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« MC9S12 Assembler Directives
e A Summary of MC9S12 Instructions
« Disassembly of MC9S12 op codes
o Number of cycles and time taken to execute an MC9S12
program
o Alabel is a name assigned to the address of the location counter
where the label is defined
o Use of assembler directives
o A summary of MC9S12 instruction
o How to disassemble an MC9S12 instruction sequence

Summary of HCS12 addressing modes

ADDRESSING MODES
Effective
Hame Example Op Code Address

INH Inherent ABA 18 0e& None

IMM Immediate LDAR #3535 86 35 PC + 1

DIER Direct LDAR 535 96 35 0x0035

EXT Extended LDAR 52035 BE6 20 35 0x2035

IDX Indexed LDAR 3, X A6 03 X+ 3

IDX1 LDAR 30,X A6 EO0O 13 X + 30

IDX2 LDAAR 300, X A6 E2 01 2C X + 300

IDX Indexed LDAR 3, X+ AG 32 X (X4+3 -> X)
Postincrement

IDX Indexed LDAA 3, 4+X A6 22| H+3 (X+3 - X)
Preincrement

IDX Indexed LDAA 3, X- A6 3D X (X-3 —> X)
Postdecrement

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

REL Relative BRA 51050 20 23 PC + 2 + Offset

LERA S1FO00 18 20 0E 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

1dx table

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

ldx #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

Idaa 0,x
inx
or
ldaa 1,x+
table | ___ oc____| org  $900
_____ TA | table: decb 12,122,-43,0
D5 ___| deb 'a",'b', ', 'd
_____ 00____|
_____ 6l ___|
|62 |
I .
64
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Which branch instruction should you use?
Branchif A>B
Is OxFF > 0x00?

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

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

Using unsigned numbers: BHI (checks C bit of CCR)
Using signed numbers: BGT (checks V bit of CCR)

For unsigned numbers, use branch instructions which check C bit
For signed numbers, use branch instructions which check V bit
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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 S12CPUV2 Reference Manual, find the
appropriate Addressing Mode, and the Object Code for that addressing mode.
(e.g., ldab IMM has object code C6 ii.)

e Table A.1 of the S1I2CPUV2 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., Idab #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.)

org $2000

ldab #10
loop: clra

dbne b,loop

swi
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Table A-1. Instruction Set Summary (Sheet 7 of 14)

Adar Maching Access Detdl
Source Fom ration SEHI|NINC
Oy Mage Coding (rex) HCST2 MEBHC 12

LEGT i Liong Branch f Greater Than REL |1E ZE gqg rr arrpope | ———— [ -——-
[FZ+ NS V] = 0] jsiged)

LBHImiTé Ling Branch I Higher REL |1E 22 gg rT OFRT 0P FE T Al
[T+ Z = 0] jursigned]

LEHS o116 Liang Branch I Higher or Same REL |1B 24 qg T OFFRAOPD S | e
1= 0 [usgren)
same funchion as LBCC

LBLE W6 Long Branch I Less Than o Egul REL (18 2F qg T —
[FZ+ M EV] = 1] [siged)

LBLOrg 18 Long Branch I Lowear REL |1E =25 gg rT CEPRAOPD ey | ———- | ———-
[F.C = 1) (unsigned)
e e 25 LECS

LELS 18 Liang Branch f Lower of Same REL |1B 23 gqg T TTEAOT arppiond | --—— [ -——-
£ T+ Z = 1] jursigned]

LELT ratté Liang Branch T Less Than REL |1E 2D qqg rr OFFPRAOPD oy | ——— [ ———-
[EN©V - 1) [sgned)

[T Long Eranch T Mins (1 N = 1] REL [1E zE gg rr ——

LENE @18 Long Dranch T ROl Soual i 2 -.0) BEL |1E ZE qg T ; [ p—

LEFL 16 Long Branch T Pus [TH = 0) REL |18 Zh qg rT [T [— —

LEAs 16 REL [18 z0 qg [ [ —

LBAN mifé REL |1E Z1 gg IT Q0| === | =———

[T Long Eranch 1 Cvermiow 91 Cieal [ V=0) REL [1E 28 gg rr ——

LEVE rd18 Long Dranch I Cefiom B S [TV - 1) REL (18 28 qg SN TS

LD 302 e MM [8e 11 [ [E— Y

LOws quis Lioed AccumuiEion & DR (9c aa Pt

LOwa qoriéa EXT |EBE mh 11 yui]

LOwa qood_xpsn DX (he xb ot

LD qod_psp IDK1 |RE xb 2f ]

LOwe qooiT & s IDK2 |he xb am Ef 5kl

LOua [Cxpsd DO |as xv ITEDY

LD [T & sps] (0T |&E xb aa rr 1IPTDT

LOea s =8 M EET ———[aaD-

LOwd g Lt dccumuieor B DR (e ad

LDws qorfée EXT |F& bh 11

LOw8 qood sysp DX |Ee =b

LOwE qomd_xpsp IDK1 |EE xb 2

LOwE Qoo £xpsp IDK2 |EE xb am LI

L0wa [C.=d D0 |Es xb

Lea [goorT & xysp] [OXF |EE xb ca r:

OO smprisl MWL) = AE WM [T ] xx [Em— Y

LOO gueda Loed Doutie Accumuiaior D (4] DA |oc o3

LOD qoriéa EXT |PC mh 11

LT qoodd_xjsp DX |EC xb

OO qood_pgp IDK1 |EC xb ff

LDD qoyT £ ysp IDK2 |BC xb aa Ef

LOD D= D00 |Eo =b

LD fqpovt & psp] DX} |BC xb =a Ef

W0 1. OPPPIOP Indicebes T NETUCion EAES TOUr CYCIEs b F=fl I METUGion GUEE T I8 Cranch & 126N and IVee Cpcies 1 e Dianh i 1ol Eken.

