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8-BIT MICROPROCESSING UNIT (MPU) Mos
The MCBBO0 is a monglithic 8-bit microprocessor forming the central {N-CHANNEL, SILICON-GATE, .
control function for Motorola’s M8BOO family. Compatible with TTL, the DEPLETION LOAD),
MCB800, as with all MB800 system parts, requires only one +5.0-voll
power supply, and no external TTL devices for bus interface. MICROPROCESSOR
The MCBB00 is capable of addressing 64K bytes of memary with its - -
16-bit address lines, The 8-bit data bus is bidirectionai as well as three-
state, making direct memory addressing and multiprocessing applica-
tions realizable.
® 8-Bit Parallel Processing 8 SUFFIX
® Bidirectional Data Bus CEH%‘;;A%‘;‘“G{
. L
® 16-Bit Address Bus — B4K Bytes of Addressing
® 72 Instruclions — Variable Length
® Sever Addressing Modss — Direct, Relative, Immediate, Indexed,
Extended, !mplied and Accumu'ator P SUFFIX
#® Variable Length Stack PLASTIC PACKAGE
CASE 711
® Veciored Restart
® Maskable Interrupt Vector
® Separate Non-Maskable Imterrupt — Internal Registers Saved m '
Stack
# Six Internal Registers — Two Accumulators, Index Hegister,._i L SUFFIX
Program Counter, Stack Pointer and Condition Code Register CERAMIC PACKAGE
@ Direct Memory Addressing (DMA) and Multiple Processm CASETI5
Capability
® Simplified Clocking Characteristics
® Clock Rates as High as 2.0 MHz PIN ASSIGNMENT
® Simple Bus Interface Without TTL !
® Halt and Single Instruction Execution Capability Vss[lt @ o/ a3 []RESET
. HALT[] 2 3afTsc
DE BN.C.
TROQ4 ez
vMA{S B[ OBE
NmMifs B[IN.C.
N “QRDERING INFORMATION eall7 M [IR/W
Package Type “Frequency (MHz) Temperature Order Number veels 33[1D0
Cergmic : 1.0 2°C to 70°C MCEea00L ACll2 320!
I Suffix 1.4 —-40°C 1o 86°C MCBS00CL 5
C "5 9°C 10 70°C | MEBBACOL Ao 2102
"5 ~40°C 10 85°C | MCUBBACOCL AZ[HY 103
RN 2.0 2°C to 70°C KW CBERODL ASE 12 29 :lD4
Terdip "0 0°C ta 70°C MCBS00S ) .
S Suffix 0 —40°C 10 85°C | MCEB0OCS a3 2105
1.b 0°C to 70°C M CEBAN0S AsTh4 2 [JD6
1.5 —4(3°C to 85°C MCEEBADOCS AGE 15 76 DD?
2.0 J°C 1o F0C MCBBRCOS
Plastic 10 9°C 1o 70°C MICERo0P A706 BIAIS
P Suffix 1.0 —40°C tn 88°C MCEB00CP aslf17 24[1A14
1.5 G°C 1o 70°C MCEBADOP
23[1A13
15 ~40°C t0 85°C | MCEBACOCP A9l8 p
2.0 0°C ta 70°C MCEBBCOP ato019 2fla12
11020 21fivss
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MAXIMUM RATINGS

Rating Symbo! Value Unit
Supply Voltage Ve ~03w+70 | ¥V
Input Voltage Vin -0310 +70 \'4 This device conlaings circuilry (o protect the
Operating Ternparature Range T te TH inputs against damage due to high statc
MCESD0, MICE8A00, MCBEBOD Ta, G +70 °C voltages or electrical fields; howevar, it is ad-
MCBE00C, MCBBACOC -4010 +85 vised ihat normal precautions be taken (o
Storage Tempearature Range Tstg ~B51o +18C | °C avoid apolication o° any voltage higher than

maximum-rated  voltages to  this  high-
impedance cirouit, Reliability of operation is
enhanced if unssed inputs are tied {0 an ap-

THERMAL RESISTANCE propriate logic voltage le.q., either Vgs or

Rating Symbol Value Unit

Vel
Plastic Package 100
Cerdip Package AT 60 oCIW
Ceramic Package 5O
POWER CONSIDERATICNS
The average chip-junciion temperature, T, in °C can be obtained from: S
Ti=Ta+{Pp*ayal R (1}

Where:
T =Ambient Temperature, °C
# )= Package Thermal Resistance, Junction-to-Ambicnt, °C/W ) '
PO=PINT + PPORT .
PINT=ICC® VT, Watts — Chip Internal Power
PpORT="Port Power Dissipation, Watts — User Determined

For most applications PpoRT<€ PINT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T if PpoRT is neg!ected) is:

PR=K~+{Tj+273°C) o 2
Solving eguations 1 and 2 for K gives _
K= PD'iTA+273°C)+8JA'PD o {3}

Where K Is a constant pertaining to the partlcular part K can be determined from equation 3 by measuring Pp {at equilibrium)
for a krown T a. Using this value of K the values of ¥p and T can be obtained by solving equations {1} and 12} iteratively for any
value of Ta, :

DC ELECTRICAL CHARACTEB]._STiC_S- {Vbc=5.0 Vde, £8%, Vgs=0, Tao=T_ to Tl unless otherwise noledl

.. Charactaristic - Symboi Min Typ Max Unit
Input High Voltage o Logic [  WViH Yeg+2.0] — vee v
B - #1,¢2 | Viye {Veoe-08f — Veg+~03
Input Low Voltage ~ Logic VL Vgs-03] -~ [vgs+08 v
A 61,827 Ve Vgs-03 - Vgg+0.4
input Leakage Current
Vin =0105.95V, Vor = Maxi Legic lin - 1.0 25 wA
Vin=010 525V, Voc=0V 10 5.25 V) &1, 82 - - 100
Hi-Z Input Leakage Current DC-07 : - 20 10
Wiy =0.4102 4V, Vor = Maxi A0-ATS, R/W | 2 - - 100 #A
Output High Voltage
M oad= — 205 uA. Ve = Min) _ Do-D7 v Vag+24] - - v
ULoaa= — M6 4A, Voo = Mint AO-ATS, R/W, vMmA | “OR fvesyoa] - -
il pgg = — 100 A, VoC = Mint BA ¥gg+2.4 - -~
Cutput Low Voltage (I} 5ad= 1.8 mA, Voo = Min} VoL - - vss-0.4 v
Internal Power Dissipation theasured at Tp =T} PINT — 0.5 1.0 W
Capacitance
Vin=0, TA=25°C, {=1.0MH2) ¢l - 25 35
@2 Cin - 45 70 pF
DO-D7 — 10 125
Logic Inputs - 6.5 0
AG-ATE, R/W, VMA | Couy - 12 pF

@ MOTOROLA Semiconductor Products inc.
2




CLOCK TIMING (W =50V, £5%, Vgs=0, Tao =Ty to Ty unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Frequency of Operatign MCE800 o1 - 1.0
MCBaADD f 01 — 15 MHz
MCB3BO0 01 — 2.0
Cycle Time (Figure 1! MCB800 1.000 10
MCBSAO0 | tayg 0.666 - 10 U
MCB2BO0 0.500 — 10
Clock Pulse Width &1, ¢2 — MCBBO 400 - 2600
{Measured st Vo — 0.6 V) @l, ¢2 — MCBEADD [ PWisH 230 - 950G ns
&1, 62 — MCGEBOO 180 - 9500 ]
Total ¢1and ¢2 Up Time MCE800 800 - - .
MCBBAND tut 600 - - | ms’
MCBER00 440 — - F -
Rise and Fall Time (Measurced between Vgg+ 0.4 and V- 0.6 tr, 1f - we | ms
Delay Time or Clock Separation (Figure 1) i
{Measured at Yoy =Vgs+0.6 V@i, =44= 100 rs} td ¢ — ) -g100 ns
{Measured a1t Voy =Vgs + 1.0 V@1, =1=<35 ns) 0 =5 | - 9100

FIGURE 1 — CLOCK TIMING WAVEFORM
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NOTES: o :
. Voltage levels shown are Vi <0.4, ¥i4=2.4 V, unless otherwise specified.

2. Measurement points jsh_cWh are .8 and 2.0V, urless otheiwise noted

READ/WRITE TIMING (Reference Hgures 24hrough 6, 8, 8, 11, 12 and 13}

L MCE800 MCE8AN0 MCEBB00 N
Characten;_ur: Symbol Min | Typ | Max | Min | Fyp | Max | Min | Typ | Max Unit
Address Delay :
C=90pF C taAD - - | 2| - — [ 180 | - - | B0 | ns
C=30pF Co - — 20| — - 165 - - 136
Peripheral Read Access Time
tace=tur— HAD + tDSFi}- tace 605 — — | 400 - — 220 - — ns
Data Setup Time [Read). IDSR 00 [ - — a0 - - 40 — — ns
Input Data Hold Time tH 10 — - 10 — — 10 — - ns
Cutput Data Hold Time tH 10 25 — 10 25 — 10 25 - ns
Address Hoid. Time {Acdrass, R/W, VIMA) tAH a0 =4 — 30 o4 — 30 5's) - ns
Enable High Time for DBE Input tEH 480 | — — | 280 | — — 220 - - ns
Data Delay Time (Writel 1DDW - - | 2% | - — |20 | — - 160 | ns
Processor Controls
Processor Control Setup Time tPCs 200 - — 140 - - 10 - -
Processor Control Rise and Faii Time tPCr, tPCT - - 100 - - 100 - - 100
Bus Available Delay 1BA - — a8 | - — 165 - — 136 s
Hi-Z Enable tTSE 0 - 40 0 - 40 a - 40
Hi-Z Delay ITSD - - | 0| — - | &0 | - - | 220
Data Bus Enable Dowr Time During 41 Up Time IDBE 1m0y - - || - — 75 - —
Data Bus Enable Rise and Fall Times IDREr DBEf | — — 5 - - 2% - — 25
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FIGURE 2 — READ DATA FROM MEMORY CR PERIPHERALS

Start of Cycle
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FIGURE 3 — WRITE IN MEMCRY CR PERIPHERALS
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NOTES:
1. Voltage levels shown are V| =0.4, V= 2.4 V, unless otherwise specificd.

