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EF6802*EF6808

MICROPROCESSOR WITH CLOCK AND OPTIONAL RAM

Tha EF6802 is a monolithic B-bit microprocessor that contains all the
registers and accumulators of the present EF6800 plus en internal
clock oscillator and driver on the same chip, In addition, the EF6802
hes 128 bytes ofon-board RAM.[ocated at hex addresses $0000 to
$007F, The firgt 32 bytes of RAM, at hex addresses $0000 to S001F,
may be retaindd in a low power mode by utilizing VoG standby ; thus,
facllitating memory retention during a power-down situation.

The EF6802 Is completely software compatible with the EF6800 as
well as tha entire EF6800 family of parts. Hence, the EF6802 is ex-
pandable to 64K words.

The EF6808 is identical.to the EF6802 without on-board RAM.

® On-Chip Clock Circunt

® 128 x 8 Bit On-Chip RAM

® 32 Bytes of RAM are Retainable

® Software-Compatible with the EF6800

@ Expandable to 64K Words

® Standard TTL-Compatible Inputs and Qutputs
® 8-8it Word Size

® 16-Bit Memory Addressing

@ Interrupt Capability

® Three available versions : EF6802/08 (1.0 MHz), EF68A02/08
(1.6 MHz), EF68B02/08 (2.0 MHz).

-MOS
{N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)
MICROPROCESSOR
WITH CLOCK AND OPTIONAL RAM

CASES
CB-182
P SUFFIX
PLASTIC PACKAGE
a0 ALSO AVAILABLE -
;' C SUFFIX

CERAMIC PACKAGE

ces21 CcB-708
FN SUFFIX E SUFFIX
PLCC 44 LCCC 44

Hi-Rel _versions avallable - See chapter 9

TYPICAL MICROCOMPUTER
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This block diagram shows a typical cost effective micracomputer. The MPU 1s
tha center of the microcoputer system and is shown in @ minimum system inter-
facing with a ROM combination chip. It 1s not intended that this systam be
limited to this function but that it be expandable with other parts In the 6800
Microcomputar famity.

[{Db—' it ‘P'“_f)-I

PIN ASSIGNMENT

*Pin 36 must be tied to ground for the EFEB03
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TYPICAL MICROCOMPUTER ) i
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TCoumlt;rcl) — 6846 ma AESET This block diagram shows a typical cost ef-
mer — o ROM, 170, Timer MR fective microcomputer. The MPU is the
RESET ——o= cso VYMA VMA HALT pe— I center of the microcomputer system and is
- Clock E = shown in a minimum system interfacing with
| 2k Bytes ROM Yool _ RE*— a ROM combination chip. It is not intended
<—s{ 101/0 Lines RIW o ea0g WA [e— that this system be fimited to this function
Paraiel | =e—e={ 3 Lines Timer MPU | o but that it be expandable with other parts in
/O | == DO-D7 DO-D7 BA the 6800 Microcomputer family.
— -
EXTAL 1
0-A10 =2
- CP2 Al 3 T
contrat § 2T CF2 LeiK_ _AGAIS _|AGAS  XTAL
MAXIMUM RATINGS
Rating Symbo! Value Unit This input contains circuitry to protect the
v, 0. X inputs against damage due to high static
Supply Voltage cc 0310 +7.0 A voltages or electric fields; however, it is ad-
Input Voltage Vin_| -031 +70 v vised that normal precautions be taken to
Operating Temperature Range avoid application of any voltage higher than
EF6802, EF680A02, EF680802 Oto +70 maximum rated voitages to this high-
EF6802, EF68A02, EF68802 : V suffix TaA -40to +85 aC impedance circuit. Reliability of operation is
EF6802, EF68A02 : M suffix —55t0 + 125 enhanced if unused inputs are tied to an ap-
EF6808, EF68A08, EF68B08 Oto +70 propriate logic voltage level le.g., either Vgs
Storage Temperature Range Tsig -66 1o + 150 °C or Vegh
. THERMAL CHARACTERISTICS
! N Characteristic Symbol Valua Unit
: Average Thermal Resistance {Junction to Ambient! g
Plastic 100
Ceramic dun 50 W .
pPLCC 100
POWER CONSIDERATIONS
The average chip-junction temperature, T, in °C can be obtained from: 1
Ty=TA+(PDegYA} (1
Where:
Ta = Ambient Temperature, °C
6 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
Pp=PINT +PPORT -
PINT=ICC X VCC, Watts — Chip Internal Power
PPORTm Port Power Dissipation, Watts — User Determined
For most applications PPORT < PiNT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED foads.
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 3
Pp=K+I{T)+273°C} 2 b
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) +6 AP D2 3
Where K is a constant periaining 1o the particulac part. K can be determined from equation 3 by measuring Pp (at equilibrium}
for a known T A. Using this value of K the values of Pp and Tj ean be obtained by solving equations {1} and {2} iteratively for any
3 value of Ta. N

T

1-4
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: DC ELECTRICAL CHARACTERISTICS (V¢ =50 Vdc +5%, Vg5=0, TA=0 10 70°C, unless otherwise noted)
'I ~____ Chaoracteristic . " | symbol Min Typ Max Unit
EXTAL Vgg+20| — vee
v i High Vot —— V v
nput Hig age 87D 092 32 D RESET H vgg+4.0| — vee
Input Low Voltage Logic. EXTAL, RESET ViL Vgs-03] — |Vss+08| V
Input Leakage Current Vin=0106.25V, Vcc=msx] Logic lin - 1.0 25 ahA
Qutput High Voltage
{iLoad= —205 A, VcC = min) __ bo-n7 Vgg+24 | - - v
(I oad= — 145 gA, VCC = min} AO-A15.R/W,VMA,E|{ VoM | Vss+24| — -
(Tl gad = — 100 xA, Vcc=minl - i BA Vgg+24| — -
Output Low Voltage (Il gad= 1.6 mA, Vec=min) VoL — — |Vss+04] V
Internal Power Dissipation (Measured at To=0°C) PINT — 0.750 10 \id
Power Down | Vggg 40 - 525 .
Ve Standby bowerUp | v | ams | - | s |V
Standby Current 1sgB - - 80 mA
Cepacitance 7 -
{Vin=0, TA=25°C, = 1.0MH2) D0-D7 Cin - 10 125 pF
- Logrc Inputs, EXTAL — 65 10
AQ-A15, RAN.VMA | Cout - - 12 | pF
*In power-down mode, maximum power dissipation is less than 42 mwW.
#Capacitances are penodicaily sampled rather than 100% tested.
CONTROL TIMING (Vvcc=5.0V 5%, Vgg=0,TaA=T 1o TH. unless otherwise noted)
EF6802 EF68A02 | EF68B02
Characteristics ) Symbot | EF6808 | EFGBA08 | EFSBBOS | ygiy
Min | Max | Min | Max | Min | Max
Frequency of Operation fo 01 ]10}o0o1] 15 |01]| 2.0 |MHz
Crystal Frequency fxtaL | 10 | 40 10] 60 | 10| 80 |MHz
Extetnal Oscillator Frequency axig 04 |40 [04] 60 |04 80 { MHz
Crystal Oscillator Start Up Time tre 00 | — 100] — 100} — ms
Processor Controls {HALT, MR, RE, RESET, TRQ NMI} .
Pracessor Control Setup Time pes | 200 — 140} - 10| — ns
Processor Control Rise and Fall Time PCr, _ _ _
{Does Not Apply to RESET! tpCe 10 100 100 [ ns
L
R
i
1-5
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BUS TIMING CHARACTERISTICS 87D 09233 p T-4Y9-17-0 (~ 3
\de . - EF8802 EFGBA02 | EF63B02
Nomtar Characteristic Symbol | EF6808 | EF88A0E | EF63B08 | Unit
Min | Max | Min | Max | Min | Max
1 Cycte Time leye 1.0 10 {0667 10 {056 10 RS
7 Pulse Widih, E Low PWEL | 450 | 5000 | 260 | 5000 [ 210 [ 8000] ns
3 Pulse Width, E High PWgn | 450 | 9500 | 280 { 9700 220 | 9700| ns
4 Clock Rise and Fall Time 1y - 25 - 2% - |25 | ns
9 Address Hotd Time®* tAH 20 - 20 - 20 - ns
12 |Non-Mused Address Valid Time 1o E 1See Note 5) At o) - [100] - “ | ons
ave | - f210) -] - -1 -
12 Read Data Setup Time IDSR 100 ] — 70 - 60 - ns
18 fead Data Hald Time IDHA 10 - 10 - 10 - ns N
19 Wiate Data Delay Time 1DOW ~ 225 - 170 | - 160 | ns
21 Write Data Hoid Time* IDRW | 30 - 20 - 20 ns
2 Usable Access Tima (See Note 4 1ACC |83 ] - 335 23| - ns
* Address and data hold times are penodically tested rather than 100% tested.
FIGURE 2. — BUS TIMING
le () >
\/
< ')
o Z
E
@ Hr®
e | IR KX
{Non-Muxed!
<«>|(8) ()| <>
Read Data MPU Read Data Non-Muxed
Non-Muxed Y - E_
@ Note 4 _
&
«>»1(18) ﬁ-——-
Write Data X 7 }_
Non-Muxed F 4 3 4
(21} >