LS sogrid ML) = BP MM |oF 17 kx =) ——— | AAD-

LIS g Linexd Stack Poinier DA |oF oa APt

LIS gorifa EXT |FF mh 11 RPO

LLS qnd nsp DX |er xx AP

LIS qdaysp DXl |EF xb fr RFD

LDS gt 6 xysp IDK2 |EF xb aa Ef

Ll:tsﬁw] 000 |EF xb

LIS [ogris_ysg] [OXS |Er = 2o e

L% 2ogia TRENG] = X WM |CE {7 k= ———— [&AD-

LD g Loext Index Regsier X DA |oe @

LI gorifa EXT |FE mh 11

LOX qeod g DX |EE xb

LK qpodiy'sp IDX1 |EE xb fE

LDK gt D2 |EE xb aa Ef

LD [D 5] iDIDK] |EE xb

LI farrié_spsn] (0%E |EE xb ea rr
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Table A-1. Instruction Set Summary (Sheet 3 of 14)

Adar. Maching Arcess Detdl
Source Fom ratlon SXHI[NZIVC
" Moge | codngfer)  [hosm WsaHCi
BLSmH Branch I Lower or Same REL |23 rr R | ——— [ ———
[FC+ Z= 1} |ureigned)
ELTmB Brarch I Less Than REL |2D T R P - | ===
[EH &V =1} {Signad)
= 1T Branch T Wnis (TN = ) El |2E IT —_—|
BANE mE Branch I Wt Equal T Z = O REL |26 IT e
EALmB Branch I PRE (TN =0) REL |2a T me=—| =
=TT Hranch Aways [ 1-1) EL |20 rr JEN [—
BACLA qoia ok, mE Branch I [W} = imm} = 0 DR |4F oA mm rr el
BACLA qoriéa, mekd =B [F Al Seieched Baljs) Clean) EXT |1F bh 11 mom T
BACLA qood_xy50 mekd ma DX |O0F xb mm 1T
BACLA qody s, skl mE X1 (oF xb fr mm
BSCLA qooyf A =0 mekd_ rad IDK2 |OF xbac fF mmr
AN g Branch hewer 11 =0 EL |21 T [E—
oprd mekd, rad TE w i 08 DIf |4E dd mm T —_—|
Oprifs mekd, =l iﬁmg - EXT |1E bh 11 mm
opnd xysp, rekd mp ! : DX (0E xb mm oo
OpmdNpED A, e IDK1 |OE xb £f mm
ERSET oy, makd, me IDX2 |0E xb ee £ om
ESET qo. mekd [+ [mm] = M DR |sc A m ——— | AAD-
B3ET qorffa, makd Sgt Bzl In EXT |1C mh 11 mm
BSET g'ﬂ xysn mekd o DX |O0C x> mm
ESET qood pgp. mEAd DKl |0 xb £ mm
ESET quovT s, mskd IDX2 |0C xb = LI
ESA B [BF) -2 = 57, ATH AT, — Mg ile, REL |07 rr | e
ELDMUINe BICMEEE = PC :
Brarch o Submuling
EVC mE Branch I Owesfios Bt Ciear [V .- 0 EL |2E IT [Tl [ [
EVE mE Branch T Oweflom Bi 32 11 = 1) EL |25 1T | == | -
Call agféa, page [EF) -2 = 37, ATH;ATN, -M,g:-rld'ﬁ._" EXT |4A mh 11 pg gnis: —_—|
CALL o) spsp, page [BP) -1 = 57, (PPE) = Mgp: DX |48 x& pg qurs
CalL oo wpp, page 0] = PPAGE regisas; ProgMar SO0 — PO DKl |4E xb 2F pg qnis:
CaLL o 18550, papge IDX2 |4E xb @= LI pg mis
CaLL [Duysd Call subruting In S¥Ended memony 00 |46 xb ET1gns:
Call (g8 xpsp] [Frogram meay te: incated on andthes X |4E 3> = @ ET1quEsTET
EOpENEIIN MEMONY pege|
Indiredt madss get trogram aodress
&nd new py value based on poinec
CBa |wy-H=) MH |18 17 0 00| === |AAAA
Compane 891 Accumuishor
CLC =G WM |10 FE T [ -——- [ —=¢
TamE@esn AMOCT #5FE
CL 0 = M |10 =F P pl -0 ] ——-
Treesi AMDIC s5EF
|enabies 108 InEmpts)|
CLA qrife O=sM Clear Memory Locafion EXT |7% bh 11 o100
CLA g xpsp DX |&5 xx
CLA g yysp DXl |85 xb fr
CLA qTE xysp D2 |6% xb aa Ef
CLA s 0o |&5 xb
CLA [qoor & xpsp] XY |&% xb @a E£f
CLAA O Cear ACcumiiEion & MH a7
CLRE 0=+B Clear AcoumuiEion B BH |7
CLV 0=tV M |10 FD P Bl === | --0-
TamE3estn AMDCC $5FD
Note 1. PPRP ndicaies ths nsiruchon [Eies e cyties to reill he insnichon quewe 1 e biench i 12kan and one program feich Gycie § the branch 1= not iaken.
CMPa sop A — M) WM A1 11 P AAAA
CMPA gl Compane ACCUmUEIT A with Memory DR |91 aa Pt
CMFP4 qorigg EXT |El mh 11 L
CMFPA qood xpsp DX |l xb Pt
CMPA Oy sy DXl A1 xb fr I
CMFA (OO npsp IDKE |nl xb o Lt 5y
CMPA D, xn] 0D | xm LTErDE
CMPA fyoryie_sysn] 0K |A1 ab == £ 1IPC it
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Table A-1. Instruction Set Summary (Sheet 4 of 14)

