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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

FFE4
FFE6
FFES
FFEA
FFEC
FFEE
FFFO
FFF2
FFF4
FFF6
FFF8
FFFA
FFFC
FFFE

C000
C002
C004
C005
C0oo7

C009
C0ooB

cooC
COOF
Cc012
C015

Cco17
CO1A

9ACO
9ACO
9ACO
9ACO
9ACO
33C0

9ACO
9ACO
9ACO
9ACO
9ACO
9ACO
9ACO
00CO

1E00
C400
FB

5ECO
70F9

1EFE
8E

E400C9
E400C8
E400D0
2109

E4DAE6
E430E7

ENDM

;restore register

x

chkkkkkkhkhkkkhhkkhkkhkkhkhkkhhkkhhkkhhkkhhkkhhkkhhkkhhhkkhhkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkkkhkkkdkkkxx
’

INTERRUPT VECTOR TABLE

chkkkkkkhkkkhhkkhkkhhkkhhkkhhkkhhhkkhhkkhhhkkhhhkkhhkhdhhkhhkkhkhhkkhhhkkhhkkhhhkkhhhkhhkkdhkkhhkhkdhkkkdkkdxx

ORG
DW
DW
DW
DwW
DwW
DwW
DwW
DwW
DW
DW
DW
DW
DwW
DwW

OFFE4H

IGNORE ; Serial 110
IGNORE ; Basic Interval Timer
IGNORE ; Watch Dog Timer
IGNORE ; A/D CON.
IGNORE ; Timer-3

FRQCY ; Timer-2
IGNORE ; Timer-1
IGNORE ; Timer-0
IGNORE ;Int 3

IGNORE ;Int 2

IGNORE pint 1

IGNORE ;Int0

IGNORE ;

RESET ; Reset

chkkkkkhkhkkkhhkkhkkhhkkhkhhkkhhkkhhkkhhkkhhhkkhhkhhkdhhhkhhkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkkkhhkkkdkkkxx

MAIN PROGRAM

chkkkkkkhkkkhhkkhkkhhkkhhkkhhkkhhkkhhkkhhhkkhhkdhhkdhhkhhkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkhkhhkkkdkkdxx
’

RESET:
CLR:

ORG

LDX
LDA

STA

CMPX

BNE

LDX
TXSP

LDM
LDM
LDM
SET1

LDM
LDM

#0

0C000H
#0
;ram clear(!0000H->!00BFH)
{X}+
#0COH
CLR

H#OFEH ;initializes stack pointer

R4DD #0 ;initializes port4
R4,#0 ;

PMR4,#0 ;

SWF ; initializes switch flag

TDR2,#0D4H ;8*12500= 100ms
TDR3,#30H ;30D4H=12500
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98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

C01D
C020
C023
C026
C029
co2C
CO2F

C030
C031

C033
C034
C035
C036
C039
C03C
CO3F
C041

C043
C046
C048
CO4A
co4C
CO4F

C051
C052
C053
C0>4

C055
C057
C059
C05B
C05D
CO5F
Co61
C063
C065
C0o67
CO6A

E44FE3 LDM TM2,#4FH ;TIMER2-3,8us

E400E2 LDM TMO#0 ;

E400F7 LDM IRQH,#0

E400F5 LDM IRQL #0

E402F6 LDM IENH, #02H ;enable TIMER2 int.

E400F4 LDM IENL, #0 ;

EO El ;enable interrupts

FF LOOP: NOP

2FFD BRA LOOP
j~k>\'~k~k3\'*~k~k~k>\'~k~)n\'>\'~k~k~k>\'~k~k~k>\'~k~k3\'>\'~k~k3\'>\'~k~k~k>\'~k~k~k>\'~k~k3\'*~k~k~k>\'~k~)n\'>\'~k~k~k>\'~k~k~k>\'~k~k3\'>\'~k~k3\'>\'~k~k~k>\'~k
; TIMER2 INTO. ROUTINE
;***********************************************************************

FRQCY: SAVE ;save registers to stack

OE @ PUSH A

2E @ PUSH X

4E @ PUSH Y

33090A BBC SWF,FRQ1 ;counting start or stop ?

E410D0 LDM PMRA4,#10H ;selects ECO

E44CE2 LDM TMO,#4CH ;Start counting(TIMERO-1)

3109 CLR1 SWF ;to stop of timer at next int.

2FOE BRA FRQ2

E400E2 FRQ1: LDM TMO#0 ;stop timer

7DE4 LDYA TDRO ;read contents of timer(TDRO:1)

DDO00 STYA FRQD ;stores counting value

DDO7 STYA HEXL :stores for decimal conversion

3B55C0 CALL HTOD ;hex(2bytes) -> decimal (Sbytes)

2109 SET1 SWF ;to restart of timer at next int.

FRQ2: REST

4D @ POP Y

2D @ POP X

0D @ POP A

F RETI
jrrkkkxkkkxxkx HEX(2-BYTES) -> DECIMAL(5-BYTES) CONVERSION

C400 HTOD: LDA #0 ;clear DECD

E502 STA DECD

E503 STA DECD+1

E504 STA DECD+2

E505 STA DECD+3

E506 STA DECD+4

3E10 LDY #16 :initializes hex. rotate counter

0907 HTOD1: ASL HEXL :|eft rotate low hex data

2908 ROL HEXH ;left rotate high hex data

EB0910 STC CARRYF ;stores carry

1EQO0 LDX #0 ;initializes dec. rotate counter
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149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181

C06C CB0900 HTOD2: LDC CARRYF ;load carry
CO6F 3902 ROL DECD+X ;dec. data rotate
C071 Ce02 LDA DECD+X
C073 8208 BBS A.4,HTOD3 ;tset if data> OFH
CO075 1109 CLR1 CARRYF ;clear CARRYF
CO77 440A CMP #10 testif A>9
C079 9017 BMI HTOD6
C07B 2F09 BRA HTOD4
CO07D 0109 HTODS3: SET1 CARRYF ;for next digit + 1
CO7F 20 CLRC ;clear carry
C080 C406 LDA #6 ;S'w decimal adjust
C082 0602 ADC DECD+X ;
Cc084 2F08 BRA HTOD5
Cc086 C602 HTODA4: LDA DECD+X
C088 6490 OR #090H :A+#90H
CO8A DF DAA
C08B EBO0910 STC CARRYF ;stores carry
CO8E 840F HTOD5: AND #OFH ;discard upper nibble
C090 E602 STA DECD+X ;stores decimal adjust result
Cc092 8F HTODG: INC X ;increment X reg.
C093 5E05 CMPX #5
C095 70D5 BNE HTOD2 ; test if dec. rotate is completed(5bytes)
C097 7BCA DBNE Y,HTOD1 ; test if hex. rotate is compl eted(16times)
C099 6F RET
;***********************************************************************
C09A 7F IGNORE: RETI
END
-- 0 Error(s) --

--- Total Machine Code : 183 Bytes --
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3. PULSE DUTY CONTROL I

3-1. Overview

Performs duty control of output pulse through PWM ports in the range of 0-100%,
increasing the duty rate 1/16% by every 100ms.

3-2. Hardware Description

3-2-1. MCU Operation

TIMERO-1

- 16 bits, source clock = 8us, int. cycle = 100ms

PWM

- source clock = 64us, output pulse cycle = 16ms
chO = high active, chl = low active

3-2-2. Circuit Diagram

GM S81516

Vdd

+5V A

+5V

S0K 741 S14

29

RESET

28
INTO/R40

30

8MHZ¥ 1M% 31

30pF

30pF
L

Xin

Xout

32

L

Fig.3-1. OUTPUT PULSE THROUGH PWM PORTS
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3-2-3. Pin Function

PIN NO. NAME I/O DESCRIPTION
14 R56/PWMO Output Output high active pulse
13 R57/PWM1 Output Output low active pulse

Table 3-1. PIN FUNCTIONS

3-2-4. H/W Operation

Output pulse through PWM ports is shown in Fig. 3-2.

Duty=1/16 Duty=2/16 Duty=3/16 Duty=4/16

LU-AAfinn

BRSNS MM

ﬁGms 74%16ms 16ms

Fig.3-2. PWM OUTPUT PULSE FORMAT
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3-3. Software Description
3-3-1.Basic Operation
Timer0-1(16bit) int. is generated by every 100ms.

CNT210 =10 --> 100ms x 10 = 1 sec.
The followings shows duty of pulse according to the value of PWMR (PWM

register).
Period ‘ Period ‘
pulse width pulse width
a) active low b) active high
N: PWMR load data
Period = source clock x 256
duty(%) = [(N+1)+ 256]x 100
Period x duty = active pulse width
3-3-2.RAM Description
NAME BYTES DESCRIPTION
CNT10 1 100ms counter(count-up from 0 to 9)
PWMD 1 holds the value of PWMR(PWM register)

Table 3-2. RAM DESCRIPTION
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3-3-3. Flow Chart

RESET
| _
DI dissbledl interrupts
| _
#FEH -> SP ] initializes stack pointer
I _
#HO->R4 o
40> RADD portsinitia
| _
#0-> X
CLR
>
#0->M(X)
[ ram clear($00h - $0bfh)
X+1->X
N
Y _
#0->PMR4 | disableintO port for level check
>
lowlevel checking
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#17H -> CKCTLR

#02H -> |IEDS
#01H -> PMR4

#0 ->IMOD

#0 -> IRQH
#0 -> IRQL

#80 -> |ENH
#0 -> |ENL

STOP
NOP

#0 -> IRQH
#0 -> IRQL

#80-> |ENH
#0->|ENL

El

LOO

—>

NOP

sdectsintO,
risng edge

int. request flag clear

enamlesintO

OsC Stop

int. request flag clear

enamlesintO,etc
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* MACRO DEFINITION

savereg. to stack

SAVE

|

A ->M(SP)
[

X ->M(SP)
I

Y ->M(SP)
|

ENDM

restore stack to reg.

REST

M(SP) -> Y

I
M(SP) -> X

M(SP) -> A

INCR
|

ENDM

\1+1->\1

\1->ram name

S

#0OH ->\1

ENDM

\2 -> compare number

\3 -> branch labd
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3-3-4. Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; CONTROLSOUTPUT PULSE DUTY (PWM)

5 ;

6 ;

7 ;

8 ;***********************************************************************
9 ; DEFINE 1/OPORTS & PERIPHERAL REGISTERS ADDRESS
lO chkkhkkhkkhkkhkkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdk
11 :

12 T™MO EQU OE2H ;timer0 mode register

13 TDRO EQU OE4H ;timerQ data register

14 TDR1 EQU OES5H ;timerl data register

15 PWMRO EQU OFOH ;PWMO data register

16 PWMR1 EQU OF1H ;PWM1 data register

17 PWMCR EQU OF2H ;PWM control register

18 IENL EQU OF4H ;int. enable register low

19 IRQL EQU OF5H ;int. request flag register low

20 IENH EQU OF6H ;int. enable register high

21 IRQH EQU OF7H ;int. request flag register high

;g ;***********************************************************************
24 ; RAM ALLOCATION

25 chkhkkhkkhkkhkkhkhkkhkkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdsk
26 ;

27 CNT10 DS 1 :100ms counter

28 PWMD DS 1 ;PWM data

29 ;

30 ;***********************************************************************
31 ; MACRO DEFINITION

32 ;***********************************************************************
33 ;

34 SAVE MACRO ;save register

35 PUSH A

36 PUSH X

37 PUSH Y

38 ENDM

39 ;

40 REST MACRO ;restore register

41 POP Y

42 POP X

43 POP A

44 ENDM

45 ;

46 INCR MACRO
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

FFE4
FFE6
FFES
FFEA
FFEC
FFEE
FFFO
FFF2
FFF4
FFF6
FFF8
FFFA
FFFC
FFFE

C000
C002
C004
C005
C0oo07

C009
C0ooB

cooC

COOF
Cc012
C015
C018
C01B
CO1E
C021
C024

45C0
45C0
45C0
45C0
45C0
45C0
45C0
28C0
45C0
45C0
45C0
45C0
45C0
00CO

1E00
C400
FB

5ECO
70F9

1EFE
8E

E45EF2

E4D4E4
E430E5
E44FE2
E400F7
E400F5
E408F6
E400F4
EO

RESET:
CLR:

INC \1 \1<-- ram name

LDA \1 ;\2<-- compare NO.

CMP #2 ;\3<-- branch label

BNE \3

LDM \1#0

ENDM
;***********************************************************************

INTERRUPT VECTOR TABLE
;***********************************************************************

ORG OFFE4H

DW IGNORE ; Serial 110

DW IGNORE ; Basic Interval Timer

DW IGNORE ; Watch Dog Timer

DW IGNORE ; A/D CON.

DwW IGNORE ; Timer-3

DwW IGNORE ; Timer-2

DwW IGNORE ; Timer-1

DW PWMC ; Timer-0

DW IGNORE ;Int 3

DW IGNORE ;Int 2

DW IGNORE pint 1

DW IGNORE ;Int0

DwW IGNORE ;

DwW RESET ; Reset
;***********************************************************************

MAIN PROGRAM

chkhkkhkkhkkhkhkkhkkhkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdsd

ORG 0OCO00H

LDX #0

LDA #0 ;ram clear(!0000H->!00BFH)

STA {X}+

CMPX #0COH

BNE CLR

LDX H#OFEH ;initializes stack pointer

TXSP

LDM PWMCR,#5EH ;initializes PWM port

LDM TDRO,#0D4H ;8%12500= 100ms

LDM TDR1,#30H ;30D4H=12500

LDM TMO#4FH ;timer0-1,8us

LDM IRQH,#0

LDM IRQL #0

LDM IENH, #08H ;enable TIMERO

LDM IENL, #0

El ;enable interrupts
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98 :
99 C025 FF LOOP: NOP
100 C026 2FFD BRA LOOP
101 ;
102 ;***********************************************************************
103 ; TIMERO INT. ROUTINE
104 ;***********************************************************************
105 ;
106 PWMC SAVE ;save registers to stack
107 C028 OE @ PUSH A
108 C029 2E @ PUSH X
109 CO02A 4E @ PUSH Y
110 INCR CNT10,10,PWMC1 ;1sec. count-up
111 C02B 8900 @ INC CNT10
112 C02D C500 @ LDA CNT10
113 CO2F 440A @ CMP #10
114 C031 700E @ BNE PWMCL1
115 C033 E40000 @ LDM CNT10,#0
116 C036 20 CLRC ;
117 CO037 C410 LDA #10H ;
118 C039 0501 ADC PWMD ;duty 1/16% increment
119 CO03B E501 STA PWMD
120 CO03D E5F0 STA PWMRO ;PWMO
121 CO3F E5F1 STA PWMR1 ;PWM1
122 PWMC1.: REST ;restore registers from stack
123 C041 4D @ POP Y
124 C042 2D @ POP X
125 C043 0D @ POP A
126 Co04M4 7TF RETI
127 ;
128 ;***********************************************************************
129 ;
130 C045 FF IGNORE: NOP
131 Co46 7TF RETI
132 ;
133 END
134 ;
-- 0 Error(s) --

--- Total Machine Code : 99 Bytes --
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4. FREQUENCY ouTPUT I

4-1. Overview

Output pulse of duty 50% in the range of 1 - 200 KHz using rectangular pulse
output function of TIMER.

4-2. Hardware Description

4-2-1. MCU Operation

Timer0-1

- 16 bits, source clock = 8us, int. cycle = 0.5s
Timer2-3

- 16 bits, source clock = 2us, output pulse of duty 50%

4-2-2. Circuit Diagram

GM S81516

Vdd

+5V A,

50K 74LS14

29

RESET

O
T3 O/R47 1

f _l_ Xin
8MHz M
=1 % 31

Xout

[

Fig.4-1. OUTPUT PULSE THROUGH R47/T3 O PORT
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4-2-3.Pin Function

PIN NO. NAME I/O DESCRIPTION
21 R47/T3 0O Output Output rectangular pulse
Table 4-1. PIN FUNCTIONS

4-2-4.H/W Operation

1sec.

\i

Output pulse through R47/T3 O port be shown in Fig. 3-2.

1sec.

\i

Isec. |

1KHZ

2KHZ

3KHZ 4KHZ

4-3. Software Description

4-3-1.Basic Operation

Fig.4-2. OUTPUT PULSE FORMAT

1sec. 1sec.

\i

50KHZ

100KHZ

Timer0-1(16bits) int. is generated by every 0.5sec.

Output pulse is generated by rectangular pulse output function of TIMER2-

3(16bits).

When the count value of TIMER2-3 is equal to TDR2-3 value, current state
of timer output port is reversed.

by repeat of this procedure, duty 50% pulse can be generated.

Output frequency be changed by reload of TDR2-3 value from data table by
every second.
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the calculation of TDR2-3 value corresponding to output frequency is shown
in below.

- SOURCE CLOCK
OUTPUT FREQUENCY — T e/ ALUE OF TDR2-3 % 2

SOURCE CLOCK
OUTPUT FREQUENCY x 2

THE VALUE OF TDR2-3 —

EX) OUTPUT FREQUENY = 10KHz, SOURCE CLOCK=0.5uS(2MH?z)

2,000,000
10,000 x 2

= 100
= 64H

THE VALUE OF TDR2-3 =

4-3-2.RAM Description

NAME BYTES DESCRIPTION

FREQ 2 holds TDR data according to output frequency
YREG 1 holds index value of ROM data(value of TDR)
SEC1 1 1 sec. counter

Table 4-2. RAM DESCRIPTION
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4-3-3. Flow Chart

RESET
|

#0->X

>

#0->M(X)
[ ram clear($00H - $OBFH)
X+1->X

o=

#FEH -> SP initidizes stack pointer

[

#80H -> RADD initializes port4
#0->R4 —

CLR

#OFFH -> TDR3 o
HOFFH -> TDR2 initializes timer2-3(event counter)

#0->TM2

#OF4H -> TDR1

#24H -> TDRO timer0-1, 500ms
#AFH -> TMO

#08H -> |IENH enabletimerOint.

LOOP El ) endbleint.
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FNGEN
SAVE ] saveregigers

I

SEC+1->SEC

@ tsst if 1sec
N Y B
#0->TMO

[

YREG*2 -> Y load frequency data
| from datatable

TDRD+Y ->FREQ

TDRD+Y+1 -> FREQ+1,
FREQ-> TDR2

FREQ+1->TDR3

| reload TDR vadue
and output
YREG + :|L ->YREG #OH ->|YREG frequency
#4DH ->TM2 #0-> PMR4
|
#30H -> PMR4
REST restore register
RETI
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« MACRO DEFINITION

savereg. to stack

SAVE

|

A ->M(SP)
[

X ->M(SP)
[

Y ->M(SP)
|

ENDM

restore stack to reg.

REST
M(SP|) >Y
M(SPl) >X
M(SPl) >A

ENDM
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4-3-4. Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; FREQUENCY OUTPUT

5 ; (50% DUTY PULSE OUTPUT OF TIMER)

6 ;

7 ;

8 ;

9 chkkhkkkhkkhkkhkkhkkhhkhhhhhhhhhhhhhhhhhhhhhdhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhdhhhdhhdsk
10 ; DEFINE 1/O PORTS & PERIPHERAL REGISTERS ADDRESS
11 ;***********************************************************************
12 ;

13 R4 EQU 0C8H ;port R4 register

14 R4DD EQU OC9H ;port R4 data 1/O direction register

15 PMR4 EQU ODOH ;port R4 mode register

16 TMO EQU OE2H ;timer0 mode register

17 T™M2 EQU OE3H ;timer2 mode register

18 TDRO EQU OE4H ;timer0 data register

19 TDR1 EQU OE5H ;timer1 data register

20 TDR2 EQU OE6H ;timer2 data register

21 TDR3 EQU OE7H ;timer3 data register

22 IENL EQU OF4H ;int. enable register low

23 IRQL EQU OF5H ;int. request flag register low

24 IENH EQU OF6H ;int. enable register high

25 IRQH EQU OF7H ;int. request flag register high

53 ;***********************************************************************
28 ; MACRO DEFINITION

29 ;***********************************************************************
30 ;

31 SAVE MACRO ;register save

32 PUSH A

33 PUSH X

34 PUSH Y

35 ENDM

36 ;

37 REST MACRO ;register restore

38 POP Y

39 POP X

40 POP A

41 ENDM

42 ;

43 ;***********************************************************************
44 ; RAM ALLOCATION

45 ;***********************************************************************
46 ;
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47 FREQ DS 2 ;frequency data

48 YREG DS 1 ;Y-index register

49 SEC1 DS 1 :1sec. counter

50 :

51 QUIT EQU OFFH

52 :

53 ;***********************************************************************
54 ; INTERRUPT VECTOR TABLE

55 ;***********************************************************************
56 :

57 ORG OFFE4H

58 FFE4 8FCO DW IGNORE ; Seriad 1/0

59 FFE6 8FCO DW IGNORE ; Basic Interval Timer

60 FFE8 8FCO DW IGNORE ; Watch Dog Timer

61 FFEA 8FCO DW IGNORE ; A/D CON.

62 FFEC 8FCO DW IGNORE ; Timer-3

63 FFEE 8FCO DW IGNORE ; Timer-2

64 FFFO 8FCO DW IGNORE ; Timer-1

65 FFF2 34C0 DW FNGEN ; Timer-0

66 FFF4 8FCO DW IGNORE ;Int3

67 FFF6 8FCO DW IGNORE ;int2

68 FFF8 8FCO DW IGNORE pintl

69 FFFA 8FCO DW IGNORE ;Int0

70 FFFC 8FCO DW IGNORE ;

71 FFFE 00CO DW RESET ; Reset

72 ;

73 ;***********************************************************************
74 ; MAIN PROGRAM

75 ;***********************************************************************
76 ;

77 ORG 0CO00H

78 C000 1EQO0 RESET: LDX #0

79 C002 C400 CLR: LDA #0 ;ram clear(!0000H->!00BFH)
80 Coo4 FB STA {X}+

8l C005 5ECO CMPX #0COH

82 C007 70F9 BNE CLR

83 ;

84 C009 1EFE LDX H#OFEH ;initializes stack pointer
85 C00B 8E TXSP

86 ;

87 C00C E400C8 LDM R4 #0 ;clear port4

88 COOF E480C9 LDM R4DD,#1000 0000B ;

89

20 C012 E4FFE7 LDM TDR3#0FFH ;

91 C015 E4FFE6 LDM TDR2,#0FFH ;

92 C018 E400E3 LDM TM2,#0 ; TIMER2-3(16bit),2us

93

94 C01B E424E4 LDM TDRO,#024H ;8*62500=0.5s¢ec.

95 COlE E4F4E5 LDM TDR1,#0F4H ;62500=0F424H

96 C021 E44FE2 LDM TMO0,#0100_1111B  ;TIMERO-1(16hit),8us
97
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98 C024
99 Cco27
100 CO2A
100 C02D
102  C030
103 CO031
104 C032
105

106

107

108

109

110

111 C034
112 C035
113  C036
114  CO37
115 C039
116  C0O3C
117  CO3F
118 C041
119 C042
120 C043
121 C046
122 C048
123 C04B
124  C04D
125 CO4F
126  CO51
127 C053
128  C055
129  CO057
130 C059
131 CO5B
132 COSE
133

134 CoO61
135 C062
136  C063
137 C064
138

139  C065
140 C068
141 CO6B
142

143

144
FREQUENCY
145

146

147  C06D

IRQH,#0
IRQL #0

IENH, #0000_1000B ;enable int0,timer0

IENL, #0 ;

LOOP

;enable interrupts

rhkkkkkkhkhkkkhhkkhkhhkkhkkhkkhhkkhhkkhhkkhhkkhhhkkhhhhhhkhhkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkhkdhkkkdkkkxx

; TIMERO-1 INTERRUPT ROUTINE(0.5 SEC.)

chkkkkkhkhkkkhhkkhkkhkkkhkkhhkkhhkkhhkkhhkkhhhkkhhkkdhhhkhhkhhhkkhhhkkhhkkhhkkhhkkhhkkdhkkhhkkkhhkkkdkkkxx
’

A

X

Y

SEC1
SEC1.0,FNGEN2
TM2#0

YREG

A

ITDRD+Y
FREQ
ITDRD+Y+1
FREQ+1
#QUIT
#QUIT
FREQ
FNGEN3
FREQ
TDR2
YREG

TM2,#0100_1101B

PMR4,#80H

Y
X
A

PMR4,#0
YREG,#0
FNGEN2

;save registers to stack

;1sec. ?
;timer stop

JA*2
;load frequency data low

;load frequency data high

;quit data ?

