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Quality Assurance

1 Quality Assurance System

The high quality and reliability of integrated circuits from Siemens is the result of a carefully
arranged production which is systematically checked and controlled at each stage.

The procedures are subject to a quality assurance system; full details are given in brochure
“*Siemens Quality Assurance System — Integrated Circuits’ (SQS-IC).

Figure 1 shows the most important stages of the “SQS-IC”. A quality assurance (QA)
departmentwhich is independent of production and development departments, is responsible
for the selected control measures, acceptance procedures, and information feedback loops.
This department has state-of-the-art test and measuring equipment at its disposal, works
according to approved methods of statistical quality control, and is provided with facilities
for accelerated life and environmental tests used for both qualification and routine
monitoring tests.

Figure 1 1
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The latest methods and equipment for preparation and analysis are employed to continuously
improve quality and reliability.
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Quality Assurance

2 Conformance

Each integrated circuit is subject to a final test at the end of the production process.
This test is carried out by computer-controlled, automatic test systems because hundreds
of thousands of operating conditions as well as many static and dynamic parameters are
to be considered. Moreover, these test systems are extremely reliable and reproducible.
The quality assurance department finally checks the ICs in the form of a lot-by-lot sampling
inspection to additionally ensure this minimum failure rate as well as the acceptable quality
level (AQL). Sampling inspection is performed in accordance with the inspection plans of
DIN 40080, as well as of the identical MIL-STD-105 or IEC 410.

The table below shows the results of such sampling inspections performed with hundreds
of thousands of ICs in 1984. Those results correspond to the average outgoing quality
(AOQ), and are specified as defectives per million (DPM).

Total Sum of Sum of
defects electrical mechanical
defects defects
AOQ AOQ AOQ
(DPM) (DPM) (DPM)
SSI/MSI
=< 1000 gate functions 60 300 500
LSI/VLSI
> 1000 gate functions 400 800 600

3 Reliability
3.1 Measures Taken during Development

The reliability of ICs is already considerably influenced at the development stage. Siemens
has, therefore, fixed certain design standards for the development of circuit and layout,
specifying e.g. minimum width and spacing of conductive layers on a chip, dimensions and
electrical parameters of protective circuits for electrostatic charge, etc. An examination
with the aid of carefully arranged programs run on large-scale computers, guarantees
an immediate identification and elimination of unintentional offenses against those design
standards.
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Quality Assurance

3.2 In-Process Control during Production

Manufacturing of integrated circuits comprises several hundred production steps. As
each step is to be executed with utmost accuracy, the in-process control is of outstanding
importance. Some processes involve more than hundred different test measures. The tests
have been arranged such that the individual process steps are continuously reproducible.

The decreasing failure rates reflect the never ending effort towards this direction; in the
course of years they have been reduced considerably despite an immense rise in the IC’s
complexity.

Figure 2
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Figure 2 shows the general course of the failure rate for digital MOS ICs in fit for the years
1970 to 1983. The increasing complexity as regards gate functions/chip is also specified.
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3.3 Reliability Monitoring

The general course of the IC’s failure rate versus time is shown by a so-called “bathtub”
curve (figure 3). The failure rate has its peak during the first few operating hours (early
failure period). After the early failure period has decayed, the “constant” failure rate
period starts during which the failures may occur at an approximately uniform rate. This
period ends with a repeated rise of the curve during the wear-out failure period. For ICs,
however, the latter period lies usually far beyond the service life specified for the individual
equipment.

Figure 3
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Reliability tests for ICs are usually destructive examinations. They are, therefore, carried
out with samples. Most failure mechanisms can be accelerated by means of higher
temperatures. Due to this temperature dependence, the time required to simulate a future
operational behavior can be shortened by applying high temperatures; this is called
life test.
The acceleration factor B for the life test can be obtained from the Arrhenius equation

B= exp (EA/k ”2"1‘1])

where T, is the temperature at which the life test is performed, T, is the assumed operating
temperature, and k is the Boltzmann constant.

Important for factor B is the activation energy E, which lies between 0.3 and 1.3 eV and
differs considerably for the individual failure mechanisms.
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For all Siemens ICs, the reliability data gathered from life tests is converted to an operating
temperature of Tamb =40°C, assuming an average activation energy of 0.4 eV. The accel-
eration factor for life tests is thus 24, compared with operational behavior. This method
considers also failure mechanisms with low activation energy, i.e. which are only slightly
accelerated by the temperature effect.

Various reliability tests are periodically performed with IC types that are representative
of a certain production line — this is described in the brochure “SQS-IC”. Such tests are e.g.
humidity test at 85°C and 85% relative humidity, pressure cooker test, as well as life
tests up to 1000 hours and more. Test results are available in the form of summary reports.

15
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Summary of Types

Summary of Types (incl. ordering codes)

Type Function Ordering Code Page
Ceramic Plastic

Microcontroller and Microprocessor Components

SAB 8031A 8-bit single-chip MC — Q67120-C183 27
without internal ROM

SAB 8031A-T40/85 8-bit single-chip MC — Q67120-C230 47
extended temperature range

SAB 8031A-T40/110 8-bit single-chip MC — Q67120-C232 a7
extended temperature range

SAB 8031A-15 8-bit single-chip MC (15 MHz) — Q67120-C189 27
without internal ROM

SAB 8032A 8-bit single-chip MC — Q67120-C196 65
without internal ROM

SAB 8032A-T40/85 8-bit single-chip MC _ Q67120-C235 83
without internal ROM

SAB 8032A-T40/100 8-bit single-chip MC — Q67120—-C239 83
without internal ROM

SAB 8035L 8-bit single-chip MC — Q67120-C43 117
without internal ROM

SAB 8035L-T40/85 8-bit single-chip MC — Q67120—-C140 101
extended temperature range,
without internal ROM

SAB 8048 8-bit single-chip MC — Q67120-C32 117

with mask-programmable ROM

SAB 8048-T40/85  8-bit single-chip MC

with mask-programmable ROM,

extended temperature range

SAB 8048-T40/110 8-bit single-chip MC

with mask-programmable ROM,

extended temperature range

— Q67120-C133

— Q67120—-C162

101

101




Summary of Types

Type Function Ordering Code Page
Ceramic Plastic
SAB 8051A 8-bit single-chip MC — Q67120-C186 27
with mask-programmable ROM
SAB 8051A-T40/85 8-bit single-chip MC — Q67120—-C233 a7

with mask-programmable ROM,
extended temperature range

SAB 8051A-T40/110 8-bit single-chip MC — Q67120-C231 a7

SAB 8051A-15

SAB 8052A

SAB 8052A-T40/85

SAB 8052A-

SAB 8085A
SAB 8085A-2
SAB 8085AH
SAB 8085AH-2
SAB 8086
SAB 8086-1
SAB 8086-2
SAB 8088
SAB 8088-2
SAB 80186

SAB 80188

40/1

with mask-programmable ROM,
extended temperature range

8-bit single-chip MC (15 MHz) — Q67120-C214 27
with mask-programmable ROM
8-bit single-chip MC — Q67120-C195 65
with mask-programmable ROM
8-bit single-chip MC — Q67120—-C247 83

with mask-programmable ROM,
extended temperature range

0 8-bit singie-chip MC — Q67120—-C248 83

with mask-programmable ROM,
extended temperature range

8-bit microprocessor, 3 MHz — Q67120-C34 135
8-bit microprocessor, 5 MHz — Q67120—-C41 135
8-bit microprocessor, 3 MHz — Q67120-C122 163
8-bit microprocessor, 5 MHz — Q67120-C124 163

16-bit microprocessor, 5 MHz Q67120—-C45 Q67120-C116 191
16-bit microprocessor, 10 MHz ~ Q67120—-C104 Q67120—C141 191
16-bit microprocessor, 8 MHz Q67120-C60 Q67120-C142 191

8-bit microprocessor, 5 MHz — Q67120-C106 231
8-bit microprocessor, 8 MHz — Q67120-C213
High-integration 16-bit — — 261
microprocessor

High-integration 8-bit — — 263

microprocessor
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Summary of Types

Type Function

Ordering Code
Ceramic Plastic

Page

SAB 80215 8-bit single-chip MC
with mask-programmable ROM

SAB 80286 High-performance 16-bit
microprocessor with memory
management and protection,
8 MHz (CLCC)

SAB 80286-CG High-performance 16-bit
microprocessor with memory
management and protection,
8 MHz (pin grid array)

SAB 80286-CG T0/55 High-performance 16-bit
microprocessor with memory
management and protection,
8 MHz (PGA, restr. temp.)

SAB 80286-6 High-performance 16-bit
microprocessor with memory
management and protection,

6 MHz (CLCC)

SAB 80286-6-CG High-performance 16-bit
microprocessor with memory
management and protection,

6 MHz (pin grid array)

SAB 80286-6-CG High-performance 16-bit

T0/55 microprocessor with memory
management and protection,

6 MHz (PGA, restr. temp.)

SAB 80315 MC like SAB 80215 but with
external EPROM
(piggyback version)

SAB 80515 8-bit single-chip MC
with mask-programmable ROM,

SAB 80515-T40/85 8-bit single-chip MC
with mask-programmable ROM,
extended temperature range

— Q67120-C81

Q67120-C151 —

Q67120-C222 —

Q67120—-C255 —

Q67120-C226 —

Q67120-C228 —

Q67120—-C256 —

Q67120-C82 —

— Q67120-C211

— Q67120—-C210

265

303

303

303

303

303

303

265

367

367
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Summary of Types

Type Function Ordering Code Page
Ceramic Plastic

SAB 80535 8-bit single-chip MC — Q67120-C241 367
without internal ROM

SAB 80535-T40/85 8-bit single-chip MC — Q67120-C240 367
extended temperature range,
without internal ROM

SAB 80C382 8-bit single-chip CMOS MC — Q67100—-H3205 397
without internal ROM — Q67100—-H3199

SAB 80C482 8-bit single-chip CMOS MC — Q671002154 397

Peripheral Components

SAB 1791-02 Floppy disk controller, — Q67120-Y39 427
inverted data bus,
single-sided

SAB 1793-02 Floppy disk controller, — Q67120-Y40 427
true data bus, single-sided

SAB 1795-02 Floppy disk controller, — Q67120-Y46 427
inverted data bus,
double-sided

SAB 1797-02 Floppy disk controller, — Q67120-Y47 427
true data bus, double-sided

SAB 2793A-02 Floppy disk controller, — Q67120-Y82 453
true data bus,
single-sided

SAB 2797A-02 Floppy disk controller, — Q67120-Y84 453
true data bus,
double-sided

SAB 7201A Multiprotocol serial — — 483
communications controller

SAB 81C52 256 x 8-bit static CMOS RAM, — Q67100-Q486 485

NMOS-compatible
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Summary of Types

Type Function Ordering Code Page
Ceramic Plastic

SAB 8155 RAM stat., 2048 bit — Q67120—-Q42 495
with I/0 ports and timer

SAB 8155-2 RAM stat., 2048 bit — Q67120-Q86 495
with I/0 ports and timer

SAB 8237A High-performance — Q67120-Y49 513
programmable DMA controller,
3 MHz

SAB 8237A-5 High-performance — Q67120-Y72 513
programmable DMA controller,
5 MHz

SAB 8256A Programmable multifunction Q67120-Y55 Q67120-Y43 531
UART (MUART), 3 MHz

SAB 8256A-2 Programmable multifunction Q67120-Y58 Q67120-Y59 531
UART (MUART), 56 MHz

SAB 8259A Programmable interrupt — Q67120-P46 559
controller, 5 MHz

SAB 8259A-2 Programmable interrupt — Q67120-P81 559
controller, 8 MHz

SAB 8275 Programmable CRT controller, — Q67120—-P58 571
2 MHz

SAB 8275-2 Programmable CRT controller, — Q67120-P92 571
3 MHz

SAB 8276 Small system CRT controller, — Q67120—P83 599
2 MHz

SAB 8276-2 Small system CRT controller, — Q67120-P93 599
3 MHz

SAB 8282A Octal latch, non-inverted —_— Q67020-Y149 625
data

SAB 8283A Octal latch, inverted data —_ Q67020—-Y150 625

SAB 8284B Clock generator for SAB 8086 — Q67020-Y151 631
family processors, 8 MHz

SAB 8284B-1 Clock generator for SAB 8086 — Q67020-Y152 631

family processors, 10 MHz
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Summary of Types

Type Function Ordering Code Page
Ceramic Plastic

SAB 8286A Octal bus transceiver, — Q67020-Y153 645
non-inverted data

SAB 8287A Octal bus transceiver, — Q67020—-Y 154 645
inverted data

SAB 8288A Bus controller for SAB 8086 — Q67020-Y155 653
family processors

SAB 8289 Bus arbiter, 8 MHz — Q67020-Y74 665

SAB 8289-1 Bus arbiter, 10 MHz —— Q67120-Y85 665

SAB 82200 Local bus arbiter — — 677

SAB 82220 Bus interface controller — — 679

SAB 82258 Advanced DMA controller Q67120-P122 — 681
for 16-bit MC systems

SAB 82284 Clock generator for — Q67020-Y162 729
SAB 80286 family processors,
up to 16 MHz

SAB 82284-6 Clock generator for — Q67020-Y165 729
SAB 80286 family processors,
up to 12 MHz

SAB 82288 Bus controller for SAB 80286 — Q67120-Y75 741
processors, up to 16 MHz

SAB 82288-6 Bus controller for SAB 80286 — Q67120-Y110 741
processors, up to 12 MHz

SAB 82289 Bus arbiter for SAB 80286 — Q67020-Y77 769
processor family, 16 MHz

SAB 82289-6 Bus arbiter for SAB 80286 — Q67120-Y111 769
processor family, 12 MHz

SAB 82520 High-level serial communi- — — 803
cations controller

SAB 82731 Dot rate generator, 50 MHz — Q67020-Y114 805

SAB 82731-2 Dot rate generator, 80 MHz — Q67020-Y118 805
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Summary of Types

Type

Function

Ordering Code

Plastic

Page

Memory Components

HYB 4116-2

HYB 4116-3

HYB 4164-1

HYB 4164-2

HYB 4164-3

HYB 41256-12

HYB 41256-15

HYB 41256-20

HYB 41257-12

HYB 41257-15

HYB 41257-20

RAM dyn., 16384 x 1 bit
access time 150 ns

RAM dyn., 16384 x 1 bit
access time 200 ns
RAM dyn., 65536 x 1 bit
access time 120 ns
RAM dyn., 65536 X 1 bit,
access time 150 ns
RAM dyn., 65536 X 1 bit,
access time 200 ns

RAM dyn., 262144 x 1 bit
access time 120 ns

RAM dyn., 262144 x 1 bit
access time 130 ns
RAM dyn., 262144 x 1 bit
access time 200 ns
RAM dyn., 262144 x 1 bit
access time 120 ns
RAM dyn., 262144 x 1 bit
access time 150 ns
RAM dyn., 262144 x 1 bit
access time 200 ns

Q67100-Q308

Q67100—-Q306

Q67100-0339

Q67100—-Q325

Q67100-Q326

Q67100—-Q346

Q67100-Q347

Q67100—-Q348

Q67100-Q349

Q67100—-Q350

Q67100—-0Q351

835

835

845

845

845

879

879

879
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SAB 8031A/8051A
SAB 8031A-15/8051A-15
8-Bit Single-Chip Microcontroller

SAB 8031A/8031A-15 Control Oriented CPU with RAM and /0
SAB 8051A/8051A-15 A SAB 8031A with Factory Mask-Programmable ROM

® SAB 8031A/8051A, 12 MHz Operation
SAB 8031A-15/8051A-15, 16 MHz Operation

® 4K x 8 ROM

® 128 x 8 RAM

® Four 8-Bit Ports, 32 1/0 Lines

® Two 16-Bit Timer/Event Counters

® High-Performance Full-Duplex
Serial Channel

® External Memory Expandable to 128K

® Compatible with SAB 8080/8085
Peripherals
® Boolean Processor
® 218 User Bit-Addressable Locations
® Most Instruction Execute in:
1us (SAB 8031A/8051A)
800 ns (SAB 8031A-15/8051A-15)
® 4 s (3.2 us) Multiply and Divide

Pin Configuration

Logic Symbol

INTH -
WR =

LN A A I IO IO B

an

The SAB 8031A/8051A is a stand-alone, high-
performance single-chip computer fabricated in
+5V advanced Siemens MYMOS technology and
packaged in a 40-pin DIP. It provides the hardware
features, architectural enhancements and new
instructions that are necessary to make it a powerful
and cost effective controller for applications
requiring up to 64 Kbytes of program memory
and/or up to 64 Kbytes of data storage.

The SAB 8051A contains a non-volatile 4K x 8 read-
only program memory; a volatile 128 x 8 read/write

data memory; 321/0 lines; two 16-bit timer/
counters; a five-source, two-priority-level, nested
interrupt structure; a serial I/0 port for either multi-
processor communications, 1/0 expansion, or full
duplex UART; and on-chip oscillator and clock
circuits. The SAB 8031A is identical, except that it
lacks the program memory.

For systems that require extra capability, the
SAB 8051A can be expanded using standard TTL
compatible memories and the byte oriented
SAB 8080 and SAB 8085 peripherals.

3.85
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SAB 8031A/8051A

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Functions

P1.0-P1.7

1-8

110

Port 1 is an 8-bit quasi-bidirectional I/0 port. It is used for
the low-order address byte during program verification.
Port 1 can sink/source four LS TTL loads.

RST/VPD

A high level on this pin resets the SAB 8051A. A small
internal pulldown resistor permits power-on reset using
only a capacitor connected to VCC. If VPD is held within its
spec while VCC drops below spec, VPD will provide
standby power to the RAM. When VPD is low, the RAM'’s
current is drawn from VCC.

P3.0-P3.7

10-17

1/0

Port 3 is an 8-bit quasi-bidirectional I/0 port. It also

contains the interrupt, timer, serial port and RD and WR

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

grammed to a one (1) for that function to operate. Port 3

can sink/source four LS TTL loads. The secondary

functions are assigned to the pins of Port 3, as follows:

— RXD/data (P3.0). Serial port’s receiver data input
(asynchronous) or data input/output (synchronous).

— TXD/clock (P3.1). Serial port’s transmitter data output
(asynchronous) or clock output (synchronous).

— INTO (P3.2). Interrupt 0 input or gate control input for
counter 0.

— INTT (P3.3). Interrupt 1 input or gate control input for
counter 1.

— T0 (P3.4). Input to counter 0.

— T1(P3.5). Input to counter 1.

— WR (P3.6). The write control signal latches the data
byte from port 0 into the external data memory.

— RD (P3.7). The read control signal enables external
data memory to port 0.

XTAL1
XTAL2

19
18

XTAL 1 input to the oscillator’s high gain amplifier.
Required when a crystal is used. Connect to VSS when
external source is used on XTAL 2.

XTAL 2 output from the oscillator's amplifier. Input to the
internal timing circuitry. A crystal or external source can
be used.

P2.0-P2.7

21-28

Port 2 is an 8-bit quasi-bidirectional /0 port. It also emits
the high-order address byte when accessing external
memory. It is used for the high-order address and the
control signals during program verification. Port 2 can
sink/source four LS TTL loads.

29

The program store enable output is a control signal that
enables the external program memory to the bus during
external fetch operations. Itis activated every six oscillator
periods, except during external data memory accesses.
Remains high during internal program execution.

ALE

30

Provides address latch enable output used for latching
the address into external memory during normal
operation. It is activated every six oscillator periods
except during an external data memory access.

28



SAB 8031A/8051A

Pin Definitions and Functions (continued)

Symbol Number IOnStL;')tu(tl)(O) Functions

EA 31 | When held at a TTL high level, the SAB 8051A executes
instructions from the internal ROM when the PC is
lessthan 4096.When heldata TTLIowlevel, the SAB8051A
fetches all instructions from external program memory.
For the SAB 8031A this pin must be tied low.

P0.0-P0O.7 39-32 1/0 Port 0 is an 8-bit open drain bidirectional I/O port. Itis
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification. Port 0 can sink/source
eight LS TTL loads.

VvCC 40 +5V power supply during operation and program
verification.

VSS 20 Circuit ground potential.

Block Diagram

Frequency
Reference Counters

o -

|
| |
' 4096 byte !
! Oscillator Prog(ar);w"s 128 bytes Twa 16 bit !
: T Memory Data Memory urr‘ver/Evem ‘
| mng (SABBOSTA only) vourtters i
| N
| ] 1 | S
| |
} 8051 e — |
I CPU \\J'"A”’ - [ : '_ Rt 1 [
| | | |
| |
| Pro I
) grammable

| 64Kbyte Bus | serial port |
| Expansion :> Programmable 1/0 - full duplex UART |
| Control « Synchronous i

I ’ I shifter |
: Interrupts {T |
S [ JESEE [ VU S E —J

: U
Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT
and 110 Pins
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SAB 8031A/8051A

Instruction Set Description

Mnemonic Jl Description [ Byte I Cycle
Arithmetic operations

ADD A, Rn Add register to Accumulator 1 1
ADD A, direct Add direct byte to Accumulator 2 1
ADD A, @Ri Add indirect RAM to Accumulator 1 1
ADD A, #data Add immediate data to Accumulator 2 1
ADDC A,Rn Add register to Accumulator with Carry flag 1 1
ADDC A.direct Add direct byte to Accu with Carry flag 2 1
ADDC A ,@Ri Add indirect RAM to Accu with Carry flag 1 1
ADDC A, #data Add immediate data to Accu with Carry flag 2 1
suBB A,Rn Subtract register from Accu with borrow 1 1
SuBB A, direct Subtract direct byte from Accu with borrow 2 1
SUBB A @Ri Subtract indirect RAM from A with borrow 1 1
SuBB A, #data Subtract immediate data from A with borrow |2 1
INC A Increment Accumulator 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 1
INC @Ri Increment indirect RAM 1 1
DEC A Decrement Accumulator 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 1
DEC @Ri Decrement indirect RAM 1 1
INC DPTR Increment data pointer 1 2
MUL AB Multiply A & B 1 4
DIV AB Divide A& B 1 4
DA A Decimal adjust Accumulator 1 1
Logical operations

ANL A,Rn AND register to Accumulator 1 1
ANL A, direct AND direct byte to Accumulator 2 1
ANL A,@Ri AND indirect RAM to Accumulator 1 1
ANL A, #data AND immediate data to Accumulator 2 1
ANL direct,A AND Accumulator to direct byte 2 1
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Instruction Set Description (continued)

Mnemonic Description Byte Cycle
ANL direct,#data AND immediate data to direct byte 3 2
ORL A.Rn OR register to Accumulator 1 1
ORL A.direct OR direct byte to Accumulator 2 1
ORL A @Ri OR indirect RAM to Accumulator 1 1
ORL A ddata OR immediate data to Accumulator 2 1
ORL direct,A OR Accumulator to direct byte 2 1
ORL direct, #data OR immediate data to direct byte 3 2
XRL A.Rn Exclusive-OR register to Accumulator 1 1
XRL A.direct Exclusive-OR direct byte to Accumulator 2 1
XRL A @Ri Exclusive-OR indirect RAM to Accumulator 1 1
XRL A, #data - Exclusive-OR immediate data to Accumulator | 2 1
XRL direct, A Exclusive-OR Accumulator to direct byte 2 1
XRL direct,#data Exclusivé;dé immediate data to direct 3 2
CLR A Clear Accumulator 1 1
CPL A Complement Accumulator 1 1
RL A Rotate Accumulator left 1 1
RLC A Rotate A left through the Carry flag 1 1
RR A Rotate Accumulator right 1 1
RRC A Rotate A right through Carry flag 1 1
SWAP A Swap nibbles within the Accumulator 1 1
Data transfer

MOV A.Rn - Move register to Accumulator 1 1
MOV A, direct*) Move direct byte to Accumulator 2 1
MOV A @Ri Move indirect RAM to Accumulator 1 1
MoV A #data Move immediate data to Accumulator 2 1
MoV Rn,A Move Accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV direct, A Move Accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV direct,direct Move direct byte to direct 3 2

*) MOV A,ACC is not a valid instruction

31



SAB 8031A/8051A

Instruction Set Description (continued)

Mnemonic Description Byte Cycle
MOV direct,@Ri Move indirect RAM to direct byte 2 2
MOV direct,#data Move immediate data to direct byte 3 2
MOV @Ri,A Move Accumulator to indirect RAM 1 1
MOV @Ri,direct Move direct byte to indirect RAM 2 2
MOV @Ri,#data Move immediate data to indirect RAM 2 1
MOV DPTR,#data 16 Load data pointer with a 16-bit constant 3 2
Data transfer (cont.)

MOVvC A,@A+DPTR Move code byte relative to DPTR to Accumulator] 1 2
MOVC A @A+PC Move code byte relative to PC to Accumulator | 1 2
MOVX A @Ri Move external RAM (8-bit addr) to Accumulator | 1 2
MOVX A @DPTR Move external RAM (16-bit addr) to Accumulator| 1 2
MOVX @Ri,A Move A to external RAM (8-bit addr) 1 2
MOVX @DPTR,A Move A to external RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH ARn Exchange register with Accumulator 1 1
XCH A.direct Exchange direct byte with Accumulator 2 1
XCH A ,@Ri Exchange indirect RAM with Accumulator 1 1
XCHD A @Ri Exchange low-order digit ind. RAM with Accu | 1 1
Boolean variable manipulation

CLR C Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETB C Set Carry flag 1 1
SETB bit Set direct bit 2 1
CPL C Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL C,bit AND direct bit to Carry flag 2 2
ANL C,/bit AND complement of direct bit to Carry 2 2
ORL C,bit OR direct bit to Carry flag 2 2
ORL C,/bit OR complement of direct bit to Carry 2 2
MOV C,bit Move direct bit to Carry flagi 2 1
Mov bit,C Move Carry flag to direct bit 2 2
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Instruction Set Description (continued)

Mnemonic Description E Byte }rCycle
Program and machine control

ACALL addr 11 Absolute subroutine call 2 2
LCALL addr 16 Long subroutine call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr 11 Absolute jump 2 2
LJMP addr 16 Long jump 3 2
SJMP rel Short jump (relative addr) 2 2
JMP @A+DPTR Jump indirect relative to the DPTR 1 2
Jz rel Jump if Accumulator is zero 2 2
JNZ rel Jump if Accumulator is not zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC rel Jump if Carry flag is not set 2 2
JB bit,rel Jump if direct bit set 3 2
JNB bit,rel Jump if direct bit not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 B 2
CJNE A direct,rel Compare direct to accu and jump if not equal |3 2
CINE A #data,rel Comp. immed. to accu and jump if not equal |3 2
CJNE Rn,#data,rel Comp. immed. to reg. and jump if not equal 3 2
CJNE @Ri,#data,rel Comp.immed. to ind. and jump if not equal 3 2
DJNZ Rn,rel Decrement register and jump if not zero 2 2
DJINZ direct,rel Decrement direct and jump if not zero 3 2
NOP No operation 1 1

Notes on data addressing modes:

Rn
direct

@Ri

#data

bit

A

~ Working register RO—R7
— 128 internal RAM locations, any 1/0 port,
control or status register
— Indirectinternal RAM location addressed  addr11 — Destination address for ACALL & AJMP
by register RO or R1
— 8-bit constant included in instruction
#data 16 — 16-bit constant included as bytes 2 & 3 of
instruction
— 128 software flags, any 1/0 pin, control
or status bit
— Accumulator

Notes on program addressing modes:

addr16 — Destination address for LCALL & LUMP
may be anywhere within the 64-Kbyte

program memory address space.

will be within the same 2-Kbyte page

instruction.

All mnemonics copyrighted © Intel Corporation 1979

of program memory as the first byte of
the following instruction.
rel — SJMP and all conditional jumps include
an 8-bit offset byte. Range is +127/-128
bytes relative to first byte of the following



SAB 8031A/8051A

Instruction Opcodes in Hexadecimal Order

Hex

Number

Hex

Number

Code | of Bytes Mnemonic| Operands Code | of Bytes Mnemonic| Operands
00 1 NOP 34 2 ADDC A, #data

01 2 AJMP code addr 35 2 ADDC A, data addr
02 3 LJMP code addr 36 1 ADDC A,@RO

03 1 RR A 37 1 ADDC A,@R1

04 1 INC A 38 1 ADDC A,RO

05 2 INC data addr 39 1 ADDC AR1

06 1 INC @RO 3A 1 ADDC A,R2

07 1 INC @R1 3B 1 ADDC AR3

08 1 INC RO 3C 1 ADDC AR4

09 1 INC R1 3D 1 ADDC AR5

0A 1 INC R2 3E 1 ADDC AR7

0B 1 INC R3 3F 1 ADDC AR7

oC 1 INC R4 40 2 JC code addr
oD 1 INC R5 41 2 AJMP code adadr
OE 1 INC R6 42 2 ORL data addr,A
OF 1 INC R7 43 3 ORL data addr, #data
10 3 JBC bit addr code addr 44 2 ORL A, #data

" 2 ACALL code addr 45 2 ORL A,data addr
12 3 LCALL code addr 46 1 ORL A,@RO

13 1 RRC A 47 1 ORL A,@R1

14 1 DEC A 48 1 ORL ARO

15 2 DEC data addr 49 1 ORL AR

16 1 DEC @RO 4A 1 ORL AR2

17 1 DEC @R1 4B 1 ORL A,R3

18 1 DEC RO 4c 1 ORL AR4

19 1 DEC R1 4D 1 ORL AR5

1A 1 DEC R2 4E 1 ORL A,R6

1B 1 DEC R3 aF 1 ORL AR7

1C 1 DEC R4 50 2 JNC code addr
1D 1 DEC R5 51 2 ACALL code addr
1E 1 DEC R6 52 2 ANL data addr,A
1F 1 DEC R7 53 3 ANL data addr,#data
20 3 JB bit addr code addr 54 2 ANL A, #data

21 2 AJMP code addr 55 2 ANL A,data addr
22 1 RET 56 1 ANL A,@RO

23 1 RL A 57 1 ANL A@R1

24 2 ADD A 4#data 58 1 ANL A,RO

25 2 ADD A, data addr 59 1 ANL AR1

26 1 ADD A,@RO 5A 1 ANL AR2

27 1 ADD A,@R1 5B 1 ANL AR3

28 1 ADD A,RO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL AR5

2A 1 ADD A,R2 5E 1 ANL AR6

2B 1 ADD AR3 5F 1 ANL AR7

2C 1 ADD A,R4 60 2 Jz code addr
2D 1 ADD AR5 61 2 AJMP code addr
2E 1 ADD A,R6 62 2 XRL data addr,A
2F 1 ADD A,R7 63 3 XRL data addr, #data
30 3 JNB bit addr, code addr 64 2 XRL A, #data

31 2 ACALL code addr 65 2 XRL A, data addr
32 1 RETI 66 1 XRL A,@RO

33 1 RLC A 67 1 XRL A @R1




SAB 8031A/8051A

Instruction Opcodes in Hexadecimal Order (continued)

ggge I’(;lfu&?gsr Mnemonic| Operands ggée (I’:lfu&i):sr Mnemonic| Operands

68 1 XRL ARO 9C 1 SUBB AR4

69 1 XRL A,R1 9D 1 SUBB A.R5

6A 1 XRL A,R2 9E 1 SuUBB A,R6

6B 1 XRL AR3 9F 1 SuUBB AR7

6C 1 XRL AR4 A0 2 ORL C./bit addr

6D 1 XRL AR5 A1 2 AJMP code addr

6E 1 XRL A,R6 A2 2 MOV C.bitadar

6F 1 XRL AR7 A3 1 INC DPTR

70 2 JNZ code adar A4 1 MUL AB

71 2 ACALL code adar A5 reserved

72 2 ORL C.bit addr A6 2 MOV (@RO,data addr

73 1 JMP @A+DPTR A7 2 MOV @R1,data adar

74 2 MOV A #data A8 2 MOV RO,data adar

75 3 MOV data addr, #data A9 2 MOV R1,data adadr

76 2 MOV @RO,#data AA 2 MOV R2,data adar

77 2 MOV @R1,#data AB 2 MOV R3,data addr

78 2 MOV RO, #data AC 2 MOV R4,data adar

79 2 MOV R1,#data AD 2 MOV R5,data adar

7A 2 MOV R2,#data AE 2 MOV R6,data addr

7B 2 MOV R3,#data AF 2 MOV R7.data adar

7C 2 MOV R4,#data BO 2 ANL C,/bit addr

7D 2 MOV R5,#data B1 2 ACALL code addr

7E 2 MoV R6,#data B2 2 CcPL bit addr

7F 2 MOV R7,#data B3 1 CPL [

80 2 SJMP code adadr B4 3 CJNE A, #data,code addr
81 2 AJMP code addr B5 3 CJNE A, data addr,code adadr
82 2 ANL C.bit addr B6 3 CJNE @RO, #data,code addr
83 1 MovC A @A+PC B7 3 CJINE @R1,#data,code addr
84 1 DIV AB B8 3 CJNE RO, #data,code addr
85 3 MOV data addr,data addr B9 3 CJINE R1,#data,code addr
86 2 MOV data addr,@R0O BA 3 CJNE R2,#data,code adadr
87 2 MOV data addr,@R1 BB 3 CJNE R3,#data,code addr
88 2 MOV data addr,RO BC 3 CJNE R4,4#data,code adar
89 2 MOV data addr,R1 BD 3 CJNE R5,#data,code addr
8A 2 MOV data addr, R2 BE 3 CJNE R6,4#data,code adadr
8B 2 MOV data addr, R3 BF 3 CJINE R7,#data,code addr
8C 2 MOV data addr,R4 co 2 PUSH data addr

8D 2 MOV data addr,R5 C1 2 AJMP code addr

8E 2 Mov data addr,R6 C2 2 CLR bit addr

8F 2 MOV data addr,R7 C3 1 CLR C

90 3 MOV DPTR, #data Ca 1 SWAP A

91 2 ACALL code adar C5 2 XCH A, data addr

92 2 MOV bit addr,C Cé 1 XCH A,@RO

93 1 MOovC A, @A+DPTR c7 1 XCH A,@R1

94 2 SUBB A, #data Cc8 1 XCH ARO

95 2 SUBB A.data adar C9 1 XCH AR1

96 1 SUBB A,@RO CA 1 XCH A,R2

97 1 SUBB A,@R1 CB 1 XCH AR3

98 1 SUBB A,RO CcC 1 XCH A,R4

99 1 SUBB AR1 CcD 1 XCH AR5

9A 1 SuBB AR2 CE 1 XCH A,R6

9B 1 SUBB A.R3 CF 1 XCH AR7
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Instruction Opcodes in Hexadecimal Order (continued)

Hex Number

Code | of Bytes Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB C

D4 1 DA A

D5 3 DJNZ data addr,code addr
D6 1 XCHD A,@RO

D7 1 XCHD A @R1

D8 2 DJNZ RO,code adadr
D9 2 DJNZ R1,code adadr
DA 2 DJNZ R2,code addr
DB 2 DJNZ R3,code addr
DC 2 DJNZ R4,code addr
DD 2 DJNZ R5,code addr
DE 2 DJNZ R6,code addr
DF 2 DJINZ R7,code addr
EO 1 MOVX A,@DPTR

E1 2 AJMP code addr

E2 1 MOVX A,@RO

E3 1 MOVX A,@R1

E4 1 CLR A

ES 2 MOV A,data addr*)
E6 1 MOV A,@RO

E7 1 MOV A,@R1

E8 1 MOV A,RO

E9 1 MOV AR1

EA 1 MOV A,R2

EB 1 MOV AR3

EC 1 MOV AR4

ED 1 MOV AR5

EE 1 MOV AR6

EF 1 MOV AR7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
F6 1 MOV @RO,A

F7 1 MOV @R1,A

F8 1 MOV RO,A

F9 1 MOV R1,A

FA 1 MOV R2,A

FB 1 MOV R3,A

FC 1 MOV R4,A

FD 1 MOV R5,A

FE 1 MOV R6,A

FF 1 MOV R7.A

*) MOV A,ACC is not a valid instruction
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Absolute Maximum Ratings”

Ambient Temperature Under Bias Oto 70°C
Storage Temperature -65to +150°C
Voltage on Any Pin with Respect to Ground (VSS) -05to+ 7V
Power Dissipation 2W

D.C. Characteristics
TA =010 70°C; VCC = 5V + 10%; VSS = 0V

Symbol Parameter Limit Values Unit Test Condition
Min. Max.
ViL Input Low Voltage -0.5 0.8
VIH Input High Voltage 2.0
(Except RST/VPD and XTAL2)
VCC+0.5 P
VIH1 Input High Voltage to ) 2.5 XTAL1 to VSS
RST/VPD for Reset, XTAL2
VPD Power Down Voltage 45 5.5 VCC = 0V
to RST/VPD
VOL Output Low Voltage Y IOL = 1.6 mA
Ports 1,2, 3
- 0.45
VOL1 Output Low Voltage IOL = 3.2 mA
Port 0, ALE, /PSEN
VOH Output High Voltage IOH = —80 uA
Ports 1,2, 3
. 2.4 G
VOH1 Output High Voltage IOH = —400 uA
Port 0, ALE, /PSEN
I Logical 0 Input Current —800 uA VIL =045V
Ports 1,2, 3
L2 Logical 0 Input Current -2.0 mA XTAL1 = VSS
XTAL 2 VIL = 0.45V
IIH1 Input High Current to 500 VIN = VCC-15V
RST/VPD for Reset
- A —
ILI Input Leakage Current +10 B 0V < VIN < VCC
to Port 0,/EA
ICC Power Supply Current All outputs
SAB 8031A/8051A 125 disconnected
SAB 8031A-15/8051A-15 140 mA
IPD Power Down Current 10 VCC = oV
ClO Capacitance of |/0 Buffer 10 pF f. = 1 MHz

1) Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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A.C. Characteristics for SAB 8031A/8051A

TAOto 70°C; VCC =5V £10%; VSS = 0V
(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz
Min Max Min Max
TLHLL ALE Pulse Width 127 2TCLCL-40
TAVLL Address Setup to ALE 53 - TCLCL-30 -
TLLAX1 Address Hold After ALE 48 - TCLCL-35
TLLIV ALE to Valid Instr In - 233 - 4TCLCL-100
TLLPL ALE to PSEN 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width 215 - 3TCLCL-35 |
TPLIV PSEN to Valid Instr In - 150 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXIZ*) |Input instr Float After PSEN - 63 - TCLCL-20
TPXAV*) | Address Valid After PSEN 75 - TCLCL-8 -
TAVIV Address to Valid Instr In - 302 5TCLCL-115
TAZPL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz
Min Max Min Max
TRLRH RD Puise Width
TWLWH | WR Pulse Width 400 - BTCLCL100
TLLAX2 | Address Hold After ALE 132 2TCLCL-35
TRLDV RD to Valid Data In - 250 - 5TCLCL-165
TRHDX Data Hold After RD 0 - 0 -
TRHDZ Data Float After RD 97 2TCLCL-70
TLLDV ALE to Valid Data In - 517 - 8TCLCL-150 ns
TAVDV Address to Valid Data In 585 9TCLCL-165
TLLWL ALE to WR or RD 200 300 3TCLCL-50 3TCLCL+50
TAVWL | Address to WR or RD 203 - 4TCLCL-130 |-
TWHLH | WR or RD High to ALE High 43 123 TCLCL-40 TCLCL+40
TDVWX | Data Valid to WR Transition 33 TCLCL-50
TQVWH | Data Setup Before WR 433 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 33 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

*) Interfacing the SAB 8051A to devices with float times up to 75ns is permissible. This limited bus
contention will not cause any damage to Port 0 drivers.
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External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq - 1.2 MHz to 12 MHz
Min Max
TCLCL Oscillator Period 83.3 833.3
TCHCX High Time 20 TCLCL-TCLCX
TCLCK Low Time TCLCL-TCHCX |ns
TCLCH Rise Time
- 20
TCHCL Fall Time
ROM Verification Characteristics for SAB 8051A
TA = 25°C £5°C; VCC = 5V +£10%; VSS = 0V
Symbol Parameter Limit Values Unit
Min Max
TAvVQV Address to Valid Data
TELQV Enable to Valid Data 48 TCLCL ns
TEHQZ Data Float after Enable 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification
P1.0- P17
P2.0- P23 : Address > <
] L JAVQV
Port 0 —{ Data out
TELQV | LEHQZ
P27
ENABLE
Address: P1.0-P1.7 = A0-A7 Inputs: P2.4—P2.6, PSEN = VSS
P2.0-P2.3 = A8-A11 ALE, EA = TTL high level
Data:  Port0 = DO-D7 RST/VPD = VIH1
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A.C. Characteristics for SAB 8031A-15/8051A-15

TAO0to 70°C; VCC =5V £10%; VSS =0V
(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit

Variable Clock
15 MHz Clock 1/TCLCL = 1.2 MHz to 15 MHz

Min Max Min Max
TLHLL ALE Pulse Width 93 2TCLCL-40 B
TAVLL Address Setup to ALE 37 — TCLCL-30 -
TLLAX1 | Address Hold After ALE 32 TCLCL-35
TLLIV ALE to Valid Instr In - 167 - 4TCLCL-100
TLLPL ALE to PSEN 42 TCLCL-25 ns
TPLPH PSEN Pulse Width 165 N 3TCLCL-35 B
TPLIV PSEN to Valid Instr In - 100 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXIZ*) |Input Instr Float After PSEN - 52 - TCLCL-15
TPXAV*) | Address Valid After PSEN 64 - TCLCL-3 -
TAVIV Address to Valid Instr In - 243 - 5TCLCL-90
TAZPL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit

Variable Clock
15 MHz Clock 1/TCLCL = 1.2 MHz to 15 MHz

Min Max Min Max
TRLRH RD Pulse Width
TWLWH | WR Pulse Width 300 - BTCLCL100
TLLAX2 | Address Hold After ALE 98 2TCLCL-35
TRLDV RD to Valid Data In - 168 - 5TCLCL-165
TRHDX | Data Hold After RD 0 - 0 -
TRHDZ Data Float After RD 63 2TCLCL-70
TLLDV ALE to Valid Data In - 383 - 8TCLCL-150 ns
TAVDV Address to Valid Data In 435 9TCLCL-165
TLLWL ALE to WR or RD 150 250 3TCLCL-50 3TCLCL+50
TAVWL Address to WR or RD 137 - 4ATCLCL-130 |-
TWHLH WR or RD High to ALE High 27 107 TCLCL-40 TCLCL+40
TDVWX Data Valid to WR Transition 17 TCLCL-50
TQVWH | Data Setup Before WR 317 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 17 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

*) Interfacing the SAB 8051A-15 to devices with float times up to 60ns is permissible. This limited bus
contention will not cause any damage to Port O drivers.
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External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 15 MHz
Min Max
TCLCL Oscillator Period 66.6 833.3
TCHCX High Time 15 TCLCL-TCLCX
TCLCK Low Time TCLCL-TCHCX |ns
TCLCH Rise Time 15
TCHCL Fall Time
ROM Verification Characteristics for SAB 8051A-15
TA = 25°C +5°C; VCC = 5V +10%; VSS = 0V
Symbol Parameter Limit Values Unit
Min Max
TAVQV Address to Valid Data
TELQV Enable to Valid Data 48 TCLCL ns
TEHQZ Data Float after Enable 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification
P1.0- P17
P2.0- P23 : Address > <
o ma
Port 0 ———1 Data out
TELQV . |_TEHQZ
P27
ENABLE
Address: P1.0-P1.7 = A0-A7 Inputs: P2.4-P2.6, PSEN = VSS
P2.0-P2.3 = A8-A11 ALE, EA = TTL high level
Data: Port 0 = DO-D7 RST/VPD = VIH1
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Waveforms

Program Memory Read Cycle

-

ALE

PSEN

~—TAZPL

f
=~TPLIV = »1

——\4
[

H‘TPXA\/

[‘—‘TPXIZ

TPXIX

AT - AD HNSTR |O—

1

INSTR [NH AT -AQ D——\INSTRIN>
PORT 0 )
|

—TAVIV e

.
bR 2 SODRESS, >< ADDRESS AT5-A8

X

ADDRESS A15-A8 >

Data Memory Read Cycle

‘/__\(77 TLLDV
ALE

- TWHLH~  |=—

~—TUWL—=f=——————|TRIRH —————— =
RHDZ
U V- IRHDZ
TAVDV] = TLLAXZ=| = ~TRLOV = TRHDX—| |=—
>—< A7-AO DATA IN
Port 0
—| [~ TRLAZ
ADDRESS >< A\
ADDRESS A15-A8 OR SFR-P2
port2 _ORSFR-P2 /
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Data Memory Write Cycle

TWHLH = =
we | J

-~ TLwL —‘- - TWLWH -

[

=~ H-TAVWL - |

WR |

=l fe—TOVWX
LA . T tavwe e <TWHOX]

> : ) Y
AT-A0 N DATA OUT
Port 0 K

ADDRESS . -
Port 2 OR SFR*PZX’ ADDRESS A15-A8 OR SFR-P2 y

A.C. Testing Input, Output, Float Waveforms

24

Test Points
0.8 0.8

‘<* Float -

2L ‘ﬁ\z.o 20 24
0.45 ———11/0-8 08 045

A.C. testing inputs are driven at 2.4V for a logic ““1”" and 0.45V for a logic “'0"".

