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22 2009.9.10 P117 $68~69 work as working RAM only .: remove
(Jemmy)|P27 & P98 PAD_CTLS5 : modify

23 2009.9.14 P57. PWM_0S=0, The initial output state is H, this will
change to H when timer overflow. C The initial output

state is L, this will change to H when timer overflow.

24 | 2009.10.14 Jemmy |P110 ELON
1: ELP/ELC ON
0: ELP/ELC OFF, the output signal will be low.
P5, P29 & P124
Built-in Low Battery Detect 1 2.56V ,2.40V & 2.68V
P27 & P98 PAD_CTL5
Bit4 7 SEG23/PC[6] control
Bit3 7 SEG24/PC[7] control
P51 TMO_LA (Data=/=FFh)
25 2009.11.3 Jemmy |P94 PD_PUD bit4 is invalid pull-down control

26 2009.12.2 Jemmy |P27 & P93 PC_CTLBIT4~3 C BIT7~0
27 | 2010.022 Jemmy |P9~11 SEG24/PC[7], SEG23/PC[6]
P101~114 & P28 modify key STROBE
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1. Product Overview

1.1 Feature

> > >

>

p=

=

=

=

)

ROM size: 5K * 16 bits

RAM size: 192 * 8 bits

Stack: 8 layers

LCD/LED Driver: 8com *42seg (LCD RAM : 8 x 42)

- Duty: 1/4,1/5,1/6 ,1/7,1/8 can be selected by register
- 1/3 bias charge pump ( LI mode) , 3 LED modes.

- COMb5~10 can be selected as I/O Port.

I/0O port: 31 bi-direction 1/O port, 1 input port.

. PAJ[0~6] can be set to pull-up, pull-down,normal output, pmos open-drain or nmos open-drain

. PA7 input only with pull-down.

. PC[0~7] can be set to pull-down ,normal output or pmos open-drain
. PD[0~7] can be set to pull-down ,normal output or pmos open-drain
. PE[0~7] can be set to pull-down ,normal output or pmos open-drain
Pin-edge interrupt

- Global pins: PA[0~7] & PC[0~7]

- Single pin : PD[5]

Key strobe function i normal mode use only.

- Polling mode : PA[0~6] , PC[0~7] & PD[3~4]

System Clock: Dual clock operation

-Low speed -> External 32KHz crystal, external R oscillator or internal slow RC oscillator,

-High speed -> External 4MHz crystal, external R oscillator or (700Khz or 1.5 MHz) internal fast RC

oscillator by configuration option
TIMERO (TMO):
- One 8 bit general purpose timer
- Remote output (include REM carrier )
-TM2 & 3 RFC timer base input
TIMER2 & TIMER3 (TM2 & TM3)
- Two 8-bit Tmier : TMO,TM2 & TM3
- One 16-bit Tmier : TM2 +TM3
- Two 8-bit Capture/RFC : TM2 & TM3
- One 16-bit Capture/RFC : TM2 +TM3
- Three 8-bit PWM : TM2 , TM3, (TM2 + TM3)
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Other TIME base sources

-PH_IRQ

-PH_CLK

-2HZ

- One 16 bit pre-divider

- Watchdog timer

Watchdog timer & 4d&ey reset function

- CONFIG WDTE=0 : 4&ey reset enable & wdtchdog timer disable

- CONFIG WDTE=1 : 4&ey reset disable & wdtchdog timer enable

Built-in one RFC channel -- CAP, REF, SENO & SEN1.

Built-in two PWM output i PWM2 & PWM3

Built-in four Capture channel i CAPT1A, CAPT1B, CAPT2A & CAPT2B.
Special Timer

- One 16 bit pre-divider

- Watchdog timer

IRQ source : 8

Built-in EL driver circuit

Built-in programmable FREQ, Tone & REM output.

Multi-function (BZ,BZM) output i Tone , FREQ, 1Khz, 2Khz, 4Khz , PWM2 or PWM3 output
Built-in Low Voltage Reset (LVR) 7 1.5V, 1.7V & 2.0V

Built-in Low Battery Detect i 2.56V ,2.40V & 2.68V

REM - Remote output.

HALT and SLEEP operation mode

Fast instruction cycle time: 61lus@32KHz operating

Low power consumption (XIN1,XOUT1): 2uA (@ 32KHz Halt mode , LCD on, No load )
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1.2 Block Diagram

COMI~8

SEG1~42

VDDI
VDD
VDD3

CUPI-2
GND

ELP
ELC

BZP
BZM

REM

PA[0~7]
PC[0-7]
PD[0~7]
PE[0~7]

ROM
5K x 16 bit

RAM
192 Bytes

F 3

LCD/LED

Driver
Bex42s

Power
Controller

F

EL Driver

A A A

Melody
Generator
& PWM

[/O Port

RESET » RESET/PA[T]
< OSCIN
. » OSCOUT
OSC
< XINI
* NOUTI
< PAJ0~T]
Interrrupt € PC[0~7]
B PD[5]
Clock &
Timer
- CAP
RFC » RREF
counter > SENO
» SENI
Watchdog
Timer
< CAPTI1A
Capture : CAPTIB
[~ CAPT2ZA
< CAPT2B
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1.3 Pin Assignment

( Pin assignment for COB )

