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The £F6809 is 31 revolutignary high-gerto
which supgorts mccern programming (echniques such
dence, reentrancy. and maduldr grogramming

This third-generation 3dadition to the 6800 Family n
imgrovements whicn include additonal registers. instructicns, and addressing
mades

The basic nsiructions of any comgputer are
oweriul addressing modes. The EFG809 nas the most complety
set of addressing moces avalable on any 8-oit Microprocessor today

The EF5809 has nardware and sottware teatures which make it an 1deal
grocessor tar mgner level language execution of stand

presence of D

EFE800 COMPATIBLE

Hardware — Interfaces with All 8800 Peripherals
Software — Upward Source Code Compatible Instruction Set and
Addressing Modes

ARCHITECTURAL FEATURES

Twao 16-811 Index Registers

Two 16-8it Indexable Stack Painters

Two 8-8it Accumulators can be Concatenated (o Form One

16-81t Accumulator

Oirect Page Aegister Allows Direct Addressing Throughout Memary
. L

HARDWARE FEATURES

@ On-Chip Oscillator {Crystal Frequency =4 x g EN SUEFIX E SUFFIX
e OMA/BREQ Aliows OMA Operauan on Memory Refresh PLCC 44 LCCC 44
e Fas: Interrupt Request Input Stacks Only Conditon Code Register Hi-Ael versions available - See chaoter 9
anc Program Counter
e MRADY Ingut Extends Data Access Times for Use with Siow
Memory PIN ASSIGNMENT
® Interrupt Acknowledge Output Allows Vectonng by Dewvices :
e Svnc Acknowledge Output Aliows for Synchronization ta External vssl @ N 0 FET
Event — NmiQg2 1O xTAL
® Single Bus-Cycle RESET mada Hexrac
® Single 5-Valt Supply Operatian BH=
e NMI Inhigitea After AESET Unul Atter First Load of Stack Painter FiRG Qg+ 37 QRESEY
® Early Acdress Vahd Allows Use with Slawer Memories 8sQs 36 [IMPCY
® Early Write Data far Dynarmic Memaries aa(s 1’ a
SOFTWARE FEATURES veeld? Qe
® 10 Addressing Maodes JE—
e 8C0 Upward Compatbte Aadressing Mades ags B HomA. 372
e Oirect Acdressing Anywhere 11 Memory Map Ao 1ngaw
= Long Aelauve Branches a2(o 3t flce
e Program Caounter Relauve azdi ] fct
e Trye Indirect Addressing asfn2 22
e Expanced Indexed Addressing. sl El"
0-. 5-. 8-, or 16-81t Conszant Otlsets g B8P
8- ar 16-81t Accumulatar Otfsets . ag(14 77 [Ic*
Auta lacrement Oecrement By 1 or 2 arg:s 26 [ICS
® Impraved Stack Manmipulation 28d:s 25 0Cs
® 1464 Instrucuions with Umgue Addressing Moges asad T
® 3 x 3 Unsigned Mulugly .
® 16-8Bit Anthmetc - aicg's .oapes
® Transter. Exchange All Registers angia 22 [3a1s
@ Pusnh, Pull Any Registers ar Any Set ol Registers a1zgdm; 21 P;::{
® |oad Eftectue Adaress -
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C = Mof tor DA, BS

FIGUNE 2 ~- EF6R09 EXPANDED BLOCK DIAGRAM
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FIGURE 3 — BUS TIMING TEST LOAD
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PROGRAMMING MOODEL
As shown in n.:u:m 4, the EFGBOY adds throe registers to
tha set available in the € FG000. The added registers inclyde
a dect page tegister, the user stack pointer, and a second
index regisier

ACCUMULATORS (A, B, D)

The A and B registers are general purpose accumulators
which are used lor anthmetic calculations and maripulation
ol data

Certan mstruchions concatenate the A and B registers 1o
torm a singln 16 bit accurmutator This is relerred 10 as the D
tegistar, and is lormed with the A register as the most signili-
cant byte

DIRECT PAGE REGISTER (DP)

The direct paae register of the EF6809 serves 1o erhan.
o the dimct addmssing mode. The content of this register
appears at the higher address outputs (AB-A15) during di-
rect addmssing instiuction execution, This allows the di-
rect mode to be used at any place in memory, under pro-
gram control To ensurn GBOO compatiblity, alt bits of
this reyister are cleared during processor reset.

troouvy

FIGURE 4 — PROGRAMMING MODEL OF THE MICROPNOCESSING UNIT
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INDEX REGISTERS (X, Y)

The index registers e sl i ndused tnock ol adibes
g Tha 16 tnt address m (s regester akes prart an e
calcidation of ellechiva addiesses T oy nuy Tuevesead
10 pomnt 10 datit duectly or may e mochdusl by a0 ophon.
constant or regrsier oftset Dunng somn rveexes) iooekees, Al
contents of the midex cegrstet s ngrementesd or sk et
ed to pont 10 the: next dem of bl typer ditie AR foon
pontur tegsiers 1 Y, 1, S¥miy besasend s Wb feapsters

STACK POINTER (U,S)

The hardwarn stack postet 1S ) sntotintn affy Ty
the processor tunng sulironitirme s sl intetrapts e
stack pornters of the EFGBOT poust ty 1w top of the Shrck, i
conltrast 10 the EFBB00 stack pornter, whee h pomied 1o 1.
next lree location on tha stack  The user stk pomter 111
controlled exclusively by the progtamenn Ths allows
arguments 1o be passed to and lrom sulirouhines with ey
Both stack ponters have the sirwe ickeacd ook ey
capabilities as the X and Y 1egrstrs, bt alvo sarmon Push
and Pullinstructions  This allows the EFGBOJ 10 tazrreal et
ciently as a stack processor, greath enhancing iy abht, 1o
support higher tevel Isnguages and mocdulin progranmmng

PROGRAM COUNTER

The program countet 18 used by the processor 19 pennd 1o
the address of 1he next instrClion 10 he execuled by the o
cessor. Relative addressing 1s provided altowing ihe progrivm
counter 10 be used ke an index regisier N sow: \tha.dins

CONDITION CODE REGISTER
The condiion code tegsier dolines the stite of the pro
cessor 3t any given time See Figure 5
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CONDITION CODE REGISTER
DESCRIPTION
BIT 0 (C)
1t 0 o dhee sy g, o as e
tetnaty AU € e ol el T seqesent o heareny o
bt t bk anstooetions TCMPNEG ST SBC Gk 1t
vorplernent of the corey Trom e by ALY

y M ey Do 1l

BIT 1IV)

Bt Vs thee geresr o g, el es e U0 tnes Loy oty egeena
tion which eiagses i siepeel teng's soanpleone i anlaee te
avtllow  This overliow i et g an opeetabon o sl by
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FIGUAE 9 - IRQ ANO NMI INTERRUPT TIMING
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FIGURE 10 - FIRQ INTERRUPT TIMING
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EF6809

XTAL, EXTAL

Three mpuls are used to con

 the on clup ascllator to

an rsteenal paraiel tesonant crystal Alternately, the pin

[ XTAL may be uzed as o TH Joved nput for exiomal brming
by aroundimg X TAL  The crystal o extemoal iegquency s four
tenes the bhus bienqueacy . See Digute 7 Proper AF tayout
teee hoques should e phseived m the layoat ol printed crrcunt
boards

£.Q

£ 15 simitar 10 the EFGBO0 bus timing signal phase 2, Qs a
quadrature clock signal which leads £ Q has no pattaliel on
ihe EFGBOO. Addresses from the MPU will be vahd wiih the
Irading edae of O Data 1s latched on the lalling edge of €
Tirng for £ and Q 1s shown in Figute 11,

MROY "

This input control signat allows stieiching of € and O to
evtend data access tme £ and Q oprrate notmally while
MROY 15 high When MRDY is low, € and O may be strieich.
ed inintegrat multiples of quarter 1Y% ) bus cycles, thus allow
ng mterlace 1o slow memones, as shown in Digurn 12(a1
Duonng non vatd metmory acer<a (VMA ¢yetes), MADY has
no ellect on eetchng Eamd O, thes mhipts dowing the pro
crssor during “don’t care’” bus nccesses MITDY may also be

usnd 1o stietch clocks ot slow memoryl when bus control
has been ranslerned to an external device (through the use

of TTATT and DMA7BREO!.

