I\ THOMSON COMPOSANTS
MILITAIRES ET SPATIAUX EF 6802

8-BIT MICROPROCESSOR WITH INTERNAL CLOCK

DESCRIPTION

he EF 6802 is a monolithic 8-bit microprocessor that
contains all the registers and accumulators of the present
EF 6800 plus an internal clock oscillator and driver on the
same chip. In addition, the EF 6802 has 128 bytes of on-
board RAM located at hex addresses $0000 to $007F. The
first 32 bytes of RAM, at hex addresses $0000 to $001F, may
be retained in a low power mode by utilizing VoG standby ;
thus, facilitating memory retention during a power-down si-
tuation.

The EF 6802 is completely software compatible with the
EF 6800 as well as the entire EF 6300 family of parts. Hen-
ce, the EF 6802 is expandable to 64 K words. C sutfix

DIL 40
Ceramic side brazed

MAIN FEATURES

B On-chip clock circuit.
m 128 x 8 bit on-chip RAM: J suffix

W 32 bytes of RAM are retainable. DIL 40

W Software-compatible with the EF 6800. Cerdip ceramic
B Expandable to 64 K words.

B Standard TTL-compatible inputs and outputs.
m 8-bit word size.

B 16-bit memory addressing.

8 Interrupt capability.

B Two available versions : EF 6802 (1.0 MHz),
EF 68A02 (1.5 MH2).

W EF 68B02J (2 MHz in 0-70°C).

E suffix
LCCC 44
Leadiess ceramic chip carrier

SCREENING / QUALITY

This product is manufactured in full compliance with ei-
ther : See the ordering information page 27.
# MIL-STD-883 {class B).

) Pin connection : see page 25.
| or according to TMS standards.
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EF 6802

A - GENERAL DESCRIPTION

1 - EF 6802 EXPANDED BLOCK DIAGRAM
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Figure 1: Expanded biock diagram.
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Figure 2.1 : DIL terminal designation. Figure 2.2 : LCCC terminal designation.
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EF 6802

2 . SIGNAL DESCRIPTION

Proper operation of the MPU requires that certain control and timing signals be provided to accomplish specific functions and
that other signal lines be monitored to determine the state of the processor. These control and timing signals are similar to
those of the EF 6800 except that TSC, DBE, @1, @2 input, and two unused pins have been eliminated, and the following signal
and timing lines have been added :

RAM Enable (RE)

Crystal connections EXTAL and XTAL
Memory Ready (MR}

Vg standby

Enable ©2 output (E)

The following is a summary of the MPU signals :

ADDRESS BUS (A0-A15)

Sixteen pins are used of the address bus. The outputs are capable of driving one standard TTL load and 90 pF. These lines do
not have three-state capability.

DATA BUS (D0-D7)

Eight pins are used for the data bus. It is bidirectional, transferring data to and from the memory and peripheral devices. It alos
three-state output buffers capable of driving one standard TTL load and 130 pF.

Data bus will be in the output mode when the internal RAM is accessed and RE will be high. This prohibits external data ente-
ring the MPU. It should be noted that the internal RAM is fully decoded form $0000 to $007F. External RAM at $0000 to $007F
must be disabled when internal RAM is accessed.

HALT

When this input is in the low state, all activity in the machine will be halted. This input is level sensitive. In the HALT mode,
the machine will stop at the end of an instruction, bus available wili be at a high state, valid memory address will be at a low
state. The addess bus will display the address of the next instruction.

To ensure single instruction operation, transition of the HALT line must occur tpcg before the falling edge of E and the HALT
line must go high for one clock cycle.

HALT should be tied high if not used. This is good engineering design practice in general and necessary to ensure proper ope-
ration of the part.

READ/WRITE (RIW)

This TTL-compatible output signals the peripherals and memory devices whether the MPU is in a read (high) or write (low) sta-
te. The normal standby state of this signal is read (high). When the processor is haited, it wilt be in the read state. This output
is capable of driving one standard TTL load and 90 pF.

VALID MEMORY ADDRESS (VMA)

This output indicates to peripheral devices that there is a valid address on the address bus. In normal operation, this signal
should be utilized for enabling peripheral interfaces such as the PIA and ACIA. This signal is not three-state. One standard TTL
load and 90 pF may be directly driven by this active high signal.

BUS AVAILABLE (BA)

The bus available signal will normally be in the low state ; when activated, it will go to the high stae indicating that the micro-
processor has stopped and that the address bus is available (but not in a three-state condition). This will occur if the HALT line
is in the low state or the processor is in the WAIT state as a resuit of the execution of a WAIT instruction. At such time, all
three-state output drivers will go to their off-state and other outputs to their normaily inactive level. The procesor is removed
from the WAIT state by the occurrence of a maskable (mask bit 1 = 0) or nonmaskable interrupt. This output is capable of dri-
ving one standard TTL load and 30 pF.

INTERRUPT REQUEST (IRQ)

A low level on this input requests that an interrupt sequence be generated within the machine. The processor will wait until
it completes the current instruction that is being executed before it recognizes the request. At that time, if the interrupt mask
bit in the condition code register is not set, the machine will begin an interrupt sequence. The index register, program counter,
accumulators, and condition code register are stored away on the stack. Next the MPU will respond to the interrupt request
by setting the interrupt mask bit high so that no further interrupts may occur. At the end of the cycle, a 16-bit vectoring address
which is located in memory locations $FFF8 and $FFF9 is loaded which causes the MPU to branch to an interrupt routine in
memory.

The HALT line must be in the high state for.interrupts to be serviced. Interrupts will be latched internally while HALT is
low.

A nominal 3 ki pullup resistor to Ve should be used for wire-OR and optimum contral of interrupts. IRQ may be tied directly
to Vo if not used.
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ESET

his input is used to reset and start the MPU from a power-down condition, resulting from a power failure or an initial start-up
f the processor. When this line is low, the MPU is inactive and the information in the registers will be lost. If a high level is
etected on the input, this will signal the MPU to begin the restart sequence. This will start execution of a routine to initialize
he processor from its reset condition. All the higher order address lines will be forced high. For the restart, the last two ($FF-
E, $FFFF) locations in memory will be used to load the program that is addressed by the program counter. During the restart
outine, the interrrupt mask bit is set and must be reset before the MPU can be interrupted by IRQ. Power-up and reset timing
nd power-down sequences shown in Figures 3 and 4, respectively.

ESET, when brought low, must be held low at least three clock cycles. This allows adequate time to respond internally to the
eset. This is independent of the t;c power-up reset that is required.

hen RESET is released it must go through the low-to-high threshold without bouncing, oscillating, or otherwise causing an
rroneous reset (less than three clock cycles). This may cause improper MPU operation until the next valid reset.

ON-MASKABLE INTERRUPT (NMI)

low-going edge on this input request that a non-maskable interrupt sequence be generated within the processor. As with the
nterrupt request signal, the processor will complete the current instruction that is being executed before it recognizes the
MI signal. The interrupt mask bit in the condition code register has no effect on NMI.

he index register, program counter, accumulators, and condition code registers are stored away on the stack. At the end of
he cycle, a 16-bit vectoring address which is located in memory locations $FFFC and $FFFD is loaded causing the MPU to
ranch to an interrupt service routine in memory.

nominal 3 k@ pullup resitor to Vo should be used for wire-OR and optimum control of interrupts. NMI may be tied directly
0 Vg if not used.
nputs 1RQ and NMI are hardware interrupt lines that are sampled when E is high and will start the interrupt routine on a low

following the completion of an instruction.

igure 5 is a flowchart describing the major decision paths and interrupt vectors of the microprocessor. Table 1 gives the me-

ory map for interrupt vectors.

Option 1
(See Note Below!

—

Option 2
h— pCt

(See Figure 10 for
Figure 3: Power-up and reset timing.

