N THOMSON COMPOSANTS
MILITAIRES ET SPATIAUX

EF 6809

HMOS 8-BIT MICROPROCESSOR UNIT (MPU)*

DESCRIPTION

The EF 6309 is a revoluhionary high-performance §-bit mecroprocessor which L
Supporls modern programemung lechniques such as position independence,
reentrancy, and moduldr programamng.

This thurd-generation addition to the EF 6800 Family has major architectural
improvements which include addilional registers, instructions, and addres-
sing modes.

The basic instructions ol any computer are grealty enhanced by the pre-
sence of powerful addressing modes. The EF 6809 has the most complele
set of addressing modes availables on any 8-bil microprocessor loday.

The EF 6309 has hardware and soltware features which make it an idea! pro-

cessor for hugher levei language execution or standard controller applica-
tions.

MAIN FEATURES

EF 6300 compalible

W Hardwate - inlerfaces with all EF 6300 peripherals.

B Software - upward source code compatible instruction sel and addressing
modes.

Architectural features
& Two 16:Dd index registers.
B Two 16Dt indexable stack pointers.
B Two &bl accumolators can be concatenated to form one 16-bil accu
mulator.
| Direct page register allows ditect addressing throughoul memory.
Hardware features
[ ] ?nw_%pﬁgsucmala {crystal frequency = 4xE. |
[} allows OMA operalion on memory relresh.
m Fast inferrupt request input stacks only condilion code register and
progeam counler.
& MRDY inpul extends dala access times for yse with slow memory.
& Inlerrupt acknowledge output aflows vecloring by devices.
o Syne mmndqazgugul allows for synctonizalion to exlenal event.
& Single bus-cycie RESET.
| Single S-voit suoply ation.
# NMI whibiled after %T unlil after fiest load of stack pointer.
® Early address valid allows use wilh slower memories.
m Early write data lor dynamic memories.
Software leatures
® 10 addressing modes :
- EF 6800 upward compatible addressing modes,
~ direcl addressing anywhere in memory map,
- fong relative branches,
~ program counter relalive,
- expended indexed addressing :
. 0, 5, 8 or 16:bit constant olfsels.
. & or 16:bit accumuiator ofisets,
- aulo incremenudecrement by 1 or 2
| !mproved slack manipulation.
B 1464 inslructions with unique addressing mades.
| 8xB8 unsigned muitiply.
& 16Dt arithmetic.
@ Translerfexchange ail registers.
| Pushipull any registers or any set ol registers.
8 Load effective address. ,
@ Frequency of operation over full military tempesature range : 1 & 1.5MHz.
u EFE8808J (2 MHz in 0 - 70°C).

SCREENING J QUALITY

This product could be manulactured in full compliances with esther :
| CECC 90000 (class B, assessmenl level Y) 90110-008.

| MIL-STO883 (class Bi.

B or according to TMS standards.

* High density, N channel silicon gate.

June 1992

C suffix
DiL 40
Ceramic Side Brazed package

J suffix
DIL 40
Ceramic Cerdip package

€ suffix
Lccc u4
Ceramic Leadless Chip Carrier

See (he ordering information page S0.

Pin conneclion : see page 49.
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EF 6809

A - GENERAL DESCRIPTION

1 . EF 6809 EXPANDED BLOCK DIAGRAM

- vce
- vss
A8
PC Instruchion
Register
U
s ———— RESET
NML
Y - —
Interrupt [+ FIRQ
Contiol  fg— 1RQ
X - 1 e e
—————— DMA/BREQ
A W
0
B - —
Bus |e—— HALT
op ce Control | ga
l———ﬁ 8S
XTAL
o .
ALU »- Timing EXTAL
lee——  MROY

* Internal Three-State Contral

Figure 1: EF 6809 exparuled block diagram.

2 . SIGNAL DESCRIPTION

POWER (Vss, VcC)
Two pins are used 1o supply power to the part : Vsg is ground or 0 volts while Ve is +5.0 V =5%.

ADDRESS BUS (A0 A15)

Sixteen pins are used to output address information from the MPU onto the address bus. When the processor does not require
the bus for a data transfer, it will output address FFFFg RW = 1, and BS = 0 this is a «dummy access» or VMA cycle. Ad-
dresses are valid on the rising 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 (D0-D7)

These eight pins provide communication with the system bidirectional data bus. Each pin will drive one Schottky TTL load or
four LSTTL loads, and 130 pF.

READ/WRITE (RIW)
This signal indicates the direction of data transfer on the data bus. A low indicates that the MPU is writing data onto the data
bus. RW is made high impedance when BA is high. R/W is valid on the rising edge of Q.

RESET
A low level on this Schmitt-trigger input for greater than one bus cycle will reset the MPU, as shown in Figure 2. The reset vec-

tors are fetched from locations FFFE1g and FFFF g (Table 1) when interrupt acknowledge is true, (BA  BS = 1. During initial
power on, the RESET line should be heid low until the clock oscitlator is fully operatinal.

Because the EF 6809 RESET pin has a Schmilt-trigger input with a threshold voltage higher than that of standard peripherals,
a simple RIC network may be used 1o reset the entire system. This higher threshoid voltage ensures that all peripherals are out
of the reset state before the processor.

3152
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Figure 2: RESET timing
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truction execution for system debug.
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EF 6809

HALT '

A low level on 1his input pin will cause the MPU to stop running at the end of the present insiruction and remain halted indefi-
nitely without loss of data. When halted, the BA output is driven high indicating the buses are high impedance. BS is alos high
which indicates the processor is in the halt or bus grant state. While halted, the MPU will not respond to external real-time re-
quests (FIRQ, IRQ) although DMA/BREQ will always be accepted, and NMI or RESET will be latched for later response. During
the halt state, Q and E continue to run normally. If the MPU is not running (RESET, DMAJBREQ), a halted state (BA » BS = 1)
can be achieved by pulling HALT low while RESET is still low. If DMA/BREQ and HALT are both pulled low, the processor will
reach the last cycle of the instruction (by reverse cycle stealing) where the machine will the become halted. See Figure 3.

BUS AVAILABLE, BUS STATUS (BA, BS)

The bus available output is an indication of an internal control signal which makes the MOS buses ot the MPU high impedan-
ce. This signal does not imply that the bus will be available for more than one cycle. When BA goes low, a dead cycle will
elapse before the MPU acquires the bus.

The bus status output signal, when decoded with BA, represents the MPU state (valid with leading edge of Q).

MPU State
MPU State Delfinition
BA BS
0 0 Normal (running)
0 1 Interrup!t or reset acknowiedge
1 0 Sync acknowledge
1 1 Halt or bus grant acknowledge -

INTERRUPT ACKNOWLEDGE is indicated during both cycles of a hardware-vector-fetch (RESET, NMI, FIRQ, iRQ, SWI, SW12,
SWI3). This signal, plus decodiag of the lower four address lines, can provide the user with an indication ol which interrupt
level is being serviced and allow vectoring by device. See Table 1.

Table 1 - Memory map for interrupt vectors

Memory map for

vector locations Interrupt vector description
MS LS

FFFE | FFFF RESET '

FFEC | FFFD M

FFFA | FFFB swi

FFF8 FFFY IRQ

FEF6 FFF7 FIRQ

FFF4 FEF5 SWI2

FFF2 FFF3 SWI3

FFFO FFF1 Reserved

SYNC ACKNOWLEDGE is indicated while the MPU is waiting for external synchronizalion on an interrupt line.

HALT/BUS GRANT is true when the MC 6808 is in a halt or bus grant condition.

NON MASKABLE INTERRUPT (NM!)*

A negative transition on this input requests that a non-maskable interrupt sequence be generated. A non-maskable interrupt
cannot be inhibited by the program, and also has a higher priority than FIRQ, TRQ, or software interrupts. During recognition
of an NMI, the entire machine state is saved on the nardware stack. Alter reset, an NMI will not be recognized until the first
program load of the hardware stack pointer (S). The pulse width of NMI low must be at least one E cycle. If the NMI input does
not meet the minimum set up with respect to Q, the interrupt wilt not the recognized until the next cycle. See Figure 4.

FAST-INTERRUPT REQUEST (FIRQ)*

A low level on this input pin will initiate a fast interrupt sequence, provided its mask bit (F) in the CC is clear. This sequence
has priority over the standard interrupt request (IRQ), and is fast in the sense thal it stacks onlu the contents of the condition
code register and the program counter. The interrup! service routine should clear the source of the interrupt before doing an
RT!. See Figure 5.

INTERRUPT REQUEST (IiRQ)*

A low level input on this pin will initiate an interrupt request sequence provided the mask bit () in the CC is clear. Since_a_TB@
stacks the entire machine stae it provides a slower response to interrupts than EIRQ. RO also has a lower priority than FIRQ.
Again, the interrupt sefvice routine shoutd clear the source of the interrupt before doing an RTI. See Figure 4.

- NMi, FIRQ, and TRQ requests are sampled on the falling edge of Q. One cycle is required for synchronization before these interrupts are re-
cognized. The pending interrupl{s) will not be serviced until completion {o the current instruction unless a SYNC or CWAI condition is present.
it IRQ and FIRQ do not remain low until completion of the current instruction they may not be recognized. Howerver, NMI is tatched and need
only remain low for one cycle. No interrupts are recognized or latched between Ihe fatling edge of RESET and the rising edge of BS indicating

RESET acknowledge.
6/52
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external parallel-resonant crystal. Alternately, the pin EXTAL may
XTAL. The cryslat or external frequency is four times the bus fre-
bserved in the layout of printed circuit boards.

XTAL, EXTAL
These inputs are used o C

be used as a TTL level inpu
quency. See Figure 6. Proper RF layout techniq

vee 7
! S R ]

VIHR

onnect the on-chip oscillator to an

t tor external timing by grounding
ues should be o

Vit

[e———IRC ——™

elorm measurements for all inputs and outputs are specilied at logic high = 2.0 V and togic low = 0.8 V uniess otherwise specified.

Note : Wav
EF6809 ‘
Y1 Cin Cout )
e Y1 39
8 MHz 18 pF 18 pF
6 MH2 20 pF 20 pfF 0—-—”:“——1:
4 MHz 24 pF 24 pF
Cin —_]:_ jt;_ Cout
Nominal crystal parameters - -
3.58 MHz 4,00 MHz 6.0 MHz 8.0 MHz
. ) »
Ag 60 2 50 @ 3050 ¢ 20-40 ¢!
Cco 35 pF 6.5 pfF 4.6 pF 4.6 pF
(03] 0.015 pF 0.025 pF  |0.01-0.02 pF 0.01-0.02 pF Y
Q > 40 k > 30k > 20k > 20k L c1 Rg
38— ——— 39
All parameters are 10 %
Note ;: These are representative AT-cut crystal paramelers only. J. ’ﬁ
Crystals of other types of cut may also be used. co

Typical PC Board Layout

r'”zﬁfmm:‘—"

CL

Other Signats
Not Wired in
This Area.

L.

Figure 6 : Crystal connections and oscillator start up.
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E Q v

E is similar to the EF 6800 bus timing signal phase 2, Q is a quadrature clock signal which leads E. Q has no parrallel on the
EF 6800. Addresses from the MPU will be valid with the leading edge of Q. Data is latched on the falling edge of E. Timing for
E and Q is shown in Figure 7.

Stant of Cycle v End of Cycle (Lalch Data)

I -

1AVS

-

Address Valid

Note : Wavelonm measurements for all inputs and oulputs are specified at togic high = 2.0 V and logic low = 0.8 V unless otherwise specified.

Figure 7 : £/Q Relationship.

MRDY
The on-board generator furnishes E and Q to both the system and the MPU. When MRODY is pulled low, both the system clocks

and the internal MPU clocks are stretched. Assetion of DMAJBREQ input stops the internal MPU clocks while allowing the ex-
ternal system clocks to RUN (i.e., release the bus to a DMA controliex). The internal MPU clocks resume operation after DMA/-
BREC is released or after 16 bus cycles (14 DMA, two dead), whichever occurs first. While DMA/BREQ is asserted it is someti-
mes necessary to pull MRDY low to aliow DMA to/from slow memory/peripherals. As both MRDY and DMA/BREQ control the
internal MPU clocks, care must be exercised not 1o violate the maximum tcyc specification for MRDY or DMA/BREQ. (Maxi-

mum teyc during MRDT or DMA/BREQ is 16 ).

This input control signal allows stretching of E and Q to extend data-access time. E and Q operate normally while MDRY is
high. When MRDY is low, E and Q may be stretched in integral multipies of quarter (1/4) bus cycles, thus aliowing interface 10
slow memories, as shown in Figure 8 (a). During non-valid memory access (VMA cycles), MRDY has no effect on strelching E
and Q' this inhibits slowing the processor during «don't care» bus accesses. MRDY may also be used to stretch clocks (for

slow memory) when bus conirol has been transterred to an external device (through the use of HALT and DMAJBREQ).

TN/ N/

o /T N/ N\

- IPCS

S IO, A

Figure 8a : MRDY Timing.

DMA/BREQ

The DMAJBREQ input provides a method of suspending execution and acquiring the MPU bus for another use, as shown in Fi-
gure 9. Typical uses include DMA and dynamic memory relresh. .

