MOTOROLA
E SEMICONDUCTOR I

TECHNICAL DATA MC6802

Microprocessor With Clock
and Optional RAM

The MC6802 is a monolithic 8-bit microprocessor that contains all the registers and accumulators
of the present MCB800 plus an internal clock oscillator and driver on the same chip. In addition, the
MC6802 has 128 bytes of on-board RAM located at hex addresses $0000 to $007F. The first 32 bytes
of RAM, at hex addresses $0000 to $001F, may be retained in a low power mode by utilizing VcC
standby; thus, facilitating memory retention during a power-down situation.

The MC6802 is completely software compatible with the MC6800 as well as the entire M6800
family of parts. Hence, the MC6802 is expandable to 64K words.

® On-Chip Clock Circuit

® 128 x8 Bit On-Chip RAM
e 32 Bytes of RAM are Retainable
® Software-Compatible with the MC6800
® Expandable to 64K Words
® Standard TTL-Compatible Inputs and Outputs
® 8-Bit Word Size
® 16-Bit Memory Addressing
® Interrupt Capability
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This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC6802

MAXIMUM RATINGS

Rating Symbol Value Unit This input contains circuitry to protect the

inputs against damage due to high static voit-

Supply Voltage Vee | -03t0 +70) V agl:es or?electric fieldg; however?it is advised
Input Voltage Vin |[-03to +7.0| V that normal precautions be taken to avoid
Operating Temperature Range TA oC _application of any voltage hig.herAthan max-
MC6802, MC680A02, MC680802 0to +70 imum rated voltages to this high-impedance
MC6802C, MC680A02C —40to +85 circuit. Reliability of operation is enhanced if
Storage Temperature Range Totg | -5510 + 1501 °C unused inputs are tied to an appropriate logic

voltage level {e.g., either Vgg or Vcc).

THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit

Average Thermal Resistance (Junction to Ambient)
Plastic 0JA 100 °CW

POWER CONSIDERATIONS

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

Ty=Ta+(Ppya) 1)
where:
TaA = Ambient Temperature, °C
0JA = Package Thermal Resistance, Junction-to-Ambient, °C/W
Pp = PINT+PPORT .
PINT = lccxVee, Watts — Chip Internal Power

PpORT = Port Power Dissipation, Watts — User Determined

For most applications PporT<PyNT @nd 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 neglected) is:
Pp=K=+(T +273°C) (2}
Solving equations (1) and (2) for K gives:

K=Pp+(Tao+ 273°C) + 6JA°PD2 (3)
where K is a constant 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 T can be obtained by solving equations (1)
and (2) iteratively for any value of Ta.
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DC ELECTRICAL CHARACTERISTICS (Vpp= +5.0 Vdc=0.5%, Vgg=0, TA=0 to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage Logic, EXTAL VIK Vgg+2.0 —_ Vee v
RESET Vgs+4.0 — vce
Input Low Voltage Logic, EXTAL, RESET ViL Vgg—-0.3 — Vgs+0.8 \4
Input Leakage Current {Vjn =0 to 5.25 V, Vpp = max) Logic Yin —_ 1.0 2.5 pA
Output High Voltage VOoH ° \
(ILoag= —205 pA, Vcc=min) __ Do-D7 “ [vVes+24 — —
{ILoad= — 145 pA, Vcc=min) A0-A15, R'W, VMA, E Vgg+24 — —
{ILoad= —100 pA, Ve =min) BA Vgg+2.4 — —
Output Low Voltage {l gad=1.6 mA, Vcc=min) VoI — — Vgs+04 \
Internal Power Dissipation (Measured at Ta =0°C) PINT — 0.750 1.0 w
Vpp Standby Power Down VsgB 4.0 — 6.25 v
Power Up Vs 4.75 — 5.25
Standby Current IsBB — — 8.0 mA
Capacitance # DO-D7 Cin — 10 125 pF
(Vin=0, TA=25°C, f=1.0 MHz) Logic fnputs, EXTAL — 6.5 10
A0-A15, RW, VMA Cout — — 12
*In power-down mode, maximum power dissipation is less than 42 mW.
3 #Capacitances are periodically sampled rather than 100% tested.

CONTROL TIMING (Vcc=5.0V £5%, Vgg=0, TA=T| to TH), unless otherwise noted)

Characteristi Symbol 2 02 Unit
aracteristic
v Min | Max | Min | Max | Min | Max
Frequency of Operation fo 0.1 1.0 0.1 1.5 0.1 2.0 | MHz
Crystal Frequency fXTAL 1.0 4.0 1.0 6.0 1.0 8.0 MHz
External Oscillator Frequency Axfy 04 4.0 0.4 6.0 04 8.0 MHz
Crystal Oscillator Start Up Time tre 100 — 100 — 100 — ms
Processor Controis {HALT, MR, RE, RESET, IRQ NMI)
Processor Control Setup Time - tpCS 200 — 140 — 110 — ns
Processor Control Rise and Fall Time tPCr.
(Does Not Apply to RESET) tpCt — 100 — 100 - 100
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BUS TIMING CHARACTERISTICS

MC6802 MC68A02 MC68802
I\llgrer:‘l:ler Characteristic Symbol Min | Max | Min | Max | Min | Max Unit
1 Cycle Time teye 1.0 10 0.667 10 0.5 10 ns
2 Pulse Width, E Low PWEL | 450 | 5000 | 280 | 5000 | 210 : 5000 ns
3 Pulse Width, E High PWEH 450 9500 280 | 9700 220 | 9700 ns
4 Clock Rise and Fall Time ty, tf — 25 — 25 — 25 ns
9 Address Hold Time* tAH 20 — 20 — 20 — ns
12 Non-Muxed Address Valid Time to E {see Note 4) | tav1 160 — 100 — 50 — ns
tAvV2 | — 270 — — — —
17 Read Data Setup Time tDSR 100 —_ 70 — 60 — ns
18 Read Data Hold Time tDHR 10 — 10 — 10 — ns
19 Write Data Delay Time toDw | — 225 | — 170 | — 160 ns
21 Write Data Hold Time* IDHW 30 —_ 20 — 20 - ns
29 Usable Access Time (see Note 4) tACC 535 — 335 — 235 — ns