Timing measurements are made at 2.0V for a logic 1" and 0.8V for a logic 0"

For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2mA or sources
400 A at the voltage test levels.
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External Clock Cycle

TCHCX —=

TCLCH —=

~-—— TCL(X —=

TCLCL

Recommended Oscillator Circuits

C
—xraLs
—
4 1.2-15MHz
C
| BlxTaL2

C=30pF +10pF

Crystal Oscillator Mode

7604
T6LS04

Driving from External Source

XTAL?

XTAL2
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40 Pin Plastic Package-Type P
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SAB 8031A/8051A

Ordering Information

Type Description Ordering code
8-Bit Single-Chip-Microcomputer

SAB 8031A-P for external Memory (Plastic) Q67120-C183

SAB 8051A-P with mask-programmable ROM (Plastic) Q67120-C186

SAB 8031A-15-P

for external Memory (Plastic)

Q67120-C189

SAB 8051A-15-P

with mask-programmable ROM (Plastic)

Q67120-C214
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SAB 8031A/8051A Ext. Temp.
8-Bit Single-Chip Microcontroller

Extended Temperature Range: —40 to + 85°C
—40to +110°C

SAB 8051A-12-P-T40/85 1,y Programmable ROM
SAB 8051A-10-P-T40/110

® Advanced Version of the SAB 8031/8051 for
Extended Temperature Range

® SAB 8031A/8051A-12-T40/85:
12 MHz Operation

® SAB 8031A/8051A-10-T40/110:
10 MHz Operation

® 4K x 8 ROM

® 128 x 8 RAM

® Four 8-bit Ports, 32 1/0 Lines

SAB 8031A-12-P-T40/85
SAB 8031A-10-P-T40/110
® Two 16-bit Timer/Event Counters
® High-Performance Full-Duplex
Serial Channel
® External Memory Expandable up to 128K
® Compatible with SAB 8080/8085 Peripherals
® Boolean Processor
® 218 User bit-Addressable Locations
® Most Instructions Execute in 1 us
® 4 s Multiply and Divide

External ROM

Pin Configuration
P01 f v
en g2 S]P ADO
P12(7]3 38[]P01  AD1
P[] 37[JPoz  AD2
Piu(]s 36[1p03 AD3
P15 e w[]P04  AD4
P[] W[Ipos DS
P17 (le 3[Jros DS
rRsuveo( ]9 n[]P07  ADT
Rx0/P30 (] 10 a;;a N
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The SAB 8031A/8051A for the two extended
temperature ranges (Industrial temperature range:
—40 to +85°C, Automotive temperature range:
—40to +110°C) is fully compatible with the standard
SAB 8031A/8051A with respect to architecture,
instruction set, and software portability.

The SAB 8031A/8051A is a stand-alone, high-
performance single-chip computer fabricated in
+5V advanced N-channel, silicon gate Siemens
MYMOS technology and packaged in a 40-pin DIP.
The SAB 8051A contains a non-volatile 4K x 8 read-
only program memory; a volatile 128 x 8 read/write

data memory; 32 |/0 lines; two 16-bit timer/
counters; a five-source, two-priority-level, nested
interrupt structure; a serial I/0 port for either multi-
processor communications, I/0 expansion, or full
duplex UART; and on-chip oscillator and clock
circuits. The SAB 8031A is identical, except that it
lacks the program memory.

For systems that require extra capability, the

SAB 8051A can be expanded using standard TTL
compatible memories and the byte oriented

SAB 8080 and SAB 8085 peripherals.

2.85
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SAB 8031A/8051A Ext. Temp.

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Functions

P1.0-P1.7

1-8

110

Port 1 is an 8-bit quasi-bidirectional I/0 port. It is used for
the low-order address byte during program verification.

RST/VPD

A high level on this pin resets the SAB 8051A. A small
internal pulldown resistor permits power-on reset using
only a capacitor connected to VCC. If VPD is held within its
spec while VCC drops below spec, VPD will provide
standby power to the RAM. When VPD is low, the RAM's
current is drawn from VCC.

P3.0-P3.7

10-17

1/0

Port 3 is an 8-bit quasi-bidirectional I/0 port. It also

contains the interrupt, timer, serial port and RD and WR

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

grammed to a one (1) for that function to operate.

The secondary functions are assigned to the pins of Port 3,

as follows:

— RXD/data (P3.0). Serial port's receiver data input
(asynchronous) or data input/output (synchronous).

— TXD/clock (P3.1). Serial port’s transmitter data output
(asynchronous) or clock output (synchronous).

— INTO (P3.2). Interrupt 0 input or gate control input for
counter 0.

— INT1 (P3.3). Interrupt 1 input or gate control input for
counter 1.

— TO (P3.4). Input to counter 0.

— T1(P3.5). Input to counter 1.

— WR (P3.6). The write control signal latches the data
byte from Port 0 into the External Data Memory.

— RD (P3.7). The read control signal enables External
Data Memory to Port 0.

XTAL1
XTAL2

19

XTAL 1 Input to the oscillator’s high gain amplifier.
Required when a crystal is used. Connect to VSS when
external source is used on XTAL2.

XTAL2 Output from the oscillator’s amplifier. Input to the
internal timing circuitry. A crystal or external source can
be used.

P2.0-P2.7

21-28

Port 2 is an 8-bit quasi-bidirectional 1/0 port. It also emits
the high-order address byte when accessing external
memory. It is used for the high-order address and the
control signals during program verification.

29

The Program Store Enable output is a control signal that
enables the external Program Memory to the bus during
external fetch operations. Itis activated every six oscillator
periods, except during external data memory accesses.
Remains high during internal program execution.

ALE

30

Provides Address Latch Enable output used for latching
the address into external memory during normal
operation. It is activated every six oscillator periods
except during an external data memory access.
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SAB 8031A/8051A Ext. Temp.

Pin Definitions and Functions (continued)

Symbol Number gﬁﬁ;u(tn(o) Function
EA 31 1 When held at a high level, the SAB 8051A executes
instructions from the internal ROM when the PC is
less than 4096. When held at a low level, the SAB 8051A
fetches all instructions from external Program Memory.
For the SAB 8031A this pin must be tied low.
P0.0—-P0.7 39-32 1/0 Port 0 is an 8-bit open drain bidirectional 1/0 port. It is
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification.
vCcC 40 +5V power supply during operation and program
verification.
VSS 20 Circuit ground potential.
Block Diagram
Frequency
Reference Counters
A e a
| :
. 4096 bytes
: Oscillator Program 128 bytes TTWO 1/% bit I
| Timin Memory Data Memory |ger tvrent |
| g {SAB 80514 only) ounters ;
| T 1 7S VAN :
: 8051 < - |
| CPU |
| |
| S 4 i
| Programmable
| 64Kbyte Bus serial port |
| Expansion :> Programmable 1/0 - full duplex UART |
I Control - synchronous |
shifter |
I Interrupts
| P |
[ Y PR ) S JEV R R I S —
Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT
and 1/0 Pins
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SAB 8031A/8051A Ext. Temp.

Instruction Set Description

Mnemonic Description l Byte ‘ Cycle

Arithmetic operations

ADD A, Rn Add register to Accumulator 1 1
ADD A, direct Add direct byte to Accumulator 2 1
ADD A, @Ri Add indirect RAM to Accumulator 1 1
ADD A, #data Add immediate data to Accumulator 2 1
ADDC A.Rn Add register to Accumulator with Carry flag 1 1
ADDC A, direct Add direct byte to A with Carry flag 2 1
ADDC A,@Ri Add indirect RAM to A with Carry flag 1 1
ADDC A, #data Add immediate data to A with Carry flag 2 1
SUBB A.Rn Subtract register from A with Borrow 1 1
SUBB A, direct Subtract direct byte from A with Borrow 2 1
SUBB A,@Ri Subtract indirect RAM from A w/Borrow 1 1
SuBB A, #data Subtract immediate data from A w/Borrow 2 1
INC A Increment Accumulator 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 1
INC @Ri Increment indirect RAM 1 1
DEC A Decrement Accumulator 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 1
DEC @Ri Decrement indirect RAM 1 1
INC DPTR Increment Data Pointer 1 2
MuUL AB Multiply A & B 1 4
DIV AB Divide A& B 1 4
DA A Decimal Adjust Accumulator 1 1
Logical operations

ANL A.Rn AND register to Accumulator 1 1
ANL A.direct AND direct byte to Accumulator 2 1
ANL A @Ri AND indirect RAM to Accumulator 1 1
ANL A, #data AND immediate data to Accumulator 2 1
ANL direct,A AND Accumulator to direct byte 2 1
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SAB 8031A/8051A Ext. Temp.

Instruction Set Description (continued)

Mnemonic Description Byte Cycle
ANL direct,#datav 7 -AND immediate data to direct byte 3 2
ORL A.Rn OR register to Accumulator 1 1
ORL A.direct OR direct byte to Accumulator 2 1
ORL A @Ri OR indirect RAM to Accumulator 1 1
ORL A, #data OR immediate data to Accumulator 2 1
ORL direct,A OR Accumulator to direct byte 2 1
ORL direct,#data - OR irﬁn%ediate data to direct byte 3 2
XRL A.Rn Exclusive-OR register to Accumulator 1 1
XRL A.direct Exclusive-OR direct byte to Accumulator 2 1
XRL A @Ri Exclusive-OR indirect RAM to A 1 1
XRL A, #data Exclusive-OR immediate data to A 2 1
XRL direct,A Exclusive-OR Accumulator to direct byte 2 1
XRL direct,#data Exclusive-OR immediate data to direct 3 2
CLR A Clear Accumulator 1 1
CPL A Complement Accumulator 1 1
RL A Rotate Accumulator Left 1 1
RLC A Rotate A Left through the Carry flag 1 1
RR A Rotate Accumulator Right 1 1
RRC A Rotate A Right through Carry flag 1 1
SWAP A Swap nibbles within the Accumulator 1 1

Data transfer

MOV A.Rn Move register to Accumulator 1 1
Mov A direct *) Move direct byte to Accumulator 2 1
Miovhv A @Ri Move indirect RAM to Accumulator 1 1
MOV A, #data Move immediate data to Accumulator 2 1
MOV Rn,A Move Accumulator to register 1 1
MoV Rn,direct Move direct byte to register 2 2
Mov Rn,#data Move immediate data to register 2 1
Mov direct,A Move Accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
Mov direct,direct Move direct byte to direct 3 2

*) MOV A,ACC is not a valid instruction
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SAB 8031A/8051A Ext. Temp.

Instruction Set Description (continued)

Mnemonic Description Byte Cycle
MOV direct,@Ri Move indirect RAM to direct byte 2 2
MOV direct,#data Move immediate data to direct byte 3 2
MoV @Ri,A Move Accumulator to indirect RAM 1 1
MOV @Ri,direct Move direct byte to indirect RAM 2 2
MOV (@Ri,#data Move immediate data to indirect RAM 2 1
MOV DPTR,#data 16 Load Data Pointer with a 16-bit constant 3 2
Data transfer (cont.)

MOVC A, @A+DPTR Move Code byte relative to DPTR to A 1 2
MOVC A @A+PC Move Code byte relative to PC to A 1 2
MOVX A, @Ri Move External RAM (8-bit addr) to A 1 2
MOVX A,@DPTR Move External RAM (16-bit addr) to A 1 2
MOVX @Ri,A Move A to External RAM (8-bit addr) 1 2
MOVX @DPTR,A Move A to External RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A,Rn Exchange register with Accumulator 1 1
XCH A direct Exchange direct byte with Accumulator 2 1
XCH A @Ri Exchange indirect RAM with A 1 1
XCHD A @Ri Exchange low-order Digit ind. RAM w/A 1 1
Boolean variable manipulation

CLR C Clear Carryflag 1 1
CLR bit Clear direct bit 2 1
SETB C Set Carry flag 1 1
SETB bit Set direct Bit 2 1
CPL C Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL C,bit AND direct bit to Carry flag 2 2
ANL C,/bit AND complement of direct bit to Carry 2 2
ORL C,bit OR direct bit to Carry flag 2 2
ORL C./bit OR complement of direct bit to Carry 2 2
MOV C,bit Move direct bit to Carry flag 2 1
MoV bit,C Move Carry flag to direct bit 2 2
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SAB 8031A/8051A Ext. Temp.

Instruction Set Description (continued)

Mnemonic I Description [ Byte I Cycle

Program and machine control

ACALL addr 11 Absolute Subroutine Call 2 2

LCALL addr 16 Long Subroutine Call 3 2

RET Return from subroutine 1 2

RETI Return from interrupt 1 2

AJMP addr 11 Absolute Jump 2 2

LJMP addr 16 Long Jump 3 2

SJMP rel Short Jump (relative addr) 2 2

JMP @A+DPTR Jump indirect relative to the DPTR 1 2

Jz rel Jump if Accumulator is Zero 2 2

JNZ rel Jump if Accumulator is Not Zero 2 2

JC rel Jump if Carry flag is set 2 2

JNC rel Jump if Carry flag not set 2 2

JB bit,rel Jump if direct Bit set 3 2

JNB bit,rel Jump if direct Bit not set 3 2

JBC bit,rel Jump if direct Bit is set & Clear bit 3 2

CJNE A.direct,rel Compare direct to A & Jump if Not Equal 3 2

CJNE A, #data,rel Comp. immed. to A & Jump if Not Equal 3 2

CJNE Rn,#data,rel Comp. immed. to reg. & Jump if Not Equal 3 2

CJNE (@Ri,#data,rel Comp.immed. to ind. & Jump if Not Equal 3 2

DJNZ Rn,rel Decrement register & Jump if Not Zero 2 2

DJINZ direct,rel Decrement direct & Jump if Not Zero 3 2

NOP No operation 1 1

Notes on data addressing modes: Notes on program addressing modes:

Rn — Working register RO—R7 addr16 - Destination address for LCALL & LIMP

direct ~ 128internal RAM locations, any I/0 port, may be anywhere within the 64-Kilobyte
control or status register program memory address space.

@Ri — Indirectinternal RAM location addressed ~ addr11 — Destination address for ACALL & AJMP
by register RO or R1 will be within the same 2-Kilobyte page

4#data  — 8-bit constant included in instruction of program memory as the first byte of

#data 16 — 16-bit constant included as bytes 2 & 3 the following instruction.
of instruction rel — SJMP and all conditional jJumps include

bit - 128 software flags, any I/0 pin, control an 8-bit offset byte. Rangeis +127/—128
or status bit bytes relative to first byte of the following

instruction.

All mnemonics copyrighted © Intel Corporation 1979
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SAB 8031A/8051A Ext. Temp.

Instruction Opcodes in Hexadecimal Order

ggge yfuér\}?:sr Mnemonic| Operands Egge yful;?/ita:sr Mnemonic| Operands
00 1 NOP 34 2 ADDC A, #data

01 2 AJMP code addr 35 2 ADDC A data addr
02 3 LIMP code addr 36 1 ADDC A,@RO

03 1 RR A 37 1 ADDC A,@R1

04 1 INC A 38 1 ADDC A,RO

05 2 INC data addr 39 1 ADDC AR1

06 1 INC @RO 3A 1 ADDC A,R2

07 1 INC @R1 3B 1 ADDC AR3

08 1 INC RO 3C 1 ADDC AR4

09 1 INC R1 3D 1 ADDC A,R5

0A 1 INC R2 3E 1 ADDC AR7

0B 1 INC R3 3F 1 ADDC AR7

oC 1 INC R4 40 2 JC code addr
oD 1 INC RS 41 2 AJMP code adadr
OE 1 INC R6 42 2 ORL data addr,A
OF 1 INC R7 43 3 ORL data addr, #data
10 3 JBC bit addr code addr a4 2 ORL A, #data

11 2 ACALL code addr 45 2 ORL A, data addr
12 3 LCALL code addr 46 1 ORL A,@RO

13 1 RRC A 47 1 ORL A ,@R1

14 1 DEC A 48 1 ORL A,RO

i5 2 DEC data addr 49 1 ORL AR

16 1 DEC @RO 4A 1 ORL AR2

17 1 DEC @R1 4B 1 ORL A,R3

18 1 DEC RO 4C 1 ORL A,R4

19 1 DEC R1 4D 1 ORL AR5

1A 1 DEC R2 4E 1 ORL A,R6

1B 1 DEC R3 4F 1 ORL A,R7

1C 1 DEC R4 50 2 JNC code adadr
1D 1 DEC R5 51 2 ACALL code addr
1E 1 DEC R6 52 2 ANL data addr,A
1F 1 DEC R7 53 3 ANL data addr, #data
20 3 JB bit addr code addr 54 2 ANL A, #data

21 2 AJMP code addr 55 2 ANL A,data addr
22 1 RET 56 1 ANL A,@RO

23 1 RL A 57 1 ANL A ,@R1

24 2 ADD A, #data 58 1 ANL A,RO

25 2 ADD A,data addr 59 1 ANL AR1

26 1 ADD A,@RO 5A 1 ANL AR2

27 1 ADD A @R1 5B 1 ANL AR3

28 1 ADD A,RO 5C 1 ANL A,R4

29 1 ADD AR1 5D 1 ANL AR5

2A 1 ADD A,R2 5E 1 ANL A,R6

2B 1 ADD A.R3 5F 1 ANL A,R7

2C 1 ADD AR4 60 2 Jz code adar
2D 1 ADD AR5 61 2 AJMP code addr
2E 1 ADD AR6 62 2 XRL data addr,A
2F 1 ADD AR7 63 3 XRL data addr,#data
30 3 JNB bit addr, code addr 64 2 XRL A, #data

31 2 ACALL code addr 65 2 XRL A,data addr
32 1 RETI 66 1 XRL A,@RO

33 1 RLC A 67 1 XRL A@R1




SAB 8031A/8051A Ext. Temp.

Instruction Opcodes in Hexadecimal Order (continued)

E‘gée Efu&?:sf Mnemonic| Operands ggée gfu&?:; Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SuUBB AR5

6A 1 XRL AR2 9E 1 SUBB AR6

6B 1 XRL AR3 9F 1 SuUBB AR7

6C 1 XRL AR4 A0 2 ORL C,/bit addr

6D 1 XRL AR5 A1 2 AJMP code addr

6E 1 XRL AR6 A2 2 MOV C.bit addr

6F 1 XRL AR7 A3 1 INC DPTR

70 2 JNZ code addr A4 1 MUL AB

71 2 ACALL code addr A5 reserved

72 2 ORL C,bit addr A6 2 MOV @RO,data addr

73 1 JMP @A+DPTR A7 2 MOV @R1,data addr

74 2 MOV A, #data A8- 2 MoV RO,data addr

75 3 MOV data addr, #data A9 2 MOV R1,data addr

76 2 MOV @RO,#data AA 2 MOV R2,0ata addr

77 2 MOV @R1,#data AB 2 MOV R3.data addr

78 2 MOV RO,#data AC 2 MOV R4,data addr

79 2 MOV R1,#data AD 2 MOV R5,data addr

7A 2 MOV R2, #data AE 2 MOV R6.data addr

7B 2 MOV R3,#data AF 2 MOV R7.data addr

7C 2 MOV R4, #data BO 2 ANL C./bit addr

7D 2 MOV R5,#data B1 2 ACALL code addr

7E 2 MOV R6,#data B2 2 CPL bit addr

7F 2 MOV R7,#data B3 1 CPL C

80 2 SJMP code addr B4 3 CJINE A, #data,code addr
81 2 AJMP code addr B5 3 CJNE A,data addr,code addr
82 2 ANL C.bit addr B6 3 CJNE @RO,#data,code addr
83 1 MOVC A ,@A+PC B7 3 CJNE @R1,#data,code addr
84 1 DIV AB B8 3 CJNE RO, #data,code adadr
85 3 Mov data addr,data addr B9 3 CJNE R1,#data,code addr
86 2 MoV data addr, @RO BA 3 CJNE R2,#data,code addr
87 2 MOV data addr, @R1 BB 3 CJNE R3,#data,code addr
88 2 MOV data addr,RO BC 3 CJINE R4,3data,code addr
89 2 MOV data addr,R1 BD 3 CJNE R5,#data,code addr
8A 2 MOV data addr, R2 BE 3 CJNE R6,#data,code addr
8B 2 MOV data addr, R3 BF 3 CJINE R7,#data,code adadr
8C 2 MOV data addr,R4 co 2 PUSH data addr

8D 2 MOV data addr,R5 Cc1 2 AJMP code addr

8E 2 MOV data addr,R6 c2 2 CLR bit addr

8F 2 MOV data addr,R7 C3 1 CLR C

90 3 MOV DPTR,#data ca i SWAP A

91 2 ACALL code adadr (613 2 XCH A, data addr

92 2 MOV bit addr,C Ccé6 1 XCH A,@RO

93 1 MOVC A,@A+DPTR Cc7 1 XCH A,@R1

94 2 SUBB A #data c8 1 XCH A,RO

95 2 SUBB A,data addr Cc9 1 XCH AR1

96 1 SUBB A,@RO CA 1 XCH AR2

97 1 SuBB A,@R1 CcB 1 XCH AR3

98 1 SUBB ARO cC 1 XCH AR4

99 1 SuBB AR1 CD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH AR6

9B 1 SUBB AR3 CF 1 XCH A,R7
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SAB 8031A/8051A Ext. Temp.

Instruction Opcodes in Hexadecimal Order (continued)

Hex Number

Code | of Bytes Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB C

D4 1 DA A

D5 3 DJNZ data addr,code addr
D6 1 XCHD A,@RO

D7 1 XCHD A,@R1

D8 2 DJNZ RO,code addr
D9 2 DJINZ R1,code addr
DA 2 DJNZ R2,code addr
DB 2 DJNZ R3,code addr
DC 2 DJNZ R4,code addr
DD 2 DJNZ R5,code addr
DE 2 DJNZ R6,code addr
DF 2 DJNZ R7.code addr
EO 1 MOVX A,@DPTR

E1 2 AJMP code addr

E2 1 MOVX A,@RO

E3 1 MOVX A,@R1

E4 1 CLR A

E5 2 MOV A,data addr *)
E6 1 MOV A,@RO

E7 1 MOV A,@R1

E8 1 MOV ARO

E9 1 MOV A.R1

EA 1 MOV A R2

EB 1 MOV AR3

EC 1 MOV A R4

ED 1 MOV AR5

EE 1 MoV A,R6

EF 1 MOV AR7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
F6 1 MOV @RO,A

F7 1 MOV @R1,A

F8 1 MOV RO,A

F9 1 MOV R1,A

FA 1 MOV R2,A

FB 1 MOV R3,A

FC 1 MOV R4,A

FD 1 MOV R5,A

FE 1 MOV R6,A

FF 1 MOV R7,A

*) MOV A ACC is not a valid instruction
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SAB 8031A/8051A Ext. Temp.

Absolute Maximum Ratings"

Ambient Temperature Under Bias

Storage Temperature

Voltage on Any Pin with Respect to Ground (VSS)

Power Dissipation

D.C. Characteristics

VCC =5V +10%;VSS =0V TA = -40to + 85°C for T40/85;
TA = -40to +110°C for T40/110

—40to + 85°C for T40/85
—40to +110°C for T40/110

—65to +150°C
-05to+ 7V
2W

Symbol | Parameter Limit Values Units Test Conditions
Min. Max.
VIL Input Low Voltage -0.5 0.8
VIH Input High Voltage 2.0 -
except RST/VPD and
XTAL2
VCC+0.5
VIH1 Input High Voltage 25
to RST/VPD for XTAL 110 VSS
Reset, XTAL2
VPD Power Down Voltage 4.5 5.5 VCC =0V
To RST/VPD Vv
VOL Output Low Voitage IOL = 1.6 mA
Ports 1,2,3
— 0.45 po——
VOL1 Output Low Voltage IOL = 3.2mA
Port 0, ALE, /PSEN
VOH Output High Voltage IOH = —-80 1A
Ports 1,2, 3
2.4 - S
VOH1 Output High Voltage IOH = 400 uA
Port 0, ALE, /PSEN
liL Logical O Input Current —800 A VIL = 0.45V
Ports 1, 2,3
liL2 Logical 0 Input Current -25 mA XTAL1 = VSS
XTAL2 VIL = 0.45V
IH1 Input High Current to 500 VIN = VCC-15V
RST/VPD for Reset A
- u S —
ILI Input Leakage Current +10 0 < VIN <VCC
to Port 0,/EA
ICC Power Supply Current 150
mA -
IPD Power Down Current 15
Cio Capacitance of I/0 Buffer 10 pF fc =1 MHz

1) Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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SAB 8031A/8051A Ext. Temp.

A.C. Characteristics for T40/85

VCC =5V +10%; VSS =0V; TA = —-40to +85°C
(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit

Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz

Min Max Min Max
TLHLL ALE Pulse Width 127 2TCLCL-40
TAVLL Address Setup to ALE 53 - TCLCL-30 -
TLLAX1 | Address Hold After ALE 48 TCLCL-35
TLLIV ALE To Valid Instr In - 233 - 4TCLCL-100
TLLPL ALE To PSEN 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width 215 - 3TCLCL-35 |
TPLIV PSEN To Valid Instr In - 150 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXIZ*) | InputInstr Float After PSEN - 63 - TCLCL-20
TPXAV*) | Address Valid After PSEN 75 - TCLCL-8 -
TAVIV Address To Valid Instr In - 302 - 5TCLCL-115
TAZPL Address Float To PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit

Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz

Min Max Min Max
TRLRH @Pulse Width 400 6TCLCL-100
TWLWH | WR Pulse Width - 6TCLCL-100 |-
TLLAX2 | Address Hold After ALE 132 2TCLCL-35
TRLDV RD To Valid Data In - 250 - 5TCLCL-165
TRHDX | Data Hold After RD 0 - 0 -
TRHDZ Data Float After RD 97 2TCLCL-70
TLLDV ALE To Valid Data In - 517 - 8TCLCL-150 |ns
TAVDV Address To Valid Data In 585 9TCLCL-165
TLLWL ALE To WR or RD 200 300 3TCLCL-50 3TCLCL+50
TAVWL Address To WR or RD 203 - 4TCLCL-130 -
TWHLH WR or RD High To ALE High 43 123 TCLCL-40 TCLCL+40
TDVWX | Data Valid To WR Transition 33 TCLCL-50
TQVWH | Data Setup Before WR 433 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 33 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

*) Interfacing the SAB 8051A to devices with float times up to 75ns is permissible. This limited bus contention
will not cause any damage to Port 0 drivers.

58



SAB 8031A/8051A Ext. Temp.

A.C. Characteristics for T40/110

VCC =5V +£10%; VSS = 0V; TA = ~40to +110°C

(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
10 MHz Clock 1/TCLCL = 1.2 MHz to 10 MHz
Min Max Min Max
TLHLL ALE Pulse Width 160 2TCLCL-40
TAVLL Address Setup to ALE 70 - TCLCL-30 -
TLLAX1 | Address Hold After ALE 65 TCLCL-35
TLLIV ALE To Valid Instr In - 300 - 4TCLCL-100
TLLPL ALE To PSEN 75 TCLCL-25 ns
TPLPH PSEN Pulse Width 265 - 3TCLCL-35 -
TPLIV PSEN To Valid Instr In - 200 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXIZ*) | Input Instr Float After PSEN - 80 - TCLCL-20
TPXAV*) | Address Valid After PSEN 92 - TCLCL-8 -
TAVIV Address To Valid Instr In - 385 - 5TCLCL-115
TAZPL _ {Address Float TOPSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit
Variable Clock
10 MHz Clock 1/TCLCL = 1.2 MHz to 10 MHz
Min Max Min Max
TRLRH R__DPuIse Width 500 6TCLCL-100
TWLWH | WR Pulse Width - 6TCLCL-100 |-
TLLAX2 | Address Hold After ALE 165 2TCLCL-35
TRLDV RD To Valid Data In - 335 - 5TCLCL-165
TRHDX | Data Hold After RD 0 - 0 -
TRHDZ Data Float After RD 130 2TCLCL-70
TLLDV ALE To Valid Data In - 650 - 8TCLCL-150 | ns
TAVDV Address To Valid Data In 735 9TCLCL-165
TLLWL ALE To WR or RD 250 350 3TCLCL-50 3TCLCL+50
TAVWL | Address To WR or RD 270 - 4TCLCL-130 |-
TWHLH | WR or RD High To ALE High 60 140 TCLCL-40 TCLCL+40
TDVWX | Data Valid To WR Transition 50 TCLCL-50
TQVWH | Data Setup Before WR 550 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 50 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

*) Interfacing the SAB 8051A to devices with floattimes up to 92ns is permissible. This limited bus contention
will not cause any damage to Port O drivers.
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SAB 8031A/8051A Ext. Temp.

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 12 MHz (T40/85)
Freq = 1.2 MHz to 10 MHz (T40/110)
Min Max
TCLCL Oscillator Period T40/85 83.3 8333
T40/110 100 :
TCHCX High Time 20 TCLCL-TCLCX
TCLCX Low Time TCLCL-TCHCX ns
TCLCH Rise Time
- 20
TCHCL Fall Time
External Clock Cycle
TCHCX —=]

A.C. Testing Input, Output, Float Waveforms

24 20 20
Test Points
045 08 08
| Float |
24 20 20 24
0.45 08 08 045

AC testing inputs are driven at 2.4V for a logic *“1” and 0.45V for a logic *‘0"".

Timing measurements are made at 2.0V for a logic ‘’1"" and 0.8V for a logic '0"".

For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA or sources
400 uA at the voltage test levels.
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SAB 8031A/8051A Ext. Temp.

ROM Verification Characteristics —
TA = 25°C +5°C; VCC = 5V +10%; VSS = 0V

Symbol Parameter Limit Values Unit
Min Max
TAvVQV Address to Valid Data
TELQV Enable to Valid Data 48 TCLCL ns
TEHQZ Data Float after Enable 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification
P1.0-P17
P2.0- P23 ‘: Address > <
U R -\
Port0 ~—————— Dataout p——-o
TELQV TEHQZ
*.1 fr— ,”.1 |
P21
ENABLE
Address: P1.0-P1.7 = A0O-A7 Inputs: P2.4—P2.6, PSEN = VSS
P2.0-P2.3 = A8-A11 ALE,EA = TTL high level
Data:  Port0 = DO-D7 RST/VPD = VIH1
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SAB 8031A/8051A Ext. Temp.

Waveforms

Program Memory Read Cycle

TLHLL =t=—TLLIV —

<——‘TLLPL

TCY

—

ALE I
!
}«——TPL‘PHHI
PSEN __/— TPXAV
—{TLL
AT oy el TPXIZ
——TAVLL}‘
—~{l=TazPL ~{ [TPXix
|N5Tﬂ>-—< AT - AO INSTRIN AT - AO >——-<|NSTR IN)—
PORT 0
e TAVIV e

ADDRESS A15-A8

PORT 2

ADDRESS
OR SFR-P2

D,

ADDRESS A15-A8

)

Data Memory Read Cycle

-~ TV TWHLH~
ALE _/_
PSEN —J ~——TLLWL —}=—————TRIRH ———————=
RD \ /___
- |~ TAVWL e |TRHOZ
TAVDV =~ TLLAX2= | =——TRLDV —= TRHDX—=]| |=—
bort 0 )—{ AT- AO ><>< DATA IN
=] l=—TRULAZ
bort 2 ARORESS, ADDRESS AT5-A8 OR SFR-P2 \/
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SAB 8031A/8051A Ext. Temp.

Data Memory Write Cycle

TWHLH j=—
ALE __/—

PSEN B TWLWH |
WR
J
- TavwL
e |—TOVWX
JLLAXZ 1 TQVWH TwHaX

>—< AT-A0 y DATA OUT
Port 0

bort 2 e ADDRESS A15-A8 OR SFR-P2
or

Recommended Oscillator Circuits

— BixTat BlxraLt
+5v

4  —
T{Z—unHz bk
d

]
BixtaL2 S I S C—

S

7604
T6LS04

(=30pF £10pF

Crystal Oscillator Mode Driving from External Source
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SAB 8031A/8051A Ext. Temp.

Package Outline

40 Pin Plastic Package Type P
s _bx
A w
-~ = to
Ordering Information
Type Description Ordering Number
8-Bit Single-Chip-Microcomputer

SAB 8051A-12-P-T40/85 | with mask-programmable ROM (Plastic) Q 67120-C233
SAB 8051A-10-P-T40/110 | with mask-programmable ROM (Plastic) Q67120-C231
SAB 8031A-12-P-T40/85 | for external Memory (Plastic) Q67120-C230
SAB 8031A-10-P-T40/110 | for external Memory (Plastic) Q67120-C232
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SAB 8032A/8052A
8-Bit Single-Chip Microcontroller

SAB 8032A Control-oriented CPU with RAM and /0O

SAB 8052A A SAB 8032A with factory mask-programmable ROM

® 8K x 8 ROM (SAB 8052A only)

®256 x 8 RAM

® Four 8-bit ports, 32 1/0 lines

® Three 16-bit timer/event counters

® High-performance full-duplex serial channel
® External memory expandable to 128 Kbytes
® Compatible with SAB 8080/8085 peripherals

® Timer 2 capture capability

® Variable transmit/receive baud rate capability
® Boolean processor

® Most instructions execute in 1 us

® 4 us multiply and divide

® Upward compatible with SAB 8031A/8051A

Pin Configuration

el wfIvee
neoen (2 [P0 ADO
P23 #[JPor  ADY
e nlJroz A0z
Pru]s %[]P03 A
Pis[ e [P0 ADL
i (7
e[ ]e B[P0 ADS
Rsuveo[ ]9 I s L
RuD/P30 (] 10 80524 N[JEA
wenr]n O A
wrvesz[]12 n[JPSEN
Wrea (113 »en A
Pl e n{ e A
s { s ] Jp2s A
wRiF ! 1e e an

e 0 of 1eas an

RS aliv awn
o

wiai ]

Logic Symbol
vss VQ ﬁSr[VPU

|

Address and Darc Bs

SAB.
PREN - 80524
80324

S

The SAB 8032A/8052A is a stand-alone, high-per-
formance single-chip microcomputer fabricated in
+5V advanced N-channel, silicon gate Siemens
MYMOS technology, packaged in a 40-pin DIP.

Itis upward compatible with the SAB 8031A/8051A.
It provides the hardware features, architectural
enhancements, and instructions that are

necessary to make it a powerful and cost effective
controller for applications requiring up to 64 Kbytes
of program memory and/or up to 64 Kbytes of data
memory.

The SAB 8052A contains a non-volatile 8K x 8 read-

only program memory; a volatile 256 x 8 read/write
data memory; 32 1/0 lines; three 16-bit timer/
counters; a six-source, two-priority-level, nested
interrupt structure; a serial 1/0 port for either
multiprocessor communications, I/0 expansion,

or full duplex UART; as well as on-chip oscillator
and clock circuits. The SAB8032A is identical, except
that it lacks the program memory.

For systems that require extra capability, the

SAB 8052A can be expanded using standard TTL
compatible memories and the byte oriented

SAB 8080 and SAB 8085 peripherals. 3.85

65



SAB 8032A/8052A

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Function

P1.0—-P1.7

1-8

1/0

Port 1is an 8-bit quasi-bidirectional I/0 port. It is used for
the low-order address byte during program verification.
Port 1 can sink/source four LS TTL loads. Pins P1.0 and
P1.1 also correspond to the special functions T2, external
input to Timer 2, and T2EX, Timer 2 trigger input. The
output latch on these two special function pins must be
programmed to a one (1) for that function to operate.

RST/VPD

A high level on this pin resets the SAB 8052A. A small
internal pulldown resistor permits power-on reset using
only a capacitor connected to VCC. If VPD is held within its
spec while VCC drops below spec, VPD will provide
standby power to the RAM. When VPD is low, the RAM's
current is drawn from VCC.

P3.0—-P3.7

10-17

1/0

Port 3 is an 8-bit quasi-bidirectional I/0 port. It also

contains the interrupt, timer, serial port and RD and WR

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

grammed to a one (1) for that function to operate. Port 3

can sink/source four LS TTL loads. The secondary

functions are assigned to the pins of Port 3, as follows:

— RXD/data (P3.0). Serial port’s receiver data input
(asynchronous) or data input/output (synchronous).

— TXD/clock (P3.1). Serial port’s transmitter data output
(asynchronous) or clock output (synchronous).

— INTO (P3.2). Interrupt 0 input or gate control input for
counter 0.

— INTT (P3.3). Interrupt 1 input or gate control input for
counter 1.

— T0 (P3.4). Input to counter 0.

— T1(P3.5). Input to counter 1.

— WR (P3.6). The write control signal latches the data
byte from port 0 into the external data memory.

— RD (P3.7). The read control signal enables external
data memory to port 0.

XTAL1
XTAL2

19

XTAL 1 input to the oscillator’s high gain amplifier.
Required when a crystal is used. Connect to VSS when
external source is used on XTAL 2.

XTAL 2 output from the oscillator’s amplifier. Input to the
internal timing circuitry. A crystal or external source can
be used.

P2.0—-P2.7

21-28

1/0

Port 2 is an 8-bit quasi-bidirectional I/0 port. It also emits
the high-order address byte when accessing external
memory. It is used for the high-order address and the
control signals during program verification. Port 2 can
sink/source four LS TTL loads.

29

The program store enable output is a control signal that
enables the external program memory to the bus during
external fetch operations. Itis activated every six oscillator
periods, except during external data memory accesses.
Remains high during internal program execution.
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SAB 8032A/8052A

Pin Definitions and Functions (continued)

Symbol Number ICr)]StL:)tLJ(tl)(O) Function

ALE 30 (0] Provides address latch enable output used for latching
the address into external memory during normal
operation. It is activated every six oscillator periods
except during an external data memory access.

EA 31 | When held at a TTL high level, the SAB 8052A executes
instructions from the internal ROM when the PC is
lessthan8192. When heldata TTLIow level, the SAB8052A
fetches all instructions from external program memory.
For the SAB 8032A this pin must be tied.low.

P0.0-P0.7 39-32 1/0 Port 0 is an 8-bit open drain bidirectional I/0 port. It is
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification. Port 0 can sink/source
eight LS TTL loads.

VvCC 40 +5V power supply during operation and program
verification.

VSS 20 Circuit ground potential.

Biock Diagram
Frequency
Reference Counters
I A A 7
| |
! 8192 b '
ytes

: Oscillator Program 256 bytes TThree/1g bltt |
| Timin Memory Data Memory u(r:‘er tven |
| 9 (SAB 8052A only) ounters {
= i M |
: SAB8052A < [
| cPU |
| |
| |
I P I |
| 64Kbyte Bus ;‘?g’f;‘oﬁab € |
| Expansion :> Programmable 1/0 + full duplex UART |
| Control - synchronous |

shifter |
I Interrupts |
I R R I R JR A B I I _

Interrupts Control Parallel Ports Serial Senal
Address Data Bus IN ouT
and /0 Pins
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SAB 8032A/8052A

Instruction Set Description

Mnemonic —FDescription l Byte l Cycle
Arithmetic operations

ADD A, Rn Add register to Accumulator 1 1
ADD A, direct Add direct byte to Accumulator 2 1
ADD A, @Ri Add indirect RAM to Accumulator 1 1
ADD A, #data Add immediate data to Accumulator 2 1
ADDC ARn Add register to Accumulator with Carry flag 1 1
ADDC A, direct Add direct byte to Accu with Carry flag 2 1
ADDC A, @Ri Add indirect RAM to Accu with Carry flag 1 1
ADDC A #data Add immediate data to Accu with Carry flag 2 1
suBB A.Rn Subtract register from Accu with borrow 1 1
SUBB A.direct Subtract direct byte from Accu with borrow 2 1
SuBB A @Ri Subtract indirect RAM from A with borrow 1 1
SUBB A, #data Subtract immediate data from A with borrow |2 1
INC A Increment Accumulator 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 1
INC @Ri Increment indirect RAM 1 1
DEC A Decrement Accumulator 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 1
DEC @Ri Decrement indirect RAM 1 1
INC DPTR Increment data pointer 1 2
MUL AB Multiply A & B 1 4
DIV AB Divide A& B 1 4
DA A Decimal adjust Accumulator 1 1
Logical operations

ANL A,Rn AND register to Accumulator 1 1
ANL A, direct AND direct byte to Accumulator 2 1
ANL A @Ri AND indirect RAM to Accumulator 1 1
ANL A, #data AND immediate data to Accumulator 2 1
ANL direct,A AND Accumulator to direct byte 2 1
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SAB 8032A/8052A

Instruction Set Description (continued)

Mnemonic Description Byte Cycle
ANL direct, #data AND immediate data to direct byte 3 2
SE!L o ARn OR register to Accumulator 1 1
ORL A, direct OR direct byte to Accumulator 2 1
6;?L - A ,@Ri OR indirect RAM to Accumulator 1 1
ORL A ddata OR immediate data to Accumulator 2 1
ORL direct,A OR Accumulator to direct byte 2 1
ORL direct,#data OR immediate data to direct byte 3 2
XRL ARn Exclusive-OR register to Accumulator 1 1
XRL A.direct Exclusive-OR direct byte to Accumulator 2 1
XRL A, @Ri Exclusive-OR indirect RAM to Accumulator 1 1
;(I;iL ‘A,#&;t‘a Exclusive-OR immediate data to Accumulator | 2 1
XRL direct,A Exclusive-OR Accumulator to direct byte 2 1
XRL direct,#data Exclusive-OR immediate data to direct 3 2
élr A Clear Accumulator 1 1
CPL A Complement Accumulator 1 1
RL A Rotate Accumulator left 1 1
RLC A Rotate A left through the Carry flag 1 1
RR A Rotate Accumulator right 1 1
RRC A Rotate A right through Carry flag 1 1
SWAP A Swap nibbles within the Accumulator 1 1

Data transfer

MOV A,Rn Move register to Accumulator 1 1
MoV A, direct * Move direct byte to Accumulator 2 1
MOV A,@Ri Move indirect RAM to Accumulator 1 1
MOV A #data Move immediate data to Accumulator 2 1
MOV Rn,A Move Accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV direct,A Move Accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV direct,direct Move direct byte to direct 3 2

* Note: MOV A,ACC is not a valid instruction
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SAB 8032A/8052A

Instruction Set Description (continued)

Mnemonic Description Byte Cycle
MOV direct, @Ri Move indirect RAM to direct byte - 2 2
MOV direct,#data Move immediate data to direct byte 3 2
MOV @Ri,A Move Accumulator to indirect RAM 1 1
MOV @Ri,direct Move direct byte to indirect RAM 2 2
MOV (@Ri, #data Move immediate data to indirect RAM 2 1
MOV DPTR,#data 16 Load data pointer with a 16-bit constant 3 2
Data transfer (cont.)

