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« HC12 Addressing Modes
« Instruction coding and execution
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
o How to hand assemble a program
o Number of cycles and time taken to execute an MC9S12
program

The HCS12 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

Addressing mode:
How the HC12 calculates the effective address

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 ;AddBtoA(A)+(B) > A
18 06

CLRA ;Clear A0 —> A

87

ASRA ; Arithmetic Shift Right A
47

TSTA ; Test A (A) — 0x00 Set CCR
97

The HC12 does not access memory

There is no effective address

0x1000 19 0%2000 18 a B
35 06
X
02 87
™ a7
o7 97
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The Extended (EXT) addressing mode

Instructions which give the 16-bit address to be accessed

LDAA $1000 ; ($1000) — A

B6 10 00 Effective Address: $1000
LDX $1001 ; ($1001:$1002) — X
FE 1001 Effective Address: $1001
STAB $1003 ; (B) = $1003

7B 10 03 Effective Address: $1003

Effective address is specified by the two bytes following op code

0x1000 17 0x2000 Bé A B
35 10
02 00 X
an FE
C7 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 ; (50020) — 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 17 00020 96 a B
35 20
X
02 SE
AR 21
c7
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The Immediate (IMM) addressing mode

Value to be used is part of instruction

LDAA #$17 :$17 = A

B6 17 Effective Address: PC + 1
ADDA #10 ; (A)+$0A — A

8B 0A Effective Address: PC + 1

Effective address is the address following the op code

0x1000 17 Ox2000 86 A
35 17
X
02 8B
AR OA
c7
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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

ADDAS)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

;Add4to X

; then increment the number at address (X)
6223 Effective address: contents of X + 4

I -4
] &L ]



Electrical Engineering

New Mexico Institute of Mining and Technology

EE 308 Spring 2011

Table 3-1. M6BHC12 Addressing Mode Summary

Addrassing Mode Source Format | Abbreviation Dascription
INST
Inharant {no axtamally INH Operands (if any) are in CPU registers
supplied cperands)
Immadiata INST;EWH MM Operand is included in instruction stream
INST #opr6i 8- or 16-hit size implied by context
) Operand is the lower 8 bits of an addrass
Diract INST opr@a DIR in e ranga $00 o0FF
Extanded INST apriga EXT Operand i= a 16-bit address
Relative INSL."Q.'S REL An &-bit or 16-bit relative ofiset from the current pc
INST ral16 is supplied in the instruction
Indexad 5-bit signed constant ofizat
(5-bit affset) INST oprx5,xysp IDX from X, ¥, SP, or PG
(o Inldgf;?mnh INST oprx3—xys 10X Auto pre-decrement x, y, orspby 1 -8
Indexad .
pre-increment] INST oprx3,+xys 1D Auto pre-increment x, y, orspby 1 - 8
[pusll-ljjdeixrzfnem] INST oprx3,xys— 1D Auto post-decrement x, y, orspby 1 -8
Indexad -
(postincrement) INST oprx3, xys+ 10X Auto post-increment x, y,orspby 1 - 8
Indexad Indexed with 8-bit (A or B) or 16-bit (D)
{accumulator offsaf) INST abaxysp DX accumulator offset from X, Y, 3P, or PC
Indexad 2-bit signed constant ofisat from X, Y, SP, or PC
(9-bit offzat) INST oprcs,xysp D {lowear 8 bits of offset in one cxtension byta)
Indexad 18-bit constant offset from X, ¥, SP, or PC
{16-bit offsel) INST opre? 6.xysp IDx2 {16-bit offzef in two extension bytas)
A Pointer to operand is found at. ..
"ﬁg‘ﬁﬂ'}g‘;‘}“' INST [opncigaysa] | [IDK2] 16-bit constant offset fram X, Y. SP, or PG
{16-bit offset in two extension bytes)
Indexed-Indirect INST [D ] [D,IDX] Pointer to operand is found at...

