.MOTOROLA — v - Ce802

CON MC6808
SEM'. 'UCTORS § | MC6802Ns

MICROPROCESSOR WITH CLOCK AND OPTIONAL RAM

MOS

The MC6802 is a monolithic 8-bit microprocessor that contains all the (N-CHANNEL, SILICON-G
registers and accumulators of the present MC6800 plus an internal clock
oscillator and driver on the same chip. In addition, the MC8802 has 128
bytes of on-board RAM located at hex addresses $0000 to $007F. The
first 32 bytes of RAM, at hex addresses $0000 to $001F, may be retained
4 o ) o MICROP
in a low power mode by utilizing Vg standby; thus, facilitating :
memory retention during a power-down situation. WITH CLOCK

The MC6802 is completely software compatible with the MC6800 as
well as the entire M6800 family of parts. Hence, the MC6802 is expand-
able to 84K words.

The MCB802NS is identical to the MCB802 without standby RAM
feature. The MCB808 is identical to the MCB802 without on-board
RAM.

D OPTIONAL RAM

® On-Chip Clock Circuit
® 128x8 Bit On-Chip RAM L SUFFIX
) CERAMIC PACKAGE

® 32 Bytes of RAM are Retainable CASE 715
® Software-Compatible with the MC6800
® Expandable to 64K Words
® Standard TTL-Compatible Inputs and Outputs

. . P SUFFIX
® 8-Bit Word Size ' PLASTIC PACKAGE
® 16-Bit Memory Addressing CASE 711
® Interrupt Capability

PIN ASSIGNMENT

vssjt @~  awhrese
HALT( 2 39DexTAL
MR{I3 BAXTAL
ORD RQg4 3700 E
Package Type Temperature Order Number V_M_AE 5 36 RE
Ceramic 0°C 1o 70°C MCB802L NMIT6 P Vee Standdy
L Suffix —40°C to 85°C MCB802CL 8All7 MO R/W
0°C to 70°C MCBB02NSL
0°C 10 70°C MCB808L vecle 33f100
0°C to 70°C MCB8A02L A0fl9 321 D1
—40°C 10 85°C MCB8A02CL
i
0°C 10 70°C MCB8ACSL Ao 7 [io2
0°C to 70°C MC68BO2L A2 30003
0°C to 70°C MCB8BOSL 312 290 pa
tic 1.0 0°C to 70°C MC6802P salls :
P Suffix 1.0 —40°C to 85°C MCB802CP g3 2805
1.0 0°C to 70°C MCE802NSP a5 14 2711 D6
1.0 0°C to 70°C MC6808P
15 0°C to 70°C MCE8A02P a6ls 2607
15 —40°C to 85°C MCE8A02CP 7116 50 A15
15 0°C to 70°C MCB8A0BP
A 17 4
2.0 0°C to 70°C MCB8BOZP 8L 26 ara
2.0 0°C to 70°C MCB8BOSP Ag I8 230 A13
A0 19 221 A2
A1 Q320 210 Vss

*Pin 356 must be tied to 5 V on the MCB802NS
* *Pin 36 must be tied to ground for the MC6808
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TYPICAL MICROCOMPUTER

Vee vee vee vee
C / TRQ
& ountsro - MC6846 * RQ FESET This block diagram shows a typical cost ef-
imer — w» ROM, /O, Timer MR fective microcomputer. The MPU is the
RESET ——= cs0 VMA VMA HALT [=— I center of the microcomputer system and is
P Clock £ = shown in a minimum system interfacing with
-—] 2k Bytes ROM [T . RE [*— a ROM combination chip. It is not inten
. . < RW g
-] 10!1/0 Lines R/W N Fe— that this system be limited to this
: _ mcegoz NMI
Parallel | =a—w= 3 Lines Timer MPU but that it be expandable with othg
1/0 | - DO-D7 DO-D7 BA® the M6800 Microcomputer fam
—{ $
EXTAL-—_L
AD-A10 =
-—a CP2 - . LT
Contro! § o cs1 QU A0-A15 |AO-A15 XTAL

I v

MAXIMUM RATINGS

Rating Symbol Value Unit Skinput contains circuitry to protect the
ts against damage due to high static

Supply Voltage Vv —-0.3to +7.0 \Y S .
ey g cp ges or electric fields; however, it is ad-
Input Voltage Vin -031t +70 ised that normal precautions be taken to

void application of any voltage higher than

Operating Temperature Range
maximum rated voitages to this high-

MC6802, MCB80A02, MCE80B02

Cto +70

MC6802C, MCB80A02C TA impedance circuit. Reliability of cperation is

MCB802NS enhanced if unused inputs are tied to an ap-

MC6808, MCB8A08, MCB8B08 propriate logic voltage level (e.g., either Vgg
Storage Temperature Range Tstg or Vee).

THERMAL CHARACTERISTICS

Characteristic Value Unit
Average Thermal Resistance {Junction to Ambient)
Plastic 100 °
Ceramic 50 C/w

POWER CONSIDERATIONS

The average chip-junctigl perature, T4, in °C can be obtained from:
T =Ta+ (Ppelga) "
Where: ‘
ibient Temperature, °C
ackage Thermal Resistance, Junction-to-Ambient, °C/W
B=PINT+PPORT
PINT=lccx Vg, Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined
st applications PPOQRT<P|NT and can be neglected. PPORT may become significant if the device is configured to

d arlington bases or sink LED loads.
n approximate relationship between Pp and Ty (if PPORT is neglected) is:
Pp=K~+(Tj+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) + 0 a8Pp2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp {at equilibrium)
fora known T a. 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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MC6802 MC6808s MCE802NS:

DC ELECTRICAL CHARACTERISTICS (Voc=5.0 Vdc £5%, Vgg=0, TA=0 to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
: Logic, EXTAL Vgg+20}] — \Y
Input High Voltage 9 RESET VIH V§§+4.0 _ Vgg \
Input Low Voltage Logic, EXTAL, RESET ViL Vgg-03] - Vgg+0.8 4
Input Leakage Current {Vjn=0105.25V, Voo = max) Logic lin — 1.0 25 A
Output High Voltage
UL pag= —205 A, Vcg=min) __ Do-b7 Vgg+24 ] — -
(Il pad= — 145 uA, VCcC=min) AQ-A15, R/W, VMA, E VOH Vgg+24 | — -
(I pag= — 100 pA, VCC = min) BA Vgg+2.4 - -
Output Low Voltage (I gag=1.6 mA, V= min) VoL - -
internal Power Dissipation (Measured at To=0°C) PINT — 0.750 W
Ve Standby PovggFWZSVUVB VVSSBBB 4.0 - w v
Standby Current ISBR 8.0 mA
Capacitance #
(Vin=0, TA=25°C, f=1.0 MHz) DO-D7 Cin 12.5 pF
Logic Inputs, EXTAL 10
AO-A15, R/AW, VMA | Cout 12 pF
*In power-down mode, maximum power dissipation is less than 42 mW.
#Capacitances are periodically sampled rather than 100% tested.
CONTROL TIMING (Vee=50V +£5%, Vgg=0, ToA=TL 10 TH, unless otherwi
MCB802NS | MCBBA02 | MC68B02
Characteristics ymbol MC8808 MC68A08 MC68B08 | Unit
Min | Max | Min | Max | Min | Max
Frequency of Operation 0.1 1.0 | 0.1 1.5 | 01 2.0 | MHz
Crystal Frequency fxTaL | 70 | 40 [ 10| 60 | 1.0 80 | MHz
External Oscillator Frequency 4xfq 0.4 4.0 0.4 6.0 0.4 8.0 | MHz
Crystal Oscillator Start Up Time tre 100 | -~ 100 - 100 - ms
Processor Controls {HALT, MR, RE, RESET, TRQ NM|
Processor Control Setup Time =ToXS 200 - 140 — 110 - ns
Processor Control Rise and Fall Time tPCr.
(Does Not Apply to RESET) tpp((:;rf — | 700} - ] 100} — | 100 ns

3
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MC6802¢ MC6808e MCB802NS

BUS TIMING CHARACTERISTICS

ot eco2 . | Mcssac2 | mcesBoz |
Number Characteristic Symbol MCB808 MC68A08 MC68B08 | Unit
Min | Max | Min | Max [ Min | Max
1 Cycle Time toye 1.0 | 10 (0667 10 |05 [ 10 us
2 Pulse Width, £ Low PWg | 450 | 5000 | 280 | 5000 | 210 | 5000
3 Pulse Width, E High PWgy | 450 | 9500 | 280 | 9700 | 220 | 9700
4 Clock Rise and Fall Time tr, if — 25 — 25 — 25
9 Address Hold Time* tAH 20 - 20
12 Non-Muxed Address Vaiid Time to E (See Note &) I‘ix; 1?0 70 180
17 Read Data Setup Time tDSR 100 - 70
18 Read Data Hold Time IDHR 10
19 Write Data Delay Time IDDW — 160 ns
21 Write Data Hold Time* tOHW 30 20 ns
29 Usable Access T:me (See Note 4) tACC 535 235 ns

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

FIGURE 2 — BUS TIMING

R/W, Address
{Non-Muxed)

~® < @ <
Read Data K MPU Read Data Non-Muxed A C
Non-Muxed 4 N 2—
Note 4
(29} >

) - ——@©@—
Write Data £
Non-Muxed X

(21} S

Is shown are V. <04 V, VH=2.4 V, unless otherwise specified.

rement points shown are 0.8 V and 2.0 V, unless otherwise noted.

ctricals shown for the MC6802 apply to the MCB802NS and MC6B808, unless otherwise noted.

able access time is computed by: 12+ 3+4-17.

5. If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAVZ 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 (MCB68A02, MC68A08, MCE8B02, MC68B08). On-board RAM can be used for data storage with all parts.

6. All electrical and control characteristics are referenced from: T =0°C minimum and TH=70°C maximum.
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CL. LOAD CAPACITANCE (pF}

FIGURE 6 — EXPAN

C=130 pF for DO-D7, E __ Test Point
=90 pF for A0-A15, R/W, and VMA
=30 pF for BA
R=11.7 k@ for DO-D7, & __
=16.6 k@ for AO-A15, R/W, and VMA
=24 kQ for BA
FIGURE 4 — TYPICAL DATA BUS QUTPUT DELAY
versus CAPACITIVE LOADING
600 f———T—7~7 600
F1gH =-205 pA max @ 2.4V
IgL=16mAmax @04V
500F v =50V 500
L Ta=25°C
z 400 Z 400
o w
= =
= 300 & 300
"
z S
[5¥)
& 200 /,’/ S
——
100
| Ci includef stray capacitance
0 0 100 200 300 400 500 600

FIGURE 3 — BUS TIMING TEST LOAD

475V

RL=22 kO
MMD&150

or Equiv.

MMD7000
or Equiv.

| T T
L igH =-145 pA max @ 2.4V
IgL=1.6mAmax @04V
Fvee=50V
| Ta=25°C

ress, V

/‘
s

CL includes stray capacitance
200 300 400 500
CL, LOAD CAPACITANCE (pF)

600

'OCK DIAGRAM
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A15 Al4 A13 A12 AN . A8 A7 A6 A5 A4 A3 A2 A1 AO
22 o 17 % 15 14 13 12 11 10 9
Qutput
Bufters
m — 1
! AAM 1136 RAM Enable
| Control |
| |
A
| 32 Bytes {®—+35 V(¢ Standby
——————— ]
i
! 96 Bytes 1 N .
Memor: ot Availabie
I = on miceeos
1 Program Program
Non-Maskable NMI) B3 Clock Counter Counter |
HALT 2— Instruction
quest (TRQ)  4——3m Decode Stack Sjack
and Pointer Pointer |
EXTAL 39-—3 Control
XTAL 38— Index Index
Bus Available 7 €— Register H Register |
Valid Memory Address 5 €—
Read/Write (R/W) 34 <€ Accumulator
1 -
Instruction Accumulator
Register B
Condition
Code
Register
I1
Vee=Pin 8 Data = ‘
V(GC = Pin 35 for MC6802ZNS Buffer ALU
Vgg=Pins 1, 21 j
Vgg=Pin 36 for MCB808
26 27 28 29 30 31 32 3R
D7 D6 D5 D4 D3 D2 D1 DO




MPU REGISTERS

A general block diagram of the MC6802 is shown in Figure
6. As shown, the number and configuration of the registers
are the same as for the MC68800. The 128 x 8-bit RAM™ has
been added to the basic MPU. The first 32 bytes can be re-
tained during power-up and power-down conditions via the
RE signal.

The MCB802NS is identical to the MC6802 except for the
standby feature on the first 32 bytes of RAM. The standby
feature does not exist on the MC6802NS and thus pin 36
must be tied to 5 V.