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

FIGURE 2 — BUS TIMING
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NOTES:

1. Voltage levels shown are V| <0.4 V, V4=2.4 V, unless otherwise specified.

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

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

4. If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board
RAM, TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be
executed from on-board RAM when using A and B parts (MC68A02, MC68B02). On-board RAM can be used for data storage
with all parts.

5. All electrical and control characteristics are referenced from: T =0°C minimum and TH=70°C maximum.
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FIGURE 3 — BUS TIMING TEST LOAD
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FIGURE 6 — EXPANDED BLOCK DIAGRAM
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MPU REGISTERS

A general block diagram of the MC6802 is shown in
Figure 1. As shown, the number and configuration of
the registers are the same as for the MC6800. The 128 x 8-
bit RAM* has been added to the basic MPU. The first
32 bytes can be retained during powerup and power-
down conditions via the RE signal.

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer {Figure 7).

PROGRAM COUNTER

The program conter is a two byte (16-bit) register that
points to the current program address.

STACK POINTER

The stack pointer is a two byte register that contains
the address of the next available location in an external
pushdown/pop-up stack. This stack is normally a ran-
dom access read/write memory that may have any lo-
cation (address) that is convenient. in those applications
that require storage of information in the stack when
power is lost, the stack must be non-volatile.

INDEX REGISTER

The index register is a two byte register that is used
to store data or a 16-bit memory address for the indexed
mode of memory addressing.

ACCUMULATORS

The MPU contains two 8-bit accumulators that are
used to hold operands and results from an arithmetic
logic unit (ALU).

CONDITION CODE REGISTER

The condition code register indicates the results of an
Arithmetic Logic Unit operation: Negative (N), Zero (Z),
Overflow (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 conditional branch
instructions. Bit 4 is the interrupt mask bit (I). The un-
used bits of the Condition Code Register (b6 and b7)
are ones.

Figure 8 shows the order of saving the microproces-
sor status within the stack.

*If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM,
TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed
from on-board RAM when using A and B parts {MC68A02 and MC68B02). On-board RAM can be used for data storage with all

parts.

FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT
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FIGURE 8 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

SP = Stack Pointer
CC = Condition Codes (Also called the Processor Status Byte)

ACCB = Accumulator B

ACCA = Accumulator A
IXH = index Register, Higher Order 8 Bits
I1XL = Index Register, Lower Order 8 Bits
PCH = Program Counter, Higher Order 8 Bits

PCL = Program Counter, Lower Order 8 Bits
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MPU SIGNAL DESCRIPTION

Propgr operation of the MPU requires that certain control
and timing signals be provided to accomplish specific func-
tions and that other signal lines be monitored to determine
the state of the processor. These control and timing signals
are similar to those of the MC6B800 except that TSC, DBE,
¢1, 92 input, and two unused pins have been eliminated,
and the following signal and timing lines have been added:

RAM Enable (RE}

Crystal Connections EXTAL and XTAL

Memory Ready (MR}

Ve Standby

Enable ¢2 Output (E)

The following is a summary of the MPU signals:

ADDRESS BUS (A0-A15)

Sixteen pins are used for the address bus. The outputs are
capable of driving one standard TTL load and 90 pF. These
lines do not have three-state capability.

DATA BUS (D0-D7)

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

Data bus will be in the output mode when the internal
RAM is accessed and RE will be high. This prohibits external
data entering the MPU. it should be noted that the internal
RAM is fully decoded from $0000 to $007F. External RAM at
$0000 to $007F must be disabled when internal RAM is ac-
cessed.

HALT

When this input is in the low state, all activity in the
machine will be halted. This input is level sensitive. In the
HALT mode, the machine will stop at the end of an instruc-

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

To _ensure single instruction operation, transition of
the HALT line must occur tpcs before the rising edge
of E and the HALT line must go high for one clock cycle.

HALT should be tied high if not used. This is good
engineering design practice in general and necessary to en-
sure proper operation of the part.

READ/WRITE (R/W)

This TTL-compatible output signals the peripherals and
memory devices whether the MPU is in a read (high) or write
{low) state. The normal standby state of this signal is read
(high). When the processor is halted, it will be in the read
state. This output is capable of driving one standard TTL
load and 90 pF.

VALID MEMORY ADDRESS (VMA)

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

BUS AVAILABLE (BA) — The bus available signal will nor-
mally be in the low state; when activated, it will go to the
high state indicating that the microprocessor has stopped
and that the address bus is available (but not in a three-state
condition). This will occur if the HALT line is in the low state
or the processor is in the WAIT state as a result of the execu-
tion of a WAIT instruction. At such time, all three-state out-
put drivers will go to their off-state and other outputs to their
normally inactive level. The processor is removed from the
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WAIT state by the occurrence of a maskable (mask bit | =0}
or nonmaskable interrupt. This output is capable of driving
one standard TTL load and 30 pF.

