7\ THOMSON COMPOSANTS
MILITAIRES ET SPATIAUX EF 5809E

HMOS* 8-BIT MICROPROCESSOR UNIT (MPU)

DESCRIPTION

The EF 6809E is a revolutionary high-performance 8bit microprocessor
which supports modern programming techniques such as position indepen-
dence, reentrancy, and modular programming.

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

The basic instructions of any computer are greatly enhanced by the pre-
sence of powerful addressing modes. The EF 6809E has the most complete
sel of addressing modes availables on any 8bit microprocessor today.

The EF 6809E has hardware and software features which make it an ideal
processor for higher level language execution or standard controlier applica-
tions. External clock inputs are provided to allow synchronization with peri-
pherals, systems, or other MPUs. '

MAIN FEATURES

EF 6800 compatible

B Hardware - interfaces with all EF 6800 peripherals.

| Software - upward source code compatible instruction set and addressing
modes.

Architeclural features

m Two 16-bit index registers. C suffix

= Two 16-bit indexable stack pointers. DIL 40

B Two B-bit accumulators can be concatenated to form one 16-bit accu Ceramic Side Brazed package
mulalor.

m Direct page register allows direct addressing throughout memory.

Hardware features

m Exiernal clock inputs, E and Q, allows synchronization.

m TSC input controls internal bus buffers.

m LIC indicates opcode fetch.

| ACMA allows efficient use of common ressources in a multiprocessor sts-

tem.

| BUSY is a status line for multiprocessing.

® Fast interrupt request input stacks only condition code register and
program counter.

m Interrupt acknowledge outpul allows vectoring by devices.

B Sync acknowledge output allows for syncronization to external event.

® Single bus-cycle RESET. e

® Single 5-volt supply operalion.

m NMI inhibited after RESET until after tirst load of stack pointer.

®m Early address valid allows use with slower memories.

| Early write data for dynamic memories.

Software leatures
| 10 addressing modes :
— EF 6800 upward compatible addressing modes,
— direct addressing anywhere in memory map,
- long relative branches,
— program counter relative,
~ true indirect addressing,
- expended indexed addressing :
- 0, &, B or 16-bit constant offsets,
- 8 or 16-bit accumulator offsets, J suffix
. auto increment/decrement by 1 or 2. i DIL ‘?0
improved stack manipulation. Ceramic Cerdip package
1464 instructions with unique addressing modes.
8 x 8 unsigned multiply.
16-bit arithmetic.
Transfer/exchange all registers.
Pushipull any registers or any set of registers.
Load etfective address.
B Processor speed 1 and 1.5 MHz over military temperature range.

SCREENING / QUALITY

This product could be manufactured in full compliances wilh either :
# CECC 90000 (class B, assessmen level Y). See the ordering information page 49.
= MIL-STD-883 (class B).
m or according to TMS standards. Pin connection : see page 48.

* High density, N channel silicon gate.
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‘A - GENERAL DESCRIPTION

1 . EF 6809E EXPANDED BLOCK DIAGRAM
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Figure 1: EF 6809E expanded block diagram.

2 - SIGNAL DESCRIPTION

POWER (Vss, Vcc)
Two pins are used to supply power to the part Vsg is ground or 0 voits, while vVecis +50V £5 %.

ADDRESS BUS (A0-A15)

Sixteen pins are used to output address information from the MPU onto the address bus. When the processor does not require
the bus for a data transfer, it will output address FFFF1g, RMW = 1, and BS = 0; this is a «dummy access» or VMA cycle. All
address bus drivers are made high-impedance when output bus available (BA) is high or when TSC is asserted. Each pin wilt
drive one Schottky TTL load or four LSTTL loads, and 90 pF. '

DATA BUS (D0-D7) .
These eight pins provide communication with the system bidirectional data bus. Each pin will drive one Schottky TTL load or
four LSTTL loads, and 130 pF.

READ/WRITE (R/W)
This signal indicates the direction of data transfer on the data bus. A low indicates that the MPU is writing data onto the data
bus. is made high impedance when BA is high or when TSC is asserted.

RESET

A low level on this Schmitt-trigger input for greater than one bus cycle will reset the MPU, as shown in Figure 2. The reset vec-
tors are fetched from locations FFFE16 and FFFF1g (Table 1) when interrupt acknowledge is true, (BA ¢ BS = 1). During initial
power on, the RESET line should be held low unti! the clock input signals are fully operationnal.

Because the EF 6809E RESET pin has a Schmitt-trigger input with a threshold voltage higher than that of standard peripherals,
a simple R/C network may be used to reset the entire system. This higher threshold voltage ensures that all peripherals are out

of the reset state before the processor.
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HALT
A low level on this input pin will cause the MPU to stop running at the end of the present instruction and remain halted indefi-

nitely without loss of data. When halted, the BA output i5 driven high indicating the buses are high impedance. BS is also high
which indicates the processor is in the halt state. While haited, the MPU will not respond to external real-time requests (FIRQ,

iRQ) although NMi or RESET will be latched for later response. During the halt state, Q and E continue to run-normally. A hal-
ted state (BA * BS = 1) can be achieved by pulling HALT low while %EﬁEI is still low. See Figure 3. )

BUS AVAILABLE, BUS STATUS (BA, BS)
The bus available output is an indication of an internal control signal which makes the MOS buses of the MPU high impedan-
ce. When BA goes low, a dead cycle will elapse before the MPU acquires the bus. BA will not be asserted when TSC is active,

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

MPU state
MPU state definition
BA BS
0 0 Normal (running)
0 1 Interrupt or reset acknowledge
1 0 Sync acknowledge
1 1 Halt acknowledge

INTERRUPT ACKNOWLEDGE is indicated during both cycles of a hardware-vector-fetch (RESET, NMI, FIRQ, IRQ, SWI, swi2,
SW13). This signal, plus decoding of the lower four address lines, can provide the user with an indication of which interrupt
level is being serviced and atlow vectoring by device. See Table 1.

Table 1 - Memory map for interrupt vectors

Memory map for
vector locations Interrupt vector description
MS LS
FEFE | FFFF RESET
FEFC | FFFD NMI
FFFA | FFFB SWI
FFF8 | FFF9 IRQ
FFF6 | FFF7 FIRQ
FFF4 FFF5 SWi2
FFF2 FFF3 SWI3
FFFO FFF1 Reserved

SYNC ACKNOWLEDGE is indicated while the MPU is waiting for external synchronization on an interrupt line.
HALT ACKNOWLEDGE is indicated when the EF 6809E is in a halt condition.

\ e

NON MASKABLE INTERRUPT (NMi)* .

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

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

RTI. See Figure 5.

INTERRUPT REQUEST (iIRQ)*

A low level input on this pin will initiate an interrupt request sequence provided the mask bit (1) in the CC is clear. Since IRQ
stacks the entire machine state, it provides a slower response to interrupts than FIRQ. IRG also has a lower priority than FIRQ.
Again, the interrup!t service routine should clear the source of the interrupt before doing an RTI. See Figure 4.

* NMI, FIRQ, and IRQ requesls are sampled on the falling edge of Q. One cycle is required for synchronization before these interrupts are re-
cognized. The pending interrupi(s) will not be serviced until completion of the current instruction unless a SYNC or CWAI condition is present.
11 1BQ and FIRQ do not remain low until completion of the current instruction they may not be recognized. However, NMl is latched and need
onty remain low for one cycle. No interrupts are recognized or lalched between the falling edge of RESET and the rising edge of BS indicaling
HE%ET acknowledge. See RESET sequence in the MP!J Howchart in Figure 14
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Figure 2 : RESET timing
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CLOCK INPUTS E, Q

£ and Q are the clock signals required by the EF 6809E. Q must lead E: that is, a transition on Q must be followed by a similar
transition on E after a minimum detay. Addresses will be valid from the MPU, tap after the faling edge of E. White the Q inpul
is fully TTL compatible, the E input directly drives internal MOS circuitry and, thus, requires a high level above normal TTL le-
vels. This approach minimizes clock skew inherent with an internal butfer. Refer to BUS TIMING CHARACTERISTICS for E and
Q and to Figure 6 which shows a simple clock generator for the EF 6809E.

BUSY

BUSY will be high for the read and modify cycles of a read-modify-write instruction and during the access of the first byte of
a double-byte operation (e.g., LDX, STD, ADDD). BUSY is also high during the first byte of any indirect or other vector fetch
(e.g., jump extended, SWI indirect, etc.).

In a multiprocessor system, BUSY indicates the need to defer the rearbitration of the next bus cycle to insure the integrity of
the above operations. This difference provides the indivisible memory access required for a «test-and-sets primitive, using any
one of several read-modify-write instructions.

BUSY does not become active during PSH or PUL operation. A typical read-modify-write instruction (ASL) is shown in Figure 7.
Timing information is given in Figure 8. BUSY is valid tcp after the rising edge of Q.

AVMA

AVMA is the advanced VMA signal and indicates that the MPU will use the bus in the following bus cycle. The predictive na-
ture of the AVMA signal allows efficient shared-bus muitiprocessor systems. AVMA is low when the MPU is in either a HALT
or SYNC state. AVMA is valid tcp after the rising edge of Q.

Lic ‘

LIC (1ast instruction cycle) is high during the last cycle of every instruction, and Its transition from high to low will indicate that
the first byte of an opcode will be latched at the end of the present bus cycie. LIC will be high when the MPU is halled at the
end of an instruction (i.e., not n CWAI or RESET), in sync stale, or while stacking during interrupts. LIC is valid tCD after the
rising edge of Q.

TSC

TSC (three-state control) will cause MOS address, data, and RW bulffers to assume a high-impedance state. The control si-
gnals (BA, BS, BUSY, AVMA and LIC) will not go to the high-impedance slate. TSC is intended to atlow a single bus to be sha-
red with other bus masters (processors or DMA controllers).

While E is low, TSC controls the address buffers and RIW directly. The data bus buffers during a write operatin are in a high-im-
pedance state until Q rises at which time. if TSC is true, they will remain in a high-impedance stae. If TSC is held beyond the
rising edge of E, then it will be internally latched, keeping the bus drivers in a high-impedance slate for the remainder of the
bus cycle. See Figure 9. )
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Figure 5: FIRQ interrupt timing.
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. 74574 :
; 4l Ul ;
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............... | U I U RPN DN P
3¢ 7 > Q to System and Processor
4| CLR 15} la] PRE |11
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16 K o 12 K a £
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2

Nole : If optional circuit is nol included the CLR and PRE
inputs of U2 and U3 must be tied high.

MRDY

STRETCH

Figure 6 : Clock generator.

Memory Memory Contents
Location Contents Description
TN
PC — $0200 $68 ASL Indexed Opcode
' $0201 $OF Extended indirect Postbyle
$0202 $63 Indirect Address Hi-Byle
$0203 $00 Indirect Address Lo-Byte
: $0204 Next Main Instruclion !
/_\
$6300 $E3 EHeclive Address Hi-Byte
$6301 $D6 Eficclive Address Lo-Byle
L
SE306 $5C Target Data
m

Figure 7 : Read-modify-write instruction example (ASL extended indirect).
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Figure 9: TSC timing.

Figure 8 : BUSY timing.
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B - DETAILED SPECIFICATIONS .

1 - SCOPE

This drawing describes the specific requirements for the microprocessor £F 6809, 1 and 1.5 MHz, in compliance either with
MIL-STD-883 class B or CECC 90000.

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 microcircuils 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 and 3.

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 3.5.6.1 of 38510).

3.2.3 - Package

The macrocircuits are packaged in hermetically sealed ceramic package which is conform to case outlines of MIL-M-38510 ap-
pendix G (when defined):

- 40 leads DIP (for ceramic and cerdip packages)

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

The precise case outlines are described on §9.

