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ABCD ABCD

Opsration:  {Source)1p + {Destinatlon)1o + X — Destination

Assembler ABCD Dy, Dx
Syntax: ABCD —{Ay), —(AX}

Add Decimal with Extend

Attributes:  Size =(Byte)

Description: Add the source operand to the destination operand along with the extend
bit, and store the result in the destination location. The addition Is perform-
ed using binary coded decimal arithmstic. The operands may be addressed
in two different ways:

1. Data register to data register: The operands are contalned in the data

ragisters specitied in the instruction.

2. Memory to memory: The operands are addressed with the predecre-
ment addressing mods using the address registers specified in the in-

struction,
This operation is a byie operation only,

XNZVC
CJulxJul]
Undefined.
Cieared If the resull Is non-zero, Unchanged otherwise,
Undetined,
Sat if a carry {decimal) was generated. Cleared otherwise,
Set the same as the carry bit,
NOTE
Normally the Z condition code bit is set via programm-
ing betore the start of an operation. This allows suc-
cessful tesis for zero results upon completion of
muttipie-precision operations.
tnstruction Format:
16 1 13 12 1 0 6 8 7 4 & 4 3 7 4 ¢
Register R/ | Register
[ Lefelo "] Jo oo o 1]

Condition Codes:

XN

Instruction Fleids:

Register Rx field — Specifias the destination registern
it RIM = 0, specifies a data register.
1f RiM = 1, speclfies an address register for the predecrament address-
ing mode.

RIM tleld — Specifies the eperand; addressing mode:
0 — The operation is data register {0 data register,
1 - The operation is memoty {0 memory.

Register Ry fleld — Specifies the source register:
if RIM =0, specifies a data register,
If RIM =1, specifies an address register for the predecrement address-
ing mode,

ADD -

Eftective Address fisid (Continuad)

o

memory addresaing modes are allowed ay shown:

Addressing Wode! Mode Register [_Il»ddressir{éwl{nédé ﬁaﬁ?rumﬁgaalerm

ADD

.1f the location specified is a destination operand, then only alterable

Notes:

stead.

I

autornatically make this distinction,

Dn — = ; diAn, Xi 110 register numiber
An . o Abs. W 000

{An) 010 |register numberf) — Abs.L 111 001

(AN} + 011 | register number 4PC) . -

- (An) 100 | register number d{PC, Xi) - -

d{An) 101 | register number irnm - -

. it the destination is a dala ragister, then i cannot be specified by using
the destination <sa> mode, bul must use the destination Dn mode in-

ADDA is used when the destination Is an address register. ADDI and AD-
DQ are used when the source is immediate data. Most assemblers

ADD s By

Operation:  (Source) + {Destination)— Destination

Assembiar  ADD <ea>, Dn
Syntax: ADD Dn, <eax

Attributes:  Size = (Byte, Word, Long)

Dascription: Add the source operand to the destination operand, and store the result in
the destination location. The size ot the operation may be specified 1o be
byte, word, or long. The mods of the instruction indicates which operand is
the source and which is the destination as well as the operand size.

Condltion Codes:

XN ZV C
KRNI LA

N Bet if the result is negative. Cleared otherwise.
Z  Setif the result is zero, Cleared otherwise.
V. Sel it an overflow is generated. Clearsed otherwise.
C  Bellf a carry is generated. Clearsd otherwise.
X Set the same as the carry bil,
instruction Format:
H 1 13 12 1 W0 g 6 5 4 3 2 t 0
E 1 ! 1 ‘ ’ Roglster ’Op Mode | Elfective Addross

Mode | Reglster

Instruction Flelds:
Register fleld — Specifies any of the elght data registers.
Op-Mode fleld —
Byte Word Long Operation
000 001 010 (<Dn>)+{<eax)— <Dn>
100 101 110 (<ea>)+{<Dny)— <ea

Effective Address field — Determines addressing mode:
a. {{ the location specified is a source operand, then all addressing
modss are allowed as shown:

!Addreastng Mods| Mode Register Addressing Mode Modu Reglster
Dn 000 | register number d{An, Xi} 110 |register number
An* 001 | register number Abs W 111 000
{An) 010 | reglstier number Abs.L 111 001
(AN} -+ 011 ! register number d(PC) 111 010
- {An} 100 | register number d(PC, Xi) 111 011
diAng 101 | register number| imm 111 100

*Word and Long only.

5 - Continued —

AD HA ' Add Address A@ @A

Gperation:  (Source) +{Destination)- Destination

Assembler
Syniiex: ADD <ea>, An

Attributes: ~ Slze = (Word, Long)

Description: Add the source operand to the destination address register, and store the
result in the address register. The size of the operation may be specified to
be word or long. The entire destination address ragisier i used regardless
of the operation size.

Condlilon Codss: Not atfected.

Instruction Format:
B4 13 W2 9 10§ B 3 3.2 9

oy hffectlve Addrass
11 | 1 4 ‘ 1 ‘Regmm( IOp Mode[ Mode |Registar

Ingtruction Fields:

Register field — Specifies any of the eight address registers, This is aiwayy
the destination.

Op-Modes fleld ~— Speclfies the size of the operation:
011 ~ word operation. The source operand is sign-extended to a long
operand and the operation is performed on the address register using
all 32 bits.
111 long operation,

Etfeciive Address fleld — Specifies the source operand, All addressing
modes are allowed ag shown:

Addressing Mode | Mode Reglster Addressing Mode | Mode Registor
Dn 000 ragister number d{An, Xi) 110 | reglsier number
An 001 | reglster number Abs W i 000
(An) 010 | register number Abs.L 1 001
. (Am 011 | raglstiar numbar d(PC} i) 010
""" ~(An) 100 | register number d(PC, Xij 1 (]
d{An} 101 | register numbar imm 11 100
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ADDI U— ADDI

Operation:  immediate Data + {Destination)-- Destination

Assembier
Syntax: ADDI # <data> <ea>

Attributes:  Size = (Byte, Word, Long)

Description: Add the Immediate data to the destination operand, and store the rasult in
the destination location, The slze of the operation may be specified to be
byte, word, or long. The size of the immediate data matches the operation
size.

Condition Codes: >

S RAKIRA NS

Set if the result Is negative. Cleared otherwise.
Set If the result is zero, Cleared otherwise.

Set if an overflow s generated, Cleared otherwise,
Set if a carry 18 generated. Cleared otherwise.

Set the same as the carry bit,

XOo<NZ

Instructlon Format:
65 14 ¥ 12 11w 9 6 7 & 5 &4 3 2 1 0

! ! Etfective Address
010}0\0[0‘1[1,0 sizo| S0 Radietor
Word Data (16 bits) Byte Data (8 bits)

Long Data (32 bits, including previous word)

instruction Fields:
Slze fleld — Specifies the size of the operation:
00 —~ byte operation.
01 — word operation.
10 ~ long operation,
Eftective Address fleld -~ Specifies the destination operand. Only data
alterable addressing modes are allowed as shown:

Addressing Mode| Made Reg! Addressing Mode | Mode Register
Dn 000 | register number diAn, X} 110 | regisier number
An - — Abs W i
{Any 010 | register number Abs,L 111 001
i {An} + 011 iregister number)i — diPC) o -
~{Any 100 | register numberl | d{PC, Xi —~ =
d{An] 1077 [ reglsler number fmm - —

immediate field — (Data immediately following the instruction):
{f size =00, then the data is the low order byte of the immaediate word,
i slze = 01, then the data is the entire immediate word.
i{ size = 10, then the data is the next two Immediate words.
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A m ' X Add Extended A 9 D X

Operation:  (Source) + (Destinatlon) + X— Destination

Assembler  ADDX Dy, Dx
Syntax: ADDX ~(Ay), ~(AX}

Attributes: . §ize = (Byle, Word, Long)

Description: Add the source operand to the destination operand along with the extend
bit and store the result in the destinatlon location, The operands may be ad-
dressed in two different ways:

1. Data register to data reglster; the operands are contained In dala
registers specified in the inatruction,

2. Memory to memory: the operands are addressed with the predecre-
ment addressing mode using the address reglsters spectified in the
instruction,

The size of the operation may be specified to be byte, word, or long.

Condition Codes: X NZVC
L3 w ® * *
N Set If the result is negative, Cleared otherwise,
Z  Cieared if the result is non-zero. Unchanged otherwise.
vV Set If an overfiow is generated. Cieared otherwise,
C  Set It a carry Is generated, Cleared otherwise.
X Set the same as the carry bit,
NOTE
Normally the Z condition code bit Is set via programm-
ing before the stari of an operation. This allows suc.
cessful tests for zero results upon complation of
muftiple-precision operations.

instruction Format:
151 43 12 14 16 8 & 7 8 5 4 8 z 1 0

I 1 [Register [ | ! g R{%Ragkster
;1}1?041 I wslze;o»oM O

instruction Flelds:

Register Rx field - Specifias the destination register
if RV =0, specities a date register,
1$ AIM = 1, specifies an address register for the predecrement address-

ing mode.

Size field —~ Specifies the size of the operation:
00 — byte operation.
01 — word operation,
10 ~ long operation,

~ Continued ~—
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AgBQ Add Quick Agm@

Operatlon:  immediate Data + (Destination}~ Destination

Agsembier
Syntax: ADDQ #<data>, <ea>

Attributes:  Size = (Byte, Word, Long)

Description: Add the immediate data to the operand at the destination locatlen. The
data range Is from 1 to 8. The size of the operation may be specified to be
byte, word, or long. Word and tong operations are also allowed on the ad-
dress registers and the condition codes are not atfected. The entire
destination address register is used regardiess of the operation size.

Condition Codesg: ‘_,)g N Z NV G

T e
Set if the result ts negatlve, Cleared otherwise.
Set if the result Is zero. Gleared otherwise,
Set If an overflow is generated, Cleared otherwise.
Set it a carry Is generated. Ciearad otherwise.
Sel the same as the carry bit.

The condition codes are not affected if an addltion to an address register is
made,

XO<NZ

instruction Format:

15 14 13 12 11 W 9 8 7 & L 4 3 2 1 0
I Effective Address
0‘ 1 ‘Of t | Data | 0] Slze Mods | Register

instruction Fields:
Data field —~ Three bits of immediate data, 0, 1-7 representing a range of 8,
110 7 respectively.
Size tield — Specifies the size of the operation:
00 — byte oparation.
01 -~ word operation.
10 —~ long operation.
Effsctive Address field — Speciiies the destination location. Only aiterable
addressing modes are allowed as shown:

Addregsing Mode | Mods Reglster Addressing tMode | Made Reglstar
Dn 00C | registier number d{An, X} i 110 | register numbsr
An' 001 | ragister number, Abs W L 000
{An} 010 | register number Abs L 11
R 011 | ragister number diPC) —
: ~{Any 100 registar number d{PC, Xi} —
| aARY U Taglsier number imm —

*Word and Long onty.

A D HX Add Extended A a BX

instruction Fields: (Continued)

RIM fleld — Specifles the operand addressing mode:
0 — The operation Is data reglster to data register.
1 -~ The operation is memory to memory.
Register Ry fleld — Speclfies the source register:
if RIM =0, specifies a data register.
it RIM =1, specities an address register for the predscrement ad-
dressing mods,
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AND AND

AND Logicsl

Qperatlon:  {Source)a(Dastination)— Destination
Assermbler AND <ea>, Dn

Syntax: AND Dn, <ea>

Attributes:  Size = (Byte, Word, Long)

Dascription: AND the source operand to the destination operand and store the result in
the destination location. The size of the operation may be specified to be
byte, ward, or fong. The contents of an address register may not be used ag
an operand.

Condfiten Codes: X NZVC

—[2[x[e]0]

Set if the most signlficant bit of the result Is set. Cieared otherwise,
Set if the result is zero. Clearad otherwise.

Always cleared,

Always cleared.

Not affected,

XO<NZ

{ngtruction Format:

B 14 W 12y w9 8 7 6 05 4 3 2 1 0
; ! Effective Address
[1 1 1 I 0 ' 0 l Roglstar!()p Mode Mode | Register

ingtruction Flelds:
Register flsld — Specifies any of the eight data registers,
Op-Mode field -
Byle Word Long
000 001 010
100 101 110

Operation
(«Dn>) A (cea>)~ <Dn>
{<ea>)}A{<Dn>)—~ <oa>

Effsctive Address fleld — Determines addressing mode:
it the location specifled Is a source operand then only date addressing
modes are atlowed as shown:

AND

AND Logical

Effective Address fleld (Continued)

AND

If the location spectfied is a destination operand then only alterable memo-
1y addressing mades are ajtowed ag shown!

Addressing Mode | Mode Register Addressing Mode| Mode | Rogistar
Dn — — d(An, Xi 130 Tregisier number
An — - Abs. W i1t Q00
(An) 010 | ragister numbar Abs.L 111 001
(Anj) + Q11 | register number | d(PC) - -
~(ADY 160" | reglater numbay d(PC, Xy - —
d{An) 07 T register number imm - -
Notes: 1. If the destination is a data register, then It cannot be specified by us-

ing the destinalion <ea> maode, but must use the destination Dn
mode instead.
2. ANDl is used when the source is immediate data. Most assamblers
automatically make this distinction,

Addressing Mods | Mods Hegister Addrassing Mods| Mode Register
On 000 | register number diAn, Xi) 110 1 register number
An - - Abs W 1 GO0
{An} 010 | register numbsr Abs L 111 001
TAR) + 011 | reglster iumber| | Rl 11 616
—{An] 100 | register numbar d(PC, Xij 131 o1
d{An} 17301 " ragister number Higit) 111 100
— Continued —

ANDI ANDI

AND Immediate

Operation:  Immediate Data A {Destination)— Destination
Assembler

Syntax: ANDI #<data>, cea>

Attributes:  Size ={Byts, Word, Long)

Description: AND the immediate data to the destination operand and store the resuit in
the destination location. The slze of the operation may be specified to be
byte, word, or long. The size of the Immediate data matches the operatlon
8ize.

Condition Codes: AN Z V C

= TTelo]

Set If the most signiflcant bit of the result is set. Clearsd otherwise.

Set If the result is zero. Cleared otherwise,

Always cleared.

Always cleared,

Not affected.

XO<<NZ

Instruction Format: i . .
¥ 3 13 12 M1 10 8 8 7 4 b 4 3 2 i 0

. ; Effective Address
o ofo] o] o[[o] 1] sia| Frecpie paress
Word Data (16 bits) Byte Data (8 bits)

Long Data (32 bits, including previous word)

tnstruction Flelds:
Slze tield — Specifies the size of the operation:
{0 — byte operation,
01 — word operation,
10 ~— long operation.
Effective Address fleld -— Specifies the destinatlon operand. Oniy data
alterable addressing modes are allowed as shown:

Addressing Mode| Mode Raglster Addressing Mode! Mode Regt
Dn 0G0 1 reglster number diAn, X 110 | register number
An - — Abs W 111 000
{An} 010 | register number Abs.L 111 001
{Anj + 011 | register numbsy’ a(PCy — —
— (An) 100 | regisier number d(PFC, X1 — —
3 d{Any 167 register number imm - —

tmmediate field — {Data immediately foliowing the instruction):
if size = 00, then the data is the low order byte of the immediate word.
if size =01, then the data is the entire immediate word,
if size =10, then the data is the next two immaediate words.

ANDI
to CCR

ANDI
to CCR

AND immediste to Condition Codes

Qperation;  (Source)ACCR~~ CCR
Assembisr

Syntax: AND! #ixxx, CCR
Attributes:  Size = (Byte)

Description: AND the immediate operand with the condltion codes and store the result
in the iow-order byte of the status register.

Conditien Codos: XN ZVC

IR
Cleared it bt 3 of immediate operand Is zero, Unchanged otherwise,
Cleared i1 bit 2 of immediate operand Is zero, Unchanged otherwise,
Cleared If bit 1 of immediate oparand is zero, Unchanged otherwise.
Cleared if bit 0 of immediate operand is zero, Unchanged otherwise,
Cleared if bit 4 of immediate operand is zero. Unchanged otherwise.

XO<NZ

tnstruction Format:
4

78 b 2 10
[l irirale]
| Byte Data (8 biis) |




A N E ! AND immediate 1o the Status Register A N D E
% S R {Privileged instruction) ’E@ S R

Opuration:  if supervisor state
then {SourcejASR— SR
olse TRAP

Assemblar
Syntax: ANDI #xxx, SR

Attributes:  Size = {(Word)

Description: AND ths immediate operand with the gontents of the status register and
store the result in the status register, All bits of the status register are al

tected.
Condition Codoes: X N Z VY C

ENEREAEARY
N Cleared {f bit 3 of immediate operand is zero. Unchanged otherwise.
Z  Cleared i bl{ 2 of immediate operand is zero. Unchanged otherwise.
Vv Cleared 1 bit 1 of immaediate operand Is zero. Unchanged otherwise.
C  Cleared If bit 0 of immediate operand is zero. Unchanged otherwise.
X Cleared if bit 4 of immediate operand Is zero. Unchanged otherwise.

fnstruction Format:
16 44 13 12 11 108 8 7 6 5 4 3 2 1 O
[orelorol oo T ol o 11113 110l
Word Data (18 bits) }

16

ASL, ASR .oesn ASL, ASR

Conditlon Codes: XN ZV G

Set If the most significant bit of the result Is set. Cleared otherwise.

Set If the result is zero. Clearad otherwise.

Setl if the most significant bit Is changed at any time during the shift

operation. Cleared otherwise,

¢ Set according to the last bit shifted oul of the operand. Cleared tor a
shift count of zero.

X Setaccording to the last bit shifled out of the operand. Unatfected for

a shift count of zerc.

<™NZ

Instruction Format (Reglster Shifts):
1614 12 12 19 10 H B 7 & 5 4 3 2 1 0

’1}111!0 Count/ | 4, Slze’II7I0|OLHsgisler1

Register

Instruction Flelds (Register Shiftg):
Count/Regisier fleld — Specifies shift count o register where count ig
located:
If ifr=9), the shift count is specifled In this field, The values 0, 1.7 re-
presaent a range of &, 1 1o 7 respectively,
if ifr =1, the shift count (modulo 84) is contained In the data register
specified In this fleld.
dr field — Specifies the direction ot the shift;
0 — shift right.
1 ~- shift jeft,
Size tield — Spacifies the size of the operation:
00 — byts operatlon, :
01 ~- word operation,
10 — long opseration,
Ur flejd —
If iir = 0, specifies Immediate shift count,
It ir=1, specities registsr shift count.
Repisier fleld — Speclfies a data register whose content is to be shifted.

