> THOMSON SEMICONDUCTEURS

EF6809

8-BIT MICROPROCESSING UNIT

The EF6809 15 a revolutiorary tagh perforrmance 8-t moargp
which supports modern programnsng 1
dence, reentrancy, and moduiar programming

This third- generatior addition to the: 6800 Famidy nas ma or arch
improvements which incluge addinona. registers, instrus1ons, and
modes

The bawe instructions of ary Computer are gredty enhsnaed by the
presence of powerful addressing moges  The EFE809 s the micst compiete
set of adaressing modes avallabte or any S it m <

The EFB809 has hardware and soltaare teatur
processor for nigher evel language execution of standard mon
nons
EF6800 COMPATIBLE

& Hardware — Interfaces with All 6800 Peripherals
& Software Upward Source Code Compatible Instr,
Addressing Modes

PILES st g e tion

N oetand

ARCHITECTURAL FEATURES
® Two 16-Bit Index Registers
® Two 16-Bit Indexable Stack Pomnters
® Two 8 Bit Accumulators car be Concatenated to Form Ore
16-Bit Accumulator
& Direct Page Register Allows Direct Addressing Throughout Memory

HARDWARE FEATURES
On-Chip Osciltator [Crystal Frequency — 4 = E)
® DMA/BREQ Allows DMA Operation or Memory Re
® Fast Interrupt Request Input Stacks Oniy Canaiian ¢
and Program Counter
¢ MROY Input Extends Data Access Times for Usc with Siow
Memory

® [nterrupt Acknowledge Output Allows Vectoring by Devices

® Sync Acknowledge Output Allows for Synchronization to External
Event

® Single Bus-Cycle RESET

[ ] Smgle 5-Volt Supply Operatior

® NMI inhibited After RESET Unts After First Load of Stack Poiriter

® Farly Address Valid Allows Use with Slower Memones

® FEarly Wnite Data for Dynamic Memories

SOF1WARE FEATURES
10 Addressing Modes
* 6800 Upward Compatible Addressing Mades
Direct Agdressing Anywhere in Memary Map
Long Retative Branches
Program Counter Relative
True Indirect Addressing
Expanded Indexed Addressing
0-. 5, 8-, or 16-Bn Constant Otfsets
8- or 16-Bit Accumulator Offsets
Auto Increment Decrement by 1 0F 2
Improved Stack Manipulation
1464 Instructions with Unique Addressing Modes
8 x 8 Unsigned Multiply
16-81t Anthmetic
Transtfer: Exchange All Registers
PushPull Any Registers or Any Set of Registers
Load Effective Address

[ N N NN N ]

HMOS

(HIGH DENSITY N-CHANNEL, SILICON-GATE)

8-BIT
MICROPROCESSING
UNIT

CASES

CB-182

P SUFFIX
PLASTIC PACKAGE

ALSO AVAILABLE

JSUFFIX C SUFFIX
CERDIP PACKAGE CERAMIC PACKAGE
CB-521 CB-708
FN SUFFIX € SUFFIX
PLCC 44 LCCC 44

Hi-Rel versions available - See chapter 9

PIN ASSIGNMENT
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EF6809

MAXIMUM RATINGS

f Rating

Unit

PR

L

THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit
A
Bu .
4 o [
Hes

The average chp [urcior temper:

TymTa-FDes
Where

POWER CONSIDERATIONS

» U ocar pe obtaired from

Ta=Ambent Temperature, <0

A =Package Thermal Resistance, Jurcthion 1o Ambient, 'C W

PD=PINT » PPGRT

PinT=loe © Voo, Watts

PEGRT = Port Power Disspatior, Watts
For most apolications PRORT < PiNT ard ¢

Chip Irternar Power
User Determined

drive Dariington bases or sirk LED Ipads

An approximate re al onsnp between Ppard 75 1t PpoRT 1 reglected! is

Pp=K- 1T +273"Ci

4

Solving equatans *

arc 2 for K gives

K=PpeiTp~273Cs ~9JA‘PD2

Where K is a corstant gertairing ¢ the particuiar part K can be deterrined trom equatinn 3 b
foraknown Ta. Using this value of K the vaiues of Ppard T

value of Ta

ELECTRICAL CHARACTERISTICS

NEe-50V b

. Vg =0 Ta= T 10 Ty uniess atherwise noted!

31

an ve negected PpaRrT may become sigrificant if the device 1s confgured to

Y Medsurnng PD tat equilibrium!
can be obtamed by solving equations 110 and (2) iteratively for any

Characteristic Symbol Min Typ Max Unit
Logic. EXTAL Vin Vgg 20 - veeo
IrGut High Voitg T e ! - v
r Phgh Voltage RESET | Viup | vgg-40 ver
input Low Voitage Logic, EXTAL, RESFT Vi Vgg-03 - Vgg+08 v
'nput Leakage Currert
N i i, - - A
Vin=01525V Vg =man togie s 25 "
de Output High Voliage
| load= - 205 pA Ve _poo7 /o5~ 24 . "
b Vlaad - - 185 pA Voo e ACATS, R'W, Q, E Veg - 24 -
Loaad= - 106G pA, Vel s BA, BS Vgg+24
de Qutput Lon ko\l‘age oL Vss-05 v
Hloag 20 A Veg e
Internal Pawer Dissipaton iMeasared at Ta = 0 Cin Steady State Operation! BiNT 16 N
Capacitance * _
Wy 0. Ta=025 Coc et G N D0-D7, RESET G - s rF
Logic frputs, EXTAL, XTAL Y 5
AD A15 R'W, BA BS Cour - 15 oF
Freavency of Operation EFB809 c4 4
1Crystal or External Input: EHOBAOO B TA G4 - £ Nz
£F68B0Y o4 8
Hi-Z (01 State) tnput Current D07 e Fas " A
V= 0416248, Ve nax ACAIS R ' 100 s

*
Capacitances are perodicatl, tested

rather thar 1{
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EF6809

FIGURE 1 -- BUS TIMING
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EF6809

FIGURE 2 — EF6809 EXPANDED BLOCK DIAGRAM
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FIGURE 3 - BUS TIMING TEST LOAD PROGRAMMING MODEL

As shown i Figure 4, the £ HE809 ardds hree registers 1o
the set avallable in e EFB800 The added registers include
RV a Ut e gt e el slauk puimiter, e D osefc

ridex reqistes

R =27« ACCUMULATORS (A, B, D)

The A and B regnters dare gencidl Durpose ato o

1N 148
or Equiv

Test Point which dre asid 'Granthmete Calualians Gad ma Lo
of data
C Certam nstructiors concaterate the A and B edistens
1N9T6 form a singles 16t aecurmiLintor i referrend tGops b 3
ot Equiv “HQISTEN, AN s forme v th TNe S regisTion s e o=t gt

cont hyte

DIRECT PAGE REGISTER [DP}
The direct page register of the EF6809 serves to enhan-

C = 30 pF for BA, BS R = 117 k@ for DO.D7 ce the direct addressing mode. The content of this register
130 pF for Dd»D?, [e] 16 5 kit for AG-A15, E, Q, R/W appears at the higher address outputs {A8-A15) during di-
90 pf for AO-A15, R/W ARt BA B4 rect addressing instruction execution. This allows the di-

rect made to be used at any place in memory, under oro
gram control To ensure 6800 compatiblity, all bits of
this register are clearcd during processor reset
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EF6809

FIGURE 4 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

X — Irdex Register

Y index Register

U — User Stack Poirter

Pointer Registers

S — Haraware Stack Painter

Prograr O

Accumutators

Dt

Oirect Page Regsster

CLLD LT

CC — Conditior Code Register

INDEX REGISTERS (X, Y}

Thesimdes regesters dsedan i deaes mode of Guress
iy The 16 bit ddiess n thas register Wkes part 0 0n
cattlaton of etechve addresses This addiess may be osed

W pomt 1o data diestly Or may be mamband by an opt
constant o regsster oftset: Dunng seme indexaed mades, the

contents of the index register are ncremented o decrenm ni
=1 1o pont 1o the next tem of analar type data Al
promter registers DX L

ST My ensed s i sgeater

STACK POINTER (U,S)

The hardware stack pomnter (S1s used automaticaliv by
the processor dunng subrosting + ails
stack painters of the EF 6809 point 1o the top of the stack, n
zontrast to the EFB800 stack pomter. which pomted to the
next free lacation on the stack. The bser stack pointer (U1 s
controlled  exciusively by the programmer  This
arguments to be passed 10 and trom subroutines with
Bath stack pointers have the same indexea mode addiessing
capabilites the X and Y registers, bulb siso s ipport Push
and Pull instrictuions Thes allaws the EFG809 1o te wued e84
cently as g stack processor, greatly erhanoing its ability o
support higher level languages and modular programming

and nterrupts . The

Alows

PROGRAM COUNTER

Tne program caunter s used by the pracessor to pairt
the address of the nextinstruction 1o be e utea by the pra
cessor. Relative addiessing 1s provided aliowing the program
counter 1o be used ke an index register 0 some sitoatiors

CONDITION CODE REGISTER

The conditior code register defines the state o
cessor at any given time. See Figure B

the pro
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FIGURE 5 — CONDITION CODE REGISTER FORMAT

GRERNEE

Carry
Qvertrow
Zeio
Negative
'RQ Mask
Haif Carry
FIRQ Mask
Entire Flag

CONDITION CODE REGISTER
DESCRIPTION
BIT 0 (C)

Bit 0 1s the carry tlag, and 15 usuaily the carry fram the
binary ALU. C 15 aiso used to represent @ 'borrow’ from
subtract-like instructions (CMP, NEG, SUB, SBC) and is the
complement of the carry from the binary ALU

BIT 1 (V}

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

the carry from the MSB in the ALU does not match the carry
from the MSB1

BIT 2(2)

Bit 2 1s the zero flag, and 1s set 1o a one of the result of the
previous operation was identically zero




EF6809

BIT 3,(N)

Bi1 3 is the negative llag, which contains exactly the value
of the MSB of the result of the preceding aperation. Thus, a

negative two's-complement result will feave N set 10 a one.

