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e MC9S12 Assembler Directives
« A Summary of MC9S12 Instructions
« Disassembly of MC9S12 op codes

(o]

(o]
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Review of Addressing Modes

Which branch instruction to use (signed vs unsigned)
Using X and Y registers as pointers

Hand assembling a program

How long does a program take to run?

Assembler directives

How to disassemble an MC9S12 instruction sequence

Summary of HCS12 addressing modes

ADDRESSING MODES
Effective
Hame Example Op Code Address

INH Inherent ABA 18 06 Hone

IMM Immediate LDAR #3535 86 35 PC + 1

DIER Direct LDAR 535 96 35 0x0035

EXT Extended LDAR 52035 BE6 20 35 0x2035

IDX Indexaed LDAR 3, X Ae 03 X+ 3

IDX1 LDAR 30,X A6 EOQO 13 X + 30

IDX2 LDAA 300,X A6 E2 01 2cC X + 300

IDX Indexaed LDAR 3, X+ A& 32 X (X43 > X)
Postincrement

IDX Indexed LDAR 3, +X A6 22| ¥43 (X43 -> X)
Preincrement

IDX Indexed LDAR 3, X- a6 3D X (X-3 -> X)
Postdecrement

IDX Indexed LDAA 3, -X a6 2D X-3 (X-3 -> X)
Predecrement

REL Relative BRA 51050 20 23 PC + 2 + Offset

LEEAR 351F0O0 18 20 OE CF PC + 4 + Offset
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A few instructions have two effective addresses:

* MOVB #$AA,$1C00 Move byte 0xAA (IMM) to address
$1C00 (EXT)

* MOVW 0,X,0,Y Move word from address pointed to by
X (IDX) to address pointed to by Y
(IDX)

A few instructions have three effective addresses:

* BRSET FOO,#$03,LABEL Branch to LABEL (REL) if bits
#$03 (IMM) of variable FOO
(EXT) are set.
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Using X and Y as Pointers
* Registers X and Y are often used to point to data.

» To initialize pointer use

1dx #table
not

ldx table
* For example, the following loads the address of table ($1000)
into X; i.e., X will point
to table:

Idx #table ; Address of table = X

The following puts the first two bytes of table ($0C7A) into X. X
will not point to table:

Idx table ; First two bytes of table = X
» To step through table, need to increment pointer after use

ldaa 0,x
inx

or

ldaa 1,x+
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Which branch instruction should you use?
Branchif A>B
Is OxFF > 0x007?

If unsigned, OxFF = 255 and 0x00 = 0,
so OxFF > 0x00

If signed, OxFF = —1 and 0x00 = 0,
so OxFF < 0x00

Using unsigned numbers: BHI

Using signed numbers: BGT
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Hand Assembling a Program
To hand-assemble a program, do the following:

1. Start with the org statement, which shows where the first byte of
the program will go into memory.
(e.g., org $2000 will put the first instruction at address $2000.)

2. Look at the first instruction. Determine the addressing mode
used.
(e.g., Idab #10 uses IMM mode.)

3. Look up the instruction in the MC9S12 S12CPUV?2 Reference
Manual, find the appropriate Addressing Mode, and the Object
Code for that addressing mode. (e.g., ldab IMM has object code
C6ii.)

- Table A.1 of the S12CPUV2 Reference Manual has a
concise summary of the instructions, addressing modes,
op-codes, and cycles.

4. Put in the object code for the instruction, and put in the
appropriate operand. Be careful to convert decimal operands to hex
operands if necessary. (e.g., ldab #10 becomes C6 0A.)

5. Add the number of bytes of this instruction to the address of the
instruction to determine the address of the next instruction.

(e.g., $2000 + 2 = $2002 will be the starting address of the next
instruction.)
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org $2000

Idab #10
loop: clra

dbne b,loop

swi

Freescale HC12-Assembler
(c) Copyright Freescale 1987-2010

Abs. Rel. Loc Obj. code Source line

1 1

2 2 0000 2000 prog: equ $2000
3 3 org prog

4 4 a002000 C60A ldab #10

5 5 a002002 87 loop: clra

6 6 a002003 0431 FC dbne b,loop
7 7 a002006 3F swi
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Table A-1. Instruction Set Summary (Sheet 7 of 14)

Source Form Dperation Mg Coding Jhar) e NEINC T SIHI|NIVC

LBET g Long Branch il Greator Than AEL |18 2E qg rr carR/ang’ arrpiornt| ———— | ———-
I+ [N @) = 0) [signed)

LBH] mhs Long Brnch il Highar HEL |18 22 gg rx oFFe S arot GOFPRFCETA| ———— | ————
[T 42 = 0 [unssgnad)

LBkE e Long Branch if Highar or Sama HEL |18 24 gg rz CEFR/ang aprpioen’| ——-= [ ————
i C = 0] fureigread]
same fenction as LECT

LBLE =i Long Branch if Lass Than or Fgual AEL |18 2F qg rr cErRanct LT [ —
T+ [N & W) = 1) [sigred]

LBLO shia Long Banch if Lower AEL |18 3% gg rr DFFPR/ORT orrpioen| ———— [ ———-
= 1] junsigrad)
same funofon s LBCE

LBLE mhE Long Brnch if Lower or Sama AEL |18 23 gg rr caFR/apo” oprrrioen’| ———— | ———-
[T+ = ) [unsgnad)

LBLTmhg Long Banch if Lass Than AEL |18 2D gg rr careapot oprioeet| ———— | ———-
[N &V = 1] {signed}

LBMI =t 1= Long Brnch: if Minesii N = 1] AEL |18 2B gg rr aprpioget| ———— | ———-

LEKE mh@ Long Branch: if Mot Equal [{f Z= 0) HEL |18 26 gg rr aprpioen’| ———-= [ ————

LEPL =tiE Long Banch il Plus i N = 0 HEL |18 2K gg r= aprpioen’| ——-= [ ————

LBAA mti @ Long Beanch Alweys i =] AEL |18 20 gg rr opFF| ———= | =——-

LBAN 19 Long Brsnch Mewvor (1 1 = 0} AEL |18 21 qg rr oo ——-= | ===

LIV w1 Long Brnch: if Dwerfios Bit Claar [ W=0f AEL |18 28 gg rr aprpioget| ———— | ———-

LEVEmhe Long Branch: il Dwerfios Bit St i W= 1) HEL |18 29 gg rr aprpioen’| ———-= [ ————