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

Table 2
Symbot Parameter Test conditions Min Max Unit
Vcec Supply voltage -03 +7.0 Vv
Vi Input voltage -03 +7.0 \
Pdmax | Max Power dissipation ‘Tcase = —S5°CT +128%C 15 W
. Tcase = +25°C 1 W
M suffix EF 6809E/EF 68A09E f = 1and 1.5 MHz -55 +125 °C
Tease Operatling V sutfix EF 6809E/EF 6BA0SE f = 1and 1.5 MHz -40 +85- °C
temperature No suffix EF 6809E/EF 68A09E { = 1.15 and 2 MHz 0 +70 oG
EF 68B09E - N A
Tstg Storége temperature -55 + 150 °C
Tj Junction temperature +170 . °C
Tieads Lead temperature Max 5 sec. soldering +270 °C

12/52
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This device contains protective circuitry against damage due to high static voltages or electrical fields ; however, it is advises
that normal precautions be taken to avoid apptication of any voltages higher than maximum-rated voltages to this high-impe-
dance circuit. Reliability of operation is enhanced if unused inputs are tied to an appropriate logic voltage level (e.g., either
GND or V¢ o).

¥ {c) -

Note : Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volls, unless other-
wise noted. The voltage swing through this range stan outside, and pass through, the range such that the rise or fall will be
linear between 0.8 volt and 2.0 volts.

3.4 - Thermal characteristics (at 25°C)

Table 3
Package Symbol Parameter Value Unit
40 ceramic . L . .
. # Jo | Thermal resistance - Ceramic junction to ambient 50 °CIW
DIL side brazed . L .
, 0 yc | Thermal resistance - Ceramic junction to case 10 °CIW
C suffix
Cerdip 40 0 ya | Thermal resistance - Ceramic junction to ambient 60 °CW
J suffix ¢ yc | Thermal resistance - Ceramic junction to case 10 °CIwW

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

Ty = Ta + (Pp * 14A) )
TA = Ambient Temperature, °C
vya = Package Thermal Resistance, Junction-to-Ambient, °C/W
Pp = PINT + PO
PINT = lcc % Vee, Watts — Chip Internal Power
Pyo = Power Dissipation on inpul and Output Pins — User Determined

For most applications Piyo < PINT and can be neglecled.

An approximate reliationship between Pp and Ty (il PO is neglected) is :
Pp = K (Ty + 273) (2)

Solving equations (1) and (2) for K gives:

K = Pp e (TA + 273) + 0y * Pp? 3
where K is a constant pertaining to the particular part K can be determined from equation (3) by measuring Pp (al equilibrium)’
for a known Tp. 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. R
The total thermal resistance of a package (/ja) can be separated into two components, 4,jC and ca, representing the barrier
1o heat flow from the semiconductor junction to the package (case), surtace (tyc) and from the case to the outside ambient
(!cA)- These terms are related by the equation:

Mya = G + UCA {4)
0y is device related and cannot be influenced by the user. However, {CA 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 Uja approximalely equals 0JC. Substitution of #yc for figa 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 of
CECC 90000 devices.

13152
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3.6 - Marking -
The document where are defined the marking are identitied in the relaled reference documents. Each microcircuit are .
legible and permanently marked with the following information as minimum :

3.6.1 - Thomson logo

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

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

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

Is in accordance with MIL-M-38510 and method 5005 of MIL-STD-883. Group A and B inspections are performed on each pro-
duction 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 are specified for inspection purpose, refer to relevant specification.
Table 4 : Static electrical characteristics for all electrical variants. See § 5.2.

Table 5: Dynamic electrical characteristics. See §5.3.

For static characteristics, tesl methods refer {0 1EC 748-2 method number, where existing and see § 5.4.2.

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

Indication of «min.» or «max.» in the column «test temperature» means minimum or maximum operating temperature.

c-.

5.2 - Static characteristics
Voe = 50 Vde 5% ; Vss = 0 Vdc; Tc = —55/ +125°C or —40/ +85°C or 0/ +70°C.

Table 4
Symbol Characteristic Min Typ Max Unit
VIH Log'ic, Q |Vss +20 Vee \'
VIHR | Input high vollage RESET |Vgs +4.0 vee i
VIHC E [Vcc -0.75 Ve +03 \
ViL . Logic, RESET |vgg -0 Vgs +0.8 v
ViLc | Input low voltage E (Vgs -03 Vgs +0.4 v
VILQ Q |Vss -0.3 Vgs +0.6 v
I DC output leakage current Logic, Q, RESET 25 pA
in, 1 (Vin = 010 5.25V, Vcc = max} E 100 pA
DC output high voltage
v (lLoad = —205 pA, VoC = min) DO0-D7 [Vss +24 \Y
OH | (load = - 145 sA, VCC = min) AO-A15, RIW |Vgs +24 Y
(ILoad = —100 pA, VCcc = min) BA, BS, LIC, AVMA, BUSY |Vss +24 Y
VoL | DC output low voltage (i{Load = 2.0 mA, Vo = min) ' Vss 405 \
Internal power dissipation
PINT | (measured at Tc = —55°C in sleaby state operation) 11 w
Capacitance*
Ci (Vin = 0, Ta = 25°C, f = 1.0 MH2) D0-D7, logic inputs, Q, RESET 10 15 pF
n E 30 50 pF
Cout AO-A15, RIW, BA, BS, LIC, AVMA, BUSY 10 15 pF
Frequency of operation (E and Q inpuls) EF 6809 E 0.1 1.0 MHz
f EF 68A09 E 0.1 15 MHz
EF 68B09 E 0.1 2.0 MHz
Hi-Z (off state) input current
) {(Vin = 0.4 to 24V, Voo = max) DO-D7 20 10 pA
TSl A0-A15, RIW 10 A
* Capacitances are periodically tested rather than 100 % tested.

14/52
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5.3 - Dynamic (switching) characteristics

The limits and values given in this section apply over the full case temperature range —55°Cto +125°C and V¢ in the range

475V 10525V V) = 08 Vand Viq = 2V (See also note 1).

Table 5 - Bus timing characteristics (See Notes 1, 2, 3 and Figure 11)

/) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX

Symbol n:?:\g'e ‘ Characteristic EF6I9E EF 6BA0S E EF 68809 F Unit
Min Max Min Max Min Max
tcyc 1 Cycle time 1.0 10 0.667 10 05 10 us
PWEL 2 Pulse width, E low 450 9500 295 9500 210 9500 ns
PWEH 3 Pulse width, E high . 450 9500 280 9500 220 9500 ns
te, tf 4 Clock rise and fall time 25 25 20 ns
PWQH 5 Pulse width, Q high 450 9500 280 9500 220 9500 ns
tEQ1 7 Delay time, E to Q rise 200 130 100 ns
tEQ2 7A Detay time, Q high to E rise 200 130 100 ns
teQ3 78 Delay time, E high to Q fall 200 130 100 ! ns
tEQa 7C | Delay time, Q high to E fall 200 130 100 ns
tAH 9 Address hold time 20 20 20 - ns
{AD 1 (A\Bd:r%sss: g:la_lm_a,)y time from S low 200 140 110 ns
tDSR 17 Read data setup time 80 60 40 ns
{DHR 18 Read data hold time* 10 10 10 ns
{tDDQ 20 Data delay time from Q 200 140 110 ns
tDHW 21 Write data hold time 30 30 30 ns
tacc 29 Usable access time 695 440 330 ns
tco 30 Control delay time 300 250 200 ns
Interrupts, HALT, RESET, and
tpcs TSC setup time 200 140 110 ns
(Figures 2, 3, 4, 5, 8 and 9)
tTsv (1;":-39% r((jarigv)e to valid logic level 210 150 120 ns
won || ety w | | w o |
t1sp TSC hi-Z delay time (tigure 9) 120 85 80 ns |
:gg; ::gce:e('slz?‘rr :%r;trol rise and fal! 100 100 100 ns -
« Address and data hold times are periodically tested rather than 100% tested.
Note 1 : Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.
Note 2: Hold time (®) for BA and BS is not specified.
Note 3: Usable access time is computed buy : 1-4-11 max - 17.
15152
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5.4 - Test conditions specific to the device

5.4.1 - Loading network

The applicable loading network shall be as defined in column «Test conditions» of Table 5, refering to the loading network-
number as shown in Figure 10 below.

50V

RL = 2.2 kQ2
1N4148
or equiv.

1N916
or equiv.

|[%

C = 30 pF tor BA, BS, LIC, AVMA, BUSY
130 pF lor DO-D7 .
90 pF for AG-A15, R/ W

11.7 kQ for DO-D7 -
16.5 k€ for AD-A15, R/ W
24 kQ for BA, BS, LIC, AYMA, BUSY

Figure 10: Bus timing test load. -

5.4.2 - Time definitions
The times specified in Table 5 as dynamic characteristics are defined in Figure 11 below, by a reference number given the co-
lumn «method» of the tables together with the relevant figure number.

— @ VIHC
E  VIH VIH N

ViLC

iR IO NG} ® 2
" :®g:1 B Ol B ©

R / W. Address, ><X>(
" BA, BS
e @ -
\ ~-4-(9) (D=~
—_ . v
fs, o ) 1 —
— S N T —— 1
Write Data po —{ >—
-~ (@ - @~l<> .

BUSY, LIC,
AVMA

F @ ™ XXXXXX N.;| valid

Figure 11: Read/write dala to memory of peripherals timing diagram.

5.5 - Additional information
Additional information shall not be for any inspection purposes.

5.5.1 - Power considerations (See § 3.4)
552 - Capacitance (Not for inspection purposes) see § 5.2 static characleristic table

16/52
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6 - FUNCTIONNAL DESCRIPTION

6.1 - Programming model

As shown in Figure 12, the EF 6809E adds three registers 1o the set available in the EF 6800. The added registers include a di-
rect page register, the user stack pointer, and a second index register.

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

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

DIRECT PAGE REGISTER (DP)

The direct page register of the EF 6809E serves to enhance the direct addressing mode. The content fo this register appears
at the higher address outputs (A8-A15) during direct addressing instruction execution. This allows the direct mode to be used
al any place in memory, under program control. To ensure EF 6800 compatibility, all bits of this register are cleared during pro-
cessor resel.

15 0
X - tndex Register

Y - Index Register

Pointer Registers '
U - User Stack Pointer

S - Hardware Stack Poinler

PC | Program Counter
A l B Accumulators
S— I
e
D
7 0

r oP J Dwect page Regster
7 0
rE ‘ F l H I t l N [ z ] \ l ':J CC - Condion Code Regster

Figure 12 : Programming model of the microprocessing unit.

INDEX REGISTERS (X, Y)

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

STACK POINTER (U, S)

The hardware stack pointer (S) is used automatically by the processor during subroutine calls and interrupts. The stack poin-
ters {U) is controiled exclusively by the programmer. This allows arguments to be passed to and from subroutines with ease.
The U register is frequenctly used as a stack marker. Both stack pointers have the same indexed mode addressing capabilities
as the X and Y register, but also support Push and Pull instructions. This allows the EF 6809E to be used efficiently as a stack
processor, greatly enhancing its ability to support higher level languages and modular programming.

Note : The stack pointers of the EF 6809E point to the top of the stack in contrast to the EF 6800 stack pointer, which pointed '
ot the next free location on stack.

PROGRAM COUNTER

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

CONDITION CODE REGISTER
The condition code register defines the state of the processor at any given time. See Figure 13.

e dw InTTv]cl

l—— Carry
Overflow
Zero
Negative
IRQ Mask
Halt Carry
FIRQ Mask
Enre Flag

Figure 13: Condition code register format.
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CONDITION CODE REGISTER DESCRIPTION -

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

BIT 1 (V)
Bit 1 is the overflow fiag, and is set to a one by an operation which causes a signed twos compiement arithmetic overflow.
This overflow is detected in an operation in which the carry from the MSB in the ALU does not match the carry from the

MSB-1.

BIT 2(2)
Bit 2 is the zero flag, and is set to a one if the result of the previous operation was idenlically zero.

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

BIT 4 (1) ,
Bit 4 is the TRQ mask bit. The processor will not recognize interrupts from the IRQ line if this bit is set to a one. NMI, FIRQ,
iAQ, RESET, and SWI all set | to a one, SWI2 and SWI3 do not alfect I.

