> THOMSON SEMICONDUCTEURS

EF6809

8-BIT MICROPROCESSING UNIT HMOS

The FFE809 1s a revoluliorary tign p
which supports modern programnsng techn
den reentrancy, and moduiar proQramming

Thus third- generatior addition o thie 6800 Famidy nas g or architectura: 8-BIT
impraovements which incluae addinond. registers. instrosions,. andd fressing MICROPROCESSING
modes UNIT

The bawie instructions af any W ter e gredie enhancend
presence of powedul addressing mones The FFEE09 has the mes?
set of adﬂyrjﬁ%\;mg modes avalable or 4ny 5 ot e O ensnr o CASES

The EFBB09 has hardware and sottaare features whinh moske 0 deal
processor for higher ievel language execuhion or standard tortrollen app cB-182
tons
EF6800 COMPATIBLE

& Hardware — Intesfaces with All 6800 Peripherals
& Software Upward Source Code Compatibie ingtr ;
Addressing Modes

orrmance 8-t mecrgy

LS sl

(HIGH DENSITY N-CHANNEL, SILICON-GATE)

s s tion

P SUFFIX
PLASTIC PACKAGE

120 Setand
ALSO AVAILABLE

JSUFFIX C SUFFIX
ARCH'TECTURAL FEATURES CERDIP PACKAGE CERAMIC PACKAGE
Two 16-Bit Index Registers CcB521 CB-708
® Twp 16-Bit Indexable Stack Ponters
® Two 8 Bit Accumulators car be Concatenated to form Ore
16-Bit Accumulator
® Direct Page Register Allows Direct Addressing Throughout Memory
FN SUFFIX £ SUFFIX
HARDWARE FEATURES PLCC 44 LCCC 44
® On-Chip Oscillator iCrystal Frequercy = 4 = E) Hi-Ael versions available - See chapter 9
® DMA/BREQ Allows DMA Operation ar Memary Relresh
® Fast Interrupt Request Input Stacks Oniy Canaiman Code Kegisior
and Pragram Counter PIN ASSIGNMENT
® MRY Input Fxtends Data Acrcess Times for Use with Siow
Memory B - vest] @ \_/ x;;]m
® Inferript Acknowledge Output Allows Vectoring by Devices =
® Sync Acknowladge Dutput Allows tor Synchromization to External NAIQ: 33 [ XTAL
Event RQf3 26 FEXTAL
® Single Bus-Cycle HESET e ~~ hEForT
® Single 5-Volt Supply Operatior FrRegs > HRFSF‘
® NMI Infubited Atter RESET Unts After First Load of $tack Paniter B0 36 IMRDY
@ tarly Address Valid Allows Use with Slower Memornes QAE,,
® Early Write Data for Dynamic Memones

SOFTWARE FEATURES 23 ADVA BREC

® 10 Addressing Modes e W
« 6800 Upward Compatible Addressing Mades - N
¢ Direct Addressing Anywhere in Memory Map 3 poc
* [Long Relative Branches Lo
e Program Counter Relaiive Lafbz
« True Indirect Addressing ) )
« Expanded Indexed Addressing m[los

0-, 5, 8-, or 16-Bit Constant Otfsets o4
8- or 16-Bit Accumulator Offsets 2 fos
Auto Increment Decrement by 1 or 2

® Improved Stack Manipulation 74 (D6

® 1464 Instructions with Unique Addressing Modes QD7

® 8 -~ 8 Unsigned Multiply sifain
® 16-Bit Anthmetic

® TransterExchange All Registers < flaa

® Push Pull Any Registers or Any Set of Registers Pl s PNk}

® (ocad Effective Address

43 - 45, Avenue de I'Europe 78140 VELIZY FRANCE Tel (1: 39.46.97.19 Telex . 240780F
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EF6809

MAXIMUM RATINGS
f Rating ] Symbol Value Unit
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THERMAL CHARACTERISTICS arvee

Characteristic Symbol Value Unit

‘ Bu PN

oA o Cow

.8

POWER CONSIDERATIONS

wraired from

Tre average chourctos cemperatire, T o0 0 car be
Ty=Ta-1TDed a 1
Where
Ta=Ambient Temperature,
A= Package Thermal Resistance, Jurcnon o Ambient, ‘0 W
PD=PINT » PPGRT
PinT=Ioe < Voo, Warts Chig Irternar Power

PEGR T =®ort Power Disspator, Watts - User Determined
tor most apolications PpoRT < PINT ard can pe neqgiected Ppor | may Decome sigrificant if the devire s contgured to
drive Dariinglon bases or sirk LED 10ads
An approximate Letweer Ppard T 1t PpoRT 1$ regiectadt s
PO =K= 1T +2/3°C .
Solving eguations ! arc 2 for K gives
K:PD-LTA‘273’C=~BJ/\OPD2 3
Where K is a corstant perairing o the parncuiar part K can be deterrined from eguatnn 3 Dy measurnng Py tat equilibrium)
for aknown 1AL Using tris value of K the vaiues of Pp ard T can be abramed by solwng equations 111 and (21 iteratively for any
value ot T a

o

ELECTRICAL CHARACTERISTICS Vee - 50V < 5%, vgg =0, TaA= T; 1o 14y uni=ss othenwer notedt
Characteristic Symbol Min Typ Max Unit
logic. EXTAL Vipy Vage » 20 - vee
Irgut Hhgh Vorsar (R ! 22 - v
rp Hhgh Velage RESFT | Vikp | Vgg-40 vee
it Low Voiage Logic, EXTAL, REGET ViL Vss 03| - P'vss-0B[ W
'nput Leakage Currert
N i A - — A
Nin =0t § 25 V. Ve s toge: be: 25 "
de Output High Voliage
iaad= =200 phA Vi - mers _Doo7 Vo iog+24 . J
L Vlaadg- - 14D ph Voo o~ AT ATS, R'W, O, E On Vet +24 -
U= - 10 WA VL e 34 B3 Vg .24
de Qutput Low Valtage , - 1
. Vea~0f v
T cas 20 w8 Ve e 0L Vgg~06
Internal Pawer Dissipition iMeasared a1 Ta = 0 Cin Steady State Operationl RingT 1G N
Capacitance _
Wy 0 Ta—25 C v o0 0N H DG-O/7, RESET Ca - o j5 2
i ogic irputs, EXTAL, XTAL v '
A0 A5, RW, BA, BS Cour - - 15 pF
Freauency of Operation EF6809 ca 4
: 1Crystal or External Input: E68A09 X TaL G4 - £ NHz
i : £FeBB0Y 04 B
Hi-Z tO1f State} tnput Current L Fas "0 A
V= 041624V, Vi e AGAIE R s e "

*
Capacitances are perrodicatl, tested rather thar 100% tested
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EF6809

BUS TIMING CHARACTERISTICS

FIGURE 1 -

BUS TIMING

ident - EF6809 EF68A09 EFB68B09
o 5 Symbol - Unit
Number L‘rla(actensnrs v Min | Max | Min | Max | Min | Max
! N MRS hv s a6? W o6 10 nl
B - a5 | e | oen e
o B - EES Al 5
) o EER 250 | 5000 s
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2 R .
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EF6809

C = 30 pF for BA, BS A=

FIGURE 2 — EF6809 EXPANDED BLOCK DIAGRAM

AQ-A15
*
16
P
- PC
U
- 5
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X
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-« Ve
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FIGURE 3 8US TIMING TEST LtOAD

IR

14148 FL- 22

or EqQuiv

Test Point

INgI1E
or Equiv

11 7 k¥ for DO D7 _
16 5 k@ for AD-A15, E, Q, R/ W
ZURQ G BAHE

130 pF for DO-D7, E. G
90 of for AQ-A15, R/W
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PROGRAMMING MODEL

As shovn i Frgure 4, the B HBB0Y adds mree registars 10
the set avarlable in e EFB800 The added regist-rs inc
a et pages segeer e Slank O

ol AL~

ndere regis e

ACCUMULATORS (A, B, D)
The A and B regetoers
which are:
aof data
Certam nstructiors
form a singie 16 et arcurmListorn

LLIpOSE dtl .

vt ter g hmeto calCushians an mar

concaterate the A andg B registers o

Thas g refarred

ca@ster. and s tormed v th e S megicten e thie

cant byte

DIRECT PAGE REGISTER (DP)

The direct page register of the EF6809 serves to enhan-
ce the direct addressing mode. The content of this register
appears at the higher address outputs (A8-A15) during di-
rect addressing instruction execution. This allows the di-
rect mode to be used at any place in memary, under oro
gram control To ensurc 6800 compatiblity, all bits of
this register are clearcd during processar rese t




EF6809

FIGURE 4 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

X Index Register

Y - indes Regster

U — User Stack Poirter

Pointer Reqisters

S$ — Hardware Stack Pointer

Prograr: i ner

: 1

Accumutators

Oirect Page Register

CC - Condiior Cude Register

INDEX REGISTERS (X, Y)

Thinddes regrsters
iy The 16 bt v thes rogister
catvalaton of eHechve addresses This addiess may be
W pomt 1o duta drestly o may be madibed by an optos
corstant o regsster oftset Dunag seme ndesed mades, T
contents of the incex register are ncremented o decrere nt
2 1o point 1o the next item of anular type Jdota Al
prointier registens XY 4

dsedare e ey

e 0 adrens
e

Ltkes prart

S may bensed s nde g te

STACK POINTER (U,5}

The hardware stack pomter (S1s tsed actomatcaliv by
the processor danng subroitine @ ails and ainterrupts The
stack pointers of the EFB809 pomt to the top of the stack, n
sontrast to the EFB800 stack pointer which paimted to the
Aext free lacation on the stack. The nser stack pointer (Ui
contralled exciusvely ny  the programmer  This atllows
arguments to be passed ta and from sehrontines with ease
Hath stack pontes flave the same ndesea mode acdiessing
capabilities as the Xoand Y registers, b ~pport Push
and Pull instrizcuons Thes allaws the EFG80Y 10 e wsed F
cently as 4 stack processor, greatly, erhancing its ability
suppart tigher devel languages and modular programming

0

PROGRAM COUNTER

Tne program caurter 1s used by the prac
the addre
c

Qr 1o poirt 1o
of the next instruction 1o be executes by the pro
sor. Relative addiessing 15 provided aliawirng the program
counter 1o be used bke an index register 0 some siteatiors