2. Measurement points shown are 2.8 V and 2.0 V, unless otherwise noted.
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DELAY TIME (ns)

FIGURE 4 — TYPICAL DATA BUS QUTPUT DELAY
versus CAPACITIVE LOADING {Tppw)

FIGURE & — TYPICAL READ/WRITE, VMA, AND ADDRESS
QUTPUT DELAY varsus CAPACITIVE LOADING (Tap}

800 I g3t ——145 whs max @ 2.4 V
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FIGURE § — BUS TIMING TEST LOADS

T T T
800 208 1 mex @24 V
FlpL=1EmA max B R4V
5g0 } Yoo =50V
Ta = 25°C
400
300 =
j"/
—a
208 -
’_.f"/
L
100 —1
EL fnctodes stray capacitance
e i] pltji] 208 300 400 5360 600
Cp, tOADL CAPACITANCE (pF}
Veo
R =22 kf2
Test Point MMD6150
ar Eguiv.
C A -
MMD 7000 |
ar Equiv,
C=130pF for OQ-D7, E
= 90 pf for AD-ATS, B, and vMA
(Except tapo! :
= 30 oF for AG-A15, RAR, and ViMA
teaps onlyl :
= 830 pF forBA
R = 11,7 ki2 for DO-D7

= 16,5 ki for AQ-AT5, R/, and VMA
= 24 k{}for BA
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TEST CONDITIONS

The dynamic test lvad for the Data Bus is
130 ofF and one standard TTL load as shown.
The Address, B/W, and VYMA outputs are tested
under two conditions to allow optimur cpera-
tion in both buffered and unbufferea systems,
The resistor (R} is chosen to insure specified
load currents during Vo measurement.

MNotice that the Data Busg iines, the Address
tines, the Interrupt Reguest line, and the DBE
line are all specified and tested to guarantee
0.4 V of dynamic noise immun'ty at both
17 and Q7 10gic levels.

Semiconductor Products inc.
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FIGURE 7 — EXPANDED BLOCK DIAGRAM
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MPU SIGNAL DESCRIPTION

Proper operation of the MPU requires that ceriain control
and timing signals be provided to accomplish specific func-
tions and that other signal lines be monitored to determine
the state of the processor.

Clocks Phase One and Phase Two {(¢1, ¢2) — Two pins
are used for a two-phase ron-overlapping clock that runs at
the Voo voltage level.

Figure 1 shows the microprocessor clocks. The high level
is specified at VijHe and the low level is specified at ViLC.
The allowable clock frequency is specified by f {frequency).
The minimum ¢1 and 2 high level pulse widths are specified
by PWgH (pulse width high timel. To guarantee the required
access time for the peripherals, the clock up time, tyi, is
specified. Clock separation, tg, is measured at a maximum
voltage of Vv {overlap veltage). This allows for a multitude
of clock variations at the system frequency -ate.

Address Bus {AQ-A15) — Sixteen pins are used for the ad-
dress bus. The outputs are three- state bus drivers capable of
driving one standard TTL load and 20 pF. When the output is
turned off, it is essentially an open circuit. This permits the
MPU 1o be used in DMA applications. Putting TSC in its high
state forces the Address bus to go into the three-state mode.

Data Bus (DC-D7} — Eight pins are used for the daia bus.
It is bidirectional, transferring data to and from the memory
and peripherai devices. It also has three-state output buffers
capable of driving one standard TTL lnad and 130 pF. Data
Bus is placed in the three-state mode when DBE is Iow '

Data Bus Enable {DBE} — This level sensitive input ig the
three-state contre! signal for the MPU data bus and will
enable the bus drivers when in the high state. This input is
TTL compatible; however in normal operation, it would be
driven by the phase two clock. During an MPU read cvcle,
the data bus drivers will be disabled internally. When it is
desired that another device control the data bus, such as in
Direct Memory Access (DMA) “applications, DBE should be
held low.

1f additional data setup or hold time is required on an MPU
write, the DBE down time can be decreased, as shown in
Figure 3 {DBE#¢2), The minimum dowr time for OBE is
IDBE as shown. By skewing DBE with respect to £, data
setup or hold time can be increased.

Bus Availabla {(BA) — The Bus Available signal will nor-
mally be i, the low state; when activated, it will go to the
high, state indicating that the microprocessar has stopped
and that the address bus is availabie. This will oceur if the
HALT ling is in the low state or the processor is in the WAIT
state as a result of the execution of & WAIT instruction. At
such time, all three-state output drivers will go to their off
state and other outputs te their normally inactive level. The
procassor is removed from the WAIT state by the ocourrence
of a maskable (mask bit =0} or nonmaskable interrupt. This
output is capable of driving one standard TTL load and
30 pF. 1 TSCisir the high state, Bus Available will be jow,

Read/Write (R/W) — This TTL compatible output signals
the peripherals and memory devices wether the MPU isin a

MOTOROLA Semiconductor Products Inc.

Read (high! or Write (low) state. The normal standby state of
this signal is Read (high}. Three-State Control going high will
turn Read/Write to the off {high impedance) state. Also,
when the processor is halted, it will be in the off state. This
output is capable of driving one standard TTL Ioad and
90 pF.

RESET — The RESET input is used to reset arid start the
MPLU from a power down condition resulting from a power
failure or initial start-up of the processor. This level sensitive
input ¢an alsc be used to reinitialize the machme atany time
after start-up.

If a high level is detected in this input; this will signal the
MPU to begin the reset sequence. During the reset se-
quence, the contents of the last two locations {FFFE, FFFF}
in memory will be loaded ipio 1he Program Counter to point
to the beginning of the reset routine. During the reset
routine, the interrupt mask bit is set and must be cleared
under program control before the MPU can be interrupted by
IRQ. While RESET islow {assurning a minimum of 8 clock
cycles have ocourred) the MPU output signals will be in the
following states: VMA=low, BA =low, Data Bus= high im-
pedance, R/W =high (read statel, and the Address Bus will
contain the reset address FFFE. Figure 8 illustrates a power
up sequence using the RESET control line. After the power
supply reaches 4.76 V, a minimum of eight clock cycles are

“rgquired for the processor 1o stabilize in preparation for

restarting. During these eight cycles, VMA will be in an in-
determinate state so any devices that are enabled by VMA
which coud accept a false write during this time {such as
battery-backed RAM) must be disabled until VMA is forced
low after eight cycles. RESET can go high asynchronously
with the system clock any time after the eighth cycle.

RESET timing is shown in Figure 8. The maximurm rise and
fall transition times are specified by tpgy and tpct. 1f RESET
is high at tpcs (processor control setup time), as shown in
Figure 8. in any given cycle then the restart sequence will
begin on the next cycie as shown. The RESET control line
may also be used 1o reinitialize the MPU system at any time
during its operation. This is accomplished by pulsing RESET
low for the durazion of a minimum of three complete $2
cyoles. The RESET pulse can be completely asynchronous
w:th the MPU system clock and will be recognized during ¢2
if setup time tprg is met.

interrupt Request {IRQ) — This level sensitive input re-
quests that an inlerrupt sequence be generated within the
machine. The processor will wait until it completes the cur-
rent instruction that is being executed before it recognizes
the request. At shat time, if the interrupt mask bit in the Con-
dition Cede Register is not set, the machine will begin an in-
terrupt sequence. The Index Register, Program Counter, Ac-
cumulators, and Condition Code Register are stored away on
the stack. Next, the MPU will respend to the interrupt re-
guest by setting the interrupt mask bit high so that no further
interrupts may occur. At the end of the cycle, a 16-bit ad-
dress will be loaded that points to a vectoring address which
is localed in memory locations FFFS and FFFY. An address
loaded at these !ocations causes the MPU to branch to an in-
terrupt routing in memory. Interrupt timing is shown in
Figure 9.
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The HALT line must be in the high state for intercupts to
ke serviced. Interrupls will be latched internally while HALT
is low.

The IRQ has a high-impedance pullup device internal to
the chip; however, a 3 kil external resistor to V¢ should be
used for wire-OR and coptimum contral of interrupts.

Non-Maskable Interrupt (NMi} and Wait for Interrupt
{WAI} — The MCB800 is capable of handiing two types of in-
terrupts: maskable (IRQ) as described earlier, and_non-
maskable (NMD which is an edge sensitive input. RQ is
maskable by the interrupt mask in the condition code register
while NM1 is not maskable. The handling of thase interrupts
by the MPU is the same except that each has its own vector
address. The behavior of the MPU when interrupted is
shown in Figure 9 which details the MPU response to an in-
terrupt while the MPU is executing the control program. The
interrupt shown could be either IRQ or NMT and can be asyn-
chronous with respect 10 ¢2. The interrupt is shown going
low at ime tpCs in cycle #1 which precedes the first cycle of
an instruction (OP code fetch). This instruction is not ex-
ecuted bui instead the Program Counter (PC), Index
Register (IX), Accumulators {ACCX), and the Condition
Code Register (CCR) are pushed onto the stack.

The Interrupt Mask bit is set to prevent further interrupts.
The address of the interrupt service routing is then fetched
from FEFC, FFFD for en NMI interrupt and from FFF8, FFFO
for an IRQ interrupt. Upon compietion of the interrupt ser-
vice routine, the execution of RT1will pull the PC, IX, ACCX,
and CCR off the stack; the Interrupt Mask bit is restored to
its candition prior to Interrupts (see Figure 10).

Figure 11 is a similar interrupt sequence, except in this
case, 3 WAIT instruction has been executed in preparation

for the interrupt. This technique speeds up the MPU's.

response to the interrupt because the stacking of the PC/IX,
ACCX, and the CCR is already done. While the MPU is
waiting for the interrupt, Bus Available will'go high in-
dicating the following states of the control lings: VM A is low,
and the Address Bus, R/W and Data Bus are alf in the high
impedance state. After the interrupt occurs, it is serviced as
previously described.

A 3-10 k2 external resistor to Vg should be used for wire-
OR and optimum control of interrupts.

MEMORY MAP FOR INTERRUPT VECTORS

Vector . Description
MS LS
FFFE | . FFFF Reset
FFFC FFFD Non-Maskable Interrupt
FFFA | - FFFB Software Interrupt
¥FF8. | FFFO Interrupt Request

Refer to Figure 10 for program flow for Interrupts.

Three-State Control (TSC] — When ths level sensitive
Three-State Control (TSC) line is a logic “'17, the Address
Bus and the R/W line are placed in a high-impedance state.
viMaA and BA are forced low when TSC="1" to prevent
false reads or writes on any device enabled by VMA. R is
necessary 10 delay program execution while TSC is held
high. This is done by insuring that no transitions of ¢1 (o7 ¢2)
occur during this period. (Logic levets of the clocks are irrele-
vant go long as they do not changel. Since the MPU is a
dynamic device, the ¢1 clock can be stopped for a maximum

@ MOTOROLA Semiconductor Products Inc.

time PWgH without destroying data within the MPU. TSC
then can be used in a short Direct Memary Access (DMA}
application.

Figure 12 shows the effect of TSC on the MPU. TSC must
have its transitions at 175 g (three-state enable} while holding
1 high and #2 low as shown. The Address Bus and R/W
line will reach the high-impedance state at tT5p (three-state
delay}, with VMA being forced low. In this example, the
Data Bus is also in the high-impedance state while $2.is be-
ing held low since DBE=¢2. At this point in tme, a DMA
transfer could occur on cycles #3 and #4. When TSC is
returned low, the MPU Address and R/WImes réturn to the
bus. Because it is too late in cycle #5 to access memory, this
cycle is dead and used for synchrom;;atlon Program execu-
tion resumes in cycle #6. : .

