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HC12 Addressing Modes
o Inherent, Extended, Direct, Immediate, Indexed, and
Relative Modes
o Summary of MC9S12 Addressing Modes
o Using X and Y registers as pointers
o How to tell which branch instruction to use

Instruction coding and execution
o How to hand assemble a program
o Number of cycles and time taken to execute an
MC9S12 program

The MC9S12 has 6 addressing modes

Most of the HC12’s instructions access data in memory
There are several ways for the HC12 to determine which address to
access

Effective address:
Memory address used by instruction (all modes except INH)

Addressing mode:
How the M(C9S12 calculates the effective address
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HC12 ADDRESSING MODES:
INH Inherent
IMM Immediate
DIR Direct
EXT Extended
REL Relative (used only with branch instructions)

IDX Indexed (won’t study indirect indexed mode)
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The Inherent (INH) addressing mode

Instructions which work only with registers inside ALU

ABA
18 06

CLRA
87

ASRA
47

TSTA
97

The HC12 does not access memory

There is no effective address

0x1000

17

35

02

4A

c7

0x2000

;Clear AO - A

; Arithmetic Shift Right A

:AddBto A (A)+(B) - A

; Test A (A) — 0x00 Set CCR

18

06

g7

47

97
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The Extended (EXT) addressing mode

Instructions which give the 16—bit address to be accessed

LDAA $1000

B6 10 00

LDX $1001

FE 10 01

STAB $1003

7B 10 03

£ ($1001:$1002) — X
Effective Address: $1001

; (B) - $1003
Effective Address: $1003

£ ($1000) — A
Effective Address: $1000

Effective address is specified by the two bytes following op

code

0x1000

17

0x2000

35

02

c7

B&

10

0o

FE

10

01

7B

10

03
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The Direct (DIR) addressing mode

Direct (DIR) Addressing Mode
Instructions which give 8 LSB of address (8 MSB all 0)

LDAA $20 : ($0020) - A

96 20 Effective Address: $0020
STX $21 (X)) - $0021:$0022

5E 21 Effective Address: $0021

8 LSB of effective address is specified by byte following op code

0x1000 0x0020( g

17 A B
35 20
X
02 5E
4A 21

c7
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The Immediate (IMM) addressing mode

1§17 - A

Effective Address: PC + 1

;(}\) *'EBOf\ - A

Effective Address: PC + 1

Effective address is the address following the op code

0x1000

17

02000

0z

4n

c7

86

17

B

oA
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The Indexed (IDX, IDX1, IDX2) addressing mode

Effective address is obtained from X or Y register (or SP or PC)
Simple Forms

LDAA 0,X ; Use (X) as address to get value to put in A
A6 00 Effective address: contents of X
ADDA5,Y ; Use (Y) + 5 as address to get value to add
to

AB 45 Effective address: contents of Y + 5

More Complicated Forms

INC 2,X- ; Post—decrement Indexed
; Increment the number at address (X),
; then subtract 2 from X

62 3E Effective address: contents of X
INC 4,+X ; Pre—increment Indexed
; Add 4 to X

; then increment the number at address (X)
62 23 Effective address: contents of X + 4
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Table 3-1. M6BHC12 Addressing Mode Summary

