> THOMSON SEMICONDUCTEURS

EF6809

8-BIT MICROPROCESSING UNIT HMOS

The EF6809 15 a revolutiorary tagh perforrmance 8-t moargp
which supports modern pragrammeny echnicues suoh of ostion o
dence, reentrancy, and moduiar programming

This third- generatior addition to the: 8800 Fam:b nas ma or architectura: 8-BIT
improvements which incluoe addinona. registers instruslions, and q MICROPROCESSING
modes UNIT

The baac mstructions of any compEnter are gredts enhanced by the
presence of powedul addressing monoes Tho rF(J809 Frgs the micst compiete
set of adaressing modes avallabte or any S it m <

The EFB809 has hardware and soltaare teatur
processor for higher tevel language execubion o standard
nons
EF6800 COMPATIBLE

& Hardware — Interfaces with All 6800 Peripherals
& Software  Upward Source Cuode Compatibie Instr 2hion Setand

(HIGH DENSITY N-CHANNEL, SILICON-GATE)

CASES

CB-182

P SUFFIX
PLASTIC PACKAGE

Addressing Modes ALSO AVAILABLE
JSUFFIX C SUFFIX
CERDIP PACKAGE CERAMIC PACKAGE

ARCHITECTURAL FEATURES
® Twp 16-Bit Index Registers CB-521 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 E SUFFIX
HARDWARE FEATURES PLCC 44 LCCC a4
On-Chip Osciltator (Crystal Frequercy = 4 = E) Hi-Ael versions available - See chapter 9
® DMA/BREQ Allows DMA Operation or Memaory Reresh
® Fast Interrupt Request Input Stacks Onily Conaiian Code Regsler
and Program Counter PIN ASSIGNMENT
¢ MROY Input Extends Data Access Times for Use with Siow
Memory B ‘ vestl]” @ \_/ sehar
® Interrupt Acknowledge Output Allows Vectoring by Jevices -
® Sync Acknowledge Output Allows for Synchronization to External "M 3 [IXTAL
Event w®afs 35 [IEXTAL
® Single Bus-Cycle RESET [E—— ; hEEsET
[ ] Smgle 5-Volt Supply Operatior FRoQ: > :]RE F
® NMI inhibited After RESET Unts After First Load of Stack Poiriter B505 36 IMRDY
® Farly Address Valid Allows Use with Slower Memonies BAQs kS [}
® Early Write Data for Dynamic Memories .
veel 34 {JE
SOFTWARE FEATURES a0ls 1 [0MA BREC
0 Addressing Modes ESIE! R W
* 6800 Upward Compatible Addressing Mades - - "
¢ Direct Agdressing Anywhere in Memory Map '“E W 3 pos
* Long Relatve Branches Asgn stgor
® Program Counter Relative Aafy La o2
« True Indirect Addressing - hee
« Expanded Indexed Addressing A5Q1s aalos
0-. 5 8-, or 16-Bit Constant Otfsets a6[]14 o[04
8- or 16-Bit Accumulator Offsets arfhs + o
Auto Increment Decrement by 1 of 2
® Improved Stack Manipulation 2806 24 DB
® 1464 Instructions with Unmique Addressing Modes asf}r? A D7
& 8 x 8 Unsigned Multiply - L hat
® 16-Bit Anthmetc Atofe cpa
® Transfer: Exchange All Registers A <o [lA14
® Push Pull Any Reqisters or Any Set o Reqisters A Nkl
® [ cad 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
Faung

Unit

F e

toage

L

THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit
A
Bu .
4 o [
Hes

POWER CONSIDERATIONS

The average cho urcuon "emperatire, Ty,
Ty Ta-1Pped
Where

Cocar pe obtaiced from

Ta=Ambent Temperature, <0
#ya=Package Thermal Resistance, Jurcnon 1o Ambient
PD=PINT » PPGRT
PinT=lee x Ve, Wars
PRGRT = ot Power Disspanor, Watts
For most apolications PRORT < PiNT ard ¢
drive Dariington bases or sirk LED Ipads

W
Chip Irternar Power
User Determined

An approximate re al onsnp between Ppard 75 1t PpoRT 1 reglected! is
Pp=K- 1T +273"Ci

Solving equatians ! ard 2 for K gives

K=PpeiTa~273°Ci « BJA‘PDZ
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

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

31
Y Medsurnng PD tat equilibrium!

can be obtamed by solving equations 110 and (2) iteratively for any

ELECTRICAL CHARACTERISTICS Ve - 50V «b%, Vgg =0, Ta= T{ 10 T unless otherwise noted!
Characteristic Symbol Min Typ Max Unit
Logic. EXTAL Vin Vgg 20 - veeo
IrGut High Voitg T e ! - v
reut High Vortage RESET | Vinp | veg-40 ver
input Low Voitage Logic, EXTAL, RESFT Vi Vgg-03 - Vgg+08 v
'nput Leakage Currert
= i iy - - A
Vin=01525V Vg =man togn kKl 25 o
de Output High Voliage
Mlaad= - 205 ph Ve - D0 D7 Yo -24 )
! * e — V. .
[ Dlaad - - 145 RAL VOE ACATS R'W. O, E on -
Loag= - MO Vel o BA, BS i
dc Qutput Low Valtage P
. Ve 0 v
Hlcag 20 mA Ve oL vgg~05
Internal Pawer Dissipaton iMeasared at Ta = 0 Cin Steady State Operation! PiNT 16 N
Capacitance * )
Vi 0. Ta=25 Cooe DN, DG-D7, RESET o - s 2
Logic frputs, EXTAL, XTAL Y 5
AD A15 R'W, BA BS Cour - 15 oF
Freauency of Operation EFB809 ca 4
1Crystal or External Input: EHOBAOO T A, G4 - £ Nz
£F68B0Y o 8
Hi-Z (01 State) tnput Current D07 e Fas " A
V= 0416248, Ve nax ACAIS R ' 100 s