Valid Memory Address {VMA} - This output indicates to
peripheral devices that there is a valid address on the address
bus. In normal operation, this signal should be utilized for
enabling peripheral interfaces such as the PIA and ACIA.
This signal is not thrae-state. One standard TTL load and
90 pF may be dirsctly driven by this active high signal.

HALT — When this level sensitive input is in the low state,
all activity in theé machine will be halted. This input is level
sensitive.

The HALi line provides an input to the MPLU 1o allow con-
trol of program execution by an outside source. If HALT is
hlgh the MPU will execute the instructions; if it is low, the

o MPU will go 1o a hatted or idle mode. A response signal, Bus
.. Available (BA) provides an indication of the current MPLI
status. When BA is low, the MPU is in the process of ex-

ecuting the control program; if BA is high, the MPU has
halted and all internal activity has stopped.

When BA is high, the Address Bus, Data Bus, and A/W
line will be in a high-impedance state, effectively removing
the MPU from the system bus. VMA is forced low s0 that the
floating system bus will not activate any device on the bus
that is enabled by VMA.

While the MPU is halted, all program activity is stopped,
and if either an NM1 or IRQ interrupt occurs, it will be latchad
into the MPU and acted on as soon as the MPU is taken out
of the halted mode. If a RESET command occurs while the
MPU is halted, the following states occur: VMA=low,
BA=low, Data Bus=high impedance, R/W=high (read
statel, and the Address Bus will contain address FFFE as
lang as RESET is low. As soon as the RESET line gees high,
the MPU will go tc locstions FFFE and FFFF for the address
of the raeset routine.

Figure 13 shows the timing 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 occur tpeg befors
the trailing edge of ¢1 of the last cycle of an instruction
{point A of Figure 13}, HALT must not go low any time |ater
than the minmum tpcg specified.

The fetch of the OP code by the MPU is the 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 wilk
go high by time tg A (bus available delay time) after the last
instruction cycle. At this pointin time, VMA is low and R/W,
Address Bus, and the Data Bus are in the high-impedance
state.




To debug programs it is advantageous 16 step through
programs instruction by instruction. To do this, HALT must
be brought high for one MPU cycle and then returned low as
shown at point B of Figure 13. Again, the transitions of
HALT must occur tpes before ithe trailing edge of ¢1. BA
will go low at tpa after the leading edgs of the next ¢1, in-
dicating that the Address Bus, Data Bus, VMA and R/W

lines are back on the bus. A single byte, 2 cycle instruction
such as LSR is used for this example also. During the first cy-
cle, the instruction Y is fetched from address M+ 1. BA
returns high at ‘ga 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 ‘ow time would have been
increased by one cvcle.

FIGURE 10 — MPU FLOWCHART

ITEMP—=1
RESET [
Pext Inst
1=
0 —BA
Yector —= PC
FFFE
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~

ITHP —~ |
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0—BA
]
1—=1TMP
1—=
| Condition Code Regster
Vegtor — PC f1|1lH[l]NIZIV1C_1
NbAl FFCA
vl FEea ITEMP 1-Bit
(RQ FFre Butfer Register

Reset 1s recognized at any position in the flowchart.

Instructions which affect the 1Bit acl upon 2 one-bit buffer register,
"ITMP.” This Pas the effect of delayirg any CLEARING of the t Bit one
clack time. Sstting the |-Bit, however, is not delayed.

See Tables 6-11 for details of Instruction Execution.
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FIGURE 13 — HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG

Last Cycle
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Fetch Execute
BA
o 1] L S e I
—1 = tecs tpgs ™ ™ 1p0s b !r —[
o2 | LI LT L 1§ | I S N O O B -
— —~i |* tpei | l_”_] tPCr —-I - i I taA—-l . |_
A _ 4 5y iy
BA 14 . _
BA *I H Ce l‘
RN P {F -~ w '. X | >—
Fetch Execute .-
BA:sdress Addr M > {} <Ad€fr. ‘M " 1><_ )_
o OO0 # ~O00—
Inst inst
b4 Y

Mate: I\u"lidrange wavetorm indicates
high impedance state.

MPU REGISTERS

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer IFi_gu're 4.

Program Counter — The prograim Counter is ‘@ twa byte
{18 bits) register that points Lo the current program address.

Stack Pointer — The stack ponter is & two byte register
that contains the address of the next available location in an
external push-down/pop-up stack.  This stack is normally 3
random access Read/Write memory that may have any loca-
tion (address} that is canvenient. In those applications that
require storage of information in the stack when power is
lost, the stack must be nonvolatile.

Index Register — The index register is a two byte register
that is used to stere data or a sixteen bit memory address for
the Indexed maoda of memory addressing.

Accumulaters — The MPU contains two B-bit ac-
cumulators that are used to hold operands and results from
an arithmetic logic unit (ALU}.

Condition Code Register — The condition code register in-
dicates the results of an Arithmetic Logic Unit operation:
Negative {N), Zero {Z}, Oveiflow (V), Carry from bit 7 {C),
and half carry from bit 3 {H}. These bits of the Condition
Code Register are used as testable conditions for the condi-
tional branch instructions. Bit 4 is the interrupt mask bit {1},
The unused bits of the Conditton Code Register (b6 and b7)
are ones.

@ MOTOROLA Sem:conductor Products Inc.

FIGURE 14 — PROGRAMMING MODEL OF
THE MICROPROQCESSING UNIT
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MPU INSTRUCTION SET

The MCB800 instructions are described in detail in the
MBEOO Programming Manual. This Section will provide a
brief introduction and discuss their use in developing
MUCE8CO control programs. The MC8300 has a set of 72 dif-
ferent executable scurce instructions. Included are binary
and decimal arithmetic, ‘ogical, shift, rotate, load, store,
conditional or unconditional branch, interrupt and stack
manipulation instructions.

Each of the 72 executable instructions of the source
language assembles into 1 to 3 bytes of machine code. The
nurmber of bytes depends on the particular instruction and
on the addressing mode. {The addressing modes which are
available for use with (he various executive instructions are
discussed later.)

The coding of the first {or only) byte corresponding to an
executable instruction is sufficiert to identify the instruction
and the addressing made. The hexadecimal equivalents of
the binary codes, which result from the translation of the 72
instructions in all valid modes of addressing, are shown in
Tabkle t. There are 197 valid machine codes, 59 of the 256

possibie codes being unassigned.

When an instruction translates into two or three bytes of
code, the second byte, or the second and third bytes con-
tainis) an operand, an address, or information from which an
address is obtained during executiorn.

Microprocessor instructions are often divided into three
general classifications: (1) memary reference, so called
because they operate on specific memory locations; (2}
operating instructions that function without needing a
rmemory reference; (3] 170 instructions for transferring data
between the microprocessaor and peripheral devices.

In many instances, the MCB800 performs the same opera-
tion on both its internal accumulators and the external
memory locations. in addition, the MCBB0D interface
adapters {PiA and ACIA} allow the MPU to treat peripheral
devices exactly like other memory locations, hence, no 1/0
instructions as such are required. Because of these features,
other classifications are more suitable: for introducing the
MCBBOO's instruction set: (1} Accumulator and memory
operations; {2} Program contio} operations; {3) Condition

Code Register operations.

o 40 NEG . 2 SUB A 1AM
0f  NOP 4 - a1 CMP A IMhA
gz - 42 g2 SBC A i
a3 43 COM A a3 -

04 44 LSR A 24 AMC A M
us - 5 - s  BIT & L%
05 TAP 46 ROR A 28 |DA A MR
a7 TPA 47  ASA A ar -

o8 INX 48 ASL A 2 EOFR A 118
09 DEX a3 AOL A 89 ABC ) 1M
DA LV 4 DEFC A 84 DRA A IMA
0B SEV 4B 88 ADC A 114M
GC CLe 4C INC A ac OPX A 1M1
0D SEC 4D TST A ap BsA REL
o Cul 4E 2E LDS i
OF  SEI 4F  CLR A aF ¢ .
10 S8A 53 NEG B ¢ SUB A DR
11 CBA 51 ¢ g1 CMP M. DR
12z sz - %2 SBC A DIR
13 53  COM B [ T -

14 54 LSR B 84 ANC A& IR
LT 55 - s . AIF. s CIR
16 TAB 55 ROR B a5 - DA A IR
17 TBA 57 ASA B g7 5T A UIH
s - 58 ASL B 88 EOR A al]]
19 DAA 59  HOL B 99 - ADC A DiR
18 54 DEG B 54 ORA A iR
18 ABA s8¢t 8 ACC & oIA
1c - 5C  INC B & CPX oR
0 D TST B o -

1E sE - o S LDS LIR:
1F 5F  CLA. B g 5T8 DIR
20  BRA REL|B0 NEG . - ND A0 SUB A IND
21 - 61 v A CMP A IND
22 BH REL |62, - A2 8BC A IND
23 BLS REL CLoom INGY E A3 -

24  BCC REL | 84 15R IND T A4 AND A IND
25 BCS REL |85 a5 w(T A M0
26 BNE REL |86 AOA IND' | #6  LDA & ND
27 BEQ REL ! 67  ABR N | AT BTA A INCH
28 8vVC REL| 68 A3 WD | 48  EOP A IND
29 BvS REL | 69 RAOL ND | ag ADC A HE
24 BPL . RFL|BA DFC WD |as  ORA A INDH
2B BMi REL | 58 * AB  ADDC A INDH
20 BGE REL | 8C NG ND | AC CRX NG
20 BLT . REL | ex  ToT ND | AD JSR s}
2E ° -BGT REL | 82 JMP WDl AE LDS ING
2F  BLE REL| 6F CLR ND | AF  STS MO
a0 TSX 70 NEG EXTERO  SUS A EXT
51 NS 71 Bl CMFP A EXT
3z PUL A 72 B2 SBC A EXT
33 PLL B 73 COM EXTiE3 -

34 DES 74 LSA EXTEBA  AND A EXT
35 TXS 75 8  BIT A EXT
36  PSH , 76  HOA EXT|B6& LDA A EXT
37 PSH B 77 ASR =XT| BT  STA A ExT
3\ - 78 ASL EXT|BE EOW a EXT
33 ATS 79  ROL EXT[BE  ADC A EXT
3A T 7A  DEC EXT|BA CRA A EX1
3B AT B BB aDEC A EXT
ac € INC EXTIBC  CPX EXT
o - 0 T&T. EXTIED  JSR EXT
30wl YE  Jm? CXT{BE LDS EXT
aF  swl 7F  CLR EXT|BF  sT% EXT
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TABLE t — HEXADECIMAL VALUES OF MACHINE CODES

3B ] MM .