Addreszing Moda Source Format | Abbreviation Dascription
INST
Inharant {no extamally IMH Operands (if any) are in CPU registars
supplied cperands)
immediata IMST;':J‘:"'-H MM Operand is i!'nc:I!JI:Ia_d in _instruu:tic-n stream
INST #00r16i 8- or 16-bit =ize implied by context
. Operand i=s the lower 8 bits of an addrass
Diract INST cpr2a DIR in the range $00 00FF
Extanded INST apriga EXT Operand is a 16-bit address
Relative INE’;'@'IS AEL An_ &-bit ar 113-_I:|'rt rel;m'va u::-flfset from the current pc
INST rali6 iz suppliad in the instruction
Indexad 5-bit signed constant offzat
(5-bit offset) INST opr5,xysp DX from X, Y, SP, or PC
Indexad
(pre-dacramant) INST oprx3—xys DX Auto pre-decrament x, vy, orspby1 - 8
Indexad '
(pre-incrament] INST oprx3+xys 1D Auto pre-increment x, v, orspby 1 -8
Indexad
(past-dacrement] INST oprx3xys— 1D Auto post-decrement x, v, orspby 1 -8
Indexad .
(post-incrament) INST oprx3.xys+ 1D Auto post-increment x, y, orspby1 - 8
Indexad Indexed with 8-bit (A or B) or 16-bit (D)
(accumulator offsaf) INST abd.xysp DX accumulator ofizet from X, ¥, SP, or PC
Indexad 2-bit signed constant ofizat from X, Y, 3P, or PC
(9-bit ofizat) INST oprd,xysp DX ({lowar & bits of offzet in one cdension byta)
Indexad 16-bit constant offset from X, ¥, 5P, aor PC
{16-bit offsat) INST oprc16,xysp DXz {16-bit offset in two extansion bytes)
, Pointer to oparand is found at...
"‘E‘:;‘Eﬁ '{'j';g'gf']“t INST [opretEayso] | [IDX2] 16-bit constant offsat from X ¥, SP, or BC
{16-bit offzet in two extansicn bytes)
Indexed-Indiract INST [D I [D.1DX] Pointer to operand is found at...

(D accumulator offsef)

X, ¥, 8P, or PC plus the value in D

Different types of indexed addressing modes
(Note: We will not discuss indirect indexed mode)
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INDEXED ADDRESSING MODES
(Does not include indirect modes)

Lﬂﬁ@ﬁ:i"ﬂ' vale in X Feqisters

Examle Aidross Off=sat After Done To Uss
Omstant Offsat IAA nX (X+n 0 to FFEF &0 X Y, S, BEC
Omstant Offsat IDAA —n, X (¥)-n | 0 to FFEF &0 X Y, S, BEC
Postincranent LOAA n, X+ (WA l1to8 (X)+n X Y, =
Proarncnoment: IR N, +X (X)+n lto 8 {(X)+n X ¥, 5
Postdecranant IR n, X (X lto 8 (X)—n X ¥, 5
Predbcroment: IR n,—X {(X)—n lto 8 (X)—n X ¥, 5
NI Offset IDAA A, X +RA) | 0o X X, Y, SB, EC

IDBA B, X (X)+(E) | 0 toFF

ID&A D, X ()+([D) | 0 to FEEF

The data books list three different types of indexed modes:

e Table 3.2 of the S12CPUV2 Reference Manual shows details

« IDX: One byte used to specify address

— Called the postbyte
— Tells which register to use

— Tells whether to use autoincrement or autodecrement

— Tells offset to use
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» IDX1: Two bytes used to specify address
— First byte called the postbyte
— Second byte called the extension
— Postbyte tells which register to use, and sign of offset
— Extension tells size of offset

« IDX2: Three bytes used to specify address
— First byte called the postbyte
— Next two bytes called the extension
— Postbyte tells which register to use
— Extension tells size of offset
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Table 3-2. Summary of Indexed Operations

Postbyte Eg::f Comments
Code (xb) Syntax m;00=X,01=¥,10=5P,. 11 =PC
o d 5-bit constant offset n = —16 1o +15
minnnm n,r r can specify X, ¥, 5P, or PC
-
Constant offset (9- or 16-bit signad)
. z- 0= S-bit with sign in LSB of postbyis(s) —256 = n =265
111mlzs —rLr 1 = 1&-bit -32 768 < n < 65,535
ifz=g =1, 16-bit ofisst indexad-indirect (see balow)
rcan specify X, Y, 5P, or PC
11101 1 16-bit offsst indexed-indiract
r [nr] m can specify X, ¥, SF, or PC _32 768 < n < 65,535
Auto predecrement, preincrement, postdecrement, or postincremsent;
p = pre-(0) or post-{1), n=—8 o -1, +1 to +8
r can specify X, ¥, or 5P (PC not a valid choica)
n,—r n+7 +8=0111
el prinnn nJs—
n,r+ +1 = 0000
-1=1111
8= 1000
Aeccumulator offset (unsigned B-bit or 16-bit)
az-00=A
Ar _
111rrlaa B.r e1=8
D‘r 10 = D | 16-kit)
) 11 = sea accumulator O offset indexed-indiract
rcan specify X, Y, 5P, or PC
Accumulator D offset indexed-indirect
i 0.1l r can specify X, Y, SP, or PC