BIT 5 (H)

Bit 5 is the half-carry bit, and is used 1o indicate a carry from bit 3 in the ALU as a result of an 8-bit addition only (ADC or ADD).
This bit is used by the DAA instruction to perform a BCD decimal add adjust operation. The state of this flag is undefined in
all subtract-like instruction.

BIT 6 (F)
Bit 6 is the FIRQ mask bit. The‘g_rgcessor will not recognize interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, SwWiI
and RESET all set F to a one. IRQ, SWI2, and SWI3 do not affect F.

BIT 7 (E)

Bit 7 is the entire flag, and when set to a one indicates that the complete machine state (all the registers) was stacked, as op-
posed to the subset state (PC and CC). The E bit of the stacked CC is used on a return from interrupt (RTI) to determine the
extent of the unstacking. Therefore, the current E left in the condition code register represents past action.

-

6.2 - MPU operation
During normal operation, the MPU fetches an instruction from memory and then executes the requested function.

This sequence begins after RESET and is repeated indefinitely unless altered by a special instruction or hardware ocgurrence.
Software instructions that alter normal MPU operation are : SWI, SWI2, SWI3, CWAI, RTI, and SYNC. An interrupt or HALT input
can also aller the normal execution of instructions. Figure 14 is the flowchart for the EF 6809E.

18/52
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S i ( DMAREQ
AESET Seq Sequence

0 -~ DPR

1-=RW

Cif NM

Logic { = BS
Disarm NMI TBA

Suspend MPU

Restor BES:]

'
N Resume
0 = BA « Processing
0 - BS For 1 E Cycle
Vveclor = PC EAREQ Y
RESET| FFFE
‘ N
0 - BS Restore BA, 8S
Resume
Processing
SYNC
{ %
Latch
terrupts
1
Bus State BA | BS R

Aunning 0 o
Interrupt or Reset Acknowledge 0 1
Sync Acknowledge 1 0
Halt or Bus Grant Acknowledge ! '

Figure 14 : Flowchart for EF 6809E instructions.
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° - FIRG-F

N

Latch Stack PC. U, Y, Stack
interrupts X.DP.B.A.C PC, CC

1 -BA I-
1 =BS
Ly

0 =BA

0 -83 Lalch

tnterrupt

IVectors PC
NMi_{FFFC
Swi_|FFFA
IRQ |FFF8
FIRQ |FFF6
SWi2 |FFF4
SWI3 |FFF2 F - F‘ﬂ

RTI

Unstlack CC

0 ~B8S

Unslack Unstack A, B,
PC DP, X, Y,U. PC

CWAI

Note 1: Asserting RESET will result in entering the reset sequence from any point in the tlowcharl.
Note 2: BUSY is high during first vector fetch cycle.

Figure 14 : Flowchart for EF 6809E instructions.
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6:3 - Addressing modes .

The basic instructions of any computer are greatly enhanced by the presence of powerful addressing modes. The EF 6809E
has the most complete set of addressing modes available on any microcompuler today. For example, the EF G809E has 59
basic instructions ; however, it recognizes 1464 ditferent variations of instructions and addressing modes. The addressing
modes support modern programming techniques. The following addressing modes are available on the EF 680YE :

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

INHERENT (INCLUDES ACCUMULATOR)
In this addressing mode, the opcode of the instruction contains all the address information necessary. Examples of inherent
addressing are : ABX, DAA, SWI, ASRA, and CLRB. .

IMMEDIATE ADDRESSING

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

LDA # $20

LDX # $FO00

LDY # CAT

Note : # signifies immediate addressing ; $ signifies hexadecimal value to the EF 6B09E assembler.

EXTENDED ADDRESSING

in extended addressing, the contents of the two bytes immediately following the opcode fully specity the 16-hit effective ad-
dress used by the instruction. Note that the address generated by an extended instruction defines an absolute address and

is not position idenpendent. Examples of extended addressing include :

LDA CAT
STX MOUSE
LDD $2000

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

LDA  [CAT]
LDX  [$FFFE}
STU  [DOG]

DIRECT ADDRESSING

Direct addressing is similar 10 extended addressing except that only one pyte of address follows the opcode. This byte speci-
fies the lower eight bits of the address to be used. The upper eight bits of the address are supplied by the direct page register.
Since only one byte of address is required in direct addressing, this mode requires less memory and executes faster than ex-
tended addressing. Of course, only 266 locations {one page) can be accesed without redefining the contents of the DP register.
Since the DP register is set to $00 on reset, direct addressing on the EF 6809E is upward comptible with direct addressing on
the EF 6800. Indirection is not allowed in direct addressing. Some examples of direct addressing are:

LDA where DP = $00
LDB where DP = $10
LDD < CAT

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

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

TFR XY, Transfers X into Y

EXG A B Exchanges A with B
PSHS A, B, X, Y PushY X B and A onto S stack
PULU X, Y,D Pult D, X, and Y from U stack

21152
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INDEXED ADDRESSING .

In ail indexed addressing, one of the pointer registers (X, ¥, U, S, and sometimes PC) is used in a calculation of the effective
address of the operand 1o be used by the instruction. Five basic types of indexing are available and are discussed below. The
postbyte of an indexed instruction specifies the basic type and variation of the addressing mode as weli as the pointer register
to be used. Figure 15 lists the legal formats for the postbyte. Table 6 gives the assembler form and the number of cycles and
bytes added to the basic values for indexed addressing for each variation.

Postbyte Register Bit
Indexed addressing mode
716|514|3|2(1}0
olRiIR|d|d|d|d|d|EA = R + 5bit offset
1|R|R|O|0]0O]O|O[R +
1|R|R]i|O|OjO|V|.R+ +
1{mr|R|Ol0O]O[1jO0|,- R
1{riRli|lojol1|1], - -R
1irlRlilo]l1{0]0]|EA = R + 0offset
1lrlrjijol1]0]{1]EA = R + ACCB offset
1{riRrlijol1l1]0]€A = ,R + ACCA otfset
1{rlR[i|1loto|{0]|EA = R + 8bit offset o
1lmriRr]if{1]lolo]|1]EA = R + 16 bit oftset
1|lrlR}il1lOf[1]11EA= R + D offset
1lxtxlilt]1]o|0]EA = PC + 8 bit ofiset
1ixIxlil1]1]0]1]|EA = PC + 16 bit offset
t{rl{Alil1]1]1]1]EA = [Address]
s, R st
l.. s~ Addressing Mode Fieid

Indirect Field

(Sign bit when b7 = 0)

Register Field: RR

_ . 00 = X
x-DontCa're 01 =Y
d = Oftset Bit 10=U
P = 0 = Not Indirect 11 =35

~ 1 = Indirect

Figure 15: Indexed addressing postbyte register bit assignments.

ZERO-QFFSET INDEXED
In this mode, the selected pointer register contains the ‘effective address of the data to be used by the instruction. This is the
fastest indexing mode.

Examples are :

LDD 0, X

LDA )

CONSTANT OFFSET INDEXED B )
In this mode, a twos complement oltset and the contents of one of the pointer registers are added to form the effective ad-
dress of the operand. The pointer register's initial content is unchanged by the addition.

Three sizes of offset are available :
5 bit (—16 10 +15)
8 bit (— 128 to +127)

16 bit {— 32768 to + 32767)

The twos complement 5-bit offset is included in the postbyte and, therefore, is most efficient in use of bytes and cycles. The
twos complement 8-bit offset is contained in a single byte following the postbyte. The twos complement 16-bit offset is in the
two bytes following the postbyte. In most cases the programmer need not be concerned with the size of this offset since the
assembler will select the optimal size automatically.

Examples of constant-offset indexing are

LDA 23, X
LDX -2,5
LDY 300, X
LDU CAT, Y
22/52
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Table 6 - Indexed addressing mode

Non indirect Indirect
Type Forms Assembler Postbyte |+|+| Assembler Postiyte |+ +
form opcode ~|# form opacude -\ #
Constant offset from R No offset R 1RR00100 | O} O [LR] 1R 100 3]0
(2s complement offsets) 5-bit offset n, R ORRnnnnn {110 defaults to 8-hit
8-bit offset n, R 1RR01000 |1} 1 [n, R} 1AR11000 (41
16-bit offset n, R 1RR01001 [4]2 In, R} 1RR11001 7] 2
Accumutator offset from R A register offset AR 1R00110 (10 {A, R} 1RR10110 (4]0
(2s complement offsets)
B register offset B, R 1RR00101 {10 B8, R 1RR10101 {40
D register oftset D, R 1RFO1011 1410 D, R 1RR11011 |7(0
Auto increment/decrement R Increment by 1 R+ 1RROC000 {20 not allowed
Increment by 2 R+ + 1R100001 |30 LR+ +] T 1RNR10001 (6|0
Decrement by 1 ,—R 1RRO0010 2|0 not allowed '
Decrement by 2 ,— =R 1RMRO0011 [ 310 [ - —ﬁ] 1RR10011 |60
Constant offset from PC 8-bit offset n, PCR 1xx01100 {1}1 [n, PCR] 1xx11100 |4 |1
(2s complemet ofsets)
16-bit offset n, PCR 1xx01101 |52 {n, PCR] 1xx11101 {812
Extended indirect 16-bit address [n) 10011111 |5)2

R=XYUorS RR:

x = don't care 00 = X
(1)(1) = LYJ * and ; indicate the number of additionnal cycles and bytes for the particular variation.
=5

ACCUMULATOR-OFFSET INDEXED

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

Some examples are :

LDA B, Y
LDX DY
LEAX B, X

AUTO INCREMENT/DRECREMENT INDEXED

In the auto increment addressing mode, the pointer register contains the address of the operand. Then, after the pointer regis-
ter is used it is incremented by one or two. This addressing mode is useful in stepping through tables, moving data, of creating
software stacks. In auto decrement, the pointer register is drecremented prior to use as the address of the data. The use of
auto decrement is similar to that of auto increment, but the tables, etc, are scanned from the high to low addresses. The size”
of the increment/decrement can be either one of two to allow for tables of either 8- or 16-bit data to be accessed and is selecta-
ble by the pragrammer. The pre-decrement, post-increment nature of these modes allows them to be used to create additional
software stacks that behave identically to the U and S stacks.

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

LDA X+
STD Y + +
LDB =Y
LDX ,— — S

Care should be taken in performing operations on 16-bit pointer registers (X, Y, U, 5) where the same register is used to calcu-
late the effective address.

Consider the following instruction : STX 0, X + + (X initialized to 0)

The desired result is to store zero in locations $0000 and $0001 then increment X to point to $0002. In reality, the following oc-
curs:

0 -» temp calculate the EA ; temp is a holding register

X + 2 - X perform auto increment
X - (temp) do store operation

) o 23/52
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INDEXED INDIRECT - .

All of the indexing modes, with the exception of auto increment/decrement by one or a = 5-bit offset, may have an additional
level of indirection specified. In indirect addressing, the effective address is contained at the location specified by the con-
tents of the index register plus any offset. In the example below, the A accumulator is loaded indirectly using an effective ad-
dress calculated from the index register and an offset.

Belore Execution
A = XX (don't care)

X = $F000
$0100 LDA [$10, X] EA is now $F010
$FO10  $F1 $F150 is now the new EA
$F011  $50
$F150 S$AA

After Execution
A = $AA (actual data ioaded)
X = $F000

All modes of indexed indirect are included except those which are meaningless (e.g., auto increment/decrement by 1 indirect).
Some examples of indexed indirect are :

LDA X
DD {10, S
LDA (B, Y]

LDD X + +]

RELATIVE ADDRESSING

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

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

PROGRAM COUNTER RELATIVE

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

LDA CAT, PCR

LEAX TABLE, PCR

Since p\rogram counter relative is a type of indexing, an additional leve! of indirection is available.

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

¥

6.4 - Instruction set

The instruction set of the EF 6809E is similar to that of the EF 6800 and is upward compatible at the source code level. The
number of opcodes has been reduced from 72 to 59, but because of the expanded architecture and additional addressing mo-

des, the number of available opcodes (with different addressing modes) has risen from 197 to 1464.

