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EF6802 « EF6808

MICROPROCESSOR WITH CLOCK AND OPTIONAL RAM

The EFBB02 is a monalithic 8-bitmicroprocessor thattontains all the
registers and accumulators of the present EF6800 plus an internal
clock oscillator and driver on the same chip. In addition, the EF6802
has 128 bytes of on-board RAM located at hex addresses 50000 to
$007F. The first 32 bytes of RAM, at hex addresses $0000 to S001F,
may be retained in a low power mode by utilizingV¢g standby ; thus,
facilitating memory retention during a power-down situation.

The EF6802 is completely software compatible with the EF6800 as
well as the entire EF6800 family of parts. Hence, the EF6B02 is ex-
pandable to 64K words.

The EFG808 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 EFG8C0

Expandable to 64K Words

Standard TTL Compatible Irputs ang Guipuls

8-Bit Word Size

16-Bit Memary Addressing

Interrupt Capability

Three available versions : EF6802'08 (1.0 MH.s+, LFB8AD2/08
(1.5 MHz), EF68502/08 12.0 MHz: '

MOS

(N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

MICROPROCESSOR
WITH CLOCK AND OPTIONAL RAM

CASES

CB-182

P SUFFIX
PLASTIC PACKAGE

ALSO AVAILABLE

C SUFFIX
CERAMIC PACKAGE

40

CB-521 CB-708
FN SUFFIX E SUFFIX

PLCC 44 L.CCC 44
Hi-Rel versions available -Seechapter 9
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TYPICAL MICROCOMPUTER
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Ths block diagram shows a typical cost effective microcomputer. The MPU 1S
the center of the microcoputer systerm and 1S shawn In @ minimum system inter-
facing with a ROM camiination chip. It s not intended that this system be
limited 1o this function but that it be expandable with other parts in the 6B00
Microcomputer family
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*Pin 36 must be tied to ground for the EF6808
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TYPICAL MICROCOMPUTER
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MAXIMUM RATINGS

_ E_

Rating Symbot Value Unit
Supply Volitage Vee -03t ~7.0 \
Input Voltage Vin -03to ~70 v
Operating Temperature Range
EF6802, EF680A02, EF680B02 Dto +70
EFE802, EF68A02, EF68B02 : V suffix Ta 40 to ~ 85 °C
EF6802, EF68A02 : M suffix -551t0+ 125
EF6808, EFB8A08, EF68BA8 Oto 70
Storage Temperature Range Tsig 55 to - 150 °C
THERMAL CHARACTERISTICS o
Characteristic Symbol Value Unit
Average Thermal Resistance {Junction to Ambient}
Piastic 100 .
Ceramic Yia 50 Cow

POWER CONSIDERATIONS

The average chip-junction temperature, T J, in °C can be obtained from

Ty=Ta+tPped p)
Where:

T = Ambient Temperature, °C

A= Package Thermal Resistance, Junction-to-Ambient, °C/W

PD=PINT+PPORT

PINT=iCcCx Vee, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For mast appiications PpoRT < PiNT and can be ne:

drive Darlington bases or 3ink:LED loads.

An approximate relationship between Pp and T tif PPORT is neglected) is:

Pp=K+I(T +273°C)
Solving equations 1 and 2 for K gives
K=Ppe(Ta+273°C) + 8 a%Pp2

This block diagram shows a typical cost ef
fective microcomputer  The MPU is the
center of the microcomputer system and 15
shown in a minimum system interfacing witn
a ROM combinatian chip. It is not intended
that this system be limited to this function
but that it be expandable with other parts in
the 6800 Microcomputer family.

This input contams crcuitry to protect the
nputs against damage due to high static
voltages or electric fields; however, 1t is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
maxmum  rated voltages to this high-
impedance circuit Rebability of operation 1s
enhanced if unused inputs are tied to an ap-
propnate logic voltage level (e g, either Vgg
or Vel

glected. PPORT may become significant if the device is configured to

(2]

(3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for aknown T Using this value of K the values of Pp and T_j can be obtained by solving equations (1) and [2) iteratively for any

value of Ta
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EF6802 ¢ EF6808

DC ELECTRICAL CHARACTERISTICS Voo =50 vde £ 5%, Vg - 0, Ta =0 to 70°C, untess otherwise noted)

Characteristic Symbol Min Typ Max Unit
Lagic, EXTAL Vgg+20[ - vee
Irput High Voltage e \ . v
Pt 9 RESET M | vgs+a0] - vee
Input Low Voltage Logic, LXTAL, RESET Vi Vgs-03] - Vss+08 | V
Input Leakage Current (Vi =0105.25V, Vg = max] Logic In - 1.0 25 A
Output High Voliage :
1 gad= — 206 pA. VCC = mind DO-D7 Vgg+ 24 - v
Blpad= — 145 uA, NCC = mirt A0 A15. RW VMA E | vou | vgge24| - -
 gad= — 100 pA, Vo = mint BA Vgg+24 _
Output Low Voltage H| nag=16 mA, Voo =mint VoL - - Vgg+04 v
Internal Power Dissipation {Measured at T = 0Cl PINT - 0.750 10 W
Fuwer Down V$RE 4C - 525
Ve Standby ; v
€¢ Standby Power Jp VSR 475 - 525
Standby Current ISR - 89 ma
Capacitance #
V=0 TaA=25-C =1 0MH» - DO D7 Cin - 15 5 ot
oty EXTAL - 55 10
AD A1 R VW WMA Cout - 12 pf
Sl pewer-aowe . Mmaxsrum powes dis: ey ess g A7 ey
¥llagaoitances are Ceroicay sampled fater trar 100
CONTROL TIMING Ve -bGy » 5% S Ta R R L ATV TRt [
EF6802 EF68A02 | EFE8B02
Characteristics Symbol EF6808 EF68A08 EF68B08 Unit
Min | Max | Min | Max | Min | Max
frequency of Operator ty a1 1 [V 15 G 20 | MH2
Crystal Frequeniy fx1 Ty G160 10 80 | MHe
External Oscillator Frequericy At N G411 60 {04 BO [WMhz
Crystal Oscillator Start Up Tirre tep 100 - 100 - 100 - ms
Processar Cortrols \HALT. MR, RE, RESET 1RT NMI
Processor Cantrof Setup Time 2. - TaG MG ns
Processor C o Rise ard Falt Tone N
ey 105 . 100 | e
iDoes No: Apply 1o RESETH ® « 00 s
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EF6802 « EF6808

