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Stacking
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Figure 2. Interrupt Stack Frame

NOTE: To maintain compatibility with the M6805 Family, H (the high byte of the index
register) is not stacked during interrupt processing. If the interrupt service
routine modifies H or uses the indexed addressing mode, it is
the user’s responsibility to save and restore it prior to returning.
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|

| I nterrupt service routine

Figure 3. H Register Storage
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Interrupt Vector Locations
Table 1. M68HCO8 Vectors
Address Reset Priority
FFFE Reset 1
FFFC Swi 2
FFFA IREQ[0] 3
FF02 IREQ[124] 127
FFO00 IREQ[125] 128
Notation Used in Instruction Set Summary
See Table 2 for the instruction set summary.
Operators
() = Contents of register or memory location shown inside parentheses
~ = lIsloaded with (read: “gets”)
& = Boolean AND
| = Boolean OR
O = Boolean exclusive OR
x = Multiply
+ = Divide
: = Concatenate
+ = Add
— = Negate (two’s complement)
« = Sign extend
CPU Registers
A = Accumulator
CCR = Condition code register
H = Index register, higher order (most significant) eight bits
X = Index regqister, lower order (least significant) eight bits
PC = Program counter
PCH = Program counter, higher order (most significant) eight bits
PCL = Program counter, lower order (least significant) eight bits
SP = Stack pointer
MOTOROLA M68HCO08 Family Reference Guide 3
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Memory and Addressing

M = A memory location or absolute data, depending on addressing
mode
M:M + $0001 = A 16-bit value in two consecutive memory locations. The higher-

order (most significant) eight bits are located at the address of M,
and the lower-order (least significant) eight bits are located at the
next higher sequential address.

The relative offset, which is the two’s complement number stored
in the last byte of machine code corresponding to a branch
instruction

rel

Condition Code Register (CCR) Bits

vV = Two’s complement overflow indicator, bit 7
H = Half carry, bit4
| = Interrupt mask, bit 3
N = Negative indicator, bit 2
Z = Zero indicator, bit 1
C = Carry/borrow, bit 0 (carry out of bit 7)

Bit Status BEFORE Execution of an Instruction (n =7, 6,5, ... 0)(1)

Mn = Bitn of memory location used in operation
An = Bitn of accumulator

Hn = Bitn of index register H

Xn = Bitnofindex register X

bn = Bitn of the source operand (M, A, or X)

1. For 2-byte operations such as LDHX, STHX, and CPHX, n = 15 refers to bit 15 of the
2-byte word or bit 7 of the most significant (first) byte.

Bit Status AFTER Execution of an Instruction®
Rn = Bitn of the result of an operation (n=7, 6,5, ... 0)

1. For 2-byte operations such as LDHX, STHX, and CPHX, n = 15 refers to bit 15 of the
2-byte word or bit 7 of the most significant (first) byte.

CCR Activity Figure Notation
= Bit not affected
= Bitforcedto 0
= Bitforcedto 1
= Bit set or cleared according to results of operation
= Undefined after the operation

C o, O
|
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Machine Coding Notation

dd

ee =
ff =
o=
o=
kk =
hh =
I =
rr =

Low-order eight bits of a direct address $0000—-$00FF (high byte assumed
to be $00)

Upper eight bits of 16-bit offset

Lower eight bits of 16-bit offset or 8-bit offset
One byte of immediate data

High-order byte of a 16-bit immediate data value
Low-order byte of a 16-bit immediate data value
High-order byte of 16-bit extended address
Low-order byte of 16-bit extended address
Relative offset

Explanation of Italic Expressions in Source Form Column

n
opr8i
opril6i
opr8a
oprl6a
oprx8

oprx16

rel

Any label or expression that evaluates to a single integer in the range 0—7

= Any label or expression that evaluates to an 8-bit immediate value

= Any label or expression that evaluates to a 16-bit immediate value

= Any label or expression that evaluates to an 8-bit value. The instruction
treats this 8-bit value as the low order eight bits of an address in the direct
page of the 64-Kbyte address space ($00xx).

= Any label or expression that evaluates to a 16-bit value. The instruction
treats this value as an address in the 64-Kbyte address space.

= Any label or expression that evaluates to an unsigned 8-bit value; used
for indexed addressing

= Any label or expression that evaluates to a 16-bit value. Since the
MC68HCO08S has a 16-bit address bus, this can be either a signed or an
unsigned value.

= Any label or expression that refers to an address that is within =128 to

+127 locations from the next address after the last byte of object code for

the current instruction. The assembler will calculate the 8-bit signed

offset and include it in the object code for this instruction.