Z
o

B e
PEhoo~Nv~ouahrwNek

Name

SEG42/PC[3]
SEG41/PC[4]
RESETB /PA[7]
OSCIN /PA[6]+CAPT1B
OSCOUT /PA[5)/BZM
PA[4 /BZ
PA[3+CAPT1A/SEN1/REM/PWM2
PA[2] /SENO
PA[1] /REF
PA[0] /CAP
SEG40 /PD[7] /ELC
SEG39 /PD[6] /ELP
SEG38 /PD[5]+INT
SEG37 /PD[4] +CAPT2A
SEG36 /PD[3] / PWM3
SEG35 /PD[2]
SEG34 /PD[1]
SEG33 /PD[0]
SEG32 /PE[7]
SEG31 /PE[6]
SEG30 /PE[5]
SEG29 /PE[4]
SEG28 /PE[3]
SEG27 /PE[2]
SEG26 /PE[1]
SEG25 /PE[0]
SEG24 /PC[7]
SEG23 /PCI6]
SEG22
SEG21
SEG20
SEG19
SEG18
SEG17

No

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Name

SEG16 /KS16
SEG15 /KS15
SEG14 /KS14
SEG13 /KS13
SEG12 /KS12
SEG11 /KS11
SEG10 /KS10
SEG9 /KS9
SEG8 /KS8
SEG7 /KS7
SEG6 /KS6
SEG5 /KS5
SEG4 /KS4
SEG3 /KS3
SEG2 /KS2
SEG1 /KS1
coM1
COM2
COM3
COM4
COMS5 /PC[2]
COMS6 /PC[1]
COM?7 /PC[0]
COMS8/PCI[5] +CAPT2B
CUP2
CUP1
VDD3
VDD2
VDD1
GND
XOUT1
XIN1
N.C.
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( QFP 100-PIN )
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I N.C,
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( LQFP 64-PIN)

O

= 0 00w WD D 02 000 WD O
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32

COMSPC[2] —
COMB/PC[] —
COMT7/PCI0] ——
COME/PC[5]

C— SEG13/KS13
C— SEG14/KS14
1 SEG15/KS15
C— SEG16/KS16

CUP2Z C SEGIT
CUP1 1 SEG18
VDD3 3 — SEG19
VDD2 CISEG20
VDD1 — SEG23/PC[8]
V5SS - ) SEG24/PC[7]
XOUT1 = 1 SEG25/PE[0]
XIN1T —— ) SEG26/PE[1]

SEG42/PC[3] =
SEG41/PC[4]

RESETB/PA[T]

1 SEG27/PE[2]
) SEG28/PE[3]
1 SEG29/PE[4]

OSCIN/PAB]+CAPTIE 3 | 3 L SEG30/PE[5]

17

-
=
o

—
—
—
—
—

L L e W e |

PA[4)/BZ

PA[3I+CAPT1A/SENT/REM/PWMZ T
PAJ0)/CAP C

PA[2)/SEN0 C=
PA[1)/REF =
SEG40/PD[7)/ELC C=

OSCOUT/PA[S)BZM
SEG39/PD[6)ELP
SEG38/PD[5]+INT 2

SEG3IT/PD41+CAPTZA T

SEG36/PD[3)/PWM3 —

SEG35/PD
SEG34/PD
SEG33/PD
SEG32/PE
SEG3M/PE
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1.4 Pin Description

. External RC input

. 110 port (pull-high, pull-down, open-drain, pin wake up)
. CAP1B input

. System reset input (floating)

Input port with pull-low

Wake -up on pin change

. Pin interrupt

Input port with pull-down

OSCIN /PA[6]+CAP1B | O,I/O

RESETB/PA[7)/INT 1,1

Pin name I/O Description
1. Key input pin
2. Input port with pull up, pull down or pin wake up
PAIO] /CAP Lo 3. Output port (Normal output, P open drain or N open drain)
4, CAP input
1. Input port with pull up, pull down or pin wake up
PA[1] /REF 1,I/IO 2. Output port (Normal output, P open drain or N open drain)
3. REF output
1. Input port with pull up, pull down or pin wake up
PA[2] /ISENO 1,I/IO 2. Output port (Normal output, P open drain or N open drain)
3. SENO output
1. Input port with pull up, pull down or pin wake up
2. Output port (Normal output, P open drain or N open drain)
PA[3]+CAPT1A/SEN1/ 3. CAPT1A input
REM /PWM2 L0 4. REM output
5. PWM2 (TM2) output
6. SEN1 output
1. Input port with pull up, pull down or pin wake up
PA[4] /BZ 1,I/IO 2. Output port (Normal output, P open drain or N open drain)
3. BZM output
OSCOUT/ 1. Crystal out
1,I/O 2. 1/0O port (pull-high, pull-down, open-drain, pin wake up)t
PA[S]+BZM 3. BZM output
1. Crystalin
2
3
4
1
2.
3.
4
1.
2.
3.
1
2
3.
1.
2

SEG[41] /PC[4] 1,0 Output port (Normal output or PMOS open-drain)
LCD segment output
. Input port with pull-down
SEG[42] /PC[3] 0,0 . Output port(Normal output or PMOS open-drain)
LCD segment output
Crystal input (32K)
XIN1 10 . External RC input
XOUT1 0,0 32k Crystal out
GND P System Ground
VDD1 P LCD power supply
VDD P LCD power supply
VDD3 P LCD power supply
CUP1 P Voltage step up capacitor
CUP2 P Voltage step up capacitor
COM1~4 O LCD COM output
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LCD COM output
Input port with pull-down
Output port  (Normal output or PMOS open-drain)

COMS5/PC[2] o,

LCD COM output
Input port with pull-down
. Output port (Normal output or PMOS open-drain)

COM6/PC[1] o,

LCD COM output
Input port with pull-down
Output port (Normal output or PMOS open-drain)

COM7/PCI0] o,

LCD COM output

Input port with pull-down
Outnput port  (Normal output or PMOS open-drain)
Capture input