OMA7BREG”

The OMATHRTO wpt provides a method of suspending
eencution and acepenng the MPU bus for another use, as
shawn i Figire 13 Tymical uses include DMA and dynamic
mamory relrpsh

A low level on this pin will stop instruction execution at the
end of the current cycle unless pre.empted by sell-relresh
The MPY will acknowledge DMA7BRED by setting BA and
BS 1o a ore The inquesting device wilt now have up to 15
bus cycles belore the MPU retrieves the bus lor sell-refresh.
Sell.retiesh tequires one bus cycle with a leading and trailing
dead cytle See Figute 14, The sell-refresh counter is only
cleared il g@mﬂa is inactive lor two or more MPU
cycles

Typically, the OMA controller will tequest to use the bus
by asserting DMA7BRED pin low on the leading edge of €
When the MPU replies by setling BA and 85 1o a one. that
cyele will e a dead cycle used to transler bus mastership to
the DMA controller

I alne memoty aceesses may he prevented during any dead
cyeles by develaping a system OMAVMA signal which Is
LOW in any cycle when BA has changed

FIGURE 11 — E/Q RELATIONSHIP
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NOTE Wavelorm measuremants for all inputs and outpuls ars specilied al logic tigh 2 0 V and logic low 0 8 V unloss olherwise specilicd

* Ihe on board clock generator lurmishies E and O 1o both thg system and the MPU When MRDY is pulted fow, both the system clocks and e
inteenal MU clocks ate stietched Assertion of DMA/BITOD input stops the internal MPU clock s while alfowing the exlernal systemn clocks to
RUMN ti e | release the bus 1o a DMA contrallert The internal MPU clocks resume opetation atter DA/ BTED 15 rateased or aliee 16 bus cycles
{14 DMA_ two deadl. whichever aceurs liest White DMA/BTIED 15 asserted it is sometimes necessaty to pull MADY low (o allow DMA
10/ l1oms slow memory/penpherats As both MROY and DMA/BTIED contiol the mternal MPU clocks, cara must be exsicised not 1o violale
the manmum teye specihication for MADY or GMA/BRED Maximum teye during MADY or DMA/BREQ is 18 s.)

EFGHUY

When BA gous low Ieithur as a result of OMATBTEQ =
HIGH or MPU sell reliesh?. the OMA device should be taken
ol the bus Another dead cycte will elapse helore the MPU
accesses meomory 1o allow Wransler of bus mastership
wilhout contenhion

MPU OPERATION

During normal operation, the MPU letches sn nsiruction
Irom memory and then executes the requested funclion

This sequence begins alter RESTT and 1s rapeatnd indatinae
ly unless altered by a special instruction or hardware ocrur
renca  Soltware instruchions that alter normal MPU opera
hon ate SWI, SWI2. SWIJ. CWAL ATl and SYMC Ann
tereupt, FTATT, or GMATTITD can atso alter the normat e
eculion of mstiuctions Figure 15 Musirates the Howchart Inr
the EFGBO9.

FIGURE 12 — MRDY TIMING AND SYNCHRONIZATION
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FIGURE 1] — TYPICAL DMA TIMING [ <14 CYCLES) '
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ADORESSING MODES

FIGURE 16 — INDEXED ADDNESSING POSTBY1E
REGISTEA BIT ASSIGNMENTS

ZENO-OFFSET INDEXED

pointnt :.a:..:: contamns the ellective addiess of the datain

In e madde, the eeher bl

EXTENDED INDIRECT - Asmn the special casn of mdexed

Ehe hasec insttochions ol any computer am goeatly enhane

cd by the presence of powerhil addresang mades  The addressing (discussed below!, one fevel ol indirection may Postbyts Megister Bit Tindaxed be used by the mstruchion Thes s the lastnst indrang made
£16A0Q has the moast camplele set ol addressing modes Le added ta extended addressing  In extended indiect, the 2 B 3 B N A B L A Addriassing Examples ate
avadabie on any nuciocomputer 1oday Tor example, the wa bvies Tollowng the postbyte of an indexed instruction . Mode LOD 0.x
[IGROD has 59 hasic mstiuchons, however i recogqoires contam the address of the data. o|njnjdjd]drd|fd]EA=.N+5BI0U LDA S
1464 didlerent vanahons ol instioctions and  addressing LDA ICATI| . ! tjnjnhjojojojoio R
mades  The addressing modes support maodern program. LOX 1SFFFE} ! ‘jninp+jojojoj Mo s CONSTANT OFFSET INDEXED —-Inthismode,atwo's
mng techmiques  The following addressing modes are avail- STU 100G} ! tlrninfofojoft]o - R complement ollset and the contents of onn ol the panter
able on the EFGBOI : “ (rfnjnf Jofo]r]n --R registers arn added to Torm the ellective adedirss ol the
Inherent fincludes accumulatort DIRECT ADDRESSING 1 tlalal Jollolo EA « R 10 ONsel operand  The pointer register’s imtial content 1s unchanged
Immediate Uitec! addiessing is simdar 10 extended addressing excep! ! v Rl o] v o] v ]EA=.n v ACCE Ultset by the addition
Extorded that only one byte of Jddress lollows the opcode. This byte ! vlrpal T ol v [ 1] ofeAa- R ACCA DN Thiee sizes of offsels are avarlable
€vinnded Indirect specilies the lower eight bits of the address to be used. The ' VIR A i1 7/ 0] 0| 0] th=.n v88anOlfser 5bit(-1610 + 15
Drect upper eight bits of the address are supplied by the direct vialn] o[ 1] 0 0] 1 [ tA = A o180 600t Qi {-120 10 + 1271
fegister page register Since only one byle of address is required i i TN N N S R N B T RO i 16 Lit { - 32767 to + 32761
Indered direct addiessing. this mode requites less memory and ) T S I N T W B B B e e R e The two's complernent 5. bit ol tetisincludedin the gost
et Oftser execules fasier than extended addressing Of course, only : : - - * byt and, thereforn, is most elficient in ym of hytes and
Constant Ollset 256 locations lone page) can be accessed wilhout redelining | S0 LIS LD L B N L AL L IR cydes. The two's complement B bit offx tis containad in 3
Accumutator OHset the contents of the DP register. Since tha D register is set L N B - U WL TN EA = | Addiers! singl byte following the postbyle The twos complement
Auto Incremente Decremant 10 800 on tnset. direct addinssing on the € FGB09 is compati- { 10.bit offzal is In tha twa bytes following the posthyls In
Tnddnved fndwect - s . Adtrassing Moda Field :
bie with direct addressing on the GB0O. Indirection is not mast casos the programmet nend not ba coneermed with thn
Artative allowed in dwecl addiessing Some examples of direct Indwect el size of this ollsnt sinco tho assembler will sefect thg optiral
Short/Long Relative Branching addrossing are | 1S bt when —_— size automatically
Fragram Counter Relative Addiessing rC\.., 0 _ Examplns of constant.olfset indaxing ar
INHERENT (INCLUDES ACCUMULATOR) PopT by ssembler drectivel . Ragistes Tietd AR oy BX
In thes addiessing mode. the opcode o! the instruchon LOD < CAT = Domt Cor o - x Loy §“x
contans alt the address information necessary. Examplos ol . i M - On_ﬂ.._ P ol ~ Y Lou CATY
mheiont addressing are. ABX, DAA, SWI, ASRA, and NOTE - 0w Not Indivect “.__ : M
CLRB < is an assembler directive which lorces direct ' Ve tndireet

IMMEDIATE ADDRESSING

In immediate addressing, the elfective address ol the daty
1s the focation immediately following the opcode lin ., the
dala 1o be ysed in the instruction immediately foflowing the

addressing . .

REGISTER ADDRESSING
Some opcodes are followed by a byte that delines a
tegister of set of tegisters to be used by the instryction. This -

TABLE 2 — INDEXED ADDRESSING MODE

oncode of the instructionl The EFGB09 uses both 8- and is called a posibyle Some examples ol registor addressing., . Non Indiect Indiract
16 bt immediate values depending on the <izn of argument are: Type Forms Arsermbler Postbyte o Arvmerbiar Postbrie R
specibad hy _r:.oqx,.o:m Examples af instructions with im. TR X, ¥ Transfers X into Y Form Opcode od 1L form Opcode ~1!
medate adiinssing are EXG A D Exchanges A with B ! Constant Offset From A No Offset K WAool | 0|0 ] Tanioton | 3|0
”N” “Mwmxd PSHS A.D.X,Y PushY, X, BandAonlo$ - 123 Complsmeont Oflsets] 5.811 Olfsel n, R OMfinnnnn | 110 delsuhs 10 B bit |i|
LOY ICAT PULU X, VY, D Pull D, X, and Y from U . 8 Dit Offzer n R 1RO 1000 o {n, A} matio | A4j1
NOTE _ 16 Bit Ollset n, R 1RNOI00Y | 4] 2 (n, A 1RA 11001 112
I sgmities Immediate addressmg, $ signitins hexa. INDEXED ADDRESSING ) Accumuliator Ollset From R A Register Ollset A R 1RN0C01 10 tio {A, R} 1NN10110 ‘o
decmal value In all indexed addressing, one of the pointer registers (X, 12s Complemant Oflsats} B Negster Otlser oA TAROOTO! 1o 18, Rl TRRI0I01 o
Y. U. S. and sometimes PC) is used in a g_nc_e__a.: of :.4 el- D Register Ollsen oA LTI 1 CR AT o1 1o
EXTENDED ADDRESSING . :Eza u&a.ﬁm of _Ja cuma:a lo E.:za by the instruction. Auto Inctement/Decremeant R | increment By | T nroooo | 2{0 not algwed i
In extendnd addressing. the contents ol the two byles im- MNM”:%NM«M%M_M__“_MwM”cﬂ:oﬂ“xﬂﬂw“_hwﬂﬂmmnzawﬂ“wmmmﬂﬂu 4 Increrment By 2 A a [0 ees]] jjo (R} _ 1RAICNY rﬂ rs'A
mediately foflowing th opcorfe lully sncily the 16 bit ellec. basic type \a_,a <m,“...:_o= ol the addressing mode as well as Decrement By 1 R 1Rnooto 219 ro! 2nowed
teve addiess used by the instruction Note that the address __=A. pointer regisier to be used :uc..m 16 lists the legal lor- Decrement By 2 - -R 1ANCODT 1 dlo [ INRI00TT 610
graerated by an extended instruclion dehines an absohite BLG lor _.ro postbyte. Table 2 .c?nu the assembler _m:_.: and Constani Olfsn1 From PC 8 Dit Oliset n, PCR 1xx01100 AR fn, PCR) 111100 10
address and is not position independent. Examples of ex- the number of cycles and byles added 1o the basic values for 12 Complement Ollsels! 16 Bit Ollset n, PCR 1501101 | 5j2 | In PCRY lalligr | 82
terded addressing include indexed addressing Tot esch variation. Extended Indwect 16-Bit Address - - -1- Inl ot | 512
toA CAtl . . A=X Y U or§ An:
STx MQOUSE x = Don't Carg 00=X
Loo $2000 Of~ Yy
0-U .
Nas
EF6809 . EF6809
. !
. ACCUMULATOR.OFFSET INDEXED This modn 15 Belore Evecution . INSTRUCTION SET

