MOTOROLA
mm SEMICONDUCTO R  5ms
TECHNICAL DATA
MC6800

8-Bit Microprocessing Unit (MPU)

The MCE800 is a monolithic 8-bit microprocessor farming the central control function far Motorola’s
MG800 Family. Compatible with TTL, the MCG800, as with all M&800 system parts, requires only one
+5.0-valt power supply and no externat TTL devices for bus interface.

The MC6800 is capable of addrassing 64K bytes of memaory with its 16-bit address lines. The B-bit data
bus is bidirectional as well as three-state, making direct memory addressing and multiprocessing applica-
tions realizable.

& B.-Bit Parallel Processing
Bidirectiona! Data Bus
16-8it Address Bus — 64K Bytes of Addrassing
72 Instructions — Yariable Length
Seven Addressing Modes — Direct, Relative, Immediate, Indexed, Extended, implied, and
Accumulator
Variable Length Stack
Vectored Restart
Maskatle Interrupt Vector
Separate Nonmaskable Intarrupt — Internal Registers Saved in Stack
Six Internal Registers — Two Accurnulators, Index Register, Program Counter, Stack Painter and
Condition Code Register
Direct Memory Addressing {DMA) and Multiple Processor Capability
Simplified Clocking Characteristics
Clock Rates as High as 2.0 MHz
Simple Bus Interface without TTL
Halt and Single Instruction Execution Capability

LI I B BN

This decumen conlains Ionmation on a new product, Specificatiens and information herein are subject to changs withoutl nolice
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MC6300

MAXIMUM RATINGS

Rating Symbaol Value |  Unit |
Supply Voltage vee “031+70 | ¥
[ Input Vohage Vin -t3ta +7.0 v
Qperating Ternperature Range Ta TLte TH “C
MCE200, MCERAD0, MCESBA0, -0 70
MCESODC, MCEEANOC —40 10 +85
Starage Temperature Range Tsig ~-BGto + 150 C
THERMAL RESISTANCE
Rating Symbal | Value Unit
Plastic Package LT 100 Cw
Cerdip Packags 60
POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ti=Ta | {Po-0ga)

whate:
Ta = Ambient Temperature, “C
LAY = Package Thermal Resistance,
Junction-to-Ambient, "C/W
Pp = PINT + PPORT
PINT = locex VYoo, Watts — Chip Internal Pawer

PPORT = Port Powsr Dissipation, Wans — User Determined

1

For most applications PPORT<PINT and can be neglected. PpORT may become significant if the device is co nfigured

to drive Darlington basas of sink LED loads.
An approximate reiationship between Pp and T (if PpoRT Is neglected) is;

Po=K = (T)+273°Ci
Solving equations (1) and {2) for K gives:
K—Pp-(Ta | 273°C} 1 0 ya-Pp?

2}

3

where K is a canstant pertaining to the particular part. K ¢can be determined from equation (3} by measuring Pp {at
equilibrium) for a known Ta. Using this value of K, the values of Pp and Ty ¢an be obtained by solving equations

(1) and (2} iteratively for any value of Ta,

DC ELECTRICAL CHARACTERISTICS (Voo =50 Vde, +5%, Vee =0 Ta=Ty to TH unless otherase nowed)

Clt Symibol Min Typ Max Unit
Inprat High Vohage Loge: Vin Veg+2.0 - Yoo v
#1462 | Ve |veg-06) - |vgc+os
nput Lo Voltage Logic Vi V55 -03 - ¥g5+08 v
@l ¢ ViLe Vo5 -03 - vgg+ 04
Input Leskage Current
Win=010 5.5 V. Voo = Max) Logw lin - 10 2.5 i
Win=010526 ¥, Yoo 0V 10 5.25 Vi &1, 82 - - 100
Hi-Z tnput Leakage Current Do-07 | - 20 n a
Vin=0.4102.4 ¥, Voo = Max) A0-A15, RN 1z - - 100 s
Output High Yoltage
i oeg= ~ 206 ph, Vg =Mind _Do-p7 | vgg+24| — - v
O ad= - 145 xA. Ve =Minl AD-A1S, R/, VMA OH lvsg+2af _ -
lLoad = - 100 uA, WG =Min) BA vgg+2a| — -
Uulput Low Voltage fl) a0 = 1.6 mA, Y = Mind VoL - - Vgs +0.4 i
Internal Power Dissipation (Measured a1 Ta= Ty} PINT - 0.5 10 w
Capacitance
Win=0 TaA=2%°C. = 1. OMHI 1 - 25 35
2 Cin - 45 70 eF
D07 - [1v] 2h
Logic Inputs - 8.6 10
ADALS, R/W, VMA Cour — — 12 pF
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MCE800

CLOCK TIMMG iVee=50V, 5%, Vgs=0, Ta =Ty 1o Ty unleas atherwise noted)
= —

Symibol lin Typ Max Unit
Froquancy of Operation MCBA00 01 - 1.0
MCERAN0 i Q.1 - 15 MHz
WOBEE00 01 - 20
Cycis Tima |Figure 1) MCES0 1000 - 0
HMCBRA00 | Loy 0.666 - 0 as
MCE8B00 Q.500 = 10
CQlock Pulze Wadth 142 — MCEA00 400 - 8600
(Measurad at Voo — 0.6 V) ¢1, 82 — MCBIAND | P 0 - 9500 ns
@1, 92 — MCBEB00 12 - 2600
Total @1 and ¢2 Up Tima MCES00 90 — ~
MCGAN0 1yt 600 - - ng
M OEBBO0 440 — —
Rise and Fal Time (Measured batween Vog +0 4 and Yoo -0 6 T - - 100 ns
Oeday Ture of Clock Separation (Figure
iMaasured at Wy =Vgg +0.6 V@t = 155 100 ns) g a - N30 ns
{Measured at Yoy = Vsg+ 1.0 V@t = 1= 35 nsi QO — 9100

FIGURE 1 — CLOCK TIMING WAVEFORM
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NOTES:

1 Waltage levels shown are V| =04, V=24 V. unless gtherwise specified.

2. Measurement ponts shown are 0.8 ¥ and 2 ¢ V. unless othenwvise noned.

READ/WRITE TIMING (Reterence Figures 2 through €, B, 9, 11, 12 and 13

Characieristic Symbal MCER00 MCEBAG MOaRe0) Unit
i Min | Typ | Max | Min | Typ | Max [ Min | Typ | Max
Aoidress Delay
C=90pF TAD - - 270 - - 180 - - 150 | ne
C=30pF - - |0 ] - ~ | e | - - 1%
Peripharal Aead Access Time
tage = lyr— IAD + IDSA tace e I IR Ll R i el O I
Data Setup Time {Read) \DSA 100 | — — ad — — 40 — — s
Inpuy Dava Hotd Tima H LY — - 10 - — 10 — — s
Curput Data Hold Tima tH 1w 5 - 0| % — 10 2% — ng
Address Hold Time 1address, AW, VMA) \aH Wil -Jolw] - o]l -]
Enabie High Time lor DBE Input 1EH 480 | - - 20| - - 20 | - - ne
Data Delay Twme [Wme) LlsTul - - .} - - 0 - - 160 ns
Frocessor Controls
Progessor Tontrol Seiup Time \PCS 200 - - 140 - - 110 - -
Processor Contred Rise and Fal Time PCr. WPCH - - 100 - - 100 - - 1o
Bus bwailable Delay - ¥ - - 0 — - 1656 — - 136 ns
Hi-Z Enabla TSE [t} - a0 Q - 40 L] - 4
Hi-7 Deday Tsp - — |2 | - - |20 - - | 20
Daa Bus Enable Cown Time Curng ¢1 Up Time DBE 150 | - - 2| - - % - -
Data Bus Enable Rrse and Fal Timas tDBEr- 1DBES | — - 25 - - 25 - ~ %

T —
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MCE800

RGURE 2 — AEAD DATA FRAOM MEMORY OR PERIPHERALS
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FIGURE 3 — WRITE W MEMORY OR PERIPHERALS
o Start oF Cycle
—— — Toye
ViHe \ /—
*
——HZWw ViLe
— T
#2 \ / \
jr—t AT ——]
RAN I
= LS
Agdrees = =~ Tan
Fram MPY _|
e — 1 [ ——ee]
VMa .~
F—tAl —=
e UOERE—— -_ i
!
DBE ‘ks
e
~— ‘DBE!. —al | tDBRES .
—] .ty
Dk
Fram MPU N ore vore
LSSV Date Mot vaiia ~—ToowW —n

NOTES:

1. ¥Yoluage levels shown are V| 0.4, Virz2 4 V., unless otharwise specilisd.
2. Magsurameni points shawn are 0.8 V and 2.0 V, unless ciherwisa noted
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MC6800

FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY
versus CAPACITIVE LOADING (Tppw)
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FIGURE 5 — TYPMICAL AEAD/WRITE, YMA, AND ADDRESS
QUTFUT DELAY versus CAPACITIVE LOADING (TaD)
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FIGURE 6 — BUS TIMING TEST LOADE

Ve
AL =22 kil

MIMD G150
or Eguiv

Tast Foint

MMO 7000
or Egquiv.

£ =130pF for0OD-D7 E
=90 pF for A0- &15, R/W, and VMA
(Eucept tamal
= 30 pF for AD-A15, RW, and VM8,
Hapz only}
= 30 pF for BA
11.7 kf} tor DO-D7
= 16.5 kil tor A0-A15, AW, and vma
- 24 kil tor BA

TEST CONDITIONS

The dynamic test load For the Dats Bus i
130 pF and one standard TTL load as shown,
The Addrass, R/W, and VMA outputs ara fested
Undar owoe diti 0 Alow oDwa:
tion i both kbuffered end unbuffered systems.
Tha resistar {Al is chowen 1o ingure specified
lead currents during Ve g mssturement,

Notice that the Oata Bus lines, the address
tmga, the Interrupt Aequest line, snd the DEE
line are all specified and tesied T gusrantes
0.4 ¥ of dynamic nois immonity st both
' and "D logle levaly

MOTOROLA MICROPROCESSOR DATA

T RE

This Material Copyrighted By Its Respective Manufacturer




MC6800

HGURE 7 — EXPANDED BLOCK DIAGRAM
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MCs200

The HALT line must be in the high state for iMerrupis to
e servicad. Intarrupts will be Iatched internally whike HALT
i low.

