MC6802
MC6808
MC6802NS

@ MOTOROLA

MICROPROCESSOR WITH CLOCK AND OPTIONAL RAM MOS

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

The MCB80Z is a monolithic 8-bit micraprocassor that cantains all the
registers and accumulaiors of the present MCB300 plus an internal clock
gscillator and driver on the same chip. (n addition, the MC6802 has 128
bytes of on-board RAM located at hex addresses $0000 to $007F. The
first 32 bytes of RAM, at hex agdrassas $0000 to $001F, may be retained
in a low power mode by utiizing Voo standby; thus, facilitating
memaory retenticn during a power-down situation.

The MCE902 is completely software compatitle with the MCE800 as
waell as the entire MB800 family of parts. Hence, the MCB302 is expand-
able to 64K words.

The MCEBOZNS is identical to the MCE802 without standby RAM
featura. The MCB808 is identical 1w the MCB802 without on-board

MICROPROCESSOR
WITH CLOCK AND OPTIONAL RAM

RAM.

® On-Chip Clock Circuit

L SUFFIX

® 128x 8 Bit On-Chip RAM . CERAMIC PACKAGE

® 32 Bytes of AAM are Retainabie CASE 715

# Software-Compatible with the MCB300

@ Expandable to 64K Words

# Standard TTL-Compatible Inputs and Cutputs

# B-Bit Word Size P SUFFIX
PLASTIC PACKAGE

® 16-Bit Memaory Addressing CASE 711

® Intarrupt Capability

PIN ASEIGNMENT

Vesiy = S/ 4N RESEY
FaLTY 2 39PexTAL
MED 3 WP x1 4L
ORDERING INFORMATION RO e WPE
Packege Typa Fraqueancy (MHz) Temparaturs Crder Number VTC‘ 5 [ RE
Caramic 1.0 0°C to 70°C MCBB02L N e A Ve Standby
L Suffix 1.0 -40°C to 86°C MEER02CL aafl- [l RAW
1.0 0°C to 70°C MCEB02NSL
10 0°C 10 70°C MCE808L vecQa 33pDo
1.5 0°C to 70°C MCEBACZL a0[}s k) 1 (=}
1.5 —40°C 10 85°C MCBBAGZCL
15 0°C to 70°C MCBRAOBL Ao npo2
20 0°C to 70°C MCBBBOZL Azt ko] 1 Yok}
2.0 0°C to 70°C MCE3R0BL aafre )04
Plastic 1.0 0°C to 70°C MCBAGZP _
P Suftix 10 - 40°C 10 86°C MCBBO2CP A4 s sfos
1.0 0°C 10 70°C MCBB0ZNSP a5 s 77[1 06
1.0 0°C 10 70°C MCBH0BP
15 0°C 1o 70°C M CBBAOZP 615 Q07
15 -40°C 10 B5°C MCBBA02CP as s 1A%
15 0°C to 70°C MCEAADBP szt 4
2.0 a°C 1o 70°C MCEIB02P 80 240 A4
20 0°C to 70°C MCEAR0BP 29[| 23 a3
alcqe 20812
a1z 2fveg

*Pin 35 rmust be tied ta 5 YV pn the MCBBOZNS
* *pin 36 must ba tied to ground for the MCES08
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TYPICAL MICROCOMFPUTER

vee Yee vee vee
<
iE 3 |
~——]
T':?““"‘?g . MCEBAG G AEEET This block dkagram shows o typical cost ef-
imer | — e ROM, 110, Tirner MA fective migrocomputer. The MPU is the
RESET —d £ap heMA VMA FALT p=— T centar of the microcomputer system and is
p——  Clock E = shown in a minimum system interfacing with
-—ae{ 2k Byles ROM ™o ap — RE == a ROM combination chip. It is not intended
-— 10.la’0 Lines HIWMCBBOZ N f-— that this system be limited to this function
Paraliel | =—e{ 3 Lines Timer MPU | but that it be expandable with ather parts in
/G | e DO-D7 00.07 BA the MESCD Microcomputer family.
i EXTAL 1
=i
AQ-A10 =
il CF2 . | T
Control § . cs1 QL __AGA1S  |a0AIs  XTAL

T P

MAXIMUM RATINGS

Rating Symbol Valus Unit This input contains circuitry to protact the
I Voit Y] 03t +7.0 v inputs against damage due to high static
Supply Vohtage (I:C 3t 5 voltages of elecric fieids; however, it is ad-
Input Voitage Vin -03t0 +70 v vised that normal precautions be taken 1o
Operating Temperature Range avoid application af any voltage higher than
MCE802, MCBBDAOZ, MCBB0B02 Oto +70 maxirnum rated voltages to  this  high-
MCEBO2C, MOBBOAJZC T, - 40 10 + 85 °C impedanca circuit. Refiability of operation is
MOBBOZNS Ot +70 anhanced if unused inputs arae tied o an ap-
MOSROB, WMCBRADE, MOGBB0E GOt +70 prapriata logic voltage lavel le.g., either Vg g
Storage Temperature Range Tstg | —55t0 +150 °C or Vel
THERMAL CHARACTERISTICS
Charscteristic Symbol Valua Unit
Average Thermal Resisiance {Junction to Ambient!
Plastic 100 °
Caramic %A B0 Cw

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
TJ=Ta+IPpef al
Where:
Tam Ambient Temperawre, °C
# )= Package Thermal Resistance, Junction-to-Ambient, "C/W
POwPINT+ PPORT
PINT®IcCx Voo, Watts — Chip [nternal Power
PpORT=Port Power Dissipation, Watts — User Oetermined
For most applications PpORT< PINT and can ba neglected. PPORT may bacome significant it the dewvice i5 configurad to
drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T4 if PPOAT is neglected) is:

m

Pp=K + (T)+273°C) @
Solving aquations 1 and 2 for K gives:
K=Ppe{Ta+273°C) +8a*PD? 13)

Whare K, is a constant pertaining to the particular part. K can be determinad from equation 3 by measuring Py {at equilibrium)
for a known T A. Using this value of K the values of Py and T ) can ba obtained by solving pguations (1) and {21 iteratively for any

valua of Ta.
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DC ELECTRICAL CHARACTERISTICS (Vo=5.0 Vde £ 8%, ¥55=0. Ta =010 70°C, unless otherwise notad!

Characteristic Symbol Min Typ Max Unit
v x| [uinel v |
input Low Voltage Logic, EXTAL, RESET YiL ¥55-03]| - Vgg+0.38 v
Input Leakage Currant (¥ =010 5.26 ¥, Yoo = max) Logie lin - 1.0 25 pA
Output High Yoltage
Hipad = — 206 A, Yec=minl __ bo-Dv Veg+2.4 - — v
U pad = — 145 uA. Vo= min) AG-A16. R/WN.VMAE| Vou | vsg+2a]| - -
Il pad= — 10xA, VeC = minl BA Vgg+24| - -
Qutput Low Voltage (I ggg= 1.8 mA, Voo =min} Yo — — V55 +04 A
internal Power Dissipation {Meeasurad at Ta =0°C) PINT — D750 1.0 W
Power Down |V 4.0 - 5.25
Vec Standby Power Up \.»S;EB 475 - 5.26 v
Standby Currant SRR — — B.O e
Capacitance ¥
Win=0, Ta=25°C, f=1.0 MHz} DO-D7 Cin - 10 12.5 pF
Logic inputs, EXTAL — 6.5 190
AD-A18, RIW YA | ¢y - - 12 pF

*in power-down maode, maximum power dissipation is less then 42 miv.
#Capacihances are periodically sampled rather than 100% testad.