8IT4 (1)

Bit 4 is the IRQ mask bit. The processor will not recognize
interrupts from the IRQ Iine 1t this bit 15 set to a one NMI,
FIRQ, 1RQ, RESET, and SW1 all set | 1o a one. SWI2 and
SWI3 do not affect |

BIT 5 {H)

Bit b is the half-carry bit, and 1s used to indicate a carry
from bit 3 in the ALU as a result of sn 8 bit addition only
{ADC or ADD). This it is used by the DAA instruction to
perform a BCD decimal add adjust operation. The state of
thrs flag 1s undefined 10 all subtract-lke instructions

BIT 6 (F)

Bit 6 is the FIRO mask bit. The processor wili not
recognize interrupts from the FIRQ Iine if this bit 15 & one
NMI, FIRQ, SW!, and RESET all set f 10 a one 1RO, SWIZ,
and SWI3 do not affect F

BIT 7 (E)

Bit 7 is the entire flag, and when set to a one indicates that
the compiete machine state (all the registers) was stacked,
as opposed to the subset state (PC and CC). The F bit of the
stacked CC is used on a return fram interrupt (RTH) to deter
mine the extent ot the unstacking. Theretore, the current E
lettin the condition code register represents past action

PIN DESCRIPTIONS

POWER (Vgs, V¢e)
Two pins are used 10 supply power to the part Vsg s
ground or Q volts, while Veois +50V +5%

ADDRESS BUS (AC-A15)

Sixteen pins are used to output address infarmation trom
the MPU onto the address bus. When the processor does
not reguire the bus for a data transfer, 1t will output address
FFFF16, R/W = 1,and BS = 0; thisis a “dummy access” or
VMA cycle. Addresses are valid on the nising edge of Q. All
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 (D0O-D7)

These eight pins provide commumcaton with the System
bidirectional data bus. Each pin will ditve ore Schottky TTL
load or four LSTTL joads, and 130 pF
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READ/WRITE (R/W)

Ttus signal indicates the direction of data transter on tre
data bus. A low indicates that the MPU s witing data onto
the data bus R/W is made high impedance wher BA 15
high R/W is vahd on the nsing edge of Q

RESET

A low level on this Schmit! tngger irpue fer greater e
one bus cycle wili rteset the MPU. a5 shawt o b agure 6 T
reset vectors are fetched from locations FEEE g ana FRES

(Table 1) when interrupt acknowledge 15 true, (BAeHRS
During initial power on, the RESET line should b held low
until the clock oscillator 1s tully operational See Figure 7
Because the £F6809 RESET pin has o Sehrnte-tagger -
put with a threshold voltage tughes thar th;
pernipherals, a simple B C network miy be
entire system This tugher threshold coltage
penpherais ane out of the resel stite heton

Y

HALT

A low level on this mput pin will canse the Wy
running at the end of the prosent instracton et o s
halted indefmitely without loss of dats Wher balset e
output s drven high indicaung the buses g migh n
pedance BS s also tugh which indicates
the halt or bus grant stiale. While hatted. the: MP.
respond to external real time requests FIRQ, 1RG athiiagt
DMA/BREO will always be accepterd. and KT or FTST T
be latched tor later response Dunng the halt state, O ana f
continue to run normally 1 the MPU is not runming (HESET
DMA/BREQ), a halted state (BASBS = 11 car be: o he f,
puling HALT low while RESET 15 stull low A RREO

BA

1he: o

[T

wail et

If ON
and HALT are both pulled low, the processor wiil re: 1% the
last cycle of the instruction by reverse cycle stealirg) shere
the machine will the become halted. See Figure §

BUS AVAILABLE, BUS STATUS (BA, BS)

The bus avadable output s an naicanon of [T
control signal which makes the MOS buses o* 1h Vbt
impedance This signal does not imply that e e el e

avalable for more than one cycle When PA oo
dead cycle will elapse before the MPLU Gequises trie s
The bus status output signal, whers g oded st

represents the MPLL state cvahd vath eadieg eoge o G

[

A

MPU State MPU State Definition
BA BS

0 G A (Ruraingt

0 1 Iriterrupt or Reser Aakoowlesdp
1 a Syre Acknowledye -
1 1 Halt or Bus Grart A keowled: e
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EF6809

FIGURE 7 — CRYSTAL CONNECTIONS AND OSCILLATOR START UP

D)

hTeN vl o <

e—— 'R —
NOTE: Waveform measurements for all nputs and oulputs are specified at iogic fugh 2 0V ang logic low O 8V unless otherwise specified

EF6809
M Cin Cout # = *
B MHz 18 pF 18 pt D
6 MHz 20 oF 20 pF
4 MMz 24 of 24 of -~
T T~
18 1 L - Nominal Crystal Parameters
BN 3.58 MHz 4.00 MHz 6.0 MHz 8.0 MHz
Rg 800 son 30-50 20-40 12
U co 35 pF 6.5 pF 4.6 pF 4.6 pf
- C1 Rg - C 0.015 pF 0.025 pF 001-002pF | 001002 pF
"2 Q >40 k >30 Kk >20k >20k
9
ﬁcé All parameters are 10%

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

Typical PC Board Layout
tor Crystal Area
20 mm max

V GND
(L //////;ZZZL(

S Jervsed oo

—|D IL‘ 20 mm max

IO N

Other Signals
Not Wired In
This Area
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EF6809

FIGURE 8 — HALT AND SINGLE INSTRUCTION
EXECUTION FOR SYSTEM DEBUG
2nd Ta Last
Last Cycle
Cycle Of fal}
Current Current  Dead Dead Irst  Instruction Dead

Irst Inst Cycie Halted Cycle | Fetch_jExecute; Cycle | Halted
}q—)}q—*————*ﬁ% - e R e

I
‘ \
> e tPCS ‘L*- |
W € pCt tPCr ' Hmcf
HALT ViLAIVIH T
Bus ——
<
BA /
¢
BS /
i XX X X r—
Bus i

rETLCtor
Opcode
NOTE Wavelom: measaements 1o a LiPpus and oLipuis die spectes 0 ogc = ar D0V are og iow O 8V unless otherwise specihed

Fetch  Execute

INTERRUPT ACKNOWLEDGE 5 s S

L 0y the program, and aiso has a

SyCles ot a hardware vector fotch fAESET AR PR R0 Tabern ooty thy A, or software interrupts. Dur
SWi SWIZ, SWI3! This signal, plas decoding of the [ower maeccander o ar NN the entire machine state 1s saved
four address ines, can provide the user with an indication o o e narduare stack After reset, an NMI will not be recog
which mterrupt leveis bemag secvoed and 3o vecton ng iy nired wohe the tirst program load of the hardware stack
device See Tatue ! paater S The pulse width of NMI low must be at least one

SYNC ACKNOWLEDGE 15 1rfiated S e NP s Lavele 1t the NMEinput does not meet the minimum set up

with respect 10 G, the interrupt will not be recognized until

Wi for enternge synchron.y,
the next cvele See Figure 9

HIC NGRS Bl (R F AT a M BT

HALT/BUS GRANT s truee b the MURSED < in ¢ nalt
ar Bus grant cond-non
SR ¢
TABLE t — MEMORY MAP FOR INTERRUPT VECTORS FAST-INTERRUPT REQUEST (FIRQ)
" "Memory Man For Alow level on this input pin will inttiate a fast interrupt se
v P quence, provided its mask bit tF1in the CC s clear This se-

Vector Locations Interrupt Vector

L Description yuence has prignty over the standard interrupt request
IRTS s HIRQ!, and 15 fastin the sense that it stacks anly the contents
TFrE . ol the conditian code register and the program counter The
ciip [ Interrupt service rautine show:d f:lear the saurce of the inter-

! - rapt nefore doing ar RTH See Figure 10

FFFA FFFB
FEFR FFFQ
FRre FRF INTERRUPT REQUEST (IRQ)*
FRES FEED A fow leves npat on thas pinowill inmiate anointerrupt re
FER2 FEFA - QUEST ~eynence prosided mas« bt 1.0 the CCas clear
CREG PR Hesorved Since R staoes the ertire machine state 1 provides

5 2o}
© oty than F

crupts than FiRQ. RG also has
Again, the interupt service rout
at e shadic ciear the souros o the interrupt betore doing an B7

b gengratiad S0 maak e S

sloy

NON MASKABLE INTERRU

1

PT (NMD*

s friat

vE NSt

A e

e ihle interrupt e

e @

*NMI, FRG and TRQ TEGURSIS GIe Sdrned o
mzed Tref Y TEITGD i W et e
ana FIRG do ot resa s o

ouw for ore o e

RESET ackruwienge

Q@ Ure oy s egoeced for syperrenizaton pefore these interupts are recog-
SYNC ar CWAl condiar s preser: if iRGQ

wener NMI s atcheg ana meed orly e
g edge af RESET arg 1o rsing eage of 8BS indcansg

SEAE R L UL IR A WETE

Then niay el DE ey
“

a0t ea betwier e
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XTAL, EXTAL

