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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 MC6800 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 MC8800 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
® 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
e Interrupt Capability
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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-

Supely Voltage Vee 03t0 +7.0| V ages or electric fields; however, it is advised
Input Voltage Vin -0.3to +7.0| V that normal precautions be taken to avoid
Operating Temperature Range TA °C application of any voltage higher than max-
MC6802, MC680A02, MC680802 Oto +70 imum rated voltages to this high-impedance
MC6802C, MC680A02C —40to +85 circuit. Reliability of operation is enhanced if
Storage Temperature Range Totg | -55t0 + 150] °C unused inputs are tied to an appropriate logic

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

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: 3
TJ=TA+(PD'9JA) (1}
where:
TA = Ambient Temperature, °C
A = Package Thermal Resistance, Junction-to-Ambient, "C/W
Pp = PINT+PPORT )
PINT = lcc x Ve, 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:
PD:K+(TJ+273°C) (2}
Solving equations (1) and (2} for K gives:

K=Pp* (Ta+273°C)+6JAPD? (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%, V§g=0, TA=0 to 70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage Logic, EXTAL VIH Vgs+2.0 — vce v
RESET Vgs+4.0 — vce
Input Low Voltage Logic, EXTAL, RESET VIL Vgg-0.3 — Vgg+08| V
Input Leakage Current {Vjn =0 to 5.25 V, Vpp = max) Logic Yin — 1.0 2.5 pA
Output High Voltage VOoH ° \Y
(ILoad= —205 pA, Vcc=min) __ Do-D7 “ [Veg+24 —_ —_
(ILoad= —145 pA, Vcc=min) A0-A15, R'W, VMA, E Vgs+24 — —
{ILoad= — 100 pA, Ve =min) BA Vss+2.4 — —
Output Low Voltage (I pad = 1.6 mA, Vcc=min) Vol — — Vgg+04 \
Internal Power Dissipation {Measured at Tp =0°C) PINT —_ 0.750 1.0 w
Vpp Standby Power Down VsgB 4.0 — 6.25 v
Power Up VsB 4.7 — 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, R'W, VMA Cout - — 12
*In power-down mode, maximum power dissipation is less than 42 mW.
#Capacitances are periodicaily sampled rather than 100% tested.
CONTROL TIMING (Vcc=5.0V =5%, Vgg=0, TA=T| to TH), unless otherwise noted)
MC6802 MC68A02 MC68B02
Characteristi Symbol Unit
aracteristic Y™ "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 Axfq 04 4.0 0.4 6.0 04 8.0 MHz
Crystal Oscillator Start Up Time trc 100 — 100 — 100 — ms
Processor Controls (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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MC6802

BUS TIMING CHARACTERISTICS

Ident. L MC6802 MC68A02 MC68B802 .
Number 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 PWEgL 450 5000 280 5000 210 5000 ns

3 Pulse Width, E High PWEH 450 9500 280 9700 220 8700 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} AV 160 —_ 100 — 50 —_ ns

tav2 | — 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 tDDW —_ 225 — 170 — 160 ns
21 Write Data Hold Time* tDHW 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

{Non-Muxed)

]

Read Data - MPU Read Data Non-Muxec

Non-Muxed -
®

Write Data X

Non-Muxed ¥

e

NOTES:

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

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

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

. 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.

PWN =
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FIGURE 3 — BUS TIMING TEST LOAD
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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 (l). 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.

*|f 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
1XL = 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

Proper 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, $2 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 1=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-
guence 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@ putiup resistor to V¢ should be used for
wire-OR and optimum control of interrupts. {RQ 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 tc 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 k@ 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

- o
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(See Note Below!
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(See Figure 10 for
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directly to V¢ if not used.

MC6802

inputs TRQ and NMi are hardware interrupt lines that are

sampled when E is high and will start the interrupt routine on
a low E following the completion of an instruction

vee

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

RE

Vector Description
MS LS
SFFFE SFFFF Restart
$FFFC S$FFFD Non-Maskable Interrupt
SFFFA | SFFFB Software Interrupt
SFFF8 SFFF9 Interrupt Request

FIGURE 11 — MPU FLOWCHART

Start Sequence
SFFFE, $FFFF

Fetch [nstruction

/

Execute
tnstruction

FIGURE 10 — POWER-DOWN SEQUENCE

475V

Execute

Interrupt Routine

'

N1 TRQ
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!
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FIGURE 12 — CRYSTAL SPECIFICATIONS

Y1 Cin Cout
3.58 MHz 27 oF 27 pF

3 MHz 77 oF 27 oF
ks & MHz 20 pF 20 pF
Icm 8 MHz 18 pF 8 oF

=[]
T

-

Y1
L1 c1 Rg
— ————
Cco
|
LAY
Nominal Crystal Parameters®
3.58 MHz 4.0 MHz 6.0 MHz 8.0 MHz
Rg 60 Q 50 @ 30-50 @ 20-40 Q
co 3.5 pF 6.5 pF 4-6 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

t(—ZO mm max—-A
Other Signals are Not Wired in this Area
% //// 5 “
.

