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OPCODE   
 

(machine cycle) 
 

(bits) 

 

ADC /  1 word 4 4 45 

ADCI /  1 word 4 4 58 

ADCM /  1 word 4 4 46 

ADD /  1 word 4 4 50 

ADDI /  1 word 4 4 59 

ADDM /  1 word 4 4 51 

ADJ  1 word 4  134 

ADN /  1 word 4 4 54 

ADNI /  1 word 4 4 60 

ALM  1 word 4  120 

AND /  1 word 4 4 59 

ANDI /  1 word 4 4 63 

CAC /  
multi- 
words 

4 or 8  94 

CALL /  1 word 4  91 

CLPG RAM page  1 word 4  100 

CPHL /  1 word 4  92 

CPHLH /  2 words 8  93 

CPZR /  1 word 4  93 

CPZRH /  2 words 8  94 

DAA /  1 word 4 4 60 

DAS /  1 word 4 4 61 

DEC* /  1 word 4 4 62 

DISTM Timer 1 word 4  113 

ELC  1 word 4  119 

ELZ RAM page  1 word 4  99 

EOR /  1 word 4 4 56 

EORI /  1 word 4 4 64 

ERX RAM page  1 word 4  98 

ERY RAM page  1 word 4  97 

FAST  1 word 4  129 

FRQ 
 1 word 4 

4 
123 

FRQX 8 

HALT  1 word 4  122 

IDC  1 word 4  8 

IDC8  1 word 4  8 
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OPCODE   
 

(machine cycle) 
 

(bits) 

 

IDCH  1 word 4  9 

INC* /  1 word 4 4 62 

IPA I/O Port 1 word 4 4 69 

IPB I/O Port 1 word 4 4 71 

IPC I/O Port 1 word 4 4 73 

IPD I/O Port 1 word 4 4 75 

IPE I/O Port 1 word 4 4 76 

JAC /  
multi- 
words 

4 or 8  95 

JB0 /  1 word 4  87 

JB1 /  1 word 4  87 

JB2 /  1 word 4  88 

JB3 /  1 word 4  88 

JC /  1 word 4  90 

JMP /  1 word 4  92 

JNC /  1 word 4  90 

JNZ /  1 word 4  89 

JZ /  1 word 4  89 

LCB LCD 1 word 4 
Read: 4 

32 
Write: 8 

LCD LCD 1 word 4 8 34 

LCDH Table ROM 1 word 4 16 78 

LCE LCD 1 word 4 8 35 

LCP LCD 1 word 4 
Read: 4 

33 
Write: 8 

LCT LCD 1 word 4 
Read: 4 

31 
Write: 8 

LDA RAM  1 word 4 4 30 

LDH Table ROM 1 word 4 4 78 

LDL Table ROM 1 word 4 4 78 

LDS RAM  1 word 4 4 26 

LDS8 RAM  1 word 4 8 26 

LDSH RAM  2 words 8 16 27 

LID RAM  1 word 4 4 22 

LID8 RAM  1 word 4 8 22 

LIDH RAM  1 word 4 16 24 

LSP  1 word 4 4 39 

MAF  1 word 4 4 39 

MCX  1 word 4 3 41 

MDX  1 word 4 4 42 

MHL  1 word 4 16 17 
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OPCODE   
 

(machine cycle) 
 

(bits) 

 

MKI  1 word 4 4 43 

MMH  1 word 4 4 37 

MMW  1 word 4 4 38 

MRA  1 word 4 1 40 

MRF1 RFC  1 word 4 4 85 

MRF2 RFC  1 word 4 4 85 

MRF3 RFC  1 word 4 4 85 

MRF4 RFC  1 word 4 4 86 

MRH  1 word 4 4 14 

MRI  1 word 4 4 43 

MRL  1 word 4 4 13 

MRU  1 word 4 4 14 

MRV  1 word 4 4 15 

MRW RAM  1 word 4 4 29 

MSB  1 word 4 4 40 

MSC  1 word 4 4 41 

MSD  1 word 4 4 42 

MULD /  1 word 4 4 45 

MULH /  1 word 4 4 45 

MVL  1 word 4 4 9 

MVH  1 word 4 4 9 

MVU  1 word 4 4 10 

MVV  1 word 4 4 10 

MWM  1 word 4 4 38 

MWR RAM  1 word 4 4 29 

MZR  1 word 4 13 19 

NOP  1 word 4  123 

OPA I/O Port 1 word 4 4 70 

OPAS I/O Port 1 word 4 2 70 

OPB I/O Port 1 word 4 4 72 

OPC I/O Port 1 word 4 4 75 

OPD I/O Port 1 word 4 4 76 

OPE I/O Port 1 word 4 4 78 

OR /  1 word 4 4 58 

ORI /  1 word 4 4 65 

PLC  1 word 4  133 

PTR Table ROM 1 word 4  80 

RF  1 word 4  131 

RF2  1 word 4  132 

RHL  1 word 4 16 18 
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OPCODE   
 

(machine cycle) 
 

(bits) 

 

RLC /  1 word 4 4 68 

RTS /  1 word 4  96 

RRC /  1 word 4 4 67 

RRL  1 word 4 4 15 

RRH  1 word 4 4 15 

RRU  1 word 4 4 16 

RRV  1 word 4 4 16 

RTM2L 
RTM21 
RTM1H 
RTM3L 
RTM31 

Timer 1 word 4 4 110 

RVL  1 word 4 4 11 

RVH  1 word 4 4 11 

RVU  1 word 4 4 12 

RVV  1 word 4 4 12 

RZR  1 word 4 16 20 

SBC /  1 word 4 4 48 

SBCI /  1 word 4 4 59 

SBCM /  1 word 4 4 49 

SBZ  1 word 4  122 

SCA  1 word 4  126 

SCC  1 word 4  125 

SCNT RFC  1 word 4  84 

SCX  1 word 4  127 

SF  1 word 4  130 

SF2  1 word 4  132 

SHE  1 word 4  128 

SHLX  2 words 8  13 

SIE*  1 word 4  127 

SL0 
SL1 

/  1 word 4 4 67 

SLOW  1 word 4  130 

SLZ 
RAM page 

(compiler ) 
1 word 4  100 

SMUI  1 word 4 4 37 

SPA I/O Port 1 word 4  70 

SPB I/O Port 1 word 4  72 

SPBK 
ROM bank

(compiler ) 
1 word 4  101 



Advance Information UM-4BITinstructions_C 

 

6                        tenx technology, inc.  
Preliminary                                                                                  Rev.1.0,  2021/03/29  
 

OPCODE   
 

(machine cycle) 
 

(bits) 

 

SPC I/O Port 1 word 4  73 

SPD I/O Port 1 word 4  75 

SPE I/O Port 1 word 4  77 

SPK 
SPKX 

 1 word 4 4/8 118 

SPKTH 
 

1 word 4 16 

117 SPKXH 2 words 8  

SPKRH 1 word 8 16 

SR0, SR1 /  1 word 4 4 66 

SRE  1 word 4  129 

SRF RFC  1 word 4  83 

SRP Timer 1 word 4  115 

SRX 
RAM page 

(compiler ) 
1 word 4  99 

SRY 
RAM page 

(compiler ) 
1 word 4  98 

ST3OV  1 word 4  116 

STA RAM  1 word 4 4 28 

STE Timer 1 word 4  114 

STM Timer 1 word 4  113 

STOP  1 word 4  124 

SUB /  1 word 4 4 53 

SUBI /  1 word 4 4 60 

SUBM /  1 word 4 4 54 

SXCLK  1 word 4  135 

SWPWR  1 word 4  136 

SZRX  2 words 8  17 

T1XH 

Timer 

2 words 8  

103 T1RH 2 words 8 16 

T1TH 1 word 4 16 

T2M3X Timer 2 words 8  112 

T2XH 

Timer 

2 words 8  

106 T2RH 2 words 8 16 

T2TH 1 word 4 16 

T3XH 

Timer 

2 words 8  

109 T3RH 2 words 8 16 

T3TH 1 word 4 16 

TM2 
Timer 1 word 4 

4/8 
105 

TM2X  

TM3 
Timer 1 word 4 

4/8 
108 

TM3X  

TMS Timer 1 word 4 4/8 102 
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OPCODE   
 

(machine cycle) 
 

(bits) 

 

TMSX  
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2-1. (Index Register Access Instructions) 
 

IDC 

 

Ǎ machine cycle̙ 

 

 

HL ZR 1̙ 

 

 

AC ̙ 

 

 

OP code   

IDC&  HL ă HL+1 

IDC%  ZR ă ZR+1 

IDC$ 
 

HL ă HL+1 
ZR ă ZR+1 

 
 
 

IDC8 

 

Ǎ machine cycle̙ 

 

 

HL ZR 2̙ 

 

 

AC ̙ 

 

 

OP code   

IDC8&  HL ă HL+2 

IDC8%  ZR ă ZR+2 

IDC8$ 
 

HL ă HL+2 
ZR ă ZR+2 
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IDCH 

 

Ǎ machine cycle̙ 

 

 

HL ZR 4̙ 

 

 

AC ̙ 

 

 

OP code   

IDCH&  HL ă HL+4 

IDCH%  ZR ă ZR+4 

IDCH$ 
 

HL ă HL+4 
ZR ă ZR+4 

 
 
 

MVL 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM HL-L̙ 

Ǜ 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of HL-L IDBF3 IDBF2 IDBF1 IDBF0 

 

 

Rx ̙ 

 

 

OP code   

MVL Rx IDBF3 ~ IDBF0 ă (Rx) 

 
 
 

MVH 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM HL-H̙ 
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AǍ Ǜ 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of HL-H IDBF7 IDBF6 IDBF5 IDBF4 

 

BǍ MCU MVU Ǎ MVH AC HL-U(

:4BIT Series Difference List)̙ Ǜ 

Source AC register AC3 AC2 AC1 AC0 

Content of HL-U IDBF11 IDBF10 IDBF9 IDBF8 

 
 

 

Rx ̙ 

 

 

A 

OP code   

MVH Rx IDBF7 ~ IDBF4 ă (Rx) 

B 

OP code   

MVH Rx IDBF11 ~ IDBF4 ă AC,(Rx) 

 
 
 

MVU( MVH A) 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM HL-U̙ 

Ǜ 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of HL-U IDBF11 IDBF10 IDBF9 IDBF8 

 

 

Rx ̙ 

 

 

OP code   

MVU Rx IDBF11 ~ IDBF8 ă (Rx) 

 
 
 

MVV 

 

Ǎ machine cycle, 4 bits data transferred̙ 
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Rx data RAM HL-V̙ 

Ǜ 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of HL-V IDBF15 IDBF14 IDBF13 IDBF12 

 

 

Rx ̙ 

 

 

OP code   

MVV Rx IDBF15 ~ IDBF12 ă (Rx) 

 
 
 

RVL 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

HL-L Rx data RAM AC̙ 

Ǜ 

Content of HL-L IDBF3 IDBF2 IDBF1 IDBF0 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

RVL Rx (Rx) ă IDBF3 ~ IDBF0, 
AC ă IDBF3 ~ IDBF0 

 
 
 

RVH 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

HL-H Rx data RAM AC̙ 

Ǜ 

Content of HL-H IDBF7 IDBF6 IDBF5 IDBF4 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 
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Rx ̙ 

 

 

OP code   

RVH Rx (Rx) ă IDBF7 ~ IDBF4, 
AC ă IDBF7 ~ IDBF4 

 
 
 

RVU 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

HL-U register Rx data RAM AC̙ 

Ǜ 

Content of HL-U IDBF11 IDBF10 IDBF9 IDBF8 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

RVU Rx (Rx) ă IDBF11 ~ IDBF8, 
AC ă IDBF11 ~ IDBF8 

 
 
 

RVV 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

HL-V Rx data RAM AC̙ 

Ǜ 

Content of HL-V IDBF15 IDBF14 IDBF13 IDBF12 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

RVV Rx (Rx) ă IDBF15 ~ IDBF12, 
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AC ă IDBF15 ~ IDBF12 

 
 
 
 
 
 
 
 
 

SHLX 

 

Ǎ machine cycle̙ 

 

 

16-bit Immediate data( D ) HL̙ 

2 words machine cycle Ǎ

word OpcodeǍ 16 bits immediate data word ̙ 

Ǜ 

Imm. Data D D7 D6 D5 D4 D3 D2 D1 D0 

HL register IDBF7 IDBF6 IDBF5 IDBF4 IDBF3 IDBF2 IDBF1 IDBF0 

Imm. Data D D15 D14 D13 D12 D11 D10 D9 D8 

HL register IDBF15 IDBF14 IDBF13 IDBF12 IDBF11 IDBF10 IDBF9 IDBF8 

 

 

(1). D = 0h ~ FFFFh ( MCU HL register ) 

(2). MCU machine cycle ̙ 

 

 

OP code   

SHLX 
SETDAT 

 
D 

IDBF15~0 ă D 

 
 
 

MRL 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM @ZR-L̙ 

Ǜ 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of ZR-L ZRBF3 ZRBF2 ZRBF1 ZRBF0 
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Rx ̙ 

 

 

OP code   

MRL Rx ZRBF3 ~ ZRBF0 ă (Rx) 

 
 
 
 

MRH 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM ZR-H̙ 

Ǜ 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of ZR-H ZRBF7 ZRBF6 ZRBF5 ZRBF4 

 

 

Rx ̙ 

 

 

OP code   

MRH Rx ZRBF7 ~ ZRBF4 ă (Rx) 

 
 
 

MRU 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM ZR-U̙ 

Ǜ 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of ZR-U ZRBF11 ZRBF10 ZRBF9 ZRBF8 

 

 

Rx ̙ 

 

 

OP code   

MRU Rx ZRBF11 ~ ZRBF8 ă (Rx) 
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MRV 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM ZR-V̙ 

Ǜ 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of ZR-V 0 0 0 ZRBF12 

 

 

Rx ̙ 

 

 

OP code   

MRV Rx ZRBF12 ă (Rx) 

 
 
 

RRL 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

ZR-L Rx data RAM AC̙ 

Ǜ 

Content of ZR-L ZRBF3 ZRBF2 ZRBF1 ZRBF0 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

RRL Rx (Rx) ă ZRBF3 ~ ZRBF0, 
AC ă ZRBF3 ~ ZRBF0 

 
 
 

RRH 

 

Ǎ machine cycle, 4 bits data transferred̙ 
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ZR-H Rx data RAM AC̙ 

Ǜ 

Content of ZR-H ZRBF7 ZRBF6 ZRBF5 ZRBF4 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

OP code   

RRH Rx (Rx) ă ZRBF7 ~ ZRBF4, 
AC ă ZRBF7 ~ ZRBF4 

 
 
 

RRU 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

ZR-U Rx data RAM AC̙ 

Ǜ 

Content of ZR-U ZRBF11 ZRBF10 ZRBF9 ZRBF8 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

RRU Rx (Rx) ă ZRBF11 ~ ZRBF8, 
AC ă ZRBF11 ~ ZRBF8 

 
 
 

RRV 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

ZR-V Rx data RAM AC̙ 

Ǜ 

Content of ZR-V 0 0 0 ZRBF12 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 
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Rx ̙ 

 

 

OP code   

RRV Rx (Rx) ă 0,0,0,ZRBF12, 
AC ă 0,0,0,ZRBF12 

 
 

SZRX 

 

Ǎ machine cycle̙ 

 

 

16-bit Immediate data( D ) ZR̙ 

2 words machine cycle Ǎ

word OpcodeǍ 13 bits immediate data word ̙ 

Ǜ 

Imm. Data D D7 D6 D5 D4 D3 D2 D1 D0 

ZR register ZRBF7 ZRBF6 ZRBF5 ZRBF4 ZRBF3 ZRBF2 ZRBF1 ZRBF0 

Imm. Data D    D12 D11 D10 D9 D8 

ZR register    ZRBF12 ZRBF11 ZRBF10 ZRBF9 ZRBF8 

 

 

(1). D = 0h ~ 1FFFh ( MCU ZR register ) 

(2). MCU machine cycle ̙ 

 

 

