TCALL1S5, OFFC2y for
TCALLI4, etc., as shown in Figure 8-7.

December 3, 2012 Ver 1.03

Example: Usage of TCALL

LDA #5
TCALL OFH ; IBYTE INSTRUCTION
: ; INSTEAD OF 2 BYTES

; NORMAL CALL
; TABLE CALL ROUTINE

FUNC A: LDA LRGO
RET

FUNC B: LDA LRG1
B RET <:> (:>

; TABLE CALL ADD. AREA

’

ORG  OFFCOH —
DW FUNC A ~
DW FUNC_B

; TCALL ADDRESS AREA

The interrupt causes the CPU to jump to specific location,
where it commences the execution of the service routine.
The External interrupt 0, for example, is assigned to loca-
tion OFFFAy. The interrupt service locations spaces 2-byte
interval: OFF8y and OFFF9y for External Interrupt 1,
OFFFAp and OFFFBy for External Interrupt 0, etc.

Any area from 0FF00y to OFFFFy, if it is not going to be
used, its service location is available as general purpose
Program Memory.

Address Vector Area Memory
OFFEOH Watch Timer interrupt Vector Area
Watch dog timer interrupt Vector
E2 Basic Interval Timer Interrupt Vector Area
E4 AD Converter Interrupt Vector Area
£6 12C Interrupt Vector Area
Timer/Counter 3 Interrupt Vector Area
:2 Timer/Counter 2 Interrupt Vector Area
EC Timer/Counter 1 Interrupt Vector Area
EE Timer/Counter 0 Interrupt Vector Area
SPI Interrupt Vector Area
F2
UART TXO Interrupt Vector Area
UART RXO Interrupt Vector Area
: External Interrupt 3 Vector Area
F8 External Interrupt 2 Vector Area
FA External Interrupt 1 Vector Area
External Interrupt 0 Vector Area
FE Reset Interrupt Vector Area

Figure 8-6 Interrupt Vector Area
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Address Program Memory
OFFCOH
G [ TCALL 15 -oreeessemcemssnecesunes
C2 TCALL 14 oeeemeecesrcemnecenns
C3
o F— (oYY I R ————
Address PCALL Area Memory G5
C6
------------------------ TCALL 12 oeeeesemcemmssecesaaes
OFF00H c7
C8 TCALL 11 oeeemeecerecemeecenns
C9
CA TCALL 10
CB
g P— TCALLG  oeeeesemcemmsnecesenes
CD
PCALL Area CE | TCALL S oo
(256 Bytes) CF
gl F— L (oYY I I R —————
D1
A F— TCALLE  -oeeeessemcemssneceseses
D3
D4 L (07 T —
D5
D6 | L (oYY I I S ———
D7
OFFFFy
] F— TCALL 3 oeeeesemcemmsnecesenes
D9
DA TCALL2  oeeeeecerecemsnecens
DB
Ol L (oYY I [ ————
DD
gl F— TCALL 0/BRK*  -oeeeeeemeeeees
DF
NOTE:
* means that the BRK software interrupt is using
same address with TCALLO.
Figure 8-7 PCALL and TCALL Memory Area
PCALL-> rel TCALL— n
4F35 PCALL 35y 4A TCALL 4
/_\_/
/X/
4F 7y
— 010011010
35 | o Reverse
E PC: 11111111 11040110
0D125H NEXT Fu Fn Dy 6H
OFF00 \ \_’4
OFF35H NEXT
®© e
OFFFFy OFFD6H 25 \HQ
OFFD7y4 D1 J
OFFFFy
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Example: The usage software example of Vector address and the initialize part.

ORG OFFEOH ; Device : MC81F8816

DW WT_INT
DW BIT INT
DW ADC_I2C INT

Watch Timer / Watch Dog Timer
Basic Interval Timer
AD converter / I2C

Ne Ne o Ne Ne N

DW TMR3 INT Timer-3
DW TMR2 INT Timer-2
DW TMR1 INT ; Timer-1
DW TMRO INT ; Timer-0
DW SPI ; SPI

DW NOT USED ; Not used
DW UARTO INT ; UART TX0, RX0
DW EX3 INT ; INT.3
DW EX2 INT ; INT.2
DW EX1 INT ; INT.1
DW EX0 INT ; INT.O
DW NOT USED ; Not used
DW RESET ; Reset

,-********************************************

; MAIN PROGRAM *

,-********************************************

ORG 0CO00H

RESET: DI ;Disable All Interrupts
CLRG
LDX #0
LDA #0
RAM CLR1:STA {X}+;Page0 RAM Clear (!0000g->!'009Fy)
CMPX #090H
BNE RAM CLRI1

LDM RPR, #0000 _0001B;Pagel RAM Clear (!0100z->!00FFy)
SETG
LDX #0
LDA #0
RAM CLR2:STA {X}+
CMPX #060H
BNE RAMﬁCLR2
CLRG

LDX #O0FFH;Stack Pointer Initialize
TXSP

LDM RPR, #0000 _0000B;Page0 selection

CALL LCD _CLR;Clear LCD display memory

LDM RO, #0;Normal Port O

LDM ROIO, #1000 0010B;Normal Port Direction

LDM ROPU, #1000 0010B;Pull Up Selection Set
LDM ROOD, #0000 _0001B;RO port Open Drain control

LDM SCMR, #1111 0000B;System clock control
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8.3 Data Memory

Figure 8-8 shows the internal Data Memory space availa-
ble. Data Memory is divided into four groups, a user RAM,
control registers, Stack, and LCD memory.

00004
USER MEMORY
(144 Bytes)
008Fy PAGEO
00904
PERIPHERAL CONTROL
00FFy| REGISTERS(112Bytes)
01004 USER MEMORY
(Including Stack Area) PAGE1
01FFH (256 Bytes )
0200 USER MEMORY
112Byt PAGE2
026FH (112Bytes)
Unimplemented
04604
LCD DISPLAY MEMORY
(40 Bytes) PAGE4
04874

Figure 8-8 Data Memory Map

User Memory

The MC81F8816/8616 have 256 x 8 bits for the user data
memory (RAM). There are three pages internal RAM.
Page is selected by G-flag and RAM page selection regis-
ter RPR. When G-flag is cleared to “0”, always page 0 is
selected regardless of RPR value. If G-flag is set to “1”,
page will be selected according to RPR value.

RPR=0, G=0 —>»
RPR=1, G=1
RPR=2, G=1

Page 4

RPR=4, G=1

Page 0: 0004~09FH—
Page 1: 100n~1FFy  L—
Page 2: 2004~26FH -

Page 4: 4604~487n

RPR (RAM Page Selection Register)

ADDRESS: 0CFH
INITIAL VALUE: ----_-001g

MSB LSB
R/W R/W R/W

- i -1 - 1 - i - [RPR2IRPR1iRPRO
[
RPR[2:0] (RAM Page Selection)

RPR2 | RPR1 | RPRO | RAM Page Selection
0 0 0 PAGE 0
0 0 1 PAGE 1
0 1 0 PAGE 2
0 1 1 -
1 0 0 PAGE 4
1 0 1 -
1 1 0 -
1 1 1 -

Caution1 : After setting RPR, be sure to execute SETG instruction.
Caution2 : When executin%CLRG instruction,
be selected PAGEO regardless of RPR.

Figure 8-9 RAM page configuration
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Figure 8-10 RAM Page Selection Register

Control Registers

The control registers are used by the CPU and Peripheral
function blocks for controlling the desired operation of the
device. Therefore these registers contain control and status
bits for the interrupt system, the timer/counters, analog to
digital converters and I/O ports. The control registers are in
address range of 090y to OFFy.

Note that unoccupied addresses may not be implemented
on the chip. Read accesses to these addresses will in gen-
eral return random data, and write accesses will have an in-
determinate effect.

More detailed informations of each register are explained
in each peripheral section.

Note: Write only registers can not be accessed by bit ma-
nipulation instruction. Do not use read-modify-write instruc-
tion. Use byte manipulation instruction.

Example; To write at CKCTLR

LDM CKCTLR, #05H ;Divide ratio =8

Stack Area

The stack provides the area where the return address is
saved before a jump is performed during the processing
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routine at the execution of a subroutine call instruction or
the acceptance of an interrupt.

When returning from the processing routine, executing the
subroutine return instruction [RET] restores the contents of
the program counter from the stack; executing the interrupt
return instruction [RETTI] restores the contents of the pro-
gram counter and flags.

The save/restore locations in the stack are determined by

the stack pointer (SP). The SP is automatically decreased
after the saving, and increased before the restoring. This
means the value of the SP indicates the stack location
number for the next save. Refer to Figure 8-4 on page 34.
LCD Display Memory

LCD display data area is handled in LCD section.

See "18.3 LCD Display Memory" on page 94.

Address Register Name Symbol R/W Initial Value Ad%ll'gzzing
7/6/5(4|3|2({1|0
0090H 12C Mode Control Register I2CMR R/wW [0/0(0|0|1|0(0|0 byte
0091H 12C Status Register I2CSR R 0|0(0|0(0|0|0|0 byte
0092H I12C Clock Control Register I2CCR R/W [1|1|1]1|1]1|1]1 byte
0093H I12C Pipe and Shift Register I2CPR R/W |[1|1]1{1/1]1]{1]1 byte
0094H 12C Slave Address Register I2CAR R/W |0/0|0|0|0|0[0]|0 byte
009AH PLL Control Register XPLLCR R/W (0/0{0|0|0|0|0|0 byte
009BH PLL Data Register XPLLDAT R/W |0|0|0[0|0|0|0|0 byte
009EH WT Read Data Register WTRH R -10(0|0|0|0|0|0 byte
00AOH RO Open Drain Control Register ROOD w 0|0|0|0|0|0|0|0 byte!
00A1TH R1 Open Drain Control Register R10D w 0|0|0|0|0|0|0|0 byte
00A2H R20pen Drain Control Register R20D w 0|0|0|0|0|0|0|0 byte
00A4H R40pen Drain Control Register R40D W 0|0(0|0(0|0|0|0 byte
00A5H RO Pull-up Register ROPU w 0|0j0j0j0|0j0|0 byte
00A6H R1 Pull-up Register R1PU w 0|0|0|0|0(0|0|0 byte
00A7H R2 Pull-up Register R2PU w 0|0(0|0(0|0|0|0 byte
00A9H R4 Pull-up Register R4PU w 0|0jojojoj0j0|0 byte
00AAH Port Selection Register 0 PSRO w 0|0|0|0|-|-|0|0 byte
00ABH Port Selection Register 1 PSR1 w -1--1-1-10/0]0 byte
00ACH R5 Port Selection Register R5PSR R/W 11111111 byte, bit2
00ADH R6 Port Selection Register R6PSR R/W 11111111 byte, bit
00AEH R7 Port Selection Register R7PSR R/W [1/1{1]1|{1/1[11 byte, bit
00AFH | R8 Port Selection Register R8PSR | R/W [1]1/1]1/1]1]1]1 byteég:;()EVA
00BOH R7 Data Register R7 R/W |0|0|0[0|0|0|0|0 byte
00B2H LCD Control Register LCR R/W (0/0|0|0|0|0[0]|0 byte, bit
00B3H LCD BIAS Control Register LBCR R/W [0/1(1{1|{1|0(0|0 byte, bit
00B4H R7 Direction Register R710 W 0|0(0|0|0|0|0|0 byte
00B6H SPI Mode Control Register SPIM R/W |0|0|0|0|0|0|0|1 byte
00B7H SPI Data Shift Register SPIR R/IW |-|-|-]-|-|-]-]- byte
Table 8-1 Control Registers
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Address Register Name Symbol R/IW Initial Value Ad%ll'gzzing
7/6/5(4|3|2({1|0
00B8H Asynchronous Serial Mode Register ASIMR R/wW |0|0|0|0|-|0|0|- byte, bit
00B9H Asynchronous Serial Status Register ASISR R -1--1-1-10/0]0 byte
00BAH Baud Rate Generator Control Register BRGCR R/W -10|0(1|0/0(0|0 byte, bit
00BBH Receive Buffer Register RXBR R 0|0(0|0|0|0|0|0 byte
Transmit Shift Register TXSR w 11111111 byte
00COH RO port data register RO R/W 0|0(0|0|0|0|0|0 byte, bit
00C1H RO Direction Register ROIO w 0|0|0|0|0|0|0|0 byte
00C2H R1 port data register R1 R/W (0/0{0|0|0|0|0|0 byte, bit
00C3H R1 Direction Register R110 w 0|0|0|0|0|0|0|0 byte
00C4H R2 port data register R2 R/wW |0/0(0|0|0|0|0|0 byte, bit
00C5H R2 Direction Register R210 w 0|0(0|0(0|0|0|0 byte
00C8H R4 port data register R4 R/W 0|0(0|0|0|0|0|0 byte, bit
00C9H R4 Direction Register R410 w 0|0|0|0|0|0|0|0 byte
00CAH R5 port data register R5 R/W 0|0(0|0(0|0|0|0 byte, bit
00CBH R5 Direction Register R510 w 0|0|0|0|0|0|0|0 byte
00CCH R6 port data register R6 R/W 0|0|0|0|0|0|0|0 byte, bit
00CDH R6 Direction Register R610 w 0|0(0|0(0|0|0|0 byte
00CEH Buzzer Driver Register BUZR w 11111111 byte
00CFH Ram Page Selection Register RPR R/W -1-1{-]-1-10]0|1 byte, bit
00DOH Timer 0 Mode Control Register TMO R/W -|-10|0|0|0|0|0 byte, bit
Timer O Register TO R 0|0(0|0|0|0|0|0 byte
00D1H Timer O Data Register TDRO w 11111111 byte
Timer 0 Capture Data Register CDRO R o|0(0|0(0|0|0|0 byte
00D2 Timer 1 Mode Control Register ™1 R/W |0/0(0|0|0|0|0|0 byte, bit
00D3H Timer 1 Data Register TDRA1 W 11111111 byte
Timer 1 Register T R 0|0(0|0(0|0|0|0 byte
00D4H Timer 1 PWM Duty Register T1PDR R/W T 111111 byte
Timer 1 Capture Data Register CDR1 R 0|0|0|0|0|0|0|0 byte
00D5H Timer 1 PWM High Register T1PWHR R/W -|--1-10/0/0|0 byte
00D6H Timer 2 Mode Control Register TM2 R/W -1-/0|0|0|0|0|0 byte, bit
Timer 2 Register T2 R 0|0(0|0|0|0|0|0 byte
00D7H Timer 2 Data Register TDR2 w 1111|1111 byte
Timer 2 Capture data Register CDR2 R 0|0(0|0|0|0|0|0 byte
00D8H Timer 3 Mode Control Register TM3 R/wW |0/0(0|0|0|0|0|0 byte, bit
00DSH Timer 3 Data Register TDR3 w 11111111 byte
Timer 3 PWM Period Register T3PPR w 1111|1111 byte

Table 8-1 Control Registers
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Address Register Name Symbol R/IW Initial Value Ad%’gzzing
7/6/5(4|3|2({1|0
Timer 3 Register T3 R 0|0|0|0|0|0|0|0 byte
00DAH Timer 3 PWM Duty Register T3PDR R/W |0|0|0[0|0|0|0|0 byte, bit
Timer 3 Capture Data Register CDR3 R 0|0(0|0|0|0|0|0 byte
00DBH Timer 3 PWM High Register T3PWHR w -/-1-1-10/0|0|0 byte
00E2H 10bit A/D Converter Mode Control Register ADCM3 R/W ]0/0(0|0|0|0(0}1 byte, bit
00E3H 10bit A/D Converter Result Register Low ADCRL R Undefined byte
00E4H 10bit A/D Converter Result Register High ADCRH W, R 0|1(0]-[-|-[X|X byte, bit
00E5H BOD Control Register BODR R/W |0|0|0|0|0|0O|0O|O byte, bit
00EGH Basic Interval Timer Register BITR R Undefined byte
Clock Control Register CKCTLR w -|-([0{1(0|1|1]1 byte
00E7H System Clock Mode Register SCMR R/W -1-1-]-1-10]0|0 byte
Watch Dog Timer Register WDTR w O|1(1|1(1{1[1]1 byte
00E8H Watch Dog Timer Data Register WDTDR R Undefined byte
Watch Timer Register WTR w O|1|1|1{1{1|11 byte
00E9H Stop & Sleep Mode Control Register SSCR w 0|0|0|0|0|0|0|0 byte
00EAH Watch Timer Mode Register WTMR R/W |0|0|-|-/0/0]0]0 byte, bit
00F4H Interrupt Generation Flag Register High INTFH R/W -1-1-10(0]0]-]- byte, bit
00F5H Interrupt Generation Flag Register Low INTFL R/W |0/0(-|-|0|0|0|0 byte, bit
00F6H Interrupt Enable Register High IENH R/W -10]0|0(0|0|-|- byte, bit
00F7H Interrupt Enable Register Middle IENM R/W [0/0(0|0|-|-|-]0 byte, bit
00F8H Interrupt Enable Register Low IENL R/wW |0/|0|0[0|0|0|-|- byte, bit
00F9H Interrupt Request Register High IRQH R/W -10/0/0(0|0|-|- byte, bit
00FAH Interrupt Request Register Middle IRQM R/W |0/0(0|0|-|-|-]0 byte, bit
00FBH Interrupt Request Register Low IRQL R/W |0|0|0|0|0|O|-|- byte, bit
00FCH Interrupt Edge Selection Register IEDS R/W (0/0{0|0|0|0[0]|0 byte, bit

Table 8-1 Control Registers

1. “byte”, “bit” means that register can be addressed by not only bit but byte manipulation instruction.
2. “byte” means that register can be addressed by only byte manipulation instruction. On the other hand, do not use any read-modify-write

instruction such as bit manipulation.
3. bit 0 of ADCM is read only.

December 3, 2012 Ver 1.03
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8.4 Addressing Mode

The MC81F8816/8616 use six addressing modes

* Register addressing

* Immediate addressing

* Direct page addressing

* Absolute addressing

¢ Indexed

addressing

* Register-indirect addressing

(1) Register Addressing

Register addressing accesses the A, X, Y, C and PSW.

(2) Immediate Addressing — #imm

In this mode, second byte (operand) is accessed as a data

immediately.
Example:
0435 ADC #3354
MEMORY
/_\_/
04
35
/_\_/

When G-flag is 1, then RAM address is defined by 16-bit
address which is composed of 8-bit RAM paging register

} A+354+C - A

(RPR) and 8-bit immediate data.
Example: G=1, RPR=01y

E45535 LDM 35y, #55u
/\_/
01354 data data < 554
0F100H E4
OF101H 55
0F102H 35
/_\_’,

42

(3) Direct Page Addressing — dp

In this mode, a address is specified within direct page.

Example; G=0
C535 LDA 35y ;A «RAM[35g4]
/\_/
35H data @
0 data > A
0E550H C5
0E551H 35
/_\_/_

(4) Absolute Addressing — !abs

Absolute addressing sets corresponding memory data to
Data, i.e. second byte (Operand I) of command becomes
lower level address and third byte (Operand II) becomes
upper level address.

With 3 bytes command, it is possible to access to whole
memory area.

ADC, AND, CMP, CMPX, CMPY, EOR, LDA, LDX,
LDY, OR, SBC, STA, STX, STY

Example;
0735F0 ADC '0F035y ;A <ROM[OF035y]
- T
OF035H data
(2
e
0 A+data+C —» A
OF 1004 07
OF101H 35 address: OF035
OF1024 FO
_
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The operation within data memory (RAM)
ASL, BIT, DEC, INC, LSR, ROL, ROR

Example; Addressing accesses the address 0135y regard-
less of G-flag and RPR.

X indexed direct page, auto increment— {X}+

In this mode, a address is specified within direct page by
the X register and the content of X is increased by 1.

LDA, STA
Example; G=0, X=35

981501 INC 10115y ;A «<ROM[115y4]
/\_/
1154 data =
N ©
data+1 — data
OF100H 98 o
OF101H 15 address: 0115
0F1024 01
/\_/

(5) Indexed Addressing

X indexed direct page (no offset) —» {X}

In this mode, a address is specified by the X register.
ADC, AND, CMP, EOR, LDA, OR, SBC, STA, XMA
Example; X=15y, G=1, RPR=01y

D4 LDA {X} ; ACC«—RAM[X] .
/_\/
1154 data ‘\‘9
A data > A
O0E550H D4
/X’,

December 3, 2012 Ver 1.03

DB LDA  {X}+
/_\_/
35H data —\?
data > A
© 36H-x
DB
/_\_/

X indexed direct page (8 bit offset) - dp+X

This address value is the second byte (Operand) of com-
mand plus the data of X-register. And it assigns the mem-
ory in Direct page.

ADC, AND, CMP, EOR, LDA, LDY, OR, SBC, STA
STY, XMA, ASL, DEC, INC, LSR, ROL, ROR

Example; G=0, X=0F5yg

Ce645 LDA 454+X
/_\’
3AH data N
9 data > A
0E550H C6 0
0E551H 45
451+0F5H=13AH
/_\/
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Y indexed direct page (8 bit offset) —» dp+Y

This address value is the second byte (Operand) of com-
mand plus the data of Y-register, which assigns Memory in
Direct page.

This is same with above. Use Y register instead of X.

Y indexed absolute — !abs+Y

Sets the value of 16-bit absolute address plus Y-register
data as Memory. This addressing mode can specify mem-
ory in whole area.

Example; Y=554

D500FA LDA '0FAQOOgt+Y
/\/
OF100H D5 0
OF101H 00 \
0F102H FA OFAQ0H+55H=0FA55H
OFA55H data data — A
/\/

(6) Indirect Addressing

Direct page indirect — [dp]

Assigns data address to use for accomplishing command
which sets memory data (or pair memory) by Operand.
Also index can be used with Index register X,Y.

JMP, CALL
Example; G=0

44

3F35 JMP [354]
/_\/
35H 0A
36H E3
| g jump to address OE30AH
OE30AH NEXT J
OFAQ0O0H 3F J
35
/_\_/

X indexed indirect — [dp+X]

Processes memory data as Data, assigned by 16-bit pair
memory which is determined by pair data
[dp+X+1][dp+X] Operand plus X-register data in Direct
page.

ADC, AND, CMP, EOR, LDA, OR, SBC, STA

Example; G=0, X=10q

1625 ADC  [25g+X]
/_\_,
35 05
361 EO
1 @ oEo05
0005, data J @ 25+ X(10) = 354
OFA00H 16
25
© ~+data+CA
/_\_,
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Y indexed indirect — [dp]+Y Absolute indirect — [labs]
Processes memory data as Data, assigned by the data The program jumps to address specified by 16-bit absolute
[dp+1][dp] of 16-bit pair memory paired by Operand in Di- address.
rect page plus Y-register data. IMP
ADC, AND, CMP, EOR, LDA, OR, SBC, STA B
Example; G=0

Example; G=0, Y=10g 1F25E0 JMP  [!0E0254]

1725 ADC [254]+Y
PROGRAM MEMORY
/\_/ /_\_/
254 05 - —» 0E025H 25
2644 EO 0E026H E7
E0054 + Y(10) = OEO1 jump to
j OEQ05 + Y(10) = 0E015H 7 j address 0E725
0E015H data 1) © (0E7254 NEXT
OFAOOH 17 \ OFAOOH 1F
25 S [ 25
© A+data+C oA L 0
/d\,,
/_\_/
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9.1/0 PORTS

The MC81F8816/8616 have seven 1/O ports, LCD seg-
ment ports (RO, R1, R2, R4, R50/SEG00 ~ R77/SEG23,
SEG24 ~ SEG35) and LCD common ports (SEG39/COM4
~SEG36/COM7, COM0~COM3).

These ports pins may be multiplexed with an alternate

9.1 Registers for Ports

Port Data Registers

The Port Data Registers are represented as a D-Type flip-
flop, which will clock in a value from the internal bus in re-
sponse to a “write to data register” signal from the CPU.
The Q output of the flip-flop is placed on the internal bus
in response to a “read data register” signal from the CPU.
The level of the port pin itself is placed on the internal bus
in response to “read data register” signal from the CPU.
Some instructions that read a port activating the “read reg-
ister” signal, and others activating the “read pin” signal.

Port Direction Registers

All pins have data direction registers which can define
these ports as output or input. A “1” in the port direction
register configure the corresponding port pin as output.
Conversely, write “0” to the corresponding bit to specify it
as input pin. For example, to use the even numbered bit of
RO as output ports and the odd numbered bits as input
ports, write “55” to address 0C1y (RO port direction reg-
ister) during initial setting as shown in Figure 9-1.

All the port direction registers in the MC81F8816/8616
have 0 written to them by reset function. Therefore, its in-
itial status is input.

WRITE “554” TO PORT R0 DIRECTION REGISTER
/_\/

0COH RO DATA I|0|1|0|1|0|1|0|1| BIT
0C14 | RO DIRECTION 765 4l3 2 10

[r]o]1]o] 1 ]o]1]o] PorT
76543210

0CCH R6 DATA

0CDy | R7 DIRECTION

|- INPUT PORT
O : OUTPUT PORT

L

Figure 9-1 Example of port I/O assignment

Pull-up Control Registers

The RO, R1, R2 and R4 ports have internal pull-up resis-
tors. Figure 9-2 shows a functional diagram of a typical

46

function for the peripheral features on the device.

Note: SEG28 ~ SEG35 are not not supported in
MC81F8616Q(64pin).

pull-up port. It is connected or disconnected by Pull-up
Control register (RnPU). The value of that resistor is typi-
cally 100kQ. Refer to DC characteristics for more details.

When a port is used as key input, input logic is firmly ei-
ther low or high, therefore external pull-down or pull-up
resisters are required practically. The MC81F8816/8616
have internal pull-up, it can be logic high by pull-up that
can be able to configure either connect or disconnect indi-
vidually by pull-up control registers RnPU.

When ports are configured as inputs and pull-up resistor is
selected by software, they are pulled to high.

VDD

% PULL-UP RESISTOR

|
e

[] PorTPIN

Pull-up control bit
0: Disconnect
1: Connect

Figure 9-2 Pull-up Port Structure

Open drain port Registers

The RO, R1, R2 and R4 ports have open drain port resistors
ROOD~R40D.

Figure 9-3 shows an open drain port configuration by con-
trol register. It is selected as either push-pull port or open-
drain port by ROOD, R10D, R20D and R40D.

[] porTPIN

—

Open drain port selection bit
GND 0: Push-pull

1: Open drain

Figure 9-3 Open-drain Port Structure
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9.2 1/0 Ports Configuration

RO Port

RO is a 8-bit CMOS bidirectional I/O port (address 0COp).
Each I/O pin can independently used as an input or an out-
put through the ROIO register (address 0C1y).

RO has internal pull-ups that is independently connected or
disconnected by ROPU. The control registers for RO are
shown below.

In addition, Port RO is multiplexed with various special
features. The control register PSRO (address 0AAp) con-
trols the selection of alternate function. After reset, this
value is “0”, port may be used as normal I/O port.

To use alternate function such as External Interrupt rather
than normal I/O, write “1” in the corresponding bit of
PSRO.

ADDRESS : 0COH
RESET VALUE : 00000000

RO | RO7 i RO6 | RO5 i RO4 | RO3 | R02 | RO1 | ROO |

RO Data Register

ADDRESS : 0C1y

RO Direction Register RESET VALUE : 000000008

ScT I R T R R
Port Direction
0: Input
1: Output
RO Pull-up

ADDRESS :0A54

Selection Register RESET VALUE : 00000000g

ROPU |

Pull-up select
0: Without pull-up
1: With pull-up
RO Open Drain
: P ADDRESS :0A0H
Selection Register RESET VALUE : 000000005

ROOD | i ; H
Open Drain select
0: No Open Drain
1: Open Drain
Port

ADDRESS :0AAH
RESET VALUE : 0000--00g

PSRO [ INT1 | INTO{ EC1 i BUZO! B
INTO (External Interrupt 0)

0: RO5 Port
1: INTO input Port

Selection Register 0

INT1 (External Interrupt 1)
0: RO6 Port
1: INT1 input Port

EC1I (Timer2 Event Input) BUZO (Buzzer Output)
0: RO5 Port 0: R04 Port
1: EC1 input Port 1: BUZO

ECOI (Timer0 Event Input)
0: RO1 Port
1: ECO input Port

PWMOO (PWMO Output)
0: ROO Port
1: PWMO/TOO

December 3, 2012 Ver 1.03

Port pin Alternate function

R0OO PWMO/TOO

(Timer1 PWM Output / Timer0 Output)
RO1 ECO (Timer 0 Event Count Input)

R04 BUZO (Buzzer Output)

R05 EC1/INTO

(Timer2 Event Count Input/External Inter-
rupt O Request Input)

R06 INT1 (External Interrupt 1 Request Input)
RO7 INT2 (External Interrupt 2 Request Input)

Note: R0OIO, ROPU, POOD and PSRO are write-only regis-
ters. They can not be read and can not be accessed by bit
manipulation instruction. Do not use read or read-modify-
write instruction. Use byte manipulation instruction.