CL Crystal CL

€ Signal is Wired Apart from 38 Pin
and 38 Pin

N\
0 DT
N ks
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EXTAL AMND XTAL

Thasa inputs are used for the mpeemal pacillator that may -

e crystel controlled. These connections are lor @ parcallel
resonant fendemanial crysial 1see Figure 120 (AT-cut ) &
drvice-by-four cirguit nas bean added 5o & 4 MMz orystal may
be wsed in lleuw of a 1 MHz crystal for @ mone cost-alfectna
systern. An axarmple of the crystal Gircwt layoul & showm in
Figura 13, Pin 33 may be driven sxiemally by & TTL npug
signal four times the required E dock frequency. Pin 38 i 1o
ba groundad.

An RC metwork 15 not direcily usable as a freguincy
sosrca on pins 38 and 320 An AC natwork type TTL or CMIOS
oscillaror will work well a5 long &5 the TTL or CWMOS autpul
drives 1he on-chip oscilaior.

LG natworks are not necommended to be used in place of
the crysiad,

I an extarnal clock is used, it may not be halted for
mnu tl'liﬂ'lFWqH. The MOGB02 s a dynarmdt pan axcapl

for the internal RAM, and requires the edernal clock to
retain information.

MEMORY READY (MR}

MR i a TTL-compatible input sigaal contralling the sinat-
ching of E. Use of MR réquires synchionizaton with the duig
:Ignll, a5 shorwen in Figure 14, Wihan MR IBJ‘Hﬂh- E waill ba in
normal aperation. When MR @ low, Ewill be stretched in-
tegral riambers of half penods. thus allowing interface 1o
8lorey memonias. bemaory Feady timing i shawn i Figure 15,

bR shoudd ba ted high (oonmecked directy 1o Vet i o
usad. This i5 necassary 10 ensure proped opsiation ot the
part. & mammurm siretch i tope.

ENABLE (E

This pin supplies the clock for the MPU and the rest of the
gysiem, This 5 @ singhe-phasa, TTL-compatitla clock. This
clack may be conditioned by a mamary read sgnal, This &
aqunsient 1o ¢ on the MOBSDD. This output i capable of
drhvarg one standard TTL toed and 130 pF.

Vi STANDBY

This pin supplies the dc voltage 1o the first 32 bytes
of RAM ag wall az the RAM Enable (RE) comirol logic.
Thus, retenticn of data in this parion of the RAM on &
powar-up, powar-down, of standby condition is guar
anteed. Maximum current drain at Vg maximuem is

IsBE-

N AT et A T

Thiee are seven sddress modes thai
grarmenar, with tha addressing mode 2
typa of instructicn and the coding wit
sumimary of 1ha addressing modes for 2
can ba found s Table T along wink the:
engcution time that is gren in maghin
freguency of 1 MHz, thesa imas woul

ACCLUMULATOR LACCK) ADDRESS!

b accumudianar only addressing, it
secumutator B s specified. These ane |

IMMEDLATE ADDRESSING

les imwrediate addressng, the opers
spoond Dyie of the nsiruchion excep
heve the cpsand o the second and
siruction. Tha MPL sddresses 1his lod
the immediaie nsimection for execut
ihres-pyoe nsireclions.

DIRECT ADDRESSING

b direct sddressing, the address of €
ed in (he second byte of 1he ingtrucy
allows the wser bo directly addnass the |
raching, La.. locations pero through |
oy (e ang achewed by Storing ot
most confagurations, i1 Shoukd B & rar
Thase are Two:byie instructnns.

EXTEMDED ADDRESSING

Im exienced addressing, 1he addnes
cond byle of thee ingimection is uaed 3=
thi address of 1he gperand, The thind
is wsad a5 the lower gight bats of fhe ad
This s an absolute address in memaory
mnEl cons.

INDEXED ADDRESSING

In ndexed sgdresaing, the achines:
cand byie of the nstruction = added
kowvast eeght bats o the WFPLE. The can
nmigher orde:r aight bitg of 1he indas
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Eg I&E': 4 2 ] Op Codie Address & 1 1 Address of
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