The IRQ has a high-impedance pullup device internal to
the chip: however, a 3 kil external resistor to VG should be
used for wire-OR and optimum control of imermupts,

Non-Mazkable Interrupt (NMI} and Wait for Interrupt
{WAIl — The MCBA00 is capable of handling two types of in-
terrupts: maskable TR} a5 described earber. and non-
maskable (NMI! which 1s an edge sensitve input. IRQ is
maskable by the interrupt mask in the condition code register
while MU is not maskable. The handling of these interrupts
by the MPU iz the same except that each has its own veciar
address, The behagvior of the MPL when interrupted is
shawn 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 enthver (R or MMTand can be asyn-
chronous with respect to ¢2. The wnterrupt 15 shown going
lowe at ime tpCs in cycle #1 which precedes the first cycke of
an instruction 1OP code fetchl. This instruction 15 not &x-
ecuted but instead the Program Counter (PCI1 Index
Register (1)), Acgumulators {ACCX), and the Condition
Cade Aegister (CCR) are pushed onto the stack,

The Interrupt Mask bit is st 10 preverid further interropts.
The address ol the imarropl service routing is then fetched
from FEEC, FFFD far an NMT interupt and from FFFS, FFFY
for an TRQ interrupt. Upon completion of the interrupt ser-
vice routine, the execution of RT! wilt pull the PC, 14, ACCX,
and CCR ol the s1ack, the Interrupt Mask bit 1s restored to
its conditson prior 1o interrupts isee Figure 10

Figure 13 is 3 similar interrupt sequence, except in this
case, a WAIT instrustion has been executed in preparation
for the intarrupt. This 1achnique speeds up the MPLU's
response 1o the interrupl because the stacking of the PCIX,
ACCX, and the CCR is alveady done. While the MPU is
waiting for the interrupt, Bus Available will go high in-
dicating the follawing s1e1es of the control lines: VMA is low,
and the Address Bus, R/W and Data Bug are all in the high
impedance state. After the mterrupt occours, It is serviced as
previously described,

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

MEMORY MAP FOR INTERRUPT VECTORS

_ Vestor Descrip
M5 LS i
[ rere | eree peset ]
FFFC | FFFD Non-#, Interrupt
FFFA FFFR Softwire Inwerrup
FFF8 FFFa Irerrupt Aaquest

Reter 10 Figure 10 for progrem flew for Inerrupes.

Threo-State Control (TSC) — When tha level sensitive
Three-State Control {TSC) line 15 a logic ™17, the Addrass
Bus and the R/W hine are placed in 8 high-impadancs state,
VMA and BA are forced low when TSC="1" 1o prevent
talse reads or writes on any device enabled by VMA, It is
necessary 10 delay program execution whike TSC 15 held
high. This is done by nsuring that no teansitions of ¢ {or 421
ocour during this period. (Logic levels of the clocks arg irmsle-
vant 50 long as they do not changel. Sice the MPL is a
dynamic device, the ¢1 clock can be stopped for @ maximum

time PWgH without destraying data within the MPU, TSC
then can ba used in a shart Dirset Memory Acoess {DMA)
apptication.

Figure 12 shows the effect of TST on the MPU. TSC must
have its transitions at tT5g [three-state enablel while holdi
&1 high and $2 low as shown. The Address Bus and R/
line will reach the high-impedance state at tT5p (three-state
delay}, with VMA being forced low. In this example, 1the
Diata Bus is also in the high-impedance state while 2 is be-
ing hedd low since DBE=¢2  A{ this point in lime, a DMA
transler could ocour on cyclkes 3 and M. When TSC is
returned low, the MPU Address and R/W lines retumn 1o the
bus. Becausa it is too late in cyche £5 to access memory, this
cycle is dead and used for synchronization. Program execu-
tior resumes in cycle 46,

Valid Memory Address [(VMA) — This output indicates to
penipharal dewices thet there 1s a valid address on the address
bus. In normal operation, this signal should be utilized for
enabling peripheral interfaces such as the PIA and ACIA.
This signal is not three-stats. One standard TTL load and
20 pf may be direclly driven by this active high signal.

HALT — When this level sensitive inputis in the low state,
all activity in the maching will be haltad. This input is level
sEngitive.

The HALT line provides an imput 10 the MPU 10 allow con-
trol of program execution by an outside sourca. it HALT is
high, the MPLU will execute the instructions; if it is low, the
MPU will go 10 a halted or idle mode. A responsa signal, Bus
Available {BA) provides an indication of the current MPU
status. When BA is low, the MPU is in the process of ox-
ecuting the control program. if BA is high, the MPU has
halied and all internal activity has siopped. _

Whean BA is hagh, the Address Bus, Data Bus, and R/W
line will be in a high-impedance state, effectivaly removing
the MPU fram the system bus. VMA is forced low sc that the
Hoating system bus will not activate any device on the bus
that is enabled by VMA,

While the MPU is halted, all program activity s stopped,
and if either an NM1 or IRQ interrupt occurs, it will be latched
into the MPU and acted on as soon as the MPU is taken oul
ol the halted mede. If 3 HESET command occurs while the
MPU is halled, the following states occur: VMA=low,
BA=low, Data Bus=high impedance, R/W=high iread
slate}, and the Address Bus will comain address FFFE as
long as RESET is low. As soon as the AESET line goes high,
the MPL! willl go 1o locations FFFE and FFFF for the address
of the resat routine.

Figure 13 shows the liming relationships involved when
halting the MPU. The instructicn illustrated is a one byte, 2
cycle instruction such as CLAA. When HALT goes low, the
MPU will halt after completing gxecution of the current in-
struction. The wransition of HALT must ocour tpes before
the trailing edge of $1 of the last oyde of an instruction
{point A of Figure 131, HALT must not go low any time later
than the minmum tpcs specified.

The ferch o1 the OP code by the MPU is tha first cycle of
the ingtrucaon. If HALT had not been low at Point A but
went low during ¢2 of that cycle, the MPU would have
haited after completion of the following instruction. BA will
go high by time tpa (bus availeble detay time} after the last
instruction cycle. At this point in time, YMA is low and R/W,
Address Bus, and the Data Bus are in the high-impedance
stata,
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MCE800

Vo debug programs it is advantageous to Step through
programs instrucion by instruction, To da this, HALT must
be brought high for ane MPU cycle and then returned low as
shown at point B of Figure 13, Again, the transitions of

must ocour tpeg belare the trailing odge of é1, BA
will go low at tg 4, alter the loading edge of the next @1, in-
dicating that the Address Bus, Data Bus, VMA and R/W

lines are back an the bus. A single byte, 2 cycle instruction
such as L5A is used for this sxample siso. During the first cy-
cle, the inswuction Y is fetchad from address M+ 1. BA
returns high at tga on the last cycle of the instruction m-
dicating the MPU is off the bus. i instrugiion ¥ had been
three cycles, the wadih of the BA low tme would have been
increased by one cycle.

FWGURE 10 — MPU FLOWCHART

Stack
PC. X, A B CC

Wi

Condition Code Aagraer

Vector — ¢ ThTeT Iwlz]vTc]
Nl FFCA
Swi FFFi ATEMP 1-git
1RO FFFE Buffer Aagster
Motes:
1. Resalns ot at anmy itigan i vhe 1 hart.

2. mstruclions which attect the -Bil 3t upon 3 one-but butler register,
“ITMP * Trua has the etect of dekang aoy CLEARKNG of the 1-Bul one
clock timg, Satting the -BM, howenes, 18 not delayed.

3. See Tables 811 for details of Instruction Execution.
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MCs300

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 9-bit FIGURE 14 — PAOGRAMMING MODEL OF
registers available for use by 1he programmer (Figure 14), THE MICROPROCES SING UNIT

Countey — The progeam counter is a two byte
{16 bits| register that points to 1he current prograrn address.

-

ACCs ACCumulator &

Stack Pointer ~ The stack ponter & a two byle register
that contains the address of the next available location in an
exiernal push-down/pop-up stack. This stack is narmally a
random access Read/Write rmamary thal may have any loca-
tion {address) that is convenient. in thase applications that
require storage of information in the stack when power is
lost, the stack must bé nonvolatle,

w
f=1

ACCe Accumulator B

OI

’—r.‘n

Index Fagister

c
PC ] FProgram Countar
—Ql

"

-

index Ragister — The index register is a two byte register L
that is used 1o store da1a or a sixieen hit memory address for P Stack Fointer
the Indexed mode ot memory addressing. T o

Condition Code

Accumulators — The MPU containg two B-bit pe- TP N Z{YIC] Registar
cumulators that are used 10 hold operands and results Irom
an arithmedic logec unit (ALUY.

Carry IFram Bi1 7}

=

Oroerflow
Condition Code Regiater — The condition code register in- Zoro
dicates the results of an Arithmetic Logic Unit aperation: Negative
L

Negative (M), Zera 12), Overflow {1, Carry from bit 7 (C),
and half carry from bit 3 (W), These bits ot the Condition T lawarrupt

Code Register are used s testable conditions tor the condi- Half Corry (From Bit 3)
tionat branch instructions. Bir 4 is the interrupt mask bit {1,

The unused bits of the Condition Code Register (b6 and b7}

are ones.
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MCE800

MPL INSTRUCTION SET

The MCBI00 instructions are described in detail in the
MBB00 Prograrnming Manual, This Section will provide a
brief intraduction and discuss their use in developing
MCE300 conrol programs. The MCEE00 has a sat of 72 dif-
ferent executable source instructions. Included are binary
and decimal arithmeuc, logical, shift, rotate, load, store,
conditional or unconditional branch, interrupt and stack
manipulation iNSiruclions.

Each of the 72 execuiable instruclions of the source
tanguage assembles into 1 10 3 bytes of machine code. The
rumber of byies depends on the particular instruchion and
an the addressing mode. (The addressing modes which are
availabie for use with the various executive INstructions are
discussed |ater.)