CONTROL TIMING (Voo =5.0V £5%, Vg5=0, ToA=T( 1o TH. unless otherwise noted)

Mosoas | Mcsaanz | mcessaz
Charncteristics Symbol MO8g08 MCEAADE | MCBBBOA | Unit
Min | Max | Min | Max | Min | Max
Frequancy of Operation fo aa 1.0 ] o 185 | 0.1 ] 2.0 | MHz
Crystal Frequency txtaL | 1.0 | 40 [ 1.0 680 [ 1.0 ]| 80 | MHz
External Osciltetor Frequency axtg 04 |40 [04] 60 |04 | B0 | MHz
Crystal Oscillator Stert Up Time tre 100 — 100 - 100 — ms
Processor Controls (HALT, MA, RE, NESET, THG WM
Processor Contral Setup Time tpCs 200 - 140 - 110 - ns
Processor Control Rise and Fall Time tpey.
iDoes Mot Ap:;l',r 1o RESET} t';?;'f i e B i B
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BUS TIMING CHARACTERISTICS

Igent, L M%S MCEBAD2 MCE8602 .
Number Characiaristic Symbel MCER08 MCGEACE MOGEBOS | Linit
Min | Max | Min | Max | Min | Max
. Cycle Tirre teyo |10 | 10 [0667] 10 105 [ 0] ws
2 Pusse Widih, E Low PWE| AR0 | 5000 [ ZBO | 5000 | 210 | B0 | ns
3 Pulse Wiath, € Hgn Pwey |450 [ 9800 | 280 | 9700 | 220 [970C| ns
4 Clack Rise ang Fall Tume 1. 1§ - il - pus] — 25 ns
g Address Hold Time* TAH 20 - 20 - 20 - ns
1z Non-Muxed Address vaid Twne 1¢ £ 1See Note 51 :2::12 1?0 2;0 12” B 5_0 _ ns
17 Read Dala Sewp Time IDSR 100 - 70 - B0 - ns
18 Read Data Hold Time IOHA Ry - 10 10 ns
9 Wwrte Data Deay T-ne DOW - 225 170 - 160 ns
21 Wiite Data Hold Time* IDHW 30 - 20 20 ng
29 Lrable Agcess Time 1Ske Note 4 LACE 535 - 335 - 235 - ns
* address and data hold times are periodically tested rather than 100% 1ested.
FIGURE 2 — BUS TIMING
« 0 -
NS
N | PEE—C ) > i
e N / N
G) -
. ®+ o/ —]

R/W, Address
tNan-Muxed!

Read Data
Non-Muxeg

—_—
Wiie Daia

Nor-Muxed 3

NOTES:

1. Voltage levels shown are V| 0.4 V, Yz 2.4 ¥V, uniess otherwise specited.
WMeasurement points shown are 0.8 v and 2.0 V, unkess otherwise nated.

Note 4

y L,

o B

®
- MPL: Read Dala Nor Muxed
4

®
'

-q———

2

2 All elecineals shown for the MCEB02 apply to the MCBB0ZNS and MCBBO0B, unless otherwise noled.

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

5. If programs are not executed from on-board RAM, TAY1 applies. If programs are 1o be siored and executed trom om-board RAM, TAVZ ap-
plies. For normal data storage in the an-board RAM, this extended delay does now apply. Programs cannol be executed from on-board
RAM when using A and B parts IMCE8A02, MCEBADE, MCE8802, MUGBBORI. On-board RAM can be used for data storage with all parts.

6. Al slectrical and control charactaristics are referenced from: T =0°C minimum and T = 70°C maxirmum.
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DELAY TIME {ns)

FIGURE 3 — 8US TIMING TEST LOAD

C=130pF tor DODY, E Test Paint
=90 pF for AG-A1E, RS, and VMA
=30 pF for BA
R=11.7 ki for DG-O7, E
= 16,5 kit for AD-A15, R/AW, and YMA
=24 k} for BA

FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY
veraus CAPACITIVE LOADING

478V

R =222
MMDE150
or Equiv,

WK D2000
or Equiv.

. FIGUAES — TYPICAL READ/WRITE, VMA AND
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING

610 T T T T T l 500 T T I . [ [ |
FIOH =-205 b man & 24V St L Ip - -1 pA nax B ZAV + ;
gL LEmamaxE DAY . lpL=16mA max T 04 Y
SO0T ypp -n0w 1 SO0 [ yop - 5.0V
L Ta =2397C L Ta-25C
' |
400 |[ + 2 am "
_ o Addre=, VMA
= t
308 — Y o3m — t
< _..-""—'" —
L o t
"] = —— |1 R/W
w0 > o 200 - )
"]
—
100 — | 100
€| inclades siray capac-l‘ance CL wiclydes siray capaciiance
n i R N n N " I A N
0 100 200 300 400 S00 60D ] 100 200 lil] 400 500 il
L. L0AD CAPACITANCE ipF) CL. LOAD GAPACITANCE IpF)
FIGURE 8 — EXPANDED BLOCK DIAGRAM
Alk A1 &°3 ATZ2 AT A0 AR AR a7 AB AR Ad A3 A2 AT Al
" < R R B < I - ) s "B ? 13 12 10 ;
Dulpat Output
Bulleus Buirers
HAM Enable
Yo Fianchy
4 b
T 96 Byies .
Mermary Ready 3 — i |4_N§: :'Iva labie
Enanle 37 w— _-—= = = = = — 1 Coa08
HESET 40— Program Prograrm
Mon-Maskable Insenug TR 6—ed  Clock Coumer Caunter |
HAl T J——eped  INsiruchom
_— Decade Stack Stack
Interrupt Request HRON 34— and Pomier |, Ponrier
EXTAL T8—m Carrrol
XTAL 38— |mdex ingex
Bus Avaratle 7 — Register |, 1 Reqister |
valid Memory Acdress & =8
Read/Wrie IR/ W) 34 =% Ancumnualon
{] .
'nalruct on Accumulator
Reguster B
Congiton
Cohe
Registar
Daia
Veo=Pn 8 Ak
Voo=Pin 35 far MCBBO2NS Buffer L

Vgg=Fins 1, 21
Y54 =Fin 36 for WMCEI0B

Piaid

D6 D& Da D3I D2

C by e
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MPU REGISTERS

A general block diagram of the MCBB0Z is shown in Figure
6. As shown, the number and configuration of the registers
are the same as for the MCE800. The 128x 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 (he
RE signal.

The MCBBU2NS is identical to the MCB802 except for the
standby feature on the first 32 bytes of RAM. The standby
feature does not exist on the MCEBBO2NS and thus pin 3b
must be tied to 5 V.

The MCB808 is identical to the MCB802 except for on-
board RAM. Since the MCB802 does not have on-board
RAM pin 36 must be tied to ground allowing the processor to
atilize up to B4K bytes of external memory.

The MPU has three 16-bit registers and three B-bnt
registers available for use by the prograrmmer {Figure 71.

PRQGRAM COUNTER

The program counter i a two byte (16-bit) reqister 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-
dowrn/pap-up stack. This stack is normally a random access

read/write mamory that may have any location (address!
that is convenient. In those appiications that requirg s1orage
af information in the stack when power 5 105t the stack
must e non-volatile.

INDEX REGISTER

The index register is a two byte register that s used 10
store data ar a 16-bit memory address tor the indexed mode
of memory addressing.

ACCUMULATORS

The MPU contains two 8-bit aceumulators that are vsed 1o
hold operands and results trom an arithmetic logic unit
TALUL.

CONDITION CODE REGISTER

The condition code register indiwcates the results of an
Arithmetic Logic Unit operation: Negative (N], Zero {Z1,
Cverflow (W), 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 (). The unused bits of the Con-
dition Code Register (b6 and b7} are ones.

Figure & shows the crder of saving the microprocesscr
status within the stack.

*If pragrams are not execu[ed from on-board RAM, TAY 1 applies. If programs are to be stored and executed from on-board RAM, TAVZ ap-
plies. For normal dala storage in the on-board RAM. this extended delay does not apply. Programs cannot be executed {from on-board RAM
when using & and B parts (IMCG8A02. MCB8A08, MCBBBOZ, and MCBSB0B!. On-board RAM can be used for data starage with all pans.