Addr. Maching Arcess Detsll
Source Fom Operation [ Coding (fex) SEHI|NZVC
CWFE 208 El- ] WM [c1 a1 T ——— [AAAA
CWFE qool Compare ACCumUiEICT B with Memory DR |m aa i
CWFE qoriga EXT |F1 mh 11 ¥
CMPTD g nsp [l £
CWPE @ i} DXl |E1 =b f L]
CWPE qoovt IDE2 |E1 xb aa £ 1rom
CWPE D950 D0 |E1 =& T IT P
CMWPE ooy sysn] [0XA |E1 xb == I Pt
COM opiE ) —+ M egui=Ert £ SFF — M)+ U EXT |71 mn 11 T —— [&AT
1 : ! b -
COMl oma_xyep 1's Compierent Memaony Locstion 0N |61 xb o
COM o ysp e, ¥ DXl |61 ab fE il
COM o783y S K2 |61 xb aa £ tTPup
COM s jDIDX |61 xb TIEr v
Eg:i:pms.qz,q [Bl—s#  Compement Asumuso 4 Ilili:‘l:-lq 21 b aa If i::"ri‘u o
COME =] Compiement Accumuleor B BH |51 o o
CPO sogrid TE-Tr TETR) WM |80 {7 kx v w| -—-- [AA4a
CPO o Compare D o Memory (1621 DA |ac a2 P Ip
CFD goriga EXT |BC wh 11 R0
CFD gl nysp DX |ro xx HPL
CFD qdxjsg DXl |AC xb fr PO
CFD quorT & o IDKE |AC xb aa ff TRIT
CPO [D.x50] [DI0X] |AC xb tIIRADE
CPO forris_sysn) DX |AC xb e £ f ITRD
CFS eqrig 5P - [N 1) WM [8F 17 kx Fo [E—
CRSomea Compere SP 1o Memoly [16-60] DA |sF ma P
CPSopriga EXT |EF Hh 11 R0
CPS opxd xep DX |AhF xb il
CPS oprdnsp DXl |AF b 2 R0
CFPS op 16_xsp IDK2 |AF xb @ Ef IEIT
CPS D] [DI0K] |AF xb tTIRE
CPS [opor 650 XA |AF xb =a £ fIFRPT 1
CFX aqrid 0 — M1 WM [BE {3 kx o ] [— Y
CPXopda Compare X o Memory | 16-BE) DR |3 oa R RID
CPXapriga EXT |EE mh 11 RIO ROP
CPXopnd sy DX |hE b AP RIP
CPX oprduysp DXl |AE xb 2 AP0 RO
CFX o 1550 IDKZ |AE xb e LI IETT el
CFX [Durpsp] [DICK] |[RE xb TIIRP ITIRIP
CFX joport 6.50] IDXA |hE xb =a rf T ITRET IITRID
CPY aqrig [V}~ (M1 WM a0 {7 kx PO w| -——-[AA4A
CPY opsa Compare Y 1o Memory [16-8E) DA |=0 =a P RIP
CPYopiga EXT |BED mh 11 RO ROP
CFY opxd xpsp DX |AD xb APt RIP
CFY oprxysp IDX1 |AD xb ot 1] ey
CPY op 16_xo IDE2 |AD xb oo £ tRIT Ll
CPY [Durpsn] [DI0X] |AD xb I TIRD ITERID
CPY |opord E.xy50] [0X% |AD x- =e £ T ITRE FITRIT
Dax Arjust Sum fo BCO MH |18 o7 oIo O] ———— [AATA
Decimal Adust Accumnision &
I:I_BEDEI!IA}EEB fenir) — 1= crir REL |04 1b T FIP [branchl e e
1 ferir) = 0L Then Branch [ PO [no
gise CONINLE 0 nex instnchion branch}
Decremant Courter and Brench § =0
fenir = 4, B, 0, K, ¥, or 5F)
OENE ahdyys 9 JEntr] — 1 = Grir REL |04 1b rT PP (branch] | ———— [ ———-
I i it = 01 1hen Erench; [ IO [no
Eise CORINLE M nes instnchion branch)
Decrement Counler and Brench f w0
fenir = 4, B, O, X, ¥, or 3F)
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Waghdng
Souwros Foam Cperation Coging (Hex) Anosco Dadall EXHINZIVC
ETY coréa ShoneY ™
ETY corlga [ Y s b o SEEEHEEE
ETY corel]_xysppc ™
ETY oOrES, Xyspoc ]
ETY oprr s, Xysnpc P
ETY D, r¥sond] o
ETY [aoreiS, xysppc] DOXY |enxbes It ]
EUSA =0 SubtractFom A MM [LE ¥
EUSA oo A M= DR sodd | SEEBHBEIL
EUSA opriSa or (AHmm=—A EXT sobhh1l
EASA oD EFSEOC Lud Ao xb
ELBA opres, Eyspoc DXA aoxbIE
ELUBA oprrd € Nysooc D¥2 Ao xbesa £f
EUBA D xysooc] IDJO¥] |aozxb
EUBA [opry 16 rysmoc] (1] n e | Ao xbesa £f
EUSE 200! Subtracttom B MM o 11
SAJSE aprda BHM=E D= radd EEERLEEY
SUBE aprisa or (E-mm=& EXT rohhll
SLIBE opell_E¥SpoC DX B0 Xk
EAIEE opeE, IyspC DX EOxb L
SLIBE oo 6, K¥SopC D B0 Xbea I
S48E [O, xysoed DJoX] |Eoxb
SLBE [opry 16 xyspec] poXZ] |eoxbes rr
ELBOFoprisl SubtractfomD LX) 3]ikk
ELBD oprsa (AE R+ =AB [x 2] 93dd SEEBLEED
BB oprisa or (ABHmm=AB EXT manhll
ELBD oprE]_XySppC DX A3 Xb
ELBD oprEsS, XysppC Cx1 A XbIT
ELIB0 oprEd &, XSn0C D2 A3 xbesa 1
EAED D rrmoac] DJOX] |A3xk
EABD [oprr & xvsnpec] nCx3] Al xbea LI
Wl Softeare irderupt (EF-2—-8F K- ar FET -]
RTM:RTHL - Mepddspag
[(EFF2=8P: (Y} ¥ I=blop Mop, g
(BFH2=8F; (M, i=Map Map,y
(BFI=8F; B Mgp .,
(EFH1=8F; (COR =M 1=
(E'W vecior—PC
hardeane iRtermipts and unimpismented opcode Faps.
Transfer Ao E; (A=E HH 1808 oo EEEEEEEE
TAF Transfer Ao CCOR; (A =0CR NH By o2 ¥ _
Assembled as TFRA, OCR HHEEIEERY
TEA Transfer B A (El=—A K= 1A 0K oo EEEEEEEE
THEQ abdrysp.eid Testand branch Fequal io 0 REL o4 1bTr #¢ [branch)
If [coamieri=0, Fen (PCH2+el=FC  [{HbE) 7o (ne banch) SEEEEEEE
THL oerd]_xysooc Tabie lcokup and imberpoiate, 2-bit DX 1a3nxh onElEr EEEEOOEE
[ Tt R i | E R S
TEME abdrysp,neis Testand branch Frot equal io 0 REL o4 1bTr #*¢ [branchj EEEEEER
If [counterieD, Sen (PCHZae—FC  |{3bE) ¥70 [no branch) EEEEEEEE
TFR abodrysp. aboinysg Transfer from registerio register HH u?ab ] [EEEEEEEE
(i j==r2r] and r2 same size ======
SO0 =a2rimE-hil; et
(Pl = 2rl=] E0E r2uB-bE DEEEEERE
TPASame as TFR CCR A Transfer COR o A; [CCRI=M NH YO ¥
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D B N E Decrement and Branch if Hot Equal to Zero D B N E