BUS TIMING CHARACTERISTICS

(dent | EF6802 EF68A02 EF68BD2
Characteristic Symbol EF6808 EF68A08 EF68BD8 | Unit
Number
Min | Max | Min [ Max [ Min | Max
1 Oyvoe Time oy 10 W j0Bevy 10 G5 13 e
2 Pulse Whare B Lo Pyve 450 | 50T B
3 Fuse Wt f Hagr T N R =
4 Couh Rsearg By T s
9 Address Roid Time* ik 25 0%
12 N BMuxed Addrees Va d et b e, E AT i
17 Read Datg Sea e b -
8 Read Data H ot 7o 1 ~
19 Wieter Data Dengy T < LN
al Write Daty Hoia Tome®
FEl At A Cess S I )
* Address and data hold wires e peraa - ally e Tathe than -

FIGURE 2 - BUS TIMING

|
|
I
R W, Address K N
INon Muxed® 4
t

Read Data
N Muxed

e |
Wnite Data

Nor Muxed ¥ { >_

NOTES

1 Vaitage levels showr are V| <04V vz 2 4 V. Loiess athenw se spesdied

2 Measurement pents shawn are G 8 vV ara@ 2 8 V. ur ess otherwise ed

3 All electricals shown tor the ET6802 apply 1o the EFB808  unbess otherwise notea
4

5

Usable access time 1s computed by 12+3+4 - 17
It programs are not executed from on-board RAM TAV' apptes 1 programs are o be sture and exed,

plies For normai data storage n the on board RAM . this exterded delay does not appy .
RAM when using A and 3 parts (EFGBA02, EF68A08. EFB8B0Z, EFE8B08). Or board SAM can be used for fata storage with ay\ parts
All electrical and control charactenstics are refererced bom 1| =565C manimum and Ty = 7C°C maxmum

@
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EF6802e EFG6808

UDELAY TIME Ins)

FIGURE 3 — BUS TIMING TEST LOAD
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=24 kQl for BA
FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY FIGURE 5 — TYPICAL READ/WRITE, VMA AND
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FIGURE 6 — EXPANDED BLOCK DIAGRAM
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EF6802 e EF6808

MPU REGISTERS

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 allowing the processor to
utilize up to 64K bytes of exiernal memory.

The MPU has three 16-bit registers and three B-bit
registers available for use by the programmer (Figure 7

PROGRAM COUNTER

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

.

STACK POINTER

The stack pointer is a two byte register that contains the
address of the next available location in an external push-
down/pop-up stack. This stack is normally a random access
read/write memory that may have any location {address}
that is convenient. In those applications that require storage

of information in the stack when power 1s lost, the stack
must be non-volatile.

INDEX REGISTER

The index register is a two byte register that s used ta
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 IN), 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. I programs are to be stored and executed from on-board RAM, TAV?2 ap-
plies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board RAM
when using A and B parts (EFBBA02, EF6BAD8, EF68B02, and E FE8BOB}. On-board RAM can be used for data storage with all parts.

FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

~

ACCA

~

ACCB

o

[}

Accumulator A

o

Accumulator B

-

Index Register

PC

—

Program Counter

o

fr— =
%)
Rl

Stack Pointer

o _JU _Jo o

Condition Codes
Register
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Carry (From Bat 7}
Qverflow
Zero
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—————— Interrupt

Half Carry (From Bit 3)




EF6802 ¢ EF6808

FIGURE 8 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

SP = Stack Pointer
CC = Condition Codes {Also cailed the Processor Status Byte)

ACCB = Accumulator B

ACCA = Accumulator A
IXH = Index Register, Higher Order 8 Bits
IXL = Index Register, Lower Order 8 8its
PCH = Program Counter, Higher Order 8 Bits
PCL = Program Counter, Lower Order 8 Bits

m-9
m-8
- te——— SP
m-6 cc 1\
m-5| ACCS
m-4| ACCA
m- 3 IXH
_2 mo2 XL x
3
-1 m-1 PCH kA
--————sP m PCL
e
+1 m+ 1
+ 2 x m+2
o
S
/\_‘ 7} r/_/\__
| | | '

Before

MPU SIGNAL DESCRIPTION

Prapgr operation of the MPU requires that certain control
and uming signals be provided to accompiish specific func-
tions and that other signal lines be monitored to determine
the state of the processor. These control and timing signals
are similar 1o those of the EFB800 except that TSC, BBE,
¢1, @2 input, and two unused pins have been elimnated,
and the tollawing signal and tim:ng hnes have been added

RAM Enable (RE)

Crystal Connections EXTAL and XTAL

Memory Ready (MHA)

Ve Standby

Enable ¢2 Output (E}

The following 1s a sumimary of the MPU signals

ADDRESS 8US (AQ-A1B)

Sixteen pins are used for the address bus. The putputs are
capable of driving one standard TTL load and 80 pF. These
tines do not have three-state capability

DATA BUS (D0-D7)

Eight pins are used for 'the data bus. It is bidirectional,
wransfernng data to and from the memory and peripheral
devices. 1t also has three-state output buffers capable of
driving one standard TTL lcad and 130 pF.

Data bus will be in the putput 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 10 $007F. External RAM at
$0000 to $007F must be disabled when internat RAM s ac-
cessed

HALT

When this input 1s in the low state, all activity in the
machine will be halted. This input is levei sensitive. in the
HALT mode, the machine will stop at the end of an instruc-
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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 line must occur tpCs before the falling edge of E and
the HALT line must go high for cne clock cycle

HALT shauld be tied high if not used. This 1s good
er.gineenng design practce i general and necessary tc en-
sure proper operation of the part

READ/WRITE (R/W)|

Thes TTL-compatble Gutput signals the peripherals and
memary devices whether the MPU is in a read (high' or wrte
liow! state. The normal standby state cf tms signal 1s read
[high). When Lhe processor s halted, it wili be ir the read
state. This cutput 1s capable of driving one standard TTL
load and 90 pfF

VALID MEMORY ADDRESS (VMA)

This output indicates to peripheral devices that there 1s a
vahd address on the address bus. In norma! operation, this
signal shauld be utilized for enabling peripheral interfaces
such as the PIA and ACIA. This signal is not three-state One
standard TTL load and 90 pF may be directly driven by tnis
active high signal

BUS AVAILABLE (BA)} -- The bus available signal will nor-
maliy be in the low state, when activated, it will go tc the
high state indicating that the microprocessor has stopped
and that the address bus 1s available {but not in a three-state
condition}. This will accur if the HALT fine is In the low state
of the processor is in the WAIT state as a result of the execu-
tion of a WAIT instruction At such ume, all three-state out-
put drivers will go 1o their off-state and other outputs to their
normally inactive level The processor 1s remaved from the
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WAIT state by the occurrence of a maskable imask bit 1=0)
or nonmaskable interrupt. This gutput is capable of driving
one standard TTL load and 30 pF