NOTES:

-

SRS

. Voltage levels shown are V| 0.4 V. V= 2.4 V, unless otherwise specified.
Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted.

Al electricals shown for the EF6802 apply to the EF6808, unless atharwise noted.
tUsable access time is computed by: 12+3+4-17.

If programs are not executed from on-boatd RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAV2 ap-

plies. For normat data storage in the on-board RAM, this extended delay does not apply. Programs canhot be executed from on-board
RAM when using A and B parts {EF68A02, EFE8A08, EF68B02, EFG8B08]. On-board RAM can be used for data storage with ali parts.

o

. All electrical and contro! characteristics are referenced from: Ty =0°C minimum and Ty =70°C maximum.
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FIGURE 3 — BUS TIMING TEST LOAD
475V
87D 09234 DT-49-(7-0& :
N i Ry =2.2k0 . 1
- - " ' ¢ 1
. C=130 pF for DO-DT, € Test Point B !
=90 pF for AG-A15, R/W, and VMA
=30 pF for BA . R N
R=11.7kQ for 00-D7, € __ 1N916 b
=16.6 kit for AO-A15, R/W, and VMA of Equiv.
=24 kit for BA
EIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY FIGURE 5 — TYPICAL READ/WRITE, VMA AND f
versus CAPACITIVE LOADING ADDRESS OUTPUT DELAY varsus CAPACITIVE LOADING
800 —T—T T T O0r—T1 T 1 1T .
L 10H <205 pA max @24V L 1gy 145 pA max @24V
Dn_lmﬂﬁmlmal@DlV . gL =16mAmax@04V
} S00F yep =50V . 500} yop =50V
i Ta-25¢C - L TA=25C
7 40 2 0
E. et Address, VMA
[ 5 F3
: = 00 : c
: T 3 L
B 200 g L1 R
L] . //
-
100 100
0 cL ircludef stray .capmun:e Gy, includes stray capacitsace
1] 100 200 Joo 400 §00 £00 0 100 200 300 400 500 £
CL. LOAD CAPACITANCE {pF) . . CL. LOAD CAPACITANCE (pf)
FIGURE 6 — EXPANDED BLOCK DIAGRAM
AlE Al4 AI13 A12 ALl AlD A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Zi ? 2; 2; 2; 1; l; 17 - l; %5 14 13 12 1 w0 9
Output R Oulput
Bulfers Buiters

r .
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32 Bytes {€&—4-35 Vcc Standby
—————— 1
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HALT 2—{ Instruction
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XTAL 38— Index ) |
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&
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Vss Pin-36 for EF6808
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MPU REGISTERS
87D 09235

A general block diagram of the EF6802 is shown in
Figure 6. As shown, the number and configuration of the
registers are the same as for the EF6800. The 128x8-bit
RAM* has been added to the basic MPU. The first 32
bytes can be retained during power-up and power-down
conditions via the RE signal,

The EF6808 is identical to the EF6802 except for
on-board RAM. Since the EF6808 does not have on-board
RAM pin 36 must be tied to ground aliowing the processor to
utilize up to 64K bytes of external memory.

The MPU has thres 16-bit registers and thtes 8-bit
registers available for use by the programmer (Figure 7).

PROGRAM COUNTER

The program counter is 8 two byte {16-bit) register that
points to the current program address.

STACK POINTER

The stack pointer is 8 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

DT-4%49~17-06
ot intormation in the stack when power is lost, the stack
must be non-volatile.

INDEX REGISTER

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

ACCUMULATORS

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

CONDITION CODE REGISTER

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

Figure 8 shows the order of saving the microprocessor
status within the stack.

*If programs are not executed from on-board RAM, TAV1 applies. 1 programs are to be stored and executed from on-board RAM, TAVZ ap-
plies. For nosmal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board RAM
when using A and B parts (EF68A02, EF68A08, EF68B02, end EF68B08). On-board RAM can be used for data storage with &ll perts.

FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

l ACCA Accumulator A
‘ ACCB Accumulator B,

15

Index Hegi;iar

Program Counter

o]
| p
15 )
| re |
15 o}
r sP

Stack Pointer,

7

0

i l | l I ! l | Condition Codes
1i1|Hj1[NI2Z]VIC Register

I— Carry (From Bit 7}

Overflow

l—— Zero
Negative
Interrupt ~

Half Carry {From Bit 3)
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FIGURE 8 — SAVING THE STATU

87D 09236

SP = Stack Pointer

CC = Condition Caodes {Aiso called the Processor Status Byte)

ACCB = Accumulstar 8

ACCA = Accumulater A
1XH = Index Registar, Higher Order 8 Bits
IXL = Index Ragister, Lower Order 8 Bits
PCH = Program Counter, Higher Qrder 8 Bits
‘PCL = Program Countsr, Lower Order 8 Bits

MPU SIGNAL DESCRIPTION

Propgr operation of the MPU requires that certain controt
and timing signals be provided to accomplish specific func-
tions and that other signal lines be monitored to determine
the state of the processor. These control and timing signals
are similar to those of the EF6800Q except that TSC, DBE,
¢1, ¢2 input, and two unused pins have been eliminated,
and the following signal and timing lines have been added:

RAM Enable {RE)

Crystal Connections EXTAL and XTAL

Memory Ready (MR}

V¢c Standby

Enable ¢2 Output (E)

The following is a summary of the MPU signals:

ADDRESS BUS (A0-A16}

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

DATA BUS (D0-D7)

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

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

HALT

When this input is in the low state, all activity in the
machine will be halted. This input is level sensitive. In the
HALT mode, the machine will stop at the end of an instruc-~

S OF THE MICROPROCESSOR IN THE STACK

D 'r-iy' 17-06 l_/'

oy
3!
al
1

m-9
m-8
m-7 [-4——— SP
m-6| ¢¢C 1\
m-6] ACCB .
m-4| ACCA
m-3| 'XH '
m-2 me-2 XL *
m-1 m-1| PCH 5
m --——SP m PCL
m+1 m+1
m+2 x m+2
1
1 |
|

Befare After

tion, bus available will be at a high state, valid memory ad-
dress will be at a low state. The address bus will display the
address of the next instruction.