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

Subtracts one from the counter register A, B, I, X, Y, or 5P. Branches to a relative
destination if the counfer register 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 addmess following the last by te of object code in the instruction.

CCR
Effects 5 X H I N Z V C
Code and
CPU Address Machine
Source Form CPU Cycles
Cycles Mode Code (Hex)
REL g4 lbrr eFF (branch)
DENE abaxysp, el (B-Dit) P (no branch)
Loop Primitive Postbyte (1b) Coding
Source 1 Object Counter
Form Postbyte Code | Register Dffset
DENE A, reiy 0010 ¥000 04 20 rT A
DEME B, rele 0010 X001 04 21 rr B
DEMNE D, rely 0010 X100 04 24 TT D Positive
DEMNE X, reid 0040 X104 04 Z5 TT X
DENE Y, e D010 X110 04 26 IT ¥
DENE SR, rels 0010 X111 Ep— 3R
DEMNE A, reid 0011 ¥D00 04 30 rT A
DEME B, rely 0011 XD 04 31rr B
DENE D, el D011 X100 04 34 T D
DENE X, reiy 0011 X101 04 35 1T X gathe
DENE Y, reld D011 X140 04 36 TT ¥
DEME 58 relg D01 X111 P 5p
MNOTES:

1. Bifs 7:6:5 select DEEQ or DENE; bit 4 Is the offset sign bt i 3 15 not used; bits 2-1:0 salect
the counter regisier.
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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, LDAA using the IMM addressing mode shows one CPU cycle (of
type P).

— LDAA using the EXT addressing mode shows three CPU cycles (of type rPO).
— Section 6.6 of the SI2CPUV2 Reference Manual explains what the HCS12 is
doing during each of the different types of CPU cycles.

2000 org $2000  ; /nst Mode Cycles
2000 C6 0A ldab #10 ; LDAB (IMM) 1
2002 87 loop: clra ; CLRA (INH) 1
2003 04 31 FC dbne b,Joop ; DBNE (REL) 3
2006 3F swi ; SWI 9

The program executes the ldab #10 instruction once (which takes one cycle). 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:

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

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

Operation

CCR
Effects

Code and
cPU
Cycles

(M)=B
or
imm =B

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

Load B

§ X H I N Z ¥V C

[=[-1-[-af+]o]-]

M: et If M55 of result |5 521, cleared oihenwiss
Z: Set M result |5 S00; cleared oheraise

LDAB

W Cleaned
Source Form Mioass|  chach CPU Cycles
LIDAB aprer MM CE il E
LOAB oprda DIR D& dd rPf
LDAE oprfes EXT FeEhh 1l PO
LDAE opwi]_xyspps 1D EE xb =PE
LDAE 0pvKs, Xyspps 10%1 E6 xb £f rBO
LOAE oo 15, XyEpac IDx2 EE xb =e £F frEp
LOAE D, xysppe] [ZIDX] |z xb frfref
LDAE [aprrf 6. 4ysppc] [ixz] EE xb =e ££ fIFTPE
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Assembler Directives

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

directives.

e These 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.

* 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:

Directive Name Description Example
equ Give a value to a symbol len: equ 100
org Set starting value of location counter org $1000
where code or data will go
dc.b Allocate and initialize storage for 8-bit | var: de.b 2,18
variables. name: dc.b “Jane”
Place the bytes in successive memory
locations
de.w Allocate and initialize storage for 16-bit | var: dc.w SABCD
variables.
Place the bytes in successive memory
locations
ds.b Allocate specified number of 8-bit Table: ds.b 10
storage places
ds.w Allocate specified number of 16-bit table: ds.w 50
storage spaces
dcb.b Fill memory with a given value init_data: dc.b 100,0

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,$2,$a3,$56
table2: ds.b 5
var: dc.w $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 table1: dc.b  $23,$17,$f2,$a3,$56
002004 56

3 3 a002005 table2: dsb 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.