*
Capacitances are perrodicatl, tested rather thar 1<
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EF6809

FIGURE 1 -- BUS TIMING
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BUS TIMING CHARACTERISTICS =.v v -~

ident Characteristics Symbol EFG—BOB E_FBBAOQ EFG8BOI Unit
Number L Min | Max | Min | Max | Min | Max
! [ oo seet| w [ en ) | s
. b w B B 250 s
B s T B - R 15706 s
3 e o ’ o W | s
- : T EES 735 | 5000 5000 | s
) Y B - 150 2580 {15700 5200 | s
R ¥ T 26 [ oo | e | e RS
e 10 | e Nt 4 & s
T B R OW 1 s
id Read Dang Serep e g o i
e 13 C "%
2 s : <
T 3. i 3 s
B a0 440 330 s
P ; U g T B 5
t [ ac i o | e
Tt F e [ B AR 100 [ESRES
1 rn i 1
RIS
! 1
7 £
Ri
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EF6809

C = 30 pF for BA, BS R =

FIGURE 2 — EF6809 EXPANDED BLOCK DIAGRAM

ZDO—[]?

AO-ATH
.
16
A
< pC >~
U
-« s
< v »
X
A e
fe——— D
< P oc »
AL e

- VcC
- Vgg

1

Irterrupt
Contror 1

2|
@]

p—— AT
F—— B4

8

‘———;TAA

e XA

- MRDY

«
Internial Thire Stste ot

FIGURE 3 - BUS TIMING TEST LOAD

1N 148
or Equiv
Test Point

1Ng1E
or Equiv

11 7 k& for DO-D7 _
16 5 k¥ for AD-A15, E, Q, R-W

2T RQ e BALBY

130 pF for DO-D7 E. &
X0 pf for AQ-A15, R/W
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PROGRAMMING MODEL

As shown i Figure 4, the £ HE809 ardds hree registers 1o
the set avallable in e EFB800 The added registers include
a it e gt the

IR AR SR THL S STSTL) CAE LS IR R G TATH

ridex reqistes

ACCUMULATORS (A, B, D)

The A and B regnters dare gencidl Durpose ato o

which dre vsed o anthmetio calGnahiors Gno ma Lo
of data
Certam nstroctiors

LOne

Cuirmiiator

Crate the A and B registers
Tr

AN S HOIME e th e S reQiaion I e o=t gt

ot

IS reterredy

form a singie 16 .

s

cont hyte

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 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




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}

The e regesters

dsedan i deaes mode of Guress
ey The 18 it saddiess o thas registar Gikes part 0 0
catculaton of eltechve addresses This addiess may be osnedd

W pomt 1o data diretly O may be madibed by an opiang
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
prointer registers CXOY LS may teonsed

15 0K g e

STACK POINTER (U,S)

The hardware stack pomnter (S1s used automaticaliv by
the processor dunng subrostine = sils and mterrupts The
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 user stack pointer (Ul s
controlled  exciusively by the programmer  This @lows
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

PROGRAM COUNTER

Tne program caunter s used by the pracessor to pairt
address of the nextinstruction 10 be executes by the pra
or. Refative addiessing 1s provided aliowing the program
counter to be used bke an index register 0 some sitLators

th
c

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 red o

halted indefmitely without 10ss of dats Wher balzed the BA
output s drven high indicaung the buses g migh n
pedance BS 15 also high which mndicates the proiesson - -

the halt or bus grant stale. While hatted, the MPL B
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

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
control signal which makes the MOS buses o* 1h
impedance This signal does not imply that the taoe
avallable for more than one cycle When PA e

viohgt
vali b

[

dead cycle will elapse before the MPLU Gequises trie s
The bus status output signat, whers e oden sl 4
represents the MPLL state cvahd vath eadieg eoge o G

MPU State MPU State Definition
BA BS

0 o s R ornngy

0 1 Iriterrupt or Reser Aakoowlesdp
1 a Syre Acknowledye -
1 1 Halt or Bus Grart A keowled: e
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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~
I8 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

8/39

THOMSON SEMICONDUCTEURS
202
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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

HALT viL JTViH

Bus S
<
BA /
b
B /
XXX X o——
b
Bus

rstuctor

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 rdcsted duing ot
SyCles of g hardware vector fotch fAESET N FRG 1

o 0y the program, and aiso has g
Q. or software interrupts. Dur

Saber pronty
i

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
e e 100 e et T sy AChTLNZa 5o 00 Gt~ eup® e with respect 10 G, the interrupt will not be recognized until

the next cvele See Figure 9
HALT/BUS GRANT s truee b the MURSED < in ¢ nalt
ar Bus grant cond-non

