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General Description

The [INSB048/49/50-Series microcomputers and the
INS8035/39/40-Series microprocessors {heresinaftter
referred to as the 48-Series) are self conlained, 8-bit
paraliel, 40-pin, dual in-line devices fabricated using
National Semiconduclor's scaled N-channel, silicon gate
MOS process, XMOS. The 48-Series devices contain the
system timing, control legic, ROM {where applicable)
- program memory, RAM data memory and 27 1/0 lines
necessary to implement dedicated control functions. All
48-Series devices are pin compatible, differing only in the
size of on-board ROM (where applicable} and RAM as
shown below:

DEVICE RAM ARRAY ROM ARRAY
INS8048 64 x 8 1IKx8
INSB8049 128 x 8 2K x 8
INS8050 266 x 8 4K 1 8
INS8035 64 x8 N/A
INS8039 128 x 8 N/A
INS8040 256 x 8 N/A

The devices are designed 1o be efficient controllers. They
have extensive bit handling capability as well as facilities
for both binary and BCD arithmetic. Efficient use of
program memory is derived from an instruction set
comprised predominantly of single bytes, The remaining
instructions are two bytes in length. Additional external
memory may be added up to a maximum of 4K bytes of
program memory and 256 bytes of data memory without
paging.
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INS8048-Series Microcomputer/Microprocessor Family

Features

B 8-Bit CPU, RAM, ROM., I/0 in Single Package

B 2.5 psec Cycle, 6 MHz Clock; 1.36 psec Cycle,
11 MHz Clock

On-Chip Oscillator Circuit and Clock
{or External Source)

27 1/0 Lines

Expandable Memory and I/C

8-Bil Timer/Counter

Single Level Interrupt

Interrupt has Schmitt Trigger with Hysteresis*
CQver 90 Instructions (Most Single Byte)
Binary and BGCD Arithmetic

Single t 5V Power Supply

Low Standby Power Mode®

Low Voltage Standby (2.2V Min)’

Cn-Chip Battery Charging*

‘NQOTE: Transparen! improvemaenlts over indusiry
standard part,

48-Series Block Diagram

*Not Applicable to INSB035/39/40

ROM® RAM
(4096 Bytes)t [1024 BYTES| | 64 BYTES | (256 Bytes)!
PROGRAM DATA
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Absolute Maximum Ratings

Temperature UnderBias ..............., Cieeninens 0°G to +70°C
Storage Temperature. ......cooviiievniiennnnnes -65°C to +150°C
All Input or Qutput Voltages wuth respect Vgs ...... -0.5V to +7.0V
Power Dissipation. c.oivii ittt et it e 1.5 Watt

NOTE: Absolute maximum ratings indicate limits beyond which
permanent damage may occur. Continuous operation at these limits
is not intended:. operation should be limited to those conditions
specified under DC Elecirical Characleristics.

DC Electrical Characteristics

Ta=0° Cto +70° G, Vcc = +5V +£10%, Vss = OV, unless otherwise specified,

Symbol Parameter Min Typ Max Units Test Conditions
ViL Input Low Voltage (All except
XTAL1, XTAL2) -0.5 0.8 v
ViLt Input Low Voltage
(XTAL1, XTAL2) -0.5 0.6 v
VIH Input High Voltage 2.0 Vee v
ViH1 Input High Voltage 3.0 Vee v
{(RESET, XTAL1, XTAL2)
VoL Output Low Voltage 0.4 vV lloL = 2.0mA
VoH Output High Voltage All 3.0 Ve |V |ion =100 uA
except poris 1 and 2
Vo Port TTL 2.4 vV |ion = 125 A
liL Input Leakage Current +10 pA |Vss < Vin < Vce
{T1. EA, INT)
loL Output Leakage Current (BUS, -10-.0- A |Vecc 2 Vin > Vsé + 0.45
T0) (High Impedance State)
10D (84) 64 wards on Standby Current (2) 25 mA |8048
oD (128 128 words on Standby Current (2) 4.5 mA |804g
Ioo (256) 256 words on Standby Current (2) 8.5 | mA |8os0
lpo Heg Total Supply Current 8048 - 7 30 65 mA |Ta = 25°C'
Ioo +loe Total Supply Current 8048L 25 | 40 | mA |ta=25°C
Iob +lee Total Supply Current 8049 32 70 | mA [Ta=25°C
Ipo +lce Total Supply Current 8049L 30 45 mA TA =25°C
loo +lce Total Supply Current 8050 35 75 | mA [Ta=25°C
top +lce Total Supply Current 8050L as 50 r:riA Ta = 255C
Iopc Battery Charging Current TBD mA |See 'Figure 5
Vob Standby Power Supply - 2.4 ' Vece V |See Figure 5
Notes: 1. The Series-48 family of parts are also available in Industrial Temperature Range -40°C to +80°C. Industrial

Temperature Range versions are denoted with an | following the part number (i.e., INS8048-6XXX/NI).

2. The low power versions (L parts), and the Industrial Temperature Range (I parls), are currently

available throughout the Series-48 Family.




AC Electrical Characteristics - INS80XX-6 (1-6 MHz part)

Ta =0° Cto +70° C, Voo = +5V £10%, Vss = OV, unless otherwise specified.