(D accumulator offsat)

X, ¥, 8P, or PC plus the valua in D
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Different types of indexed addressing modes
(Note: We will not discuss indirect indexed mode)

INDEXED ADDRESSING MODES
(Does not include indirect modes)

Eﬁﬁéﬂ:iﬂ vale in X FeciStars

Exarple Aikboss Offsct After Done To Use
Constant Offset A n,X {3 +n 0 to FFEF &0 ¥ Y, 58, BC
Constant Offset IAA —n, X {(¥)—-n 0 to FFEF 0 ¥ Y, 58, BC
Postincranent LIAA m, X+ {0 lto 8 (X4 ¥ Y, S
Proancromert IDAA 1, +X {(X)+n lto 8 (X)+n X Y S
Postdecranent IMAA N, X x) lto8 (X)-n X Y 5P
Predecrament IAA N, —X {(X)-n lto 8 {(X}—-n X Y, =P
A Offsst ICEA B, X H+&) | 0toEF ) X Y, S8, EC

IOAL B, X (X)+(B) | O toFF

IDAR D, X +D | 0 to FFEF

The data books list three different types of indexed modes:
* Table 4.2 of the Core Users Guide 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

* 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 S[(;:::a Comments
Code (xb) 5 x mM=X,0=Y,10=5P, 11=PC
o ! 5-bit constant offset n = —16 to +15
nnnmn nr r can specify X, Y, SP, or PC
—nr
Constant offset (9- or 16-bit signed)
rr z- 0= B-bit with sign in L5B of postbyte(s) —256 = n <2585
111mlzs —r;,r 1= 16-bit —-32,768 < n < 65,535
if z=8 =1, 16-bit offset indexed-indirect (see balow)
r can specify X, Y, SP, or PG
111 16-bit offset indexed-indirect
r [n.r]  can specify X, Y, SF, or PG 32,768 < n< 65,535
Auto predecrement, preincrement, postdecrement, or postinerement;
p = pre-(0) or post-(1}, n=—8 o -1, +1 fo +8
rcan specify X, Y, or 5P (PC not a valid choice)
n—f n+r +#=0111
i pnnnn nr—
nr+ +1 = 0000
-1=1111
8- 1000
Accumulator offset [unsigned B-bit or 16-bit)
as-00=A
11irrias B 01=8
D1r 10 = D [ 16-bit)
! 11 = sea accumulator D offset indexed-indirect
r can specify X, ¥, SP, or PC
Accumulator D offset indexed-indirect
Tt .1 r can specify X, Y, 5P, or PC

Indexed addressing mode instructions use a postbyte to specify index
registers (¥ and Y), stack pointer (SP), or program counter (PC) as the base
index register and to further classify the way the effective address is formed.
A =pecial 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)
o Load X with effective address (LEAX)
+ Load Y 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

BRA20C7 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 021A IfZ==1thenPC +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

0x1020 BRA $1030 : Branch to instruction at address $1030

1020 20 BC
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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

A few instructions have two effective addresses:

* MOVB #$AA,$1C00 Move byte OxAA (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
ldx #table

not

1dx 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

nx
or

ldaa 1,x+

table

Address

£1000
£1001
£1002
£1003
£1004
51005
51006
51007

table:

org

de.
de.
de.
de.

rrry o

$1000
12,122,-43,0

r r

a
B
P ot

c
rdr
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Which branch instruction should you use?
Branchif A>B

Is OxFF > 0x007?

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

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

Using unsigned numbers: BHI (checks C bit of CCR)
Branch if Higher (if C + Z = 0 )(unsigned)

Using signed numbers: BGT (checks V bit of CCR)
Branch if Greater Than (if Z + (N @ V) = 0) (signed)

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.)