These nputs are used to connect the an-chip osciliator to
an external parallel resonant crystal. Alternately. the pin
EXTAL mav be used as a TTL fevel mput for external tening
by grounding XTAL. The crystal or external frequency 1s four
nmes the bus frequency  Sew Figure 7 s [1h
techniques shouid be observer . the lavout of printed et
boards

layisat

E.Q

E 15 similar to the EF6800 bus tming signal phase 2, Qis a
quadrature clock signai which leads E Q has ro parrallel an
the EF6800. Addresses from the MPL wall bis vaid wetn the
leading edge of Q. Data is latched on the faling
Timing for £ and Qs shown i Figure 11

odge o t

MRDY”*

This nput control signai aliows stretching of £ oand Q1o
extend data access tme £ oand Q oper. Norrraity while
MRDY 1s high. When MRIDY 15 low. F and Q may be steeteh
ed inintegral mulituples of quarler et bus s, thus llew
INg interface to slow merroncs, as shown i Figare 12t
Dunng non-valid memory i WMA Gyelest, MRDY has
na etfect on stretching F and Q. this irfibits sicvang the pro
cessor dunng 'don’t care” bus uccesses MROY may aso bie

uset 10 stretch clocks Hor slow ~emory wher bas ontee)
has been transterred 10 an oxtorma! dise ce tthrowgh the e

af HALT and DMA BREQi

DMA/BREG"
The DMA BREQ 1ot provides o mwthod 07wt ding
[ Mon 4nd ang: AP Las 1o anoet [EES

showr:in Figure: 13 ases nclude DYA
MRIMmonry N:“"{’,Sh

A dow level on this pin will Stop INstruction execution 4t the
end of the current cycle unless pre empted by senforefresn
The MPU will acknowledge DMA BREQ by setting BA and
BS 10 a one. The requesting device will now have up 10 15
hus cycles betore the MPU retneves the bus for self refresh
Self-refresh requires one bus cycle with a leading and tralling
dead cycle See bigure 14 The: self retresh counter s ¢
cleared of DMA BRFQ 15 mactive for two or mo

PRI

FIGURE 11 — E/Q RELATIONSHIP

Start ¢! Cycle
1

|
fe—tavs =

GbhVv

Q I ‘ /

| Address Vald

NOTE: Wavelorm measurements far alt inputs and oulputs are speaifred a1 fogic high 2 0 v and .ogic low

* The on board clock generator turmshes £ and Q te both the system and the MPU When MRODY Dailed low, b
nternal MPU clocks are stretched  Assertion of DMA: BREQ nput stons the mternal MPU clacks whine
RUN G e, release the bus 1o a DMA controller] The internal MPU clocks resume operation after
114 DMA, two dead). whichever occurs first White DMABREQ 15 asseriad 1t 1s somelimes necessary to puil A

to! fram slow memary: peripherals As both MRDY and DMA ‘BREQ control the internal MPLL Jlocks, care must he exereised oot e
the masimum toye specitication for MRDY or DMABREQ iMaximum Toye
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cveles
Tvpically, the DMA ¢ S [ TETS PIRST Lo FURNE L
g DMABF O e gy s ot b
Whaon the MPL e T Mt
B wl be o deads oy i bt
the DAA controlle:
B memon, o bty e
I [E N
s hanegig
End of Cye e ilatch Datat
|
|
f
|
N
-
|
VoLriess Otheraise s e

the sy stemn clocks
lHowing the external ,
DMA BREQ i reieased or atter "6 bue,
[DY iow toallow 7

Lalste

g MEQOY or DMA BRECQ 18 16 us
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sl ot

P

OMA BREG =

o0 ttare e N

sald b take

rAS

This sequence tegins after RESET anc s repeatea indetinite-
vy ounless altered by a special Instruction ar hardware 0ccJur
rence Software instructions that a ter normal MPU opera-
non are. SWi, SWIZ, SW3. CWAI RT: ard SYNC An ir-

terrupt. HALT, or DMA BREQ car also a ter the narral ex
acution of instructions Figare 10 uiustrates the flowcrart for
tre EF6809

Merneny, e

FIGURE 12 — MRDY TIMING AND SYNCHRONIZATION
{a) Timing

SNV WA TN/

MR

Ty

tb} Synchronization

o 24LS04 !
XTAL |2 L0
EXTAL[38 PR .
Part of ‘r _2)
EF6809 MRDY Steeen: : _ CLR
- ‘ - Q < MRGY
| L Syncheongdnon
i 7474
O
oF
PR |
|
i
values
Choser |

' RANE!

i

!

as Req'd ;

a0 |
i

— To Memary
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FIGURE 13 — TYPICAL DMA TIMING {< 14 CYCLES)

MPU Dead ‘J‘ DMa

e /N

N VN A NN Ve

—Wj 777
BA, BS — 1 —1AQ \

—

-

j——

N\
ADDR /
IMPU)

ADDR /

IDMAC) — N\

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

|Dedd.[L 14 DMA Cycles ¥——A—499an MPL Dr,‘ML—DMAH

[ o

EI| | A
memmmmﬂ_

!
owATBREG M

|
! I
BA, BS _V Il L'_.('_:——
\

H
OMAVMA " Y\ Yy \_J \

" DMAVMA 1s & signal which 15 deweloped externally, but s 4 system requiremert ‘or DMA

NOTE: Waveform measurements for ali inputs and oulputs dre specified at -oge high 20V and 1agic «0w 0B V uress Grienwise spe i
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ADDRESSING MODES

Vb c
(AR b Te

e el
EF6809 huis
avalanle o
EF6809
1464

Ting

Gaes. The fc
able on the EF6809 :
‘nherent
media e
E ded

Extenaad ng oot

Cirect
gestoer
dexed

0 Difset

art Long Relatve Brore
Frograr Counter Beaat oo 4

INHERENT (INCLUDES ACCUMULATOR)

s . ‘ i
v h e

irothis addressirg moge
sl the addre

addressing

bt

dre

IMMEDIATE ADDRESSING
Inimmediat
At amrmesdit
uata to be used e
ocode of the .
16 oIt immed
specified 6y th
rredigte adaressirng are
| DA #SZG
LDX BSFOnn
LY #C &7

GEUGOE bt s 60 e T

NOTE

Fosigrebios inehiate G g

[l E P
TETIMT s valad
EXTENDED ADDRESSING

In eatended addressing,
mediately following the opcaage tully specily the 16 bt effer
fiver address ased by the snstructon Note that the address
generated by an axtended insiraction define.
address and s not positon ndependent
tended ardressing include

the: conterts of the 24 Dytes im

i bsohate

Fxampies of ox

LDA CAT
STX MOUSE
DD $2000

16/39
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EXTENDED INDIRECT i tro

G

Dirert AGOIREEING 5 S iar 10 exlended
tnat only ore bvte
specities the 'owe: ¢

1A LS

LOCWS The opaei:

the address 1o e

Ser. Senie oris one 15
E"v\:‘ﬂg, s e reguer

Cnan eensted addressing G ¢ r
LI RAgE e accesssad withog [1sté]
the conterts of the BP register Sirce te 29« [

set, direct a;1v1kv»3\\mg o e EFEE0T = o
6800, s

00 on

vie with duect addressing o the:

ed oan diect gadressog Mo s 0
whdressing are

LDA B

SETDE .. .

LDB U

DD < LAl

< 5 art g 4 T N e I LA P AL
Adressing
REGISTER ADDRESSING
Some opouies are followed by o Gyte tnal detnes 3
tegister o sel of registen 10 Be asied by theonste,cien This
19 catlled o postis te Sumi examples of e AL yrets g
dre
TER XY Transters X inte ¥
EXG 4, R Fxchanges A wih B
PSHS A B x % Push Y X 8 ant A onie s
PULL XY, s DX, and Y from

INDEXED ADDRESSING

In sl indexcd addressng, one 0f the ponter seqetens @ x
wlimes PCiis aseina ¢ ! e et
fective address of the operand 10 be used by e mslraon
Frve basic types of rdearg are availabie and are dise Lssed
below  The postbyie of an mdexed instruction SEE ~ the
basic type dand varatce of the ¢ [T
the pointer reqistor 1o be used figure 16 hsts the ogar
mats for the ¢ Lyte Tabie 2 gives the zssemtler form angd
the number ¢ Cles and tetes added to the by
indexed addiessing for each vanation

SHIs

reswieg mode gy

values for
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FIGURE 16 — INDEXED ADDRESSING POSTBYTE
REGISTER BIT ASSIGNMENTS

Postbyte Register Bit Alndexe_d
¢ \
7|6[&5]a[3[2]T[0 Mode
O] R|R| d| d]|dja]d]EA=R+5BiOfiset
1| R|R]{ O] DJO]0]0 R+
1 R A i 0 0 a 1 R+
1| R|AR|OC]JDOJO}{1]0 ,-R
1 R A ' 0 o 1 1 ,- -R
T{R|RAR| ] O 100 EA = R +0 Dffset
1| R|RA| + ] 0] 1]0] 1 ]|EA=R+ ACCB Offset
1] RIR| ] 0] 1] 0 |EA = R + ACCA Offset
1{ R| AR 1101 0] 0| EA = R +8Bu Oftset
1T R| B 11040 1| EA= R ~+168ut Offser
1 R| A 1 1 0 1 1 EA = R +D Offset
1 x| x 1 1 1 G| 0| EA = PC +8Bit Offset
1 X X | 1 1 a 1 | EA = ,PC + 16 Bit Offset
1] R R i 1 1 1 1 EA = (,Address}
e ey ™™
L——-——Addressmg Mode Fiela
induect Field
1Sign bit when bz = 0)
Register Field RR
0 = X
x = Don't Care g1 = Y
d = Offset Bnt 0 =U
. 0= Not Indirect 1M=53
1= Indirect