LOwA fgoed [Ml] =+ & INN BE 11 F === A&d-

LDwA qoeets Load Aocomulaior & iR e Od =Tk

LD gt &s EXT HE hh 11 T

LA oproed_xyspr I | ke xx ¥

LA ool xysp DK |AE xz It

LOWA. o] & xpsp IDEZ2 |hE xb &= £F

LD [Copme] [LUCY] |Ae x=

LOwA foygoris xpsp] JOZ] | AE xnoem £f

LDAE agpegi W] =B INN |CE 11 -———|aa0-

LDAE gt Load socumulator B O |De pa

LDWE gl 8a EXT F& hh 11

LDWE qoowd_xysp I |EE x=n

LOWE oo xysp D8 |EE x& It

LDWE o] S apsp D2 |EE xb ea £f

LE&!E-E:)@] [LUCY] |EE x=o

LDWE foygoris xpsp] JOE] |EE xn oem £f

LDD #oyprisi [t = AH (] T 11 kk FC -————laan-

LD qencie Load Doubla Aooumuisior D (4:8] O |DC oa

LD qerias EXT |PC hn

LDD gD o I |BC xx

LDD ool nysp ICoE BC xh 1

LDD qoori e 1Dz C xb

L[{If-.lﬁq [LIC] |BC xo

LD gt & o] J0Nz] |BC xb

Molz 1. DPPPADPT indicalss, thes instrechon tkas. four oyoes o refill the instruction quaso § the banch is tnkan and
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Table A-1. Instruction Set Summary (Sheet 3 of 14)

Sourre Form Oporation Mo Cading [has) e BEauCis SEHI|NHIVE
FEFT Haanch if Lower or Sama AEL (23 rr R e e I
HC -+ 1) msigred)
=RE-T HBranch i Lass Than REL (zD rr TRE Pl el [ —
N2 V- 1] e
BN e Beanch i Mines [{f M= 1] REL |zZE rr FFRP | - | -
BNE=mE Beanch if Mot Equal (I f=0) REL |26 rr FFRP wrr| - -——-
BFL ek Beanch i Phus (i M= 0] REL |zA rr PR P iy ———— | -——-
EA4 Branch Abways [F 1 =1} REL |z0 rr T e el I
BAC1A oo, msks ot Beanch if (M} = jmm] =10 DIF |4F 84 mm rr rTI0 —
BACL A ogrics, msks, =2 [ &l Sadacied Hifs] Clear} EXT |1F hh 11 mm rr  |cEsep
BACL Aopmd xysn msks, mln I |OF xb mm rr TITR
BACLA ot wymn, msks e IDK1 |OF ¥t £ mm rr  |cERPR
BACLA oponis xysp, msks, i ID2 (OF xb e £f mm ro| roiepp
EAk o Beanch Mawor [F 1 =0} HEL |21 rr T | === =———-
BASET qoet, msks, w2 F R OIF |[4E dd mm rr TFFR e
BASET qorite, msks =8 a::hs rll[li", ll !I111|1:||5:‘,' EXT |1E bh 11 mm 1T |cEeep
BASET qpout) nysp, msks ot IM |0E xbmm rr TFTR
EFASET qoutl vpsg, msks, w2 IDN1 |OE xt £f mm rr  |cEvpp
BASET qouorig nysn, msks B D2 |OE xb ex £f mm rr|rciree
BEET gon, mske [M] + o] =+ M OR |[4Caim r7 - | AR~
BSET gori Gy, msks St Bitls) in Mamaory EXT |1C bh 11 mm T3
BSET qowd_xysn. msks I |0C xmm riwl
BEET qod xpsp, mske DKt (00 xb £F mm riwl
BEET ool s msks I (of 2t e= £f m | EcPaPo
Bf=E LSPI-E o 5P AN ATHL = MepdMer. REL |07 rr STTR e e e
sbroeting addrass =« PC '
Baanch i Suhsuting
EWC e Branch i Cverfiow Bit Claar i ' = 0) REL |28 rr R P iy ———— | -———-
EWS iz Beanch if Cwerfiow Bit St i W = 1) HAEL |29 rr TR P | ———— | -
Call gprigs, poge 5P —2 b B AT ATHY =t MpMocp, EXT |4A Hn 11 pg gnEserrr| ——— | ——-
Calll qpoed xpsp, g ) — 1 =0 3P, [PPG] = 2l 1 ID{ (4 xb pg gnESEPFT
CaLL pet s, pagse =g =+ PPAGE rogister, Program addness - PC DNt 4B xn £r g gnEsErTs
EﬁlL-ﬁl.':ﬂEA}up.,:lg& D2 (4B xbv = £f pg  |f: EgnESErFT
CALL [ xpsg] Tl sebrovtng in sadarded mamony [DIDA] |4E = LignSuFFF E1ignExFFF
CALL et & ] [Pragram may bs foosted onancher 0z |4E xb ee £ LignSaRER £1ignEerTT
SRR TRy .|
Indirect modes et orogram addrass
2red naw [ valus basod on pointar.
CHa I._ﬁl-:E] I§H |18 17T oo oo| ——--|AAAA
Compars B-5i Apcumulsions
CLC 0 IMM (10 FE T | ——— | —=0
Tarslsles b ANDCC 83FE
Cll 0= | IMM (10 EF ¥ 7l ==-0| -~
Torslsles b ANDCC s3EF
|enathas |-hit mtarmupis)
CLA qprigs o= W Clear Momory Location EXT |79 bn 11 Pwl wor| -——-—| D100
CLA qpoed xysp ID¥ |&9 xb P o]
CLA qpod xpsp DXt (&9 =t £1 PwD Pl
CLA qporis xsp Iz (&9 =i &= 1 T P
CLA D.xysr] [DIDY] | &9 =& FIfw PIEmw
CLH [-qoor! £ xpse] j] (&9 xb ee £f FIFw PIFPw
CLRA D=t & Claor Accurmainioe & IkH |&7 C C
CLAE =0 Claar Accurmainioe B IRH o7 C C
CLY b= IMM (10 FD T 7| === --D-
Torslsles b ANDCC 885D

Mol 1. PPPIT indicalzs this instruchon tokas. thres odies o ehll B nstnciion qusus if B brandhis taken and ona program feich oydio e bronch i not tkoan,
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Table A-1. Instruction Set Summary (Sheet 4 of 14)

