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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 Ceode 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 Indexed LDAAR 3, X A6 03 X+ 3

IDX1 LDAR 30,X A6 EOQO 13 X + 30

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

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

1DX Indexed LDAA 3, 4X A6 22| ¥43 (X443 > X)
Preincrement

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

1DX 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

Idx 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

Idaa 1,x+
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Which branch instruction should you use?
Branch if 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 (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., ldab #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
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



Electrical Engineering

New Mexico Institute of Mining and Technology EE 308 Spring 20 14

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

. Bddr. Wechina Access Dotad
Sowrce Form Dperation Med Coding hax) ey HEaC SXHI |HIVEC

LBET mhg Long Branch il Greator Than HEL |18 ZE gg rr CEFR/ang’ aprpioen’| ———-= [ ————
[T+ [N @ ) = 0) [sigred)

LBHI mhig Long Besnch if Highar REL |18 32 qg rr [T LT [ —
[T 42 = 0 [unsgnad)

LBHS mti® Long Beanch if Higharor Sama AEL |18 24 gg rT DFFPR/ORT orrpioen’| ———= [ ————
i T = 1] {amesigrad]
sam function e LECT

LBLE =g Long Branch if Lass Thon or Fgual AEL |18 2F gg rr careapot oprioeet| ———— | ———-
AT [N @ W) = 1) [sigred]

LBLOmmhe Long Brnch if Lower AEL |18 25 gg rr CEFR/apT’ aprpioget| ———— | ———-
= 1] fumeigrad)
sama fumofion s LBCE

LBLE mtiE Long Branch if Lower or Sama AEL |18 23 gg rx CEFR/ara e I
[T+ T = 1) [unsigned)

LBLTmhie Long Brnch i Lass Then HEL |18 2D gg r= CEFR/arc e e
[N 2V = 1] fmignad]

LBMI = 12 Long Brnch: i Minesi N = 1] HAEL |18 2B gg r=x aprpioen’| ——-= [ ————

LBKE =@ Long Beanch i Mot Equal i £= 0) AEL |18 36 qgg rr orrpioen’| ———= [ ————

LBML =tiE Long Branch il Phus.if N = 0j AEL |18 ZAh gg rr arrpiornt| ———— | ———-

LBRA =g Long Banch Always i t=1] AEL |18 2D gg rr o] -———- | ==

LBAN w12 Long Branch Mewor (1 1 = 0} AEL |18 21 gg rr | ————| ==

LV i1 Long Branch: if Dwerfios Bit Claar [ =0 AEL |18 I8 gg rr aprpioen’| ———-= [ ————

LEVE mhe Long Brnch il Dwerfios Bt Sat (i W= 1 HEL |18 28 gg rz aprpioen’| ——-= [ ————

[EETEL L ] [N = & INN Be 11 7| -———--|aaid-

LOWA et Load Socumulaior & L] 26 od

LIWA ol &s EXT He bh 11

(BTl I0¥ |&kE xb

LA oo xpsp DN |AE xxz It

LA oot S xpsp DNz |AE xo ea £f

Lt D] [DUCY] | ke xb

LOwA foygoris apep] J0E] ke xnoee £

LDAE aopes W] =+ B INN |76 11 -———|aAD-

LDAE qretis Load ocurmulaior B O |De oa

LDWE gpor! &s EXT F& bh 11

LDAE qomd_iysp I |EE xb

LOWE oo xpsp D8 |EE xx It

LDWE goord & xysp IDNZ2 |EE xb ea £F

LDaE | [DUCY] |EE xb

LDWE foygorie apesp] J0E] | EE xn ee £

LD Byt MM 1) = 2B L T 1] Kk PO - |a&0-

LD e Lond Doubla Accumuinior D (A:H) O |DC oa By

LDD gorigs EXT |FC bh 11 APD

LDD g s I |BC xx arf

[RERE. .1 ] 1D BC xh 1f AFT

L[ﬂ“:F‘-“EW‘};p 02 | BC xbv &= £f Eare

L[D.EL.I]E‘E‘ [DIDY] |BEC xx ErEnps

LD ot Sy o] |BC xn em £ ETPRpS

Molz 1. OPPRAOPO indicales ths instrecton tokas four oyoles to refll the instruction quasa § the beanch is mkan and thres opdes if tha bandh is nol kean
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Table A-1. Instruction Set Summary (Sheet 3 of 14)

