/Y THOMSON COMPOSANTS
MILITAIRES ET SPATIAUX EF 6800

(MPU) NMOS 8-BIT MICROPROCESSOR UNIT

DESCRIPTION

The EF 6800 is a monolithic 8-bit microprocessor forming
the central control function for THOMSON COMPOSANTS
MILITAIRES ET SPATIAUX 6800 family. Compatible with
TTL, the EF 6800, as with all 6800 system parts, requires
only one + 5.0 V power supply, and no external TTL devices
for bus interface.

The EF 6800 is capable of addressing 64 K bytes of memory
with its 16-bits address lines. The 8-bit data bus is bidirectio-
nal as well as threestate, making direct memory addressing
and muitiprocessing applications realizable.

MAIN FEATURES JDfIl.'f:g(
B 8-bit paraliel processing. Ceramic Side Brazed

B Bidirectional data bus.
M 16-bit address bus - 64 K bytes of addressing.
W 72 instructions - Variable length.

M Seven addressing modes - Direct, relative, immediate,
indexed, extended, implied and accumulator.

B Variable length stack.

W Vectored restart.

B Ma&skable interrupt vector.

W Separate non-maskable interrupt - Internal registers saved

in stack.
B Six internal registers - Two accumulators, index register,
program counter, stack pointer and condition code regis- € suffix
ter. DIL 40
| Direct Memory Addressing (DMA) and multiple processor Cerdip
capability.

& Simplified clocking characteristics.

| Clock rates as high as 2.0 MHz.

| Simple bus interface without TTL.

@ Halt and single instruction execution capability.

W Three available versions of speed :
—~ EF 6800 (1.0.MH2),
— EF 68A00 (1.5 MHz),
~ EF 68B00 (2.0 MHz at 0-70°C only).

B Temperature range :

— 0°C to +70°C for 1, 1.5 and 2 MHz
— - 0 Q)

40°C to +85°C for 1 MHz and 1.5 MHz only E suffi
- —55°Cto +125°C LOCC 44

Leadless Ceramic Chip Carrier

SCREENING / QUALITY

This product is manufactured in full compliance with:
B MIL-STD-883 (class B). See the ordering information at the end of the data sheet.
W NFC 96883 (class G).
W TMS standard.

PIN CONNECTION (see chapter 10)
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EF 6800

A - GENERAL DESCRIPTION

1 - BLOCK DIAGRAM
Figure 1 is a block diagram of the EF 6800.
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Figure 1: Expanded block diagram.
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EF 6800

B - DETAILED SPECIFICATIONS

1 - SCOPE
This drawing describes the specific requirements for the microprocessor EF 6800 1, 1.5 and 2 MHz, in compliance with
MIL-STD-883 ciass B and TMS standards.

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 constnuction

3.2.1 - Terminal connections
Depending on the package, the terminal connections shall be is shown in § 10.1and § 10.2.

3.2.2 - Lead material and finish
Lead material and finish shall be any option of MIL-M-38510 except finish C (as described in 3.5.8.1 of 38510).

3.2.3 - Package

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

— 40 leads DIP Ceramic Side Brazed,
— 40 leads DIP Ceramic Cerdip,
— 44 terminals SQ LCCC:

The precise case outlines are described on Figures § 9.1, 9.2 and 9.3.

3.3 - Electrical characteristics
3.3.1 - Absolute maximum ratings (See Table 1)

Table 1
Symbol Parameter Test conditions Min Max Unit
Vece Supply voltage -03 +7.0
Vi input voltage -03 +7.0 v
Pdmax | Max power dissipation Tcase = —55°C/ +125°C 15
M suffix: EF 8800/EF 68A00 f = 1and 1.5 MHz -55 +126 °C
Tcase Operating temperature | V suffix: EF 6800EF 68A00 f =1and 15 MHz -40 +85 °C
No suffix : EF 6300/EF 6BAOW/ EF 68 f=1,15and 2 MHz 0 +70 °C
Tstg Storage temperature -55 +150 °C
Tj Junction temperature +170 °Cc
Tieads | Lead temperature Max 6 sec. soldering +270 °C

This device contains circuitry to protect the inputs against damage due to high static voitages or electrical fields ; however,
it is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this
high-impedance circuit. For proper operation it is recommended that Vin and Voyt be constrained to the rangs Vgg < (Vin or
Vout) < VCC. Input protection is enhanced by connecting unused inputs to either VpD or Vss.

4/40
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3.4 - Thermal characteristics (at 25°C)

Table 2

Package Symbol Parameter

DIL 40  JA Thermal resistance - Ceramic junction to ambient
J and C suffix 2 JC Thermal resistance - Ceramic junction to case

LGCC 44 @ JA Thermal resistance - Ceramic junction to ambient
E suffix [: e} Thermal resistance - Ceramic junction to case

Power considerations
The average chip-junction temperature, TJ, in °C can be obtained from :
Ty =Ta + (PD * 048)
= Ambient Temperature, °C.
= Package Thermal Resistance, Junction-to-Ambient, °C/W.
PINT + Pyo.
= Igc x Voo, Watts — Chip Internal Power,
= Power Dissipation on Input and Output Pins — User Determined.

For most applications PyQ < PINT and can be neglected.

An approximate reliationship between Pp and T (if Pi/o is neglected) is :
Pp = K:(Ty + 273) 2
Solving equations (1) and (2) for K gives :
= Ppe(TA + 273) + 64a * Pp2 @
whers 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 Ty can be obtained by solving equations (1) and (2) iteratively for
any value of TA.

The total thermal resistance of a package (gJA) can be separated into two components, 83¢ and 6Ca, representing the barrier
to heat flow from the semiconductor junction 1o the package (case), surface (6JC) and from the case to the outside ambient
(8cA)- These terms are related by the equation :

BJA = 6JG + fCA @
#Jc is device related and cannot be influenced by the user. However, fc 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 6cA so that 6)a approximately equals 8JC. Substitution of 8¢ for 6 in equa-
tion (1) will result in a lower semiconductor junction temperature.
3.5 - Mechanical and environment
ghe microcircuits shall meet all mechanical environmental requirements of MIL-STD-833 for class B devices or TMS stan-
ards.

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 :

- Thomson logo

- Manufacturer’s part number

- Class B identification

- Date-code of inspection lot

- ESD identifler If avaliable

- Country of manufacturing
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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, and the relevant measurements :
- Conditions are given below.

Table 3 : Static electrical characteristics for all electrical variants. See § 5.2.

Table 4 : Dynamic electrical characteristics. See § 5.3.

6.2 - Static characteristics

Table 3 - DC electrical characteristics
Vogc = 50Vde +5% ; Vggs =0Vge ; Tg = —55°C/ +125°C or —40°G/ +856°C or 0°C | +70°C
{unless otherwise specified)

Symbol Characteristics Min Typ Max Unit
VIH Input high voltage Logic | Vsg +20 Voo v
VIHC 1, $2 | Voo-06 Voo +0.3 v
ViL Input low voltage Logic | Vsg =03 Vsg +0.8 v
ViLe 1,42 | Vo 03 Vsg +04 v
lin Input leakage current
(Vin = 010 5.25V, Vog = Max) Logic 1.0 25 A
{Vin = 01t0 526V, Voo = 0V10525V) o1, 2 100 pA
1z Hi-Z input leakage current Do-D7 20 10 pA
(Vin =04 to 24V, Voo = Max) AQ-A15, RW 100 #A
VOoH Output high voltage
(ILoad = —205 A, VoG = Min) _DOD7 | vgs +24 v
(lLoad = —145 A, Voe = Min) AD-A15, RW, VMA | Vgg +24 v
(lLoad = —100pA, Vo = Min) BA | Vss +24 v
VoL Qutput low voltage (I oad = 1.6 MA, Voi = Min) Vag +04 v
PINT Internal power dissipation (measured at T = T) 0.5 10 w
Cin Capacitance
(Vin = 0, TA = 25°C, f = 1.0MH2) ¢1 25 35 pF
$2 45 70 pF
DO-D7 10 125 pF
Logic inputs 6.5 10 pF
Cout AO-A15, RW, VMA 12 pF
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EF 6800

3 - Dynamic (switching) characteristics

he limits and values given in this section apply over the fuII case temperature range —55°C to +125°C and V¢ in the range
T5V10525V,V|L = 08Vand V|4 = 20 V.

or all tables below parameters are glven for T¢ from —55°C to +125°C, from —40°C to +85°C and from 0°C to +70°C for
MHz (EF 6800) and 1.5 MHz (EF 68A00) devices and for T from 0°C to +70°C for 0-70°C (EF 68B00) version.

able 4 - Clock timing
cC =50V 5% ; Vegg =0

Symbol Characteristics Min Typ Max Unit
f Frequency of operation EF 6800 0.1 1.0 MHz
EF 68A00 0.1 15 MHz
EF 68B00 0.1 20 MHz

teye Cycle time (Figure 2) EF 6800 | 1.000 10 s

EF 68A00 | 0.666 10 us

EF 68800 | 0.500 10 us

PWsH Clock pulse width ¢1, ¢2- EF6800 | 400 9500 ns

(Measured at Vgg - 0.6 V) ¢1, 2 - EF68A00 | 230 9500 ns

¢1, ¢2 - EF 68B00 180 9500 ns

tut Total ¢1 and ¢2 up time EF 6300 900 ns

EF68A00 | 600 ns

EF 68B00 440 ns

tr, tf Rise and fall time (Measured between Vgg +0.4V and Voo —-0.6V) 100 ns

tq Delay time or clock separation (Figure 2) ’
(Measured at Voy = Vgs +0.6V @ tr = tf < 100 ns) 0 9100 ns
(Measured at Vgy = Vgg +10V @ty = t < 35ng) 0 9100 ns
feve
tut
tgr — e

¢t Vine
Vaov
— Awvic
td ta
Vine
®2 Vov

ViLe

tgr ——I PWgp —1 ot

Note 1: Voltage levels shown are V|_ € 04, VH > 2.4 V, unless otherwise specified.
Note 2: Measurement points shown are 0.8V and 2.0V, unless otherwise noted.