INTERRUPT REQUEST (IRQ)

A low level on this input requests that an interrupt se-
quence be generated within the machine. The processor will
wait until it completes the current instruction that is being
excuted before it recognizes the request. At that time, if the
interrupt mask bit in the condition code register is not set,
the machine will begin an interrupt sequence. The index
register, program counter, accumulators, and condition
code register are stored away on the stack. Next the MPU
will respond to the interrupt request by setting the interrupt
mask bit high so that no further interrupts may occur. At the
end of the cycle, a 16-bit vectoring address which is located
in memory locations $FFF8 and $FFFS is loaded which
causes the MPU to branch to an interrupt routine in memory.

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

A nominal 3 k@ puliup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. IRQ may be tied
directly to V¢ if not used.

RESET

This input is used to reset and start the MPU from a
power-down condition, resulting from a power failure or an
initial start-up of the processor. When this line is low, the
MPU is inactive and the information in the registers will be
lost. |f a high level is detected on the input, this will signal
the MPU to begin the restart sequence. This will start execu-

tion of a routine to initialize the processor from its reset con-
dition. All the higher order address lines will be forced high.
For the restart, the last two ($FFFE, $FFFF) locations in
memory will be used to load the program that is addressed
by the program counter. During the restart routine, the inter-
rupt mask bit is set and must be reset before the MPU can be
interrupted by TRQ. Power-up and reset timing and power-
down sequences are shown in Figures 9 and 10, respectively.

RESET, when brought low, must be held low at least three
clock cycles. This allows adequate time to respond internally
to the reset. This is independent of the t;c power-up reset
that is required

When RESET is released it must go through the low-to-
high threshold without bouncing, oscillating, or otherwise
causing an erroneous reset {less than three clock cycles)
This may cause improper MPU operation until the next vald
reset.

NON-MASKABLE INTERRUPT (NMI)

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

The index register, program counter, accumulators, and
condition code registers are stored away on the stack. At the
end of the cycle, a 16-bit vectoring address which is located
in memory locations $FFFC and $FFFD 1s loaded causing the
MPU to branch to an interrupt service routine in memory

A nominal 3 kQ pullup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. NMI may be tied

FIGURE 9 — POWER-UP AND RESET TIMING
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directly to V¢ if not used. FIGURE 10 —~ POWER-DOWN SEQUENCE
inputs TRQ and NMi are hardware interrupt lines that are

sampled when E is high and will start the interrupt routine on v X 4 75 v

a low E following the completion of an instruction cc .\

Figure 11 is a flowchart describing the major decision
paths and interrupt vectors of the microprocessor. Tabie 1
gives the memory map for interrupt vectors

TABLE 1 — MEMORY MAP FOR
INTERRUPT VECTORS

Vector Description
MS LS
SFFFE SFFEF Restart
$FFFC SFFFD Non-Maskable Interrupt
SFFFA $FFFB Software Interrupt
SFFF8 SFFFI Interrupt Request

FIGURE 11 — MPU FLOWCHART

Start Sequence
$FFFE, $FFFF

Machine
on Halt

Execute
Interrupt Routine

'

Fetch Instruction

/
Execute
tnstruction NMI IRQ
SFFFC $FFF8
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! ]
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FIGURE 12 — CRYSTAL SPECIFICATIONS

Y1 Cin Cout
3.568 MHz 27 pF 27 pF
4 MHz 27 pF 27 pf
38 D 39 § MHz 20 oF 20 pF
comI Yi :E Cin 8 MHz 18 pf 18 pF
Crystal Loading
IDI
1
Yi
. c1 Rs
—e +——
Cco
1
LAY
Nominal Crystai Parameters®
3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz
Rg 60 Q 50 @ 30-50 @ 20-40 Q
co 36 pF 6.5 pF 2.6 pF 4-6 pF
C1 0.015 pF 0.025 pF 0.01-0.02 pF 0.01-0.02 pF
Q > 40K > 30K > 20K > 20K

*These are representative AT-cut parallel resonance crystal parameters only
Crystals of other types of cuts may also be used.

Figure 13 — SUGGESTED PC BOARD LAYOUT

Example of Board Design Using the Crystal Oscillator

r€——20 mm max—«‘

/155

CL Crystal CL
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\
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and 39 Pin

M
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FIGURE 14 — MEMORY READY SYNCHROMNIZATION
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RAM ENABLE (RE}

A TTL-compatible RAM enable input controls the on-
chip RAM of the MCE802, When placed in the high stane,
the on-chip memary is enabled to respond (o the MPU
controls, o the low state, RAM s dissbled. This pin may
glsno be utilized to disable reading and writing the on-
chip RAM during & powerdown on. RAM Enable
miust be (ow three cycles before Voo goes below 4.75
Y during powerdown, RE should be tied 1o the correct
kigh or low state if not used.

EXTAL AND XTAL

Thasa inputs ane wsed for the meemal gscillator that may -

e crystal conirolled. These connections are bor & pacalial
mesonant fendemantal crysial |see Figure 120 (& T-cut ) &
dviche-by-four circuit nas bean added 5o 8 4 MHE orystal may
be wsed in llew of @ 1 MHz orystal for @ more cost-alfectnag
systern. An asample of the oyl Gircwt layoul & Shown in
Figura 13, Pin 33 may be driven sxiemally by &8 TTL npug
signal four timas the required E dock frequency. Pin 38 & fo
ba groundad.

An RC metwork 15 not direcily usable as a freguancy
sowrce on s 3 and 22 An AT neteork type TTL or CHMOS
osCillator will work vwell 25 long &3 e TTL or CWOS autpun
drives 1he on-chip oscilaior.

L natwworks are not necormmen did o be dssd @ plase of
ihe crgsiad,

If an extarnal clock is wsed, it may not be hatted for
more than (pywaL . The MOEB0Z s a dynamdc par axcepl
for the internal RAM, and requires the edernal clock to
metain infommmation.