COMS8/PC[5]+ CAPT2B (ON

LCD segment output
Key Strobe Output

N RPRONMNPONDERWOD RPN R

SEG1~16 /KS1~16 0,0

SEG17~22 O LCD segment output

LCD segment output
SEG23 /PC[6] 0,l/0 PC[6] input port with pull-down

PC[6] output port (Normal output or PMOS open-drain)

LCD segment output
SEG24 /PC[7] 0,l/0 PC[7] input port with pull-down

PC[7] output port (Normal output or PMOS open-drain)

LCD segment output
SEG25 /PE[0] 0,1/0 PE[0] input port with pull-down

PE[O] output port (Normal output or PMOS open-drain)

. LCD segment output
SEG26 /PE[1] 0,1/0 PE[1] input port with pull-down

PE[1] output port (Normal output or PMOS open-drain)

LCD segment output
SEG27 IPE[2] 0,1/0 PE[2] input port with pull-down

PE[2] output port (Normal output or PMOS open-drain)

LCD segment output
SEG28 /PE[3] 0,l/0 PE[3] input port with pull-down

PE[3] output port (Normal output or PMOS open-drain)

LCD segment output
SEG29 /PE[4] 0,1/0 PE[4] input port with pull-down

PE[4] output port (Normal output or PMOS open-drain)

LCD segment output
SEG30 /PE[5] 0,1/0 PE[5] input port with pull-down

PE[5] output port  (Normal output or PMOS open-drain)

LCD segment output
SEG31 /PE[6] 0,1/0 PE[6] input port with pull-down

PE[6] output port (Normal output or PMOS open-drain)

LCD segment output
PE[7] input port with pull-down

NPl NP NP NP NP DRI NP DD NP N R

SEG32 /PE[7] 0,ll0
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PE[7] output port (Normal output or PMOS open-drain)

LCD segment output
SEG33 /PD[0] 0,/0 PD[0] input port with pull-down

PDI0] output port (Normal output or PMOS open-drain)

LCD segment output
SEG34 /PD[1] 0,/0 PD[1] input port with pull-down

PDI[1] output port (Normal output or PMOS open-drain)

LCD segment output
SEG35 /PD[2] 0,/0 PD[2] input port with pull-down

PDI[2] output port (Normal output or PMOS open-drain)

LCD segment output
PDI[3] input port with pull-down

SEG36 /PD[3] /PWM3 0.0 PDI[3] output port (Normal output or PMOS open-drain)

PWMS3 (TM3) output

LCD segment output

SEG37 PDI[4] input port with pull-down

IPD[4]+CAPT2A

0.0 PD[4] output port (Normal output or PMOS open-drain)

CAPT2A input

LCD segment output
PD[5] input port with pull-down

SEG38 /PDSJ+INT 0.0 PD[5] output port (Normal output or PMOS open-drain)

PIN interrupt input

. LCD segment output
PD[6] input port with pull-down

SEG39 /PDI6JELP 0.0 PD[6] output port (Normal output or PMOS open-drain)

ELP output

LCD segment output
PD[7] input port with pull-down

SEG40 /PD[7JELC 0.0 PD[7] output port (Normal output or PMOS open-drain)

ELC output

AP W DMDBREIAE O DNDEIR ODNDER ODNDERRAEODNDEPIODNDEPODNDPRP®ODNRP®
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2. System Architecture
2.1 System Clock

The MK9AS50P has dual clock operation mode and user can set bit0~3 of configuration register to be
their request. OSCIN/OSCOUT, which we call fast clock, can be used to connect external 4MHz crystal,
external R oscillator or internal 500KHz RC oscillator by configuration option. When user select internal
500KHz RC oscillation mode, these two pins can be used as Kl or I/O ports (PA) that is more flexibility.
XIN1/XOUT1, which we call slow clock, has the same situation. They can be used to connect external
32KHz crystal, external R oscillator or internal slow RC oscillator. When user select internal slow RC
oscillator, these two pin can be used as output ports . The clock mode can be selected by configuration bit.
Once dual clock mode is selected, user can switch between fast and slow clock by setting bit 7 of
SYS_CTL ($3Eh). Or turn on/off these clock source individually by setting bitO~1.

The clock oscillation block diagram is as below which is composed of fast clock and slow clock.

Systemn
Fast Clock Clock System Clock
(OSIN/OSCOUT) [ —®| Generator
Clock
Switch
Circuit PHO
Slow Clock > —— Pre-Divider
(XINn/XOUTn)

P

Single/Dual Clock Fast/Slow Clock
Select Select

Fig.2.1.2 Clock swith circuit & sysem clock generator
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System Clock

T1

T2

T3

T4

«————» Machine Cycle

F—ﬂ Instruction Cycle

Fig.2.1.2 Machine Cycle & Instruction Cycle

The below table shows the clock source status of system clock and pre-divider in different mode:

Clock Mode System Clock PHO
Slow Clock Only SCLK (Slow Clock) SCLK
Fast Clock Only FCLK (Fast Clock) FCLK
Initial Stage (Dual Clock Mode) SCLK SCLK
HALT Stage (Dual Clock Mode) SCLK SCLK
Slow Clock Active (Dual Clock SCLK SCLK
Mode)
Fast Clock Active (Dual Clock FCLK SCLK
Mode)
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2.1.1 Fast Clock (FCLK) Connection

There are 3 connection circuits of fast clock which are external max. 4MHz crystal or resonator,
external R oscillator and internal fast RC oscillator. User can select the operation mode by setting

configuration register bit 2~3. The connection are as below drawing:

, Connect external 3.58MHz Resonator, (FOSC1,FOSC0)=(0,0)

15pF
OSCOUT /PA[5] |
——— 455K ~4Mhz
IEI Resonator
OSCIN /PA[6] [
L5pF

, Connect external R oscillator, (FOSC1,FOSCO0)=(1,0)
When set to this mode, OSCOUT pin can be used as I/O port (PA5).