R1 Ports

R1 is an 8-bit CMOS bidirectional I/O port (address
0C2p). Each I/0 pin can independently used as an input or
an output through the R110 register (address 0C3p).

R1 has internal pull-up that is independently connected or
disconnected by register RIPU. The control registers for
R1 are shown below.

In addition, Port R1 is multiplexed with various special
features. The control register PSR1 (address 0ABy) con-
trols the selection of alternate function. After reset, this
value is “0”, port may be used as normal I/O port.

To use alternate function such as External Interrupt rather
than normal I/O, write “1” in the corresponding bit of
PSRI.

Note: R110, R1PU, P10D and PSR1 are write-only regis-
ters. They can not be read and can not be accessed by bit
manipulation instruction. Do not use read or read-modify-
write instruction. Use byte manipulation instruction.
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ADDRESS : 0C24

R1 Data Register RESET VALUE : 000000005

R1 | R17iR16{ R15i R14 | R13{ R12 | R11 { R10 |

ADDRESS : 0C3H

R1 Direction Register RESET VALUE : 00000000g

SN I
Port Direction
0: Input
1: Output

R1 Pull-up ADDRESS : 0A6H

Selection Register

RESET VALUE : 00000000g
RIPU | A ' '

Pull-up select

0: Without pull-up

1: With pull-up
R1 Open Drain

; k ADDRESS :0A1
Selection Register H

RESET VALUE : 000000008

R1OD |

Open Drain select

0: No Open Drain

1: Open Drain
Port

ADDRESS :0ABH

Selection Register 1 RESET VALUE : ~--000g

PSR1 | - i - i - i - i - [INT3{INT2PWM{

INT3 (External Interrupt 3)
0: R41 Port
1: INT3 input Port

INT2 (External Interrupt 2)
0: RO7 Port
1: INT2 input Port

PWM10 (PWM1 Output)
0: R10 Port
1: PWM10/T20

R2 Ports

R2 is a 8/5-bit CMOS bidirectional I/O port (address
0C4p). Each I/O pin can independently used as an input or
an output through the R210 register (address 0C5y).

R2 has internal pull-ups that are independently connected
or disconnected by R2PU (address 0A7y). The control reg-
isters for R2 are shown as below.

Note: R2/0, R2PU and P20D are write-only registers.
They can not be read and can not be accessed by bit ma-
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nipulation instruction. Do not use read or read-modify-write
instruction. Use byte manipulation instruction.

Note: The R25 and R27 are not supported in the
MC81F8616Q.

ADDRESS: 0C4y

R2 Data Register RESET VALUE: 00000000

R2 [ R27{ R26{R25 i R24 {R23 {R22 {R21 | R20 |

ADDRESS : 0C5y

R2 Direction Register RESET VALUE : 000000005

2
Port Direction
0: Input
1: Output
R2 Pull-up

ADDRESS : 0A7H
RESET VALUE : 00000000

Selection Register
RPU|

Pull-up select
0: Without pull-up
1: With pull-up

R2 Open Drain

€ ) ADDRESS : 0A2y4
Selection Register

RESET VALUE : 000000008

R20D |
Open Drain select
0: No Open Drain
1: Open Drain
A/D Converter

ADDRESS : 0E2H
RESET VALUE : 000000018

ADCM |ADENADCK; ADS3 ADS2 ADS1i ADS0; ADST; ADF

Mode Register

Analog input of A/D
converter is selected
by ADS0~ADS2

R4 Port

R4 is a 8-bit CMOS bidirectional I/0 port (address 0C8p).
Each I/O pin can independently used as an input or an out-
put through the R410 register (address 0C9yy).

R4 has internal pull-ups that is independently connected or
disconnected by R4PU. The control registers for R4 are
shown below.
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ADDRESS : 0C8y
RESET VALUE : -0000000g

R4 | R47 i R46 | R45{ R44 | R43 | R42 | R4T | R4O|

R4 Data Register

ADDRESS : 0C94
RESET VALUE : -0000000g

R4 Direction Register

R410 | |
Port Direction
0: Input
1: Output

R4 Pull-up

ADDRESS :0A9%4
RESET VALUE : 00000000

Selection Register
RePU [ 0

. Pull—ﬁp selebt

0: Without pull-up
. 1: With pull-up
R4 Open Drain
Selection Register ADDRESS :0Ady

RESET VALUE : -0000000g

ROOD | : : :
Open Drain select
0: No Open Drain
1: Open Drain
Port

ADDRESS :0ABy

Selection Register 1 RESET VALUE : 000g

PSRT [ - ¢ - & - i - i - [INT3i INT2PWM{

INT3 (External Interrupt 3)
0: R41 Port
1: INT3 input Port

INT2 (External Interrupt 2)
0: RO7 Port
1: INT2 input Port

PWM10 (PWM1 Output)
0: R10 Port

1: PWM10/T20

. ADDRESS :0B2
LCD Control Register H

RESET VALUE : 000000008

LcR  |sckDi 1 ILCDEN 0 | 1 iLCDDGLCK1 iLCKD

SCKD (Sub Clock Disable)
0: Sub Clock Oscillation Enable (SXIN/SXOUT)
1: Sub Clock Oscillation Disable(R43/R44)

In addition, Port R4 is multiplexed with oscillation input/
output, reset and interrupt input pins. The control register
PSR1 (address 0ABy) controls the selection of alternate
function. After reset, this value is “0”, port may be used as
normal I/O port. To use alternate function such as External
Interrupt rather than normal I/O, write “1” in the corre-
sponding bit of PSR1.

Main oscillation input/output and reset pin can be used as
normal I/O ports (R46/R45) and normal input port(R47) by
selecting configuration options in flash writing. Sub oscil-
lation input/output pin can be used as normal I/O ports by

December 3, 2012 Ver 1.03

writing “1” to the SCKD bit of the LCR register

Port pin Alternate function
R40 -
R41 INT3 (External Interrupt 3 Request input)
R42 -
R43 SXIN
R44 SXout
R45 XIN
R46 Xout
R47 RESET

Note: R410, R4PU, P40OD and PSR1 are write-only regis-
ters. They can not be read and can not be accessed by bit
manipulation instruction. Do not use read or read-modify-
write instruction. Use byte manipulation instruction.

R5 Ports

R5 is an 8-bit CMOS bidirectional I/O port (address
0CAp). Each I/O pin can independently used as an input or
an output through the R5IO register (address 0CBp).

R5 is multiplexed with LCD segment output(SEGO ~
SEG7), which can be selected by writing appropriate value
into the RSPSR(address 0ACy).

ADDRESS: 0CAH

R5 Data Register RESET VALUE: 00000000

R5 | R57 i RS56{ R55i R54 | R53 i R52 | R51 | RS0 |

ADDRESS : 0CBy

R5 Direction Register RESET VALUE : 000000005

o [ T T T
Port Direction
0: Input
1: Output
R5/LCD Port

ADDRESS : 0ACH

Selection Register RESET VALUE : 11111111p

R5PSR | REPS7| REPS6; REPS5: R5PS4| R5PS3} RE5PS2 | R5PS1;R5PS0)

0: Seg Selection(seg7~seg0)
1: Port Selection

Note: R5I0 is write-only register. It can not be read and
can not be accessed by bit manipulation instruction. Do not
use read or read-modify-write instruction. Use byte manip-
ulation instruction.

R6 Ports

R6 is an 8-bit CMOS bidirectional I/O port (address
0CCp). Each I/O pin can independently used as an input or
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an output through the R610 register (address 0CDpg).

R6 is multiplexed with LCD segment output(SEG8 ~
SEG15), which can be selected by writing appropriate val-
ue into the R6PSR(address 0ADp).

ADDRESS: 0CCH

R6 Data Register RESET VALUE: 00000000

R6 | R67 | R66 | R65 | R64 | R63 | R62 i R61 | R60

ADDRESS : 0CDH
RESET VALUE : 000000008

R6 Direction Register

RO |
Port Direction
0: Input
1: Output
R6/LCD Port ADDRESS : 0ADy

Selection Register RESET VALUE : 11111111g

RBPSR  [R6PS7iR6PS6 |R6PSS |R6PS4 {RGPS3 {R6PS2 {R6PS1 IRGPSO

0: Seg Selection(seg15~seg8)
1: Port Selection

Note: R6I0 is write-only register. It can not be read and
can not be accessed by bit manipulation instruction. Do not
use read or read-modify-write instruction. Use byte manip-
ulation instruction.

R7 Ports

R7 is a 8-bit CMOS bidirectional I/O port (address 0BOp).
Each I/O pin can independently used as an input or an out-
put through the R7IO register (address 0B4p).

R7 is multiplexed with LCD segment output(SEG16 ~
SEG23), which can be selected by writing appropriate val-
ue into the R7PSR(address 0AEp).

50

ADDRESS: 0BOH

R7 Data Register RESET VALUE: 00000000g

R7 | R77{ R76 R75! R74 {R73 {R72 | R71 i R70

ADDRESS : 0B4H

R7 Direction Register RESET VALUE : 00000000

R710 |

Port Direction

0: Input

1: Output
R7/LCD Port
Selection Register

ADDRESS : 0AEH
RESET VALUE : 11111111

R7PSR | R7PS7 R7PSG R7PSS R7PS4 IR7PS3 R7PS2 |R7PS1 IRTPSO

0: Seg Selection(seg16~seg23)
1: Port Selection

Note: R7I0 is write-only register. It can not be read and
can not be accessed by bit manipulation instruction. Do not
use read or read-modify-write instruction. Use byte manip-
ulation instruction.

SEG0~SEG35

Segment signal output pins for the LCD display. See "18.
LCD DRIVER" on page 88 for details.

SEG24 ~ SEG31 is multiplexed with normal I/O port(EVA
chip), which can be selected by writing appropriate value
into the R§PSR(address 0AFy).

COMo~Ccom7

Common signal output pins for the LCD display. See "18.
LCD DRIVER" on page 88 for details.

SEG36~SEG39 and COM7~COM4 are selected by LCDD
of the LCR register.
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10. CLOCK GENERATOR

As shown in Figure 10-1, the clock generator produces the
basic clock pulses which provide the system clock to be
supplied to the CPU and the peripheral hardware. It con-
tains two oscillators which are main-frequency clock oscil-
lator and a sub-frequency clock oscillator.The system
clock can also be obtained from the external oscillator.
By setting configuration option, the internal SMHz, 4MHz
can also be selected for system clock source.

The clock generator produces the system clocks forming
clock pulse, which are supplied to the CPU and the periph-
eral hardware.

The internal system clock should be selected to main oscil-
lation by setting bitl and bit0 of the system clock mode
register (SCMR). The registers are shown in Figure 10-2.

To the peripheral block, the clock among the not-divided
original clocks, divided by 2, 4...., up to 4096 can be pro-
vided. Peripheral clock is enabled or disabled by STOP in-
struction. The peripheral clock is controlled by clock
control register (CKCTLR). See "11. BASIC INTERVAL
TIMER" on page 53 for details.

FXTS
(XPLLCR[1]) SCMR
(CS[1:0])
sub_clk
>0
SXiN_}— osc_s2« PLL 1 72
XT_EN T XPLLET Internal System Clock
(LCR[7]) (XPLLCR([0])
CONFIG[1:0]
(configuration option) 1
Internal
8MHz
0
Internal 1 X2EN
4MHz (CONFIG[2])
osc
X [1— cireurr
PRESCALER
PSO lPs1 lpsz lpsa lPS4 lpss lpsa lps7 lpss lpsg lpsm lPSﬂ lpsm
+1 +2 +4 +8 +16  +32 =64 128 256 +512 +1024 =+2048 +4096
Peripheral clock
fmain(Hz) PSO PS1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9 PS10 PS11 PS12
™ Frequency | 4M 2M 1M 500K | 250K | 125K | 62.5K | 31.25K | 15.63K | 7.183K | 3.906K | 1.953K| 976
period 250n 500n 1u 2u 4u 8u 16u 32u 64u 128u 256u 512u | 1.024m

Figure 10-1 Block Diagram of Clock Generator

December 3, 2012 Ver 1.03
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The SCMR should be set to operate by main oscillation. “001” to select main oscillation.
Bit2, bitl and bit0 of the SCMR should be set to “000” or

SCMR (System Clock Mode Register)

MSB LSB
RIW _RIW RW ADDRESS: 0E7
: H : : : : H . H
|+ 1 @ i imccicsticso| INITIAL VALUE: —-000g

CS[1:0] (CPU clock selection)
00: main clock

01: main clock

10: sub clock(fsub)

11: Setting prohibited

MCC (Main Clock Oscillation Control)
0: main clock oscillation possible
1: main clock oscillation stopped

Figure 10-2 SCMR System Clock Mode Register
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11. BASIC INTERVAL TIMER

The MC81F8816/8616 have one 8-bit Basic Interval Timer
that is free-run and can not stop. Block diagram is shown
in Figure 11-1.

The Basic Interval Timer Register (BITR) is increased ev-
ery internal count pulse which is divided by prescaler.
Since prescaler has division ratio from 8 to 1024, the count
rate is 1/8 to 1/1024 of the oscillator frequency. After reset,
the BCK bits are all set, so the longest oscillation stabiliza-
tion time is obtained.

It also provides a Basic interval timer interrupt (BITF).
The count overflow of BITR from FFg to 00y causes the

interrupt to be generated. The Basic Interval Timer is con-
trolled by the clock control register (CKCTLR) shown in
Figure 11-2.

Source clock can be selected by lower 3 bits of CKCTLR.
When write “1” to bit BCL of CKCTLR, BITR register is
cleared to “0” and restart to count up. The bit BCL be-
comes “0” automatically after one machine cycle by hard-
ware.

BITR and CKCTLR are located at same address, and ad-
dress OE6y is read as a BITR, and written to CKCTLR.

fsus

fuan+2® ———
fwan+24 —— 8obi
frAIN-25 -bit up-counter
N overflow |—|
fmaIN+2 —_— BITR IBITIFI Basic Interval Timer Interrupt
fmain+27 —_—
f 08 » source
MAIN clock [0E6H]
fmaiN+2° >
fyans210 —— SELSUB clear
Select Input clock | 3
BCK<2:0> -
fmain: main-clock frequency BCL
fsus: sub-clock frequency [0E6H] | CKCTLR
Basic Interval Timer
clock control register
{ Internal bus line N

Figure 11-1 Block Diagram of Basic Interval Timer

Source clock Interrupt (overflow) Period
BCK<2:0>
SCMR[1:0] = 00 or 01 At fuain = 4MHz
000 fman+23 0.512 ms
001 fman+24 1.024
010 fmain+=25 2.048
011 fmain=28 4.096
100 fman+27 8.192
101 fman+28 16.384
110 fimain=2° 32.768
111 fmain+210 65.536

Table 11-1 Basic Interval Timer Interrupt Time

December 3, 2012 Ver 1.03
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wWow W W W W W
r 6 5 4 3 2 1 0 ADDRESS: 0E6
CKCTLR - | ADRSTisESUBIWDTON; BCL {BCK2{BCK1:BCKO0 A

INITIAL VALUE: -0010111g

SUB Clock Selection
0 : Deselect Sub Clock
1 : Select Sub Clock

Caution:

Both register are in same address,
when write, to be a CKCTLR,
when read, to be a BITR.

Address Trap Reset Selection
0 : Enable Adress Fail Reset—
1 : Disable Adress Fail Reset

Watch Dog Timer Enable
0 : Operates as a 7-bit Timer
1 : Enable Watchdog Timer

R

Basic Interval Timer source clock select
000: fpmain+23
001: fyain=24
010: fMAIN+25
011: fmain=28
100: fMAIN+27
101: fyain+28
110: fMAIN+29
111: fyan+210

fmain: main-clock frequency

Clear bit

0: Normal operation (free-run)

1: Clear 8-bit counter (BITR) to "0". This bit becomes 0 automatically
after one machine cycle.

N\
AN
\
A R R R R R R R

6 5 4 3 2 1 0

* ADDRESS: 0E6H

BITR i ; ; : INITIAL VALUE: 00y

8-BIT BINARY COUNTER
Figure 11-2 BITR: Basic Interval Timer Mode Register
Example 1:

Interrupt request flag is generated every 8.192ms at 4MHz.

LDM
SET1
EI

BITE

54

CKCTLR, #0CH
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12. TIMER / COUNTER

Timer/Event Counter consists of prescaler, multiplexer, 8-
bit timer data register, 8-bit counter register, mode register,
input capture register and Comparator as shown in Figure
12-4. And the PWM high register for PWM is consisted
separately.

The timer/counter has seven operating modes.
- 8 Bit Timer/Counter Mode

- 8 Bit Capture Mode

- 8 Bit Compare Output Mode

- 16 Bit Timer/Counter Mode

- 16 Bit Capture Mode

- 16 Bit Compare Output Mode

- PWM Mode

In the “timer” function, the register is increased every in-
ternal clock input. Thus, one can think of it as counting in-
ternal clock input. Since a least clock consists of 2 and

Example 1:

Timer 0 = 8-bit timer mode, 8ms interval at 4MHz
Timer 1 = 8-bit timer mode, 4ms interval at 4MHz

LDM  SCMR, #0
LDM  TDRO, #249
LDM  TMO, #0001 0011B
LDM TDR1, #124

LDM  TM1,#0000 1111B

;Main clock mode

SET1 TOE

SET1 TI1E

ET
Example 2:

Timer(0 = 16-bit timer mode, 0.5s at 4MHz

LDM SCMR, #0
LDM TDRO, #23H
LDM TDR1, #0F4H
LDM TMO, #0FH
LDM TM1, #4CH

;Main clock mode
;Fvarn/32, 8us

SET1 TOE
EI
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most clock consists of 2048 oscillator periods, the count
rate is 1/2 to 1/2048 of the oscillator frequency in TimerO.
And Timerl can use the same clock source too. In addition,
Timerl has more fast clock source (1/1 to 1/8).

In the “counter” function, the register is increased in re-
sponse to a 0-to-1 (rising edge) transition at its correspond-
ing external input pin ECO (Timer 0).

In addition the “capture” function, the register is increased
in response external or internal clock interrupt same with
timer/counter function. When external interrupt edge in-
put, the count register is captured into capture data register
TMx.

Timer3 is shared with “PWM?” function and Timer2 is
shared with “Compare output” function.

Example 3:
Timer0 = 8-bit event counter
Timer2 = 8-bit capture mode, 2us sampling count.

LDM TDRO, #0FFH ;don’t care
L.DM T™MO, #1FH ;event counter
LDM ROIO,#lXXXiXX1XB ;R07, RO1l input

LDM IEDS, #XXXX_01XXB
LDM  PSRO, #1XXX XX1XB
LDM TDR2, #0FFH

LDM ™2, #0010 _1011B ;2us

; FALLING
; INT1,ECO

SET1 TOE ;ENABLE TIMER O
SET1 T2E ;ENABLE TIMER 1
SET1 INT1E ;ENABLE INT1
EI

X: don't care.

Example 4:

Timer0 = 16-bit capture mode, 8us sampling count. at 4MHz

LDM TDRO, #0FFH
LDM TDR1, #0FFH
LDM TMO, #2FH
LDM TM1, #5FH

LDM  IEDS, #XXXX XX01B
ILDM  PSRO, #X1XX_ XXXXB

SET1 TOE
SET1 INTOE
EI

X: don't care.

;AS INTO

;ENABLE TIMER O
;ENABLE EXT. INTO
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TMO, TM2 (Timer0, 2 Mode Control Register)

RW RW RW RW RW RW
Bit: 7 6 5 4 2 1
. . : . . ADDRESS: 0D0H)
TMO [ - - i CAPO | TOCK2 | TOCKT { TOCKO | TOCN | TOST | \\iTiAL VALUE--000000
RW RW RW RW RW RW
Bit: 7 6 5 4 2 1
. . . . . ADDRESS: 0D6}
™2 [ - - | CAP2 | T2CK2 j T2CK1 { T2CKO | T2CN i T2sT |

INITIAL VALUE:--0000008

CAPO0,CAP2 (Capture Mode Selection Bit)
0: Timer/Counter Mode
1: Capture Mode

TOCN,T2CN (Timer 0,2 Continue Start)
0: Pause Counting
1: Continue Counting

TOST,T2ST (Timer 0,2 Start Control)
0: Stop Counting
1: Clear the counter and Start counting again

TM1, TM3 (Timer1, 3 Mode Control Register)

TOCK][2:0],T2CK[2:0] (Timer 0,2 Input Clock Selection)

TOCK]2:0]
000: fmaIN=2
001: fmaN+22
010: fMAIN+23
011: fmain=25
100: fMAIN+27
101: fMAIN+2g
110: f|\/|A|N+21)I

111: External Event clock ECO

T2CK|2:0]

000: fmaiN=2

001: fmainN+22

010: fMAIN+24

011: fmain+28

100: fMA|N+28

101: fyain+210

110: fMA|N+212

111: External Event clock EC1

fmaIin: main-clock frequency

RW RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1
™1 . : : : : : ADDRESS: 0D2H
| PoL | 16BIT {PWMOE! CAP1 | T1CK1{ T1CKO | TACN | T1ST | |\iriaL VALUE:000000008
RW RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1
. . . . . . ADDRESS: 0D8j
™3 | POL | 16BIT { PWM1E} CAP3 | T3CK1| T3CKO | T3CN | T3ST |

INITIAL VALUE:000000008

POL (PWM Output Polarity Selection)
0: Duty Active Low
1: Duty Active High

16BIT (16 Bit Mode Selection)
0: 8-Bit Mode
1: 16-Bit Mode

PWMOE (PWM Enable Bit)
0: PWMO Disable (TOO Enable)
1: PWMO Enable (TOO Disable)

PWM1E (PWM Enable Bit)
0: PWM1 Disable (T20 Enable)
1: PWM1 Enable (T20 Disable)

CAP1 (Timer 1 Capture Mode Selection)

0: Timer/Counter Mode
1: Capture Mode

T1CK[1:0],T3CK[1:0] (Timer 1,3 Input Clock Selection)

T1CK[1:0]

00: fmain

01: fmain+2

10: fMAIN+23

11: TimerO Clock

T3CKI[1:0]

00: fmaIN

01: fmain+2

10: fMA|N+24

11: Timer2 Clock

T1CN,T3CN (Timer 1,3 Continue Start)

0: Stop Counting
1: Start Counting

T1ST,T3ST (Timer 1,3 Start Control)

0: Stop counting

1: Clear the counter and start count again

CAP3 (Timer 3 Capture Mode Selection)
0: Timer/Counter Mode

1: Capture Mode

**The counter will be cleared and restarted only when the TxST bit cleared and set again.
If TxST bit set again when TxST bit is set, the counter can’t be cleared but only start again.

TOCK2 TOCK1 TOCKO 4MHz 8MHz 10MHz
0 0 0 (fMAINT2) 500nS 250nS 200nS
0 0 1 (fMAINT22) 1uS 500nS 400nS
0 1 0 (fmain+23) 2uS 1uS 800nS
0 1 1 (fmaIN+2%) 8uS 4usS 3.2uS
1 0 0 (fman+27) 32uS 16uS 12.8uS
1 0 1 (fmAIN29) 128uS 64uS 51.2uS
1 1 0 (fwan=2'1) 512uS 256uS 204.8uS

Figure 12-1 Timer0,1,2,3 Registers
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TO (Timer0 Register)

R R R R R R R R
Bit : 7 6 5 4 3 2

[ 107 { Tos | Tos | TO4 | TO3 | To2 | TO1 | TOO

ADDRESS: 0D1H
INITIAL VALUE:00H

CDRO (Timer0 Input Capture Register)

R R R R R R R R
Bit : 7 6 5 4 3 2 1

| CDRO7{ CDRO06| CDRO5; CDR04| CDRO03{ CDR02{ CDRO1i CDROO

ADDRESS: 0D1H
INITIAL VALUE:00H
In Timer mode, this register is the value of Timer 0 counter and in Capture mode, this register is the value of input capture.

TDRO (Timer 0 Data Register)

W i i w W i W W
Bit : 7 6 5 4 3 2 1 0

[ TDR07 | TDRo6 | TDRO5 | TDRO4 | TDRO3 | TDR02 | TDRO1 | TDROO

ADDRESS: 0D1H
INITIAL VALUE:FFH

If the counter of Timer 0 and the data of TDRO is equal, interrupt is occurred.

TDR1 (Timer1 Data Register)

W W W w W W w W
Bit : 7 6 5 4 3 2 1 0

[ TOR17 { TDR16 { TDR15 | TDR14 | TDR13 { TDR12 | TDR11 | TDR10

ADDRESS: 0D3H
INITIAL VALUE:FFH

If the counter of Timer 1 and the data of TDR1 is equal, interrupt is occurred.

T1PPR (Timer1 PWM Period Register)

W W W w W W W W
7 6 5 4 3 2 1 0

| PAMOPR7: PWVOPRS; PYVIOPRS | PAVOPRA; PAMOPRS; PAMOPR2; PAMOPR1 | PVMOPRY)

Bit :

ADDRESS: 0D3H
INITIAL VALUE:FFH

The period is decided by PWM.

T1 (Timer1 Register)
R R R R R R R R

Bit : 7 6 5 3 2 0

[ 17 {16 {5 § T4 T3 T2 §T11 | Ti0

ADDRESS: 0D4H
INITIAL VALUE:00H

CDR1 (Timer1 Input Capture Register)

R R R R R R R R
Bit : 7 6 5 4 3 2 1 0

| CDR17 ;| CDR16 { CDR15 | CDR14 | CDR13{ CDR12 i CDR11 { CDR10

ADDRESS: 0D4H
INITIAL VALUE:00H

In Timer mode, this register is the value of Timer 1 counter and in Capture mode, this register is the value of input capture.

T1PDR (Timer1 PWMO Duty Register)

WIR WIR WIR WI/R WI/R WIR W/R WI/R
Bit : 7 6 5 4 3 2 1

|wwvmwwvmwwm PYWMODR4; PAMODRB{PWMODR2 | PAVODR 1 § PAMODRY)

ADDRESS: 0D4H
INITIAL VALUE:00H

In PWM mode, decide the pulse duty.

T1PWHR (Timer1 PWMO High Register)

W W W W w W W w
Bit : 7 6 5 4 3 2 1 0

| S - - - PYAIVOHRE PWVOHRR] PANVOHRT  PANOHRD

ADDRESS: 0D5H
INITIAL VALUE:----00000g

Figure 12-2 Related Registers with Timer/Counter0, 1
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T2 (Timer2 Register)

R R R R R R R R
Bit : 7 6 5 4 3 2 1

[ 127 | T26 | T25 | T24 | T23 | T22 | T21 | T20

ADDRESS: 0D7H
INITIAL VALUE:00H

CDR2 (Timer2 Input Capture Register)

R R R R R R R R

Bit : 7 6 5 4 3 2 1
: : ; ; : ; ; ADDRESS: 0D7h
| core7i cDR26i CDR25: CDR24{ CDR23{ CDR22 | CDR21i CDR20| |\TiAL VALUE-00H

In Timer mode, this register is the value of Timer 2 counter and in Capture mode, this register is the value of input capture.

TDR2 (Timer2 Data Register)

w w w W W w W W
Bit : 7 6 5 4 3 2 1

| TDR27 | TDR26 | TDR25 | TDR24 | TDR23 | TDR22 | TDR21 | TDR20

ADDRESS: 0D7H
INITIAL VALUE:FFy

If the counter of Timer 0 and the data of TDRO is equal, interrupt is occurred.

TDR3 (Timer3 Data Register)

w w w W w w W w
Bit : 7 6 5 4 3 2 1 0

| TDR37 | TDR36 | TDR35 | TDR34 | TDR33 | TDR32 | TDR31 | TDR30

ADDRESS: 0D9H
INITIAL VALUE:FFH

If the counter of Timer 1 and the data of TDR1 is equal, interrupt is occurred.

T3PPR (Timer3 PWM Period Register)

w W w W w W W w
Bit : 7 6 5 4 3 2 1 0

[ PR PAMIPRS: PAVHPRS | PANVHPRA PAMIPRS; PAMIPRR | PAMIPRT§ PANHPRY)

ADDRESS: 0D9H
INITIAL VALUE:FFy

The period is decided by PWM.