Power-down Condition}

PCr
NOTE: If option 1 is chosen, RESET and RE pins can be tied together.
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EF 6802

Table 1 - Memory map for interrupt vectors

Vector vee -W 475V
Description
MS I Ls
$FFFE $FFFF Restart
$FFFC $FFFD Non-maskable interrupt
$FFFA $FFFB Software interrupt
$FFF8 $FFF9 Interrupt request
Figure 4 : Power down sequence.
Start Sequence
$FFFE, $FFEF
/
Y
2 mart
Machine No
on Halt
p— Y
Yes @ W >
No No
Y
2o e
No
Yes Mask Na
On
y
. Execute
Fetch Instruction Interrupt Routine
Execute
Instruction N LiJe!
SFFFC $FFF8
$FFED $FFF9

Figure 5: MPU flowchart.
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EF 6802

Vi N
368 MHz | 27 pF 77 pf
38 2 MHz 77 pF 27 oF
D 0 6 MHz 2 pF 20 pF
COU(I Y1 I Cin 8 MHz 18 pF 18 pF
' Crystal Loading
IDL
AT
Y1
L 3 Rs
_1. "__—
co
Nominal Crystal P,
3.58 MHz 4.0 MHz 6.0 MHz 8.0 Mz
Rs 50 0 500 050 0 20400
0 35 pF 6.5 pF T6pF TBpF
€1 | 0015 pF 0.0% pF | 0.01-002 pF | 0.01-0.02 pF
Q > 40K >30K > 20K S20K

- *These are representative AT-cut perallel resonance crystal parameters only.
Crystals of other types of cuts may also be used.

Figure 8 : Crystal specification.

Example of Board Design Using the Crystal Oscillator

L—ZO mm max—-3s4

2
;{//

/Olher Signals are Not Wired in this Area

stal

‘4—20 mm max——34

E Signal is Wired Apart from 38 Pin
/ and 39 Pin

E

Figure 7 : Suggested PC board layout.
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EF 6802

axty
Osciilator

EXTAL
XTAL

II’J& 8

EF6892

Memory Ready
D~ Generated from

CS Logic
SN74L574
Figure 8 : Memory ready synchronization.
E Clock Stretch
tpCs tPCsS
08V o8V

The E clock will be stretched at end of E high of the cycle during which MR negative meets the tpcs setup time. The tpCs setup time is
referenced 1o the fall of €. If the tpcg setup time is not met, E will be stretched at the end of the next E-high % cycle. E will be stretched in in-
tegral multiples of % cydles.

Resuming E Clocking

fe—>{tpcs fe—>tipcs fe—mtipcs le—mftpcs
[ ] LI

| ! |
Stretched E ) \ | l

" il

The E clock will resume normal operation at the end of the % cycle during which MR assertion meets the tpcg setup time. The tpCS setup time
is referenced to transitions of E were it not stretched. If tpCg setup time is not met, E will fall at the second possible transition time after MR is
asserted. There is no direct means of determining when the tpcg references occur, unless the synchronizing circuit of Figure 14 is used.

Figure 9 : MR negative setup time requirement.
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EF 6802

RAM ENABLE

A TTL-comaptible RAM enable input controls the on-chip RAM of the EF 6802. When placed in the high state, the on-chip me-
mory is enabled to respond to the MPU controls. In the low state, RAM is disabled. This pin may also be utilized to disable rea-
ding and writing the on-chip RAM during a power-down situation. RAM enable must be low three cycles before Voc goes
below 4.75 V during power-down. RE should be tied to the correct high or low state if not used.

EXTAL AND XTAL

These inputs are used for the internal oscillator that may be crystal controlled. These connections are for a parallel resonant
fundamental crystal {see Figure 6). (AT-cut) A divide-by-four circuit has been added so a 4 MHz crystal may be used in lieu of
a 1 MHz crystal for a more cost-effective system. An example of the crystal circuit layout is shown in Figure 7. Pin 39 may be
driven externally by a TTL input signal four times the required E clock frequency. Pin 38 is to be grounded.

An RC network is not directly usable as a frequency source on pins 38 and 39. An RC network type TTL or CMOS oscillator will
work well as long as the TTL or CMOS output drives the on-chip oscillator.

LC networks are not recommended to be used in place of the crystal.

If an external clock Is used, it may not be halted for more than tpyy ;| . The EF 6802 is a dynamic part except of the internal
RAM, and requires the external clock to retain information.

MEMORY READY (MR)

MR is a TTL-compatible input signal controlling the stretching of E. Use of MR requires synchronization with the 4xfp signal,
as shown in Figure 8. When MR is high, E will be in normal operation. When MR is low, E will ve stretched integral numbers
of half periods, thus allowing interface to slow memories. Memory Ready timing is shown in Figure 9.

MR should be tied high (connected directly to Vo) if not used. This is necessary to ensure operation of the part. A maximum
stretch is teyc. . .
ENABLE (E)

This pin supplies the clock for the MPU and the rest of the system. This is a single-phase, TTL-compatible clock. This clock
may be conditioned by a memory read signal. This is equivalent to 52 on the EF 6800. This output is capable of driving one
standard TTL load and 130 pF.

Vee STANDBY

This pin supplies the dc voltage to the first 32 bytes of RAM as well as the RAM Enable {RE) control logic. Thus, retention of
data in this portion of the RAM on a power-up, power-down, or standby condition is guaranteed. Maximum current drain at Vgg
maximum is IgBB-

B - DETAILED SPECIFICATIONS

1 - SCOPE

This drawing describes the specific requirements for the microprocessor EF 6802 1 and 1.5 MHz, in compliance either with
MIL-STD-883 class B.

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 - Generat
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 is shown in Figures 2.1 and 2.2.

3.2.2 - Load material and finish
Lead material and finish shall be any option of MIL-M-38510 except 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 of
MIL-M-38510 appendix C {when defined) :

- 40 lead DIP for side brazed and cerdip dual in line
- 44 terminals SQ LCCC.

The precise case outlines are described on § 9.
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EF 6802

3.3 - Electrical characteristics
3.3.1 - Absolute maximum ratings (see Tabie 2)

Table 2
Symbol Parameter Test conditions Min Max Unit
vee Supply voltage -03 +7.0 v
\ Input voitage -0.3 +7.0 v
Pdmax | Max Power dissipation Toase = ~5°C 15 w
Tecase = +125°C 07 w
M suffix 6802/68A02 f = 1and 1.5 MHz —55 +125 °C
Tcase Operating temperature | V suffix 6802/68A02 f =1and 15 MHz -40 +85 °C
No suffix 6802/68A02/68B02 f =1,15and 2 MHz 0 +70 °C
Tstg Storage temperature ' -55 +150 °C
Tj Junction temperature +170 °C
Teads Lead temperature Max 5 sec. soldering +270 °C

Note : This input contains circuitry to protect the inputs against damage due to high static voltages or electric fields ; howe-
ver, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltage vol-
tages to this high impedance circuit. Reliability of operation is enhanced if unused inputs are tied to an appropriate logic vol-
tage level (e.g., either Vgg or Vi)

3.4 - Thermal characteristics (at 25°C)

Table 3
Package Symbol Parameter Value Unit
DIL 40 0 JA Thermal resistance - Ceramic junction to ambient 45 °CIW
Side brazed 8Jc Thermal resistance - Ceramic junction to case 10 °CwW
DIL 40 Cerdi @ Ja Thermal resistance - Ceramic junction to ambient 45 °C/W
P ¢ Jc Thermal resistance - Ceramic junction to case 10 °CIwW
LGCG 44 g JAa Thermal resistance - Ceramic junction to ambient 42 °CW
8 Jc Thermal resistance - Ceramic junction to case 15 °CW

Power considerations )
The average chip-junction temperature, T, in °C can be obtained from :

Ty =Ta + (PD*4yA) m
TA = Ambient Temperature, °C .
6ya = Package Thérmal Resistance, Junction-to-Ambient, °C/IW
PD = PINT + Pljo
PINT = Icc x Ve, Watts — Chip Internal Power
P)jo = Power Dissipation on Input and Output Pins — User Determined

For most applications'Puo < P)NT and can be neglected.
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An approximate reliationship between Pp and T (if Pyo is negiected) is:
Pp = K: (Ty + 273 @

Solving equations (1) and (2) for K gives: :
. K = Ppe(TA + 273) + 64a * Pp2 3
where K is a constant pertaining to the particular part K can be determined from equation (3) by measuring Pp (at equilibrium)

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

The total thermal resistance of a package (6ya) can be separated into two components, #)¢ and 8CA, representing the barrier
to heat fiow from the semiconductor junction to the package (case), surface (8)c) and from the case to the outside ambient
{8ca)- These terms are related by the equation :

64a = 64C + fCA @
64c is device related and cannot be influenced by the user. However, 6Ca 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 §ca so that 854 approximately equals 8J¢. Substitution of 8yc for 64 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 - Counlry of manufacturing

4 - QUALITY CONFORMANCE INSPECTION
4.1 - 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 lot. Group C and D inspection are performed on a periodical basis.