2 wumilar 10 constant offst indexed except that the two's A= XX tdon't carel .

The instruction [the EF is simi o
, cogplement valie 1n o of Ihe accurnulators TA. B, or D) X = $1000 ' the 6800 ::‘Mn_:w:twwuaan _.a—..m:%_wmm.ﬁm:_nm“.H‘:..A_uw.an_ﬂ”_“._ﬂ“dw* Vranster/Evehange Posibyte
and the contents of one of the pointer regesters are adeded 1o S LDA §$10.X] EA is now $FOI0 ' The number ol opcodes has been tedvced lom \w 1059 _4:_. — .ma:..a.. _ Deshnation
: ~00ins has e 5. . AR




EFGD0Y

ACCUMULATOR. OFFSET INDEXED Thes mode s
similar 1o constant ollse1 indexed except that the two's
complement value v one of the accumulators (A 0. o D)
and the contents al gne of the pornier teqsiers are added 1o
tarm the etlective addiess of the ppetand  The contents of
bath the accumatator and 1he ponier tegesine are unchanaged
ty the addiion The posthiyte =peciling whirh accumulalor
tause as an offset and no addiional bytes are tequired The
arfvantage ol an accumulator oliset 1s that the value of the
aflrt can be calculated hy a program at run hime

Some examplrs are

LoA 8.y
LOx 0.y
LEAX  B.x

AUTO INCREMENT/DECAEMENT INDEXED - In ke
At increment y..r_:.nn_:.a modn, the pointer register con
thns thn addrecs ol the gperand Then, aliee 1he pointer
registen i ysnd s incinmented by one ot two  This address
g mode 1< yselyl in stepping through tables, moving data,
o Tor the creation of scliware stacks In auto decremnant, the
pomntectegete is decremented poor 1o use as the addipss of
the data The use of auto decrement 1s silar to hat of aato
merement hut the tables el | arn seanoed fiom 1t
fow nildiecses The size ol the nctement? decrement
rither one o two 1o allow Tor tables of ether 8 or 16 bit data
to be accessed and iy selectable by the programmer The
pee decrernent. post inciement natine of these modes
allow s them to be us<ed to create additional sofiware stacks
that biehava idnntically 1o the U and S stacks

Some examples of the aulo increment/decrement ad-
dressing modes are

LOA X s
S1D YA
1on =Y
LOX .-=5

Care should be taken in performing operations on 16 bit
pomter regrsters (X, Y, U, S) where the same register is used
fo calnylate the elfective address

Considnr 1he following instruction

SIX0,X 4+ s (Xinitialized to Q)
The desired result is to store zero in locations $0000 and
SO0V then increment X to point to $0002 !n reality, the
following occurs

0-~1emp calculate the EA. temp is a holding register
Xs2-X perlorm auto increment
X~ (1emp! do store operalion

INDEXED INDIRECT - Al of the indexing modes, with
the exceplion ol suto increment/decterment by one or 8
1 4. bit olfser, may have an additional teve! of indirection
specilied Inindirect addressing. the elfective address is con-
\amed a1 the location specilied by the contents of the index
tegister plus any olltet. In the example below, the A ac.
cumylator is loaded inditecily using an ellective address
calculated lrom the index tegisier and an ollsal

Belore Exncution
A= XX Idon't carel

X = $FO00
$0100 LOA 1$10,x1 EA is now $FQI0
$T0I0 SF1 $F150 15 now Ihe
sron $50 new A
$F150 SAA

Alier Execution
A= SAA Aclual Data Loaded
X = $FO00
Al modes of indexed indirect are included except those
which are meaningless le g . auto increment/decrement by
one induect] Some examples of indexed indvect are

LDA 1.x|
LoD 110.51
LDA 18.Y)
LoD 1LX+ 41

NELATIVE ADDRESSING

The hytels) tollowing the branch opcoda is tare! ealed as
A sgned oltset wineh may ba added 10 hn program counter
Hoahn branch conthtion m true, then the calculated addiess
(PC v sgned ollsell is loaded into the program counter
Program pxrcution continues at the new localion as In.
dheatnd by the PC; short lone byle ollset) and long fiwo
byles olisell relative addressing modos are avaitablo. All of
memory can ba reached in long relative addressing as an el-
fective address is inlerpreted modulo 216, Some examples of
relative addressing are-

BEQ CAT tshort
B8GT * DOG {short)
CA1 LBEQ RAT tlong}
DOG LBGT RABBIT  llong)

.
.

RAT NOP

"RABBIT  NOP

PROGRAM COUNTER RELATIVE — The PC can be used
as the pointer register with 8 or 16.-bit signed ollsets. As in
relative addressing. the offset is added o the current PC 1o
create the ellective address. The ellective address is then
used as the address of the opcrand or data. Program counter
refative addressing is used lor writing position independent
programs. Tables related 1o a particular routine will maintain
the same telationship slter the routine is moved, il
relerenced relative lo the progrem counter. Examples are:

LDA CAT, PCR
LEAX  TABLE, PCR

Since program counter relative Is 8 typs of indexing, an
sdditional level of inditection is svailable.

LDA ICAT, PCR) .
Lou {DOG, PCRI

|
|

EFGB09

INSTRUCTION SET

The instruction set of the EFGB0JE is simitar 1o that of
the 6000 and is upward compatible at the scurce codde tevel .
The number of opcodes has bren reduced from 72 10 59, bt
because of the axpanded archiiectire and addimonal ad
dressing modes. the number of avatabile opcodes twith dil
lerent addressing modes! has nsen lrom 197 10 1464

Some ol the new mstruriions are described in detarl
below

PSHU/PSHS

The push nsiructions have the capabihiy of pusting onto
either the hardware stack ISH or user stack I\ any single
register or sel o registers wilh a single instruction

PULU/PULS

The pull instructions have the same capabiltty of 1he push
instruction, in reverse order The byte immediately following
the push or pull opcode delermines which teqister or
reqisters ace o be pushied or pulled  Tha actuat push/ pull <o
quencea is hixed, each el delines o urigue :..c.f_a_ 1o push or
null, as shown below

Push/Pull Posthyte Staching Order

Pult Order

LLITTTITT] _

_ T cen tc
A A
B R
brR or
x X 1
v X Lo
S/U Y
pC v lo
- U/s M
U’s Lo
PC
PC Lo

Push Order

Incirasing
Memory

|
TFRA/EXG

Within \he EFGB0YE, any register may be translerred
to ot exchangnd with another of like size, | e., 8 bit to B bit
or 16 bit to 16 bit. Bits 4-7 of postby te dolire the source
register, while bits 0-3 mpresent the destination register.
These are denoted as follows ;

franstee/Faebangs Posibytn

— .m::..n..H _ O..;__. 1on _

Nequater Fintd
o0 - 0 (A B 100 - A

ot = X o -0
[Lell R g 1010-CCn
wiey 1011« DPR
0100~ §
0101 = PC
NOTE
Al other combinalions are undelined and INVALID
LEAX/LEAY/LEAU/LEAS

The LEA (lond elfective address) works by calculating the
ellective address used i an indexed nstruction and siores
that address value. rather than the daia ai that addrass, in g
pointer register This makes all the leatures of the mtnenal
addressing hardware avalabie 1o the programmer Some nf
the simplications of thes nstruction are Mystrated o Tabie 3

The LEA instrrction alzo allows 1he user 1n aceras data
and tables in a posiion ndependent manner For prample

LEAX  MSGY, Pen
LOSA  POATA fpint message to

nel

.
MSGI FCC ‘MESSAGE”