MOVC A,@A+DPTR Move code byte relative to DPTR to Accumulator] 1 2
MOvC A @A+PC Move code byte relative to PC to Accumulator | 1 2
MOVX A ,@Ri Move external RAM (8-bit addr) to Accumulator | 1 2
MOVX A ,@DPTR Move external RAM (16-bit addr) to Accumulatorf 1 2
MOVX @Ri,A Move A to external RAM (8-bit addr) 1 2
MOVX @DPTR,A Move A to external RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A.Rn Exchange register with Accumulator 1 1
XCH A.direct Exchange direct byte with Accumiulator 2 1
XCH A ,@Ri Exchange indirect RAM with Accumulator 1 1
XCHD A,@Ri Exchange low-order digit ind. RAM with Accu | 1 1
Boolean variable manipulation

CLR C Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETB C Set Carry flag 1 1
SETB bit Set direct bit 2 1
CPL C Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL C,bit AND direct bit to Carry flag 2 2
ANL C./bit AND complement of direct bit to Carry 2 2
ORL C.bit OR direct bit to Carry flag 2 2
ORL C,/bit OR complement of direct bit to Carry 2 2
MoV C,bit Move direct bit to Carry flag 2 1
MOV bit,C Move Carry flag to direct bit 2 2
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SAB 8032A/8052A

Instruction Set Description (continued)

Mnemonic j Description IByte I Cycle
Program and machine control

ACALL addr 11 Absolute subroutine call 2 2
LCALL addr 16 Long subroutine call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr 11 Absolute jump 2 2
LJMP addr 16 Long jump 3 2
SJMP rel Short jump (relative addr) 2 2
JMP @A +DPTR Jump indirect relative to the DPTR 1 2
Jz rel Jump if Accumulator is zero 2 2
JNZ rel Jump if Accumulator is not zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC rel Jump if Carry flag is not set 2 2
JB bit,rel Jump if direct bit set 3 2
JNB bit,rel Jump if direct bit not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJINE A.direct,rel Compare direct to Accu and jump if not equal |3 2
CJNE A, #data,rel Comp. immed. to Accu and jump if notequal |3 2
CJINE Rn,#data,rel Comp. immed. to reg. and jump if not equal 3 2
CJNE @Ri,#data,rel Comp.immed. to ind. and jump if not equal 3 2
DJNZ Rn,rel Decrement register and jump if not zero 2 2
DJNZ direct,rel Decrement direct and jump if not zero 3 2
NOP No operation 1 1

Notes on data addressing modes:
Rn — Working register RO—R7

direct — 128internal RAM locations, any I/0 port,
control or status register

@Ri — Indirectinternal RAM location addressed
by register RO or R1

#data - 8-bit constant included in instruction

#data 16 — 16-bitconstantincluded as bytes 2 & 3 of
instruction

bit — 128 software flags, any 1/0 pin, control
or status bit

A — Accumulator

All mnemonics copyrighted © Intel Corporation 1979

Notes on program addressing modes:

addr16 - Destination address for LCALL & LUMP
may be anywhere within the 64-Kbyte
program memory address space.

addr11 - Destination address for ACALL & AJMP

will be within the same 2-Kbyte page
of program memory as the first byte of
the following instruction.

rel — SJMP and all conditional jumps include
an 8-bit offset byte. Range is +127/-128
bytes relative to first byte of the following
instruction.
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SAB 8032A/8052A

Instruction Opcodes in Hexadecimal Order

ggge l(;lfug:llt);sr Mnemonic| Operands ggge Efug:l?:sr Mnemonic| Operands
00 1 NOP 34 2 ADDC A, #data

01 2 AJMP code addr 35 2 ADDC A, data addr
02 3 LJMP code addr 36 1 ADDC A,@RO

03 1 RR A 37 1 ADDC A@R1

04 1 INC A 38 1 ADDC ARO

05 2 INC data addr 39 1 ADDC AR1

06 1 INC @RO 3A 1 ADDC AR2

07 1 INC @R1 3B 1 ADDC AR3

08 1 INC RO 3C 1 ADDC A R4

09 1 INC R1 3D 1 ADDC AR5

0A 1 INC R2 3E 1 ADDC AR7

0B 1 INC R3 3F 1 ADDC AR7

oC 1 INC R4 40 2 JC code addr
oD 1 INC R5 41 2 AJMP code adadr
0OE 1 INC R6 42 2 ORL data addr,A
OF 1 INC R7 43 3 ORL data addr,#data
10 3 JBC bit addr code addr 44 2 ORL A, #data

1M 2 ACALL code addr 45 2 ORL A,data addr
12 3 LCALL code addr 46 1 ORL A,@RO

13 1 RRC A 47 1 ORL A,@R1

14 1 DEC A 48 1 ORL A,RO

15 2 DEC data addr 49 1 ORL AR1

16 1 DEC @RO 4A 1 ORL A.R2

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4Cc 1 ORL A,R4

19 1 DEC R1 4D 1 ORL AR5

1A 1 DEC R2 4E 1 ORL A,R6

1B 1 DEC R3 4aF 1 ORL A,R7

1C 1 DEC R4 50 2 JNC code adadr
1D 1 DEC R5 51 2 ACALL code addr
1E 1 DEC R6 52 2 ANL data addr,A
1F 1 DEC R7 53 3 ANL data addr, #data
20 3 JB bit addr code addr 54 2 ANL A, #data

21 2 AJMP code addr 55 2 ANL A,data addr
22 1 RET 56 1 ANL A,@RO

23 1 RL A 57 1 ANL A,@R1

24 2 ADD A, #data 58 1 ANL ARO

25 2 ADD A.data addr 59 1 ANL AR1

26 1 ADD A,@RO 5A 1 ANL A,R2

27 1 ADD A,@R1 5B 1 ANL AR3

28 1 ADD A,RO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL AR5

2A 1 ADD AR2 5E 1 ANL A,R6

2B 1 ADD AR3 5F 1 ANL AR7

2C 1 ADD AR4 60 2 Jz code adadr
2D 1 ADD A,R5 61 2 AJMP code addr
2E 1 ADD AR6 62 2 XRL data addr,A
2F 1 ADD AR7 63 3 XRL data addr, #data
30 3 JNB bit addr, code addr 64 2 XRL A #data

31 2 ACALL code addr 65 2 XRL A.data addr
32 1 RETI 66 1 XRL A,@RO

33 1 RLC A 67 1 XRL A,@R1




SAB 8032A/8052A

Instruction Opcodes in Hexadecimal Order (continued)

E‘gze glfué?,?:g Mnemonic| Operands ggée gfug;tt):sr Mnemonic| Operands

68 1 XRL ARO 9C 1 SuUBB AR4

69 1 XRL AR1 9D 1 SuBB AR5

6A 1 XRL AR2 9E 1 SUBB A,R6

6B 1 XRL AR3 9F 1 SUBB AR7

6C 1 XRL AR4 A0 2 ORL C,/bit addr

6D 1 XRL AR5 A1l 2 AJMP code addr

6E 1 XRL AR6 A2 2 MOV C.bit addr

6F 1 XRL A,R7 A3 1 INC DPTR

70 2 INZ code addr A4 1 MUL AB

71 2 ACALL code addr A5 reserved

72 2 ORL C,bit addr A6 2 MOV @RO,data addr

73 1 JMP @A+DPTR A7 2 MOV @R1,data addr

74 2 MOV A #data A8 2 MOV RO,data addr

75 3 MOV data addr, #data A9 2 MOV R1,data addr

76 2 MOV @RO,#data AA 2 MOV R2,data addr

77 2 MOV @R1,#data AB 2 MOV R3,data addr

78 2 MOV RO, #data AC 2 MoV R4,data addr

79 2 MOV R1,#data AD 2 MOV R5,data addr

7A 2 MOV R2,#data AE 2 MOV R6,data adar

7B 2 MOV R3,#data AF 2 MOV R7.data addr

7C 2 MOV R4,4data BO 2 ANL C./bit addr

7D 2 MOV R5,#data B1 2 ACALL code addr

7E 2 MOV R6,#data B2 2 CPL bit addr

7F 2 MOV R7.4#data B3 1 CPL C

80 2 SJMP code addr B4 3 CJNE A, #data,code addr
81 2 AJMP code addr B5 3 CJNE A data addr,code addr
82 2 ANL C.bit addr B6 3 CJNE (@RO,#data,code adar
83 1 MOVC A,@A+PC B7 3 CJINE (@R1,#data.code adar
84 1 DIV AB B8 3 CJINE RO, #data,code addr
85 3 MOV data addr.data addr B9 3 CJNE R1,#data,code adar
86 2 MOV data addr,@RO BA 3 CJNE R2,#data,code addr
87 2 MOV data addr,@R1 BB 3 CJNE R3,#data,code addr
88 2 MOV data addr,RO BC 3 CJNE R4,#data,code addr
89 2 MOV data addr,R1 BD 3 CJINE R5,#data,code addr
8A 2 MOV data addr, R2 BE 3 CJNE R6,#data,code addr
8B 2 MOV data addr, R3 BF 3 CJINE R7,#data,code addr
8C 2 MOV data addr,R4 Cco 2 PUSH data addr

8D 2 MOV data addr,R5 C1 2 AJMP code addr

8E 2 MOV data addr,R6 C2 2 CLR bit addr

8F 2 MOV data addr,R7 C3 1 CLR C

90 3 MOV DPTR, #data c4 1 SWAP A

91 2 ACALL code addr C5 2 XCH A, data addr

92 2 MOV bit addr,C Cé 1 XCH A,@RO

93 1 MOvC A,@A+DPTR Cc7 1 XCH A,@R1

94 2 SUBB A #data c8 1 XCH ARO

95 2 SUBB A,data addr C9 1 XCH AR1

96 1 SUBB A,@RO CA 1 XCH AR2

97 1 SUBB A,@R1 CB 1 XCH AR3

98 1 SUBB A,RO CcC 1 XCH A,R4

99 1 SUBB AR1 CcD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH AR6

9B 1 SUBB AR3 CF 1 XCH AR7
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SAB 8032A/8052A

Instruction Opcodes in Hexadecimal Order (continued)

Hex Number

Code | of Bytes Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr
D2 2 SETB bit addr

D3 1 SETB C

D4 1 DA A

D5 3 DJNZ data addr,code addr
D6 1 XCHD A,@RO

D7 1 XCHD A@R1

D8 2 DJNZ RO,code addr
D9 2 DJNZ R1,code addr
DA 2 DJNZ R2,code adar
DB 2 DJNZ R3.,code addr
DC 2 DJNZ R4,code addr
DD 2 DJNZ R5,code addr
DE 2 DJNZ R6,code addr
DF 2 DJNZ R7,code addr
EO 1 MOVX A, @DPTR

E1 2 AJMP code addr

E2 1 MOVX A,@RO

E3 1 MOVX A @R1

E4 1 CLR A

E5 2 MOV A,data addr *
E6 1 MOV A,@RO

E7 1 MOV A @R1

E8 1 MOV A,RO

E9 1 MOV AR1

EA 1 MOV AR2

EB 1 MOV AR3

EC 1 MOV AR4

ED 1 MOV AR5

EE 1 MOV A,R6

EF 1 MOV AR7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
F6 1 MOV @RO,A

F7 1 MOV @R1,A

F8 1 MOV RO,A

F9 1 MoV R1,A

FA 1 MOV R2,A

FB 1 MOV R3,A

FC 1 MOV R4,A

FD 1 MOV R5,A

FE 1 MOV R6,A

FF 1 MOV R7,A

* Note: MOV A,ACC is not a valid instruction

74



Absolute Maximum Ratings”

Ambient Temperature under Bias

Storage Temperature

Voltage on Any Pin with Respect to Ground (VSS)
Power Dissipation

D.C. Characteristics
TA =010 70°C; VCC = 5V + 10%; VSS = 0V

SAB 8032A/8052A

-6
-0.

Oto 70°C
5to +150°C
5to+ 7V

2W

Symbol Parameter Limit Values Unit Test Condition
Min. Max.
VIL Input Low Voltage -0.5 0.8
VIH Input High Voltage 2.0
(Except RST/VPD and XTAL2)
VCC+0.5
VIH1 Input High Voltage to 25 XTAL1 to VSS
RST/VPD for Reset, XTAL2
VPD Power Down Voltage 4.5 5.5 VCC = oV
to RST/VPD
VoL Output Low Voltage Vv IOL = 1.6 mA
Ports 1,2,3
- 0.45
VvOL1 Output Low Voltage IOL =3.2mA
Port 0, ALE, PSEN
VOH Output High Voltage IOH = —80 uA
Ports 1,2, 3
2.4 - S
VOH1 Output High Voltage IOH = —400 WA
Port 0, ALE, PSEN
1L Logical 0 Input Current —-800 uA VIL =045V
Ports 1,2,3
L2 Logical 0 Input Current -2.0 mA XTAL1 = VSS
XTAL 2 VIiL=0.45V
IIH1 Input High Current to 500 VIN =VCC-15V
RST/VPD for Reset
- A .
ILl Input Leakage Current +10 " 0V < VIN < VCC
to Port 0, EA
ICC Power Supply Current 175 All outputs
disconnected
mA
IPD Power Down Current 15 VCC =0V
ClO Capacitance of 1/0 Buffer 10 pF fe=1MHz

1) Stresses above those listed under ““Absolute Maximum Ratings’”” may cause permanent damage to
the device. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.
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SAB 8032A/8052A

A.C. Characteristics

TA = 0°Cto 70°C; VCC =5V +10%; VSS =0V
(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit

Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz

Min. Max. Min. Max.
TLHLL ALE Pulse Width 127 2TCLCL-40
TAVLL Address Setup to ALE 53 - TCLCL-30 -
TLLAX1 | Address Hold after ALE 48 TCLCL-35
TLLIV ALE to Valid Instr In - 233 - 4TCLCL-100
TLLPL ALE to PSEN 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width 215 - 3TCLCL35 |
TPLIV PSEN to Valid Instr In - 150 - 3TCLCL-100
TPXIX Input Instr Hold after PSEN 0 - 0 -
TPXIZ*) | Input Instr Float after PSEN - 63 - TCLCL-20
TPXAV*) | Address Valid after PSEN 75 - TCLCL-8 -
TAVIV Address to Valid Instr In - 302 - 5TCLCL-115
TAZPL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit

Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz

Min. Max. Min. Max.
TRLRH RD Pulse Width
TWLWH | WR Pulse Width 400 - OTCLCL100
TLLAX2 | Address Hold after ALE 132 2TCLCL-35
TRLDV RD to Valid Data In - 250 - 5TCLCL-165
TRHDX | Data Hold after RD 0 - 0 -
TRHDZ Data Float after RD 97 2TCLCL-70
TLLDV ALE to Valid Data In - 517 - 8TCLCL-150 ns
TAVDV Address to Valid Data In 585 9TCLCL-165
TLLWL ALE to WR or RD 200 300 3TCLCL-50 3TCLCL+50
TAVWL | Address to WR or RD 203 - 4TCLCL-130 |-
TWHLH WR or RD High to ALE High 43 123 TCLCL-40 TCLCL+40
TDVWX | Data Valid to WR Transition 33 TCLCL-50
TQVWH | Data Setup before WR 433 - 7TCLCL-150 —
TWHQX | Data Hold after WR 33 TCLCL-50
TRLAZ Address Float after RD - 0 - 0

*) Interfacing the SAB 8052A to devices with float times up to 75ns is permissible. This limited bus
contention will not cause any damage to Port 0 drivers.
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SAB 8032A/8052A

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 12 MHz
Min. Max.
TCLCL Oscillator Period 83.3 833.3
TCHCX High Time 20 TCLCL-TCLCX
TCLCX Low Time TCLCL-TCHCX ns
TCLCH Rise Time
- 20
TCHCL Fall Time
External Clock Cycle
TCHCX —= TCLCH —| —— --— TCHCL
25 25 25
K08 08+ -
TCLCX
TCLCL
A.C. Testing Input, Output, Float Waveforms
2 70 70
Test Points
045 0.8 0.8
| Float |
24 20 20 24
045 08 08 045
A.C. testing inputs are driven at 2.4V for a logic 1" and 0.45V for a logic ““0".
Timing measurements are made at 2.0V for a logic 1" and 0.8V for a logic “'0".
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2mA or sources
400 uA at the voltage test levels.
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SAB 8032A/8052A

Waveforms

Program Memory Read Cycle

= TLHLL =f=—TLLIV —

f =—=|TLLPL \
ALE S

(=——TPLPH ——I

—=TLLAX1}3

—{TAVLL |~

STPLIV S —|  -TPXIZ

—{l=—TAZPL =l [TPXIX

PSEN _—\ LM

INSTW AT -AO INSTRINy
PORT 0 /

A7 - A0 >'—< INSTRIN »—

F——TAVIV — ——i

boRT 2 gggﬁgsgz ADDRESS A15-A8 )(

ADDRESS A15-A8 )

Data Memory Read Cycle

TLLOV - TWHLH -~
w )
PSEN -—/ -~ TLWL TRLRH
RD W —
-~ |—TAvWL TRHOZ
VDV ~TUAX2 =] = TRLOV —= TRHDX—~| (=

Y o XX
Port 0

DATA IN

—=1 |=—TRLAZ

ADDRESS

ADDRESS A15-A8 OR SFR P2
Portz _ORSFRP2
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SAB 8032A/8052A

Data Memory Write Cycle

ALE .__/-__\

TWHLH ,_7_

PSEN J e TUWL— TWLWH

e——1-TAVWL

TLLAX2 7™

——TDVWX

H A7-
Port 0 AO

AORESS , X ADDRESS A15- A8 OR SFR P2

Port2 __ORSFR P

—
TQVWH TWHQX:
DATA OUT
\
J/

Recommended Oscillator Circuits

C
it N
| —
12-12MHz
" 8
i : XTAL2

C=30pF £10pF

Crystal Oscillator Mode

6.7k

o— —————2{XTAL2

7404
74LS04

Driving from External Source
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SAB 8032A/8052A

ROM Verification Characteristics
TA = 25°C +5°C; VCC =5V +10%; VSS =0V

Symbol Parameter Limit Values Unit
Min. Max.
TAVQV Address to Valid Data
TELQV Enable to Valid Data 48 TCLCL ns
TEHQZ Data Float after Enable 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification
P1.0-P17
P2.0- Pz.z._—{: Address > <
TAVQV
Port 0 4‘ Data out }——
TELQV TEHQZ
-—— }———
P21
ENABLE
Address: P1.0-P1.7 = A0—-A7
P2.0-P2.4 = AB—-A12
Data: Port 0 = D0-D7
Inputs: P2.5—-P2.6, PSEN = VSS
ALE,EA = TTL high level
RST/VPD = VIH1
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SAB 8032A/8052A

Package Outline

40 Pin Plastic Package Type P

— 1524202
e [ N
EX £ £
S &
F 2
VI (ppei o)
_.‘ ",;4-‘.9‘2500_\ J
le— 15.24"7—
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SAB 8032A/8052A

Ordering Information

Type Description Ordering code
8-Bit Single-Chip Microcomputer

SAB 8052A-P with mask-programmable ROM (Plastic) Q67120-C195

SAB 8032A-P for external Memory (Plastic) Q67120-C196
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")i,,ary

SAB 8032A/8052A Ext.Temp.
8-Bit Single-Chip Microcontroller

Extended Temperature Range: —40" to + 85°C
—40° to +100°C

SAB 8052A-T40/85 Mask-programmable ROM

SAB 8052A-T40/100
® 8K x 8 ROM (SAB 8052A only)

® 256 x 8 RAM

® Four 8-bit ports, 32 1/0 lines

® Three 16-bit timer/event counters

® High-performance full-duplex serial channel
® External memory expandable to 128 Kbyte
® Compatible with SAB 8080/8085 peripherals

SAB 8032A-T40/85
SAB 8032A-T40/100 =Xternal ROM

® Timer 2 capture capability

® Variable transmit/receive baud rate capability
® Boolean processor

® Most instructions execute in 1 us

®4 us multiply and divide

® Upward-compatible with SAB 8031A/8051A

Pin Configuration
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The SAB 8032A/8052A for the two extended
temperature ranges —40to +85°C and —40to + 100°C
is fully compatible with the standard SAB 8032A/
8052A with respect to architecture, instruction set,
and software portability.

The SAB 8032A/8052A is a stand-alone, high-per-
formance single-chip microcontroller fabricated in
+5V advanced N-channel, silicon gate Siemens
MYMOS technology, packaged in a 40-pin DIP
package.

The SAB 8052A contains a non-volatile 8K x 8 read-
only program memory; a volatile 256 x 8 read/write

data memory; 32 1/0 lines; three 16-bit timer/
counters; a six-source, two-priority level, nested
interrupt structure; a serial I/0 port for either
multiprocessor communications, I/O expansion,

or full-duplex UART; as well as on-chip oscillator
and clock circuits. The SAB 8032A is identical, except
that it lacks the program memory.

For systems that require extra capability, the
SAB 8052A can be expanded using standard TTL-
compatible memories and the byte-oriented

SAB 8080 and SAB 8085 peripherals.

6.85
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SAB 8032A/8052A Ext. Temp.

Pin Definitions and Functions

Symbol

Pin

Input (1)
Output (O)

Function

P1.0-P1.7

1/0

Port 1is an 8-bit quasi-bidirectional I/0 port. It is used for
the low-order address byte during program verification.
Port 1 can sink/source four LS TTL loads. Pins P1.0 and
P1.1 also correspond to the special functions T2, external
input to Timer 2, and T2EX, Timer 2 trigger input. The
output latch on these two special function pins must be
programmed to a one (1) for that function to operate.

RST/VPD

A high level on this pin resets the SAB 8052A. A small
internal pulldown resistor permits power-on reset using
only a capacitor connected to VCC. If VPD is held within its
spec while VCC drops below spec, VPD will provide
standby power to the RAM. When VPD is low, the RAM’s
currentis drawn from VCC.

P3.0-P3.7

10-17

1/0

Port 3 is an 8-bit quasi-bidirectional 1/0 port. It also

contains the interrupt, timer, serial port and RD and WR

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

grammed to a one (1) for that function to operate. Port 3

can sink/source four LS TTL loads. The secondary

functions are assigned to the pins of Port 3, as follows:

— RxD/data (P3.0). Serial port’s receiver data input
(asynchronous) or data input/output (synchronous).

— TxD/clock {"3.1). Serial port’s transmitter data output
(asynchronous) or clock output (synchronous).

— INTO (P3.2). Interrupt 0 input or gate control input for
counter 0.

— INT1 (P3.3). Interrupt 1 input or gate control input for
counter 1.

— T0 (P3.4). Input to counter 0.

— T1(P3.5). Input to counter 1.

— WR (P3.6). The write control signal latches the data
byte from port 0 into the external data memory.

— RD (P3.7). The read control signal enables external
data memoty to port 0.

XTAL1
XTAL2

19
18

XTAL 1 input to the oscillator’s high-gain amplifier.
Required when a crystal is used. Connect to VSS when
external source is used on XTAL 2.

XTAL 2 output from the oscillator’s amplifier. Input to the
internal timing circuitry. A crystal or external source can
be used.

P2.0-P2.7

21-28

1/0

Port 2 is an 8-bit quasi-bidirectional 1/0 port. It also emits
the high-order address byte when accessing external
memory. It is used for the high-order address and the
control signals during program verification. Port 2 can
sink/source four LS TTL loads.

29

The program store enable output is a control signal that
enables the external program memory to the bus during
external fetch operations. It is activated every six oscillator
periods, except during external data memory accesses.
Remains high during internal program execution.
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SAB 8032A/8052A Ext. Temp.

Pin Definitions and Functions (cont’d)

Symbol

Pin

Input ()
Output (O)

Function

ALE

30

0]

Provides address latch enable output used for latching
the address into external memory during normal
operation. It is activated every six oscillator periods
except during an external data memory access.

31

When held at a TTL high level, the SAB 8052A executes
instructions from the internal ROM when the PC is
lessthan8192. When heldata TTLIow level, the SAB8052A
fetches all instructions from external program memory.
For the SAB 8032A this pin must be tied low.

P0.0-P0.7

vCC

39-32

eight LS TTL loads.

Port 0 is an 8-bit open-drain bidirectional 1/0 port. it is
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification. Port 0 can sink/source

40

verification.

+5V power supply during operation and program

VSS

20

Ground (0V).

Block Diagram

and 1/0 Pins

Frequency
Reference Counters

e i
’l |
192 byt '
! Oscillator §rograbr:’1e 256 byte Three 16-bit [
l Memory Data Memory Timer /Event |
L) Timng (SAB 80524 Oniy Counters |
‘ |

|
R /T ﬂ 7S |
} SAB8052A < o [
| CPU |
| |

Programmable
| 64 Kbyte Bus Serigal Port |
| Expansion :> Programmable /0 -Full Duplex UART | |
| Control + Synchronous |
Shifter |
: Interrupts |
R A PR I S JEOSE I I I R E .
Interrupts Control Parallel Ports Serial Senal
Address Data Bus IN ouT
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SAB 8032A/8052A Ext.Temp.

Instruction Set Summary

Mnemonic I Description I Byte JCycIe
Arithmetic operations

ADD A, Rn Add register to Accumulator 1 1
ADD A, direct Add direct byte to Accumulator 2 1
ADD A, @Ri Add indirect RAM to Accumulator 1 1
ADD A, #data Add immediate data to Accumulator 2 1
ADDC ARn Add register to Accumulator with Carry flag 1 1
ADDC A.direct Add direct byte to A with Carry flag 2 1
ADDC A,@Ri Add indirect RAM to A with Carry flag 1 1
ADDC A, #data Add immediate data to A with Carry flag 2 1
SuUBB ARn Subtract register from A with borrow 1 1
SUBB A direct Subtract direct byte from A with borrow 2 1
SUBB A @Ri Subtract indirect RAM from A with borrow 1 1
SUBB A, #data Subtract immediate data from A with borrow | 2 1
INC A Increment Accumulator 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 1
INC @Ri Increment indirect RAM 1 1
DEC A Decrement Accumulator 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 1
DEC @Ri Decrement indirect RAM 1 1
INC DPTR Increment data pointer 1 2
MuUL AB Muiltiply Aand B 1 4
DIV AB Divide A by B 1 4
DA A Decimal adjust Accumulator 1 1
Logical operations

ANL A,Rn AND register to Accumulator 1 1
ANL A.direct AND direct byte to Accumulator 2 1
ANL A,@Ri AND indirect RAM to Accumulator 1 1
ANL A, #data AND immediate data to Accumulator 2 1
ANL direct,A AND Accumulator to direct byte 2 1
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SAB 8032A/8052A Ext.Temp.

Instruction Set Summary (cont’d)

Mnemonic - \ Descriét}on ‘ Byte |Cvc|e
Logical operations (cont'd)

ANL direct,#data N ;ND immediate data to direct byte 3 2
ORL A,Rnri OR register to Accumulator 1 1
ORL A, direct OR direct byte to Accumulator 2 1
ORL - A @Ri OF?indirect RAM to Accumulator 1 1
ORL A, #data OR immediate data to Accumulator 2 1
ORL direct,A OR Accumulator to direct byte 2 1
ORL direct,#data OR immediate data to direct byte 3 2
XRL A,Rn Exclusive OR register to Accumulator 1 1
XRL A, direct Exclusivé dR direct byte to Accumulator 2 1
XRL 7 A@l;; Exclusive OR indirect RAM to Accumulator 1 1
XRL A, #data Exclusive OR immediate data to Accumulator |2 1
XRLIW o dirrerct,Ar; . Exclusive OR Accumulator to direct byte 2 1
XRL direct,#data Exclusive-OR immediate data to direct byte 3 2
CLR A Clear Accumulator 1 1
CPL A Complement Accumulator 1 1
RL A Rotate Accumulator left 1 1
RLC A Rotate A left through the Carry flag 1 1
RR A Rotate Accumulator right 1 1
F;E(E A E;;;;e Aright thréi;éh Carry flag 1 1
SWAP » A Swap nibbles within the Accumulator 1 1
Data transfer

MOV ARn Move register to Accumulator 1 1
MOV A, direct ¥) Move direct byte to Accumulator 2 1
MOV A,@Ri Move indirect RAM to Accumulator 1 1
MOV A, #data Move immediate data to Accumulator 2 1
MOV Rn,A Move Accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MoV Rn,#data Move immediate data to register 2 1
MOV direct,A Move Accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MoV direct,direct Move direct byte to direct byte 3 2

*) MOV A,ACC is not a valid instruction

87



SAB 8032A/8052A Ext.Temp.

Instruction Set Summary (cont’d)

Mnemonic rDescription ! Byte , Cycle
Data transfer (cont'd)

MOV direct,@Ri Move indirect RAM to direct byte 2 2
MOV direct,#data Move immediate data to direct byte 3 2
MOV @Ri,A Move Accumulator to indirect RAM 1 1
MOV @Ri,direct Move direct byte to indirect RAM 2 2
MoV (@Ri,#data Move immediate data to indirect RAM 2 1
MOV DPTR,#data 16 Load data pointer with a 16-bit constant 3 2
MOVC A, @A+DPTR Move code byte relative to DPTR to Accumulator| 1 2
MOvC A @A+PC Move code byte relative to PC to Accumulator | 1 2
MOVX A @Ri Move external RAM (8-bit addr) to Accumulator | 1 2
MOVX A,@DPTR Move external RAM (16-bit addr) to Accumulator | 1 2
MOVX @Ri,A Move A to external RAM (8-bit addr) 1 2
MOVX @DPTR,A Move A to external RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct . | Pop direct byte from stack 2 2
XCH A.Rn Exchange register with Accumulator 1 1
XCH A, direct Exchange direct byte with Accumulator 2 1
XCH A,@Ri Exchange indirect RAM with Accumulator 1 1
XCHD A @Ri Exchange low-order digit ind. RAM with A 1 1

Boolean variable manipulation

CLR C Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETB C Set Carry flag 1 1
SETB bit Set direct bit 2 1
CPL C Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL C,bit AND direct bit to Carry flag 2 |2
ANL C./bit AND complement of direct bit to Carry 2 2
ORL C,bit OR direct bit to Carry flag 2 2
ORL C,/bit OR complement of direct bit to Carry 2 2
MOV C,bit Move direct bit to Carry flag 2 1
MOV bit,C Move Carry flag to direct bit 2 2
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SAB 8032A/8052A Ext. Temp.

Instruction Set Summary (cont’d)

Mnemonic ’ Description l Byte lecle
Program and machine control

ACALL addr 11 Absolute subroutine call 2 2
LCALL addr 16 Long subroutine call 3 2
RET o o Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr 11 Absolute jump 2 2
LIJMP addr 16 Long jump 3 2
SJMP rel Short jump (relative addr) 2 2
JMP @A +DPTR Jump indirect relative to the DPTR 1 2
TJE? 7 rel Jump if Accumulator is zero 2

JNZ rel Jump if Accumulator is not zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC 7 rel Jump if Carry flag is not set 2 2
JB bit,rel Jump if direct bit is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
J"Bict,i bit,rel Jump if direct bit is set and clear bit 3 2
CJNE A.direct,rel Compare direct to A and jump if not equal 3 2
CJNE . A, #data,rel Comp. immed. to A and jump if not equal 3 2
CJNE . Rn,#data,rel Comp. immed. to reg. and jump if not equal 3 2
CJINE @Ri,#daté,rel 7 Cé;'n;;.im}ned. to ind. and jump if not equal 3 2
DJNZV I;n,rel Decrement register and jump if not zero 2 2
DJNZ direct,rel Decrement direct and jump if not zero 3 2
NOP No operation 1 1

Notes on data addressing modes:

Rn — Working register RO—R7

direct - 128internal RAM locations, any I/0 port,
control or status register

@Ri — Indirectinternal RAM location addressed
by register RO or R1

#data — 8-bit constant included in instruction

#data 16 — 16-bitconstantincluded as bytes2 and 3
of instruction

bit — 128 software flags, any I/0 pin, control
or status bit
A — Accumulator

All mnemonics copyrighted © Intel Corporation 1979

Notes on program addressing modes:

addr 16 — Destination address for LCALL and LIMP
may be anywhere within the 64 Kbyte
program memory address space.

addr 11 — Destination address for ACALL and AJMP
will be within the same 2 Kbyte page
of program memory as the first byte of
the following instruction.

— SJMP and all conditional jumps include
an 8-bit offset byte. Range is +127/—128
bytes relative to first byte of the following
instruction.

rel
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SAB 8032A/8052A Ext. Temp.

Instruction Op Codes in Hexadecimal Order

Hex

Number

Hex

Number

Code | of Bytes Mnemonic| Operands Code | of Bytes Mnemonic| Operands
00 1 NOP 34 2 ADDC A, #data

01 2 AJMP code addr 35 2 ADDC A,data addr
02 3 LIMP code addr 36 1 ADDC A,@RO

03 1 RR A 37 1 ADDC A,@R1

04 1 INC A 38 1 ADDC ARO

05 2 INC data addr 39 1 ADDC AR

06 1 INC @RO 3A 1 ADDC AR2

07 1 INC @R1 3B 1 ADDC AR3

08 1 INC RO 3C 1 ADDC A R4

09 1 INC R1 3D 1 ADDC A,R5

0A 1 INC R2 3E 1 ADDC A,R7

0B 1 INC R3 3F 1 ADDC AR7

oC 1 INC R4 40 2 JC code addr
0D 1 INC R5 41 2 AJMP code adar
OE 1 INC R6 42 2 ORL data addr,A
OF 1 INC R7 43 3 ORL data addr, #data
10 3 JBC bit addr code addr 44 2 ORL A, #data

11 2 ACALL code addr 45 2 ORL A, data addr
12 3 LCALL code addr 46 1 ORL A,@RO

13 1 RRC A 47 1 ORL A ,@R1

14 1 DEC A 48 1 ORL ARO

15 2 DEC data adar 49 1 ORL AR1

16 1 DEC @RO 4A 1 ORL AR2

17 1 DEC @R1 4B 1 ORL A,R3

18 1 DEC RO aCc 1 ORL AR4

19 1 DEC R1 4D 1 ORL A,R5

1A 1 DEC R2 4E 1 ORL A,R6

1B 1 DEC R3 4F 1 ORL AR7

1C 1 DEC R4 50 2 JNC code addr
1D 1 DEC R5 51 2 ACALL code addr
1E 1 DEC R6 52 2 ANL data addr,A
1F 1 DEC R7 53 3 ANL data addr, #data
20 3 JB bit addr code addr 54 2 ANL A, #data

21 2 AJMP code addr 55 2 ANL A.data addr
22 1 RET 56 1 ANL A,@RO

23 1 RL A 57 1 ANL A,@R1

24 2 ADD A, #data 58 1 ANL A,RO

25 2 ADD A, data addr 59 1 ANL AR1

26 1 ADD A,@RO 5A 1 ANL A,R2

27 1 ADD A,@R1 5B i ANL AR3

28 1 ADD ARO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL AR5

2A 1 ADD A,R2 5E 1 ANL A,R6

2B 1 ADD AR3 5F 1 ANL A,R7

2C 1 ADD AR4 60 2 Jz code addr
2D 1 ADD AR5 61 2 AJMP code addr
2E 1 ADD A,R6 62 2 XRL data addr,A
2F 1 ADD A,R7 63 3 XRL data addr, #data
30 3 JNB bit addr, code addr 64 2 XRL A, #data

31 2 ACALL code addr 65 2 XRL A,data addr
32 1 RETI 66 1 XRL A,@RO

33 1 RLC A 67 1 XRL A @R1




SAB 8032A/8052A Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont’d)

ggge (r;lfug:/?:sr Mnemonic| Operands gsge yfug;?:; Mnemonic| Operands

68 1 XRL A,RO 9C 1 suBB AR4

69 1 XRL A.R1 aD 1 SUBB AR5

6A 1 XRL A,R2 9E 1 SUBB A,R6

6B 1 XRL AR3 9F 1 SUBB AR7

6C 1 XRL AR4 A0 2 ORL C,/bit addr

6D 1 XRL A,R5 A1l 2 AJMP code addr

6E 1 XRL A,R6 A2 2 MOV C.,bit addr

6F 1 XRL AR7 A3 1 INC DPTR

70 2 JNZ code adar A4 1 MUL AB

7 2 ACALL code addr A5 reserved

72 2 ORL C.bit addr A6 2 MOV @RO0,data addr

73 1 JMP @A+DPTR A7 2 MOV @R1,data addr

74 2 MOV A, #data A8 2 MOV RO,data addr

75 3 MOV data addr, #data A9 2 MOV R1,data addr

76 2 MOV @RO, #data AA 2 MOV R2,data addr

77 2 MOV @R1,#data AB 2 MOV R3,data addr

78 2 MOV RO,#data AC 2 MOV R4,data addr

79 2 MOV R1,#data AD 2 MOV R5,data addr

7A 2 MOV R2,#data AE 2 MOV R6,data addr

7B 2 MOV R3,#data AF 2 MOV R7.data addr

7C 2 MOV R4, #data BO 2 ANL C,/bit addr

7D 2 MOV R5,#data B1 2 ACALL code addr

7E 2 MOV R6,#data B2 2 CPL bit addr

7F 2 MOV R7,#data B3 1 CPL C

80 2 SJIMP code adar B4 3 CJNE A, #data,code addr
81 2 AJMP code addr B5 3 CJNE A data addr,code addr
82 2 ANL C.bit addr B6 3 CJNE @RO,#data,code addr
83 1 MovC A @A+PC B7 3 CJINE @R1,#data,code addr
84 1 DIV AB B8 3 CJINE RO,#data,code addr
85 3 MOV data addr,data addr B9 3 CJINE R1,#data,code addr
86 2 MOV data addr,@R0O BA 3 CJNE R2,#data,code addr
87 2 MOV data addr,@R1 BB 3 CJNE R3.#data,code adar
88 2 MOV data addr,RO BC 3 CJNE R4,+#data,code addr
89 2 MOV data addr,R1 BD 3 CJNE R5,#data,code addr
8A 2 MOV data addr, R2 BE 3 CJNE R6.#data,code adar
8B 2 MOV data addr, R3 BF 3 CJNE R7,#data,code addr
8C 2 MOV data addr,R4 co 2 PUSH data addr

8D 2 MOV data addr,R5 C1 2 AJMP code addr

8E 2 MOV data addr,R6 Cc2 2 CLR bit addr

8F 2 MOV data addr,R7 C3 1 CLR C

90 3 MOV DPTR, #data ca 1 SWAP A

91 2 ACALL code addr C5 2 XCH A, data addr

92 2 MOV bit addr,C Cé 1 XCH A,@RO

93 1 MOVC A,@A+DPTR c7 1 XCH A,@R1

94 2 SUBB A, #data cs 1 XCH ARO

95 2 suBB A, data addr Cc9 1 XCH AR1

96 1 SUBB A ,@RO CA 1 XCH A,R2

97 1 SUBB A,@R1 cB 1 XCH AR3

98 1 SUBB ARO cC 1 XCH AR4

99 1 SUBB AR1 CcD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH A,R6

9B 1 SUBB AR3 CF 1 XCH AR7
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Instruction Op Codes in Hexadecimal Order (cont’d)

Hex Number

Code | of Bytes Mnemonic| Operands

DO POP data addr

D1 ACALL code addr

D2 SETB bit addr

D3 SETB C

D4 DA A

D5 DJNZ data addr,code addr
D6 XCHD A ,@RO

D7 XCHD A,@R1

D8 DJNZ RO,code addr
D9 DJNZ R1,code addr
DA DJNZ R2,code addr
DB DJNZ R3,code addr
DC DJNZ R4,code addr
DD DJNZ R5,code addr
DE DJNZ R6,code addr
DF DJINZ R7,code addr
EO MOVX A,@DPTR

E1 AJMP code addr

MOVX A,@RO
MOVX A @R1

m
w
- a3 A N A N = a3 A a N2 AN 2NN NNNNNNNNNCS W= a2 NN

E4 CLR A

ES MOV A, data addr*
E6 MOV A,@RO

E7 MOV A,@R1

E8 MOV A,RO

E9 MOV AR1

EA MoV AR2

EB MOV AR3

EC MOV AR4

ED MOV AR5

EE MOV A,R6

EF MOV AR7

FO MOVX @DPTR,A
F1 ACALL code addr
F2 MOVX @RO,A

F3 MOVX @R1,A

F4 CPL A

F5 MOV data addr,A
F6 MOV @RO,A

F7 MOV @R1,A

F8 MOV RO,A

F9 MOV R1,A

FA MOV R2,A

FB MOV R3,A

FC MOV R4,A

FD MOV R5,A

FE MOV R6,A

FF MOV R7,A

*) MOV A ,ACC is not a valid instruction
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Absolute Maximum Ratings "
Ambient Temperature under Bias

Storage Temperature
Voltage on Any Pin with Respect to Ground (VSS)
Power Dissipation

DC Characteristics

—~40 to + 85°C for T40/85
—40 to +100°C for T40/100
~-65 to +150°C
-05to+ 7V

2W

VCC =5V +10%; VSS = 0V; TA = -40to + 85°C for T40/85;
TA = -40to +100°C for T40/100;

Symbol Parameter Limit Values Unit Test Condition
min. max.
VIL Input Low Voltage -0.5 0.8
VIH Input High Voltage 2.0
(Except RST/VPD and XTAL2)
- VCC+0.5
VIH1 Input High Voltage to 25 XTAL1 to VSS
RST/VPD for Reset, XTAL2
VPD Power Down Voltage 4.5 5.5 VCC =0V
to RST/VPD
vOL Output Low Voltage \" I0L = 1.6 mA
Ports 1,2,3
- 0.45
voL1 Output Low Voltage 0L = 3.2 mA
Port 0, ALE, PSEN
VOH Qutput High Voltage IOH — —80 1A
Ports 1,2,3
2.4 - b
VOH1 Output High Voltage IOH = —400 1A
Port 0, ALE, PSEN
L Logical 0 Input Current —800 uA VIL =045V
Ports 1,2,3
L2 Logical 0 Input Current -25 mA XTAL1 = VSS
XTAL 2 VIL = 0.45V
11H1 Input High Current to 500 VIN = VCC-15V
RST/VPD for Reset
- A .
ILI Input Leakage Current +10 " 0V < VIN < VCC
to Port 0, EA
ICC Power Supply Current 175 All outputs
disconnected
mA
IPD Power Down Current 15 VCC =0V
Clo Capacitance of I/0 Buffer 10 pF f. = 1MHz

1) Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.
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AC Characteristics for T40/85

VCC =5V +10%; VSS =0V; TA = —40° to +85°C
(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit

Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz

min. max. min. max.
TLHLL ALE Pulse Width 127 2TCLCL-40
TAVLL Address Setup to ALE 53 - TCLCL-30 -
TLLAX1 | Address Hold after ALE 48 TCLCL-35
TLLIV ALE to Valid Instruction In - 233 - 4TCLCL-100
TLLPL ALE to PSEN 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width 215 - 3TCLCL-35 |
TPLIV PSEN to Valid Instruction In - 150 - 3TCLCL-100
TPXIX Input Instr Hold after PSEN 0 - 0 -
TPXIZ*) |InputInstr Float after PSEN - 63 - TCLCL-20
TPXAV *) | Address Valid after PSEN 75 - TCLCL-8 -
TAVIV Address to Valid Instruction In - 302 - 5TCLCL-115
TAZPL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit

Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz

min. max. min. max.
TRLRH RD Pulse Width
TWLWH | WR Pulse Width 400 - STCLCL-100
TLLAX2 | Address Hold after ALE 132 2TCLCL-35
TRLDV RD to Valid Data In - 250 - 5TCLCL-165
TRHDX | Data Hold after RD 0 - 0 -
TRHDZ Data Float after RD 97 2TCLCL-70
TLLDV ALE to Valid Data In - 517 - 8TCLCL-150 ns
TAVDV Address to Valid Data In 585 9TCLCL-165
TLLWL ALE to WR or RD 200 300 3TCLCL-50 3TCLCL+50
TAVWL | Address to WR or RD 203 - 4TCLCL-130 |-
TWHLH | WR or RD High to ALE High 43 123 TCLCL-40 TCLCL+40
TDVWX | Data Valid to WR Transition 33 TCLCL-50 ﬁ‘
TQVWH | Data Setup before WR 433 - 7TCLCL-150 |-
TWHQX | Data Hold after WR 33 TCLCL-50
TRLAZ Address Float after RD - 0 - 0

*) Interfacing the SAB 8052A to devices with float times up to 75ns is permissible. This limited bus
contention will not cause any damage to Port O drivers.
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AC Characteristics for T40/100

VCC =5V +10%; VSS = 0V; TA = —40° to +100°C
(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

Symbol Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 10 MHz
min. max. min. max.
TLHLL ALE Pulse Width 160 2TCLCL-40
TAVLL Address Setup to ALE 70 - TCLCL-30 -
TLLAX1 Address Hold after ALE 65 TCLCL-35
TLLIV | ALE to Valid Instruction In - 300 |- 4TCLCL-100
TLLPL ALE to PSEN 75 TCLCL-25 ns
TPLPH PSEN Pulse Width 265 - 3TCLCL-35 N
TPLIV | PSEN to Valid Instructrion In - 200 - 3TCLCL-100
TPXIX Input Instruction Hold after PSEN | 0 - 0 -
TPXIZ*) |InputInstruction Float after PSEN| — 80 - TCLCL-20
TPXAV *) | Address Valid after PSEN 92 - TCLCL-8 -
TAVIV Address to Valid Instruction In - 385 - 5TCLCL-115
TAZPL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit

Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 10 MHz

min. max. min. max.
TRLRH RD Pulse Width
TWLWH | WR Pulse Width 500 - BTCLCLT00 1
TLLAX2 | Address Hold after ALE 165 2TCLCL-35
TRLDV RD to Valid Data In - 336 - 5TCLCL-165
TRHDX | Data Hold after RD 0 - 0 -
TRHDZ | Data Float after RD 130 2TCLCL-70
TLLDV ALE to Valid Data In - 650 - 8TCLCL-150 ns
TAVDV Address to Valid Data In 735 9TCLCL-165
TLLWL ALE to WR or RD 250 350 3TCLCL-50 3TCLCL+50
TAVWL | Address to WR or RD 270 - 4TCLCL-130 |-
TWHLH | WR or RD High to ALE High 60 140 TCLCL-40 TCLCL+40
TDVWX | Data Valid to WR Transition 50 TCLCL-50
TQVWH | Data Setup before WR 550 - 7TCLCL-150 |-
TWHQX | Data Hold after WR 50 TCLCL-50
TRLAZ Address Float after RD - 0 - 0

*) Interfacing the SAB 8052A to devices with float times up to 92ns is permissible. This limited bus
contention will not cause any damage to Port O drivers.
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External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq. = 1.2 MHz to 12 MHz (T40/85)
Freq. = 1.2 MHz to 10 MHz (T40/100)
min. max.
TCLCL Oscillator Period T40/85 83.3
T40/100 100 8333
TCHCX High Time 2 TCLCL-TCLCX
TCLCX Low Time TCLCL-TCHCX ns
TCLCH Rise Time
- 20
TCHCL Fall Time
External Clock Cycle
TCHCX —= TCLCH — — -a— TCHCL
25 25
0.8 08 -
|- TCLCX —=
TCLCL
AC Testing Input, Output, Float Waveforms
2t 70 20
Test Points
045 0.8 0.8
Float -
24 20 20 24
045 08 08 045

AC testing inputs are driven at 2.4V for a logic 1" and 0.45V for a logic “'0"".