The coding of the first {or only) byte conesponding to an
executable mstruction is sutlicient to identify the instruction
and the addressing mode. The hexadecimal equivalents of
the binary codes, wiich resuls from the translation of the 72
nstructions in all vahd modes of addressing. are shown in
Table 1. There are 197 valid machine codes, 52 of the 266
possible codes being unassigned.

When an instruction translates into two or three bytes of
code, the sacond byve, or the second and third bytes con-
tainis) an operand, an address, or mformation from which an
address is oblained during execution.

Microprocessor instructions are often divided into three
general classificanons: {11 memory reference, so called
because lhey operate on specific memory locatons; 12)
operating instructions that function withoul reeding a
mernary reference; 13} 1/0 instructions for transterring data
between the microprocessor and peripheral devices.

In many instances, the MCE800 performs the same cpera-
tion on both s internal sccumulators and the external
memory locations, In addition, the MGCBB0D interface
adapters (P& and ACIA) allow the MPL to treat paripheral
devices exactly like other memory locations, hence, no I/0
instructions as such are required. Because of these features,
other classifications are more sutable for introducing the
MCBE00's instruchon set: {1} Accumulator and memaory
operations; 2 Program control operations; (31 Condition
Caode Register operations.

TABLE 1 — HEXADECIMAL VALUES OF MACHINE CODES

o 4 HNEG A o SuB A 1hAR
o NOE 41 " 8 CMF A IR
o2 M a3 : B2 1= 0 A [LTLL]
a3 K a3y LOM A [:- I

LTI a4 SR A B AND A [T
a5 - - B85 pIT & MK
6 Tap 4 FROR A B LDA 4 e
07 1PA 4;  ASH A BF

o L a8 A5l A B EOR A IMM
1 DEX 48 RAOL A & ADC A N
Ga LY 44 DEC L) BA DA B MM
0B SEV 48 - a8 ADD A il
[ T AT I A #C  CPA A A
o SEC a0 TST - a0  BSA REL
e L 4E M Lbs

o RE| 4F  CLR A o M

W SBA s MEG -3 a3 sul A DR
1 CEA s 31 CMP A oA
7 52 or  sBC A PG|
1w o COM B [ I

m - 4 LBR B o4 AND A 1]
™ E- I a5 e & DR
W TAR B ROR :] % LDAa A DR
1T TRA 57 ASA a 97 sTa A DR
L] - 58 ASL a M EOA A DIR
19 DaA 53 HOL a 9 ADC A DR
LT 5A  DEC B A ORA A DIFL
1B ABA k- I B ADD A R
[IA SC 1N a 9.  CFX R
L1 I s+ TST a L

LI 5E ' 9 L0% iR
1 ' 5F  CuWA -} oF B3T3 R
20 BRa REL | G NEG IND | A0 SUE ) iND
=t Bl v Al CMP A IND
2 BHI REL | 62 i AZ  SBRC A (L 1]
23 BL3 REL | B3 COM o | Az

i BLL RFL | &1 L&A D | Ad AHD A L
= BLS REL |65 - a5 gt A MDY
2% EBHE REL | 66 ROA D A6 LDA u IND
27 BFO REL | &7 ASR ND | A7 STA A IMD
M eV REL | &8 ASL IND jas  ECH & INCy
% BVE HEL| 68 ADL IHO | ap  ADC a IHC
25 BPL FEL | 64 DEC IND |44 OF& A I
28 BMI BELj@a - AB  ADD A IHD
20 BGE FEL | 8&  INC NG | AL CPE IHD
0 T REL | 5@ T5T D | A0 ISR IND
2  BGT REL | 5E WP ING | AE  LDS nND
aF  BLE REL | 6F CLR IND | AF  &TS IND
n o TEK T MEG EXT|BC  SUB A ExT
1 INS oo Bl M " ExT
2 PUL A o B2 Sal A ExT
13 PUL (-] ™ OO EXT|B2 -

3% DES T L5R EXT| B4 anp A ExT
15 TG w0 B BT a ExT
% PEM A 75 AOR EXT|BE& LDM A EXT
37 L] B IT  ASR EXT| BT  £TA A EXT
3 M 78 ASL EXT| B8 EGHR A EXT
¥ RTS 79 ROL EXT| By ADC L) ENT
L 74 DEC EXT|Ba  OFk A Ext
g Rl m 88 ADD A EXT
A TC  WC EXTYBC CPX EXT
o - D TST EXT|BD ISR EXT
AE WAl JE e EXT|BE LOS EXT
aF 5 TF CLR ExT|G6F TS EXT

e B I

WP B (Lo

SBC B (L]

AN B ik

Brf 2] [ 1]

s B Holes 1 Addressmg Wodes

R -] L & = Arccumulmes A
ADC B W E - Accumwiaky B
R ) [:] s AEL - Pelabtve
ADD B ik MO« ingexad
: WA - Imenediste
Low Mk oA Dhrwet
SUB a DR i
R B A 2 Unassagned code ndkoiied by .
SeC B fr L]

AR B = 1]

= 1) -3 DA

LDA 8 DR

5TA B DR

EOR e o]

A0C a (el

oAa B o

ADD B (=]

Lox R

ST oR

SuB B MDY

ChP B IND

SBC =] INO

AN B INO

eT B L]

LDA -3 ING

ETA -] D

ECH B NG

ADC B WD

ORA B IND

ARG B IND

Lo IND

ATx IND

e B ExXY

cMP B EXT

SBC B EXT

AMD B EXT

ar 8 EXT

LOA 8 ExXT

5TA L} EXT

EOQR B EXT

ADC B EXT

OAA B EXT

D B ExT

L0 ExT

TN EXT

e ————————
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TABLE 2 — ACCLAMULATOR AND MEMORY OPERATIONS

ROUAESSNG MODES EDOLEANARITHHETIC OFERATIIN COND. LBUE REG.
uMEg OIAELT | MDER EXTMD INPLIED LA epesiar Lokl [s]a[3]z[ o
WFERATIONS MUENONK | 08 - sloe - =lee - |gp - = reler W contenai} HlvIn]z (e
Add ATDA w7 or Zlap v ilew 4 Aot A ]t
ADDY [ I vlEe & r|FE 31 21 B-H & .
Add Acmiry LU 1B 2 1| asp-a HO
A wis Carey AlLA ¥ 3 2|t 1 pflen s p|Ee a3 AM- oA HO
ADCE 97 2|0 1 2fes o5 z|F o4 3 F-m.t . M
Ang ELIE] B2 |4 % oy|a s 7led o4 2 CXLLEYY LIL] Ale
ANDH 0 2 |0 3 r|éa 5 r|fa a4 3 B-MooH ale e
Bt Tes BllA LIRS I T 1S T O T AW .= Him
EITE L o¥ 2|o8 3 rflen v 2|6% a0 3 M - R|e
Clam LLk EF r 3l ROZ L] *w LI
CLES L I I T e Ak
CLAE SFo2o | ap - ule HK
Compaur o0 LLENE 3 =T - I T TR LI - ol
CMPE LU I TR I LR ET I aom s HE
Compare Avming LEa (LI T 1 w|a HE
Camplanent, 1s Com B+ 7|z o6 2 R -n wlaitlRs
COMa 171 1| & -n -l R(%
CoMp 81 2 1 (@& -p -l Als
Cumpieasn). 23 NEL LL A A o moewm L HBT
Neyprel NEGa LA B I Y LI B 0
NEGE 02 1w omg .- Tl
Deeramad g, & D WF 1| Consnni Buiny Avd of AED Cuaraciar; | # )% o 51
wity BEB 6 aror
Ducrarmian DEE LU A L T 1M .w 4.
DELA 48 2 o LIE] af+
DECE uk 7 B +|s ale
Erciuuer OF LORA o 3% 3 r|am o5 2|es a2 oz ‘A L] |n -
EQRE CBor o|os 1 rfes o5 z|rs a4 3 R s nls
[EL L9 LC S L T gy LI -
INGA Hoo o - ala -
INCH sC 7 A s ) .
Laad 4 mie Lhas I W T p|las 5 1(BE a3 w(e|:(fnle
L e ¥ F|DE 1 r[ER s 2|FE a2 oz wle D liHje
[UNLET ORAA a3 oz %A ) 7|am 5 2|wa 8 3 Aeb-a |0 . I: Al
[LEY) e T p|BA 3 TPEA % 7iFa 4 1 W lalmji tln]e
B Mhana FEHA & oa ‘Mg S 1 -gp wlalefefwie
FEHE 14 Mgp SF 1 4P Ll LIRS
Puli Dans PuLa H +ot Sl -SP Mg A wlaiaielale
FULE Ta 4 R alalefe|w]e
Aurair wir AtpL o zlmoy 3| e — — w0 |EN
ADLk LL I O - oTooh- w| | pER
L5 s 7 s T T IKIUHE B
Riulgir Ruayni RO - TR | T | —_— —_— wlw(]: H
ROAR % 7 —~i = 1T wla|:
ABRE L 2 L L HE
StePt Leln fasthine n asL B ro2lMm o6 3 LI
ajLa | 8 r e
asin 1 I “.
St Righe, Branira i “sh | B 47 | L |c -
ASRA lay 2 RIL
ASRD i | 5F 1 L
SMIE Aegitt Loipe L5A BT 1 Moe 3 LaL]
L5Aa O .=
LSKE | LI I ole
Hore Acmin $Tan EEIE S I - A LT 1| -l
STRE ™4 2| Er g 2 ‘ LT w|ni
St fuga oo ¢orfw o3 p[a0 v zlen a Jl [ “e
SwEp ¢ r|nm 3 yfea s rjirn a3l o Te|w
Subriact Aemlieg 584 | oz 1 Ro-a »|.
Subli wih Caur g SECA B0 A 3 plar s 2iwr o1 oz [ Y e
$BCa [ LT N R S N MLy wle
Timnden dceminry Iag woro wfw
Ton B LI aln
Ten Ztvu ur Wiy 1= [ I (AN e
TSTA W e
TiTE I LILEI | -
H
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PROGRAM CONTROL OPERATIONS

Program Cantrol operation can ba subdivided inla two
eategories: (1) Ingex Aegister/ Stack Pointer instructions; {2}
Jump and Branch operations.