Source Form Operation Mod Coding fhax) s NEAMCED SXHI|NIVC
CMPS sopreni [B] M) INN o111 T 7l -——— |aaas
CMPE ops Compans Accumuinion B with Mamaony OR |D1 &g = E cEF
CMPE ogrics EXT |F1 bnm 11 7D rOF
CMPS opwd mmp 0§ |E1 a0 r7E ofF
CMPE o nsp IDK: |E1 xb £f TIT L
CMPS oo nsp Iz |E1 ¥ e £f ExrFe =
CHFE&::M [DID] |E1 xb 3§20 H ETEcEr
CMPE [qponig ] Jonz] |®1 xb ee £ Frrepi ExrcEr
COM praes # _ EXT |71 mm 11 ] P R— Y
COM pra Emmﬁﬂm W K |61 x= T -
COM el s IDK1 |61 xbv If ] oW
C:H%uiﬁw Iz |61 xn ee £f Expap Ervrw
COM s [DJ0] | 61 xb FTFrfw ETErvw
COM gt & ] =&  Complement focemuisicr & J00Z] |61 xo em EX EIFzrw EIFrTw
COMa IKH |41 = =
oM [fj=B Conplament Aocemulsicr B kH =1 - .
CPD aqprig - (MMs1) INN BT 1] kk 7O oF| ———— |AAA A
CPD ques Comparn [ to Memjry [ 16-8k) OR |2c 33 nrE =EF
CPD gt G EXT |BC bm 11 uro P
CPD qped 10§ |AC xn nrf mEF
CPD qood xpsp IDK | AC xbo If BFD BT
CPD goort S xymp Iz |AC xo ea £ Enre ErFT
CPD ] [DIDN] | AT xb F1ERpE ExEREr
CPD fomoris xpsp] 2] |AC xo e £ E1rmpf ExrREr
CPE gl & |_5F'|--]l:l|-o'| INM |8F {] kk PO oF| ——-— [AAAA
CPE oyt Compars SF o Mamory | 5-Bit) DR |9F Ba arE mET
CPs EXT HF hh 11 HFD T
GP3 s I |AF xn arf wEF
CPS oo xysp IDKs  |AF xn 1f BFD O
CPS oporifasp Iz |RAF xbv e £ Enrpe ExFT
G5 [Uy ] [DIR] | AF xn FrERps ExEREw
CPS A5 xymp| JLhz] |AF ¥ e £ FIFmpE ETrREr
CPY eqprig ] — MR INN |BE 17 kk TO or| ———— |AAAA
CPY opras Compars ¥ 1o Mamary (| ne-Bi) DR |9E oa arf mEF
CPY oprics EXT |HE bnh 11 BFD iy
CPY oo mymp ID§ |RE xn arE =EF
CPX oo xysp oK1 |RE xb £ By g
CPY oo nsp I02 |RE ¥ e 1 Fare ExFT
CFE&::M [DI0Y] | RE xb FTERPE ETEREF
CPY [gooris xysp| jonz] |RE = e £f Exrmps ExrREr
CPY sqrl — (NN NN |80 19 kk = o[ ——— [aaas
CFY o m..lrpm'l"l:“rru'p-:'a-ﬁi: DA |aD @a mrE =EF
CPFY ogrica EXT |BD bnh 11 BFD FF
CFY opmed mysp 10§ |AD xn arE mEF
CFY opetlxpsp IDKs  |AD xx ff RFT BT
CFY cpori8 =g I0Nz |AD xbv ea £ Eare ErFT
CPY [0\l D0 | AD xb ExERpE ExEREr
crY A5 xyp| Jonz] |AD xo e £ EIPRPE ExrREF
i) szt Bum 1o BCD) H |18 o7 oD ofp| -———[aaTa
Dooimal Adjes! Aooumisior A
DHEQS shdvs, =l — fi OO AEL |D4 1b rT P77 [bramch mr| ——— [ ———
E:-;:I']-D.I'mEmm [ P70 [no
wlsa Continen ko nood mstrucbon branch)
Doorament Counter and Branch if = 0
fonir= &, B, 0, X, Y, or 57
DEKE sheliys, it - REL [D4 1b T 777 [Eranchl | - --—-
Pﬁﬁm-u.mhﬁ [ P70 [no
wlsa Contineo ko ned nstructon Eranchl
Doorament Counter and Branchif w 0
fontr=a, B, 0K, Y, or 37
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D B N E Decrement and Branch if Not Equal to Zero DB N E

Operation  {counier) — 1 = counter
If (counter) not = 0, then (PC) + 50003 + el = PC

Subtracts one from the counter register A, B, I, X Y, or 5P. Branches to a relative
destination if the counter egister does not reach zero. Rel is a 9-bit two’s complement
offset for branching forward or backward in memory. Branching range is 5100 o S0FF
(—256 to +255) from the address following the last byte of object code in the instroction.

CCR
Effects § X H I N Z VW C
Code and
CPU Address Machine
Source Form CPU Cycles
Cycles Mode Code {Hex)
REL 04 lbrr peE (branch)
DENE abdxysp, reid gl ez (no branch)
Loop Primitive Postbyte (1b) Coding
Source 9 Object Counter
Form Posthyte Code Register Offset
DEMNE A, reid D010 X000 04 20 rT A
DEME B, rele 0040 ¥00A 04 21l rr B
DENE O, rels 0010 X100 04 24 TT o]
DENE X, reid DC1d X101 04 25 TT X Fasilive
DENE Y, rele 0010 X110 04 26 TT A
DENE SF raly 0010 X111 P — SP
DENE A, reig 0011 X000 04 30 rr &
DEME B, rels 0011 X001 04 31 1T B
DENE D, rele 0011 X100 0d 34 IT D
DEMNE X, reit D01 X109 04 35 TT X gathve
DEME ¥, rals D041 X110 PP il
DENE SR rals o011 X111 04 37T 5P
MNOTES:

1. Bits 7:6:5 select DEEQ or DENE:; bit £ | the offset sign bit Bk 3 Is N0t USed; bits 2-1:0 sslect
the countes register.
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MC9S12 Cycles
* MC9S12 works on 48 MHz clock
» A processor cycle takes 2 clock cycles — P clock is 24 MHz
* Each processor cycle takes 41.7 ns (1/24 ps) to execute
* An instruction takes from 1 to 12 processor cycles to execute
* You can determine how many cycles an instruction takes by
looking up the CPU cycles for that instruction in the Reference

Manual.

— For example, LDAB using the IMM addressing mode
shows one CPU cycle (of type P).

— LDAB using the EXT addressing mode shows three CPU
cycles (of type rPO).

— Section 6.6 of the S12CPUV?2 Reference Manual explains
what the HCS12 is doing during each of the different types of

CPU cycles.

2000 org $2000 ; Inst Mode Cycles
2000 C6 0A ldab #10 ; LDAB (IMM) 1
2002 87 loop:clra ; CLRA (INH) 1
2003 04 31 FC dbne b,loop ; DBNE (REL) 3

2006 3F swi ; SWI 9
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The program executes the ldab #10 instruction once. It then goes
through the loop 10 times (which has two instructions, one with
one cycle and one with three cycles), and finishes with the swi
instruction (which takes 9 cycles).

Total number of cycles:

1+10x (1+3)+9=50

50 cycles = 50 x 41.7 ns/cycle = 2.08 ps
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LDAB Losa LDAB

Operation (M)=B1E
T
imm =B

Loads B with cither the value in M or an immediate value.

CCR
Effects 5 X H I N Z WV C
[-[-[-[-[afafo]-]
M Set if MSE of result = 52, cleared othenyisa
Z: Set T result 1s S00; cleared otheraise
W Cleareg
Code and
CPU Address Machine
Source Form CPU Cycles
Cycles Mode Code (Hex)
LOAB £apréi MM CE il F
LOAE oprSa DIR D dd rPf
LDAE oprféa EXT F& hh 11 PO
LOAB opi]_xyspoc IDX EE xb ref
LOAE oorxs xysops 101 EE xb £f rBO
LOAE orK 16, XySpoc: 2 EE xb ee £f frPFP
LOAE D, xysppc] [IEX] =& xb fIErPE
LDAE [oprr T 64y E0pC] [1o] EE xb == £f fIFTPE
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Assembler Directives

* In order to write an assembly language program it is necessary to
use assembler directives.