MEMORY READY (MR}

MR i @ TTL-compatible input signal controlling the st
ching of E. Use of MR requiras synchionization with the dxiy
:Ignll. a5 shown m Figure T4, Wihen bR IBJ\HH- E wll bm in
normal operation. When MR s low, Ewil be stratched in-
tegral mambers of half peniods, thus allowing interface 1o
Bla memonias. blemaory Feady timing = shawn i Figure 15,

MR shousd ba tied high (oommecked directy 1 Vect i oo
usad. This |5 necessary 1o ensure proped oparation of the
part. A MaKmum siretch i toge.

ENABLE (E

This pin supplies the clock for the MPU and the rast of the
system, This & a single-phasa, TTL-compatida clock, This
clock may be conditioned by a mamory read sgnal, This s
squwatent 1o $F on the MOBSDD. This oulpul = capable of
driving one siendard TTL tosd and 130 pF.

Ve STANDBY

This pin supplies the dc voltage 1o the firal 32 bytes
of RAM as wall as the RAM Enable (RE) comtrol logic.
Thus, retention of data in this porion of the RAM on &
powar-up, powar-down, or standby condition is guar
anteed. Maximum current drain at Vg rmaximum is
ISBE-

MPU INSTRUCTION SET

The instruction sei nas 72 diffemnt mstructions. nckuded
ars Behary and decimal arthimaenic, bogical, shift, rowae, iged,
siofe, Conditional or untconditonal Branch, ntermupt and
stack manipulation nstructions [Tables 2 through 61 The in-
gtruction 50 (s the same as that for the MOBB0D.

MPU ADDRESSING MODES

Thiene are saven pddress modas that can be used by 8 pro-
grarmmer, with the sddressing modé & luntéhan af bath tha
wwpa of instnuction and the coding within the inSThection. &
surmmany of 1ha addrassing modes for 2 parcular inBtrucHon
can ba found s Table T along with the assocaied instructon
expcubion 1eme that i5 given in machine cyces. Vith a bus
freguency of 1 MHz, thesa timas would be mmoseconds.

ACCLUMULATOR LACCK) ADDRESSING

b accumutanyr only addressing, either acowmulatar & o
sccumuiator B s specified. These are ore-byie mEtrections.

IMMEDIATE ADDRESSING

Irv wrwmadiate addressng, the operand 18 contained in the
second Dyie of the instruction except LDS and LDX which
heve the oparand o the second and third bytes af the in-
struction. Tha MPU addresses This location wiien i1 lerchas
the immediate msruction for exocution. These ae vwo- or
ihres-byte ssineCiions.

DIRECT ADDRESSING

by direct addressing, the address of the oparand & contain-
ed in the second byte of ihe instuction. Direct addressing
aliows the user to direotly addness the lowest 258 byies in the
maching, La.. locations pero through 255 Enhenced axecy-
thoany thmies ang achiewed by Storing dats in hase loCetesns. In
mast confagurations, i1 Shoukd B & randofn-8coass memony
Thase are Two-byie instructnns.

EXTEMDED ADDRESSING

I exienched addmessing, 1he address contaimed m the se-
cond byte of the ingimesiion is used 3 the higihar aight bits ot
thia addrass af the operand, The thind Byte of tha iRsTrectian
is wsad a5 the lower gight bats of he addoess for the operand.
This is an absolute address in memory. These afa three-byte
mslructons,

INDEXED ADDRESSING

In indexed addresting, the sddress contaned in the sa-
cand byie of the ingtruction = sdded 1o the indak iBgIsETS
kowast eght bats o the WP The carry (8 then gddad o the
higher order might bitg of the index register. This result is
then used 10 addnass mibmory. The modifed addiess (8 baid
in & lemporany addmss register o theds 8 no changs 1o the
indew regisier. These are Two-byte instnettions.
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IMPLIED ADDRESSING byte of the mswrecion is agded 1o the program counier's

In the Erplisd addeagsing rmode, e iRSIeCion gives the lowast aight Bhis plus two. The carmy or Boerow (s then added
pocbrass e, Slack pointer, indes regisier, etc. . Thesse e o the hegh aight bias. This allows the user 1o addmss daia
o Ery B8 anEEr LS o watihkn a range of = 125 o + 125 pyies of 1he presant msiruc-

tion, Thess amre fwo-byie instreclions,
RELATIVE ADDRESSING
In relative addressing, the address contained in the second

TABLE 2 — MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE

m Add Accurnulabons GLRA Claar Bl Pl Deaita

Bdd walh Canny (= R Claar Cronribow
ADD #ad CMP Compme ::E:l.'ﬂ m:t' Lt
AND  Logical And COM  Comglement - Pocalm it
AsL Anhmet Shit Lett CPXY Compane Indes Regisies :T:Ei from intérrpd
ASR  Anthmetc Shet Right Rtumn from Subroutne
BCC  Branch # Casry Clear DEC  Dscrement et Accumulators
BCE  Branch if Camry Sed DES  Decremadn Slack Pomiar ?ég Sublract wih Carry
BEQ Branch # Equal 10 Zem DEX Drecrement index Fsgsber 81 Cairy
BGE Brarch i Gréater or Equal Zaro SEl e internupt Mask
BGT  Branch f Greater than Zoro EOA  Euchoive A SEv S04 Crvavflow
Bl Branch # Highae [T e STA Storm Accymilisice
BT Bil Tasl NG e ¢ Stack P E}ﬁ gmu Stach Regisie
BLE Branch ¥ Logs or Egusl INX increment Index Fegpser tore Incex Regesoar
BLS  Brasch # Lowsr or Same s Subtac