The MC6808 is identical to the MC6802 except for on-
board RAM. Since the MC6808 does not have on-board
RAM pin 36 must be tied to ground allowing the processor to
utilize up to 64K bytes of external memory.

The MPU has three 16-bit registers and three 8-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 current program address.

STACK POINTER

The stack pointer is a two byte register that contains the
address of the next available location in an external push-
down/pop-up stack. This stack is normally a random access

*If programs are not executed from on-board RAM, TAV1 applies. if
plies. For normal data storage in the on-board RAM, this extended del

when using A and B parts (MCE88A02, MCE8A08, MC68B02

FIGURE 7 — PRO

read/write memory that may have any location {address)
that is convenient. In those applications that require storage
of information in the stack when power is lost, the stack
must be non-volatile.

INDEX REGISTER

The index register is a two byte register th
store data or a 16-bit memory address for theyj
of memory addressing.

ACCUMULATORS

The MPU contains two 8-bit acg
hold operands and results frgm
(ALU).

s that are used to
rithmetic logic unit

CONDITION CODE R

The condition cad r indicates the results of an
peration: Negative (N), Zero (Z),
bit 7 {C), and Half Carry from bit 3
e Condition Code Register are used as
for the conditional branch instructions.
errupt mask bit (1. The unused bits of the Con-
Register (b6 and b7) are ones.

shows the order of saving the microprocessor
ithin the stack.

Overflow (V},
(H). These bi

s are to be stored and executed from on-board RAM, TAV2 ap-
es not apply. Programs cannot be executed from on-board RAM

d ME68B08). On-board RAM can be used for data storage with all parts.

NG MODEL OF THE MICROPROCESSING UNIT

Accumulator A

7 o}
AccumUIator B
o)

Program Counter

l Index Register
0
Q

Stack Pointer

[¢]

Condition Codes
Register

O
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I— Carry {(From Bit 7)
Overflow

Zero

Negative

Interrupt

Half Carry (From Bit 3)




MC6802#MC6808sMCBSOZNS

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

m
m
SP = Stack Pointer m
CC = Condition Codes (Also called the Processor Status Byte) m
ACCB = Accumulator B
ACCA = Accumulator A m
IXH = index Register, Higher Order 8 Bits m
XL = Index Register, {_ower Order 8 Bits m
PCH = Program Counter, Higher Order 8 Bits
PCL = Program Counter, Lower Order 8 Bits m-2 m
m -1 m
m
m+ 1
m+ 2

MPU SIGNAL DESCRIPTION

Proper operation of the MPU requires that certain control
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 signais
are similar to those of the MCB800 except that TSC, DBE
¢1, 92 input, and two unused pins have been ehmln
and the following signal and timing lines have been+

RAM Enable (RE)

Crystal Connections EXTAL and XTAL

Memory Ready (MR}

Vee Standby

Enable ¢2 Output (E)

The following is a summary of th

signais:

ADDRESS BUS (A0-A15)

Sixteen pins are used for t ess bus. The outputs are
capable of driving one sgandard TL load and 90 pF. These
lines do not have thr

2d for the data bus. It is bidirectional,

" has three-state output buffers capable of
andard TTL load and 130 pF.

s will be in the output mode when the internal
cessed 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-

@ MOTOROLA Semiconductor Products Inc.

Before

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

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

HALT should be tied high if not used. This is good
engineering design practice in general and necessary to 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 peripheral devices that there is a
valid address on the address bus. in normal operation, this
signal should be utilized for enabling peripheral interfaces
such as the PIA and ACIA. This signal is not three-state. One
standard TTL load and 90 pF may be directly driven by this
active high signal.

BUS AVAILABLE (BA) — The bus available signal will nor-
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




MC6802¢ MCB6808¢MC6802NS

WAIT state by the occurrence of a maskable (mask bit 1=0)
or nonmaskable interrupt. This output 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 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 1o the interrupt request by setting the interrupt
mask bit high so that no further interrupts may occur. At the
end of the cycle, a 16-bit vectoring address which is located
in memory locations $FFF8 and $FFF9 is loaded which
causes the MPU to branch to an interrupt routine in memory.

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

A nominal 3 k{2 pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. IRQ may be tied
directly to V¢ 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 signat
the MPU to begin the restart sequence. This will start e

L) .

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 8 and 10, resg

RESET, when brought low, must be held low ree
clock cycles. This allows adequate time to re ernally
to the reset. This is independent of the t up reset
that is required.

When RESET is released it must the low-{o-

reset.

NON-MASKABLE IN
A low-going edg
4Pt seGuence be generated within the pro-

interrupt request signal, the processor

cogriizes the NMI signal. The interrupt mask bitin
ition code register has no effect on NMI.

of the cycle, a 16-bit vectoring address which is located
‘memory locations $FFFC and $FFFD is loaded causing the
'MPU to branch to an interrupt service routine in memory.
A nominal 3 k2 pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. NMI may be tied

ER-UP AND RESET TIMING

"¢

L]

)

€—tPCS

N (—

33

VIH
ViL

Option 1
(See Note Below)

n { e

)\

—

Option 2
(See Figure 10 for
Power-down Condition)

RE

tpcr

o] foue

NOTE: If option 1is chosen, RESET and RE pins can be tied together.
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MC6802¢ MC6808e MCB802NS

directly to V¢ if not used.

Inputs TRQ and NMI are hardware interrupt lines that are
sampled when E is high and will start the interrupt routine on
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.

vee

TABLE 1 — MEMORY MAP FOR E
INTERRUPT VECTORS

Vector
MS LS
$FFFE SFFFF Restart RE
$FFFC $FFFD Non-Maskable Interrupt
$SFFFA | SFFFB Software interrupt
$FFF8 $FFF9 Interrupt Request

Description

FIGURE 11 — MPU FLOWCHART

Start Sequencet
$FFFE, $FR

FIGURE 10 — POWER-DOWN SEQUENCE

§4.75 )

A

tcpsH
tpct
ViH

Fetch Instruction

'

Execute
Instruction

y

Execute
interrupt Routine

Y
RN
NI TRQ

$FFFC $FFF8
SFFFD SFFFO

Y r

A

9
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MC6802+MCOB08+ MCBBONS

FIGURE 12 — CRYSTAL SPECIFICATIONS

Y1 Cin Cout
3.58 MHz 27 pF 27 pF
4 MHz 27 pF 27 pF
38 39 6 MHz 20 pF 20 oF
CoutI Y1 Icin 8 MHz 18 pF 18 pF
Crystal Loading
IDI
AU
Y1
— AAA I AAA
L1 i Rg
C1
Co
14
I\
Nominal Crystal Parameters*
3.58 MHz 8.0 MHz
Rg 60 Q 20-40 @
co 3.5 pF 4-8 pF
C1 0.015 pF 0.01-0.02 pF
Q > 40K > 20K

ut parallel resonance crystal parameters only.
ts may also be used.