Figure 2: Clock timing waveform.
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EF 6800

Table 5 - Read / write timing (Reference Figures 3 through 7, 8, 9, 11, 12 and 13)

EF 6800 EF 68A00 EF 68B00
Symbol Characteristic Unit -
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

tAD Address Delay

C = 90pF 270 180 150 ns
C = 30pF 250 165 135 ns

tace Peripheral read access time
tacc = tut — (tAD + tpsSR) 605 400 290 ns
tDSR Data setup time (read) 100 60 40 ns
tH Input data hold time . 10 10 10 ns
tH * | Output data hold time 10| 256 10 ]| 25 10| 25 ns

Address hold time (Address, RIW, VMA)

tAH see Note 30 | 50 30 | 50 30 | 50 ns
teH Enable high time for DBE input 450 280 220 ns
tobw Data delay time (Write) 225 200 160 ns
Processor controls

trcs Processor control setup time 200 140 110 ns
tpCt, tPCt | Processor control rise and fall time 100 100 100 ns
tBA Bus available delay 250 165 135 ns
tTSE Hi-Z Enable 0 40 | 0 0] 0 40 ns
tTsD Hi-Z Delay 270 270 220 ns
tDBE Data bus enable down time during ¢1 up time 150 120 75 ns
DBE" | Data bus enable rise and fall times 25 25 25 ns

tDBEf
Note : For —40°C to + 85°C and —55°C to +125°C, taH = 10 ns (min) and 30 ns (typ).
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EF 6800

Start of Cycie

l/
1 VIHC \
04V 04V
b— t, ;
02 —\ / xvmc
lLoav
[e——ta0—
24V —
AN S
B | | tAH
Address 24V 2.0
From MPU 04 Vv _‘\‘\_l\. 0.8
[ tAD ——a !
24V \\
VMA
] foe-tyy
l—1ap t tDSA-~]
Data 20V
Rrom Memory Dsta Valid
or Peripherals 08V
NN Dets Not Valla
Figure 3: Read data from memory or peripherals.
o Start of Cycle
Tove
1 ViHC \
—t 0.4V 0.4V
—] f—t,
$2 \ / \
fe—1tAD ——e]
A {
04 Y £
o] - g
Addres 2.4 v AH
From MPU 0.4 VBN R
[ e——tAD —
24V
VMA N\
) 1 ® Ll
tDBE teH |
20v |
DBE 0.8V -\'
e
l~—tDBEf, ! j=—tDBEr
e feetyy
Data 24V
From MPU ﬂ Data Valia

\\\\\\\\‘ Osta Nat Valid

)‘—'DDW——«

Nota 1: Voltage levels shown are V| < 04, VH > 24 V, unless otherwise specified.
Note 2: Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted.
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Figure 4 : Write in memory or peripherals.
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U0 [ =205 oA moux @ 24 V 00 [ =4S oA max @24 V
FigL=16mAmax B304V Flge=16mAmax @04V
vee =50V L Ve =50V
et 500 1 g 25°C
"=' 400 g 400
= 300 —— < 300 vaA
- ] < Address, R/W —
= a /,
= 200 —— ° 200 L ——
L~ 1 L1
1
100 +—= 100 =]
€ includes stray capacitance 0 C includes stray capacitance
0 0 100 200 300 400 500 600 0 100 200 300 400 S00
CL, LOAD CAPACITANCE {pF} €L, LOAD CAPACITANCE (pF)
Figure 5: Typical data bus output delay versus Figure 6: Typical read/write, VMA, and address output
capacitive loading (tppw)- delay versus capacitive loading (tap).

5.4 - Test conditions specific to the device

5.4.1 - Loading network

The dynamic test load for the data bus is 130 pF and one standard TTL load as shown. The address, R/W, and VMA output
are tested under two conditions to allow optimum operation in both buffered and unbuffered systems, The resistor (R) is ch
sen to insure specified load currents during Vo measurement.

Notice that the data bus lines, the address lines, the interrupt request line, and the DBE line are al specified and tested to gua:
rantee 0.4 V of dynamic noise immunity at both «1» and«O» logic levels.

Vee
R =22 xQ

1N4148
or Equrv.

Test Point

IND16

or Equiv.

C = 130 pF for D0-D7, E
=90 pF for AG-A16, R/W, and VMA
(Except top2)
=30 oF for A0-A15, R/W, and VMA
{tap2 only)
= 30 pF for BA
R = 11.7 k) for DO-07
= 16.5 kQ2 for A0-A15, R/W, and VMA
= 24 k02 for BA

Figure 7 : Bus timing test loads.
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6 - FUNCTIONAL DESCRIPTION

.1 - MPU signal description

Proper operation of the MPU requires that certain control and timing signals be provided to accomplish specific funtions and’
that other signal lines be monitored to determine the state of the processor.

locks Phase One and Phase Two (61, ¢2) - Two pins are used for a two-phase non-overlapping clock that runs at the Vge vol-
tage level.

Figure 2 shows the microprocessor clocks. The high level is specified at VjHC and the low level is specified at V| ¢ The allowa-

ble clock frequency is specified by f (frequency). The minimum ¢1 and $2 high level pulse widths are specified by PWgH (pulse

width high time). To guarantee the required access time for the peripherals, the clock up time, tyt, is specified. Clock separa-

fion, tg, is measured at a maximum voltage of Vv (overlap voltage). This allows for multitude of clock variations at the system
requency rate.

[Address Bus (A0-A15) - Sixteen pins are used for the address bus. The outputs are three-state bus drivers capable of driving
lone standard TTL load an 90 pF. When the output is turned off, it is essentially an open circuit. This permits the MUP to be
used in DMA applications. Putting TSC in its high state forces the Address bus to go into the three-state mode.

Data Bus (D0-D7) - Eight pins are used for the data bus. It is bidirectional, transferring data to and from the memory and peri-
pheral devices. It also has three-state outupt buffers capable of driving one standard TTL load and 130 pF. Data Bus Is placed
in the three-state mode when DBE is low.

Data Bus Enable (DBE) - This level sensivite input is the three-state control signal for the MPU data bus and wil! enable the
bus drivers when in the high state. This input is TTL compatible ; however in normal operation, it would be driven by the phase
two clock. During an MPU read cycle, the data bus drivers will be disabled internally. When it is desired that another device
control the data bus, such as in Direct Memory Access (DMA) applications, DBE shouid be held low.

If additional data setup or hold time is required on an MUP write, the DBE down time can be decreased, as show in Figure 4
DBE # ¢2). The minimum down time for DBE is tpgg as shown. By skewing DBE with respect to E, data setup or hold time
can be increased.

Bus Available (BA) - The Bus Available signal will normally be in the low state ; when activated, it will go to the high state indi-
cating that the microprocessor has stopped and that the address bus is available. This will occur if the HALT line Is in the low
state or the processor is in the WAIT state as a result of the execution of WAIT a instruction. At such time, all three-state out-
put drivers will go to their off state and other outputs to their normally inactive level. The processor is removed from the WAIT
state by the occurence of a maskable (mask bit i = 0) or nonmaskable interrupt. This output is capable of driving one standard
TTL load and 30 pF. }f TSC is in the high state, Bus Available will be low.

Read/Write (R/'W) - This TTL compatible output signals the peripherals and memory devices wether the MUP is in a Read (high)
or Write (low) state. The normal standby state of this signal is Read (high). Three-State Control going high will turn Read/Write
to the off high impedance) state. Also, when the processor is halted, it will be in the off state. This output is capable of driving
one standard TTL load and 90 pF.

RESET - The RESET input is used to reset and start the MPU from a power down condition resulting from a power failure or
initial start-up of the processor. This level sensitive input can also be used to reinitialize the machine at any time after star
t-up. -

If a high level is detected in this input, this will signal the MPU to begin the reset sequence. During the reset sequence, the
contents of the last two locations (FFFE, FFFF) in memory will be loaded into the Program Counter to point to the beginning
of the reset routine. During the_reset routine, the interrupt mask bit is set and must be cleared under program control before
the MPU can be interrupted by IRQ. While RESET is low (assuming a minimum of 8 clock cycies have occured) the MPU output
signals will ba in the following states : VAM = low, BA = low, Data Bus = high impedance, RW = high (read state), and the
Address Bus will contain the reset address FFFE. Figure 8 illustrates a power up sequence using the control line. After
the power supply reaches 4.75 V, a minimum of eight clock cycles are required for the processor to stabilize in preparation for
restarting. During these eight cycles, VMA will be in an indeterminate state so any devices that are enabled by VMA which
could accept a false write during this time (such as battery-backed RAM) must be disabled until VMA is forced low after eight
cycles. RESET can go high asynchronously with the system clock any timeafter the aight cycle.

RESET timing is shown in Figure 8. The maximum rise and fall transition times are specified by tpgr and tpgt. If RESET is high
at tpcg (processor control setup time), as shown in Figure 8, in any given cycle then the restart sequence will begin on the
next cycle as shown. The RE§E{ control line may also be used to reinitialize the MPU system at any time during its operation.
This is accomplished by pulsing RESET low for the duration of a minimum of three complete ¢2 cycles. The RE pulse can
be completely asynchronous with the MPU system clock and will recognized during ¢2 if setup time tpcs is met.

Interrupt Request (IRQ) - This level sensitive input requests that an interrupt sequence be generated within the machine. The
processor will wait until 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 Re-
gister, 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 oceur. At the end of the cycle,
a 16-bit address will be loaded that points to a vectoring address which is focated in memory locations FFF8 and FFF9. An
address loaded at these locations causes the MPU to branch to an interrupt routine in memory. Interrupt timing is shown in
Figure 9.
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EF 6800

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

he IRQ has a high-impendance pullup device internal to chip ; however, a 3 k@2 external resistor to Vg should be used for wi-
e-OR and optimum control of interrupts.

n-Maskable interrupt (NMI) and Walit for Interrupt (WAI) - The EF 6800 is capable of handling two types of interrupts : maska-
le (IRQ) as described earlier, and nonmaskable (NMI) which is an edge sensitive input. IRQ is maskable by the interrupt mask
n the condition code register while NMI is not maskable. The handling of these interrupts by the MPU is the same except that
ach has its own vector address. The behavior of the MPU when Interrupted is shown in Figure 9 which details the MPU res-
onse to an interrrupt while the MPU is executing the control program. The interrupt shown could be either IRQ or NMI and
an be asynchronous with respect to ¢2. The interrupt is shown going low at time tpcg in cycle =1 which precedes the first
ycle of an instruction (OP code fetch). This instruction is not executed but instead the Program Counter (PC), Index Register
1X), Accumulators (ACCX), and the Condition Code Register (CCR) are pusched onto the stack.

he interrupt mask bit is set to prevent further interrupts. The address of the interrupt service routine is then fetched from
FFFC, FFFFD for an NMI interrupt and from FFF8, FFF9 for an IRQ interrupt. Upon completion of the interrupt service routine,
he executlon of RTI will pult the PC, IX, ACCX, and CCR off the stack ; the interrupt mask bit is restored to its condition prior

0 interrupts (see Figure 10).
Figure 11 is similar interrupt sequence, except in this case, a WAIT instruction has been executed in preparation for the inter-
rupt. This technique speeds up the MPU'’s response to the interrupt because the stacking of the PG, IX, ACCX, and the CCR

is already done. While the MPU is waiting for the interrupt, bus available will go high indicating the followlng states of the con-
rol lines : VMA is low, and the address bus, R/W and data bus are all in the high impedance state. After the interrupt occurs,

it is serviced as previously described.
3-10 k@ external resistor to Vg should be used for wire OR and optimum control of interrupts.

MEMORY MAP FOR INTERRUPT VECTORS

Vector Deecriots
MS LS

FFFE FFFF Reset

FFFC FFFD Non-M bie Interrupt
FFFA FFFB Software Interrupt
FFF8 FFF9 interrupt Request

Reter to Figure 10 for program flow for interrupts.

Three-State Control (TSC) - When the level sensitive Three-State Control (TSC) line is a logic «1», the address bus and the RIW
fine are placed in a high-impedance state. VMA and BA are forced low when TSC = «1» to prevent faise reads or writes on any
device enabled by VMA. It is necessary to delay program execution while TSC is held high. This is done by insuring that no
transitions of ¢1 (or ¢2) occur during this period. (Logic levels of the clocks are irrelevant so long as they do not change). Since
the MPU Is a dynamic device, the ¢1 clock can be stopped for a maximum time PWg without destroying data within the MPU.
TSC then can be used a short Direct Memory Access (DMA) application.

Figure 12 shows the effect of TSC on the MPU. TSC must have its transitions at tTsg (three-state enable) while holding 41 high
and ¢2 low as shown. The addres bus and RW line will reach the high-impedance state at tTgp (three-state delay), with VMA
being forced low. In this exemple, the data bus is also in the high-impedance state while ¢2 is being held low since DBE #
¢2. At this point in time, a DMA transfer could occur on cycles #3 and #4. When TSG is returned low, the MPU address and
R/W lines return to the bus. Because it is too late in cycle #5 to access memory, this cycle is dead and used for synchroniza-
tion. Program execution resumes in cycle #6.

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 perpheral interfaces such as the PIA and ACIA. This signal is
not three-state. On standard TTL load and 90 pF may be directly driven by this active high signal.