Some of the new instructions are described in detail below.

PSHUIPSHS

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

PULUIPULS

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

24/52
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Push / Pull Postbyle

Stacking Order
(TTTITI1] Pul Oxcer
I—— CCR CE
A oP
° o
T
L X UIS Hi
us Lo
\ PC Hi
PC Lo
s }
PC Push Order .
Increasing
Memory

TFRIEXG
Within the EF 6809E, any register may be transferred to or exchanged with another of like size ; i.., 8-bit 1o 8bit or 16-bit to
16 bit. Bits 4-7 of postbyte define the source register, while bits 0-3 represent the destination register. These are denoted as

follows :
t

Transfer / Exchange Postbyte

[Tomee] T Sosfar ]

Register Field
0000 = D (A.B) 1000 = A
0001 = X 1001 = B
0010 = Y 1010 = CCR
001 = U 1011 = DPR
0100 = S
0101 = PC

Note : All other combinations are undefined and INVALID.

LEAX/LEAY/LEAUILEAS

The LEA (load effective address) works by calculating the effective address used in an indexed instruction and stores that ad-
dress value, rather than the data at that address, in a pointer register. This makes all the features of the internal addressing
hardware available to the programmer. Some of the implications of this instruction are illustrated in Table 7.

Table 7 - LEA examples

Instruction Operation Comment
LEAX 10, X | X + 10 X | Adds 5-bit constant 10 te X
LEAX 500, X | X + 500 X | Adds 16-bit constant 500 to X .
LEAY AYIY + A Y | Adds 8-bit A accumulator to Y
LEAY D,Y|y+D ¥ | Adds 16-bit D accumulator to Y
LEAU -10,UfU-10 U | Substracts 10 from U ’
LEAS -10,S|S - 10 s | Used to reserve area on stack
LEAS 10,S|S + 10 S | Used to clean up'stack
LEAX 5S|S + 10 X | Transfers as well as adds

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

LEAX MSG1, PCR
LBSR PDATA (Print message routine)
L]

MSG1 FCC «MESSAGE»

This sample program prints: «MESSAGEn». By writing MSG1, PCR, the assembler computes the distance between the present
address and MSG1. This result is placed as a constant into the LEAX instruction which will be indexed from the PC value at
the time of execution. No matter where the code is located when it is executed, the computed offset from the PC will put the
absolute address of MSG1 into the X pointer register. This code is totally position independent.
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The LEA instructions are very powerful and use an internal holding register (temp). Care must be exercised when using the LEA
instructions with the auto increment and auto decrement addressing modes due to the sequence of internal operations. The
LEA internal sequence is outlined as follows :

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

2b+1—Db (modify b, postincrement)

3. temp -> a (load a)

LEAa ,-b

1. b — 1 — temp(calculate EA with predecrement)
2b-1-b (modify b, predecrement)

3. temp — a (load a)

Auto increment-by-two and auto decrement-by-two instructions work similary. Note that LEAX ,X + does not change X ; howe-
ver LEAX, — X does decrement X.LEAX 1,X should be used to increment X by one.

MUL

Multiplies the unsigned binary numbers in the A and B accumulator and places the unsigned result into the 16-bit D accumia-
tor. The unsigned multiply also aliows multiple-precision multiplications.

LONG AND SHORT RELATIVE BRANCHES

The EF 6800E has the capability of program counter relative branching throughout the entire memory map. In this mode, if the
pranch is to be taken, the 8- or 16-bit signed offset is added to the value of the program counter to be used as the effective
address. This allows the program to branch anywhere in the 64K memory map. Position-independent code can be easily gene-
rated through the use of relative branching. Both short (8-bit) and long (16-bit) branches are available.

SYNC

After encountering a sync instruction, the MPU enters a sync state, stops processing instructions, and waits for an interrupt.
If the pending interrupt is non-maskable (NMI) or maskable (FIRQ, IRQ) with its mask bit (F orll_)aclear. the processor will clear
the sync state and perform the normal interrupt stacking and service routine. Since FIRQ and IRQ are not edge-triggered, a low
level with a minimum duration of three bus cycles is required to assure that the interrupt will be taken. If the pending interrupt
is maskable (FIRQ, IRQ) with its mask bit (F or I) set, the processor will clear the sync state and continue processing by execu-
ling the next in-line instruction. Figure 16 depicts sync timing.

SOFTWARE INTERRUPTS

A software interrupl is an instruction which will cause an interrupt and its associated vector fetch. These software interrupts
are useful in operating system calls, software debugging, trace operations, memory mapping, and software developement sys-
tems. Three levels of SWI are available on the EF 6809E and are prioritized in the following order : SWI, SWI2, SWI3.

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

CYCLE-BY-CYCLE OPERATION

The address bus cycle-by-cycle performance chart (Figure 17) illustrates the memory-access sequence corresponding to each
possible instruction and addressing mode in the EF 6809E. Each instruction begins with an opcode fetch. While that opcode
is being internally decoded, the next program byte is always fetched. (Most instructions will use the next byte, so this techni-
que considerably speeds throu h-put). Next, the operation of each opcode will follow the flowchart. VMA is an indication of
FFFF1g on the address bus, RIW = 1 and BS = 0. The following examples illustrate the use of the chart.

Example 1: LBSR (Branch Taken). Before Execution SP = F000

$ 8000 CAT

e o 0o 0o o 0 0
[us]
v
e

$ AOCO CAT
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Cycle-by-cycle flow

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

Example 2: DEC (Extended) $ 8000 DEC $ AOOO
$ A0OO $80
4
Cycle-by-cycle flow

Cycle # Address Data RIW Description
1 8000 7A 1 Opcode fetch
2 8001 A0 1 Operand address, high byte
3 8002 00 1 Operand address, low byte
4 FFFF * 1 VMA cycle
5 A000 1 Read the data
6 FFFF * 1 VMA cycle
7 A00O 7F 0 Store the decremented data

* The data bus has the data at that particular address.

INSTRUCTION SET TABLES

The instructions of the EF 6809E have been broken down into five different categories. They are as follows :

8-bit operation (Table 8)
16-bit operation (Table 9)

Index register/stack pointer instructions (Table 10)
Relative branches (long or short) (Table 11)
Miscetlaneous instructions {Table 12)

Hexadecimal value for the instructions are given in Table 13.
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PROGRAMMING AID

Figure 18 contains a compilation of data that will assist in programming the EF 6809E.
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Figure 16 : SYNC timing.
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Opcode Fetch

NNNN

Opcode = Yes

10 or V . "
Opcode, 2nd Byte
No
NNNN + 1
No 2nd Byte =
1001117

Relative Addressing
Mode

LBCC, LBCS, LBEQ, LBGE,
LBGT, LBHI, LBHS, LBLE,

BCC, BCS, BEQ, BGE,
B8GT, BHI, BHS, BLE,

LBLD, LBLS, LBLT, BLD. BLS, BLT,
LBMI, LBNE, LBPL, Offset High BMI, BNE, BPL, Offset
LBRA, LBRN, LBSR, BRA, 8RN, BSR,
LBVC LBVS NNNN + 1(2) BVC.BVS NNNN + 1
Offset Low
NNNN + 2(3) Don't Care
+ FFFF
Dont Care
FFFF
Yake Don't Care
Branch?
Sub. Dest. Addr
Don't Care
— P
FFFF
Return Addr Low
Stack
Note 1: Each state shows: ‘
Data Bus Ottsel high Return Addr. High
Address Bus NNNN + I(g)
Note 2 : Addsress NNNN is jocation of opcode. Stack
Note 3: if opcode is a two byte opcode subsequent addresses are in parenthesis (-). ‘ *
Note 4 : Two-byte opcodes are highlighted.

\&/

Figure 17 : Cycle-by-cycle performance (Sheet 1 of 9).
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@ Inherent Addressing Mode

ABX ATS ASLA/B MUL SWi, Swi2
ASRA/B SWi3
Don't Care Don't Care CLRAB Don't Care Don't Care Direct Page
COMA/B Register
NNNN + 1 NNNN + 1 DAA NNNN + 1 NNNN + 1(2)
DECA/B Stack
Y Y INCAB Y Y i
Don't Care PC High g% Don't Care Don't Care
FFFF Stack NEGA/B FFFF FFEF B Register
NOP Stack
+ ROLAB * + +
PC Low gg: A/B Don't Care PC Low
Stack TSTAB FFFF Stack A Register
* * + Stack
Don't Care Don't Care Don'l Care PC High +
Condition
FFFF NNNN + 1 FFFF Stack Code Register
+ * Stack
Don't Care User Stack Low N *
FFFF Stack Don't Care
* * FFFF
Don't Care User Stack High *
FFFF Stack
interrupt
* * Vector High
Don't Care Y Register Low FFFX
FFFF Stack *
+ * Interrupt
Vector Low
Don't Care ¥ Hegister High FFEX + 1
FFFF Stack *
* * Don't Care
Don't Care X Register Low
FFFF
FFFF Stack
Don't Care X Register High
i FFFF Stack
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/) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX

Figure 17 : Cycle-by-cycle performance (Sheet 2 of 9).




EF 6809E

Inherenmt Addressing Mode

-

ATy

Don't care

NNNN + 1

Y

CCR

Stack

No

Yes

A Register

Stack

I

B Register

Stack

Direct Page

Register

Stack

X Register High

Stack

Y

X Register Low

Stack

Y Register High

Stack

Y

Y Register Low

Stack

Y

User Stack High

Stack

Y

User Stack Low

Stack

SYNC

Don't Care

NNNN + 1

e

Don't Care

3 State

CWAI

[i%;)
I

Interrupt
Present?

Don't Care

3 State

-

£C High

it S
Stack

Stack

PC Low

Don't Care

Stack

Y

'

User Stack Low
Stack

User Stack High

Y Register Low
Stack

Yy

Y Register High

Stack
!

Y

cc M“ij Condition
NNNK . Code Register
f Stack
Don't Care r—_—_—-
NNNN .+ 2 Don't Care
i 3 State
Don't Care
FFFF
* Interrupt
PC1ow Present?
S';\!k h

X Register Low
Stack

X Register High
Stack

Y

Direct Page
Register

Stack

Y

B Register

Stack

A Register

Stack

v

Interrupt
Vector High

FFFX
* -
Interrupt
Vector Low

FFFX + 1

Y

Don't Care
3FFFF

Figure 17: Cycle-by-cycle performance {Sheet 3 of 9).
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7

herert Addressing Mode

PULU
PULS

Post Byle
NNNN + 1

Y

Don't care
FFFF

]

Don't care
FFFF

Post Byte
Bito
Set?

Condition
Code Register

Stack

Post Byte No
Bit 1
Set?

Yes

A Register
Stack

Post Byte
Bu2
Set?

B Register
Stack

X Register High

Stack

Y

X Register Low

Stack

Post Byte
Bit5
Sel?

Y Register High

Stack

Y

Y Register Low

Stack

Post Byte
Bit6
Set?

U/S Stack
Pointer High

Stack

Y

/S Stack
Pointer Low

Stack |

Post Byte
Bit3
Set?

Direct Page
Register

Stack

Post Byte
Bit7
Set?

PC High

Stack

—

PC Low

Stack

Don't care

Stack

Y

PSHU
PSHS

Post Byte
NNNN + 1

Y

Don't care
FFFF

Y

Don't care
FFFF

Y

Don't care
Stack

Post Byte
Bit7
Set?

PC Low

Stack

e

PC High
Slack

Post Byle
Bit 6
Set?

/S Stack
Pointer Low

Stack

U/S Stack
Pointer High

Stack

Post Byte
Bit 5
Set?

* Yes

Y Register Low
Stack

Y

Y Regisler High
Stack

Post Byte
Bit 4
Set?

X Register Low

Stack

L]

X Regisler High

Stack

Post Byte
8it3

Direct Page
Register

Stack

Pos! Byte
B2
Set?

A Register

Stack

Post Byte
Bit 1
Sel?