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

HALT should be tied high if not used. This is good
engineering design practice in general and necessary 10 en-
sure proper operation of the part.

READ/WRITE (R/W)

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

VALID MEMORY ADDRESS {(VMA}

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

BUS AVAILABLE (BA} — The bus available signal will not-
mally be in the low state; when activated, it will go to the
high state indicating that the microprocessor has stopped
and that the address bus is available {but not in a three-state
condition}. This will occur if the HALT line is in the low state
or the processor is in the WAIT state as a result of the execu-
tion of a WAIT 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
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WAIT state by the occurrence of a maskabte {mask bit |=0}
ot nonmaskable interrupt. This output is capable of driving
one standard TTL load and 30 pF.

INTERRUPT REQUEST (Ra1 1= Y4 = ','7 “0@

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

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

A nominal 3 k1 pullup resistor to V¢ should be used for
wire-OR end optimum control of interrupts. IRQ may be tied
directly to Ve if not used.

RESET

This input is used to reset and start the MPU from a
power-down condition, resulting from a power failure or an
initial start-up of the processor. When this line is low, the
MPU is inactive and the information in the registers will be
lost. If a high level is detected on the input, this will signal
the MPU to begin the restart sequence. This will start execu-

87D 098237

tion of a routine to initialize the processor from its reset con-
dition. All the higher order address lines will be forced high.
For the restart, the last two ($FFFE, $FFFF} locations in
memory will be used to load the program that is addressed
by the program counter. During the restart routine, the inter-
rupt mask bit is set and must be reset before the MPU can be
interrupted by IRQ. Power-up and reset timing and power-
down sequences are shown in Figures 9 and 10, respectively.

RESET, when brought low, must be held low at least three

- clock cycles. This allows adequate time to respond internally

to the reset. This is independent of the tc power-up reset
that is required. -

When RESET is released it must go through the low-to-
high threshofd without bouncing, oscillating, or otherwise
causing an erroneous reset {less than three clock cycles}.
This may cause improper MPU operation until the next valid
reset.

NON-MASKABLE INTERRUPT (NMi}

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

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

A nominal 3 k@2 putlup resistor to Vo should be used for
wire-OR and optimum control of interrupts, NMI may be tied

FIGURE 9 — POWER-UP AND RESET TIMING

3

475V A
vee

R pigtgig!

At

%

JuUurre

L—tpcs

xe

VIH
Vi

Option 1
{See Note Below)

\____

" (See Figure 10 for
Power-down Condition}

trc — N
RESE
)5
(e
RE

tecr

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

Option 2
h—— tpet

D
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directly to Vg if not used.

FIGURE 10 — POWER-DOWN SEQUENCE

1;:.7-06

sampled when E is high and will start the interrupt routine on

Inputs TRQ and NMi are hardware interrupt lines that are 87D 09238
Vee

a low E following the completion of an instruction.
Figure 11 is a flowchart describing the major decision

paths and interrupt vectors of the microprocessor. Table 1

gives the memory map for interrupt vectors. -

TABLE 1 — MEMORY MAP FOR

INTERRUPT VECTORS
Vector Descrioti N -
MS LS -
$FFFE | $FEFF Restart
$FFFC | $FFFD | Non-Maskable Interrupt
$FFFA | $FFFB Software interrupt
$FFF8 | S$FFFS Interrupt Request .

FIGURE 11 — MPU FLOWCHART

@)

Start Sequence
SFFFE, $FFFF

Machine
on Haft

Yes

No

\ \

Execute

Fetch Instruction Intarrupt Routine

[
Execute n}m
Instruction TG
$FFFC $FFFS
$FFFD $FFF9

111
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FIGURE 12 — CRYSTAL SPECIFICATIONS

87D 09239 D T=-Y49-17-0@
n Cin Cout
_ 3.68 MHz 27 pF 27 pF
.4 MHz 27 pF 27 pF
* ® S MHz 2 or 20 oF
" Y1 Cin 8 MHz 18 pF 18 pF
Crystal Loading
IDI
11510
Yi
(W] ) Rg
_—‘. y—
co
114
LAY
Nominal Crystal Parameters®
3.568 MHz 4.0 MHz 6.0 MHz 8.0 MHz
Rs 60 60 0 30-50 @ 20-40 Q
Cco 35pF 6.5 pF 4-6 pF 46 pF
Ct 0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF
Q > 40K > 30K > 20K > 20K

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

Figure 13 — SUGGESTED PC BOARD LAYOUT

Example of Board Design Using the Crystal Oscillator

r€——20 mm max—->3m

e

%

/Olhar Signals are Not Wired in this Area

CL

G
~

N\
RN

E Signal is Wired Apart from 38 Pin

and 39 Pin

1
4
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- 'FIGURE 14 — MEMORY READY SYNCHRONIZATION
87D 09240 DT~ ‘f?‘l’?-oé
- ’ 4xfy
: Oscillator
ExTALPS =
38
XTAL =B
EF6802 -
3 MR (eI«
Memory Ready .
Df—— Generated from H
3 CS Logic f
o SN74LS74
f FIGURE 16 — MR NEGATIVE SETUP TIME REQUIREMENT ‘
v E Clock Stretch
;
! [<—>tecs Hecs
{ 08V 08V
E
:
£

- The E clock will be stretched at end of E high of the cycle during which MR negative meets the tPCS setup time. The {PCS setup time is
= refarenced to the fall of E. If the 1pcg setup time is not met, E will be stretched at the end of the next E-high % cycle. E will be stretched in in-
tegral multiples of % cycles.

N Resuming E Clocking
B Je—>itees je—>ltecs je—>ftrcs e—altpcs
¢ ] ] 1
S f 1 |
i Stretched E i | |
f; I
{
MR

| ' /. |

The E clock will resume normat operation at the end of the % cycle during which MR assertion meets the
is referenced 1o transitions of € were it not stretche,

1PCS setup time. The tpCs setup time
d. If tpcs setup time is not met, E will fall at the second posstble transition time after MR is
asserted. There is no direct means of determining when the IPCS references occur, unless the synchronizing circuit of Figure 14 is used.
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RAM ENABLE (RE — EF6802 ONLY)

A TTL-compatble RAM enable input controls the on-chip
RAM of the EF6802. When placed in the high state, the on-
chip memory is enabled 1o respond to the MPU controls. In
the low state, RAM is disabled. This pin may also be utitized
to disable reading and writing the on-chip RAM during a
power-down situation. RAM Enable must be low three
cycles before Ve goes below 4.75 V during power-down.
RAM enable must be tied low on the EF6808. RE should be
tied to the correct high or low state if not used.