Address Modes

INH =
IMM =
DIR =
EXT =
IX =
X+ =
IX1 =
IX1+ =
IX2 =
REL =
SP1 =
SP2 =

Inherent (no operands)

8-bit or 16-bit immediate

8-bit direct

16-bit extended

16-bit indexed no offset

16-bit indexed no offset, post increment (CBEQ and MOV only)
16-bit indexed with 8-bit offset from H:X

16-bit indexed with 8-bit offset, post increment (CBEQ only)
16-bit indexed with 16-bit offset from H:X

8-bit relative offset

Stack pointer relative with 8-bit offset

Stack pointer relative with 16-bit offset

MOTOROLA

M68HCO08 Family Reference Guide 5

For More Information On This Product,

Go to: www.freescale.com



Freescale Semiconductor, Inc.

M68HCO8RG/AD

Table 2. Instruction Set Summary (Sheet 1 of 8)
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Effect 23 ) o »
0w o o} o
. _ ) IS 9
Sggrrge Operation Description on CCR 53 3 5 | 2
s o
VIH[I[N]|Z 2 o | & |©
ADC #opr8i IMM A9 |ii 2
ADC opr8a DIR B9 |dd 3
ADC oprl6a EXT C9(hh I 4
ADC oprx16,X . IX2 D9|ee ff 4
ADC 0prx8.X Add with Carry A < (A)+ (M) +(C) Tt —-|T|2 IX1 Eo|ff 3
ADC X IX F9 2
ADC oprx16,SP SP2 9ED9|ee ff 5
ADC oprx8,SP SP1 9EE9 | ff 4
ADD #opr8i IMM ABI|ii 2
ADD opr8a DIR BB |dd 3
ADD oprl6a EXT CB|hh I 4
ADD oprx16,X . IX2 DB|ee ff 4
ADD opr@.X Add without Carry A < (A)+(M) EA N I A X1 — 3
ADD X IX FB 2
ADD oprx16,SP SP2 9EDB |ee ff 5
ADD oprx8,SP SP1 9EEB |ff 4
. Add Immediate Value SP ~ (SP) + (M) "
AIS #opr8i (Signed) to Stack Pointer | M is sign extended to a 16-bitvalue | | | | | IMM AT 2
Add Immediate Value . .
AIX #opr8i (Signed) to Index . H:X o (HX) + (M) . - =-1-|- IMM AF[ii 2
. . M is sign extended to a 16-bit value
Register (H:X)
AND #opr8i IMM Adlii 2
AND opr8a DIR B4 |dd 3
AND oprl6a EXT C4|hh I 4
AND oprx16,X . IX2 D4|ee ff 4
AND 0prx8,X Logical AND A< (A)&M) o(-[—-]3(3 IX1 Eaff 3
AND X IX F4 2
AND oprx16,SP SP2 9ED4|ee ff 5
AND oprx8,SP SP1 9EEA4 | ff 4
ASL opr8a DIR 38|dd 4
ASLA INH 48 1
ASLX Arithmetic Shift Left INH 58 1
ASL oprx8,X (Same as LSL) Clefll[TT[[T}eo0 Y I 68| ff 4
ASL X b7 b0 IX 78 3
ASL oprx8,SP SP1 9E68 | ff 5
ASR opr8a DIR 37|dd 4
ASRA - INH 47 1
ASRX . . P %:\:\:\:D* INH 57 1
ASR 0prx8,X Arithmetic Shift Right o o I I I IR IX1 67 2
ASR X IX 77 3
ASR oprx8,SP SP1 9E67 |ff 5
BCC rel Branch if Carry Bit Clear Branchif (C) =0 - =-1-|- REL 24 rr 3
6 M68HCO08 Family Reference Guide MOTOROLA
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Table 2. Instruction Set Summary (Sheet 2 of 8)
Effect 0 ) ° »
[ ) o] c 3
Slgg'rrr%e Operation Description on CCR g B I g o
s o
HI1[N|Z 2 o | &6
DIR (b0) 11|dd 4
DIR (b1) 13|dd 4
DIR (b2) 15|dd 4
L DIR (b3) 17|dd 4
BCLR n,opr8a Clear Bit n in Memory Mn < O - === DIR (b4) 19! dd 4
DIR (b5) 1B|dd 4
DIR (b6) 1D|dd 4
DIR (b7) 1F|dd 4
Branch if Carry Bit Set . _
BCS rel (Same as BLO) Branchif (C) =1 - —--1- REL 25(rr 3
BEQ rel Branch if Equal Branch if (Z) =1 - —--|- REL 27|rr 3
Branch if Greater Than or
BGE rel Equal To Branchif(NOV)=0 - —--|- REL 90| rr 3
(Signed Operands)
Branch if Greater Than . _
BGT rel (Signed Operands) Branchif (Z) | (NOV)=0 - —--1- REL 92|rr 3
BHCC rel Branch if Half Carry Bit Branch if (H) = 0 —|-[-|-|-|RreL 28|rr 3
Clear
BHCS rel 2;‘““ if Half Carry Bit Branch if (H) = 1 B O R ) B = 29| rr 3
BHI rel Branch if Higher Branchif (C) | (Z2) =0 - —--1- REL 22|rr 3
Branch if Higher or Same . _
BHS rel (Same as BCC) Branchif (C) =0 - —--1- REL 241rr 3
BIH rel Branch if IRQ Pin High Branch if IRQ pin =1 - —--1- REL 2F|rr 3
BIL rel Branch if IRQ Pin Low Branch if IRQ pin =0 - —--1- REL 2E|rr 3
BIT #opr8i IMM A5 |ii 2
BIT opr8a DIR B5|dd 3
BIT oprl6a EXT C5|hh I 4
(A) & (M)
BIT oprx16,X Bit Test (CCR Updated but Operands -|=11]2 X2 D5ee ff 4
BIT oprx8,X Not Changed) IX1 E5 | ff 3
BIT X 9 IX F5 2
BIT oprx16,SP SP2 9ED5|ee ff 5
BIT oprx8,SP SP1 9EES5 | ff 4
Branch if Less Than
BLE rel or Equal To Branchif (Z)|(NOV)=1 - —--1- REL 93| rr 3
(Signed Operands)
Branch if Lower . _
BLO rel (Same as BCS) Branchif (C) =1 - —--|- REL 25(rr 3
BLS rel Branch if Lower or Same Branchif (C)| (2)=1 - —--1- REL 23|rr 3
Branch if Less Than . _
BLT rel (Signed Operands) Branchif (NO V) =1 - === REL 91|rr 3
BMC rel Branch if Interrupt Mask Branch if (1) = 0 —|-|-|-|-|REL 2c|r 3
Clear
BMI rel Branch if Minus Branchif (N) =1 - —--|- REL 2B|rr 3
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Table 2. Instruction Set Summary (Sheet 3 of 8)
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Effect 4 ) ° »

