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DESCRIPTION

The SCN8049 Series Microcontrollers
are self-contained, 8-bit processors
which contain the system timing, control
logic, RAM data memory, ROM program
memory (8048/49/50 only), and VO lines
necessary to implement dedicated con-
trol functions. All SCN8049 Series de-
vices are pin and program compatible,
differing only in the size of the on-board
program ROM and data RAM, as fol-
lows:

TYPE RAM SIZE | ROM SIZE
SCN8049 128x 8 2kx 8
SCN8050 | 256x8 dkx 8
SCN8039 128x 8 -
SCN8040 | 256x 8 -

Program memory can be expanded ex-
ternally up to a maximum total of 4k
bytes without paging. Data memory can
also be expanded axternally. VO capabil-
ities can be expanded using standard
devices or the 8243 /O expander.

The SCN8049 Series processors are
designed to be efficient control proces-
sors as well as arithmetic processors.
They provide an instruction set which
allows the user to directly set and reset
individual lines within its /O ports as well
as test individual bits within the accumu-
lator. A large variety of branch and table
look-up instructions make these proces-
sors very efficient in implementing stan-
dard logic functions. Also, special
attention has been given to code effi-
ciency. Over 70% of the instructions are
a single byte long and all others are only
2 bytes long.

An on-chip 8-bit counter is provided

which can count, under program control,
asither internal clock pulses (with a divide

SCN8049 Series
SCN8049, SCN8050, SCN8039,
SCN8040 single-chip 8-bit

microcontroller

by 32 prescaler) or external events. The
counter can be programmed to cause an
interrupt on terminal count.

FEATURES
® 8-bit CPU, ROM, RAM, VO in a 40-pin
package

® 24 quasi-bidirectional /O lines
® Two test inputs
® |nternal countertimer

® Single-level vectored interrupts: exter-
nal, counter/ftimer

& Over 90 instructions, 70% single byte

® 1.36us or 2.5us instruction cycle, all
instructions one or two cycles

© Expandable memory and VO
® Low voltage standby
o TTL compatible inputs and outputs

® Single +5V power supply
LOGIC SYMBOL
{“’1 L 8 > Port1
XTAL _J
Resst | <:‘ > Port2
Single
Step | > Resd
- B
— Program
Test ) T" Enabl
Interrupt —» > Lakch
Port
Bus { 8 > Expander
Strobe

PIN CONFIGURATIONS

577

Pin  Function Pin
1 NC 23
2 T0 24
3 XTAL1 25
4 XTAL2 26
5 27
6 55 28
7 WT 29
8 EA 0
8 RO 31
10 PSEN R
11 WH 23

12 NC 34
13 ALE 35
14 DBO 36
15 DB 37
16 DBz 38
17 DB3 3g
18  DB4 40
19 DBS 41
20 DBe 42
21 DB? 43
2 Vss a4

Vee

9 T

$E8d

P17
P18

P14

P12
P12

8] P11

P10

§] vop
5§ PROG
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Single-chip 8-bit microcontroller
ORDERING INFORMATION
SCN80OO H O D O OO (CPxxxx)
ROM/RAM (bytes) J CUSTOM ROM PATTERN NUMBER
35 = EXT/64 48 = 1K/64 Applies to masked ROM versions only.
39 =EXT/128 49 =2K/128 Number will be assigned by Signetics.
40 = EXT/256 50 = 4K/256 Contact Signetics sales office for ROM
patiern submission requirements.
OPERATING TEMPERATURE RANGE 40 = Pin DIP
A=-40°C to +85°C 44 =Pin LCC
C=0°C to +70°C
SPEED PACKAGE
B = 11MHz clock N = Plastic DIP
6 = 6MHz clock 1 = Ceramic DIP
A = Plastic LCC
PIN DESCRIPTION
PIN NO.
MNEMONIC TYPE NAME AND FUNCTION
DIP | PLCC
Vss 20 22 Circuit ground potential.
Voo 26 29 tow power standby.
Ve 40 44 Main Power Supply: +5V during operation.
PROG 25 28 [0} Output strobe for 8243 1/0 expander.
P10-P17 |27-34|30-33,| I/O | Port 1: 8-bit quasi-bidirectional port.
35-38
P20-P27 (21-24,124-27,| /O Port 2: 8-bit quasi-bidirectional port. P20-23 contain the four high-order program counter bits
35-38(39-42 during an external program memory fetch and serve as a 4-bit {/O expander bus for 8243.

DBO-DB7 |12-19|14-21| VO Data Bus: True bidirectional port which can be written or read synchronously using the RD,
WR strobes. The port can also be statically latched. Contains the eight low-order program
counter bits during an_external program memory fetch and receives the addressed instruction
under the control of PSEN. Also contains the address and data during an external RAM data
store instruction, under control of ALE, RD and WR.

T0 1 2 { Input pin testable using the conditional transfer instructions JTO and JNTO. TO and be
designated as a clock output using the ENTO CLK instruction.

T 39 43 t Input pin testable using the JT1 and JNT1 instructions, Can be designated the timer/counter
input using the STRT CNT instruction.

XTAL1 2 3 | Crystal 1: One side of the crystal input for internal oscillator. Also input for external source
(non-TTL Viw).

XTAL2 3 4 ] Crystal 2: Other side of crystal input.