5 - ELECTRICAL CHARACTERISTICS

5.1 - General requirements

All static and dynamic electrical characteristics 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.

For static characteristics, test methods refer to 1EC 748-2 method number, where existing.
For dynamic characteristics (Table 5), test methods refer to-clause 5.4 hereafter of this specification.
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EF 6802

5.2 - Static characteristics

Table 4 - DC electrical characteristics
Voe = 50Vge 5% ; Vgs = -55°C € Tg € +125°C, unless otherwise noted

Symbol Characteristic Min Typ Max Unit
) Logic, EXTAL | Vsg +20 Voo v
ViH Input high voltage RESET | Vg +40 Vog v
VIL Input low voltage Logic, EXTAL, RESET | Vgg -03 Vgs -038 \'
lin Input leakage current (Vin = 0 to 5.25 V, Voo = max) Logic 1.0 25 7.3
Output high voltage
(load = —205 ¢A, Voc = min) . __ DO0-D7 § Vg +24 '
VoH (llpad = —145 pA, VoC = min) AO0-A15, RIW, VMA, E | Vgg +24 \
(load = —100 kA, Voo = min) BA | Vgg +24 \
VoL Output low voltage (lioag = 1.6 MA, VoG = min) Vgs +0.4 v
PINT Internal power dissipation {(measured at To = —55°C) 0.750 15 w
VsSBB Power down 4.0 5.25 v
Vgg | VOC standby Power up | 475 5.25 v
1sBB Standby current 8.0 mA
Capacitance (see Note)
Cin (Vin = 0, TA 25°C, f = 1.0 MHz D0-D7 10 125 pF
Logic inputs, EXTAL 6.5 10 pF
Cout AC-A15, RIW, VMA 12 pF

* In power-down mode, maximum power dissipation is less than 42 mw.
Note : Capacitances are periodically sampled rather than 100 % tested.

5.3 - Dynamic (switching) characteristics

The limits and values given in this section apply over the full case temperature range —55°C to + 125°C and Vg in the range
475V10525V, V)L = 08Vand V|4 = 20 V.

Table 5 - Control timing

Vo =50V £56% ; Vgs =0 ; -55°C < T < +125°C (unless otherwise noted)
Symbol Characteristics EF 6802 EF 68402 EF 65502 Unit
Min Max Min Max Min Max
fo Frequency of operation ' 0.1 1.0 0.1 1.5 01 20 MHz
fXTAL Crystal frequency 1.0 4.0 1.0 6.0 10 8.0 MHz
axfo External oscillator frequency 04 4.0 0.4 6.0 0.4 8.0 MHz
tre Crystal oscillator start up time 100 100 100 ms

Processor controls
(HALT, MR, RE, RESET, IRQ, \MI)

X tPCtS grocessor contro: setup time | 200 140 110 ns
PCr tPCf rocessor control rigse and fall time
(Does not apply to RESET) 100 100 100 ns
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EF 6802

Table 6 - Bus timing characteristics

\dent EF 6802 EF 68A02 EF 68B02
Symbol Characterlistics Unit
Number Min Max Min Max Min Max
toye 1 Cycle time 1.0 10 0.667 10 0.5 10 us
PWEL 2 Pulse width, E low 450 5000 280 5000 210 5000 ns
PWEH 3 Pulse width, E high 450 9500 280 9700 220 9700 ns
tr, tf 4 Clock rise and fall time 25 25 25 ns
tAH 9 Address hold time* 20 20 20 ns
tav1 12 Non-muxed address valid time 160 100 50 ns
tave to E (see Note 1) 270 ns
tpsSR 17 Read data setup time 100 70 60 ns
tDHR 18 Read data hold time 10 10 10 ns
tDDW 19 | Write data delay time 225 170 160 ns
tDHW 21 Wirite data hold time* 30 20 20 ns
tace 2 g::blfofg‘;‘fss time 535 335 235 ns

* Address and data hold times periodically tested rather than 100 % tested.

Note 1: If programs are not executed from on-hoard RAM, TAV1 applies. If programs are to be stored and executed from
on board RAM, TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply.
Programs cannot be executed fron on-board RAM when using A parts (EF 68A02). On-board RAM can be used for
data storage with all parts.

| Note 2: Usable access time is computed by: 12 + 3 + 4 — 17.

) ©®
—u'«@ . —v+@
KXX

R/W. Address
{Non-Muxed} s
<l® @ <
Read Data K MPU Read Data Non Muxed E_
Non-Muxed 4 N L
77\ ote
<€ 29
A

® - O

Non-Muxed ¥

Write Data X

21 )
Note 1: Usable access time is computed by : 12 + 3 + 4 — 17, O

Figure 10 : Bus timing.
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EF 6802

5.4 - Test conditions specific to the device
5.4.1 - Loading network
Figure 11 here below show the loading network applicable two the previous timing table.

a7V
R =22kQ
C=130pF for DO-D7. E _ Test Point ';,” ;;fis_
=90 pF for AG-A15, R/W, and VMA
=30 pF for BA Cc R
R=117k for DO-D7, E __ 1N916
=16.5 kfd for AD-A16, R/W, and VMA or Equiv.
=24 k2 for BA
- =

Figure 11: Bus timing test load.

800 ——T—T—T 80— 11—
| (oK ~-205 pA max 824 V L OH - -145 pA max @ 24V
| loL=1.6mAman@04V QL= 16mAmax @04V
500F ypp =50V 600 FV'CC =50V
L Ta-25C -Ta-25C
400 B!
2 s 00 Address, VMA
H Y
= 300 £ 300
It
g m = 8 bt — 1 [’V
e
100 100
0 L i:vcludef stray fapacisance 0 1 Cy includes stray capacitance
— i, |
[ 100 200 300 400 500 600 100 200 300 400 500 60
Cy. LOAD CAPACITANCE (pF) C(. LOAD CAPACITANCE (pF)
Figuwre 12: Typig:al data bus output delay versus capacitive Figure 13 : Typical read/write, VMA and address output dela!
loading. versus capacitive loading.
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EF 6802

6 - FUNCTIONAL DESCRIPTION

6.1 - MPU registers

A general block diagram of the EF 6802 is shown in Figure 1. As shown, the number and configuration of the registers are the
same as for the EF 6800. The 128x8-bit RAM * has been added to the basic MPU. The firs 32 bytes can be retained during
power-up and power-down conditins via the RE signal.

The MPU has three 16-bit registers and three 8-bit registers available for use by the programmer (Figure 14).

* If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAV2 applies.
For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board RAM when
using A part (EF 68A03). On-board RAM can be used for data storage with all parts.

| PROGRAM COUNTER

The program counter is a two byte (16-bit) register that points to the current program address.

STACK POINTER

The stack pointer is a two byte registr that contains the address of the next available location in an external push-down/pop-up
stack. This stack is normally a random access read/write memory that may have any location (address) that is convenient. In
those applications that require storage of information in the stack when power is lost, the stack must be non-volatile.

INDEX REGISTER
The index register is a two byte register that is used to store data or a 16-bit memory address for the indexed mode of memory
addressing.

ACCUMULATORS
The MPU contains two 8-bit accumulators that are used to hold operands and results from an arithmetic logic unit (ALU).

