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Hexadecimal and Decimal Conversion
How to use:
Conversion to Decimal: Find the decimal weights for corresponding hexadecimal char-

acters beginning with the least significant character. The sum of the decimal weights is the
decimal value of the hexadecimal number.

Conversion to Hexadecimal: Find the highest decimal value in the table which is lower
than or equal to the decimal number to be converted. The corresponding hexadecimal
character is the most significant. Subtract the decimal value found from the decimal number
to be converted. With the difference repeat the process to find subsequent hexadecimal

characters.
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Motorola reserves the right to make changes to this product. Although this
information has been carefully reviewed and is believed to be reliable,
Motorola does not assume any liability arising out of its use.
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Programming Model

31 1615 87 0
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Conditional Tests Operation Code Map

"~ Mnemonic | | Encoding i Test
T true 0000 1 S
= e i 5 0000 Bit Manipulation/MOVEP/ OR/DIV/SBCD
= Immediate
HI high 0010 Cz 0001 Move Byt e
ove Byte i
—— y! (Unassigned)
r sar 0010 Move Long CMP/EOR
0011 Move Word AND/MUL/ABCD/EXG
0100 Miscellaneous ADD/ADDX
0101 ADDQ/SUBQ/Sce/DBec ShiftRotate
st 0110 Bcc/BSR i
(Unassigned)
overflow clear 0111 MOVEQ
Vs overflow set
PL plus
Pin Assignments

68-Pin Grid Array

K | NC FC2 FCO At A3 A4 A6 A7 A9 NC
J | BERR IPLO0 FC1 NC A2 A5 A8  A10 A1l Al4
H |E PL2  TPLT A3 A12 Al
2 n G | VMA VPA Al5 A7
Pin Assignments
64-Pin Dual-in-Line Package I3 HALT  RESET BOTTOM A18 A19
E | CLK GND VIEW Voo  A20
D | BR Veo GND  A21
041 @ 64 [D5
pigja2 63106 C | BGACK BG RW D13 A28 A22
D2 3 62 D7
Dt =t 61008 B |DTACK (DS UDS Do D3 Ds D9 DIt Di4 DIis
Do 5 80 [ D9
A3 e se[3D10 A|N AS DI D2 D4 D5 D7 D8 D0 D12
Ups 7 58 [JD11
DA Os 57 D12
RIW (]9 56 [JD13 1 2 3 4 5 6 7 8 9 10
DTACK 10 55 [JD14
BG 11 54[JD15
BGACK []12 53 [JGND
BRIC{1 52{1 823 68-Terminal Chip Carrier
Vee 14 51 [ A22
CLK 15 50 [ A21 2213 orw
anp s sPveo E|9|%|‘28588588588555‘
FALT 17 ssF1A20 PL T rr e
RESET (]18 47 [ A19
VMA []19 46 [TJA18
E [J20 45 [ A17
VPA [(J21 441 A16
BERR (22 43[A15
TPL2 [J23 42{]A14
PLT [J24 41JA13
iPLO 25 40y A12
FC2 {26 39 [ A1
FC1 27 38 [ A10
FCO 28 37 [ A9
A1 29 36 1 A8
A2 ]30 35 [ A7
A3 []31 34 ne
A4 32 33 ;JAs




Reference Classification

0 0 ] (Unassigned) 0 (L
0 0 1 User Data 1 Supervisor Data
0 1 0 User Program 0 Supervisor Program
0 1 1 (L i 1 | Interrupt Acknowledge
Exception Vector Format
15 Even Bytes (A0 = 0) Odd Bytes (A0 = 1) 0
Word 0 =0
|- — New Program Counter — — —
Word 1 =1
I
Peripheral Vector Number Format
D15 D8 D7 DO
L Ignored V7 | v6 | v5 | v4 | v3 vi | v0 l
Where
V7 is the MSB of the Vector Number
VO is the LSB of the Vector Number
Address Translated from 8-Bit Vector Number
A31 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
All Zeroes v7 | v6 | V5 | v4 v2 ‘ vi|vo| O | 0 l
Supervisor Stack Format
15 141312 11109 8 7 6 5 4 3 2 1 0
Function| Lower
IH/W] I/NI Code | Address
ey Address
Instruction Register or Bus
Error
Status Register
Groups
1and 2