OP code   

SZRX 
SETDAT 

 
D 

ZRBF12~0 ă D 

 
 
 

MHL 

 

Ǎ machine cycleǍ 16 bits data transferred̙ 

 

 

X 16-bit HL index register̙ 

X 4 data RAMǍ Ǜ 

X Addr+3 Addr+2 Addr+1 Addr 

0 $0083 $0082 $0081 $0080 

1 $0087 $0086 $0085 $0084 
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X Addr+3 Addr+2 Addr+1 Addr 

2 $008B $008A $0089 $0088 

3 $008F $008E $008D $008C 

4 $0093 $0092 $0091 $0090 

5 $0097 $0096 $0095 $0094 

6 $009B $009A $0099 $0098 

7 $009F $009E $009D $009C 

8 $00A3 $00A2 $00A1 $00A0 

9 $00A7 $00A6 $00A5 $00A4 

A $00AB $00AA $00A9 $00A8 

B $00AF $00AE $00AD $00AC 

C $00B3 $00B2 $00B1 $00B0 

D $00B7 $00B6 $00B5 $00B4 

E $00BB $00BA $00B9 $00B8 

F $00BF $00BE $00BD $00BC 

 

Ǜ 

Content of HL IDBF7 IDBF6 IDBF5 IDBF4 IDBF3 IDBF2 IDBF1 IDBF0 

RAM data Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

RAM addr. Addr+1 Addr 

Content of HL IDBF15 IDBF14 IDBF13 IDBF12 IDBF11 IDBF10 IDBF9 IDBF8 

RAM data Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

RAM addr. Addr+3 Addr+2 

 

 

X = 0 ~ Fh 
 

 

OP code   

MHL X IDBF3~0 ă (Addr), 
IDBF7~4 ă (Addr +1), 
IDBF11~8 ă (Addr +2), 
IDBF15~12 ă (Addr +3) 

 
 
 

RHL 

 

Ǎ machine cycle, 16 bits data transferred̙ 

 

 

HL index register 16-bit X 16-bit ̙ 

X 4 data RAMǍ Ǜ 

X Addr+3 Addr+2 Addr+1 Addr 

0 $0083 $0082 $0081 $0080 

1 $0087 $0086 $0085 $0084 

2 $008B $008A $0089 $0088 

3 $008F $008E $008D $008C 

4 $0093 $0092 $0091 $0090 

5 $0097 $0096 $0095 $0094 

6 $009B $009A $0099 $0098 
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X Addr+3 Addr+2 Addr+1 Addr 

7 $009F $009E $009D $009C 

8 $00A3 $00A2 $00A1 $00A0 

9 $00A7 $00A6 $00A5 $00A4 

A $00AB $00AA $00A9 $00A8 

B $00AF $00AE $00AD $00AC 

C $00B3 $00B2 $00B1 $00B0 

D $00B7 $00B6 $00B5 $00B4 

E $00BB $00BA $00B9 $00B8 

F $00BF $00BE $00BD $00BC 

 
 
 

Ǜ 

Content of HL IDBF7 IDBF6 IDBF5 IDBF4 IDBF3 IDBF2 IDBF1 IDBF0 

RAM data Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

RAM addr. Addr+1 Addr 

Content of HL IDBF15 IDBF14 IDBF13 IDBF12 IDBF11 IDBF10 IDBF9 IDBF8 

RAM data Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

RAM addr. Addr+3 Addr+2 

 

 

X = 0 ~ Fh 
 

 

OP code   

RHL X (Addr) ă IDBF3~0, 
(Addr+1) ă IDBF7~4, 
(Addr+2) ă IDBF11~8, 
(Addr+3) ă IDBF15~12 

 
 
 

MZR 

 

Ǎ machine cycleǍ 13 bits data transferred̙ 

 

 

X 16-bit ZR index register̙ 

X 4 data RAMǍ Ǜ 

X Addr+3 Addr+2 Addr+1 Addr 

0 $00C3 $00C2 $00C1 $00C0 

1 $00C7 $00C6 $00C5 $00C4 

2 $00CB $00CA $00C9 $00C8 

3 $00CF $00CE $00CD $00CC 

4 $00D3 $00D2 $00D1 $00D0 

5 $00D7 $00D6 $00D5 $00D4 

6 $00DB $00DA $00D9 $00D8 

7 $00DF $00DE $00DD $00DC 

8 $00E3 $00E2 $00E1 $00E0 

9 $00E7 $00E6 $00E5 $00E4 
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X Addr+3 Addr+2 Addr+1 Addr 

A $00EB $00EA $00E9 $00E8 

B $00EF $00EE $00ED $00EC 

C $00F3 $00F2 $00F1 $00F0 

D $00F7 $00F6 $00F5 $00F4 

E $00FB $00FA $00F9 $00F8 

F $00FF $00FE $00FD $00FC 

 
 
 
 
 
 

Ǜ 

Content of ZR ZRBF7 ZRBF6 ZRBF5 ZRBF4 ZRBF3 ZRBF2 ZRBF1 ZRBF0 

RAM data Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

RAM addr. Addr+1 Addr 

Content of ZR NA NA NA ZRBF12 ZRBF11 ZRBF10 ZRBF9 ZRBF8 

RAM data Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

RAM addr. Addr+3 Addr+2 

 

 

X = 0 ~ Fh 
 

 

OP code   

MZR X ZRBF3~0 ă (Addr), 
ZRBF7~4 ă (Addr+1), 
ZRBF11~8 ă (Addr+2), 
ZRBF12 ă (Addr+3) 

 
 

RZR 

 

Ǎ machine cycle, 16 bits data transferred̙ 

 

 

ZR index register 13-bit X 16-bit ̙ 

X 4 data RAMǍ Ǜ 

X Addr+3 Addr+2 Addr+1 Addr 

0 $00C3 $00C2 $00C1 $00C0 

1 $00C7 $00C6 $00C5 $00C4 

2 $00CB $00CA $00C9 $00C8 

3 $00CF $00CE $00CD $00CC 

4 $00D3 $00D2 $00D1 $00D0 

5 $00D7 $00D6 $00D5 $00D4 

6 $00DB $00DA $00D9 $00D8 

7 $00DF $00DE $00DD $00DC 

8 $00E3 $00E2 $00E1 $00E0 

9 $00E7 $00E6 $00E5 $00E4 

A $00EB $00EA $00E9 $00E8 
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X Addr+3 Addr+2 Addr+1 Addr 

B $00EF $00EE $00ED $00EC 

C $00F3 $00F2 $00F1 $00F0 

D $00F7 $00F6 $00F5 $00F4 

E $00FB $00FA $00F9 $00F8 

F $00FF $00FE $00FD $00FC 

 

Ǜ 

Content of ZR ZRBF7 ZRBF6 ZRBF5 ZRBF4 ZRBF3 ZRBF2 ZRBF1 ZRBF0 

RAM data Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

RAM addr. Addr+1 Addr 

Content of ZR NA NA NA ZRBF12 ZRBF11 ZRBF10 ZRBF9 ZRBF8 

RAM data Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

RAM addr. Addr+3 Addr+2 

 

X = 0 ~ Fh 
 

 

OP code   

RZR X (Addr) ă ZRBF3~0, 
(Addr+1) ă ZRBF7~4, 
(Addr+2) ă ZRBF11~8, 
(Addr+3) ă ZRBF12 
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2-2.  RAM (RAM Data Transferred Instructions) 
 

LID 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

@HL @ZR data RAM @ZR @HL data RAM

̙ 

 

 

(1). HL ZR ̙ 

(2). Ǎ HL ZR 1̙ 

 

 

OP code   

LID @ZR, @HL (@ZR) ă (@HL) 

LID& @ZR, @HL (@ZR) ă (@HL) 
HL ă HL+1 

LID% @ZR, @HL (@ZR) ă (@HL) 
ZR ă ZR+1 

LID$ @ZR, @HL (@ZR) ă (@HL) 
HL ă HL+1 
ZR ă ZR+1 

LID @HL, @ZR (@HL) ă (@ZR) 

LID& @HL, @ZR (@HL) ă (@ZR) 
HL ă HL+1 

LID% @HL, @ZR (@HL) ă (@ZR) 
ZR ă ZR+1 

LID$ @HL, @ZR (@HL) ă (@ZR) 
HL ă HL+1, 
ZR ă ZR+1 

 
 
 

LID8 

 

Ǎ machine cycle, 8 bits data transferred̙ 

 

 

@HL @ZR data RAM 8 bit @ZR

@HL data RAM ̙ 

@HL @ZR LSB Ǎ LSB Ǎ

@HL/ZR(RAM bit0=0) @HL/ZR(RAM bit0=1)̙ 

Ǜ 
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Source RAM addr. 
& data mapping 

RAM addr. = Ns*+1 RAM addr. = Ns* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Source 8bits data bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 

Source RAM addr @HL/ZR(RAM bit0=1) @HL/ZR(RAM bit0=0) 

Destination RAM 
addr. & data 

mapping 

RAM addr. = Nd*+1 RAM addr. = Nd* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Destination 8bits 
data 

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 

Destination RAM 
addr. 

@ZR/HL(RAM bit0=1) @ZR/HL(RAM bit0=0) 

 * ǛNs, Nd data RAM ̙ 

 

 

(1). HL ZR ̙ 

(2). Ǎ HL ZR 2̙ 

 

 

OP code   

LID8 @ZR, @HL (@ZR(RAM bit0=0)) ă (@HL(RAM bit0=0)) 

(@ZR(RAM bit0=1)) ă (@HL(RAM bit0=1)) 

LID8& @ZR, @HL (@ZR(RAM bit0=0)) ă (@HL(RAM bit0=0)), 

(@ZR(RAM bit0=1)) ă (@HL(RAM bit0=1)) 

HL ă HL+2 

LID8% @ZR, @HL (@ZR(RAM bit0=0)) ă (@HL(RAM bit0=0)) 

(@ZR(RAM bit0=1)) ă (@HL(RAM bit0=1)) 

ZR ă ZR+2 

LID8$ @ZR, @HL (@ZR(RAM bit0=0)) ă (@HL(RAM bit0=0)) 

(@ZR(RAM bit0=1)) ă (@HL(RAM bit0=1)) 

HL ă HL+2 
ZR ă ZR+2 

LID8 @HL, @ZR (@HL(RAM bit0=0)) ă (@ZR(RAM bit0=0)) 

(@HL(RAM bit0=1)) ă (@ZR(RAM bit0=1)) 

LID8& @HL, @ZR (@HL(RAM bit0=0)) ă (@ZR(RAM bit0=0)) 

(@HL(RAM bit0=1)) ă (@ZR(RAM bit0=1)) 

HL ă HL+2 

LID8% @HL, @ZR (@HL(RAM bit0=0)) ă (@ZR(RAM bit0=0)) 

(@HL(RAM bit0=1)) ă (@ZR(RAM bit0=1)) 

ZR ă ZR+2 

LID8$ @HL, @ZR (@HL(RAM bit0=0)) ă (@ZR(RAM bit0=0)) 

(@HL(RAM bit0=1)) ă (@ZR(RAM bit0=1)) 

HL ă HL+2, 
ZR ă ZR+2 

 
 
 
 
 
 
 
 
 



Advance Information UM-4BITinstructions_C 

 

24                        tenx technology, inc.  
Preliminary                                                                                  Rev.1.0,  2021/03/29  
 

LIDH 

 

Ǎ machine cycle, 16 bits data transferred̙ 

 

 

@HL @ZR data RAM 16 bit @ZR

@HL data RAM ̙ 

@HL @ZR Ǎ Ǎ

@HL/ZR(RAM bit1,0=00)Ǎ@HL/ZR(RAM bit1,0=01)Ǎ

@HL/ZR(RAM bit1,0=10)Ǎ@HL/ZR(RAM bit1,0=11)̙ 

Ǜ 

Source RAM 
addr. & data 

mapping 

RAM addr. = Ns*+1 RAM addr. = Ns* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Source 16bits 
data 

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 

Source RAM 
addr 

@HL/ZR(RAM bit1,0=01) @HL/ZR(RAM bit1,0=00) 

Destination RAM 
addr. & data 

mapping 

RAM addr. = Nd*+1 RAM addr. = Nd* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Destination 
16bits data 

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 

Destination RAM 
addr. 

@ZR/HL(RAM bit1,0=01) @ZR/HL(RAM bit1,0=00) 

 
Source RAM 
addr. & data 

mapping 

RAM addr. = Ns*+3 RAM addr. = Ns*+2 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Source 16bits 
data 

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 

Destination RAM 
addr 

@HL/ZR(RAM bit1,0=11) @HL/ZR(RAM bit1,0=10) 

Destination RAM 
addr. & data 

mapping 

RAM addr. = Nd*+3 RAM addr. = Nd*+2 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Destination 
16bits data 

bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 

Destination RAM 
addr. 

@ZR/HL(RAM bit1,0=11) @ZR/HL(RAM bit1,0=10) 

*ǛNs, Nd data RAM ̙ 

 

 

(1). HL ZR ̙ 

(2). Ǎ HL ZR 4̙ 

 

 

OP code   

LIDH @ZR, @HL (@ZR(RAM bit1,0=00)) ă (@HL(RAM bit1,0=00)) 

(@ZR(RAM bit1,0=01)) ă (@HL(RAM bit1,0=01)) 
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OP code   

(@ZR(RAM bit1,0=10)) ă (@HL(RAM bit1,0=10)) 

(@ZR(RAM bit1,0=11)) ă (@HL(RAM bit1,0=11)) 

LIDH& @ZR, @HL (@ZR(RAM bit1,0=00)) ă (@HL(RAM bit1,0=00)) 

(@ZR(RAM bit1,0=01)) ă (@HL(RAM bit1,0=01)) 

(@ZR(RAM bit1,0=10)) ă (@HL(RAM bit1,0=10)) 

(@ZR(RAM bit1,0=11)) ă (@HL(RAM bit1,0=11)) 

HL ă HL+4 

LIDH% @ZR, @HL (@ZR(RAM bit1,0=00)) ă (@HL(RAM bit1,0=00)) 

(@ZR(RAM bit1,0=01)) ă (@HL(RAM bit1,0=01)) 

(@ZR(RAM bit1,0=10)) ă (@HL(RAM bit1,0=10)) 

(@ZR(RAM bit1,0=11)) ă (@HL(RAM bit1,0=11)) 

ZR ă ZR+4 

LIDH$ @ZR, @HL (@ZR(RAM bit1,0=00)) ă (@HL(RAM bit1,0=00)) 

(@ZR(RAM bit1,0=01)) ă (@HL(RAM bit1,0=01)) 

(@ZR(RAM bit1,0=10)) ă (@HL(RAM bit1,0=10)) 

(@ZR(RAM bit1,0=11)) ă (@HL(RAM bit1,0=11)) 

HL ă HL+4 
ZR ă ZR+4 

LIDH @HL, @ZR (@HL(RAM bit1,0=00)) ă (@ZR(RAM bit1,0=00)) 

(@HL(RAM bit1,0=01)) ă (@ZR(RAM bit1,0=01)) 

(@HL(RAM bit1,0=10)) ă (@ZR(RAM bit1,0=10)) 

(@HL(RAM bit1,0=11)) ă (@ZR(RAM bit1,0=11)) 

LIDH& @HL, @ZR (@HL(RAM bit1,0=00)) ă (@ZR(RAM bit1,0=00)) 

(@HL(RAM bit1,0=01)) ă (@ZR(RAM bit1,0=01)) 

(@HL(RAM bit1,0=10)) ă (@ZR(RAM bit1,0=10)) 

(@HL(RAM bit1,0=11)) ă (@ZR(RAM bit1,0=11)) 

HL ă HL+4 

LIDH% @HL, @ZR (@HL(RAM bit1,0=00)) ă (@ZR(RAM bit1,0=00)) 

(@HL(RAM bit1,0=01)) ă (@ZR(RAM bit1,0=01)) 

(@HL(RAM bit1,0=10)) ă (@ZR(RAM bit1,0=10)) 

(@HL(RAM bit1,0=11)) ă (@ZR(RAM bit1,0=11)) 

ZR ă ZR+4 

LIDH$ @HL, @ZR (@HL(RAM bit1,0=00)) ă (@ZR(RAM bit1,0=00)) 

(@HL(RAM bit1,0=01)) ă (@ZR(RAM bit1,0=01)) 

(@HL(RAM bit1,0=10)) ă (@ZR(RAM bit1,0=10)) 

(@HL(RAM bit1,0=11)) ă (@ZR(RAM bit1,0=11)) 

HL ă HL+4, 
ZR ă ZR+4 
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LDS 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

4-bit Immediate data(D) RxǍ@HL @ZR data RAM AC̙ 

Ǜ 

Immediate data  D3  D2 D1 D0 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

(1). ZR HL 1̙ 

(2). Rx ̙ 

(3). D = 0 ~ Fh̙ 

 

 

OP code   

LDS Rx, D (Rx) ă D, 
AC ă D 

LDS @HL, D (@HL) ă D, 
AC ă D 

LDS# @HL, D (@HL) ă D, 
AC ă D 
HL ă HL+1 

LDS @ZR, D (@ZR) ă D, 
AC ă D 

LDS# @ZR, D (@ZR) ă D, 
AC ă D 
ZR ă ZR+1 

 
 
 

LDS8 

 

Ǎ machine cycle, 8 bits data transferred̙ 

 

 

8-bit Immediate data(D) @HL @ZR data RAM ̙ 

HL ZR LSB Ǎ Ǎ Ǎ  

@HL/ZR(RAM bit0=0), @HL/ZR(RAM bit0=1)̙ 

Ǜ 

Imm. data D D7 D6 D5 D4 D3 D2 D1 D0 

Destination 
RAM data 

Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

Destination 
RAM addr. 