Indexed addressing mode instructions use a postbyte to specify index
registers (X and ), stack pointer (SP), or program counter (PC) as the base
index register and to further classify the way the effective address is formed.
A special group of instructions cause this calculated effective address to be
loaded into an index register for further calculations:

» Load stack pointer with effective address (LEAS)
+ Load X with effective address (LEAX)
« LoadY with effective address (LEAY)
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Relative (REL) Addressing Mode

The relative addressing mode is used only in branch and long
branch instructions.

Branch instruction: One byte following op code specifies how far
to branch.

Treat the offset as a signed number; add the offset to the address
following the current instruction to get the address of the
instruction to branch to

(BRA)2035 PC+2+0035 - PC

(BRA)20C7 PC+2+FFC7 - PC
PC +2 - 0039 - PC

Long branch instruction: Two bytes following op code specifies
how far to branch.

Treat the offset as an unsigned number; add the offset to the
address following the current instruction to get the address of the
instruction to branch to

(LBEQ) 1827 02 1A If Z == 1 then PC + 4 + 021A - PC
If Z==0then PC+4 - PC

When writing assembly language program, you don’t have to
calculate offset. You indicate what address you want to go to, and
the assembler calculates the offset
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ADDRESSING MODES
Effective
Hame Example Op Ceode Address
INH Inherent ABA 18 086 Hone
IMM Immediate LDAR #3535 86 35 PC 4+ 1
DIR Direct LDAR 535 96 35 0x0035
EXT Extendad LDAAR 52035 BE 20 35 0x2035
IDX Indexed LDAR 3, X Ae 03 X+ 3
IDX1 LDAR 30,X A6 E0O 13 X + 30
IDX2 LDAR 300,X A6 E2 01 2C X + 300
IDX Indexed LDAR 3, X+ A6 32 X (X+3 -> X)
Fostincrement
1DX Indexad LDAA 3, +X A6 22| X+3 (X43 —> X)
Preincrement
1DX Indexad LDAA 3, X- A6 3D X (X-3 —> X)
Postdecrament
1DX Indexad LDAA 3, -X A6 2D X-3 (X-3 —> X)
Predecrement
REL Relative BERA 51050 20 23 FC + 2 + Offset
LERA 51F00 18 20 0OE CF PC + 4 + Offset
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)
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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.

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

Idaa 0,x
inx

or
Idaa 1,x+



Electrical Engineering

New Mexico Institute of Mining and Technology

EE 308 Spring 2014

Data Address

table |____ 0c____. $1000
TA 51001

""" D5 | $1002

""" 00 | %1003

| _g1____| $1004

62 51005

g3 | $1006
T $1007

table:

org

de.

dc:
de.
de.

crooo o

51000
12,122,-43,0
r ai‘

fbf

r c:

i'di'
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Which branch instruction should you use?
Branch if 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
C6ii.)

Table A.1 of 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 Operation Mo Coding fhax} s MEaCE SEHI |HIVE

LBET =hie Long Bench if Greator Than AEL |18 2E qg rr CFEFRSaRD orrpioenT| ———— | ———-
[ I+ N @ V) =0) [signad)

LBH mhig Long Branch il Highar AEL |18 22 gqg rr cerr Sl LI [—— ——
{C+ T = ) [unsgnad)

LBEE mhe Long Baanch il Higharor Sama HEL |1B 24 gg rr cerRlapo arrpioent| ——-— | —-—-
H €= 0] jursigrae]
sama function as LBCC

LBLE mhi8® Long Beanch i Lass Than or Fgunl AEL B IF qg rr caFRarat arPrioeet| ———- [ -———-
F T (N @ V) = 1) fsigrad)