CONDITION CODE REGISTER

The condition code register indicates the results of an Arithmetic Logic Unit operation : Negative {N), Zero (Z), Overflow (V),
Carry from bit 7 (C), and Half Carry from bit 3 (H). These bits of the Condition Code Register are used as testable conditions
for the conditional branch instructions. Bit 4 is the interrupt mask bit (1). The unused bits of the Condition Code Register (b6
and b7) are ones.

Figure 15 shows the order of saving the microprocessor status within the stack.

6.2 - MPU instruction set

The instruction set has 72 different instructions. Included are binary and binary and decimal arithmetic, logical, shift, rotate,
load, store, conditional or unconditional branch, interrupt and stack manipulation instructins (Tables 7 through 11). The ins-
truction set is the same as that for the EF 6800.

? 0
lI Accumulator A
7 o
| ACCB Accumulator B.
16 0
I X Index Register
15 o
l PC J Program Counter
15 o
| SP I Stack Pointer:
7 0

| ‘ | condition Cades
1j1|Hj1IN|2ZIV|C Register

l— Carry (From 8it 7)

Ovarflow

Zero

Negative

Interrupt

Half Carry (From Bit 3)

Figure 14 : Programming model of the microprocessing unit.
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6.3 - MPU addressing modes

There are seven address modes that can be used by a programmer, with the addressing mode a function of both the type of
instruction and the coding within the instruction. A summary of the addressing modes for a particular instruction can be found
in Table 12 along with the associated instruction execution time that is given in machine cycles. With a bus frequency of 1
MHz, these times would be microseconds. :

ACCUMULATOR (ACCX) ADDRESSING
In accumulator only addressing, either accumulator A or accumulator B is specified. These are one-byte instructions.

IMMEDIATE ADDRESSING

In immediate addressing, the operand is contained in the second byte of the instruction except LDS and LDX which have the
operand in the second and third bytes of the instruction. The MPU addresses this location when it fetches the immediate ins-
truction for execution. These are two or three-byte instructions.

DIRECT ADDRESSING

In direct addressing, the address of the operand is contained in the seconde byte of the instruction. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine, i.e., locations zero through 255. Enhanced exection times are
achieved by storing data in these locations. in most configurations, it should be a random-access memory. These are two-byte
instructions.

EXTENDED ADDRESSING

In extended addressing, the address contained in the second byte of the instruction is used as the higher eight bits of the ad-
dress of the operand. The third byte of the instruction is used as the lower eight bits of the address for the operand. This is’|
an absolute address in memory. These are three-byte instructions.

INDEXED ADDRESSING

In indexed addressing, the address contained in the second byte of the instruction is added to the index register’s lowest eight
bits in the MPU. The carry is then added to the higher order eight bits of the index register. This result is then used to address
memory. The modified address is held in a temporary address register so there is no change to the index register. These are
two-byte instructions.

IMPLIED ADDRESSING

In the implied addressing mode, the instruction gives the address (i.e., stack pointer, index register, etc.). These are one-byte
instructions.

RELATIVE ADDRESSING

In relative addressing, the address contained in the second byte of the instruction is added to the program counter's lowest
eight bits plus two. The carry or borrow is then added to the high eight bits. This allows the user to address data within a range
of —125to +129 bytes of the present instruction. These are two-byte instructions.

Table 7 - Microprocessor instruction set - alphabetic sequence

ABA Add Accumulators CLR Clear PUL Pull Data
ADC Add with Carry CLv Clear Overflow ROL Rotate Left
ADD | Add CMP | Compare ROR | Rotate Right
AND | Logical And COM | Complement RTI Return from Interrupt
ASL Asithmatic Shift Left cPX Compare Index Register RTS Return from Subroutine
ASR Arithmetic Shift Right . .
DAA Decimal Adjust SBA Subtract Accumulators
8cc Branch f Carry Clear DEC Decrement sac Subtract with Carry
BCS Branch if Carry Set DES Decrement Stack Pointer SEC Set Carry
BEQ Branch if Equal to Zero DEX Decrement Index Reqgister SEI Set Interrupt Mask
i Equal Zero . P
BGE | Branch if Greater or Eq EOR | Exclusive OR SEV | Set Overfiow
BGT Branch it Greater than Zero STA Store Accurnulator
BHI Branch if Higher INC Increment STS Store Stack Regster
ol 84t Test INS Increment Stack Pointer STX Store Index Regster
BLE Branch # Less or Equal INX Increment Index Register SUB Subtract
BLS Branch if Lower or Same
BLT | Branch if Less than Zero e ot SWI | Sohware Interrupt
BMI Branch # Minus JSR Jump to Subroutine TAB Transfer Accumulators
BNE Branch i Not Equal to Zero LDA Load Accumulator TAP Transfer Accumulators to Condition Code Reg.
BPL Branch if Plus LDS Load Stack Pointer TBA Transter Accumulators
BRA Branch Always DX Load Index Register TPA Transfer Condition Code Reg. to Accumulator
BSR Branch 0 Subroutine LSR Logical Shift Right TST Test
BvC Branch if Overtiow Clear " TSX Transfer Stack Pointer to Index Register
BVS | Branch if Overfiow Set :gg’ n:gg:éraﬁon TXS | Transter index Register to Stack Pointer
CBA | Compare Accumulators ORA | Inclusive OR Accumulator | WA | Wail for Interrupt
cLe Clear Carry
CLt Clear Interrupt Mask PSH Push Data
16/28
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Table 8 - Accumulator and memory instructions