R/W (read/writ rite = 0, read = 1

I/N (instruction/not): instruction = 0, not = 1

Exception Grouping and Priority

ce

0 Reset
Address Error
Bus Error

Exception processing begins within two clock cycles.
(Highest priority)

1 Trace
Interrupt
llegal
Privilege

Exception processing begins before the next instruction.

2 TRAP, TRAPV,
CHK

Zero Divide

Exception processing is started by normal instruction
execution. (Lowest priority)

Exception Vector Assignment

Address .
0 000 SP Res: ial SSP2

0 i

1 4 004 SP Reset: Initial PC2
2 8 008 SD Bus Error

3

12 00C SD Address Error

8 32 Privilege Violation
9 36 Trace
10 40 Line 1010 Emulator

Line 1111 Emulator

64 040 SD (Unassigned, Reserved)

16-231

Spurious Interrupt3

Level 1 Interrupt Autovector

Level 6 Interrupt Autovector

Level 7 Interrupt Autovector
TRAP Instruction Vectors#

32-47

NOTES:

1. Vector numbers 12, 13, 16 through 23, and 48 through 63 are reserved for future
enhancements by Motorola. No user peripheral devices should be assigned these
numbers.

Reset vector (0) requires four words, unlike the other vectors which only require two
words, and is located in the supervisor program space.

The spurious interrupt vector is taken when there is a bus error indication during
interrupt processing.

Trap #n uses vector number 32+n.

MC68010/MC68012 only.

This vector is unassigned, reserved on the MC68000, and MC68008.

SP denotes supervisor program space, and SD denotes supervisor data space.
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Exception Processing Execution Times

Perlods
50(4/7)

Address Error

Bus Error 50(4/7)
CHK Instruction 40(4/3) +

38(4/3) +

RE ; 0!

Trace 34(4/3)
TRAP Instruction 34(4/3)
TRAPV Instruction 34(5/3)

+Add effective address calculation time.
*The interrupt acknowledge cycle is assumed to take four clock periods.
**Indicates the time from when RESET and HALT are first sampled as negated to when
instruction execution starts.




Status Register

User Byte
System Byte (Condition Code Register)
15 % 13 ¥ * 10 9 8
RlZE Z DN
———
Trace Mode , Extend
Supervisor Interrupt Negative
State Mask Zero
Overflow
Carry

*Denotes reserved bits, read only as “0".

Interrupt Encoding

PL2/A/0 Requested
Control Interrupt
Lines Level

LLL 7
LLH 6
LHL 5
LHH 4
HLL 3
HLH 2
HHL 1
HHH None

Instruction Operation Word General Format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Operation Word
(First Word Specifies Operation and Modes)
Immediate Operand
(If Any, One or Two Words)

Source Effective Address Extension
(If Any, One or Two Words)

Destination Effective Address Extension
(If Any, One or Two Words)

15 14 13 12 11 10 9 8 7. 6 5 4 3 2 1 0
dg (An, Xn) or,
dg (PC, Xn) |D/A‘ Register ‘W/L‘ 0 ‘ 0 | (] ‘ Displacement Integer |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| [ 0 0 0 0 o 0 ’ Byte ‘I
or
Immediate { e ‘
or
High Order
LongiWord = =i e isanis Sisiens s Siass Semis S Sedig e =
Low Order
Single-Effective-Address Instruction
Operation Word
15 14 13 12 11 10 9 8 7 & 5 4 3 2 1 0
Effective Address
LD D X D D P T e T e |

Double-Effective-Address Instruction
Operation Word

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Destination Source
] X l X I X . X I Register | Mode Mode Register