Index Register/Stack Pointer Operations

The instructions for direct operation on the MPU's Index
Register and Stack Pointer are summarized in Table 3.
Decrament (DEX, DESI, increment {INX, INSI, load ILDX,
LOS), and store [5TX, S$TS) instructions ane provided for
both. The Compare instruction, CPX, can be used to com-
pare the Index Register to a 16-bit value and update the Con-
dition Code Regisier accordingly.

The TSX instruction causes the Index Aegister to be load-
ed with the address of the lest data byte pul anic the
“stack.” The TXS instruction loads the Stack Pomter with a
valug aqual 1o one iess than the current comtents of the Index
Register. This causes the next byte to be pulled from the
“stack’ 10 come from the location indicated by the Index
Register. Tha uldity of these two instructions can be clarified
by describing the “stack’ concapt relative 1o the MESOO
system.

The “stack’ can be thought of as a sequenmial list of dara
stored in the MPW's read/write memory. The Stack Pointer
conlains a 16-bit memory addrass that is used 10 access the
list from one end on a last-in-first-out ILIFQ) basis in contrast
to the random access mode used by the MPLFs other ad-
dressing modes.

The MCBH0] instruction set and interrupt structure allow
extensive use of the stack concept for efficient handling of
gata mavement, subrowtines and interrupts. The instruciions
can be used 1o establish one or more “stacks™ anywhere in
resd/wiite memory, Stack kngth is limited only by 1he
amount of memory that is made available.

Operation of the Stack Poinler with the Push and Pull in-
structions iz illustrated in Figures 15 and 16. Tha Push in-
struction (PSHA) causes the contents of the indicated ac-
cumulatar LA in this example} 10 be stored in memory at the
locaton wndicated by the Stack Pointer. The Stack Pointer is
automatically decremented by ang ioliowing the storage
operation and is “pointing’” 1o the next empty stack lacation,
The Pull instruction (PULA or PULB) causas the last byte
siacked ta be loaded ino the appropriate accumulator. The

Stack Pointer is automatically incremented by one just pricr
ta the data transier 5o that it will poini 1o the last byte stack-
&d rather than the next empty locstion. Note that the PULL
instruction does nol “remove™ the data from memorny; in the
exampie, 14 is still in location (m+ 1} following execution of
PULA. A subsequent PUSH instruction would overwrite that
locatian with the new “pushed” data,

Execution of the Branch to Subroutine (B5R} and Jump to
Subroutine (JSR} instructions cause a return address 10 be
saved on the stack as shown m Figures 18 through 20. The
stack 18 decremented after each byte of the return address is
pushed onro the stack. Far both of these instructions, the
return address is the rremory tocation following the byies of
codé that cotrespand 1o the BSR and JSA instruction. The
code required for BSR or JSR may be either twe or three
bytes, depending on whether the JSR is in tha indexed (two
bytes) or the entended [three bytes] addressing mode.
Before it is stacked, the Program Counter i3 autornatically in-
cremented the correcl number of times to be pontng at the
location of the next instruction. The Return frem Subroutine
Instruction, RTS, causes the requrn atkdress to be retrieved
and lpaded into the Program Counter as shown in Figure 21,

There are several operations thal causa the siaius of the
MPU 1o be saved on the s1ack. The Software Interrupt (SWH
and Wair for Interrupt (WAl instructions as wall as the
maskabie (IRQ and non-maskable {NAI} hardware inter-
rupts all cause the MPU's internal registars lexcept lar the
Stack Pointer itself) 10 be stacked as shown in Figure 23
MPU s1atus is restored by tha Return from interrupt, RTI, as
shown in Figure 22

Jumg and Branch Operation

The Jump and Branch instructions are Summarized in
Table 4. These instructions ane used 1o control the transfer or
operation from one point to another in the control program.

The Mo Operation instraction, NOP, while included hera,
iS @ jump operation in a very limited sense. Hs only etfact is to
increment the Program Counter by one. 11 1s usefut during
program development as a “stand-in” for some other in-
struction that is 1o be determinad during debug. It is slso us-
ed for equalizing the execution time through alternate paths
in a control program.

TABELE 3 — INDEX REGISTER AND STACK POINTER INSTRUCTIONS

COMD. CODE REG,

WMED DIRECT INDEX EXTHD MMLIED | 5 i|n
HHKTER OPERATIING |~ | =|or| =] =|or|~|[=|OPF|~[=jOr]| -] = BOOLEANARITHMETIC QPERATION (W ¥t
Compare Index Reg CPX aC| 3| 1|34 AL |6 |2 (RC]S |2 EH-M.X -+l - -
Decrement [reder Aeg DEx w4l N-1—=% - -l
Detvanmtnl Suack e DES M4 SPo1-%P - -
Inerement bndax Feay INX ng (401 K+1-=2 - .
Irgrermens 51k Pon 5 Npa SRl =3P L .-
Laad Indéx Hey DX GE|3) 3|pPE| 4| 2 |EE|B |2 jFE]S {3 LR YR R NS T L4 Hw
Lead Swack Prtr OS5 BE| 3] 3|9E| 4| 2 |AE|B {2 |kE|S |3 M SR TR+ 1) = 5Py - A|*
Saote Ingex Rey 51X OF| % | 2 |£F |7 {2 |FF| B |1 Ky =M Kg—ims1 - Al=
Seaia Seach Pone 5T af | s | 2 |&F| T |2 iBFjB |3 Shy =M 5P M- - kle
Inds Reg — Siach Pon TAS )43 X-1-50 - -
Stach Prtr - Inds Ry T§X MH)a | P+~ K - -

@ {BiT MI Tes1. 5ign bit of metr significany {MS) byte of résult = 12
18h V] Tes1. 23 complament cuerflow from sublraction of ms tryres?
18It N} Tast: Reswlt laes than zero? {Bit 16 = 1)
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FIGURE 16 — STACK OPERATION, PUSH INSTRUCTION
MPL MPU
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FIGURE 16 — 5TACK OPERATION, PULL INSTRUCTION
L 1) MFL

m— 12 m -2
m— % m-1
S —e. Ty m
m+ i SP — mo+ 1 14
Previowusly
Stachad m+ 2 o ma+ 2 ac
Data Praviculy
mo+3 =1 Stacked m+ 3 [+1.3
DOats
| e [ m—
‘__'__,--"""".' Ry
PO —i PULA FULA
Mexc insr, P ipe] MNant Inskr.
la) Bators PULA (o) Afeer PULA
MOTOROLA MICROPROCESSOR DATA

376

This Material Copyrighted By Its Respective Manufacturer



MCE800

TABLE 4 — JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.

RELVATIVE | mDEX EXTND | IMPLIED s|aflafzjr]w
OFERATIONS vaempmic [ or |~ # |oe|~| #jor! ~| ¢ 00|~ |# TEXT R LIEARAT
Branch Alwmys BRA mla]2 Kone w| ew|e|e|x|s
Branch 1t Camy Clas BCC Mmja|2 C=0 EIE IR IR I
Branch il Catry 541 acs mla)z2 =1 | w|n]|la]|e]|n
Branch ¥l = Zero BEQ AN 241 a|o|a|a]|e]|=
Branch 0l xFeco BGE | &2 LR ] LRI IR
Branch Il 2> Zerg BOT ZE|[ 4|2 Z+N@vI-0 *(s|n|l o]l
Branch H Highes [T w|a |z CrE=0 | w|e|e|[a]|e
Branch it < Ferg BLE W42 ZrINEVI=I LRI IR IR L)
Branch H Lower O Same BLS b2 N C+Z=1 s eiw|» &=
Eranch il < Zerg eLy w42 LECL' AN |l w]|e[o|e]|=
Granch 01 Wermin L1} 0 (4|2 LER] R IEIE L
Branch 1l Mot Eousl Zero BNE B4 |2 Zua o a|n| 0w
Branch 1 Qverligw Clear Bui m(4 |2 V=0 w{ *|w| o| ]|
Branch I Querdicer Sex avs M| 4|2 W=1 ol v e | »]|w
Branch Il Phy BPL w e 2 N=0 sl ole|e ol
Branch To Subwouline asf Bb| @ |2 BRI
Jurmgy JRF GE| 4| 2| 2E| 3| 2 } See Specsl (peraimng IEIEIEIEIR]
Jump To Subdouvtine i ] ap| 8| 2 |BO| % | 3 e a|w|®
Mo [Fparation Naf o1z | Avances Prog. Cotr. daly | w|w| o v
Feetmn From InTerrupt Ll 38|10 — {0 -
Aetum From Subrautine ATS m|s | } EIEIEIEIR
Sattware lntemupt 5wl 3 |az | Sre Spemat OAMMIONS AEIRIRIEAE
Wanl 100 Inrermppy + WhAl E |8 11 ; - @ AR IE]
WAL puts Address Gw, AW anid Daim B i eke Cinee Fiane made while VA is hebd low,
m (&1} Load Conditien Code Ragistar from Steck, [Sea Spacial Operationsh
@ (Bt ¥ et whan nterrupt occurs i praviously et a Non-Maskable (awecruot
is raguired 10 #x)1 1h Wit siate.

