More on addressing modes.

«  9S12 cycles and execution time.

- AS12 Assembler Directives

« Huang, Sections 1.6 through 1.10
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 9S12 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)

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 ($2000) into X; i.e., X will point
to table:
1dx #table ; Address of table => X

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

* To step through table, need to increment pointer after use



ldaa 0,x

inx
or
ldaa 1,x+
table
0C
TA
D5
00
61
62
63
64
org $2000
table: dc.b 12,122,-43,0
de.b ‘a’,’b’,’c’,’d’
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

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., 1dab #10 uses IMM mode.)



3. Look up the instruction in the HCS12 Core Users Guide, find the appropriate
Addressing Mode, and the Object Code for that addressing mode.

(E.g., Idab IMM has object code C6 ii.)

* Table 5.1 of the Core Users Guide 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., 1dab #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
sSWi
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Addrace

Rouras Form Oparation Moo Domlmu} Aposc Detml  |IXHINZVO
LEMI reifE Lzng tranch F minuz REL B ggsr 2EEE (bran e
L o 23 (natrzn:
LENE reifg Long branch F not equaiio 0 REL Wieggrs oFeg [branch} A
¥ Zul, 10 [PC 444 rai=FT g3 [rateanch)
LEFL /16 cnpEranch Fpis REL 10laggsr 2955 (bran [AEEEEEEE
e e 283 nakrznch)
LERA reiiE Long branch always REL wWinggrs OFFR A
LERN mifs Longoranchinever REL Wilggrs w3 A
T eifE Lngorancnry cisar REL 1B liggrr aswe benchl | CEEEEEE
] e [POI-me=R T 283 [ratranch)
EVE et Lengiranchify st REL [TEIErE 2FFF [branch| (EEEEEEEE
: +derel=FT 283 [nabrznch)
LDAAZmwE Load s, It -LEXY H ]
LJ\AQ;:S' M=4 DR PEdd =RE ded
LDAA nprica or ImmoA BT Behh1l TRD
LOAA cpl_xysppc =t A zk 3
LOAA oS, isppc 1001 AfxbEE =83
LOAA oo 'S, xspoc 0%z At xhamff Erew
LOMA D, sysmn [ PP EIEpd
LOAA [oory 16,2y 5000 IOHI]  |Afzkee £E £19a5
LDAE #awdi Leads 1M caiL B FEEEEH
LDAB opSa {Mi=8 IR D6 dd =3 gag
LDAE oprica o imm=E EXT FEhh11 =03
LDAB opril_xysppc =3 FLE =RE
LDAE oS yspoc =k} Bk EE £F3
LDAS opvris, xysaoc 10z FLELTTE: Era
LOAE [0 ysmne oo |ee sk ETEEE
LDAE (o5, X500 [OMT] @ zkesiE EIR=Ed
LOO#oerdel LeadD I coqikk =) |-|-|-|-|-|-|-|-|_ ] ]
LOC oo {MA+1j=AB DiR oodd RRE Sl
LDD noriEa o ImT=AE EXT FChh 11 1)
LOD oord_xyspoc 1o gozk RRE
LOD oo xysopc 10A aczk £E RFD
LD opned 5, 1y5000 1062 |ecabesiE EREF
LOD D, xysoed] [DJoK] |acxk Exfnpd
LOD joovx 75, xysope] IOMI]  |Sczheeff 34123
LDsaopris! Load =P [ CF{{kk ] n—m—rrn_
L0 aorfa e or  |od %t 2ok
LS qerdsa o Imm= 5T EXT FFhh11 L]
L0 opned_xysonc 10X aFxh RRE
LD oones, pyso0s 10 arzk EE RRD
LOEE oo, vyzons 102 S zkaa £E Enrp
LOE [C.ryzeed] 2o [aF =k EIERFE
LS [aorr 1 E.aysnod] IH2]  |aF ke £E EI9REE
LR eopris Coadx [ TR Ek 3] [EE=Enna|
Lo oeria MR =X bR |wd niE qak
L qerdsa o imrs EXT FEhh11 L]
LO% opnad_xyzops 1 Eaxk AR
L% xS, xysops ot |emxkEE L
L0t o1, Fyzpms [EE PRPTa 3 £RoF
LOw D, ryzees] [2ce [sE =k EIERFE
L0 [ 1€ xrsnod] M2 e zbwe 2 £1enpE
LOY3opris! LoadY [ oy kk ] FEFFEERH
LOY oprsa MR =Y DR 133 RRE ded
LOY qoriEa o Imm=Y EXT  |rohhll L
L0 wprad]_xyzoes 1 Dk RFE
LY oS, xysone [=r8) SDxk EE L]
LY 2prE, iysnns [ -3 ETH
LOV [T, xy= [P)oy] |em= E1EmpE
LYY [aerr . xysnps] 0¥ |soxbesif ExemEd