This sample program prints "MESSAGE" By wning
MSG1, PCR, the asscmbiler computns the distance betwern
the prosent address and MSG!  This resull 13 placed as a
constant into the LEAX instruction which will be indnend
from the PC valye at the time of oxecution Mo matier whera
the code is focated when it is executed. the computed ol lent
Irom the PC will pul the ebsolute address ol MSGYinto the X
pointer tegister. This code 1s totally position independrnt

The LEA instructions are very powerlul and use an iniernal
holding register (termp). Care must be exercised when ysing
the LEA instiuctions with the auto increment and auto
decrement addressing modes due 10 the sequence of internal
operations. The LEA internal spquence is outhned as loliows

LEAs b+ (any of the 18 bt pointer regrsters X, Y,
U. or S may be substituled lor 3 and bl

1. b—temp {eatcutate the [A)

2 brl—=p tmodily b, postinciement)

3 temp—a fload al

LEAa .- b

1 b-1—=temp tcalculate EA with predecriempnt)

2 b-1—=p Imodily b. predecrement)

J temp—-» fload a1

TABLE 3 — LEA EXAMPLES

Instruction Operation Comment
[TEAX 10X | X+ 10— x Adds 5 Bit Constant 10 1o X
LEAX 500, X | X ¢ 500 — X Adds 18 8t Canttant %00 1o X
LEAY A Y| Y4+ A =¥ Adds 8811 A Accurmutator to Y
LEAY 0,Y|Y+D =¥ Adds 18-8it D Accurnulator to ¥
(EAU-10. U] U-10 ~~yU Substracts 10 rom U .
LEAS -10,S | S -10 —~ 5 Used 1o Reserve Area on Stack
LEAS 10,5 [ S+ 10 —§ Used 10 "Clean Up’ Siack
LEAX 551 §+5 —=x 1 Translers As WeR As Adds
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[SURVIVIVES) :

Aula increment by two and auto deciement hy twa instryc Example 1: LOSA IBranch Taken) .
rons work similarly Note that LEAX <X ¢ dors not change Belore Execution SP = FOOO .
X however, LEAX. - X docs decrement. LEAX 1, X should . i
be used to increment X by one . ' X X
: '
MuL $0000 LBSN  CAT |
AMutiplies the uncigned brnary numbiers in the A and 0 ac - ' X
cumulator and places the unsigned result into the 16 bit D . , VL
accurmitator The unsigned multiply also allows multiple. . .
preciuon muliphications SADXXQ  CAT . ' VM € g
Vm §3
LONG AND SHORT RELATIVE BRANCHES T - Z m °
» £7 6803 has the capalubity ol program counter relalive CYCLE-BY-CYCLE FLOW 9 w _u m
tranching throughout the rntite memory ..Juc I this 39:«. Crhe 7 | AddrassT Oare TRrRe Dasertption _ m_w n \/ w m r
tahe branch s 10 be taken, the B or 16 bt signed olfsel is ! [ \~ v , k3 m
added 1o the value of the program counter to be used as the ! 00 " 1 [Opcode Terich ' m ML T S
’ 2 o0l | 20 | 1 [onrse thgh Byie 44 -zt ¥
rlinctve address  This allows the program 1o branch 3 w07 i 1 lottset Low B usy o m
yie K4 oL ¥
anywhnre in the 64K memory map Postlion mdrependaent p FEFE A ) |VER Cyete md iq \ Ye3 2
codk can be easily generated through the use ol relative 5 FREF . 1 |VRIK Cycle -1 m% m u
branching Both short 8-bitl and tong 116 trll branches are 8 AOOD . 1 |Compuicd Branch Address ! m T z m
avatlable 7 FErE | e 1 |TMK Cycte ~ 282 %
8 EFFF 0 0 |Sinck High Ordnr Byt of . ¢ “h .
SYNC Anturn Addirss s w “ m b .m M
After rncauntering a syne insteuction, the MPU enters 3 9 £rre 01 0 [Stack Low Order Byt of _ ﬁ t V. ) . M 3 \.«
N sate stops pracessing instiuctions, and waits lor an Neturn Addrasy $ 23 e3¢ &
intereypt 11 the pending interrupt is non-maskable (NEN1 or % m ..*»l. 5 i i °
maskabte (FINQ, MTO1 with 1ts mask bit (F or 1) clear, the pto Example 2: DEC {Extended) 3 P - H w s yw
cecsor will clear the syng state and perlorm the normal inter SO0 DEC $ADO0 . = m \.~ m £g I
1ot stacking and service routine Since FITID and MO are . _ M " u*l« w € w g
not erdge fuggered. a low lavel with a miniemum duration of . o - . ] 5 H 3 g m
three bus cycles is requited to assure that the interrupt wilt . . - i ) € m g 3
he taten 11 the pending interrupt 1s maskabte (KRG, RO SADOOU $8B0 = ' ~ Lr\ LL ﬂ( ﬂr\ ﬂr\ m m m o
with e mash tit {F or 1) set, thr processor will elear the syne . ! | w S v s v 4 M 8 m <
state and continue ?cﬂwmnia by a‘nn:::c the next in.ling . \ 3 A, L 3 n9 u ¢
instruction Figure 17 depicts sync timing CYCLE-BY-CYCLE FLOW _ m ~N vi s m & m.
vl o
SOf TWARE INTERRUPTS Cycle I | Address| Onate [n/WiDescription . ; m W ,m“ =
A software interrupt is an instruction which will cause an ! 00 7A ! {Opcode Foich . N g3¢ m
. R . fetch These soltware in- ? 8001 AO | [Operand Addiess, High Byle . \f i 3 { m §
intecrypt and its ammcn.;:ca <mnmc. etcl 3 BO02 0 1 |Opetand Address, Low Byte _ 1 AN N e 3§
tetrupts are uselul in operating system calls, soltware p rREF A 1 |VRIR cyct ' . A m.l. ;2
debuigqing. trace operations. memory mapping, and soll- 5 AOD e 1 {ncad the Date ‘ .m m. ,_v.nu lw 3 .
ware developrment systems Three levels ol SWI are available 6 FREE . 1 |VKIR cyere s o VA m m °
on the EFGA09, and are prioritized in the loNowing order: 7 AOOO * 0 |Store the Docromented Data 1 1 VA S m ,w
SWI. SWI2, SWi3 _ w35 o mm 1
* 1he data bus bas the data at thal particular sddress. 1 _.w x.m a VA . ' <
18 BiT OPERATION i o VA V/ £ F -
The EFGB09. has the canability of processing 16 bit data. INSTRUCTION SET TABLES ! 51 F S ¢
these instryctions include loads, stores, compares, adds. . ! ww H 3 3 mm 3
subtiacts, translers, exchanges, pushes, and pulls. The instructions of the EF6809 have been broken down _ m.m £ VL VN M w H o
.. into live dillerent categories. They are as follows: ' = 23 K2 7 e
CYCLE-BY-CYCLE OPERATION 8-hit operation (Table 4) .n._w T A W
. 16-bit operation {Table 51 'S¢ Jo35 8
The address bus cvcle-by-cycle pertormance chart (Figure Index registor/stack pointer instructions (Teble 61 X VA 3 B8 33
18} illysirates the memory-access sequence 3:23:&:0 Relative branches flong or shortl [Table 7) & m n 3 m
.mo_.mw-w wmam”u_w _“_:E_m:o:vm”%aam&_.nm“..“.cg:mwu“ .ﬂa.“n.,..m MisceNaneous instructions (Table 8] X m b m u m
. Each instruction ing wi . . ) ?
<.<:_,s that opcade is being internally decoded, the noxt pro- . Hexadecimal values lor the instructions are given in ' w. m ]
qram byte is always feiched. (Most instructions will use thy able 3 ! o w m " 2 s 9 mm_w w = w £ m m
next byte, <o this technique considerably speeds through. ' |4 a s S Ll
put ) Nest, the operation ol each opcode will follow the PROGRAMMING AID | . m Q
flowchart. VMA is an indicavon of FFFF g on the address :
bus. R/W =1 and BS = 0. The lollowing examples illustrate Figure 19 contains a compilation of dats that will assist in ,
the yse of the chart programming the EF6809.
\
i
|
I
7
¢
klalh)

FAYN, ]
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FIGURE 18 —~ CYCLE.-DY.CYCLE PERFORMANCE (Sheet | of 9] . FIGURE 18 — CYCLE.BY.CYCLE PENFONMANCE (Sheet 2 o! 9]