Execution of the Jumgp lastruction, JMP, and Branch cle faster than ISR, The Return from Subroutine, RTS, is
Ahways, BRA, affects program flow as shown in Figure 17 used as the end of a subrouting to return t¢ the main pro-
When the MPU encounters the Jump {Indexedt instruction, gram as indicated in Figure 21,
it adds the offset 10 the value in 1he Index Aegister and uses The efect of executing the Sottware Intarrupt, SWI, and
the result as the address of the next mstuction 10 be ex- the Wait for Interrupt, WAL, and their relationship to the
acuted_ In the extended addressing mode, the address of the hargware interrupts is shown in Figure 22, SWI causes the
next nstruction 1o be executed is fetchad from the two loca- MFU contents 1o be stacked and then fetches the starting
tions immediately following the JMP instruction. The Branch address of the imarfupt routing lrom the memory locations
Abways (BRAI instruction s similar w the JMP lextended) in- that respand 10 the addresses FFFA and FFFB. Note that as
sifuction except that the relative addressing mode apples in the case of the subrouting instructions, the Program
and the branch is limited 10 the range within — 125 or + 127 Counter is incremented to point at the correct return addrass
bytes of the branch insmruction itsell, The opoode tor the tefore being stacked. The Aeturn from Interrupt instruction,
BRA instruction requires one less byte than JMP {exiended} AT, {Figure 22 15 used at the end of an intermupt routine 10
hut 1akes one mare cycle (o execute, restore control {6 the main program. The SWI instruction is

The etiect on program flow for the Jurng to Subroutine useful for inserting break ponts n the control program, that
1JSA) and Branch to Subroutine IBSR) 13 shown in Figures is, it can be used 1o stop operation and pul the MPU
18 through 20. Mote that the Program Counter is properly in- regasters in memory where lhay can be examined. The WAI
cremented to be pomting at the correct return address instruction is used 10 decrease the time reguined 1O service a
before n is stacked. Operation of the Branch 10 Subroutine hardware nterrupt; it stacks the MPL comens and then
and Jump 1o Subroutine lextended) INSWWCHON IS SmiIlar ex- waits {or the interrupt 10 gocur, effectively removing the
cept for therange. The BSA instruction requires ¥8ss apcode stacking tme from a hardwarg interrupt sequence.
than JSR 12 bytes versus 3 bytas! and also execuies gne cy-

FIGURE 17 — PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS
_ PC Main Program Main P
PC Main Program n 7E= JMP ':::m
n [ 6E=Jmp et [Rn=hont . " I =
av1 | K=Dffsel n+1 K = Qifsat*
HDXD - EXTND n+2 JK =Nexl Addrass

-
- H
Wk | Mext Instruet H in+ 2 £+ K Naxt Insiruchon
K | Next Instruction

*K = Signed 7-bit value
Lal Jump {tl Branch
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FIGURE 18 — PROGRAM FLOW FOR BSR
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FIGURE 18 — PROGRAM FLOW FOR JSH (EXTENDED)
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FIGURE 20 — PROGRAM FLOW FOR JSR INDEXED)
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FIGURE 21 — PROGRAM FLOW FOR RTS
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FIGLURE 22 — PROGRAM FLOW FOR RTI
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FIGURE 23 — PROGRAM FLOW FOR INTERRUPTS
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FFFA FFFg FFFL FFFE
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Interrupt Memory Assignment Set Interrupt
FFFE 1RO Mg Mazk (CCA 4]
FFFY 1A LS
FFEA 5w L1 Fast Inare.
L5 Bddr. Foprmed Load Interivpl
FFFB Sl Mg @ Ey Ferching Vacnor late
FFFC Ll 2-Byies Feom Plogram Counier
FFFD NMI LS Per, Mam
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FFFF Resat ]
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NOTE: MS = Mogt Symilicant Address Syte:

L3 = Leawt Significant Address Byte;
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FIGURE 24 — CONDITIOMAL BRANCH INSTRUCTIONS

Bmi - N=1 ; BEQ =1 ;
BPL Neg BHE I=¢ .
BVLC ; Vg BoC Cm=e .
-1 LA I BCS cx1
-1 1] CHElmg BLT N@Y =y
LS - C+X=1 . BGE NEY =y

BLE : Z+iINEVI=1 ;

BGT - IZ+iNeYi=¢ .

The conditional branch inswructions, Figure 24, consists of
seven pairs of complementary instructions, They are used 10
1est the results of the preceding cperation and either con-
bnue with the next instruction in sequence {test failst or
cause a branch to another pont in the program {((est suc-
oeeds).

Faur of the pairs are used tor simple 18515 of s1atus Dits N,
Z. V¥, and C:

1. Branch on Minus {BMI) and Branch On Plus (BPL) tests
the sign bit, N, to determine 1if the previous result was
negative or positive, respectively.

2 Branch On Egual IBEQI and Branch On Not €gual
(BNE} are used 10 1est the zero status bit, Z, to determine
whether ar not the result of 1he previous operation was equal
to zero These two instruciions are useful following s Com-
pare {CMPY insrruction 1o test for equality bevwesn an ac-
cumulater and the operand. They ara also used following the
Bit Test IB1T} 10 determune whether or not the same b posi-
tons are set in an accumulator and the operand.

3. Branch On Dwerflow Clear (BVC} and Branch Onm
Cverflow Set {BYS) 1es1s the state of the V bit to determine
if the preveous aperation caused an anthmetic overflow.

4, Branch On Carry Clear [BCC) and Branch On Carry Set
(BCS! 12515 the slate of the C bit 10 determing it 1he previous
pperation caused a carmy 1o occur, BCC and BCS are useful

for testing relative magnitude when the values baing tested
are regarded as unsigned binary numbers, that is, the values
are in the range 00 {lowest) to FF (highest), BCC following &
camparison (CMP] will cause a pranch it the (unsigned)
valug in the accumulator is higher than or the same as the
value of the operand. Conversely, BCS wili cause a branch if
the gocurmulator value 1s [owaer than 1he operand.

The tifth complementary pair, Branch On Higher (BHI} and
Branch On Lower or Same (BLS) are, i a sense, com-
plements to BCC and BCS. BHI wsts for both Cand Z=0; if
usad tolkwing a CMP, it will cause a branch it the value in
the accumulator 15 higher than the operand. Conversely,
BLS will cause a branch if the unsigned Dinary value in the
accumulator 1S lower than or the same as the operand.

The remaining two pairs are useful in 1esting results of
operstions in which the values are regarded as signed twa's
camptement numbess. This differs from the unsigned binary
case n the fodlowing sense: in unsigned, the orientation is
higher or tower; in signed two's complement, the com-
parison is between larger or smaller where the range of
values i betwean — 128 and + 127,

Branch On Less Than Zero (BLTY and Branch On Greater
Than Or Equal Zeroc {SGE} tesr the status bns for Ney=1
and Ne V=D, respectvety. BLT will always cause a branch
following an operaticn in which rwo negative numbers were
addex. in addition, 1t will cause a branch tollowing a CMP in
which the value in the accumulalor was negative and 1he
operand was positive. BLT will never cause a branch follkow-
wng a CMP n which the accumulator value was positive and
the operand regative BGE, the complement 1o BLT, wall
cause.a branch followang operations in which two positive
values were added or n which the result was zefo.

The last pasr, Branch On Less Than Or Equal Zero {BLEI
and Branch On Greéater Than Zero |BGT) test the status bits
for ZeiN+Vi=1 and Ze{N+V1=0, respectively. The ac-
vion of BLE is identical 1o thar for BLT except that a branch
will alsa oceur if the rasult of 1he previous result was zero.
Conversely, BGT is similar 1o BGE except that no branch will
opocur following a zero resuk,

CONDITION CODE REGISTER
OPERATIONS

The Condition Code Register (CCR) 15 a 6-bit register
within the MPU tha is useful in controlling program flow
during systern operation. The bits are defined n Figure 26,

The instructions shown in Table 5 are gvailable 1o the user
for direct manipulation of the CCR,

A CLEWAL instruction sequence operated properly, with
eafly MCEB0D processars, only f the preceding instruction
was odd {Least Significant Bit = 1), Sirnitarty it was advisable

to precede any SEI instruction with an odd opeode — such
as NOP. Thase precautions are not necassary for MCE800
processors indicating manufaciure in November 1977 or
latar.

Systems which requite an interrupt window to be opened
unger program control should use a CLI-NOP-SE| sequence
rather than CLI-SEl.

MOTOROLA MICROPROCESSOR DATA
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FIGURE 26 — CONDITION CODE REGISTER BIT DEFINITION

bs by bz by &

IHI'INIZIVIﬂ

H = Halfcarry; set whenever & carry from b3 to by of the result is generated
by ADD, ABA, ADC: cleared il nig b3 10 byg carry. not affected by other

INStructions.

Interrupt Mask; set by hardware or software interrupt or SEI instructian;

cleared by CEl instruction. (Normally not used in arithrmetic Gperations._)
Restored to a3 zera as a result of an RTY instruction #f Iy, stared on the

stacked is low.

Neganive; set if high order bit {by} of result is set; cheared otherwise.

T = Zero; set if result = O: cleared otherwite.
V = Owerlow, set it thers was arithmetic gverllow as a result of the Qperation;
cleared otherwise,
C = Carry; set if there was a carry from the mast significant bat [by) of the
rasult; cleared otharwise,
TABLE 6 — CONDITION CODE REGISTER INSTRUCTIONS
CDND. CODE REG
MPLIED s[4 [e]1]a
OPERATIONS or| ~ | =|eoareanoreration | w [ 1 [w [z [ v]¢
Clew Cariy CLC e |71 n-¢ e la|latal|w|r
Chep Inieriwpl Mxh (93] e [ 2 |1 ol | H|(® || ¢
Lt Queatiow Ty a2 |1 0oy | % s |||
561 Cany SEC oo | 7|0 1-C s w|ls|s|s|sg
Se1 Ineerei Mk SE) oF 2|1 1l wls|a |o .|
Sat Dywviiowr SEW OB | 2|1 1 -y il slals]|»
Aol b~ CCR TAP |2 |1 A -ICR g
CCR ~ Acmiie B Tha LEN CLR -A ALIENE IR
R = Aeser
5 2 Sat

® 2 NOY afiec md

@ LALLY Set according 10 the contents ol Accumulstor A

ADDRESSING MODES

The MPU operates on B-bit bimary numbers presented
te it wia the data bus. A given number {byte} may rep-
resent either data ar an instruction to be executed, de-
pending on where it is encountered in the control program.
The MEB0D has 72 unigue instructions; however, it rec-
agnizes and takes action on 197 of the 256 possibilities
that can octur using an B-bit word length. This larger
number of instructions results fram tha fac that many of
the executiva instructions have more than one address-
ing mode.