13
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=, Addrecs Mazhire
Boures Form Operation Wacs Cading {Hex) Agosce Detal  (BXHIMZVE
ERCLR oprSa, msks, rei@ ESranch Hoitis) dzar DR 4Fddomzz TFEF [ |
BACLR oprifs, mskE, etd jmask byte ], fen EXT wrhhllwmrer  |cERee
BACLR opol_vyspoc. mskS, 8 |(PCr2+mesPC 10X OFxbmmrr CERR
ERCLR opnes yysope, maks, meid 1004 oFzk EEmmer  |cERER
ERCLR opnrda xysppc, msks, s 1z OF zb we £f o zz | FERER
BRN e Eranchnever [FEL [ai== [ [EEEEEEEE|
TENE, MRS, e Zranch P b T e iTddmrr T [ e o ]
spviga, maks e mask byt md, Shan EXT 1abh lmmer  |cEvsw L
opvKU_Nysoec, maks, rei®  |[PCRI+eiPC 106 oazbmaz oEEF
OYEXYSDC, msks, el 10K oaxk Efemrr  |cERER
oV 15, XYR00e, MSEE, rald ez 08 zk wa £f o zz | PECER
ESET oprd, mek? Setbitis) inkd DR 4Cddmm Tl
ESET opriGa, makd (M) | mask byte=4! EXT 1chh 1lem ERE
ESET opD_yspps, mekd [y oCzkom TRl
ESET opnvs wyspoc, meks 1004 o0Czk EEmm b
ESET oot ayso0c, msks 1062 |ocxbssffem  |Erewec
ESRmY Sranch b subrmusnes (SP-2=5F  |REL 07z B [EEEEEEEE
RNy Ry =M Mgy
{PCrI+rePC
FEC Sranch v cear, 1y, than IE o=z TER (Eranch) [ e o ]
{PU2+mPs & {na ranch)
EVBreE Eranch 'y 52t i Vel en REL Wz T
{PCrI+m=PC
CALL coriéa, page Callzubroutine in expandad memary IE3i 4abkh1lpg FrEREEE [ |
CALL connl_aysnoc page (BF-1=EF 106 sk SRERFEF
CALL cone®, rysops, pags R ATy =g gy 10048 amzk F?EE JrEREEE
CALL conré xysnec, pape |51 =57, (PPN 102 |smzkssiipy  |Egncacer
CALL [D xysppc) D= FRAGE raghstsr [D)Cx] |sm=xk EldgnCacsd
CALL oo, xysaee) Surotine adaresn s Po 1083 |smxbaaid £11noaEEE
[=2) CompareAto B (A-B} HH [TES) E5) [EE=E00EE
CLCEame a3 ANDGC SHFE Claar GEE [0 10FE H FEFEEEE
CLEame 32 ANDCC2EEF Cizar it [ 1oEr H FEEEE
ClR oprica Clear M S00=M IE3i 70kk 1l el
CUR oorxl_xyspoc 10X [F2 Y 52550000
CUR oorrs xsppc 10K e9xk £F Pl
oA 12 E8zk sa £ b
CLRD. [D)ox] |esxk FIEw
cu ek B [-ES P 23 FIFw
CLAA Clmar ACS00=4 M5 2
ClRE ClawrECE00=3 IHH =] ]
[°K Clexr/ I 1oFT B EEEEEEE
[=* Compar=4, (5 BLi4 B FFFEERRR|
CARA opvia A or (A-mm DIR oldd cRE
o e EXT E1hk1l £F3
CARRA opell_xyspoc 10X Alxk =3
CASRA oS xysopc 10K Alxbk £F 5]
CAIRA v 3ysnec 12 Alzk suff Exop
FA D, xy500d) [D)ox] |arxk 34353
CARRA oo 8, xysone] ek B PR 23 Exvref
CMFE 2oprEl Compares [T [] TR
CAMFE. {BHM or (B-imm OIR cidd £
CAF EXT FLhh1l £Rd
CMFE NK_VS0C [y Sizk oFE
CAF 1ones SlzkEE =03
A 102 Slzbesff Ecir
CAFEL, 4 [DJCK] [e1zk E1Ezei
CMFE [0V 1S, Eysed] poxd] |srxkssdE EI0=0E