A low level on this pin will stop instruction execution at the end of the current cycle unless pre-empted bu sell-refresh. The
MPU will acknowledge DMAJBREQ by setting BA and BS to a one. The requesting device will now have up to 15 bus cycles be-

fore the MPU retrieves the bus for self-refresh. Self-refresh requires one bus cycles with a leading and trailing dead cycle. See
Figure 10. The self-refresh counter is only cleared if DMA/BREQ is inactive lor two or more MPU cycles.

Typicaily, the DMA controller will request to use the bus by asserting DMA/BREQ pin low on the leading edge of E. When the
MPU replies by setting BA and 8S 1o a one, that cycle will be a dead cycle used 1o transfer bus mastership to the DMA control-

ler.

False memory accesses may be prevented during any dead cycles by developing a system DMAVMA signal which is LOW in
any cycle when BA has changed.

When BA goes low (either as a resull of DMAJBREQ = RIGH or MPU self-refresh), the DMA device should be taken off the bus.
Another dead cycle will elapse before the MPU accesses memory 10 allow transfer of bus maslership without contention.

10/52
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awmi |5 6
Oscilator

—_— 39 741504
XTAL !
EXTAL 36
. N ‘-\ ‘L
Part of MRDY Stretch CLR
EF6803  mpoY 2 Q —
5 MRDY
12 Synctwonization
7474
o]
+5 PR __1
Active Low *—v‘\}\‘;\/“‘
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Y

Figure 8b: Synchronization.

SuARREa : //////Aj

tPCS —te—-1PCS l

1
BA.BS —e! l-—- tAQ \ X

OMAVMA* X f \ / \
ADDR \ e
(MPU) e N
ADDR _ >_______
{OMAC) \
Figure 9: Typical DMA timing (< 14 cycles).
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Dead 14 DMA Cycles Dead MPU Dead DMA

- »- -— - - - -

‘WWR

DMA/BREQ \

BABS I\ \—___/

v /N a2\

* DMAVMA is a signal which is developed externally, bul is a system requirement tor DMA.

Note ;: Wavelorm measurements for alt inputs and outputs are specilied at logic high = 2.0 V and logic low = 0.B V unless otherwise specified.

Fiqure 10: Auto-retresh DMA timing (> 14 cycles) (reverse cycle stealing).

B - DETAILED SPECIFICATIONS

1 - SCOPE

This drawing describes the specific requirements for the microprocessor EF 6809, 1 and 1.5 MHz, in compliance either with
MIL-STD-883 class B or CECC 90000, the 2 MHz version is available in 0-70°C range only.

2 - APPLICABLE DOCUMENTS

2.1 - MIL-STD-883

1) MIL-STD-883 : test methods and procedures for electronics

2) MIL-M-38510 : general specifications for microcircuits ;

3 - REQUIREMENTS
3.1 - General »
The microcircuits are in accordance with the applicable document and as specified herein.

3.2 - Design and construction
3.2.1 - Terminal connections
Depending on the package, the terminal connections shall be as shown on § 10.1 and § 10.2.

3.2.2 - Lead material and finish
Lead material and finish shall be any option of MIL-M-38510 excepl finish C (as described in 3.5.6.1 of 38510).

3.2.3 - Package ,
The macrocircuits are packaged in hermetically sealed ceramic packages which are conform to case outlines ot MIL-M-38510
appendix C (when defined):

- 40 leads DIP (for ceramic and cerdip packages)

. 44 terminals SQ. LCC (for leadless chip carrier package)

The precise case outlines are described on § 9.

12/52
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oL
3.3 - Electrical characteristics
3.3.1 - Absolute maximum ratings (see Table 2)
Table 2 : . -
Symbol Parameter Test conditions Min Max Unit
vee Supply voltage -03 +7.0 Y
Vi input voltage ' -03 +7.0 \
- . Tcase = =55°C/ +125°C 1.1 w
Pdmax Max Power dissipation
Tcase = +25°C 0.8 w
M suffix EF 6809/EF 68A09 f = 1and 1.5 MHz ~55 +125 °C
Tcase | Operating temperature | V suffix EF 6809/EF 68A09 (= 1and 1.5 MHz - 40 +85 °C
No suffix EF S8091EF 68A09] 1 = 1, 1.5 and 2 MH: 0 +70 | °C
Tstg Storage temperature ~55 + 150 °C
T Junction temperature +170 °C
Tieads | Lead temperature Max 5 sec. soldering +270 °C

Note : Timing measurements are referenced to and from a low voltage of 0.8 voll and a high voltage of 2.0 volts, uniess other-
wise noted. The voltage swing through this range start outside, and pass through. the range such that the rise or fall will be
tinear between 0.8 voit and 2.0 volts.

tw (ch)

20V
{
oav /.0 i
i i

tr (€} F{ - *11 - Y (c)

This device contains protective circuilry against damage due to high static vollages or electrical fields ; however, it is advises
that normal precautions be taken to avoid application of any voitages higher than maximum-rated voltages to this high-impe-
dance circuit. Reliability of operation is enhanced it unused inputs are tied to an appropriate logic voitage level
(e.g., either GND or V).

3.4 - Thermal characteristics (at 25°C)

Table 3

Package Symbol Parameter Value Unit

4 amic L . . .
DILO .cde' b I d U JA Thermal resistance - Ceramic junction to ambient 50 °Cw
cs; se;mrxaze S N Tef Thermal resistance - Ceramic junction to case 10 °CIW
Cerdip 40 # ya | Thermal resistance - Ceramic junction to ambient 60 °Cw
J suftix v Jc | Thermal resistance - Ceramic junction lo case 10 °Ciw
LCCC 44 0 go | Thermal resistance - Ceramic junction to ambient 50 °Ciw
E suffix 0 yc | Thermal resistance - Ceramic junction 1o case ' 15 °Cw

13152
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v

Power considerations )
The average chip-junction temperalture, T, in °C can be oblained lrom:

Ty = Ta + (PD * 1A (1
7A = Ambient Temperature, °C
#ya = Package Thermai Resistance, Junction-to-Ambient, °C/IW.
PD = PINT + PIO
PINT = IGC X Vce. Watts — Chip Internal Power

Pyo = Power Dissipation on Input and Output Pins — User Determined

For mos! applications Pyo < PINT and can be neglected.

An approximate reli'atidnship between Pp and Ty (it Pyo is neglected) is:
Pp = K: (Ty + 273 (2
Solving equations (1) and (2) for K gives:
K = Pp*(Ta + 273) + 0Ja * Pp2 3
where K is a constant pertaining to the particular parl K can be determined from equation (3) by measuring Pp (al equilibriumy

for a known Ta. Using this value of K, the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for
any value of Ta.

The tota! thermal resistance of a package {¢jA) can be separated into two components, #)C and 0CA, representing the barrier
to heat flow from the semiconductor junction to the package (case), surface {#yC) and from the case to the outside ambient
(tca). These terms are related by the equation:

ga = yc + ICA (4)

0yc is device related and cannot be influenced by the user. However, 0CA is user dependent and can be minimized by such
thermal management techniques as heat sinks, ambient air cooling and thermal convection. Thus, good thermal management
on the part of the user can significantly reduce fCA SO that 8y approximately equals #Jc. Substitution of 0yC for 1y in equa-
tion (1) will result in a lower semiconductor junction temperature.

3.5 - Mechanical and environment

The microcircuits shall meet all mechanical environmental requirements of either MIL-STD-883 for class B devices or
CECC 90000 devices. :

3.6 - Marking

;
The document where are defined the marking are identified in the related reference documents. Each microcircuit are
legible and permanently marked with the following information as minimum :

3.6.1 - Thomson logo

3.6.2 - Manufacturer's part number
3.6.3 - Class B identification

3.6.4 - Date-code of inspection lot
3.6.5 - ESD identifier if available
3.6.6 - Country of manufacturing

4 - QUALITY CONFORMANCE INSPECTION
4.1 - DESC / MIL-STD-883

Is in accordance with MIL-M-38510 and method 5005 of MIL-STD-883. Group A and B inspections are performed on each pro-
duction tot. Group C and D inspection are performed on a periodical basis. :

4.2 - CECC

Is in accordance with CECC 90000. Group A and B inspection are performed on each production lot as specifieé in CECC
6011 0-008. Group C inspection is performed on a periodic basis in accordance with CECC 90110-008.

~

5 - 'ELECTRICAL CHARACTERISTICS

5.1 - General requirements

All static and dynamic electrical characteristics are specified for inspection purpose, refer to relevant specification.
Table 4 : Static electrical characteristics for all electrical variants. See § 5.2.

Table 5: Dynamic electrical characteristics. See § 5.3.

For static characteristics, test methods refer to {EC 748-2 method number, where exisling.

For dynamic characteristics (Table 5), test methods refer to clause 5.4 hereafter of this specilication.

14/52
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5.2 . Static characteristics

o

Voe = 50Vge 5% ;Vsg = 0Vge: Tg = -557 + 125°C or — 40/ +85°C or 0/ + 70°C.
Table 4 B . -
Symbol Characteristic Min Typ Max Unit
VIH . Logic, EXTAL |Vss +20 vee Vv
VIHR Input high voltage RESET |Vag +40 VGO Y
ViL | Input tow voltage Logic, EXTAL, RESET [Vss -0.3 Vsg +08| V
lin Input leakage current (Vi = 010 5.25V, VcC = max) Logic 25 nA
DC output high voltage
(iLoad = —205 uA, VcC = min) _DO0O-D7 |Vgs +24 Vv
VOH |(lLoad = — 145 #A, VCC = min) AD-A15, RW, Q, E |Vgg +24 v
(lLoad = - 100 pA, VCC = min) BA, BS [Vgg +24 v
voL | DC output low voltage (iLoad = 2.0 mA, Vcc = min) Vgg +05 v
Internal power dissipation
PINT (measured at Tc = —55°C in steaby state operation) 1.1 W
Capacitance” .
Ci (Vin = 0, Ta = 25°C, f = 1.0 MH2) DO-D7, RESET 10 15 pF
in Logic inputs, EXTAL, XTAL 10 15 pF
Cout AO-A15, RIW, BA, BS 15 pF
Frequency of operalion (crystal or external input) EF 6809 0.4 4 MHz
IXTAL EF 68A09 0.4 6 MHz
EF 68B09 04 8 MHz
Hi-Z (off state} input current
| (Vin = 041024V, VcC = max) D0-D7 20 10 nA
TSI AO-A15, RW 10 HA
* Capacitances are periodically tested rather than 100 % tested. !

5.3 - Dynamic (switching) characteristics

The limits and values given in this section apply over the {ull case temperature range —55°C to +125°C for 1 and 1.5 MHz and
Ve in the range 475V 10 5.25 V ViL = 0.8V and Vi4 = 2V (See aiso Note 1).

Table 5 - Bus timing characteristics (See Note 1)

/) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX

Symbol nm:g; r Characteristic EF o308 EF S3A09 EF 68809 U;nit
Min Max Min Max Min Max R
teye 1 Cycle time (See Note 2) 1.0 10 0.667 10 0.5 10 us
PWEL 2 Pulse width, E low 430 5000 280 5000 210 5000 ns
PWEH 3 Pulse width, E high 450 15500 280 15700 220 15700 ns
t, U 4 Clock rise and fall time 25 25 20 ns
PWQH 5 Puise width, Q high 430 5000 280 5000 210 5000 ns
PWQL 6 Putse width, Q low 450 15500 280 | 15700 220 15700 ns
tAVS 7 Delay time, E to Q rise 200 250 130 165 80 125 ns
1AH S Pt odes time** 20 20 20 ns
15/52
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Table 5 - Bus timing characteristics (Continued) (See Note 1) - :

¥

EF 6809 EF 68A EF 68B09*
Symbol nlfrzgte ‘ Characteristic QS', Unit
Min Max Min Max. Min Max
o A LY
BA, BS, R/W, and address valid — . TR
tAQ 10 | ime to Q rise 50 25 .. 15 ns
tDSR 17 Read data setup time 80 60 40 ns
IDHR 18 Read data hold time** 10 10 10 ns
{pDQ 20 -Data delay time from Q 200 140 110 ns
{DHW 21 -| Write data hold time* 30 30 30 ns
Usable access time
tacc 3 (See Note 4) 695 440 330 ns
Processor control setup time
(MRDY,_interrupts, DMA/BREQ,
tPCS HALT, RESET) 200 140 110 ns
{Figures 2, 3,4, 5,8 and 9)
Crystal osciliator start time
'RC (Figures 2 and 6) 100 100 100 ms
Processor control rise and fall
tpCr. tPCH Time (Figures 2 and 3) 100 100 100 ns
* For T¢ : from 0 10 70°C only.
=+ Address and data hold times are periodically tested rather than 100% tested.
Note 1 : Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
Nole 2: Maximum tcyc during MRDY or DMA/BREQ is 16 ss.
Note 3: Hold time (9) for BA and BS is nol specified.
Note 4 : Usable access time is computed by : 1-4-7 max + 10-17.

5.4 - Test conditions specific to the device
5.4.1 - Time definitions

The times specified in Table 5 as dynamic characteristics are defined

fumn «method» of the tables together with the relevant figure number.

