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catalog is published. It comprises all Preferred Products of the Siemens components
spectrum together with their most important technical specs.

If contained in the publication at hand, Preferred Products are marked with the symbol B
or \, which means that these products are available for prompt delivery via the Siemens
Components Service.

Please direct orders for components as well as for the SCS catalog to your nearest Siemens
Office, Components Division, or Distributor.

Published by Siemens AG, Bereich Bauelemente, Vertrieb, Produkt-Information,
BalanstraBe 73, D-8000 Miinchen 80

© Siemens AG 1988. All Rights Reserved.

As far as patents or other rights of third parties are concerned, liability is only assumed for components per
se, not for applications, processes and circuits implemented within components or assemblies.

The information describes the type of component and shall not be considered as assured characteristics.
Terms of delivery and rights to change design reserved.

For questions on technology, delivery, and prices please contact the Offices of Siemens Aktiengesellschaft
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8-Bit Microprocessors
SAB 8085AH

SAB 8088

SAB 80188

16-Bit Microprocessors
SAB 8086

SAB 80186

SAB 80199

SAB 80286

Microprocessor (3,5 MHz)
Microprocessor (5, 8, 10 MHz)
Microprocessor (8, 10 MHz)

Microprocessor (5, 8, 10 MHz)

Microprocessor (8, 10 MHz)

Terminal microprocessor (20 MHz)

Microprocessor with memory management (8, 10, 12.5 MHz)

System and Support Components

SAB 8237A

SAB 82C37A

SAB 82C37B

SAB 8259A

SAB 82C59A-2
SAB 8282A/8283A
SAB 8284B

SAB 8286A/8287A
SAB 8288A

SAB 8289

SAB 82C206

SAB 82200

SAB 82220

SAB 82257

SAB 82258A

SAB 82284

SAB 82C284

SAB 82288

SAB 82C288

SAB 82289

Siemens Aktiengesellschaft

High-performance programmable DMA controller
High-performance CMOS programmable DMA controller
High-performance CMOS programmable DMA controller
Programmable interrupt controller

High-performance CMOS programmable interrupt controller
Octal latch (non inverting/inverting)

Clock generator and driver for SAB 8086/8088 processor family
Octal bus transceiver (non inverting/inverting)

Bus controller for SAB 8086/8088 processor family

Bus arbiter for SAB 8086/8088

Advanced CMOS integrated peripheral controller

Local bus arbiter (LBA)

Bus interface controller (BIC)

Advanced DMA controller for 16-bit microcomputer systems
Advanced DMA controller for 16-/32-bit microcomputer systems
Clock generator for SAB 80286 processor family

CMOS clock generator for SAB 80286 processor family

Bus controller for SAB 80286 processor family

CMOS bus controller for SAB 80286 processor family

Bus arbiter for SAB 80286 processor family

1
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Peripheral Components

SAB 2793B/2797B Floppy-disk controller

SAB 7201A Multi-protocol serial communications controller
SAB 8155, 8155-2 RAM, stat., with I/0 port and timer

SAB 82C51A Programmable communications interface, CMOS
SAB 82C53 Programmable interval timer, CMOS

SAB 82C54 Programmable interval timer, CMOS

SAB 82C55A Programmable peripheral interface, CMOS

SAB 8256A, 8256A-2 MUART, programmable multifunction controller
SAB 8275 Programmable CRT controller

SAB 8276 Small system CRT controller

SAB 82510 Token bus controller

SAB 82511 Token bus modem

SAB 82520/SAF 82520 High-level serial communications controller
SAB 82556 Universal system interface controller, CMOS
SAB 95C60 Quad pixel dataflow manager, CMOS
Memories

SAB 4116-2/-3

SAB 41256-10/-12/-15
SAB 511000-85/-10/-12
SAB 514256-85/-10/-12
SAB 81C80

Siemens Aktiengesellschaft

RAM, dyn. 16,384 x 1-bit

RAM, dyn., 262,144 x 1-bit

RAM, dyn., CMOS, 1 048,576 X 1-bit
RAM, dyn., CMOS, 262,144 x 4-bit
RAM, stat., CMOS, 504 byte
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General Information

Type designation code for ICs

IC type designations are based on the European Pro Electron sytem. The code system is
explained in the Pro Electron brochure D 15, edition 1985, available at:

Pro Electron, Avenue Louise, 430 (B. 12)
B-1060 Brussels, Belgium

Mounting instructions

Plastic package

The 90° pins fitinto holes with a diameter of 0.7 to 0.9 mm, spaced 2.54 mm apart. See spacing
x in figure 1.

The bottom of the package will not touch the PC board after insertion because the pins have
shoulders just below the package (see figure 1).

After insertion of the package into the PC board it is advisable to bend the ends of two pins
at an angle of approx. 30° to the board so that the package does not have to be pressed
down during soldering. Plastic packages are soldered on that side of the PCB facing away
from the package.

The maximum permissible soldering temperature is 350°C (max: 3 s) for hand soldering and
260°C (max. 10 s) for dip soldering and wave soldering.

Figure 1
0.65min
AV AV A AV AR _fo
008 Tin Solder X
B
—{254=—

Dimensions in mm

Plastic packages (SO and PLCC) for surface mounting (SMD)

Iron soldering: soldering temperature 350°C for max. 3 s;
minimum distance between package and soldering point 1.5 mm
package temperature max. 150°C; no mechanical stress on the pins
Vapor phase soldering: soldering temperature 215°C, max. soldering time 40 s

Wave soldering: soldering temperature 260°C, max. soldering time 8 s
(pins and package

are dipped into

the tin bath)
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Storage, pretreatment before processing

The components are to be stored in a dry environment. When solder methods causing solder
heat shock stresses are used (reflow soldering where the component is dipped into the solder
bath, vapor-phase soldering) it is recommendable to subject IC’s in plastic packages to a
24-hour drying phase at 125°C.

Other points to note

Ensure that no current is able to flow between the solder bath or soldering iron and the PCB.
It is advisable to ground the pins that are to be soldered as well as the solder bath or soldering
iron.

When the pins are being prepared and inserted in a PCB, circuits should be protected against
static charging. Under no circumstances should the components be removed or inserted
while the operating voltage is switched on.

The increase in chip temperature during the soldering process results in a temporary
increase in electrostatic sensitivity of integrated circuits. Special precautions should therefore
be taken against line transients, e.g. through the switching of inductances on magnetic
chutes, etc.

MIKROPACK (SMD)
MIKROPACK components are delivered on film reels.
Mounting suggestions

a) We recommend vapor phase soldering: soldering temperature 215°C, soldering time
max.30s

b) For prototypes and small quantities (up to approximately 50.0 items/y), the hot table
soldering method can also be used (see figure 2).

Figure 2
MIKROPACK Cover Substrate

L \
Metallization (conductor) Hot table

Required equipment and accessories

® cutting device

® hot table, temperature regulated (e.g. Weld-Equip, Unitek)

® stereo microscope (e.g. Wild, Zeiss, magnification 6 - - - 40 times)

® substrate material: epoxy resin; hard paper; ceramic (thick thin film)
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Soldering data

® soldering temperature: 210°C max.

® solder coating on substrate: Pb/Sn (e.g. 60/40) wave-tinned or electro-deposited
® soldering time: approx. 10 s

® flux: e.g. colophony, dissolved in alcohol

® cleaning agents (as required): e.g. Freon TP-35, TE, TF

c) For large quantities (e.g. more than 50.0 items/y) bar soldering is also suitable.

Figure 3

Suction hole
Clamp

Soldering bar
MIKROPACK

Tinned conductor

Substrate

Required equipment

® soldering equipment (e.g. Weld-Equip, Farco, Jade)
® substrate material: epoxy resin; hard paper; flexible materials, e.g. polyamide

Soldering data

® soldering temperature: 210°C max.

® solder coating on the substrate: Pb/Sn (e.g. 60/40), wave-tinned or electro-deposited
® soldering time: approx.2 s

® flux: e.g. colophony dissolved in alcohol

® cleaning agents (as required): e.g. Freon TP-35, TE, TF
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Processing guidelines for ICs

Integrated circuits (ICs) are electrostatic-sensitive (ESS) devices. The requirement for greater
packing density has led to increasingly small structures on semiconductor chips with the
result that today every IC, whether bipolar, MOS, or CMOS, has to be protected against
electrostatics.

MOS and CMOS devices generally have integrated protective circuits and it is hardiy possibie
any more for them to be destroyed by purely static electricity. On the other hand, there
is acute danger from electrostatic discharges (ESD).

Of the multiple of possible sources of discharge, charged devices should be mentioned in
addition to charged persons. With low-resistive discharges it is possible for peak power
amounting to kilowatts to be produced.

For the protection of devices the following principles should be observed:

a) Reduction of charging voltage, below 200V if possible.
Means which are effective here are an increase in relative humidity to = 60% and the
replacement of highly charging plastics by antistatic materials.

b) With every kind of contact with the device pins a charge equalization is to be expected.
This should always be highly resistive (ideally R = 10° to 102 Q).

All in all this means that ICs call for special handling, because uncontrolled charges, voltages
from ungrounded equipment or persons, surge voltage spikes and similar influences can
destroy a device. Even if devices have protective circuits (e.g. protective diodes) on their
inputs, the following guidelines for their handling should nevertheless be observed.

Identification
The packing of ESS devices is provided with the following label by the manufacturer:

A
Atad

The guidelines apply to the storage, transport, testing, and processing of all kinds of ICs,
equipped and soldered circuit boards that comprise such components.

Scope

Handling of devices

1. ICs must be left in their containers until they are processed.

2. ICs may only be handled at specially equipped work stations. These stations must have
work surfaces covered with a conductive material of the order of 10°to 10° Q/cm.

3. With humidity of >50% a coat of pure cotton is sufficient. In the case of chargeable
synthetic fibers the clothing should be worn close-fitting. The wrist strap must be worn
snugly on the skin and be grounded across a resistor of 50 to 100 kQ.
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4. If conductive floors, R =5 x 10*to 10’ Q are provided, further protection can be achieved
by using so-called MOS chairs and shoes with a conductive sole (R = 10°to 10’ Q).

5. All transport containers for ESS devices and assembled circuit boards must first be
brought to the same potential by being placed on the work surface or touched by the
operator before the individual devices may be handled. The potential equalization should
be across a resistor of 10°to 102 Q.

6. When loading machines and production devices it should be noted that the devices
come out of the transport magazine charged and can be damaged if they touch metal,
e.g. machine parts.

Example 1) Conductive (black) tubes.
The devices may be destroyed in the tube by charged persons or come out
of the tube charged if this is emptied by a charged person.
Conductive tubes may only be handled at ESS work stations (high-resistance
work-station and person grounding).

Example 2) Anti-static (transparent) tubes.
The devices cannot be destroyed by charged persons in the tube (there may
be a rare exception in the case of custom ICs with unprotected gate pins).
The devices can be endangered as in 1) when the tube is emptied if the latter,
especially at low humidity, is no longer sufficiently anti-static after a long
period of storage (> 1 year).

In both cases damage can be avoided by discharging the devices across a grounded
adapter of high-resistance material (= 10°to 10 Q/cm) between the tube and the machine.

The use of metal tubes — especially of anodized aluminum — is not advisable because
of the danger of low-resistance device discharge.

Storage

ESS devices should only be stored in identified locations provided for the purpose. During
storage the devices should remain in the packing in which they are supplied. The storage
temperature should not exceed 60°C.

Transport

ESS devices in approved packing tubes should only be transported in suitable containers
of conductive or longterm anti-static-treated plastic or possibly unvarnished wood. Containers
of high-charging plastic or very low-resistance materials are likewise unsuitable.

Transfer cars and their rollers should exhibit adequate electrical conductivity (R <10° Q).
Sliding contacts and grounding chains will not reliably eliminate charges.

Incoming inspection

In incoming inspection the above guidelines should be observed. Otherwise any right for
refund or replacement if devices fail inspection may be lost.
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Material and mounting

1. The drive belts of machines used for the processing of the devices, in as much as they
come into contact with them (e.g. bending and cutting machines, conveyor belts), should
be treated with anti-static spray (e.g. anti-static spray 100 from Kontaktchemie). It is better,
however, to avoid the contact completely.

2. If ESS devices have to be soldered or desoldered manually, soldering irons with thyristor
control cannot be used. Siemens EMI-suppression capacitors of the type B 81711-B31...-B36
have proven very effective against line transients.

3. Circuit boards fitted and soldered with ESS devices are always to be considered as
endangered.

Electrical tests

1. The devices should be processed with observation of these guidelines. Before assembled
and soldered circuit boards are tested, remove any shorting ring.

2. Test sockets must not be conducting any voltage when individual devices or assembled
circuit boards are inserted or withdrawn, unless works’ specifications state otherwise.
Ensure that the test devices do not produce any voltage spikes, either when being turned
on and off in normal operation or if the power fuse blows or other fuses respond.

3. Signal voltages may only be applied to the inputs of ICs when or after the supply voltage
is turned on. They must be disconnected before or when the supply voltage is turned off.

4. Observe any notes and instructions in the respective data books.

Packing of assembled PC boards or flatpack units

The packing material should exhibit low volume conductivity:
10°Q/cm < p <10 Q/cm.

In most cases — especially with humidity of > 40% — this requirement is fulfilled using simple
currugated board. Better protection is obtained with bags of conductive polyethylene foam
(e.g. RCAS 1200 from Richmond of Redlands, California).

It must always be ensured that boards do not touch.

In special cases it may be necessary to provide potection against strong electric fields,
such as can be generated by conveyor belts for example. For this purpose a sheath of
aluminum foil is recommended, although direct contact between the film and the PCB must

be avoided. Cardboard boxes with an aluminum-foil lining, such as those used for shipping of
our devices, are available from Laber of Munich.
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Ultrasonic cleaning of ICs

The following recommendation applies to plastic packages. For cavity packages (metal and
also ceramic) separate regulations have to be observed.

Freon and isopropyl alcohol (trade name: propanol) can be used as solvents. These solvents
can also be used for plastic packages because they do not eat into the plastic material.

An ultrasonic bath in double halfwave operation is advisable because of the low component
stress.

The ultrasonic limits are as follows:

sound frequency f > 40kHz
exposure t <2min
alternating sound pressure p < 0.29 bar

sound power N < 0.5 W/cm?¥liter

Data classification

Maximum ratings

Maximum ratings are absolute ratings; exceeding only one of these values may cause
irreversible damage to the integrated circuit.

Characteristics

The listed characteristics are ensured over the operating range of the integrated circuit.
Typical characteristics specify mean values expected over the production spread. If not
otherwise specified, typical characteristics will apply at T, = 25°C and for the given supply
voltage.

Operating range
In the operating range the functions given in the circuit description will be fulfilled.
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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 production stage.

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

Figure 4 shows the most important stages of the “SQS-IC”. A quality assurance (QA)
department which is independent of production and development, 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 4 1

Quality control stages Incoming goods Qualification stages
parts and

materials

Incoming inspection

parts Process

ouxiliaries ‘d'v:wp';'m
materials waters
Wafer Quality
production release
In- process control
physical parameters Development of
dimensions package +process
visual inspection (assembly)
1st lot acceptance test
Quality
Assembly v—< release >—_—J
In-process control
bonding
dimensions Zr:::xct "
2nd lot acceptance fest opme
3rd lot acceptance test
Testing Quality
departments release

Conformance inspection
(attributes)

Stock

The latest methods and equipment for preparation and analysis are employed to achieve
continuity of quality and reliability.
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Conformance

Each integrated circuit is subjected to a final test at the end of the production process.
These tests are carried out by computer-controlled, automatic test systems because hundreds
of thousands of operating conditions as well as a large number of static and dynamic
parameters have to be considered. Moreover, the test systems are extremely reliable and
reproducible. The quality assurance department carries out a final check in the form of a
lot-by-lot sampling inspection to additionally ensure this minimum percent defectives 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 shows the results of such sampling inspections performed with hundreds of
thousands of ICs in 1985. These results correspond to the average outgoing quality (AOQ),
and are specified as defectives per million (DPM).

Sum of Sum of
Inoperatives electrical mechanical
defectives defectives
AOQ AOQ AOQ
(DPM) (DPM) (DPM)
SSI/MSI
= 1000 gate functions 40 200 100
LSI/VLSI
= 1000 gate functions 120 400 200
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Reliability

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 operated on large-scale computers, guarantees
the immediate identification and elimination of unintentional violations of these design
standards.

In-process control during production

The 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 require more than a hundred different test measures. The tests
have been arranged such that the individual process steps can be reproduced continuously.

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

So in 1985 the typical random failure rates estimated for accelerated life tests with almost
2 million ICs of all complexities are found to be around 80 fit.

Reliability monitoring

The general course of the IC’s failure rate versus time is shown by a so-called “bathtub”
curve (figure 5). 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 usually lies far beyond the service life specified for the individual
equipment.
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Figure 5

Failure rate

/

Constant failure rate period /
Early Wear -out
failure failure
period period

Operating hours ——=

Reliability tests for ICs are usuaily destructive examinations. They are, therefore, carried
out with samples. Most failure mechanisms can be accelerated by means of higher
temperatures. Due to the temperature dependence of the failure mechanisms, it is possible
to simulate future operational behavior within a short time 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 [L - L]
kK T T,
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 Ea. It lies between 0.3 and 1.3 eV and
differs considerably for individual failure mechanisms.

For all Siemens ICs, the reliability data from life tests is converted to an operating temperature
of T,=40°C, assuming an average activation energy of 0.4 eV. The acceleration factor for
life tests at 125°C 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.
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Summary of Types

Summary of Types (incl. ordering codes)

Type Ordering Code | Package Description Page
8-Bit Single-Chip Microcontrollers
BSAB8031A-N  |067120-C271 |PL-CC-44  |without ROM 59
B SAB 8031A-P Q67120-C183 | P-DIP-40 without ROM 59
SAB 8031A-16-N 067120-C349 |PL-CC-44  |withoutROM 59
SAB 8031A-16-P Q67120-C347 | P-DIP-40 without ROM 59
SAB 80C31-N 067120-C371 |PL-CC-44 without ROM, CMOS 81
SAB 80C31-P Q67120-C157 | P-DIP-40 without ROM, CMOS 81
B SAB 8032A-N 067120-C264 |PL-CC-44 without ROM 121
B SAB 8032A-P Q67120-C196 | P-DIP-40 without ROM 121
SAB 8032A-16-P Q67120-C350 | P-DIP-40 without ROM 105
SAB 80C32-N Q67120-C395 | PL-CC-44 without ROM, CMOS 141
SAB 80C32-P Q67120-C378 | P-DIP-40 without ROM, CMOS 141
B SAB 8035L-P Q67120-C43 | P-DIP-40 without ROM 39
SAB 8048-P Q67120-C32 | P-DiP-40 1K x 8-bit, ROM 39
SAB 8051A-N Q67120-C224 |PL-CC-44 4K x 8-bit, ROM 59
SAB 8051A-P Q67120-C186 | P-DIP-40 4K x 8-bit, ROM 59
SAB 8051A-16-N 067120-C348 | PL-CC-44 4K x 8-bit, ROM 59
SAB 8051A-16-P Q67120-C346 | P-DIP-40 4K x 8-bit, ROM 59
SAB 80C51-N 067120-C372 |PL-CC-44 4K x 8-bit, ROM, CMOS 81
SAB 80C51-P Q67120-C265 | P-DIP-40 4K x 8-bit, ROM, CMOS 81
SAB 8052A-N | | Q67120263 |PL-CC-44  |8K x8-bit,ROM 121
SMD = Surface Mounted Device
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Type Ordering Code | Package Description Page
8-Bit Single-Chip Microcontrollers (cont’d)
SAB 8052A-P Q67120-C195 | P-DIP-40 8K x 8-bit ROM 121
SAB 80C52-N Q67120-C396 | PL-CC-44 8K x 8-bit ROM, CMOS 141
SAB 80C52-P Q67120-C379 | P-DIP-40 8K x 8-bit ROM, CMOS 141
SAB 80C382 Q67100-H3205 | P-DIP-40 without ROM, CMOS 165
SAB 80C382-MP '067100-H3242 | MIKROPACK | without ROM, CMOS 165
SAB 80C382-PC Q67100-H3199 | Piggyback | without ROM, CMOS 165
SAB 80C382-W Q67100-H8300 |PL-CC-44 | without ROM, CMOS 165
SAB 80C482 Q67100-2154 | P-DIP-40 2K x 8-bit ROM, CMOS 165
SAB 80512-N 067120-C336 | PL-CC-68 4K x 8-bit ROM 195
SAB 80512K-A Q67120-C333 | C-PGA-88 without ROM 219
SAB 80513-N |Q67120-C384 |PL-CC-44 | 16K x 8-bit ROM 247
SAB 80513-P Q67120-C383 | P-DIP-40 16K x 8-bit ROM 247
SAB 80515K-A Q67120-C267 |C-PGA-88 without ROM 299
SAB 80515-N 067120-C211 | PL-CC-68 8K x 8-bit ROM 267
SAB 80C515-N Q67120-C297 |PL-CC-68  |8K x 8-bit ROM, CMOS 333
SAB 80532-N 067120-C337 |PL-CC-68  |withoutROM 195
SAB 80533-N | Q67120-C386 (PL-CC-44  |withoutROM 247
SAB 80533-P Q67120-C385 | P-DIP-40 without ROM 247
B SAB80535-N  |067120-C241 |PL-CC-68  |withoutROM | 267
SAB 80C535-N ~ |@67120-C366 |PL-CC-68  |withoutROM,CMOS | 333
SMD = Surface Mounted Device
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Summary of Types

Type Ordering Code | Package Description Page
8-Bit Single-Chip Microcontrollers Extended Temperature Range
SAB 8031A-10-P-T40/110| Q67120-C232 | P-DIP-40 —40to +110°C 389
S| SAB 8031A 12-P-T40/85 Q67120-C230 |P-DIP-40 —40to +85°C 389
P-DIP-40 —40to +85°C, CMOS
Ei SAB 8032A-P-T40/85 QS7120-C235 P-DIP-40 —40to +85°C 431k'
SAB 8032A-P-T40/100 | Q67120-C239 | P-DIP-40 —40to +100°C 431
SAB 8035L-P-T40/85 Q67120-C140 | P-DIP-40 —40to +85°C 373
SAB 8048-P-T40/85 Q67120-C133 | P-DIP-40 —40to +85°C 373
SAB 8048-P-T40/110 Q67120-C162 | P-DIP-40 —40to +110°C 373
SAB 8051A-10-P-T40/110{ Q67120-C231 P-DIP-40 —40to +110°C 389
P-DIP-40 389

SAB 8051A 12 P T40/85

SAB 8052A-P-T40/85
SAB 8052A-P-T40/100
SAB 80512 N“T4o/85 -

O.67120-C233

-40to +85°C

| as7120-c389
| ae7120-c368

Q67120-C247
Q67120-C248

‘ 067120;0353 P

P-DIP-40

P-DIP-40
P-DIP-40

—40t0 +85°C, CMOS

—40to +85°C
—40to +100°C

SMD = Surface Mounted Device
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8-Bit Single-Chip Microcontrollers







SAB 8048/8035L

8-Bit Single-Chip Microcontroller

SAB 8048 Microcontroller with factory-maskprogrammable ROM

SAB 8035L Microcontroller for external ROM

® 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

® 1Kx8 ROM
64x8 RAM
271/0 lines
® 2 single level interrupts:
internal timer/counter and external
® Single +5V supply
® Power-down mode:
15mA standby current for internal RAM

Pin Configuration Logic Symbol
Tt w[ vee
xTaLt ]2 #0171 XTAL1 o7k 8 >
—_—] - PO
XTAL2 E ; ”% P27 Crystal/LC { ]
RESET (]« 711 P26 Parallel
——— XTAL2 -
s5Qs s[] P25 P10-7 P /0 Ports
T e 5[] P24 RESET
Reset ————— RESET -
EAL]? %) Py P07k B > 2
ﬁ ge =l P16 Single Step —— =SS
PSEN [} 9 SAB 2] P15 SAB
WRQw 8048 n P External MEM EA 80u8 RD R
b—— — —— d
ALE O] n 80351 0[] P13 8035L ea
R wH P12 Interrupt —INT WR |———  Write
oB1(n 80 P11
oB20w 2{] P10 10 FSEN Program Store
DB3 [ %[ vpp Test Enable
DB [ 5[] PROG Y ALE | . Address Latch
DBS {7 %[] P23 Enable
DB6 [ al P22 Power Down ——— =1 vOD PROG f———r Port Expander
DB7 Q" 2f] P21 Strobe
viT g 2f] P20

The SAB 8048/8035L are 8-bit single-chip-micro-
controllers implemented in +5V, 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 x 8 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

Siemens Aktiengesellschaft

ROM and RAM. To minimize development
problems and provide maximum flexibility, two
pin-compatible versions of this single-chip micro-
computer are available: the SAB 8048 with
factory-maskprogrammable ROM for low-cost,
high-volume production and the SAB 8035 for
use with external program memories.

These microcontrollers have extensive bit-handling
capabilities as well as facilities for both binary and
BCD arithmetic. Efficient use of program memory
results from an instruction set consisting mostly of
single-byte instructions and no instructions over

2 bytes in length.

11.86




SAB 8048/8035L

Symbol Pin Input (1) Function
Output (O)

TO 1 1/0 TESTPIN1
Input pin testable using the conditional transfer instructions
JT0 and JNTO. TO can be designated as a clock cutput using
ENTO CLK instruction.

XTAL1, 2,3 - OSCILLATOR

XTAL2 Inputs for internal oscillator with crystal or external source
(non TTL VIH).

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

SS 5 | SINGLE STEP
Can be used in conjunction with ALE to ““single step’’ the
processor through each instruction (active low).

INT 6 | INTERRUPT
Initiates an interrupt if interrupt is enabled. Interrupt is
disabled after a reset. Also testable with conditional jump
instruction (active low).

EA 7 1 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 (0] READY
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] WRITE
Output strobe during a bus write (active low). Used as a
write strobe to external data memory.

ALE 1 (0] 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.

DB0O-DB7 12-19 1/0 DATABUS (0TO7)

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 8048/8035L

Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)
P20-P27 21-24 1/0 PARALLEL PORT (20 TO 27)
35-38 8-bit quasi-bidirectional I/0 port.

P20—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] PORT EXPANDER STROBE
Output strobe for SAB 8243 1/0 expander.

P10-P17 27-34 1/0 QUASI-BIDIRECTIONAL PORT
8-bit quasi-bidirectional I/0 port.

T1 39 | TESTPIN 1
Input pin testable using the JT1, and JTN1 instructions.
Can be designated the timer/counter input using the
STRT CNT instruction.

vCC 40 POWER SUPPLY (+5V)

VDD 26 POWER-DOWN VOLTAGE (+5V)

VSS 20 GROUND (0V)

Block Diagram

0

Port 2
Bus Buffer

Low-Order
Nibble (&)

Port 2 Latch |

Port 2 Latch
High-Order
Nibble (4)

4

4

Program Counter
81 |4 High-order 7
Bits (4)
@

1/0 and
Memory Expansion

Port 0
Bus Buffer

1 Kbyte Pmﬂvg Latch
Program Memory and Program
(ROM) Counter Latch

Program Counter Pre
Timer/ g ogram
Prescaler Tiner 8 Low-Order Status
ounter. Bits (8) Word
Oscillator Port 1
Freguency Tt ‘ Latch
T8 wi KT
Bus
Buffer
Instruction
Accumulator ;"""""“'Y Flags Register and ;"“ :‘“""55
(8 egister () Decoder egister
Multiplexer
Acumulator . Testo Register0
Latch Arithmetic Register 1
Logic f— Test1 Register 2
Unit (ALU) Interrupt Register3
® Register b
v = Fleg0 Register
Conditional 1 R‘: e
L — Fag jister
Power Supply Eru.nch e Register 7
Adjust ogic = Tiner Flag
VDD .5y (ow-Power Standby 8Level Stack
Camy
Mo sy Accumulator=0 [Register Bank 2
VSS o Gno Control and Timing Q K Accumulator Bit Test Dot Store
TNT RESETPROG EA_ X1 X2 ALE PSEN S5 RO_WR
, ' f ? L J ’ ‘ ‘ 64 Byte RAM Array
g £ P
= g2s 8 2
5 El e & 5
H £ Fe o o
5 z e 3 ¢
E I fa & 3
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SAB 8048/8035L

Functionai Description
Program Memory

Program memory of SAB 8048 consists of 1024
words 8-bit wide which are addressed 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 8
4095
¥ - Memory Bank 1 Data Mgmory
SEL MB1 32x8 Bits
2048 l
2067 '
4 L SEL MBO ‘;2
Memory Bank 0 Register Bank 1
1024 8 Registers with 8Bits Directly
wsf o 1 pmem————————— Addressable Addressed
Register R1 Indirectly
i L T T T T T through
R - 2% Register RO RO o R1
5 23
E
= — 9 | Timer/Counter
Eg Interrupt 8Level Stack
58
2 m
a <
52 8
2
8 3 External 7 Register Bank 0
£ Inferrupt 8Registers with 8 Bits
ohegisters wilh OB | Directly
Register R1 Addressable
4 2f{1|0f—Reset  po——————————
0 7]6ISI |3I l I Register RO
[}
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 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 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 0 can be used as
a bidirectional bus port to interface external
memory and /O devices. The three pins TO, T1,
and INT serve as inputs and are testable with
conditional jump instructions.



SAB 8048/8035L

Symbols and Abbreviations

A Accumulator

AC Auxillary carry

Addr 12-bit program memory address
An Accumulator bit n

BS Bank switch

BUS Bus port

CcYy 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 I/O-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 Timer

TF Timer flag

TO, T1 Test 0, test 1

X Mnemonic for external RAM
# Immediate data prefix

@ Indirect address prefix
Page Memory block of 256 byte
() Content;

N is moved to

PN is exchanged with

A logical AND

v logical OR

o logical EXCLUSIVE OR

Complement

Siemens Aktiengesellschaft

43




SAB 8048/8035L

instruction Set Summary

Hex

Mnemonic Function Description Code |Flag Byte Cycle
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 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 accumulator contents | AB—AF 1 1
to register
MOV @ Rr, A (A) — (Rr) Move accumulator contents | AO—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 B0O—-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))0—3 < (A)0—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)— PC0-7 accumulator
011 — PC8-11
((PC)) — A
PC restor
MOVP A, @A (PC) save Move current page data A3 1 2
(A) — PC0-7 to accumulator
((PC)) — A
PC restor
SWAP A (A)0—3 < (A)4-7 | Swap nibble within 47 1 1
accumulator
Timer/counter move instructions
MOV AT (M—-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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SAB 8048/8035L

Instruction Set Summary (cont’d)

Mnemonic Function Description gg’ée Flag Byte Cycle
Port move instructions
IN A, Pr (Pr)—> A Input port 1or 2 09-0A 1 2
data to
accumulator
OUTL Pr, A (A)— Pr Output accumulator data 39-3A 1 2
toport1or2
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) - A0-3 Move port 4—7 Port4 | 0C 1 2
0— A4-7 of SAB 8243 50D 1 2
to accumulator 6 [ OE 1 2
7 | OF 1 2
MOVD PP, A (A)0—3 — PP Move accumulator Port4 | 3C 1 2
to port4—7 513D 1 2
of SAB 8243 6 | 3E 1 2
7 | 3F 1 2
ANLD PP, A (A)0—3 A (PP)— | Logical AND Port4 | 9C 1 2
PP port 4—7 of 519D 1 2
SAB 8243 with 6 | 9E 1 2
accumulator mask 7| 9F 1 2
ORLD PP, A (A)J0—3 v (PP) — | Logical OR Port4 | 8C 1 2
PP port 4—7 of 518D 1 2
SAB 8243 with 6 | 8E 1 2
accumulator mask 7 | 8F 1 2
Arithmetic accumulator instructions
ADD A, Rr (A)+(Rr) - A Add register contents 68—6F [ AC,CY |1 1
to accumulator
ADD A, @Rr (A)+((Rr)) = 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, Rr (A)+(Rr)+(CY) Add carry and register 78-7F | AC,CY |1 1
—A contents to accumulator
ADDC A, @Rr (A)+((Rr))+(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
— A data to accumulator
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SAB 8048/8035L

instruction Set Summary (cont’'d)
. . L Hex

Mnemonic Function Description Code | Flag Byte Cycle

Arithmetic accumulator instructions (cont’d)

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 Rr (Rr)+1— Rr Increment register 18—-1F 1 1

DEC Rr (Rr)—1— Rr Decrement register C8—CF 1 1

INC @ Rr ((Rr))+1— (Rr) Increment data memory 10—-11 1 1
location

DJNZ Rr, addr (Rr)=1—Rr Decrement register and E8—EF 2 2

if (Rr) #0 test register if zero
Adr — PC0-7

Logical accumulator and register instructions

ANL A,Rr (A) A (Rr)— A Logical AND accumulator 58—5F 1 1
with register mask

ANL A, @Rr (A) A ((Rr)) = 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 A,Rr (A) v (Rr) — A Logical OR accumulator 48-4F 1 1
with register mask

ORL A @Rr (A) v ((Rr)) = 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, Rr (A) »(Rr) —> A Logical XOR accumulator D8—DF 1 1
with register mask

XRL A, @Rr (A) » ((Rr)) —» A Logical XOR accumulator DO 1 1
with memory mask D1

XRL A, # data (A) »data— 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
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SAB 8048/8035L

Instruction Set Summary (cont’d)

Mnemonic Function Description I(-I'gze Flag Byte Cycle
Rotate instructions
RL A (An) — An+1 Rotate accumulator left E7 1 1
without carry
RLC A (An) — An+1 Rotate accumulator left F7 CcYy 1 1
(A7 - CY through carry
(CY)— A0
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
(A0) — CY through carry
(CY) — A7
Flag instructions
CLR Cc 0—CY Clear carry bit 97 CcYy 1 1
CPL C (CY)—>CY Complement carry bit A7 CY 1 1
CLR FO 0— FO Clear flag 0 85 1 1
CPL FO (FO) — FO Complement flag 0 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  addr addr0—7 — PC0—7| Direct jump Page 0 | 04 2 2
addr8—10 — within 2K-block 1(24 2 2
PC8—-10 244 2 2
DBF — PC11 3|64 2 2
4184 2 2
5| A4 2 2
6|C4 2 2
7 | E4 2 2
JMPP @A ((A)) - PCO—7 Indirect jump within B3 1 2
page
JC  addr If(CY) =1 Jump if carry is set F6 2 2
addr — PCO—-7
JNC  addr If(CY)=0 Jump if carry is not set E6 2 2
addr — PCO—7
Jz addr If(A)=0 Jump if accumulator is zero | C6 2 2
addr — PC0-7
JNZ  addr If (A) #0 Jump if accumulator is 96 2 2
addr — PCO—-7 not zero
JT0 addr IfTO =1 Jump if test 0 is high 36 2 2
addr — PC0-7
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SAB 8048/8035L

instriction Se

.« o

i Summary {cont’d)

Hex

Mnemonic Function Description Code |Fflag Byte Cycle
Branch instructions (cont’d)
JNTO addr fTO=0 Jump if test 0 is low 26 2 2
addr — PC0O~7
JT1 addr fT1=1 Jump if test 1is high 56 2 2
addr — PC0—7
JNT1 addr IfT1=0 Jump if test 1is low 46 2 2
addr — PC0O-7
JFO addr IfFO=1 Jump if flag O is set B6 2 2
addr — PC0-7
JF1 addr IfF1=1 Jump if flag 1 is set 76 2 2
addr — PC0—-7
JTF addr HTF=1 Jump if timer flag is set 16 TF 2 2
addr — PCO-7
0—>TF
JNI addr IfINIT=0 Jump if interrupt input 86 2 2
addr — PC0-7 is low
JBn addr Ifbitn=1 Jump if
addr — PC0-7 accumulator bit n
is set n=0(12 2 2
1(32 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 addr (PCO—11,PSW) Subroutine
— (SP) call Page 0 | 14 2 2
(SP)+1— SP 1134 2 2
addr0—7 — PC0—7 2|54 2 2
addr8—10— 3174 2 2
PC8-10 4194 2 2
DBF — PC11 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)) —> PSW4—~7
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SAB 8048/8035L

Instruction Set Summary (cont’'d)

Mnemonic Function Description Eig)ée Flag Byte Cycle

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 I Enable external 05 1 1
interrupt

DIS | Disable external 15 1 1
interrupt

SEL RBO 0— BS Select register bank 0 C5 1 1

SEL RB1 1—BS Select register bank 1 D5 1 1

SEL MBO 0— 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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SAB 8048/8035L

Absoiute Viaximum Ratings*

Ambient temperature under bias Oto + 70°C

Storage temperature —65to +125°C

Voltage on any pin with respect to ground -05to+ 7V

Power dissipation 1.5W

DC Characteristics

TA = 0-70°C; VCC = VDD = +5V £10%; VSS = 0V

Symbol | Parameter Limit values Unit Test Conditions

min typ. | max.

VIL Input low voltage -05 |- 0.8 \Y -
(all except RESET, XTAL1, XTAL2)

VIL1 Input low voltage -0.5 - 0.6 \% -
(RESET, XTAL1, XTAL2)

VIH Input high voltage 2.0 - VvCC \ -
(all except XTAL1, XTAL2, RESET)

VIH1 Input high voltage 3.8 - vCC \% -
(XTAL1, XTAL2, RESET)

VOL Output low voltage (BUS) - - 0.45 IOL =2.0mA

VOL1 Output low voltage - - 0.45 I0L = 1.8 mA
(RD, WR, PSEN, ALE)

VvOL2 Output low voltage (PROG) - - 0.45 I0L = 1.0 mA

VOL3 Output low voltage - - 0.45 IOL = 1.6 mA
(all other outputs)

VOH Output high voltage (BUS) 2.4 - - Y I0H = 400 pA

VOH1 Outpyﬂ\igh voltage 2.4 - - \ IOH = 100 pA
(RD, WR, PSEN, ALE)

VOH2 | Output high voltage 24 - - \Y IOH = 40 pA
(all other outputs)

L1 Inpull_eakage current - - +10 uA VSS = VIN =VCC
(T1,INT) .