@HL/ZR(RAM bit0=1) @HL/ZR(RAM bit0=0) 
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(1). ZR HL 2̙ 

(2). D = 0 ~ FFh 
 

 

OP code   

LDS8 @HL, D (@HL(RAM bit0=0)) ă D3~D0, 

(@HL(RAM bit0=1)) ă D7~D4, 

LDS8# @HL, D (@HL(RAM bit0=0)) ă D3~D0, 

(@HL(RAM bit0=1)) ă D7~D4, 

HL ă HL+2 

LDS8 @ZR, D (@ZR(RAM bit0=0)) ă D3~D0, 

(@ZR(RAM bit0=1)) ă D7~D4, 

LDS8# @ZR, D (@ZR(RAM bit0=0)) ă D3~D0, 

(@ZR(RAM bit0=1)) ă D7~D4, 

ZR ă ZR+2 

 
 
 

LDSH 

 

Ǎ machine cycle, 16 bits data transferred̙ 

 

 

16-bit Immediate data (D) @HL @ZR data RAM 4      

̙ 

2 words Ǎ machine cycle Ǎ

word Opcode Ǎ 16 bits immediate data

word ̙ 

HL ZR Ǎ Ǎ    

@HL/ZR(RAM bit1,0=00),  @HL/ZR(RAM bit1,0=01), 

@HL/ZR(RAM bit1,0=10), @HL/ZR(RAM bit1,0=11)̙ 

Ǜ 

Imm. Data D D7 D6 D5 D4 D3 D2 D1 D0 

Destination 
RAM data 

Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

Destination 
RAM addr. 

@HL/ZR(RAM bit1,0=01) @HL/ZR(RAM bit1,0=00) 

Imm. Data D D15 D14 D13 D12 D11 D10 D9 D8 

Destination 
RAM data 

Bit3 Bit2 Bit1 Bit0 Bit3 Bit2 Bit1 Bit0 

Destination 
RAM addr. 

@HL/ZR(RAM bit1,0=11) @HL/ZR(RAM bit1,0=10) 

 

 

(1). D = 0h ~ FFFFh̙ 

(2). ZR HL 4̙ 
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(3). MCU machine cycle ̙ 

 

 

OP code   

LDSH 
SETDAT 

@HL, 
D 

(@HL(RAM bit1,0=00)) ă D3~D0, 

(@HL(RAM bit1,0=01)) ă D7~D4, 

(@HL(RAM bit1,0=10)) ă D11~D8, 

(@HL(RAM bit1,0=11)) ă D15~D12 

LDSH# 
SETDAT 

@HL, 
D 

(@HL(RAM bit1,0=00)) ă D3~D0, 

(@HL(RAM bit1,0=01)) ă D7~D4, 

(@HL(RAM bit1,0=10)) ă D11~D8, 

(@HL(RAM bit1,0=11)) ă D15~D12 

HL ă HL+4 

LDSH 
SETDAT 

@ZR, 
D 

(@ZR(RAM bit1,0=00)) ă D3~D0, 

(@ZR(RAM bit1,0=01)) ă D7~D4, 

(@ZR(RAM bit1,0=10)) ă D11~D8, 

(@ZR(RAM bit1,0=11)) ă D15~D12 

LDSH# 
SETDAT 

@ZR, 
D 

(@ZR(RAM bit1,0=00)) ă D3~D0, 

(@ZR(RAM bit1,0=01)) ă D7~D4, 

(@ZR(RAM bit1,0=10)) ă D11~D8, 

(@ZR(RAM bit1,0=11)) ă D15~D12 

ZR ă ZR+4 

 
 
 

STA 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

AC RxǍ@HL @ZR data RAM̙ 

Ǜ 

AC AC3 AC2 AC1 AC0 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

(1). ZR HL 1̙ 

(2). Rx ̙ 

 

 

OP code   

STA Rx (Rx) ă AC 

STA @HL (@HL) ă AC 

STA# @HL (@HL) ă AC 
HL ă HL+1 

STA @ZR (@ZR) ă AC 

STA# @ZR (@ZR) ă AC 
ZR ă ZR+1 
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MRW 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM @HL @ZR Ry data RAM    

AC̙ 

 

 

(1). ZR HL 1̙ 

(2). Rx, Ry ̙ 

 

 

OP code   

MRW Ry, Rx (Ry) ă (Rx), 
AC ă (Rx) 

MRW @HL, Rx (@HL) ă (Rx), 
AC ă (Rx) 

MRW# @HL, Rx (@HL) ă (Rx), 
AC ă (Rx) 
HL ă HL+1 

MRW @ZR, Rx (@ZR) ă (Rx), 
AC ă (Rx) 

MRW# @ZR, Rx (@ZR) ă (Rx), 
AC ă (Rx) 
ZR ă ZR+1 

 
 
 

MWR 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

@HL @ZR Ry data RAM Rx data RAM    

AC̙ 

 

 

(1). ZR HL 1̙ 

(2). Rx, Ry ̙ 

 

 

OP code   

MWR Rx, Ry (Rx) ă (Ry), 
AC ă (Ry) 

MWR Rx, @HL (Rx) ă (@HL), 
AC ă (@HL) 

MWR# Rx, @HL (Rx) ă (@HL), 
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OP code   

AC ă (@HL) 
HL ă HL+1 

MWR Rx, @ZR (Rx) ă (@ZR), 
AC ă (@ZR) 

MWR# Rx, @ZR (Rx) ă (@ZR), 
AC ă (@ZR) 
ZR ă ZR+1 

 
 
 

LDA 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx, @HL @ZR data RAM AC̙ 

Ǜ 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

(1). ZR HL 1̙ 

(2). Rx ̙ 

 

 

OP code   

LDA Rx AC ă (Rx) 

LDA @HL AC ă (@HL) 

LDA# @HL AC ă (@HL),  
HL ă HL + 1 

LDA @ZR AC ă (@ZR) 

LDA# @ZR AC ă (@ZR),  
ZR ă ZR + 1 
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2-3.  LCD (LCD Instructions) 
 

LCT 

 

Ǎ machine cycleǍ8 bits (write) 4 bits (read) data transferred̙ 

 

 

Ry @HL data RAM 7-segment 8 bits data 

(DBUSH~DBUSA)Ǎ 8 bits data @ZR data RAM   

Lz LCD display memory ̙ 

@ZR LSB Ǎ Ǎ  

@ZR (RAM bit0=0) @ZR(RAM bit0=1)̙ 

Ǜ 

Destination 
RAM addr. & 
data mapping 

RAM addr. = N*+1 RAM addr. = N* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

7-seg decoder 
output data 

DBUSH DBUSG DBUSF DBUSE DBUSD DBUSC DBUSB DBUSA 

@ZR addr. @ZR(RAM bit0=1) @ZR(RAM bit0=0) 

LZ addr. 0100H + Lz x 2 + 1 0100H + Lz x 2 + 0 

*ǛN data RAM ̙ 

ñLZ addrò : LCD display memory data RAM  

 

 

(1). HL̘ZR ̙ 

(2). Ry Lz ̙ 

(3). Ǎ ZR 2 HL 1̙ 

 

 

OP code   

LCT @ZR, Ry (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (Ry) 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (Ry) 

LCT# @ZR, Ry (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (Ry) 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (Ry) 

ZR ă ZR+2 

LCT @ZR, @HL (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (@HL), 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (@HL) 

LCT& @ZR, @HL (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (@HL), 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (@HL) 

HL ă HL+1 

LCT% @ZR, @HL (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (@HL), 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (@HL) 

ZR ă ZR+2 

LCT$ @ZR, @HL (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (@HL), 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (@HL) 

HL ă HL+1 
ZR ă ZR+2 

LCT Lz, Ry (Lz) ă 7-segment decoder ă (Ry) 
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OP code   

LCT Lz, @HL (Lz) ă 7-segment decoder ă (@HL) 

LCT# Lz, @HL *Lz) ă 7-segment decoder ă (@HL) 
HL ă HL+1 

 
 
 

LCB 

 

Ǎ machine cycleǍ8 bits (write) 4 bits (read) data transferred̙ 

 

 

Ry @HL data RAM 7-segment 8 bits dataǍ    

8 bits data @ZR data RAM Lz   

LCD display memory ̙ 

Ry @HL data RAM 0hǍ 7-segment        

8 bits data (DBUSH~A) 00h̙ @ZR LSB Ǎ   

Ǎ @ZR(RAM bit0=0) @ZR(RAM bit0=1)̙ 

Ǜ 

Destination 
RAM addr. & 
data mapping 

RAM addr. = N*+1 RAM addr. = N* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

7-seg decoder 
output data 

DBUSH DBUSG DBUSF DBUSE DBUSD DBUSC DBUSB DBUSA 

@ZR addr. @ZR(RAM bit0=1) @ZR(RAM bit0=0) 

LZ addr. 0100H + Lz x 2 + 1 0100H + Lz x 2 + 0 

 *ǛN data RAM ̙ 

ñLZ addrò : LCD display memory data RAM  

 

 

(1). ZR HL ̙ 

(2). Ry Lz ̙ 

(3). ZR 2 HL 1̙ 

 

 

OP code   

LCB @ZR, Ry (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (Ry) 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (Ry) 

00 ă 7-segment decoder ă 0 

LCB# @ZR, Ry (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (Ry) 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (Ry) 

ZR ă ZR+2 
00 ă 7-segment decoder ă 0 

LCB @ZR, @HL (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (@HL), 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (@HL) 

00 ă 7-segment decoder ă 0 

LCB& @ZR, @HL (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (@HL), 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (@HL) 
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OP code   

HL ă HL+1 
00 ă 7-segment decoder ă 0 

LCB% @ZR, @HL (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (@HL), 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (@HL) 

ZR ă ZR+2 
00 ă 7-segment decoder ă 0 

LCB$ @ZR, @HL (@ZR(RAM bit0=0)) ă 7-segment decoder(DBUSD~A) ă (@HL), 

(@ZR(RAM bit0=1)) ă 7-segment decoder(DBUSH~E) ă (@HL) 

HL ă HL+1 
ZR ă ZR+2 
00 ă 7-segment decoder ă 0 

LCB Lz, Ry (Lz) ă 7-segment decoder ă (Ry) 
00 ă 7-segment decoder ă 0 

LCB Lz, @HL (Lz) ă 7-segment decoder ă (@HL) 
00 ă 7-segment decoder ă 0 

LCB# Lz, @HL (Lz) ă 7-segment decoder ă (@HL) 
HL ă HL+1 
00 ă 7-segment decoder ă 0 

 
 
 

LCP 

 

Ǎ machine cycleǍ8 bits (write) 4 bits (read) data transferred̙ 

 

 

Ry @HL data RAM AC @ZR    

data RAM Lz LCD display memory ̙ 

@ZR LSB Ǎ Ǎ  

 @ZR(RAM bit0=0)  @ZR(RAM bit0=1)̙ 

Ǜ 

Destination RAM 
addr. & data 

mapping 

RAM addr. = N*+1 RAM addr. = N* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Output 8bits Data AC3 AC2 AC2 AC0 
(Ry)3/ 

(@HL)3 
(Ry2)/ 

(@HL)2 
(Ry)1/ 

(@HL)1 
(Ry)0/ 

(@HL)0 

@ZR addr. @ZR(RAM bit0=1) @ZR(RAM bit0=0) 

LZ addr. 0100H + Lz x 2 + 1 0100H + Lz x 2 + 0 

*ǛN data RAM ̙ 

ñLZ addrò : LCD display memory data RAM  

 

 

(1). ZR HL ̙ 

(2). Ry Lz ̙ 

(3). ZR 2 HL 1̙ 

 

 

OP code   
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LCP @ZR, Ry (@ZR(RAM bit0=0)) ă (Ry) 

(@ZR(RAM bit0=1)) ă AC  

LCP# @ZR, Ry (@ZR(RAM bit0=0)) ă (Ry) 

(@ZR(RAM bit0=1)) ă AC 

ZR ă ZR+2 

LCP @ZR, @HL (@ZR(RAM bit0=0)) ă (@HL) 

(@ZR(RAM bit0=1)) ă AC 

LCP& @ZR, @HL (@ZR(RAM bit0=0)) ă (@HL) 

(@ZR(RAM bit0=1)) ă AC 

HL ă HL+1 

LCP% @ZR, @HL (@ZR(RAM bit0=0)) ă (@HL) 

(@ZR(RAM bit0=1)) ă AC 

ZR ă ZR+2 

LCP$ @ZR, @HL (@ZR(RAM bit0=0)) ă (@HL) 

(@ZR(RAM bit0=1)) ă AC 

HL ă HL+1, 
ZR ă ZR+2 

LCP Lz, Ry (Lz)low nibble ă (Ry), 
(Lz)high nibble ă AC 

LCP Lz, @HL (Lz)low nibble ă (@HL), 
(Lz)high nibble ă AC 

LCP# Lz, @HL (Lz)low nibble ă (@HL), 
(Lz)high nibble ă AC 
HL ă HL+1 

 
 
 

LCD 

 

Ǎ machine cycleǍ8 bits data transferred̙ 

 

 

@HL table ROM 8 bits @ZR data 

RAM Lz LCD display memory ̙ 

@ZR LSB Ǎ Ǎ   

 @ZR (RAM bit0=0)  @ZR (RAM bit0=1) ̙ 

Ǜ 

Destination 
RAM addr. & 
data mapping 

RAM addr. = N*+1 RAM addr. = N* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Table ROM 
output 8bits 

data 
T(@HL)7 T(@HL)6 T(@HL)5 T(@HL)4 T(@HL)3 T(@HL)2 T(@HL)1 T(@HL)0 

@ZR addr. @ZR(RAM bit0=1) @ZR(RAM bit0=0) 

LZ addr. 0100H + Lz x 2 + 1 0100H + Lz x 2 + 0 

*ǛN data RAM ̙ 

ñLZ addrò : LCD display memory data RAM  

 

 

(1). ZR HL ̙ 
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(2). Lz ̙ 

(3). ZR 2 H L 1̙ 

 

OP code   

LCD @ZR, @HL (@ZR(RAM bit0=0)) ă T(@HL)low nibble, 

(@ZR(RAM bit0=1)) ă T(@HL)high nibble  

LCD& @ZR, @HL (@ZR(RAM bit0=0)) ă T(@HL)low nibble, 

(@ZR(RAM bit0=1)) ă T(@HL)high nibble 

HL ă HL+1 

LCD% @ZR, @HL (@ZR(RAM bit0=0)) ă T(@HL)low nibble, 

(@ZR(RAM bit0=1)) ă T(@HL)high nibble 

ZR ă ZR+2 

LCD$ @ZR, @HL (@ZR(RAM bit0=0)) ă T(@HL)low nibble, 

(@ZR(RAM bit0=1)) ă T(@HL)high nibble 

HL ă HL+1 
ZR ă ZR+2 

LCD Lz, @HL (Lz) ă T(@HL) 

LCD# Lz, @HL (Lz) ă T(@HL) 
HL ă HL+1 

 
 
 

LCE 

 

Ǎ machine cycleǍ8 bits data transferred̙ 

 

 

@HL @ZR data RAM 8 bits Lz

LCD display memory ̙ 

ǡZR @HL LSB Ǎ Ǎ

@ZR(RAM bit0=0),@ZR(RAM bit0=1) @HL(RAM

bit0=0),@HL(RAM bit0=1)̙ 

Ǜ 

Source RAM addr. 
& data mapping 

RAM addr. = Ns*+1 RAM addr. = Ns* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Source 8bits data bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 

Source RAM addr @HL/ZR(RAM bit0=1) @HL/ZR(RAM bit0=0) 

Destination RAM 
addr. & data 

mapping 

RAM addr. = Nd*+1 RAM addr. = Nd* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Destination 8bits 
data 

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 

Destination RAM 
addr. 