-©

O

in Figure 11 below, by a reference number given the co-

®

-©
/
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! e ) i
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L —‘ ‘; ..'.,  . !‘ @ P'! e
- ! i MPU Roeod Dald
Read Data } ; 'l = ] {
i I_ i | : @ Note 3 ._;
wnte Data b 4{7
— L® A @ -
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Figure 11: Bus tliming.
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5.4.2 - Loading network .
Figure 12: here below shows the toading network applicable to the liming table.

S0V
Rl = 22 K2
IN4 148
Of equiv
Test Point
1N916
of aquiv

O
"

30 pF lor BA, BS, LIC, AVMA, BUSY
130 pF lor DO-D7 .
90 pf for AD-A1S, R/ W

11 7 k§2 for DO-D7 .
165 Wd Jor AD-A15, R/ W
24 Kk} for BA, BS, LIC. AVMA, BUSY

Figure 12 Bus liming test load.
5.5 - Additional information
Additional information shall not be for any inspection purposes.
5.5.1 - Powver considerations (See § 3.4}

5.5.2 - Capacitance (Not for inspection purposes) see § 5.2 stalic characteristic table

6 - FUNCTIONNAL DESCRIPTION

6.1 - Programming model
As shown in Figure 13, the EF 6808 adds three registers 1o the set available in the EF 6800. The added registers include a direct
page register, the user stack pointer, and a second index register. .

'
15 0
X - Index Regster

Y - Index Regsster

Painter Registers
U - User Slack Ponter

S - Hardware Stack Pounter

PC Program Counter
A I B Accumutators
S—— —
e
D
7 0
r oP J Dwect page Register v

7 0
[e]e[n] i [n]z]v]c] cc - condion Code Regster “

Figure 13 : Programming model of the microprocessing unit.

ACCUMULATORS (A, B, D) _
The A and B registers are general purpose accumulators which are used for arithmetic calculations and manipulation

of data.

Certain instructions concatenate the A and B registers to form a single 16-bit accumutator. This is referred to as the D register,
and is formed with the A register as the mosl significant byte. :

DIRECT PAGE REGISTER (DP) I

The direct page register ol the EF 6809 serves 10 enhance the direct addressing mode. The conlent fo this register appears at
the higher address outputs (AB-A15) during direct addressing instruction execution. This allows the direct mode to be used at
any place in memory, under program control. To ensure EF 6800 compatibility, all bits of this register are cleared during pro-

cessor reset.

17152
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v
INDEX REGISTERS (X, Y) )
The index registers are used in indexed mode of addressing. The 16-bit address in this register takes part in the calculation
of effective addresses. This address may be used to point to data directly or may be modified by an optional constant or regis-
ter offsel. During some indexed modes, the contents of the index register are incremented or decremented 1o point to the next
itemn of tabular lype data. All four pointer registers (X, Y, U, S) may be used as index registers.

STACK POINTER (U, S)

The hardware stack pointer (S} is used automatically by the processor during subroutine calls and interrupts. The stack poin-
ters of the EF 6809 point to the top of the stack, in contrast ot he EF 6800 slack pointer, which pointed to the next tree location
on the stack. Ther user stack pointer (U} is controlied exclusively by the programmer. This allows arguments to be passed 10
and from subroutines with ease Both stack pointers have the same indexed mode addressing capabilities as the X and
Y register, but aiso support Push and Puli instructions. This allows the EF 6809 10 be used efficiently as a stack processor,
greally enhancing its ability to support higher level languages and modular programming.

PROGRAM COUNTER

The program counter is used by the processor (0 point to the address of the next instruction to be executed by the processor.
Relative addressing is provided allowing the program counter 10 be used like an index register in some situations.

CONDITION CODE REGISTER
The condition code register defines the state of the processor at any given time. See Figure 14

CelenD InTz]v]c]

Carry
Overflow
Zero
Negative
IRQ Mask
Halt Carry
FIRQ Mask
Emre Flag

Figure 14 : Condition code register format.

CONDITION CODE REGISTER DESCRIPTION
8IT 0 (C)

Bit 0 is the carry flag, and is usually the carry from the binary ALU C is also used 1o represent a «borrow» from subtract like
instructions (CMP, NEG, SUB, SBC) and is the complement of the carry from the binary ALU.

BIT 1 (V)

Bit 1 is the overflow flag, and is set to a one by an operation which causes a signed two's complement arithmetic overflow.
This overtiow is detected in an operation in which the carry {rom the MSB in the ALU does not math the carry from the MSB 1.
BIT2(@

Bit 2 is the zero flag. and is set 1o a one il the resull of the previous operation was identically zero.

BIT 3 (N)
8it 3 is the negative flag, which contains exactly the value of the MSB of the result of the preceding operation. Thus, a nega-
tive two's-complement result will leave N set to a one.

BIT 4 (1) L

Bit 4 is the IRQ mask bit. The processor will not recognize interrupts from the IRQ fine if this bit is set to a one. NMI, FIRQ,
{RQ, RESET, and SWI all set | to a one, SWI2 and SWI3 do not affect 1. .

BIT 5 (H)

Bit 5 is the half-carry bit, and is used to indicate a carry from bit 3 in the ALU as a result of an 8-bit addition only (ADE or ADD).
This bit is used by the DAA instruction to perform a BCD decimal add adjust operation. The state of this flag is undefined in
all subtract-like instruction. .

BIT 6 (F)

Bit 6 is the FIRQ mask bit. The processor will not recognize interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, SWI
and BESET all set F to a one. RIQ, SWI2, and SWi3 do not affect F.

BIT 7 (E)

Bit 7 is the entire flag, and when set 1o a one indicates that the complete machine state {all the registers) was stacked, as op-
posed to the subset state (PC and CC). The E bit of the stacked CC is used on a return from interrupt (RTJ) lo determine the

exient of the unstacking. Therefore, the current E ieft in the condition code register represents past action.

18/52
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6.2 - MPU operalion
During normal operation, the MPU feiches an instruction from memory and then execules the requested function.

This sequence begins after RESET and is repeated indefinitely unless allered by a special instruction or hardware occurrence.
Software_instructions that alter normal MPU operation are : SWI, SWI2, SWI3, CWAI, RTI, and SYNC. An interrupt, HALT, or
DMA/BREQ can also aller the normal execution of instruclions. Figure 15 illustrates the flowchart for the EF 6809.

DMAREQ
RESET Seq Sequence

0 «DPR{ ™
\ =AW
Cil NMi

Logic 1 - BS
Disarm NM! 1 = BA

HALT

Suspend MPU

Y
DMAREQ
N

1 = BA
1 «BS

0 =BA ]

0 =BA

#

0 = BA
0 = 85

1

vector = PC
RESET| FFFE

Reslor BA, BS

§

Resume
Processing
For 1 E Cycle

OMAREQ

Restore BA, BS

0 -8S
Resume
Processng

SYNC

Laich
lterrupts

N Bus State BA | BS
RAunni 0 0
i 0 =6s | unning
Interrupt or Reset Acknowledge o '
Sync Acknowledge ’ 1 0
SYNC 1 Halt or Bus Grant Acknowledge 1 1

Figure 15 : Flowchart for EF 6809 instructions.
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FiRQ-F
Q =E
Lalch Stack PC U, Y, Stack
Interrupts X.0P, B8 A CC PC,CC
1 «BS 0 -BA
.- . 0 ~8S
NN
Vectors PC
AT 3 NMI_{FFFC
_SWI_|FFFA
1RO [FFFY
| [Fma |FFre A
SWI2 |FFF4 [—
1 =F1 F. 1
Set swi3 |FFF2 |' - | |l - |
i
0 -BS
{ Unstack Unslack A, B,
PC DP, X. Y.U.PC

CWwal

Note : Asserting RESET will result in entering the reset sequence from any point m the Howchart.

Figure 15: Flowchart for EF 6809 instructions (continued).
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6.3 - Addressing modes

The basic instructions of any computer are greatly enhanced by the presence of powerlul addressing modes. The EF 6809 has
the most complete set of addressing modes available on any microcomputer today. For example, the EF 6809 has 59 basic ins-
tructions : however, it recognizes 1464 difterent variations of instructions and addressing modes. The addressing modes sup-
port modern programming technigues. The following addressing modes are available on the EF 6809 :

Inherent (includes accumulator)
immediate
Extended
Extended direct
Direct
Register
Indexed
Zero-Offset
Constant Offset
Accumulator Offset
Auto Increment/Decrement
Indexed Indirect
Relative
Short/Long Relative Branching
Program Counter Relalive Addressing.

INHERENT (INCLUDES ACCUMULATOR)

in this addressing mode the opcode of the instruction contains all the address information necessary. Examples of inherent
addressing are : ABX, DAA, SWI, ASRA, and CLRB.

IMMEDIATE ADDRESSING

in immediate addressing, the effective address of the data is the location immediately following the opcode fi.e., the data to
be used in the instruction immediately following the opcode of the instruction). The EF 6809 uses both 8- and 16-bit immediate
values depending on the size of argument specified by the opcode. Examples of instructions with immediate addressing are :
LDA # $20

LDX # $FO000

LDY # CAT

Note : signities Immediate addressing; $ signifies hexadecimal value.

EXTENDED ADDRESSING

In extended addressing, the contents of the two bytes immediately following the opcode fully’specily the 16-bit effective ad-
dress used by the instruction. Note that the address generated by an extended instruction defines an absolute address and
is not position idenpendent. Examples ol extended addressing include:

LDA CAT
STW  MOUSE
LOD $2000

EXTENDED INDIRECT

As in the special case of indexed addresing (discussed below), one level of indirection may be added to extended addressing.
In extended indirect, the two byles following the postbyte ot an indexed instruction contain the address of the data.

LDA [CAT]
LOX [$FFFE]
STU [DOG])

DIRECT ADDRESSING ' !

Direct addressing is similar to extended addressing except that only one byte of address lollows the opcode. This byte speci-
fies the lower eight bits of the address 1o be used. The upper eight bits of the address are supplied by the direct page (egister.
Since only one byte of address is required in direct addressing, this mode requires less memory and executes faster than ex-
tended addressing. Of course, only 256 locations {one page) can be accesed without redefining the contents of the DP register.
Since the DP register is set to $00 on reset, direct addressing on the EF 6809 is comptible with direct addressing on the
£F 6800. Indirection is not allowed in direct addressing. Some examples of direct addressing are :

LDA $30

SETDP $10 (assembler directive)
LDB $1030

LDD < CAT

Note : < is an assembler directive which forces direct addressing.

REGISTER ADDRESING

Some opcodes are followed by a byte that defines a register or set of registers to be used by the instruction. This is called a
postbyte. Some examples of register addresing are :

TFR X, Y, Transfers X into Y

EXG A B Exchanges A with B

PSHS A. B, X,Y PushY, X BandAonlo S

PULU X, Y, D Pull D, X, and Y from U

21152
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INDEXED ADDRESSING »

v
In all indexed addressing, one of the pointer registers (X, Y, U, S, and somelimes PC) is used in a calculation of the effeclive
address of the operand (o be used by the instruction. Five basic types of indexing are available and are discussed below. The
postbyte of an indexed instruction specifies the basic type and variation of the addressing mode as well as the pointer register
to be used. Figure 16 lists the legal formats for the posibyte. Table 6 gives the assembler form and the number of cycles and
hytes added to the basic vatues for indexed addressing for each variation.

Posthyte Register Bit
Indexed addressing mode
7/]6{5(4|3]2}1!0
O|R|R{d|d|dld|d|EA = R + 5bit oliset
1|{R|R|0{0{0j0OIO0]|.R +
1{R|R}lijojOjO|1| R+ +
1|R{RJO{0O}0}1{0]|.-R
1|R|R|ijo{0O[1|1}.- =R
1]R}IR[ijO0]1|0|0]EA = R + Ooliset
1|{R|R|i|0]|1}0]1}]EA = R + ACCB olfsel
1tR{R|ifO|1]1]{0]EA = R + ACCA ofiset
1|R{R[i}j1]0]0]0|EA = R + 8bilolfset
1{A|R]|ilt1]0l0]|1]EA = R + 16bil offset
1|{R{R[i|{v}{0]1]|1]{EA = R + Dollset
tix]xjif1]|1]0]0}€EA = PC + 8bit olfset
1{x!xf{if1]1]0}t]|EA = PC + 16 bit offset
1]RrlRlil1[1]1]1]EA = LAddress|
e Addressing Mode Field
Indirect Field
{Sign bit when by = 0) ;

Register Field : RR

. 00 = X
x = Don't Care ?(‘) = L
d = Ofiset Bit 11 =58
P = 0= Not Indirect
1 = Indirect

Figure 16 : Indexed addressing postbyle regislter bil assignments.

ZERO-OFFSET INDEXED

In this mode, the selected pointer register contains the elfective address of the data to be used by the instruction. This is the
fastest indexing mode.

Examples are :

LDD 0, X )
LDA S

CONSTANT OFFSET INDEXED -

In this mode, a two's complement offsetl and the contents of one of the pointer registers are added to form the effeclive ad-
dress of the operand. The pointer regisler's initial content is unchanged by the addition. '

Three sizes of ofssets are avaifable :

5 bit (—16 to +15)
8 bit (-~ 128 to +127)
16 bit (- 32768 to + 32767)

The two's complement 5-bit offset is inculded in the postbyte and, therefore, is most elficient in use of byles and cycles. The
two's complement 8-bit offset is contained in a single byte following the postbyte. The two's 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
assembier will select the optimal size automatically.