Instruction Format {(Momory Shitts):
5 94 13 12 91 30 8 B 7 6 6 4 3 2 1. @
Effective Address
[1‘1|1j 0|O|010idrl1’1' Mods__ |Reglister

- Continued -

AS L 3 AS R Arithmatic Shift AS Lg AS %

Operation:  {Destination) Shifted by < count> — Dastination

Assembler ASd Dx, Dy
Syntax: ASd #<data>, Dy
ASd <ea>

Attributes:  Size ={Byte, Word, Long)

Description: Arithmetically shift the bits of the operand in the direction specified. The
carry bit recelves the last bit shifted out of the operand. The shift count for
the shifting of a register may be specitied in two different ways:

1. immediate: the shift count is specified In the instruction {shiff range,
1-B).
2. Register: the shift count Is contained in & data register specified in the
instruction.
The size of the operation may be specified to be byte, word, or jong. The
content of memory may be shifted ohe bit only and the operand size is
restricted {o a word,

For ASL, the operand Is shifted lefl; the number of positions shifted Is the
shift count, Bits shifted out of the high order bit go to both the carry and the
extend bits; zeroes are shifted Into the low order bit. The overtiow bil in-
dicates if any stgn changes ocour during the shift,

o e {1]
-

For ASR, the operand is shifted right; the number of positions shifted s the
shift count. Bits shifted out of the low order bit go to both the carry and the
extend bits; the sign bit is replicated into the high order bit.

ASL:

Operand

ABR: "J

— Continued

ASL, ASR .o ASL, ASR

Instruction Fields (Memory Shifts):
dr tield -~ Specifias the direction of the shift:
0 — shiit right.
1 — shlft left,
Etfective Address field — Specifies the operand to be shifted, Only memory
alterable addressing modes are allowsd as shown;

Addressing Mode | Mode Reglster Addressing Mode| Mode Reglster
Dn — — diAn, XI) 110 _| register number
An — — Abs W 111
(An} 010 | register number| Abs.L 111 001
(An}+ 011 1 register number| d(PC) [ -
—(An) 100 | register number| d{PC, Xi) - —_
d{An) 101 | reglster number| imm - —
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Bcc Branch Conditionaily BGG

Operation:  {f {condltion true) then PC +d-PC

Assembler
Syntax: Bee <label>

Attributes:  Size = (Byte, Word)

Description: if the specified condition s met, program execution continues at location
(PC) + displacement. Displacement is a twos complement integer which
counts the relative distance in bytes, The value in PC is the current Instruc-
tion location pius two. If the B-bit displacement in the instruction word Is
zero, then the 16-blt displacement (word immediately foliowing the instruc-
tion) is used, “cc" may speclty the foliowing conditions:

CC| carry clear 0100 LS fow or same 0011 |C+2Z _
CS| carry set 0101} C LT iess than 1101 | NeV - NeV
EQ| squal o111z o Ml minus 1011 (N

GE| greater or equal {1100] N.V4+N.V I NE not equal 0110 | Z

GT | greater than 1110 NV Z+NVZ 1] PL plus 1010 | N

HI | high 0010| C.2 VG overflow clear [1000 | V

LE [ less or equal 1111 Z+ NV 4NV 11 VE overtiow set 1001 | V

Condition Codes: Not affected.

Instruction Format:
16 34 19 12 11 10 % 8 7 B 5 4 3 2 1 0
o] 1]1]0o [ Condition | 8bH Displacement |
{"16-bit Displacement if 8-bil DIsplacemeni=0 |

instruction Fislds:
Condttion fisld — One of fourteen conditions discussed in description,
8-bit Disptacement fleld — Twos complement integer spscifying the
reiative distance {in bytes) between the branch instruction and the
next instruction to be executed if the condition is met,
16-bit Displacemant field — Allows a larger displacement than 8 bits, Used
only if the 8-bit dispiacement Is equal to 2ero.

Note: A short branch to the immediately following Instruction cannot be done
because it would result in a zero offset which torees a word branch instruc-
tion definition.

20

BCHG BCHG

Instruction Format (Bit Number Static):

Tast & Bit and Change

16 14 13 12 v w0 9 8 7 6 5 4 3 2 1 0
Iy TEftective Address

Qo) 0jofltjofoio 0111 Mode | Regls!

CrolTotojofjolato bit number

tnstruction Flelds (BIY Number Static):
Etfective Address field — Specifies the destination location. Only data
alterable ad(iressm‘g‘ modes are allowad as shown,

| Addressing Mode | Mode Reglstor | 1Addressing Made | Mode Reglister
bn 000 | reglster number diAn, Xi) 110 | 1eqgisier number
A T AbSW T -
(An) 010 | register numbar Abs L 111 L
{An) + 011 | register number d{PC) -
- {AN) 100 | ragistar numbar d{PC, Xi) -
d{An) 101 | raglstar number [ [ - —

*L.ong onty; ali others ars byte only.

bit number fisid — Epecifies the bit numbers.
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BCHG BCHG
Operation: . (<blt number>) OF Destination—2;

~{<blt number>) OF Destination— <bit number> OF Destination

Test a Bit and Change

Assembler BCHG Dn, <ea>
Syntax: BCHG #<data>, <ea>

Attributes:  Slze = (Byte, Long)

Description: A bit in the destination operand s tested and the state of the specified bit
is reflected in the Z condition code, After the test, the state of the specified
bit is changed in the.déstination. If & data regisier is the destination, then
the bit numbering 1s modulo 32 aliowing bit manipulation on all bits in a
data register. If a memory location ts the destination, a byte is read trom
that location, the blt operation pertormed using the bit number modulo 8,
and the byte written back to the location with zero reterring to the least-
significant bi. The bit number for this operation may be speclfied in two
different ways:

1. imrmediate — the bit number 1s specified in a second word of the in-
struction,

2. Register — the bit number is contained in & data register specified in
the instruction.

Condition Codes:

N Not atfected.
Z  Bet If the bit tested is zero. Cleared otherwise.
vV Not affected,
G Not affected.
X Not affected.

Ingtruction Format (Bit Number Dynamic):
1614 13 92 11 10 9 8 T 6

o’o‘o!o 1'0i1

5 4 3 2 1 @
Effective Address
Mode | Register

Register

instruction Flelds (Bit Number Dynamic)
Register fleld -~ Specifies the data register whose content is the bit
numbaer,
Effactive Address fleld — Specifles the destination location, Only data
alterable addressing modes are allowed as shown:

Addressing Mode! Mode Register Addressing Mode | Mode Register
Dn* 000 Iregister number d{Aan, Xi} 110 | register pumbar
An - — Abs.W 1 000
(A 010 | register numbsr Abs.L 1114 001
{An+ 011 Tregister numbsr glPCy - —
~{An} 100 [registar numbsr] a(PC, Xy — e
A AR 307 | register number imm - —
“Long only; all others are byte only. 21 — Continued —

BCLR Tos i an Gl BCLR

Operation:  ~(<blt number>) OF Dastination)-Z,
0 — <blt number> OF Destination

Assembler BLCR Dn, <ea>
Syntax; BCLR #<data>, <ea>

Attributes:  Size = (Byte, Long)

Description: A blt in the destination operand is 1ested and the state of the specified bit
15 refiscted In the Z condition code. After the test, the specified bit is
ctearad In the destination, if a data reglsier 1s the daestination, then the bit
numbaering is modulo 32 atlowing bit manipulation on all bits in & dats
register. If a memory tacation ts the dastination, a byte is read trom that
location, the bit opeération performed using the bit number modulo 8, and
the byte written back to the location with zero referring 1o the lsast
significant bil, The blt number for this operation may be specified in two
different ways:

1. Immediate — the bit numbaer is specified In a second word of the in-
struction.

2, Register ~~ the bii number is contalned in a data register specified in
ths instruction.

Condition Codes: XN Z NV C

=T =1=]

N Not alfected.

Z  Sel lf the bt tested Is zerc. Cleared otherwise.
vV Not affected.
C
X

Not affected.
Not affected.

instruction Format (Bit Number Dynamic):
6 14 13 12 11 10 9 8 7 6 5 4 8 2 1 8

| 1o | Effective Address
{O}OIOkolﬁeg!sterw }f 10 ; Moda | Register

instruction Flelds (Bt Number Dynamic):
Raegister tield — Specifies the data’register whose centent is the bit
number,
Eftective Address field — Specifies the destination location. Only data
alterabie addressing modes are ailowed as shown:

Addressing Mode | Mode Reglister Addrassing Mode | Mode Register
On* 000 | register number d{An, X 110 | Tegisfer number
An - — Abs. W 111 000
(An) 010 | register number Abs. L 111 001
{An) + 011 | ragister number d(PC} - —
~ (An) 700 | register number! Ad(PC, Xi} — -
d{An} 077 reglster namber Tmm - -

*Long only; all others are byte only, 23 tinued
- Lontinued -~



BCLR BCLR BKPT — BKPT

Instruction Format (Bit Numbar Static). Operation  Acknowledge breakpoint
1514 13 %2 1 10 8 B 7 6 § 4 3 2 1 0 then Trap as Hlegal instruction
Effactive Address .
ojojojopiioi0)0 110} Mode | Register Assembiar
0|ojojololoj0f0 bit number Syntax: BKPT #<data>
Instruction Flelds (Bit Number Static) Attributes:  Unsized

Effective Address field — Speclfies the destination Jocation. Only data
alterable addressing modes are allowsd as shown:

Description: This instruction is used o support the program breakpoint function for
[Addresslng Mode| Mode Register Addressing Mode| Mode Ragister

debug monitors and real-time hardware emulators, and the operation witl be depen-

Bn 000 | reglster only” | diAn, X)) 110 | refister number dent on the implementation, Execution of this instruction will cause the processor {0
An - Fosd _.Abs.W 11 006 run a breakpoint acknowledge bus cycle, with zeros on all address lines.
(Any 010 | register number Abs.L REA T s i
{An}+ 011 tar nurmber! d(PC) Foliowing the termination of the breakpoint acknowledge, the processor will then
AR 1 100 [ registel numberi | alPC, X§ take an llegal instruction exception.
i'_ “diAny l 107 | ragister numbrﬂ Tmm -
“Long only; uH omers are byte only Condition Codes: Not affected,

tnstruction Format:
15 13 12 1 10 ] 8 7 6 5 4 3 2 1 0
ol T oo el sTToeo o[t T oo 1] Veckr

hit number fleld — Specifies the bit number.

Instruction Fields:

Vector field ~— Specifies the breakpoint numbar,

24 25
B RA Branch Always ﬁ RA @S ET Test & Bit and Set B S ET
Operations  PC+d—~PC Operation: (< bit number>) OF Dastinalion—2
1 <bit number> OF Destination
Assambiler
Syntax: BRA <label> Asgembler BSET On, <ea>

Syntax: BBET #<data>, <ea>
Attributes:  Size = (Byte, Word)
Attributes:  Size = (Byts, Long)
Description: Program execution continues at locatien (PC)+ displacement, Displace-
ment 18 a twos complement integer which counts the relative distance In Description: A bit In the destination operand is tested and the state of the speclfied bit

bytes. The value In PC is the current instruction location plus two. if the
8-bit displacement In the instrugtion word is zero, then the 16-bit displace-
ment (word immediately followipg the instruction) Is used.

Condition Codes: Not affected.

mstruction Format:
b 44 13 12 %1 10 9 8 7 B 6 4 8 2 1. 0
[o{1|uo|o|o|o|o[ B-bit Displacement |
1651t Displacement 1T 8-blt Displacement =0 |

Instruetion Flelds:

B-bit Displacement tisld — Twos complement integer specifying the rela-
ilve distance (in bytes) bstween the branch instruction and the next
instruction to be exsecuted if the conditlon is mel.

16-bit Displacemaent field — Allows a larger displacement than 8 bits. Used
oy if the 8-bit displacement is equal to zero,

Nota: A short branch to the immediately foliowing Instruction cannot be done

because It would rasult in a zero offset which forces a word branch instruc-
{ion dsfinition.

26

is reflected in the Z conditlon code. Atter the test, the specitied blt is set in
the destination. If a data register is the desgtinatien, then the bit numbering
13 moduio 32, allowing bit manipulation on all bits In a data register, If a
memory Jocatlon is the destination, a byte is read trom that location, the blt
operation performed using the bit number modulo 8, and the byte writien
back 1o the locatlon with zero referring to the least-signiticant bit. The bt
number for this operation may be spectfied in two different ways:
1. immedlate — the bit number Is speclifiad in a second word of the in-
struction,
2. Register — the bit number ls contained In a data register specltied in
the instruction,

Condition Codes: X N ZV C

=T 1210

N Not affected.

Z  Set lf the bt tested Is 2erc. Clearsd otherwise.
VY Not affected.

€ Not affected.

X Not affected.

Instruction Format (Bit Number Dynamic):
B W 13 12 31 10 8 8 7 8 6 4 3 2 1 Q
Effective Address
]0k0[0|0lﬂeglsterl1 ’1 t1 Mode | Register

Instruction Fislds ( Bit Number Dynamic):
Reglster flaid — Speolfies the data reglster whose content is the bt
numbar,
Eftective Address fleld — Specifies the destination location, Oniy data
alterable addressing modes are atiowed as shown:

Addressing Mode | Mode Ragister Addressing Mode | Mode Reglsier
Dn¥ 000 | register number d{An, XD 110 reglster number
An - — Abs.W 111 000
(An) 010 | register number, Abs. L 111 001
(An) + 011 | register number d{PC} - -
~ (An} 100 | register number d{PC, Xi) - —
d{An] 101 | register number| imm — —

“Long only; all others are byis only

27 — Continued —



Test a Bit and Set

BSET

instruction Format (Bit Number Static)h
1/ 4 18 12 1t W 8 B 7 8 & 4 3 2 1 O
Etfective Address
000010001111Modelﬁegistef
0{010(0}0(0]0]0 bit number

BSET

instruction Flelds (BIt Number Static):
Eftective Address field — Specifles the destination jocation. Only data
alterabls addressing modes are allowsd as shown:

Addrassing Mode| Mode Register Addressing Mode| Mode Register
Dn* 000 | reglister number dAn, XD 110 [ reglster number
An -— — Abs W i GO0
{An} 010 | register number Abs L 111 001
{An) + Q11 | register number d{PC} - [
~{hn) 100 | ragister number d{PC, Xiy - —
d{An) 101 | register number imm — —

*Long only; ali others are byte only,

bit number fleld — Speclfies the bit numbr,

28
BTST oe 2 24 BTST
Operation:  ~{<bit number>) OF Destination—2

Assembier BTST Dn, <ea>
Syntax: BTST #<data>, <ea>

Attributes:  Size = (Byte, Long)

Description: A bit In the destination operand is tested and the state of the specified bli
is reflected in the Z condition coda, if & data reglster is the destination,
then the bit numbering is modulo 32, aliowing bit manipulation on atibits in
a data register. If a memory location is the destination, a byte is read from
that location, and the bit operation performed using the bit number moduio
8 with zero referring o the least-signitcant bit. The bit number for this
operation may be specified in two different ways:

1. immediate — the bit number s specified in a second word of the in-
struction.

2. Register — the bit number Is contained in a data register specified in
the instruction.

Condition Codes: f>( N Z V C

i
Not affected.
Set If the bit tested is zero, Cleared otherwise.
Not affected.
Not affected.
Not affected.

XO<NZ

instruction Format (BIt Number Dynamic):
165 14 13 42 1t 10 § B 7 6 & 4 8 2 41 0
Effective Address
‘0,0’O[O ‘Regis!erti !O ;O Mode | Register

instruction Flelds (Bit Number Dynamic):
Register field — Spacifiss the data register whose content is the bit num-
ber.
Effective Address fieid — Specifies the destination location. Qnly data
addressing modes are allowed as shown,

Addressing Mode | Mode Register iAddresslng Mode| Mode Repister
Dn¥ 000 | reglster number diAn, Xy 1310 1 register number
An — — Abs.W 111 000
(An) 010 | register number Abs.L 111 001
{Anj + 0171 | register number||  d{PC) 111 010
AN 100 | regisfer number] | d{PC, Xij 111 011
d{An] 1017 | ragister number imm 111 100

*Long only; ali others are byte only.

30 — Continued —

B S R Branch to Subroutine

Operation:  PC— ~(SP); PC+ d— PC

Assambier
Syntax: BSR <labei>

Attributes:  Size = (Byte, Word)

Description: The jong word address of the instruction immediately foliowing the BSR in-
struction Is pushed onto the system stack. Program execution then con-
tinues at location (PC)+ displacement. Displacement is a twos comple-
ment integer which counts the relative distances in bytes, The value in PC
is the current instruction location plus two. If the 8-bit displacement in the
instruction word is zero, then the 16-bit displacement (word immediately
folfowing the instruction} is used.

Conditlon Codes: Not affected.

Instruction Format:
15 14 13 12 {1 10 ¢ 8 7 8 5 4 3 2 1 0
[OTITI70T0TO0I0 1] Bbit Displacemsnt |
| 16-bif Displacement 1T 8-bIt Displacement =0 |

instruction Fleids:
8-bit Displacement fisld — Twos complement Integer speciiying the rels-
tive distance {in bytes) between the branch instruction and the next in-
struction 1o be sxecuted if the condltion is met,
16-bit Dispiacement flald — Atiows a iarger displacement than 8 bits, Ussd
only if the 8-bit dispiacement is equal to zero.

Note: A short subroutine branch to the immediately foliowing instruction cannat
he done because it would result in a zero offset which forces a word branch
instruction definition.
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BTST -

instruction Format (Bit Nurnber Static):
. 15 14 19 12 11 W0 g & 7 € & 4 3 2 1 0
; Effgctive Address
pjojojojriojoge 0{0 Mode | Register

0j0]0]0j0;010}0 bit number

instruction Fields (Bit Number Static)

Effective Address fleld -~ Specifies the destination location, Only data
addressing modes are aliowed as shown:

BTST

iAddtesslng Mode | Mode Register Addressing Mode | Mode Reglster
Dn? 000 | register numbser diAn, X} 110 | register numbser
AR — - TABEW i 000
{An) 010 | register number Absg.L 111 Q01
(Any + 0711 | register number d{PC) 111 010
v — {An} 100 [ reglsiar number d(PC, Xi) 111 011
{L' diAn) 107 [ regisier nuimber Tmm — [

*Long only, all others are byte only.

bit number field — Specities the bit number.
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CHK CHK

Check Register Against Bounds

Operation: 1 Dn<0 or Dn> (< ea>) then TRAP
Assembiar
Syntax: CHK «ea>, Dn

Atiributes:  Size = (Word)

Description: The content of the low order word In the data register gpecitied In the in-
struction is examined and compared to the upper bound. The upper bound
is a twos complement integer. If the register value is iess than zero or
greater than the upper bound contained In the operand word, then the pro-
cessor initiates exception processing. The vector number is gensratad to
reference the CHK instruction exception vector.