ADDRESSING MODES QOOLEAN/ARITHMETIC OPERATION COND. CODE REG.
HMED DIRECT INDEX EXTND | IMPLIED (AN ropister lobols sleizjzit]e
o ot ~ -lor - <lor - -|or - =|or ~ = retor o comtuwts} w[T[wfz[vfec
At ADDA |38 2 2{% 3 2]AB 5 2|88 4 3 AsM—A t]efrjr]t]t
ADDB | cB z 2{ps 3 2]EB 5 2[F8 4 3 8¢M~8 1]efrfr]t]t
Add Acmitss ABA 1B 2 1| AcE-A r|eftfe]r)e
Add with Carry aDCA |89 2 2|9 3 2(A3 5 2|B8 4 3 AIMeC*A Perfe]e]t
apce | co 2 2|08 3 2|€9 5 2[F3 & 3 deMaC~B Heltfr]r]r
And ANDA [ 8¢ 2 2|94 3 2(Ae 5 Z|Be ¢ 3 A M=A eleftit|ale
ANGS [ ca 2 2}04 3 2[E4 5 Z|Fa 4 3 8-M~8 ofeftft]ale
Bit Test BITA 8 2 2|9 3 2]A5 5 2185 4 3 AN s|sltft|nfe
81T €5 2 .2006 3 2|ES 5 2fF5 4 3 8- slejr|t]|n]e
Clawe CLR 6 7 2| 6 3 t-m elefn|s|nin
CLRA 4 2 1| w-a ele(afs|n]r
CLRE Sf 2 1| o0~8 ele(n|s|r|n
| Compere CMPA 8t 2 2|9 3 2[a1 5 2f{B1 4 3 A-M elelr|r]1]t
cweg | o 2 2fbor 3 2fer 5 2 P a3 B-M ejefr|tf1f1
Campare Acmiirs coA M2 1|A-8 QO EHEER
Complamant, 13 com 63 17 2|7 6 3 [ ] LILIERILIES
COMA 43 2 1 [ R-a olef1]t|r]s
coms 3 2 1 {B8-8 ofef1]1fn]s
Complement, 25 NEG 60 7 2| 6 3 00 -M—M ojoftl i
{Negatel NEGA 0 2 1{00-a~A ejetit@
NEGS S0 ! 1| 00-8—B ele|11|®
Ducimet Adjust, A DAA 19 2 1 | Convaris Binary Add. of BLO Chasacters (oo 11111
10 BCO Format
Decramant DEC 6A 7 217A § 3 M-t—m sfe|t|1Pe
DECA 44 2 1| A-1=a U O O
DECE SA 2 1|8-1-8 ejo|1|1fN=
Exclusve OR EORA |88 2 2[9 3 2(A8 5 2|B8 4 3 AW~ A sle|i]1|R]e
€EORB | C8 2 2|08 3 z|€8 5 2[f8 4 3 @M ~8 olo1]t]|n]e
Increment INC 6C 1 2| 6 3 Mei~M olefl]t *
INCA 4C 2 1 [ A+1=~A oloii|! .
INCB SC 2 1 [Bge1~8 ele]1]t .
Loag Acmite WAA | 8 2 2/9% 3 2|A6 5 2]B6 4 3 MR wlefi{1inle
o8 | c6 2z 2[08 3 2|E6 5 2(F6 4 3 M-8 ele|1jt{aje
O, Inclusive ORAA | BA 2 2[9a 3 2|AA 5 2|BA 4 3 ArM=A elefi]|1]n]e
ORA8 | CA 2 2|DA 3 2|€a 5 Z[FA 4 3 B+M=B e|of1]i]|r]e
Push Data PSHA 36 & )| A-eMgp SP—)~SP elejelee|e
PSHE 3 & 1| BeMgp SP-1=5P ele(eloee
Pull Uata PULA 32 4 1| sPeresPMgpea olefelo]o]e
roe | 33 4 1| SPer=5PMgp~B ole(oio|ole
Rotate Lett ROL 69 7 2|1 6 3 oo}l K 1
ROLA 9 2 1 |a m} oloft|1KpN!
ROLB 59 2 1|8 < b7 = b0 o-xll
Aotate Right RORA 6 7 2] § 3 u] sle|1]1K8Y!
AORA 6 2 1|a - oloftt1KEX1
AoRs 62 1]s] T w="w ofe|t]1/@hs
Shitt Let, Arithmetic ASL 68 7 2{78 6 3 u} - NHRCE
ASLA 8 2 1 |a U -~ IOIID-o NNURCE
ASLE 8 2 1|8 ¢ 7 L] MMUNCHE
Shlt Right, Anthmetic ASR 6 1 2|1 B 3 u - wleli]1IEN!
ASRA a2 1| ap b - o -.|11
ASRB 57 2 1)@ b7 L olelt|1)@)!
Shift Right, Logic LSR 64 1 2|1 6 13 [} - elefaliigy!
LSRA 4 2 1| A 0~-IOn - O OOLIHGE
LSRB ¢ 2 18 b L ejoin| 1@l
Siore Acmltr STAA 97 4 2|Ar 6 2{87 5 3 A=M eleji|1|R]|e
STAB 7 4 2|€7 6 2|F1 5 3 8-M e|etj1|r]|®
Subtract SuBA 80 2 2|9 3 2{A0 5 2([BO 4 3 A-M-a SORHEE
sues €0 2 2|D0 3 2]€0 5 2|F0 4 3 B- M-8 sje|t}if 1]t
Subtract Acmitrs s8A w2 3| a-B-a ofafitif 1]
Subte with Carry SBCA 82 2 2|9 3 2|Az s 8z 4 A-M-C-=A oloftjt]tii
$8C8 €2 2 2102 3 7(€2 5 2|F2 2 B—M-C~B slsft|t] 1]t
Teanster Acmitrs Ta8 16 2 1| a~8 ole|t|t|n|e
T8A 17 2 1| B=A ole|tit|r]e
Test, Zero of Minus 57 60 7 2|[m 6 3 M-00 s|e|i|1{R]n
TSTA w2 1la-0 e|eliit|nin
TST8 50 2 11s-op s|e!|t]a]n
H||nfziv|c
LEGEND CONDITION CODE SYMSOLS
0P Dpecation Code [Hexadecimall +  Hoolean Inclusive OR.
~  Numbet of MPU Cycles, ©  Boolean Exclusive OR. H  Hall cary lrom bit 3,
= Nuember of Program Bytes. ] Camplement ol M. 1 Interropt mask
. Arlthmeric Plus, - Teanster Into. N Negative (sign bit)
- Arithmenc Minus, 0 81t = Zero, z Zura (byte)
-+ Boolean AND. 00 Byte = Zero. vV Dvertiow, 2's complement
Mgp  Conlents ol memory focation pornied 10 e Stack Pointer. [ Carry teom ot 7
R Rese1 Always
Note - Accumulator addeessing mode insteuchions are included in The column tor IMPLIED addressing b Set Always
1 Tes1 ant set it true. Cleared otherwise
. Not Aftected
/N 17/28
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Table 9 - Index register and stack manipulation instructions
COND. CODE REG.

IMMED OIRECT INDEX EXTND IMPLIED S${4[3[2]1]0
POINTER OPERATIONS MNEMORIC [ OP ) ~| # 0P| ~| 2 0P|~ | # 0P|~ | 2| 0P|~ | # | SBOOLEAN/ARITHMETIC OPERATION [W{1|NiZ|V|C
Compare Index Reg cPX ac|3[ 3fsc{af2fac[es]2fec]s |3 XH—M XL ~M+1} o|e@| 1D e
Oecrement Index Aeg DEX ngjal X=-1=X - eleo|lle|e
Dscrement Stack Pote DES a1 SP- 18P e(ofo L}
Increment Index Reg INX 0841 X+l =K elele .
Increment Stack Ptr INS 3[4 SP+1—SP el .
Laad tndex Reg LoX ceE(3| 3/o€|a)| 2|EE|6[2]|FE[S5 {3 M==Xp, M+ DX o] o|®) .
Load Stack Patr L0s BE |3 3(SE| 4| 2|AE|6 | 2|BE[S |3 M—SPy, (M + 1] —=5P LIR @ . .
Store Index Reg STX OF(5 | 2{€Ff?2|2]|FF|s5 |3 Xp—~M, X ~(Me1) elo|@|![n|e
Store Stack Pnis STS SF| S| 2|AF |7 | 218F|6]3 SPH =M, SP —={M+ 1)} o s @ H .
Indx Reg ~ Stack Patr X$ Bla| X-1-58p ole|e .
Stack Pt — tndx Reg T§X 0[] 1 SP+1—X b L4
Table 10 - Jump and branch instructions
COND. CODE REG.
RELATIVE INDEX EXTND IMPLIED S| 43|21}
OPERATIONS MNEMOMIC [ OP [~ [# 0P|~ #jOP|~ %|OP|~|# SRANCH TEST Wit [NjZiV]C
Branch Always BRA 0142 None ejo(ololole
Beanch If Carry Cloar BCC (4|2 c=0 ejojelafole
Branch ¥f Corry Set BCS /B4 {2 c=1 s/ ojeolejale
Branch it = Zprg BEQ W2 21 eleo|sjofeje
Branch It 3> Zerg BGE 142 NOV=0 R IEIE IR RN
Beanch It > Zerg BGT {42 Z+(IN®VI=0 slejee ole
Branch If Migher BHI 2142 C+Z2=0 s(o (o]0 |e]e
Sranch If < Zeto BLE |42 Z+IN®VI=1 EIIEKIKEE)
Branch If Lower Dr Same BLS 231412 C+2=1 ol o|e|e|le]e
Branch If <Zsro BLT w42 N®V=1 el ols|e|e]|e
Branch It Minus LL ] 8|42 N=t el olof/ele|e
Branch If Not Equal 2ero BNE 26|42 Z=0 el o |si0(e|e
Beanch if Overfiow Clear BvVC 28|42 v=0 LARC A A R N
Branch It Overflow Set BVS 23742 v=1 e ojelnjele
Beanch if Pus BPL A1 402 N=0 s oivi o e
Beanch To Subrouting BSR 8D} 8|2 DRI IREIE]
Jump JNP GE| 41 2(7€1311 Ser Spacial Dperations LA R R RN BN )
Jump To Subroutine JSR AD| 8! 2|BD| 93 {Figure 16} olo|lajelele
No Operstion NOP ot 2 |1 Advances Prog. Cnte. Only L NI R S Y
Retura From interrupt M w1
Return From Subroutine RTS W/s (1 ol v s|e]|e
Softwere intevupt Swi i F (1211 See Special Uperations o o|0o|sj0|e
Weit for Intervupt WAI |9 1] (Figure 16) el o|ele]|e
| Lo
__ e
m-9
m-8
SP = Stack Pointer m-7? "——_SF
CC = Condition Codes {Also called the Processor Status Byte) m-6 cc lr
ACCB = Accumulator B ACCB
ACCA = Accumulator & m-5
IXH = Index RAegister, Higher Order 8 Bits m-4]| ACCA
IXL = Index Register, Lower Order 8 Bits m-3 IXH
PCH = Program Counter, Higher Order B Bits N
PCL = Program Counter, Lower Qrder B Bits m-2 m-2 XL x
m-1 m-1 PCH E
m |-t SP m PCL
m+1 me
m+2 x m+2
9
/‘\1 %
i | | !
1 ! ) [ 1 I
Befora Afeer