Symbol Parameter Min Typ Max | Units Test Conditions
L ALE Puise Width 400 ns [Nofe 1
tAL ~ Address Setup to ALE 150 ns Nolre 1
fLa Address Hold from ALE 80 ns |Note 1
tcc Control Pulse Width
- PSEN, RD, WR 700 ns |[Note 1
tow Data Set-Up Betore WR 500 ns |Note 1
two Data Hold After WA 120 ns |CL =20 pF.
tey Cycle Time 2.5 150 | us |11to6 MHz XTAL
oR Data Hold 0 200 | ns |Notel
tRD PSEN, RD to Data In 500 | ns |Notet
taw Address Setub to Wﬁ 230 .ns Note 1-
tap Address Setup to Data In 950 ns |Note 1
taFC Address Float to RD, PSEN ns |Note 1
tca Control Puise_lo_ ALE 10 ns |Note 1
Port 2 Timing

Symbol Parameter Min | Typ | Max | Units Test Conditions
tcp Port Control Setup before

Falling Edge of PROG 110 ns | Note 1
tpc Port Control Hold after - '

Falling Edge of PROG 140 ns | Note 1
tPR PROG to Time Pé lﬁput o

must be Valid 810 ns | Note 1
top Output Data Setup Time 250 | ns |Notet
tro Oiu.tput Data l-.lo'ld_Ti'm>e 765 ns Notert
tpF Input Data Hold Time 0 150 | ns |Note 1
tpp PROG Pulse Width 1510 ns |Note 1
trL Port 2 I/OVData Setup 400 ns | Note1
tep Port 2 1/0 Data Hold 150 ns | Note 1

AC Electrical Characteristics - INS80XX-11 (4-11 MHz Part)

Ta =0° Cto +70° C, +5V £10%, Vss = OV, unless otherwise specified.

Symbol Parameter Min Typ Max |Units Test Conditions
L ALE Pulse Width 150 ns |Note 1
(AL Address Setup 1o ALE 70 ns | Note 1
LA Ad“d-ress Hold -frc;m :ALE 50 ns Noté 1.
tcc Control Pulse Width
PSEN, RD, WR 300 ns |Note 1
tow Data Set-Up Before WR 250 ﬁs Note 1
two Data Hold After WR 40 ns |CL =20 pF
1oy Cycle Time 1.36 375 | us |410 11 MHz XTAL
tor Data Hold 0 100 ns |Note 1 7
tRD FSEN, AD to Dita' In ' 200 ns |Note 1
- ~
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AC Electrical Characteristics - INS80XX-11 (Cont'd.)

L L

Symbol Parameter Min Typ Max Units Tesi Conditions
taw Address Set-Up to WR 200 ns |[Note 1
lap Address Set-up to Data In 400 ns Note 1
tarc Address Float to RD, PSEN -10 ns |Note 1
tca Control Pulse to ALE 10 ns |Note 1
Port 2 Timing
Symbol Parameter Min Typ Max |Units |Tesl Conditions
fcr Port Control Setup before
Falling Edge of PROG 100 ns |Note 1
tpc Port Control Hold after 7
Falling Edge of PROG 60 ns |Note 1
trR PROG to Time P2 input
must be Valid 650 ns |Note 1
tor Qutput Data Setup Time 200 ns |Note 1
trD Output Data Hold Time 20 ns |Note 1
ter Input Data Hold Time o 150 ns |Note 1
tpp PROG Pulse Width 700 ns |[Note 1
iPL Port 2 1/O Data Seturp 150 ns |Note
tep Port 2 1/O Data Hold 20 ns |Note1
Note 1. Control outputs Cr = 80 pF; Bus outpuls CL = 150 pF
Capacitance 74 =25°C, Voc = Vss =0V
Symbol Parameter Min TYP Max |Unils _Test Conditions
CiN input Capacitance 6 10 pF e =1 MHz
Cout QUTPUT AND RESET '
Capacitance 10 20 pF jUnmeasured pins
returned to Vss
Timing Waveforms
| tey
(T |
ALE —l I r— — I
| —4 Wre |- i

PSEN

//////////

NOTE:

......| ML_—I* tor ——
ADDRESS x2;;; ;;‘;;;; Ex INST. /

icc

—

1ap
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Instruction Feich from External Program Memory

Diagonal lines indicate

interval of high impedance.
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Write to External Data Memory

e | ‘ - o
| ” | _,| larc L_ — |4—IDR
BUS //////////%( ADDRESS W( DATA x;;;;;;;;;A

T taD
Read from Exlernzl Data Memory

NOTE: Diagonal lines indicate
interval of high impedance.
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| ter |
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,E,ém ° PCH PORT 2 0-3 PORT | INPUT
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. ! PN P TR
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| ]
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Port 2 Timing
2V
T
EA _j : FORCE FORCE
|  ADDRESS ADDRESS
RESET 1 N
. ADDRESS DATAOUT .\ ___ NEXT NEXT DATA e
DBo 7 ' {0-7) VALID VALID ADDRESS OUT VALID
P20-21 X ADDRESS (8-9)* VALID X NEXT ADDRESS VALID

‘8049 = 8-10
8050 = 8-11 °

Verify Mode Timing
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Functional Pin Description
INPUT SIGNALS

Resel (RESET): Anaclivelow (0)input thatinitializes the
processor and is used to verify program memory. (See
note #1.)

Single Step (?‘:—S): Active low (0) input which, in con-
junction with ALE, can single step the processor through
each instruction.

External Access (EA): An active high (1) input that
forces all program memory felches to reference external
program memory.

Testahle Input 0 (To): Testable input pin using con-
ditional branch funclions JTQ (To 1)} or JNTO (To - 0). To
can be designated as the clock output using instruction
ENTO CLK.