CMP B ML

5350 B .MM

AND ] 1AM

AT 8 IV

LOA B Noles: 1. Addressing Modes:
EQR B RN A = Accumulator A

_oADCr B B B = Accumulator B

. ORA E Iht2a RCL - Relative
_,'qDD S IKPA IND = Indexed
, MM = Immediate
Lo . OIR Direc:
E\Jﬁ: g glg 2. Urassigned code indicated by 1 ¥ %47
5BC B CIA

AND B DIR

BIT B CIA

LA B DIR

5TA B oA

EQR B ollz]

ADC B BiA

ORA B LA

eln 8 CIA

LI (w]|3]

5TX DR

suUB =] Lol

CMP =] 1 (o]

550 B [}

AND B tND

BIT 8 [}

LDA g w]

5TA B ENE

EOR B INC

ADG B MO

DRA B INCY

A00 = IND

DX IND

STX IND

508 8 ENT

P B EXT

33C B EXT

AMD B EXT

BT =] EXT

LOA E EXT

5TA 8 EXT

EOR B EXT

ADC B EXT

QA B EXT

AoD B EXT

LO¥ EXT

aTX EXT




TABLE 2 — ACCUMULATOR AND MEMORY CPERATIONS

ADDRESSING MIDE 500LEAN/ARITHMETIC CPERATION COND. COOE REG.
IMMED_ | oimecT | tvpex | _ExTmD | mruien {8 segister labels sals{2[1]n]
DFERATIONS MNEMOMIC) 0P ~ =|op ~ =|op ~ =|gp - =|GP ~ = refer to cantents) H[rnlz]vie
Add ADDA 6 2 7|8 3 7|AR B G|RR 4 2 LM -A ezt
ADDB ck o2 2|oe 2 z|ER 5 2[FB 4 3 E-¥ -3 el fr] ]
Add Acmlirs AR t8 2 1| 4B -A tle|s|3] ]
Add wah Carry ADCA B4 7 2|83 2 z|A3 B Z'BH 4 3 LMl A HUHHHE
AULE e 7 2109 3 z|E3 5 2.F3 4 1 E+WM-L B tw b3 =
Asy AKDA B4 ¢ 1l81 F 2[A1 06 IZiBL 4 3 PR sjaliltn
AKDE 4 2 2iD4 P 2|EA B 2| Feo4 3 L E-M-B olo|:|t|R. e
Bit Tem siTa |85 2 2095 I 2|A5 & z| BE 4 3 Chw aleit|t|r:a
' HI1TH gs ¢ 2lus 3 2|e5 5 ilFs o4 3 5o o|lo|t|}|R|=
Ciear CLR B 7 ziF o6 4 RS iw|m|r|siR|a
CLRA ; LI T BV Ry lolma|slr|R| "
CLRB 82 1| w-eR a|w|n|S[RIR|
| Compae CMPA g 2 2|® oz 2|lar 5 2Bl 3 an slalpfitoys|
CKPE Cto2 27|00 3 2iEY o8 2|1 & 3 B LRI EIE NS
Gempare Acmiws caa | m 2 1 a-B LI HEAE1
Cemplement, 1's Lo 65 7 2|13 & 3 fo-m ERIHE LR
COMA 43 2 1| & A o|ifHRB S
COMB ! 153 2 1|83 #lt]:la.s;
Complement, X' NEG 11 I S B N | R T 00 M~ " Hanm
{Negatel NEGA Wz 1A A '-]o LD
WEGE 5002 1| 60-B -8 R PR () )
Daoumal Adpust, A ODAA 19 2 1 Gooversy Binaecy Add.ulSCD_C!n_a_r_ar;_[ers LI :! s @
inte BOGC Format oL Vot
Decrement I 6a 7 tlis 6 3 W1 M : : slefiiziila
DECA 4 1 TP A 1A oo:[ic-
DECE 58 2 1)8-1-8 ol t 4w
Exclusive OR EORA 83 2z 2'@98 3 2|A8 5 Z.3B 4 32 A A sle|i|t R|a
EGRR ca 2 z|9o8 3 2|Es 5 I FH 4 1 BN B sje|i|t R|e
b ingrement NG i T 1| B 3% R wlo|:|t @)
INLA a2 1| AeT-aC olo|:|tEYe
INCR 002 1| B4i--% INEIO D
Load Acmite LDAA BS 2 2 96 3 20AE 5 I|BE & 3 Y s|nftit|Ria
LDAS 05 2 7 D6 3 2 EB & 2[FE & i WeB s|e|i|i]a,e
0, Inctusive ORAAR | 8A 2 2% 3 2 AA B 2}3A 4 3: BEEE Y o|a|t]|t Rio
03AB | ca 2 2|DA 3 2 EA 5 PfFA A 3F . R B s|aft]|t]|a .
Push Data PSHA ! ! 34 T A--MgpSF- vSP wlaalale s
PSHE “37 4 1 B-Mgp 5P —1-35F v uleleae
Pull Data PULA 34 1 P ER Ngp A alelsieia .
PULB L FEE 4 1 SR+l SR Mg 3 sja|e|s|s .
Retane Ledt RDL lgs 7 2™ 6.3 Y| NEEIH GRS
ROLA L3I 4’—_“-—EDI.'::D:—] !- ., LEVE
ROLE 9 2 1|8, ¢ b7 — Al oot END
Rttate Right RITR 66 7 2|76 B 3 5 &t
RORA o g2 1A Lo - o RILIHREG be
RURHE . % 2 1,8 LI IR B
| Bhift Left, Arizhmetic ASL ja8 .7 2|7 6 3 Y - LIERERG B
: ASLA 87 1 A O = COIIIID-1 LI TR
ASLE 9 2 1 B C b? b0 DRG]
Shift Right, Arithmens ASR Br ¥ 1.7 B 3 ‘JI} - NOHEGCH
: ASRA a1 2 1l ~ 7 ole|: 1@
YT 57 2 1 & L7 b0 c o|lwl: L (EN:
Stik Righe, Logic SR 64 7 1l 5 2 ] . e|e|r $(EY:
L5RA : @ o2 1| a a—=[TITITT. =~ 0 o|efn!t ()
L5RB 502 13 b? Mooc NOLIHGH
Store Arenir, STaA 97 4 2| A7 B 2;BT & % A= s|ojt|l R
STAR i DY 4 2|E? 6 2|Fr 5 3 3% elejt|t Rle
SutHract Suga 80 2 Z 90 3 2|AD % 2|BO 4 3 B - o wli|t oot
- BUBE co 2 2 on 3 2|E0 8 Z|FDO4 % B Mg o|s|3|t tit
Seebract Acemltes SBA. o 2 1 L_B—p o|w|3ltiti
_ Subir. with Carey SBEA g 2 2 92 3 2°A2 5 2|B2 4 3 A MCA EIIEI
SBCB 202 2 D23 oz ER S 2|E2 4 3 B-WM-C +E ofo|t|2]r ¢
Transizr Acm!rs TAR Wz 5—E LIL AR NN
TBA : 17 2 1| z2-a lela|t|t|m =
Test, Targ-ar Minys TIT ED 7 2|70 & 3 K —00 « a|l|Z|R.R
. TSTa va0 2 1A QD i--a:aia
. T5TB (%02 1 - B-00 oo
[H]rN 2 vie

LEGEND:

OF  Dperation Cods {Hexadecimat}:
~ . Number of fAFU Lycles;
% Wumber uf Program Bytes;

* Arithreetic Plug;
- Arithmetic Mirus;
. Boclean AKD.
Msp

Boolexn Inclusive DR,
Boolean Exclusive OR;
Ccmplement of 31;
Trangler Ineo;

Bi = Zere;

Byte = Zerol

2=l z0-

Conterts of memiry location poinied to be Stack Poimer;

CONGITION CODE SYMBOLS:

GO NE T T

Hal-carry from it 3;

Interrupt mask

Nenetive {sign bit)

Zera [bytet

Guerflaw, s camplement

Carry from hit 7

Rt Always

Set Always

Test and s if troe, clezred otherwise
Noi Adfected

Note — Accumulator addressing mode instructinns are incladed in tha column tor IMPLIED addressing

14

CONDITIVN EODE REGISTER NOTES:
tBik set if Lest is true and cleared othenwise]

[

Bit ¥} Testz Result = 100000007
[Bit 1 Test: Aesult = 000000C0?
{Bit €1  Test: Dec:mai valug af rost signifizant BCD
Charagier greater than nine?
i Mot gleared of previously set.)
(Bit V) Test: Gperand = 10000000 prior to executian?
[Bit W)  Test: Qpecand = 01111111 prior to executior?
{Bit W]  Test: Set equal o result of WEC after shaft haz necorred.
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PROGRAM CONTROL OPERATIONS

Program Cortrol operation can be subdivided into twe
categories: {1} Index Register/Stack Pointer instructions; 12)
Jump and Branch operations.

Index Register/Stack Pointer Operations

The instructions for direct operation on the MFPU’s Index
Register and Stack Puointer are summarized in Table 3.
Decrement {DEX, DES), increment (INX, INS}, load [LDX,
LDS), and store [STX, STS} instructions are provided for
both. The Compare instruction, CPX, can be used to com-
pare the Index Register 10 a 16-bit value and update the Con-
dition Code Register accordingly.

The TSX instruction causes the Index Register 10 be load-
ad with the address of the last data byte put onto the
“stack.” The TXS instruction loads the Stack Fointer with a
value egual to one less than the current contents of the Index
Register. This causes the next byte to be pulled from the
“stack’ to come from the location indicated by the Index
Register. The utility of these two instructions can be clarified
by describing the "stack” concept relative to the MB800
system.

The “stack” can be thought of as a sequential list of data
stored in the MPU’s read/write memaory. The Stack Pointer
contains a 16-bit memory address that is used to access the
list from cne end on a last-in-first-out (LIFO) hasis in contrast
to the random access mode used by the MPU's other ad-
dressing modes.

The MCEB00 instruction set and interrupt structure allow
extensive use of the stack concept for efficient handling of
data movement, subroutines and interrupts. The instructions
can be used to establish one or more “stacks” anywhere’in
read/write memaory. Stack length is limited only. by the
amount of memory that is made available. :

Operation of the Stack Pointer with the Push and PuII in-

siructions is illustrated in Figures 15 and 16,. The Push in-
struction (PSHA} causes the contents of the indicated ac-
cumulator (A in 1his example) 1o be stored in mamaory at the
location indicated by the Stack Pointer. The Stack Pointer is
automatically decrementsed by one following the storage
operation and is "pointing” 10 the next empty stack location.
The Pull instruction (PULA or PULB) causes the last byte
stacked to be loaded into the-appropriate accumulator. The

Stack Pointer is avtomatically incremented by one just prior
to the data transfer so that it will point to the last byte stack-
ed rather than the next empty location. Note that the PULL
instruction does not “remove’’ the data from memory; in the
example, 1A is still in tocation {m + 11 following execution of
PULA. A subsequent PUSH instruction would overwme that
location with the new “pushed’” data.