A Register

Stack

Post Byte
Bito
Set?

Condilion
Code Register

Stack

—

9
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Figure 17 : Cycle-by-cycle perforinance (Sheet 4 of 9).
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immediate Addressing MOE;'

TFR {

EXG

Post Byte Post Byte
NNNN + 1 NNNN + 1
Don't Care Don't Care
FFFF FFFF
Don’t Care Don't Care
FFFF FFFF
Don't Care Don't Care
FFFF FFFF
Don’t Care Don't Care
FFFF FFFF
Don't Care
FFFF
Don't Care
FFFF

All Instructions
Except:
PSHU,
PSHS,
PULS,
TFR,
and
EXG

o

Immediate Extended
Addiessing Addressing
Mode Mode
Address Low Address High
i NNNN + 1(2) NNNN + 1(2)
Don't Care Address Low
FFFF NNNN + 2(3)
Don't Care
FFFF
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Figure 17 : Cycle-by-cycle performance (Sheet 5 of 9).

33/52




EF 6809E

5

Indexed Addressing Mode

Y

Post Byte
NNNN + (2)

Y

Olnc/Dec Inc/Dec PC + 16-Bil Extended PC + 8-Bit
RAby1 Rby2 Ofiset Indirect Offset
Don't Care Don't Care Offset High Adress High Offset
NNNN + 2(3) NNNN + 2(3) NNNN + 2(3) NNNN + 2(3) | NNNN + 2(3)
Don't Care Don't Care Offset Low Address Low Don't Care
FFFF FFFF NNNN + 3(4) NNNN + 3(4) FFFF
Don't Care Don't Care Don't Care Don't Care
FFFF FFFF NNNN + 4(5) NNNN + 4(5)
Don't Care Don't Care
FFEF FFFF o
Don't Care
FFFF
Don't Care

i1 '

Indirect?

34/52

Indirect Low

XXXX + 1

Y

Don't Care

FFFF

PR

Constant Ofiset From R
No Offset
8-8it Otfset
16-Bit Offsel

Accumulélor Offset From R
A Register Offset
B Register Ofiset
D Register Offset

Auto Increment/Decrement From A
increment by 2

Decrement by 2

onstant Offset From P
8-Bit Ofisel
16-Bit Offset

Extended Indirect
16-Bit Address

* The index register is incremented
following the indexed access

/> THOMSON COMPOSANTS MILITAIRES ET SPATIAUX

XXXX

Index Register

Index Register + Ofisel Byte

Index Register + Offset High Byte Ofiset
Low Byte

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

Index Register* -~
Index Register - 2

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

Address High Byte Addres Low Byle

Figure 17 : Cycle-by-cycle performance (Sheet 7 of 9).
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@

indexed Addressing Mode %

Post Byte
NNNN + (2)

Y

0 Offset 5-Bit Offset
From R From R

8-8it Offset
From R

16-Bit Offsel
From R

A/B Offset D Offset
From A From R

Don't Care Don’t Care Offset Offset High Don't Care Don't Care
NNNN + 2(3) NNNN + 2(3) NNNN 1 2(3) NNNN + 2(3) NNNN + 2(3) NNNN + 2(3)
Don't Care Don’t Care Olftset Low Don't Care Don't Care
FFFF FFFF NNNN ¢+ 3{4) FFFF NNNN + 3(4)
Don't Care Don't Care
NNNN + 4(9) FFFF
RN v
-
Don't Care Oon't Care
FFFF FFFF
Don't Cate Don't Care
FFFF FFFF

Indirect?

Indirect High
No Constant Offset From 8
XXXX No Offset
8-Bit Offset
16-Bit Offset
Indirect Low
Accumulator Offset From R
YO + 1 A Register Offset
+ B Register Offset
D Register Offset
Don't Care
FFFF Auto Increment/Decrement From R
Increment by 2
l Decrement by 2
Constant Offset From PC
8-8it Offset
16-Bit Offset

Extended indirect
16-Bit Address

* The index register is incremented

following the indexed access

XXXX

index Register
index Regisler + Offset Byte

Index Register + Oftset tigh Byte Offset

Low Byte

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

Index Register*
Index Register - 2

Program Cunter + Offset Byle

Program Cunter + Offset High Byte Offset

Low Byte

Address High Byte Addres Low Byle

Figure 17 Cycle-by-cycle performance {Sheet 6 of 9).
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Etfective Address
ANDCC JMP
ORCC R(All Except
(immediate immedialte)
Only)
Data
NNNN + 1
Don't Care
NNNN + 2

ADCA/B, STAB LDD, STD, STS,
ADDA/B, {All Excepl LOS, STU, STX,
ANDA/B, immediale) LoU, STY, (Al
BITA/B, LDX, Except
CMPA/B, LOY Immediate)
EDRA/B,
LDA/B, Register (Write)
ORA/B. EA
SBCA/B,
SUBA/B
Register High Register High
EA (Write)
* EA
Register Low +
Register Low
EA (Write)
* EA +1
Data
EA -

e/

Constant Offset From R
No Ofisel
5-Bit Olfset
8-Bit Offset
16-Bit Offset

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

Auto Increment/Decrement From R
Increment by 1
Increment by 2
Decrement by 1
Decrement by 2

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

Direct
Extended
Iimmediate

« The index register is incremented
following the indexed access

Effective Address (EA)

Index Register

Index Register

Index Regisler + Post Byte

Index Register + Post Byle High Post Byle Low

Index Register + A Register
Index Register + B Register
Index Register + D Regisler

index Register”
Index Register*
Index Register + 1
index Register + 2

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

Direct Page Register Addres Low
Address High Addres Low

NNNN + 1

Figure 17 : Cycle-by-cycle performance (Sheel 8 of 9).
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&)

Eftfective Addiess
ASL, ASR TST ADDD, CMPD, JSR LEAS,
CLR, COM, {AN Except CMPS, CMPU, (Al Except LEAV,
DEC, INC, Iimmediate) CMPX, CMPY, limmediate) LEAX,
NEG, ROL, SuBD LEAY,
RDA (All (Indexed Onty)
Except -
immediate) Don't Care
¢ Sub. Address $
Data Dala Data High Don't Care Don't Care
EA EA EA FFFF FFFF
Don't Care Don'’t Care Data Low PC Low (Write)
FFFF FFFF EA+1 Stack
Data (Write) Don't Care Don‘t Care PC High (Write)
EA FFFF FFFF Stack

Y

Y

\

e/

Constant Otfset Frol

m R

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

Accumulator Offset

From R

A Register Offset
B Register Offsel

D Register Offset

Auto Increment/Decrement From R

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

Constant Offset From PC

O S ——

8-Bit Oftset
16-8it Offset

Direct
Extended
immediate

* The index register

is incremented

following the indexed access

Efective Address (EA)

index Register

Index Register

Index Register + Post Byte

Index Register + Post Byte High Post Byte Low

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

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

Program Cunter + Offset Byte

Program Cunter + Offset High Byte Offset Low Byle

Direct Page Register Addres Low
Address High Addres Low

NNNN + 1

Figure 17 : Cycle-by-cycle performance (Sheet 9 of 9).
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Table 8 - 8-Bit accumulator and memory instructions -

Mnemonic(s)

Operation

Add memory to accumulator with carry

ADCA, ADCB
ADDA, ADDB Add memory to accumulator
ANDA, ANDB And memory wilh accumulator

ASL, ASLA, ASLB

Arithmetic shift of accumulator or memory left

ASR, ASRA, ASRB

Arithmelic shift of accumulator or memory right

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

COM, COMA, COMB

Complement accumulator or memory location

DAA

Decimal adjust A accumulator

DEC, DECA, DECB

Decrement accumulator or memory location

EORA, EORB

Exclusive or memory with accumulator

EXG R1, R2

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

INC, INCA, INCB

Increment accumulator or memory location

LDA, LDB

Load accumulator from memory

LSL, LSLA, LSLB

Logical shift left accumulator or memory location

LSR, LSRA, LSRB

Logical shift right accumutator or memory location

MUL

Unsigned multiply (A X B — D)

NEG, NEGA, NEGB

Negale accumulator or memory

ORA, ORB

Or memory with accumulator

ROL, ROLA, ROLB

Rotate accumulator or memory left

ROR, RORA, RORB

Rotate accumulator or memory right

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

SUBA. SUBB .Subtract memory from accumulator

TST, TSTA, TSTB Test accumuiator or memory location

TFR R1, R2 Transfer R1 to R2 (Rt, R2 = A, B, CC, DP)

i

Note : A, B, CC, or DP may be pushed to (pulle

38152
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EF 6809E
Table 9 - 16-Bit accumulator and memory instructions -
Mnemonic(s) Operation

ADDD Add memory to D accumulator

CMPD Compare memory from D accumulator

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

LDD Load D accumulator from memory

SEX Sign Extend B accumulator into A accumulator

STD Store D accumulator to memory

suBsD Subtract memory from D accumulator

TFR D, R Transfer Dto X, Y, S, U, or PC

TFR R, D Transfer X, Y, S, U, or PCto D

Note : D may be pushed (pulted) to either stack with PSHS, PSHU (PULS, PULU) instructions.

' 1
Table 10 - Index register/stack pointer instructions
Instruction Descrintion

CMPS, CMPU Compare memory from stack pointer

CMPX, CMPY Compare memory from index register

EXG R1, R2 Exchange D, X, Y, S, U or PC with D, X, Y, S, U, or PC

LEAS, LEAU Load effective address into stack pointer

LEAX, LEAY Load effective address into index register

LDS, LDU Load stack pointer from memory

LDX, LDY Load index register from memory

PSHS Push A, B, CC,DP, D, X, Y U, or PC onto hardware stack

PSHU Push A, B, CC, DP, D, X, Y, S, or PC onto user stack

PULS Pull A, B, CC, DP, D, X, ¥, U or PC from hardware stack

PULU Pull A, B,CC,DP, D, X, Y, S, or PC from hardware stack

STS, STU Store stack pointer to memory

STX, STY Store index register to memory

TFR R1, R2 Transfer D, X, Y, S,Uor PCto D, X, Y, S, U, or PC

ABX Add B accumutator to X (unsigned)
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Table 11 - Branch instructions

Instruction Description

SIMPLE BRANCHES
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
8MI, LBMI Branch if minus
BPL, LBPL Branch if plus
BCS, LBCS Branch if carry set
BCC, LBCC Branch if carry clear
BVS, LBVS Branch if overflow set
BVC, LBVC Branch if overflow clear

SIGNED BRANCHES
BGT, LBGT Branch if greater (signed)
BVS, LBVS Branch if invalid 2's complement result -
BGE, LBGE Branch if greater than or equal (signed)
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BLE, LBLE Branch if less than or equal (signed)
BVC, LBVC Branch if valid 2's complement resuit
BLT, LBLT Branch if less than (signed)

USIGNED BRANCHES
BHI, LBHI Branch if higher (unsigned)
BCC, LBCC Branch if higher or same {unsigned)
BHS, LBHS Branch if higher or same (unsigned)
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BLS, llBLS Branch if lower or same (unsigned)
BCS, LBCS Branch if fower (unsigned)
BLO, LBLO Branch if jower (unsigned)

OTHER BRANCHES
BSR, LBSR Branch to subroutine
BRA, LBRA Branch always
BRN, LBRN Branch never

40/52
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Table 12 - Miscellaneous instructions

Instruction Desciption
ANDCC AND condition code register |
CWAI AND condition code register, then wait for interrupt
NOP No operation
ORCC OR condition code register
JMP Jump
JSR Jump to subroutine
RTI Return from interrupt
RTS Return from subroutine
SWI, SWI2, SWI3 Software interrupt (absolute indirect)