"o o] c 3

Sggrrge Operation Description on CCR g 3 S g o

s o

H{1|N|z < o | & |69

BMS rel 2;‘““ if Interrupt Mask Branch if (1) = 1 —|=|=|-]=|REL 20| 3

BNE rel Branch if Not Equal Branchif (Z) =0 - === REL 26|rr 3

BPL rel Branch if Plus Branch if (N) =0 - === REL 2A|rr 3

BRA rel Branch Always No Test - === REL 20|rr 3

DIR (b0) 01|dd rr 5

DIR (b1) 03|dd rr 5

DIR (b2) 05|dd rr 5

Branch if Bitn in Memory . _ DIR (b3) 07|dd rr 5

BRCLR n,opr8a,rel Clear Branch if (Mn) =0 - === DIR (bd) 09ldd 5

DIR (b5) 0B|dd rr 5

DIR (b6) oD|dd rr 5

DIR (b7) OF|dd rr 5

BRN rel Branch Never Uses 3 Bus Cycles - —--1- REL 21 rr 3

DIR (b0) 00|dd rr 5

DIR (b1) 02|dd rr 5

DIR (b2) 04|dd rr 5

Branch if Bit n in Memory . _ DIR (b3) 06|dd rr 5

BRSET n,opr8a,rel Set Branch if (Mn) = 1 - === DIR (bd) 0sldd 5

DIR (b5) OA|dd rr 5

DIR (b6) oC|dd rr 5

DIR (b7) OE|dd rr 5

DIR (b0) 10|dd 4

DIR (b1) 12|dd 4

DIR (b2) 14|dd 4

- DIR (b3) 16|dd 4

BSET n,opr8a Set Bit n in Memory Mn - 1 - === DIR (b4) 18| dd a

DIR (b5) 1A|dd 4

DIR (b6) 1C|dd 4

DIR (b7) 1E|dd 4

PC ~ (PC) + $0002
. push (PCL); SP — (SP) —$0001 o
BSR rel Branch to Subroutine push (PCH): SP - (SP) — $0001 REL AD| rr 4
PC — (PC) +rel

CBEQ opr8a,rel Branch if (A) = (M) DIR 31|dd rr 5

CBEQA #opr8i,rel Branch if (A) = (M) IMM A1lii rr 4

CBEQX #opr8i,rel |Compare and Branch if Branch if (X) = (M) o] IMM 51fii rr 4

CBEQ oprx8,X+,rel |Equal Branch if (A) = (M) IX1+ 61(ff rr 5

CBEQ ,X+,rel Branch if (A) = (M) IX+ 71 rr 4

CBEQ oprx8,SP,rel Branch if (A) = (M) SP1 9E6L|ff rr 6

CLC Clear Carry Bit C-0 - === INH 98 1

CLI Clear Interrupt Mask Bit 1 -0 -10|-|- INH 9A 2
8 M68HCO08 Family Reference Guide MOTOROLA




Freescale Semiconductor, Inc.