EXTAL AND XTAL .

These inputs are used for the internal oscillator that may
be crystal controlled. These connections are for a parallel
resonant fundamental crystal (see Figure 12). {AT-cut.) A
divide-by-four circuit has been added so a 4 MHz crystal may
be used in lieu of a 1 MHz crystal for a more cost-effective
system. An example of the crystal circuit layout is shown in
Figure 13. Pin 39 may be driven externally by a TTL input
signal four times the required. E clock frequency. Pin 38 is to
be grounded.

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

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

If an external clock is used, it may not be halted for more
than tpwg L. The EF6802 and EF6808 are dynamic parts
except for the internal RAM, and require the external
clock to retain information.

MEMORY READY (MR}

MR is a TTL-compatible input signa! controlling the stret-
ching of E. Use of MR requires synchronization with the 4xfq
signal, as shown in Figure 14. When MR is high, E will be in
normal operation. When MR is low, E will be stretched in-
tegral numbers of half periods, thus allowing interface to
slow memories. Memory Ready timing is shown in Figure 16.

MR should be tied high {connected directly to V) if not
used. This is necessary to ensure proper operation of the
part. A maximum stretch is tgyc.

ENABLE (E}

This pin supplies the clock for the MPU and the rest of the
system. This is e single-phase, TTL-compatible clock. This
clock may be conditioned by a memory read signal. This is
equivalent to ¢2 on the EF6800. This output is capable of
driving one standard TTL load and 130 pF.

Vcc STANDBY (EF6802 ONLY)

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

1-14

MPU INSTRUCTION SET

87D 09241 DT:49-11-06

The instruction set has /£ aimerent Inswucu v
are binary and decimal arithmetic, logical, shift, rotate, load,
store, conditional or unconditional branch, interrupt and
stack manipulation instructions {Tables 2 through 6). The in-
struction set is the same as that for the EF6800.

MPU ADDRESSING MODES

There are seyen address modes that can be used by a pro-
grammer, with the addressing mode a function of both the
type. of instruction and the coding within the instruction. A
summary of the addressing modes for a particutar instruction
can be found in Table 7 along with the associated instruction
execution time that is given in machine cycles. With a bus
frequency of 1 MHz, these times would be microseconds.

ACCUMULATOR (ACCX) ADDRESSING

In accumulator only addressing, either accumulator A or
accumulator B is specified. These are one-byte instructions.

IMMEDIATE ADDRESSING

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

DIRECT ADDRESSING

in direct addressing, the address of the operand is contain-
ed in the second byte of the instruction. Direct addressing
allows the user to directly address the lowest 256 bytes in the
machine, 1.6., locations zero through 255. Enhanced execu-
tion times are achieved by storing data in these locations. In
most configurations, it should be a random-access memory.
These are two-byte instructions.

EXTENDED ADDRESSING

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

INDEXED ADDRESSING

In indexed addressing, the address contained in the se-
cond byte of the instruction is added to the index register's
lowest eight bits in the MPU. The carry is then added to the
higher order eight bits of the index register. This result is
then used to address memory. The modified address is held
in a temporary address register so there is no change to the
index register. These are two-byte instructions.
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byte of the instruction is added to the program counter's
lowest eight bits plus two. The casty or borrow is then added
10 the high eight bits. This allows the user to address data
one-byte instructions. i _ within a range of — 126 to + 129 bytes of the present instruc-
. - . ) tion. These are two-byte instructions.
RELATIVE ADDRESSING . o . N

In relative addressing, the address contained in the second

mpLED ADDRESSING T - G- 1T~ 0@

In the implied addressing mode, the 1nstruction gives the
address h.e., stack pointer, index register, etc.). These are

v, otk as it iy

- ) TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE

ABA Add Accumulators CLR Clear - PUL Pult Data
ADC Add with Carry cLv Clear Overflow ROL Rotate Left
AnD fggw ind CMp | Compare ROR | Rotate Right
X M mplemen . RT Return from Interrupt
AsL Arithmatic Shil Lett CPX | Compare Index Register aTs | Relurn from Subrout
ASR | Adthmatic Shift Right oAA | Decimal Adust urn from Subroutine
acc | sunicamcew | B0 | Decmen 2 | gotect s
BCS Branch if Carry Set DES Decrement Stack Pointer SEC Set Car y
BEQ | Branch if Equal to Zero DEX | Decrement index Register | g, Set lnte'y | Mask
BGE | Branch i Groater or Equal 2610 | poo | exclusive OR eev | sotOv ’:ﬁ‘p as
BGT | Branch i Greater lhan Zero xelusive ata | Store Accumul
BHI | Branch i Higher INC | Increment ors | arre sf:c“,[";ea‘i"s"er
| 8IT | BitTest INS | Increment Stack Pointer 3% | Siore indes Rooster
BLE Branch if tﬂss or Equal INX Inctement Index Register suB Subtract 9
BLS Beanch if Lowsr or Same JMP. Jump swi Software Interrupt
BLT Branch d Less than Zero . h
BMI Branch # Minus JSR Jump to Subroutine TAB Transfer Accumulators
BNE Branch # Not Equal to Zero LDA Load Accumulator TAP Transfer Accumulatorste Condition Code Reg.
BPL Branch if Plus LDS Load Stack Pointer TBA Transfer Accumulalors
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. o Accumulator
BSR Branch to Subroutine LSR Logical Shift Right TST Test
! BvC Branch if Overflow Clear NEG Negate TSX Transfer Stack Pointer {0 Index Register
- BVS Branch if Overflow Set NOP NggOper ation TXS Transfer Index Register to Stack Poinfer
: 8Eé gq;:{pacr: ncccumulutofs ORA Inclusive OR Accumulator WAI Wait for Interrupt
: CL Clear Interrupt Mask PSH Push Data
f
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS

QOOLEAN/ARITHMETIC OPERATION

o

7929237 0009243 B

MODES COND. COOE REG.
IMMED DIRECT INOEX EXTND | iMPLIED AN cogister Ladels sfefalalile
OPERAATIONS or ~ ={or ~ =[or ~ =|or ~ =for ~ = e s cantents) Hlinjzivic
Add ap0A |38 2 298 3 2{ae 5 2]es 4 2 Art~a I
apos |ce z 2fos 3 2feB § 2|F8 4 3 BoM=B oft]tjtjt
Add Acritrs A 18 2 v [ase-a elifaf1fs
Addwith Cairy apca |89 2 2|99 3 2{As 5 2|83 4 13 AsNeCoR oft]{t]|1}t
apce {co 2 2{o09 3 2{es 5 2|F3 4 3 BiM+C>B eft]ijtls
And awoa |22 2 2fse 3 2fm s 2]ee 4 2 ArM—=A o[t]t|n]e
awpe |e 2 2§04 3 2fed 5 2[R & 3 8-M-=g oftitnie
Bt Test ema |as 2 2{9e 3 2{as 5 2|85 4 3 Al e|1{t|n]e
BITE €5 2 2§05 3 2|€s 5 2[fs 4 2 B M oft|t|r]e
Crear CLR BF 7 2\ 6 3 00-M efeln|s|r]R
CLRA AF 2 1 ]00-A ofenlsrlr
L3 GLRe sk 2 1]o00-8 N R|s|r{n
Compare o |81 2 2{e 3 2fal 5 et 4 2 A-M DOGHEL
cweg fer 2 2jo1 3 2fE1 s ZjF1l 4 2 B-K DO
Compare Acmitrs c8A w2 or|[A-8 eloftitftht
Complemeat, 1's COM 6 7 21 § 2 A—H ejoft|t|r]s
coMA a2 iR~ sleli]tinls
coME 5 2 1 |8~8 sfolt{t|als
! Complement, 2's NEG 0 7 2|10 6 3 LT sie|t{1IDI®
k- Regatel HEGA 0 2 1 |00-A=A eiefl]|1IXD
NEGEB 0 2 1] 00-8-8 olelt]1IOXD
Decimal Agjust, A DAA 192 1| Converts Binary Add of BCD Characters {@[of1]1{ 11D
1ato BCD Formal
Decrement oEC A 7 217A 6 13 Mol—M ofalt .
DECA A2 1| A-1=A olaft .
oEce 5A 2 1)B-t=8 ofel) .
Exclusive OR €ORA |88 2 2[95 3 2[A8 5 2|88 4 3 AGM=~A efel} .
€0RB | c8 2 2}D8 3 2|€8 5 2|f8 4 3 BOM =8 ojelt .
Incremeal INC € 1 2[1c & 13 MeleeM ojeft .
INCA G 2 1]Ari=a oleft .
INCB SC 2 1{Bsip s|e|t .
taad Acmie taa |8 2 2{9 3 2{A6 s 2|86 4 3 M~A ofeft .
oA |6 2 2{D6 3 2[€ 5 2{F6 4 23 M~B ofeft .
or. Inclosee ORAA [8a 2 2f/9a 3 2{aa 5 2]ea .4 3 AtM=A ofeft .
oRaB jca 2 2(oa 3 2lea 5 2]Fa 4 2 BeN~B ofs|t .
Puth Data PSHA 6 4 3| AemgpsP-iosp ofs]e .
PSHE 3 4 1| p-Ngp§P-1-5P olefe .
Al Oata PULA 32 4 1| SPe1-SP MgpA ofs]e .
PULE B 4 )| SPri-SP MgpesB ofele .
Rotate Lel ROL 8 7 2{1” 5 3 "] ofe]]) ]
AOLS 9.2 1|8 [ T sfeft 1
Rotate Right ROR 6 7 21 6 3 u} sleft 1
RORA s 2 1| ap b < oo sfe|i 1
RORE 6 2 18 C M~ ® elefy 1
Shift Leh, Arithmetic ast 68 71 2|78 6 3 o - wleft §
ASLA 48 2 1Ay 0=~ ooomm-o olef1 t
Aste 8 2 1|8 [ Y] ] ofelt ]
SRt fught, Arthmetic ASR & 1 2/ 6 3 ) - olal1 !
ASAA a2 1| a3 -0 oleli !
ASAB st 2 1|e] W b0 slell 1
Shift Reght, Logie 5R @ 1 2{m 6 3 N - ojein 1
tSAA Wz 1A ¢~gOomm - 0 olelr 1
LSR8 4 2 18 87 L oleir|1}EN1
Store Acmie STAA 97 « 2|[AT 6 2|87 § 3 AN efefl .
sTAB o1 4 201 6 z|F1 5 3 BN ofelt .
Subteact suea {80 2 2|s0 3 2)la0 s 2[e0 4 3 A-H-A ofe]t |
susg [ co 2 2[00 3 2j€0 5 2|Ff0 4 3 B- M-8 sleft 1
Subtract Acmitys SBA 02 1§ a-B=a ofeft 1
Suble with Canry s8ca |82 2 2|92 3 2|A2 5 2{B2 4 2 A-M-C—~a ofs]t 1
sece [tz 2 2fo2 3 2|€2 5 2{f2 4 3 B—M.-C=8 sle]2 1
Teansler Acmlies TAB 62 1| a-s ofs|s .
TeA 172 1fg=a ofs .
Test, Zero of Mintys ST 60 7 210 & 3 M-00 ofe|n R
TsTA w02 1la-n0 ofelt R
1518 0 2 t{e-00 ejoft [
Hitin 3
LEGEND: COKDITION CODE SYMROLS:
OP  Operatian Code {Hesadecumet) s Beclean Inclugive OR.
~  Number of MPU Cycles. ©  Boclean Exclunve OR, K- Kol cacry brom Bin 3,
= Numbet of Program Bytes, H Complement of ¥, ) intergpt mask
. Arlthmetic Py, ~  Transfes Into, N Hepuvelugnb)
B - Anthmenie Miaus. Q Bit = Zero, 2 Zeolbyred
* © Boclean AND. 00 Byle = 2uo, ¥V Owerllow, 2's complement
: Mgp  Confeats of meeory lacation ponted 10 ke Stack Pointer. € CGnyfrom&nt?
i A Reut Aways
Note - Accumutaler addeesuing mode instructions ae incladed 1n ke cotumn tor IMPLIED addvessing s Set Alwayd
1 Test and st if true, cleared olherwise
o HotAltechd
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H - TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS .
i
) COND. CODE REG.
. IMMED OIRECT INDEX EXTHD IMPLIED s|4j3izf1]o0
POINTER OPERATIONS MNEMONIC | OP ) ~| #{OP |~ ] # or|~|w|or|~[#|or|~|#§ BOOLEAN/ARITHMETIC OPERATION (R N|ZIV]C
Compare index Reg PX sc|3] 3lsctaf2facie]2jecista X —-M XL - M+ 1} o|o[@|! (B e
Decremant tndex Reg DEX a1 X=-1-X djoje|lio]e
Decrement Stack Pate 113 Uie] $P -1 =SP el oisjele
Ingrement index Reg 1NX : (AN Xe1=X oisjwiflele
Increment Stack Pats - NS et SP+1—=SP ojelolele]e
Load tndex Reg LOX cel3fafoejaf2jeeje|2|FE]S5 |3 M—=Xp, (Ko 1% ejo@t|R]|e
Load Stack Pnit Los geja) 3[se|al2|aeje]|2|0E|S5 |3 M-=SPy, (M + 1] =SP olel@liinrte
State Index Rzg STX pF|s| 2ter| 7|2 }FF|6 |3 XH-=M X =M+ ] ejel®@]!|R|e
Stote Stack Pair §TS oF|s|2]aF| 7] 2|BF[6 |3 SPy ~M, SP =M+ 1) QUOHLG
Indx Reg— Stack Pntr TXS wiaA|t X-1-~8P oleele|n]e
Stack Pate — Indx Reg TSX ) w41 SPef—X elofojeleje
: s F
:
! ;
TABLE 5 — JUMP AND BRANCH INSTRUCTIONS '
CDNU. CODE REG. i
RELATIVE INDEX EXTND IMPLIED sj4|3|2]1 |0 i
OPERATIONS MK op|~|#lop}~|#joPj~|#[OP{~ ¥ BRANCH TEST HiLiNjZ|ViC
Branch Always BRA 014 |2 None ejeje|s|ele :
Branch U Carry Clear ecc 474412 c=0 e|e|ojeid]e i
Branch if Cairy Set BCS B|4|2 c=) ejeoleo|jo|ale
Rranch If = Zera | 8E0 AR R R] 2=1 e o|e|lojefe
Branch Il > Ze10 8GE a4t N®V=0 BEIEIEIERR]
Branch 1t > Zeto 86T HARR K] Z+IN@VI=0 sie[o|e|o}]e
Branch Il Highar BHI 24|12 C+Z=0 eleje|oleje
Beanch I <Zero 8LE wWia|2 Z+iNOVI=1 ete|[e]oje]e
8ranch It Lower Ot Sarma 8Ls 23441 C+2=1 ol e|e|[ajele
Branch If <Zero 8LT wj4|2 K®V=) ejoje|/eleje .
Branch If Minus L] {42 N=1 slejeloiel|e H
Branch 1T Not Equal Zero BNE |42 Z=0 eloleojo|e|e H
Branch it Overilow Clear Bvc 8|42 V=0 . ojoejoie|lofe .
Branch [ Ovecliow Set BVS /4|2 v=1 “ jJeje|eleleie ’
Branch (f Plus - 8PL Al 42 B=0 . eieje
Branch To Subroutine - BSR aoj8|2 ol ejo|sfeje H
Jump Jup 6E| 4] 2|7613]3 See Special Operations ce| o| ol efjo]e® '
Jump To Subrautine JSR A0l 8| 2tepj 93 {Figure 16) olefo|e|afe
HNo Opeistion NOP i arj2 |t Advances Prog. Cnlr. Only e|jea|ole|eje
Retuin Fram Intereupt ATI B0
Return From Subrautine RTS . /IS |V o|oejojofoele
; Software Intertupt SWi IF |12 See Special Upeations o|leloejeje|e
3 Wait for Intesrupt WAL Ej9 |1 {Figure 16} o|@| o] e
'
i
Al 1-17
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— FIGURE 16 — SPECIAL OPERATIONS
E. SPECIAL OPERATIONS N P ’7
3 4R, JUMP TO SUBROUTINE: 87D 09245 DT- Hq-1'7-0 &
: : B Main Progam - & Stk . Subrouting
: o n [AD=ISR - $P-2 WX+ K
4 INDXD | net | Ko Ofint* © sp-1 | [n+2lH .
ne2 | NextMun Inste. sp  tne2l L )
*K = 1811 Unnigaed Value fnt2lgand {n+2) Formn+2
B¢ Mun Pragam s Stack [ Subroutine
8 n{goeisa - §p-2 S
n+1 ] SH=Subr Addr sp-1 | [n+dl H .
XTND .
¢ a*2 | St Subr Addr. © SP | laedit 1S Fotmaed From Sy end Sy ) -
n+3 | Huxt Main losts ~ » Stack Posnter After Execution. -
: ) 8SR, BRANCH TO SUBROUTINE:
- gL Main Progam - - sP Stack  -- - BC Subrouting
n | 80¢BSR = §P-2 nte2zX
- ned | &K= 0Ol l:> sP-1 | ln+2) H .
4 n+2 | Next Main Inste. P | In+21L . i
*K = 7:Bit Signed Value; n+2 Formed From {n+ 2|y and fn+ 2]y 4
JMP, JUMP: ) ) i
L Main Program . BC Main Program '
Y e R - ne1 By ehen A f
INDXD T EXTENDED { n+2 [Ky = Next Adérm E
xo x [t Torcin ]