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 (SI2CPUV2 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
EXG A,B ; Exchange contents of A and B

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

;in X to address heldin Y
;Add2toXand Y

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

ABA ; Add B to A; results in A

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

MUL ; Multiply A by B; results in D

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

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

* Clear, Complement and Negate Instructions
NEG -2,.X ; Negate (2’s comp) contents of address (X-2)
CLRA ; Clear Acc A



Electrical Engineering

New Mexico Institute of Mining and Technology EE 308 Spring 201 1

* Bit manipulate and test instructions — work with one bit 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 $002

 Shift and rotate instructions
LSLA ; Logical shift left A
ASR $1000 ; Arithmetic shift right value at address $1000

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

TSTA ; (A)-0 -- set flags accordingly

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

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

JMP L1 ; Start executing code at address label L1
BEQ L2 ; If Z bit set, go to label L2

DBNE X,L3 ; Decrement X; if X not O then goto L3
BRCLR $1A.#$80.L4 ; If bit 7 of addr $1A clear, go to label L4
JSR subl ; Jump to subroutine subl

RTS ; Return from subroutine

6. Interrupt Instructions — Initiate or terminate an interrupt call (S1I2CPUV2 Reference
Manual, Section 5.22).
* Interrupt instructions

SWI ; Initiate software interrupt

RTI ; Return from interrupt

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

ABX ; Add (B) to (X)

LEAXS5,Y ; Put address (Y) + 5 into X

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

ANDCC #$10 ; Clear N, Z, C and V bits of CCR

SEV ; Set 'V bit of CCR

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

PSHA ; Push contents of A onto stack

PULX ; Pull two top bytes of stack, put into X
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10. Stop and Wait Instructions — put MC9S12 into low power mode (S12CPUV2

Reference Manual, Section 5.27).
STOP ; Put into lowest power mode
WAI ; Put into low power mode until next interrupt

11. Null Instructions
NOP ; No operation
BRN ; Branch never

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

Sections 5.7, 5.16, 5.17, and 5.18).
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Disassembly of an HC12 Program
* It is sometimes useful to be able to convert HC12 op codes into mnemonics.
For example, consider the hex code:

ADDR DATA

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

e 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 0S5 is the
op code for the instruction LDAB #$05.

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

— Indexed addressing mode is fairly complicated to disassemble. You need to use
Table A.3 to determine the operand. For example, the op code $E6 indicates
LDAB indexed, and may use two to four bytes (one to three bytes in 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



Electrical Engineering

New Mexico Institute of Mining and Technology EE 308 Spring 201 1

instruction. The 35 indicates it is a DBNE X instruction (decrement register X and
branch if result is not equal to zero), and the direction is backward (negative). The
EE indicates a branch of -18 bytes.

* Use up all the bytes for one instruction, then go on to the next instruction.

Cé6 05 = LDAA #$05 two-byte LDAA, IMM addressing mode
CE 20 00 = 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



Electrical Engineering

New Mexico Institute of Mining and Technology EE 308 Spring 201 1

Table A-2. CPU12 Opcode Map (Sheet 1 of 2)

00 13|10 20 330 3[40 HE] T[60 58] 70 AE] ] 3[R0 3-6] B0 Bl =] D] 3
BGND | ANDCC | BRA PULX | NEGA | MEGB NEG NEG SUBA | SUBA | SUBA | SUBA | SUBB | SUBB
IH 1] m 2| RL 2|H G 1] 1D za4)Ex 3lm 2| DI 2[D  24|Ex alm 2|Dl 2
] HEE ]2 HE 341 151 HEREEEE 481 HE 3[A1 36| B1 H =] ED 3
MEM EDIV PULY | COMA | COME | COM COM | CMPA | CMP4 | CMPA | CMPA | CMPE | CMPB
1H 1|H 1] H 1|iD za|Ex 3lm 2| Dl 2D 24|Ex a|m 2|oI 2
7] KIEH B T[62 38|72 OEA S 3[A2  346|B2 32 EH 3
PULA INCA INCE INC INC SBCA | SBCA | SBCA | SBCA | SBCB | SBCB
IH 1|H 1] H 1]l z8|Ex 3|lm 2| DI 2D 24|Ex 3| 2|oI 2
33 BES HE 1 3 OEE HES BENEEEE a[ca 2|D3 3
PULB | DECA | DECB SUBD | SUBD | SUBD | SUEBD | ADDD | ADDD
1H 1|H 1] H 1 3lm 2| o 2D 24|Ex a|m 3|DI 2
) L] HE: T O3 HE 3[RE 36| B2 =3 T[D4 3
PSHX | LSRA | LSRB AMDA | AMDA | ANDA | ANDA | ANDB | ANDB
1H 1|H 1] H 1 3|l m 2| DI 2D 24|Ex a|m 2|DI 2
35 7[48 HE 1 OES HES 3[R 36|EB8 E = EE 3
PSHY | ROLA | ROLB BITA BITA BITA BITA BITB BITE
1H 1|H 1] H 1 3lm 2| Dl 2D 24|Ex a|m 2|oI 2
] 7[48 HES T BEG] S 3[RE  36|E8 3[ce 1] D8 3
PSHA | RORA | RORB LDAS | LDAA | LODAA | LDAA | LDAB LOAB
1H 1|H 1] H 1 3|l m 2| DI 2D 24|Ex a|m 2|DI 2
a7 2[47 NG 1 OES HEd T[A7 T[B7 i HED T
PSHB | ASRA | ASRB CLRA | TSTA MOP |TFRIEXG| CLRE | TSTB
IH 1|H 1] H 1 3|H 1] H 1|H 1| H 2|H 1|H 1
] HES N 1 O HE 3[R 36|E8 3[ce T[ D8 3
PULC | ASLA | ASLB EORA | EORA | EORA | EORA | EORB | ECRB
1H 1|H 1] H 1 3|l m 2| DI 2D 24|Ex a|m 2|DI 2
30 HED HE 1 HES HES 3[Ae  36|EBQ 3[ce ES 3
PSHC | LSRD | ASLD ADCA | ADCA | ADCA | ADCA | ADCB | ADCB
I+ 1lH 1] IH 3lm 2|ol 2| 24|Ex 3| 2|ol 2
3A 3[4A $7[BA 2 HED HER 3[RA_ 36|EA a[ca ED 3
PULD CALL STAA ORAA | ORAM | ORAA | ORAA | ORAB | ORAB
1H 1] Ex 4| Dl 2 3l m 2| DI 2[D 24|Ex 2| 2|DI 2
36 HESESLIE] Z ] HES 3|AE  36|EB8 3[cE ES 3
PSHD | CALL STAB ADDA | ADDA | ADDA | ADDA | ADDB | ADDB
1H ilo 25|ol 2 3lm 2| Dl 2D 24|Ex a|m 2|oI 2
3C  t+54C 4[BC 2 HES HES 3[AC__ 36|BEC a[cc 2|DC 3
want BSET 5TD CPD CPD CPD CPD LDD LDD
SP 1|o 3ol 2 3l m 2| ol 2[D 24|Ex 2| 3| DI 2
30 HED 750 Z 3|80 Z[e0 3[R0 36| ED 3[Co 2|00 3
RTS BCLR STY cPY CcPY CPY CPY LDY LDY
IH 1o 3ol 2 3|lm 3| ol 2| 24|Ex 3|m 3Dl 2
3E 17 |4E 4] B2 2 HES HES 3[AE _ 36|BE 3[cE 2| DE 3
WAI BRSET | STX CPX CPX CPX CPX LDX, LD,
1H 1|o 4| Dl 2 3| m 2| ol 2[D 24|Ex 2| 3| DI 2
3F HES T 5F Z 3| 8F Z|EF 3|AF 36| EBF 3[CF Z|OF 3
SW1 | BRCLR | STS CcPS CcPS CPS CPS LDS LDS
D 48 |EX 5| RL 2| = 1o 4| ol 2 3lm 3| ol 2|0 24|Ex 3|m 3ol 2
Key to Table A-2
Opcode oo 5 MNumber of HCS12 cycles (T indicates HC12 different)
Mnemonic —s BGND
Address Mode 14 MNumber of bytes
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Table A-2. CPU12 Opcode Map (Sheet 2 of 2)

