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Disassembly of MC9S12 op codes
Decimal, Hexadecimal and Binary Numbers
o How to disassemble an MC9S12 instruction sequence
o Binary numbers are a code and represent what the
programmer intends for the code
Convert binary and hex numbers to unsigned decimal
Convert unsigned decimal to hex
Signed number representation — 2’s complement form
Using the 1’s complement table to find 2’s
complements of hex numbers
Overflow and Carry
o Addition and subtraction of binary and hex numbers
o The condition code register (CCR): N, Z, V and C bits

O O o O

(@]

HC12 Instructions

1. Data Transfer and Manipulation Instructions — instructions
which move and manipulate data (S12CPUV2 Reference Manual,
Sections 5.3, 5.4, and 5.5).

* Load and Store — load copy of memory contents into a register;
store copy of register contents into memory.

LDAA $2000 ; Copy contents of addr $2000 into A
STD 0,X ; Copy contents of D to addrs X and X+1

» Transfer — copy contents of one register to another.

TBA ; Copy Bto A
TFR X,Y ; Copy XtoY
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» Exhange — exchange contents of two registers.

XGDX  ; Exchange contents of D and X
EXG A,B ; Exchange contents of A and B

* Move — copy contents of one memory location to another.

MOVB $2000,$20A0 ; Copy byte at $2000 to $20A0

MOVW 2,X+,2,Y+ ; Copy two bytes from address held
; in X to address held in Y
;Add2to X and Y

2. Arithmetic Instructions — addition, subtraction, multiplication,
divison (S12CPUV2 Reference Manual, Sections 5.6, 5.8 and
5.12).

ABA ; Add B to A; results in A

SUBD $20A1 ; Subtract contents of $20A1 from D
INX ; Increment X by 1

MUL ; Multiply A by B; results in D

3. Logic and Bit Instructions — perform logical operations
(S12CPUV2 Reference Manual, Sections 5.9, 5.10, 5.11, 5.13
and 5.14).

* Logic Instructions
ANDA $2000 ; Logical AND of A with contents of ;
$2000
EORB 2,X ; Exclusive OR B with contents of ;
address (X+2)
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* Clear, Complement and Negate Instructions
NEG -2,X ; Negate (2’s comp) contents of ; address
; (X-2)
CLRA ; Clear Acc A

* Bit manipulate and test instructions — work with one bit of a
register or memaory.

BITA #$08 ; Check to see if Bit 3 of A is set
BSET $0002,#$18  ; Set bits 3 and 4 of address $002

» Shift and rotate instructions

LSLA ; Logical shift left A
ASR $1000 ; Arithmetic shift right value at address
$1000

4. Compare and test instructions — test contents of a register or
memory (to see if zero, negative, etc.), or compare contents of a
register to memory (to see if bigger than, etc.) (S12CPUV2
Reference Manual, Section 5.9).

TSTA ; (A)-0 -- set flags accordingly
CPX #$8000 ; (X) - $8000 -- set flags accordingly

5. Jump and Branch Instructions — Change flow of program (e.g.,
goto, it-then-else, switch-case) (S12CPUV2 Reference Manual,
Sections 5.19, 5.20 and 5.21).

JMP L1 ; Start executing code at address label
; L1
BEQ L2 ; If Z bit set, go to label L2
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DBNE X,L3 ; Decrement X; if X not O then
; goto L3
BRCLR $1A,#$80,L.4 ; If bit 7 of addr $1A clear, go to
; label L4
JSR subl ; Jump to subroutine sub1
RTS ; Return from subroutine

6. Interrupt Instructions — Initiate or terminate an interrupt call
(S12CPUV2 Reference Manual, Section 5.22).

* Interrupt instructions
SWI ; Initiate software interrupt
RTI ; Return from interrupt

7. Index Manipulation Instructions — Put address into X, Y or SP,
manipulate X, Y or SP (S12CPUV2 Reference Manual, Section
5.23).

ABX ; Add (B) to (X)
LEAX5)Y ; Put address (Y) + 5 into X

8. Condition Code Instructions — change bits in Condition Code
Register (S12CPUV2 Reference Manual, Section 5.26).

ANDCC #$f0 ; Clear N, Z, C and V bits of CCR
SEV ; Set V bit of CCR

9. Stacking Instructions — push data onto and pull data off of
stack (S12CPUV2 Reference Manual, Section 5.24).

PSHA ; Push contents of A onto stack
PULX ; Pull two top bytes of stack, put into X
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10. Stop and Wait Instructions — put MC9S12 into low power
mode (S12CPUV?2 Reference Manual, Section 5.27).