M68HCO8RG/AD
Table 2. Instruction Set Summary (Sheet 4 of 8)
Effect 0 ) ° »
[ ) o] c
. _ ) IS Q@
Sggrrr‘;]e Operation Description on CCR 53 S 5 o
s o
HI1[N|Z 2 o | &6
CLR opr8a M ~ $00 DIR 3F|dd 3
CLRA A — $00 INH 4F 1
CLRX X « $00 INH 5F 1
CLRH Clear H ~ $00 -|-]10]1 INH 8C 1
CLR oprx8,X M ~ $00 IX1 6F | ff 3
CLR X M ~ $00 IX 7F 2
CLR oprx8,SP M ~ $00 SP1 9E6F | ff 4
CMP #opr8i IMM Allii 2
CMP opr8a DIR B1|dd 3
CMP oprl6a (A) = (M) EXT Cl|hh 1l 4
CMP oprx16,X Compare Accumulator - X2 D1|ee ff 4
CMP oprx8,X with Memory (CCR Updatcegai“teg)pera”ds Not T xa E1|ff 3
CMP X g IX F1 2
CMP oprx16,SP SP2 9ED1|ee ff 5
CMP oprx8,SP SP1 9EEL1 | ff 4
COM opr8a M < (M)= $FF — (M) DIR 33|dd 4
COMA A < (A) = $FF - (A) INH 43 1
COMX Complement X « (X) = $FF - (X) 13 INH 53 1
COM oprx8,X (One’s Complement) M — (M) = $FF — (M) T IX1 63 |ff 4
COM X M « (M) = $FF — (M) IX 73 3
COM oprx8,SP M « (M) = $FF — (M) SP1 9E63 |ff 5
CPHX #opr Compare Index Register (CCR(E:);)a;e(dMl:B'\L/JIt+0$g?gr%c)is Not I P IMM 65|j ii+1| 3
CPHX opr (H:X) with Memory P P DIR 75|dd 4
Changed)
CPX #opr8i IMM A3|ii 2
CPX opr8a DIR B3|dd 3
CPx opnatx |Compare X (ndex 09 () x2 | oaeetr| 4
CPX 0prx8,X si?;sgfr Low) with (CCR Updat((:agal?r»]uteg)perands Not -=-133 IX1 E3f 3
CPX X y 9 X F3 2
CPX oprx16,SP SP2 9ED3|ee ff 5
CPX oprx8,SP SP1 9EE3 | ff 4
Decimal Adjust
DAA Accumulator After ADD or (A1 -1-{1|? INH 72 2
ADC of BCD Values
DBNZ opr8a,rel DIR 3B|dd rr 5
DBNZA rel INH 4B |rr 3
DBNZX rel Decrement and Branch if I?Bel'(;l:cmhﬁpzrgéji)olgﬂ o] INH 5B|rr 3
DBNZ oprx8,X,rel Not Zero DBNZX Affects X Not H IX1 6B|[ff rr 5
DBNZ Xrel IX B|rr 4
DBNZ oprx8,SP,rel SP1 9E6B |ff rr 6
DEC opr8a M « (M) -$01 DIR 3A|dd 4
DECA A« (A)-$01 INH 4A 1
DECX Decrement X < (X)-$01 NP INH 5A 1
DEC oprx8,X M « (M)-$01 IX1 BA | ff 4
DEC ,X M « (M)-3$01 IX 7A 3
DEC oprx8,SP M « (M)-$01 SP1 9EBA |ff 5
DIV Divide A = (HA0 “|=|=]t|s|NH 52 7
H « Remainder
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Table 2. Instruction Set Summary (Sheet 5 of 8)