0 470 12]20 4[30 _ 0[40 10|50 10|80 0|70 0|80 10|80 f0[AD  i0|B0_ i0|c0_ 10|DO_ i0[E0  i0|FO_ 10

MOVW | IDIV | LBRA | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAR | TRAP | TRAP | TRAP | TRAR | TRAP

M-ID H 2RL 4| 2|H 2| IH 2|H 2|H 2)H 2|IH 2|H 2| 2| 2| IH 2|IH 2| 2

X §[11__ 12|21 3 0(41_ i0(&1 10|61 0|71 0|1 10|81 10|A1_ 10|Bi_ 10|C1_ 10|D1_ 10|E1_ 10|F1_ 10

MOVW | FDIV | LBRMN | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

EX-ID §|IH 2|RL 4| 2|H 2|H 2|H 2|H 2|H 2| H 2|H 2| 2| 2|IH 2|H 2|H 2

5 77 43|32 10|22 0|52 10|62 10|72 10|82 _ 0|92 0|AZ 10|B2_10|CZ_ 10|D2_ 0(EZ_ 0|F2_ 10

LBHI | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

4lan 4l 2|H 2|H 2|H 2| 2)H 2|IH 2|H 2| 2| 2|H 2|H 2|H 2

3272 4332 0(43_ 10|53 10[B2 0|72 10[23 10|62 f0[A2  10|B3_ i0|C3_ 0|03 10|EX i0[F3_ 10

LBELS | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP ( TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

RL 4[H 2|H 2|H 2|H 2| 2|H 2| H 2|H 2| 2| 2|H 2|H 2| 2

74 43|3& 10|44 0[5 10|84 10|74 10|24 0|o4  10|A& 10|B4  10|C& 10|D&_ 0|E&_ 10|F 10

LBCC | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

BL 4|H 2|H 2|IH 2|H Z|H 2)H 2|H 2|H 2| 2| 2|IH 2|H Z|H 2

75 43[3 10|46 0|55 10|85 10|75 1085 0|05 0|A5  10|BE  10|C5 10|05 0|ES_ 10|F5 10

LECS | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

RL 4 H 2| 2)H 2| 2|H 2| 2| 2|H 2| H 2|H 2

%__ 43 B J0(ve i0|@e_ 0|0 10|AE_ J0(BE_ 10|c8_ 10|DB_ 10(EE_ 10|F8_ 10

LENE TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

H 2|IH 2R @ H 2| 2)H 2|IH 2|H 2| 2| 2|IH 2|H 2|H 2

o7 317 7|27 __an 87 0|7l 10|87 _ 10|87 i0|A7_ 10|B7 _ 10|Ci_ 0|br _ 10(E7 _ I0|F7 10

DA CBA | LBEQ TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

H 2| 2R ¢ H 2|H 2|H 2| H 2|H 2| 2| 2|H 2| 2|H 2

3 &7 a7|2E_ ans 88 J0(7E 10|82 _ 0|9  i0(AE _ 10|BE_ 10|CB_ 10|DB_ 10(EE _ 10|FB_ 10

MOVE | MAXA | LBVC TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP ( TRAP | TRAP