Timing measurements are made at 2.0V for a logic 1" and 0.8V for a logic “0"".

For timing purposes, the float state is defined as the point where a PO pin sinks 3.2 mA or sources
400 uA at the voltage test levels.
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Waveforms

Program Memory Read Cycle

- TCY
e TLLIV —f
TLLPL F—j
««TPLPH-——\
CTPXAV
e LTS =S N I
—{TAVLL |-
| b= TAZPL ~| [TPxix
INSTR IN)—< AT - AO wsTRIDDHK 47 - 40 f—(INSTRIN Y—
PORT 0 y
TAVIV
ADDRESS - -
poRT2 _OR SFR P2 ADDRESS A15-A8 ADDRESS A15-A8 )

Data Memory Read Cycle

- TV ————= TWHLH =]
ALE ___/_\

PSEN -~ TLLWL TRLRH
—TAVWL TRHDZ
TAVOV <~TLLAX2~  |~—TRLDV—| TRHDX—=| |=—
H AT- AO DATA IN
Port 0
— TRLAZ
ADDRESS ADDRESS A15-A8 OR SFR P2 N
Port 2 /
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Data Memory Write Cycle

ALE ___/—___\
_/

TWHLH

]

PSEN

e—TLLWL TWLWH—

+—

|

[T TAVWL

‘TELAXZ - ~—TDVWX

TQYWH—————————=

AT-A0 DATA OUT
Port 0 ‘H U

I
&
| &£

ADDRESS . -\
Port 2 OR SFR P2 ADDRESS A15-A8 OR SFR P2 y
Recommended Oscillator Circuits
——|C 9 xTAL1 19]x7aL1
+5V _[
=
12-12MHz bk
C 1
] B 1x7AL 2 o— e BlyTaL2
7406
76LS04
C=30pF £10pF
Crystal Oscillator Mode Driving from External Source
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ROM Verification Characteristics
TA = 25°C +5°C; VCC = 5V +10%; VSS = OV

Symbol Parameter Limit Values Unit
min max.
TAVQV Address to Valid Data
TELQV ENABLE to Valid Data 48 TCLCL ns
TEHQZ Data Float after ENABLE 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification
P10-P17
P20- P24 ( Address > <
TAVQV
- A
TELQY, B | _TEHQZ
|
|
P27 ;
ENABLE
Address: P1.0-P1.7 = A0O—-A7
P2.0-P2.4 = AB-A12
Data: Port 0 = D0-D7
Inputs: P2.5-P2.6, PSEN = VSS
ALE,EA = TTL high level
RST/VPD = VIH1
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Package Outline

40-Pin Plastic Package, Type P

E_

35:03| S.1max

wy _J[95mi

Dimensions in mm

Ordering Information

Type Description Ordering Code

8-bit single-chip microcontroller

SAB 8052A-P-T40/85 with mask-programmable ROM (plastic) Q 67120-C247
SAB 8052A-P-T40/100 | with mask-programmable ROM (plastic) Q67120-C248
SAB 8032A-P-T40/85 for external memory (plastic) Q67120-C235
SAB 8032A-P-T40/100 for external memory (plastic) Q67120-C239
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SAB 8035/8048
8-Bit Single-Chip Microcontroller

Extended Temperature Range: —40to + 85C

—40to +110°C
SAB 8048-P-T40/85 Mask Programmable ROM
SAB 8048-P-T40/110 Mask Programmable ROM
SAB 8035L-P-T40/85 External ROM
® 8-Bit CPU, ROM, RAM, I/0 in Single Package ® 1Kx8 ROM
@ 8-Bit Internal Timer/Event Counter 64x8 RAM
271/0 Lines

® nstructions 1 or 2 Cycles,
2.5us or 5.0 us Cycle Time

® 96 Instructions: 70% Single Byte
® Compatible with SAB 8080/8085 Peripherals

® 2 Single Level Interrupts:
Internal Timer/Counter and External

® Single 5V Supply
® Power Down Mode:

Standby Current for Internal RAM 156mA

Pin Configuration Logic Symbol
Ty q: w w0f] W
XTAL; [j2 »0T ‘ ~{ XTAL, DBy.; - 8 N P )
XTAL, O » Py Ciystal/LC < i
ReseT ()« ng Py \ A, . g Parallel
355(s 301 Py 0-7 N\ - ! ‘f 1/0 Ports
NT Qe s Py, Reset A REsEr . N |
eal] xfl Py Por Ko 8 0P
ch »p :'5 Single Step -{ 55
PSLNE ’ $AB ”il s
WR (] © 8048 2l Py -
AE O 80351 whe, External MEM ~— EA RD ~ Read
0By 12 »[] Py ‘ _ _
o8, 0" ) P, Interrupt ~=1 INT WR - Wnte
0B, (Jn 201 Py FSEN Program Store
DB, [ %[] Voo Test ¢ =T PSEN ~ Enable
08, [ s[] PROG ! 1 ALE . Address Latch
08 v %] Py ' Enable
08, [ 2l Py Port Expand
P B - - pander
08, g afl Py ower down Yoo PROG Stiobe
Vs Q2 2] Py

The SAB 8048/8035L are 8-Bit Single-Chip-Micro-

computers implemented in +5 Volts, depletion load,
N channel, silicon gate Siemens MYMOS technology
packaged in a 40 pin package. Itis 100% compatible
with the industry standard 8048.

The SAB 8048 contains a 1K x8 program memory,
a 64x8 RAM data memory, 27 I/0 lines, and an 8-bit
timer/counter in addition to on board oscillator and
clock circuits. For systems that require extra capa-
bility, the SAB 8048 can be expanded using standard
memories and SAB 8080/8085 peripherals. The

SAB 8035L is the equivalent of an SAB 8048 without
program memory and can be used with external

ROM and RAM.

These microcomputers are designed to be efficient
controllers as well as arithmetic processors. They
have extensive bit handling capability as well as
facilities for both binary and BCD arithmetic. Efficient
use of program memory results from an instruction
set consisting mostly of single bit instructions and
no instructions over 2 bytes in length.

3.83

101



SAB 8035/8048 Ext. Temp.

Pin Description

Symbol Pin No. 1/0 Function

To 1 1/0 Input pin testable using the conditional transfer instructions
JT0 and JNTO. Ty can be designated as a clock output using
ENTQ CLK instruction

XTAL,, 2,3 | Inputs for internal oscillator with crystal or external source

XTAL, 0] (non TTL VIH)

RESET 4 | Input which is used to initialize the processor (Activ low).
Also used during power down (non TTL VIH)

SS 5 | Single step input can be used in conjunction with ALE to
“single step’’ the processor through each instruction
(active low)

INT 6 | Interrupt input. Initiates an interrupt if interrupt is enabled.

Interruptis disabled after areset. Also testable with conditional
jump instruction (active low)

EA 7 | External access input which forces all program memory
fetches to reference external memory. Useful for emulation
and debug, and essential for testing and program verification
(active high)

RD 8 o] Output strobe activated during a BUS read. Can be used to
enable data on the bus from an external device. Used as a read
strobe to external data memory (active low)

PSEN 9 (0] Program store enable. This output occurs only during a fetch
to external program memory (active low)

WR 10 [0} Output strobe during a bus write (active low). Used as a
write strobe to external data memory

ALE 1 o Address latch enable. This signal 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

DB,—-DB; 12-19 1/0 Contains the 8 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
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Symbol Pin No. 1/0 Function
Poo— P27 21-24 1/0 8-Bit quasi-bidirectional I/0-Port.
35-38 P,o— P23 contain the four high order program counter bits

during an external program memory fetch and serve as a
4-bit 1/0 expander bus for SAB 8243

PROG 25 (0] Output strobe for SAB 8243 I/0 expander

Pio—P17 27-34 1/0 8-Bit quasi-bidirectional I/0-Port.

T 39 | Input pin testable using the JT1and JTN1 instructions.
Can be designated the timer/counter input using the STRT
CNT instruction

Vee 40 5V Main power supply

Voo 26 5V Power Down Voltage

Vss 20 GND potential

Block Diagram

bort 2
Bus Butter
Port 7 Port © 14 Program ] Program Memory N
atch Low Lok gr Counter wiigr [ 2 ]
order wobie &| orger nbie (6] | | order Bty Tt ROM 1K Byte 1
< < 1 = | {
1 Tat ! i ‘ % ‘
| i || |
| ‘ -
2 ¢ Program
| o Frescor ) I frogr 1
| 8 I word i
jsuitator | |1 P || Port ¢
) Frequency et “Z o A4 oo o
h (L] ™y one S
[ J: Y Bus N
J 3 l 13 ‘T Butter
B nstry Agdr
emporary Flogs Regsten g Ran Atress ‘
Kegster (g ‘ Decadar eqister |
| I
| i Myitipiexer
L | | Regster§
! b Testn
Arithmetic | |1 e  Regstec 1
Logic | i Register 2
| i
Register3
LA ] i e e egste
L ) 2] 1 | i Register &
{ =— Hog Register
I Conditionat (SN Regsters
| \ flag * :
o . i ranch <
Power Supply Decmal v ? anc - Regstec 7|
N Adjust ogic == imer Flag E—
00 o .5V Low Power Stondby Bievel Stack
f=— carry
Vie Registerbani
ey e Accu:o Registerbank 2
Vss A A
S - GND Contral and Timing Aty Bt Test Data Store
NT RESET PROG EA X1 X2 ALE PSEN 58 RO WR

N

2
E

RAM- Array 64 Byte

wiite Strobe

Read Strote
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Functional Description

Program Memory

Program memory of SAB 8048 consists of 1024
words 8-bitwide which are adressed by the program
counter. Program memory can be used to store
constants as well as program instructions. Three
locations in Program Memory are reserved to service
the two Interrupts (Timer/Counter and external)
and the Reset.

Data Memory

Data memory of SAB 8048 is organized as 64 words,
8-bits wide containing the stack and 2 register banks
of 8 directly addressable registers.

Program Memory

Data Memory

Address
4095 63 ‘
7 4 Memory bank 1
Data memory
M
SEL B 32x8 bit
2048
2047
; 1 SEL MBO 3 _
i M bank 8 3 .
emery ban Register bank ! w
1024
T 023 - — A‘BEeE\siw_ani E_b\_t _ | directly " g
R RI | addressaple | 3dCresse
_____ egister KT} | indirectly
3 x | through
J 24 Register R® | RD or RI
'2 23
|5
= _ 7 | Timer/Counter
EX Interrupt 8Level Stack i
3
2 |
€2 |
) 8 i
g — -
E ] | External 7 Register bank @ —l
£ |
° IR P
; Register R1 | addressable
_____________ |
|
- " |
t of7fels[el3T2 1o} Reser ] Register RO e
Timer/Counter Input/Output

The internal 8-bit binary up-counter can be used to
count external events and to generate accurate time
delays. The increment from maximum count FF

to P (overfiow] resuits in the setting of an overfiow
flag flip-flop and in the generation of interrupt
request if the interrupt is enabled.

Depending upon the type of START-Instruction
used the timer/counter is clocked by the oscillator
frequency: 480 or an external clock.

The timer/counter is presettable and readable with
two MOV instructions.

Interrupts

The two interrupts (timer/counter and external) have
the same priority. They can be enabled or disabled
under program control.
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The SAB 8048 has 27 lines which can be used for
1/0 functions. These lines are grouped as three
8-bit ports and three test inputs.

Port 1 and 2 are called quasi-bidirectional because
each line can serve as an input, an output, or both.
Port @ is a true bidirectional port with associated
input and output strobes. Input and output lines on
this port cannot be mixed however.

With 4 control and strobe lines, port @ can be used as
a bidirectional bus port to interface external
memory and I/0 devices. The three pins T, T1,
and INT serve as inputs and are testable with
conditional jump instructions.
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Symbols and Abbreviations used

A Accumulator

AC Auxiliary Carry

Adr 12-Bit Program Memory Address
An Accumulator Bit n

BS Bank Switch

BUS Bus Port

cYy Carry

CLK Clock

CNT Event Counter

Data 8-Bit Number or Expression
DBF Memory Bank Flip-Flop

Fo, F1 Flag 0, 1

INT Interrupt

PC Program Counter

PCn Program Counter Bit n

Pp Port 4—7 (for 1/0-Extension with SAB 8243)
Pr Port 1 or Port 2

PSW Program Status Word

Rn Register Bit n

Rr Register 0—7

SP Stackpointer

T_. S S S

TF Timer Flag

T0, T1 Test @, Test 1

X Mnemonic for External RAM
# Immediate Data Prefix

@ Indirect Address Prefix
Page Memory Block of 256 Byte
() Contents

— is moved to

- is exchanged with

A logical UND

v logical OR

¥ logical EXCLUSIV OR

- Complement
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Instruction Set

Mnemonic Function Description I(-I'gge Flag Bytes |[Cycles
Accumulator and Register Move Instructions
MOV A, Rr (Rr) - A Move Register F8—FF 1 1
Contents
MOV A, @Rr ((Rr)) —> A Move Data Memory Contents | FB—F1 1 1
to Accumulator
MOV A, # Data |Data— A Move Immediate Data 23 2 2
Data to Accumulator
MOV A, PSW (PSW) — A Move PSW Contents Cc7 1 1
to Accumulator
MOV  PSW, A (A) — PSW Move Accumulator D7 CY,AC |1 1
Contents to PSW
MOV Rr, A (A) — Rr Move AccumulatorContents | AB—AF 1 1
to Register
MOV @Rr, A (A) — (Rr) Move Accumulator Contents | Ap—A1 1 1
to Data Memory
MOV Rr, # Data | Data— Rr Move Immediate Data to B8—-BF 2 2
Register
MOV @Ry, Data — (Rr) Move Immediate Data to Bp—-B1 2 2
# Data Data Memory
MOVX A, @ Rr ((Rr)) —» A Move External-Data-Memory | 80—81 1 2
Contents to Accumulator
MOVX @ Rr, A (A) — (Rr) Move Accumulator Contents | 90—91 1 2
to External Data Memory
XCH A Rr (Rr) « (A) Exchange Accumulator and | 28—2F 1 1
Register Contents
XCH A @Rr ((Rr)) < (A) Exchange Accumulator and | 20-21 1 1
Data Memory Contents
XCHD A, @Rr ((Rr))o_3+< (A)g_3 | Exchange Accumulator 30-31 1 1
and Data Memory
4-Bit Data
MOVP3 A, @A (PC) save Move Page 3 Data to E3 1 2
(A) — PCy Accumulator
011 — PCq 1y
((PC)) — A
PC restore
MOVP A, @A (PC) save Move Current Page Data A3 1 2
(A)— PCy ; to Accumulator
((PC)) — A
PC restore
SWAP A (A)g.3 > (A)a7 Swap Nibbles within 47 1 1
Accumulator
Timer/Counter Move Instructions
MOV AT (T)— A Move Timer/Counter 42 1 1
Contents to Accumulator
MOV TA (A>T Move Accumulator Contents | 62 1 1

to Timer/Counter
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Mnemonic Function Description ggge Flag Bytes |Cycles
Port Move Instructions
IN A, Pr (Pr)— A Input Port 1 or 2 09-0A 1 2
Data to
Accumulator
OuUTL Pr, A (A) — Pr Output Accumulator Data 39-3A 1 2
to Port 1 or 2
ANL  Pr, # Data |(Pr) A Data— Pr |Logical AND Port 1-2 with 99-9A 2 2
Immediate Mask
ORL  Pr, # Data |(Pr) v Data— Pr | Logical OR Port 1-2 with 89-8A 2 2
Immediate Mask
INS A, BUS (BUS) — A Strobed Input of BUS-Data 08 1 2
to Accumulator
OUTL BUS, A (A) — BUS Output Accumulator Data 02 1 2
to BUS
ANL BUS, (BUS) A Data — Logical AND BUS with 98 2 2
# Data BUS Immediate Mask
ORL BUS, (BUS) v Data — Logical OR BUS with 88 2 2
# Data BUS Immediate Mask
MOVD A, P, (Pp) > Ag 3 Move Port 4-7 Port4 | 0C 1 2
00— A4, of SAB 8243 5| 0D 1 2
to Accumulator 6 | OE 1 2
7 | OF 1 2
MOVD P, A (A)g-3 — Py Move Accumulator Port4 | 3C 1 2
to Port 4-7 513D 1 2
of SAB 8243 6 | 3E 1 2
7 |3F 1 2
ANLD P, A (A)o_3 A (Pp) — Py, | Logical AND Port4 | 9C 1 2
Port 4—7 of 519D 1 2
SAB 8243 with 6 | 9E 1 2
Accumulator Mask 7 | 9F 1 2
ORLD Py, A (A)g_3 v (Pp) = Pp | Logical OR Port4 | 8C 1 2
Port 4—7 of 518D 1 2
SAB 8243 with 6 | 8E 1 2
Accumulator Mask 7 | 8F 1 2
Arithmetic Accumulator Instructions
ADD AR, (A)+(R,) — A Add Register Contents 68—6F | AC,CY |1 1
to Accumulator
ADD A @R, (A)+((R.))— A Add Data Memory Contents | 60 AC,CY |1 1
to Accumulator 61
ADD A, # Data |(A)+Data— A Add Immediate Data to 03 AC,CY |2 2
Accumulator
ADDC A, R, (A)+(R,)+(CY)->A| Add Carry and Register 78—7F | AC,CY |1 1
Contents to Accumulator
ADDC A @R, (A)+((R,)+(CY) Add Carry and Data Memory |70 AC,CY |1 1
— A Contents to Accumulator 71
ADDC A, # Data | (A)+Data+(CY) Add Carry and Immediate 13 AC,CY |2 2

—A

Data to Accumulator

Mnemonics © Intel Corporation, USA.
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Mnemonic Function Description ggée Flag Bytes | Cycles
INC A (A)J+1—> A Increment Accumulator 17 1 1
DEC A (A)-1—> A Decrement Accumulator 07 1 1
DA A Decimal Adjust Accumulator |57 AC,CY |1 1
Arithmetic Register Instructions
INC R, (R)+1—-R, Increment Register 18—1F 1 1
DEC R, (R)-1—>R, Decrement Register C8-CF 1 1
INC @R, (R)N)+1—(R)) Increment Data Memory 10-11 1 1
Location
DJNZ R,, Adr (R)-1—R, Decrement Register and E8—EF 2 2
if (R,)#0 Test Register if Zero
Adr — PCy
Logical Accumulator and Register Instructions
ANL AR, (A) A (R))—> A Logical AND Accumulator 58—-5F 1 1
with Register Mask
ANL A @R, (A) A ((R))) = A Logical AND Accumulator 50 1 1
with Memory Mask 51
ANL A, # Data |(A) A Data— A Logical AND Accumulator 53 2 2
with Immediate Mask
ORL AR, (A) v (R,)—> A Logical OR Accumulator 48—-4F 1 1
with Register Mask
ORL A @R, (A) v ((R))—> A Logical OR Accumulator 40 1 1
with Memory Mask 41
ORL A, #Data |(A)v Data— A Logical OR Accumulator 43 2 2
with Immediate Mask
XRL AR, (A) »(R,)— A Logical XOR Accumulator D8—-DF 1 1
with Register Mask
XRL A @R, (A)»((R))— A Logical XOR Accumulator DO 1 1
with Memory Mask D1
XRL A, # Data |(A)~vData— A Logical XOR Accumulator D3 2 2
with Immediate Mask
CLR A DA Clear Accumulator 27 1 1
CPL A (A) = A Complement Accumulator 37 1 1
Rotate Instructions
RL A (An) — An+1 Rotate Accumulator Left E7 1 1
without Carry
RLC A (An) —» An+1 Rotate Accumulator Left F7 CcY 1 1
(A7) - CY through Carry
(CY) — A
RR A (An+1) — An Rotate Accumulator Right 77 1 1
without Carry
RRC A (An+1) — An Rotate Accumulator Right 67 cY 1 1
(Ag) - CY through Carry
(CY) - A,
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Hex

Mnemonic Function Description Code Flag Bytes Cycles
Flag Instructions
CLR P—-CY Clear Carry Bit 97 cY 1 1
CPL C (CY)— CY Complement Carry Bit A7 CcY 1 1
CLR F9 0—FQ Clear Flagd 85 1 1
CPL FO (FB) — Fo Complement Flag @ 95 1 1
CLR F1 0—F1 Clear Fiag 1 A5 1 1
CPL F1 (F1) > F1 Complement Flag 1 B5 1 1
Branch Instructions
JMP  Adr Adry ;— PCy_ Direct Jump Page 0 | 04 2 2
Adrg_ 19— PCg_1p | within 2K-Block 1124 2 2
DBF — PCy, 2144 2 2
3|64 2 2
4184 2 2
5| A4 2 2
6|C4 2 2
7 |E4 2 2
JMPP @A ((A)) - PCy_7 Indirect Jump within B3 1 2
Page
JC Adr If(CY) =1 Jump if Carry is set F6 2 2
Adr — PCy_;
JNC  Adr If(CY)=0 Jump if Carry is not set E6 2 2
Adr — PCy_;
Jz Adr If(A)=0 Jump if Accumulator is Zero | C6 2 2
Adr — PCy
JNZ  Adr If (A)#0 Jump if Accumulator is 96 2 2
Adr — PCy not Zero
JT0 Adr IfT0 =1 Jump if Test @ is High 36 2 2
Adr — PC,, 7
JNTO Adr fT0 =0 Jump if Test @ is Low 26 2 2
Adr — PCy_;
JT Adr fT1=1 Jump if Test 1 is High 56 2 2
Adr — PCy_;
JNT1  Adr fT1=0 Jump if Test 1is Low 46 2 2
Adr — PCQ,7
JFO Adr o =1 Jump if Flag @ is set B 2 2
Adr — PCoq
JF1 Adr IfF1 =1 Jump if Flag 1 is set 76 2 2
Adr — PCy_;
JTF Adr IfTF =1 Jump if Timer Flag is set 16 TF 2 2
Adr — PCy_;
0—-TF
JNI Adr IFINIT=0 Jump if Interrupt input 86 2 2
Adr — PCy_, is Low
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Hex

Mnemonic Function Description Code |Flag Bytes [ Cycles
JBn  Adr IfBitn=1 Jump if
Adr — PCy 5 Accumulator Bit n
is set n=0112 2 2
1132 2 2
2 |52 2 2
3172 2 2
4192 2 2
5| B2 2 2
6 | D2 2 2
7 |F2 2 2
Subroutine Instructions
CALL Adr (PCy11,PSW) Subroutine
— (SP) Call Page 0 | 14 2 2
(SP)+1— SP 1134 2 2
Adryg_;— PCy 5 2|54 2 2
Adrg 19— PCg_19 3174 2 2
DBF — PCy, 4194 2 2
5|B4 2 2
6 | D4 2 2
7 |F4 2 2
RET (SP)—1— SP Return without PSW 83 1 2
((SP)) — PC Restore
RETR (SP)-1— SP Return with PSW Restore 93 AC,CY |1 2
((SP)) — PC
((SP)) — PSW,_;
Control Instructions
STRT T Start Timer 55 1 1
STRT CNT Start Event Counter 45 1 1
STOP TCNT Stop Timer/Event-Counter 65 1 1
EN TCNTI Enable Timer/Counter 25 1 1
Interrupt
DIS TCNTI Disable Timer/Counter 35 1 1
Interrupt
EN | Enable External 05 1 1
Interrupt
DIS | Disable External 15 1 1
Interrupt
SEL RBO 00— BS Select Register Bank 0 C5 1 1
SEL RB1 1—- BS Select Register Bank 1 D5 1 1
SEL MBQ 0 — DBF Select Memory Bank @ ES 1 1
SEL MB1 1— DBF Select Memory Bank 1 F5 1 1
ENTO® CLK Enable Clock Output 75 1 1
NOP The NOP Instruction 00 1 1
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Absolute Maximum Ratings*

Ambient Temperature Under Bias

Storage Temperature

Voltage On Any Pin With Respect
to Ground

Power Dissipation

-40to + 85°C for T40/85
-40to +110°C for T40/110

—65to + 150°C

05to+ 7V
15W

D.C. and Operating Characteristics

Vee = Vpp = +5V £10%; Vss = 0V;

Ta —40to + 85°C for T40/85
Ta ~40to +110 C for T40/110

Symbol | Parameter Limit values Unit Test Conditions
min. typ. | max.
ViL Input Low Voltage 0.8
(All Except RESET, XTAL1, XTAL2)
-0.5
Vi Input Low Voltage 0.6
(RESET, XTAL1, XTAL2)
Vin Input High Voltage 2.0
(All Except XTAL1, XTAL2, RESET)
V
Vi Input High Voltage 3.8 “
(XTAL1, XTAL2, RESET)
Voo Output Low Voltage (BUS) Io. = 2.0 mA
Vou Output Low Voltage v Io. = 1.8 A
(RD, WR, PSEN, ALE) 0.45
Vorz Output Low Voltage (PROG) Io. = 1.0mA
Vous Output Low Voltage _ Io. = 1.6 MA
(All Other Outputs)
Vou Output High Voltage (BUS) lon = 400 pA
Voni Output High Voltage low = 100 nA
(RD, WR, PSEN, ALE) 2.4 -
Vouz Output High Voltage low = 40 uA
(All Other Outputs)
14 Input Leakage Current +10 Vss = Vin < Ve
(T1,1NT)
Iin Input Leakage Current —-500 A
{P10-P17, P20—-P27, EA, S8) !
Vss +0.45 < Viy = V,
lio Output Leakage Current (BUS, TO) - +10 ss N ce
(High Impedance State)
Ioo Voo Supply Current 5 15
mA -
Ipp+1cc | Total Supply Current 60 135

*) Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.
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A.C. Characteristics
Vee = Voo = +5V + 10%; Vss = OV; Ta —40to + 85°C for T40/85
Ta —40to +110°C for T40/110

Symbol | Parameter Limit Values Unit Test Conditions *
min. max.

t ALE Pulse Width 400

taL Address Setup to ALE 120

tia Address Hold from ALE 80

tec C_oml_F’Else_Width 700 - ns -
(PSEN, RD, WR)

tow Data Setup before WR 500

two Data Hold After WR 120 C,=20pF

tey Cycle Time 2.5 15.0 us 6 MHz Crystal = 2.5 us

tor Data Hold 0 200

tro PSEN, RD to Data In - 500

taw Address Setup to WR 230 -

tap Adsress Setup to Data In - 950 ns -

tarc Address Float to 0
RD, PSEN —

tca Control Pulse to ALE 10

* Control outputs: C, = 80 pF; BUS outputs: C_ = 150 pF

Waveforms

Instruction fetch from external program memory

o —
ALE

— e

tcc

o)
m)
4

taL

A'LAL

(-

Bus  Floating Address Floating Instruction Floating
~—to
— to
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Write to External Data Memory

tce tea—

WR

— twp

= tow —1
Bus Floating T Address Fl?atmg‘* Data Floating
wa—.l

Read from External Data Memory

Tl tea
RD
tarc = —oR
Bus  Floating Address Floating Data Floating
1

LH{RD

tap
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A.C. Characteristics (Port 2 Timing)
Vee = Voo = +5V £10%; Vss = OV; T —40to + 85°C for T40/85

Ta —40to +110°C for T40/110
Symbol | Parameter Limit Values [ Unit
min. max.
tep Port Control Setup Before Falling Edge of PROG 110
tec Port Control Hold After Falling Edge of PROG 100
ter PROG to Time P2 Input Must Be Valid - 810
ter Input Data Hold Time 0 150 ns
top Output Data Setup Time 250
tep Output Data Hold Time 65
tep PROG Pulse Width 1200 -
teL Port 2 I/0 Data Setup 350
te Port 2 1/0 Data Hold 150
, ,)' foa
pL TP o
= ~—"op tp
Expander \ S
Port X PCH X ;m 23 >< Port Control x Output Data
Output LI
—=tr
—to— top —=
cp PR
Expander y \ % — m "
Port PCH X Port 23 x Port Control x % Dap(a
Input Data |
tPC L‘—
top —=
PROG /
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Connecting the Oscillator Inputs

20 wgF a1 oM
! f 3 XTAL 2 :jl«'ﬁd
fvs 254 . xa
Crystal series resistance should be Both XTAL1 and XTAL2 should be driven.
<75Qat6 MHzand < 180 Q at 3.6 MHz. Resistors to Vcc are needed to ensure V,, = 3.8V if
TTL circuitry is used.
, XTAL1 and XTAL2 must be high 35—65% of the
T XTAL1Y period.

i My

(o 1 c C+3 Cpp
2ayLC 2
Cpp = 5-10pF pin-to-pin capacitance

115



SAB 8035/8048 Ext. Temp.

Package Outline

40 Pin Plastic Package Type P

ll:)v

40

Py F A P PP FF F3 FAF3 F P FR P 3 P £

“r T Josm

1.5max 0.45°% :1.

P

r¢——————— 50.9. 05 — %

20

35:03| 5.1max

[f* 15,2&:0,2—-‘

Ordering Information

Type

Description

Ordering code

SAB 8048-P-T40/85
SAB 8048-P-T40/110

8 Bit Single-Chip-Microcomputer
with maskprogrammable ROM (Plastic)
with maskprogrammable ROM (Plastic)

Q67120-C133
Q67120-C162

SAB 8035L-P-T40/85

with external ROM (Plastic)

Q67120-C140
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SAB 8035/8048

8-Bit Single-Chip Microcontroller

SAB 8048 Mask Programmable ROM

e 8-Bit CPU, ROM, RAM, I/0 in Single Package
® 8-Bit Internal Timer/Event Counter

@ Instructions 1 or 2 Cycles,
2.5 us or 5.0 us Cycle Time

® 96 Instructions: 70% Single Byte
® Compatible with SAB 8080/8085 Peripherals

SAB 8035L External ROM/EPROM

® 1Kx8 ROM
64x8 RAM
271/0 Lines
® 2 Single Level Interrupts:
Internal Timer/Counter and External
® Single 5V Supply
® Power Down Mode:
Standby Current for Internal RAM 15mA

Pin Configuration
R w wl v
XTAL, s T
&a : i Crystal/LC
RESET ]« b,
5 W
s he )
EA G w0 Py Reset
RO(e 5[] Py ) R
PSEN: SAB [ Py wngiE viey
WR 8048 BN
ALE (0 80351 ol Py, External MEM
DBy ] b b
0B, [} %) Py, nterrapt
o8, - 1 Py
e ol Voo T
o8, O+ 5[] PROG est
08 (]v whe,
08, []* N \
0B, 2 P, Power down
Vi [ 2 20 Py

Logic Symbol
~{ XTAL- DBy 8 Py
| XTAL 1 » Farallel
; P. LIS 120 Parts
| RESET N e T
G ¥ 2 v
~53
- EA RD - Read
- INT WR - Wite
1, — _ Proarar o
Enatle
-1 ALE -
v PROG

The SAB 8048/8035L are 8-Bit Single-Chip-Micro-
computers implemented in +5 Volts, depletion load,
N channel, silicon gate Siemens MYMOS technology
packaged in a 40 pin package. It is 100% compatible
with the industry standard 8048.

The SAB 8048 contains a 1K x 8 program memory,
a 64x8 RAM data memory, 27 1/0 lines, and an 8-bit
timer/counter in addition to on board oscillator and
clock circuits. For systems that require extra capa-
bility, the SAB 8048 can be expanded using standard
memories and SAB 8080/8085 peripherals. The
SAB 8035L is the equivalent of an SAB 8048 without
program memory and can be used with external
ROM and RAM. To reduce development problems
to a minimum and provide maximum flexibility,

two pin-compatible versions of this single com-
ponent microcomputer exist: the SAB 8048 with
factory-programmed mask ROM program memory
for low cost, high volume production, and the

SAB 8035 without program memory for use with
external program memories.

These microcomputers are designed to be efficient
controllers as well as arithmetic processors. They
have extensive bit handling capability as well as
facilities for both binary and BCD arithmetic. Efficient
use of program memory results from an instruction
set consisting mostly of single bit instructions and
no instructions over 2 bytes in length.

9.82
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Pin Description

Symbol

Pin No.

1710

Function

110

Input pin testable using the conditional transfer instructions
JTP and JNTQ. To can be designated as a clock output using
ENTO CLK instruction

2,3

Inputs for internal oscillator with crystal or external source
(non TTL VIH)

Input which is used to initialize the processor (Activ low).
Also used during power down (non TTL VIH)

Single step input can be used in conjunction with ALE to
’single step’’ the processor through each instruction
(active low)

Interrupt input. Initiates an interrupt if interrupt is enabled.
Interruptis disabled after areset. Also testable with conditional
jump instruction (active low)

External access input which forces all program memory
fetches to reference external memory. Useful for emulation
and debug, and essential for testing and program verification
(active high)

Output strobe activated during a BUS read. Can be used to
enabie data on the bus from an externai device. Used as aread
strobe to external data memory (active low)

Program store enable. This output occurs only during a fetch
to external program memory (active low)

Output strobe during a bus write (active low). Used as a
write strobe to external data memory

ALE

Address latch enable. This signal 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

DB, DB,

12-19

Contains the 8 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
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SAB 8048

Symbol Pin No. 1/0 Function
Pyo— Py 21-24 1/0 8-Bit quasi-bidirectional 1/0-Port.
35-38 P20—P23 contain the four high order program counter bits

during an external program memory fetch and serve as a
4-bit I/0 expander bus for SAB 8243

PROG 25 (0] Output strobe for SAB 8243 1/0 expander

Pio—Pyy 27-34 1/0 8-Bit quasi-bidirectional I/0-Port.

T, 39 | Input pin testable using the JT1, and JTN1 instructions.
Can be designated the timer/counter input using the STRT
CNT instruction

Vee 40 5V Main power supply

Voo 26 5V Power Down Voltage

Vss 20 GND potential

Block Diagram

Yoo

Port 2
Bus Buffer

Port 2
Latch High

1] order Nibbie

]

Frequency

Pragram -
Conter wHigh [
order Bits 1)

170 ang
8[ Memory xpander

Port 0
Bus Butter

Port 0 Latch
ard Program

Program Memory

ROM 1K Byte 1 Counter Latch |

| il ‘ ‘

— | ) 7S } ‘ [ i ‘

| [l |l I

Prescaler — Timer / Program | Program - | ‘

[ o e ounter 8low | Status 1

i | order Bits |8 ‘ Word 1
wi {1 ¢ SRS SN [+ P

dscillator

<

181 ond SERp
Bus
Butter

Temporary
Register

f’"“ﬁ VAN
it
s

e

S SR
1
|

RAM Address
Register

Decoder

I
}

|

E—

F

| Instruction
Regster and

Power Supply

e <5V Low Power Standby

|
\
|
\
\
|
J

®
<,
| T e
— | Regrster §
Arithmehic [= Test? | Regsster 1
Logic ~ = Test Register 2
Unit (ALU) Register 3
e intercupt
® Register &
= Flog0 Regester
Condrhional - <:> )
-~ Branch [=— Ffleg
Decimal Register 1
Adjust Logic f=-- Timer flag
8L evel Stack
b= corry
e acceco Registerbank 2
LControl and Timing * Accu Bt Test Data Store
INT RESET PROG EA X1 X2 ALE PSEN 55 RO WR

f

ERRRR

§ 5 H
2 £
5 3 g 2
58 &
&F &

!

RAM-Array 64 Byte
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SAB 8048

Functional Description

Program Memory

Program memory of SAB 8048 consists of 1024
words 8-bitwide which are adressed by the program
counter. Program memory can be used to store
constants as well as program instructions. Three
locations in Program Memory are reserved to service
the two Interrupts (Timer/Counter and external)
and the Reset.

Data Memory

Data memory of SAB 8048 is organized as 64 words,
8-bits wide containing the stack and 2 register banks
of 8 directly addressable registers.

Program Memory Data Memory
Address
4095 63 -
r I Memory bank 1 Data memory
EL MB o
j SEL HAY 3068 it ‘
2048
2047 ‘
i L SEL MBO 3 - ‘
I M bank 8 1
emory ban ¥ Register bank 1
1024
1023 | SReosterw B L ey
. addressable  2007€S5€:
L Register R1 indirectly
1 2 > | | through
>,‘ 1 | RO or R
&
g
=y . Timer/ Counter
53 Interrupt 8level Stack
53
2o |
<3 . |
2 7 -
& 3 |, External Register bank @ |
= Interrupt 8Register with 8 bit
e T e A, i I directly
: Register R1 | addressable
l o[7]s[s[e[3]2]1]e Reset ] Register RD i |
Timer/Counter Input/Output

The internal 8-bit binary up-counter can be used to
count external events and to generate accurate time
delays. The increment from maximum count FF

to 00 (overflow) results in the setting of an overflow
flag flip-flop and in the generation of interrupt
request if the interrupt is enabled.

Depending upon the type of START-Instruction
used the timer/counter is clocked by the oscillator
frequency: 480 or an external clock.

The timer/counter is presettable and readable with
two MOV instructions.
Interrupts

The two interrupts (timer/counter an external) have
the same priority. They can be enabled or disabled
under program control.

120

The SAB 8048 has 27 lines which can be used for
1/0 functions. These lines are grouped as three
8-bit ports and three test inputs.

Port 1 and 2 are called quasi-bidirectional because
each line can serve as an input, an output, or both.
Port 0 is a true bidirectional port with associated
input and output strobes. Input and output lines on
this port cannot be mixed however.

With 4 control and strobe lines, port @ can be used as
a bidirectional bus port to interface external
memory and I/0 devices. The three pins T0, T1,
and INT serve as inputs and are testable with
conditional jJump instructions.