INTERRUPT REQUEST (IRQ)

A low level on this input requests that an interrupt se-
quence be generated within the machine. The processor will
wait until it completes the current instruction that is being
excuted before it recognizes the request. At that time, if the
interrupt mask bit in the condition code register 1s 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 1s located
in memory locations $FFF8 and $FFFI 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 white HALT
is fow

A nominal 3 k2 pullup resistor to V¢ should be used for
wire-OR and opttmum contrel of interrupts IRG may be tied
directly to Ve if not used

RESET

This input is used to reset and start the MPL fram a
power-down condition, resulting from a power faiiure or an
initial start-up of the processor. When this line is low, the
MPU ic inactive and the infarmation in the reqgisters 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-

tion of a routine to initialize the processor from 1ts reset con
dition. All the higher order address lines will be forced high
For the restart, the last two (SFFFE, $SFFFF) locations n
memory will be used to load the program that 1s addressed
by the pragram counter. During the restart routine, the inter-
rupt mask bit is set and must be reset before the MPU can be
interrupted by RQ Power-up and reset uming and power-
down sequences are shown in Figures 9 and 10, respectively

RESET, when brought low, must be heid low at least three
clock cycles. This allows adequate time to respond internally
to the reset. This 1s independent of the t;c power-up reset
that is required

When RESET 1s released it must go through the low-1a-
nigh threshald withaut bouncing, ascillating, or oiherwise
causing an erraneous reset {less than three clock cycles)
Tris may cause improper MPU operation until the next valid
reset

NON-MASKABLE INTERRUPT (NM1)

A low-going edge on this mnput requests that a non
maskable interrupt sequence be generated withun the pra
cessor. As with the interrupt request signal, the pracessar
will complete the current instruction that I1s being executed
before it recognizes the NMI signal. The interrupt mask bit in
1re condition code register has no effect or NMI

The index register, program counter, accumulators, and
cendition code registers are stored away on the stack. At the
end of the cycle, a 16-bit vectoring address which 1s located
in memory facations $FFFC and $FFFD 1s Ipaded causing the
MPU to branch to an interrupt service routing in memory

A nominal 3 k@ pullup resistor 10 V¢ shouid be used for
wire-OR and optimum control of interrupts ‘NMI may be tied

FIGURE 9 — POWER-UP AND RESET TIMING

o
475V 7F
vee

ViH
Vit

Optar 1}
{See Note Below:

\—

Qpuon 2
tSee F-gure 10 fo-
Pawer-down Condinori

RE

—*J PCr

NOTE: It optic= s choser, RESET and RF pins car be ted together
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EF6802 ¢ EF63808

directly to V¢ if not used

Inputs TRQ and NMI are hardware interrupt Iines that are

sampled when E s high and will start the interrupt routine on
a low £ following the campletion of an instruction

vee

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 3
INTERRUPT VECTORS

Vector

MS

LS

Descriptian

SFFFE

SFFFF

Restart RE

SFEFC

SFFFD

Non Maskable Inierrupt

SFFFA

SFFFB

Software 1ntertupt

SFFF8

$FFF9

nteriupt Request

FIGURE 10 — POWER-DOWN SEQUENCE

N iy
N

pCsH
1Pt -

VIHTK |3 Cycies—d
R R —

FIGURE 11 — MPU FLOWCHART

Start Sequence

SFFFE, SFFFF

Machine
on Halt

Y

Fetch Instruction

Execute
Interrupt Rautine

Y }
Execute i
Instruction NMI Ra
SFFFC $FFF8
SFFFD $FFF9
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FIGURE 12 — CRYSTAL SPECIFICATIONS

v Cin Cout
3.58 MHz 27 pF 27 pf

4 MHz 27 pF 27 pF
38 D ¥ 6 MHz 20 pF 20 pF
CO““I Y1 I Cin 8 MHz 18 pf 18 pF

Crystal Loading

i0—
Ut
\z
L1 o Rg
] *-—
Co
114
LAY
Naminal Crystal Parameters*
3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz
Rs 60 0 50 2 30-50 2 20-40 @
co 35 pF 65 pF 4-6 pF 4-6 pF
C1 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 af cuts may also be used

Figure 13 — SUGGESTED PC BOARD LAYOQUT

Example of Board Design Using the Crystal Oscillator

’1—20 MM Max——3m
705
%

lCrysla} Cp

/Olhm Signals are Not Wired in this Area

ra———20 mm max—ﬁ

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

13
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FIGURE 14 — MEMORY READY SYNCHRONIZATION

Axfy
Oscillator

EXTAL
XTAL

IHJEQ B3

EF6802
MR

Memory Ready
OF— Gererated from
CS Logic

SN74LS74

FIGURE 15 — MR NEGATIVE SETUP TIME REQUIREMENT

E Clock Stretch

=1pCs | peg
0BV

08V

The E clock will be stretched at end of E mugh of 1he cycle duning which MR regative mee:s the 1PCS setup ume. The tpCs setup time 1s
referenced to the fall of E. If the tpC g setup time s not met, E wilt be strelcned at the end of the next E-high % cycie € will be siretched inin-

tegral multiples of ¥ cycles

Resuming E Clocking

J«—>{ircs fe—>ipcs fe——mftpcs fe—tipcs
T T i
i | |
Stretched E | | I |
.

- il

The £ clock will resume normat operatior: at the end of the ¥ cycie during which MR assertor meets 1he PCS setup time. The tPCS setup me
1s referenced to transiions of E were it not stretched 1f tprs setup e «s nat met, E will fai at the second possible ransition ume atter MR s
asserted There is no direct mears of determuning when the tpCs references occur, unless the synchronizing circuit of Figure 14 15 used
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RAM ENABLE (RE — EF6802 ONLY}

A TTL-compatible RAM enable input controls the an-chip
RAM of the EF6802. When placed in the high state, the an-
chip memory is enabled to respond to the MPU cantrols. In
the low state, RAM is disabled. This pin may also be utilized
to disable reading and wnting 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 shauld 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 paraliel
resonant fundamental crystal (see Figure 12). (AT-cut.} A
divide-by-tour circuit has been added so a4 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 £ clock frequency. Pin 38 is to
be graunded.