0100H + Lz x 2 + 1 0100H + Lz x 2 + 0 

*ǛNs, Nd data RAM ̙ 
ñLZ addrò : LCD display memory data RAM  

 

 

(1). ZR HL ̙ 
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(2). ZR HL 2̙ 

(3). Lz ̙ 

 

 

OP code   

LCE Lz, @HL (Lz)low nibble ă (@HL(RAM bit0=0)) 

(Lz)high nibble ă (@HL(RAM bit0=1)) 

LCE# Lz, @HL (Lz)low nibble ă (@HL(RAM bit0=0)) 

(Lz)high nibble ă (@HL(RAM bit0=1)) 

HL ă HL+2 

LCE Lz, @ZR (Lz)low nibble ă (@ZR(RAM bit0=0)) 

(Lz)high nibble ă (@ZR(RAM bit0=1)) 

LCE# Lz, @ZR (Lz)low nibble ă (@ZR(RAM bit0=0)) 

(Lz)high nibble ă (@ZR(RAM bit0=1)) 

ZR ă ZR+2 
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2-4.  (Register Access Instructions) 
 

SMUI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

RxǍ@HL @ZR data RAM MUI Ǎ   

̙ 

 

 

(1). ZR HL 1̙ 

(2). Rx ̙ 

 

 

OP code   

SMUI Rx MUI ă (Rx) 

SMUI @HL MUI ă (@HL) 

SMUI# @HL MUI ă (@HL) 
HL ă HL+1 

SMUI @ZR MUI ă (@ZR) 

SMUI# @ZR MUI ă (@ZR) 
ZR ă ZR+1 

 
 
 

MMH 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

MU ( 4 ) RxǍ@HL @ZR

data RAM AC ̙ 

 

 

(1). ZR HL 1̙ 

(2). Rx ̙ 

 

 

OP code   

MMH Rx (Rx) ă MU, 
AC ă MU 

MMH @HL (@HL) ă MU, 
AC ă MU 

MMH# @HL (@HL) ă MU, 
AC ă MU 
HL ă HL+1 
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OP code   

MMH @ZR (@ZR) ă MU, 
AC ă MU 

MMH# @ZR (@ZR) ă MU, 
AC ă MU 
ZR ă ZR+1 

 
 
 

MWM 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Ry data RAM (working register)  Rm register         

( EV chip (TM8999) IO port) ̙ 

Ǜ 

Source RAM data (Ry)3 (Ry)2 (Ry)1 (Ry)0 

Register Content of Rm (Rm)3 (Rm)2 (Rm)1 (Rm)0 

 

 

(1). Rm = 0 ~ F 

(2). Ry ̙ 

 

 

OP code   

MWM Rm, Ry (Rm) ă (Ry) 

 
 
 

MMW 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rm  register ( EV chip (TM8999) IO port) 

Ry data RAM AC̙ 

Ǜ 

Content of Rm register (Rm)3 (Rm)2 (Rm)1 (Rm)0 

Destination RAM data (Ry)3 (Ry)2 (Ry)1 (Ry)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

(1). Rm = 0 ~ F 

(2). Ry ̙ 
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OP code   

MMW Ry, Rm (Ry) ă (Rm) 
AC ă (Rm) 

 
 
 

LSP 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Stack Pointer Rx data RAM AC̙ 

Ǜ 

Stack Pointer SP3 SP2 SP1 SP0 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

LSP Rx (Rx) ă STACK pointer, 
AC ă STACK pointer 

 
 
 

MAF 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

STS1 register Rx data RAM AC̙ 

Ǜ 

Content of STS1 CF Zero SCF12(CX2) SCF11(CX) 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

(1). Rx ̙ 

(2). SCF11&12  RFC B ̙ 

 

 

OP code   

MAF Rx (Rx) ă STS1, 
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AC ă STS1 

MRA 

 

Ǎ machine cycle, 1 bits data transferred̙ 

 

 

Rx data RAM bit3 CF̙ 

Ǜ 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Content of CF CF - - - 

 

 

Rx ̙ 

 

 

OP code   

MRA Rx CF ă (Rx)3 

 
 
 

MSB 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

STS2 register Rx data RAM AC̙ 

Ǜ 

Content of STS2 SCF3(IOD) SCF2(HRx) SCF1(IOC) BCF(PSF) 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

MSB Rx (Rx) ă STS2, 
AC ă STS2 
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MSC 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

STS3 register Rx data RAM AC̙ 

Ǜ 

Content STS3 SCF7(Pre-divider) PH15 SCF5(TMR1) SCF4(INT) 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

MSC Rx (Rx) ă STS3, 
AC ă STS3 

 
 
 

MCX 

 

Ǎ machine cycle, 3 bits data transferred̙ 

 

 

STS3X register Rx data RAM AC̙ 

Ǜ 

Content of STS3X * SCF0(IOA) SCF6(TMR2) SCF8(SKI) 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

* : RFC A => SCF(RFC) 

    RFC B => donôt care 

 

 

Rx ̙ 

 

 

OP code   

MCX Rx (Rx) ă STS3X, 
AC ă STS3X 
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MSD 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

STS4 register Rx data RAM AC̙ 

Ǜ 

Content of STS4 PGMF RFOVF WDF CSF 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

(1). Rx ̙ 

(2). PGMF TM87ML28 Ǎ EV chip (TM8999) ̙ 

 

 

OP code   

MSD Rx (Rx) ă STS4, 
AC ă STS4 

 
 
 

MDX 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

STS4X register Rx data RAM AC̙ 

Ǜ 

Content of STS4X SCF10 (TMR3) INT CX2 CX 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

MDX Rx (Rx) ă STS4X, 
AC ă STS4X 
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MKI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

STS5 register  (KI1~KI4) Rx data RAM AC̙ 

Ǜ 

Content of STS5 KI4 KI3 KI2 KI1 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

(1). Rx ̙ 

(2). ( Key-Scan IOC Pins share MCU IPC instruction KI) 

 

 

OP code   

MKI Rx (Rx) ă STS5, 
AC ă STS5 

 
 
 

MRI( EV chip (TM8999) ) 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

@HL data RAM (Rx)3~0 X1,0=0/1/2/3 16 bits RILH

bit3~0/7~4/11~8/15~12 Ǎ PTR @HL Table 

ROM word address ̙ 

 

 

HL 1̙ 

 

 

OP code   

SMUI X RILH3~0 ă (@HL) if X=0 
RILH7~4 ă (@HL) if X=1 
RILH11~8 ă (@HL) if X=2 
RILH15~12 ă (@HL) if X=3 

SMUI# X RILH3~0 ă (@HL) if X=0 
RILH7~4 ă (@HL) if X=1 
RILH11~8 ă (@HL) if X=2 
RILH15~12 ă (@HL) if X=3 
HL ă HL+1 
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2-5.  / (Arithmatic/Logic Operation Instructions) 
 

MULH 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 Ǎ Rx, @HL @ZR data RAM 4 bits

Ǎ MUI ( ) ̙ 8 bit dataǍ

MU AC ̙ 

MU, AC Ǜ 

Result Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 

Destination register MU3 MU2 MU1 MU0 AC3 AC2 AC1 AC0 

 

 

(1). 2 Ǎ    

2 ̙ 

(2). ZR HL 1̙ 

(3). Rx ̙ 

 

 

OP code   

MULH Rx MU, AC ă (Rx) * MUI  

MULH @HL MU, AC ă (@HL) * MUI 

MULH# @HL MU, AC ă (@HL) * MUI 
HL ă HL+1 

MULH @ZR MU, AC ă (@ZR) * MUI 

MULH# @ZR MU, AC ă (@ZR) * MUI 
ZR ă ZR+1 

 
 
 

MULD 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

10 Ǎ Rx, @HL @ZR data RAM 4 bits

Ǎ MUI ( ) ̙ 8 bit dataǍ

MU AC ̙ 

MU, AC register Ǜ 

Result Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 

Destination register MU3 MU2 MU1 MU0 AC3 AC2 AC1 AC0 
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(1). 10 Ǎ

10 ̙ 

(2). ZR HL 1̙ 

(3). Rx ̙ 

 

 

OP code   

MULD Rx MU10, AC10 ă (Rx)10 * MUI10  

MULD @HL MU10, AC10 ă (@HL)10 * MUI10 

MULD# @HL MU10, AC10 ă (@HL)10 * MUI10 
HL ă HL+1 

MULD @ZR MU10, AC10 ă (@ZR)10 * MUI10 

MULD# @ZR MU10, AC10 ă (@ZR)10 * MUI10 
ZR ă ZR+1 

 
 
 

ADC 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 10 Ǎ Rx, @HL @ZR data RAM ǍAC

CF ̙ AC RxǍ@HLǍ@ZR

data RAM̙ 

2 10 ñDAò Ǎ DA

10 Ǎ 2 ̙ 

 

 

(1). Ǎ   

łDAŃ 10 2 ̙ 

(2). CF ̙ 

(3). ZR HL 1̙ 

(4). Rx ̙ 

 

 

OP code   

ADC Rx AC ă (Rx) + AC +CF 

ADC* Rx AC ă (Rx) + AC +CF, 
(Rx) ă (Rx) + AC +CF 

ADC @HL AC ă (@HL) + AC +CF 

ADC# @HL AC ă (@HL) + AC +CF 
HL ă HL+1 

ADC* @HL AC ă (@HL) + AC +CF, 
(@HL) ă (@HL) + AC +CF 

ADC*# @HL AC ă (@HL) + AC +CF, 
(@HL) ă (@HL) + AC +CF 
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OP code   

HL ă HL+1 

ADC @HL, DA AC10 ă (@HL) 10 + AC10 +CF 

ADC# @HL, DA AC10 ă (@HL) 10 + AC10 +CF 
HL ă HL+1 

ADC* @HL, DA AC10 ă (@HL) 10 + AC10 +CF, 
(@HL) 10 ă (@HL) 10 + AC10 +CF 

ADC*# @HL, DA AC10 ă (@HL) 10 + AC10 +CF, 
(@HL) 10 ă (@HL) 10 + AC10 +CF 
HL ă HL+1 

ADC @ZR AC ă (@ZR) + AC +CF 

ADC# @ZR AC ă (@ZR) + AC +CF 
ZR ă ZR+1 

ADC* @ZR AC ă (@ZR) + AC +CF, 
(@ZR) ă (@ZR) + AC +CF 

ADC*# @ZR AC ă (@ZR) + AC +CF, 
(@ZR) ă (@ZR) + AC +CF 
ZR ă ZR+1 

ADC @ZR, DA AC10 ă (@ZR) 10 + AC10 +CF 

ADC# @ZR, DA AC10 ă (@ZR) 10 + AC10 +CF 
ZR ă ZR+1 

ADC* @ZR, DA AC10 ă (@ZR) 10 + AC10 +CF, 
(@ZR) 10 ă (@ZR) 10 + AC10 +CF 

ADC*# @ZR, DA AC10 ă (@ZR) 10 + AC10 +CF, 
(@ZR) 10 ă (@ZR) 10 + AC10 +CF 
ZR ă ZR+1 

 
 
 

ADCM 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 10 Ǎ Rx, @HL @ZR data RAM

MU ( register) CF ̙ 

2 10 ñDAò Ǎ DA

10 Ǎ 2 ̙ 

AC RxǍ@HLǍ@ZR data RAM̙ 

 

 

(1). Ǎ   

ñDAò 10 2 ̙ 

(2). CF ̙ 

(3). ZR HL 1̙ 

(4). Rx ̙ 
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OP code   

ADCM @HL AC ă (@HL) + MU +CF 

ADCM# @HL AC ă (@HL) + MU +CF 
HL ă HL+1 

ADCM* @HL AC ă (@HL) + MU +CF, 
(@HL) ă (@HL) + MU +CF 

ADCM*# @HL AC ă (@HL) + MU +CF, 
(@HL) ă (@HL) + MU +CF 
HL ă HL+1 

ADCM @HL, DA AC10 ă (@HL) 10 + MU10 +CF 

ADCM# @HL, DA AC10 ă (@HL) 10 + MU10 +CF 
HL ă HL+1 

ADCM* @HL, DA AC10 ă (@HL) 10 + MU10 +CF, 
(@HL) 10 ă (@HL) 10 + MU10 +CF 

ADCM*# @HL, DA AC10 ă (@HL) 10 + MU10 +CF, 
(@HL) 10 ă (@HL) 10 + MU10 +CF 
HL ă HL+1 

ADCM @ZR AC ă (@ZR) + MU +CF 

ADCM# @ZR AC ă (@ZR) + MU +CF 
ZR ă ZR+1 

ADCM* @ZR AC ă (@ZR) + MU +CF, 
(@ZR) ă (@ZR) + MU +CF 

ADCM*# @ZR AC ă (@ZR) + MU +CF, 
(@ZR) ă (@ZR) + MU +CF 
ZR ă ZR+1 

ADCM @ZR, DA AC10 ă (@ZR) 10 + MU10 +CF 

ADCM# @ZR, DA AC10 ă (@ZR) 10 + MU10 +CF 
ZR ă ZR+1 

ADCM* @ZR, DA AC10 ă (@ZR) 10 + MU10 +CF, 
(@ZR) 10 ă (@ZR) 10 + MU10 +CF 

ADCM*# @ZR, DA AC10 ă (@ZR) 10 + MU10 +CF, 
(@ZR) 10 ă (@ZR) 10 + MU10 +CF 
ZR ă ZR+1 

 
 
 

SBC 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 10 Ǎ Rx, @HL @ZR data RAM       

( ) AC ( ) CF( ) ̙ 

2 10 ñDAò Ǎ DA

10 Ǎ 2 ̙ 

AC register RxǍ@HLǍ@ZR data RAM̙ 

 
 

 

(1). Ǎ   

ñDAò 10 2 ̙ 
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(2). CF ̙ 

(3). ZR HL 1̙ 

(4). Rx ̙ 

 

 