CONDITION CODE REGISTER
The conditon code register defines the stats
SS0r at any given time See Figure B

the
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FIGURE 5 — CONDITION CODE REGISTER FORMAT

EEDRNANG

Carry
Cverfrow
Zeo
L Negative
IRC Mask
Haif Carry
FIRG Mask
Entire Flag

CONDITION CODE REGISTER
DESCRIPTION
BIT 0 (C)

Bit 0 15 the carry tlag. and 1s usuaily the carry fram the
pinary ALU. C s aiso used to represent @ ‘borrow” from
subtract-hke nstructions (CMP, NEG, SUB, SBC) and is the
complement of the carry from the binary ALU

BIT 1 (v}

Bit 115 the overllow flag, and 1s set 10 a one by an opera-
1ion which causes a signed two's complement arithmetic
overflow. This overflow I1s detected in an operation in which

the carry from the MSB in the ALU does not match the carry
from the MSB-1

BIT 2 (Z)

Bit 215 the zero fiag, and 1s set 1o a one f the result of the
previous operation was identically zero




EF6809

BIT 3 {N)

Bit 3 is the negative llag, which contains exacily the value
of the MSB of the resuit of the preceding aperauon. Thus, 4
negative two's-complemen result will feave N set 1o a one

BIT4 (1)

Bit 4 is the IRQ mask bit. The processor will not recognize
interrupts from the RO line 1t this bit 1s set 10 a bne NMI,
FIRD. 1RO, RESET, and SWi all set | to a one. SWI2 .md
SWI3 dn not affect |

BIT 5 {H)

Bit 6 is the half-carry bit, and is used to indicate a carry
from bit 3 in the ALU as a result of 4n 8 bnt addition only
(ADC or ADD). This bt is used by the DAA Instruction 1o
perform a BCD deomal add adjust aperation. The state of
thrs flag 15 undetined In all subtract-ke instructuons

BIT 6 (F)

Bit 6 is the FIRD mask bit. lThe processor will not
recognize interrupts from the FIRQ hine if this bit 1 a one
NMI. FIRG. Swi. and RESET all set f 10 a one 1RO, SWI2,
and SWI3 do not affect +

BIT 7 (E)

Bit 7 is the entire flag, and when set 1o 4 one indicates that
the complete machine state (all the registers) was stacked,
as opposed to the subset state (PC and CC). The E it of the
stacked CC is used on a return fram interrupt {(RT1) to deter
mine the extent ot the unstacking. Theretore, the current £
lett in the condition code register represents past action

PIN DESCRIPTIONS

POWER (vgs, Vce)
Two pins are used 1o supply power to the part Vgg s
graund or 0 volts, while Voo is 150V +5%

ADDRESS BUS (A0-A15)

Sixteen pins are used 10 output address infarmatinn from
the MPU ontu the address bus. When the processor does
not require the bus far a data rransfer, 1t will output address
FFFF1g, R/W = 1,8nd BS = 0; thisis a dummy access’” or
VMA cycle. Addresses are vald on the nsing edge of Q. Al
address bus drivers are made high impedance when output
bus available (BA) is high. Each pin will drive one Schottky
TTL load or four LSTTL loads, and 90 pF

DATA BUS (DO-D7}

These eight pins provide communication with the system
bidirectional data bus. Each pin will ditve ane Schottky TTL
load or four LSTTL loads, and 130 pF
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THOMSON SEMICONDUCTEURS
200

READ/WRITE (R/W)

This signal indicates the direction of data transter ot
data bus. A low indicates that the MPU s whting data onto
the data bus R/W is made high impedance when BA 1
tugh RAW 1 vahd on the nsing adge of Q

RESET

A low level on this Schmitt tigger inpoe for grenter e
one bus cycle wili reset the MPU a5 shawt by Tha
reset vectars are fetehed from locations FEEF g ana i oy
(Table 1} when interrupt acknowledge 15 troe. (BASHS - 1
During mitial power on, the RESET line shoukd b held low
untl the clock osollator s tully operational See

e fy

Figiire: /.

Becatse the EFB809 RESET pur has i+ Sehronts-tagger o
pul with g threshold voltage highes thar that of <1 e
penphersls. a simple B C network maw be CUrii e

entre system  This fugher threshold oltage
penpherais ane: out af the resel stite heton

HALT

Alow level on this input pin will <
ranming at the end of the prosent mstracton
halted indetimitely without loss of dats Wher balsed the 25

Jase the M),

LTS IS

output as drven high indicating the buses ar migh e
pedance BS s also high which mdicates the proisson
the nalt or bus grant state While hatted . the MPO al
respond 10 oxternal real tme requests FIRQ, TRG. itk gt
DMA/ BRED will always be accepted. and MM o RESE T -

he latched for later response Dunng the halt state. O sna b
continue to run normally 1f the MPU s not runmeg (81 SET
DMAYBREQ!, a halted state IBASBS ~ 1) car be achiived £,
pulting HATT low while RESET s stll low If DRA BRIO
and HALT are both pulled low, the processon wiil b tie
last cycle of the instruction tby reverse cycle steslirp ahcrs
the machine will the become halted. See Fiqure ¥

BUS AVAILABLE, BUS STATUS (BA, RS)

The bus avallable ontput s an naicaton of o
control signal which makes the MOS tusrs o b *
impedance  This signal does not imply that the
available for more than one cyole When RA
dead cycle will elapse before the MPLU e

The bus status oatput signal, wher e
represents the MPLL state veahd with seadimeg ectqee of

1€

MPY State MPU State Definition
BA BS

) a

[4] 1 faktwwlindp

1 ) Syre Ac ]
i 1 Halt of Bus Grart Akt wlesd e




EF6809

Lm0} JEBACE [im S8|2AD S444 AI0UI ABIY) ¢ £
4
L §31ON
—_— - N 59
UOLINNSY| al4g 01 T " - 21A8 Mo / ../. / Ve
1514 3d MaN Jd MON .
— b, < srg
EDUDDQ XX T X Flé SEEDANINNAWANNANA N
YA alig i YWA [aAQ IH
Y S VU D G G D' 0d man ASIRIT, ST
JdMEN S444 4449 — OdMON 4344 4444 3944 2449 3444 3349 3944 g
- $
|+ 0 MaN L +2d MaN
Ddim| e quY,
g ——
sHn YT J/,mq.;, WHip 1353y
10d B
musv_ e by Sodi e
S o O Y s Y o Y 3
—_—
J 5[ O P T e e Y O o O N )
P’ I — P Fowy SR
9+E mitm:: Jrwl gHw Grw o pew %o,. Zr |l i U e grd Ged pen o ged Zeu {4l uop Y 29A

ONIWIL 13834 — 8 3dNDI4

7/39

THOMSON SEMICONDUCTEURS

201



EF6809

FIGURE 7 — CRYSTAL CONNECTIONS AND OSCILLATOR START UP

D)

X
7

NOTE: Waveform measurements fur all inputs angd oulpuis are specified at iogr: fugh 2 0V and iogic low 0 8 V unless otherwise specified

EFB809
y1 Cin Cout * = *
BMHz | 18 pf 18 pt D
6 Mhz 20 pF 20 pF
4 MHz | 24 oF 24 af R
T T
38 1 L - Nominal Crystal Parameters
g r 3.58 MHz 4.00 MHz 6.0 MHz 8.0 MHz

>20k
All parameters are 10%

Rs 600 Kon 30-60 0 20-40 12
1 co 35pk 6.5 pF 4-6 pF 4-6 pF
38 [} As 29 1 0.015 pF 0.025 pF 0.01-0 02 pf G 01.002 pF
Q >40 k >30k >20k
L
[AY
co

NOTE. These are representative AT-cut crystal parameters only Crystals of ather
types of cut may aiso be useg

Typical PC Board Layout

l* G0 o *1
Y/ Ly arsy
77/ T

C Crysal CL.

_|D|L 20 mm max

RITCT] N\

Other Signals

s Not Wired In
This Are;
38 I a
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FIGURE 8 — HALT AND SINGLE INSTRUCTION
EXECUTION FOR SYSTEM DEBUG
2070 | aer

Last Cycle
Cycle Of ot
Current  Current  Dead Dead Inst  Instruction Dead

Inst Inst Cycie 5 Halted Cycle | Fetch_jExecute; Cycle ;| Halted

HALT ViL AIVIH

Bus
<
RA /
$
BS /
WX X X ) ' X o —
Bus 7

uctor
Qpcode
DO ara cu iow 88V unless otherwise specihed

Fetch  Execute

NOTE Wavelormi measu ements ¢ a1 inputs and Guifols 40 species! a0 og e v

orne

o Ll by The program, and aiso has a
oty than

INTERRUPT ACKNOWLEDGE 5 11+

cyCles ot g hardaare vector feteh iIRES

! ISERENN I8 'RC. 'AQ. or safrware interrupts Dur

SWi SWIZ, SWIBH This signal, plas decoding of the low e maeceandier ot ar NI the entire machine state 1s saved
four address imes, can provide the user with an indicaton o D0 NG g dre stack After reset, an NMI will not be recog
which nterrap: levet s Demg secvead ard 300w veeTon r iy e Lot the tirst program load of the hardware stack
device See Tatue 1 po ater oSt The palse wadth of NMI low must be at least one
SYNC ACKNOWLEDGE 1 1rinatend vore the M. 1n L avele 1t the NMIinput does not meet the minimum set up
weartirg Or et sy nehronzahon on an S lerrupt b with respect 10 Q. the interrupt wiil not be recognized untl

the next cvole See Figure 9
HALT/BUS GRANT s irue b the MURBOD 6 in o nalt

Or bus grant cond hon

TR *
TABLE t — MEMORY MAP FOR INTERRUPT VECTORS FAST-INTERRUPT REQUEST (FIRQ)

— - femory Map For Alow level on this mput pim will \mt\a[e\a fast interrupt se
Vector Locations Interrupt Vector quence, provided 118 mask bit tF 1 the CC s clear This se-
- i Description quence has prianty over the standard interrupt request
S LS RO, and s fastin the sense that it stacks anly the contents
CFFE TERT e of the condition code register and the program counter The
cisp LhEO AT nterrupt service routine shou:d f:ﬂear the source of the inter-
rapt before doing ar BT See Figure 10
FFEMA Trg SW
FFFR FEFD B0
FRER FRE FRO INTERRUPT REQUEST (IRQ}*
s FERE TN A ow leve nput on s pan waill imniate anointerrupt re
FEEZ Frfs LW R QUEST ~egnence Lrovided the mas< bt 10,8 the COas clear
FHEU FEIT Henorvedd Since CBE staows the ertire machine state 1 provides a

spOnse o interrupts than FiIRQ R also nas
0O Again, the interupt service roulirs
Ciedt The SOLTSe 0f the intersupt betors doing an R

s able eI LD e e B Qenaiate ] S R0 migae any e 9

sl e

NON MASKABLE INTERRUPT (NMI) "