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

— - fMemory Map For Alow level on this mput pim will \mtwa[e\a fastinterrupt se
Vector Locations Interrupt Vector quence, provided its mask bit tF1in the CC s clear This se-
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 [ nterrupt service routine shou:d f:lear the source of the inter-
! - rapt nefore doing ar RTH See Figure 10
FFFA FRFB
FFFR FFFQ
FRre FRF INTERRUPT REQUEST (IRQ} "
FRES FEED A fow leves npat on thas pinowill inmiate anointerrupt re
FEER FrE LW 3 QUEST ~eunenCe provided the mas< bt 1.0 the CCas clear
CRED FREY Heserved Since R staoes the ertire machine state 1 provides

sl

sponse o nterrupts than FiIRQ. TRGC alse has =
O pronkly than FIRQ Again, the interupt service «out

NON MASKABLE INTERRUPT (NMI}*

A e

Live Transitngn

HETSTITS

shadic ciear the souros o the interrupt betore doing an B7
“

[FRREINESIENT)

et e e e qenenatead A 'r|t]"(.(‘

FNMIFRG and IRQ reguests dare sarged o te failigg enge 3t Q

M Ure cyuie s requered for syporemizaton pefore these i 18 upts 3re r2coy-
razed Trey

etee Lurrent osLene SYNC ar CWAl condiar s preser: if iRGQ

GHRY T TETTGLTE W T DE Sery

ana FIRC Ao act reeas o HANR TN THEn Ay T DE ey However NML s atcheg ana veed arly e
soow for ore o e apts A Wi e faaieg edge o g edae of 8BS imdcanng

RESET ackruwienge
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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 ser BE Loyt
techniques shouid be observer . the lavout of printed et
boards

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 falling rdge of €
Timing for £ and Qs shown i Figure 11

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 WA Gy . MRDY nas
na etfect on stretching F and Q. this irfibits sicvang the pro
cessor dunng 'don’t care” bus uccesses MROY may aso bie

usedt 1o stretch clocks Hor slow ~emory 1w hen boas onteed
has been transte s
af HALT and DMA BREQi

DMA/BREG"
The DMA BREQ 1ot provides o mwthod 07wt ding
AP Lus

dses include

e dton dand AT
showr:in Figure: 13
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 anly

PRI

cleared 1t DMA BRFQ 15 mnactve for two or mas MPL
cveles
Tvpically, the DMA ¢ Al et e o b
ol DA BR SR TP PN A ot L
APL - T HIt
Wi De i el
the: DAMA controlle:
batse mieamorn, it
(NS

FIGURE 11 — E/Q RELATIONSHIP

Start ¢! Cycle
1
|
GbhVv
|
fe—tavs

Fnd of Cyc e ilawch Datat

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 puiled low, Heth the sy stem ciocks
nternal MPU clocks are stretched  Assertion of DMA: BREQ Nput 5tos the internal MPLU Clocks while allowng the o
RUN G e, release the bus 1o a DMA controller] The internal MPU clocks resume operation after DMA BREQ s re
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 MPLY g
the masimum toye specitication for MRDY or DMA-BREQ iMaximum Ty Ganng MROY or DM
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Stet DMA BREG = This sequence begins after RESET anc s repeatea inde’inite

s mnald b taker vy ounless altered by a special Instruction ar hardware 0ccJur

Lapss petarg the rence Software instructions that a ter normal MPU opera-

of o nos gt non are. SWi, SWIZ, SW3. CWAI RT: ard SYNC An ir-
terrupt. HALT, or DMA 3REQ car also a ter the narral ex
scution of instructiors Figure 15 wiustrates the Hlowchart for
tre EF6809

AaTEiaale

FIGURE 12 — MRDY TIMING AND SYNCHRONIZATION
{a) Timing

NN

tb} Synchronization

~Ta3% 74504 '
XTAL - Lsv
EXTAL[38 PR .
Part of .g’
EF6809 : : CLF
9§ oy
‘ Syncnrerizaton
474
O
oF
PR |
i
i
values
Choser |

'

i
!
as Req'd ;
|
i

L ES [ant

e - — To Memony
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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 / Il L'__('_I’——
\

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

BT N0
EF6809 his b
avalanle or
EF6809
1464

TINg

able
'rherent i
e e
£ ded

Extenaed Ing -

R

Drrect
Aegister
dexed

Jero Offset

ot Long Relats i
Frograr Counter Beaat oo 4

INHERENT (INCLUDES ACCUMULATOR)
irothis addressirg e
sl the addre

addressing e

COMams

IMMEDIATE ADDRESSING
Inimmediat
5 the

16 ot immechate
specihied by the o

(ST R S A PR
rredigte adaressirng are
| DA #SZG
LOx #sb
LY #C &7

NOTE

Fosigrebios inehiate G g

[ISNE v
TETIMT s valad

EXTENDED ADDRESSING

the: conterts of the 24 Dytes im
mediately following the opcaage tully specily the 16 bt effer
fiver address ased by the snstructon Note that the address
generated by an extended insiracton defines sooahsolote
address and 1s not positon nde aert Fxamples of ex
tended ardressing include

In eatended addressing,

LDA CAT
STX MOUSE
DD $2000

16/39
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EXTENDED INDIRECT i tro

s ng

SHHETR s ETHe I Cthe g

LOa

Direct adressing
tnat only ore bvte
specities the 'owe: ¢

300
LOCWS The opaei:

the address 1o e

on of address v

S o one 5Lt
s TORE requies e

SIE PAgR! Tar
conterts of the BF register Sirce trie 9w gits
00 onreset, direct addrassing o7 e EFBEOY = . o
6800, s

W s 30

by

vie with duect addressing o the:

0 direct godressiog

addressing are

LDA
SEToP T e T
LDB CrH
DD < LAl
NOTE
< 05wt g e SR wharh [EESS

Adressing

REGISTER ADDRESSING

Some
tegister Of set of registen 16 e

detaes

EERTEN

followed by o tyte tnat
saed fry the st

Al 3rens g

CROCUIES Are

19 catlled o postis te Sumi examples of e

Gre:
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 ¢
fective address of the operand 10 be Lsed by e mestr
Five hasic tvpes of irdearg are availabie and are dise Lssed
below  The postbyte of an mdexed struction sp ~ the
basic type dand varatce of the ¢ [T
the pointer teq
mats for the ¢
the number ¢
indexed addiessing for e

reswieg mode gy

TG be used igure 16 ISt the g
thyte Tahie 2 gives the as
cles and tvtes added to the b

thovanation

sembler form ang

values for
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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

Postbyte Register Bit indexed be used by the instructian. This 1s the tastest indexing mode
Ac g Examples are
765|432 T]0 Moda oD DX
O] R|R| d| d]|dja]d]EA=R+5BiOfiset LDA S
1 R R 0 0 0 a 0 R+
1| R|lA] i 0o ]a]n R+ + CONSTANT OFFSET INDEXED-- i this mode, a two's
1 RlRARl o]l oo 1 0 -R complement offset and the contents of one of the pointer
1T RrlRAR] v ololn 1 - -R registers are added to form the effective address of the
T I rlAl . ]ol1]lalo EA = B +0 Dffset operand. The pointer register's initial content i1s unchanged
T R|A] 1] 0] 1]0] 1 |EA=FR+ ACCB Offsel by the addition
TTRIRT o0 110 [EA = R + ACCA Offsar Three sizes of offsets are avalable
"I RIA] | 1] 0] 0] 0] EA= R +8810Me gg‘t:’gg‘i’ *73’27)
TR Al 1 ]ola] 1A= r+1681OMser = o~
TETR TS T T o T EA T R D Ofe 16 bit ( -- 32768 to + 32767
7 T 1 7 T T 01 0 EA = PC +8 Bt Offse: The two's complement 5-bit offsetisincludedin the post-
- byte and, therefore, is most efficient in use of bytes and
1 x| x{ v 7] o] 1 ]EA = PC +16 Bt Offset , : " V) -
- cycles. The two's complement 8-bit offsetiscontained in a
L A _"_ ! ! ! ! EA = ([ Address} single byte following the postbyte. The twos complement
Addressing Mode Frela 16-bit offset is in the two bytes following the postbyte. In
most cases the programmer need not be concerned with the
mdl;ec‘ Fleld size of this offset since the assembler will select the optimal
15ign bit when by = 0) size automatically
Examples of constant-cttset indexing are
LDA 23X
Register Field RR LDX -5
x = Don't Care 8(1) ; : LDy 300, X
d = Offset Bnt 0 =U Lbu CATY
- 0= Not Indirect 1M=53
1=Indirect
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 n R 1RR0O1001 412 tn, B] 1RR11001 712
Accurnulator Offset From R A Register Offset A R 1RROD110 110 |A, R] 1RR10110 410
12 Complement Offsetsi B Register Offset 8 R TRRO0101T | 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 Tyt {n, PCRI} 1xx11100 411
(2s Complement Dffsets) 16-Bit Offser n, PCR 1%x01101 | 5]2 | In, PCR) x11101 | 82
Extended indirect 16-Bit Aadress — [n} 10011111 5|2
R=X.Y, U orS RR
x = Don't Care 0= X
01=Y
10=u
=5

._and

+
1 indicate the number of additianar cyces and bytes for the partcular vanauanr

17/39
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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
form the effective addr o' the operand The contents o
both the accumulator and “he posnter register are ure
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 R T
auto increment addressing mode, the: pomter rogister van
tains the address of the cperand  "uen, after the poirnte
register is used itis ncrementod by one or two. This astdress
ng mode s useful In stepoing through tables, movng Jats
or for the creation of sottwire stacks 10 auto decament. tne
painter register is decremerted pnor (G as the aadregs ¢of
the data The use of auto decrement s simitar 1o that of Guto
nerement; but the tables. o e scanred from the fugh 1o
low addresses. The size of the increment  decremert can be
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, post incremert nature af ¢
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

>omodes

LDA K+
STD Y+ -
LbB =Y
LDX . =S

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

THOMSON SEMICONDUCTEURS
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s Data Lo

Al mades of arexsd Inaniet cre ochiGen exe Dt 19

which are m

gless T g, Aanta acrement

one indi
LOA
Loe
LD
6] X -

RELATIVE ADDRESSING
Thie: ti

sgredd 0Yfset whick way be added o the progroe

[ENIRIGTHERY nranch opeoe s Lyred ¢

iI* the prarch condition 15 trae, then the
PO+ signed otfset s oaded im0t the progee
Program execnior cont o gt the row poahc
itert by the PO short ¢
offset! reiative addressing maaes are davdeat; ¢ A 0
Mnory can be reack rlang redtive andress g as
erlive address 5 inte

iore byte gffseti argd o

3EC cat
567 olate
(8EQ RAT
LBGT RAEST
.

.

.