FIGUHRE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

w

{a]

AZCA Accumulatar A
ki ]
Accumulstar B
15 o
l X Index RAegister
15 a3
r
| PC ] Program Countar
1% [v]
=P 1 Stack Pointar
7 o

Condition Codas
1My |N| z|\;r (:| Flogistar
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FIGURE B — SAVING THE STATUS OF THE MICROCPROCESSOR tN THE STACK

SF = Stack Pointer
CC = Conditien Cades {&lso callad the Processor Status Bytel
ACCE - accurnulaior B
ACCA = Accumulator &
IXH = Indax Asgistar, Highar Order 3 Bira
I XL = Indax Aegister, Lower Qrgar § Bits
PCH = Program Coumer, Higher Drder 8 Birs

PCL = Program Counter, Lower Order B Bits

m -

m -1

m o+

mok

m=-9
m-8
m-7 [ sF
m-& cc |
m-5 ACCEH
m-al| Aacca
P IXH
z m-2 IXL ™
“
mo 1| PCH 2
———— 5P m fFoL
t moe 1
2 » m#?l
o
-
I I ! |
| I . | I (
Betore Atrar

MPU SIGNAL DESCRIFTION

Proper operation of the MPU requires that certain control
and timing signals be provided to accomplish specific func-
fiens and that other signal lines be monitored to determine
the state of the processcr. These control and timing signals
are similar 10 thase of the MCE800 except that TSC, DBE,
@1, ¢2 input, and twa unused pins have been eliminated,
and the following signal and uming lines have been added:

R4 Enable (RE)

Crystal Connections EXTAL and XTAL

Mermory Ready (MHA]

Voo Standiby

Enable ¢2 Quiput {E]

The following is @ summary of the MPU signals:

ADLDRESS BUS {AD-A1S)

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

DATA BUS {DO-D?)

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

Data bus will be in the output moda whean tha internal
RAM is accessed and RE will be high. This prohibits external
data emtering the MPU. 11 should be nated that the internal
RAM is fully decoded from $0000 1o $007F. External RAM at
$0000 10 $007F must be disabled when internal RAM is ac-
cessed.

HALT

When this input is in the low state, all activity n the
machine will be halted. This input iz leve! sensitive, In the
HALT mode, the machine will stop at the end of an instruc-
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tien, bus available will be at a high s1ate, valid memory ad-
dress will be at a low state. The address bus will display the
address of the nexr instructon.

To ensure single instruction oparation, transitien of the
HALT line must acour 1pC S before the falling edge of E and
the HALT ling must go high for one clock cycle.

HALT should be tied high i not used. This 18 good
engineering design practice in gereral and necessary to en-
sure proper opecation of the part.

HEAD/WRITE (R/W]

This TTL-cornpatible output signals the peripherals and
memory devices whethar the MPL s in a read (high) or write
{low) state. The normal standby state of tms signal is read
{hight. When the processcr 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 IVMA|

This gutput 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 P1A 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 & three-stale
condition). This will ocecur if the HALT line is in the low state
or the processor is in the WAIT state as 8 result of the execu-
tion of a WAIT instruction. At such time, all three-state out-
put drivers will go to ther off-state and other cUtpuls to ther
normally inactive tevel. The processor is ramoved from the
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WAIT state by 1he occurrence of a maskable {mask bit 1 =0
or nonmaskable interrupt. This output is capable of driving
ane standard TTL load and 30 pF.

INTERRUPT REQUEST {IRQ)

A low level on this input requasts that an interrupt se-
guence be generated within the machine. The processor wall
wait untl 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, pregram counter, accurmulators, 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 memary locations $FFF8 and $FFFS is inaded which
causes the MPLU to branch to an interrupt routing in remaory.

The FALT hne must be in the high state for interrupts 1o
be serviced. Interrupts will be latched imernally while HALT
is low.

A nominal 3 k@ puliup resistor to Ve should be used for
wire-OR and optimum control of interrupts. IRCY ray be tied
directly 10 Vo it not used.

RESET

This input is used 1o reset and siart the MPU from a
power-down condition, resulting trom a power failure or an
initial start-up of the processor. ¥When this hne is low, the
MPU is inactive and the information in the registers will be
lost, If a high level is detected on the input, this will signal
the MPLU 10 begin the restart sequence. This will start execu-

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 rastart, the iast two ($FFFE, $FFFF| locations in
memory will be used 1o load the program that is addressed
by the program counter. During the restart routine, the inter-
rupt mesk bit is set and must be resat before the MPU can be
interrupted by 1RQ. Power-up and resat timing and power-
down saquences are shown in Figures 9 and 10, respectively.

RESET, when brought low, rmust be hald low at least three
clock cyclas. This allows adequate time 1o respond internally
to the reset. This is independent of the ty; power-up reset
that is required.

whnen RESET is released it must go through the low-16-
high threshold without bouncing. oscillating, or otherwise
causing an arroneous reset lless than three clock cyclest
This may cause improper MPU operation until the next valid
reset.

NON-MASKABLE INTERAUPT {NMI}

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

The index register, program counter, accumulators, and
condition code registers are stored away on the stack. At the
and of the cycle, a 18-bit vectoring address which is located
in memory locations $FFFC and $FFFD is ioaded causing the
MPU to branch to an inerrupt service routine in Memotry.

A nominal 3 kI pullup resistor 10 Ve should be used for
wire-OR and optimum control of imarrupts. NMI may be tied

FIGURE 9 — POWER-UP AND RESET TIMING

3%

e

475V
vee

L

L 1LI LI
s

g =i

YIH
VIL

Qption 1
1S5ee Note Belowl

FESE] s

—

Option 2
{See Figurs 10 far
Pawer-down Conditan!

RE

P

NOTE: If opuon 115 ciosen, RESET and KE pins can ke ued together
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direcily 10 YV if not used. FIGURE 10 — FOWER-DOWN SEQUENCE
Inputs THQ and NMI are hardware interrupt knes that are

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

a low E tollowing the cempletian of an instruction. cc -\
Figure 11 is a howchart describing the major decision

paths and interrupt vectors of the microprocessor. Table 1
gives the memory map for interrupl veciors.

|

TABLE 1 — MEMORY MAP FOR E
INTERRUPT VECTORS

Vector i
WS s Drascription
$FFFE | SFFFF Restat RE 3 Cycles—m
SFFFC | $FFFD | Non-Maskable [ntermupt
SFFFA | SFFFB Safuware Imtarrupt
$FFFB $FFFS Imterrupt Request
FIGURE 1t — MPU FLOWCHART
Start Sequence
$5FFFE, $FFFF
Ty
R Yes .
.-—r HAL
tachine
on Halt

Execute
Interrupt Routine

Fetch [nstruction

L
Execute
Instruction RMI TR
$FFFC $FFFE
$FFFD SFFF3

A
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Solware laterrupt
Main Program

FIGURE 23 — FROGRAM FLOW FOR INTERRUPTS

Wanl For
Imterrupt

Main Program

Hardware Intesrupt on

Nan-Maskahle laterrupl INMI)

Main Program

n 3IF = 5WE n AE = WAl
a+1 | Mext Main Instr. ntl | Next Man [nsir, n Last Prog. Hyte
N\ r L
ol "
Continue Main Prog,
n+1 Mext Main Insie
y Y ) J
Stack
SP =~ m— 7
— & | Condiion Cod
Stack HPU e wnrition Code
Register Contenls :; mo— 5] Acmiy 8
m -4 Bomite, A
w — 3| Indes Remster 1X4F
m — 2| Index Register (X, ]
mo—1 FCin + 11H
m FClIn + 1)L
SWH HOWR Wal NMI ' Regrart I
INT
Int.
L L1
iCCR 4) e
FFFA £FFR FFFC FFFE
§ Frre ¥ FFFY Frr0 Y FERE
Int t Memory Asugnment!
mer P ¥ 9 Set Inverrupt
FFFR IRQ ms Matk (CCA4)
FFFY IR LS *
FFFA SWI L] First tnstr.
FFFB SWI ] Addr, Formed Load interrupt
Ms By Felching Vecrar lowa
FFFC Nt 2-Bytet Fram Fragram Counter
FFFD NI LS Per, Mem,
FFFE Reset Ms Ausign.
FFFF Heset LS

