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MC6800

8-Bit Microprocessing Unit (MPU)

The MCE800 is a monolithic 8-bit microprocessar farming the central control function for Motorola's
M6800 Family. Compatible with TTL, the MC6800, as with all M&300 system parts, requires only one
+5.0-volt power supply and no external TTL devices for bus interface.

The MC6800 is capable of addressing 684K bytes of memory with its 16-bit address lines. The B-bit data
bus is bidirectional as well as three-state, making diract memory addressing and mulbiprocessing applica-
tions realizable.

# 8-Bit Paraliel Processing

# Bidirectionat Data Bus

® 16-8Bit Address Bus — 64K Bytes of Addrassing

® 72 Instructions — Variable Length

# Seven Addressing Modes — Direct, Relative, Immediate, Indexed, Extended, implied, and
Accumulator

® Variable Length Stack

* Vectored Restart

& Maskable Interrupt Yectar

® Separate Nonmaskable Interrupt — Internal Registers Saved in Stack

¢ Six Internal Registers — Two Accumulalars, Index Register, Program Counter, Stack Pointer and
Condition Code Register

* Diract Memory Addressing (DMA) and Multiple Processor Capability

* Simplfied Clocking Characteristics

+ Clock Rates as High as 2.0 MHz

#* Simple Bus Interface without TTL

+ Halt and Single Instruction Execution Capability

This document corlans information on a new product. Specifications and information herein are subject to change without natice.
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MC6300

MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Voo -0310 +7.0 v
Input Vohage Vin —03to +7.0 v
Qperating Temperature Range Ta TLte TH “C
MCE800, MCA8ADD, MCEER00, -Cw7a
MCEB0C, MCEBADNC —d0 16 +85
Storage Temperature Range Tstg -55 10 + 150 C
THERMAL RESISTANCE
Rating Symbol Valus Unit
Lplasﬁc Package )4 100 “CW
Cerdip Package 60
POWER CONSIDERATIONS

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

Ti=Ta+{Pp-bJa)

n

where:
Ta = Ambient Temperature, °C
LT = Package Thermal Resistance,
Junction-to-Ambient, “C/W
Pb = PINT+PpORT
PINT = Ice % Voe. Watts — Chip Intemal Power

PPQRT = Port Power Dissipation, Watts — User Determined

For most applications PPORT<PINT and can be neglactad. PPORT may become significant

to drive Darlington bases or sink LED loads.
An approximate reiationship between Pp and T Gif PRORT s neglected) is:

Salving equations (1) and {2} for K gives:
K=PpH{Ta + 273°C} + 0 p-PD?

where K is a constant pertaining to the particular part. K can be determined from
aquilibrium) for a known T4. Using this value of K, the values of P

{1) and {2} iterativaly for any value of Ta

PO =K=(Tj+273C)

DC ELECTRICAL CHARACTERISTICS (voo=5.0 Voo, £5%, Vsg=0, Ta=Ty to TH unless otherwise noted)

itthe device is configured

(2}

13

equation (3} by measuring Py {at
0 and T ¢an be obtained by solving equations

Ch Symbol Min Typ Max Unin
Input High Voliage Loge: ViH Vegg+24 - Yoo v
.42 Vige Veg-06 - Vor+0.3
input Low Yollage Logic ViL ¥5g-03 - Vg5 + 0B v
#l.e2| Vic Jv3s-03] - |wvgg+04
Input Leskage Cument
Win=010525V, Vo= Max) Logw: lin - 1.0 25 nh
WVin=010 626 V, Voo =0V 15 5.25 V) &1, 42 - - 100
Hi-Z tnput Leakage Current 0007 | - 20 10 a
Vin=0.4102.4 V, Vor = Max) AC-AlS, RN | 2 - - 100 e
Output High Voltage
I oad = ~ 205 uA, Vo= Mind __boD? v Vgg+2d] - - v
i oad = = M5 p&, Voo m Min) A0-A15, R/, vma| OH  fyalyaal - -
Lgag= - WO uA, Ve =Min) BA ¥g5+24] ~ -
Ouiput Low Voltage (| gan = 1.6 ma._ Yo = Min VoL - — Vg +0.4 v
Imomal Power Dissipation (Measured a1 T4, = Ty } PINT - 05 1.0 W
Capacitanca
Wipm0, TA=25°C 1=10MHz »l1 - 5 35
| cn - 26 70 oF
DQ-0? - 10 125
Logic Inputs - 6.5 10
AD-A15. RW, vMA Cout - — 12 pF
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CLOCK TIMING (Voo =5.0 V, 5%, V=0, Ta=Ty 1o Ty unkess otherwise noted)

Ch Symbol in Typ b Unit
Fraquency of Operaticn MCB0 [ ] — 1.0
MCeaA00 1 01 - 15 MHz
MCEBE0 0.1 - 2.0
Cycle Time IFigure 1) MCB300 1.000 - 10
MCBBAOD | Loy Q.566 - 0 S
MCB8E00 0.500 - 10
Clock Pulse Width #1, 462 — MCEA0 400 - 9500
{Measured aL Voo - 0.6 V) @1 &2 — MCEBAOD | PWgy 23 - 9500 ns
o1, 02 — MCBBBO0 180 - 9500
Total $1 and ¢2 Up Time MCBE0 900 - -
MCB2A00 [ 600 - - ns
MCBaB0 440 - -
Rise angd Fal Time (Measured between Vo5 +04 and Ve —006H 1. 1§ - - 100 ns
Detay Time or Clock Sapacation (Figure 1}
iMeasured at Yoy =¥55+0.6 V@t =1=100 nsl 14 0 - 900 ns
(Measured at Yoy =v¥55+ 1.0 Vit = 4= 36 ns) 0 - 9100

FIGURE 1 — CLOCK TIMING WAVEFORM
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NOTES:

1 Waltage levels shown are V| S04, V= 24 V, uniess otherwise specified.

2. Measurernent pomnts shown are 0.8 V and 2.0 V, unless otherwse noled

READ/WRITE TIMING {Retference Figures 2 through 6. B, 9, 11, 12 and 3

) MCEB00 MCBBAO0 MCBBE00
Chacacieriatic Symbol e T e | W | Wi | Tw [ Weax [ Wim [ Tvp | W | ™

Address Delay

C=90pF tap - - j | - - | W} - - | 150 | ns

C=30pF — — 250 — — 165 - - 1%
Feripheral Aead Access Time

tace = tyr— IAD + IDSA! ace iad TR O o M i Kiad O I e
Data Setup Tima {Read) IDSA 00| — — &0 — - 40 - — ns
Input Dana Hotd Time tH W — = 10 - - 10 - — 123
Crutput Daia Hold Time tH w0 2% - 10 % - 10 % = ns
Address Hold Time laddress, F/W, VMAI LaH ERE N EE e ER e
Enabie High Time for DBE Inpun EH a8 | — - || - - |20 - — né
Data Deday Time {¥Write] LDW - - 2% - - 20 - - 180 | ns
Processar Controls

Processor Control Setup Time s 200 - - |0 | - - Iwme] - -

Protessor Control Rise ang Fal Time PCr. PG - - W | - - 100 ; - - 100

Bus Available Delay 18A - - || - - 1181 - i ] ns

Hi-2 Enable TSE g - 40 o] - 40 a - 0

Hi-2 Doy TS0 - - |20 | - — |0 - - | 220

Data Bus Enable Down Time Curnng ¢1 Up Time DBE 50 - - |2 - - w| - -

Oiara Bus Enable Rise and Fall Times DBEr- 1DREY | — - 25 - - 25 - - %
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NOTES:;

1. Voltage levels shown are ¥| 0.4, V= 2.4 ¥, unless otherwise specitied.
2. Maasurement points shawn are 0.8 V and 2.0 V, unless cibenwisa noted
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FIGURE 4 — TYPICAL DATA BUS QUTPUT DELAY
versus CAPACITIVE LOADING (Tppw)

Y =-205 b max B 2.4 ¥
S gL e 1.6 mA max 804 Y

L Yoo =50%
147 25°C
_—
——
]
-«/
Gy, qududn Siray capacitance
wa 00 300 Ll 00 600

Ly, LOAD CAPACITAMNCE inF)

DELAY TIME (ng)

FIGURE 5 — TYPICAL READ/WRITE, VMA, AND ADDRESS
OUTPUT DELAY versus CAPACITIVE LOADING (Tap!
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FIGURE & — BUS TIMING TEST LOADS

vee
AL =22 ki

MMDE150
ar Equiv

Tasr Point

MO 7000
or Equiv.

€« 120pF for DO-OF, E
=80 pF for AD-A15, R ang vMA
TEnc#PT LA y)
= 30 pF for AD-A15 R and VMA
any oniyl
= 30 pF for BA
R=11.7 kil for DO-D7
=16 B ki for A0-415, RAN, and VMA
=24 k{l for BA

TEST CONDITIONS

The dynamic test load for che Date Bui is
130 pF and one standard TTL load as shown.
The Address, B/W, and VMA outputs arn tested
UNGEr two diti 0 dlow opti opera:
tien in both buffared end unbuffered systems.
The resisiar |Al it choln to insurs ypecified
1084 currents duting Vo messuremant,

HMotice that the Data Bus lines, the Address
Ve, the Interrunt Aequest lire, snd the OBE
lins gre all spac|fied and Tes1ed T guarantea
D4 Vv of dynamic noize immonity at both
1T e 0 [ogic lavals
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MC6800

FHGURE 7 — EXPANDED BLOCK DIAGRAM
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|
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Interrupt Raquest | ——m  Dacode Stack Stack
nd Pointer Pointer |
Thwae-State Control ™ Contral
Data Bus Bnebl ——line Index Index
Bus Availabis -— Flags H Registes |
Walid Mermory Address -
Read/Write, A/W - Aocurmulator
|| -
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MC6800

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

The IRG has a high-impedance pullup dévice internal 1o
the chip; however, a 3 kil external resistor to V¢ shouwld be
used for wire-OR and optimum control of interrupts.