- When this level sensitive input is in the low state, all activity in the machine will be halted. This input is level sensiti-

The HALT line provides an input to the MPU to allow controt of program execution by an outside source. If HALT is high, the
MPU will execute the instructions ; if it is iow, the MPU willl go to a haited or idle mode. A response signal, Bus Available (BA)
provides an indication of the current MPU status. When BA is low, the MPU is in the process of executing the control program ;
if BA is high, the MPU has halted and all internal activity has stopped.

When BA is high, the address bus, data bus, and RW line will be in high-impedance state effectively removing the MPU from
the systems bus. VMA is forced low so that the floating system bus will not activate any device on the bus that is enabled by
MA.

'While the MPU is haited, all program activity is stopped, and if elther an NMI or IRQ interrupt occurs, it will be latched into
the MPU and acted on as soon as the MPU is taken out of the halted mode. If a RESET gommand occurs while the MPU is hal-
ted, the following states occur: VMA = low, BA = low, data bus = high impedance, RW = high (read state), and the address
bus will contain address FFFE as long as RESET is low. As soon as the RESET line goes high, the MPU will go to locations
FFFE = FFFF for the address of the reset routine.
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Figure 13 shows the timing relationships involved when halting the MPU, The instruction illustrated is a one byte, 2 cycle ins-
truction sych as CLRA. When HALT goes low, the MPU will halt after completing execution of the current Instruction. The tran-
sition of HALT must occur tpcs defore the trailing edge of ¢1 of the last cycle of an instruction (point A of Figure 13). HALT
must not go low any time later than minmum tpcg specified.

The fetch of the OP code by the MPU is the first cycle of the instruction. If HALT had not been low at Point A but went low
during ¢2 of that cycle, the MPU would have haited after completion of the following instruction. BA will go high by time tga
(bus available delay time) after the last instruction cycle. At this point in time, VMA is low and R/W, address bus, and the data
bus are in the high-impedance state.

To debug programs it Is advantageous to step through programs instruction by instruction. To do this, HALT must be brought
high for one MPU cycle and then returned low as shown at point B of Figure 13. Again, the transitions of HALT must occur
tpCs before the trailing edge of ¢1. BA will go low at tg after the leading edge of the next ¢1, indicating that the address bus,
data bus, VMA and RW lines are back on the bus. A single byte, 2 cycie instruction such as LSR is used for this example also.
During the first cycle, the instruction Y is fetched from address M + 1. BA returns high at tga on the last cycle of the instruc-
tion indicating the MPU is off the bus. If instruction Y had been three cycles, the width of the BA low time would have been
increased by one cycle.

Y

Stack
PC, X, A, 8, CC

WAI

Vector — PC T
FFFE
1~ ITMP,
1—
A Condition Code Register
Vector —= PC LR EIvI<]
Execute NMI FFCA
TSee Note 3} S FFFA ATEMP” 1-Bit
IRQ FFF8 Butfer Register
Y
TAP?

N

v SEr?
RTI?

Y

N Note 1: Resst is recognized at any position in the flowchart.

Note 2: Instructions which affect the I-bit act upon a one-bit buffer register, «[TMPs.
ITMP —={ This has the effect of delaying any CLEARING of the I-Bit one clock time. |
Setting the 1-Bit, however, is not delayed.
L Note 3: See Tables 11-16 for details of instruction Execution.

Figure 10 : MPU flowchart.
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Last Cycle

of Current i

Instruction Instruction { Instruction
Fetch Executs

P3l _] | I —'I"_WCS L_I l—"_"_‘Tcs'T‘?j—q-tpcsc-l }-— I I
S LU L el e
_ /o iy

r

Halt A e forn 8
tga= P "
BA / L
VMA x x Y \ b /—:3_
1
R/W {f -~ L}—

Fetch Execute

o i pCZETD D o
. — X Ia —O0Oo0C0—
Bus "

Inst Inst
x Y
Note : waveform indi high i state.

Figure 13 : HALT and single instruction execution for system debug.
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6.2 - MPU registers
The MPU has three 16-bit registers and three 8-bit registers available for use by the programmer (Figure 14).

7 4
l ACCA Accumulstor A
7 o
| ACCB Accumulator 8
15 o
r X Index Register
15 [¢]
[ PC l Program Counter
15 °
' SP I Stack Pointer
7 0

1 l | Condition Code
1|11H] | [N]Z]VIC Register

Carry {From Bit 7}

Overfiow

Zaro

Negstive

interrupt

Haif Carry {From Bit 3)

Figure 14: Programming model of the microprocessing unit.

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

Stack Pointer - The stack-pointer is a two byte register 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 nonvolatile,

Index Register - The index register is a two register that is used to store data or a sixteen 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 resulte from an arithmetic unit
{ALU).

Condition Code Register - The condition code register indicates the results of an Arithmetic Logic Unit operation : Negative
(N), Zero (2), 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 condition branch instructions. Bit 4 is the interrupt mask bit {I). The unused bits of the Condition
Code Register (b6 and b7) are ones.

6.3 - MPU instruction set

The EF 6800 instructions are described in detail in the EF 6800 programming manual. This section will provide a brief introduc-
tion and discuss their use in de velopping EF 6800 control programs. The EF 6800 has a set of 72 different executable source
instructions. Included are binary and decimal arithmetic, logical, shift, rotate, load, store, conditional or unconditional branch,
interrupt and stack manipulation instructions.

Each of the 72 executable instructions of the source language assembles into 1 to 3 bytes of machine code. The number of
bytes depends on the particular instruction and on the addressing mode. (The addressing modes which are available for use
with the various executive instructions are discussed later).

17/40
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The coding of the first (or only) byte corresponding to an executable instruction is sufficient to identify the instruction and the
addressing mode. The hexadecimal equivalents of the binary codes, which result from the translation of the 7.2 instructions in
all valid modes of addressing, are shown in Table 6. There are 197 valid machine codes, 59 of the 256 possible codes being
unassigned.

When an instruction translates into two or three bytes of code, the second byte, or the second and third bytes contain(s) an
operand, an address, or information from which an address is obtained during execution.

Microprocessor instructions are often divided into three general classifications : (1) memory reference, so called because they
operate on specific memory locations ; (2) operating instructions that function without needing a memory reference ; (3) /O ins-
tructions for transferring data between the microprocessor and peripheral devices.

in many instances, the EF 6800 performs the same operation on both its internal accumnulators and the external memory loca-
tions. In addition, the EF 6800 interface adapters (PIA and ACIA) allow the MPU to treat peripheral device exactly like other me-
mory locations, hence, no /O instructions as such are required. Because of these features, other classifications are more suita-
ble for introducing the EF 6800’s instruction set : (1) Accumulator and memory operations ; (2) Program control operations ; (3)
Condition Code Register operations.

Table 6 - Hexadecimal values of machine codes

[ © NEG A 80 SUB A IMM|CO SUB B  IMM

ot NOP a - B CMP A IMM|Cl CMP @ MM

02 - 2 - 82 SBC A IMM|[C2 SBC B MM

o - 4 com A 83 - c3 -

04 - 4 ISR A 84 AND A IMM|Cé AND B IMM .

[ 45 - 85 BT A IMM|C5 BT B IMM "“‘-2"“"’55';‘36{‘,‘,,‘:3;1”
06 TAP 46 ROR A 8 DA A IMM|C6 DA B MM 8 = Acoumulator B
07 TPA 47 ASR A &7 - cr - REL = Relatve
08 INX 48 ASL A 8 EORA A MM |[C8 EOR B MM IND = Indoxed
09 DEX 49  ROL A 85  ADC A IMM | C§  ADC 8 MM IMM = Immediate
oA CLV 44 DEC A BA ORA A MM |CA ORA B IMM DR = D
08 SEV PN 88 ADD A MM |CB ADD B MM = Direc
oC CLC 4aC  INC A 8c  CPX A IMM (CC Note 2: Unassigned code indicated “*".
00 SEC D TST A 80 BSA REL [CO -