MD 4|ID 3E|RL 4 H 2| 2|H 2|H 2|H 2| 2| 2|H 2|H 2|H 2

N RS B 80 f0(72  i0|@e  q0|o¢  f0|A@  J0|B@  i0|cd_ 0|08 10(E2  10|F8 10

MOVE | MINA | LBVS TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

EX-D_&[ID  3&[RL 4 H 2|H 2|H 2| IH 2|H 2| 2| 2| 2|H 2| 2

TA  5[1A 47|28 43 BA  f0[7A 10|@8A 10|OA 10|AA  T0|BA 10|CA_ 10|DA 10|EA  T0|FA 10

MOVE | EMAXD | LBPL TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

00 4|ID 35|RL 4 H 2|H 2)H 2|H 2|H 2| 2|iH 2|H 2|IH Z|H 2

08 Z[18 4728 41 B8 0|78 i0|@3_ 10|98 i0|AB 10|88 i0|CB_ 10|DB_ 10(E8_ 10|FE_ 10

MOVE | EMIND | LBMI TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

M-EX S|ID  35|RL & H 2|H 2|H 2| H 2|H 2| 2| 2|IH 2|H 2|H 2

0C _ 8[1C_ a7|2C__ 43 8C_ J0(7C_ 10|8C_ 10|8C_ i0|AC_ 0|BC_ 10|CC_ 10|DC_ 10(EC_ IO|FC_ 10

MOVE | MAXM | LBGE TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

EX-EX B[ID  3s[AL 4 H 2|H 2|H 2|H 2|H 2| 2| 2|H 2|H 2|H 2

00 5[1D0 Da7|20 43|30 _ 35|40 10|50 10(BD_ 10|70 10(@D 10|80 f0|AD 10|BO_ 10|CD_ 10|DD_ 10(ED_ 10|FD_ 10

MOVE | MINM | LBLT TEL | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

DEX 5|D  35|RL ¢ a|H 2|H 2|H 2|H 2|H 2| H 2|H 2| 2| 2|H 2|H 2|1 2

U 2[1E 47| _43|3c __ 3B[4c 0|56 10(BE 0|7 0|8 0|0=  f0[AE  10[BE 0|CE_ 0|DE_ 10|EE_ O0[FE_ 10

TAB |[EMAXM | LBGT | STOP | TRAP | TRAP | TRAP | TRAP | TRAP ( TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

H 2|iD 3E|RL 4[H 2|H 2|H 2|H 2|H 2)H 2|H 2|H 2|H 2)iH 2|IH 2|IH 2|H 2

OF__ 3[fF 47|2F 43|3F  10|# 10|5F  10[BF  10|7F 10|aF 10|OF f0[AF  10|BF_ 10|CF_ 10|DF_ 10|EF  10|FF 10

TBA | EMINM | LBLE | ETBL | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP | TRAP

H 2|ib 35[RL_ 4[D 3|H 2| H 2|H 2|H 2|H 2| 2|H 2|H 2] 2| 2|H 2|H 2
* The opcode 504 (on sheet 1 of 2) corresponds to one of the loop primitive instructions DBEQ, DBNE, IBEQ, IBNE, TBEQ, or TBNE.

1 Refer to instruction summary for more information.
1 Refer to instruction summary 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)

oo 20 30 47 1) ] [#11] FO
0.X 1%+ 0.y 0.,5P -18.57 o.pc nSP
5b cons! pre-inc post-inc 5b const Bb const |5k const Eb const 8b const
o1 a1 41 E1 a1 C1 F1
1.4 2. X+ 1Y 1.5P -15,5P 1.PC -n,5P
5b const post-inc 5b const Sb const |5k const Eb const 8k const
[i] 32 47 E2 C2 FZ
2% 3K+ Y 2,5P 2PC n.SP
5b const post-inc 5b const Sb const Eb const 185 cons!
[E] 13 a3 43 B3 C. F2
3x 13X 4.0 3 3.5P 3pPC [n.5P]
8b const |5k const post-ing b const &b const Sb const 18k indr
04 14 EC) 44 B4 C. F4
4. -12.X 5.X+ 4Y 4,5P 4PC ASP
5b const 5b const Eb const Eb const A offset
T ES [ ]
5Y 5.5P 8.PC B.SP
5b const Sb const 5b const B offset
48 EB CE F&
6,Y 6,5P gprc D,sP
§b const 5b const post-ing Bb const D offset
LY, BT B7 c7 Fr
7. 7.5F 8.5F+ 7.PC [D.5F]
Sb const fb const post-ing 5b const D indirect
43 B8 F&
8.y B.SP nPC
5b const 5b const 9b const
49 EQ
a8y B.sP
5b const 5b const
) 2 4h EA
10X -8.x B-X B.X¥- 0¥ A 10,57
5b const 5b const pre-dec post-dec §b const 5b const pre-dec post-dec 5b const
3] iE I8 ] 48 5B (E] TE EE
-5.% 5K Lo 1y -5 5-Y 5Y- 1,57
Sb const  [pre-dec post-dec | 5b const Sb const | pre-dec post-dec 5b const
[[+] iC 2C ic 4T EC BC TC EC
12X —4X 4K 42— 12¥ -4 4% 47— 125P
Sbeconst  |Sboonst  |pre-dec postdec  [Sbconst | Sb const pre-dec post-dec | Sb const
oD 10 2D El] 4D &0 ED
13X -3.X 3-X 3X- 12 -3 13.5P
5k const Bb const  [pre-dec post-dec  [Sb const | Eb const Bb const
[ 1E 2E IE 4E 5E EE
14,5 -2.X 2-X 2%~ 14¥ =2.¥ 14,5P
5b const Bb const pre-dec post-dec §b const 5b const 5b const
OF F oF IF 4F EF EF
15,% -1.X 1=K 1%~ 5Y -1 1, 15,57 -1pPC D.Y] ID.PC]
5b const Bb const pre-dec post-dec §b const 5b const pre-dec post-dec 5b const 5b const D indire: D indirect
Key to Table A-3
posthyte (hex) \
[ ED
#REG Je— source code syntax
p trpe