These addressing modas refer to the manner in which
the program causes the MPU lo 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 method
used. If manual translation it used, the addressing mode
is inherent in the opcode. For example, the immediate,
direct, indexed, and exiended modes may all be used
with the ADD instruction. The proper mode is determined
by selecting (hexadecimal notation) 88, 9B, AR, or BB,
raspectively.

The source statement format includes adequate infor-
mation for the selection if an assembler program iz used
1o generate the opcode. For instance, the imimediate mode
is selected by the assembtler whenever it encounters the
“#" gymbaol 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 mnemaonic instruction itsell is encugh for
the assemble to determine addressing motde.

A

MOTOROLA MICROPROCESSOR DATA
3-82

This Material Copyrighted By Its Respective Manufacturer



For the instructions that uge both Direct and Extended
modes, the Assembler selacts the Direct made if the operand
valug 18 in the range 0-255 and Extendad otherwise. There
are a number of instructions for which the Extended moda is
vahd but the Direct is not. For these instructions, the
Assembler automatically setects the Exiended mode evan if
the oparand is in the 0-255 range. The addressing modes are
summarized in Figure 26,

Inh Mt acha A " Addressing” Modls}

The successive fields in a statement are narmally
separated by one or more spaces, An exceplion to this rule
otours for instructions that use dual addressing in the
cperand fisld and for insiructions that mus1 distinguish be-
tween the two accumulaiors, In these cases, A and B are

“operands” bul the space berween them and tha cpevator
may be omitied. This is commonty done, msulting in ap-
parent four charactes mnemonics for those instructions,

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

Opmrand Comman
ADDA  MEMIZ ADD CONTENTS OF MEM1Z TO ACCA
or
ADDE MEMI12 ADD CONTENTS OF MEMI1Z TO ACCR

The exarmple used earlier for the test instruction. TST, also
applies 10 the accumulators and uses the “scoumulaior ad-
dressing mode™ (¢ designate which of the two accumulators
15 being 1ested.

FIGURE 26 — ADDRESSING MODE SUMMARY

Direc: n D0 Instructian
Enpmpie: SUBE I
Ador. Aangs - 0258 LIS | Z = Dprnd Address
n+32 Mt Insar.
L
-
(K = Cne-Byie Oprnd) z
oRn
IK = Two-8vte Oprnd} Z K = Opersnd
Z+1 K| = Oparsand

A 1 Z % 255, Assmbler Select Direct Moge
H Z 2356, Entanded Mode |s selectad

E x tended: n FD Insrruckion
Example. CMPA Z L 4 = Dprng Address
Add;;:j;:;,:sg Ntz op oz s Opmd Addees
a3 Hwag gt
-
»
-

(K = Dna-Bywe Oprod}

z

OR
i = Two-Bvie Oprnd) 2 Ky = Oparand
21 Ky = Oporand

Immediate: L inezructian

Edpmpla: LDAA BK N+

{K = One-Byre Oprnadl K » Dperand
0+ Raxt Inse,

Lal ]

(K = Twa-Bye Ogmd) n I i

{CPX, LDX, and LOS) nriruetian
n+ K. = Oparend
n+ 2 Ky = Operand
ned Naxy lnaor,

Halative: " Irdructicn

Exempin: BNE K nr K = gench Ditest

(K = Signed 7-Bit Vaus) n o+ 2 Nexeimar, /2

Addr, Fangs: L]
-12% 1D +128
Aslac n,
slative 1o -
-

'n‘Q}iK

£ 14 Brnoh Tae Fatea, B 1F Brneh Tat Tro.

Indexed: n Inttructian
Example: ADDA Z, X n+ Z = Olteat
Addt. Fange: e Naxt lnscr,
O— 255 Awlative o
Indan Rupgister, X -

.

[Z = §-Bit Uraipnad
Valus)
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Commant
TSTE TEST CONTENTS OF ACCR

TSTA TEST CONTENTS OF ACCA

A number of the instructions either alone or together with
an accumulator operand centain all of the address inlorma-
tian that is required, that is, “inherert” in the instruction
itself. For instance, the instruction ABA causes the MPU 1o
add the contents of accmulators A and B together and place
the result in accumutator A. The instruction INCB, another
exaryie of "accumulstor addressing,”” causas the contents
of accumuiator B to ba increased by one. Similarly, INX, in-
crement the Index Aegistar, ceuses the contents of the Index
Aagister 10 bo increased by one.

Program flow for instructions of this type is ilustrated in
Figures 27 and 28. In these figures, the general case is shown
on the left and a specific example is shown on the right.
Numerical examples ara in decimal notation. Insiructions ot
this type require only one byte of opcode. Cycle-by-cycle
operation of the inkerent mode is shown in Table 6.

Immaediste Addressing Mode — In the Immediate address-
ing moda, the aperand is tha value thel 15 to be operated on,
For instance, the instruction

Oparator Oparand Commant
LDAA, [ 7] LOAD 26 INTO ACCA

causes the MPL) 1o “immediately load accumulator A with
the value 26”; no further address reference is required. The
Irwrediate rmode is selected by preceding the operand value
with the ¥’ symbal. Program How for this addressing mode
is Whustrated in Figure 29,

The operand format allows either properly defined sym-
bols or numerical values. Except lor the instructions CPX,
LDX, and LDS, the operand may be any value in the range 0
to 256, Since Compare Index Register {CPX), Load Index
Register ILDXL, and Load Stack Pointer ILDS), require 16-bit
wpbuas, the immediate mode tor these three instructions re-
quire two-byte gpersnds. in the Immediate addressing

FIGURE Zf — INHERENT ADCRESSING

wy Py
NDER
K 190 = 200
Aak AaM
PROGRAM
FROGARM
MEWORY MEMGRA ¥
| oma I B - 5006 N
——
GEMERAL FLOW €N AmLE

mode, the “addrss” of the operand 15 effectively the
memory lacation immediately following the instruction itself.
Table 7 shows the cycle-by-cycle operation for the im-
mediata sddressing mode.

Direct and Extended Addressing Modes — In the Direcy
and Extended modes of addressing, the aperand fisld of the
source siaiement is the adaress of the valug thal is 10 be
operated on. The Direct and Extended modes diffes only
the range of memory locations 1o which they can direct the
MFU. Direct addressing generates a single 8-tat operand
and, hence, can address only memory locations O through
2655, a two byte operand is generated for Extended address-
ing, enabling the MPU 10 reach the remairng memory loca-
tions, 266 through 65535, An example of Direct addressing
and its elfect on program fiow is illustrated in Figure 30,

The MPU, after encouniering the apcode for the instruc-
tion LOAA (Dwect) at memory locanon 5004 (Program
Counter=5004], locks in the neat locabon, S005, for the ad-
dress of the operand. It then sets the pragram counter equal
10 the value found there (100 in the exampiel and tetches tha
operand, in this case a value to be loaded nto accumularor
A, from thal location. For instructions requiring & two-byle
operand such as LDX (Load the Index Register), the operand
byles would De retrieved from locations 100 and 101. Table 8
shows the cycle-by-cycle operaion for the direct mode of
addressing.

Extended addressing, Figure 31, is similar except thar a
wo-byte address is oblaineg fram locations 5007 and 5008
after the LDAB |Extended) opoade shews up in logation
5006. Extended addressing can be thought of as the “stan-
dard” addressing made, that is, it iz a method of reaching
any place in rmemory, Direct addressing. since anly ong ad-
dress byie s required, provides a faster method of process-
ing data and generates fewer bytes af cantrol code, In most
applications, the direct aggdressing range, memory locations
0256, are reserved for RAM. They are used for daia bulffer-
ing and temporary storage of system varables, the area
which laster addressing is ol most valus, Cycle-by-cycle
operation i shown in Table 8 for Extended Addressing.

FIGURE 28 - ACCUMULATOR ADDRESSING
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Relative Address Mode — In both the Direct and Extended
modes, the address obwsined by the MPU is an absolute
humencal eddress. The Relative addressing meode, im-
plemented for 1he MPL's branch instructions, specifias a
memory location relative to the Program Counter's current
locaton. Branch instructions generate two bytes of machine
code, one for the mstruction opcode and one for the
“relative” sddress {see Figure 32, Since it is desirable to be
able to brarch in either direction, the 8-bit address byte is in-
terpreted as a signed 7-bit value; the 8th i of the operand is
treated &3 a sign bit, 0" =plus and ~1" = minus. The re-
maining seven bis represent the numerical value. This
results in a relative addressing range of + 127 with respect 1o
the location ¢f the branch instruction itself. However, the
branch range » computed wilh respect to the next instruc-
uon thal would be executed of the branch conditions are not
satisfied. Since two biyes are generared, the next mstruction
is located at PC+2, If D is defined as the address qf the
branch destination, 1he range is then:

IFC+ 2 1 =DS{PC+2+127
or
PC-125<D=PC+ 128
that 15, the destination of the branch instrucbon must be
within — 125 to + 129 memary locations of the branch in-
struction itself. For transfernng contrat beyond this range,

the unconditional jump LIMP}, jump o subroutine (JSR),
and return from subroutne (RTS) are used.

In Figura 32, when the MFPL) sncoumners the opoode lor
BEQ (Branch if result of kast instruction was zerol, il 1es1s the
Zero bit in the Condition Code Register, If that bit is “0." in-
dicating a non-zero resull, the MPU continues execution
with the next instruction {in location 5310 in Figure 32, 11 the
previous result was zero, the branch condiion is satistied
and the MFU adds the offser, 15 in this cass, 10 PC+ 2 and
branches 1o location 5025 for the next iNstruction.

The branch instructions allow the programmer to efficient-
Iy direct the MPU 10 one point gr angther in the control pro-
gram depending on the outcome of tesi results. Since the
contrd progeam is normally in read-only mewnaory and cannot
be changed, the relative address used in execution of branch
instructions is a constant numerncal valee. Cycle-by-cycle
operation is shown in Table 10 for relative addressing.