€ cCu € - 8E DS MM |CE DX MM

oF  SEl 4 CR A BF - cF -

10 S8 5 NEG B 90 SUB A DR |00 SUB B OR

1 CBA 51 - 99 CMP A DR {Dt CMP B OR

12 52 - 92 SBC A DR |D2 SBC 8 DR

13- 53 COM B 3 - 03 *

[T 54 ISR B 94 AND A DIRID4 AND B OIR

15+ 55 ¢ % BT A DR |05 81 B DR

18 TAB 56 ROR B 86 LDA A DR [D6 LDA B OR

17 TBA s7 ASA 8 97 STA A DR |[D7 STA B DR

8 58 ASL B 98 EOR A DR |[D8 EOR B DR

19 Daa 59 ROL 8 9 ADC A DA (DI ADC B DR

1A - SA DEC 8 9A ORA A DR |DA ORA 8 DR

18 ABA 8 - %8 ADD A DA |DB ADD B DR

1o 5 INC 8 o€  CPX oR [oc -

10 50 VST 8 0 - Do

1€ 56 - 9 DS oR [0E (DX DIR

I 5 CLR B oF TS DIR {OF 8T OIR

20 @Ra REL| 60 NEG ND (A0 SUB A IND [ED SUB B  IND

21 - 61 - Al CMP A IND [E1 CMP B IND

2 ew REL[62 - A2 SBC A IND |E2 SBC B IND

23 &S REL|63 Com o [A3 ¢ E3

24 BCC REL |84 (SR IND[Ad AND A IND |E4 AND B IND

25 BCS REL |65 - A5 8T A IND/ES BT B IND

26 BNE REL{86 AOR IND|A6 LDA A ND J€6 LDA B  IND

27 BEQ REL| 67 ASA INO (A7 STA A IND {67 STA B8 IND

28 BVC REL |68 ASL INO|A8 EOR A IND [E6 EOR B IND

2 BvS REL|69 ROL IND|A3 4DC A IND [E$3 ADC B IND

24 BPL REL|6A DEC IND|AA ORA A IND [EA ORA 8 IND

28 M REL|6B - AB ADD A IND [EB ADD B IND

2C  BGE REL|6C INC IND [AC  CPX IND |EC *

20 BLT REL| 8D TST IND [AD  JSR ND |ED *

26 BGT REL| 6E  umP iND [AE  LDS IND [EE  LDX IND

2F  BLE REL|6F CR IND [AF  STS ND |EF  STX IND

0 18X 0 NEG EXT|B0 SUB A EXT|FO SUB B  EXT

31 NS 7o 81 CMP A EXT|Ft CMP B  EXT

2 PUL A 2 - 82 SBC A EXT{F2 SBC B  EXT

33 PUL B 73 COM EXT|B3 - f3 -

34 DES 74 SR EXT{B4 ANO A EXT|F4 AND B  &xT

s TXs 5 - Bs 8T A EXT|Fs BT 8 EXT

8 PSH A 76 ROR EXT|BE DA A EXT|F6 LDA B EXT

37 PSH 8 77 ASR EXT|B? STA A EXT|F7 STA B EXT

w - 78 ASL EXT|BE EOR A EXT!FB EOR B  EXT

% ATS 79 ROL EXT|B9 ADC A EXT[F§ ADC B  EXT

[T A DEC EXT|BA ORA A EXT|FA ORA 8  EXT

3® AT '’ - 88 ADD A EXT|[FB ADD B  EXT

€ - € NG EXT|8C  CPX ExT [FC -

o - 7 18T EXT|BD JSR e |fp -

3E WAl TE JMP EXT/BE LDS EXT |FE  LOX EXT

F sw 7  CLR EXT{8F §TS EXT |FF  §Tx EXT

18/40

266 /Y THOMSON COMPOSANTS MILITAIRES ET SPATIAUX

B 902L872 0002751 LA? M




EF 6800

able 7 - Accumulator and memory operations

ADDRESSING MOOES S0OLEAN/ARITHMETIC OPERATION CONO. CODE REG.
IMMED CIRECT INDEX EXTND | WPLIED (AN ropestar lobets slefsfaft]e
OPERATIONS ot -~ slor ~ wjor ~ klor - kjor ~ & reter te conteats} bl B el b M
Add aD0A |88 2 2|3 7|as 5 2[88 ¢ 3 AN A He|tft]tfe
4008 | ce 2 2|08 2les s 2(f8 4 3 BeM -8 toft]t]tfr
Add Acmitrs ABA 1B 2 1 jAeB-A t{eftfr]ef:
Add with Caery ADCA |83 2 2|99 3 2lAs 5 2f83 ¢ 3 AsMsC -8 tle[t|t]t]t
aoce | cs z 2[bs 3 2{es 5 2|f8 4 3 BiMeL B HUEEE
And ANOA | w4 2 2[4 3 2iac 5 2|ee ¢ 3 AM A ofslt|r]afe
anos foe 2 2|pe 3 2fed 5 2)F 4 3 B-M -8 eleli|1ir]e
it Test BITA |85 2z 2|95 3 z|A5 5 2|65 & 3 AW ofoft|t]r|e
81T e 2 2|05 3 zfes 5 2[¢fs 4 3 B-M ofef1|tir]e
Clowr CLR 6 1 2[1F 6 3 [ Y] ofelr|sir|r
CLRA 4% 2 1]|00-A olefr]sirir
cLra sF 2 1]oo-8 o|o[r|s|rir
Compare cwpa | a1 o2 2 m 3 2lat 5 2fer 4 3 A-M sfofthtiegt
(L] @ 2 2|00 3 2]& 5 2[Ff 4 3 B-M ofeftft]afr
Compare Acmtrs coa "2 1]a-8 DO HHE
Complament, 1's oM 63 7 211 6 3 [ ofeft|sfrs
coMA 32 +[K-a HOHHEIN
coMB 53 2 1| B-8 eo|ejt|iR|S
Complement, 2's NEG 6 7 2{20 6 3 00- M -M olelt]s
{Nagatel NEGA 0 2 1 |o00-a-a NOHE
NEGE 50 2 1| 00-8-8 eloftly
Docimal Adjust, A DAA 12 1| Converts Binary Add. of BCD Characters [@je[211
into BCD Format
Decrement DEC 6A 7 2{7A 6 3 CR ] ofoltitiafe
DECA M2 1| a-1-a oleltislale
OECE 5A 2 1| B-1—8 sleil|tiale
Exclusive OR eora | a8 2 278 3 2|as 5 2088 4 3 ADM~A efoftfifnle
Eore [ca 2 2|08 3 2|E8 5 2|F8 & 3 BOM~B elolzltinle
Increment INC 6 7 2[1c & 3 MelaM eleltit®e
INCA AaC 2 1| AvisA ejeit|tiENe
iNCB SC 2 1 | B+14B DUIHEG
Load Acmitr 10AA | 96 2 2|9 3 2|A6 5 2{e6 ¢ 3 Moa eiet|1|R]e
was {c6 2 2|06 3 2[e6 5 2{fs 4 3 [ ole[t|1[r]e
01, Iaclusive ORAA | 8A 2 2[9a 3 2[AA 5 2i{BA 4 3 AvM~A eleftit|ale
ora8 | cA 2 2|Da 3 Ffea 5 2|Ffa & 3 BrM~B ele|t|t|ais
Push Data PSHA . B 4 1| AsMgp SP. (S efefelo]ele
PSHB 37 4 1| BeMgp.5P -1 #5P ofafele]e]s
Pull Data PULA 2 4 1| SPi1esP MgpaA olefelo]ofs
ruLe 33 4 1| SP+i-=5P Mgp8 eleleje|ofe
Rotate Left ROL 6 7 2|1 6 3 [ eleftliiEXe
}I:JEI MHHHCH
LLIT 9 2 1|38 N TEE ] efeltitl@t
Rotate Right ROR 6 7 2|1 6 3 ] efeftiti@:
RORA w 2 1| ap Lo — oo ole|t{ti@ls
RORS 6 2 1|8 € 7 = o ele|t{tiE)t
Shift Lelt, Arithmetic ASL 8 7 2|16 3 ® - ofsftitipt
ASLA 8 2 ' A} O- OOOIO-¢ elait|ii®rt
ASLB 8 2 1|8 ¢ b7 L oleltithE)?
Shift Right, Anthmetic ASR 6/ 1 2| 6 3 » - elefijl 1
ASRA 4 2 1| a Qmm -0 etell|s 1
ASRB 57 2 1 ] ©? b0 e|o|t]t 1
Shift Right, Logee SR 6 1 2|14 6 3 " - oleinitkp)lt
LSRA “ 2 1{a 0~OOIm —- 0O olofn|tip]t
LSRB 4 2 1[4 b7 [ DL G B
Store Acmits. STAA 9 4 2]ar 6 2|87 5 3 A-m o|elt]|r]e
STAB 07 4 2{Er & 20F1 5 3 B-M olef:is|r]{e
Subtract susa | 80 2 2% 3 2{A0 5 2|80 4 3 A-M-a elefsls|s]s
suee [co 2 2/o0 3 2{ec 5 2|F0 4 3 a-M-8 e|eft]s]sls
Subtract Acmitrs. SBA 0 2 A-B-A eleftiz]1{t
Subtr. with Carry secA |8 2z 2§92 3 2[a2 5 2|82 4 3 A-M-C-A eloftlt] st
s8CB | C2 2 2{02 3 2{€2 5 2|fz 4 3 9-M-C-~8 eleitit] 1|t
Transfer Acmites TAB 6 2 1{A-8 ofoft]t|r|e
TBA 17 21 8 -A ele|l]l]|R]|®
Test, Zero or Winus ST 60 7 2| s 3 ¥ - 00 eloft]s|r[r
TSTA w2 1|a-0 eloftistr|r
578 6 2 tla-00 oleltfsfrfr
wlt[n]z|vic
LEGEND: CONDITION CODE SYMBOLS: CONDITION CODE REGISTER NOTES:
0P  Operstion Code (Hexsdecimal); (Bit set o tust is true and cieared otherwise)
~  Number of MPU Cyclss; H Hallcarry from bit 3; 1 (BitV)  Test: Result = 100000007
e o Byt N 2 (B Test Result - 000000007
= Arithmatic Minug; 7 2w toyrel 3 (BitC) Test: Dacimal value of most sigaificant BCD
-+ Booles AND; V. Ovediow, 2's complement Character greater than nine?
Msp  Contents of memary location pointed 10 be Stack Pointer; L Coryfrombit? {Nat cleared it previously set.)
+  Baelean Inclusive OR; R Remt Always 4 {8it V) Test: Operand = 10000000 prioe to execution?
@  Booleen Exclusive OR; $  Set Avmys 5 {Bit V)  Test: Operand = 01311111 prior to execution?
M Complement of M; t Testand st it true, cleered otherwise 6 {Bit V)  Test: Set equat to result of NDC aftes shift has occurred.
= Teansler into; * Not Affected
[ Bit = 2aro;
00 Byre = Zwo: Note: A ing mode i d are included in the column for IMPLIED addressing.
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6.4 - Program control operations

Program Control operation can be subdivided into two categories : (1) Index Register/Stack Pointer instructions ; (2) Jump an
Branch operations.

Index Register/Stack Pointer Operations

The instruction for direct operation on the MPU’s index register and stack pointer are summarized in Table 8. Decrement (DEX
DES), increment (INX, INS) load (LDX, LDS), and store (STX, STS) instruction are provided for both. The compare instruction
CPX, can be used to compare the index register to a 16-bit value and update the condition code register accordingly.

The TSX instruction causes the index register to be loaded with the address of the last data byte put onto the «stack».The TX
instruction loads the stack pointer with a value equal to one less than the current contents of the index register. This causs
the next byte to be pulled from the «stack» to come from the location indicated by the index register. The utility of these t
instructions can be clarified by describing the «stack» concept relative to the EF 6800 systems.

The «stack» can be throught of as a sequential list of data stored in the MPU’s read/write memory. The stack pointer contain
a 16-bit memory address that is used to access the list from one end on a last-in-first-out (LIFO) basis in contrast to the rando!
access mode used by the MPU's other addressing modes.

The EF 6800 instruction set and interrupt structure allow extensive use of the stack concept for efficient handling of data m
vement, subroutines and interrupts. The instructions can be used to etablish one or more «stacks» anywhere in read/write m
mory. Stack lenght is limited only by the amount of memory that is made available.

Operation of the stack pointer with the Push and Pull instruction is illustrated in Figures 15 and 16. The Push instructio
(PSHA) causes the contents of the indicated accumulator (A in this example) to be stored in memory at the location indicate
by the stack pointer. The stack pointer is automatically decremented by one following the storage operation and is «pointing
to the next empty stack location. The Pull instruction (PULA or PULB) causes the last byte stacked to be loaded into the apprt
priate accumulator. The stack pointer is automaticcaly incremended by one just prior to the data transfer so that it witl poin
to the last byte stacked rather than the next empty location. NOte that the PULL instruction does not «remove» the data fro
memory ; in the example, 1A is still in location (m + 1) following execution of PULA. A subsequent PUSH instruction wouid over-
write that location with the new «pushed» data.

Execution of the Branch to Subroutine (BSR) and Jump to Subroutine (JSR) instructions cause a return address to be saved
on the stack as shown in Figure 18 through 20. The stack is decremented after each byte of the return address is pushed ont:

the stack. For both of these instructions, the return address is the memory location following the bytes of code that corres|
pond to the BSR or JSR instruction. The code required for BSR or JSR may be either two or three bytes, depending on whethe
the JSR is in the indexed (two bytes) or the exented {three bytes) addressing mode. Before it is stacked, the Program Counte
is automatically incremented the correct number of times to be pointing at the tocation of the next instruction. The return for
;gbroutine instruction, RTS, causes the return address to be retrieved and loaded into the program counter as shown in Figure

There are several operations that cause the status of the MPU to be saved on the stack. The Software Interrupt (SWI) and Wait|
for Interrupt (WAI) instructions as well as the maskable (IRQ) and non-maskable (NMI) hardware interrupts all cause the MPU'’s
internal registers (except for the stack pointer itself) to be stacked as shown in Figure 23. MPU status restored by the return
from interrupt, RT1, as shown in Figure 22.

Jump and Branch Operation
The jump and branch instructions are summarized in Table 9. These instructions are used to control the transfer or operation
from one point another in the control program.

The No Operation instruction, NOP, while included here, is a jump operaticn in a very limited sense. Its only effect is to incre-
ment the Program Counter by one. It is useful during program development as a «stand-in» for some other instruction that is
to be determined during debug. It is also used for equalizing the execution time through alternate paths in a control pro-
gram. .

Table 8 - Index register and stack pointer instructions
COND. CODE REG.