An RC network is not directly usable as a frequency
saurce on pins 38 and 39. An RC netwoark type TTL or CMQS
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

{f an external clock is used, it may not be halted for more
than 1Pweg L The EF6802 and EFG808 are dynamic parts
except for the internal RAM, and reguire the externat
clock to retain information

MEMORY READY (MR)

MR is a TTL-compatible input signal cortroling the stret-
ching of E. Use of MR requires synchronization with the 4xf,,
signal, as shown in Figure 14. When MR is high, E wili be in
normal operation. When MR is low, E will be stretched in-
tegral numbers of half periods, thus aliowing nterface to
slow memories. Memory Ready timing is shawn in Figure 15

MR should be tied high fconnected directly to Vel +f not
used. This is necessary to ensure proper operation of the
part. A maximum stretch is teye

ENABLE (£)

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

Ve 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 Vgg maximum i1s ISgR
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MPU INSTRUCTION SET

The instruction set has 72 different instructions. Included
are binary and decimal arthmetic, togical, shift, rotate, load,
store, conditional or uncondiional branch, interrupt and
stack manipulation nstiuctions (Tables 2 thraugh 61 Thean
struction set1s the same as that for the EF6800.

MPU ADDRESSING MODES

Tnere are seven 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 instructicn. A
summary of the addressing modes for a particular instruction
can be found in Table 7 along with the associated instructior
execution time that 1s given in machine cycles. With a bus
frequency of 1 MMz, these times wauld be micraseconds

ACCUMULATOR (ACCX) ADDRESSING

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

IMMEDIATE ADDRESSING

In immediate addressing, the operard 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 .n-
struction. The MPU addresses this location when + fetches
the smmediate nstruction for execution. These are two- of
three-byte instructicrs.

DIRECT ADDRESSING

In direct addressing, the address of the operand 1s cantain-
ed in the second byte of the instruction. Direct addressing
atlows the user 1o directly address the lowest 256 bytes in the
machine, 1.e., locations zero through 255 Enharced execu-
tion times are achieved by storing data in these locations. ir
mpst configurations, it should be a random-access mernory
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 memary. 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 resuli Is
then used to address memary. The modified address is held
in @ temporary address register so there is no change ta the
index register. These are twa-byte instructions.
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IMPLIED ADDRESSING byte of the instruction is added to the program counter's

In the implied addressing mode, the instruction gives the lowest eight bits plus two. The carry or borrow is then added
address {i.e., stack pointer, index register, etc.). These are 10 the high eight bits. This aliows the user to address data
one-byte instructions. within arange of — 125 to + 129 bytes of the present instruc-

tion. These are two-byte instructions
RELATIVE ADDRESSING
in relative addressing, the address contained in the second

TABLE 2 — MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE

ABA Add Accumulators CLR Clear PUL Pull Data
ADC Add with Carry cLv Clear Overflow
ADD | Add CMP | Compare ROR | Poraie Feg
AND | Logical And COM | Complement AT Return from Interrupt
ASL Arithmetic Shift Left CPX Compare Index Register RTS A urn from interrup
ASR Arithmetic Shift Right eturn from Subroutine
DAA Decimal Adjust SBA Subtract A at
BCC Branch it Carry Clear DEC Decrement SBC ubtract Accumulators
BCS Branch it Carry Set DES Decrement Stack Pointer SEC gu:ﬁéacl with Carry
BEQ Branch if Equal to Zero DEX Decrement Index Register SEI Sel | la"y | Mask
BGE Branch if Greater or Equal Zero | o Excl oR p €t Interrupt Mas|
BGT Branch if Greater than Zero xclusive Sev Set Overtlow
BHI | Branch if Higher INC | Increment STA | Store Accumulator
p STS Store Stack Register
BIT Bit Test INS Increment Stack Pointer STX Store Index Heqist
BLE | Branch f Less or Equal INX Increment Index Register oUB | Sinpace . negster
BLS Branch if Lower or Same ubtract
P JMP Jump Swi Software Interrupt
BLT Branch if Less than Zero
aM| Branch it Minus JSR Jump 1o Subroutine TAB Transfer Accumutators
BNE Branch # Not Equal to Zero LbA Load Accumulator TAP Transter Accumulators to Condition Code Reg
BPL Branch # Plus LDS Load Stack Pointer TBA Transfer Accumulators
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. to Accumnulator
BSR Branch {0 Subroutine LSR Logical Shift Right TST Test
BvVC Branch # Overflow Clear NEG Negate TSX Transler Stack Pointer to Index Register
BVS Branch if Overflow Set NOP Nngperahon XS Transfer Index Register to Stack Pointer
gEé g)ev::)acr:":ccumulalors ORA Inclusive OR Accumulator WAl Wait for interrupt
Ccu Clear Interrupt Mask PSH Push Data
13/23
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS

ADDRESSING MODES

H00LEAN/ARITHMETIC OPERATION COND.CODE REG

IMMED DIRECT | INDEX EXTND wrLED | {AH register labels sjal3|z[1]0
OPERATIONS o - -|or - -jor - -|or R refer to contents) w[iwlz]v
Add ADDA (88 2 2[98 3 2[AB 5 2i88 4 3 AsM-A BUHHEE
A0D8 @ 2 2|08 1 z|€8 & 2ifB 4 3 B-M~B HOBHEE
Adg Acmitrs ABA B P 1 | A-8--a le e
Add with Corry ADCA B9 2 2f98 3 2ia3 u o o2lEa 4 3 AM.Cea . i
ADEE 4 2 203 3 2|E9 & 2|t3 & 3 BoM.C~g . I
And ANDA [ 8¢ 2 2f9¢ 3 2|a1 & 2'ma 1 3 AW oen efs|:i:]nfe
ANDE | €4 2 2]04 3 20k 5 gied o4 % B Mg elel:[:lnle
8it Test BITA 8 2 2[99 3 2'as 5 2|@s @ 3 LA DOIHEHE
$ITB €2 205 3 2|fs o 2|k o 3 8- M eleliitinle
Crear LLR 6f i il s 3 00 - M .le RiR
CLRA ai 2 1 lgo~a ole RlR
CLRE st 2 1 |o0-8 oo RIR
Compare CMPA 812 29 31 7.m iler 1 3 A-m .le HE
cMPe o2 o2{o 3 2] LR AT g -M ole
Campare Acmlts c8A : P2 0| a-s ole :
Complement, 1's com 55001 1093 6 3 Mot oo s
COMA ; 4 7z 1 A~a ole s
COMB i 51 2 1 | B~8 oo H
Complement 2's NEG U T 00 - M —N ole T
Nepatei NEGA w2 1l ag-a-a ol H© ©)
NEGE 502 1 00-8--8 ole RO )
Decimal Adyust A (1YY ; 1921 | Canverts Binar, Add of BCU Characters | @ |1 11] 1 k@
! o BOD Format
Decrement oEC iBa 1 200a 8 2 Moot sfal: | (Do
0FCA a2 1| a1~a oo KD e
0ECE | 54 2 1 1B-1es slelti[De
Exclusie OR £0RA 88 2 209 3 2:A8 5 718 4 3 AV~ A oo Rle
EDRB 8 2 2008 3 2:Es b5 2|f8 & 3 BOM =8 s|e Rle
Inceement INC e 7 2] 5 3 e ool e
INCA . LI R S elel: | (B}
INCB H 5C 2 1 pel=g ele ) e
Load Acmirr 104R 8 2 203 3 z|as s 2|86 2 3 RS ole|:]:|r|e
LDAB JCB 2 2|DB 3 2[t6 v 2|k & 3 | M~f elel:)itnle
01 nctusie DRAA | 8A 2 2/9A 3 7iaa 5 2 gn 1 3 Avm-a elei:i|nle
ORAB | CA 2 2{DA 1 7 t& b 2 FA & 3 !p,qm«e ORI
Push Data PSHA f S0 A-eMgp SP— 1 3P s|ejei0 el
PSHE : 41 B -Mgp SP- 2 gp slafo0fejs
Pull Data PULA ; 41| 5P mgP Mgy A slejelelele
PULE 4 1 TSPt -sP Mgpag oleleleele
Rotare Lett ROL ] 2109 8 g [ - BOIHHGN
ROLA i 9 2 1| n} E slefi}:
RoLe ; i3 2 iy ole
Rotate R gne ROR % 0 2076 & 3 ole
agRA ! i tae 2! ole
KORE i [ .o
Shitt Loty Aritheetic I | 68 2o e ) oo
! @ o7 ele
' i a8 2 .o
Shitt Rugnr, Acthmet 5 2har oy v] _ ole
| R e 8¢ oo~ IR
i 8102 r W oo
Shaly Righ: Ll | |6 Y 3 ml - e
{ | w2 | ey -3 lele
| i LR I € .le
Store Acmin STk LAY ERR T LA lafe
STAR LT 2P 2 i E LN
Subieact SUkA #0221 90 3 2ia0 4 2 B0 4 ‘ A wea jelei:
SUBS 7 2[R0 3 2pE0 % 2.0 s | 5-m~n RRE
Subtract Acmitrs SEA i i w2 v bag-a iafel: 4
Subte with Carry s6Ca 32 2% 5 2far s 2 B2 4 2 ! ‘ele
580 iz I T A S R S | alel|]:
Toanster Acmitis Tag 1 %2 -t la|e 3
TBA l | w2 -a feje|1]:iR]
Test Zesc or Muus ST [ 2o b 5] leim RlR ‘
TSTA | i La-an lelef: RIA
TSTB | e b8 -9 dLIE Ri{AI
wliwz[v]e]
LEGEND CONDITION THDE SYMBOLS
0P Dpecation Code (Hexades:ma® © o Bocieer il uye OR
~ Number of MPU Cycles 393007 berruse OR W Halcanry trum b 3
= Number ol Program Bytes Comprement o © Imerrant mesk
¢ Arithmetic Py s Tamfer ey N Negative tsigr bt
Arithmerc Minus 0 21 Zem 2 Zeoibyes
Boolean ANO B Bure Fes V. Deerfiow 2% complement
Mg Conrents of memory 1acatia pa nted te g2 Staca Poie: € Caytrompn?
B Reset Always
Note  Accumulator addressing made nsirchion are o aded 10 the 3'.ma tar YPL EQ andressing S Ser Awavs
Testand set firur Leared otherwese
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND COOE REG

__MmeD DIRECT | INDEX [__EXTND L IMPLIED * 5432
POINTER OPERATIONS  MNEMONIC OP - 3 QP ® 0P £ 0P - = OP #  BOOLEAN/ARITHMETIC OPERATION H.14 C
[ Compare index feg ™ e BL 3103 [gr 4 2,AC 6,2 BC 5 % Xp =W X -l o .
| Decrement Index Regq DeEx | | : a9 11 X -1 =X . .
Decrement Stack Potr ‘ 0EsS : ECRE N [N . e .
Increment index Reg | INX ‘ ng s Kot .. .
Increment Stack Pate NS 3o SP-1—SP .o .
Load Index Reg L0x e 3z ouro3 7 fE.w .2 FE OGS [ L R R 1] .o . 3
Load Stack Pate HETIY 8E 3. 3 9 4 2 aE & 2 BE S L R ] e ey I H e
Store Index Reg Stx i GF b2 EF A . . eed T H e
Store Stack Pate §TS gt PN 2OBE &3 ” LI ) H e
Indx Reg = Stack Pair TXS ‘ ) I 1w s e s
Statk P leds Aeq | TSX e b St RN
TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG
RELATIVE | INDEX EXTND  IMPLIED DA
R AU O D e
OPERATIONS MNEMONIE 0P - = OP ENL i 0P Lo BRANCH TEST H 1L N2 v
Branch Always BRA woa 2| ' None Te o a0 o'
Branch 1f Carry Clear BCC u 1 2 ; Lo ‘e 8 e & o @,
Branch 1 Carry Set BCS % 4 2 [ la o e o o o
Branch It - Zero BEG 2 a4 2 ‘e ® o » o
Branch 1f * Zero BGE N R
Branch 11 ™ Zero BGT 2 42 0 « e e s e
Branch I Higher BHI 2 42 ' e o e o s
Branch It = Zero BLE 42 1 s o o s o 8
Branch Il Lower 01 Same BLS 3oa ! fe o o o o @
Branch It < Zero BUT FE i I
Branch It Minus BMI PR ! e e e s e @
Branch It Not Equal Zero BNE % 402 20 ‘e o o o o s
Branch If Overtiow Clear BVC ® 41 Voo e e o s o o
Branch If Overflow Set BYS 9 4 : Vol e o o o o o
Branch If Plus BPL w4 i ! N0 « s e s o o
Branch To Subroutine i BSR 80-8 I, | i « o e s o o
Jump : JMP SBEj a2 JF 33 | Sew Suetig Dperote.” « ® e s o @
Jump To Subroutine JSR Al @ 2 8D 83 vl 1Figure 161 « o o » o
No Operation NOP ; o . oot Bear s Py Lot e, e o o 8 o o
Retura from Interrupt RTI . ' KR I ' W
Return From Subrostine RIS | : Ty « s s » o
Software Interrupt H Wi : : | 3B See Sgecia tpedatiins e & o 0
Wait foe Interrupt WAl | 1\ 1 f I L ' thiqure 16 R N
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SPECIAL OPERATIONS
JSA, JUMP TO SUBROUTINE