NOTE: MS = Most Signiticant Address Byte;
LS = Least Sigmificant Address Byte;
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FIGURE 14 — MEMCRY READY SYNCHRONZATION

4xtn
Qseillator

EXTAL
XTAL

MOGE02
MR

'||Jbg g

Memory Ready
Ob—— Generated from
€S Loge

SMT4L 374

FIGURE 15 - MR NEGATIVE SETUP TIME REQUIREMENT

E Clork Stretch

-iPCs [C1PCS
gev -0.H Y

The E clock will be stretched at end of E high of the cycle during which MR negative meets the tprg setup ume. The tpCg selup time is
referenced to the fall of E. If the tpC g setup time is not mei, Ewill be stretched at the end of the next E-high ¥z cycle. E will be stretched i in-

tegral multipies of % cycles.

Aesuming E Clecking

|—mtipCs e tpCs fee—MttPCS [ME—et1PCS
1 ] T

i |
Stretched E | | l[ 1

" /il

The E clock will resume normal aperation at the end of the % cycle during which MR assertion meets the 1peg setup time. The 1pCS setup time
is referenced 10 transitions of E were 1t not stretched. If tpgs setup time is not met, € will fall a1 the secund possible transition time after MA s
assarted. There is ng direct means of determining when the tprg references occur, untess the synchronizing cirguit of Frigure 14 is used.
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RAM ENABLE (RE — MCBB02 + MCOBOZNS ONLY)

A TTL-compatible RAM enabie inpul controls the an-chip
RAM of the MCBB02. When placed in the high state, the an-
chip memory is enabled 1o respond to the MFPLU controls. In
the low state. RAM is disabled. This pin may also be utilizad
to disable reading and writing the en-chip RAM during »
power-down situation. RAM Ermable must be low three
cycles before Voo goes below 4.75 W during powei-down.
RAM enable must be tied low on the MCEB0B. RE should be
tied 1o the correct high or ‘ow staie 1f not used.

EXTAL AND XTAL

These inputs are used for the internal oscillator that may
he crystal conuclled. These connections are for a parallel
resonant tundamental crystal (see Figure 12). {AT-cut} A
dividge-by-four cirouit has been added so a 4 MHz crystal may
be used in lieu of a 1 MHz cryste! for a more cost-effective
system. An example of the crystal circuit layaut is showr. in
Figure 13. Fin 39 may be driven extermally by 3 TTL mpul
signal four tmss the required E clock frequency. Pin 3815 to
be groundead.

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

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

il an external clock is used, it may not be halted far more
than 1PwWel. The MCB802, MCBB08 and MCBBOZNS are
dynamic parts except for the internal RAM, and require the
external clock to retain information.

MEMORY READY (MR}

MA is a TTL-compatible input signal controlling the siret-
ching of E. Use of MA requires synchronization with the 4xfg
signal, as shown in Figure 14. When MR is high, E will ben
normal operation. When MR is low, E will be sireiched in-
tegral numbers of half periods, thus allowing interface to
slow memones. Memory Ready timing s shown in Figure 15,

MR should be tied high {connected directly to Vgt if not
used. This is necessary to ensdre proper operation of the
part. A raximum stretch is 1gye.

ENABLE (E)

This pin supplies the clock tor the MPU and the rest of the
system. This is a singlg-phase, TTL-compatible clock. This
clock may be conditioned by a memory read signal. This is
equivalent to ¢2 on the MCB800. This output is capable of
driving one standard TTL Inad and 130 pF.

Voo STANDBY {(MCE802 ONLY)

This pin supplies the de voltage to the first 32 bytes of
RAM as well as the RAM Enable (RE) cantrol logic. Thus,
retention of data in this portion of the RAM an a power-up,
power dawn, or standby condition is guaranteed. Maximum
current drain at ¥gg maxwmum is Isgg. For the MCEBI2ZNS
this pin must be connected 1o V.-
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MPU INSTRUCTION SET

The instruction set has 72 different instructions. Included
are binary and decimal arithmeqic, logical, shift, rotate, lead,
store, conditional or unconditional branch, interrupt and
stack manipulation instruetions (Tables 2 through B). Thein-
structian set is the same as that for the MCEEX.

MPU ADDRESSING MODES

There 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 instruction. A
summary of the addressing modes for a particular insiruction
can be found in Table 7 along with the associated instruction
exacution time that is given in machine cycles. With a bus
frequency of 1 MHz, these times would be microseconds.

ACCUMULATOR {ACCX) ADDRESSING

In accumulatar oply addressing, either accumulator A or
accumulator B is specified. These are ane-byte instructions.

IMMEDIATE ADDRESSING

In immediate addressing, the operand i3 contained in the
secand byte of the instruction except LDS and LDX which
have the gperand in the secaond and third bytes of the in-
struction. The MPU addresses this location when it fetches
ihe immediate instruction for execution. These are fwo- or
three-byte instructions.

DIRECT ADDRESSING

in direct addressing, the address of the operand is cantain-
ed in the sacond byie of the instruction. Direct addressing
allows the user to diractly address the lowest 266 bytes in the
machine, i.e., locations zerp thipugh 265, Enhanced execu-
tion tirmes are achieved by Storing data in these locations. in
mast configurations. it should be a random-access memory.
These are two-byte instructions.

EXTENDED ADDRESSING

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

INDEXED ADDRESSING

In indexed addressing, the address contained in theé se-
cond byte of the insiruction 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 memery, The modified address is held
in a temporary address register so there is no change to the
index register. Thesa are two-Dyte 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

ane-byte iNstruclions.

RELATIVE ADDRESSING
In relative addressing, the address contained in the second

ABA
ADC
ADD
AND
ASL

ASH

BCC
8cs
BEQ
BGE
BGT
aHl

BIT

BLE
BLS
BLY
BMI

BME
BPL
BRA
BSR
BvC
evs

CRA
cLC
CLI

byte of the instruction is added to Lhe program counter’s

lowest gight bits plus two. The carry or borrgw is then added
to the high eight bits. This allows the user to address data

within a range of — 125 to + 128 hytes of the present instruc-
tion. These arg two-byte instructions.

TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE

A Accumulators
Add with Carry
Acd

Logical And
Arithmetic Shift Lekt
Arithmatic Shift Right

Branch i Carry Clear
Branch if Camry Set

Branch il Equal to Zero
Branch # Geeater or Equai Zero
Branch if Greater than Zerc
Branch if Higher

Bit Test

Branch # Lass or Equal
Branch if Lower or Same
Branch # Less than Zero
Branch if Minus

Branch if Not Egual to Zarg
Branch i Plus

Branch Always

Branch to Subwouting
Branch f Overtiow Clear
Branch if Ovarflow Sat

Compare Accumulators
Claar Camy
Clear interrupt Mask

GCLRA
CLv
CMP
COM
CPX
DAA
DEC
DES
DEX

EOR

NG
INS
INX
JMP
JSR
LDA
LDS
LDX
LSR

NEG
MOP

DRA
PSH

Ciear

Ciear Overflow
Compara

Complement

Compare Index Register

Decimal Adjust
Decrement
Dacrempnt Stack Pointer

Decrement Index Register

Exclusive OR

increment
tncrement Stack Pointer
increment Index Register

Jumg
Jumg ta Subroutine

Load Accumulator
Load Stack Poimer
Load index Register
Legical Shitt Right
Nogate