Condltion Codes:

XN ZVEGE
s R R

N Set if Dn<0; cleared if Dn> (< ea>). Undefined otherwise.
Z  Undefined.

vV Undefined.

¢ Undetined.

X

Not affected,

instruction Format:
1% 3413 w\u 0 9 8 7 8 65 4 3 2 1 0
T .
iatal Effective Address ;
o] 1]o]o reostr o | R

Inatruction Flelds:
Regiater field — Specifies the data register whose content is checked.
Effective Address fleld — Specities the upper bound operand word. Only
data addressing modes are allowed as shown:

CLR CLR

Operation: 0~ Destination

Clear an Operand

Assamblar
Syntax: CLR <ea>
Attributes:  Size = (Byte, Word, Long)

Description: The destination Is cleared to all zero bits. The size of the operation may be
specltied to be byts, word, or long.

XN 2ZV C
=leliTeT0]
Always cleared,
Always set.
Always clearad.
Always ciearsd,
Not affected.

Condition Codes:

XO<NZ

instruction Format:
16 14 13 12 11 10 9 8

fo oo Tu[o] o+ o i | Secrve acirs

1
Effective Address
Mode | Register

instruction Flsids:
Size fleld — Specifies 1he size of the opsration:’
00 — byte operation.
01 — word aperation.
10 — long operation.
Effective Address fleld — Specifies the destination location. Only data
alterable addressing modes are allowed as shown:

Addressing Mode | Moade Register Addressing Mode| Mode Register
Dn 000 | register number d(An, Xlj 110 1 register number
T An - - Abs.W 111 000
{An} 010 | register number Abs.l 111 001
{An}+ 011 | register number d{PC} 111 010
~{An} 100 | register number d{PC, Xij 111 011
a{An} 107 reglsiar number imm 111 100

CMP CMP

Operation:  (Destination) - (Source)

Compare

Assembler
Syntax: CMP <eax, Dn
Attributes:  Size = (Byle, Word, Long)

Description: Subtract the source operand from the destination operand and set the con-
dition codes according to the result; the destination location Is not chang-
ad. The size of the nperation may be specifiad to he byte, word, or fong.

Condition Codasg: X N Z NV C

Set If the resuit is negative. Cleared otherwise,
Set If the result is zero. Cieared atherwise,

Set If an overflow s generated. Cleared otherwlise.
Set if a borrow is generated. Cleared otherwlse.
Not affected.

XO<CNZ

Instruction Format:
1 3 ) 12 11 10 8 8

78 32 0
11 lo ’1 |1 !Regis\er}Op—Mode

54 i
effective Address
Mode | Reglster

Instruction Fletds:
Register Held — Specliies the destination data register.
Op-Mode fleld —
Byte Word Long
006 001 010

Operation
{<Dn>)~(<ea>}

Effective Address field — Spectifies the source operand. All addressing
modas are aliowed as shown:

Addressing Mode| Mode Reglster Addressing Mode | Mode Register

Dn 000 | register number dfAn, X0} 110 | register number
N An — - - Abs,W 111 000

{An} 010 | register number Abs.L 111 001
N 011 | register number d(PC) — —

~{An 100 | register number 4{PC, Xi) - P

d{An} 101 | reglsisr number imm — —
Note: A memory destination is read before it Is written to,
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CMPA

Operation:  (Destination) - {Source)

CMPA

Compare Address

Assembier
syntax: CMPA <ea>, An
Altributes:  Size = (Word, L.ong)

pescription: Subtract the source aperand from the destination address ragister and set
the condltion codes according to-the rasult; the address register is not
changed. The size of the operation may be specified to be word or long.
Word length source operands are sign extended to 32 bit quantities before
the operation Is done.

XN zZVEC
v

'R

Conditlon Code:

Set If the result Is negative, Cleared otherwise.
Set If the rasult Is zero. Cleared otharwise,

Set If an overfiow Is generated. Cleared otherwise.
Set If a borrow {8 generated, Cleared otherwise.
Not affected.

XO<NZ

instruction Format:
16 14 13 12 11 10 8

[} 4 3
11 .O !1 J 1 ‘ReglstertOp-Mode

5 2 10
Effective Address
Mode | Register

Instruction Fleids:

Register fleld — Specifies the destination address register,

Op-Mode fleld - Specifies the size of the operation:
011 — word operation. The source opsrand is sign-exfended 10 a long
operand and the operation is performed on the address register using
all 32 bits,
111 — long operation.

Etfective Address field — Specifies the source operand. All addressing

Addressing Mode | Mods Register Addressing Mode! Mode Reglster
Dn 000 | register number diAn, XY 110 1 register number
An 001 | register number | Abg W 111
{An) 010 | register number Abs.L 111 00
{An} + 011 [register number d{PC) 111 010
- {An} 100 | ragister number a(PC, Xi} 111 011
. d{An] 101 | register number imm 111 100
“Word and Long only.
Note: . CMPA Is used when the destination is an address register; CMPI Is used

when the source is immediate data. CMPM is used for memory to memory
compares. Most assemblers automatically make this distinction.
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modes are allowed as shown;

Addressing Mode| Mode! Register Addressing Mode | Mode Register
Dn 000 | raglsier number diAn, Xij 710 | register number
An GOT | register numbar Abs W 11 [59)
{An) 010 1 register number Abs.L i1 [elehi
{Anj+ 011 | register number d{PC} 111 010
~{An) 100 | regisler number d(PC, Xi} 111 011
diAn) 101 | reglster number| imm m 100

a5



CMPI CMPI

Operation:  {Destination) - immediate Data

Compare immediats

Assembler
Syntax: CMPI #<datay>, <ea>

Attributes:  Size = {Byte, Word, Long)

Description: Subtract the immediate data from the destination operand and set the con-
ditlon codes according to the result; the destination location Is not chang-
sd. The size of the operation may be specified to be byts, word, or long. The
size of the Immediate data matches the operation size,

Gondition Codes: XN Z V C
SRR
N Set if the resutt {s negative. Cleared otherwise,
Z  sel if the result is zerc. Cleared otherwise,
vV Set If an overflow is generated. Cleared otherwise,
G Set if a borrow is generated. Cleared otherwise.
X Not atfected.,

instruction Format;
15 14 13 12 M 10§ B 7 6 5 4 3 2 10

o ] o ] Oio [ 1 ] 1 ’O l o Sizel Etfective Address

| Mode | Ragistar
Word Data (16 bits) Byte Data (8 bits)

Long Data {32 bits, Including previous word)

instruction Fleids:
Size tield — Specifies the size of the operation:
00 — byte operation.
01 — word operation.
10 — long operation.
Eftsctive Address fleld - Spacifies the destination operand. Only data
alterabie addressing modes are allowed as shown:

Addressing Mods [Mode Reglster Addressing Mode |Mode Register
Dn 000 | register number d(An, Xi) 110 | reglster number
— - hbs W i 000 ]
010 Abs.L 111
011 aFcy - -
TR0 tag d{PC, Xi) [ o
107 ireg frmm i = -

Immediate fleld — (Data immediately following the instruction):
If size = 00, then the data is the low order byte of the immedlate word,
If size = 01, then the data is the entire immediate word.
It slze = 10, then the data is the nexl two Immediate words,
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DBcc DBcc

Operation: I {condltion false)
then Do - 1--Dny;
It Dnw ~ 1
then PC +d—PC
eise PC + 2— PC (Fall through o next Instructiony

Test Condition, Decrement, and Branch

Assembiar
Syntax: BBce Dn, <label>

Attributes:  Slze = (Word)

Description: This instruction Is a lcoping primitive of three parameters: & condition, a
data register, and a displacement. The instruction first tests the condition
to determine if the termination condition for the tcop has heen met, and if
s0, no operation is performed. If the termination condition is not trus, the
low order 18 bits of the counter data register are decremented by one. If the
result s ~ 1, the countar Is exhausted and execution continues with the
next instruction. If the result {s not equai to — 1, executlon contlnues af the
location indicated by the current vailue of PG plus the sign-extended 16-bit
disptacemeni. The value in PC is the current instruction location pius two
“cc" may speclty the following condltions:

CC4 carry clear 0100} C LS| loworsame | 0011 C+Z _
CS| carry set 01011 C LT | less than 101 | NeV+NoV
£Q| equal 0111}z MI | minus 1011 | N

F | false 000110 o NE| not equal 0110 | Z

GE| greater ot equal | 1100 | N+V + N+V PL | plus 1010 | N

GT| greater than 1O | NV Z A RVAZ|| T | true 0000 ; 1

M | high 0010 | 2 VC | overflow clear | 1000 | V

LE | less or squal 111 Z+ NV 4+ NeV || V8 | overflow set 1001 | V

Condition Codes: Not atfected.

Instruction Format:
16 14 18 12 11 10 9 8 Y 8 6 4 38 2 1 @
o T1ToT1T Condition |1 11]07T0 |1 [Register |
Displacement

instruction Fields:
Condition field — One of the sixtesn conditions discussed in description.

Register fisld — Specifies the data register which is the counter,
Dispiacement field — Specifies the distance of the branch {in bytes).

HNotes: 1. The terminating condition is like that defined by the UNTIL loop con-

structs of high-evel languages. For example: DBMI can be stated as
“decrement and branch untll minus.”

38 — Continued -

BTST oo e BTST

" instructlon Format (Bit Number Static):

15 14 13 12 14 10 9 B 7 B 5 4 3 2 1 D

Effective Address
ejojojojriogo 0!0} Mode | Register
0j0(0j0j0]0]0}0

bit number
Instruction Flelds (Bit Number Statick
Effective Address fleld — Specifies the destination location. Only data
addressing modes are allowed as shown:

t=}

Addressing Mode | Mode Register Addressing Made Mode!  Register
B Dn* 000 | register number diAn, XIy 110 1 regisier number
An — - Abs. W 111 000
(An) 010 | ragister number || Abs.L 111 001
{An) + 011 [reglster number}i —  d(PC) 111 ...010 o
¢ ~ (AT 100 [ register number | — d(PC, X)) | 111 011
AN 07 | vegister number || lmm — —

\'L.ang only; all others are byte only.
bit number field — Specifies the bit number.
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DBcc DBcc

Notes: {Continued)
2. Most assembiers accapi DBRA for DBF for use when no condition is
required tor termination of & loop.

3. There are two basic ways of entering a loop; at the beginning or by
branching to the trailing DBco Instruction. i a loop structure ter
minated with DBcc is entered at the beginning, the control index count
musi be one less than the number of loop executions desired. This
count is useful for jndexed addressing modes and dynamically
spacified bit opserations, However, when entering a toop by branching
directly to the tralling DBoc Instruction, the control index should equal
the loop execution count. in this case, If a zero count occurs, the DBce
instruction will not branch causing comptete bypass of the main loop.

Test Condition, Decrement and Branch
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DIVS DIVS

Operation;  (Destination)(Source)— Destination

Signed Divide

Assembler
Syntax: DIVS <ea>, Dn

Attributes:  Slze = (Word)

Descriptlon: Divide the destinatlon operand by the source operand and store the result
in the destination. The destination operand is a long operand (32 bits) and
the source operand is a word operand (16 bits). The operation is performed
using signed arithmetic, The resuit is a 32:bit result such that:

1. The guotient 18 In the lower word (least significant 16-bits).
2. The remainder is in the upper word {mos! significant 16-bits),
The sign of the remalinder is always the same as the dividend unless the re-
mainder is equal to zerc. Two special conditions may arise:
1. Division by zero causes a trap.
2. Ovarfiow may be detscted and sel befors completion of the Instrue-
tion, i overtiow is detected, the condition is flagged but the operands
are unaffected.

Condition Codes: XN ZV C

Set if the quotient s negative. Cleared otherwise. Undefined if over-
flow.

Set If the quotient is zero. Cleared otherwise. Undefined if overflow.
Set if division overflow Is detected. Cleared otherwise.

Always cieared.

Not affected.

KON z

instruction Format:
15 14 13 12 11 10 8 B 7 8

oo o w1 1T

5 4 3 2+ 0
Effective Address
Mode | Register

Instruction Flelds:
Register fleld — Specities any of the eight data registers. This fleid always
specities the destination operand,
Etfective Address fleld — Specifies the source operand. Only data ad-

DIVU

Operation:  (Destination)/(Source)~ Destination

DIVU

Unsigned Divide

Assembier
Syntax: DIVU <ea>, Dn

Attributes:  Size = (Word)

Description: Divide the destination operand by the source operand and store the result
in the destination. The destination operand is a long operand (32 bits) and
the source op+*and is a word (16 bit) operand. The operation is performed
using unsigned arithmetic. The result ts a 32-bit result such that:

1. The quotient is in the lower word (least significnat 16 bits),

2. The remainder is in the upper word (maost signiticant 16 bits).

Two special conditions may arise:

1. Division by zero causes a trap.

2. Overflow may be detectes and set befors completion of the instruc-
tion. if overfiow is detected, the condition is flagged but the operands
are unaffected.

Condition Codes: XN ZV G

EL T T

Set If the most significant bit of the quotient is set. Cleared other-

wise. Undefined if overflow.

Set If the quotient s zero. Cleared otherwise. Undefined (f overtiow.

Set If division overfiow is detected. Cleared otherwise.

Always cleared,

Not affected.

XO<N oz

Instruction Format:
$6_ 14 13 12 11 0 9 8 7 8 b6 4 3 2 1 0
i Effective Address
Mo 0 10 'Reglster 0 \1 } 1) Mode | Repister

instruction Fields:
Register fleld — specities any of the eight data registers. This field always
specifies the destination operand.
Effective Address tield - Specifies the source operand. Only data addres-
sing modes are aliowed as shown:

dressing modes are allowed as shown:
Addressing Mode | Mode Raglster Addressing Mods| Mode Regist:
Dn GO0 | register number d{an, Xi) 110 | register number
Ari — - Abs W 111 000
{An) 010 | ragister number Abs.L. 111 001
{An) + 011 | register number d{PC) 111 010
~{An) 1007} register number d(PC, Xij 111 011
d{an) 107 | register number imm 111 100
Note: Overfiow occurs {f the quotient Is larger than a 16-bit signed integer.
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Excluslve OR Loglcal EQ R

Operation:  (Source) @ {Destination)~ Destination

Assembier
Byntax: EOR Dn, <ea>

Attributes:  Size = (Byte, Word, Long)

Description: Exclustve OR the source opsrand to the destination operand and store the
resull in the destination location, The size of the operation may be
speclfled to be byte, word, or long. This operation is restricted to dala
reglsters as the source operand, The destination operand ts specified in the
effective address fleld.

Condition Codes: XN Z V G
N N I R ) }
Set |f the most signiticant bit of the result is set. Cleared otherwise.
Set {f the result is zero, Cleared otherwise.
Always cieared.
Always clearsd.
Nat aftected.

XO<NZ

Instruction Format:
15 14 W 2 1 v % 8 7 &5 5 4 3 2 1 O
l

Iy {0 E 4 g P }HegismriOpMode Elfectlve Address |

| Mode | Regiater |

instruction Fieids:
Register field — Specifies any of the eight data registers.

Op-Mode fleld —
Byte Word Long Operation
100 101 110 (<ea>)w(<Dx»)— <ea>

Effective Address fleld — Specifies the destination operand. Only data
alterable addressing modes are ajlowed as shown:

(Addmssing Mode]| Mode Register Addressing Mode| Mode Raglster
Dn 000 | reglster number d{An, X[y T30 T reglster number
An - - Abs W 111 000
(An) 010 | register number Abs.l. 111 001
{An) + 011 | reglister number d{PC) — —
—(An} 00 | regieier number d(PC, Xi) — —~
d{An} 01 régister number Tmm = —
Note: Memory to data reglster opérations are not allowsd. EORI is used when the
source s immediale data, Most assemblers automaticatly make this
distinction,
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Addressing Mode| Mode Register Addressing Mode |Made Register
Bn 000 | reglster number, diAn, Xiy 110 | register number
An — — Abs W 1 000
{An} 010 | regisisr number Abs.L 111 001
{An) + 011 | register number d(PC) 111 010
~ (An) 100 | reglster number d{PC, XYy 111 011
d{An} 1077 reglsier number imrn iXK! 100
Note: Overflow occurs if the quotient is larger than a 16-bit unsigned Integer.
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EORI EORI

Operation:  immediate Data e (Destination}— Destination

Exclusive OR immediate

Assembler
Syntax: EORI #<data>, <s8>

Attributes:  Size = (Byte, Word, Long)

Description: Exclusive OR the immaediate data to the destination operand a‘nd store the
result in the destination jocation. The slze of the operation may be
spacified to be byte, word, or long, The immediate data matches the opera-
tlon size.

XNZVC
RN
Set If the most significant bit of the result 1s set. Cleared otherwise.
Set If the result is zero, Cleared otherwise.
Always cisared,
Always cleared,
Not affected.