OSCOUT /PA[5]

OSCIN /PA[6]

Fast clock is set to internal RC oscillator or No, (FOSC1,FOSC0)=(1,1) or (0,1)
When set to this mode, OSCIN and OSCOUT can be used as I/O port (PA5 and PAG)

J
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OSCOUT /PA[3]

OSCIN /PA[6]

2.1.2 Slow Clock (SCLK) Connection

There are 3 connection circuits of slow clock which are external 32KHz crystal, external R
oscillator and internal slow RC oscillator. User can select the operation mode by setting configuration

register bit 0~1. The connection are as below drawing:

(a) Connect external 32.768KHz Crystal, (SOSC1,SOSC0)=(0,0)

15pF
XOUTI |
— — 32768 Khz
I;I Crystal
XIN1 I
15pF

(b) Connect external R oscillator, (SOSC1,SOSC0)=(1,0)
When set to this mode, XOUT1 pin is floating.
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XOUT1

s

XIN1

(d) Slow clock is set to internal RC oscillator or No, (SOSC1,SOSC0)=(1,1) or (0,1)
When set to this mode, XIN1 and XOUT1 are floating ..

XOUT1

XINI1

2.1.3 FCLK & SCLK switch

2.1.3-1 Cpu clock switch from SCLK to FCLK

;; cpu clock = SCLK

BC SYS _CTL,1 ;; enable fast clock
NOP ;; fast clock stabile time
NOP ;; need !

NOP ;; need !

BS SYS _CTL,7 ;; cpu clock = FCLK

2.1.3-2 Cpu clock switch from FCLK to SCLK

;; FCLK & SCLK are all ON, cpu clock = FCLK
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BC SYS_CTL,7 ;; cpu clock = SCLK
NOP ;;need !
NOP ;; need !
BS SYS _CTL,1 ;; Stop FCLK
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2.2 Program Memory (ROM)

Instruction and table are stored at this area. There is only one interrupt vector existed which means
all the interrupt occurred would jump to the same vector. Programmer should use interrupt flag to judge
what kind of interrupt is occurred. The program counter (PC) is 13 bit which can directly address all the
13K x 16 location. Look-up table can be put at anywhere of ROM.

The RESET vector is located at 000H and Interrupt vector is at 004H. The map is as below

RESET VECTOR 000H

PC (13bit)

INTERRUPT VECTOR 004H

STACK Level 1
STACK Level 2
STACK Level 3
STACK Level 4
STACK Level 5
STACK Level 6
STACK Level 7
STACK Level 8 13FFH
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2.3 Data Memory (RAM)

The total RAM volume are 293 x 8bits which includes three kinds of register group. One is
192 U 8bits working RAM, another is special purpose register that are 59 U 8bits and display RAM are

42 x 8bits. The data memory map is as below:

00
Special
Purpose
Register
3FH
40H
Display
RAM
(Bank0)
40~69H
7FH
80H
Working
RAM
BFH|
COH 1
Working Working |
RAM RAM |
(Bank0) (Bank1) i
|
|
FFH| 0 1

Fig.2.3.1 Memory mapping

User can set WBANK register to switch different bank of data RAM.

22 2010/03/22 Rev.27



MK9A50P User® Manual

2.4 Configuration Register

This register store set up option of chip which includes reset pin definition, timer clock source

select, LVR detect voltage select and WDT control. The content of register can not be changed by

software and will be fixed by Writer. It is like mask option when use mask ROM type MCU.

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CONFIG_L Lv1 LVO WDTE CPT FOSC1 | FOSCO | SOSC1 | SOSCO
- Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
CONFIG_H -- -- -- WDT_FB | WDT_S | RSTE2 RSTE1 |RST_DEF
Bit 12 : Watchdog timer source select
1 : slow watchdog timer (Default value is 20mS)
0 : fast watchdog timer (4 fast clocks )
R Bit 11 : Watchdog timer source select
1: Low speed RC (fixed)
0 : Low speed crystal clock
Bit12 Bit3~2 Bit1~0 Bit1l
WDT FB | Fosci-o |SOSC1~0| WDT S OSC Type Watchdog timer source
1 X X 00 0 LP1 (low speed) LP crystal
1 X X 00 1 LP1 (low speed) Internal slow RC
1 XX 01 X No Internal slow RC
0 XX 10 X External RC External slow RC
1 XX 11 X Internal RC Internal slow RC
0 00 XX X NT LP crystal
0 01 XX X No D o nudd
0 10 X X X External R External fast RC
0 11 X X X Internal RC Internal 500K RC

Bit 10~9 (RSTE2.1): PAreset key number control (Only PA work as 1/0 mode )

When press PA keys over 2 sec, Reset occurred

1 1: max. 4-key reset (4 key depress simultaneously) PA7,PA6,PA5,PA3
1 0: max. 4-key Reset (4 key depress simultaneously) PA7,PA5,PA4,PA3
0 1: max. 4-key Reset (4 key depress simultaneously) PA6,PA5,PA4,PA3

0 0: max. No key reset.