;to load next frequency data
;TIMER2-3(16hit),0.5us

;select T3 O output

;restore registers from stack

;stop frequency output

chkkkkkkkkkhhkkhkkhhkkhkhhkkhhkkhhhkkhhkkhhhkkhhhkkhhkhkhhhkhhkhhhkkhhkkhhkkhhkkhhkkdhkkdhkkhhkhkhhkkkdkkkxx
’

; DATA TABLE OF TDR2:3 FOR GENERATING

chkkkkkkhkkkhhkkhkhkkhkhkkhhkkhhkkhhkkhhkkhhhkkhhkhhhhkkhhkhhhkkhhhkkhhkkhhhkkhhkkhhkkdhkkhhkkkdhkkkdkkdxx
’

E400F7 LDM
E400F5 LDM
E408F6 LDM
E400F4 LDM
EO El
FF LOOP: NOP
2FFD BRA
FNGEN: SAVE
OE @ PUSH
2E @ PUSH
4E @ PUSH
8903 INC
030325 BBS
E400E3 FNGEN1: LDM
C502 LDA
08 ASL
9F TAY
D56DCO LDA
E500 STA
D56ECO LDA
ES01 STA
C4FF LDA
3EFF LDY
5D00 CMPW
FO10 BEQ
7D00 LDYA
DDE6 STYA
8902 INC
E44DE3 LDM
E480D0 LDM
FNGEN2: REST
4D @ POP
2D @ POP
0D @ POP
TF RETI
E400D0 FNGENS3: LDM
E40002 LDM
2FF4 BRA
E903 TDRD: DwW

2000000/2/1000

:1KHz
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148 CO6F F501 Dw 2000000/2/2000 2KHz
149 CO71 4D01 DwW 2000000/2/3000 ;3KHz
150 CO073 FBOO Dw 2000000/2/4000 ;4KHz
151 CO075 (€900 Dw 2000000/2/5000 ;5KHz
152 CO077 A700 DwW 2000000/2/6000 ;6KHz
153 CO079 8F00 Dw 2000000/2/7000 ;7TKHz
154 CO7B 7D00 Dw 2000000/2/8000 ;8KHz
155 CO7D 6F00 Dw 2000000/2/9000 ;9KHz
156 CO7F 6400 Dw 2000000/2/10000 ;10KHz
157 C081 3200 Dw 2000000/2/20000 ;20KHz
158 C083 2100 DwW 2000000/2/30000 ;30KHz
159 C085 1900 Dw 2000000/2/40000 ;40KHz
160 C087 1400 Dw 2000000/2/50000 ;50KHz
161 C089 O0A00 Dw 2000000/2/100000 ;100KHz
162 C08B 0500 DwW 2000000/2/200000 ;200KHz
163 C08D FF DB QUIT,QUIT

CO8E FF
164 ;
165 ;***********************************************************************
166 ;
167 CO8F FF IGNORE: NOP
168 C090 7F RETI
169 ;
170 END
171 ;

-- 0 Error(s) --

--- Total Machine Code : 173 Bytes --
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5. TEMPERATURE SENSING I

5-1. Overview

Performs temperature sensing by using A/D converter of micom.

5-2. Hardware Description

5-2-1. MCU Operation

TIMERO-1

- 16 bits, source clock = 8us, int. cycle = 100ms
A/D converter

- channel O

5-2-2. Circuit Diagram

GMS81516
+5V A
7] Vel
3 MP
AVref
+5V
SO0K 74LS14
29
¢ RESET
100@%'__r 10uF
RG0/ANO
7
30pF 20
| _I_ Xin
8MH
zg 1M% 3
| Xout
30pF
4 AVss
32
Vss

777

12
7.2K+ 0.1%

+5V

THEMISTER

Fig.5-1. A/D CONVERSION
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5-2-3.Pin Function

PIN NO. NAME I/O DESCRIPTION
4 AVREF Input Input Reference voltage(5V)
3 AVSS input GND
12 R60/ANO Input Input Analog voltage

Table 5-1. PIN FUNCTIONS

5-2-4.H/W Operation

*
*

A/D Conversion is performed by distributing reference voltage by

resistance ladder.

First, reference voltage is forced at both pins AVref and AVss .
After writing A/D conversion enable bit(ADEN) and A/D input selection
bit(ADS2-ADS0) as "1" to select analog input channel, and set A/D

conversion start bit(ADST) to "1" to A/D conversion.

During A/D Conversion, when ADST is set to 1,A/D Conversion starts
again from the beginning.
When A/D Conversion ends, A/D converter interrupt request flag(IFA)

is setto 1.

5-3. Software Description

5-3-1.Basic Operation

A/D conversion is performed by every 1ms.

A/D conversion is repeated 100 times and the result of every conversion is

added to ADSUM assigned in RAM.

the average of total sum is used as a valid data of A/D conversion.

Temperature is loaded from temperature table in ROM which was

determined by the result of A/D conversion.
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Table.5-2. RESISTER VALUE OF THEMISTER ACCORDING TO TEMPERATURE

TEMPERATURE RESISTER VALUE OF INPUT VOLTAGE) A/D CONVERTED
(°C) THEMISTER(KQ) V) DATA(HEX)
-20 115.5531 0.2932716 F
-19 108.4108 0.3113895 10
-18 101.7611 0.3303931 11
-17 95.56636 0.3503092 12
-16 89.79266 0.3711621 13
-15 84.40854 0.3929765 14
-14 79.38516 0.4157757 15
-13 74.69598 0.439582 17
-12 70.31658 0.4644168 18
-11 66.22542 0.4902995 19
-10 62.39899 0.5172489 1A

-9 58.82101 0.5452809 1C
-8 55.47287 0.5744112 1D
7 52.33838 0.604652 1F
-6 49.40251 0.6360142 21
5 46.6514 0.6685063 22
-4 44.07229 0.7021337 24
) 41.65331 0.7369 26
-2 39.38351 0.7728057 28
-1 37.25273 0.809849 29
0 35.2516 0.8480246 2B
1 33.3714 0.8873246 2D
2 31.6041 0.9277371 30
3 29.94219 0.9692482 32
4 28.37872 1.011841 34
5 26.9073 1.055493 36
6 25.52188 1100181 38
7 24.21696 1.145878 3B
8 22.98733 1.192554 3D
9 21.82819 1.240174 3F
10 20.73511 1.288701 42
11 19.70387 1.338097 45
12 18.73064 1.388319 47
13 17.81178 1.439322 4A
14 16.94394 1.491057 4c
15 16.12394 1.543476 aF
16 15.34896 1.596526 52
17 14.61615 1.650154 54
18 13.92301 1.704302 57
19 13.26716 1.758916 5A
20 12.64636 1.813935 5D
21 12.05855 1.8693 60
22 11.50177 1.924952 63
23 10.97421 1.980829 65
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TEMPERATURE RESISTER VALUE OF INPUT VOLTAGE) A/D CONVERTED
(°C) THEMISTER(KQ) V) DATA
(HEX)
24 10.47414 2.036875 68
25 10 2.093023 6B
26 9.550278 2.149218 6E
27 9.123285 2.205398 71
28 8.718594 2.262506 74
29 8.334093 2.317483 77
30 7.968923 2.373273 7A
31 7.621994 2.428823 7C
32 7.292298 2.484078 7F
33 6.978882 2.538987 82
34 6.680842 2.593503 85
35 6.397352 2.647574 83
36 6.127609 2.70116 8A
37 5.870865 2.754217 8D
38 5.626431 2.806704 2
39 5.393646 2.858584 92
40 5.171885 2.909823 %5
a1 4.960571 2.960388 98
42 4.75915 3.010247 %A
43 4567105 3.059376 9D
a4 4.383949 3.107748 oF
45 4.209219 3.155343 A2
46 4.042487 3.202138 Ad
47 3.883342 3.248118 A6
48 3.731391 3.293268 A9
49 3.58628 3.337574 AB
50 3.447654 3.381026 AD

5-3-2.RAM Description

NAME BYTES DESCRIPTION
ADSUM 2 the total sum of A/D conversion.

ADCNT 1 A/D Conversion counter.

TMPRT 2 holds temperature sensed by A/D converting

(the average of total sum)

Table. 5-3. RAM DESCRIPTION
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5-3. Flow Chart

CLR

RESET

#0->X

LOOP

-

#0->M(X)

X+1->X

S X= 400>

Y

#OFEH -> SP

#0-> R6DD, R6

#0 ->TDR1
#125-> TDRO
#1FH -> TMO

#08H -> |ENH
#80H -> IENL

El

ram clear($00h - $0bfh)

initializes stack pointer

initializes port6

timerQ, Ims

enabletimer int.

enableint.
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ADCDRV

SAVE

#0 ->ADCM

NOP

#22H -> ADCM

REST

RETI

:l saveregisers

gart A/D Con.

restoreregisers
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ADCON
SAVE ] saveregister
N
ADSF=1
Y —
#0-> ADCM stop ad conversion
I _
ADR+ ADSUM
->ADSUM add current adc result to
| previous result sum
INCR ADCNT,100,ADC2
| _
ADSUM /100
Y
0 compute average
N of ADSUM
A->Y
A+1->Y
L » |
ADC1 ]
| -
.TEMEE‘FI\?;;FEW 27 load t ALre
| according to the result of
ald converson
ADC2 #0-> ADSUM,ADSUM+1 N
>
REST ] retore register
RETI
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* MACRO DEFINITION
savereg. to stack restore stack to reg.
SAVE REST
| I
A ->M(SP) M(SP) ->Y
I [
X ->M(SP) M(SP) -> X
I |
Y ->M(SP) M(SP) ->A
| |
ENDM ENDM
INCR
| _
\1+1->\1 \1->ramname
@ \2 -> compare number
#0O0H ->\1 \3 -> branch labdl

|
@ ENDM
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5-3-4. Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; TEMPERATURE SENSING

5 ; (A/D CONVERTER APPLICATION)

6 ;

7 ;

8 ;

9 ;***********************************************************************
10 ; DEFINE /O PORTS & PERIPHERAL REGISTERS ADDRESS
11 ;***********************************************************************
12 ;

13 R6 EQU OCCH ;port R6 register

14 R6DD EQU OCDH ;port R6 data 1/0O direction register

15 TMO EQU OE2H ;timer0 mode register

16 TDRO EQU OE4H ;timerQ data register

17 TDR1 EQU OE5H ;timerl data register

18 ADCM EQU OESH ;A/D Converter mode register

19 ADSF EQU 0,ADCM ;A/D Converter status flag

20 ADR EQU OE9H ;A/D con. register

21 IENL EQU OF4H ;int. enable register low

22 IRQL EQU OF5H ;int. request flag register low

23 IENH EQU OF6H ;int. enable register high

24 IRQH EQU OF7H ;int. request flag register high

52 ;***********************************************************************
27 ; RAM ALLOCATION

28 ;***********************************************************************
29 ;

30 ADSUM DS 2 ;ADC result sum(100 times)

31 TMPRT DS 1 ;temperature

32 ADCNT DS 1 :A/D conversion counter

33 ;

34 ;***********************************************************************
35 ; MACRO DEFINITION

36 ;***********************************************************************
37 ;

38 SAVE MACRO ;save registers to stack

39 PUSH A

40 PUSH X

41 PUSH Y

42 ENDM

43 ;

44 REST MACRO ;restore registers from stack

45 POP Y

46 POP X
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47 POP A

48 ENDM

49 ;

50 INCR MACRO

51 INC \1 \1<-- ram name

52 LDA \1 ;\2<-- compare NO.

53 CMP #\2 ;\3<-- branch label

54 BNE \3

55 LDM \1,#0

56 ENDM

57 :

58 ;***********************************************************************
59 ; INTERRUPT VECTOR TABLE

60 ;***********************************************************************
61 :

62 ORG OFFE4H

63 FFE4 E7CO DW IGNORE ; Serid 1/0

64 FFE6 E7CO DW IGNORE ; Basic Interval Timer
65 FFE8 E7CO DW IGNORE ; Watch Dog Timer

66 FFEA 39C0 DW ADCON ; A/D CON.

67 FFEC E7CO DW IGNORE ; Timer-3

68 FFEE E7CO DW IGNORE ; Timer-2

69 FFFO E7CO DW IGNORE ; Timer-1

70 FFF2 2BCO DW ADCDRV ; Timer-0

71 FFF4 E7CO DW IGNORE ;Int3

72 FFF6 E7CO DW IGNORE ;Int2

73 FFF8 E7CO DW IGNORE pintl

74 FFFA E7CO DW IGNORE ;Int0

75 FFFC E7CO DW IGNORE ;

76 FFFE 00CO DW RESET ; Reset

77 ;

78 ;***********************************************************************
79 ; MAIN PROGRAM

80 ;***********************************************************************
81 ;

82 ORG 0CO000H

83 ;

84 C000 1EQO0 RESET: LDX #0 ;ram clear(!0000H->!00BFH)
85 C002 C400 CLR: LDA #0

86 Coo4 FB STA {X}+

87 C005 5ECO CMPX #0COH

88 C007 70F9 BNE CLR

89 ;

90 C009 1EFE LDX #OFEH ;initializes stack pointer
91 C00B 8E TXSP

92 ;

93 C00C E400CD LDM R6DD,#0 ;port6 input

94 COOF E400CC LDM R6,#0 ;port6 clear

95 ;

96 C012 EA47DE4 LDM TDRO0,#125 ;85125 = 1ms

97 C015 E400E5 LDM TDR1,#0 ;
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98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

C018
Cc01B
CO1E
C021
C024
Cc027

C028
C029

Cc02B
co2C
C02D
CO2E
C031
C032

C035
C036
C037
C038

C039
CO3A
C03B
C03C
CO3F
C042
C044
C046
C048

CO4A
co4C
CO4E
C050
C052
C055
C057
C059
CO5A

E41FE2 LDM TMO#0001_1111B  ;TIMERO,8us

E400F7 LDM IRQH,#0

E400F5 LDM IRQL #0

E408F6 LDM IENH, #08H ;enable TIMERO

E480F4 LDM IENL, #30H ;

EO El ;enable interrupts

FF LOOP: NOP

2FFD BRA LOOP
;***********************************************************************
; TIMERO INT. ROUTINE
;***********************************************************************

ADCDRV: SAVE ;save registers to stack

OE @ PUSH A

2E @ PUSH X

4E @ PUSH Y

E400E8 LDM ADCM #0 ;disables a/d con.

FF NOP

E422E8 LDM ADCM #22H ;Starts a/d con.

REST ;restore registers from stack

4D @ POP Y

2D @ POP X

oD @ POP A

7F RETI
;***********************************************************************
; A/D CON. INT. ROUTINE
chkhkkhkkhkkhkkhkkhkkhkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdsk

ADCON: SAVE ;save registers to stack

OE @ PUSH A

2E @ PUSH X

4E @ PUSH Y

13E82C BBC ADSF,ADC2 ;ald con. normal completed ?

E400ES8 LDM ADCM #0 ;disable a/d converter

C5E9 LDA ADR ;read result of a/d conversion

3E00 LDY #0 ;YA(16bits) -> clear Y -reg.

1D00 ADDW  ADSUM ;add current result + previous result sum

DDO00 STYA ADSUM ;store result sum

INCR ADCNT,100,ADC2 ;100 timesis completed ?

8903 @ INC ADCNT

C503 @ LDA ADCNT

4464 @ CMP #100

7019 @ BNE ADC2

E40003 @ LDM ADCNT #0

7D00 LDYA ADSUM ;ADSUM/100

1E64 LDX #100

9B DIV

TE32 CMPY #50 ;remain < #50 ?
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149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

168

169
170

171

172

173
174

175

176

177

178

179

180

181

182

183

C05C
CO5E
CO5F
C060
C063
C065
C068

C0o6B
Co6C
C06D
CO6E

CO6F
C070
Co71
Co72
C073
C074
C075
C076
co77
C078
C0o79
CO7A
Co7B
co7C
C07D
CO7E
CO7F
C080
Cco81
C082
C083
Co84
C085
C086
Cco87
C088
C089
CO8A
C08B
Cco8C
C08D
CO8E
CO8F
C090

ADC1
A :increment A

;storesindex register(ROM)
ITEMPERATURE-27+Y ;load temperature data

TMPRT ;stores temperature
ADSUM #0 ;clear ADSUM
ADSUM+1,#0
;restores registers from stack
Y
X
A

chkkkkkkhhkkkhhkkhkkhkkhkkhhkkhhhkkhhkkhhkkhhkkhhhdhhhhkhkhhkkhhhkkhhhkkhhkkhhhkkhhkdhkkhhkhkhhkrkdkkdxx
’

TEMPERATURE TABLE

chkkkkkhkhkkkhhkkhkkhhkkhhkkhhkkhhkkhhkkhhkkhhhkkhhhdhhhkhhkhhhkkhhhkkhhkkhhhkkhhkkhhkkhhkkhhkkkhhkkdkkdxx
’

9001 BMI

88 INC

oF ADCL: TAY

D554C0 LDA

E502 STA

E40000 LDM

E40001 LDM
ADC2: REST

4D @ POP

2D @ POP

oD @ POP

7F RETI

F7 TEMPERATURE DB

F8 DB

F8

F9 DB

F9

FA DB

FB DB

FB

FC DB

FC

FD DB

FD

FE DB

FF DB

FF

00 DB

00

01 DB

01

02 DB

02

03 DB

03

04 DB

04

05 DB

05

06 DB

06

06

07 DB

07

08 DB

08

ADR value of ad con.(hex)
-9 ; 1C
-8,-8 ; 1D,1E
-1,-7 ; 1E20
-6 ;21
-5,-5 ;22,23
-4,-4 ;24,25
-3,-3 ;26,27
-2 ;28
-1-1 ; 29,2A
0,0 ; 2B,2C
11 ;. 2D,2F
2,2 ;30,31
33 ;32,33
4.4 ;34,35
55 ;36,37
6,6,6 ; 38,39,3A
7 ; 3B,3C
8,38 ; 3D,3E
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184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

C091
C092
C093
C094
C095
C096
C097
C098
C099
CO09A
C09B
Cco9oC
C09D
CO9E
CO9F
COAO
COAl
CO0A2
COA3
CO0A4
COAS
COAG6
COA7
COA8
COA9
COAA
COAB
COAC
COAD
COAE
COAF
C0BO
C0B1
CcoB2
C0B3
CoB4
C0B5
C0B6
coB7
C0B8
C0B9
COBA
C0BB
COBC
C0BD
COBE
COBF
C0CO
CcoC1
coc2
C0C3

09
09
09
0A
0A
0A
0B
0B
oc
oc
oc
0D
0D
OE
OE
OF
OF
OF
10
10
11
11
11
12
12
12
13
13
13
14
14
14
15
15
15
16
16
17
17
17
18
18
18
19
19

Br55% 0

1B

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

DB

9,99

10,10,10

11,11

12,12,12

13,13

14,14

15,15,15

16,16

17,1717

18,18,18

19,19,19

20,20,20

21,2121

22,22

23,23,23

24,2424

25,25,25

26,26,26

27,27,27

3F,40,41

42,4344

45,46

47,4849

4A.,4B

4C,4D

4F,50,51

52,53

54,55,56

57,58,59

5A,5B,5C

5D,5E,5F

60,61,62

63,64

65,66,67

68,69,6A

6B,6C,6D

6E,6F,70

71,72,73
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C0oC4 1B

203 COC5 1C DB 28,28,28 ; 74,75,76
C0oC6 1C
Coc7 1C

204 COC8 1D DB 29,29,29 ;77,7879
C0oC9 1D
COCA 1D

205 COCB 1E DB 30,30 ; TA,7B
CoCcC 1E

206 COCD 1F DB 31,31,31 ; 7C,7D,7E
COCE 1F
COCF 1F

207 CODO 20 DB 32,32,32 ;  7F,80,81
COD1 20
CoD2 20

208 COD3 21 DB 33,33,33 ; 82,8384
CoD4 21
COoD5 21

209 COD6 22 DB 34,34,34 ; 85,86,87
COD7 22
COoD8 22

210 C0D9 23 DB 35,35 ; 88,89
CODA 23

211 CODB 24 DB 36,36,36 ; 8A,8B,8C
CODC 24
CODD 24

212 CODE 25 DB 37,37,37 ; 8D,8E,8F
CODF 25
COEO 25

213 COE1 26 DB 38,38 ;90,91
COE2 26

214 COE3 27 DB 39,39,39 ;92,9394
COE4 27
COE5 27

215 COE6 28 DB 40 ;95

216 ;

217 ;***********************************************************************

218 ;

219 COE7 FF IGNORE: NOP

220 COE8 7F RETI

221 ;

222 END

223 ;
-- 0 Error(s) --

--- Total Machine Code : 261 Bytes --
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6. 7-SEGMENT DISPLAY I

6-1. Overview

Displays decimal digit(0-7) on 7-segment by controlling output signals through
ports of micom.
It shows dynamic display at duty rate of 1/8.