LI Input leakage current - - —500 |uA VSS + 0.45 < VIN =< VCC
(P10—P17, P20—-P27, EA, SS)

ILO Output leakage current (BUS, TO) - - +10 uA VSS + 0.45 < VIN = VCC
(high impedance state)

IDD VDD supply current - 5 15 mA -

IDD+ Total supply current - 60 135 mA -

ICC

* Stresses above those listed under ““Absolute Maximum Ratings’’ may cause irreversible damage to the
device. Exposure to absolute maximum rating condition for extended periods may affect device
reliability.
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SAB 8048/8035L

AC Characteristics
TA =010 70°C; VCC=VDD =5V +10%; VSS =0V
Symbol | Parameter Limit Values Unit Test Conditions *
min. max.
tLL ALE pulse width 400 - ns -
tAL Address setup to ALE 120 - ns -
tLA Address hold from ALE 80 - ns -
tCC Control pulse width 700 - ns -
(PSEN, RD, WR)
tDW Data setup before WR 500 - ns -
tWD Data hold after WR 120 - ns CL =20 pF
tCY Cycle time 2.5 15.0 us 6 MHz crystal = 2.5 us
tDR Data hold 0 200 ns -
tRD PSEN, RD to data in - 500 ns -
tAW Address setup to WR 230 - ns -
tAD Address setup to data in - 950 ns -
tAFC Address float to 0 - ns -
RD, PSEN
tCA Control pulse to ALE 10 — ns -

* Control outputs: CL = 80 pF; BUS outputs: CL = 150 pF

Waveforms

Instruction fetch from external program memory

tcy

et —

tcC ———
——]U«Fc E —= tca 'V

—= LA

tAL =

Bus  Floating Address Floating Instruction Floating
r=~——tRD-

tAD
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SAB 8048/8035L

Read From External Data Memory

ALE I I

—

fe—tCC———~f=—tCA—
WR
—1 tWD
tDW—=~
Bus  Floating T Address X Flfaiing Data Floating
tAW——l
Write to External Data Memory
ALE I I
tcc tCA —=
RD
tAFC f=—o —{tDR
Bus Floating Address Floating Data Floating
|
tRD
I tAD |
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SAB 8048/8035L

AC Characteristics (Port 2 Timing)
TA = 010 70°C; VCC = VDD = 5V £10%; VSS =0V

Symbol | Parameter Limit Values | Unit
min. max.
tCP Port control setup before falling edge of PROG 110 - ns
tPC Port control hold after falling edge of PROG 100 - ns
tPR PROG to time P2 input must be valid - 810 ns
tPF Input data hold time 0 150 ns
tDP Output data setup time 250 - ns
tPD Output data hold time 65 - ns
tPP PROG pulse width 1200 |- ns
tPL Port 2 1/0 data setup 350 - ns
tLP Port 2 1/0 data hold 150 - ns
ALE

§CA
tPL 7
= P f=— [—-—tDP——tPD
Expander o 2\
Port X PCH x Dortt 0-3 x Port ControIXOutput Data
Output CL I

—=|tPF
—~ tcp ]«—tPR e
Expander I \ t —
Port PCH Port 293 >< Port Control [r;p‘u
| Data | ata
nput

tPC |l

tpp ——=t

)

PROG
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SAB 8048/8035L

i/O Expansion with i/0 Expander SAB 8243
The SAB 8243 is aninput/output expander designed  the SAB 8243 serve as a direct extension of the SAB
specifically for the SAB 8048 family. The I/0 ports of 8048 ports and can be addressed by owninstructions.

Adding the SAB 8243 1/0 expander to the SAB 8048/8035L

45V GND +5V GND
40126 Y20 24 12
VCC VDD VSS vee GND
S xTaLt e i pLo f2
L P2 e L
L P Lo Pu3 [S—
i XTAL2 P12
P15 |22 P50 fL—
. P12 P51 |2
- RESET P17 2 P52 12—
P20}z ulpy  SAB 843 P53 o
Llea® P2 ;3 ‘g p21 /0 Expander peo 2o
SAB 8048 Ezzg % 2 gg E?% e
o _tle SAB8O3SL P E Pez Iy
p26 21— (13
P27~ 1 PrOG I;;? %
! n ol P72 HE—
. |, e -
Inputs{ —=T1 DB2[E—
A DB3|-—
—&NT DB4HE—
DBS |
DasE
DB
ALE_PSEN PROG WR _RD

rrErr

* EA =5V for SAB 8035L
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SAB 8048/8035L

Expansion of Program Memory and Data Memory

The application example shows the expansion of The SAB 8048 port I/0 lines are reduced from 24 to
program memory, datamemory, and 1/Olinesusing 12 by adding 38 more 1/0 lines of the external

the SAB 8355/8755 (2 K x 8 ROM, 16 1/0 lines) and devices.

the SAB 8155 (256 x 8 RAM, 22 1/0 lines, 14-bit

timer).

+5V 45V GND

uf, C VoD VSS @ 1
Z1A9 [ o
Z1A10 PAZ {2
PA3 B
——————{an0 PAL [B—
———————2{aD1 PAS [B—
————————2%4AD2 PAG [2—
4-———;4“/“33 PAT [2—
— o ﬁ[n)é P8O |2 ve
p— ] ST W e
———HAD7 PB2 [2—
SAB 8755 PR3 B
o
— —=|0R 2Kx8 PBL 26—
. ROM PBS (21—
2 fiow PB6 (%
PB7 |2
— 2 RD
LA
2c
SV GND £2
.
§ ——|RESET __
h““ lm 10/ (LK READY
VCC V0D VSs T T ¢
fz— XTAL1 NC O NC
|i——’» XTAL2
Pyl —
RS
lea¥®
| A
SAB 8048 o
. SAB 8035L 45V GND
NS lo ln
Vo VSS g o
- o :
39 e ] 25
Inputs {~>11 e =02
AT — %MD PAG (11—
TR YT PAT [2—
g
DB —
ALE_PSEN PROG WR_RD ggg o
(EEREEG L S Lo -
! oM spemss P2 =L
[ - 256x8 PC3 o —
— RD RAM PCh (e
PCS [ —
PBO {2—
PB1 Po—
PB2 | —
PB3 |2
PBL [ —
pB5 (2
— PB6 5~
TMER TIMER  PB7 %—
System RESET TN

or 1/0 Pin ‘b ri

* EA =5V for SAB 8035L
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SAB 8048/8035L

Adding Exiernai Program Niemory with EPR

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

2
[72)
>
o
N
N
-
o

+5V GND

VCC VDD VSS 5
HxtaLi e SAB 8282A 2] 43
= 21 A0
}—J_—ixnu oio 0O} a7
2ol D012 2L Ag
. 2iD0I2 D027 21 A5
L I

4
) —{DIs BOS » s ﬁz
a[oe 06 1
EA SAB 8048 o7 DO; 2 LU
s SAB 80351 SAB 2716
NC ——35 ST OF
w 10

— U B0 |2 200
D81 = 01
n DB2 e 110z
DB3 15 13 03
—&IWT DBAHE % 1aL
0B5 L 5405
DB6HE %106
DB7 {2 7407

PSEN ALE OF

[«T lﬂ lm —‘io

* EA=5V for SAB 8035L

Connecting the Osciliator inputs

2

XTAL1

£|Sp5 -
LL XTALZ
T

XTAL1

XTAL2

Crystal series resistance should be
< 75Q at 6 MHz and < 180 Q at 3.6 MHz.

XTALY

XTAL2

, 1 o CH3cep
T 2xVIC - 2

CPP = 5—10pF pin-to-pin capacitance

Siemens Aktiengesellschaft

Both XTAL1 and XTAL2 should be driven.
Resistors to VCC are needed to ensure VIH = 3.8V if
TTL circuitry is used.

XTAL1 and XTAL2 must be high 35—65% of the
period.
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SAB 8048/8035L

Package Outline

Plastic Package, P-DIP, 40 pins

P

e
L0 25k 1,5 max 045+

50.9-0.5

Dimensions in mm

Ordering Information

Type Ordering code Function

8-bit single-chip microcomputer
SAB 8048-P Q67120-C32 with maskprogrammable ROM (P-DIP)

SAB 8035L-P Q67120-C43 with external ROM (P-DIP)
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SAB 8051A/8031A

P,
@bn"bar
y

SAB 8051A-16/8031A-16
8-Bit Single-Chip Microcontroller

SAB 8051A/8051A-16 Microcontroller with factory-maskprogrammable ROM
SAB 8031A/8031A-16 Microcontroller for external ROM

® SAB 8051A/8031A, 12 MHz operation
SAB 8051A-16/8031A-16, 16 MHz operation

® 4K X 8 ROM
® 128 x 8 RAM
® Four 8-bit ports, 321/0 lines
® Two 16-bit timer/event counters
® High-performance full-duplex
serial channel
® External memory expandable to 128 Kbyte

® Compatible with SAB 8080/8085
peripherals

® Boolean processor
® 218 user bit-addressable locations
® Most instructions execute in:

1us (SAB 8051A/8031A)

750 ns (SAB 8051A-16/8031A-16)
® 4 yus (3 ps) multiply and divide
® P-DIP-40 and PL-CC-44 package

Pin Configuration
P-DIP-40 PL-CC-44
| ADO AD1 AD2 AD3
P10 1 W0 Vee P14 P13 P12 P11P10 NC VY PO.0 P01 PO.2 PO.3
A I o e e O o 2 W | nr
P00 ADO
Pz »H 5 L 3 2 L 43 42 &1 40
P12[]3 38[Jro1  AD1
P 31[Jpoz  AD2 P1s[]? T 39]]Po4 AD4
Pulds 36[]po3  AD3 P1.6[]s 38[]P0.S ADS
Pis[e 35[JPOL  AD4
PLTLI9
P67 3u[JP05  ADS I: 37]”'6 ADS
pir[]s 33[JPo6  AD6 RST/vho []10 36[]pPo7  AD?
R 32[po7  ADT —
RSDT//I‘:::Eqb u%‘;iwi 3 gﬁ RXD/PME” SS:IEA
W i A 1
80314 NC [ SAB
™OIP31 [ 30 ] ALE E 8051A 3* :]N ¢
WroP32] 12 29[ ) PSEN 0 /P3.a[]13 8031A 33[]ALE
Wrip33 13 2[]p21 A5 wTosp3.2[]u 32[]PSEN
ToP36 ] 14 21[P26 Al J—
INT1/P3.3[ |15
TIP3 []15 26[JP25 A [ 31]”’7 AL
WRIP36 (] 16 25[1P2e  A12 To/P3.4 16 30[]p26 AW
Roie37 {17 P An Tp3s[n »[]p25 A1
xTAL2[] 18 23[JpP22 A1
18 19 20 21 22 23 24 25 26 27 28
XTAL1 ]9 2[3p21 A9 T Cria Croriy e
Vs (] 20 21[JP20 A8 P36 P37 XTALXTAL Vs NC P20 P21 P2.2 P23 P2.4.
WRRD 2 1 AB A9 A1 AN AR

The SAB 8051A/8031A is a standalone, high-
performance single-chip microcontroller fabricated
in +5V advanced Siemens MYMOS (lil) technology
and supplied in a 40-pin plastic P-DIP or 44-pin
plastic leaded chip carrier (PL-CC-44) package. 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 storage.

The SAB 8051A contains a non-volatile 4K x 8 read-
only program memory; a volatile 128 x 8 read/write
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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, I/0 expansion, or full-
duplex UART; and on-chip oscillator and clock
circuits. The SAB 8031A is identical with the

SAB 8051A, 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.
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SAB 8051A/8031A

Logic Symbol

XTAL1

=

T

XTAL 2

RST/ Vpy —

SAB
PSEN—— ‘8051A
8031A

?
L

Port0

Port 1

Port 2

Address and Data Bus

Address Bus
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SAB 8051A/8031A

Pin Definitions and Functions

Symbol

Pin

P-DIP-40 | PL-CC-44

Input (1)
Output (O)

Function

P1.0-P1.7

1-8

2-9

1/0

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/Vep

©

10

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 Vpp is held within its
spec while V¢ drops below spec, Vpp will provide
standby power to the RAM. When Vpp, is low, the RAM'’s
current is drawn from Vcc.

P3.0-P3.7

10-17

1,
13-19

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.

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

— TO0 (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

21
20

XTAL 1 input to the oscillator’s high gain amplifier.
Required when a crystal is used. Connect to Vgs 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

24-31

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.

PSEN

29

32

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

33

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 8051A/8031A

[ T WY - J R PGP RN ) /ARt Sy [ sy L |
rin UeTinitions and ruicdons (Cont Q)
Pin Input (1) .

Symbol P-DIP-40 | PL-CC-44 | Output (0) | Funetion

EA 31 35 | When held at a TTL high level, the SAB 8051A executes
instructions from the internal ROM when the PC is
lessthan4096.When heldata TTLIowlevel,the SAB8051A
fetches all instructions from external program memory.
For the SAB 8031A this pin must be tied low.

P0.0—P0.7 39-32 |43-36 |I/O 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 ve(ification. Port 0 can sink/source
eight LS TTL ioads.

Vee 40 44 +5V power supply during operation and program
verification.

Vss 20 22 Ground (0V)

NC - 1,12 - No connection

23,34
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SAB 8051A/8031A

Block Diagram

and 1/0 Pins

Frequency
Reference Counters
P .
| |
| Oscillator 4Porggr:r¥1tes 128 bytes Two 16 bit !
l T & Memory Data Memory T|r(r:\er/Event ]
I iming (SAB 8051 only) ounters }
|
PR |
i 8051 < |
| CPU -l
| U l/ 1
| |
Programmable
| 64 Kbyte Bus serial port |
| Expansion Programmable 1/0 - full duplex UART |
Control - synchronous |
[ shifter |
{ Interrupts |
Y RS [ N ] e e e =
Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT

Siemens Aktiengesellschaft

63




SAB 8051A/8031A

Instruction Set Sumimaiy

Mnemonic Description I 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, d-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 with borrow 1 1
SUBB A ddata Subtract immediate data from A with barrow | 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 Decrgment 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 and 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 8051A/8031A

Instruction Set Summary (cont’d)

Mnemonic ] Description I Byte | Cycle
Logical operations (cont’d)

ANL direct,#data AND immediate data to direct byte 3 2
ORL ARn 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, Fdata 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 dirgct byte to accumulator 2 1
XRL A ,@Ri Exclusive OR indirect RAM to accumulator 1 1
XRL A, ddata 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 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 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 d#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
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SAB 8051A/8031A

instruction Set Summary (cont’d)

Mnemonic

Description

Data transfer (cont’d)

MOV direct,@Ri Move indirect RAM to direct byte 2 2
[\ [e)Y 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,3#*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 accumulatoA 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 ARnN 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 indirect RAM with A | 1 1
Boolean variable manipulation

CLR Cc 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 8051A/8031A

Instruction Set Summary (cont’d)

Mnemonic I Description I 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
LIMP 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 is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJNE A.direct,rel Compare direct byte to A and jump if not equalf 3 2
CJNE A, d#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
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: Notes on program addressing modes:

Rn — Working register RO—R7 addr16 — Destination address for LCALL and LIMP
direct — 128 internal RAM locations, any I/0 port, may be anywhere within the 64 Kbyte
control or status register program memory address space.
@Ri — Indirect internal or external RAM addr11 - Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte
#data — 8-bit constant included in instruction page of program memory as the first
4#data 16 — 16-bit constantincluded as bytes2and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include
bit — 128 software flags, any 1/0 pin, control an 8-bit offset byte. Range is +127/-128
or status bit bytes relative to first byte of the following
A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980
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SAB 8051A/8031A

instruction Op Codes in Hexadecimal Order

Z':é(e gﬂm:sr Mnemonic| Operands ?(?é(e l(;lful;ny:)eesr 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 AR2

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 A,R7

oC 1 INC R4 40 2 JC code addr
oD 1 INC R5 41 2 AJMP code addr
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 A,RO

15 2 DEC data addr 49 1 ORL AR1

16 1 DEC @RO0 aA 1 ORL AR2

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO ac 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 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 1 ANL A,R3

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

29 1 ADD AR1 5D 1 ANL AR5

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

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

2C 1 ADD A,R4 60 2 Jz code addr
2D 1 ADD AR5 61 2 AJMP code addr
2E 1 ADD AR6 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
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SAB 8051A/8031A

Instruction Op Codes in Hexadecimal Order (cont'd)

:;Igé(e yfug?/:):; Mnemonic| Operands t‘:é(e yfuk;c?:; Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB A,R4

69 1 XRL A.R1 9D 1 SUBB AR5

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

6B 1 XRL A.R3 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 addr A4 1 MUL AB

71 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 R1,3data AD 2 MoV Rb,data addr

7A 2 MoV R2,4#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 CJUNE 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,3data,code addr
85 3 MOV data addr,data addr B9 3 CJNE R1,4#data,code addr
86 2 MOV data addr,@R0O BA 3 CJINE R2,#data,code addr
87 2 MOV data addr,@R1 BB 3 CJINE R3,#data,code addr
88 2 MOV data addr,RO BC 3 CJINE 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 CJINE R6,#data,code addr
8B 2 MOV data addr, R3 BF 3 CJNE R7,4data,code addr
8C 2 MOV data addr,R4 Cco 2 PUSH data addr

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

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

8F 2 MOV data addr,R7 C3 1 CLR (o}

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 Cc8 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 A,RO cC 1 XCH AR4

99 1 SuUBB AR1 CcD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH AR6

9B 1 SUBB: A,R3 CF 1 XCH AR7
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;odes in Hexadecimal Order (cont’d)

::-‘oec)i(e yfugr;:)eesr 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 addr
DB 2 DJUNZ R3,code addr
DC 2 DJNZ R4,code addr
DD 2 DJNZ R5,code addr
DE 2 DJINZ R6,code addr
DF 2 DJUNZ R7,code adar
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 adar *)
E6 1 Mov A,@RO

E7 1 Mov A,@R1

E8 1 MOV ARO

E9 1 Mov AR1

EA 1 MOV AR2

EB 1 MoV A,R3

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 @RO0,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 MOov 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 —65 to +150°C
Voltage on any pin with respect to ground (Vss) —-05to+ 7V
Power dissipation 2W

Note: 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.

DC Characteristics

Ta=0t070°C; Vec =5V £10%; Vgs = 0V

Symbol Parameter Limit values Unit Test condition

min. max.

Vi Input low voltage ~0.5 0.8 \" -

Vin Input high voltage 2.0 Vec 405 |V -
(except RST/VPD and XTAL2)

Viu Input high voltage to 2.5 Vec +0.5 | v XTAL1 to Vsg
RST/VPD for reset, XTAL2

Vep Power down voltage 4.5 5.5 \% Vee =0V
to RST/VPD

VoL Output low voltage - 0.45 Vv Iop = 1.6 MA
Ports 1, 2,3

Vour OQutput low voltage - 0.45 Vv Io. = 3.2mA
Port 0, ALE, PSEN

Vou Output high voltage 2.4 - \% Ion = —80 pA
Ports 1,2, 3

Vout Output high voltage 24 - \' lonw = —400 uA
Port 0, ALE, PSEN

I Logical 0 input current - -500 uA V=045V
Ports 1, 2,3

12 Logical 0 input current - -3.2 mA XTAL1T = Vg
XTAL 2 Vi = 0.45V

. Input high current to - 500 uA Vin = V=15V
RST/Vpp for reset

m Input leakage current - +10 uA 0V < Viy < Vee
to port 0, EA

Icc Power supply current All outputs
SAB 8031A/8051A - 125 mA disconnected
SAB 8031A-16/8051A-16 - 140 mA

Ip Power down current - 10 mA Vee =0V

Co Capacitance of 1/0 buffer - 10 pF fo =1 MHz
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oy

AC Characteristics for SAB 8051A/8031A
Ta=0t070°C; Vec =5V £10%; Vss = 0V

(C. for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/teie = 1.2 MHz to 12 MHz
min. max. min. max.

[ ALE pulse width 127 - 2 teic—40 - ns
taviL Address setup to ALE 53 - tere—30 - ns
tLiaxa Address hold after ALE 48 — tercl—35 — ns
tiav ALE to valid instruction in - 233 — 4toc—100 ns
el ALE to PSEN 58 - tercl—25 - ns
toLph PSEN pulse width 215 - 3t —35 - ns
toLy PSEN to valid instruction in - 150 - 3tcc—100 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
toxiz *) Input instruction float after PSEN | — 63 - teLcl—20 ns
toxav *) Address valid after PSEN 75 - toc—8 - ns
taviv Address to valid instruction in - 302 - 5lcic—115 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock
12 MHz clock 1/tere = 1.2 MHz to 12 MHz
min. max. min. max.

tRLRH RD pulse width 400 - 6tcc—100 |- ns
fwLwh WR pulse width 400 - 61cc—100 |- ns .
tiiax2 Address hold after ALE 132 - 2t c—35 - ns
taov RD to valid data in - 252 - 5 teic—165 ns
taupx Data hold after RD 0 - 0 - ns
Data float after RD - 97 - 2t —70 ns
tiov ALE to valid data in - 517 — 8 tect—150 ns
tavbv Address to valid data in - 585 - 9t —165 ns
tuw ALE to WR or RD 200 300 3t c—50 3o +50 ns
tavwL Address to WR or RD 203 - 4ty —130 - ns
twhLn WR or RD high to ALE high 43 123 torcL—40 torcL+40 ns
tovwx Data valid to WR transition 33 - tercL—50 - ns
tovwh Data setup before WR 433 - 7 tec—150 - ns
twhax Data hold after WR 33 - torc—50 - ns
taiaz Address float after RD - 0 - 0 ns

*) Interfacing the SAB 8051A to devices with float times up to 75 ns is permissible.

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.
torel Oscillator period v 83.3 833.3 ns
tenex High time 20 terei-terex ns
terex Low time 20 teLei-terex ns
teic Rise time - 20 ns
teneL Fall time - 20 ns

ROM Verification Characteristics for SAB 8051A
Ta = 25°C +5°C; Ve =5V £10%; Vgs = 0V

Symbol Parameter Limit values Unit
min. max.
tavav Address to valid data ~ 48 feic ns
terav ENABLE to valid data - 48 teicL ns
teHoz Data float after ENABLE 0 48 tei oL ns
1/t Oscillator frequency 4 6 MHz
ROM Verification

P1.0-P17 ’ ) <
bro- pza T\ Address

fAVQV

Port 0 ——————{ Data out ‘r————

|feLav | feraz
P21
ENABLE
Address: P1.0—P1.7 = A0—-A7 Inputs: P2.4—P2.6, PSEN = Vs
P2.0-P2.3 = A8-A11 ALE,EA =V,
Data:  Port0 = DO-D7 Rst/Veo = Vi
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A~ A

AC Characteristics for SAB 805
Ta=0t070°C; Vec =5V £10%; Vss =0V
(C, for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
16 MHz clock 1/teicL = 1.2 MHz to 16 MHz
min. max. min. max.

tiH ALE pulse width 85 — 2 teicL—40 — ns
tavie Address setup to ALE 33 - tere—30 — ns
tiiaxa Address hold after ALE 28 - teLct—35 - ns
tiuv ALE to valid instruction in - 150 - 4tcc—100 ns
tiipL ALE to PSEN 38 - torcl—25 - ns
toLph PSEN pulse width 153 - 3itcc—35 - ns
touy PSEN to valid instruction in - 88 - 3teel—100 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
texiz *) Input instruction float after PSEN | — 48 - teret—15 ns
toxav *) Address valid after PSEN 60 - toci—3 - ns
taviv Address to valid instruction in - 223 - 5 terc,—90 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock

16 MHz clock 1/teicL = 1.2 MHz to 16 MHz
min. max. min. max.
taLrn RD pulse width 275 - 6 tc cL—100 — ns
twiwn WR pulse width 275 - 6 teLc—100 - ns
tiiax 2 Address hold after ALE 90 - 2 tcc—35 - ns
taLov RD to valid data in - 148 - 5tcc—165 ns
tRHDX Data hold after RD 0 - 0 - ns
tanoz Data float after RD - 55 - 2toe—70 ns
fiov ALE to valid data in - 350 - 8tcc—150 ns
tavov Address to valid data in - 398 - 9tcc—165 ns
tuwe ALE to WR or RD 138 238 3o c—50 3tcc+50 ns
Eavwi Address to WR or RD 120 - 4t c—130 - ns
twhih WR or RD high to ALE high 23 103 terc—40 torcL+40 ns
tavwx Data valid to WR transition 13 - toeL—50 - ns
tavwH Data setup before WR 288 — 7 terc—150 - ns
bwHax Data hold after WR 13 - tcieL—50 - ns
taiaz Address float after RD - 0 - 0 ns

*) Interfacing the SAB 8051A-16 to devices with float times up to 55ns 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 16 MHz
min. max.
terel Oscillator period 62.5 833.3 ns
teHex High time 15 tereL-torex ns
terex Low time 15 tereL-terex ns
teicn Rise time - 15 ns
teneL Fall time - 15 ns
ROM Verification Characteristics for SAB 8051A-16
Ta = 25°C £5°C; Ve =5V £10%; Vss =0V
Symbol Parameter Limit values Unit
min. max.
tavav Address to valid data - 48 tercL ns
teLav ENABLE to valid data - 48 te oL ns
tenaz Data float after ENABLE 0 48 te oL ns
1tereL Oscillator frequency 4 6 MHz
ROM Verification
P1.0- P17 '
P2.0- P23 ‘: Address > (
—’4 favav=—
Port 0 ——{ Data out p——""""—
|feLav fenaz
P27
ENABLE
Address: P1.0—P1.7 = A0—A7 Inputs: P2.4—P2.6, PSEN = Vsg
P2.0-P2.3 = A8-A11 ALE,EA =Vyu
Data:  Port0 = D0O-D7 RST/Veo = Vimn
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LY.V Py S,
ywvavciviitio
Program Memory Read Cycle
fey '
—funLe fLiy
r———\ fipt —
ALE \
Toupw
PSEN _/— _—\—_/_
1t e PR -
LLAX1 «fPLIV_- fP)(IZ PXA:_
fa == _ | |fazee foxx| |
\
INSTRIN >—'< AT -A0 - INSTRIN> - AT}—( N >—
PORT 0 \ N AT INSTR1
"AVIV
ADDRESS ) )
borT2 ORSPRp2 N ADDRESS AtS-A8 X{ ADDRESS A15<A8 >
I )
Data Memory Read Cycle
fiiov == fuLH
ALE ___/ﬁ
PSEN / )
fliw frirH
" \ —
—f L axz—] /
4 " freio
TavwL "RLOV +
fAVIJV EE-DL ——
bort 0 >——< AT- A0 ><>< DATA IN
faLaz
ADDRESS A\
Portz OR SFR.DQ ADDRESS A15-A8 OR SFR-P2 )
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ALE

Port 0

Port 2

Data Memory Write Cycle

— fwnuF

_
_J

flowe Furwn
—
\ ¥
f |
AV “favwx
t “‘_
Liaxe v -
H AT-A0 DATA OUT ;
\
ADDRESS R -
R sm-p;x ADDRESS A15-AB OR SFR-P2 /

AC Testing Input, Output, Float Waveforms

2.4 20 2.0
Test Points
0.8 0.8
0.45
[ Float [
24 20 20 2.4
045 0.8 0.8 045

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 3.2mA or sources
400 uA at the voltage test levels.
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SAB 8051A/8031A

External Clock Cycle

Recommended Oscillator Circuits

¢
|} 19(21) XTALY 19(21) XTAL1
+5V _[
] =
12-12MHz L1
12-16MHz
C 1
L} 1820 x7aL 2 o L T
7404
741506

C=30pF £10pF

Crystal Oscillator Mode Driving from External Source

Pin number in (...) are for PL-CC-44 package

Siemens Aktiengesellschaft 78



SAB 8051A/8031A

Plastic Package, P-DIP-40

15, 24202 4-‘

0.2

Sof4-03
15,2712 J

v

Dimensions in mm

Plastic Package, PL-CC-44

N

16.7-02

17703 —>

——155%0.5 —=]

045295
u LILn
f

l
i
|
S —

27  0.81max. —ti355
4,38:03
gkt la—

Dimensions in mm
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Ordering Information
Type Ordering code Description
8-bit single-chip microcontroller
SAB 8051A-P Q 67120-C186 with mask-programmable ROM (P-DIP-40)
SAB 8031A-P Q67120-C183 for external memory (P-DIP-40)

SAB 8051A-16-P

Q 67120-C346

with mask-programmable ROM (P-DIP-40)

SAB 8031A-16-P

Q 67120-C347

for external memory (P-DIP- 40)

SAB 8051A-N

Q 67120-C224

with mask-programmable ROM (PL-CC-44)

SAB 8031A-N

Q 67120-C271

for external memory (PL-CC-44)

SAB 8051A-16-N

Q67120-C348

with mask-programmable ROM (PL-CC-44)

SAB 8031A-16-N

Q67120-C349

for external memory (PL-CC-44)
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SAB 80C51/80C31
8-Bit CMOS Microcontroller

SAB 80C51-P(N)
SAB 80C31-P(N)

® 4K x 8 ROM (SAB 80C51 only)
® 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 up to 128 Kbytes

CMOS microcontroller with factory mask-programmable ROM
CMOS microcontroller for external ROM

® Boolean processor

® 218 user bit-addressable locations

® Most instructions execute in 1 us

® Multiply and divide in 4 us

® 5 interrupt sources, two priority levels
® |dle and power-down operation

o P-DIP 40 and PLCC 44 package

Pin Configuration
P-DIP-40 PL-CC-44
P10 []1 W0 v
ADO AD1 AD2 AD3
Zup 39 ]P0 ADO PM?{‘PL‘Z[P_I_PMD lgrc‘ Vie P00 P01 P02 PO3
[ im1 oo
P23 3B1P01 ADY 5 5 % 3 T &b 3 k2 &0 N
pi3]e n[Jroz  AD2 |
pis[l7 39[Jpo4 AD4
P15 36[1P03  AD3
o s B p16[]s 38[]P0s ADS
P16 []7 3u[Jpos  ADS Pu1ls 31[Jpos ADe
P78 3[]P06  AD6 RsT[J10 36[]P07 AD?
RST[]9 SAB  32[JPo7 A7 RxD/P30[]1 3s[]ER
rRaop30[ 0 80C51  3[J®m N [z SAB a[INC
worP31 1 80C31 3 ™0 1p3a[]13 80C51/80C31 33[JALE
wrop3z [ 12 29[ 1 PSEN wroea2[n 32[]PSER
wrip3s 3 2(JP21  A15 J—
C WTip33[s 31Je27 At
Top36 (] 1% 21[Jp26 Al
TO/P34f 16 30 P26 Al
TuP3s 15 26[ P25 A13 il
WP 16 w0 A mp3s[in 9[]P25 AB
ROP3 O] 17 P23 AN B 19 0 N W 23 2 25 2% 21 28/
|85 gy gy o iy gy B 7
xTaL2[]18 Br2 an P36 P3TXTALXTAL Vss NC P20 P21 P2.2 P23 P24
WR R 2 1 AB A9 A AT A2
XTAL1 [ 19 2{JP21 A9
Vssd 0 21[JP20 A8

The SAB 80C51/80C31 is a standalone, high-
performance CMOS single-chip microcontroller,
designed in Siemens ACMOS technology. It is
functionally compatible with the SAB 8051A/8031A
devices in MYMOS technology.

The low-power properties of ACMOS technology
allow applications where power consumption and
dissipatioh are critical. In addition, the SAB 80C51/
80C31 has two software-selectable modes of
reduced activity for further power reduction —idle
and power-down.

Siemens Aktiengesellschaft

The SAB 80C51 contains a non-volatile 4K x 8 read-
only program memory, a volatile 128 x 8 read/write
data memory, 32 1/0 lines, two 16-bit timer/
counters, a five-source, two-priority-level interrupt
structure, a serial 1/0 port, an on-chip oscillator,
and clock circuits. The SAB 80C31 is identical,
except that it lacks the program memory on

the chip.

The SAB 80C51/80C31 is supplied in a 40-pin plastic
dual-in-line (P-DIP-40) package or a 44-pin plastic
leaded chip carrier (PL-CC-44) package.
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SAB 80C51/80C31

Logic Symbol
V'ss Vlrc
XTAL1— ) =,
o | | @
XTAL 2 | —~—— ;}%
| - | o
05’ —— §
RST —»] - | §
[ | §
EA — | )
_— SAB s
PSEN—— 80C51 —
80C31 —
ALE ~——ro <—>:
<—>§
|
i
o
RxD —( -~ | )
TxD ~—-— - | |~ —
INTO— | —-m o | = | S
TO —» é*» <—>Q_5 —— g
T] —| - [~-—— | 2
WR ——| = - ——
RD -=—{ —a» | ——
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SAB 80C51/80C31

Pin Definitions and Functions

Symbol

Pin

P-DIP-40 | PL-CC-44

Input (1)
Output (O)

Functions

P1.0—-P1.7

1-8

2-9

1/0

Port 1 is an 8-bit bidirectional I/0 port with internal pullup
resistors. Port 1 pins that have 1s written to them are pulled
high by the internal pullup resistors, and in that state can be
used as inputs. Asinputs, port 1 pins being externally pulled
low will source current ([, in the DC characteristics)
because of the internal pullup resistors. Port 1 also receives
the low-order address bytes during program verification.

RST

10

A high level on this pin for two machine cycles while the
oscillator is running resets the device. An internal diffused
resistor to Vss permits power-on reset using only an
external capacitor to V.

P3.0—P3.7

10-17

1,
13-19

1/0

Port 3 is an 8-bit bidirectional I/0 port with internal pullup

resistors. Port 3 pins that have 1s written to them are pulled

high by the internal pullup resistors, and in that state can be

used asinputs. Asinputs, port 3 pins being externally pulled

low will source current (1, in the DC characteristics)

because of the internal pullup resistors. Port 3 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 programmed 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).

—TNTO (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.

Al 4

v
ATALI

XTAL2

ao
19

18

O -2

N N

VTAL 1
ATAL T

Input to the inverting oscillator amplifier and input to the
internal clock generator circuits.

XTAL2

Output of the inverting oscillator amplifier.

To drive the device from an external clock source, XTAL1
should be driven, while XTAL 2 is left unconnected. There
are no requirements on the duty cycle of the external clock
signal, since the input to the internal clocking circuitry is
through a divide-by-two flip-flop.

Minimum and maximum high and low times specified in
the AC characteristics must be observed.
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PL-CC-44

Input (1)
Output (O)

Functions

24-31

1/0

Port 2 is an 8-bit bidirectional 1/0 port with internal pullup
resistors. Port 2 pins that have 1s written to them are pulled
high by the internal pullup resistors, and in that state can
be used as inputs. As inputs, port 2 pins being externally
pulled low will source current (I, on the DC characteristics)
because of the internal pullup resistors.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses
(MOVX@DPTR). In this application it uses strong internal
pullup resistors when issuing 1s. During accesses to
external data memory that use 8-bit addresses (MOVX@Ri),
port 2 issues the contents of the P2 special function
register.

29

32

PROGRAM STORE ENABLE

This output issues a control signal that enables the external
program memory to access 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.

ALE

30

33

ADDRESS LATCH ENABLE

Provides signal 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

35

EXTERNAL ACCESS

When held at a high level, the SAB 80C51 executes
instructions from the internal ROM when the PCis less than
4096. When held at a low level, the SAB 80C51 fetches all
instructions from the external program memory. For the
SAB 80C31 this pin must be tied low.

P0.0—P0.7

39-32

43—-36

1/0

Port 0 is an 8-bit open drain bidirectional I/0 port. Port 0
pins that have 1s written to them float, and in that state can
be used as high-impedance inputs.

Port 0 is also the multiplexed low-order address and data
bus during accesses to external program and data
memory. In this application it uses strong internal pullup
resistors when issuing 1s. Port 0 also outputs the code
bytes during program verification in the SAB 80C51.
External pullup resistors are required during program
verification.

Vee

40

a4

Supply Voltage during normal, idle, and power-down
operations.

20

22

Circuit Ground Potential

N.C.

1,12,
23,34

No connection
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SAB 80C51/80C31

Block Diagram
XTAL1 XTAL2 Counters
|f__' ____________________________________ 1
|
l |
. 4096 Byte Two 16-Bit
| Oscillator Program Memory 128 Byte Timer/Event l
and Timing Data Memory |
| (SAB 80C51only) Counters |
‘ |
|
R Y i
I SAB 80CS! < |
| CPU |
l L/ |
| AV :
| Programmable
[ 64K Byte Bus Serial Port |
| Expansion ::> Programmable 1/0 o Full Duplex UART | |
I Control « Synchronous |
| Shifter |
| Interrupts T 7N A ] '
I | R U __U-_U_— ———————— __]
Interrupts Control Parallel Ports Serial In  Serial Out
Address Data Bus
and I/0 Pins
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runct
The SAB 80C51/80C31 is functionally compatible
with the SAB 8051A/8031A products that are
designed in Siemens MYMOS technology.

In addition, instead of the RAM backup power
supply of the SAB 8051A/8031A, the SAB 80C51/
80C31 offers two additional power control modes,
the idie mode and the power-down mode. The
control bits for the reduced power modes are in the
special function register PCON.

Idle mode

Inthe idle mode, the CPU putsitself to sleep while
all the on-chip peripherals stay active. The
instruction that invokes the idle mode is the last
instruction executed in the normal operating
mode before the idle mode is activated. The
contents of the CPU, the on-chip RAM, and all the
special function registers remain intact during

Table 1

this mode. The idle mode can be terminated
either by any enabled interrupt, at which time the
process is picked up at the interrupt service
routine and continued, or by a hardware reset
which starts the processor in the same way as a
power-on reset.

Power-down mode

In the power-down mode the oscillator is
stopped, and the instruction that invokes power-
down is the last instruction executed. Only the
contents of the on-chip RAM is preserved.

A hardware reset is the only way to terminate
power-down.