Non-Masksble Interrupt (NI} and Wait for Interrupt
{WAI) — The MCBBX is capable of handling two types of in-
terrupts: maskable (TRQ) as described eather, and non-
maskable (NMI} which is an edge sensitive input. 1RQ is
maskable by the interrupt mask in the condition code register
while NMT is not maskable. The handling ol these interrupts
try the MPU is the same except that each has its own vecior
address. The behavior of the MFPLU when interrupted 15
shown in Figure 8 which details the MPU response to an in-
terrupt while the MPU is executing the control program. The
interrupt shown could be exther IRG or NMT and can be asyn-
chronous with respect 1o 2. The interrupt is shown going
lowe at time tpe s in oycle #1 which precedes the first cycle of
an instruction QP code fetchl. This instructon is nol ex-
ecuted but instead the Program Counter [PC), Index
Register 11X}, Accumulators {ACCX), and the Conditon
Code Hegister (CCRI are pushed onto the siack,

The Interrupt Mask bit is set 1a prevent further interrupts.
The address of the inberrupt service routine is then fetched
from FFEC, FEFD far an HMIT interrupt and from FFF8, FFFY
for an TRQ interrupt. Upon completion of the inerrupt ser-
vite routing, the execution ol RT! will pull the PC, IX, ACCX,
and CCR off 1he stack; the Interrupi Mask bit is restored 1o
its condition prior to Interrupts (see Figure 11,

Figure 11 is & similar interrupt sequence, except in this
case, 3 WAIT instruction has been executed in preparation
for the imarrupl. This lechnique speeds up the MPU's
response 10 the internupt because the stacking of the PC, 1X,
ACCX, and the CCR is already done. While the MPU is
waiting for the imerrupt, Bus Awvailable will go high in-
dicating the follawing ststes of the contral lines: VMA is low,
and the Address Bus, /W and Data Bus are all m the high
impedance state. Afer the interrupt occurs, it is serviced as
previgusly described,

A 3-10 k@ external resistor 10 V¢ should be used for wire-
OR and aptimum cantrol of interrupts.

MEMORY MAP FOR INTERRUPT VECTORS

_ Vector o

M5 LS
FFFE FFFF Reset
FFFC FFFD Non-Maskable interrupt
FFFA FFFR Software Interrupt
FFF8 FFF9 Intermupt Aequast

Reter 1o Figure 10 for program flcay for [nefropes.

Thwee-State Control [TSC] — When the level sensitive
Three-State Control ¢TSCI line is a Jogic 17, the Address
Bus and the R/W line are placed in & high-impedance state.
VMA and BA are forced low when TSC="1" to prevent
talsa reads of writes on any device enabled by VMA. It is
nacessary to delay program executian while T5C is held
high. This is done by msuring that no teansitions of ¢1 {or 42}
accur during this period. (Logic levels of the clocks are irrele-
vant 50 long as thay do not changel. Since the MPU is a
dynamic device, the ¢ 1 clock can be stopped for a maximum

time PWgp without destroving data within the MPU. TSC
then ¢an be used in a short Direct Memory Access {DMA)
application.

Figure 12 shows the effect of TSC on the MPU, TSC must
have its transitions at tTSE [three-state enable) while holdi%_
1 high and ¢2 low as shown. The Address Bus and R/
line will reach the high-impedance siate al tT5 0 (three-siate
dekay}, with VMA being forced low. In this example, the
Data Bus s also in the high-impedance siate while ¢2 is be-
ing hedd low since DBE=¢2. At this point in time, a DMA
transfer could occur on cychkes #3 and M. When TSC is
returned low, the MPU Address and R/W lines retum \o the
bus. Because it is too late in cycle #5 to access mamory, this
cycle is dead and used for synchronization. Program execu-
tion resumes in cycle #6.

Valid Memory Address (VMA) — This output indicates to
peripheral dewices that there is a valid address on the address
bus. In normal operation, this signal should be utilized for
enabling peripheral imerfaces such as the PlA and ACIA.
Thiz signal 15 not three-state. One standard TTL lcad and
80 pF may be directly driven by this active high signal.

HALT — When this level sensitive input is in the law stats,
all activity in the machine will be halted. This input 15 level
sensitive.

The HALT line provsdes an mput 1o the MPU 10 aflow con-
trol of program executon by an outside source. IF HALT is
high, the MPL will executa the instructions; if it is low, the
MPU will go 10 a halted or idle mode. A response signal, Bus
Available {BA) provides an indication of the current MPU
status. When BA is low, the MPU is in the process of ex-
ecuting the control program; if BA is high, the MPU has
halied and all internal activity has stoppet.

When BA 15 high, the Address Bus, Data Bus, and R/W
line will be v a high-impedance state, effectively removing
the MPU fram the system bus. VMA is forced low so that the
lipating system bus will not activate any device on the bus
that is enabled by VMA,

While the MPLU 1s halied, ail program activity 15 stopped.
and if either an NMY or IRQ interTupt occurs, it will bae latchad
into the MPU and acted on as soon as the MPU is taken out
of the halted mode. If & RESET command occurs while the
MPU is halied, the following states oocur: VMA= low,
BA=low, Data Bus=high impedance, R/W=high {read
statel, and the Address Bus will contain address FFFE as
long as RESET is low. As soon as the AESET line goes high,
the MPLU will go to locations FFFE and FFFF for the address
of the reset routine,

Figure 13 shows the liming relationships involved when
halting the MPU. The instruction illustrated is a one byte, 2
cycle instruction such as CLRA. When HALT goes low, the
MPU will halt after completing execution of the current in-
struction. The transition of HALT must oceur tpis befare
the trailing edge of ¢1 of the last cyde of an instruction
tpoint A of Figure 131, FALT must not go low any time later
than the minmum tpes specified,

The fewch of the OP code by the MPU is tha first cycle of
the instruction. If HALT had not been low at Point A but
went low during $2 of that cycle, the MPU would have
halted after completion of the following instruction. BA will
go high by tima tg s (bus available detay time} after the last
instruction ¢ycle. At this point in time, VMA is low and R/W,
Address Bus, and tha Data Bus are in the high-impedance
siae.
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MC6300

Yo dsbug progrems it is advantageous to step through
programs instruction by instruction. To do this, HALT must
be brought high for one MPL cycle and then returned low as
shown at point B of Figure 13. Again, the tansitions of

must occur tpgg belore the trailing edge of @1, BA
will go low at tga akter the Ieading edge of the next ¢1, in-
dicating that the Address Bus, Dats Bus, VMA and R/W

lines are back on the bus. A single byta, 2 cycle instruction
such as LS is used for this example also, During the first cy-
cle, the instruction Y is ferched from address M+ 1. BA
returns high at tga on the last cycle of the instruction in-
dicating the MPU is off the bus. If instruction Y had been
three cycles, the width of the BA low time would have been
increased by one cycle,

FIGURE 10 — MPU FLOWCHART

"]

ITMP —= 1

Stack
PC. X, A B CC

— L.

1—= (TMF
WA 1=
Condition Code Aegier
[

Vg —- FC LiTuelz]vTce]
NMI FRCA

Swi_ | FreA “TEMP" 1-8it
IRQ FFFE Buffer Ragrser

Notes.
1. Rt gnined at any ior i 1he th 1

2, nstructions which atlect the |-Bit act upon & one-bit bufier nasier,
“ITMP.” Thug has the eHect of detang aay CLEARING of 1 1-Bil one
clock time, Setting the -Bil. howewr, 15 not delayed.

3. See Tables 6-11 for details of Instruction Execution

MOTOROLA MICROPROCESSOR DATA

370



MC6800

—t e S 1, 5L, —e p—

| __ a5y
_ _ 380 = v

X o
x eeq

x TWA

L x My

- m g
st Py

eppy

$30IRPY
L=D Dd MEN BL-B Jd MeN

(mkl'_

o [r— 05 QSLy =g ep—

—l,l 1 OidM
——

L
wasAG

343

DNIWLL TOHLNOD 3L¥1S-33WHL — Tk 39NDIA

“1Els eouepedun Yy
fot—— 381931 PUL Wanendm sdusiPipyy TeI0p

N

g
[Clece] 220% Y S8 L-01 21804 (-0Da IRAL

AR D e XX X
./..:..a-.o_u -.r I}
wdniseiug po ™
TR 1T S L
i
s ____|1|l/
-y I
m TRl d 19-UldS  (G-UldS  I¥-UldS (E-UldS (Z-4)d5 [L-uid§  (M14§ " onsriwdT
— I— 1 X X X XX XXX X
T poy

vo

tng a1eg

1514

o0y
Sy
nLeu|

YA

M

sng
VRIpRY

Jd AN
e

# S+u

'+Y

L+ U

z+u

Lty

"

O [ 2]

#1345

ou_wa_%_wa_ma_vn_nu_s

ONIWIL NOLLDMYLSNI LIVM — L1 ABNDIE

MOTOROLA MICROPROCESSOR DATA

3N



MC6300

FIGURE 13 — HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG
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MPU REGISTERS

The MPU has three 16-bit registers and three 8-bit FIGURE 14 — PROGAAMMING MODEL OF
registers available for use by the programmer (Figure 14), THE MICROPROCESSING UMIT

Program Countsr — The program counter is a two byte
{16 bits) register that poin1s to the current program address.

)

ACTAH Accurnulator &

Stack Pointer — The stack ponter is a two byle register
that contains the address of the next available lpcation in an
external push-down/pop-up stack. This stack is normally a

¥
(=]

acce Accumulator B

OI

random access Read/Write memory that may have any loca- i
lion {addrass) that is convenient. In those applications that | 1% _| Index Fagister
equire storege of information in the stack when power is 15 o
ost, the stack must be nonvolatile. I_ —J
PC Frogram Countar
index Register — The index register is a two byte register 15 ]
that is used to store data or a sixieen bit memory address for | 5P —l Stack Pointer
the Indexed mode ol memory addressing. - -
Condit O
Accumulators — The MPU comains two B-bit ac H' |“] ! I”]z]\' Cl R:om‘-rm o
cumulators that are used 10 hold operands and results from
an grithmetic logic unit [ALU}. Corry {From Bi1 T
D flow
Condition Code Register — The conditian code regqister in- Zero
dicates the results of an Arithmetic Logic Unit operatian: | Neaati
Negative (N), Zero 12, Overflow {V], Carry from bit 7 (C), gatine
and hal! carry from bit 3 (H). These bits of the Conditipn T Innerrupt
Code Register are used as testable conditions for the condi- ————— Half Carry (From 8it 3)

tionat branch instructions. Bit 4 is the interrupt mask bit ().
The unused bits of the Condition Code Register (b6 and b7
are ones,
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MPU INSTRUCTION SET

The MCB300 instructions are described in detail in the
MB300 Programming Manual. This Section wall provide a
brief introduction and discuss their use in developing
MCE800 control programs. The MOBI00 has a set of 72 dif-
ferent executable source instruchions. Included are binary
and decimal arithmetic, logical, shift, rotate, load, store,
corditional or uncondinonal branch, interrupt and stack
manipulation instructions.