*These are representative /
Crystals of other types

- SUGGESTED PC BOARD LAYQUT
Example of Board Degi the Crystal Oscillator

M Max——3m

/Other Signals are Not Wired in this Area

7
/// GND/]
7 |
Z, |
CL LCrystaI CL x
S
£
1S
o
N
4 ___l,
39 . . ) .
E Signal is Wired Apart from 38 Pin
38 / and 39 Pin
37
E
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MC6802¢MC6808¢ MC6802NS

FIGURE 14 — MEMORY READY SYNCHRONIZATION

4xfg
Oscillator

exTALE®
xTALEE
i
MC6802 =
MR o <
D
SN74LS74

FIGURE 15 — MR NEGATIVE SETUP TIME REQUIREMENT

cycle during which MR negative meets the tpcg setup time. The tpCg setup time is
1ot met, £ will be stretched at the end of the next E-high % cycle. E will be stretched in in-

The E clock will be stretched at end of E hi
referenced to the fall of E. If the tpcs setupati
tegral multiples of % cycles.

Resuming E Clocking

tPCS j€—»ttpcs j€—>»1tpCS [e—>rtPCs
] 1

i I
{ i !

Jily

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

@ MOTOROLA Semiconductor Products Inc.
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MOS0+ MCB308+ MCEB02NS

RAM ENABLE {(RE — MC6802-+ MC6802NS ONLY)

A TTL-compatible RAM enable input controls the on-chip
RAM of the MCB802. When placed in the high state, the on-
chip memory is enabled to respond to the MPU controls. In
the low state, RAM is disabled. This pin may aiso be utilized
to disable reading and writing the on-chip RAM during a
power-down situation. RAM Enable must be low three
cycles before Vc goes below 4.75 V during power-down.
RAM enable must be tied low on the MC8808. 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 tpwel. The MCB802, MCE808 and MCBBOZNS 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 signal controliin
ching of E. Use of MR requires synchromzanon
signal, as shown in Figure 14. When MR is
normal operation. When MR is low, E
tegral numbers of half periods, thus al
slow memories. Memory Ready timings

MR should be tied high (connec
used. This is necessary to en
part. A maximum stretch i

ENABLE (E)
This pin supplies th
system. This is a

retermon of data in this portion of the RAM on a power up,
power-down, or standby condition is guaranteed. Maximum
current drain at Vgg maximum is IsSgR. For the MC6802NS
this pin must be connected to V(.

@ MOTOROLA Semiconductor Products Inc.

MPU INSTRUCTION SET

The instruction set has 72 different instructions. Included
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 MC6800.

MPU ADDRESSING MO

There are seven address modes that
grammer, with the addressing mod
' in the instruction. A
particular instruction
) the associated instruction

summary of the addressing
can be found in Table 7 alop

‘oply addressing, either accumulator A or
specified. These are one-byte instructions.

mmediate addressing, the operand is contained in the
byte of the instruction except LDS and LDX which
the operand in the second and third bytes of the in-
ction. 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, i.e., locations zero through 265. 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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IMPLIED ADDRESSING

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

RELATIVE ADDRESSING

byte of the instruction is added to the program counter’s
lowest eight bits plus two. The carry or borrow is then added
to the high eight bits. This allows the user to address data
within a range of — 12b to + 129 bytes of the present instruc-
tion. These are two-byte instructions.

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 ROL
ADD Add CMP Compare ROR
AND Logical And COM Complement RTI
ASL Arithmetic Shift Left CPX Compare Index Register ATS R
ASR Arithmetic Shift Right DAA Decimal Adiust
. ecimal Adjus SBA Accumulators
BCC Branch if Carry Clear DEC Decrement SBC ibtract with C
BCS Branch if Carry Set DES Decrement Stack Pointer Set Car th Larry
BEQ  Branch if Equal to Zero DEX  Decrement index Register Bt Imoruot Mask
BGE Branch if Greater or Equal Zero o Exciusive OR et Ove rflljgw as
BGT Branch if Greater than Zero Store Accumulato
BHI Branch if Higher INC Increment atore Stac”k F:’ea \ 'te
BIT Bit Test INS Increment Stack Pointe Store Index Regi’:te:
BLE Branch if Less or Equal INX Increment Index Re Subtract 9
BLS Branch if Lower or Same IMP J Soft int t
BLT Branch if Less than Zero ump oftware Interrup
BMI Branch if Minus JSR Jump to Subrou Transfer Accumuiators
BNE Branch if Not Equal to Zero LDA Load Accumulato Transfer Accumulators to Condition Code Reg.
BPL Branch if Plus LDS Load Staek Pdinter Transfer Accumulators
BRA Branch Always LDX Transfer Condition Code Reg. to Accumulator
BSR Branch to Subroutine LSR Test
BvC Branch if Overflow Clear NEG Transfer Stack Pointer to Index Register
BVS Branch if Overflow Set NOP Transfer Index Register to Stack Pointer
gfé gf)er:?a(\:rae";;ccumulators clusive OR Accumulator WA Wait for Interrupt
cu Clear Interrupt Mask Push Data