ZERO-OFFSET INDEXED -- In this mode, the selected
pointer register contains the effective address of the data to
be used by the instructian. This s the fastest indexing mode

Examples are

LDD 0.X
LDA S

CONSTANT OFFSET INDEXED--in this mode,atwa's
complement offset and the contents of one of the pointer
registers are added to form the effective address of the
operand. The pointer register's initial content i1s unchanged
by the addition

Three sizes of offsets are avalable

5bit(—16to + 15

8 hit{-128 10 + 127}

16 bit ( -- 32768 to + 32767

The two's complement 5-bit offsetisincludedin the post-

byte and, therefore, is most efficient in use of bytes and
cycles. The two's complerment 8-bit offsetiscontained in a
single byte following the postbyte. The twos complement
16-bit offset is in the two bytes following the postbyte. In
most cases the programmer need not be concerned with the
size of this offset since the assembler will select the optimal
size automatically

Examples of constant-cttset indexing are

LDA 23X
LOX -2,5
LY 300, X
Lou CATY

TABLE 2 — INDEXED ADDRESSING MODE

Non Indirect Indirect
Type Forms Assembler Postbyte + Assembler Postbyte |+
Form Qpcode ~|# Form Opcode ~|#
Constant Offset From R Ne Offset R TRROD100 o0 [.R] 1RR10100 3]0
12s Complement Otfsets) 5-8it Offset n R ORKnnnnn 10 defauits 1o 8-bit
8-Bit Offset n, R 1RROTO00 111 n, R) 1RR11000 411
16-Bit Offset i, R 1RR0O1001 412 tn, B] 1RR11001 712
Accurnulator Offset From R A Register Offset A R 1RROD110 110 |A, R] 1RR10110 410
125 Complement Dffsets) B Register Offset 8 R TRRODTOT | 1] 0 (B, Rl TRR10101 | 4|0
D Register Offset O R 1RRO1011 410 D, R] 1RR11O1 710
Auto Increment/Decrement R Increment By 1 R+ TRRODO0O 2(0 not allowed
Increment By 2 R+ + 1AR0000T [ 3J0 | TR+ +j | RRIo01 [ 8]0
Decrement By 1 ,—R 1AR0D010 210 not allowed
Decrement By 2 , - R 1RRO0011 310 [, ~R] 1RR10011 60
Constant Offset From PC 8-Bit Offset n, PCR 1xx01100 Ty {n, PCRI} 1xx11100 411
(2s Complement Dffsets) 16-B1t Offser n, PCR 1001101 | 5]2 | In, PCR) x11101 | 82
Extended Indirect 16-Bit Address = [n} 10011111 512
R=X.Y, U orS RR
x = Don't Care 0= X
01=Y
10=u
=5
+
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ACCUMULATOR:-OFFSET INDEXED Thix mode
similar to constant offset indexed except that the two's
complement value in orre of the accumulators A 8. or D
and the contents of one of e pointer registers are ad
farm the effective addr ‘ The sonter

e

s of

o' the operand
both the accumulator and “he posnter egister are «
by the additicn The posityte specifes wmeh s,
to use as an olfset and ro sdmuora: Lyles are req
advantage of an accumulator offset 1S that the value ot the
offset can te calculated by a program at run-tme

Some examples are

LDA B,Y
LDX DY
LEAX  B.X

AUTO INCREMENT/DECREMENT (NDEXED
auto increment addressing mode, the: pomter rogister van
tans the address of the coerard
register is used itis ncrementod by one or two. This astdress
ng mode s useful In stepoing through tables, movng Jats
ot for the creation of sottwire stacks I e
painter register is decremerted pnor 1o
the data The use of auto decrement s simitar to 1hat of o
merement; but the tables. et are scanred from the fig
low addresses. The size of the increment  decrem::
either one or two 10 allow or taples o' either 8 or °6 it data
1o be accessed and is selectable by the programimer The
pre-decrement, past incremert natare af these  modes
allows them 10 be used tc create aduitional So'tware slacks
that behave identically to the U sne S stacks

Some examples ¢f the aute irerement decrement
dressing modes are

It

Taen, after the pomnte

Lt decament

as the aqadress of

LDA K+
STD Y+ -
LbB =Y
LDX -5

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

Consider the following instruction

STX 0,X+ + (X inmalized to O)
The desired result 1s to stare zero in locations S000G and
$0001 then increment X to point to $0002. In reakity, the
following occurs

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

INDEXED INDIRECT — Al 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 A ac-
cumulator is loaded indirectly using ar effective address
calculated from the index regrster ana an oftset

18/39
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TG ST
ALl
s Data Lo
Al mades of arexsd Inaniet cre ochiGen exe Dt 19

which are m

sgless e g Ante ncrement

one indi
LOA
Loe
LD
o0 X -

[ENIRIGTHERY

wit offset whick

e BrAnch ORCGITe S et

Ay e adden o the progr~
iF the prarch condinion s orae,
+ signed otfsot s oaded 10to e prog
Program execnior cont o
itert by the PO short
offset! reiative addressing maaes are davdeat; ¢ A 0
mory can be ' o rlong resative
enlive address s inte G0 278 Sore exerpies

thieen thee

gt the rew

oA

o hyte affsett ard ¢

adressng as Gt

3EG CAT
867 CCG

i BEC RAT
LRGT Rag3 T
.

.

RAT
RABB!T

PROGRAM COUNTER RELATIVE  The PL can te
as the pointer register with 8- or '6-tit sigred ! fset- 4
relative adrdressing, the offset 1s sdded ‘
create the effective address. The eftcctive and-
used as the address of the operang ar data Progrim conrig
retative addressing 1s used for wrling posimios “u-peraerd
programs. Tables reicted to a part-cular rautine aall
the same relatiorship aftes the rautine -
referenced relatve 10 the program courter Examip

LDA CAT, PCR
LEAX TABLE, PCR

Since program courter relalne S a 0 o b ST

addrtionai level of indirection 15 gvadanle
LOA {CAT, PCR:
LDU ‘OCG. PCR

L then

T
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INSTRUCTION SET

The instruction set of the EFGS09E is similar to that of
the 6800 and is upward compatible at the source code level
The number of opcodes has beer reduced from 72 10 59 b
because of the expanded architecture ard addinonal ad
dressing modes. the number of available opcades fwati i

ferent addressing madest has ngen from 197 1o 1464

Some of the new estracnors g gese Ol
brelow
PSHU/PSHS

The push instructions have the abinty ot pusking onte
either the hardware stack 1Sioar user st
register or set of regrsters wath a single ins

sk U dny sirghe
ructian

PULU/PULS

The pultinstructions have the same capabilit, of the [3ash
INStruclion, In reverse order The Dyte immediate:
the push or pul' cpeode determumes wrict
registers are 1o be pushed or pullea
quence s fixed, each ot defires
pull, as shown below.

oA

register or
The actual pas

NIsSIATEN

(o]

Regite:
J00C - D A B
0001 =X
012y
0ot -1,
M0

bl
NOTE

Ali other combinations are une

LEAX/LEAY/LEAU/LEAS

effective sddress
that adadr
poInter register
addressing h
the irphe

5 wdlug

This or

nor asa allows

apostion

rdependent nuanmey oo

LEAX  NISGE PCR

LBSR PDATA ipnnt message rontir
.

.

MESSA
mbler ompo, Pe s dintar
the: present adiess ang MSGY This resu't s pl

frnts

onstant into the LEAX fowhch Wil pe ing
tram the PC value GLOr NG ather

the vode s iocatea wher o thie o
from the 2wl put the FRASGT im0 e &

pointer saster This e s
The CES instraet ore
noldng reg ster temp. O
the LEA
fecrement

opRrdtions

stractons
g

The LFA -

IV o LA o Bl rogistars XY
ar b O it
" ] b=t
V e e
3otemip . 4 (ST
TFR/EXG
Within the EFBH09E, any register may be transierred cEAa i
o or exchanged wah another of likesize, e, 8 bit 1o 8 bit - o it e e
or 16 bit to 16 bit. Bits 4-7 of postby te detine the source . '
register, while bits 0-3 represent the destination register 4 r prestireme
These are denated as follows : 3 otemp— 3 ISR
TABLE 3 — LEA EXAMPLES
{» Instruction [ Operation i | . Com[r!ent T
LEAX 10 X % < 10 > X . 4905 B Comtart Lot ﬁ
(LEAX 800.% | % - 500 — X Adtrts 16 Bit Corstars 5w |
FLEAY A Y v . a ey Adds BB A A ey
CLEAY DY v D v Acsds 18 B T IR ’
[LEAU 10U L0 — . Subistrarts 10 fraem ‘
leeas -13s s s csind to Reserue S on Sto
LEAS N S el o Ceenr L ST
I'Leax s x
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Autormerement Dy two and-suto decrement by two mstrac-
tions wark simsarly  Note that LEAX X+ does not change
X, however, LEAX, X does decrement, LEAX 1. X should
be used to .ncrement X by one

MUL

Multiplies the unsigned pinary numbers in the & ard B ac
cumulator and places the unsignec result intg the "6kt D
accumulator  The unsigned muitipiv alsa allows multple
precision muitiplications

LONG AND SHORT RELATIVE BRANCHES

The EFB809 has the capability of program counter relative
branching thraughout the ¢ntire memory map. in this made,
14 the branch 1s to be taken, the 8 or 16 hit signed offset s
added to the value of the program counter to be used as the
ef‘ective address. This allows the program te branch
anywhere in the 84K momory map. Positian independent
code car be castly generated through the use of retative
branching. Both short (8 bitl and iong {16 bit) Lranches are
avallable