Each of the 72 executable instructions ol the source
tanguage assembles into 1 10 3 bytes of machine code. The
rumber of bytes depends on the particular instruction and
on the addressing mode. (The addressing modes which are
availabie for use with the various executive Instructions are
discussed |ater |

The coding of the first dor only) byle corresponding ta an
executable instruction is sufficient to idenaify the instruction
and the addressing mode. The hexadecimal equivalents of
the binary codes, which result from the wranslation of the 72
instructions in all valid modes ol addressing, are shown in
Table 1. There are 197 valid machine codes, 52 of the 268
possibke codes being unassigned.

When an instruction translates into two o three bytes of
code, the sacond byte, or the second antl third bytes con-
tainis) an operand, an address, or information from which an
address is oblained during exacution.

Microprocessor instructions are often divided into three
general classifications: {1} memory refererce, so calied
because thay operate on specific memory locauons; 12}
operating instructians that function withoul needing a
memary refarence; 13} 1/0 instructions for transferrng data
between the microprocessor and peripheral devices.

In tnany instances, the MCEBOC pertorms the same cpera-
tion on both its internal accumulators and the external
memory locations, In agdition, the MCBB00 inmerface
adapters (MA and ACIA) allow the MPLU 10 treat peripheral
devicas exactly hke other memory locations, hence, no 110
instructions as such are required, Because of these features,
other classificauons are more suitable for introducing the
MCE800's instruction set: {1) Accumulator and memory
operations;, (2] Program control operations; (31 Condition
Code Ragister operations,

TABLE 1 — HEXADECWMAL VALUES OF MACHINE CODES

L 4 NEG A ap sU8 A [LT1L]
o1 NOP 41 v 81 [0 A N
- 42 B2  SBC A [ L]
03 43 COm A [:x] -

o a4 L3R A B AMD A MM
a5 - a5 - &5 BT o MM
06 Tam a6 ROR A 8 LDA ) (LT
0T TRA 47 ASA 4 &7 -

oe N L] ASL A B EQR A IMM
e DEX 48 ROL A B9 ADC A I
o4 CLY 44  DEC A B ORA A (LT
o8 SEV 48 - 48 ADD A L)
(- =R ¥ K 40 NG A o LR A (L0
o SEC ab TST a a B5R REL
e Lu LI &= DS Lo
F  SEI 4F  CLR A oo

uw SBa S0 WMEG B L] A DR
1 CBa L1 291 CMP A [+1]
oo &2 * 92 SBG A QIR
3 - 53 CDM =3 93 :

4 L L3R -1 M AND A DA
15 : 55 ' ® Br A iR
% TAB =3 RCR B % LDa A DIR
17 Tha 57 ASR a 97 BTA A DR
2 - S8 ASL ] % EOA LS (213
19 DaA 5% ROL -} 9 ADL A DR
. 54 DEC :] 98 ORR A DIR
1B ABA | - 98 ADD A DR
oo 5C INC a 9 CPx R
0 50 TET -] 0

1E 58 9 DS iR
1F * aF CiLR B w TS DR
=0 BR& REL | 60 MEG INC | A SUB A IND
#no B Al CMP A IND
22 8H1 REL | 62 - Az SBC A (L]
21 BLS REL |53 COM MWD A3

o BLC REL | &1 LER D | Ad AHD A "l
25 BLS REL | 85 * AL AT ) NG
26 BHE REL | 66 ROF D A6 LDA A IND
27 BEQ AEL |67 ASR IND (&7 STa A IMD
% evC AEL | &8 AEL WD [ A8 ECH A NG
20 BvE REL | &9 ROL IND | a5 Al Aa INC
24 BRL REL | 64 DEC IND | A8 ORA A IHD
2B B REL j 6B * AR ADL A IHC
2 BGE REL | 8¢ INC Mo | AS CPR IHD
20 BT REL | 50+ T3T IND | AD ISR INDY
2E BGT REL | BE  iF D | 2B LD L]
AF  BLE REL | 5F CLR IND | AF  &TS 1D
TSR M NEG EAT|BO SUB A EXT
n NS n * B (= A ExT
12 PUL A wC B Sel A ExT
13 FJL ] T GOM EXT|BY -

o DES 74 LSR EXT|B4  ANDE A ExT
%5 ™S 73 - B BT L) ExXT
3 PEH A 75 AOA EXT|B& LDA - EXT
37 PSH B 7 ASA EXT| BT &TA A EXT
-\ 79 ASL ExT|B6 ECR A EXT
E] ATE 1 ROL ExXT|B% ADC L3 EXT
L I TA  DEC ExT|Ba  OFA Ll Ext
38 RTI L I B8 ADD A EXT
ac M ML EXTIBC P EXY
ao - M TET EXT|BD ISR EXT
3E WAl TE P EXT|BE LDS ExXT
IF e TF  CLR ExT|BF  5T% EXT

518 B I

cMP B (L))

SRC ] T

AND B MM

e B

L4 B W Notes 1 Addressmg Modes

B ] 2 & = Arccumulmes A
ADC B M & = Atcumulair B
R T L FEL = Relabve
ROD B ik *O - ingexed
: WA - Immediate
Lon . DA = Dieat
=113 a []]24 [FX 214
iy 8 R 2. Unagagned coé ndcxied by .
SBC :] L]

AND B 2. 1.]

ar B DA

LA B D

5Ta -] ;]

EOR 8 DR

ROL a [+ ;]

A ) (2]

ADD B DA

LDX OIR

STX DR

SUB -] [L]x]

CMP B ND

sec B IND

Al B IND

T B NG

LD# B IND

STA -] D

ECA B D

ADC B WD

(A -] IND

An0 B WD

LD IND!

5T IND

5.8 B EXT

CMP B EXT

SBG B ExT

AND B EXT

ar B ExT

LA a EXT

5TA 8 ExXT

EOR B EXT

Al B EAT

ORs B EXT

ARG B EXT

LD EXT

5T EXT
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TABLE 2 — ACCUMULATOR AND MEMORY OPERATIONS

RODAESSWG MDDES BOALEANWARITHMETIL APERATION LOND. COOE REG.
IMMED DIRELT INDE x ExTnMD LI D LA 1grster Lpleds Sla)3(r{i]no
SFERATIONS a - -lek - =z|ogp - =or - <ot - = reler 30 concennsd H|i W]z lv[e
Add ADDA L T T rles 4 3 A-mo-p el
Aong € 2 e 3 r|EE 5 p|FE 1 1 B g HOE !
At Aeidirs Al 1B 2 1| Asg -n - 1
Add wih Caeiy afra BT 7088 031 :las s o7|ew o4 g ANl A B °l:
apca 9 7z (0% 1 1[E8 5 z|¥9 a4 3 E«Mi{ -B b L e
Ang ANDA B2 or|d 3 At s y|Ed o4 ] Al i Al
ANDH 4 & rjope 3 2[ed 5§ r|fe o4 3 B-woy | LIRS
Bar Teyl Bita Bodorfem o3 oy an s 1|es a3 A-M LI ML
EITE G5 2)10% 3 p|Es 5 2[6s a1 3 E-# NOEHBEG
Claar LR BF r 3lF B2 o oW *|e|R|S &R
CLAa ¥l 0 [0 o-a wiw RIS 0|K
ELAE 51 0|60 -u alefnz|n|r
Compae EMPA LA R T N T 2181 4 2 A WM LI :
CMPg o oy zlen s 7 lhoa o Bom ws|:
Comipare Sominn CBa LE TS T -1 LIEI
Camplenmmi, 14 Ciria [ =N I A R M LI LIRS
CoMa LERR-I I 01 wlalcs)nls
{OMp 51 2 1|8 -8 -l Als
Complement, I's NED Morozm s o M om L] R e
i Meguiel HEGA a0 7 r (o oa-w LI HIE [
NEGE o 1M g UL v
Decomad Adjust, & D4 W2 1| Conmunts Bnary Agd of ACO Caracens | wjw| i KD
iy BED Faner
Omgramennt 1] 14 LETE R | no1-m LI -
OECA a2 ala o1 -a LIE) -
DECR 5 2 v le.-m - -
Enclunme IR EQRA Bor o rfsh 3 p|ag ¢ 2|len o0 3 Al A -
EQRB CR 2 Y| DE 1 2|66 5 2[F4 a4 3 | BEM -8 1L -
Ineremen) INC LA I T | LN -l -
INCH 1 1 atrow LIEI -
INCH s 2 1|n-|-a .l .
Laag dumire Lhaz /7 | W3 rlas 5 IfBE a3 W |o + .
LOag L6 ¥ F|los 1 2[e6 % 2|F5 a 3 wo-p imlen +
On Ingtyum [LLEEY B3 T BA ] F|RA S5 z|BA oo 3 ‘ AW o-n e -
ORRA LA 2 2|DA 3 2MEa % ?iIFa & % Bl -k |w -
Bt Dara HHA ’ Boa 1|k omgase g o-gp IR -
Le ) Tioa 1|6 -mgp e 1 gk -la -
Pl Dty FULA L T T R - Migp & -la [
FULE 13z 4 5P -GR Mgp -k ala -
Aurair Lyt AL | #® o0 o2lm e 3 O] _—_ ale :
ADLE ‘49 F h}—[‘— OTLTT T Ll &4
*OLE o1 1| t b= W wlw
Riniglz Righl ROR [ T - A A T [ wls|:
LLETY L. A} - -~ T LALdH
AQRE Pse 2 [ a Lo T elel: :
Shaty L0, Ruachune: iy A5L LI I A 1y - LN :
asLa X |4s ol o = TIoOITT-g wle Vi
sy I R [T [ Ta|e ‘
Shall Righr, A1l ASH ‘ [T ?| ok Ji : u}_ |- OB :
ASHA : ar oAk . H
LSRR I | 5 1|e It
Shilt Rt Logpe L5A M7 e 3 L] -|e
L$Aa 0 n} - .
LSRG | o2 0|k o
Sore Acmin iTan LA S BT T i AN “w
STRE 04 r|EF 6B |FT o4 1 ] |
Subirae SuBa B0 7 zf9 3 7|a0 5 r|em 4 .1| A w-n A
Suge | €0 ¢ x| o0t ples s oziFPn o4 3l g w8 Te|e
Subriacl demliry 382 | m 2 1| a B-a ..
Subli wih Caie v SECA BoF 2|8 1 r|a2 s 2iMroa oz A ML -n ww: =
SBCH L3 p|0F 3 rEr w 2iez 3 E M OLo-H .. S
Trandee domines Tap W A e NEIRY
Toa | LRI I HOHEBEL
Test Joio o Wi 1:T [0 A T N | L] e HIGIL]
Tita N Wworon s om L] R|R
T5TE | LI | i ] wisfo|ln iR
H ¥|c
LEGEND: CONDITION COOE SYMROLS CONDITION CODE RECISYER NOTES:
BF  Dgeranon Code Hvadecmall. Ban s test o trug and «liared ofhermise]
~ u..m:u o: :m Cyches, H o Rt cary lrc::l LK T Ba vl Ten. Aeslt - 100000007
= Humbar of Program Eyles: 1 WreiT ol o . e R .
. Bretmene Pys; W Negatvem dan frh ; :2 X E: I . Dl”"" ] oolanm?w fi ECO
_ - I T e L Bat Decimal value of st sigofreamy
R Boalean AND, O Tpr— Characier greater 1han ning?
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+ Boalean Incssur OR: B Reser Abwayps 4 Byl Tese QOperang = 10000000 0i10r 1 ex et pion®
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PROGRAM CONTROL OPERATIONS