6-2. Hardware Description

6-2-1. MCU Operation

Timer0
- source clock = 8us, int. cycle = 1ms

6-2-2. Circuit Diagram

s5yy | GMSBIS16 oy

1
2| vdd raLs2a4 1 270+ 8
MP RoOE—]

RO1{5—4
+5V ROalE 4

RO4t=—d
ROS[E: 4
RO6122—4

RO712—

74LS14 2

RESET -
100@%_1_ 10uF e
v R27133 AW
RZG.:M—IVWV\—
s KN2222A * 8
R25 22— MW——
S0pF 30| 36
8MHE_] 1M a R23 s AW
Xout R22 AW
30pF Rt —W——
R20‘40—’VWV‘—'
32

Vss 12K * 8
- mr

Fig.6-1. 7-SEGMENT(8 DIGIT) DISPLAY
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6-2-3.Pin Functions

PIN NO. NAME I/O DESCRIPTION

55 ROO output Output 7-segment data a

54 RO1 Output 7-segment data b

53 R0O2 Output 7-segment data c

52 RO3 Output 7-segment data d

51 R04 Output 7-segment data e

50 RO5 Output 7-segment data f

49 RO6 Output 7-segment data g

48 RO7 Output 7-segment data h

40 R20 output Output digitO turn on-off signal(high active)
39 R21 Output digitl turn on-off signal(high active)
38 R22 Output digit2 turn on-off signal(high active)
37 R23 Output digit3 turn on-off signal(high active)
36 R24 Output digit4 turn on-off signal(high active)
35 R25 Output digit5 turn on-off signal(high active)
34 R26 Output digit7 turn on-off signal(high active)
33 R27

Table. 6-1. PIN FUNCTIONS

6-2-4.H/W Operation

The result of 7-segment display is shown in Fig. 5-2.

ab5432 10

Il

Fig. 6-2. EXAMPLE OF 7-SEGMENT DISPLAY
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The timing chart of output signals is shown in Fig. 6-3.

img ms M DuTY = 1/8

ON OFF ON OFF

DIGO

DIG1

DIG2

DIG3

DIG4

DIG5 *L

DIG6

DIG7

DIGO
> para OO0
DATA

Fig.6-3. THE TIMING CHART OF STROBE SIGNAL

6-3. Software Description

6-3-1.Basic Operation

€ Previous digit display is turned off and next digit is displayed at every timer
interrupt(1 ms).

€ Display data be stored at the address indicated by X-reg.
Pattern data be stored at the address indicated by Y-reg.
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DIGCNT X-REG. ROM AREA
o[ 5| mmm»>[0]5 IFONT
"_3F
| 06
5B
IFONT+5 gg
> %D
DSPD+7 DSPD+6 DSPD+5 DSPD+4 DSPD+3 DSPD+2 DSPD+1 DSPD+1 7D
o[7|lo|6]|]|0|5(|0|4(||0|3||0|2|/0|1]|/lO]|O %IZ
6F
|
Y-REG. :
0[5 1

€ 7-segment pattern data .

- h gf edc b a

0/1/0/0|1j1/1|1

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

-
d h 4FH

f
e C

a
I TURN-ON=1
TURN-OFF=0
b
g

Strobe data(DIGON) is left rotated at every timer interrupt to generate duty 1/8.
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6-3-2.RAM Description

NAME BYTES DESCRIPTION
DSPD 8 data to be display.
DISP <-- digit 0 data

I
DISP+7 <-- digit 7 data

(value of data = pattern area offset)

DIGCNT 1 digit counter
(0 =digit0
7 = digit7 )
DIGON 1 strobe data.

ex) 0010 _0000b --> digit5 on, others off
Table. 6-2. RAM DESCRIPTION
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6-3-3. Flow Chart

RESET

#0->X
CLR

L

#0->M(X)

X+1->X

#OFEH -> SP

#OFFH -> RODD
#OFFH -> R2DD
#00H -> RO
#00H -> R2

#380H -> DIGON

#0->DSPD
#1-> DSPD+1
#2 -> DSPD+2
#3->DSPD+3
#4-> DSPD+4
#5->DSPD+5
#6 -> DSPD+6
#7 -> DSPD+7

#125 -> TDRO
#2FH -> TMO

#0BH -> |ENH

LOOP El

>

NOP

ram clear($00h - $0bfh)

initidizes stack pointer

initidizes port0,2

initidizes digolay rams

timer0, Ims

endbletimerO int.

endbleint.
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DIsP

SAVE

#OH -> R2

DIGCNT -> X

DSPD+X ->Y

IFONT+Y -> R0

7.DIGON ->C

LEFT ROTATE
DIGON

DIGON ->R2

INCR
(DIGCNT,8,DISPL)

DISPL |

REST

RETI

:I saveregiders

:[ digiit off

output segment data

next digit on

increment digit pointer

:I restore regiser
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* MACRO DEFINITION

savereg. to stack

SAVE

|

A ->M(SP)
I

X ->M(SP)

[
Y ->M(SP)
!
ENDM

restore stack to reg.

REST
I

M(SP) ->Y

[
M(SP) -> X

[
M(SP) -> A

INCR
|

ENDM

\1+1->\1

\1->ram name

S

#00H ->\1

ENDM

\2 -> compare number

\3 -> branch label
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6-3-4. Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; 7-SEGMENT(8 DIGIT) DISPLAY

5 ;

6 ;

7 ;

8 ;***********************************************************************
9 ; DEFINE 1/O PORTS & PERIPHERAL REGISTERS ADDRESS
10 ;***********************************************************************
11 ;

12 RO EQU OCOH ;port RO register

13 RODD EQU 0C1H ;port RO data 1/O direction register

14 R2 EQU 0C4H ;port R2 register

15 R2DD EQU OC5H ;port R2 data 1/O direction register

16 TMO EQU OE2H ;timer0 mode register

17 TDRO EQU OE4H ;timerO data register

18 IENL EQU OF4H ;int. enable register low

19 IRQL EQU OF5H ;int. request flag register low

20 IENH EQU OF6H ;int. enable register high

21 IRQH EQU OF7H ;int. request flag register high

ig ;***********************************************************************
24 ; RAM ALLOCATION

25 ;***********************************************************************
26 ;

27 DSPD DS 8 ;display data

28 DIGCNT DS 1 ;digit counter

29 DIGON DS 1 ;digit on data

30 ;

31 ;***********************************************************************
32 ; MACRO DEFINITION

33 chkkhkkkhkkhkkhkkhkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhddhhddhdsk
34 ;

35 SAVE MACRO ;save registers

36 PUSH A

37 PUSH X

38 PUSH Y

39 ENDM

40 ;

41 REST MACRO ;restores registers

42 POP Y

43 POP X

44 POP A

45 ENDM

46 ;
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

FFE4
FFE6
FFES
FFEA
FFEC
FFEE
FFFO
FFF2
FFF4
FFF6
FFF8
FFFA
FFFC
FFFE

C000
C002
C004
C005
C0oo7

C009
C0ooB

cooC
COOF
Cc012
C015

C018
C01B
CO1E
C021

7ACO
7ACO
7ACO
7ACO
7ACO
7ACO
7ACO
49C0

7ACO
7ACO
7ACO
7ACO
7ACO
00CO

1E00
C400
FB

5ECO
70F9

1EFE
8E

E4FFC1
E4FFC5
E400C0
E400C4

E48009
E40000
E40101
E40202

INCR MACRO

INC \1 \1<-- ram name

LDA \1 ;\2<-- compare NO.

CMP #\2 ;\3<-- branch label

BNE \3

LDM \1,#0

ENDM
j~k>\'~k~k3\’»\'~)<~)n\'>\'~k~k~k>\'~k~k~k>\'~k~k~k>\'~k~k3\’»\'~k~)n\'>\'~k~k~)c>\'~k~k~k>\'~k~k~k>\'~k~k3\'*~k~k3\’>\’~k~k~k>\'~k~k~k>\'~k~k~k>\'~k~)n\'>\'~k~k~k>\'~k
; INTERRUPT VECTOR TABLE
;***********************************************************************

ORG OFFE4H

DW IGNORE ; Serid 1/0

DW IGNORE ; Basic Interval Timer

DW IGNORE ; Watch Dog Timer

DW IGNORE ; A/D CON.

DW IGNORE ; Timer-3

DW IGNORE ; Timer-2

DW IGNORE ; Timer-1

DW DISP ; Timer-0

DW IGNORE ;Int3

DW IGNORE ;Int2

DW IGNORE pintl

DwW IGNORE ;Int0

DW IGNORE ;

DW RESET ; Reset
;***********************************************************************
; MAIN PROGRAM
;***********************************************************************

ORG 0CO000H

RESET: LDX #0
CLR: LDA #0 ;ram clear(!0000H->!00BFH)

STA {X}+

CMPX #0COH

BNE CLR

LDX #OFEH ;initializes stack pointer

TXSP

LDM RODD ,#0FFH ;port0 output

LDM R2DD #0FFH ;port2 output

LDM RO,#0 ;clear port0

LDM R2,#0 ;clear port2

LDM DIGON,#1000_0000B ;initializes digit on signal

LDM DSPD,#0 ;clear display RAM

LDM DSPD+1,#1

LDM DSPD+2,#2
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98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

C024
Ccoz27
CO02A
C02D
C030

C033
C036
C039
C03C
CO3F
C042
C045

C046
co47

C049
CO4A
Cco4B
co4C
CO4F
C051
C053
C056
C058
C05B
C05D
CO5F

C061
C063
C065
C0o67
C069

Co6C
C06D
CO6E
CO6F

C070
Co71
C072

E40303
E40404
E40505
E40606
E40707

E47DE4
E42FE2
E400F7
E400F5
E408F6
E400F4
EO

FF
2FFD

OE

2E

4E
E400C4
CCo08
D900
D570C0
E5CO
CBO9EO
2909
C509
E5C4

8908
C508
4408
7003
E40008

4D
2D
0D
TF

3F
06
5B

LDM
LDM
LDM
LDM
LDM

LDM
LDM
LDM
LDM
LDM
LDM
El

LOOP: NOP
BRA

DSPD+3#3
DSPD+4.#4
DSPD+5,#5
DSPD+6,#6
DSPD+7 #7

TDRO#125
TMO#2FH
IRQH,#0

IRQL #0
IENH, #08H
IENL, #0 ;

LOOP

:8%125=1ms
:timer0,8us

;enable timer0

;enable interrupts

chkkkkkkhkhkkkhhkkhkkhkkhhkkhhkkhhkkhhkkhhkkhhhkkhhhdhhhkhhkkhhhkkhhhkkhhkkhhhkkhhkkhhkkhhkkhhkkkhhkkkdkkdxx

; TIMERO

INTO. ROUTINE

chkkkkkkhhkkkhhkkhkkhkkhhkkhhkkhhhkkhhkkhhkkhhkkhhkhhhhhhkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkkkhhkkkdkkkxx
’

DISP: SAVE
PUSH
PUSH
PUSH
LDM
LDX
LDY
LDA
STA
LDC
ROL
LDA
STA
INCR
INC
LDA
CMP
BNE
LDM

®@e®

CESEORSEONONSNORE)

RETI

A

X

Y

R2,#0
DIGCNT
DSPD+X
IFONT+Y
RO
DIGON.7
DIGON
DIGON

R2
DIGCNT,8,DISP1
DIGCNT
DIGCNT
#3

DISP1
DIGCNT #0

;save registers to stack

;previous digit off

;load current digit value
;(DSPD+X) ->Y index reg.(ROM)
;load 7-seg. pattern data

;output 7-seg. data

;stores DIGON.8 to carry

;| eft rotate

;output current digit on signal
;increment DIGCNT for next digit

kkkkkkkkhk Ak kk FONT DATA TABLE

FONT DB
DB
DB

3FH
06H
5BH

o
%
2
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149 CO73 4F DB 4FH ;"3
150 CO074 66 DB 66H a4
151 CO075 6D DB 6DH ;'5"
152 CO76 7D DB 7DH ;"6"
153 cCo77 27 DB 27H e
154 CO078 7TF DB 7FH ;'8"
155 CO079 6F DB 6FH ;"9"
156 ;
157 ;***********************************************************************
158 ;
159 CO7A FF IGNORE: NOP
160 CO7/B 7F RETI
161 ;
162 END
163 ;

-- 0 Error(s) --

--- Total Machine Code : 152 Bytes --
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7. 8*8 KEY MATRIX SCANIIIIEIEIEIEGEGEGEGEGEGEENEEN

7-1. Overview

Perform key scan 8*8 key matrix, invalidating simultaneous depression of more
than 2 keys by software, and converting valid key data into ASCII code.

7-2. Hardware Description

7-2-1. MCU Operation

TIMERO-1
- 16 bits, source clock = 8us, int. cycle = 10ms

7-2-2. Circuit Diagram

GM 881516

1
7| Yad
MP

+5V A

74LS14
29

RESET

30pF

r _l_ %é Xin
8MHz[__] 1M

Xout

30pF

32

e

Fig. 7-1. 8 BY 8 KEY MATRIX
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7-2-3.Pin Function

PIN NO. NAME I/O DESCRIPTION
56 ROO input key data input(1 column)
55 RO1 key data input(2 column)
54 R02 key data input(3 column)
53 RO3 key data input(4 column)
52 RO4 key data input(5 column)
51 RO5 key data input(6 column)
50 RO6 key data input(7 column)
49 RO7 key data input(8 column)
40 R20 output strobe signal output(1 line)
39 R21 strobe signal output(2 line)
38 R22 strobe signal output(3 line)
37 R23 strobe signal output(4 line)
36 R24 strobe signal output(5 line)
35 R25 strobe signal output(6 line)
34 R26 strobe signal output(7 line)
33 R27 strobe signal output(8 line)

Table 7-1. PIN FUNCTIONS

7-2-4.H/W Operation
The timing chart for key scan is shown in fig.7-2.

key depression

OFF

signal

key fetch timming

ON

chatter

(timer interrupt)

key data
valid timming

OFF

-

1. first key data
2. second key data
3. third key data

4. fourth key data
ON

key data is valid.

Fig. 7-2. THE TIMING CHART OF KEY INPUT
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7-3. Software Description

7-3-1.Basic Operation

€ key scan is executed by every 10ms interrupt.

At the beginning of key scan, key data valid/invalid flag(KEYONF) is
checked to determine whether or not previous valid key data has been
processed.

€ strobe signal(high active) is output through port RO, and key scan data is
fetched through port R2.

€ key scan data tested whether or not it is #00h.

If #00h, no key is depressed and key scan for next column is excuted. If not
#00h, some key is depressed and row of depressed key is tested. key
scan data is shifted 1 bit right 8 times.

If Carry is 1, it means a key is depressed.

€ key data(KEYNM) is numbered from 0 to 63, based on position in 8*8 key
matrix.

€ TOTKEY(RAM) is increment every time a key is depressed to check for
chatter.

if TOTKEY(RAM) > 1 key scan is completed since it indicated two keys are
pressed at the same time.

€ key data(NEWKEY) is compared with previous key data(OLDKEY).

if they are same, chatter counter(CHTCNT) is counted up.
when chatter counter becomes 3, key data is valid.

€ ASCII code data corresponding to each key is loaded from data
table(ROM).

ASCII CODE

KEY G KEYNM = 07 IASCII : 0 41H
] 42H
43H
44H
45H
46H
47H
48H
49H
4AH
10 4BH

a A W N P

KEYNM ->Y
IASCII+Y

T o1 moow >

P»

© 0
X &« =
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7-3-2.RAM Description

NAME BYTES DESCRIPTION
CHTCNT 1 chatter counter
- counter for counting number of key scan data
comparison
KEYNM 1 stores key number according to location of key
PRTDAT 1 stores port data input through port2
NEWKEY 1 stores current depressed key data
OLDKEY 1 stores previous depressed key data
TOTKEY 1 stores total number of pressed keys in the present
key scan
STROBE 1 stores strobe data
KEYDAT 1 stores ASCII code data according to key
CHATF bit flag indicating whether chatter elimination has been
completed.
if CHTCNT > 2, itis setto 1.
KEYONF bit flag indicating whether or not key data is valid.

Table. 7-2. RAM DESCRIPTION

MagnaChip Semiconductor




H/W Applications

7-3-3. Flow Chart

RESET

#0-> X

CLR
-

#0->M(X)

X+1->X

HOFEH -> SP

#OFFH -> RODD
#0 -> R2DD
#0->R2
#0->R0O

#226 -> TDRO
#4 ->TDR1
#OFH -> TMO

#08H -> |ENH

El

LOOP

o

Y

NEWKEY ->Y

IASCII +Y
-> KEYDAT

0->KEYONF

ram clear($00h - $0bfh)

initializes stack pointer

initializes port2,0

timer0-1, 10ms

enabletimerO int.

enableint.

test if key is depressed

load ASCI| data
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KSCN

SAVE

< KEYONF=

N

saveregigers

] testif previouskey is

#0->KEYNM
#0->TOTKEY
#0-> NEWKEY
#00000001B

-> STROBE

@ KSCNO

KSCN1

>

STROBE -> R0

DELAY

R2 -> PRTDAT

Y
TDAT =0°

N

KEYNM + 8 ->KEYNM

Y

KSCN2

| cheangenext line(iow)

@ #3->Y
KSCN3

L

©
O

RIGHT ROTATE
PRTDAT

T

N

__ | processd

initidizes RAM

reed key data

test if key ispressed

initidizes |oop counter

check witchis pressd
key ?
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O

TOTKEY + 1

->TOTKEY

KEYNM -> NEWKEY

@ KSCN4 >

KEYNM +1->KEYNM

Y-1>Y

®

KSCN7
O

LEFT ROTATE
STROBE

NEWKEY -> OLDKEY

0->CHATF

0->CHTCNT

REST

I
RETI

test if pressed key
ismorethan 2

test if 8bit scanis

N
Km;»(:) 3 completed

teg if 8linescanis

completed

] restoresregisters
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chattering test

1->CHATF
1->KEYONF

KSCN9

CHTCNT +1
->CHTCNT

@

* MACRO DEFINITION

savereg. to stack

SAVE

A ->||v|(sp)

X -> lI\/I(SP)

Y -> lI\/I(SP)
ENI|3M

restore stack to reg.