STOP ; Put into lowest power mode
WAI ; Put into low power mode until next
interrupt

11. Null Instructions

NOP ; No operation
BRN ; Branch never

12. Instructions we won’t discuss or use — BCD arithmetic, fuzzy
logic, minimum and maximum, multiply-accumulate, table
interpolation (S12CPUV2 Reference Manual, Sections 5.7, 5.16,

5.17, and 5.18).
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Disassembly of an HC12 Program

« It is sometimes useful to be able to convert HC12 op codes into
mnemonics.

For example, consider the hex code:

ADDR DATA

1000 C6 05 CE 20 00 E6 01 18 06 04 35 EE 3F

* To determine the instructions, use Table A-2 of the HCS12 Core
Users Guide.

— If the first byte of the instruction is anything other than $18,
use Sheet 1 of Table A.2. From this table, determine the
number of bytes of the instruction and the addressing mode.
For example, $C6 is a two-byte instruction, the mnemonic is
LDAB, and it uses the IMM addressing mode. Thus, the two
bytes C6 05 is the op code for the instruction LDAB #$05.

— If the first byte is $18, use Sheet 2 of Table A.2, and do the
same thing. For example, 18 06 is a two byte instruction, the
mnemonic is ABA, and it uses the INH addressing mode, so
there is no operand. Thus, the two bytes 18 06 is the op code
for the instruction ABA.

— Indexed addressing mode is fairly complicated to
disassemble. You need to use Table A.3 to determine the
operand. For example, the op code $E6 indicates LDAB
indexed, and may use two to four bytes (one to three bytes in
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addition to the op code). The postbyte 01 indicates that the
operand is 0,1, which is 5-bit constant offset, which takes
only one additional byte. All 5-bit constant offset, pre and
post increment and decrement, and register offset instructions
use one additional byte. All 9-bit constant offset instructions
use two additional bytes, with the second byte holding 8 bits
of the 9 bit offset. (The 9th bit is a direction bit, which is
held in the first postbyte.) All 16-bit constant offset
instructions use three postbytes, with the 2nd and 3rd holding
the 16-bit unsigned offset.

— Transfer (TFR) and exchange (EXG) instructions all have
the op code $B7. Use Table A.5 to determine whether it is
TFR or an EXG, and to determine which registers are being
used. If the most significant bit of the postbyte is 0, the
instruction is a transfer instruction.

— Loop instructions (Decrement and Branch, Increment and
Branch, and Test and Branch) all have the op code $04. To
determine which instruction the op code $04 implies, and
whether the branch is positive (forward) or negative
(backward), use Table A.6. For example, in the sequence 04
35 EE, the 04 indicates a loop

instruction. The 35 indicates it is a DBNE X instruction

(decrement register X and branch if result is not equal to
zero), and the direction is backward (negative). The EE

indicates a branch of -18 bytes.

» Use up all the bytes for one instruction, then go on to the next
instruction
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C6 05 0 LDAA #$05 two-byte LDAA, IMM
addressing mode
CE 2000 0O LDX #$2000 three-byte LDX, IMM
addressing mode
E6 01 0 LDAB 1,X two to four-byte LDAB,
IDX addressing mode. Operand
01 => 1,X, a 5b constant offset
which uses only one postbyte
18 06 0 ABA two-byte ABA, INH addressing
mode
0435 EE [ DBNE X,(-18) three-byte loop instruction
Postbyte 35 indicates DBNE X,
negative
3F 00 SWI one-byte SWI, INH addressing
mode
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Table A-2. CPU12 Opcode Map (Sheet 1 of 2)