Program Control operation can be subdivided inlo two Stack Pointer is automatically incremented by one just prior
categores: 11} Index Register/ Stack Pointer instructions; (2} to the data transfor so that it will point to tha last byte stack-
Jump and Branch oparations. &d rather than the next empty locstion. Note that the PULL

instruction dogs not “remove” the data from memory; in the
Inclex Repister/ Stack Pointer Operations examgde, 14 is still in location (m+ 1) follawing execution of

The instructions for direct operation on the MPU's Index PULA. A subsequent PUSH instruction would ovarwrita that

Register and Stack Pointer are summarized in Table 3. jocation with the new “pushed” data.
Decrament (DEX, DESI, increment {INX, INSI, load ILDX, Execution of the Branch to Subrouiine (BSR} and Jump to
LDS!, and stare {STX, STS) instructions are provided for Subrouting (JSR} instructions cause a return address 1o be
both. The Compare instruction, CPX, can De used to com- saved on the swack as shown in Figures 18 thraugh 20, The
pare the Index Regis®r 10 a 16-bit value and update the Con- stack is decremented after each byte of the return address is
dition Code Register accordingly. pushed onto the stack. For both of these instructions, the

The TS$X instruction causes the Index Ragister to be load- retum address is the memory tocation following the bytes of
el with the sddress of the last data byte punt onio the code that covrespond to the BSR and JSR instruction. The
“stack.” The TXS instruction loads the Stack Pomter with a code required for BSR or JSR may be either two of three
value equal to one kess than the current contents of the Index bytes, depending on whether the JSR is in the indexed ltwo
Register. This causes the next byte to be pulled from the tytes) or the entended lthree bytes) addressing mode.
“'stack” 10 come from the lpcation indicated by the Index Before it is stacked, the Program Counter is automatically in-
Register. The ullity of these two instructions can be clarified cremented the correct number of times 1o be pointing at the
by descriting the “stack’ concept relative to the MBBOO location of the next instruction. The Return from Subroutine
system. Instruction, RTS, causes the return address 1o be retiaved

The *“stack’can be thought of as a sequential list of data and loaded into the Program Counter as shown in Figure 21,
stored in the MPU's read/write memory. The Stack Pointer There are several operations that cause the status of the
contains a 16-bit memary address 1hat is used 10 access the MPU 1o be saved on the stack. The Software Interrupt (SWH
list from one end on a last-in-first-out {LIFD) basis in contrast and Wait for Interrupt (WAIl instructions as well as the
to the random access mode used by the MPU's other ad- maskable (TR and non-maskable (NI hardware inter-
dressing modes. rupts all cause the MPLU's internal registers lexcept lor the

The MCEA00 instruction set and interrupt structure allow Stack Pointer itself) 10 be s1acked as shown in Figure 23
extensive use of the stack concept for efficient handling of MPU s1atus is restored by the Return from interrupt, RT), as
gdata movement, subroutines and interrupts. The instruciions shawn in Figure 22.
can be used to establish one or more “stacks’ anywhere in
read/wiite memory. Stack length is limited only by the Jumgp and Branch Operstion
amount of memory that is made available. Tha Jump and Branch instructions are summarized in

Operation of the Stack Pointer with the Push and Pull in- Table 4. These instructions are used 10 control the transfer or
structions is Musteated in Figures 15 and 18. Tha Push in- operation from one point 10 another in the control program.
struction (PSHA) causes the contents of the indicaied ac- The Mo Operation instruction, NOFP, while included here,
cumulatar (A in this example} 1o be stored in memory at the iS @ jump operation in a very hmited sense. Wis only effectis to
locatian idicated by the Stack Pointer. The Stack Pointer is increment the Program Counter by one. 1 15 usefut during
automatically decremented by one iollowing the storage program development as a “stand-in” for some other in-
operation and is “pointing’” ta the naxt empty stack location. struction that is 1o be detarmined during debug. It is also us-
The Pull instruction (PULA or PULB) causes the last byte ed for equalizing the execution time through alternate paths
stacked to be loaded im0 the appropriate accumulator. The in a control program.

TABLE 3 — INDEX REGISTER AND STACK POINTER INSTRUCTIONS

COND. CODE REE.

WMED OIRECT WNDEX EXTHO WIFLIED slaj3|2]r]0

POIKTER OPERATIONS MREMOMIC [ Of | | =|DF|~| = |OP|~ | = |DF|~ | =jOF] ~ | = BOOLEANARITHMETIC DFERATION (H 0| N |Z| VL
Compart indev Reg CFX s3] afsc|el2(mc]e|2]ec]s|s Kp o~ WX -Me 1 o|o|@1 030
Decrement [rogex Aeg 0Ex myd4 |1 W-1=X alinw|l e
Detaammar Suck Anir DES M40 5P - 1 ~ 5P “no|nee
Trcrement ke Fay INX 111 Xel—=X *(nalliee
Ingrement Stack Poir S MLa P41 ~5P U EILILIE]
Leat Ingec Rey LOX CE|3) 3(pefa{7|EE|6|2[FE]B {3 EF NIRRT ool t|afe
Lead Swack Patr 1H g | 3] s (oe|a| 2 |ne|cf2|Be]s |3 " U RRTES Y el @|t[n]e
Seore Index Fey 3Tx DF| % | 2 [€F |74 2]FF| 6 |3 Ky =M X —imsn -|w L]R|*
Stone Statk Pore §18 of | S| 2|aF |7 | 2iBFj6 |3 5Py =M. SPL =M+ 1l o|wB|t{rle
g Rag — Stach Pon A% W41 X-1-5% I IR
Stack P — ladx Ry T5X W4 EPel—~X oelsele

G) {BiT M) Tas1. Sign bit of mott significany {IMS) byte of result = 17
1B V] Tes1: 2°s complament ovarflow from subtraction of ms Dyies?
{8t NI Tes1: Result lass then zero? (B 15 = 1)
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FIGURE 15 — STACK OPERATION, PUSH INSTRUCTION
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FIGURE 18 — STACK OPERATION, PULL INSTRUCTION
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TABLE 4 — JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.

RELATIVE |  wiDEX EXTN® | IMPLIED slalalzjt]e
OPERATIONS woemonic | oe| -] #|ow| | ojor] | 6|ar]- |8 BRANCH TEST wir|uw]z|v]c
Branch Alvays HERA Hla|2 Hone IR IR EIE]
Branch 1l Camy Clw BLC Mla]2 [N ] o |w|o|eln|e
Branch it Cary Se1 acs A EN R cet DRI ]
Branch il = Fero HEC wre |z 24t s nlela]w|n
Branch il > Zerg RGE FHA N I MW@ veo s w]|a|sla|n
Branch tl 2> Zaro BGT E|( 4|2 Z+NEDVI=D o |w|e|o|n]|n
Branch tl Hughed BHI (42 LAY ] s|w|o|o|w|w
Branch il = Zerg BLE W42 Z+INEVI=Y TR IR L
Branth 1 Lower Or Same BLS 3|42 C+2e1 LI R AR ]
Beanch ¥ = Zeca aLY HIERE Ny o n|a|o|e]|n
Branch il Wi BMI w42 LER} ol o[w|n|nle
Beanch 1l Mot Equal Zera BNE %42 Zel o/ a|n|n| |
Branch 1 Overliow Clear BVL m|4 |2 LAY s{o oo ]|
Branch I Querdiowe Seq Vs w42 LER] R IR I AL
Branch It P BPL M| s |2 LIy} AEIIEIE L
Branch To Subroutine BEa ab |8 |2 EIEIEIEIR]
Jump JMP GE| 4| 2| 7€ 3|3 } Sea Specasd Dperatons EIEIRIRE IR
Jump To Subroutine JEA AD| 8| 2|B0D)]| %[ 3 s afe|a|w|n
Ho Cperstion NO# 3] 1 Advances Prog. Cow. daly a4l m|a| | w|n
Retwin From Interrupt RTI 3B (1] [O)]
Ratuin From Sebwautine ATS k] 1 IR IETRIRIE]
Saftware Interrup swl IF |12 |1 Sea Special Dpwatsans alw|a|lea|s]|s
Warl lor [nvarrop * WA JE[9 |1 } - @ NEIEIES
WAI puts Address Bws, RN, and Date But in the Ehret-slate made whibs VIR is habd low.
D tam Laad Condition Code Register from Stack. |See Special Operations)
@ [Bit }) Set when anrerrupt oogurs. 11 praviously set, a Non-Maskable {nwerupt
is raquired 10 #3111 1the wait state.