Figure 15 : Saving the status of the microprocessor in the stack.
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EF 6802

SPECIAL OPERATIONS
ISR, JUMP TO SUBROUTINE:
P Man Program 4 Stack B¢ Subrouti
o [an-ss ~ %2 WX+ K | 10 Subs. tnstr. ]
NOXD [ nes | K2 Oftser® :> sp-1 [ ln+2l B [ ]
. n+2 | Noxt Main Instr. sp | Ine2l L
*K = B-8it Unsigned Value In+2lyand [n+2] Formne2
pc __ Msin Program P Stack (29 Subrouting
n | 80 = JSA - §P-2 $
1 H = Subr. Addr. - H
eano {17 :L=S“b: ] = .
- ’ L MULEIIS (S Formed From Sy and Sy |
n+3 | Next Main Instr.

BSR, BAANCH TO SUBROUTINE:

—+ = Stack Pointer Alter Execution

fC  Main Program §f Stack PC Subrauting
n | 8D =BSR - §P-2 nt22 K
net [[£ K- Ottsert :> -t { Inv2l W ]
n+2 }| Next Main Insts. SP| st
*K = 7-Bit Signed Value; n+2 Formed From (n+ 2l yand (ne 2l
JMP, JUMP:
PC  Main Program P Main Program
nfee-we |
woxp J ot Lcote |

x+ & [t |

RTS, RETURN FROM SUBROUTINE:

EXTENDED

PC Subroutine sp Stack PC  Main Program
$ s n | Next Main Inste. |
- P2 | My
RTI, RETURN FROM INTERRUPT:
BC Interrupt Program s Stack oC - in Program
] @ sP n
SP+1 Condition Code
SP+2 Acmiir 8
SP+3 Acmitr A
SP+4 Index Register {Xi)
SP+5 | ladex Register (X{}
SP+8 PCH
- Sp+7 | PCL

Figure 16 : Special operations.

Table 11 - Condition code register manipulation instructions

1 (8it V)
2 (Bit C)
3 (Bit ©)
4 (BitV)
5 (Bit V)
6 (Bit V)

CONO. COOE REG.

IMPLIED 5(a|3(2]|1]0
OPERATIONS 0P| ~ | # | BOOLEANOPERATION| H | 1 | § {2 C
Ctear Carry (484 oc |21 o-~C eje|sje e|R
Clear Interrupt Mask cLi 0E (2 (1 Dt e{R|(ejoje] e
Clear GuerHow CLv 0Af2 (1 0=V ele(ooin|e
Se1 Carry SEC 0of2i1 1+C oleleloim|§
Se1 Interrupt Mask SEl oF 12 |1 11 o |S|(e|ofe|e
Se1 Dverflow SEV 8|2} 1-v elvioleisie
Acmlts A~ CCR TAP (2|1 A-=CCR —_—
CCR =~ Acmitr A TPA i241 cCA-~A sjejejeeje

CONDITION CODE REGISTER NOTES:

Test : Result = 100000007
Test: Result = 000000007

Test : Decimal value of most significant BCD character grea-
ter than nine ?
(Not cleared is previously set)

Test : Operand = 10000000 prior to execution ?
Test : Operand = 01111111 prior to exegution 7
Test: Set equal to result of N + C after shift has occured.

1811 se21¢ vest 5 true and cleared atherwise)

7 (Bit N} Test: Sign bit of most significant (MS) byte = 1?

8 @BitV) Test: 2's camplement overflow form subraction of MS
by tes ?

9 (Bit N) Test: Result less than zero ? {bit 15 = 1).

10 (Al Load condition code register from stack. (See special opera-
tions).

" (Bit )  Set when interrupt occurs. If previously set, a non-maskable
interrupt is required to exit the wait state.

12 (AlY Set according ot the content of Accumulator A

/X THOMSON COMPOSANTS MILITAIRES ET SPATIAUX
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- Instruction addressing modes and associated execution times (times in machine cycle)

Table 12

podw)
pexepu)
pepusixg
eug
Nepww)
X0V

{PuesedQ 1#nQ)

ey
padui)
paxspu}
papusixy
1wesQ
aeIpaIw )
X200V

(PuesedQ 1enQ)

eT T s00ssssnevT oo NGsss e VNN e T
O ETDDNWWNN SN SO~ 006N SOOI G oos oo o e
O SO TITULWNOW §FT ¢ 0O & 0 0T & PINWLWT & 000 00 0 00
....‘344...3...‘...3...4553.........
e 08O BANMM S8 9 0V @ 0 00660606000 00 o8 oNCs0soes 0 e

NG 88 &80 o0NCN O8O0 0CINCG & 92 60060600 006000 slussvae

» = » = E 3
QT 4T _nCQOU-_>anxTsmA <L xXZ
Ouxtar<uxad x [r 8, 8- 4
Y= LWOLHDIOOFFoQWLME -~ D2 annD
mmmM£LmeNNOPPRRRHSSSSSSSSSSMMWTTTTW

'.'.‘.444444.4444444844............‘

2......................222.2..'2.44‘

.55577......5.‘...........7.576.7..5

.“466...'..4....'........6.465.6‘.4

.333........3...............3.4....3

.222...I....2.........‘....&2.3....2

...'22....................2..2..2...

o x x » = k3
CPDOO L@OD W _ SWICTOWCO _ L3xqOUNXE
BWDN&SCC&GGHWE@UMNHRS%VBWLWWMOPAEEEO
(<IN DDNO DD RDIDEOONBDOOOTOOOGSHEND

Interrupt time 15 12 cycles from the end of

NOTE:

the instruction being executed, except following

a WAL instruction. Then it is 4 cycles
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6.4 - Summary of cycle-by-cycle operation

Table 13 provides a detailed description of the information present on the adress bus, data bus, valid memory address line
(VMA), and the read/write line (RIW) during each cycle for each instruction.

This information is useful in comparing actual with expected results during debug of both software and hardware as the
control program is executed. The information is categorized in groups according to addrressing modes and number of cycles
per instruction. (In general, instructions with the same addressing mode and number of cycles execute in the same manner ;
exceptions are indicated in the table).