13
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS
ADDRESSING MGDES BOOLEAN/ARITHMETIC OPERATION COND. CODE REG.
IMMED DIREET INDEX EXTND IMPLIED (All register labels 5/4(312i1]0
OPERATIONS MNEMONIC| OP ~ ={o0P ~ =|0OP ~ =|0OP ~ =|0OP ~ = refer to contents} H{V|N|Z]V]C
Add ADDA 88 2 2198 3 2{AB 5 2|8 4 3 A+M ~A Hepirtit|t
ADDB cé 2 2|08 3 2!/EB 5 2|FB 4 3 8B+M -B tieliftyt|t
Add Acmltrs ABA 1B 2 1 A+B A Hlellit| )t
Add with Carry AOCA 88 2 2|99 3 2|A3 5 2|8 4 3 A-M+C -A Tleloft{t)t
ADCB 9 2 2|09 3 2(€9 5 2|F3 4 3 g+M+C *B Tlerofit]t
And ANDA 8 2 2{9% 3 2|(Ad 5 2|BE 4 3 A-M -A .| !
ANDB C4 2 2|04 3 2|E4 5 2|F4 4 3 8-M -8 LK) )
Bit Test BITA 8 2 2|9 3 27A5 5 28 4 3 A-m e
BITB Cs 2 2|05 3 2}{E5 5 21F5 4 3 B-M . 13
Clear CLR BF 7 217 6 3 00 - M . R
CLRA aF 2 1 00 -A RIR
CLR8 5F 2 1 00 -8 S|RIR
Compare CMPA 81 2 291 3 2|A1 5 2]/8 4 3 A-M Prrend
cmPB ¢t 2 2|0t 3 2|E1l 5 2;,F1 4 3 B-M ettt
Compare Acmitrs CBA 1M 2 A B LYK IR I
Complement, 1's com 63 7 27713 6 3 MM e e I|I|R|S
COMA 43 2 1 | A -A ool [IR|S
coms 53 2 1 B -8 oo ! IR|S
Complement, 2's NEG 60 7 2|70 6 3 00 - ™ eioll | DO
(Negate) NEGA 40 2 1|00 A A oot 1ID®
NEGB 50 2 1|00 8- ele|! D@
Decimal Adjust, A DAA 19 ot BCD Characters | oo fi|i|1 |
Decrement DEC 6A 7 2 NHOR
DECA ele|1 1@ e
DECB elei1|1[De
Exclusive OR EORA 8 2 2|98 3 21A8 5 2 eleilll Rl
EQRB c8 2 2|D8 3 21E8 5 2 BEM -8 oo l|!lIR|®
Increment INC 6C 7 2 M+l M sieli|1®)e
INCA A+l -A slelll D)o
INCB 1] 8+1 -8 sie|:|1B)e
Load Acmitr LOAA 86 2 2196 3 2:A6 5 2 M oA ele|:|lIR|e®
LDAB c6 2 2/D6 3 2.E6 5 2 M -8 ele(:|]|R|e
Or, Inclusive ORAA 8A 2 21.9A 3 2|AA 5 2 A+M - A e @f/!|]R|e®
ORAB cA 2 2|DA 3 2|EA 5 2 B+M -8 eielii|{|R|®
Push Data PSHA 1 A -Mgp, SP 1 -SP oleisjeive
PSHB T | B -Mgp,SP 1 -SP o slejeine
Pull Data PULA 1 SP+1 -SP,Mgp -A oislo|s|sfe
PULB 1 SP+1 -SP,Mgp -8 eola(e|o|e|s
Rotate Left ROL M oleli|1|®)!
ROLB 59 2 1|8 c b7 = b0 BOIRHGHE
Rotate Right ROR 86 7 2|7 6 3 M ool 1B
RORA T P N B e aa i olell|1IE®)!
RORB ‘ 56 2 118 c b7 ™ B0 oleft| 1@
Shift Left, Arithmetic ASL 8 7 2 18 6 3 M - RICIRARE Ol
ASLA 48 2 1A - OTITITO- 0 refe|t|:|®l1
ASL8 58 2 148 c b7 b0 eie | (Bl
Shift Right, Anthmetic ASR 8/ 7 2 7 6 3 M .- ele @)
i 47 7 1 A} :m -0 ole (G
‘ 57 2 1|8 b7 b0 NRBHGE
Shitt Right, Logic 8 7 270 6 3 M ~ oo )
i a4 2 1| a 0~OIITD ~ O o|eR|:[@)1
| ¢ 2 1|8 b7 bo ¢ olo|R| B!
Store Acmlite 97 4 2| A7 6 Zi 87 5 3 A M sl lrle
D7 4 2|87 6 2, F1 5 3 B M ele ilR| e
Subtract 2 219 3 2]A0 5 2;80 4 3 A M -A ele it
2 2yD0 3 2[E0 5 2/ F0 4 3 8 M-8 afe e
0 2 A B -A ole N
2 219 3 21A2 5 2|82 3 A-M-C-A sle RN
2 202 21E2 5 2|F2 4 8 M-C -B ole HRER
1% 2 A -B oie Ri®
17 2 1 B -A ole Rje
St Zero or Minus 6O 7 2| 7D 6 3 M - 00 °oe 'IRIR
TSTA 40 2 1 | A-00 ele HRIR
1878 50 2 1 8 -00 ele R|R
H|l[N|Z|V|C
LEGEND: CONDITION CODE SYMBOLS:
OP  Operation Code (Hexadecimal}; + Boolean Inclusive OR;
~ Number of MPU Cycles; O] Boolean Exclusive OR; H Hall-carry from bit 3;
= Number of Program Bytes; 1] Complement of M; | Interrupt mask
+ Arithmetic Plus; - Transfer Into; N Negative (sign bit)
- Arithmetic Minus; 0 Bit = Zero; Z Zero {byte)
Bootean AND; 0g Byte = Zero; v Overflow, 2's camplement
Mgp Contents af memory location pointed to be Stack Pointer; C Carry from bit 7
R Reset Always
Note - Accumulator addressing made instructions are included  the column for IMPLIED addressing S Set Always
! Test and set :f true, cleared otherwise
L4 Not Affected

@ MOTOROLA Semiconductor Products Inc.
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND. CODE REG.