v
H * i
K

RTS, RETURN FROM SUBROUTINE: .

3 ' PC Subrol sp Stack PC  Main Program
; > : " ;
. sfP+1 | Ny ]
—- SP+2 | N - i
ATI, RETURN FROM INTERRUPT: i .
pC Interrupt Program SP Stack pe Muin Program -
s :> 5P n | Mext Main Togye. |
L §P+1 | Condition Cade ]
2 SPe2 | Acmiti B .
SP+3 | Acmir A .
SP+4 Index Register (X} .
SP+5 Index Register (X} -
SF+6 | PCy - 5
- - SP+7 | PCL - .
TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
COND.CODE REG.
IMPLIED slalajairie
QPERATIONS MNEMONIC [OP;~ | # ) BOOLEANOPERATION| H [ I | N |Z |V | €
Ctear Carey cLe oc|2i 0-C o |eje|o|e|A
Ctear Inierrupt Mask L 0E|2 |1 0-1 ejR|e|e|e]e
Clear Overllow cLy oAl2 |1 0o~V ejo|ejo|ale
Se1 Canry SEC ol 1-C e|o|ealalels .
Set Intersupt Mask SEI oFf2 1 t=l e|S|e|nje|e
S¢e1 Overflow SEV Bj2i1 t-v elejelajsle
Acmitr A~ CCR TAP 06|21 A~CCR _—
CCR -~ Acmitr A TPA 021 CCR=A ofefs]

. CONDITION CODE REGISTER NOTES:  {Bit set 1l test s true aad cleared olherwise)
1 (B vl Tast. Result = 100000007

7 {81 N)  Test: Sign bit of most significant {MS) byte = 1?
F {Bit €} Tost: Rusylt ¢ 000000007 [ (Bitvl Test: 2% overllow from of MSbyln?
3 {BuCl Vet Decimal value of most ugrificant BCO Character greater than nine? 9 (Bit N} Test. Rescit bess than zero? (Bit 15+ 1)
{Not cleared if praviousty st} 10 (AN} Load Conditicn Code Register lrom Stack. (See Spaciat Dperationt)
4 {BitV)  Tust: Oparand = 10000000 prior to execution? 11 (Butl}  Setwheninterrupt oceurs. ) previousy s, a Non-Maskable
H {81t VI Test: Oparand = 01111111 praor to axecution? [ntersupl 15 required 10 #xit the wait slate.
6 18:t VI Tust- Sat equel 10 rasult of NOC alter thelt has occurred. 12 (An Sataccording 10 the contents of Accumulstor A.

1-18
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES

(Times in Machine Cycle)
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the instruction being executed, except following

a WA instruction. Then it is 4 cycles.
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