Source Form Cperation Mod Coding fhas) BoEqs WCIHCED SEHI|HIVE
ELE pi Branch if Lowor or Samo REL |23 rr R P iy ———— | -———-
fi G+ = 1) funsigned)
BTz Baanch i Lass Than REL |zD rr R S [ p—
N2V 1] grad
M e Beanch if Mines [ M= 1] HEL |ZE rr FE P e e =
BNE=E Beanch i Mot Equal [ 7= 0) REL |26 rr FFRP | - | -
BFL ek Beanch i Phus (i W =0) REL |zA rr FFRP | - | -
B4k Beanch Always [f 1= 1) REL |z0 rr FTT e el I
BACL Aoyras, msks i Beanch i (W} &ﬂl =il OIR |4F od mm T TP | -
BACL A oprics, mske, o [ &kl Sadacted Hifs] Claar) EXT |1F bh 11 mm rr  |cEsep
BACL Ao xysn msks, w2 IM |OF xbmm rr TITP
BACLA opod nymg, msks i IDKi |OF xtv £ mm rr  |cEeep
BACL A oponis xysp, msks, =l ID2 (OF xb e ff mm ro|Fofeer
BAN =i Beanch Mavor [ 1 =0 REL |21 rr v ol ---
EASET qout, msks, w2 i - R |4E cd mm rr TITP | -
BASET qorige, msks o Fl:.:hﬂ r:[p' T !I1;|1:||5nli]',' EXT |1E bh 11 mm 1T |cErep
BASET qoud) xpsp, msks), malf I |0E xbmm rr TITR
BASET gl nysg, msks, s IDK1 |OE v £ mm rr  |cEeep
BASET qpurid xysg, msks b I (DE xh &= £f @@ ro|rcfeer
BEET gof, mske [M] + jmm] =+ M OR |[4Cam riwl ciow| ——-— | A&0-
BSET gori Gy, msks Zet Bitls) in Mamary EXT |1C hh 11 mm riwl ciTw
B3ET qud mske I |00 xb om T3 W
BEET qood apsp, msket DKt (of xbv £T mm riwe T
BEET qoord G sy, msks I (of xb ee £f mu | EcPaPo Erpecy
BSAmE LSPl 2 =5 EP AT HATHL :-H.sp.ﬂ.sp..” HEL 7 rr TP ] [ R—
ebrowtng addrass — PC
Banch in Submuting
BN e Beanch i Ovwerfiow it Cloar i ' = 0) REL |z8 rr PR | -
BWS mlz Beanch i Ovwerfiow it 3ot i V= 1) REL |29 rr PR P | -
CALL gprigs, pge 5P —2 = 3P AN AT :l"ﬁp.ﬂm EXT |4A bh 11 pg grRERPPP | -
CALL qpoed xysp, pmge 5P —1 =+ B, :FF‘E-I: lﬁ ! ID§ |4E xt pg ;:mﬁ'??
E.ﬁchp.':ﬂA}:p.pq;l- g =+ PPAGE regisier, Program address = PG IDi (4B xbv £T pg grEafep
-%l':l“-&.l:ﬁ:l,m D2 (46 ¥ &= £f pg |fg
Call submwtng in aadardaed mamony [DIDY] |4E xb ETignEaPrP
CAlL -:r.'l':l‘-S.l]Gp] [Program mary be foonted on enoher I0NZ]| |4E xb em Ef ETigngarep
SRS TIATANY P |
Indirect moxdes oot orogram addrass
2nd new pg valu basod on poniar.
CHY I._ﬁl—:E'l IKH |18 17T oo po| -———— |AAAA
Compare B-Ei Accumulaion
CLC 0= G IMM |10 FE F 7| ====]=---0
Torslstes b ANDCC #8FE
1] 0= | INN |10 EF F o e L
Tarslsles b ANDCC s3EF
|eratlas |-hit miarmepls]
CLA qpriss o W Clear Momory Location EXT |79 bn 11 PwD wor| -——-—| D100
CLA qpoed mymp IDM | &9 xb Fw o
CLA gpodxpsp DN |60 = If Tl Pl
CLA qporis xysp D2 (69 b e= £f T P
CLA [0y [DIDY] |9 =t FLiw PIEFw
CLH fprart £y} JONs| | &0 xn e £f FIFw PIFTw
CLRL D= A Clear Apurmsinior A, IKH | &7 C o
CLRE =B Clear Acurmeinior B IKH |o7? C o
CLY b=V IMM (10 FD 7 e
Torslsles b ANDCC 885D

Motz 1. PPRT indicalzs this instruction tkas. thras opcios 1o refil o insisction queus i o brandh is takan and ona program feich opdio § tha branch is not takan.
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Table A-1. Instruction Set Summary (Sheet 4 of 14)