* T hese are not instructions which the HC12 executes but are
directives to the assembler program about such things as where to
put code and data into memory.

» CodeWarrior has a large number of assembler directives, which
can be found in the CodeWarrior help section.

» We will use only a few of these directives. (Note: In the
following table, [ ] means an optional argument.) Here are the ones
we will need:
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Directive Description Example
Name
equ Give a value to a symbol len: equ 100
org Set starting value of location org $1000
counter where code or data
will go
dc.b Allocate and initialize storage |var: dc.b 2,18
for 8-bit variables. name: dc.b “Jane”
Place the bytes in successive
memory locations
dcw Allocate and initialize storage |var: dc.w $SABCD
for 16-bit variables.
Place the bytes in successive
memory locations
ds.b Allocate specified number of | Table: ds.b 10
8-bit storage places
ds.w Allocate specified number of | table: ds.w 50
16-bit storage spaces
dcb.b Fill memory with a given init_data: dcb.b 100,0

value:

The first value is the number
of bytes to fill.

The second number is the
value to put into memory
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Using labels in assembly programs

A label is defined by a name followed by a colon as the first thing
on a line. When the label is referred to in the program, it has the
numerical value of the location counter when the label was

defined.

Here is a code fragment using labels and the assembler directives
dc and ds:

org $2000
tablel: dc.b $23,$17,$f2,$a3,$56
table2: ds.b 5
var: dcw  $43af

The CodeWarrior assembler produces a listing file (.Ist). Here is
the listing file from the assembler:

Freescale HC12-Assembler
(c) Copyright Freescale 1987-2009

Abs. Rel. Loc Obj.code Source line

1 1 org $2000

2 2 a002000 2317 F2A3 tablel: dc.b $23,$17,$f2,$a3,$56
002004 56

3 3 a002005 table2: ds.b 5

4 4 a00200A 43AF var: dc.w $43af

5 5

Note that tablel is a name with the value of $2000, the value of
the location counter defined in the org directive. Five bytes of data
are defined by the dc.b directive, so the location counter is
increased from $2000 to $2005.
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Note that table2 is a name with the value of $2005. Five bytes of
data are set aside for table2 by the ds.b 5 directive. The as12
assembler initialized these five bytes of data to all zeros. var is a
name with the value of $200a, the first location after table2.
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HC12 Instructions

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

* Load and Store — load copy of memory contents into a register;
store copy of register contents into memory.
LDAA $2000 ; Copy contents of addr $2000 into A

STD 0,X ; Copy contents of D to addrs X and X+1
» Transfer — copy contents of one register to another.
TBA ; Copy B to A
TFR X,Y ; Copy XtoY
» Exhange — exchange contents of two registers.
XGDX ; Exchange contents of D and X
EXGA,B ; Exchange contents of A and B

* Move — copy contents of one memory location to another.
MOVB $2000,$20A0 ; Copy byte at $2000 to $20A0
MOVW 2, X+,2, Y+ ; Copy two bytes from address held

;in X to address held in Y
;Add2to X andY

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

5.12).
ABA ; Add B to A; results in A
SUBD $20A1 ; Subtract contents of $20A1 from D
INX ; Increment X by 1

MUL ; Multiply A by B; results in D
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3. Logic and Bit Instructions — perform logical operations
(S12CPUV2 Reference Manual, Sections 5.9, 5.10, 5.11, 5.13
and 5.14).

* Logic Instructions
ANDA $2000 ; Logical AND of A with contents of
; $2000
EORB 2,X ; Exclusive OR B with contents of
; address (X+2)

* Clear, Complement and Negate Instructions

NEG -2,X ; Negate (2’s comp) contents of
; address (X-2)
CLRA ; Clear ACC A

» Bit manipulate and test instructions — work with bits of a
register or memory.
BITA #$08 ; Check to see if Bit 3 of A is set
BSET $0002,#$18  ; Set bits 3 and 4 of address $0002

« Shift and rotate instructions
LSLA ; Logical shift left A
ASR $1000 ; Arithmetic shift right value at address
; $1000
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4. Compare and test instructions — test contents of a register or
memory (to see if zero, negative, etc.), or compare contents of a
register to memory (to see if bigger than, etc.) (S12CPUV2
Reference Manual, Section 5.9).

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

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

JMP L1 ; Start executing code at address label
; L1
BEQ L2 ; If Z bit set, go to label L2
DBNE X,L3 ; Decrement X; if X not O then goto L.3
BRCLR $1A,#$80,L.4 ; If bit 7 of addr $1A clear, go to
; label L4
JSR subl ; Jump to subroutine sub1
RTS ; Return from subroutine

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

* Interrupt instructions
SWI ; Initiate software interrupt
RTI ; Return from interrupt
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7. Index Manipulation Instructions — Put address into X, Y or SP,
manipulate X, Y or SP (S12CPUV2 Reference Manual, Section

5.23).

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

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

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

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

PSHA ; Push contents of A onto stack
PULX ; Pull two top bytes of stack, put into X

10. Stop and Wait Instructions — put MC9S12 into low power
mode (S12CPUV?2 Reference Manual, Section 5.27).

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

11. Null Instructions

NOP ; No operation
BRN ; Branch never
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12. Instructions we won’t discuss or use — BCD arithmetic, fuzzy
logic, minimum and maximum, multiply-accumulate, table
interpolation (S12CPUV2 Reference Manual, Sections 5.7, 5.16,
5.17, and 5.18).

Disassembly of an HC12 Program

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

For example, consider the hex code:

ADDR DATA

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

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

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

- If the first byte is $18, use Sheet 2 of Table A.2, and do the
same thing. For example, 18 06 is a two byte instruction, the
mnemonic is ABA, and it uses the INH addressing mode, so
there is no operand. Thus, the two bytes 18 06 is the op code
for the instruction ABA.
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- Indexed addressing mode is fairly complicated to
disassemble. You need to use Table A.3 to determine the
operand. For example, the op code $E6 indicates LDAB
indexed, and may use two to four bytes (one to three bytes in
addition to the op code). The postbyte 01 indicates that the
operand is 0,1, which is 5-bit constant offset, which takes
only one additional byte. All 5-bit constant offset, pre and
post increment and decrement, and register offset instructions
use one additional byte. All 9-bit constant offset instructions
use two additional bytes, with the second byte holding 8 bits
of the 9 bit offset. (The 9th bit is a direction bit, which is
held in the first postbyte.) All 16-bit constant offset
instructions use three postbytes, with the 2nd and 3rd holding
the 16-bit unsigned offset.

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

- Loop instructions (Decrement and Branch, Increment
and Branch, and Test and Branch) all have the op code $04.
To determine which instruction the op code $04 implies, and
whether the branch is positive (forward) or negative
(backward), use Table A.6. For example, in the sequence 04
35 EE, the 04 indicates a loop instruction. The 35 indicates it
is a DBNE X instruction (decrement register X and branch if
result is not equal to zero), and the direction is backward
(negative). The EE indicates a branch of -18 bytes.
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 Use up all the bytes for one instruction, then go on to the
next instruction.