A reative Udnsilngss £ s 0t tegaests Idl G ooon

O Ure cviie s
tiee Current -

SO ey iy

*NMI PR and TRG TRGURLIS d1E Sar et o e Ty e
pized T e BRI LT e D0 B S el
ana FIRG do net ree .
mar ow for ore v e N
RISET ackrowienge

~ pefore these irter upts are recog-
L ar CWAL corditar s presert i RO
NI s a1cneq ana weed orly re

sieg eae of 8BS edicantg

TN r

G betwinr e
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XTAL, EXTAL

These inputs are used o connect the on-chip osciliator 10
an extemal paratlel resonant crystal. Alternately. the pin
EXTAL may be used as a TTL tevel input for external Teing
by grounding XTAL. Tne crystal or external frequency 1s four
nmes the bus frequency  See Figure 7 e [3F
techniques shouid be observers n the lavout of printer: it
buoards

lavirat

E Q

E is similar to the EF6800 bus tming signal phasc 2, Qs
quadrature clock signai which leads E Q has ro parrallel an
the EF6800. Addresses from the MPU wall b vaid wun the
leading edge of Q. Data is fatched on the falling odge of £

Timing for £ and Qs shown in Figure 11

a

MRDY "™

This mput contiol signai alivws stretemng of £ and 1 1o
extend data access ume B oand Q operate norraiy while
MRDY 1s bugh. Wiien MRDY 15 1owe. F anc Q may be stratch
ed mntegral muiuples of quarler e bus cvoles, thus illow
ing interface 1o slew memoncs, as shown i Figare 126
Dunng non-valid memory e WMA Cyelest, MRDY nas
na etlect on stretching F and Q. this imtibits slowang the pro
cessor dunng don’tcare’” bus accesses MRDY midy 750 Lie

usett ta stretch clocks Hor slow Memors aner s
has been transterred 1o dan oxiorg hroegh the
af HALT and DMA BREQ!
OMA/BREG”

The DMA BREC et nrowides 3 mcthod o°
g the WP L
Tyl

e

P e

e iy

e CTUTION AN A
showrs in Figare 13
emory refresh
Alow level on this pin will Stop Instruchion esecution 41 the
and of the current cycle unless pre empted by selfrefrosh
The MPU will acknowledge DMATBREQ by setting BA and
BS to a one. The regquesting device will now have up to 15
bus cycles betore the MPU retneves the bus for self refresh
Selt-retresh requires one bus cyvcle with a leading and traihng
dead cycle See bugure 14 The anly

AN’

rsesanciude DAA

s o

wmd

self-refrosh counter

FIGURE 11 — E/Q RELATIONSHIP

| Address Vahd

NOTE: Wavelorm measurements far als inputs and outputs are speafred ar fogic hiah 7 0V and ogie low O 82

cleared 1t DMA BRFQ 15 mnactive for two or m MPY
cycles
Twvpizalle . the DA ¢ trabicr el toreeest e en e
e asserting DMA BEID pie o 00 thes e ot b
Wb thie: "R mopes by et sorp HS v e 1y
crclewer s b o deans e v T traneter b ot [T
the DDMA controlle:
B0 RIIOn, 300 s Ty e i b b ety s e
v by Ao apieg osystern BRMAVETR Ggnal v
WV ar oyt e o BA b Chanoged
Fnd of Cyo e ilateh Data
|
f
|
Nl
|
2 Lress OThersise spe 7 el

* The on board clock generator furmshes £ and Q ta buth the system and the MPU When MREOY 5 puiled low. et the syatem ciotks and the
nternal MPU clocks are stretched  Assertion of DMA. BRLQ nput stons the miternal MPU Clocks anine glowing the external s,stem C1aeks 7o

RUN i e | release the bus te a DMA conroller)
(14 DMA, two dead). whichever oncurs first

The internal MPU i
White DMA,BREQ 15

sresume operation after DMA BREQ s refitased ur dfier "6 bus e
sserted 1t s somelimes necessary to pull MDY jow to allows DA

w!frem slow memarys peripherals As both MRDY and DMA "BRFQO control the internal MPL _locks. care Must e exerosed not e alste

the maximum teye specification for MRDY or DMA- BREQ
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Thus seguence begins after RESET anc s repeatec indefinite-
tyounless aliered by g special INStruction or nargware 0Ge.ur
‘ence Software instrucuons that ater normal MPUL opera-
non are. SWi, SWIZ, SW3. CWAIL RT: ard SYNC Ar r-
terrapt, HALT. or DMA BREQ car also a ter the narmal ex
ascution ot instructions Figure 15 wiLstrates the Howchart for
tre EF6809

Dy

MEreTy

FIGURE 12 — MRDY TIMING AND SYNCHRONIZATION
tar Timing | 33

N/ /S XN
S

T

tb} Synchronization

Part of !’ o o 7j

EFB809 MROY Sren: _ CLFE
= ‘ - Q < MBOY
| ? Synchrorzation

o
o
PR ‘
Toe v i
Chugs Sedea :
TLr Slow N :
Mo, o [ Y — 1., Values |

] ! ORI .

s SRR —— { as Regn ;
2 SRS I
bla -4 ]

| NARDY
L Steten - B

T — Toe Memony
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FIGURE 13 — TYPICAL DMA TIMING {< 14 CYCLES)
MPU Dear > oMA
/T
DMA/BRED \ ;:;5 // /
—»‘ — oG [e—1PCs
|
BA. 85 > )1 170 \

DMAVMA J / \

-

N
ADDR /
(MPU}

ADDR /S

iDMACH 1

FIGURE 14 AUTO-REFRESH DMA TIMING (> 14 CYCLES)
(REVERSE CYCLE STEALING)

|DEdd .[L 14 DMA Cyeles —— 0— A—JDganIM PLIDMMIHDM A

[ Pt

!
SwATBREG | M

[
! [
sy Lt
!

|
J—— |
DMAVMA !r \ Y N\ B

Py
OMAVMA 15 a signal which s developed externatly, but s 4 system requiremert ‘or DMA

NGQTE: Waveform measurements for ali inpurs and oulputs are specified at og high 20V and logic .ow 0 8 V uress uirenwise speitien:
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ADDRESSING MODES

[l Srgee
CRE = -
EFB809 nis the st ey CFarhieeiryy mic e
avalanle o7 ary, moores o .

EF6809 nus ¢
1464 o erers
mones

ming *

g

able ¢
nnerent

IBCILCES A

aed
Extendard ng e
Crirect
Aegistoer
nidexet
Feroy O)tiset
Coretrt Ofsot
Aocnmdator G set

Anto droremart Dooramen:

rasxed indire
S (Y

Stort Lang Kelat,

Frograre Cowniter Hs

INHERENT (INCLUDES ACCUMU

LATOR)

ir adiressirg '
all the addrass

addressing

e

P roree

e

CLRB

IMMEDIATE ADDRESSING
Inimmediate g

5 the ccator immedis
Hata to De aseaar the st
code of the nstrunton
16 DIt immechate wilacs g iy
specitied £y the Graooae b
rmedidle Gaaressirg ire

| DA #S30

LOX #5700

LY #0047

o

3!

are

r

it EFB809

Dot

[

NOTE

k4 I 1"

TR iy, e

eI vl

EXTENDED ADDRESSING
In extended addre sy, his

mcehately follewing the opcade fully specity the 16 bt effe
nve address sed by the snstructon Note thiat the addiess
generated by an axtended instracion delines o absolote:
address and 15 not positon ndependert  Fxarmpies of ox
tended addressing include

LDA CAT

STX MOUSE

LDD $2000

canterts of the

by tezs i
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EXTENDED INDIRECT NIRRT
Lt slerden e
B0 v tes o lwarg 1 (S

corntmn i addre
LOa (CAT
LCX ISFEFES
sT0 DoG

DIRECT ADDRESSING

Direct AJEIRCEING -5 SIriar 10 en1Brded A0.0esS 7 ey ot
nat only ore bt
spansities the fowe eignt ¢

fOAowWSs T o

of the address 1o

ot e qivul

upper eight bits of the drese are supphod by the drect
page 1ster. Sinie arsy one b te of addre RSN R
direct NG, s MOge requnes less momory,
[ fastet thar oxtended acdressing 4 o

256 locatians wre pAge! e 300 Ytk ont et o
he conterts of the DP register Sirce trus 3
0 200 onreset, direct addrassing ot EFBSQG & L omipat
e the: 6800

Some

ng

-

sl wath dinet addressing o iz

sidre

Sl Girect

Cempe

addre ires

o A TR MR
< Al
NOTE

< s an L S IR TN PO RIS

A s g
REGISTER ADDRESSING

Some apecoes are followed by o Leete thar G
tegister of set o registena 16 B wsed by theonste,chen Ths

16 Called g postin te Sumi cxampies of rogiste ad s ng
dre
TER
EXG
PSHSE
PioLL

Transters X inte v
Excharges A wih B

[aelieolit e

B ot A o

sh oy, X
Pub DX, and Y romi o

Pall S
<

INDEXED ADDRESSING

In allhindexoa addressing, ane 0f the pomter seqetoens 0x
YU S, and saomenimes PO ased n g calculation of the ef
fective addess O the nperand 10 be used by e ot e nion

F
belowy
basic type and
the pointer register 16 be usedt Figure 16 st the wga
mats for the postvie Tahie 2 gives th
The number of oyeles snid Bytes added 1o the basie values for
indexed addressing for each vanation

2 basic tvpes of dearg are availlabie and are diseLssed

The postbyvte of an ndeved instructior specibios the

anatine of the addressien mode gy wean as

o

sesemuler form gngd
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FIGURE 16 — INDEXED ADDRESSING POSTBYTE
REGISTER BIT ASSIGNMENTS

ZERO-OFFSET INDEXED In this mode, the selected
pointer register contains the effective address of the data to