JMIP Jumgp 3 Epdware inbannup

BLT Branch § Lass than Zere
B Brarch # Minus J5A Jump fo Subroubne TAB Tranaber Accumulaiors
BNE Branch @ Nof Egual 1o J8rd LD, Lovad Accurmailaios TAP Trn'rdlrwmmmmﬁuﬂemg
BPL Branch il Plux LD Losd Suack Poinbar TBa Tranabar Accumulators.
ERA Bramch Always LD Load Indes Regmbar TPA Transtor Condition Code Fleg, 1o ACtumulaion
BSH Branch io Subnoulne LSA Logical Shall Fight T5T Tl
BvC Branch i Owvaiow Claat NEG Megaie TExX Translar Stack Ponter (o |rdes Psgisber
BvVE Branch # Owarfiow Sal e o O Tx5 Tiansder index Fiegesser o Siack Pombar
CHBA Compare ACCuimildicns WAl Wail for Irhenmuagt
eLe Claar Carry IR Imclygive R Aopumidatos
Ll Claar Inbarnapd b s PEH Push Ciata

e ————————————
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS

AGOAE IR ST WEl L Eal AR PHE T ICSFARTION TOwD C0BF 5FL
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TABLE 4 — INDEX AEGISTER AMD STACK MANIPULATION INETRUCTIHING

HREREE D OsRECT INREY ExTinD aLIED S|4 Fik[1(8
PEINTER DRERATIDNE MUEegmeC | 0@ |~ | « |0F | = | = | 0F |~ | = |[BF) ~ | =| @F]|~ | = PO RN/ AR THMETIC OPERATIDN |51 N [T |V T
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TABLE B — JUMP AND BRANCH INSTRUCTIONG
COMD. COBE REG
BELATIVE [ INOEX ixtaE | iWLIED NEERERD
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FGURE 156 — SPECIAL OPERATIONS
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SPECIAL OPEAATIONS
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TABLE B — CONDITION CODE REGYSTER MANIPULATION INSTRUCTIONS
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TABLE 7 = INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECLUTION TIMES
| Times i BAnchines Cycial

e i
Ll L

L L |
LE 2]

Ll ] |
N

sy )

i)
[
PRpUSN]
PR,
LT ST
®3av

| PUR D) R )

AT H RS R ETE

P @ W W MDD DR e RN

0k MM ONEDD 8T "W

*EEE BT R R OEE

& B BT FIS o BRR R

OB RO R R R ENCT R R

LSRR
DAA

P & @ o % @ & § & & & & 8§ 8

i e - R R R R

sl ok b ow R

SN e Rk R AR

LTI I B I S AT

B LR L LEE R R T R
P B @ BT OB R =P & R R § &R
LW R T R R RSO R R R R R
L I I N el B BN B
R ERELCEE NI B -5 B I N

Py mm @ @R d R R ERE

- = w
—E _ana U e Lo o g
CPEsaRRadRRE s i nas]

W T T TETT ook B EFE RN FE

R OE RN RTINS B N ECe BT E

AR RN RNk oE B BT R U

* F ko R SRR RN RSO AW R

& B R E R E R M A RE R

& R R R Rk R R RS Oa R R

-
L
-
-
L 3
L
L
L]
-
L

LI R B T

: .
ErnwLnﬁmsncuﬂvPWhucﬁin

LEZWS>m XD o e
FEE LR LT t-11

ATl Toiwie o5 B3 @weivs Trom ke end of

ROTE

e PPEAFLICTAON BB BeEuten, &soepn folsnws-ng

a WAL irmiruscl s Theen oboiw d ryciey

MOTOROLA MICROPROCESS0OR DATA

3-272




MCEBD2

SUMMARY OF CYCLE-BY-CYCLE OPERATION

Tabike B provides a detaiked description af the infesmation
prasent on the ackdrpss bus, data Dus, ulﬂil:l ey addrags
lire WAL, and thae ridd P st ling (ROW] dufing sach oychs
for #ach engtruchion

This information i$ wselub i comparing acteal with ex-
pecied resulis dunng debug of both Sofhware and hardvarne

as ihe control progrem B executed, The nformation @
categorized in groups eccording to addressing modes and
numbar of cyoles per instwuction. 1in gensral, insfrucions
with tha same addressing mode ard nember of cycles mx-
acube N the same manndar, ascaptions ae mgecated in the
Labda. ¢