C6 05 = LDAB #$05 two-byte LDAB, IMM
addressing mode

CE 2000 = LDX #$2000 three-byte LDX, IMM
addressing mode

E6 01 = LDAB 1,X two to four-byte LDAB,
IDX addressing mode. Operand
01 => 1,X, a 5b constant offset
which uses only one postbyte

18 06 = ABA two-byte ABA, INH addressing
mode

04 35 EE = DBNE X,(-18) three-byte loop instruction
Postbyte 35 indicates DBNE X,
negative

3F = SWI one-byte SWI, INH addressing
mode
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Table A-2. CPU12 Opcode Map (Sheet 1 of 2)

Address Mode

MNumber of hytes

0 13|10 by HES z[40 HE BENRERE RIEE BES I[AD 36| ED HE E 3[ED 36| FO 3
BGND | ANDCC [ BRA PULX | NEGA | NEGE NEG MNEG SUBA | SUBA SUBA | SUBA | SUBB SUBE | SUBB SUBB
] 1]im 2| AL 2| H 1] 1] 1H o z4|Ex 3] 1M 2| o 2[I0 24|Ex 3| m 2| ol 20D z4|Ex 3
01 H I E HE a1 1] 81 R &1 1]et 31 38[E1 HE o1 HENEE 3
MEM EDIV BRN PULY | COMA | COMB COM COM CMPA | CMPA | CMPA | CMP4 | CMPE | CMPE | CMPB | CMFB
14 1] 1|AL 2| 1] 1| H D 24|EX 3] 1M 2| ol 2[00 24|Ex 3| m 2| ol 2|0 2#|Ex 3
0z DR R E 3[4z T8z BEEEIEE B HEE I[AZ_ 38|B2 3[cz T[0Z I[EZ_ 3B |F2 3
N MUL BHI PULA INCA INCE INC INC SBCA SBCA SBCA SBCA SBCB SBCB SBCB SBCB
14 1] 1] RL 2|H 1] 1] H 11D 2-4|EX 3] 1M 2| o 2[I0 24|EX 3| M 2| ol 200 2£|EX 3
03 DB HEREIE HEE 152 N 4|83 HEE HEEIEE HE z|o3 R
DEY EMUL BLS FULE DECA | DECB DEC DEC SUBD | SUBD | SUBD | SUBD | ADDD | ADDD | ADDD | ADDD
I+ 1] 1] FL 2| 1[I 1] H D 24|EX 3] 1M 3lol 20 24|Ex 3|m alol 2[ID z#|EX 3
0d 3|14 IEEIE HED T[52 B4 56|74 b T[eF I|A4 36| B2 I[cE BER 3[EE 38| Fe 3
loop ORCC BCC PSHX LSRA LSREB LSR LSR ANDA, AMDA | ANDA ANDA ANDB ANDB ANDEB ANDB
RL alm 2| AL 2| 1 1] D 24|EX 3] 1M 2| ol 2(I0 24|EX 3|m 2| ol 200 2#lEx 3
05 38(15 47|28 31|38 A ED T[E8 IS B B I[AE 36 |E5 I[cE 05 I[EE 3B |F5 3
JMP JSR BCS PSHY ROLA ROLB ROL ROL BITA BITA BITA BITA BITB BITE BITB BITB
D 24D 24|RAL 2|H 1] 1] H D 24|EX 3] 1M 2| ol 2[ID 24|EX 2| m 2|ol 2(ID 2#lEX 3
08 I[1E HEIEDE A ES /58 B8 38|78 HEE BEE I[AE_ 36|E BES 1|08 3[E6 8| FD 3
JMP JSR BME PSHA ROR& | RORB ROR ROR LDAA LDAA LDAA LDAA LDAB LDAB LDAB LDAB
EX alex 3| AL 2|H 1[I 1] H D 24|Ex 3] 1M 2| ol 20 24|Ex 3lm 2|ol 20D 2#|EX 3
o7 z[ 7 DS HED T[&7 BF 8|77 487 HE T[AY T[ BT 1[C7 T[O7 G 3
BSR JSR BEQ PSHB ASRA ASRB ASR ASR CLRA TSTA NOP  |TFRIEXG| CLREB TSTB TST T3T
RL 2| 2| AL 2| H 1] 1 IH D 24|EX 3| IH IH 1[H 1] IH 2| 1[H 1)I0 24|z 3
05 T[T T HES N B8 36|78 HEE HEE I[AE 36|E8 HE EE 3[EE 6| FB 3
IMX. Page 2 BVC PULC ASLA ASLE ASL ASL ECORA | EORA | EORA | EORA | EORB | EORB | EORE | EORB
I+ - -| RL 2|H 1] 1] IH 5[ 1M 2| ol 2[ID 24|EX 2| m 2|l 2[Ip 24E 3
0o T[18 i T Z[48 HE S HES I[AE_ 36|ED HE] ES I[ED 3B |FO 3
DEX LEAY BVS PSHC | LSRD ASLD ADCA | ADCA | ADCA | ADCA | ADCB | ADCE | ADCB | ADCB
] 1 24|80 2| 1] 1/ H 3] M 2| ol 2[I0 24|ExX 3l 2|ol 20Ip 2#|E 3
0h  7|1A HENERED HEENEEHE 2 HED HEE 3[Aa 38[BA a[ca HER 3[EA  3-E[FA 3
RTC LEAX BPL PULD CALL STAA ORAA | ORAA | ORAA ORAA ORAB | ORAB ORAB ORAB
I+ e 24|RL 2|H 1]EX 4| DI 2 3] 1M 2| ol 2[I0 24|EX 2| M 2|l 2[Ip 2+#E 3
05 te|1B Izm =@ Z[4E zI-10| 58 Z HEE HES I[AE__3E[EE BES T[DB 3[EE_ e |FB 3
RTI LEAS EMI PSHD CALL STAB ADDA | ADDA | ADDA | ADDA | ADDB | ADDE | ADDB | ADDB
I+ e 24|RL 2| H e zs|oi 2 3] 1M 2| ol 2[I0 24|EX 2| 2|ol 2(Ip 24E 3
0c __4@1c 420 @nfac  fe5[4cC 4| 5c 2 HES HES 3a[ac__38(BC__ 2|cc__ z[DC 3[EC_ 38[FC 3
BSET BSET BGE WANT BSET STD CFD CFD CFD CFD LoD LDD LDD LDD
D 3E|E 4| AL 2| =P 1D 3ol 2 3] 1M 3| ol 2[I0 24|Ex 3| m alol 200 2+4|E 3
00 48|10 HEERES HE # 50 p HE HE] 3[R0 36|BD 3|00 oo I[ED 38| FD 3
ECLR BCLR BLT RTS BCLR 5TY CPY CPY CPY CPY LD LDY LOv LD
D 38|E 4| AL 2|H 1o 3ol 2 3] 1M 3| ol 2[I0 24|EX 3| M alol 2|0 2+4E 3
0E_ 148 1E AR EE EE BEE 2 HEE HIES 3[mE__ 3-6[BE afce 2|DE 3|EE _ 38|FE 3
BRSET | BRSET | BGT WAL BREET S5TX CPX CPX CPX CPX LDX LOx LDX LDX
D 48[Ex S[RL 2 |H 1o 4| DI 2 3] 1M 3lol 20 24|Ex 3| m alol 2(I0 24|EX 3
OF 48| 1F HEEDES HER DS z A HE; I|AF__ 30| BF HE Z|CF 3[EF _ 38| FF 3
BRCLR | BRCLR BLE SWI BRCLR STS CPs CP3S CPS CPs LDS LDS LDS LDS
D 48|E 5| AL 2| 1o 4| Ol 2 3] IM 3ol 2|0 24|Ex 3l alol 2|0 2+|E 3
Key to Table A-2
Opcode oo E MNumber of HCS12 cycles (T indicates HCA2 different)
Mnemonic ——s{ BGND
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Table A-2. CPU12 Opcode Map (Sheet 2 of 2)