Testable Input 1 (Ti): Testable input pin using
conditional branch functions JT1 (Ty = 1) or JNT1 (T1 =
0). T1 can be designated as the Timer/Counter input from
an external source using instruction STRT CNT.

Interrupt (INT): An active low input that iniliates an
interrupi when interrupt is enabled. Interrupt is disabled
after a reset. Also canbe tested with instruction JNI (INT
0). (See Note 2}.

QUTPUT SIGNALS

Read Strobe (RD): An active low output strobe aclivated
during a Bus read. Can be used (0 enable data onto the
BUS from an external device. Used as a Read Strobe to
External Data Memory.

Write Sirobe (W]; An active low output strobe activated
during a Bus write. Used as a Write Strobe to External Dala
Memory.

Program Store Enable (PSEN). An active low output that
occurs only during an external program memory fetch.

Pin Configuration

oL d1e N/ 40[Jvce
XTAL1{]2 /[T
XTAL2[]3 as|_1p27
RESET [ 4 37[] P26
§§[]s 36 [_] P25.
iINT{]s 35| 1pP24
EA[ |7 INS8048 34| 1 P17
RD[|s 33 1p18
PSEN(TJo  N330EY  32[Tp1s
WR[J10 INSB035 Hnl_1pP14
ALE[] 11 INS8039 30{ P13
PBo (|12 INS8040 29/ ] P12
pe: (|13 2 1P11
pB2 []14 27 JPi0
DBa (] 15 26 :] Voo
DBa[] 16 25 1 PROG
DBs ] 17 24| 1 P23
oBs [ |18 23 [} P22
osz[j18 2[1P21
vss [t 20 21 P20 "

R A

Address Latch Enable (ALE): An active high cutput that
occurs once during each cycle and is useful as a clock
oufput. The negative going edge ol ALE sirobes the
address into external dala or program memary.

Program (PROG): This ocuiput (active high) provides the
output strobe for INS8243 1/O Expander.

INPUT/QUTPUT SIGNALS

Crystal Input (XTAL1, XTAL2): These lwo pins con-nect
the crystal for internal oscillator operation. XTAL1 is the
timing input for external source.

Port 1 {P10-P17): B8-bit quasi-bidirectional pori.

Port 2 (P20-P27): B-bit quasi-bidirectional porl. During
an exlernal program memory fetch, the four high-order
program counter biis occur at P20-P23. They also serve as
a 4-bit 170 expander bus when the INS8243 1/0 Expander
is used. (See note 3).

BUS (DBe-DBy): True bidirectional port, either statically
latlched or synchronous. Can be written to using WR
Strobe, or Read from using RD-Strobe. During an external
program memory fetch, the 8 lower order program
counter bits are preset at this port. The addressed
instruction appears on this bus when PSEN is low, During
an external RAM dala store instruction. This port presents
address and data under control of ALE, RD, and WR.

Vss: Precessor Ground potential.

Voo: Voo functions as the Low Power Stand-by Voltage
and can vary from 2.2V to 5.5V.

Vce: Pin 40: Primary Power Source for 48-Series
Devices.

Functional Description

The following paragraphs contain the functional
description of the major elements of the 48-Series
microcomputer/microprocessor. Figure 1 is a block
diagram of the 48-Series devices. The dala paths are
illustrated in simplified form to show how the various logic
elements communicate with each other to impiement the
instruction set common to all devices.
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Program Memory

The Program Memory (ROM) contained on the
INS8048/49/50 devices is comprised of 1024, 2048 or 4096
8-bit byles, respectively. As is seen by examining the 48-
Series instruction set, these bytes may be program
instructions. program data or ROM addressing data. The
ROM for the above devices must be mask programmed at
the National Semiconductor factory. The ROMless micro-
processors, INSB035, INS8039 and INS8040 use external
program memory. This makes program development
straightforward using standard UV erasable PROMs to
emulate a possible future single chip (using the on-board
ROM) system. ROM addressing, uptoa maximum of 4K, is
accomplished by a 12-bit Program Counter (PGC). The
INS8048 and INS8049 will automatically address exiernal
memory when the boundary of their internal memories, 1K
and 2K respectively, are exceeded. The binary value of the
address selects one of the B-bit bytes contained in ROM. A
new address is loaded into the PC register during each

instruction cycie. Unless the instruction is a transfer of
control instruction, the PG register is loaded with the nex{
sequential binary count value.

With reference lo the Program Memory Map {see Figure 2)
there are three ROM addresses which provide for the
conirol of the microcomputer,

1. Memory Location 0000 - Resetling the Reset
(negative true) input to the microcomputer forces the
first instruction to be fetched from address 0000.

2. Memory Location 0003 - Asserting the Interrupl
(negative true) input to the microcomputer {when
" interrupt is enabled) forces a jump to subroutine.

3. Memory Location 0007 - A timer/counter interrupt
that resulls from timer/counter overflow (when
enabled ) forcing a jump to subroutine.