SYNC Synchronize with interrupt line

/) THOMSON COMPOSANTS MIL.“AIRES T SPAT' "UY -
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Table 13 - Hexadecimal values of machine codes

op Mnem Mode ~ | #|OP Mnem Mode ~| #]OP Mnem Mode ~ | #
00 | NEG Direct 6 2 30 | LEAX Indexed |4+ |2+ | 60 | NEG Indexed |6+ |2+
o1 |* 31 | LEAY 44 (24| 61 | *
02 |°* 32 | LEAS 4+ 12+ 62 |"
03 | COM 6 | 2| 33 | LEAU Indexed {4+ {2+ 63 | COM 6+ |2+
04 | LSR 6 | 2 { 34 | PSHS immed |5+] 2 | 64 [ LSR 6+ |2+
05 |* 35 | PULS immed [5+] 2 | 65 |°
06 | ROR 6 | 2 | 36 | PSHU immed |5+ | 2 | 66 | ROR 6+ (2+
07 | ASR 6 { 2 37 | PULU immed 15+ 2 | 67 | ASR 64+ |2+
08 | ASL, LSL 6| 2|3 ]|" — 68 | ASL, LSL 64+ 12+
09 { ROL 6| 2| 39 | RTS Inherent | 5 | 1 69 | ROL 6+ [2+
0A | DEC 6 { 2| 3A | ABX 3 1 | 6A | DEC 6+ |2+
oB |* 3B | RTI 6/15| 1 | 6B | *
0C | INC 6 | 2 | 3C | CWAI >201 2 | 6D | INC 6+ |2+
oD | TST 6 | 2| 3D | MUL Inherent | 11| 1 | 6D | TST 6+ |2+
OE | JMP L 3|12 |3]" 6E | JMP ¥ 3+12+
OF | CLR Direct 61 2| 3F | SWI Inherent | 19| 1 | 6F | CLR Indexed [6+ |2+
10 | Page 2 40 | NEGA Inherent | 2 | 1 | 70 | NEG Extended| 7 | 3
11 | Page 3 4 | ] 7
12 | NOP Inherent | 2 1 42 | 72 | *
13 |{ SYNC inherent | > 4] 1 43 | COMA 2 1 73 | COM 7 3
14 §* 44 | LSRA 2 1 74 | LSR 713
15 | * 45 | ° 7% |
16 | LBRA Relative | 5 | 3 | 46 | RORA 211 76 | ROR 713
17 | LBSR Relative | 9 | 3 | 47 | ASRA 2 1 77 | ASR 713
18 | 48 | ASLA, LSLA 2 1 78 | ASL, LSL 713
19 | DAA Inherent | 2 1 49 | ROLA 2 1 79 | ROL 713
1A | ORCC immed 3| 2 | 4A | DECA 2 1 | 7A | DEC 713
iB | * 4B | * 7B |*
1C | ANDCC Immed 31 2| 4C |INCA 2 1 | 7C | INC 713
1D | SEX Inherent | 2 | 1 | 4D | TSTA 2 1| 7D | TST 713
1E | EXG Immed g8l 214" , 7E | JIMP 4| 3
1F | TFR Immed 6 2 | 4F | CLRA Inherent | 2 1 7F | CLR Extended | 7 3
20 | BRA Relative | 3 2 | 50 | NEGB Inerent 2 1 80 | SUBA Immed 2 2
21 | BRN 325" 81 | CMPA J 212
22 | BHI 3|2 ]|9]" 82 | SBCA 212
23 | BLS 32| 53 |COMB 2 1 83 | susBD 413
24 | BHS, BCC 32|54 |LSRAB 2 1 | 84 | ANDA 212
25 | BLO, BCS 312 }5 1" 85 | BITA 21 2
26 | BNE 3 | 2 | 567| RORB 2 1 86 | LDA 212
27 | BEQ 3| 2 | 57 | ASRB 2 1 87 | *
28 | BVC 31 2| 58 | ASLB, LSLB 211 88 | EORA 2| 2
29 | BVS 3] 2] 59 |ROLB 2 1 | 89 | ADCA 212
2A | BPL 31| 2 i 5A | DECB 2 1 | 8A | ORA 2|2
2B | BMI 3|21]5B]" 88 | ADDA 2| 2
2C | BGE 31 2 | 5C |INCB 2 1 | 8C | CMPX 4 | 3
2D | BLT 3| 2]|sD}|TSTB"’ 2 1 | 8D | BSR Immed 712
2E | BGT 32 |5E}" , 8E | LDX Relative { 3 | 3
2F | BLE Relative | 3 2 | 5F | CLRB Inherent | 2 1 8F | * Immed
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Table 13 - Hexadecimal values of machine codes (Continued)

op Mnem Mode ~ | # | OP Mnem Mode ~ 1 #1]OP Mnem \ Mod:. T ~ l #
90 | SUBA Direct 4 2 | Co {suBB Immed 212 Page 2 and 3 Machine
91 | CMPA 4 | 2| Ct]|CMPB 21 2 Codes
92 | SBCA 4 | 2] C2|SBCB 2] 2
93 | suBD 6 { 2 | C3|ADDD 4 | 3 |1021] LBRN Relativee | 5] 4
94 | ANDA 4 2 C4 | ANDB 1 2 2 {1022} LBHI 1 56)| 4
95 | BITA 4 | 21 Cs|BITB immed 2 | 2 [1023] LBLS 5(6)| 4
96 | LDA 4 | 21| ce|LDB immed | 2 | 2 |1024| LBHS, LBCC 5(6)| 4
97 | STA 4 | 2(1C7|" b 1025{ LBCS, LBLO 56)] 4
98 | EORA 4 12| C8|EORB 2 | 2 |[1026] LBNE 56)| 4
99 | ADCA 4 | 2| C9{ADCB o | 2 {1027 LBEQ 56)| 4
9A | ORA 4| 2 | CA|ORB o+ | 2 [1028| LBVC 5(6)| 4
98 { ADDA 4 | 2] CB|ADDB o | 2 1029 LBVS 56)F 4
aC | CMPX 6} 2 | CCiLDD 3 | 3 |102A} LBPL 56)) 4
9D | JSR 7t12}1CDhy" 1028} LBMI 56)] 4
9E | LDX 5 | 2 ] CE|LDU immed | 3 | 3 |102C| LBGE 50)| 4
9F | STX Direct 5|2 CF}|* 102D| LBLT 56)| 4
1028 | LBGT 56)) 4
A0 | SUBA Indexed |4+ |2+ | DO | SUBB Direct 4 | 2 1102F} LBLE Relative [56)| 4
Al | CMPA J 4+ |2+ | D1 | CMPB 4 | 2 |103F| SWI2 Inherent | 20 | 2
A2 | SBCA 4+ 1|2+ D2 | SBCB 4 | 2 1083 CMPD Immed 51 4
A3 | SUBD 6+ 12+ | D3 | ADDD 5 | 2 |108C} CMPY 5. 4
A4 | ANDA 4+ |2+ | D4 | ANDB 4 { 2 |108E| LDY lmmed 41 4
A5 | BITA 4+ |2+ D5 | BITB 4 | 2 [1093| CMPD Direct 713
A6 | LDA 4+ |2+ | D6 | LDB 4 | 2 {109C} CMPY 713
A7 | STA 4412+ D7 {STB 4 | 2 {109E| LDY 6 | 3
A8 | EORA 4+ 12+ | D8 | EORB 4 | 2 1109F| STY Direct 6|3
A9 | ADCA 4+ |2+ | D9 | ADCB 4 2 |[10A3| CMPD Indexed |7+ |3+
AA | ORA 4+ |2+ | DA | ORB 4 | 2 |10AC| CMPY 7+ 13+
AB | ADDA 4+ 12+ | DB | ADDB 4 | 2 |10AE| LDY 6+ 13+
AC | CMPX 6+ |2+ | DC |LDD 6 2 110AF] STY Indexed |6+ {3+
AD | JSR 7+ |2+ DD | STD 5 | 2 |10833] CMPD Extended | 8 | 4
AE | LDX ) 5+ |2+ | DE | LDU 5 | 2 |osC| CMPY 8| 4
AF | STX Indexed {5+ {2+ | DF | STU Direct 5 2 {10BE| LDY 7 4
10BF{ STY Extended | 7 | 4
B0 | SUBA Extended | 5 3 | EO | SUBB Indexed |4+ |2+ [10CE} LDS Immed 4 4
B1 | CMPA ) 5| 3| E1|CMPB 4+ |2+ [10DE| LDS Direct | 6 | 3
B2 | SBCA 5 | 3| E2 |SBCB 4+ |2+ {10DF} STS Direut 6|3
B3 | SUBD 7 | 3| E3 | ADDOD 6+ |2+ [10EE| LDS tndexsd [6+ |3+
B4 | ANDA 5| 3 | E4 | ANDB 44 |2+ [10EF| STS Indiorad |64 13+
BS | BITA 51 3| E5 |BITB 44+ |12+ [1OFE] LDS Exteniied} 7 | 4
B6 | LDA 513 | E6LDB 4+ |2+ [10FF| STS Extented ] 7 1 4
B7 | STA 5| 3| E?7 |STB A4+ |2+ [113F] SWI3 Inherent | 20 2
88 | EORA 5 3 | E8 | EORB G412+ {11833 CMPU tmmeod 5 4
B9 | ADCA 5 3 E9 | ADCB 4+ |2+ [118C| CMPS Tronet 5 4
BA | ORA 5 | 3| EA |ORB 4+ 12+ {1193 CMPU Direct 713
BB | ADDA 5] 31 EB|ADDB 4+ |2+ |119C| CMPS Direct 713
BC | CMPX 7+ 3| EC|LDD 5+ |2+ {11A3| CMPU Indexed {7+ {3+
BD | JSR 8 | 3|ED|STD 54 | 2+ [11AC] CMPS Indexed |7+ |3+
BE | LDX 6 | 3| EE |LDU v 5+ 12+ 11183} CMPU Extended{ 8 | 4
BF | STX Extended | 6 | 3 | EF | STU Indexed |5+ |2+ {11BC| CMPS Extended | 8 | 4
FO | SUBB Extended | 5 3
F1 | CMPB 5] 3
F2 | SBCB 513 -
F3 | ADDD 7183
F4 | ANDB 513
F5 | BITB 5] 3
F6 | LDB 513
F7 | STB 543
Note : All unused opcodes are both F8 | EORB 5 3
undefined and illegal. F9 | ADCB 5 3
FA | ORB 513
FB { ADDB Extended | 5 | 3
FC | LDD Extended | 6 | 3
FD | STD 6 {3
FE | LDU 6 {3
FF | STU Extended | 6 | 3
Legend :
- Number of MPU cycles (less possible push pull or indexed-mode cycles)
# Number of program bytes
* Denotes unused opcode
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Figure 18 : Programming AID.