[y 4110 12120 4] 30 10| 40 10| 50 10| 80 10 70 10 80 10( o0 10| AD 10 [ BD I 10( 00 10| ED 10[FO 10
MO 1o LERA TRAR TRAP TRARP TRAF TRAR TRAP TRARP TRAF TRAR TRAF TRAP TRAP TRAF
5| IH 2|RL 4|H 2| H 2|H 2|H 2|H 2| H 2|H 2| H 2|IH 2|H 2|H 2|H 2| H 2
5[11 1221 E] EL 10| 41 10( 51 10( 81 10 71 10 81 10[ 91 10| At 10| B1 10 c1 10( D1 10| Et 10 F1 10
FOIW LERN TRARP TRAP TRARP TRAF TRAR TRAP TRAP TRAF TRAR TRAF TRAP TRAP TRAF
5|H 2[RL 4| H 2| H Z|H 2|H 2|H 2|H Z|H Z|H 2|IH 2|H 2|H Z|H Z|H 2
512 13|22 43|32 10| 42 10( 52 10| 62 1072 10]82 10( 92 10| A2 10| B2 0| G2 10| D2 10| E2 10| F2 10
EMACS LBHI TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP

FoO4RL 2| IH 2|H 2|IH 2|H 2|IH 2|H 2|IH 2|H 2|H 2|IH 2|IH 2|IH 2|IH 2

13 E] EE] 43|33 10| 42 10( 53 1082 1073 10133 10(93 10| A3 10| B3 10 C3 10| D3 10| E3 10| F3 10
EMULS LELS TRAP TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAF

g|IH 2{RL 4| H 2| H 2| H 2|H 2|H 2| H 2|H 2| H 2| 1H 2|H 2|H 2|H 2| H 2
14 12124 43|34 1044 10( 54 1084 1074 10124 10] 94 10 A4 10 | B4 10| C4 10( D4 10 E4 10| F4 10
EDIVS LECC TRAR TRAP TRARP TRAF TRAR TRAP TRARP TRAF TRAR TRAF TRAP TRAP TRAF
a|IH 2{RL 4|H 2| H Z2|H 2|H 2|H 2|H Z2|H 2| H 2|IH 2|H 2|H Z2|H 2| H 2
5115 12125 43|35 10| &5 10] 55 1085 1075 M ES 10085 10| AS 10| BS 10| G5 10| D5 10| ES 10| F5 10
IDIvS LBCS TRARP TRAP TRARP TRAF TRAR TRAP TRAP TRAF TRAR TRAF TRAP TRAP TRAF
5| IH 2[{RL 4 H 2|H 2|H Z2|H 2| H 2|IH 2|H 2|H Z2|H 2| H 2
2[18 228 4i3 [ 10| 78 10| 88 e 10| A8 10 | B& 10| CA 10| D6 10| EB 10| F6 10
SBA LBMNE TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
H 2| IH 2RL 4 H 2| H 2| H 2| H 2| H 2|IH 2| H 2| H 2| H 2| IH 2
07 a7 2|27 473 a7 1077 10137 10( 97 10| AT 10 | B7 10| C7 10| D7 10| ET 10| F7 10
Das CBA LEEC TRAF TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAF
H 2| IH 2{RL 4 H 2|H 2| H Z|H 2| H 2|1H 2|H 2|H Z|H 2| H 2

B 4118 4-7]28 413
MOVB MAK A LBVC
M-ID  4]ID 3-5|RL 4
518 4-7 |28 473
MOVE MINA LBvVS
EX-ID 5|ID 3-5|RL 4

] 10728 1038 10( 08 10| AE 10 | BE 10| C8 10|08 10| E2 10| F& 10
TRAF TRAR TRAP TRARP TRAF TRAR TRAF TRAP TRAP TRAF
H 2| H 2| H 2| H 2|H 2|1H 2| H 2| H 2| H 2| IH 2

] 10 a8 10| 2 AR 10 cg 1|08 10| ER 10| F2 10
TRAF TRAR TRAP TRAP TRAF TRAR TRAF TRAP TRAP TRAF
H 2|H 2|H Z2|H 2| H 2|IH 2|H 2|H Z2|H 2| H 2

3 14 47|28 43
MOVE | EMAXD | LEPL
D-I0 &|ID 3-5|RL 4

BAa 1074 1084 10| 94 10| A& 10 | BA 10| CA 10| DA 10| EA 10| FA 10
TRAP | TRAP TRAF | TRAP TRAP | TRAP TRAP | TRAP | TRAP | TRAF
H 2|H 2|H Z|H Z|H 2|IH 2|H 2|H Z|H Z|H 2

[if:] 418 4-7|28 473 =] 10|78 10|88 10( 98 10| AB 10| B8 10| CB 10| DB 10| EB 10| FB 10
MOVB EMIND LERI TRAF TRAP TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAF
M-EX D 3-5 | RL £ H 2| H 2| H 2| H 2| IH 2|IH 2| H 2|H 2| H 2| IH 2

o g[1C  47[acC 43
MOVB MAXM LEGE
EX-EX 8]ID 3-5|RL 4
[i3] 510 D4-7|20 43
MOVB TAIMR LBELT

ac 10| 7C 10]ac 10(9C AC 10| BC 10| CC 10| DC 10| EC 10| FC 10
TRAF TRAR TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAF
H 2|H 2| H 2|H 2| H 2| 1H 2|H 2|H 2|H 2| H 2

5] 10|70 10]80 10( 8D 10| AD 10| BD 10| CD 10| DD 10| ED 10| FD 10

TRAF TRAR TRAP TRARP TRAF TRAR TRAF TRAP TRAP TRAF

D-EX §|ID 3-5|RL 4D H 2|H 2| H 2|H 2| H 2|IH 2|H 2|H 2|H 2| H 2
[i[3 2[1E 47| 2E 43| 3E 13 | 4E 10| 5E 10| BE 10| 7E 10| 8E 10| 9 10| AE 10 | BE 10 | CE 10| DE 10| EE 10| FE 10
TAB EMAXM | LBGT STOP TRAP TRAP TRAF TRAP TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAF
H 2|o 3-5|RL 4| H 2|H Z|H 2|H 2|H 2|H Z|H Z|H 2|IH 2|H 2|H Z|H Z|H 2

oF 2[1F 4-7| 2F 43| IF 10 4F 10| 5F 10| 8F 10| 7F 10| 8F 10| 9F 10| AF 10 | BE 10| GF 10| DF 10| EF 10| FF 10
TBA EMIMNM LELE ETBL TRAP TRAP TRAF TRAP TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAF
H 2|10 3-5 | RL 4| D 3| H 2| H 2| IH 2| H 2| H 2| H 2| IH 2|IH 2| H 2|H 2| H 2| IH 2

* The opcode 504 (on sheet 1 of 2) corresponds to one of the loop primitive instructions DBEQ, DENME, IBEQ, IBME, TEEQ, or TBNE.