No Oparation

Inclusive OR Accumulalor

Push Data
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PLUL

RO
ROR
RTI
RTS

584
38C
SEC
SEI
SEV
STA
5TS
STX
sue
swi

TAB
TAP
TBA
TPA
T5T
TSX
TXS

WAI

Pull Tata

Ratate Left

Ralate Hight

Return from [Interrupt
Return from Subroutine

Subtract Accumulalors
Subtract with Carry
Sel Carry

Set Interrupt Mask
Set Overflow

Store Accumulator
Store Stack Regisler
Store Index Register
Subtraci

Software Intarrupt

Transfer Accumulators

Transier Accumulaiors to Condibon Code Reg.
Transfer Accumulators

Transfer Condition Code Req. to Accumutator
Test

Transier Stack Ponter 1o Index Register
Transfer Index Regisier 1o Stack Pointer

Wait for interrupt
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TABLE 3 — ACCUMULATOR ANO MEMORY INSTRUCTIONS

Testand 4910 1.0 CIEaISd CIPErwiIE

ACDRESSING MDODES BODLEAN/ARITHMETIC GPERATION COMWC. CODE REG
IMAME D DIRECT ] INDEX EXTHND IMFLIED [AIN reguter mbel Spdlxlefie
DPERATIONG wuemomic | or - -|ap - = pr ofF - =|osr = relar o canmntcl HT|IN|Zv|C
Ady anna 48 7 F|%H 31 ¥ AR 5 ?|RE & 13 AW a HLIHH B
ADCE CE ? 2 |0OE ? [EE | FE a4 3 9. ¥ -E L.l (2] 1
Add Lenkrey AfA e 2 1 L+E -B tqwjafrprft
Add vy Cavry AlLA 4@ » ¥|M 1 2 ag 5 | BA a3 LN S MEISERRRA NI
ARELR i@ x| DH 3 2B o5 734 1 faMal g HCIRANEE
Ang ANGA g 7 F[W o1 1iaa05 1 @4 o4 AW o-A a|n|]|[{R]|®
ANDE cd ¢ 2|Dé T 2|E4 5 T F4 o4 ] £ W B waliitjn|e
= Tew Bita EETC I S I T S H'Iﬂ': or'es o4 ) A #| | ([{R|w
BITE Ly ¢ 2wy } ZlEBE B X by o4 % B-M w(ali|tin|e
Clear LLR YBE7 7 % & ] an -w ®|®|R(5|R(A
CLRA 45 7 170D -A wle|r|s|r|R
CLAE - ELI | qo -e * &|A|S{R|A
Lampar CNER BT 7 p|wm o1 zfa1 s | B 1 L v DU HBEHE
CMFPH (AR B N B LS T AT B B Koo " H
C:noe ALmiing CEA 1L I B R 3 w(m HEN
L1 molpment 15 Com [ I B A oy wlw N LiE
COwn &5 7 | B o-a e » HE1H
LOET w1 2 1| BB - HEH
Cpmpemens 7 NEG o[ imos o 0om ooy ]| ONE
Ieyale: NEGA a7 1| Mmoo o& -a wiwpl | |ONE
NEGE s 7 1 |ra P -® o] [OAT
Decona Adlyt & I A4 1% 7 1| Cumesss Boary Aod of €29 Chaacres [ # | L KE
vl ACT b oa
uezremen BEC B 7 R 1A B 3 Mo oM wlo] Dl
OLEA LEN N O O Y a0
NELA A7t B o1 g vl D
P Eazhaowe OR LUBA B ¢ 1|8 3 2| A & ZfuwE 4 3 ALEHN - A s|e|l||R|e
EDRE CE 2 2fod 3 2)ta & 2|13 1 3% RisW A o Wl ([]R e
areme r N w01 2| & 2 M1 R LI AL
! INCA i b a-1-s afaft -
INCH LI ' Bl & LILIH -
Lt Apeili: AN BE 4 2] % 31 | nE » 2|45 4 3 Mo-a wlw) ).
LEGAR Ch 4 | E i d| ke s 7|TE 1 3 M3 wle|:|!]x|e
O dnctaee ORAA a2 2]9A 1 71| AaA B FlgA 4 G AWM oa m|afl|i|RI=
| QRaR a2 1|DAa 3 ZTIEA & 7 1FA 4 % bW B wlw|!l||{Rle
i Poxh Dala PEHA E 1 & -Mgp P 1 - EF w mimy -l-
PSHA o4 K] R ‘MgpIP | -SP EILIRIEEY
Pull Data UlA o4 ] A1 5 Mgp ca vie|lelee .
PULE I8 0 { 5P 5P Wgp o H we|a|uln
Rolair Lell Hilu [ I T T [ - . - ] o|a]: | FENY
RFOI& w7 | ay- ~ 0T —1— LI W
ROLA [ ] BI C ar — bl w|a
Al Foyh RIA L S I | M .
LI LT LI | a} s
RORY 45 ¥ ' :] wlw
Sk R Lelr Acabaen, A5l RE & 2| M & 3 -
ALLA ag 2 ! ala
ARE B 7 ! A LR
Gh Right Anrmer a5H [T L " ala
EMLES ar p o -, e
ATHE [ IS ala
Shils Bt Lig Lt T I ==
LEFA 42 0F 1 AF gLl - O .a
[ ' [T Y | b? bl C wla
Saure Aol LERA qr 2 2l N B} B! O3 1 P 1] 3K
3TA3 [ RS TR T T E M ela
Shirari SURA B0 F ifAp 1 ¥flar s 7 BD & 1 AOmoA -e
uah Lo 2 3| 1 2(FO oA 7 fD o1 T LIS - -
Subtiar] Arueir, NHa 1 o0F v a o#-a -w
Subtr ert Cern MR sz » 2|ls 2 2laz s 2 LT | L I LIE)
SACH roF oD R OG P | L . LI
Teansler Acm'iny Tab (12 | A0 =
raa [ | 5 A LR
Test Tranur Mings TE" g0 ¢ 2| 6 3 T -
Tara a3 2 i & 00 - .
T5TH E1or L] - .
[
LECEND CONOITION CODE SYMEGLS
0F  Dperatws Sude | Hexadeoorall - Boplean Inglag e O,
- NuTée ot WP Cycles (T Hackar Ear upet DR H Halt canry lam Bor 3,
- Mu-rtier ol Pragras Baiea ] Camplemeny of M 1 Irtern .l mmank
- A tnmety Plag, . Iraouier Iric, L] Negat we lsqn il2
A Thmar e Mar gz 1] Bt Zerg, £ Zefe Ibrgrad
Buoltan ANC, W Syie - Zera, W Diwertigea, 755 Lampirmen|
Mgp  Lonjents of memues ocabune posnned 12 Se S1ack Poonter [ Coaeoy lom bl T
L. RArsrt Alwayt
Nolr  Ageumulaboe adbresng Tode 150 sctans #9 ncaded o I8k column for IRPLIFE adduing 5 21 Bbways
1
-
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTICNS

COND. CODE AEG.

IMMED DIRELCT INDEX EXTND IMELIED I 5,43 21 @,
— .

POINTER OPERATIONS MNEMONIC | OF ~| = | OF e =|0oP -~ | = OP| -} =|OP| | = f BOGLEAN/ARITHRENIC OPERATION [ H | -2 v e’
| Gomparg lndes: lieg CPX g¢ 3| 3 |9C a2z |ac;s5 |2 BL|5 |13 Ay M Xy M-l Nidgae
| Uecremert Index Reg akx . Lo o3l KO ex »
! Derreinen S Pt nES i H LTI R | 5P 1 &P -
| tacrement tnden Req g ! 0 4 K1 - .
. Inceement Stece Pro N5 | . EL I T | P -1 -5P -

Lusd Indew Aeg LOx CE 3 3CUE| M : EE| % |2 .FE|G 3 LI AT I AR 3] L

L nad Slace Pris LD AF 3| 3 9E | 4| 7 AE| 5|2 .BE|GL D | M -SPH. (M Ny -5P -

Stere Index Rey 51% ME|al 7 £F |2 FF|E i3 ! WKy oM XL I e .