INT 6 7 ] interrupt: Initiates an interrupt if interrupt is enabled. Interrupt is disabled after a reset. Also

testable with conditional jump instruction. Interrupt must remain low for at least three machine
cycles for proper operation.

RESET 4 5 1 Reset: Used to initialize the microcomputer. Active low. Internal puliup ~75KS2. During
program verification the address is latched by a 0" to "1" transition on HESET and the
data at the addressed location is output on BUS.

RD 8 [} (o] Read: Output strobe activated during a bus read. Can be used to enable data onto the bus
from an external device. Used as a read strobe to external data memory.

WR 10 11 o Write: Output strobe during a bus write. Used as write strobe to external data memory.

ALE 1 13 (o} Address Latch Enable: Occurs once during each cycle and is useful as a clock output. The
negative edge of ALE strobes address into external data and program memory.

PSEN 9 10 o Program Store Enable: Output occuss only during & fetch to external program memory.

58 5 6 t Single Step: Can be used in conjunction with ALE to "'single step'’ the processor through

each instruction.

EA 7 8 I External Access: Forces all program memory fetches to reference external memory. Useful
for emulation and debug, and essential for testing and program verification.

NOTE:
Each pin on these ports can be assigned, under program control, to be an input or an output. A pin is designated as an input by writing a logic 1" 1o the pin. RESET
sets all pins to the input made. Each pin has an internal pullup of approximately 50kS2.
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Product spacification

SCN8049 Series

FUNCTIONAL DESCRIPTION

The following is a general functiona! description of the SCNB049 Series microcomputers. Refer to the biock diagram below.
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PROGRAM MEMORY

Resident program memory consists of up to
4K bytes of ROM. The program memory is
divided into pages of 256 bytes each. As
shown in the memory map, Figure 1, program
memory is aiso divided into two 2048-byte
banks, MBO and MB1. A total of 4096 bytes
can be addressed directly. If more memory is
required, an }/O port can be used to address
locations over 4095.

There are three locations in program memory
of special importance. These locations con-
tain the first instruction to be executed upon
the occurrence of one of three events.

LOCATION EVENT

[ Activation then deactivation
of the RESET line.

3 Activation of the INT line
when the external interrupt
is enabled.

7 An overtiow of the timer/
counter if the T/C interrupt
is enabled.

DATA MEMORY
Resident data memory, as shown in Figure 2,
consists of up to 256 bytes of RAM. All

locations are indirectly addressable by either
of two RAM pointer registers at locations 0
and 1. The first eight locations of RAM (0-7)
are designated as working registers and are
directly addressable by several instructions.

By selscting register bank 1, RAM locations
24-31 bacome the working registers, replac-
ing those in register bank 0 (0-7).

RAM iocations 8-23 are designated as the
stack. Two locations (bytes) are used per
CALL, allowing nesting of up to eight subrou-
tines.

I additional RAM is required, up to 256 bytes
may be added and addressed directly using
the MOVX instructions. If more RAM is re-
quired an I/0 port can be used to selact one
(256-byte) bank of external memory at a time.

PROGRAM COUNTER AND
STACK

The Program Counter (PC) is a 12-bit count-
er/register that points to the location from
which the next instruction is to be fetched.
The 8048 and 8049 will automatically address
external memory when the boundary of their
internal memory is exceeded. All processors
access external memory it EA is high.

An interrupt or CALL to a subroutine causes
the contents of the program counter to be
stored in one of the 8 register pairs of the
program counter stack. The pair to be used is
determined by a 3-bit stack pointer which is
part of the Program Status Word (PSW). Data
RAM locations 8 through 23 are availabie as
stack registers and are used to store the
program counter and 4 bits of PSW. The
stack pointer, when initialized to 000, points
to RAM locations 8 and 9. The first subroutine
jump or interrupt results in the program count-
er contents being transferred to locations 8
and 9 of the RAM array. The stack pointer is
then incremented by one to point to locations
10 and 11 in anticipation of another CALL.
Nesting of subroutines within subroutines can
continue up to eight times without overflowing
the stack. If overflow does occur the deepest
address stored (location 8 and 9) will be
overwritten and lost since the stack pointer
overflows from 111 to 000. {t also underfiows
from 000 to 111.

The end of a subroutine, which is signalled by
a return instruction (RET or RETR), causes
the stack pointer to be decremented and the
contents of the resulting register pair to be
transferred 1o the program counter.
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OSCILLATOR AND CLOCK

The processor contains its own internal oscil-
tator and clock driver. A crystal, inductor, or
external pulse generator may be used to
determine the oscillator frequency (see Fig-
ure 3). The output of the oscillator is divided
by three and can be output on the T0 pin by
exscuting the ENTO CLK instruction. This
CLK signal is divided by 5 to define a machine
(instruction) cycle. It is available on Pin 11 as
ALE.

XTALY
‘I
XTAL2
C=15-26pF
GNCLUDES SOCKET,
STRAY) ==
SERIES RESONANT, ATCUT CRYSTAL
TOOO1HE
DRIVING
FROM EXTERNAL
SOURCE
+ 5V
aron
2
XTAL?
+5V
47011
3 XTAL2

BOTH X1 AND X2 SHOULD BE ORIVEN.
RESISTORS TO Yoo ARE NEEDED TO ENSURE
Vip = 3.8V IF TTL CIRCUITRY {S USED.