09247 DT-4Y9-(7-0&
Table 8 provides a detailed description ot the information as wie conuol program 1s executed. The information is
present on the address bus, data bus, valid memory address categorized in groups according to addressing modes and
line {VMAIJ, and the read/write ine (R/W) during each cycle number of cycles per instruction. {in general, instructions
for each instruction. with the same addressing mode and number of cycles ex-
3 This information 1s useful in companng actual with ex- ecute in the same manner; exceptions are indicated in the
E pected results during debug of both software and hardware table.} .
E TABLE 8 — OPERATIONS SUMMARY
r Address Made Cycle | VMA T R/W J
and lnstructions Cycles £ Line Address Bus Line Data Bus
IMMEDIATE
ADC €EO0OR 1 1 Op Coda Address 1 Op Code
ﬁag (L)%': 2 2 1 Op Code Address + 1 1 Operand Data
BIT SBC
CMP SsusB
cPX 1 1 Op Code Address 1 Op Cade
tgi 3 2 1 Op Code Address + 1 1 Operand Data (High Order Byte}
3 1 Qp Code Address + 2 1 Qperand Data {(Low Order Byte}
DIRECT
ADC EOR 1 1 Op Code Address 1 Op Code
ADD LDA 3 2 | 1 | OpCode Address + 1 1| Address of Operand
BIT SBC 3 1 Address of Operand 1 Operand Data
CMP suB
CPX 1 1| Op Code Address 1 | opcCode
tgi 4 2 1 Op Code Address t 1 1 Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte}
4 1 Operand Address + 1 1 Operand Data {Low Order Bytel
STA 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Destination Address
3 o Destination Address 1 Irrelevant Data {(Note 1]
4 1 Destination Address 0 Data from Accumulator
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand
5 3 o Address of Operand 1 Irrelevant Data (Note 1)
4 1 Address of Operand 0 Register Data {High Order Byte)
5 1 Address of Operand + 1 0 Register Data (Low Order By1el
INDEXED
JMP 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Offset
3 o index Register 1 irrelevant Data {Note 1}
4 [} Index Register Plus Offset (w/o Carry} 1 frrelevant Data (Note 1)
ADC EOR 1 1 Op Code Address 1 Op Code
ADD o4 2 | 1 | opcode Address +1 1 | Offsat
H BIT SBC 5 3 o index Register 1 frrelevant Data (Note 1)
: CMP SUB 4 4] Index Register Plus Offset (w/o Carry} 1 Irrelevant Data (Note 1)
,. [ 1 index Register Plus Offset 1 Operand Data
‘ cPX 1 1 Op Code Address 1 Op Code
ot 2 | 1 | opcodeAddress + 1 1 | offser
¢ 6 3 4] index Register 1 frrelevant Data {Note 1}
° 4 [1} index Register Plus Offsat {w/o Carry) 1 irrelevant Data {Note 1)
E; 5 1 index Register Plus Offset 1 Operand Data {High Order Byte)
ke 6 1 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte}
£
x
120
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)
r Address Mode Cycis [VMA 87D 0924 DT- "?‘ 17' Dé
and Instructions « jLins Addrets Bus Line | Data Bus J
INDEXED (Continued} i
STA 1 1 Op Code Addrets N 1 Op Code
o 2 | 1 | opCodeAddrens+1 1 | offset
: 3 [} index Register 1 Irrelevant Dats (Note 1)
4 0 Index Registar Plus Offset {w/o Carry} 1 Irrelevant Data {Note 1)
5 [} index Register Plus Offsat 1 trraievant Data (Note 1}
6 1 Index Register Plus Offset 0 Operand Data
ASL LSR 1 1 Op Code Address 1 Op Code
ASR NEG 2 | 1 | OpCodeAddress+ 1, 1 | Offset
COM ROR 3 0 Index Register 1 irrelevant Data (Note 1)
PNE(? TST 4 0 index Register Pius Offset (w/o Carry) 1 Irrelevant Data {Note 1)
5 1 index Register Plus Offset 1 Current Operand Data
6 0 Index Register Plus Offset 1 {rrelevant Data {Note 1}
7 "‘!‘IO Index Register Plus Offset 4] New Operand Data (Note 3)
3‘:;(2
STS 1 1 Op Code Address 1 Op Code
STX 2 | 1 | opcade Address + 1 ) 1 | oftfsat
3 0 {ndex Register ’ 1 Irrelevant Data (Note 1}
4 0 Index Register Plus Offset (w/o Carry) 1 trretevant Data {(Note 1}
5 0 Index Register Plus Offset 1 irrefevant Data {Note 1)
& 1 Index Register Plus Offset 0 Operand Data [High Order Byte)
7 1 index Register Plus Offsat + 1 0 Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 irrelevant Data {Note 1) =
T a4 1 Stack Pointer 0 Return Address {Low Order Byte)
5 1 Stack Pointer — 1 4] Return Address (High Order Byte}
: 6 0 | Stack Pointer —2 1 Irretevant Data {Note 1) -
i 7 0 Index Register 1 irrelevant Data {Note 1)
8 0 | Index Register Plus Offset (w/o Carryl 1 Irrelevant Data (Note 1}
< EXTENDED
: JMP 1 1 Op Code Addrass [} Op Code .-
2 1 Op Code Address + 1 1 Jump Address {High Order Byte)
3 1 Op Cade Address + 2 1 Jump Address {Low Order Byte}
ADC EOR 1 1 Op Code Address 1 Op Code .
QEN’[D’ gg': 2 1 Op Code Address + 1 - 1 Address of Operand {High Order Byte}
BIT SBC 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte) -
CMP SUB -4 1 Address of Operand 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code .
; tgi . 2 | 1 Op Cade Address + 1 1 | Address of Operand (High Order Byte)
! 3 1 Op Cade Address + 2 R 1 Address of Operand {Low Order Byte}
,,‘ 4 1 Address of Operand 1 Operand Data (High Order Byte}
§ 5 1 Address of Operand + 1 1 Operand Data {Low Order Byte)
% gﬁ é 1 " Op Code Address 1 Op Code
3 2 1 Op Code Address + 1 1 Destination Address {High Order Byte)
E 3 1 _ Op Code Address + 2 1 Destination Address {Low Order Byte)
4 0 " Operand Destination Address 1 Irrelavant Data {Note 1}
= [ 1 Operand Destinatian Address 0 Data from Accumulator
, ASL LSR 1 1 Op Code Address - 1 Op Code
. éfg ggﬁ 2 1 Op Code Address + 1 . 1 Address of Operand (High Order Bytel}
COM ROR 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
- ?NE(? TST q 1 Address of Operand 1 Current Operand Data
5 [} Address of Operand 1 Irrelevant Dats (Note 1)
6 1/0 Address of Operand 0 New Operand Data (Note 3)
{Nate
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Address Mode 0vclolVMA , AN —I
and Instructions Cycles # | Line Address Bus Line Date Bus
EXTENDED (Continued}
STS 1 1 Op Code Address 1 Op Code
STX 2 ] Op Code Address + 1 1 Addrass of Operand {High Order Byte)
6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byta)
4 0 Addrass of Operand 1 {rcalevant Data (Note 1)
& 1 Address of Operand 0 Operand Data (High Order Byte)
6 1 Address of Operand + 1 [} Operand Data {Low Order Byts}
JSR t 1 Op Code Address 1 Qp Code
.2 1 Op Cade Address + 1 1 Address of Subroutine {High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
4 1 Subroutine Starting Address 1 Op Code of Next Instruction
9 1 1 Stack Pointer 0 Return Address {Low Order Byte)
6 1 Stack Pointer — 1 1] Return Address (High Order Byta)
7 0 Stack Pointer — 2 1 Irrelavant Data {Nate 1}
8 0 Op Code Address + 2 1 Irrelevant Data (Note 1) A
9 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte)
INHERENT
ABA- DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SE| 2 i
ASR INC SEV 2 1 Op Code Address + 1 1 Op Code of Next instruction
CBA LSR TAB
CLC NEG TAP
CLI NOP T8A
CLR ROL TPA
CLV ROR TST
COM SBA
DES 1 1 Op Code Addrass 1 Op Code ~
IDNESX 4 2 "1 Op Code Address + 1 1 Op Code of Next instruction.
INX 3 4] Previous Register Contents 1 Irrelevant Data {Note 1)
4 0 New Register Contents 1 {rrelevant 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 g
- 3 1 Steck Pointer [} Accumulator Data :
4 0 Stack Pointer — 1 1 Accumaulator Data 3
PUL 1 1 Op Code Address 1 Op Code 5
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction ¥
3 ] Stack Pointer - i trralevant Dats (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Addrass 1 Op Code
4 2 1 Op Code Addrass + 1 1 Op Code of Next Instruction k-
3 0 Stack Pointer 1 Irrelevant Data {Note 1} k-
4 1] New Index Register 1 {rrelevant Data (Note 1} B
TXS 1 1 Op Code Address 1 Op Code .
4 2 1 Op Code Addrass + 1 1 Op Code of Next instruction "
3 ] index Register 1 Irrefavant Data )
4 0 | New Stack Pointer 1 | irrelevant Date -
RTS 1 1 Op Code Addrass 1 Op Code 3
2 1 Op Code Address + 1 . 1 Itrelevant Data {Note 2} E
1 3 ] Stack Pointer 1 Irrelevant Data {Note 1) S
4 1 Stack Pointer + 1 1 Address of Next Instruction (High 3
. Ordur Byte} 3
5 1 Stack Painter + 2 1 Address of Next Instruction {Low 3
Order Byta) :
i
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED) 'T" ‘l‘ ? - l 7 -6 G
Address Mode l . Cycle| VMA R/W
and Instructions Cyclss " Line Address Bus Line Dsta Bus
TNHERENT {C di
WAl 1 1 [Op Code Addrass 1 [Op Cade
2 1 |Op Code Address + 1 1 | Op Cade of Next Instruction
3 1 |Stack Pointer 0 |Return Address {Low Order Byte}
4 1 [Stack Pointer — 1 0 F{etum Address (High Order Byte}
9 B 1 |Stack Pointer — 2 0 | index Register {Low Order Byte}
6 1 |Stack Pointer — 3 0 {Index Register {High Order Byte)
7 1 |Stack Pointer — 4 0 | Contents of Accumulator A
8 1 |Stack Pointer ~ & 0 |Contents of Accumulator B
9 1 |Stack Pointer ~ 6 1 {Contents of Cond. Code Ragister
RATY 1 1 |Op Code Addrass 1 |Op Code
2 1 |Op Code Addrass + 1 1 | lerelovant Date {Note 2)
3 0 |Stack Pointer 1 llrretevant Dsts {Note 1)
N 4 1 |Stack Pointer + 1 1 (stontkenu of Cond. Code Register from
tac
10 5 1 [Stack Pointer + 2 1 | Contents of Accumulator B from Stack
. 6 1 ]Stack Pointer + 3 s 1 | Contents of Accumulator A from Stack
7 1 |Stack Pointer + 4 1 and‘ex)( Register from Stack {High Order
yte
8 1 |Stack Pointer + 5 1 and'sx; Register from Stack {Low Order
yte -
- 9 1 {Stack Pointer + 6 1 [Next instruction Address from Steck
{High Order Byte}
10 1 |Stack Pointer + 7 1 | Next Instruction Address from Stack
{Low Order Byta)
x swi 1 1 |[Op Code Addrass 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 8yte}
[ 1 [Stack Pointer ~ 2 0 | Index Registar {Low Order Byte)
12° 6 1 |Stack Pointer — 3 "0 |index Register (High Order Byta)
7 1 |Stack Pointer — 4 0 | Contents of Accumulator A
8 1 |Stack Pointer — 6 0 | Contents of Accumulstor B
9 1 {Stack Pointer — 6 - 0 | Contents of Cond. Code Register
10| O [Stack Pointer — 7 1 | irrelevant Dats (Nots 1)
11 1 [Vector Address FFFA (Hex) 1 eddr)ess of Subroutine (High Order
. yte) -
° 12 1 |Vector Addrass FFFB (Hax) 1 éd'dr)ns of Subroutine {Low Order
yle,
3 RELATIVE
H 8CC BH{ BNE 1 1 {Op Cade Address 1 {Op Code .
BeS BLE oL s 2 | 1 |OpCode Address + 1 1 | Branch Offset
8GE BLT BVC 3 0 [Op Code Address + 2 1 | irretavant Data {Note 1}
BGT BMI BVS 4 0 |Branch Address 1 | Irrelevant Data (Note 1}
BSR 1 1 |Op Code Address 1 [Op Code
2 1 |Op Code Address + 1 1 | Branch Offset’
3 0 | Return Address of Main Program " 1 | Irrelevant Data {Nota 1)
¢ 8 4 1 | Stack Pointer 0 | Return Addrass {Low Order Byte)
i [ 1 |Stack Pointer -1 0 | Return Address {High Order Byte)
> 6 0 | Stack Pointer — 2 1 | trrelevant Data {Note 1)
} . 7 0 |[Return Addrass of Masin Program 1 | Irrelevant Data {Note 1}
5 8 0 | Subroutine Address (Note 4) 1 | lerelevant Dats (Note 1}
: NOTES:
i 1. if device which is addressed 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.
. 2 Data is ignored by the MPU.
H 3. For TST, YMA =0 and Operand data does not change.
4. MS Byte of Address Bus=MS Byte of Address of BSR instruction and LS Byte of Address Bus=LS Byte of Sub-Routine Address.
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PHYSICAL DIMENSIONS
CB-182
e o 87D 09251 D T 49-17-6&
]
|r i 051 min
TR
w7ee 'R 02 _%)“
|:§l‘ .