T Refer to instruction summary for more information.

1 Refer to instruction summanry for different HC12 cycle count.

Page 2: When the CPU encounters a page 2 opcode (318 on page 1 of the opcode map), it treats the next byte of object code as a page 2 instruction opcode.
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Table A-3. Indexed Addressing Mode Postbyte Encoding (xb)

type offset used

o0 0 jel1] 30 47 Bili] 1] 70 El B0 [o11] 8] ED FO

0.x —16.X 18X 11X+ 0y —18.¥ 1.+Y 0.5P 1.5P+ opPC —16.PC nX n.SP
5b cons! 5b const pre-inc post-inc 5bconst  |Sb const pre-inc 5b const post-inc Sbconst  (5b const &b const 8b const
01 11 21 El 41 a1 g1 £l B1 ci E F1

1.5 -15.X 25X 22X+ 1Y -15.¥ 2.4 1,5P 25P+ 1.PC -15,PC -nX -n,SP
5b const | 5b const pre-inc post-inc Sbconst  |Sb const pre-inc 5b const posi-inc Sbconst  [5b const #b const 8b const
1] 12 22 32 42 52 62 B2 B2 c2 2 E2 F2

2% -14.X X 3x+ 2Y —14,¥ 3.+ 2,5P 3.5P+ apPc —14,PC nX n.SP
5b const | 5b const pre-inc post-inc Sbconst  |Sb const pre-inc 5b const posi-inc Sbconst  [5b const 6b const | 180 const
03 13 23 33 43 53 63 E3 B3 (%] E3 F3

a3.x -13.X 43X 4.xs 3y -13.¥ +Y 3.5P 4.5+ apPC -13,PC [n.X] [n.=P]
5b const  |Sbeconst  [pre-ing post-inc Sbconst  |Sb const pre-inc 5b const post-inc Sbconst  (5b const &b indr 180 indr
04 4 24 4 44 54 ] B4 B4 Cc4 5] E4 F4

4% -12.X 58X BX+ 4 -12.¥ §.+Y 4,5PF 5.5P+ 4PC -12,PC AN ASP
5b const  |Sbconst  |pre-inc post-inc 5bconst  |Sb const pre-inc 5b const post-inc Sbconst  (5b const A offset A offset
11 15 ) i) a5 L] [i1:] ES BE [¥) [8:] E F&

5% -11.% 8,+X 6.x+ 5Y =11, g.+7 55F 8,5F+ 5PC -11.PC B.X B.5P
5b const  |Sbeconst  [pre-ing post-inc Sbconst  |Sb const pre-inc 5b const post-inc Sbconst  (5b const B offset B offset
0a 16 28 36 48 56 68 B BE ca 1] E F&

X —-10,% T+ TR+ 6y -10,¥ T 6.5F T.5F+ g,PC —10.FC D 5P
5b cons! Sbconst  |pre-ing post-ing Sbconst  |Sb const pre-inc 5b const post-inc Bbconst (5D const O offset
07 17 i kT EY: BT L EV B7 o7 7 F7

T.X -3 8+ B+ Y -8 8.+ 7.5P a,5P+ 7.PC -3.PC [D.5P]
Sl const 5b const pre-ing post-ing 8k const Sb const pre-ing Sb const posi-ing 5b const 8l const D indirect
i) 18 2a 38 43 ] 63 BB 8 ca i) FE

a.x -8.x 8-X B.X— a8y -8 a- B.SP 8,5P- apC -a.pPC nFPC
Sbconst  |Sbconst  |pre-dec post-dec  |Sbconst  [5b comst pre-dec 5b const post-dec  |Sbconst (5B const 9b const
02 10 29 kL] 49 ] 63 ED BE ce Do F@

ax —T.X T-X 7¥- ay - T TY- B.SP 7.5P- a.PC —7.PC -n.PC
Sbconst  |Sbconst  |pre-dec post-dec  |Sbconst  [5b comst pre-dec posi-dec  [Sb const Bbconst (5D const 9b const
i) 1A 25 48 SA BA TA BA cA DA FA,

0x -8.% 8.-X 65— 10.Y 6.7 8- Y- 10.5P —6.5P 6.-5F 10.PC -8.FC nPC
Sbconst  |Sbconst  |pre-dec post-dec  [Sbconst  [5b const pre-dec post-dec  [Sbconst  |5b const pre-dec Sbconst (5o cons 18b const
08 B 2B 3B 48 5B 68 TB EEB 98 AB [ DB E FEB

11X -5.X 5.-X 55— 1Y -8 5 5¥— 11,59 -5.5P 5-5P 11.PC -5.PC [n.¥] [nPC
5b const Bb const  |pre-dec post-dec | 5b const Bb const | pre-dec posi-dec  [Sbconst  |5b const pre-dec Bbconst  [5b const &b indr 160 indr
[\[¥ iC c ic ac 5C [ C EC oc AC CC DC EC FC

2X —4.X 4,-X 45— 12Y -4 4-Y 47— 12,5P —4,5P 4-5P 12.FC —4,FC ALY APC
Sbconst  |Sbconst  |pre-dec post-dec  [5Sbconst  [5b const pre-dec post-dec  |Sbconst  [5b censt pre-dec Sbconst  [5b const & offzet A offset
[15] 10 ) ElL an 50 5] 0 ED ] AD cD DD E FD

1 -3.X 3-X 3x- 13.¥ -3 3-r 3¥- 13.5P -3.5P 3-5pP 13.PC -3.PC B.Y B.PC

Sb const  [pre-dec post-dec  [5bconst  [5b const pre-dec post-dec | 5b const pre-dec Sb const  [5b const 8 offzet B offset
1E 2E 2E 4E SE E TE BE AE CE DE E FE
-2.X 2-X 2% 14 -2 - 2¥- 14,5P 2-5P 14.PC -2PC oY D.PC
Sbconst  (pre-dec post-dec  [Sbconst  [Sb const pre-dec post-dec  |5b const pre-dec 5bconst  (5b const D offset D offset
1F 2F IF 4F 5F F TF BF AF CF DF E FF
-1.X 1-X 1% 5. -1 1.-Y 1.¥- 15,5P -15P 1-57 15.PC -1.PC oY1 ID.PC]
8b const pre-dec post-dec 8b const Sb const pre-dec post-dec Sb const 5b const pre-dec post-dec 8b const 8b const Dindirect | D indirect
Key to Table A-3
posthyte (hex) \\.
B0
#REG 1e— source code syniax
b type
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Table A-5. Transfer and Exchange Postbyte Encoding