-~ f
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Postbyte Register Bt indexed be used by the instructian. This is the fastest indexing mode
Ac g Examples are
7 6 5 4 3 2 1 0 Mode LoD 0.x
O] R Rl d d d g ] d | EA= R+ 5B Ofiset LDA S
1 R R ¢] 0 [¢] a Q R+
1| rR|IA] i oo o] H+ v CONSTANT OFFSET INDEXED--in this mode.a two's
1 R| A O] O0}]O 1 0 -R complement offset and the contents of one of the pointer
1 rR| R | ol 0 1 1 - -R registers are added to form the effective address of the
Tl alAR] «Jol1]olo CA _ B +0 Difset operand. The pointer register's initial content is unchanged
"] R|A] 1[0 1]0] 1 ]EA=.R+ ACCE Offsel by the addition
) PR I R ) 0 |EA = R + ACCA Offser Three sizes of offsets are avatlable
Tl R|A " [ 0] a] 0] EA= R +88: Offsel gg‘t :’ 128‘? + 7?"27>
TR Al T v oo 1] EA= R 41681 Otser e o
1 A TR TTo T T EA - R D Offset 16 bit (- 32768 to + 32767}
T T <1 7 T T 01 0 EA = PC +8B1 Offset The two's complement 5-bit offgetis includedin the post-
1 I X 7 7 0 T 1 TEA = PC +16 81t Offeet byle and, therefore, is most efflc!em in use of bytes and
: - cycles. The two's complement 8-bit offsetis contained in a
R i __:_ ! ! ! ! kA = [ Address! single byte following the postbyte. The twos complement
Addressing Mode Fiela 16-bit c')f.fsg\ is in Ihg wo bytes following the postbyte In
most cases the pragrammer need not be concerned with the
mdl;ec‘ field size of this offset since the assembler will select the optimal
1Sign bit when bz = 0) size automatcally
Examples of constant-oftset indexing are
LBA 23,X
Reyister Field RR LOX -25
x = Don't Care 8? B é LDY 300, X
d = Offset Bnt 0= U LDU CAT,Y
_ 0=Not Indrrect MN=:s
" T 1< indirect
TABLE 2 — INDEXED ADDRESSING MODE
Non Indirect Indirect
Type Forms Assembler Postbyte + Assembler Postbyte + |+
Form Opcode ~| # Form Opcode ~|#
Constant Otfset From R No Ottset R TRROOT00 0|0 [.R] TRR10100 3|0
12s Complement Ofttsets) 5-Bit Offset n R ORKnnnan 10 defauits 1o 8-bit
8 Bit Offset n, R 1RROT000 11 (n, R) 1RR11000 4411
16-Bit Offset n, R 1RRO1007 412 'n, R] 1RR11001 712
Accumulator Offset From R A Register Offset A, R 1RR0OD110 110 |A, R] 1RR10110 410
125 Complement Offsets) § Register Dffset 8 R 1RRODIOL | 1] 0 1B, Rl TRR1I0W0T | 4]0
D Regster Offset D, R 1RRO1011 410 D, Rl 1RR11011 710
Auto Increment/Decrement R Increment By 1 R+ TRRODOGO 210 not allowed
Increment By 2 R+ + WAR00001 | 3]0 | A+ +1 | 1RRIO0I | 8|0
Decrement By 1 -R 1AR0D010 210 not allowed
Decrement By 2 - R 1RAR00011 310 [.- ~R] 1RR10011 6j0
Constant Offset From PC 8-Bit Offset n. PCR 1xx01100) 111 {n. PCR} 111100 441
12y Complement Offsets) 16-Bit Offser n, PCR 1xx01101 512 [n. PCR] Ixx11101 812
Extended Indirect 16-Bit Address - In} 10011111 52
R=X Y U or$ RR
x = Don't Care 00 - X
01=Y
10=u
=5
and T, indicate the number of additianar cyces and bytes for the particular vanation
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ACCUMULATOR-OFFSET INDEXED This mode o
similar to constant offset indexed except that the two's
complement valuc in one of the e D
and the cantents of one of ite pointer registers are adaed to
farm the coffective address of the operang The
both the accumulatar and the pomter register are
by the addition  The posttavte spea’es wack 4
to use as an offset and ro sdaivorar Lytes ar re
advantage ot an accumulator offset 15 that the valuz o1 the
offset can e calculated v a pragram at run-tme

Some examples are

umuiateors AL B

Jotiterits ol

drche

LDA B.Y
LDX by
LEAX B.x

AUTO INCREMENT/DECREMENT (NDEXED I
auto increment addressing mode, the pomiter rogister 1on
tams the address of the onerard  Taen, after the poirite
register is used itis incrementoed by one or two
ng mode s useful in stepoing thraugh t
or for the credation of sottwire stacks 1 4y
npainter register 1s decremenrted pror (o us
the data The use of auto decroment s
nerement; hut the tables, ote - are scanred from the jgh 1o
low addresses  The size of theincrement  decremert can be
either one or two 10 allow or taples o' either 8 or °6 bt data
to be accessed and is selectable by the programirmer
pre-decrement, post incremert nature af  those
allows them 10 be used tc create adaitonal so'tware slacks
that behave identically to the U sna S stacks

Some examples of the aute ircrement decrement a4
dresding modes are

i

This antdress

G5 Moy dats
) decrament tng
as the aadross of
niiar to thatof aoto

The

modes

LDA K~
STD Y+ -
LDB =Y
LDX ., —-S

Care shauld be taken in performing operations on 16-bit
pointer registers (X, Y, U, Si where the same register 1s used
to calculate the effective address

Consider the following wstruction

STX 0,X+ + (X imtalized to 0!
The desircd rosult 1s to stare zero in locations $000G and
$0001 then increment X to point to $0002. In reality, the
following occurs

O—temp calculate the EA; temp s a holding register
X+ 2-+X perform auta increment
X—=(templ do store aperation

INDEXED INDIRECT — All of the indexing modes, with
the exception of auta increment’ decrement by one or a
+4-bit offset. may have an additional level of indirection
specified. In indirect addressing. the effective address s con
tained at the location specified by the contents of tre index
register pius any offset. In the example below, the 4 ac-
cumulator is lcaded indirectly using anr effective address
calculated from the index regrster ang an oftset
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Beinr Eeen o
A Xx AN T Cate

A EO00G

ST LDA 31 X L nowe SR
Haby RYAYAN
A Exerahion

A Aetan Data aodent

Al mades of ardexed inareet are o higens s e [fioee

winch are moamiegless 1eog b acrimmpnt g coment oy

oneindines:

Sorre ixarpies 08 I dexeg NGl o
LA x
LoG FECY
LDs gy
00 X - -

RELATIVE ADDRESSING
Thie:
asmgned oHset whick may be addod to the progra-
it the prarch condition
PC o+ signed otfset
Proqram execnnon
atet by the PC
ovtes offset! relative addressing maaes are by
memory can be ceachod ip long redtive oo
fentive address s interpreted ~otaio 2'8 Sore e

bvtedsi fatow g the Branch opeoime s care! oo

Trae, then the o

oaded 1mto the
the

(31 OUT T
e

0Nt e Gt
ahott

weatior

fore byte affset arcd org

s ne
< dressr

reate addressng are

BEC cat
5G7 DCG
(BEQ RAT
LBGT RAB3T
.
.
.

RAT NOF

AABBIT NP

PROGRAM COUNTER RELATIVE Thie PO can te ne
as the painter register with 8- or 6.t sigred off
relative adrressing, the offset 1s added 01
create the effective address. The effcctive andross o then
Lsed as the address of the operana ar data Frogram courn
refative addressing 1s used for wrling positior .
programs. ables reicted 10 @ part-cular routine aall ¢

A

reeert 0

rater

st g

the same relatorship after the routing - mee. .
referenced refauve 10 the pragram courter Examipn o o
LDA CAT, PCR
LEAX TABLE, PCR

SiNCE Program COurter relatvs (S a ty oo O o e
aadrional levei of indirection s avadanle
LDA {CAT, PCR:
LDU ‘DOG, PCR
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INSTRUCTION SET
The instruction set of the FFB809E 1s similar to that of

the 6800 and is upward compatible at the source code level r — . M
N ¢ e Fas basr VR, P P, Soure ] Drstmiahio
The number of opcoaes has beer reduced fram 72 16 8 b N N 1

because of the expanded architecture ard addinonal ad Regie D
dressing modes, the number of avalable opoades faatih di

’ J00C - AR
ferent addressing madest has neen from 19/ 1o 1464

001 = X

Some of the aew IPsiracnors are gesonbea oot D

below 001t -
PSHU/PSHS "~ NOTE

The push nstrictions have thie ¢
either the hardware stack 1S ar user siac
register or set of regrsters waath a single instruchion

apabinty of pusking ont All other combinations are undenined and INVAL D

LEAX/LEAY/LEAU/LEAS

The LEA tpay ef calatrg tr

effective address used inan indexed ostracton and s

PULU/PULS that address value, ratner than the Juta o
poINter registor This rrakes ail the featurss 0F the ntern,
addressing hardware available 1o the programmer
the irphadt:ons af this instructon are e