REST

|
M(SP) ->Y

l
M(SP) -> X

I
M(SP) -> A
|

ENDM
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6-3-4. Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; 8BY 8 KEY MATRIX SCAN

5 ;

6 ;

7 ;

8 ;***********************************************************************
9 ; DEFINE PORTS& PERIPHERAL REGISTERS ADDRESS

10 ;***********************************************************************
11 ;

12 RO EQU OCOH ;Port Reg.2

13 RODD EQU OC1H ;Port Data Direction Reg.2

14 R2 EQU 0C4H ;Port Reg.2

15 R2DD EQU 0C5H ;Port Data Direction Reg.2

16 TMO EQU OE2H ;Timer Mode Reg. 0

17 TDRO EQU OE4H ;Timer Data Reg. O

18 TDR1 EQU OE5H ;Timer Data Reg. 1

19 IENL EQU OF4H ;Int. Enable Reg. Low

20 IRQL EQU OF5H ;Int. Request Reg.Low

21 IENH EQU OF6H ;Int. Enable Reg. High

22 IRQH EQU OF7H ;Int. Request Reg.High

23 ;

24 ;***********************************************************************
25 ; RAM ALLOCATION

26 ;***********************************************************************
27 ;

28 CHTCNT DS 1 :chatter counter

29 KEYNM DS 1 ;key number

30 PRTDAT DS 1 ;port input data

31 NEWKEY DS 1 ;new key number

32 OLDKEY DS 1 ;old key number

33 TOTKEY DS 1 ;total key counter

34 STROBE DS 1 :strobe data

35 KEYDAT DS 1 ;key data(ASCI| code)

36 FLAG DS 1 ;flags

37 CHATF EQU O,FLAG ;chatter flag

38 KEYONF EQU 1,FLAG ;key on flag

39 ;

40 ;***********************************************************************
41 ; MACRO DEFINITION

42 ;***********************************************************************
43 ;

44 SAVE MACRO ;save registers

45 PUSH A

46 PUSH X
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47 PUSH Y

48 ENDM

49 ;

50 REST MACRO ;restore registers

51 POP Y

52 POP X

53 POP A

54 ENDM

55 :

56 INCR MACRO

57 INC \1 \1<-- ram name

58 LDA \1 ;\2<-- compare NO.

59 CMP #\2 ;\3<-- branch label

60 BNE \3

61 LDM \1,#0

62 ENDM

63 :

64 ;***********************************************************************
65 ; INTERRUPT VECTOR TABLE

66 ;***********************************************************************
67 ;

68 ORG OFFE4H

69 FFE4 ECCO DW IGNORE ; Serid 1/0

70 FFE6 ECCO DW IGNORE ; Basic Interval Timer
71 FFE8 ECCO DW IGNORE ; Watch Dog Timer

72 FFEA ECCO DW IGNORE ; A/D CON.

73 FFEC ECCO DW IGNORE ; Timer-3

74 FFEE ECCO DW IGNORE ; Timer-2

75 FFFO ECCO DW IGNORE ; Timer-1

76 FFF2 CO03C DW KSCN ; Timer-0

77 FFF4 ECCO DW IGNORE ;Int3

78 FFF6 ECCO DW IGNORE ;Int2

79 FFF8 ECCO DW IGNORE pintl

80 FFFA ECCO DW IGNORE ;Int0

8l FFFC ECCO DW IGNORE ;

82 FFFE 00CO DW RESET ; Reset

83 ;

84 ;***********************************************************************
85 ; MAIN PROGRAM

86 ;***********************************************************************
87 ;

88 ORG 0CO000H

89 ;

20 C000 1EQO0 RESET: LDX #0

91 C002 C400 CLR: LDA #0 ;ram clear(!0000H->!00BFH)
92 Coo4 FB STA {X}+

93 C005 5ECO CMPX #0COH

94 C007 70F9 BNE CLR

95 ;

96 C009 1EFE LDX #OFEH ;initializes stack pointer
97 C00B 8E TXSP
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98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

cooC
COOF
Cc012
C015

C018
C01B
CO1E
C021
C024
Cc027
CO02A
C02D

CO2E
C031
C033
C036
C038
CO3A

C03C
C03D
CO3E
CO3F
C042
C045
C048
C0o4B
CO4E
C050
C052
C055
C057
C059
C05B
C05D
CO5E
C060
C062
C064

C066
C068
CO6A

E4FFC1
E400C5
E400C4
E400CO0

E4E2E4
E404E5
E40FE2
E400F7
E400F5
E408F6
E400F4
EO

3308FD
C903

D5ACCO

E507
3108
2FF2

OE

2E

4E
230847
E40001
E40005
E40003
E40106
C506
E5CO
3BA6CO
C5C4
E502
4400
7009
20
C408
0501
E501
2F10

3E08
6902
5006

LDM
LDM
LDM
LDM

LDM
LDM
LDM
LDM
LDM
LDM
LDM
El
LOOP: BBC
LDY
LDA
STA
CLR1
BRA

RODD,#0FFH
R2DD,#0
R2,#0

RO,#0

TDRO,#226
TDRL#4
TMO,#OFH
IRQH,#0

IRQL #0

IENH, #08H
IENL, #0 ;

KEY ONF,LOOP
NEWKEY
IASCII+Y
KEYDAT
KEYONF
LOOP

;port0 output
;port2 input
;1/O port clear

;:8%1250= 10ms

:256% 4+226=1250

; TIMERO-1(16hit),8us

;enable timer0 int.

;enable interrupts

;check if valid key is depressed

:load ASCII data

chkkkkkkhkkkhkkkhkkhhkkhkhkkhhkkhhkkhhkkhhkkhhhkkhhkdhhhkhhkhhhkkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkhkhhkkkdkkkxx
’

TIMER2

INTO. ROUTINE

chkkkkkkhkhkkkhhkkhkkhkkhhkkhhkkhhkkhhkkhhkkhhkkhhkhhhkhhkhhhkkhhkkhhkkhhkkhhkkhhkkhhkkhhkkkhhkkkdkkkxx
’

SAVE
PUSH
PUSH
PUSH
BBS
LDM
LDM
LDM
LDM
LDA
STA
CALL
LDA
STA
CMP
BNE
CLRC
LDA
ADC
STA
BRA

PO %
8
zZ

KSCNO:

KSCN1:

KSCN2:
KSCN3:

LDY
ROR
BCC

A
X
Y

KEY ONF,KSCN7

KEYNM #0
TOTKEY #0
NEWKEY ,#0

;test if previouskey is processed
initializes RAM

STROBE,#0000_0001B

STROBE
RO
DELAY
R2
PRTDAT
#0
KSCN2

#3
KEYNM
KEYNM
KSCN5S

#38
PRTDAT
KSCN4

;output strobe signal
;read port data

;testif key is depressed

;stores next column key no.

;initializes rotate counter

;test carry
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149 CO06C 8905 INC TOTKEY ;increment total key no.
150 CO6E C501 LDA KEYNM
151 CO070 E503 STA NEWKEY
152 C072 8901 KSCN4: INC KEYNM
153 C074 7BF2 DBNE Y ,KSCN3 :decrement rotate counter
154 C076 0906 KSCN5: ASL STROBE ;output next strobe signal
155 C078 50D4 BCC KSCNO ;test if scan isall completed
156 CO7A C505 LDA TOTKEY
157 CO7C 4401 CMP #1
158 CO7E FOOD BEQ KSCN8
159 C080 C503 KSCNE6: LDA NEWKEY
160 C082 E5S04 STA OLDKEY
161 C084 1108 CLR1 CHATF
162 C086 E40000 LDM CHTCNT #0
163 KSCN7: REST
164 C089 4D @ POP Y
165 CO08A 2D @ POP X
166 C08B 0D @ POP A
167 C08C 7F RETI
168
169 C08D C503 KSCNS8: LDA NEWKEY
170 CO8F 4504 CMP OLDKEY
171 C091 70ED BNE KSCN6
172 C093 0308F3 BBS CHATF,KSCN7 ;testif chattering elimination is completed
173 C09% C500 LDA CHTCNT
174 C098 4403 CMP #3 ;test if key scan executed 3times
175 CO09A 9006 BMI KSCN9
176 C09C 0108 SET1 CHATF
177 CO9E 2108 SET1 KEYONF ;key datavalid
178 COAOQO 2FE7 BRA KSCN7
179 COA2 8900 KSCN9: INC CHTCNT :increment chatter counter
180 COA4 2FE3 BRA KSCN7
181 ;
182 COA6FF DELAY: NOP ;S'w time delay
183 COA7FF NOP
184 COA8FF NOP
185 COA9FF NOP
186 COAA FF NOP
187 COAB 6F RET
188 ;
189 ;****************** Ag:” CODE DATA TABLE kkkkkkkkkkkkkkkkkkkk
190 ;
191 COAC 30 ASCII DB "0123456789"
COAD 31
COAE 32
COAF 33
coBO 34
coB1 35
coB2 36
coB3 37
coB4 38
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192

193

194

195

C0B5
C0B6
coB7
C0B8
C0B9
COBA
Cc0BB
CoBC
C0BD
COBE
COBF
C0Co
CcoC1
coc2
C0C3
C0C4
C0C5
C0C6
Ccoc7
C0oC8
C0C9
COCA
CoCB
cocc
COCD
COCE
COCF
C0DO
CoD1
C0oD2
C0D3
CoD4
COD5
COD6
COoD7
C0oD8
C0OD9
CODA
CobB
cobC
CODD
CODE
CODF
COEO
COE1
COE2
COES3
COE4
COES5
COE6
COE7

39
41
42
43

45
46
47
48
49
4A
4B
4c
4D
4E
4F
50
51
52
53

55
56
57
58
59
5A
61
62
63

65
66
67
68
69
6A
6B
6C
6D
6E
6F
70
71
72
73
74
75
76
7
78

DB "ABCDEFGHIJKLM"
DB "NOPQRSTUVWXYZ"
DB "abcdefghijklm"

DB "nopgrstuvwxyz"
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COE8 79

COE9 7A
196 COEA 24 DB "$H#"

COEB 23
197 ;
198 ;***********************************************************************
199 ;
200 COEC FF IGNORE: NOP ;discard invalid interrupts
201 COED 7F RETI
202 ;
203 END
204 :

-- 0 Error(s) --

--- Total Machine Code : 266 Bytes --
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8. LCD MODULE DRIVE I

8-1. Overview

Drives dot matrix LCD module by control signals through 1/O ports of micom and
displays some characters on the LCD.

8-2. Hardware Description

8-2-1. MCU Operation

8-2-2. Circuit Diagram

w5y OMSBISI6 LCD Module
> Vdd HD44780
MP
R30 [ i DBO
R31 | 8 DB1 11 LCD (20 BY 2)
R32 |2 91 pg2
S0K 74LS14 Ras |2 1] pg3
REsET P 1 DB4
Ras | 12| pgs 40 40*2
R35 |28 13| pa6
Ra7 |7 14/ DB7
GUES RS 4 HD44100 * 2
S0pF 0| . Ro1 22 RIW
l—
_l_ Xin Ro2 [ E
sMH J M ZE dd VO Vss
Xout

+5V

32
Ve e

FIG.8-1. LCD MODULE DRIVE
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8-2-3. Pin Function

PIN NO. | NAME I/O DESCRIPTION

56 ROO output 0: selects instruction register
1: selects data register

55 RO1 input/output | O:data writing
1:data reading

54 R0O2 output enable signal

64 R30 output

63 R31

62 R32

61 R33 data output

60 R34

59 R35

58 R36

57 R37

Table 8-1. PIN FUNCTIONS

8-2-4. H/W Operation

Control signals from both the GMS81516 and LCD module(LMO32L) is
performed with the timing shown in Fig.7.2

Data from LCD module can be read during period T.

Data is written to LCD module on the falling edge of E.

RS,RW ><

e )
DBO-DB7 /
GMSB1516 X |
->LCD MODULE
DBO-DB7 Y
LCD MODULE
-> GMS81516 N
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# M agnaChip #

00000000
00000000

8bit micon GMSB81516

Fig. 8-3. RESULTS OF LCD DISPLAY

8-3. Software Description

8-3-1.Basic Operation

Controls LCD module(LM032L) data bus through ports RO,R3.
LCDRES subroutine may be reset by instruction.
By loop processing of subroutine timer which generates a delay time,
and by program which transfers #30H, resetting of LCD module is
achieved.
LCDINI Subroutine initializes LCD module.
Performs busy flag check every time before outputting data.
Initial instructions be shown in Table8.2

DATA FUNCTION
#38H 8hit,2line,5*7 dot <-- function set
#08H display off
#01H clear display
#06H increment <-- entry mode set
#80H DD RAM address = #00h
#0CH display on
Table 8.2 LCD MODULE DISPLAY MODE DATA

Since, while LCD module is in operation,it will not allow access from
microcomputers, check must be made on the LCD module busy flag.
DISP Subroutine write ASCII code in pattern data area and displays
graphically on liquid crystal.

If pattern data is 0, then display is completed.

Pattern data address is depended on value of FNTADERH:FNTADRL
(indirect addressing mode)
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LCD INSTRUCTION SET

1.CLEAR DISPLAY

RS|R/W|DB7|DB6|DB5|DB4|DB3|DB2|DB1|DB0
0j0ojofojojofojojo]oO

-> Clear entire display and sets DD RAM address 0 in address counter
DD RAM(Display Data RAM)

2.RETURN HOME

RS |R/W|DB7|DB6|DB5|DB4 |DB3|DB2(DB1|DB0O
0J]0jJ]0O0OfO0]J]0O0O]OJO]J]O[1 X

-> Sets DD RAM address counter.
Also returns display being shifted to original position.
DD RAM contents remain unchanged.
X ->Don't care

8.ENTRY MODE SET

RS |R/W|DB7|DB6|DB5|DB4 |DB3|DB2(DB1|DB0O
0j0O|JO]J]O[O|J]O]O[1|IU/ID]S

-> Sets cursor direction and specifics shift of display.
These operations are performed during data write and read.
I/D = 1: Increment I/D = 0 : Decrement
S =1 : Accompanies display shift.

4 DISPLAY ON/OFF CONTROL

RS [R/W|DB7|DB6|DB5|DB4|DB3|DB2 |DB1(DB0
0jojojojofoj1]|D|C]|B

-> Sets ON/OFF of entire display(D),cursor ON/OFF(C),and blink of cursor
position character(B)

5.CURSOR or DISPLAY SHIFT

RS |R/W|DB7|DB6|DB5|DB4 |DB3|DB2(DB1|DB0O
0J]O0)J]O0O|JO|[O[1]|SCIRL]| X ]| X

-> Moves cursor and shifts display without changing DD RAM contents.
S/C =1 : Display shift S/C =0 : Cursor move
R/L = 1 : Shift to the right R/L = 0 : Shift to the left
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6.FUNCTION SET

RS [R/W|DB7|DB6|DB5|DB4|DB3|DB2 |DB1DBO
0J]0]J]O0O|JO|[1T[DLIN]JF ]| XX

-> Sets interface data length(DL),number of display lines(L) and character

font(F).

DL =1: 8 hits DL =0:4 bits
N=1:2lines N=0:1line
F=1:5*10dots F=0:5*7 dots

7.SET CG RAM ADDRESS

RS |R/W|DB7|DB6|DB5|DB4|DB3|DB2|DB1[DBO
olofo]f1 ACG

-> Sets CG RAM address.
CG RAM data is sent and received after this setting.
CG RAM(Character Generator RAM), ACG( CG RAM address)

8. SET DD RAM ADDRESS

RS |R/W|DB7|DB6|DB5|DB4|DB3|DB2|DB1|DB0
olo]1 ADD

-> Sets DD RAM address.
DD RAM data is sent and received after this setting.
ADD(DD RAM Address. Corresponds to cursor address.)

9.READ BUSY FLAG & ADDRESS

RS [R/W|DB7|DB6|DB5|DB4|DB3|DB2|DB1[DB0
o[ 1][BF AC

-> Reads Busy Flag(BF) indicating internal operation is being performed
and reads address counter contents.
AC(Address Counter used for both DD and CG RAM address.)

10.WRITE DATA TO CG or DD RAM

RS [R/W (DB [DB6 [DB5 (DB |DB3 |DB2 |DB1 |DB
7 4 0
110 WRITE DATA

-> Writes data into DD RAM or CG RAM.
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11.READ DATA FROM CG or DD RAM

RS

R/W

DB7 |DB6| DB5 |DB4|DB3|DB2|DB1|DB0

1

1

READ DATA

-> Reads data from DD RAM or CG RAM.

8-3-2. Ram Description

NAME BYTES DESCRIPTION
YSTR 1 holds offset from start address of pattern data
LCDDAT 1 stores pattern data(ASCII CODE) for display
FNTADRL 1 stores pattern data area low address
FNTADRH 1 stores pattern data area high address
BSYDAT 1 stores busy flag from LCD module

Table. 8-3. RAM DESCRIPTION
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8-3-3. Flow Chart

RESET
|
#0-> X
CLR
»|
#0->M(X)
[ ram clear($00h - $0bfh)
X+1-> X
N = 0con
Y _
HOFEH -> SP initializes stack pointer
#0FFH -> RODD,R3DD initiaizes PORTO0,3
#O0H -> RO,R3 ]
I —
#1->LINE initidlizes font address
[ :
LCDRES LCD resst
LCDINT | initidizesLCD
DISP | Lep dislay(igtling
LCDBSY | LcD busy check
. _
#OH -> RO
I
HOCOH -> R3
' LCD DDRAM address.(#40h)
#04H > RO
#OH -> RO
| ]
# > LINE :[ load 2nd line data address
DISP LCD display(2nd line
Loop _ | Lo dsplayandiing
~
NOP
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SAVE :I saveregister

DISP1

ILINEL+Y
->LCDDAT

load pattern data

ILINE2+Y from ROM
->|LCDDAT

] write datato LCD

REST :l restore register

RET
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LCDRES

LCDRSL # ->Y

> |

DELAY swtime dday 5ms
#OH ->RO
I
#38H > R3
I
#04AH ->R0

| writeresst datato LCD
#0H -> RO
I
Y-1->Y

N
> _
RET
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LCDBSY

SAVE

#0->R3DD

LCDBY1

-

#02H ->RO
|
#06H -> RO

R3 ->BSYDAT

I
#02H -> RO

#0H ->R0O

#OFFH -> R3DD

REST

I
RET

:l saveregister

writereset datato
LCD

:l retore register
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LCDINT
l

SAVE :I saveregister

I

LCDIT1 #6->Y
-

LCDBSY
|
HOH -> RO
[
INTINS+Y-1-> R3
I writeinitid data
#04H -> RO
[
#0H -> RO

Y-1->Y

——

REST :I restore register
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LCDDSP

SAVE

LCDBSY

#01H ->RO

LCDDAT ->R3

#05H ->R0

#01H -> RO

REST

!
RET

reg. save

busy flag check

write LCD data

reg. restore
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DELAY

SAVE saveregister

#OH -> X

DLY1

HOH ->Y

DLY2

> timedelay loop
Y+1->Y

X+1->X

N
X =#10H _

REST :l restore register

RET
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* MACRO DEHNITION

savereg. to stack

SAVE

|

A ->M(SP)
[

X->M(SP)
[

Y ->M(SP)
|

ENDM

restore stack to reg.

REST

|
M(SP) ->Y

[
M(SP) -> X

[
M(SP) -> A

ENDM
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8-3-4. Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; DRIVING LCD MODULE(DOT MATRIX 20*2)

5 ;

6 ;

7 ;

8 chkkhkkkhkkhkhkkhkkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhdhhhdhhdsk
9 ; DEFINE /O PORTS & PERIPHERAL REGISTERS ADDRESS

10 ;***********************************************************************
11 ;

12 RO EQU OCOH ;port RO register

13 RODD EQU O0C1H ;port RO data 1/O direction register

14 R3 EQU 0C6H ;port R3 register

15 R3DD EQU OC7H ;port R3 data 1/0O direction register

16 TMO EQU OE2H ;timer0 mode register

17 TDRO EQU OE4H ;timerQ data register

18 IENL EQU OF4H ;int. enable register low

19 IRQL EQU OF5H ;int. request flag register low

20 IENH EQU OF6H ;int. enable register high

21 IRQH EQU OF7H ;int. request flag register high

ig i***********************************************************************
24 ; RAM ALLOCATION

25 ;***********************************************************************
26 ;

27 LINE DS 1 ;line no.

28 LCDDAT DS 1 :LCD display data

29 BSYDAT DS 1 ;busy data

30 ;

31 ;***********************************************************************
32 ; MACRO DEFINITION

33 ;***********************************************************************
34 ;

35 SAVE MACRO ;save registers

36 PUSH A

37 PUSH X

38 PUSH Y

39 ENDM

40 ;

41 REST MACRO ;restore registers

42 POP Y

43 POP X

44 POP A

45 ENDM

46 ;
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47 ;***********************************************************************
48 ; INTERRUPT VECTOR TABLE

49 ;***********************************************************************
50 :

51 ORG OFFE4H

52 FFE4 04C1 DW IGNORE ; Serid 1/0

53 FFE6 04C1 DW IGNORE ; Basic Interval Timer
54 FFE8 04C1 DW IGNORE ; Watch Dog Timer

55 FFEA 04C1 DW IGNORE ; A/D CON.

56 FFEC 04C1 DW IGNORE ; Timer-3

57 FFEE 04C1 DW IGNORE ; Timer-2

58 FFFO 04C1 DW IGNORE ; Timer-1

59 FFF2 04C1 DW IGNORE ; Timer-0

60 FFF4 04C1 DW IGNORE ;Int3

61 FFF6 04C1 DW IGNORE ;Int2

62 FFF8 04C1 DW IGNORE pintl

63 FFFA 04C1 DW IGNORE ;Int0

64 FFFC 04C1 DW IGNORE ;

65 FFFE 00CO DW RESET ; Reset

66 ;

67 ;***********************************************************************
68 ; MAIN PROGRAM

69 ;***********************************************************************
70 ;

71 ORG 0CO000H

72 C000 1EQO0 RESET: LDX #0

73 C002 C400 CLR: LDA #0 ;ram clear(!0000H->!00BFH)
74 Coo4 FB STA {X}+

75 C005 5ECO CMPX #0COH

76 C007 70F9 BNE CLR

77 ;

78 C009 1EFE LDX H#OFEH ; initializes stack pointer
79 C00B 8E TXSP

80 ;

8l C00C E407C1 LDM RODD,#07H ;port0 output

82 COOF E4FFC7 LDM R3DD,#0FFH ;port3 output

83 C012 E400C0 LDM RO,#0 ;clear port0

84 C015 E400C6 LDM R3,#0 ;clear port3

85 ;