T3 (Timer3 Register)
R R R R R R R R
5 4

Bit : 7 6 3 2 1
: : : : : T T ADDRESS: 0DAH
| T37 i T3 i T35 i T34 : T3 | T2 i T31 i T30 INITIAL VALUE:00H

T3PDR (Timer3 PWM Duty Register)

WI/R W/R WIR W/R WI/R WI/R WI/R WIR
Bit : 7 6 5 4 3 2 1

| PVIVHDR7; PAMIDRG {PAIVHDRS | PWIVHDRA; PAMIDRBPWMVHDRZ { PAMIDRY | PWIVI1DRO|

ADDRESS: 0DA{
INITIAL VALUE:00H

In PWM mode, decide the pulse duty.

CDRS3 (Timer3 Input Capture Register)

R R R R R R R R
Bit : 7 6 5 4 3 2 1

| cDR37! CDR36{ CDR35| CDR34{ CDR33{ CDR32| CDR31; CDR30

ADDRESS: 0DAH
INITIAL VALUE:00H

In Timer mode, this register is the value of Timer 2 counter and in Capture mode, this register is the value of input capture.

T3PWHR (Timer3 High Register)

w w w W W W W w
Bit : 7 6 5 4 3 2 1

[ - 1 - - - PYVIHRS PWMIHRR] PAMIHRIIPAMIERO

ADDRESS: 0DBH
INITIAL VALUE:----00000g

Figure 12-3 Related Registers with Timer/Counter2, 3
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16BIT | CAPO - TOCK|2:0] | T1CK[1:0] Timer 0 Timer 1
0 0 - XXX XX 8 Bit Timer 8 Bit Timer
0 0 - 111 XX 8 Bit Event Counter | 8 Bit Timer
0 1 - XXX XX 8 Bit Capture 8 Bit Compare Output
1 0 - XXX 11 16 Bit Timer
1 0 - 111 11 16 Bit Event Counter
1 1 - XXX 11 16 Bit Capture
1 0 - XXX 11 16 Bit Compare Output

Table 12-1 Operating Modes of Timer 0 and Timer 1

12.1 8-Bit Timer/Counter Mode

The MC81F8816/8616 have four 8-bit Timer/Counters,
Timer0, Timerl, Timer2 and Timer3 as shown in Figure
12-4.

isters TMx (x=0,1,2,3) as shown in Figure 12-1 and Table
12-1. To use as an 8-bit timer/counter mode, bit CAPx of
TMx is cleared to “0” and bits 16BIT of TM1(3) should be

The “timer” or “counter” function is selected by mode reg- cleared to “0” (Table 12-1).

0 Bit : 7 . 6 . 5 . 4 . 3 ‘ 2 . 1 . 0 ADDRESS : 00
™ | i CAPO : TOCK2 : TOCK1 : TOCKO ; TOCN : TOST | RESET VALUE : --000000g
0 X X X X X
T ; : : H : ; ADDRESS : 0D2y
™1 | POL i 16BIT {PWMOE: CAP1 : T1CK1 i T1CKO i T1CN i T1ST | RESET VALUE : 00000000g
X 0 0 0 X X X X
X : The value “0” or “1” corresponding your operation.
TOCK[2:0]
Edge Detector T(lsTo - Stop
ECO [ | 1: Clear and Start
D Iil CX‘I CLEAR
MUX o—>  T0 (8-bit)
TMO
=2 ——
22 ToIF ;rblll'\l,'IIIEERRR?UPT
X 0X -
N 03 TOCN COMPARATOR
X +25 TDRO (8-bit) PWMOE PSR0.0
o7 FIF ¢ PWMO/T0O or R0O
5 :
SCMR[1:0] +2° T1CK[1:0] T1STO stop 700 [3 Y
=211 : [
2 ¢ 1: Clear and Start MUX
{ PWMO 1 (ROO/PWMO/TO0O)
CLEAR
1""10 MUX P U I (8-bit)
- 2
+03 T1IF TIMER 1
INTERRUPT

TICN COMPARATOR
TDR1 (8-bit)

Figure 12-4 Block Diagram of Timer/Event Counter0,1
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Bit : 7 6 5 4 3 2 1 0 ADDRESS : 06y
™2 [ - - | CAP2 | T2CK2 | T2CK1 | T2CKO | T2CN | T2ST RESET VALUE : --000000g
0 X X X X X
, : : : : : : ADDRESS : 0D8y
TM3 | POL | 16BIT {PWM1E:{ CAP3 i T3CK1 i T3CKO i T3CN i T3ST | RESET VALUE : 000-0000g
X 0 0 0 X X X X
X : The value “0” or “1” corresponding your operation.
T2CK[2:0]
Edge Detector T2sT
0 : Stop
EC1 Di 1: Clear and Start
-
CLEAR
MUX OX% T2 (8-bit)
™2
-Tzzz T > ,I ToIF | » TIMER 2
X ox + INTERRUPT
N o4 T2CN COMPARATOR
X +26 TDR2 (8-bit)
s pwmie _PSR1.0
2 $ +2 FIF PWM1/T20 or R10
SCMR[1:0] 010 T3CK[1:0] T3ST L
+212 ! 0: Stop 720
1: Clear and Start 0
- . MUX
1
T;N;3 S 0 . T3 (8-bit) LEAR “PwMT| (R10/PWM1/T20)
— 42
oy >_< T3IF TIMER 3
: INTERRUPT
T3CN COMPARATOR
TDR3 (8-bit)

Figure 12-5 Block Diagram of Timer 2,3

These timers have each 8-bit count register and data regis-
ter. The count register is increased by every internal or ex-
ternal clock input. The internal clock has a prescaler divide
ratio option of 2, 4, 8, 32,128, 512, 2048 (selected by con-
trol bits TxCK2, TxCK1 and TxCKO of register TM0(2))
and 1, 2, 8 (selected by control bits TxCK1 and TxCKO of
register TM1(3)).

In the Timer, timer register Tx increases from 00y until it
matches TXDR and then reset to 00g. If the value of Tx is
equal with TxDR, Timer x interrupt is occurred (latched in
TxIF bit). TxDR and TO register are in same address, so
this register is read from TO and written to TDRO.

60

In counter function, the counter is increased every 0-to 1
(rising edge) transition of ECO pin. In order to use counter
function, the bit RO1 of the RO Direction Register (ROIO)
should be set to “0” and the bit ECOE of Port Selection
Register PSRO should set to “1”. The Timer 0 can be used
as a counter by pin ECO input, but other timers can not used
as a event counter.

Note: The contents of TDRO, TDR1, TDR2 and TDR3
must be initialized (by software) with the value be-
tween 14 and OFFy, not Op.
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T0,1,2,3
TDRO,TDR1,TDR2,TDR3

A

0

Timer 0,1,2,3 (TOIF, T1IF, T2IF, T3IF) 4

A

TIME

Interrupt period

=Pcpx (n+1)
4

Interrupt Occur interrupt

Occur interrupt

Occur interrupt

Figure 12-6 Counting Example of Timer Data Registers

7T0,1,2,3 TDRO,TDR1,TDR2,TDR3

clear & start

stop

disable

TIME

Control count

Timer O (TOIF) A . . . A
Interrupt . " "
Occur interrupt ! ! ' Oceur interrupt
T(0~3)ST I !
Start & Stop ' '
T(0~3)ST=0  T(0~3)ST =1 f f
T(0~3)CN

T(O~3)CN=0  T(0~3)CN =1

Figure 12-7 Timer Count Operation

12.2 16 Bit Timer/Counter Mode

The Timer register is running with 16 bits. A 16-bit timer/
counter register TO, T1 are increased from 0000y until it
matches TDRO, TDR1 and then resets to 0000y;. The
match output generates Timer O interrupt not Timer 1 in-
terrupt.

December 3, 2012 Ver 1.03

The clock source of the Timer 0 is selected either internal
or external clock by bit TOCK2, TOCK1 and TOCKO.

In 16-bit mode, the bits TICK1,T1CKO0 and 16BIT of TM1
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should be set to “1” respectively.

Bit : 7 . 6 : 5 : 4 : 3 : 2 : 1 : 0 ADDRESS : 0DOH
T™O | - | - 1 CAPO | TOCK2 i TOCK1 | TOCKO { TOCN | TOST | RESET VALUE : --000000g
0 X X X X X
: T : : : T T ADDRESS : 0D2y
T™1 | POL | 16BIT :PWMOE; CAP1 i T1CK1 | TICKO i TICN | T1ST | RESET VALUE : -0--0000g
X 1 0 0 1 1 X X
X : The value “0” or “1” corresponding your operation.
TOCK[2:0] ToST
0 : Stop
Edge Detector 1: Clear and Start
ECO
O [ ] 1
ﬂ/\ Y w»l T1 (8-bit) TO (8-bit)
CLEAR
TMO
+2 —
=92
Xin [] 2 TOCN TOIF TIMER 0
+23 INTERRUPT
+25 COMPARATOR (ROO/PWMO/T0O)
2 } +27
SCMR[1:0] +29 | TDR1 (8-bit) TDRO (8-bit) |
211 T PWMO0O
PWMOE [PSR0.0]
Figure 12-8 16-bit Timer / Counter Mode 0
Bit : T8 : 5 : 4 ‘ 3 . 2 . 1 : 0 ADDRESS : 0D61
T™2 | - - i CAP2 : T2CK2 : T2CK1 : T2CKO : T2CN : T2ST | RESET VALUE : --000000s
0 X X X X X
; ; T T T T T ADDRESS : 0D8H
™3 | POL | 16BIT {PWM1E{ CAP3 | T3CK1 i T3CKO | T3CN | T3ST | RESET VALUE : 000000005
X 1 0 0 1 1 X X
X : The value “0” or “1” corresponding your operation.
T2CK[2:0] T2sT
0 : Stop
Edge Detector 1: Clear and Start
« 1
— MUX —c)(o——»| T3 (8-bit) T2 (8-bit) CLEAR
+2
+22
Xin ] 204 T2CN TOR)IF TIMER 2
:26 @ INTERRUPT
=08 COMPARATOR (R10/PWM1/T20)
2 2010
SCMR([1:0] : 1 | TDR3 (8-bit) TDR2 (8-bit) |
+2
PWM10
PWMIE [PSR1.0]

Figure 12-9 16-bit Timer / Counter Mode 2
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12.3 8-Bit Capture Mode

The Timer 0 capture mode is set by bit CAPO of timer
mode register TMO (bit CAPx of timer mode register TMx
for Timer 1,2,3) as shown in Figure 12-10.

As mentioned above, not only Timer 0 but Timer 1,2,3 can
also be used as a capture mode.

The Timer/Counter register is increased in response inter-
nal or external input. This counting function is same with
normal timer mode, and Timer interrupt is generated when
timer register TO (T1,2,3) increases and matches TDRO
(TDR1,TDR2,TDR3).

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

For example, in Figure 12-13, the pulse width of captured
signal is wider than the timer data value (FFy) over 2
times. When external interrupt is occurred, the captured
value (13g) is more little than wanted value. It can be ob-
tained correct value by counting the number of timer over-

December 3, 2012 Ver 1.03

flow occurrence.

Timer/Counter still does the above, but with the added fea-
ture that a edge transition at external input INTX pin causes
the current value in the Timer x register (T0,T1,T2,T3), to
be captured into registers CDRx (x=0,1,2,3), respectively.
After captured, Timer x register is cleared and restarts by
hardware.

LRI

It has three transition modes: “falling edge”, “rising edge”,
“both edge” which are selected by interrupt edge selection
register IEDS (Refer to External interrupt section). In ad-
dition, the transition at INTX pin generate an interrupt.

Note: The CDRO, TDRO and TO are in same address. In
the capture mode, reading operation is to read the
CDRO and in timer mode, reading operation is read
the TO. TDRO is only for writing operation.
The CDR1, T1 are in same address, the TDR1 is lo-
cated in different address. In the capture mode,
reading operation is to read the CDR1
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Bit : 7 6 5 4 3 2 1 0 ADDRESS : 0DOy
T™MO | - i - | CAPO | TOCK2 i TOCK1 | TOCKO | TOCN | TOST | RESET VALUE : --000000g
1 X X X X X
: - . - . - - ADDRESS : 0D24
™1 | POL | 16BIT {PWMOE: CAP1 | T1CK1 i TICKO i T1CN | T1ST | RESET VALUE : -0--0000g
X 0 0 1 X X X X
TOCK[2:0] TOST
0 : Stop
Edge Detector 1: Clear and Start
o [
GA?/ : CLEAR
TMO MUX o> | TO (8-bit) -
+2 T
=92 >
s I TOIF TIMER 0
Xin 0X 03 TOCN INTERRUPT
> MPARATOR
o 26 co 0
, $ +27 CAPTURE | CDRO (8-bit) | TDRO (8-bit) |
+29
SCMR[1:0] ot

:}: _ INT 0
INTO [ s 'i INTOIF |4’ INTERRUPT

T1ST

) 0: Stop
IEDS[1:0] 1: Clear and Start

)
L
-1 %w—» T1 (8-bit)

+2 |
e TIMER 1
TIE INTERRUPT
. TICN
T1CK[1:0] ’7 COMPARATOR

CAPTURE | CDR1(8-bit) | TDR1 (8-bit) |

| CLEAR
-~

} _ INT 1
INT1 ] —i INT1IF |4> INTERRUPT

EAN

IEDS[3:2]

Figure 12-10 8-bit Capture Mode (Timer0, Timer1)
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Bit : 7 6 5 4 3 2 1 0 ADDRESS : 0D61
T™M2 [ - - i CAP2 | T2CK2 | T2CK1 | T2CKO | T2CN | T2sT | RESET VALUE : --000000g
1 X X X X X
: . . . , . . ADDRESS : 0D8y
™3 | POL | 16BIT {PWM1E} CAP3 | T3CK1 | T3CKO i T3CN | T3ST |  RESET VALUE :000-00008
X 0 0 1 X X X X
T2CK[2:0] T2ST
0 : Stop
Edge Detector 1: Clear and Start
EC1 [] +
0)1( : CLEAR
G MUX ot—> | T2 (8-bit) <
+2 T
02 B
y T2IF TIMER 2
Xin OX i T2EN : INTERRUPT
9 T COMPARATOR
, )A( +28 CAPTURE | CDR2 (8-bit) | TDR2 (8-bit)
+210
SCMR[1:0] ot
N2 [ =4 =H 'NTZ'F| > ::1T'E2RRUPT
T T3ST
. 0 : Stop
IEDS[5:4] 1: Clear and Start
T™3 v
. L CLEAR
-1 %w—»l T3 (8-bit) |<7
2 A
o TIMER 3
: X T3IF INTERRUPT
. T3CN .
T3CKI[1:0] COMPARATOR
CAPTURE | CDR3 (8-bit) | TDR3 (8-bit) |
INT3 [ =2 ’H 'NT3'F| > ::I’I:RRUPT
IEDS[7:6]

Figure 12-11 8-bit Capture Mode (Timer2, Timer3)
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n —» This value is loaded to CDR0(1,2,3)
T0,1,2,3

TIME

Ext. INTO(1,2,3) Pin

Interrupt Request
(INTOF,INT1F)

5ns »

'<—Interrupt Interval Period

Ext. INTO Pin
Interrupt Request © 20ns
(INTOIF) ) o "
: : Bns Delay
Capture Clear & Start
(Timer Stop) —
Figure 12-12 Input Capture Operation
Ext. INTO Pin
Interrupt Request
(INTOIF) B _
Interrupt Interval Period =01y + FFy + 01y + FFy +01y + 134 =214y
Interrupt Request /|_| 4|_|
(TOIF)
T0

Figure 12-13 Excess Timer Overflow in Capture Mode
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12.4 16-bit Capture Mode

16-bit capture mode is the same as 8-bit capture, except

that the Timer register is running with 16 bits.

The clock source of the Timer 0,2 is selected either internal

or external clock by bit TxCK2, TxCK1 and TxCKO.

In 16-bit mode, the bits TxCK1,TxCKO0 and 16BIT of

TM1,TM3 should be set to “1” respectively.

Bit : 7 6 5 4 38 2 _0 ADDRESS : 000
TMO | - i - i CAPO ; TOCK2 : TOCK1 : TOCKO ; TOCN : TOST | RESET VALUE : --000000g
1 X X X X X
- - - - - - - ADDRESS : 0D2y
™1 | POL | 16BIT {PWMOE; CAP1 | T1CK1 ! T1CKO | TICN | T1ST | RESET VALUE : -0-00000g
X 1 0 1 1 1 X X
X : The value “0” or “1” corresponding your operation.
TOCK[2:0] TOST
0 : Stop
Edge Detector 1: Clear and Start
o O ;
! - CLEAR
T™O %Hl TO + T1 (16-bit) | -~
+2
+22 —> TOIF TIMER 0
XN [ 203 INTERRUPT
+25 COMPARATOR
27 TDR1 | TDRO
2 209 (8-bit) | (8-bit)
SCMR[1:0] ot RS
INTO >| INTOIF INT 0
O j{ ——> INTERRUPT
IEDS[1:0]

Figure 12-14 16-bit Capture Mode (Timer0,1)
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Bit : 7 6 5 4 3 2 1 0 ADDRESS : 006
TM2 | i i CAP2 | T2CK2 | T2CK1 | T2CKO { T2CN | T2ST | RESET VALUE;H__OOOOOOB
1 X X X X X
: : : - : : : ADDRESS : 0D8H
TM3 | POL | 16BIT {PWM1E] CAP3 | TICK1| TICKO { TICN | T1ST | RESET VALUE : 000-0000g
X 1 0 X 1 1 X X
X : The value “0” or “1” corresponding your operation.
T2CK[2:0] T2sT

Edge Detector l

0 : Stop
1 : Clear and Start

“ 0 :
y - CLEAR
T™O , T™M2 wﬂl T2 + T3 (16-bit) | <"
42,42
22, 22 [T T2CN »—»| T2F TIMER 2
Xin [ 203 o4 INTERRUPT
105 296 COMPARATOR
) 27, 28 CAPTURE CDR3 | cDR2| TDR3 | TDR2
209 1210 (@-bit) | (8-bit) | (8-bit) | (8-bit)
SCMRI:0] | Loty o2 N
- J_{\—_ T2 1P INTERRUPT
IEDS[5:4]

Figure 12-15 16-bit Capture Mode (Timer2,3)

12.5 8-Bit (16-Bit) Compare Output Mode

The MC81F8816/8616 have a function of Timer Compare
Output. To pulse out, the timer match can goes to port pin
(R10) as shown in Figure 12-4 and Figure 12-8. Thus,
pulse out is generated by the timer match. These operation
is implemented to pin, R10/PWM1/T20.

In this mode, the bit PWM10O of Port Mode Register
R1FUNC should be set to “1”, and the bit PWMIE of
Timer3 Mode Register (TM3) should be cleared to “0”.

12.6 PWM Mode

The MC81F8816/8616 has two high speed PWM (Pulse
Width Modulation) function which shared with Timerl
and Timer3. In PWM mode, the ROO/PWMO and R10/
PWMI1 pins operate as a 10-bit resolution PWM output
port. For this mode, the bit PWMO(1)O of Port Mode Reg-
ister (RO(1)FUNC) and the bit PWMO(1)E of timer1(3)
mode register (TM1) should be set to “1” respectively.

The period of the PWM output is determined by the
T1(3)PPR (T1(3) PWM Period Register) and
T1(3)PWHR[3:2] (bit3, 2 of T1(3) PWM High Register)

68

In addition, 16-bit Compare output mode is available, also.

This pin output the signal having a 50: 50 duty square
wave, and output frequency is same as below equation

fX[N
2 x PrescalerValuex (TDR+ 1)

feomp =

and the duty of the PWM output is determined by the
T1(3)PDR (T1(3) PWM Duty Register) and
T1(3)PWHR[1:0] (bitl, 0 of T1(3)PWM High Register).

The user can use PWM data by writing the lower 8-bit pe-
riod value to the T1(3)PPR and the higher 2-bit period val-
ue to the T1(3)PWHR[3:2]. And the duty value can be used
with the T1(3)PDR and the T1(3)PWHR[1:0] in the same
way.

The T1(3)PDR is configured as a double buffering for
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glitchless PWM output. In Figure 12-17, the duty data is
transferred from the master to the slave when the period
data matched to the counted value. (i.e. at the beginning of
next duty cycle). The bit POLO(1) of TM1(3) decides the
polarity of duty cycle.

The duty value can be changed when the PWM outputs.
However the changed duty value is output after the current
period is over. And it can be maintained the duty value at
present output when changed only period value shown as
Figure 12-19. As it were, the absolute duty time is not
changed in varying frequency.

Note: If the user need to change mode from the Timer3
mode to the PWM mode, the Timer3 should be
stopped firstly, and then set period and duty register

value. If user writes register values and changes
mode to PWM mode while Timer3 is in operation,
the PWM data would be different from expected
data in the beginning.

The relation of frequency and resolution is in inverse pro-
portion. Table 12-2 shows the relation of PWM frequency
vs. resolution.

PWM Period = [T1(3)PWHR|[3:2]T1(3)PPR+1] X
Source Clock

PWM Duty = [T1(3)PWHR[1:0]T1(3)PDR+1] X
Source Clock

If it needed more higher frequency of PWM, it should be
reduced resolution.

Bit : 7 6 5 4 3 2 1 0
: - , : : ; , ADDRESS : 0D2y4
T™M1 | POL | 16BIT { PWMOE: CAP1 { T1CK1 : TICKO | TICN i T1ST | RESET VALUE :00000000g
X 0 1 0 X X X X
T : T T ADDRESS : 0D3|
T1PWHR | { PWMOHRAPWMOHR2; PWMOHR1§PWMOHRO| RESET VALUE :FJ---OOOOB
X X X X Bit Manipulation Not Available
Period High Duty High
T1PWHR([3:2] X : The value “0” or “1” corresponding your operation.
7 PWMOE
T1ST 'T1PPR (8-bit) |
).
TO clock source 0: Stop COMPARATOR T0O
1: Clear and Start —0 R00/PWMO/T0O
oD 0
CLEAR
—OX‘I | R
: wﬂl ' T1 (8-bit) |._<. PWMOO
XN || = [PSR0.0]
+2
203 T COMPARATOR POL
2 Tickp:0) TTCN ,
SCMR[1:0] Slave | IT1PDR (8-bit) |
T1PWHRI[1:0]
Masterl IT1PDR (8-bit) |
Figure 12-16 PWMO0 Mode
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period value.

Frequency
Note: If the duty value and the period value are same, the Resolution . . .
PWM output is determined by the bit POL1 (1: High, =-{):(5)(:;( 5[:)“0;) =1(-)::(;?(|)::):é) :?Ig}((z[lg)]
0: Low). And if the duty value is set to “00y”, the
PWM output is determined by the bit POL1(1: Low, 10-bit 3.9kHz 1.95kHz 0.49kHz
0: High). The period value must be same or more i 7 8KkH KH KH
than the duty value, and 00y cannot be used as the 9-bit BkHz 3.9kHz 0.98kHz
8-bit 15.6kHz 7.8kHz 1.95kHz
7-bit 31.2kHz 15.6kHz 3.90kHz

Table 12-2 PWM Frequency vs. Resolution at 4MHz

Bit : 7 6 5 4 3 2 1 0
: : : H : : : ADDRESS : 0D8H
T™3 [ POL | 16BIT {PWM1E{ - | T3CK1{T3CKO { TSCN | T3ST |  RESETVALUE:00H
X 0 1 0 X X X X
T " H i ] T T ADDRESS : 0DB
T3PWHR | - i - i - i - PWMIHRIPWMI1HRZ PWM1HR1§PWM1HRO| RESET VALUE :ti---ooooB
X X X X Bit Manipulation Not Available
Period High Duty High

X : The value “0” or “1” corresponding your operation.
T3PWHR[3:2]

: PWM1E
T3ST | T3PPR (8-bit |
TO clock source 0 : Stop
1: Clear and Start COMPARATOR LO> 0 R10/PWM1/T20

s a %

O

v CLEAR
1 T e [
_ o I T3 (8-bit) 3 PWM10
xn [] _;_; = [PSR1.0]
;2'3 ;24 COMPARATOR POL
2% T3cK[1:0] TOCN
SCMR[1:0] Slavel A {T3PDR (8-bit) |

T3PWHR[1:0]

Masterl Y IT3PDR (8-bit) |

Figure 12-17 PWM1 Mode
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™ _XOOXMX”XO:’XO“X: X7FX80X81X:::X3FFXOOXO1XO2X:

PWM tt
POL=1 I | |

PWM _l
POL=0

~

{8

Duty Cycle [(80n+1) x 200nS = 25.8uS] } :

A
\J

Period Cycle [(1+3FFp) x 200nS = 204.8uS]

T3CKI[1:0] = 00 (200nS) Period | PWM1HR3 | PWM1HR2 T3PPR (8-bit)

T3PWHR = 0Ch y . Frn

T3PPR = FFH

T3PDR = 80y Duty |PWM1HR1 | PWM1HRO T3PDR (8-bit)
0 0 80H

Figure 12-18 Example of PWM at 5MHz

[(051+1) x 1.6uS = 9.6uS]

-— >
Duty Cycle ‘ ' Duty Cycle
[(054+1) x 1.6uS = 9.6uS] :

' [(05H+1) x 1.6uS = 9.6uS]

T3CK[1:0] = 10 (1.6uS)
T3PWHR = 004
T3PPR = 0EH Write T1PPR to 0AH Period changed
T3PDR = 054
clock ; ! J | | .
T1 Iloolm lozloalmiosloelm losloglOAloaloclonl oolm lozlo3lo4l osloelmloelog ool 01] ozl osl 04
POLo1 | I | | |
-~ : < - : |
: Duty Cycle :

" Period Cycle [(0EH+1) x 1.6uS = 24uS] " Period Cycle [(0AH+1) x 1.6uS = 17.6uS]

Figure 12-19 Example of Changing the Period in Absolute Duty Cycle (@5MHz)

Example:

Timerl @4Mhz, 4kHz -20% duty PWM mode

LDM R1IO, #0000 XXX1B ;RO0 output
LDM TM3,#0010_0000B ;pwm enable
LDM T3PWHR, #0000 1100B ;20% duty
LDM T3PPR, #1110 0111B ;period 250uS
LDM T3PDR, #1100 0111B ;duty 50uS
LDM PSRl,#XXXX_XXXlB ;set pwm port
LDM TM3,#0010 0011B ;timerl start

X means don’t care
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13. WATCH TIMER

The watch timer generates interrupt for watch operation.
The watch timer consists of the clock selector, 21-bit bina-
ry counter and watch timer mode register. It is a multi-pur-
pose timer. It is generally used for watch design.

The bit 0, 1, 2 of WTMR select the clock source of watch
timer among sub-clock, fmaiN+28 ,fMaIN+27 ,fMAIN or
fmAIN=2 of main-clock and fpaN of main-clock. The
fmAIN of main-clock is used usually for watch timer test, so
generally it is not used for the clock source of watch timer.
The fvain+=27 or fyain+28 clock is used when the single
clock system is organized. If fyain+28 or fyain+27 clock
is used as watch timer clock source, when the CPU enters
into stop mode, the main clock is stopped and then watch

timer is also stopped. If the sub-clock is used as the watch
timer source clock, the watch timer count cannot be
stopped. Therefore, the sub-clock does not stop and contin-
ues to oscillate even when the CPU is in the STOP mode.
The timer counter consists of 21-bit binary counter and it
can count to max 60 seconds at sub-clock.

The bit 3, 4 of WTMR select the interrupt request interval
of watch timer among 2Hz, 4Hz, 16Hz and 1/64Hz.

Note: The Clock source of watch timer is also applied to
LCD dirver clock source. When selecting LCD dirver clock
source, the WTCK[2:0] should be set to appropriate value.