Executian of the Branch ta Subroutine (BSR) and Jump to
Subroutine {JSR] instructions cause a return address to be
saved on the stack as shown in Figures 18 through 20. The
stack is decremented after each byte of the return address is
pushed onto the stack. For both of these ifstructions, the
return address is the memory location foliowing the byies of
code that correspond to the BSR ard JSR instruction. The
code required for BSR or JSR may be either two or three
bytes, depending on whether the ISR is in the indexed {two
bytes) or the extended (three bvtes! addressing mode.
Before it is stacked, the Program Counier is automatically in-
cremented the correct number of times to be pointing at the
location of the next instruction. The Return from Subroutine
Instruction, RTS, causes the return address to be retrieved
and loaded iate the Program Counter as shown in Figure 21,

There:gre several operations that cause the status of the
MPU to be saved on the stack. The Software interrupt {(SWI)
and Wait for Interrupt (WAI instructions as well as the
maskable {IRQ) and non-maskable (NMIi hardware inter-

. rupts all cause the MPU’s internal registers {except for the

- Stack Pointer itself! to be stacked as shown in Figure 23.

- MPU status is restored by the Return from Interrupt, RTI, as

shown in Figure 22

Jump and Branch Operation

The Jump and Branch instructions are surmmarized in
Tabte 4. These instructions are used to control the transfer or
operation from cne point 10 anather in the control program.

The No Operation instruction, NOP, while included here,
is & jJump operation in a very limited sense. lis only effectis to
increment the Program Counter by one. |t is useful during
program developrment as a “stand in” for sorne other in
struction that is 1o be determined during debug. [t is also us-
ed for equalizing the executior time through alternate paths
in @ contral program.

TABLE 3 — iNDEX REGISTER AND STACK POINTER INSTRUCTIONS

COND. CODE REG.

3

. IMMED DIRECT | INDEX EXTND IMPLIED 4[3)2|1]0:

POINTER OPERAYIONS MNEMoONIC| OP | | =|oP, ~ = opl~ =|oe]~]= up] ~ | = | BODLEAN/ARITHMETIC OPERATION "H|I|N[Z|V|C

P Gompare. Index Reg LPX ac| 3| 3]oc a.z2lac|s|z|sc|s 3 Xy - M, X —{M-1) ]--’-@: 3% B
{ Degremsnt Index Reg DEX N ;084 | X—T—+X ‘eim|o|: ofs;
| Decrament Stack Prie DES . _ ) : Paa | P 18P o s e sole’
+ Increment Index Reg X ‘ : ; ‘ 084 |1 Hel—3 o s aliin.
; increment Stack Prtr IS ’ : I Paraa SP-1-—-%p s ola ws
Load ndex Reg wx cE’3 alogfejz|EE|e|2|FE{5 |3} ! M— Xy, (M0 X e »(3j!. R|»

Lvad Stack Prir B 8 : 3] 3|9Ef 4| 2|AF|6 | 2|DE|5 |3 | M- SPR, 1M+ 1}~ 8P = o3| R|e

Swre Irdex Reg 81X ! JF| s | Z|EF |7 | 2 |FF|6 13 A=W, Xp— M+ 1 . o 31 R|w;

Siore Srack Par §TS 9F( 5| 2 [AF| 7| 2 BF} B ;3 P =M OSFL =0+ o (R: K|}

Indx Reg — Stac< Pntr TXS ; Boa 1 X-1~Sp Oi‘.: eis oo

Stack Patr = Indx Req T5% \ ! - 30 41! SP-1—x A i AIRI LS

@ {Bit M} Test: Sign bit of most significant {MS} byte of resuit= 17
@ {Bit V] Test: 2's complerment overflow from subtraction of ms bytes?

(@ 183t N] Test: Result lass than zers? (Bit 15 = 1)

@ MOTOROLA Semiconductor Products inc.
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FIGURE 15 — STACK GPERATION, PUSH INSTRUCTION
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TABLE 4 — JUMP AND BRANCH INSTRUCTIONS

CGND. CODE RES.

U RELATIVE | INDEX EXTND | IMPLIED slafs[z]1]0

OPERATIONS MNEMORIC | QP |~ | # |OP. ~| #lop| ~ | #|gp |~ ' BRANCH TEST g1 ulz|vle
Eranch Always BRA 20|81 2. . None e s e o]
Brangh If Carry Clear | BGC c24la iz ! c=0 wla|n|s os
Brangh If Carry Set ' BCS wmla 2 £=1 » sl ele
Branch If = Zero : BEQ 74| z=1 s sie|e eje
Eranch |f & Zero ' BGE zela |2 H N@v=1 . 0|n]le; s
Branch 1§ > Zarg ! BGT ZEL A |2 i ! I+{iN@Wi=0 * sl al s e .
Branch If Higher BH! 22|14 |2 : E+Z=0 * s |afale]e
Branch If = Zerg ELE 2F | 4| 2 2+iN@dWV=i e o ol o|eoje
Branth i Lower Or Sama ELS 23| 4|2 C+Z=1 . | sle]{s|wie
Branch If < Zero BLT wmial2 : DECRVER s wle|a|w;

. Branch If Minus Bl ®| 4|2, nN=1 __6_1: sfele ie |
Branth I# Not Equal Zerg BNE a2 : Z=0 {e|{n el e . o @

_ Branch If Dvesflow Clear BYLC wmlalz, ¥=0 - o|ela]e|s
Branch 1§ Qvarflaw Sa: BwS 2| 4| 2 V=1 (. e || e o =
Branch 1§ Plus BRL 2al 4 2 ! N-0 4 o o]l o0 =
Braneh To Subrouting ESR {1 0 4 : ) S . i sl e o] =
lemp Jmp 6E] & | 2| 3] 3 } See Special Operations . f L . ol w0
Jump To Subroutine JSR AD| 8| 2 BD: B3| 3 1 . o el s o) e o
No Operatian NOP . ‘ g1l z | Advances Prag. Catr. Dnly o 8 w]laje o
Return From Interrup RTI | R B R I S )
Return From Subroutine RTS | 3|5t ? A LI S | | = l -
Software Interrupt Swh : X ! IF 01241 b . SeeSaptisl Operations | &8 &8 »
Wait for {nterrnpl = . Wal _L i l : | TE | g ‘ ] ! S - @| a als =

WAl puts Address Bus, 8AY, and Data Bug in the three-state mode while Y MA is ield low. T

@ (am

t oad Condition Code Reg'ster fram Stack. (See Special Operations}

@ (Bit1} Setwhen interrupt ozcurs. lf previously set, » Non-Maskable interrupt

i required o exit the wait state,

Execution of the Jump Instruction, JMP, and Branch
Always, BRA, affects program flow as shown in Figure 17,
When the MPU encounters the Jump {lndexed) instruction,
it adds the offset 1o the value in the Index Register and uses
the result as the address of the next instruction to be .ex-
ecuted. In the extended addressing mode, the address of the
next instruction to be executed is fetched from the two loca-
ticns immediately following the JMP instruction. The Branch
Always {BRA) instruction is similar to the JMP leittended) in-
struction except that the relative addressing mode applies
and the branch is limited to the range within — 126 or +127
bytes of the branch instruction itself. The opeode for the
BRA instruction requires one less byte than JMP (extended)
but takes one more cycle to exacute.

The effect on program tlow for the Jump io Subroutine
{JSRY and Branch to Subroutine {BSR) is shown in Figures
18 through 20. Note that the Program Counter is properly in-
cremented to be pointing at the correct return address
before it is stacked.- Operation of the Branch to Subroutine
and Jurmnp to Subrbytine (extended) instruction is similar ex-
cept for the range. The BSR insiruction requices less opcode
than JSR {2 bytes versus 3 bytes! and also executes one cy-

. ¢le faster than JSR. The Return from Subroutine, RTS, is

used as the end of a subroutine 1o return to the main pro-
gram as indicated in Figure 21.

The effact of executing the Software Interrupt, SWI, and
the Wait for Interrupt, WAL, and their relationship to the
hardware interrupts is shown in Figure 22, SW causes the
MPU contents to be stacked and then fetches the starting
address of the interrupt routine from the memory locations
that respond to the addresses FFFA and FFFB. Note that as
in the case of the subrouting instructions, the Program
Counter is incremented to point at the correct return address
before being stacked. The Return from Interrupt instruction,
RTI, (Figure 22} 15 used at the end of an interrupt routing to
restore control to the main program. The SW instruction is
useful tor inserting break points in the control program, that
i5, it can be used to siop operation and put the MPU
registers in memory where they can be examined. The WAI
instruction is used 1o decrease the time required 10 service a
hardware interrupt; it stacks the MPU contents and then
waits for the interrupt to occur, effectively removing the
stacking time frorn a hardware interrupt sequence.

FIGURE 17 — PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS

PC Main Program
n | BE=JMP
K = Difsot
INDXD a+1 i EXTND
lal Jump

Main Pr .
PC ain Program Main Pragram
n 7E=JMP
n 2¢=BRA
n+1 JKy=MNext Address
n+1 K = Offcet*
n-+2 K| = Next Address -

‘
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i+ +K rNext Instruction J

*K = Signed 7-bit value
(b} Branch
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FIGURE 18 — PROGRAM FLOW FOR BSR
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FIGURE 19 — PROGRAM FLOW FOR JSR {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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FIGURE 22 — PROGRAM FLOW FOR RT!
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FFFF Reset LS

KOTE: M35 = Most Signiticant Address Byte;
LS = Least Significant Address Byte;
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FIGURE 24 — CONDITIONAL BRANCH INSTRUCTIONS

BMI : N=1 ; BEQ . Z2=1 ;
BPL : N=3p BNE - Z=u :
BvVC : V=p BCC - C=a¢ :
BVS : V=1 BCE - c=1
BHI : C+Z=¢ ; BLT - NV =1 ;
BLS : C+Z2=1 ; BGE : NBV =g
BLE : Z+HNBVI =1 ;
BGT ZH[NEVI=4 ;

The conditional branch instructions, Figure 24, consists of
seven pairs of complementary instructions. Thay are used to
test the results of the preceding operation and either con-
tinug with the next instruction in sequence {test failst or
cause a branch to another point in the program [test suc-
ceeds).

Four of the pairs are used for simple tests of status bits N,
Z, ¥, and C;

1. Branch on Minus (BM1} and Branch On Plus (BPL) tests
the sign bit, N, 10 determine if the previous resull was
negative cr positive, respectively.

2. Branch On Equal {BEQ) and Branch On Not Equal
{BNE) are used to test the zero status bit, Z, to determine
whether or not the result of the previous operation was egual
1o zero. These two instructions are useful following a Com-
pare {CMP} instruction to test for equality between an ac-
cumulator and the operand. They are also used following the
Bit Test (BIT} to determine whether or not the same bit oosi-
tions are set in an accumulator and the operand.