RAT OGP

RABBIT NGP

PROGRAM COUNTER RELATIVE  The Pt
as the painter register with 8- or 16 bit sigried cffsets 7
relative adrdressing, the offset 1s sdded
create the effective address. The eitc
used as the address of the operang ar data Progrim L ow
refative addressing 1s used for wiling positics Aoepaeraert
programs. Tables reicted to a part-cular rautine aall
the same relatonship aftes the rautine = e
referenced refative 10 the program coLrter Examiie o

LDA CAT, PCR
LEAX TABLE, PCR

SINCe program courter relatwe 1S @ 1y o o7 b T

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

[SELA N SIS
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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 197 10 1464

en from 1
Some of the PN hions desont
brelow

e

BHG

el

PSHU/PSHS

Ihe push mstructions have the abinty ot pusking onte
either the hardware stack 1S) ar user stacx (U1 any sirgh-
register or set of regrsters wath a single instructian

PULU/PULS
The puliinstructons have the same capatilts, of 1o past
INStruclion, In reverse order The Dyte immediate:
the push or pul' cpcode determines wrict
registers are Lo be pushed or puliea The
quence is fixed, each it defices 5 armgue -
pull, as shown be

oA

or

[7se

Regite:
000 - D A B
0001 =X
0012 Y
061 -

NOTE

All other combinations are u

LEAX/LEAY/LEAU/LEAS

The LEA tlpad eft
ve address dn an indexed matrastan and stor
that address val.e, ratner than the Ja
poInters register This o S
addressing hardwvare available 10 the Dragrammer
the rephadt:ons af thes instra

The LEA imat

fone

nor asa allows

DOS e

and tables

rdependent ngnney

LEAX  NISGE PCR

LBSR PDATA ipnnt message rontir
.

.

ME

frnts

Pedistar
This resu't s pl

SIChOn Whio

mbler emmm
the: present adiress ang MSG1

onstant into the LEAX
tram the PC value
the rode s iocatea wher o
from the PiCwall oot the

This

will oe

NO athe

pointer ade s

RANSGCT Ors e
noldng reg ster temp
the LEA instractons
e rement ng
CpRrItONS

The LFA -

cEAa b iare o
ar
" b=t
2 b - r
3 temip e (ST
TFR/EXG
Within the EFBH09E, any register may be transierred <EAa
W orexphanged wah anpther of like size, i.e., 8 bit to 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 | . Comment T
LEAX 10 X % < 10 > X . 4905 B Comtart Lot ﬁ
LEAX 5007 | x - 500 — x A 16 Bt Comstart S 1o » i
FLEAY A Y v . a ey Adds BB A A ey
CLEAY DY N D v Aads 18 Bt O RETRI ’
| LEAU 10U . Sutistracts 1 from !
|eas - 138 B sl e Rosars A nn S ;
LEAS 10§ S el o Ceenr L ST
I'Leax S x

i
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Auto increment 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 I the pending irterrupt askable tf 2 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 d

Al EEESE ol t4 S [als ]

SOFTWARE INTERRUPTS

A coftware sterrupt s gaomstracnon which ace
irterrapt and s associated wector fetoh The DTLware in
terrupts  are sasetul operaling system calls woftware
debugging, 1race operatians, memor. mapping  and soft
wares development systems Thrae fe af Sy s gvastable
or the EFBB0Y, and dare prontized i the toliowing arder
SWi, SWIZ, SWiI3

5

16-BIT OPERATION
The EFBB09, bas the capatiity of processing 16 11 data
Fhese 1nstrochions ety Rited

subtracts, trarsfers, vk

25, wnrmeanes, adds

cshes ard pons

CYCLE-BY-CYCLE OPERATION

The auttresss bos oyele oo performanes <o rsguare
B pivstrates the momors, 50
10 each possble mstroches ¢
EFBBO9 tarh mstrecton o
While that opcode s Dema aternaliy decoded. the o
gram bude s alwine ! M

S5 Sejaenci corresponding

ng maode st

A addrnss

dothan opr oo feten

AACRTIPSTLICTONS W
Aext Dyle. 5o this feohne e b, Spe
put @ Next, the operaton 5 i b
fliowchart VETA woan o dicaner ot

pus, KW -1 apg B9 IR TR ST AIRY

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

.

.

.
FABOOO 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 Decremented Data

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

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

BCC. BCS. BEQ. BGE, BGT, BHI,

y BHS, BLE. BLD. BLS. BLT. BMI 7
. BPL, BRA, BRN
Offset High BVC BVS Ctset
NNNN + 1(2) NNNN + 1
Offset Low 1
NNNN + 2(3) Dor't Care
+ FFFF
Can't Care
FFFF
‘t Care
No Oon r
Sub Dest Addr
No ‘
o 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 {
Return Addr High
3 If apcode 1s a two byte opcade subsequent Srack
addresses are in parenthesis ( — } ‘
¥
4. Two-byte opcodes are highhighted i
22/39
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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
23/39
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE {Sheet 3 of 9)

o |nherent Addressing Mode

]

SYNCI

CVVA}l

— 9

Don't Care Don't Care CC Mask c CdD”:'UO”
ode Register
NNNN + 1 NANN + 1 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 ‘ Interruot
l 3 State o0 Hhan Vector High
'9
FFFX
B Register Stack }
Stack
¢ J Interrupt
‘ _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 -
O t 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
¥ i

24739
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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

Set?