< U any sirgh

ve aidresst works Ly e

at the

ArEss, i

The puliinstructions have the same capatilite of e st

Instruction. inreverse ordor The oy te immediatel, ‘ol CanG D OM:
the push or pul' opcode determine

registers are 1o be push

wnich register or
jor puiitea The actaal

The LEA imsiracinn s allows 1

ST
quence s fixed, each oot defives o amigue o ;Ju v nd Tables ora pos o rdependen:
pull, showrn b LEAX MSGE PCR
LBSR FOATA [prnt message roatir
.
Pusn Pl Bosto Lamhry e .
2% . MEGT FCL e
I l l ] I [ —I ¢ Thus sample progran prats Mf L R IR
I ] s FASGT. FURL 1ne assembler ompn,tes ‘he Jistar o 1
o = the: present adiess and WMSGL This resa't s pies i
3 K ans@ant into the LEA TTaTDOn wWhiot il ce =l
. 1o R tram e PCovalue 41 0e Hme ar exe0at or N T S
e — T e rode 15i0Catna wher s sxec i1 the - oM e ot et
i o From the 2O svill out thie anso .t dddes
H N SOIMer gester This o L poe
P ' TRe L EA NSOl OFs e Ger ool an
rald ng reg ster e Dare ~ Lt Be seoer
. the LEA ing LONs wtr the Aty e
L o rement PRSI MO T 1O TR Qe
'0 cpRrAnOns The ( FA ey Sl
P s cEda b e 0t the o Dt positer gty % v
AT E Iy D s bist forE
bt ERETR R S -t
M AR BT P S N (I TR T ST
femip . 4 Cadt e
TFR/EXG
Within the EFB809E, any register may be transierred <EAq t
to or exchanged with another of like size, ie , 8 bit 1o 8 bit R s . i LA it e e
or 16 bit to 16 bit. Bits 4-7 of postby te detine the source Bl ey SO L S R e
register, while bits 0-3 represent the destination registor o loen teaoeify b et ramen s
These are denated as follows : 3otemp— Y
TABLE 3 — LEA EXAMPLES
{» Instruction [ Qperation _L T
LEAX 10 X . Adan D Bt Cane < ﬁ
CLEAX 500, % | x Aads 16 Bt Comistars B0 1o s ;
FLEAY A N ¥ Adds B-Bir A AC R
flkAY DoV v RETRTIRY
{LEAU 1D U o |
|iFas 158 S il e Besaren Soea oo . X
(EAS  10.S s et Cwar L |
lLeax &5 s x .
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Auto increment by two anid suto decrement by two mstrac-
tions wark simsarly  Note that LEAX X - does not ¢
X, however, LEAX, X does decrement, LEAX 1. X
be used to .ncrement X by cne

MUL

Multiphes the unsigned tisary numers in the & ard B ac
curnmulator and places the uusignec sesult inta the "6:bet D
secumulator The unsigned muitpiy alsa alows muluple
precison ruityhcatons

LONG AND SHORT RELATIVE BRANCHES

The EFBBOY has the capabihty of program counter relative
branching threughout the entire memory magp. in this made,
1 the brarch 15 to be takern, the B or 16 hit signed offset s
added to the value of the program caunter to bie wsad as the
effective address. This allows the program branch
anywhere 1in the BAK memory map. Position independent
code car be casly generated through the use of retative
branching. Both short (8 hitl and jong 116 bit) Lranchoes are
available

to

SYNC

Atter encountenng a sy-c mstruston, the M2 enters a
syNC state, stops pracess:mg nstructions. and wasts for an
interrupt  If the pending m Ut IS mon-maskanie N o
rraskable iFIRQ, RQ with s mask it iF or ¢ clear, the pro
cessor will clear the syoc state and perfonr 3ral e ter
rupt stacking and servee soutine Since FRQ ana 1RQ are
not edge-tnggered, a low evel with a minmmism duraton of
three bus oyvoles s requined 1o
be taken b the pending ieterrupi s maskable (F-RC
with s mask it IR or 1 set
stale and Contnie pracessing by e
imstruction Figure 17 o

IR
thes prooessor wilt creas thie s, e

utimg the restar fine

timing

Somne

SOFTWARE INTERRUPTS

A coftware amiterrupn s aa mstraction which sl
woctor fetoh T
system

LAuse an
interrapt and ts associated
terrupts  are usetul in oprrating
debugging, race operatians, mimars
ware development systems Thiaoe [eyas
or the EFB80Y, and are prortized o the tolicwing arder
SWi, SWIZ, SWI3

sottware in

<oftware
and soft
atee avastabie

16 BIT OPERATION
The EFB809, has the

T st

dpemhty Of processing Y6 LT data

wides

(IR USTN (TSI RN o, mtores, comgranes, adds

sulbitrae ts, Uarsfers, vactars rshes

CYCLE-BY-CYCLE OPERATION

The sdidresss b

L0 performanas e R gare

THD phstrates the LSS SEGLendr corresponcing
1o each posshle instrocter and addressing mode e the
EFB809 tarh instroton walh a4 o G faten

While that cpeode s Dein
gram bele s abaies fonct

riterngliy decoded the pext e

vEROST rS T CHONsS @ 15 the

next Dyle, SCothiy ek | onnit b, Speias T
put b Next, the aperator TR T A TR T O P

”U.\(,hd:\A VMA - oan o diathen ot BEER g o
bus, BOW T ana B TR B T T N R R

the use of thie enare
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Example 1: LBSR i(Branch Taken:
Before Execution SP = FO00

.
.
.
$800C LBSR  CAT
.
.
.
SADDO  CAT .
CYCLE-BY-CYCLE FLOW
Cycte # | Address | Data |R/W Description
800C 7 T |Opcode Ferch
2 8001 26 1 |Gttset High Byte
3 8002 20 T |O%set Low Byte
E) FREE * 1 |VMA Cyaie
5 FFFF * TVMA Cyeie
€ A0 * 1 |Computed Branch Addross
7 FREE * 1 |VMA Cycle
k] FFFF 8C O [Srack High Crder Bvte of
{ Retarn Address
| @ EFFE | 03 | 0 |Stack Low Order Bute of
L Retarn Agoress

Example 2: DEC :Extended!
$8030 DEC SAQ00

CYCLE-BY-CYCLE FLOW

Cycle # | Address | Data [R/W|Description
BOOU A © |Opcode Feich
2 8001 AD * |Overand Address, High Byre
3 3002 0 T {Operard Address, Loa Byte
El FEEF * T OVMA Cyere
AD0C 80 ' |Read the Dats
TEFFR * T VMA Cycie
7 A0G i O |Store the Decremented Data

Phe it

i BAs InE dita AT That particular address

INSTRUCTION SET TABLES

The instructions of the EFGB09 have been broken down
imto five ditterent categories They are as follows

8 bit operator  Table 4}

Y6-bit operation ¢ lable 5

Index register stack pointer nstructions @ Tabl

Relative branches tlang or snoftt ¢ lable /1

Miscellanecus instructions « Table 8

Hesageaimat values

Tobhe O

Tor the mstructions

iare

Goven in

PROGRAMMING AID

Figgrare 19 Lans o Jampeahion ot o

srerming tne EFGE809

rrog
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FIGURE 17 — SYNC TIMING

Instiuct
n Fetch
le

)
>

Last Cvale

|
>

Instruc e

)
>

Nove

See Note 7

%

b))
TC
]
TC
b]
C

N
/

—
/
O\
/

XX XX

Address
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 1 of 9}

Opcode Fetch

NNNN

Opcode, 2nd Byte

NNNN +1

2nd Byte —

NOTES

Relative Addressing
Mode *
BCC., BCS. BEQ. BGE, BGT, BHI,
y BHS, BLE. BLD. BLS. BLT. BMI b
BNE. BPL. BRA, BRN -
Offset High BSR BVC BVS Ctiset
NNNN + 1¢2) NNNN + 1
Qffset Low y
NNNN + 2131 Don t Care
+ FFFF
Don't Care
FFFF
Yes
No
No
1 Each state shows
Data Bus Offset High
Address Bus NNNN + 112}

2 Address NNNN 1s location of opcode

3 If opcode 1s a two byte opcade subsequent
addresses are in parenthesis { — }

4. Two-byte opcodes are highlighted

Don't Care

Sub Dest Addr

v

Don't Care

FEFF

!

Return Addr Low

Stack

¥

Return Addr High

Stack

Y
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FIGURE 18 — CYCLE BY-CYCLE PERFORMANCE (Sheet 2 of 9]

©

Inherent Addressing Mode

S

O

ABX RTS ASLA B MULI l
ASRA B
Don't Care Don t Care CLRA B Dan't Care Don't Care Direct Page
COMA B Register
NNNN + 1 NNNN « 1 DAA NNNN -+ 1 NNNN + 12) S
tack
1 ) DECA B 7 ¥ o
INCA 8 {
Oon't Care PC High LSLA B Con't Care Don't Care
LSRA 8 B Register
FFFF Stack A FFFF FFFF
N Stack
¥ NOP ¥ ¥ 1
N ROLA:B .
PCtow Don't Care PC Low
RORA-B A Register
Stack SEX ' FFFF Stack
Stack
‘ ISTA/B ‘ ‘
Don't Care Dan't Care Don't Care PC High Congmon
FFFF NNNN =+ 1 FFFF Stack Code Register
; i Stack
Don't Care User Stack Low I
FFFF Stack Don’t Care
¥ ! FFFF
Don't Care User Stack High ¥
FFFF Stack Interrupt
‘ ; Vector High
FFFX
Con't Care Y Register Low i
FFFF Stack
Interrupt
“ ‘ Vector Low
Don't Care ¥ Register High FEEX 41
FFFF Stack ‘
‘ { Don't Care
Don't Care X Register Low FFFF
FFFF Stack
Don't Care % Register r-:gh
[l Stack

|
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE {Sheet 3 of 9)

&
o Inherent Addressing Mode ¥
RTII SYNCI cwml 1
Don't Care Don't Care CC Mask c C[m:rtvon
ode Reaister
NNNN+ 1 NANN + NNNN + 1 -
‘ ‘ Stack
CCR Don't Care
Don't Care
Stack s NNNN <2 Don't Care
3 State
; 3-State
Don't Care
FhRE
PC Low
A Register ; Stack
Jon't Care
Stack ‘ Interruot
; 3 State Yy Vector High
'g
FFFX
B Reyster Stack }
Stack
tac J Interrupt
; _ser Stack | ow Vector L ow
Direct Page Stack FFEX + 1
Reqister ; ‘
Stack
} user Stack High Cor't Care
Stacx FREF
X Register High *
Stack
} ¥ Register Low
Stack
X Register Low I
Stack
‘ ¥ Hegister High
Srack
Y Regsster High ‘
Stack
& X Register Low
Stack
Y Register Low l
Stack
‘ X Register High
Stack
User Stack High ;
Stack o
Oiren t Page
‘ Ragicrer
User Stack « ow Starx
Stack ¥
;4 B Registen
Stack
PC High 2
Stack }
' A Regster
PC Low Stack
Stack {
DOor't Care
Stack
! y
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 4 of 9)

@ tmmediate Addressing Made

P PSHU
PULS PSHS
Post Byte Post Byte
- Fost Bvte Post Byte
NRNNN + 1 84 NNNN + 1 Bit 4
i Set? l Set?
Gon't Care Yes Dan't Care Yes
FRFF X Register High FFFF X Register Low
‘ Stack ‘ Stack
Don't Care ‘ Don't Care ‘
FFFF X Register | ow FFFF X Register High
Stack i Stack
Dar’t Care
Stack
No
Candition
Code Reqister Yes
Stack Y Register Hgh Direct Page
Regester
Siack J
; PC Low Stack
Stack
Y Register Low *
Stack
T PC High Post Byte
Stace Bu2
. Set?