Address Mode

Number of bytes

1] 1510 20 HE] 3140 e T[60 8|70 B0 1] 60 I[AD 36| B0 B T]00 HEEEE 3
BGND | ANDCC BRA PULX MEGA MEGE MEG NEG SUBA SUBA SUBA sSuBA SUBB SUBB SUEB SUBB
IH 1] m 2| RL 2| H 1] H 1] H 1| -4 |E 3l M 2| Dl 2lim 24| EX 3| M 2| ol 2|0 24|E 3
] HEE HE = 3|41 1181 A 4] 81 1] e 3|a1 36| Bl HE D1 3|E1  3-8|F1 3
MEM EDIV BRM FULY | COMA | COMB COM COM CMPA | CMP: | CMPA | CMPA | CMPE | CMFE | CMPB | CMFB
IH 1| H 1 |RL z|H 1] H 1/ H D 24|E 3lm HL 2|0 24| EX 2| m 2|l 2|10 24|Ex 3
02 T2 |2z an|s2 3[4z T/ 82 T[62 8|72 182 HES I[AZ 36| B2 I[c2 1|02 I|E2  3-8|F2 3
MY MUL BHI PULA INCA INCE INC INC SBCA | SBCA SBCA | SBCA | SBCB SBCE | SBCB SBCB
14 1|1 1| RL 2| H 1] H 1] 1H 1o za|Ex 3l m 2| Dl 2|0 24| Ex 2| 2| Dl 2|0 24|Ex 3
03 113 HEEEOEE 3|43 153 1|63 73 4] 83 2] e 3|A3 36| B3 AE 2| D3 AEEEEE
DEY EMUL BLS PULE DECA | DECB DEC DEC SUBD | SUBD | SUBD | SUBD | ADDD | ADDD | ADDD | ADDD
IH 1| H 1| RL z|H 1] H 1/ H D 24|E 3lm 3| ol 2|0 24| EX 2| m 3ol 2|10 24|Ex 3
FEY ) IEEAE HED T[54 64 50|74 B HE] I|A3 36| B2 HES 1|02 HEEEER 3
loop ORCC BCC PSHX LSRA LSRB LSR LSR ANDA | ANDA | ANDA | ANDA | ANDB | ANDE | AMDB | ANDB
RL alm 2| RL 2| H 1] K 1| 1H D 2-4|EX alm 2| ol 2|lim 24| Ex 2| 2| ol 2lip 24|Ex 3
U6 38|16 47|25 &1|25 2|45 T[ 55 T[B6 28|75 IS 1|65 A5 30| EB5 B S HEEEEE 3
JMP JSR BCS PSHY | ROLA ROLB ROL ROL BITA BITA BITA BITA BITB BITB BITE BITB
D 24| 2¢|RL 2| H 1] H 1/ 1H D 2-4|EX 3l m ML 2|0 24|EX 2| 2|l 2|10 24|Ex 3
i3] 318 Z[28 1|36 246 T 58 AR B G I A8 36| B8 HE 1|08 HEEEEE 3
JMP JSR BME PSHA | ROR& | RORB ROR ROR LDAA LOAA LDAA LDiA LDAB LDAB LDAB LDAB
EX 3| Ex 3| RL 2| H 1] K 1| 1H ifip za|Ex alm 2| ol 2|lim 24| Ex 2| 2| ol 2lip 24|Ex 3
07 Z|iT 1) AT T HEH T[ 57 S T Er HEd T[A7 T[B7 B T| o7 T[ET &8 |Fr 3
BSR JSR BEQ PSHB ASRA | ASRB ASR ASR CLRA TSTA MOP |TFRIEXG| CLRB TSTB TST 18T
RL 2|o 2| AL 2| H 1] H 1] 1H D 2-4|E HIE 1= 1| H 1| 1= 2| 1= 1| H 1[0 2afEx 3
T8 T8 FEEE HES T/ 52 A T ee [ T|AE 36| E8 HED T|DE HEEEEE 3
IMX, Page 2 BWC PULC ASLA ASLB ASL ASL EORA | EOR4 | EORA | EORA | EORB | EORB | EORE | ECRB
14 1 |- RL 2| H 1] K 1| 1H D 2-4|EX alm 2| ol 2|lim 24| Ex 2| 2| ol 2lip 24|Ex 3
L] T8 FERE HED T[ 50 BD  §2-2| 70 HES HEE N HE] D HEEEEE 3
DEX LEAY BVS PSHC | LSRD ASLD CLR CLR ADCA | ADCA | ADCA | ADCA | ADCB | ADCE | ADCEB | ADCB
IH 1{Ic 24|RL 2| H 1] K 1] 1H D 2-4|EX 3| m 2| Dl 2|0 24|EX 2| m 2|l 2|10 24|Ex 3
A 17 HEERED 3[4a  17[8A 6A  f2-2|7A AED 1]ea 3|AA 36| BA HER DA HENEE R 3
RTC LEAX BPL PULD CALL STAA STaA STAA ORAA ORAA ORAA ORAA CORAB ORAB ORAB ORAB
14 1lip 24| mL 2| H 1| Ex 4| ol 2l D 2-a|EX alm 2| ol 2|lim 24| Ex 2| 2| ol 2lip 24|Ex 3
U6 12| 1B HEEEH ES Z|4E z7-10| B89 Z| BB $2-2| 78 ] HES 3| AE 36| EBB HEE S HEEEE 3
RTI LEAS EMI PSHD calLL STAB STAB STAB ADD& | ADDA | ADDA | ADDA | ADDB | ADDE | ADDE | ADDB
IH 1fip 24| RL 2| H 1|b 25|00 2| D 2a|EX 3l m 2| Dl 2lim 24| EX 3| IM 2| oI ] = 3
o0c 48[ 1C ¢[2Cc an|3c $+5(4C 4] 6C z|6c $2-2]7C RS 2 ec 3|AC  36|BC HES 2|Dc RS S 3
BSET BSET BGE WENT BSET 51D STD STD CPFD CPD CPD CFD LoD LDD LDD LCD
D 3-5|Ex 4| RL 2| 5P i|o 3| ol 2l D 2-a|EX alm 2| ol 2|lim 24| Ex 2| DI 2lip 24|Ex 3
0 48[1D ) T TR ) 54D I 50 Z| 60 $2-2| 70 360 Z| B0 3|AD 36| BD HEE 7|00 3I|ED &8 |FD 3
BCLR BCLR BLT RTS BCLR STy STY STY CPY CPY CPY CPY LOY Lov LDV LDV
D 35|E 4| RL HIE 1|o 3| Dl 2| D z&|E 3l m 3| ol 2lim 24|Ex 3| M 3| Dl 2lip 24|E 3
0E 48 5|2 aM|3E  1t7|4E 4| 62 2| 6E  $2-2]|7E AEE 2| e 3|AE 36| BE AEE 2|DE 3|EE  a-8|FE 3
BRSET | BRSET BET WA BRSET STX STA STX CPx CPX CPX CPX LDX LD LDX LDX
D 4-8]|EX sleL 2 | i|lo 4| ol 2l 24|E alm 2| ol 2lim 24| Ex 2| 3| ol 2lip 24|Ex 3
TF 48] 1F B[ 2F &1 |3F EES I|EF Z|BF  $2-2|TF A HE 3| AF 38| BF HER T|OF 3|EF  &B|FF 3
BRCLR | BRCLR BLE Swi BRCLR 5TS 5TS STS CPS Crs CPS CPS LDS LDS LDS LDS
D 48|EX 5| RL z|H 1o 4| DI HI - 3l m 3| ol 2|0 24| Ex 2| m 3|ol 2|l 24|E 3
Key to Table A-2
Opcode 0o 5 Number of HCS12 cycles (I indicates HC12 different)
Mnemonic ——s| BGHND
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Table A-2. CPU12 Opcode Map (Sheet 2 of 2)