HE MINIMUM HIGH AND THE MINIMUM LOW
TIMES ARE 45%.

TC002008
Lc
OSCILLATOR
MODE
L €  NOMINAL1Y
&5,H F0pF  S2MNz fa
120,H 20pF  32MHz =
Arars 7
=c C'= C+3Cpp
1, 3 2
= FC Cpp ~ $-10pF
Jyrarz PIN-TOPIN
CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20pF,
INCLUDING STRAY CAPACITANCE.
Tooa10s

Figure 3. Crystal Osciliator Mode

TIMER/EVENT COUNTER

An internal counter is available which can
count either external events or machine cy-
cles (+ 32). The machine cycles are divided
by 32 before they are input to the 8-bit
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Figure 4. "'Quasi Bidirectional'" Port Structure

counter. External events are input directly to
the counter. The maximum frequency that
can be counted is one third of the frequency
of the cycle counter. The minimum positive
duty cycle that can be detected is 0.2 tcy.
The counter is under program control and can
be made to generate an interrupt to the
processor when it overflows.

INTERRUPT

An interrupt may be generated by either an
external input (INT, Pin 6) or the overfiow of
the internal counter, when enabled. In either
case, the processor completes execution of
the present instruction and then does a CALL
to the interrupt service routine. Atter service,
a RETR instruction restores the machine to
the state it was prior to the interrupt. The
external interrupt has priority over the internal
interrupt.

INPUT/OUTPUT

The processor has 27 lines which can be
used for input or output functions. These lines
are grouped as 3 ports of 8 lines each which
sorve as either inputs, outputs or bidirectional
ports and 3 ''test” inputs which can alter
program sequences when tested by condi-
tional jump instructions.

Ports 1 and 2

Ports 1 and 2 are each 8 bits wide and have
identical characteristics. Data written to these
ports is statically latched and remains un-
changed untif rewritten. As input ports these
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lines are non-latching; ie., inputs must be
present untit read by an input instruction.
Inputs are fully TTL compatible and outputs
will drive one standard TTL load.

The lines of ports 1 and 2 are called quasi-
bidirectional because of a special output
circuit structure which allows each line to
serve as an input, an output, or both even
though outputs are statically latched. Figure 4
shows the circuit configuration. Each line is
continuously pulled up to +5V through a
resistive device of relatively high impadance
(~50K). This pullup is sufficient to provide the
source current for a TTL high level yet can be
pulled low by a standard TTL gate thus
allowing the same pin to be used for both
input and output. To provide fast switching
times in a "0 to "'1'' transition a relatively
low impedance davice (~50KS2) is switched
in momentarily (~500ns) whenever & 1" is
written to the line. When a *'0" is written to
the line, a low impedance (~300052) device
overcomes the light pullup and provides TTL
current sinking capability.

Since the pulldown transistor is a low imped-
ance device a 1" must first be written to any
line which is to be used as an input. Reset
initializes all lines to the high impedance "'1"
state. This structure allows input and output
on the same pin and also allows a mix of
input lines and output lines on the same port.
The quasi-bidirectional port in combination
with the ANL and ORL logical instructions
provide an efficient means for handling single
line inputs and outputs within an 8-bit proces-
sor.
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Figure 5. Reset Circuits

BUS

BUS is also an 8-bit port which is a true
bidirectional port with associated input and
output strobes. If the bidirectional feature is
not needed, BUS can serve as either a
statically latched output port or non-latching
input port. input and output lines on this port
cannot be mixed.

As a static port, data is written and latched
using the OUTL instruction and input using
the INS instruction. The INS and OUTL in-
structions generate pulses on the corre-
sponding RD and WR output strobe fines;
however, in the static port mode they are
generally not used. As a bidirectional port, the
MOVX instructions are used to read and write
to the port. A write to the port generates a
puise on the WR output line and output data
is valid at the trailing edge of WR. A read of
the port generates a pulse on the RD output
line and input data must be valid at the trailing
edge of RD. When not being written or read,
the BUS lines are in a high impedance state.

Test and INT inputs

Three pins serve as inputs and are testable
with the conditional jump instruction. These
are T0, T1, and TNT. These pins allow inputs
to cause program branches without the ne-
cessity to load an input port into the accumu-
lator. The T0, T1, and INT pins have other
possible functions as well.
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Figure 6. Power Down Sequence

RESET INPUT

The reset input provides a means for initial-
ization for the processor. This Schmitt-trigger
input has an internal puliup resistor which in
combination with an external 1uF capacitor
provides an intemal reset pulse of sufficient
length to guarantee all circuitry is raset. It the
reset pulse is generated externally, the reset
pin must be held at ground (0.5V) for at least
10 milliseconds after the power supply is
within tolerance. Only five machine cycles
{(12.5us @ 6MHz) are required if power is
already on and the oscillator has stabilized.
Typical circuitry is shown in Figure 5.

SINGLE STEP

By proper control of the SS line, the mircro-
computer can be made to executs one in-
struction and then pause or wait until the
single step switch is activated again.

POWER DOWN MODE

The SCN8049 Series devices permit power to
be removed from all but the data RAM array
for fow power standby operation. In the power
down mode the contents of data RAM can be
maintained while drawing typically 5% of
normal operating power.