Condltion Codes:

XO<NZ

instruction Format:
15 14 13 12 11 W 9 B 7 B8 &5 4 3 2 1 O

Effective Address
o [0 g N 01 ! i o [ Size Mede | Regisier
Word Data {16 bits)

-
L]

Byte Data (8 bits}
Cong Data {32 bits, Inciuding previous word}

instruction Fieids:
Size tield — Specifies the size of the operation:
00 — byte operation.
01 — word operation.
10 — long operation,
Effective Address field — Specifies the destination operand. Only daia
alterable addressing modes are allowed as shown:

jAddreesing Mode | Mode Regl Addressing Mode| Mode Register
Dn 000 | reglster number diAn, Xij 90| register numbar
An Lo o Abs.W 111 000
{An) 010 | register number Abs.L 111 001
(An) + 011"| register number| I d{PC] - -
-~ {An} 100 | register number d{PC, XI) — —
d{An) 107 | reglster number fmm - -

immediate Hield — (Data immediately following the Instruction):
1§ slze = 00, then the data Is the Jow order byte of the immediate word.
i size =01, then the data Is the entire Immediate word,
i slze =10, then the data Is the next two Immediate words.
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EORI| oo on immeus o conioncoies - EQ R EORI e oy mrus o o s s EORI
to CCR to CCR to SR . to SR

Operation: (Source)e CCR— CCR Operation:

I{ supervisor state

| then (Source)e SR— SR
Assembler - eise TRAP

Symax: EORI! #xxx, CCR

Assembler
Attributes: Size = (Byte) Syntax: EOR! #xxx, SR
Description: Exclusive OR the immediate operand with the condition codes and store Attributes:  Size = (Word)
the result in the low-order byte of the status register.
Description: Exclusive OR the immediate operand with the contents of the status
Condition Codes: X NZVEC register and store the result in the status register. All bits of the status
HEEDE | register are affected.

N Changed if bit 3 of immediate operand is one, Unchanged otherwisa.
Z Changed if bit 2 of immediate operand is ona. Unchanged otherwise.
V  Changed if bit 1 of immediate operand is ona. Unchanged otherwise.
C Changed if bit 0 of immediate operand is one. Unchanged otherwise. Condition Codes: X NZ V C
X Changed if bit 4 of immediate operand is one. Unchanged otherwise. ERER LB I
: N Changed it bit 3 of immediate operand is one. Unchanged otherwise.
Instruction Farmat: Z Changed il bit 2 of immediate operand is one. Unchanged otherwise.
104 % a2 1 109 8 J,.‘,_ﬁ 2 4 3 Z 1.9 V  Changed ii bit 1 of Immediate operand is one. Unchanged otherwise.
0/010 OP—JH-.Q:. 11010]011 1.]«1--*[-—1-, 010 C Changed il bit 0 of Immediate operand is one, Unchanged otherwise.
010]0]0]0j0 010 | Byte Data (8 bits) | X Changed if bit 4 of iImmediate operand is one, Unchanged otherwise.
instruction Format:
5 ¥4 13 12 11 10 ¢ 8 7 8 &6 4 3 2 1 O
ofofoJof1JoJiJoToJif1J1T1[1]0]0
Word Data (16 bits)
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EXG N—— EXG EXT s Exant - EXT

Operation: Rx—Ry Operation: (Destination) Sign-extended-- Destination

Assembler Assembler

Syntax: EXG Rx, Ry Syntax: EXT Dn

Attributes:  Size = (Long) o o R S Attributes: Size = (Word, Long)

Description: Exchange the contents of two registers. This exchange Is always a long (32 Description: Extend the sign bit of a data register from a byte to a word or from a word to

bit) operation. Exchange works in three modes:
1. Exchange data registars.
2. Exchange address registers.
J. Exchange a data registar and an address register.

Condition Codes: Not affected.

instruction Format:
15 14 13 12 11 10 @ 8 7 B &5 4 3 2 1 0

e T -

instruction Flelds:
Register Rx field — Specifies either a data register or an address register
depending on the mode. { the exchange is betwseen data and address
ragisiers, this field always specifies the data register.

Op-Mode fieid — Specifies whether exchanging:
01000 — data registers,
01001 — address registars.
10001 — data register and address register.

Register Ry field — Specifies either a data register or an address register
depending on the mode. |f the exchange is between dala and address
registers, this field always speclfies the address register.
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a long oparand depending on the size selected. If the operation is word
sized, bit [7]) of the designated data ragister is copied to bits [15:8] of that
data register. if the operation is long sized, bit [15] of the designated data
register is copied to bits [31:16) of thal data register.

Condition Codes: X N Z V C
—] W W 0 O
N Set i the resull is negative. Cleared otherwise.
Z Set it the result is zero. Cleared otherwise.
V  Always clearsd.
C Always cleared.
X Not atfected.

instruction Format:
15 14 13 12 11 0 & 8 7 & a 2 1 0

2.0 J
[5|1]0[D[1 OIOIOp-Mode 010 Ulﬁogister

Instruction Fields:
Op-Mode Fleld — Specifies the size of the sign-extension operation:
010 — Sign-extend tow order byte of data register to word.
D11 — Sign-extend low order word of data register 10 tong.
Register field — Specifies the data register whose content is {0 be sign-
extended.
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ILLEGAL

PC— —(88P); SR~ ~(SSP)

Operatlon:

Negal instruction

{lilegal instruction Vector)—PC

Attributes: None
Descriptlon:

setl.

Condition Codes: Not affected.

instruction Format:

6 4 13 12 11

{oiwojogi}o[?igi

1.8 5 4 3 2
[NEREREERR N

!

i 0
070

ILLEGAL

This bit patiern causes an illegal instruction exception, Alf other Illega!'in-
struction bit patterns are reserved for future extension of the instruction

JSR

Operation:

Assembler

Syntax: J8R <ea>
Attributes:  Unsized
Description:
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Jump to Subroutine

PC - ~ {8P); Destination— PC

tinues at the address speclfed in the Instruction,

Conditlon Codes: Not affected.

instruction Format:
6 34 13

12 11 10§

Qg

L]

6 1. 6
o]

5 4.3 2 1 0
Effective Address
Mode | Reglster

JSR

The long word address of the instruction immediately following the JSR in-
struction is pushed onto the system stack. Program exscution then con-

instruction Fleids:

Effective Address fleld — Specifies the address of the next instruction.

Only control addressing modes are allowed as shown:

Addressing Mode | Mode Register Addressing Mode | Mode Register
Dn ~ . diAn, X1} 110 | register number
An - — Abs W 111 000
{An} 010 | register number, Abs.L 111 001
AN+ = = dPCy T 10
~ {An} - — d(PC, X1y 111 (3R]
d{An} 101 | register number| imm -— —
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JMP

dump

Operation:  Destination— PC
Assembler

Syntax: IMP <ea>
Attributes:  Unsized

JMP

Description: Program execution continues at the effective address specified by the in-
structlon, The address is specified by the control addressing modes,

Condition Codes: Not affected.

Instruction Format:
%

413 12 11 W 98

16 5 4 8 2

1

Io%ﬁo&iﬂxlxéo

] 1 l 1 t Effective Address

Mode | Ragister |

instruction Fleids:

Effective Address tield - Specifies the address of the next instruction.
Only control addressing modes are allowed as shown:

Addressing Mode | Mode Register | IAddressing Modse | Mode Reglstar
Dn - — d{An, X)) 110 | register number
An o — Abs W 111 000
(An) 010 | register number Abs, L 111 001
(An) + - - [il{5) 717 070
- {An) — - d(PC, Xij 111 011
d(An) 101 | register number imm - -

LEA
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Load Eftective Address

Operation:  Destination— An
Assembiler

Syntax: LEA <8a>, An
Aftributes:  Size ={Long)

LEA

Description: The effective address ts loaded into the specified address register. All 32
bits of the address register are affected by this instruction.

Condition Codes: Not affected.

Instruction Format:

16 94 13 12 11 10 8 8

|0I1 I0]0|F\eglster|1
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M

6 4 3 2 1 0
Effective Address
Mode | Reglster

Instruction Fields:

Register field — Specifies the address register which s to be loaded with
the effective address.
Effective Address fleld - Specifies the address to be loaded into the ad-
dress register. Only control addressing modes are allowsd as shown:

Addressing Mode | Moda Ragister Addressing Mode| Mode Regist
f Dn — — {An, X1} 110 | register number
An -~ - Abs.W Tt
{An} 010 | register number Abs.L 111 001
Anj+ = — d{PCy i1 010
—{An] — — diFC, X7y 111 011
d(An) 101 | register number fmm - -
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Li N K Link and Alocate L! N K

Operatlon:  An-— ~(SP); 8P An; 8P 4 d~ &P

Assombier
Syntax: LINK An, ff < displacement >

Attributes:  Unslzed

Daseription: The current content of the specified address register Is pushed onto the
stack, After the push, the address register is loaded {rom the updated stack
polnter. Finally, the 16-blt sign-extended dispiacement is added to the
stack pointer. The content of the address register occupies two words on
the stack. A negative digplacement is gpecified to allocate stack area.

Conditlont Codes: Not atfected.

instruction Format:

W 34 18 4z 10 9 B 7 6 6 4 3 2 1 0

[o[1JoJO i ITiTO0] 0] 10 1107 Register |
o Displacement |

ingtruction Flelds:
Register fleld — Speclfies the address register through which the fink g to
be constructed,
Displacement field — Specifies the twos compiement integer which is to
be added to the stack pointer.

Note: LINK and UNLK can be used to maintain a linked st of local data and
parameter areas on the stack for nested subroutine calis.

82

LSL, LSR  wws« LSL, LSR

Condition Codes: XN Z V C.
CleTeTof ]
Set If the resuil is negative. Cleared otherwise,
Set {f the resull Is zero, Cisarsd otherwise,
Always cleared,
Set according to the iast bit shifted out of the operand. Cleared for
a shift count of zero.
Set according to the ast bit shifted out of the operand, Unaffected
for a shift gount of zero.

X O<NZ

Instruction Format (Reglster Shifts):

16 ¥4 13 12 11 10 9 & 7 B 06 4 j 2 1 0
Count/ ;
11111 |0 Regismridr1 Size | Ur |0 {1 Hegimerl

instruction Flelds (Register Shifts):

Count/Ragister fieid —
1t lfr = 0, the shlft count Is specified in this field. The values 0, 1.7 repre-
sent a range of 8, 1 to 7 respectively.
if r=1, the shifl count {modulo 64} is contained in the data register
specified In this field.

dr field — Specifies the direction of the shift;
0 — shift right.
1 — shift lefl,

Size field — Specifies the size of the operation:
00 ~ byle operatlon.
01 — word operation.
10 — iong operatlon,

I fleld —
It Ur =0, specifies immediate shift couni.
it ifr= 1, specifies register shift count.

Reglister fleld — Speclfies a data register whose content is to be shifted.

-~ Continued —

54

LSL, LSR ... LSL, LSR

Operation:  {Destination) Shifted by <count> — Destination

Agsembler  LSd Dx, Dy
Syntax: LSd #<data>, Dy
L8d <ea>

Attrlbutes:  Size = (Byte, Word, Long)

Description: Shift the bits of the operand in the direction specified. The carry bit
receives the last bit shitted out of the opsrand. The shift count for the shif-
ting of a reglster may be specified in two different ways:

1 Imgnad!ate — the shift count Is specifled in the instruction (shift range
1-8).
2, Reglster — the shift count is contained in a data register specified In
the instruction.
The size of the operation may be specifiad to be byte, word, or long. The
content of memory may be shifted one bit only and the operand slze is
restricted to a word.

For LBL, the operand is shifted left; the number of positions shifted Is the
shift count. Bits shitted out of the high order bit go to both the carry and the
extend bits; zeroes are shifted Into the low order bit.

Lo ] oveans  =fo]
X =

For L8R, the operand Is shifted right; the number of positions shifted is the

shitt count, Bits shitted out of the low order bt go to both the carry and the
extend blts; zeroes are shitted into the high order bit.
—
Y

- Lo ] opemns |-

LSL:

-~ Continued ~—
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LSL, LSR ... LSL,LSR

nstruction Format (Memory Shifts):
16 14 13 12 31 10 8 8

L1 !1!1 fo’olotﬂm
instruction Fields {(Memory Shifts):
dr tield -~ Specifies the direction of the shift;
0 — shift right.
1 — shift jaft.
Eftactive Address fieid — Spacities the operand o be shifted. Only memory
alterable addressing modes are aliowed as shown:

7 6 5 4 4 2 3 @
11 Effactlve Address
Mode | Register |

Addressing Mode | Mode Reglster Addressing Mode | Mode Register

Dn — — d(An, Xi) 110 | register number
An — - Abs. W ikl

(An) 010 1 register number Abs.L 111 00t

(An} 1 011 T reglster number a(PC) — —

- (An) 100 | register number d{PC, Xi) - —

d{An) 07 | reglster number Tmm — —
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M QV E Move Data from Source to Destination M QV E

Operatlon:  (Source)— Destination
Assemblor

Syntax: MOVE <ea>, <ea>
Attributes:  Size = (Byte, Word, Long)

Move the content of the source to the destination jocation. The data is ex-
amined as it is moved, and the condlition codes sel accordingly. The size of
the operation may be specified to be byte, word, or long.

Description:

Conditlon Codes: X N2 VC

(=] 16T5]

N Set If the result Is negative. Cleared otherwlse.

Z  Set if the result is zero. Cleared otherwise.

vV Always cleared.

C  Always cleared.

X Noti affected.

Instruction Format:
B 14 13 12 11 W 9 B 7 & B 4 3 2 { ¢

Destination Source

Gk

Register | Mode Made IHegiste(

Instructlon Flelds:
Size fieid ~ Specities the size of the operand 1o be moved:
01 — byte operation,
11 — word operation,
10 — long operation,
Destination Effective Address fieid — Speclifies the destination location.
Only data alterable addressing modes are allowed as shown:

Addressing Mode | Mode Reglster Addressing Mode | Mode Register
OUn 000 | reglster RUMBar AR, XY 1107 Tegister numbel
An - fans Abs. W 11 00
{An} 010 | register number Abs.L 111 001
{Anj+ 011 | reglster number| " d{PC) - =
~ (An) 100 | register number d(PC, Xi) — o
d{An) 101 | register number imm - —

— Continued -~
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iMove trom the
Condition Code Register

MOVE
from CCR

MOVE
from CCR

Operation:  CCR~ Destination
Assembier

Syntax: MOVE CCR, <ea>
Attributes:  Size ={(Word)

Description: The content of the status register is moved to the destination location. The
source eperand is a word, but only the iow order byte contalns the condi.
tion codes. The upper byte is all zeros,

Condition Codes:  Not affected.

instruction Format:
4 3 2 1 0

18 14 13 2 1 10 @ 8 7 L] )
Effective Address
{0[1]0]0“)[0[1[0]1}1] Mode | Register

instruction Fislds:
Etfectlve Address fleld — Speclfies the destination locatlon.
Only data alierable addressing modes are allowed as shown;

Addressing Mode]Mode Register Addressing Mode|Mode Register
Dn 000 | register number d{An, Xi) 110 | register number
An — - Abs.W 111 000
{Any 010 | register number Abs.L 111 001
{An} + 011 |register number d{PC) - ——
—{An} 100 {register number d{PC, X — —
d{An) 101 |reglster number imm — -

Note: MOVE to CCH is a word operation, AND, OR, and EOR to CCR are byte operations.

=
™~
o
o0
L0
O |
=
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M Q V E Move Data from Source to Destination M OV E

instruction Flelds: (Continued)

Bource Effective Address field — Speclfies the source operand. All ad-
dressing modes are allowed as shown:

Addressing Mode| Mode Register Addressing Mode | Mode Reglster
Dn 000 | reglster number d{An, Xi) 110 | register number
An® Q01 | reglster number Abs.W 111
{An) 010" | reglster number Abs.L 177 001
{(Any + 071 | reglsier number d{PC) 111 070
= (An) T00 | reglster number d{PC, Xi) 11 011
d{An) 107 T register number Tmm 111 100

*For byte size operation, address register direct is not allowed. '

Notes: 1.

agsembiers automatically make this distinction.
2. MOVEQ can also be used for certain operations on data registers.

MOVE

to CC

Operation:

Assombler
Syntax:

Attributes:

Description:

R
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Move to Condition Codes

(Bource)— COR

MOVE <ea>, CCR
Size = (Word)

MOVEA Is used when the destination is an address register. Mos{

MOVE
to CCR

The conient of the source operand is moved to the condition codes, The

source operand |s @ word, but oniy the low order byte Is used to update the
condltion codes. The upper byte is ignored,

Condition Codes: XNZVEC
* *

instruction Format:

XOo<NZ

6 &

Set the same as bit 3 of the source operand,
Set the same as bit 2 of the source operand.
Set the same as bit 1 of the source operand.
Set the same as bit 0 of the source operand,
Set the same as bit 4 of the source operand,

LT fe[e [T o[ ]

4 3 ¢ 1 0
1 | Effective Address
Mode 1 Register

instruction Fields:

Effective Address fietd ~ Specifies the jocation of the source operand,
Only data addressing modes are allowsd as shown:

Addressing Mods | Mode Regl Addi ing Mode| Mode Register
Dn 000 | Tegister number dlAn, X1} 110_| reglster number
An - — Abs W 1 000
{An} 010 | reglster number| Abs.L 1 001
tAn} -+ 011 | register numbeyr] d{PC} 1 Q10
L) 100 | register number] d{PC, XY 1i 011
diAn) 167 reglister number imm 1 100

Note:

operations,
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MOVE to CCR is a word operation. AND, OR, and EOR to CCR ars byte




MOVE
to SR

MOVE
o SR

Operation:  If supervisor state
then (Source)— SR
alse TRAP

fiove 10 the Status Register
{Priviisged instruction}

Assembier
Syntax: MOVE <ea>, SR

Attributes:  Size = (Word)

Description: The content of the source operand’1s moved to the status reglster. The
source operand Is a word and ali bits of the status register are affected.

Condltion Codes: Set according to the scurce operand.

Instruction Format:

1 14 1312 11 10 8 B 7 6 5 4 3 2 1 0
] Effeciive Address
}0I1|0\0‘0.1‘1loi1'1iMods1Regis!er

nstruction Fiolds:
Effective Address fleld ~— Specifies the location of the source operand.
Only data addressing modes are allowed as shown:

MOVE
from SR

Operation:  SR— Destination

Move from the

Assemblier
Syntax: MOVE SR, <ea>

Attributes:  Size = (Word)

Description: The content of the status reg
operand size Is a word,

Condition Codes: Not affected.