Z]10 12]20 Z[30 10|40 0|50 10jea 0|70 10j@0 0|80  i0|AD  i0|BO0  10jCO  i0[D0  10|E0  i0|f0 10
oy LERA TRAP TRAP TRAP TRAP TRAP TRAF TRAP TRAF TRAP TRAP TRAP TRAP TRAP
5|H 2 H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2
HEE 12 & |7 el EE 0| A1 |81 10|C1_ i0|D1 0|1 i0|Fd 10
FDIv TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAP TRAP TRAP
5|H 2 H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2
5|12 K 2 10|72 10|82 10|92 i0|AZ 10|B2 10[C2 10|D2 10|E2 10|F2 10
EMACS TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
4|57 4 H 2|11 2| H 2| H 2|H 2| H 2| H 2| H 2| H 2| H 2
HEE 3 52 10|73 10|83 10|93 i0|A% 10|83 10|Ca 10|Da 10|22 0|Fa 10
EMLULS TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
8| 2 H 2|11 2| 2| 2| 2| 2| 2| 2| 2| 2
T4 12 54 10|74 10|84 10|94 10|A4 10|84 10|C&  10|D4  10|E4  10|F£ 10
EDIVS TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAPR
| 2 H HIE 2| 2|H 2| 2|H 2| 2| 2|H 2|H 2
5[15 12 %5 10|75 10|85 10|95 10|A5  10|B5  10[C5  10|D&  10|E5  10|Fa 10
IDIVS TRAP TRARP TRAFR TRARP TRAP TRARP TRAPF TRAP TRAP TRAF