During power-down and idle mode the external
pins will have the following status (see table 1):

Status of the External Pins during Idle and Power-Down Modes

Mode Program ALE PSEN Port0 Port1 Port2 Port3
Memory

Idle Internal 1 1 Data Data Data Data/
Alternate
Outputs

idle External 1 1 Float Data Address Data/
Alternate
Outputs

Power-Down Internal 0 0 Data Data Data Data/Last
Output of
Alternate
Function

Power-Down External 0 0 Float Data Data Data/Last
Output of
Alternate
Function
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Instruction Set Summary

Mnemonic Description LByte 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 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 and B 1 4
DIV AB Divide A by B 1 4
DA A Decimal adjust accumulator 1 1
Logical operations

ANL ARn AND register to accumulator 1 1
ANL A, direct AND direct byte to accumulator 2 1
ANL A @Ri AND indirect RAM to accumulator (N 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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PR ’

instruction Set Summary (cont’d]

Mnemonic Description I Byte | Cycle

Logical operations (cont'd)

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, #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 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 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 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 byte 3 2

*) MOV A, ACC is not a valid instruction
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Instruction Set Summary (cont’d)

Mnemonic | Description l Byte l 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,#data16 | Load data pointer with a 16-bit constant 3 2
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 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 indirect 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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Instruction Set Summary (cont’d)

Mnemonic | Description I Byte I Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2 2

LCALL addr16 Long subroutine caii 3 2

RET Return from subroutine 1 2

RETI Return from interrupt 1 2

AJMP addr 11 Absolute jump 2 2

LJMP addr16 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 is set 3 2

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

JBC bit,rel Jump if direct bit is set and clear bit 3 2

CJINE A,direct,rel Compare direct byte to A and jump if not equal 3 2

CJINE A, #data,rel Comp. immed. to A and jump if not equal 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: Notes on program addressing modes:

Rn — Working register RO—R7 addr16 — Destination address for LCALL and LUMP

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

@Ri — Indirect internal or external RAM addr11 — Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte

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

H#data 16 — 16-bit constantincluded as bytes2 and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include

bit — 128 software flags, any 1/0 pin, control an 8-bit offset byte. Range is +127/—-128
or status bit bytes relative to first byte of the following

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980

Siemens Aktiengesellschaft 90



SAB 80C51/80C31

Instruction Op Codes in Hexadecimal Order

?:é(e yfu&;i):; Mnemonic| Operands ?c?c)j(e yfug;{):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 A,RO

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 A,R7

oC 1 INC R4 40 2 JC code addr
oD 1 INC R5 41 2 AJMP code addr
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 a7 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 A,R3

18 1 DEC RO 4C 1 ORL A,R4

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 A,R7

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 1 ANL A,R3

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

29 1 ADD A,R1 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 A,R5 61 2 AJMP code addr
2E 1 ADD A,R6 62 2 XRL data adadr,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
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Instruction Op Codes in Hexadecimal Order (cont’d)

?c?c)i(e yfug;?eesr Mnemonic| Operands E;)j(e yful;nytb:sr Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB A,R4

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

6A 1 XRL A,R2 9E 1 SUBB AR6

6B 1 XRL AR3 9F 1 SUBB 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 @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 @RO0,#data AA 2 MOV R2,data adadr

77 2 MOV @R1,3#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 adadr

7C 2 MoV R4,4#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 R7,3data B3 1 CPL C

80 2 SJMP code adadr B4 3 CJNE A, #data,code addr
81 2 AJMP code adadr B5 3 CJNE A, data addr,code addr
82 2 ANL C,bit addr B6 3 CJINE @RO0,#data,code addr
83 1 MovC A,@A+PC B7 3 CJNE @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 R1,3#data,code adar
86 2 MoV data addr,@R0O BA 3 CJNE R2,4#data,code addr
87 2 MOV data addr,@R1 BB 3 CJNE R3,3-data,code addr
88 2 MOV data addr,R0 BC 3 CJNE R4,3-data,code addr
89 2 MOV data addr,R1 BD 3 CJNE R5,#data,code addr
8A 2 MOV data addr, R2 BE 3 CJINE R6,#data,code addr
8B 2 MOV data addr, R3 BF 3 CJNE R7,4#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 adar,R7 C3 i 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 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 A,R2

97 1 SUBB A @R1 CB 1 XCH A,R3

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

99 1 SUBB AR1 CD 1 XCH A,R5

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)

?c?c)i(e yfutr’;\,tbeesr Mnemonic| Operands
DO 2 POP data adadr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB [

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 addr
DB 2 DJNZ R3,code adadr
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 A,R3

EC 1 MOV AR4

ED 1 MOV A,R5

EE 1 MOV A,R6

EF 1 MOV A,R7

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) —0.5Vto Vg +0.5V
Voltage on Ve to Vss —-0.5t06.5V
Power dissipation 1w

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

DC Characteristics
Voe = 5V +20%; Vss = 0V; T = 0to 70°C

Parameter Symbol Limit values Unit | Test conditions
min. max.
Input low voltage Vi -0.5 0.2V¢c—0.1 |V -
(except EA)
Input low voltage (EA) ViLr —-0.5 0.2Vc—0.3 |V -
Input high voltage Viu 0.2Vec+0.9 | Vee+0.5 \% -
(except XTAL1, RST)
Input high voltage Vim 0.7Vec Vec+0.5 \% —
(XTAL1, RST)
Output low voltage Voo - 0.45 v Ioo=16mA"
(ports 1, 2, 3)
Output low voltage Vo1 - 0.45 \% Io. =32mA"
(port 0, ALE, PSEN)
Output high voltage Vou 2.4 — \ Iow = —60 uA Ve =5V £10%
orts1,2,3
P ) 0.9Vee - Vo |Iow=—10uA
Output high voltage Vo 24 - \Y Ion = —400 puA Ve = 5V £10%
(port 0 in external bus
mode, ALE, PSEN) 0.9Vcc - v Ion = —40 pA?
Logical 0 input current I - —-50 uA Vin = 0.45V
(ports 1, 2, 3)
Logical 1-to-0 transition Iy, - —650 uA Vin = 2V
current (ports 1, 2, 3)
Input leakage current m - +10 uA 0.45 < Viy < Ve
(port 0, EA)
Reset pulldown resistor Rerst 50 150 kQ -
Pin capacitance Co - 10 pF fc = 1MHz, Tp = 25°C
Power down current Iep - 50 WA | Vee=2tobV?

For notes refer to next page.
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DC Characteristics (cont’d)

Maximum Icc (mA)

Active Mode ¥ Idle Mode *
Freq. Vec | 4V 5V 6V 4v 5V 6V
0.5 MHz 1.6 2.2 3 0.6 0.9 1.2
3.5 MHz 4.3 5.7 7.5 1.1 1.6 2.2
8.0 MHz 8.3 1 14 1.8 2.7 3.7
12 MHz 12 16 20 25 3.7 5

Note ": Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the
VoL of ALE and ports 1 and 3. The noise is due to external bus capacitance discharging into the port 0
and port 2 pins when these pins make 1-to-0 transitions during bus operation. In the worst case
(capacitive loading >100pF), the noise pulse on ALE line may exceed 0.8V. In such cases it may be
desirable to qualify ALE with a Schmitt-trigger, or use an address latch with a Schmitt-trigger
strobe input.

Note 2: Capacitive loading on ports 0 and 2 may cause the Vo, on ALE and PSEN to momentarily fall below
the 0.9 V¢ specification when the address bits are stabilizing.

Note ¥: Power-down I¢c is measured with: EA = Port 0 = V¢; XTALT = Vgs; XTAL2 = N.C.; RESET = Vss;
all other pins are disconnected.

Note #: Ic (active mode) is measured with: XTAL1 driven with clock signal according to the figure below;
XTAL2 = N.C.; EA = Port 0 = V¢¢; RESET = Vc¢; all other pins are disconnected. Icc might be
slightly higher if a crystal oscillator is used.

Note 9 I (idle mode) is measured with: XTAL1 driven with clock signal according to the figure below;
XTAL2 = N.C.; EA = Vgg; Port 0 = V¢; RESET = Vsg; all other pins are disconnected.

Clock Signal Waveform for I¢¢ Tests in Active and Idle Mode
teren = tewe, = 5 ns

R A\ y AR
\ / Fenex—= \
045V ——F 02 Ve 01 —7 S

feLex feLen
feLew

fEHCL
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AC Characteristics -

Ta =010 70°C; Voc =5V £20%; Vss = 0V

(C_ for port 0, ALE and PSEN outputs = 100 pF; C_ for all other outputs = 80 pF)

Program Memory Characteristics

Parameter Symbol Limit values Unit
Variable ciock
12 MHz clock 1/tcrer = 0.5 MHz to 12 MHz
min. max. min. max.
ALE pulse width th 127 - 2tcrc-40 — ns
Address setup to ALE taviL 28 - teLeL-55 - ns
Address hold after ALE tiax 48 - tcLcl-35 - ns
ALE to valid instruction in tu - 234 - 4tcc-100 ns
ALE to PSEN tiipL 43 — tercL-40 - ns
PSEN pulse width tpLpH 205 - 3tcicl-45 - ns
PSEN to valid instruction in toLy - 145 - 3teel-105 ns
Input instruction hold after PSEN | texix 0 - 0 - ns
Input instruction float after PSEN | texiz - 59 - terc-25 ns
Address to valid instruction in taviv - 312 - Stcic-105 ns
PSEN to address float teLaz - 10 - 10 ns
External Data Memory Characteristics
Parameter Symbol Limit values Unit
Variable clock
12 MHz clock 1/tereL = 0.5 MHz to 12 MHz
min. max. min. max.
RD pulse width tRLRH 400 - 6tcic-100 - ns
WR pulse width twiwH 400 — 6tcLc-100 — ns
Address hold after ALE tLLAx 48 - teLcl-35 - ns
RD to valid data in tRLDV - 252 - 5tcic-165 ns
Data hold after RD tRHDX 0 - 0 - ns
Data float after RD tRHDZ - 97 - 2teie-70 ns
ALE to valid data in tLov — 517 — 8tcrcL-150 ns
Address to valid data in tavov - 585 = 9tcic-165 ns
ALE to WR or RD towe 200 300 3tcic-50 3tcicL+50 ns
WR or RD high to ALE high twhLH 43 123 tcic-40 teLeL+40 ns
Address valid to WR tavwi 203 - 4tcic-130 - ns
Data valid to WR transition tavwx 23 - teLeL-60 - ns
Data hold after WR twHax 33 - terct-50 - ns
Address float after RD triaz — 0 -~ 0 ns
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External Clock Drive

Parameter Symbol Limit values Unit
Variable clock
Freq. = 0.5 MHz to 12 MHz
min. max.
Oscillator period tereL 83.3 2000 ns
High time terex 20 - ns
Low time terex 20 - ns
Rise time teLen - 20 ns
Fall time teHeL - 20 ns
Oscillator frequency 1/teeL 0.5 12 MHz

ROM Verification Characteristics for SAB 80C51
Ta = 25°C £5°C; Vo = 5V £20%; Vs = 0V

Parameter Symbol Limit values Unit
min, max.
Address to valid data tavav - 48 feicL ns
ENABLE to valid data teLav - 48 teicl ns
Data float after ENABLE teHaz 0 48 tercL ns
Oscillator frequency 1/tereL 4 6 MHz
ROM Verification

P1.0-P17 ) <
P20- P2.3——* Address

_" Favav=—

feav | teraz
P27
ENABLE
Address: P1.0—-P1.7 = A0—A7 Inputs: P2.4—P2.6, PSEN = Vss
P2.0-P2.3 = A8—-A11 ALE, EA =Vy
Data:  Port0 = DO-D7 RST = Vi
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Program Memory Read Cycle

Foe
ALE . / \
= favL = L_ toLpn {
— tupL
LLIV
PLIV™
PSEN /
toLaz
= fiiax Foxix
4 4
Port0 >—-< A0-AT [ Instr. In AO-A7
favy
Port2 x A8-A1S X A8-A15
Data Memory Read Cycle
=1 funLn
ALE _/__—\F
PSEN / \ /
FLipv
fuowe TRLRH
— y
RD \( /
= il [=— faLov —— Trupz [“
- Fuiax
—= |=—taaz — "‘fRHDx
'AO-AT from 4 % < A0-A7 > <InsfrA
Port0 ){-RI or DPL m Data In from PCL In
FavwL
Tavov
Y
Port2 XL P2.0-P2.7 or AB-A15 from DPH X A8-A15 from PCH
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Data Memory Write Cycle
ALE / \

.

PSEN / \_/

- fWHLH

"t FuLwH
/
WR X /
— faviL - favwx
*D_LLAX — | — Fwrax
Tavwh
£ A0-A7 ¢ A0-A7 Tnstr.

P°F*°:>“< from RI or DPL Data Out from PCL In

FavwL
Port2 XP P20-P27 or A8-A15 from DPH W-Aﬁ from PCH
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External Clock Cycle

07T Vic f
Tenex \
045V 0.2V -01 y .
fene— feLex F—teLcH
feLel

AC Testing: Input, Output Waveforms

Vec-05

2 VCC+0.9
Test Points

045V 0.2 Vcc-0.1

AC Inputs during testing are driven at Vc—0.5V for a logic ‘1" and 0.45V for a logic ‘0’.
Timing measurements are made at Vi min for a logic ‘1" and V|, ., for a logic ‘0.

AC Testing: Float Waveforms

Timing Reference <%( Von =01V
Points / Vo <01V

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs
and begins to float when a 100 mV change from the loaded Vou/ Vo, level occurs. Io /Ion = +20 mA.
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SAB 80C51/80C31

Recommended Oscillator Circuits

1L X 19(21)

—[—4 —=0.5-12MHz

C

XTAL1

XTAL2

1l 18(20)
I )

(=30pF+10pF
Crystal Oscillator Mode

External
Oscillator — 221
Signal

XTAL1

N —820yTAL 2

Driving from External Source

Pin numbers in (...) are for PLCC 44 package

Siemens Aktiengesellschaft
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SAB 80C51/80C31

Plastic Package, P-DIP-40

_{ r——1s.uzo‘z —

S
al
s s R -_‘wu_q,__‘
L 254 LSmax 045 2 1025

l=—15.24°12

Dimensions in mm

—

Plastic Package, PLCC-44

(N A
onooohdnag
A
o !
b Lo =
. S S sS, o
S
— ==
| ] SLS
" =
(ST =t
i 0,5 min.
freco—— )
127  0,81max. 355
4,38+03
— [

Dimensions in mm
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SAB 80C51/80C31

Ordering Information

Type Ordering code Description

8-bit CMOS microcontroller
SAB 80C51-P Q67120-C265 with mask-programmable ROM (P-DIP-40)
SAB 80C31-P Q67120-C157 for external memory (P-DIP-40)
SAB 80C51-N Q67120-C372 with mask-programmable ROM (PL-CC-44)
SAB 80C31-N Q67120-C371 for external memory (PL-CC-44)

Siemens Aktiengesellschaft
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SAB 8032A-16

P ,.
e&'b’;?er
| 4

8-Bit Single Chip Microcontroller

SAB 8032A-16 Control-oriented CPU with RAM and 1/0, for external ROM

® 16 MHz operation

® 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 750 ns

® 3 us multiply and divide

® Upward compatible with SAB 8031A/8051A

Pin Configuration
12010 O W[ vee
nexen ]2 39f P00 ADD
p12[]3 38[7]PO1T  ADY
P13 [P0z AD2
Pds 36[JP03  ADY
P15 e 35[]P0L  ADL
P17 36[7]P0S  ADS
P78 3[1P06  AD6
RSTIVpy O]9 32[Jp07  ADT
Ru01P30 (] 10 SAB n[JeR
wopaCin AT e
wrors2 (]2 29[ TPSEN
Wrie3s )13 »[pz1 A5
Toe3e ] 21[JP2 Al
T3 s 2[)pzs A1
w3 ()16 25, E P2 AT
rop3? O] 17 a[Je2s an
x1a2[C] 8 Ben A
xia1 ] z2[Jen A9
Vs O new As

Logic Symbol
Vs Ve RSTIVig
[l
L _—
= -
of |8
7] §I08
ol
TR ] =

-

Port1

SAB.
80324-16

T

?
SRR R RN
?

|
1

L

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

It is 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.
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The SAB 8032A-16 contains 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, 1/0 expansion,

or full duplex UART, as well as an on-chip oscillator
and clock circuits. The SAB 8032A-16 has to be
operated with external program memory.
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SAB 8032A-16

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Function

P1.0—-P1.7

170

Port 1is an 8-bit quasi-bidirectional I/0 port. It is used for
the low-order address byte during program verification.
Port 1can sink/source four LS TTL loads. Pins P1.0 and
P1.1also 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

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 (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 1input 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 1input 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.

Siemens Aktiengesellschaft
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SAB 8032A-16

Pin Definitions and Functions (cont’d)

Symbol

Number

Input (1)
Output (O)

Function

ALE

30

(e}

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

For the SAB 8032A-16 this pin must be tied low.

P0.0—P0.7

39-32

Port 0 is an 8-bit open drain bidirectional I/0 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.

40

+5V power supply during operation and program
verification.

20

Circuit ground potential.

Block Diagram
Frequency
Reference Counters

r-y— -~~~ 000 T
| |
‘ T 6 l
| Oscillator hree 16 bit |
| & oaztzshmz Timer /Event |
| Timing ¥ Counters |
' |
| IR 7S I
: SAB 8052A <L |
CPU |

| |
! |
I N |

Programmable

| 64Kbyte Bus | . seri!;! port I
| Expansion _‘) Programmable 1/0 + full duplex UART |
Control + synchronous |

| shifter |
I Interrupts |
e JR [ U O I O I _J

Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT
and 1/O Pins
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SAB 8032A-16

instruction Set Summary

Mnemonic Description 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 A with carry flag 2 1
ADDC A,@Ri Add indirect RAM to A with.carry flag 1 1
ADDC A ddata 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 with borrow 1 1
SUBB A drdata 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 and 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-16

Instruction Set Summary (cont'd)

Mnemonic J Description LByte [ Cycle
Logical operations (cont'd)

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, #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 Exclusive OR direct byte to accumulator 2 1
XRL A, @Ri Exclusive OR indirect RAM to accumulator 1 1
XRL A, ddata 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 byte 3 2
CLR Clear accumulator 1 1
CPL A Complement accumulator 1 1
RL A Rotate accumulator left 1 1
RLC A Rotate A left through 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, ddata 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,3#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
Siemens Aktiengesellschaft 109 *) MOV A,ACC is not a valid instruction




SAB 8032A-16

instruction Set Summary (cont’d)

Mnemonic Description I Byte J 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 indirect 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-16

Instruction Set Summary (cont'd)

Mnemonic rDescription l Byte l 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 is set 3 2

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

JBC bit,rel Jump if direct bit is set and clear bit 3 2

CJNE A, direct,rel Compare direct byte to A and jump if not equalf 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,#data,rel Comp.immed. to ind. and jump if notequal © |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: Notes on program addressing modes:

Rn — Working register RO—R7 addr 16— Destination address for LCALL and LUMP

direct — 128internal RAM locations, any 1/0 port, may be anywhere within the 64 Kbyte
control or status register program memory address space.

@Ri — Indirect internal or external RAM addr 11— Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte

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

4data 16 — 16-bitconstantincluded as bytes2and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include

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

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980
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SAB 8032A-16

Instruction Cp Codes in Hexadeciimai Order

cHsge glfugr;tbeesr Mnemonic| Operands ::-ioeé(e glfu&,?g 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 adadr 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

ocC 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

1 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 @RO0 a4A 1 ORL A,R2

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4c 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, 4#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 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 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 AR7 63 3 XRL data addr, #data
30 3 JNB bit addr, code addr 64 2 XRL A, #data

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

33 1 RLC A 67 1 XRL A,@R1
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SAB 8032A-16

Instruction Op Codes in Hexadecimal Order (cont’'d)

}c:'(;aé(e cl:lfutr"r;t):sr Mnemonic| Operands I(:‘oeé(e lglfuk;?/tb:sr Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB A,R4

69 1 XRL AR1 9D 1 SUBB AR5

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

6B 1 XRL A,R3 9F 1 SUBB AR7

6C 1 XRL A,R4 A0 2 ORL C,/bit addr

6D 1 XRL AR5 A1 2 AJMP code addr

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

6F 1 XRL A,R7 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 @RO0,data addr

73 1 JMP @A+DPTR A7 2 MOV @R 1,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 @R1,3#data AB 2 MOV R3,data addr

78 2 MOV RO,4#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 R5,4data B1 2 ACALL code addr

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

7F 2 MOV R7,4#data B3 1 CPL Cc

80 2 SIMP code addr B4 3 CJNE A, #data,code addr
81 2 AJMP code addr B5 3 CJINE A, data addr,code addr
82 2 ANL C,bit addr B6 3 CJINE (@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 addr
85 3 MOV data addr,data addr B9 3 CJNE R1,#data,code addr
86 2 MOV data addr,@R0 BA 3 CJNE R2,#data,code addr
87 2 MOV data addr,@R1 BB 3 CJUNE R3,#data,code adadr
88 2 MOV data addr,RO BC 3 CJINE R4,4data,code addr
89 2 MOV data addr,R1 BD 3 CJNE R5,3#data,code addr
8A 2 MOV data addr, R2 BE 3 CJNE R6,#data,code addr
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 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 C6 1 XCH A,@RO

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

94 2 SUBB A, 3data c8 1 XCH A,RO

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 CcB 1 XCH A,R3

98 1 SUBB A,RO cc 1 XCH A.R4

99 1 SUBB AR1 cD 1 XCH A,R5

9A 1 SUBB AR2 CE 1 XCH A,R6

9B 1 SUBB AR3 CF 1 XCH A,R7
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SAB 8032A-16

instruction Op Codes in Hexadecimai Order (cont'd)

lc_'oeé(e ONfutr)w;tbeesr 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 adar
DA 2 DJNZ R2,code adadr
DB 2 DJNZ R3,code adar
DC 2 DJNZ R4,code adar
DD 2 DJNZ R5,code addr
DE 2 DJNZ R6,code addr
DF 2 DJNZ R7,code adar
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 A,R3

EC 1 MOV AR4

ED 1 MOV A,R5

EE 1 MOV A,R6

EF 1 MOV AR7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO0,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
F6 1 MOV @RO0,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 8032A-16

Absolute Maximum Ratings"

Ambient Temperature under Bias

Storage Temperature

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

DC Characteristics
Th=01070°C; Vee = BV + 10%; Ves = 0V

O0to 70°C

—65to +150°C
—-05to+ 7V

2W

Symbol Parameter Limit Values Unit Test Condition
min max.
Vi Input Low Voltage -0.5 0.8
Vin Input High Voltage 2.0
(Except RST/VPD and XTAL2)
Vec+0.5
Vim Input High Voltage to 25 XTAL1to Vgg
RST/VPD for Reset, XTAL2
Vep Power Down Voltage 4.5 5.5 Vee = OV
to RST/VPD
VoL Output Low Voltage \% Io. = 1.6 MA
Ports 1, 2,3
- 0.45
Voua Output Low Voltage Io. =3.2mA
Port 0, ALE, PSEN
Vou Qutput High Voltage Ioy = —80 uUA
Ports 1,2,3
2.4 -
Vonn Output High Voltage Ion = —400 uA
Port 0, ALE, PSEN
Iy Logical 0 Input Current —500 uA Vi =045V
Ports 1,2,3
L» Logical 0 Input Current -2.0 mA XTAL1 = Vgg
XTAL 2 Vi =0.45V
Ly Input High Current to 500 Vin= Ve~ 15V
RST/VPD for Reset
- A
Iy Input Leakage Current +10 " 0V < Vin< Ve
to Port 0, EA
Icc Power Supply Current 175 All outputs
disconnected
mA
Ipp Power Down Current 15 Ve = OV
Co Capacitance of 1/0 Buffer 10 pF fo = 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-16

AC Characteristics

Ta=0°Cto 70°C; Vec =5V £10%; Vgs = 0V

(C, for Port 0, ALE and PSEN Outputs = 100 pF; C for All Other Outputs = 80 pF)
Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
16 MHz Clock Vterer = 1.2 MHz to 16 MHz
min. max. min. max.
AL ALE Pulse Width 85 - 2tcic-40 -
taviL Address Setup to ALE 33 - tcic-30 -
tiiaxi Address Hold after ALE 28 - terel-35 -
tiy ALE to Valid Instr In - 150 - Ateic,-100
tpe ALE to PSEN 38 - terel-25 - ns
teLpn PSEN Pulse Width 153 - 3tcLo-35 -
teuy PSEN to Valid Instr In - 88 - 3tercl-100
toxix Input Instr Hold after PSEN 0 - 0 -
toxizs) Input Instr Float after PSEN - 48 - terol-15
texavs) Address Valid after PSEN 60 - terel-3 -
taviv Address to Valid Instr In - 223 - 5tcLc-90
tazeL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit
Variable Clock
16 MHz Clock 1/teee = 1.2 MHz to 16 MHz
min. max. min. max.
trirn RD Pulse Width 275 - 6tcici-100 -
twiwn WR Pulse Width 275 - 6tc cL-100 -
tiax2 Address Hold after ALE 90 - 2tcic1-35 -
taLov RD to Valid Data In - 148 - SteicL- 165
tRHDX Data Hold after RD 0 - 0 -
tamoz Data Float after RD - 55 - 2tcic-70
oy ALE to Valid Data In - 350 - 8lcicL-150 ns
tavbv Address to Valid Data In - 398 - tercL-165
twe ALE to WR or RD 138 238 3tcLcL-50 3tcreL+50
tavwi Address to WR or RD 120 - 4t 130 _
twhiH WR or RD High to ALE High 23 103 torcl-40 tercL+40
tavwx Data Valid to WR Transition 13 - terc-50 -
tovwh Data Setup before WR 288 - 7tcici-150 -
twHax Data Hold after WR 13 - tcrcL-50 -
triaz Address Float after RD - 0 - 0

*) Interfacing the SAB 8032A-16 to devices with float times up to 55ns is permissible. This limited bus
contention will not cause any damage to Port 0 drivers.
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SAB 8032A-16

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 16 MHz

min. max.
tercL Oscillator Period 62.5 833.3
fenex High Time 15 forcu-forex
terex Low Time 15 terci-terex ns
teicn Rise Time — 15
tereL Fall Time - 15

External Clock Cycle

A.C. Testing Input, Output, Float Waveforms

400 pA at the voltage test levels.

24 70 70
Test Points
045 0.8 0.8
Float
24 20 zojr—— 24
0.45 0.8 08 N 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
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SAB 8032A-16

Program Memory Read Cycle

Flie =

- fLUV

Fipe

ALE \

/)

=~ feL

PH 'l

—

P T~toLiv = - — texiz
—={faviL [~
= =—=fazpL I = |foxix

INSTRIN A7 -A0 INSTRIN AT - AO >—<INSTR IN >—

PORT 0 _D ( -
fAVlV

ADDRESS - i

pORT2 _OR SFR P2 } ADDRESS A15-A8 x ADDRESS A15-A8 >
Data Memory Read Cycle
fiov — Funin =]
ALE __/_—
PSEN _—/ ~— fuwe frLRH
“ A
frHDZ
| favwe —
p - fuaxe =| = friov —*= frHpx—= |=—
‘Avov
AT- A0 DATA IN
Port 0
— l=~—"tpiaz
ADORESS ADDRESS A15-A8 OR SFR P2 A

port2 _ORSFR P2 J
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SAB 8032A-16

Data Memory Write Cycle

fWHLH ~
ALE ___/——\

= LWL —

Fwiw

Favwi

foaxe T ~—favwx ; .
~— QvwH furax=]

< A7-A0 DATA
Port 0 TA OUT

ADDRESS -
OR SFR P2 ADDRESS A15-AB OR SFR P2

Port 2

Recommended Oscillator Circuits

C
19 19
— XTAL1 XTAL?
+5V _i:
—
1.2-16MHz 2k
C 1
hL ‘ 18 XTAL 2 o b ‘ 18 XTAL2
7404
74LS04

C=30pF £10pF

Crystal Oscillator Mode Driving from External Source
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SAB 8032A-16

Package Outiines

Plastic Package, P-DIP, 40 Pins

e 15.2#:0,2—-’

L

JR%n
35:03] Simax

' — 13
— e o e 1 ) 0.25+01
254 15max - ~ -t

0.45 13 522

Dimensions in mm

Ordering Information

Type Ordering code Description

8-Bit Single-Chip Microcontroller
SAB 8032A-16-P Q 67120-C350 for External Memory (P-DIP)
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Prey;
elzi;;inar
) 74

SAB 8052A/8032A

8-Bit Single-Chip

Microcontroller

SAB 8052A-P(N) Microcontroller with factory-maskprogrammable ROM

SAB 8032A-P(N) Microcontroller for external 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
with flexible transmit/receive baud rate capability

® External memory expandable up to 128 Kbytes

® Boolean processor

@ Most instructions execute in Tus

® Multiply and divide in 4 us

® Six interrupt vectors, two priority levels

® RAM power-down supply

® P-DIP40 and PLCC44 package

® Full backward compatibility with SAB 8051/8031

Pin Configuration
P-DIP 40 PLCC 44
T2EX T2 ADO AD1 AD2 AD3
T P14 P13 P12 P11 P10 NC VCC P00 PO PO.2 PO.3
T20P0 )1 W[ vee imEmEmie el sl
TZEX/PHgZ 39[JP00  ADO 6 5 4 3 2 LLL 43 42 41 4o
P23 »prn A0t p1s[]7 39[]P04 AD4
[ZEIm % 37[JP0z  AD2
P1e]s 36[JP03  AD3 P”’EB 38]P05 ADS
p1s s s[Jeoe ADL p17[]s 37[]P06  ADS
P67 36[JPos  ADS
RST/VP
= wros 106 s1/vPo 10 36[ P07 AD7
stv,ngv I RxD/P3.0[11 35[]ER
Rx0/P30 (] 10 80524 31[JEA
NC [ SAB 3u[]NC
soenln 0 o g 80324 d
oz 12 w[TPER D /P34[]13 8052A 33[]ALE
WTP33 ] 13 »8[Jp21  At5 INT()/PSZI:M 32:]P_SW
TorP3L ] 16 2711 0p2% Al
Tup3s 15 [ P25 A13 WTi/P33[1s 31[]p27 A
WRIP36 [ 16 e A1 T0/P3.4 16 30[]p26 At
Rop3T |17 w[Jpr23 An
P shez an Tp3sn 29[]P2s A13
XTAL1[(] 19 2[]p21 A9 18 19 20 21 22 23 24 25 26 27 28
Vs O] 20 af1en a8 | S8 gy Sy B D
P36 P37 XTALXTAL VSS NC P20 P21 P2.2 P23 P2
WRRD 2 1 AB A9 A0 ATl A2

The SAB 8052A/8032A is a standalone, high-per-
formance single-chip microcontroller fabricated in
+5V advanced N-channel, silicon gate Siemens
MYMOS technology, packaged in a 40-pin DIP or
44-pin plastic leaded chip carrier (PLCC44) package.
It is backwardly compatible with the SAB 8051A/
8031A. It provides the hardware features, architec-
tural 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-
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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, 1/0 expansion,
or full-duplex UART; as well as on-chip oscillator
and clock circuits. The SAB 8032A is identical with
the SAB 8052A, 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.
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SAB 8052A/8032A

Logic Symbol
Vlss V|cc
XTAL1— - | ————
|t ————
5
XTAL 2—— e | == |2
RST/Vpp—==1 B ‘é
- |~ |8
- | - |T
3
A —» o ——— <
—— -T2
SAB
PSEN ~=— 8052A o | —-—— T2 EX
8032A o
ALE —~=— “’E
| O
|
-
|
RxD —= ——— o ‘>1
TxD —e—| -~ | ——— ‘1
W - - | — — - 1 "
e | e |@
t o wn
T0 — |8 = - — |
11 —— | —— &5’
W —— | g — ‘——>
RD = ——— ——
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SAB 8052A/8032A

Pin Definitions and Functions

Symbol

DIP40

Pin
PLCC44

Input (1)
Output (O)

Function

P1.0-P1.7

1-8

2-9

1/0

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. Port 1 also
contains the timer 2 pins as a secondary function.

The output latch corresponding to a secondary function
must be programmed to a one (1) for that function to
operate. The secondary functions are assigned to the pins
of port 1, as follows:

—T2 (P1.0). Input to counter 2.

— T2 EX (P1.1). Capture/Reload trigger of timer 2.

RST/Vep

10

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 Vec. If Vpp is held within its
spec while Vec drops below spec, Vpp will provide
standby power to the RAM. When Vpp, is low, the RAM's
current is drawn from Vcc.

P3.0—P3.7

10-17

11,
13-19

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.

— 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,
18

21,
20

XTAL 1 input to the oscillator’s high gain amplifier.
Required when a crystal is used. Connect to Vgs 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

24-31

Port 2 is an 8-bit quasi-bidirectional I/0 port. It also emits
thé 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

32

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 8052A/8032A

Pin Definitions and Functions (cont’d)

Pin Input (1) .

Symbol DIP40 | PLCC44| Output (0) | Function

ALE 30 33 (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 35 | When held at a TTL high level, the SAB 8052A executes
instructions from the internal ROM when the PC is
lessthan8192. When heldataTTL lowlevel,the SAB 8052A
fetches all instructions from external program memory.
For the SAB 8032A this pin must be tied low.

P0.0—-P0.7 39-32 |43-36 | 1/0 Port 0 is an 8-bit open drain bidirectional I/0 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.

Vee 40 44 - +5V power supply during operation and program
verification.

Vss 20 22 - Circuit ground potential.

NC - 1,12, |- No connection

23,24
Block Diagram
Frequency
Reference Counters
T e — i
| |
' 8192 B
. ytes n
’ Oscillator Program 256 Bytes ¥hree 1/% Bltt |
| Timing Memory Data Memory ”gstrmtevrzn !
| (SAB 80524 only) {
{ SAB 8052A C———— |
CPY |
' |
! |
Programmable
| 64 Kbyte Bus Sergl Port !
| Expansion ’__‘J> Programmable 1/0 «Full Duplex UART |
Control - Synchronous |
| Shifter I
! |
| nterrupts |
(I O B N JENE T N I N EER _
Interrupts Control Parallel Ports Serial Serial
Address Data Bus Input Output
and 1/0 Pins
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SAB 8052A/8032A

Instruction Set Summary

Mnemonic Description l Byte TCycIe

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, d-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, ddata 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 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 and 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 8052A/8032A

Mnemonic Description I Byte i Cycle
Logical operations (cont’d)

ANL direct,ddata 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, d-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 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
XRL A d-data 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 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 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 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
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SAB 8052A/8032A

Instruction Set Summary (cont’d)

Mnemonic j Description | 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 indirect 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 8052A/8032A

Instruction Set Summary (cont'd)

Mnemonic Description | Byte l 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
LIMP 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 is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJINE A, direct,rel Compare direct byte to A and jump if not equal| 3 2
CJNE A, #data,rel Comp. immed. to A and jump if not equal 3 2
CJINE Rn,#data,rel Comp. immed. to reg. and jump if not equal 3 2
CJINE @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 — 128 internal RAM locations, any I/0 port,
control or status register

@Ri — Indirect internal or external RAM

location addressed by register RO or R1
#data  — 8-bit constant included in instruction
4data 16 — 16-bit constantincluded as bytes2 and 3
of instruction

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

All mnemonics copyrighted © Intel Corporation 1980

Notes on program addressing modes:

addr16 — Destination address for LCALL and LIMP
may be anywhere within the 64 Kbyte
program memory address space.

— 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.

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.

addr 11
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SAB 8052A/8032A

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 LJMP code adadr 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 addr
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 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 4C 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 A,R7

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,4data
20 3 JB bit addr, code adadr 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 AR2

27 1 ADD A,@R1 5B 1 ANL A,R3

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

29 1 ADD AR1 5D 1 ANL A,R5

2A 1 ADD AR2 5E 1 ANL AR6

2B 1 ADD A,R3 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 AR6 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
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SAB 8052A/8032A

Instruction Op Codes in Hexadecimal Order (cont'd)

?:él(e gfut;r;,:)eesr Mnemonic| Operands :;lgé(e yfutxiaeesr Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SUBB AR5

6A 1 XRL AR2 9E 1 SUBB ARG

6B 1 XRL AR3 9F 1 SUBB AR7

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

6D 1 XRL AR5 Al 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 @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,3data AA 2 MOV R2,data addr

77 2 MoV @R1,#data AB 2 MOV R3,data adadr

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

79 2 MOV R1,4#data AD 2 MOV R5,data addr

7A 2 MoV R2,4data AE 2 Mov R6,data addr

7B 2 MOV R3,4data AF 2 MoV R7,data adadr

7C 2 MOV R4,3data BO 2 ANL C,/bit addr

7D 2 Mov R5,4data B1 2 ACALL code addr

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

7F 2 MOV R7,4data B3 1 CPL C

80 2 SJMP code addr B4 3 CJNE A, #data,code addr
81 2 AJMP code adadr B5 3 CJINE A,data addr,code addr
82 2 ANL C,bit addr B6 3 CJINE @RO,#*data,code addr
83 1 MovC A,@A+PC B7 3 CJNE @R1,3data,code addr
84 1 DIV AB B8 3 CJNE RO,#data,code addr
85 3 MOV data addr,data addr B9 3 CJNE R1,4#data,code addr
86 2 MoV data addr,@QR0O BA 3 CJINE 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 CJNE R5,4data,code addr
8A 2 Mov data addr, R2 BE 3 CJNE R6,4data,code addr
8B 2 MOV data addr, R3 BF 3 CJNE R7,4data,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 C6 1 XCH A,@RO

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

94 2 SUBB A, #data cs8 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 CB 1 XCH AR3

98 1 SUBB A,RO cc 1 XCH AR4

99 1 SUBB AR1 CD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH A,R6

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

Instruction Op Codes in Hexadecimal Order (cont’d)

?:é(e yfutl;r;{):sr 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 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 A,RO

E9 1 MOV AR1

EA 1 MOV AR2

EB 1 MOV A,R3

EC 1 MoV A,R4

ED 1 MoV A,R5

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 8052A/8032A

Abcaolute Maximum Ratin

ADeoule ViaXimuim « ngs

Ambient temperature under bias Oto 70°C
Storage temperature —65to +150°C
Voltage on any pin with respect to ground (Vss) -05t0 +7V
Power dissipation 2W

Note: 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.

DC Characteristics

Ta=01t070°C; Vec =5V £10%; Ves =0V

Symbol Parameter Limit values Unit Test condition

min. max.