WTRH (Watch Timer Read High Register)

X R R R R
Bit : - 6 5 4 3

R R R
2 1 0

{ WTRH6 | WTRH5 | WTRH4 | WTRH3 | WTRH2 | WTRH1 { WTRHO

ADDRESS: 09EH
INITIAL VALUE:-xxx_xxxxg

WTRH[6:0]: (WT data capture Value)

WTR (Watch Timer Register)

w w w w w w w w
Bit 76 5 4 3 2 1 ADDRESS: 0E8,
[wreL | wre | wrs | wra | wra | wr2 | wrt | wro |

INITIAL VALUE:0111_1111g

WTCL (WT Clear)
0: Free Run
1: WT Clear(Auto clear after 1cycle)

WTMR (Watch Timer Mode Register)

R/W R/IW R/W R/W
Bit : 7 6 5 4 3

WT[6:0] (WT Interrupt Interval Value)
WT Interrupt Interval(IFWT) = (fwck/214) x (7bit WT Value+1)

R/IW R/W
2 1

R/W

[ wren iLoapen; -

| WTINT | WTINO { WTCK2 §WTCK1 { WTCKO |

ADDRESS: 0EAH
INITIAL VALUE:00--_0000g

WTEN (Watch Timer Enable Bit)
0: Watch Timer Disable
1: Watch Timer Enable

00: fuyek/ 211 [16Hz]*
01: fek /213 [4Hz]*
10 fuek /214 [2Hz]*

Example:

LDM WTMR, #1101 1000B
LDM WTR, #1111 0111B ;

WTIN[1:0] (Watch Timer Interrupt Interval Selection)

11: fwek / 214 x (7bit WT value+1) [2Hz x (7bit WT value+1)]*

*When fsyg = 32.768 kHz and fyain = 4.19 MHz( fyain +27)

; 1 minute watch timer interrupt selection

; T = 1/fsps x 214 x (count+1)
080h + 119 (count)

LOADEN (7bit reload Counter Write Enable Bit)
0: Watch Dog Timer Write Enable
1: Watch Timer Write Enable

WTCK]J2:0] (Watch Timer Clock Source Selection) : fyck
000: Sub. Clock (fsus)

001: Main Clock (fpain+28)

010: Main Clock (fyain+27)

011: Main Clock (fmaIN)

100: Main Clock (fmain+2)

Figure 13-1 Watch Timer Mode Register
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WTCK[2:0] WTR6 | WTRS WTR4 WTREWTR2] WTR{ WTRO | WTRH
fsup— fwek
fmain+28—>] MUX 14 BIT 2Hz _ Timer Counter 2Hz x (7bit WT value + 1)
fuain+=27—> Binary Counter *|(7bit auto reload counter)
fmaIN—> T WTIN[1:0]
fmaIN+=2 > A
WTEN
| 16 Hz
< 4 Hz MUX
L 2Hz, WTIF
7 bit when fycx =fsup = 32.768 kHz or
fwek = fMA[N+27 (fMA[N:4.19MHZ)
WTEN {LOADEN{ - | WTIN1 | WTINO | WTCK2 | WTCK1 | WTCKO | Z&
WTMR LOADEN
Data Writing Control bit for WDTR and WTR
0 : Watchdog Timer Write Enable | |
1: Watch Timer Write Enable - - - - - - -
>|wrcL i wre | wTs | w4 | wrs | wr2 | wTi | wro |
WTR

Figure 13-2 Watch Timer Block Diagram

Usage of Watch Timer in STOP Mode

When the system is off and the watch should be kept work-
ing, follow the steps below.

1. Set the clock source of watch timer to sub-clock.
2. Enters into STOP mode.

3. After released by watch timer interrupt, counts up timer
and refreshes LCD Display. When performing count up
and refresh the LCD, the CPU operates in main frequen-
cy mode.

December 3, 2012 Ver 1.03

4. Enters into STOP mode again.
5. Repeats 3 and 4.

When using STOP mode, if the watch timer interrupt inter-
val is selected to 2Hz, the power consumption can be re-
duced considerably.
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14. WATCH DOG TIMER

The watch dog timer (WDT) function is used for checking
program malfunction due to external noise or other causes
and return the operation to the normal contion.

The watchdog timer consists of 7-bit binary counter and
the watchdog timer register(WDTR). The source clock of
WDT is overflow of Basic Interval Timer. When the value
of 7-bit binary counter is equal to the lower 7-bits of
WDTR, the interrupt request flag is generated. This can be
used as WDT interrupt or CPU reset signal in accordance
with the bit WDTON. When WDTCL is set, 7-bit counter
of WDT is reset. After one cycle, it is cleared by hardware.

When writing WDTR, the LOADEN bit of WTMR regis-

ter should be cleared to “0”.

Note: WDTR and WTR has same address OE8h. The
LOADEN bit is used to select WDTR or WTR. When LOAD-
EN of watch timer mode register(WTMR) is set to “1”,
WDTR can not be wrote and WTR is wrote.

The LOADEN bit should be cleared to “0” when writing any
value to WDTR.

Note: When using watch dog timer, don’t write WDTJ[6:0] to
“0000000”.

Clear
BIT Overflow T T T ; : T - N
44 WDT6 { WDT5 : WDT4 | WDT3 : WDT2 : WDT1 : WDTO |4—G p To Reset Circuit
| | =~

WDTIF

WDTON

Comparator
L—»
—
LOADEN [ |
WDTCL{ WDT6 | WDT5 | WDT4 { WDT3 { WDT2 | WDT1 | WDTO | [0E8H]

CKCTLR | [0E6H]

e
SR
Write

Watch Dog Timer Register

WDTR (Watch Dog Timer Register)

W W w W W W w
Bit : 7 : 6 : 5 : 4 : 3 : 2 : 1 : 0 ADDRESS: 0E8}
| WDTCL{ WDT6 | WDT5; WDT4 : WDT3: WDT2 { WDT1 : WDTO [ |\iTIAL VALUE:0111_1111g
WDTCL (WDT Clear)
0: Free Run
1: WDT Clear(Auto clear after 1cycle)
WDTI[6:0] (WDT Interrupt Value)
WDT Interrupt Interval(IFWDT) = (BIT Interrupt Interval) x (WDT value)
WTMR (Watch Timer Mode Register)
R/W R/W R/IW R/IW R/IW RIW R/W
Bit : 7 6 5 4 3 2 1 0

[ WTEN iLOADEN! -

{ WTINT | WTINO {WTCK2 { WTCK1 | WTCKO

ADDRESS: 0EAH
INITIAL VALUE:00-0_0000g

LOADEN (7bit reload Counter Write Enable Bit)
0: Watch Dog Timer Write Enable
1: Watch Timer Write Enable

Figure 14-1 Block Diagram of Watch Dog Timer
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Sour Clock
BIT Overflow

cramer 0 K1 K2 X oX X X e X o X X2 X

\\ Counter

WDTR[7:0] 3 ! clear
WDTCL !
Occur Match
WDTIF WDTR <==1000_0011 Detect
Interrupt :
WDT !
RESETB

RESETB
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Figure 14-2 Watch Dog Timer Interrupt Time
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15. ANALOG TO DIGITAL CONVERTER

The analog-to-digital(A/D) converter allows conversion of
an analog input signal to an corresponding 10-bit digital
value. The A/D module has six analog inputs, which are
multiplexed into one sample and hold. The output of the
sample and hold is the input of the converter, which gener-
ates the result via successive approximation. The analog
supply voltage is connected to AVref of ladder resistance
of A/D module.

The A/D module has three registers which are the control
register ADCM and A/D result register ADCRH and AD-
CRL. The ADCRH]7:6] is also used as ADC clock source
selection bits. The ADCM register, shown in Figure 15-2,
controls the operation of the A/D converter module. The
port pins can be configured as analog inputs or digital I/O.
To use analog inputs, each port should be assigned analog
input port by setting R210 direction register as input mode
and setting ADS[3:0] to select the corresponding channel.

The self bias check reference provides fixed voltage (typi-
cal 1.185V, tolerance to be defined), which can be the in-
put of ADC when setting ADS[3:0] to “1111b”. This
feature can be used to check the voltage of VDD pin. The
BOD_ENB and AD REFB of BODR register should be
set to “0” for using self bias check reference.

The processing of conversion is start when the start bit
ADST is set to “1”. After one cycle, it is cleared by hard-
ware. The register ADCRH and ADCRL contain the result
(10bit) of the A/D conversion. If the ADC is set to 8-bit
mode (ADC8 bit of ADCRH is “1””), ADCRL contains the
result of the A/D conversion. When the conversion is com-
pleted, the result is loaded into the ADCR, the A/D conver-
sion status bit ADF is set to “1”, and the A/D interrupt flag
ADIF is set. The block diagram of the A/D module is
shown in Figure 15-1. The A/D status bit ADF is automat-
ically set when A/D conversion is completed, cleared when
A/D conversion is in process. The conversion needs 13
clock period of ADC clock (fpg). It is recommended to use
ADC clock of at least 1us period.

Note: The ADC value of self bias check refer-
ence(Vpjas_ref) iS can be used to check the VDD voltage.
When Vpias_refis 1.185V and VDD is 5.12V, the ADC value
is “OEDAh”. If VDD is changed and ADC value is “13Ch”, the
VDD voltage is 3.84V.
the ADC value is changed to “13Ch”. The VDD voltage can
be calculated by following formula.

VDD voltage = Vpjas_ref X 1024 - ADC Value

ADEN

AVref D O\Lo

Resistor Ladder Circuit |<—————

ANO [ \
AN1 [J——
AN2 [|——
AN3 [ |—

AN [—
AN [ |——
AN7 [ ]

Self Bias
Check Reference

(ADS[3:0] = 1111b,
BOD_ENB' =0,
AD_REFB! = 0)

ADS[3:0] (ADCM[5:2])

MUX Sample & Hold ;D
AN4 I:li P Circuit

10-bit Mode

{ | 10-bit ADCR |

Successive
Approsimation [AociF ]~ NrereupT
pproxima
ADC8 —»’ 0 1 \
8-bit Mode
98 32

| 10-bit ADCR |
00
'y

1. Self Bias check reference can operate normally when

ADCRH | | |ADCRL (B—bit)l

BOR_ENB(BODR.7) and AD_REFB(BODR.5) bit is set
to “0” (enable)

10
ADC Result Register

| ADCRH | | |ADCRL (8—bit)|
T0

ADC Result Register

Figure 15-1 A/D Converter Block Diagram & Registers
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ADCM (A/D Converter Mode Register)

RW  R/W R/W R/W R/W R/W RW R
Bit : 7 6 5 4 3 2 1 0
: : : : : : : ADDRESS : 0E24
| ADEN : ADCK : ADS3 | ADS2 | ADS1 : ADSO ; ADST ; ADF | RESET VALUE : 000000015
ADEN (A/D Converter Enable bit) ADS[3:0] (A/D Converter Input Selection)

1: Enable 0000 : Channel 0 (R20/ANO)
0 : Disable 0001 : Channel 1 (R21/AN1)
0010 : Channel 2 (R22/AN2)

ADST (A/D Start bit)
1 : A/D Conversion is started

After 1 cycle, cleared to “0” P
0 : Bit force to zero

0011 : Channel 3 (R23/AN3)
0100 : Channel 4 (R24/AN4)

0101 : Channel 5 (R25/AN5) >

0110 : Channel 6 (R26/ANG)

ADF (A/D Status bit) \\ 0111 : Channel 7 (R27/AN7) //
0 : A/D Conversion is in process —1000 : Reserved— — — — —
1 : A/D Conversion is completed 1001 : Reserved

1010 : Reserved
1011 : Reserved
1100 : Reserved
1101 : Reserved
1110 : Reserved
1111 : Self Bias Check Reference

ADCK (A/D Converter Clock source bit)
0 : A/D Converter Clock source = fpg/1
1 : A/D Converter Clock source = fpg/2

Note : R25/AN5,R26/AN6 and R27/AN7 are not supported in MC81F8616Q.

ADCRH (A/D Converter Result High Register)

w w w R R R R R
Bit 7 6 5 4 3 2 1 0
[PssEL1iPSSELOi ADC8 | - { - | - | ADR9 | ADRS ADDRESS : 0E4

RESET VALUE : Undefined

PSSEL[1:0] (A/D Converter PS Clock selection bit) ADCS8 (A/D Convertr Mode bit)
00 : A/D Converter PS Clock (fps) = fxin/4 0 : 10-bit Mode

01 : A/D Converter PS Clock (fps) = fxin/8 1 : 8-bit Mode

10 : A/D Converter PS Clock (fps) = fxin/16

11 : A/D Converter PS Clock (fps) = fxin/32

ADCRL (A/D Converter Result Low Register)
R R R R R R R R

Bit : 7 6 5 4 3 2 1 0
| ADR7 | ADR6 | ADR5 | ADR4 | ADR3 | ADR2 i ADR1 | ADRO |

ADDRESS : 0E3H4
RESET VALUE : Undefined

Figure 15-2 A/D Converter Mode & Result Registers
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ENABLE A/D CONVERTER

Y
A/D INPUT CHANNEL SELECT

A\
A/D START (ADST = 1)

READ ADCRL/ADCRH

¢

DISABLE A/D CONVERTER

Figure 15-3 A/D Converter Operation Flow

A/D Converter Cautions
(1) Input range of ANO to AN7

The input voltages of ANO to AN7 should be within the
specification range. In particular, if a voltage above AVref
or below Vgg is input (even if within the absolute maxi-
mum rating range), the conversion value for that channel
can not be determinated. The conversion values of the oth-
er channels may also be affected.

(2) Noise counter measures

In order to maintain 8-bit resolution, any attention must be
paid to noise on pins AVref and ANO to AN7. Since the ef-
fect increases in proportion to the output impedance of the
analog input source, it is recommended that a capacitor is
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connected externally as shown below in order to reduce
noise.

Analog o

Input I
100~1000pF ;

ANO~ANS5

Figure 15-4 Analog Input Pin Connecting Capacitor

(3) Pins ANO/R20 to AN7/R27

The analog input pins ANO to AN7 also function as input/
output port (PORT R2) pins. When A/D conversion is per-
formed with any of pins ANO to AN7 selected, be sure not
to execute a PORT input instruction while conversion is in
progress, as this may reduce the conversion resolution.

Also, if digital pulses are applied to a pin adjacent to the
pin in the process of A/D conversion, the expected A/D
conversion value may not be obtainable due to coupling
noise. Therefore, avoid applying pulses to pins adjacent to
the pin undergoing A/D conversion.

(4) AVref pin input impedance

A series resistor string of approximately 10KQ is connect-
ed between the AVref pin and the Vgg pin.

Therefore, if the output impedance of the reference voltage
source is high, this will result in parallel connection to the
series resistor string between the AVref pin and the Vgg
pin, and there will be a large reference voltage error.

Note: Ifthe AVRer voltage is less than Vpp voltage and an-
lalog input pins(ANX), shared with various alternate func-
tion, are used bidirectional I/0O port, the leakage current
may flow Vpp pin to AVRrer pin in output high mode or an-
lalog input pins(ANX) to AVReF pin in input high mode.
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16. BUZZER OUTPUT FUNCTION

The buzzer driver consists of 6-bit binary counter, the
buzzer driver register BUZR and the clock selector. It gen-
erates square-wave which is very wide range frequency
(500 Hz~125 kHz at fian = 4MHz) by user programma-
ble counter.

Pin R04/BUZO is assigned for output port of Buzzer driver
by setting the bit BUZO of Port Selection RegisterO(PSRO)
tO 13 1 3’.

The 6-bit buzzer counter is cleared and start the counting

by writing signal to the register BUZR. It is increased from
00y until it matches with BUR[5:0].

Also, it is cleared by counter overflow and count up to out-
put the square wave pulse of duty 50%.

The bit 0 to 5 of BUZR determines output frequency for

buzzer driving. BUZR[5:0] is initialized to 3Fp after reset.
Note that BUZR is a write-only register. Frequency calcu-
lation is following as shown below.

fXIN
2 x DivideRatiox (BUZR[5:0] + 1)

Tpuz =

The bits BUCK1, BUCKO of BUZR select the source
clock from prescaler output.

fsuz: Buzzer frequency

fxin: Oscillator frequency

Divide Ratio: Prescaler divide ratio by BUCK[1:0]
BUZR([5:0]: Lower 6-bit value of BUZR. Buzzer control data

BUZR (Buzzer Driver Register)

w Wi w w W w w w
Bit : 7 4 2 1
' 6 5 —3 : —0 ADDRESS : 0CEH
| BUCK1: BCUKO | BUR5 | BUR4 | BUR3 ! BUR2 | BUR1 ! BURO RESET VALUE : FFH

| | | | Bit manipulation is not available.
BUCK<1:0> (Buzzer Clock Source)
00: fyain+23

. 04
01: fman+2 BUR[5:0] (Buzzer Control Data)
10: fMAIN+25
11: fuain+28

Port Selection Register 0
T : : : T : ADDRESS : 0AAH
PSRO | INT1E INTOE EC1E BUZO - - ECOE PWMOEl RESET VALUE : 0000--00g
\— BUZO (Buzzer Output)
0 : R04 Port (turn off buzzer)
1: BUZO port (turn on buzzer)
+8
+ 16
xn [ > S | COUNTER (6-bit) |
+32
+64 +2
> > H
BUCK<1:0>
COMPARATOR T R04/BUZO PIN
: BUZO
| BUZR[5:0] (6-bit) | [PSRO0.4]

Figure 16-1 Buzzer Driver

Example: 2.5kHz output at 4AMHz.

LDM
LDM

ROFUNC, #XXXI_XXXXB
BUZR, $1001_1000B
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Buzzer Output Frequency

When main-frequency is 4MHz, buzzer frequency is

shown as below.

Frequency Output (kHz) Frequency Output (kHz)
BUZR BUZR[7:6] BUZR BUZR[7:6]
[5:0] [5:0]
00 01 10 11 00 01 10 1
00 250.000 125.000 62.500 31.250 20 7.576 3.788 1.894 0.947
01 125.000 62.500 31.250 15.625 21 7.353 3.676 1.838 0.919
02 83.333 41.667 20.833 10.417 22 7.143 3.571 1.786 0.893
03 62.500 31.250 15.625 7.813 23 6.944 3.472 1.736 0.868
04 50.000 25.000 12.500 6.250 24 6.757 3.378 1.689 0.845
05 41.667 20.833 10.417 5.208 25 6.579 3.289 1.645 0.822
06 35.714 17.857 8.929 4.464 26 6.410 3.205 1.603 0.801
07 31.250 15.625 7.813 3.906 27 6.250 3.125 1.563 0.781
08 27.778 13.889 6.944 3.472 28 6.098 3.049 1.524 0.762
09 25.000 12.500 6.250 3.125 29 5.952 2.976 1.488 0.744
0A 22.727 11.364 5.682 2.841 2A 5.814 2.907 1.453 0.727
0B 20.833 10.417 5.208 2.604 2B 5.682 2.841 1.420 0.710
0oC 19.231 9.615 4.808 2.404 2C 5.556 2778 1.389 0.694
0D 17.857 8.929 4.464 2.232 2D 5.435 2717 1.359 0.679
OE 16.667 8.333 4.167 2.083 2E 5.319 2.660 1.330 0.665
OF 15.625 7.813 3.906 1.953 2F 5.208 2.604 1.302 0.651
10 14.706 7.353 3.676 1.838 30 5.102 2.551 1.276 0.638
11 13.889 6.944 3.472 1.736 31 5.000 2.500 1.250 0.625
12 13.158 6.579 3.289 1.645 32 4.902 2.451 1.225 0.613
13 12.500 6.250 3.125 1.563 33 4.808 2.404 1.202 0.601
14 11.905 5.952 2.976 1.488 34 4.717 2.358 1.179 0.590
15 11.364 5.682 2.841 1.420 35 4.630 2.315 1.157 0.579
16 10.870 5.435 2.717 1.359 36 4.545 2.273 1.136 0.568
17 10.417 5.208 2.604 1.302 37 4.464 2.232 1.116 0.558
18 10.000 5.000 2.500 1.250 38 4.386 2193 1.096 0.548
19 9.615 4.808 2.404 1.202 39 4.310 2.155 1.078 0.539
1A 9.259 4.630 2.315 1.157 3A 4.237 2119 1.059 0.530
1B 8.929 4.464 2.232 1.116 3B 4.167 2.083 1.042 0.521
1C 8.621 4.310 2.155 1.078 3C 4.098 2.049 1.025 0.512
1D 8.333 4.167 2.083 1.042 3D 4.032 2.016 1.008 0.504
1E 8.065 4.032 2.016 1.008 3E 3.968 1.984 0.992 0.496
1F 7.813 3.906 1.953 0.977 3F 3.906 1.953 0.977 0.488
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17. INTERRUPTS

The MC81F8816/8616 interrupt circuits consist of Inter-
rupt enable register (IENH, IENM, IENL), Interrupt re-
quest flag register(IRQH, IRQM, IRQL), Interrupt flag
register(INTFH, INTFL), Interrupt Edge Selection Regis-
ter (IEDS), priority circuit and Master enable flag (“I” flag
of PSW). The interrupts are controlled by the interrupt
master enable flag I-flag (bit 2 of PSW), the interrupt en-
able register and the interrupt request flag register except
Power-on reset and software BRK interrupt. The configu-
ration of interrupt circuit is shown in Figure 17-1 and inter-
rupt priority is shown in Table 17-1 .

Table 17-1 Vector Table

Reset/Interrupt Symbol Priority |Vector Addr. ccs)?t?pﬁ;r
Hardware Reset RESET 0 FFFEH INT15
External Int. 0 INTRO 1 FFFAH INT13
External Int. 1 INTR1 2 FFF8H INT12
External Int. 2 INTR2 3 FFF6H INT11
External Int. 3 INTR3 4 FFF4H INT10
UART_RX0 RX0 5 FFF2H INT9
UART_TXO0 TXO0 6 FFF2H INT9
SPI SPI 7 FFEEH INT7
Timer O Int. TO 8 FFECH INT6
Timer 1 Int. T1 9 FFEAH INTS
Timer 2 Int. T2 10 FFE8H INT4
Timer 3 Int. T3 11 FFE6H INT3
12C 12C 12 FFE4H INT2
A/D Int. ADC 13 FFE4H INT2
BIT Int. BIT 14 FFE2H INT1
Watch Dog timer int. WDT 15 FFEOH INTO
Watch timer int. WT 16 FFEOH INTO

Each bit of interrupt request flag registers(IRQH, IRQM,
IRQL) in Figure 17-1 is set when corresponding interrupt
condition is met. The interrupt request flags that actually
generate external interrupts are bit INTOF, INT1F and
INT2F in Register IRQH and INT3F in Register IRQL.
The External Interrupts INTO, INT1, INT2 and INT3 can
each be transition-activated (1-to-0, 0-to-1 and both transi-
tion). The RX0 and TX0 of UARTO Interrupts are generat-
ed by RXOIF and TXOIF which are set by finishing the
reception and transmission of data.

The Timer 0,1,2 and Timer 3 Interrupts are generated by
TOIF,T1IF,T2IF and T3IF, which are set by a match in
their respective timer/counter register. The AD converter

December 3, 2012 Ver 1.03

Interrupt is generated by ADCIF which is set by finishing
the analog to digital conversion.

The Basic Interval Timer Interrupt is generated by BITIF
which is set by overflow of the Basic Interval Timer Reg-
ister (BITR). The Watch dog Interrupt is generated by
WDTIF which set by a match in Watch dog timer register
(when the bit WDTON is set to “0”). The Watch Timer In-
terrupt is generated by WTIF which is set periodically ac-
cording to the established time interval.

When an interrupt is generated, the bit of interrupt request
flag register(IRQH, IRQM, IRQL) that generated it is
cleared by the hardware when the service routine is vec-
tored to only if the interrupt was transition-activated.

Each bit of Interrupt flag register(INTFH, INTFL) is set
when corresponding interrupt flag bit as well as interrupt
enable bit are set. The bits of interrupt flag register are nev-
er cleared by the hardware although the service routine is
vectored to. Therefore, the interrupt flag register can be
used to distinguish a right interrupt source from two avail-
able ones in a vector address. For example, RX0 and TXO0
which have the same vector address(FFF2p) may be distin-
guished by INTFH register.

Interrupt enable registers are shown in Figure 17-2. These
registers are composed of interrupt enable bits of each in-
terrupt source, these bits determine whether an interrupt
will be accepted or not. When enable bit is “0”, a corre-
sponding interrupt source is prohibited. Note that PSW
contains also a master enable bit, I-flag, which disables all
interrupts at once. When an interrupt is occurred, the I-flag
is cleared and disable any further interrupt, the return ad-
dress and PSW are pushed into the stack and the PC is vec-
tored to.

In an interrupt service routine, any other interrupt may be
serviced. The source(s) of these interrupts can be deter-
mined by polling the interrupt request flag bits. Then, the
interrupt request flag bit(s) must be cleared by software be-
fore re-enabling interrupts to avoid recursive interrupts.
The Interrupt Request flags are able to be read and written.
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{ Internal bus line N
I-flag is in PSW, it is cleared by “DI”, set by
ﬁ “El” instruction.When it goes interrupt service,
. I-flag is cleared by hardware, thus any other
IENH Interrupt Enable interrupts are inhibited. When interrupt service is
IRQH Register (Higher byte) completed by “RETI” instruction, I-flag is set to
“1” by hardware.
———.6 LI |
Ext. Int. 0 > [ INTOIF [
Ext. Int. 1 > L »| INT1IF ]5 ! )7
IEDS ‘ ‘
Ext. Int. 2 > ey I m D S
‘ | Release STOP
Ext. Int. 3 | |
RX0—+] Rx0FF |2 D, -
S
I : -
TX0 —»[ Tx0IF |2 D § To CPU
. >
'g | Flag
INTFH E Interrupt Master
Enable Flag
{ Internal bus line 0
' ] E Interrupt
- )| Vector
IENM (Middle byte) Address
IRQM Generator
—.7 L| ) —
Timer 0—| TOIF |5
Timer 1——| T1IF :6 4D7
Timer 2— II T2IF ||:5 ._Jl
Timer 3*17 T3IF 4 |, )
A/D converter |I ADCIF II 0 ._jl
fffffff INTFL
| 7
T D
Basic interval Timer —| BITIF :6 [
; ‘ 5 L
Watch Dog Timer —»l WDTIFI ! ™
Watch Timer “ﬂ WTIF 4 ™\
‘ . —L)
[ INTaiF] .3 ™
| 2
12CIF
[reer - D
IRQL {
Interrupt Enable
IFNL Register (Lower byte)
Iy Y
S Internal bus line S
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Figure 17-1 Block Diagram of Interrupt

December 3, 2012 Ver 1.03




\BO\

SEMICONDUCTOR

MC81F8816/8616

IENH (Interrupt Enable High Register)
RW RW RW RW RW  RW
Bit 7 6 5 4 3 2 1 0
[ - P NToE [ INTIE [ INT2E | RXOE | TXOE - - ADDRESS : 0F6y

RESET VALUE : -00000--g
IENM (Interrupt Enable Middle Register)

RIW RW RIW RIW RW RIW
Bit : 7 6 5 4 3 2 1 0
; : ; : _ _ ; R : ADDRESS : OF7H
[ T | TiE | T2E | T i i ADCE RESET VALUE : 0000--0g
IENL (Interrupt Enable Low Register)
R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0
s : : ; N ADDRESS : OF8y
| SPIE | BITE | WDTE | WTE INT3E | I2CE | i RESET VALUE : 000000--5
Enables or disables the interrupt individually 0 : Disable
1: Enable
IRQH (Interrupt Request Flag High Register)
R/W R/W R/W R/W R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0
: i : : : - ADDRESS : 0F94
| - L INTOIF § INTHIF | INT2IF i RXOIF | TXOIF : RESET VALUE : 1000005
IRQM (Interrupt Request Flag Middle Register)
R/W R/W R/W RIW R/W RIW
Bit : 7 6 5 4 3 2 1 0
: ; ; i R ; R ; ADDRESS : OFAH
| TOF | TUF | T2IF | T3IF : i ADCIF RESET VALUE : 0000—0g
IRQL (Interrupt Request Flag Low Register)
R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0
[ sPuF | BITIF | WDTIF | WTIF

[ INT3IF | 12CIF - - ADDRESS : OF By

RESET VALUE : 000000--g

0 : Interrupt not occurred
1 : Interrupt Request

INTFH (Interrupt Flag Register High)

RIW RIW R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0
[ - - & - i FSP | IFRXO | FTXO | - | - ADDRESS ; OFdn

RESET VALUE : ---000--g

IFTXO0(TXO Interrupt Flag)
0 : No Generation
1 : Generation

IFSPI(SPI Interrupt Flag)
0 : No Generation
1 : Generation

IFRX0(RXO Interrupt Flag)
0 : No Generation
1 : Generation

INTFL (Interrupt Flag Register Low)

R/W R/IW R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0
: : : : : ADDRESS : OF54
| T2F i T3F - - i I12CF | ADCF : WTF { WDTF RESET VALUE : 00--0000g
T2F(T2 Interrupt Flag)

0 : No Generation

T3F(T3 Interrupt Flag) 12CF(I2C Interrupt Flag) ADCF(ADC Interrupt Flag) WTF(WT Interrupt Flag) WDTF(WDT Interrupt Flag)
0 : No Generation
1 : Generation

0 : No Generation O No Generation : No Generation 0 : No Generation
1 : Generation 1 : Generation : Generation 1 : Generation

1 : Generation

Figure 17-2 Interrupt Enable Registers and Interrupt Request Registers
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17.1 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 in-
struction. Interrupt acceptance sequence requires 8 fosc (2
us at fiyaiN=4MHz) after the completion of the current in-
struction execution. The interrupt service task is terminat-
ed upon execution of an interrupt return instruction
[RETI].