86 C018 3B58CO CALL LCDRES ;LCD module reset

87 C01B 3B8DCO CALL LCDINT ;initializes LCD module
88 COlE E40100 LDM LINE#1 L'stline

89 C021 3B3CCO CALL DISP ;LCD display

20 C024 3B6CCO CALL LCDBSY ;busy check

91 C027 E400CO0 LDM RO,#0 ;E=0,R/IW=0,R/S=0

92 CO2A E4CO0C6 LDM R3,#0COH

93 C02D E404CO0 LDM R0,#0000_0100B ;E=1,R/W=0,R/S=0

94 C030 E400C0 LDM RO#0 ;E=0,R/W=0,R/S=0

95 C033 E40200 LDM LINE#2 ;2'nd line

96 C036 3B3CCO CALL DISP ;LCD display

97 ;
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98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

C039
CO3A

C03C
C03D
CO3E
CO3F
Cco41
C044
co47
CO4A
co4C
CO4E
C051
C052

C054
C055
C056
C057

C058
CO5A
C05D
C060
C063
C066
C069
Co6B

Co6C
C06D
CO6E
CO6F
C0o72
C075
C078

FF LOOP: NOP
2FFD BRA LOOP
;***********************************************************************
; DATA DISPLAY
chkkhkkhkkhkkhkhkhkkhkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdk
DISP: SAVE ;save registers to stack
OE @ PUSH A
2E @ PUSH X
4E @ PUSH Y
3E00 LDY #0 ;initializes index register(ROM)
D5DBCO DISP1: LDA ILINE1+Y ;load 1<t line display data
030003 BBS LINE.O,DISP2 ;1st or 2nd line ?
D5EECO LDA ILINE2+Y ;load 2nd line display data
F008 DISP2: BEQ DISP3 ;end data ?
E501 STA LCDDAT ;store LCD display data
3BA9CO CALL LCDDSP ;display
9E INC Y ;increment index register
2FED BRA DISP1 ;for loading next data
DISP3: REST ;restore register from stack
4D @ POP Y
2D @ POP X
oD @ POP A
6F RET
j***********************************************************************
; LCD RESET
;***********************************************************************
3E04 LCDRES: LDY #4 ;initializes loop counter
3BCOCO LCDRSL: CALL DELAY ;s/w time delay
E400C0 LDM RO,#0 ;E=0,R/'W=0,R/S=0
E438C6 LDM R3,#38H ;8hit,2line,5* 7 dot <- function set
E404C0 LDM R0,#0000 0100B ;E=1,R/W=0,R/S=0
E400C0 LDM RO,#0 ;E=0,R/W=0,R/S=0
7BEF DBNE Y,LCDRS1 ;decrement loop counter &
6F RET ; dbytesis completed ?
;***********************************************************************
; LCD BUSY CHECK
chkkhkkkhkkhkkhkkhkkhkhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhisk
LCDBSY: SAVE ;save registers to stack
OE @ PUSH A
2E @ PUSH X
4E @ PUSH Y
E400C7 LDM R3DD,#0
E402CO0 LCDBYL: LDM RO,#0000_0010B ;E=0,R/W=1,R/S=0
E406C0 LDM R0,#0000 0110B ;E=1,R/W=1,R/S=0
FF NOP
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149 CO079 C5C6 LDA R3 ;read busy signal

150 CO07B E502 STA BSYDAT

151 CO7D E402C0 LDM RO,#0000_0010B ;E=0,R/W=1,R/S=0

152 C080 E302EF BBS BSYDAT.7,LCDBY1 ;busy status?

153 C083 E400C0 LDM RO,#0 ;E=0,R/W=0,R/S=0

154 C086 E4FFC7 LDM R3DD,#0FFH

155 REST ;restore register from stack
156 C089 4D @ POP Y

157 CO08A 2D @ POP X

158 C08B 0D @ POP A

159 C08C 6F RET

160 ;

161 ;***********************************************************************
162 ; LCD INITIALIZE

163 ;***********************************************************************
164 ;

165 LCDINT: SAVE ;save registers to stack
166 C08D OE @ PUSH A

167 CO8E 2E @ PUSH X

168 CO8F 4E @ PUSH Y

169 C090 3EO06 LDY #6 ;initializes loop counter
170 C092 3B6CCO LCDITI: CALL LCDBSY ;LCD busy check

171 C095 E400C0 LDM RO,#0 ;E=0,R/W=0,R/S=0

172 C098 D5D4C0 LDA IINTINS-1+Y ;load instruction

173 C09B E5C6 STA R3 ;output instruction

174 C09D E404CO LDM R0,#0000_0100B ;E=1,R/W=0,R/S=0

175 COAO E400C0 LDM RO,#0 ;E=0,R/W=0,R/S=0

176 COA3 7BED DBNE Y,LCDIT1 ;decrement loop counter
177 REST ;restore register from stack
178 COA5 4D @ POP Y

179 COA6 2D @ POP X

180 COA7 0D @ POP A

181 COA8 6F RET

182 ;

183 ;***********************************************************************
184 ; LCD DISPLAY

185 ;***********************************************************************
186 ;

187 LCDDSP: SAVE ;save registers to stack
188 COA9 OE @ PUSH A

189 COAA 2E @ PUSH X

190 COAB 4E @ PUSH Y

191 COAC 3B6CCO CALL LCDBSY ;LCD busy check

192 COAF E401CO0 LDM R0,#0000_0001B ;E=0,R/W=0,R/S=1

193 CO0B2 C501 LDA LCDDAT ;load display data

194 COB4 E5SC6 STA R3 ;output display data

195 COB6 E405C0 LDM RO,#0000 0101B ;E=1,R/W=0,R/S=1

196 COB9 E401CO LDM RO,#0000_0001B ;E=0,R/W=0,R/S=0

197 REST ;restore register from stack
198 COBC 4D @ POP Y

199 COBD 2D @ POP X
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200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

COBE
COBF

C0CO
CcoC1
Ccoc2
C0C3
C0C5
Ccoc7
C0oCs8
COCA
cocc
COCD
COCF

CoD1
C0oD2
C0oD3
C0D4

COD5
COD6
CoD7
C0D8
C0D9
CODA

CcobB
cobC
CODD
CODE
CODF
COEO
COE1
COE2
COES3
COE4
COES5

oD @ POP A

6F RET
;***********************************************************************
; TIME DELAY
chkkhkkhkkhkkhkhkhkkhkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdk

DELAY: SAVE ;save registers to stack

OE @ PUSH A

2E @ PUSH X

4E @ PUSH Y

1E00 LDX #0

3E00 DLY1: LDY #0

9E DLYZ2: INC Y

TEFF CMPY #OFFH

70FB BNE DLY2

8F INC X

5E0A CMPX #10

70F4 BNE DLY1

REST ;restore register from stack

4D @ POP Y

2D @ POP X

oD @ POP A

6F RET
;***********************************************************************
; INSTRUCTION  SET
;***********************************************************************

oC INTINS DB OCH ;display on

80 DB 80H ;DD RAM addr. $00H

06 DB 06H ;increment <-- entry mode set

01 DB 01H ;clear display

08 DB 08H ;display off

38 DB 38H :8bit,2line,5* 7 dot <- function set
;***********************************************************************
; LCD DISPLAY DATA
chkkhkkkhkkhkkhkkhkkhkhhhkhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhik

20 LINEL DB " #MagnaChip #"

20

20

23

20

4C

47

20

53

65

6D
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COE6 69
COE7 63
COE8 6F
COE9 6E
COEA 20
COEB 23
COEC 20
241 COED 00 DB OOH
242 COEE 20 LINE2: DB " 8bit micom GMS81516 "
COEF 38
COF0 62
COF1 69
COF2 74
COF3 20
COF4 6D
COF5 69
COF6 63
COF7 ©6F
COF8 6D
COF9 20
COFA 47
COFB 4D
COFC 53
COFD 38
COFE 31
COFF 35
C100 31
C101 36
C102 20
243 C103 00 DB OOH
244 ;
245 ;***********************************************************************
246 ;
247 Cl104 FF IGNORE: NOP
248 Cl05 7F RETI
249 ;
250 END
251 ;

-- 0 Error(s) --

--- Total Machine Code : 290 Bytes --
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9. RECEIVING REMOCON SIGNALS I

O-1. Overview

This program shows example of receiving remote control signal of NEC
Format(32hits).

9-2. Hardware Description

9-2-1. MCU Operation

TIMERO-1

- 16 bits, source clock = 2us, input capture, int. cycle=120ms
External interrupt O

- INTO = rising edge & falling edge

9-2-2. Circuit Diagram

GM S81516

Vdd

+5V A,

74L.S14

-
9 L
RESET | | [ |l

RA40/INTO[>g

30pF

30

L
8MHz[_ | 1M a
1

30pF

Xin

Xout

32

[

Fig.9-1. RECEIVING REMOTE CONTROL SIGNALS
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9-2-3.Pin Function
PIN NO. NAME 1/0 DESCRIPT ION
28 R40/INTO Input be generated interrupt at falling & rising
edge of input signals

Table 9-1. PIN FUNCTION

9-2-4. H/W Operation

REMOCON signals of NEC format is shown in Fig. 9-2.
Receiver module output reverse pulse of this input signals.

9-3. Software Description

9-3-1.Basic Operation

The followings is shown check point of whether or not input signals is

valid.

% leader part
# data part

# total width of signals
# repeat header part
% repeat remain part

9ms, 4.5ms + 20%
1.125ms, 2.25ms + 20%
108ms + 20%

11.25ms = 20%
96.75ms + 20%

# decoding data compare

C:C:D:D

C:.C
& custom code data

& data code data

1's complement

Pulse width of input signals is measured by using TIMERO-1(16bit).
Input capture function of timer is latched count value of timer at
edge(falling, rising, falling & rising) of input signals selected by s/w and
then automatically restarts count-up operation.

leader part is checked high and low pulse width.
others parts is checked pulse width of one cycle.

If repeat code is received over than 700ms. it is processed as a
continues key. continues key is processed as a valid key input by every

200ms.
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Fig. 9-2. REMOCON SIGNAL FORMAT
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9-3-2.RAM Description

NAME BYTES DESCRIPTION

RMOD 1 holds value to distinguish parts of REMOCON signal
ROMD =0 --> waiting status

ROMD =1 --> leader high part

ROMD =2 --> |leader low part

ROMD =3 --> data part

ROMD =4 --> remain part

ROMD =5 --> repeat header part

ROMD =6 --> repeat remain part

WIDTH 2 holds pulse width of input signal which is measured by
Timer0-1.(input capture).
CODE 4 stores encoding data of input signal.(32bits)
PMIN 2 stores minimum pulse width data of input REMOCON
signals
PMAX 2 stores maximum pulse width data of input REMOCON
signals
REPCNT 1 receiving number counter of received repeat code

NEWKEY 1 stores key value according to input REMOCON signal.

KEYONF bit flag indicating key(REMOCON signal) input is valid.

DATOKF bit flag indicating data parts of REMOCON signal is
received correctly

REPF bit flag indicating receiving of repeat code.

ERRF bit if input signals is not valid, it is set to 1.

Table 9-2. RAM DESCRIPTION
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9-3-3. Flow Chart

CLR

RESET

#0->X

LOOP

>

#0->M(X)

X+1->X

#0H -> R4ADD,R4
#01H -> PMR4

#060H -> TDRO
#OEAH -> TDR1

H#60H -> |EDS

#88H -> |ENH

1->TOR

El

L

KEYONF=

1->KEYONF

ram clear($00h - $0bfh)

initidizes sack pointer

initidizes port4

initidizes timer0, 120ms

int0-risng & fdling
enableext. int0,timer0
gengraestimerQint.

enableint.

remocon key input ?.
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RMN
| _
SAVE saveregisers
[ _
TDRO:1 ->WIDTH read pulse width

! RMOD = #WAIT waiting stetus ?

N
PCHK :l check pulse width
N .
RMOD = #DATA :I test if data part
Y
DATCON :I data encoding

#RISE -> |IEDS

processing according

@ to RMOD value.

<]

ERROR
generates
RMOD + 1 -> RMOD 1->TOR timerQint.
REND [« @ |
REST :I restore registers

!
RETI
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RLEADH

| test if detapart
H#FALL -> |IEDS —! isvdid
test if datapart
isrecaved
0-> DATOKF | comedly
RREMAIN
i« -
#H->Y
RVMN30 |e—
ICODEDAT+Y -> A
compare data
& search key
vaue
I |
_ RMN31
Y -> NEWKEY
I
i ERROR
‘TS/V;}%” 1->KEYONF
[ 1->TOR
#0-> REPCNT
>
RMOD +1->RMOD
- -
Y

(Drevo
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RREPEAT |
#REPHEAD -> RMOD

REPCNT + 1-> REPCNT

REPF=1
N RREPL
test if N
repest code @ ]
> 700ms i
Y
1->KEYONF test if
1-> REPF repeat cock
> 200ms
LPDAT
RMOD* 4->Y

| load min. & max. pulse width

'PULDAT+Y ->PMIN from datatablein ROM
IPULDAT+Y+1 -> PMIN+1

IPULDAT+Y+2 -> PMAX
IPULDAT+Y+3 -> PMAX+1

RET
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DATCON

X ->STACK(SP)

#0 ->RMOD

LPDAT

#DATAS-> RMOD

ERR

1->ERRF

DATCON1

RIGHT ROTATE
CODE
CODE+1
CODE+2
CODE+3

CMPL

-

DATCONZ2

STACK(SP) -> X

v

RET

test if pulsewidth
isvdid or not

data encoding (32bits)

test if complement isvaid
or not.
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CMPL
| _
0->ERRF
test if complement
isvdid or not
ERR T
1->ERRF Y
1->DATOKF
>
RET
PCHK
I _
0->ERRF
I
isvdidor not

1->ERRF Y

| >

MagnaChip Semiconductor



H/W Applications

INIT

SAVE saveregigers

#0 ->TMO

#80H -> CODE
#0-> CODE+1
#0-> CODE+2
#0-> CODE+3

| initidizexc dl RAM

#WAIT -> RMOD & back to waiting aratus
#0 -> REPCNT
#0->FLAG

#FALL -> IEDS

#OCEH ->TMO

REST :l restore registers

RETI
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* MACRO DEFINITION

savereg. to stack

SAVE

A ->||v|(sp)

X -> :\/I(SP)

Y -> IIVI(SP)
ENIDM

restore sack to reg.

REST
|
M(SP) ->Y

I
M(SP) -> X

[
M(SP) -> A
|

ENDM
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9-3-4. Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

© 000 ~NO O WN P

; RECEIVING REMOTE CONTROL SIGNALS

AR AR KRR KA KA IR I IR I A KT AR T AR I AR A A X I A AT A h A hhhhhhhkdhhdkhhkdhdhkdhdhddhddhxdhrdxddx

; DEFINE /O PORTS& PERIPHERAL REGISTERS ADDRESS

kA KRR AKR KA I IR I AR I A KT AR I A I A hd A dd kA dhhhhhhhhhhkdhhdxhhdhdhhdhddhdddxdhrdxrdx
’

R2 EQU 0C4H ;port R4 register
R2DD EQU 0C5H ;port R4 data 1/0 direction register
R4 EQU 0C8H ;port R4 register
R4DD EQU OC9H ;port R4 data 1/0 direction register
PMR4 EQU ODOH ;port R4 mode register
TMO EQU OE2H ;timer0 mode register
TDRO EQU OE4H ;timerQ data register
TDR1 EQU OE5H ;timerl data register
IENL EQU OF4H ;int. enable register low
IRQL EQU OF5H ;int. request flag register low
IENH EQU OF6H ;int. enable register high
IRQH EQU OF7H ;int. request flag register high
TOR EQU 3,IRQH ;timer0 int. request flag
IEDS EQU OF8H ;external int. edge selection
;***********************************************************************
; RAM ALLOCATION
chkkkkhkkhkkhkkhkhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhhdhhhddhdsk
RMOD DS 1 ;REMOCON signal mode
WIDTH DS 2 ;pulse width
CODE DS 4 :code
DATAB EQU CODE :data inverse code
DATA EQU CODE+1 :data code
CUSTOMB EQU CODE+2 :custom inverse code
CUSTOM EQU CODE+3 :custom code
PMIN DS 2 ;pulse minimum width
PMAX DS 2 ;pulse maximum width
REPCNT DS 1 ;repeat code input counter
NEWKEY DS 1 ;new key data
FLAG DS 1 flag
KEYONF  EQU OFLAG :REMOCON key input OK flag
ERRF EQU 1,FLAG ;error flag
REPF EQU 2FLAG :repeat flag
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47 DATOKF EQU 3,FLAG ;data conversion completed flag

23 ;***********************************************************************
50 ; MACRO DEFINITION

51 ;***********************************************************************5
2 ;

53 SAVE MACRO ;save register

54 PUSH A

55 PUSH X

56 PUSH Y

57 ENDM

58 :

59 REST MACRO ;restore register

60 POP Y

61 POP X

62 POP A

63 ENDM

64 ;

65 ;***********************************************************************
66 ; CONSTANT  DEFINITION

67 ;***********************************************************************
68 ;

69 WAIT EQU 0 ;waiting status

70 LEADH EQU 1 ;leader high(9ms) part

71 LEADL EQU 2 ;leader low(4.5ms) part

72 DATAS EQU 3 ;data(custom,data code) part

73 REMAIN EQU 4 ;remain part

74 REPHEAD EQU 5 ;repeat header part

75 REPEAT EQU 6 ;repeat remain part

76 ;

77 FALL EQU 0000_0001B ;falling edge

78 RISE EQU 0000_0010B ;rising edge

79 ;

80 ;***********************************************************************
8l ; INTERRUPT VECTOR TABLE

82 ;***********************************************************************
83 ;

84 ORG OFFE4H

85 FFE4 66C1 DW IGNORE ; Serid 1/0

86 FFE6 66C1 DW IGNORE ; Basic Interval Timer

87 FFE8 66C1 DW IGNORE ; Watch Dog Timer

88 FFEA 66C1 DW IGNORE ; A/D CON.

89 FFEC 66C1 DW IGNORE ; Timer-3

20 FFEE 66C1 DW IGNORE ; Timer-2

91 FFFO 66C1 DW IGNORE ; Timer-1

92 FFF2 41C1 DW INIT ; Timer-0

93 FFF4 66C1 DW IGNORE ;Int3

94 FFF6 66C1 DW IGNORE ;Int2

95 FFF8 66C1 DW IGNORE pintl

96 FFFA 38C0 DW RMN ;Int0

97 FFFC 66C1 DW IGNORE ;
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98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

FFFE

C000
C002
C004
C005
C0oo07

C009
C0ooB

cooC
COOF
Cc012
C015

C018

C01B
CO1E

C021
C024
Cc027
CO02A
C02D
CO2F

C030
C033
C034
C036

C038
C039
CO3A
C03B
C03D
CO3F
Cco41
C043

00CO

1E00
C400
FB

5ECO
70F9

1EFE
8E

E400C8
E400C9
E400C4
E4FFC5

E401D0

E460E4
E4EAES

E400F7
E400F5
E488F6
E400F4
61F7
EO

RESET:
CLR:

130DFD LOOFP:

FF
110D
2FF8

OE

2E
4E
7DE4
DDO1
CC00
5E00
F025

DwW

ORG

LDX
LDA

STA

CMPX

BNE

LDX
TXSP

LDM
LDM
LDM
LDM

LDM

LDM
LDM

LDM
LDM
LDM
LDM
SET1
El

BBC
NOP
CLR1

#0

RESET ; Reset
AR AR AR IR A IR A A IR A A A A kA Ak ko hhkhhhkhhkhkhhkhhkhkhhkhhhkhhkhkhhkdkhhhhkhhhhhhhdx
MAIN PROGRAM
R A A KA KRR IR A IR A A A IR AR A A A Ak A Ak Ak hh ko hhkhhhkhhkhkhhkdkhhkhhkhkhhkdkhhdhkhhhhhhhdx
0CO00H
#0
;ram clear(!0000H->!00BFH)
{X}+
#0COH
CLR
H#OFEH ;initializes stack pointer
R4,#0 ;port4 clear
R4DD ,#0 ;port4 input
R2,#0H ;port2 clear
R2DD #0FFH ;port2 output
PMR4,#01H JINTO select
TDRO,#060H :120,000us/2us =60000
TDR1,#0EAH ;60000 = EAGOH
IRQH,#0 ;
IRQL #0 ;
IENH, #1000 _1000B ;enableintO,timer0
IENL ,#0 ;
TOR ;toinitializes waiting status
;enable interrupt
KEYONF,LOOP ;REMOCON key input ?
KEY ONF ;
LOOP

BRA

chkkkkkkhkkkhhkkhkkhhkkhhkkhhkkhhkkhhkkhhkkhhhkkhhkhhhkhhkhhhkkhhhkkhhkkhhkkhhkkhhkkdhkkhhkkkdhkkkdkkkxx

INTO. ROUTINE

chkkkkkkhkkkhhkkhkkhhkkhhhkkhhkkhhkkhhkkhhhkkhhkkhhkkhhhhkhhkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkhkhhkkkdkkdxx
’

RMN:

@e®

SAVE
PUSH
PUSH
PUSH
LDYA
STYA
LDX

CMPX
BEQ

A

X

Y
TDRO
WIDTH
RMOD
#WAIT
RWAIT

;save register to stack

;read pulse width

;save pulse width

:load REMOCON mode
;waiting status ?
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149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

C045
C048
CO4A
co4C
CO4F
C052
C054
C056
C058
CO5A
C05C
CO5E
C060
C062
C064

C066
Co67
C068
C069

CO6A
C06D

CO6F
C072

C074
co77
C079

Co7B
C07D
C080
C082
C084
C086
co87
C089
C08B
C08D
C090

3BDFCO CALL PCHK ;check pulse width
5E03 CMPX #DATAS ;data code part ?
7003 BNE RMNO
3BB8CO CALL DATCON ;data conversion
230D62 RMNO: BBS ERRF,ERROR receive error ?
CCo00 LDX RMOD ;
5EO01 CMPX #LEADH ;leader head part ?
FO17 BEQ RLEADH
5E03 CMPX #DATAS ;data code part ?
F018 BEQ RDATA
B5E04 CMPX #REMAIN ;remain part ?
F01B BEQ RREMAIN
B5E06 CMPX #REPEAT ;repeat part ?
FO37 BEQ RREPEAT
8900 PASS: INC RMOD ;change next REMOCON mode
REND: REST ;restore registers from stack
4D @ POP Y
2D @ POP X
0D @ POP A
F RETI
;===========  WAITING STATUS
E402F8 RWAIT LDM IEDS#RISE ;rising edge selection
2FF5 BRA PASS
;=========== LEADHIGH (9ms)
E401F8 RLEADH LDM IEDS#HFALL ;falling edge selection
2FFO0 BRA PASS
;===========DATA PART(32hit)
730DEF RDATA BBC DATOKF,REND ;data conversion complete ?
710D CLR1 DATOKF
2FE9 BRA PASS
;=========== REMAIN PART(40.5ms)
3E00 RREMAIN: LDY #0
D592C0 RMN30: LDA ICODEDAT+Y ;load data code value
F032 BEQ ERROR ;code data table end ?
4504 CMP DATA ;
FO03 BEQ RMN31
9E INC Y :increment Y
2FF4 BRA RMN30 ;to compare next code data
E90C RMN31: STY NEWKEY ;store newkey data
010D SET1 KEYONF ;key input OK
E4000B LDM REPCNT #0 ;initializes repeat counter
2FD2 BRA PASS
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200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

;========== TABLE OF DATA CODE

01 CODEDAT DB 0000_0001B ;newkey=0 <-- the value of Y -reg.

C092

C093 02 DB 0000_0010B ;newkey=1

Cc094 03 DB 0000_0011B ;newkey=2

C09%5 04 DB 0000_0100B ;newkey=3

C09% 05 DB 0000_0101B ;newkey=4

C097 06 DB 0000_0110B ;newkey=5

c098 07 DB 0000_0111B ;newkey=6

C099 08 DB 0000_1000B ;newkey=7

C09A 00 DB 0
;=========== REPEAT CODE

C09B E40500 RREPEAT: LDM RMOD,#REPHEAD ;to receive repeat header part

CO9E 890B INC REPCNT ;increment repeat code input counter

COAO 430D0A BBS REPF,RREP1 ;700ms delay completed ?