A Register

Stack

Post Byte
Bit6
Set?

Post Byte
Bit6
Set?

B Register

Stack

Post Byte S Stack
Bat 2 Painted High Yes
Set’ Stack U-S Stack Post Byle
Yes { Pointer Laow Bit 1
Stack Set?
B Register U S Stack
Pointer Low ‘ Yes
Stack
-y Stack U S Stack A Register
Pointer High
le = Stack
Stack
No
Post Byte
Bit 7
SI ) Post Byte
©1 Past Byt BitQ
Yy BitS
Yes 1 Set?
Drrect Page Set?
Register PC High Yes
Stack Stack Condition
{ Y Register Low Code Register
t Stack Stack
PC Low ‘
Stack
T Y Register High
i Stack
— |
Stack

!
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE [Sheet 5 of 9}

©

tmmediate Addressing Mode Duect Extended
Addressing Addressing
TFR EXG Al nstructons] MAode Mode ¥
Except Address Low Address thgh
Post Byte Post Byte PSHU NNNN -« 121 NNNN + 1421
PSHS
NANN + 1 NNNN + 1 PULS I ;
‘ { TER Don't Care Address Low
and
Don't Care Don't Care EXG FFFF NNNN + 213
FFFF 1333 ‘
‘ ; Don't Care
Don't Care Don't Care FFFF
FFFF FFFF
Oon't Care Don't Care
FFFF FEFE
Don't Care Don't Care
FFFF FFFF
Bon't Care
FFFF
Con't Care
FEFF
4
A ¥
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FIGURE 18 - CYCLE-8Y-CYCLE PERFORMANCE {(Sheet6 of 9)

@ indexed Addressing Mode l

Post Byte
NNNN ~12:
0 Offser 5 Bit Oftset 8 Bit Ottset 16 Bit Ofset A B Offset O Oftfse
From R From R From R From R From R From R
Don't Care Dor't Care Otfset Otfset High Don't Care Dan't Care
NNNN - 2{3) NNNN+ 231 NNNN + 2(31 NNNN + Zi3) NNNN + 2(3) NNNN + 213)
Dor't Care Dor't Care Offset Low Dor’1 Care Dan't Care
FFFF FFFF NNNN + 304) FFFF NNNN + 340
Don't Care Don't Care
NINNN + 415) NNNN - 415)
Don't Care Don't Care
FREF FEFF
Lyon't Care Con't Care
FEFF FRRE
y
y
Yes
Indirect?
o Indirect High
XXX
‘ XXX X
Indirect : ow Constant Offset fram A
XXX+ 1 No Otfser Index Register
B Bit Offset Index Register + Offset Byte
¥ 16-Bit Offsen Index Register + Offsct High Byte Offset
Low Byte
C
Don't Care Accumulator Offset from R
FFFP A Register Offsel ingex Register + A Register
B Register Oftset tndex Register + B Register
4—____' D Register Ottset Index Register + D Register
Auto Increment: Decrement R
Increment by 2 index Register
Decrement by 2 Index Register - 2

Constant Offset from PC

8 Bt Offset Program Counter + Offset Byte
16 bt Offset Program Counter + Offset High Byte Qtfset
Low Byte

Extended Indirect
16 Bit Address Address High Bvte Addres Low Byte

The ndex register 15 incrementac

‘otovang the mdexed

CLess
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 7 of 9)

5 Indexed Addressing Mode 1

Post Byte
NNNN -+ 120
Inc: Dec IncsDec PC+16 Bit Extended PC+8-Bnt
R by 1 R by 2 Offset Indirect Offset
Don’t Care Don t Care Qftset High Address High Offset
NNNN + 2i3) NNNN + 2031 NNNN + 2(3) NNNN + 2t3) NNNN + 2(31
Don't Care Don't Care Otfset Low Address Low Den't Care
FFFF FFFF NNNN + 314} NNNN + 3(4} FFFF
Dan't Care Don't Care Oon’t Care Don't Care
FFFF FFFF NNNN + 4i5} NNNN + 415)
Don't Care Dan’t Care
FEFF FFFF
- Don’t Care
FFEF
Don't Care
FHFE
4

Indirect High

XAXX

I XAXX

Indirect Low

No Uffset index Register

REXK + 1 8 Bit Otfset Index Register - Offset Byvie

{ 16 Bit Oftset index Register + Otfset High Byte Offset
Law Bvie

Don't Care Accumuiator Offset trom R

A Register Offset Index Reqister « A Register
FFFF

B Register Offset Index Register + B Register

I D Register Otffsct Index Peqister - D Register

Auta Inzrement/ Decrement R
»
Increment by 7 ndex Register
Decrement by 2 ndex Reqister 2

Constant Offset from PC

T8 Bt Offset Frogram Courter = Oftset Byte
16 it Oftset Program Countar = Offset High Byte Oftset
Low Byte
Extendea Indirect
6 Bt Address Address High Byte Addres cow Hote
.
The index register & g e 16:0)
POlGwrg TPE A dr
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 8 of 9)

tHective Adaress

IMP ADCAB. STAB LDD 3
LAl Except ADDA: B 1Al Bxcept Lg: STU. STx,
rimmediate Irirmediate ANDA: B, Immedrate! L DU :
Cnlys BITA B Fxcept
CMPA-B, Immediate
EDRA/B, N |
LDA B, Register ¢Wiited
ORAB EA
SBCA'B
SUBA:B y r
Data Register High
(Write)
NNNN + 1 EA
! ! T
Don't Care Register L aw l
Register Low
NNNN « 2 EA . (Wite:
At
Data
EA
Citectve Addiess iBA
Lonstant Ofrset from R
No Offser Index Registe
O Bir Oftset ndex R
& Bit Qffset Index Register + Post Byte
16 811 Ofiset index Regrster « Post Bote High Post Bate L ow

Accumulator Otfset from R
4 Regmster Offset - ngex Fegister - A Register
B Register Otfzer fedex Register -
D Register Difser rides RFeqister + D Rogister

Auto Increment Decrement /
ement By © _A
ncremert oy 2
Jecrement -, -~
Oecrement by 2

Brgistes
Register
Ragister

Reg ster

Constant set fram P20
8 B:1 Offset P
16-Bit Oftset

ourter « (Piuer Bute
rams Counter « UFser Hgh Bute GHser _ow Ry

3

Direct O Fage Beginter Agdress | ow
Extended Addrese righ Agaress Low
mmediate NN T

THe mdes regisler s ngremen g
rellowing e ndesed aloesy
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 9 of &)

Etfecuve Agdress

follawing the indexed suaoess

THOMSON SEWg}:ONDUCTEURS

ASL, ASR, TST JSR LEAS.
CLR, COM, (Al Except {All Except LEAV,
CEC, INC, Immediate) Immediate) LEAX,
LSL, LSR, LEAY
NEG. ROL, p (indexed Only)
ROR 1Al
OR LAl Don’t Care
Except
Immediate! Sub. Address
, ' !
Data Data Data High Don’t Care Don't Care
EA EA EA FFFF FFFF
Don't Care Don't Care Data Low PC L ow (Writel
FFFF FFFF EA+ 1 Stack
Data (Wnie) Don't Care Don't Care PC High (Wrnite)
EA FFFF FFFF Stack
y ¥ ¥ y :
tttective Address 1EA:
Constant Dffset from R
No Offset Index Register
5-Bit Offset Index Register
8-Bit Offset Index Register + Post Bye
16-Bit Oftset Index Register - Post Ovte thigh Post Byt Low
Accumulator Offset from R
A Register Oftset Index Register - A Register
B Register Otfset Index Register + B Register
O Register Offser index Register ~ D Reg:ster
Auto Increment: Decrement R .
Increment by 1 Index Hﬂggwsu—-v.
Incrernent by 2 Index Reg.ster
Decrement by 1 dex Regster - 0
Decrement by 2 ndex Register - 2
Constant Offset fram PC
8 Bit Offset Program Counter + Offset Byte
16-8it Offset Program Counter ~ Offset Higr Bt
DOirect Drect Page Register Aadress Low
Extended Agdress Higr AJdress . ow
Immediate NNNN -
" The index register 15 .ncrementerd
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TABLE 4 — 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS

Mnemonic{s) Operation
ADCA, ADCB Add memory 10 accumulator with carry
ADDA, ADDB Add memory 10 accurmulator
ANDA, ANDB And memory with accurnulator

ASL, ASLA, ASLB

Arithmeue stitt of accumulator ar memory lett

ASR, ASRA, ASRB

Arithmetic shift of accumulator ar memary right

BITA BITR Bit test memory with accumulator
CLR, CLRA, CLRB Clear accumulater or memory lacatian
CMPA, CMPB Compare memary from accumutator

COM, COMA, COMB

Complement accumulator or memary locator

DAA

Decimal adjust A accumulatos

DEC. UECA, DECB

Decrement accumularcr ar memory locaton

EQRA, EORB Exclusive of memory with accumuiator

EXG R1, A2 Exchange R1 witn R2 (A1, R2 = A, B, CC, DPy
INC, INCA, INCB fncrement accumulatar or memory ‘ocanon
LDA, LDB Lougd accurnulator from memory

LSL, LSLA, LSLB

Logical shaft iett accumu:ator gr memory iocatian

LSR. LSRA. I SKB

i ogical shift nght accurauaiator or memary location

MUL

Unsigned muupn, 1A « B — D)

NEG. NEGA NEGB

Negate accomi

LT G MEMary

ORA ORB

O memnory w it deca g on

AOL, ROLA. ROLB Rotate ac TLdton or meman, et

AOR RORA ROHB Rotale a0cu e atar o reenan, aghe

SHCA SBCB Subifract memeny et deduma dly Wit o
STA STB T ACCLITL AT T ey

SUBA, Sudd FAUT TR T @ T

TST. TSTA. 1818 TenT dUUTITUIEL O eI Oty 003 ton

TtR R1, RZ Lranster A o MO 4 K2 s A 8 CU DRy

NOTE: A, B, CC. or DP may be pushed to .pulicd from! stack with either PSHS
{PULS, PULUY nstructions