SYNC

After encountenng a syc imstructon, the M2J enters a
Syne state, stops pracess:g nstructiens. and wa'ts for an
interrupt I the pending interrupt 15 ron-maskatie '\NM't or
maskable i FIRQ, IRGH with 15 mask bt iF or '+ clear, the pro
cessor will clear the sync state and perform the narmal inter
rupt stacking and service -outine Since F'RQ anag 1RQ are
not edge-tnggered. a low ‘evel with a minimnum duration of
three bus cyeles 1s required 10 assure that the interrupt wi
be taken It the pending irterupt 5 maskable (PR IR
with ks mask bit 1F or 11 st the processor wilt oz the s, ne
state and cortnue procesing by exetuting the rextir line
instruction Figure 17

S5 hming

SOFTWARE INTERRUPTS

A coftware sterrupt s gaomstracnon which ace
irterrapt and s associated wector fetoh The sottware in
terrupts  are useful v ops raling system calls woftware
debugging, 1race operatians, memor. mapping  and soft
wares development systems Thrae fe of SWi
or the EFBB0Y, andg are prontized i the o
SWi, SWI2, SWI3

AIBE A

e dvistabie
winy arder

16-BIT OPERATION
The EFBBOY, has the

Fhese 1nstrochions ety

ity of processing 161 data

7Sy

cornpares, adds

sabtracts, tarsfers, eacharges pushes ard s

CYCLE-BY-CYCLE OPERATION

The auttresss bos oyele oo performanes <o rsguare
B pivstrates the momors, 50
10 each possble mstroches ¢
EFBB0O9 tarh nstrect.on

While that oncode s Deimi

S5 Sejaenci corresponding

A4 addressmg mode i
dothan opr oo feten

eradliy decoded the e

gram bule s alwis fonches Maostestacuons o
next Dylen 5o this teohnerae o ommitrale, spe
put @ Next, the operaton 5 i b

fliowchart VETA woan o dicaner ot

pus, KW -1 apg B9 T oy

the use of thie anart
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Example 1: LBSR i8ranch Taken:
Before Execution SP=F000

$800C LBSR  CAT

SAQN0  CAT

CYCLE-BY-CYCLE FLOW

Cycte # | Address | Data |R/W Description
1 800C 7 © |Opcode Fetch
2 8OO 26 1 |OMtset High Byte
3 8002 26 T |Ofset Low Byte
4 FREF * 1T [VMA Cycie
5 FFFF * TO|VMA Cooie
€ A0 * T [Computed Branch Address
7 FrEF * 1 |VMA Cycle
] EFFF 8C 0 |Stack High Crder Bvte of
Return Address
t 9 EFFE 33 0 [Stack Low O-der Bvie of
| Return Adaress

Example 2: DEC ‘Extended:
$800C  DEC SAD00

.

.

.
SABOOO 38

CYCLE-BY-CYCLE FLOW

Cycle ¥ | Address | Data |R/W|Description
: 800U A © |Qopcode Fetch
8001 A0 Querand Adaress, High Byte
3 3002 00 Operand Addiess, Low Byte
El PEFF * T IVMA Cyore
) ADOC 80 ! |Reacd the Data
6 SRER * T IVMA Cucie
7 A000 i O [Store the Decremer

The date pus Pas 1ne dita at thal particular acdress

INSTRUCTION SET TABLES

The instructions of the EFB809 have been broken down
into five ditterent categories They are as tollows

8 bit operation  Table 41

"6-bit operaton < Table 5

index register stack pointer instructions ¢« Table 61

Relative branches tiong or snortt 1 Table 7

Miscellanecus instructions « Table $

Hesadecmal values 107 the nstructions are gyven in
Tab

e d

PROGRAMMING AID

Figure 19 Contaans o compralion of Cals that vl assst o

rrograrmming e £F6809
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SR TI

7 B0N 888

XX

VA /

L OleN Dag

ONIWIL ONAS — £1 JHNDH

ANDAX]

[HRIES]

apoad(y <

WAG

O]
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FEGURE 18 — CYCLE-BY-CYCLE PERFORMANCE {Sheet 1 of 9}

Relative Addressing

Opcode Fetch

NNNN

Opcode =

No

10 oy

:“

Opcode, 2nd Byte

NNNN +1

2nd Byte=
10 or 112

Mode @
BCC, BCS. BEQ. BGE. BGT, BHI,
y BHS, BLE. BLD. BLS. BLT. BMI 7
BNE. BPL., BRA, BRN
Offset High 8SR. BVC B8VS Ctset
NNNN + 1(2) NNNN + 1
Offset Low 1
NNNN + 2(3) Dor't Care
+ FFFE
Can't Care
FFFF
Yes o Don't Care
Sub Dest Addr
No ‘
_ Don't Care
NOTES FFFF
1 Each state shows ;
Data Bus Offset High Return Addr Low
Address Bus NNNN + 1(2) Stack

2 Address NNNN s location ot opcode

3 If apcode 1s a two byte opcade subsequent
addresses are in parenthesis (- }

4. Two-byte opcodes are highhighted

22/39
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Return Addr High

Stack
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 2 of 9)

@ Inherent Addressing Mode y @

ABX RIS ASLA B MUL y l
ASRA B Swig
Don't Care Don t Care CLRA B Dan't Care Don't Care Direct Page
COMA B ' Register
NNNN + 1 NNNN + 1 DAA NANNN -+ 1 NNNN+ 1(2) S
tack
) T DECA B T ! ac
INCA 8 ¥
Don't Care PC High LSLA B Don't Care Don't Care
LSRA B B Register
FEFF Stack Neoa B FFFF FFFF
Stack
¥ NoP ¥ ¥ T
N ROLA: .
PC Low , 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 ‘
Candition
FRFF NINNN -+ 1 FFFF Stack Code Register
{ i Stack
Don't Care User Stack Low I
FFFF Stack Don't Care
¥ Y FFFF
Oon't Care User Stack High ‘
FEFF Stack Interrupt
‘ { Vector High
FFFX
Con't Care Y Register Low [
FFFE Stack
Interrupt
“ ‘ Vector Low
Don’t Care ¥ Register High FEEX +1
FEFF Stack ¥
{' { Don't Care
Don't Care X Register Low FFFF
FFFF Stack
Oon't Care % Register t-:gh
FFER Stack
y
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE {Sheet 3 of 9)

&
o Inherent Addressing Mode ¥
RTII SYNCI CWA,‘ ____.1
Don't Care Don't Care CC Mask c CdD”:'UO”
ode Register
NNNN+ 1 NANNN + NNNN + 1 .
{ ; Stack
CCR Don't Care
Don't Care
Stack = NNNN <2 Don't Care
3 State
i 3-Siate
Don’t CCare
No
FFFF
Yes PC Low
A Register ; c Stack
Jon't Care
Stack ‘ Intercuot
3 State Vector High
l PC High J
FFFX
B Register Stack }
tack
Stac J Intersupt
‘ _ser Stack | ow Vector L ow
Direct Page Stack CEEX + 1
Register ; ‘
Stack
} user Stack High Gor't Care
Stack FFFF
X Register High {
Stack
} Y Register Low
Stdck
X Register Low I
Stack
{ ¥ Register High
Stack
Y Regsster High ‘
Stack
& X Register Low
Stack
Y Register Low l
Stack
‘ X Register High
Stack
User Stack High ;
Stack 5 e
Dirent Page
‘ Register
User Stack c ow Stark
Stack ‘
;4 B Registor
Stark
PC High
Stack }
' A Register
PC Low Stack
Stack {
Donr't Care
Stack
¥ y
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 4 of 9)

@ Immediate Addressing Mode
Y

PULU PSHU
PULS PSHS
Post Byte Post Byte
Post Byte
NNNN + 1 NNNN + 1 8t 4
i i Set?
Gon't Care Dan't Care Yes
FFFF X Register High FFFF X Register Low
‘ Stack L Stack
Don't Care ‘ Don't Care ~ ‘
FFFF X Register Low FFFF X Register High
Stack i Stack
Dar't Care
Past Byte
Bit O Stack

2
Set Post Byte

Bi13
Set?

Post Byte

Coandition
. . Bit 7
Code Rex Yes
ode Reqiste: Ser
Stack Y Register High Direct Page
Yes Regrster
Stack
{ PC Low Stack
Stack
Y Register Low ;
Stack
— PC Higt
Stack
A Register
Stack
B Register
Stack

Post Byte U S Stack
Bat 2 Pointer High
Set’ Stack U.S Stack
Yes & Pointer Low
Stack
B Register U S Stack
Pointer Low ‘
Stack
T Stack U 'S Stack A Register
Pomter High
|- = Stack
Stack
No
Post Byte
Bit 7
' ) Post Byte
Set Post Byt B0
Yes, it
Yes Bit ? Set?
Oirect Page Set”
Register PC High Yes
Stack Stack Condrtion

{ Y Register Low Code Register
t s Stack Stack
Low ‘

T Y Register High

i Stack

Don't Care h

Stack

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

@

tmmediate Addressing Mode Direct Extended
Addressing Addressing
TFR EXG All instructions Mode Mode Y
Except Address Low Address High
Post Byte Post Byte PSHY NNNN < 1021 NNNN + 142)
PSHS
NNNN + 1 NNNN -+ 1 PULS } ;
‘ i TeR Don't Care Address Low
and
Don't Care Don't Care EXG FFFF NNNN » 203
FFFF FRFF ‘
‘ ; Don't Care
Don't Care Don't Care FFFF
FFFF FFFF
Oon't Care Don't Care
FEFF FEFF
Don't Care Don't Care
FFFF FFFF
Don't Care
FFFF
Oon't Care
FEFF
Y
Y Y
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FIGURE 18 -~ CYCLE-BY-CYCLE PERFORMANCE (Sheet6 of 9)