OP code   

SBC Rx AC ă (Rx) + ACB +CF 

SBC* Rx AC ă (Rx) + ACB +CF, 
(Rx) ă (Rx) + ACB +CF 

SBC @HL AC ă (@HL) + ACB +CF 

SBC# @HL AC ă (@HL) + ACB +CF 
HL ă HL+1 

SBC* @HL AC ă (@HL) + ACB +CF 
(@HL) ă (@HL) + ACB +CF 

SBC*# @HL AC ă (@HL) + ACB +CF, 
(@HL) ă (@HL) + ACB +CF 
HL ă HL+1 

SBC @HL, DA AC10 ă (@HL) 10 + ACB10 +CF 

SBC# @HL, DA AC10 ă (@HL) 10 + ACB10 +CF 
HL ă HL+1 

SBC* @HL, DA AC10 ă (@HL) 10 + ACB10 +CF, 
(@HL) 10 ă (@HL) 10 + ACB10 +CF 

SBC*# @HL, DA AC10 ă (@HL) 10 + ACB10 +CF, 
(@HL) 10 ă (@HL) 10 + ACB10 +CF 
HL ă HL+1 

SBC @ZR AC ă (@ZR) + ACB +CF 

SBC# @ZR AC ă (@ZR) + ACB +CF 
ZR ă ZR+1 

SBC* @ZR AC ă (@ZR) + ACB +CF, 
(@ZR) ă (@ZR) + ACB +CF 

SBC*# @ZR AC ă (@ZR) + ACB +CF, 
(@ZR) ă (@ZR) + ACB +CF 
ZR ă ZR+1 

SBC @ZR, DA AC10 ă (@ZR) 10 + ACB10 +CF 

SBC# @ZR, DA AC10 ă (@ZR) 10 + ACB10 +CF 
ZR ă ZR+1 

SBC* @ZR, DA AC10 ă (@ZR) 10 + ACB10 +CF, 
(@ZR) 10 ă (@ZR) 10 + ACB10 +CF 

SBC*# @ZR, DA AC10 ă (@ZR) 10 + ACB10 +CF, 
(@ZR) 10 ă (@ZR) 10 + ACB10 +CF 
ZR ă ZR+1 

 
 
 
 
 
 
 
 
 

SBCM 

 

Ǎ machine cycle, 4 bits data transferred̙ 
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2 10 Ǎ Rx, @HL @ZR data RAM       

( ) MU ( register)  ( ) CF ( )     

̙ 

2 10 ñDAò Ǎ DA

10 Ǎ 2 ̙ 

AC RxǍ@HLǍ@ZR data RAM̙ 

 

 

(1). Ǎ   

 ñDAò 10 2 ̙ 

(2). CF ̙ 

(3). ZR HL 1̙ 

(4). Rx ̙ 

 

 

OP code   

SBCM @HL AC ă (@HL) + MUB +CF 

SBCM# @HL AC ă (@HL) + MUB +CF 
HL ă HL+1 

SBCM* @HL AC ă (@HL) + MUB +CF 
(@HL) ă (@HL) + MUB +CF 

SBCM*# @HL AC ă (@HL) + MUB +CF, 
(@HL) ă (@HL) + MUB +CF 
HL ă HL+1 

SBCM @HL, DA AC10 ă (@HL) 10 + MUB10 +CF 

SBCM# @HL, DA AC10 ă (@HL) 10 + MUB10 +CF 
HL ă HL+1 

SBCM* @HL, DA AC10 ă (@HL) 10 + MUB10 +CF, 
(@HL) 10 ă (@HL) 10 + MUB10 +CF 

SBCM*# @HL, DA AC10 ă (@HL) 10 + MUB10 +CF, 
(@HL) 10 ă (@HL) 10 + MUB10 +CF 
HL ă HL+1 

SBCM @ZR AC ă (@ZR) + MUB +CF 

SBCM# @ZR AC ă (@ZR) + MUB +CF 
ZR ă ZR+1 

SBCM* @ZR AC ă (@ZR) + MUB +CF, 
(@ZR) ă (@ZR) + MUB +CF 

SBCM*# @ZR AC ă (@ZR) + MUB +CF, 
(@ZR) ă (@ZR) + MUB +CF 
ZR ă ZR+1 

SBCM @ZR, DA AC10 ă (@ZR) 10 + MUB10 +CF 

SBCM# @ZR, DA AC10 ă (@ZR) 10 + MUB10 +CF 
ZR ă ZR+1 

SBCM* @ZR, DA AC10 ă (@ZR) 10 + MUB10 +CF, 
(@ZR) 10 ă (@ZR) 10 + MUB10 +CF 

SBCM*# @ZR, DA AC10 ă (@ZR) 10 + MUB10 +CF, 
(@ZR) 10 ă (@ZR) 10 + MUB10 +CF 
ZR ă ZR+1 
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ADD 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 10 Ǎ Rx, @HL @ZR data RAM AC

̙ 

2 10 ñDAò Ǎ DA

10 Ǎ 2 ̙ 

AC Rx, @HL, @ZR data RAM̙ 

 

 

(1). Ǎ   

 ñDAò 10 2 ̙ 

(2). CF ̙ 

(3). ZR HL 1̙ 

(4). Rx ̙ 

 

 

OP code   

ADD Rx AC ă (Rx) + AC  

ADD* Rx AC ă (Rx) + AC , 
(Rx) ă (Rx) + AC  

ADD @HL AC ă (@HL) + AC  

ADD# @HL AC ă (@HL) + AC  
HL ă HL+1 

ADD* @HL AC ă (@HL) + AC , 
(@HL) ă (@HL) + AC  

ADD*# @HL AC ă (@HL) + AC , 
(@HL) ă (@HL) + AC  
HL ă HL+1 

ADD @HL, DA AC10 ă (@HL) 10 + AC10  

ADD# @HL, DA AC10 ă (@HL) 10 + AC10  
HL ă HL+1 

ADD* @HL, DA AC10 ă (@HL) 10 + AC10 , 
(@HL) 10 ă (@HL) 10 + AC10  

ADD*# @HL, DA AC10 ă (@HL) 10 + AC10 , 
(@HL) 10 ă (@HL) 10 + AC10  
HL ă HL+1 

ADD @ZR AC ă (@ZR) + AC  

ADD# @ZR AC ă (@ZR) + AC  
ZR ă ZR+1 

ADD* @ZR AC ă (@ZR) + AC , 
(@ZR) ă (@ZR) + AC  

ADD*# @ZR AC ă (@ZR) + AC , 
(@ZR) ă (@ZR) + AC  
ZR ă ZR+1 

ADD @ZR, DA AC10 ă (@ZR) 10 + AC10  
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ADD# @ZR, DA AC10 ă (@ZR) 10 + AC10  
ZR ă ZR+1 

ADD* @ZR, DA AC10 ă (@ZR) 10 + AC10 , 
(@ZR) 10 ă (@ZR) 10 + AC10  

ADD*# @ZR, DA AC10 ă (@ZR) 10 + AC10 , 
(@ZR) 10 ă (@ZR) 10 + AC10  
ZR ă ZR+1 

 
 
 

ADDM 

 

Ǎ machine cycleǍ4 bits data transferred̙ 

 

 

2 10 Ǎ Rx, @HL @ZR data RAM

MU ( register) ̙ 

2 10  ñDAò Ǎ DA

10 Ǎ 2 ̙ 

AC Rx, @HL, @ZR data RAM̙ 

 

 

(1). Ǎ   

 ñDAò 10 2 ̙ 

(2). CF ̙ 

(3). ZR HL 1̙ 

(4). Rx ̙ 

 

 

OP code   

ADDM @HL AC ă (@HL) + MU  

ADDM# @HL AC ă (@HL) + MU  
HL ă HL+1 

ADDM* @HL AC ă (@HL) + MU , 
(@HL) ă (@HL) + MU  

ADDM*# @HL AC ă (@HL) + MU , 
(@HL) ă (@HL) + MU  
HL ă HL+1 

ADDM @HL, DA AC10 ă (@HL) 10 + MU10  

ADDM# @HL, DA AC10 ă (@HL) 10 + MU10  
HL ă HL+1 

ADDM* @HL, DA AC10 ă (@HL) 10 + MU10 , 
(@HL) 10 ă (@HL) 10 + MU10  

ADDM*# @HL, DA AC10 ă (@HL) 10 + MU10 , 
(@HL) 10 ă (@HL) 10 + MU10  
HL ă HL+1 

ADDM @ZR AC ă (@ZR) + MU  

ADDM# @ZR AC ă (@ZR) + MU  
ZR ă ZR+1 

ADDM* @ZR AC ă (@ZR) + MU , 
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(@ZR) ă (@ZR) + MU  

ADDM*# @ZR AC ă (@ZR) + MU , 
(@ZR) ă (@ZR) + MU  
ZR ă ZR+1 

ADDM @ZR, DA AC10 ă (@ZR) 10 + MU10  

ADDM# @ZR, DA AC10 ă (@ZR) 10 + MU10  
ZR ă ZR+1 

ADDM* @ZR, DA AC10 ă (@ZR) 10 + MU10 , 
(@ZR) 10 ă (@ZR) 10 + MU10  

ADDM*# @ZR, DA AC10 ă (@ZR) 10 + MU10 , 
(@ZR) 10 ă (@ZR) 10 + MU10  
ZR ă ZR+1 

 
 
 

SUB 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 10 Ǎ Rx, @HL @ZR data RAM       

( ) AC ( ) ̙ Ǎ         

1 ( )̙ 

2 10  ñDAò Ǎ DA

10 Ǎ 2 ̙ 

AC Rx, @HL, @ZR data RAM̙ 

 

 

(1). Ǎ   

 ñDAò 10 2 ̙ 

(2). CF ̙ 

(3). ZR HL 1̙ 

(4). Rx ̙ 

 

 

OP code   

SUB Rx AC ă (Rx) + ACB +1 

SUB* Rx AC ă (Rx) + ACB +1, 
(Rx) ă (Rx) + ACB +1 

SUB @HL AC ă (@HL) + ACB +1 

SUB# @HL AC ă (@HL) + ACB +1 
HL ă HL+1 

SUB* @HL AC ă (@HL) + ACB +1, 
(@HL) ă (@HL) + ACB +1 

SUB*# @HL AC ă (@HL) + ACB +1, 
(@HL) ă (@HL) + ACB +1 
HL ă HL+1 

SUB @HL, DA AC10 ă (@HL) 10 + ACB10 +1 

SUB# @HL, DA AC10 ă (@HL) 10 + ACB10 +1 
HL ă HL+1 
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OP code   

SUB* @HL, DA AC10 ă (@HL) 10 + ACB10 +1, 
(@HL) 10 ă (@HL) 10 + ACB10 +1 

SUB*# @HL, DA AC10 ă (@HL) 10 + ACB10 +1, 
(@HL) 10 ă (@HL) 10 + ACB10 +1 
HL ă HL+1 

SUB @ZR AC ă (@ZR) + ACB +1 

SUB# @ZR AC ă (@ZR) + ACB +1 
ZR ă ZR+1 

SUB* @ZR AC ă (@ZR) + ACB +1, 
(@ZR) ă (@ZR) + ACB +1 

SUB*# @ZR AC ă (@ZR) + ACB +1, 
(@ZR) ă (@ZR) + ACB +1 
ZR ă ZR+1 

SUB @ZR, DA AC10 ă (@ZR) 10 + ACB10 +1 

SUB# @ZR, DA AC10 ă (@ZR) 10 + ACB10 +1 
ZR ă ZR+1 

SUB* @ZR, DA AC10 ă (@ZR) 10 + ACB10 +1, 
(@ZR) 10 ă (@ZR) 10 + ACB10 +1 

SUB*# @ZR, DA AC10 ă (@ZR) 10 + ACB10 +1, 
(@ZR) 10 ă (@ZR) 10 + ACB10 +1 
ZR ă ZR+1 

 
 
 

SUBM 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 10 Ǎ Rx, @HL @ZR data RAM       

( ) MU ( register)  ( ) ̙  

Ǎ 1 ( )̙ 

2 10  ñDAò Ǎ DA

10 Ǎ 2 ̙ 

AC Rx, @HL, @ZR data RAM̙ 

 
 

 

(1). Ǎ   

 ñDAò 10 2 ̙ 

(2). CF ̙ 

(3). ZR HL 1̙ 

(4). Rx ̙ 

 

 

OP code   

SUBM @HL AC ă (@HL) + MUB +1 

SUBM# @HL AC ă (@HL) + MUB +1 
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OP code   

HL ă HL+1 

SUBM* @HL AC ă (@HL) + MUB +1, 
(@HL) ă (@HL) + MUB +1 

SUBM*# @HL AC ă (@HL) + MUB +1, 
(@HL) ă (@HL) + MUB +1 
HL ă HL+1 

SUBM @HL, DA AC10 ă (@HL) 10 + MUB10 +1 

SUBM# @HL, DA AC10 ă (@HL) 10 + MUB10 +1 
HL ă HL+1 

SUBM* @HL, DA AC10 ă (@HL) 10 + MUB10 +1, 
(@HL) 10 ă (@HL) 10 + MUB10 +1 

SUBM*# @HL, DA AC10 ă (@HL) 10 + MUB10 +1, 
(@HL) 10 ă (@HL) 10 + MUB10 +1 
HL ă HL+1 

SUBM @ZR AC ă (@ZR) + MUB +1 

SUBM# @ZR AC ă (@ZR) + MUB +1 
ZR ă ZR+1 

SUBM* @ZR AC ă (@ZR) + MUB +1, 
(@ZR) ă (@ZR) + MUB +1 

SUBM*# @ZR AC ă (@ZR) + MUB +1, 
(@ZR) ă (@ZR) + MUB +1 
ZR ă ZR+1 

SUBM @ZR, DA AC10 ă (@ZR) 10 + MUB10 +1 

SUBM# @ZR, DA AC10 ă (@ZR) 10 + MUB10 +1 
ZR ă ZR+1 

SUBM* @ZR, DA AC10 ă (@ZR) 10 + MUB10 +1, 
(@ZR) 10 ă (@ZR) 10 + MUB10 +1 

SUBM*# @ZR, DA AC10 ă (@ZR) 10 + MUB10 +1, 
(@ZR) 10 ă (@ZR) 10 + MUB10 +1 
ZR ă ZR+1 

 
 
 
 
 
 
 
 
 

ADN 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 Ǎ Rx, @HL @ZR data RAM AC        

̙ 

AC RxǍ@HLǍ@ZR data RAM̙ 

 

 

(1). ̙ 

(2). CF ̙ 
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(3). ZR HL 1̙ 

(4). Rx ̙ 

 

 

OP code   

ADN Rx AC ă (Rx) + AC 

ADN* Rx AC ă (Rx) + AC, 
(Rx) ă (Rx) + AC 

ADN @HL AC ă (@HL) + AC 

ADN# @HL AC ă (@HL) + AC, 
HL ă HL+1 

ADN* @HL AC ă (@HL) + AC, 
(@HL) ă (@HL) + AC 

ADN*# @HL AC ă (@HL) + AC, 
(@HL) ă (@HL) + AC 
HL ă HL+1 

ADN @ZR AC ă (@ZR) + AC 

ADN# @ZR AC ă (@ZR) + AC, 
ZR ă ZR+1 

ADN* @ZR AC ă (@ZR) + AC, 
(@ZR) ă (@ZR) + AC 

ADN*# @ZR AC ă (@ZR) + AC, 
(@ZR) ă (@ZR) + AC 
ZR ă ZR+1 

 
 
 

AND 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

AND Ǎ Rx, @HL @ZR data RAM AC register

AND ̙ 

AC Rx, @HL, @ZR data RAM̙ 

Truth Table: 
A B A & B 

0 0 0 

0 1 0 

1 1 1 

1 0 0 

 

 

(1). ZR HL 1̙ 

(2). Rx ̙ 

 

 

OP code   

AND Rx AC ă (Rx) & AC 

AND* Rx AC ă (Rx) & AC,  
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OP code   

(Rx) ă (Rx) & AC 

AND @HL AC ă (@HL) & AC 

AND# @HL AC ă (@HL) & AC,  
HL ă HL+1 

AND* @HL AC ă (@HL) & AC,  
(@HL) ă (@HL)& AC 

AND*# @HL AC ă (@HL) & AC,  
(@HL) ă (@HL) & AC, 
HL ă HL+1 

AND @ZR AC ă (@ZR) & AC 

AND# @ZR AC ă (@ZR) & AC,  
ZR ă ZR+1 

AND* @ZR AC ă (@ZR) & AC,  
(@ZR) ă (@ZR) & AC 

AND*# @ZR AC ă (@ZR) & AC,  
(@ZR) ă (@ZR) & AC, 
ZR ă ZR+1 

 
 
 

EOR 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

EOR Ǎ RxǍ@HL @ZR data RAM AC register

EOR ̙ 

AC RxǍ@HLǍ@ZR data RAM̙ 

Truth Table: 
A B A xor B 

0 0 0 

0 1 1 

1 1 0 

1 0 1 

 

 

(1). ZR HL 1̙ 

(2). Rx ̙ 

 