COA3 C50B LDA REPCNT

COA5 4407 CMP #7 ;about 700ms ?

COA7 50BD BCC REND ;

COA9 410D SET1 REPF ;700ms delay completion

COAB 2FB9 BRA REND

COAD 030BB6 RREP1: BBS REPCNT.O,REND  ;about 200ms ?

C0BO 010D SET1 KEYONF ;continuos key input

coB2 2FB2 BRA REND
;***********************************************************************

C0OB4 61F7 ERROR: SET1 TOR ;generatestimer O int.

COB6 2FAE BRA REND ; to initializes waiting status
;***********************************************************************

C0OB8 2E DATCON: PUSH X ;save X-reg. to stack

C0OB9 E40000 LDM RMOD,#0 ;for loading 1.2& 2ms width data

COBC 3BOBC1 CALL LPDAT ;load pulse width data

COBF E40300 LDM RMOD #DATAS ;

coc2 7D01 LDYA WIDTH ;

C0C4 5D09 CMPW  PMAX ;

C0C6 DO008 BCS DATCONL1 ;width > 2ms,data 1 = carry

C0C8 5D07 CMPW  PMIN

COCA 5004 BCC DATCON1 ;width < 1.2ms,data O=carry

COCC 210D SET1 ERRF ;1.2-2ms error

COCE 2FOD BRA DATCON2

CODO 6903 DATCON1: ROR CODE ;right rotate

COD2 6904 ROR CODE+1

C0OD4 6905 ROR CODE+2

COD6 6906 ROR CODE+3
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251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301

C0D8
CODA
CODD
CODE

CODF
COE1
COE4
COEG6
COES8
COEA
COEC
COEE

COEF
COF1
COF3
COF5
COF7
COF9
COFB
COFD
COFF
C101
C103
C105
C107

C108
C10A

C10B
C10D
C10E
C10F
C110
C113
C115
C118
C11A
C11D
Cl1F
C122
C124

5003

3BEFCO

2D
6F

310D

3BOBC1

7D01
5D09
DO1E
5D07
501A
6F

C504
A503
44FF
7011
C506
A505
44FF
7009
C506
4403
7003
610D
6F

210D
6F

C500

08

08

9F
D525C1
ES07
D526C1
ES08
D527C1
ES09
D528C1
ES0A
6F

DATCON2:

BCC
CALL
POP
RET

DATCON2
CMPL
X

;data receive completed(32bit) ?
;compare complement
;restore X-reg. from stack

chkkkkkkhkhkkkhhkkhkkhkkhkkhhkkhhkkhhkkhhkkhhhkkhhkkhhhkhhkhhhkkhhhkkhhkkhhkkhhhkkhhkkhhkkhhkkkhhkkkdkkkxx

PCHK:

CLR1
CALL
LDYA
CMPW
BCS
CMPW
BCC
RET

ERRF
LPDAT
WIDTH
PMAX
ERR
PMIN
ERR

;load pulse width data(max,min)
:width > PMAX -> error

:width < PMIN -> error

chkkkkkkkkkhhkkhkkhkkhkkhhkkhhhkkhhkkhhkkhhhkkhhkhdhhhhkhkhhkkhhhkkhhhkkhhkkhhhkkhhkkhhkkhhkkkhhkkdkkdxx
’

CMPL:

ERR:

LDA
EOR
CMP
BNE
LDA
EOR
CMP
BNE
LDA
CMP
BNE
SET1
RET

SET1
RET

DATA
DATAB
#OFFH
ERR
CUSTOM
CUSTOMB
#OFFH
ERR
CUSTOM
#0000_0011B
ERR
DATOKF

ERRF

;compare data code

;compare custom code

:check the value of custom code

chkkkkkhkkkhhkkhkhhkkhkhkkhhkkhhkkhhkkhhkkhhhkhhhhhhhhkhhhkkhhhkkhhhkkhhhkkhhkkhhkdhkkhhkhkdhkrkdkkdxx
’

LPDAT:

LDA
ASL
ASL
TAY
LDA
STA
LDA
STA
LDA
STA
LDA
STA
RET

RMOD
A
A

IPULDAT+Y
PMIN
IPULDAT+Y+1
PMIN+1
IPULDAT+Y+2
PMAX
IPULDAT+Y+3
PMAX+1

:load REMOCON mode value
A*2%2

;Store A to Y-index register

;load pulse min. width low data
;store pulse min. width low data
;load pulse min. width high data
;store pulse min. width high data
;load pulse max. width low data
;store pulse max. width low data
;load pulse max. width high data
;store pulse max. width high data
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302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343

345
346
347
348
349
350
351
352

C125
C127

C129
C12B

C12D
C12F

C131
C133

C135
C137

C139
C13B

C13D
C13F

C141
C142
C143
Cl144
Ci47
C14A
C14D
C150
C153
C156
C159
C15C
C15F

C162
C163
C164
C165

A302
8503

100E
1915

0807
8EOQA

C201
4605

483F
EDSE

9511
5F1A

2C97
C4AE2

OE

2E

4E
E400E2
E48003
E40004
E40005
E40006
E40000
E4000B
E4000D
E401F8
E4CEE2

4D
2D
0D
TF

chkkkkkkhkhkkkhhkkhkkhkkkhkkhhkkhhkkhhkkhhkkhhkkkhhkkhhkhhkhhhkkhhhkkhkhkkhhkkhhkkhhkkhhkkhhkkkhkkkdkkkxx
’

PULSE WIDTH DATA TABLE

rhkkkkkkhkkkkhhkkhkkhkkkhkkhhkkhhkkhhkkhhkkhhkkkhhkkhhhkkhhkhkhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkkkhhkkkdkkkxx
’

PULDAT

Dw
DwW

Dw
DwW

DwW
DW

Dw
DwW

Dw
DwW

DwW
DW

Dw
DwW

1125/2*120/100  ;1.125ms-max.(+20%) RMOD=0 DATA
2250/2*80/100 ;2.25ms-min.(-20%)

9000/2*80/100 ;9ms-min.(-20%) RMOD=1 LEADH
9000/2¥120/100 ;  -max.(+20%)

4500/2* 80/100 ;4.5ms-min.(-20%) RMOD=2 LEADL
4500/2¥120/100 ; -max.(+20%)

1125/2*80/100 ;1.125ms-min.(-20%) RMOD=3 DATA
2250/2*120/100  ;2.25ms -max.(+20%)

40500/2*80/100  ;40.5ms-min.(-20%) RMOD=4 REMAIN
40500/2*120/100 ; -max.(+20%)

11250/2*80/100  ;11.25ms-min.(-20%) RMOD=5 R-HEAD
11250/2*120/100 ; -max.(+20%)

96750/2¥80/100  ;90.75ms-min.(-20%) RMOD=6 REPEAT
96750/2*120/100 ; -max.(+20%)s

chkkkkkkhkhkkkhhkkhkkhkkhkhhkkhhkkhhhkkhhkkhhhkkhhhkkhhhhhhhhkhhhkkhhhkkhhkkhhkkhhkkhhkkdhkkhhkhkdhkrkdkkdxx
’

TIMERO INT. ROUTINE
- INITIALIZESWAITING STATUS

rhkkkkkhkhkkkhhkkkhhkkhhkkhhkkhhhkkhhkkhhhkkhhhkkhhhkdhhkkhhhkhhkkhhhkhhhkkhhhkkhhhkhhkkhhkkhhkhkdhkkdkkdx
’

INIT:
@
@
@

@e®

SAVE
PUSH
PUSH
PUSH
LDM
LDM
LDM
LDM
LDM
LDM
LDM
LDM
LDM
LDM
REST

RETI

;save registers to stack

A

X

Y

TMO#0 ;timer stop

CODE, #1000 _0000B ;clear data code
CODE+1,#0

CODE+2,#0

CODE+3#0

RMOD #WAIT  ;waiting status
REPCNT #0 ;clear repeat counter
FLAG#0 ;clear al flags
IEDS#FALL ;select falling edge
TMO#1100 1110B  ;timerO start

;restore registers from stack
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g:;)j ;***********************************************************************
355 ;

356 C166 FF IGNORE: NOP ;

357 Cl67 TF RETI

358 ;

359 END

360 ;

-- 0 Error(s) --

--- Total Machine Code : 388 Bytes --
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10. SERIAL COMMUNICATIONIEEEENEEES

10-1. Overview

Performs serial communication between MICOM with MICOM.

Master sends decimal data to slave.

Slave ,which is received decimal data, converts decimal data to ASCIlI code and
then send to master.

10-2. Hardware Description

10-2-1. MCU Operation

SCI

* master

- transmission clock = internal 4us, t/r mode, Srdy selection
* slave

- transmission clock = external 4us, t/r mode, Srdy selection

10-2-2. Circuit Diagram

MASTER SLAVE
GM S81516 GM S81516
+5V A, 1 A5V
7 - vdd
MP MP

74LS14 50K

74LS14 2

RESET 18 RESET
R52/Sclk 18, IR52/sclk
R51/Sout |19 2091 R50/Sin
R50/Sin |2 19 s /sout
R53/Srdy |-elZ 171R53/Srdy
30pF 20 30 30pF
l Xin Xin 1
8MHz[__] 1M M [ ]8MHz
1T 3 31 T
} Xout Xout }
30pF 30pF
32 32

Fig.10-1. SERIAL COMMUNICATION
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10-2-3. Pin Function

* MASTER
PIN NO. NAME 1/0 DESCRIPT ION
17 R53/Srdy Input input
18 R52/Sclk Output output transmission clock
19 R51/Sout Output output transmission data
20 R50/Sin Input input receiving data
Tablel10-1. PIN FUNCTION
* SLAVE
PIN NO. NAME 1/0 DESCRIPT ION
17 R53/Srdy Output output
18 R52/Sclk Input input transmission clock
19 R51/Sout Output output transmission data
20 R50/Sin Input input receiving data

Table10-2. PIN FUNCTION

10-2-4. H/W Operation

The timing diagram of SIOST and Srdy is shown in Fig.10-2.

A) INTERNAL CLOCK

SIOST |_|

Srdy

AFTER INI?UT READY SIGNAL(LOW) FROM EXTERNAL,
START COMMUNICATION

B) EXTERNAL CLOCK

SIoST _I

Srdy ——

AT FIRST RISING EDGE OF TRANSMISSION CLOCK

OUTPUT READY SIGNAL(LOW) TO EXTERNAL,
START COMMUNICATION AFTER THIS POINT

Fig.10-2. THE TIMING DIAGRAM
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10-3. Software Description

10-3-1. Basic Operation

SIOSF bit in SIOM must be checked at the beginning in SCI interrupt
routine because if SIOSF = 0, it means that transmission is not completed.

10-3-2. Ram Description

* MASTER
NAME BYTES DESCRIPTION
DIGIT 1 holds digit number to be transferred to slave.
ASCII 1 stores ASCII code received from slave.
STARTF bit flag indicating start of communication.
TRANSF bit flag indicating communication status is transmission

Table. 10-3. RAM DESCRIPTION(MASTER)

« SLAVE
NAME BYTES DESCRIPTION
STARTF bit flag indicating start of communication.
TRANSF bit flag indicating communication status is transmission

Table. 10-4. RAM DESCRIPTION(SLAVE)
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10-3-3.Flow Chart

CLR

#0->X

#0->M(X)

X+1->X

X =#0COH

Y

HOFEH -> SP

DIGIT -> SIOR
#0110 1001b-> SIOM

1->TRANSF
1->STARTF

=

S STARTF=T—

LOOP v

0->STARTF
0->SE
1->390ST

ram dear($00h - $0bfh)

initidizes stack pointer

initidizestrans. mode
internd clock,4us

enableint.

dart trasmisson
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SAVE saveregiser

#69H -> SOM
| Setting receive mode
0->TRANSF
1->STARTF L
SCIM1]
L
SOR-> A
| sores ASCII code
0->SE
-
CIM2
REST
|
RETI
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RESET
|

#0->X
CLR

L

#0->M(X)

X+1->X

0->TRANSF
1->STARTF

=

S STARTF=T—

LOOP Y

0->STARTF
1>
1->30sT

ram clear($00h - $0bfh)

initidizes stack pointer

initiaizes receive mode,
externd dock

enadleint.

dart recaving
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LIS
|
SAVE :l saveregisers
scIst B
SOR->Y
|
> IASCII+Y -> SOR
| load ASCII code
from ROM area
#DH ->30M & setting trans. mode
|
1->TRANS-
1->STARTF
SO
REST :I retoreregigers
|
RETI
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* MACRO DEFINITION

savereg. to stack

SAVE

A ->||v|(sp)

X -> :\/I(SP)

Y -> :\/I(SP)
ENI|I)M

restore sack to reg.

REST

|
M(SP) >Y

[
M(SP) > X

[
M(SP) -> A

ENDM

MagnaChip Semiconductor
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10-3-4.Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; SCI BETWEEN MICOM WITH MICOM(MASTER)

5 ;

6 ;

7 ;

8 ;***********************************************************************
9 ; DEFINE /O PORTS & PERIPHERAL REGISTERS ADDRESS
10 ;***********************************************************************
11 ;

12 R5 EQU O0CAH ;port R5 register

13 R5DD EQU 0CBH ;port R5 data 1/0O direction register

14 SIOM EQU OEAH ;serial 1/0 mode register

15 SIOST EQU 1,SI0M ;serial 1/0 start

16 SIOSF EQU 0,SIOM ;serial 1/0 stop

17 SIOR EQU OEBH ;serial 1/O register

18 IENL EQU OF4H ;int. enable register low

19 SE EQU 4,|ENL ;seria 1/0int. enable

20 IRQL EQU OF5H ;int. request flag register low

21 SR EQU 4,IRQL ;serial 1/O int. request flag

22 IENH EQU OF6H ;int. enable register high

23 IRQH EQU OF7H ;int. request flag register high

24 ;

25 ;***********************************************************************
26 ; RAM ALLOCATION

27 ;***********************************************************************
28 ;

29 DIGIT DS 1 :chatter counter

30 ASCII DS 1 ;key number

31 FLAG DS 1

32 STARTF EQU 0,FLAG

33 TRANSF EQU 1FLAG

34 ;

35 ;***********************************************************************
36 ; MACRO DEFINITION

37 ;***********************************************************************
38 ;

39 SAVE MACRO ;register save

40 PUSH A

41 PUSH X

42 PUSH Y

43 ENDM

44 ;

45 REST MACRO ;register restore

46 POP Y
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47 POP X

48 POP A

49 ENDM

50 :

51 ;***********************************************************************
52 ; INTERRUPT VECTOR TABLE

53 ;***********************************************************************
54 ;

55 ORG OFFE4H

56 FFE4 2FCO DW SCIM ; Seria 1/0

57 FFE6 4BCO DW IGNORE ; Basic Interval Timer
58 FFE8 4BCO DW IGNORE ; Watch Dog Timer
59 FFEA 4BCO DW IGNORE ; A/D CON.

60 FFEC 4BCO DW IGNORE ; Timer-3

61 FFEE 4BCO DW IGNORE ; Timer-2

62 FFFO 4BCO DW IGNORE ; Timer-1

63 FFF2 4BCO DW IGNORE ; Timer-0

64 FFF4  4BCO DW IGNORE ;Int3

65 FFF6 4BCO DW IGNORE ;Int2

66 FFF8 4BCO DW IGNORE pintl

67 FFFA 4BCO DW IGNORE ;Int0

68 FFFC 4BCO DW IGNORE ;

69 FFFE 00CO DW RESET ; Reset

70 ;

71 ;***********************************************************************
72 ; MAIN PROGRAM

73 ;***********************************************************************
74 ;

75 ORG 0CO000H

76 C000 1EQO0 RESET: LDX #0

77 C002 C400 CLR: LDA #0 ;ram clear(!0000H->!00BFH)
78 Coo4 FB STA {X}+

79 C005 5ECO CMPX #0COH

80 C007 70F9 BNE CLR

81 ;

82 C009 1EFE LDX #OFEH ;stack pointer initial
83 C00B 8E TXSP

84 ;

85 C00C C500 LDA DIGIT

86 COOE ESEB STA SIOR

87 C010 E459EA LDM SIOM #0101 1001B ;

88 ;

89 C013 E400F7 LDM IRQH,#0

20 C016 E400F5 LDM IRQL #0

91 C019 E400F6 LDM IENH, #00H ;enable timer0

92 C01C E400F4 LDM IENL, #00H ;

93 CO1F 2102 SET1 TRANSF

94 Cc021 0102 SET1 STARTF

95 C023 EO El ;enable interrupt

96 ;

97 C024 1302FD LOOFP: BBC STARTF,LOOP
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98 C027 1102 CLR1 STARTF
99 C029 81F4 SET1 SE ;
100 C02B 21EA SET1 SIOST
101 C02D 2FF5 BRA LOOP
102 ;
103 ;***********************************************************************
104 ; SCI INT. ROUTINE
105 ;***********************************************************************
106 ;
107 SCIM: SAVE
108 CO2F OE @ PUSH A
109 CO030 2E @ PUSH X
110 CO031 4E @ PUSH Y
111 C032 13EA12 BBC SIOSF,SCIM2
112 CO035 330209 BBC TRANSF,SCIM1
113 CO038 E469EA LDM SIOM,#0110_1001B  ;
114 CO3B 3102 CLR1 TRANSF
115 CO03D 0102 SET1 STARTF
116 CO3F 2F06 BRA SCIM2
117
118 C041 C5EB SCIM1: LDA SIOR
119 C043 E501 STA ASCII
120 C045 91F4 CLR1 SE
121 SCIM2: REST
122 C047 4D @ POP Y
123 C048 2D @ POP X
124 C049 0D @ POP A
125 CO4A 7F RETI
126 ;
127 ;***********************************************************************
128 ;
129 C04B FF IGNORE: NOP
130 cCo4C 7F RETI
131 ;
132 END
133 ;
-- 0 Error(s) --

--- Total Machine Code : 105 Bytes --

MagnaChip Semiconductor



GMS800 Series

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; SCI BETWEEN MICOM WITH MICOM(SLAVE)

5 ;

6 ;

7 ;

8 chkkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhid
9 ; DEFINE |/OPORTS& PERIPHERAL REGISTERS ADDRESS
10 ;***********************************************************************
11 :

12 R5 EQU OCAH ;port R5 register

13 R5DD EQU 0CBH ;port R5 data |/O direction register

14 SIOM EQU OEAH ;serial 1/0 mode register

15 SIOST EQU 1,SIOM ;serial 1/0 start

16 SIOSF EQU 0,SIOM ;serial 1/0 stop

17 SIOR EQU OEBH ;serial 1/0 register

18 IENL EQU OF4H ;int. enable register low

19 SE EQU 4,1ENL ;serial 1/Oint. enable

20 IRQL EQU OF5H ;int. request flag register low

21 IENH EQU OF6H ;int. enable register high

22 IRQH EQU OF7H ;int. request flag register high

Ej ;***********************************************************************
25 ; RAM ALLOCATION

26 ;***********************************************************************
27 :

28 FLAG DS 1

29 STARTF EQU 0,FLAG

30 TRANSF EQU 1LFLAG

31 ;