Table 5.1 of SI2ZCPUV2 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 ratin SXHI|NIVC
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)

LEHImaifg Liang Branch T Higher REL |1B 22 qg T TR - -
[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

LELE mii8 Long Branch T Less Than or Equel REL |1B 2F qq T pomerdl [os
[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 rd18 Liang Branch T Less Than REL |1E 2D qqg rr OFFRAOPO [T T [ —
[N &V = 1) [eigned]

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

LEME ro/18 Linnig Branch f Mot Equal (i 7 - 0) REL |1B 26 gqg rT ! e

LEPL o118 Liang Branch I Ps [fH =0 REL |18 Zh qg T L e

LEAs 16 REL [18 z0 qg [ [ —

LBAN mifé REL |1E Z1 gg IT — | ——

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

LEVS ra/ 18 Liong Branch I Cvefiow 0 Set (F W = 1) REL |18 29 gg rT - -

LOws sord LY M |BE 11 I —-——— | AAD-

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

LOwE samrd W =8 M e 11 -—-— | 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

L [Oansd [DICK] |EE xb

L [qonvT & xpsp] 0Ky |EE xb ca rf

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

LOO D=t D0 |BC xb

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

TNokE 1. OPPFYOPL Incicates Tl INGTUC0GN (ke O CYGiEs o 120l [ IATLGICN GUEUS T 1B Cranch & (8ken and I7Ee Cyces | e Dranch i ol Gaen

LS sapri8 WERb) = BP 17 xx PO ——— | AAD-

LIS oo Lo Siack Pointer ol AP

LIS gprifa bh 11 1]

LIS ol xpsp & R

LIS qooed.y'sp b ff ]

LS g6 iesp b aa £f TEIT

103 [y b

L6 foyorxis_ysp] t aa Ef

LLX sag1g MM 1] = X 2 {] kX AAD-

LD gooe Loe Index Regisierk ol

LIX goriéa bh 11

LOX gooed_xpsp ™

LOX qooed sy'sp o ff

LOX qoovt 2 xb aa £

L0 [0,y 2 b

LD, foyorxis_xysp] 2 xb @a Ef
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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 - | ===
JF X &V = 1) |skgned)
= 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
BRSET qpie xysp. maxd, mE IDX2 |0E xb e= If mn
ESET qo. mekd [+ [mm] = M DR |sc A m ——— | AAD-
B3ET qorffa, makd St Bz} In Memory EXT |1C bh 11 mm
BSET g'ﬂ xysn mekd DX |O0C x> mm
ESET qood pgp. mEAd DKl |0 xb £ mm
BSET qoof Gapsn. mskd IDK2 |0C xb = Cf mm
ESA B [BF) -2 = 57, ATH AT, — Mg ile, REL |07 rc JE—
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 IDK2 |4E xb = LI 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
ENENEAIN MEMOry pEge. )
Indiredt madss get trogram aodress
nd new pq vahee based on painter.
CBa |wy-H=) MH |18 17 0 00| === |AAAA
Compane 891 Accumuishor
CLC D= M |10 FE P Pl -——— [ -—-0
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 Pl --—=| 0100
CLE qood xjsp DX |69 xb 2%
CLA qood e IDX1 |69 xb fr ot}
CLA quorT & ygo IDK2 |65 xb aa £t pap
CLA s 0o |&5 xb Pt
CLA [qoor & xpsp] XY |&% xb @a E£f I
CLAA O Cear ACcumiiEion & MH a7 0
CLRE 0=+B Clear AcoumuiEion B BH |7
CLV 0=tV I8M |10 FT 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 Pl ———-[aaaa
CMPA gl Compane ACCUmUEIT A with Memory DR |91 aa Pt r
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)