Effect 4 ) ° »
"o o] c
. L [0} I}
Source Operation Description on CCR =3 S g o
Form s= <3 2| 2
VIH|I|N|Z|C| < O o O
EOR #opr8i IMM A8 |ii
EOR opr8a DIR B8|dd
EOR oprl6a . EXT C8(hh I
Exclusive OR
EOR oprx16,X . X2 D8|ee ff
FoR ogrxsx Memory with A< (AOM) of-|-|t]t|-|5: ps o
EOR X Accumulator IX Fs
EOR oprx16,SP SP2 9ED8|ee ff
EOR oprx8,SP SP1 9EES8 | ff
INC opr8a M « (M) + $01 DIR 3C|dd
INCA A < (A) +$01 INH 4C
INCX Increment X < (X) + $01 sl le | |2 |INH 5C
INC oprx8,X M < (M) + $01 IX1 6C|ff
INC X M < (M) + $01 IX 7C
INC oprx8,SP M ~ (M) + $01 SP1 9E6C | ff
JMP opr8a DIR BC|dd
JMP oprl6a EXT CC|hh 1l
JMP oprx16,X Jump PC — Jump Address e e el e el R DC|ee ff
JMP oprx8,X IX1 EC|ff
JMP X IX FC
JSR opr8a _ DIR BD|dd
JSR opri6a PC — (PC)+n (n=1,2,0r3) EXT cD|hh I

. Push (PCL); SP ~ (SP)-$0001 | | | | _|_|_
JSR oprx16,X Jump to Subroutine Push (PCH): SP - (SP)— $0001 IX2 DD|ee ff

G whrkrPEhH> PrODNMNWAPODN AW PrONWMAPWDN OO O~ wwbhbwiN GwhrPrERPEFEMN PrONWMAPWDN

JSR oprx8,X . IX1 ED|ff
ISR X PC — Unconditional Address IX FD

LDA #opr8i IMM A6 |ii
LDA opr8a DIR B6|dd
LDA oprl6a EXT C6|hh I
LDA oprx16,X Load Accumulator from A - (M) ol-l_lsl1]= IX2 D6|ee ff
LDA oprx8,X Memory - IX1 E6 |ff
LDA X IX F6

LDA oprx16,SP SP2 9ED6 |ee ff
LDA oprx8,SP SP1 9EES | ff
LDHX #opr Load Index Register (H:X) . . IMM 451ii  jj
LDHX opr from Memory H:X — (M:M + $0001) Ol=[=1** |~ |oR 55|dd
LDX #opr8i IMM AE |ii
LDX opr8a DIR BE|dd
LDX oprl6a EXT CE|hh I
LDX oprx16,X Load X (Index Register X o« (M) ol-l-l+ls]= IX2 DE|ee ff
LDX oprx8,X Low) from Memory - IX1 EE|ff
LDX X IX FE

LDX oprx16,SP SP2 9EDE |ee ff
LDX oprx8,SP SP1 9EEE |ff
LSL opr8a DIR 38|dd
LSLA < INH 48
LSLX Logical Shift Left Cle{ [ ]I ]]=o0 o P D S P INH 58

LSL oprx8,X (Same as ASL) b7 b0 IX1 68 | ff
LSL ,X IX 78

LSL oprx8,SP SP1 9E68 | ff
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Table 2. Instruction Set Summary (Sheet 6 of 8)
Effect 0 ) ° »
[ ) o] c
. _— ) Q
Slgg'rrr%e Operation Description on CCR 53 S g o
o
HIT[N|Z 22 | 8|8 |6
LSR opr8a DIR 34|dd 4
LSRA » INH 44 1
LSRX . I o [ [ [ [} INH 54 1
LSR oprx8,X Logical Shift Right - " -1=]10(3 IX1 64 ff 2
LSR X IX 74 3
LSR oprx8,SP SP1 9E64 | ff 5
MOV opr8a,opr8a (M)gestination = M)source DIR/DIR 4E|dddd| 5
MOV opr8a,X+ Move N DIR/IX+ 5E|dd 4
MOV #opr8i,opr8a H:X « (H:X) + $0001 in IMM/DIR 6E |iidd 4
MOV ,X+,0pr8a IX+/DIR and DIR/IX+ Modes IX+/DIR 7E|dd 4
MUL Unsigned multiply X:A < (X) x (A) o|-|—-|- INH 42 5
NEG opr8a M < — (M) = $00 — (M) DIR 30|dd 4
NEGA A — —(A) =3$00 - (A) INH 40 1
NEGX Negate X < —(X)=$00 - (X) NN INH 50 1
NEG oprx8,X (Two’s Complement) M « — (M) = $00 — (M) IX1 60 |ff 4
NEG ,X M < — (M) = $00 — (M) IX 70 3
NEG oprx8,SP M < — (M) = $00 — (M) SP1 9E60 | ff 5
NOP No Operation Uses 1 Bus Cycle —-—-1-- INH 9D 1
Nibble Swap [P
NSA Accumulator A — (A[3:0:A[7:4]) el e INH 62 3
ORA #opr8i IMM AAlii 2
ORA opr8a DIR BA|dd 3
ORA oprl6a EXT CA|(hh I 4
ORA oprx16,X Inclusive OR Accumulator A (A) | (M) 111 IX2 DA|ee ff 4
ORA oprx8,X and Memory - N IX1 EA|ff 3
ORA X IX FA 2
ORA o0prx16,SP SP2 9EDA |ee ff 5
ORA oprx8,SP SP1 9EEA |ff 4
PSHA Push Accumulator onto Push (A); SP - (SP) —$0001 | ={=|=]=|iNH 87 2
Stack
Push H (Index Register .
PSHH High) onto Stack Push (H); SP — (SP) —$0001 - --1- INH 8B 2
Push X (Index Register .
PSHX Low) onto Stack Push (X); SP — (SP)—$0001 - =1-1- INH 89 2
PULA Pull Accumulator from SP — (SP +$0001); Pull (A) Y S (P B (TN 86 2
Stack
Pull H (Index Register .
PULH High) from Stack SP — (SP +$0001); Pull (H) - --1- INH 8A 2
Pull X (Index Register .
PULX Low) from Stack SP ~ (SP +$0001); Pull (X) e e INH 88 2
ROL opr8a DIR 39|dd 4
ROLA L. ‘J INH 49 1
ROLX Q=TT ol > .
ROL 0prx8.X Rotate Left through Carry - ” - =133 IX1 69| ff 4
ROL X IX 79 3
ROL oprx8,SP SP1 9E69 | ff 5
MOTOROLA M68HCO08 Family Reference Guide 11