Source Form Dpeoration Mod Cning fhax) HCEiz NEIHCE SXIHI|NIVC
CWPE g [B] - M) INM o1 24 T Pl ———— |AAAA
CMPE oo Compam Accumuinion B with Memory DI |01 @a o7 E o7
CHPE ogrica EXT |F1 bh 11 7D roF
CHPE ooed_ xpsp I |E1 xn r7E rfr
CMPE ol s DN |E1 xm fr 7O e
CHPE oponis sp Iz |E1 xbv ea £ ErFe Exer
CHPE D] [DUR] |E1 xo 3801 ExErEr
CMPE jqponig gl JonE] |E1 xboea £ EIFeps ETpcEr
COM pris " _ BEXT |71 mn 11 =] ) p— YT
COM gooed)_xysp Emmwﬁ M I |61 xno rFw W
COM good nysp IDKs |61 = £ r Tl rPOw
COM qponig oz |61 xb em £t ExTup EcPiw
C:ll%m i [DLID E1 xb FLEcbw Exfcrw
COM ot £ ] A Conokement Accormusior & J0i7] |61 xn e £f EIF=rw EIPcTw
Cow A= - e |41 o o
oM [f=B Conplement Aocemulsior B NH |=1 B P
CPD aoprig - (Wes1) INN BT 11 kx TO or| ——— |AAAA
CPD qprem Compars [ o Mamjry [16-5if) OR |2c B3 arE RET
CPDgprice EXT |BC bnm 11 Ll FF
CPD goed_xysp 10§ |AC xn arE =EF
CPD oot xysp IDK | BT xno 1 BFD O
CPD goort S xysp Iz |AC xo ea £ Enre ErFT
CPD ] [OICK] | AT x2 ErERpE EXEREF
CPD foyoris aysp] J0Hz] |KC xh e £ FIFmpE ETrREr
CPS eqrl@ 571 - L] NN |&F {] kk PO or| ——- [Aaaa
CPEopsmm Compars 2F o Mamory | 55-Bit] DA |oF oa nrf mEF
CPSopriea EXT |EF mm 11 ure so
CPEopmd mmp 10§ |AF xb nrf mEF
CPE opodlnysp I0K# |RAF xb If BFD BT
CPE Dz |AF xo ea £ Esw Exrr
CP3 |, [0 | AF xn FTERRE ExErEr
CPS A5 xpsp| 2] |AF xov ee £2 E1rmpf ExrREr
CPX eqprig ] — MR INM |BE 17 kk TO or| ——— |AAAA
CFY open Compars X to Mamoary || i&-Bit) DR |sE aa arE =EF
CPXogrits EXT |HE hn 11 PO T
CPY oo mymp ID§ |RE xn arE =EF
CPY. e e |rE == rr s -
CFK oponi e D2 |RE xb ca £ Enrp ErT
Cﬂﬁm DI |RE x= ETERRE ExERER
CPX [qporis xsp] D] |RE xb em £ EIFRps EIPREF
CPY sqrl — (MR INM |80 ] kk = or| ——— [aaaa
CFY opemm m...rpun'l"l:lh‘ru'p:'arE.i: DR |90 &d arE =EF
CPY orica EXT |BD bnh 11 BFD iy
CFY opned_xysp I |AD xn BrE REF
CPY o) wysp Ik |AD xn £ BFD O
CPY oponi8 sp Iz |AD ¥ e 1 Fare ExFT
GFY [D\ e DR | AD xk ETERpE EzERER
CcrY A5 xymp| J0nz] |AD ¥ e £ FIFmpE ETrREr
Tk ETERCEEY IKH |18 o7 S ofo] ———[aara
Dooimal Adjes! Aooumisior A
DBEQ shdvys, i = =t iy FAEL |04 1b T 777 [bemnch) L B Mt
E:‘:‘L:I-D."lﬁﬂm (i 770 [no
wlsa Contings ko mexd mstreobon branchl
Doorament Counter and Branchid =0
fonir=& B, 0K, Y, or 3F)
DEKE by, il =1 =iy AEL |04 1o T FIT [beanchl ] S -
P}Tﬁrﬂ-ﬂ.m&rﬂr 8- 770 [no
slsa Contingo ko maxt ratrecbon branchl
Deorament Counter and Branchid w0
fontr=a, B, 0K Y, or 57
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D B N E Decrement and Branch if Not Equal to Zero DB N E

Operation  {counter) — 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 counfer e gister does not reach zero. Rel is a %-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 W C
Code and
CPU 5 Address Machine
ource Form CPU Cycles
Cycles Mode Code (Hex)
REL 04 lbrr FEF (branch)
DENE abaxysp, reid (-bit) o (no branch)
Loop Primitive Postbyte (1b) Coding
Source 1 Ohbject Counter
Form Posthyte Code Hegister Offset
CEME A, reid 0010 X000 04 20 rT A
DEMNE B, rel? 0010 X001 04 21T B
DENE D, rely D010 X100 04 24 TT D
CEME X, reid O01d X101 04 25 TT X Fosiive
CEME ¥, ralg 0010 X110 04 26 TT A
DENE SR reld D010 X111 pp— 5P
DENE A, reiy D011 X000 04 30 rT A
CEME B, ralg D011 X001 o4 31T =}
DEME D, ralg 0011 X100 04 34 T D
DENE X, reid D011 X104 PP — x Negathe
DEMNE Y, reld o011 X110 04 35 T ¥
DENE 5P rely D01 X111 04 37 rr 5P
MOTES:

1. Blis T-6:5 select DEED or DENE; bit 4 |5 the offset sign bt bit 3 Is not wsed; bits 210 slect
ihe 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 ; [nst Mode Cycles
2000 C6 0A Idab #10 ; LDAB (IMM) 1
2002 87 loop:clra ; CLRA (INH) 1
2003 04 31 FC dbne b,loop ; DBENE (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+10 % (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

(My=B
or
imm =B

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

Load B

5 X H I N Z Vv C

[=[-l-[-Taf+]o]-]

M: et I WSS of result Is set; cleared othenwiss
Z: Set Wrasult Is $00; cleared oMeraise

LDAB

Vo Cleared
Source Form Pimaes | chachie CPU Cycles
LOAB £0préi MM o6 id E
LOAB oprsa IR D& dd rPf
LOAB 0prisa EXT FEhh 1l rBo
LDAE gprkl_xysppc 10X EE xb rPf
LDAE 0pVKs, Xyspps 11 EE xb £f TFD
LDAE oo 15, XyE00C IDx2 EE xb = £F frEp
LOAE D, xy=pnpe] [DX]  |ze xb frEref
LIDAR [oprr 16,y snpc] (2] EE xb == £f fIFTPE