TABLE 8 = OFERATIONG FUMMARY

Buddrass Mode Cele | Wb AW
and inFrectisns Cycles & | Lina Addrass Bus L i Duta Bus
IMSEEDHATE
ADC EQR 1 1 Op Code Addreis 1 Op Cooe
AND ORA " 2 b | Op Code Addras + 1 V| Opwsnd Data
BIT S8C
CHP SUE
CRX 1 i Op Coos Aodvain 1 Op Code
tgi 3 a i | 0o Code Addoem + 1 i | Oparand Dara {Hsgh Crder Byt
3 ] O Code Addneds + 2 L] Chparpnd Data | Lovw Dooer Byiel
DHRECT
ADLC ECA 1 i O Codde Acdress 1 Op Cada
AND DR 3 2 | 1 | OpCode Adees - 1 1| dddrens of Doreend
BT SBEC k) 1 spdrag of Thpararsd Orperared Data
ChPr SUIB
CFx 1 T Op Cooe Sddrass 1 Dp Co=ti
Lo 4 2 1 | Op Coos Addus + 1 1| Address of Qperand
-] 1 Address of O pemand 1 Oprand Data (High Order Byek
q 1 Dpararnd Socdiess + 1 ] Dpergnd Data dLaow Dedar Bynel
5Ta 1 1 O Coede Ackdiress § Op Code
4 T L] Op Code Address + 1 1 Dadtanatham Sidress
I a Chegkimatian S r s 1 leveigeant Clate IMoke 11
i 1 Diggninarion Aodress a Dhatin Torgren B vy ULBTOTF
5T% 1 1 Dp Code Adadrass 1 {'p Code
STX Fs 1 Op Cooe O doress + 1 1 Buehirmin of Oparand
5 ] i} Ackiregy of Cpss @l ] Irrelpwsni Dais (Mate 11
& 1 Add s of Dperand o Rugirtar Dsta 1High Droer Byiel
? i Auddres of Dperand + 1 [u] ““I.].r Dain | Lgwe Ordes Bylak
INDEXED
P 1 i g Code Adore L] Dp Cods
s 2 1 Op Code Address + 1 ] [={EF*T]
3 & Indes Fsgistar 1 Irrabavant Dt Mo 1
F i | hclin Flaglster Plus DATee [wio Carryl i lreabpant Data IMoge 10
ADC EOQR i 1 Op Cods Adgirati 1 Oy Code
:ﬁg :_:lg“; 2 1 | D Ccooe sodress + 1 b OFreet
BT SBC [ k] i Index Megigter L Irrulevant Oata IMate 1]
CMP SUB 4 0 | ineex Aegister Plus OFfat twlo Cary) 1| lereleweny Data IMate 13
fi ¥ Indes Pegivter Plus OFfser 1 Opwrard Dats
CPX k 1 Ohp Code Adoress 1 Op Code
tgi 2 1 Op Code Addoeds + 1 1 [=LLITH
& 3 ¥ Indas Aegierer 1 Ierwlawent Diges Chipes 1]
i o indes Fegigter Plus Offsen lwlio Gyl 1 irreimuant Caes (Nobs B
5 i Indas Raegister Plus Of ek 1 Opergnd Data (Hegh Ovder Bymel
i 1 lrudin Fiegiebies Plus Offser = 1 1 Operand Data | Low Order Bytal
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TABLE & = OPERATIONS BUMBMARY (CONTIMUED)

B odrass Mods Cyola [VMA A
wnd | parbrus g nm. & Lima dcdrens Bui (%] Dhartn B
INDE X ED (Continesd]
Ta i ¥ O Code Addei 1 O Cola
2 1 Op Code Addres + 1 1 Orffeat
3 [H] e Fasginta 1 lerabavann Duren (Moes 1)
a [1] Inden Fegicoer Pluy Offeat lwio Cerryl 1 lrratevent Dcs iNote 1)
5 1] Incles Fegeanei Fius Offser 1 Irrplpvinat Dati (Mo 10
a ] Inilos Fomgagter Plag Ciffeat (1] hpavard Gata
afL  LIA ¥ 1 Dp Code Address 1 O Costii
LR REG 2 | Vv | OpCode Addres = 1 1| Ottt
COM ROR 3 o Inediy= Fepgisear 1 Irrplavpnt Durts (Mot 10
FFEI:E 5T a4 o Iredes Pipgisner Pluy Ofieed Dwio Carcwh ¥ brrabinsant Dane (Mo 15
5 1 imde= Fegister Plus Offsed i Lurrent Oipeegng Deia
] o Ividee Flagigfar Plus O3 1 Irrglevant Cia {Mote 15
7 [lulﬂ I = Riglsase Plus Od fpen o Mew Clperand Dhada [(Mote 31
H:I:;u
5TS 1 1 Gp Code Addes 1 Op Civda
iTK 2 1 Dp Coge Sddria + 1 1 OHiF gt
b L1} Ines Feagisner 1 Irrelevant Clats INote 15
4 1] Indipa Fpgivtar Plus Oflses ' Careyl 1 Ieralascint Dl INGRs 10
B O Indas Ragister Plus Ofized 1 Irrelevant Date IMote 10
B8 1 Inedes Bagiser Plus Ofiwet L] Ohperenud Dats [High Ordes Byl
] 1 indes Fegiiter Plus O fser + 1 o Ogarend Datas [Low Order Bytel
J8R 1 1 O Coce Addrain L] O Coaie
2 1 O Cocke Dodvess & 1 L] O Tt
a 1] Inciex FAegiatar 1 frretevant Dats (MNote 1
4 1 Stack Painter a Rarurn Address | Low Drder Byral
5 1 Stack Posmier — 1 [1] Mptyan Sddresy [High Qrges By ek
3 a Jigck Pomtar — F 1 brrelewant Data Mo 15
7 a indies Roegister L] Irrelgant Data 1Moe 1)
-] 13 Iredua Fragintar Plus Ofiser (w'o Carrgt ¥ Irrabewant Data IMawe 11
EXTENDED
JHaP ] 1 Op Code Address ] Op Ciode
F 1 Op Coedhr Additem + 1 1 Jumg Addreas |Hgh Crder By bel
I ¥ Op Cede Address = & 1 Jumigr Address |Low Oroes By e
ADC EQR 1 I Dp Code Address 1 O Code
Eg IEIE':. 2 i Op Code Address + 1 1 Address of Ooerand 1Hgh Order Byigl
BIT S8 3 1 Op Code Acddrgds + 2 1 Addrge of Chperand | Law Drger Byviel
CMF 3B 4 1 v ass ol Oiparand 1 Ohperarsd Data
CPX i 1 Op Code Adedrani 1 O Cocle
ﬁ 2 1 Chp Code Sddress + 1 1 Addrgss ol Operand {H igh Owdar Bytal
k] 1 Cho Code Addrans + 7 1 Auddress af Chparand | Loww Order Byiel
4 1 Adones of Operand 1 DOipsraced Data (Hgh Ordar Bybil
] 1 Agdree of Operghd + 1 1 Operand Ducs {Lows Ouwder By el
BETA A 1 1 Ohp Code Addeess 1 Op Code
sTa B 2 1 Do Code Addoes + 1 1 Diestinstion Address {High Crdes Syreh
k] 1 Op Cosde Ad dres + 2 1 Deitination fddreis [ Lo Order Bytal
4 ul Diparand Destiraden Addnr ] Frrelpvant Cate {Note 1)
5 L] Opevand Cestiration &ddrees Q Cara drom & cowmalatar
AZL LR 1 1 O Code Addrpny 1 O Code
CLA :E‘E 2 ¥ Op Code Address = 1 i Acidress of Operand (Magh Order Byie)
ooOM ROR 3 1 Op Code Addrass + 2 ] Addred of Dperend |Low Ooder Byl
i 4 | 1 | addeesof Comand 1 | Current Operand Gata
B o Agorei ot Dperand 1 Irvgievant Data Mo 11
a8 ['I‘E digrem of Dpyrand n} By Cipprgrnd Diats (Mose 30
Edl
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TABLE & — DPERATIONS SUMMARY (COMNTEHED]