©

indexed Addressing Mode l

Post Byte
NNNN - 12:
0 Otfset 5 Bit Otfset 8 Bit Ottset 16 Bit Offset A:B Offset
From R From R From R From R From R
Don't Care Dor't Care Offset Otfset High Don't Care Don't Care
NNNN -+ 2(3) NNNN + 2131 NNNN + 2{31 NNNN + 2(3) NNNN +2(3) NNNN + 213)
Don't Care Dor't Care Offset Low Dor’1 Care Dan't Care
FFFF FFFF NNNN + 304) 3333 NNNN + 3(4]
Don't Care Oon't Care
NNNN « 45 NNNN - 415
Dan't Care Don't Care
FRRF FFFF
Gon't Care Can't Care
FEFF FEEF
y
4
Yes
Indirect?
No Indirect High
KXXX
XOOXK

¥

'ndirect Low

XXX+ 1

¥

Don't Care

FFFF

I |

Constant Offset fram R

No Otfset
B Bit Offset
16-Bit Offser

mulator Offset from R

ster Offset

B Register Offset
D Register Ottser

Auto Increment: Decremenit R

Increment by 2
Decrement by 2

Constant Offset trom PC

8 Bit Offsel |

16 bit Offset

Extended Indirect
16-Bit Address

Index Register

Index Register + Offset Byte

Index Register + Otfset High Byte Offset _
Low Byte

index Register + A Register
index Register + B Register
Index Register + D Register

index Regnsler'
Index Register - 2

Program Counter + Offset Byte
Program Counter + Offset High Byte Qffset
Low Byte

Address High Bvte Addres Low Byte

.
The index register 15 incrermentac

‘olovang the mdexed access
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FIGURE 18 —~ CYCLE-BY-CYCLE PERFORMANCE (Sheet 7 of 9)

5 Indexed Addressing Mode 1

Post Byte
NNNN + 121
Inc/ Dec Inct Dec PC+ 16 Bit Extended PC+8-Bit
R by 1 R by 2 Offset Indirect Oftset
Don't Care Don t Care Qffset High Address High Offset
NNNN + 2(3) NNNN +2{3) NNNN + 2(3) NNNN + 2(3) NNNN + 2(31
Don't Care Don’t Care Offset Low Address Low Don’t Care
FRFF FFFF NNRN + 3(4) NNNN + 3t4) FFFF
Dan't Care Don't Care Oon't Care Don't Care
FFFF FRFF NNNN + 4i5} NNNN +415)
Don't Care Dan't Care
FFFF FFFF
«Don't Care
FFFF
Don't Care
FFFF
4
Yes

Indirect?

Indirect High

XEXX

_; XAXX

Indirect Low e
No Dffset index Register
XXXX + 1 8 Bit Offset Index Register - Offset Bvte
{ 16 Bit Oftset index Register + Otfset High Byte Offser
Law Bvte
Don't Care Accumulator Otftset from R
[ A Reglstelaifset Index Reqister « A Register
B Register Offset Index Register + B Register

I D Register Oftset Index Reqister - D Register

Auta Increment: Decrement R .
Y Increment by 2 index Register
o Decrement by 2 ndex Register 2
o l DJ Constant Offset trom PC

. T8 Bit Offset Program Courter « Oftset Byte

‘ 16 it Ottset Program Counter « Offset High Byte Otfset
;
i Low Byte

, Extended Indirect
6 Bt Address Address High Byte Agdres cow B te

.
The index register « ing reeres 160

tolicairg PR noexe 4
g q 1

55
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 8 af 9)

fHective Adaress

ANDCC JMP ADCAB, STAB LDD
ORCC 1Al Except ADDA:B i All Except R
timmediate Immediatel ANDA B, Immedhatel Lbu £
Only? BITA:B Except
CMPA-B, Immediate:
EDRA/B, -
DA B, Register (Write
ORAB EA
SBCA'B
SUBA. B y 4
Data Regster High Register High
(Write)
NNNN + 1 EA
I ! T
Don't Care Register L ow ‘
Register Low
NNNN <2 Ea. (Write!
EA-1
Data
EA
Ellectve Address iEA
Constant Ottset from R
No Dffset Index Register
5 Bit Oftset ndex Register
881t Qttser Index Register + Post Byte
16 Bit Offset Index Regrster ~ Post Bete High Post Bite Low
Accumulator D!set from R
A Register Offset ingex Begister - A Regiter
B Fegister Otfser 'rdex Register ~ B Reguster
[ Register Difset rdex Register + [ Reqister
Auto Ingr
cererns .
Increment by Index Registes
.
ncremert by 2 ndex Register
Jecrement t ‘nges Register
Oecrement by 2 1t Reg ster
Constant Gitset from 2C
8 B:1 Offset Frogram Lourter - Odiset Byte
16 Bit Ottset Program: Counter « CMset Hgh Bete GHser _ow R,
Drect et Fage Register Agdress | on
Extended Address High Agaress Low
mmediate NN T

.
The ndex reqister 1S ingremer e
ehowing the ndered 40oess
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 9 of 4)

Etfective Address

©

ASL, ASR. TST JSR LEAS,
CLR, CGM, (All Except {All Except LEAV,
CEC, INC. Immedate! Immedate) LEAX,
LSL. LSR, SUBD LEAY
NEG. ROL, y  (indexed Only}
ADR (AN Don’t Care
Except
Immediate! Sub. Address
Y J' [ "
Data Data Data High Don’t Care Don't Care
EA £A EA FFFE FFFF
Don't Care Don't Care Data Low PC Low (Wrte!
FFFF FFFF EA+ 1 Stack
Data (Wnite) Don't Care Don't Care PC High (Wnite)
EA FFFF FFEF Stack

¥

¥

¥

! ,

©

Constant Dffset from R
No Offset
5-Bit Offset
8-Bit Offset
16-Bit Oftset

Accumulator Offset from R
A Register Oftset
B Register Offset
D Register Offset

Auto increment: Decrement R

Increment by 1
Increrment by 2
Decrement by 1
Decrement by 2

Constani Offset from PC
8 Bit Otfset
16-Bit Oftser

Direct

Extended

Immediate

*
The index register 15 \ncrementer
follgwing the ndexed 3C0ess
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Eftective Address 1EA:

Index Register

Index Register

Index Register - Post Byie

Index Register - Post Byte Hign Post By Low

Index Register ~ A Register
Ingex Register + B Register
index Register ~ D Reg:ster

Irdex Hqgwswv:
index Reg.ster
midex Register
niex Register -

z

Program Counter + Offset Byte

Program Counter « Offset High Byte Utfset tow 4,
Drect Page Register Aadress Low

Agdress High Adaress L ow
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TABLE 4 — 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS

Mnemonic(s} Operation
ADCA, ADCB Add memory 1o accumulator with carry
ADDA, ADDB Add rmemory 10 accumulator
ANDA, ANDB And memory with accumulator

ASL, ASLA, ASLB

Arithmetic shitt of accumulator ar memary left

ASR, ASRA, ASRB

Arithmetic shift of accumulator ar memary right

BITA, BITB Bit test memory with accumulator
CLR, CLRA, CLRB Clear accumulatar or memory lacation
CMPA, CMPB Compare memory from accumulator

COM, COMA, COMB

Complement accumulator or memary locatior

DAA

Decimal adjust A accumulator

DEC, DECA, DECB

Decrerment accumulator or memory location

EQRA, EORB Exclusive or memory with accumuiator

EXG R1, A2 Exchange A1 witn R2 (R1, R2 = A B, CC, DP!
INC, INCA, INCB increment accumulator or memory tocalion
LDA, LDB Load accumulator from memory

LStL, LSLA, LSLB

Logical shaft iett accumu:ator ar memory focatian

LSR. LSRA, LSRB

Logical shift right accurmuiator or memary location

MUL

Unsigned muiugly LA x B — D}

NEG, NEGA NEGB

Negate accomuiator or memary

ORA ORB

O memary w ik decamuiaton

AOL. ROLA. ROwLB Rotate accum™w s or meman, et

ROR. RORA. RORB Radle 300u i dtor o reertany, gk

SBCA SBCB SUBIFACT e ey et aoua aly Wt Lorow
STA STB RAINNIY

SUBA, SuBH ST ey AL,

TST. TSTA. 1518 ST AUCUIT I O e ey a0dion

kR R1, R2 ranster A 1 4 K2 = A 8 CC DF

NOTE: A, B, CC. or DP mayv be pushed to .punicd from: stack with either PSHS . PSHU

{PULS, PULLY instructions

TABLE 5 — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS

Mnemonic(s} Operation
ADDD Add memory 1o D accumuiator
CMPD Compare memory fram D accurmulator
EXG D, R Exchange D with X, Y, S, U, or PC
LOD Load D accumulator from memary
SEX Sign Exterd B gccumulatar mto A accumulater
STD Store D accurnulator to meniory
SUBG Subtract memory from D accumutator
TFR D, R Transfer Dto X, ¥, S, U, or PC
TFR R, D Transfer X, ¥, S, U, or PCto D