LBLOmhe Long Beanch if Lowar AEL |18 2= gg rr CEFRiaro arprioen’| ———= [ ———=
i C'= ] fureigrad]
same fupcfon s LOCE

LBLE mH @ Long Beanch if Lower or Sama AEL B I3 qg rr CEFRiar’ [ELETTEE o [— R—
{C+ T = 1) [unsgned)

LBLTmhe Long Branch d Lass Than HEL |18 2Dxgg cc CFFRSan arepioeet| ———— | ————
AHE W - 1] sgnad]

LBul =42 Long Beaanch i Mines [{ N = 1] HEL |18 2B gg rr orrpioenT| ———— | —-—-

LBKE she Long Beaanch i Mot Equal [{ 7= 0 AEL |18 26 gg rr orrpioenT| ———— | ———-

[: T Long Banch i Plus [F =0} AEL |18 2A gg rr orrpioenT| ———— | ———-

LBRA mha Long Beanch Alwawys i t=1] AEL |18 20 qg rr amF| ——== | ===

LBRN =18 Long Baanch Mawor [f 1 = 0 AEL |18 21 qg rr | ———— [ ————

LEWC mhe Long Banch if Owarfioe Bit Claar [ =0} AEL |1B 28 qg rr arprioen’| ————= [ ———=

LBVE mhg Long Baanch il Owarfiow Bit St (i V= 1) AEL |18 29 qg rr arprioen’| ————= [ ———=

LOWA 2op. o) = & T EEE ) JE—

LOwA qpros L] encurradaior & OIR 9 od iy

LDwA g Sa EXT HE b 11 T

LD oo _xpsp I |Re xb cfF

LD et s IDXs  |Re xbv £f

LD ot & s D2 |ke xb e £f

LDwa [D. e [DIDY |AE xb

L[MIEI,'.‘H“&!I]E‘D] JO] |RE xb e I

LDAR sopeg M) =B INW 11 ¢l ————|aAaan-

LDAE qers Load Accurrulaior B OIR o o

LDAE qorfSs EXT bh 11 T

LDAE qpoed_xpsp 0% xb of 7

LDAE gt xpsp [x: ) xb T oFD

LDAE goon £ xsp |00z xb e If Ecyw

LOaB ] [DUD x Er

LDAE foyonris ass] o] xb e If 3

LDD gosprigi M) = B (7] 1] kk o -———— | AAD-

LED s Load Doutds Accumdator [ [A:H) CiA a4

LD i EXT bh 11

LED gl xpsp 0% xb

LDD oot [ o I

LED%-:E% |00z xb e If

LD ] [0 xn

DD et G xpse] arocs] xb oo £f
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Table A-1. Instruction Set Summary (Sheet 3 of 14)