Ve serves as the S5V supply pin for the bulk
of the circuitry while the Vpp pin supplies only
the RAM array. in normal operation both pins
are at + 5V. In standby, Vg is at ground and
only Vpp is maintained at its specified volt-
age. Applying RESET to the processor
through the RESET pin inhibits any access to
the RAM by the processor and guarantees
that RAM cannot be inadvertently altered as
power is removed from Vgg.
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A typical power down sequence occurs as
shown in Figure 6.

INSTRUCTION SET

The SCN8049 Series instruction set consists
of over 80 one and two byte instructions (see
Table 1). Program code efficiency is high
because: (1) working registers and program
variables are stored in RAM, which require
only one byte to address and (2) program
memory is divided into pages of 256 bytes
each, which means that branch destination
addresses require one byte.

The instruction set efficiently manipulates and
tests bits in addition to performing logical and
arithmetic operations upon and the testing of
bytes. A set of move instructions operates
indirectly upon either RAM or ROM, which
permits efficient access of pointers and data
tables. The indirect jump instruction performs
a multi (up to 256) way branch upon the
content of the accumulator to addresses
stored in a lookup table. The "decrement
register and jump if not zero" instruction
saves a byte every time it is used versus
using separate increment and test instruc-
tions.

The on-chip counter enables either external
events or time to be counted off-line from the
main program. The processor can either test
the counter (under program control) or cause
its overflow to generate an interrupt. These
features are highly desirable for real time
applications. See Table 2 for instruction tim-
ing.
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ABSOLUTE MAXIMUM RATINGS®
SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature? range

SCN8OxxHC 0 to +70 °C
SCN8MoHA -40 to +85 °c
Ts1g Storage temperature range -65 to +150 °C
Vin Input voltages with respect to Vss3 ~-05 1o +7 v
Po Power dissipation 15 w
DC ELECTRICAL CHARACTERISTICS T, =0°C to 70°C, Vg = Vpp = 5V £ 10%, Vgg = Ov* 5 6
LIMITS
SYMBOL PARAMETER TEST CONDITIONS? UNIT
Min Typ Max
Vi Input low-voltage
All except XTAL1, XTAL2 -0.5 0.6 v
Vi XTAL1, XTAL2 -05 0.6 v
Vin Input high voltage
All except ET, 2.0 Ve \'
XTAL1, XTAL2
ViH1 RESET, XTAL1, XTAL2 3.8 Voo v
Vou Output low-voltage loL = 2.0mA 0.4 v
Vou Output high-voitage
All except BUS lop = -125uA 24 v
BUS loH = —-400uA 24 v
e Port1, Port2, EA, 58 Vgg + 0.45 <V < Vo -~500 A
i1 T1, int Vgs + 045 <V |y <V +*10 pA
fuz RESET Vgg + 0.45 < Viy < Vo -10 -300 pA
oL Output leakage current
BUS, TO (high inpedance state) Vs + 045 <V|y < Vo 10 uA
ipp Standby supply current RESET <V,
8035/8048 All inputs = 0V 25 mA
8039/8049 Voe = 0V 45 mA
8040/8050 8.5 mA
Ipp + Icc Total supply current RESET <V,
8035/8048 45 80 mA
8039/8049 50 95 mA
8040/8050 60 110 mA
Voo Standby power supply 25 \
T4 =~40 to 85°C, Automotive temperature range®
ViH Input high voltage
All except XTAL1 and XTAL2 22 \
Vint AESET, XTAL1, XTAL2 40 Y
Input leakage current
Iy Port1, Port2, EA, 55 Vss +.45 < V)y < Voo -750 HA
Ige RESET Vs + .45 <Viy < Voo -5 =300 HA
oo Standby supply current
8035/8048 RESET<V, 3.75 mA
8039/8049 All inputs = OV 6.75 mA
8040/8050 Voo = 0V 1275 mA
Iec + lpp Total supply current
8035/8048 RESET <V 90 mA
8039/8049 105 mA
8040/8050 120 mA
583
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AC ELECTRICAL CHARACTERISTICS T, =0°C to 70°C. Voc = Vpp = 5V *10%, Vgg=0v% 5 6

TEST 11 MHz 6 MHz
VERSIONS VERSIONS
SYMBOL PARAMETER CONDITIONS? UNIT
Min Max Min Max
(Refer to Figures 7, 8 and 9)
W ALE pulse width 150 400 ns
1AL Address setup to ALE 70 150 ns
ta Address bold from ALE 50 80 ns
tcc Controt pulse width (PSEN, 300 700 ns
, WR)
tow Data setup before WR 250 500 ns
two Data hold after WR 40 120 ns
oy Cycle time 1.36 375 25 15.0 us
tor Data hold 0 100 0 200 ns
tRD PSEN, RD to data in 200 500 ns
taw Address setup to WR 200 230 ns
a0 Address setup 10 data in 400 950 ns
tarc Address float to RD, PSEN -10 0 ns
tca Control pulse to ALE 10 10 ns
{Refer to Figure 10)
tcp Port control setup before 100 110 ns
falling edge of PROG
tec Port control hold after falling 60 130 ns
edge of PROG
teR PROG to time P2 input must 650 810 ns
be valid
top Output data setup time 200 250 ns
trp Output data hold time 20 65 ns
tpr Input data hold time 4] 150 0 150 ns
tep PROG puise width 700 1200 ns
tor Port 2 1/0 data setup 250 350 ns
tip Port 2 /O data hold 20 150 ns
NOTES:

1. Stresses above those listed under absolute maximum ratings may cause permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other condition above those indicated in the operation section of this specification is not impiied.