SAB 8048

Symbols and Abbreviations used

A Accumulator

AC Auxiliary Carry

Adr 12-Bit Program Memory Address
An Accumulator Bit n

BS Bank Switch

BUS Bus Port

cYy Carry

CLK Clock

CNT Event Counter

Data 8-Bit Number or Expression
DBF Memory Bank Flip-Flop

Fo, F1 Flf;g 0,1

INT Interrupt

PC Program Counter

PCn Program Counter Bit n

Pp Port 4—-7 (for I/0-Extension with SAB 8243)
Pr Port 1 or Port 2

PSW Program Status Word

Rn Regis{e} Bitn

Rr Register 0—7

SP Stackpointer

T Timer

TF Timer Flag

T0, T1 Test 0, Test 1

X Mnemonic for External RAM
;_M_A - o Immediate Data Prefix

@ Indirect Address Prefix
Page Memory Block of 256 Byte
() Contents

- is moved to

- is exchanged with

A logical UND

v logical OR

o logical EXCLUSIV OR

Complement
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SAB 8048

Instruction Set

Mnemonic Function Description gg’ée Flag Bytes |Cycles
Accumulator and Register Move Instructions
MOV A, Rr (Rr)— A Move Register F8—FF 1 1
Contents
MOV A, @Rr ((Rr)) > A Move Data Memory Contents | FO—F1 1 1
to Accumulator
MOV A, # Data |Data— A Move Immediate Data 23 2 2
Data to Accumulator
MOV A, PSW (PSW) — A Move PSW Contents c7 1 1
to Accumulator
MOV PSW, A (A) — PSW Move Accumulator D7 CY,AC |1 1
Contents to PSW
MOV Rr, A (A)— Rr Move Accumulator Contents | AB—AF 1 1
to Register
MOV @Rr, A (A) — (Rr) Move Accumulator Contents | AQ—A1 1 1
to Data Memory
MOV Rr, # Data | Data— Rr Move Immediate Data to B8—-BF 2 2
Register
MOV @Rr, Data — (Rr) Move Immediate Data to Bp—-B1 2 2
# Data Data Memory
MOVX A, @Rr ((Rr)) - A Move External-Data-Memory | 80—81 1 2
Contents to Accumulator
MOVX @ Rr, A (A) — (Rr) Move Accumulator Contents | 990—91 1 2
to External Data Memory
XCH A, Rr (Rr) « (A) Exchange Accumulator and | 28-2F 1 1
Register Contents
XCH A @Rr ((Rr)) « (A) Exchange Accumulator and | 20-21 1 1
Data Memory Contents
XCHD A, @Rr ((Rr))g_3 <> (A)g_3 | Exchange Accumulator 30-31 1 1
and Data Memory
4-Bit Data
MOVP3 A, @A (PC) save Move Page 3 Data to E3 1 2
(A) — PCy_; Accumulator
011 — PCq 14
((PC)) —» A
PC restore
MOVP A, @A (PC) save Move Current Page Data A3 1 2
(A)— PCy to Accumulator
((PC)) — A
PC restore
SWAP A (A)g 3 (A)g7 Swap Nibbles within 47 1 1
Accumulator
Timer/Counter Move Instructions
MOV AT (T)— A Move Timer/Counter 42 1 1
Contents to Accumulator
MOV T,A (A)—->T Move Accumulator Contents | 62 1 1

to Timer/Counter
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Mnemonic Function Description ggge Flag Bytes |Cycles
Port Move Instructions
IN A, Pr (Pr)— A Input Port 1 or 2 09—-0A 1 2
Data to
Accumulator
OuUTL Pr,A (A) — Pr Output Accumulator Data 39-3A 1 2
to Port 1 or2
ANL  Pr, # Data |(Pr) A Data— Pr |Logical AND Port 1—2 with 99-9A 2 2
Immediate Mask
ORL  Pr, # Data |(Pr) v Data— Pr [Logical OR Port 1—2 with 89-8A 2 2
Immediate Mask
INS A, BUS (BUS) - A Strobed Input of BUS-Data 08 1 2
to Accumulator
OUTL BUS, A (A) — BUS Output Accumulator Data 02 1 2
to BUS
ANL  BUS, (BUS) A Data — Logical AND BUS with 98 2 2
# Data BUS Immediate Mask
ORL BUS, (BUS) v Data — Logical OR BUS with 88 2 2
# Data BUS Immediate Mask
MOVD A, Pp (Pp) = Ap_3 Move Port 4-7 Port4 | 0C 1 2
— A4 of SAB 8243 5 (0D 1 2
to Accumulator 6 | OE 1 2
7 |OF 1 2
MOVD P, A (A)o-3— P, Move Accumulator  Port4 | 3C 1 2
to Port4-7 513D 1 2
of SAB 8243 6 | 3E 1 2
7 | 3F 1 2
ANLD P, A (A)g-3 A (P,) = P, [Logical AND Port4 | 9C 1 2
Port 4—7 of 519D 1 2
SAB 8243 with 6 | 9E 1 2
Accumulator Mask 7 | 9F 1 2
ORLD Py, A (A)g-3 v (Pp) — Pp [ Logical OR Port4 | 8C 1 2
Port 4-7 of 5 (8D 1 2
SAB 8243 with 6 | 8E 1 2
Accumulator Mask 7 | 8F 1 2
Arithmetic Accumulator Instructions
ADD AR, (A)+(R,) —> A Add Register Contents 68—6F | AC,CY |1 1
to Accumulator
ADD A @R, (A)+((R))— A Add Data Memory Contents | 60 AC,CY |1 1
to Accumulator 61
ADD A, # Data |(A)+Data— A Add Immediate Data to 03 AC,CY |2 2
Accumulator
ADDC A, R, (A)+(R)+(CY)— A| Add Carry and Register 78-7F | AC,CY |1 1
Contents to Accumulator
ADDC A @R, (A)+((R,)+(CY) Add Carry and Data Memory |70 AC,CY |1 1
— Contents to Accumulator 71
ADDC A, # Data [ (A)+Data+(CY) Add Carry and Immediate 13 AC,CY |2 2

—

Data to Accumulator

Mnemonics © Intel Corporation, USA.
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Mnemonic Function Description E‘gze Flag Bytes | Cycles
INC A (A)+1— A Increment Accumulator 17 1 1
DEC A (A)-1— A Decrement Accumulator 07 1 1
DA A Decimal Adjust Accumulator |57 AC,CY |1 1
Arithmetic Register Instructions
INC R, (R)+1—R, Increment Register 18—1F 1 1
DEC R, (R)-1—-R, Decrement Register C8-CF 1 1
INC @R, (R)+1—(R,) increment Data Memory 10-11 1 1
Location
DJNZ R, Adr (R)—1—R, Decrement Register and E8—EF 2 2
if(R,)+#0 Test Register if Zero
Adr — PCy_;
Logical Accumulator and Register Instructions
ANL AR, (A) A (R))— A Logical AND Accumulator 58—-5F 1 1
with Register Mask
ANL A @R, (A) A ((R)— A Logical AND Accumulator 50 1 1
with Memory Mask 51
ANL A, # Data |(A) A Data— A Logical AND Accumulator 53 2 2
with Immediate Mask
ORL AR, (A) v (R)—>A Logical OR Accumulator 48—4F 1 1
with Register Mask
ORL A @R, (A) v ((R))— A Logical OR Accumulator 40 1 1
with Memory Mask 41
ORL A, #Data |(A)v Data— A Logical OR Accumulator 43 2 2
with Immediate Mask
XRL A R, (A) »(R,)— A Logical XOR Accumulator D8-DF 1 1
with Register Mask
XRL A @R, (A) »((R,)) - A Logical XOR Accumulator Do 1 1
with Memory Mask D1
XRL A #Data [(A)wData— A Logical XOR Accumulator D3 2 2
with Immediate Mask
CLR A 0— A Clear Accumulator 27 1 1
CPL A (A)— A Complement Accumulator 37 1 1
Rotate Instructions
RL A (An) > An+1 Rotate Accumulator Left E7 1 1
without Carry
RLC A (An) — An+1 Rotate Accumulator Left F7 cYy 1 1
(A;) — CY through Carry
(CY)— Ay
RR A (An+1) — An Rotate Accumulator Right 77 1 1
without Carry
RRC A (An+1) — An Rotate Accumulator Right 67 CY 1 1
(Ag) — CY through Carry
(CY) - A,
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Hex

Mnemonic Function Description Code Flag Bytes Cycles
Flag Instructions
CLR ¢C ?—-CY Clear Carry Bit 97 CcY 1 1
CPL C (CY) - CY Complement Carry Bit A7 cYy 1 1
CLR FO 0 —FQ Clear Flag® 85 1 1
CPL  Fo (FO) - Fp Complement Flag @ 95 1 1
CLR F1 0—F1 Clear Flag 1 A5 1 1
CPL F1 (F1) > F1 Complement Flag 1 B5 1 1
Branch Instructions
JMP  Adr Adrg ; — PCy_; Direct Jump Page 0 |04 2 2
Adrg 10— PCg 1o | within 2K-Block 1|24 2 2
DBF — PCy, 2 |44 2 2
3|64 2 2
4 (84 2 2
5| A4 2 2
6 [C4 2 2
7 |E4 2 2
JMPP @A ((A)) - PCy_, Indirect Jump within B3 1 2
Page
JC Adr If(CY) =1 Jump if Carry is set F6 2
Adr— PCy_;
JNC  Adr If(CY)=0 Jump if Carry is not set E6 2 2
Adr — PCy_;
JzZ Adr If(A)=0 Jump if Accumulator is Zero | C6 2 2
Adr — PCy_;
JNZ  Adr If(A)#0 Jump if Accumulator is 96 2 2
Adr — PCy not Zero
JT0  Adr 10 =1 Jump if Test @ is High 36 2 2
Adr — PCy_;
JNTO  Adr fT0=0 Jump if Test @ is Low 26 2 2
Adr — PCy_;
JT1 Adr fT1 =1 Jump if Test 1 is High 56 2 2
Adr — PCy_;
JNT1  Adr fT1=0 Jump if Test 1is Low 46 2 2
Adr — PCy_;
JFO Adr IfFO =1 Jump if Flag 0 is set B6 2 2
Adr — PCy_;
JF1 Adr IfF1 =1 Jump if Flag 1 is set 76 2 2
Adr — PCy_;
JTF Adr IfTF =1 Jump if Timer Flag is set 16 TF 2 2
Adr — PCy_;
0—TF
JNI Adr IfINIT=0 Jump if Interrupt input 86 2 2
Adr — PC,_; is Low
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Hex

Mnemonic Function Description Code Flag Bytes | Cycles
JBn Adr IfBitn =1 Jump if
Adr — PCy ; Accumulator Bit n
is set n=01[12 2 2
1132 2 2
2 |52 2 2
31|72 2 2
4192 2 2
5 [B2 2 2
6 | D2 2 2
7 |F2 2 2
Subroutine Instructions
CALL Adr (PCo_11,PSW) Subroutine
— (SP) Call Page 0 | 14 2 2
(SP)+1— SP 1134 2 2
Adrg_; — PCy_; 2|54 2 2
Adrg_19— PCg_1p 3|74 2 2
DBF — PCyy 4194 2 2
5 (B4 2 2
6 | D4 2 2
7 |F4 2 2
RET (SP)—1— SP Return without PSW 83 1 2
((SP)) - PC Restore
RETR (SP)-1— SP Return with PSW Restore 93 AC,CY |1 2
((SP)) — PC
((SP)) - PSW,_;
Control Instructions
STRT T Start Timer 55 1 1
STRT CNT Start Event Counter 45 1 1
STOP TCNT Stop Timer/Event-Counter 65 1 1
EN TCNTI Enable Timer/Counter 25 1 1
Interrupt
DIS TCNTI Disable Timer/Counter 35 1 1
Interrupt
EN | Enable External 05 1 1
Interrupt
DIS | Disable External 15 1 1
Interrupt
SEL  RB® 9 — BS Select Register Bank @ C5 1 1
SEL RB1 1-BS Select Register Bank 1 D5 1 1
SEL MBQ ® — DBF Select Memory Bank 0 E5 1 1
SEL MB1 1— DBF Select Memory Bank 1 F5 1 1
ENTO CLK Enable Clock Output 75 1 1
NOP The NOP Instruction 00 1 1
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Absolute Maximum Ratings*

Ambient Temperature Under Bias O0to + 70°C
Storage Temperature —65to +150°C
Voltage On Any Pin With Respect

to Ground -05to+ 7V
Power Dissipation 1.5W

D.C. and Operating Characteristics
Ta=0-70°C; Vec = Vpp = +5V £10%; Vs = OV

Symbol | Parameter Limit values Unit Test Conditions
min. typ. | max.
Vi Input Low Voltage 0.8
(All Except RESET, XTAL1, XTAL2)
-0.5
Vil Input Low Voltage 0.6
(RESET, XTAL1, XTAL2) —
Vin Input High Voltage 2.0
(All Except XTAL1, XTAL2, RESET)
V
Vi Input High Voltage 3.8 o
(XTAL1, XTAL2, RESET)
Voo Output Low Voltage (BUS) Iop =2.0mA
Vour Output Low Voltage v Io. = 1.8 MA
(RD, WR, PSEN, ALE) - 0.45
Vo2 Output Low Voltage (PROG) Io. = 1.0mA
Vous Output Low Voltage _ Io. = 1.6 MA
(All Other Outputs)
Vou Output High Voltage (BUS) Iow = 400 uA
Vo Output High Voltage Ion = 100 pA
(RD, WR, PSEN, ALE) 2.4 -
Vonz Output High Voltage Ion = 40 pA
(All Other Outputs)
I Input Leakage Current +10 Vss < Vin < Ve
(T1,INT)
I Input Leakage Current -500 A
(P10—P17, P20—P27, EA, 5S) #
Vss +0.45 < Viy < V,
lio Output Leakage Current (BUS, TO) - +10 ss N ce
(High Impedance State)
Iop Voo Supply Current 5 15
mA -
Ipp+1Icc | Total Supply Current 60 135

*) Stresses above those listed under ““Absolute Maximum Ratings”” may cause permanent damage to
the device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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A.C. Characteristics
Ta=01070°C; Vec = Voo =5V + 10%; Ves =0V

Symbol | Parameter Limit Values Unit Test Conditions *
min max.

te ALE Pulse Width 400

taL Address Setup to ALE 120

tia Address Hold from ALE 80

tee Control Pulse Width 700 - ns -
(PSEN, RD, WR)

tow Data Setup before WR 500

two Data Hold After WR 120 C.=20pF

tey Cycle Time 2.5 15.0 us 6 MHz Crystal = 2.5 us

tor Data Hold 0 200

tro PSEN, RD to Data In - 500

taw Address Setup to WR 230 -

tap Adsress Setup to Data In - 950 ns -

tarc Address Float to 0
RD, PSEN _

tea Control Eulse to ALE 10

* Control outputs: C_ = 80 pF; BUS outputs: C, = 150 pF

Waveforms

Instruction fetch from external program memory

- y——
t—-
ALE

po——toc ———=

— ta

Floating
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Read from External Data Memory

ALE I |

—tcc

WR

|- {CA—A

——

twp

tow

Dat

3 Floating

Bus  Floating T Address X Fl?aiing {

(Aw—"]r

Write to External Data Memory

ALE I I

L

tce foa—
RD
trc [ —=toR
Bus  Floating Address Floating Data Floating
A
tro
I tp 1
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A.C. Characteristics (Port 2 Timing)
Ta=01t070°C; Vec = Vop = 5V £10%; Vs = OV

Symbol | Parameter Limit Values | Unit
min. max.
tcp Port Control Setup Before Falling Edge of PROG 110
tec Port Control Hold After Falling Edge of PROG 100
ter PROG to Time P2 Input Must Be Valid - 810
ter Input Data Hold Time 0 150 ns
top Output Data Setup Time 250
teo Output Data Hold Time 65
tep PROG Pulse Width 1200 |-
te Port 2 1/0 Data Setup 350
tee Port 2 1/0 Data Hold 150
ol — e
L L
]* ~fop —=1%p

Expander \

Port X PCH x Port 20*3 x Port Control XOu(put Data

Output Data 4

— tog -
=11 fer top ——=
Expander \ /'4
Port X PCH N Port 23 >< Port Control >< >< Dt
Data ata
Input |
’PC b
top ———
PROG /
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SAB 8048

1/0 Expansion with I/0 Expander SAB 8243

the SAB 8243 serve as a direct extension of the SAB
8048 ports and can be addressed by own instructions.

The SAB 8243 is an input/output expander designed
specifically for the SAB 8048 family. The I/0 ports of

Adding the SAB 8243 I/0 expander to the SAB 8048/8035L

45V GND +5V GND
*wju lm 2 Iu
) Y Yoo %s Yy Vec wo 1
I XTAL1 v FO Pt f—
L) i &8
3 110 [
—- ~—{XTAL2 P16 P;L
3153 PO
. P62 P51 a2
[} ~|RESET [0 2 ps2 22—
p20}2 —1pp  SABEA3 P 110
- A EA') P2 _g — ,L;‘ p21 /0 Expander P& R —
+ SAB 8048 P22} ~——21p22 PeY 2
= saaoss. PR N S Pz [
- s 75 2
137 3
P2be ] --{ PrROG 5.3 ey
— 37 X
—H10 D80 4 P73 %
outed 2471 081 H— 3170 i_
nputs ¢ —=1p DB2f-— =
15
- ]
L DB4f-
DBSf-1—

B
..sf’l

—13,
e

*EA =5V for SAB 8035L
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Expansion of Program Memory and Data Memory

The application example shows the expansion of

Program Memory, Data Memory, and I/O lines using

the SAB 8355/8755 (2 K x 8 ROM, 16 1/0 lines) and
the SAB 8155 (256 x 8 RAM, 22 1/0 lines, 14 Bit

Timer).

The SAB 8048 Port-1/0 lines are reduced from 24 to

12 by adding 381/0 lines of the external

devices.

SAB 8048

Inputs

JE— —_ _DB7
ALE _PSEN PROG WR_RD

+5V

SAB 8355
SAB 8755
2Kx8
ROM

€
10/M (LK READY

EEREREGE

2
F
n

B2

I rr

NC NC

<5V GND

Ve Vs

ER S

*EA =5V for SAB 8035L

0

\
|
|

0

System RESET
or 1/0 Pin

i

1 = 1
0™ saperss pC2 |
1 256x8 pe3 1

RAM

RESET PBE
TMER TIMER
T IN

FI’#IZE?

33

FEERRRR PR

B
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Adding External Program Memory with EPROM SAB 2716

The SAB 8282 serves as a latch to separate
addresses from the data bus

e W L
1 AS
I SAB 82682 — As
=1 -
S TE W1 pogf? A7
[w 2]
. Rafr 1A
L i R
s EPSRS IV
S I -4 0062 ————11 At
SABBOMS P3— D7 0072 L
. saBgowsL*) P2 5AB 2716
NC —~ P26 st8__OF
P2If-— i %

* EA =5V for SAB 8035L

Connecting the Oscillator Inputs

Nt
S 7 o
7 v
M
—+ Herm 2 g
=15 290F o homc:
-
Crystal series resistance should be Both XTAL1 and XTAL2 should be driven.
<75Q at6 MHz and < 180 Q at 3.6 MHz. Resistors to Vcc are needed to ensure Vj, = 3.8V if
TTL circuitry is used.
XTAL1 and XTAL2 must be high 35—65% of the
-1 o period.
[é
|
It
=
L]
| - Az
1 C+3 ¢
f=——""% c=—"
2x\/LC 2

C,p, = 5—10pF pin-to-pin capacitance
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Package Outline
40 Pin Plastic Package Type P
15.24+02
e s [T
" ClE:
LN
Sy &
te
n 14 .03
b — —1 m .
254 1.5max 0.45*% ~13 02
40 : 2 15.24™"
FAFF3IFIFFI FAF3IFFAFI FI A FA A A e Fo
4:) P
B3 B3 EJ EJ B9 B3 Bd B B9 BEJ Ed B9 EJ Ed BeJ B ks = Zb
l———————————— 509,45 ———
Ordering Information
Type Description Ordering code
8 Bit Single-Chip-Microcomputer
SAB 8048-P with maskprogrammable ROM (Plastic) Q67120-C32
SAB 8035L-P with external ROM (Plastic) Q67120-C43
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SAB 8085A

8-Bit Microprocessor

SAB 8085A (3 MHz)

® Single +5V Power Supply
® 100% Software Compatible with SAB 8080A
® 1.3 us Instruction Cycle (SAB 8085A);
0.8 us (SAB 8085A-2)
® On-Chip Clock Generator (with External Crystal,
LC or RC Network)
® On-Chip System Controller; Advanced
Cycle Status Information Available for
Large System Control

SAB 8085A-2 (5 MHz)

® Four Vectored Interrupt Inputs (one is
Non-Maskable) Plus an SAB 8080A
Compatible Interrupt

® Serial In/Serial Out Port

® Decimal, Binary and Double Precision
Arithmetic

® Direct Addressing Capability to 64Kb
of Memory

® Compatible with Industry Standard SAB 8085A

Pin Configuration Pin Names
AN Ag—As;s | Address Bus INTA Interrupt Acknowledge
L 91 vour ADy—AD; | Mux. Address/ RST 5.5, | Restart Interrupts
SET B[ e Data Bus 6.5,7.5
3717 Clrow ALE Address Latch Enabie | TRAP Trap
S0 TSR So. S, Machine Cycle Status || RESET IN| Reset in
e o [ JRFADY 10/M RESET Reset out
sa[ oM RD Read Control ouT
LISH WR Write Control Xy, X, Crystal/Clock Input
AT 951 s2[ IR READY | Ready CLK Clock Output
NELI g ] TWE HOLD Hold SID Serial Input Data
S A Sk HLDA  |Hold Acknowledge | SOD | Serial Output Data
i”’[ 5 ; ‘;’ INTR Interrupt Request Vee +5V
o, e vh. Vss Ground (OV)
AD: [0S IIREN
A0, 1 ] 1A
0.0 el
0 £ 23 1A
o-{ ] 2 A,
Jw0 Th

SAB 8085A is a complete 8 bit parallel Central
Processing Unit (CPU). Its instruction set is 100%
software compatible with the SAB 8080A micro-
processor. Its high level of system integration
allows a minimum of three ICs [SAB 8085A (CPU),
SAB 8156 (RAM/I0) and SAB 8355/SAB 8755A
(ROM/PROM/10)] while maintaining total system
expandability. The SAB 8085A-2 is a faster version
of the SAB 8085A.

The SAB 8085A incorporates all of the features that
the SAB 8224 (clock generator) and SAB 8228

(system controller) provided for the SAB 8080A,
thereby offering a high level of system integration.
The SAB 8085A uses a multiplexed data bus. The
address is split between the 8 bit address bus and
the 8 bit data bus. The on-chip address latches of
SAB 8155/SAB 8156/SAB 8355/SAB 8755A memory
products allow a direct interface with the

SAB 8085A.

SAB 8085A is implemented in +5V advanced
N-channel, silicon gate Siemens MYMOS
technology. 2.85
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SAB 8085A

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Function

Xa, Xo

1,2

X; AND X, — Are connected to a crystal, LC, or RC network
to drive the internal clock generator. X, can also be an
external clock input from alogic gate. The input frequency
is divided by 2 to give the processor’s internal operating
frequency.

RESET OUT

RESET OUT — Reset Out indicates CPU is being reset. Can
be used as a system reset. The signal is synchronized to
the processor clock and lasts an integral number of clock
periods.

SOD

SERIAL OUTPUT DATA LINE — The output SOD is set or
reset as specified by the SIM instruction.

SID

SERIALINPUT DATALINE — The data on this line is loaded
into accumulator bit 7 whenever a RIM instruction is
executed.

TRAP

TRAP —Trap interrupt is a nonmaskable RESTART inter-

rupt. Itis recognized at the same time as INTR or RST 5.5-
7.5. 1t is unaffected by any mask or Interrupt Enable. It has
the highest priority of any interrupt (see following table).

RST 5.5
RST 6.5
RST75

~N 00 ©

RESTART INTERRUPTS — These three inputs have the
same timing as INTR except they cause an internal
RESTART to be automatically inserted.

The priority of these interrupts is ordered as shown in
the following table. These interrupts have a higher
priority than INTR. In addition, they may be individually
masked out using the SIM instruction.

INTR

INTERRUPT REQUEST - Is used as a general purpose
interrupt. It is sampled only during the next to the last
clock cycle of an instruction and during Hold and Halt
states. If it is active, the Program Counter (PC) will be
inhibited from incrementing and an INTA will be issued.
During this cycle a RESTART or CALL instruction can be
inserted to jJump to the interrupt service routine. The INTR
is enabled and disabled by software. It is disabled by
Reset and immediately after an interrupt is accepted.

INTA

"

INTERRUPT ACKNOWLEDGE - Is used instead of {and
has the same timing as) RD during the instruction cycle
after an INTR is accepted. It can be used to activate an
SAB 8259A Interrupt chip or some other interrupt port.

ADy—AD,

12-19

1/0

MULTIPLEXED ADDRESS/DATA BUS — Lower 8 bits of the
memory address (or I/0 address) appear on the bus during
the first clock cycle (T state) of a machine cycle. It then
becomes the data bus during the second and third clock
cycles.

AB_A‘IS

21-28

ADDRESS BUS —The most significant 8 bits of the memory
address or the 8 bits of the /0 address, 3-stated during
Hold and Halt modes and during RESET.
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Symbol

Number

Input (1)
Output (0O)

Function

Se. S1,and 10/M

29,33
34

0

MACHINE CYCLE STATUS -
10/M | S, | Status

Memory write
Memory read
1/0 write
1/0 read
Opcode fetch
Opcode fetch
Interrupt Acknowledge
Halt
Hold
Reset
* = 3-state (high impedance)
X = unspecified
S, canbeused as an advanced R/W status. |0/M, Spand S,
become valid at the beginning of a machine cycle and

remain stable throughout the cycle. The falling edge of
ALE may be used to latch the state of these lines.

ERE N R — Il =3 =
xxe_._._ae_.e_.én

XXSanasusas|

ALE

30

ADDRESS LATCH ENABLE — It occurs during the first clock
state of a machine cycle and enables the address to get
latched into the on-chip latch of peripherals. The falling
edge of ALE is set to guarantee setup and hold times for
the address information. The falling edge of ALE can also
be used to strobe the status information. ALE is never
3-stated.

31

WRITE CONTROL - A low level on WR indicates the

data on the Data Bus is to be written into the selected

memory or I/0 location. Data is set up at the trailing edge

gf \éVR. 3-stated during Hold and Halt modes and during
ESET.

32

READ CONTROL - A low level on RD indicates the selected
memory or I/O device is to be read and that the Data Bus is
available for the data transfer, 3-stated during Hold and
Halt modes and during RESET.

READY

35

READY - If READY is high during a read or write cycle, it
indicates that the memory or peripheral is ready to send
or receive data. If READY is low, the CPU will wait an
integral number of clock cycles for READY to go high
before completing the read or write cycle. READY must
conform to specified setup and hold times.

RESET IN

36

RESET IN — Sets the Program Counter to zero and resets
the Interrupt Enable and HLDA flip-flops. The data and
address buses and the control lines are 3-stated during
RESET and because of the asynchronous nature of RESET,
the processor’s internal registers and flags may be altered
by RESET with unpredictabie resuits. RESET INis a
Schmitt-triggered input, allowing connection to an RC
network for power-on RESET delay. The CPU is held in the
reset condition as long as RESET INis applied.

CLK

37

CLOCK - Clock output for use as a system clock. The
period of CLK is twice the X,, X, input period.
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Input (1) .

Symbol Number OStput (0) Function

HLDA 38 0} HOLD ACKNOWLEDGE - Indicates that the CPU has
received the HOLD request and that it will relinquish the
bus in the next clock cycle. HLDA goes low after the Hold
request is removed. The CPU takes the bus one half
clock cycle after HLDA goes low.

HOLD 39 | HOLD - Indicates that another master is requesting the
use of the address and data buses. The CPU, upon
receiving the hold request, will relinquish the use of the
bus as soon as the completion of the current bus transfer.
Internal processing can continue. The processor can
regain the bus only after the HOLD is removed. When the
HOLD is acknowledged, the Address, Data RD, WR, and
10/M lines are 3-stated.

Vee 40 POWER SUPPLY (+5V)

Vss 20 GROUND (0V)

Functional Block Diagram
INTA RSTES  TRAP
INTR 1RS‘TS,5 | RSTIS | S\‘D S0D
|
BN B 4!
[ Interrupt control | ISenal 110 connil]
'l,\ 8-Bit Internal Data Bus JV b
)
1 ‘ WJ ’ 5 [ i J 1 (} AN
< 4h ‘ | ( L |
A ‘ | Instruztion
ccumulalor(a) Temp Reg . J ‘ ‘ i
L b fag 5] | | ‘
| | Flip-Flops | < b
i L — |
i L N | Instruction B-Reg 8) C—Reg(B)
i L ) Arthmet | : decoder
i S rithmetic - -
logic J ; rn::r;\?ne Ofes ) Fhes ®)
| unit g cycle ~ R
| - " (ALU) ® encoding HReg(g) L-Reag) Register
! Stack pointer (1) ey
P [ty
Sg;‘;'y -GN ‘ | Program counter ) |
Incrementer/decrementer
Address latch  (16)
< J  — .
X - Timing and control
X~ ClK RESET
GEN CONTROL  STATUS DMA N
L | T
1 11 [N ! ! {
oLk ouT RD WRALE S, S, IO/M HLDA RESET OUT v v
READY HOLD RESET N Ars-Ag AD; - ADg
Address bus Address/Data bus
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Interrupt Priority, Restart Address, and Sensitivity

Name Priority Cvdhirﬁ?ztg;?:gpgiior: Type Trigger

TRAP 1 24H 7 Rising edge AND high level until sampled
RST 7.5 2 3CH Rising edge (latched)

RST 6.5 3 34H High level until sampled

RST 5.5 4 2CH High level until sampled

INTR 5 see Note 2 High level until sampled

NOTES

1. The processor pushes the PC on the stack before branching to the indicated address.
2. The address branched to depends on the instruction provided to the CPU when the interrupt is

acknowledged.

Functional Description

The SAB 8085A is a complete 8-bit parallel central
processor. It is designed with N-channel depletion
loads and requires a single +5 volt supply. Its basic
clock speed is 3 MHz (SAB 8085A) or 5 MHz

(SAB 8085A-2), thus improving on SAB 8080A’s
performance with higher system speed. Also it is
designed to fit into a minimum system of three ICs:
The CPU (SAB 8085A), a RAM/IO (SAB 8156), and

a ROM or EPROM/IO chip (SAB 8355 or SAB 8755A).

The SAB 8085A has twelve addressable 8-bit
registers. Four of them can function only as two
16-bit register pairs. Six others can be used inter-
changeably as 8-bit registers or as 16-bit register
pairs. The SAB 8085A register set is as follows:

Mnemonic| Register Contents

ACCorA | Accumulator 8 bits

PC Program Counter | 16-bit address

BC, DE, HL | General-Purpose | 8 bits x 6 or
Registers; data 16 bits x 3
pointer (HL)

SP Stack Pointer 16-bit address

Flags or F | Flag Register 5 flags (8-bit space)

The SAB 8085A uses a multiplexed Data Bus. The
address is split between the higher 8-bit Address
Bus and the lower 8-bit Address/Data Bus. During
the first T state (clock cycle) of a machine cycle

the low order address is sent out on the Address/
Data bus. These lower 8 bits may be latched
externally by the Address Latch Enable signal (ALE).
During the rest of the machine cycle the data bus is
used for memory or I/0 data.

The SAB 8085A provides RD, WR, S, S,, and I0/M
signals for bus control. An Interrupt Acknowledge
signal (INTA) is also provided. HOLD and all
Interrupts are synchronized with the processor’s
internal clock. The SAB 8085A also provides Serial
Input Data (SID) and Serial Output Data (SOD) lines
for simple serial interface.

In addition to these features, the SAB 8085A has
three maskable, vector interrupt pins and one
nonmaskable TRAP interrupt.

Interrupt and Serial I/0

The SAB 8085A has 5 interrupt inputs: INTR,

RST 5.5, RST 6.5, RST 7.5, and TRAP. INTR is
identical in function to the SAB 8080A INT. Each of
the three RESTART inputs, 5.5, 6.5, and 7.5, has

a programmable mask. TRAP is also a RESTART
interrupt but it is nonmaskable.

The three maskable interrupts cause the internal
execution of RESTART (saving the program counter
in the stack and branching to the RESTART address)
if the interrupts are enabled and if the interrupt
mask is not set. The non-maskable TRAP causes the
internal execution of a RESTART vector independent
of the state of the interrupt enable or masks (see
table above).

There are two different types of inputs in the restart
interrupts. RST 5.5 and RST 6.5 are high level-
sensitive like INTR (and INT on the SAB 8080) and
are recognized with the same timing as INTR.

RST 7.5 is rising edge-sensitive.

For RST 7.5, only a pulse is required to set an
internal flip-flop which generates the internal
interrupt request. The RST 7.5 request flip-flop
remains set until the request is serviced. Then it is
reset automatically. This flip-flop may also be reset
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by using the SIM instruction or by issuing a RESET IN
to the SAB 8085A. The RST 7.5 internal flip-flop will
be set by a pulse on the RST 7.5 pin even when the
RST 7.5 interrupt is masked out.

The status of the three RST interrupt masks can only
be affected by the SIM instruction and RESET IN.

The interrupts are arranged in a fixed priority that
determines which interrupt is to be recognized if
morethan oneis pending as follows: TRAP —highest
priority, RST 7.5, RST 6.5, RST 5.5, INTR — lowest
priority. This priority scheme does not take into
account the priority of a routine that was started

by a higher priority interrupt. RST 5.5 can interrupt
an RST 7.5 routine if the interrupts are re-enabled
before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic events
such as power failure or bus error. The TRAP input
is recognized just as any other interrupt but has
the highest priority. It is not affected by any flag or
mask. The TRAP input is both edge and level
sensitive. The TRAP input must go high and

remain high until it is acknowledged. It will not be
recognized again until it goes low, then high again.
This avoids any false triggering due to noise or logic
glitches. The following figure illustrates the TRAP
interrupt request circuitry within the SAB 8085A.
Note that the servicing of any interrupt (TRAP,

RST 7.5, RST 6.5, RST 5.5, INTR) disables all future
interrupts (except TRAPs) until an El instruction is
executed.

The TRAP interrupt is special in that it disables
interrupts, but preserves the previous interrupt
enable status. Performing the first RIM instruction
following a TRAP interrupt allows you to determine
whether interrupts were enabled or disabled prior
to the TRAP. All subsequent RIM instructions
provide current interrupt enable status. Performing
a RIM instruction following INTR or RST 5.5 - 7.5
will provide current Interrupt Enable status,
revealing that Interrupts are disabled.

The serial I/0 system is also controlled by the RIM
and SIM instructions. SID is read by RIM, and SIM
sets the SOD data.

TRAP and RESET in Circuit

External
TRAP Inside the
In(efrupl SAB 8085A
Request
@v Schmitt -
Trigger Reset

Internal

l TRAP
———== |nterrupt
Request

CLK

D- Qf
Flip-Flop

TRAP-Flip-Flop

TRAP- Acknowledge

Driving the X, and X; Inputs

You may drive the clock inputs of the SAB 8085A or
SAB 8085A-2 with a crystal, an LC tuned circuit, an
RC network, or an external clock source. The driving
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frequency must be at least 1 MHz, and must be
twice the desired internal clock frequency; hence,
the SAB 8085A is operated with a 6 MHz crystal
(for 3 MHz clock), and the SAB 8085A-2 can be
operated with a 10 MHz crystal (for 5 MHz clock).
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If a crystal is used, it must have the following
characteristics:

Parallel resonance at twice the clock frequency
desired

C. (load capacitance) < 30 pF

Cs (shunt capacitance) < 7 pF

R, (equivalent shunt resistance) < 75 ohms
Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

Note the use of the 20 pF capacitor between X, and
ground. This capacitor is required with crystal
frequencies below 4 MHz to assure oscillator startup
at the correct frequency. A parallel-resonant LC
circuit may be used as the frequency-determining
network for the SAB 8085A, providing that its
frequency tolerance of approximately +10% is
acceptable. The components are from the formula:

oo 1

273 VL (Cep + Cmn

To minimize variations in frequency, it is recom-
mended that you choose a value for C,,, that is at
least twice that of C;,, or 30 pF. The use of an LC

circuitis not recommended for frequencies higher
than approximately 5 MHz.

An RC circuit may be used as the frequency-deter-
mining network for the SAB 8085A if maintaining a
precise clock frequency is of no importance.
Variations in the on-chip timing generation can
cause a wide variation in frequency when using the
RC mode. Its advantage is its low component costs.
The driving frequency generated by the circuit
shown is approximately 3 MHz. Itis not recommend-
ed that frequencies greatly higher or lower than
this be attempted.

The following figures show the recommended clock
driver circuits. Note in D and E that pullup resistors
are required to assure that the high level voltage of
the input is at least 4V.

For driving frequencies up to and including 6 MHz
you may supply the driving signal to X, and leave X,
opencircuited (Figure D). If the driving frequency is
from 6 MHz to 10 MHz, stability of the clock
generator will be improved by driving both X, and
X, with a pushpull source (Figure E). To prevent
self-oscillation of the SAB 8085A, be sure that X, is
not coupled back to X, through the driving circuit.

Clock Driver Circuits

X3

A} Quartz Crystai Ciock Driver
1
] T
*ZOpF*) | )
L i,ﬁ_{jb_
X;

SAB 8085A
-

[
I
cw\‘,.‘-ﬁmspF

B) LC Tuned Circuit Clock Driver

*) 20pF Capacitors required for Crystal Frequency <<4MHz only

r—"‘xlh__ _ SAB 8085A

|

— 0

i 1

Lext #Cexr Cm%*ﬁp'z

|

| 2 |

R U | ]

Xz
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C) RC Circuit Clock Driver

SAB 8085A

time>60ns

/ Low

*) —

X

X2

*)X, left floating

E) 1 —10 MHz Input Frequency External Clock Driver Circuit

+5V
}
Low time = 40ns
709 /
1
% X'
I +5V
o 470Q
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Generating Wait State

If your system requirements are such that slow
memories or peripheral devices are being used,
the circuit shown in the following figure may be
used to insert one WAIT state in each SAB 8085
machine cycle.

The D flip-flops should be chosen so that
o CLK is rising edge-triggered
o CLEAR is low-level active.

As in the SAB 8080, the READY line is used to
extend the read and write pulse lengths so that the
SAB 8085A can be used with slow memory. HOLD
causes the CPU to relinquish the bus when it is
through with it by floating the Address and Data
Buses.

Generation of a Wait State for SAB 8085A CPU

CLEAR
ALE === CLK CLK OQutput
SAB 8085A
o
+5V — =D Flip-Flop LL —

Exceeds SAB 8085A IOL or IOH

*)

SE———

*)ALE and CLK (Out) should be buffered if CLK Input of Latch

=1 CLK

1Q | _ to SAB 808SA

Ready Input

D
D Flip-Flop

System Interface

The SAB 8085A family includes memory compo-
nents, which are directly compatible with the

SAB 8085A CPU. For example, a system consisting
of the three chips, SAB 8085A, SAB 8156, and

SAB 8355 will have the following features:

® 2K bytes ROM.

® 256 bytes RAM

® 1 Timer/Counter

® 4 8-bit1/O Ports

® 1 6-bit1/O Port

® 4 interrupt Levels

® Serial In/Serial Out Ports

This minimum system, using the standard I/0
technique is as shown in the following figure.

In addition to standard I/0, the memory mapped /0
offers an efficient /0 addressing technique. With
this technique, an area of memory address space is
assigned for I/0 address, thereby, using the
memory address for I/0 manipulation. The figure
on page 11 shows the system configuration of
Memory Mapped I/0 using SAB 8085A.

The SAB 8085A CPU can also interface with the
standard memory that does not have the multi-
plexed address/data bus. It will require a simple
SAB 8282 (8-bit latch) as shown in the figure on
page 12.
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SAB 8085A Minimum System (Standard I/0 Technique)

0+ ks e
Bl N B B
— = TRAP X X, Reset In HOLD
———{RST 75 HLDA }——==
————=={RST 6.5 SODp———=
——RST 55 sone SIDf=———
———=|INIR Sif——
—-——{INTA ADDR/ Rt S
ADDR Data ALE RD WR IO/M Out RDY CLK
! I
o G | | ke
] . L
; T—* l l = CE SAB Port A (g) >
. A A pu LA e
‘ :‘ T T i Port B 8
‘ ‘ — T ALE N
| 1 SRR porick 6l
| T . 1~]ADDR ot CK 6L
| B e ety s
| | Reset Timer Outf—— =
i . |
| ?
IS
bt~ r—=—{RD
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I I ‘ S L - Port AR (8) V>
S S SR S— 1 N
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‘ | | 355/
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SAB 8085A Minimum System (Memory Mapped 1/0)
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SAB 8085A System (Using Standard Memories)

o

11
— = TRAP X X, Reset In HOLD f=——
~—~=={RST7 HLDA}———=
——==RST 6 SODb—=
———1RST S 0654 SIbp=——
= INTR O
= —|INA ADDR/ o Reset Sof =
ADDR Data ALE RD WR [0/M Out ROY CLK
T T T T
o | L ! | ‘
= L
< Lo £ ‘tﬂ | 10/M(CS)
P b= WR
SAB | T had
| e 1 J: B =|FD
- J._. B — — N
i ‘ { /L I ___AData
T T T 7T T
i ‘ E i Standard
i — ! | | Memor
o NN !
R — : ] ADDR(CS)
[ T T T
06)| I [ |
| ‘ | 1 i
1 ! 1 —{ CLK
= Reset
—= I0/M(CS)
WR 1/0 Ports.
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i ; Data E—
| ; Standard
| L 110
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i
.
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Basic System Timing

The SAB 8085A has a multiplexed Data Bus. ALE is
used as a strobe to sample the lower 8-bits of
address on the Data Bus. The following figure shows
an instruction fetch, memory read and I/0 write

cycle (as would occur during processing of the OUT
instruction). Note that during the I/0 write and read
cycle the I/0 port address is copied on both, the
upper and lower half of the address.

’7 SAB 8085A Basic System Timing

1/0 Port

[(Low order
| Address)

Data from Memory:
(Instruction) |

ALE

Data from Memory | Data ;0 Memory
(1/0 Port Address) or
Peripheral

T

oM\ | / \
i
I
Status S, .Sq(Fetch) M 10 (Read) 01(Write) n
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There are seven possible types of machine cycles.
Which of these seven takes place is defined by the
status of the three status lines (I0/M, S;, Sp) and the
three control signals (RD, WR, and INTA); (see
following table). The status lines can be used as
advancedcontrols (fordeviceselection, forexample),

SAB 8085A Machine Cycle Chart

since they become active at the T, state, at the outset
of each maching cycle. Control lines RD and WR
become active later, at the time when the transfer
of data is to take place, so are used as command
lines.

Status Control
Machine Cycle — — — —
10/M S1 S0 RD WR INTA
Opcode Fetch (OF) 0 1 1 0 1 1
Memory Read 0 1 0 0 1 1
Memory Write 0 0 1 1 0 1
1/0 Read (IOR) 1 1 0 0 1 1
1/0 Write (10W) 1 0 1 1 0 1
Acknowledge for INTR (INA) 1. 1 1 1 1 0
Bus Idle (Bl): DAD [4] 1 0 1 1 1
ACK of
RST, TRAP 1 1 1 1 1 1
HALT TS 0 0 TS TS 1

9 = Logic“®""; 1 = Logic“1""; TS = High Impedance

A machine cycle normally consists of three T states,
with the exception of OPCODE FETCH, which
normally has either four or six T states (unless WAIT

SAB 8085A Machine State Chart

or HOLD states are forced by the receipt of READY or
HOLD inputs). Any T state must be one of ten

possible states, as summarized in the following table.

Machine Status and Buses Control

State S1,S0 10/M AsA;s | AD,—AD, |RD,WR |INTA ALE
T, X X X X 1 1 1)
T, X X X X X X 0
Twarr X X X X X X 0
T3 X X X X X X 0
Ts 1 0?) X TS 1 1 0
Ts 1 92 X TS 1 1 0
Te 1 0?) X TS 1 1 0
Treser X TS TS TS TS 1 0
Thaur 0 TS TS TS TS 1 0
Tholo X TS TS TS TS 1 0

0 = Logic“®”; 1 = Logic “1"”; TS = High Impedance;

X = Unspecified.

') ALE not generated during 2nd and 3nd machine cycles of DAD instruction.

2 10/M =1 during T,~T¢ of INA machine cycle.
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Instruction Code Operations
Mnemonic D, Dg D D, D; D, D, D, Description
MOVE, LOAD, AND STORE
MOVr1 r2 0 1 D D D S S S Move register to register
MOV M.r 0 1 1 1 0 S S S Move register to memory
MOV r.M 0 1 D D D 1 1 0 Move memory to register
MVIr 0 0 D D D 1 1 0 Move immediate register
MVIM 0 0 1 1 0 1 1 0 Move immediate memory
LXIB o 0 0 0 o 0 0 1 Load immediate register Pair B & C
LXID o 0 0 1 o 0 0 1 Load immediate register Pair D & E
LXIH o 0 1 o 0 0 0 1 Load immediate register Pair H & L
STAX B 0 o 0 0 0 0 1 0 Store A indirect
STAXD 0 0 0 1 0 0 1 0 Store A indirect
LDAX B 0 0 0 0 1 0 1 0 Load A indirect
LDAX D 0 0 0 1 1 0 1 0 Load A indirect
STA 0 0 1 1 0 0 1 0 Store A direct
LDA o 0 1 1 1 0 1 0 Load A direct
SHLD 0 0 1 0 0 0 1 0 Store H & L direct
LHLD 0 0 1 0 1 0 1 0 Load H & L direct
XCHG 1 1 1 0 1 0 1 1 Exchange D & E, H & L Registers
STACK OPS
PUSH B 1 1 0 0 0 1 0 1 Push register Pair B & C on stack
PUSHD 1 1 0 1 0 1 0 1 Push register Pair D & E on stack
PUSHH 1 1 1 D 0 1 0 1 Push register Pair H & L on stack
PUSH PSW 1 1 1 1 [} 1 4] 1 Push A and Flags on stack
POPB 1 1 0 0 0 [4] 0 1 Pop register Pair B & C off stack
POP D 1 1 (1] 1 0 0 0 1 Pop register Pair D & E off stack
POPH 1 1 1 0 0 0 0 1 Pop register Pair H & L off stack
POP PSW 1 1 1 1 0 0 0 1 Pop A and Flags off stack
XTHL 1 1 1 0 0 0 1 1 Exchange top of stack, H & L
SPHL 1 1 1 1 1 0 0 1 H & L to stack pointer
LXI SP 0 0 1 1 0 0 0 1 Load immediate stack pointer
INX SP o 0 1 1 o 0 1 1 Increment stack pointer
DCX SP 0 0 1 1 1 (1] 1 1 Decrement stack pointer
JUumpP
JMP 1 1 (1] 0 0 0 1 1 Jump unconditional
Jc 1 1 0 1 1 0 1 0 Jump on carry
JNC 1 1 0 1 0 0 1 0 Jump on no carry
Jz 1 1 0 0 1 0 1 0 Jump on zero
JNZ 1 1 0 0 0 0 1 0 Jump on no zero
JP 1 1 1 1 0 0 1 0 Jump on positive
JM 1 1 1 1 1 0 1 0 Jump on minus
JPE 1 1 1 0 1 0 1 0 Jump on parity even
JPO 1 1 1 0 0 0 1 0 Jump on perity odd
PCHL 1 1 1 0 1 0 0 1 H & L to program counter
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Instruction Set Summary (Cont’d)

Instruction Code Operations
Mnemonic D, Dg Ds Dy D3y D, D, Dy Description
CALL
CALL 1 1 0 0 1 1 1] 1 Call unconditional
cC 1 1 [0} 1 1 1 0 ] Call on carry
CNC 1 1 (1] 1 0 1 0 0 Call on no carry
cz 1 1 0 [} 1 1 0 [} Call on zerro
CNZz 1 1 o 0 0 1 0 0 Call on no zerro
cpP 1 1 1 1 0 1 0 0 Call on positive
CcM 1 1 1 1 1 1 0 0 Call on minus
CPE 1 1 1 0 1 1 0 0 Call on parity even
CPO 1 1 1 0 0 1 0 0 Call on parity odd
RETURN
RET 1 1 0 0 1 0 0 1 Return
RC 1 1 0 1 1 o 0 0 Return on carry
RNC 1 1 (1] 1 0 0 0 0 Return on no carry
RZ 1 1 o 0 1 o 0 0 Return on zero
RNZ 1 1 P o o 0 o0 0 Return on no zero
RP 1 1 1 1 o 0 0 9 Return on positive
RM 1 1 1 1 1 0 0 0 Return on minus
RPE 1 1 1 0 1 0 0 0 Return on parity even
RPO 1 1 1 o o 0 0 0 Return on parity odd
RESTART
RST 1 1 A A A 1 1 1 Restart
INPUT/OUTPUT
IN 1 1 0 1 0 1 1 Input
ouT 1 1 o 1 o 0 1 1 Output
INCREMENT AND DECREMENT
INR r ¢ ¢ D D D 1 0 0 Increment register
DCRr 0 0 D D D 1 0 1 Decrement register
INR M (1] 0 1 1 Q 1 0 (4] Increment memory
DCRM (1] 0 1 1 1] 1 0 1 Decrement memory
INX B o o o o o 0 1 1 Increment B & C registers
INX D 0 0 0 1 0 0 1 1 Increment D & E registers
INX'H o 0 1 o 0 0 1 1 Increment H & L registers
DCX B o 0 0 0 1 0 1 1 Decrement B & C
DCX D o 0 0 1 1 0 1 1 Decrement D & E
DCXH 0 0 1 0 1 [} 1 1 Decrement H & L
ADD
ADD r 19 © © © S S S Add register to A
ADCr 10 © 0 1 S S S Add register to A with carry
ADD M 1 0 c 0 0 1 1 0 Add memory to A
ADC M 1 0 (1] 0 1 1 1 0 Add memory to A with carry
ADI 1 1 0 0 0 1 1 0 Add immediate to A
ACI 1 1 0 0 1 1 1 0 Add immediate to A with carry
DAD B 0 0 0 0 1 0 0 1 AddB&CtoH &L
DADD 0 0 0 1 1 0 0 1 AddD&EtoH &L
DADH o 0 1 0 1 o 0 1 AddH&LtoH&L
DAD SP 0 0 1 1 1 0 0 1 Add stack pointerto H & L
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Instruction Set Summary (Cont’d)

Instruction Code Operations
Mnemonic D, D¢ Ds D, D; D, Dy Dy Description
SUBTRACT
SUBTr 1 o 0 » S s S Subtract register from A
SBBr 1 o 0 1 1 S § S Subtract register from A with borrow
SUBM 1 o 0 1 0 1 1 0 Subtract memory from A
SBBM 1 0 0 1 1 1 1 0 Subtract memory from A with borrow
Sul 1 1 0 1 0 1 1 0 Subtract immediate from A
SBI L A e ) Subtractimmediate from A with borrow
LOGICAL
ANAr 1 0 1 » © S S S And register with A
XRAr 1 0 1 0 1 S S s Exclusive OR register with A
ORA T 1 0 1 1 0 S S S OR register with A
CMP r 1 0 1 1 1 S S S Compare register with A
ANA M 1 0 1 (1] 0 1 1 0 And memory with A
XRAM 1 0 1 0 1 1 1 0 Exclusive OR memory with A
ORA M 1 0 1 1 0 1 1 0 OR memory with A
CMP M 1 0 1 1 1 1 1 0 Compare memory with A
ANI 1 1 1 o 0 1 1 0 And immediate with A
XRI 1 1 1 0 1 1 1 0 Exclusive OR immediate with A
ORI 1 1 1 1 0 1 1 0 OR immediate with A
CPI 1 1 1 1 1 1 1 0 Compare immediate with A
ROTATE
RLC o 0o 0 0 0 1 1 1 Rotate A left
RRC o 0o 0 0 1 1 1 1 Rotate A right
RAL o ¢ © 1 [/ 1 1 Rotate A left throught carry
RAR o 0 0 1 1 1 1 1 Rotate A right through carry
SPECIALS
CMA o 0 1 0 1 1 1 1 Complement A
STC o 0 L I 1 1 Set carry
CcMC 0 (1] 1 1 1 1 1 1 Complement carry
DAA o 0 1 o 0 1 1 1 Decimal adjust A
CONTROL
El 1 1 1 1 1 0 1 1 Enable interrupt
DI 1 1 1 1 0 0 1 1 Disable interrupt
NOP 0 0 0 0 0 0 0 0 No operation
HLT 0 1 1 1 0 1 1 0 Halt
NEW SAB 8085A INSTRUCTIONS
RIM o 0 1 o 0o 0 0 (1} Read Interrupt Mask
SIM o 0 1 1 o 0 0 0 Set Interrupt Mask
NOTES

1. DDS or SSS: B 000, C 001, D010, E 011, H 100, L 101, Memory 110, A 111.
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.