NOTE © may be pushed lpulied to stack with either PSHS . PSHU 1PULS

PULUY instructions

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

Instruction Description
CMPS, CMPU Compare memory fror stack pointer
CMPX. CMPY Compare merrory fram index register
EXG A1 R2 Feonange D)X v x0 B ah D0k S B
LEAS, LEAU Load effective address + (¢ stack pointer
LEAX, LEAY Load effectve adaress 1710 .ndex reqister
LDS. LOU Load stack pointer trom memory
LOX. LDY Load index register trem memory
PSHS Pust A B. CC. BP. 2. X. ¥. U, or PC onic nardware
PSHy Push A B CC, OGP D% ¥ S, o PCortc user stack
PULS § L OF O« v o R frae ro o
PULL Tl AR O D T e ey g B e x
STS. STU Store stack parer b Tiony
STX.STY Store index register 1T TeMmDnY
TER R1, R2 Transter D, X vos s PC g i a v S L or T
ABX Add B accuru ater X unsigned!
TABLE 7 — BRANCH INSTRUCTIONS
Instruction ] Description
SIMPLE BRANCHES
8EQ. LBEQ Brarich .f equa
BNE. 1. BNE Brarcraf vetegua
BMI L3M Bearce of rpingy
BPi . LBPL Brancr 4 plus
BC5. LBCS Srancr tcar, et
BCC 18CC Branch fcarr oege
3V5, LBVS Branch f averfiaw set
8vL LBYVC Branch f overficw 3
SIGNED BRANCHES
BGTLBGT Brancr f grean
BVS5, LBVS Branch i L 1
BGE, L 8GE Braron ! grester g e sal 15
BEG, LBEC Branc: * equa
8NE. LBNE Branis ¢t e
BLE. LBLE Branck: fiess togr o
BVC, LBV Paiil o v
BiT .8LT Brarch it sy than isigned.
UNSIGNED BRANCHES
BHI LBHI Brascn it migher iucsyres
BLCC. LBLT Bracch ! tugher or same ursigrecs
BHS LBHS Branch -+ higher or same unsignea?
BEC. LBEQ Branch f equa:
SNE | BNE Brarch f not ecual
BLS. LBLS Brarch 1 lower of samme unsgned:
8LS, LBCS Brarcn f lawe: fansigres!
» 8LO. LBLO Brarchf jower tunsigned’
OTHER BRANCHES
BSH. LBSR Branch to subrounne
BRA {BRA Branch aiways
BRN (BRN Bronch rever o -
TABLE 8 — MISCELLANEOUS INSTRUCTIONS
Instruction Description
[ AnoCC 7 ST Cde e e
CWAI AND condimor, tuae reqstan ther wat for rtesrup
NOP No operatr
ORCC OR cordimor 1nde register
ﬂ Jump
JSR Jumg 10 subroutine
ATI Return from 'nterrupt
RATS Return from subrounne
SWI. SWI2, Swi3 Scltware wnterrupt tabseiute indiagt
SYNC Synchronize wih nterrupt iine

32/39

THOMSON SEMICONDUCTEURS
26



EFG809

TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES

QP | Mnem Mode | ~ ¥ OP | Mnem Made |~ # OP | Mnem Mode |~ #
00 NEG Direct | 6 2 30 LEAX Inexed |4+ | 2+ 60 NEG indexed |6+ | 2+
o1 | * A 31 | Leay 4+ |2+ &1 | * A

02 * 32 LEAS 4+ 12+ 62 *

03 Com 6 2 33 LEAU Indexed | 4 + 2+ 83 COM 6+ | 2+
04 LSR 6 2 34 PSHS Immed |5+ 2 64 LSR 6+ | 2+
05 * 35 PULS Irmed | H+ 2 65 *

06 ROR o 2 36 PSHU Immed | 5+ 2 66 ROR 6+ 2+
07 ASR 6 2 37 PULL immed [ 5+ 2 67 ASR 6+ Z+
0B ASL. LSL 6 2 38 * 68 ASL. LSL 6+ 2+
08 ROL 6 2 39 T8 tnherent | B 1 69 ROL 6+ | 2+
0A DEC 6 2 3A ABX 3 1 6A DEC I 6+ 2-
0B * 3B RTi ! 615 1 6B *

oc INC 3 2 3C CWA =202 6C INC 6+ 2+
oD TST [ 2 30 MUL nherent| 11 1 60 TST 6« 2+
OE JMP i 3 2 3E * SIS JMP ¢ 3~ 2+
OF CLR Direct | 6 2 3F SW. Inrarert| 19 1 6F CLR Indexed |6~ i+
10 Page 2 40 NEGA wherertd 2 0 NEG Exterced| 7 3
1 Page 3 - - 41 * 7 * 3

12 NOP I~herent| 2 1 42 * 72 >

13 SYNC inheregnt [ 24 i 43 Conma Z 1 73 COM 7 3
14 * 44 LSRA 2 1 74 LSR 7 3
15 * 45 * i) *

16 LBRA Relanve | & 3 46 ROAA 2 1 76 ROR 7 a
17 LBSR Reatve [ 9 2 47 ASHA I 2 1 77 ASR 7 El
18 * 48 ASLA. LSLA i 2 1 78 ASL LS 7 k|
19 DaA nherent | 2 1 49 ROLA ? 1 9 RO. 7 Kl
1A ORCC mmed [ 3 Z aA DECA 7 1 TA DEC 7 3
1B * - 4B * 8 M

1C ANDCC Imieea | 3 2z C INCA ! 2 1 iC NC 7 3
10 SEX Imnerer:] 2 1 40 TSTA ‘ i C ST 7 3
1€ EXG Irmmed | 8 2 4F * /E IMF 4 3
1F TFR Immed | 6 2 4F CLRA . LS I 7 CLR 7 3
20 BRA Reanve [ 3 2 50 NEGE NI 8C SUBA ~rred 2 2
21 BRN 3 Z 5 . 31 CMPA 1 2 2
22 8H: 3 2 52 * I 82 SBCA ! 2 2z
23 BLS 3 2 53 COMB i Z ! 83 SLBC 1 4 3
24 8HS, BCC 3 2 5 LSRE ‘ ¢ 1 84 ANDA Z p:
25 BLO. BCS 3 2 55 * ! 85 BITA ; < 2
26 BNE 3 2 RORB R v 1 86 DA ‘ 2 2
27 | BEQ 3 2 57 | ASR8 i : i g7 | * 3

28 BvVC 3 2 ASLB, L5LB ‘ Z 1 88 EJRA 2 2
29 8vS 3 2z 59 ROLB ! 2 1 89 ADCA 2 2
2A B8PL 3 2 5A DECB 2 1 8A QORA 2 2
28 BMI 3 2 SB * 8B ADCA 1 4 2 2
2C BGE 3 2 5C INCB ’ 2 1 8C CMPX ~meg {4 3
20 BLT i 3 2 50 iSTB ‘ 2 ¢ 80 BSA Reatwe |7 2
2 | BaT 3z 56 | - @ 8E | L3x 3 |3
2F BLE Reative | 3 2 5F CLRB inrerer:| 2 ! 8F *

LEGEND

~Number of MPU cycles {less pussible push puli ar sndexed mode cycles!
# Number ot program bytes
* Denotes unused opcode
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TABLE9 - HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED!

T
OP  Mnem Mode | - £ 0P | Mnem “ Mode | - : QF ]Mnem Mode [— |
A soBA B B N [ R .
= (;'va):\‘ * “ ? z P Page Z and 3 Machine
H SBUA s ! . . Cedes
: - . T P1e
- | o
: - 5.6
- E 56
- . ‘ 5
: |
H . i . |
. . '
A . e |
‘ M * : - -
. i : R
\ ' 'A - R
! - ) |
- P 2
| bl
- \ LT
: ? e M
i : . . .
- i e .
EE 3 L
29 B : f
5A 5 : oL . )
&8 s - -
BC ; -
ED £ Y
2k < e -
BF Ex
NTE A g Lsed Spooies ot Lot Lot et
ard teqai :
Eeterient -
[ ]
v
B
B S Fcie |
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FIGURE 18 — PROGRAMMING AID