Sowrco Form Dporation Mad Codineg fhar) T EauCE: SXHI|NIVC
B ek Banch i Lower or Sama REL |23 rr FETP el ———— [ ———-
G+ 2= 1) usgrac)
BlTslz Branch f Lass Than REL |zD rr PR B Y
FM 2V = 1] jsanad
=L Beznch if Mines [N = 1] HEL |zE rr ——— | -
ENEmE Brmnch if Mot Equal [FZ- 0 REL |26 rr e
BFL ek Beznch if Plus (i N =) HEL |zA rr FERP ——— | -
BAs ke Beanch Alwys [F 1 = 1} REL |zo rr TR —— | —
BACLH oprae, mske e Beanch if (M} -&1111|-l] DR |4F od mm rr rTTR —— | —
BACLA oprifs, msks, ml8 Hal itfs| Cloar) EXT |1F hh 11 mm rr  |cfrep
BACLH opned s msks, mlg I{ |OF xb mm rr TITR
EACLA ool xpzn, sk i I |OF x= ff mm T |<EFep
BACLA ogoris xysp, msks, e IDNz |OF xb oe £ mm rr|Feirer
EAh e Branch Newor [F 1= 0} REL |21 rr < —— | —
BASET oo msks, e ; - DR [4E 0d mm rr rTTR —— | —
BASET qorit, msks, mi Bearch f (W) « from] -0 EXT |1E hh 11 mm rr  |cfrep
[ all Solactod Hifs| Sot} N -
BRSET qpoed xpsp, msks, =l I |0E xt=m r= cFTE
BASET qoodl nap mske, 2 IDNt |DE xt If mm rr  |rEpop
BASET quorid nysp, msks mlE Iz |OE xb &= Ef mm rr|Fcieer
BSET oped, msks [M] + jmen] =+ M DR |[4Cam T3 ----|Aan-
BSET qpri 8, msks Sel Bitls) in Mamory EXT |1C bh 11 mm o7
EEET ool _xymp, mske IDM |oC xz=m r7
BSET qpoed nysp, msks IDN: |OC b IT mm Tt
BSET gpor! € xysn mske DNz |OC xt e £f mu | frPwro
B il LSPl-! w 5P, AN ATHL = Mzpzp, ) AEL |07 =x STTR ] [ p—
ebroeting addrass = FC '
Branch in Subruting
=0 Branch i Owerfiow Bit Claar [if ¥ = ) REL |z8 rr FER P —— | —
=0T Beanch i Owerfiow Bit 5ot (f ¥ = 1) REL |z9 rr FER P —— | —
Call gorigs, pege BP) = 2wk 5P, HTMeyATHy =t MzpMep, EXT |4A hnh 11 pg gnESaPPP| ==== | ====
CALL gooed wpsp, pege o] -1 :-E-F‘:-FPE-!: :-ﬁ;p.' ! ! ID{ |4E xt pg gnESErFT
CALL g nysp, page pg =+ PPAGE rogsier; Frogrom addrss = PC IDK: |4E xb fF pg
ML%':EMN& Iz |4E x>z &= £f B3
CaLL 0 xpsp| Call sebrowting in ariandad memory [DI0Y] |4E xn
CalLL fgport g xpsp] [Program may be inmtod on another jDNz] |4E b ea £1 Erignsarrr
SNpRSOr TIRTONY PO |
Indirect modss. oot program addrass
and new pg valus basard on poiniar.
CHy Lﬁl--:ﬂ:l IKH |18 17 oo o] ——- |AAAA
Compars B-5i Accumulaiors
[=T o=C INN |10 FE 7 e
Trrslsie b ANDCC #FE
cu o=+ INN |10 EF T i ---0] ==
Towslsies b ANDCC HEF
|snaidas hit inarmupis]
CLR goriss o= M Cear Momory Location EXT |79 bn 11 Tl wow| ————| 0100
CLA gooed xpsp 1D |69 x= e P
CLR gpuo xysp IDN: | &9 o ff T Pl
CLA qponig nsp DNz |69 xb e E£1 T P
CLA D xsg] DD | &9 == 71w rEw
CLR oo Sy j0ea] | &9 xb ca £ 71w PP
CLRa Db By Clear Apcumuisior & IKH | &7 o o
CLAB o= B Cear Aocumuisior B IKH 7 o o
[=1] BV INN |10 FD 7 il —=--]--0-
Tarslsles b ANDCC #3570

Mols 1. FPRP indicalzs s nsiruchon inkas thres opdies o refill Fae insinsciion queus i Fa branch is takan ond ona program feich opdio § the branch s not nkan.
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Table A-1. Instruction Set Summary (Sheet 4 of 14)