Sinre S1ack Pore 5TS 4| 3 ) | AF |7 i ! BE|E 3 : ETTRRE T TR L -

Indx Frg =Stack Pour TX3 i o w4 i1 -5 -
$lack Prtr - Inas Reg 5% Lo L, I ERE Pt x .

TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
£AND. CODOE REG. W
RELATIVE WOEX EKTND IMFLIED —| 5| 4 ] ] 2 1 0
r e — — }

OPERATIONS muemonic | 0P - = or -] =|oe[-[=|or]- =] BRANCH TEST Wl wizfvie
Branch Always I ERA w4 ' 2 | Nare | | e
Branch [l Carry Cleas I BCE 4 2 c-0 oo . v 8| n|=
Branch |t Carsy et i BCS FLIE T ‘ ; C=1 [ IS SRR
Branch [l = Jerq . BED o4 2 Z=1 LR A R B R
Branch It = Zern 8GE Imos 7 H@v-D » slele. a|s
Brancn If > Zern BGT F 42 Z+IN@ V=0 s e, siaie
Branch |f Higher | BHI - B C+7-10 a'a s a,afw
Brawich It %5 Feva i BLE FI 2| | P Z+iN@E = & & s|sl=
Branch It Lower Or Same BLS b IS4 ! C+Z-1 o o » a|a|m
Branch If < 2ern BLT n|4 2 N@W=1 e’ s wiw " a|m
Branch I Minug B 214 2 ' N-1 4 8 wiw - »
Branch Il Mgt Equal Zero BNE s 2] ! Z-0 - o W ‘e ow ow
Braneh 11 Dvertlow Clear BEWE w4 ? | i ¥=0 sl a. = ‘ala w!
Sranch {1 Dwerllawe Sel EVS 9] 4 ? X Y- e & w o|l= &/
Branch (1 Plus BfL Wm|la? ! N=D 2! aiw, | = ;-
Branch To Subroulne BSR P8R8 2 - ! v e | e o:; o
Jump IMP X GE( 4 2 TFEN3 3 5 See Specaal Operatung LI T I R N
Jomp Ta Subrgutime 1SR AD| & | 2|BD| % 2 {Figure 151 e % e w|w
No Opeialion NOP L Advances Prog Cote Only s sle =& s
Retyurn From Interrup RT1 ;101 a
Retuen Frie Subrauting RTS #le i LI ] - I . a'e
Saliware Intemupt S ¥ 12 - See Specut Qperglwons . 4 e i -
Wait dar (nterrupt Wl I€ l 3|1 , {Figure 16 . f\]_h] 4l sl e =
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SPECIAL OPERATIONS
J5R, JUMP TO SUBRDUTINE:

FIGLIRE 16 — SPECIAL OPERATIONS

PC Main Progracm Stack PC Subrouting
n | aD - ISR — Sp-2 INX + K
INDXD net | W= Dftser” I:D‘ spq | onedln
a+7 | Next Main lnste g | In+2lL
*K = & B Unsignad Value it 2 yardd [n+ 20 Forma+3
[ Main Prograr [ Stagk FL Suproutine
o [BD-15R ~ 52 S | T3t Subr Insr. |
1 | §H = Subr Addr 5P— Irs+3] H
NG 1 U G e —> i
n . . SF [ a3 L 1S Formed From Sy and 51
r+3 | MextMan Instr — . S1ack Painter Adter Execunion

B5A, BAANCH TO SUBROUTINE:

P Mamn Program 3P S1ach i Subrautme

n | g0-dsn - 8p-2 ne?s K | 1u Sube. Instr. |
net |+ K Oftsa” i::> ¢ 1| fur2IH
n+e? | Mext Masndnger iF Ine2lL

Koz 4B Sgmed Valee, r+? Facmed Frow [ 2]y ane as 2]

JMP_ JUMP:
FC Mair Progeam PL Maw Program
n n
arl v~k [y = Kexi Address
'hGx0 EXTENDED { n+2 JK| - Next Adoress
o+ K| hexl H
‘
RTS5 RETURN FROM SUBROLUTINE
PG SLhr putine 3P Shiss. b RL Yain Progeam
5 [39-n1s ::> 5 n [ Hext Mans lnsie, |
5P -1 | Mu |
—shez [ M '
RTL, RETURN FROM INTERRUFPT.
pg Interrugt Frugram 5P Slack b Main Program
4 38 = RTI @ 5P " Next Mam | nske
LR Cong1on Loy
5P« 7 Acminn B
SP+ 3 Bl A&
3P rd Irdex Register LAyY!
P g Inex Aegister (Nt
SP+ g PLH
— spal | POy
TABLE 6 — CONDITICN CODE REGISTER MANIPULATION INSTRUCTIONS
COND. CODE RES.
mpLIED ] i * a]3 z,1]0
DPERATIONS WMNEMOMIC | OF | ~ = |BODLEAN QOPERATIGN H 1 1 [ K vl
Clear Carey ' CLr nejod o n-o RIESE] "a R
Clear 1nterrupr Mash cLl oE ! 1 o -1 * | R |[» - | -
Clear Overilow civ aa ;2 " ! [N L N R| =
Bel Carry SELC an | i 1 1 -0 e | e n | - 5
Be1 Interrupr Mash SL: ar [ 2 .1 [ ] .| 5| e ie =
S Gueritow SV ue [ # [ 1y x| | = | T -
Acmler A - CCR AP wle | A -GCR a5—
COR »Acmiu & TFA Bife gl CUR - A e e w|e =

CONDITION CODE REGISTER NOTES: (B0 el ol teck s rie and cleared orherwisel

1 1Ra W) Test Retull = 100000407 f 1B N1 Jest Sign bt of most sipnilicend (ME] byte = 17
2 {Bn Cb Text Resull ¢ DODODOOOO* B 1Bt W1 Test 2's complenert owerflow from sutitraction of M5 byres®
3 [Bu b Test Decrmal value of most signilicant BED Character greaker than wne? 9 [Bi1 Ml Test #esoltisgs thar tera® (Bt 16 - B
{Not rieared 1F previousty sen ] 0 LAl Load Condinan Code Regster froem Stack . [See Special Dperanansh
4 [Bic W1 Test Operang - 10000000 prio o evetulion™ n (B 1} St when miemupt octws 1 previoosly zel, 3 Non-Maskable
11 Bt Wl Test Dpergng - M110111 poor ko ewecutan? Intesiupt 13 reguirkd 10 ext The wadk state.
3 [Bat Wl Test Sen equal vo tesule of MG alter shat has oecuoresd tr LA St according e the gontents of Avcumulater &,
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES

{Timeas in Machine Cycla)

padw|
paxapu|
pepualx3
12340
AeIPALWIL |
X0w

{puesadQ [ENQ)

LTI
parjdui|
paxapu]
Papuax3
¥3aiQ
NP
X0

|RUBIRI (#ng]

AT R AR RN

"

L=}

*

INC

2]

P..HASXRGPA
ux o
Ea0O00nW
2L 20220

[ - (Rt =T =T ]
ST TON DY ET
s et emd T ¥ A win
LI ) -23,&0. L)

a8 & 8 0 BTV R

X
x

L

*® x4 8 F T Tt

#ON N & ¥ e

LRS- S BT 10 O I N

[ N o Wu B B B

[ IS"IVIC VIR T I I I B

ABA

ADC
ADD
AND
ABL

A AN # B AA A

ASR
BCC
BCS
BEA
BGE
BGT
BHI

B = EE VTR B

» &P P

* & Tyt

PSH
PLL

» T

[

3

BIT

BLE
BLS
LT

BMI

ROL
ROR
RT.