; A
Opcode Feich ! @ Intrent Addrening Mode « @
i
NNNN _ 2:.“ RS ASLA/D MUL SwW1. SWiZ
; ASNA/B SWi3,
| Don't Care Don't Care M%xb‘”wa Don't Care Don't Care Diect Fage
Nrgr
Opcode = Yes ! NNNN s 1 NNNN+ 1 DAA NNNN & } NNNN s 112 i
- ’ 1 Start
10011 T DEtCA/B >
. \ * * 1 INCA/8 I t *
¢ Opcods, 2nd Byte . Don'1 Care PC High LSLAZB Don'| Care Don't Care Py
° ; FPFF Stack LSRA/B FEFE TrEs T
NNNN + 1 NEGA/B S1ac)
by 1 ! t *
. ' ! -
. PClow NORA/B Don'tCare PClow Py T
i Stack SEX 11143 Stack
nd Bytle = Srard
A1 ar
100 117 ' t 1St t ! I
N Don't Care Don't Carn Dom'1 Care PCingh
_ - Coodinn
Relatve Addressing | FFPF NNNN & 1 FEPF Stack Cortr Nrgestrr
Moe * , ) ’ * * Starh
| Dot Care User Stac Low }
| FEIF Stark Don tCae
LBCC, LBCS, LBEQ, LUOE) DCC. BCS, BEQ. BGE, BGT, DI, ; : I ] T
Lear,; ﬁ&I..PQImw—.mrmw ! BHS, BLE. BLD, BLS. BLT, BMI, ! :
—.er.,ﬁw_lw,rmr.? BNE, BPL. BRA, BAN _ Don’t Care User Stack High
LOMI LBNE LBFLIl  Otfseringn “ave ave Olfset
LBAA LBAN; LBSR BSR, BVC, BVS ! ErEE Stack
LBVCi rw(ma L NNNNa 121 NNNN 4+ | - _ . I I Vector 1hgh
FIrx
* o H Oon’t Care Y Regrater Low *
Oftsel Low g | FEFE Stack
. Inteeennt
NNNN+ 2030 Don't Care " * * Vertne Low
* ’ FFFE ! Don't Care ¥ Negister thgh Effx s
. FFFF
Oon't Care v ' Stack *
FEEF u * * Dot Care
| ! Don't Care X Negisinr Low PP
FFFF Stack
| . .
Don’t Care _ . . * *
No ' Don't Care X Register High
Sub Dest Addr I . ITIT, Stact
| AN
f i .
o Don’t Care !
NOTES FEFF _
1 Each state shows * | '
Data Bus Ofiset High Retuin Addr Low _
Address Bus NNNN + 112) Stack _ '
?2 Address NNNN is location ol opcode * | @
Return Addr High _
J ! opcode 15 3 two byte opcode subsequent
N . Stack i
addresses ars in parenthesis ( - * _
1 ,
4 Two byle opcodes are tughhghted .
H ' .
. ¥ .

e | . e i e 20
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FIGURE 18 ~ CYCLE.BY.CYCLE FERFONMANCE (Sheot 4 of 8]
FIGUNE 18 - CYCLE.OY.CYCLE PERTONMANCE (Shaet 3 o1 8) G

::w m«Znﬁ .1.<<>_~ * ' ..ECH rSHy
i PULS : rsits
ditron
Don 1 Care Don 1 Care CC Madt n..mm.,?.m;:. ! Past Myte Fost Byte
. N
NNNN o 1 NNNN 1Y NNNN 1 S ! NNNN o 1 2 NNNN .
! ! _ ! !
cn Don1Ca OontCare “ Don't Cate Yes Don't Care
on 1 Care X
Stack o NNNN s 2 Oon't Care . 5 FEFE X Pegrster High FFFF X Regrster Low
2
] JState ; I : Stack ! Stack
Don't Care Dont Core * Dot Care * *
N
kil FESF : Tt X Regrster Low PEFS X Rrgester High
* B Stack * Stact
Yes PClow . Oon't Care
i
A Register Stack Stach
Py Don1 Care * Interrupt ! No Mo
a
C 3 State i Veclor :57
* ki FEEX i
Stk . Conda
0 Negater * * CQ“:—_:..QH._E Yes Yoy
Stack Interrunt . DirciPa
E Yn 1ot Hligh Qe
* User Stack Low Veclot Low ! Stack fgster Tyl Negster
Stack
Oneet Page Siack FREX 8 Y ~ * PC Low Sract
Regrster * * “ Stack
| Y Megrster Low
Stack User Stack High Doan't Care _ egrstor *
fark
* Stack FFFE _ S .“_. FCigh Post Byte
X Regrster High * - Stact | M_____w
m_Wn. Y Regrster Low ~ A Regiater
Stack Stack B Negestar
X Register Low * ! S - "
1ac
Stack Y Registet High _
U/S Stack
: w Stack . | Ponter High
Y Register high * ) Py VIS Siach
' ac
Stack X Regreter Low * Pomnter Low
Stack
* Stack B Regrster U/§ §tack
Y Regrsier Low * Poniter Low *
Stack
15 Stack
Stack X Negister 1high m.ﬂn— kym;m. “._nar
* Stack _ - Stack
User Stack Migh . * |
Stack Drect Page |
* Register Post Byte
Stach Bn o
User Stact Low _wn Set?
Stack Dwect Fage Yoo
D Negtar =..n_«_1.. PC :.a__
Siack Stack Condition
Stact Y Regisier Low Code Regrster
' PC gt * ¥ i
h
9 * Stack Start
Stack PClow —
A Negrsier | * -
1 Stact Y Regrster Hhgh
rgrster Hy
PClow Stch m M a, -
ﬁ 1ac
Stack
* . Oon't Care
Oon't Care Stock
Start *

olnIerent Addressing Mode

¥

Immediate Addesring Mode




FIGURE 18 — CYCLE.BY.CYCLE FENFONMANCE (Shest 5 of 9)

tmmecdinte Addiessing Mode Drect txtended
Addressing Addressing
n txG A instrucnons | hode Mode
Except Address {ow Address tigh
Post Oyte Fost Dvte nwxm NNNN ' 1) NNNN + 1121
NNNN s NNNN o 1 PULS. { i
* * TER, Don'i Care Address Low
and
Oon't Care Dot Care £EXG KFEF NNNN 1+ 2031
FREF FEFE 1
—
m * Don't Care
Oon 1 Care Don't Care FEFF
FFFF FFEF
Don't Care Oon't Care
FFEF (321
I r
Don't Care Don't Care
1ree rery
‘ Don't Care .
: 1113
Don't Care
FFFF

TUHAMCON CEMICrANDIICTONIDS

EFGYU9

FIQURE 18 -~ CYCLE.-BY.CYCLE PERFONMANCE (Sheet 8 of B}

@ Indexed Addrassing Mode *

fost fyte

NNNN v 121

S R

0 Olfset 5 B Olfsel 8 B Qiteet 16 Bt Oftent A/8 Ollset 0 Otient ?
From R From R From R fiom N From A From N
Don't Care Don’t Care Offsmt Otlset thgh Dot Care Don t Care
NNNN '+ 2130 NNNN« 2400 NNNN o 2t NNNN 3 2031 NNNN ' 21 NNNM « 2t
Don’i Care Oon't Care Oliset Low Oon't Care Don't Care
FEFF FFrf NNNN + 300 FEFY NMNN s 304
Don't Care Uon't Care
NNNN o+ 415) NNNN » A1Y)
Don't Care Dun t Carre
. rree tn
Don't Care Dot Cave
Feer TFe

Indwect?
Indwect Hirgh
XXXX
Indwect Low Constant Oltset lrom N
XXXX # 1 No Oltses
8 81 Offser
« 16.841 Offset
1
Oor't Care Accumuytator Ollset lrom R
FEEF A mac..:i G_;n_

B Negester Ofiser
A.llll— O Regrster Otfset
Aulto Increment/Decrement R
Increment by 4
Decrement by 2

{)
“H Constant Otiset lrom PC

8 0t Ofiset
16 b Otfset

Er1ended Indunct

16 O Address

.
The inder regrsicr s incremented
toltowing 1he indrred access

TUNRIC N o

XX XX

Indnr Regster
Indes Negester
Index Rrgister
Low Byle

Indrx Regisier
Indes Negiter
Index Register

Indes Register ’
Index Regrster

¢ Olient Byte
+ Dlsey High Brte Ollser

v A Register
+ B Register
v O Regster

-2

Pcc;:.. Counter + Offsel Byie
Program Counter + Qllsey High Byte Ollser

Low Byie

Address thgh §

Lala XYL VET. L 4 TR

vie Addies Low Dyle

PRIN]
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FIGUNE 18 — CYCLE.BY.CYCLE PENFONMANCE {Shest 7 of 8)

@ Tndened A ddresting Mode

}

Post Ryte
NHNN » 11
* P P .
e e Ing 1Oee rC 16 M Eviendrd PC B B
LT by 2 Ottsel tnduect Olfset
Don 1 Care Oon1 Care Offset thgh Address High Oltset
NNNN s (3 NMNMN « 1) NNNN o+ 2630 NNNN s 2101 NNNN s 2t) .
Dor 1 Care Don t Care Oftset Low Address Low Don't Care
e (£21 NNNN + 318 NNNN « 3t0 FEFF .
[~ 1 ! ! |
Gon 1 Care o't Care Don't Care Don't Care
t
rery rees NNNN %) NMNNN + A15)

t

}

Dont Caee

on 1 Care

TREF

FFFF

}

-Don't Care

FFFF

}

Don't Care

FFFF

I

nehrect Hhgh

XXXX

!