Interrupt acceptance

1. The interrupt master enable flag (I-flag) is cleared to
“0” to temporarily disable the acceptance of any follow-
ing maskable interrupts. When a non-maskable inter-
rupt is accepted, the acceptance of any following
interrupts is temporarily disabled.

2. Interrupt request flag for the interrupt source accepted is
cleared to “0”.

3. The contents of the program counter (return address)
and the program status word are saved (pushed) onto the
stack area. The stack pointer decreases 3 times.

4. The entry address of the interrupt service program is
read from the vector table address and the entry address
is loaded to the program counter.

5. The instruction stored at the entry address of the inter-
rupt service program is executed.

Systemclock|||||||||||||||||||||||

_/

Instruction Fetch

_/

Address Bus Pc X sp Ysp1X sp2 X vi X VH New PC

Data Bus

X Not used X PCHX PCL X PSWX V.L. X ADL X ADH X OP code

_ LI

Internal Read

L L

V.L. and V.H. are vector addresses.

Internal Write |_‘ | | | |

<«——————— Interrupt Processing Step ————» | «— Interrupt Service Routine ——

ADL and ADH are start addresses of interrupt service routine as vector contents.

Figure 17-3 Timing chart of Interrupt Acceptance and Interrupt Return Instruction

Basic Interval Timer
Vector Table Address

Entry Address

Correspondence between vector table address for BIT interrupt
and the entry address of the interrupt service program.

An interrupt request is not accepted until the I-flag is set to
“1” even if a requested interrupt has higher priority than
that of the current interrupt being serviced.

84

When nested interrupt service is required, the I-flag should
be set to “1” by “EI” instruction in the interrupt service
program. In this case, acceptable interrupt sources are se-
lectively enabled by the individual interrupt enable flags.

Saving/Restoring General-purpose Register

During interrupt acceptance processing, the program
counter and the program status word are automatically
saved on the stack, but accumulator and other registers are
not saved itself. If necessary, these registers should be
saved by the software. Also, when multiple interrupt ser-
vices are nested, it is necessary to avoid using the same
data memory area for saving registers.
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The following method is used to save/restore the general-
purpose registers.

Example: Register saving

INTxx: PUSH A ; SAVE ACC.
PUSH X ; SAVE X REG.
PUSH Y ; SAVE Y REG.

interrupt processing

POP Y ;RESTORE Y REG.
POP X ;RESTORE X REG.
POP A ;RESTORE ACC.
RETI ; RETURN

17.2 BRK Interrupt

Software interrupt can be invoked by BRK instruction,
which has the lowest priority order.

Interrupt vector address of BRK is shared with the vector
of TCALL 0 (Refer to Program Memory Section). When
BRK interrupt is generated, B-flag of PSW is set to distin-
guish BRK from TCALL 0.

Each processing step is determined by B-flag as shown in
Figure 17-4.

17.3 Multi Interrupt

If two requests of different priority levels are received si-
multaneously, the request of higher priority level is ser-
viced. If requests of the interrupt are received at the same
time simultaneously, an internal polling sequence deter-
mines by hardware which request is serviced.

However, multiple processing through software for special
features is possible. Generally when an interrupt is accept-
ed, the I-flag is cleared to disable any further interrupt. But
as user sets [-flag in interrupt routine, some further inter-
rupt can be serviced even if certain interrupt is in progress.

Example: Even though Timer! interrupt is in progress,
INTO interrupt serviced without any suspend.
TIMERl1: PUSH A

PUSH X
PUSH Y

December 3, 2012 Ver 1.03

General-purpose registers are saved or restored by using
push and pop instructions.

main routine
acceptance of  interrupt
| |%» service routine
777777777 saving
registers
restoring
registers

@ =0
BRKor =1
TCALLO — BRK
TCALLO
INTERRUPT ROUTINE
ROUTINE
RETI RET
«—
v

Figure 17-4 Execution of BRK/TCALLO

LDM IENH, #40H
LDM IENM, #0 ; Disable other
LDM IENL, #0 ; Disable other
EI ; Enable Interrupt

; Enable INTO only

LDM IENH, #0FFH ;Enable all interrupts
LDM IENM, #0FFH
LDM IENL, #0FOH

POP Y
POP X
POP A
RETI
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Main Program

service TIMER 1
service
enable INTO
disable other

1

El
Occur  — » Occur
TIMERT1 interrupt INTO —

enable INTO
enable other

pending, even TIMERT1 is in progress.

INTO
service

In this example, the INTO interrupt can be serviced without any

Because of re-setting the interrupt enable registers IENH,IENM,IENL
and master enable "El" in the TIMER1 routine.

Figure 17-5 Execution of Multi Interrupt
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17.4 External Interrupt

The external interrupt on INTO, INT1, INT2 and INT3 pins
are edge triggered depending on the edge selection register
IEDS (address OFCp) as shown in Figure 17-6.

The edge detection of external interrupt has three transition
activated mode: rising edge, falling edge, and both edge.

RS
lNTOD I INTOIF INTO INTERRUPT
] f
RE
INT1 | Ii — £ INT1IF >
5 —l INT1 INTERRUPT
B
<@
Q
172}
(]
g [
INT2| |— — £ INT2IF
| INT2 INTERRUPT
—
RS
N3 [} | .« INT3IF
n INT3 INTERRUPT
IEDS

[OFCH]

IEDS (Ext. Interrupt Edge Selection Register)
ADDRESS : OFCh
RESET VALUE : 00000000

RW R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0

|IED3H IED3L | IED2H { IED2L | IED1H | IEDIL | IEDOH | IEDOL
S T P S T |

Edge Selection Register
00 : Reserved

01 : Falling (1-to-0 transition)
10 : Rising (0-to-1 transition)
11 : Both (Rising & Falling)

Figure 17-6 External Interrupt Block Diagram

Example: To use as an INTO

;T Set po'rt as an input port RO
LDM ROIO, #1101 1111B

;¥ Set po’rt as an interrupt port
LDM PSRO, #0100 _0000B

; **** Set Falling-edge Detection
LDM IEDS, #0000_0001B

Response Time

The INTO, INT1,INT2 and INT3 edge are latched into
INTOF, INT1F, INT2F and INT3F at every machine cycle.
The values are not actually polled by the circuitry until the
next machine cycle. If a request is active and conditions are
right for it to be acknowledged, a hardware subroutine call
to the requested service routine will be the next instruction
to be executed. The DIV itself takes twelve cycles. Thus, a
maximum of twelve complete machine cycles elapse be-
tween activation of an external interrupt request and the
beginning of execution of the first instruction of the service
routine.

Interrupt response timings are shown in Figure 17-7.

————————————— <—— max. 12 fosc 8 fosc >
LT L P
Interrupt Interrupt Interrupt Interrupt
goes latched processing routine

active

Figure 17-7 Interrupt Response Timing Diagram

December 3, 2012 Ver 1.03
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18. LCD DRIVER

The MC81F8816/8616 has the circuit that directly drives
the liquid crystal display (LCD) and its control circuit. The
segment/common driver directly drives the LCD panel,
and the LCD controller generates the segment/common
signals according to the RAM which stores display data.
VCL3 ~ VCLO voltage are made by the internal bias resis-
tor circuit.

The MC81F8816/8616 has the segement output port 36
pins (SEGO ~ SEG35) and Common output port 8 pins
(COMO ~ COM?7). If the LCDDO bit of LCR is set to “17,
COM4 ~ COM?7 is used as SEG39 ~ SEG36.

The Figure 18-1 shows the configuration of the LCD driv-
er.

~ —|:| SEGO
|
—— |
S & '
=S > B !
o (o))
o | .| @ :
. g 5 '
Display Memory L % _ I
n om [ |
<:> (460H~487H: I R 2 |
40bytes) 3 8 a |
> |— = s
5 & £ '
8 2 § '
s} s} o I
w WTMR[2:0] N 2 [
z 9]
= I |
()]
2 Goo| < fsus 8 :
o 001 |<— fmaN+2
< 010 |<—— fman+27 :
- 011 <«—— fmAIN |
= ~— fman+2! [
z I
|
. —_ |
. | =32 S |
k%) + 64 5 !
s} *12; MUX clock 8 (&)
S| -
3 | =42 —{ ] SEG35(SEG27:In MC81F8616
o + 256 £ ( ' :
'_
—{ ] SEG36/COM7
Select clocﬂ
—[] seGs7icome
LCD
:> . LCDEN L[] SEG38/COMS5
Control Register Select Duty
— ] sEG39/cOM4
LCR[0B2H]
— ] com3
LCD Driver
~ Power Circuit D com2
— ] com1
— ] como

Figure 18-1 LCD Driver Block Diagram
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18.1 Control of LCD Driver Circuit

The LCD driver is controlled by the LCD Control Register
(LCR). The LCR[1:0] determines the frequency of COM
signal scanning of each segment output. RESET clears the
LCD control register LCR values to logic zero. The LCD
SEG or COM ports are selected by setting corresponding

December 3, 2012 Ver 1.03

bits of RSPSR, R6PSR or R7PSR to “0”.

The LCD display can continue to operate during SLEEP
and STOP modes if sub-frequency clock is used as LCD
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clock source.

LCR(LCD Control Register)

R/W R/W R/W R/W R/W R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0
; : 5 ; : 5 7 ADDRESS : 0B24
| SCKD i 1 i LCDEN 0 ; 1 ; LCDDO ; LCK1 : LCKO RESET VALUE : 000-0000B
SCKD (Sub Clock Disable) LCDDO (LCD Dut_y Selection)
0: Sub Clock Oscillation (SXIN, SXOUT) 0: 1/8 Duty, 1/4 Bias
1: Sub Clock Disable (R43, R44) 1: 1/4 Duty, 1/3 Bias(COM[7:4] is used as SEG Port)
. . LCK<1:0> (LCD Clock source selection)
LCDEN (LCD Display Enable Bit) 00: fg + 32 (Frame Frequency 1024Hz When fs is 32.768kHz)
0: LCD Display Disable T ?
1: LCD Display Enable 01: fs + 64 (Frame Frequency 512Hz When fs is 32.768kHz)
. 10: fs + 128 (Frame Frequency 256Hz When fs is 32.768kHz)
* Unused bit of LCR should be set as 11: fg + 256 (Frame Frequency 128Hz When fs is 32.768kHz)
Bit6 : “1”
Bit4 : “0” * s : fsus (Sub clock) or fuain + 27 or fyain + 28 or fiyaiN + 2 or fuaiN
Bit3 : “1” (It can be selected by setting WTCK[2:0] of WTMR register.)

R5/ LCD Port Selection Register

RW RW RW RW RW RW RW  RW
Bit : 7 6 5 4 3 2 1 0
R5PSR [ R5PSR7 | REPSR6 | R5PSR5 | R5PSR4 | R5PSR3 | R5PSR2 R5PSR1| RePSR0|  ADDRESS : 0ACH

RESET VALUE : 1111_1111B
(Seg7 ~ Seg0)

R6 / LCD Port Selection Register
R/W R/W R/W R/IW R/W R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0

; : : ; : : ; ADDRESS : 0ADH
R6PSR | R6PSR7 | R6PSR6 : R6PSR5 ;| R6PSR4 | R6PSR3 ;| R6PSR2 | R6PSR1 | R6PSR0 RESET VALUE : 1111_11118

R7 / LCD Port Selection Register (Seg15 ~ Seg8)
R/W R/W R/W R/W R/W R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0

ADDRESS : 0AEH
RESET VALUE : 1111_1111B

(Seg23 ~ Seg16)

R7PSR | R7TPSR7 | R7PSR6 | R7TPSR5 | R7TPSR4 | R7PSR3 | R7PSR2 | R7PSR1 | R7PSRO

R8 / LCD Port Selection Register(EVA ONIY)

R/W R/W R/W R/W R/W R/W R/IW R/W
Bit : 7 6 5 4 3 2 1 0

; ; ; : ; : : ADDRESS : 0AFH
R8PSR | R8PSR7 i R8PSR6 ; R8PSR5 ;| R8PSR4 | R8PSR3 | R8PSR2 | R8PSR1 : R8PSRO RESET VALUE : 1111_1111B

(Seg31 ~ Seg24)

EVA CHIP MAIN CHIP

RSPSR~R8PSR R5PSR~R7PSR RS8PSR

0: Seg Selection 0: Seg Selection ¢ : Seg Selection
1: Port Selection 1 : Port Selection

WTMR (Watch Timer Mode Register)
RW  RW R/W R/W R/W R/W R/W

Bit : 7 6 5 4 3 2 1 0
| f T W ; : ; ADDRESS: 0EAH
WTEN :LOADEN:; ; i WTINO {WTCK2 { WTCK1 : WTCKO | |\iTIAL VALUE:00--_0000g
WTEN (Watch Timer Enable Bit) LOADEN (7bit reload Counter Write Enable Bit)
0: Watch Timer Disable 0: Watch Dog Timer Write Enable
1: Watch Timer Enable 1: Watch Timer Write Enable
WTIN[1:0] (Watch Timer Interrupt Interval Selection) WTCK]J2:0] (Watch Timer and LCD Clock Source Selection) : fwck
00: fwcek /211 [16HZz]* 000: Sub. Clock (fsus)
01: fyek /213 [4Hz]* 001: Main Clock (fyain+28)

10:  fyek /214 [2HZ]* 010: Main Clock (fuain+27)
11 fwek / 214 x (7bit WT value+1) [2Hz x (7bit WT value+1)]* 011: Main Clock (fmaIN)
(

111: Main Clock (fmaiN+2)

Figure 18-2 LCD Control Register
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Note: If the SCKD is set to “17, the SXIN and SXOUT pin
is used as normal I/O pin R45, R46.

Note: When the Sub clock is used as internal bias source
clock, stabilization time is needed. Normally, the stabiliza-
tion time is need more than 500ms.

Selecting Frame Frequency

Frame frequency is set to the base frequency as shown in
the following Table 18-1. The fg is selected to fsyp (sub
clock) which is 32.768kHz.

Note: When selecting Sub clock as the LCD clock source,
the WTCKJ2:0] bit of WTMR(Watch Timer Mode Register)
should be set to “000” as well as SCKD bit of LCR be set to
“«”

Note: Bit 6, Bit 4, Bit 3 of LCR should be set to “1”, “0”, “1”
respectively.

Frame Frequency (Hz)
LCR[1:0] | LCD clock
Duty = 1/4 Duty = 1/8
00 fsus + 32 128 64
01 fsup + 64 64 32
10 fsug + 128 32 16
11 fsug + 256 16 8

Table 18-1 Setting of LCD Frame Frequency

The matters to be attended to use LCD driver

In reset state, LCD source clock is sub clock. So, when the
power is supplied, the LCD display would be flickered be-

December 3, 2012 Ver 1.03

fore the oscillation of sub clock is stabilized. It is recom-
mended to use LCD display on after the stabilization time
of sub clock is considered enough.
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18.2 LCD BIAS Control

The MC81F8816/8616 has internal Bias Circuit for driving
LCD panel. It alse has the contrast controller of 16 step.

The LCD Bias control register and internal Bias circuit is
as shown in the Figure 18-3.

The SYS BOD[1:0] and BIF of LBCR register is used for
controlling BOD. Refer to “27. Brown-out Detector
(BOD)”

92

Note: The self bias check reference can be applied to con-
trast adjustment with VDD voltage variation. Because the
VDD voltage can be calculated by reading the ADC value
of self bias check reference. Writing appropriate value to
CTR[3:0] with VDD level, LCD contrast variation with VDD
can be reduced.
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LBCR(LCD Bias Control Register)

R/W R/W R/W R/W R/W R/W R/W R/W
Bit : 7 6 5 4 3 2 1 0

| CTR_S CTR_DS3iCTR_DS2{CTR_DS1i{CTR_DSOSYS_BODBYS_BODO BOD |

ADDRESS : 0B3H
RESET VALUE : 01111000B

CTR_S (Voltage Source selection) CTR_DS<3:0> (Contrast Controller Level Selection)
0: Direct Voltage 0000: VCL3 =VDD /2
1: Contrast Controller voltage 88(1)(1) xgtg = xgg ;g + xgg * E ; ; 38 ;
. : = + *
ggSR_eBs(é)tD:]l.do; (Mode selection of BOD Result) 0011: VCL3 = VDD /2 + VDD * (3/30)
10: Freeze mode 0100: VCL3=VDD/2+ VDD *(4/30)

: 0101: VCL3=VDD/2+ VDD *(5/30)
BOD (BOD Flag) 0110: VCL3 = VDD /2 + VDD * (6/30 )
0: BOD No Detect 0111: VCL3=VDD/2+VDD*(7/30)
1: BOD Detect 1000: VCL3=VDD/2+ VDD *(8/30)

1001: VCL3=VDD/2+VDD*(9/30)
* BOD : Brown-out detector 1010: VCL3 =VDD /2 + VDD * (10/30)
1011: VCL3=VDD/2+VDD *(11/30)
1100: VCL3=VDD/2+VDD *(12/30)
1101: VCL3=VDD /2 +VDD *(13/30)
1110: VCL3=VDD/2+VDD *(14/30)

1111: VCL3 = VDD
Block Diagram of LCD BIAS

VoD
LCDEN ~|>o—4
CTR_DS0
CTR_DS1 ————— Contrast
CTR_DS2 —— controller
CTR_DS3
CTR_S Voltage Selector
] > VCL3
LCDDO - - - - - - - é 75K
VCL2
75K
VCL1
75K
VCLO
75K
Vss

Figure 18-3 LCD Bias Control
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18.3 LCD Display Memory

Display data are stored to the display data area (page 4) in
the data memory.

The display datas which stored to the display data area (ad-
dress 0460y-0487y) 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 pat-
terns can be changed by only overwriting the contents of
the display data area with a program. The table look up in-
struction is mainly used for this overwriting.

Figure 18-4 shows the correspondence between the display
data area and the SEG/COM pins. The LCD lights when
the display data is “1” and turn off when “0”.

The SEG data for display is controlled by RPR (RAM Pag-
ing Register).
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SEG39 | 0487h
seess O— | | | | || | 04864
seaaro—{ | | | [ | | | 04851
$EGag Wiy

& SEG35 04834 §

I secas 0—] o482y |1

I seeas O— | | [ | |l | | 04811

j SEG32 O— 0480y I

g SEG O— | | | [ || | 047
SEG30 O— 047EH

I seco 0— 047y 1

[ SEG28 O— 047CH |

| SECZ7 O— | B -
SEG26 O— 047A4

Vosecos o—{ | | | ||| ] | oaren B

N\ SEG24 O— 0478y 4
- EE EE O N e e e e e w3
see23 00— | | | L 1L | | 0477h
SEG22 O— 04764
sec210— | | [T 1T 0475
see0— | | T T 0474y
seeoo— | | T T T 0473y
seetso— | [ | | [ [ | 047244
segi7o— | | | | | | | 0471y
SEG16 O— 0470y
SEG15 O— 046FH
seeciao— | | T T | | 046EH
segtz3o— | | | | | | 046Dy
SEG12 O— 046CH
SEG11 O— 046By
SEG10 O— 046AH

seeeO0— | | | [ | | | 0469y
SEG8 O— 0468y
SEG7 O— 0467H
seese O— | | [T 1T 04661
seasso— | [ |11 04651
seca O— | T 0464
seasOo— | [ [T |1 0463y
sec2o— | [T T 11 04624
sec1 Oo— | | | | | 0461y
sscoo— | | [ || | 04604

' |}
. = ) Only supported in MC81F8616

Figure 18-4 LCD Display Memory
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18.4 Control Method of LCD Driver
Initial Setting
Flow chart of initial setting is shown in Figure 18-5.
Example: Driving of LCD
Select Frame Frequency LDM LCR, #4DH ;fr=64Hz, 1/4 duty (fsyg= 32.768kHz)
— LDM RPR, #4 ;Select LCD Memory (4 page)
SETG
Clear LDX #60H
LCD Display C LCD1: LDA #0 ;RAM Clear
Memory ; (0460H->0487H)
STA (X}+
CMPX #088H
BNE C_LCD1
— CLRG
Turn on LCD SET1 LCR.S5 ;Enable display
COMO
7 %{ COM1
Setting of LCD drive method , ] COM2
L é SEGO Vv Q  Ccoms3

Initialize of display memory

!

Enable display

v

SEG1

Example: display “2”
bit 7 6 5 4 3 2 1 0

— H H H H H H H

( | sou[ 1 -ioio 1i1]

I e[ 0]

Note: * are don’t care.

Figure 18-5 Initial Setting of LCD Driver

Display Data

Figure 18-6 Example of Connection COM & SEG

Normally, display data are kept permanently in the pro-

gram memory and then stored at the display data area by
the table look-up instruction. This can be explained using
character display with 1/4 duty LCD as an example as well

as any LCD panel. The COM and SEG connections to the
LCD and display data are the same as those shown is Fig-
ure 18-6. Following is showing the programming example
for displaying character.

December 3, 2012 Ver 1.03

Note: When power on RESET, sub oscillation start up time
is required. Enable LCD display after sub oscillation is sta-
bilized, or LCD may occur flicker at power on time shortly.
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M CLRG

LDX#<DISPRAM ;Address included the data
;to be displayed.
GOLCD:  LDA{X}
Write into the At
LDA ! FONT+Y ;LOAD FONT DATA
LCD Memory LDMRPR, #4 ;Set RPR = 4 to access LCD
SETG ;Set Page 4
LDX#60H
STA{X}+ ;LOWER 4 BITS OF ACC. seg0
XCN
L STA{X} ;UPPER 4 BITS OF ACC. segl
CLRG ;Set Page = 0
[ FONT DB 1101 0111B; o
Font d DB 0000 0110B; RN
ont data DB 1110 0011B; 27
DB 1010 0111B; n37
DB 0011 0110B; g
DB 1011 0101B; NG5
DB 1111 0101B; e
DB 0000 0111B; w7
DB 1111 0111B; ng”
DB 0011 0111B; “9”
LCD Waveform
The LCD duty(1/4, 1/8) can be selected by LCR register. ure 18-7.

The example of 1/4 duty, 1/3 bias are shown in shown Fig-

1/4 Duty, 1/3 Bias Drive como
2zsg¢g com1
838838

seco I | l

sect [ [N | comz

COMO

ﬁf;:T COM1 com3
COoM2
SEGOD ) X COM: CCOM3 SECO

SEG1

Figure 18-7 Example of LCD drive output
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18.5 Duty and Bias Selection of LCD Driver

4 kinds of driving methods can be selected by LCDD[1:0] (bits 3 nally. Figure 18-8 shows typical driving waveforms for LCD.).
and 2 of LCD control register) and connection of BIAS pin exter-

one frame

i one frame i VCL3 —
veke—- T VCL2 —
VCL1 - |J_| i VCL1 -
N ] 1 ] [ ey AN [ I_II_II_I|_LII_II_II_I
oeera o EguN voo- | (UL ULUL TOHO LD
-VCL1 - -VCL1 -
vetz = |<— Data 1—»14— Data 0—»1 :xgtg _

} Data “1” }‘ Data “0” }
(a) 1/4 Duty, 1/3 Bias (b) 1/8 Duty, 1/4 Bias

Figure 18-8 LCD Drive Waveform (Voltage COM-SEG Pins)
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19. SERIAL PERIPHERAL INTERFACE (SPI)

The serial Input/Output is used to transmit/receive 8-bit
data serially. The Serial Input/Output(SPI) module is a se-
rial interface useful for communicating with other periph-
eral of microcontroller devices. These peripheral devices
may be serial EEPROMs, shift registers, display drivers,
A/D converters, etc. This SPI is 8-bit clock synchronous
type and consists of serial I/O data register, serial [/O mode
register, clock selection circuit, octal counter and control

circuit as illustrated in Figure 19-1. The SO pin is designed
to input and output. So the Serial I/O(SPI) can be operated
with minimum two pin. Pin R11/ACK/SCK, R13/RX0/SI,
and R12/TX0/SO pins are controlled by the Serial Mode
Register. The contents of the Serial I/O data register can be
written into or read out by software. The data in the Serial
Data Register can be shifted synchronously with the trans-
fer clock signal.

10swW
SMO0

l

SIOST SIOSF
clear
SCK[1:0]
5 +4 Start Complete overflow
®©
XiNPIN [ 21 .16 SPI
‘ T clock CONTROL
Jimer0 CIRCUIT octal :l
Overflow Clock SPIIF
Counter
(3-bit)
“qr Serial communication
MUX Interrupt
SCK PIN o P
; ? not “11
SCK[1:0]

sopIN [+ <

10SW @ ]
b 0

SIPIN[]

Input shift register

@ Shift

SPIR

Internal Bus

Figure 19-1 SPI Block Diagram

Serial I/O Mode Register(SPIM) controls serial I/O func-
tion. According to SCK1 and SCKO, the internal clock or
external clock can be selected.

Serial I/0O Data Register(SPIR) is an 8-bit shift register.
First LSB is send or is received.

98
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RW RW RW RW RW RW RW R

r % °5 4 3 2 1 9 ADDRESS: 0B6H
SPIM [ POL { 10SWi SM1 { SMO § SCK1{ SCKOISPISTiSPISF|  NITIAL VALUE: 0000 0001g

Serial transmission status bit
0: Serial transmission is in progress
1: Serial transmission is completed

L Serial transmission start bit
Setting this bit starts an Serial transmission.
After one cycle, bit is cleared to “0” by hardware.

Serial transmission Clock selection
00: fxn + 4

01: fxyn + 16

10: TMROOV(Timer0 Overflow)
11: External Clock

Serial transmission Operation Mode

00: Normal Port(R11,R12,R13)

01: Sending Mode(SCK,R13,S0O)

10: Receiving Mode(SCK,SI,R12)

11: Sending & Receiving Mode(SCK,SI,SO)

Serial Input Pin Selection bit

0: Sl Pin Selection(R13)
1: SO Pin Selection(R12)

Serial Clock Polarity Selection bit
0: Data Transmission at Falling Edge
Received Data Latch at Rising Edge

1: Data Transmission at Rising Edge
Received Data Latch at Falling Edge

RW R/W R/W R/W R/W RW RW R/W
! J 2 = 3 2 ! 0 ADDRESS: 0B7
: : : R : : : . H
SPIR I : : : : : : : | INITIAL VALUE: Undefined

Sending Data at Sending Mode
Receiving Data at Receiving Mode

Figure 19-2 SPI Control Register

19.1 Transmission/Receiving Timing

The serial transmission is started by setting SPIST(bitl of
SPIM) to “1”. After one cycle of SCK, SPIST is cleared
automatically to “0”. At the default state of POL bit clear,
the serial output data from 8-bit shift register is output at
falling edge of SCLK, and input data is latched at rising
edge of SCLK pin (Refer to Figure 19-3). When transmis-
sion clock is counted 8 times, serial I/O counter is cleared
as ‘0”. Transmission clock is halted in “H” state and serial
/O interrupt(SPIIF) occurred.

December 3, 2012 Ver 1.03 99
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SIOST | ;'l

SCK [R11]
(POL=0)

SO [R12] ( *DoX/EnXDzXDSXMXDSXDBXWXJ\

(OSW=0) \ po)— ﬁﬂ'

OS2 H“*'-" () '
SPIIF \

(SPI Int. Req)

SPISF 4;‘
(SPI Status) |'/

Figure 19-3 Serial /0 Timing Diagram at POL=0

SIOST

SCK [R11]
(POL=1)

SO [R12]

SI[R13]
(I0SW=0)

IOSWIN [R12]
(I0SW=1)

SPIIF
(SPI Int. Req)

SPISF 4;‘
(SPI Status) |/

Figure 19-4 Serial I/0O Timing Diagram at POL=1

19.2 The usage of Serial I/O

1. Select transmission/receiving mode. 5. In case of receiving mode, the received data is acquired

2. In case of sending mode, write data to be send to SPIR. by reading the SPIR.

6. When using polling method, the completion of 1 byte
serial communication can be checked by reading SPIST
4. The SPI interrupt is generated at the completion of SPI and SPISF. As shown in example code, wait until
and SPIIF is set to “1”. SPIST is changed to “0” and then wait the SPISF is

3. Set SPIST to “1” to start serial transmission.
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changed to “1” for completion check.