* All mnemonic copyrighted © Intel Corporation 1976.
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Absolute maximum ratings *)

Ambient Temperature Under Bias 0to70°C
Storage Temperature -65to +125°C
Voltage on any Pin with Respect to Ground -05t0 +7V
Power Dissipation 1.5 Watt

D.C. Characteristics
Ta=0t070C; Ve = 5V £5%; Vgs = 0V; (unless otherwise specified)

Symbol Parameter Limit Values Units Test Conditions
Min. Max.

Vi Input Low Voltage -0.5 +0.8

Vin Input High Voltage 2.0 Vee+0.5 v B

Voo Output Low Voltage - 0.45 lot = 2mMA

Vou Output High Voltage 2.4 - low = —400 uA

lcc Power Supply Current 170 mA -

Iy Input Leakage - 10 WA Vin = Vee

lo Output Leakage 0.45V < Vour < Ve

Vitr Input Low Level, RESET -0.5 +0.8

Viur Input High Level, RESET 2.4 Vee+0.5 |V -

Viy Hysteresis, RESET 0.25

*) Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to
the device.
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A.C. Characteristics
Ta=0t070C; Veec = 5V + 5%; Vgs = OV

Symbol | Parameter Limit Values Units
SAB 8085A % SAB 8085A-27!
Min. Max. Min. Max.
teve CLK Cycle Period 320 2000 200 2000
t CLK Low Time (Standard CLK Loading) 80 40
t, CLK High Time Standard CLK Loading) 120 B 70
t. b CLK Rise and Fall Time 30 - 30
txkR X, Rising to CLK Rising 30 120 30 100
txkr X, Rising to CLK Falling 150 110
IAC 7 Ag—A; Valid to Leading Edge of Control " | 270 ~ s B
tact Ao~ A; Valid to Leading Edge of Control 240
tap Ao—Ass Valid to Valid Data In 575 350
tarr Address Float After Leading Edge of B
READ (INTA) 0 0
tar Ag—A,; Valid Before Trailing Edge of ALE "| 115 _ 50 _
taLL Ay—A; Valid Before Trailing Edge of ALE | 90
laRy READY Valid from Address Valid - 220 - 100 ns
tea Address (Ag—A;5) Valid After Control 120 60
tee Width of Control Low (RD, WR, INTA) 400 230
ted Trailing Edge of Control to Leading Edge | 50 B 25 B
of ALE
tow Data Valid to Trailing Edge of WRITE 420 230
thase HLDA to Bus Enable _ 210 _ 150
tuasr Bus Float After HLDA
fVHAC.; HLDA Valid to Trailing Edge of CLK 110 40
t:DH HOLD Hold Time 0 0
thps HOLD Setup Time to Trailing Edge of CLK | 170 120
tink INTR Hold Time 0 0
tins INTR, RST, and TRAP Setup Time to 160 - 150 -
Falling Edge of CLK
tia Address Hold Time After ALE 100 50
te Trailing Edge of ALE to Leading Edge 130 60
of Control
tick ALE Low During CLK High 100 50

Notes see next page.
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A.C. Characteristics (Continued)

Symbol | Parameter Limit Values Units
SAB 8085A?' SAB 8085A-2%
Min. Max. Min. Max.
tor ALE to Valid Data During Read 460 270
tow ALE to Valid Data During Write 200 120
tw ALE Width 140 - 80 -
tiny ALE to READY Stable - 110 - 30
trae Trailing Edge of READ to Re-Enabling 150 - 90 -
of Address
tro READ (or INTA) to Valid Data - 300 - 150
tay Control Trailing Edge to Leading Edge | 400 220 ns
of Next Control
trow Data Hold Time After READ INTA”' 0 o
thvh READY Hold Time - -
trys READY Setup Time to Leading Edge 110 100
of CLK
two Data Valid After Trailing Edge of WRITE | 100 60
twol LEADING Edge of WRITE to Data Valid - 40 - 20
NOTES

1. Ag—As address Specs apply to I0/M, Sy, and S, except Ag—A,5 are undefined during T,—Te of OF cycle,
whereas I0/M, Sy, and S; are stable.

2. Test conditions: t-yc = 320 ns (SAB 8085A)/200 ns (SAB 8085A-2); C, = 150 pF.

3. For all output timings where C_ = 150 pF use the following correction factors:
25 pF < C_ < 150 pF: —0.10 ns/pF
150 pF < C_ < 300 pF: +0.30 ns/pF

4. Output timings are measured with purely capacitive load.

5. All timings are measured at output votage V_ = 0.8V, V; = 2.0V, and 1.5V with 20 ns rise and fall time on
inputs.

6. To calculate timing specifications at other values of tcyc the following table should be used.

7. Data hold time is guaranteed under all loading conditions.
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A.C. Testing

Input, Output Waveform

20 20
Test Points

08~ 08
045

A.C. Testing: Input are driven at 2.4V for a Logic "1 and 0.45V for a Logic “0"".
Timing Measurements are made at 2.0V for a Logic ““1”" and 0.8V for a Logic 0.

Load Circuit

Device
under E—

Tack
iest

% (L =150pF
i
L

C, = 150 pF
C, = includes JIG Capacitance
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Bus Timing Specification as a tcyc Dependent

SAB 8085A SAB 8085A-2

Symb. | Min. Max. Symb. | Min. Max.

taL (1/2) T - 45 taL (1/2) T - 50

tia (1/2) T - 60 tia (1/72) T - 50

t (1/72) T - 20 tu (1/72) T - 20 -

tick (1/72) T - 60 tiek (1/2) T - 50

tc (1/72) T - 30 tic (172) T - 40

tao (6/2+ N)T — 225 tao (5/2+ N)T — 150
tho (3/2 + N)T — 180 tro (3/2+ N)T — 150
trae (1/72) T - 10 trae (1/72) T - 10

tea (1/2) T - 40 tea (1/2) T - 40

tow (3/2+ N)T - 60 tow (3/2+ N)T - 70 -

two (172) T - 60 two (1/2) T — 40

tee (3/2+N)T - 80 tec (3/2+ N)T - 70

tel (1/2) T - 110 tee (1/72) T - 75

taRy - (3/2) T — 260 ARy - 3/2)T - 260. B
thack (172) T - 50 - thack (1/2) T - 60 -

thasr B (1/2) T + 50 thasr (1/72) T + 50
thase (1/2) T + 50 thase (172) T + 50

tac (2/2) T - 50 tac (2/2) T - 85

t (1/2) T - 80 - t (1/72) T - 60 -

t (1/72) T - 40 t; (172) T - 30

try (3/2) T - 80 try (3/2) T - 80

tior - (4/2)T - 180 tior - (4/2) T - 130

N is equal to the total WAIT states. T = tcye
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Waveforms

Read

=l

Ag-As X Address

ADg-AD- X Address >——W////X Data in T}——(:
=t "*fu j s

R (. S

- (RDH - &u; -

S [ -

:

b tap —

4

S— ——tog i

RO/iNTA T\ f

Write

=tk

Ag-Ag X . Address

| ~—tlow o g —
1
ADy-AD; X ' Address Data out
;
Tt e U . lgw o =ty
[ A_JJQL
| /——
—_—tfy g ————
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Read Operation with Cycle (Typical) - Same Ready Timing Applies to Write

55

READY must remain stable during setup and hold times

| i T | Twan \ Ts | T
(
o\ 7\
4 !
[t s |
Ag-Ayg i l‘ Address i} % )
flo— ;
T ot
S ]l - thon [T, M
ADg-AD7 l AddM ' ///};VX Data in U}—(
I LA Iy |
@ - AR ‘ ‘ ‘ ‘
g —lor ‘ - =
ALE ~ ‘ i ‘ [
T 4‘,"# T
. T *fRD — =
==L B —toc —— —
| | i
RO/INTA \ i
| [)‘ﬁ
hc*# ‘
tiry ‘
- *bxcg"l
—— tary |
tRYs | tRvH tys | tevi
‘ %Tﬁ
READY [T 7/575 | /
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Clock

Hold

HOLD / \ ? \

(tHoH

—tpck ——
= by —— fhuex=

HLDA / N
i | LtHABF

Bus | (Address,ControIs)’ 55—

1

}'*fHABEﬂ

’
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Interrupt and Hold

%) 10/M 15 also floating during this time

Ag -Asg i 5
|
ADp-AD~ X 4>—<)ALL>\nsI ) 5
*)
= — Bus floating - -

ALE _/_\ ’ \

@ LG J

m—\_ " \

o I fee
INTR ////////i\
J tinw 7
e —L
7T 45—
HOLD i } H \
[ J
| tHoH
ts
HLOA I ;
1~J5Aas
l‘;”«f’y-l
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Package Outline

40 Pin Plastic Package Type P
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Ordering Information

Component Description

Ordering Number

8-Bit Microprocessor

SAB 8085A-P ~3 MHz, 1.3 us, (plastic)

Q67120-C34

SAB 8085A-2-P —5 MHz, 0.8 us, (plastic)

Q67120-C41
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8-Bit Microprocessor

SAB 8085AH (3 MHz)

e Single +5V Power Supply with +10%
Voltage Margins

©30% Less /cc than SAB 8085A

® 100% Software Compatible with SAB 8080A

® 1.3 us Instruction Cycle (SAB 8085AH);
0.8 us (SAB 8085AH-2)

® On-Chip Clock Generator (with External Crystal,
LC or RC Network)

® On-Chip System Controller; Advanced
Cycle Status Information Available for
Large System Control

SAB 8085AH-2 (5 MHz)

® Four Vectored Interrupt Inputs (one is
Non-Maskable) Plus an SAB 8080A
Compatible Interrupt

® Serial In/Serial Out Port

@ Decimal, Binary and Double Precision
Arithmetic

® Direct Addressing Capability to 64K
Bytes of Memory

[ Pin Configuration Pin Names
——_— S
ty W Ag—A;s | Address Bus INTA Interrupt Acknowledge
s ge sspJHoLo AD,—AD; | Mux. Address/ RST 5.5, | Restart Interrupts
our 58 i Data Bus 6.5,7.5
=) | S ALE Address Latch Enable || TRAP | Trap
”::&s ::jni;mm So, Sy, Machine Cycle Status || RESET IN| Reset in
RST 757 34[JI0M E/M RESET Reset out
e 6508 ubs RD Read Control ouTt
RsT 559 2[R WR Write Control X4, Xz Crystal/Clock Input
e SAB  nOwh READY Ready CLK Clock Output
w0 b HOLD Hold SID Serial Input Data
Dy L]0 2015 HLDA Hold Acknowledge SOD Serial Output Data
A0 []13 zaEM INTR Interrupt Request Vee +5V
AD, (14 2704 Vss Ground (OV)
A0 []15 pJWE
AD, (6 25 ri Ay
A0, (7 [,
ADs []18 3[JAe
AD-[]19 2[0A
ws(]20 2T A

SAB 8085AH is a complete 8 bit parallel Central
Processing Unit (CPU). Its instruction set is 100%
software compatible with the SAB 8080A micro-
processor. Its high level of system integration
allows a minimum of three ICs (SAB 8085AH (CPU),
SAB 8156 (RAM/I0) and SAB 8355/SAB 8755A
(ROM/PROM/10)) while maintaining total system
expandability. The SAB 8085AH-2 is a faster
version of the SAB 8085AH.

The SAB 8085AH incorporates all of the features
that the SAB 8224 (clock generator) and SAB 8228

(system controller) provided for the SAB 8080A,
thereby offering a high level of system integration.
The SAB 8085AH uses a multiplexed data bus.

The address is split between the 8 bit address bus
and the 8 bit data bus. The on-chip address latches
of SAB 8155/SAB 8156/SAB 8355/SAB 8755A
memory products allow a direct interface with the
SAB 8085AH.

SAB 8085AH is implemented in +5V advanced
N-channel, silicon gate Siemens MYMOS technology
and is a selected version of the standard SAB 8085A.

2.84
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Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Function

X4, Xz

1,2

X; AND X, — Are connected to a crystal, LC, or RC network
to drive the internal clock generator. X, can also be an
external clock input from alogic gate. The input frequency
is divided by 2 to give the processor’s internal operating
frequency.

RESET OUT

RESET OUT — Reset Out indicates CPU is being reset. Can
be used as a system reset. The signal is synchronized to
the processor clock and lasts an integral number of clock
periods.

SOD

SERIAL OUTPUT DATA LINE — The output SOD is set or
reset as specified by the SIM instruction.

SID

SERIALINPUT DATA LINE — The data on thisline is loaded
into accumulator bit 7 whenever a RIM instruction is
executed.

TRAP

TRAP — Trap interrupt is a nonmaskable RESTART inter-

rupt. It is recognized at the same time as INTR or RST 5.5-
7.5. It is unaffected by any mask or Interrupt Enable. It has
the highest priority of any interrupt (see following table).

RST5.5
RST 6.5
RST7.5

~N oW

RESTART INTERRUPTS — These three inputs have the
same timing as INTR except they cause an internal
RESTART to be automatically inserted.

The priority of these interrupts is ordered as shown in
the following table. These interrupts have a higher
priority than INTR. In addition, they may be individually
masked out using the SIM instruction.

INTR

INTERRUPT REQUEST - Is used as a general purpose
interrupt. It is sampled only during the next to the last
clock cycle of an instruction and during Hold and Halt
states. If it is active, the Program Counter (PC) will be
inhibited from incrementing and an INTA will be issued.
During this cycle a RESTART or CALL instruction can be
inserted to jJump to the interrupt service routine. The INTR
is enabled and disabled by software. It is disabled by
Reset and immediately after an interrupt is accepted.

INTA

INTERRUPT ACKNOWLEDGE - Is used instead of (and
has the same timing as) RD during the instruction cycle
after an INTR is accepted. It can be used to activate an
SAB 8259A Interrupt chip or some other interrupt port.

ADy—AD,

12-19

MULTIPLEXED ADDRESS/DATA BUS — Lower 8 bits of the
memory address (or I/0 address) appear on the bus during
the first clock cycle (T state) of a machine cycle. It then
becomes the data bus during the second and third clock
cycles.

AB_A15

21-28

ADDRESS BUS —-The most significant 8 bits ofthe memory
address or the 8 bits of the /0 address, 3-stated during
Hold and Halt modes and during RESET.
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Symbol

Number

Input (1)
Output (O)

Function

So, S1. and I0/M

29,33
34

(o]

MACHINE CYCLE STATUS -
10/M Status

Memory write
Memory read
1/0 write
1/0 read
Opcode fetch
Opcode fetch
Interrupt Acknowledge
Halt
Hold
Reset
* = 3-state (high impedance)
X = unspecified
S; can be used as an advanced R/W status. |O/M, Sp;and S,
become valid at the beginning of a machine cycle and
remain stable throughout the cycle. The falling edge of
ALE may be used to latch the state of these lines.

ok A D m DS

XKD b O aS = g)

XXOamaasas |

ALE

30

ADDRESS LATCH ENABLE — it occurs during the first clock
state of a machine cycle and enables the address to get
latched into the on-chip latch of peripherals. The falling
edge of ALE is set to guarantee setup and hold times for
the address information. The falling edge of ALE can also
be used to strobe the status information. ALE is never
3-stated.

31

WRITE CONTROL - A low level on WR indicates the

data on the Data Bus is to be written into the selected
memory or I/0 location. Data is set up at the trailing edge
of WR. 3-stated during Hold and Halt modes and during
RESET.

32

READ CONTROL —A low level on RD indicates the selected
memory or I/0 device is to be read and that the Data Bus is
available for the data transfer, 3-stated during Hold and
Halt modes and during RESET.

READY

35

READY - If READY is high during a read or write cycle, it
indicates that the memory or peripheral is ready to send
or receive data. If READY is low, the CPU will wait an
integral number of clock cycles for READY to go high
before completing the read or write cycle. READY must
conform to specified setup and hold times.

RESETIN

36

RESET IN — Sets the Program Counter to zero and resets
the Interrupt Enable and HLDA flip-flops. The data and
address buses and the control lines are 3-stated during
RESET and because of the asynchronous nature of RESET,
the processor’s internal registers and flags may be altered
by RESET with unpredictable results. RE%ET INisa
Schmitt-triggered input, allowing connection to an RC
network for power-on RESET delay. The CPU is held in the
reset condition as long as RESET INis applied.

CLK

37

CLOCK - Clock output for use as a system clock. The
period of CLK is twice the X,, X, input period.
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Symbol

Number

Input (1)
Output (O)

Function

HLDA

38

(6]

HOLD ACKNOWLEDGE - Indicates that the CPU has
received the HOLD request and that it will relinquish the
bus in the next clock cycle. HLDA goes low after the Hold
request is removed. The CPU takes the bus one half
clock cycle after HLDA goes low.

HOLD

39

HOLD - Indicates that another master is requesting the
use of the address and data buses. The CPU, upon
receiving the hold request, will relinquish the use of the
bus as soon as the completion of the current bus transfer.
Internal processing can continue. The processor can
regain the bus only after the HOLD is removed. When the
HOLD is acknowledged, the Address, Data RD, WR, and
10/M lines are 3-stated.

40

POWER SUPPLY (+5V)

20

GROUND (0V)

Functional Block Diagram

INTA RSTES5  TRAP
INTR tRST&S lnsrllsl

1

SiD SOD

[ Interrupt control Serial 1/0 control

- @ ~ 8-Bit Internal Data Bus 1/

. S - R
q 1 T
4 | N
1 | Instruction
l Accumulatcr(a) Temp Reg | Register  (g)
I I
‘ | Flag (5) |
k‘ | Fhip -Flops ‘ A4
| |
| Instruction B-Reg (g)| C-Regeg)
[ Avithi ‘ decoder
— rithmetic and D-Reg E-Reg
! logic machine ® (8)
1 unit - cycle R R
{ o (ALU) encoding HReag)] L Re(8)f | pegiter
{ o (8)) array
' ‘ Stack pointer e)f |
( |
power [ =SV | Program counter
supply | —=GON | °d ()]
Incrementer/decrementer | |
J Address latch _(16) )
b [ —
I —
X, - Timing and control
X, =1 CtK RESET Data/Adds butf
GEN CONTROL  STATUS DMA i . l Address buffer s), Fa ess D
] T
P ] ] 1
CLK ot ! RD WR ALE Sy S, 10/M HLDA RESET OUT N
READY HOLD RESET IN Ais-Ag AD7 ADg
Address bus Address/Data bus
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Interrupt Priority, Restart Address, and Sensitivity

Name Priority @dhderf?ztg:?ggpgg;i: Type Trigger

:I'VRAPW ] ; 24H Rising edge AND high level until sampled
RST 75 2 3CH Rising edge (latched)

RST 6.5 3 34H High level until sampled

RST 5.5 4 2CH High level until sampled

INTR 5 see Note 2 High level until sampled

NOTES

1. The processor pushes the PC on the stack before branching to the indicated address.
2. The address branched to depends on the instruction provided to the CPU when the interrupt is

acknowledged.

Functional Description

The SAB 8085AH is a complete 8-bit parallel central
processor. It is designed with N-channel depletion
loads and requires a single +5 volt supply. Its basic
clock speed is 3 MHz (SAB 8085AH) or 5 MHz

(SAB 8085AH-2), thus improving on SAB 8080A's
performance with higher system speed. Also it is
designed to fitinto a minimum system of three ICs:
The CPU (SAB 8085AH), a RAM/IO (SAB 8156), and
a ROM or EPROM/IO chip (SAB 8355 or SAB 8755A).

The SAB 8085AH has twelve addressable 8-bit
registers. Four of them can function only as two
16-bit register pairs. Six others can be used inter-
changeably as 8-bit registers or as 16-bit register
pairs. The SAB 8085AH register set is as follows:

Mnemonic| Register Contents

ACCor A | Accumulator 8 bits

PC Program Counter | 16-bit address

BC, DE, HL| General-Purpose | 8 bits x 6 or
Registers; data 16 bits x 3
pointer (HL)

SP Stack Pointer 16-bit address

Flags or F | Flag Register 5 flags (8-bit space)

The SAB 8085AH uses a multiplexed Data Bus.

The address is splitbetween the higher 8-bit Address
Bus and the lower 8-bit Address/Data Bus. During
the first T state (clock cycle) of a machine cycle

the low order address is sent out on the Address/
Data bus. These lower 8 bits may be latched
externally by the Address Latch Enable signal (ALE).
During the rest of the machine cycle the data bus is
used for memory or |/0 data.

The SAB 8085AH provides RD, WR, Sy, Sy, and 1I0/M
signals for bus control. An Interrupt Acknowledge
signal (INTA) is also provided. HOLD and all
Interrupts are synchronized with the processor’s
internal clock. The SAB 8085AH also provides
Serial Input Data (SID) and Serial Output Data (SOD)
lines for simple serial interface.

In addition to these features, the SAB 8085AH has
three maskable, vector interrupt pins and one
nonmaskable TRAP interrupt.

Interrupt and Serial I/0

The SAB 8085AH has 5 interrupt inputs: INTR,
RST 5.5, RST 6.5, RST 7.5, and TRAP. INTR is
identical in function to the SAB 8080A INT. Each of
the three RESTART inputs, 5.5, 6.5, and 7.5, has

a programmable mask. TRAP is also a RESTART
interrupt but it is nonmaskable.

The three maskable interrupts cause the internal
execution of RESTART (saving the program counter
inthe stack and branching to the RESTART address)
if the interrupts are enabled and if the interrupt
mask is not set. The non-maskable TRAP causes the
internal execution of a RESTART vector independent
of the state of the interrupt enable or masks {see

enable or masks (see
table above).

There are two different types of inputs in the restart
interrupts. RST 5.5 and RST 6.5 are high level-
sensitive like INTR (and INT on the SAB 8080) and
are recognized with the same timing as INTR.

RST 7.5 is rising edge-sensitive.

For RST 7.5, only a pulse is required to set an
internal flip-flop which generates the internal
interrupt request. The RST 7.5 request flip-flop
remains set until the request is serviced. Then it is
reset automatically. This flip-flop may also be reset
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by using the SIMinstruction or by issuing a RESETIN
to the SAB 8085AH. The RST 7.5 internal flip-flop
will be set by a pulse on the RST 7.5 pin even when
the RST 7.5 interrupt is masked out.

The status of the three RST interrupt masks can only
be affected by the SIM instruction and RESET IN.

The interrupts are arranged in a fixed priority that
determines which interrupt is to be recognized if
morethanoneispending as follows: TRAP—highest
priority, RST 7.5, RST 6.5, RST 5.5, INTR — lowest
priority. This priority scheme does not take into
account the priority of a routine that was started

by a higher priority interrupt. RST 5.5 can interrupt
an RST 7.5 routine if the interrupts are re-enabled
before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic events
such as power failure or bus error. The TRAP input
is recognized just as any other interrupt but has
the highest priority. It is not affected by any flag or
mask. The TRAP input is both edge and level
sensitive. The TRAP input must go high and

remain high until it is acknowledged. It will not be
recognized again until it goes low, then high again.
This avoids any false triggering due to noise or logic
glitches. The following figure illustrates the TRAP
interrupt request circuitry within the SAB 8085AH.
Note that the servicing of any interrupt (TRAP,

RST 7.5, RST 6.5, RST 5.5, INTR) disables all future
interrupts (except TRAPs) until an El instruction is
executed.

The TRAP interrupt is special in that it disables
interrupts, but preserves the previous interrupt
enable status. Performing the first RIM instruction
following a TRAP interrupt allows you to determine
whether interrupts were enabled or disabled prior
to the TRAP. All subsequent RIM instructions
provide current interrupt enable status. Performing
a RIM instruction following INTR or RST5.5-7.5
will provide current Interrupt Enable status,
revealing that Interrupts are disabled.

The serial I/0 system is also controlled by the RIM
and SIM instructions. SID is read by RIM, and SIM
sets the SOD data.

TRAP and RESET in Circuit
External
TRAP Inside the
Interrupt SAB 8085AH
Requgsi’r -
Eﬁi{]n Schmitt - i - TRAP
Trigger | Reset ——= Interrupt
B Request
i
CLK
+5V——D o- ol
Flip-Flop
21 CLEﬁAR
Internal TRAP-Flip-Flop
TRAP-Acknowledge

Driving the X; and X; Inputs

You may drive the clock inputs of the SAB 8085AH
or SAB 8085AH-2 with a crystal, an LC tuned circuit,
an RC network, or an external clock source. The driv-
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ing frequency must be at least 1 MHz, and must be
twice the desired internal clock frequency; hence,
the SAB 8085AH is operated with a 6 MHz crystal
(for 3 MHz clock), and the SAB 8085AH-2 can be
operated with a 10 MHz crystal (for 5 MHz clock).
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If a crystal is used, it must have the following
characteristics:

Parallel resonance at twice the clock frequency
desired

C_ (load capacitance) < 30 pF

C, (shunt capacitance) < 7 pF

R, (equivalent shunt resistance) < 75 Ohms
Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

Note the use of the 20 pF capacitor between X, and
ground. This capacitor is required with crystal
frequencies below 4 MHz to assure oscillator startup
at the correct frequency. A parallel-resonant LC
circuit may be used as the frequency-determining
network for the SAB 8085AH, providing that its
frequency tolerance of approximately +10% is
acceptable. The components are from the formula:

f= ——_1—__—-—_
27 VL (Ceu + Cinyy

To minimize variations in frequency, it is recom-
mended that you choose a value for C,,, that is at
least twice that of C,,,, or 30 pF. The use of an LC

circuit is not recommended for frequencies higher
than approximately 5 MHz.

An RC circuit may be used as the frequency-deter-
mining network for the SAB 8085AH if maintaining
a precise clock frequency is of no importance.
Variations in the on-chip timing generation can
cause a wide variation in frequency when using the
RC mode. Its advantage is its low component costs.
The driving frequency generated by the circuit
shown is approximately 3 MHz.Itis notrecommend-
ed that frequencies greatly higher or lower than
this be attempted.

The following figures show the recommended clock
driver circuits. Note in D and E that pullup resistors
are required to assure that the high level voltage of
the input is at least 4V.

For driving frequencies up to and including 6 MHz
you may supply the driving signal to X, and leave X,
opencircuited (Figure D). If the driving frequency is
from 6 MHz to 10 MHz, stability of the clock
generator will be improved by driving both X, and
X, with a pushpull source (Figure E). To prevent
self-oscillation of the SAB 8085AH, be sure that X,
is not coupled back to X; through the driving circuit.

Clock Driver Circuits

A) Quartz Crystal Clock Driver

SAB 8085AH

B) LC Tuned Circuit Clock Driver

*) 20pF Capacttors required for Crystal Frequency <<4MHz only

1
L]
1
Lext = Cexr
2
. i .‘D; _
Xz

SAB 8085AH

169



SAB 8085AH

C) RC Circuit Clock Driver

X

m

IZOPF ~10kQ SAB 8085AH

[

D) 1 — 6 MHz Input Frequency External Clock Driver Circuit

+5V

— e .0

470Q Low time>60ns
to
[| 1kQ /

*)X, left floating

E) 1—10 MHz Input Frequency External Clock Driver Circuit
+5V

Low time > 40ns
470Q

1
S
| +5V
470Q
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Generating Wait State

If your system requirements are such that slow
memories or peripheral devices are being used,
the circuit shown in the following figure may be
used to insert one WAIT state in each

SAB 8085AH machine cycle.

The D flip-flops should be chosen so that
® CLK is rising edge-triggered
o CLEAR is low-level active.

As in the SAB 8080, the READY line is used to
extend the read and write pulse lengths so that the
SAB 8085AH can be used with slow memory.
HOLD causes the CPU to relinquish the bus when it
is through with it by floating the Address and Data
Buses.

Generation of a Wait State for SAB 8085AH CPU

Exceeds SAB 8085AH IOL or IOH.

. R -
|
i
CLEAR x) ‘
ALE ————=] CLK CLK ~{cik ‘
SAB 8085AH |

e |0 L [0 SAB 8085AH

o Flip-Flop |Q o FipFop 1@ | _ to
+5V -{D ip-Flop =D p Ready Input

*) ALE and CLK (Out) should be buffered if CLK Input of Latch

System Interface

The SAB 8085A family includes memory compo-
nents, which are directly compatible to the

SAB 8085AH CPU. For example, a system con-
sisting of the three chips, SAB 8085AH, SAB 8156,
and SAB 8355 will have the following features:

©® 2K Bytes ROM

© 256 Bytes RAM

® 1 Timer/Counter

®4 8-bitl/O Ports

®1 6-bitl/O Port

® 4 Interrupt Levels

® Serial In/Serial Out Ports

This minimum system, using the standard 1/0
technique is as shown in the following figure.

In addition to standard /0, the memory mapped /0
offers an efficient I/0 addressing technique. With
this technique, an area of memory address space is
assigned for I/0 address, thereby, using the
memory address for I/0 manipulation. The figure
on page 11 shows the system configuration of
Memory Mapped /0 using SAB 8085AH.

The SAB 8085AH CPU can also interface with the
standard memory that does not have the multi-
plexed address/data bus. It will require a simple
SAB 8282 (8-bit latch) as shown in the figure on
page 12.
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SAB 8085AH Minimum System (Standard 1/0 Technique)

A
TRAP X X, Reset In HOLD
———={RST 75 HLDA |——=
s e
S— 8085AH s,
—=—{INTA ADDR/ o _Reset Sof—=
ADDR Data ALE RD WR IO/M Out RDY CLK
(8) ﬂs) 1 l ’ s U
. | L
F--- | 4 — CE  saB PortAK: (§£i>
‘ '*L‘ - WR 156 _
T RD Port B (8)
| + ~{ALE
1 R Data/ Port
} CE o B e i SO
1 |O/H .T|mer {1} pas——
Reset Timer Outp———*
T ~—{low
- RD
— ALE —
o B A Port AR TR >
IR -
| — TJ\>A8‘A*0 SAB
‘ 8355/
- L L[ o B
, /| ADDR
‘ 10/M Port BK (8] >
% Reset ¥
+— —+—{RDY . c
+—=1{CLK R |=—
J
Ws Ve Yo PROG
3 — ¥e
3 — Vo
| =
VARV,

*) Optional Connection
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SAB 8085AH Minimum System (Memory Mapped I/0)

{\z\

Vec Voo

Vee

_Rov |
RST

CLK

IOW.

RD

ALE

I0/M

Ct

ADg-AD;
7,

Ag-Aig

SAB 8355
(ROM+1/0) or SAB 8755A(PROM+1/0)

10/M

Dy -AD;
TV

CE

ALE

AB "A]S
ADg-AD7
ALE

—

WR

WR
10/M

LK

~
9

|

Timer in
L limer i |

Reset

Reset Out

Ready

SAB 8156
(RAM+1/0+Counter/Timer)

D

N

SAB 8085AH

%) Optional Connection

l

Timer out
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SAB 8085AH System (Using Standard Memories)

P

— =] TRAP X X; Reset In HOLD =
——=={RST7 HLDA|—=
——=={RST 6 SAB SODf—=
——=={RST 5 8085AH SID p=——
—=INTR S
——INTA ADDR/ o Reset So—=
ADDR Data ALE RD WR IO/M Out RDY CLK
(a)! A_ja)
10/M(CS)
— ~{Wr
SAB hA
w2 [T ] 1T N
; - A‘> Data
— ] ‘ Standard
- Memor
C A | Y
- . | ADDR(CS)
(1)
p—=1 CLK
T =1 Reset
10/M(CS)
| : WR 1/0 Ports,
J - l ={RD Controls
- - __)Data
J Standard
L ] 110
— T ~{ADDR
| s
—— =
\) N S ] T
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Basic System Timing
The SAB 8085AH has a multiplexed Data Bus. ALE cycle (as would occur during processing of the QUT

is used as a strobe to sample the lower 8-bits of instruction). Note that during the 1/0 write and read
address on the Data Bus. The following figure shows  cycle the 1/0 port address is copied on both, the
an instruction fetch, memory read and 1/0 write upper and lower half of the address.

SAB 8085AH Basic Svstem Timing

Ag-A PC,,(high order Address) x (PC+1),, X 110 Port

(Low order  Data from Memory Data from Memory Data to Memory
Address) (Instruction) (10 Port Address)

we |\ /\ /\

or
Peripheral

Status S, .Sg(Fetch) 10 (Read) 01(Write) X 1
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since they become active atthe T state, at the outset
of each maching cycle. Control lines RD and WR
become active later, at the time when the transfer
of data is to take place, so are used as command

There are seven possible types of machine cycles.
Which of these seven takes place is defined by the
status of the three status lines (I0/M, S;, So) and the
three control signals (RD, WR, and INTA); (see

following table). The status lines can be used as lines.
advancedcontrols(fordeviceselection, forexample),
SAB 8085AH Machine Cycle Chart
Status Control
Machine Cycle — — — —
10/M S1 SO RD WR INTA
Opcode Fetch (OF) 0 1 1 0 1 1
Memory Read [} 1 0 0 1 1
Memory Write 0 0 1 1 0 1
1/0 Read (IOR) 1 1 0 0 1 1
1/0 Write (IOW) 1 0 1 1 0 1
Acknowledge for INTR (INA) 1 1 1 1 1 0
Bus Idle (Bl): DAD 1] 1 0 1 1 1
ACK of
RST, TRAP 1 1 1 1 1 1
HALT TS 0 0 TS TS 1

@ = Logic “@"”; 1 = Logic“1""; TS = High Impedance

A machine cycle normally consists of three T states,
with the exception of OPCODE FETCH, which
normally has either four or six T states (unless WAIT

SAB 8085AH Machine State Chart

or HOLD states are forced by the receipt of READY or

HOLD inputs). Any T state must be one of ten

possible states, as summarized in the following table.

Machine Status and Buses Control

State s1,50  |IO/M AsAi; | ADy-AD, |RD,WR |INTA ALE
T X X X X 1 1 1
T, X X X X X X 0
Twarr X X X X X X )

3 X X X X X X 0
Ts 1 0?) X TS 1 1 0
Ts 1 p? X TS 1 1 0
Te 1 0?) X TS 1 1 0
Theser X TS TS TS TS 1 [1]
Thaut 0 TS TS TS TS 1 0
Thowo X TS TS TS TS 1 0

® = Logic “@”; 1= Logic’1"; TS = High Impedance; X = Unspecified.
') ALE not generated during 2nd and 3nd machine cycles of DAD instruction.
2)10/M = 1 during T,—Tg of INA machine cycle.
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Instruction Set Summary

Instruction Code Operations
Mnemonic D, D¢ Dy Dy D3 D, Dy Dy Description
MOVE, LOAD, AND STORE
MOVr1 r2 0 1 D D D S S S Move register to register
MOV M.r 0 1 1 1 (1] S S S Move register to memory
MOV r.M 0 1 D D D 1 1 0 Move memory to register
MVir 0 [1] D D D 1 1 0 Move immediate register
MVIM 0 0 1 1 0 1 1 0 Move immediate memory
LXIB o 0o o o o o 0 1 Load immediate register Pair B & C
LXID o o o 1 o 0 0 1 Load immediate register Pair D & E
LXIH o 0 1 o 0o o0 0 1 Load immediate register Pair H & L
STAXB o o o o o 0 1 0 Store A indirect
STAXD o 0o 0 1 o 0 1 0 Store A indirect
LDAX B 0 0 0 [1} 1 0 1 0 Load A indirect
LDAX D (1} 0 0 1 1 0 1 0 Load A indirect
STA o 0 1 1 (1] 0 1 0 Store A direct
LDA o 0 1 1 1 [/ 0 Load A direct
SHLD o o 1 0 0 0 1 0 Store H & L direct
LHLD 0 0 1 0 1 0 1 0 Load H & L direct
XCHG 1 1 1 0 1 0 1 1 Exchange D & E, H & L Registers
STACK OPS
PUSH B 1 1 o 0 0 1 0 1 Push register Pair B & C on stack
PUSHD 1 1 0 1 0 1 0 1 Push register Pair D & E on stack
PUSHH 1 1 1 o 0 1 0 1 Push register Pair H & L on stack
PUSH PSW 1 1 1 1 0 1 0 1 Push A and Flags on stack
POPB 1 1 e 0 0 o 0 1 Pop register Pair B & C off stack
POP D 1 1 0 1 0 o 0 1 Pop register Pair D & E off stack
POP H 1 1 1 0 0 0 0 1 Pop register Pair H & L off stack
POP PSW 1 1 1 1 o 0 0 1 Pop A and Flags off stack
XTHL 1 1 1 P 0 0 1 1 Exchange top of stack, H & L
SPHL 1 1 1 1 1 0 0 1 H & L to stack pointer
LXI SP o 0 1 1T 0 0 0 1 Load immediate stack pointer
INX SP o 0 1 1 0 0 1 1 Increment stack pointer
DCX SP o 0 1 1 1 0 1 1 Decrement stack pointer
JUMP
JMP 1 T 0 0 0 0 1 1 Jump unconditional
JC 1 1 0 1 1 0 1 0 Jump on carry
JNC 1 1 o 1 o 0 1 0 Jump on no carry
Jz 1 1 o 0 1 0 1 0 Jump on zero
JNZ 1 1 o 0 o0 0 1 0 Jump on no zero
JP 1 1 1 1 0 0 1 0 Jump on positive
JM 1 1 1 1 1 0 1 0 Jump on minus
JPE 1 1 1 0 1 0 1 0 Jump on parity even
JPO 1 1 1 o 0 0 1 0 Jump on perity odd
PCHL 1 1 1 0 1 o 0 1 H & L to program counter
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Instruction Set Summary (Cont’'d)

Instruction Code Operations
Mnemonic D, Dg Ds Dy D3 D, Dy Dy Description
CALL
CALL 1 1 0 0 1 1 0 1 Call unconditional
cc 1 1 [} 1 1 1 0 0 Call on carry
CNC 1 1 0 1 0 1 1 0 Call on no carry
cz 1 1 o 0 1 1 [/ Call on zero
CNz 1 1 o 0 0 1 [/ Call on no zero
cp 1 1 1 1 o 1 [/ Call on positive
CcM 1 1 1 1 1 1 [} 0 Call on minus
CPE 1 1 1 0 1 1 0 0 Call on parity even
CPO 1 1 10 0 1 o 0 Call on parity odd
RETURN
RET 1 19 0o 1 0 0 1 Return
RC 1 T 0 1 10 0 0 Return on carry
RNC 1 1 0 1 o o 0 0 Return on no carry
Rz 1 19 0o 1 0 0 0 Return on zero
RNz 1 1 o o o o 0 0 Return on no zero
RP 1 1 1 1 o o 0 0 Return on positive
RM 1 1 1 1 1 o 0 0 Return on minus
RPE 1 1 1 o 1 o 0 0 Returri on parity even
RPO T 1 1 9 0 0 0 0 Return on parity odd
RESTART
RST 1 1 A A A 1 1 1 Restart
INPUT/OUTPUT
IN 1 1 0 1 0 1 1 Input
ouT 1 1 0 1 (1] 0 1 1 Output
INCREMENT AND DECREMENT
INRr » 9 D D D 1 o 0 Increment register
DCRr [/} D D D 1 [/} 1 Decrement register
INR M o 0 1 19 1 [/ ] Increment memory
DCRM 0 [1] 1 1 [1] 1 0 1 Decrement memory
INX B o 0o o 9o 0 0 1 1 Increment B & C registers
INX D 0 P 0 1 o 0 1 1 Increment D & E registers
INXH 0 0 1 o 0 0 1 1 Increment H & L registers
DCXB 0 0 0 0 1 0 1 1 DecrementB & C
DCX D o 0o 0 1 1 o 1 1 Decrement D & E
DCXH o o 1 9 1 0 1 1 DecrementH & L
ADD
ADD r 1 0 P 0 0 S S S Add register to A
ADCr , 1 0 o 0 1 S § S Add register to A with carry
ADD M 1 » C o 0 1 1 0 Add memory to A
ADCM 1 0 [1] [1] 1 1 1 0 Add memory to A with carry
ADI 1 1 o 0 0 1 1 (1} Add immediate to A
ACI 1 1 0 0 1 1 1 0 Add immediate to A with carry
DAD B 0 0 0 0 1 0 0 1 AddB&CtoH &L
DADD 0 0 0 1 1 0 0 1 AddD&EtoH &L
DADH 0 0 1 0 1 0 0 1 AddH&LtoH&L
DAD SP (1] 0 1 1 1 [1} 0 1 Add stack pointerto H & L
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Instruction Set Summary (Cont'd)

Instruction Code Operations
Mnemonic D, Dg Ds Dy D3 D, Dy Dy Description
SUBTRACT
SUBTr 1 o 0 1 0 S § S Subtract register from A
SBBr 1 o 0 1 1 S S S Subtract register from A with borrow
SUBM 1 o 0 1 0 1 1 (1] Subtract memory from A
SBBM 1 0 0 1 1 1 1 0 Subtract memory from A with borrow
Sul 1 10 0 1 1 [1} Subtract immediate from A
SBI 1 10 1 1 1 0 Subtract immediate from A with borrow
LOGICAL
ANAr 1 1 ¢ © S S S And register with A
XRAr 1 0 1 0 1 S S S Exclusive OR register with A
ORATr 1 0 1 1 0 S S S OR register with A
CMPr 1 0 1 1 1 S S S Compare register with A
ANA M 1 0 1 o 0 1 1 0 And memory with A
XRA M 1 (1] 1 (1] 1 1 1 [} Exclusive OR memory with A
ORAM 1 0 1 1 0 1 1 0 OR memory with A
CMP M 1 0 1 1 1 1 1 0 Compare memory with A
ANI 1 1 1 0 0 1 1 0 And immediate with A
XRI 1 1 1 0 1 1 1 0 Exclusive OR immediate with A
ORI 1 1 1 1 0 1 1 0 OR immediate with A
CPI 1 1 1 1 1 1 1 0 Compare immediate with A
ROTATE
RLC o 0o o0 o 0 1 1 1 Rotate A left
RRC o 0o o 0 1 1 1 1 Rotate A right
RAL o 0o o0 1 0 1 1 1 Rotate A left throught carry
RAR o 0 0 1 1 1 1 1 Rotate A right through carry
SPECIALS
CMA o 0 1 0 1 1 1 1 Complement A
STC o 0 1 1 (1] 1 1 1 Set carry
CMC o 0 1 1 1 1 1 1 Complement carry
DAA [/} 1 o 0 1 1 1 Decimal adjust A
CONTROL
El 1 1 1 1 1 0 1 1 Enable interrupts
DI 1 1 1 1 o 0 1 1 Disable Interrupt
NOP > o o © o 0 o0 0 No-operation
HLT 0 1 1 1 0 1 1 [} Halt
NEW SAB 8085AH INSTRUCTIONS
RiM ¢ ¢ 1 ¢ ¢ ¢ ¢ ¢ Read Interrupt Mask
SIM o 0 1 1 o o 0 0 Set Interrupt Mask
NOTES

1. DDS or SSS: B 000, C 001, D 010, E 011, H 100, L 101, Memory 110, A 111.
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags.

* All mnemonic copyrighted © Intel Corporation 1'976.
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Absolute maximum ratings *)

Ambient Temperature Under Bias 0to 70°C
Storage Temperature —65to +150°C
Voltage on any Pin with Respect to Ground —05to +7V
Power Dissipation 1.5 Watt

D.C. Characteristics
Ta=01t070°C; Vec = 5V +10%; Vss = OV; (unless otherwise specified)

Symbol Parameter Limit Values Units Test Conditions
Min. Max.