P SUFFIX

LASTIC PACKAGE
M “Hnnn%nnnnnﬂ P
K //
Bueem y/ (4 Nominal dimension
/s {2} Trw geometrical position
oV VA
2 ul/uuuuuuuuu
TEA »
$3moa. _(]_4)_
1
: 40 pins
1 om,” \
§ ASIF F19 €B-182
CEl DATLA. HOEC SITELESC C SUFFIX
- : CERAMIC PACKAGE
ORDERING INFORMATION
{ EF68A02 | C M| BB
Dm‘lica Scresning leve!
Package Oper. temp.
Tha table befow h shows afl suffix for i 9
level. Other possibliities on request.
DEVICE PACKAGE OPER. TEMP SCREENING LEVEL
c J P E FN L \J M Std D Q/B | BB
[ ] L J ® L] °
EF8902/08 {1.0 MHz) L ) L J * L J
[ ] [} [} [ ] ®
[} [ ] [ ] [}
EFSSA02/A08 (1.6 MHz) [ ® [} [ ] \
[ ] [} [} L J L J [
EF68B02/B08 (2.6 MHz) hd h L d ‘
® L ] [} [ ] i
|
Examptles : EF6802C, EF6802CV, EF6802EM, EF6802EM G/B
Package ; C; Ceramic DIL, J : Cetdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC,
Oper. temp.: L*: 0°C to +70°C, V: ~40°C to +85°C, M: —55°C to +125°C, * : may be omitted.
Scresning level: Std : {no-end suffix), D : NFC 96883 level D,
GIB : NFC 96883 level G, B/B : NFC 96883 lavel B and MIL-STD-883C lave! B.
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CB-521 CB-708
FN SUFFIX E SUFFIX
PLCC 44 Lccc 44
Ha$10 A s
(13 —_
N
N
_‘3:“9+ 44 pins: ) “ ping
oIN ) T o Yy o
MO-047-AC CB-521 !
CEl DATA H0EC SITELESC X Ce-708
cEl DATA JEDEC SITELESC
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