IMMED DIRELTY INDEX EXTND IMPLIED UL
POINTER OPERATIONS MNEMONIC | OP | ~| = |OP| ~| = |OP |~ | =|OPf ~ [ =[OP| ~| = { BOOLEAN/ARITHMETIC OPERATION [H|1|N]Z|V]C
Compare Index Reg oPX 8C)3| 3focla]2factis]2|ec|s |3 XH-MXp -(M+1) o[e|®|1 Do
Oecrement Index Reg DEX mlaj| X-t-~X . eofl|e|e
Decrement Stack Pntr 0€s a1 SP—1 5P elojojs|e|e
Increment Index Reg INX 084 |1 X+1-X% slojeileje
incremen Stack Pote INS e SP41-5P olojele]e]e
Load Index Regq X CE|3) 3 |0E) 4} 2EE[6 |2 |FE|B |3 M=Xy (M) =X) ololD|!]|n]0®
Load Stack Pntr LOS 8E |3 Jf9E| 4 2|AE{E |2 BE[S |3 M= SPy (M4 1) ~SP o[o|D|t|r|e
Stare index Reg STX of 5| 2|erl?|2(FFr|6 |3 Xy M, Xy <M+ 1) oo 1|r|e
Store Stack Prtr- STS 9F | S| 2|AF| 7| 2|BF| 6|3 SPH ~M, SPL +(M+1) L4 @ HLIL
indx Reg -+ Stack Pn1r @S B4 X~-1-8P . oloje|e
Stack Pntr - lndx Reg TSX KA KN R §P+1 =X L] elofo|e

@ (Bit N) Test : Sign bit of mast significant (MS} byte of result = 1?2
@ (Bit V} Test: 2s p 1t overtlow from ) of ms bytes ?
@ (Bit N) Test: Result iess than zero ? (Bit 15 = 1).
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Figure 15 : Stack operation, push instruction.
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Figure 16 : Stack operation, pull instruction.
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Table 9 - Jump and branch instructions

COND. CDOE REG.

RELATIVE INDEX EXTND IMPLIED s|4f{3[2|1]0
OPERATIONS MNEMONIC oF|~|e|or]~| #jor|~]| 2jor ]2 BRANCH TEST HIit|IN|Z|V]C
Branch Alweys BRA 0|42 None s|lelo|eo]0]es
Branch 1t Carry Clear 8CC U4 |2 c=0 e|e|e|o]|ele
Branch if Carry Set 8cs %4 ]2 C=1 elo|s|o|e|e
Branch It = 2ec0 8EQ 27| 412 2=1 eje|leo|/o|o|e
Branch If 3> Zero 8GE W|e]2 N®OV=D s|ojole|e|e
Branch If > Zero . 8GT 4|2 Z+IN@VI=0 s|loale|o]e
Branch If Higher L1} 2142 C+2=0 [ AR ER AN NN AR
Branch If < Zero BLE e ]2 Z+IND V) =1 el ejoje|[ofe
Branch It Lower Or Same BLS 23|42 CeZ=1 el sjefojo|e
Branch H < Zero BLT 0|42 N@V=1 ofo|o|ole]|e
Branch It Minus L] B|s]2 LER] s ool
8ranch If Not Equal Zero BNE 4] 2 2=0 BRI IRIE]
Beanch If Overflow Clear BVC w42 A4 ] sjo|ofe e
Branch If Overflow Set 8vs 9142 v=i o|lejejoin e
Branch (f Prys BPL a4 2 N=D ORI IREIK]
Beanch To Subroutine 8sR 80|82 e/ oo/ eje|e
Jump Jnp 6| 4| 2]|7E]| 33 % See Special Operations ofefle]ole|e
Jump Fo Subroutine JSR AD| 8l z|8BD|9]3 sje|o|eoloie
No (peration NoP ot 211 Advances Prog. Cnir. Only ole[el o0
Return From Interrupt RTI w101 ©)
Return From Subroutine RTS w5 |1 sjeo|oje|e|e
Software Interrupt Wi Fj12 )1 See Spacial Opevations e|lo|o| ole|e
Wart for intersupt WAL |9 (1 . @ o|l eje

*WAI puts Address Bus, R/W, and Data Buz in the three state mods while VMA is held low.

@ (A} Load condition code register from stack. (See special operations).
@ (Bit 1) Set when i pt occurs, If previ y set, a kable interrupt is required to exit the wait state.

@ (Bit N) Test : Rasult less than zero ? (Bit 15 = 1).

Execution of the Jump Instruction, JMP, and Branch Always, BRA, affects program fiow as shown in Figure 17. When the MPU
encounters the jump (indexed) instruction, it adds the offset to the value in the index register and usaes the resuit as the ad-
dress of the next instruction to be executed. In the extended addressing mode, the address of the next instruction to be execu-
ted is fetched from the two locations immediately following the JMP instruction. The Branch Always (BRA) instruction is simi-
lar to the JMP {extended) instruction except that the relative addressing mode applies and the branch Is limited to the range
within - 125 or + 127 bytes of the branch instruction itself. The opcode for the BRA instruction requires one less byte than JMP
(exended) but takes one more cycie to execute.

The effect on program flow for the Jump Subroutine (JSR) and Branch to Subroutine (BSR) is shown in Figures 18 through 20.
Note that the program counter is properly incremented to be pointing at the correct return address before it is stacked. Opera-
tion of the branch to subroutine and jump to subroutine (extended) instruction is similar except for the range. The BSR instruc-
tion requires less opcode than JSR (2 bytes versus 3 bytes) and also executes one cycle faster than JSR. The return from Su-
broutine, RTS, is used as the end of a subroutine to return to the main program as indicated in Figure 21.

The effect of executing the Software Interrupt, SWI, and the Wait for Interrupt, WA, and their relationship to the hardware inter-
rupts is shown in Figure 22. SWI causes the MPU contents to be stacked and then fetches the starting address of the interrupt
routine from the memory locations that respond to the addresses FFFA and FFFB. Note that as in the case of the subroutine
instructions, the program counter is incremented to point at the correct return address before being stacked. The Return from
Interrupt instruction, RTI, (Figure 22) is used at the end of an interrupt routine to restore control to the main program. The SWI
instruction is useful for inserting break points in the control program, that is, it can be used to stop operation and put the MPU
registers in memory where they can be examined. The WA instruction is used to decrease the time required to service a hard-
ware interrupt ; it stacks the MPU contents and then waits for the interrupt to occur, effectively removing the stacking time
from a hardware interrupt sequence. .

PC  Main Program

Main Program Main Program
ke =9 n [ 7e=omp
n | 6E=JMP n 2¢ = BRA
n+1 Ky =Next Address
n+1 | K=0ffset N+ K= Offset”
INDXD T EXTND n+2 K| =Next Address T

.
K

*K = Signed 7-bit value
(a) Jump (b} Branch

Flgure 17 : Program flow for jump and branch instructions.
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PC=— n

n+2

7€

— ]

BSR

K = Offser*

Next Main lnstr,

*K = Signed 7-Bit Value

(a) Befors Execution

PC—(n +2) K

(n+2}H

(n+2)L

7E

J

BSA

+K = Offser

Next Main Instr.

—

18t Subr. Instr.

L —

{b) Aftar Execution

TE

1A

=
.——/

JSR = B0

Sy = Subr. Addr.

S * Subr. Addr.

Next Main Instr,

e

(a) Bejore Exscution

m-1 {n + 31
m ns 3L
me+1 7€
miz 7A
=
~/‘I
n ISR
n+ Sy = Subr. Adde.
n+2 S| = Subr. Addr.
n+3 Next Main Inutr,

PC—>-35

{S formed from
Spy and S}

Figure 18 : Program flow for BSR.

— )

—

Vot Suby. tnstr.

e

{b) After Execution

Figure 19: Program flow for JSR (extended).

m=1

SP — m

)

7E

7A

e
J

JSA = AD

K = Offset”

Next Main Instr,

*K = 8-Bit Unsigned Velue

{n) Before Execution

SP —~—em — 2
m-—1 {n+2H
m (n+ 210
m+ 1 7E
=
7
" JSR = AD
ns+ K = Offset
n+2 Next Main i1nstr.
PC— X' + K 132 Subr. Instr.
Y

*Contents of ingex Aagiste:

(D) Atrer € xecution

Figure 20 : Program flow for JSR (indexed).
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PC —» Sp

m-6
m-—5
m-4
m-3
m-2
m-1

m
n+
Sn

PC —a
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(a) Before Exscution

Figure 21:
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[ ——
/

Next Main instr.

| —

Last Inter, Instr.
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/

{a) Betore Execution

n+t

n+2

PC =t n+3
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Program flow for RTS.
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PC—m= n+1
Sn

Figure 22 : Program flow for RTI.
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Wan For Hardware interrupt os
Software Intercupt Interrupt Non-Maskable interrupt {NM1)
Man Program Main Program Main Pragram
n | 3F = SWi no | 3E=WAI
n+1 | Next Man Instr. n+1 | Next Main instr, n § Last Prog. Byte
[\ J . .
T' "
Continue Main Prog.
"+‘
\ v
Stack
SP—> m-—7
Stack MPU m — 6 | Condition Code

Register Contents :'\: m 5] Acmitr. 8
m— 4| Acmit. A
m — 3] Index Register (X))
m — 2 { index Register (X)
m—1]1 PCin+ 1}H

m PC(n + 1)L
swi HOWR WA| NME ‘ Restart ’
INT =
NMi
Wait Loop
FFFA FFF8 FEEC L FFFE
’ FFFB ¥ FFFO fFED Y FEFF

Interrupt Memory Assignment !

FFF8 IRQ MS

FFFY IRQ s

FFFA SWI L) First Instr.

FFFB Swi LS © Addr. Formed
By Fetching

FFFC NMI MS 2.Bytes From

FFFD NMI (& Por. Mem.

FFFE Reset MS Assign.

FEFF Reset Ls

Note : MS = Most Significant Address Byte.
LS = Least Significant Address Byte.

v

Set Interrupt
Mask {CCR 4)

Y

Load Interrupt
Vector into
Program Counter

Interrup1 Program
15t Interrupt Instr,

Figure 23 : Program flow for interrupts.

) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX
B 902bL872 0002758 T3l [

25/40
275




EF 6800

BMI N=1 . BEQ Z=1 ;
BPL : N=o BNE 2=¢ ;
8vVC V=g ; acc . C=¢ ;
avs V=1 ; acs c=1
BHI : C+Z=¢ ; BLT : NOV =1
BLS : C+2=1 ; BGE : NBV =y ;
BLE Z+(NOV)=1
BGT : Z+(NBV)~p ;

Figure 24 : Conditional branch instructions.

The conditional branch instructions, Figure 24, consists of seven pairs of complementary instructions. They are used to test
the results of the preceding operations and either continue with the next instruction in sequence (test fails) or cause a branch
to another point in the program (test succeeds).

Four of the pairs are used for simple tests of statuts bits N, Z, V,and C:

1. Branch on Minus (BMI) and Branch On Plus (BPL) tests the sign bit, N, to determine if the previous result was negative or
positive, respectively.

2. Branch On Equal (BEQ) and Branch On Not Equat (BNE) are used 1o test zero statuts bit, Z, to determine whether or not the
result of the previous operation was equal to zero. These two instructions are useful following a Compare (CMP) instruction
to test for equality between an accumulator and the operand. They are also used following the Bit Test (BIT) to determine whe-
ther or not whe same bit positions are in an accumulator and operand.

3. Branch On Overflow Clear (BVC) and Branch On Overflow Set (BVS) tests the state of the V bit to determine if the previous
operation caused an arithmetic overflow.

4. Branch On Carry Clear (BCC) and Branch On Carry Set (BCS) tests the state of the C bit to determine if the previous opera-
tion caused a carry to occur. BCC and BCS are useful for testing relative magnitude when the values being tested are regarded
as unsigned binary numbers, that is, the values are in the range 00 (lowest) to FF (highest). BCC following a comparison (CMF)
will cause a branch if the (unsigned) value in the accumulator is higher than or the same as the value of the operand. Converse-
ly, BCS will cause a branch if the accumulator value is lower than the operand.

The fifth complementary pair, Branch On Higher (BHI) and Branch On Lower or Same (BLS) are, in a sense, complements to
BCC and BCS. BHI tests for both C and Z = 0; if used following a CMP, it will cause a branch if the value in the accumulator
is higher than the operand. Conversely, BLS will cause a branch if the unsigned binary value in the accumuiator is lower than
or the same as the operand.

The remaining two pairs are useful in testing results of operations in which the values are regarded as signed two’s comple-
ment numbers. This differs from the unsigned binary case in the following sense : in unsigned, the orientatlon is higher or lo-
wer ; in signed two's complement, the comparison is between Jarger or smaller where the range of values is between - 128
and + 127.