Addressing Modes
\mmediate Direct Indexed Extended inherent 5(3[2[1]0
Instruction| Forms [Op [~} ¢] Op |~ 4] Op] -] #10p] -] #{0p] <] # Description H|IN]Z|V|C
ABX 341 31 1B+ X=X Unsigned| el
ADC ADCA 89 | 2 2] 99 14 2 AG[Sp Ul BY B 3 A+M+C—A IER NN R
ADCH g |2 20 D94 21 B9 T FO| B 3 B+M+ (-8 tlr)rpiie
ADD ADDA 8B [ 2 20 9B (4 2| AB[A-F 2+ BB & 3 A+M—-A Tyt
ADDB B2 2|1 0814 2| EB4~1 2+ B & 3 8+ M-8 gt
ADDD 34 3| 2318 S OES[Ee] 2] 05 N 3 C+MM+1-0 LA RERERER
ANDO ANDA > V) 20 %414 2] aala.]y 2T aal & B AAM=A BERRNREE
aNDA cal2 calat 2| valacfoslial w3 BAM-T sltitlole
ANDCC 3 i CZ A MM CC 7
ASt ASLA agy 2 A - Byt
ASL Q6|6 1= ISR S 2 3 M7 b7 by Bltjtr]t]:
ASR arl 2 I i i Bliit]el1
s i e le- o 3 M 67 0 ¢ Bitit]e]!
B 5 PR R FRE DN RN f est A1V A A o[i]i]o]-
ool vl i o Test B:M A 8: *l1[1[0]e
B + — 4 .
o N kB - A *# 011010
¢ i aF | 5 s|D} 1100
s e [ ' B 3 LRI
s : TR | N 3 Blrjtjryt
i R A ! oo g B ]
\ I ; o {3 st
Wy 1 R 8
NEYIS N : - 3 e g MM e S slifr|r]
b + {
e ' 3 : i fpae M e st
s ' Ad A i
RS B sl . W : x LARE R AN
R : 4 B ¢ R ! ' Y v (AR R AN
~ 2 AU
Vi LA r 21 Iy R
Uit BE t|E-8 LA 1
oM i | . T il .
| i 11
CAAL D 2200 H TCA
DA T 1 g RN
DEC i é A RR .
i . o1 |1 .
[ G- 3 St .
tOR B P 3 D .
& 2 8|4 . w5 3 8 sl .
EXC 1R 2 3 ofe|n|ale
N - - w20 o[t
50 2] BRRD
OF |6y 2 Se) i 3 el
P ENEREE Le| 4 3 o ofafele
JSh - 2 FEEENEREE 1 efefe] o]
D DA e | 2] 2 a2 R DBBEER
LOe [0 v 2 4 2 P - ) 3 it .
LG [RLOR ) 2 b 2 SelPly B 3 =1 ety .
LS Wialoa £ 3 3. 1] —a et .
CE ot |
Lbw CE13| 3 4 A - el
Lox 8t | 3 3 51 2 .| B2 & 3 el
Lay wlal el lie |3 S ol A S tfr|cle
BF 1S 3t
itA LEAS 24| 2- gadog elefolefe
LEAU 33|a«|2- tad_u ofefa]e]s
LEAX w0la-] 2- Fadx olefi]e]e
LEAY 31| d-| 2+ T elofg|afs
LEGEND M Complement ot M ! Test and set if true, cleared otherwise
OP  Operation Code {Hexadecimal) - Transfer Into » Not Atfected
~  Number of MPU Cycles H  Haif-carry tfrom biz 3 CC  Condition Code Register
+  Number of Program Bytes N Negatve {sign bit! : Concatenation -
+  Anthmetic Plus Z  Zeroresult VvV Logical or
- Anthmetc Minus vV Overtiow, 2's complement A Logical and
. Multiply C  Carry from ALU ¥  Logical Exclusive or
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FIGURE 19 — PROGRAMMING AID (CONTINUED)

Instruction

Addressing Modes

(mmediate

Direct

Indexed

Extended

Inherent

Forms

Opl ~ TF

Op

<[ #[Op] <] 7] Cp

T e[ Op] =1 ¢

Description

w

~iN

LSt

LSLA
LSLB
LSl

[}

g : Al
sl S| - a%

CTTTTTTT

LSR

LSRA
LSHB
LSA

Miji

NEG

NECA
~EGE
NEG

NOP

OR

ORA
QORB
ORCC

(R
S

(S
T

PSHS
PSHL

PULS
PoLL

fon)

ROL &
ROLB
ROL

ROR

20RA
AGRB
AGR

ATl

RTS

SBC

Iseca
SBCB |

oo
[
S

SEX

ST

STA
sTe
sto
STS
ST
ST
1STY

SuB

SUBA
SJUBB
SUBD

FEINEN
[N

SN

Swi

swib
S

N

SYNC

TFR

R1, Rz

ST

NOTES

1

2

© W N AW

TSTA
518

TST

This columr gives a base cycle and byte count To obiair total count, adt the values cba red oo e INDEXED ADDRESS NG MODE abe

Table 2

R1 and R2 may be any parr of 8 bit or any parr of 16 it registers
The 8 bit registers are A, B, CC, DP
The 16 bit registers are: X. Y, U. S, D, PC
EA 15 the effective address
The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or puiled
516) means' 5 cycles if branch not taken, B cycles il 1aken (Branch instructions)
SWi sets 1 and F bits. SWI2 and SWI3 da not affect | and F
Conditons Codes set as a direct result of the instruction

Vaue ¢ half«arry flag 1s undefined
Special Case — Carry set f b7 1s SET

THOMSON SE
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FIGURE 19 — PROGRAMMING AID (CONTINUED)

Brarch instructions

i Addressing [ o | ‘7 [ Addressing
i Mode | [ Mode
; Relative [5;3,2]1]0 Relatv 513|210
i Instruction| Forms | OP{ ~5| Description HiN|Z|V|C i Instruction | Forms [OP | ~5{ # Description HIN[Z|VIC
7B0C B8cC 24 3| 2 IBamcr L0 DRRDEE 38 BLS 23] 3 | 2 18ranch Lower ofefe]e]e
LBCcC 10|56 4 ’- sleje’a or Same
: | i X LB:S 1G58 4 JLong Branch Lower e | e |e|a]s
BCS 8CS 261 3 | 2 [BrarcnC 1 e -‘- ol 23 or Same
LBCS ‘0 | 5t Long Brarcr Lejelopels EN BT M) 2| 2 [Banch<zerc lelelete
% = L ! LBLT W56 4 lierg Bancr<Zers (v iefe|e|e
BEG 2 .i.‘. S o0
i eiela]e]e E ERD 28| 37| 2 [Brarck Mrus lefe]e ]
i Z3MI TU96 ¢ 4 teng Brarch Mings s elejeie
BGE Tolels]eTw 28
felelelals IS ANE VAR 7 vie|siele
[ UBNE W[ Bk ancr ofn]|ofe]s
8GT ! »
1 aFL B2 a3 P_s eis|aleie
; | BRI o] 4 Brarcm Pus e le afe]e
EET i £
EER ana S 1o A elefa]o]e
HEA r > 3 BAt Awvgys (o ]ele|e |
B EGN Never efefelo]e
et Newer (e lelalele
R ole|elee
i K afelela]e
. T aiefe ale
o’ e T lais]elels
et i . |
i - - Te e “le e
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SIGNED CONDITIONAL BRANCHES (Notes 1-4)

Test True oP False oP

e>m BGT 2E BLE 2F

rzm BGE 2C BLT 2D

r=m BEQ 27 BNE 26

rsm BLE 2F BGT 2E

r<m BLT 2D 8GE 2C
NOTES

1

2
3
4

All conditional branches have both short and long vanations
All short branches are two bytes and require three cycles

All conditional long branches are formed by prefixing the short branch opcode with $10 and using a 16-brt destination offset
All conditional lang branches require four bytes and six cycles if the branch is taken or five cycles 1i the branch is not taken
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SIMPLE CONDITIONAL BRANCHES (Notes 1-4)

Test True
N=1 BMI
Z=1 BEQ
V=1 BVS
C=1 8Cs

oP False
28 BPL
27 BNE
29 B8vC
25 BCC

2A
26
28
24

UNSIGNED CONDITIONAL BRANCHES (Notes 1-4}

_Test  _ True
r>m BHI
r=m BHS
r=m BEQ
rem BLS
r<m BLO

OP  False
22 aLs
24 BLO
27 BNE
23 BH!
25 BHS

23
25
26
22
24

2 OP
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EF6809

CASE
mm
& mox e 254(2) € mox 4,57 max
e tleiebie e e ele o) 16.1max
AT T e cB182
} . i T -
o =l
! d o
! = .
/ 4
/
02 J
% '%é‘
15,24
(2
AnonoAnonand P SUFFIX
PLASTIC PACKAGE
Datum :
} Y/ (1) Nominal dimension
- o — 12) True geometrical position
Ori ’//
o /
A O T T U OO ALSO AVAILABLE
53 mas e JSUFFIX C SUFFIX
i 40 e CERDIP PACKAGE CERAMIC PACKAGE
DIN "
ASIWF F-19 CB-182
cel DATA JEDEC SITELESC | semdonoucreuns

ORDERING INFORMATION

EFG68A09 C M, BB
|_EFe8 1S My |
Device Screening level
Package Oper. temp.
The table below hori; y shows all il suffix inati for i and g
level. Other possibilities on request.
PACKAGE QPER. TEMP SCREENING LEVEL
DEVICE
[ J P E FN L* v M Std D G/B | B/B
[ ] * L] [ L L
[ L ] [ ] [ ] L ]
EF6809 (1.0 MH2z)
[ ] ® [ [ ] [ 2 [ ]
[ ] * [ 4 L 4
L ] ® L ] L ] [ ]
L L [ ] [ ] L ]
EF68A0S {1.56 MHz)
[ [ ] L L ] L ] [ ]
L L] L] L
® [ ] [ ] [ ]
EF68B09 (2.0 MHz)
[ ] [ ] [ ] . L
Examples : EF6809C, EF6809CV, EF6809CM
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 level B and MIL-STD-883C levei B.
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EF6809

CASES
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Lasio 457 1 1800] |
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£n)27_ e eiclee e e e el max
Typ 17,65
— 44 pins
|
oiIN : ]
: MO-047-AC CB-521
i
cer i oaTA JEDEC SITELESC  [semiconbocTeuns
- % N o fe209mor.
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147
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.
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216 -
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. i
v
B -
2 .t
. R |
2127 gt he ATt et A tet \Datum 633 |
Ea R D L S 183 |
‘Y
A4 pins
DIN "
CB-708
cel DATA JEDEC SITELESC  [semiconpoetiuns

These specifications are subject to change without notice.

CB-521

FN SUFFIX
PLCC 44

CB-708

E SUFFIX
LCCC 44
PR
a 52w
oz gzt s
s8zzz¥ILIES
OnNoOnme ;i
P R R
33859
veel 7 @] 390a
Aol e 38 e
aif]e 37 JomasBREQ
a2l 36 [JR'W
Nef 35 [INC
NC[i12 34 Joo
A3fjra 3BPo
Ad14 32[]o2
A5 31103
AB[]16 30 []Da
ATly7 29 []05
P2RRAERKIBENR
U DU OO OO
T2 Tgoradng
< < O > L a4 g

Please inquire with our sales oifices about the availability of the different packages.
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