4095

2048

SEL MB1 (2048-4095)

2047

SEL MBO (0-2047)

1024
% 1023
4 L\/—/\/f\/\w/
Z| ¥ . ’
e g <«]— ADDRESS 0007 - TIMER/COUNTER
8 s 7 INTERRUPT VECTOR
A o] 2
& E s
E| &
G| E 5
g 8
& 4
W
[ 3 ADDRESS 0003 - EXTERNAL
«}—— INTERRUPT SUBROUTINE
2 VECTOR
1 - -
7l sisia]3al2 0 l«— ADDRESS 0000 -
L L | 0 RESET VECTOR

ADDRESS
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FIGURE 2. IN58048/4%9/50 Resident ROM Program Memory Map



Data Memory (RAM)

The resident RAM data memory is arranged as 64
(INS8035/8048), 128 (INS8039/8048) or 256
- {INS8040/8050) bytes. RAM addressing is implemented
indirectly via either of two B-bit RAM pointer registers RO
and R1. These peinter registers are essentially the first
two locations in the RAM (see Figure 3), addresses 000
and 001. RAM addressing may also be performed directly
by 11 direct register instructions. The pointer register
area of the RAM array is made up of eight working
registers that occupy either the first bank (0), locations (0
to 7), or the second bank (1), locations 24-31, The second
bank of working registersis selected by using the Register
Bank Switch instruction (SEL RB). If this bank is not used
tor working registers, it can be used as user RAM.

There is an 8-level stack after Bank 0 that occupies
address locations B to 23. These RAM locations are
addressed Indirectly through R0, R1 or the 3-bit Stack
Pointer (SP). The slack pointer keeps track of the return
address and pushes each return address down into the
stack. There are 8 levels of subroutine nesting possible in
the stack because each address occupies 10 bits or more
using two bytes in RAM. When the level of subroutine
nesting is less than 8, the slacks not used may be utilized
as user RAM locations.

2585 8050

USER RAM
128 x 8
3049
USER RAM
64x 8
8048
USER RAM
325 32x 8
31

127

63

J L

L L

DIRECTLY
———————— ADDRESSABLE
ALTERNATE WHEN SELECTED

POINTER
24 | REGISTER AND RC

REGISTER

23

STACK REGISTER ADDRESSED
OR INDIRECTLY
USER RAM BY
8 168 R1 OR RO

7 BANK 0
WORKING
REGISTERS

8x8 DIRECTLY
________ ADDRESSABLE

POINTER { A1

REGISTER) [~ 7 wa
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FIGURE 3. 48-Serles Resident RAM Data Memory Map

Input/Output

The 48-Series devices have 27 lines of input/output
organized as three. 8-bit porls plus three test inputs. The
three ports may be used as inputs. outputs or bidirectional
poris. Ports 1 and 2 differ {rom port 3 (Bus Port} in thal
they are quasi-bidirectional ports. Ports 1 and 2 can be
used as input and outpul while being statically latched. I
more 170 lines arerequired. Port 2 can also serve as a 4-bil
I/0 bus expander when used in con-junclion with the
INSB243 1/0 Expander,

I Voe

1o~

LATCH

STANDARD TTL

]

FIGURE 4. input/Qutput Qptions




The bus port is a true bidirectional port and is either
statically latched or synchronous. It can be written to
using WR strobe or read from using RD strobe. During an
extarnal program memory fetch, the 8 lower order
program counter bits are preset at this port. The
addressed instruction appears on this bus when PSENis
low. During an external RAM data store instruction, this
port presents address and data under control of ALE, RD,
and WR.

Transparent Improvements

National has made some additional Improvements to the
standard industry parts. These include a battery charging
circuit, and interrupt pin with hysteresis. Also, these
improvemenls are transparent to the user. See Figure 5.

Power Down Mode

During the power down mode, Vop which normally
maintains the RAM cells, is the only pin that receives
power. Vcg, which serves the CPU and ports is dropped
from nominal 5 volts to Q volt, after the CPU is reset, so
that the RAM cells are unaltered by the loss of power.
When power is restored, the processor goes through the
normal power-on procedure.

Battery Charging Circult

All 48-Series devices contain a circuit to provide external
battery charging capabilities. Power for all on-board
circuits are provided by Vcc {pin 40). Asshown in Figure 5
under normal operating conditions the RESET input is a
legic high holding the internal switch in the closed
position. Vcc is supplied to the program selectable
portion of the RAM array through the closed contact of
the internal switch. The normally closed contacts of the
switch also provide charging powaer to the external NiCad
cells. In the event of power fallure, the RESET pin must be
pulled low before Voo drops below 4.5 volts in order to
guarantee the RAM will not loose data. When the RESET
pin becomes a logic tow (0V) the internal switch is forced
to the open condition. DC power to sustain the desired
RAM data is provided by the two NiCad batteries

(approximately 2.2 volts), Normally, approximately 5 voits
are required to provide RAM data protection in the event
of a power failure. National's innovative advances in
NMOS technology provide the user with a RAM that
requires 50% less voltage and 10% of the power to protect
data during power failure, The on-chip charging circuit
and lower RAM power requirements provide the user with
a twofold saving; no external circuits required for the
battery charging and only 2 NiCad cells as opposed to the
normal requirement of 4 to 5 NiCad cells.

Voo
409 +5v
r— === =-———"
| | 4 o
| _______I._4RESET
Vool | INT
Lo S VT SWITCH* |
% I
I . i
(2) | R |
NiCad = | I
Cells : 0-63 | 64-127 | 127-256 | :
GND I
20, ~ ~ / I
= —e—_—— __RAM
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FIGURE 5. INS8049 Battery Charging Circuit




Instruction Set

Table 1 details the 96 instructions comman to both the
microcomputers and the microprocessors. The table

provides

the mnameonic,

function and description,

instruction code, number of cycles and, where applicable,

flag settings.