2. For operating at elevated temperatures, the device must be derated based on + 150°C maximum junction temperature.

3. This product inciudes circuitry specifically designed for the protection of its internal devices from d ging effects of static charge. Nonetheless, it is
suggested that conventional precautions be taken to aviod applying any vollages larger than the rated maximum.

4. Parameters are valid over operating temperature range unless otherwise specified.

5. All voltage measurements are raferenced to ground (Vgg). For testing, alt input signals swing betweean 0.4V and 2.4V with a transition time of 20ns maximum. Alt
time measurements are referenced at input voltages of 0.8V and 2.0V and output voltages 0.8V and 2.0V as appropriate.

6. ical values are at +25°C, typical ssupply voltages and typical processing parameters.

7. Control outputs: G = 80pF
Bus outputs: C| = 150pF
tor = 1.36ps for 11 MHz versions
toy = 2.5us for 6 MHz versions

8.Where no specification is shown, the commercial temperature range specification applies.

-
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TIMING DIAGRAMS
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Figure 7. instruction Fetch From External Program Memory
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Figure 8. Read From External Data Memory
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TIMING DIAGRAMS (Continued)
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Figure 12. instruction Cycle Timing
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Table 1. instruction Set

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES
07 Os Ds D¢ D3 Dz Dy D c [ac[ro[Fir2
Accumulator
ADD A, # data |(A) + (A)+data Add immediate the specified data |0 ¢ 0 0 0 0 1 1 2 o | o
t0 the accumulator. dy dg ds ds d3 d dy dy
ADD A, Rr {A) + (A} + (Rn) Add contents of designated 01 1t01r ¢ 1 . .
for r=0-7 register to the accumulator.
ADD A, @ Rr {A) < (A) + ((Rr)) Add indirect the coments the data ([0 1 1 0 O 0 O r 1 . .
for r=0-1 memory location to the
accumulator.
ADDC A, # data |(A) < (A)+(C) + data Add immediate with carry the 000106011 2 o | o
specified data to the accumulator. |dy dg ds ds d3 d2 dy.dg
ADDC A, Rr {A) € {(A) +(C) + (R} Add with carry the contents of the |0 1 1 t 1 1 r ¢ 1 - .
for r=0-7 designated register to the
accumulator.
ADDC A, @ Rr (A) € (A) + (C) + ((Rr)} Add indirect with carry the 0111000T 1 . .
forr=0-1 contents of data memory location
to the accumuiator.
ANL A, # data (A) € (A} AND data Logical AND specified immediate 0101001 1 2
data with accumulator, dy dg ds dg dy dp dy dol
ANL A, Rr (A) € (A} AND (Rr) Logical AND contents of 01011 ¢ 1 1
for r=0-7 designated register with
accumulator.
ANL A, @ Rr (A) € (A) AND ((Rr)) Logical AND indirect the contents |0 1 0 1 0 0 0 r 1
for r=0-1 of data memory with accumulator.
CPL A (A) € NOT (A) Complement the contents of the 00 t101 11 1
accumutator.
CLR A (A) <=0 Clear the contents of the 0010011 1 1
accumulator.
DA A Decima! adjust the contents of the [0 1 0 1 O 1 1 1 1 . .
accumulator.
DEC A {A) < (A} -1 Decrement the accumulator's 00000111 1
contents by 1.
INC A (A) < (A} +1 Increment the accumulator's 00010111 1
contents by 1.
ORL A, # data [(A) < (A} OR data Logical OR specified immediate 0100001 1t 2
data with accumulator. dy dg ds dq d3 d dy Gp
ORL A, Rr {A) < (A} OR (Rn) Logical OR contents of designated {0 1 0 O ror 1
forr=0-7 register with accumulator.
ORL A, @ Rr {A) < (A) OR ((Rn) Logical OR indirect the contents of {C 1 0 0 0 0 O r 1
for r=0-1 data memory location with
accumutator.
RL A (An + 1) < (An) Rotate accumuiator leff by 1-bit 11100 1 11 1
(Ag) + (A7) without carry.
for N=0 < 6
ALC A {An + 1) < (An) Rotate accumulator left by 1-bit 11110111 1 -
n=0-6 through carry.
(A} + (O
©) < (A
AR A (An) *= {An+1}); Rotate accumulator right by 1-bit 01110111 1
n=0-86 without canmy.
(A7) < (Ag)
ARC A {An) < (An +1); Rotate accumulator right by 1-bit 011060111 1 .
n=0-6 through carry.
(A7) - (©
©) = (A
| SWAP A (A7) < (Ro-3) Swap the 2 4-bit nibbles in the 01000111 1
accumulator.
XAL A, # data (A) < {A) XOR data Logical XOR specified immediate 110100 11 2
data with accumulator. d; dg dg d¢ d3 da dy do|
XAL A, Rr (A) < (A) XOR (Rr) Logica! XOR contents of 1101 1 ¢t ¢ 1
for r=0-7 designated register with
accumutator.
XAL A, @ Rr {A) € (A) XOR ((Rn)} Logical XOR indirect the contents [1 1 0 1 0 0 0 r 1
for r=0-1 of data memory location with
accumulator.
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Table 1. Instruction Set (Continued)