5| 1K 2 H 2|11 2|H 2| K 2|H 2| K 2| K 2| K 2|H 2|H 2
AEE 7 % 10|78 10|@s  10|9e  10|A@  10|Be_ 10[C6  10|DB 10|E@  10|FG 10
SBA TRAP TRARP TRAR TRARP TRAP TRARP TRAP TRAP TRAP TRAPR
2K 2 H 2|1 2|H 2| 2|H 2| 2| 2| 2| 2| 2
317 2 87 10|77 0|8 10|@7  10[A7 10|Bf  10[C7 10|D7  10|Ef 0|7 10
CBA TRAP TRARP TRAF TRARP TRAP TRAP TRAF TRAP TRAP TRAP
2| 2 H 2| 2|H 2| 2|H 2| 2| 2| 2| 2| 2
B B2 10|78 10|@8 10|98  i0|AE  10|B&  10|CB  10|D8  10|E8  10|Fa 10
MAKA TRAP TRAP TRAF TRAP TRAF TRAP TRAP TRAP TRAP TRAP
4|ID -5 H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2
5|18 47|20 B2 10|72 i0|@2 10|98  i0|A@  i0|Be  i0[c8  10|D8  j0|E2  i0|Fa 10
TINA TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAP TRAP TRAP
5|0 35 H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2
HECERE B2 10|7A 10|@A 10|9A 10|AA 10|BA 10|CA 10|DA 10|EA 1O0|FA 10
EMaxD TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
4D 35 H 2|14 2| 2| 2|H 2| 2| 2| 2|H 2| 2
(18 47 8 10|78 10|&8 10|98  i0|AS 10|88 10|CE 10|DB 10|88  1O0|FE 10
EMIND TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
5liD 35 H 2|11 2| 2| 2| 2| 2| 2| 2| 2| 2
F]1C 47 B¢ 10|7c__ 10|8c__ 10|9C__ 10|AC_ 10|BC__ 10[CC_ 10|DGC_ 10|EC_ 10|FC__ 10
L MAXM TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAPR
EX-EX &|ID 35 H HIE 2| 2|H 2| 2|H 2| 2| 2|H 2|H 2
510 D47 B0 10|70 10|80 10|90 10|AD  10|B0_ 10|CcD_ 10|DD_ 10|E0 10|FD_ 10
MMM TRAP TRARP TRAFR TRARP TRAP TRARP TRAPF TRAP TRAP TRAF
5D 35 H 2|11 2|H 2| K 2|H 2| K 2| K 2| K 2|H 2|H 2
HEEES BE_ 10|7c 0|8z 10|9c  10|A=  10|BE_ 10|CE_ 10|DE  10|EE 1O|FE_ 10
EMAXM TRAP TRARP TRAR TRARP TRAP TRARP TRAP TRAP TRAP TRAPR
2lip 35 H 2|1 2|H 2| 2|H 2| 2| 2| 2| 2| 2
HE &7 [2F 43| 3F  10|4F  10|5F  W|er  10|7F  1|er  10|9F  10|AF_ 10|BF  10|CF_ 10|OF  10|EF  10|FF 10
EMIN LELE ETBL TRAR TRAR TRAP TRARP TRAF TRARP TRAP TRAP TRAF TRAP TRAP TRAP
2|0 35|AL 4D 2|H 2| 2|H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2

* The opcode 504 (on sheet 1 of 2) corresponds to one of the loop primitive instructions DBEQ, DEME, IBEQ, IBNE, TBEQ, or TBME.

T Refer to instruction summary for more information.

1 Refer to instruction summary for different HC12 cycle count.

FPage 2: When the CPU encounters a page 2 opcode (318 on page 1 of the opcode map), it treats the next byte of object code as a page 2 insfruction opcode.




Electrical Engineering

New Mexico Institute of Mining and Technology EE 308 Spring 20 14

Table A-3. Indexed Addressing Mode Postbyte Encoding (xb)

oa 10 30 40 ] 1] T0 ED el Al B CO 51 ED FO

0.% —16,% 1%= 0,y 18,7 1.4% 1Y+ 0,5P -18,57 1,#57 1.5P= o.PCc -16,PC nX n,SP
5b const Sb const post-inc G const 5b const pre-nc post-ing 5b const Sl const pre-mnc post-ing b const 8b const 8b const Bk const
o1 11 EL 41 3] 81 i B1 a1 Al B1 G1 C1 E F1

1.% —15% 2.6+ 1Y —15. 2.:4Y 2Y+ 1.5P -15,5P 2.+5P 2.5P+ 1.PC -15,PC -n.X -n,5P
5b const  |5b const post-ing 8b const  |Sb const pre-inc posi-ing Bb const (5D const pre-inc posi-ing Sbeonst  [5b const  |8b const 9b const
02 12 2 42 52 62 T2 g2 g2 A2 B2 c2 K] E2 F2

2% -14.% 3xs 2Y -4, 3.2Y ¥+ 25P -14,57 3,+5P 35Ps 2pPC -14,PC nX n.SP
8b const b const post-inc Ab const 5b const pre-inc post-ing 8b const 5b const pre-nc posting 5b const 8b const 16b const [ 180 const
03 13 33 43 53 63 T3 B3 93 A3 C. [vE] F3

3% -13.x 4.5+ 3y -1 4.:Y 4¥+ 3,5P -13,57 4,:5F 3,PC -13,PC [n,X] [n,5P]
5b const | 5b const post-ing 8b const  |Sb const pre-inc posi-ing 5b const (5o const pre-inc Sbconst  [5b censt 16b indr 18k indr
04 14 4 44 54 64 T4 B4 o4 Ad G4 04 E4 F4

4.3 -12.x 5xs 4y -12,7 5.4Y 5Y+ 4.5P -12,57 §+5F 4PC -12,PC AN a5P
5b const | Sb const post-inc 8bconst  5b const pre-inc post-ing 5b const  5b const pre-inc 5b const
0% i 25 IE 43 3 [l TS ED o5 A5 [+

5% -11.x% 8,+x 6= 5Y =11 .Y B+ 55P -11,57 6,+35F ; 5,PC
5b const 5b const pre-ing post-inc G const 5b const pre-inc post-ing 5b const Sl const pre-nc post-ing Sb const
08 16 28 36 48 56 68 BB o8 AB B Ci