KINo WDTE.RSTE2~1 |26 reset RESET pins RESET pins
function PA3 PA4 | PAS5 | PA6 | PA7
Kl XXX No key reset function X X X X X
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10 1XX No key reset function

10 000 No key reset function X X X X X
10 001 PA7,PAG,PA5,PA3 ON X ON | ON | ON
10 010 PA7,PA5,PA4,PA3 ON ON | ON | X ON
10 011 PAG,PA5,PA4,PA3 ON ON | ON | ON | X

<Note> To use this key reset function, PA should be set as I/O port at first in PAD_CTL2($14)
register and set PA as input pull-high in normal operation mode. When use this function and enter
SLEEP mode, the specific PA port would automatically set as pull high. For example, if user define
PA[O0]~PA[1] to be key reset. When system enter SLEEP mode, PA[0] and PA[1] would be set as
pull-high. At this moment, user should be careful dond hold these keys down, otherwise that will
cause the power consumption.
Bit8 (RST_DEF): RESETB pin function define

0: RESETB used as normal Input pin

1: RESETB used as system reset pin

Bit7~6 (LV1~0): Low voltage reset function voltage selection bits

Bit7 Bit6
Detect voltage
LV1 LVO
0 0 1.5V
0 1 1.7v
1 0 2V
1 1 Donét wuse

Bit5 (WDTE): Watchdog timer enable/disable control
0: WDT disable
1: WDT enable
Bit4 (CPT): Code Protection bit
0: ON
1. OFF
Bit3~2 (FOSC2~1): OSCIN/OSCOUT frequency assignment bit.
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5

Bit3 Bit2
OSC Type Resonance Frequency
FOSC1 | FOSCO

0 0 NT (Normal speed) 455KHZz~10Mhz resonator or crystal

0 1 No OSCIN & OSCOUT used as I/0 port or Kl

1 0 External R 1.0SCIN connect to R (455KHz~4MHz)
2.0SCOUT can be used as I/O port

1 1 Internal RC 1. Internal fast RC oscillator
2. OSCIN & OSCOUT can be used as I/O port

Bit1~0 (SOSC1~0): XIN1/XOUT1 frequency assignment bit.

Bitl BitO
OSC Type Resonance Frequency
SOSC1 | SOSsco
0 0 LP1 (low speed) 32KHz or 64KHz crystal
0 1 No XIN1 & XOUT1 are floating.
1. XIN1 connect to R (around 32KHz)
1 0 External R
1. XOUT1 is floating
1. Internal slow RC oscillator
1 1 Internal RC
2. XIN1 & XOUT1 are floating.

<Note> Below table shows system clock status during Reset stage and CLKS bit setting:
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Bit3 Bit2 Bitl Bit0 System clock PHO
FOSC1| FOSCO | SOSC1| SOSCO0 Reset CLKS=0 CLKS=1
0 0 0 0 Slow clock Slow clock | Fast clock | Slow clock
0 0 0 1 Slow clock only, Ca nvdrti t e f 1 ¢] Slow clock
0 0 1 X Slow clock Slow clock | Fast clock | Slow clock
0 1 0 0 Fastclockonly Candét wr i t e | Slowclock
0 1 0 1 Dondét <care XX
0 1 1 X Fastclockonly Candét wr i t e | Fastclock
1 0 0 0 Slow clock Slow clock | Fast clock | Slow clock
1 0 0 1 Slowclockonlyy Candét wr i t e | Slowclock
1 0 1 X Slow clock Slow clock | Fast clock | Slow clock
1 1 0 0 Slow clock Slow clock | Fast clock | Slow clock
1 1 0 1 Slowclockonly Canét wr i t e | Slowclock
1 1 1 X Slow clock Slow clock | Fast clock | Slow clock
2.5 Special Purpose Register
The listed register table is as below, we will describe them in detail at the specific chapter.
Name Addr Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INDF $00 A7 A6 A5 A4 A3 A2 Al A0
PCL $01 A7 A6 A5 A4 A3 A2 Al A0
PCH $02 -- - -- Al2 All Al10 A9 A8
STATUS $03 - - - TO PD z DC C
FSR $04 BANK1 BANKO D5 D4 D3 D2 D1 DO
I/O PAD & Control
Name Addr Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PA_DIR $05 -- DA6 DA5 DA4 DA3 DA2 DAl DAO
PA CTL |[$06 -- KI6/IN6 |KI5/IN5 |KI4/IN4 [KI3/IN3 KI2/IN2 KI1/IN1 KIO/INO
PA WAKE_UP| $07 EN7 ENG6 EN5 EN4 EN3 EN2 EN1 ENO
PA_EDGE $2D EDGE7 | EDGE6 | EDGE5 | EDGE4| EDGE3 EDGE2 EDGE1 EDGEO
PA_PUD1 $08 A3-2 A3-1 A2-2 A2-1 Al-2 Al-1 AO0-2 A0-1
PA_PUD2 $09 -- A7-1 A6-2 A6-1 A5-2 A5-1 A4-2 A4-1
PA_DAT $0A PA7 PAG6 PA5 PA4 PA3 PA2 PAl PAO
PC_WAKE_UP| $1D EN7 ENG6 EN5 EN4 EN3 EN2 EN1 ENO
PC_EDGE $1E | EDGE7 | EDGE6 | EDGE5 | EDGE4 | EDGES3 EDGE2 EDGE1 EDGEO
PC_CTL $0B KI7/IN7 | KI6/IN6 | KI5/IN5 | KI4/IN4 | KI3/IN3 KI2/IN2 KI1/IN1 KI0/INO
PC_DIR $0C DC7 DC6 DC5 DC4 DC3 DC2 DC1 DCO
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PC_PUD $0D ucv ucCe UC5 ucC4 UC3 uc2 UC1 ucCo
PC_DAT $0E PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
PD_DIR $OF DD7 DD6 DD5 DD4 DD3 DD2 DD1 DDO
PD_PUD $10 ub7 uD6 uD5 uD4 ubD3 ubD2 ubD1 uDO
PD_CTL $11 KI7/IN7 | KI6/IN6 | KI5/INS | KI4/IN4 | KI3/IN3 KI2/IN2 KI1/IN1 KI0/INO
PD_DAT $12 PD7 PD6 PD5 PD4 PD3 PE2 PE1 PDO
PE_DIR $1A DE7 DE6 DE5 DE4 DE3 DE2 DE1l DEO
PE_PUD $1B UE7 UE6 UES5 UE4 UE3 UE2 UE1l UEO
PE_DAT $1C PE7 PEG PES PE4 PE3 PE2 PE1 PEO
PAD_CTL1 $13 SEGA40/ | SEG39/ | SEG38/ | SEG37/| SEG36/ SEG35/ SEG34/ | SEG33/
PD[7] PDI[6] PD[5] PD[4] PDI[3] PD[2] PD[1] PDI[0]
PAD_CTL2 $14 -- C6 C5 ca C3 Cc2 C1 Co
PAD_CTL3 | $15 | EDGE - - - - SEN1_ON | SENO_ON [REF_ON
PAD_CTL4 $16 SEG32/ | SEG31/ | SEG30/ | SEG29/| SEG28/ SEG27/ SEG26/ | SEG25/
PE[7] PE[6] PE[5] | PE[4] PE[3] PE2] PE[1] PE[0]
PAD._CTLS 428 B B SEG23/| SEG24/ SEGA42/ SEGA41/ PWM3/
PC[6] PC[7] PCI[3] PC[4] PDI[3]
TMO: 8-bit Timer (TONE & FREQ out)
Name Addr Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TMO_CTL $17 EN WR_CNT| DATA | IRQ_S SURL1 SURO DUTY1 | DUTYO
TMO_LA $18 D7 D6 D5 D4 D3 D2 D1 DO
TMO_CNT $19 D7 D6 D5 D4 D3 D2 D1 DO
TONE_CTL1 $39 EN PH15E |[PH14E| PH13E | PH12E | PHI11E PAT1 INV12
TONE_CTL2 $3A CRY2 CRY1 CRYO
TM2 : 8-bit Timer x1, 8-bit capture x1
Name Addr Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TM2_CTL1 $1F EN WR_CNT BIT MOD1 | MODO | EDGE SURL1 SURO
TM2_CTL2 $20 ENC | CLR_CNT -- CAPINL/| CAPINO/ INT_S | PWM_OS ov
RFC_T1| RFC_TO
TM2_LA $21 D7 D6 D5 D4 D3 D2 D1 DO
TM2_CNT $22 D7 D6 D5 D4 D3 D2 D1 DO
TM3_CTL1 $23 EN WR_CNT MOD1 | MODO | EDGE SUR1 SURO
TM3_CTL2 $24 ENC | CLR_CNT -- CAPINL/| CAPINO/ INT_S | PWM_OS ov
RFC_T1| RFC_TO
TM3_LA $25 D7 D6 D5 D4 D3 D2 D1 DO
TM3_CNT $26 D7 D6 D5 D4 D3 D2 D1 DO
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Interrupt Control