Post Byte
Bit3
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 + 2¢3)
Don't Care Dor't Care Offset Low Dor’1 Care Dan't Care
FFFF FFFF NNNN + 34) FFFF NNNN + 341
Don't Care Oon't Care
NNNN « 45 NNNN - 415
Dan't Care Don't Care
FREF FFFF
Gon't Care Can't Care
FEFF FRFF
y
4
Yes
Indirect?
o Indirect High
KXXX
‘ XOOXK
Indirect tow Constant Offset fram R
XK + 1 No Otfser Index Register
B Bit Offset Index Register + Offset Byte
{v 16-Bit Offsen Index Register + Otfset High Byte Offset _
Don't Care Low Byte
= Accumulator Otfset from R
FFFF rgister Offset index Register + A Register
B Register Offset index Register + B Register
q—__.l D Register Ottser Index Register + D Register
! Auto Increment; Decrement R .
Incremernt by 2 index Register
Decrement by 2 Index Register - 2
D
Constant Offset from PC
8-Bit Otfset Program Counter + Offset Byte
16 bt Offset Program Counter + Offset High Byte Qffset
Low Byte
Extended Indirect
16-Bit Address Address High Bvte Addres Low Byte

.
The index register 15 incrermentac

Otraang the ndexed 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

Inditect Low Constant Offset from R
No Dffset index Register
XXXX + 1 8 Bit Offset Index Register - Oftset Byte
{ 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 ndex Regis
o Decrement by 2 ndex Register 2
o l DJ Constant Offset from FC

. 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

POlic, o rag T ndexed ge 55
g 9
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 8 af 9)

fHective Adaress

ANDCC JMP
ORCC LAl Except
timmediate Immediatei
Onlyy
Data
NNNN + 1
Don't Care
NNNN <2

ADCAB,
ADDA:B
ANDA B,
BITA/B

CMPA-B,
EDRA/B,
LDA B,

ORA-B

SBCA'B
SUBA:B

STAB
i A1l Except
Immedhate!

Register (Write

EA

Data

EA

Except
Immediate:

4 4
Regster High Register High
(Write)
EA
EA

!

Register L ow

¥

EA .t

Register Low
(Write!

EA-1

©

Constant Ottset from R
TNo Offset
5 Bir Oftset
881t Qttser

16 Bit Offset

Accumulator D!set from R
A Register Offset
B Fegister Otfser
[ Register Difset

Auto Ingreme
Increment Gy
ncremert by 2

ecrement £,

ecrement by

a
O

o
By

et from

8 B:1 Offset
16- 81t Ottset

Drect
Extended
mmediate

.
The ndex reqister 1S ingremer e
ehowing the ndered 40oess
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Eftectue Address 1EA

Index

ndex
Index
index

Register
Register
Register
Regrster

Fegister

INgEx
rdex

rdex Register

Irdex
ndex
NgE s

Register
Register

Irafers

Reg ster

a .
vgister

-

4

Post Byte

Post Bete High Post Byte Low

A Regeter
B Reguster
[ Register

Frogram Courter « Dser Bvle

ram: Counter « Ctset Hgh Byte

Crrect Fage Register Agdress 1 ow

Address High Agaress Low

NN T
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 9 of 4)

Ettective Address
ASL, ASR. TST JSR LEAS,
CLR, CGM, (All Except {All Except LEAV,
CEC, INC. Immedate! Immedate) LEAX,
LSL. LSR, 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
! ! ¥ ! :

©

Eftective Address 1EA:

Constant Dffset from R

No Offset Index Register

5-But Offset Index Register

8-Bit Offset Index Register - Post Byie

16-Bit Oftset Index Register - Post Byte Hign Post By Low

Accumulator Offset from R

A Register Oftset Index Register ~ A Register

B Register Offset Index Register + B Register

D Register Offset index Register ~ D Reg:ster
Auto increment: Decrement R .

Increment by 1 Irdex HQQ\S\!—'Y.

Increment by 2 index Reg.ster

Decrement by 1 ndex Register - 4

Decrement by 2 niex Register - 2

Constani Offset from PC

TBBitOffset Program Counter - Offset Byle
16-8it Oftset Program Counter « Offset High Byte Utfset Lan H,n
Oirect Drrect Page Register Aadress Low
Extended Agdress High Adaress L ow
Immediate NNNN -

*
The index register 15 \ncrementer
follgwing the ndexed 3C0ess
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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 muiupny 1A x B — D}

NEG, NEGA NEGB Negate accumuiator ¢r memary

ORA ORB O memany w ik decamuiaton

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

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

SHCA SBC8 Subitract memeny e AV AT WtT TOT oW
STA STB RAINNIY

SUBA, SuBH ST e AL,

TST. TSTA. 1518 ST OV I O e oty o

kR R1, R2 “ranster Al o B 0 R2 - A B CC DR

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? Fuonarge D, X+ 5 o o S0 aan 0.6 S 2
LEAS, LEAU Load effective address + (¢ stack pointer
LEAX. LEAY Load effectve adaress 1710 .ndex reqister
LDS. LOU Load stack pointer trom memory
LDX. LDY Load index register trem memory
PSHS Pust A B. CC. BP. D. X. ¥. U, or PC onic nardware s1ack
PSHy Push A B CC, OGP D% ¥ S, o PCortc user stack
PULS B OU DF Dox v 0 a0 frge aetaan stk
PULL W ACBCC DE T e s B e P stk
STS. STU Store stack parer b Tiony
STX, STY Store index e TEMOY
TER R1, R2 Transior D, X v 8 o PCrs i v S L e 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 overfiow
SIGNED BRANCHES
BGTLBGT Brancr f 2]
BVS5, LBVS 8ranch . S et g
BGE, L 8GE Braron ! grester g e sal 15
BEG, LBEC ' eua
8NE. LBNE fonet e
BLE. LBLE fliess ¢ R Cen
BVC, LBV Peaid s narep et
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 f egua
SNE | BNE fnot equal
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 AND cinamor Coae e -
CWAI AND condimor, tuae reqstan ther wat for rtesrup
NOP No operatr
ORCC OR cordimor 1nde register
P 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