6.% -10,% T4 Ts 6,y 10,7 T.2Y 6,5P -10,5F T+5F T.5Ps a.PCc
Sbeconst  |Sbconst  |pre-ing post-ing 8b const  |Sb const pre-inc 5b const (5o const pre-inc posi-ing 5b const
07 7 27 kN a7 =7 g7 EV o7 AT BY [*¥}

TX -8.x a.+x BXs 7Y =8 a.sY T.5P —BSP B+5P 8.5P+ 7.PC
8b const 5b const pre-inc post-inc Ab const 5b const pre-inc 8b const 8b const pre-nc posting Sb const
08 18 28 3B 43 5B 63 1] o8 AB B C8

8.x -8.xX RS B.X- 8.y -8 a-v \ B.SP -B.2P 8-5F 2.5P- a.rPC -8PC nPC
Sbconst  |Sbconst  |pre-dec post-dec | 5bconst  |Sb const pre-dec posi-dec  [Sbconst  |3b const pre-dec posi-dec  [Sbconst |30 const 9b const
o8 10 29 E] 40 =] 69 e B9 o8 AD B2 ce [sF] Fa

a8.x -T.X T-X TH- ay =7 T Y- BEP -7.5P T-5P 7.5P- 8,PC —7.PC -nPC
Sbconst  |Sbconst  |pre-dec post-dec  |Sbconst  |Sb const pre-dec post-dec  [5bconst |5k const pre-dec fb const (5B const Ob const
0A 1A pI) D ) ) [ TA BA BA AR CA ) FA

10X -8.X 8,-x 63— 10,Y -6 8- 6,Y- 10,57 -6,5P 6.-5F 10.PC -8,PC s nPC
Sl const 5b const pre-dec post-dec G const 5b const pre-dec post-dec 5b const Sl const pre-dec Sb const S const 16b const [ 180 const
GE] B 3] EE 4| ] [E] 7B ) EE] 2B ca OB = B

1% -5 5% 5 ¥ 1Y -5 5-Y 5.Y- 11,5P -55P 5.-5P 11,PC -5,PC [n¥] [nPC
5b const Sb const  |pre-dec post-dec | Sb const 5b const |pre-dec post-dec  [5bconst |5k const pre-dec fb const (5B const 16b indr 180 indr
oC ¥ 2C 3C qc &G [:[+] TC EC oC AC CcC [3]#3 EC e

12X £ X 4K 4 ¥- 12Y =4 4-Y 4.¥- 12,5P —4.5P 4-5F 12.PC —4PC AN APC
8b const 5b const pre-dec post-dec Ab const 5b const pre-dec post-dec 8b const 5b const pre-dec Sb const 8b const A& offset & offset
[13] 0 2D ElN] 4D 1] 6D TD ED gD AD C [3]e] E FC

13.% -3.x - 30— 12¥ -3 3-Y Y- 13.5F -32P 3-5F 13.PC -3,PC B.Y B.PC
5b const Bb const  |pre-dec post-dec | 5bconst | 5b const pre-dec post-dec  |5b const |5 const pre-dec post-dec  [5bconmst 5B const B offset B offset
0E 1E Z2E 3E 4E SE E TE EE 9E AE BE CE DE E FE

14X -2X 2-X 2%~ 14Y =2 2-Y 2¥- 1459 -25P 2-5p 25P- 14 PC -2PC oy D.PC
5b const Bb const  |pre-dec post-dec  |Sbconst  |Sb const pre-dec post-dec  |5bconst  [5b const pre-dec post-dec  Sbcomst | 5b const D offset D offset
oF T F F = EF 3 7F EF oF AF BF CF OF E FF

16,5 -1.x 1% 1.5~ 5Y -1.¥ 1.-¥ 1.¥- 15.5F -1.2P 1.-8F 15P- 15.PC -1PC 0.Y] ID.PC]
Sl const Sb const pre-dec post-dec G const 5b const pre-dec post-dec Sk const Sl const pre-dec post-dec Sb const S const D indire: D indirect

Key to Table A3
posthyte (hex) \\‘
B0
#REG te— source code syntax
b type

type offset used
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Table A-5. Transfer and Exchange Posthyte Encoding