ATS

BNE
BPL

L8}

. T

L)

L R

x

SBA
SBC

BRA
8S5R
avC
BWS

SEC
SEI

[ - e B )

s DL 88

* 4TI M 88

ok N TR

L3 2 T BRI

%
"

SEW
STA
=3
57X
SUB
Swi
TAB

x

CBA
cLe
CLv

CMP

cul
CLR

LI I N

LI N

TAP
THRA
TPA
37

COM
CPX
AR
DEC
DES

PR TR R

TSX
TSX
WA

x

DEX
EOR

yeles frorm thwe end of
the 1 asTract@n Seiag et atod, except o awang

awi omstructhion Then s 4 cycles

I-itercupt e s 12

NOTE
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SUMMARY OF CYCLE-BY-CYCLE OPERATICON

Tabte 8 provides a detailed description of the information
present on the addrass bus, data bus, valid memory address
line I¥MAL, and the read/write line (R/W) during sach cycle
for gach mstruction.

Tris informatian 5 useful In comparing actual with sx-

as the conirel program is executed. The infarration is
categorized in groups according to addressing modes and
number of cycles per instruction. (n general, instructions
witht 1the same addressing mode and number of cycles ex-
ecute in the same manner, exceptions are indicated in the

pected resulis during debug of both software and hardwara

1able.}

TABLE 8 — OFERATIONS SUMMARY

Addrass Mode Cycle | VMA R/W
and Instructions Cycles = Lina Acddress Bus Line Data Bus
IMMEDIATE
ADC EOR i 1 Op Code Aduress 1 Op Cade
oD 5ha N 2 1 | OpGCode Addrass + 1 1 | Operand Data
BIT SBC
CMP SLIA
CPX 1 1 Op Code Address 1 Op Code
tg?( 3 2 1 Op Code Address + 1 1 Operand Oasta (High Order Byteb
3 1 Op Code Address + 2 1 Cperand Data (Low Drder Bytel}
DIRECT
ADQC EOR 1 1 Op Code Address 1 Op Code
ﬁgg Iég': 3 2 1 Qp Code Address + 1 1 Address of O perand
BIT SBLC 3 1 Address of Operand 1 Operand Data
CMP  SUB
CPX 1 1 Op Code Address 1 Cp Code
Los 4 2 1 | Op Code Address + 1 1 | Address of Cperand
3 1 Address of Operand 1 Operand Qara (High Order Byte)
4 H Operand Address + 1 1 QOperand Data {Low Order Byte}
STA 1 1 Op Cone Address 1 Op Code
a 2 1 Op Code Address + 1 1 Destination Address
3 o Dastination Address 1 Irrelevant Data (Mo 1)
L] 1 Destination Address 1] Data frem Accurnelatar
5TS 1 1 Op Code Address 1 Qp Code
STX 2 1 Op Code Sddress + 1 1 Address ol Operand
5 a o Address ol Qperand 1 Irtglevant Date {Nate 1}
4 1 Address of Operand 0 Register Data tHigh Crder Byte)
5 1 Address of Operand + 1 0 Register Data {low Ordar Byte!
INGEXED
IMP 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Offsat
3 0 Index Register 1 {rrelevant Data {Nowe 1}
4 u] Index Fegister Plus Offset {w/o Carryl 1 Irrelevant Data [Note 1)
ADC- EOR 1 t Cp Cade Addrass i Up Code
D O 2 1 | oo Code Address + 1 1| Offser
BIT SBC & 3 a] tndex Registar 1 Irrelevant Data [Note 1)
CMP 5118 4 o Index Fagister Plus Offaet (wio Carry) 1 Irrelevant Data tNote 1)
5 1 Index Ragister Plug Offset t Opecard Data
cax 1 1 Op Code Addrass t Op Code
Los 2 1 | Op Code Address+ 1 1 | OHser
5 3 a Ingex Register 1 irralevant Data (Nore 1)
4 s} Index Aegister Flus Offsat {wfo Carry) 1 trrelevant Data (Mot 1)
5 1 Index Fegister Flus Offset 1 Cperand Data (High Croder Byta)
[ 1 Index Fegister Flus Offset + 1 1 Oparand Data |Low Order Byte}
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TABLE B — OPERATIONS SUMMARY {CONTINUED)

Address Mads Cycle {VMA AN
and instruclions Cyclos s Lina Addrass Bus Ling Dsta Bus
INDEXED [Cor d}
5TA 1 ] Op Code Address 1 Op Code
2 1 Op Cous Address + 1 1| Offser
5 3 4] Index Register 1 Irralevant Datas Note 1)
q 4] Index Aegister Plus Cffset {w/o Carry} 1 Irrelevant Data {Mote 1)
5 1] Index Register Plus Offset 1 Irrelevant Data {Note 1)
[ 1 Index Register Plus Qffser o Cperand Data
ASL LER 1 1 Op Code Address 1 Op Code
QEE EEE z 1 Op Code Address + 1 1 Offaet
COM ROR 7 3 0 Index Register 1 Irrelavant Data (MNote 1)
:L])uEé: TST 4 o {ndax Register Plus Offset lwio Carry) 1 trrelavant Data INote 1)
5 1 Index Regisier Plus Offsat 1 Currgnt Operand Data
i1 Q index Register Plus Offset 1 Irrelevant Data {Note 1)
7 110 Index Fegister Plus Qffget o] Mew Operand Data (Note 3)
INota
31
&TE 1 1 {Op Code Address 1 Cp Code
§TX 2 1 | OpCode Address + 1 1 | otfse
7 3 ] tndex Register 1 Irrelevant Data (Note 1)
4 o] Index Fegistar Plus Offset (wio Carry} 1 Irretgvant Data [(Note 1}
8 a Index Register Plus Offset ] [rrelgvant Data (Note 1}
6 1 Index Register Plus Oifset 1] Operand Data iHigh Ordar Bytal
? 1 Index Ragister PIus Offset + 1 a Operand Data {Lew Order Byte}
JSRA 1 1 Op Code Address 1 Op Code
Z 1 Op Code Address + 1 1 Offser
3 a Index Register 1 Irreievant Data (Note 13
8 a4 1 Etrack Painter a Return Address (Low Order Bytel
5 1 Srack Painter 1 0 Raturn Address {High Order Bytal
[ a Stack Pointer 2 ] frrelevant Dota (MNote 1}
7 a Indax Hegister 1 Irrelevant Data (Note 1}
B ] index Register Plus Otfset (wio Carry) 1 irrelevant Data {(MNote 1)
EXTENDED
JMP 1 1 Op Code Address 1 Op Code
3 b 1 Op Code Address + 1 1 Jump Address (High Order Byte!
3 1 Op Code Address + 2 1 Jurmp Address (Low Order Byta)
ADC EOQOR 1 1 Op Code Address 1 Op Code
igg iég": 4 2 1 Cp Code Address + 1 1 Address of Operand {High Crder Eyte)
BIT SBC 3 1 Op Code Address + 2 1 Addrest of Operand {Low Order Bytel
CMP su8 4 1 Address of Operand 1 Cperand Data
CPX 1 1 Op Code Addrass 1 Op Code
tgi 2 1 Op Code Address + 1 1 Agdress of Operand [High Order Bytel
5 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte!
4 1 Address of Operand 1 Operand Data (High Cirder Byte}
5 1 Address af Dperand + 1 1 Crperand Data (Low Order Bytel
STA A 1 1 Op Code Address 1 Op Coda
sTA " 2 3 Op Code Address + 1 1 Destination Address (High Grdar Syte}
5 2 1 Op Coda Address + 2 1 Destination Address (Low Order Byte!
4 o QOperand Destination Address 1 Irrelgvant Data INote 1)
5 1 Operand Destination Address 1] Data from Accumulatar
ASl. LSR 1 3 Op Code Address 1 Op Code
352 :gf 2 1 Op Cade Address + 1 1 Address of Operand {(High Drder Bytel
coOM ROR 6 3 1 Op Code Address + 2 1 Address of Qperand [Low Order Byte}
?NE(? TsY 4 1 Addrass of Operand 1 Current Operang Data
5 4] Addrass of Operand 1 Irrelevant Data |INote 1}
-3 1/0 Address of Operand Q Mew Operand Data {Note 3!
INote
3l
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TABLE 8§ — OPERATIONS SUMMARY ICONTINUED)