L]

Btack Poimter + 1

Shack Poinber + F

-

Addrea Mods Cycha | WA, AW
wndl Fresrruethom. IC el e B hehrwen B Lina Diptn Bus
EXTENDED {Cantinwsd]
£T5 i T (g Code Addrass 1 Op Cooe
STx 2 | 1 | e cCode Addras 1 1| Addeess of Gperand (High Order Byial
& 3 L] Op Code Addrase + 7 1 A drexs of Dperand (Low Ordar Byiel
4 [1] Bibdrais al O perend 1 Frrpdgvand Datn (Mote 1§
1 ¥ Sddroes of Opesano L1 Dipararsd Daam [High Order Bytal
[ i ] Acdrgid & Dipsprand + 1 i Diparared Dot | Loy Ordier Byan
JER 1 i Op Code Sddreas 1 Op Code
] 1 Dp Code Ao + 1 ] Appdrgid of Swulbroutwe UHigh Oroer Byrel
3 ] Op Code Sddee + 2 1 Aidres of Suoroutine (Liw Qrger Byiel
i 1 Skt it ol Starting Adddran 1 Op Code of Mt |N#ruoeion
1 g5 1 Stsok Polnter =] Fatwum Addrep {Lovwe Order Byiwl
[ i Stack Poimter — 1 [¥] Berwin Address {MHigh Order Bytel
T o Sunck Polmer — 2 i irrmiavant Datas iMats 11
a [u] Op Coda Add i + 3 1 Irralevany Dars (Mots 11
-] 1 O Coce Addregg & 2 | Addrain af Spbrouting | Lo Order Byl
INHERENT
ARA Daa 5!1.‘.‘- 2 1 1 O Codle Addram 1 Oy Coeda
ﬁ FHIE;: gE‘.‘ 2 1 Op Code Sddress + 1 1 Op Code of Mext Instrection
CBa L3R TAaAR
CLC MEG TAP
Chl NOF Taa
CLA ROL TPFA
CLY BOR TET
COM SBa
DES 1 1 O Code Addra 1 Op Cixde
?r'IEEx i 7 I Op Code Sddress + 1 ] Dp Code af Mexi Indiruchion
M 3 b Frevious Reganer Contents 1 Irrelevant Dars (Note 11
F o Mawe Fegater Conmbenti 1 Irralavant Daks (Move 11
P 1 i QOp Code oddress 1 Dp Code
. 3 1 Op Code Addrag < 1 1 DOp Code ol Mext IARfuclion
3 1 Stack Poinder =] Accurmalaros Data
A (v} Seack Poinmar — 1 1 i cumizlascer Dara
L i 1 O Code Addrass 1 O Code
a 2 1 Op Code Logvas = 1 1 Dip Cooa of BEsT |98 Eeich
k| a Suieck Poinber 1 Irrglguant Diaty iMote 11
' 1 Suack Poimpes + 1 1 Operand Data rom Sk
TSH 1 1 Chp Codle Asdrat 1 Op Code
p 3 ] Ohir Code ddvess + 1 1 Op Cooe of Mex1 Fseuetian
3 1] Stack Paimber 1 It ralgrrant Diafa |Moke 1F
d i gy s Fimgisner 1 lrrgtevami Data (Note 11
THE ¥ 1 Qg Coede Adichirs 1 Oy O ol
a a i Op Code Addres + 1 i Op Code of Mext Imstrsctsan
3 1] Inclex Fgsgisfer ] v Fmlaegny Dt
d 1] Weme Stack Polnier 1 Irralevani Caia
RTS 1 1 Ohp Code Adddres ] fip Coda
2 1 O Coplm Adcrgpy v 1 i irrmlaveni Dwis (Bote 23
B a Q Snack Poimeer ¥ Irralevant Dats (Mot 1)
| 1 1