Table 13 - Operations summary

Addrass Mode
and Instructions

Cycle| VMA
Cycles 2 Line

Address Bus Dats Bus

IMMEDIATE

ADC EOR
AOD LDA
AND ORA
8IT $BC
CMP  5UB

Op Code Address
Op Code Address + 1

Op Code
Ogperand Data

CPX
LDS
LOX

Op Code Address
Op Code Address + 1
Op Coge Address + 2

Op Code
Operand Data {High Order Byte}
Operand Data {Low Order Byte)

DIRECT

Op Code Address
Op Code Address +
Address of Operand

Op Code
Address of Operand
Operand Data

Qp Code Address

Op Code Address + 1
Address of Operand
Operand Address + 1

Op Code

Address of Operand

Operand Data (High Order Bytel
Operand Data {Low Order Byte)

QOp Code Address

Op Code Address + 1
Destination Address
Destination Address

Qp Code

Destination Address
Irrelevant Data (Note 1)
Data from Accumulator

bW AN s W =S W -

P VRN . Y [ Uy

Op Code Address

Op Code Address + 1
Address of Operand
Address of Qparand
Address of Operand + 1

OO0 = a w2 s a|a e e

Op Cade

Address of Operand

Irrelevant Data (Note 1)
Register Data {High Order Byte}
Register Data (Low Order Byte)

INDEXED

Jmp

Op Code Address

Op Code Address + 1

Index Register

Index Register Plus Otfset (w/o Carry)

Op Code

Offset

Irrelevant Data (Note 1}
Irreievant Data (Note 1)

ADC EOR
ADD LDA
AND ORA
BIT $BC
CMP SuB

Op Code Address

Op Code Address + 1

Index Register

Index Register Plus Offset (w/o Carry)
tndex Register Plus Offset

Op Code

Offser

Irrelevant Data (Note 1)
Irrelevant Oata (Note 1)
Operand Data

CPX
LDS
LDX

DN b WK =N B WN=IE W =

- - DO s -0 - w0 - =

Op Code Address

Op Code Address + 1

Index Register

Index Register Plus Offset (w/o Carry)
Index Register Plus Offset

index Register Plus Offset + 1

Op Code

Offset

Irrelevant Data (Note 1)
Irrglevant Data (Note 1}
Operand Data {High Order Byts)
Operand Data {Low Order Byte)
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EF 6802

Table 13 - Operations summary (continued)

Address Mode I Cycle ]vm l R/W
aod Instructions Cycles # |Line Address Bus Line Date Bus
INDEXED (Continued)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + t 1 Offset
6 3 0 index Register 1 Irrelevant Dats (Note 1)
4 o index Register Plus Offset (w/o Carry) 1 trrelovant Data (Note 1)
5 [} index Register Plus Offset 1 trrelevant Data (Note 1)
[ 1 Index Register Plus Offset 2] Operand Data
ASL LSR 1 1 Op Code Address 1 Op Code
ASR NEG 2 | 1 | OpCode Address+1 1 | Offser
COM ROR 7 3 ] Index Register 1 irrelevant Dats (Note 1}
&Ecc ST 4 ] Index Ragister Plus Offset (w/o Carry) 1 trrelevant Data (Note 1}
5 1 index Ragister Pius Offset 1 Current Operand Data
6 0 Index Register Plus Offset 1 Irrstevant Data (Note 1}
7 ":lIO Index Register Plus Offset 0 New Operand Data (Nate 3}
31;(0
STS 1 1 Op Code Address 1 Op Code
STX 2 { 1t | OpCode Address + 1 1 | Offset
7 3 o index Register 1 trrelevant Data (Note 1}
L] 0 Index Register Plus Offset {(w/o Carry) t frrelevent Data (Nate 1}
s L] index Register Plus Offset 1 lerelevant Data (Note 1}
6 1 index Register Plus Offset 0 | Operand Data (High Order Byte)
7 1 Index Register Plus Offsat + 1 L] Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 0 index Register i Irretevant Data (Note 1)
8 4 1 Stack Pointer 1] Return Address (Low Order Byte)
8 1 Stack Pointer — 1 [¢] RAeturn Address (High Order Byte)
6 0 Stack Pointer — 2 1 Irrefevant Data {Note 1}
7 0 Index Register 1 Irrelevant Data {Note 1)
8 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
EXTENDED
JMP 1 1 Op Code Address 1 Op Code
3 2 1 Op Code Addrass + 1 1 Jump Address (High Order Byte)
3 1 Op Code Addrass + 2 1 Jump Address (Low Order Byta)
ADC EOR 1 1 Op Code Addrass 1 Op Code
ARG oA . 2 | 1 | OpCode Address + 1 1 | Address of Operand (High Order Byte)
BIT S8C 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte}
CMP sUB 4 1 Address of Operand 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
Lo 2 | 1 | OpCode Address+ 1 t | Address of Opersnd [High Order Byte)
5 3 1 Op Code Address + 2 1 Address of Operand {Low Order Bytel
4 1 Address of Operand 1 Operand Data (High Order Byte)
5 1 Address of Operand + 1 1 Operand Data {Low Order Byte)
STA A 1 1 Op Code Address 1 Op Code
STA B 2 1 Op Code Address + 1 1 Destination Address (High Order Bytel
5 3 1 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 0 Operand Destination Addrass 1 irrelevant Daa (Note 1)
5 1 Operand Destination Address 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
els.: :SE 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
COM ROR 6 3 1 Op Code Addrass + 2 1 Address of Operand (Low Order Byte}
?NECC ST 4 1 Address of Oparand t Current Operand Data
5 0 Address of Oparand 1 {rrelevant Data {Note 1)
6 1/0 Address of Oparand [+] New Operand Data (Note 3}
{Note
3)
o /) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX
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EF 6802

Table 13 - Operations summary (continued)

Address Mode Cycle ]VMA [ l AN J
and Instructions Cycles # {Line Address Bus Line Dats Bus
EXTENDED {Continued)
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Addrass + 1 1 Address of Operand (High Order Byte)
& 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 0 Address of Operand 1 Irrelevant Data (Note 1)
5 1 Address of Operand 0 Operand Data (High Order Byte)
6 1 Address of Operand + 1 (4] Operand Data {Low Order Byte)
JSA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Subroutine (High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
4 1 Subroutina Starting Address 1 Op Code of Next Instruction
9 5 1 Stack Pointer 0 Return Address {Low Order Bytel
6 1 Stack Pointer — 1 0 Return Address {High Order Byte)
7 0 Stack Pointer — 2 1 Irrelavant Data (Note 1)
8 [s] Op Code Address + 2 1 Irrelevant Data (Note 1)
9 1 Op Code Address + 2 1 Address of Subroutine {Low Order Byte}
INHERENT
ABA DAA SEC 2 1 1 Op Code Address 1 Op Code
ASL DEC SE1 2 1 Op Code Address + 1 1 Op Code. of Next Instruction
ASR INC SEV
CBA LSR TAB )
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
DES 1 1 Op Code Address 1 Op Code
BNIESX a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
INX 3 0 Previous Register Contents 1 irrelevant Data (Note 1)
4 0 New Register Contents 1 Irrelevant Data {Note 1)
PSH 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Addrass + 1 1 Op Code of Next Instruction
3 1 Stack Pointer ] Accumulator Data
4 Q Stack Pointer — 1 1 Accumulator Data
PUL 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 [} Stack Pointer 1 {rrelevant Data {Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 | Oncode address 1 | opcCode .
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 [+] Stack Pointer 1 Irrelevant Data {Note 1)
4 0 New Index Register 1 irrelevant Data (Note 1)
XS 1 1 Op Code Address 1 Op Cade
A 2 1 Op Code Address + 1 1 Op Code of Next tnstruction
3 0 Index Register 1 Irrelevant Data
4 0 New Stack Pointer 1 Irrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irrelevant Data (Note 2}
5 3 0 Stack Pointer 1 Irrelevant Data (Note 1}
4 1 Stack Pointer + 1 1 Address of Next Instruction (High
Order Byte)
§ 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)

7} THOMSON COMPOSANTS MILITAIRES ET SPATIAUX
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EF 6802

Table 13 - Operations summary (continued)