Execution of the Jump Instruction, JMP, and Branch cle faster than USA. The Return lrom Subroutine, RTS, is
Abhways, BRA, affects program flow as shown in Figure 17 used as the end of a subrouting 1o return 1o the main pro-
When the MPU encounters the Jump {Indexedt instruction, gram as indicated in Fagure 21
it addls the offset 1o the value in the index Aegister and uses The efiect of executing the Software Interrupt, SWI, and
the result as the address of the next mstruction to be ex- the Wait for Interrupt, Wal, and their refationship to the
acuted. In the extended addressing mode, the address of the hargware interrupts is shown in Figure 22, SWI causes the
next instruction to be executed & ferchad from the two loca- MPU contents to be siacked and then fetches the starting
tions immediately following the JMP instruction. The Branch address of the imanupt routine {rom the memory locations
Abways [BRAI nstruction is similar to the JMP lextended) in- that respond 10 the addrasses FEFA and FFFB. Note that as
structign except that the relative addressing mode applies in the case of the subrouting instructions, the Program
and the branch is limited 10 the range within — 125 0r +127 Counter is incrermented to point at the correst retum address
bytes of the branch insiruction itself, The opoode for the before being stacked. The Aeturn from Interrupt instruction,
BRA instruction réquires one less byte than JMP {exiended} AT, {Figure 221 is used at the and of an interrupt routing 10
but 1akes ane mare cycle 10 exscute, restone cantrol 1o 1the main program. The SWI instruction is

The effect on program flow for the Jump to Subroutine useful for inserting break points in the control program, that
{J5A) and Branch to Subroutine IB3R) is shown in Figures i5, it can be used 10 slop operation and put the MPU
18 through 2. Note that the Pragram Countér is properly in- ragisters in memory where thay can be examined. The WAI
cremented to be poinling at the correct return address instruction is used to decrease the time requined o service a
before it is stacked. Operation of the Branch to Subrouting hardware nterrupt; it stacks the MPLU contents and then
and Jurmp 1o Subroutine lextended] insuruction is similar éx- waaits for the interrupt 10 ocour, elfectively removing the
capt for the range. The BSH instruction requires kess apcode stacking tme from a hardware interrupt sequence.
than JSR 12 bytes versus 3 byiast and also executes gne cy-

FIGURE 17 — PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS
Mamn Program .
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T H
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X

*K = Signed 7-bi1 value
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FIGURE 18 — PROGRAM FLOW FOR BSR
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FIGURE 21 — PROGRAM FLOW FOR RTS
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FIGURE 22 — PROGRAM FLOW FOR RTI
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FIGURE 23 — PROGRAM FLOW FOR INTERRUFTS
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FIGURE 24 — CONDITIONAL BRANCH INSTRUCTIONS

-1 [ N=1 ; BEG Z=1 ;
BPL : Hey BME FAT
Bve Vag Boc Cug
avs LUL B BCS L I
BMY CeX=g ; BLY : NEV =7
BLS C+Z=1 ; BGE NBw=¢

BLE - Z+inBdvial ;

BaT Z+{NDVIryg |

The conditional branch instiuctions, Figure 24, consists of
saven pairs of complermentary instructions. They are used 1o
Lest the results af the preceding opération and enher con-
unue with the next instruction in sequence {test fails} or
cause & branch to another pont in the program {test suc-
ceeds].

Four of the pairs are used lor simple 1es1s of status bits M,
Z,V,and C:

1. Branch on Minus {BMI) and Branch On Plus (BPL tests
the sign bit, M, o determne (f the previous rasult was
negatwe or positive, respectively,

Z. Branch On Egual IBEQI and Branch On Not Equal
[BNE} are used 1o 1est the zero status bit, Z, to determine
whether or not the result of 1the previous opergtion was equal
to zera. These two instructions are useful following & Com-
pare (CMPY instruction 1o test for equality between an ac-
cumulator aed the aperand. They are also used following the
Bit Test 1BIT} ta determineg whether or not the same bl posi-
tipns are set in an accumulator and the operand,

3. Branch On Owverflow Clear [BVC! and Branch On
Crverflow Ser {BYS) 12515 1he state of the V bit to determing
if the previous operation caused an anthmetic ovesflow.

4. Branch On Cammy Clear {BCC) and Branch On Carry Set
IBC S 1e51s the state of the C bit 1o deterrnine il the previous
pperation caused a carry 10 oocur. BCC and BCS are useful

for testing relative magnilude when the values baing tested
are regarded as unsigned binary numbers, that is, the values
are in the range 00 {lowestl to FF ihighest). BCC following a
comparison (CMP1 will cause a branch it the (unsigned)
value in the accurmulator is higher than or the same as the
value ol the operand. Conversely, BCS wili couse a branch if
the accumulator value is iower than the operand.

The fifth complementary pair, Branch On Higher {BHI} and
Branch On Lower or Same (BLS) are, in a sense, com-
plements to BCC and BCS. BHI tes1s forboth Cand Z=0; if
usad following a CMP, it will cause a branch if the value in
the accumulaior is higher than the operand. Conversely,
BLS will cause a branch if the unsigned binary value in the
accumutalar is lower than ar the same as the operand.

The remaining two pairs are useful in testing resulis of
aperalions in which the values are regarded as signed two's
complesrent numbess. This differs from the unsigned binary
case in the following sense. in unsigned, the orientation is
higher or tower; in signed two's complement, the com-
parison is between |arger or smaller where the range of
values is between - 128 and +127.

Branch On Less Than Zero IBLTY and Branch Cn Greater
Thran Or Equal Zero {BGE) test the status brts for Ne V=1
and Ne V=D, respectively. BLT will always cause a branch
following an operation in which two negative numbers were
added. in addition, it will cause a branch following a CMFP in
whech the value in the accumulalor was negative and the
operand was positive. BLT will never cause a branch falkow-
ing a CMP in which the accumulalor value was positive and
the operand negative. BGE, the complement to BLT, waill
cause. a branch following operations in which twa positive
walues were added or in which 1he resull was Zero.

The lasy par, Branch On Lass Than Or Equal Zero (BLE)
and Branch On Greater Than Zero |BGT! test the status bits
for ZeilN+Vi=1and Ze{N+VIi=0, respectively. The ac-
tion of BLE is dentical to that tor BLT except that a branch
will also occur if the result of the previpus result was zero.
Caonversely, BGT is similar 10 BGE except that no branch will
oceur followdng a zero result.

CONDITION CODE REGISTER
OPERATIONS

The Condition Code Register (CCRY is a 6-bit register
within the MPU that 15 usetul in controlling pragram fhow
during system operation. The bits are defined in Figure 25.

The instructions shown in Table 5 are available 10 the user
o direct manipulation of the CCR.

A CLI-WAI instruction sequence operated properly, with
eaily MCBBOO processars, only if the preceding instruction
was odd {Least Significant Bit = 1), Simalarty it was adwisable

1o precede any SEl instruction with an odd opeode — such
as NOP. These precautions are not necassary for MCE800
processors indicating manufacture in November 1977 or
later,

Systems which require an internupt window 10 be opened
under program control should use a CLI-NOP-SEl sequence
rather than CLI-SEl
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FIGUAE 28 — CONDITION CODE REGISTER BIT DEFINITION

bs by bz by b bp
(n]e]w]zTv]e]

H = Halt-carry; set whenever 2 carry from b to by of the result is generated
by ADD, ABA, ADC: cieared d no b3 10 by carry. not affectad by other

instructions.

I = Interrupt Mask; set by hardware or software interrupt or SEI instruction;
cleared by CLI instruction. {Marmally not used in arithmetic operations.
Restored to 3 zera as @ result of an ATY instruction if Iy stored on the
stacked is low.

N = Negarive; set if high order bit {b7) of result is set; cleared otherwise,

T = Zero; set if result = Q; cleared otherwise.

V = Overlow; setif there wasarithmetic overflow as a resull of the operation:
cleared ptherwise,

L = Carry; set if there was a carry Trom the most significant but (by) of the
result, cleared otherwise.

TABLE 5 — CONDITION CODE REGISTER iINSTAUCTIONS
COND. CODE REG.

MPLIED slal3]2]n]0
OPERATIONS WREMOMIL [OP| ~ | = |EDOLEANOPERATION | W | 1 | W 12 [ ¥ | ¢
Clew Carry e oc| 2|1 0-c v s |ste|s|r
Cltar Imterrupt Mash L Q€ | 2| ¢ -l (AL AENE AR
T Dveetiow L Qa | 2 |1 b-v * % s e |f| e
561 Cany 2EC 0|z 1-C o |a|s|s|s
Set Inuerrmpd Mack 3E1 oF | 2] 1 11 L AR E R
St Cheevllow SEW 0B | 2|1 1-y *lnleln|5]|w
Aemiu &~ CCR Tap Wz B - GCR m
CCR —~ Acmiic & Tra L LLR -4 AN
R = Reser
S = Set

* 2 Nov affecved

@ {ALL} St according te the contents ol Accumulator &

ADDRESSING MODES

The MPU operates on 8-bit binary numbers presented
to it via the data bus. A given number {byte} may rep-
resent either data or an instruction to be executed, de-
pending on where itis encountered in the control prograrm.
The M6BDD has 72 unique instructions; however, it rec-
ognizes and takes action on 197 of the 256 possibilities
that can occur using an §-bit word length. This larger
number of instructions results from the fact that many of
the executive instructions have more than one address-
ing mode.

These addressing modes refer to the manner in which
the program causes the MPU to obtain its instructions
and data. The programmer must have a method for ad-
dressing the MPU'’s internal registers and all of the ex-
ternal memory locations.