Freescale Semiconductor, Inc.

M68HCO8RG/AD

Table 2. Instruction Set Summary (Sheet 7 of 8)

Effect 4 ) ° »
"o o] c
. _ ) IS Q
Sggrrge Operation Description on CCR 53 S 5 o
s o
HI1[N|Z 2 o | &6
ROR opr8a DIR 36|dd 4
RORA INH 46 1
RORX Rotate Right through L,m 111 INH 56 1
ROR oprx8,X Carry b7 bo T IX1 66| ff 4
ROR X IX 76 3
ROR oprx8,SP SP1 9E66 | ff 5
. SP — $FF
RSP Reset Stack Pointer (High Byte Not Affected) —--1-- INH 9C 1
SP ~ (SP) + $0001; Pull (CCR)
SP ~ (SP) + $0001; Pull (A)
RTI Return from Interrupt SP ~ (SP) + $0001; Pull (X) N e e A INH 80 7
SP ~ (SP) + $0001; Pull (PCH)
SP ~ (SP) +$0001; Pull (PCL)
) SP ~ SP +3$0001; Pull (PCH)
RTS Return from Subroutine SP . SP + $0001: Pull (PCL) - === INH 81 4
SBC #opr8i IMM A2 i 2
SBC opr8a DIR B2|dd 3
SBC oprl6a EXT C2|hh I 4
SBC oprx16,X . IX2 D2|ee ff 4
SBC opr8.X Subtract with Carry A< (A)-M)-(C) =133 IX1 £ |5 3
SBC X IX F2 2
SBC oprx16,SP SP2 9ED2|ee ff 5
SBC oprx8,SP SP1 9EE2 |ff 4
SEC Set Carry Bit CcC-1 - =1-1- INH 99 1
SEI Set Interrupt Mask Bit -1 -11|-|- INH 9B 2
STA opr8a DIR B7|dd 3
STA oprl6a EXT C7|hh 1l 4
STA oprx16,X Store Accumulator in IX2 D7|ee ff 4
STA oprx8,X Memor M < (A) SRR IX1 E7|ff 3
STA X y IX F7 2
STA oprx16,SP SP2 9ED7|ee ff 5
STA oprx8,SP SP1 9EE7 |ff 4
STHX opr Store H:X (Index Reg.) (M:M + $0001) « (H:X) - =33 DIR 35|dd 4
Enable Interrupts:
Stop Processing . . .
STOP Refer to MCU | bit — 0; Stop Processing -10|—|- INH 8E 1
Documentation
STX opr8a DIR BF|dd 3
STX oprl6a EXT CF|hh I 4
STX oprx16,X Store X (Low 8 Bits of IX2 DF|ee ff 4
STX oprx8,X Index Register) M «~ (X) - =133 IX1 EF|ff 3
STX X in Memory IX FF 2
STX oprx16,SP SP2 9EDF|ee ff 5
STX oprx8,SP SP1 9EEF|ff 4
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Table 2. Instruction Set Summary (Sheet 8 of 8)
Effect 0 ) ° »
" o o] c
. _— ) )
Slgg'rrr%e Operation Description on CCR 5;8 § g o
VIH|[I|N|Z 2 o | &6
SUB #opr8i IMM A0 |ii 2
SUB opr8a DIR BO|dd 3
SUB oprl6a EXT CO(hh I 4
SUB oprx16,X IX2 DO|ee ff 4
SUB oprx8,X Subtract A= (B-M) Y EO |ff 3
SUB X IX FO 2
SUB oprx16,SP SP2 9EDO|ee ff 5
SUB oprx8,SP SP1 9EEO | ff 4
PC ~ (PC) + $0001
Push (PCL); SP  (SP) — $0001
Push (PCH); SP — (SP)—$0001
Push (X); SP ~ (SP) — $0001
Swi Software Interrupt Push (A); SP ~ (SP) — $0001 —|=1|-|- INH 83 9
Push (CCR); SP ~ (SP) — $0001
| « 1;
PCH ~ Interrupt Vector High Byte
PCL ~ Interrupt Vector Low Byte
TAP Transfer Accumulator to CCR - (A) sl1ltlsls INH 84 5
CCR
Transfer Accumulator to
TAX X (Index Register Low) X =" U T INH 97 !
TPA Transfer CCR to A - (CCR) —|==1=1=]|=|mH 85 1
Accumulator
TST opr8a (M) — $00 DIR 3D|dd 3
TSTA (A) — $00 INH 4D 1
TSTX . (X) — $00 INH 5D 1
TST oprx8,X Test for Negative or Zero (M) — $00 o|—-[—-]3(3 IX1 6D | ff 3
TST X (M) — $00 IX 7D 2
TST oprx8,SP (M) — $00 SP1 9E6D | ff 4
TSX Transfer SP to Index Reg. H:X — (SP) + $0001 - ==-|-|- INH 95 2
Transfer X (Index Reg.
TXA Low) to Accumulator A=) T T INH oF !
TXS Transfer Index Reg. to SP SP « (H:X) —$0001 - =-|-|- INH 94 2
WAIT Enable Interrupts; Wait I bit — 0; Halt CPU “|=lo|=|=|=|INH 8F 1
for Interrupt
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Addressing Modes