TRANSFERS
“LS MS= 0 1 2 3 4 5 6 7
0 A A B A CCR=A TMP3, = A E=A WA YA SR DA
1 L= B BB CCR=EB TMP3_ =B BB X =B ¥ =B SP =B
2 A= CCR B=CCR CCR=CCR | ™™MP3 =ccR | B=ccr | x =ccr | v =ccr | sp =cCcR
3 sex:A = TMP2|sexB = TMP2 |sexCCR=TMP2| TMP3=TMP2 | D TMP2 | x=>TMP2 | v=TMP2 | SP=TMPZ
sex:A =D sex:B=D sex:CCR=D .
4 TMP3 =D D=D X=D ¥=D SP=D
SEXAD SEXBD SEX CCR,D = = = =
sewhA o X sexB = X sex:CCR= X " . -
5 X A Exoa oo Com TMP3 = X D= X X=X Y = X sP=x
secA DY sexB=Y sex.CCR=Y
. . p
6 SEXAY SEx By cex oY TMP3= ¥ DY K=Y Y=Y sP=Y
sexh = 5P senB = SP sexCCR = 5P
TMP3 = SP D=SP X = 5P W= 8P SP=SP
7 SEX A,5P SEX B,SP SEX CCR,SP == = =
EXCHANGES
LLs MS= 8 9 Iy B C D E F
TMP3 = A E=A A=A YA SR oA
.
0 hade B=a CCR=A $00:4 = TMP3 ADE s004=X | sooa—y | sooa—sP
TMP3_ = B E=B X =B ¥ =B SP =B
1 ASH BB CERS B SFFE = TMP3 SFF= A SFFB=X | 3FFB=Y | SFFE=G3P
B TMP3 = CCR | B=CCR | % =CCR | ¥ =CCR | 5P =CCR
2 A= CCR B = CCR CCR=CER | srr cor = TMP3| sFF-cor = D | sFF-cor = x| sFFcoR = v | sFRcorR = 3R
500:4 = TMP2|500:8 = TMP2 | 500.CCR = TMP2 i 1. | -
3 ™MPo = A | ™2, =8 | TMP2 mcer | TMPRSTMPZ [ DS TMPZ | X TMP2 | Y= TMRZ | SP o TMP2
S00:CCR=D
" ; _ . e
4 s00:4=D | S00E=D B coRr TMP2 =D D=D X=D ¥ =D SP=0D
SIA=X | SOOB=x | S00CCR=X ) ) )
TMP3 = X DaX K X ¥ X SP =X
5 WA ¥ =B ¥ = CCR - - - -
S00A=Y | S00B=Y | S00CCR=Y ] . .
6 Yok V=8 VL= ooR TMP3 = ¥ D=Y XY Y=y SP=Y
5004 =5SP | s00B=sP | so0ccR=sSP e . - = o =
7 5, = A P sP, = CoR TMP3 = SP D=5P X = 5P ¥ = SP SP =3P

TMPZ and TMP2 registers are for factory use only.
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Table A-6. Loop Primitive Postbyte Encoding (Ib)

EE 308/MENG 483 Spring 2017

] 10 ED Al =0 NER ET E Al Al eo E OED [)
DBEQ DBEQ DENE DENE TEEQ TBEQ TENE TBNE IBEQ IBEC IBME IENE
(4] - (4] [ (4] = [#) H [+] H [+] H
o 1 1 E1ED B[ a1 51 B & El EL B &1 BElm A1 HE
DEEQ | DBEQ | DBME | DBNE | TBEQ | TBEQ | TBNE | TBME IBEQ IBEC IBME IBNE
(4] ] (2] ) (] = [+] i [+] H ] H
] 12 - 7] 42 52 [ T2 [ ] Az Bz
5] 13 =] EX] a3 S B3 T3 B3 FE] &3 )
(7] o= N ED o= T 0= ] 1] 7] I ea [ ) I &= O[Ea
DBEQ DBEQ DENE DENE TBEQ TBEQ TENE TBNE IBEQ IBEC IBME IENE
(+] - (=] . L] ] [+l i [+] H [+ H
[ I B EN S A ES I ED T= S A S o IS ENES S El 23
DBEQ DBEQ DBME DBNE TBEQ TBEQ TBHE TBMNE IBEQ IBEC IBNE IBME
i+ ] i1 (] L] () [+ ! [+ ! [+ i
] Gl G S UES LIEDR UES L) T8 T ee ] GED
DBEQ DEEQ DENE DENE TEEQ TBEQ TENE TBMNE IBEQ IEEC IBME IENE
i) = i) [ i) [+] H [+] H [+] H
o7 12 K =7 EF 37 a7 EF[Er izl = 3 1] I 30 T R &7 =
DBaE0 DBEQ DBME DBNE TBEQ TBEQ TBME TBMNE IBEQ IBED IBNE IBME
(+1 = [+ ) [ ) [+1 H [£] ) [+ H
Key to Table A-6
;naﬂ:que (he) - . counter ussd
{bit 3 is don't cara) T o n T
BEC
B oH
branch condition ™ ~--. sign of 9-bit relative branch offset
ﬁmr eight bits are an exiension byte
howing posthyts)
Table A-7. Branch/Complementary Branch
Branch Complementary Branch
Tast Mnemiznic Opcode Boolean Test Mnemonic Opcode Comment
r=m BGT ZE Z+(MEV)=0 rEm BLE 2F Signed
(=0 BGE 2C MEV=0 r<im BELT 20 Signed
r=m BEQ =r) =1 r=m BME 25 Signed
r=m BLE 2F Z+[HEV) =1 (=0 BGT 2E Signed
r<=m BLT 20 NEV=1 rEm BGE 2C Signed
r=m BHI 22 C+Z=0 r<im BLS 23 Unsigned
(=0 BHSBCC 24 C=0 r<im BLOVBCS 25 Unsigned
r=m BEQ -7 Z=1 rm BME 25 Unzigned
r=m BLS 23 C+Z=1 r=m BHI 22 Unzigned
r=m BLOVBCS 25 C=1 rEm BHSBCC 24 nsigned
Carry BCS 25 C=1 No Camy BCC 24 Simple
Megative B 2B N=1 Plus BPL 28 Simple
Crhverflow BVS 29 V=1 Mo Overflow BVC 28 Simple
r=0 BEG v Z=1 r=0 BME 28 Simgple
Always BRA 20 — Penar BRM 3| Unconditicnal
For 1&6-bit offsat long branches precede opcode with a 518 page prebyte.