Addressing Modes
Instruction Forms |immediate| Direct Indexed | Extended | Inherent Description s13[2i1
Op-#Op—#Op-#Op—#Op—# HIN|lZ|Vi{C
ABX aal 3| 1]B + X = X (Unsigned) ejofo]e]e
ADC ADCA gal 2| 2100] 4| 2A0a+i2+]BI| 513 A+M+C—A NRARE AR
ADCB col 2| 2|09 4|2 |E9fasj2+|FO|5}3 B+M+C~B ARERRRRE
ADD aopan 88| 2] 2|9B| 4| 2|aBla+l2+iBB| 513 A+M-—A ARIRIRAR
oo |c| 2| 2|oB| 4} 2 |€EBla+|2+|FB{ S| 3 B+M-B ARARARER
ADDD 3l a]3|oa|e|2|e3le+|2+{F3]7 )3 D+MM4+1-D AEIRARAR
AND ANDA gal 21 2]94] 4| 2lA4ja+f2+1B4) 5|3 AAM - A tlilo)e
ANDB |c4l 2| 2 |Daj 4 2 |g4j4+)24|F4| 5] 3 BAM—B AERIE]
ANDCC |iC[3]|2 CC A IMM — CC 7
ASL ASLA 481211 A -~ ARRREL
ASLB | 3| 1|8 O~ a1t
ASL 08| 6)|2]|68l6+|2+178( 73 M/T o7 % AR ERE
ASR ASRA 47121 1A - gt}
ASRB 57| 2 | + | 8 J AT g1]1]|
ASR orlel2|erie+|2+({77] 73 M b7 b < sitltlels
BIT BITA a5l 2| 2]os| 4] 2|Asjasi2+iB5| 573 Bit Test A (M A A) elt]ViO]"
eITe cs| 2| 205{ 4|2 |E5la+f2+|F5]5)3 Bit Test B (M A B) e|tltlo]e
CLR CLRA 4| 21110 A «foj|t1]0]0
CLR8 sFf2}l1]0 +B «|o}1]0|0
CLR oFl 6] 2|6Fle+|2+{7F] 7|3 0-M «loj1]0}0
CMP CMPA gil2lalot]al2lat|as2+B1y5 13 Compare M from A AR RBERR
CMPB cilz2l2lp1la]2(€Et]a+]2+ F11 513 Compare M from B CIRRRERERR
CMPD 1olstalio]7}311017+3+ 101814 Compare MM + 1 from D (A RUEEERE
83 93 A3 B3
CMPS flslajnfz|a i+l 814 Compare M:M + 1 from S NEERRRRE
8C 9C AC 8C
CMPU ulslalsl7z)ajnlz+perr)sg4 Compare MM + 1 fromU eftitt
83 93 A3 B3
CMPX 8cl 4| 3lec]e|2]acCle+{2+]BC 713 Compare M:M + 1 from X SRR EEREE
CMPY wls|4|w0}7]|3[10[7+3+ 10814 Compare M:M + 1 from Y ettt
8C aC AC BC
COM COMA aal2]11a -A ojt|tio]n
coMB s3{2|1|B--B ottt ]0O]
COM o3l6!21636+|2+173]7 |3 M- M «itltlotn
CWAI Ci>200 2 CC A IMM -+ Wail for interrupt 7
DAA 19| 2 | 1 | Decimal adjust A eititloft
DEC DECA ' aal2]1|A-1~A ol tyt|t]e
DECB sal2l1|B-1+8B etditlr]e
DEC oale |2 leale+l2+|7A1 7} 3 M+1-+M eltltltge
EOR EORA ss| 21298 a]2]|aBla+]2+|BBS5 )3 A YM- A e{t1lt]O]"
EORB cal2)|2|o8| 4|2 |EBla+ie+[FB]5 |3 B YM~B eftltlofe
EXG A, R2 |1E[ 82 Rt - R2! ololefefe
INC INCA scl2|1]A+1 A NERRERE
INCB sclz2}ti8+1t B NERER RN
INC ocle | 2|6ciE+t2+[7C]1 713 M+t M sltbtfrge
JMP oel3l2|eEl3+l2+)|7E[ 4} 3 EA3 - PC elojefe]s
JSR ap| 7 | 2 |aD|7+ 2+ |BD 813 Jump to subroutine ejolo)eo]e
LD LDA a6l 212196]4]2|A6la+)2+|B6] 513 M A o[tltlo]-
L8 cel2|2(p6|4|2|e6la+[2+{FE) 5|3 M B ERERAK
LDD ccl3laloc|s|2]|ecip+|z+|FC| 6} 3 MM +1 +D elyti o]
LDS 0lalalwjs|3|0je+d+[10}7]4 MM+ 1S |yl jofe
CE DE EE FE
LDU CEl3|3|DE|5|2|EE[s+|2+|FE[ 6|3 MM+ 1 U eltlt]o])e
LDX gel 3|3 |9€|5 |2 |AE{5+|2+|BE| 6 13 MM+ 1+ X eftjtlof-
LOY 10 4laf10i6|3]106+[3+{1017]4 MM+ 1 Y eft]t(ol-
8E 9E AE BE| | | .
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Addressing Modes

Instruction Forms |lmmediate| Direct Indexed | Extended | Inherent Description 51312110
Op| - | #|0p| ~ | #|Op; ~ | # Op| -~ | #|Op] ~ 1 # HiN]ZiV]|C
LEA LEAS 320a+f2+ EA3 - S o|atefe]e
LEAU 33[4+[2+ EA3 -+ U elefolele
LEAX 3014+]2+ EA3 — X eleltlefe
LEAY 3tj4+2+ EA3 - Y sleftte}e
LSL LSLA |21 A - SRR AREN
HE R i E ]
LSL osle|2|e8l6+|2+{78] 7|3 MlC b bg AERRA AR

LSR LSRA 4421t ] A ei0ft ]~
LS 2|3 1|8 oD “lofi|+l

LSR 04| 6!t 2|6ai6+2+|74]7 13 M 57 bg ¢© oiO|t]e
MUL apl11! 1 | A x B —~ D (unsigned) eflell]e]9

NEG NEGA ol2i1|A+1--A CAREREN
NEGS sl2(1iB+1-8 shelsld

NEG oolel|2]|60l6+{2+|70] 7|3 M+1-M sty
NOP 12§ 2 | 1 | No operation elojefoie
OR ORA gal 2| 21oal 4| 2 1AAf[4+12+BA] 5 [ 3 TJAVM - A sitit o]
ORB CAl 212 |DAl 4| 2 |EAja+]2+ FA[ 513 BYM-—8B ottt ]0Oje

ORCC 1A 312 CCVIMM » CC 7
PSH PSHS 346+3 2 Push registers on S stack slejeiefe
PSHU BB+Y 2 Push registers on U stack jo|lols]o}e
PUL PULS BB+ 2 Puli registers from S stack cjslelegoe
PULU 37b+y 2 Pull registers from S stack ofo|e]o]e
ROL ROLA 492111 A = NEERRRAR!
ROLB sol2! 1|8 }[:ﬂ~ []]I[]Il}a-‘ N IAERR
ROL wle|2169l6+]2+179] 713 M (Y] by SRR AN
ROR RORA w1211 |A R ————— ] Pelblt]e !
RORB 1310 |6 |- ol
ROR o6|6|2666+[2+]|76]7 |3 M ¢ by b0 ;. plyfef
RTt a8 l6/15 1 | Return from interrupt i 7
RTS 391 & | 1 { Return froin subroutine ERERER K]
SBC SBCA gol2l2]92fal2|A2ja+j2+]B2]5 3 A-M-C-A gltitrtt
SBCB c2l2l2(p2j4]2 |E28+{2+ F2{ 513 B-M-C—+B gl
SEX 10| 2| 1 | Sign extend B into A sltlt O
ST STA g7{ 4| 2tA7la+2+{B7]5 |3 A M NEIRENIE
STB p7|laj2|e7ja+l2+|F7}5 (3 B-+M EEARRIA
STD oo 5|2 |EDI5B+|2+|FD| 6 | 3 D-MM+ 1 s 111110
STS wi{e|3|w0le+[3+|10]7 |4 S+ MM + 1 s|tlt]ofe

DF EF FF
STU DE| 51 2 |EF|5+[2+|FF| 6 |3 U MM+ ettltloge
STX oF| 512 |AF|5+[2+|BF| 6] 3 X MM+ 1 tlsiol#
STY 10(6]31|10 10(714 Y - MM+ 1 el1]t]0)"
9F AF 6+ [3+|BF
sus SUBA 8ol 2|2 (914 AOl4+{2+{BOI 5|3 A-M " A ARRRARAR
susB col2]2|pol4|2|[E0ja+12+|FO}S 3 8-M B gyttt |
suBD |83|4[3]93|6|2|A3i6+[2+|B3[7 |3 D-MM+1~D NS EERRE
Swi swi4 aF |19} 1 | Sottware interrupt 1 elejeleoje
swi24 0] 20| 2 | Software interrupt 2 e|ele|ole
3F
swi34 11120] 1 | Software interrupt 3 efe|ofe]e
3F :

Figure 18: Programming AID (continued)
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Note 4:The PSH and PUL instructions require 5 cycles plus
‘1 cycle for each byte pushed or pulled.

Addressing Modes
Iinstruction Forms |Immediate|{ Direct Indexed | Extended | inherent Description . 513|121
Op-#Op~#Op-#Op~#Op~# H|N|Z]|V]|C
SYNC 13| >4} 1 | Synchronize to interrupt ejejeleje
TFR RI1,R2 |1F| 62 R1 — R22 sjefeleie
TST TSTA aD 1} Test A oll ]t ]|O]e
TSTB 5D} 2| 1| TestB o1} 1O
TST oDl 6| 2|6D|6+[2+|7D] 7} 3 Test M slti1 |05
Note 1:This column gives a base cycle and byle count. Note 5:5(6) means: 5 cycles it branch not taken, 6 cycles if
To obtain total count, add the values obtained from the taken (Branch instructions).
INDEDEX ADDRESSING MODE lable, Table 2. Note 6:SWI sets 1 and F bits. SWI2 and SWI3 do not affect |
Note 2:R1 and R2 may be any pair of 8 bit or any pair of 16 bit and F.
registers. N : i i ; :
The 8 bit registers are : A, B, CC, DP ote 7 ‘(ilg:dmons Codes set as a direct reseult of the instruc
The 16 bit registers are: X, Y, U, S, D, PC. ) . X
Note 3: EA is lh; e!fg:;tiv; adr:ress Note 8: Vaue of half-carry flag is undefined.
: : Note 9:Special Case — Carry sel if b7 is SET.

Legend:
OP Operation Code (Hexadecimal)
-~ Number of MPU Cycles
Number of Program Bytes
Arithmetic Plus
Arithmetic Minus
Muitiply

Transfer Into

Zero result

e | + %
0<NZ2I |

Carry from ALU

Complement of M

Half-carry (from bit 3)
Negalive (sign byte)

Overflow, 2's complement

{ Tesl and setif true, cleared otherwise
¢ Not Affected
CC Condition Code Register

. Concalenation

V Logical or

A Logical and

V Logical Exclusive or

Figure 18 : Programming AID {continued).

Branch Instructions

3
LBLO 10 15(6)] 4 | Long branch lower
25

Addressing
Modes
Instruclion Forms Description
Relative s|3t2(110
Op|-~-5| # HIN|Z|V]{C
BCC BCC 243} 2|BranchC =0 elofe]ele
LBCC 10 (5(6)| 4 | Long branch ejo|e]e]e
24 cC=0
BCS BCS 25| 3|2 |BranchC = 1 ef{oje]e]|e
LBCS 10 |5(6)] 4 | Long branch elo]e]e
25 C=1
7
BEQ BEQ 27132 |BranchZ = 1 . efjoe]e]o|e
LBEQ 10 {5(6)] 4 | Long branch e|e]e -
27 Z=90
BGE BGE 2G| 3 | 2 | Branch > Zero efe]e]e
LBGE 10 |5(6)} 4 | Long branch > Zero e|o]otfe
2C
BGT BGT 2e| 3 | 2 | Branch > Zero elejefe
LBGT 10 {5(6)] 4 | Long branch > Zero e|o[e]e
2€
BHI ' BHI 221 3 | 2 | Branch higher ol
LBHI 10 |5(6)| 4 | Long branch higher ele
22
BHS BHS 24| 3 | 2 | Branch higher or same el
LBHS 10 |56)| 4 | Long branch higher or same o|leje
24
BLE BLE 2F{ 3 | 2 | Branch < Zero efel
LBLE 10 |5(6)] 4 § Long branch < Zero ol
2F
BLO 8LO 25 2 | Branch lower L
.
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Branch Instructions (Continued)