Instruction Format:
1 14 13 12 31 10 9 B

MOVE
from SR

Status Register

ster [s moved to the destination iocation, The

7.6 3 2 10

ofefee]efe

5 4
1| 1 | Effective Address
Mode | Register

instruction Fields:

Effective Address fleld ~ Specifies the destination location. Only data
alterable addressing modes are aliowed as shown:

Addressing Mode | Mode Register Addressing Mode | Mode Register
Dn 000 | register number d{An, Xh 110 | register number
e ALL = = AbsW 113
(An) 010 | register number Abs L 111 (15 S
{An) + 011 | ragister number a{PC) 111 010
- [An) 300 | reglster number dPG, Xy 111 o1
dfAny 1617 Teglster number imm i1 100
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Move from the Status Register
(Privileged Instruction)

MOVE
from SR

MOVE
from SR

Operation: | supervisor state
then SR— Destinatlon
else TRAP

Assembler
Syntax: MOVE SR, <ea>

Attributes:  Size = (Word}

Description: The content of the status register Is moved to the destination focation. The
operand size is a word.

Condition Codes:  Not affecled.

Instruction Format:
4 3 2 1 0

1 1 6 8 7
Effective Address
IOIT!OIO’O{OIOIOMMl Mode | Reglster

Instruction Fields:
Effective Address fleld —— Specifies the destination location. Only data
alterable addressing modes are allowed as shown:

Addressing Mode{Mode Ragister Addressing Mode|Mode Register
Dn 000 | register number di{An, X} 110 | register number
An — —_ Abs.W 111 000
{An} 010 |{register number Abs.L 111 001
{An} + 011 |register number d(PC} — —
—{An} 100 | register number d(PC, Xi) — —
d{An} 101 | reglister number imm — —

NOTE: Use the MOVE from CCR instruction to access the conditon codes.
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Addressing Mode | Mode Register Addrassing Mode | Mode Register
On 000" reglster number di{An, Xij 130 | reglster number
An - — Abs. W 111 000
(An) 010 | register number Abs.L 111 001
(AN} + 071 | reglater number d(PC) - —
=~ (AN} 100 | reglster number diPC, Xij = —
d{Any 107 | register number Tmm - -~
Note: A memory destinatlon Is read before it is written to.

[

MOVE
USP

| Operstion:  if supervisor state
then USP— An;
An-— USSR
else TRAP

MOVE
USP

Move User Stack Painter
{Privileged Instruction)

Assemblor  MOVE USP, An
Syntax: MOVE An, USP
Atiributes:  Size = (Long)

Description: The contents of the user stack pointer are transterred to or from the
speclfled address register.

Condition Codes: Not affected.

Instruction Format:
16 14 33 12 11 10 9 B 7 6 & 4 3 g 1 0
[O[T]o]Oo[ ] ] o]0 T[T 0 dr|Register]

instruction Fields:
dr field — Speclfies the direction of transter:
0 — transfer the address reglster to the USP.
1 - transfer the USP to the address register.
Reglster fleld — Speciiies the address register to or from which the user
stack pointer is 10 be transferred.
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MOVEA MOVEA

Operatlon:  (Source)— Destination

Move Address

Assembler
Syntax: MOVEA <ea>, An

Attributes:  Size =(Word, l.ong)
Description: Move the content of the sourcs to the destination address register. The size
of the operation may be specliied to be word or long, Word size source

operands are sign extended to 32 bit quantities before the operation is
done,

Condition Codes: Not affected.

instruction Format:

1% 14 13 12 v 16§ B 7 & & 4 3 2 1 ki
[ - |Destination] ;1 o | Source !
[0]0 |5 Register J [ o 11| Mode | Register |

Instruction Flelds:

Size field — Specities the size of the operand 1o be moved:
11 - Word operation. The source operand is sign-extended 10 a long
operand and all 32 bits are [caded Into the address register.
10 - Long operation,

Destination Register tiald — Specifies the destination address register.

Source Et!ect'lve Address fleld — Speclfies the location of the source
operand. All addressing modes are allowed as shown:

Addressing Mode | Mode Reglster Addressing Mode Mode Register
Dn 000 | reglsier nurnber d{An, Xi) 110 | ragister number
An 001 | register number Abs W 111 000
{Any 070 | registér number Abs.[ 111 001
{An)+ 071 | register number d(PC) 111 010
- (AR} i 100 | register number d(PC, Xi} 111 011
d{An} 1107 | reglster number imm 111 100
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MOVEM

Operation:  Registers — Destination
{Sourcs}— Reglisters

Move Multiple Reglsters

Assembler MOVEM <register list>, <ea>
Syntax: MOVEM <ea>, <register {is{>

Attributes:  Size = (Word, Long)

MOVEM

MOV E C Move to/trom Controt Register
{Privileged Instruction)
Operation:  If supervisor state

then Rc—~Rn, Rn— Rc
alse TRAP

MOVEC

Assembler  MOVEC Re, Rn
Syntax: MOVEC Rn, Ac

Attrlbutes:  Size = (Long)

Description: Copy the contents of the specitled control register to the specitied general
reglsier or copy the contents of the specified general register to the
spacified control register. This is always a 32-bit trangfer sven though the
control register may be implemented with fewer bits. Unimplemented bits
are read as zeros.

Condition Codes: Not affected.

Instruction Format:

0 1’(;]0 1[1]1'0’0‘1[1}1[1!0{1[m

A

D! Register Gontrot Register

instruction Flelds:
dr fleld — Speclfies the direction of the transter:
O~-control regtster to general reglster.
1-~general register to control register.
AID fisld — Speclfies the type of general register:
O-—data regisier.
1—~address reglster,
Raglster tield — Specifies the register number,
Control Reglster tietd — Spacities the control register,
Currently defined controf registers are:
Binary Hex Namef/Function .
0000 0000 0000 000 Source Function Code {SFC) register,

0000 0000 0001 001  Destination Function Code {DFC) register.

1000 000G 0000 800 User Stack Pointer.

1000 0000 0001 801 Vector Base Register for exception vactor
table.

All other codes cause an itiegal instruction exception.

o
-
[}
-00
0.
Q
=
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MOVEM ...vumenons MOVEM

instruction Fislds:

dr fleid:
Speaciiies the direction of the iranstfer:
0 — register to memory
1 — memory {o register.

Sz fietd — Specifias the size of the registers being transterred:
0 ~~ word transfer,
1 ~ long transfer.

Description: Selacted reglsters are transferred to or from consecutive memory location
starting at the location specified by the effective address. A register ls
transferred if the bit corresponding to that reglster is set in the mask tieid.
The Instruction selects now much of each raglster is transterred; etther the
entire long word can be moved or just the iow order word. In the case of n
word transter to the reglsters, each word is sign-extended to 32 bits (also
data registers) and the resulting long word loaded Into the associated
register.

MOVEM allows three forms of address modes; the control modes, the
predecrement mode, or the postincrement mode. If the eftective address is
in one of the control modes, the registers are transferred starting at the
specified address and up through higher addresses. The order of transfer is
from data reglster 0 to data register 7, then from address register 0 to ad.
dress register 7.

if the effective address Is In the predecrement mode, only a register to
memary operation Is allowed. The registers are siored starting at the
specified address minus two and down through lower addresses. The order
of storing is from address register 7 to address register 0, then from data
ragister 7 to data reglster 0. The decremented address register is updated
to contain the addrass of the last word stored.

if the effective address is In the postincrement mode, only a memory to
registar operation is aliowed. The registers are loaded starting at the
specified address and up through higher addresses. The order of loading is
the same as for the control mode addressing. The incremented address
register Is updated to contain'the address of the last word loaded plus two.

Condition Codes: Not atfected.

Instruction Format:
15 14 13 12 1 0 9 8 7 & 5 4 3 2 1 0

0‘1 |0|011‘dr]010 118: Effactive Address

Mode | Reglster
Register List Mask

— Continued —

Eftective Address field — Specifies the memory address to or from which
the regplsters are to be moved.
For register to memary transfer, only control alterable addressing
modes or the predecrament addressing mode are allowed as shown:

For memory to register tra
postinc

rement addressing

nster, only control

Addressing Mode | Mode Register |Addressing Mode| Mode Reglster
I Dn - - diAn, X)) 10| register number
An — - Abs W 111 000
{An) 010 | reglster number Abs.L 111 001
{(An) + — — d[PC) — —
I -~ {An) 100 | reglster number diPC, X - -
F d{An} 107 { reglister number Imm - —

addressing modes or the
mode are allowed as shown:

Addressing Mode| Mode Register Addressing Mode| Mode Ragl
i Dn — —_ d{An, Xi} 110 | register number
An - -~ Abs.W it 600
{An) 010 | register number Abs.L 111 001
(Am) + 011 1 regisier number d(FC) 111 010
~TARY = = diPC, X0 (5K [kl
. d(Any 01 1 register number Tmm — —

Register List Mask field —~ Specifies which registers are to be transferred.
The low order bt corresponds to the first register to be transferred;
the high blt corresponds to the last register to be transterred, Thus,
both for control modes and for the postincrement mods addresses, the
mask correspondence s

% 14 3 12 11 0 B 8 7 8 b5 4 3 2 1 0
[A7]A6[AB]A4]A3[AZ]A1[A0]D7[DB]DS[D4 D3 R2]DI[DO]

whiie for the predecrement mode addresses, the mask correspondence Is

16 14 13 12 11 w0 9 B8 7 B 85 4 3 2 Vv 0
[Do[D1[D2]D3[D4[DS[D6 [D7]AC[AT[AZ[A3IA4 [ABIAG[AT]

Note: An extre read bus cycle occurs for memory operands, This amounts to s;
memory word at one address higher than expected belng addressed duting
opseration.

6
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MOVEP ..owwane MOVEP

Operatlon:  {Source)— Dastination

Assembler MOVEP Dx, d{Ay)
Syntax: MOVEP d(Ay), Dx

Attributes:  Stze = (Word, Long)

Description: Data Is transterred between a data register and alternate bytes of memory,
starting at the location specified and incrementing by two. The high order
byte of the data reglster is transferred first and the low order byte Is
transferred last, The memory address is specified using the address
register indirect plus displacement addressing mode. If the address s
aven, all the transfers are made on the high order half of the data bus; {f the
addrass Is odd, all the transfers are madse on the low order half of the data
bus.

Exampte: Long transfer to/from an even address,

Byte organization in registel
3 24 16 15
M hi-order | mld -upper [ mid- lower i fow-ordar ]

Byte organization in memory {low address at top}
16 14 18 12 11 10 B 8 7 €& 5 4 3 2 1 @
hi-order
mid-upper
mid-lower
igw-order

Example: Word transter tolfrom an odd address.

Byte organization In register
31 423 B B 7 0
[ I | hiorder | low-order_|

Byte organization in memory (iow address at top)

1 14 13 12 11 10 9 8§ 7 B 5 4 3 2 1 O
1 hi-order ]

| ] low-order ]

Condition Codes: Not affected.

- Continued —
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MO V E Q Wove Quick

Operation;  Immedlate Data— Destination

MOVEQ

Assembler
Syntax: MOVEQ #<data>, Dn

Attributes:  Size = {lLong}

Description: Move immediate data to a data register. The data Is contained in an 8-bit
tield within the operation word. The data is sign-extendsd to a long opaerand
and ali 32 bits are transferred to the data register.

Condition Codes: X N Z Vv C

*]0]0]

N Setif the result Is negative, Cleared otherwise,

Z  Setlf the result is zero. Cleared otherwise.

vV  Always cleared,

G Always cleared,

X Not atfected.

Instruction Format:

16 14 13 12 11 8 6 5 4 3 2 1 O
]0|1|1|1[Reglster|0 Data ]

Instruction Fleids:
Register field — Specifias the data register to be loaded.
Data tield — 8 bits of data which are sign extended to a long operand.

70

MOVEP  wrwmnone.  MOVEP

Instruction Format:

1 14 13 12 11 10 6 &5 4 0 2 1 0

Data Address

_LO I 0 l 0 { Register IOp Mode |0 ]0 1 ]Reglstar
Displacement

Instruction Fields:

Data Register fleld — Specifies the data reglster to or from which the data
is to be transferred.

Op-Mode fleld — Specifles the direction and size of the operation:
100 — transfer word from memory to reglster.
101 — transter fong from memory to register.
110 — transfer word from register to memory.
111 —- transfer long from register to mamory.

Address Raglster field — Speclties the address register which |s used In
the address register indirect plus displacement addressing mode.
Disptacement fleld — Specifies the displacement which is used In calculat-

ing the operand address,

69

MOVES *umwmma~ MOVES
{Privileged instruction)
Opetation:  If supervisor state ’
then Rn~— Destinatlon <DFC>

Source <SFC> ~ An
alse TRAP

Agsembisr MOVES Rn, <ea>
Syntax: MOVES <ea>, Rn

Attributes:  Size = (Byte, Word, Long)

Description: Move tha byte, word, or long operand from the specified general register to
a location wilhin the address space specified by the destination function
code (DFC) register, Or, move the byte, word, or long operand from a loca-
tion within the address space specitied by the source function code (SFC)
register to the speclfled general register.

If the destination Is a data reglster, the source operand replaces the cor
responding low-order bits of the that data register. If the destination is en
address register, the source operand is sign-extended to 32 bits and then
loaded into that address register,

Condltion Codes:  Not affected.

instruction Format:

15 14 43 2t 10 9 8 7 6 5 4 3 2 1 0
0,0 } 0 I Q1| 1|[1]0] Size Effectlve Address
A/D| Register |dr| 0] 00 olo oio|oloJoJo

Instruction Flelds:

Slze field — Specifles the size of the operation:
00—byte operation,
01-—word operation,
10—long operation.

AlD field ~ Specifies the type of general register:
U~-data register.
1—address register,
Register fleid — Specifies the register number.
dr fleld — Specifies the dirsction of the transfer:
O—from <ea>to general register.
1—from general register to <ea>.

~Continued—
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Nove to/from Address Space
M OV ES {Privilegsd Instruction) M OV ES
instruction Flelds: (continued)
EHective Address tield — Specities the source or destination loca-
tlon within the aiternate address spacse. Only alterable memory
addressing modes are allowed as shown:

Addressing ModeiMode Register Addressing ModeiMode Register
Dn — — d{An, X 110 | register number
An — - Abs.W 111 000
{An} 010 | register number Abs.L 111 001
{An) + 011 | register number 4(PC) — -
~{An} 100 | register number d(PC, X§ — o
d(An} 101 | register number imm — .
o
=
2
n
L&)
=
72

MULU F— MULU

Operation:  (Source}*(Destination)— Destination

Assembler
Syntax: MULU <ea>, Dn

Attributes:  Slze = (Word)

Deseription: Multiply two unsigned 16-bit operands ylelding a 32.01t unsigned result, The
operation is performed using unsigned arlthmetic. A register operand Is
taken from the low order word; the upper word 1s unused. All 32 bits of the
product are saved in the destination data register.

XNZVY C
(=l ]-]oTo]
Set If the most significant bit of the result is set, Cleared otherwise.
Set I the result is zero. Clsared otherwise.
Always cleared.
Always cleared.
Not affected,

Condltion Codes:

XO<INZ

instruction Format:
1 14 19 12 11 0 9 8 7 8 b6 4 3 2

10
Effectlva Address
[1’110‘0'Reglsker 0k1 ’1 t Mode | Register

Instruction Flalds;
Reglster field — Speclfies one of the data registers. This field always spe-
cifles the destination.
Effective Address field — Spactfles the source oparand, Only data address-
ing modes are allowed as shown:

Addressing Mode | Mode Register iAddressing Mode | Mode Register
Dn 000 | reglsier number d{An, Xlj 110 | regisier number
An - — Abs.W 111 000
(An) 010 | register number Abs.L 111 001
{AR) + 011 | Tegister humber) d{FC} 113 010
T < {AnY 700 | reglsier number dFC, X1} 113 011
d{An} 07| reglster number Imm 111 160
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M U LS Signed Multipty M U L%

Operetion:  {Source}*(Dastination)— Destination

Assembler
Syntax: MULS <ea>, Dn

Attributes:  Slze = (Word}

Description) Multiply two signed 16-bit operands yielding a 32-blt signed result. The
operation is performed using signed arithmetic. A register operand s taken
from the low order word; the upper word I8 unused. All 32 bits of the product
are saved in the destination data register,

Condition Codes: 9]

[T [oTe]
Set if the resull is negative. Ciearsd otharwise,
Set i the result Is zero. Cleared otherwise.
Always cleared.
Always cleared,
Not aftected.

XO<NZ

instruction Format:
% 4% 13 12 11 1w 8 B8 7 & & 4 8 2 1 C

f ! : Effective Address
B 11[0‘0 Register | 11 1) 1) 54205 Rogistor

instruction Fletds:
Register field - Specifles ons of the data registers, This fleld aiways
specifies the destination,
Eftsctive Address fleld — Specities the source operand, Only dats ad-
dressing modes are allowed as shown! '

Addressing Mode |Mode]  Regl 1A ing Mode | Mode|  Regi
On 880 1 reglster number| diAn, Xl 110 | reglister number
An - — Abs W 111 000
(An} 010 | repister number Abs.L 1 001
(An) + 011 | register number, d{PC} 1 010
—{An} 100 | register number] d(PG, X1) 11 011
d{An} 101 1 reglister number] Imm 11 100
73

NBCD wwowmwwens NBCD

Oparation: 0~ (Destination)1g — X— Destination

Assaembler
Syntax: NBCD <ea>

Attributes:  Size = (Byte)

Description: The operand addressed as the destination and the extend bl are sub-.
tracted from zero. The operation ts performed using decimai arlthmstlic.
The result is saved in the destination focation, This Instruction produces
the tens compiement of the destination if the extend blt is clear, the nines
compiement if the extend bit is setl. This is a byte operation only.

Condition Codes: XN ZV G
Undeftined.
Cisarad If the result is non-zero, Unchanged otherwise.
Undefined,
Set if a borrow (decimal} was generated. Cleared otherwlise,
Set-the same as the carry bit.

NOTE
Normally the Z condition code blt is set via programming
before the start of an operatlon. This allows successiul
tests for zero results upon completion of multiple-
precision operations,

XKO<NZ

Instruction Format:
1B 14 13 12 31 10 9 8 7 € 6 4 3 2 1 O
Effective Address
‘°|1 IO‘OjT}O‘O’O]O’O Mode | ReglslarJ

Instruction Flelds:
Effective Address fleld — Specifies the destination operand. Only data
alterable addressing modas are ailowed as shown:

Addressing Mode | Mode Reglster Addressing Mode | Mode Register
On 000 | register number d{Ar, XN) 110 Treglster nurmber
An - — Abs W 177 000
(An) 010 [ reglster number Abs.L 111 001
{An) + 011 | register number d(PC} — -
—{An) 100 | register number diPC, X0} — o
d{An} 101 [ reglster number imm — —
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NEG NEG

Negate

Operation: 0 - (Destination)— Destination
Assembier

Syntax: NEG <ea>

Atiributes:  Size = (Byte, Word, Long)

Description: The operand addressed as the destination Is subtracted from zero. The
result Is stored In the destination location, The size of the operation may be
specified to be byte, word, or long.