Name Addr | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
WBANK $2E - - - WKMBO - - - -
IRQM_CTL | $2F | INTM - - - - - - -

TM3R/ | TM2R/

CPU_RESUME| $30 - PACR | PINTR | 2HZR PHR PWMSRI | PWM2R | - TMOR/

CAPTR/ | CAPTR/| TONER
RFC3R | RFC2R
TM3M/ | TM2M/

IRQM $31 - PACM | PINTM | 2HZM PHM PWMSNI| PWM2MI| - TMOM
CAPT3M/ |[CAPT2M/| TONEM
RFC3M | RFC2M
TM3F/ | TM2F/

IRQF $32 - PACF | PINTF | 2HZF PHF PWMSF/ | PWM2FT) - TMOF/
CAPT3F |CAPT2F/| TONEF
RFC3F | RFC2F

Other
LBASDT $33 | LCD1 LCDO | FRAM1 | FRAMO - DUTY2 | DUTY1 | DUTYO
STROBE $34 | KIENL | KIENO | KOAEN | KOEN KO3 KO2 KO1 KOO
LCD_CTL | $35 |PUMP1 | PUMPO | POW1 | POWO | OVP1 | OVPO | LCDM1 | LCDMO
PH_CTL $36 | ELON |EL_SEL| ELP CLR PH 11 | PH_IO | PH_S1 PH_SO
PH_OUT $37 | PH15 PH14 PH13 PH12 | PH11 PH10 PH9 PH8
PH_OUT1 | $38 PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO
WDT_CTL | $3B | WDTEN - - - - PRE2 | PRE1 | PREO
TAB_BNK | $3D - - - TBA4 TBA3 | TBA2 | TBA1l | TBAO
SYS CTL [$3E | CLKS HALT IRC LvVD1 LVDO LV STP1 | STPO

ACC $3F | D7 D6 D5 D4 D3 D2 D1 DO
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2.6 HALT mode Function

HALT function is used to minimize the power consumption of CPU in standby. User can set register
$3Eh bit 6 to enter HALT mode in below table. During this stage, CPU operation is off which means the
program memory is not in working. Only slow clock, timer and LCD driver blocks are in operation.