Addressing
Modes
Instruction Forms Description
Relative s({3t2|1j0
Op|-5| # H|(N[Z{V]C
BLS BLS 23| a | 2 | Branch Lower or Same ofc|ote]e
LBLS ;g 56)| 4 | Long branch Lower or Same selelsleje
BLY BLT apl 3 | 2 | Branch < Zero sjelele]e
LBLT 10 |5(6)| 4 | Long branch < Zero ololole]e
20 '
8MI BMI 28| 3 | 2 | Branch minus efolojele
LBMI 10 |5(6)| 4 | Long branch < Minus elojo]e|e
2B
BNE BNE 26132 |BranchZ = 0 sle|olo]e
{BNE 10 |56)} 4 | Long branch Z # O clsln]ele
26
8PL B8PL 2al 3 | 2 | Branch plus sjole|e]e
LBPL 10 |[5(6)| 4 | Long branch pius elofoele]e
2A
BRA BRA 20| 3 | 2 | Branch always slejo]ole
LBRA 16| 5 | 3 | Long branch always olojejeo]e
BRN BRN 21| 3 | 2 | Branch never o|o|o]e]e
LBRN 10! 5 | 4 | Long branch never ajojofe]e
21
BSR BSR gDl 7 | 2 | Branch to subroutine BEEERERE
LBSR 17| 9 | 3 | Long branch to subroutine B EIECRERE
BvC BVC 28| 3 | 2 | Branch v=0 o|lelefo|e
LBVC 10 |5(6)] 4 Long branch V = c]ejeleloe
28
BVS BvVS 2913]|2|BranchV = 1 cjeje]e}e
LBVS 10 |5(6)} 4 | Long branch V = 1 _lejela]e
29 i
Simple branches Simple conditional branches (Notes 1-4)
oP ~ # Test True oP Faise oP
BRA . 20 3 2 N 1 BMI 28 BPL 2A
LBRA 16 5 3 Z=1 8EQ 27 BNE 26
BRN 21 3 2 V=1 BVS 29 BvVC 28
LBRN 1021 5 4 c=1 BCS 25 BCC 24
BSR 8D 7 2
LBSR 17 9 3
Unsigned condtional branches (Notes 1-8) Signed conditional branches (Notes 1-4)
Test True op False oP Test True op Fatse oP
(>m BHt 22 BLS 23 r>m BGT 2E BLE 2F
re>m BHS 24 BLO 25 rzm BGE 2C BLY 2D
r=m BEQ 27 BNE 26 o= om BEQ 27 BNF 26
r<m BLS 23 BHI 22 r.om BLE 2F BGT 2E
r<m BLO 25 BHS 24 - BLT 20 BGE 2C

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

Note 2 : All short pranches are two bytes and require three cycles.

Note 3: All canditional long branches are formed by prefixing the short apcode with 110 and using a 16-bit destination oftset.
Note 4: All conditional long branches require four bytes and six cycles il the bratach is taken of five if the branch is not taken.

Note 5: 5(6) means : 5 cycles if branch not laken, 6 cycles if taken.
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Indexed addressing modes

Non indirect Indirect
Type Forms Assembler Postbyte |+|+| Assembler Postbyte |+|+
form opcode ~|= form opcode ~l=
Constant offset from R No offset R 1RR00100 (010 LRl 1RR10100 (3]0
5-bit offset n, R ORRnnnnn 1|0 defaults to 8-bit
8-bit offset n, R 1RRO1000 {141 [n, R] 1RR11000 {41
16-bit offset n, R 1RR01001 |42 {n, R] 1RR11001 |72
Accumulator offset from R A register offset A R 1RR00110 |1{0 {A, R] 1RR10110 4|0
B register offset B, R 1RR00101 |110 B, R] 1RR10101 |40
D register offset DR 1RRO1011 |40 (D, R} 1RR11011 |[710
Auto increment/decrement R Increment by 1 R+ 1RR00000 (210 not allowed
increment by 2 R+ + 1RR00001 |3|0 LR+ +] {RR10001 [61}0
Decrement by 1 .—R 1RR00010 [2}0 not allowed
Decrement by 2 ,——R 1RRo0011 {3]0| (n, — —R]} 1RR10011 |60
Constant offset from PC 8-bit offset n, PCR 1xx01100 {11 {n, PCR] 1xx11100 {411
16-bit offset n, PCR 1xx01101 5|2 [n, PCR] 1xx11101 812
Extended indirect 16-bit address [n} 10011111 |512
indexed addressing postbyte register bit assignments R=XYUorS RR:
x = don't care 00 =X
Postbyle register bit o1=Y
y 9 indexed addressing mode 10=U
71e|5|4|3[2|1](0 1 =s
OIR|IRIxix|x]|x{X EA = ,R + 5 bit offset
1|RIRj0O]0O|0]0O|O].R + 6809 PROGRAMMING MODEL
11riRlilo olo|1 R+ + rx - Index Register _]
I Y - Index Register
1lrlRlojof0O}1]O],— R Pointer Register
rU - User Stack
1{R|R[ijOJO|T]T -~ R [—S-HavdwareSlack J
slr{R{i{o|1[0|0]|EA = R + 0offset r PC ] Program Counter
Irlalilol1]o|1]Ea = R+ ACCBoffset [ A [ B | Accumulators
1lrirlilo]1]|1{0]EA = R + ACCA offset ~— < —
11rlrlil1lo]|o|0]EA = R + 8bitoffset [ oP ]
1Ir{r|i|1]o]0!1]EA = R+ 16bitoifset [elr[wliIn]zv]c] . )
l—i Carry-8Borrow
1|R[Rji}1]O[1 1 EA = ,R + D offset Overfiow
L Z
1 xlxlil1]1]|0]0o]|EA = PC + 8bit offset Negative \
1 lxlxlij1]1]0]1]|€EA = PC + 16bit offset IRQ Inlerrypt Mask
Halt Carry
1imrtrl1] 111 1] 1]EA = [Address]| Fast Interrupt Mask
Entire State on Stack
— s It PR Ve aaaatl
L Addressing Mode Field
Indirect Field
(Sign bit when by = 0)
Register Field : RR

¥ = Don't Care
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00 = X

01 =Y
0=V
i1=9
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ransfer | Exchange Poslbyte

Ssghng vt [ [sogeo] | _Commn |

Push / Pull Postbytle

(TTTT1]

L]

| Register Field
CCR Cr? o000 = D (AB) 1000 = A
A B o = X 1001 = 8
oP oww =Y 1010 = CCR
B X Hi 00l = U 1011 = DPR
X Lo ((])I(X) = ?’C
—_ Y Hi mw =
DPR Y Lo
-— X urs Hi
UsS Lo
Y PC Hi
PC Lo
S Push Order
L
pC Increasing
Memory

7 - PREPARATION FOR DELIVERY

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

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

range.

8 - HANDLING
MOS devices must be handled with certain precautions to avoid damage due to accumulation of static charg: tnput proctec-
tion devices have been designed in the chip to minimize the effect of this static buildup. However, the foitowing handling

practices are recommended :
a) Device should be handled on benches with conductive and grounded surface.

b) Ground test equipement, tools and operator.

c) Do not handle devices by the leads.

d) Store devices in conductive foam or carriers.

e) Avoid use of plastic, rubber, or silk in MOS areas.
f) Maintain relative humidity above 50 %, if practical.

9 - PACKAGE MECHANICAL DATA

9.1 - DIL 40: Ceramic Cerdip package

TR Ta0e —) |

037 +.022
0.94 =0.56
150 Min
3.81 Min

00 +.003 Ry ’
1002003 | _.018+.002 55 0.0V3
254 :0.08 046 +0.05 e
&l
Qlo
a9 660 +.020
“N_‘ o~ 16.76 +0.51
™M
- 40 21
[ —— AvavEvATAVAVETS
; 20
o 20s0:012 .
55.07 +0.30
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9.2 - DIL 40: Ceramic Side Brazed package

000 + 010

.594 Typ

15.09 Typ

Pin N 1 index ——

10 - TERMINAL CONNECTIONS

10.1 - DIL 40 pin assignment

50152

150 Min
381 Min

080 =.008
2.03 =0.20

.100 +.005 018 +.002 .010 +.002
254 30.13 0.46 £0.05 = 0.25+0.05
.600 Typ
15.24 Typ
40 21
D +
l o]
3 20
2.000 +.020
50.80 +0.51
vgs Q1 @ J 40 {1 HALT
NMI [ 2 39 15C
RO 43 38} uC
FIRQ [ 4 37 ) RESET
8s {5 36 [] AVMA
Balls o
vece 7 340 E
A0 ll8 330 susy
arlo 2ORIW
Az [j 10 31{1 00
A3 [ 11 300 D1
A4 [J12 29[ 02
A5 (013 28 03 v
A6 [ 14 27 Da
INEIRL 26} D5
A8 [ 16 25(1 06 )
A9 [ 17 241 D7
Alo 18 23] A15
At 9 221 A14
A12 [ 20 211 A3
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11 - ORDERING INFORMATION
11.1 - Hi-REL product

Drawing num@

Commercial TMS Norms Package Temperature range Frequency
Part-Number Te (°C) (MH2)
(see Note)

EF6B09E-JMG/B* | NFC 96883 - Class G DiL Cerdip -5651 +125 1 Data-sheet

EBBOQE-CMGIB NFC 96883 - Class G DIL side brazed -551 +125 1 Data-sheet
EF68A09E-JMG/B | NFC 96883 - Class G DIL Cerdip -551 +125 1.5 Data-sheet
EF6B8A0QE-CMG/B| NFC 96883 - Class G DIL side brazed -551 +125 1.5 Data-sheet
Note : THOMSON COMPOSANTS MILITAIRES ET SPATIAUX.
* On request only.

112 - Standard product
Commercial TMS Norms Package Yewmerature range Frequency x;r‘awing number

Part-Number Tc (°C) {MH2)
(see Note)
EF6809E-CV TMS standard DIL side brazed ~401 +85 1 Data sheet
EF6809E-JV* TMS standard Cerdip DIL v 40/ +85 1 Data sheet
EF68A09E-CV TMS standard DIL. side brazed -401 +85 15 Data sheet
EF68A09E-JV* TMS standard Cerdip DIL m:AOI +85 15 Data sheet
EF6809E-JM"* TMS standard Cerdip DIL v_- ;'SI +125 1 Data sheet
EF6809E-CM TMS standard Side brazed DIL -551 +125 1 Data sheet
EF68A09E-JM” TMS standard Cerdip DIL - 551 +125 1.5 Dala sheet
EF6BA09E-CM TMS standard Side brazed DIL ~-551 +125 1.5 Data sheet
EF6809E-C TMS standard DIL side brazed 0! +70 1 Data sheet
EF6809E-J° TMS standard Cerdip DIL - 0! +70 1 Data sheet
EF68A09E-C TMS standard DIL side brazed 0/ +70 15 Data sheet
EF68A09E-J* TMS standard Cerdip DIL 0/ +70 1.5 Data sheet
EF68BO09E-C TMS standard DiL side brazed » 0/ +70 2 Data sheet
EF68BOSE-J* TMS standard Cerdip DIL 0/ +70 2 Data sheet
Note : THOMSON COMPOSANTS MILITAIRES ET SPATIAUX.
* On request only.
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EF6B09E-C M G/B

T

Tvpe Screening:

Packages : — = Standard

C = Ceramic DIL G/B = NFC 96883 CI.G

J - Tin dipped cerdip DIL B/8 = MIL STD 883 Cl.B Rev B

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

Intormation furnished is believed to be accurale and reliable. However THOMSON COMPOSANTS MILITAIRES ET
SPATIAUX assumes no responsability {or the consequences of use of such information nor for any inlringement ol
ights of third parties which may result lrom its use. No license is granted by implication of olherwise
under any patent of patent rights ol THOMSON COMPOSANTS MILITAIRES ET SPATIAUX. Speciticalions mentioned in

to change withoul notice. This publicalion supersedes and reptaces all information

this publication are subject
previously supplied. THOMSON COMPOSANTS MILITAIRES ET SPATIAUX products are not authorized for use as critical
ss written approval from THOMSON COMPOSANTS

componenls in lile support devices or systems without expre
MILITAIRES ET SPATIAUX. © 1992 THOMSON COMPOSANTS MILITAIRES ET SPATIAUX - Printed in France - All rights

reserved.

This product is manufactured and commercialized by THO
18521 SAINT-EGREVE | FRANCE.

MSON COMPOSANTS MILITAIRES ET SPATIAUX -

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

52152 /) THOMSON COMPOSANTS MILITAIRES ET SPATIAUX —

5527 24 - 7546 - 06:92

ORDER CODE . DSEFGSOQET/OGQZ {mprime an France par Graonic Express - Tet (1: 46