IMMED DIRECT INDEX EXTND IMPLIED 5/4[3 2110
POINTER OPERATIONS MNEMONIC | QP =Z|0P|~| = 0P|~ | =|0P ~| =|0P|~]| = BOOLEAN/ARITHMETIC OPERATION |H{I|(N|Z|V]C
Compare Index Reg CPX 8C J|(9Ci 4| 2{AC|6 2 |BC|5 |3 XH-M Xy - {M+1) o oD
Decrement Index Reg DEX | 09| 4 ;1 X -1 +X e o
Decrement Stack Pntr DES 3411 SP - 1--8P LR
Increment index Reg INX 0814 1 X+1 X L4 .
tncrement Stack Pntr INS 3114 |1 SP+1 -8P L ®©
Load Index Reg LOX CE 3IDE| 4| 2 |EE} 6|2 |FE:5 |3 M o= Xy, M+ 1) - X L)
Load Stack Pntr Los 8E 3J8E{ 4 21AE |62 |BE 513 M- SPH, (M+1) ~SPL .
Store index Reg STX OF} 5| 2|EF |7 |2 |FF 6|3 XH M, XL -{M+1] L4
Store Stack Pntr STS 9F 1 5 | 2 |AF | 7 2 BF. 6 {3 SPy --M, SPy ~(M+1 L]
Indx Reg - Stack Pntr TXS 3B 4] X 18P .
Stack Pntr - Indx Reg TSX 3674 | SP+1 -X °
TABLE 5 — JUMP AND BRANCH INSTRUCTION
COND. CODE REG.
RELATIVE INDEX EXTND IMPLIED 5413 2|1 0
OPERATIONS MNEMONIC GP |~ | = |0P| ~| =|0OP| ~| &|0P |~ |= BRANCH TEST Hit|[N|Z]|V]|C
Branch Always BRA 2014 |2 el o o/ @leole
Branch If Carry Clear BCC 2414 |2 ol o | oo eiloe
Branch If Carry Set BCS 254 |2 oo | o0 o0 le
Branch If = Zero BEQ 27| 4 |2 e/ o (ool 0|0
Branch If = Zero BGE 2C( 4 | 2 N®V=0 e o o oo e
Branch It > Zero BGT 260 4 | 2 Z+IN®V)=0 ol o o oo 0
Branch If Higher 8HI 2214 |2 C+7=0 e o | o 0o 00
Branch if < Zero BLE 2614 2 Z+IN®V)=1 IR
Branch It Lower Or Same BLS 231412 C+2=1 el oo 0o 0o
Branch If < Zero BLT 2014 12 N@ V=1 LR N N A N A Y
Branch If Minus BMI 2814 |2 N=1 e o el o 0'e
Branch If Not Equal Zero BNE 2614 |2 2=0 el ool o0 @
Branch If Overflow Clear BVC 2814 |2 V=0 e oo ol e 0
Branch If Overflow Set BVS 291412 V=1 o o/l 0| o @
Branch If Plus BPL A 4 N=0 ol e/ e 0|00
Branch To Subroutine 8SR 8D ‘ el e | o o 0|
Jump JMP 4| 21787 3| 3 See Special Qperations el e o 0| 0| ®
Jump To Subroutine JSR AD| 8| 218D 93 ; (Figure 16) o o 0| e 0|
No QOperation NOP F01) 2 | Advances Prog. Cntr. Only el e o 0| o 0o
Return From Interrupt RTI 3B 1101 V)
Return From Subroutine R 3916 |1 l o ol o) e 0loe
Software Interrupt JF 1121 See Special Qperations o o o| e 0o
Wait for Interrupt JEL9 11 ’ (Figure 16) . e o | oo

@ MOTOROLA Semiconductor Products Inc.
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RTi, RETURN FROM INTERRUPT:

1 (Bit V)
2 (Bit C}
3 (Bit C)
4 (Bit V)
] (Bit V}
6 {Bit V)

SPECIAL OPERATIONS
JSR, JUMP TO SUBROUTINE:

FIGURE 16 — SPECIAL OPERATIONS

—>

PC Main Program
n | AD=JSR
INDXD n+1 { K= Offset*
n+2 | NextMain Instr.

*K = 8-Bit Unsigned V

Main Program

alue

—>

PC
n | BD=JSR
n+1 | SH =Subr. Addr.
EXTND n+2 | SL=Subr. Addr.
n+3 | NextMain Instr.

BSR, BRANCH TO SUBROUTINE:

=>

£C Main Program
n | 80 = BSR
n+1 | £ K= Offset*
n+2 | Next Main lnstr.

*K = 7-Bit Signed Value;

JMP, JUMP:
PC Main Program
n | BE =JMP
n+1 | K=0ffset
INDXD q

X + K | Next Instruction

S

PG
S

Subroutine

RTS, RETURN FROM SUBRQUTINE:
(%

39 = RTS

Interrupt Program

38 =RTI

sp Stack
- P2
sp—1 | (n+2]l H
sp n+2] L
[n+2)yand [n+2] | Formn+2
SP Stack
- P2
SP-1 In+3] H
SP [n+3] L

— = Stack Pointer After Execution.

SP Stack

- §P-2
SP-1 f-{n+2] H
SP n+2f L

n+2 Formed From [n+2]yand [n+2]

P Stack

PC Subroutine
INX + K ] 1st Subr. Instr.

PC Subroutine
S 1st Subr. Instr.

(S Formed From Sy and §)

PC
n+2+K

Main Program
7E = JMP

Ky = Next Address
n+2 |K| = Next Address

0]
.

K Next Instruction

PC Main Program

n Next Main Instr.

PC Main Program

n Next Main Instr.

SP+1 Condition Code
SP+2 Acmitr B
SP+3 Acmlitr A

SP+4 index Register {XH)

SP+5 Index Register (X )

sP+6 [ PCh

-~ SP+7 PCL

TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS

COND. CODE REG.

IMPLIED 51413 |2]t|¢0
OPERATIONS MNEMONIC |OP | ~ | = | BOOLEAN OPERATION | H | | | N vic
Clear Carry cLe 0c | 2 | 1 0-~C o e o e eR
Clear Interrupt Mask CLi 0E | 2 1 01 e R|le |e e | @
Clear Dverflow cLv DA |2 |1 00—~V e o o o R | e
Set Carry SEC b2 1--C e o o & o S
Set Interrupt Mask SEl O0F | 2 1 11 i S| e le o | @
Set Querflow SEV 0B | 2 1 1>V e o/ eie | S| e
Acmitr A—~CCR TAP 662 (1 A~ CCR
CCR > Acmitr A TPA 072 |1 CCR -~ A elejejelole

CONDITION CODE REGISTER NOTES:

Test: Result = 10000000?
Test: Result # 000000007

Test: Decimal value of most significant BCD Character greater than nine?

{Not cfeared if previousty set.)
Test: Operand = 10000000 prior to execution?
Test: Gperand = 01111111 prior to execution?

Test: Set equal to result of N®C after shift has occurred.

7 (Bit N}
8 (Bit V)
9 (Bit N)
10 (AN

" (Bit 1)

12 (Al

@ MOTOROLA ‘Semiconductor Products Inc.

(Bit set it test is true and cleared otherwise)

Test: Sign bit of most significant (MS) byte = 1?

Test: 2's complement overflow from subtraction of MS bytes?
Test: Result less than zero? (Bit 15 = 1)

Load Condition Code Register from Stack. {See Special Operations)

Set when interrupt occurs. If previously set, a Non-Maskable
Interrupt is required to exit the wait state.