Vi Input low voltage -0.5 0.8 \ -

Vin Input high voltage 2.0 Veet05 |V -
(except RST/Vpp and XTAL2)

Vins Input high voltage to 25 Veet+05 |V XTAL1 to Vgs
RST/Vpp for reset, XTAL2

Vep Power-down voltage 4.5 5.5 \ Vee = 0V
to RST/Vep

Voo Output low voltage - 0.45 \% Io. = 1.6 MA
Ports 1,2, 3

Vo Output low voltage - 0.45 \" Io. = 3.2mA
Port 0, ALE, PSEN

Vou Output high voltage 24 - Y, Ton = —80 pA
Ports 1,2,3

Vour Output high voltage 24 - \% Ion = —400 pA
Port 0, ALE, PSEN

In Logical 0 input current - —500 A ViL=0.45V
Ports 1,2, 3

Lo Logical 0 input current - -2.0 mA XTAL1 = Vs
XTAL 2 Vi =045V

ym Input high current to - 500 A Vin = Vee—15V
RST/Vp, for reset

Iy Input leakage current - +10 uA 0V < Vin < Ve
to port 0, EA

Icc Power supply current - 175 mA All outputs

disconnected
Irp Power-down current - 15 mA Vee =0V
Cio Capacitance of 1/0 buffer - 10 pF f.=1MHz
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SAB 8052A/8032A

AC Characteristics

Ta=0°Ct070°C; Ve = 5V +£10%; Vs = OV
(Cy for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock
12 MHz clock V/teer = 1.2 MHz to 12 MHz

min. max. min. ‘max.

tLHLL ALE pulse width 127 - 2tc 40 - ns
taviL Address setup to ALE 53 - terel-30 - ns
taxi Address hold after ALE 48 - tercL-35 - ns
tiuv ALE to valid instruction in - 233 - Atc o -100 ns
tuee ALE to PSEN 58 - terci-25 - ns
toien PSEN pulse width 215 - 3tcic-35 - ns
teuv PSEN to valid instruction in - 150 - 3terc-100 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
texiz"” Input instruction float after PSEN | — 63 - tercl-20 ns
toxay” Address valid after PSEN 75 - terc-8 - ns
taviv Address to valid instruction in - 302 - 5tcic-115 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock
12 MHz clock 1/teier = 1.2 MHz to 12 MHz

min. max. min. max.
tRLRH RD pulse width 400 - 6tcic-100 - ns
fwiwh WR pulse width 400 - 6t c-100 - ns
tliax 2 Address hold after ALE 132 — 2tc1c-35 - ns
taiov RD to valid data in - 252 - BtcicL-165 ns
tRHDX Data hold after RD 0 - 0 - ns
trHDzZ Data float after RD - 97 - 2tec-70 ns
tupv ALE to valid data in - 517 - 8tcic-150 ns
tavov Address to valid data in - 585 - fcLcL-165 ns
tiowe ALE to WR or RD 200 300 3tcLc,-50 3tcLoL+50 ns
tavwi Address to WR or RD 203 - 4tc1c-130 - ns
tuwrn WR or RD high to ALE high 43 123 tecL-40 teLcL+40 ns
tavwx Data valid to WR transition 33 - tercl-50 - ns
tovwh Data setup before WR 433 - Ttorc-150 - ns
twhax Data hold after WR 33 - tec-50 - ns
taLaz Address float after RD - 0 - 0 ns

"nterfacing 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 8052A/8032A

External Clock Drive XTAL2

Symbol Parameter Limit values Unit
Variable clock
Freq = 1.2 MHz to 12 MHz
min. max.
terel Oscillator period 83.3 833.3 ns
tomex High time 20 torc-terex ns
terex Low time 20 teLei-teHex ns
teicn Rise time - 20 ns
tereL Fall time - 20 ns
Waveforms
External Clock Cycle
fenex —= FeLen—= — | TfcucL
25 25 25
08 0.8 4
[~— friex —

feren {
AC Testing Input, Output, Float Waveforms
24 20 2.0
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 at which a PO pin sinks 3.2mA or sources
400 pA at the voltage test levels.
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SAB 8052A/8032A

Program Memory Read Cycle

| fCY (
Fue =t=— fuuy —=
Fiipe ——\
ALE ¥
FpLpH
] \ P
= FLiaxs <:fPUV* ] _L Foxiz
—|favie =
= =—tazpL 1= [fexix
INSTR IN>>—< A7 -A0 INSTR IN> AT - AO HINSTR |N4>—
PORT 0 \
vy
ADDRESS ><' ] . >
pORT2 _OR SFR P2 ADDRESS A15-A8 ADDRESS A15-A8
Data Memory Read Cycle
fuov Funin —
ALE /
PSEN = L fRiRn
RD —
f
= |~ favwL —— il
£ = fuaxe = [=—friov —= fenox—=] |=~—
vV .
A7- A0 Kx DATA IN
Port 0 4
=1 l=—friaz
ADDRESS - A\
bty _ORSHR P2>< ADDRESS A15-A8 OR SFR P2 )
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SAB 8052A/8032A

Data Memory Write Cycle

Funin
ALE m

PSEN =~ fuwL Fwiwh
WR [
\ w
Favwi
e 17 =t avwx

favwh Hfwhax

>——-< AT-A0 A
Port 0 L DATA OUT

ADDRESS ) \
ooty ORGSR P2 ADDRESS A15-A8 OR SFR P2

Recommended Oscillator Circuits

C
ill 19(21) XTAL1 19(21) XTAL1
+5V
b —
12-12MHz LTk
¢ ! 18(20!
I v 1BL20y7a1 2 o— 20y 1AL 2
7604
T4LS04
C=30pF +10pF
Crystal Oscillator Mode Driving from External Source

Pin numbers in (...) are specified for PLCC44 package.
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SAB 8052A/8032A

ROM Verification Characteristics
Ta=25°C £5°C; Vec =5V £10%; Ves =0V

Symbol Parameter Limit values Unit
min. max.
tavav Address to valid data - 48 teicL ns
terav ENABLE to valid data - 48tci oL ns
tenaz Data float after ENABLE 0 48 teicL ns
Vterel Oscillator frequency 4 6 MHz
ROM Verification

P10- P17
P2.0- P24 _—‘: Address > <

‘ _favay
Port 0 Data Ouf e
feav_ | | _fenaz
P27
ENABLE

Address: P1.0-P1.7 = A0O—A7
P2.0-P2.4 = A8—A12

Data: Port0 = D0-D7

Inputs: P2.5—-P2.6, PSEN = Vgg
ALE,EA = TTL high level
RST/Vep = Vim
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SAB 8052A/8032A

Plastic Package, P-DIP, 40 Pins
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- > e Tm’
254 1.5max 0.45*% ~13

_di-— 15.2A"~2~—!

n— 15.2L:o,zv0]

14 .03

Dimensions in mm

Plastic Package, PLCC, 44 Pins
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SAB 8052A/8032A

Ordering Information

Type Description Ordering code
8-bit single-chip microcontroller

SAB 8052A-P with mask-programmable ROM (P-DIP40) Q 67120-C195

SAB 8032A-P for external memory (P-DIP40) Q67120-C196

SAB 8052A-N with mask-programmable ROM (PLCC44) Q 67120-C263

SAB 8032A-N for external memory (PLCC44) Q 67120-C264
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SAB 80C52/80C32
8-Bit CMOS Microcontroller

SAB 80C52-P(N)

CMOS microcontroller with factory-maskprogrammable ROM

SAB 80C32-P(N) CMOS microcontroller for external ROM

@ 8K x 8 ROM (SAB 80C52 only)

® 256 X 8 RAM

® Four 8-bit ports, 321/0 lines

® Three 16-bit timer/event counters

e High-performance full-duplex serial channel
with flexible transmit/receive baud rate capability
@ External memory expandable up to 128 Kbytes

® Boolean processor

® Most instructions execute in 1 us

® Multiply and divide in 4 us

@ Six interrupt sources, two priority levels
o |dle and power-down operation

@ P-DIP 40 and PLCC 44 package

® Full backward compatibility with

SAB 80C51/80C31
Pin Configuration
P-DIP-40 PL-CC-44
T2P10 1 L0 [TV T2EX T2 ADO AD1 AD2 AD3
P14 P13 P12 P11P10 NC Ve PO.O PO P02 PO.3
T2EXP11 ]2 39[71PO0  ADO imB e BalmEml = | oMl
P23 BP0 ADY € 5 4L 3 2 L L3 42 41 k0 j
P13[]s 37[Po2  AD2 pis[l7 4} 39[Jpos AD4
al=g 36[1P03  AD3 p1s[]e 38[JPos ADS
0L AD!
P56 3s[pos  AD4 p[]e 37[]P06  ADE
P16 []7 3u[TJP0S  ADS
s s 1l eos aos RsT[J10 36[]P07  AD7
RST[]9 »[1po1  ADT Rx0/P3.0[]11 35[JEA
Re0/P30 (] 10 88@582 Elim)zy Ne[n SAB ENalTe
woPn goc3z W[ AE w0 p3a[jn 80(52/80C32 3P ae
Wropsz[] 12 29[ 1PSEN o 3 .
- wror32[w F3E
INTiP33 [] 13 »n[Jpz1 A5
Top3el] aBes  Aw WT1/P33[]1s 3[Jr27 A
P35 15 26[]P25 A1 T0/P3.6 6 30[]p26 A
WRIP36 [] 16 s[]pPa AR np3sln 29[]p2s A
ROP37 [C]17 z:.;l P23 AN
8 19 20 2 2 23 2 25 26 21 28
xTaL2[] 18 23[]pP22 AW
P36 P31XTALXTAL Vis NC P20 P21 P2.2 P23 P2k
XTAL1 ] 19 22[1pP21 A9 WR RD 2 1 AB A9 AN AT A2
Vs (20 21[JpP20 A8

The SAB 80C52/80C32 is a standalone, high-
performance CMOS single-chip microcontroller,
designed in Siemens ACMOS technology. It is
functionally compatible with the SAB 8052A/8032A
devices in MYMOS technology.

Furthermore, it is backwardly compatible with the
SAB 80C51/80C31. The low-power properties of
ACMOS technology allow applications where
power consumption and dissipation are critical.

In addition, the SAB 80C52/80C32 has two software-
selectable modes of reduced activity for further
power reduction —idle and power-down.
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The SAB 80C52 contains a non-volatile 8K x 8 read-
only program memory, a volatile 256 x 8 read/write
data memory, 321/0 lines, three 16-bit timer/
counters, a six-source, two-priority-level interrupt
structure, a serial I/0 port, an on-chip oscillator,
and clock circuits. The SAB 80C32 is identical,
except that it lacks the program memory on

the chip.

The SAB 80C52/80C32 is supplied in a 40-pin plastic
dual-in-line (P-DIP-40) package, or a 44-pin plastic
leaded chip carrier (PL-CC-44) package.
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SAB 80C52/80C32

Logic Symbol

XTAL1

XTAL 2—

SAB
80C52
80C32

T

Port1

REERERR AR R R R RN RN

Port 2

—
N
m
>

RRRRRARR

Address and Data Bus

Address Bus
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SAB 80C52/80C32

Pin Definitions and Functions

Symbol

P-DIP40

Pin
PLCC44

Input (1)
Output (O)

Functions

P1.0-P1.7

1-8

2-9

1/0

Port 1is an 8-bit bidirectional 1/0 port with internal pullup
resistors. Port 1 pins that have 1s written to them are pulled
high by the internal pullup resistors, and in that state can be
used as inputs. Asinputs, port 1 pins being externally pulled
low will source current (I, on the DC characteristics)
because of the internal pullup resistors. Port 1 also receives
the low-order address bytes during program verification.
Port1also containsthetimer 2 pins as asecondary function.
The output latch corresponding to a secondary function
must be programmed to a one (1) for that function to
operate. The secondary functions are assigned to the pins
of port 1, as follows:

-T2 (P1.0). Input to counter 2.

— T2 EX (P1.1). Capture/Reload trigger of timer 2.

RST

10

A high level on this pin for two machine cycles while the
oscillator is running resets the device. An internal diffused
resistor to Vss permits power-on reset using only an
external capacitor to V.

P3.0-P3.7

10-17

11,
13-19

Port 3 is an 8-bit bidirectional 1/0 port with internal pullup

resistors. Port 3 pins thathave 1s written to them are pulled

high by the internal pullup resistors, and in that state can be

used asinputs. Asinputs, port 3 pins being externally pulled

low will source current (1, on the DC characteristics)

because of the internal pullup resistors. Port 3 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 programmed 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 1input 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

21
20

XTAL 1

Input to the inverting oscillator amplifier and input to the
internal clock generator circuits.

XTAL2

Output of the inverting oscillator amplifier.

To drive the device from an external clock source, XTAL1
should be driven, while XTAL 2 is left unconnected. There
are no requirements on the duty cycle of the external clock
signal, since the input to the internal clocking circuitry is
through a divide-by-two flip-flop.

Minimum and maximum high and low times specified in
the AC characteristics must be observed.
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SAB 80C52/80C32

Functions (coni’'d

Input (1) Functions
P-DIP40 | PLCC44 |Output (O)

P2.0-P2.7 |21-28 |24-31 1/0 Port 2 is an 8-bit bidirectional I/0 port with internal pullup
resistors. Port 2 pins that have 1s written to them are pulied
high by the internal pullup resistors, and in that state can
be used as inputs. As inputs, port 2 pins being externally
pulled low will source current (., on the DC characteristics)
because of the internal pullup resist.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses
(MOVX@DPTR). In this application it uses strong internal
pullup resistors when issuing 1s. During accesses to
external data memory that use 8-bitaddresses (MOVX@Ri),
port 2 issues the contents of the P2 special function
register.

PSEN 29 32 (6} PROGRAM STORE ENABLE

This outputissues a control signal thatenables the external
program memory to access 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.

ALE 30 33 [0} ADDRESS LATCH ENABLE

Provides signal 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 35 | EXTERNAL ACCESS

When held at a high level, the SAB 80C52 executes
instructions from the internal ROM when the PC is less than
8192. When held at a low level, the SAB 80C52 fetches all
instructions from the external program memory. For the
SAB 80C32 this pin must be tied low.

P0.0—P0.7 |39-32 |43-36 |l/O0 Port 0 is an 8-bit open drain bidirectional I/0 port. Port 0
pins that have 1s written to them float, and in that state can
be used as high-impedance inputs.

Port 0 is also the multiplexed low-order address and data
bus during accesses to external program and data
memory. In this application it uses strong internal pullup
resistors when issuing 1s. Port 0 also outputs the code
bytes during program verification in the SAB 80C52.
External pullup resistors are required during program

verification.

Vee 40 a4 Supply voltage during normal, idle, and power-down
operations.

Vss 20 22 Circuit ground potential

NC - 1,12, - No connection

23,34
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SAB 80C52/80C32

Block Diagram
XTAL1 XTAL2 Counters

e ~H-
| i
| |
| . 8192- Byte ) Three 16-Bit |
| g:;',}};mr Program Memory I?J?meH:mo Timer/Event |
[ 9 (SAB 80C52 only) ry Counters |
' |
| I /T 7S {
I SAB 80C52 < '
| CPU |

I
] |
| A4 |
| Programmable
I 64 Kbyte Bus Serial Port |
| Expansion :> Programmable 1/0 « Full Duplex UART | |
| Control « Synchronous |

Shifter
{ Interrupts ll
(I Y S B S JE N O O SR F
Interrupts Control Parallel Ports Serial In  Serial Out
Address Data Bus
and 1/0 Pins
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SAB 80C52/80C32

unctional Description

The SAB 80C52/80C32 is functionally compatible
with the SAB 8052A/8032A products that are
designed in Siemens MYMOS technology. Further-
more, the SAB 80C52/80C32 is backwardly
compatible with the SAB 80C51/80C31 devices.

In addition, instead of the RAM backup power
supply of the SAB 8052A/8032A, the SAB 80C52/
80C32 offers two additional power control modes,
the idle mode and the power-down mode. The
control bits for the reduced power modes are in the
special function register PCON.

— Idle mode
Inthe idle mode, the CPU puts itself to sleep while
all the on-chip peripherals stay active. The
instruction that invokes the idle mode is the last
instruction executed in the normal operating
mode before the idle mode is activated. The
contents of the CPU, the on-chip RAM, and all the

special function registers remain intact during
this mode. The idle mode can be terminated
either by any enabled interrupt, at which time the
process is picked up at the interrupt service
routine and continued, or by a hardware reset
which starts the processor in the same way as a
power-on reset.

Power-down mode

In the power-down mode the oscillator is
stopped, and the instruction that invokes power-
down is the last instruction executed. Only the
contents of the on-chip RAM is preserved.

A hardware reset is the only way to terminate
power-down.

During power-down and idle mode the external
pins will have the following status (see table 1):

Table 1

Status of the External Pins during Idle and Power-Down Modes

Mode Program ALE PSEN Port0 Port1 Port2 Port3

Memory

Idle Internal 1 1 Data Data/ Data Data/
Alternate Alternate
Outputs Outputs

Idle External 1 1 Float Data/ Address Data/
Alternate Alternate
Outputs Outputs

Power-Down Internal 0 0 Data Data/Last | Data Data/Last
Output of Output of
Alternate Alternate
Function Function

Power-Down External 0 0 Float Data/Last | Data Data/Last
Output of Output of
Alternate Alternate
Function Function
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SAB 80C52/80C32

Instruction Set Summary

Mnemonic ] Description l 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 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 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
MUL AB Multiply A and B 1 4
DIV AB Divide Aby 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, ddata AND immediate data to accumulator 2 1
ANL direct,A AND accumulator to direct byte 2 1
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SAB 80C52/80C32

e

instruction Set Summary (cont’'d)

Mnemonic Description | Byte J Cycle
Logical operations (cont’d)

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 Exclusive OR immediate data to direct byte 3 2
CLR Clear accumulator 1 1
CPL A Complement accumulator 1 1
RL A Rotate accumulator left 1 1
RLC A Rotate A left through 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 byte 3 2
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SAB 80C52/80C32

Instruction Set Summary (cont’d)

Mnemonic ] Description | 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 indirect 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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’

instruction Set Summary (cont’'d)

Mnemonic Description | Byte ' Cycle

Program and machine control

ACALL addr11 Absolute subroutine call 2 2

LCALL addr16 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 addr16 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 is set 3 2

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

JBC bit,rel Jump if direct bit is set and clear bit 3 2

CJNE A, direct,rel Compare direct byte to A and jump if not equal 3 2

CJINE 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

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: Notes on program addressing modes:

Rn — Working register RO—R7 addr16 - Destination address for LCALL and LUMP

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

@Ri — Indirect internal or external RAM addr11 - Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte

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

#data 16 — 16-bit constantincluded as bytes2and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include

bit — 128 software flags, any 1/0 pin, control an 8-bit offset byte. Range is +127/—-128
or status bit bytes relative to first byte of the following

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980

Siemens Aktiengesellschaft 150



SAB 80C52/80C32

Instruction Op Codes in Hexadecimal Order

Hex

Number

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 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 A,R7

oC 1 INC R4 40 2 JC code addr
oD 1 INC R5 41 2 AJMP code addr
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 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 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 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 1 ANL A,R3

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

29 1 ADD AR1 5D 1 ANL A,R5

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

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

2C 1 ADD A,R4 60 2 Jz code addr
2D 1 ADD A,R5 61 2 AJMP code addr
2E 1 ADD A,R6 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
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instruction Op Codes in Hexadecimai Grder (cont’d)

ggé(e l‘;lfumeesr Mnemonic| Operands :;l:é(e yful;;?:; Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB 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 A1 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 JNZ code addr A4 1 MUL AB

71 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 @R1,3#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 R3,4#data AF 2 MOV R7,data addr

7C 2 MoV R4,4#data BO 2 ANL C,/bit addr

7D 2 MoV R5,4data B1 2 ACALL code addr

7E 2 MoV R6,3data B2 2 CPL bit addr

7F 2 MoV R7,4#data B3 1 CPL [

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 MOovC A,@A+PC B7 3 CJNE @R1,#data,code addr
84 1 DIV AB B8 3 CJNE RO,#data,code addr
85 3 MoV data addr,data addr B9 3 CJNE R1,4#data,code addr
86 2 MOV data addr,@R0O BA 3 CJINE R2,#data,code addr
87 2 MOV data addr,@R1 BB 3 CJINE R3,#data,code addr
88 2 MOV data addr,R0O BC 3 CJNE R4,4data,code addr
89 2 MOV data addr,R1 BD 3 CJNE R5,4data,code addr
8A 2 MOV data addr, R2 BE 3 CJNE R6,4:data,code adar
8B 2 MoV data addr, R3 BF 3 CJNE R7,3data,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 Cc3 1 CLR [

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 Ccé6 1 XCH A,@RO

93 1 MOVvC A,@A+DPTR c7 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 ARO cc 1 XCH A,R4

99 1 SUBB AR1 CD 1 XCH A,R5

9A 1 SUBB AR2 CE 1 XCH A,R6

9B 1 SUBB AR3 CF 1 XCH A,R7
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Instruction Op Codes in Hexadecimal Order (cont’d)

:l:é(e ?fug\;&esr Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB Cc

D4 1 DA A

D5 3 DJNZ data addr,code adadr
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 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 A,RO

E9 1 MOV AR1

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 A,R7

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 @RO0,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

Storage temperature

Voltage on any pin with respect to ground (Vss)
Voltage on V¢ to Vss

Power dissipation

Oto 70°C

—65to +150°C
—-0.5Vto Ve +0.5V
-0.5t06.5V

W

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

DC Characteristics
Vee = 5V £20%; Vs = 0V; Ta = 0t0 70°C

Parameter Symbol Limit values Unit | Test conditions
min. max.
Input low voltage Vi -0.5 0.2Ve—0.1 |V -
(except EA)
Input low voltage (EA) Vi -0.5 0.2Vee—0.3 |V -
Input high voltage Viu 0.2Vc+0.9 | Vec+0.5 \ -
(except XTAL1, RST)
Input high voltage Vin 0.7V¢c Vee+0.5 \% -
(XTAL1, RST)
Output low voltage VoL - 0.45 Y Ioo=16mA"
(ports 1, 2, 3)
Output low voltage Vour - 0.45 v Ioo=32mA"
(port 0, ALE, PSEN)
Output high voltage Vou 2.4 — \ Ion = —60 uA Ve = 5V £10%
rts1,2,3
(ports ) 0.9Vee - Iow = —10 uA
Output high voltage Vom1 2.4 - \Y Ion = —400 pA Ve = 5V £10%
(port 0 in external bus
mode, ALE, PSEN) 0.9Vce - v Iow = —40 uA?
Logical 0 input current I - -50 uA Vin = 0.45V
(ports 1, 2, 3)
Logical 1-to-0 transition I, - —650 uA Vin =2V
current (ports 1, 2, 3)
Input leakage current I - +10 uA 0.45 < Viy < Ve
(port 0, EA)
Reset pulldown resistor Rgst 50 150 kQ -
Pin capacitance Co - 10 pF fc = TMHz, T, = 25°C
Power down current Irp - 50 uA | Vec=2to6v?

For notes refer to next page.
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DC Characteristics (cont’d)

Maximum I¢c (MmA)

Active Mode ¥ Idle Mode ®
Freq. Vee | 4V 5V 6V 4V 5V 6V
0.5 MHz TBD TBD TBD TBD TBD TBD
3.5 MHz TBD TBD TBD TBD TBD TBD
8.0 MHz TBD TBD TBD TBD TBD TBD
12 MHz TBD 24 TBD TBD 10 TBD

Note ": Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the
VoL of ALE and ports 1 and 3. The noise is due to external bus capacitance discharging into the port 0
and port 2 pins when these pins make 1-to-0 transitions during bus operation. In the worst case
(capacitive loading >100pF), the noise pulse on ALE line may exceed 0.8V. In such cases it may be
desirable to qualify ALE with a Schmitt-trigger, or use an address latch with a Schmitt-trigger
strobe input.

Note ?: Capacitive loading on ports 0 and 2 may cause the Vo on ALE and PSEN to momentarily fall below
the 0.9 V¢ specification when the address bits are stabilizing.

Note ¥: Power-down Icc is measured with: EA = Port 0 = V¢¢; XTAL1 = Vgs; XTAL2 = N.C.; RESET = Vsgs;
all other pins are disconnected.

Note *: I (active mode) is measured with: XTAL1 driven with clock signal according to the figure below;
XTAL2 = N.C.; EA = Port 0 = Vcc; RESET = V; all other pins are disconnected. Icc might be
slightly higher if a crystal oscillator is used.

Note %: I (idle mode) is measured with: XTAL1 driven with clock signal according to the figure below;
XTAL2 = N.C.; EA = Vgg; Port 0 = Vc; RESET = Vsg; all other pins are disconnected.

Clock Signal Waveform for I Tests in Active and Idle Mode
teren = lene, = 5 ns

=—"fchcx
045y A02 Vi -01 ‘—] \ £ L X
teLen

fCLC)(

fCLCL
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AC Characteristics
Ta =010 70°C; Vec =5V +20%; Vs

s=0v

(Cy for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Parameter Symbol Limit values Unit
Variable clock
12 MHz clock 1/tcicL = 0.5 MHz to 12 MHz
min. max. min. max.
ALE pulse width HA 127 = 2tcic-40 — ns
Address setup to ALE taviL 28 — tcLcL-55 - ns
Address hold after ALE tiiax 48 - tee-35 - ns
ALE to valid instruction in tiv - 234 - 4tcic-100 ns
ALE to PSEN [T 43 - terci-40 - ns
PSEN pulse width toLpH 205 — 3tc 45 - ns
PSEN to valid instruction in touv - 145 - 3tcc-105 ns
Input instruction hold after PSEN | fpxx 0 - 0 - ns
Input instruction float after PSEN | tpx;z - 59 - terc-25 ns
Address to valid instruction in taviv — 312 — S5teic-105 ns
PSEN to address float triaz - 10 - 10 ns
External Data Memory Characteristics
Parameter Symbol Limit values Unit
Variable clock
12 MHz clock 1/tcLcL = 0.5 MHz to 12 MHz
min. max. min. max.
RD pulse width tRLRH 400 — 6tcic-100 - ns
WR pulse width bvLwh 400 - 6t c-100 - ns
Address hold after ALE tiax 48 - tercl-35 - ns
RD to valid data in triov - 252 - 5tcc-165 ns
Data hold after RD trHDX 0 - 0 - ns
Data float after RD trupz - 97 - 2tcicl-70 ns
ALE to valid data in tiov - 517 - 8lcLcL-150 ns
Address to valid data in tavov - 585 - 9icicL-165 ns
ALE to WR or RD tuw 200 300 3tec-50 3tcicL+50 ns
WR or RD high to ALE high wHLH 43 123 torc,-40 torcl+40 ns
Address valid to WR tavw 203 - 4t o130 - ns
Data valid to WR transition tavwx 23 - teLcL-60 - ns
Data hold after WR twhax 33 - tercl-50 - ns
Address float after RD tRiaz - 0 - 0 ns
Siemens Aktiengesellschaft 156



SAB 80C52/80C32

External Clock Drive

Parameter Symbol Limit values Unit
Variable clock
Freq. = 0.5 MHz to 12 MHz
min. max.
Oscillator period tereL 83.3 2000 ns
High time terex 20 - ns
Low time terex 20 - ns
Rise time ) teich - 20 ns
Fall time teHeL - 20 ns
Oscillator frequency /tereL 0.5 12 MHz

ROM Verification Characteristics for SAB 80C52
Ta = 25°C £5°C; Voo =5V £20%; Vgs =0V

Parameter Symbol Limit values Unit
min. max.
Address to valid data tavav - 48 teicL ns
ENABLE to valid data teLav - 48t ns
Data float after ENABLE tenaz 0 48 teice ns
Oscillator frequency VtereL 4 6 MHz
ROM Verification

P1.0- P17
P2.0- P24 Address ) <

— favav|=—
Porty =~ —————— Datalut p———
teav, | Teaz

P27

ENABLE
Address: P1.0—P1.7 = A0—-A7 Inputs: P2.5—P2.6, PSEN = Vsg

P2.0-P2.4 = A8-A12 ALE, EA =Vy

Data:  Port0 = DO—D7 RST = Vi
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wAr____€_ _____ _
vvaverorms
Program Memory Read Cycle
=t
ALE / \k / \
- fave = i__ toLpn {
- tuee
LLIV
LIV
PSEN /
toLaz
== fiax Foxix "'"
4 4
Port0 >—< A0-A7  Instr. In »X A0-AT
Faviv
Port2 X AB-A1S X AB-A15
Data Memory Read Cycle
=1 FwnLH
ALE _/_\#
PSEN / \ ,
Fov
Tt TRLRH
— 's
RD
L /
== hvie [=— faLov —— oz ]“
== Fliax
— |=taaz — [““'RHDX
'A0-AT7 from 4 A0-A7 Instr.
Port0 > {8 or Dby XXX,’ { Dataln »)Rfrom PCL In
FavwL
Tavov
"4
Port2 XL P20-P27 or A8-A15 from DPH y AB-A15 from PCH
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Data Memory Write Cycle~

ALE / \
X

—=|furiLn

PSEN f

L/

P°"'°:>_< from RI or DPL

—tL1wL FuLw
/
| /
Tt == —“I favwx
—-‘ — fLax = - twhax
favwh
. s 3
A0-A7 Data Out m;\ga Inlzfn

4
TAVWL

e
Port2 X

P20-P27 or A8-A15 from DPH

XAB-MS from PCH

Siemens Aktiengesellschaft

159




SAB 80C52/80C32

External Clock Cycle

/"——‘"cﬂcx

+
feiex F—tcLcn
feree

AC Testing: Input, Output Waveforms

.2 Ve +09
Test Points
.2 V=01

Vec-05

045V

AC Inputs during testing are driven at Vc-0.5V for a logic ‘1" and 0.45V for a logic ‘0".
Timing measurements are made at Vi min for a logic ‘1" and Vi max for a logic ‘0"

AC Testing: Float Waveforms

Timing Referentce <} Vor =01V

Points / VoL +01V

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs
and begins to float when a 100 mV change from the loaded Vou/ VoL level occurs. I /Ion = £20 mA.
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Recommended Oscillator Circuits

1 External
s 1902 yrac Oscillator — 22 xTaL 1
Signal

f ——=0.5-12MHz

C

—s 18200y taL 2 NC—22yraL 2
C=30pF+10pF
Crystal Oscillator Mode Driving from External Source

Pin numbers in (...) are for PLCC 44 package
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40-Pin Plastic Package, P-DIP-40

AHH [ iilifigi gl
1 - .011‘-0‘3‘—’1
4 25k 15max 045 2 0,25+
- ] ‘——15.25"-2

Dimensions in mm

44-Pin Plastic Package, PL-CC-44

16702 —=
17703

_c“‘“““‘lf“‘“ﬂ
_J( &

Dimensions in mm
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Ordering Information

Type Ordering code Function

8-bit CMOS microcontroller
SAB 80C52-P Q67120-C379 with mask-programmable ROM (P-DIP-40)
SAB 80C32-P Q67120-C378 for external memory (P-DIP-40)
SAB 80C52-N Q67120-C396 with mask-programmable ROM (PL-CC-44)
SAB 80C32-N Q67120-C395 for external memory (PL-CC-44)
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Telephone Controller
(Single-Chip 8-Bit CMOS Microcontroller)

SAB 80C482
SAB 80C 382

Preliminary Data CMOS IC

The SAB 80C482 is a low-power, advanced CMOS member of the popular SAB 8048
family. The SAB 80C 482 contains double-sized program memory and 4 additional 1/0
lines. For systems that require extra capability, the SAB 80 C482 can easily be expanded
using CMOS external memories. The on-chip mask-programmable keyboard wake-up
offers a convenient solution for a power-saving keyboard scanner. The SAB 80 C482 has
the same cycle time at about half the SAB 8048 clock frequency. The 100% static opera-
tion provides the possibility to optimize between power consumption and program speed.
The CMOS design of the SAB 80 C482 opens new application areas that require battery
operation, low power standby, wide voltage range, and the ability to maintain operation
during AC power line interruptions. These applications include telecommunications, auto-
motive, consumer, portable, and hand-held instruments.

The SAB 80C 382 is the ROM-less version of the SAB 80C482

® 2K X 8 ROM ® Very low power consumption
® 64 X 8 RAM ® Normal: 1.0 mA@5 V@8 ps cycle
® 31 1/0 lines @ Halt: 0.4 mA@5 V@8 ps cycle
® 2.66 ps cycle time @® Standby: 1 pA@5 V
(with 3 MHz crystal) ® 100% static operation
® Automatic power-on reset ® Supply voltage: 2.5 to 6 V

® Keyboard wake-up

5.87
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SAB 80C482

SAB 80C382
L]
Pin Configurations Vo 10 E' 40 OSCEN
(top view) XTALT 2 [] 139 ™
P-DIP 40 XTAL2 3 [] ]38 P53
RESET &4 [ []37 P52
P60 5 [] []36 P51
INT 6] []35 Pso
P& 7 [] [] 34 P17
RO/EA 8 [] ]33 P16
10/PSEN 9 [] []132 P15
WRIVER 10 ] SAB 80 C482 131 P14
ALE 11 [] 130 P13
0B0 12 [] [] 29 P12
081 13 [] ] 28 P11
DB2 14 [ ] 27 P10
0B3 15 [ [] 26 P63
DB4 16 [] []25 Pé2
085 17 [] ] 26 Pu3
DB6 18 [ [] 23 Pu2
087 19 [] ] 22 Pt
Vss 20 [] 021 o
FE 2 v oo o
a a a a a a a a. a a
MIKROPACK 0 O O
A IEEEEEEEEEA
P S1-E336 25F3P 62
P 52-E37 UEZPL3
P 53-E=138 BEIPL2
T1E39 2ETP 41
0SC EN-E40 NEZPLO
= 0TV,
XTAL B2 1943087
XTAL 2543 184=3-DB 6
RESET-Et4 174=3-DBS
P 60-E}S 16£=-0B &
e m @ o 2 = & 2 8
! ! | | | I |
S teggTesee
9 =
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SAB 80C 382
Pin Configuration e N = =
. o — < w
(top view) L SVMEE ag-RA5
PLCC 44 lEo.o:xx>or-—o_n.o.
iolinlisliclicsialcialal el
SRR
P6107 39[APSO
RD/EA[]S 38[JP17
PSEN/TO9 3700P16
WR/VER[] 10 36[dP1S
ALEOM 35P14
N.C.[OQ12 34(1P13
peo[]13 33[JP12
DB10 14 3200Pn
pB2[J 15 31dP10
DB3[]16 30[N.C.
DB4 17 29[P63
\ 22 8QILEEII )
| 4 [N SN Ry S [y N [ O N SN N SN R S gy S gy A )
LYY WY ITIRS
3 3 8 zZ>Za4gaaaa
Logic Symbol
SAB 80 (482
P10,17 P
Parallel
[/0Ports
PLOL3 <I> P4
Oscillator Enable ——={ OSCEN
Crystal XTAL1
= XTAL2 P50,53 <I> PS5
RESET ———= RESET
Test/Program Store Enable =—={ T0/PSE
Test ——={ T1 P60,63 <I> P6
Interrupt ——— INT
RO/EA |——= Read
WRIVER ———= Write
Data Bus < 8 1 DB0,7
ALE }————= Address Latch Enable
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SAB 80C482
SAB 80C382

Pin Description

PLCC

P-DIP 40
MIKROPACK

Symbol

Description

44

10

Siemens Aktiengesellschaft

2

3

40

10

XTAL1

XTAL2

OSCEN

sl
m
(2]
m|
—

-

RD/EA

TO/PSEN

é’
3
=
s

Oscillator input; one side of crystal input also input
for external frequency source

Oscillator output; other side of crystal input. This
pin is not connected when an external frequency
source is used.

Oscillator enable input

(Schmitt-Trigger input)

A high signal enables oscillator to run.

A low signal stops oscillator and initializes standby
mode.

Input used to initialize processor (active low).
(Schmitt-Trigger input)

Interrupt input with internal pull-up resistor.
Initiates an interrupt if interrupt is enabled. Inter-
rupt is disabled after reset. HALT mode is
terminated by interrupt (active low).

Output strobe activated during a bus read. Can be
used to enable transfer of data on the bus from an
external device. Used a read strobe to external data
memory (active low). External access input which
forces all program memory fetches to reference
external memory. Active only during the initial-
ization time (RESET at low)! (active low).

Input pin testable using the instructions JTO and
JNTO until disabled through an execution of
instructions SEL MBO or SEL MB1.

Program store enable. This output is enabled
through the first execution of instructions SEL MBO
or SEL MB1. It can be disabled only through a new
RESET initialization.

It occurs only during a fetch to external program
memory (active low).

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

ROM verification input is low during the whole
time. The contents of the internal ROM can be read
without program execution.
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Pin Description (cont’'d)
PLCC P-DIP 40 Symbol Description
MIKROPACK
11 11 ALE Address latch enable. This signal occurs once

during each cycle and is useful as clock output.
Negative edge of ALE strobes address into external
data and program memory.

13..20 | 12...19 DBO...DB7 | True bidirectional port which can be written or read
synchronously using WR, RD strobes.

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.

24..27 | 21..24 P40...P43 | 4-bit quasi-bidirectional port. Internal pull-up
resistors. This port contains the four high order
program-counter bits during an external program
memory fetch.

5,7 5,7 P60...P63 | 4-bit quasi-bidirectional port. Internal pull-up
resistors.

28,29 | 25, 26 Keyboard wake-up capability mask-program-
mable.

31..38 | 27..34 P10..P17 | 8-bit quasi bidirectional port. Internal pull-up

resistors. Keyboard wake-up capability mask-
programmable.
39..42 | 35...38 P50...P53 | 4-bit quasi-bidirectional port. Internal pull-up
resistors. Keyboard wake-up capability mask-
programmable.
43 39 T1 Input pin testable using JT1, and JNT1 instruc-

tions. Can be designated as timer/counter input
using the STRT CNT instuction.

1 1 Voo Power supply

22 20 Vss Circuit GND potential (O V)
12,21 | - N.C. Not connected

23,30 | - N.C. Not connected
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Oscillator

The on-board oscillator is a high-gain resonant circuit with a frequency range between
0 and 3 MHz. The clock frequency is determined by the resonator (e.g. crystal) connected
between the pins XTAL1 and XTAL2.

i XTAL1 100eF XTAL1
Vss I'_||L —L ol Vss |—|Ir _]_ i
| |
1-3[ ™ 455 | ™
TMHZ LiTMe —":—ijz LiTMe
| i
V. L ! ! Vee | 1l I ]
sst XTAL2 sst—I XTAL 2
22pF L 100pF |
a) Crystal Wiring b) Ceramic Oscillator
External Frequency
Source 1 XTAL 1
i
th
1 11MQ
T
| )
N.C. XTAL 2

c) External Clock Generator

8-Bit Timer/Counter

The SAB 80C 842 contains a timer/counter to aid the user in counting and generating
accurate time delays without placing a burden on the processor for these functions.

Timer

Execution of a START T instruction connects an internal clock to the counter input. The
XTAL frequency divided by 256 is the timer input frequency.

Nomcsmdan
wvourner

Execution of a START CNT instruction connects the T1 pin to the counterinput and enables
the counter. Subsequent high-to-low transition on T1 pin must be held low for at least one
machine cycle to ensure it is not missed. The counter may be incremented only once
throughout three instruction cycles. There is no minimum frequency limit.
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Program Memory

The resident program memory consists of 2048 bytes. There are three particulary impor-
tant locations in program memory:

1. Location O:
Executing the initialization reset causes the first instruction to be fetched from loca-
tion O.

2. Location 3:
Execution starts at location 3 after the interrupt input (pin 6) of the processor has gone
low (if interrupt is enabled).

3. Location 7:
A timer/counter interrupt resulting from timer/counter overflow (if enabled).

Program Memory Configurations

1. Internal 2 Kbyte ROM
— pin 9 is available as TO input
— port 4 serves only as 1/O port

2. Internal 2 Kbyte ROM and additional, external 2 Kbyte ROM
— with external access, instruction words are read in via bus (data bus, DB).

— an SEL MBO or an SEL MB1 instruction must be executed before using the data bus
for external program store access.

— execution of SEL MB1 instruction followed by CALL or JMP enables exceeding inter-
nal 2 Kbyte limits and accessing of external ROM.

— external program memory access causes loading of program counter bits PC8
through PC11 at portlines 40 to 43. PCO through PC7 appear on bus during the fall-
ing edge of ALE.

— execution of MOVP3 A, @A instruction causes internal ROM (bank O) to be selected.

— internal ROM is automatically selected during every execution of an interrupt ser-
vice routine.

— in second cycle of MOVX instruction no PSEN signal appears and RD or WR signal is
active. Port 4 is not affected.
3. External 4 Kbyte ROM, internal ROM disabled

- sole access to external 4 Kbyte ROM is initiated by logic O at pin 8 (RD/EA) during ini-
tialization time (RESET at low). At the machine cycle T8 test logic calls up status from
pin 8.

— pin 9 serves as PSEN output.

— program counter bits PCO through PC7 appear at DBO through DB7 and PC8 through
PC11 appear at port lines P40 through P43.

— execution of MOVP3 A,@A instruction or interrupt routine selects automatically
lower 2 Kbytes of external ROM.
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4. Internal ROM verification without program execution

- pin 10 (WR/VER) must be low during the whole verification time. The low level at
this pin forces the SAB 80 C 482 to the verification mode.

— contents of internal ROM appear on lines DBO through DB7

— program-counter bits PCO through PC7 appear at DBO through DB7 and PC8
through PC11 at port lines P40 through P43.

— ALE and PSEN are enabled.

Reset

The reset signal sets the microcomputer to a defined initial state. There are two possibili-
ties to reach this state.

1. by an external signal at pin 4 (RESET)
2. by an internal signal generated through the built-in power-on-reset circuit.

If the oscillator is enabled (OSCEN at high), reset performs the following functions:

. sets program counter to zero (PC = O0OOH)
. sets stack pointer to zero (SP = OOH)
. selects register bank O
. selects memory bank O (internal ROM)
. sets bus to high impedance state
(except when RD/EA or WR/VER is at low)
. sets ports 1, 4, 5, 6 to input mode
. stops counter/timer
. enables pin 9 as test input TO
. disables interrupts
10. clears timer flag
11. releases HALT mode
12. does not affect internal RAM contents

Timing diagrams for power-on and external reset are shown in fig. a) and b).