Selection of the desired addressing mode is made by
the user as the source statements are written. Translation

into appropriate opcode then depends on the methad
used. If manual translation is used, the addressing mode
is inherent in the opcade. For example, the immediate,
direct, indexed, and extended modes may all be wsad
with the ADD instruction. The proper mode is determined
by selecting (haxadecimal notation) 88, 9B, AB, or BB,
raspectively.

The source statement format includes adequate infor-
mation for the selection if an assembder program is used
1o generste the opcode. For instance, the immediate mode
is selected by the assembler whenever It encounters the
“#" symbol in the operand field. Similarly, an X" in the
operand field causes the indexed mode to be selected.
Only the relative mode applies to the branch instructions;
therefore, the mnemonic instruction itself is enough for
the assemble to determine addressing mode.

MOTORQLA MICROPROCESSOR DATA
3.82



For the instructions that use both Direct and Extended
modes, the Assernbler selects the Direct made if the cperand
value is in the range 0-255 and Extendad otherwise. There
ar¢ 3 numbaer of instructions for which the Extended modeis
valid but the Direct is not. For these instructions, the
Assembler automatically setects the Extended mode even if
the operand i5 in the 0-265 range. The addressing modes are
summarized in Figure 26.

Inherent {ncludes ~Accumulator Addressing” Mods}

The successive fields in & statement are narmally
separated by one of More spaces. An excepnion to this rule
occurs For instructions that use dual addressing in the
operand figld and for instructions that must distinguish be-
tween the two accumulators. In these cases, A and B are

"operands™ bul the space belween them and the operator
may be omitied. This is commonly done, msulting in ap-
parent four character mnemonics for those instructions.

The addition instruction, ADD, provides an example of
flual addressing in the operand field:

Operator Opasaand Commant
ADDA  MEMIZ ADD CONTENTS OF MEM1Z T ACCA

ADDE  MEM1Z ADD CONTENTS OF MEM12 TO ACCB

The exarmgde used earlier for the test instruction, TST, also
applies 10 the accumulators and uses the ""accumulaior ad-
dressing mode™ to designate which of the two accumulators
is baing 1ested.

FIGURE 26 — ADDRESSING MODE SUMMARY

Direcy: n DO Insuructian

Example. SUHE X

Addr. Aangs = —256 ns+ Z = Dornd Agaresy
& n+32 MNaxy Ingir,

.

-

(K = One-Byre Oprnd)

Ik = Two-Byie Opend) z K = Opersnd

Z+1 K| = Opersnd

/N 1z 5255, Aswmbler Selecy Cirnct Mods
1 Z 2> 256, Extended Mode 15 sotected

E xtended: n FO Instruction
Example: CMPA 2 n4l 2y = Opend Address
N 206 65535 "t3 | 2= Opnd Adavess
a+ 3 Maxt e,
-
»
-
(K = One-Brie Opred} z
QR
1K = Two-Byte Dprad) 2 Ky = Oparand
Z+1 = Opsrand

Imnachate: ” fREtructicn
Exampls: LDAA BK .1 -
(K = OneBvie Oprna) " K - Oemrand
n+2 Waxt It
or
IK = Twao-Byre Opmc) n
{CPX, LDX, and LDS) Instructian
n+1 Ky = Oparand
L] Ki = Operand
n+3 Naxt bnatr,
Ralative: n Ingaruction
Ennmple; BNE K nae +K = frach Ottsar
UK = Signed 7.Bit Valuel  n ¢ 2 Next insie, 2
Addr, Ranga: -
12510 +129
Aslative 1o n.
-
*

£ 1 Brmch Tst Fatsn, N 1F Broch Tat Troe,

Indeored: n Instructian
Exampie: 4DDA Z, X n+ Z = Ofteat
Addr. Rangs: neZ Naxt Jawr,
0— 255 Aslative to
Indan Rugister, X -

.

[

[Z = §-Bit Unaigned
Valus)

x'z
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Oparrtor Commant.
TSTB TEST CONTENTS OF ACCB
or
TSTA TEST CONTENTS OF ACCA

A number of the instructions either alone or together with
an accumulatos operand contain all of 1he address informa-
tion that is required, that is, “inherent™ in the instruction
itself. For instance, the instruction ABA causes the MPU to
add the contents of accrmulators A and B together and place
the msult in accumulator A. The instruction INCB, another
example of “accumulator addressing,” causes the contents
of accumuiatar B to ha increased by one. Similarly, INX, in-
crarment the Index Register, causes the contents of the Index
Aagister 1o ba increased by one.

Program flow for instructions of this type is iHustrated in
Figures 27 and 28. In these figures, the general case is shown
on the left and a specific exampke is shown on the right.
Numerical examples ara in decimal notation. Instructions ol
this type require only one byte of apcode. Cycle-by-cycle
ocperation of the inherent mode is shown in Table 6.

Immediste Addressing Mode — in the Immediate address-
ing moda, the operand is tha value that is w0 be operated on,
For ingtance, the instruction

Op Operand ot
LDAA 125 LOAD 25 INTO ACCA

causes the MPL) to “immediately load accumulator A with
the value 26"; no further address reference is required. The
immediale mode is selected by preceding the gperand value
with the ¥ symbal. Frogram flow tor this addressing mode
is #hustrated in Figure 29,

The operand format allows either properly defined sym-
bols or numerncal values. Except for the instructions CPX,
LDX, and LDS, the cperand may be any value in the range 0
w0 55, Smee Compare Index Register {CPX), Load Index
Ragister (LDX}, and Load Stack Pointer ILDS), require 16-hit
vahues, the immediate mode for these three instructions re-
quire two-byte operands. in the Immediste addressing

FIGURE 27 — INHERENT ADDRESSING

Py Ry
INDE X
) e
Aak AdM
PROGRAM PROGRAM
MERORY MEMDRY
ec| msTA [ PG = 5000 NN
’-‘_‘-“"'\-—-
GENERAL FLOW EXAMFLE

mode, the “address” of the operand is effectvely the
memory lacation immediately following the instruction itseld.
Table ¥ shows the cycle-by-cycle operation for the im-
mediate addressing mode.

Direct and Extended Addresting Modes — in the Direct
and Extended modes of addressing, the aperand field of the
source staiement is the adaress of the value tha is 10 be
operated on. The Direct and Extended modes differ only in
the range ol memaory locations 1o which they can direct the
MPU. Direct addressing generates a single 8-bat operand
and, hence, can address only memory locations O through
755, 3 two byte operand is generated for Extended address-
ing, enabling the MPU 10 reach the remaining memory loca-
tions, 256 through 65535, An example of Direct addressing
and its elfect on progeam flow is illustrated in Figure 30.

The MPU, after encoumering the apoode for the instruc-
vion LDAA {(Directl at memory location 5004 (Pragram
Counter=5004], locks in the next location, S005, for the ad-
dress of the operand. It then sets the program courter equal
to the value found there (100 in the example and fetches the
opesand, in this case a value to be joaded into accumulator
A, from that location. For instrucuons requiring @ two-byte
operand such as LDX {Load the Index Register), the operand
byles would be retrieved fram locations 100 and 101, Table 8
shows the cycle-by-cycle operation for the direct mode of
addressing.

Exterded addressing, Figure 31, is similar except that a
two-byte address is obtained fram locations 5007 and 5008
aler the LDAB |Extended! opcade shows up in location
S005. Extended addressing can be thought of as the ““stan-
dard” addressing made, that is, it is 3 method of reaching
any piace in memory. Direct addressing, since only one ad-
dress byte is required, provides a faster method of process-
ing data and generates fewer byles af cantrol code, In most
applications, the direct agdressing range, memory locations
G255, are reserved for RAM. They are used for daia bulfer-
ing and termnporary Storage of system vanables, the area in
which {aster addressing s of most value, Cycle-by-cyele
aperation is shown in Table 8 for Extended Addressing.

FIGURE 28 - ACCUMULATOR ADDRESSING

NP My
ACCE
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MOTOROLA MICROPROCESSOR DATA,

3-84



MGagoo

Relxtive Addiress Mode — In both the Direct and Exaended
mades, the address obtained by the MPU is an absolute
numerical address. The Relative addressing mode, im-
plemented for the MPU's branch instructions, specifies a
memory location relative o the Program Counter’'s current
location. Branch instructions generate two bytes of machine
code, one for the instruction opcode and one for the
“relative” address (see Figure 32, Since it is desirable to be
able to branch in either direction, 1he B-bit address byte is in-
terpretad as a signed 7-bit value; the Bth bit of the aperand is
treated o5 a sign bit, “0" =plus and “1" =minus. The re-
maining seven bits represent the numerical value. This
results in a relative addressing range of £ 127 with respect 1o
the location of the branch instruction itself. However, the
branch range s computed with respect to the next instruc-
tion thiat would be executed if the branch conditions are not
satisfied. Since two bytes are generated, the next instruction
is located at PC+2. If D is definad as the address of the
branch destination, the range is then:

PC+2 -1 =Ds{PC+N+ 127
of
PC-125<D<PC+128
thai 15, the destinatan of the branch instruction rust be
within =125 to +129 mamary locations of the branch in-
struction itself. For transfernng controt beyond this range,

the unconditonal jump [IMP), jump 1o subroutine (JSH],
and return from subroutine (RT3 are used.

In Figura 32, when ihe MPL) encounters the opcode for
BEQ (Branch if result of last instruction was 2erol, it tests the
Zero bit in the Condition Code Register. If that bit is "0, in-
dicating a non-zero result, the MPU continues axecution
with the next instruction {in lacation 5010Hn Figure 32). 1fthe
previous result was zero, the Dranch condition is satisfied
and the MPU adds the offset, 15 in this case, 10 PC+ 2 and
branches to location 5025 for tha next instruction .

The branch instructions allow the programmer to efficient-
ly direct the MPU 1o one point ar angther in the control pro-
gram depending on the outcome of test results. Since the
contrgd progeam is nomnally in read-only memary and cannot
be changed, the relative address used in execution of branch
instructions is a constanl numerical valee. Cycle-by-cycle
aperation is shown in Table 10 for relative addressing.