3. Branch On Overflow Clear (BYC) anc Branch On
Overflow Set {BVS) 1ests he state of the V bit to detarmine
if the previous operation caused an arithmetic overflow.

4. Branch On Carry Clear (BCC) and Branch On Carry Set
{BCS) 1ests the state of the C bit to determineg’if the previous
operation caused a carry 1o gccur. BCC and BCS are useful

far testing relative magnitude when the values being tested
are regarded as unsigned binary numbers, that is, the values
are in the range 00 (lowest} to FF {highest}. BCC following a
comparison {(CMP) will cause a branch if the {unsigned}
vaiue in the accumulator is higher than or the same as the
value of the operand. Conversely, BCS will cause a branch if
the accurnulator value is lower than the aperand.

The fifth complementary pair, Branch On Higher {BH! and
Branch On Lower or Same (BLS) are, in 8 sense, cofm-
plements to BCC and BCS. BH! tests for bath C and Z=0; if
used following a CMP, it will cause a branch if the value in
the accumulator is higher than the operand. Conversely,
BLS will cause a branch if the unsigned Sinary value in the
accumulator is lower than or the same ag the operand.

The remaining two pairs are usaful in testing results of
operations in which the values are regarded as signed two's
camplement numbers. This differs from the unsigned binary
case in the following sense: in unsigned, the orientation is
higher or lower; in sigried two's complement, the com-
parison is between larger or smalier where the range of
values is between —128 and +127.

Branch On Less Than Zero {BLT) and Branch On Greater
Than Or Equat-Zero (BGE) test the status bits for Ne V=1
and NeV=y, respectwely BLT will always cause a branch
following an peratian in which two negative numbers were
added. In addition, it will cause a branch following a CMFP in
which the value in the accumuiator was negative and the
operand was positive. BLT will never cause a branch follow-

- ing @ CMP in which the accumulator value was positive and
- 'the operand negative. BGE, the complement ta BLT, wil!
© cause.a branch following operations in which two positve

values were added or in whick the result was zero.

The last pair, Branch On Less Than Qr £qual Zeto (BLE}
and Branch On Greater Than Zero (BGT) test the status bits
far ZeIN+VI=1 and Z& (N+ V| =0, respectively. The ac-
tion of BLE is identical to that for BLT except that a branch
will also acour i the result of the previous result was zero.
Conversely, BGT is similar to BGE except that no branch wil'
occur following a zero result.

CONDITION CODE REGISTER
OPERATIONS

The Condition Codé. Register {CCR} is a 6-bit register
within the MPU that is useful in controlling program flow
during system operation. The bits are defined in Figure 25.

The instractions shown in Table 5 are available to the user
for direct manipWation of the CCR.

A CLI-WAJ instruction sequence aperated properly, with
garly BACBBOO processors, only if the preceding instructian
was add (Least Significant Bit= 1). Similarly it was advisahle

@ MOTOROLA Semiconductor Products Inc.
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1o precede any SEl instruction with an odd opcode - such
as NOP. These precautions are not necessary for MCB800
processors indicating manufacture in November 1977 or
later.

Systemns which require an interrupt window to be opened
under program control should use a CLI-NQP-SEI sequence
rather than CLI-SEI




FGURE 25 — CONDITION CODE REGISTER BIT DEFINITION

bg bg bz by by by

il [wfz]vic]

Half-carry; set whenever a carry from bj to by of the result is generated
by ADD, ABA, ADC; cleared if no by to by carry; not atfected by other
instructions.

Interrupt Mask; set by hardware or software interrupt or SE| instruction;
cleared by CLI instruction. {Normally not used in arithmetic operations.]
Restored to & zerp as a result of an RT1 instruction if L, stored on the

stacked is low.,

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

2 = Zero; setif result = §; cleared otherwise.

V = QOverlow; set if there was arithmetic overflow as a resuit of the operation;

cleared otherwise.

C = Carry; set if there was a carry from the most significant bit {by) of the

result; cleared otherwise.

TABLE S — CONDITION CODE REGISTER INSTRUCTIONS

IMPLIED

COND. CODE REG.

“sialzfz]a]o

OPERATIONS MNEMONIT .UP ~ | = ROOLEAN GPERATION TR N2 |V}
L} .
, Clear Carry CL_C_ e 2 . 0-—+C aia|w|n|»|n
\ Clear Interrupt Magk cu - aE | 2|+ a1 a Ris|eje]|e
I Clear Querilow I_ZL.‘«I1 S oA 2 H 0=V | o =|= : gl e
; Sen Carry .. SEC vzl 1-C # o o |lejalsg
i S2t Interrupt Mask | - sEl oF |2 1-+1 s 5| w|e]|e| =
i Set Overflow . SEV B2 1-v e|elalelsie
I Acmitr A - CCR . O TAK 05 2 1. A—CCR ‘,“'\l) .
| EER—Acmit A - TRA 07 _2 | 1) CCE - A slein |
R = Reset -

S = Set

& = Mat atfacted

N @ {ALLI Set according to the contents of Accurmiulator A,

ADDRESSING MODES

The MPU operates on 8-bit binary numbers presented to it
via the.Data Bus. A given number {byte} may represent
either data or an instruction to be executed, depending on
where it-is encountered in the control program. The MEBO
has 72 Unique instructions, however, it recognizes and takes
action on 187 of the 266 possibilitis that can occur using an
&-bit word length. This larger number of nstructions results
from the fact that many of the executive instructions have
more than one addressing mode.

These addressing modes refer 1o the manner in which the
program causes the MPU 1o obtain its instructions and data.
The programmer must have a method for addressing the
MPU's internal registers and all of the external memory loca-
tions.

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

MOTOROLA Semiconductor Products Inc.
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appropriate opcode then depends on the method used. if
manual translation is used, the addressing mode is inherent
in the opcode. For example, the Immediate, Direct, Indexed,
and Extended modes may all be used with the ADD instruc-
tion. The proper mode is determined by selecting [hex-
adecimal notation) 88, 9B, AB, or BB, respectively.

The source statement format includes adequate informa-
tion for the selection if an assembler program is used 1o
generate the opcede. For instance, the Immediate mode is
selected by the Assembler whenever it encounters the “§”
symbol in the operand fietd. Similatly, an “X"" in the operand
field causes the Indexed mode to be selected. Only the
Relative mode applies 1o the branch instructions, therefore,
the mnernonic instruction itseif is enough for the Assembler
to determine addressing mode.




For the instructions that use hoth Direct and Extended
modes, the Assembler selects the Direct mode if the operand
value is in the range 0-255 and Extended otherwise. There
are a number of instructions for which the Extended mode is
valid but the Direct is not. For these instructions, the
Assembler automatically selects the Extended mode even if
the operand is in the 0-2656 range. The addressing modes are
summarized in Figure 26.

Inherent {Includes “Accumulator Addressing” Mode)

The successive fields in a statement are normally
separated by one or more spaces. An exception to this rule
occurs for instructions that use dua! addressing in the
operand fiskd and for instructions that must distinguish be-
tween the two accumulators. In these cases, A and B are

“operands” but the space between them and the operator
may be omitted. This is commonly done, resulting in ap-
parent four character mnemaoenics for those instructions.

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

Opserator Operand Commaent
ADDA  MEM12 ADD CONTENTS OF MEM12 TO ACCA
or .
ADDB  MEM12 ADD CONTENTS OF MEM12 TO ACCB

The example used earlier for the test instruetion, TST, also
applies to the accumulators and uses the “aceumulator ad-
dressing mode™ to designate which of the two accumulators
is being tested: Co

FIGURE 26 — ADDRESSING MODE SUMMARY

Direct: n D0  Instruction

Example: SUBE Z

Addr, Range = 0—255 n+1 Z = Oprnd Address
& n+ 2 MNext Instr.
L]
L
L
(K = Ona-Byts Cprod) z K = Operand
CR
{K = Two-Byte Cprnd} 2 Ky = Operand
Z+1 Ky = OD.Bra.nd

A\ 11 2K 258, Assembler Select Direct Mode -
If Z 7> 255, Extanded Mode is selacted

E xtended: ’ - n ED Instructian
Example: CMPA Z - rn+t{ Zz, = oprnd Address
fadr- _Flangé:: : nit2 £, - Gprnd Address
256— 65535
: ’ n+3 Mext fnstr.
L]
L]
-
(K = One-Byte Oprnd) 2 K = Oparand
oR
{K = Two-Byte Oprnd} Z Ky = Cperand
7+ 1 K = Operand
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immediate: e Instruction
Example: LDAA #E e -
(K = One-Byte Oprnd) K = Oparand
. n+2 MNext Inst.
_ OR
(K = Two-Bytn Oprad} " Instruction
(CPX.LDX, and LLDS)

' n+A Kp = Oparand
n+2 K| — COperand
n+3 Mext Instr,

Relative: n Instruction
Exarnpla: BNE K n+ K = Brnch Offset
{K = Signed 7-Bit Value] n+2 Next Instr. &
Addr. Range: ™
—125 to +129
Relativa to mn,

L

L J

n+2)EK Next Instr. &

A\ 1 Bmch Tst Fase, B\ 1 Broch Tst True.

Indexed: n instruction
Exampie: ADDA Z, X ntl 2 = Offset
Aridr. Range: n+2 Next Instr.
0—255 Relative to
index Registar, X °

.

»
{2 = 8-Bit Unsigned X+ Z K = Operand
value)




OCpaorator Commant
1578 TEST CONTENTS OF ACCH
or
TSTA TEST CONTENTS OF ACCA

A number of the instructions either alone or together with
an accumulator operand contain all of the address informa-
tion that is reguired, that is, "inherent” in the instruction
itself. For instance, the instruction ABA causes the MPU o
add the contents of accmulators A and B together and place
the result in accumulator A, The instruction INCB, ancther
example of “accumulater addressing,” causes the contents
of accumulator B 1o be increased by one. Similarly, INX, in-
crement the Index Register, causes the contents of the Index
Reqgister to be increased by one.

Program flow for instructions of this type is illusirated 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.
Numencal examgles are in decimal notation. [nstructions of
this type require only one byte of opcode. Cycle-by-cycle
operation of the inherent mode is shown in Table 8.

Immediate Addressing Mode — In the immediate address-
ing mode, the operand is the value that is 1o be operated on.
For instance, the instruction

Opearator Oparand Comment
LOAA £25 LOAD 25 INTO ACCA

causes the MPU to “immediately load accumulator A with
the value 25'"; no further address reference is required. The
lmmediate mode is seiected by preceding the operand vaiue

with the “#" symbol. Program flow for this addressirg mode

is illustrated in Figure 28,

The operand format allcws either properly denned sym-
bols or numerical values. Except for the instructions CPX,
LDX, and LDS, the operand may be any value in the range 0
1o 255. Since Compare Index Register (CPX),. Load Index
Register (LDX), and Load Stack Pointer {LDS), require 16-bit
values, the irnmediate mode for these three instructions re-
quire two-byte operands. In the |lmmediate addressing

FIGUJRE 27 -- INHEFIENI.ADbRESSING
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o 1 OEX
. ’ 193 =200 <
RaM o Kaw
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: MERORY

pe | ustR K e = 5000 LT ¢
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GENERAL FLOW £XAMPLE
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mode, the “address” of the operand is effectively the
memory location immediately following the instruction itself.
Table 7 shows the cycle-by-cycle operation for the im-
mediate addrassing mode.