Aaddrann of Mext Ingiruction |High
Terdey Byl

Agiciress of Mext Ingiruectios [Low
el Byt
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TABLE 8 — OPERATIONS SUMBARY (COMNCLUDED}

cicirmas M s Cycle | VMA L
ana nidres o Cycle & | Lina Address B Lins Dhvt Bk
“INHERENT [Cosntinssd)
WA 1 1 | Op Code Addras 1 | Op Code
> 1 | Op Code Sddrmis + 1 1| O Codli ol Aaxn IRger e thdin
= 1 |Stack Pointer 0 || Fetumn Addoess {Low Order Byial
& 1 |Seack Pointer — 1 O | Return Address (Hgh Order Bytel
] 5 1 |Stack Pointer — 2 0 | Ilndax Register | Low Oirger Bytel
[ ! |Stpck Poinier = 3 4 | Inglax Ragister LHigh Onder Bytel
T 1 |Seack Pointer — 4 0 |Conrtents of Sccumulator A
B 1 |Seack Polnter — & 0 | Cortenms of Accumulator B
a 1 |Sieck Paister — 8 1 | Cortents of Cond, Code Ragamer
ATI 1 1 |Ow Code Aodevers 1 | On Code
2 1 | D Code Acdness + 1 1 | Irrebeant Detd (eote 2
k| O |Srack Pairter 1 | lrralewmee Dot (Mote 13
4 1 | Brack Pobnier & 8 i Ewr::ml of Comd. Coos Fegsrter from
tae
L 5 1 | Biscx Boinger + 3 1 | Casrams of Azoumalator B from Stack
& i |Steck Poinmr + 3 1 | Comtents of Accwmulatar A Trdin Stack
7 1 | Steck Poifdes + 4 ¥ m: Amguirer tram Sceck [High Crder
[ 1 |Srack Poinkes + 5 ] Iund.: Rigriter fram Seeok | Low Crder
wie
-] 1 | Biack Pointer = B 1 | @zt ingdrwetsan Acdress from Steck
{Hgh Onder Bytal
10 1 | &tack Powmtar = 7 1| Mt iFatreetion Aodress from Sieck
{Low Orger Bytal
S 1 1 | Op Code Addree 1 | G Code
7 1 |p Code address + 1 1 | Ireedevant Data (Mofe 1k
3 1 | Steck Paanger @ | R#uen Addesas (Low Oroar Byweb
4 1 | Stack Poaniar — 1 O | Aerurn Addee (High Drdes Biyvel
B 1 | Steek Paintar — F § | laden Fegimer {Low Ovder Byied
2 -1 1 |Stack Pointer — 3 O | Indes Fegater {Hsgh Orcar Bynel
¥ 1 | Seack Poinms — 4 O | Conments of &ooumulanoe &
=] 1 | Stack Pointer — 5 & | Contants of Accufmulatcs B
g i |Srack Poinper — & O | Contents of Cond. Code Fegerter
1] 0 |Stack Pointer - 7 1| Irvedgremn Duada (Neote 1p
11 1 | Vieeror adooes FFEA |Hex)h 1 ﬁl:ﬁ'llll af Suorostine |High Cinger
e
12 I | Vieeror Adoress FFFE [Har] 1 ;.?_:lrllu afl Subrouting [Low Qroer
HELATIVE
BCC BHE  BMNE 1 1 | Op Codée Addres 1 | O Cincher
EE E:'_E :‘:‘i & 2 1 |Op Cone Addrim = 1 1 | Branch CHifses
B3E BALT &avC 3 0 | Op Coce Addrase = 7 1 | Erelevant Cacs (Moge 1}
BGT AMI BVYS a 3 | @rench Acdran 1 | beralevant Daes Mo 10
B5R ] 1 | Op Code Adorees 1 | Op Code
2 1 | Op Code Adaves + 1 1 | Brarch Orffaen
3 O | Return Address o BMas Progeam 1 Y irrelesant Daga (Mot 17
B F] 1 | Stack Poimer T | Bewurn Sddress [Low Order Byiel
5 1 | Sisck Paintar — 1 B | Aeturn Addraas [High Oidar Bytal
[ O | Svack Paoinser — 2 1 | lerelevent Dats (Mot 1]
7 0 | Aeten Adores of WMein Frogram I | Irrelewient Dura (RoTe 1)
# 0 | Subragning Adidress | Nana 41 1 | brrelevsnt Dars (Nots 11
HOTES

1. bl gervice which i sddressed duwring this cyche sses WA, 1han she Oaa Bus wedl go 1o the high-ampedance thres-giate sordiban

Dupanding on bus capaciiance, dam fram the prendaws cycle may be reaired on the Cata Bus.

2. Dwtn 1k igepdad by The MPL
T For TST, Whis=0 and Opeand data does ool Chargs
4. M5 Byle of Address Bus= S By of Address of BSR nsirecion and LS Bywe of Sddess Bus=L5 Byiz of Sub-Aoutine Sddress
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MECHANICAL DATA AND ORDERING INFORMATION

ORDERING INFORMATION

Package Type | Froguency MH: | Temperatune Owriber M irabsd
Flastic 1.0 0C o MG M OGS EF
P Suiffix 10 40°C 1w +B5°C MEEBIZCF
15 L e HrG MCEBATHF
1.5 - 40T W +B5°C MCEBADZCF
2.0 0°C b TFE MOERBOZP
Cardip 1.0 0°C 1o TO'C MOERDZS
§ Suffix 10 - AT o+ BSC MCBBIZCS
1.6 0°C 1o TO°C MCERADZS
1.5 40 fo o+ BSC MOEBAOICE
2.0 0FC to 70°C MCEBB0ZS
FiN ASSIGNMENT
Vss e — 40 RESET
HaLT [ 2 35 [ ExTAL
MR I3 a0 xTaL
Gl 7 gE
Wika ) 5 3 0 RE
T N 35 [ Vg Standby
Ba 7 M A Rw
Voo e EER
an s 312 0 o1
A1 o MO o2
Az g s
A3 [ 12 290 pa
Ad 13 M) os
AR [ 14 F iy
an 15 ] oy
A7 O & 7 [ A5
ag 17 M a4
as e 30 a3
A10 13 0 oAz
A11 [} 20 2710 veg
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