AORrWN=

©oONO®
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Figure a) Internal Power-On Reset

| VR | 40 0scEN

SAB 80C482

)
N,
1. X ti
Cycle Sync. Reset ’ Igcsf:rlég(;on “Séf%uon ‘
OSCEN  ——
Voo —

RESET J—

were | ODO0000,

RESET

L—Oscillufor Built-Up Period—=

Initialization Reset

Supply Voltage Max.Clock Generator
Rise Time Reframing Time
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Figure b) External Reset

4 Voo — 40 osc EN
RES —
SAB 80C482

1Instructi Instructi
Cycle Sync. Reset Reset lgé:%coéon 21;;:“50'10"

SR e 111111 S

OSCEN
Voo —
RESET
Pin
Internal _W%/.//
Reset f— ¥)
le—Oscillator Built-Up Period —= le— Initialization Reset —=
e
Supply Voltage Max.Clock Generator
Rise Time Reframing Time

*) During this Time-Slot the Signal
at Reset-Pin Can Change to Vpp
without Lengthening the Reset Execution
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Interrupt
The SAB 80 C482 has the same interrupt logic as the SAB 8048. The interrupt can be ini-
tialized through two possible sources:

1. external low active signal at pin INT
2. overflow of the internal counter/timer.

Keyboard Wake-Up

The SAB 80C 482 has a special on-chip circuitry for a convenient keyboard-scanning
named “Keyboard Wake-Up”. Four NAND gates can be connected the ports P10-13,
P14-17, P50-53 and P60-63 by mask programming. Ports 5 and 6 are already
connected in standard version. The outputs of these gates are interconnected in the NOR
manner. The resulting output controls the release from the HALT mode.

This means, the SAB 80 C482 can be “waked up” on any keystroke without the necessity
of using a double contact keyboard.

HALT Mode

After execution of the HALT instruction the processor enters the HALT mode where the
internal clocks and internal logic are disabled. The oscillator is running. In the HALT mode,
power consumption is about 1/3 of normal SAB 80 C482 operation.

HALT mode can be released in three different ways:

1. by low pulse on the RESET pin
(program starts at address location O)

2. via keyboard wake-up
(program continues at address location PC+1)

3. by low pulse on the INT pin
(if interrupt is enabled the interrupt subroutine starting at the address location 3 is
executed. After its execution, or if interrupt is disabled, program continues at address
location PC+1.)
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Standby
Standby provides additional, drastic power consumption savings over the HALT mode.

Standby is initiated by forcing the OSCEN pin to low state. Oscillator operation is
discontinued. While in standby, the following data is maintained:

. internal RAM

. stack pointer

. program counter

. memory bank status

. TO/PSEN status

. 1/0 status on all ports
. all internal logic states

It is possible, but not recommended, to put the SAB 80 C482 on standby without regard
to the running program. Stopping at any time in the instruction cycle can resultin an unde-
fined status. Consequently, it is advisable to enter standby only from the HALT state orif an
external reset signal is applied. The RES pin must be forced atleast 2.5 cycles earlier to the
low level than the OSCEN pin.

If the SAB 80 C 482 has entered the standby from the HALT mode, it is still in the HALT
mode after the OSCEN pin has been forced high. In the second case, the RES pin has to be
held at least for the oscillator built-up period plus one cycle at low level after the OSCEN
pin has been forced high.

NOOPPWN=
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Instruction Set
There are five new instructions in addition to the SAB 8048 instruction set:

DEC @ RO instruction code Cco
DEC @ R1 instruction code : C1
DJNZ @ RO, addr instruction code EO
DJNZ @ R1, addr instruction code E1
HALT instruction code F3

The following SAB 8048 instructions are not available:

IN A, P2 instruction code OA
MOVD A, P7 instruction code OF
OUTL P2, A instruction code 3A
MOVD P7, A instruction code 3F
ENTO CLK instruction code 75
JF1 addr instruction code 76
CLR FO instruction code 85
ORL P2, # data instruction code 8A
ORLD P7, A instruction code 8F
CPL FO instruction code 95
ANL P2, # data instruction code 9A
ANLD P7, A instruction code 9F
CLR F1 instruction code Ab
CPL F1 instruction code B5
JFO addr instruction code B6
MOV A, PSW instruction code Cc7
MOV PSW, A instruction code D7

The opcode of the following instruction has been changed:
JNI addr instruction code 66 (8048 =86)
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Symbols and Abbreviations

A Accumulator

AC Auxiliary carry

addr Program memory address

An Accumulator bit n

Bb Bit designator b = 0 to 7

BS Bank switch

BUS Bus port

cYy Carry

CLK Clock

CNT Event counter

data 8-Bit number or expression

MBF Memory bank flipflop

| Interrupt

PC Program counter

Pp Port designator p = 4 to 6

P1 Port 1

PSW Program status word

Ri Register designatori = 0, 1

Rr Register designator r = O to 7

SP Stack pointer

T Timer

TF Timer/counter flag

TO/T1 Test O, test 1

X Mnemonic for external RAM

# Immediate data prefix

@ Indirect address prefix

(X) Contents of X

((X)) Contents of location
addressed by (X)

<« Is replaced by

> Is exchanged with

AND Logical AND operation

OR Logical OR operation

XOR Logical EXOR operation
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Accumuliator and Register Move Instructions
MOV A, Rr (A) < (Rr) Move register to F8-FF 1 1
accumulator
MOV A, @ Ri (A) < ((Ri)) Move data memory to | FO-F1 1 1
accumulator
MOV A, # data (A) < data Move data to 23 2 2
accumulator
MOV Rr, A (Rr) < (A) Move accumulator to A8-AF 1 1
register
MOV @ Ri, A ((Ri)) < (A) Move accumulator to AO-A1 1 1
data memory
MOV Rr, # data (Rr) < data Move data to register | B8-BF 2 2
MOV @ Ri, # data ((Ri)) < data Move data to data BO-B1 2 2
memory
MOVX A, @ Ri (A) < ((Ri)) Move external data to | 80-81 1 2
accumulator
MOVX @ Ri, A ((Ri)) < (A) Move accumulator to 90-91 1 2
external data memory
XCH A, Rr (A) < (R) Exchange register and | 28-2F 1 1
accumulator
XCH A, @ Ri (A) < ((Ri)) Exchange data 20-21 1 1
memory and
accumulator
XCHD A, @ Ri (AO-3) ~ Exchange nibble of 30-31 1 1
((Ri0O-3)) data memory and
accumulator
MOVP3 A, @A save (PC) Move data from E3 1 2
(PCO-7) < (A) | page 3 of program
(PC8-11) <« memory to
011 B accumulator
(A) <((PC))
restore PC
MOVP A, @ A save (PC) Move data from A3 1 2
(PCO-7) < (A) | current page of
(A) < ((PC)) program to
restore PC accumulator
SWAP A (A4-7) Exchange accumulator| 47 1 1
(AO-3) nibbles
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Timer/Counter Move Instructions
MOV AT (A) < (T) Read counter/timer 42 1 1
into accumulator
MOV T, A (T) < (A) Load counter/timer 62 1 1
from accumulator
Port Move Instructions
IN A, P1 (A) < (P1) Move data at port 1to | 09 1 2
accumulator
OUTL P1, A . (P1) < (A) Output accumulator on| 39 1 2
port 1
ANL P1, # data (P1) < Logical AND port 1 99 2 2
(P1) AND data | with data
ORL P1, # data (P1) < Logical OR port 1 with | 89 2 2
(P1) OR data data
IN A, BUS (A) < (BUS) Move data on bus to 08 1 2
accumulator
OUTL BUS, A (BUS) < A Output accumulator 02 1 2
on bus
ANL BUS, (BUS) « Logical AND bus with | 98 2 2
# data (BUS) AND data
data
ORL BUS, (BUS) « Logical OR bus with 88 2 2
# data (BUS) OR data| data
MOVD A, Pp (AO-3) < (Pp) | Move data at port OC-OE 1 2
(A4-7) <0 4 - 6 to accumulator
MOVD Pp, A (Pp) < (AO-3) | Output accumulator 3C-3E 1 2
onport4d -6
ANLD Pp, A (Pp) < (AO-3) | Logical AND 2C-9E 1 2
AND (Pp) accumulator with port
4 -6
ORLD Pp, A (Pp) < (AO-3) | Logical OR 8C-8E 1 2
OR (Pp) accumulator with port
4 -6
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Arithmetic Accumulator Instructions
ADD A, Rr (A) < (A)+(Rr)| Add register to 68-6F | AC 1 1
accumulator CY
ADD A, @ Ri (A) < Add data memory to 60-61 | AC 1 1
(A) + ((Ri) accumulator CcYy
ADD A, # data (A) < Add data to 03 AC 2 2
(A) + data accumulator CY
ADDC A, Rr (A) < Add register and carry | 78-7F | AC 1 1
(A) + (Rr) + to accumulator
(CY) (93%
ADDC A, @ Ri (A) < Add data memory and | 70-71 | AD 1 1
(A)+((Ri)) + carry to accumulator cY
(CY)
ADDC A, # data (A) < (A)+ Add data and carry to | 13 AC 2 2
data + (CY) accumulator CcY
INC A (A) < (A)+1 Increment accumu- 17 1 1
lator by 1
DEC A (A) < (A)-1 Decrement 07 1 1
accumulator by 1
DA A Decimal adjust 57 CcY 1 1
accumulator
Arithmetic Register Instructions
INC Rr (Rr) < (Rr)+ 1 | Increment register 18-1F 1 1
by 1
DEC Rr (Rr) < (Rr)-1 | Decrement register C8-CF 1 1
by 1
DEC @ Ri ((Ri)) < Decrement data Cco-C1 1 1
((Ri)) < ((Ri)) =1| memory by 1
INC @ Ri ((Ri)) < Increment data 10-11 1 1
((Ri)) +1 memory by 1
DJNZ Rr, addr (Rr) < (Rr) -1 Decrement register E8—EF 2 2
if (Rr) # O by 1 and jump if
(PCO-7)—addr| register not zero
DJNZ @ Ri, addr ((Ri)) ~ Decrement data EO-E1 2 2
((Ri)) -1 memory by 1 and jump
if (Ri)) + O if data memory is not
(PCO-7)<addr| zero
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Logical Accumulator and Register Instructions
ANL A, Rr (A) < Logical AND 58-5F 1 1
(A) AND (Rr) accumulator with
register
ANL A, @ Ri (A) < Logical AND 50-51 1 1
(A) AND ((Ri)) | accumulator with data
memory
ANL A, # data (A) < Logical AND 53 2 2
(A) AND data | accumulator with data
ORL A, Rr (A) < Logical OR 48-4F 1 1
(A) OR (Rr) accumulator with
register
ORL A, @ Ri (A) < Logical OR 40-41 1 1
(A) OR ((Ri)) accumulator with
data memory
ORL A, # data (A) < Logical OR 43 2 2
(A) OR data accumulator with data
XRL A, Rr (A) < Logical XOR D8-DF 1 1
(A) XOR (Rr) accumulator with
register
XRL A, @ Ri (A) < Logical XOR DO-D1 1 1
(A) XOR ((Ri)) | accumulator with data
memory
XRL A, # data (A) < Logical XOR D3 2 2
(A) XOR data accumulator with data
CLR A (A) <0 Clear accumulator 27 1 1
CPL A (A) < (A) Complement 37 1 1
accumulator
Rotate Instructions
RL A (An+1) < (An)| Shift accumulator 1 bit| E7 1 1
to left
RLC A (An+1) < (An)| Shift accumulator 1 bit| F7 CcYy 1 1
(CY) < (A7) to left through carry
(AO) < (CY)
RR A (An) < (An+1)| Shift accumulator 1 bit| 77 1 1
to right
RRC A (An) < (An+1)| Shift accumulator 1 bit| 67 CcY 1 1
(CY) < (AO) to right through carry
(A7) < (CY)
Flag Instructions
CLR C (CY)«< O Clear carry bit 97 cYy 1 1
CPLC (CY) < (CY) Complement carry bit | A7 CYy 1 1
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Branch Instructions
JMP addr (PCO-7) « Jump to address,
addr 0-7 page O 04 2 2
(PC8-10) ~ 24 2 2
addr 8-10 2 44 2 2
(PC11) <~ DBF 3 64 2 2
4 84 2 2
5 A4 2 2
6 c4 2 2
7 E4 2 2
JMPP @ A (PCO-7) < Jump to address B3 1 2
((A)) defined in program
memory
JC addr if (CY)=1 Jump to address if F6 2 2
(PCO-7) < addr | carry = 1
JNC addr if (CY)=0 Jump to address if E6 2 2
(PCO-7) < addr | carry = 0
JZ addr if (A)=0 Jump to address if C6 2 2
(PCO-7) < addr | accumulator = 0
JNZ addr if (A)>0 Jump to address if 96 2 2
(PCO-7) < addr | accumulator >0
JTO addr if TO=1 Jump to address if 36 2 2
(PCO-7) < addr | TO is High
JNTO addr if TO=0 Jump to address if 26 2 2
(PCO-7) < addr | TO is Low
JT1 addr ifT1=1 Jump to address if 56 2 2
(PCO-7) < addr | T1 is High
JNT1 addr ifT1=0 Jump to address if 46 2 2
(PCO-7) «< addr | T1is Low
JTF addr if TF=1 Jump to address if 16 TF 2 2
(PCO-7) < addr | counter/timer
(TF) < O flag = 1
JNI addr if INT =0 Jump to address if 66 2 2
(PCO-7) < addr | interrupt input Low
JBb addr if {An) =1 Jump to address, n=0; 12 2 2
(PCO-7) < addr | if bit n of 1] 32 2 2
accumulator = 1 2| 52 2 2
3| 72 2 2
4| 92 2 2
5| B2 2 2
6| D2 2 2
7| F2 2 2
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Subroutine Instructions
CALL addr ((SP)) < Jump to  page O 14 2 2
(PCO-11, subroutine 1 34 2 2
PSW4-7) 2 54 2 2
(SP) < (SP)+1 3 74 2 2
(PCO-10) « 4 94 2 2
addr 0-10 5 B4 2 2
(PC11) < DBF 6 D4 2 2
7 F4 2 2
RET (SP) < (SP)-1| Return without PSW 83 1 2
(PC) < ((SP)) Restore
RETR (SP) < (SP)-1| Return with 93 CcY 1 2
(PC) < ((SP)) PSW Restore AC
(PSW4-7) ~ DBF
((SP))
Control Instructions
STRT T Start timer 55 1 1
STRT CNT Start counter 45 1 1
STOP TCNT Stop timer/counter 65 1 1
EN TCNTI Enable timer/ 25 1 1
counter interrupt
DIS TCNTI Disable timer/ 35 1 1
counter interrupt
EN | Enable external 05 1 1
interrupt
DIS | Disable external 15 1 1
interrupt
SEL RBO Select register bank O | C5 BS 1 1
SEL RB1 Select register bank 1 | D5 BS 1 1
SEL MBO Select program- E5 DBF | 1 1
memory bank O
SEL MB1 Select program- F5 DBF | 1 1
memory bank 1
NOP No operation 00 1 1
HALT HALT instruction F3 1 1
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Maximum ratings
Ambient temperature under bias Ta -10to 70 °C
Storage temperature Tstg -55to0 125 °C
Supply voltage ref. to GND (V) Vob 0.3to7 \
Total power dissipation Piot 1 w

All input and output voltages

DC characteristics

-0.8t0 Vpp +0.8| V

To=-101t0 70°C; Vpp = 25to6V; Vg =0V
Testconditions |min. typ. | max. Unit
L input voltage ViL -0.5 0.75 \%
H input voltage Vin 0.7 x Vpp Vpp+0.5| V
L output voltage Voo [ITor = 1.0 mA 0.45 \
H output voltage Vou | Iow = —=1.0 mA 0.75 x Vpp \%
Input leakage current I, Vss=Vin=Vpp +1 pA
Input current XTAL It | Vss=Vin=Vpp +9 +12 HA
Input current Iip | Vss=Vin=V -4 -7 pA
Ports, INT (Pull-up)
Input current RD, WR Inw | Ves= V=V, -11 mA
(Normaly output)
Output leakage current Io. Vss=Vn=Vpp +1 pA
(Bus and PSEN TO in high
impedance states)
Total supply current Ipp | 3MHz; 5V 3.1 550 | 3.75 mA
1 MHz; 5 V 1.0 1.4 mA
500 kHz; 5 v 0.7 250 (0.9 mA
Vss=V, =04 V
48V=Vy=Vy
HALT supply current Iopy | 3 MHz; 5V 1 pA
1 MHz; 5V 400 uA
500 kHz; 5 v pA
Ves=V, =<0.4V
4 8< \/IH VDD
Standby current Inps | Vop =6V 2 pA
Vss=V =04V
4.8=Viy=Vpp
Operation supply voltage Voo 2.5 6 \%
Data retention voltage Voor 1.2 \
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AC characteristics
TA =-10 to 7000; VDD =5 V; VSS =0 V; fosc = 3 MHz
C, = 40 pF
Testconditions [min. typ. | max. | Unit
ALE pulse width t 400 ns
Address set-up before ALE taL 20 45 ns
Address hold from ALE tia 50 160 ns
Control pulse width
PSEN toc 300 333 ns
RD, WR toc 1300 1333 ns
Data set-up before WR tow 1300 1333 ns
Data hold after WR two | tey = 2.66 ps 300 333 ns
C. = 40 pF
Cycle time tey 2.66 ps
Data hold after RD tor 0 300 ns
Instr. hold after PSEN tor 0 300 ns
RD to data in tao 1000 | ns
PSEN to data in tro 100 ns
Address set-up before WR taw 1900 ns
Address set-up to data
at RD tap 3300 |ns
at PSEN tap 400 ns
Address float to
RD tarc 166 333 ns
PSEN tarc 50 100 ns
WR to ALE tea 600 ns
PSEN to ALE tea 1600 ns
ALE to RD tca 250 ns
ADDRESS Time Port 4 taoD 600 ns

Siemens Aktiengesellschaft 187




SAB 80C482
SAB 80C 382

Time Parameters versus fysc
Symbol | Parameter

t 1/ fosc Hs
tey 81 Hs

Read from external data memory

t, 1.5t HS
tca 1.0t HS
tAFC 101t HS
tee 401t Hs
tor - us
tro 35t MS
tap 10.5 ¢ ys

Write into external data memory

tea 201t Hs
lec 40t HS
twop 1.0¢ HS
tow 40t Hs
Taw 6.0t HS

Instruction fetch from external program memory

taL 051¢ us
tea 501t us
tia - Hs
tcc 1.0t us
tor - us
tro 051t ps
7% 1.51¢ Hs
tapp 201t us
tarc 051¢ us
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SAB 80C482

SAB 80C 382
Application Example “Intelligent Telephone Set”
Line
Interface
Data
< > Memory
SAB SAB 81C50/ 51
80C482
D
Keyboard > Eontroller
PSB 7510

Features of this Telephone set

— direct and indirect redialing
— short dialing (10 memories)
— auto dialing by special keys
— babysitter function

— LC-display control

— electronic keylock

— clock function

- rate signaling
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SAB 80C482
SAB 80C 382

Max. current consumption
versus clock frequency

mA
S T
Vop=6V
I l. //
o5/
| iy
/// s
2 4
/
1 /,/
Vop=2.5V
0 )
0 1 2 3 MHz

- f
V=005V V=07 Yy

All outputs are not connected
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SAB 80C482
SAB 80C 382

Type | Ordering code | Package
SAB 80C482 Q67100-2154 P-DIP 40
SAB 80C 382 Q67100-H3205 | P-DIP 40
SAB 80C382-PC | Q67100-H3199 | Piggyback

Q67100-H3242
Q67100-H8300

SAB 80C382-MP
SAB 80C382-W

Plastic package, P-DIP, 40 pins
20 B 40 DIN 41866

MIKROPACK (SMD)
PLCC 44 (SMD)

c‘—L rﬂs,za:o.z——]

S.1ma

045 =13

1 0.4max
50.9.05
Piggyback 203204 ———=
la——17.8+ 0.3 ——u=]
[
Er_r ______ l ? % T JF

lmnpngrm mmml 5 —— .

Uy KRNI

2.54 =13 &2_5"J1
ha—15.24 £0.6 —wmt
e 5134 -
31,4
40 21
+4+1{29 0600066008/ 1
—BH— _F_B___ | I N
[

+—+<|7~*¥ @Q@@ é}@@@@++++ Dimensions in mm

1 20
SMD = Surface Mounted Devices
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SAB 80C482
SAB 80C 382

MIKROPACK, 40 pins (SMD)
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SAB 80512/80532
8-Bit Single-Chip Microcontroller

SAB 80512-N Microcontroller with factory-maskprogrammable ROM

SAB 80532-N Microcontroller for externa

IROM

SAB 80512-T40/85-N  Extended temperature range: —40 to +85°C
SAB 80532-T40/85-N  Extended temperature range: —40 to +85°C

® 4K x 8 ROM (SAB 80512 only)

® 128 X 8 RAM

® Full backward compatibility
to SAB 8051A/8031A

® Seven 8-bit ports

® Two 16-bit timers/event counters

® High performance full duplex serial channel
with own baud rate generator

® 8-bit A/D converter with eight multiplexed
inputs, reference voltages externally
adjustable

® Six interrupt sources (2 external,
4 internal), two priority levels
programmable

® Boolean processor

® 1 us instruction cycle time
(at 12 MHz osc. frequency)

® 4us multiply and divide
(at 12 MHz osc. frequency)

® External program and data memory
expandable up to 64 Kbyte each

® PL-CC-68 package

Pin Configurations

~onem NTo o-amainw
FF S S S PF S BB BN
acaoaa>SaocaNaaaoooo
9 1 61
RESET (10 601 P57
Varer g o P07
Vaono § P06
Pé6.70 P05
P6.6 0] P04
P6.51] P03
P6.4 [ P0.2

P6.3( P0.1
P6.2Q P0.0
Pé.1( EA
P6.0Q ALE
P3.0/RxDQ PSEN
P3.1/7xDQ P2.7
p3.2/INT0 0 P2.6
P3.3/INT1Q P25
P34/700

P35/T1d

Logic Symbol
L
PORT 6 N
R — K> poRto
Viger ——— | PORT 1
‘;Anun — <:> 8-bit
88
PORT 2
7
o <:> 8-bit
5 SAB <:> PORT 3
L. 8-bit
RESET 80512 PORT &
— L
XTALY <:> PORT S
XTAL2 8-bit
ALE
PSEN

The SAB 80512/80532 is a new member of the
Siemens SAB 8051 family of 8-bit microcontrollers.
Maintaining all features of the SAB 8051A/8031A,
it is fully backward compatible to the SAB 8051A/
8031A. Furthermore the SAB 80512/80532 incor-
porates several enhancements that significantly
increase design flexibility and cost effectiveness.
Compared to the SAB 8051A/8031A the SAB 80512/
80532 additionally contains an 8-bit A/D converter
with 8 multiplexed inputs (these inputs can also be

Siemens Aktiengesellschaft

used as digital inputs), an own baud rate generator
for the serial interface and two more I/0 ports.

The SAB 80532 is identical with the SAB 80512,
except that it lacks the on-chip ROM.

The SAB 80512/80532 is fabricated in +5V advanced
N-channel, silicon gate MYMOS technology of
Siemens and supplied in a PL-CC-68 packagé.

For the industrial temperature range —40 to +85°C,
the SAB 80512/80532-T40/85 is available.
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SAB 80512/80532

Pin Definitions and Functions

Symbol

Pin

Input (1)
Output (O)

Function

P4.0-PA.7

1-3, 59

1/0

Port 4 is an 8-bit quasi-bidirectional I/0 port with internal pullup
resistors. Port 4 pins that have 1s written to them are pulled high
by the internal pullup resistors, and in that state can be used as
inputs. As inputs, port 4 pins being externally pulled low will
source current (/;, on the DC characteristics) because of the
internal pullup resistors.

Power down supply voltage. If Vpp is held within its specifications
while Ve drops below the specification, Vpp will provide standby
power to 40 byte of internal RAM (addr. 58H to 7FH). During
normal operation of the SAB 80512, the RAM’s current is supplied
by Ve, when Vpp is low.

A low level on this pin for the duration of two machine cycles
while the oscillator is running resets the SAB 80512. A small
internal pullup resistor permits power-on reset using only a
capacitor connected to Vgs.

VAREF

Reference voltage for the A/D converter

VAGND

12

Reference ground for the A/D converter

P6.7-P6.0

13-20

Port 6, 8-bit unidirectional input port. Port pins can be used for
digital input if voltage levels meet the specified input high/low

voltages and for the eight multiplexed anaiog inputs of the
A/D converter, simultaneously.

P3.0-P3.7

21-28

1/0

Port 3is an 8-bit bidirectional /0 portwith internal pullup resistors.
Port 3 pins that have 1s written to them are pulled high by the
internal pullup resistors, and in that state can be used as inputs.
Asinputs port 3 pins being externally pulled low will source current
(hL, on the DC characteristics) because of the internal pullup
resistors. It also contains the interrupt, timer, serial port and
external memory strobe pinsthatare used by various options. The
output latch corresponding to a secondary function must be
programmed to a one (1) for that function to operate. The
secondary functions are assigned to the pins of port 3, as follows:
— RxD (P3.0): serial port’s receiver data input (asynchronous)
or data input/output (synchronous)
—TxD (P3.1): serial port’s transmitter data output (asynchronous)
or clock output (synchronous)
—1NTO (P3.2): interrupt 0 input / timer 0 gate control input
—INT1 (P3.3): interrupt 1input / timer 1 gate control
—TO (P3.4): counter 0 input
—T1(P3.5): counter 1input
—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 the external data
memory to port 0

Siemens Aktiengesellschaft

196



SAB 80512/80532

Pin Definitions and Functions (cont’d)

X Input (1) i
Symbol Pin Output (0) | Function

P1.7-P1.0 29-36 1/0 Port 1is an 8-bit bidirectional I/0 port with internal pullup resistors.
Port 1 pins that have 1s written to them are pulled high by the
internal pullup resistors, and in that state can be used as inputs.
As inputs port 1pins being externally pulled low will source current
(l, on the DC characteristics) because of the internal pullup
resistors. The port is also used for the low order address byte
during program verification.

Ves 37 - Substrate pin. Must be connected to Vss with a capacitor
(100 nF to 1000 nF) for proper operation of the A/D converter.

XTAL2 39 - XTAL2

XTAL1 40 - Output of the inverting oscillator amplifier. To drive the device
from an external clock source, XTAL2 should be driven, while
XTAL1is pulled low. There are no requirements on the duty cycle
of the external clock signal, since the input to the internal clocking
circuitry is divided down by a divide-by-two flip-flop. Minimum
and maximum high and low times specified in the AC
characteristics must be observed:

XTAL1

Input to the inverting oscillator amplifier. Required when a crystal
or ceramic resonator is used.

P2.0-P2.7 41-48 1/0 Port2is an 8-bit bidirectional I/0 port with internal pullup resistors.
Port 2 pins that have 1s written to them are pulled high by the
internal pullup resistors, and in that state can be used as inputs.
As inputs port 2 pins being externally pulled low will source
current (I, on the DC characteristics) because of the internal
pullup resistors.

Port 2 emits the high-order address byte during fetches from
external program memory and during accesses to external data
memory that use 16-bit addresses (MOVX@DPTR). In this
application it uses strong internal pullup resistors whenissuing 1s.
During accesses to external datamemory that use 8-bit addresses
(MOVX@RI), port 2 issues the contents of the P2 special function
register.

PSEN 49 0} 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 periodes except
during external data memory accesses. Remains high during
internal program execution.

ALE 50 (0} Provides address latch enable output used for latching the
address into external memory during normal operation. It is
activated every six oscillator periodes except during an external
data memory access.
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SAB 80512/80532

Pin Definitions and Functions (cont

’

d)

Symbol

Pin

Input (1)
Output (O)

Function

EA

51

When held ata TTL high level, the SAB 80512 executes instructions
from the internal ROM when the PC is less than 4096. When held
ata TTL low level, the SAB 80512 fetches all instructions from
external program memory. For the SAB 80532 this pin must be
tied low.

P0.0-P0.7

52-59

1/0

Port 0 is an 8-bit open drain bidirectional I/0 port. Port 0 pins that
have 1s written to them float, and in that state can be used as high-
impendance inputs.

Port 0 is also the multiplexed low order address and data bus
during accesses to external program and data memory. In this
applicationit uses strong internal pullup resistors when issuing 1s.
Port 0 also outputs the code bytes during program verification.
External pullup resistors are required during program verification.

P5.7-P5.0

60-67

1/0

Port5is an 8-bit bidirectional I/0 port with internal pullup resistors.
Port 5 pins that have 1s written to them are pulled high by the
internal pullup resistors, and in that state can be used as inputs.
As inputs port 5 pins being externally pulled low will source
current (I, on the DC characteristics) because of the internal
pullup resistors.

68

Supply voltage during normal operation and program verification.

38

Ground (0V)
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SAB 80512/80532

Block Diagram
XTAL1 XTAL2 Ve
rrtT--""""-—-——="""-"—"—_———— |
; I
- 40x8 I
I 0SC&Timing [ | "7 | ROM |
| RAM 4Kx8 I
RESET —! IR 88x8 I
ALE =—yj [ J'
PSEN ~~—ro cPU O = |
A — {
! [
I
| P1 —~— | POI‘f_1
| Timer 0 T 8-bit
I |
! I
| P2 —— |POFt2
Il Timer 1 : 8-bit
; |
I
P3 —~—— | Port 3
: Serial Port T 8-bit
I
|
! + : Port &4
} Baud Rate P L =—=lg bit
I Generator |
! i
Port 6 ; Port 5
8-bit —=r Pé PS L =—=lg hit
| 1 ‘ i
Vs I AN MUX [l S&H |-= :
I A/D |
VAREF i ]I
|
VAGND i i
| |
L .
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SAB 80512/80532

Functionai Description

The SAB 80512/80532 is based on the architecture

of the SAB 8051 microcontroller familiy. The

SAB 80512 includes all features of the SAB 8051 and

additionally offers peripheral extensions in three

items:

— bit A/D converter with adjustable reference
voltages

—two more ports

— dedicated baud rate generator

Different to the SAB 8051 is the inverted reset-input

and the RAM power-down supply by a special pin

(Vpp), which supplies 40 byte with a typical current

of 2 mA. Beside the backward compatibility to the

SAB 8051 (all SAB 8051 software runs on the

SAB 80512 without any changes) the SAB 80512 is

also upwardly compatible to the SAB 80515. The

SAB 80512 is packed into the PL-CC-68 package and

has got the same pinning as the SAB 80515.

A/D Converter

The 8-bit A/D converter of the SAB 80512 has 8
multiplexed analog inputs and uses the successive
approximation method. The sampling of an
analog signal takes 5 machine cycles, the total
conversion time is 15 machine cycles (15us at

12 MHz oscillator frequency). Conversion can be
programmed to be single or continuous, at the
end of a conversion an interrupt can be generated.
The SAB 80512 provides variable external reference
voltages Vagnp and Vager adjustable in a wide
range. A compressed reference voltage range
allows to increase the resolution of the converted
analog input. The lower reference voltage (Vagnp)
can be varied within Vgs-0.2V and 4V, the higher
(Vager) within 1V and Ve +5%. For proper
operation of the A/D converter a minimum of 1V
difference is required between the external
voltages:

(Vss—0.2V)=Vaeno=(Varer—1V)

(Vagno + 1V)=Vager=(Vcc + 5%)
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All registers, except the program counter and

the four 8-register banks, reside in the special
function register area. The 28 special function
registers (SFRs) include arithmetic registers,
pointers, and registers that provide an interface
between the CPU and the on-chip peripheral
functions. There are also 128 directly addressable
bits within the SFR area.

1/0 Ports

The SAB 80512 has six 8-bit I/0 ports and one 8-bit
input port. Port 0 is an open-drain bidirectional

I/0 port, while ports 1 to 5 are quasi-bidirectional
1/0 ports with internal pullups. That means, when
configured as inputs, ports 1to 5 will pull high and
will source current when externally pulled low.
Port 0 will float when configured as input.

Port 6 is an input port only and can be used as
digital input port, if the values meet the specified
high/low voltages and as analog input for the
A/D-converter.

Port 0 and port 2 can be used to expand the
program and data memory externally. During an
access to external memory, port 0 emits the low-
order address byte. In this function, port 0 is not an
open-drain port, but uses a strong internal pullup
FET.



SAB 80512/80532

Block Diagram of A/D Converter

I-Bus
P6 (DBH)

';_[st | P66 l P65 lps.l. ! P6.3[Ps.2 \Pm [ps.o ]:Z
O L TR ——
|

ADDAT (D9H)

_—=1 Mux — 0

ANO-7 1

S&H A/D 2

3

v 4

AREF Converter 5

VaGND 5

Ves 7
[——

DAPR (DAH)

Write to DAPR:

|-Bus
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SAB 80512/80532

Speciai Function Registers

Address | Symbol Name bit-
addressable

80H PO Port 0 Register yes
81H SP Stack Pointer —
82H DPL Data Pointer, low-byte -
83H DPH Data Pointer, high-byte —
87H PCON Power Control Register -
88H TCON Timer Control Register yes
89H TMOD Timer Mode Register -
8AH TLO Timer 0, low-byte —
8BH TL1 Timer 1, low-byte -
8CH THO Timer 0, high-byte -
8DH TH1 Timer 1, high-byte -
90H P1 Port 1 Register yes
98H SCON Serial Port Control Register yes
99H SBUF Serial Port Buffer Register -
OAOH P2 Port 2 Register yes
0A8H IE Interrupt Enable Register yes
0BOH P3 Port 3 Register yes
0B8H IP Interrupt Priority Register yes
0COH IRCON Intgrrupt Request Control yes
0DOH PSW Program Status Word Register yes
0D8H ADCON A/D Converter Control Register yes
0D9H ADDAT A/D Converter Data Register -
ODAH DAPR D/A Converter Start Register -
0DBH P6 Port 6 Register -
OEOH ACC Accumulator Register yes
OE8H P4 Port 4 Register yes
OFOH B B-Register yes
OF8H P5 Port 5 Register yes
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SAB 80512/80532

Instruction Set Summary

Mnemonic Description —|7Byte | 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, ddata 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 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, d-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 and B 1 4
DIV AB Divide Aby 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 80512/80532

= H Qo Qrrnonnom mnans [ mmom b ? AN
istruction Set Suminaiy (cont'aj

Mnemonic ) Description Byte Cycle
ANL direct,#data AND immediate data to direct byte 3 1
ORL A,Rn OR register to accumulator 1 1
ORL A, direct OR direct byte ta 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 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 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 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, 4data 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
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SAB 80512/80532

Instruction Set Summary (cont’d)

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
MOVC A, @A+DPTR Move code byte relative to DPTR to accumulator 1 2
MOVvC 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 indirect RAM with A 1 1

Boolean variable manipulation

CLR C Clear carry flag 1 1
CLR bit Clear direct bit 2 1
SETB Cc 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 80512/80532

instruction Set Summary (cont’d)

Mnemonic Description I Byte TCycle
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
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
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 is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJNE A, direct,rel Compare direct byte to A and jump if not equal 3 2
CJNE A, ddata,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
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 byte and jump if not zero 3 2
NOP No operation 1 1

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

Notes on program addressing modes:
addr 16 — Destination address for LCALL and LIMP
may be anywhere within the 64-Kbyte

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

@Ri — Indirect internal or external RAM
location addressed by register RO or R1

f#data  — 8-bit constant included in instruction

#data 16 — 16-bit constantincluded 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
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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.