Indaxed Addressing Mode — With Indexed addressing,
the numerical address 15 varial ke and depends on 1the current
contems of the Index Register. A source siatement such as

Cormment

STAA x PUT A IN INDEXED LOCATION

causes the MPU 1o store the contems of accumulator A in

TABLE § — INHERENT MODE CYCLE-BY-CYCULE OPERATION

Addrexs Mode Cyche | VMA RAN
and ingtructions Cyches - L e Address Bus Ling Diata Bus
ABA DAL SEC 1 1 Op Code Addrest 1 Op Code
ASL GEC SE¢ 2 2 1 Cp Code Address + 1 )] Op Code of Next Instruction
ASR INC  SEV
CBA L3A YAB
CLC NEG TAP
CLt NOP TEA
CLA ROL TPa
CLY ROR TST
COM SBA
QES 1 1 2 Code Address ] Cp Code
fex a 2 | 1 | DpCode Acaress+ 1 1 | Op Coda of Next Insteuction
INX a 1] Praviout Pegister Contents 1 Irrsdevant Data [Mote 1)
F] 1] New Register Comtents L] Irrelevant Dats [Note 1)
PSH k] 1 Op Code Addresa ] Dp Code
a 2 1 Dp Code Sddress + 1 T Op Code of Next Instruction
a 1 Siack Pointer 1] Aceumulator Dats
q Q Steck Pownter — 1 1 Accumulatgr Cata
PLIL 1 1 Op Code Addrass 1 Op Code
a 2 1 Dp Code Address + t 1 Op Code of Naxt Instruction
k] aQ S1ack Pointar 1 Irrelevant Data [Nota 1}
4 1 S1ack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
1 2 1 Op Code Address + 1 1 0Op Code of Next Instruction
a o Stack Pointer 1 Ieealewant Data [Note 1)
4 [} New Index Register T Vrralevant Data |Note 1)
TAS 1 1 Dp Cads Address 1 Op Code
1 2 1 Op Cade Addoass + | 1 Op Code of Next instruction
a [+] Index Ragitter 1 Irralevant Data
4 [ New Stack Pointar 1 Vrralevant Data
RTS 1 1 Op Code Address 1 Op Coda
z 1 0Op Code Address + 1 1 Irmievant Dara {Nove 2}
5 3 0 Stack Pointer 1 Irgtewant Data {Mote 1}
4 1 Stack Pointer + 1 1 Adidress of Next Inswruction (High
Order Bytet
s 1 Stack Pointer + 2 1 Addres of Next Instruction (Law
Ovder Bytel
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TABLE 8 — INHERENT MODE CYCLE-BY-CYCLE OPERATION (CONTINUED)

etesoacions | cvam | 6] Vee il
wnd reruciion Cychas Ling Address Bus Lina Dats Buy
WAl 1 1 | Op Code Address 1 | Op Cade
2 1 | Op Code Addres + 1 t | Op Coda of Naxt Insruction
3 1 | Svack Pointer 0 | Aewwrn Address (Low Qrder Byte}
4 1 | Stack Poiner — 1 0 | Return Address (Migh Crder Byte)
] 5 1 | Stack Pointar — 2 0 | index Raegister {Low Ordar Byta)
G 1 | Stack Pointar — 3 O | index Ragister {High Order Byte)
7 1 | Swack Pointer — 4 Q| Coments of Accumiator A
8 1 | Stack Pointer — 5 0 | Contenrs of Accumutator B
-] 1 | Stack Pownter — & {Nate 3} 1 | Coments of Cond. Code Registar
ATl 1 1 | Op Code Address 1 | Dir Cade
2 v | Op Code Addres + 1 1 | trrelevant Data iMate 2)
3 0 | Stack Pointer 1 | trrelevant Dava (Note 1)
L] 1 | Stack Pointer + 1 1 | Contents ol Cond. Code Register from
Stack
W 1 | Stack Popinter + 2 1 | Conients of Accumulaior B from Stack
I | Stack Pointar + 2 1 | Contents o1 Accwmulaior & 1rom Stack
7 I |Swack Pointer + 4 t | Index Registar from Stack [High Order
Byte)
B 1 {Suwck Pointer + 5 T | tndex Register from Stack [Lows Order
Byte)
a t | Srack Pointer + 6 1 | Mewt Insiruction Address irom Stack
(High Order Bytet
10 1 |Stbck Pointer + 7 1 | Next Instruction Address Irom Stack
| Low Cirder Byta)
SWI k] 1 [Op Code Address 1 |.Op Code
2 1 |Op Code Address + 1 1 | Irrelevant Datx (Nate 1}
k] 1 | Stack Pomntar 0 | Return Address {Low Order Bytel
4 1 |Srack Pointer — 1 G | Rewurn Address (High Order Byre)
5 1 |Siack Pointer — 2 0 | Indax Hemster (Low Qroer Byrel
12 B 1 |S1ack Powmter — 3 0 | Index Registar (High QOrder Byiel
7 1 |Stack Poantar - 4 D | Conterus of Accumulaiyr A
g 1 |Steck Pointsr — 5 0 | Contemts of accumulator B
9 1 |Steck Pointer - & 0 | Conterws of Cond. Code Ragister
10 0 |Stack Pointer — 7 1 | Irredevara Data (Mote 11
1 1 |'Wecior Address FFFA {Hex} 1 ;ddr)ess of Subryuting (High Orger
yre.
12 1 |WVactor Addrets FEFB (Hex) 1 addr)ess ot Subrouting (Low Order
VI8

Note 1. lf device which is addemssed duting this cycle uses VMA_ 1hen the Data Bus wiil go 10 the high impedance thrae-stale condition.
on bus

Hote 2. Data i mnored by ms MPL .

, data from the previous cvcle may be retained on the Bata Bus.

Note 3.  Whila the MPL) is wa iting for 1he interrupt, Bus Aveilable will go high indicating 1he fallowing siates ol the control linas: WMA i3
low: Addrest Bus, H/W, and Diata Bus are all in the high impedance state,

1he memory location specified by the contents of the Index
Ragister Irecall that the label *“X™ is reserved to designate the
Indax Registert. Since there are instructions for manigulating
X during program esecution ILDX, 1NX, DEC, gi¢ ), the In-
dexed addrassing meda provides a dynamic “'on the fly' way
1w modify program activity.

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

When the MPL encounters the LDAB (Indexed! opcode in

location S00B, it looks in the next memory location [ar the
value 10 be added to X (5 in the exsmplet and calculates the
required address by adding 5 to the present Index Register
value of 400. In the operand format, the offset may be
represented by a label ar a numerical value in the range 0-265
as in the example. In the sarlier example, 5TAaA X, the
operand is equivalent to Q, X, that s, the 0 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-
Il'lg.
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FIBURE 29 — IMMEDIATE ADDRESSING MODE AGURE 30 — DIRECT ADDRESSING MODE

WP L) Mey wry
: ALCA : ACCA :
Aam oM RAM A
[ —._ e
<:' <: ADDR DATA ADCA - 100 £
[ ,..-...\‘= - .--...~~E
PROCRAM PROGRAM FROGAAM PROGRAM
MEMQHRY MEMORY MEMORY MEMOR Y
[ e vC - 500z LOA & e | iusTR PC -S04 [ DA .
[ < 5 #c 1|  ADDR 2008 "o -
ADOR = ¢ £ 255
GENERAL FLOW EXAMPLE GENERAL FLOW EXAMPLE
TABLE 7 — IMMEOIATE MODE CYCLE-BY-CYCLE OPERATION
Address Mode Cycls [VMA RN
and Inttructions Cyelec # Lina Addres Bus Line Duin Bus
ADC EQR 1 1 Op Code Addvaw 1 Op Code
apo LDA
AND ORA 2 2 1 Op Code Addvess + 1 1 Opersnd Date
81T EBC
CMP  5U8
CPX 1 1 Op Code Addrass t Op Code
oy 2 2 | v | opcons Addren +1 1 | Operand Data iHigh Order Byte)
k] 1 Op Code Ackirens + 2 1 Operand Qs (Low Ordar Bytet
TABLE & — DIRECT MOOE CYCLE-BY-CYCLE OPERATION
Addres Mode Cycle | VWA AW
and Instruttions Cydle # | king Addras Bus [ Dats Glus
A0C EQOR 1 1 Op Coda Addres 1 DOp Coda
ADD LDA
AND ORA 3 2 1 Op Code Ackdress & 1 1 Address of Operand
BIT SBC 3 1 Addras of Operand 1 Operand Data
CMP  SUB
CPX 1 1 Op Code Addres: 1 Cp Code
0o 4 2 1 | opCode Agdress « 1 1 | Address of Operand
3 1 Address of Operand 1 Operand Data (High Gvdar Byre)
) 1 Operand Addrecs + 1 1 Operand Data (Low Order Bytel
STA 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Destination Arkdress
3 0 Destination Addresz 1 Irrgdwvmnt Dava (Note 1)
4 1 Degtination Address 0 Dwto from Accumylator
5TS 1 1 Op Code Atidress 1 Op Code
STx 2 1 | ObCode Address + 1 1 | Addrese ot Opersna
1) 3+ o Address of Operand 1 Irrelevant Data {Moke 1)
4 1 Addrass of Oporand L] Feginer Qala (High Order Bytsl
5 1 Address ol Operand + 1 0 Register Data (Low Ondar Bytel
Move 1, If device which is address duning this cvcle uses VMA, then the Dsta Sus will 32 to thy high impedance thrae-state condilon.