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES
0; Dg Ds D¢ D3 Dy Dy Do CIAC!FOIHIH
Branch
DJNZ Rr, addr (Rr} & (Rr)-1; r=0-7 |Decrement the specified register 1110 % r 71 1 2 2
if (Ar) +0: and test contents. a7 8 85 B8y 43 3 8y &
{PC 0-7) * addr
JBb addr (PC 0-7) < addrif Jump to specified address if bpbiybpt1 00 10 2 2
Bb=1 accumulator bit is set. a7 8 85 83 83 44 B
(PC) <~ (PCy+2 it Bb
=0
JC eddr (PC 0-7) < addr if Jump to specified address if camy [t 1 1 1 ¢ 1 1 0 2 2
C=1 flag is set. ay ag a5 a4 a3 8z 41.8g
(PC) == (PC)+2if C=0
JFO addr (PC 0-7) « addr if Jump to spectied address if flag 104 91 %90 2 2
FG=1 FO is set. a7 8 85 a4 83 az a1 8
(PC) — (POY+2 it
FO=0
JF1 addr (PC 0-7) + addr if Jump to specified address if flag 01110110 2 2
Ft=1 F1 is set ay ag ag 84 43 8 84 &)
(PC) < (PO)+2 if
F1=0
JMP addr (PC 8-10} + addr Direct jump to specified address 8102 3 0 0 1 0 O 2 2
8-10 within the 2K address block. ay ag 85 84 83 8y 49 By
(PC 0-7) « addr 0-7
(PC 11) + (0BF)
JMPP @ A (PC 0-7) < ((A) Jump indirect to specified address |1 0 1 ¢ 0 O 1 1 2 1
within address page.
JNC addr (PC 0-7) « addr if Jump to specified address if carry |1 1 1 0 C 1 1 0 2 2
C=0 flag is low. 87 8g 85 8, a3 8z 41 8
PC)— (PO)+2if C=1
JNI (PC 0-7) < addr it Jump to specified address if TNT 10000110 2 2
iNT=0 input is fow. ay ag a5 a4 83 & 8y &g
(PC) (PO + 2 if
INT=1
JNTO addr (PC 0-7) « addr if Jump to specified address f test 0|0 0 1 0 0 1 1 O 2 2
ToO=0 is low. B7 85 85 84 83 By 4 R
PC) — PO +2 if
TO=1
JNT1 addr (PC 0-7) + addr it Jump to specified address it test 1|0 1 0 0 0 1 1 O 2 2
Ti=0 is low. 87 Bg 45 84 83 3 87 4
(PC) < (PCY+ 2 it
Ti=1
JNZ addr (PC 0~7) ¢« aodr if Jump to specified address if 100101190 2 2
A=Q accumutator is non-zero. 87 6 By 84 83 82 & 8p
(PC) &~ (PC)+2if A=0
JTF addr (PC 0-7) + addr i Jump to specified address if imer (O 0 0 1 O 1 1 O 2 2
TF=1 flag is set to 1. a7 8g 85 a4 83 & A3 &g
(PC} < (PC)+2 it
TF=0
JTO addr (PC 0-7) < addr if Jump to specified address ftest 0(C 0 1 1 0 1 1 0 2 2
To=1 isatl 87 8 85 84 A3 82 &y &
(PC) & (PCY+ 2 if
To=0
JT1 addr (PC 0-7) + addr if Jump to specified address if test 1{0 1 0 1 0 1 1 O 2 2
Ti=t isal 87 8¢ 85 84 A3 87 84 &g
(PC) — (PC)+2 if
Ti=0
JZ adde (PC 0-7) < addr if Jump to specified address i 11000110 2 2
A=Q accumulator is 0. 87 ag 85 A& 23 8 Ay &
(PC) — (PO)+2if A+#0
Control
EN I Enable the extemnal (INT) interrupt. {0 ¢ 0 0 0 1 0 1 1 1
DS | Disable the external (INT) interrupt. |0 0 0 1 0 1 O 1 1 t
SEL RBO 88) < 0 Select bank 0 (locations 0-7)of |1 1 0 0 0 1 0 1 1 1 .
data memory.
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Table 1. Instruction Set (Continued)