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 80512/80532

Instruction Op Codes in Hexadecimal Order

:;lgc)j(e ll;lfutr)\;?:sr Mnemonic| Operands Egé(e lglfug\;:::sr Mnemonic| Operands
00 1 NOP 34 2 ADDC A, ddata
01 2 AJMP addr.11 35 2 ADDC A, direct
02 3 LJMP addr.16 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 direct 39 1 ADDC AR1
06 1 INC @RO 3A 1 ADDC AR2
07 1 INC @R1 3B 1 ADDC A,R3
08 1 INC RO 3C 1 ADDC AR4
09 1 INC R1 3D 1 ADDC A,R5
0A 1 INC R2 3E 1 ADDC A,R6
0B 1 INC R3 3F 1 ADDC AR7
ocC 1 INC R4 40 2 JC rel

oD 1 INC R5 41 2 AJMP addr.11
OE 1 INC R6 42 2 ORL direct,A
OF 1 INC R7 43 3 ORL direct,#data
10 3 JBC bit,rel 44 2 ORL A, ddata
11 2 ACALL addr.11 45 2 ORL A, direct
12 3 LCALL addr.16 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 direct 49 1 ORL AR1

16 1 DEC @Ro0 4A 1 ORL A,R2

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4C 1 ORL A,R4
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 A,R7
1C 1 DEC R4 50 2 JNC rel

1D 1 DEC R5 51 2 ACALL addr.11
1E 1 DEC R6 52 2 ANL direct,A
1F 1 DEC R7 53 3 ANL direct,#data
20 3 JB bit,rel 54 2 ANL A, J#data
21 2 AJMP addr.11 55 2 ANL A, direct
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, direct 59 1 ANL A,R1

26 1 ADD A,@RO 5A 1 ANL A,R2
27 1 ADD A,@R1 5B 1 ANL A,R3
28 1 ADD ARO 5C 1 ANL A,R4
29 1 ADD AR1 5D 1 ANL A,R5
2A 1 ADD A,R2 5E 1 ANL A,R6
2B 1 ADD AR3 5F 1 ANL A,R7
2C 1 ADD A,R4 60 2 Jz rel

2D 1 ADD A,R5 61 2 AJMP addr.11
2E 1 ADD AR6 62 2 XRL direct,A
2F 1 ADD AR7 63 3 XRL direct,#data
30 3 JNB bit,rel 64 2 XRL A, ddata
31 2 ACALL addr.11 65 2 XRL A, direct
32 1 RETI 66 1 XRL A,@RO
33 1 RLC A 67 1 XRL A,@R1
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SAB 80512/80532

instruction Op Codes in Hexadecimai Order (cont’d)

?c?c)i(e yful;r\wli)eesr Mnemonic| Operands Elc?c)j(e oNfuguaeesr Mnemonic| Operands
68 1 XRL A,RO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SUBB A,R5

6A 1 XRL A,R2 9E 1 SUBB AR6

6B 1 XRL AR3 9F 1 SUBB AR7

6C 1 XRL AR4 A0 2 ORL C,bit#

6D 1 XRL A,R5 A1 2 AJMP addr. 11

6E 1 XRL AR6 A2 2 MoV C,bit

6F 1 XRL AR7 A3 1 INC DPTR

70 2 JNZ rel A4 1 MUL AB

71 2 ACALL adar. 11 A5 2 reserved

72 2 ORL C.bit A6 2 MoV @RO,direct
73 1 JMP @A+DPTR A7 2 MoV @R1,direct
74 2 MoV A ddata A8 2 MOV RO,direct

75 3 MoV direct, #data A9 2 MoV R1,direct

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

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

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

79 2 MoV R1,#data AD 2 MOV R5,direct

7A 2 MoV R2,#data AE 2 MOV R6,direct
7B 2 MoV R3,4#data AF 2 MOV R7,direct
7C 2 MoV R4,#data BO 2 ANL C,/bit

7D 2 MOV R5,#data B1 2 ACALL adar. 11

7E 2 MOV R6,#daia B2 2 CPL bit

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

80 2 SJMP rel B4 3 CJINE A, #data,rel
81 2 AJMP addr. 11 B5 3 CJINE A direct,rel
82 2 ANL C,bit B6 3 CJINE @RO,3data,rel
83 1 MovC A,@A+PC B7 3 CJINE @R1,3data,rel
84 1 DIV AB B8 3 CJNE RO,#data,rel
85 3 MOV direct,direct B9 3 CJNE R1,3#data,reel
86 2 MOV direct, @R0 BA 3 CJNE R2,4data,rel
87 2 MOV direct,@R1 BB 3 CJINE R3,#data,rel
88 2 MOV direct,RO BC 3 CJINE R4,3data,rel
89 2 MoV direct,R1 BD 3 CJNE R5,#data,rel
8A 2 MoV direct,R2 BE 3 CJNE R6,3#data,rel
8B 2 MoV direct;R3 BF 3 CJINE R7,#data,rel
8C 2 MOV direct,R4 co 2 PUSH direct

8D 2 MOV direct,R5 C1 2 AJMP adar. 11

8E 2 MoV direct,R6 c2 2 CLR bit

8F 2 MoV direct,R7 Cc3 1 CLR Cc

90 3 MOV DPTR,#data 16 ca 1 SWAP A

91 2 ACALL addr. 11 C5 2 XCH A.direct

92 2 \Y[e)% bit,C Cé 1 XCH A,@Ro0

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, direct C9 1 XCH AR1

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

97 1 SUBB A,@R1 CcB 1 XCH AR3

98 1 SUBB A,RO cC 1 XCH AR4

99 1 SUBB AR1 CD 1 XCH A,R5

9A 1 SuBB AR2 CE 1 XCH AR6

9B 1 SUBB AR3 CF 1 XCH AR7
Siemens Aktiengesellschaft 208



SAB 80512/80532

Instruction Op Codes in Hexadecimal Order (cont’d)

:j:é(e yf”,;‘;f’:sr Mnemonic| Operands
DO 2 POP direct

D1 2 ACALL adar. 11
D2 2 SETB bit

D3 1 SETB C

D4 1 DA A

D5 3 DJNZ direct, rel
D6 1 XCHD A,@RO
D7 1 XCHD A@R1
D8 2 DJNZ RO, re/

D9 2 DJNZ R1,rel
DA |2 DJNZ R2,rel

DB 2 DJNZ R3,rel

DC |2 DJNZ R4,rel
DD 2 DJNZ R5,rel

DE 2 DJNZ R6,rel

DF 2 DJNZ R7,rel

EO 1 MOVX A,@DPTR
E1 2 AJMP adar. 11
E2 1 MOVX A,@RO
E3 1 MOVX A,@R1
E4 1 CLR A

E5 2 MOV A,direct *)
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 adar. 11
F2. 1 MOVX | @RO,A
F3 |1 MOVX | @R1A
F4 1 CPL A

F5 2 MOV direct,A
F6 1 MOV @RO,A
F7 1 MOV @R1,A
F8 1 MOV RO,A

F9 1 MOV R1A

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 80512/80532

Absoiute Viaximum Rating

Temperature under bias 0 to + 70°C for the SAB 80512/80532
—40 to + 85°C for the SAB 80512/80532-T40/85
Storage temperature —65 to +150°C
Voltage on any pin with respect to ground (Vss) —05to+ 7V
Power dissipation 2W

Note: 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.

DC Characteristics

Vee = 5V £10%; Vs = OV;

Ta = 0to 70°C; for SAB 80512/80532

Ta = —40 to +85°C for SAB 80512/80532-T40/85

Symbol Parameter Limit values Unit Test condition
min. max.
ViL Input low voltage -0.5 0.8 \" -
Viu Input high voltage 2.0 Vee+0,56 |V —
(except RESET and XTAL2)
Vim Input high voltage to XTAL2 25 Vee+05 |V XTAL1 to Vsg
Vinz Input high voltage to RESET 3.0 - \Y -
Vo Power-down voltage 3 5.5 \' Vee=0V
VoL QOutput low voltage, ports 1,2, 3,4, 5 — 0.45 \% Io. = 1.6 MA
Vo Output low voltage, port 0, ALE, PSEN | — 0.45 v Io.=3.2mA
Vou Output high voltage, ports 1, 2, 3,4, 5 2.4 - \% lion = —80 uA
Voni Output high voltage, port 0, ALE, PSEN | 2.4 - Y Ion = —400 pA
I Logic Oinput current, ports 1,2,3,4,5 |— -500 uA V=045V
Lo Logic Oinput current, XTAL2 - —-2.5 mA XTAL1 = Vgg
Vii=045V
Iis Input low current to RESET for reset - —500 A Vi =0.45V
1 Input leakage current to port 0, EA - +10 uA o0V < Vi< Vee
Icc Power supply current - 175 mA all outputs
SAB 80512/80532 disconnected
SAB 80512/80532-T40/85
Iep Power-down current - 3 mA Vee=0V
Cpo Capacitance of I/0 buffer - 10 pF f, = 1MHz
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SAB 80512/80532

A/D Converter Characteristics

Vee = 5V £10%; Vs = 0V;

(Vss —0.2V) < Viagnp = (Varer —=1V); (Vagnp+ 1V) < Vager < (Vec+ 5%);
Ta = 0'to 70°C for SAB 80512/80532

Ta = —40to +85°C for SAB 80512/80532-T40/85

Symbol | Parameter Limit values Unit Test condition
min. typ. max.

VanpUT Analog input voltage VagnD - Varer \% -
-0.2 +0.2

C. Analog input capacitance - 25 70 pF

t Load time - - 2ty us n

ts Sample time (incl. load time) - - 5tey us

tc Conversion time - - 15 tey us

(incl. sample time)

DNLE Differential non-linearity - +1/2 +1
VAREF = VCC
INLE Integral non-linearity - +1/2 +1
LSB Vagno = Vss
Offset error - +1/2 +1
Gain error - +1/2 +1
TUE Total unadjusted error - +1 +2 na
Iner Varer supply current - - 5 mA 2

1

The output impedance of the analog source must be low enough to assure full loading of the sample
capacitance (C)) during load time (t,). After charging of the internal capacitance (C)) in the load time (t.)
the analog input must be held constant for the rest of the sample time (ts).

2]

The differential impedance rp of the analog reference voltage source must be less than 1 kQ at reference
supply voltage.
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SAB 80512/80532

AC Characteristics

Vee =5V £10%; Vs = 0V

Ta = 0to 70°C for SAB 80512/80532

Ta = —40 to +85°C for SAB 80512/80532-T40/85

(Cy for port 0, ALE and PSEN outputs = 100 pF; C, for all outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/teice = 1.2 MHz to 12 MHz
min. max. min. max.
tey Cycle time 1000 — 12tci o — ns
timi ALE pulse width 127 — 2tcic-40 — ns
taviL Address setup to ALE 53 - tercl-30 - ns
tiaxa Address hold after ALE 48 - terel-35 — ns
tiv Address to valid instr in — 233 — Atcic-100 ns
tupL ALE to PSEN 58 - tercl-25 - ns
torpn PSEN pulse width 215 - 3tcrc-35 - ns
touv PSEN to valid instr in - 150 - 3tcLc-100 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
texiz *) Input instruction float after PSEN | — 63 - terel-20 ns
trxav *) | Address valid after PSEN 75 - tec-8 _ ns
taviv Address to valid instr in - 302 - Steic-115 ns
tazeL Address float to PSEN 0 - 0 - ns

External Data Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/trccL = 1.2 MHz to 12 MHz
min. max. min. max.
tRLRH RD pulse width 400 - 6tcc-100 - ns
twviwn WR pulse width 400 - 6tcic-100 - ns
tuaxe Address hold after ALE 132 2tcic-35 - ns
triov RD to valid data in - 250 - BtcicL-165 ns
tRHDX Data hold after RD 0 - 0 - ns
trupz Data float after RD - 97 - 2terc-70 ns
tuov ALE to valid data in - 517 - 8tcLc-150 ns
tavpv Address to valid data in - 585 - tcLc-165 ns
tawt ALE to WR or RD 200 300 3teic-50 e +50 ns
tavwL Address to WR or RD 203 - Atc o -130 - ns
i WR or RD high to ALE high 43 123 teLcL-40 tercL +40 ns
tavwx Data valid to WR transition 33 - teLcL-50 - ns
tovwh Data setup before WR 433 - 7teic-150 - ns
twhax Data hold after WR 33 - terel-50 - ns
taiaz Address float after RD - 0 - 0 ns

*) Interfacing the SAB 80512 to devices with float times up to 756ns is permissible. This limited bus
contention will not cause any damage to port 0 drivers.
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SAB 80512/80532

External Clock.Drive XTAL2

Symbol Parameter Limit values Unit
Variable clock
Freq. = 1.2 MHz to 12 MHz
min. max.
tereL Oscillator period 83.3 833.3 ns
teHex High time 20 tereL-toLex ns
terck Low time 20 teLei-terex ns
teicH Rise time - 20 ns
teneL Fall time — 20 ns

External Clock Cycle

f[H[L

AC Testing Input, Output, Float Waveforms

24
2.0 20
Test Points
0.45 0.8 0.8
Float
2.4 2.4
2.0 2.0
0.8 0.8
0.45 0.45

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

Timing measurements are made at 2.0V for a logic 1" and at 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 voltage test levels.
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SAB 80512/80532

ROM Verification Characteristics
T = 25°C +5°C; Vec =5V £10%; Ves =0V

Symbol Parameter Limit values Unit
min. max.
tavay Address to valid data - 48 toreL ns
teLav ENABLE to valid data - 48 te oL ns
teHaz Data float after ENABLE 0 48 toicL ns
1/tereL Oscillator frequency 4 6 MHz
ROM Verification
P1.0-P1.7
P2.0-P2.3 4< Address >__<
Favav
Port 0
Data Out
teLav tenaz
P27
ENABLE
Address: P1.0—P1.7 = A0—-A7 Inputs:  P2.4—P2.6, PSEN = Vg
P2.0—-P2.3 = A8—A11 ALE,EA =V
Data:  Port0  =D0-D7 RESET =W
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SAB 80512/80532

Waveforms

Program Memory Read Cycle

Je—

fLHLL fLLIV

ALE T FLiet /
e FLiaxi\= I’ E—\_

J BEFN :J Foxiz
—’/ favic - tazoL e Foxix
Port 0 >—4\ A0-A7 Instr.In A0-A7 >—<:

fAVIV

y
Port 2 X Address A8-A15 y Address A8-A15
\

Data Memory Read Cycle

t Loy — FWHLH
L
ALE  / N\
PSEN /
=" LWL ! RiRH
RD N\ /|
favwe — tripz
fm —"Fa0v —"
favov ,‘RHDX -
4
Port 0 A7-A0 Data In
N\ /
teraz =
-
Port 2 >< Address A15-A8 ORSFR-P2 >
N
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SAB 80512/80532

Data Memory Write Cycle

Funin
AE [/ \
PSEN /
=t Fuiwn
WR _/
— tavwL o T tovwx
FLiaxz
Favwh t whax
.
AQ-A7 from
PorfD—-<\ Rl or DPL » Data Out
4
Port 2 \ P2.0-P2.7 or AB-A15 from DPH

Recommended Oscillator Circuits

~

40 40

XTALA XTAL1
s L]

’ —
12-12MHz b7k
C 1
I 3ixT1AL2 ° : 3B x1aL2
74046
T4LS04
C=30pF +10pF
Crystal Oscillator Mode Driving from External Source
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SAB 80512/80532

Package Outlines

68-Pin Plastic Leaded Chip Carrier Package, PL-CC-68 (SMD)

1
SN . )
'—-

: < ; =

g h =

g b )

d b =

q p =

q P 3 3 S =

: A - - = B

: R =

q b —

q D 4

; b 2 =

g p 17 S

| i 1270l

1.27  0.81max
r——
—
b.6205 . . .
Dimensions in mm

Ordering Information
Type Ordering code Function
SAB 80512-N Q67120-C336 8-bit single-chip microcontroller with ROM
SAB 80532-N Q67120-C337 8-bit single-chip microcontroller for external ROM

SAB 80512-T40/85-N

Q67120-C353

like SAB 80512 but for —40 to +85°C

SAB 80532-T40/85-N

Q67120-C354

like SAB 80532 but for —40 to +85°C
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SAB80512K
8-Bit Single-Chip Microcontroller
ROM-less Version

® Additional bus interface for external memory ® 8-bit A/D converter with eight multiplexed inputs,
® 128 X 8 RAM reference voltages externally adjustable
® Full upward compatibility ® Boolean processor
to SAB 8051A/8031A ® 1 usinstruction cycle time
® Seven 8-bit ports (at 12 MHz oscillator frequency)
® Two 16-bit timer/event counters . ® 4 us multiply and divide
® High-performance full-duplex serial channel (at 12 MHz oscillator frequency)
with dedicated baud rate generator ® External program and data memory
® Six interrupt sources (2 external, 4 internal), expandable to 64 Kbyte each
two priority levels programmable ® Pin grid array package, 88 pins (C-PGA-88)
Logic Symbol

Port 6 Port 0
o m— N
Port 1

VA REF <:_—_>8°B”
Vagno =1 <:>Porf 2
SAB 8 Bit

80512K <:>Port 3

Vo ———— 8 Bit
EA——— <:>Porf A
8 Bit

RESET ——— Port s
or
et e—t
ALE
VSS
PSEN
PSENE

<:>ADO-AD11
12 Bit

The SAB 80512K is a ROM-less version of the 8-bit The SAB 80512K is fabricated in +5V advanced
microcontroller SAB 80512. It contains an additional ~ N-channel, silicon gate Siemens MYMOS technol-
bus interface to connect an external program ogy, and supplied as pin grid array with 88 pins
memory in place of the SAB 80512’s on-chip ROM. (C-PGA-88).

Thereby, the SAB 80512K maintains the full I/0

capability ofthe single-chip SAB 80512 while it permits

connection of an external memory. All other features

of the SAB 80512K are identical with the SAB 80512.

Siemens Aktiengesellschaft 219 8.87



SAB 80512K

Pin Configuration

Bottom view Top view
12 3 45 6 7 8 9 10 11213 3121109 8 7 65 4 3 21
N(o® © © @ ¢ ¢ ¢ ¢ @ @ 0 o o o 0 0000 000 o0 o0 o0 o0]N
M| o © ¢ © @ ¢ ¢ ¢ @ @ ¢ 0 o 0O 0 00000 OOUOTG OGOOI|M
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SAB 80512K

Pin Definitions and Functions

Symbol Pin ICr;LFl)tuptu(t”(O) Function

ADO J 13 1/0 Multiplexed address/data bus for the program memory.

AD1 J 12 This bus is used for connecting an external memory in place of
AD2 K 13 the 4 Kbyte internal ROM of the SAB 80512. Pins ADO to AD11
AD3 K 12 can sink/source 5 LS-TTL loads.

AD4 L 13

AD5 M 13

AD6 L 12

AD7 N 13

AD8 N 8

AD9 M7

AD10 N7

AD11 M6

P0.0 N1 1/0 Port 0 is an 8-bit open-drain bidirectional I/0 port.

P0.1 M2 Port 0 pins that have ones written to them are floating, and in
P0.2 L2 that state can be used as high-impedance inputs.

P0.3 M1 Port 0 is also the multiplexed low-order address and data bus
P0.4 K 2 during accesses to external program and data memory. In this
P0.5 L1 application it uses strong internal pullup resistors when

P0.6 K1 issuing 1s.

P0.7 J 2

P1.0 F 13 1/0 Port 1 is an 8-bit bidirectional I/0 port with internal pullup

P1.1 F 12 resistors. Port 1 pins that have 1s written to them are pulled high
P1.2 E 13 by the internal pullup resistors, and in that state can be used as
P1.3 E 12 inputs. As inputs, port 1 pins being externally pulled low will
P1.4 D13 source current (I, in the DC characteristics) because of the
P1.5 Cc13 internal pullup resistors.

P1.6 D12

P1.7 B 13
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SAB 80512K

Pin Definitions and Functions {cont'd)
i Input (1) .
Symbol Pin Output (O) Function
P2.0 M 11 1/0 Port 2 is an 8-bitbidirectional I/0 portwith internal pullup resistors.
P2.1 N 12 Port 2 pins that have 1s written to them are pulled high by the
P2.2 M 10 internal pullup resistors, and in that state can be used as inputs.
P2.3 N 11 As inputs, port 2 pins being externally pulled low will source
P2.4 N 10 current (), in the DC characteristics) because of the internal
P2.5 M9 pullup resistors.
P2.6 N9 Port 2 emits the high-order address byte during fetches from
P2.7 M8 external program memory and during accesses to external data
memory that use 16-bit address (MOVX@DPTR). In this
application, port 2 employs strong internal pullup resistors when
issuing 1s. During accesses to external data memory that use
8-bit addresses (MOVX@RI), port 2 issues the contents of the
P2 special function register.
P3.0 A9 1/0 Port 3 is an 8-bit bidirectional 1/0 port with internal pullup
P3.1 B9 resistors. Port 3 pins that have 1s written to them are pulled high
P3.2 A 10 by the internal pullup resistors, and in that state can be used as
P3.3 B 10 inputs. As inputs, port 3 pins being externally pulled low will
P3.4 A11 source current ([, in the DC characteristics) because of the
P3.5 A12 internal pullup resistors. It also contains the interrupt, timer, serial
P3.6 B 12 port and external memory strobe pins that are used by various
P3.7 C12 options. The output latch corresponding to a secondary function
must be programmed to a one (1) for that function to operate.
The secondary functions are assigned to the pins of port 3, as
follows:
— RxD (P3.0): serial port’s receiver data input (asynchronous) or
data input/output (synchronous)
— TxD (P3.1): serial port’s transmitter data output (asynchronous)
or clock output (synchronous)
—INTO(P3.2): interrupt 0 input/timer 0 gate control input
—INT1(P3.3): interrupt 1 input/timer 1 gate control input
— TO (P3.4): counter 0 input
—T1(P3.5): counter 1 input
— 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 the external data
memory to port 0
P4.0 D1 170 Port 4 is an 8-bit quasi-bidirectional I/0 port with internal pullup
P41 D2 resistors. Port 4 pins that have 1s written to them are pulled high
P4.2 C1 by the internal pullup resistors, and in that state can be used as
P4.3 C2 inputs. As inputs, port 4 pins being externally pulled low will
P4.4 A1 source current (1, in the DC characteristics) because of the
P4.5 B 2 internal pullup resistors.
P4.6 B 3
P4.7 A2
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SAB 80512K

Pin Definitions and Functions (cont’d)

. Input (1) .

Symbol Pin Output (0) Function

P5.0 E 1 1/0 Port 5 is an 8-bit bidirectional I/0 port with internal pullup

P5.1 F 1 resistors. Port 5 pins that have 1s written to them are pulled high

P5.2 F 2 by the internal pullup resistors, and in that state can be used as

P5.3 G1 inputs. As inputs, port 5 pins being externally pulled low will

P5.4 G2 source current (I, in the DC characteristics) because of the

P5.5 H1 internal pullup resistors.

P5.6 H 2

P5.7 J 1

P6.0 A8 | Port 6, 8-bit unidirectional input port. Port pins can be used for

P6.1 B8 digital input if voltage levels meet the specified input high/low

P6.2 A7 voltages and for the eight multiplexed analog inputs of the

P6.3 B7 A/D converter, simultaneously.

P6.4 A6

P6.5 B 6

P6.6 A5

P6.7 B5

XTAL2 H 12 XTAL2

XTAL1 H 13 Output of the inverting oscillator amplifier. To drive the device
from an external clock source, XTAL2 should be driven, while
XTAL1 is pulled low. There are no requirements on the duty
cycle of the external clock signal, since the input to the internal
clocking circuitry is divided down by a divide-by-two flipflop.
Minimum and maximum high and low times specified in the AC
characteristics must be observed.
XTAL1
Input to the inverting oscillator amplifier. Required when a crystal
or ceramic resonator is used.
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Pin Definitions and Functions (cont'd)
i Input (I) )

Symbol Pin Output (O) Function

RESET B4 | A low level on this pin for the duration of two machine cycles
while the oscillator is running resets the SAB 80512K. A small
internal pullup resistor permits power-on reset using only a
capacitor connected to Vss.

ALE N2 (o] Provides address latch enable output used for latching the
address into external memory and emulation memory. ltis
activated every six oscillator periods except during external data
memory accesses.

PSEN N3 (0] The program store enable output is a control signal that enables
an external program memory to the bus (port 0 and port 2) during
external fetch operations. Itis activated every six oscillator periods
except during external data memory accesses. Remains high
during program execution from emulation memory.

PSENE M12 (¢] This output is a control signal that enables an external program
memory to ADO to AD7 during instruction fetch operations. It is
activated every six oscillator periods.

EA M3 | When EA is held at a TTL high level, the SAB 80512K executes
instructions from the program memory connected to the AD lines
when the PC is less than 4096.

When EAis held at a TTL low level, the SAB 80512K executes
all instructions from external program memory (through
port O lines).

Varer A3 Reference voltage for the A/D converter

Vaeno A4 Reference ground for the A/D converter

Vee E2 POWER SUPPLY

Vss G13 GROUND (0V)

Vep B1 POWER DOWN SUPPLY VOLTAGE
If Vep is held within its specifications while V¢c drops below the
specification, Vpp will provide standby power to 40 byte of
internal RAM (addresses 58H to 7FH). During normal operation of
the SAB 80512K, the RAM’s current is supplied by Vcc when
Vpp is low.

Ves G12 SUBSTRATE PIN
Must be connected to Vss through a capacitor (100 to 1000 nF)
for proper operation of the A/D converter.

NC A13 NO CONNECTION

B 11
M4
M5
N4
N5
N6
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Figure 1
Block Diagram
XTAL1 XTAL2 Vep
i___% "% ___________________ i
: 0SC & Timing 40x8 ADO-AD11 :<:E 4&20%#\011
| RAM |
RESET — ! 88x8 [
ALE ~—] | '
PSEN ~—| cPU PO —J—|l<_. 8”?';”0
PSEN_E- -] I
A ——-{ |
——lﬁ Port 1
P1 P —— .
: Timer 0 I 8 Bit
| |
| !
| 1Y) Port 2
] Timer 1 T 9 Bit
| |
! |
| P3 Port 3
| Serial Port T '8 Bit
| I
| |
| 1 Port &
| Baud Rate Pb | ==1g git
| Generator |
| I
] ]

Port 6 Port 5
8Bt P P a==1s g
| L |
| 1
Vas —] AN MUX =] S &H |- |

! I
Varer : AID I
Vacno 1 |
| |
L _l
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Functionai Description

The members of the SAB 80512 microcontroller
family are:

— SAB 80512 with factory mask-programmable
4 Kbyte on-chip ROM
— SAB 80532 ROM-less version of the SAB 80512
— SAB 80512K ROM-less version of the SAB 80512
with additional bus interface

In this data sheet the term “SAB 80512" is used to
refer generally to all members of the SAB 80512
family, except where specifically stated otherwise.

The SAB 80512 is based on the architecture of the
SAB 8051 microcontroller family. The SAB 80512
includes all features of the SAB 8051 and additionally
offers peripheral extensions in three items:

— 8-bit A/D converter with adjustable
reference voltages

—two more ports

— dedicated baud rate generator

Different to the SAB 8051 is the inverted reset input
and the RAM power-down supply by a special pin
(Vep), which supplies 40 byte with a typical current
of 2 mA. Beside the upward compatibility to the
SAB 8051 (all SAB 8051 software runs on the

SAB 80512 without any changes) the SAB 80512 is
also downward compatible with the SAB 80515.
The SAB 80512K is a ROM-less version of the

SAB 80512. In place of the 4 Kbyte on-chip ROM,
there is an additional bus interface for an 4 Kbyte
emulation memory which can be connected
externally.

Figure 1 shows a block diagram of the SAB 80512K.

Siemens Aktiengesellschaft

Program Memory

The SAB 80512 has 4 Kbyte of on-chip ROM, while
the SAB 80532 has no internal ROM. The program
memory can be externally expanded up to 64 Kbyte.
If the EA pin is held high, the SAB 80512 executes
out of internal ROM uniess the address exceeds
OFFFH. Locations 1000H through OFFFFH are then
fetched from the external program memory. If the
EA pin is held low, the SAB 80512 fetches all
instructions from the external program memory.
Since the SAB 80532 has no internal ROM, pin EA
must be tied low when using this device.

The SAB 80512K has the same function as the
SAB 80512; the difference is that fetches from the
internal ROM are executed from the program
memory through the additional bus interface.

A/D Converter

The 8-bit A/D converter of the SAB 80512 has

8 multiplexed analog inputs and is using the
successive approximation method. The sampling of
an analog signal takes 5 machine cycles, the total
conversion time is 15 machine cycles (15 us at

12 MHz oscillator frequency). Conversion can be
programmed to be single or continuous; at the end
of a conversion an interrupt can be generated.

The SAB 80512 provides variable external reference
voltages Vagnp and Vager adjustable in a wide range.
A compressed reference voltage range allows to
increase the resolution of the converted analog
input.

Figure 2 shows a block diagram of the A/D converter
of the SAB 80512.
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Figure 2
Block Diagram of A/D Converter

I-Bus
P6 (DBH)
t|—» P67 ’ P66 | P65 ! P64 | P63 ‘ P62 |P6A1 ]P6.0 Iz
ADCON (D8H)
[BD I ‘ lBSY ]ADM lmxz |M><1 Wqu:_,___——
7 6 5 A 3 Iz 0
ADDAT (D9H)
[ —=1 Mux - 0
ANO-7 1
S&H A/D 2
3
¥ 4
AREF Converter 5
VaGND 5
Vg 7
DAPR (DAH)
Wwrite to DAPR:,
|-Bus
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T 4
1aoie 1

Special Function Registers

Bit-
Addressable

Address Symbol Name

80H PO Port O register

81H SP Stack pointer

82H DPL Data pointer, low byte

83H DPH Data pointer, high byte

87H PCON Power control register

88H TCON Timer control register

89H TMOD Timer mode register

8AH TLO Timer 0, low byte

8BH TL1 Timer 1, low byte

8CH THO Timer 0, high byte

8DH TH1 Timer 1, high byte

90H P1 Port 1 register

98H SCON Serial port control register
99H SBUF Serial port buffer register
0AOH P2 Port 2 register

0A8H IE Interrupt enable register
0BOH P3 Port 3 register

0B8H IP Interrupt priority register
0COH IRCON Interrupt request control
0DOH PSW Program status word register
O0D8H ADCON A/D converter control register
0D9H ADDAT A/D converter data register
ODAH DAPR D/A converter start register
0DBH P6 Port 6 register

OEOH ACC Accumulator register

OE8H P4 Port 4 register

OFOH B B register

OF8H P5 Port 5 register
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Special Function Registers

All registers, except the program counter and the
four 8-register banks, reside in the special function
register area. The 28 special function registers
(SFRs) include arithmetic registers, pointers, and
registers that provide an interface between the CPU
and the on-chip peripheral functions. There are
also 128 directly addressable bits within the SFR
area. The special function registers are listed in
table 1.

1/0 Ports

The SAB 80512 has six 8-bit I/0 ports and one 8-bit
input port. Port 0 is an open-drain bidirectional 1/0
port, while ports 1 to 5 are quasi-bidirectional I/0
ports with internal pullups. That means, when
configured as inputs, ports 1 to 5 will pull high and
will source current when externally pulled low.
Port 0 will float when configured as input.

Port 6 is an input port only and can be used as
digital input port, if the values meet the specified
high/low voltages and as analog input for the A/D
converter.

Port 0 and port 2 can be used to expand the program
and data memory externally. During an access to
external memory, port 0 emits the low-order address
byte.In this function, port 0 is not an open-drain
port, but uses a strong internal pullup FET.

Connecting an External Program Memory to the
SAB 80512K

The bond-out chip SAB 80512K allows emulating
the SAB 80512’s internal ROM via the additional bus
interface. The multiplexed bus ADO to AD1 emits
the address and reads the instruction at pins ADO
to AD7. Observe that the higher address lines AD8
to AD11 are also multiplexed. The control signals
for the memory connected with AD lines are ALE
and PSENE.
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When pin EA is high, the SAB 80512K executes
instructions from the AD bus if the PC is less than
4096, otherwise it will execute from external
program memory through PO and P2. When pin EA
is low, the SAB 80512K executes all instructions
from external program memory.

Figure 3 shows a typical circuitry to connect a
memory to ADO through AD11 of the SAB 80512K.
Although only 4 Kbyte of EPROM are required in this
example, the SAB 2764A 8 Kbyte EPROM has been
used as it is a standard device. Of course, a 4 Kbyte
EPROM like SAB 2732A could also be employed.
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Figure 3
Connecting an External Memory to ADO through AD11

+5V

il

-L_.\.. +5V
-|_100nF

Vss Ve Vo Ves 1 Dll/(gt Gggo © ,
— G
{02 g pozfl 2 [P VeeVec
“o3 & po3p Al
P ADTI =210k o DOLH> AN
/\: AD10 §ois & oos e ZL A0
AD9 Hole " pos 13 241 A9
ADS D7 007 A8
— S8 OF
19 saB®
X 2764A
<‘r—— P3 207 [®
— Ve GND
Hoo~ oo ]g Har
— Hon _ porfi® £] A6
02 § 0w 21 As
SAB D3 & D03 Al
s0%12K Mo & DoufR 11 A3
61pis < DosHa 81 A2
_|P5 v 13 9
Hoie “ pos 3 o A
07  DO7 A0
STB OF
P6 ]
1
ADO 00
V AGND AD1 }% 01
VaRer AD2 151 92
RESET AD3 i 12103
XTAL1 ADk 1604
XTAL2 ADS s
EA AD6 1806
PSEN AD7 07
ALE TF TEGND
_ 22] 20] 14
PSENE

*)" Note: Only the lower 4 Kbyte of the SAB 2764A are used
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Instruction Set Summary

Mnemonic | Description | 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 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 and 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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instruction Set Suimmary (cont'd)

Mnemonic Description l Byte | Cycle
Logical operations (cont’d)

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, 3data 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 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 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 1T
MoV A, ddata 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
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Instruction Set Summary (cont’d)

Mnemonic | Description l Byte l 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,#data16 | Load data pointer with a 16-bit constant 3 2
Movce 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 indirect 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 Cc 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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Mnemonic Description ‘ Byte ‘ Cycle

Program and machine control

ACALL addr11 Absolute subroutine call 2 2

LCALL addr16 Long subroutine call 3 2

RET Return from subroutine 1 2

RETI Return from interrupt 1 2

AJMP addr11 Absolute jump 2 2

LJMP addr16 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 ©orel 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

JBC bit,rel Jump if direct bit is set and clear bit 3 2

CJNE A, direct,rel Compare direct byte to A and jump if not equal 3 2

CJNE A, #data,rel Comp. immed. to A and jump if not equal 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: Notes on program addressing modes:

Rn — Working register RO—R7 addr16 —.Destination address for LCALL and LUMP

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

@Ri — Indirect internal or external RAM addr11 - Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte

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

#data 16 — 16-bit constantincluded as bytes2 and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include

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

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980
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Instruction Op Codes in Hexadecimal Order

I:gé(e yfug?/:):sr Mnemonic| Operands lrjc?é(e l(;lfut;r\*: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 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 A,R3

08 1 INC RO 3C 1 ADDC A,R4

09 1 INC R1 3D 1 ADDC AR5

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

0B 1 INC R3 3F 1 ADDC A,R7

ocC 1 INC R4 40 2 JC code addr
oD 1 INC R5 41 2 AJMP code addr
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 A,RO

15 2 DEC data addr 49 1 ORL A,R1

16 1 DEC @RO aA 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 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 B5A 1 ANL A,R2

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

28 1 ADD ARO 5C 1 ANL A R4

29 1 ADD AR1 5D 1 ANL A,R5

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 addr
2D 1 ADD A,R5 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
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Instiruction Op Codes in Hexadecimal Order (cont’d)

z‘(%(e yfut;‘;?:; Mnemonic| Operands l:gé(e yfug;?:; Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SUBB AR5

6A 1 XRL AR2 9E 1 SUBB AR6

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 JNzZ code addr A4 1 MUL AB

71 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 adadr

76 2 MoV @RO0,#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 R1,4#data AD 2 MoV R5,data addr

7A 2 MoV R2,4#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 CJNE A, #-data,code addr
81 2 AJMP code addr B5 3 CJINE 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 @R1,3data,code addr
84 1 DIV AB B8 3 CJNE RO,#data,code addr
85 3 MOV data addr,data addr B9 3 CJNE 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 addr
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 addr
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 SuUBB 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 CB 1 XCH AR3

98 1 SUBB A,RO cc 1 XCH AR4

99 1 SUBB AR1 CD 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)

H
c:()i(e yfugr;?:sr 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 addr
DA 2 DJNZ R2,code addr
DB 2 DJNZ R3,code addr
DC 2 DJNZ R4,code addr
DD 2 DJNZ R5,code adadr
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 A,R2

EB 1 MOV AR3

EC 1 MOV AR4

ED 1 MOV A,R5

EE 1 MOV A,R6

EF 1 MoV A,R7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO0,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
F6 1 MOV @RO0,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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PR TP —

N gl s s e 1)
Absoliute Maximum Ratings

Ambient temperature under bias 0 to+ 70°C
Storage temperature —65 to +150°C
Voltage on any pin with respect to ground (Vss) —-05to+ 7V
Power dissipation 2W

DC Characteristics
Vee = 5V +£10%; Vss = 0V; Ta = 0to 70°C

Symbol Parameter Limit values Unit Test condition
min. max.

ViL Input low voltage -0.5 0.8 \% -

Vi Input hiMage 2.0 Vee+0.5 |V -
(except RESET and XTAL2)

Vit Input high voltage to XTAL2 25 Vee+0.5 |V XTALT1 to Vss

Vinz Input high voltage to RESET 3.0 - \% -

Vep Power-down voltage 3 5.5 \% Vee=0V

VoL Output low voltage, ports 1,2, 3,4,5 - 0.45 \% Io. = 1.6 MA

Vo Output low voltage, - 0.45 \% Io. = 3.2mA
port 0, ALE, PSEN, PSENE

VoL Output low voltage, ADO to AD11 - 0.45 \% Io.=2mMA

Vou Output high voltage, ports 1,2,3,4,5 | 2.4 - \' Iow = —80 pA

Vour Output high voltage, 2.4 - \ Ioy = —400 pA
port 0, ALE, PSEN, PSENE

Vonz Output high voltage, ADO to AD11 2.4 — \% Ion = —2mA

I Logic Oinput current, ports 1,2,3,4,5 | — —500 uA V=045V

T2 Logic O input current, XTAL2 - -25 mA XTAL1 = Vgg

Vii=045V

Iis Input low current to RESET for reset - -500 uA Vi =0.45V

I Input leakage current to port 0, - +10 uA 0V < Vin< Ve
EA, ADO to AD11

Icc Power supply current - 175 mA All outputs

disconnected
Irp Power-down current - 3 mA Vee=0V
Cio Capacitance of 1/0 buffer — 10 pF fo=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 80512K

A/D Converter Characteristics

Ta=0t0o +70°C; Vec =5V +10%; Vss=0V;
(Vss — 0.2V) =< Vagno = (Varer — 1V); (Vagnp +1V) = Vager =< (Ve + 5%)

Symbol | Parameter Limit values Unit Test condition
min. typ. max.

VAINPUT Analog input voltage Vagno— | — Varert+ |V -
0.2 0.2

C Analog input capacitance - 25 - pF "

ts Sample time - - 5ty ns "

tc Conversion time - - 15 tey ns K

(including sample time)

Differential non-linearity - +1/2 +1 LSB Varer = Ve
V, =V
Integral non-linearity - +1/2 +1 LSB R?(c;)hfmanal;z;
Offset error - £1/2 | #1 LsB | !nputsource
=10kQ
Gain error - +1/2 +1 LSB
Irer Vager supply current - - 5 mA 2

" The internal resistance of the analog source must be less than 10 kQ to assure full loading of the sample
capacitance during sample time.

2 The internal resistance of the analog reference voltage source must be less than 1 kQ.
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SAB 80512K

AT Characteristics
Ta=0t070°C; Vec =5V +10%; Vgs =0V

(Cy for port 0, ALE, PSEN and PSENE outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/tcier = 1.2 MHz to 12 MHz
min. max. min. max.
tey Cycle time 1000 — 12tcreL — ns
ti ALE pulse width 127 — 2t c-40 - ns
tavie Address setup to ALE 53 - tee-30 - ns
tiiaxa Address hold after ALE 48 - tercl-35 - ns
tLuva ALE to valid instruction in - 233 - Ateic-100 ns
tiipLa ALE to PSEN 58 - tercl-25 - ns
tpLpH1 PSEN pulse width 215 - 3tcLc-35 - ns
tpLiva PSEN to valid instruction in - 150 - 3tcicl-100 ns
toxixa Input instruction hold after PSEN | 0 - 0 - ns
texiza " Input instruction float after PSEN | — 63 - terel-20 ns
toxavi" Address valid after PSEN 75 - tec-8 - ns
taviva Address to valid instruction in - 302 — Stere-115 ns
tazpL1 Address float to PSEN 0 - 0 - ns

External Data Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/tcret=1.2 MHz to 12 MHz
min. max. min. max.
tRLRH RD pulse width 400 — 6tcLcL-100 - ns
twiwn WR pulse width 400 - 6tcicL-100 - ns
tiiaxe Address hold after ALE 132 - 2tcic-35 - ns
trLov RD to valid data in - 252 - Stcre-165 ns.
tRHDX Data hold after RD 0 - 0 - ns
taupz Data float after RD - 97 - 2tcicl-70 ns
tiov ALE to valid data in - 517 - 8tcrcL-150 ns
tavov Address to valid data in - 585 - OtcicL-165 ns
tiwe ALE to WR or RD 200 300 3tcLc-50 3tcLc+50 ns
tavwi Address to WR or RD 203 - At c-130 - ns
twhn WR or RD high to ALE high 43 123 tere-40 torcL+40 ns
tavwx Data valid to WR transition 33 - torcl-50 - ns
tovwi Data setup before WR 433 - 7tercl-150 - ns
twHax Data hold after WR 33 - torcL-50 - ns
taLaz Address float after RD - 0 - 0 ns

" Interfacing the SAB 80512K 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 80512K

Emulation Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/teLer = 1.2 MHz to 12 MHz
min. max. min. max.
tey Cycle time 1000 - 12tcicL = ns
tin ALE pulse width 127 — 2tcic-40 — ns
taviLz Address setup to ALE 53 - teLel-30 - ns
tiaxs Address hold after ALE 48 - teLe-35 - ns
tiuve ALE to valid instruction in - 233 - 4tcrc-100 ns
tueL ALE to PSENE 58 - torci-25 - ns
tpLpH2 PSENE pulse width 215 - 3terc-35 - ns
trLv2 PSENE to valid instruction in - 150 - 3tcic-100 ns
texixa Input instruction hold after PSENE | 0 - 0 - ns
tpxiz2? Inputinstruction float after PSENE | — 63 - teLet-20 ns
toxav2? Address valid after PSENE 75 - tea-8 - ns
tavivz Address to valid instruction in - 302 - BicrcL-115 ns
tazeL2 Address float to PSENE 0 - 0 - ns
External Clock Drive XTAL2
Symbol Parameter Limit values Unit
Variable clock
Freq. = 1.2 MHzto 12 MHz
min. max.
tercL Oscillator period 83.3 833.3 ns
teHex High time 20 tereL-terex ns
teLck Low time 20 tercL-tenex ns
teien Rise time - 20 ns
teHel Fall time - 20 ns

2 Interfacing the SAB 80512K to devices with float times up to 75 ns is permissible. This limited bus
contention will not cause any damage to ADO—AD7 drivers.
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SAB 80512K

Program Memory Read Cycle

| fey |
Fehie —=t=— tLivi —=
fLLPL'I ‘ —1
ALE T |
teLpHi
R o [
It L
t’m = foLivt = — — Fexiz1
=|faviLs
| =tz =1 | Fexixi
Port0  Instr InH AT - AO D——{ Instr ln) A7 - AO >—-strr I?)——
{
fAV|V1
dd
Port2 RS Address AT5-AB X Address A15-AB >
I

Data Memory Read Cycle

fLeov ' Fukin =
ALE —/__\
PSEN /
~— fuwe FRiRH
RD W —
J fRHDzZ
— Favwi
Favov = fusa frLov frwox —=1  |=—
AT- A0 Kx Data In
Port 0
—= l=~—tpiaz
Address Add A15-A8 or SFR-P2 N
Port2 _OF SFR-P2 ress o /
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SAB 80512K

Data Memory Write Cycle

Funin
ALE _ﬂ
f——

Fiwe Fuwiwk

—fAVwL

t ha ~— favwx ‘ #
[ faxe Favwn WHOX

Port 0 )—< AT-AO Data Out b

Address . -
Port 2 or SFR-PZX Address A15-A8 or SFR-P2

Emulation Memory Read Cycle

fey

frive =

fLLPLZ \
l

—~— FpLph2 '_“\

PSENE _—./__— | TL——f

ALE

H L
e 1 N — Fexizz
—=| faviL2
—| l=—tazpL2 == |fexixz
ADO- i H —
- Instr In A0-A7 Instr In

AD7 Instr In H A0 - A7

Favive

ADB- - -
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SAB 80512K

External Clock Cycle

400 uA at voltage test levels.