Examples of constant-offset indexing are:

LDA 23, X
LDX -2,8
LOY 300, X
LOU CAT, Y
22152
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Table 6 - Indexed addressing mode

Non indirect Indirect
Type 4 Forms Assembler | Postbyte |+|+| Assembler | Postbyte |+|+
- form~ opcode ~|# form opcode ~ [#
Constant offset from R No offset R 1RR00100 {[Ol0 LR} 1RR10100 3|0
(2s complement offsets) 5-bit offset n R ORRnnnnn |[1]0 defaults to 8-bit
8-bit offset n, R 1RR0O100000 | 1| 1 [n, R 1RR11000 |41
16-bit offset n R 1RRO1001 |4]2 in, R] 1RR11001 |7]|2
Accumuiator offset from R A register offset AR 1RR00110 [1]0 [A, R] 1RR10110 4]0
(2s complement offsets)
B register offset B, R 1RRO0101 |10 (B, R] 1RR10101 | 4|0
D register offset D.R 1RR01011 |4|0 (D, R 1RR11011 |70
Auto increment/decrement R Increment by 1 R+ 1RR00000 |2({0 not allowed
increment by 2 R+ 1RRO0001 (3|0 [R+ +] 1RR10001 {610
Decrement by 1 ,—R 1RR0O0010 (2]0 not allowed
Decrement by 2 ,—- =R 1RR00011 {3!0| [n, — —-R] 1RR10011 |6|0
Constant oftset from PC 8-bit offset n, PCR 1xx01100 | 1]1] [n, PCR} 1xx11100 {4 |1
(2s complemet ofsets)
16-bit offset n, PCR 1xx01101 |5j2| [n, PCR] 1Ixx11101 {82
Extended indirect 16-bit address {n] 10011111 {5]2
R=XVYUorS RR:
x = don't care 00 =X
o1 =Y
10 =U :
11 = S i

f and ; indicate the number of additionnal cycles and bytes for the particular variation.

ACCUMULATOR-OFFSET INDEXED

This mode is similar to constant offset indexed except that the two's complement value in one of the accumulalors (A, B, or
D) and the contents of one of the pointer registers are added to form the effective address of the operand. The contents of both
the accumulator and the pointer register are unchanged by the addition. The postbyte specifies which accumulatro to use as
an offset and no additional bytes are required. The advantage of an accumulator offset is that the value of the ofiset can be
calculated by a program at run-time.

Some examples are :

LDA 8,y ' ;
LDX DY
LEAX B, X

AUTO INCREMENT/DRECREMENT INDEXED

In the auto increment addressing mode, the pointer register contains the address of the operand. Then, aiter the pointer regis-
ter is used it is incremented by one or two. This addressing mode is useful in stepping through tables, moving data, or for the
creation of software stacks. In auto decrement, the pointer register is drecremented prior 1o use as the address of the dala.
The use of auto decrement is similar to that of aulo increment ; bul the tables, etc, are scanned from the high to low addres-
ses. The size of the increment/decrement can be either one of two to allow for tables of either 8- or 16-bit data to be accessed
and is selectable by the programmer. The pre-decrement, post-increment nature of these modes allows them to be used to
create additional software stacks that behave identically to the U and S stacks.

Some examples, of the auto increment/decrement addressing modes are :

LDA X+
STD Y + +
LD8 I
LDX ,- -5

Care should be taken in performing operations on 16-bit pointer registers (X, Y, U, S) where the same register is used 1o calcu-
late the eftective address.

Consider the following instruction : STX 0, X + + (X initialized to 0}
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The desired result is to store zero in locations $0000 and $0001 then'increment X to point to $0002. In reality , the following oc-
curs:

0 - temp calculate the EA ; temp is a holding register
X - 2 + X perform auto increment
X - (lemp) do store operation

INDEXED INDIRECT . »

All of the indexing modes, with the exception of auto increment/decrement by one or a = 4-bit offsel, may have an additional
level of indirection specidied. In indirect addressing, the elfective address is contained at the location specified by the con-
tents of the index register plus any offset. in the example below, the A accumulator is loaded indirectly using an effective ad-
dress calculated form the index register and an offset.

Belore Execution
A = XX (don'{ care)

X = $FO00Q
$0100 LDA ($10, X) EA is now $F010
$F010 SF1 $F150 is now the new EA
$FO11  $50
$F150 S$SAA

After Execution
A = $AA Actual Datat Loaded
X = $F000

All modes of indexed indirect are included except those which are meaningless {e.g., auto increment/decrement by one indi-
rect). Some examples of indexed indirect are :

LDA  [X]
LDD {10, S
LDA (B, Y]

LDD X + +]

RELATIVE ADDRESSING

The byte(s) following the branch opcode is (are) trealed as a signed offset which may be adged to the program counter. if the
branch condition is true, then the calculated address (PC + signed offset) is loaded into the program counter. Program execu-
tion continues at the new location as indicated by the PC ; short (one byte offset) and long (two byles offset) relative addres-
sing modes are available. All of memory can be reached in iong relative addressing as an effective address is interpreted mo-
duio 216, Some examples of relative addressing are : )

BEQ CAT (short)
BGT DOG (short) i
CAT LBEQ RAT {long)
DOG  LBGT RABBIT {long)
*
RAT NOP
RABBIT NOP

PROGRAM COUNTER RELATIVE

The PC can be used as the pointer register with 8- or 16-bit signed offsets. As in relalive addressing, the offset is added to the
current PC 1o create the effective address. The effective address is then used as the address of the operand or data. Program
counter relative addressing is used for writing position independent programs. Tables related to a particular routine will main-
tain the same relationship after the routine is moved, if referenced relative 1o the program counter. Examples are :

LDA CAT, PCR
LEAX TABLE, PCR ,
Since program counter refative is a type of indexing, an additional level of indirection is available.

LDA  [CAT, PCR] "
LDU  [DOG, PCR]

6.4 - Instruction set

The instruction set of the EF 6809E is similar to that of the EF 6800 and is upward compatible at the source code level. The
number of opcodes has been reduced from 72 10 59, but because of the expanded architecture and additional addressing mo-
des, the number of available opcodes (with different addressing modes) has risen from 197 to 1464.

Some of the new instructions are described in detail below.

PSHU/PSHS
The push instructions have the capability of pushing onto either the hardware stack (S) or user stack (U) any single register or
set of registers with a single instruction

PULU/PULS

The pull instructions have the same capability of the push instruction, in reverse order. The byte immediately following the
push or pull opcode determines which register or registers are to be pushed or pulied. The actual push/pull sequence is fixed,
each bit defines a unique register to push or pull, as shown below.
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=T

Push / Pult Postbyte

(T 111 TC

Stacking Ordder

—J Pl Order
‘-—— CCR cC
N A
. A 8
oP
L— 8 X Hi
X Lo
. Y Hi
PR Y Lo
I ' US Hi
uss Lo
Y PC Hi
PC Lo
s {
increasing
Meti\orv

TFRIEXG

Within the EF 6809E, any register may be transferred to or exchanged with another of like size, i.e., 8 bit 10 8 bit or 16 hit to
16 bit. Bits 4-7 of postby te define the source register, while bits 0-3 represent the destination regsiter. These are denoted as
follows :

Transter | £xchange Postbyte

[Tomer] ] touman |

Register Field
0000 = D (AW 1000 = A
0ou1 = X wor = 8
Q0 = Y 1080 = CCR
o001y = U 1011 = DPR
0100 = S
010t = PC

Note : All other combinations are undefined and INVALID.

LEAX/LEAY/LEAU/LEAS
The LEA (load effective address) works by calculating the effeclive address used in an indexed instruction and stores that ad-

dress value, rather than the data at that address, in a pointer register. This makes all the features of the internal addressing
hardware availabie to the programmer. Some of the implications of this instruction are illustrated in Table 3.

The LEA instruction alsc allows the user to access data and tables in a position independent manner. For example :

LEAX MSGH1, PCR
LBSR PDATA {print message routine)
MSG1 FCC «MESSAGE»

This sample program prints . «MESSAGEw». By writing MSG1, PCR, the assembler computes the distance between the present
address and MSG1. This result is placed as a constant inlo the LEAX instruction which will be indexed from the PC value at
the time of execution. No matter where the code is located when it is executed, the computed offset from the PC wili put the
absolute address of MSG1 into the X pointer register. This code is totally position independent. -

The LEA instructions are very powerful and use an internal holding register (temp). Care mus! be exercised when using the LEA
instructions with the auto increment and auto decrement addressing modes due to the sequence of internal operatins. The
LEA internal sequence of internal operations. The LEA internal sequence is outlined as (ollows : .

LEAa, b+ (any of the 16-bit pointer registers X, Y, U, or S may be substituted for a and b)
1. b — temp (calculate the EA)

2b+1—D {modity b, postincrement)

3. temp —+ a (load a)

LEAa, -b

1. b - 1 - temp(calculate EA with predecrement)
2b-1—Db (modify b, predecrement)
3. temp — a (load a)

Auto increment-by-two and auto decrement-by-two instruction work similary. Note that LEAX | X + does not change X ; hower-
ver, LEAX, — X does decrement ; LEAX 1, X shouid be used 10 increment X by one.
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Table 7 - LEA examples

Instruction Operation Comment
LEAX 10, X | X + 10 X | Adds 5-bit constant 10 to X
LEAX 500, X | X + 500 X | Adds -16-bit constant 500 to X
LEAY AY]Y +A Y | Adds 8-bit A accumulator to Y
LEAY D,Y|Y+ D Y | Adds 16-bit D accumulator to Y
LEAU -10,UjU - 10 U | Substracts 10 from U
LEAS ~10,S1S ~ 10 S | Used 1o reserve area on stack
LEAS 10,88 + 10 S | Used to ciean up'stack
LEAX : ~5, S|[S+ 10 X | Transfers as well as adds
MUL

Multiplies the unsigned binary numbers in the A and B accumulator and ptaces the unsigned result into the 16-bit D accumia-
tor. The unsigned multiply also allows multipleprecision multiplications.

LONG AND SHORT RELATIVE BRANCHES

The EF 6809 has the capability of program counter relative branching throughout the entire memory map. In this mode, if the
branch is to be taken, the 8- or 16-bit signed offset is added 1o the value of the program counter to be used as the etfeclive
address. This allows the program to branch anywhere in the 64K memory map. Position-independent code can be easily gene-
rated through the use of relative branching. Both shart (8-bit) and long (16-bit) branches are available.

SYNC

Afler encountering a sync instruction, the MPU enters a sync slate, stops processing instructions, and waits for an interrupt.
If the pending interrupt is non-maskable (NMI) or maskabie (FIRQ, IRQ) with its mask bit (F or |) clear, the processor will clear
the sync state and perform the normal interrupt stacking and service routine. Since FIRQ and iRQ are not edge-triggered, a low
jevel with a minimum duration of three bus cycles is required to assure that the interrupt will be taken.  the pending interrupl
is maskable (FTRQ, TRQ) with its mask bit (F or 1) set, the processor will clear the sync state and conlinue processing by execu-
ting the next indine instruction. Figure 17 depicls sync liming.

SOFTWARE INTERRUPTS

A software interrupt is an instruction which will cause an interrupt and its associated vector letch. These software interrupls
are useful in operating system calls, software debugging, trace operations, memory mapping, and software developement sys-
tems. Three levels of SWI are available on the EF 8808, and are prioritized in the foliowing order : SWi, SWi1, SWI3.

16-8B1T OPERATION

The EF 6809, has the capability of processing 16-bit data. These instructions include loads, stores, compares, adds, subtracts,
transfers, exchanges, pushes, and pulls.

CYCLE-BY-CYCLE OPERATION

The address bus cycle-by-cycle performance chart (Figure 18) illustrates the memory-access sequence corresponding to each
possible instruction and addressing mode in the EF 6809. Each instruction begins with an opcode fetch. While that opcode is
being internally decoded, the next program byte is always leiched. (Mosl instructions will use the next byte, so this technique
considerably speeds through-put). Next, the operation of each opcode will follow the flowchart, VMA is an indication of
FFFF1g on the address bus, RW = 1 and BS = 0. The following examples illustrate the use of the chart.

Example 1: LBSR (Branch Taken). Before Execution SP = F00O ,

$ 8000 LBSR CAT
.

$ AQCO CAT .
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Cycle-by-cycle flow

Cycle # Address Data RIW Description
1 8000 17 1 Opcode fetch
2 8001 20 1 Ottset high byte
3 8002 00 1 Offset low byte
4 FFFF . 1 VMA cycle
5 FFFF ‘ 1 VMA cycle
6 A000 ‘ 1 Computed branch address
7 FFFF : 1 VMA cycle
8 €FFF 80 0 Stack high order byte of return address
9 EFFE 03 0 Stack low order byte of return address

Example 2 : DEC (Extended)
$ 8000 DEC $ AOOO

$ AB0OO $80

Cycle-by-cycle flow

Cycle # Address Data R/W Description
1 8000 7A 1 Opcode Fetch
2 8001 AO 1 Operand Address, High Byle
3 8002 1 Operand Address, Low Byte
4 FFFF : 1 VMA Cycle
5 A00Q 80 1 Read the Data .
6 FFFF . 1 VMA Cycle '
7 A0D0 7F 0 Store the Decremented Data
* The data bus has the data at that particular address.