Table 1 Instruction Set
FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES ACJFo]F1
CONTROL
ENI Enable the External Interrupt input. 1 1
DIS | Disable the External Interrupt input. 1 i
ENTO CLK Enable T0 as the Clock Output, 1 1
SEL MBO (DBF) ~— 0 Select Bank 0 (locations 0 - 2047) of 1 1
Program Memory,
SEL MB1 (DBF) = 1 Select Bank 1 (locations 2048 - 4095) of 1 1
Program Memory,
SEL RBO (BS) — 0O Select Bank 0 {locations 0 - 7) of Dala 1 1
Memory.
SEL RB1 (85) ~ 1 Select Bank 1 {locations 24 - 31) of Data 1 1
Memory.
DATA MQVES
MOV A, Hdata (A) < data Move Immediate the specified data into 2 2
the Accumulator,
MOV A, Rr (Ay — (Relsr=0-7 Move the contents of the desjgnated 1 1
registers into the Accumulator.
MOV A, @ Rr (A) — ((Re}ir=0-1 Move Indirect the contents of data memory 1 1
location into the Accumulator.
MOV A, PSW (A) ~— (PSW) Move conlents of the Program Status 1 1
Word into the Accumulator.
MOV Rr, #data (Rr) +— data;r=0-7 Move Immediate the specified data into 2 2
the designated register.
MOV RAr, A (Rr} — (Ay;r=0-7 Move Accumulator contents into-the 1 1
designated register.
MOV @ Rr, A ((RN) — (Axr=0-1 Move Indirect Accumulator contents 1 1
into data memory location.
MOV @ Rr, #dala ((Rr}) ~~ datajr=0-1 Move Immediate the specified dala 2 2
into dala memory.
MOV PSW, A (PSW) — {A) Move contents of Agcumulator into the 1 1 o o
Program Status Word.
MOVP A @ A (PCO-7) ~ (A) Move the content ol program memory 2 1
{(A) — ((PC)) location in the current page addressed by
the content of accumulator into the
accumulator.
MOVP3 A @A (PCO-T7) —(A) Move the content of program memory 2 1
(PC 8-10) ~— 011 localion in page 3 address by the
(A) ~— ((PCH content of accumulator into the
accumulator,
MOVX A, @R Move Indirect the contents of exlernal 2 j

(A) = ((Rr));r =0 -1

data memory into the Accumulator,




Table 1. Instruction Set (Cont'd.)

FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES{ BYTES AC|FO|F1
DATA MOVES (Cont'd.)
MOVX @& R.A ((Rr)) ~— {A);r-0-1 Move Indirect the contents of the Accumu- 2 1
- lator into external dala memory,
XCH A, Rr (A) = (Rrjir 0-7 Exchange the Accumulator and 1 1
designated register's contents.
XCH A, ¢ Rr (A) = ((R);r O-1 Exchange Indirect contents of Accumu- 1 1
lalor and location in data memory.
XCHD A. @ Rr (A0 - A3) = ({{(Rr}) O - 3); Exchange Indirect 4-bit contents of 1 1
r 0-1 Accumulator and data memory.
TIMER COUNTER
EN TCNTI Enable Internal Intercupt Flag for Timer/ 1 1
GCounter output.
DIS TCNTI Disable Internal Interrupt Flag for Timer/ 1 1
Counter outpul.
MOVA.T (A) — (T) Move contents of Timer/Counter inio 1 1
Accumuiator.
MOVT A (1) — {A) Move contents of Accumulaloer into 1 1
Timer/Counter.
STOP TONT Stop Count for Event Counter. 1 ]
STRT CNT Start Count for Event Counter. 1 1
STRTT Start Count fer Timer. 1 1
ACCUMULATOR
ADD A, ¥dala (A) — (A) * dala Add Immediate the specilied Data to 2 2 .
the Accumulatar.
ADD A. Rr (A) ~— (A) + (Rr) Add contents of designated register to 1 1 .
forr-0-7 the Accumulator.
ADD A, @ Rr (A} *— {A) = ((Rr)) Add Indirect the contents the data memory 1 1 .
forr~0-1 location to the Accumulalor,
ADDC A, adata (A) *— (A) (C} * dala Add Immediate with carry the specified 2 2 .
dala lo the Accumulator.
ADDC A, Rr {A) — (A) »+ {C) + (Rr) Add with carry the contents of the desig- 1 1 .
forr ~Q-7 nated register to the Accumulator.
ADDC A. & Rr (A) — (A) + (C) + {(Rr)) Add Indirect wilh carry the contents of 1 1 ]
forr ~0-1 data memory location 1o the Accumulator.
ANL A. #data (A) — (A) AND data Logical AND specified Immediate Dala 2 2
with Accumulator.
ANL A, Rr {A) — (A) AND (Rr} Logical AND conlents of designated 1 1
forr 0-7 register wilh Accumulator.
ANL A. @ Rr (A) +— (A) AND ((Rr)) Logical AND Indirect the contents of dala 1 1
lorr=0-1 memory with Accumulatar.
CPL A {A} — NOT (A) Complement the contents of the 1 1
Accumulator.
CLR A (A —0 GCLEAR the contenls of the Accumulator. 1 1
DA A DECIMAL ADJUST the contents ol the 1 1
Accumulator.
DEC A {A) — (A)-1 DECREMENT by 1 the accumulator's 1 1
contents.
INC A (A) — (A) =1 Increment by 1 the accumulator’'s conlents ] 1
ORL A #dala {A) — (A} OR data Logical OR specified immediate dala 2 2
with Accumulator.
ORL A_Rr {A) — {(A) OR (Rr) Logical OR contents of designated 1 1

ORL'A, @ Rr

forvr 0-7
{A) *— (A) OR ((Rr})

inr ¢ ;\0-]

TR

register with Accumulalor,

Logical OR Indirect the contents of data
memory location with Accumulator.