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

TRANSFERS
ILs MS= 0 1 2 3 4 5 [ 7
ADA B=A CCR=A TMP3, = A BoA A=A Y A SR A
ADB BE=B CCR=B TMP2_ = B BEoE % =B Y =B P =B
A= CCR B= CCR CCR = CCR TMP3 = CCR | B=CCR ¥ =CCR | ¥ =cCcR | sP = cCCR
seiA = TMP2|sexB = TMP2|sex:CCR=TMP2| TMP3=TMPZ | D=>TMPZ | Xx=>TMP2 | v=TMP2 | sP=TMP2
sex:A D sex:B=D sex:CCR=D .
CEXAD cExBD Ex CoRD TMP3 =D D=D X>D Y=D SP=D
seh = X aewB = X sex:CCR = X . N .
SEX AX Ex oA e COm TMP3 = X DX K=K ¥ =X SP=X
seAY zexB =% sexCCR= Y
. . 5
SEXAY SEXBY SEx COR Y TMP3= Y DY K=Y Y= SP=Y
sexA = SP | sewB=5P | sexCCR=3P . f— o .
X nsp <Exbop SEXCCR P TMP3 = SP 0= SP X=5P ¥=SP SP = SP
EXCHANGES
s MS= 8 9 A B C D E F
TMPZ_ = A BoA A=A = SR = A
.
ASA B A COR& A $00-4 = TMP3 ASB so0a=x | sona=v | sooa=sP
TMP2_ = B B=B % =B ¥ =B EEE
ASE BB ECR < B SFFE = TMP3 SFF= A SFFB=X | SFFB=Y | SFFBE=SP
_ TMP3 = CCR | B=CCR ¥ =CCR | v.=CCR | SR =cCCR
A= CCR B =CCR CER=CCR  |ser.cor = TMe3|sFrccr = D | sFFicor = x| sFFiccr = v [sFrcor = 52
500:4 = TMP2|500:8 = TMP2|500:CCR = TMP2 . N I
F2 oA | TP, =B | TMRZ, Sccr | TMPRSTMPZ | DeTMPZ | X TMPZ | Y= TMP2 | SP o TMP2
S00:CCR = D
" | - , op =
500:4=D | S00B=D B— con TMP3 = D D=D X=D ¥ =D SP=D
SI0A=X | S00B=X | SO0OCCR=x ) ) )
TMP3 = X DX K X Ve X SP e X
W A ¥ =B ¥ = CCR - - - -
SI0A=Y | S00B=V | SOOCCR=Y . oy .
Vion V=B VL= coR TMP3 =Y Doy XY Yoy SPe Y
300:4=5P | SODE=5SP | S00:CCR=SP e e - e .
SPL= A . b 5P, - CoR TMP3 = SP D= SP X SP Y = SP SP = SP

THMP2Z and TMP3 registers ares for factory use only.
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Table A-6. Loop Primitive Postbyte Encoding (Ib)

5] 10 NE Al 3o Al ao N E Al eo KL Al o NE Al AD A | Bo A
DBEQ DEEQ DENE DENE TEEQ TBEQ TBNE TENE IBEQ IBEG IBME IEBNE
i+ (] i+ L] (o] ) ] H ] H ] H
o 1 B = ENED B 41 Bl&1 Bl e HED B et Blm B[ A1 HAE
DEEQ | DBEQ | DBNE | DBME | TBEQ | TEEQ | TBNE | TBMNE | I12EQ IBEC IBNE IENE
i+ i {5 [ {2 H [+ H ] H [ H
[ 12 =2 £ 4z B &2 72 (= ] Az Be
(5] [E] EE] EE] [E] E] =] 73 (=] ] 5] 2]
] ] I ED o= e E] T &= IED T &= .7) 23] ]
DBEQ DBEQ DBEMNE DENE TEBEQ TBEQ TENE TAMNE IBEQ IBEEC IBNE IBNE
i+ (] i+ L] (o] ) ] H ] H ] H
[ 15 T[= A ES HEE E T HES T EE 3 S HES
DBEQ DEEQ DENE DENE TBEQ TBEQ TEMNE TENE IBEQ IBECQ IBME IBNE
i+l = iz} . iz [ ] H ] H ] H
(] TE NES Gl ES HES E S SES T EE TR 23] i
DBEQ DBEQ DBEMNE DENE TEBEQ TBEQ TENE TAMNE IBEQ IBEEC IBNE IBNE
i+ (] i+ L] (o] ) ] H ] H ] H
[ BR[T ] R [ a7 KN R &7 B IEH BT SBR[ ET BF (a7 SR AT FET ki
DBEQ DEEQ DENE DENE TBEQ TBEQ TEMNE TENE IBEQ IBECQ IBME IBNE
i+l = iz} ] iz [ ] H ] H ] H
Key to Table A-6
Ensﬂ:rg,rbe (hex) - - counter used
(bit3isdontcare) “wp 4w
BEC
IE g o
branch condition ™ "=--. gign of 3-bit relative branch offset
gwer gight bits are an extension byte
lowing posthyte)
Table A-7. Branch/Complementary Branch
Branch Complementary Branch
Test Mnemonic Opcode Boolean Test Mnemanic Opcode Comment
r=m BGT 2E Z+NEV)=0 r<m BLE 2F Signed
rm BGE 2C NEV=0 r<m BLT 20 Signed
r=m BEQ 7 Z=1 r=m BME = Signed
r<m BLE 2F Z+MNEV)=1 =M BGT 2E Signed
r=m BLT 2D NEV=1 rzm BGE 2C Signed
r=m BHE 22 C+Z=0 r<m BLS 23 Unzigned
rm BHSBCC 24 G=0D r<m BLOVBCS 25 Unsigned
r=m BEQ ) Z=1 r=m BME 268 Unsigned
r=m BLS 23 C+Z=1 =M BHI 22 Unsigned
r<m BLOVBCS 25 C=1 rzm BHS/BCC 24 Unsigned
Carry BCS % C=1 Mo Camy BCC 24 Simple
Megative BMI 2B M=1 Plus BPL 24 Simple
Crerflow BVS 29 V=1 Mo Owerflow BVC 23 Simple
r=0 BEQ v Z=1 r=0 EME 26 Simpla
Always BRA 20 — Mever BRAMN 2 Unconditional
Far 1&-bit offset long branches precede opcode with a $18 page prebyte.