Indexed Addressing Mode — With Indaxed addressing,
the numerical agdvess is vanal ke snd depends on the current
contents of the Index Register. A source statement such as

Oparstor
SThAd X

Comment
PUT & I INDEXED LOCATION

causes the MFL 1o store the conterns of accumulator A in

TABLE § — INHERENT MODE CYCLE-8Y-CYCLE OPERATION

Addrezs Mode Cycle | VMA RN
and ingtructions Cyvhex ® Line Address Bus Ling Data Bus
ABA DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SEi z 2 | 1 | OpCode Address + 1 1 | OpCode of Next Instruction
ASR INC  SEV
CBA L3R TAB
CLC NEG Tap
CLF NOP TBA
CLA ROL TPa
CLY ROR TST
COM S5BA
DES 1 1 Op Code Acdress ? Op Code
ﬁ'fsx a 2 1| Dp Code Address + 1 1 | Op Code of Next Instruction
INX 3 a Previous Register Contents 1 Irredevont Data [Mow 1)
4 1} New Register Contents 1 Irrelevant Davs (Note 1)
PSH 1 1 Op Code Address L] Dp Code
4 2 1 Op Cade Address + | t Op Code of Next Inztruction
3 1 Suack Pointer Q Accumulator Dam
L] '] SHack Pointer — 1 1 Accumuiator Data
PUL 1 1 Dp Code Address 1 Op Code
a 2 1 DOp Code Address + 1 1 Op Code of Next Insruction
3 Q Stack Pointer 1 Frrelevant Data INote 1}
4 1 Stack Pointer + 1 1 Operand Data trom Stack
TSX 1 1 Cp Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
a i3 Stack Pointer 1 Irrelevant Data [Note 1)
4 [} New Incex Repitter t Irrelevant Data |[Note 1)
TS 1 1 Dp Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
a Q Index Regitter 1 Irralevant Data
4 1] New Stack Pointar 1 Irralevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address « 1 1 Irredevpnr Data iNote 2)
5 3 Q Stack Pointer 1 Irrgtevant Data {Note 1)
4 1 Stack Pointer + 1 1 Address of Next Inniruction (High
Ordar Byte)
-] 1 Stack Pointer + 2 1 Address o Next | san [Law
Ovder Byre)
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TABUE 8 — INHERENT MODE CYCLE-BY-CYCLE OPERATION (CONTINUED}

Addesss Moda | Cyols] vMA l nMT
snd i netrections Cyclas # { Line Address Bus Line Dwts Bus
WAl 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 t | Op Cade of Next Insiruction
2 1 | Stack Pointer 0 | Fevurn Address (Low Crder Byte)
4 1 | Stack Painter — 1 0 | Rerurn Address (High Order Ayte)
9 ] 1 | Stack Pointar — 2 0 | index Register {Low Order Byts)
L3 1 | Stack Pointer — 3 Q0 { Index FRegister {High Crder Hyte!
7 1 | Stack Pointer — 4 Q | Coments of Accumulator A
8 1 | Stack Pointer — 5 0 | Conmrents of Accumytaior B
-] 1 | Steck Pointer — & iNote 3} 1 | Comgnrs of Cond. Code Register
AT1 1 1 | Op Code Addrass 1 | Op Code
2z 1 |Op Code Addrass + 1 1 | trrelevant Dara iNote 20
3 Q| Stack Pointer 1 | Irralevant Dota Note 1)
4 1 | Stack Poimer + 1 1 | Conrants of Cond. Code Regrsrer from
Stack
1 5 Stack Poinvtar + 2 1 | Contents ol Accumulaior B from Stack
3 1 |Stack Pointer + 1 1 | Contents ot Accumulaior & trom Srack
7 1 |Stack Pointer + 4 t | Index Registar from Srack [High Order
Eyie)
B 1 {Stack Pointer + 5 1 | tndex Remster from Stack [Low Qrger
Byte}
] t | S1ack Pointer + 6 1 | Next Instruction Address from Stack
(High Qrder Bytel
10 1 |Stack Poinver + 7 1 | Next Instruction dddress Iram Stack
| Law Crdar Byte)
W) 1 1 [Op Code Addrass 1 |.Op Code
2 1 | Op Code Address + 1 1 [ Irreleuant Data (Nore 1}
3 1 |Srack Pomter 0 | Feturn Address (Low Order Byre)
q 1 |S1ack Pointer — 1 0 | Return Address (High Order Byel
5 1 |Stack Pointer — 2 0 | indax Asmster (Low Qrder Byre}
12 6 1 |Stack Powmter — 2 0 | Index Reqster (High Ordar Byiel
7 1 |Stack Pomnter — 4 0 | Contents of Accumulator &
8 1 |Stack Pointer — 5 0 | Contents of Acoumulator B
9 1 |Stack Ponter — 6 Q | Contents of Cond. Code Register
10 0 |Stack Pointer — 7 1 | Irredevann Dava (Note 11
11 1 [Wecior Address FFFA (Hex! 1 ;ddr)ass of Subrouting (High Order
1)
12 1 |Vector Addrets FFFE (Hex) 1 | Address of Subroutine {Low Order
Bytel
Note 1. lf device which is addressed duting this cycle uses VMA, then the Dara Bus wifl go 1o the high impedance three-state condition,
on bus data from the previous cycle may be rersined on the Data Bus.
Nowe 2. Data it mﬂomd by the MPL).
MNote 3.  While the MPL) is waiting for the interrupt, Bus Aveilable will go high indicating 1he tollowing s1ates of the contral linas: VMA is

lows; Address Bus, R

the memory location specified by the contents of the Index
Registers Irecall that the label “X™ is reserved o designare the
Index Register}. Since there are instructions for manigulating
X during program execution ILDX, \NX, DEC, ez}, the In-
aexed addvessing mode provides a dynamic “on the fly” way
to madify program activity.

The operand field can also contain a numernical value that
will be automatically added to X during execution. This tor-
mat is illustrated in Figure 33.

When the MPU encounters the LDAB {indexed) opcose in

. and Diota Bus are all in the high impedancs state,

location 5006, it Iocks in the next memory location for the
value to be added to X {5 in the examplet and calculates the
required address by adding 5 to the present Index Regisier
value of 400, In the operand format, the offset may be
represented by a label or 3 numerical value in the range 0-266
as in the example. In the earkier example, STAA X, the
operand is equivalent 1o 0, X, that is, the O may be omited
when the desired address is equal 10 X. Table 11 shows the
cycle-by-cyole operation for the Indexed Mode of Address-
ng.
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FIGURE 29 — IMMEDIATE ADDRESSING MODE FIGURE 30 — DIRECT ADDRESSING MODE

MPLU

Py ey ey
: Acca : ACEH :
RAM Ram RAM AanM
[ e — —
<: <: 4poR | DAYA ADDR = 100 5 <:
PROGRAM PROGAAM PROGAAM FROGRAM
MEMOQRY MEMDRY MEMO#RY MEMORY
FC hETH pe- 5002 LDa oA PC INSTR P = 5004 LD A .
DATG 25 PC ADDR 5005 0 \‘
ADOR = 0 S 285
GENERAL FLOW EXAMPLE GENERAL FLOW EXAMPLE
TABLE 7 — IMMEDIATE MODE CYCLE-BY-CYCLE OPERATION
Address Moce Cyels [ VMA Y.,
and Instructions Cyehes # | Line Addres Bus Lirn Cste Bus
ADC EOR 1 1 Op Cods Address 1 Op Code
ADD LDA 2 | 1 | Opcode Address + 1 1 | Opersna Data
AND ORA 2 B Cods Address Pery
gIT SBC
CMP  SUB
CPX 1 1 Op Code Address t Op Code
oy 3 z | 1 | orcodeaddress+1 1| Dperand Data iHigh Order Byte)
a 1 Op Code Address + 2 1 Operand Dots [Low Croer Byte}
TABLE & — DIRECT MODE CYCLE-BY-CYCLE OPERATION
Aadras Mode Cycle [VMA AN
»nd Instructions | Cyclas # | Line Addres Bus Line Duts Bius
ADC EOCR 1 1 Op Coda Address 1 Op Code
ADD LDA
AND ORA 3 2 1 Op Code Address # 1 1 Address of Operand
BIT  SBC 3 1 | Addres of Operand 1 | OCperand Dets
CMP SUB
CPX 1 1 Op Coda Address 1 Op Code
tgi 4 2 1 Op Code Address + 1 1 Adkiress of Gperend
3 1 Address of Opgramd 1 Operand Data (High Crdar Byie)
4 1 Cperand Address + 1 1 Operand Data (Low Order Bytel
5TA 1 1 Op Code Address 1 Op Code
a 2 1 QOp Code Address + 1 1 Dwstination Address
2 D Drestination Address 1 Itradevant Data iNote 1)
4 1 Destination Address a Dwta from Accumulatoer
TS 1 1 Op Code Addrass 1 Op Code
ST 2 1| Op Code Address + 1 1 | Address of Operand
5 3 0 Address of Qperand 1 Irrehnant Data (Noe 1)
4 1 Address of Qperand 0 Ragister Data (High Order Bytel
5 1 Address ol Operand + 1 0 Raegister Dot (Low Ordar Bytel

Nove V. If device wiich is addrass duning this Cycle uses VM A then the Data Bus will 90 to the high impadance three-state condinion,
Depending on bus capacitance, data from 1he previous cyde may be retsined an the Dats Bus.
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FIGURE 31 — EXTENDED ADDRESSING MODE
ey wy
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MEMORY MEMORY
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WNSTR bc-so06 [ LA g
apoR I -
ADDR
/--“\‘ 5008 /-—-..\‘=
ADDR .- 256
GEMERAL FLOW EXAMPLE