Electrical Engineering

New Mexico Institute of Mining and Technology EE 308 Spring 20 14

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
dc.w 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: dc.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,$12,%$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 org $2000

1

2 2 2002000 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 (S12CPUV?2 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 Bto 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 held in Y
;Add2to X and Y

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, 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,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 [0 LDAB #$05 two-byte LDAB, IMM
addressing mode

CE 2000 [0 LDX #$2000 three-byte LDX, IMM
addressing mode

E6 01 0 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 0 ABA two-byte ABA, INH addressing
mode

0435 EE [0 DBNE X,(-18) three-byte loop instruction
Postbyte 35 indicates DBNE X,
negative

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

Opcode

Mnemonic —|

Address Mode

Number of HCS12 cycles (I indicates HC12 different)

Number of bytes

00 15|10 0 HIEL BN DI HEEEEE D) HEE I[AT 36|80 HIE] EL I[ED 34 |FO 3
BGND | ANDCC | BRA PULX | MEGA | MEGE | MEG MEG | SUBA | SUBA | SUBA | SuBa | SUBB | SUBB | SUBB | SUBB
14 1{m 2| RL 2| 1] 1H 1] 1H i|ID 2alEx 3[ M 2| ol 2|0 24|Ex 3| 2| ol 2010 24|E 3
o1 5[ 1|2 HE 341 1] 51 IR 81 HED A1 38| Bl B BED HEEEE 3
MEM EDIV BRM PULY | COMA | COMB | COM COM | CMPA | CMP& | CMPA | CMP: | CMPE | CMFE | CMPB | CMPB
IH 1] 1K 1 |RL 2| H 1]H 1] IH o 24|E 3[ M 2| o 2|0 24fEx 2| M 2|l 2010 24fEx 3
iF] IR EE HEE N HEEERE B HEE I[AZ 36|82 HIE EE I[Ez  34|F2 3
Ny MUL BHI PULA | INCA INCE INC INC SBCA | SBCA | SBCA | sBCaA | SBCB | SBCB | SBCB | SBCB
IH aic 1] RL HIE 1]1H 1] IH i|Ip zalEx 3[ M 2| ol 2|0 24fEx 2| M 2|l -] =
03 T3 AEEE HEE HEE IEEEEE OIS HEE 3[A2 36|63 B 2|03 3[E3_ 3-6|F3
DEY EMUL BLS PULE | DECA | DECE | DEC DEC | SUBD | SUBD | SUBD | SUBD | ADDD | ADCD | ADDD | ADDD
IH aic 1] RL 2| H 1]H 1] IH o 24|E 3[ M 3| ol 2|0 24fEx 3| M 3lol 200 24fEx 3
Y T T[28 @[ A 7|52 5 30|74 E HE 3|~ 36|62 HE: DS HEEE E]
loop ORCC | BCC | PSHX | LSRA | LSRB LSR LSR | ANDA | AMDA | ANDA | ANDA | ANDB | ANDB | AMNDB | ANDE
RL alm 2| RL HIE 1]1H 1] IH D 2-4|Ex 3[ M 2| ol 2|0 24fEx 2| M 2|l -] =
0 38|15 47|28 a|3® 7[5 T| 2 HERREIRE BN HES I|AE 36|65 E = G S 3
JMP JSR BCS | PSHY | ROLA | ROLB ROL ROL BITA BITA BITA BITA BITB BITE BITE BITB
D 24|l 24[RL 2| H 1]H 1] IH o 2-4|Ex 3[ M 2| ol 2|0 24fEx 3| M 2|ol 200 24fEx 3
i3] Kl T T 7[435 7|58 G B G B I|AE 36|60 HES BEE HEIEE E]
JMP JSR BNE | PSHA | RORA | RORB | ROR ROR LDA% | LDAA | LDAA | LDAA | LDAB | LDAB | LDAE | LDAB
EX 3| Ex 3| RL HIE 1]1H 1] IH i|Ip zalEx 3[ M 2| ol 2|0 24fEx 2| M 2|l -] =
o7 [T I[27_ an|ar HEH T| &7 BT 58|77 O T o7 T[&7 T|B7 B T[o7 T[Er  38|F7 3
BSR JSR BEQ | PSHB | ASRA | ASRB | ASR ASR CLR& | TSTA MOP |TFR/EXG| CLRE | TSTB TST TST
RL 2|D 2| RL 2| H 1]H 1] IH o 24|E 3| H I 1[H 1| H 2| 11 1]H 1)I0 24)Ex 3
i) T[ 78 FERTEN KIS T| 58 R BN 3 I|AE 34|68 HES BEE HEEEE E]
1N, PageZ | BVC PULC | ASLA | ASLB ASL ASL | EORA | EORA | EORA | EORA | ECRE | EORB | ECRB | EORE
IH 1]- RL 2| H 1]H 1] 1H D 24|E 3[ M 2| ol 2|0 24fEx 3| M 2|l 200 24fEx 3
i) T8 T HES T| &8 B0 §2-| 7% I HEE 3|AZ 36|60 B EE HEIEE R 3
DEX LE&Y BVS | PSHC | LSRD | ASLD CLR CLR | aDCa | a4DCa | ADCA | ADCA | ADCB | ADCB | ADCB | ADCH
IH 1o 24|RL 2| H 1[H 1]1H D 2-4|Ex 3| M 2| ol 2|0 24fEx 2w 2|ol 200 2alex 3
0A__ 37 HEEEES 3[an 17|5A F HE 3[AR_ 38[BA BES 1]Da 3|EA_ 38|FA 3
RTC LEAX BPL PULD CALL STAA ORAA CORAA ORAA ORAB ORAB CORAB ORAB
I il 24|RL 2| H 1]Ex 4| ol 2 2| ol 2l 24fEx 3| M 2|ol 200 24fEx 3
05 12| iE I[28 a1 |3® 7[4E z7-10| 58 p TE 3[AE 35|68 3| CB T[DB 3[EE 38 |FD 3
RTI LEAS EMI PSHD | CALL | STAB ADD& | ADDA | ADDA | ADDB | ADDE | ADDE | ADDB
IH 1 24|RL 2| H 1je 25Dl 2 DI 2|0 24fEx 3| M 2|oi 2[1I0 2=#|E 3
0C__48|ic 4[2C_ a[3C  $+54C 4 5e F TS 3[AC__ 36|BC___ 3|GC__ z|DC 3|EC_ s8|FC __ 3
BSET BSET BGE WaNT BSET STD CPD CPD CPD LoD LDD LoD LoD
D 35|Ex 4| RL 2| =P 1D 3| ol 2 DI 2l 24fEx 3| M 3lol 200 24fEx 3
00 48|10 g[20 3| HED Y ia] b Z[o 3[A0 38|60 3|00 Z|0D 3[ED  38|FD 32
BCLR | BCLR BLT RTS BCLR STY CPY cPY CPY LoV LDV LD LDY
D 34|E 4| RL 2| H 1o 3ol 2 DI 2|0 24fEx 3| M 3|oi 2[1I0 2=#|E 3
0E_ 48| iE 5[2E a3 7 |4E AEE F tE 3[AE_ 38| BE 3| CE 2|oE 3|EE _ 38|FE 3
BRSET | BRSET BGET WAL BRSET STX CPX CPX CPRX LD LD LD, LDx
D 48|Ex BlRL 2 [H 1D 4| ol 2 DI 2l 24fEx 3| M 3lol 200 24fEx 3
OF 8| iF 5[2F A |aF T[aF I[EF b oF 3[AF 38| BF I[CF Z[OF I[EF 38 |FF 3
BRCLR | BRCLR BLE Sl BRCLR 5TS CP5 CP5 CPS LDS LDS LDS LDS
D 48|E 5| RL 2| H 1o 4| ol 2 DI 2|0 24fEx 3| M 3loi 2|0 2sfEx 3
Key to Table A-2
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Table A-2. CPU12 Opcode Map (Sheet 2 of 2)