. Mzchira Acoeas Detal
Sourco Form Operation Coding fhar) s HEINC SEHI|HIVC
CHPE sqesi (3 - 11 7 Pl =————|AAAA
CHPE o Compars Accumuisior B wif Memony aa 7 E cEF
CMPE oprics hn 11 0 oF
CMPB oo ysp xn r7E o7
CMPE oot s xo It PO 7T
CMPE opons nep I oee If ErFw Erew
CMPE [Donsg xn 38 ExEcEr
CMPE |qeonis ep] xb em £f ErFepi ExvcEr
DOM qpriss m «M ﬁﬂh"llﬂﬂ"F-M ] bnh 11 T Tl W] —=—= | AADT
COM ool xysp | hu ! xn rTw oW
coal s 1's Complamant Mamery Location g i iy
oM A5 apmp xh ea Ef Exrpud ErFrw
jﬁ:‘l‘]ﬁd xh Fricrw ExEchw|
ICOM ] & ] fl=+A  Complament Aocerusior & xh ea ff FIFeiw Expciw
OO o o
COME [ =8  Complment Socumulsicr B - -
CPDagpng |- (MMa1) ] ki PO op| =---|AaA 4
CPD e ..nri:l.r[:ll:lbuwnp'yha-ﬁﬂ éa mrf REF
GPDgpri G hn 11 Ll o
CPD qooed_xpsp xn nrf RET
] xb ff Bre =T
CPD g g xh em Ef Fare ErFT
CPD :Jll:mpI DI [AC xb ETERpE ExERER
CPD foporic xpsp] i |AC xnoem £f ETFRpE ExrrEr
CPEeqrid [3F] - (ML) INM | 8F ] kk PO oF| —---|aana
CPEopss Comparo 2P o Mamory || 1e-Bit) DR |9F oa e =7
CP3ogrica EXT |BF hh 11 nro 7
CPEopnd_ xsp I |AF xn urf mET
CPE oo s I |RAF xbo IX Bro =T
GPE oS aysp IZ |AF xb ee £f Enre Erpy
CPE [0 pmp] [DIDY] |AF xn FrERpE ETERER
cP3 45wy ] |AF xooem £f Ermmps ExpREr
CPX el ] - MR INN |BE 1] kk O oF| ———— |AA&A
CFX opress Comparo X o Mamory | 52-Bit) DR |2E oa v =EF
CPX oprics EXT [EE hh 11 RFT o
CPXopd msp I |AE xb mrf =7
P oy wymp IOX: (RE xn tf BFo C
CPX oo xysp ID2 |AE xb e= If ERse ErFT
Eﬁﬁm [DIR] |AE x=n FLERPE ETERER
X fponts sysg O] |AE xm ee £t FIPRpE ETPREF
CPY aqrl G — WERLH] MW |&8D 11 kk = or| ——- [aaaa
CFY oyrss m....Tpm'l’l:Hmm-"a-Ei‘: OF |90 @a nrf RET
CPY oprics EXT (BD Bh 11 nre o
G o I [0 xo urf =T
Cﬂmnﬁ IO |AD xb £X Bro =T
CPY oo xysp Iz |AD xo oee £f ERse ErFT
CFY [Dnsp] [CIDN] |AD xo Frinps ExEREF
crY 45wy joe] |AD xooem £f Ermmps ExpREr
[ Az Bum 1o BCD KH |18 o7 oED ofe| ———— [4ATA
Docimal Adfes! Aooumuinior &
DEED shdvps, o — fl=b o AEL |04 1b rr 777 (koamch mr| -———-| -——-—-
m:l-b.lmhm o 770 [na
sbsg Contines 1o most metrocbon branch)
Deoramant Counler and Branchid = 0
jonir=a, B, 0, X, ¥, or 5F)
DHKE ablnys, P ~ 1 = onir HEL |04 1b T FT [beanch | e |
P}?‘Mnﬂl-ﬂ.l‘mh’dt (ot FF0 [no
sbsg Contines 1o most metrocbon branch)
Dooramant Counter and Branchid » 0
forir= A, B, 0, X, ¥, or 5F)
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MC9S12 Cycles
* 68HC12 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 MHz) 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 S12CPUV2

Core Users Guide.

— 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 S12CPUV?2 Reference Manual explains
what the MC9S12 is doing during each of the different types

of CPU cycles.