TABLE 5 — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS

PSHU

Mnemonic(s} Operation
ADDD Add memory 1o D accumuiator
CMPD Compare memory from D accurmulator
EXG D. R Exchange D with X, ¥, S, U, or PC
LOD Load D accumu'ator from: memory
SEX Sign Fxtend B accumulator wta A accumulatar
STD Store D accurnulator to memiory
SUBD Subtract memory from D accumutator
TFR D, B Transfer Dto X, Y, S, U, or PC
TFR R, D Transfer X, ¥. S, U. or PCto D

NOTE D may be pushed lpulledl to stack with either PSHS, PSHU (PULS

PULUY instructions

THOMSON SEN?LICONDUCTEURS
5
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TABLE 6 — INDEX REGISTER/STACK POINTER INSTRUCTIONS

Instruction Daescription
CMPS, CMPL Compare memnry trar stack ponter
CMPX, CMPY Compare merrory o index regisier
€XG A1, A2 becnarge U, X« 5 L 0 FLoadn K S =
LEAS. LEAU Load effective address ' 1o stack poinier
LEAX. LEAY Load effectve adaress 1710 .ndex "eqister
LDS. DU Load s1ack pointer from remnry
LDX. LDY Load index reqgister frem memonry
PSHS Pust: & B, CC. BP. D. X. ¥, U, or PC onic nardware
PSHy Pust A B CC, OGP O ¥ Y S, PC oric user stack

PULS Pud AR, O o O fram roetagn stk
PULL ForA B L R R E AT S LS
s1s.s10 Store stack panier 1w emory

STX. STv " !Stare ndex reguter - remory

TER R1, R2 Transter O, X v ¥ o PCa i a Y S e D

ABX Add B accumrs acer X ursgned

TABLE 7 — BRANCH INSTRUCTIONS -

Instruction Description
SIMPLE BRANCHES -
BEQ. LBED Barch d equs ) }
BNE ¢ BNE B-arcr if nol og.a T
BMI L3M Brarce f e
BPi  LBPL Branor 4 plus
BCS L3S Srancr 4 carr, - o
BCC_18CC Branch f carr.
3VS. LBVS Heanch f overfow wo
8ve LBVC Rranch { averfoe e
SIGNED BAANCHES
HG: LBG! Brancr { groam- gt
BVS LBVS Brancr ¢ vaid Cemert es
BGE, LBGE Qe ter ar o el |
BEG, LEEQ eua
BNE_L8NE o e
BLE LBLE e LRI T PR TS A )
BVC, LBVC ] LS orep el
BiT .8LT Brarcht i@sy than Lsigne.
UNSIGNED BRANCHES
8HI LBHI Brascn i nigher iurs.yres
8CC. LBCC 4 ugher Ut Sare L signecs
BHS LBHS Branch f Fagher o sare runsigneat
BEC. LBEQ Branch ¢ equas
“gNE. UBNE Branch f ot ecual
BLS. LBLS Brarch A lower o samie runsgred:
8CS_LBCS Brarcn f lawe: funsigred!
; BLO, LBLO Brarck f iower tunaigneqa’
OTHER BRANCHES
85K, _(BSH Branch (& subroutine
BRA (BRA Branch aiway
8RN (BRN Brionch never o N
TABLE 8 — MISCELLANEOUS INSTRUCTIONS
Instruction Description
[anoce | AND cordnior Cuae regieer T
Cwal AND condition, cLae ceqstan ther wat oo mrerune
NOP Ne operatr
ORCC OR cordion cnde rogister
NP Jumg
ISR Jumg 10 subroutne
AT Return from mterrupt
ATS Return from subroutine
SWI SWIZ_ Swid Saltware mierrupt (absoute ndine::
SYNC Synchronize wih nierugt ine
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES

QP Mnem ¥ OP Mnem Made | ~ ¥ QP | Mnem Mode |~ [

0 | NEG 2 30 | LEAX Indexed | 4+ | 2+ 60 | NEG indexed |6+ | 2+
o1 | = 31 LEAY 4+ |2+ &1 -

02 | * 32 | LEAS 4+ |2+ 62 | *

03 COoM 6 2 33 LEAU indexed [ 4+ 2+ 83 COM 6+ 2+
04 | LSR 6 2 34 | PSHS immed |5+ |2 64 | LSR 6+ | 2+
[V 35 | PULS irmed {5+ |2 65 |

06 | ROR © 2 36 | PSHU Immed |5+ |2 66 | ROR 6+ | 2+
a7 ASR 6 2 37 PULL immed [ 5+ 2 67 ASR 6+ Z+
08 | ASL. LSL 6 2 3 | 68 | ASL. LSL 6+ | 2+
08 | ROL 3 2 39 | RTS irherent [ 6 1 69 | ROL 6+ | 2+
0A | DEC 6 2 3Aa | ABx 3 1 6A | DEC i 6+ | 2-
OB - 38 R ! B/16| 1 68 *

oc | INC & 2 3¢ | cwal ¥ =202 6C | INC 6+ | 2+
oD ST [ 2 30 MUL nherent [ 11 1 BL PST 6+ 2+
OFE | JmP 3 2 3E | ¢ 68 | JMP 3.1 2+
OF CLR 6 2 3F SW. Inrerert [ 19 1 6F CLR Indexed |6+ i+
10 Page 2 40 NEGA wheterty 2 : 0 NEG Exteraed] 7 3

" Page 3 - 41 * 71 »

12 | NOP I~herent | 2 i az | o+ [Z N

13 | s¥ne inherent| =4 | 3 43 | coma z 1 3| com 7

14 | - a4 | LSRA 2 1 1| LSR 7

% ] * ag | - % |-

16 | LBRA Relatve | & 1 46 | ACHA 7 1 76 | ROR ? 3

17 | LBSR Reatve | 9 K] 47 | ASHA ! 2 1 77 | AasR { i 3

8 | 48 | ASLA 1SLA i 2 1 78 | asL Usi i H i

19 | paa sherent | 2 1 49 | ROLA 4 1 | RO 7 k|

1A | ORCC eoed | 3 2 an | DECA p 1 7a | DEC i 3

B+ - 4B | - B .

1c | anpce I E 2 C | INCA , 2 1 C 7 3

0 SEX Inncree: 1 a0 TSTA H K i C 7 3

1€ | exc Immed | 8 2 aE | o+ v JE s 4 1

1F TFR Immed | 6 2 4F CiRA . [LERTIRY i ¥ CLR Exieroeal 7 3

20 b BRA Heatve | 3 2 S0 | NEGR Crpeet| . 8C crred |2 z

21 BRN 3 z 5° - 81 1 2 2

22 | BHe 3 2 52 | = 1 82 2 z
23 | BLS 3 z 53 | comB ; 2 83 1 4 3
24 | 8HS5, BCC 3 2 54 | LSRE : K 1 84 I 7 i

25 | BLO. BCS 3 2 55 |+ I 85 : z 2

26 BNE 3 2 56 RORB R 1 86 Z ! 2 2

27 | BeQ 3 2 57 | ASRB i F | g7 | - |

28 | BVC 3 2 ASLE, 1518 ‘ K 1 88 | EORA 2 2

23 | 8vs 3 2 58 | ROLB ! 2 1 89 | ADcCA 2 2

26 | 8P 3 2 5A | DECB 2 1 8A | ORa 2 2

28 | BMm 3 7 S8 88 | ADCA vy |2 2

2C | BGE 3 2 5C | INCB ’ 2 1 B CMPX ~mea |4 3

20 | 8Lt bols ] 5o | isTe \ ! 80 | BSH Reatve |7 ] 2

2 | a1 3 | 2 56 | - @ 88 | Lax immea |30 | 3

2F | BLE Reative | 3 2 5F | CLRB inegrer:| 2 ' L

LEGEND

~Number of MPU cycles {less pussible push puli ar sndexed mode cycles!
# Number of progrars bytes
* Denotes unused opcode

33/39

THOMSON SENZIZIFONDUCT EURS



EF6809

TABLE 9 . HEXADECIMAL VALUES OF MACHINE CODES ICONTINUED!

T
0P Mnem Mode | - & OP | Mnem l Mode | - z P ]Mnem Mode [— | #
A slBa 0T T ey o .
an omen 4 3 . . R ? - . Page Z and 3 Machine
ke SBUA + . . 3z . . - Codes

4 . R 4
3 . B . 4
: . ¢ o . 5
- 4
: N 4
5 N | . N
. . ¢ 1
v R IR B
: b :
. i : N
| ¢ B f e e B
i 3 - N ‘ N
i g .- - X ‘ +
: 4 ; ol v
. 0 ;
"o E - i ¢
o it v A
i . - e
5 i N - R
“
g A
v - B e .
ST Cuvemanaff
g g
|
[
NCTE O AN SPUDS otk bt et e
ar teagal H
Exterienf -
foser des]
v
PE Lo ¥
= ST RTINS I
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FIGURE 18 — PROGRAMMING AID