THOMSON SEMICONDUCTEURS
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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 immea [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 3D 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 El
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 H ‘ 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 Exieroea| 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 | BHS, BCC 2 5 LSR8 , ? 1 84 | ANDA | 2 p
25 BLO. BCS 2 55 * ! 85 BITA ; < 2
26 BNE 2 RORB R v 1 86 DA ‘ 2 2
27 | BEQ 2 57 | ASR8 i : i g7 | * 3

28 BvVC 2 ASLB, L5LB ‘ Z 1 88 EJRA 2 2
29 8vS : 2z 59 ROLB ! 2 1 89 ADCA 2 2
2A B8PL 3 2 5A DECB 2 1 8A QORA 2 2z
28 BMI 3 2 SB * 8B ADCA 2 2
2C BGE 3 2 5C INCB ’ 2 1 8C CMPX 4 3
20 BLT i 3 2 50 iSTB ‘ z ¢ 80 BSA 7 2
2% | BGT 3 |2 SE | v 8E | 1Ox 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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TABLEQ -

HEXADECIMAL VALUES OF MACHINE CODES ICONTINUED!

oP

Mnem

SUBA

Maode

~ &

oP

“ Mode

QP ]Mnem

Mode [— i

arel eqal

A ChPA A 4 e
@ saca B ? .
SE O NiE o
% AR 4 K
‘ - ¥
4 . . i .
. : X
v i
- ]
: i
i | - :
i a. -
G- M
I
. A4
: i
23} Kl
29 :
5A : ! -
&8 s -
BC 7
BC &) 17
2k < SRR
BF .
NUTE AR e Lsed oplodes are b et

foter dendr

Eeterient -

Page Z and 3 Machine

Codes

LHAN

o on

BTN e A N
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FIGURE 18 — PROGRAMMING AID

Addressing Modes
\mmediate Direct Indexed Extended inherent 5(3[2[1]0
Instruction| Forms [Op [~ | ¢/ Op ]~ #]Op] -] #10p] - #{0p] ~ Description H|IN]Z|V|C
ABX 3A1 3 1B+ X—X IUnsigned| B s]n|e]|e
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 3 C+MM+1-0 LA RERERER
ANDO ANDA > V) 20 %414 2] aala.]y 2T aal & B AAM=A BERRNREE
aNDA Cal 2| 2| oipa g 2| tajaryoelial o3 BAM-D sltitlole
ANDCC U3 1 Co \\MMaL‘(_ 7
AS! ASLA 481 2 1 Bl
ASL Q6|6 S oeE |6 2 3 Bltjtr]t]:
AGK R VR {7 Bliit]el1
5 K b7 Bltt]|=]!
a1 oS w4 i : et A VA A s[r]|1fo]e
N vl i Lo M 4 8: *l1[1]0]e
+ = G
“ ! ! kg * 1 Df1|010
¢ ¢ i aF | 5 s|D} 1100
I I N P p =|D]1|0} D
s CMEa f BTER S . 3 Bleltjrit
A H [ . P ! . ! 3 Blrjt|t]!
CMED ! i o 4 . bl st
Wy 1- 34 [ER3
NV . FREES : BN 3 e g MM e S slifr|r]
n s
M ' 4 B T mopae MO L st
—e I i Ay i
RSEAN = 2 sl R i s : x LARE R AN
YT . ] R . KR ' A M (AR R AN
“ 3 A i
Y s T 11 ~a sl
iR ! a3 -8 LEBR N !
Cum RIS R - - K !
i 11
LAl w220/ H TOA WM =L
DA 1 T Dec ma A =[]
DEC ! 7 2 'R .
i . o1 |1 .
[ G- Y St .
FOR B 2 4 . AXM—A el .
R E R PR R 8 sl .
EXC 1R 2 3 ofe|n|ale
e N - Wb 2| et
50 2] BRRD
OF |4y 2 2o 3 elift]ile
AP ENEREE e eoa gy o ofefele
JSh 72 FEEENEREE 1 efefe] o]
D DA e | 2] 2 a2 R DBBEER
LOe [0 v 2 4 2 ek 5 3 it .
LG [RLOR ) 2 b 2 et id 3 =1 ety .
Los widaloa £ 3 3. 1! N ol .
CE ot |
Lo CE 3|3 A BN i elrit] e
Lox 8t | 3 3 51 2 .| B2 & 3 el
Lay WAl 4w le |3 ER T4 el
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

THOMSON SEMICONDUCTEURS
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FIGURE 19 — PROGRAMMING AID (CONTINUED)