FIGURE 16 — SPECIAL OPERATIONS

PC Main Program sP Stack PC Subroutine
n | aD = ISR -~ 2 INK + K
INOXO | ney [ K- Oftser l:'> sy ez w
n+2 | Next Man lastr SP in+2; L
"K = 884t Unsigned Value ln+2lyand (042" Formn+2
PC Mai ng'a’“ §P Stack PG Subrout.ne
n | BO=JsR - 5P 2 S
n+1 [ SH=Sobr Adar sp 1 [in-3 K
EXTND +2 [ SL = Subr Add :‘\'\> S
a - Subr Add E IEE (S Farmed From Sy and S )
nel Next Man tnstr

= Stack Pamter Atter Exeguninn

BSR, BRANCH TO SUBROUTINE

PC Main Program P Stack pg Subroutine
+ a2 e s 2o [T o]
e > s [ o 1
2 | Newt Main st P 2L
TKT B Sy et c b b R A Y
JMPJUMP
BL Main Pragrs 2C Main Piogram
L BE 4P ' 7B aMP
wet T x Ot o1 Ky - Next Address|
Noxo H EXTENDED -2 [k - Next Adaresy
K
RTS, RETURN FROM SUBROUTINE
29 Subrutine S S PC Mam Program
§ |33 ATS :> 5P ao | Next Maa
5PN
RTI, RETURN FROM INTERRUPT
pg Intercupt Prugrsin 5P Stacn pC Main Program
s s wie —> sv
5Pt | Conait oo Lue L
P2 [ Acnin s
5P 3 Acmitr A
SP 4 | irdes Aegster %y
P b ingen Register 1%
SP B PCw
- SPe 7 FCL
TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
COND CODDE AEG
I L
IMPLIED 5 4 3 2 1 i 0
OPERATIONS MNEMONIC 0P # BOOLEANOQPERATION H | N Z Vv [
Clear Caresy L ocoowo ey . e s
Clogr sntern pt My L ik B B u - . L] -
Clegr Uuverfliog [ a0 [ . Roe
Set Lanry SEi on 1 . L
Set nterupt Mask 3 g 1= . .« .
Se1 Querllan SEv [ 1wy - [
Acmit A - CCR TaF (It A~iLk
[ CCR - acmi & e 020 LUR =& e oo o
CONDITION CODE REGISTER ROTES 181500 0t lost ek and cikared otherwise!
(Bit Vi Test Result 100000007 ' 1Bt Nt Teat Sign bat ol mast signidicery 1MSHbyte 17
(Bi1C) Test Result £ 00000000 & T8V Tenr 25 complement overfinw o sublraction of MS byrest
(Bit ) Test Decimal value of most sigriticant BLD Chargt o qrester than e G 1BTNT Test Resultless than cern? 18019 1)
Not cleared 1t previously set t 10 1Al Load Condition Code Register from Stack 'See Speciai Operatiany)
(Bir vt Test Dperand 10000000 priar 1o ewecunian? 1 1Bt it Set when interrupt occurs IF grevioushy set. a Nan Maskable
{Bir v} Test Operand O1111H1 pnar fo eaeconian? laterrupt 15 requined o exil the wail state
Bt V) Test Setequal to result of NEDC alter shift has ue ureed 12 A Set accordung t The contents of Accumulator A
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES

{Times in Machine Cycle}

padw |
paxapu|
papuaix3y
wang
apIpaww |
XJ20v

{pueiadQ ieng)

aaneld Y
paijdus|
paxapu|
papuaIxy
18aQg
fepawwy
XJ0V

(PueisdQ EnQ)

~

7}

INC

o

ABA
ADC

INS

T e s 88

T OO O

eMO T W W

e eI T @

e sNTM @

LT LYXT
ZZH00an
b= N A [ [ '}

 x
QDO XUV«
QZNNOLW
L CDO D

NEG
NOP
ORA
PSH
PUL
ROL

BGE
BGT
BHt
8iT

X

X

ROR
RTI
RTS
SBA
s8C
SEC
SEI
SEV
STA
STS
STX
SuB

BLE
BLS
BLT
BMI
BNE
BPL
BRA
BSR
BvC
BvS
CBA
CLC
CLl
CLR
CLv
CMmP

e Nevouen

Swi
TAB
TAP
TBA

x

COM
CPX
DAA

TPA
TST
TSX
TSX
WAI

DEC
DES
DEX
EOR

X

interrupt time 15 12 cycles fram the end of

NOTE:

the instruction being executed, except following

aWAT instruction Then it +s 4 cycles
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 8 provides a detailed description of the information
present on the address bus, data bus, \La)id memaory address
line (VMAD}, and the read/write line (R/W) during each cycle
tfor each instruction.

This information 1s useful in comparing actual with ex-
pected results during debug of both software and hardware

as the control program s executed. The information is
categorized n groups accarding to addressing modes and
number of cycles per instruction. lin general, instructions
with the same addressing mode and number of cycles ex-
ecute in the same manner; exceptions are indicated in the
table.}

TABLE 8 — OPERATIONS SUMMARY

Address Mode { JCVCIE VMA RW
and Instructions Cycles = Line Address Bus Line Data Bus
IMMEDIATE
ADC EOR 1 t Op Code Address 1 Op Code
D oA ) 2 | 1 | OpCode Address + 1 1| Operand Data
BIT SBC
CMP SUB
CPX 1 1 Op Code Address 1 Op Code
tgi 3 2 1 Op Code Address + 1 1 Operand Data (High Order Byte)
3 ! Op Code Address 4 2 1 Operand Data {Law Order Byte!
DIRECT
ADC EOR 1 1 Qp Code Address 1 Op Code
:E‘B Bgi 3 2 1 Op Code Address + 1 1 Address of Operand
8IT s8C 3 1 Address of Operand 1 Operand Data
CMP  SUB
CPX 1 t Op Code Address 1 Op Code
lLE.)?( a 2 1 Op Cade Address + 1 1 Address of Operand
3 1 Address of Operand 1 Operand Data {High Order Bytel
4 1 Qperand Address + 1 1 Operand Data |Law Order Byte!}
STA 1 1 Op Code Address ! Op Code
4 2 1 Qp Code Addrass + 1 1 Destination Address
3 .0 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 i QOp Code Address + 1 1 Address of Operand
5 3 0 Address of Operand 1 irrelevant Data (Note 1)
4 1 Address of Operand 0 Register Data iHigh Order Byte)
5 1 Address of Operand + 1 0 Register Data |Low Order Bytel
INDEXED
IMP 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Offset
3 o] Index Register 1 Irrelevant Data {Nate 1)
4 0 Index Register Plus Ottset (w/o Carry) 1 Irrelevant Data [Note 11
ADC EOR 1 1 Op Code Address 1 Op Code
:38 CL)’;‘; 2 1| Op Code Address + 1 1| Offset
8IT SBC 5 3 [} Index Register 1 Irretevant Data [Nate 1]
CMP sus 4 0 index Register Plus Offset {w/o Carry) 1 Irretevant Data (Nate 1)
5 1 Index Register Plus Qffset 1 Operand Data
cPX 1 1 Op Code Address 1 Op Code
tg)s( 2 1 Op Code Address + 1 1 Otfset
6 3 0 Index Register 1 lrrelevant Data (Nate 1}
4 o Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1}
5 1 Index Register Plus Offset 1 Operand Data (High Order Byte}
6 1 Index Register Plus Offset + 1 1 Operand Data {Low Order Byte)
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)