Addressing Modes
\mmediate Direct Indexed Extended Inherent 513[2[1]0
Instruction| Farms [QOp [ ~ +{ Op ] ~ 4] Op] - ¥ i0p| ~ £ |1 0p| ~ Description H[N{Z[V]|C
ABX 3A1 3 1 1B+ X—X IUnsigned! M S A e
ADC ADCA B89 | 2 2 4 2 AD[H.p Ut BYY B 3 AvMLC-A IR RN NN R
ADCH Y |2 2 4 21 E9[a-i 2+« F3} B 3 B+M+ (-8 tjrjritit
ARD ADDA 88 | 2 2 4 2| ABR[4.} 72 BR| & 3 Asn-—A Tyt
ADDB B |2 2 4 2| EB|4~ FB G 3 B+M~B RN RN
appoD C3 4 3 1 ¢ E3 |6+ Ps N 2 D+MM-1-0 I ERRERER}
AND ANDA sa b2 2 a | 2] aala. 34| &1 3 AAM=A BERBEE
aNDB cap 2 2 4 2 Fa1a. b 3 BAM-G =l 0t e
ANDCC TC 3 N Cio A MM —- O /
ASL ASLA a8 2 1 A - Bjivfrlo|
ASI N R RN ol 3 MIT 5y by Bltjt|t]s
AR R R R ] ER R
- i le-t o 3 M 57 G < Blijt]|=]1
311 wh | . PR HESERE 4 3 B Test 40V A A =li[i]0O]=
RN Wl a [ IR I B B Test B .M A 8: sl1|t]{0]e
i = 4.
LH : 1+ n 0110} O
; ar | E sinl1i0l0
A v : : olifoje
= S EP T BT ) D R R TR 3 A Blijrjijt
(S N A oA B 3 ol ¥ ) it B|1 1 H H
1 B 1 H 3 ' . n . Tt 13 oyt
s I A 4.4
R RN N I B . AR B S R N slipe]|aly
w0 L
M RAR IR E - IR cnae N e e sitptdn|t
e . 4] |
i s 2 4 - S IR T s i O M e LR ER RN
ity Wl oa B PRI T ' . N v sl
- a i Al
Lt ! 21 S el
' ! a3 ! -8 LERR K 1
i SRS Cons | B s A JHEER
;i i 41 § -
WAL Lol 220 . i A MU0 N e i
DA i 1 DI Tl Dec oy A A DR
nFC J A SRR
i o elufifr]e
SERE A S KR [ EHBEHE
e i
ToR cyas ot agle ] PR BERBEE
2 < IR B 3 eltjifcle
Exi; K ofafa]a]e
e N - w2 h efift]e]e
5L 2 ! sl tie
4 G- 2 . i el ]t]ife
AP o 3. a4 3 o|loe|e|el e
) 2 7 5] 3 T L el o] *
e LoA 86 1 2 2 2 4 5 eligr| .
LOe ce |7 2 2 4. 5 L IR e
[guls} [P ) 4 i R Ll LRI I e i
Los LV ) 4 3 B4 3. B i L N A el I
CE ol3 CF |
L FoU N T B I 1 I ER (RS- il ot
Lox &t | 3 3] 9 |5 2 D+ Z-| 82| € 3 L S I
Loy ARCHN I T 35 N T2 O e 613 o I il
8F IF 8¢
ita LEAS 242 gadog efelelefe
LEAU 3las|z- gadoy slefele]e
LEAX 0|4~ 2- Fadox ool ifafe
LEAY 3| a.| 2+ Ea3ov eleit|als
LEGEND M Complement of M ! Test and set if true, cleared otherwise
OP  Operation Code {Hexadecimat) - Transfer Into » Not AHected
- Number of MPU Cycles H Haif-carry (from bit 3} CC  Condion Code Register
+ Number of Program Bytes N Negative {sign it Concatenation -
+  Anthmetic Plus Z  Jeroresult v Logical or
- Anthmetc Minus ¥V  Overtlow, 2's complement A Logical and
. Muhiply C  Carry from ALU ¥  Logical Exclusive or
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FIGURE 19 — PROGRAMMING AID (CONTINUED)

Addressing Modes T
Immediate Direct Indexed! | Extended inherent | 61312
Instruction Forms | Op[ ~ ¥ Op[ ~ #| Op| - 1 Opf - e[ Op[ - B Description HiNTZ
n o - - : - R
- Loe ] e atP I M
LSl o8 : :
LSR LSRA
LSHB
Lsa 94
Misi
NEG NEGA
NEGB
NEG e
NOP
OR ORA gl 2 P s P )
0ORB cal 2| i oal) s
ORCC N
PSH PSHS R
PSHL ¥ -3 ‘
UL PULS Bl
PLLL S BN Jr
RO ROL A ] |
ROLB
ROl | ]k
ROR agra |
Agrg ! i
AGK ’,-(7‘ F
3l )
ATS ! I
SBC TseCa™ T8I L [T &
SBCB 2| & || D24
SEX :
T STA E
sTB B
STO 3
sts | .
\ ‘
ST ; L
STx i Eld s
L5Tv : o
. -
SUB SUBA 2] a
SUBB AN I T Y
SUBD 4 |3]uils
Swi swi®
LA
b
SYNC T
TFA R Rz 1 £ K
TST TSTA |
Ts5TR
S J J o) 6
NOTES

1. This column gives a base cycCle and byte count 1o oniain total counat, adt the values obra red from she (NDEXED ADDFRESS NG MODEL tabe
Table 2
2. R and R2 may be any pair of 8 bit or any pair ¢f 16 it 1egisters
The 8 bit registers are A, B, CC, DP
The 16 hit registers are: X, ¥, U, S. D, PC
EA s the effective address
The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or puiled
5(6) means' 5 cycles if branch not taken, B cycles If 1aken (Branch instructions)
SWi sets | and F bits. SWI2 and SWI13 da not affect | ard F
Conditons Codes set as a direct result of the instruction
Vaue o' haltearry Hag s undefined
Special Case — Carry set if b7 1s SET

© W NGO AW
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FIGURE 19 — PROGRAMMING A(D (CONTINUED)

Branch instructions

‘*' - Ad;mts:;g | T R ‘7 T FAddvesslng
| Mode _ | [ _Mode |
; Relative 10 Relativ, 5132110
{__Instruction| Forms 1 OP] ~ 5] * vic] Instruction| Forms [0P[~5[ 7 Description H{N[Z]|v]Cc
30C 8CC 24 312 DA I BLS 231 3 [ 2 [Rranch Lower ofsfo]et-
18CC 1015161 4 ol or Sarme
24 N L 4 Jlonp Branch Lower |e [afe]als
BCS 8CS A EERE e o1 Same
LBCS Y o 37 g7 2 [Branch < Zers cfele]e]~
25 LBLT 4 |iarg Brancr<Zere (v {e[e]|e|e
BEG BED HAEEREE ..
| LBEC w56 a o ERE ERD 7 F Mos o] T+1
i 37 3mi 4 gBrarcn Minus e |elefele
BOE
DS 3NE B wlefe]ea]a
UBNE 4 olefafe]e
BGT
[ ar RS 2 efo]eleTs
i (-1 4 sim =]eie
R i
Pana jelarey < | s afo e
EERS i afafefs]s
i SEN FELY g elefe[s e
aan, P folelafw s
|
Gt == |
4 |
Hio :
SIMPLE BRANCHES
or__ - £ SIMPLE CONDITIONAL BRANCHES (Notes 1-4)
BAA s Test  _Tre  OP  False  OP
LBRA w53 N=1 BMI 28 BPL 2A
BRN 21 3 2 Z=1 BEQ 20 BNE 26
LBRN 1021 B 4 V=1 8VvS 29 BVC 28
BSH 8D 7 2 C=1 B8CS 25 BCC 24
LBSK 17 q 3
SIGNED CONDITIONAL BRANCHES (Notes 1-4) UNSIGNED CONDITIONAL BRANCHES (Notes 1-4}
Test True oP False oP _Test _ True ~ OP  False _ OP
>m BGT 2t BLE 2F >m BHI 22 8Ls 23
r=m BGE 2C BLT 2D rZom BHS 24 BLO 25
r=m BEQ 27 BNE 26 r=m BEQ 27 BNE 26
rsm BLE 2F BGT 2E rem BLS 23 BHI 22
ram BLT 2D 8GE 20 r<m BLO 25 BHS 24
NOTES
1 All conditional branches have both short and long vanations
2 All short branches are two bytes and require three cycles
3 All conditional iong branches are formed by prefixing the short branch opcode with $10 and using a 16-brt destination offset
4. All conditional lang branches require four bytes and six cycles if the branch 1s taken or tive cycles 1i the branch is not taken
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CASE

mm

e max €2 154(2) e mox 4.57mox

eyt rert] omor__,
i "ZJ( [ i Y‘ 05! oy
I/ + = _h l
)L o

1524
2

Datem

}_/1‘ : ! (1] Nominal dimension

=3

> 2) True grometrical position
72

T

A O OO O OO

CB-182

P SUFFIX
PLASTIC PACKAGE

ALSO AVAILABLE

53max. - _'I% JSUFFIX C SUFFIX
! 40 .ins CERDIP PACKAGE CERAMIC PACKAGE
DIN \
ASIF F-ne CB-182
CcEl DATA JEDEC SITELESC SEMICONDUCT EuRS
ORDERING INFORMATION
EF68A03 | C M | BB
T
Device [ I Screening level
Package —— — - —— Oper. temp.
The table below i y shows all il suffix for i and ing
leval. Other possibilities on request.
DEVICE PACKAGE OPER. TEMP SCREENING LEVEL
c J 4 E FN L v M Std D G/B B/B
L ] - L ] * L L
L] * L ] [ ] [ ]
EF8809 [1.0 MHz)
[ ] L) L d [ [ 3 L]
L * L >
L ] L L ] L L]
L L L] L] *
EF68A08 {1.5 MHz)
L] L] L J L ] L J L]
L L 4 L] L
[ ] L] L] L]
EFG8B0Y (20 MH2) -
L ] L] ® . L
Examplas : EFBBO9C, EF6809CV, EFES08CM
Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E : LCCC, FN: PLCC.
Oper. temp. : L*: 0°C to +70°C. V: —40°C to +85°C, M: —55°C to + 125°C, *: may be omitted.
Screening level : Std : [no-end suffix), D : NFC 96883 level D,
G/B : NFC 96883 ievel G, B/B : NFC 96883 ievel B and MIL-STD-B83C level B. 1‘
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CASES

Fin identification

16,510 420 1399 |
114510 T e,602 457t isa0] |
[Rrere) CB-521
i Hi
X ‘ FN SUFFIX
‘ PLCC 44
. 1 —
i
17,40
17,65
581
— 812 A4 pins
} 0,69 *‘ - 033
oIN ! m 1 o Y :
N MO-047-AC CB-521
ce l DATA JEDEC SITELESC SEMICORBOSTEURS
- 1833 . it 20P moa.
107 .81
ra7
1 —— ¥
T 28 el CB-708
.
.
= |
. |
_ _ =~ ‘
218 - |
= |
- |
.|
B -
. S B E SUEFIX
eo127 e4eiedelese eleieie "\ Datum | LCCC 44
ofedepegedegeqeqegeqel, !
<4
a 230Gz
\ s4 253 §§ 2Ly E
84 pin BRifEriiils
®e oS- 39559
DIN Y veel[ 7 o 39[a
aol]s
CB-708 e =pe
37 JomA/BREQ
CEI DATA JEDEC SITELESC \SEMICENDDMuch#NEURS AZE 10 36]R’W
nNef 35 [INC
NC[i2 34 100
A3[ia el n]el]
Adlha 32[102
astlrs 31[i03
A8 s 30[Joa
Arfes 29105
e 2 & R & 3R

A8
Ag
ato]20
Az 22
vgsl] 2
Anag
a5
Al5
D7
06

ATt

These specifications are subject to change without notice.
Please inquire with our sales oifices about the availability of the different packages.
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