't

a aa




Table 1. “Instruction Set (Cont'd.)

. FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES ACFO|F1
ACCUMULATOR (Cont'd.)
RLA {An I 1} = (An} Rotate Accumulator left by 1-bit without 1 1
forn 0-6 carry.
(A0) “— (A7)
RLC A {Ant1) ~~{An}in 0-6 Aotate Accumulator lett by 1-bit through 1 1
(A0) — (C) carry,
{C) = (A7)
RR A (An} *— {(Ant1);n 0-6 Rotate Accumulator right by 1-bit without 1 1
(A7) — (AD) withoul carry.
RRC A {(An) — (Ant1}:n t 0-6 Rotale Accumulator righl by 1-bit 1 1
{A7) — (G} through carry.
(C) -~ (A0)
SWAP A (Ad4-A7) ~ {AD - A3) Swap the 2, 4-bit nibbles in the 1 1
Accumulator.
XRL A, ¥dala (A) ~— (A) XOR dala Logical XOR immediate specified data 2 2
with Accumulator.
XRL A, Rr (A) — (A) XOR (Rr} Logical XOR contents of designated i 1
forr=0-7 register with Accumulator.
XRL A, @ Rr (A) + {A) XOR {{Rr)} Logical XOR Indirect the contents of data ] 1
forr=0-1 memory location with Accumulator.
BRANCH
DJNZ Rr, addr (Rr} — {Rr) -1:r =0-7 Decrement the specilied register and 2 2
it (Rr) £ 0; test contents.
(PC 0-7) ~— addr
JBb addr {PC 0-7) *— addrif Bb =1 Jump 1o specified address if Accumulator 2 2
{PC) — (PC)+2iBb=0 bit is_set.
JC addr (PC 0-T) ~—addrif C = 1 Jump 1o specified address il carry flag 2 2
{(PC) «— (PC) t2itC =0 is set.
JFO addr (PC 0-7) —addrif FO = 1 Jump 1o specified address if Flag FO is 2 2
(PC) *—(PC) +2ifFO =0 set.
JFI addr (PC 0-7) — addrif F1 = 1 Jump to specified address if Flag Ft is 2 2
(PC) —(PC) +2ifF1=0 set.
JMP addr (PC 8-10) — addr 8-10 Direct Jump to specified address within 2 2
(PC 0-7) ~— addr 0-7 the 2K address block.
(PC 11) —-DBF
JMPP @ A (PC 0-7) ~ ((A})) Jump indirect to specified address pointed 2 1
to by the accumulator in current
page.
JNC addr (PC 0-7) ~—addrifC =0 Jump to specified address if carry flag 2 2
(PC)— (PC)+2ilC =1 is low.
JNI addr (PC 0-7) ~— addrifl =0 Jump to specified address if interrupt 2 2
(PC) —(PCY+2if1 -1 is low.
JNTO addr (PC 0-7) ~— addrif TO =0 Jump to specified address if Test 0 is low. 2 2
(PC) ~— (PC) +2iTO -1
JNT1 addr {(PC 0-7) *—addrif T1 - 0 Jump to specified address if Test 1 is low. 2 2
(PC) — (PC)t2ifT1 1
JNZ addr (PCO0-7) — addrif A £ 0 Jump to specitied address if accumulator 2 2
(PC) — (PC) +2itA =0 is non-zaro.
JTF addr {(PC 0-7) “— addrif TF = 1 jump to specified address if Timer Flag 2 2
(PC) — (PC) +2if TF - 0 issetto 1. -
JT0 addr (PC 0-7) *— addrif TQ =1 Jump to specified address if Tast Qisa 1. 2 2
(PC) — (PC)t2ifTO O
JT1addr (PC 0-7) *~addrit T1 - 1 Jump to specified address if Test 1 isa 1. 2 2
(PC)—(PC)i+2ifT1 O
JZ addr {PCO-7) *— addriftA 0 Jump to specified address if Accumulator 2 2

(PC) —(PC) 1 2iA 1

~

is 0.




TaEI-e. 1. etridtruction Set (Cont'd.)