Set according to the contents of Accumulator A.




o
2
0
=
D
2
o
)
=

TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES

(Times in Machine Cycle)

panduw
paxapuy
papuaix3g
wauq
aleipawiL
X202V

(pueisadQ |enQq)

aanelay
paydu)
paxapuy
papuaix3
FEENT]
a1eIpawiw|
X020V

{puessdQ jenq)

* ® % 0 eMT T OO

e & 8 &6 aNM e & O

N e 8 0 e @ O NN S

INC
INS
INX
JMP
JSR
LDA
LDS
LDX
LSR
NEG
NOP
ORA

[aVI N BN BN BN )

oW W M~ M

® <t <t <t © ©

*eMNMMMHM e e

PN ANN & @

® o & 6NN

sen ot e el ennNse s eV eTTD

8T & & ONWWLWT © 06 0606 60O ¢ ¢ o

TSX
TSX
WA

is 12 cycles from the end of
n being executed, except following

truction. Then 1t 15 4 ¢cycies

® a0 © & & & 5 0 6 & 0 5 & S0 0B O™ eSS ¢

X
X
X

DEX
EOR

ductor Products Inc.
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 8 provides a detailed description of the information as the control program is executed. The information is
present on the address bus, data bus, valid memory address categorized in groups according to addressing modes and
line {(VMA), and the read/write line (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-

This information is useful in comparing actual with ex- ecute in the same manner; exceptions are indicated in the

pected results during debug of both software and hardware table.)

TABLE 8 — OPERATIONS SUMMARY

Address Mode Cycle | VMA R/W
and Instructions Cycles # Line Address Bus Line
IMMEDIATE
ADC EOR 1 1 Op Code Address 1
AND ORA ) 2 | 1 | OpCode Address + 1 1
BIT SBC
CMP SUB
CPX 1 1 Op Code Address P’ Code
tgi 3 2 1 Op Code Address + 1 perand Data (High Order Byte)
3 1 Op Code Address + 2 Operand Data {Low Order Byte)
DIRECT
ADC EOR 1 1 Op Code Address Op Code
/A\l[\)jg (Isgi 3 2 1 Op Code Address + 1 Address of Operand
BIT SBC 3 Address of Operand 1 Operand Data
CMP SUB
CPX 1 1 Op Code Address 1 Op Code
II:B?( 4 2 1 Op Code Address +° 1 Address of Operand
3 1 1 Operand Data (High Order Byte}
4 1 1 Operand Data {Low Order Byte)
STA 1 1 1 Op Code
2 1 1 Destination Address
3 0 ion Address 1 Irrelevant Data (Note 1)
4 1 tination Address 0 Data from Accumulator
STS 1 p Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand
Address of Operand 1 Irrelevant Data (Note 1)
Address of Operand 0 Register Data (High Order Byte)
Address of Operand + 1 ¢} Register Data (Low Order Byte)
INDEXED
JMP 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 0 {ndex Register 1 Irrelevant Data {Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 trrelevant Data (Note 1)
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)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
tgi 2 1 Op Code Address + 1 1 Offset
6 3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 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)

@ MOTOROLA Semiconductor Products Inc.
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PACKAGE DIMENSIONS

L SUFFIX
CERAMIC PACKAGE
CASE 71505
L
MILLIMETERS | INCHES NOTES:
pim [ MiN_|MAX | WIN | MAX | 1. DIMENSION[:A] IS DATUM.
& 5628|5137 | 1980 2020 2. POSITIONAL TOLERANCE F
B | 1463 | 15.49 | 0.5/6 | 0.610
\ € [ 278 | 437 [ 0.110 0170 & [0.25 0.010) @ TG
¢ D | 038 | 0.53 [0.015] 0.021
M—| F | 076 | 152 0.030] 0.060 3.
G 2.54 BSC 100 BSC 4. DIM
| J | 020 ] 0.33 [ 0.008]0.013
K | 254 | 457 | 0100 0.180
L [ 74.99 | 1565 | 0.590 0.616 PER AN
M | - |00 | - | 100
N_| 102 | 157 | 0.040 | 0.060

%Qﬁhﬁﬂhhﬁﬁhhhﬁﬁm

il
% 2
WUV VO UVUUUUTUVUIWU TS

- A
I

CASE 711-03
L -
¢
INCHES
MIN | MAX
2.035 | 2.065 NOTES:
540 1 0.560 1. POSITIONAL TOLERANCE OF LEADS (D),
7551 0.200 | SHALL BE WITHIN 0.25 mm (0.010) AT
014 | 0.022 MAXIMUM MATERIAL CONDITION, IN
040 | 0.080 RELATION TO SEATING PLANE AND
0,100 8SC EACH OTHER.
; 0.065 | 0.085 2. DIMENSION L TO CENTER OF LEADS
20 | 0.38 | 0.608 | 0.015 WHEN FORMED PARALLEL.
92 1343701151 0.135 3. DIMENSION B DOES NOT INCLUDE
15.24 BSC 0,600 BSC MOLD FLASH.
00 T 750 | 9 ] 150
051 | 1,02 | 0.020 | 0.040

Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.

AlL138-8 PRINTED IN USA 2-B4 IMPSRIAL LITHO C19861 18,000
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TABLE 8 — OFERATIONS SUMMARY (CONTINUED)