Direct and Extended Addressing Modes — In the Direct
and Extended modes of addressing, the operand field of the
source statement is the address of the value that is to be
operated on. The Direct and Extendad modes differ only in
the range of memary locations to which they ¢an direct the
MPU. Direct addressing generates a single 8-bit operand
and, hence, can address only memory locatigns O through
265; a two byte operand is generated for Extended address-
ing, enabling the MPLU to reach the remaining memory ioca-
tions, 266 through B5835. An exampla of Direct addressing
and its effect on program flow is iliustrated in Figure 30.

The MPU, after encountering the opcode for the instruc-
tion LDAA (Direct! at memory location 5004 (Program
Counter = 5004}, looks in_the next tocation, 5005, for the ad-
dress of the operand. It then sets the program counter equal
10 the vaiue found there {100 in the example) and fetches the
operand, in this ¢ase a value 1o be loaded into accumulator
A, from that tocation. For instructions requiring a two-byte
operand such as £ DX {Load the Index Register}, the operand
bytes would Be retrieved from locations 100 and 101, Table 8
shows the cycle-by-cycie operation for the direct mode of
addressing.

“.Extended addressing, Figure 31, is similar except that a

S .l_wb—byte address is obtained from locations 5007 and 5008
" after the LDAB {Extended) opcode shows up in location

5008, Extended addressing car be thought of as the “stan-
dard” addressing mode, that is, it is a methed of reaching
any place in memory. Direct addressing, since only one ad-
dress byte is required, provides a faster method of process-
ing data and generates fewer byies of control code. In most
applications, the direct addressing range, memary locations
(-255, are reserved for RAM. They are used for data buifer-
ing and temporary storage of system variables, the area in
whick faster addressing is of most value. Cycle-by-cycle
operation is shown in Table 8 for Extended Addressing.

FIGURE 28 — ACCUMULATQOR ADDRESSING
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Relative Address Made — In both the Direct and Extended
modes, the address cbtained by the MPU is an absoluie
numerical address. The Relative addressing mods, im-
plemented for the MPU's branch instructions, specifies a
merrory location relative to 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 t¢ branch in either direction, the B-bit address byte is in-
terpreted as a signed 7-bit valueg; the 8th bit of the operand is
freated as a sign bit, "0 =plus and "1" =minus. The re-
maining seven bits represent the numerical value. This
results in a relative addressing rangs of + 127 with respect to
the location of the branch instruction itself. Howewer, the
branch range is computed with respect to the next instruc-
tion that would be executed if the branch conditions are not
satisfied. Since two bytes are generated, the next instructian
is located at PC+2. If D is defined as the address of the
branch destination, the range is then:

PC+2 - 17 =D={PC+21+ 127
or
PC—-125=D=PC+129
that is, the destination of the branch instruction must be
within - 126 to + 129 memory locations of the branch in-
struction itself. For transferring control bevond this range,

the unconditional jump (JMP), jump to subroutine (SR},
and return from subroutine (RTS) are used.

In Figure 32, when the MPU encounters the opcode for
BECQ {(Branch if result of last instruction was zero}, it tests the
Zero bit in the Condition Code Register. !f that bitis "0,” in-
dicating a non-zerg resuit, the MPU continues execution
with the next instruction {in location 8010 in Figure 32}. If the
previous result was zero, the branch condition is satisfied
and the MPU adds the offset, 15 in this case, to PC+ 2 and
branches to iocation 5025 for the next instruction.

The branch instructions allow the programmer to efficient.
iy direct the MPU 10 one point or another in the control pro-
gram depending on the outcome of test results. Singe the
controi program is normally in read-only memary and.cannot
be changed, the relative address used in execution of branch
ingtructions is a constant numerical value. Cycle-by-cycle
operation is shown in Table 10 for relative addressing.

Indexed Addressing Mode — Wit_ﬁ quexed addressing,
the numerical address is variable and depends on the current
conterts of the index Register. A source statement such as

Commaent
© . PUT AN INDEXED LOCATION

Operator Operand.'"._- o
STAA X

causes the MPU o stote the contents of accumulator A in

TABLE 6 — INHERENT MODE CYCLE-BY-CYCLE OPERATION

Address Mode Cycle | VMA RN
and Instructiens Cycles £ Line Address Bus : Line Data Bus
ABA DAA S5EC 1 1 Op Code Addrass 1 Op Code
ASL DEC SEI 2 2 1 Op Code Address + 1 - 1 Op Code of Next |nstructian
ASR INC SEV o -
CBA LS8R TAB
CLC MNEG TAP
CLI NGP TBA
CLR ROL TPA
CLY ROR TST
COM SBA N
DES 1 1 Op Code Address 1 Op Code
PNESX a 2 1 Op Code Address 1 1 1 Op Code of Next Instruction
INX 3 | 0 .| Previous Register Contents 1| Irrelevant Data {Note 1)
4 0| ‘New Register Contents 1 Irrelevant Data (Note 1}
PSH 1 .1 1 | OpCode Address 1 Op Caode
a o ) 1 Op Code Address + 1 1 Op Code of Next instruction
. 3 1 Stack Painter v} Accumutlatar Data
47 o Stack Pointer — 1 1 Accumulator Data
PUL | 1 QOp Code Address 1 Op Code
a b4 1 Op Code Address + 1 1 Op Coce of Next Instruction
S 3 o] Stack Pointer 1 Irralavant Data (Note 1)
4 1 Stack Pointer + 1 1 Cperand Data from Stack
TSX 1 1 Op Code Address 1 0Op Code
a 2 1 Op Code Address + 1 k] Op Code of Next Instruction
3 0 Stack Pointer i Irrelevant Data (MNote 1)
) 4 0 New Index Register 1 irrelevant Data {Note 1}
TXS 1 1 Op Code Address 1 Op Code
: a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 o] Index Registar 1 Irrelevant Data
4 0 New Stack Painter 1 Irrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 0Op Code Address + 1 1 Irrelevant Data {(Note 2}
5 3 0 Stack Pointer 1 irrelevant Data {Nate 1)
4 1 Stack Pointer + 1 1 Address of Next Instruction {High
Order Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction {Low
Order Bytel
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TABLE 6 — INHERENT MODE CYCLE-BY-CYCLE OPERATICON {CONTINUED}

Address Mode Cycle| vMA RAW
and lnstrictions Cycles & Line Address Bus Line Data Bus
—|
WA 1 1 | Gp Coda Address i 1CpCode
2 1 | Cp Codae Address + 1 1 | Op Code of Next Instruction
3 7 | Stack Painter ¢ | Beturn Address {Low Order Bytel
4 1 | Stack Pointer — 1 ¢ | Return Address {High Order Byte_l o
g 5 1 | Stack Pointer — 2 0 | Index Register {Low COrder 8yte) .
8 1 | Stack Pointer — 3 0 | Index Registar {High Order Byte}.
7 1 | Stack Pointer - 4 0 | Contents of Accumulator. A
a4 1 | Stack Pointer — 5 0 | Contents of Accumulatar 8
g 1 | Stack Pointer — 8 {MNote 3) 1 | Contents of Cond. Code Register
RTI 1 1 | Op Code Address 1 | Op Code . -
2 1 | Op Code Address + 1 1 | trrefevant Cata INote 2)
2 0 |Stack Pointer 1 | Irrelevant Sata (Note 1}
4 1 | Stack Pointer +1 1 | Contents of Cond. Code Register from
Stack’ |
10 5 1 |Stack Pointer + 2 1 | Lontents of Accumulator B from Stack
[+ 1 | Stack Pointer + 2 1 i Contents of Accurnulator A from: Stack
7 1 {Stack Pointer + 4 ;'_1 . Index Reagister from Stack {High Order
Byte}
8 1 {Stack Pointer+ 56 i | Index Register from Stack {Low Order
Byte}
9 1 | Stack Pointer + 6 1 | Mext Instruction Address from Stack
{High Order Byte)
10 1 |Btack Pointer + 7 1 | Next Instruction Address fram Stack
e {Low Order Byte)
SWi 1 1 |9p Cude Address. . 1 [.Op Code
2 1 |Op Code Address + 1 1 | Irrelevant Datas (Mote 1)
3 1 | Stack Pointer 0 | Return Address {Low Order Bytel
4 1 |Stack Pointer - 1 0 | Return Address {High Order Byte}
5 1 |Stack Pointer — 2 0 | index Register {Low Order Byte)
12 3] 1 |Stack Pointer — 3 G | Index Register {High Order Byte)
7 1. 1Stack Pointer - 4 0 | Contents of Accumulator A
8 | "1 |Stack Pointer — 5 0 | Contenis of Accumolator B
g | 1 |Stack Pointer — 8 0 | Contents of Cond. Code Register
=10 |- -0 |Stack Pointer — 7 1 | Jrrelevant Data iNote 1)
it 1 |Vector Address FFFA iHex) 1 | Address of Subroutine {High Order
: Byte}
12 1 [|Veector Address FFFB {Hax} 1 | Address of SBubroutine {Low Order
Byta}
Note 1. If device which-is addressed during this cycie uses VMA, then the Data Bus will go to the high impedance three-state condition,
Depending on bus capacitance, data {from the previous cycle may be retained on the Dsta Bus.
Mote 2. Datais ignorgd by tha MPL,
Note 3. While the MPU is waiting for the interrupt, Bus Avaitatie will go high indicating the foilowing states of the control lines: VMA is

tow; Address Bus, R/W, and Data Bus are aif in the high impedance state.

the memory location specified Dy the contents of the Index
Begister (recall that the label "X is reserved to designate the
Index Register}). Since there are instructions for manipulating
X during program execution (LDX, iNX, DEC, etc.}, the In-
dexed addressing mode provides a dynamic “on the fiy" way
to modify prograrm activity.

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

When the MPU encounters the LOAB {Indexed} opcodein
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location 5008, it looks in the next memory location for the
valug to be added to X {8 in the example} 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 or a numerical value in the range 0-25b
as in the example. In the earlier example, STAA X, the
ope-and is equivalent to 0, X, that ig, the 0 may be omitted
when the desired address is equal 10 X. Table 11 shows the
cycle-by-cycle operation tor the Indexed Mode of Address-
ing.