LDM SPIR, #0AAh ;set tx data

LDM SPIM, #0011 1100b;set SPI mode

NOP

LDM SPIM,#OOll_lllOb;SPI Start
SPI WAIT:

NOP

BBS SPIST,SIO WAIT

BBC SPISF,SIO:WAIT

;wait first edge
;wait complete

19.3 The Method to Test Correct Transmission

Note: When external clock is used, the frequency should be less
than 1MHz and recommended duty is 50%. If both transmission
mode is selected and transmission is performed simultaneously,
error may be occur.

Serial 1/O Interrupt
Service Routine

‘ SPIE=0 ‘

‘ Write SPIM ‘

‘ Normal Operation ‘

‘ Abnormal

‘ Overrun Error

- SPIE: Interrupt Enable Register Low IENL(Bit7)
- SPIIF: Interrupt Request Flag Register Low IRQL(Bit7)

Figure 19-5 Serial 10 Method to Test Transmission

December 3, 2012 Ver 1.03
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20. INTER IC COMMUNICATION (12C)

Generation of clock signals on the 12C-bus is always the respon-
sibility of master devices; each master generates its own
clock signals when transferring data on the bus. Bus clock
signals from a master can only be altered when they are
stretched by a slow-slave device holding-down the clock
line, or by another master when arbitration occurs. Both
SDA and SCL are bi-directional lines, connected to a pos-
itive supply voltage via a current-source or pull-up resistor
. When the bus is free, both lines are HIGH. The output
stages of devices connected to the bus must have an open-

drain or open-collector to perform the wired-AND function.
Data on the 12C-bus can be transferred at rates of up to 100
kbit/s in the Standard-mode, up to 400 kbit/s in the Fast-
mode, or up to 3.4 Mbit/s in the High-speed mode. The
number of interfaces connected to the bus is solely depen-
dent on the bus capacitance limit of 400 pF. For informa-
tion on High-speed mode master devices,

| 1ICE{RESVWREL SPIE \WTIMi ACKE STT: SPT |

[MSTS ALD! EXCi COI TRC ACKD! STD: SPD|

-

12C data in shift register(SHFTR) |

| 12C slave address register(SVADR) |

F_ = — —
I
1CE
~—
I
SDA(R16R |
noise
@ ] canceller SdAIN
| 60ns |
noise

l«——— | canceller

SDAOUT

<—| 12C data out register(PIPER) |

I
I
I
I
I
-
15ns SDAOUYT |CONTROLLER
I
I
|

50ns SELIN

noise | SCLOUT -
canceller CONTROLLER <—| FM CLKC |

12C clock control register(CLKCR)

noise seLout

canceller|
5ns |

Figure 20-1 12C Block Diagram
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I2CMR (12C Mode Control Register)

R/W R/W R/W R/W R/W R/W R/W R/wW
Bit : 7 6 5 4 3 2 1 0
: ] ; : : : : ADDRESS : 0904
| I2CE { RESV | WREL : SPIE : WTIM : ACKE : STT : SPT RESET VALUE : 0-001000g
I2CE(I2C Enable) ~ WREL(cancel wait) WTIM(when interrupt request occurs) STT(start condition generation)
0 : disable 0 : no operation 0 after 8th clock’s falling edge 0 : disable
1: enable 1 : release scl to high 1: after ACK clock’s falling edge 1: enable
RESV SPIE(interrupt enalbe after stop detection) ACKE(acknowledge enable) SPT(stop condition generation)
0:- 0 : disable 0 : no acknowledge 0 : disable
1:- 1: enable 1: enable

1 : acknowledge

I2CSR (12C Status Register)

R R R R R R R R
Bit : 7 6 5 4 3 2 1 0
; : : : : : : ADDRESS : 091y
| MSTS i ALD ; EXC ; CoOl i TRC ACKD ; STD ; SPD | RESET VALUE : 00000000
MSTS(master device status) EXC(general call detection)  TRC(transmission status) STD(start condition detection)
0 : no master 0 : no detected 0 : no transmitter 0: no detected
1: master 1 : detected 1 : transmitter 1 detected
ALD(arbitration lost detection) COl(selected as slave) ACKD(acknowledge detection) SPD(stop condition detection)
0:no 'arb@ratlon lost 0 : no selected 0 : no detected 0 : no detected
1 arbitration lost 1: selected 1 : detected 1: detected
12CCR (12C Clock Control Register)
R/W R/W R/W RIW R/W R/W R/W RIwW
Bit : 7 6 5 4 3 2 1 0
; 7 i i : : : ADDRESS : 092
| FM i CLK6 i CLK5 i CLK4 : CLK3 | CLK2 i CLK1 i CLKO RESET VALUE : 11111111
FM(protocol mode select CLK6~CLKO(pre scale value)

0 : standard mode Fscl : Fsys/4N
1: fast mode N: Pre scale value(I2CCR[6:0])

I2CPR (I12C Pipe and Shift Register)

RIW RIW RIW RW  RW RIW RIW RIW
Bit : 7 6 5 4 3 2 1 0
[ pp7 | PP6 | PPs i PP4 | PP3 | PP2 { PP1 i PPO ADDRESS : 093y

RESET VALUE : 11111111

note : shift and pipe register have the same address
shift register is only readable and pipe register is only writable

I2CAR (I2C Slave Address Register)
RIW RIW RIW RIW R/W RIW RIW R/W
Bit : 7 6 5 4 3 2 1 0

| SvAD6 i SVAD5 | SVAD4 | SVAD3 | SVAD2 | SVAD1i SVADO| RESA

ADDRESS : 0944
RESET VALUE : 000000005

note : SVAD is a 7bit slave address

Table 20-1 12C Enable Registers
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20.1 Bit Transfer

Due to the variety of different technology devices (CMOS,
NMOS, bipolar) which can be connected to the 12C-bus, the lev-
els of the logical ‘0’ (LOW) and ‘1’ (HIGH) are not fixed
and depend on the associated level of VDD (see Section 15 for
electrical specifications). One clock pulse is generated for
each data bit transferred. The data on the SDA line must be

stable during the HIGH period of the clock. The HIGH or
LOW state of the data line can only change when the clock
signal on the SCL line is LOW(see Figure 20-2)

SDA /

data valid

' data line stable. change of .

:except s, sr,p allowed

data

Figure 20-2 Bit transfer on 12C bus

20.2 Start/Stop Conditions

Within the procedure of the 2C-bus, unique situations ariswhich
are defined as START (S) and STOP (P) conditions (see
Figure 20-3). A HIGH to LOW transition on the SDA line
while SCL is HIGH is one such unique case. This situation
indicates a START condition. A LOW to HIGH transition
on the SDA line while SCL is HIGH defines a STOP con-
dition. START and STOP conditions are always generated
by the master. The bus is considered to be busy after the
START condition. The bus is considered to be free again a
certain time after the STOP condition. The bus stays busy

104

if a repeated START (Sr) is generated instead of a STOP
condition. In this respect, the START (S) and repeated
START (Sr) conditions are functionally identical . For the
remainder of this document, therefore, the S symbol will
be used as a generic term to represent both the START and
repeated START conditions, unless Sr is particularly rele-
vant. Detection of START and STOP conditions by devic-
es connected to the bus is easy if they incorporate the
necessary interfacing hardware. However, microcontrol-
lers with no such interface have to sample the SDA line at
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least twice per clock period to sense the transition.

SDA —,\
|

1

SCL

START Condition

""" B

I

I

I
P
L
STOP Condition

Figure 20-3 Start and Stop condition

20.3 Data Transfer

Every byte put on the SDA line must be 8-bits long. The
number of bytes that can be transmitted per transfer is un-
restricted. Each byte has to be followed by an acknowledge
bit. Data is transferred with the most significant bit (MSB)
first (see Figure 20-4). If a slave can’t receive or transmit
another complete byte of data until it has performed some
other function, for example servicing an internal interrupt,
it can hold the clock line SCL LOW to force the master into

December 3, 2012 Ver 1.03

a wait state. Data transfer then continues when the slave is
ready for another byte of data and releases clock line SCL.
In some cases, it’s permitted to use a different format from
the 12C-bus format (for CBUS compatible devices for example).
A message which starts with such an address can be termi-
nated by generation of a STOP condition, even during the
transmission of a byte. In this case, no acknowledge is gen-
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erated .

r P

L X

mugunl

acknowledgement
signal from slave

byte complete
interrupt within device

acknowledgement | Sr
signal from receiver |

clock line held low while
interrupts are serviced

Sr

SCL g 1) |2 7| [8] |9 or

|or | T P

Sr ACK ACK
L - S
START or STOP or
repeated START repeated START
condition Condition
Figure 20-4 Data transfer on 12C bus
20.4 Acknowledge

Data transfer with acknowledge is obligatory. The ac-
knowledge-related clock pulse is generated by the master.
The transmitter releases the SDA line (HIGH) during the
acknowledge clock pulse. The receiver must pull down the
SDA line during the acknowledge clock pulse so that it re-
mains stable LOW during the HIGH period of this clock
pulse (see Figure 20-5). Of course, set-up and hold times
must also be taken into account. Usually, a receiver which
has been addressed is obliged to generate an acknowledge
after each byte has been received, except when the mes-
sage starts with a CBUS address. When a slave doesn’t ac-
knowledge the slave address (for example, it’s unable to
receive or transmit because it’s performing some real-time
function), the data line must be left HIGH by the slave. The
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master can then generate either a STOP condition to abort
the transfer, or a repeated START condition to start a new
transfer. If a slave-receiver does acknowledge the slave ad-
dress but, some time later in the transfer cannot receive any
more data bytes, the master must again abort the transfer.
This is indicated by the slave generating the not-acknowl-
edge on the first byte to follow. The slave leaves the data
line HIGH and the master generates a STOP or a repeated
START condition. If a master-receiver is involved in a
transfer, it must signal the end of data to the slave- trans-
mitter by not generating an acknowledge on the last byte
that was clocked out of the slave. The slave-transmitter
must release the data line to allow the master to generate a
STOP or repeated START condition.
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DATA OUTPUT
BY TRANSMITTER

[ )

S

B

S

L —

START
condition

|
DATA OUTPUT |
BY RECEIVER | not acknowledge
| \—/
|
| acknowledge
SCL FROM
MASTER !
|
|
|

YN

clock pulse for
acknowledgement

Figure 20-5 Acknowledge transfer on 12C bus

20.5 Syncronization/Arbitation

All masters generate their own clock on the SCL line to
transfer messages on the 12C-bus. Data is only valid during the
HIGH period of the clock. A defined clock is therefore
needed for the bit-by-bit arbitration procedure to take
place. Clock synchronization is performed using the
wired-AND connection of I2C interfaces to the SCL line. This
means that a HIGH to LOW transition on the SCL line will
cause the devices concerned to start counting off their
LOW period and, once a device clock has gone LOW, it
will hold the SCL line in that state until the clock HIGH
state is reached (see Figure 20-6). However, the LOW to
HIGH transition of this clock may not change the state of
the SCL line if another clock is still within its LOW period.
The SCL line will therefore be held LOW by the device
with the longest LOW period. Devices with shorter LOW
periods enter a HIGH wait-state during this time. When all
devices concerned have counted off their LOW period, the
clock line will be released and go HIGH. There will then
be no difference between the device clocks and the state of
the SCL line, and all the devices will start counting their
HIGH periods. The first device to complete its HIGH peri-
od will again pull the SCL line LOW. In this way, a syn-
chronized SCL clock is generated with its LOW period
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determined by the device with the longest clock LOW pe-
riod, and its HIGH period determined by the one with the
shortest clock HIGH period. A master may start a transfer
only if the bus is free. Two or more masters may generate
a START condition within the minimum hold time (tHD;STA)
of the START condition which results in a defined START
condition to the bus. Arbitration takes place on the SDA
line, while the SCL line is at the HIGH level, in such a way
that the master which transmits a HIGH level, while anoth-
er master is transmitting a LOW level will switch off its
DATA output stage because the level on the bus doesn’t
correspond to its own level. Arbitration can continue for
many bits. Its first stage is comparison of the address bits
(addressing information is given in Sections 10 and 14). If
the masters are each trying to address the same device, ar-
bitration continues with comparison of the data-bits if they
are master-transmitter, or acknowledge-bits if they are
master-receiver. Because address and data information on the
I2C-bus is determined by the winning master, no information
is lost during the arbitration process. A master that loses
the arbitration can generate clock pulses until the end of
the byte in which it loses the arbitration. As an Hs-mode
master has a unique 8-bit master code, it will always finish
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the arbitration during the first byte. If a master also incor-
porates a slave function and it loses arbitration during the
addressing stage, it’s possible that the winning master is
trying to address it. The losing master must therefore
switch over immediately to its slave mode. Figure 20-7
shows the arbitration procedure for two masters. Of
course, more may be involved (depending on how many
masters are connected to the bus). The moment there is a
difference between the internal data level of the master
generating DATA 1 and the actual level on the SDA line,
its data output is switched off, which means that a HIGH
output level is then connected to the bus. This will not af-
fect the data transfer initiated by the winning master. Since
control of the [2C-bus is decided solely on the address or master
code and data sent by competing masters, there is no cen-
tral master, nor any order of priority on the bus. Special at-

tention must be paid if, during a serial transfer, the
arbitration procedure is still in progress at the moment
when a repeated START condition or a STOP condition is
transmitted to the [2C-bus. If it’s possible for such a situation to
occur, the masters involved must send this repeated
START condition or STOP condition at the same position
in the format frame. In other words, arbitration isn’t al-
lowed between:

o A repeated START condition and a data bit
e A STOP condition and a data bit
o A repeated START condition and a STOP condition.

Slaves are not involved in the arbitration procedure.

FAST DEVICE
SCLOUT \

start HIGH
counting

wait HIGH
counting

LOW DEVICE
SCLOUT

1

2 HIGH counter
<\—— reset

SCL \

Figure 20-6 Clock synchronization during the arbitration procedure.
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arbitration process device1 loses device1 outputs
not adapted arbitrgtion HIGH
r— " I I
DEVICE1 | | |
DATA OUT | | | |
| | |
| | | |
DEVICE2 | | |
DATAOUT | | | M
| | |
| | | |
SDA I | |
on BUS | /I—J
| |
|
|

S UalalaWalinil

Figure 20-7 Arbitration procedure of two masters.
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21. UNIVERSAL ASYNCHRONOUS SERIAL INTERFACE (UART)

The Asynchronous serial interface(UART) enables full-duplex The UART driver consists of TXSR, RXBR, ASIMR and
operation wherein one byte of data after the start bit is transmitted BRGCR register. Clock asynchronous serial /O mode (UART)
and received. The on-chip baud rate generator dedicated to can be selected by ASIMR register. Figure 21-1 shows a block di-
UART enables communications using a wide range of selectable agram of the serial interface (UART).

baud rates.

S Internal Data Bus 5

Receive Buffer
Register ASIMR -
(RXR) |TXM§RXM§ PSO{PS1{ - | SL {ISRM| -
RS |
l | | .7 AsISR .
Rx/R1 Receive Buffer PE FE EOVE Transmit Shift
j > Register A A A 1 Register
(RXBR) (TXSR)
[
Tx/R12 l
y
Transmit
Controller ~ |———— TXIF(Tx interrupt)
. (Parity Addition)
Receive
] Controller A
(Parity Check) RXIF(Rx interrupt) ACK/R11
T Baud Rate @
Generator <«
fmAaIN=2 to
fmain+27

Figure 21-1 UART Block Diagram
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RECEIVE —]
RXE —

l«— ACK

<« fx+2
-« fx+22

|<_‘ -« fx+23
MUX | fx+24

<« fx:25
«—— fx+26
-« fx+27

| 5-bit counter
TX CLK 1 {2 @ match
- (Divider) ﬁ
| Decoder
RX CLK 172 4} match
-
- (Divider) {?

| 5-bit counter

|

TXE —
SEND —

| - TPs2i TPS1i TPSO | MDL3 | MDL2 | MDL1 i MDLO |

S Data Bus 8

Figure 21-2 Baud Rate Generator Block Diagram

21.1 Asynchronous Serial Interface Configuration

The asychronous serial interface (UART) consists of the follow-
ing hardware.

Item Configuration

Transmit shift register (TXSR)

Register Receive buffer register (RXBR)

Control Asynchronous serial interface mode register
. (ASIMR)

register

Baudrate generator control register (BRGCR)

Table 21-1 Serial Interface Configuration

Transmit Shift Register (TXSR)

This is the register for setting transmit data. Data written to TXSR
is transmitted as serial data. When the data length is set as 7 bit,
bit 0 to 6 of the data written to TXSR are transferred as transmit
data. Writing data to TXSR starts the transmit operation. TXSR
can be written by an 8 bit memory manipulation instruction. It
cannot be read.

Note: Do not write to TXSR during a transmit operation.
The same address is assigned to TXSR and the receive
buffer register (RXBR). A read operation reads values from
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RXBR.

Receive Buffer Register (RXBR)

This register is used to hold received data. When one byte of data
is received, one byte of new received data is transferred from the
receive shift register. When the data length is set as 7 bits, re-
ceived data is sent to bits 0 to 6 of RXBR. In this case, the MSB
of RXBR always becomes 0. RXBR can be read by an 8 bit mem-
ory manipulation instruction. It cannot be written.

Note: The same address is assigned to RXBR and the
tansmit shift register (TXSR). During a write operation, val-
ues are written to TXSR.

Asynchronous serial interface mode control reg-
ister (ASIMR)

This is an 8 bit register that controls asynchronous serial interface
(UART)’s serial transfer operation. ASIMR is set by a 1 bit or 8
bit memory manipulation instruction.

Baud rate generator control register (BRGCR)

This register sets the serial clock for asynchronous serial inter-
face. BRGCR is set by an 8 bit memory manipulation instruction.
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RW RW RW RW RW RW -
r_6 5 ¢4 2 10 ADDRESS: 0B8y
ASIMR TXM: RXM: PS1 i PSO SL ISRM | - INITIAL VALUE: 0000 -00-g

TXM RXM (Operation mode)

00: Operation stop(R12/R13)

01: UART mode (Receive only)

10: UART mode (Transmit only)

11: UART mode (Transmit and receive)

PS [1:0] (Parity Bit Specification)

00: No Parity

01: Zero Parity always added during transmission.
No Parity detection during reception(Parity errors do not occur)

10: Odd Parity
11: Even Parity

Receive Completion Interrrupt Control When Error Occurs

0: Receive completion interrupt request is issued
when an error occured

1: Receive completion interrupt request is not issued
when an error occured
Stop Bit Length for Specification for Transmit Data
0: 1 bit
1: 2 bit

Caution : Do not switch the operation mode until the current serial transmit/receive
operation has stopped.

ASISR

R R R
2 1 0 ADDRESS: 0By
PE | FE | OVE INITIAL VALUE: ----000g

Parity Error Flag
0: No parity error

1: Parity error (Received data parity not matched)

Frame Error Flag
0: No Frame error

1: Framing error(Note1) (stop bit not detected)

Overrun Error Flag

0: No Overrun Error{Note2)

1: Next receive operation was completed before data was read

from receive buffer register (RXBR)

Note : 1. Even if a stop bit length is set to 2 bits by setting bit2(SL0) in ASIMR,
stop bit detection during a recive operation only applies to a stop bit length of 1bit.

2. Be sure to read the contents of the receive buffer register(RXBR)

when an overrun error has occurred.

Until the contents of RXBR are read, futher overrun errors will occur when receiving data.
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Figure 21-1 Asynchronous Serial Interface Mode & Status Register

December 3, 2012 Ver 1.03



\BO\

SEMICONDUCTOR

MC81F8816/8616

RW RW RW RW RW RW RW R
7 6 5 4 3 2 1 0

ADDRESS: 0BAH

BRGCR | . |71Ps2;TPs1 | TPSO{MDL3MDL2 {MDL1MDLO INITIAL VALUE: -001 00005
[ I 1 |
Input clock Selection for Baud Rate Generator (k)
0000: fsck+16 (k=0)  1000: fsck+24 (k=8)
0001: fsck+17 (k=1)  1001: fsck+25 (k=9)
0010: fsck+18 (k=2)  1010: fsck+26 (k=10)
0011: fsck+19 (k=3)  1011: fsck+27 (k=11)
0100: fsck+20 (k=4)  1100: fsck+28 (k=12)
0101: fgck+21 (k=5)  1101: fsck+29 (k=13)
0110: fsck+22 (k=6)  1110: fsck+30 (k=14)
0111: fsck+23 (k=7) 1111: Setting Prohibited
Source Clock Selection for 5-bit Counter (= fsck) (n)
000: R11/ACK 100: fyain+24 (n=4)
001: fwaIN+2 (n=1) 101: fyain+2° (n=5)
010: fmaiN+22 (n=2) 110: fmain+26 (n=6)
011 fman+23 (n=3) 111: fwain+27 (n=7)
Cautions : 1. Writing to BRGCR during a communication operation may cause abnormal output
from the baud rate generatior and disable further communication operations.
Therefore, do not write to BRGCR during a communication operation.
Remarks : 1. fscx: Source clock for 5-bit counter
2. fmain: Main Oscillation Frequency
3. n: Value set via TPSO0 to TPS2
4. k: Value set via MDLO to MDL3
5. The baud rate generated from the main system clock is determined according to
the following formula.
fmaIN
Baud Rate =
2n+1 (k + 16)
R R R R R R R R
L o5 5 4 3 2 1.0 ADDRESS: 0BB
: ' R : : ' R . H
RXBR ! : : : = : = : ! INITIAL VALUE: 0000 0000
UART Receiving Data at Receiving Mode
w W W w w w w w
1o 5 4 3 2 1.0 ADDRESS: 0BB
TXSR [ i : i i i ; ; LUE

| H : : : ! INITIAL VALUE: 1111 1111

UART Sending Data at Sending Mode

Figure 21-2 Baud Rate Generator Control Register, Receive Buffer Register, Transmit shift Register
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21.2 Relationship between main clock and baud rate

The transmit/receive clock that is used to generate the baud rate

is obtained by dividing the main system clock. Transmit/Receive

clock generation for baud rate is made by using main system Ix
clock which is divided. BaudRate = —————
2" LK+ 16)
The baud rate generated from the main system clock is deter-

: : : - fx : main system clock oscillation frequency
mined according to the following formula ~n - value et via TPSO to TPS1(1<n < 7)

-k :value set via MDLO to MDL3 (0 < n <14)

fx=11.0592M | fx=8.00M | fx=7.3728M | fx=6.00M fx = 5.00M fx = 4.1943
Baud Rate

(bps) | BRGCR E/S BRGCR ('E/:; BRGCR 5,/';; BRGCR (E.,/:"; BRGCR ('f/:; BRGCR (E.,/:";
600 - - ] - - - ] - - - | 7BH | 114
1,200 - - | 7AH | o016 | 78H |000| 73H | 279 | 70H | 1.73 | 6BH | 1.14
2,400 720H | 000 | 6AH | 016 | 68H | 000 | 63H | 279 | 60H | 1.73 | 5BH | 1.14
4,800 62H | 000 | 5AH | 016 | 58H | 000 | 53H | 279 | 50H | 1.73 | 4BH | 1.14
9,600 52H | 0.00 | 4AH | 016 | 48H | 000 | 43H | 279 | 40H | 1.73 | 3BH | 1.14
19,200 42H | 000 | 3AH | 016 | 38H | 000 | 33H | 279 | 30H | 173 | 2BH | 1.14
31,250 36H | 052 | 30H | 000 | 2DH |170| 28H | 000 | 24H | 0.00 | 21H |-1.30
38,400 32H | 000| 2AH | 016 | 28H |000| 23H | 279 | 20H | 173 | 1BH | 1.14

76,800 20H | 000 | 1AH | 016 | 18H |000| 13H | 279 | 10H | 173 | - -

115200 | 18H |o000| 11H | 212 | 10H |o000| - ] ] ] ] -

Table 21-2 Relationship Between Main Clock and Baud Rate
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22. OPERATION MODE

The system clock controller starts or stops the main fre-
quency clock oscillator, which is controlled by system
clock mode register (SCMR). Figure 22-1 shows the oper-
ating mode transition diagram.

System clock control is performed by the system clock
mode register (SCMR). During reset, this register is initial-
ized to “0” so that the main-clock operating mode is select-
ed.

Main Active mode

This mode is fast-frequency operating mode. The CPU and

the peripheral hardwares are operated on the high-frequen-
cy clock. At reset release, this mode is invoked.

SLEEP mode

In this mode, the CPU clock stops while peripherals and
the oscillation source continue to operate normally.
STOP mode

In this mode, the system operations are all stopped, holding
the internal states valid immediately before the stop at the
low power consumption level.

Main : Oscillation
Sub : Oscillation
System Clock : Main

LDM SCMR, #02H

Main : Oscillation
Sub : Oscillation
System Clock : Sub

Main Active

Sub Active

Mode

€9ION «
COION « / LOION «

Main : Stop or Oscillation y
Sub : Oscillation
System Clock : Stop

Stop / Sleep

LDM SCMR, #01H

* Note1 / * Note2

Mode 1

CANDS 114dS
TANDS TATO

Main : Stop
Sub : Oscillation
System Clock : Sub

Sub Active

Mode

Mode 2

* Note1 : Stop released by
Reset, Key Scan
Watch Timer interrupt,
Timer interrupt (event counter),
and External interrupt

* Note4 : CLR1 SCMR.2 ; Main osc ON
NOP
NOP ;Required osc stabilization time

NOP
LDM SCMR, #01H

* Note2 : Sleep released by
Reset or All interrupts

* Note3 : 1) stop mode admission
LDM SSCR, #5AH
STOP
2) sleep mode admission
LDM SSCR, #0FH

- Sub clock cannot be stopped by STOP instruction.

Figure 22-1 Operating Mode
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22.1 Operation Mode Switching

Shifting from the Normal operation to the SLEEP
mode

By writing “OFy” into SSCR which will be explained in
"23.1 SLEEP Mode" on page 117, the CPU clock stops and
the SLEEP mode is invoked. The CPU stops while other
peripherals are operate normally.

The way of release from this mode is RESET and all avail-
able interrupts.

For more detail, See "23.1 SLEEP Mode" on page 117

Shifting from the Normal operation to the STOP
mode

By writing “5Ay” into SSCR and then executing STOP in-
struction, the main-frequency clock oscillation stops and
the STOP mode is invoked. But sub-frequency clock oscil-
lation is operated continuously.

116

After the STOP operation is released by reset, the opera-
tion mode is changed to Main active mode.

The methods of release are RESET, Key scan interrupt,
Watch Timer interrupt, Timer/Event counterl (ECO pin)
and External Interrupt.

For more details, see "23.2 STOP Mode" on page 118.

Note: Inthe STOP and SLEEP operating modes, the pow-
er consumption by the oscillator and the internal hardware
is reduced. However, the power for the pin interface (de-
pending on external circuitry and program) is not directly
associated with the low-power consumption operation. This
must be considered in system design as well as interface
circuit design.
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23. POWER DOWN OPERATION

MCS81F8816/8616 have 2 power down mode. In power
down mode, power consumption is reduced considerably
in Battery operation that Battery life can be extended a lot.

23.1 SLEEP Mode
In this mode, the internal oscillation circuits remain active.

Oscillation continues and peripherals are operate normally
but CPU stops. The status of all Peripherals in this mode is
shown in Table 23-1. Sleep mode is entered by writing
“OFy” into SSCR (address OE9p).

It is released by RESET or all interrupt. To be released by
interrupt, interrupt should be enabled before Sleep mode.

Sleep mode is entered by writing “OFy” into Stop and
Sleep Control Register(SSCR), and STOP mode is entered
by writing “5Ay” into SSCR and then executing STOP in-
struction.

Stop and Sleep Control Register
ADDRESS : 0E9H4
RESET VALUE : 004

W W W W W W W W

SSCR

* to enable STOP Mode : 5AH
* to enter SLEEP Mode : OFH

note1. To get into STOP mode, SSCR must be enabled just before
STOP instruction. At STOP mode SSCR register value is
cleared automatically.