32 ;***********************************************************************
33 ; MACRO DEFINITION

34 ;***********************************************************************
35 ;

36 SAVE MACRO ;register save

37 PUSH A

38 PUSH X

39 PUSH Y

40 ENDM

41 ;

42 REST MACRO ;register restore

43 POP Y

a4 POP X

45 POP A

46 ENDM

47 ;

48 ;***********************************************************************
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49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

FFE4
FFE6
FFES
FFEA
FFEC
FFEE
FFFO
FFF2
FFF4
FFF6
FFF8
FFFA
FFFC
FFFE

C000
C002
C004
C005
C0oo07

C009
C0ooB

cooC

COOF
Cc012
C015
C018
C01B
C01D
CO1F

C020
C023
C025
Cco27
C029

2BCO
54C0
54C0
54C0
54C0
54C0
54C0
54C0
54C0
54C0
54C0
54C0
54C0
00CO

1E00
C400
FB

5ECO
70F9

1EFE
8E

E46DEA

E400F7
E400F5
E400F6
E400F4
3100
0100
EO

1300FD
1100
81F4
21EA
2FF5

; INTERRUPT VECTOR TABLE

chkkkkkkhkhkkkhhkkhkkhkkkhkkhhkkhhkkhhkkhhkkhhkkkhhkkhhkhhkhhhkkhhhkkhkhkkhhkkhhkkhhkkhhkkhhkkkhkkkdkkkxx
’

ORG
DwW
DW
DwW
Dw
DwW
DwW
DwW
DwW
DW
DW
DW
DW
DwW
DwW

OFFE4H

SCIS ; Serial 110
IGNORE ; Basic Interval Timer
IGNORE ; Watch Dog Timer
IGNORE ; A/D CON.
IGNORE ; Timer-3
IGNORE ; Timer-2
IGNORE ; Timer-1
IGNORE ; Timer-0
IGNORE ;Int 3

IGNORE ;Int 2

IGNORE pint 1

IGNORE ;Int0

IGNORE ;

RESET ; Reset

chkkkkkkhhkkkhhkkhkkhkkhhkkhhkkhhhkkhhkkhhkkhhkkhhkhhhhhhkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkkkhhkkkdkkkxx
’

MAIN PROGRAM

chkkkkkkhkkkhhkkhkkhhkkhhkkhhkkhhkkhhkkhhkkhhhkkhhkkhhhkhhkhhhkkhhhkkhhkkhhkkhhkkhhkkhhkkhhkkkhhkkkdkkdxx
’

ORG
RESET: LDX
CLR: LDA

STA

CMPX

BNE

LDX
TXSP

LDM

LDM
LDM
LDM
LDM
CLR1
SET1
El

LOOP: BBC
CLR1
SET1
SET1
BRA

#0

0C000H
#0
;ram clear(!0000H->!00BFH)
{X}+
#0COH
CLR

#OFEH ;Stack pointer initial

SIOM,#0110_1101B ;Srdy, receive mode, ext.clk

IRQH,#0
IRQL #0
IENH, #00H ;enable timer0
IENL, #00H ;
TRANSF receive
STARTF

;enable interrupt

STARTF,LOOP
STARTF

SE ;
SIOST ;
LOOP

chkkkkkkhkkkhhkkhkkhkkhhhkkhhkkhhkkhhkkhhhkkhhhkkhhkhdhhhkhhkhhhkkhhhkkhhkkhhkkhhkdhkkhhkkhhkhkdhkhkdkkdxx
’

; SCI

INT. ROUTINE
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100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

--- Total Machine Code : 114 Bytes --

c02B
co2C
C02D
CO2E
C031
C034
C036

C038
CO3A
C03D
CO3F
C042
C044

C046
co47
C048
C049

CO4A
C04B
co4C
C04D
CO4E
CO4F
C050
C051
C052
C053

C054
C055

chkkkkkkhkhkkkhkhkkhkkhhkkhkkhhkkhhkkhhkkhhkkhhhkhhkhhhkhhkhhhkkhhkkhhkkhhkkhhkkhhkkhhkkhhkkkhhkkkdkkkxx
’

SCIS:
OE
2E
4E
13EA15
330004
91F4
2FOE

@0 ®

C9EB SCISI:

D54ACO
ESEB
E45DEA
2100
0100

2D
0D
F

SCIS2
4D @

@

@

SAVE
PUSH
PUSH
PUSH
BBC
BBC
CLR1
BRA

RETI

A

X

Y

SIOSF,SCIS2 itest if
TRANSF,SCIS1

SE

SCIS2

SIOR ;

IASCII+Y

SIOR

SIOM,#0101_1101B ;Srdy, transmit mode, ext.clk
TRANSF

STARTF

Y
X
A

chkkkkkkhkhkkkhhkkhkkhhkkhkkhhkkhhhkkhhkkhhkkhhhkkhhhhhhkhhkhhhkkhhhkkhhkkhhhkkhhhkkhhkkhhkkhhkkkhhkkkdkkdxx

30 ASCII
31
32

35
36
37
38
39

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

e
wgn
wom
ugn
wgr
ug
e
e
ugr
e

chkkkkkhkkkhhkkhkkhkkhhkkhhkkhhhkkhhkkhhkkhhhkhhhdhhhhhkhkhhkkhhhkkhhkkhhkkhhhkkdhkkdhkkhhkhkdhkkkdkkdxx
’

FF IGNORE:

TF

-- 0 Error(s) --

NOP
RETI

END
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11. STOP RELEASE I

11-1. Overview

Controls system power on/off using tact switch.
Power On -> Normal Mode,  Power Off -> STOP Mode

11-2. Hardware Description

11-2-1. MCU Operation

Ext. INTO
- Rising Edge

11-2-2. Circuit Diagram

GM S81516
+5V A

+5V

SO0K 741 S14

29

RESET

28
INTO/R40

30pF . 320

f Xin
8MHzé M a1
[

30pF

Xout

32

[

Fig.11-1.THE CIRCUIT OF STOP APPLICATION
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11-2-3. Pin Function

PIN NO. NAME I/O DESCRIPTION

28 R40/INTO Input Selects Rising Edge

Table 11-1. PIN FUNCTIONS

11-2-4. H/W Operation
Input pulse through INTO ports is shown in Fig. 11-2.

STOP STOP Release STOP STOP Release

Ext. IntO. Port
Input Pulse

+5V +5V

TACT
SWITCH

RAO/INTO ; - > :
KEY ON TIME

KEY ON KEY OFF

Fig.11-2. INPUT PULSE THROUGH EXT. INTO PORTS
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11-3. Software Description

11-3-1. Basic Operation

¢ Firstly, MICOM isentered STOP mode after power on reset.

€ In STOP mode, if key(tact switch) is depressed, STOP mode is released at rising edge
of INTO port

€ Innormal mode, if key is pressed, Ext. Interrupt is generated at rising edge of INTO
port and MICOM isinitialized by interrupt vector(RESET).

€ By checking input level of INTO port, it is delayed execution of STOP instruction until
key is off.

€ After checking of low level, MICOM is entered STOP mode by execution of STOP
instruction.

KEY ON | KEY ON
KEY OFF KEY OFF
KEY INPUT ‘_5 ‘_fH

IntO Port
Low Level
Checking

Ext. Int. generatiol
MICOM initia
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11-3-3. Flow Chart

RESET
| _
DI dissbleal interrupts
| _
#FEH -> SP ] initializes stack pointer
I _
#0->R4 _—
40-> RADD portsinitia
| _
#0->X
CLR
>
#0->M(X)
[ ram clear($00h - $0bfh)
X+1->X
N
Y _
#0->PMR4 | disableintO port for level check
>
lowleve checking
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#17H -> CKCTLR

#02H -> |[EDS
#01H -> PMR4

#0 ->IMOD

#0 -> IRQH
#0 -> IRQL

#80 -> IENH
#0-> |ENL

STOP
NOP

#0 -> IRQH
#0-> IRQL

#80-> |ENH
#0->|ENL

El

LOO

—>

NOP

sdectsintO,
rising edge

int. request flag clear

enamlesintO

osC stop

int. request flag clear

enamlesintO,etc
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11-3-4. Source List

GMS800 Macro Assembler, By MagnaChip Semiconductor

1 ;

2 ;

3 ;

4 ; CONTROLSOUTPUT PULSE DUTY (PWM)

5 ;

6 ;

7 ;

8 ;***********************************************************************
9 ; DEFINE I/OPORTS& PERIPHERAL REGISTERS ADDRESS
lO ;***********************************************************************
11 R4DD EQU 0C9H ; reg. data direction

12 R4 EQU 0C8H ; reg. data

13 PMR4 EQU ODOH ; port mode reg.

14 CKCTLR EQU OD3H ; B.I.T clock control reg.

15 IMOD EQU OF3H ; int. mode reg.

16 IENL EQU OF4H ; int. enablereg. low

17 IRQL EQU OF5H ; int. request reg. low

18 IENH EQU OF6H ; int. enable reg. high

19 IRQH EQU OF7H ; int. request reg. high

20 IEDS EQU OF8H ; ext. int. edge selection reg.

;; ;***********************************************************************
23 ; INTERRUPT VECTOR TABLE

24 ;***********************************************************************
25 ;

26 ORG OFFE4H

27 FFE4 45C0 DW IGNORE ; Seria 1/0

28 FFE6 45C0 Dw IGNORE ; Basic Interval Timer

29 FFE8 45C0 DW IGNORE ; Watch Dog Timer

30 FFEA 45C0 DW IGNORE ; A/D CON.

31 FFEC 45C0 DW IGNORE ; Timer-3

32 FFEE 45C0 DW IGNORE ; Timer-2

33 FFFO 45C0 DW IGNORE ; Timer-1

34 FFF2 28CO DW IGNORE ; Timer-0

35 FFF4  45C0 Dw IGNORE ;Int 3

36 FFF6  45C0 Dw IGNORE ;Int 2

37 FFF8 45C0 Dw IGNORE ;int 1

38 FFFA  45C0 Dw RESET ;Int0

39 FFFC 45C0 DW IGNORE ;

40 FFFE 00CO DW RESET ; Reset

41 ;

42 ;***********************************************************************
43 ; MAIN PROGRAM

44 ;***********************************************************************
45 RESET:

46 C000 60 DI

47 C001 40 CLRG
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48
49
50
51
52
53

55
56
57
58
59
60
51
52
63

65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83

85
86
87

C002
C004
C005
C008
C0ooB
COOE
C010
C013
C014
C015
Cco17
C019
Cco1B
co1C
CO1E
C020
C023
C026
C029
co2C
CO2F
C032
C035

C038
C039
CO3A
C03D
C040
C043
C046

co47

CO4A
C04B

-- 0 Error(s) --

1EFE
8E
E400C8
E400C9
E400D0
3EFA
03C8FB
FF

BE
70F9
1E00
C400
FB
5ECO
70F9
E417D3
E402F8
E401D0
E400F3
E400F7
E400F5
E480F6
E400F4

00
FF

E400F7
E400F5
E488F6
E400F4
EO

MAIN:
MAINI:

CLR:

LOOP:

1B47CO

IGNORE:

FF
7F

LDX
TXSP
LDM
LDM
LDM
LDY
BBS
NOP
DEC
BNE
LDX
LDA
STA

CMPX

BNE
LDM
LDM
LDM
LDM
LDM
LDM
LDM
LDM

STOP
NOP
LDM
LDM
LDM
LDM
El

JMP

NOP

RETI

END

--- Total Machine Code : 108 Bytes --

#OFEH

R4,#0
R4DD,#0
PMR4,#00H
#250
R4.0,MAIN

Y
MAIN1
#0
#0
{X}+
#0COH
CLR

; stack pointer initial

; intO port input
; ext. int.0 select

:low level check

:RAM clear

CKCTLR,#0001_0111B ;

IEDS#2

PMR4,#01H
IMOD,#0
IRQH,#0
IRQL #0
IENH,#80H
IENL ,#00H

IRQH,#0
IRQL #0

IENH,#88H
IENL ,#00H

LOOP

; ext. int.0 rising edge select
; ext. int.0 select
; priority of hardware

; enable ext. int.0

; enable timer0, ext. int.0
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APPENDIX A.
m MICROPROCESSOR MODE

GMS81516 can be acted as a microprocessor when MP pin is connected to Vss.

This mode is useful when the internal memory(RAM.ROM) are not enough.

In this mode, the register area for port RO-R3 cannot be used, but all other memory
and the peripheral functions can be used.

External memory can be placed in any area of the 64K bytes address.

In the area where the external RAM and the internal RAM overlapped, the internal
memory has the priority.

In the area where the external ROM and the internal ROM overlapped, the internal
ROM is discard.

0 SELECTION OF OPERATION MODE BY MP PIN

MP pin operation mode
connect to Vdd start as the single-chip mode after reset.
connect to Vss start as the microprocessor mode after reset.

0 THE FUNCTION OF EACH PORT DURING MICROPROCESSOR MODE

PIN name function
port RO works as input/output pin for data D7-D0
port R1 output the lower 8 bits of address
port R2 output the higher 8 bits of address
port R3 control pins of external RAM or ROM
+5V
1 vad
2| MP

GND -

Fig.11-1. HANDLING OF MP PIN FOR MICROPROCESSOR MODE
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[ ] useD AREA [] NoOTUSED AREA
MICOM EXT. ROM MICOM  EXT.RAM
0000H — 0000H —
RAM RAM
0200H 0200H
RAM
64K 64K
ROM
ROM
FFFFH ] FFFFH ]
EXT. ROM
ROM EXPAND ROM & RAM EXPAND
Fig.11-2. MEMORY MAP FOR MICROPROCESSOR MODE
GMS81516 74HCO4
A15 {>c
CE
AO-Al4 27C256
OE

DO-D7

Fig.11-3. ROM EXPANSION
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GMSB1516
A15
Cs
27C256 76C256
OE OE WE
DO-D7
RD
WT

Fig.11-4. ROM AND RAM EXPANSION
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APPENDIX B.

0 HANDLING OF UNUSED PINS

I/O MODE PORTS HANDLING

R60/ANO
R61/AN1
INPUT ONLY R62/AN2 | connect to Vdd or Vss through resister(4.7KQ)
R63/AN3
Avss
Vref

Oinput mode
connect to Vdd or Vss through resister(4.7KQ)
Ooutput mode
0 port data =0
open
O port data = 1
connect to Vdd through resister(4.7KQ)
0 port data =0
connect to Vss through resister(4.7KQ)

I/O SELECTION| OTHERS

INPUT MODE OUTPUT MODE
GM S81516 GMS81516
+5V +5V
4.7K 47K
PORT DATA
=1
PORT DATA
=0 — OPEN
PORT DATA
=0
47K 4.7K
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APPENDIX C. PERIPHERAL REGISTERS
O Peripheral Registers Memory Map

ADDRESS ADDRESS
00COH RO OOEOH
00C1H RODD OOE1H ¢
00C2H R1 0OE2H ™
00C3H R1DD O0OE3H ™2
00C4H R2 OOE4H TDRO
00C5H R2DD OOESH TDR1
00C6H R3 OOEGH TDR2
0oC7H R3DD 0OE7H TDR3
00C8H R4 OOES8H ADCM
00C9H R4DD O0OESH ADR
00CAH R5 OOEAH SIOM
00CBH R5DD OOEBH SIOR
00CCH R6 O0OECH BUR
00CDH R6DD OOEDH
OOCEH OOEEH
00CFH O0OEFH
O0ODOH PMR4 OOFOH PWMRO
00D1H PMR5 O0OF1H PWMR1
00D2H TMR 00F2H PWMCR
00D3H CKCTLR(BITR) 00F3H IMOD
00D4H WDTR O00F4H [ENL
O0OD5H 0OF5H IRQL
00D6H OOF6H [ENH
00D 7H O0OF7H [RQH
00D8H OOF8H
O00D9H OOFS9H
O0ODAH OOFAH
00DBH OOFBH
00ODCH O0OFCH
00ODDH OOFDH

0OFEH
0OFFH

OODEH
OODFH
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O Register Description

1)CKCTLR(Clock Control Register)

7 6 5 4 3 2 1 0
|| [ IWDTON| ENPCK | BTCL | BTS2 | BTS1 | BTSO |
‘ W <$00D3H>
v
BTS2|BTS1 | BTS0 | B.L.T.input clock | INT. interval time
0 0 0 PS4(2us) 512us
0 0 1 PS5(4us) 1,024us
0 1 0 PS6(8us) 2,048us
0 1 1 PS7(16us) 4,096us
1 0 0 PS8(32us) 8,192us
1 0 1 PS9(64us) 16,384us
1 1 0 PS10(128us) 32,768us
1 1 1 PS11(256us) 65,536us
BTCL B.I.T Clear bit
0 bit free run
1 bit clear
(‘automatically cleared, after 1 cycle )

ENPCK Peripheral Clock Enable
0 stop
1 provide
WDTON Watch Dog Timer Function Control
0 6 bit timer
1 Watch Dog Timer

BITR(Basic interval Timer Register)

[ bitz [ bite [ bits | bita [ bits [ bita | bitt | bito |
R <$00D3H>
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2) WDTR(Watch Dog Timer Register)

7 6

5

4 3 2 1 0

|| |WDTCL || WDTR5 | WDTR4 | WDTR3||WDTR2 | WDTR1 | WDTR1]||

W <$00EOH>

o

l

Define cycle of IFWDT

Cycle of IFWDT = ( contents of WDTR) * ( cycle of IFBIT)

WDTCL

Watch Dog Timer Clear bit

WDT free run

WDT clear
(‘automatically cleared, after 1 cycle )

3) PMR5(Port Mode Register 5)

7 6 5 4 3 2 1 0
| | | BUZS || wDTS | | | | |
W <$00D1H>
WDTS PORT selection
0 R44 selection
1 WDTO selection

BUZS PORT selection
0 PORT R55(l/O) selection
1 Buzzer Output selection
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4) TMO(Timer Mode Register 0)

7 6 5 4 3 2 1 0
[ cAPO | T1ST | Ta1SL1 || TASLO | TOST | TOCN | TOSL1 || TOSLO |

R/W
<$00E2H> ‘ ‘ ‘
TOSL1 | TOSLO Input clock
0 0 external event input(ECO0)
0 1 PS2(500ns)
1 0 PS4(2us)
1 1 PS6(8us)
TOCN Timer0 count stop/continue control
0 count stop
1 count continue
TOST TimerQ count start/stop control
0 count stop
1 after TimerO clear, count start
T1SL1 | T1SLO Input clock
0 0 overflow of Timer0(16 bit mode)
0 1 PS2(500ns)
1 0 PS4(2us)
1 1 PS6(8us)
T1ST Timer 1 count start/stop control
0 count stop
1 after Timer 1 clear, count start
CAPO Timer/Input Capture
0 Timer counter
1 Input capture
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5) TM2(Timer Mode Register 2)

7 6 5 4 3 2 1 0
[ CAP2 || T3ST | T3SL1 || T3SLO || T2ST | T2CN | T2SL1 || T2SLO |
R/W
<$00E3H> ‘ ‘
T2SL1 | T2SLO Input clock
0 0 external event input(EC2)
0 1 PS2(500ns)
1 0 PS4(2us)
1 1 PS6(8us)
T2CN Timer2 count stop/continue control
0 count stop
1 count continue
T2ST Timer2 count start/stop control
0 count stop
1 1 after Timer2 clear, count start
v
T3SL1 | T3SLO Input clock
0 0 overflow of Timer2(16 bit mode)
0 1 PS2(500ns)
1 0 PS4(2us)
1 1 PS6(8us)
T3ST Timer3 count start/stop control
0 count stop
1 after Timer3 clear, count start
CAP2 Timer/Input Capture
0 Timer counter
1 Input capture
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6) PMR4(Port Mode Register 4)

7 6 5 4 3 2 1 0
| 13s | T1s | Ec2s | Ecos | INT3S | INT2S | INT1S | INTOS |
W <$00DOH>
PMR4 PORT selection REMARKS
T3S 0 R47
1 TIMER3 OUTPUT | output port of TIMER3
T1S 0 R46
1 TIMER1 OUTPUT | output port of TIMER1
EC2S 0 R45
1 EC2 INPUT event input port of TIMER2
ECOS 0 R44
1 ECO INPUT event input port of TIMERO
INT3S 0 R43
1 INT3 INPUT
INT2S 0 R42
1 INT2 INPUT input capture port of TIMER2
INT1S 0 R41
1 INT1 INPUT
INTOS 0 R40
1 INTO INPUT input capture port of TIMERO

7) IEDS(External Interrupt Signal Edge Selection Register)

7 6 5 4 3 2 1 0
| IED3H | IED3L | IED2H || IED2L | IED1H | IED1L || IEDOH | IEDOL |
W <$00F8H>

IED*H |IED*L int.
0 0 -
0 1 Falling Edge selection
1 0 Rising Edge selection
1 1 Both Edge selection
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8) ADCM(A/D Converter Mode Register)

7

6

5 4 3 2 1 0

| ADEN | ADS2 | ADS1 | ADSO | ADST | ADSF |

W <$00D1H>

ADSF A/D Status flag bit(read only)
0 during A/D Conversion ( at start,"0")
1 completed A/D Conversion

A/D Status Start bit

invalid

A/D Conversion start
(after 1 cycle, be cleared)

>
O
n
N

>
O
0
-
>
O
n
o

selected Analog Channel

Channel O(AN 0)- default selection

Channel 1(AN 1)

Channel 2(AN 2)

Channel 3(AN 3)

Channel 4(AN 4)

Channel 5(AN 5)

Channel 6(AN 6)

[l [l [l |l (@) (@) (@] [e]