r Address Mode- Cycts [VMA ’ RAW
and Instructions Cycles & Line Address Bus Line Oata Bus
INDE XED (Ci { d)
STA 1 1 Op Code Address 1 Qp Code
2 1 Op Code Address + 1 1 Offset
6 3 0 Index Register 1 trretevant Data iNote 1)
4 0 Index Register Plus Offset {w/o Carry! 1 terelevant Data {Note 1)
5 0 index Register Plus Offset 1 trrelevant Data (Note 1)
[ 1 Index Register Plus Oftset o QOperand Data
ASL LSR 1 1 Op Code Address 1 Op Code
éf: gg‘ﬁ 2 | 1 | OpCode Address + 1 1 | Offser
g%?:ﬂ ?gTR 7 3 o Index Register 1 terelevant Data (Note 1)
INC 4 o Index Register Plus Offset lw/o Carry} 1 Irretevant Data (Note 1)
5 1 Index Register Plus Offset 1 Current Operand Data
6 a Index Register Pius Offset 1 Irrelevant Data {(Note 1}
7 1/0 index Register Plus Offset o New Operand Data {Note 3}
{Note
3}
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Offsat
7 3 Q Index Register 1 Irretevant Data (Note 1)
4 0 Index Register Plus Offset {w/o Carry) 1 Irretevant Data (Note 1)
5 Q Index Register Plus Offset 1 Irrelevant Data {Note 1}
6 1 Index Register Plus Offset a Operand Data {High Order Byte)
7 1 Index Register Plus Otfset + 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 Q Index Register 1 Irrelevant Data (Note 1}
8 4 1 Stack Pointer [¢] Return Address (Low Order Byte)
5 1 Stack Pointer 1 Q Return Address (High Order Byte}
6 0 Stack Pointer 2 1 Irretevant Data {Note 11
7 0 Index Register 1 irrelevant Data [Nate 1)
8 4] Index Register Plus Dffset (w/o Carry} Irrelevant Data [Nate 11
EXTENDED
IMP 1 1 Op Code Address 1 Op Code
3 2 1 Op Code Address + 1 1 Jump Address (High Order Byte}
3 1 Op Code Address + 2 1 Jump Address {Low Order Byte!}
ADC EOR 1 1 Op Code Address 1 Op Code
ﬁzg (L)g': 4 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 5UB 4 1 Address of Operand 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
tg,s( 2 1 Op Code Address + 1 1 Address of Operand {High Order Byte}
5 3 1 Op Code Address + 2 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 QOperand Data (Low Order Byte)
STA A 1 1 Op Code Address 1 Op Code
STAB 2 1 Op Code Address + 1 1 Destination Address (High Order Syte}
5 3 1 Op Code Address + 2 1 Destination Address {Low Order Bytel
L} 0 Operand Destination Address 1 Irretevant Data (Note 1)
5 1 Operand Destination Address 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Qp Code
éls_g :Si 2 t Op Code Address + 1 1 Address of Operand (High Order Byte)
COM ROR 6 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte}
II:')“ECC TST 4 1 Address of Operand 1 Current Operand Data
5 a Address of Operand 1 rrelevant Data (Note 1)
5] 1/0 Address of Operand 0 New Operand Data (Note 3)
{Note
3)
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TABLE 8 — OPERATIONS SUMMARY {CONTINUED}

Address Mode Cycle |[VMA R/W
and Instructions Cycles = Line Addrass Bus Line Data Bus
EXTENDED (Continued)
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte!
6 3 1 Op Code Address + 2 1 Address of Operand {Low Crder Byte}
4 0 Address of Operand 1 trrelevant Data (Note 1)
5 1 Address of Operand 0 QOperand Data (High Order Byte)
6 1 Address of Operand + 1 o] Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Subroutine [High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine {Low Order Bytel
4 1 Subrautine Starting Address 1 Op Code of Next Instruction
9 5 1 Stack Pointer 0 Return Address {Low Order Byte!
6 1 Stack Pointer - 1 4] Return Address (High Order Byte!
7 0 Stack Pointer - 2 1 Irrelevant Data (Note 1}
8 0 Op Code Address + 2 1 Irreievant Data (Note 1)
9 1 Op Code Address + 2 1 Address of Subroutine (Low Order Byte!
INHERENT
ABA DAA SEC 5 1 Op Code Address 1 Op Code
22:;( PNEé: ggl\/ 2 1 Op Code Address + 1 1 Op Code of Next Instruction
CBA LSR 7AB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLY ROR TST
COM SBA
DES 1 1 Op Code Address 1 Op Code
DX R 2 | 1 | OpcCode Address + 1 1 | OpCode of Next Instruction
INX 3 0 Previous Register Contents 1 Irrelevant Data (Note 1)
4 Q New Register Contents lrrelevant Data (Note 1)
PSH 1 1 Op Cade Address 1 Op Cade
a 2 1 Op Code Address + 1 1 Op Code of Next instructian
3 1 Srack Pointer [e] Accumulator Data
4 o Stack Pointer -~ 1 1 Accumutator Data
PUL 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 irrelevant Daia {(Note t)
4 1 Stack Pointer + 1 t Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Cp Code of Nex1 Instruction
3 Q Stack Pointer 1 lerelevant Data (Note 1)
a4 4] New Index Register 1 Irretevant Data {Note 1}
TXS 1 1 Op Code Address 1 Qp Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 Q Index Register 1 Irrelevant Data
4 Q New Stack Pointer 1 irrelevant Data ,
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irrelevant Data (Note 2}
5 3 0 Stack Pointer 1 Irrelevant Data (Novte 1)
4 1 Stack Pointer + 1 1 Address of Next Instruction (High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED)