Z]10 12]20 Z[30 10|40 0|50 10jea 0|70 10j@0 0|80  i0|AD  i0|BO0  10jCO  i0[D0  10|E0  i0|f0 10
oy LERA TRAP TRAP TRAP TRAP TRAP TRAF TRAP TRAF TRAP TRAP TRAP TRAP TRAP
5|H 2 H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2
HEE 12 & |7 el EE 0| A1 |81 10|C1_ i0|D1 0|1 i0|Fd 10
FDIv TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAP TRAP TRAP
5|H 2 H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2
5|12 K 2 10|72 10|82 10|92 i0|AZ 10|B2 10[C2 10|D2 10|E2 10|F2 10
EMACS TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
4|57 4 H 2|11 2| H 2| H 2|H 2| H 2| H 2| H 2| H 2| H 2
HEE 3 52 10|73 10|83 10|93 i0|A% 10|83 10|Ca 10|Da 10|22 0|Fa 10
EMLULS TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
8| 2 H 2|11 2| 2| 2| 2| 2| 2| 2| 2| 2
T4 12 54 10|74 10|84 10|94 10|A4 10|84 10|C&  10|D4  10|E4  10|F£ 10
EDIVS TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAPR
| 2 H HIE 2| 2|H 2| 2|H 2| 2| 2|H 2|H 2
5[15 12 %5 10|75 10|85 10|95 10|A5  10|B5  10[C5  10|D&  10|E5  10|Fa 10
IDIVS TRAP TRARP TRAFR TRARP TRAP TRARP TRAPF TRAP TRAP TRAF