Indhrect Low

XXX 2§

i

Dot Care

rrer

Constant Otlset from R
No Offset
A Ot Olfset
16 81t Otlset

Accumuylator Offset lrom R
A Tiegrster Offset
8 Regrster Otfset
D Regrster Offset

Auto Increment/ Decrement N
Increment by 2
Oecrement by 2

Constant C:mn_ liom PC

R/ 0t Offset
16 tit Ofisey

Ertonded Indnect

16 Bt Address

.
The indes register s ncermented
_Q:J,\s.!ﬂ the inderxnd arcess

XXXX

Index Reqgistar

Index Regrster ¢ Offset Byte

Index Register + Offset High Byle. Ollset
Low Byts .

Index Negister + A Register
index Register + B Register
Index Regrster ¢+ D Regrsier

Index Negister”
index Register - 2

Piogram Countrr ¢ Offset Dyte
Program Counter + Oflset High Byte Ofisel
Low Byte

Address thigh Byte Addres Low Byte

EFGOO09

FIQUNE 18 — CYCLE.BY.CYCLE PERTORMANCE {Shee1 8 of 9)

Ellective Addiess

ANDCC, T ADCATD, STA/B 100 510573
oncc {AN Excent ADDA/B, 1AN Except LOY Sty §1x.
Himmeduate | Immediate) ANDA/B, Immediste] Lou. BTYAn
Onliy! BITA/SB, L0x, Frcept
CMPA’S, Loy Immediate!
EDNA/B,
LOA/B. Regester (Winigt
. OnA/8, EA
SACA/D.
SUBA/B
Data Regrsirr hgh Regesier Hhigh
NN T A Write)
! ! T
Don't Care Prgister Low ~
: - Regisire Low
NNNN+ 2 EA Y 1Winel
tA
Dats
€A
. Ellechive Atdress 1EA)
Constant Oltset from R
No Oflset tndex Regrster
5 Bit Oltset Index Register
8 Bit Offset Index Register + Post Byin
16-8it Offset Index Regisier + Post Byte thigh Post Byte Low
Accumulator Otlset lrom R
A Regrster Offset Index Regrster » A Negister
B Negrster Otfset Index Regrster + B Regsine
D Regrster Ofiset Index Register + D Regester
Auto Incterment/Decrement R
Increment by | indes :ac.u_a-” N
Increment by 2 Index Register
Decremen by 1 Indes Register - 1
Decrement by 2 Index Register -2
Constant Offset rom PC N
" sel Program Counter + Otiset Dyte
1681 Offset Program Counter + Olfset tigh Byte Offset Low fvtr
cl Dwect Fage Regisier Addiess Low
Extended Address thgh Addinss Low
Immediate NNNN « 1 '

.
The inder regrster 13 incrementrd
following ihe indered access
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Ellectve Address

ASL, ASR 1St AODD, CMFD JSh LEAS,
CLA. COM, (AN Excent | CMPRCMPU] TAN Excent LEAV,
DEC. INC, tmmedeate) CMPX Y. Immedrate) LEAX,
LSu tsn, suUBD LEAY
NEG. ROL. Undexed Only!t
non 1A Don't Care
Ercept
Immediate! Sub Address
, I
- Data Data Data bigh Oon't Care Oon't Care :
tA €A EA FFEF FFFF
Oon't Care Don't Care Data Low PC Low IWnte!
(201 FrrFf EA Y Stack
Data tWime) . Don’t Care Don't Care PC thgh (Wnite!
EA FFEF KFFF Stack

b

1

! b :

©

Constant Olfset Irom R
“Na Offset

S 81 Offset

8 Bt Ottser

16 B Olfsel

Accumulator Qffsel from 1
A Reqister (tset
B Rrgeter Otfeet
D Register Oflser

Auo Increment/Decrement R
Increment by |
tncrement by 2
Drcrement by V
Qectement by 2

Constant Otfset friom PC
§ 8t Offset
16 Bn Oflset

Drrect

£ 1tended

Immediatle

.
Tie indrs tegretre g incermnning
ToMgwing the indesed access

1
1]

aAnian

Ellective Address [EA)

index Register

Indnx Argister

tndex flegister + Post Byte

index Register + Post Byle High Post Byle Low

Indrx Reqrsier ¢ A Register
Index Registee o B Negrster
Index Regrster ¢ D Aegrster

tndnx Regisier
tndne 2aa_a.~: :
Index Regrster - |
Index Regester -2

Program Counter + Olfset Byte

Program Counter + Offset High Byte Olfset Low Byie
Ouect Page Regrster Address Low

Addiess thgh Address Low

NNNN 1

ettt

t-LYUY

TABLE 4 — 8 BIT ACCUMULATON AND MEMORNY INSTRUCTIONS

Mremonicls) Opetetion
ADCA, ADCH Add memory 1o accumulalgr wath carry
ADDA, ALUB Add r.emory to accumutator
ANDA, ANDB And memory with sccumulaior

ASL, ASLA, ASLS

Arithrmetic shr!t of accumulator or memoty left

ASR, ASRA. ASRE

Anthmetic stelt of accurmiiator of memory nght

BITA, BB Bt 1nst memory with accumulstor
CLA, CLRA, CLNB Clear accumulatyr or memory Jocatron
CMPA, CMPB Compare memory lrom accurmutator

COM, COMA, COMB

Complement accumulelor or memoty locaion

DAA

Urcrmal adjust A accumulaior

OEC, DECA, DECB

Dccrement accunwliaior or memory locabon

EORA, tONB Urclusive or memory with accumutator

EXG RY, A2 Exchangs R wih A2 AT, N2 = A B, CC, DI
INC, INCA INCB Incrrenent accurmulatlor or mematy keaton
LDA 108 Toad accumulaiar Triom mamory

LSL, LSLALSLE

Logreat shilt Jeft accumutator of memory kcation

ISR, LSRA, LSNB

Logreal stult right accurmilator or memoty location

MUL

Unsigned muttmly (A x B - O

NUG, NEGA, NEGB

2..<...1 accurmuiaton or memoty

ONA, Ong

O memary waib accumulatnt

nOL, ROLA, hoLn

Nutate accunmmtaion ot memory inf

ROR, RONA_ NONB

Autate accimmutaten of memwory nght

SOCA, sBce Subiract memary from accumutalor with borrow
ST1A,S18 Store accurmulator 1o memory

SUBA, 5UBD Subtract memary from acrumulator

IST, ISTA, 1S18 Test saccumulator ot memory tocation

TFR A1, A2 Transter Rl 10 R2 (A1, R2 = A, 8, CC, DM

NOTE: A, B. CC. or DP may ba pushed 1o fpullad friom) stack with eithar PSS, PSHU

{PULS, PULUI instructions.

TABLE 5 — 16.8!T ACCUMULATOR AND MEMORY INSTRUCTIONS

Mnemonicls) Operstion
ADDO Add memory to D sccumylator
CMPPD Compate memory hom D sccumutator
EXG O, R Exchange D with X, ¥, S, U, or PC
L0D Load D acctrmulator from memory
SEX Sqgn Extend 8 accumulator mio A accumulator
510 Store U accumulaior Yo memory
SUBD Subtract memary from D accumulsior
TTRD, R frantfet D10 X, Y, S, U, or PC
TFMN, D Transier X, ¥, S, U, o0 PC10 D

NOTE: D may be pushed Ipufled! 1o stack with eithet PSHS, PSHU {PULS,

PULUI instructions,

THOMCON CSEMICONDUICTFIIRS

Jux
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TABLE S — INDEX NEGISTEN/STACK POINTER INSTRUCTIONS

Tnviruetion Davcrpimn
TNFS (MU Compare memnary Troms Mack pomter
CMPX_ (MY Compare mamory from mdes regiater
Ex Ay N2 U R ¢ ¥ AU e A DY Y S Y o PO
LEAS LLAU Load elfrctive adifirsy wig stach pon
TTAR_(TAY Unad FlTectve addieas min mine register
tos_tou Unad s1ach poreter frgm rmamory
(G Uoad mder regisier from memary
F51s Push A, B, CC. DP. D. X, ¥, U, or PC onlo hardware stact
Y Fush A B, CC DF. D. X. ¥, S or PC onto vser siack
PULS PUt A R CC DM, D, X Y U o PC Trom hardware stact
ruy TAA R CC DM O X ¥ 5 o I'Clom hadware stach
S15. S1v S1018 318t ponter to mamory
Six Sty Store mides register 1o memory
trn Nt R? Tandme D X, ¥ S Uor PLIGD. X, Y S U, or FC
ABX Add B accunaitator 1o X luntxned?
TABLE 7 — BRANCH INSTRUCTIONS
Innteuction _ Owscription
SIMPLE BRANCHES
REO. LBEO Mrareh of pguat
BHE, LBNE Branch of not equal
RMI DM Dranch of wnus
WL - ol phs
BLS,10CS Rrarch ol cany a9 —
aCC, 16CC ch o carty chear
Vs, Lovs ek ol gverlow tet
ave, unve Aranch o averlow tlear
SIGNED BRANCHES
0Gi, 18G) Branch if greatar tygnedg!
BVS. LAVS Branch il invakd 73 complement tesult
BGE, LBGE BQranch of greater than or equal Iygned!
BtO, tBlO Branch il equat
ONE, L BNE ranch il not equat
BLE. LBLE Branch il ey than ot equat Iigned!
8vC, Lave Branch il vald 73 complement result
8L, 1oLt Branch il trsg than tagned)
UNSIGNED BRAANCHES
8, Lpin Branch ! higha tunsgned)
0CC. UACC Bramch Wl bigher o Saeme lunsigned!
RIS LOMS Branch if lughet o sanwe lunsigned!
nto._toto Reanch o pauat
BHE, LBNE Beanch il not equal
BLS, LBLS Branch il lower or same lunsigned!
BCS, \BCS Branch i lower lunygned!
BLO, LBLO Brarch il Yower lunagned)
OTHER BRANCHES
gsn, 1esn Branch 10 Jubrouing
BRA, LBAA Branch always
BAN, LBAN Branch never
TABLE 8 — MISCELLANEOUS INSTRUCTIONS
nrtruction Description
ANDCC AND condiron coda regrter
cwal AND condiian code regrater, then wait for mierrupt
NOP Mo operaton
ORCC OR condihon code regsier
Jue Jurep
SR Jump 1o subroutine
nn fatutn from nterupt
ntsg Netyen from subroutins

SWI, SWI2, SWIY

Soltwarg mietmt {abtolutn mdvect!