RP|IRP|IOO|R|[FR|O|O

R|IO|IFR|O|FR|O|F|O

Channel 7(AN 7)

ADEN A/D Converter Enable bit
0 A/D Converter disable
1 A/D Converter enable
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9) SIOM(Serial I/O Mode Register)

7 6 5 4 3 2 1 0
|| | sSRDY | sm1 || smo | scki | scko | SIOST | SIOSF |
R/W <$00EAH>

S e B R n—

4+—

SIOSF Serial Transmission Status Flag
during transmission
completed transmission

SIOST Serial Transmission Start
invalid
Start(after 1 sck ,be cleared)

SCK1 | SCKO | CLOCK selection Period
0 0 PS3 lus
0 1 PS4 2us
1 0 PS5 4us
1 1 External clock -

SM1 | SMO |Operation Mode PORT selection
0 0 - R52,R51,R50
0 1 Transfer Mode Sclk,Sout,R50
1 0 Receiver Mode Sclk,R51,Sin
1 1 T/R Mode Sclk,Sout,Sin
v

SRDY R53/SRDY selection
0 R53
1 SRDY
(input, when internal clock is selected.
output, when external clock is selected )
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10) PWMCR(Pulse Width Modulation Control Register)

7 6 5 4 3 2 1 0
[ P1CK1 || P1CKO || POCK1 || POCKO | EN1 | ENO | POL1 | POLO |
R/ W <$00F2H>
I pH I
POLO PWMO Output Polarity
0 Active Low
1 Active High
POL1 PWM1 Output Polarity
0 Active Low
1 Active High
v
EN1 [ ENO [ Operation CH. PORT selection
0 0 Disabled R57 R56
0 1 PWMO R57 PWMO
1 0 PWM1 PWM1 R56
1 1 PWMO,PWM1 PWM1 PWMO
POCK1|POCKO PWMO CLOCK
0 0 PS8(32us)
0 1 PS9(64us)
1 0 PS10(128us)
1 1 PS11(256us)
P1CK1|P1CKO PWM1 CLOCK
0 0 PS8(32us)
0 1 PS9(64us)
1 0 PS10(128us)
1 1 PS11(256us)
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11) BUR(Buzzer Register)

7 6 5 4 3 2 1 0
[BuCK1i|BuUCKO| BU5 | Bu4 | BU3 | BU2 | BU1 | BUO |

LJ l ‘ W <$00ECH>
-

Counter Load Data

1
BUCK1 | BUCKO Buzzer counter CK selection
0 0 PS4(2us)
0 1 PS5(4us)
1 0 PS6(8us)
1 1 PS7(16us)

12) IENH(Interrupt Enable Register High),
IENL(Interrupt Enable Register Low)

7 6 5 4 3 2 1 0
IENH :
[ INTOE || INT2E | INT2E | INT3E || TOE | TiE | T2E | T3E |
R/W <$00F6H>
IENL :
L AE |wDTE | BITE | SE | | | | |
R/W <$00F4H>
13) IRQH(Interrupt Request Register High),
IRQL(Interrupt Request Register Low)
7 6 5 4 3 2 1 0
IRQH :
[ INTOR | INTAR [ INT2R [ INT3R || TOR | TIR | T2R | T3R |
R/W <$00F7H>
IRQL :
L AR [WDTR| BITR | SR | | | | |
R/W <$00F5H>
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14) IMOD(Interrupt Mode Register)

7 6 5 4 3 2 1 0
|| | I 1 | o || P33 | P2 || 1P1 || PO |
R/W <$00F7H>

34
3
2
3|

Selected Interrupt
INTOR(External Interrupt 0)
INT1R(External Interrupt 1)
INT2R(External Interrupt 2)
INT3R(External Interrupt 3)
TOR(Timer 0)

T1R(Timer 1)

T2R(Timer 2)

T3R(Timer 3)

AR(A/D Converter)
WDTR(Watch Dog Timer)
BITR(Basic Interval Timer)
SR(Serial 1/0O)

[l Ll Ll Ll [l (@)l (o) (o] (o] (o) [e] (o)

S =ll=) == ===

o|r|r|ololr|r|lo|lo|r|r|o|T

o|r|o|r|olr|lo|r|o|r|o|—|T

!

Rlo|lolZ
'_\
o

Interrupt Mode
mode 0 (priority of hardware)
mode 1 (priority of IP3-1P0)
Interrupt inhibition

olr|olZ

15) R*DD(PORT R* Data Direction Register)

*:0-6
7 6 5 4 3 2 1 0
[ bitz | bite | bits | bitd4 | bitd | bit2 | bitt | bito |
RIW
Bit$ I/O Direction
Input
1 Output
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APPENDIX D.

*note) op = operand

INSTRUCTION SET TABLE

No. | MNEMONIC | OP |BYTES| Exec. OPERATION P S W
CODE Cycle NV GBH I zZ C
1 |ADC #imm 04 2 2 A=A+op+C N V H Z C
2 |IADC dp 05 2 3 " N _V H Z C
3 |ADC dpt+X 06 2 4 " N V H Zz C
4 |ADC labs 07 3 4 " N V H Z C
5 |ADC !abst+Y 15 3 5 " N V H Zz C
6 [|ADC [dp+X] 16 2 6 " N V H Zz C
7 |ADC [dp]+Y 17 2 6 " N V H Z C
8 |ADC {X} 14 1 3 " N V H Z C
9 |[AND #mm 84 2 2 A=A&op N z
10 |AND dp 85 2 3 " N z
11 |[AND dp+X 86 2 4 " N z
12 |[AND labs 87 3 4 " N z
13 |[AND labstY 95 3 5 " N z
14 |IAND [dp+X] 96 2 6 " N z
15 |[AND [dp]+Y 97 2 6 " N z
16 |[AND {X} 94 1 3 " N z
17 [ASL A 08 1 2 op=0p<<0 N Zz C
18 |IASL dp 09 2 4 " N Z C
19 |ASL dp+X 19 2 5 " N Z C
20 |ASL labs 18 3 5 " N Z C
21 |BBC A.bitrel y2 2 4/6 if (bit=0)
22 BBC dp.bit,rel y3 3 57 then branch
23 |BBS A.hitrel X2 2 4/6 if (bit=1)
24 BBS dp.hit,rel X3 3 5/7 then branch
25 BCC rd 50 2 2/4 | if (C=0) branch
26 |BCS rd DO 2 2/4 | if (C=1) branch
27 BEQ rd FO 2 2/4 | if (Z=1) branch
28 BIT dp ocC 2 4 Z=A&op M M z
29 BIT labs 1C 3 5 " M M z
30 |BMI rel 0 2 2/4 | if (N=1) branch
31 |BNE re 70 2 2/4 | if (Z=0) branch
32 BPL re 10 2 2/4 | if (N=0) branch
33 |BRA re 2F 2 4 Branch
34 BRK OF 1 8 S/W interrupt 1 0
No. | MNEMONIC OP- |BYTES| Exec. OPERATION P S W
CODE Cycle N V G V H I Z C
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35 |BVC re 30 2 2/4 [ if (V=0) branch
36 |BVS rd BO 2 2/4 [ if (V=1) branch
37 [CLR1 dp.bit yl 2 4 op.hit=0
38 [CLRA1 A hit 2B 2 2 "
39 |ICLRC 20 1 2 C=0 0
40 |ICLRG 40 1 2 G=0 .
41 [CLRV 80 1 2 V=0 0
42 [CMP #imm 44 2 2 Compare A,0p N Z C
43 |CMP dp 45 2 3 " N Zz C
44 [CMP dpt+X 46 2 4 " N Zz C
45 [CMP labs 47 3 4 " N Zz C
46 [CMP labstY 55 3 5 " N Zz C
47 [CMP [dp+X] 56 2 6 " N Zz C
48 [CMP [dp]+Y 57 2 6 " N Zz C
49 [CMP ({X} 54 1 3 " N Zz C
50 |COM dp 2C 2 4 dp=~dp N z
51 |CMPX #imm 5E 2 2 Compare X,0p N Z C
52 |CMPX dp 6C 2 3 " N Zz C
53 [CMPX labs 7C 3 4 " N Zz C
54 |CMPY #imm 7E 2 2 Compare Y ,0p N Z C
55 [CMPY dp 8C 2 3 " N Zz C
56 [CMPY labs 9C 3 4 " N Zz C
57 |DAA DF 1 3 |Decimal adjust for add| N Z C
58 |DAS CF 1 3 Decimal adjust for | N Z C
subtract

59 DEC A A8 1 2 op=op-1 N z
60 [DEC dp A9 2 4 " N z
61 DEC dp+X B9 2 5 " N z
62 [DEC labs B8 3 5 " N z
63 [DEC X AF 1 2 " N z
64 DEC Y BE 1 2 " N z
65 DIV 9B 1 12 QA, RY=YA/A [N H z
66 (DI 60 1 3 1=0 0
67 [El EO 1 3 =1 1
68 [EOR #mm A4 2 2 A=A O op N z
69 [EOR dp A5 2 3 " N z
70 [EOR dp+X A6 2 4 " N z
71 [EOR labs A7 3 4 " N z
No. MNEMONIC OP |BYTES| Exec. OPERATION P S W

CODE Cycle N B H I zZ C
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72 |EOR labstY B5 3 5 " N Z
73 |[EOR [dp+X] B6 2 6 " N Z
74 |[EOR [dp]+Y B7 2 6 " N Z
75 [EOR {X} B4 1 3 " N Z
76 INC A 88 1 2 op=op+1 N Z C
77 IINC dp 89 2 4 " N Z
78 |[INC dp+X 99 2 5 " N Z
79 |INC labs 98 3 5 " N Z
80 [INC X 8F 1 2 " N Z
8l [INC Y 9E 1 2 " N Z
82 [IMP labs 1B 3 3 Branch
83 [IMP [!abg] 1F 3 5 "
84 [IMP [dp] 3F 2 4 "
85 [CALL ‘'abs 3B 3 8 Subroutine call
86 |CALL [dp] 5F 2 8 "
87 |PCALL upage 4F 2 6 "
88 [TCALL n nA 1 8 "
89 [LDA #imm Cc4 2 2 A=op N Z
90 |LDA dp C5 2 3 " N Z
91 [LDA dp+X C6 2 4 " N Z
92 [LDA labs Cc7 3 4 " N Z
93 [LDA labstY D5 3 5 " N 4
94 [LDA [dp+X] D6 2 6 " N Z
95 [LDA [dp] +Y D7 2 6 " N Z
96 |LDA ({X} D4 1 3 " N Z
97 |LDA {X}+ DB 1 4 " X=X+ N Z
98 [LDM dp#imm E4 3 5 dp =#mm
99 [LDX #imm 1E 2 2 X =op N Z
100 |LDX dp CcC 2 3 " N Z
101 |LDX dp+Y CD 2 4 " N Z
102 |LDX !abs DC 3 4 " N Z
103 LDY #imm 3E 2 2 Y =op N Z
104 |LDY dp C9 2 3 " N Z
105 [LDY dp+X D9 2 4 " N Z
106 |LDY labs D8 3 4 " N Z
107 LSR A 48 1 2 op=op>>1 N Z C
108 LSR dp 49 2 4 " N Z C
109 LSR dp+X 59 2 5 " N Z C
110 LSR labs 58 3 5 " N Z C
No. MNEMONIC OP |[BYTES| Exec. OPERATION P S W
CODE Cycle N B H I zZ C
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111 (MUL 5B 1 9 YA=Y*A N z
112 NOP FF 1 2 No operation
113 [OR #mm 64 2 2 A=A}op N z
114 OR dp 65 2 3 " N z
115 OR dp+X 66 2 4 " N z
116 |OR labs 67 3 4 " N z
117 [OR labstY 75 3 5 " N z
118 [OR [dp+X] 76 2 6 " N z
119 [OR [dp]+Y 77 2 6 " N z
120 OR {X} 74 1 3 " N z
121 [PUSH A OE 1 4 Push op, SP=SP-1
122 PUSH X 2E 1 4 "
123 PUSH Y 4E 1 4 "
124 PUSH PSW 6E 1 4 "
125 POP A 0D 1 4 Pop op, SP=SP+1
126 POP X 2D 1 4 "
127 [POP Y 4D 1 4 " . . .
128 |POP PSW 6D 1 4 " r e o r e d
129 ROL A 28 1 2 op=op<<lwithC | N Zz C
130 [ROL dp 29 2 4 " N Zz C
131 ROL dp+X 39 2 5 " N Zz C
132 ROL !abs 38 3 5 " N Zz C
133 ROR A 68 1 2 op=op>>1withC | N Zz C
134 ROR dp 69 2 4 " N Zz C
135 ROR dp+X 79 2 5 " N Zz C
136 |ROR labs 78 3 5 " N Zz C
137 |RETI 7F 1 6 interrupt  end r e o r e d
138 |RET 6F 1 5 subroutine end
139 |[SBC #imm 24 2 2 A=A-op-C N V H Zz C
140 |[SBC dp 25 2 3 " N V H Zz C
141 ([SBC dp+X 26 2 4 " N V H Zz C
142 |[SBC labs 27 3 4 " N V H Zz C
143 [SBC labstY 35 3 5 " N V H Zz C
144 |SBC [dp+X] 36 2 6 " N V H Zz C
145 [SBC [dp]+Y 37 2 6 " N V H Zz C
146 [SBC {X} 34 1 3 " N V H Zz C
147 [SET1 dp.bit x1 2 4 op.bit=1
148 |[SETA1 A.hit 0B 2 2 "
149 [SETC AO 1 2 c=1 . 1
No. MNEMONIC OP |BYTES| Exec. OPERATION S W

CODE Cycle N V H I zZ C
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150

151
152
153
154
155
156
157
158

159

160
161
162

163
164
165

166
167

168

169
170
171
172

173
174

175
176
177
178
179
180
181

182
183

No.

SETG

STA dp
STA dp+X
STA labs
STA labstY
STA  [dp+X]
STA  [dp]+Y
STA {X}
STA {X}+

STOP

STX dp
STX dp+Y
STX labs

STY dp
STY dp+X
STY labs

TAX
TAY

TST dp

TSPX
TXA
TXSP
TYA

XAX
XAY

XCN

XMA dp
XMA  dp+X
XMA  {X}
XY X
LDYA dp
STYA dp

INCW dp
DECW dp

MNEMONIC

Co

E5
E6
E7
F5
F6
F7
F4
FB

EC
ED
FC

E9
F9
F8

E8
9F

4C

AE
C8
8E
BF

EE
DE

CE

BC
AD
BB

FE

7D
DD
9D
BD

OoP
CODE

P RPNDNWWOWNDN

e

NDNDNDN

BYTES

A A N~NO OGO N

NDNNDN

Hob

o o o1l

Exec.
Cycle

", X=X+1

CPU, Oscillation
stop
op=X

n

n

X=A
Y =A

Test dp=0 or not

A7-4  A3-0

A - op

n

n

Xo¥Y

YA = (dp+1)(dp)
(dp+1)(dp) = YA
(dp+1)(dp)++
(dp+1)(dp) --

OPERATION

W T

I wm

N

N -
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184
185
186

187
188

189
190

191

192
193

194
195

196
197

198
199

200

201

202

IADDW dp
SUBW dp
CMPW dp

CBNE dp,rel
CBNE dp+X,rel

DBNE dp,rel
DBNE Y,re

NOT1 M.bit

OR1 M.hit
OR1B M.bit

AND1 M.hit
AND1B M.bit

EOR1 M.bit
EOR1B M.bit

LDC M.bit
LDCB M.bit

STC M.bit

TCLR1 !abs

[TSET1 labs

1D
3D
5D

FD
8D

AC
7B

4B

6B
6B

8B
8B

AB
AB

CB
CB

EB

5C

3C

2 5
2 5
2 4
3 5/7
3 6/8
3 5/7
2 4/6
3 5
3 5
3 5
3 4
3 4
3 5
3 5
3 4
3 4
3 6
3 6
3 6

YA += (dp+1)(dp)
YA -=(dp+1)(dp)
Cp YA, (dp+1)(dp)

if (op!=0)
then branch

Dec op,if (Z=0)
then branch

M.bit = ~M.bit

C=M.bit!C
C=~(M.bit)|C

C=M.bit& C
C=~(M.bit) & C

C=MubitOC
C=~Mbit)OC

C = M.bit
C = ~(M.bit)

M.bit=C
[labg] = ~A & [labs]

[labg] = A |[!abs]

222
< <

N N N
Oo00
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APPENDIX E. INSTRUCTION MAP

L | 0000 | 0001 | 0010 | 0011 | 0010 | 0101 | 0110 | 0111|1000 | 1001 | 1010 | 1011 | 1100|1101 | 1110|1111
H @O 1O 131G [OB |6 | O 16 106[AW |6]|EC]0/]|EIF
0000 | sTop | seET1 | BBS | BBS | ADC | ADC | ADC | ADC | ASL | ASL |TCALL [SETA1| BIT | POP | PUSH | BRK
(0) dp.bit | Abit | dp.bit | imm dp dp+x | labs A dp 0 dp A A
0001 | BrL [ cLrR1 | BBC | BBC | ADC | ADC | ADC | ADC | ASL | AsL |TCALL| JwP BIT [ADDW [ LDX | JmP
1) dp.bit | Abit | dpbit | x3 | rabs+y | [dp+X] | [dp]+y | tabs | dp+x 1 labs | labs dp imm_| [labs]
0010 | cLRc | sET1 | BBS | BBS | SBC | SBC | sBC | sBC | ROL | ROL [TCALL [CLRAL| cOM | POP [ PUSH | BRA
(2 dp.bit | Abit | dpbit | imm dp dp+x | labs A dp 2 dp X X
0011 | Bvc | cR1 | BBC | BBC | SBC | sBC | sBC | sBC | ROL | ROL |TCALL| CALL | TSET1|suBw [ LDY | amP
3 dp.bit | Abit | dp.bit | {X} | tabs+y | [dp+X] | [dp]+y | 'abs | dp+X 3 labs labs dp imm [dp]
0100 | ctRG | sET1 | BBS | BBS | cMP [ cMP | cMP | cMP | LSR [ LSR |TCALL [ NOT1 | TST | POP | PUSH [PcCALL
(4) dp.bit | Abit | dp.bit | imm dp dp+x | labs A dp 4 dp Y Y
0101 | Bcc [clr1 | BBC | BBC | Cc™MP [ cmP | cMP | cvP | LSR [ LSR |TCALL| MuL |TCLR1 [ cmPw | cvPX | cALL
(5) dp.bit | Abit | dp.bit | {x} [rtabs+y | [dp+X] | [dpJ+y | tabs | dp+x 5 labs dp imm [dp]
0110 | o SETL | BBS | BBS | OR OR OR OR [ ROR | ROR [TCALL| ORL [cmPx | POP [ PUSH | RET
(6) dp.bit | Abit | dpbit | imm dp dp+x | labs A dp 6 OR1B | dp PSW | Psw
0111 | BNE | CLR1 | BBC | BBC | OR OR OR OR [ ROR | ROR [TCALL | DBNE | cMPX | LDYA | cMPY | RETI
(7) dp.bit | Abit | dp.bit | {X} dp dp+x | labs labs | dp+x 7 Y labs dp imm
1000 | cLrRv | sET1 | BBS | BBS | AND | AND [ AND | AND | INC INC | TCALL | AND1 | CMPY | CBNE | TXSP | INC
(8) dp.bit [ Abit [ dp.bit | imm dp dp+x_| labs A dp 8 |AND1B| dp dp+X X
1001 | BmI | cLR1 | BBC | BBC | AND | AND [ AND | AND INC INC |TCALL| DIV | CMPY [ INCW | INC TAY
(9) dp.bit | Abit | dp.bit | {x} [rtabs+y | [dp+X] | [dpJ+y | tabs | dp+x 9 labs dp Y
1010 | seTCc | SET1 | BBS | BBS | EOR | EOR | EOR | EOR | DEC | DEC |TCALL| EOR1L | DBNE [ XMA | TSPX | DEC
(A dp.bit | Abit | dpbit | imm dp dp+x | labs A dp 10 |EoriB| dp | dp+x X
1011 | Bvs | cLR1 | BBC | BBC | EOR | EOR | EOR | EOR | DEC | DEC |TCALL| XMA | XMA [DECw | DEC | TYA
(B) dp.bit | Abit | dpbit | {x3 [rabs+y | [dp+x] [ [dp}ty | tabs [ dp+x | 11 x} dp dp Y
1100 | seTc | seT1 | BBS | BBS | LDA | LDA | LDA | DA | TXA | DY [TcALL| Lbc | Lbx | Lbx [ XxcN | DAs
(©) dp.bit | Abit | dp.bit | imm dp dp+x | labs dp 12 LDCB dp dp+Y
1101 | Bcs | ctR1 | BBC | BBC | LDA | DA | LDA | DA | DY | DY [TCcALL| DA | LDX | STYA [ xAY | DAA
(D) dp.bit | Abit [ dpbit | {x3 [rabs+y | [dp+X] [ [dp}ty | labs [ dp+x | 13 £+ | labs dp
1110 | = SETL | BBS | BBS | LDM | STA | sTA [ sTA | TAX [ sTY |TcALL| sTc | sTx [ sTx | xAx =
(E) dp.bit | Abit [ dp.bit | dp, dp dp+x | labs dp 14 dp | dp+y
1111 | BeQ | ctR1 | BBC | BBC | STA | STA | STA | STA | sTY | sTY [TcALL| sTA | sTx | cBNE [ xyx | Nop
(F) dp.bit | Abit | dp.bit | {X} | tabs+y | [dp+X] | [dp]+y | 'abs | dp+X 15 X+ labs dp
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