FLAGS
MNEMONIC FUNCTION DESCRIPTION CYCLES | BYTES AC|FO|F1
INPUT/OUTPUT
ANL BUS, data {BUS) ~— (BUS) AND Logical AND Immediate specified 2 2
data data with contents of BUS,
ANL Pp, data {Pp) “— (Pp) AND data; Logical AND immediate specified 2 2
p 1-2 data with designated port (1 or 2).
ANLD Pp. A (Pp) ~—(Pp) AND Logical AND contents of Accumulator 2 1
(A0 - A3); p 4-7 with designaled port {4 - 7).
IN A, Pp (A) — (Pphip 1-2 Input data from designated port (1 - 2) 2 1
into Accumulator.
INS A, BUS (A) = (BUS) Input strobed BUS data into Accumulator 1
MOVD A, Pp (AD-A3} — (Pp): Move contents of designated port (4 - 7) 2 1
p 4-7T{A4-A7) — 0O into Accumulator.
MOVD Pp. A {(Pp) — (A0 - A3 Move cantents of Accumulator to 2 1
p 4-7 designated port (4 - 7).
ORL BUS, #data (BUS) < {BUS) OR Loéical OR Immediate specified data 2 2
data with contents of BUS,
ORLD Pp. A (Pp) — {Pp) OR Logical OR contents of Accumulatar 2 1
(A0 - A3):p 4-7. with designated port (4 - 7).
ORL Pp, #data (Pp) *— (Pp) OR data; Logical OR Immediate specified data 2 2
p i-2. with designated port (1 - 2).
QUTL BUS, A (BUS) = (A) Output conlents of Accumulator onto 2 1
BUS,
QUTL Pp. A (Pp) — (Alip 1-2 Output contents of Accumulator to 1 i
designated porl (1 - 2).
REGISTERS
DEC Rr (Rr) — {Rr) -t;r 0-7 Decrement by 1 contents of designated 1 1
register.
INC Rr {Rr) — (Rr) 1131 0-7 Incrament by 1 contents of designated 1 1
register.
INC @ Rr {(Rr)) ~— {{Rr)) 1 1; Increment Indirect by 1 the contents of 1 1
r O-1. dala memory localion.
SUBROUTINE
CALL addr {(SP)) = (PC) Call designated Subroutine. 2 2
((SP))} —(PSW 4-7)
(SP) ~— (SP) 1 1
{(PC8-10) *— addr 8-10
{PC 0-7)— addr 0-7
(PC 11) — DBF
RET (SP) — (SP) - & Return from Subroutine without 2 1
(PC) — {{S5P)) resloring Program Status Word.
RETR (SP) — (SP) -1 Return from Subroutine restoring 2 1 )
(PC) — {{SP)) Program Status Word.
(PSW 4-7) *— ((SP))
FLAGS
CPL C {C)} = NOT {C) Complement Content of carry bit. 1 1
CPL FO , (FO) = NOT (F0) Complement Content of Flag FO. 1 1 *
CPL F1 {F1) — NOT (F1) Complement Content of Flag F1. 1 1 .
CLR C {Cy— 0 Clear content of carry bil to 0. 1 1
CLR FO (FOy — 0. Clear content of Flag 0 to 0. 1 1 ..
CLR F1 (Fiy— 0 Clear content of Flag 1 to 0. i 1 .
~ MISCELLANEOQUS
NOP J No operation 1 1

A-16




Symbol Definitions -

SYMBOL DESCRIPTION SYMBOL ] DESCHIPT_ION
A The Accumuiator P Port Designator (p = 1,20r4-7)
AC The Auxiliary Carry Flag PSW Pragram Status Word
addr Program Memory Address (12 bits) r Register Designator (r =0, 1 or 0 - 7)
b Bit Designator (b =0-7) SP Stack Pointer
BS The Bank Switch T Timer
BUS The BUS Port TF Timer Flag
C Carry Flag To Ty Testable Flags 0, 1
CLK Clock Signal X External RAM
CNT Event Counter # Prefix for Immediate Data
D Nibble Designator (4 bits) @ Prefix for Indirect Address
data Number or Expression (8 bits) $ Program Counter's Current Value
DBF Memory Bank Flip-Flop (x) Contents of Exlernal RAM Location
Fo Fi Flags 0, 1 ({xx)} Contents of Memory Localion
Addressed by the Contents of
I Interrupt External RAM Location.
P In-Page” Operation Designator — Replaced By
TYPICAL APPLICATIONS
Figure 6 shows a typical way to use the 48-Series Micro-
computers in a stand-alone system.
8 Crystal used is:
¢ Series resonant
¢ AT cut
e 1to6 MHzor4to 11 MHz
+5V GND
40 2s| zol
Vee Voo Vss P10 |- 277
Hﬂj__z XTAL1 P11 |- 28
20pt &2 P12 29
HEE 3] XTAL2 P13 |30 |Pont 1
l1u|‘d 4! RESET P14 — 31 |(Input/Output)
H Pt5 —32 '
1 €A P16 |- 33
5| 58 P17 [—34
= NC—H P20 |21
P21 |22
INSB048 ::: 23 Port 2
INSB049 iy 24 [Por
INS8050 — 35 {({Input/Qutput)
P25 |26
P26 [—37
P27 38
1~ TO DBo |- 127
DB 13
INPUT| 39~ T1 08; |14
6 - INT D83 \—15 BUS Port
0B 16 [{Input/Qutput)
DBs 17
DBs [— 18
ALE PSEN PROG WR AD DB7 |19 ]
11 9 25 10 8
NC *NC 12-6
—\\

FIGURE 6. Stand-alone INS8048/49/50
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TYPICAL APPLICATIONS (Cont'd) :

Figure 7 shows a typical remote data acquisition system
with an [INS8250 Programmable Asynchronous
Communication System which can receive commands or
update information from a supervisory computer. The
figure also shows an INS8294 CMOS DVM that receives
data at Vin and displays the data on the 7-segment local
dispiay unit. Data are transferred from the INS8294 to the
INS8049 via National’'s MICROBUS™,

Serlal /O
O
Supervisory
Computer/
. (e  NS8250  ummmh W C, i)
M Display
|
C
INSS049  [(uEEEEAE] R
0
g
)
s _. ‘INS0294
DVM
" Local Valtage in
Display
FIGURE 7. Data Acquisition System t2-7

TYPICAL APPLICATIONS (Cont'd)

Figure 8 shows a typical way to add a Input/Qutput
Expander and Programmable Interval Timer to the 48-
Series Microprocessors.



8-Z

on _

Jawi}

O/1

— 9
— 0t |LNdNI
— L

—r—

ON

1

- I"'-l-ﬂT

pyrip !

i
£ == doz!
I |

Z ZHW9 )dgz!