L Address Mode Cycle | VMA I H/WI T
and Instructions Cycles = | Line Address Bus Line | Data Bus
INHERENT (Continued}
WAI 1 1 |Op Code Address 1 [ Op Code
2 1 |Op Code Address + 1 1 | Op Code of Next Instruction
3 1 |Stack Pointer © | Return Address {Low Order Byte)
4 1 |Stack Pointer -- 1 0 [Return Address (High Order Bytel
9 ] 1 |Stack Pointer - 2 0 | index Register {Low Order Byta)
6 1 |Stack Pointer — 3 0 |Index Register (High Order Byte)
7 1 |Stack Pointer — 4 0 |Cantents of Accumulator A
8 1 |Stack Pointer — § 0 |[Contents of Accumulator B
9 1 |Stack Pointer - 6 1 |Cantents of Cond. Code Register
RTI 1 1 10p Code Address 1 |Op Code
2 1 1Op Code Address + 1 1 |irrelevant Data {Note 2}
3 0 |Stack Pointer 1 lltrrelevant Data {Note 1}
4 1 |Stack Pointer + 1 1 IContents of Cand. Code Register from
Stack
0 5 1 |Stack Pointer + 2 1 jContents of Accumulator B from Stack
6 1 |Stack Pointer + 3 1 fCantents of Accumulator A from Stack
7 1 |Stack Pointer + 4 1 [Index Register fram Stack (High Order
Byte)
8 1 |Stack Pointer + 5 1 | Index Register from Stack {Low Order
Byte!}
9 1 |Stack Pointer + 6 1 {Next Instruction Address from Stack
{High Order Byte}
10 1 | Stack Pointer + 7 1 | Next Instruction Address from Stack
{Low Order Byte)
swi 1 1 |Op Code Address 1 {Op Code
2 1 |Op Code Address + 1 1 [lrrelevant Data (Note 1)
3 1 | Stack Painter 0 [Return Address {Low Order Byte)
4 1 |Stack Pointer — 1 0 | Return Address (High Order Byte!
5 1 |Stack Pointer - 2 0 | Index Register (Low Order Byte)
12 6 1 | Stack Painter — 3 D | Index Register (High Grder Byte!
7 Stack Painter — 4 0 | Contents of Accumulator A
8 1 | Stack Pointer -- 5 0 | Contents of Accumulater B
9 1 |Stack Painter - 6 0 | Contents of Cand. Code Register
10 0 |Stack Pointer - 7 1 | lrrelevant Data (Note 1)
1 1 |Vector Address FFFA {Hex) 1 | Address of Subiroutine (High Order
Byte)
12 1 | Vector Address FFFB (Hex) 1 | Address of Subroutine (Low Order
Byte)
RELATIVE
BCC BHI BNE 1 1 [Op Code Address 1 {Op Code
ggg gtg g;LA 4 2 1 ;Op Code Addrass + 1 1 | Branch Offset
BGE BLT 8VC 3 0 |Op Code Address + 2 1 | Irrelevant Data {Note 1)
BGT BM! BVS 4 0 | Branch Address 1 | Ircelevant Data (Note 1)
BSR t 1 | Op Code Address 1 | Op Code
2 1 [Op Code Address + 1 1 | Branch Offset
3 0 | Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 4 1 | Stack Pointer O | Return Address (Low Order Byte)
-] 1 | Stack Pointer — 1 O | Return Address (High Order Byte)
6 0 |Stack Painter — 2 1 | lrrelevant Data (Note 1)
7 0 [ Return Address of Main Program 1 | lrrelevant Data (Note 1)
8 0 | Subroutine Address (Nate 41 1 | irrelevant Data (Note 1)
NOTES

If device which 1s addressed dunng this cycle uses VMA

Depending on bus capacitance, data from the previcus wyvole may be retained or the Data Bus

~

Data 1s :gnared by the MPU

3 For TST. VMA =0 and Operand data aoes not change

4 MS Byte of Address Bus=MS Byte of Adoress of BSR instruction and LS By'e of Address Bus
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CASE CB-182

e man €=z2542 & max ’ﬁ?mﬂf
AR SR AR AP Z O DL LD S N

P SUFFIX
! PLASTIC PACKAGE

s £ 21
OAongAanonnork

Datum !

i Namena dimens.on

¢ True geometr-cas position

I
—— 0.
DIN ' i
ASIF F119 CB-182 i
wson |
i cel DATA JEDEC SITELESC | semcoupocTeuns v C SUFFIX
[E— 1 CERAMIC PACKAGE
ORDERING INFORMATION
| EF68A02 |C | M i BB T
T
Device ‘ | Screening level
Package Oper. temp.
The table below i y shows all ilable suffix inati for d and g
level. Other possibilities on request.
PA
DEVICE CKAGE OPER. TEMP SCREENING LEVEL
C Jd P E FN L v M Sud D G/B B/8
[ ] ® [ ] [ ] L ]
EF6802/08 (1.0 MHz} L ] L] L L]
[ ] ® L ] [ ] [
» [ . [
EF68A02/A08 (1.5 MH2) ® [ ] L ] L]
L [ ] L ] L ] L L]
[ ] [ ] [ ] L]
EF68B02/B08 (2.0 MHz2)
L] [ ] L ] L]
Examples : EFB802C, EF6802CV, EF6802EM, EF6802EM G/B
Package : C : Ceramic DIL, J: Cerdip DIL, P : Plastic OIL, E: LCCC, FN : PLCC.
Oper. temp.: L*: 0°C to + 70°C, V: - 40°C to +85°C, M: -55°C to +126°C, *: may be omitted.
Screening level : Std : (no-end suffix), D : NFC 96883 level D,
G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level 8.
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CASES
CB-521 CB-708
FN SUFFIX E SUFFIX
PLCC 44 LCCC 44
B T Pmldennficaten T - I — ’ﬁ
- ! i
16,510 a 20, 14,99 -— JMe33
T Te,062 - g " :.57 :1057 , 107 _ 681 44

Qutput it
N

\

R S

H
| 7 | H P N
. ; Le=127 _ieseielelejelesese,e Doty 11633
Lesldloe e e e e e e ele T max 17,40 J - 04e454otqtitgegeytly N Dotum Lo
Typ 17,65
0,661 il
0812 .
] . 44 pins 44 pins
Coo4 o3
DIN i as33 ] DIN ]
]
MO-047-AC CB-521 CB-708
Cel DATA JEDEC SITELESC  [semiconomereuns. ce DATA JEDEC SITELESC SEMEORDULTEURS

These specifications are subject to change without notice.
Please inquire with our sales offices about the availability of the different packages.
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NOTES
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