A Maznine Arcess Detl
Source Fom Operation Wode Coding fFex) 13 SEHI|NZVC
CWPE 20l B -] T [EREE T o[ ——— [BRAAA
CWPE ok Compare AccumulEion B wilh Memoy DR |D oa P
CWFE gorifa EXT |F1 mh 11 L 1]
CMPE ool o 0N |E = =Pt
CWFE qood.ysp DXl |E1 xb fr =0
CuFg :pﬁg}sp IDKZ |E1 xb e LI Fyuy
CMPE D, xys0] e tTEr Pt
CWFE ooy nsn] 0XA |E1 xb o TIPr it
COM oriia ) — M U=t b 57 — (M) — ¥ EXT |71 bn 11 rhwa | -———— [&A01
COM om0 1% CompEREnt Memary Locnon ox [s1 ax o
CON o xysp IDK1 |61 xb £ b
COM omTEXyYsp 2 (61 xb <o £ ITPF
COM ﬂn 0I0 (81 xx ITErw
Eg:}-‘mmn =& CompeRent Accumus A "E:{Ia 21 e )
COME [ =8  Compierest sccumuaor BH |1 B
CFD #0718 JAE) - (M) WM [BC 17 kx ro [E—
CPD i Compare D o Memany (1681} DA |ac ma HPL
CPD goriga EXT |BC bh 11 R0
CPD DX |AC xb R
CFD %ﬁ D1 |AC xb 2E i
CPO T &xpsp K2 |AC xb oo £
CPO D, 4] D0 |AC xb
CFD [agrxis sy [DXF |Ac xb < £
CPS aqorig [EF)— [l 1) I8M |8F 17 kx ——— |AAAA
CPSomia Compare SP o Memory [16-50) DA |9F a2
CFSopriga EXT |BF nnh 11
CPEamrd xsp DX |ArF x
CFS omy sy DX |aF xbo fr
CFS o 16 x50 IDKZ |AF xb e [t
CFS [0y 00 (nF xx
CPS jomr &g [DXF |np =t 2o e
CFX eqrig 0 — (MM T) WM [8E 17 kx E— Y
CPFXopsa Loy ¥ 1o Memory |1 A |3E oa
CPXomisa e L) EXT |BE mh 11
CREomed xysp DX |ne xx
CREomydnsD X |ae xx ze
CPX oy 18_xp IDE2 |AE xb aa
CPX DLy ] 0K (ne x=x
CPX [omorT Says0 (DX |AE xb =a rf
CPY eqrg ¥ — MM T) M (8D 17 Ex ——— [AAAs
CPY omia Compare Y 1o Memory [16-08) DA |so a3
CPY omri6a EXT |BD ®h 11
CPY¥ apwd xysp DX |0 xb
CPY oprduysp DXl |AD xb fE
CPY o 160 IDK2 |AD xb aa
CFY [0yl DI0K (AD xx t
CFY jomi.xysl [DXF (D xb e £ I
Daa Adust Sum fo BCD MH |18 o7 oo -———— |AATA
Decimal Aduet Accumuiaion &
D_BE'JEII!I.I}E (1] JeniT) — 1= coiT REL |04 1t rT FIT [branchl | ———=| ———
f jerir) - 0L then Branch [ IO ino
gise CONENLE i nex insnchion branch)
Decrement Courter and Brench § =10
fenir = 4, B, O, X, ¥, or 3F)
DENE shdwpe. =0 fenir) — 1 =+ crir REL |04 1b T FIP [branchl ] e
F oot} et = 0L then Branch; [0t PP (no
gise CONINLE i nex instnichion branch)
Decrement Counter and Branch § w0
fenir =4, 8,0, X, ¥, or 3F)
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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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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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68HC12 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 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 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 rPQO).
— 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 Idab #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 loop 10 times (which has two instructions, on with one cycle and one with three
cycles), and finishes with the swi instruction (which takes 9 cycles).

Total number of cycles:

I1+10x(1+3)+9=50

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

Operation

CCR
Effects

Code and
CPU
Cycles

(M)y=B
or
imm =B

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

Load B

5§ X H I N Z WV C

[-[-1-[-sf+]o]-]

M: Set f WSS of result Is 521, cleared othenwise
Z: et I result |5 S00; cleared pMmeraise

Vo Cleanad

LDAB

Souwrce Form Amﬁ ngg?ll-r:x] CPU Cycles
LDAB #aprsi MM CE ii B
LOAE oprSa DIR D& dd ref
LDAE oorisa EXT FE hh 11 rBo
LOAE Oovall_xysmoc IDX EE xh rBf
LDAF oprss apsooe D1 EE xh £f rBo
LDAE oo fE, xyspoc 1Dx2 E6 xb =e £F FrER
LOAE [Dyxysgpd [ICX]  |ze xb fIfref
LDAB [oprrt 6,Xy500c] MD¥Z]  |ze xb ee ££ fIFTPE