FIGURE 29 — IMMEDIATE ADDRESSING MODE

FIGURE 30 — DIRECT ADDRESSING MODE

MPU MPU WPY MPL
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PROGRAM PROGRAM PROGRAM PROGRAM ~
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Data K 25 e PC+1 ADDR N 5005 00 <
ADDR =D X 255
A =
GENERAL FLOW EXAMPLE GENERAL FLOW EXAMPLE
TABLE 7 — IMMEDIATE MODE CYCLE-BY-CYCLE OPERATION
Addrass Mode Cycle [VMA R/W
and Instructions Cyclas # Line Address Bus Line Data Bus
ADC EOR 1 1 Op Code Address 1 Op Code
:gg IE)E;‘; 2 2 1 Op Code Address + 1 1 Operand Data
BIT SBG
CMF SUB
CPX 1 1 Op Code Address 1 Op Code
o 3 2 | t | OpCodeAddress+ 1 1 | Operand Data (High Order Byte)
3 1 Op coae':Aqdregs +37 1 Operand Data (Low Crder Byte)
TABLE 8 — DIRECT MODE CYCLE-BY-CYCLE OPERATION
Address Mode Cyele | VMA R
and Instructions Cycles # JLine Address Bus Line Data Bus
ADC ECR BE 1 Op Code Address 1 Op Code
CD CrA .
QND ERA 3 2 1 | Op Code Address + 1 1 | Address of Operand
BIT SBC 3 1 Address of Operand Operand Data
CWMP SUEB
ChX 1 ] Op Code Address 1 Op Code
tgi a 2 1 Op Code Address + 1 1 Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte)
4 1 Operand Address + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Addrass 1 Op Code
: 4 2 1 Op Code Address + 1 ! Destination Address
3 0 Diestination Addrass 3 irrelevant Data (Note 1)
4 1 Destination Address 0 Data from Accumutator
3TS 1 1 Op Code Address 1 Op Code
8TX 2 1 Cp Code Address + 1 1 Address of Operand
5 3 0 Address of Operand o1 Irrelevant Data (Note 1)
4 1 Address of Operand | o] Register Data (High Order Byte)
5 1 Address of Ctperand + 1 j o Register Data (Low Order Byte)

Mote 1. If device which is address during this cycie uses VMA, then the Data Bus will go 10 the high impedance three-siate condition.
Brapending on bus capacitance, data from the previous cycle mey be retained on the Data Bus.

oy
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FIGURE 31 — EXTENDED ADDRESSING MODE
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TABLE 9 — EXTENDED MCDE CYCLE-BY-CYCLE

KT
< Z

Address Made Cycie | VMA RN .
and Instructions Cycles = Line Address Bus Line Cata Bus
878 1 1 Op Code Address 1| Op Code
STX 2 1 Op Code Address + 1 B 1 " Address of Operand (High Qrder Byte)
6 3 1 Op Code Address + 2 ._1 Address of Operand (Low Order Byte)
4 [+] Address ol Operand 1 Irrelavant Data (Note 1)
5 1 Address o Operand G Ogerand Data (High Order Bytel
& 1 Address of Operand + 1 qQ Operand Data {Low Qrder Byte)
18R 1 1 Op Code Address ) 1 Cop Code
2 1 Op Code Address 4 1. ° 1 Address of Subroutine {High Qrder Bytel
3 1 2 Code Address+ 2 i 1 Address of Subroutine {Low Order Byra)
&4 1 Subrouting Start_ing:Address 1 Op Code of Next Instruction
g [ 1 Stack Pointer o Return Address {Low Order Bytel
6 ] Stack Poirdter -- 1 o} Return Address (High Orcler Bytei
7 0 Stack Pginter — 2 1 Irratevant Data (Note 1}
8 a Op. Coce Address + 2 1 lerelevant Data (Note 1)
g 1 'dp___(-‘.‘ode Address + 2 1 Address of Subroutine [Low Order Bytel
P 1 3. .| OpCode Addrass i Op Code
a2 20 1.:_ Qp Code Adrress + 1 1 Jurrp Address (High Order Bytel
3 1 . Op Code Adoress + 2 1 Jump Address (Low Order Bytel
ADC EOR 1. 1 Op Code Adaress i Up Code
igg E)Eai a2 o0 Op Code Adaress + 1 1| Address of Operand (High Order By el
BIT SBC 3 1 Gp Code Address + 2 1 Address of Operand (Low Order Byte)
Cme sus 4 1 Address of Operand 1 Operand Data
CPX 1 i Op Code Address 1 Op Code
tgi 2 1 Qp Code Address + 1 1 Address of Operand {High Order Bytel
5 3 1 QOp Code Address + 2 1 Address of Operand {Low Order Byte)
4 1 Address of Operand 1 Operand Data {High Order Byte)
5 1 Address of Qperand + 1 1 Operand Cata {Low Crrdder Bytel
STAA . 1 1 Op Code Address 1 Op Code
ST'&_B o 2 1 QOp Code Address + 1 1 Destinztion Addrass (High Order Byie)
S 3 3 1 Op Code Adcress + 2 1 Destinztion Address (Low Ordar Bytal
4 )] Gperand Cestination Address i frrelevant Data (Nota 13
5 1 Qperand Destination Address 4] Data from Accumulator
ASL LSRR 1 i Ce Code Adgress 1 Op Code
éfg ggﬁ 2 1 Op Code Address + 1 1 | Address of Operand {High Order Bytel
COM ROAR 6 3 1 Op Code Address + 2 1 Addrass of Operand {Low Order Byta}
IDNE(? FET g i Address of Operang 1 Current Operand Lata
13 ¢ Address of Operand 1 Irretevant Oata {Note 1)
i1 1/0 Address of Operand 4 Mew Operand Data (iMote 2)
iNote
21

MNote 1. If device which -5 addressed during this eycle uses ViMA, then the Data Bus will gor to the high impedance three-state condition.

Depending on bus capacitance, gata from the previous eycle may be retained on the Data Bus,

Meote 2. For TST, YMA = 0 and Operand data dees not change,
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FIGURE 32 — RELATIVE ADDRESSING MODE
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FIGURE 33 — INDEXED ADDRESSING MQDE.
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TABLE 10 — RELATIVE MODE CYCLE-BY-CYCLE OPERATION

Address Mode. .. - Cycle | VMA R/
and Instructions Cycles # | Line Address Bus Line Data Bus
BCC BHI BNE 1 1 |Op Code Address 1 {Op Code
ggg gtg gg’; a 2 3 |Op Code Address + 1 1 |Branch Offset
BGE BLT B8VC 3 0 |Op Code Address + 2 1 [Irrelevant Data (Note 1)
BG.T ! BMI  BVS 4 G jBranch Address 1 |lrretevant Data {Note 1)
BSR’ 1 1 |Op Code Address T |Op Code
2 i 10p Code Address + 1 1 |Branch Offset
K] 0§ Return Address of Main Program 1 Jirretevant Data INote 1}
8 4 1 | Stack Pointer 0 |Return Address {Low Order Byte)
5 1 | Stack Pointer — 1 0 |Return Address (High Order Byte)
6 ¢ |Stack Pointer — 2 1 lHrrelevant Data {(Note 1}
7 ¢ | Return Address of Main Program 1 |Irrelevant Data {Note 1}
2 O 1Subroutine Address 1 |irretevant Data (MNotwe 1}
Note 1. If device which is addressed during this cycle uses VA, then the DCata Bus will go to the high impedance three-state condition.

Depanding on bus capacitance, data from the previous cycle may be retained on the Data Bus.

28
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TABLE 11 — INDEXED MODE CYCLE-BY-CYCLE

Addrass Mode Cyele | VMA R/N
and Instructions Cycles # Line Address Bus Line Data Bus
INDEXED
JMP 1 1 Op Code Address 1 Op Code
4 2 H Cp Code Address + 1 1 Offset
3 0 Index Register 1 lrrefevant Data {Mote 1)
4 0 index Register Pius Offset (w/n Carry) 1 Irralevant Data {Mote 1)
ADC EQR 1 i Op Code Address 1 Op Code
iﬁg Eai 2 1 Op Code Address + 1 1 Offset :
BIT SBC 5 3 o Index Repister 1 trrelevant Data {Note 1) .
CMP SUB 4 o Index Register Plus Offset (w/o Carry) 1 Irrelavant Datz (Note 1}
5 1 Index Register Plus Offset i Operand Data . . 0 :
CFRX 1 1 Op Code Address 1 Cp Code
tgi z 1 Op Cude Address + 1 1 Offset )
6 3 0 Index Register 1 Irrelev_am Data (Note 1)
4 u} Index Register Plus Offset {w/o Carry} 1 irralevant Data (Note 1)
5 1 Index Register Pius Offset 1 Opé‘rand Data {High Order Byte)
G 1 Index Register Pius Offset + 1 1 :Qperand Bata [Low Ordar Bytel
STA 1 1 Op Code Addrass 1 Op Code
2 1 Op Code Address + 1 1 QOffset
5 3 8] Index Register RS Irrelevant Data (Note 13
q o Index Register Plus Offset lw/o Carry} 1 Irrefevant Data (Note 1)
5 ol Index Register Plus Offset - t Irrelevant Data [Note 1)
6 1 index Register Plus Offget 0 Operand Data
ASL LSRH 1 1 0Op Cade Address oo ] Op Code
éfg l;(E)GL 2 1 Op Code Address +1 L 1 Offsat
gg(r\.:fl ?SOTF! 7 ki o] Index Ragister . 1 irrelevant Data {Note 1)
NG 4 0 Index He..gis‘ter Ptus Qffset {w/o Carry) 1 irrelevant Dara {Nate 1)
5 1 index Register Ptus Offset 1 Current Operand Data
6 0 Irdex Ragister Plus Offset 1 Irrelevant Data {Note 1)
? /o Index Register Plus Offset 0 New Cperand Data (Note 2)
el
5TS 1 1 " Op Code Address 1 Op Code
STX 2 | 11| Op Code Address +1 1 | Offsat
7 3 L Index Register 1 irrglevant Data (Mote 1)
‘47 0 Index Register Plus Offset (w/o Carry) ! Irrelevant Data {Note 1}
-] 0 Index Register Plus Offset 1 lerelevant Data {Mote 1}
8 1 Index Register Plus Offset 0 Operand Data {High Order Byte)
7 1 {ndex Fegister Plus Offset + 1 0 Qperand Data {Low Crder Bytel
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address+ 1 1 Offget
3 0 Index Register 1 Irrelevant Data [Nate 1)
8 4 1 Stack Painter 3] Feturn Address {Low Order Byte}
5 1 Stack Painter — 1 o Return Address (High Order Byte)
3] 0 Stack Paointer — 2 1 Irrelevant Dats {Note 1)
7 0 tndex Register 1 Irrelevant Bata (Nate 1)
: 8 0 Index Hagister Plus Offset (w/a Carry) 1 Irrelevant Data (Note 1)
Note 1. {f device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition.

Cepending on bus capacitance, data from the previous cycte may be retained on the Data Bus,

Note 2.

MOTOROLA Semiconducitor Products inc.,

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