Figure 23-1 SLEEP Mode Register

Oscillator
(XiN)

Internal CPU Clock | I | I | I | I |

LI S e L S U

Interrupt

Set bit 0 of SMR*\

Release

Stand-by Mode

Normal Operation >

Normal Operation >

Figure 23-2 Sleep Mode Release Timing by External Interrupt
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(XiN) u u

Internal CPU Clock | I | I | I |

RESET i
Set bit 0 of SMR §

BIT counter X_X__X_X_X_ X

Normal Operation > Stand-by Mode >

Clear & Start

<— tg7 = 62.5ms —> | Normal Operation
at 4.19MHz by hardware

1
ter= ——— x 256
ST AN +1024

Figure 23-3 SLEEP Mode Release Timing by RESET pin

23.2 STOP Mode

Note: If the STOP mode is used in the program, BOD
function should be disabled in the initial routine of soft-
ware.

For applications where power consumption is a critical
factor, this device provides STOP mode for reducing pow-
er consumption.

In case of starting the Stop Operation

The STOP mode can be entered by STOP instruction dur-
ing program execution. In Stop mode, the on-chip main-
frequency oscillator, system clock, and peripheral clock
are stopped (Watch timer clock is oscillating continuous-
ly:. With the clock frozen, all functions are stopped, but the
on-chip RAM and Control registers are held. The port pins
output the values held by their respective port data register
and the port direction registers. The status of peripherals
during Stop mode is shown below.

Peripheral STOP Mode Sleep Mode
CPU All CPU operations are disabled All CPU operations are disabled
RAM Retain Retain

LCD driver Operates continuously Operates continuously

Basic Interval Timer

Halted

Operates continuously

Timer/Event counter 0,1

Halted (Only when the Event counter mode
is enabled, Timer 0, 1 operates normally)

Timer/Event counter 0,1 operates continuously

Watch Timer Operates continuously Operates continuously
Main-oscillation Stop (XiN=L, XouT=H) Oscillation
Sub-oscillation Oscillation Oscillation

I/O ports Retain Retain
Control Registers Retain Retain
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Table 23-1 Peripheral Operation during Power Down Mode
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STOP Mode

by RESET, Watch Timer interrupt,
Timer interrupt (ECO0), UART interrupt and
External interrupt

Peripheral Sleep Mode

Release method by RESET, All interrupts

Table 23-1 Peripheral Operation during Power Down Mode
1. Refer to the Table 10-2

Operating o ':Iraz-:?in Main Sub Active Sub Sleep Stop Mode | Stop Mode
Clock source pMode g Sleep Mode | Operating Mode | Operating Mode 1 2
SCMR][2] SCMR][2]
Main Clock Oscillation Oscillation 0 ==>Oscillation | 0 ==>Oscillation Stop Stop
1 ==>Stop 1 ==>Stop
Sub Clock Oscillation Oscillation Oscillation Oscillation Oscillation Stop
System Clock Active Stop Active Stop Stop Stop
Peri. Clock Active Active Active Active Stop! Stop

1. Except watch timer(sub clock) and LCD driver(sub clock)

Table 23-2 Clock Operation of STOP and SLEEP mode

Note: Since the Xy pin is connected internally to GND to
avoid current leakage due to the crystal oscillator in STOP
mode, do not use STOP instruction when an external clock
is used as the main system clock.

In the Stop mode of operation, Vpp can be reduced to min-
imize power consumption. Be careful, however, that Vpp
is not reduced before the Stop mode is invoked, and that
Vpp is restored to its normal operating level before the
Stop mode is terminated.

The reset should not be activated before Vpp is restored to
its normal operating level, and must be held active long
enough to allow the oscillator to restart and stabilize.

And after STOP instruction, at least two or more NOP in-
struction should be written as shown in example below.

Example)

Reset: :
LDM BODR, #1100 _0000B

Main:

LDM  CKCTLR, #0000 1111B
STOP

December 3, 2012 Ver 1.03

NOP
NOP

The Interval Timer Register CKCTLR should be initial-
ized by software in order that oscillation stabilization time
should be longer than 20ms before STOP mode.

In case of releasing the STOP mode

The exit from STOP mode is using hardware reset or exter-
nal interrupt, watch timer ortimer interrupt (ECO).

To release STOP mode, corresponding interrupt should be
enabled before STOP mode.

Specially as a clock source of Timer/Event counter, ECO
pin can release it by Timer/Event counter Interrupt re-
quest.

Reset redefines all the control registers but does not change
the on-chip RAM. External interrupts allow both on-chip
RAM and Control registers to retain their values.

Start-up is performed to acquire the time for stabilizing os-
cillation. During the start-up, the internal operations are all
stopped.
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Oscillator it
oawpin) L[] " LTI
InternalCIockl Il Il Il | t |||| Il Il Il Il Il Il Il I

External Interrupt
. __STORP Instruction
// Executed

BIT Counter n+1Xn+2 X n+3_

------------------------------------ S e 20MS >
by software

Before executing Stop instruction, Basic Interval Timer must be set
properly by software to get stabilization time which is longer than 20ms.

Figure 23-4 STOP Mode Release Timing by External Interrupt

Oscillator n
gy LT, <O
InternaICIockl Il || Il || N |_|-|_| || || || || || Il || I

RESET STOP Instruction : |_'
Executed \ 3
BIT Counter 4 X0 X 1 X XFEXFEX 0 X 1 X 2
o

Clear

Normal Operation Stop Operation e

at 4.19MHz by hardwaré

tsT= ——— x 256
ST fwA <1024

Figure 23-5 STOP Mode Release Timing by RESET
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Minimizing Current Consumption

The Stop mode is designed to reduce power consumption.
To minimize current drawn during Stop mode, the user
should turn-off output drivers that are sourcing or sinking
current, if it is practical.

Note: In the STOP operation, the power dissipation asso-
ciated with the oscillator and the internal hardware is low-
ered; however, the power dissipation associated with the
pin interface (depending on the external circuitry and pro-
gram) is not directly determined by the hardware operation
of the STOP feature. This point should be little current flows
when the input level is stable at the power voltage level
(Vpp/Vss); however, when the input level becomes higher
than the power voltage level (by approximately 0.3V), a cur-
rent begins to flow. Therefore, if cutting off the output tran-
sistor at an I/0 port puts the pin signal into the high-
impedance state, a current flow across the ports input tran-
sistor, requiring it to fix the level by pull-up or other means.

It should be set properly that current flow through port
doesn't exist.

First consider the setting to input mode. Be sure that there
is no current flow after considering its relationship with
external circuit. In input mode, the pin impedance viewing
from external MCU is very high that the current doesn’t
flow.

But input voltage level should be Vsg or Vpp. Be careful
that if unspecified voltage, i.e. if uniformed voltage level
(not Vgsor Vpp) is applied to input pin, there can be little
current (max. ImA at around 2V) flow.

If it is not appropriate to set as an input mode, then set to
output mode considering there is no current flow. Setting
to High or Low is decided considering its relationship with
external circuit. For example, if there is external pull-up re-
sistor then it is set to output mode, i.e. to High, and if there
is external pull-down resistor, it is set to low.

INPUT PIN
v Vbb Vpp

internal
pull-up

Vbb

e O
T ==

Vbp

=L
O

{l-_[jioPEN e
v N

Very weak current flows {]—[
X i=0 GND

When port is configured as an input, input level should
be closed to OV or Vpp to avoid power consumption.

Figure 23-6 Application Example of Unused Input Port

OUTPUT PIN
EE— —J[ oN
_ | OPEN
: —|[ oFF

Vbb

x|
1 A4

O

In the left case, much current flows from port to GND.

OUTPUT PIN

In the left case, Tr. base current flows from port to GND.
To avoid power consumption, there should be low output
to the port.

Figure 23-7 Application Example of Unused Output Port
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24. OSCILLATOR CIRCUIT

The MC81F8816/8616 have three oscillation circuits inter-
nally. XN and Xoyrt are input and output for main fre-
quency and SXjN and SXour are input and output for sub

frequency, respectively, inverting amplifier which can be
configured for being used as an on-chip oscillator, as
shown in Figure 24-1.

Example

Crystal Oscillator C1,C2 = 10~30pF

Ceramic Resonator C1,C2 =10~30pF

1

]

C2 I 4.19MHz

C1
Xout

XIN

Vss

Open

External Clock

Xout

XIN

External Oscillator

* The example load capacitor value(C1, C2, C3, C4) is common value but may
not be appropriate for some crystal or ceramic resonator.

C3 |
—

o T |
32.768kHz

SXout

SXIN

1

Vss

Example
C3,C4 =10 ~ 30pF

Crystal or Ceramic Oscillator

No need exteranl component XouT/R46

for oscillation.

(XiNn/XouT pin can be used

as normal I/O pin R46/R45

) XIN/R45
Vss

Internal 8MHz/4MHz

Figure 24-1 Oscillation Circuit

Oscillation circuit is designed to be used either with a ce-
ramic resonator or crystal oscillator. Since each crystal and
ceramic resonator have their own characteristics, the user
should consult the crystal manufacturer for appropriate
values of external components.

In addition, see Figure 24-2 for the layout of the crystal.

Note: Minimize the wiring length. Do not allow the wiring to
intersect with other signal conductors. Do not allow the wir-
ing to come near changing high current. Set the potential of
the grounding position of the oscillator capacitor to that of
Vss. Do not ground it to any ground pattern where high cur-
rent is present. Do not fetch signals from the oscillator.

122

Xout

XN

!

Figure 24-2 Layout of Oscillator PCB circuit
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25. PLL

The phase locked loop (PLL) is used to a fixed frequency
using a phase difference comparison system.

Figure 25-1 shows the PLL block diagram.

As shown in Figure 25-1, the PLL consists of an input se-

lection circuit, Feedback divider, phase comparator
(Phase-Locked Loop), VCO and Post-scaler.

PLL consists of 8-bit XPLLCR register and XPLLDAT
register shown in Figure 25-1 .

— »BIT
WT
fxt
fxtin Selector >
Phase-Looked fveo fout
—> VvCOo Post-Scaler
Loop o
y A yy
XPLLE -
Feedback XPLLPS
Divider
XPLLFD
XPLLCR (Oscillator PLL Controll Register)
R/W R/W R/W R/W R/W R/W R/W R/W
Bit : 7 6 5 4 3 2 : 1 : 0 ADDRESS: 09A,
e - - - - - i FXTS | XPLLE[ |NTIAL VALUE:——00g
FXTS(fxt selection) XPLLE(Oscillator PLL Enable Controll)
0: Select fxtin 0: Disable PLL
1: Select fxout 1: Enable PLL
XPLLDAT (Oscillator PLL Data Register)
R/W R/W R/W R/W R/W R/W R/W R/W
Bit : 7 6 : 5 4 3 2 : 1 : 0 ADDRESS: 08By,
| - - i XPLLFD2XPLLFD% XPLLFDQXPLLPSZEXPLLPS1;XPLLPS4 INITIAL VALUE:—000000g
XPLLFD(Oscillator PLL Feedback Divider Control) XPLLPS(Oscillator PLL Post-Scaler Control)
000: fyeo = 32768(fyin) * 978 = 32.047Mhz 000: fout = frog1
001: fout = fygo+2
010: fout = fyco22
011: fout = fyco+23
100: fout = fyco24
101: foyt = fyco+258
110: fout = fyo=28
111: fout = fyo+28
Note : 1. After reset, the oscillator PLL block is disabled and fxtin is selected for the fxt with the XPLLCR ="00"
2. It should be written to the XPLLCR[1:0] with an “11” to use the oscillator PLL output frequency(fout) as
system clock
3. If the oscillator PLL block is disabled with the XPLLE = 0, the current through the oscillator PLL block
should be under 1uA
4. The oscillator PLL block should be disabled by software before entering power down mode(STOP mode)

Figure 25-1 OSCILLATER

December 3, 2012 Ver 1.03

PLL CIRCUIT Diagram
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25.1 External PLL Circuit

A External connection for normal PLL is shown in Figure

25-2.

PLLC[]T
MCU
T
e sd

_— GN

0.47uF(@5.5V)

D

124

Figure 25-2 External Circuit
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26. RESET

The MC81F8816/8616 have has four reset generation
sources; external reset input, power on reset (POR),
brown-out detector reset (BOD) and watch-dog timer re-

set. Table 26-1 shows on-chip hardware initialization by
reset action.

On-chip Hardware Initial Value On-chip Hardware Initial Value
Program counter (PC) (FFFFR) - (FFFER) Operation mode Main-frequency clock
RAM page register  (RPR) 0 Peripheral clock On
G-flag (G) 0 Control registers Refer to Table 8-1 on page 39

Table 26-1 Initializing Internal Status by Reset Action
RESET

Noise Canceller

POR

(Power-On Reset)

BOD

Internal

(BOD Reset)

WDT

S QF— RESET

(WDT Timeout Reset)

Overflow

Clear

BIT

Figure 26-1 RESET Block Diagram

26.1 External Reset Input

The reset input is the RESET pin, which is the input to a
Schmitt Trigger. A reset accomplished by holding the RE-
SET pin to low for at least 8 oscillator periods, within the
operating voltage range and oscillation stable, it is applied,
and the internal state is initialized. After reset, 65.5ms (at
4MHz) and 7 oscillator periods are required to start execu-
tion as shown in Figure 26-3.

Internal User RAM is not affected by reset. When Vpp is
turned on, the RAM content is indeterminate. Therefore,
this RAM should be initialized before read or tested it.

When the RESET pin input goes to high, the reset opera-
tion is released and the program execution starts at the vec-
tor address stored at FFFEy - FFFFQ.

December 3, 2012 Ver 1.03

A connection for normal power-on-reset is shown in Fig-
ure 26-2.

Vbp Vbbp
47kQ
RESET 4
Reset IC ] {>—>
0.1uF
MCU
GND GND

Figure 26-2 Normal Power-on-Reset Circuit
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System Clock

|1 f2]sfa]s)e]7]

JuuuiuUurrUUuryyL

RESET

ADDRESS
BUS

DATA
BUS

Stabilization Time
tsT = 65.5mS at 4MHz

| <—  MAIN PROGRAM

RESET Process Step

tsT 256

1
= x
fmain 1024

Figure 26-3 Timing Diagram of RESET

26.2 Power On Reset

The on-chip POR circuit holds down the device in RESET
until Vpp has reached a high enough level for proper op-
eration. It will eliminate external components such as reset
IC or external resistor and capacitor for external reset cir-
cuit. In addition that the RESET pin can be used to normal
input port R47 by setting “POR” and “R47EN” bit of the
Configuration option area(20FFH) in Flash programming.
When the device starts normal operation, its operating

26.3 Brown-out Detector
Refer to “27. Brown-out Detector (BOD)”

26.4 Watchdog Timer Reset
Refer to “14. WATCH DOG TIMER”

126

parmeters (voltage, frequency, temperature...etc) must be
met.

Note: When “POR” option is checked and “R47EN” option
is not checked, RESET/R47 pin acts as external Reset in-
put pin. In this case, the external reset circuit should be con-
nected to RESET pin. If external reset is not needed, not
only “POR”, but also “R47EN” option should be checked.

December 3, 2012 Ver 1.03
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27. Brown-out Detector (BOD)

The MC81F8816/8616 has an on-chip BOD(Brown-out
Detector) circuitry to immunize against power noise. The
BOD control register BODR can enable or disable the built

Note: If the STOP mode is used in the program, BOD
function should be disabled in the initial routine of soft-

ware. in reset circuitry. The Block diagram of BOD is shown in
the Figure 27-1.
MSB LSB
BODR (BOD RW _RW RW RW RW RW RW RW o
i T T T T T T T . H
Control Register) |BOD_ENB TRM2 {AD_REFB TRM1{ TRMO | BIS2 | BIS1 | BISO | INITIAL VALUE: 0100_0000g
[ | ] -
BOD_ENB (BOD disable)—‘
0: BOD Enable BIS[2:0] (BOD Detection Level)
1: BOD Disable TRMI[2:0] (Detection Level Trim selection) 000: 2V (typical)
. . 000: Detection Level d 0.2V(TBD 001: 2.4V (typical)
AD_REFB (Disable self-bias check reference) | 001 Dotaction Lovel down 50_15%,}“3)?33; 010: 25V (typical)
0: Enable self-bias check reference voltage operation 010: Detection Level down (0.105V(TBD 01 1 2.7V (typical)
: ) ) 011: Detection Level down (0.052V(TBD)) 100: 2.9V (typical)
1: Disable self-bias check reference voltage operation 100: Default 101: 3.2V (typical)

101: Detection Level up (0.052V(TBD)) 110: 3.6V (typical)
110: Detection Level up (0.105V(TBD))
)

111: Detection Level up (0.157V(TBD)

. MSB LSB
LBCR (LCD Bias RW RW RW RW RW RW RW RW

Control Register) | CTR_S {CTR_DS3{CTR_DSZCTR_DS1CTR_DS0§YS_BODEYS_BOD) BOD |

ADDRESS : 0B3H
RESET VALUE : 01111000B

BOD_ENB SYS_BOD<1:0> (Mode selection of BOD Result) BOD (BOD Flag)
& 00: Reset mode 0: BOD No Detect
AD REFB 01: no operation mode(oniy BIF setting) 1: BOD Detect

10: Freeze mode
11: no operation mode(oniy BIF setting)

BOD_ENB m_q
STOP

L »Internal Reset
Resistor Low-Level . . ; Signal
Voltage comparator 32us Noise | [ Operation
Array g PS7 d BIF setti
Selector | mode |——» setting
Canceller Selector
> —> Freeze Mode
Sub_CLK
BOD_ENBﬁD}_| LCR[7] SYS_BODO
Top
BISO §ToP SYS_BOD1
Vss
AD_REFBﬁD_q BIS1
sTOP BIS2 AD_REFB d
TRMO * Self Bias
Reference — 1> Check Reference
TRM1 [—{ Voltage _
Source
TRM2 |[—

Figure 27-1 Block Diagram of BOD (Brown-out Detector Reset)
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The BOD of MC81F8816/8616 has 8 detection level 2.4V, BOD level 2V and 2.4V can not operate.
which can be selected by BIS[2:0] and each level can be
trimmed by TRM[1:0].

The NC_SEL bit of BODR is used for selecting BOD noise RESET VECTOR
canceller. For example, if the NC_SEL bit of BODR is set
to “1” and VDD voltage falls below the BOD detection

level during 20us, BOD does not generates internal reset YES
signal or freeze mode signal because the 32us noise cancel-
ler eleminates low level detection signal less than 32us.

RAM Clear
BOD result can be selected by SYS_BOD[1:0] of LBCR Initialize RAM Data E: 0
register. When SYS BOD[1:0] is set to “00”, BOD gener- Skip the
ates reset singnal. I[f SYS BODJ1:0] is set to “107, it gen- Initialize All Ports initial routine
erates freeze mode signal and CPU freeze until the VDD Initialize Registers
voltage returns to regular level.

The self bias check reference, which can be used for calcu-
lating VDD voltage, can be activated by setting the Fumction
AD REFB bit to “0” and BOD_ENB bit to “0”. It is used Execution
for checking VDD voltage.

BIF is set to “1” when BOD occurs. It can be used to dis-
tinguish reset caused by BOD and other.

When the POR is used, the BOD detection level should be Figure 27-2 Example Flow of Reset flow by BOD
set to the level less than POR level. If the POR level is

128 December 3, 2012 Ver 1.03
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28. Osillation Noise Protector

The Oscillation Noise Protector (ONP) is used to supply
stable internal system clock by excluding the noise which
could be entered into oscillator and recovery the oscillation
fail. This function could be enabled or disabled by the
“ONP” bit of the Device configuration area (20FFp) for
the MC81F8816/8616.

The ONP function is like below.
- Recovery the oscillation wave crushed or loss caused

by high frequency noise.

- Change system clock to the internal oscillation clock
when the high frequency noise is continuing.

- Change system clock to the internal oscillation clock
when the Xn/Xour is shorted or opened, the main
oscillation is stopped except by stop instruction and
the low frequency noise is entered.

High Frq. Noise

XIN OFP
* gl XIN_NF
HF Noi Mux -
oise
_| HF Noise _| Canceller »0S Internal FINTERNAL
"| Observer - 0SsC -
en
INT_CLK
y
LF Noise
ONP - Observer | CLK_CHG ONP
—® en =
OFP —————» ) I «—— INSMCLK(XO)
INAMCLK(XO)
L o/f en
OFP
ONPb =0 -
HEY K (8-Bit counter)
LF_on=1
IN.CLK =0

INT_CLK 8 periods
(250ns x 8 =2us)

.

PS10(INT_CLK/512) 256 periods
(250ns x 512 x 256 =33 ms)

S | A 1

Noise Cancel l

XIN_NF

C T 1
'

Low Frq. Noise or \ !
Oscillation Fail

INT_CLK reset

))-
C

5 LT LML LT

N '

00 O

INT_CLK

U U UL L UL

).
144 '

L

OFP_EN .
CHG_END : : i H .
CLK_CHG : ‘ l : ‘7
* Clock Change Start(XIN to INT_CLK) " Clock Change End(INT_CLK to XIN))

).
(44 '
'

Figure 28-1 Block Diagram of ONP & OFP and Respective Wave Forms

December 3, 2012 Ver 1.03
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The oscillation fail processor (OFP) can change the clock
source from external to internal oscillator when the oscil-
lation fail occured. This function could be enabled or dis-
abled by the “OFP” bit of the Device Configuration Area
(MASK option for MC81F8816/8616).

And this function can recover the external clock source
when the external clock is recovered to normal state.

The “INSMCLK”, “INAMCLK”, “INSMCLKXO”,

130

“INAMCLKXO”, option of the Device Configuration Area
enables the function to operate the device by using the in-
ternal oscillator clock in ONP block as system clock. There
is no need to connect the x-tal, resonator, RC and R exter-
nally. After selecting the this option, the period of internal
oscillator clock could be checked by Xoyt outputting
clock divided the internal oscillator clock by 4.
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29. FLASH PROGRAMMING SPEC.

29.1 FLASH Configuration Byte

Except the user program memory, there is configuration
byte(address 20FFp) for the selection of program lock,
ONP, OPF, oscillation configuration and reset configura-
tion. The configuration byte of FLASH is shown as Figure
29-1. It could be served when user use the FLASH pro-
grammer.

Note: The Configuration Option may not be read exactly
when VDD rising time is very slow. It is recommended to
adjust the VDD rising time faster than 40ms/V (200ms from
0V to 5V).

7 6 5 4 3 2

1 0

Configuration Option Bits

ONP | OFP {LOCK} POR R47EN: X2EN; CLK1} CLKO|

ADDRESS: 20FFy

—

INITIAL VALUE: 004

t Oscillation confuguration
00 : INAMCLK (Internal 4MHz Oscillation & R45/R46 Enable)
01 : X-tal (Crystal or Resonator Oscillation)
10 : INSMCLK (Internal 8MHz Oscillation & R45/R46 Enable)
11 : Prohibited

Systeam clock confuguration
0: Xin/2
1: Xin

RESET/R47 Port configuration
0 : R47 Port Disable (Use RESET)
1: R47 Port Enable (Disable RESET)

POR Use

0 : Disable POR Reset
1: Enable POR Reset

Security Bit
0 : Enable reading User Code
1 : Disable reading User Code

OFP use

0 : Disable OFP (Clock Changer)
1 : Enable OFP (Clock Changer)

ONP disable
0 : Enable ONP (Enable OFP, Internal 8MHz/4MHz oscillation)
1 : Disable ONP (Disable OFP, Internal 8MHZ4MHz oscillation)

Figure 29-1 The FLASH Configuration Byte

29.2 FLASH Programming
The MC81F8816/8616 is a MTP microcontroller. Its internal
user memory is constructed with FLASH ROM..

Blank FLASH’s internal memory is filled by 00y, not FFy.

Note: In any case, you have to use the *.OTP file for pro-
gramming, not the *.HEX file. After assemble, both OTP
and HEX file are generated by automatically. The HEX file
is used during program emulation on the emulator.

December 3, 2012 Ver 1.03

How to Program
To program the FLASH or MTP devices, user can use ABOV
own programmer.

ABOV own programmer list
Manufacturer: ABOV Semiconductor Programmer:

Choice-Sigma
StandAlone-Gang4
PGM-plus

The Choice-Sigma is a ABOV Universal Single Programmer for
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all of ABOV FLASH/OTP devices, also the StandAlone-Gang4
can program four FLASH/OTPs at once for ABOV device.

Ask to ABOV sales part for purchasing or more detail.

Programming Procedure
1. Select device MC81F8816/8616.

2. Load the *.OTP file from the PC. The file is composed
of Motorola-S1 format.

132

3. Set the programming address range as below table.

Address Set Value
Buffer start address EO000H
Buffer end address FFFFH
Device start address EO000H

4. Mount the socket adapter on the programmer.

5. Start program/verify.

December 3, 2012 Ver 1.03
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30. EMULATOR EVA. BOARD SETTING

J USER_B J USER_A
veel O O |vee avee| O O |Aavee
j RemouT O (O |GND sec41| O O |sEG40
CONNECTA CONNECTB
ooooooooooi _/oooooooooo_ Pe O O |eno como| O O | comt
«|©000000000]| (0000000000 ursTRa7| O O |ras comz| O O |coms
ouzuuun S O Ris| O O |Raa comaisec3e | (O (O | comsisEG38
1253145 |? JUSERC J_USER B J_USERA R43 O O R42 COMB6/SEG37 O O COM7/SEG36
VR2 VR1
s'e|[s2] o oo O Im N oo ) oo Rt O O |rao secss | O O |sEGsa
S9 e R37| O O |rss secss | O O |sEG32
00 00
nos\mmo 00 00 wm R5| O O |ras re7isecat| O O | Re6ISEG30
0o oo || oo
® O | oo oo || oo rR33| O O |[r32 resiseG2o| O (O | ReaisEG28
00 oo || oo
RUN O wm ABOV wm wm R31| O O |r3o re3/seG27| O (O | R8zsEG26
@) O wm MCB0073174_EVA wm ww R7| O O |res re1/seG25| (O (O | R80/SEG24
sToP ”_wm ”_ww “_wm RSB O O |r4 rr7isec23| O O |RrreiseG22
mmmu_mnm - 00 S9 S3 R3] O O |R22 r75/seG21| (O (O |R74/SEG20
O mz o9 S R21 O O |rao rraisec1o| O O |Rrzsec1s
o
S 38 g RI7I O O |ri6 r7isect7| O O |RrroisEG1s
°~° 00 REIFNEE R 00 0o
() 00 e oo || 88 R15| O O |r14 Re7/5EG15| (O (O | Re6/SEG14
O O
RESET 00 o 0o || 88 R3] O O |[ri2 O O |resseci
e EEEEEE 00 R65/SEG13
[eXe) g 1 2 3 4 5 6 7 8 [eXe) [eXe) R11 O O R10 RE3/SEG11 O O
O o[s[ e sle R62/SEG10
y 8% FEdoaJoJod PowerseL RO7| O O |ros re1seGe | O O |Rreoisecs
R CE SR T gy
= T =k Qﬁn rRos| O O |ros rezisea7 | O O | rssisecs
ST y cnmmx R3] O O |ro2 ResisEGs | O (O | Re4/SEGS
000000000000000 -
foooooooooooooooi ROTO O |roo rRe3isEG3 | O O | Rsz/seG2
CONNECTC \ OO rstisest | O O | RsoisEco
e\l O O |6ND ano | O O |onp
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*J_USEC_C is reserved for further use, Unused in MC81F8816/8616.
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31. IN-SYSTEM PROGRAMMING

31.1 Getting Started / Installation

The In-System Programming (ISP) is performed without 2. Configure a target system as ISP mode.

removing the microcontroller from the system. The In- Refer to “31.3 Hardware Conditions to Enter the ISP Mode”
System Programming(ISP) facility consists of a series of
internal hardware resources coupled with internal firm-
ware through the serial port. The In-System Programming 4. Run the ABOV USB-SIO-ISP software.

(ISP) facility has made in-circuit programming in an em- - Down load the ISP S/W from http://www.abov.co.kr.
bedded application possible with a minimum of additional
expense in components and circuit board area. The follow-
ing section details the procedure for accomplishing the in- 5. Select a device in the USB-SIO-ISP S/W.
stallation procedure. 6

3. Attach a USB-SIO-ISP B/D into a target system.

- Unzip the download file and run USB-SIO-ISP.exe

. Power on a target system.