SYNC

Synchromie with mterrupt bne

|
|

[SURVEVIVEY)

TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES

or | Mnem Mods |- [ 0P | Mnem Mode [- |t OF | Mnem Mode |- T}
0 | NEG Owpcr | 6 1 X | LEAX Indaved |4+ |20 | 0 | MEG Indrerd 160 | 24
o | 3 | CEAY e J2e ] &0 | -

02 32 | LEAS s f20 ) 62 |

0 | COM 6 ? 3 | wAy Ingdred 4 | 2¢ § 6 | COM 6 | 20
01 LSn [} ? M rsus Immed |5 |2 64 Lsn he | 2
% | " 15 | PULS Immed 159 | 2 65 | °

00 noR 6 2 h ] sy tmmed § 5+ | 2 66 AON (X 2
(4 ASR 6 2 » PULY \mmed |5+ 17 (1) ASR 6 2
08 | ASL, LSL [] ? » |- - 68 | ASL. LS 6e | 20
09 | noL (] ? 3 { A1s Inherent | & ' 63 | ROL 6 | 20
OA | DEC ] H A ABX 3 1 6A | DtC 6 2
08 18 { nn 8715] 1 en | *

oc | INC 6 ? x | cwar 22|72 6C | mc B |2
oo | 181 (] ? 30 | MuL Inhatent 1t |y 60 | 11 6 | 2
0t JMP J ? Jt * - 6€ ur r I 7
oF cun Owect | 6 2 ¥ swi Inhetant | 19 1 6F cn todesnd |6 ¢ 2.
10 | Page2 - - - 40 | NEGA Inherent | 2 ' 0 | MG Extended] 7 ]
n Page 3 - - - an . n .

12 NoP tnheram | 2 1 42 . n .

13 | SYNC Inherar |24 | 1 43 | coma ? 1 13 | com ! Al
Wi 4 | (sna ? ' mopsn ] )
15 13 . 15 .

16 | LBRA Relatve | 5 3 46 | RORA ? ' 6 | non 1 )
17 | wasn Relatve | 9 k] 47 | ASRA ? ' 17 | Asn 1 il
19 . An ASLA LS\A ? ' 8 ASL, LSL ! )
19 | DAA tnherant| 2 1 43 | noLA ? 1 19 | not 1 ]
1A | ORCC immed | 3 ? 4A | DECA ? ' 1A | vec ! b)
8 - L1 wf

1c | Anpcc Immed | 3 2 4c | INCA 2 ' 1C | NC I 3
10 | sex Inherer | 2 ' | 1s1A 2 ' 0] 1St ! )
it | exo tmened [8 | 2 | . 7% | ome b
W | 1R Immed | 6 2 ar | cLra tnhmrent | 2 ' 1w | cn Evtended] / ]
2 | snA Aelarve |3 | 2 50 | NEGB Inberem | 2 i 0 | SUBA Immeg |2 ?
1 | 8RN L |2 ? 5t A 81 | CMPA ? ?
22 | s 3 2 52 | ° 87 | SBCA ! 7
2 BLS 3 2 53 coms 2 1 8) SUBD 4 A
24 | BMS, BCC 3 ? 54 | LSRY 2 1 81 | ANDA ? b
5 BLO, BCS 3 2 % . ) LR ? ?
% | ane 3 ? % | nonp H ' 06 | oA ? ’
7 8EQ 3 2 57 ASND 2 1 8’ *

8 BvVC 3 1 8 ASLB. LSLB 1 1 89 tona ? ?
29 | 8vs k] ? % | nous 2 | 89 | ADCA ? ?
A | BPL 3 2 5A | DEcCe 2 | BA | ORA ! ]
bi] oMt 3 2 58 M 1] ADOA ? ?
C BGE 3 1 5C | INCR 2 ! [[o CMPX Inwned | 4 k]
20 | oLt 3 2 50 1518 ? ! 80 | OSR Retarwe {7 b
it 8G1 3 2 5¢ . y 8t 10X tmmed |3 3
¥ BLE Relstve | 3 2 5F CLAB tnheremt| 2 t 8F .

:nmic”

~ Number ol MPU cycles lless possible push pull or mdesed mode cyclest

! Number of program bytes

* Denotes unused opcode

hATR)
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TABLE 9 - MEXADECIMAL VALUES OF MACHINE CTOOES (CONTINUEDI

or Mnam Mode - ’ or Mnam Mode | - ! or _Z:-:_ _ Mode —: —~
YRV Y - Oer |4 |77 o sunn freeneed |7 2
" CMPA 4 ? o | cmrp 4 ? ? Pege 2 and 3 Machine
2 SRCA 4 ? €2 | secn 7| 2 Codes
ny SunG L} ? o] ADDD 4 3
™ AHDA 4 ? ce | AnDD ? ? 102t | LonN Retanve |5 4
"o RA A1 ¢y | srte ey {2 | 2 1022 LB A oer| e
" LDA 4 1 6 | Loo rved 12,1 2 1023 |LoLS 5160 | 4
ar STA 4 2 cr A 1024 } LBMS, LBCC 5161 | 4
] onA 4 ? CA | tons ? 1 1025 | LBLS. LBLO 5161) 4
" ADCA 4 2 w9 | aoen ? ? 1026 | LBNE 56| 4
an ORA 4 ? cA | onp ? 2 1027 | LBtO 56| 4
M ADDA 1 ? CB | ADDB ? ? 1078 | LBVC 56| 4
o (MeX 6 ? ce | too ] h) 1029 | LBVS 5160 4
N ISR ! 7 col * ~ 1024 | LBPL 56| 4
ot 10x 5 ? k| wou nmnd |3 J 1028 | LBMI 5160 4
o gix Oarct |5 ? cr | . 102C | LAGE 51611 4
[ 1 161 4
A0 SUBA tndrred (20 | 24 00 mm_wm Drect “ w _Mww ”Nw_ 4 N.M_ 4
Al CMPA 2. 01 | CMPB ) 2 102F | UBLE Ralatve | 516! | 4
A)  SRCA a2 02} S0CH N RS IRTYTS RO inhere (20 | 2
A1 SuRD 6¢ ] 2. D3 | ADOD Al 103 | CMPD tmmed 15 | 4
At ANDA R Y DA [ ANDR . ° ] oo | craey I LI
AN MHEA A ]2 04 | non L] ! .
e | Loy v |4 A
AB LDA ITRIED D6 1 LLD 4 1 13 | cmrp Oveer |7 3
Al STA LK 2 v7 Sin ‘ 2 tac | cMPyY ? J
AR LORA ] o2 he | Eonn o 109€ |Lov 6 |3
AC ADCA THER va | Abce 4 1 Yoor {s1v On
mact |6 J
AR ONA A 2. DA onp 4 2 10A3 | CMPD Indnred |7+ 1 30
AR ADDA o2 ww mmma “ w 10ac| cMpY ﬂ 70 { 34
n.ﬁ, m_M__,I m w. oo | sto s | 2 ] loatjov 6+ ] 3+
A€ . 2 10AF | STY Indnxed |62 I
AL DX 50 20 Ot { Loy ? 1003 | cMPo triendegfa | 4
AT 1K Wndesed |50 | 2+ OF | stV et 15 ] 2 08¢ | cMPY 8 |4
to susp Ingnead {4 2 108E [LOY 7 4
3] SURA Euended| S 3 t1 [t Y1:] L 20 108F |STY Extended)? 1
At CAFA 5 ] £2 sece L B ) 10CE {LDS tmmnd |4 4
R? SACA 5 3 €3 | AoDOD 16+ 2+ ] to0t|LDS Denct |6 2
ny  SURD ’ 3 T ANDB . 2 100F [ ST15 Duect |6 ]
ne ANDA S 3 5 | oirp as] 2+ | r0te [LOS Indexnd |6¢ | 34
ne ALA S J 6 o0 a. bR 10EF |STS doxed {6+ | 3¢
rs LDA 5 3 £7 | sie as1 2+ | 10FE |LDS " Extended|? 4
N7 StA 5 k) ta | tonp Ad 2+« | rofrfsts T Extended| 7 4
RrA EORA 5 3 £9 ADCB 'K ) NI {swn Inheret {20 | 2
A3 ADCA 5 3 FA | one a.f 24 1 ng3jcmey Immed {5 | 4
fA  ORA 5 3 £8 | ApOB 4 2+« ] nsc|cmes Immed |5 4
A8 ADDA 5 3 EC | 0D 5¢ 2+ | 193 jcmry Dwect |7 k]
BRC CMFX 7 3 tED | S0 5 20 119¢ | CMPS Ounect |7 3
RO JSR 8 ] €€ | LDV 5¢ 2« | niazjcmry Indexed |74 ] 39
ot 10X Aﬁ 6 3 13 STy Todrant |50 ) HAClCMPS Indexed |7+ | 3¢
1 wraddec J
nr Stx Eutnaded| 6 J o SUBe P 3 ““NM MH”M M““M“NMN “ “
t1 | cMmpPp 4 5 3
F2 sace 5 3
£) | ADDD ? k]
r4 | ANDB 5 3
£5 | sirp 5 3
1] Los 5 J
LX) si8 5 K
_— ; e 8 | Eonp 5 3
Hovy ”Ha:._..“aoxn.‘ opcodes are both undetined re ADCS Y 3
fA | onp y s 3
A ] ADDB - Exinnded| 5 J
C oo Fxtended]| & R}
o | sto 9 61 2
FE 1ov 6 3
_. 3 13 sty Extenind| 6 3