ViL Input Low Voltage -0.5 +0.8

Vi Input High Voltage 2.0 Vec+0.5 v

VoL Output Low Voltage - 0.45 lor =2mA

Vou Output High Voltage 2.4 - Iow = —400 uA

Icc Power Supply Current 120 mA -

I Input Leakage — +10 WA 0= V=<V

Lo Output Leakage 0.45V < Vour < V¢

ViR Input Low Level, RESET -0.5 +0.8

Viur Input High Level, RESET 2.4 Vee+0.5 |V -

Viy Hysteresis, RESET 0.25

*) Stresses above those listed under “Absolute Maximum Ratings’” may cause permanent damage to
the device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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A.C. Characteristics
Ta = 010 70°C; Vee = 5V  10%; Vg = OV

Symbol Parameter Limit Values Units
SAB 8085AH? SAB 8085AH-22
Min. Max. Min. Max.
teve CLK Cycle Period 320 2000 200 2000
t CLK Low Time (Standard CLK Loading) 80 40
t CLK High Time Standard CLK Loading) 120 70
t. b CLK Rise and Fall Time 30 - 30
txkn X, Rising to CLK Rising 30 120 30 100
txke X, Rising to CLK Falling 150 110
tac As—Ass Valid to Leading Edge of Control " | 270 ~ 15 ~
tacL Ap—A; Valid to Leading Edge of Control 240
tao Ap—Ass Valid to Valid Data In 575 350
tarr Address Float After Leading Edge of B
READ (INTA) 0 0
tac Ag—Ass Valid Before Trailing Edge of ALE "| 115 ~ 50 B
taLL Ap—A; Vaiid Before Trailing Edge of ALE | S0
tary READY Valid from Address Valid - 220 - 100 ns
tea Address (Ag—A;s) Valid After Control 120 60
tee Width of Control Low (RD, WR, INTA) 400 230
te Trailing Edge of Control to Leading Edge | 50 - 25 -
of ALE
tow Data Valid to Trailing Edge of WRITE 420 230
thase HLDA to Bus Enable _ 210 _ 150
thasrF Bus Float After HLDA
thack HLDA Valid to Trailing Edge of CLK 110 40
tion HOLD Hold Time 0 0
thps HOLD Setup Time to Trailing Edge of CLK | 170 120
tinm INTR Hold Time 0 0
tins INTR, RST, and TRAP Setup Time to 160 - 150 -
Falling Edge of CLK
ta Address Hold Time After ALE 100 50
tie Trailing Edge of ALE to Leading Edge 130 60
of Control
tick ALE Low During CLK High 100 50

Notes see next page.
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A.C. Characteristics (continued)

Symbol | Parameter Limit Values Units
SAB 8085AH? SAB 8085AH-22
Min. Max. Min. Max.
tor ALE to Valid Data During Read 460 270
tiow ALE to Valid Data During Write 200 120
tL ALE Width 140 - 80 -
tiry ALE to READY Stable - 110 - 30
trae Trailing Edge of READ to Re-Enabling 150 - 90 -
of Address
tro READ (or INTA) to Valid Data - 300 - 150
try Control Trailing Edge to Leading Edge 400 220 ns
of Next Control
trom Data Hold Time After READ INTA” 0 0 e
tayH READY Hold Time - -
trvs READY Setup Time to Leading Edge 110 100
of CLK
two Data Valid After Trailing Edge of WRITE | 100 60
twoL LEADING Edge of WRITE to Data Valid - 40 - 20
NOTES

1.

Ag—Ass address Specs apply to 10/M, Sy, and S, except Ag—A;; are undefined during T,—Tg of OF cycle,
whereas I0/M, S,, and S, are stable.

- Test conditions: tcyc = 320 ns (SAB 8085AH)/200 ns (SAB 8085AH-2); C, = 150 pF.

. For all output timings where C_ = 150 pF use the following correction factors:

25 pF < C, < 150 pF: —0.10 ns/pF
150 pF < C, < 300 pF: +0.30 ns/pF

4. Output timings are measured with purely capacitive load.

. All timings are measured at output votage V, = 0.8V, V,; = 2.0V, and 1.5V with 20 ns rise and fall time on

inputs.

. To calculate timing specifications at other values of tcyc the following table should be used.
. Data hold time is guaranteed under all loading conditions.
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A.C. Testing

Input, Output Waveform

2

045

20~ 20
Test Points
08~ 08

A.C. Testing: Input are driven at 2.4V for a Logic “1"" and 0.45V for a Logic “0"".
Timing Measurements are made at 2.0V for a Logic "“1"” and 0.8V for a Logic “0".

Load Circuit

C, = 150 pF
C, = includes JIG Capacitance

Device

under
Test

T

CL =150pF
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Bus Timing Specification as a tcyc Dependent

SAB 8085AH SAB 8085AH-2

Symb. | Min. Max. Symb. | Min. Max.

taL (1/2) T - 45 taL (1/2) T - 50

tia (1/2) T - 60 tia (1/2) T — 50

t (1/2) T - 20 - tw (1/2) T - 20 -

tiek (1/2) T~ 60 tick (1/2) T - 50

tic (1/2)T - 30 tic (1/2) T - 40

tan _ (5/2 + N) T — 225 tan _ (5/2 + N)T — 150
tro (3/2+ N) T - 180 tro (3/2+N)T - 150
trae (1/2)T-10 trae (1/2)T-10

tea (1/2) T - 40 tea (1/2) T - 40

tow (3/2+ N)T - 60 tow (3/2+N)T-70 -

two (1/2) T - 60 - two (1/2) T - 40

tee (3/2+N) T - 80 tee (3/2+N)T~-70

te (1/2) T - 110 to (1/2) T~ 75

tarv - (3/2) T - 260 tary - (3/2) T — 200
tuack (1/2) T - 50 - thack (1/2) T - 60 -

tuasr ~ (1/2) T + 50 tuasr (1/2) T + 50
thase (1/2) T + 50 thase B (1/2) T + 50
tac (2/2) T - 50 tac (2/2)T -85

th (1/2) T - 80 - th (1/2) T - 60 -

t, (1/2) T - 40 t, (1/2) T - 30

tay (3/2) T - 80 tav (3/2)T - 80

tior - (4/2) T — 180 tior - (4/2) T — 130

N is equal to the total WAIT states. T = teyc.
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Waveforms

Read

A N N A N
]

— tioe— = ton—=

Ag-Ass X Address | K
! .
i-~ Bl A — troH = tRa _.f
I ZROH r.ﬁ
ADg - AD; X Address >——W /// Data in

"'—fu_‘} “_‘fLA_ﬂ Lt i i
| | i | |
s I (1 el R B
ae /o \ 1 ! /
i ; + - 1

r ty—=t oty —————— |
!‘—7‘ tCC — e ‘ |

_ | — |
RD/INTA } \L /

Write
|
| T | T | Ty I
N W N e N
~—tex
Ag-Aig X Address
=—tow oA
ADg-AD, X Address Data out
. A tow ~ ~—twp—=1
! L twn ‘
|
ALE f i /
by tee
W i
e —~ L-—eCL—-!
e
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Read Operation with Cycle (Typical) — Same Ready Timing Applies to Write

. T ‘ T ‘ Twant ‘ T3 ‘ T
o/
CLK
U W J
=—tick B —top
Ag-A Address

tiow ", R4

T e >
by >

ADg-AD7 )

e

ALE }-

1| 1
|
|

- tat -
RO/INTA |
7 ]
L e
P e fRYS | tRYH trvs | tRYH

READY / }

READY must remain stable during setup and hold times
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Clock
X
Input
CLK
Output
txkR
Hold
T T Tholo TvoLd ‘ T

-\ J
HOLD _——[ T\ \

‘ | tHDH
| — et
""fHACKL—

—=1 typs =~

|
\
|
1
HLDA j[ \ |
tHagr LfHABE

Bus (Address.Controls) < —
I
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Interrupt and Hold

*) I0/M 15 also floating during this time

|
‘ L . T ‘ W | T J T Tow| T ‘ T
Ag A X | N/‘ S J’.
\ ‘ |
‘ |
ADg-AD7 X >—<CALL»|nst ) 5
*
| ‘ =————Bus floating b -
| |
e n
™ Y ., /o
W\ \
‘ 1 | o Lt
INTR /,’,’/Z 5 \ ‘ ’
| Ltk : L
s o |
T T <5 i
HOLD '} }u/ 1 \ |
I :
N L
HDS . “
.l -
HLDA [ ” \
t‘_;] thiagr
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Package Outline

40 Pin Plastic Package Type P

x
o
E
w
-
S
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m
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S5 < S o i g e e o g < i P g T e e g gy e gy g
. 20
- 1Y TP ———
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Ordering Information

Component Description

Ordering code

8-Bit Microprocessor

SAB 8085AH-P 3 MHz, 1.3 s, (plastic)

Q67120-C122

SAB 8085AH-2-P 5 MHz, 0.8 us, (plastic)

Q67120-C124

190



SAB 8086

16-Bit Microprocessor

SAB 8086-2
SAB 8086-1

8 MHz
10 MHz

o Direct Addressing Capability to
1 MByte of Memory

® Assembly Language Compatible with
SAB 8080/ SAB 8085

® 14 Word, By 16-Bit Register Set with
Symmetrical Operations

@ 8- and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal
Including Multiply and Divide

SAB 8086 5 MHz

® Bit, Byte, Word, and Block Operations
@24 Operand Addressing Modes
o Clock Rate upto

10 MHz (SAB 8086-1)
® Compatible with Industry Standard 8086
@ In plastic and ceramic package

Figure 1. Pin Diagram Figure 2. Pin Names

GNDE opdk ADy s | Address/Data Ass-19 Address

A;J‘ . ::?:;/s Sz Status Ss, Status

=y wPins INTR Interrupt Request BHE Bus High Enable

w00 15 #Phers, CLK Clock HOLD Hold

w006 55w/ QSy-, Queue Status HLDA Hold Acknowledge

10, (7 saPIEEs, TEST Test for Busy WR Write

a0, (8 33 IMN/AY READY |Ready ‘DT/R Bus Driver Transmit/
A0, (]9 3 RESET Chip Reset Receive

w0, o s ¥ [IRGT o) MN/MX | Minimum/Maximum | DEN Bus Driver Enable
el o B - Mode ALE | Address Latch Enable
m: ds " RD Read INTA Interrupt Acknowledge
20, Ol B RQ/GT,_, | Request/Grant NMI Non-maskable

20, []15 7%, (6680 LOCK Bus Lock Interrupt

A0y (6 25[70se (ALE) M/10 Memory/I0 GND Ground

w7 241705, (INTA) Vee +5Volts

INTR []® B TEST

c ]9 22 [ JREADY

GNo ]2 21 [JRESET

SAB 8086 is a new generation, high performance
16-bit Microprocessor implemented in +5 Volts,
depletion load, N channel, silicon gate Siemens

MYMOS technology packaged in a 40 pin package.

Itis 100 percent compatible with the industry

standard 8086. With features like string handling,
16-bit arithmetic with multiply and divide it signi-
ficantly increases system performance. It is highly
suited for multiprocessor applications in various
configurations.

8.83
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Functional Pin Definition

The following pin function descriptions are for the direct multiplexed bus interface connection
SAB 8086 systems in either minimum or maximum  to the SAB 8086 (without regard to additional
mode. The “Local Bus” in these descriptions is bus buffers).

Number Symbol lcr)‘LFJ)tUptLl(tl)(O) Function

2-16 ADy—AD;5 1/0 These lines constitute the time multiplexed memory I/0
39 39 address (T,) and data (T,, T3, T4) bus. A, is analogous to

BHE for the lower byte of the data bus, pins D;—D,. Itis
LOW during T, when a byte is to be transferred on the
lower portion of the bus in memory or I/0 operations.
Eight-bit oriented devices tied to the lower half would
normally use A, to condition chip select functions. These
lines are active HIGH and float to 3-state OFF during
interrupt acknowledge and local bus “*hold acknowledge’".

35-38 A/S3 (0] During T, these are the four most significant address lines
A7/Sa for memory operations. During I/0 operations these lines
Av/Ss are LOW. During memory and I/0O operations, status
A19/Ss informationis available on these lines during T,, T3, T, and

T4. The status of the interrupt enable FLAG bit (Ss) is
updated at the beginning of each CLK cycle.
A,;/S4and Aq/S 3 are encoded as follows:

A7/Ss A16/S 3 | Characteristics
0(LOW) (0 Alternate Data
0 1 Stack

1(HIGH) | 0 Code or None

1 1 Data

Sgis0

(LOW)

This information indicates which relocation register is
presently being used for data accessing.

These lines float to 3-state OFF during local bus “hold
acknowledge”’.

34 BHE/S; (¢] During T, the bus high enable signal (BHE) should be used
to enable data onto the most significant half of the data
bus, pins D;s—Ds. Eight-bit oriented devices tied to the
upper half of the bus would normally use BHE to
condition chip select functions. BHE is LOW during T, for
read, write, and interrupt acknowledge cycles when a byte
is to be transferred on the high portion of the bus.

The S; status information is available during T2, T3, and Ta.
The signal is active LOW, and floats to 3-state OFF in
“hold". Itis LOW during T, for the first interrupt
acknowledge cycle.

E
o

32 Read strobe indicates that the processor is performing a
memory or I/0 read cycle, depending on the state of the
S, pin. This signal is used to read devices which reside on
the SAB 8086 local bus. RD is active LOW during T,, Tz and
T, of any read cycle, and is guaranteed to remain HIGH in
T, until the SAB 8086 local bus has floated.

This signal floats to 3-state OFF in “hold acknowledge”.
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Number

Symbol

Input (1)
Output (O)

Function

22

READY

READY is the acknowledgement from the addressed
memory or I/0 device that it will complete the data
transfer. The RDY signal from memory I/0 is synchronized
by the SAB 8284A Clock Generator to form READY. This
signal is active HIGH. The SAB 8086 READY input is not
synchronized.

Correct operation is not guaranteed if the setup and hold
times are not met.

INTR

Interrupt request is a level triggered input which is sampled
during the last clock cycle of each instruction to determine
ifthe processor should enter into an interrupt acknowledge
operation. A subroutine is vectored to via an interrupt
vector lookup table located in system memory. It can be
internally masked by software reseting the interrupt
enable bit. INTR is internally synchronized. This signal is
active HIGH. )

23

The TEST input is examined by the “Wait" instruction.
If the TEST input is LOW execution continues, otherwise
the processor waits in an “Idle” state. This input is
synchronized internally during each clock cycle on the
leading edge of CLK.

17

21

NMmi

Non-maskable interrupt is an edge triggered input which
causes a type 2 interrupt. A subroutine is vectored to via
interrupt vector lookup table located in system memory.
NMIl is not maskable internally by software. A transition
from a LOW to HIGH initiates the interrupt at the end of the
current instruction. This input is internally synchronized.

RESET

RESET causes the processor to immediately terminate its
presentactivity. The signal must be active HIGH for at least
four clock cycles. It restarts execution, as described in the
Instruction Set description, when RESET returns LOW.
RESET is internally synchronized.

CLK

The clock provides the basic timing for the processor and
bus controller. It is asymmetric with a 33% duty cycle to
provide optimized internal timing.

33

MN/MX

Minimum/Maximum: indicates what mode the processor
is to operate in. The two modes are discussed in the

Falls a centione
jiodile) 1§ SECuoNns.

+5V (power supply)

GND

GND (ground)
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The following pin function descriptions are for the unique to maximum mode are described; all other

SAB 8086/8288 system in maximum mode (i.e.

pin functions are as already described.

MN/MX = GND). Only the pin functions which are

Input (1)

Number Symbol Output (0) Function
26-28 S.. 5.5 0 These status lines are encoded as follows:
S, S, Sy Characteristics
0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read 1/0 Port
0 1 0 Write 1/0 Port
0 1 1 Halt
1 (HIGH) 0 0 Code Access
1 0 1 Read Memory
1 1 0 Write Memory
1 1 1 Passive
Status is active during Ty, T4, and T, and is returned to the
passive state (1,1,1) during Ty or during T,, when READY is
HIGH. This status is used by the SAB 8288 Bus Controller
to generate all memory and 1/0 access control signals.
Any change by S,, Sy, or Sy during T, is used to indicate
the beginning of a bus cycle, and the return to the passive
state in T3 or T, is used to indicate the end of a bus cycle.
These signals float to 3-state OFF in "hold acknowledge”'.
30-31 RQ/GT,, RQ/GT, 1/0 The request/grant pins are used by other local bus

masters to force the processor to release the local bus at
the end of the processor’s current bus cycle. Each pin is
bidirectional with RQ/GT, having higher priority than
RQ/GT,. RQ/GT has an internal pull-up resistor so may be
left unconnected. The request/grant sequence is as
follows (see Figure 14):

1. A pulse of 1 CLK wide from another local bus master
indicates a local bus request (“hold"’) to the SAB 8086
(pulse1).

. During the CPU’s next T, or T, a pulse 1 CLK wide from
the SAB 8086 to the requesting master (pulse 2)
indicates that the SAB 8086 has allowed the local bus
to float and that it will enter the “’hold acknowledge"”
state at the next CLK. The CPU'’s bus interface unitis
disconnected logically from the local bus during “"hold
acknowledge”.

. Apuise 1CLK wide from the requesting master indicates
to the SAB 8086 (pulse 3) that the “"hold” request is
about to end and that the SAB 8086 can reclaim
the local bus at the next CLK.

Each master-master exchange of the local bus is a
sequence of 3 pulses. There must be one dead CLK cycle
after each bus exchange. Pulses are active LOW.

If the request is made while the CPU is performing a
memory cycle, it will release the local bus during T, of the
cycle when all the following conditions are met:

1. Request occurs on or before T,.

2. Current cycle is not the low byte of a word (on an odd
address).

3. Currentcycle is not the first acknowledge of an interrupt
acknowledge sequence.

4. A locked instruction is not currently executing.

N

w
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Number Symbol 85;&}:)(0) Function

29 LOCK (0] The LOCK output indicates that other system bus masters
are not to gain control of the system bus while LOCK is
active LOW. The LOCK signal is activated by the “LOCK"
prefix instruction and remains active until the completion
of the next instruction. This signal is active LOW, and
floats to 3-state OFF in “hold acknowledge”.

24-25 Qs,, s, (0} QS; and QS provide status to allow external tracking of

the internal SAB 8086 instruction queue.

Qs, QS, Characteristics

0 (LOW) 0 No Operation

0 1 First Byte of Op Code from Queue
1 (HIGH) 0 Empty the Queue

1 1 Subsequent Byte from Queue

The queue status is valid during the CLK cycle after
which the queue operation is performed.
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The following pin function descriptions are for

minimum mode are described; all other pin

the SAB 8086 minimum mode (i.e. MN/MX = V(). functions are as described before.
Only the pin functions which are unique to

Number

Symbol

Input (1)
Output (O)

Function

28

M/10

0]

This status line is logically equivalentto S, in the
maximum mode. It is used to distinguish a memory
access from an /0 access. M/I0 becomes valid in the T,
preceding a bus cycle and remains valid until the final

T4 of the cycle (M = HIGH, 10 = LOW). M/10 floats to 3-state
OFF in local bus “hold acknowledge”".

29

Write strobe indicates that the processor is performing a
write memory or write I/0 cycle, depending on the state of
the M/10O signal. WR is active for T,, Tsand T,, of any write
cycle. Itis active LOW, and floats to 3-state OFF in local bus
“hold acknowledge”.

24

INTA

INTA is used as a read strobe for interrupt acknowledge
cycles. Itis active LOW during T,, Tz and T,, of each
interrupt acknowledge cycle.

25

ALE

Address latch enable is provided by the processor to
latch the address into the SAB 8282/SAB 8283 address
latch. It is a HIGH pulse active during T, of any bus cycle.
Note that ALE is never floated.

27

DT/R

Data transmit/receive is needed in minimum system that
desires to use a SAB 8286/SAB 8287 data bus transceiver.
Itis used to control the direction of data flow through the
transceiver. Logically DT/R is equivalent to S; in the
maximum mode, and its timing is the same as for M/I0.
(T=HIGH, R=LOW). This signal floats to 3-state OFF in
local bus ““hold acknowledge”.

26

1

lw)
m
Z

Data enable is provided as an output enable for the

SAB 8286/SAB 8287 in a minimum system which uses
the transceiver. DEN is active LOW during each memory
and 1/0 access and for INTA cycles. For a read or INTA
cycle itis active from the middle of T, until the middle of T,,
while for a write cycle it is active from the beginning of T,
until the middle of T,. DENfloats to 3-state OFF in local
bus “’hold acknowledge”.

30-31

HOLD
HLDA

HOLD indicates that another master is requesting a local
bus “hold”. To be acknowledged, HOLD must be active
HIGH. The processor receiving the “hold” request will
issue HLDA (HIGH) as an acknowledgement in the middle
of T, or T;. Simultaneous with the issuance of HLDA the
processor wiii fioat the iocal bus and control lines. After
HOLD is detected as being LOW, the processor will lower
HLDA, and when the processor needs to run another cycle,
it will again drive the local bus and control lines.

HOLD is not an asynchronous input. External synchron-
ization should be provided if the system cannot otherwise
guarantee the setup time. The same rules as for RQ/GT
apply regarding when the local bus will be released.
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Figure 3. Functional Block Diagram
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Figure 4. Memory Organization

Segment Register File

CS — J ‘
SS ) —
DS )

ES

h | FEFFFH
f T
! |
;E Code Segment
‘ XXXXOH
N

!

>Stack Segment

+Offset J
\

|

> Data Segment

|

/

—

Extra Data Segment

J

1 opo0oH

Functional Description

The internal functions of the SAB 8086 processor are
partitioned logically into two processing units. The
first is the Bus Interface Unit (BIU) and the second
is the Execution Unit (EU) as shown in the block
diagram of Figure 3.

The bus interface unit provides the functions related
to instruction fetching and queuing, operand fetch
and store, and address relocation. The overlap of
instruction pre-fetching provided by this unit serves
to increase processor performance through
improved bus bandwidth utilization. Up to 6 bytes
of the instruction stream can be queued while
waiting for decoding and execution.

The instruction stream queuing mechanism allows
the BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the
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queue, the BIU will attempt a word fetch memory
cycle. This greatly reduces ,,dead time'’ on the
memory bus.

The execution unit receives pre-fetched instructions
from the BIU queue and provides un-relocated
operand addresses to the BIU. Memory operands
are passedthroughthe BIU for processing by the EU,
which passes results to the BIU for storage.

The processor provides a 20-bit address to memory
which locates the byte being referenced. The
memory is logically organized as a linear array of

1 million bytes, addressed as 00000(H) to FFFFF(H).
The memory can be further logically divided into
code, data, alternate data, and stack segments of
up to 64 Kbytes each, with each segment falling

on 16-byte boundaries. (See Figure 4)
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Minimum and Maximum Modes

The requirements for supporting minimum and
maximum SAB 8086 systems are sufficiently
different that they cannot be done efficiently with
40 uniquely defined pins. Consequently, the

SAB 8086 is equipped with a strap pin (MN/MX)
which defines the system configuration.

The definition of a certain subset of the pinschanges
dependent on the condition of the strap pin.

When MN/MX pin is strapped to GND, the SAB 8086
treats pins 24 through 31 in maximum mode. An
SAB 8288 bus controller interprets status infor-
mation coded into Sy, S, S, to generate bus timing
and control signals.

When the MN/MX pin is strapped to V¢, the
SAB 8086 generates bus control signals itself on
pins 24 through 31, as shown in parentheses in
Figure 1.

Bus Operation

The SAB 8086 has a combined address and data bus
commonly referred to as a time multiplexed bus.

Each processor bus cycle consists of at least four
CLK cycles. These are referredto as Ty, T, T;and Ty
(see Figure 5). The address is emitted from the
processor during T, and data transfer occurs on the
bus during T;and T,. T, is used primarily for changing
the direction of the bus during read operations.
Inthe eventthat a “NOT READY"' indication is given
by the addressed device, ‘Wait" states (T,,) are
inserted between T; and T,. Each inserted “"Wait"’
state is of the same duration as a CLK cycle. Periods
can occur between SAB 8086 bus cycles. These are
referredto as "’Idle’’ states (T;) or inactive CLK cycles.
The processor uses these cycles for internal
housekeeping.

During T, of any bus cycle the ALE (Address Latch
Enable) signal is emitted (by either the processor

or the SAB 8288 bus controller, depending on the
MN/MX strap). At the trailing edge of this pulse,

a valid address and certain status information for
the cycle may be latched.

Status bits Sy, S5, and S; are used, in maximum
mode, by the bus controller to identify the type of
bus transaction according to the following table:

S, S, | Sy | Characteristics

0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read 1/0

0 1 0 | Writel/O

0 1 1 Halt

1 (HIGH) 0 0 Instruction Fetch

1 0 1 Read Data from Memory
1 1 0 Write Data to Memory

1 1 1 Passive (no bus cycle)

Status bits S 3 through S; are multiplexed with high-
order address bits and the BHE signal, and are
therefore valid during T, through T,. S;and S,
indicate which segment register (see Instruction
Set description) was used for this bus cycle in
forming the address, according to the following
table:

S, S; Characteristics

0 (LOW) 0 Alternate Data
(extra segment)

0 1 Stack

1 (HIGH) 0 Code or None

1 1 Data

Ssis areflection of the PSW interrupt enable bit.
Se=0andS;is a spare status bit.
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Figure 5. Basic System Timing
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1/0 Addressing

In the SAB 8086, I/0 operations can address up to
a maximum of 64 K 1/0 byte registers or 32 K 1/0
word registers.

The I/0 address appears in the same format as the
memory address on bus lines Ajs—A,. The address
lines Ajg—Aq are zero in I/0 operations.

The variable 1/0 instructions which use register DX
as a pointer have full address capability while the
direct I/0 instructions directly address one or two
of the 256 1/0 byte locations in page 0 of the I/0
address space.

System Components

Processors

SAB 8088 - 100% Compatible CPU with SAB 8086
with 8-bit bus

SAB 8087 —Numeric Data Processor. Coprocessor
to SAB 8086 and SAB 8088.

SAB 8089 - Input/Output Processor.

Support Circuits

SAB 8282 Octal Latch

SAB 8283 Octal Latch (Inverting)

SAB 8284A Clock Generator and Driver

SAB 8286 Octal Bus Transceiver

SAB 8287 Octal Bus Transceiver (Inverting)
SAB 8288 Bus Controller

SAB 8289 Bus Arbiter

SAB 8259A Programmable Interrupt Controller

Typical Applications

SAB 8086 is ageneral purpose 16-bit microprocessor
which can be used for applications ranging from
process control to data processing. Figures 6 and 7
show typical system configurations for SAB 8086
familiy components.
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T
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Figure 6. Minimum Mode SAB 8086 Typical System Configuration
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Instruction Set Summary

DATA TRANSFER
MOV = Move

Register / memory to / from register
Immediate to register/memory
Immediate to register

Memory to accumulator
Accumulator to memory
Register/memory to segment register

Segment register to register/memory

PUSH = Push:
Register/memory
Register

Segment register

POP = Pop:
Register/memory
Register

Segment register

XCHG = Exchange:

Register/memory with register

Register with accumulator

IN = Input from:
Fixed port

Variable port

76543210 76543210 76543210 76543210

l100010dw|m0d reg r/m—|

|1100011w|mod000r/m| data | data if w=1

(i01 Tw reg | data I dataifw=1 ]

1010000w| addr-low I addr-high

=

L1 010001w I addr-low I addr-high—l

10001110 ‘mod()regr/ml

|10001100 'modOregr/m]

L11111111 ]mod110r/m|

01010 reg

000reg110

=

10001111 ’modOOOr/m]

01011 reg

000reg111

[100001 1wlmod reg r/nTl

10010 reg

port

1T110110w

=
-
-
o
o
-
o
g
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OUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF =Pop flags

ARITHMETIC
ADD = Add:

Immediate to register/memory

Immediate to accumulator

ADC = Add with carry:
Reg./memory with register to either
Immediate to register/memory

Immediate to accumulator

INC = Increment:
Register/memory

Register

AAA = ASCII adjust for add

DAA = Decimal adjust for add

204

76543210 76543210 76543210 76543210

1110011w|

111011 1w

port

11010111

11000100 ,modregr/mgl

10011111

10011110

10011100

10011101

modrear/m l
moaregvym

<

Innnnnnnl..
luvvuuuuv

’1000005w]m0d000r/m

data —ldata ifs:w=01

data | d

BOOOO1OW|

ataifw=1 J

000100dw|modregr/m |

|100000sw|modo10r/m|

data —|data ifs:w=0ﬂ

data i d

|0001010w!

ata ifw=1 ]

(1111111w'mod000r/ﬂ

01000reg

00110111

00100111
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SUB = Subtract:
Reg./memory and register to either
Immediate from register/memory

Immediate from accumulator

SBB = Subtract with borrow

Reg./memory and register to either
Immediate from register/memory

Immediate from accumulator

DEC = Decrement:

Register/memory
Register

NEG = Change sign

CMP = Compare:
Register/memory and register
Immediate with register/memory
Immediate with accumulator
AAS = ASCIl adjust for subtract
DAS = Decimal adjust for subtract
MUL = Multiply (unsigned)
IMUL = Integer multiply (signed)
AAM = ASCII adjust for multiply
DIV = Divide (unsigned)

IDIV = Integer divide (signed)
AAD = ASCII adjust for divide
CBW = Convert byte to word

CWD = Convert word to double word

76543210 76543210 76543210 76543210

li01010de mod reg r/ml

l‘lOOOOOsw[mocﬂO‘lr/ml data Idataifs:w:m

Loo1o110w| data | data if w=1 l

[000110dw| mod reg r/mI

I1000005w|mod011r/ml data Jdataifs:w:ﬁ]

L0001110w| data I dataifw=1—|

76543210 76543210 76543210 76543210

li111111w|mod001r/m]

01001reg
L1111011w|mod011r/m

B01110dw| mod reg r/m I

l 1000005w| mod111r/m[ data Idata if ssw=01

L0011110w[ data ] dataifw:r’
00111111

00101111

t111o11wl modTOOr/m—l

|1111011w] mod 10 1r/m

L11o10100|00001017]
L1111011w|mod1‘(0r/m|
L1111011w,mod111r7m]
|11o1o1o1|000010m

10011000

10011001
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LOGIC

NOT = Invert

SHL/SAL = Shift logical/arithmetic left
SHR = Shift logical right

SAR = Shift arithmetic right

ROL = Rotate left

ROR = Rotate right

RCL = Rotate through carry flag left

RCR = Rotate through carry right

AND = And:
Reg/memory and register to either
Immediate to register/memory

Immediate to accumulator

TEST = And function to flags, no result:
Register/memory and register
Immediate data and register/memory

Immediate data and accumulator

OR = Or:
Reg/memory and register to either
Immediate to register/memory

Immediate to accumulator

XOR = Exclusive or:
Reg./memory and register to either
Immediate to register/memory

Immediate to accumulator
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76543210 76543210 76543210 76543210

|1111011w|mod010r/ml

|1 10100vwlm0d100r/ml

[110100vw|m0d101r/m|

|110100vw|rnod111r/m|

'i10100vw1m0d000r/m|

|l10100vwlmod001r/m|

l‘l 10100vwlm0d010r/m‘

[110100vwlmod011r/nﬂ

lOO1000dw|modregr/m l

|1000000w|mod100r/m] data

|0010010w| data

rdata ifw=1 J

FOOOOlOwimodregr/m l

l1111011w|mod000r/ml data Ldataifw:l
(1010100wl data | dataifw=1 |
|000010dwlmodregr/rﬂ
I‘IOOOOOOWLmodOOH/ml data ] data ifwzlJ

'0000110wl data

rdata if W:LI

E01100dw|modregr/m l

|‘1000000w|mod110r/m| data

|70011010w( data

I dataifw=1 J
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STRING MANIPULATION

REP = Repeat

MOVS = Move byte/word

CMPS = Compare byte/word
SCAS = Scan byte/word

LODS = Load byte/word to AL/AX

STDS = Store byte/word from AL/A

CONTROL TRANSFER
CALL = Cali:

Direct within segment
Indirect within segment

Direct intersegment

Indirect intersegment

JMP = Unconditional Jump:
Direct within segment

Direct within segment short
Indirect within segment

Direct intersegment

Indirect intersegment

76543210 76543210 76543210

1111001z

1010010w

101001 1w

1010111w

1010110w

1010101w

disp-low , disp—high—l

11111111 |mod010r/m|

-
-
-
o
-
o
o
o

=

110‘01 1010 ’ offset-low l offset-high l
L seg-high ]

|i11111‘11 |m0d011r/mJ

w
2]
Q@
9
2

l! 101001 [ disp-low l disp-high |

L1 1101010 I offset-low I offset-high —I

—

seg-low | seg-high ]

\l1111111 |m0d101r/ml
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RET = Return from CALL:

Within segment

Within seg. adding immed to SP
Intersegment

Intersegment adding immediable to SP

JE/JZ = Jump on equal/zero

JL/JNGE = Jump on less/not greater
or equal

JLE/JNG = Jump on less or equal/not
greater

JB/JNAE = Jump on below/not above
or equal

JBE/JNA = Jump on below or equal/
not above

JP/JPE = Jump on parity/parity even
JO = Jump on overflow
JS = Jump on sign

JNE/JNZ = Jump on not equal/not zero

JNL/JGE = Jump on not less/greater
or equal

JNLE/JG = Jump on not less or equal/
greater

JNB/JAE = Jump on not below/above
or equal

JNBE/JA = Jump on not below or
equal/above

JNP/JPO = Jump on not par/par odd
JNO = Jump on not overflow

JNS = Jump on not sign

LOOP = Loop CX times

LOOPZ/LOOPE = Loop while zero/equal

LOOPNZ/LOOPNE = Loop while not
zero/equal

JCXZ = Jump on CX zero

208

76543210 76543210 76543210

11000011

[11000010' data-low l data-high —l

11001011

Q
1Y)
=3
o

I
@
E_.

'11001010 l data-low I
|o111o1oo| disp I
‘01111100! disp J
[01111110| disp }
|01110010‘ disp l
[01110110] disp J
IO1111010\ disp J
|o111oooo| disp }
IOH‘HOOOI disp J
’ﬁ10101l dispJ
[011111011 disp I
[01111111| dispJ
[01110011‘ disp J
|o1110111l disp J
|01111011l disp |
|0711100011 dispJ
W111001| dispJ
l1—110001OI disp l
E1100001i disp JI
F1000001 disp J
l1‘|100011| disp ]
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INT = Interrupt 76543210 76543210
Type specified ‘ 11001101 | type j
INTO = Interrupt on overflow

IRET = Interrupt return

PROCESSOR CONTROL

CLC = Clear carry

CMC = Complement carry

STC = Set Carry

CLD = Clear direction

STD = Set direction

CLI = Clear interrupt

STI = Set interrupt

HLT = Halt

WATT = wai

mod x x X r/m

-
-
o
-
-
X
x
x

ESC = Escape (to external device)

LOCK = Bus lock prefix

-
N
-
-
o
o
o
o

209



SAB 8086

Footnotes:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value.
Greater = more positive;

Less = less positive (more negative) signed values
ifd = 1then “to” reg; if d = 0 then “from” reg
ifw = 1then word instruction; ifw = 0 then byte
instruction

if mod = 11 then r/m is treated as a REG field

if mod = 00 then DISP = 0%, disp-low and disp-high
are absent

if mod = 01 then DISP = disp-low sign-extended to
16-bits, disp high is absent

if mod = 10 then DISP = disp-high: disp low

if r/m = 000 then EA = (BX) + (SI) + DISP

if r/m = 001 then EA = (BX) + (DI) + DISP

if r/m = 010 then EA = (BP) + (Sl) + DISP

if r/m = 011 then EA = (BP) + (DI) +DISP

if r/m = 100 then EA = (SI) + DISP

if r/m = 101 then EA = (DI) + DISP

if r/m = 110 then EA = (BP) + DISP*

if r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if

required)

*except if mod = 00 and r/m = 110 then EA =
disp-high:disp-low.

210

if s:w = 01 then 16-bits of immediate data from
the operand

it s:w = 11 then an immediate data byte is sign
extended to form the 16-bit operand

if v=0then “count” = 1; if v=1then “count” in

(CL)
x = don't care
zis u;ecli:{or string primitives for comparsion with

SEGMENT OVERRIDE PREFIX

001reg110

REG is assigned according to the following table

16-Bit (w=1) 8-Bit (w=0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH

101 BP 101 CH

110 SI 110 DH

111 DI 111 BH

Instruction which reference the flag register file
as a 16-bit object use the symbol FLAGS to
represent the file:

FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):
X:(AF):X:(PF):X:(CF)



SAB 8086

Absolute maximum ratings *'

Ambient Temperature Under Bias 0to 70°C
Storage Temperature —65 to +150°C
Voltage on any Pin with Respect to Ground -1.0to +7V
Power Dissipation 2.5 Watt

D.C. Characteristics

SAB 8086: T, = 0t0 70°C, Vec = 5V +10%
SAB 8086-1/8086-2: To = 0to 70°C, Ve = 5V + 5%

Limit Values

Symbol Parameter Min. Max. Units | Test Conditions
Vi Input Low Voltage -0.5 +0.8
Vi Input High Voltage 2.0 Vee+0.5 v
Voo Output Low Voltage - 0.45 IoL = 2.0 MA
Vou Output High Voltage 2.4 - Ion = —400 uA
Iec Power Supply Current

SAB 8086 340

SAB 8086-2 350 mA Ta =25°C

SAB 8086-1 B 360
I Input Leakage Current oV =Vy=V
u P g 410 WA IN cc
lo Output Leakage Current 0.45V < Vour < Ve
Ve Clock Input Low Voltage -0.5 +0.6 v
Veu Clock Input High Voltage 3.9 Vee+1.0
Cin Capacitance of Input Buffer

(All input except

ADy~AD:s, RO/GT) - 15 |pF |fo=1MHz
Co Capacitance of 1/0 Buffer

(ADy—AD,5, RQ/GT)

*) Stresses above those listed under “Absolute Maximum Ratings’ may cause permanent damage to the
device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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A.C. Characteristics for SAB 8086/8086-2

SAB 8086: To = 0to 70°C, Vec = 5V + 10%

SAB 8086-2: T = 0to 70°C, Voc =5V + 5%

Minimum Complexity System (Figures 8, 9, 12, 15)
Timing Requirements

Limit Values
Symbol | Parameter SAB 8086 SAB 8086-2 Units| (St
Min Max. Min. Max.
TCLCL CLK Cycle Period
SAB 8086 200 500 125 500 _
TCLCH CLK Low Time 118 68
TCHCL CLK High Time 69 44
TCH1CH2 | CLK Rise Time 16 10 From1.0to 3.5V
TCL2CL1 | CLK Fall Time From 3.5t01.0V
TDVCL Data in Setup Time 30 20
TCLDX Data in Hold Time 10 10 ns
TR1VCL | RDY Setup Time into 35 35
SAB 8284A")?)
TCLR1X [RDY Hold Time into 0 0
SAB 8284A 1) ?) - - -
TRYHCH [ READY Setup Timeinto | 118 68
SAB 8086
TCHRYX | READY Hold Time into 30 20
SAB 8086
TRYLCL |READY Inactive to CLK?) | -8 -8
THVCH HOLD Setup Time 35 20
TINVCH |INTR, NMI, TEST 30 15
Setup Time ?)
TILIH Input Rise Time 20 20 From 0.8t0 2.0V
(Except CLK)
TIHIL Input Fall Time 12 12 From2.0t0 0.8V
(Except CLK)

') Signal at SAB 8284A shown for reference only.
?) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
%) Applies only to T, state. (8 ns into Ts)
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Timing Responses

Limit Values

Symbol |Parameter SAB 8086 SABBOBE2  |Units | (oot jiions
Min Max. {Min. Max.
TCLAV Address Valid Delay 110 60
10 10
TCLAX Address Hold Time - -
TCLAZ Address Float Delay TCLAX 80 TCLAX 50
TLHLL ALE Width TCLCH-20 - TCLCH-10 -
TCLLH ALE Active Delay 80 50
TCHLL ALE Inactive Delay 85 55
TLLAX Address Hold Time to TCHCL-10 - TCHCL-10 -
ALE Inactive
TCLDV Data Valid Delay 110 60 C_ = 20-100 pF
10 10 for all SAB 8086
TCHDX Data Hold Time Outputs
- - ns (In addition to
TWHDX |Data Hold Time After WR [TCLCH-30 TCLCH-30 SAB 8086
self-load)
TCVCTV |Control Active Delay 1 70
TCHCTV |Control Active Delay 2 10 110 |10 60
TCVCTX [Control Inactive Delay 70
TAZRL Address Float to 0 - 0 -
READ Active
TCLRL RD Active Delay 165 100
10 10
TCLRH RD Inactive Delay 150 80
TRHAV  |RD Inactive to Next TCLCL-45 - TCLCL-40 -
Address Active
TCLHAV [HLDA Valid Delay 10 160 |10 100
TRLRH RD Width 2TCLCL-75 2TCLCL-50
TWLWH |WR Width 2TCLCL-60 |- 2TCLCL-40 |-
TAVAL Address Valid to ALE Low | TCLCH—-60 TCLCH-40
TOLOH  [Output Rise Time 20 20 From 0.8t0 2.0V
TOHOL  [Output Fall Time 12 12 From 2.0to 0.8V
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Max Mode System (Using SAB 8288 Bus Controller) (Figures 10—14)
Timing Requirements

Limit Values

Symbol | Parameter SAB 8086 SAB 8086-2 Units | L5 4o ne
Min Max. Min. Max.
TCLCL CLK Cycle Period
SAB 8086 200 500 125 500
TCLCH | CLK Low Time 118 68 -
TCHCL CLK High Time 69 44
TCH1CH2 | CLK Rise Time 10 10 From1.0to 3.5V
TCL2CL1 | CLK Fall Time From 3.5t01.0V
TDVCL | DataIn Setup Time 30 20 )
TCLDX Data In Hold Time 10 10 ns
TR1VCL | RDY Setup T|me into 35 35
SAB 8284A ") ?)
TCLR1X | RDY Hold Time into 0 0
SAB 8284A ") %) - - —
TRYHCH | READY Setup Time into | 118 68
SAB 8086
TCHRYX | READY Hold Time into 30 20
SAB 8086
TRYLCL |READY Inactive to CLK?) | -8 -8
TINVCH | Setup Time for
Recognition
(INTR NMI, TEST) ?) 30 15
TGVCH |RQ/GT Setup Time
TCHGX |RQ Hold Time into 40 30
SAB 8086
TILIH Input Rise Time 20 20 From 0.8t0 2.0V
(Except CLK)
TIHIL Input Fall Time 12 12 From2.0t0 0.8V
(Except CLK)

') Signal at SAB 8284A or SAB 8288 shown for reference only.
2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3) Applies only to T; and wait states.
%) Applies only to T, state (8 ns into Tj).
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Timing Responses

Limit Values
Symbol | Parameter SAB 8086 SAB 8086-2 Units | {88t o
Min. Max. | Min. Max.
TCLML | Command Active Delay ')
10 35 10 35
TCLMH | Command Inactive Delay ')
TRYHSH | READY Active to - - 65
Status Passive °) 110
TCHSV | Status Active Delay 60
TCLSH Status Inactive Delay 10 130 10 70
TCLAV Address Valid Delay 110 60
C, = 20—100 pF
TCLAX Address Hold Time - - for all SAB 8086
Outputs
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns (In addition to
SAB 8086
TSVLH Status Valid to ALE High ') self-load)
TSVMCH | Status Valid to
MCE High ') - 20 - 20
TCLLH CLK Low to ALE Valid ")
TCLMCH | CLK Low to MCE High ")
TCHLL | ALE Inactive Delay ') 4 15 (4 15
TCLDV Data Valid Delay 110 60
10 10
TCHDX Data Hold Time - -
TCVNV | Control Active Delay ') 5 5
45 45
TCVNX | Control Inactive Delay ') | 10 10

') Signal at SAB 8284A or SAB 8288 shown for reference only.
?) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3) Applies only to T; and wait states.

“) Applies only to T, state (8 ns into Ts).
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Limit Values
Symbol |Parameter SAB 8086 SAB 8086-2 Units E‘;Srfditi ons
Min | Max. | Min. Max.
TAZRL Address Float to 0 - 0 -
READ Active
TCLRL RD Active Delay 165 100
10 10
TCLRH RD Inactive Delay 150 80
TRHAV RD Inactive to Next TCLCL-45 - TCLCL-40 -
Address Active C, = 20-100 pF
for all SAB 8086
TCHDTL |Direction Control 50 50 Outputs
Active Delay ') ns |(In addition to
- - SAB 8086
TCHDTH | Direction Control 30 30 self-load)
Inactive Delay ')
TCLGL | GT Active Delay
0 85 0 50
TCLGH | GT Inactive Delay
TRLRH RD Width 2TCLCL-75 - 2TCLCL-50 |-
TOLOH Output Rise Time 20 20 From 0.8to 2.0V
TOHOL Output Fall Time 12 12 From 2.0t0 0.8V

') Signal at SAB 8284A or SAB 8288 shown for reference only.
2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3) Applies only to T3 and wait states.