1. Power off a target system. 7. Execute ISP command such as read, program, auto... by

pressing buttons on the USB-SIO-ISP S/W.

 use-sio-1sP s/w [ 5)X]

(eome) ABOV:

ARIY aamicamdacier

Yer, Info | Qo000:Suvccess to open the ISPECUSE driver
Blank Check Hesx Edit |

Frogram

[ Fead | [ SerialiD |

[ Erasze J [Dptinn Write]

Addrezs Range
Start| 000 End| FFFF

Lpdate Buffer

Co00:FF FF
COLl0:FF FF
COZ0:FF FF
v Auto Option wite | |CO030:FF FF

AUTOF12) W Buto Show Option | [C040: FF FF
CO50:FF FF

COG0:FF FF

A’B%ratiunis ahorted, CO70:FF FF
CO80:FF FF

CO90:FF FF

COAQ: FF FF
Sesmps RIAR COEO:FF FF

Select Device Coco:FF FF
S1F8516 | CODO:FF FF

Figure 31-1 ISP software
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31.2 Basic ISP S/W Information

The Figure 31-1 is the ISP software based on Windows™.
This software is only supporting devices with SIO. In case

of not detecting its baudrates an user manually have to se-
lect specific baudrates.

Function Description

Load File Load the data from the selected file storage into the memory buffer.

Save File Save the current data in your memory buffer to a disk storage by using the Intel Motorola HEX
format.

Blank Check Verify whether or not a device is in an erased or unprogrammed state.

Program This button enables you to place new data from the memory buffer into the target device.

Read Read the data in the target MCU into the buffer for examination. The checksum will be displayed
on the checksum box.

Verify Assures that data in the device matches data in the memory buffer. If your device is secured, a
verification error is detected.

Erase Erase the data in your target MCU before programming it.

Option Selection

Set the configuration data of target MCU. The security locking is set with this button.

Option Write Progam the configuration data of target MCU. The security locking is performed with this button.
Start_ Starting address

End End address

AUTO Following sequence is performed ; 1.Erase 2.Program 3.Verify 4.Option Write

Auto Option Write

If you want to program the option(config) value after pressing the Auto Button, chek this button

Auto Show Option

If you check this button, the option(config) dialog is displayed whenever pressing the Auto button.

Checksum

Display the checksum(Hexdecimal) after reading the target device.

Select Device

Select target device. You need to select a device before turning on the target VDD

Update Buffer

Update buffer by pressing this button.

Fill Fill the selected area with a data.
Goto Display the selected page.
Serial ID To program the serial ID.

Table 31-1 ISP Function Description

sirable.

Note: MCU configuration value is erased after operation. It
must be configured to match with user target board. Other-
wise, it is failed to enter ISP mode, or its operation is not de-
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31.3 Hardware Conditions to Enter the ISP Mode
The boot loader can be executed by holding ALE high, RE-

SET/Vpp as +9V.
SCLK
SDA
'_
5 X
8 <
o X
Vbp(+5V) 29
T pejg
I/ ¥ x
Xn L1l [0
] » (=}
Xout | > >
D 9V — > | 5EeeT
I_-T- {1SP_vep) |RESETIVee Von(+5Y)
DD
/j/ MC81F8816/8616Q
RO4/ALEZ
O

User target reset circuitry

USB-SIO-ISP B/D

10-pin connector

000,

[P - SN E .

Use[ mode PCB Top View
RESET/Vpp ' L 00000
R sfglglefs
T'>» XU O

ISP_mode

1. If other signals affect SIO communiction in ISP mode, disconnect these pins by using a jumper or a switch.
2. If ALE is sharing with other function. Toggle between ISP and user mode.

Caution: The ALE is only used for the ISP entry. connecting the ALE to Vss_ into user mode is more effective than connecting it to Vpp

to prevent malfunction(entering ISP mode) by noise.
If the Vpp is changed from 0 to 9V(@Vdd=5V) by a noise, the ISP mode could be enabled.

Please make the ALE low to prevent unexpected entering the ISP mode from the user mode.

Figure 31-2 ISP Configuration
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31.4 Sequence to enter ISP mode/user mode

Reset ISP mode
> <
min.10us|64ms@4MHz
XiN 4 2~ 12MHz
Vbb
Sequence to enter user mode from ISP mode.

Vep

ALE logic high

Figure 31-3 Timing diagram to enter the ISP mode

Sequence to enter ISP mode from user mode.
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31.5 USB-SIO-ISP Board

The ISP software and hardware circuit diagram are provid- To get a ISP B/D, contact to sales department. The follow-
ed at www.abov.co.kr. ing circuit diagram is for reference use.

——* Connect USE mini type cable.

JSB-SIO-ISP BID
10-pin connector

USB-SIO-ISP B/D
10-pin Connector

PCE Top View

Figure 31-4 ISP board supplied by ABOV
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A. INSTRUCTION

A.1 Terminology List

Terminology

Description

A Accumulator
X X - register
Y Y - register
PSW Program Status Word
#imm 8-bit Immediate data
dp Direct Page Offset Address
labs Absolute Address
[] Indirect expression
{} Register Indirect expression
{}+ Register Indirect expression, after that, Register auto-increment
.bit Bit Position
A.bit Bit Position of Accumulator
dp.bit Bit Position of Direct Page Memory
M.bit Bit Position of Memory Data (0004~0FFFR)
rel Relative Addressing Data
upage U-page (OFFOOH~OFFFFp) Offset Address
n Table CALL Number (0~15)
+ Addition
y D:ED Upper Nibble Expression in Opcode
Bit Position
y D:ED Upper Nibble Expression in Opcode
Bit Position
- Subtraction
x Multiplication
/ Division
() Contents Expression
A AND
OR
® Exclusive OR
~ NOT
«— Assignment / Transfer / Shift Left
- Shift Right
o Exchange
= Equal
#* Not Equal
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A.2 Instruction Map

Low | 00000 | 00001 | 00010 | 00011 | 00100 | 00101 | 00110 | 00111 | 01000 | 01001 | 01010 | 01011 | 01100 | 01101 | 01110 | 01111
HIGH 00 01 02 03 04 05 06 07 08 09 0A o8 | oc | oD OE OF
seTt1 | BBS | BBS | apc | aDc | ADc | ADc | AsL | AsL | TCAL | SETA | gt | pop | pusH
000 | - ) gppit | ADILE ] OPBL T yimm | Tdp | dpex | rabs | A | d L ! d A A | BRK
P: el rel P P : P 0 bit P

o1 | cLre SBC | SBC | sBC | SBC | ROL | ROL TCLA'- C'-1RA COM | POP | PUSH | BRA
#mm dp dp+X labs A dp 5 bit dp X X rel
cMP | cMP | cMP | cMP | LsR | LsR | TCAL | NnoT1 | TsT | Pop | pusH | PCAL

010 | CLRG : L . L
#imm dp dp+X labs A dp 4 M.bit dp Y Y U

page
TCAL

o1 ol OR | OR | OR | OR | ROR | ROR | TS" | OR1 | cMPX | POP | PUSH | oo
#mm | dp | dp*X | labs | A dp 5 |or1B| dp | Psw | Psw

100 | cLry AND | AND | AND | AND | INC | INC TCLA" mgl CMPY | CBNE | ygp | INC
#mm dp dp+X labs A dp 8 B dp dp+X X

w01 | sete EOR | EOR | EOR | EOR | DEC | DEC TCLA" 5821 DBNE | XMA | oo | DEC
#mm dp dp+X labs A dp 10 B dp dp+X X
LDA | LDA | LDA | LDA oy | AL | 1pc | ox | Lbx DAS

110 SETG #mm dp dp+X labs TXA dp 1"2 LDCB dp dp+Y XCN (N/A)
LDM TCAL

'l sTa | sTA | sTA STY sTC | STX | sTX
Bl El dn‘:;f ! dp | dp*X | tabs | TAX dp 1"4 Mbit | dp | dp+y | XAX | STOP

Low | 10000 | 10001 | 10010 | 10011 | 10100 | 10101 | 10110 | 10111 | 11000 | 11001 | 11010 | 11011 | 11100 | 11101 | 11110 | 11111

WeH | 10 | M | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 1A | 1B | 1C | 1D | 1E | 1F

o0 | BPL | cLr1 | BBC | BBC | apc | ADC | Abc | Abc | Ast | AsL | TYAH | ump | B | ADP | Lox | uwe
rel dpbit | Abitrel | POLT | v [dp+X] | [dp]+Y | labs | dp+X 1 labs | labs dp #imm | [labs]

o1 | BVC sec | SBC | sec | sBc | RoL | RoL | TGAb | caw | TesT | SOB | LDY | ump
rel {X} ’ v [dp+X] | [dp]+Y | labs dp+X 3 labs labs dp #imm [dp]

o0 | BCC cvp | SMP | omp | omp | sk | sk | TAR | TORCRP L ompx | caLL
rel X} ’ v [dp+X] | [dp]+Y | labs dp+X 5 labs dp #imm [dp]

o011 | BNE orR | OR | orR | OR | ROR | ROR | TCAL | DBNE | CMPX | LDYA | CMPY | oo
rel {X} ’ Y [dp+X] | [dp]+Y | labs dp+X 7 Y labs dp #mm

100 | BM AND | AND L AaND | aND | iNc | e | TSAR L emey | iNew | ING |
rel {X} ’ v [dp+X] | [dp]+Y | labs dp+X 9 labs dp Y

101 | BYS EOR | SOR | Eor | EOR | DEC | DEC | T9A | xma | xma | BFC | DEC | L0
rel {X} ' Y [dp+X] | [dp]+Y | labs dp+X oy {xX} dp dp Y
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1o | BCS oa | S% | oA | oA | oy | oy | TSAR | oA | DX | STYA | . | DAA
rel o) | 295" | [dp+X] | [pl+Y | tabs | dp+X | | O+ | labs | dp (NIA)

| BEQ sta | STA | sta | sta | sty | sty | TOAL | stA | sTX | CBNE | ooy | Nop
rel {X} ’ Y [dp+X] | [dp]+Y | labs dp+X 15 {X}+ labs dp
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A.3 Instruction Set
Arithmetic / Logic Operation
No. Mnemonic C(c)nge B’\)l/;e Cly\/l((:)le Operation Nvg};aHgIZC
1 ADC #imm 04 2 2 Add with carry.
2 ADC dp 05 2 3 A< (A)+(M)+C
3 ADC dp + X 06 2 4
4 ADC labs 07 3 4 NV--H-2C
5 ADC labs +Y 15 3 5
6 ADC [dp + X] 16 2 6
7 ADC [dp]+Y 17 2 6
8 ADC {X} 14 1 3
9 AND #mm 84 2 2 Logical AND
10 AND dp 85 2 3 A« (A)A (M)
11 AND dp + X 86 2 4
12 AND labs 87 3 4 N----- Z-
13 AND labs +Y 95 3 5
14 AND [dp + X] 96 2 6
15 AND [dp]+Y 97 2 6
16 AND {X} 94 1 3
7 ASL A 08 ! 2 Arithmetic shift left
18 ASL dp 09 2 4 c 76543210 N----- zC
19 | ASL dp+X 19 2 5 [« [elelelelelele]d] « 0
20 ASL labs 18 3 5
21 CMP #imm 44 2 2
22 CMP dp 45 2 3
23 CMP dp + X 46 2 4
24 CMP labs 47 3 4 Compare accumulator contents with memory contents | N-==—- LAY
25 CMP labs +Y 55 3 5 (A)-(M)
26 CMP [dp + X] 56 2 6
27 CMP [dp]+Y 57 2 6
28 CMP {X} 54 1 3
29 CMPX #imm 5E 2 2 Compare X contents with memory contents
30 CMPX dp 6C 2 3 (X)-(M) N----- zC
31 CMPX labs 7C 3 4
32 CMPY #imm 7E 2 2 Compare Y contents with memory contents
33 CMPY dp 8C 2 3 (Y)-(M) N-———- zC
34 CMPY labs 9C 3 4
35 COM dp 2C 2 4 1'S Complement : (dp )« ~(dp) N-————- Z-
36 DAA - - - Not supported
37 DAS - - - Not supported
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No. Mnemonic nge Br\)l/(t)e C,)\/lf)le Operation NVlG:]I;{?[ZC
38 DEC A A8 1 2 Decrement
39 DEC dp A9 2 4 M« (M)-1
40 DEC dp + X B9 2 5
41 DEC !labs B8 3 5 N-———- Z-
42 DEC X AF 1 2
43 DEC Y BE 1 2
44 DIV 9B 1 12 Divide : YA/XQ:A, RY NV--H-Z-
45 EOR #mm A4 2 2 Exclusive OR
46 EOR dp A5 2 3 A« (A)D (M)

47 EOR dp + X A6 2 4
48 EOR labs A7 3 4 N----- Z-
49 EOR labs +Y B5 3 5
50 EOR [dp + X] B6 2 6
51 EOR [dp]+Y B7 2 6
52 EOR {X} B4 1 3
53 INC A 88 1 2 Increment
54 INC dp 89 2 4 M« (M)+1
55 INC dp + X 99 2 5
56 INC labs 98 3 5 N----- z-
57 INC X 8F 1 2
58 INC Y 9E 1 2
59 LSR A 48 ! 2 Logical shift right
60 LSR dp 49 2 4 76543210 c N----- 7C
61 LSR dp + X 59 2 5 0"~ -]
62 LSR labs 58 3 5
63 MUL 5B 1 9 Multiply : YA« Y xA N----- Z-
64 OR #imm 64 2 2 Logical OR
65 OR dp 65 2 3 A« (A)v(M)
66 OR dp + X 66 2 4
67 OR labs 67 3 4 N----- Z-
68 OR labs +Y 75 3 5
69 OR [dp + X] 76 2 6
70 OR [dp]+Y 77 2 6
71 OR {X} 74 1 3
72 ROL A 28 ! 2 Rotate left through Carry
73 ROL dp 29 2 4 c 76543210 N----- zC
74 ROL dp + X 39 2 5 rl:h—j
75 ROL l!abs 38 3 5
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No. Mnemonic Cgse B’\yl/;e C')\/;(:)Ie Operation Nv;igmc

70 ROR A 68 ! 2 Rotate right through Carry

77 ROR dp 69 2 4 76543210 c N----- zC

78 ROR dp + X 79 2 5 T*D

79 ROR labs 78 3 5

80 SBC #imm 24 2 2 Subtract with Carry

81 SBC dp 25 2 3 A« (A)-(M)-~C)

82 SBC dp + X 26 2 4

83 SBC labs 27 3 4 NV--HZC

84 SBC labs +Y 35 3 5

85 SBC [dp + X] 36 2 6

86 SBC [dp]+Y 37 2 6

87 SBC {X} 34 1 3

88 TST dp 4C 2 3 Test memory contents for negative or zero, (dp )-00H | N----- Z-

89 XCN CE 1 5 i;(fr;‘inie:;t:%ss within the accumulator Neooe .
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Register / Memory Operation

No. Mnemonic Cooge BNy;e C,)\/Se Operation NVlG:}IB?IgIZC
1 LDA #imm C4 2 2 Load accumulator
2 LDA dp C5 2 3 A (M)
3 LDA dp + X C6 2 4
4 LDA labs Cc7 3 4
5 LDA labs +Y D5 3 5 N----- zZ-
6 LDA [dp + X] D6 2 6
7 LDA [dp]+Y D7 2 6
8 LDA {X} D4 1 3
9 LDA {X}+ DB 1 4 X- register auto-increment : A« (M), X« X+1
10 LDM dp,#mm E4 3 5 Load memory with immediate data: (M)« imm | —-————-—-
11 LDX #imm 1E 2 2 Load X-register
12 LDX dp CcC 2 3 X « (M) N----- Z-
13 LDX dp +Y CD 2 4
14 LDX labs DC 3 4
15 LDY #imm 3E 2 2 Load Y-register
16 LDY dp C9 2 3 Y« (M) N----- Z-
17 LDY dp + X D9 2 4
18 LDY labs D8 3 4
19 STA dp ES 2 4 Store accumulator contents in memory
20 STA dp + X E6 2 5 (M)« A
21 STA labs E7 3 5
22 STA labs +Y F5 3 6 |\ ] e
23 STA [dp + X] F6 2 7
24 STA [dp]+Y F7 2 7
25 STA {X} F4 1 4
26 STA {X}+ FB 1 4 X- register auto-increment: (M) « A, X« X+1
27 STX dp EC 2 4 Store X-register contents in memory
28 STX dp+Y ED 2 5 (M)«<Xx | e
29 STX labs FC 3 5
30 STY dp E9 2 4 Store Y-register contents in memory
31 STY dp+ X F9 2 5 (M)«yY | mmmmmee
32 STY labs F8 3 5
33 TAX E8 1 2 Transfer accumulator contents to X-register : X < A N-===- Z-
34 TAY 9F 1 2 Transfer accumulator contents to Y-register : Y « A N----- Z-
35 TSPX AE 1 2 Transfer stack-pointer contents to X-register : X <— sp N--——- Z-
36 TXA Cc8 1 2 Transfer X-register contents to accumulator: A « X N----- 7-
37 TXSP 8E 1 2 Transfer X-register contents to stack-pointer: sp < X N--——- Z-
38 TYA BF 1 2 Transfer Y-register contents to accumulator: A < Y N----- 7-

viii
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Exchange X-register contents with accumulator : X <>

39 XAX EE 1 4 e i
40 XAY DE 1 4 ixchange Y-register contents with accumulator .Y & |
41 XMA dp BC 2 5 Exchange memory contents with accumulator
42 XMA dp+X AD 2 6 (M)A N--—-- Z-
43 XMA {X} BB 1 5
44 XYX FE 1 4 Exchange X-register contents with Y-register: XY | --——-———---
16-BIT operation
. Op Byte Cycle . Flag
No. Mnemonic Code No No Operation NVGBHIZC
16-Bits add without Carry
1 ADDW dp 1D 2 5 YA < (YA)+(dp+1)(dp) NV--H-ZC
Compare YA contents with memory pair contents :
2 CMPW d 5D 2 4 N--—-- zC
P (YA) - (dp+1)(dp)
Decrement memory pair
3 DECW d BD 2 6 N----- Z-
P (dp+1)(dp) « (dp+1) (dp)-1
Increment memory pair
4 INCW d 9D 2 6 N----- z-
P (dp+1) (dp) « (dp+1) (dp) + 1
Load YA
5 LDYA dp 7D 2 5 YA < (dp+1)(dp) N----- Z-
Store YA
6 STYA dp DD 2 5 (dp+1)(dp)< YA | T
16-Bits subtract without carry
7 SUBW dp 3D 2 5 YA < (YA)- (dp +1) (dp) NV--H-27C
Bit Manipulation
. Op Byte Cycle . Flag
No. Mnemonic Code No No Operation NVGBHIZC
1 AND1 M.bit 8B 3 4 Bit AND C-flag :C« (C)A(M.bit) | —=m———- C
2 AND1B M.bit 8B 3 4 Bit AND C-flagand NOT :C« (C)A~(M.bit) | ----—-- C
3 BIT dp 0oC 2 4 Bit test A with memory : MM----Z-
4 BIT labs 1C 3 5 Z— (A)A(M), N (M7), V<« (Msg)
5 CLR1 dp.bit y1 2 4 Clear bit : (M.bit)«~ 0> | ———m———
6 CLRA1 A.bit 2B 2 2 Clear Abit : (Abit)« *0 | ———mm———
7 CLRC 20 1 2 ClearCflag : C«~ 0" | ——————— 0
8 CLRG 40 1 2 Clear G-flag : G « “0” --0-----
9 CLRV 80 1 2 Clear V-flag : V« “0” -0--0---
10 EOR1 M.bit AB 3 5 Bit exclusive-OR C-flag :C« (C) & (M .bit) | --—----- o]
11 EOR1B M.bit AB 3 5 I?Dlitt)excluswe-OR Cflagand NOT:C«~(C)®~M | c
12 LDC M.bit CB 3 4 LoadC-flag :C« (M.bit) | ———m——- C
13 LDCB M.bit CB 3 4 Load C-flag with NOT :C«~(M .bit) | -——-———- C
14 NOT1 M.bit 4B 3 5 Bit complement : (M .bit) «~(M .bit) | -——————-
15 OR1 M.bit 6B 3 5 BitORC-flag :C« (C)v(M.bit) | ———m——- C
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16 OR1B M.bit 6B 3 5 Bit OR C-flagand NOT :C« (C)v~(M .bit) | ------- C
17 SET1 dp.bit x1 2 4 Setbit : (M.bit) <1 | ———me——
18 SETA1 A.bit 0B 2 2 SetAbit : (Abit)«< 1> | e
19 SETC A0 1 2 SetCflag : C«<*1" | —————= 1
20 SETG Cco 1 2 Set G-flag : G« “1” ——1l--——=
21 STC M.bit EB 3 6 Store C-flag : (M .bit)«~ C | e
Test and clear bits with A :
22 TCLR1 labs 5C 3 6 Ne—ee— 7—
A-(M), (M)« (M)a~(A)
23 TSET1 labs 3c 3 6 Test and set bits with A : Nem oo .

A-(M), (M)« (M)v(A)
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Branch / Jump Operation
. Op Byte Cycle . Flag
No. Mnemonic Code No No Operation NVGBETZC
1 BBC A.bit,rel y2 2 4/6 Branch if bitclear: | ———————
2 BBC dp.bit,rel y3 3 517 if (bit)=0,then pc« (pc) +rel
3 BBS A.bit,rel x2 2 4/6 Branch if bitset: | e
4 BBS dp.bit,rel x3 3 517 if (bit)=1,then pc« (pc)+rel
Branch if carry bit clear
5 BCC rel S0 2 2/4 if(C)=0,then pc« (pc)+rel | 77
Branch if carry bit set
6 BCS rel DO 2 214 if(C)=1,then pc<« (pc)+rel | T
Branch if equal
7 | BEQrel Fo 2 24 | if(Z)=1,then pc< (pc)+rel | T
Branch if minus
8 | BMirel 90 2 24 | if(N)=1,then pc (pc)+rel | T
Branch if not equal
o BNE rel 70 2 214 if(Z)=0,thenpc« (pc)+rel | 7
Branch if minus
10 BPL rel 10 2 2/4 f(N)=0,then pc< (pc)+rel | T
11 BRA rel 2F 2 4 Branchalways —
pc <« (pc) +rel
Branch if overflow bit clear
12 BVC rel 30 2 2/4 if(V)=0, then pc< (pc)+rel | 77T
Branch if overflow bit set
13 BVS rel BO 2 2/4 f(V)=1.then pc< (pc)+rel | T
14 CALL !abs 3B 3 8 Subroutine call
M( sp)«—( pcH ), sp<=sp - 1, M(sp)<— (pcL), sp «-sp - 1,
15 CALL [dp] SF 2 8 if labs, pc< abs ; if [dp], pcL< (dp), pcH<« (dp+1).
16 CBNE dp,rel FD 3 5/7 Compare and branch if notequal: | ——----—-
17 CBNE dp+Xrel 8D 3 6/8 if (A)#(M), then pc« (pc)+rel.
18 DBNE dp,rel AC 3 5/7 Decrement and branch if notequal: | ———————-
19 DBNE Y, rel 7B 2 4/6 if (M)=0, then pc« (pc)+rel.
20 JMP labs 1B 3 3 Unconditional jump
21 JMP [labs] 1F 3 5 pc < jump address | —=—————=
22 JMP [dp] 3F 2 4
U-page call
23 PCALL upage 4F 2 6 M(sp) «<—(pcH ), sp <sp -1, M(sp) < (pcL), = | -——————-
sp < sp -1, pcL « (upage ), pcH < "OFFH” .
Table call : (sp) <—(pcH ), sp<«sp-1,
24 TCALL n nA 1 8 M(sp) « (pcL ),sp «<~sp-1, | ———————e

pcL < (Table vector L), pcy < (Table vector H)
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Control Operation & Etc.

No. Mnemonic Cooge BNy;e C,)\/Se Operation NVlG:}IB?IgIZC
Software interrupt : B < "1”, M(sp) < (pcH), sp <-sp-1,
1 BRK OF 1 8 l1\/I(s) « (pcL), sp < sp -1, M(sp) < (PSW), sp «— sp - g0
p’cL<— (OFFDEH ), pcH <« ( OFFDFR).
2 DI 60 1 3 Disable all interrupts : l«~“0” | ————= 0--
3 El EO 1 3 Enable all interrupt : 1«1 | ————= 1--
4 NOP FF 1 2 No operaton | —mm———
5 POP A oD 1 4 sp«<sp+1, A< M(sp)
6 POP X 2D 1 4 spesp+1, X«<M(sp) | —-mm———=
7 POP Y 4D 1 4 sp«sp+1, Y« M(sp)
8 POP PSW 6D 1 4 sp«sp+1, PSW« M(sp) restored
9 PUSH A OE 1 4 M(sp)<« A,sp<«sp-1
10 PUSH X 2E 1 4 M(sp)« X,sp«sp-1 | ———————=
11 PUSH Y 4E 1 4 M(sp)« Y,sp«sp-1
12 PUSH PSW 6E 1 4 M(sp )« PSW,sp« sp-1
" RET oF 1 ° SR: iu—rr;:iT Zl::t:rf m(esp hspespHlpoHeM(sp)|
Return from interrupt
14 RETI 7F 1 6 sp < sp+1, PSW <« M(sp),sp« sp+1, restored
pceL < M(sp ), sp «sp+1, pcH < M(sp)
15 STOP EF 1 3 Stop mode ( halt CPU, stop oscillator) | —-——-———-
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B. MASK ORDER SHEET(MC81C8816)

MC81C88

MASK ORDER & VERIFICATION SHEET

/’Blank:Pb Free PKG
B:Pb/Halogen Free PKG

-LE

——16: 16K
- 60 : 60K

\~ Q:MQEP
L'LQFP

Customer should write inside thick line box.

1. Customer Information

2. Device Information

Company Name
pany Package D 80MQFP
Application
YYYY MM DD ROM Size D 16K
Order Date . . Unused ROM D 00H D FFH
Tel: Fax: POR/R47 Use| [ | Vi N
E-mail: es °
Name &
X2EN Y N
Signature: D es I:l ©
3. Marking Specification ONPUse | [ |Yes [ I No
_»16 or 60 » QorlL
Q:MQFP
[ BO\ L:LQFP |:| Crystal
N lfONPis | CLK
D MC81C88XXLE Hooon Yes”, | Use [ |INaM [ ]iNgm
YYWW KOREA‘ Blank:Pb Free PKG
B:Pb/Halogen Free PKG
L Work Week L> ROM Code Number
] | FONPis | o | L|Crystal
’ I - ] [13 tH
) | Customer’s logo ‘ No”, Use
ARRRRRRENRRERER N Mask Data | File Name: ( OTP)
YYWW  KOREA ‘
Check Sum: ( )
Customer logo is not required. |:| -
If the customer logo must be used in the special mark,
please submit a clean original of the logo. C000H
Customer’s part number
IR ANREAND
FFFFH
(Please check mark into [ | )
4. Delivery Schedule
Date Quantity | ABOV Confirmation
Customer Sample AR S P pcs |
Risk Order . . pcs |
5. ROM Code Verification
Verification Date: Tel: Fax:
* * Name &
Check Sum: Signature:
E-mail:

N\ BON

ABOV semiconductor




C. MASK ORDER SHEET(MC81C8616)

MC81C86

MASK ORDER & VERIFICATION SHEET

/’

-LE

——16: 16K
- 60 : 60K

Blank:Pb Free PKG
B:Pb/Halogen Free PKG

\~ Q:MQEP

L:LQF

P

Customer should write inside thick line box.

1. Customer Information

2. Device Information

Company Name
pany Package [ ]eamarp | | eaLaFP
Application
YYYY MM DD ROM Size D 16K
Order Date . . Unused ROM D 00H D FFH
Tel: Fax: POR/R47 Use| [ | Vi N
E-mail: es °
Name &
X2EN Y N
Signature: D es I:l ©
3. Marking Specification ONPUse | [ |Yes [ I No
_»16 or 60 » QorlL
Q:MQFP
[ ABO\ L:LQFP |:| Crystal
lfONPis | CLK
D MC81C86XXLE ENREN Yes”, | Use |[ |IN4M [ |iN8M
YYWW KOREA‘ Blank:Pb Free PKG
B:Pb/Halogen Free PKG
L Work Week L> ROM Code Number
] | FONPis | o | L|Crystal
’ I - ] [13 tH
) | Customer’s logo ‘ No”, Use
ARRRRRRENRRERER N Mask Data | File Name: ( OTP)
YYWW  KOREA ‘
Check Sum: ( )
Customer logo is not required. |:| -
If the customer logo must be used in the special mark,
please submit a clean original of the logo. C000H
Customer’s part number
IR ANREAND
FFFFH
(Please check mark into [ | )
4. Delivery Schedule
Date Quantity | ABOV Confirmation
Customer Sample AR S P pcs |
Risk Order . . pcs |
5. ROM Code Verification
Verification Date: Tel: Fax:
* * Name &
Check Sum: Signature:
E-mail:
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