INSTRUCTION SET TABLES

The instructions of the EF 6809 have been broken down into five different categories. They are as follows :
8-bit operation (Table 8)

16-bit operation (Table 9) .

Index register/stack pointer instructions (Table 10)

Relative branches {long or short) (Table 11)

Miscellaneous instructions (Table 12)

Hexadecimal value for the instructions are given in Table 13.

PROGRAMMING AlID -
Figure 19 contains a compilation of data that will assist in programming the EF 6809.
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Figure 17 : Sync liming.
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- Opcode Feich

NNNN

Opcode = Yes
IOmV T

ode, 20d B
No Opcode e

NNNN + 1

2nd Byte =
100r 117

Relative Addressing
Mode

LBCC. LBCS, LBEQ, LBGE, BCC, BCS, BEQ, BGE,
LBGT, LBHI, LBHS, LBLE, BGT, 8H), BHS, BLE,
LBLD, LBLS, LBLT, BLD, BLS, BLT,
LBMI, LBNE, LBPL, Offset High BMI, BNE, BPL, Ofiset
LBRA, LBRN, LBSA, BRA, BAN, BSR,
LBVC.LBVS NNNN + 1(2) 8VC.BVS NNNN ¢ 1
Ofiset Low
NNNN + 2(3) Don't Care
+ FFFF
Don't Care
FFFF

Don't Care

No

Sub. Dest. Adde

Y

Don't Care

FFFF

7

Return Addr Low

Stack

'

Return Addr. High

Note 1: Each state scl ;
Data Bus Olfset high

Address Bus NNNN + 1(2) Stack
Note 2: Aduress NNNN is location of opcode. + +

Note 3: It opcode is a two byte opcode subsequent addresses are In parenthesis (- ).
Note 4 : Two-byte opcodes are highlighted.

Figure 18 : Cycle-by-cycle performance (Sheet 1 of 9).
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5

Inherent Addressing Mod£

30152

ABX RTS ASLA/B MUL SWI, Swi2
ASRA/B Swi3
Don't Care Don't Care ég:::% Don't Care Don't Care Drrect Page
NNNN + 1 NNNN + 1 DAA NNNN + 1 NNNN + 1(2) Regrster
OECA/B Stack
Y Y INCA® Y i
Don Care PC High tgm Don't Care Don't Care
FFFF Stack NEGA/8 FFFF FFFF B Regrster
s NOP Stack
) * ROLAB + *
PC Low S(E)xh VB Don’t Care PC Low
Stack TSTAB FFFF Stack A Register
* ' + * Stack
Don't Care Don't Care Don't Care PC High *
Condition
FFFF NNNN + 1 FFFF Stack Code Register
* * Stack
Don't Care User Stack Low +
FFFF Stack Don't Care
+ * FFFF
Don't Care User Stack High +
FFFF Stack Interrupt
* + Vector High
Don't Care Y Register Low FFFX
FFFF Stack +
{ + interrupt
i Vector Low
Don't Care Y Register High FEEX + 1
FFFF Stack +
* * Don't Care
Don't C X Regt
on't Care egister Low FFFF
FFFF Stack
Don't Care X Register High
FFFF Stack
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Inherent Addressing Mode ;

RTI I SYNC I CWAI 1

Don't care Don't Care CC Mask Condition
NNNN + 1 NNNN + 1 NNNN ¢ 1 Code Register
* r————— * Stack
\ CCR Dont Care Don't Care r—_—-
- ‘Sqack 3 State NNNN + 2 Don't Care
* 3 State
Don't Care
No
Interrupt FFFF
Present? * Interrupt
Present?
Yes PC Low
A Register Stack
Stack Don't Care *
R Interrupt
3 Stat
* = PC High Vector High
8 Register Stack FFFX
Stack * *
* User Stack Low Interrupt
Dwect Page Stack Vector Low
Register * FFEX + 1
Stack User Stack High *
* Stack Don't Care
X Register High * AFFFF
Stack ¥ Register Low
* Stack .
X Register Low *
Stack ¥ Register High
* Stlack
Y Register High *
Stack X Regrster Low
* Stack
Y Register Law *
Stack X Register High
Y Stack
User Stack High *
Stack Ditect Page
* Register
Stack
User Stack Low
Stack *
r———— B Register
Stack
PC High *
Stack
A Register
* Stack
PC Low I
Stack
Don't Care
Stack

o

Figure 18 : Cycle-by-cycle performance (Sheet 3 of 9).
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f Thcvem Addressing Mode
A

ltt—$

PULU
PULS

Posl Byte

NNNN + 1

Y

Don't care

FFFF

Posi Byte
Bit 4
Set?

X Register High

Don't care

Stack

FFFF

Y

Post Byte
810
Set?

X Register Low

Stack

Condition
Code Register

Stack

Post Byte

Y Register High

Stach

Y

Y Register Low

Stack

A Register

Stack

Post Byte
Bu2
Set?

Y

No_

Post Byte
Bi 6
Set?

U/S Stack
Pointer High

Stack

B Register

]

Stack

Pointer Low

W/S Stack

Stack

Post Byte
8it3

Post Byte

PSHU
PSHS |
- Post Byte
NNNN + §

Y

Don't care
FFFF

Don't care
FFFF

Don't care
Stack

Post Byte
B8it7
Set?

PC Low

Stack

Y

PC High
Stack

U/S Stack
Ponter Low

Stack

Y

U/S Stack
Pointer High

Stack

Post Byle

Post Byte
Bu 4
Set?

X Register Low

Stack

Y

X Regtster High

Stack

Post Byte
Bit3
Set?

Dwrect Page
Register

Stack

A Regrster

Stack

Post Byte
Bit 1
Set?

A Regsster

Stack

Direct Page Yes
Register PC High * .
Stack Slack Y Regisler Low
* Stack Condition
Code Register
PC Low *
Stack
Stack Y Register High
r Stack
Don't care t
Stack

32/52

Figure 18 : Cycle-by-cycle perfonmance (Sheet 4 of 9).
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1
'
<

)

wnmediate Addressing Mode Immediate Extended
Addressing Addressing
Mod!
TFR EXG All Instructions € Mode
_Except.

Post Byte Post Byle gg:lsj Address Low Address High
NNNN + 1 NNNN + 1 PULS. NNNN + 1(2) NANNN ¢ 1(2)
TFA,

+ * and * 6

. . EXG y
Oon't Care Don't Care Don't Care Address Low
" FFFF FFFF FFFF NNNN + 2(3)
Dont Care Don't Care Don't Care
FFFF FFFF FFFF
Don't Care Don’t Care
FFFF FFFF
Don't Care Don't Care
FFFF FFFF
Don't Care
FFFF
Don't Care
FFFF
/

Figure 18 : Cycle-by-cycle performance (Sheet 5 of 9).
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@

Indexed Addressing Mode *

Post Byte

NNNN + (2}

'

0 Clfset
From R

S-Bil Oftset 8 Bu Ofiset 16 Out Oltset AJB Offset D Oftset T
From R From f} From R From R From R '

Don't Care Don't Care Oflset Olfset High Don't Care Don't Care
NNNN + 23) - NNNN + 2(3) NNNN » 2(3) NNNN + 2(3) NNNN + 2(3) NNNN + 2(3)
Don’ Care Don't Care Ofiset Low Don't Care Don't Care
FFFF FFFF NNNN + 3(4) FFFF NNNN + 3(4)
Don't Care Don't Care
NNNN + 4(5) FFFF
Don't Care ’ Don't Care
FFFF FFFF
Don't Care Don't Care
FFFF FFFF
i

34/52

XXXX
indirect High
Constant Otfset From A
XXXX No Ofiset Index Register
8-Bit Offset Index Reg:ster + Offset Byte
16-By Offset tndex Register + Ofisel High Byte Ofiset
indirect Low Low Byte
YK + 1 Accumulator Offset From R
A Register Ofiset Index Register + A Register .
‘ B Register Offset Index Register + B Register
D Register Offset Index Register + D Reqgister
Oon't Care -
EFFE Auto Increment/Decrement From R

tncrement by 2 index Register®
Decrement by 2 index Register - 2

Constant Ofiset From PC

8-Bit Oftset Program Cunter + Offset Byte
16-Bit Offset Program Cunter + Offset High Byle Offset
Low Byte

Extended indirect
16-Bit Address Address High Byte Addres Low Byte

* The index regtster is incremented
folowmy the mdexed access

Figure 18 : Cycle-by-cycie performance (Sheet 6 of 9).
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)

Indexed Addressing Mode ™ +

Post Byte

NNNN « (2

Y

Oinc/Dec inc/Dec PC + 16-Bn Extended PC + B-Bit
Rby! Aby2 Offset Indirect Offset
Don't Care Don't Care Offset High Adress High Oftset
NNNN + 2(3). NNNN + 2(3) NNNN + 2(3) NNNN + 2(3) NNNN + 2(3}
Don't Care Don’t Care Offset Low Address Low Don't Care
FFFF FFFF NNNN + 3(4) NNNN + 3(4) FFFF
Dont Care Don't Care Don't Care Don't Care
FFFF FFFF NNNN + 4(S) NNNN + 4(5)
Don't Care Don" Care
FFFF FFFF
Dont Care
FFFF
Don't Care
FFFF

Y

Indwect?

No

indirect High

XXXX

'

Indirect Low

XXXX + 1

y

Don't Care

FFFF

|

Figure 18:

Constant Ofisel From R

No Oftset
8-Bit Offset
16-Bit Oftset

Accumnulator Offset From R

A Register Otfset
B Register Offset
D Register Otiset

Auto Incrementy/Decrement From R

Increment by 2
Decrement by 2

Constant Ofiset From PC

8-B4d Olisot
16-Bi Offset

Extended Indiect
16-Bit Address

* The index 1egister is incremenled

toliowing the mdexed

access

/\ THOMSON COMPOSANTS MILITAIRES ET SPATIAUX

XXXX

Index Register

Index Register + Offset Byte

Index Register + Ofiset High Byte Offsel
Low Byte

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

Index Register*
index Register - 2

Program Cunter + Otfset Byte
Programn Cunter « Ofiset High Byte Offset
Low Byte

Address High Byte Addres Low Byte

Cycle-by-cycle performance (Sheet 7 of 9).
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EHective Address

ANDCC JMP ADCA/B, sTa8 LoD, STD, STS,
ORCC RAIl Except ADOASB, . — (AN Except LOS, STU, STX,
{immediate immediale)} ANOA/B, Immediate) Loy, STY, (All
Only) BITA/B, LDX, Except
CMPA/B, LOY Immediate)
EDRA/B,
LOAB, Register (Write)
ORA/B, EA
IR $8CA/B,
N Susa/B ' '
Data Register High Register High
NNNN + 1 EA Write)
Y Y T
Don't Care Register Low +
Register Low
NNNN + 2
: EA (Write}
$ EA + 1
Data
# €A
Effective Address (EA)
Constant Otfset From R
No Ofiset Index Register
5-Bit Offset index Register ;
8-8it Oftset Index Register + Post Byte
16-Bit Oftset Index Register + Post Byte High Post Byte Low

Accumulator Offset From R
A Register Offset
B Register Offset
D Register Offset

Auto _Increment/Oecrement From R

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

Constant Ofiset From PC
8-Bit Offset
16-8it Offset

Direct
Extended

Immediate

* The index register is ncremented

fallowing the indexed access
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Index Register + A Register
index Register + B Register
Index Register + D Register

index Register®
index Regisler*
Index Register + 1
Index Register ¢ 2

Program Cunter + Otiset Byte
Program Cunier + Offset High Byte Offset Low Byte

Direct Page Regisler Addres Low
Address High Addres Low

NNNN ¢ 1

Figure 18 : Cycle-by-cycle performance {Sheet 8 of 9).
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D
Effective Address
ASL, ASR TST ADDD, CMPD, JSR LEAS,
CLR, COM, (All Except CMPS, CMPU, (Al Except LEAV,
DEC, INC, timmediate) CMPX, CMPY, Immediate) LEAX,
NEG, ROL, suBD LEAY,
RDA (Al « (Indexed Only)
Except .
Immediate) Don't Care
BN Sub. Address
Data Data Data High Don't Cave Don't Care
EA EA EA FFFF FFFF
Don't Care Don't Care Data Low PC Low (Write)
FFFF FFFF EA+1 Stack
Oata (Write) Don't Care Don't Care PC High (Write)
EA FFFF FFFF Slack

Y

Y Y Y

Constant Offset From R

No Offset
5-8it Offset
8-8it Offset
16-Bit Offset

Accumulalor Offset From R

A Register Otiset
B Register Offset
D Register Ofiset

Auto Increment/Decrement From R

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

Constant Offset From PC

8-8it Offsel
16-Bit Offset

Duect
Extended

Immediale

* The index reqgister is incremented

followsing the indexed access

EHective Address (EA)

Index Register

Index Register A
Index Register + Post Byte

Index Register + Post Byte High Post Byte Low

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

Index Register*
index Register*
index Register + 1
Index Register » 2

Program Cunter + Offset Byte
Program Cunler + Offset High Byte Offset Low Byte

Direct Page Register Addres Low
Address High Addres Low

NNNN ¢+

Figure 18 : Cycle-by-cycle performance (Sheet 9 of 9).
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Table 8 - 8-8Bit accumulator and memory instructions >z

Mnemonic(s)

Operation

ADCA, ADCB Add memory to accumulator with carry
ADDA, ADDB Add memory to accumulator - -
ANDA, ANDB And memory with accumulator

ASL, ASLA, ASLB

Arithmetic shift of accumulator or memory left

ASR, ASRA, ASRB

Arithmetic shift of accumulator or memory right

BITA, BITB : "\Bit test memory with accumulator
CLR, CLRA, CLRB | Clear accumulator or memory location
CMPA, CMPB Compare memory from accumulator

COM, COMA, COMB

Complement accumulator or memory location

DAA

Decimal adjust A accumulator

DEC, DECA, DECB

Decrement accumutator or memory location

EORA, EORB

Exclusive or memory with accumulator

EXG R1, R2

Exchange R1 with R2 (R1, R2 = A, B, CC, DP)

INC, INCA, INCB

Increment accumulator or memory location

LDA, LDB

Load accumulator from memory

LSL, LSLA, LSLB

Logical shift left accumulator or memory localion

LSR, LSRA, LSR8

Logical shift right accumulator or memory location

MUL

Unsigned multiply (A x B — D)

NEG, NEGA, NEGB

Negate accumulator or memory

ORA, ORB

Or memory with accumulator

ROL, ROLA, ROLB

Rotate accumulator or memory left

ROR, RORA, RORB

Rotate accumulator or memory right

SBCA, SBCB Subtract memory form accumulator with borrow
STA, STB Store accumulator to memory

SUBA, SuBs Subtract memory from accumulator

TST, TSTA, TST8B Test accumulator or memory location

TFR R1, R2 Transter R1 to R2 (R1, R2 = A, 8, CC, DP)

Note : A, B, CC, or DP may be pushed to (pulled from) stack with either PSHS, PSHU (PULS, PULL) instructions.