 

OP code   

EOR Rx AC ă (Rx) xor AC 

EOR* Rx AC ă (Rx) xor AC,  
(Rx) ă (Rx) xor AC 

EOR @HL AC ă (@HL) xor AC 

EOR# @HL AC ă (@HL) xor AC,  
HL ă HL+1 

EOR* @HL AC ă (@HL) xor AC,  
(@HL) ă (@HL) xor AC 

EOR*# @HL AC ă (@HL) xor AC,  
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OP code   

(@HL) ă (@HL) xor AC, 
HL ă HL+1 

EOR @ZR AC ă (@ZR) xor AC 

EOR# @ZR AC ă (@ZR) xor AC,  
ZR ă ZR+1 

EOR* @ZR AC ă (@ZR) xor AC,  
(@ZR) ă (@ZR) xor AC 

EOR*# @ZR AC ă (@ZR) xor AC,  
(@ZR) ă (@ZR) xor AC, 
ZR ă ZR+1 

 
 
 

OR 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

OR Ǎ Rx, @HL @ZR data RAM AC register

OR ̙ 

AC Rx, @HL, @ZR data RAM̙ 

Truth Table: 
A B A | B 

0 0 0 

0 1 1 

1 1 1 

1 0 1 

 

 

(1). ZR HL 1̙ 

(2). Rx ̙ 

 
 
 

 

OP code   

OR Rx AC ă (Rx) | AC 

OR* Rx (Rx) ă (Rx) | AC, 
AC ă (Rx) | AC 

OR @HL AC ă (@HL) | AC 

OR# @HL AC ă (@HL) | AC, 
HLă HL+1 

OR* @HL (@HL) ă (@HL) | AC, 
AC ă (@HL) | AC 

OR*# @HL (@HL) ă (@HL) | AC, 
AC ă (@HL) | AC 
HLă HL+1 

OR @ZR AC ă (@ZR) | AC 

OR# @ZR AC ă (@ZR) | AC, 
ZRă ZR+1 
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OP code   

OR* @ZR (@ZR) ă (@ZR) | AC, 
AC ă (@ZR) | AC 

OR*# @ZR (@ZR) ă (@ZR) | AC, 
AC ă (@ZR) | AC 
ZRă ZR+1 

 
 
 

ADCI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 Ǎ Ry data RAM Immediate data(D) CF

̙ 

AC Ry data RAM̙ 

 

 

(1). CF ̙ 

(2). ̙ 

(3). D = 0 ~Fh 

(4). Ry ̙ 

 

 

OP code   

ADCI Ry, D AC ă (Ry) + D + CF 

ADCI* Ry, D (Ry) ă (Ry) + D + CF, 
AC ă (Ry) + D + CF 

 
 
 
 
 
 

SBCI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 Ǎ Ry data RAM ( ) Immediate data(D) 

( ) CF( ) ̙ 

AC Ry data RAM̙ 

 

 

(1). CF ̙ 
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(2). ̙ 

(3). D = 0 ~Fh 

(4). Ry ̙ 

 

 

OP code   

SBCI Ry, D AC ă (Ry) + DB + CF 

SBCI* Ry, D (Ry) ă (Ry) + DB + CF 
AC ă (Ry) + DB + CF 

 
 
 

ADDI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 Ǎ Ry data RAM Immediate data(D)  

̙ 

AC Ry data RAM̙ 

 

 

(1). CF ̙ 

(2). ̙ 

(3). D = 0 ~Fh 

(4). Ry ̙ 

 

 

OP code   

ADDI Ry, D AC ă (Ry) + D 

ADDI* Ry, D (Ry) ă (Ry) + D, 
AC ă (Ry) + D 

 
 

SUBI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 Ǎ Ry data RAM ( )

Immediate data(D) ( ) =1 ̙ Ǎ 1 (

)̙ 

AC Ry data RAM̙ 
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(1). CF ̙ 

(2). ̙ 

(3). D = 0 ~Fh 

(4). Ry ̙ 

 

 

OP code   

SUBI Ry, D AC ă (Ry) + DB + 1 

SUBI* Ry, D (Ry) ă (Ry) + DB + 1, 
AC ă (Ry) + DB + 1 

 
 
 

ADNI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 Ǎ Ry data RAM Immediate data(D)  

̙ 

AC Ry data RAM̙ 

 

 

(1). CF ̙ 

(2). ̙ 

(3). D = 0 ~Fh 

(4). Ry ̙ 

 

 

OP code   

ADNI Ry, D AC ă (Ry) + D 

ADNI* Ry, D (Ry) ă (Ry) + D, 
AC ă (Ry) + D 

 

DAA 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 AC 10 Ǎ AC    

Rx, @HL @ZR data RAM ̙ AC    

2 ̙ 

Ǜ 

AC data before DAA 
execution 

CF data before DAA 
execution 

AC data after DAA 
execution 

CF data after DAA 
execution 
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0 ¢ AC ¢ 9 CF = 0 no change no change 

A ¢ AC ¢ F CF = 0 AC= AC+ 6 CF = 1 

0 ¢ AC ¢ 3 CF = 1 AC= AC+ 6 no change 

 

 

(1). CF ̙ 

(2). ZR HL 1̙ 

(3). Rx ̙ 

 

 

OP code   

DAA  AC10 ă DAA ă AC 

DAA* Rx AC10 ă DAA ă AC, 
(Rx)10 ă DAA ă AC 

DAA* @HL AC10 ă DAA ă AC, 
(@HL)10 ă DAA ă AC 

DAA*# @HL AC10 ă DAA ă AC, 
(@HL)10 ă DAA ă AC 
HL ă HL+1 

DAA* @ZR AC10 ă DAA ă AC, 
(@ZR)10 ă DAA ă AC 

DAA*# @ZR AC10 ă DAA ă AC, 
(@ZR)10 ă DAA ă AC 
ZR ă ZR+1 

 
 
 

DAS 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

2 AC 10 Ǎ    

AC Rx, @HL @ZR data RAM ̙ AC

2 ̙ 

 

Ǜ 

AC data before DAS 
execution 

CF data before DAS 
execution 

AC data after DAS 
execution 

CF data after DAS 
execution 

0 ¢ AC ¢ 9 CF = 1 No change no change 

6 ¢ AC ¢ F CF = 0 AC= AC+A no change 

AC data before DAS 
execution 

CF data before DAS 
execution 

AC data after DAS 
execution 

CF data after DAS 
execution 

 

 

(1). CF ̙ 

(2). ZR HL 1̙ 

(3). Rx ̙ 
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OP code   

DAS  AC10 ă DAS ă AC 

DAS* Rx AC10 ă DAS ă AC, 
Rx10 ă DAS ă AC  

DAS* @HL AC10 ă DAS ă AC, 
(@HL)10 ă DAS ă AC 

DAS*# @HL AC10 ă DAS ă AC, 
(@HL)10 ă DAS ă AC 
HL ă HL+1 

DAS* @ZR AC10 ă DAS ă AC, 
(@ZR)10 ă DAS ă AC 

DAS*# @ZR AC10 ă DAS ă AC, 
(@ZR)10 ă DAS ă AC 
ZR ă ZR+1 

 
 
 

INC* 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx, @HL @ZR data RAM 1Ǎ AC Rx, 

@HL, @ZR data RAM̙ 

 

 

(1). CF ̙ 

(2). ZR HL 1̙ 

(3). Rx ̙ 

 

 

OP code   

INC* Rx (Rx) ă (Rx)+1, 
AC ă (Rx)+1 

INC* @HL (@HL) ă (@HL)+1, 
AC ă (@HL)+1 

INC*# @HL (@HL) ă (@HL)+1, 
AC ă (@HL)+1 
HL ă HL+1 

INC* @ZR (@ZR) ă (@ZR)+1, 
AC ă (@ZR)+1 

INC*# @ZR (@ZR) ă (@ZR)+1, 
AC ă (@ZR)+1 
ZR ă ZR+1 

 
 
 

DEC* 
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Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx, @HL @ZR data RAM 1Ǎ AC Rx, 

@HL, @ZR data RAM̙ 

 

 

(1). CF ̙ 

(2). ZR HL 1̙ 

(3). Rx ̙ 

 

 

OP code   

DEC* Rx (Rx) ă (Rx)-1, 
AC ă (Rx)-1 

DEC* @HL (@HL) ă (@HL)-1, 
AC ă (@HL)-1 

DEC*# @HL (@HL) ă (@HL)-1, 
AC ă (@HL)-1 
HL ă HL+1 

DEC* @ZR (@ZR) ă (@ZR)-1, 
AC ă (@ZR)-1 

DEC*# @ZR (@ZR) ă (@ZR)-1, 
AC ă (@ZR)-1 
ZR ă ZR+1 

 
 
 
 
 
 
 
 
 
 
 
 

ANDI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

AND Ǎ Ry data RAM Immediate data(D) AND

̙ 

AC Ry data RAM̙ 

Truth Table: 
A B A & B 

0 0 0 
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0 1 0 

1 1 1 

1 0 0 

 

 

(1). D = 0 ~Fh 

(2). Ry ̙ 

 

 

OP code   

ANDI Ry, D AC ă (Ry) & D 

ANDI* Ry, D AC ă (Ry) & D, 
(Ry) ă (Ry) & D 

 
 
 

EORI 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

EOR Ǎ Ry data RAM Immediate data(D) EOR     

̙ 

AC Ry data RAM̙ 

Truth Table: 
A B A xor B 

0 0 0 

0 1 1 

1 1 0 

1 0 1 

 

 

(1). D = 0 ~Fh 

(2). Ry ̙ 

 

 

OP code   

EORI Ry, D AC ă (Ry) xor D 

EORI* Ry, D AC ă (Ry) xor D, 
(Ry) ă (Ry) xor D 

 
 
 

ORI 

 

Ǎ machine cycle, 4 bits data transferred̙ 
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OR Ǎ Ry data RAM Immediate data(D) OR   

̙ 

AC Ry data RAM̙ 

Truth Table: 
A B A | B 

0 0 0 

0 1 1 

1 1 1 

1 0 1 

 

 

(1). D = 0 ~Fh 

(2). Ry ̙ 

 

 

OP code   

ORI Ry, D AC ă (Ry) | D 

ORI* Ry, D AC ă (Ry) | D, 
(Ry) ă Ry | D 

 
 
 

SR0, SR1 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM LSB bit Ǎ MSB

0(SR0) 1(SR1)̙ Rx data RAM AC̙ 

Ǜ 

Original RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Shifted RAM data 0(1) (Rx)3 (Rx)2 (Rx)1 

Destination AC register AC3 AC2 AC1 AC0 

 

Rx ̙ 

 

 

OP code   

SR0 Rx (Rx)n, ACn ă (Rx)n+1, ACn+1,  

(Rx)3, AC3 ă 0 

SR1 Rx (Rx)n, ACn ă (Rx)n+1, ACn+1,  
(Rx)3, AC3 ă 1 
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SL0, SL1 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM MSB bit Ǎ

LSB 0(SL0) 1(SL1)̙ Rx data RAM AC̙ 

Ǜ 

Original RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Shifted RAM data (Rx)2 (Rx)1 (Rx)0 0(1) 

Destination AC register AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

SL0 Rx (Rx)n+1, ACn+1 ă (Rx)n, ACn,  

(Rx)0, AC0 ă 0 

SL1 Rx (Rx)n+1, ACn+1 ă (Rx)n, ACn,  
(Rx)0, AC0 ă 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

RRC 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx, @HL @ZR data RAM CF LSB bit

̙ Rx, @HL @ZR data RAM AC̙ 

Ǜ 

Original RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 - 

Original CF - - - - C 

Rotated RAM data C (Rx)3 (Rx)2 (Rx)1 - 
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New CF     (Rx)0 

Destination AC register AC3 AC2 AC1 AC0  

 

(1). ZR HL 1̙ 

(2). CF ̙ 

(3). Rx ̙ 

 

 

OP code   

RRC Rx Temp ă (Rx)0 , 

(Rx)n, ACn ă (Rx)n+1, ACn+1,  

(Rx)3, AC3 ă CF, 
CF ă Temp  

RRC @HL Temp ă (@HL)0 , 

(@HL)n, ACn ă (@HL)n+1, ACn+1,  

(@HL)3, AC3 ă CF, 
CF ă Temp 

RRC# @HL Temp ă (@HL)0 , 

(@HL)n, ACn ă (@HL)n+1, ACn+1,  

(@HL)3, AC3 ă CF, 
CF ă Temp 
HL ă HL+1 

RRC @ZR Temp ă (@ZR)0 , 

(@ZR)n, ACn ă (@ZR)n+1, ACn+1,  

(@ZR)3, AC3 ă CF, 
CF ă Temp 

RRC# @ZR  Temp ă (@ZR)0 , 

(@ZR)n, ACn ă (@ZR)n+1, ACn+1,  

(@ZR)3, AC3 ă CF, 
CF ă Temp 
ZR ă ZR+1 

 
 
 
 
 
 

RLC 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx, @HL @ZR data RAM CF MSB bit

̙ Rx, @HL @ZR data RAM AC̙ 

Ǜ 

Original RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 - 

Original CF - - - - C 

Rotated RAM data (Rx)2 (Rx)1 (Rx)0 C - 
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New CF     (Rx)3 

Destination AC register AC3 AC2 AC1 AC0  

 

 

(1). ZR HL 1̙ 

(2). CF ̙ 

(3). Rx ̙ 

 

 

OP code   

RLC Rx Temp ă (Rx)3 , 

(Rx)n+1, ACn+1 ă (Rx)n, ACn,  

(Rx)0, AC0 ă CF, 

CF ă Temp 

RLC @HL Temp ă (@HL)3 , 

(@HL)n+1, ACn+1 ă (@HL)n, ACn,  

(@HL)0, AC0 ă CF, 
CF ă Temp 

RLC# @HL Temp ă (@HL)3 , 

(@HL)n+1, ACn+1 ă (@HL)n, ACn,  

(@HL)0, AC0 ă CF, 
CF ă Temp, 
HL ă HL+1 

RLC @ZR Temp ă (@ZR)3 , 

(@ZR)n+1, ACn+1 ă (@ZR)n, ACn,  

(@ZR)0, AC0 ă CF, 
CF ă Temp 

RLC# @ZR Temp ă (@ZR)3 , 

(@ZR)n+1, ACn+1 ă (@ZR)n, ACn,  

(@ZR)0, AC0 ă CF, 
CF ă Temp, 
ZR ă ZR+1 
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2-6.  I/O Port (I/O Port Instructions) 
 

SPA 

 

Ǎ machine cycle̙ 

 

 

X IOA port  

X4 = 1, IOA1 ~4 pull-low/high  

= 0, IOA1 ~4 pull-low/high  

X3 = 1, IOA4 output mode 

= 0, IOA4 input mode 

X2 = 1, IOA3 output mode 

= 0, IOA3 input mode 

X1 = 1, IOA2 output mode 

= 0, IOA2 input mode 

X0 = 1, IOA1 output mode 

= 0, IOA1 input mode 

 

 

X4 X MSB, X0 X LSB̙ 

 

 

OP code   

SPA X / Pull-low/high  ă X4 

IOA4 /  ă X3 

IOA3 / ă X2 

IOA2 / ă X1 

IOA1 / ă X0 

 
 
 

IPA 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

IOA port Rx data RAM AC̙ 

Ǜ 

Port IOA IOA4 IOA3 IOA2 IOA1 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 
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Rx ̙ 

 

 

OP code   

IPA Rx (Rx) ă IOA port, 
AC ă IOA port 

 
 
 

OPA 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM IOA port output register ̙ IOA port

output Ǎoutput register IOA port̙ 

Ǜ 

Port IOA IOA4 IOA3 IOA2 IOA1 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

OPA Rx Output register of IOA port ă (Rx)  
IOA port ă Output register of IOA port, 

 
 
 

OPAS 

 

Ǎ machine cycle, 2 bits data transferred̙ 

 

 