108




Operation

CCR
Effects

Code and
CPU
Cycles

{counter)— | = counter
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D BNE Decrement and Branch if Not Equal to Zero DBN E

If {counter) nat = 0, then (PC) + 80003 + el = PC

Subtracts one from the counter register A, B, D, X, Y, or SP. Branches to a relative
destination if the counter register does not each zero. Rel is 2 9-bit twa’s complement

offset for branching forward or backward in memory. Branching range is 100 to $0FF
{-256 to +255) from the address following the Last byte of object code in the instruction.

§ ¥XH I H 2V C
Addrass Maching
Sourcs Form Wods Cous [Hex) CPU Cyclea
. REL 04 1brr o7 (branch)
DBKE abaxys, el iy t !
YER 12 (G Tro (o branch)
Loop Primitive Postoyts [1b) Coding
Source 7 Object Countar
Form Posibyte Code Raglaier Offast

CENE A, r2d CO10 X000 04 20rr A

CENEE, raid CO10 %001 Q4 zlrr B

CENED, reid CO10 X100 04 24rT D Fass,

CENE X, reid 0010 ¥101 04 25 £T X =

DEME Y, raig o111 08 26 1 ¥

DSME 57 29 o1 X111 827 rr =]

CENE A, r2d CO11 X000 d430rr A

CENEE, raid CO11 X001 Q431lrr B

CENED, reid CO11 X100 0434rT D _

DBNE X a9 o011 %101 A X [nesee
Lot X 43srr ¥
011 X111 0037 5P

1. B 7:6:5 select DBEQ or DENE; bit 4 k= Te offset ign Bt bk 3 15 not used; bits 2010 select

the counter negister.
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Bauroe Fom L Oparaticn et et | asocosm [2xninzve
ETY ooréa Store Y iR =pdd W
STY ogriga T BT |7mhhll e SEEEBRIR
STY opre]_wysces [ erzk o
ST oeres, I sens 1D aozk EE L]
ETY oorrie, vysoos 102 gozbeaii FHE
STY[D¥yse0d ooy |enek FIEW
ETY [oonr & xyspnd Po¥2] |emxbesdd FIFW
ELBAZaorE [SubractiomA 14ed BOLL B
EUBA oova A=A DR F0dd R
BUBA opviEe or (AHmm=A EXT B0khI11 =82
SUBA SVED_ RS0 [ ADzk T
SUBA 2B AR 106 |anaxkEE o5
UBA, 0ov TS, XY R0 D62 [ADxbeeff Ecvw
oo |anxk ETErpE
1ond]  |an ks dE £10:5E
Eubfractfom 8 I coid [] |'|'|'|'|'|'|'|'|----a
B DR [cos - —
EXT Fkh11 =82
I -LE cPE
1D E0zkEE £83
102 FLELETE:3 EcvR
EL ] oy enxk ETErpE
(ORI T, K500 [ONT]  |e0 ek ss i EIrzpd
BUBD2opvial Eubfractfom O I B3 4kk 5] mmmmn
SUED oS IABMMISAE DR [ssid 1 —
BUBD oorida or (A BHMMAR EXT E3hh11 FD
SUBD oL yyInne 1o Azzk e
SUBID cpr2 ysons 1D A3 zb EE L]
EUBID cpn 15 xyspoc 102 ASzbewif 2
SUBD o |as =k ETEREE
SUBDE0A S 10 e O e £10854
= o - M S E5E0EEEE
My TNy =g e
=EF; (YL bgphlgee
T
{5 vecdi=FC
“Tre CPU also uses v harmaars Ingamupts and unimpismeniss raps.
TAS Transier At E; [Al=8 INH i 20 |:|:F|T|E|?|E|T|
TAF Transfer Ato CCR; (AI=CCR INH -r L H H |'|'|'|'|'|'|'|'|.-. nann
[seaembind 23 TFRA, O -
TBA | Transier B0 A; (Bj=A INH 180F o0 FFFFEFWH
TEED ahdrysp reis | T=stand branch Hequal i 0 REL o4 lber FEF (branch} [ o o |
P (counteri=d, then (FCL-Jasi=PC | [S-0E) P (nokbranch)
TEL aovail_xysoec d Infemaiale, 2R | 18 30xh EEEF FE-ER
M A -M=A
TENE abanysp, =5 | Testand branch fnot equal to 3 REL o4 lber FEF (branch} [ o o |
P icowntered, then {PCL-2omisPC | [S-0E) P (nokbranch)
TFR sbcoryse Ay sy Traresfer from register o regliler I E7ak B FEE-EH
irij=e2r] andr2 same size. s
e Ul —
TPASame as TFRCCR A | Transier CCOR0 A; (CORI=A I E710 H FAEEE