Table 9 - 16-Bit accumulator and memory instructions

Mnemonic(s)

Operation

ADDD Add memory to D accumulator

CMPD Compare memory from D accumulator

EXG D, R Exchange D with X, U, S, U, or PC

LDD Li:;ad D accumulator from memory

SEX Sign Extend B accumulator into A accumulator
38/52

/) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX




EF 6809

L

Table 9 . 16-Bit accumulator and memory instructions (Continued)

Mnemonic(s)

Operation

STD

Store D accumulator to memory - -

susd Subtract memory from D accumulator
TFRD, R Transfer Dto X, Y, S, U, or PC
TFRR, D Transfer X, Y, S, U, or PCto D

Note : D may be bi.lsﬁ‘ed (pulled) to stack with either PSHS, PSHU (PULS, PULU) instructions.

Table 10 - Index register/stack pointer instructions

Instruction Description
CMPS, CMPU Compare memory from stack pointer
CMPX, CMPY V Compare memory from index register
EXG R1, R2 Exchange D, X, Y, X, Uor PC with D, X, Y, S, U, or PC
LEAS, LEAU Load effective address into stack pointer
LEAX, LEAY Load effective address into index register
LDS, LDU Load stack pointer from memory
LDX, LDY Load index register from memory
PSHS Push A, B, CC, DP, D, X, ¥ U, or PC onto hardware stack
PSHU Push A, B8, CC, DP, D, X, Y, S, or PC onto user stack
PULS Pull A, B, CC, OP, D, X, Y, U or PC from hardware stack /
PULU Pull A, B, CC, DP, D, X, Y, S, or PC from hardware stack
STS, STU Store stack pointer to memory
STX, STY Store index register to memory
TFR R1, R2 Transfer D, X, Y, S,Uor PCto D, X, Y, S, U, or PC
ABX Add B accumulator to X (unsigned)

Table 11 - Branch instructions

Instruction Description
SIMPLE BRANCHES
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BMI, LBMI Branch if minus
BPL, LBPL Branch if plus
BCS, LBCS Branch if carry set
BCC, LBCC Branch if carry clear
BVS, LBVS Branch if overfiow set
BVC, LBVC Branch if overflow clear
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Table 11 - Branch instructions (Continued)

Instruction Description
SIGNED BRANCHES
BGT, LBGT Branch if greater (signed) - -
BVS, LBVS Branch if invalid 2s complement result
BGE, LBGE Branch if greater than or equal (signed)
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BLE, LBLE Branch if less than or equal (signed)
BVC, LBVC Branch if valid 2s compiement result
BLT, LBLT Branch if less than (signed)
USIGNED BRANCHES
BHI, LBHI Branch if higher {unsigned)
BCC, LBCC Branch if higher or same (unsigned)
BHS, LBHS Branch if higher or same (unsigned)
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BLS, LBLS Branch if lower or same (unsigned)
BCS, LBCS Branch if lower (unsigned)
BLO, LBLO Branch if lower (unsigned)
OTHER BRANCHES
BSR, LBSR Branch to subroutine
BRA, LBRA Branch always
BRN, LBRN Branch never

Table 12 - Miscellaneous instructions

Instruction Description
ANDCC AND condition code register
CWAI AND condition code register, then wait for interrupt
NOP No operation
ORCC OR condition code register
JMP Jump
JSR Jump to subroutine
RTI Return from interrupt
RTS Return from subroutine
SWI, SWi2, SWI3 Software interrupt {(absolute indirect)
SYNC Synchronize with interrupt line
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Table 13 - Hexadecimal values of machine codes

oP Mnem Mode -] #|OP Mnem Mode ~ | #|O°P Mnem Mode - | #

00 | NEG Direct 6 | 2 | 30 | LEAX Indexed |44 [2+ | 60 | NEG Indexed |6+ {2+
ot |* 31 | LEAY - 4+{2+| 61|

02} 32 | LEAS | 4+ 12+ 62 }

03 | COM 6 | 21 33 | LEAU Indexed |4+ {2+ { 63 | COM 6+ |2+
04 | LSR 6 | 2| 34 | PSHS immed |5+| 2 | 64 | LSR 6+ |2+
05 | 35 | PULS immed {5+| 2 | 65 | *

06 | ROR 6 | 2} 36 | PSHU immed |5+| 2 { 66 | ROR 6+(2+
07 | ASR 6 | 2} 37 | PULU immed |5+| 2 | 67 | ASR 6+ 12+
08 | ASL, LSL 6 2 81 —_ 68 | ASL, LSL 6+ |2+
09 | ROL 6] 2] 39 |RTS Inherent | 5| 1t | 69 | ROL 6+ |2+
0A | DEC 6 | 2| 3A | ABX 3] 1] 6A|DEC 6+ |2+
oB {* 3B | RTI 615 1| 68 | *

oC | INC 6 | 2 | 3C | CWAI >2f 2 | 6D | INC 6+{2+
0D | TST 6| 2| 3D MUL Inherent | 11| 1 | 60D | TST 6+ |2+
OE | JMP ' 3|l2|3€]" 6E | JMP ! 3+ |2+
OF | CLR Direct 6| 2| 3F | SwWI Inherent j 19{ 1 | 6F | CLR Indexed |6+ |2+
10 | Page 2 40 | NEGA Inherent | 2 | 1 70 | NEG Extended| 7 | 3

11 | Page 3 41 {° 71 i

12 | NOP Inherent | 2 1 42 1 72 {°

13 | SYNC Inherent | > 4] 1 43 | COMA 2 1 73 | COM 713

14 | ° 44 | LSRA 2 1 74 | LSR 7 3

15 | 45 | * I

16 | LBRA Relative | 5 | 3 | 46 | RORA 211 76 | ROR 7|3

17 | LBSR Relative 9 3 47 | ASRA 2 1 77 | ASR 7 3

18 |° 48 | ASLA, LSLA 2 1 78 | ASL, LSL 7 3

19 | DAA Inherent | 2 1 49 | ROLA 2 1 79 | ROL 713

1A | ORCC immed 3 2 | 4A | DECA 2 1 7A | DEC 7 3

18 | " 4B | ° mB

1C | ANDCC Immed 3 2 | AC | INCA 2 1 7C | INC 7 3

10 | SEX Inherent | 2 | 1 | 4D | TSTA 2 1 {70 |TST 713

1E | EXG Immed | 8 { 2 | 4E | ° ] 7€ | JMP ' 4|3

1F | TFR Immed 6 2 | 4F | CLRA Inherent | 2 | 1 | 7F | CLR Extended | 7 | 3

20 | BRA Relative | 3 | 2 | 50 | NEGB Inerent | 2 | 1 | B0 | SUBA Immed | 2 [ 2

21 | BRN 1 3 2 51 | °* 81 | CMPA 1 2 2

22 | BHI 3| 2]654° 82 | SBCA 2| 2

23 | BLS 3| 2| 53 jCOMB 2 1 | 83 | sueD 413

24 | BHS, BCC 3] 2| 5 |LSRB 2| 1] 84 | ANDA 21 2

25 | BLO, BCS 31 21]85 |° 85 | BITA 2412

26 | BNE 3| 21 5 [RORB 2] 1186 |LDA 2| 2

27 | BEQ 31 2| 57 | ASRB 2| 1] 87"

28 | BVC 3| 2] 58 | ASLB, LSLB 21 1] 8 | EORA 272

29 | BVS 3 2 59 | ROLB 2 1 89 | ADCA 2 2

2A { BPL 3| 2| 5A | DECB 21 1| 8A |ORA 212

28 | BMI 31258 |"* 88 | ADDA . 21 2

2C | BGE 31 2| 5C |INCB 2! 1] 8C jCMPX 413

2D | BLT 3| 2150 |TSTB 211 |8D|BSR Immed 7| 2

2E | BGT 1 312|585 |" 8E | LDX Relative | 3 | 3

2F | BLE Relative | 3 | 2 | 5F | CLRB Inherent | 2 | 1 | 8F }|* Immed
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Table 13 - Hexadecimal values of machine codes (Conlinued)

oP Mnem Mode ~| # 0P Mnem Mode -~ # | OP Mnem ] Mode l - [ #
90 | SUBA Direct 4 | 2| CO |Suss Immed 212 Page 2 and 3 Machine
91 | CMPA o 4 2 | Ct |CMPB _ - 2 2 Codes
92 | SBCA 4| 2} C2|sBC8 21 2
93 | suBD 6 | 2| C3|ADDD 4 | 3 [1021] LBRN Relative | 5 | 4
94 | ANDA 4 | 2 | C4 | ANDB 2 | 2 [1022] LBHI { 56y 4
95 | BITA 41 21Cs5|BITB immed | 2 | 2 [1023] LBLS 56)| 4
96 | LDA 41 21| Cs|LDB Immed 2 | 2 |1024| LBHS, LBCC 56); 4
97 | STA 41 21cC7}" 1025| LBCS, LBLO 56)] 4
98 | EORA “ 412 | C8 | EORB 2 | 2 [1026| LBNE 56); 4
99 | ADCA . 41 2| C9|ADCB 2 | 2 |1027]| LBEQ 56)| 4
SA [ ORA 41 21| CA|ORB 2] 2 |1028| LBVC 56)] 4
98 | ADDA 412 |CB|ADDB 2 | 2 [1028] LBVS 56)] 4
9C [ CMPX 6| 2| CC|LDD 3 | 3 [102A] LBPL 56)] 4
9D | JSR 712|CDO|" 1 1028 LBMI 5(6)| 4
9E | LDX 5| 2| CE|LDU immed 3 | 3 |102C| LBGE 56)| 4
9F | STX Direct 5| 2 |CF|" 102D| LBLY X6)| 4
102E| LBGT 5(6)| 4
AQ | SUBA Indexed |4+ |2+ | DO | SUBB Direct 4 2 [102F( LBLE Relative | 56)| 4
Al | CMPA 4+ 12+ | D1 jCMPB 4 | 2 |103F| swi2 Inherent | 20 [ 2
A2 | SBCA 4+ |2+ | D2 | SBCB 4 | 2 |1083| CMPD immed 5| 4
A3 | SuUBD 6+ |2+ | D3 | ADDO 6 1 2 1108C| CMPY | 51 4
A4 | ANDA 44 |2+ | D4 | ANDB 4 2 |108E]| LDY immed 4 | 4
AS | BITA 4+ |2+ | D5 | BITB 4 | 2 }1093| CMPD Direct 713
A6 | LDA 4+ |2+ | D6 |LDB 4 | 2 109C| CMPY 713
A7 | STA 4+ |2+ | D7 ; STB 4 | 2 |109e] LDY 6, 3
A8 | EORA 4+ |2+ DB | EORB 4 | 2 |109F| STY Direct 6 {3
A9 | ADCA 4+ |2+ | D9 | ADCB 4 2 110A3} CMPD Indexed |7+ |3+
AA | ORA 4+ |2+ | DA | ORB 4 | 2 |10AC| CMPY 7+ |3+
AB | ADDA 4+ 12+ | DB | ADDB 4 2 |10AE| LDY 6+ |3+
AC | CMPX 6+ 2+ | DC | LDD 5 2 [10AF| STY Indexed {6+ |3+
AD | JSR 7+ |2+ | DD | STD 5 | 2 |1083] CMPD Extended | 8 | 4
AE | LDX 5+ {2+ ] DE | LDU 5 2 110B8C| CMPY 8 4
AF [ STX Indexed {5+ |2+ | DF | STU Direct 5 2 [10BE| LDY 7 4
10BF}§ STY Extended| 7 | 4
BO | SUBA Extended}! 5 | 3 | EO | SuBB Indexed |4+ |2+ [10CE]| LDS immed 4 | 4
81 | CMPA 5| 3| Et]|CMPB 4+ |2+ HODE| LDS Direct 6 | 3
B2 | SBCA 51 3 | E2 { SBCB 4+ {2+ [10DF| STS Direct 6 [ 3
83 | suBD 7 3 | E3 { ADDD 6+ |2+ [10EE| LDS Indexed {6+ (3 +
B4 | ANDA 5| 3 | E4 | ANDB 4+ |2+ [10EF| STS Indexed {6+ |3+
85 | BITA 51| 3| ES5 |8BITB 4+ |2+ [WOFE| LDS Extended| 7 | 4
86 | LDA 53| E6 |LDB 44+ |2+ [10FF| STS Extended | 7 | 4
87 | STA 51 3| E7 |STB 4+ [2+ |113F| SWI3 Inherent | 20 | 2
B8 | EORA 5 | 3 | EB | EORB 4+ |2+ {1183] c™MPU Immed 5| 4
B9 | ADCA 5 3 E9 | ADCB 4+ |2+ |118C| CMPS Immed 5 4
BA | ORA 51 3| EA |ORB 4+ 12+ [1193]| CMPU Direct 713
88 | ADDA 5 3 | EB | ADDB 4+ {2+ [119C| CMPS Direct 7 3
8C | CMPX 71 3| EC|LDD 5+ |2+ |11A3| CMPU indexed {7+ (3 +
BD | JSR 8| 3| ED|STD 5+ |2+ |11AC| CMPS Indexed |7+ |3+
BE | LDX 6 | 3| EE |LDU S5+ |2+ 11183 CMPU Extended | 8 | 4
BF | STX Extended | 6 3 | EF | STU Indexed |5+ {2+ |11BC| CMPS Extended | 8 | 4
T
FO | Suss Extended| 5 | 3
Ft | CMPB 513
F2 | SBCB 51(3 h
F3 | ADDD 713
F4 | ANDB 5|3
F5 | BITB 513
F6 | LDB 513
F7 | STB 5|3
Note : All unused opcodes are F8 | EORB 5|3
undefined and itlegal. F9 { ADCB 513
A | ORB 5 3
FB | ADDB Extended| 5 | 3
FC | LDD Extended{ 6 | 3
FD | STD 6 [ 3
FE | LDV 6 | 3
FF { STU Extended| 6 | 3