4) Applies only to T, state (8 ns into Ts).
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A.C. Characteristics for SAB 8086-1
Ta=0t070°C, Voc = 5V £ 5%

Minimum Complexity System (Figures 8, 9, 12, 15)
Timing Requirements (Preliminary)

Limit Values ) Test

Symbol Parameter Units | Conditions

Min. Max.
TCLCL CLK Cycle Period 100 500
TCLCH CLK Low Time 53 -
TCHCL CLK High Time 39 )
TCH1CH2 | CLK Rise Time _ 10 From 1.0 to 3.5V
TCLI1CL2 | CLK Fall Time From 3.5 to 1.0V
TDVCL Data in Setup Time 5
TCLDX Data in Hold Time 10
TR1VCL RDY Setup Time into SAB 8284A')?) 35 ns
TCLR1X RDY Hold Time into SAB 8284A')?) 0
TRYHCH READY Setup Time into SAB 8086 53 - -
TCHRYX READY Hold Time into SAB 8086 20
TRYLCL READY Inactive to CLK®) -10
THVCH HOLD Setup Time 20
TINVCH INTR, NMI, TEST Setup Time ?) 15
TILIH Input Rise Time (Except CLK) 20 From 0.8 to 2.0V
TILHIL Input Fall Time (Except CLK) 12 From 2.0 to 0.8V

') Signal at SAB 8284A shown for reference only.

?) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3) Applies only to T, state. (8 ns into T3)
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Timing Responses SAB 8086-1 (Preliminary)

Limit Values

Symbol Parameter Units Egitditions
Min Max.

TCLAV Address Valid Delay 50
TCLAX Address Hold Time 10 -
TCLAZ Address Float Delay 40
TLHLL ALE Width TCLCH-10 -
TCLLH ALE Active Delay 40
TCHLL ALE Inactive Delay 45
TLLAX Address Hold Time to ALE Inactive TCHCL-10 -
TCLDV Data Valid Delay 10 50
TCHDX Data Hold Time
TWHDX Data Hold Time After WR TCLCH-25
TCVCTX Control Active Delay 1 50 C,.=20-100 pF

ns for all SAB 8086
TCHCTV Control Active Delay 2 10 45 Outputs

(In addition to
TCVCTX Control Inactive Delay 50 SAB 8086
5 self-load)

TAZRL Address Float to READ Active 0 -
TCLRL RD Active Delay 10 70
TCLRH RD Inactive Delay 60
TRHAV RD Inactive to Next Address Active TCLCL-35 -
TCLHAV HLDA Valid Delay 10 60
TRLRH RD Width 2TCLCL-40
TWLWH WR Width 2TCLCL-35 -
TAVAL Address Valid to ALE Low TCLCH-35
TOLOH Output Rise Time 20 From 0.8 to 2.0V
TOHOL Output Fall Time 12 From 2.0to 0.8V

218



SAB 8086

Max Mode System (Using SAB 8288 Bus Controller) (Figures 10-14)
Timing Requirements SAB 8086-1 (Preliminary)

Limit Values

Symbol Parameter Units ggs;wtditions
Min. Max.

TCLCL CLK Cycle Period 100 500
TCLCH CLK Low Time 53 -
TCHCL CLK High Time 39 B
TCH1CH2 | CLK Rise Time _ 10 From 1.0 to 3.5V
TCL2CL1 CLK Fall Time From 3.5to0 1.0V
TDVCL Data In Setup Time 5
TCLDX Data In Hold Time 10
TR1VCL RDY Setup Time into SAB 8284A')?) 35
TCLR1X RDY Hold Time into SAB 8284A')?) 0 ns
TRYHCH READY Setup Time into SAB 8086 53
TCHRYX READY Hold Time into SAB 8086 20
TRYLCL READY Inactive to CLK?) -10
TINVCH Setup Time for Recognition 15

(INTR, NMI, TEST)?)
TGVCH RQ/GT Setup Time 12
TCHGX RQ Hold Time into SAB 8086 20
TILIH Input Rise Time (Except CLK) 20 From 0.8 to 2.0V
TIHIL Input Fall Time (Except CLK) 12 From 2.0 to 0.8V

') Signal at SAB 8284A or SAB 8288 shown for reference only.

2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3) Applies only to T, state (8 ns into Ts).
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Timing Responses SAB 8086-1 (Preliminary)

Limit Values

. Test
Symbol Parameter Units .
Min Max. Conditions
TCLML Command Active Delay')
10 35
TCLMH Command Inactive Delay’)
TRYHSH READY Active to Status Passive?) - 5
TCHSV Status Active Delay
TCLSH Status Inactive Delay 55
TCLAV Address Valid Delay 10 50
TCLAX Address Hold Time - C_ =20-100 pF
for all SAB 8086
TCLAZ Address Float Delay 40 Outputs
(In addition to
TSVLH Status Valid to ALE High') ns SAB 8086
self-load)
TSVMCH | Status Valid to MCE High')
- 20
TCLLH CLK Low to ALE Valid")
TCLMCH CLK Low to MCE High")
TCHLL ALE Inactive Delay') 4 15
TCLDV Data Valid Delay 10 50
TCHDX Data Hold Time -
TCVNV Control Active Delay’) 5 a5
TCVNX Control Inactive Delay') 10

') Signal at SAB 8284A or SAB8288 shown for reference only.
2) Applies only to T, and wait states.
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Timing Responses SAB 8086-1 (continued)

(Preliminary)
Limit Values
Symbol Parameter Units Ezsr‘wtditions
Min Max.
TAZRL Address Float to READ Active 0 -
TCLRL RD Active Delay 10 70
TCLRH RD Inactive Delay 60
TRHAV RD Inactive to Next Address Active TCLCL-35 -
TCHDTL Direction Control Active Delay’) 50 C_. = 20-100 pF
- for all SAB 8086
TCHDTH Direction Control Inactive Delay"') 30 ns Outputs
— (In addition to
TCLGL GT Active Delay SAB 8086
— 0 45 self-load)
TCLGH GT Inactive Delay
TRLRH RD Width 2TCLCL-40 -
TOLOH Output Rise Time 20 From 0.8 to 2.0V
TOHOL Output Fall Time 12 From 2.0to 0.8V

') Signal at SAB 8284A or SAB 8288 shown for reference only.
2) Applies only to T3 and wait states.

221



SAB 8086

Figure 8. Bus Timing — Minimum Mode System
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SAB 8086

Figure 9. SAB 8086 Bus Timing — Minimum Mode System (cont’d)
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') All signals switch between Voy and Vo, unless otherwise specified.

%) RDY is sampled near the end of T,, T3, T,, to determine if T,, machines states are to be inserted.
3) Two INTA cycles run back to back. The SAB 8086 local ADDR/DATA Bus is floating during both INTA

cycles. Control signals shown for second INTA cycle.
%) Signals at SAB 8284A are shown for reference only.
®) All timing measurements are made at 1.5V unless otherwise noted.
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Figure 10. SAB 8086 Bus Timing — Maximum Mode System (Using SAB 8288)
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SAB 8086

Figure 11. SAB 8086 Bus Timing — Maximum Mode System (Using SAB 8288) (cont.)
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') All Signals switch between Vo, and Vo unless otherwise specified.

2) RDY is sampled near the end of T,, T, Ty to determine if T machines states are to be inserted.

%) Cascade address is valid between first and second INTA cycle.

%) Two INTA cycles run back-to-back. The SAB 8086 local ADDR/DATA Bus is floating during both INTA
cycles. Control for pointer address is shown for second INTA cycle.

%) Signals at SAB 8284A or SAB 8288 are shown for reference only.

®) The issuance of the SAB 8288 command and control signals (MRDC, MWTC, AMWC, iORC,
IOWC, AIOWC, INTA and DEN) lags the active HIGH SAB 8288 DEN.

’) All timing measurements are made at 1.5V unless otherwise noted.

8) Status inactive in state just prior to T,.
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Figure 12. Asynchronous Signal Recognition
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") Setup requirements for asynchronous signals only to guarantee recognition at next CLK

Figure 13. Bus Lock Signal Timing (Maximum Mode Only)
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Figure 14. Request/Grant Sequence Timing (Maximum Mode Only)
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Figure 15. Hold/Hold Acknowledge Timing (Minimum Mode Only)
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Package Outline
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Ordering Information

Component Description Ordering code
SAB 8086-C 16 Bit Microprocessor — 5 MHz Ceramic Q67120-C45

SAB 8086-2-C 16 Bit Microprocessor — 8 MHz Ceramic Q67120-C 60

SAB 8086-1-C 16 B;t Microprocessor — 10 MHz Ceramic Q67120-C 104
SAB 8086-P 16 Bit Microprocessor — 5 MHz Plastic Q67120-C 116
SAB 8086-2-P 16 Bit Microprocessor — 8 MHz Plastic Q67120-C 142
SAB 8086-1-P 16 Bit Microprocessor — 10 MHz Plastic Q67120-C 141
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SAB 8088

Yo
*sy;
,))/})
‘ 0,}

8-Bit Microprocessor

SAB 8088 5 MHz

© 8 Bit Data Bus Interface

® 16 Bit Internal Architecture

® Direct Addressing Capability to
1 MByte of Memory

® Software Compatible with SAB 8086

® 14-Word by 16-Bit Register Set with
Symetrical Operations

® Byte, Word, and Block Operations

Pin Configuration

MNTMAX L
MODE | MODE

GNo [ e wo[Jvee

A2 39[J A

A13[]3 38 [ ] A16/S3

a2 (e 37 [JASG

An]s 36 [ A18/SS
A6 35 [ JAwISE

A7 3[J550  (HIGH)
As{]8 33 [ MN/HX
AD7[]9 32[1RD

AD6 []10 SAB 31[JHOLD  (RQ/GTO)
ADS (] 8028 30 [JHLDA  (RG/GTH)
ADG |12 29[JWR  (LOCK)
AD3[]13 28 JioM  (52)
AD2 [ »[dovR (39
D1 (15 26[JDEN  (S0)
ADO [|16 25[JALE  (QS0)
NMI(C] 7 2[JINTA  @s)
INTR[] 8 23[JTEST

ks 22 [CJReADY

GND [ 20 21 [JRESET

SAB 80882 8 MHz *

® 24 Operand Addressing Modes
® 8-Bit and 16-Bit Signed and Unsigned Arithmetic
in Binary or Decimal, Including Multiply
and Divide
® Two Clock Rates:
5 MHz for SAB 8088
8 MHz for SAB 8088-2
® Compatible with Industry Standard 8088

Pin Names

ADO-7 Address/Data

S0-2 Status

INTR Interrupt Request

CLK Clock

QS0-1 Queue Status

TEST Test for Busy

READY Ready

RESET Chip Reset

MN/MX Minimum/Maximum Mode
RD Read

RQ/GT0-1 Request/Grant

LOCK Bus Lock

10/M 10/Memory

A8-19 Address

S3-6 Status

S50 Status (= S0)

HOLD Hold

HLDA Hold Acknowledge

WR Write

DT/R Bus Driver Transmit/Receive
DEN Bus Driver Enable

ALE Address Latch Enable
INTA Interrupt Acknowledge
NMI Non-maskable Interrupt
VCC + 5 Volt

GND Ground

SAB 8088 is a high-performance 8-bit micro-
processor implemented in + 5 volts, advanced
Siemens MYMOS technology, packaged in a 40-pin
package. It is 100 percent compatible with the
industry standard 8088. With features like string

*) SAB 8088-1 (10 MHz) on request

handling, 16-bit arithmetic with multiply and divide
it significantly increases system performance.

Itis highly suited for multiprocessor applications in
various configurations.

12.84
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Pin Definitions and Functions

The following pin function descriptions are for the direct multiplexed bus interface connection
SAB 8088 systems in either minimum or maximum  to the SAB 8088 (without regard to additional
mode. The “local bus” in these descriptions is bus buffers).
Symbol Number | 19PUtD ) Finti

ymbo umber Output (0) | Function
AD7-ADO 9-16 170 ADDRESS DATA BUS: These lines constitute the time multi-

plexed memory /0 address (T1) and data (T2, T3, Tw, and T4)
bus. These lines are active HIGH and float to 3-state OFF during
interrupt acknowledge and local bus “*hold acknowledge”.

A15-A8

39,2-8

ADDRESS BUS: These lines provide address bits 8 through 15
for the entire bus cycle (T1—T4). These lines do not have to be
latched by ALE to remain valid. A15—A8 are active HIGH and
floatto 3-state OFF during interrupt acknowledge and local bus
“hold acknowledge”’.

A19/S6, A18/S5,
A17/84, A16/S3

34-38

ADRESS/STATUS: During T1, these are the four most signi-
ficant address lines for memory operations. During I/0
operations, these lines are LOW. During memory and I/0
operations, status information is available on these lines
during T2, T3, Tw and T4. S6 is always low. The status of the
interrupt enable flag bit (S5) is updated at the beginning of
each clock cycle. S4 and S3 are encoded as shown.

S4 S3 Characteristics

Alternate Data
Stack

Code or None
Data

=00
—o=0

This information indicates which segment register is presently
being used for data accessing.

These lines float to 3-state OFF during local bus ““hold
acknowledge”.

32

READ: Read strobe indicates that the processor is performing
amemory or 1/0 read cycle, depending on the state of the
10/M pin or S2. This signal is used to read devices which reside
on the SAB 8088 local bus. RD is active LOW during T2, T3 and
Tw of any read cycle, and is guaranteed to remain HIGH in T2
until the SAB 8088 local bus has floated.

This signal floats to 3-state OFF in “hold acknowledge"'.

READY

READY: is the acknowledgement from the addressed memory
or /0 device that it will complete the data transfer. The RDY
signal from memory or I/O is synchronized by the SAB 8284A/
8284B clock generator to form READY. This signal is active
HIGH. The SAB 8088 READY input is not synchronized. Correct
operation is not guaranteed if the set up and hold times are not
met.

INTR

INTERRUPT REQUEST: is a level triggered input which is
sampled during the last clock cycle of each instruction to
determine if the processor should enter into an interrupt
acknowledge operation. A subroutine is vectored to via an
interrupt vector lookup table located in system memory. It can
be internally masked by software resetting the interrupt enable
bit. INTR is internally synchronized. This signal is active HIGH.
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Pin Definitions and Functions (continued)

Number

Input (1)
Output (O)

Function

23

TEST: inputis examined by the “"wait for test” instruction. If the
TEST input is LOW, execution continues, otherwise the
processor waits in an “idle”” state. This input is synchronized
internally during each clock cycle on the leading edge of CLK.

NMI

17

NON-MASKABLE INTERRUPT: is an edge triggered input
which causes a type 2 interrupt. A subroutine is vectored to via
interrupt vector lookup table located in system memory.

NMI is not maskable internally by software. A transition

from a LOW to HIGH initiates the interrupt at the end of the
current instruction. This input is internally synchronized.

RESET

21

RESET: causes the processor to immediately terminate its
present activity. The signal must be active HIGH for at least
four clock cycles. It restarts execution, as described in the
instruction set description, when RESET returns LOW.
RESET is internally synchronized.

CLK

CLOCK: provides the basic timing for the processor and bus
controller. It is asymmetric with a 33% duty cycle to provide
optimized internal timing.

vCcC

POWER SUPPLY (+5V)

GND

GROUND (0V)

MN/MX

MINIMUM/MAXIMUM: indicates what mode the processor
is to operate in. The two modes are discussed in the following
sections.

The following pin function descriptions are for the minimum mode are described; all other pin
SAB 8088 minimum mode (i.e. MN/MX = VCC). functions are as described above.

Only the pin functions which are unique to

10/M

28

(o]

STATUS LINE: is an inverted maximum mode S2. It is used to
distinguish a memory access from an 1/0 access. I0/M
becomes valid in the T4 preceding a bus cycle and remains
valid until the final T4 of the cycle (I/0 = HIGH, M = LOW).
10/M floats to 3-state OFF in local bus “‘hold acknowledge’’.

WR

29

WRITE: strobe indicates that the processor is performlng
awritem lclllu_y_ul write 1/0 cycle uupunulﬁg on the state of the
10/M signal. WR is active for T2, T3, and Tw of any write cycle.
Itis active LOW, and floats to 3-state OFF in local bus “hold

acknowledge”.

24

INTA: is used as a read strobe for interrupt acknowledge
cycles. Itis active LOW during T2, T3, and Tw of each interrupt
acknowledge cycle.
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Pin Definitions and Functions (continued)

Symbol

Number

Input (1)
Output (O)

Function

ALE

25

(0]

ADDRESS LATCH ENABLE: is provided by the processor to
latch the address into the SAB 8282 /8282A/8283/8283A
address latch. It is a HIGH pulse active during clock low of
T1 of any bus cycle. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system
that desires to use an SAB 8286/8286A/8287/8287A data bus
transceiver. It is used to control the direction of data flow___
through the transceiver. Logically, DT/R is equivalentto S1
in the maximum mode, and its timing is the same as for IO/M
(T = HIGH, R = LOW). This signal floats to 3-state OFF in

local “hold acknowledge’.

o/
m
2

26

DATA ENABLE: is provided as an output enable for the

SAB 8286/8286A/ 8287/8287A in a minimum system which
uses the transceiver. DEN is active LOW during each memory
and1/0O access, and for INTAcycles. Foraread orINTAcycle, it
is active from the middle of T2 until the middle of T4, while
for a write cycle, it is active from the beginning of T2 until the
middle of T4. DEN floats to 3-state OFF during local bus
“hold acknowledge"’.

HOLD, HLDA

31,30

170

HOLD: indicates that another master is requesting a local bus
“hold”. To be acknowledged, HOLD must be active HIGH.
The processor receiving the “hold” request will issue HLDA
(HIGH) as an acknowledgement, in the middle of a T4 or T1
clock cycle. Simultaneous with the issuance of HLDA the
processor will float the local bus and control lines. After HOLD
is detected as being LOW, the processor lowers HLDA, and
when the processor needs to run another cycle, it will again
drive the local bus and control lines.

Hold is not an asynchronous input. External synchronization
should be provided if the system cannot otherwise guarantee
the set up time.

92
(%
@)

34

STATUS LINE: is logically equivalent to SO in the maximum
mode. The combination of é%@ 10/M and DT/R allows the
system to completely decode the current bus cycle status.

|

)
Ol

I0/M | DT/R Characteristics

Interrupt Acknowledge
Read i/O Port

Write /0 Port

Halt

Code access

Read memory

Write memory
Passive

OO0 = ===
PR o Yo P o, e )
N P S ST N7y
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Pin Definitions and Functions (continued)

The following pin function descriptions are for the are unique to maximum mode are described.
SABL%B/SZSB system in maximum mode (i.e. All other pin functions are as described above.
MN/MX = GND). Only the pin functions which

Symbol

Number

Input (1)
Output (O)

Function

$2,51,50

28-26

[0}

STATUS: is active during clock high of T4, T1,and T2, and is
returned to the passive state (1,1,1) during T3 or during Tw
when READY is HIGH. This status is used by the

SAB 8288/8288A bus controller to generate all memory and
1/0 access control signals. Any change by S2, S1, or SO during
T4 is used to indicate the beginning of a bus cycle, and the
return to the passive state in T3 or Tw is used to indicate the
end of a bus cycle.

These signals float to 3-state OFF during "hold acknowledge”.
During the first clock cycle after RESET becomes active,
these signals are active HIGH. After this first clock, they float
to 3-state OFF.

|

-

Characteristics

Interrupt Acknowledge
Read I/0 Port

Write I/0 Port

Halt

Code access

Read memory

Write memory

Passive

mmaoa0000 U)‘
N
=200 ==200 | U
S, O=mO0O—=0O=0O (/)I
(=)

31
30

1/0
1/0

REQUEST/GRANT: pins are used by other local bus masters
to force the processor to release the local bus at the end of the
processor’s current bus cycle. Each pin is bidirectional with
RQ/GTO having higher priority than RQ/GT1. RQ/GT has an
internal pull-up resistor so may be left unconnected. The

request/grant sequence is as follows (See page 28):

1. A pulse of one CLK wide from another local bus master
indicates a local bus request (“hold"’) to the SAB 8088
(pulse 1).

. During a T4 or T1 clock cycle, a pulse one clock wide from
the SAB 8088 to the requesting master (pulse 2), indicates
that the SAB 8088 has allowed the local bus to float and that
it will enter the "hold acknowledge’’ state at the next CLK.
The CPU’s bus interface unit is disconnected logically from
the local bus during ""hold acknowledge’. The same rules
as for HOLD/HOLDA apply as for when the bus is released.

3. Apulse one CLK wide from the requesting master indicates
to the SAB 8088 (pulse 3) that the “hold” request is

about to end and that the SAB 8088 can reclalm the local
bus at the next CLK. The CPU then enters T4.

Each master-master exchange of the local bus is a sequence of
three pulses. There must be one idle CLK cycle after each bus
exchange. Pulses are active LOW.

N
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Pin Definitions and Functions (continued)

Symbol Number I(S]Stlgu(t”(O) Function

If the request is made while the CPU is performing a memory
cycle, itwill release the local bus during T4 of the cycle when all
the following conditions are met:

1. Request occurs on or before T2.

2. Current cycle is not the low byte of a word.

3. Current cycle is not the first acknowledge of an interrupt
acknowledge sequence.

4. Alocked instruction is not currently executing.

If the local bus is idle when the request is made the two
possible events will follow:

1. Local bus will be released during the next clock.

2. Amemory cycle will start within 3 clocks. Now the four
rules for a currently active memory cycle apply with
condition number 1 already satisfied.

3

29 (0] LOCK: indicates that other system bus masters are not to gain
control of the system bus while LOCK is active (LOW). The
LOCK signal is activated by the “LOCK" prefix instruction and
remains active until the completion of the next instruction.
This signal is active LOW, and floats to 3-state off in “’hold
acknowledge”.

Qs1, Qso 24,25 (0] QUEUE STATUS: provide status to allow external tracking of
the internal SAB 8088 instruction queue.

The queue status is valid during the CLK cycle after which the
queue operation is performed.

Qs1 QSso Characteristics

No operation
First Byte of opcode from queue
Empty the queue

0
0
1
1 Subsequent byte from queue

O =0

- 34 o} Pin 34 is always high in the maximum mode.
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SAB 8088

Functional Description

Memory Organization

The processor provides a 20-bit address to memory
which locates the byte being referenced. The
memory is organized as a linear array of up to

1 million bytes, addressed as 00000(H) to FFFFF(H).
The memory is logically divided into code, data,
extra data, and stack segments of up to 64 Kbytes
each, with each segment falling on 16-byte
boundaries.

All memory references are made relative to base
addresses contained in high speed segment
registers. The segment types were chosen based
on the addressing needs of programs. The segment
register to be selected is automatically chosen
according to the rules of the following table. All
information in one segment type share the same
logical attributes (e.g. code or data). By structuring
memory into relocatable areas of similar characte-
ristics and by automatically selecting segment
registers, programs are shorter, faster, and more
structured.

Word (16-bit) operands can be located on even or
odd address boundaries. For address and data
operands, the least significant byte of the word is
stored in the lower valued address location and the
most significant byte in the next higher address
location. The BIU will automatically execute two
fetch or write cycles for 16-bit operands.

Certain locations in memory are reserved for
specific CPU operations. Locations from addresses
FFFFOH trough FFFFFH are reserved for operations
including a jump to the initial system initialization
routine. Following RESET, the CPU will always
begin execution at location FFFFOH where the
jump must be located. Locations 00000H through
003FFH are reserved for interrupt operations. Four-
byte pointers consisting of a 16-bit segment address
and a 16-bit offset address direct program flow to
one of the 256 possible interrupt service routines.
The pointer elements are assumed to have been
stored at their respective places in reserved
memory prior to the occurrence of interrupts.

Memory Organization

FFFFFH

R}
=

Code Segment

—— 64 KB —

XXXXOH

Stack Segment

—

+0ffset

Segment Register File
CS —
ss D —
DS
ES o

Data Segment

1Extra Data Segment

00000H
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Minimum and Maximum Modes

The requirements for supporting minimum and
maximum SAB 8088 systems are sufficiently
different that they cannot be done efficiently with
40 uniquely defined pins. Consequently, the

SAB 8088 is equipped with a strap pin (MN/MX)
which defines the system configuration.

The definition of a certain subset of the pinschanges,
dependent on the condition of the strap pin.

When the MN/MX pin is strapped to GND, the

SAB 8088 defines pins 24 through 31 and 34 in
maximum mode. When the MN/MX pin is strapped
to VCC, the SAB 8088 generates bus control signals
itself on pins 24 through 31 and 34.

The minimum mode SAB 8088 can be used with
either a multiplexed or demultiplexed bus. The
multiplexed bus configuration is compatible with
the SAB 8085A multiplexed bus peripherals

(e.g. SAB 8155) and provides the user with a
minimum chip count system. This architecture
provides the 8088 processing power in a highly
integrated form.

The demultiplexed mode requires one latch (for
64K addressability) or two latches (for a full
megabyte of addressing). A third latch can be used
for buffering if the address bus loading requires it.
An SAB 8286/8286A or SAB 8287/8287A trans-
ceiver can also be used if data bus buffering is
required. The SAB 8088 provides DEN and DT/R

to control the transceiver, and ALE to latch the
addresses. This configuration of the minimum
mode provides the standard demultiplexed bus
structure with heavy bus buffering and relaxed bus
timing requirements.

The maximum mode employs the SAB 8288/8288A
bus controlier. The SAB 8288/8288A decodes status
lines S0, S7, and 52, and provides the system with
all bus control signals. Moving the bus control

to the SAB 8288/8288A provides better source and
sink current capability to the control lines, and
frees the SAB 8088 pins for extended large system
features. Hardware lock, queue status, and two
request/grant interfaces are provided by the

SAB 8088 in maximum mode. These features allow
co-processors in local bus and remote bus
configurations.

Bus Operation

The SAB 8088 address/data bus is broken into three
parts —the lower eight address/data bits (ADO-AD7),
the midle eight address bits (A8-A15), and the
upper four address bits (A16-A19). The address/
data bits and the highest four address bits are

time multiplexed. This technique provides the most
efficient use of pins on the processor, permitting
the use of a standard 40 lead package. The middle
eight address bits are not multiplexed, i.e. they
remain valid throughout each bus cycle. In addition,
the bus can be demultiplexed at the processor with
asingle address latch if a standard, non-multiplexed
bus is desired for the system.

Each processor bus cycle consists of at least four
CLKcycles. These arereferredtoas T1,T2, T3and T4.
The address is emitted from the

processor during T1 and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for
changing the direction of the bus during read
operations. In the event that a “NOT READY"”’
indication is given by the addressed device, “‘wait”’
states (Tw) are inserted between T3 and T4. Each
inserted “wait"’ state is of the same duration as a
CLK cycle. Periods can occur between SAB 8088
driven bus cycles. These are referred to as

“idle” states (Ti), or inactive CLK cycles. The
processor uses these cycles for internal
housekeeping.

During T1 of any bus cycle, the ALE (address latch
enable) signal is emitted (by either the processor
or the SAB 8288/8288A bus controller, depending
on the MN/MX strap). At the trailing edge of this
pulse, avalid address and certain status information
for the cycle may be latched.
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Basic System Timing
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Status bits SO0, S1, and S2 are used by the bus
controller, in maximum mode, to identify the type
of bus transaction according to the following table:

S2 S1 | SO | Characteristics

0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read 1/0

0 1 0 | Writel/O

0 1 1 Halt

1 (HIGH) 0 0 Instruction Fetch

1 0 1 Read Data from Memory
1 1 0 Write Data to Memory

1 1 1 Passive (no bus cycle)

Status bits S3 through S6 are multiplexed with high-
order address bits and are therefore valid during
T2 through T4. S3 and S4 indicate which segment
register was used for this bus cycle in forming the
address according to the following table:

Sa S3 Characteristics

0 (LOW) 0 Alternate Data
(extra segment)

0 1 Stack

1 (HIGH) 0 Code or None

1 1 Data

S5 is a reflection of the PSW interrupt enable bit.
S6 is always equal to 0.

I/0 Addressing

In the SAB 8088, I/0 operations can address up to
a maximum of 64K 1/0 registers. The 1/0 address
appears in the same format as the memory address
on bus lines A15—-A0. The address lines A19—-A16
are zero in I/0 operations. The variable 170
instructions, which use register DX as a pointer
have full address capability, while the direct I/0
instructions directly address one or two of the

256 1/0 byte locations in page 0 of the I/0 address
space. I/0 ports are addressed in the same manner
as memory locations.

Designers familiar with the SAB 8085 or upgrading
an SAB 8085 design should note that the SAB 8085
addresses I/0 with an 8-bit address on both halves
of the 16-bit address bus. The SAB 8088 uses a

full 16-bit address on its lower 16 address lines.

System Components

Support Circuits

SAB 8282/8282A Octal Latch

SAB 8283/8283A Octal Latch (Inverting)

SAB 8284A/8284B Clock Generator and Driver

SAB 8286/8286A Octal Bus Transceiver

SAB 8287/8287A Octal Bus Transceiver (Inverting)

SAB 8288/8288A Bus Controller
SAB 8289 Bus Arbiter
SAB 8259A Programmable Interrupt Controller

Typical Applications

The SAB 8088 is a general purpose 8-bit micro-
processor which can be used for applications
ranging fram process control to data processing.
On page 12 are shown typical system
configurations for SAB 8088 familiy components.
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Minimum Mode SAB 8088 Typical System Configuration
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Instruction Set Summary
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SAB 8088

Absolute Maximum Ratings *’

Ambient Temperature Under Bias 0to 70°C
Storage Temperature ~65to +150°C
Voltage on any Pin with Respect to Ground ~1.0to +7V
Power Dissipation 2.5 Watt

D.C. Characteristics

SAB8088: TA =0to70°C, VCC =5V £10%
SAB8088-2: TA = 0to 70°C, VCC = 5V *+ 5%

Limit Values

Symbol Parameter Min. Max. Unit Test Conditions
VIL Input Low Voltage -0.5 +0.8
VIH Input High Voltage 2.0 VCC+0.5 y
VOL Output Low Voltage - 0.45 IOL = 2.0 mA
VOH Output High Voltage 2.4 - IOH = -400 uA
ICC Power Supply Current

SAB 8088 340 All outputs open

SAB 8088-2 B 350 mA TA = 25°C
Ll Input Leakage Current OV =VIN = VCC

+10 nA

ILO Output Leakage Current 0.45V = VOUT = vCC
vCL Ciock Input Low Voltage -0.5 +0.6 y
VCH Clock Input High Voltage 3.9 VCC+1.0
CIN Capacitance of Input Buffer

(All input except

ADQ-AD7, RQ/GT) _ 15 oF fc = 1 MHz
CIlO Capacitance of I/0 Buffer

(ADQ-AD7, RQ/GT)

*) Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the
device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

247



SAB 8088

A.C. Characteristics

SAB 8088: TA = 0to 70°C, VCC = 5V + 10%
SAB 8088-2: TA = 0to 70°C, VCC =5V + 5%

Minimum Complexity System
Timing Requirements

Limit Values
Symbol | Parameter SAB 8088 SAB 8088-2 Unit | oSty
Min. Max. Min. Max
TCLCL CLK Cycle Period 200 500 125 500
TCLCH CLK Low Time 118 68 -
TCHCL CLK High Time 69 44
TCH1CH2 | CLK Rise Time 10 10 From1.0to3.5V
TCL2CL1 | CLK Fall Time From 3.5t0 1.0V
TDVCL Data in Setup Time 30 20
TCLDX Data in Hold Time 10 10 ns
TR1VCL | RDY Setup Time into 35 35
SAB 8284A/8284B ') ?)
TCLR1X | RDY Hold Time into 0 0
SAB 8284A/8284B ') ?) - - -
TRYHCH | READY Setup Timeinto | 118 68
SAB 8088
TCHRYX | READY Hold Time into 30 20
SAB 8088
TRYLCL |READY Inactive to CLK?) | -8 -8
THVCH HOLD Setup Time 35 20
TINVCH INTR, NMI, TEST 30 15
Setup Time ?)
TILIH Input Rise Time 20 20 From 0.8t0 2.0V
{Except CLK)
TIHIL Input Fall Time 12 12 From 2.0t0 0.8V
(Except CLK)

') Signal at SAB 8284A/8284B shown for reference only.

?) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

%) Applies only to T2 state (8 ns into T3).
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SAB 8088

Timing Responses

Limit Values

Symbol | Parameter SAB 8088 SAB 8088-2 Unit E%S;fdition
Min. Max. | Min. Max
TCLAV Address Valid Delay 10 110 10 60
TCLAX Address Hold Time - -
TCLAZ Address Float Delay TCLAX 80 TCLAX 50
TLHLL ALE Width TCLCH-20 - TCLCH-10 -
TCLLH ALE Active Delay 80 50
TCHLL ALE Inactive Delay 85 55
TLLAX Address Hold Time to TCHCL-10 - TCHCL-10 -
ALE Inactive
TCLDV Data Valid Delay 110 60 C, = 20-100 pF
10 10 for all SAB 8088
TCHDX Data Hold Time Outputsin
—— - - ns addition to the
TWHDX | Data Hold Time After WR | TCLCH-30 TCLCH-30 internal loads
TCVCTV | Control Active Delay 1 70
TCHCTV | Control Active Delay 2 10 110 |10 60
TCVCTX | Control Inactive Delay 70
TAZRL Address Float to 0 - 0 -
READ Active
TCLRL RD Active Delay 165 100
10 10
TCLRH RD Inactive Delay 150 80
TRHAV | RD Inactive to Next TCLCL-45 - TCLCL—-40 -
Address Active
TCLHAV | HLDA Valid Delay 10 160 |10 100
TRLRH RD Width 2TCLCL-75 2TCLCL-50
TWLWH | WR Width 2TCLCL-60 |- 2TCLCL-40 |-
TAVAL Address Valid to ALE Low | TCLCH-60 TCLCH-40
TOLOH Output Rise Time 20 20 From0.8t02.0V
TOHOL | Output Fall Time 12 12 From2.0t0 0.8V
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SAB 8088

Bus Timing — Minimum Mode System
i 7 3 o
e o TCHICH? TCL2CLY /Tw
VEH
(SAB 8284 A /82845, /N \ /__\_—
Output) V—C{ | \——/
~—TCHCTV | —=f TCHCL = = TCLCH—~]
10/M,550 X
A5-AB A15-A8 (Float during INTA)
+ 1 T
taa | | —=cov i ) TCHDX
r e TCLAXR- - ‘
— —— ; |
A19/S6-AT6/S3 A19-AT X ‘ ; 156-53 | X
‘ l j i
TCLLH | }r-—TLHLrL - ‘ [ 1
(IR — TLLAX = ‘ 1
‘ | ‘ -
T | | /e
ALE [ | /
T \ ! | Lo
- TAVAL-~ L_TRIVCL ‘ ;
| - a !
" | ——{TCHLL- ‘
RDY ‘ VIH e
(SAB 8284A 87848, | ‘ ! X \
i | | |
Input) ‘, ‘ VIL 1 N TCLRIX ‘
TRYLCL - | |
i i ‘
READY |
(SAB 8088 Input) |
| |
i f 1 [
‘ —TCLAZN - = TOVCL = TCLOX
lFlom T
AD7-ADO AD7-ADO Data in |
1
‘ y | ‘I
‘ TAZRL y | I:{ L 1RHAV
‘ roo { TCLRA_ [
| S ; | |
= | — [ \ | i
o5 | RD |\ £
EX) ‘ | _TcHeTy
a]5§ TCHCTY ~ TCLRL = IR [y
21z | [“ TRLRH e |
&z _ ‘ |
| omR X } |
|
T
TOVaTV_ A X
AN
Notes see next page
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SAB 8088

Bus Timing — Minimum Mode System (cont’d)

m 12 13 %
o CLCL -] TCHICH2 TeL2cL /TW
VCH
K /—1 /_\
(SAB 8284 A, 82848,
Output) \EL/ /|
TCHCL TCLCH —=
~ TCLDV
TCLAY, i TCLAX . TCHDX
T
AD7-ADO JK- AD7-ADO X Data out J >—<
L
) : }
| )=
- | T[VET\[J ] | [TTWHO
< ! r | . f(alar
5 ; L] 4
& oW \,\ | /
& | -
= \ ToveTy | | 1
f F ‘ TWLWH - i -
WR ‘ ’ P/
! T T L
‘ { Toverx | 3
P o TCLAZ i T‘V TDV[L:::; TCLDX
R — | | |
w Float | T Floot
. ! . Pointer |
AD7-ADO T T ) ointer E <
o TeHeTY ) - LTCHCTV
_ | \
m 5 . |
% E DTR \ T | Jr\%
57!:' VeV L | | M
< __ / |
zle INTA / ‘ |
TCVCTV / x| L/
! : [ AAREA
Y . ~
DEN /
x
Se
ey
S &
S |z;;'-’ AD7-ADO Invalid Address Software HALT
3 @
8 =)
g'%ﬁ ] TCLAV
T ==
S

') Al signals switch between VOH and VOL unless otherwise specified.

’) RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted.

3) Two INTA cycles run back to back. The SAB 8088 local ADDR/DATA Bus is floating during both
INTA cycles. Control signals shown for second INTA cycle.

%) Signals at SAB 8284A/8284B are shown for reference only.

®) All timing measurements are made at 1.5V unless otherwise noted.
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SAB 8088

Max Mode System (Using SAB 8288/8288A Bus Controller)
Timing Requirements

Limit Values

Symbol | Parameter SAB 8088 SAB 8088-2 Unit E’fjfdmon
Min. Max Min. Max
TCLCL CLK Cycle Period 200 500 125 500
TCLCH | CLK Low Time 118 68 -
TCHCL CLK High Time 69 44
TCH1CH2 | CLK Rise Time 10 10 From1.0t0 3.5V
TCL2CL1 | CLK Fall Time From 3.5t0 1.0V
TDVCL Data In Setup Time 30 20
TCLDX Data In Hold Time 10 10 ns
TR1VCL | RDY Setup Time into 35 35
SAB 8284A/8284B ') ?)
TCLR1X | RDY Hold Time into 0 0
SAB 8284A/8284B ) ?) - - -
TRYHCH | READY Setup Timeinto | 118 68
SAB 8088
TCHRYX | READY Hold Time into 30 20
SAB 8088
TRYLCL |READY Inactive to CLK?) | -8 -8
TINVCH | Setup Time for
Recognition
(INTR, NMI, TEST) %) 30 15
TGVCH | RQ/GT Setup Time
TCHGX |RQHold Time into 40 30
SAB 8088
TILIH Input Rise Time 20 20 From 0.8t0 2.0V
(Except CLK)
TIHIL Input Fall Time 12 12 From2.0t0 0.8V
(Except CLK)

') Signal at SAB 8284A/8284B or SAB 8288/8288A shown for reference only.

?) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3) Applies only to T2 state (8 ns into T3).
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SAB 8088

Timing Responses

Limit Values

Symbol | Parameter SAB 8088 SAB 8088-2 Unit | oSt
Min. Max. | Min. Max.
TCLML | Command Active Delay ')
10 35 10 35
TCLMH | Command Inactive Delay')
TRYHSH | READY Active to — - 65
Status Passive ?) 110
TCHSV Status Active Delay 60
TCLSH Status Inactive Delay 10 130 10 70
TCLAV Address Valid Delay 110 60
CL = 20—-100 pF
TCLAX Address Hold Time - - for all SAB 8088
Outputs in
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns addition to the
internal loads
TSVLH Status Valid to ALE High)
TSVMCH | Status Valid to
MCE High ) - 20 |- 20
TCLLH CLK Low to ALE Valid ')
TCLMCH | CLK Low to MCE High ")
TCHLL ALE Inactive Delay ') 4 15 4 15
TCLDV Data Valid Delay 110 60
10 10
TCHDX Data Hold Time - -
TCVNV | Control Active Delay ') 5 5
45 45
TCVNX | Control Inactive Delay ') | 10 10

') Signal at SAB 8284A/8284B or SAB 8288/8288A shown for reference only.

?) Applies only to T2 state (8 ns into T3).
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SAB 8088

Limit Values
Symbol | Parameter SAB 8088 SAB 8088-2 Unit | 8t o
Min. Max. | Min. Max
TAZRL Address Float to 0 - 0 —
READ Active
TCLRL RD Active Delay 165 100
10 10
TCLRH RD Inactive Delay 150 80
TRHAV | RD Inactive to Next TCLCL-45 - TCLCL—40 -
Address Active CL =20-100pF
for all SAB 8088
TCHDTL | Direction Control 50 50 Outputs in
Active Delay ") addition to the
internal loads
TCHDTH | Direction Control 30 30
Inactive Delay ') - _
TCLGL GT Active Delay
85 50
TCLGH | GT Inactive Delay
TRLRH RD Width 2TCLCL-75 |- 2TCLCL-50 |-
TOLOH Output Rise Time 20 20 From 0.8t0 2.0V
TOHOL Qutput Fall Time 12 12 From 2.0t0 0.8V

') Signal at SAB 8284A/8284B or SAB 8288/8288A shown for reference only.
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SAB 8088

Bus Timing — Maximum Mode System (Using SAB 8288/8288A)

CLK

Q50,081

525150
(Except HALT)

A15-A8

A19/S6- A16/S3

I3 ALE
| (SAB 8288/8288A,
! Output)
S)ﬁ
| RDY
| (SAB 8284 A/8284B,
{ Input)
(
READY J

(SAB 8088 Input) )

READ CYCLE

AD7-ADO
RD
(
i DT/R
| ——
,6) MRDC
SAB8288/6288A ¢ or
Outputs I0RC

|
[ DEN

Notes see next page.

n | ecz ™ W ™
L o o T T
VCH | | | I i
4 |
va —““‘q - o T - 1 | ~TCLCH
T ™\ i i T
X X X X
i L | 1
T T T
[ : TSH| ‘
= —————
\ |
i l | .
I !
i | | |
T T
| AT5-A8 I‘ | X
| ! | |
AV i TCLAV[" 1 - LT(HDX
| ~TCLAX=— 1
i A19-A16 | 56-53 | X
| )
T IsviR ‘ ]
TCULH_] t—— —[TCHLL= i

TCLAY,
I

RN
RN

RS, ¥

_TCHRYX

~TRYHCH=

—y

T |

| Float ! || Float i
AD7-ADO | Data in
1 i e

/ —TCLRH b=t~ |

T(HDTL_‘

= = TOVCL— ——==TCLDX~

T

|
i
4

—TRHAV—
Il
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SAB 8088

Bus Timing — Maximum Mode System (Using SAB 8288/8288A)

WRITE CYCLE
T . 2 T3 W T4
|
VCH ! :
CLK \ \
|
Vel TcHSV = i 1 _TCLSH
52.51.50 )7 s AN
{Except HALT) . / N
Tol_ . TCovL _TCHOX
i i
AD7-ADO Y AD7-AD0 X Data ¥ {
TONV_ _TOWNX
‘ !
DEN / \,
) ICIML_ }
56 - !
sag MW \\
8288/8288A " k
Outputs : | TCWML_, TCIMH_
| MWTC ‘
i or
Jowe -/
INTA CYCLE
54) Float Reserved for Float Float
“5“——_/@ TR
Lzl /o I
] - \ -ToVCL —
IR Float \ i Float
AD7-ADO S s e + A Pointer }
,——..T-?—/ \ /| s — LS
TSVMOHL] T \‘ e/ |
Fn«’,t/ \ T T L //—"
PDEN \

i A
] TCIMCH_ | L‘TVCkH_DTL . JCHOTH

! /
| |
i

| ya |
56) OT/R | X i / /

sag ) TOLML_|

/
8288/8288A ﬁ 7\
Outputs [ INTA \ \ J/—y———
| 2\ JTCVNY CIMA_
} .
DEN
) _TOVNX
Software HALT — o
(DEN -VOL,; R, MROC. IORC. MW TC.AMWC. [OWC AIOWC, INTA.DT/R -VOH)
AD7-ADO
A15 - A8 Invalid Address

RN

U AN
0
e —

') All Signals switch between VOH and VOL unless otherwise specified.

2) RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted.

3) Cascade address is valid between first and second INTA cycle.

4) Two INTA cycles run back-to-back. The SAB 8088 local ADDR/DATA Bus is floating during both INTA
cycles. Control for pointer address is shown for second INTA cycle.

%) Signals at SAB 8284A/8284B or SAB 8288/828