truuvy

FIGURE 19 — FROGNAMMING AIO

Addiersing Modes
) Imened) Okec Indersd Trtonded e ent sjajtlige
tnstryction| Forme {Op | - 1| op] -~ 1) Opl - ¢t | Op| ~ 1 {Oop]| - [] Vescription HiN]LIV|C
ABX | 3| V|8 X=X WUnygredt RO
ADC ADCA ml2] 2l a2l As| a2 mel 5|2 AvMIC-A R RD
Aol feaf 2| 2joa]a] 2| wafae]an]rels] s AeMiIC-B o
ADO ADOA 88 (72| 2f 9B a2l Anjas|2efnn] S| LER N tlrpref
Aabbs fceaf 2| 2jonla| 2fenfer]ae]rBf 5|2 AvM-n e
ADDD [cafa] 3joafe | 2| tafsefac]onf s DeMMeI-b SRR
AND ANDA LRI R AU LI LU ENE] AAM-A D EDLIE
ANDB Jce| 2] 2| oafa| 2| vajae]ai]oafs] AAM-D efvfifn] -
ANDCC JiC ]3] 2 CC A IMM - CC ’
ASL ASLA "2 [] A -4 - LARE R
ASLD ml2] ._ﬁT‘mHEHDHGA-a anE
ASL LRI H O RO E I RAE] MIT & Yo aungn
ASR ASRA LA S Y e e sl
Asng w2 ,_J:SH U EHERE
ASR or s 2ler|s]afirfi]a bl 7 A L L B I
Ll ANA e {2l 1]l |a] 2t asfar]rfnsfs] Mt Test A TM A A1 sfvffn]~
L]} C51 2] 2{ 054 | 2] (S5favfaciin) 5| a 0t Test 8 1M A By efrfegng-
TR CTLRA o [T v]o-A “Ial[ilo]o
cing SFy 2 1|10-n {nj{n]|o
Cin ofF F6 | 2forfefac] )y 0-M slo) o0
CMP thara (a2 | A A e Y Crwronre A form A DEennn
(AL I I AP 2 2 RTINS N P A B Commpoara A b B UK
cMrp wislpalwlrfaprwjrejse]lmiafa Crenpare M M 01 i 1) shefefof
8 9 A3 L3}
cmrs IR RIRIEEARIBIE IR IR R ] Compara MM | from § sl
ac 9C AC ne
CMPY wbs) af a2l vfre]acfinn]anl e Cormprre MM+ | lipm 1) e ]
83 9) A) n
CMPX AC | & 3leCc]s 1 Ac|se) 2 lnCt ? k] Coenpare M 1Y ¢ 1 ligm X D EEERRIR
CMPY wls| aflwl2| 3| wlrelr]w0lata Compare MM s 1 fipen ¥ EEERE
8C 9C AC BC
oM CUMA 1R B L) BRDRRE
coMp 531 2] vifi-n NI R
oM ais|2]erfef2.|nfr| L Y] eli]afnf
CWA! ic pxl 2 v | CC A MM = CC Wast hoe tternin '
GAR W V| Gromd Rt K DO
BEC OTCA [Ty SF R N P oonog
otcs SA] 2| V|B-1-8 efvfofofe
0tC oA f6f 2]6alssf2e]onl 1] MotaM leefeg e
ton EORA B | 2| 2| @ | a2 A8|4 [ - |BR] S| 3 AMMZA I el
tons C8 | 2] 2/ 08|42l t8jasfe]r8] 5] B¥M-8 M ARRN LI
§EXG R, A2 wisj 2 m-ny’ olofefo]
NG WNCA 9 B B A annne
INCH 5¢] 21 V|8 1-8B efrprjrfe
INC OClej2|[6Ci6ej2r]rc| 7] MetoM cprprfage
Jmr ot {3 2afeejaejacinn]al A BRDne
ISR 0 |7 | 2] A0|7 |7+ |e0] 8|3 Jurep 19 Subroytns IERRE
[ LDA sl 7fos|a| 2] Aslac]2av]me} 5] 3 M-A BaRoE
Lo8 o2 2]os]afafrelacizi]rs]n]o M- softfr]o]-
L0o CCpIfPAloOCS | ajecissjaefrcliel s MM 1.0 o cfrfogaf-
[OLH wlaj 4]l w]le| 3] wje|3efrojr] s MM =S slaifi]n] e
ct bt tt e
(Lo VI CEjI] Ijoe|S| 2 tefSef2e|Pti6] [SHEER Y] elrjr]o}-
({01 e} 3| 3] 9t | S| 2| At]5+|2+)BE| 6] ) MM 1= X cprfs]e] -
Loy wola| 4fwols| 3] wjar)ae]ro]r]a MMty olalvfaf -
8t 9t At 13
LEA LEAS rfas e B ofef=fel
WAy MERED tAl.y olefefof-
LEAX nlaf2. A X olely] -}
LEAY Nniad 2 Ay olels]ef .
LEGEND R Comptement ol M 1 Test and set il e, clnsred otherwise
OP  Operstion Code (Haxadoecimat} ~  Teanglet Ino ©  Not Allscied
~  Number of MPY Cycles H  Halt.carry thom bit 3) CC  Condition Code Pegister
! Numbmr of Program Byles N Negative tsign bitl ¢ Concatenation
+  Arithmetic Plus T Zetoresult vV Llogeal or
- Arithmeatic Minys Y Overflow, 7's tomplement A logcat and
* Muliply C  Carry iom ALY ¥ Logicatl Exclusive o

THOAMCOMN CEMICONDICTEIIRNG
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ETGBO9

PHYSICAL DIMENSIONS

CcB-182

P SUFFIX
PLASTIC PACKAGE
\m Newnnd @ rmentinn
o v \\ e Tre poreticd pasition
C\LCCCCCCCCC B ALSO AVAILABLE
— Moo Vb JSUFFIX C SUFFIX
80 pim CENODIP FACKAGE CERAMIC PACKAGE
Y
F.ne Ch-182
oata ote [TITTETS

ORDERING INFORMATION

) l EF68A09 _O __S_ ma

ca<_no _ ’ mn;u:_:n Tevel
Fackage Oper. temp.
The table below horlrontally shows ofl rvelinble suffiz combinetions for packsge, opersting temperstre snd screening
level, Other possibiiies on request,
PACKAQE OPER. TEMP SCREENING LEVEL
DEVICE
c J 4 t N |8 v M 8 o as | B8
L4 ® [ ] [ ] L] L]
[ ) . [ ] [ [ ]
: EFSR0Y [1.0 MM1l
{ . 0 . ) . .
* L] [ ] L]
[ ] L ® L] [
L] L] L] * o
ErsgADs (1.8 MM1)
[ ] L L[] [ ] L J [
O [ ° ®
° ] L] L]
EFSAR0Y 120 M) ——
L] [ ] L4 . [ ]

Examples : EF6009C, EFEBOICY, EFEBOICM

Packnga: C: Cetamnic DIL J: Cerdip DIL, P: Pastic DIL, E: LCCC, FN: PLCC.
Oper. temp, ;. L*:0°Cto 1 70°C, V: ~40"C to +85°C, M: -55°Cto + 125°C, *: may be omitted.
Screening level: §td : ino end suffixl, D : NFC 96883 level D,

/8 ; NFC 9680) lavel G, B/B : NFC 5688) lovel B ard MIL-5TD.88IC lovet B.
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Plenre Inquire with our 1efet olfices sbout the evetiability of the different packaget.
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