XN ZV EC

% %

Condition Codes:

Set if the result is negative, Cleared otherwise.
Set if the result is zero. Gieared otherwise.

Set If an overfiow is generated. Cleared otherwise.
Cleared if the result ts zero. Set otherwise.

Set the same as the carry bit,

X NZ

instruction Format:
4 13 12 1 10 8 8 7 6 & 4 3 ¥ t 0@

16
}‘0 [1 lo l 0 | 0 11 ‘0 ' 0[ Size Effective AddressJ

Mode | Register
Instruction Flelds:

Size field — Specities the size ot the operation:
00 -~ byte operatlon,
01 — word operation.
10 - jong operation.

Effective Address tieid ~— Specifies the destination operand. Only data
alterable addressing modes are allowed as shown:

Addressing Mode | Mode Register Addressing Mode| Mode Reglster
Dn 000 | register number| d{An, X1y 110 | register number
An — — AbsW i
{An) 010 | register number, Abs.L 111 001
Ay + 011 | register number d{PCy o —
~TAn} 10071 register number dPC, XK — =
diAn] 107 | registar number, Imm ~ —
76
N Q p No Operation N 0 P
Operation:  None
Assembler
Syntax: NOP
Attributes:  Unsized

Description: No operation occurs, The processor stats, other than the progrem counter,
Is unaffected. Execution cantinues with the instruction following the NOP

instru

ction,

Congdition Codes: Not affected.

instruction Format:

1B 14 W 12 11 10 § B 7 6 6 4 8
(orrfeqofififajofoln] jiio]

2 1.8
0T0]1]

78

NEGX NEGX

Negate with Extend

Operation: 0~ (Destinatlon) -~ X~ Destination
Assembler

Syntax: NEGX <ea>

Attributes:  Slze = (Byte, Word, Long)

Description: The operand addrassed as the destination and the extend bit are sub-
tracted from zero. The result Is stored In the destination location. The size
of the operation may be speclfied to be byte, word, or long.

Candition Codes: XNZ NV C

BE G
Set if the resuit is nagative. Cleared otherwise,
Cleared if the result is non-zero. Unchanged otherwise,
Set If an overflow s generated. Cleared otherwise,
Sel if a borrow is generated. Cleared otherwise.
Set the same as the carry bit,

NOTE
Normally the Z condition code bit is set via programming
before the start of an operation. This allows successful
tests for zero results upon compistion of muitlpte-
precision operations.

X OCNZ

Instruction Format:
1 14 13 12 11 W 9 8 7 &

o] fefefefofelef s

5 4 3 2 1 0
Effective Address
Mode \ Aeglstar

instruction Fields:
Size field — Specifies the size of the operation:
00 -- byte opseration,
01 — word operatlon.
10 —~ long operation,
Eifective Address field — Speclfies the destination operand, Only data
afterable sddressing modses are allowsd as shown:

Addressing Mods | Mode Reglster Addressing Mode) Mode Reglster
On 000 | register number dlAn, X 110 | register number
An — - Abs W N o
{An} 010 | ragister numbar]| Abs.L 111 001
(An} + 011 | register number d(PCy — e
={An) 100 | register number] d{PC, Xi} — -
d{An) 101" | register number fmm — -

NOT NOT

Logical Complement

Operation;  ~ (Destination)— Destination
Assembler

Symtax: NOT <sa>

Atirtbutes:  Size = (Byte, Word, Long)

Description: The ones compiement of the destination operand is taken and the resuit
stored In the destinallon location. The size of the operation may be
specified to be byte, word, or long.

Condition Codes: XN Z V C

=T 7070]
Set If the result Is negative. Cleared otherwise,
Bet If the rasult s zero. Cleared otherwlse.
Always cleared.
Always cleared.
Not affected.

XO<NZ

Instructlon Format:
H 14 13 12 1t 10

o[ Je[ole[']

9 B 7 6 8 4 8 2 1 0
Effective Address
! {0! SIzeJ Mode | Reglster

instruction Fisids:
Size fleld — Specities the sizs of the operation:
00 — byte operation,
01 — word operation.
10 -~ long operation.
Etfective Address fieid ~ Specifies the destination operand. Only data
alterable addressing modes are allowed as shown:

Addressing Mods| Mode Register Addressing Mode | Mode Hegister
Dn 000 | register numbsr d{An, XIy 10| register number
An o = Abs W 117 000
{An) 010 | register numbar Abs.L 111 001
fAni+ 017 | reglster number d(PC) - -
- (An} 100 | registar number d(PC, Xi) - -
d{An) 101 T reglster number Imm - —
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OR

Operation:

Assembier
Symtax:

Attributes:

Description:

fnclusive OR Loglcal

OR <ea>, Dn
OR Dn, <sa>

Size = (Byte, Word, Long)

(Source) v (Destination)— Destination

inclusive OR the source operand to the destination operand and store the

result in the destination location. The size of the operation may be
specitied to be byte, word, or long. The contents of an address register may
not be used as an operand.

Condition Codes:

XOCKNZ

instruction Format:
15

XNZVC

i | WL W

0 LO_J

4 13 12 11 10 9 8

7 6

5 4 3 2 1 9

ik

-

C|0

Register

Op-Mode

Effective Address
Mode | Register

instruction Fields:

Set if the most significant bit of the result is set. Cleared otherwise.
Set it the result is zero. Cleared otharwise.
Always cleared.
Always cieared.
Not atfected.

Register field — Specifies any of the eight data registers.
Op-Made figld -

Byte

000
100

Word Long
001 010
101 110

Effective Address field ~
if the location specitied is a source operand then only data addressing
modes are allowed as shown:

Operation

(<Dn>)vi{<ea>»)— <Dn>
(<8a>)yv [(<Dn>)—~<cea>

ORI

Operation:

Assambler
Syntax;

Attributes:
Description:

Inclusive OR immediate

ORIl #<data>, <ea>

Size = (Byte, Word, Long)

immadiate Data v (Destination)— Destination

Addressing Mode] Mode|  Register __[|addressin l]lEda Mode|  Register |
Dn "1 000 | register number d{An, 110 | register number_
] AR ~— — | Abs. W [ m 000
(An) [ o010 raister number || Abs.L. 11t 001
(An)+ 011 | register numbaer |{ ) | 111 010
"~ (An) 100 | register number || d{PC, Xy | 111 RN
d(An) 101 | register number || Imm 111 100 |
— Continued —
80

ORI

Inclusive OR the immediate data to the destination operand and store the

regult in the deslination location, The size of the operation may be
specified to be byte, word, or long. The slze of the immediate data matches
the operation size.

Condition Codes:

XO<NZ

instruction Format:
{5

141312 11

C

X N 2 V

1+ Jo

0

10 9 8

7 6

5 4 3 2 1 (@

0

0{0]0]0 0100

Size

Effective Address
Mode | Register

ord Data {18 bites)

EERF I

Long Data {32 bits, Including previous word)

Byte Data

bits)

instruction Flelds:

Size field — Specifies the size of the operatbon
00 — byte opsratlon,
01 — word operation,
10 — iong operation.

Eftective Address field — Specifies the destination operand. Only data
alterable addreaslng modes are ailowed as shown.

Sat If the most slgnlﬁcam bit of the result is set. Cleared otherwise.
Sat if the result is zero. Cleared otherwise.

Always cleared.
Always cieared.

Not affected.

Addressing Mode Mode Register | [Addressing Mode | Mode Register
Un ] 000 | reglister number | g(An, Xi) 110 | reglst?r number
_An = — [ AbsW [ 111 000 T
(An) 010 rgglster number | Abs.L 111 001

(An) + 011 re_gister numbser d(PC) —_ —
—{An) 7100 [register number| | dPC X) | — =
d{An) 101 | reglster number Imm — -]

immaediate field — (Data Immaediately {ollowing the instruction):
It size = 00, then the data is the low order byte of the immediate word.
if size =01, then the data is the entire immediate word.
It size = 10, then the data is the nexi two immediate words.

82

OR

Effective Address fieid (Continued)

If the location specified is a destination operand then only memory alte:

inclusive OR Logical

able addressing modes are allowed as shown:

OR

Addressing Mode! Mode Register hddrassln Mode | Mode| Reglster
— Dn - - d(Ang( " 710 F"'i""ve'"'g'lster nurntoar"1
T An — T T ABSW AT 000
(An) | 010 | register number Abs.L | 111 00t
(A + 011 | register number " d(PC) ] =]
“={An} 100 | regisier number| [ diPC, X} [~ | = )
~d{An) 101 [ register number imm | — —
Notes: 1. if the destination is a data register, then It cannot be gpecitied by using

the destination <ea> mode, but must use the dastination Dn mode In-

stead.
2. ORIl is used when the source is immediate data. Most assemblers

automatically make this distinction.

ORI

Operatlion:

Assembier
Syntax:

Attributes:

81

inclusive OR immediate to Condition Codes

to CCR

(Source) vy CCR— CCR

ORI #xxx, CCR

Size = (Byte)

ORI

to CCR

Description: inciusive OR the immediate operand with the cond!tion codes and store the
resull in the low-order byte of the status register.

Condition Codes:

XO<<NZ

Z

V

C

X N

"

A

W

-

* |

Sat if bit 3 of immediate operand I8 one. Unchanged otherwise.

Set if bit 2 of Immediate operand is one. Unchanged otherwise.
Set i bit 1 of immediate operand is one. Unchanged otherwise.

Set if bit 0 of immediate operand is one.
Set if bit 4 of immediate operand is one.

instruction Format:

19 V4 13 12 11 10 @ 6 7 & 5 4 3 2 1 @
ojofolojoiofoJojoJol1T1]iJi0]0
0 9 0{0{00|01}0 Byte Data | (B blts)

Unchanged othearwise.
Unchanged otherwise.



ORI
to SR

ORI
to' SR

Operation:  If supervisor siate
then (Source} v SR~ SR
etse TRAP

inciusive OR Immediate to the Status Register
{Priviieged Instruction)

Assembler
Syntax: QORI #hxx, SR

Attributes:  Size = (Word)

Dascription: inclusive OR the immediate operand with the contents of the status
register and store the result in the status register. All bits of the status
regtster are affected.

: X ZN G
Condltion Codes A l;l" £ "E
Set if bit 3 of immedlate operand is one. Unchanged otherwise.
Set If blt 2 of immedlate operand is one. Unchanged otherwlse.
Set If bit 1 of immediate operand is one, Unchanged otherwlse.
Set if bit 0 of Immadiate operand is one. Unchanged otherwlse.
Set if bit 4 of Immediate operand is one. Unchanged otherwise.

XO<NZ

instruction Format:
15 ¥4 13 42 11 10 @ B 7 6 6 4 98 2 1 0
[oTofoToToToToToTol 1[4 [1]1]0]0]
| Word Bata (16 biis} B

84

RESET RESET

Operation:  ({ supervisor state
then Assert RESET Line
else TRAP

Reset External Devices
{Priviieged tnstruction)

Assembler
Syntax: RESET

Attributes:  Unslzed

Description: The reset line Is asserted causing all external devices to be raset, The pro-
cessor state, other than the program counter, is unaffacted and execution
continues with the next instruction.

Condition Codes: Not atfecied.

instruction Format:

16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
foiToyof T rTofofifi[ifefofo]o]
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PEA

Operation:  Destination— —{SP)

PEA

Push Effective Address

Assembiar
Syntax: PEA <ea>

Attributes:  Size ={Long)

Dascription: The effective address is computed and pushed onto the stack. A long word
address Is pushed onto the stack.

Condition Codes: Not atfected.

Instruction Format:
B 14 13 12 11 10 9 6 7 6 5 4 3 2 1 0
. | Ettective Address
‘0‘1'”0'1[0]0[010[” Mode | Register

nstruction Fields:
Effective Address fieild ~— Specifies the address to be pushed onto the
stack. Only control addressing modes are aliowed as shown!

Addressing Moda | Mode Register Addressing Mode | Mods Roglater
Dn — — d{An, Xy 110 | reglster number
An - - Abs W 111
{An) 010 | register number Abs.L 111 001
(Any + - - liZe) 111 070
~(An} — o d{PC, Xij 141 011
d{An) 101 [ register number imm - o
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ROL
ROR

Oparatior:  (Destinatlon) Rotated by < count> -+ Destination

ROL
ROR

Rotate {without Extend)

Assembier  ROd Dx, Oy
Syntax: ROd #<data>, Dy
ROd <pa>»

Attributes:  Size = (Byte, Word, Long)

Description: Rotate the hits of the operand In the direction specifisd. The extend bit (s
not included in the rotation, The shiti count for the rotation of a register
may be specified in two differant ways;

1. immediate — the shift count is specified in the Instruction (shift range,
1-8).
2, Register — the shift count is contained in a data register speciflad in
the Instruction.
The size of the operation may be specified to be byte, word, or fong, The
content of memory may be rotated one bt only and the operand size ls
restricted to a word.

For ROL, the operand is rotated left; the number of positions shitted is the
shift count. Bits shified out of the high order bit go {o both the carry bl and
back into the low order bit. The extend bit is not moditied or used.

ROL: E}«”{ Operand }*«J

For ROR, the operand is rotated right; the number of position shifted is the
shift count. Bits shifted out of the low order bit go 1o both the carry bit and
back into the high order bit. The extend bit I8 not modified or used.

ROR:
Operand f&r—{‘j

Condltion Codes: XNZVY C
* *
Set if the most significant bit of the resuit is set. Cleared otherwise.
Set if tha result is zero. Cleared otherwise,
Always cleared.
Set according to the tast bit shflted out of the operand. Cleared for
a shitt count of zero,
Not affected.

X O<NzZ

87 ~ Continued «



R O L Rotate (Without Extend) RQ L
ROR ROR

instruction Format (Register Rotate):
% 14 13 12 11 10 9 8 7 €& & 4 3 2 1 0

Count/
0 ‘ Reglster ”" ! 1 !

Slze Register

E

ik

Instruction Flelds (Register Rotate):

Count/Register fleld —
If Hr=0, the rotate count Is specified In this field, The values 0, 1.7
represent a range of 8, 1 to 7 respectively.
it iir = 1, {he rotate count {modulo 64} is contained in !he data register
specified in this fleld.

dr field — Specifies the direction of the rotate:
0 — rotate right.
1 — rotate left.

Size field — Specities the size of the operation:
00 — byte operation.
01 — word operation.
10 ~ long operation,

ir fleld —
If iir =0, speclfies immaediate rotate count.
If iir =1, specifies register rotate count.

Register field — Specifies a data register whose content is 1o be rotated.

Instruction Format {(Memory Rotate):
14 13 912 11 10 ¢ 8 7 6 5 4 3 2 1 0

| ‘1111()'0‘1"1‘“‘111 Effective Address

Mode | Register

fnstruction Flelds (Memory Rotate):
dr flald — Specifies the direciion of the rolate:
0 — rotate right
1 — rotate lefi.
Effective Address field — Specities the operand o be rotated. Only
memory alterable addressing modes are allowed as shown:

Addressing Mode| Mode Register iAddressing Mode | Mode Regt

Dn — — dlAn, X 110 7 register number
An - - Abs W 111 000

{An) 70| register number Abs.L 111 001

{An) + 017 | reglster number d{PC) = —

~ (An} 100 | register number d(FC, X1y — s

d{An} 107 | reglister number Tmm - .

88

s i ind ROXL
ROXR

ROXL
ROXR

Condition Codes: X
¥

N Z VYV C
NI R
Set if"the most significant bit of the result is set, Cleared otherwise.
Set if the result is zero. Cleared otherwise.

Always cleared.

Set according to the last bit shifted out of the operand. Set to the
value of the extend bit for a shift count of zero,

Sat according to the tast bit shifted cut of the operand, Unafiected
for & shift count of zero.

X o Oo<NZ

Instruction Format (Register Rotate):
16 14 13 12 11 w0 8
Gountf
}1 11 l ‘ Olﬂeglsmr)d'

7 8 5 4 2 1
Size‘llr11‘0‘ﬁegiswr)

instruction Fleids (Reglsier Rotate):

Count/Reglster fleld:
i Uir =0, the rotate count is speciiled in this field. The valuss 0, 1.7
represent rangs of 8, 1 to 7 respsctively.
i1 Hfr = 1, the rotate count (modulo 64} Is contalned in the data register
specified in this fieid.

dr field — Specities the dirsction of the rotate:
0 — rotate right,
1 - rotate lsft.

Size tield — Specifies the sizw of the operation: ,
00 — byte operation,
M~ word operatlon.
10 — long opersation.

ifr tield —
if ifr =0, specifies immediate rotate count.
it itr =1, specifies register rofate count.

Register field — Specifies a data register whose content is o he rotated.

- Continued —
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ROXL
ROXR

Operation:  (Destination) Rotated by <count> - Destination

R ROXL
ROXR

Assembior ROXd Dx, Dy
Syntax: ROXd #<data>, Dy
ROXd <ea>

Atiributes:  Size = {Byte, Word, Long)

Pescription: Rotate the bits of the destination operand in the direction specitied. The ex-
tend bit is Included in the rotation. The shift count for the rotation of &
register may be specifiad in two differant ways:

1. Immediate ~- the shift count is specified in the Instruction (shift
1angs, 1-8)
2. Register — the shift count is contained in a data register snecifiad in
the instruction.
The size of the operation may be specified to be byte, word, or long. The
content of mamory may be rotated one bif only and the operand size is
restricted to a word.