Inherent (INH) The inherent addressing mode has no operand because the opcode contains
all information necessary to carry out the instruction. Most inherent instructions
are one byte long.

Immediate (IMM) The operand in immediate mode instructions is contained in the byte(s)
immediately following the opcode. The immediate value is one or two bytes,
depending on the size of the register involved in the instruction.

Direct (DIR) Most direct mode instructions can access any of the first 256 memory
addresses with two bytes. The first byte is the opcode, and the second byte is
the low byte of the operand address. The high byte of the address is assumed
to be $00.

Extended (EXT) Extended mode instructions are three bytes in length and can access any
address in a 64-Kbyte memory map. The first byte is the opcode. The following
two bytes are the operand addresses.

Indexed (IX, IX1, Indexed mode instructions access data with variable addresses. The effective

and 1X2) address (EA) of the operand is determined by the contents of the register (H:X)
added to a zero, 8-bit, or 16-bit offset. For one-byte, zero-offset mode
instructions (IX), X (index register low) contains the low byte of the EA of the
operand. The value of H (index register high) is $00 if none of the HC08
instructions that modify H are used, assuring source code compatibility with
HCO05 Family instructions. The sum of H:X is the EA of the operand. For two-
byte, 8-bit offset mode instructions (IX1) the unsigned bytes in H:X added to the
unsigned byte following the opcode constitutes the EA of the operand. For
three byte, 16-bit offset mode instructions (IX2), the unsigned bytes in H:X
added to the 16-bit unsigned word following the opcode constitute the EA of the

operand.
Stack Pointer Stack pointer (SP) mode instructions operate like indexed instructions, except
(SP1 and SP2) that the offset is added to the 16-bit SP. Stack pointer, 8-bit offset instructions

(SP1) are three-byte instructions. The EA of the operand is formed by adding
the unsigned byte in the SP register to the unsigned byte following the opcode.
Stack pointer, 16-bit offset instructions (SP2) are four-byte instructions. The EA
of the operand is formed by adding the unsigned bytes in the 16-bit SP register
to the 16-bit unsigned word following the opcode.

14 M68HCO08 Family Reference Guide MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Relative (REL)

Memory to Memory
(IMD, DD, IX+D, and
DIX+)

Indexed and Indexed
8-Bit Offset with
Post Increment

(IX+ and 1X1+)

Opcode Map

Freescale Semiconductor, Inc.
M68HCO08RG/AD

Conditional branch instructions use the relative addressing mode. The EA of
the operand depends on whether or not the branch is taken. If a branch is
taken, the EA of the operand is formed by adding the signed byte following the
opcode to the value of the PC, and the PC is loaded with the EA. If no branch
is taken, the EA is the contents of the PC.

Memory to memory immediate to direct (IMD) is a three-byte addressing mode.
The operand in the byte immediately following the opcode is stored in the direct
page location addressed by the second byte following the opcode.