5| 1K 2 H 2|11 2|H 2| K 2|H 2| K 2| K 2| K 2|H 2|H 2
AEE 7 % 10|78 10|@s  10|9e  10|A@  10|Be_ 10[C6  10|DB 10|E@  10|FG 10
SBA TRAP TRARP TRAR TRARP TRAP TRARP TRAP TRAP TRAP TRAPR
2K 2 H 2|1 2|H 2| 2|H 2| 2| 2| 2| 2| 2
317 2 87 10|77 0|8 10|@7  10[A7 10|Bf  10[C7 10|D7  10|Ef 0|7 10
CBA TRAP TRARP TRAF TRARP TRAP TRAP TRAF TRAP TRAP TRAP
2| 2 H 2| 2|H 2| 2|H 2| 2| 2| 2| 2| 2
B B2 10|78 10|@8 10|98  i0|AE  10|B&  10|CB  10|D8  10|E8  10|Fa 10
MAKA TRAP TRAP TRAF TRAP TRAF TRAP TRAP TRAP TRAP TRAP
4|ID -5 H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2
5|18 47|20 B2 10|72 i0|@2 10|98  i0|A@  i0|Be  i0[c8  10|D8  j0|E2  i0|Fa 10
TINA TRAP TRAP TRAF TRAP TRAP TRAP TRAP TRAP TRAP TRAP
5|0 35 H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2
HECERE B2 10|7A 10|@A 10|9A 10|AA 10|BA 10|CA 10|DA 10|EA 1O0|FA 10
EMaxD TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
4D 35 H 2|14 2| 2| 2|H 2| 2| 2| 2|H 2| 2
(18 47 8 10|78 10|&8 10|98  i0|AS 10|88 10|CE 10|DB 10|88  1O0|FE 10
EMIND TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP
5liD 35 H 2|11 2| 2| 2| 2| 2| 2| 2| 2| 2
F]1C 47 B¢ 10|7c__ 10|8c__ 10|9C__ 10|AC_ 10|BC__ 10[CC_ 10|DGC_ 10|EC_ 10|FC__ 10
L MAXM TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAP TRAPR
EX-EX &|ID 35 H HIE 2| 2|H 2| 2|H 2| 2| 2|H 2|H 2
510 D47 B0 10|70 10|80 10|90 10|AD  10|B0_ 10|CcD_ 10|DD_ 10|E0 10|FD_ 10
MMM TRAP TRARP TRAFR TRARP TRAP TRARP TRAPF TRAP TRAP TRAF
5D 35 H 2|11 2|H 2| K 2|H 2| K 2| K 2| K 2|H 2|H 2
HEEES BE_ 10|7c 0|8z 10|9c  10|A=  10|BE_ 10|CE_ 10|DE  10|EE 1O|FE_ 10
EMAXM TRAP TRARP TRAR TRARP TRAP TRARP TRAP TRAP TRAP TRAPR
2lip 35 H 2|1 2|H 2| 2|H 2| 2| 2| 2| 2| 2
HE &7 [2F 43| 3F  10|4F  10|5F  W|er  10|7F  1|er  10|9F  10|AF_ 10|BF  10|CF_ 10|OF  10|EF  10|FF 10
EMIN LELE ETBL TRAR TRAR TRAP TRARP TRAF TRARP TRAP TRAP TRAF TRAP TRAP TRAP
2|0 35|AL 4D 2|H 2| 2|H 2| 2|H 2| 2|H 2| 2| 2| 2|H 2|H 2

* The opcode 504 (on sheet 1 of 2) corresponds to one of the loop primitive instructions DBEQ, DEME, IBEQ, IBNE, TBEQ, or TBME.

T Refer to instruction summary for more information.

1 Refer to instruction summary for different HC12 cycle count.

FPage 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 insfruction opcode.
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Table A-3. Indexed Addressing Mode Postbyte Encoding (xb)

oa 10 30 40 ] 1] T0 ED el Al B CO 51 ED FO

0.% —16,% 1%= 0,y 18,7 1.4% 1Y+ 0,5P -18,57 1,#57 1.5P= o.PCc -16,PC nX n,SP
5b const Sb const post-inc G const 5b const pre-nc post-ing 5b const Sl const pre-mnc post-ing b const 8b const 8b const Bk const
o1 11 EL 41 3] 81 i B1 a1 Al B1 G1 C1 E F1

1.% —15% 2.6+ 1Y —15. 2.:4Y 2Y+ 1.5P -15,5P 2.+5P 2.5P+ 1.PC -15,PC -n.X -n,5P
5b const  |5b const post-ing 8b const  |Sb const pre-inc posi-ing Bb const (5D const pre-inc posi-ing Sbeonst  [5b const  |8b const 9b const
02 12 2 42 52 62 T2 g2 g2 A2 B2 c2 K] E2 F2

2% -14.% 3xs 2Y -4, 3.2Y ¥+ 25P -14,57 3,+5P 35Ps 2pPC -14,PC nX n.SP
8b const b const post-inc Ab const 5b const pre-inc post-ing 8b const 5b const pre-nc posting 5b const 8b const 16b const [ 180 const
03 13 33 43 53 63 T3 B3 93 A3 C. [vE] F3

3% -13.x 4.5+ 3y -1 4.:Y 4¥+ 3,5P -13,57 4,:5F 3,PC -13,PC [n,X] [n,5P]
5b const | 5b const post-ing 8b const  |Sb const pre-inc posi-ing 5b const (5o const pre-inc Sbconst  [5b censt 16b indr 18k indr
04 14 4 44 54 64 T4 B4 o4 Ad G4 04 E4 F4

4.3 -12.x 5xs 4y -12,7 5.4Y 5Y+ 4.5P -12,57 §+5F 4PC -12,PC AN a5P
5b const | Sb const post-inc 8bconst  5b const pre-inc post-ing 5b const  5b const pre-inc 5b const
0% i 25 IE 43 3 [l TS ED o5 A5 [+

5% -11.x% 8,+x 6= 5Y =11 .Y B+ 55P -11,57 6,+35F ; 5,PC
5b const 5b const pre-ing post-inc G const 5b const pre-inc post-ing 5b const Sl const pre-nc post-ing Sb const
08 16 28 36 48 56 68 BB o8 AB B Ci