For ROXL, the aperand is rotated (eft; the number of positions shifted is the
shitt count. Bits shifted out of the high order bit go to both the carry and ex-
tend bits; the previous value of the extend bit is shifted into the low order
bit,

- Ela

\[ c ]w ........ L Operand T

For ROXR, the operand is rotated right; the number of positions shifted is
the shift count. Bits shifted out of the low order bit go to both the carry and
extend bits; the previous value of the extend bit Is shifted into the high

order bit,
; e
H H
- |
ROXR: ] = X
] ..... . [ Operand }*-*— G
89 ~ Gontinued -

RQXL Rotate with Extend RQXL
ROXR

instrustion Format (Memory Rotate)

15 %4 }3 1213 )0 9 7 4 3 2 8
| fo Ty } Eﬂecnve Address
]1 H IO ;O O]Gr ’ ! E Mode \Regtsteri

instruction Fleids (Mernory Rotate):
dr field — Speclifies the diraction of the rotate:
0 - rotate right.
1 - rotate lefl,
Effective Address field — Specifies the operand to be rotated. Only
memory alterable addressing modes are allowed as shown:

Addressing Mode | Mode Rogister Addressing Mode { Mode Registar
Pn s - diAn, X)) 710 | register number
An — - Abs. W 111
{An) 010 | ragisier number Abs,L 111 001 i
{Any+ 01T | reglsier number diPGY = -
-~ (An) 100 ! register number d(PC, Xl — o
d{Any ] 017 register number Tmm — —
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RTD

Operation:  (SPy+ ~PC; 8P+ d 8P

RTD

Return and Deatlocate Parameters

Assembier
Syntax: RTD # < displacement >

Attributes:  Unsized

Description: The program counter is pulled from the stack. The previous program
counter value {8 lost. After the program counter is read from the stack, the
displacement value is sign-extended 10 32 bits and added o the stack
polnter,

Condition Codes:  Not affected.

instruction Format:
B 14 W@ 32 1 W % & T B 5 4 3 2 1 ¢

olwloioli} 1]xiololw{1i 110§1§0}0

Displacement

instruction Flekd:
Cisplacement fleld — Specifies the twos complement Integer which Is {o
be sign-extended and added to the stack pointer.
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Return from Exception
(Privileged Instruction)

RTE RTE

Operation: It supervisor state
then (8P} + ~ SR; (8P) + —~ PC
If (SP) + =long format
then full restore
else TRAP

Assembler
Syntax: RTE

Attributes:  Unsized

Description: The status register and program counter are pulled from the system stack.
The previous status register and program counter are lost, The vector off-
set word Is also pulled from the stack and the format field Is examined to
deterimine the amount of information to be restored.

Condition Codes:  Set according 1o the content of the word on the stack,

instruciion Format:

16 14 1812 1 10 8 L] 7 ] ) 4 3 2 1 o

Lol Tolol o[ folof [T +elofr]r]

Vector Offset Word Format:

1% 1211 10 4
[ Format ‘ 0 ] 4 [

Vector Offset J

Vector Ofteet Word Format Flelds:
Format Field: — Specifies the amount of Informatlon to be restored.
0000 — Short. Four words are 1o be removed from the top of the stack.
1000 — Long. Twenty-nine words are to be removed from the top of the
stack.
Any Other
Pattern — Error. The processor takes the format error exception.
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RT E Return from Exception
{Privileged instruction}
Operation:  1f supervisor state
then (8P} + ~— SR; (8P} + — PC
sise TRAP

RTE

Assembier
Syntax: RTE

Attributes:  Unsized

Description: The stetus register and program counter are pulled from the system stack.
The previous status register and program counter are lost. All bits in the
status register are affected.

Condltion Codes: Set according to the content of the word on the stack,

tnstruction Format:

R RC L N LIV, . S
(OlijeTo [ iyyielo]

RTR

operation:  (8P) + — CC; (SP) + — PC

RTR

Aeturn and Restore Condition Cocdes

Assembier
Syntax: RTR

Atirtbutes:  Unsized

pescription: The condition codes and program counter are pulted from the stack. The
previous condition codes and program counter are fost. The supervisor por-
tion of the status register Is unaliected.

Condlilon Codes: Set according to the content of the word on the stack.

instruction Format:

WO g7 1109 8 7 6 6 4 3 2 1 0
pofrfefe i Jifofo i T oTij ]
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RTS RTS

Operation:  (SP+ —~PC

Return from Subroutine

Assembler
Syntax: RTS

Attributes:  Unsized

Deseription: The program counter is pufled from the stack. The pravious program
counter is jost,

Condition Codes: Not attected.
instruction Format:

thot4 13 12 11 1@ 8 6 7
[eyijojoiyiitafo]

6
1

|0

T
|
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Scc Sce

Operation:  1f (Condition True)
then 1s - Destination
eise 05~ Destination

Set According to Condltion

Assembier
Syntax: Scc <ea>

Attributes:  Size = (Byts)
Description: The specified condition code Is tested, it the condition is true, the byte

specifled by the effective address is set to TRUE (ali ones), otherwise that
byta is set to FALSE (aii zeroses). ‘cc” may specity the following conditions:

CClcarry clear 0100{C L8 |low or same 0011{C+2Z
CS|carry set 0101)C LT jless than T[NV + Ny
EQ|equal 0111(2 Ml iminus 1011 |N

F |false 0001]0 . NEinot equal 0110|Z
GE(greater or equal | T100|N-V+N.V Pi iplus 1010|N
GT|greater than TH0INVeZ e NoVeZ} | T jtrue 0000 |1

HI jhigh 0010|C» _ VC |overflow clear 10001V

LE |less or equal 11 Z+ NV + LY V8 loverflow set 10011V

Condition Codes: Not affected.

Instruction Format:
6 14 13 12 0 16 ¢ & 7 6 5 4 3 2 1 0

I Effactive Address
'o] 1 .0| 1 f Condition ‘1 1| Eecive pacress

instruction Flelds:
Condltion fleid — One of sixteen conditions discussed in description.
Etfective Address fleld — Specifies the location in which the true/false
byte is to be stored. Only data alterable addressing modes are atiowed
as shown:

SBCD

Operation:  (Destination)ip - (Source}1g ~ X~ Destination

SBCD

Subtract Declmal with Extend

Assembler BBCOD Dy, Dx
Syntax: SBCD —(Ay), —{AX)

Attributes:  Size = (Byte)

Description: Subtract the source operand from the destination operand along with the
extend bit and store the result in the destination jocation. The subtraction
is pertormed using binary coded decimal arithmstic, The operands may be
addressed in two different ways:

1. Data reglster to data register: The operands ars contalned in the data
registers specified in the instruction.

2. Memory to memory: The operands are addressed with the predecre-
ment addressing mode using the address regisiers specified In the
insiruction.

This operation is a byte operation only.

XN ZVG

BRI
Undefined.
Cleared if the resuil is non-zero. Unchanged otherwise.
Undelined,
Set i a borrow (decirnal) is generated. Cleared otherwise,
Set the same 88 the carry b,

Condition Codes:

KON Z

NOT
Normally the Z condition code bif is set via programm-
ing before the starl of an operation. This allows suc-
cesstul tests for zero resulls upon completion of
multiple-precision operations.
Instruction Format:
W ote 112 1 W 9 B 7 8 4

5 3 2 1.0
Hegister R/ | Reglster
Lo ool Jolo [o o [W ™)

instruction Fields:

Register Rx fleld -~ Specifies the destination registen
1t RIM =0, specifles & data register.
it RiIM=1, specifies an address register for the prececrement ad-
dressing mode.

RIM field — Specifies the operand addressing mode:
0 — The operation is data register to data register.
1 — The operation is memory to memory,

Register Ry fieid — Speciiles the source reglster:
If RIM = 0, specifies & data register,
If RIM =1, specities an address register for the predecrement address-
ing mode,

a7

STOP STOP

Load Status Reglster and Stop
(Priviloged instruction)

Operation:  1f supervisor state
then Immediate Data - &R; STOP
eise TRAP

Assembier

Syntax: STOP #xxx

Atiributes:  Unsized

pescription: The immediate operand Is moved into the entire status register; the pro-
gram counter Is advanced {o point to the next instruction and the processor
stops fetching and executling instructions, Execution of Instructlons
resumes when a trace, interrupt, or reset exception occurs. A trace excep-
tion wlli occur If the trace state is on when the STOP instruction is ex-
ecuted, If an interrupt request atrives whose priorlty is higher than the cur-
rent processor priority, an interrupt exception occurs, otherwise the inter-
rupt request has no effect. tf the bit of the immediate data corresponding to
1he 5-bit Is off, execution of the Instruction will cause a privilege violation.
External reset will always initlate reset exception processing,

Condlilon Codaes: Set according to the immedlate operand.
Instruction Format:

14 13 12 11 W 8 8 7 6 6 4 % 2z 1 0
}0]1]0]0“[1[1]0]0}1{1]1[0]0“10}

Immedlate Data

Instruction Fislds:
Immediate field - Specifies the data to be loaded Into the status register.

Addressing Made | Mode| Reglster Addressing Mode | Mode Register
Dn 000 | register number d{An, X} 10 | register number
An — - Abs W 111 000
(An} 010 | register number Abs.L 111 001
(An) + 011 | reglster number d(PC) — —
~{An} 100 | reglster number d(PC, XI) — —
d{An) 101 | reglster numbar Tmm - —
Notes: 1. A mamory destination is read before being written to.

2,

An arlthmetic one and zero result may be generated by following the Scc

instruction with a NEG Instruction.
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SUB SUB

Operation:  {Destination) — {Source) — Destination

Subtract Binary

Assembiler sué <ega>, Dn
Syntax: 8UB Dn, <ea>

Atirlbutes:  Size = (Byte, Word, Long)

Description: Subtract the source operand from the destination operand and store the
result In the destination. The size of the operation may be specified {o bs
byle, word, ot long. The mode of the instruction indlcates which operand is
the source and which is the destination as well as the operand size.

AN Z NG

* | ::.1 * | %
Set if the resull is negative. Gleared otherwise.
Set if the result is zero. Cleared otherwise.
Set {f an overflow is gensrated, Cleared otherwise.
Set if a borrow is generated. Cleared otherwise.
Set the sams as the carry bit.

Condition Codes:

Xy NE

instruction Format:
o M o M W B B TR
Ll j0 | [ [ Register {Op Mode‘ Mode | Fegisier |
Instruction Fleids:
Ragister flald — Specifies any of the eight data registers,
Op-Mode field —
Byte Word Long Operation
000 001 010 ({«Dn>)—{<ea>}— <Dn>
100 10t 110 {<eu>)~{<Dn>)~ <ea>

Effective Address field — Determines addressing mode:
if the location specified is & source operand, then all addressing
modes are allowed as shown:

Addressing Mode | Mode Register f Addressing Mode | Mode Register }
|2l 000 | ragister number! d{An, XTy 110_| register num‘b_ei*
An? 001 | registar number| | Abs W 111 000
{An) 010 | registar number)|  AbsL 11 [
AR F 871 | ragister nombert | g i1 pio.
~ (An) i 100 ! reglstar number|;  d(PC, Xl A L
TR TG ragistar namber imm 17 100 '

*For byte size operation, address register direct Is not allowed.

100 — Continued —

SUBA SUBA

Operation:  {Destination) ~ (Source)— Destination

Subtract Addrass

Assembler
Syntax: SUBA <ea>, An
_Attributes:  Size = (Word, Long)

Description: Subtract the source operand from the destination address reglster and
store the result In the address register, The size of the operation may be
specified to be word or long. Word size source operands are sinn extended
to 32 bit quantities before the operation is done,

Condition Codes: Not affected.

instruction Format:

b 14 13 12 99 10 9 B 7 B 6 4 3 2 1 O
Effective Address

1 ]0 10 ,1 lRegisier 10p-Mode} Mods | Register

instruction Fleids:

Register field — Speclfies any of the sight address registers. This s al.
ways the destination,

Op-Mode field — Speclfies the size of the operation:
011 — Word operation. The source operand Is sign-extended to g
long oparand and the operation is performed on the address register
using ail 32 bits,
111 — Long operations.

Effectlve Address fleld — Specifies the source operand. All addressing
modes are aliowed as shown:

SUB SUB

Subtract Binary

Effective Address flejd (Continued)

{f the location specified Is a destination operand, then only altsrable
memory addressing modes are sllowed as shown:

Addressing Mode | Mode Register Addressing Mode | Mode Reglister
- On - - A, X 110 | veglster number
An — - Abs. W i1 000
{Any 010 | register number Abs.L 111 001

{An) + 011 | ragister number di{PC) — —
AR 100 | register number d{PC, X3 — —
d{Any 107 | reglster number imm - -

if the destination is a dala register, then it cannot be specified by using
the destination <ea> mode, but must use the destination Dn mode in-
sisad.

2. BUBA is used when the destination Is an address register, SUB! and
SUBQ are used when the source is immediate data. Most assemblers
automatically make this distinction.

10

SUBI

Operation:  {Destinatlon) - immedlate Data- Destination

SUBI

Subtract Immediate

Assembler
Syntax: SUBI ff«data>, <ea>

Attributes:  Slze = (Byta, Word, Long)

Description: Subtract the Immediate data from the destination operand an¢ store the
result in the destination location. The size of the operalion may be
spsclified to be byte, word, or long, The size of the Immediate data matches
the operation slze.

Condition Codes: X N Z V C

(LT

Set [f the result Is negative. Cleared otherwlse.

Set if the result Is zero. Cleared otherwise,

Set If an overflow Is generated. Cleared otherwise.

Set If a borrow is generated. Cleared otherwise.

Set the same as the carry bit.

KO<NZ

instruction Formati:

1514 18 12 41 W0 9 6 7 8 6 4 3 2 1 D
\ Eftective Address

0—’0 '0 010 |1 0!0 Size Mode | Reglster

Word Data (16 bits) Byte Data (8 bits)

Long Data (32 bits, Including previous word)

Instruction Fietde:
8lze field — Specifies the size of the opsration.
00 — byte operation.

Addressing Mode| Mode Reglster Addressing Mode | Mode Registar 7
Dn 000 | register number d{An, XIj 110 | reglster number
An 001 | register number Abs W 111 000
(An) 010 | register number Abs.L 111 001 |
[TTTAn) + 011 | reglister number d{PC) 1171 010 7l
—~{An} 100 | regisier number d{PC, Xi) 111 011
d{An) 107 1 reglster number imm 111 100

102

01 — word operation.
10 — long operation.
Effsctive Address tield — Specifies the dastination operand. Only data
alterable addressing modes are allowed as shown:

Addressing Mode |-Mode Register Addressing Mode | Mode Register
Dn 000 T'register number d{An, Xi) 110 |register number
An - — Abs W 111 000
{An) 010 | reglster number Abs.L 111 001
{An}+ 097 | register number d{FC} - -
-~ {An) 100 | register number ~d{PC, Xi} - —
d{An} 701 | reglster number Tmm - —_

Immediate field — (Data immediately following the instruction)
If size = 00, then the data is the low order byte of the Immediate word.
If size = 01, then the daia Is the entire immediate word,
it size = 10, then the data is the next two immediate words.
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S U B Q Subtract Quick S U B Q

Operation:  (Destination) - Immediate Data-+ Destination

Assembier
Syntax: SUBQ #<data>, <ea>

Attributes:  Size = {Byte, Word, Long)

Description: Subtract the immediate data from the destination operand, The data range
is from 1-8. The size of the operation may be specified to be byte, word, or
long. Word and long operations are alac atiowed on the address registers
and the condition codes are nol affected. Word size source operands are
sign extended to 32 bit quantities betore the operation is done.

Condition Codes: X N Z VY C

E:T FTRTw
Set If the result Is nagative, Cleared otherwise,
Set If the result is zero. Cleared otherwise.
Set If an overfiow is generated. Cleared otherwise,
Set If a horrow Is generated. Cleared otherwise.
Set the same as the carry bit.

The candition codes are not affected If a subtraction from an address
register is made.

=

XO<SNZ

Instruction Format:

% 14 19 1 11 10 6 8 7 €6 8§ 4 3 2 1 0
. < T Effective Address |
xolﬁéolal Data 1]s|ze£ Mode | Regieter |

Instruction Fleids:

Data fleid — Three bits of immediate daia, 0, 1.7 representing a range of
8, 1to 7 respectively.

Size tield — Specifies the size of the operation:
00 — byte operation,
01 — word operation.
10 — fong operation.

Etfective Address fleld — Specifies the destination tocation. Only alterabie
addressing modes are allowed as shown:

Addressing Mode | Mode Reglster Addressing Moda! Mode Raglster
Dn 000 | register number d{An, Xi} 110 | reglster number
An* 007 T reglster number Abs W 11 000
{An) 010 | register number Abs. L 111 001
(An) + 011" | register number d{PC) — -
—~ (An} 100 | register number d{PC, XI) - —
d{Anj 107 | ragister number imm — -
“Word and Long only.
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S U X Subtract with Extend S U B X

instruction Flelds:
Register Rx fleld — Specifies the destination register:
It RIM =0, specifies a data ragister.

It R/M = 1§, specifies an address register for the predecrement address-

ing moda.
Size tield — Specifies the size of the operation:
00 — byte operation,
01 - word operation.
10 ~ long oparation.
RIM fleld — Speciiles the operand addressing mods:
0 - The operation ls daia register to data register.
1 — The opsration is memory to memory.
Register Ry field — Specliles the source reglsten
if FIM =0, specifiss a data register.

if RiM = 1, specities an address register for the predecrement address-

ing mode,

SUBX SUBX

Operation:  (Destination) - (Source) — X— Destination

Assembler  SUBX Dy, Dx
Syntax: SUBX ~(Ay), —{Ax)

Attributes:  Size = {Byte, Word, Long)

Dascription: Subtract the source operand from the destination operand along with the
extend bit and stors the result in the destination locatlon, The operands
may be addressed in two different ways:

1. Data register to data register: The operands are contained in data
registers specified in the instruction.

Memory to memory. The operands are contained In memory and ad-

dressed with the predecrement addressing mode using the address

registers specified in the instruction.

The size of the operation may be specitied to be byte, word, or long.

g

GCondition Codes: N

Set if the result Is negative. Clearsd otherwise.
Cleared if the result is non-zero. Unchanged otherwise.
Set if an overflow s generated. Cieared otherwise.
Set if a carry is generated, Cieared otherwise.
Set the same as the carry bit,

NOTE
Normaily the Z condition code bit is set via programming
before the start of an operation. This allows succasshul
tests for zero results upon completion of multiple-
precision operations,

XOoLNZ

instruction Format:
15, 14 13 12 11 W0 a[e 1.5, 8. 8 8 2 10
Ragister ) 'R fRegister ]
110 1 1
BRHERSREORRE

- Gontinued -~

SWAP SWAP

Operation:  Register {31:16]+ Register [15:0]

Swap Reygister Halves

Assembler
Syntax: SWAP Dn

Attributes:  Size = (Word)
Dsscriptlon: Exchange the 16-bit halves of a data register.