Legend :
- Number of MPU cycles (less possible push pull or indexed-mode cycles)
# Number of program bytes
* Denotes unused opcode
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Addressing Modes
Instruction Forms |Immediate Direct Indexed | Extended | Inherent Description s|3[2]11]0
op| - |#|0p| -|#|op]-|#[Op|-|%|0p]-]|% HINlZ|V]C
ABX 3A1 3 [ 1]8B + X -+ X (Unsigned) ofnjefe]e
ADC ADCA 89 2[2]199] 4|2 A9{4+|2+|B9[ 513 A+M+C-~A TPt
ADCB C9| 2| 2|09] 4|2 |E9[4+]2+{F9| 53 8+M+C-—-8B AEREARRE
ADD ADOA 88| 2| 298| 4| 2 |aBla+|2+{BB| 5|3 A+M-A ARRRIRAN
ADDB ~ |CBj 2| 2iDB] 4| 2 |EB|4+|2+iFB]| 5| 3 B+M-—B PPty
ADDD C3| 4310362 (E3l6+|2+]F3} 713 D+MM+1-D N ERERERE
AND ANDA 84121 2194] 4|12 |A4]4+(24+|B4} 5| 3 AAM ~A olllt|0]e
ANDB C4} 2| 2(D4} 4| 2 [E4(4+[2+|F4| 5| 3 BAM-—-8B 1]11[0]e
ANDCC J1C} 3| 2 CC A IMM -+ CC 7
ASL ASLA 4812 11A - CIRE RN AR
s 2| 1|8 }0~{ITT—o 81 ]1]: 11
ASL 08{6]|268l6+[2+|78] 7|3 M’¢c by by Bltit|11
ASR ASRA 71211 ]A — CIREERERE
ASRB 5212 |1 |8 | I HuRt
ASR 07|16 | 2|6716+[2+}77]| 7|3 M b7 by ¢ 8l1liie]y
BIT BITA 851 2]12]95| 4|2 |A5|4+[2+]B5| 5|3 Bit Test A (M A A) siijtgo
BITB C5| 2] 21D5/ 4| 2 (ES5|14+12+|F5| 513 Bit Test B (M A\ B) el leio
CLR CLRA 4F| 2110 A «{oltlo010
CLRB 5F|2|110-—-8 «(O0|1}0]|0
CLR OF{ 6|2 |6F|6+]2+|?2F 72} 3 0 M «10]|110(0
CMP CMPA gti212|914]2[Aa1[4+]2+|B1}5}3 Compare M from A LIRBRERAR
CMPB Ci| 212DV 4] 2 (EV[4+]2+|F1} 5|3 Compare M from B glt]yit|e
CMPD 10154101713 (10[7+{3+(10]81}4 Compare M:M + 1 from D. AERERE]
83 9 A3 B3
CMPS M54 (N1 713(117+{3+|11]{814 Compare MM + 1 from S RRRERE
8C 9C AC BC ;
CMPU Misja|Mi713[17+13+)11;81|4 Compare MM + 1 from U AR R AR
: 83 a3 A3 B3
CMPX 8Cl4]131|9C|6]2]ACI6+[2+|BC| 73 Compare MM + 1 from X R R RN
CMPY 10]5{4|10]7]13{10{7+{3+/10]81}4 Compare M:M + 1 from Y AR REERE
8C 9C AC 8C
coM COMA aj2l1{A A «jtlttogn
comB s3(2]|1|B—8 <ttt {oin
COM 0316 21!6316+2+]73]7 13 M M sl1it 1o
CWAI acl>2 2 CC A IMM - Wait tor interrupt 7
DAA 19| 2 | 1 | Decimal adjust A e[1iL[O}?
DEC DECA Al2]1]A-1 A el lfd{i]e
DECB 5Al2)l1|(B-1-+8B ottt
DEC 0A| 6|2 |BAlB+|2+]7A| 7|3 M+1-M elad )]
EOR EORA 88]212)98)4)2 |ABM4+)2+|B8) 53 A YM- A o D}
EORB C8j2)2]D8|4)2 EBJ4+}2+|FB} 5|3 8 vYM-B et 1110}
EXG R1,R2 |1E| B} 2 R1 -+ R2! AR ERE
INC INCA ACI2 11 |A+1~A sl it il
INCB 5Cl211({8B8+1~-B sitit[t]e
INC 0C|6]|2[6CB+[2+{7C| 7|3 M+1 M alt it ft]e
JMP OE| 3|2 {6E|3+2+{7E[4 13 EAY - PC ejelelele
JSR ap| 7| 2 |AD|7+[2+]BD{ 8 | 3 Jump to subroutine elelele]e
LD LDA 862 (2196]4 2 A6j4+[2+(B6}| 5|3 M A sl 110
LDOB ce|l2|2{06|l4 )2 |E6[a+2+]F6]5 |3 M B slt1]t{of>
LoD CC|3|3|DC|5|2]|EC5+|]2+|FC{6 |3 MM +1 D sl 1110
LDS 104 |4[10(6]|3|106+3+{1017 |4 MM+ 1 -8 sf: 110}
CE DE EE FE
LDU CE|3|3|DE| 5|2 |EE|5S+[2+{FE| 6 |3 MM +1 U ofil 0]
LOX BE|3|3[9E|5|2 |AE[5+2+{BEj 6 {3 MM + 1 X sl [i1f0O]e
LDY 1004|410/ 6 13 |1016+|3+(10{ 7 |4 MM+ 1 - Y ef{1{1]0)
8E 9€E AE BE
Figure 19 : Programming AlD.
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Addressing Modes
instruction Forms |immediate] Direct Indexed | Extended | Inherent Description 513|2{t}{0
Op| - | #|0p| -1 #|0p| ~|#[Op| -|#|Op|-|# H(N|ZlvV]|C
LEA LEAS 214+ |2+ EAS - S eleo|e]o]e
LEAU AB3j4+{2+ EA3 - U NI
LEAX 30/4+i2+ EA3 ~ X eleltjele
LEAY 31j4+|2+ EAd - ¥ eloft]e]>
LSL LSLA 481211V ]A - . IRRRR
LSLB . |-, ss| 2 | 1|8 f(=~{TIIT=—- St
LSL : 08| 6] 2|68{6+(2+|78| 7|3 M7 c u bo . AERE
LSR LSRA aal2]1]a doltlel:
LSR 04| 6| 2]|64i6+|2+|74] 713 M 7 B c Jolt]e]
MUL 3D| 11} 1 | A x B -+ D (unsigned) eleflje]9
NEG NEGA 0l211A+1-A IR RN EAR
NEGB sof2{1|B+1-B CIRERRARAR
NEG ool 6| 2]|606+{2+{70| 7|3 M+t1-M AERERERR
NOP 121 2 | 1 | No operalion B EAERERL
OR ORA Bal 2] 29al 4] 2|AAja+|2+(BAI 513 AVM A JJilt]ol-
ORB cal2l2loal a2 eaja+i2+]|FA] 5|3 BVM --B elililole
ORCC 1A} 3] 2 CCVIMM -+ CC 7
PSH PSHS 346+ 2 Pull registers on S stack o elelele
PSHU 365+ Pull regislers on U stack efefeje]e
PUL PULS BB+Y 2 Push registers from S stack elafolole
PULY 7p+d 2 Push registers trom S stack ele]efo]e
ROL ROLA 4912 11A . ERERRER R
ROLB 5012118 } IERERRRER
ROL 00|6]2]|69l6+2+|79{ 7|3 M Y] b AN R RN
ROR RORA awl2|1]A - et el
ors Ry T R R
ROR 6| 6|2 |66[6+|2+{7617 (3 M c o7 bo R ERERE
RTI 38 |6/15) 1 } Return from interrupt 7
RTS 38| 5 | 1 | Return from subroutine ejeleajate
SBC SBCA g2l 2]2192(4a]2]|A2j4+]2+|B2|5]3 A-M-C-~A git|tit|!
secs c2l2]|2lp2) a2 |E2ja+f2+]F2]15|3 B-M-C-8 g{t{tfi]?
SEX 1D{ 2 | 1 ] Sign extend B into A e[ 1]t10]e
ST STA 97l 4 {2 |A7{4+2+|B7]1 513 A-M ofdtt]o] .
ST8 D7l 4| 2 |E7T|4+[24+F7[ 5|3 B-M REERALEE)
STD pD{ 51| 2 |ED|5+[2+|FD] 6 | 3 D-~-MM+ 1 el [1]0]
STS 106 |3{106+[3+|10]7 |4 S -+MM+ 1 el1]1]0]e
DF EF FF
STU oFl 5|2 |eEFls+j2+|FF| 63 U MM+ 1 eitlil]ofe
STX ofF| 5| 2 |AF5+[2+|BF| 6|3 X MM+ 1 et jtlO]e
STY 10]61{3]10 10|74 Y «MM + 1 oi1t]ole
9F AF 6+ |3+ |BF
sus SUBA 80| 2]2|90|4]|2ja0ja+[2+(BO|5 |3 A-M A CARERRRER
suBss col2)2|oolal2|E0ja+l2+jFO} S |3 B-M B 3R REERRR
SUBD g3l 4|31t93|6|2|A3i6+[2+iB3|7 |3 D-MM+1 D el
swi swi4 aF | 19| 1 | Soltware interrupt 1 efeofe]e
swi24 10]20| 2 | Soltware interrupt 2 e|ejole]e
3F
swia4 11]20] 1 | Software interrupt 3 elojo]eje
3F
Figure 19 : Programming AID {continued).
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To obtain total count, add the values obtained from the
INDEDEX ADDRESSING MODE table, Table 2.

At and A2 may be any pair of 8 bit or any pair of 16 bit
reqisters.

The 8 bit registers are : A, B, CC, DP

The 16 bit registers are: X, Y, U, S, D, PC.

EA is the effective address.

The PSH and PUL instructions require 5 cycles plus
1 cycle for each byte pushed or pulied.

Note 6:
Note 2:

Naote 7:

Note 8:

Note. 3: Note 9:

Note 4:

Addressing Modes

Instruction Forms |Immediate| Direct Indexed | Extended | Inherent Description 5(3t211]0
Op|-|#|Op| ~|#{Op|~|#!O0p|-|#]|0p]-|# H|N[Z{V|C

SYNC 13| 24| 1 | Synchronize 1o interrupt efeje]ef"
TFR R1, R2 IF|6]2 R1 -+ R22 ele|o|ele
TST TSTA 4Dj1 2| 1 | TestA el t| 110
TSTB | 5D} 21 1| TestB ot 1[0

TST - 00]{ 6| 2|6DB+12+|7D} 7|3 Test M «l1|1lof-

Note 1:This column gives a base cycle and byte count. Note 5:5(6) means: 5 cycles it branch not taken, 6 cycles if

taken (Branch instructions).