L Address Mode CyclclVMA R/W 1
and lnstructions .| Cyctes " Line Address Bus Line Dats Bus
INHERENT {Continued)
WAL 1 1 |Op Code Address 1 | Op Code
2 1 |Op Code Address + 1 1 |Op Code of Next Instruction |
3 1 |Stack Pointer 0 {Return Address {Low Qrder Byte)
4 1 |Stack Pointer — 1 Q0 [ Return Address (High Order Byte)
9 L} 1 |Stack Pointer — 2 0 | index Register (Low Order Byte}
6 1 |Stack Pointer — 3 Q@ |)ndex Register (High Order Byte)
7 1 |Stack Pointer — 4 0O [Contents of Accumulator A
8 1 ]Stack Pointer — 5 G [Contents of Accumulator 8
9 1 |Stack Pointer - 6 1 | Contents of Cond. Code Register
ATI 1 1 |Op Code Address 1 |Op Code
2 1 |Op Code Address + 1 1 | teretevant Date {Note 2)
3 0 |Stack Pointer 1 [Irrelevant Data (Note 1)
4 1 |Stack Pointer + 1 1 | Contents of Cond. Code Register from
Stack
10 5 1 | Stack Pointer + 2 1 | Contents of Accumuiator B from Stack
6 1 |Stack Pointer + 3 1 | Contents of Accumulator A from Stack
7 1 |[Stack Pointer + 4 1 | Index Register from Stack (High Order
Byte)
8 1 [Stack Pointer + 5 1 | Index Register from Stack (Low Order
Byte)
9 1 |Stack Pointer + 6 1 | Next Instruction Address from Stack
{High Order Byta}
10 1 |Stack Pointer + 7 1 | Next Instruction Address from Stack
{Low Order Byte)
swi 1 1 |Op Code Address 1 | Op Code
2 1. |Op Code Address + 1 1 | irrelevant Data (Note 1)
3 1 [Steck Pointer 0 | Return Address (Low Order Byte}
4 1 |Stack Pointer — 1 0 | Return Address {High Order Byte)
5 1 [Stack Pointer — 2 0 | index Register {Low Order Byte}
12 6 1 |Stack Pointer - 3 0 | Index Register (High Order Byte)
7 1 1Stack Pointer — 4 0 | Contents of Accumutator A
8 1 |Stack Pointer — & 0 [ Cantents of Accumulator B
9 1 |Stack Pointer — 6 0 [ Contents of Cond. Code Register
10 Q@ |Stack Pointer — 7 1 | trrelevant Data {Note 1}
1 1 {Vector Address FFFA {Hex) 1 Qddr]ess of Subroutine (High Order
yte|
12 1 | Vector Address FFFB (Hex) 1 | Address of Subroutine {Low Order
Byte)
RELATIVE
BCC BHI BNE 1 1 | Op Code Address 1 | Op Code
:gg gtg g;k a 2 1 |Op Code Address + 1 1 | Branch Qffset
BGE BLT BVC 3 0 {Op Code Address + 2 1 | Irretevant Data (Note 1)
BGT BMI BVS 4 0 | Branch Address 1 | Irrelevant Data (Note 1)
BSR 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Branch Offset
3 0 [Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 4 1 | Stack Pointer 0 | Return Address {Low Order Byte)
5 1 | Stack Pointer — 1 0 | Return Address {High Order Byte)
6 0 | Stack Pointer — 2 1 | trrelevant Data (Note 1)
7 Q | Return Address of Main Program t | Irrelevant Data (Note 1)
8 Q | Subroutine Address (Note 4) 1 | irrelevant Data (Note 1)
NOTES:

1. If device which is addressed dunng this cycle uses VMA, then the Data Bus will go to the high-impedance three-state condition.
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus

2. Data is ignored by the MPU.

3. For TST, VMA =0 and Operand dala does not change.

4. MS Byte of Address Bus = MS Byte of Address of BSR instructron and LS Byte of Address Bus=LS Byte of Sub-Routine Address

24128
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- PREPARATION FOR DELIVERY

.1 + Packaging
icrocircuit are prepared for delivery in accordance with MIL-M-38510 or CECC 90000.

.2 - Certificate of compliance
MS offers a certificate of compliance with each shipment of parts, affirming the products are in compliance either with
IL-STD-883 or CECC 90000 and guarantying the parameters are tested at extreme temperatures for the entire temperature

ange.

- HANDLING
0S device must be handled with certain precautions to avoid damage due to accumulation of static charge. Input protection
evices have been designed in the chip to minimize the effect of this static buildup. However, the following handling practices

re recommended :

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

) Do not handle devices by the leads.

) Store devices in conductive foam or carriers.

) Avoid use of plastic, rubber, or sitk in MOS areas.

) Maintain relative humidity above 50 %, if pratical.

- PACKAGE MECHANICAL DATA

.1 - DIL 40 - Ceramic side brazed package
nform to MIL-M-38510, appendix C, P-AE outline.

85
=) 3%
218 HE < 39
|9 ol == § 8
§ N & 16 § ) ~
2~ B
MJ_[_ .018 +.002
.010 +.002
2.54 0.13 0.46 +0.05 0.25 +0.05
o
Sy >
: 5 500 Typ
32 15.24 Typ
T 40 21
D |+
o
] 4 20
Pin N° 1 index 2,000 +.020

50.80 +0.51
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EF 6802

9.2 - DIL 40 - Cordip package

037 +.002
0.94 +0.56

.100 £.006 0187
254013 0.46 Typ

16.76 £0.51

.520 +,006

13.21 +0.15

2.050 +.012
52.07 +0.30

9.3 - LCCC 44 - Leadless Ceramic Chip Carrier

TOP VIEW BOTTOM VIEW
.087 +.007
221:0.18
18

29 17 FT
-

T sls

o~ =0 +#9

5§82 T g5

¥oRe -+ m—a 2l

Sl B
€< —
. =y
1
—
% 7 =
40 1 6 I
650 . oo7 .070 £.007 .025 +.004
+0.30 ' 1782018 0.64 +0.10
1651
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10 - TERMINAL CONNECTIONS

10.1 - DIL 40 - Ceramic side brazed package
See page 3.

10.2 - DIL 40 - Cerdip package

See page 3.

10.3 - LCCC 44 - Leadless Ceramic Chip Carrier
e page 3.

11 - ORDERING INFORMATION
11.1 - HI-REL product

co?::le mrar:b?rns Norms Package Tempe]_r:l(l;rg) range Fr?lal'l"ezr;cy Drawing b
(see Note)

EF6802JMB/C MIL-STD-883 Cerdip 40 -55/ +125 1 Data sheet
EF68A02JMB/C MIL-STD-883 Cerdip 40 ~55/ +125 15 Data sheet
EF6802CMB/C MIL-STD-883 DIL 40 -557 +126 1 Data sheet
EF68A02CMBIC MIL-STD-883 DIL 40 ~55/ +125 1.5 Data sheet
EF6802EMB/C MIL-STD-883 LCCC 44 —-55/ +125 1 Data sheet
EF68A02EMB/C MIL-STD-883 LCCC 44 -85/ +125 1.6 " Data sheet
EF6802CMG/B NFC 96883 DIL 40 -55/7 +125 1 Class G
EF68A02CMG/B NFC 96883 DIL 40 -55/ +125 15 Class G
EF6802EMG/B NFC 96883 LCCC 44 -556/ +125 1 Class G
EF6B0A2EMG/B NFC 96883 LCCC 44 -55/ +125 15 Class G
Note : THOMSON COMPOSANTS MILITAIRES ET SPATIAUX.
1.2 - Standard product

colgr::i‘-el\rl‘:tzlb:ys Norms Package Tempgl[:t(t:lg) range F':m'_g;cy Drawing number

(see Note)
EF6802J TMS Standard Cerdip 40 0/ +70 1 Internal
EFB8A02J TMS Standard Cerdip 40 0/ +70 15 Internal
EF68B02J4 TMS Standard Cerdip 40 0! +70 2 Internal
EF6802JV TMS Standard Cerdip 40 —40/ +85 1 Internat
EF68A02)V TMS Standard Cerdip 40 —40/ +85 1.5 Internal
EF6802JM TMS Standard Cerdip 40 -557 +125 1 Internal
EF68A02JM TMS Standard Cerdip 40 -55/ +125 15 Internal
EFE6802EM TMS Standard LCCC 44 -55/ +125 1 Internal
EF68A02EM TMS Standard LCCC 44 -56/ +125 15 Internal
Note : THOMSON GOMPOSANTS MILITAIRES ET SPATIAUX.
27128
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EF 6202

EF6802 C M B/C

Type I [ i T

Packages: Screening:

J = Ceramic Cerdip DIL 40 __ = Standard

C = Ceramic DIL 40 (side brased) G/B = NFC 96883 CI.G
E=LCC 44 B/C = MIL STD 883 CI.B

Temperature /Tcase:
M = -55°C/ +125°C
V = -40°C/ +85'C
_ =0/ +70°C

28/28
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