Condition Code Computations Effective Addressing Mode Categories

ABCD |0

Declma\ Csrry

¢ sm~mm-omsmm
2| 2| V=8m-Dm-Rm+Sm-Dm-Rm
C = Sm+Dm-+Rm+Dm-+Sm+Rm

BTST, BCHG,
BSET, ECLR

Predecrement Register
Indirect

Indexed Register Indirect
With Offset

[ Rosolvi Short |

‘O P +5m - Dim+ A
Dm+Rm+Dm+Sm+Rm

--=
B

; ES:
NOTES: EA = Effective Address dg = Eight bit Offset (displacement)

ROR (r=0)

5 ;
SBCD, NBCD. U Sm So;?; gp:‘,ﬁa:::(; n mhc rr:umbelr An = Address Register dyg = Sixteen bit Offset (displacement)
Dm Desinaion operand — D Dn = Data Register N = 1 for Byte, 2 for Words and 4 for
A ! Xn = Address or Data Register used as Long Words
most significant bit +_ Boolean OR Index Register Contents of
27 See Special Definition Rm Boolean NOT SR = Status Register Replaces
Rm Result operand — PC = Program Counter 3

most significant bit

_Mnemonic | Size | : # ' : 3 : 32 10
DBc. W | dig=Imm m Brancn 0101 CCCC 1100 1DDD | Kechue, tenNOP |- - - - -
10| mse | =1 yes else Dn—1-> Dn,
ounter= | 4| 1| e N/,; n D0+ —1
14) fase

0000 Hﬂﬂ SéEE EEEE

1000 1000 UD‘DD hrl7—)b|ls|5'
1000 1100 0DDD | bit15-bits31: 16

count= #1-8
count=Dn
count= #1-8
count=1

16(An)
d=dglAnXn)
Abs




Naw | %%

ANDI SR
ASL, ASR

Addressing Modes

1100 RRR1 0000 Or
1100 RRR1 0000 1r

1100 DDDO SSee ee
1100 DDD1 10EE EE

00 0OEE E
0100 DDD1 10ee ee

EE

1000 DDDO SSee eece

1000 DDD1 10EE EEEE
1000 DDDO
i 8

e o
1001 DDDY SSEE
1001
1001

1001 DDDO f0ee eee

i
0000 0100

1001
1001

RRR1
RRR1

01 ARAT 1000 11
1100 DDD1 SSEE EE

1100 DDDO 10ee ee
0000 : £

DDDO SS8ee eeee
DDD1 10EE EEEE |d-Dn->d

Bool
1| d0+s10+X>d
rr

EEE
oo

EE | d<and>Dn->d
e e [ Dn<and>s-»Dn
EE | d<and>Dn->d
@& [ Dn<and>s - Dn

(bit#) of d > 2,
“{bit#) of d > (it#) of d

ee

d<o>Dndd
Dn<or=>s-» Dn
d=<<or>Dn = d

| sor8R > SR
address of d - —

Dn—s->Dn

Dn—s->Dn

5

(1 16 ap vectors) > PC
V=1, then PC - — (SSP)
SR> - (35), (TRAPV

vector) = PC, else NOP
| testd '

e

General Notes:

Word Only
Number of Bytes in Instruction
Execution Time in Clock Periods
Source (510 = base 10 operand)
Destination (d10 = base 10 operand)
Value is Maximum Number

* Complement (invert)
dg 8-Bit Displacement
d16 16-Bit Displacement
Imm Immediate Data

imm3 Immediate Data, 3 Bits

Imm8 Immediate Data, 8 Bits

eamoo>

Address Register Number
Test Condition

Data Register Number
Destination Effective Address
Source Effective Address

0TE

Quick Immediate Data

Opcode Bit Pattern Codes:

Direation: R Destination Register Vv Vector Number
0 =Right 1=Left r Source Register XX Move size:

Destination EA Mode S Size: 01 = Byle

Displacement 00 = Byte 01 = Word 11 = Word

10 = Long

| 0> 5P.(5P) + > A

Condition Code Notation:

Set according o result of operation
Not affected by operation.

Cleared

*

s

set
Undefined after aperafion.