Rx data RAM bit0, bit1 IOA port IOA1 IOA2 pin ̙ 

D 1-bit data(0/1) IOA port IOA3 pin ̙ 

IOA4 pin instruction cycle BCLK/2 High Pulse̙ 

Ǜ 

Port IOA IOA4 IOA3 IOA2 IOA1 

Bit data Pulse D (Rx)1 (Rx)0 
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(1). Rx ̙ 

(2). D = 0 or 1 
 

 

OP code   

OPAS Rx, D IOA1, A2 ă (Rx)0, (Rx)1 
IOA3 ă D 
IOA4 ă pulse 

 
 
 

SPB 

 

Ǎ machine cycle̙ 

 

 

X IOB port  

X4 = 1, IOB1 ~4 pull-low  

= 0, IOB1 ~4 pull-low  

X3 = 1, IOB4 output mode 

= 0, IOB4 input mode 

X2 = 1, IOB3 output mode 

= 0, IOB3 input mode 

X1 = 1, IOB2 output mode 

= 0, IOB2 input mode 

X0 = 1, IOB1 output mode 

= 0, IOB1 input mode 

 

 

X4 X MSBǍX0 X LSB̙ 

 

 

OP code   

SPB X / Pull-low  ă X4 

IOB4 /  ă X3 

IOB3 / ă X2 

IOB2 / ă X1 

IOB1 / ă X0 

 
 
 
 
 

IPB 
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Ǎ machine cycle, 4 bits data transferred̙ 

 

 

IOB port Rx data RAM AC̙ 

Ǜ 

Port IOB IOB4 IOB3 IOB2 IOB1 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

IPB Rx (Rx) ă IOB port, 
AC ă IOB port 

 
 
 

OPB 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM IOB port output register ̙ IOB port

output Ǎoutput register IOB port̙ 

Ǜ 

Port IOB IOB4 IOB3 IOB2 IOB1 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

OPB Rx Output register of IOB port ă (Rx)  
IOB port ă Output register of IOB port, 

 
 
 
 
 
 
 

SPC 
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Ǎ machine cycle̙ 

 

 

X IOC port  

X4 = 1, IOC1 ~4 pull-low/high  

= 0, IOC1 ~4 pull-low/high  

X3 = 1, IOC4 output mode 

= 0, IOC4 input mode 

X2 = 1, IOC3 output mode 

= 0, IOC3 input mode 

X1 = 1, IOC2 output mode 

= 0, IOC2 input mode 

X0 = 1, IOC1 output mode 

= 0, IOC1 input mode 

 

 

X4 X MSB, X0 X LSB̙ 

 

 

OP code   

SPC X / Pull-low/high  ă X4 

IOC4 /  ă X3 

IOC3 / ă X2 

IOC2 / ă X1 

IOC1 / ă X0 

 
 
 

IPC 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

IOC port Rx data RAM AC̙ 

Ǜ 

Port IOC IOC4 IOC3 IOC2 IOC1 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

Rx ̙ 
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OP code   

IPC Rx (Rx) ă IOC port, 
AC ă IOC port 

 
 
 

OPC 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM IOC port output register ̙ IOC port

output Ǎoutput register IOC port̙ 

Ǜ 

Port IOC IOC4 IOC3 IOC2 IOC1 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

OPC Rx Output register of IOC port ă (Rx)  
IOC port ă Output register of IOC port, 

 
 

SPD 

 

Ǎ machine cycle̙ 

 

 

X IOD port  

X4 = 1, IOD1 ~4 pull-low  

= 0, IOD1 ~4 pull-low  

X3 = 1, IOD4 output mode 

= 0, IOD4 input mode 

X2 = 1, IOD3 output mode 

= 0, IOD3 input mode 

X1 = 1, IOD2 output mode 

= 0, IOD2 input mode 

X0 = 1, IOD1 output mode 

= 0, IOD1 input mode 
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X4 X MSB, X0 X LSB̙ 

 

 

OP code   

SPD X / Pull-low  ă X4 

IOD4 /  ă X3 

IOD3 / ă X2 

IOD2 / ă X1 

IOD1 / ă X0 

 
 
 

IPD 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

IOD port Rx data RAM AC̙ 

Ǜ 

Port IOD IOD4 IOD3 IOD2 IOD1 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

IPD Rx (Rx) ă IOD port, 
AC ă IOD port 

 
 
 

OPD 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM IOD port output register ̙ IOD port

output Ǎoutput register IOD port̙ 

Ǜ 

Port IOD IOD4 IOD3 IOD2 IOD1 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 
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Rx ̙ 

 

 

OP code   

OPD Rx Output register of IOD port ă (Rx)  
IOD port ă Output register of IOD port, 

 
 
 

SPE 

 

Ǎ machine cycle̙ 

 

 

X IOE port  

X4 = 1, IOE1 ~4 pull-low/high  

= 0, IOE1 ~4 pull-low/high  

X3 = 1, IOE4 output mode 

= 0, IOE4 input mode 

X2 = 1, IOE3 output mode 

= 0, IOE3 input mode 

X1 = 1, IOE2 output mode 

= 0, IOE2 input mode 

X0 = 1, IOE1 output mode 

= 0, IOE1 input mode 

 

 

X4 X MSB, X0 X LSB̙ 

 

 

OP code   

SPE X / Pull-low/high  ă X4 

IOE4 /  ă X3 

IOE3 / ă X2 

IOE2 / ă X1 

IOE1 / ă X0 

 
 
 
 
 
 
 

IPE 
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Ǎ machine cycle, 4 bits data transferred̙ 

 

 

IOE port Rx data RAM AC̙ 

Ǜ 

Port IOE IOE4 IOE3 IOE2 IOE1 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

IPE Rx (Rx) ă IOE port, 
AC ă IOE port 

 
 
 

OPE 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

Rx data RAM IOE port output register ̙ IOE port

output Ǎoutput register IOE port̙ 

Ǜ 

Port IOE IOE4 IOE3 IOE2 IOE1 

Source RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

 

 

Rx ̙ 

 

 

OP code   

OPE Rx Output register of IOE port ă (Rx)  
IOE port ă Output register of IOE port, 
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2-7.  Table ROM (Table ROM Instructions) 
 

LDH 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

HL Table ROM 4 bit data AC Rx

data RAM ̙ 

Ǜ 

Source table data T(@HL)7 T(@HL)6 T(@HL)5 T(@HL)4 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

(1). HL 1̙ 

(2). Rx ̙ 

 

 

OP code   

LDH Rx, @HL (Rx) ă T(@HL) high nibble, 
AC ă T(@HL) high nibble  

LDH* Rx, @HL (Rx) ă T(@HL) high nibble, 
AC ă T(@HL) high nibble, 
HL ă HL+1 

 
 
 

LDL 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

HL Table ROM 4 bit data AC Rx

data RAM ̙ 

Ǜ 

Source table data T(@HL)3 T(@HL)2 T(@HL)1 T(@HL)0 

Destination RAM data (Rx)3 (Rx)2 (Rx)1 (Rx)0 

Destination AC register AC3 AC2 AC1 AC0 

 

 

(1). HL 1̙ 

(2). Rx ̙ 
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OP code   

LDL Rx, @HL (Rx) ă T(@HL) low nibble, 
AC ă T(@HL) low nibble  

LDL* Rx, @HL (Rx) ă T(@HL) low nibble, 
AC ă T(@HL) low nibble, 
HL ă HL+1 

 
 
 

LCDH 

 

Ǎ machine cycle, 16 bits data transferred̙ 

 

 

@HL table ROM 16 bits @ZR

data RAM ̙ 

@HL LSB Ǎ Ǎ   

@HL(RAM bit0=0) @HL(RAM bit0=1)̙ 

@ZR Ǎ Ǎ    

@ZR(RAM bit1,0=00), @ZR(RAM bit1,0=01), @ZR(RAM

bit1,0=10), @ZR(RAM bit1,0=11)̙ 

Ǜ 

Destination 
RAM addr. & 
data mapping 

RAM addr. = N*+1 RAM addr. = N* 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Table ROM 
output 16bits 

data 
T(@HL)7 T(@HL)6 T(@HL)5 T(@HL)4 T(@HL)3 T(@HL)2 T(@HL)1 T(@HL)0 

@ZR addr. @ZR(RAM bit1,0=01) @ZR(RAM bit1,0=00) 

Destination 
RAM addr. & 
data mapping 

RAM addr. = N*+3 RAM addr. = N*+2 

bit3 bit2 bit1 bit0 bit3 bit2 bit1 bit0 

Table ROM 
output 16bits 

data 
T(@HL) 15 T(@HL) 14 T(@HL) 13 T(@HL) 12 T(@HL) 11 T(@HL) 10 T(@HL)  9 T(@HL)  8 

@ZR addr. @ZR(RAM bit1,0=11) @ZR(RAM bit1,0=10) 

*ǛN data RAM ̙ 

 

 

(1). ZR HL ̙ 

(2). ZR 4 HL 2̙ 

 

 

OP code   

LCDH @ZR, @HL (@ZR(RAM bit1,0=00)) ă T(@HL)3~0, 

(@ZR(RAM bit1,0=01)) ă T(@HL)7~4, 

(@ZR(RAM bit1,0=10)) ă T(@HL)11~8, 
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(@ZR(RAM bit1,0=11)) ă T(@HL)15~12 

LCDH& @ZR, @HL (@ZR(RAM bit1,0=00)) ă T(@HL)3~0, 

(@ZR(RAM bit1,0=01)) ă T(@HL)7~4, 

(@ZR(RAM bit1,0=10)) ă T(@HL)11~8, 

(@ZR(RAM bit1,0=11)) ă T(@HL)15~12 

HL ă HL+2 

LCDH% @ZR, @HL (@ZR(RAM bit1,0=00)) ă T(@HL)3~0, 

(@ZR(RAM bit1,0=01)) ă T(@HL)7~4, 

(@ZR(RAM bit1,0=10)) ă T(@HL)11~8, 

(@ZR(RAM bit1,0=11)) ă T(@HL)15~12 

ZR ă ZR+4 

LCDH$ @ZR, @HL (@ZR(RAM bit1,0=00)) ă T(@HL)3~0, 

(@ZR(RAM bit1,0=01)) ă T(@HL)7~4, 

(@ZR(RAM bit1,0=10)) ă T(@HL)11~8, 

(@ZR(RAM bit1,0=11)) ă T(@HL)15~12 

HL ă HL+2 
ZR ă ZR+4 

 
 

PTR(TM87ML28 EV chip (TM8999) ) 
 

Ǎ machine cycle, 16 bits data transferred̙ 

 

 

16bits RILH @HL table ROM word ̙ 

 PTR HALT (

Ǎ MSD PGMF

Ǎ PGMF=1 HALT rlease

̙ 

Ǜ 

Destination 
HL addr. 

Table ROM addr. = N* 

RILH output 
16bits data 

RILH7 RILH6 RILH5 RILH4 RILH3 RILH2 RILH1 RILH0 

Destination 
Table ROM 
16bits data 

T(@HL)7 T(@HL)6 T(@HL)5 T(@HL)4 T(@HL)3 T(@HL)2 T(@HL)1 T(@HL)0 

Destination 
HL addr. 

Table ROM addr. = N+1* 

RILH output 
16bits data 

RILH15 RILH14 RILH13 RILH12 RILH11 RILH10 RILH9 RILH8 

Destination 
Table ROM  
16bits data 

T(@HL)15 T(@HL)14 T(@HL)13 T(@HL)12 T(@HL)11 T(@HL)10 T(@HL)9 T(@HL)8 

*ǛN Table ROM ̙ 

 

 

(1). HL ̙ 

(2). EV chip(TM8999) Ǎ PTR HALT Ǎ

INT HALT Release ̙ 
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OP code   

PTR  (@HL(Table ROM bit0=0)) ă RILH7~0 

(@HL(Table ROM bit0=1)) ă RILH15~8 
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2-8.  RFC (RFC Function Instructions) 
 

SRF 

 

Ǎ machine cycle̙ 

 

 

< A> 

X ǍRR,RT,RH Ǎ16bits RFC counter

̙ 

X6,5,4 = 000, RFC counter SRF(X3=1) Ǎ

SRF(X3=0) ̙ 

RFC Counter clock Source CX̙ 

X6,5,4 = 001,  RFC counter SRF(X3=1) TMR2

Ǎ Ǜ 

 = (TMR2 clock source ) x (TMR2 )̙ 

RFC Counter clock Source CX̙ 

X6,5,4 = 010, RFC counter SRF(X3=1) Ǎ  CX

Ǎ ̙ 

RFC Counter clock Source FREQ̙ 

X6,5,4 = 011, RFC counter SRF(X3=1) Ǎ  CX

Ǎ ̙ 

RFC Counter clock Source FREQ̙ 

X6,5,4 = 100, RFC counter SRF(X3=1) Ǎ

SRF(X3=0) ̙ 

RFC Counter clock Source FREQ̙ 

X6,5,4 = 101,  RFC counter SRF(X3=1) TMR2

Ǎ Ǜ 

 = (TMR2 clock source ) x (TMR2 )̙ 

RFC Counter clock Source FREQ̙ 

X6,5,4 = 111, RFC counter SRF(X3=1) Ǎ CX

̙ 

RFC Counter clock Source FREQ̙ 

X6,5,4=011 & 1XXǛ EV chip (TM8999) ̙ 

X3 = 1, 16bits RFC counter ̙ 

     = 0, 16bits RFC counter ̙ 

X2 = 1, RH(RFC2) ̙ 

= 0, RH(RFC2) Ǎ ̙ 

X1 = 1, RT(RFC1) ̙ 

= 0, RT(RFC1) Ǎ ̙ 

X0 = 1, RR(RFC0) ̙ 

= 0, RR(RFC0) Ǎ ̙ 

< B> 
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X RFC0~RFC5 ̙ 

X5 = 1, RFC5 ̙ 

= 0, RFC5 Ǎ ̙ 

X4 = 1, RFC4 ̙ 

= 0, RFC4 Ǎ ̙ 

X3 = 1, RFC3 ̙ 

= 0, RFC3 Ǎ ̙ 

X2 = 1, RFC2 ̙ 

= 0, RFC2 Ǎ ̙ 

X1 = 1, RFC1 ̙ 

= 0, RFC1 Ǎ ̙ 

X0 = 1, RFC0 ̙ 

= 0, RFC0 Ǎ ̙ 

 

 

X5 X MSB, X0 X LSB̙ 

 

 

< A> 

OP code   

SRF X RFC    ă X5,4 

16bits RFC counter  ă X3 

RH(RFC2)  ă X2 

RT(RFC1)  ă X1 

RR(RFC0)  ă X0 

< B> 

OP code   

SRF X RFC5  ă X5 

RFC4  ă X4 

RFC3  ă X3 

RFC2  ă X2 

RFC1  ă X1 

RFC0  ă X0 

 
 

SCNT(RFC B) 

 

Ǎ machine cycle̙ 

 

 

X CX2/CX RFC counter    

RFC counter clock source̙ 

X5 = 1, CX2 pin RFC counter̙ 
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X3ǍX2 ǍX1ǍX0 Counter X4 Clock 

Source̙ 

      = 0, CX pin RFC counter̙ 

X3ǍX2 ǍX1ǍX0 Counter X4 Clock  

Source̙ 

X4 = 1, CX2/CX pin RFC counter Ǎ

(FREQ) X5 RFC counter clock source̙ X3=0

̙( X3=0 )  

= 0, CX2/CX pin RFC counter Ǎ CX2/CX pin

 X5 RFC counter clock source̙( X3=0

)  

X3, X2  = 00, CX2/CX RFC counter SF2 Ǎ

RF2 ̙ 

= 01, CX2/CX RFC counter SF2 TMR2

Ǎ Ǜ 

 = (TMR2 clock source ) x (TMR2 )̙ 

RFC Ǎ RFC

TMR2 ̙ 

= 10, CX2/CX RFC counter SF2 Ǎ  CX2/CX         

Ǎ        

̙ 

RFC Counter clock Source frequency generator

(FREQ)̙ 

= 11, CX2/CX RFC counter SF2 Ǎ  CX2/CX        

Ǎ        

̙ 

RFC Counter clock Source FREQ̙ 

X1, X0  = 00, 16-bit RFC counter CX2/CX RFC counter 

MCU ̙ 

= 01, TMR1 CX2/CX RFC counter 

= 10, TMR2 CX2/CX RFC counter 

= 11, TMR3 CX2/CX RFC counter 

 