Depanchng on bus capacitance. data trom the previous cycle may be retained on the Data Bus,
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FIGURE 31 -~ EXTENDED ADDRESSING MODE
L] MPL

|

<

: ACCE
AAM Ram
TaTh <: DDA - 300 a»
T
PROGHA AM PRCHGRAM
MEMORY MEMORY
INSTR PC-5006 [ LDAR
4DOR <
4DDR 0
[ — 50 [
ADDR - 256
GEMERAL FLOW EXAMPLE

TABLE 9 — EXTENOED MODE CYCLE-BY-CYCLE

Addears Mode Cych l ™A oW
and INFFUCTRINE Cycla = Ling Address Bus Linm Data Bus
5TS 1 1 Op Code Aadire 1 COp Cade
$TX 2 ) Op Code Address + 1 1| Address of Operand tHigh Order Byiet
& 3 1 Op Code Actdres + 2 1 Addrass of Opecand {Lovs Order Bytal
4 a Address ol Cperand 1 terelevaad Rata [Mote 1)
] 1 Agdrear of Dperand L] Operand Data (High Order Byre)
[:] 1 Agdress ol Dperand 1 1 [+] Cparand Daie {Low Crder Byte)
J5A 1 1 QOp Code Address 1 Op Code
2 1 Op Code Address + 1 i Address ¢l Subwoutine [High Order Byiet
a 1 Qp Code Address + 2 1 Address of Sulnoutine {Low Order Bytel
2 1 Subwouting Starting Address 1 Op Code ol Mext Instruction
9 5 1 Stack Pomter 13 Feturn address (Lowe Qrder Eytel
[ 1 Stack Ponnier - |1 o Retuin Address (Hgh Qider Byter
7 u} Srack Pomter - 2 1 Trigdevam Dara (Note 1)
i o Op Code Addrgys + 7 1 borelevarn Dara INate 1)
a 1 Op Code Addreys + 2 1 Fufdrpss oF Subrgutine (Low Urder Eyiel
AP 1 1 Op Code Bddress 1 O Corde
El 2 1 Op Code Address + 1 1 Jump Address (Hegh Order Bytel
3 1 Op Code Address + 2 1 Jump Address (Low Order Bygd
ADE EOR 1 1 Op Code Address 1 O Code
ADD LDA 2 1 Op Code Address + 1 1 Adddrers of Dporond (High Order Byteh
AND ORA A
BIT SBC 3 1 Op Code Address + 2 1 Address of Oparang (Lowe Order Byiet
CMP Sue a 1 Agdeess of Dperand 1 Cperand Data
PN 1 1 Op Lode Address 1 Op Code
tgi ) 1 Op Code Address + 1 1 Aodress of Qerend IHigh Crder Byiet
5 3 1 Op Code Addrass + 2 1 Acdgiress ¢l Crparand [low Order Byret
4 1 #ddress of Dperand 1 Cperand ety {High Order By el
5 1 Agddresa of Cperand + 1 1 Cpererd Data (Low Order Byiel
STA A 1 1 Op Code Address 1 COp Code
§tan 2 1 Qp Code Address + 1 1 Destinanipn Addrat (High Crder Bytel
& a ! Qo Code Address + 2 1 Destnaion Addrass (Low Order Bytel
a o Oparang Desunaton Address 1 berglevant Dara (Mo 1)
Ll 1 Operang Destinatron Addriss 0 Drata (rom Bocumulalor
ASL LSR T 1 Dp Code Sddrest 1 Dp Code
sf: NE? a 1 Op Code Addrees + 1 1 Address ot Dperand (High Order Byiet
COM ROR & k) 1 Op Code Address + 2 1 Addreis o1 Operand (Low Order Bytet
:::.Ecc TaT 4 1 Addres of Cperanad 1 Currant Oparand Data
5 a Addres of Cperand 1 Trrsliean) Oata (Nate 1)
& 1540 Addren of Cpetand 0 Kpw Cperand Cata (MNoie 27
INote
21
MNoig ., 1f dewice which u ddrested ouing 1his cyels uges VA, then the Daia Bus wil go to 1he high impedance thise stale condition
Depending an Dus cADACILANGE. dana Irom 1he previous ¢yole may be recained on the Cata Bus,
Mate 2. For TST. YWA = O and Dperanct caly doss nol changs
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FIGURE X2 — RELATIVE ADDRESSING MOOE
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FIGURE 33 — INDEXED ADDRESSING MODE

MR
Ran
RBDOA r INDX
ADDR =
+ OFFSET DATR 0% 5
PROGRAM PADGRAM
MEMDRY MEMDAY
re [ waTh rc- 5006 | LDAE
OF FSET 5
OFFSET % 755 TN
GEMERAL FLOW 5 B

TABLE 10 — RELATIVE MODE CYCLE-BY-CYCLE OPERATION

Addrass Mode I Cyole | VS | R
and Infiructions Cyghm & Line Augldress Bus Ling Dista Bus
BCC BH) SNE 1 1 ]Op Code Address 1 |Op Code
g‘é‘-g gtg g';'; a 2 1 |Op Code Address + 1 1 |Branch Oftser
pGE BLT EBVC 3 0 |Op Code Address + 2 1 |¥rrolevant Date (Mot 1)
BGT EMI BVS 4 0 |Bravch Addiess 1 |wrratevant Cara (Note 1)
BSR 1 1 |Op Code Address 1 |Op Code
2 1 |0p Code Address + 1 1 |Branch Oftset
3 0 | Retwrn Address of Main Program 1 Jirretevant Cats (NG1e 1)
8 4 1 | Suack Pointer QO |Returmn Address |Low Order Byre)
5 1 |Svack Pointer — 1 0 [Feturn Address (High Order Byte)
] 0 |Srack Paintar — 2 1 |[irrwlevant Date {Note 1)
7 D | Return Addtess of Main Prograrmn 1 |lsrebevant Data INote ¥}
8 0 | Subrouting Addrets 1 |wsrelevant Data INots 1)

MNote 1. 1 devics which is addreseed during this cycle uses VA then the Dats Bus will go 1o the high impadance 1hres-state condition.
Depending on bus capecitanoe, dets from the previous cycle may be retaned on the Date Bus.
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TABLE 11 — INDEXED MODE CYCLE-BY-CYCLE

Atideess Mode [ Inwﬂvun [nM
wnd banructions Cyches # Li Address Bus Line Dats Bus
INDEXED [
P i 1 Op Code Addren 1 | OpCode Ki
4 2 1 Op Code Addrer + 1 1 s
3 0 Index Regiter 1 Irrelavam Data INote 1)
[ a Index Ragister Plug Of tset w/c Carry} 1 Irralavant Data INove 1}
ADC EQOR t ] Op Code Addrees 1 Qp Code
:Bg (I:.,g;: 2 1 Op Code Addrass « 1 1| Oftser
BIT SB8c 5 3 0 Inclax Eegistar 1 trrelgvam Data INote 1)
CMP suB 4 1} Index Aegister Plys Difwr (w/o Carryl 1 Irrglevant Ds1a [Note 11
5 t Ingdex Regivrer Plus Oiteer 1 Qperand Data
CPX 1 1 Qp Code Address 1 Op Code
::gi 2 1 Op Code Addreas+ 1 1 CHtsey
6 k] L] Index Register 1 Ircelevant Date [Note 1)
4 1} Indax Register Plus Offset wio Carry) 1 Irrelevant Data IMote 1)
5 1 Indux Register Plus Oflset 1 Operand Data (High Order Byl
6 ] Index Asgictar Plus Gffsec + 1 1 Operand Data (Low Order Byte)
5TA 1 1 Op Code Address 1 Op Coge
2 1 Op Codwe Addrats + 1 1 CFsar
5 3 1] Index Fegister 1 Irrelevent Date (Note 1)
4 [1] Inclex PAegisier Plus Offset {wio Corryl 1 Ieredevant Data (Mgte 11
5 0 Index Aegister Plus Offset 1 Irredavent Data (Mote 11
[ 1 1 Indax Asgitter Plus Offeel 4 Qperand Data
ASL LSA 1 1 Op Code Address 1 Op Code
SE: ggﬁ 2 1 Op Code Address + 1 1 Offsex
COM ROR 7 3 0 Index Renister 1 Irrelevani Data {Note 1)
::;.E(? ST 4 0 Index Register Plus Otisat iwia Carry) 1 Irralaverd Data (Nota 11
5 1 Incex Ragistar Plus Otteer 1 Current Operand Dats
G ] Index Fegister Plus OMsat 1 trrelevern Data {Mote 11
7 10 kndex Fegisiar Plus Dffset a Mew Operand Drata {MNare 7]
Note
2
5TS 1 1 Op Code Address 1 Op Code
§TX |3 1 Op Code Addvess + 1 1 OFfsot
7 3 D Inoex Register 1 Irrelevan Dava (Nowe 11
4 1] Inwdex Rogicter Plus Ottset iw/o Carry) 1 Irrglevant Data (Note 11
5 1] Index Ragister Plus Ofteet 1 freglovan Data (Noie 11
6 1 Indar Aegister Plus Ofset o Operand Diats [High Order Bytel
7 1 Inclex Ragister Plus Offser + 1 @ Opwrand Data |Low Crder Byte)
SR k] 1 {Op Coda Addrass 1 Op Code
2 1 Op Code Address + 1 1 Otzet
3 Q index Regiater 1 Irrelevant Dats (Mo 1}
B 4 1 Stack Pointer L+] Return Addrets {Low Order Byta}
5 1 Srack Pointer — 1 0 Rwturn Address (High Order Byte)
-] Q Seack Pointer — 2 1 Irrglevant Data (Note 13
7 1] Inchex Fiegistar 1 Irrelevant Dota (Nate 11
8 0 Index Ragister Plus Oifset (wfo Carryl 1 Irralevant Data (Note 1)
MNaore 1. li devics wihich i sddressed during this cycle uses VMA, then the Dats Bus will go 10 the high impedance 1hree-stats condition,

on bus

Note 2.

dota from tha previous cycle may be retoined on the Dats Bus.

For T5T, VMA = and Operand dsta dost not change,
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ORDERING INFORMATION

PﬂmageTnn anumwr{MHh]__ Temperature Order Number
Cerdip 10 oC to 70°C MCe8005
5 Suffix 1.0 —40°C to BR'C MCEFDOCS
15 o€ to C MCE3A00S
15 -40°C to 85°C MCEAANOCS
2.0 OCw 70°C MCE38005
Plastic 140 oC 1o 70°C MCE300P
P Suffix 1.4 - 4¢°C to BEC MCE300CP
15 *C 10 70°C MC6a400P
15 - 40°C 1o 85°C MCERAQOCP
29 ] _IJ“C to WG MCGERIOP
PIN ASSIGNMENT

vssll @
HALTH »
w10 =
wagq
v
Mg
Eall
veels
aofly
atf]
azl
aafh:
aafl:
a5
LT |E
ATl
agl]:?
asll
and
a1
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