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 rPf).

— Section A.27 of the Core Users Guide explains what the HCS12 is doing during
each of the different types of CPU cycles.

2000 org $2000 ; Inst Mode Cycles
2000 c6 0a ldab #10 ; LDAB (IMM) 1
2002 87 loop: clra ; CLRA (INH) 1
2003 04 31 fc dbne b,loop ; DBNE (REL) 3
2006 3f swi ; SWI 9

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:

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

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

Cperation

CCR
Effects

Code and
CPU
Cycles

408

Mi=B
ar
imm =B

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

5§ X H I H Z Vv ©

[F1-T-1-Ts]s 0 -]

M Set I MEE of resuit |5 g2t clearad oinenwlse
Z Set i resul Is S00; ceared olharwize

\: Cleared
Sourcs Form "‘ﬂ“ﬂ:s Cg;:%n:x:l CPU Cyrles
oA Sgprsl Ak o6 11 -
4B oo DIR s dd 523
LOAR oprisa EXT F& bh 11 o n)
0B oo syspoe . 6 zb £Df
LOAR o, Xysooe DX E6 xb £f 2]
LCAB o 6,¥)5000 oxz 6 zb s ££ 357
2B [D.ysooc] 28] g6 zh EIfref
08 [aprridayannd 0052 |gg zb ox ££ EIPEDE




HC12 Assembly Language Programming

Programming Model
Addressing Modes
Assembler Directives
HC12 Instructions

Flow Charts

Assembler Directives

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

assembler directives.

» 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.

» All of the assembler directives can be found in as12.html on the EE 308

home page.

* 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 where code
or data will go

org $1000

dc[.size]

Allocate and initialize
storage for variables. Size
can be b (byte) or w (two
bytes)

If no size is specified, b is
used

var: dc.b 2,18

ds[.size]

Allocate specified number
of storage spaces. size is
the same as for dc directive

table: ds.w 10

fce

Encodes a string of ASCII
characters. The first
character is the delimiter.
The string terminates at the
next occurrence of the
delimiter

table: fcc "Hello"

Using labels in assembly programs

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

the location counter when the label was defined.
Here is a code fragment using labels and the assembler directives dc and ds:




org  $2000
tablel: dc.b  $23,$17,$f2.%a3,$56
table2: dsb 5
var: dc.w $43af

The as12 assembler produces a listing file (.Ist) and a symbol file (.sym). Here is the
listing file from the assembler:

asl2, an absolute assembler for Motorola MCU's, version 1.2e

2000 org $2000

2000 23 17 £2 a3 56 tablel: dc.b $23,%17,$f2,%a3,$56
2005 table2: ds.b 5

200a 43 af var: dc.w $43af

Executed: Sat Jan 06 13:19:23 2007
Total cycles: 0, Total bytes: 7
Total errors: 0, Total warnings: O

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.
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.