Address Mode Cyela | VMA RW
and 1nstructions Cycles # Line Addrem Bus Line Datn Bus
EXTENDED (Continued}
5TS 1 1 Op Code Address 1 Op Code
5Tx 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 [+ Address of Operand 1 Irrmlevant Date (Note 1}
5 1 Address af Oparand a Dperand Data {High Order Bytal
6 1 Address of Operand + 1 ] Dperand Data {Low Order Bytal
1SR 1 1 Op Code Address 1 Dp Cade
2 1 Op Code Addrass + 1 1 Address of Subroutine {High Crder Byte}
a 1 Op Code Address + 2 1 Addrass of Subroutine {Low Order Byte}
F: ] Subroutine Sterting Address 1 Dp Code of Naxt Instruction
9 5 1 Stack Pointer o Return Address (Low Order Bytel
6 1 Stack Pointer 1 o Aeturn Address (High Crder Byte)
7 1] Stack Pointer — 2 1 Irralovant Data (Naotwe 1)
B 0 Op Code Aodrags + 2 1 Irrelevant Data (Note 1)
g 1 Op Code Gddrass + 2 1 Address of Subrouting | Low Order Bytel
INHERENT
ggf ng gElI: 2 1 Op Code Address 1 Op Code .
ARR INC  SEV 2 1 Cp Code Address + 1 1 Op Code of Next tnstruction
CBA LSA TAB
CLC NEG TAP
cLl NOP TBA
CLA ROL TPA
CLY ROR TST
COM SBA
DES 1 1 Op Code Address 1 Op Code
PNESX 4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
N q a] Previous Register Contenis 1 lrrelevant Data (Note 1)
4 Q New Register Cuntents 1 Irreiguvant Data {Note 1)
PSH 1 1 Onp Code Address 1 Qp Code
a 2 1 Op Code Arddress + 1 1 Qg Code of Next Instruction
3 1 Stack Painter o} Accumulator Data
4 0 Stack Pointer 1 1 Accumulator Data
PUL 1 1 Op Code Addrass 1 Op Code
4 2 1 Op Code Address + 1 1 Op Cede of Next iastruction
] u] S1ack Fointer 1 Irreievant Data iNote 1}
4 1 Stack Painter + 1 1 Operand Data from Stack
T5x 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 [+] Srack Pointer 1 Irrelovant Data (Note 1}
a 0 Mevw Index Register 1 Irrelevant Data (Note 11
TXS 1 1 Qp Code Address 1 Op Code
a bl 1 Op Code Sddress + 1 1 Op Code of Next Instruction
k3 4] Index Register 1 Irrelevant Data
4 1] MNew Stack Pointer 1 Irretevant Data
ATS b 1 Op Ceode Address 1 Op Cade
z 1 Op Code Address + 1 1 Irrelevant Data (Note 2)
5 3 0 Strack Pointer 1 Irretevant Data {Notwe 1)
4 1 Stack Pointer + 1 1 Address ot Next Insteuction {High
Order Bytel
5 1 Stack Pointer + 2 1 Addrass of Naxt Instruction (Low
Osder Bytel
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED!

Address Mode Cyela | VMA, AN
and Instructiond Cycles # Line Acidress Bus Line Data Bus
INHERENT LCantinuad)
WAL 1 1 [Op Code Address 1 |} Op Code
2 1 |Op Code Address + 1 1 | Op Code of Next Instruction
3 1 |Stack Pointer Q0 | FAaturn Address {Low Order Bytel
4 1 |%tack Painter — 1 0 | Return Address {High Order Byta}
9 5 1 | Stack Pointer ~ 2 0 | Index Register (Low Croer Byte}
2] 1 |5tack Pointer — 3 0 | Index Ragistar {High Order Byte)
7 1 |$rack Pointer — 4 0 ] Contanit ot Accumulator A
| 1 |Stack Pointar — 5 & | Contents of Accumulator B
= 1 |Steck Pointer — & 1 |Contents of Cond. Cada Aeginer
RTI 1 1 |Op Code Address 1 |Op Cude
2 1 |Op Code Address + 1 1 | Irrelevent Data (Note 2}
3 ¢ |Stack Pointer 1 | Irralevant Date (Note 1}
4 1 | Stack Pointer + 1 1 | Contems of Cond. Code Ragicter from
Stack
° = 1 | Stack Pointer + 2 1 | Contents of Accumulatar 8 from Steck
5] 1 |Stack Pointer + 3 1 | Contents of Accumulator A from Stack
7 1 |Stack Pointer + 4 1 | Index Register from Stack {High Qrger
Byte)
8 1 |Stack Painter + 5 1 | Index Register fram Stack |Low Order
Byte}
9 1 |Steck Pointer + & 1 | Naxt Instruction Address from Stack
{High Qrder Bytiel
10 1 |Stveck Pointer + 7 1 | Mext Instruction Address from Stack
(Low Order Bytal
Swi 1 1 |Op Code Address 1 | Op Code
z 1 [Op Code Address + 1 1 | Irratevant Date {Nore 1)
3 1 | Stack Pointer 0 | Return Address {Law Order Byte)
&4 1 | S1ack Pointer — 1 0 | Aeturn Address {High Crder Bytal
-] 1 | S1ack Pointer — 2 0 | Index Register iLow Order Bytel
17 -] 1 | Stack Pointer — 2 0 | Index Reagistar {High Order Byte)
7 1 | Z1ack Pointer — 4 0 | Contents of Accumulator A
a 1 |Stack Pointer — B 0 | Coments of Accumulator B
g 1 |Stack Pointer — 6 0 | Gontents af Cond. Code Aegister
10 0 |Stack Pointer — 7 1 | trrelevant Data iNote 1)
1 1 |Vector Address FFFA (Hex] 1 | Address of Subroutine IHigh Order
Bye)
12 1 |vector Address FFFB (Hax} 1 | Address of Subrouting (Low Order
Byte)
AELATIVE
BCC AM]  BME 1 1 |Op Code Aogdress 1 | Op Code
ggg gl‘{g EEILA a4 2 1 |Op Code Address + 1 1 ] Branch Oftfset
BGE BLT BVC 3 0 | Op Code Address + 2 1 | lerelevant Data {MNota 1}
BGT BMI BVS 4 0 | Branch Address 1 | Irrelevant Data {Nate 1)
BSR 1 1 | Op Code Address 1 Op Code
2 1 | Op Code Address + 1 1 | Branch Offset
3 0 | Aeturr Address of Main Program 1 | Irrelevant Data (Nate 11}
8 4 1 | Stack Pointer 0 | Return Address (Low Order Bytel
5 1 | Stack Pointer — 1 Q | Return Address (High Ordar Byte)
] 0 | Stack Pointer - 3 1 | (rralevant Data {Note 1)
7 0 | Return Address of Main Program 1 | Irrelevant Data INote 1}
8 @ | Subroutine Address (Note 4] 1 | trretevant Data INote 11
NOTES:

1 1l dewice which 15 addressed dunng this cycle uses VMA, then the Data Bus will go 1o the high-impedance thres-state gondition.
Dependirg on bus capacitance, data from the previcus cycle may he retained on the Daia Bus

2. Data is ignored by 1he MPU.

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

4. MS Byle ol Address Bus= MS Bywe of Address of BSR instruchon and LS Byte of Address Bus=L3 Byie of Sub-Routine Address.
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