Gondition Codes: ANZ VYV C

Set if the most significant bit of the 32-bi result 1s sel. Cleared
otherwise.

Set if the 32-bit result is zero. Cleared otharwise

Always cleared.

Always cleared.

Not affected.

XO<N -

nstruction Format:
1% 14 13 12 1 10

(i To[o i 0T oTe] e

5.4 3 2
[0{ 0{ 0 ]Registerj

Instruction Fiaids:
Register fleld — Specifies the data register to swap,
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TAS Test and Set an Operand TAS

Operation:  {Destination} Tested — CQ; 1-- bit 7 OF Destination

Assembier
Syntax: TAS <ga>

Attributes:  Size=(Byte)

Description: Test and set the byte opsrand addressed by the effective address fleld. The
current value of the operand Is tested and N and Z are set accordingly. The
high order bit of the operand is set. The operation is indivisible (using a
read-modify-write memory cycie) to allow synchronization of several pro-
¢88507S.

Condition Codes: X N _Z __V_r§
(=[:]:Tefo]
Set if the most significant bit of the operand was set. Cleared other-
wise.
Set f the operand was zero, Clearad otherwise.
Always clsared.
Abtways cleared.
Not affected.

KONz

Instruction Format:
6 14 13 W 41 W 8 8 7 6 B 4 8 2 0
! ! Vol 41 4 | Effective Address]
Lofrfofolr e frpof o] et Rl

instruction Flelds:
Effective Address field ~— Bpecities the location of the tested operand.
Only dala aiterable addressing modes are allowed as shown:

Addressing Mods | Mode| Register Addressing Mode | Mode Register
Dn 00071 register number d{An, Xi} 110 | register number
An — - Abs.W 111 000
{An) 010 | ragister number Abs.L 111 001
(An) -+ 011 | register number d(PC) — e
~TAR) 1007 register number] diPC, X -~ -
d{ARy 107 reglster namber imm - —
Note: Bus error retry is inhiblted on the read portion of the TAS read-modify-write
bus cycle to ensure system Integrity. The hus error exception is always

taken.
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TRAPV TRAPV

Oparaiion: I V then TRAP

Trap on Overflow

Assombler
Syntax: TRAPV

Attributes:  Unsized

Oescription: if the overtlow condltion is on, the processor Inltiales exception process.
ing. The vector number is generated to reference the TRAPV exception vec-
tor. If the overflow condition Is oft, no operation ts performed and execu-
tlon continues with the next Instruction in sequence,

Condition Codes: Not affected.
Instruction Format:

11 13 12 1110 9 B 7 8
fofrjefofifrirfofofi]

o
PN
e
S A
oie
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TRAP -

Operation:  PC— - (88P); SR— — (88PY; (Vactor)—~ PC

TRAP

Agsembier
Syntax: TRAP § < vector>

Attributes:  Unsized

Description: The processor Inltiates exception processing. The vector niumber is
generated to reference the TRAP Instruction exception vector specified by
the low order four bits of the instruction. Sixteen TRAP Instruction vectors
are available.

Condition Codes: Not affected.

{nstruction Format:
16 14 % 1241 W §
1

[OTTToToTiT7] egio

5 4
(0107 Vector

instruction Fleids:
Vector fleld — Specifies which trap vector contains the new program
counter {o be lcaded.
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TST Test an Operand TST

Operation:  (Destinatlon) Tested— CC

Assembiler
Syntax: T8T <sa>

Attributes:  Size = (Byte, Word, Long)

Description: Compars the aperand with zero. No resulits are saved; however, the condl-
tion codes are set according to resuits of the test, The size of the operation
may be spaclfied to be byte, word, or long.

Condition Codes: XNZVC

(=13 18T10)
Set If the operand is negative, Cleared otherwlise.
Set It the operandl is zero, Cleared otherwlse,
Always cleared.
Always cleared.
Not affected.

XOCNZ

tnstruction Format:
16 14 18 12 %1 10 9 B ¥ B B 4 3 2 1 0
["Effective Address
{Ol‘ |0!0‘1 t0!1|0!5126 | _Mode | Register

Instruction Flotds:
Size fleld — Speciftes the size of the operation:
00 — byte operation.
01 — word operation.
10 — long operation.
Effectlve Address field — Specifles the destination operand. Only data
alterabie addressing modes are allowed as shown:

Addressing Mode | Mode Reglster Addressing Moda | Mode Register
bn 000 [Tegister number d{An, XT) U [repister number
An — o Abs. W 1 [h]Y]
(An) 010 jreglster number Abs.L 111 001
N A+ 011 [ register number d(Fey - =
~{Am) 100 | register numbar d(PC, Xi} - —
d{An) 101 | reglsier number Imm -~ o
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UNLK UNLK

Operstlon;  An—SP; (SP)+ —~An

Assambier
Syntax: UNLK An

Attributes:  Unsized

Description: The stack pointsr is loaded from the specified address register. The ad-
dress reglster Is then loaded with the long word pulled from the top of the
stack.

Condition Codes: Not affected.

instruction Format:
B 4 W 12 1 108

8_ 1
LoliferelriiareTe]

2.2 1.0
1

5.4
[o 711 Register |

e

instructlon Fields:
Register field — spacifies the address register through which the untinking
is to be done,
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APPENDIX A
CONDITION CODES

CONDITION CODE REGISTER

The condition code register portion of the status register contains five bits;

N - Negative
Z — Zero

V — Overflow
G ~ Garry

X —~ Extend

The first four bits are true condition cods bits in that they reflect the condition of the
result of a processor operation, The X bit is an operand for multiprecision computations.
The carry bit (C) and the multiprecision operand extend bit (X) are separate In the
MCE8000 to simplify the programming model.

CONDITION CODE REGISTER NOTATION

The description of the effect on the condition codes is given in the following form:

X N A v c
Condltion Codes: [ I [ ! [ I

where:

N (nagative} Set If the most significant bil of the result is set. Cleared olherwise,

Z {zero) Set if the resull equals zero, Cleared otherwise.

V toverfiow) Set if there was an arlthmetic overftow. This implies that the resuli (s
not representable in the operand size. Cleared otherwise.

G (carry) Sel if a carry Is generated out of the most significant bit of the
operands for an addition, Also set if a borrow is generated in a subtrac-
tion, Gleared otherwise,

X (extend) Transparent to cata movement, When affected, H is set the same as
the C bit,

The notational convention that appears in the representation of the condition code
register Is;

set according 1o the result of the opsration
not affected by the operation

0 cleared
1 sel
U undefined after the operation
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MC68000 - WRITE BUS CYCLE
OPERATION (WORD)

(4 CLOCK CYCLES)

CLOCK

S0 §i 82 53 $4 §3

36

Al-A23

i

R/W

NN

AN

NN

AN

|
Wil

MC68000 - READ BUS CYCLE OPERATION

(WORD)
CLOCK U S D:C’(mjm):“ W:M st P
ar-a2s —77 r
A3S,UDS.IDS e | *
sever. NS |
DATA

MC68000 — READ/MODIFY/WRITE INSTRUCTION

(WORD)

INDVII S Do —

RV \

5 TR TR 7R
UDSIDS \ /N =Y/
orack (I N N\ i AN
DO-D1S S—7___

o o o o S,

WORD

MC68000 - FOOTPRINT

D4 =l 1e el 64 =3
B =2 63
D213 62 [
DI =3 4 61
D0 s 60123
A =6 59 ==
UDs /17 581
=) =
W 9 MC58000
TTACK =110 55
BC =11 54 1
BOACK =12 s3Iz
BR 13 520
VCC =14 515
CLK =15 50 =
GND =116 493
HALT 17 48
RESET =18 47
OMA 19 46 23
E =120 4517
VPA 121 44 =
BERR 43
T2 n 421
i B — Y 4
TPLO 28 40
FC2 =126 391
Kl 27 38
£=28 37 =
s B2 36
=130 s
=131 s |
=32 o

BRERE

D10

MC68000 STATUS REGISTER

TRACE
SUPERVISOR

INTERRUPT

SYSTEMBYTE

USER BYTE

MASK

EXTEND
NEGATIVE

ZERO

OVERFLOW
CARRY

UNUSED BITS ARE ZERO

MC68000 - FUNCTION CONTROL

EC2 ECL ECO
0 0 ¢
0 0 1
0 1 90
0 1 i
0 0
I 0 1
1 i
1 !

STATE_
RESERVED - MOTOROLA
DATA SPACE
PROGRAM SPACE
RESERVED - USER
RESERVED - MOTOROLA
DATA SPACE
PROGRAM SPACE
INTERRUPT ACKNOWLEDGE

STATES

MODE_
USER
USER

USER

USER
SUPERVISOR
SUPERVISOR

. SUPERVISOR

SUPERVISOR



w300% ERT

o
»
o

m {54}

woHs sS3WCOY
151130 non
B318HY3 _ smn wous
¢ ¥ive ss3u00v wigow 15373
3 mIoow A4 ROH3 woys EILSI03 fdx X3013
,. at »um,mm a3 RIS oy wory LIRSV YL
£ axwm oN3s w:n»a» fdw 9613
a1 oL
Gmnuwa W\ lv ¥v¥313 T TR w>_w3wx
L do_ 14 1
.kmlw»m 3¢ 5 lmum.uql s ml]nmml‘c«:il.“
: B (502 ¥21S1938 v1V0 IATIIIN =
I i e 3 b
TJoxe R VIVE 19IETS éu Ta w 5 b Tu “ ﬁ@ avae § :
_ / // / / Ixy Tl.l\”
m AIND i
Fatoen / i e T
_ IIvEve on
M sa3 “ SK m 31 fam L Giwnan L M
_ T T m 7 wn Mc m s Wm W 7 M SII VLIV0 Oun O (o m
_ 1831 #3159 34 10818063 w 1 fam
] ey [
e I w0
“ _— |
- K180 Qvay = 'y s3N11
}{#wouarf g3u fs1a 33 uan] 34 Jom] oo | : vivo
e etz e Tvlebs o] wnvsanos wusson 3 §
I (451 ¥3LSI9TH SALVLS » .,Ex,..ﬂdww_ﬂw |
“ wWoH3F ‘@
w \\ \ SUIAIYC M
/ sng
m 1Y rrrrry
I
!

0si

f
1Ao vivo udm«me’vm ~n m NDW © m ® wmum wnm :u‘m A0 3iimi M e
HODYU3ISID3E VIVO LINSNYHL w] [:35:4
- o
ri3Y ,
RIS TN SN S3NI1 ESRIQAY D ROYI0 L Dt Dy OL ¥
ES3IHQAY (Wt D] reOHd EIIVIVAB  NOWI AN
Ot 103138 s 123135 HUSID3Y w.;w;
P M 219 g } YN oawm Gwmw
2$D 15D 0S80 momw owm sy L0 M S3Y Yol
w-wwm_lvnlm.muw.aauj o-,wmm ¥ HILSID3Y ~
i - osH HINOD L - oSy IOHINOD
10dING .1 i
ANdN-Og e LI LI T T T T Jomewuo| LI L LT 11
b= iSy GHIISIOIY | o= 15y ¥ HILSIODBY
0=0Sy NOLLOIHIAVIVO | ¢ =0Sy NOILDBHIG YiVQ
(S0} UMt
RE
g 53151938 ¥ HILSIO30
1~ 2840 v1vG b o2V viva
Vid !5 | WvuaHaiad m-%m N CERED]
0~ osy 08d 84 Y OVg L9 d
S . 4 4
Z90 180 YD YD
FUovr b

S3NN SIWHIHIE IS §3INN

JOHINOTG MOHFOL SINMIVIYA S

WVHOVIA Vid

SIVH3HEIHId

OHINOD reOH #01 SINNYLVO S

17890

¥04 2a03a

STTVHAHdIYAd
0089 40O NOILLDINNOD

P taeq»
VAT DN stasa
A \ SAT'SY
o [— VY
s _im% ms ins md ind ek ind xS Ded Ll Dl o
T U T UL seo
EHHOLYT
Y.IvQ
(avad) 47IDAD
TVHIHdJIYAd 0089 000890
el 3
2pe A
S3DIAGd VdIA
0089 —
40 %0016 sv
sne
59 SO Q ssa¥aay
mmmwva% L\s 000891

00089 N



ACIA CONTROL REGISTER FORMAT

87 B6 Bs B4 83 B2 B1 BO
RIE TC2 TC1 ws3 ws2 ws1 c2 c1
B1 BO FUNCTION (Tx. Rx)] MAX DATA CLOCK RATE
0 Q =1 500 KHz
0 1 +16 800 KHz
1 0 <64 800 KHz
1 1 MASTER RESET
B4 B3 B2  WORDLEMGTH + PARITY + STOPBITS
0 0 a 7 EVEN 2
aQ 0 -1 7 oDD 2
0 1.0 7 EVEN 1
0 1 1 7 oDD 1
1 0 0 8 NONE 2
1 0 1 3 NONE 1
1 1 0 8 EVEN 1
1 1 1 8 ooD 1

BITS CA5 AND CR5 HAVE THE FOLLCWING SYSTEM APPLICATION:

CRs6

0

CRS

o]

THEZ RTS PIN IS LOW AND TRANSM!T INTERRUPTS ARE
INHIBITED. THIS IS THE COCE USED WHEN REQUESTING
THAT THE COMMUNICATIONS CHANNEL BE SET-UR. IT IS
NOT CLEAR TO SEND DATA YET.

THE RTS PIN IS LOW AND THE COMMUNICATIONS
CHANNEL HAS S£:N SET UP. THEREFORE, THIS CODE IS
USED TO GENERATE IRQ'S VIA THE TDRE BIT IN THE
STATUS REGISTER.

THE RTS PIN IS HIGH AND TRANSMIT INTERRUPTS ARE
INHIBITED. THIS CCDE CAN SE USED TO “XNOCK-DOWN"
THE COMMUNICATIONS CHANNEL

THE RTS PIN IS LOW (KEEP UP COMMUNICATIONS
CHANNEL), A SREAK SIGNAL (LC'W LEVEL ON TRANSMIT
DATA OUT LINE) IS TRANSMITTED. THIS IS USED TO
INTERRUPT THE REMOTE SYSTEM.

BIT7 — RECE_W_ER INTERRUPT ENABLE (RIE)

“1" = ENABLESINTERRUPTS CAUSED 8Y )
A) RECEIVER DATA REGISTER FULL GOING HIGH
8) ALOWTO HIGH TRANSITION ON THE DATA CARRIER

e L

DETECT SIGNAL LINE

NHIBITS INTERRUPTS JUE 7O RECEIVE DATA REGISTER

FULL OR LOSS OF AECZIVE DATA CARRIER, -



MC6821

Determine Active CA1 (CB1) Transition for
interrupt Flag IROAIBIT — (bit 7)

Setting

b1=0: IRQA(B) s8t by high-to-low transition on CAT

FIGURE 18 ~ CONTROL WORD FORMAT

(CB1
bl=1: IRQA(BI1 set by low-to-high transition on CA1 CA1 (CB1) Interrupt Request Ensble/Digable
(B, bO=0: Disebles IRQA(BI MPU Interrupt by CAI
|- {CB1) active wansition,
bO=1: Enable IRQA(B) MPU interrupt by CAY (CB1)
active transition,
"*QA‘?’ 1 ¥ntewgp1 Fiag (bh 7 1. IRQA(B} will occur on next IMPU generated) positive
Goes high on active ansition of CAY {CB1); Automa- transition of b0 if CA1 (CB1) active transition oc-
tically cleared by MPU Read of Output Register AlB). curred while interrupt was disabled.
May 8lso be clesred by hardware Reset,
1 —
b7 b6 b5 b4 b2 bi ] b0
Control Register [M\goA(B)1 | (ROA(BIZ CA2 {CB2) DDR CATI(CB1)
Flag Flag Control Access Control
1
IRQA(B)Z interrupt Flag (bit 6)
When CA2 (CB2) is an input, IRQA{B) goes high on ac- Determines Whether Data Direction Register Or Output
tive transition CA2 (CB2); Automatically cleared by Reglster s Addressed
MPU Read of Output Register A(B), May also be b2=0: Data Direction Register selected.
cleared by hardware Reset. b2=1; Oulput Register selacted,
CA2 (CB2) Established as Output (b5=1): JRQAIB)
2=0, not affected by CAZ (CB2) transitions.
CA2 (CB2) Established as Output by b5 =1 CA2 (CB2) Established a5 input by b5=0
(Note that operation of CAZ and CBZ output
5 b4 b3 functions are not identical) b4 b3
FER T
10 b3=0: Read Strobe with CA1 Restors CAZ (CB2) Interrupt Request Enable/ Disable
CAZ goes low on first high-to-low b3=0: Disables IRQA{B) MPU interrupt by
E transition following an MPU read CAZ (CB2) active transition.®
of Output Register A; returned high b3=1: Enables IROAIB) MPU interrupt by
by next active CA? trensition, as CAZ2 {CB2) active transition,
specified by bit 1, *IRQA(B! will occur on next IMPU generat-
b3= 1. Read Strobe with E Bestqre 18d) positive transition of b3 if CA2 (CB2)
CA2 goes low on first high-to-low active transition occurred while interrupt
E tansition following an MPU read was disabled.
of Output Register A; returned high ‘3 Determines Active CAZ (CB2) Transition for
py next high-to-low E transition gur- Setting Interrupt Flag IRQA(BI2 — (Bit b6)
ing @ deselect. b4=0: IRQA(BI2 set by high-to-low transi-
e CB2 tion on CA2 (CB2),
b3=0; Wrhe Strobe with CB1 Restors b4s=1: IRQA(BI2 set by low-to-high transi-
CB2 goes low on first low-to-high tion on CAZ (CB2)
E transition following an MPU write '
into Qutput Register B; returned
high by the next active CB1 transi-
tion as specified by bit 1. CRB.b7
must first be cleared by a read of
data.
b3= 1. Write Strobe with E Restore
CB2 goes fow on first low-t0-high
E transition following an MPU write
into Ouiput Register B; returned
§ gf_ b3 high by the nex1 low-1o-high £ tran.
sition foliowing an E puise which
occurred while the part was de-
selected,
L Set/Reset CAZ (CB2)
CAZ (CB2} goes low as MPU writes
b3=0 into Control Register,
CAZ (CB2) goes high as MPU writes
b3= 1 into Control Register, .