Branch On Less Than Zero (BLT) and Branch On Greater Than Or Equal Zero (BGE) test the status bits for N + V = 1 and
N + V ='0, respectively. BTL will always cause a branch following an operation in which two negative numbers were added.
In addition, it will cause a branch following a CMP in which the value in the accumulator was negative and the operand was
positive. BLT will never cause a branch foliowing a CMP in which the accumulator value was positive and the operand negati-
ve. BGE, the complement to BLT, will cause a branch following operations in which two positive values were added or in the
result was zero.

The last pair, Branch On Less Than Or Equal Zero (BLE) and Branch On Greater Than Zero (BGT) test the status bits for
Z+(N+V)=1andZ + (N + V) = 0, respectively. The action of BLE is identical to that for BLT except that a branch will
also occur if the result of the previous result was zero. Conversely, BGT is simitar to BGE except that no branch will occur fol-
lowing a zero resuit.

8.5 - Condition code register operations

The Condition Code Register (CCR) is a 6-bit register within the MPU that is useful in controlling program flow during system
operation. The bits are defined in Figure 25.

The instructions shown in Table 10 are available to the user for direct manipulation of the CCR.

A CLI-WAI instruction sequence operated properly, with early EF 68000 processors, only if the preceding instruction was odd
(Least Significant Bit = 1). Similary it was advisabier to precede any SEl instruction with an odd opcode - such as NOP. These
precautions are not necessary for EF 6800 processor indicating manufacture in November 1977 or later.

Systems thich require an interrupt window to be opened under program control should use a CLI-NOP-SEI sequence rather
than CLI-SEI.
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bg bs bz by by by

(hl [w]z]v]e]

X
]

Half-carry; set whenever a carry from b3 to bg of the result is generated
by ADD, ABA, ADC; cleared if no b3 to by carry; not affected by other
instructions.

Interrupt Mask; set by hardware or software interrupt or SEI instruction;
cleared by CLI instruction. {Normatly not used in arithmetic operations.}
Restored to a zero as a result of an RT1 instruction if Iy stored on the
stacked is low.

N = Negative; set if high order bit {by) of result is set; cleared otherwise.

N
"

2Zero; set if result = O; cleared otherwise.

V = Overlow; set if there was arithmetic overflow as a result of the operation;
cleared otherwise.

C = Carry; set if there was a carry from the most significant bit (b7) of the
result; cleared otherwise.

Figure 25 : Condition code register bit definition.

Table 10 - Condition code register instructions.

COND. CODE REG.

IMPLIED 5|4j3[2/1]90
OPERATIONS MNEMONIC {OP| ~ | = |BOOLEANOPERATION [ H | | i N jZ (V| C
Clear Carry cLe oc|2 |1 b—~cC eleje oio R
Clear Interrupt Mask cu 0E |2 |t 01 o|R|{e|olele
Clear Querflow Ly 0A| 2} 0-v s|e|s @R e
Set Carry SEC 0|2t 1=~ eje|sle|e|s
Set Interrupt Mask SEt oF [ 2 | 1-+1 elS|eje o]
Set Overtlow SEV 08|21}t 1-+v e|lo|loleisie
Acmltr A ~CCR TAP g6 (241 A~ CCR
CCR = Acmitr A TPA 2] CCR—A slejeje|e]e
R = Reset
S = Set

® = Not affected

@ {ALL} Set according to the contents of Accumulator A.

6.6 - Addressing modes

The MPU operates on 8-bit binary numbers presented to it via the Data Bus. A given number (byte) may represent either data
or an instruction to be executed, depending on where it is encountered in the control program. The 6800 has 72 unigue instruc-
tions, however, it recognizes and takes action on 197 of the 256 possibilitis that can occur using an 8-bit word length. This lar-
ger number of instructions results from the fact that many of the executive instructions have more than one addressing
mode.

These addressing modes refer to the manner in which the program causes the MPU to obtain its instructions and data. Pro-
gram causes the MPU to obtain its instructions and data. The programmer must have a method for addressing the MPU’s inter-
nal register and all of the external memory iocations.

Selection of the desired addressing mode is made by the user as the source statements are written. Translatlon into appro-
priate opcode then depends on the method used. If manual translation is used, the addressing mode is inherent in the opcode.
For example, the Immediate, Direct, Indexed, and Extended modes may all be used with the ADD instruction. The proper mode
is determined by selecting (hexadecimal notation) 8B, 98, AB, or BB, respectively.

The source statement format includes adequate information for the selection if an assembler program is used to generate the
opcode. For instance, the Immediate mode is selected by the assembler whenever it encounters the« = » symbol in the operand
field. Similarly, an «X» in the operand field causes the indexed mode to be selected. Only the relative mode applies to the
branch instructions, therefore, the mnemonic instruction itself is enough for the assembler to determine addressing mode.
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For the instructions that use both direct and extended modes, the assembler selects the direct mode if the operand value is
in the range 0-255 and extended otherwise. There are a number of instructions for which the extended mode is valid but the
direct is not. For these instructions, the assembler automatically selects the extended mode even if the operand is in the 0-255
range. The addressing modes are summarized In Figure 26.

Inherent (Includes «Accumulator Addressing» Mode)

The successive flelds in a statement are normally separated by one or more spaces. An exceptiorf to this rule occurs for ins-
tructions that use dual addressing in the operand field and for instructions that must distinguish bstween the two accumula-
tors. In these cases, A and B are «operands» but the space between them and the operator may be omitted. This is commonly
done, resulting in apparent four character mnemonics for those instructions. .

The addition instruction, ADD, provides an example of dual addressing in the operand field :
Operator Operand Comment
ADDA MEM12  ADD CONTENTS OF MEM12 TO ACCA
or
ADDB MEM12  ADD CONTENTS OF MEM12 TO ACCB

The example used earlier for the text instruction, TST, also applies to the accumulators and uses the «accumulator addressing
mode» to designate which of the two accumulators is being tested :

Direct: n DO Instruction Immediate: n Instruction
Example: SUBB 2 :
Addr. Range = 0-265 " *1 | 2= 0Oprnd Addres e oA, K = Operand
& n+2 Next Instr. n+2 Next Inst.
[ OR
Y (K = Two-Byts Oprnd) n
(CPX, LOX, snd LOS) Instruction
[ - n+ Kp = Operand
(K ) on.-av" oprnd) z nre KL - Op.'."d
QR n+3 Next Instr.
{K = Two-Byte Oprnd) z Ky = Operand
Z+1 K = Operand
Relative: n Ingtruction
O\ 11 25255, Assembier Setect Dirsct Mode Example: BNE K nel 1K = Brnch Offewt
14 Z .~ 255, Extended Mode is selected
(K = Signed 7-Bit Value) n+2 Next Instr. /2
Addr. Range: L)
—125to +129
Relative 1o n.
[ ]
*

Extended: n FO Instruction

n+2) 1K _t ¥
Exsmpls: CMPA Z n+ Zpy = Oprnd Address ’

Addr. Range: . é If Bench Tst False, & if Brach Tst True,
2 - h
256- 65536 n Z|_ = Oprnd Address
n+3 Next Instr.
. Indexed: n instruction
» Exsmple: ADDA Z, X n+ Z = Otfsat
Addr. Range: n+2 “Next (nstr.
0--255 Ralative to
(K = One-Byte Oprnd) index Register, X .
[ ]
(K = Two-8yte Oprnd) z Ky = Operand . [ ]

- {Z = 8-8it Unsigned X +
Z+1 K| = Operand Velue) z

Figure 26 : Addressing mode summary.
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Operator Comment
TSTB  TEST CONTENTS OF ACCB
TSTA TEST CONTENTS OF ACCA

A number of the instructions either alone or together with an accumulator operand contain all of the address information that
is required, that is «<inherent» in the instruction itself. For instance, the instruction ABA causes the MPU to add the contents
of accumulators A and B togsther and place the result in accumulator A. The instruction INCB, another exampie of «accumula-
tor addressing», causes the contents of accumulator B to be increased by one. Similary, INX, increment the Index Register,
causes the contents of the Index Register to by increased be one.

Program flow for instructions of this type is illustrated in Figures 27 and 28. In these figures, the general case is shown on the
left and a specific example s shown on the right. Numerical examples are in decimal notation. Instructions of this type re-
quire only one byte of opcode. Cycle-by-cycle operation of the inherent mode is shown in Table 11.

Operator Operand Comment
STAA X PUT A IN INDEXED LOCATION

Immediate Addressing Mode - In the Immediate addressing mode, the operand is the value that is to be operated on. For ins-
tance, the instruction

causes the MPU to «immediately load accumulator A with the value 25» ; no further address reference is required. The Imme-
diate mode is selected by preceding the operand value with the «=» symbol. Program flow for this addressing mode is illustra-
ted in Figure 29.

The operand format allows either properly defined symbols or numerical values. Except for the instructions CPX, LDX, and
LDS, the operand may be any value in the range 0 to 255. Since Compare Index Register (CPX), Load Index Register (LDX), and
Load Stack Pointer (LDS), require 16-bit values, the immediate mode for these three instructions require two-byte operands. In
the immediate addressing mode, the «address» of the operand is effectively the memory location immediately following the
instruction itself. Table 12 shows the cycle-by-cycle operation for the immediate addressing mode.

Direct and Extended Addressing Modes - In the direct and extended modes of addressing, the operand field of the source sta-
tement is the address of the value that is to be operated on. The direct and extended modes differ only in the range of memory
locations to which they can direct the MPU. Direct addressing generates a single 8-bit operand and, hence, can address only
memory locations 0 through 255 ; a two byte operand is generated for extended addressing, enabling the MPU to reach the re-
maining memory locations, 256 through 65535. An example of direct addressing and its effect on program flow is illustrated
in Figure 30.

The MPU, after encountering the opcode for the instruction LDAA (Direct) at memory location 5004 (Program Counter = 5004),
looks in the next location, 5005, for the address of the operand. It then sets the program counter equal to the value found there
(100 in the example) and fetches the operand, in this case a value to be loaded into accumulator A from that location. For ins-
truction requiring a two-byte operand such as LDX (Load the Index Register), the operand bytes would be retrieved from loca-
tions 100 and 101. Table 13 shows the cycle-by-cycle operation for the direct mode of addressing.

Extended addressing, Figure 31, is similar except that a two-byte address is obtained from locations 5007 and 5008 after the
LDAB (Extended) opcode shows up in location 5006. Extended addressing can be throught of as the «standart» addressing
mode, that is, it is a method of reaching any place in memory. Direct addressing, since only one address byte is required, provi-
des a faster method of processing data and generates fewer bytes of control code. In most applications, the direct addressing
range, memory locations 0-255, are reserved for RAM. They are used for data buffering and temporary storage of system varia-
bles, the area in which faster addressing is of most value. Cycle-by-cycle operation is shown in Table 14 for Extended Addres-
sing.