Addressing Modes r
Immediate Direct Indexed Extended inherent 6132 0}
Instruction| Forms [ Op[ ~ [ #| Op| - ] Op] ~ ¢ 1 Op - ¢l Opl ~ £ Description Hi{NZ [eh
LSt PSLA a4 $ : A PR . H b
S sl oo 3% G . ; :
\ il
.5l I3 Bele-| .| & : W " o . ;
LSR LSRA R = S — N :
LS | - I s R . :
LsA M8 o . ! us of . :
Miji
NEG NEGA
NEGE
NEG )
NOP
OR ORA Sl aat e
ORB Il ifual s
ORCC v 3
PSH PSHS -
PSHL -2
PUL PULS B ;
PoLL RN l
ROL ROL & T
ROLB
RQL G
ROR 2ARA
AQRB
AQR e | F
ATl !
RTS k
SBC [SBC& 5l I PR AP
SBCB 2| ¢ |sf oz e
SEX i
ST STA T
STB ool oa
el ol s
STS I . B
\ ot
ST : SE
STx f L
15TV : Ll
i
SuB SUBA |z (i)
SUBB ilafou]a
SUBD 4 |3]9i|s
Swi swif
S
i d
SYNC 1
TFR RIRZ (] 6 |7
TST TSTA |
TSTR
TsT J 0| 6
NOTES

1. This columr gives a base cycle and byte count To obiair tata! counat, 504 the values ot red '

Table 2
2. R1and R2 may be any parr of 8 bit or any parr of 16 but registers

© W N AW

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
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FIGURE 19 — PROGRAMMING AID (CONTINUED)

Brarch instructions

I . . e
Addressing [ ! | " (Aadvessmg
| Mode ‘
i Relative [5}3;2[1]0 5i3{211 0
i Instruction| Forms | OP{ ~5| Description HiN|Z|V|C i Instruction | Forms [OP | ~5{ # Description HIN|Z C
eSS 8CC 24| 3 2 IBrancr ¢ DD 3L BLS 23} 3| 2 l8ranch Lower oo .
LBCC 10516 4 fo ’. eleiola 50 Same
24 - | ! R LBLS G| BB 4 JLang Branch Lower |e || .
BCS BCS 26{ 3 | 2 [Brarch T e -‘- . 23 or Same
LBTS ‘0 |561| 4 |Long Brarcn Lejelepole N BT M) 2| 2 [Banch<zerc ole]e .
5 = I LBLT 1| 56| 4 |ierg Branch < Zerz s .
8EG 2 | ]
: ED) BM. 28 3 [ 2 {Brarck Minas o] .
| M G516 4 [Larg Brarcn Minus [e [ ] e .
BGE 28
E anE R i wlefe .
UBNE Wi a Ao efofe .
BGT %
| apy 1Bo. al s 2 Pos ofo]e .
i 10 Rl It 4{' Brarcn PLs oo .
Gy i A :
EER PR Fm A ole]e .
e 203 Bt Aways o fale .
B 2EN NS Never o] .
T et e e e la .
Tan B
-4

B0

BRA
LBRA
BRN
LBRN
BSH
LBSR

SIMPLE BRANCHES

OP

20
16
21
1021
8D
17

GO W O W

W RN W e

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

THOMSON SENZIBICONDUCTEURS
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SIMPLE CONDITIONAL BRANCHES (Notes 1-4)

=1
=1
=1
-1

<N Z

o

True
BMI
BEQ
BVS
8CS

_OfF
28
27
29
%

False
BPL
BNE
B8vC
BCC

2 OP

2A
26
28

24

UNSIGNED CONDITIONAL BRANCHES (Notes 1-4}

Test
>m
r>rm
r=m
r€£m
r<m

_ . True

BHI
BHS
BEQ
BLS
BLO

op

22
24
27
23
25

8Ls
BLO
BNE
BHI
BHS

False

_oF

23
25
26
22
24




EF6809

CASE
mm
& mox e 254(2) € mox 4,57 max
L3 ele;eugéele¢e¢e‘=‘e1‘ 16.1max -
i ',‘11( i i ] Y‘ | 05t mm CB-182
} . i T .
ATTmRE '
! d o
Y - )
/ 4
/
02 3
o3 —%é‘
15,24
(2
AnonoAnonand P SUFFIX
PLASTIC PACKAGE
Datum ;
} Y/ (1) Nominal dimension
- 7 e 2) True trical position
0r5 // geometrical positior
o 7
A O T T U OO ALSO AVAILABLE
33 maz J% JSUFFIX C SUFFIX
i 40 e CERDIP PACKAGE CERAMIC PACKAGE
DIN v
ASIWF F-19 CB-182
cel DATA JEDEC SITELESC | semdonoucreuns
ORDERING INFORMATION
EF68IA09 €M, BB |
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 tevel G, B/B : NFC 96883 level B and MIL-STD-B83C levei B. |

38/39

THOMSON SEMICONDUCTEURS
px)



EF6809

CASES
Pin ) gentibcation_ _ . -
-— 070 A0, 1299
116510 457 7 1800] |
16652
i
. 1
. .
©s)27_ e eiele e e e eiee max
Typ 17,65
] 44 pins
1
DIN ‘ '
: MO-047-AC CB-521
i
cE l DATA JEDEC SITELESC SEMICOmBOTEU S
- 3 e 209 mox..
107 16.81
147
1 —_
{] i
T2 =
.
Quitput n?1 :
N
Y P !
_ N _ el !
216 -
. |
. i
.
B -
2 .t
I T |
e=127 Jlegeqedelese eleeie \Datum 1633 |
Ea R D L S 1833 |
‘V
44 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
veelG7 O 39[a
Aol e 38 e
aif]e 37 JomasBREQ
a2l 36 [JR'W
Nef 35 [INC
NC[ 12 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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