Address Mode Cycle [VMA R/W
and Instructions Cycles # Line Address Bus Line Data Bus
INDEXED (Continued)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
6 - 3 0 Index Register 1 trrelevant Data (Note 1)
4 0 Index Register Plus Offset {w/o Carry) 1 Irrelevant Data (Note 1)
5 0 index Register Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 Operand Data
ASL LSR 1 1 Op Code Address 1 Op Code
A 2 | 1 | OpCode Address + 1 1 | Offset
gggl ?gﬁ% 5 3 0 Index Register 1 Irrelevant Data (Not
INC 4 0 Index Register Plus Offset (w/o Carry) 1 irrelevant Data (Nat
5 1 Index Register Plus Offset 1 Current Operand
6 0 Index Register Plus Offset 1
7 1/0 Index Register Plus Offset 4]
(Note
3)
STS 1 1 Op Code Address 1
STX 2 1 Op Code Address + 1 1
7 3 0 Index Register vant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1}
5 0 Index Register Pius Offset \ Irrelevant Data (Note 1)
] 1 Index Register Plus Offset 0 | Operand Data (High Order Byte)
7 1 Index Register Plus Offset + 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)
8 4 1 Stack Pointer 0 Return Address (Low Order Byte)
5 1 Stack Pointer — 1 o} Return Address (High Order Byte)
6 0 Stack Pointgl — 2 1 Irrelevant Data (Note 1)
7 o] Index R ¢ 1 Irrelevant Data (Note 1)
8 o] r Plus Offset {(w/o Carry} 1 Irrelevant Data (Note 1)
EXTENDED
JMP 1 e Address 1 Op Code
3 2 ode Address + 1 1 Jump Address (High Order Byte)
3 p Code Address + 2 1 Jump Address {Low Order Byte)
ADC EOR 1 4 Op Code Address 1 Op Code
ADD LDA Op Code Address + 1 1 Address of Operand (High Order Byte)
AND ORA 4
BIT SBC 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
CMP  SUB 1 Address of Operand 1 Operand Data
1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
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 Operand Data (Low Order Byte)
1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Destination Address {High Order Byte)
3 1 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 0 Operand Destination Address 1 Irrelevant Data (Note 1)
5 1 Operand Destination Address [} Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
éfg g(E)E 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
gg?:ﬂ ?SOTR 6 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
INC 4 1 Address of Operand 1 Current Operand Data
5 0 Address of Operand 1 Irrelevant Data (Note 1)
6 1/0 Address of Operand 0 New Operand Data (Note 3)
(Nsc]ne

19
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED)

Address Mode Cycle [ VMA R/W
and Instructions Cycles # Line Address Bus Line Data Bus
EXTENDED (Continued}
STS 1 1 Op Code Address 1 Op Code
STX 2 | 1 | OpCode Address + 1 1 | Address of Operand (High Order Byte)
6 3 1 Op Code Address + 2 1 Address of Operand (Low Ord
a4 0 Address of Operand 1 Irrelevant Data {(Note 1}
5 1 Address of Operand 0 Operand Data (High Order
6 1 Address of Operand + 1 0 Operand Data (Low
JSRK 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Sub igh Order Byte}
3 1 Op Code Address + 2 1 Address of (Low Order Byte)
4 1 Subroutine Starting Address 1 Op Cod struction
9 5 1 Stack Painter 0 Ret ss (Low Order Byte)
6 1 Stack Pointer — 1 o} ddress (High Order Byte)
7 0 Stack Pointer — 2 1 int Data (Note 1)
8 0 Op Code Address + 2 1 relevant Data (Note 1)
9 1 Op Code Address + 2 ‘Address of Subroutine (Low Order Byte)
INHERENT
ABA DAA SEC 1 Op Code Address Op Code
ASL DEC SE! 2 2 1 Op Code Address + 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM sBA
DES 1 1 Op Code
PNESX 4 2 1 Op Code of Next Instruction
INX 3 1 Irrelevant Data {Note 1)
4 1 Irrelevant Data (Note 1)
PSH 1 1 Op Code
a 2 1 Op Code of Next Instruction
3 0 Accumulator Data
4 tack Pointer — 1 1 Accumulator Data
PUL 1 Op Code Address 1 Op Code
1 Op Code Address + 1 1 Op Code of Next Instruction
0 Stack Painter 1 trrelevant Data (Note 1}
4 1 Stack Pointer + 1 1 Operand Data from Stack
1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 4] Stack Pointer 1 Irrefevant Data (Note 1)
4 0 New Index Register 1 Irrelevant Data (Note 1)
1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 4] tndex Register 1 Irrelevant Data
4 4] New Stack Pointer 1 Irrelevant Data
1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irrelevant Data (Note 2}
5 3 0 Stack Pointer 1 Irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Address of Next instruction (High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED)

Address Mode Cycle | VMA R/W
and |nstructions Cycles # Line Address Bus Line Data Bus
INHERENT (Continued)
WAI 1 1 |Op Code Address 1 1 Op Code
2 1 |Op Code Address + 1 1 | Op Code of Next Instruction
3 1 |[Stack Pointer 0 | Return Address (Low Order Byte)
4 1 |[Stack Pointer — 1 0 | Return Address (High Order Byte)
9 5 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 — 5 0 | Contents of Accumulator B
9 1 }Stack Pointer — B 1 | Contents of Cond. Cod
RT! 1 1 |Op Code Address 1 {Op Code
2 1 |Op Code Address + 1 1 |lrrelevant Data (
3 0 |Stack Pointer 1 {lrrelevant Da
4 1 [Stack Pointer + 1 1 | Contents of CondyiCode Register from
Stack
10 5 1 |Stack Pointer + 2 1 \ccumulator B from Stack
6 1 [Stack Pointer + 3 1 Accumulator A from Stack
7 1 |Stack Pointer + 4 1 \}egister from Stack (High Order
8 1 |{Stack Pointer +5 Index Register from Stack {Low Order
Byte)
9 1 |Stack Pointer + 6 Next Instruction Address from Stack
{High Order Byte)
10 1 |Stack Pointer + 7 Next Instruction Address from Stack
{Low Order Byte)
SWi 1 .Op Code Address 1 | Op Code
2 Op Code Address + 1 [ Irreievant Data (Note 1)
3 Stack Pointer 0 | Return Address (Low Order Byte}
4 Stack Pointer — 1 ) 0 | Return Address {High Order Byte)
5 0 | Index Register {Low Order Byte)
12 6 0 | Index Register (High Order Byte)
7 0 | Contents of Accumulator A
8 0 | Contents of Accumulator B
9 0 | Contents of Cond. Code Register
10 Stack Pointer — 7 1 | lrrelevant Data {(Note 1)
17 Vector Address FFFA (Hex) 1 | Address of Subroutine (High Order
. Byte)
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 Address + 1 1 | Branch Offset
BGE BLT BVC 3 0 |Op Code Address + 2 1 | trrelevant Data (Note 1)
BGT BMI BV 4 0 [ Branch Address 1 | trrelevant Data {(Note 1)
BSR 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Branch Offset
3 0 | Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 4 1 | Stack Pointer 0 | Return Address (Low Order Byte)
5 1 | Stack Pointer — 1 0 | Return Address (High Order Byte)
6 0 | Stack Pointer — 2 1 | irrelevant Data (Note 1)
7 0 | Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 0 | Subroutine Address (Note 4) 1 | Irrelevant Data (Note 1)

NOTES:

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.
3. For TST, VMA =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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