MPU MU MPU MPU
INDEX AccB
- = — =
RAM Ram RAM RAM
T~
= = - =
TaeMORY Pty Saenony pROGRAN
PC INSTR K PC + 5000 NX K
: PC INSTR <:_ PC = 5001 INC B8 A-_‘
L L
N GENERAL FLOW EXAMPLE
GENERAL FLOW EXAMPLE
Figure 27 : Inherent addressing. Figure 28 : Accumnulator addressing.
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Relative Address Mode - In both the direct and extended modes, the address obtained by the MPU is an absolute numerical
address. The Relative addressing mode, implemented for the MPU'’s branch instructions, specifies a memory location relative
to the Program Counter’s current location. Branch instructions generate two bytes of machine code, one for the instruction op-
code and one for the srelative» address (see Figure 32). Since it is desirable to be able to branch in either direction, the 8-bit
address byte is interpreted as a signed 7-bit value ; the 8th bit of the operand is treated as a sign bit, «0» = plus and «1» =
minus. The remaining seven bits represent the numerical value. This results in a relative addressing range of + 127 with res-
pect to the location of the branch instruction itself. However, the branch range is computed with respect to the next instruc-
tion that would be executed if the branch conditions are not satisfied. Since two bytes are generated, the next instruction is
located at PC + 2. If D is defined as the address of the branch destination, the range is then :
(PC+2-127<DA(PC + 2) + 127
or PC - 125 <D< PC+ 129
that is, the destination of the branch instruction must be within — 125 to + 129 memory locations of the branch instruction
itself. For transferring control beyond this range, the unconditional jump (JMP), jump to subroutine {JSR), and return from su-
broutine (RTS) are used. :
In Figure 32, when the MPU encounters the opcode for BEQ (Branch if result of last instruction was zero), it tests the Zero bit
in the Condition Code Register. If that bit is «0», indicating a non-zero result, the MPU continues execution with the next ins-
truction (in location 5010 in Figure 32). If the previous result was zero, the branch condition is satisfied and the MPU adds the
offset, 15 in this case, to PC + 2 and branches to location 5025 for the next instruction.

The branch instructions allow the programmer to efficiently direct the MPU to one point or another in the control program de-
pending on the outcome of test results. Since the control program is normally in read-only memory and cannot be changed,
the relative address used in execution of branch instructions is a constant numerial value. Cycle-by-cycle operation is shown
in Table 15 for relative addressing. '

Indexed Addressing Mode - With Indexed addressing, the numerical address is variable and depends on the current contents
of the Index Register. A source statement such as

Operator  Operand Comment
STAA X PUT A IN INDEXED LOCATION

causes the MPU to store the contents of accumufator A in the memory location specified by the contents of the index register
Table 11 - Inherent mode cycle-by-cycle operation (continued)

Address Mode Cyele | VMA /W
and Instructions Cycles| # | Line Address Bus Line Data Bus
ABA DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SE) 2 2 | 1 | OpCode Address + 1 1| op Code of Next Instruction
ASR INC SEV p e 8ss ] e of Next Instructio:
CBA LSR TAB
CLC NEG TaP
CLI NOP TBA
CLR ROL TPA
CLV AOR TST
COM SBA
DES t 1 Op Code Address 1 Op Code
FNESX 4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
INX 3 0 Previous Register Contents 1 itrelevant Data (Note 1#
4 0 New Register Contents 1 irrelevant Data {Note 1}
PSH 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 1 Stack Painter [} Accumulator Data
4 0 Stack Pointer — 1 1 Accumultator Data
PUL 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 Irrefevant Data (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next {nstruction
3 o Stack Pointer 1 Irrelevant Data (Note 1)
4 [1] New Index Register 1 irrelevant D#ta (Note 1)
TXS t 1 QOp Code Address 1 Qp Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 4] Index Register 1 Irrelevant Data
4 o] New Stack Pointer 1 irrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 trrelevant Data (Note 2)
5 3 4 Stack Pointer 1 Irrelevant Data {Note 1)
4 1 Stack Pointer + 1 1 Address of Next Instruction {High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction {Low
Order Byte)
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Table 11 - Inherent mode cycle-by-cycle operation

Address Mode l Cycle| VMA AW ]
and Instructions Cycles # | Line Address Bus Line Dsta Bus
WA ] 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 1 Op Code of Next Instruction
3 1 | Stack Pointer 0 | Return Address {Low Ordar Byte}
4 1 | Stack Painter - 1 Q | Return Addrass (High Orcler Byte)
9 s 1 | Stack Pointer — 2 0 | Index Register (Low Order Byte)
6 1 | Stack Paointer — 3 @ [ Index Register {High Order Byte)
7 1 | Stack Pointer — 4 0 | Contents ot Accumulator A
8 1 | Stack Pointer — 5 0 | Contents of Accumulator B
9 1 | Stack Painter — 6 (Note 3) 1 [ Contants of Cond. Code Register
RTI 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | trrelevant Data (Note 2}
3 O | Stack Pointer 1 | trralevant Deta (Note 1)
4 1 | Stack Painter + 1 1 | Contents of Cond. Code Register from
Stack
10 s 1 |Stack Painter + 2 1 | Contents of Accumulator B from Stack
€ 1 |Stack Pointer + 3 1 | Contents of Accumulator A from Stack
7 1t |Stack Pointer + 4 1 {Index Register from Stack (High Order
Byte)
8 1 | Stack Pointer + & 1 | index Register from Stack {Low Order
. Byte)
9 1 |Stack Pointer + & 1 | Next instruction Address from Stack
{High Order Byte)
10 1 |Stack Pointer + 7 1 | Next Instruction Address from Stack
{Low Order Byte)
swi 1 1 |Op Cade Address 1 | Op Code
2 1 |Op Code Address + 1 1 | Irrelevant Data (Note 1}
3 1 |Stack 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 Potnter — 3 0 | Index Register (High Order Byte)
7 1 |Stack Pointer — 4 0 [ Cantents of Accumulator A
8 1 |[Stack Pointer — § 0 | Contents of Accumulator B
q 1 |Stack Pointer — § 0 | Contents of Cond. Code Rsgister
10 0 {Stack Pointer — 7 1 1lrrelevant Data (Note 1)
11 1 |Vector Address FFFA (Hex} 1 | Address of Subroutine {High Order
Byte)
12 1 |Vector Address FFF8 (Hex) 1 :ddr)ess of Subroutine {Low Order
vie

Note 1: If device which is addressed during this cycle uses VMA, then the data bus will go to the high impedance three-state condition.
D ding on bus i data from the previous cycle may be retained on the data bus.

Note 2: Data is ignored by the MPU.

Note 3: While the MPU is waiting for the interrupt, bus available will go high indicating the following states of the control lines : VMA is low ; address bus ;
R/W, and data bus are all in the high impedance state.

(recall that the label «X» is reserved to designate the index register). Since there are instructions for manipulating X during pro-
gram execution (LDX, INX, DEC, etc.), the indexed addressing mode provides a dynamic «on the fly» way to modify program ac-
tivity.

The operand field can also contain a numerical value that will be automatically added to X during execution. This format is
illustrated in Figure 33.

When the MPU encounters the LDAB (indexed) opcode in location 5006, it fooks in the next memory location for the value to
be added to X (5 in the example) and calculates the required address by adding 5 to the present index register value of 400.
in the operand format, the offset may be represented by a label or an numerical value in the range 0-255 as in the example.
In the earlier example, STAA X, the operand is equivalent to 0, X, that is, the 0 may be omitted when the desired address is
equal to X. Table 16 shows the cycle-by-cycle operation for the indexed mode of addressing.
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MPU MPU
: ACCA :
RAM RAM
< : < : ADDR
PROGRAM PROGRAM
MEMORY MEMORY
ec | NsTR pc = 5002] oA A pC
oata K % K RC+Y
GENERAL FLOW EXAMPLE

Figure 29 : immediate addressing mode.

Table 12 - Immediate mode cycle-by cycle operation

MPU MPL
: ACCA :
RAM RAM
DATA ADOR = 100 % <
L I

PAOGRAM PROGRAM
MEMORY MEMORY

INSTR PC = 5004 LDA A

ADDR <:__ s00s{ 100

AODDR = 0 £ 255

GENERAL FLOW

EXAMPLE

Figure 30 : Direct addressing mode.

Address Mode Cycle [VMA RW
and Instructions Cycles # |Line Address Bus Line Dats Bus

ADC EOR 1 1 Op Code Address 1 Op Code

ADD LDA 2 ] Op Code Addrass + 1 1 Operand Date

AND ORA 2 P Coce b

BIT SBC

CMP Sug

CPX 1 1 Op Code Address 1 Op Code

tgi 3 2 1 Op Code Address + 1 1 Operand Data (High Qrder Byte)
3 1 Op Code Address + 2 1 Opersnd Data {Low Order Byte}

Tabie 13 - Direct mode cycle-by-cycle operation

Address Mode [ Cycle ]VMA [ AW
and Instructions Cyclas # | Line Address Bus Line Data Bus
ADC EOR 1 1 Op Code Address 1 Op Code
ADD Lo 3 2 | 1 | OpCode Address+ 1 1 | Address of Operand
BIT SBC 3 1 Address of Operand 1 Operand Data
CMP  sus
CPX 1 1 Op Coda Address 1 Op Code
::g)s( a 2 1 Op Code Address + 1 1 Address of Opersnd
3 1 Address of Operand 1 Operand Data {High Order Byta)
4 i Operend Address + 1 1 Operand Data {Low Order 8yta)
STA 1 1 Op Code Address 1 Op Code
4 2 1 Op Cods Address + 1 1 Destination Address
3 o Destinstion Address 1 Irrelovant Oata (Nate 1)
4 \ Destination Address 0 Dets from Accumuistor
§TS 1 1 Op Code Address 1 Op Code
STX 2 [ 1} OpCode Address +1 1 | Address of Qperand
5 3 0 Address of Operand 1 trralevant Data (Note 1)
4 1 Address of Qperand 0 Register Dats (High Order Byts)
] 1 Address of Operand + 1 0 | Register Data (Low Order Byte)

Note 1: If device which is address during 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.
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a00R

ey MU
[
—
1
TATA aooR - 300( a5 |
PROGRAM PROGRAM
MEMORY MEMORY
INSTR rc 5006 [ (oA s
¢ [ _aboR
|—oocos | 300
ADDR
s =]
AODR 256
GENERAL FLOW EXAMPLE

Table 14 - Extended mode cycle-by-cycle

Figure 31 : Extended addressing mode.

Address Mode Cycle [ VMa R/W
and Instructions Cycles s Line Address Bus Line Data Bus
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand (High Qrder Byte)
6 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 V] Operand Data {High Order Byte)
6 1 Address of Operand + 1 0 Operand Data (Low Order Byte)
JSR 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 Subrouting Starting Address 1 Op Code of Next Instruction
9 5 1 Stack Pointer )] Return Address (Low Qrder Byte)
6 1 Stack Pointer — 1 0 Return Address (High Order Byte}
7 0 Stack Pointer ~ 2 1 Irrelevant Data (Note 1)
8 0 Op Code Address + 2 1 Irrelevant Data {Note 1)
9 1 Op Code Address + 2 1 Address of Subroutine {Low Order Byte}
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 Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 1 1 Op Code Address 1 Op Code
:Bg !L)DR'; . 2| 1 | OpCode Adaress + 1 1 | Address of Operand (High Order Byte!
BIT SBC 3 1 Op Code Address + 2 1 Address of Qperand (Low Qrder Byte)
CMP SuB 4 1 Address of Operand 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
s 2| 1 | OpCade Address + 1 1| Address of Operand (High Order Bytel
5 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
a 1 Address of Operand 1 Operand Data (High Order Byte)
5 1 Address of Operand + | 1 Qperand Data (Low Order Byte)
STA A 1 1 Op Code Address 1 Op Code
STA B 2 1 0p Code Address + 1 1 | Destination Address (High Order Byte)
5 3 1 Op Code Address + 2 1 Oestination Address (Low Order Byte}
4 0 Operand Destination Address 1 frrelevant Data {Note 1)
5 1 Operand Destination Address 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Qp Code
éfg :SE 2 1 Op Code Address + 1 1| Address of Operand {High Order Byte)
COM ROR 6 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
FNE(? TST 4 1 Address of Operand 1 Current Operand Data
5 o Address of Operand 1 leretevant Data (Note 1}
6 1/0 Address of Operand 0 New Operand Data (Note 2)
(Note
2)
Note 1 I( device which is address during this cycle uses VMA, then the data bus will go to the high impedance three-state condition.

on bus

data from the previous cycle may be retained on the data bus.