Memory to memory direct to direct (DD) is a three-byte addressing mode. The
operand in the byte immediately following the opcode is stored in the direct
page location addressed by the second byte following the opcode.

Memory to memory indexed to direct with post increment of H:X (IX+D) is a two-
byte addressing mode. The operand addressed by H:X is stored in the direct
page location addressed by the byte following the opcode.

Memory to memory direct to indexed with post increment of H:X (DIX+) is a two-
byte addressing mode. The operand in the direct page location addressed by
the byte immediately following the opcode is stored in the location addressed
by H:X.

Indexed, no offset with post increment mode instructions (IX+) are two-byte
instructions that address operands, then increment H:X. The EA of the operand
is derived by adding X (low byte) to H (high byte). Indexed, 8-bit offset with post
increment mode instructions (1X1+) are three-byte instructions that address
operands with variable addresses, then increment H:X. The EA of the operand
is derived by adding X (low byte) with H (high byte).

See Table 3.

Hexadecimal to ASCII Conversion

See Table 4.
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Table 4. Hexadecimal to ASCII Conversion
Hex ASCII Hex ASCII Hex ASCII Hex ASCII
$00 NUL $20 SPspace| $40 @ $60 ' grave
$01 SOH $21 ! $41 A $61 a
$02 STX $22 “quote | $42 B $62 b
$03 ETX $23 # $43 C $63 c
$04 EOT $24 $ $44 D $64 d
$05 ENQ $25 % $45 E $65 e
$06 ACK $26 & $46 F $66 f
$07 BELbeep | $27 “apost. | $47 G $67 g
$08 BSSZ""C" $28 ( $48 H $68 h
$09 HT tab $29 ) $49 I $69 i
$0A “neLf';e 4 | s2a . $4A J $6A j
$0B VT $2B + $4B K $6B k
$0C FF $2C ,comma | $4C L $6C I
$0D CRreturn | $2D - dash $4D M $6D m
$0E SO $2E . period $4E N $6E n
$OF Sl $2F / $4F (0] $6F o]
$10 DLE $30 0 $50 P $70 p
$11 DC1 $31 1 $51 Q $71 o}
$12 DC2 $32 2 $52 R $72 r
$13 DC3 $33 3 $53 S $73 S
$14 DC4 $34 4 $54 T $74 t
$15 NAK $35 5 $55 U $75 u
$16 SYN $36 6 $56 \% $76 v
$17 ETB $37 7 $57 W $77 w
$18 CAN $38 8 $58 X $78 X
$19 EM $39 9 $59 Y $79 y
$1A SUB $3A $5A VA $7A z
$1B  ESCAPE | $3B $5B [ $7B {
$1C FS $3C < $5C \ $7C |
$1D GS $3D = $5D | $7D }
$1E RS $3E > $5E n $7E ~
$1F us $3F ? $5F _under $7F dZIEelt_e
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Hexadecimal to Decimal Conversion

To convert a hexadecimal number (up to four hexadecimal digits) to decimal,
look up the decimal equivalent of each hexadecimal digit in Table 5. The
decimal equivalent of the original hexadecimal number is the sum of the
weights found in the table for all hexadecimal digits.

Table 5. Hexadecimal to/from Decimal Conversion

15 Bit 8 |7 Bit 0
15 12 |11 8 |7 4 13 0

4th Hex Digit 3rd Hex Digit 2nd Hex Digit 1st Hex Digit
Hex Decimal Hex Decimal Hex Decimal Hex Decimal

0 0 0 0 0 0 0 0

1 4,096 1 256 1 16 1 1

2 8,192 2 512 2 32 2 2

3 12,288 3 768 3 48 3 3

4 16,384 4 1,024 4 64 4 4

5 20,480 5 1,280 5 80 5 5

6 24,576 6 1,536 6 96 6 6

7 28,672 7 1,792 7 112 7 7

8 32,768 8 2,048 8 128 8 8

9 36,864 9 2,304 9 144 9 9

A 40,960 A 2,560 A 160 A 10

B 45,056 B 2,816 B 176 B 11

C 49,152 C 3,072 C 192 C 12

D 53,248 D 3,328 D 208 D 13

E 57,344 E 3,484 E 224 E 14

F 61,440 F 3,840 F 240 F 15
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Decimal to Hexadecimal Conversion

To convert a decimal number (up to 65,53510) to hexadecimal, find the largest
decimal number in Table 5 that is less than or equal to the number you are
converting. The corresponding hexadecimal digit is the most significant
hexadecimal digit of the result. Subtract the decimal number found from the
original decimal number to get the remaining decimal value. Repeat the
procedure using the remaining decimal value for each subsequent
hexadecimal digit.
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