Jawp) JeAIdlu| gSZESNI '8 IHNOIS
- /1 —20 Ol }—-¢€2Z
—gL»{zD .
B ol -z
‘qQp-¢
sal—¢
~«~—¢L—LD ral-v
—vL>»{1D ggzgsN) OIS
—GL»1D ¢ca-9 g 0l 6 L
\gl-¢ _ | | [
| ‘a8 gy YM N3Sd 3V
«—0L—{00D e )l o XA 60 —4-:80
— L1>{0D \'y |-o02 — g1 —°aa
— 60D oV -61 —— L 71 —580Q
B -
b1 ¢aa 4NI
€L 8a
1L
- 0
9t —{ed $2 }-9 ¢t 8d
SL—{zid . 8¢ Led oL
i —{Lid Hd -1 — LE 9¢d 0S08S NI
€1 —04d m.m. mma 6v08SNI
: ' ped
L1 —{e9d ged |8 v ' £2d 8Y08SNI
81 —Z9d Zed |6 £ Z2d
6L —{L9d ted ol ze ' 1ed SS
02 —09d 02d LI 12 0zd =
MW —Jecq .Im.N 504Yd v3
-——{<ZSd HIANVJIX3 e — Lid
I —osd 26 — Gid
EPZESNI on-e—rid ZIv1X
§ —evd 0t — £1d
v —2bd 62— Zid LIVLX
£ —]Lvd gg—] LiId
Z —{ord aNo O0A IT——0Ld SSA UUA 20
_ﬁ _qm - _8 _8 __3
aNS AS~ aNo ASH



APPROVED FORMATS FOR CUSTOM PROGRAMMED
PARTS

INPUT MEDIUM:

2716 EPROM

2708 EPROM

PAPER TAPE

IMPORTANT - EPROM LABELLING

Only one customer program may be included in a single
order. The following method must be used to identify the

EPROMs comprising a program.

a: The EPROMSs used for storing a custom program are
designated as shown:

2716: Block A 0-2047
2708: Block A 0-1023
Block B 1024-2047

b: All EPROMs must be labelled (stickers, paint, etc.)
with this block designation plus a customer assigned
print or identification number.

Example:

1) Customer Data
¢ Custom Program Length - 2K
s Medium - Two 2708's
¢ Customer Print or .D. No.
C123-45

2) EPROM Labels

C123-45 C123-45
A B
0-1023 1024-2047
Paper Tape

Tapes may only be submitted in binary complement
formal. The following information should be writlten on the
paper lape.

Company Name

Customer Print or 1.D. No.

NSC Part No.

A Punch = ("1" or "0")

This is logic (POS or NEG)

BINARY COMPLEMENT FORMAT

® Y ) r'y -—BIT 1
oo * 4

.e . e

*S S 9" OB SR e e e O " P EEH S B OGS

se ™

Y ) TOP o

o0 ™ ™ .

™

~— BIT 8

r

WORD N -1_1 T
COMPLEMENT WORD N -1

COMPLEMENT WORD 1
—WORD 1

l.— COMPLEMENT WORD 0
WORD 0

START

NOTE 1: Tape musi be blank except for the data words.

NOTE 2: Tape musti start with a ruboul character.

NOTE 3: Data is comprised of iwo words, the lirst being
the actual data and the second being the com-
plement of the data.

Verification

You will receive a listing of the options ordered and the
input data. If you also wish to receive EPROMSs for
verification, please send additional blank EPROMs as
necessary for this purpose. You c¢an use software (the
listing) or hardware {EPROMSs) to verify the program.

You will be asked for a GO/NC GO response within ane
weaek after you receive the listing.

VERIFICATION LISTING

The verification listing has six sections:

1. A cover sheet with provision for "STOP, DO NOT
PROCEED" or "VERIFICATION CERTIFIED"
signatures.

2, Description of the options you have chosen,

3. Adaescription of the logﬂdesignalions and assumptions
used to process the défa.

~ 4, A lisling of the data you have submitted.

5.  An error summary.

6. A definition of the standard logic definitions for the
ROM and the reduced form of the data. This list shows
the output word corresponding to each address coded
in binary.




Ordering Information for Custom Programmed Parts

The foltowing information must be submitted with each customer microcomputer program. An order will not be pro-
cessed unless it is accompanied by this intformation. This form acts as a Traveler from Customer through Customer
Service to ROM programming. Please retain a copy of this form to compare against the verification listing. The form
will be sent back to the customer by Customer Service.

Naiional Microcoinpuler Part Number
ROM Letter Code (Mational Use Oniy)
Name : Date
Address ' ' | Customer Print or 1.D. No.
City State Zip Purchase Order No.
Telephone ( ) Name of person National can contact (Print)
Authorized Signalure Date
OPTIONS
1. Device Type (Circle One) B. Veritication Medium: The user will be sent one or
more of the fellowing media to verify National's
. 8048-6 (6 MHz) 8049-6 8050-6 reception of valid date. f any EPROM is selecled,

blank EPROMs must be submitted with this form.
8048-11 (11 MHz) 8049-11

Circle One or More

A. Input Medium (Circle One)
Listing: Binary MPS Format EPROM: 2708 2716

48 Series Part; 8048 Hexadecimal Format 2758A 2732
8748 2758B 8748
EPROM: 2708 2716
2758A , 2732 Total Number of EPROMs:
27588

Total number of EPROMs:
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