SYS_CTL ($3Eh)

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SYS_CTL CLKS HALT IRC LvD1 LvDO LV STP1 STPO
Bit Symbol Description
Clock select
7 CLKS 0: Slow clock
1: Fast clock

CPU on/off control
6 HALT 0: ON
1: CPU OFF

Internal fast clock

5 IRC 0: 700 Khz (default)
1: 1.5 Mhz
Low voltage detector
11 ON (2.56)
4~3 LvD1~0 | 10 ON (2.40)
01 ON (2.68)
00 Function OFF

Low power output
2 LV 0: Power voltage > 2.5V (or 2.45V)
1: Power voltage < 2.5V (or 2.45V)

Fast clock control
1 STP1 0: ON
1: OFF

Slow clock control
0 STPO 0: ON
1: OFF
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There are several events can release the HALT mode which are:

(1) Pin change wake up (External interrupt pin PA7~0 ,PC7~0, PD5 )
(2) Capture mode (CAPT1A ,CAPT1B,CAPT2A & CAPT2B)

(3) Timer interrupt ( PH, 2Hz, TMRO & TMR2 & TMR3)

(4) Watchdog timer

(5) Reset

The diagram is as below:

Fig.2.6.1 HALT Release

PC L1.L2.LL LL.LL+1..LL+2.MM MM..MM+1..MM+2..

on ! // ! !
|

Fast clock

Slow clock ON

Fast off command ?

No active

\
Halt mode command f

CLR IRQF ? \

| |

Halt release event ? ?

Fig.2.6.2 Halt mode & Halt Release waveform

2.6.1 halt mode example.
#INCLUDE  "MK9AS50P.INC" ; halt mode ,2hz wake-up
ORG 0x00
LGOTO INITIAL

ORG 004
MOVLA B®11011116
MOVAM IRQF ;Clear PH 2Hz interrupt flag
INC PD_DATm
INC PA_DAT,m
IRETI
ORG 0x100
INITIAL
CLR PA_DAT ; Clear floating
CLR PD_DAT ; Clear floating
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MOVLA 0x00 ; Set PA is output pin

MOVAM PA_DIR

MOVLA OxFF

MOVAM PA PUD1 ; Set Pa is normal output pin

MOVAM PA_PUD2

MOVAM PD_PUD1 ; Set PD is normal output pin

MOVAM PD_PUD2

MOVLA B'00000111" ;frame=42hz, com1~10

MOVAM LBASDT

MOVLA B'00110010 ;b5.4=11,low power ,lcd ON

MOVAM LCD_CTL

CLR IRQF ; Clear interrupt flag

MOVLA B'00010000' ; Setup 2HZM interrupt

MOVAM IRQM

BS IRQM_CTL,7 ; Enable interrupt

BC SYS_CTL,1 ;1 FCLK ON

NOP

NOP

BS SYS_CTL,7 ;1 CPU CLK=FCLK

ééeé..

BC SYS_CTL,7 ;1 CPU CLK= SCLK

LOOP eée.

BS SYS_CTL,1 ; FCLK turn OFF
;; decrease power consumption

BS SYS_CTL,6 ;; Setup HALT ; OSC is active but cpu be turned off.
;; If wake-up ,only the system clock would be turn on
;; no loading & 32k only , Idd=2.5uA (halt mode)

é6eeéeéeé

LGOTO LOOP

END

31 2010/03/22 Rev.27



MK9A50P User® Manual

2.7 SLEEP Function

When system enter the sleep mode by using the instruction SLEEP, all the clocks and circuits
(include LCD ) will stop operation except watchdog timer and pin change wake up circuit. During this
mode, the current consumption is almost zero. Only two events can wake up from SLEEP mode, that are:

(1) Pin change wake up (External interrupt pin PA7~0 ,PC7~0 ,PD5 & PE4)

(2) Capture mode (CAPT1A ,CAPT1B,CAPT2A & CAPT2B)

(3) Watchdog timer

(4) Reset

Crysatl or RC stabile time 15mS

-~

L1.L2.LL LL X LL.LLAL.LL+2.MM w MM..MM+1..
PC

Fast clock
Slowclock M on N
Fast off command ? \r /'
Sleep command f \ ? {
Halt release event f \? \ﬁ

Fig.2.7.1 Sleep & Halt Release waveform
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2.8 Table Look-up Function
The MK9AS50P provide table look-up function. The look-up tables can be placed at any location in
the ROM space. The instruction of TABRDL is to read low byte of ROM table. And The TABRDH is to

read high byte. The register of TAB_BNK and PC7~0 are used to define starting address of table.

TAB_BNK ($3Dh)

Register

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

TBH

TBA4

TBAS3

TBA2

TBAl

TBAO

Bit4~0 (TBA4~0): High byte table location bits

<Example>

The program ROM address $700h~$71F OTP data are moved to working RAM (64 bytes).

Fig.2.8.1 Table read example

#INCLUDE
#DEFINE
#DEFINE
ORG

ORG

INITIAL

TAB:

"MK9AS50P.INC"
RAM_INDEX COH
RAM_DATA C1H

0x00
LGOTO
0x04
CLR
IRETI
ORG

CLR
CLR
MOVLA
MOVAM
MOVLA
MOVAM
TABRDH
NOP
MOVAM
MOV
INC
TABRDL
NOP
MOVAM
MOV
INC

INITIAL

IRQF

0x20

RAM_INDEX
RAM_DATA
0Ah
TAB_BNK
080h

FSR
RAM_INDEX

IAR

IAR,a

FSR,m
RAM_INDEX

IAR
IAR,a
RAM_INDEX

; move table data to working ram (80h~BFh)

; Clear interrupt flag

,m

counter

working RAM 80

33
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INC FSR,m
BTSS RAM_INDX,6 ;; AO ~
LGOTO TAB
NOP
sleep

ORG 0AOOh
DwW 0001h
DwW 0203h
DwW 0405h
DwW 0607h
DwW 0809h
DwW 0AO0Bh
DwW 0CO0Dh
DW ééé

2.9 FSR: Bank Select Register

This register will be used with INDF register for indirect addressing data memory.