SWI Fse(s | and F bits. SWI2 and SWI3 do not aftfect |
and F.

Conditions Codes set as a direct reseult of the instruc-
tion.

Vaue of hall-carry flag is undefined.
Special Case — Carry set if b7 is SET.

Legend:

OP Operation Code (Hexadecimal)
Number of MPU Cycles
Number of Program Bytes
Anthmetic Plus
Arithmetic Minus
Multiply

Complement of M
Transfer Inlo

Half-carry (from bit 3)
Negative (sign byle)

Zero result

Overflow, 2's complement
Carry from ALU

o +%
o<NZI|Z

t Test and sel if true, cleared otherwise
Not Affected

Condition Code Register
Concatenation

Logical or

Logical and

Logical Exclusive or

€<

Figure 19 : Programming AID (continued).

Branch Instructions
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Addressing
Modes ;
Instruction Forms Description
Relative s{3fj2i1]0
Op|~5 # H{N|Z|V|C
BCC BCC 241 3|2 |BranchC =0 elaje|e]e
L8CC 10 {5i6)] 4 | Long branch elelefe]e
24 cC=0
BCS BCS 25| 3} 2| BranchC =1 e|o]ofafe
LB8CS 10 [5(6)] 4 | Long branch o|ojole]e
25 C=1
BEQ BEQ 27{3 [ 2[BranchZ = 1 sloefelefsn
LBEQ 1015(6)| 4 | Long branch sle|ele]e
27 Z2=0
BGE BGE 2C| 3| 2 | Branch > Zero ejeo|[e]e]w
LBGE 10|5(6)| 4 | Long branch > Zero eleols]|o]e
2C -
BGT BGT 2€| 3 { 2 | Branch > Zero efjojefefe
LBGT 10{5(6)| 4 | Long branch > Zero slelelo]|e
2€
BH! BHI 22| 3 | 2 | Branch higher ole|le]|efe
LBHI 10 {5(6){ 4 | Long branch higher e|o|of[e]e
22
BHS BHS 24| 3 | 2 | Branch higher or Same o|o|ejele
LBHS 10 |5(6)] 4 | Long branch higher or Same ofef[ojele
24
BLE BLE 2F| 3| 2 | Branch g Zero efoefelejs
LBLE 10 |56)| 4 | Long branch < Zero efoflo|e]e
2F
BLO BLO 251 3 | 2 | Branch lower eflef[elele
LBLO 10 |5(6)| 4 | Long branch Lower ele|ele]e
25
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Branch Instructions (Continued) v
Addressing
Modes
Instruction Forms Description
Retative §{3j2]t]|0
Op|-5| # B - HiNlZ|v|C
BLS BLS 23| 3 | 2 | Branch lower or Same slelelo]e
LBLS 10 |56} 4 | Long branch lower or same elelelel]e
23
BLTY BLT 20| 3 | 2 | Branch < Zero ele|e|e]e
LBLT. "] 10{56)] 4 | Long branch < Zero elojelele
20) -
BMI BMI 28| 3 | 2 | Branch minus olefole]e
LBMI 10 5(6) 4 LOﬂg branch < Minus elojeletoe
28
BNE BNE 26| 3|2{BranchZ =0 P P P R IS
LBNE 10|5(6)] 4 | Ltong branchZ 2 0 efajoele]s
2%
BPL 8PL 2A| 3 | 2 | Branch plus eleloe]o]e
LBPL 10 |5(6)] 4 | Long branch plus elelee]e
2A
BRA BRA 20 2 | Branch always eleflelele
LBRA 16| 5 | 3 [ Long branch always elofalale
BRN BRN 21| 3 | 2 | Branch never elote]e|e
LBRAN 10| 5| 4 { Long branch never e|lefafeje
21
BSR BSR 8D| 7 | 2 | Branch to subroutine e|lsjelele
LBSR 171 9 | 3 | Long branch to subroutine eloefe|le]e
BvC BvC 28| 3|2 |Branchv =0 : o lofo|e]e
LBVC 10[5(6)| 4 | Long branch V = 0 oleale|ale
28 ,
BvS BVS 293 2| BranchV =1 oje|ejeloe
LBVS 10 (56)} 4 | Long branchV = 1 : eleleleale
29
Simple branches
oP - # Signed conditional branches (Noles 1-4)
BRA 20 3 2 Test True op False op
LBRA 16 5 3
8RN 21 3 2 r>m BGT 2E BLE 2F
rzm BGE 2C BLT 20
LBRN 1021 § 4
r= BEQ 27 BNE 26
BSA 8D 7 2
LBSR 17 9 3 rgm BLE 2F BGT + 2
r<m BLT 20 B8GE 2C

Simple conditional branches (Notes 1-4)

Unsigned condtional branches (Notes 1-4)

Test True oP False oP Test True OoP False opP
N =1 BMI 28 BPL 2A r>m BHI 22 BLS 23
2 =1 B8EQ 27 BNE 26 ro:m BHS 24 BLO 25
V=1 BVS 29 BVC 28 r=m BEQ 27 BNE 26
cC=1 BCS 25 BCC 24 rsm BLS 23 BHI 22
r<m BLO 2 BHS 24

Note 1: All conditional branches have both short and long variations.

Note 2:
Note 3:
Note 4:
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All short branches are two bytes and require three cycles.
All conditional long branches are formed by prefixing the short opcode with $10 and using a 16-bit destination offset.
All conditional long branches require four bytes and six cycles it the branch is taken or five if the branch is not taken.
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7 - PREPARATION FOR DELIVERY

7.1 - Packaging
Microcircuit are prepared for delivery in accordance with MIL-M-38510 or CECC 90000.

7.2 - Certificate of cdmpliance -

TMS offers a certificale of compliance with each shipment of parts, affirming the prodcuts are in compliance either with
MIL-STD-883 or CECC 90000 and guarantying the parameters are tested at extreme temperatures for the entire lemperature
range.

8 - HANDLING

MOS devices must‘be'handled with certain precautions to avoid damage due to accumulation of static charge. input proctec-
tion devices have been designed in the chip to minimize the effect of this static buildup. Howerver, the following handling
practices are recommended :

a) Device should be handled on benches with conductive and grounded surface.
b) Ground test equipement, tools and operator.

¢) Do not handie devices by the leads.

d) Store devices in conductive foam or carriers.

e) Avoid use of plastic, rubber, or silk in MOS areas.»

f) Maintain relative humidity above 50%, if practical.

9 . PACKAGE MECHANICAL DATA
9.1 - DIL 40: Ceramic Cerdip package

NI
N c|le
Qles ==
WS ; s
- o
3|3 o
Wm?ﬁ’ —__—I@
+.0006
100 +.006 018 Typ o
AL 025¢*
2.54 :0.15 0.46 Typ
§ v
=]
ol n .660 +.020
8IS 1676 1057
- 40 21
1 Y ;
2.050 2.012 )
52.07 £0.30

47152

/) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX



EF 6809 ¥

9.2 - DIL 40: Ceramic Side Brazed package
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9.3 - LCCC 44: Leadless Ceramic Chip Carrier
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10 - TERMINAL CONNECTIONS

10.1 - DIL 40 pin assignment

vgs fj1-e 00 HALT
Nmi [ 2 39 {1 XTAL
RQ (3 3801 ex1AL
FIRQ (4 37 ReseET
BsS (s 36 {1 MRDY
BA (S 350Q
o vee ff 7 MPE
A0 lls 33]) DMA / BREQ
A {9 20R/IW
A2010 31{1 Do
A3 {111 20} D1
A4 {112 2901 D2
A5 013 28{) D3
A6 14 27 Da
a7 Qs 26 DS
A8 16 251 D6
Ag 7 24P D7
a0 018 23 a1s
Al Q9 22 A4
a12 Q20 210 A13
10.2 - LCCC 44 pin assignment
o
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IR
vec g7 O »pQ
Ao (s 8 E
Al fe 37 ) OMA / BRFQ
a2 o WPRIW
NC QN 30 NC
NC (12 34 ) DO
A3 (] 13 np o
Ad 1a 320 02
A5 {115 npos
A6 (16 30 D4
A7 17 200 D5
| 222 sXRILRRE )
L I S R S g e g o g e gy e gy e gy v gy e gy o
223558331258 '
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11 - ORDERING INFORMATION
11.1 - Hi-REL product

Commercial TMS Norms Package Temperature range Frequency |Drawing number
Part-Number Te (°C) {MH2)
(see Note) - -
EF6809JMG/B* NFC 96883 - Class G DiL Cerdip ~55171 +125 1 Data-sheet
EF6809CMG/B NFC 96883 - Class G DIL side brazed ~55/1 +125 1 Data-sheet
EF6809EMG/8 \NFC 96883 - Class G LCCC -55/1 +125 1 Data-sheet
EF68A09JMG/B* ) NEC 96883 - Class G DIL Cerdip -85/ +125 15 Data-sheet
EFs&AOQCMGIB" NFC 96883 - Class G DIL side brazed -85/ +125 1.5 Data-sheet
EF68A09EMG/B | NFC 96883 - Class G LCCC ~-55/ +125 1.5 Data-sheet
EF6809JMB/C” MIL STD 883 - Class B DIL Cerdip ~-551 +125 1 Data-sheet
EF6809CMB/C MIL STD 883 - Class B DIL side brazed -55/ +125 1 Data-sheet
EF6809E1MB/T TMS - Class B LCccC -55/ +125 1 Data-sheet
EF68A09JMBIC* | MIL STD 883 - Class B DiL Cerdip -551 +125 1.5 Data-sheet
EFB68A09CMBIC | MIL STD 883 - Class B DIL side brazed -551 +125 1.5 Data-sheet
EFB68A09EIMBIT | TMS - Class B LCCC -55/ +125 1.5 Data-sheet
* . Preferred package.
Note : THOMSON COMPOSANTS MILITAIRES ET SPATIAUX.
11.2 - Standard product
Commercial TMS Norms Package Temperature range Frequency |Drawing number
Part-Number Te (°C) {MH2)
(see Nole)
EFB809CV TMS standard DIL side brazed -40/ +85 1 Data sheet
EF6809JV*" TMS standard Cerdip DIL -40/ +85 1 Data sheet
EF68A09CV TMS standard DIL side brazed ~40/ +85 15 Data sheet
EF68A09JV* TMS standard Cerdip DIL -40/ +85 1.5 Data sheet
EF6809JM* TMS standard Cerdip DIL ~55/ +125 1 Data sheet
EFG809EM TMS standard LCCC -551 +125 1 Data sheet
EF6809CM TMS standard Side brazed DIL ~55/1 +125 1 Data:sheet
EF68A09JM* TMS standard Cerdip DIL ~-551 +125 1.5 Data sheet
EFB8A09EM TMS standard LCCC ~551 +125 1.5 Data sheet
EFBBA09CM TMS standard Side brazed DIL —-5517 +125 1.5 Data sheet
EF6809C TMS standard DIL side brazed 0/ +70 1 Data sheet
EF6809J° TMS standard Cerdip DIL 0/ +70 1 Data sheet
EF68A09C TMS standard DIL side brazed 0/ +70 1.5 Data sheet
EF68A09J* TMS standard Cerdip DIL 0/ +70 1.5 Data sheet
EF68B09J* TMS standard Cerdip DIL 0/ +70 2 Data sheet
* - J package is the preferred package.
Note : THOMSON COMPOSANTS MILITAIRES ET SPATIAUX.
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EF6809 E

Type

—lsackages :

C = Ceramic DIL

€ = Ceramic LCCC

El = LCC + Hot solder DIP
J = Tin dipped cerdip DIL (*)

T

Lead finish

__= GOLD (exept cerdip)
1 = Tinned 883C B/C

7 = Tinned CECC B/Y

8 = Golded CECC B/Y

—

*) preferred package

BT

|

Screening:

___ = Standard

G/B = NFC 96883 CI.G

B/C = MIL STD 883 CI.B

By = CECC 90000 C1.8

B/T = according 1o MIL STD 883
class B

1]

Temperature / Tcase:

M = -55°C / +125°C
V = -40°C / +85'C
—=0/ +70°C

51/52
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intormation lurnished is believed to be accurale and reliabte. However THOMSON COMPOSANTS MILITAIRES\ET

SPATIAUX assumes no responsabilily for the consequences ol use of such information nor tor any infringement of

patents or other rights ol third parties which may result from its use. No license is granted by implicalion or otherwise

under any patent or patent rights of THOMSON COMPOSANTS MILITAIRES ET SPATIAUX. Specilications mentioned in .

this publication are subject to change without notice. This publication supersedes and replaces all inlormation
previously supplied. THOMSON COMPOSANTS MILITAIRES ET SPATIAUX products are not authorized for use as critical
components in life support devices or syslems without express wrilten approval from THOMSON COMPOSANTS
MILITAIRES ET SPATIAUX. © 1992 THOMSON COMPOSANTS MILITAIRES ET SPATIAUX - Printed in France - All rights

reserved.

This producl is manufactured and commercialized by THOMSON COMPOSANTS MILITAIRES ET SPATIAUX -
38521 SAINT-EGREVE { FRANCE.

For turther information please contact : THOMSON COMPONENTS AND TUBES CORPORATION - 40G Commerce Way -
TOTOWA - NEW JERSEY 07511/ Tel : (201) 8129000/ Fax : (201) 812-9050.
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