6.% -10,% T4 Ts 6,y 10,7 T.2Y 6,5P -10,5F T+5F T.5Ps a.PCc
Sbeconst  |Sbconst  |pre-ing post-ing 8b const  |Sb const pre-inc 5b const (5o const pre-inc posi-ing 5b const
07 7 27 kN a7 =7 g7 EV o7 AT BY [*¥}

TX -8.x a.+x BXs 7Y =8 a.sY T.5P —BSP B+5P 8.5P+ 7.PC
8b const 5b const pre-inc post-inc Ab const 5b const pre-inc 8b const 8b const pre-nc posting Sb const
08 18 28 3B 43 5B 63 1] o8 AB B C8

8.x -8.xX RS B.X- 8.y -8 a-v \ B.SP -B.2P 8-5F 2.5P- a.rPC -8PC nPC
Sbconst  |Sbconst  |pre-dec post-dec | 5bconst  |Sb const pre-dec posi-dec  [Sbconst  |3b const pre-dec posi-dec  [Sbconst |30 const 9b const
o8 10 29 E] 40 =] 69 e B9 o8 AD B2 ce [sF] Fa

a8.x -T.X T-X TH- ay =7 T Y- BEP -7.5P T-5P 7.5P- 8,PC —7.PC -nPC
Sbconst  |Sbconst  |pre-dec post-dec  |Sbconst  |Sb const pre-dec post-dec  [5bconst |5k const pre-dec fb const (5B const Ob const
0A 1A pI) D ) ) [ TA BA BA AR CA ) FA

10X -8.X 8,-x 63— 10,Y -6 8- 6,Y- 10,57 -6,5P 6.-5F 10.PC -8,PC s nPC
Sl const 5b const pre-dec post-dec G const 5b const pre-dec post-dec 5b const Sl const pre-dec Sb const S const 16b const [ 180 const
GE] B 3] EE 4| ] [E] 7B ) EE] 2B ca OB = B

1% -5 5% 5 ¥ 1Y -5 5-Y 5.Y- 11,5P -55P 5.-5P 11,PC -5,PC [n¥] [nPC
5b const Sb const  |pre-dec post-dec | Sb const 5b const |pre-dec post-dec  [5bconst |5k const pre-dec fb const (5B const 16b indr 180 indr
oC ¥ 2C 3C qc &G [:[+] TC EC oC AC CcC [3]#3 EC e

12X £ X 4K 4 ¥- 12Y =4 4-Y 4.¥- 12,5P —4.5P 4-5F 12.PC —4PC AN APC
8b const 5b const pre-dec post-dec Ab const 5b const pre-dec post-dec 8b const 5b const pre-dec Sb const 8b const A& offset & offset
[13] 0 2D ElN] 4D 1] 6D TD ED gD AD C [3]e] E FC

13.% -3.x - 30— 12¥ -3 3-Y Y- 13.5F -32P 3-5F 13.PC -3,PC B.Y B.PC
5b const Bb const  |pre-dec post-dec | 5bconst | 5b const pre-dec post-dec  |5b const |5 const pre-dec post-dec  [5bconmst 5B const B offset B offset
0E 1E Z2E 3E 4E SE E TE EE 9E AE BE CE DE E FE

14X -2X 2-X 2%~ 14Y =2 2-Y 2¥- 1459 -25P 2-5p 25P- 14 PC -2PC oy D.PC
5b const Bb const  |pre-dec post-dec  |Sbconst  |Sb const pre-dec post-dec  |5bconst  [5b const pre-dec post-dec  Sbcomst | 5b const D offset D offset
oF T F F = EF 3 7F EF oF AF BF CF OF E FF

16,5 -1.x 1% 1.5~ 5Y -1.¥ 1.-¥ 1.¥- 15.5F -1.2P 1.-8F 15P- 15.PC -1PC 0.Y] ID.PC]
Sl const Sb const pre-dec post-dec G const 5b const pre-dec post-dec Sk const Sl const pre-dec post-dec Sb const S const D indire: D indirect