Fewex  —= foren —= — |~ feue
25 25 25
K 0.8 0.8 4 -
~— foiex —=
fewet
AC Testing Input, Output, Float Waveforms
24 70 70
Test Points
. 0.8
0.45 08
Float »|

246 ﬁ\z.o 20 2.4
0.65 ——-7["'8 08 045

AC testing inputs are driven at 2.4V for a logic /1" and at 0.45V for a logic ““0".
Timing measurements are made at 2.0V for a logic 1" and at 0.8V for a logic “/0".
For timing purposes, the float state is defined as the point where a PO pins sinks 3.2 mA or sources
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SAB 80512K

Recommended Oscillator Circuits

~

XTAL1 XTAL1
+5V _[

’ —
1.2-12MHz LTk
C 1
1II XTAL 2 o- b - XTAL2
76404
T4LS04
C=30pF +10pF
Crystal Oscillator Mode Driving from External Source
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SAB 80512K

1. 1 1 L
— } =
N1 1 ==
=
8
!
S i‘;
] = g
2,54 225045
— |- —_—
3048 —e{7.211 L—
u] 33.10_()}7
Dimensions in mm
Ordering Information
Type Ordering code Description
SAB 80512K-A Q67120-C333 8-bit single-chip microcontroller,

ROM-less version
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SAB 80513/80533
8-Bit Single-Chip Microcontroller

SAB 80513 Microcontroller with factory-maskprogrammable ROM
SAB 80533 Microcontroller for external ROM

® 16K x 8 ROM (SAB 80513 only) ® Boolean processor
® 256 x 8 RAM ® Most instructions execute in 1 us
® Four 8-bit I/0 ports ® 4 us multiply and divide
® Three 16-bit timer/event counters ® External memory expandable up to 128 Kbyte
@ High-performance full-duplex serial channel ® Fully backward compatible to SAB 8051A and
with flexible transmit/receive baud rate capability SAB 8052A
® Six interrupt vectors, two priority levels are @ P-DIP 40 and PLCC 44 package
programmable
Pin Configuration
P-DIP-40 PLCC 44
A P14 P13 PLZ b1 P10 KC e OO PO] Po3 PO3
X . 1. . 3
T2/P0 )1 w0 ve Ormom o r@”_]'_lr_lm
T2EX/PU ]2 39[J P00 ADO 5 5 &4 3 2 W &3 42 41 40
P23 38[ P01 AD1
P3[4 37[Jroz  AD2 i 39| |]P0.4 AD4
PiLl]s 36[JP03  AD3 38[]P0.5 ADS
156 3[Jpou ADL 37[]P06 ADS
PieLy? i RST/Vep 36[]P07  AD7
Nausi) 33[JPo6  ADS
RST/Yo (]9 w 2 [Clpor A7 RxD/P3.0 EH Y
ReD/P30 []10 80513 31[JEA SAB N
wo/P31 1 00533 30[J ALE S 33?333
Woe3z [] 12 29[ JPSEN X 3 ]ALE
Wrie33 [ 13 [Pz AlS INTO/P3.2 32[]PSEN
T3 [ 1 2[Jp% A% INT1/P33 31]p27 AtS
lPssEﬁ w[1P25 A T0/P34 30[]p26 AW
WRIP36 []16 25[JP2e  A12
ROIP3T (] 17 w[Jp23 A TIP35 []P2s A3
xng 18 23[]pP22 AN 1819 20 21 22 23 2 25 26 27 28
g gy
e i zpIPn A9 5% o0 WAL T NC PZ0 P21 P72 TS P
vs (20 21[JP20 A8 WR RO 2 1 AB A9 AT0 AN AR2
The SAB 80513/80533 is a new member of the effective controller for applications requiring more
Siemens SAB 8051 family of 8-bit microcontrollers.  ROM space.
It is fabricated in N-channel, silicon-gate Siemens Furthermore, the SAB 80513/80533 contains
MYMOS technology. 256 byte RAM on-chip, four 8-bit ports, a powerful
The SAB 80513/80533 is a stand-alone, high- interrupt structure with six vectors and two

performance, single-chip microcontroller based on programmable priority levels, a serial channel as
the SAB 8051 architecture. It maintains all features well as on-chip oscillator and clock circuitry. The

of the SAB 8051A and SAB 8052A (including SAB 80533 is identical with the SAB 80513 except
timer 2 of the SAB 8052A) and is thus fully compatible that it lacks the on-chip program memory.

to both the SAB 8051A and SAB 8052A. The SAB 80513/80533 is supplied in a 40-pin dual-in-
In addition, the SAB 80513 contains 16 Kbyte of line package or a 44-pin plastic leaded chip carrier

on-chip ROM, which makes it a powerful and cost- (PLCC 44) package.
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SAB 80513/80533

Logic Symbol

Siemens Aktiengesellschaft

Vs ——— ) -
Ve ——— | ———
XTAL1——— |~ i ﬂ;g
XTAL2— 0% —~—— :3«5
] tg’
RST/Vop—n] | |1
-~ | - g
EA —» ) - =
- SAB i
PSEN —=-——r 80513 = —~=— T2EX
80533 i
ALE ~—ro ————
<—>,§
e
| —f—
|
RXD —# [ | e
TxD —e—| -~ |
W» ——— o —
T0 —= ;_50 <—>c'x_6 —— g
T1 =] = - |—Z
WR —~—| - P
RD —-—| )
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SAB 80513/80533

Pin Definitions and Functions

Symbol

Pin

P-DIP-40 | PLCC 44

Input (1)
Output (O)

Function

P1.0-P1.7

1-8

2-9

1/0

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.

Pins P1.0and 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/Vpp

A high level on this pin resets the SAB 80513/80533.

A small internal pulldown resistor permits power-on reset
using only a capacitor connected to Vcc. If Vpp is held within
its spec while V¢ drops below spec, Vpp Will provide
standby power to the RAM. When Vpp is low, the RAM’s
current is drawn from Vec.

P3.0—-P3.7

10-17

11,
13-19

110

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

21
20

XTAL 1 input to the oscillator’s high gain amplifier.
Required when a crystal is used. Connect to Vgs 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

24-31

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

32

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 80513/80533

Pin Definitions and Functions (cont’d)

Symbol

Pin
P-DIP-40 | PLCC 44

Input (1)
Output (O)

Function

ALE

30 33

(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 ecternal data memory access.

31 35

When held at a TTL high level, the SAB 80513 executes
instructions from the internal ROM when the PC is
lessthan 4096. When held ata TTL low level, the SAB 80513
fetches all instructions from external program memory.
For the SAB 80533 this pin must be tied low.

P0.0—P0.7

39-32 |43-36

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.

40 a4

Power supply during operation and program verification.

20 22

Ground (0V)

- 1,12
23,34

No connection
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SAB 80513/80533

Block Diagram
XTAL1 XTAL2 Counters
T - =
| A I
| |
. 16384 Byte Two 16-Bit
| 2;;'%;?? Program Memory ési B)qe Timer/Event I
| 9 (SAB 80513 only) ata Temory Counters |
' |
i i ! PN 7S I
|| SAB 80513 < |
I CPU |
| I
| 1 \} N i
| Programmable
| 64 Kbyte Bus Serial Port |
Expansion Programmable 1/0 « Full Duplex UART | |
| P
| Control « Synchronous |
Shifter
{ Interrupts :
[ ) R B S SO N I ) AN B
Interrupts Control Parallel Ports Serial Input  Serial Output
Address Data Bus
and I1/0 Pins
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SAB 80513/80533

instruction Set Summary

Mnemonic Description I 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 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 with borrow 1 1
SUBB A ddata 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 and 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 d:data AND immediate data to accumulator 2 1
ANL direct,A AND accumulator to direct byte 2 1
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SAB 80513/80533

Instruction Set Summary (cont’d)

Mnemonic l Description | Byte | Cycle
Logical operations (cont’'d)

ANL direct,#data AND immediate data to direct byte 3 2
ORL ARn 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 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
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 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 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 ARn Move register to accumulator 1 1
MOV A, direct *) Move direct byte to accumulator 2 1
MOV A ,@Ri Move indirect RAM to accumuiator 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
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SAB 80513/80533

instruction Set Suiminary {cont’d)

Mnemonic Description | 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 indirect RAM with A | 1 1
Boolean variable manipulation

CLR C Clear carry flag 1 1
CLR bit Clear direct bit 2 1
SETB Cc Set carry flag 1 1
SETB bit Set direct bit 2 1
CPL C Compiement carry fiag i i
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 80513/80533

Instruction Set Summary (cont’d)

Mnemonic Description ‘ Byte ] Cycle
Program and machine control
ACALL addr 11 Absolute subroutine call 2 2
LCALL addr16 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 is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJNE A, direct,rel Compare direct byte 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,#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
ng modes: Notes on program addressing modes:
Rn — Working reglster RO—R7 addr16 - Destination address for LCALL and LJMP
direct — 128internal RAM locations, any I/O port, may be anywhere within the 64 Kbyte
control or status register program memory address space.
@Ri — Indirect internal or external RAM addr11 — Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte
#data  — 8-bit constant included in instruction page of program memory as the first
4#data 16 — 16-bit constantincluded as bytes2and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include
bit — 128 software flags, any I/0 pin, control an 8-bit offset byte. Range is +127/—128
or status bit bytes relative to first byte of the following
A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980
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SAB 80513/80533

------ HGY o VY o, Y, P
instruction Op Codes i

?:c)j(e yfu&?:; Mnemonic| Operands ::-l:é(e l(:lfugr;?eir 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 AR5

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 adadr
ob 1 INC R5 41 2 AJMP code addr
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

15 2 DEC data addr 49 1 ORL AR1

16 1 DEC @RO0 a4A 1 ORL A,R2

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4c 1 ORL A,R4

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 AR2

27 1 ADD A.@R1 5B 1 ANL A.R3

28 1 ADD ARO 5C 1 ANL A.R4

29 1 ADD AR1 5D 1 ANL A,R5

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

2B 1 ADD A,R3 5F 1 ANL AR7

2C 1 ADD A,R4 60 2 Jz code addr
2D 1 ADD A,R5 61 2 AJMP code addr
2E 1 ADD AR6 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
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Instruction Op Codes in Hexadecimal Order (cont'd)

Eci)i(e yful;:;?eesr Mnemonic| Operands :;l:é(e glfutr)r;:)eesr Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SUBB A,R5

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

6B 1 XRL AR3 9F 1 SUBB A,R7

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 A,R7 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 @RO0,data addr

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

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

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 Rb5,data addr

7A 2 MOV R2,4-data AE 2 MOV R6,data addr

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

7C 2 MoV R4,3#data BO 2 ANL C,/bit addr

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

7E 2 MOV R6,4#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 adadr
82 2 ANL C,bit addr B6 3 CJUNE @RO0,#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 addr
85 3 MOV data addr,data addr B9 3 CJINE R1,3data,code addr
86 2 MOV data addr,@R0 BA 3 CJNE R2,3#data,code addr
87 2 MOV data addr,@R1 BB 3 CJNE R3,#data,code addr
88 2 MOV data addr,R0 BC 3 CJINE R4,4data,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 CJNE 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 ca 1 SWAP A

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

92 2 MOV bit addr,C Ccé 1 XCH A,@RO

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

94 2 SUBB A, #data Cc8 1 XCH A,RO

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 A,R3

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

99 1 SUBB AR1 cD 1 XCH A,R5

9A 1 SUBB A,R2 CE 1 XCH A,R6

9B 1 SUBB AR3 CF 1 XCH A,R7
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Instruction Op Codes in Hexadecimal Order (cont’d)

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 adadr
DD 2 DJNZ R5,code addr
DE 2 DJNZ R6,code addr
DF 2 DJNZ R7,code adar
EO 1 MOVX A,@DPTR

E1 2 AJMP code adadr

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 A,R7

FO 1 MOVX @DPTR,A

F1 2 ACALL code adadr

F2 1 MOVX @RO,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
Fé 1 MoV @RO,A

7 1 MOV @R1A

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

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.

DC Characteristics
Ta= 010 70°C; Vec = 5V +10%; Vs = OV

Symbol Parameter Limit values Unit Test condition
min. max.

Vi Input low voltage -0.5 0.8 \% -

Viu Input high voltage 2.0 Vee+05 |V -
(except RST/VPD and XTAL2)

Vi Input high voltage to 2.5 Vec+05 |V XTAL1 to Vsg
RST/VPD for reset, XTAL2

Vep Power down voltage 4.5 5.5 \% Vee =0V
to RST/VPD

VoL Output low voltage - 0.45 \ Io. = 1.6 MA
Ports 1,2, 3

Vo Output low voltage - 0.45 \Y Io. =3.2mA

Port 0, ALE, PSEN

Von Output high voltage 2.4 - \% Ioy = —80 pA
Ports 1,2, 3

Von1 Output high voltage 2.4 - \% Iow = —400 uA
Port 0, ALE, PSEN

I Logical 0 input current - —500 uA Vi =0.45V
Ports 1,2, 3

Iy, Logical 0 input current - —-2.0 mA XTAL1T = Vgg
XTAL 2 Vi =0.45V

Ly Input high current to - 500 uA Vin = Vee—1.5V
RST/VPD for reset

m input ieakage current - +10 HA 0V < Viy< Ve
to port 0, EA

Icc Power supply current - 175 mA All outputs
SAB 80513/80533 disconnected

Ipp Power down current - 15 mA Vee =0V

Co Capacitance of I/0 buffer — 10 pF f.=1MHz
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AC Characteristics for SAB 80513/80533

Ta=0t070°C; Vec =5V £10%; Vss = OV

(C_ for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)
Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/tereL = 1.2 MHz to 12 MHz
min. max. min. max.

tihiL ALE pulse width 127 — 2 te oL -40 - ns
taviL Address setup to ALE 53 - terct-30 - ns
tiaxa Address hold after ALE 48 — terel-35 - ns
tiuv ALE to valid instruction in - 233 - 4 to o -100 ns
tipL ALE to PSEN 58 - torcl-25 - ns
toLpu PSEN pulse width 215 - 3tcc-35 - ns
teLy PSEN to valid instruction in - 150 - 3 tcc-100 ns
texix Input instruction hold after PSEN | 0 - 0 - ns
teoxiz ) Input instruction float after PSEN | — 63 - teLel-20 ns
toxav 1) Address valid after PSEN 75 - terol-8 - ns
taviv Address to valid instruction in — 302 - 5tcic-115 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock

12 MHz clock 1/tereL = 1.2 MHz to 12 MHz
min. max. min. max.
trian RD pulse width 400 - 6 terc-100 - ns
twLwH WR pulse width 400 - 6 teic-100 - ns
tiiax2 Address hold after ALE 132 - 2 terel-35 — ns
taov RD to valid data in - 252 - 5tcc-165 ns
trHDX Data hold after RD 0 - 0 - ns
trHpz Data float after RD - 97 - 2t c-70 ns
tiov ALE to valid data in - 517 - 8tcic-150 ns
tavobv Address to valid data in — 585 - 9 teLcL-165 ns
towe ALE to WR or RD 200 300 3tcLc-50 3 e oL +50 ns
tavwL Address to WR or RD 203 - 410130 - ns
twHLH WR or RD high to ALE high 43 123 tecL-40 tercL+40 ns
tovwx Data valid to WR transition 33 - torc-50 - ns
tovwh Data setup before WR 433 - 7 terc-150 - ns
twHax Data hold after WR 33 — torcL-50 - ns
triaz Address float after RD - 0 - 0 ns

") Interfacing the SAB 80513/80533 to devices with float times up to 75 ns 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
min. max.
tercL Oscillator period 83.3 833.3 ns
tenex High time 20 tere-ferex ns
terex Low time 20 tercL-terex ns
teich Rise time - 20 ns
teHeL Fall time - 20 ns

ROM Verification Characteristics for SAB 80513
Ta = 25°C +5°C; Ve = 5V £10%; Ves = OV

Symbol Parameter Limit values Unit
min. max.
tavav Address to valid data - 48 tcicL ns
teray ENABLE to valid data - 481t oL ns
tenaz Data float after ENABLE 0 481tc oL ns
VtoreL Oscillator frequency 4 . 6 MHz
ROM Verification

P1.0- P17
P20- P25 _{: Address ) <

Address: P1.0-P1.7 = A0—A7 Inputs: P2.6, PSEN = Vss
P2.0—-P25 = A8—A13 ALE,EA =V
Data: Port0 = DO-D7 RST/Veo = Vi

Siemens Aktiengesellschaft 261



SAB 80513/80533

Waveforms

Program Memory Read Cycle

et —=f=— fiy —

_ ‘

/]

—

_’] Tavie

fLLPL

Tey

ToLpn

1 e
LLAX [T
Tory =]

|

—|

—tzpi

|
Instr lnH AT -AO

-

Toxix—

[\

/
Instr [n>‘
\

_fPXlZ

AT - A0 >—<Insfr In)—

Taviv

ALE
PSEN
Port 0
e B,

y

Address A15-A8

X

Address A15-A8

Data Memory Read Cycle

fliov = Ao [=—
ALE ___/——\
PSEN '—/ flowe TRLRH
Trhnz
= favwL
—-— 1, - 1 Founy —|  |-—
toy lLAx2 RLDV RHDX
\
)——-< AT- AO — Data In
Port 0
e |t az
Address Address A15-A8 or SFR-P2 P
Port 2 or SFR-P2 -/
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Data Memory Write Cycle
TWHLH
AL L
ALE ___/
PSEN —/ frowe Fiwn
WR
—
TiywL
1 ~—Tavwx
T ag= Tavwy fmﬁ
>—< AT-A0 Data Out
Port 0 .
Address i i \
Port 2 or SFR-P2 Address A15-A8 or SFR-P2 y
AC Testing Input, Output, Float Waveforms
24 70 70
Test Points
. 0.
0.45 08 §
~—————— Float ———
24 204
0.45 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 3.2mA or sources
400 uA at the voltage test levels.
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External Clock Cycle

——TeuaL

Recommended Oscillator Circuits

C
H o 19(21) XTALA 19(21) XTAL1
l +5V
b =
_P.z-mmz Tk
C 1
I L1820, o ' 1820 11 5
7604
76LS04
C=30pF +10pF
Crystal Oscillator Mode Driving from External Source

Pin numbers in (...) are for PL-CC-44 package
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Package Outlines

Plastic Package, P-DIP-40

15,2412

EEEEREE H A E AR TR

D 04max
50.9-05

Dimensions in mm

Plastic Package, PLCC-44

|
L &
I hd
i
e S st
16,7-02
17703
0,45°8%s
T

|

__"i' 0smnf|_
127 081max. 35
4,38203

Dimensions in mm
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Type Ordering code Description

8-bit single-chip microcontroller
SAB 80513-P Q 67120-C383 with mask-programmable ROM (P-DIP-40)
SAB 80533-P Q 67120-C385 for external ROM (P-DIP-40)
SAB 80513-N Q 67120-C384 with mask-programmable ROM (PLCC-44)
SAB 80533-N Q 67120-C386 for external ROM (PLCC-44)
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SAB 80515/80535

8-Bit Single-Chip Microcontroller

SAB 80515-N
SAB 80535-N

@ 8K x 8 ROM (SAB 80515 only)

® 256 X 8 RAM

@ Six 8-bit I/0 ports, one 8-bit input port for
analog signals

® Three 16-bit timer/counters

@ Highly flexible reload, capture, compare
capabilities

® Full-duplex serial channel

® Twelve interrupt vectors, four priority level

S

Microcontroller with factory mask-programmable ROM
Microcontroller for external ROM

® 16-bit watchdog timer

® Vi provides standby current for 40 bytes of RAM

® Boolean processor

® 256 bit-addressable locations

® Most instructions execute in 1 us
® 4 us multiply and divide

® External memory expandable up to 128 Kbyte

® Backwardly compatible with SAB 8051

® 68-pin plastic leaded chip carrier package

® 8-bit A/D converter with eight multiplexed inputs (PLCC 68)
and programmable internal reference voltages
Pin Configuration (PLCC 68) Logic Symbol
N em NCO ceamainw
Iy ]
ZZEIZ:EE{Z&;K&‘S&QEE Vie Vss
oonnmnoononoaonoog |
1 61
RESET ] 0 wp PS7
Vawer O b Pos Port 0
Vagno b Po.6 XTAL1 <:::>8?rbit
AN7T g b PosS
AN6 (] b pos XTAL2 ot 1
:uz E g P03 <::>e»mr
P0.2 v
AN3 SAB b po.1 " Port 2
AN2 80515/80535 b Poo Vs <:> 8-bit
AN b EA
ANO b ALE v, Port 3
P30/RxD ] b PSEN AREF SAB 80515 <:::>a-bn
P31/ TxD p P27 Vagno
P32/INT0 b P26 <:> Port &
P33/ INTT § b p2s 8- bit
P3.4/T00 h P2y ANO—AN7|:>
P3.5/T1( 26 W P23 <:>Purt5
27 8-bit
oo -
ERE5E A ———=] = ALE
=gy srer Serm
Q;Egé RESET ———— = PSEN
K a.

The SAB 80515/80535 is a powerful member of the
Siemens SAB 8051 family of 8-bit microcontrollers.

Itis fabricated in +5V N-channel, silicon-gate
Siemens MYMOS technology.
The SAB 80515/80535 is a stand-alone, high-

performance single-chip microcontroller based

on the SAB 8051 architecture. While maintaining

all the SAB 8051 operating characteristics, the

Siemens Aktiengesellschaft

SAB 80515/80535 incorporates several enhance-
ments which significantly increase design flexibility

and overall system performance.

The SAB 80535 is identical with the SAB 80515

except that it lacks the on-chip program memory.
The SAB 80515/80535 is supplied in a 68-pin plastic

leaded chip carrier package (PLCC 68).
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SAB 80515/80535

Pi

Definitions and Functions

i LS L8 )]

Symbol

Pin

Input (1)
Output (O)

Function

P4.0-P4.7

1-3,5-9

1/0

Port 4 is an 8-bit quasi-bidirectional 1/0 port.
Port 4 can sink/source 4 LS-TTL loads.

Power down supply. If Vpp is held within its specs while V¢
drops below specs, Vpp will provide standby power to 40 byte

of the internal RAM. When Vg is low, the RAM’s current is drawn
from Vec.

10

A low level on this pin for the duration of two machine cycles
while the oscillator is running resets the SAB 80515. A small
internal pullup resistor permits power-on reset using only a
capacitor connected to Vgs.

VAREF

11

Reference voltage for the A/D converter

Vaenp

12

Reference ground for the A/D converter

AN7-ANO

13-20

Multiplexed analog inputs

P3.0-P3.7

21-28

1/0

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

interrupt, timer, serial port and external memory strobe pins

that are used by various options. The output latch corresponding

to a secondary function must be programmed to a one (1) for that

function to operate. Port 3 can sink/source 4 LS-TTL loads. The

secondary functions are assigned to the pins of port 3, as

follows:

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

— TxD (P3.1): serial port’s transmitter data output (asynchronous)
or clock output (synchronous)

—INTO (P3.2): interrupt 0 input / timer 0 gate control input

—1INTT (P3.3): interrupt 1 input / timer 1 gate control input

—T0 (P3.4): counter 0 input

—T1(P3.5): counter 1 input

—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 the external data
memory to port 0

P1.7-P1.0

29-36

Port 1is an 8-bit quasi-bidirectional 1/0 port. It is used for the

low-order address byte during program verification. It also

contains the interrupt, timer, clock, capture and compare pins

that are used by various options. The output latch must be

programmed to a one (1) for that function to operate (except

when used for the compare functions). Port 1 can sink/source

4 LS-TTL loads. The secondary functions are assigned to the

port 1 pins, as follows:

—INT3/CCO (P1.0): interrupt 3 input/compare 0 output/
capture 0 input

—INT4/CC1 (P1.1): interrupt 4 input/compare 1 output/
capture 1 input

—INT5/CC2 (P1.2): interrupt 5 input/compare 2 output/
capture 2 input

—INT6/CC3 (P1.3): interrupt 6 input/compare 3 output/
capture 3 input
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SAB 80515/80535

Pin Definitions and Functions (cont’d)

i Input (1) i
Symbol Pin Output (O) Function

P1.7-P1.0 —1INT2 (P1.4): interrupt 2 input

(cont’d) — T2EX (P1.5): timer 2 external reload trigger input
— CLKOUT (P1.6): system clock output

— T2 (P1.7): counter 2 input

Vas 37 Substrate pin. Must be connected to Vss through a capacitor
(47 to 100 nF) for proper operation of the A/D converter.

XTAL2 39 XTAL2 is the output from the oscillator’s amplifier. Input to the
internal timing circuitry. A crystal, ceramic resonator, or external
source can be used.

XTAL1 40 XTAL1 is the input to the oscillator’s high gain amplifier. Required
when a crystal or ceramic resonator is used. Connect to Vgg
when external source is used on XTAL2.

P2.0-P2.7 41-48 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 4 LS-TTL loads.

PSEN 49 (0] 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.

ALE 50 (6] 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 51 I When held ata TTL high level, the SAB 80515 executes instructions
from the internal ROM when the PC is less than 8192. When held
ata TTL low level, the SAB 80515 fetches all instructions from
external program memory. For the SAB 80535 this pin must be
tied low.

P0.0-P0.7 52-59 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.
Port 0 can sink/source 8 LS-TTL loads.

P5.7-P5.0 60-67 1/0 Port 5 is an 8-bit quasi-bidirectional 1/0 port.
Port 5 can sink/source 4 LS-TTL loads.

Vee 68 POWER SUPPLY (+5V power supply during normal operation
and program verification)

Vss 38 GROUND (0V)
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Figure 1
Block Diagram

XTAL1  XTAL2
e . ROM '
Vss nnd01s”pfning 25: MB 8Kx8 =
X
(SAB 80515 onl
VPDo-——| only) |
Vego——] |
| |
P<EN | CPi - I
PSENo<—| U —— po |3
RESET o—s=] ‘ \‘IJI
ALE ome—| Watchdog P—— |
l
~a—a— | Pl |§ -
T
Timer 0 P—
Timer 1 ——— o2 | -
- i
]
Timer 2 [P ——
. ~a—=| P3 [8-=—a]
Serial Port | —a—m= —
I Baud Rate
| Generator =
! | P4 e—<_‘t|
ANO- AN7 rJ— AN
8- bit —=8| yux [ S&H A/D
Varer O Programmable
Vagnp O Ref. Voltages —~=—=1| PS5 [§ e
ND :
L - ]
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SAB 80515/80535

Functional Description

The members of the SAB 80515 family of micro-
controllers are:

—SAB 80515: Microcontroller, designed in
Siemens MYMOS technology, with
8 Kbyte factory mask-programm-
able ROM

— SAB 80535: ROM-less version of the SAB 80515

— SAB 80C515: Microcontroller, designed in
Siemens ACMOS technology, with
8 Kbyte factory mask-programm-
able ROM

— SAB 80C535: ROM-less version of the SAB 80C515

— SAB 80515K: Special ROM-less version of the
SAB 80515 with an additional
interface for program memory
accesses. An external ROM that is
accessed via this interface
substitutes the SAB 80515’s internal
ROM.

The SAB 80535 is identical to the SAB 80515,
except that it lacks the on-chip ROM. In this data
sheet the term ““SAB 80515" is used to refer to both
the SAB 80515 and SAB 80535, unless otherwise
noted.

Principles of Architecture

The architecture of the SAB 80515 is based on the

SAB 8051 microcontroller family. The following

features of the SAB 80515 are fully compatible with

the SAB 8051 features:

— Instruction set

— External memory expansion interface (port 0 and
port 2)

— Full-duplex serial port

— Timer/counter 0 and 1

— Alternate functions on port 3

— The lower 128 bytes of internal RAM and the
lower 4 Kbytes of internal ROM

The SAB 80515 additionally contains 128 bytes of
internal RAM and 4 Kbytes of internal ROM, which
results in a total of 256 bytes of RAM and 8 Kbytes
of ROM on chip. The SAB 80515 has a new 16-bit
timer/counter with a 2:1 prescaler, reload mode,
compare and capture capability. It also contains a
16-bit watchdog timer, an 8-bit A/D converter with
programmable reference voltages, two additional
quasi-bidirectional 8-bit ports, one 8-bit input port
for analog signals, and a programmable clock
output (fosc/12).

Furthermore, the SAB 80515 has a powerful
interrupt structure with 12 vectors and 4 programm-
able priority levels.

Figure 1 shows a block diagram of the SAB 80515.
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CPU

The SAB 80515 is efficient both as a controller and
as an arithmetic processor. It has extensive facilities
for binary and BCD arithmetic and excels in its bit-
handling capabilities. Efficient use of program
memory results from an instruction set consisting
of 44% one-byte, 41% two-byte, and 15% three-byte
instructions. With a 12 MHz crystal, 58% of the
instructions execute in 1.0 us.

Memory Organization

The SAB 80515 manipulates operands in the four
memory address spaces described below:
(Figure 2 illustrates the memory address spaces
of the SAB 80515).

Program memory

The SAB 80515 has 8 Kbyte of on-chip ROM, while
the SAB 80535 has no internal ROM. The program
memory can be externally expanded up to 64 Kbytes.
If the EA pin is held high, the SAB 80515 executes
out of internal ROM unless the address exceeds
1FFFH. Locations 2000H through OFFFFH are then
fetched from the external programm memory. If the
EA pinis held low, the SAB 80515 fetches all
instructions from the external program memory.
Since the SAB 80535 has no internal ROM, pin EA
must be tied low when using this component.

Data Memory

The data memory address space consists of an
internal and an external memory space. The internal
data memory is divided into three physically
separate and distinct blocks: the lower 128 bytes of
RAM, the upper 128 bytes of RAM, and the 128-byte
special function register (SFR) area. While the
upper 128 bytes of data memory and the SFR area
share the same address locations, they are accessed
through different addressing modes. The lower 128
bytes of data memory can be accessed through
direct or register indirect addressing; the upper 128
bytes of RAM can be accessed through register
indirect addressing; the special function registers
are accessible through direct addressing.

Four 8-register banks, each bank consisting of
eight 8-bit multi-purpose registers, occupy locations
0 through 1FH in the lower RAM area. The next

16 bytes, locations 20H through 2FH, contain 128
directly addressable bit locations. The stack can be
located anywhere in the internal data memory
address space, and the stack depth can be expanded
up to 256 bytes.

The external data memory can be expanded up to
64 Kbytes and can be accessed by instructions that
use a 16-bit or an 8-bit address.
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All registers, except the program counter and the and the on-chip peripheral functions. There are also
four 8-register banks, reside in the special function 128 directly addressable bits within the SFR area.
register area. The 41 special function registers The special function registers are listed in the
(SFR’s) include arithmetic registers, pointers, and following table:
registers that provide an interface between the CPU
Symbol Name Address
* PO Port0 80H
SP Stack pointer 81H
DPL Data pointer, low byte 82H
DPH Data pointer, high byte 83H
PCON Power control register 87H
* TCON Timer control register 88H
TMOD Timer mode register 89H
TLO Timer 0, low byte 8AH
TL1 Timer 1, low byte 8BH
THO Timer 0, high byte 8CH
TH1 Timer 1, high byte 8DH
* P Port 1 90H
* SCON Serial port control register 98H
SBUF Serial port buffer register 99H
* P2 Port 2 0AOH
* IENO Interrupt enable register 0 0A8H
IPO Interrupt priority register 0 0A9H
*  P3 Port 3 0BOH
* |EN1 Interrupt enable register 1 0B8H
IP1 Interrupt priority register 1 0B9H
* |RCON Interrupt request control register 0COH
CCEN Compare/capture enable register 0C1H
CCL1 Compare/capture register 1, low byte 0C2H
CCH1 Compare/capture register 1, high byte 0C3H
CCL2 Compare/capture register 2, low byte 0C4H
CCH2 Compare/capture register 2, high byte 0C5H
CCL3 Compare/capture register 3, low byte 0C6H
CCH3 Compare/capture register 3, high byte 0C7H
*  T2CON Timer 2 control register 0C8H
CRCL Compare/reload/capture register, low byte 0CAH
CRCH Compare/reload/capture register, high byte 0CBH
TL2 Timer 2, low byte 0CCH
TH2 Timer 2, high byte 0CDH
*  PSW Program status word register 0DOH
ADCON | A/D-converter control register OD8H
ADDAT | A/D-converter data register 0D9H
DAPR D/A-converter program register ODAH
* ACC Accumulator OEOH
* P4 Port4 OE8H
* B B register OFOH
* P5 Port 5 OF8H

The SFR’s marked with an asterisk (*) are both bit and byte-addressable.
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Figure 2
Memory Address Spaces
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1/0 Ports

The SAB 80515 has six 8-bit I/0 ports and one 8-bit
input port. Port 0 is an open-drain bidirectional

1/0 port, while ports 1 to 5 are quasi-bidirectional
1/0 ports with internal pull-up resistors. That means,
when configured as inputs, ports 1to 5 will be pulled
high and will source current when externally pulled
low. Port 0 will float when configured as input.

Port 0 and port 2 can be used to expand the program
and data memory externally. During an access to
external memory, port 0 emits the low-order address
byte and reads/writes the data byte, while port 2
emits the high-order address byte. In this function,
port 0 is not an open-drain port, but uses a strong
internal pullup FET.

Ports 1 and 3 are provided for several alternate
functions, as listed below:

Port Symbol Function

P1.0 INT3/CCOo External interrupt 3 input, compare 0 output, capture 0 input

P1.1 INT4/CC1 External interrupt 4 input, compare 1 output, capture 1 input

P1.2 INT5/CC2 External interrupt 5 input, compare 2 output, capture 2 input

P1.3 INT6/CC3 External interrupt 6 input, compare 3 output, capture 3 input

P1.4 INT2 External interrupt 2 input

P1.5 T2EX Timer 2 external reload trigger input

P1.6 CLKOUT System clock output

P1.7 T2 Timer 2 external counter input

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

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

P3.2 INTO External interrupt 0 input, timer 0 gate control

P3.3 INT1 External interrupt 1 input, timer 1 gate control

P3.4 TO Timer 0 external counter input

P3.5 T Timer 1 external counter input

P3.6 WR External data memory write strobe

P3.7 RD External data memory read strobe

The input port ANO-AN?7 is used for analog input signals to the A/D converter.
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Timer/Counters

The SAB 80515 contains three 16-bit timer/counters
which are useful in many applications for timing
and counting. The input clock for each timer/counter
is 1/12 of the oscillator frequency in the timer
operation or can be taken from an external clock
source for the counter operation (maximum count
rate is 1/24 of the oscillator frequency).

Timer/counter 0 and 1

These timer/counters can operate in four modes:
Mode 0:
Mode 1:
Mode 2:
Mode 3:

8-bit timer/counter with 32:1 prescaler
16-bit timer/counter
8-bit timer/counter with 8-bit auto-reload

Timer/counter 0 is configured as one 8-bit
timer/counter and one 8-bit timer;
timer/counter 1 in this mode holds its
count.

External inputs INTO and INT1 can be programmed
to function as a gate for timer/counters 0 and 1 to
facilitate pulse width measurements.

Timer/counter 2

Timer/counter 2 of the SAB 80515 is a 16-bit timer/
counter with several additional features. It offers a
2:1 prescaler, a selectable gate function, and
compare, capture and reload functions. Corres-
ponding to the 16-bit timer register there are four
16-bit capture/compare registers, one of them can
be used to perform a 16-bit reload on a timer
overflow or external event. Each of these registers
corresponds to a pin of port 1 for capture input/
compare output.

Figure 3 shows a block diagram of the timer/
counter 2.

—Reload

A 16-bit reload can be performed with the 16-bit
CRC register, which is a concatenation of the 8-bit
registers CRCL and CRCH. There are two modes
from which to select:

AR d. N Dalandic amiian A L ~
wioue v neivayd 15 Lause vy a
(auto-reload).
Mode 1: Reload is caused in response to a negative

transition at pin T2EX (P1.5), which can
also request an interrupt.
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— Capture

This feature permits saving the actual timer/counter
contents into a selected register upon an external
event or a software write operation. Two modes are
provided to latch the current 16-bit value in timer 2
registers into a dedicated capture register:

Mode 0: Capture is performed in response to a
transition at the corresponding port 1 pins
CCOto CC3.

Mode 1: Write operation into the low-order byte of
the dedicated capture register causes the
timer 2 contents to be latched into this
register.

— Compare

In the compare mode, the 16-bit values stored in
the dedicated compare registers are compared to
the contents of the timer 2 registers. If the count
value in the timer 2 registers matches one of the
stored values, an appropriate output signal is
generated and an interrupt is requested. Two
compare modes are provided:

Mode 0: Upon a match the output signal changes
fromlowto high. Itgoes back to a low level
when timer 2 overflows.