FSR ($04h)
Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
FSR BANK1 BANKO D5 D4 D3 D2 D1 DO
Bit Symbol Description
RAM bank select
00 Special purpose register
7~6 | BANK1~0 | 01 Display RAM
10 Direct access working RAM (80h~BFh)
11 Direct access working RAM (COh~DFh)
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Direct Addressing Mode
(opcode)
slafalz2fr]o

40h

T
Offset data
Bit7.6=(}]
Display RAM

69h

Fig.1.9.1 Working RAM

Direct Addressing Mode

Indirect Addressing Mode

(FSR)

S14 131200 (0

-

Offset data
Bit7.6=01

Indirect Addressing Mode

(opcode) WBANK (FSR)
[sfefs]2]1]o] ENRBOERnn
| -

Select bank - X 0 1 Select bank
B0 Co Co Bit7.6=1X
L =
Offset data
Bit7.6=1X
Offset data
BF FF FF

Fig.1.9.2 Display RAM
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2.10 WBANK : RAM Bank control Register

This register will be used with INDF register for indirect addressing data memory.

WBANK ($2Eh)

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

WBANK - - - |wkmBo| - - -

s Bit4 (WKMBO): Working RAM bank select

Bit4
Bank RAM
WKMBO
0 BANK 0 (64 bytes)
1 BANK 1 (64 bytes)

2.11 Status Register
The STATUS register is an 8-hit register that contains the zero flag (2), carry flag (C), Nibble carry

flag (DC), power down flag (E)), and watchdog timer overflow flag ('ﬁ)). It records the status
information.

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

STATUS - - -- TO PD z DC C
Bit4 (TO): Timer overflow flag bit
Bit3 (PD): Power down flag bit

TO PD Description
0 0 WDT timer overflow (or 4dey reset) from sleep mode
0 1 WDT timer overflow (or 4dey reset) from normal mode
| nput aRESET® Wam sledp mode
! 0 Sleep instruction
Power on reset
1 1

CLRWODT instruction

Unchanged | Unchanged || np ut a RESET®\ram narimal mode
Bit2 (Z): zero flag bit

0: the result of a logic operation is not zero

1: the result of a logic operation is zero

, Bitl (DC): Nibble Carry and Nibble Borrow flag bit
ADD instruction:

0: no carry

1: a carry from the low nibble bits of the result occurred

SUB instruction
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0: a borrow from the low nibble bits of the result occurred
1: no borrow

Bit0 (C): Carry and Borrow flag bit
ADD instruction:

B

0: no carry

1: a carry occurred from the MSB
SUB instruction

0: a borrow occurred from the MSB

1: no borrow

Bit | Symbol Description

Time out flag bit:
4 TO 1. after power-on or by the CLRWDT or SLEEP instruction

0: Occur WDT time-overflow

Power down flag bit; Nt

3 PD 1: after power-on or by the CLRWDT instruction

0: execute SLEEP instruction

Zero bit:
2 V4 1: the result of a logic operation is zero

0: the result of a logic operation is not zero

Nibble Carry and Nibble Borrow bit

ADD instruction SUB instruction
1 DC  |1: a carry from the low nibble bits of the |1: no borrow
result occurred 0: a borrow from the low nibble bits of the
0: no carry result occurred

Carry and Borrownbit:

ADD instruction SUB instruction

1: a carry occurred from the MSB 1: no borrow "o

0: no carry 0: a borrow occurred from the MSB
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212 PCH & PCL:

PCH ($02h)

Register Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0
PCH - - - A12 A1l A10 A9 A8

PCL ($01h)

Register Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0
PCL A7 A6 A5 A4 A3 A2 Al AO

The MK9A50P has an 12-bits program counter (PC) that includes PCL (8-bits) and PCH (4-bits).
PC is stored the routing of program. If user changes the value of PCL, then program will jump to the
indicated location.

Ex1: PCH=01H, PCL=02H+10H=12H, the program will jump to PC=112H.

Ex2: PCH= 01H, PCL=FOH+30H=20H with carry 1, the program will jump to PC=220H but PCH

still be 01H.

<Note>
(@) When execute IRET and IRETI, PCH data would not be updated
(b) When execute RETLW, LGOTO, LCALL and RET, PCH would be updated .

(c) PCH would be updated after mathematic operation and PC[8] is changed.

<Example>.
Fig.2.11.1 PCL & PCL control example

The below program is show how PCL and PCH working with direct mathematic.

#DEFINE PCL 01H ; Define address 01H of RAM named PCL
#DEFINE PCH 02H ; Define address 02H of RAM named PCH
ORG 00
LGOTO START
ORG 1COh
START: MOVLA 02h
MOVAM PCH
MOVLA 33H
MOVAM  PCL
NOP
NOP
NOP
NOP
ORG 233h
LGOTO Al

38 2010/03/22 Rev.27



MK9A50P User® Manual

Al:

NOP
ORG
MOVLA

MOVAM
MOVLA
MOVAM

NOP
NOP
MOVLA
ADD
NOP
NOP
MOVLA
SUB
NOP
NOP
MOVLA
NOP
ORG
NOP
MOVLA
NOP
ORG
NOP
MOVLA
NOP
NOP
NOP
ORG
NOP
MOVLA
NOP
MOVLA
ADD
NOP
NOP
ORG
NOP

2FCh
04h

PCH
88H
PCL

80h
PCL,m

AOh

PCL,m

020h

36Ch

022h

370

024h

388h

026h

80h

PCLm

40Dh
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