TRANSFERS
LS MS= 0 1 2 3 4 5 6 7
0 A=A B A CCR=A TMP3, = A B A ¥ A Y = A SPL=A
1 5= B B=B CCR=B TMP3 =B B=B % =B ¥ =B SP =B
2 A= CCR B> CCR CCR=CCR | TMP3 =CCR | B=CCR | ¥ =ccR | v =ccrR | sp =cCR
3 sexch = TMP2|sexB = TMP2|sexccr = TMP2| TMPI=TMP2 | D=TMP2 | x=TMP2 | v=TmP2 | sP=Tme2
sex A =D sexB=D sex:CCR=D .
4 SEXAD SEXBD SEX CCRD TMP3=D D=D XxX=D Y =D SP=D
seh =X seB = X sex.CCR = X . | =
5 SEX AX X B oe CoR TMP3 = X D= X FES ¥ =X SPo X
seh =Y sexB =Y sex.CCR =Y
. . -
6 SEX AY SEXBY SEX CORY TMP3 =Y D= =Y ¥ =Y SPoY
send = 5P sexB = SP a2 CCR = 5P
TMP3 = SP D=SP K= SP ¥ =SP SP=SP
7 SEX ASP SEXB,SP SEX CCR,SP == = =
EXCHANGES
lLs MS—= 8 9 A B C D E F
TMP2_ = A B=A % = A L= A SP A
A
0 ahada B=a CCR=A 5004 = TMP3 A=B s00-Aa=¥ | soma=vy | S00:ASP
TMP3, =B BE=B ¥ =6 Y =B SP =B
1 h=B B=B CCR=B SFEB = TMP3 SFF = A SFFB=x | sFFB=v | SFFE=5P
. TMP3 —CCR | B=CCR | % —CCR | ¥, —=CCR | SP_—CCR
2 A= CCR B~ CCR CCR=CCR | ser.com = TMP3| s7F-cor = b | sFF-ccr = x| seF-cor = v |sFeccr = 50
500:4 = TMP2[300:8 = TMP2|300:cCR = TMP2 ) 1. .
3 TMFL, DA | TWRL, DB | TMP2, Scer | TMPSSTMPZ [ DSTMR2 | X TMP2 | Ve TMR2 | SP o TMR2
SOD:CCR=D
" ; _ , ap —
4 $004=D | S00B=D B o CoR TMP3 = D D=D XD YD SP=D
s0A=X | S00OB=x | S00CCR=X ) ] )
TMP3 = X De=X K= X Y= X SP = X
5 X S A X o8 ¥ = CCR - - - -
S00:A=Y | SD0OB=Y | $S00CCR=Y . . .
6 DA =B VL= ooR TMP3 = DeY Ky ' SP =Y
500:4=SP | S00B=SP | S00CCR=SP . e - e o =
7 g .5 <P, = CCR TMP3 = SP D=SP X < 5P Y < 5P SP <= SP

TMPZ and TMF3 registers are for factory use only.
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Table A-6. Loop Primitive Postbyte Encoding (Ib)

o0 Al1o A 20 A 30 A 4o Alsa A ED N ] Al Bo A @0 A &D | Bo
DEEQ | DBEQ | DBME | DBNE | TBEQ | TBEQ | TBNE | TBME 8EQ IBEC BME IBNE
(4] ] (2] = (] ) [+] | [+] ) ] -
o Bl B = E1ED B[ a1 Bl=1 B & El KL B et Blm B[ &1 HEL
DESQ | DBEQ | DBME | DBNE | TEEQ | TBEQ | TBME | TBME BEQ IBEC BNE IBNE
4] = (4] ) (] H [+ - [+] B [+] -
o2 12 ] 7] 4z 52 [ T2 [E ] Az Bz
] 13 =] EX] a3 = =] T3 B3 FE] &3 5]
] o= T =a o= I ET] U= ) 1] ) T ea [ ) | Ae O[5
DBEQ DBEQ DBME DBNE TBEQ TBEQ TBHE TBMNE BEQ IBEC BME IBME
(+1 = (] . [ ) [+ | [£] i [+ |
[ A B KNS A ES A ED E3 G TS W[ es o S 43
DBEQ DEEQ DENE DENE TEEQ TBEQ TENE TBMNE BEQ IEEC BME IENE
(4] ] (2] = (] = [+] | [£] ) ] -
] T8 K GES R UES ) Vil EG U S ¥ | RE TEE
DBaE0 DBEQ DBME DBNE TBEQ TBEQ TBME TBMNE BEQ IBED BME IBME
i ] i1 ) i - [ - [+1 w [+ i
o7 BF [T B EF |37 B a7 EF =7 | er 5 1l G 30 T R &7 i =
DBEQ DBEQ DBME DENE TBEQ TBEQ TENE TBME BEQ IBECH BME IENE
(+] ] (2] ) (2] = [+ = [+] ) ] -
Key to Table A6
gnsﬂ:fg.rbe (he) - - counfer ussd
(bit3 is don't care) “wg, 4w
BEQ
.r( -
branch condition ™ “--. sign of 9-bit relative branch offset
}lﬂwer aight bits are an extension byte
ollowing postbyte)
Table A-7. Branch/Complementary Branch
Branch Complementary Branch
Tast Mnemiznic Opcode Boolean Test Mnemonic Opcode Comment
r=m BGT ZE F+[MNEV)=0 rm BLE aF Signed
rm BGE 2C MEV=0 r<im BLT 20 Signed
r=m BEQ v I=1 r#m BME -1 Signed
r=m BLE 2F Z+(MEBV)I=A [E] BGT 2E Signed
r<m BLT 20 NEWV=1 rEm BGE 2C Signed
r=m BHI 22 C+Z=0 r<m BLS 23 Unzigned
rm EHS/BCC 24 C=0 r<m BLOVBCS s Linsigned
r=m BEQ rg I=1 r&m BME 26 Unsigned
r<m BLS 23 C+i=1 = BHI 22 Unsigned
r<=m BLOVBCS 2% C=1 rEm BHS/BCC 24 nsigned
Carry BCS 25 C=1 Mo Camy BCC 24 Simple
MNagative B 2B N=1 Plus BPL 28 Simple
Owverflow BVS 29 V=1 No Overflow BVC 23 Simple
r=0 BEQ ar I=1 r=0 BME 26 Simple
Always BRA 20 — [ewar BAM 3| Unconditional
For 16-bit offsat long branches precede opcode with a 518 page prabyte.
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Binary, Hex and Decimal Numbers (4-bit representation)