 

(1). TMR1~3 RFC Counter Ǎ Timer             

Ǎ RFC counter ̙ 

(2). X5 X MSB, X0 X LSB̙ 

 

 

OP code   

SCNT X CX2 or CX  ă X5 

CX2/CX RFC X3=0 clock source ă X4 

CX2/CX RFC Counter /  ă X3, X2 
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CX2/CX RFC Counter ă X1, X0 

 
 
 

MRF1 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

16-bit RFC counter bit3 ~ bit0 Rx data RAM AC̙ 

Ǜ 

RFC counter RFC3 RFC2 RFC1 RFC0 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

MRF1 Rx (Rx) ă RFC3 ~ RFC0, 
AC ă RFC3 ~ RFC0 

 
 
 

MRF2 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

16-bit RFC counter bit7 ~ bit4 Rx data RAM AC̙ 

Ǜ 

RFC counter RFC7 RFC6 RFC5 RFC4 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

MRF2 Rx (Rx) ă RFC7 ~ RFC4, 
AC ă RFC7 ~ RFC4 

 
 

MRF3 



Advance Information UM-4BITinstructions_C 

 

86                        tenx technology, inc.  
Preliminary                                                                                  Rev.1.0,  2021/03/29  
 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

16-bit RFC counter bit11 ~ bit8 Rx data RAM AC̙ 

Ǜ 

RFC counter RFC11 RFC10 RFC9 RFC8 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

MRF3 Rx (Rx) ă RFC11 ~ RFC8, 
AC ă RFC11 ~ RFC8 

 
 
 

MRF4 

 

Ǎ machine cycle, 4 bits data transferred̙ 

 

 

16-bit RFC counter bit15 ~ bit12 data Rx data RAM

AC̙ 

Ǜ 

RFC counter RFC15 RFC14 RFC13 RFC12 

Rx (Rx)3 (Rx)2 (Rx)1 (Rx)0 

AC AC3 AC2 AC1 AC0 

 

 

Rx ̙ 

 

 

OP code   

MRF4 Rx (Rx) ă RFC15 ~ RFC12, 
AC ă RFC15 ~ RFC12 

 



Advance Information UM-4BITinstructions_C 

 

87                        tenx technology, inc.  
Preliminary                                                                                  Rev.1.0,  2021/03/29  
 

2-9.  / (Jump/Call Instructions) 
 

JB0 

 

Ǎ machine cycle̙ 

 

 

AC bit0 1 Ǎ PC = X                        

ǜ 

AC bit0 1 Ǎ ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU Ǎ MCU SPBK bank

Ǎ JB0 Page(2K) Ǎ X <= 7FFh) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

 

 

OP code   

JB0 X If AC0 = 1, PC ă Xǜ 

If AC0 != 1, PC ă PC+1 

 
 
 

JB1 

 

Ǎ machine cycle̙ 

 

 

AC bit1 1 Ǎ PC = X           

ǜ 

AC bit1 1 Ǎ ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU Ǎ MCU SPBK bank

Ǎ JB1 Page(2K) Ǎ X <= 7FFh) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

 

 

OP code   
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JB1 X If AC1 = 1, PC ă Xǜ 

If AC1 != 1, PC ă PC+1 

 
 
 

JB2 

 

Ǎ machine cycle̙ 

 

 

AC bit2 1 Ǎ PC = X       

ǜ 

AC bit2 1 Ǎ ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU Ǎ MCU SPBK bank

Ǎ JB2 Page(2K) Ǎ X <= 7FFh) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

 

 

OP code   

JB2 X If AC2 = 1, PC ă Xǜ 

If AC2 != 1, PC ă PC+1 

 
 
 

JB3 

 

Ǎ machine cycle̙ 

 

 

AC bit3 1 Ǎ PC = X       

ǜ 

AC bit3 1 Ǎ ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU Ǎ MCU SPBK bank

Ǎ JB3 Page(2K) Ǎ X <= 7FFh) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 
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OP code   

JB3 X If AC3 = 1, PC ă Xǜ 

If AC3 != 1ǍPC ă PC+1 

 
 
 
 
 

JNZ 

 

Ǎ machine cycle̙ 

 

 

AC 0 Ǎ PC = X ǜ 

AC 0 Ǎ ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU Ǎ MCU SPBK bank

Ǎ JNZ Page(2K) Ǎ X <= 7FFh) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

 

 

OP code   

JNZ X If AC != 0, PC ă Xǜ 

If AC = 0, PC ă PC+1 

 
 
 

JZ 

 

Ǎ machine cycle̙ 

 

 

AC 0 Ǎ PC = X ǜ 

AC 0 Ǎ ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU Ǎ MCU SPBK bank

Ǎ JZ Page(2K) Ǎ X <= 7FFh) 
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(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

 

 

OP code   

JZ X If AC = 0, PC ă Xǜ 

If AC ! = 0, PC ă PC+1 

 
 
 
 
 
 
 
 

JNC 

 

Ǎ machine cycle̙ 

 

 

CF 1 Ǎ PC = X ǜ 

CF 1 Ǎ ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU Ǎ MCU SPBK bank

Ǎ JNC Page(2K) Ǎ X <= 7FFh) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

 

 

OP code   

JNC X If CF != 1, PC ă Xǜ 

If CF = 1ǍPC ă PC+1 

 
 
 

JC 

 

Ǎ machine cycle̙ 

 

 

CF 1 Ǎ PC = X ǜ 

CF 1 Ǎ ̙ 
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(1). X = 0h ~ FFFFh̙(X MCU Ǎ MCU SPBK bank

Ǎ JC Page(2K) Ǎ X <= 7FFh) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

 

 

OP code   

JC X If CF = 1, PC ă Xǜ 

If CF != 1, PC ă PC+1 

 
 
 
 
 
 
 
 

CALL 

 

Ǎ machine cycle̙ 

 

 

Ǎ Stack Ǎ

PC = X ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU ) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

(3). MCU SF2(X6=1) bank Ǎ

bank ǍICE compiler

bank Ǎ bank SF2(X6=1) JMP

̙ 

 

 

OP code   

CALL X STACK ă PC+1,  
STACK pointer ă STACK pointer + 1, 
PC ă X 
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JMP 

 

Ǎ machine cycle̙ 

 

 

Ǎ PC = X ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU ) 

(2). MCU SPBK bank Ǎ

bank ǍICE compiler SPBK

̙ 

(3). MCU SF2(X6=1) bank Ǎ

bank ǍICE compiler

bank Ǎ bank SF2(X6=1) JMP

̙ 

 

 

OP code   

JMP X PC ă X 

 
 
 
 
 
 
 
 
 
 

CPHL 

 

Ǎ machine cycle̙ 

 

 

HL (IDBF7~IDBF0) X Ǎ   

ǜ 

HL (IDBF7~IDBF0) X Ǎ

NOP ̙ 

 

 

(1). X = 0h ~ FFh 

(2). TM8726 MCU machine cycle

    ̙ 

 



Advance Information UM-4BITinstructions_C 

 

93                        tenx technology, inc.  
Preliminary                                                                                  Rev.1.0,  2021/03/29  
 

 

OP code   

CPHL X If IDBF7~0 != X, ǜ 

If IDBF7~0 = X, NOP 

 
 
 

CPZR 

 

Ǎ machine cycle̙ 

 

 

ZR (ZRBF7~ZRBF0) X Ǎ

ǜ 

ZR (ZRBF7~ZRBF0) X Ǎ

NOP ̙ 

 
 

(1). X = 0h ~ FFh 

(2). MCU machine cycle

̙ 

 

 

OP code   

CPZR X If ZRBF7~0 != X, ǜ 

If ZRBF7~0 = X, NOP 

 
 
 

CPHLH 

 

Ǎ machine cycle̙ 

 

 

HL 16-bit X Ǎ ǜ     

HL 16-bit X Ǎ NOP ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU ) 

(2). MCU machine cycle      

̙ 

 

 

OP code   

CPHLH  If IDBF != X, ǜ 
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SETDAT X If IDBF = X, NOP 

 
 
 

CPZRH 

 

Ǎ machine cycle̙ 

 

 

ZR 16-bit X Ǎ ǜ     

ZR 16-bit X Ǎ NOP ̙ 

 

 

(1). X = 0h ~ FFFFh̙(X MCU ) 

(2). MCU machine cycle     

̙ 

 

 

OP code   

CPZRH 
SETDAT 

 
X 

If ZRBF != X, ǜ 

If ZRBF = X, NOP 

 
 
 
 
 
 
 
 

CAC 

 

Ǎ machine cycle̙ 

 

 

Ǎ 16 Ǎ

AC ̙ 

X (X+1)̙ 

AC<=X ǍMCU (PC+X+2) STACK Ǎ AC

program counter̙ machine cycle̙ 

AC>X ǍMCU Ǎ (PC+X+2) program 

counter ̙ machine cycle̙ 

 

 

(1). X = 0 ~ Fh̙ 
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(2). Addr(X) = 0h ~ FFFFh̙(X MCU ) 

(3). MCU machine cycle ̙ 

 

 

OP code   

CAC 
SETDAT 
SETDAT 

: 
SETDAT 

X 
Addr(0) 
Addr(1) 

: 
Addr(X) 

If AC <= X,  
PC=Addr(AC), 
STACK ă PC +X + 2, 
STACK pointer ă STACK pointer +1; 

If AC > X,  
PC ă PC+X+2; 

 
 
 

JAC 

 

Ǎ machine cycle̙ 

 

 

Ǎ 16 Ǎ

AC ̙ 

X (X+1)̙ 

AC<=X ǍMCU AC program counter Ǎ  

machine cycle̙ 

AC>X ǍMCU program counter Ǎ

machine cycle̙ 

 
 

 

(1). X = 0 ~ Fh̙ 

(2). Addr(X) = 0h ~ FFFFh̙(X MCU ) 

(3). MCU machine cycle ̙ 

 

 

OP code   

JAC 
SETDAT 
SETDAT 

: 
SETDAT 

X 
Addr(0) 
Addr(1) 

: 
Addr(X) 

If AC <= X,  
PC ă Addr(AC); 

If AC > X,  
PC ă PC+X+2; 

 
 
 

RTS 

 

Ǎ machine cycle̙ 
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̙ 

 

 

OP code   

RTS  STACK pointer ă STACK pointer ï 1 
PC ă STACK 
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2-10.  RAM Page/ROM bank       

   (RAM Page/ROM bank Setting Instructions) 
 

SRY 

 

Ǎ machine cycle, compiler ̙ 

 

 

X Ry memory page ̙ Ry  

($0h ~ $1FFFh) Ǎ compiler Ry initial page Ǎ

SRY Ǎ Ry page ̙ 

page 7 Ry initial pageǍ Ry 0~FH Ǎ 

Ry page 0 ǍCompiler  ñSRY 0ò ̙ 

 

 

(1). X = 0h ~ 6h, 8h ~ 1FFh̙(X MCU ) 

(2). Ry memory initial page page 7 (Ry=70~7Fh) 

(3). MCU machine cycle     

̙ 

 

 

OP code   

SRY X Ry page number ă X 

 
 
 

ERY 

 

Ǎ machine cycle̙ 

 

 

X Ry memory page Ǎ Page Ǎ

ERY page Ǎ CLPG X ( X1=1) ̙ 

ERYǍERX ELZ ǍMCU Ǎ    

RyǍRx Lz page ̙ 

 

 

(1). X = 0h ~ 6h, 8h ~ 1FFh̙(X MCU ) 

(2). memory page initial page data RAM ̙ 
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OP code   

ERY X Ry page number ă X 

Ry page number 

 

 
 
 

SRX 

 

Ǎ machine cycleǍcompiler ̙ 

 

 

X Rx memory page ̙ Rx  

($0h ~ $1FFFh) Ǎ compiler Rx initial page Ǎ

SRX Ǎ Rx page ̙ 

 

 

(1). X = 1h ~ 3Fh̙(X MCU ) 

(2). Rx memory initial page page 0(Rx=00~7FH)̙ 

(3). MCU machine cycle     

̙ 

 

 

OP code   

SRX X Rx page number ă X 

 
 
 

ERX 

 

Ǎ machine cycle̙ 

 

 

X Rx memory page Ǎ Page Ǎ

ERX page Ǎ CLPG X ( X0=1) ̙ 

ERYǍERX ELZ ǍMCU Ǎ    

RyǍRx Lz page ̙ 

 

 

(1). X = 1h ~ 3Fh̙(X MCU ) 

(2). memory page initial page data RAM ̙ 
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OP code   

ERX X Rx page number ă X 

Rx page number 

 

 
 
 

SLZ 

 

Ǎ machine cycle, compiler ̙ 

 

 

X Lz memory page ̙ Lz   

($00h ~ $7Fh) Ǎ compiler Lz initial page Ǎ   

SLZ Ǎ Lz page ̙ 

 

 

(1). X = 1h ~ 3h̙(X MCU ) 

(2). Lz memory initial page page 0 

(3). MCU machine cycle

̙ 

 

 

OP code   

SLZ X Lz page number ă X 

 
 
 

ELZ 

 

Ǎ machine cycle̙ 

 

 

X Lz memory page Ǎ Page Ǎ  

ELZ page Ǎ CLPG X ( X2=1) ̙ 

ERYǍERX ELZ ǍMCU Ǎ    

RyǍRx Lz page ̙ 

 

 

(1). X = 1h ~ 3h̙(X MCU ) 

(2). memory page initial page data RAM ̙ 
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OP code   

ELZ X Lz page number ă X 

Lz page number 

 

 
 

CLPG 

 

Ǎ machine cycle̙ 

 

 

ERX, ERY, ELZ page number Ǎ  

̙ 

Ǜ 

 X X0=1 X1=1 X2=1 

 ELZ  ERY  ERX  

 

 

X2 X MSBǍX0 X LSB̙ 

 

 

OP code   

CPLG X ELZ  ă X0=1 

ERY ă X1=1 

ERX ă X2=1 

 
 

SPBK 

 

Ǎ machine cycle, compiler ̙ 

 

 

X Program ROM  bank ̙ Compiler

JMP, CALL bank bank Ǎ

SPBK Ǎ ̙ 

 

 

(1). X = 00h ~ 1Fh(X MCU ) 

(2). MCU machine cycle

̙ 

 

 

OP code   

SPBK X Program ROM bank number ă X 
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2-11.  Timer (Timer Instructions) 
 

TMS, TMSX 

 

Ǎ machine cycle, 4/8 bits data transferred̙ 

 

 

immediate data(X)ǍHL table ROM ǍAC Rx

data RAM 6-bit TMR1 clock source timer ̙

TMR1 ̙ 

6-bit TMR1̙ 

Ǜ 

 

OPCODE 

Select clock(CS3~0) Pre-set data of timer(CT5~0) 

CS3 CS2 CS1 CS0 CT5 CT4 CT3 CT2 CT1 CT0 

TMSX X 0 X8 X7 X6 X5 X4 X3 X2 X1 X0 

TMS Rx 0 0 AC3 AC2 AC1 AC0 (Rx)3 (Rx)2 (Rx)1 (Rx)0 

TMS @HL 0 0 TD7 TD6 TD5 TD4 TD3 TD2 TD1 TD0 

 

6-bit TMR1 clock source Ǜ 

Bit setting in instruction  
clock source of timer 1 CS3 CS2 CS1 CS0 

0 0 0 0 ~PH9 

0 0 0 1 ~PH3 

0 0 1 0 ~PH15 

0 0 1 1 FREQ 

0 1 0 0 ~PH5 

0 1 0 1 ~PH7 

0 1 1 0 ~PH11 

0 1 1 1 ~PH13 

 

TMSX immediate data( X ) TMR1 clock source            

̙ 

TMS Rx Rx data RAM AC TMR1

clock source ̙ 

TMS @HL HL table ROM TMR1 clock 

source ̙ 

 

 

(1). TMS# @HL HL 1̙ 

(2). Rx ̙ 

(3). X = 0 ~ 1FFh̙ 
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