Key to Table A3
posthyte (hex) \\‘
B0
#REG te— source code syntax
b type

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

TRANSFERS
LS MS= 0 1 2 3 4 5 6 7
0 A=A B A CCR=A TMP3, = A B A ¥ A Y = A SPL=A
1 5= B B=B CCR=B TMP3 =B B=B % =B ¥ =B SP =B
2 A= CCR B> CCR CCR=CCR | TMP3 =CCR | B=CCR | ¥ =ccR | v =ccrR | sp =cCR
3 sexch = TMP2|sexB = TMP2|sexccr = TMP2| TMPI=TMP2 | D=TMP2 | x=TMP2 | v=TmP2 | sP=Tme2
sex A =D sexB=D sex:CCR=D .
4 SEXAD SEXBD SEX CCRD TMP3=D D=D XxX=D Y =D SP=D
seh =X seB = X sex.CCR = X . | =
5 SEX AX X B oe CoR TMP3 = X D= X FES ¥ =X SPo X
seh =Y sexB =Y sex.CCR =Y
. . -
6 SEX AY SEXBY SEX CORY TMP3 =Y D= =Y ¥ =Y SPoY
send = 5P sexB = SP a2 CCR = 5P
TMP3 = SP D=SP K= SP ¥ =SP SP=SP
7 SEX ASP SEXB,SP SEX CCR,SP == = =
EXCHANGES
lLs MS—= 8 9 A B C D E F
TMP2_ = A B=A % = A L= A SP A
A
0 ahada B=a CCR=A 5004 = TMP3 A=B s00-Aa=¥ | soma=vy | S00:ASP
TMP3, =B BE=B ¥ =6 Y =B SP =B
1 h=B B=B CCR=B SFEB = TMP3 SFF = A SFFB=x | sFFB=v | SFFE=5P
. TMP3 —CCR | B=CCR | % —CCR | ¥, —=CCR | SP_—CCR
2 A= CCR B~ CCR CCR=CCR | ser.com = TMP3| s7F-cor = b | sFF-ccr = x| seF-cor = v |sFeccr = 50
500:4 = TMP2[300:8 = TMP2|300:cCR = TMP2 ) 1. .
3 TMFL, DA | TWRL, DB | TMP2, Scer | TMPSSTMPZ [ DSTMR2 | X TMP2 | Ve TMR2 | SP o TMR2
SOD:CCR=D
" ; _ , ap —
4 $004=D | S00B=D B o CoR TMP3 = D D=D XD YD SP=D
s0A=X | S00OB=x | S00CCR=X ) ] )
TMP3 = X De=X K= X Y= X SP = X
5 X S A X o8 ¥ = CCR - - - -
S00:A=Y | SD0OB=Y | $S00CCR=Y . . .
6 DA =B VL= ooR TMP3 = DeY Ky ' SP =Y
500:4=SP | S00B=SP | S00CCR=SP . e - e o =
7 g .5 <P, = CCR TMP3 = SP D=SP X < 5P Y < 5P SP <= SP

TMPZ and TMF3 registers are for factory use only.
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Table A-6. Loop Primitive Postbyte Encoding (Ib)

o0 Al1o A 20 A 30 A 4o Alsa A ED N ] Al Bo A @0 A &D | Bo
DEEQ | DBEQ | DBME | DBNE | TBEQ | TBEQ | TBNE | TBME 8EQ IBEC BME IBNE
(4] ] (2] = (] ) [+] | [+] ) ] -
o Bl B = E1ED B[ a1 Bl=1 B & El KL B et Blm B[ &1 HEL
DESQ | DBEQ | DBME | DBNE | TEEQ | TBEQ | TBME | TBME BEQ IBEC BNE IBNE
4] = (4] ) (] H [+ - [+] B [+] -
o2 12 ] 7] 4z 52 [ T2 [E ] Az Bz
] 13 =] EX] a3 = =] T3 B3 FE] &3 5]
] o= T =a o= I ET] U= ) 1] ) T ea [ ) | Ae O[5
DBEQ DBEQ DBME DBNE TBEQ TBEQ TBHE TBMNE BEQ IBEC BME IBME
(+1 = (] . [ ) [+ | [£] i [+ |
[ A B KNS A ES A ED E3 G TS W[ es o S 43
DBEQ DEEQ DENE DENE TEEQ TBEQ TENE TBMNE BEQ IEEC BME IENE
(4] ] (2] = (] = [+] | [£] ) ] -
] T8 K GES R UES ) Vil EG U S ¥ | RE TEE
DBaE0 DBEQ DBME DBNE TBEQ TBEQ TBME TBMNE BEQ IBED BME IBME
i ] i1 ) i - [ - [+1 w [+ i
o7 BF [T B EF |37 B a7 EF =7 | er 5 1l G 30 T R &7 i =
DBEQ DBEQ DBME DENE TBEQ TBEQ TENE TBME BEQ IBECH BME IENE
(+] ] (2] ) (2] = [+ = [+] ) ] -
Key to Table A6
gnsﬂ:fg.rbe (he) - - counfer ussd
(bit3 is don't care) “wg, 4w
BEQ
.r( -
branch condition ™ “--. sign of 9-bit relative branch offset
}lﬂwer aight bits are an extension byte
ollowing postbyte)
Table A-7. Branch/Complementary Branch
Branch Complementary Branch
Tast Mnemiznic Opcode Boolean Test Mnemonic Opcode Comment
r=m BGT ZE F+[MNEV)=0 rm BLE aF Signed
rm BGE 2C MEV=0 r<im BLT 20 Signed
r=m BEQ v I=1 r#m BME -1 Signed
r=m BLE 2F Z+(MEBV)I=A [E] BGT 2E Signed
r<m BLT 20 NEWV=1 rEm BGE 2C Signed
r=m BHI 22 C+Z=0 r<m BLS 23 Unzigned
rm EHS/BCC 24 C=0 r<m BLOVBCS s Linsigned
r=m BEQ rg I=1 r&m BME 26 Unsigned
r<m BLS 23 C+i=1 = BHI 22 Unsigned
r<=m BLOVBCS 2% C=1 rEm BHS/BCC 24 nsigned
Carry BCS 25 C=1 Mo Camy BCC 24 Simple
MNagative B 2B N=1 Plus BPL 28 Simple
Owverflow BVS 29 V=1 No Overflow BVC 23 Simple
r=0 BEQ ar I=1 r=0 BME 26 Simple
Always BRA 20 — [ewar BAM 3| Unconditional
For 16-bit offsat long branches precede opcode with a 518 page prabyte.