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES
7 Dg Ds O B Ba Dy bo c [ac[ro[r]r
Controt (Cont.)
SEL RB1 Bs) < 1 Select bank 1 (focations 24 -371) 11010107 i 1 .
of data memory.
SEL MBO {OB8F) < 0 Select program memory bank 0, 11100101 1 1
addresses 0 - 2047.
SEL MB1 {DBF) + 1 Select program memory bank 1, 11110101 1 1
addresses 2048 - 4095
ENTO CtK Enable clock output on TQ pin. 01110101 1 1
Data moves
MOV A, # data [(A) < data Move immediate the specified data ([0 0 1 0 0 ©¢ 1 ¢ 2 2
into the accumulator. dy dg d d3 d2 dy oo
MOV A, Rr {A) < (Rr); r=0-7 Move the contents of the 111117 r 1 1
designated register into the
accumuiator.
MOV A, @ Ar {A) < ((ANy. r=0-~1 Move indirect the contents of data |1 1 1 t+ O ©0 O r 1 1
memory location into the
accumulator.
MOV A, PSW {A) * (PSW) Move contents of the program 11000111 1 1
status word into the accumulator.
MOV Rr, # data |{Rr) < data; r=0-7 Move immediate the specified data [t 0 1 1 1 r ¢ r 2 2
into the designated register. d7 dg ds dy d3 dz dy dyo
MOV Rr, A (Rr) < {(A); r=0-7 Move accumulator contents into 10 01r o1 1 1
the designated register.
MOV @ fr, A ((Rr)) < (A, r=0-1 Move indirect accumulator contents{1 0 1 0 0 0 0 r 1 1
into data memory location.
MOV @ Ar, # dala |((Rr)) < data; r=0-1 |Move indirect the specified data 1011000 2 2
into data memory. d7 dg ds dg dy d2 0y oo
MOV PSW, A PSW) + (A) Move contents of accumulatorinto |1 1 0 1 0 1 1 1 1 1 R .
the program status word,
MOVP A, 8 A (A) < ((A) Move data in the current page into|1 0 1 0 0 O 1 1 2 1
the accumulator.
MOVP3 A, 8 A |(A) < ((A) Move data in page 3 into the 11100011 2 1
in page 3 accumulator.
MOVX A, @ Ar | (A) — ((R)); r=0-1 Move indirect the contents of 1000000 2 1
external memory location into the
accumulator.
MOVX @ Rr, A |((R) < (A); r=0-1 Move indirect the contents of the (1 0 0 1 0 0 O r 2 1
accumuiator into external memory.
XCH A, Rr (A)y=(Rr); r=0-7 Exchange the accumulator and Co0t1T01r v 1 1
designated register's contents.
XCH A, @ Rr (A)=((Rr)); r=0-1 Exchange indirect contents of 0010000T 1 1
accumulator and location in data
memory.
XCHD A, @ Rt |(A 0-3)~(Rr)(0-3) Exchange indirect 4-bit contents of |0 0 1 1 0 0 0 r 1 1
t=0-1 accumulator and data memory.
Flags
CPLC (C) + NOT (€} Compiement content of carry bit. 10100111 1 1 .
CPL FO (FO) « NOT (F0) Complement content of flag FO. 100to0101 1 1 -
CPL F1 (F1} < NOT (F1) Compiement content of flag F1. 10110101 1 1 .
CIRC C) <0 Clear content of camy bit to 0. 10010111 1 1 .
CLR FO (FO) < 0 Ciear content of flag 0 to 0. 10000101 1 1 .
CLR F1 Fiy+<= o0 Ciear content of tiag 1 to 0. 10100101 1 1 -
input/output
ANL BUS, # data |(BUS) + (BUS) AND Logical AND immediate specified 10011000 2 2
data data with BUS. dy dg ds5 dy &3 d2 0y do
ANL Pp, # data |(Pp) - (Pp) AND data |logical AND immediate specified 100110p0p 2 2
p=1-2 data with designated port (1 or 2). |dy dg ds dy dg dp 0y dy|
ANLD Pp, A {Pp) < (Pp) AND (A Logical AND contents of 100111 pep 2 1
0-3) accumulator with designated port
pda-7 4-7).
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Table 1. Instruction Set (Continued)

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES
B Ug Os 04 Dy O; Oy By c lac]rlri]r2
Input/output (Cont)
IN A, Pp (A) < (Pp). p=1-2 Input data from designated port 00001t OPTP 2 1
{1 -2} into accumulator.
INS A, BUS (A) < (BUS) Input strobed BUS data into 000O0C100Q0 1 2
accumutator.
MOVD A, Pp (A 0-3) + (Pp); Mave contents of designated port |0 0 @ 0 1 1 p p 2 1
p=4-7 (4 -7) into accumulator.
(A4-7) <0
MOVD Pp, A (Pp) < A 0-3; p=4-7 |Move contents of accumulator to 00111 1p0p 1 1
designated port (4 - 7). .
ORLD Pp, A (Pp) «= (Pp) OR (A Logica! OR contents of t00011poyp 1 1
0-3) accumulator with designated port
p=4-7 4-7).
ORL BUS, # data |(BUS) < (BUS) OR data | Logical OR immediate specified 10001000 2 2
data with BUS. dy dg 05 d4 d3 dp Oy do
ORL Pp. # data |(Pp) < (Pp) OR data Logical OR immediate specified 1t 90001 0pep 2 2
p=1~2 data with designated port (1-2). dy dg ds dg d3 do d, dy|
OUTL BUS, A {(BUS) < (A) Output contents of accumulator 0000O0DO0TI10 1 2
onto BUS.
QUTL Pp, A Pp) & Axp=1-2 Output contents of accumulator to |0 0 1 1 1 0 p p 1 1
designated port (1-2).
Registers
DEC Re Rr) < @AN-1,r=0-7 | O of dasig d |1 10017 ¢ ¢ 1 1
register by 1.
INC Re W RN+ 1 1=0-7 {Increment contents of designated [0 0 6 1 1 r ¢ ¢ 1 1
register by 1.
INC & Rr {RN) « ((Rr) + 1; increment indirect the contents of |0 © 0 1+ © O O r 1 1
r=0-1 data memory focation by 1.
Subroutine
CALL addr {(SP)} < (PC), (PSW Cali designated subroutine. appag 8¢ 1 0 1 0 O 2 2
4-7) a7 8 85 84 83 82 &y Yy
(SP) « (SP) +1
(PC 8-10) + addr
8-10
(PC 0-7) « addr 0-7
(PC 11) < DBF
RET (SP) < (SP)-1 Return from subroutine without 1t0000O0 11 2 1
{PC) < ((SPY) restoring program status word.
RETR (SP) « (SP)-1 Retumn from subroutine restoting 10010011 2 1
PC) €= ((SPY program status word.
(PSW 4 -7) += ((SP)}
Timer/counter
EN TCNTH Enable timer/counter interrupt. 00100101 1 1
DIS TCNTI Disable timer/counter interrupt. 00110¢t01 1 1
MOV A T A) < (M Move contents of timer/counter 10060010 1 1
into accumulator.
MOV T, A MW Moave contents of accumutator into |10 1 1 0 0 0 1 O 1 1
timer/counter.
STOP TCNT Stop count for event counter or 011006101 1 1
timer.
STRAT CNT Start count for event counter. 01000101 1 1
STRT T Start count tor timer. 01010101 1 1
Miscellaneous
NOP 1 | No_operation performed Joooooooo + T + T 1T T T 1
NO‘YES-.
ction code ig '_randpiormmebinnryreprmnuuonoﬂmmgistanlndpomrwolved
zTMdotmderh-r- priate flag bit i ﬂutnsmanllssub;ectmdw\gebymemmonhmnappem
amwwbscrlptslppsamgmmaFUNCTIONeolumn f the sp
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SYMBOL DEFINITIONS