Binary Hex Decimal
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15

What does a number represent?

Binary numbers are a code, and represent what the programmer
intends for the code.
0x72 Some possible meanings:

1’ (ASCII)

INC MEM (hh 11) (HC12 instruction)

1144 (Unsigned number)

+1144, (Signed number)

Set temperature in room to 69 °F
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Set cruise control speed to 120 mph
Binary to Unsigned Decimal:

Convert Binary to Unsigned Decimal

1111011,
1x2°+1x2°+1x2%+1x2°+0x2*+1x2'+1x2°
1x64+1x32+1x16+1x8+0x4+1x2+1x1
123 1

Hex to Unsigned Decimal
Convert Hex to Unsigned Decimal
82D6 16
8x16°+2x16*°+13x16' +6x 16°
8x4096+2x256+13x16+6x1
33494 4,

Unsigned Decimal to Hex

Convert Unsigned Decimal to Hex

Division Q R
Decimal Hex
721/16 45 1 1
45/16 2 13 D T
2/16 0 2 2

2D1
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Signed Number Representation in 2°’s Complement Form:

If the most significant bit (MSB) is 0 (most significant hex digit 0—7),
then the number is positive.

Get decimal equivalent by converting number to decimal, and use the +
sign.

Example for 8—bit number:
3A16_>+(3X161+10X160)10

+(3x16 + 10x1)
+ 58 1

If the most significant bit is 1 (most significant hex digit 8—F), then the
number is negative.

Get decimal equivalent by taking 2’s complement of number,
converting to decimal, and using — sign.

Example for 8—bit number:

A315 —> - (SD) 16
- (5x 16"+ 13x 16°)
- (5X16 +13X1)10
- 31w
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One’s complement table makes it simple to finding 2’s

complements
0 F
1 E
2 D
S o __’One s complement
4 B
One’s complement «— | 5 Ad—
6 9
7 8

To take two’s complement, add one to one’s complement.
Take two’s complement of DOC3:
2F3C +1=2F3D
Addition and Subtraction of Binary and Hexadecimal
Numbers

Setting the C (Carry), V (Overflow), N (Negative) and Z (Zero)
bits
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How the C, V, N and Z bits of the CCR are changed?
N bit is set if result of operation is negative (MSB = 1)
Z bit is set if result of operation is zero (All bits = 0)
V bit is set if operation produced an overflow

C bit is set if operation produced a carry (borrow on
subtraction)

Note: Not all instructions change these bits of the CCR
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Addition of Hexadecimal Numbers

ADDITION:

C bit set when result does not fit in word

V bit set when P + P = N or
N+N=P

N bit set when MSB of result is 1

Z bit set when result is O

7A 2A AC AC
+52 +52 +8A +72
cc ¢ 3%  IE
C:.0 C:0 C:1 C:1
V.1 V:0 V.1 V:0
N:1 N: 0 N: 0 N: 0

Z:0 Z:0 Z:0 Z:0
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Subtraction of Hexadecimal Numbers
SUBTRACTION:

C bit set on borrow (when the magnitude of the subtrahend is
greater than the minuend

V bit set when N -P =P or
P-N=N

N bit set when MSB is 1

Z bit set when result is 0

7A 8A 5C 2C

-5C -5C -8A -72

1 2 D2 BA
C:0 C:0 C:1 C:1
V:0 V:1 V:1 V:0
N:0 N:0 N:1 N:1

Z:0 Z:0 Z:0 Z:0