2000 org $2000 ; Inst  Mode Cycles
2000 C6 0A Ildab #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

How many cycles does it take?
How long does it take to execute?
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The program executes the ldab #10 instruction once (which takes
one cycle). It then goes through 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 Losa8 LDAB

Operation (M= B
ar
imm = H

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

CCR
Effects 5 X H I H Z WV C
HEEERRERE
M: et f M58 of result Is s&t; cleared othenwise
Z: Sef I result s $00; cleared omersse
W Cleared
Code and
CPU Address Machine
Source Form CPU Cycles
Cycles Mode Code {Hex)
LOAE SagrsT 1M e il B
LDAE v DIR De dd rPE
LOAE ooria EXT F& hh 11 rBPo
LDAB opml_xysppe 10X EE xh rBf
LDAB oyres, xysope 101 EE xh £f rBo
LOAE oprx 15 yepoc D2 EE xb ee £F frFP
LOAE (D xyenpd] [ZICX] |z xb fIfrPE
LOAE [opri £, xyE0pc] [0z EE xb ae £f fIFTPE
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CLRA CLRA

Operation: 0= A

Description:  All bits in accumulator A are cleared to 0.

S X H I N Z VvV C
CCR Details:
[-l-1-1-Jefr1[ofo]

0; cleared
1; set

0; cleared
0; cleared

OsSNZ

Access Detail

Address Object Code

Source Form
Mode HCS12 MEBHC12

CLRA INH 87 a a
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DBNE

Decrement and Branch if Not Equal to Zero D B N E

Operation:  (Counter) — 1 = Counter
If (Counter) not = 0, then (PC) + $0003 + Rel = PC
Description:  Subtract one from the specified counter register A, B, D, X, Y, or SP. If the
counter register has not been decremented to zero, execute a branch to the
specified relative destination. The DBNE instruction is encoded into three
bytes of machine code including a 9-bit relative offset (—256 to +255
locations from the start of the next instruction).
IBME and TBME instructions are similar to DBNE except that the counter is
incremented or tested rather than being decremented. Bits 7 and & of the
instruction postbyte are used to determine which operation is to be
performed.
§$ X H I N Z VvV C
Access Detail
Source Form Address Object Codel!
Mode HCS12 MEBHC12
DEMNE abdxys, reld REL 04 1b rr PEP/FPPD PPP

1. Enceding for 1b is summarized in the following table. Bit 3 is not used (don’t care), bit 5 selects branch on zero (DBEQ — 0}
or not zero (DBME — 1) versions, and bit 4 is the sign bit of the 8-bit relative offset. Bits 7 and & would be 0:0 for DBNE.

Count Bits 2:0 Source Form Object Code Object Code
Register (If Offzet is Positive) | (If Offset is Negative)
A Do DBEMNE A, rel9 04 20 rr 04 30 rr
B 001 DBMNE B, rel9 04 21 rr 04 31 rr
D 100 DBME v, reid 04 24 rr 04 34 rr
X 101 DBMNE X, reld 04 25 rr 04 35 rr
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SWi Software Interrupt SWi

Operation: (SP)— %0002 = SF; FTNy: RTN, = {M{SF] . M':SP"'”}
(SP)— 30002 = SP; Y YL = {M{SP] . M{5p+1 ]}
(SP)—$0002 = SP; Xy X = (Mgp) - Migps1))
(SP)—$0002 = SP; B : A= (M(gp, : Migp.1))
(SP) - $0001 = SP; CCR = (Msp))
1=1
(SWI Vector) = PC

Description:  Causes an interrupt without an external interrupt service request. Uses the
address of the next instruction after SWI as a retum address. Stacks the
return address, index registers Y and X, accumulators B and A, and the
CCR, decrementing the SP before each item is stacked. The | mask bit is
then set, the PC is loaded with the SWI vector, and instruction execution
resumes at that location. SWI1 is not affected by the | mask bit. Refer to
Section 7. Exception Processing for more information.

] 5 X H | N Z V C
I: 1;set
Access Detail
Source Form A;dr:ss Object Code
ode HCS12 MEBHC12
SWi IMH iF vspsspssp ' vSpSspSspl)

1. The CPU also uses the SWI processing sequence for hardware interrupts and unimplemented opcode traps. A variation
of the sequence (VEFPF) is used for resets.