SYMBOL DESCRIPTION P "In-Page’’ operation designator
A The accumulator P Port designator (p=1, 2 or 4-7)
AC The auxiliary carry flag PSW Program status word
addr Program memory address (11 bits) Rr Register designator (r=0, 1 or 0-7)
Bb Bit designator (b =0-7) sP Stack pointer
BS The bank switch T Timer
C Carry flag TF Timer flag
CLK Clock signal TO, Tt Testable inputs 0, 1
CNT Event counter # Prefix for immediate data
D Nibble designator (4 bits) @ Prefix for indirect address
DBF Program memory bank flip-flop $ Program counter's current value
data Number or expression (8 bits) - Replaced by
Fo. F1 Flags O, 1 had Exchanged with
I Interrupt
INT External interrupt
Table 2. instruction Timing**
CYCLE 1 CYCLE 2
INSTRUCTION $1 $2 S3 S4 S5 S$1 S2 S3 S4 S5
IN AP ok Pm;um Cor:;‘mer - h?ﬂ‘e' ' - - Read Pont | * — _ —
Fetch Increment increment Output -
OUTL PA Instruction | Program Countter - e o Port - - - - -
Fetch - Increment Increment Fetch L it
ANL P, # data inatacton | * Program Gourter - Toreet [ Read Pont | || oS e — " Broma R er %ﬂgg‘ﬂ —
Fetch - increment increment Fetch
ORL P, ¢ data Instructon Program Counter - Timer Read Port Immedial ch Data - 'onqrun Counter %‘gﬂoﬂ —
nsass |t | e |~ | ] - — [resrm|[* = — =
Fetch Increment Increment -
QUTL BUS, A Instruction Program Counter - Timer m - - - - -
Fetch . Increment increment Feich «  Increment
ANL BUS, # data | SO0 Program Counter - Timee | Poad Port | f o ate Data - P'oqram"'Comttn or %"3.‘,"« -
Feich . Increment Increment Fetch *  Increment
ORL BUS, # data |\ oocion | Program Counter - Timer | Feed Port | | ymmegiate Data — ProgurnmCoumar m -
Output
MOVX @RA Fetch Pro:r?memma Output RAM In(_lr_';o'r‘:n( D;l: M‘° - _ - _ _ _
MOVX A.@R insmostion Prqlr'fmmc«:rm e | e - - Read Data | * - - -
MOVD A, P, Fetch Increment Increment _ _- Read . _
' Instruction Program Counter | Opcode/Address Tuner P2 Lower - -
Fetch increment Incremant Output Data .
MOVD P, A Instruction Program Counter | Opcode/Address Timer T‘o P2 - - - - -
ANLD P, A Fetch increment increment Qutput - _ .
. ; Program Counter | Opcode/Address Timer Daia - - -
ORLD P, A Fetch tncrement Output Incrernent Qutput - - . _
] i Instruction Program Counter | Opcode/Address Timer Data - -
Fetch Increment Semple increment Fetch . Updat
J (CONDITIONAL) Instruction : Program Counter Condition Timer - immediate Data - Program 0:m1u - -
s onsar T | SO | m'":n'"&..'"m - - o
Fetch . increment Stop
STOP TCNT instruction Program Counter - - Counter
EN Fotch . Increment _ Enable —
nstruction Program Counter interrupt
oIS 1 Fetch - increment - Disabla _
instruction Program Counter Intemupt
ENTO CLK \ Fetch - increment o - Enable _
NOTES:

*valid instruction address are output at this time # external program memory is being accessed.
**See figures 11 and 12 for instruction cycle and cycle timing.
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