Note 2: For TST, VMA = 0 and operand data does not change.
/) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX
B 902b872 00027bb 004 NN




EF 6800

MPU MPY
RAM AM
Program Program
Memory Memory
PC Instr.
Offset PC 5008 BEQ

{PC + 2)| Next Instr. 15
PC 50101 Next instr,

e — \\\
(PC + 2) + (Oftset)] Naxt Instr. rC 5025| Naxt instr.

oA -—\_\____J

Flgure 32: Relative addressing mode.

mPY
EK? @“cu
AAM
ADOR = INDX
PROGRAM PAOGRAM
MEMORY MEMORY
PC INSTR PC = 5008 LDAB
OFFSET_ K 5
OFFSET < TN

GENERAL FLDW EXAMPLE
Figure 33 : Indexed addressing mode.

Table 15 - Relative mode cycle-by-cycle operation

Cycle | VMA RW
# {Line Address Bus Line Data Bus

Address Mode

and Instructions Cycies

BCC BHI BNE Op Code Addrass Op Code
BeS oe eno . Op Code Address + 1 Branch Offset
BGE BLT 8VC Op Code Address + 2 Irrelevant Data (Note t)
BGT BM! BVS Branch Address {rrelevant Data (Note 1}
BSR Op Code Address Op Code

Op Code Address + 1 Branch Offset

Return Address of Main Program Irretevant Data (Note 1)
Return Address (Low Order Byte)
Return Address (High Order 8yte)
Irrelevant Data (Note 1)
Return Address of Main Program {rrelevant Data (Note 1)}
8 0 |Subroutine Address Irrelevant Data {Note 1)

Note 1: If devnce which is address during this cycle uses VMA, then the data bus will go to the high impedance three-state condition.
on bus data from the previous cycle may be retained on the data bus,

Stack Pointer
Stack Pointer — 1
Stack Pointer - 2

~N OO A WN =AW N -
O O = 2« O =% 4|0 O «» =

P - - e
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Table 16 - Indexed mode cycle-by-cycle
L Address Mode I Cycle I VMA I I RN j
and Instructions | Cycles Line Address Bus Line Data Bus
INDEXED
JMP 1 1 Op Cods Address 1 Op Code
a 2 1 Op Code Address + 1 1 I Offset
3 0 tndex Register 1 Irrelevant Dats (Note 1)
4 o] Index Register Plus Offsat (w/o Carry} 1 trrelevant Date (Note 1)
ADC EOR 1 1 Op Code Address 1 Op Code
ADD Loa 2 | 1 | opcode Address + 1 1 | Offamr
BIT S8C S 3 [} tndex Register 1 Irralevant Data (Note 1)
Cmp sus 4 ] index Flegister Plus Offset (w/o Carry) 1 Irrglevant Data {Note 1)
[ 1 index Register Plus Offsst 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
Los 2 | 1 | opcode Address + 1 1 | oftser
6 3 [} Index Register 1 trrelevant Data (Note 1)
4 0 index Register Plus Offset (w/o Carry) 1 irrglevant Data (Note 1)
[ 1 Index Register Plus Offset 1 Operand Data {High Order Byte)
[ 1 Index Registar Plus Offset + 1 1 Operand Data {Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
s 3 1] Index Register 1 Irrelevant Data (Note 1)
4 [o] Index Register Plus Otfset iw/o Carry) 1 Irrelevant Data (Note 1)
5 [} tndex Register Plus Offset 1 trrelevant Data {Note 1)
[ 1 index Register Plus Offset Q Operand Data
ASL LSR 1 1 Op Code Address 1 Op Code
o :SE 2| 1 | OpCode Address + 1 1 | Offser
COM ROR 4 3 0 Index Register 1 Irrelevant Data (Note 1)
Bfg TST 4 | 0 | index Register Pius Offset (w/o Carry) 1 | irrelevant Data (Note 1)
5 1 Index Register Plus Offsat 1 Current Operand Data
6 0 Index Register Plus Offset 1 irrelevant Data (Note 1}
7 1/0 Index Register Plus Offset 1] New Operand Data (Note 2)
(Note
2}
STS 1 1 Op Code Address 1 Op Code
STX 2 | 1 | OpcCodeaddress+1 1| offser
7 3 0 Index Register 1 Irrelevant Date (Note 1}
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
s 0 Index Register Plus Offset 1 Irrelevant Data (Note 1}
6 1 index Register Plus Offset (] Operand Data (High Order Byte}
7 1 Index Register Plus Offset + 1 a Operand Data (Low Order Byte}
JSA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 0 tndex Register 1 Irrelevant Dats (Note 1)
8 4 1 Stack Pointer 0 Return Address (Low Order Byte)
5 1 Stack Pouinter — 1 G Return Address (High Order Byte}
6 0 Stack Pointer — 2 1 Irrelevant Data (Note 1}
7 4] Index Register 1 irraievant Data (Note 1)
8 0 Index Register Plus Offest {w/o Cerry) 1 Irrstevant Dsta (Note 1}

Note 1: If dewce which is address during this cycle uses VMA, then the data bus will go 1o the high impedance three-state condition.

on bus

data from the previous cycle may be retalned on the data bus.

Note 2: For TST, VMA = 0 and operand data does not change.
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7 - PREPARATION FOR DELIVERY

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

7.2 - Certificate of compliance

TMS offers a certificate of compliance with each shipment of parts, affirming the products are in compliance either with
MIL-STD-883 or TMS standards and guarantying the parameters are tested at extreme temperatures for the entire temperature
range.

8 - HANDLING

MOS device must be handled with certain precautions to avoid damage due to accumulation of static charge. Input protection
devices have been designed in the chip to minimize the effect of this static buildup. However, 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 handle devices by the leads.

d} Store devices in conductive foam or carriers.

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

f) Maintain relative humidity above 50 %, if pratical.
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9 - PACKAGE MECHANICAL DATA
9.1 - 40 pins - DIL Ceramic Side Brazed package

8
o § ]
] a 3|3 i A%
g[8 == IS
+|5 ﬁ o 2 8 8
§ R i~ § = S|ai
d had |
100 £.005 .018 +.002
.010 002
25410.13 0.46 0.05 oz :0.05
g2
S .600 Typ
g g 15.24 Typ
= 40 21
2]
1 20
Pin N° 1 index 2,000 +.020
‘ 50.80 £0.51
9.2 - 40 pins - DIL Cerdip package
88
X8 sl
s i
A -
3 § =g

.100 +.006 018 T

2542015 0.46 Typ

16.76 20.51

520 +.006
13.21 20.15

2,050 +.012

52.07 £0.30
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9.3 - 44 pins - Leadless Ceramic Chip carrier

TOP VIEW

28 18

29 17

AN =
8835
FR%< _+_
8| &
K
ag 7
40 1 6
.650_*'&772
36
16.51}?18

10 - TERMINAL CONNECTIONS

10.1 - DIL 40 - Pin assignment

Vggl1® " a0 RESET
AALT O 2 391 TsC
103 381 NC
iRQ [ 4 370 @2
VMA [ 5 36 [} DBE
NMT [ 6 35 NC
BA[]7 34 AW
vee 8 33 [ Do
Ao [l 9 320 D1
A1 [l 10 31 D2
Az [ 11 300 D3
A3 [] 12 290 D4
As (13 28{ D5
As ] 14 271 Ds
A6 [} 15 28 D7
A7 [] 16 2511 A15
A8 [17 241 A4
Ag 18 23[l A13
Al0 Q19 221 A12
A11 [j 20 2111 vgs

38/40

.087 £.007

BA
NC
vec

FraR23

A6
NC

2.21 018

.050 +.002

1.27 +0.05

070 +.007
1.78 £0.18

BOTTOM VIEW

Pin N°1 index

025 +.004
0.64 +0.10

10.2 - LCCC 44 . Pin assignment

-
. W
HIITEI EPFT
P
7 O 39 {] DBE
8 38 ] NC
9 7P AW
10 36 ] DO
1 35 D1
12 34 D2
13 33l D3
14 32 D4
15 31 D5
16 30 D8
17 200 o7
P2RAAQILLNR
S ik B S s
N o ~ N ™ w
$2232:8%33¢2%
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11 . ORDERING INFORMATION
1.1 - Hi-REL product

Commercial TMS Norms Package Temperature range Frequency |Drawing number
Part-Number Te (°C) (MH2)
(see Note)
EF6000JMG/B NFC 96883 - Class G DIL Cerdip —55/ +125 1 Data-sheet
EFB000CMG/B* | NFC 96883 - Class G DIL Side Brazed ~557 +125 1 Data-sheet
EF6000EMG/B NFC 96833 - Class G LGCC -85/ +125 1 Data-sheet
EF6BA00JMG/B | NFC 96883 - Class G DIL Cerdip -55/ +125 15 Data-sheet
EF6BA0OCMG/B* | NFG 96883 - Class G DIL Side Brazed ~551 +125 15 Data-sheet
EF6BAO0EMG/B | NFC 96883 - Class G LccC -55/ +125 15 Data-sheet
EF6000JMB/B MIL STD 883 - Class B DIL Cerdip 55/ +125 1 Data-sheet
EF6000C1MB/B* | MIL STD 883 - Class B DIL Side Brazed -55/ +125 1 Data-sheet
EF68A00JMB/B | MIL STD 883 - Class B DIL Cerdip -55/ +125 1.5 Data-sheet
EF68A00CTMB/B*| MIL STD 883 - Class B DIL Side Brazed -55/ +125 15 Data-shest
* DIL side brazed is not considered any more as standard package, Cerdip is preferred.
Note : THOMSON COMPOSANTS MILITAIRES ET SPATIAUX.
11.2 - Standard product
Commercial TMS Norms Package Temperature range Frequency |Drawing number
Part-Number Te (°C) {MHz2)
(see Note)

EF6800CV* TMS standard DIL Side Brazed —40/ +85 1 Data sheet
EF6800JV TMS standard Cerdip DIL ~40/ 485 1 Data sheet
EF6BA00CV* TMS standard DIL Side Brazed —40/ +85 15 Data sheet
EF68A00JV TMS standard Cerdip DIL —-40/ +85 1.5 Data sheet
EF6800JM TMS standard Cerdip DIL -55/ +125 1 Data sheet
EF6800CM* TMS standard DIL Side Brazed -85/ +126 1 Data sheet
EF6800EM TMS standard LCCC -85/ +125 1 Data sheet
EF68A00JM TMS standard Cerdip DIL -551 +125 15 Data sheet
EF68A00CM* TMS standard DIL Side Brazed -55/ +125 15 Data sheet
EF68A00EM TMS standard LCCC -85/ +128 15 Data sheet
EF6800C* TMS standard DIL Side Brazed 0/ +70 1 Data sheet
EF6800J TMS standard Cerdip DIL 0/ +70 1 Data sheet
EF68A00C* TMS standard DIL Side Brazed 0/ +70 15 Data sheet
EF68A00J TMS standard Cerdip DIL 0/ +70 15 Data sheet
EF68B00J TMS standard Cerdip DIL 0/ 470 . 2 Data sheet
* DIL side brazed is not considered any more as standard package, Cerdip is preferred.
Note : THOMSON COMPOSANTS MILITAIRES ET SPATIAUX.
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EF6800 C M B/B

Type "'

Packages: Screening:

C = Ceramic DIL (side brased) ___ = Standard

C1 = Gold lead, tin lead G/B = NFC 96883 CL.G
E = Ceramic LCCC B/B = MIL STD 883 CI.B Rev B
E1 = LCC+HOT Solder dip

J = Tin dipped Cerdip DIL

Temperature [Tcase:

M = -55C/ +125°C

V = -40°C/ +85°C

—_ =0/ +70°C
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