TABLE 9 — EXTENDED MODE CYCLE-BY-CYCLE

Addeess Mods cm.l [ RN |
andd bnEtructans Cycles = Line Address Bus Line Daty Bus
£TS 1 1 Op Cotde Address 1 Cp Code
$TX z 1 Dp Code Address + 1 1 Addrass ol Operand {Hgh Order Bylel
6 3 1 Op Coge Address + 2 1 Address of Dperand {Low Order Bytel
4 L] Address ol Operand 1 trrmevand Data [Note 1)
5 1 Address of Dperand Q Dparand Dara (High Order Byre)
& 1 Agddress of Dperand + 1 o Dosrend Data {Low Order Bytel
J5A 1 1 Op Code Addres 1 Op Code
2 1 Op Code Address + 1 1 Address ol Subrouting THigh Cirder Byrel
a 1 Co Code Address + 2 1 Address ol Subroutine {Lew Dider Byte)
& 1 Subvouting Starting Address 1 COp Code ol Nest Instruction
9 5 1 Stach Pownter & Fetuin Address (Low Qrder Byie)
[ 1 Stack Pomnter - 1 o Reruin Address tHawgh Qider Byre)
7 o Srack Pownter - 2 1 Krglgvant Data (Mote 1)
8 0 Op Code Address + 2 1 Iigtevant Data [More 1)
k] 1 Op Code Address + 2 1 Agdress of Subrouting (Low Drder Eyiel
mar 1 1 Op Code Address 1 Op Code
3 2 i Qp Code Address + 1 1 Jump Agdrats (High Order Bytel
3 1 Op Code Addrass + 2 1 Jump Agdrets (Low Order Byte)
ADC EDR 1 1 Op Code Bddress 1 00 Code
:28 "5'5';; R 2 1 O Code Addewss + 1 1| Adores of Gpecand {High Order Byrgh
BIT 3BC 3 1 Op Code Addrass + 2 1 Adidress of Oparanc (Low Order Byret
CMP 5UR a 1 Address of Operand 1| Operand Data
CPX 1 1 Op Code bddress 1 Op Code
::gi 2 1 Op Code Address + 1 1 Sddress of Jperand (Hign Order Byiet
5 2 1 Op Code Addrass + 2 1 Address of Crpwrand [Low Order Bytet
4 1 Address of Operand 1 Qperand Dara {High Ordar Bytal
) 1 Lcidress of Operand + 1 1 QOperand Dara (Low Oroer Byiel
STA A 1 1 Op Code Address 1 Op Code
ETAB 2 1 Qp Code Address + 1 1 Destnanipn Addrat (High Crder Bytel
5 i 1 Op Code Actdress + 2 1 Desunanon Addrass (Lovw Order Bytel
4 0 Operand Desuination Address 1 birelevant Data (Mo 1)
5 1 Operagng Destination Address 1} Cata {rom Aocumulancr
ASL LSR 1 1 Op Code Address 1 Dp Code
ef: :(E)?‘ 2 1 Op Code Address + 1 1 Address ot Operand [High Order Byiet
COM ROR & 3 1 Op Code Address + 2 1 Address of Operand (Low Qrder Byie}
:::IECC TET 4 1 Addrgw ot Operand 1 Currant Operand Data
5 Q Agdrew of Operand 1 Irredrvant Oata (Note 1)
5 10 Addres of Opetand 0 New Cperand Cats (Noe 20
INow
21
Nale T, If gewige which s addrassed during this Cvch uses VIMA, then The Data Bus wll go 1o 1he high impedance thise-state condition
Depending on bus capacitance, daia trom the previcus cycle may be retained oo the Oata Bus.
Mote 2, For TST. VMA = { and Operand daia does not change.
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FHFURE X2 — RELATIVE ADDRESSING MODE

WP MPU
AAM S AM
Prograsm Program
Memory Mamary
e ———
PC| Ingtr,
Oliset PC 5008 B8EQ
iPC + 23] Next nsr. 15
P S5010] Next instr.
R ‘-\__.\\
e,
IPC + 2} + {Qfisand] MNextinswr. PC 5025| Next Initr,
: o — et

FIGURE 33 — INDEXED ADDRESSING MODE

FL
RAM
BDOA = INDY .
¢« OFFSET fmDRTR ADOR = 405
PROGRAM PRAODGRAM
MEMORY MEMGAY
FC INSTR P = 5008 LDAB
DFFSET 5
OFFSET < 255 —_\‘
GEMERAL FLOW EX &Py E

TABLE 10 — AELATIVE MODE CYCLE-BY-CYCLE DPERATION

Address Mode Cycle | VML AN
and Insiructions Cyches & | Lina Address Bus Line Data Bus
BCC BHI BNE 1 1 {Op Code Address 1 |Op Code
g‘ég gtg B 4 2 | 1 |OpCode Address + 1 1 |Bronch Ottser
BGE BLT BvC 3 0 | Op Cods Address + 2 1 |Wrrelevant Dats (Nore 1}
BGT BMI BVS 4 0 |Branch Addres 1 |reretevant Dats iNote 1}
BSR 1 1 |Op Code Address 1 |Op Code
2 1 |Op Code Address + 1 1 |Branch Oftset
3 0 | Return Address of Main Program 1 Jirretevant Daie (No1e 1)
g 4 1 |$1ack Pointer O |Retum Address [Low Order Bytel
5 1 |Stack Pointer — 1 O (Aeturn Address High Order Bytel
6 O | Scack Fointer — 2 1 [irrelevant Data {Note 1]
7 D | Return Address of Main Program 1 |lsrehevant Data (Note 1}
8 0 |Subrounine Addrass 1 |herelavant Data Noke 1)
MNote 1. Il davice which is addremd during this cyche uses VMA _ then the Data Bus will 9o 1o the high impedance thres-smte condition,
ding on bus . duta from the pravigus cycle may be retained on the Data Bus,
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TABLE 11 — INDEXED MODE CYCLE-BY-CYCLE

Addexs Mode [ Cyche | VMA [
ond Intaructions Cychon 4 | Liw Adsress Bus Line Duts Bun
INDEXED i
IMP [ 1 Op Code Address 1 | Op Code K
2 1 Op Cods Addrass + 1 1 OHeat
3 4] Index Register ] Irrelsvant Data INow 1)
L) i} Index Register Plug Of faet (wic Carry} 1 Irtglavant Deta |[Note 11
ADC EOQOR t 1 Op Code Address 1 Op Code
AND Son 2 | t | opCode Addeess +1 1 | Othar
81T SBeC k] 0 Indox Reqister 1 trrelevant Dala (Nore 11
CMP - SUB a | 0 | Ingex Register Plus Offser twio Carryl | 1 | Ircetevant Dena (Note 11
5 t Index Register Plug DTfser 1 Opetand Data
CPX 1 1 Op Code Address 1 Op Code
Lo 2 | 1 | opcode Address+ 1 1 | ottm
3 1] Index Register 1 lecelevant Data [Note 11
[ 1} Index Register Pluz Ofiset {wio Carry) 1 Ircglevant Data (Ngte 1)
[ t Index Register Plus Ofisec 1 Operand Data iHigh Order Sytel
6 1 Index Fegister Pduc Cfiser + 1 1 Operand Data (Low Order Byre)
STA 1 1 Op Code Address 1 Op Code
2 1 Op Codw Addrass « 1 1 OHzar
& 3 1] Index Flegister 1 Irrgdavant Data (Note 11
4 Q Index Rogister Plus Offset lwia Carryl 1 Irredevant Data iNote 11
5 0 Inctexn Aegister Plus Offaet 1 Irrelevany Dara (fate 1)
] 1 Inclex A egister Plus Offaey 4] Crparang Data
ASL LSA 1 1 Op Code Address. 1 Op Code
35: :g‘i 2 | 1 | OpCode Adarees +1 1| Oftset
COM ROR 3 1] Inde x Register 1 Irrelevant Date (Note 1]
B‘Eé: TST 4 1] Index Registar Plut Otfat {wio Carry) 1 Irredevar Date {Note 1]
5 1 Index Register Plus Othat 1 Current Operand Dava
6 0 Incex Registar Plus Of1ger 1 krrelevan Data {Note 1]
7 1/0 tndex Reprster Plus Offtet 1] MNew Operand Data foe 2|
iNote
]
5TS 1 1 Dp Code Address 1 Op Code
§TX z | 1 | OpcCode Address + 1 1 | Offset
3 o Indexn Regitter 1 irrelevant Dava (No1e 1]
4 Q Inden Register Plus O7fem (wio Carryl 1 Irrelavant Dota (Moe 14
5 o Indsx Fagister Flus Offper 1 Irrelevant Data INote §]
6 1 Indax Fegister Plus Otiser 1] Oparand Data IHigh Ordar Byrel
F] 1 Incex Flegitter Plug Offset + 1 @ Operand Data |Low Qraer Byte)
1SR 1 1 Op Code Address 1 Op Code
2 1 Op Code Addrass + 1 1 Otfeat
k] Q Index Flegiser 1 Irrglevant Data iNote 1}
4 1 Stack Pointer 0 Raturn Addrass {Low Order Bytel
5 1 Stack Pointer — 1 o Return Agdress (High Order Bytel
& Q Seack Pownger = 2 1 Irralevant Data (Note 1}
7 L Inclax Regisear 1 Ierelevant Deta (Mate 1)
8 0 Incex Register Plus Offsat (wio Carryl 1 Irrplevant Data (Note 1)
Nore 1. li devics vihich is sadressed during this cycle uses YMA, then the Dot Bus will go 10 the high impedance three state condition.

g on bus

Note 2.

. data from the previous ¢ycle may be ratained on the Dara Bus.

For TST,VMA = § and Operand data does not change.
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ORDERING INFORMATION

Package Type y {MHz) Termpeorature Orcet Mumber
Cerdip 10 G 1o 70°C MCE800S
S Suffix 1.0 - 40°C to B5°C MCEOCS
15 0°C to WC MCE8AMNS
15 -40°C 10 85°C MCEAI0CS
2.0 OFC to 70°C MC638005
Plastic 140 e to 70C MC5a00P
P Suffix 10 - 4FC to 85°C MCS300CP
15 oC1g H°C MCEBAQ0P
15 - 40°C to 85°C MCEBAQOCP
20 0*C to W0C MCGaBIOP
PIN ASSIGNMENT
vssll @ A/ 4 AAESET
HALTH ¢ HTSC
w10 3 MM C
Raga 2
VMADS nJORE
NI - AN C
gaf] - IR
viegls 5o
ADf] Y A fIm
atlus ngo2
azln o3
a3 i []
aaffis 2 Jos
a5 206
aa s Py 1 or)
arfw FA s YL
asll:? 24 1ata
asflis 1 a13
atnfg Qa2
a1 NPves
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