Mode 1: The transition of the output signal can be
determined by software. A timer 2 over-
flow causes no output change.
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Figure 3
Block Diagram of Timer/Counter 2
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Serial Port

The serial port of the SAB 80515 enables full duplex
communication between microcontrollers or
between microcontroller and peripheral devices.
The serial port can operate in 4 modes:

Mode 0: Shift register mode. Serial data enters and
exits through RxD. TxD outputs the shift
clock. 8 bits are transmitted/received:

8 data bits (LSB first). The baud rate is
fixed at 1/12 of the oscillator frequency.

Mode 1: 10 bits are transmitted (through RxD) or
received (through TxD): a start bit (0),
8 data bits (LSB first), and a stop bit (1).
The baud rate is variable.

Mode 2: 11 bits are transmitted (through RxD) or
received (through TxD): a start bit (0),
8 data bits (LSB first), a programmable 9th
data bit, and a stop bit (1). The baud rate is
programmable to either 1/32 or 1/64 of
the oscillator frequency.

Mode 3: 11 bits are transmitted (through TxD) or
received (through RxD): a start bit (0),
8 data bits (LSB first), a programmable
9th data bit, and a stop bit (1). Mode 3 is
identical to mode 2 except for the baud
rate. The baud rate in mode 3 is variable.

The variable baud rates in modes 1 and 3 can be
generated by timer 1 or an internal baud rate
generator.
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A/D Converter

The 8-bit A/D converter of the SAB 80515 has eight
multiplexed analog inputs (Port 6) and uses the
successive approximation method.

It takes 5 machine cycles to sample an analog signal
(during this sample time the input signal should be
held constant); the total conversion time (including
sample time) is 14 machine cycles (14 us at 12 MHz
oscillator frequency). Conversion can be pro-
grammed to be single or continuous; at the end

of a conversion an interrupt can be generated.

A unique feature is the capability of internal
reference voltage programming. The internal
reference voltages V| arer and Viaano for the

A/D converter both are programmable to one of

16 steps with respect to the external reference
voltages. This feature permits a conversion with a
smaller internal reference voltage range to gain a
higher resolution. In addition, the internal reference
voltages can easily be adapted by software to the
desired analog input voltage range.

Figure 4 shows a block diagram of the A/D
converter.
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Figure 4
Block Diagram of the A/D Converter
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Interrupt Structure

The SAB 80515 has 12 interrupt vectors with the following vector addresses and request flags:

Table 2

Interrupt Sources and Vectors

Source (request flags) Vector Vector address
IEO External interrupt 0 0003H
TFO Timer O interrupt 000BH
IE1 External interrupt 1 0013H
TF1 Timer 1 interrupt 001BH
RI+TI Serial port interrupt 0023H
TF2 + EXF2 Timer 2 interrupt 002BH
IADC A/D converter interrupt 0043H
IEX2 External interrupt 2 004BH
IEX3 External interrupt 3 0053H
IEX4 External interrupt 4 005BH
IEX5 External interrupt 5 0063H
IEX6 External interrupt 6 006BH

Each interrupt vector can be individually enabled/
disabled. The minimum response time to an
interrupt request is more than 3 machine cycles
and less than 9 machine cycles.

Figure 5 shows the interrupt request sources.

External interrupts 0 and 1 can be activated by a
low-level or a negative transition (selectable) at
their corresponding input pin, external interrupts 2
and 3 can be programmed for triggering on a
negative or a positive transition. The external
interrupts 3 to 6 are combined with the corres-
ponding alternate functions compare (output) and
capture (input) on port 1.

For programming of the priority levels the interrupt
vectors are combined to pairs. Each pair can be
programmed individually to one of four priority
levels by setting or clearing one bit in the special
function register IPO and one in IP1. Figure 6 shows
the priority level structure.
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P3.3/INTY
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Figure 5
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Figure 6
Priority Level Structure
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Watchdog Timer

This feature is provided as a means of graceful
recovery from a software upset. After an external
reset, the watchdog timer is cleared and stopped.
It can be started and cleared by software, but it
cannot be stopped. If the software fails to clear the
watchdog timer at least every 65532 machine cycles
(about 65 ms if a 12 MHz oscillator frequency is
used), an internal hardware reset will be initiated.
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The reset cause (external reset or reset caused by
the watchdog) can be examined by software. To
clear the watchdog, two bits in two different
special function registers must be set by two
consecutive instructions (bits IEN 0.6 and IEN1.6).
This is done to prevent the watchdog from being
cleared by unexpected opcodes.
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Instruction Set Summary

Mnemonic Description ’ ByteT 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 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 and 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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Instruction Set Summary (cont’'d)

Mnemonic TDescription lByte TCycIe

Logical operations (cont'd)

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 dkdata 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 ddata Exclusive OR immediate data to accumulator |2 1
XRL direct,A Exclusive OR accumulator to direct byte 2 1
XRL direct,ddata 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 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 byte 3 2
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Instruction Set Summary (cont’d)

Mnemonic rDescription —rByte 1Cycle

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
MoOvC 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 indirect 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 [} 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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PR

instruction Set Summary (cont’d

Mnemonic Description [ Byte ! Cycle
Program and machine control

ACALL addr 11 Absolute subroutine call 2 2
LCALL addr16 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 is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJINE A, direct,rel Compare direct byte to A and jump if not equal| 3 2
CJNE A, 3data,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
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 — 128 internal RAM locations, any I/O port,
control or status register

@Ri — Indirect internal or external RAM
location addressed by register RO or R1

#data  — 8-bit constant included in instruction

#data 16 — 16-bit constantincluded as bytes 2 and 3

of instruction

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

A — Accumulator

All mnemonics copyrighted © Intel Corporation 1980

Notes on program addressing modes:

addr 16

addr 11

rel
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— Destination address for LCALL and LUMP
may be anywhere within the 64 Kbyte
program memory address space.

— 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.
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Instruction Op Codes in Hexadecimal Order

?oec)l(e yfug;feesr Mnemonic| Operands cHoege yfut;?/?:; 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 A,R1

06 1 INC @RO 3A 1 ADDC AR2

07 1 IR1 3B |1 ADDC A,R3

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 A,R7

oC 1 INC R4 40 2 Jc code addr
oD 1 INC R5 41 2 AJMP code addr
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 adadr
12 3 LCALL code addr 46 1 ORL A,@QRO

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 @RO0 4A 1 ORL A,R2

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 A,R5

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 addr
1D 1 DEC R5 51 2 ACALL code adadr
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 adadr 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 A,R1

26 1 ADD A.@RO B5A 1 ANL A R2

27 1 ADD A,@R1 5B 1 ANL A,R3

28 1 ADD A,RO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL A,R5

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

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

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
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instruction Op Codes in Hexadecimai Order (cont’d)

gfé(e gfut:r\}:)eesr Mnemonic| Operands ?:é(e lglful;ny:)eesr Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB AR4

69 1 XRL A,R1 aD 1 SUBB A,R5

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 AR5 A1l 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 Ad 1 MUL AB

71 2 ACALL code addr Ab reserved

72 2 ORL C,bit addr Ab6 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 R2,3data AE 2 MOV R6,data addr

7B 2 MOV R3,4#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 R7,3#data B3 1 CPL C

80 2 SJMP code addr B4 3 CJNE A, #data,code adadr
81 2 AJMP code adadr B5 3 CJNE A, data addr,code addr
82 2 ANL C,bit addr B6 3 CJNE @RO,#data,code addr
83 1 Movec A,@A+PC B7 3 CJNE @R1,4#data,code addr
84 1 DIV AB B8 3 CJNE RO, #data,code addr
85 3 MOV data addr,data addr B9 3 CJNE R1,#data,code addr
86 2 MOV data addr,@R0 BA 3 CJNE R2,4#data,code addr
87 2 MOV data addr,@R1 BB 3 CJINE R3,4data,code addr
88 2 MOV data addr,R0 BC 3 CJNE R4,#data,code addr
89 2 Mov data addr,R1 BD 3 CJNE Rb5,#data,code addr
8A 2 MOV data addr, R2 BE 3 CJNE R6,#data,code addr
8B 2 MOV data addr, R3 BF 3 CJNE 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 adadr

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

8F 2 MOV data addr,R7 C3 1 CLR (o}

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 C6 1 XCH A,@RO

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

94 2 SUBB A, #data Cc8 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 A,R3

98 1 SuBB A,RO cC 1 XCH AR4

99 1 SUBB AR1 CD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH A,R6

9B 1 SUBB AR3 CF 1 XCH A,R7
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SAB 80515/80535

Instruction Op Codes in Hexadecimal Order (cont’d)

?:é(e Efulﬂogsr Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB Cc

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 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 A,RO

E9 1 MoV A,R1

EA 1 MOV AR2

EB 1 MoV A,R3

EC 1 MOV AR4

ED 1 MoV A,R5

EE 1 MOV A,R6

EF 1 MOV A,R7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO0,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 80515/80535

Absolute Maximum Ratings

Ambient temperature under bias —0 to + 70°C for SAB 80515/80535
Storage temperature —65 to +150°C

Voltage on any pin with respect to ground (Vss) —-0.5to+ 7V

Power dissipation 2W

Note: 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.

DC Characteristics
Vee = 5V +£10%; Ves = 0V; Ta = —0to +70°C; for SAB 80515/80535

Symbol Parameter Limit values Unit Test condition
min. max.

ViL Input low voltage —-0.5 0.8 \' -
Vin Input high voltage 2.0 Veet+05 |V -

(except RESET and XTAL2)
Vi Input high voltage to XTAL2 2.5 Vee+0.5 |V XTAL1 to Vss
Vinz Input high voltage to RESET 3.0 - v -
Vep Power-down voltage 3 5.5 \Y Vee =0V
VoL Output low voltage, ports 1, 2, 3,4, 5 - 0.45 Vv Io. = 1.6 MA
Vour Output low voltage, port 0, ALE, PSEN | — 0.45 \% I =3.2mA
Von Output high voltage, ports 1,2, 3,4,5 | 2.4 - \ Ioy = —80 nA
Vo Output high voltage, port 0, ALE, PSEN | 2.4 - \% Ioy = —400 uA
I Logic Oinput current, ports 1,2, 3,4,5 |— —800 uA V=045V
) Logic 0 input current, XTAL2 - —-25 mA XTAL1 = Vg

Vi.=045V

Iys Input low current to RESET for reset - —500 uA ViL=0.45V
Iy Input leakage current to port 0, EA _ +10 uA 0V < Viy < Ve
Icc Power supply current - 210 mA all outputs

SAB 80515/80535 disconnected
Iep Power-down current - 3 mA Vec=0V
Cio Capacitance of I/0 buffer — 10 pF f.=1MHz
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A/D Converter Characteristics

Vee =5V £10%; Vss = 0V; Varer = Ve £5%:; Vaono = Vss £0.2V; Viniarer = Vinagno = 1V5
Ta = 0to +70°C for SAB 80515/80535

Symbol | Parameter Limit values Unit Test condition
min. typ. max.

Vaneut Analog input voltage VaGnD- - Varer+ \' -
0.2 0.2

C Analog input capacitance - 25 - pF "

t, Load time - - 2 tey us —

ts Sample time (incl. load time) - - 5 tey us -

tc Conversion time - - 15 tey us -

(including sample time)

DNLE Differential non-linearity - +1/2 +1 LSB VintaRer =

INLE Integral non-linearity - +1/2 +1 LSB Varer = Vee
Offset error +1/2 +1 LSB Vintagnp =
Gain error +1/2 +1 LSB Vagno = Vss

TUE Total unadjusted error +1 +2 LSB n

Trer Varer supply current - - 5 mA 2

Vinrererr | Internal reference error - +5 +15 mvV 2

Note ": The internal resistance of the analog source must be low enough to assure full loading of the
sample capacitance (C,) during load time (t,). After charging of the internal capacitance (C) in the
load time (t,) the analog input must be held constant for the rest of the sample time (ts).

Note ?: The differential impedance rp of the analog reference voltage source must be less than 1 kQ at
reference supply voltage.
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SAB 80515/80535

AC Charactaristics

AN il ave

Vec =5V +£10%; Vg = oV
Ta = 0°to +70°C for SAB 80515/80535

(C_ for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/teieL = 1.2 MHz to 12 MHz
min. max. min. max.

tey Cycle time 1000 - 12 tcicL - ns
tin ALE pulse width 127 — 2 teLc-40 - ns
tavie Address setup to ALE 53 - tercl-30 - ns
tiaxa Address hold after ALE 48 — tercl-35 - ns
tiay ALE to valid instruction in — 233 — 4t -100 ns
tueL ALE to PSEN 58 - tercl-25 - ns
toLpn PSEN pulse width 215 - 3tcc-35 - ns
oLy PSEN to valid instruction in - 150 - 3teLc-100 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
toxiz *! Input instruction float after PSEN | — 63 - terc-20 ns
toxay *' Address valid after PSEN 75 - terc-8 - ns
taviv Address to valid instruction in - 302 - 5 tcrc-115 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock
12 MHz clock 1/tcrct = 1.2 MHz to 12 MHz
min. max. min. max.

taLry RD pulse width 400 - 6 teLc-100 - ns
fwiwh WR pulse width 400 - 6t c-100 - ns
tiiaxe Address hold after ALE 132 - 2 tcic-35 - ns
triov RD to valid data in - 252 - 5 teic-165 ns
trHox Data hold after RD 0 - 0 - ns
trupz Data float after RD - 97 - 2 teic-70 ns
tLov ALE to valid data in - 517 - 8tcic-150 ns
tavpv Address to valid data in - 585 - 9 tcc-165 ns
tuwe ALE to WR or RD 200 300 3tcici-50 3teic +50 ns
tavwi Address to WR or RD 203 - 4tcc-130 - ns
B WR or RD high to ALE high 43 123 torcL-40 teLcL+40 ns
tovwx Data valid to WR transition 33 - teLcL-50 - ns
tovwh Data setup before WR 433 - 7 terc-150 - ns
twhax Data hold after WR 33 - torcL-50 - ns
thiaz Address float after RD - 0 - 0 ns

*) Interfacing the SAB 80515 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.

tereL Oscillator period 83.3 833.3 ns
temex High time 20 terei-forex ns
terex Low time 20 tereL-ferex ns
tereH Rise time — 20 ns
teHeL Fall time — 20 ns

External Clock Cycle

" feren Fenee
CHOX ™ = - — ——
25 25 25
0.8 0.8
x>
ferew |
AC Testing Input, Output, Float Waveforms
24 20 20
Test Points
045 0.8 0.8
| Float |
4 20 20 zh
0.45 08 08 045

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

Timing measurements are made at 2.0V for a logic “1"” and at 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 pA at voltage test levels.
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System Clock Timing

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/tcicL = 1.2 MHz to 12 MHz
min. max. min. max.
tiish ALE to CLKOUT 543 - 7 torcl-40 - ns
tsHsL CLKOUT high time 127 - 2 feic-40 - ns
tsisH CLKOUT low time 793 - 10 te e -40 - ns
tsiin CLKOUT low to ALE high 43 123 toLcL-40 tercL+40 ns
System Clock Timing
fSLLH
ALE / S_ / \ . /_
s fsusL =— fiisw

CLKOUT

"SLSH

Program Memory Access

\__ /[

Data Memory Access
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SAB 80515/80535

ROM Verification Characteristics
TA = 25°C =°C; Vcc =5V i10%; VSS =0V

Symbol Parameter Limit values Unit
min. max.
tavav Address to valid data - 48 toicL ns
terav ENABLE to valid data - 48 toicL ns
tenaz Data float after ENABLE 0 48 teicL ns
1/tereL Oscillator frequency 4 6 MHz
ROM Verification
P1.0- P17
Address
P2.0- P24 : s ) <
— favavf~—
\
Port 0 ——% Data out }——
| feLav Tenoz
P27
ENABLE
Address: P1.0—-P1.7 = A0—A7
P2.0—-P2.4 = A8—A12
Data: Port 0 = D0-D7
Inputs: P2.5—-P2.6, PSEN = Vss
ALE, EA =Vy
RESET =V
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SAB 80515/80535

Program Memory Read Cycle

fiipL

ALE

= v—=

foLpu

PSEN __/__

—=| faveL == tazoL
AzPL

—

fiiaxt [+ ik
'’ oxav
PLIV toxiz

fPXlX ‘F

B

e

I

INSTR XN>—< AT - A0
PORT 0

INSTRIN

AT - AO >—<INSTR N >—
1§

"AVIV

ADDRESS -
poRT2 _OR SFR-P2 ><L ADDRESS A15-AB

A

ADDRESS A15-A8

)

)

Data Memory Read Cycle

v | futLn [=—
AbE
PSEN foLrn
RO
£
" RHOZ
i Triox
Tavov =
>—< AT- A0 DATA IN
Port 0 faLaz
ADDRESS >< ADDRESS A15-A8 OR SFR-P2 )
Port 2 OR SFR-P2 —/
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SAB 80515/80535

Data Memory Write Cycle
‘T fwumll:
ALE —_—
PSEN / + n
LLWL TWLWH
. .
—
Favwe "
e QVWX
fiaxz N HFwrax
"QVWH
A7-A0
bort 0 >——< DATA OUT
ADDRESS ] . N
Port 2 OR SFR-P2 ADDRESS A15-A8 OR SFR-P2 )
Recommended Oscillator Circuits
¢ 40 40
— XTAL1 XTALA
+5V _[
—
12-12MHz b7k
C 1
L B IxTaL2 ol B xraL2
7604
76LS04
C=30pF £10pF
Crystal Oscillator Mode Driving from External Source
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SAB 80515/80535

annnnoon

68-Pin Plastic Leaded Chip Carrier Package, PLCC 68

1 68

Aonnnonn—

onnononn

~€

onnnnaon

ToTTOTOOY U TOOD

i

243 0——=

Y

re————25.3,

|
bk Aadd

1.27

0.81max

Dimensions in mm

Ordering Information

Type

Ordering code

Description

SAB 80515-N

Q67120-C211

8-bit single-chip microcontroller

with mask-programmable ROM (plastic)

SAB 80535-N

Q 67120-C241

for external

memory (plastic)
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SAB 80515K =
8-Bit Single-Chip Microcontroller
ROM-less Version

e Additional bus interface for external memory ® 16-bit watchdog timer
® 256 x 8 RAM ® Vpp provides standby current for 40 bytes of RAM
® Six 8-bit ports ® Boolean processor
® Three 16-bit timer/event counters ® 256 bit-addressable locations
e Highly flexible reload, capture, compare ® Most instructions execute in T us
capabilities ® 4 us multiply and divide
@ Full-duplex serial channel @ External memory expandable to 128 Kbyte
e Twelve interrupt sources, four priority levels ® Pin grid array package, 88 pins
@ 8-bit A/D converter with 8 multiplexed analog (C-PGA-88)
inputs and programmable internal reference
voltages
Logic Symbol Ve Ves
8Bit
<—:> Port1
8Bit
XTAL1 — Port2
XTAL2 ———— \r/j:> 8Bit
Vep —] SAB Port3
Ves — 80515K <:> 8Bit
Portt
Varer Port5
Vaono <:> 8Bit
EA = ALE
RESET  ———=] PSEN
|~ PSENE
<:> ADO-AD12
13Bit

The SAB 80515K is a special ROM-less version ofthe  memory. All other features of the SAB 80515K
8-bit microcontroller SAB 80515. The SAB 80515K are identical with those of the SAB 80515.
contains an additional bus interface to connect an The SAB 80515K is fabricated in +5V advanced
external program memory in place of the SAB 80515’s N-channel, silicon gate Siemens MYMOS techno-
on-chip ROM. Thereby, the SAB 80515K maintains logy, and supplied as pin grid array with 88 pins
the full 170 capability of the single-chip SAB 80515 (C-PGA-88).

while it permits connection of an external program
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SAB 80515K

Pin Configuration

Bottom view Top view
12 3 &5 6 78 9 1011213 B 121109 8 7 6 5 4 3 21
N(o© © ©¢ @ ¢ ¢ ¢ @ o o o o o ©O 0 0000 00O 0 0 0 0 O]JN
M ® 6 & o o6 o & & o & o o o O O O O 0O O 0O 0O 0O 0O 0O 0 o M
Ll e e % o o o o o o |L
K|le e o o o o o o |K
|| ® @ o o o o o o ||
H|l o e e o o o o o |H
G|@® o1 L ] o o o @G
Fle @ e o o o o o |F
E|lo e o o o o o o|E
Dl e e e o o o o o |D
C|lo @ o o o o o o |C
B e e & & o6 © © © o o © ©°o o o O o [e] o O B
Ale® © @ © ¢ ¢ ©¢ © o o o o o o o o o o|A
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SAB 80515K

Pin Definitions and Functions

Symbol Pin gstuptu(':)(O) Function
ADO J 13 1/0 Multiplexed address/data bus for the program memory.
AD1 J 12 This bus is used for connecting an external memory in place of
AD2 K 13 the 8-Kbyte internal ROM of the SAB 80515. Pins ADO to AD12
AD3 K 12 can sink/source 5 LS-TTL loads.
AD4 L 13
AD5 M13
AD6 L 12
AD7 N 13
AD8 N 8
AD9 M7
AD10 N7
AD11 M6
AD12 N 6
ANO A8 | Multiplexed analog inputs of the A/D converter.
AN1 B8
AN2 A7
AN3 B7
AN4 A6
AN5 B6
ANG6 A5
AN7 B5
P0.0 N1 1/0 Port 0 is an 8-bit open-drain bidirectional I/0 port.
P0.1 M2 It is also the multiplexed low-order address and data bus during
P0.2 L2 accesses to external program and data memory. Port 0 can
P0.3 M1 sink/source 8 LS-TTL loads.
P0.4 K 2
P0.5 L1
P0.6 K1
P0.7 J 2
P1.0 F13 1/0 Port 1 is an 8-bit quasi-bidirectional I/0 port. It also contains
P1.1 F12 the interrupt, timer, clock, capture and compare pins that
P1.2 E13 are used by various options. The output latch must be pro-
P1.3 E12 grammed to a one (1) for that function to operate (except when
P1.4 D13 used for the compare functions). Port 1 can sink/source 4 LS-TTL
P1.5 Cc13 loads. The secondary functions are assigned to the port 1 pins,
P1.6 D12 as follows:
P1.7 B13 —INT3/CCO (P1.0): interrupt 3 input/compare 0 output/
cantura 0 innut
capture 0 input
—INT4/CC1 (P1.1): interrupt 4 input/compare 1 output/
capture 1 input
—INT5/CC2 (P1.2): interrupt 5 input/compare 2 output/
capture 2 input
— INT6/CC3 (P1.3): interrupt 6 input/compare 3 output/
capture 3 input
—INT2 (P1.4): interrupt 2 input
— T2EX (P1.5): timer 2 external reload trigger input
— CLKOUT (P1.6): system clock output
— T2 (P1.7): counter 2 input.
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SAB 80515K

Pin Definitions and Functions (cont'd)
| Input (1) .
Symbol Pin Output (0) Function
P2.0 M 11 1/0 Port 2 emits the high-order address byte during fetches from
P2.1 N 12 external program memory and during accesses to external data
P2.2 M 10 memory that use 16-bit addresses (MOVX@DPTR). In this
P2.3 N 11 application, port 2 employs strong internal pullup resistors when
P24 N 10 issuing 1 s. During accesses to external data memory that use
P2.5 M9 8-bit addresses (MOVX@Ri), port 2 issues the contents of the
P2.6 N9 P2 special function register. Port 2 can sink/source 4 LS-TTL loads.
P2.7 M8
P3.0 A9 1/0 Port 3 is an 8-bit quasi-bidirectional I/0 port. It also contains the
P3.1 B9 interrupt, timer, serial port and external memory strobe pins that
P3.2 A 10 are used by various options. The output latch corresponding
P3.3 B 10 to a secondary function must be programmed to a one (1) for that
P3.4 A 11 function to operate. Port 3 can sink/source 4 LS-TTL loads. The
P3.5 A 12 secondary functions are assigned to the pins of port 3, as follows:
P3.6 B 12 — RxD (P3.0): serial port’s receiver data input (asynchronous) or
P3.7 C 12 data input/output (synchronous)
—TxD (P3.1): serial port’s transmitter data output (asynchronous)
or clock output (synchronous)
—INTO(P3.2): interrupt 0 input/timer 0 gate control input
—INT1(P3.3): interrupt 1input/timer 1 gate control input
—T0 (P3.4): counter 0 input
—T1(P3.5): counter 1input
— 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 the external data
memory to port 0.
P4.0 D1 1/0 Port 4 is an 8-bit quasi-bidirectional I/0 port.
P4.1 D2 Port 4 can sink/source 4 LS-TTL loads.
P4.2 C1
P4.3 C 2
P4.4 A1
P4.5 B 2
P4.6 B 3
P4.7 A2
P5.0 E 1 1/0 Port 5 is an 8-bit quasi-bidirectional I/0 port.
P5.1 F 1 Port 5 can sink/source 4 LS-TTL loads.
P5.2 F 2
P5.3 G1
P5.4 G2
P5.5 H1
P5.6 H 2
P5.7 J i
XTAL2 H12 XTAL2
XTAL1 H 13 Output of the inverting oscillator amplifier. To drive the device
from en external clock source, XTAL2 should be driven, while
XTAL1 is pulled low. There are no requirements on the duty
cycle of the external clock signal, since the input to the internal
clocking circuitry is divided down by a divide-by-two flipflop.
Minimum and maximum high and low times specified in the AC
characteristics must be observed.
XTAL1
Input to the inverting oscillator ampilifier. Required when a crystal
or ceramic resonator is used.
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SAB 80515K

Pin Definitions and Functions (cont’d)

. Input (1) i

Symbol Pin Output (0) | Function

RESET B4 I A low level on this pin for the duration of two machine cycles
while the oscillator is running resets the SAB 80515K. A small
internal pullup resistor permits power-on reset using only a
capacitor connected to Vss.

ALE N2 [0} Provides ADDRESS LATCH ENABLE output used for latching the
address into external memories at port 0 and 2, and AD0-AD12. Itis
activated every six oscillator periods except during external data
memory accesses.

PSEN N3 o The PROGRAM STORE ENABLE output is a control signal that
enables the external program memory at port 0 and 2 to the bus
during external fetch operations. It is activated every six oscillator
periods except during external data memory accesses. Remains
high during program execution from program memory at
ADO-AD12.

PSENE M 12 (0] This output is a control signal that enables the program memory
at AD0-AD12 during instruction fetch operations. It is activated
every six oscillator periods.

EA M3 | When EA is held at a TTL high level, the SAB 80515K executes
instructions from the program memory that is connected to
ADO-AD12 when the PC is less than 8192.

When EAis held at a TTL low level, the SAB 80515K executes
all instructions from external program memory.

Varer A3 Reference voltage for the A/D converter

Vaenp A4 Reference ground for the A/D converter

Vee E2 POWER SUPPLY (+5V power supply during normal operation
and program verification)

Vss G 13 GROUND (0V)

Vep B1 POWER DOWN SUPPLY. If Vpp is held within its specs while Ve
drops below specs, Vpp will provide standby power to 40 bytes
of the internal RAM. When Vpp is low, the RAM's current is
drawn from Vcc.

Ves G 12 Substrate pin. Must be connected to Vgg through a capacitor
(47 to 1000 nF) for proper operation of the A/D converter.

NC A 13 No connection.

B 11
M4
M5
N4
N5
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SAB 80515K

Figure 1
Block Diagram
XTAL1 XTAL2 ‘Vfu ALE EA RESET PSEN PSENE
i T
: 0S¢ :0:: 1 ADO-AD12 [13 | AD0-AD
| 216x8 $ 1
w0 | |
Vss o-1| I =
I |
1
i (PU |=—= ~—=| PO [8 =——]Porto
| [
| — |
| |
| — ] |
RESET
I Watchdog —] P1 [B=——=]Port1
|
| — |
I Timer 0 |
| —— P2 [8=——=]Port2
| I
Timer 1 —— — I
|
I |
| m
I Timer 2 — -] P38 ~——-I -] Port 3
{ l
I Serial Port - l
| — |
AN —=—| P4 |8 = Portt
ANO-AN7 )8 —= MUX S&H +—={ A/D -
| |
Vawond— !
e O L
TARER M | Programmable |—— =
VagNo o% Ref. Voltages P18 T | Ports
_— |
- - J
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SAB 80515K

Functional Description

The members of the SAB 80515 family of micro-
controllers are:

— SAB 80515 with factory mask-programmable
8 Kbyte on-chip ROM
— SAB 80535 ROM-less version of the SAB 80515
— SAB 80515K ROM-less version of the SAB 80515
with additional bus interface.

In this data sheet the term ‘“SAB 80515" is used to
refer generally to all members of the SAB 80515
family, except where specifically stated otherwise.

The architecture of the SAB 80515 is based on the
SAB 8051 microcontroller family. The following
features of the SAB 80515 are fully compatible with
the SAB 8051 features:

— instruction set

— external memory expansion interface (port 0 and
port 2)

— full-duplex serial port

— timer/counters 0 and 1

— alternate functions on port 3

—the lower 128 bytes of internal RAM and the lower
4 Kbytes of internal ROM

Different to the SAB 8051 are the RAM power-down
supply, which supplies 40 byte with a typical current
of 2mA, and the powerful interrupt structure with
12 sources and 4 priority levels.

The SAB 80515 additionally contains 128 byte of
internal RAM and 4 Kbyte of internal ROM, that
means a total of 256 byte RAM and 8 Kbyte ROM
(SAB 80515 only) on-chip. The SAB 80515 has a
16-bit timer/counter with a 2:1 prescaler, reload
mode, compare and capture capability. It also
contains a 16-bit watchdog timer, an 8-bit A/D
converter with 8 analog inputs and programmable
reference voltages, two additional quasi-bidirec-
tional 8-bit ports, and a programmable clock output
(fosc/12)-

The SAB 80515K is a special ROM-less version of the
SAB 80515. In place of the 8 Kbyte on-chip ROM
there is an additional bus interface for an 8 Kbyte
program memory which can be connected
externally.

Figure 2 shows a detailed block diagram of the
SAB 80515K.

CPU

The SAB 80515 is efficient both as a controller and
as an arithmetic processor. It has extensive facilities
of binary and BCD arithmetic and excels in bit-
handling capabilities. Efficient use of program
memory results from an instruction set consisting
of 44% one-byte, 41% two-byte, and 15% three-byte
instructions. With a 12 MHz crystal, 58% of the
instructions execute in 1.0 us.
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Memory Organization

The SAB 80515 manipulates operands in the four
memory address spaces described below.

Program memory

The SAB 80515 has 8 Kbyte of on-chip ROM, while
the SAB 80535 has no internal ROM. The program
memory can be externally expanded up to 64 Kbyte.
If the EA pin is held high, the SAB 80515 executes
out of internal ROM unless the address exceeds
1FFFH. Locations 2000H through OFFFFH are then
fetched from the external program memory. If the
EA pin is held low, the SAB 80515 fetches all
instructions from the external program memory.
Since the SAB 80535 has no internal ROM, pin EA
must be tied low when using this device.

The SAB 80515K has the same function as the
SAB 80515; the difference is that fetches from the
internal ROM are executed from a program
memory via the additional bus interface
(ADO-AD12).

Data memory

The data memory address space consists of an
internal and an external memory space. The internal
data memory is divided into three physically
separate and distinct blocks: the lower 128 byte of
RAM; the upper 128 byte of RAM; and the 128-byte
special function register (SFR) area. While the upper
128 byte of data memory and the SFR area share the
same address locations, they are accessed through
different addressing modes. The lower 128 byte of
data memory can be accessed through direct or
register-indirect addressing; the upper 128 byte

of RAM can be accessed through register-indirect
addressing; and the special function registers are
accessed through direct addressing.

Four 8-register banks occupy locations 0 through
1FH in the lower RAM area. The next 16 bytes,
locations 20H through 2FH, contain 128 directly
addressable bit locations. The stack can be located
anywhere in the internal data memory address
space, and the stack depths can be expanded up
to 256 byte.

The external data memory can be expanded up to
64 Kbyte and can be accessed by instructions that
use a 16-bit or an 8-bit address.
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- Figure 2
Detailed Block Diagram
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All registers, except the program counter and the and the on-chip peripheral functions. There are also
four 8-register banks, reside in the special function 128 directly addressable bits within the SFR area.
register area. The 41 special function registers The special function registers are listed in the
(SFR's) include arithmetic registers, pointers, and following table:
registers that provide an interface between the CPU
Symbol Name Address
* PO Port 0 80H
SP Stack pointer 81H
DPL Data pointer, low byte 82H
DPH Data pointer, high byte 83H
PCON Power control register 87H
* TCON Timer control register 88H
TMOD Timer mode register 89H
TLO Timer 0, low byte 8AH
TL1 Timer 1, low byte 8BH
THO Timer 0, high byte 8CH
TH1 Timer 1, high byte 8DH
* P Port 1 90H
* SCON Serial port control register 98H
SBUF Serial port buffer register 99H
* P2 Port 2 OAOH
* |ENO Interrupt enable register 0 0A8H
IPO Interrupt priority register 0 0A9H
* P3 Port 3 0BOH
* 1EN1 Interrupt enable register 1 0B8H
IP1 Interrupt priority register 1 0B9H
* |IRCON Interrupt request control register 0COH
CCEN Compare/capture enable register 0C1H
CCL1 Compare/capture register 1, low byte 0C2H
CCH1 Compare/capture register 1, high byte 0C3H
CCL2 Compare/capture register 2, low byte 0C4H
CCH2 Compare/capture register 2, high byte 0C5H
CCL3 Compare/capture register 3, low byte 0C6H
CCH3 Compare/capture register 3, high byte 0C7H
* T2CON Timer 2 control register 0C8H
CRCL Compare/reload/capture register, low byte 0CAH
CRCH Compare/reload/capture register, high byte 0CBH
TL2 Timer 2, low byte O0CCH
TH2 Timer 2, high byte 0CDH
*  PSW Program status word register ODOH
ADCON | A/D converter control register 0D8H
ADDAT A/D converter data register OD9H
DAPR D/A converter program register ODAH
* ACC Accumulator OEOH
* P4 Port4 OE8H
* B B register OFOH
* P5 Port 5 OF8H

The SFR’s marked with an asterisk (*) are both bit and byte-addressable.
Figure 3 illustrates the memory address spaces of the SAB 80515.
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Figure 3
Memory Address Spaces
Shared Address Location
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*) Additional program memory of the SAB 80515K at AD0-AD12

1/0 Ports

The SAB 80515 has six 8-bit ports. Port 0 is an
open-drain bidirectional |/O port, while ports 1to 5
are quasi-bidirectional I/0 ports with internal pull-
ups. That means, when configured as inputs, ports 1
to 5 will pull high, and will source current when
externally pulled low. Port 0 will float when con-
figured as input.
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Port 0 and port 2 can be used to expand the program
and data memory externally. During access to
external memory, port 0 emits the low-order address
byte and reads/writes the data byte, while port 2
emits the high-order address byte. In this function,
port 0 is not an open-drain port, but uses a strong
internal pullup FET.
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Ports 1 and 3 are provided for several alternate functions, as listed below:

Port Symbol Function

P1.0 INT3/CCo External interrupt 3 input, compare 0 output, capture 0 input
P1.1 INT4/CC1 External interrupt 4 input, compare 1 output, capture 1 input
P1.2 INT5/CC2 External interrupt 5 input, compare 2 output, capture 2 input
P1.3 INT6/CC3 External interrupt 6 input, compare 3 output, capture 3 input
P1.4 INT2 External interrupt 2 input

P1.5 T2EX Timer 2 external reload trigger input

P1.6 CLKOUT System clock output

P1.7 T2 Timer 2 external counter input

P3.0 RXD Serial input port

P3.1 TXD Serial output port

P3.2 INTO External interrupt 0 input, timer 0 gate control

P3.3 INTT External interrupt 1 input, timer 1 gate control

P3.4 TO Timer 0 external counter input

P3.5 T Timer 1 external counter input

P3.6 WR External data memory write strobe

P3.7 RD External data memory read strobe

Timer/Counters

The SAB 80515 contains three 16-bit timer/counters
which are useful in many applications for timing
and counting. The input clock for each timer/counter
is 1/12 of the oscillator frequency in the timer
operation or can be taken from an external clock
source for the counter operation (maximum count
rate is 1/24 of the oscillator frequency).

~Timer/counters 0 and 1

These timer/counters can operate in four modes:
Mode 0:
Mode 1:

Mode 2:
Mode 3:

8-bit timer/counter with 32:1 prescaler
16-bit timer/counter

8-bit timer/counter with 8-bit auto-reload
Timer/counter 0 is configured as one 8-bit
timer/counter and one 8-bit timer;
timer/counter 1 in this mode holds its
count.

External inputs INTO and INT1 can be programmed
to function as a gate for timer/counters 0 and 1 to

nitlan wrid+h aaciira
e

Fanilitatn m mentg
raciiitaie puise wiGun measurementis.
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—Timer/counter 2

Timer/counter 2 of the SAB 80515 is a 16-bit timer/
counter with several additional features. It offers a
2:1 prescaler, a selectable gate function, and
compare, capture and reload functions. Corres-
ponding to the 16-bit timer register there are four
16-bit capture/compare registers, one of them can
be used to perform a 16-bit reload on a timer
overflow or external event. Each of these registers
corresponds to a pin on port 1 for capture input/
compare output.

Figure 4 shows a block diagram of timer/counter 2.
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Figure 4
Block Diagram of Timer/Counter 2
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Reload

With the 16-bit CRC register, which is a concatena-
tion of the 8-bit registers CRCL and CRCH, a 16-bit
reload can be performed. There are two modes from
which to select:

Mode 0: Reload is caused by a timer 2 overflow
(auto-reload).

Mode 1: Reload is caused in response to a negative
transition at pin T2EX (P1.5), which can
also request an interrupt.

Compare

Inthe compare mode, the 16-bit values stored in the
dedicated compare registers are compared to the
contents of the timer 2 registers. If the count value
in the timer 2 registers matches one of the stored
values, an appropriate output signal is generated
and an interrupt is requested. Two compare modes
are provided:
Mode 0: Upon a match the output signal changes
from low to high. It goes back to a low
level when timer 2 overflows.

Mode 1: The transition of the output signal can be
determined by software. A timer 2 over-
flow causes no output change.

Capture

This feature permits saving the actual timer/counter
contents into a selected register upon an external
event or a software write operation. Two modes are
provided to latch the current 16-bit value in timer 2
registers into a dedicated capture register:

Mode 0: Capture is performed in response to a
transition at the corresponding port 1 pins
CCO to CC3.

Mode 1: Write operation into the low-order byte of
the dedicated capture register causes the
timer 2 contents to be latched into this
register.
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Serial Port

The serial port of the SAB 80515 permits the full
duplex communication between microcontrollers
or between microcontrollers and peripheral devices.
The serial port can operate in 4 modes:

Mode 0: Shiftregister mode. Serial data enters and
exits through RxD. TxD outputs the shift
clock. 8 bits are transmitted/received:

8 data bits (LSB first). The baud rate is
fixed at 1/12 of the oscillator frequency.
10 bits are transmitted (through RxD) or
received (through TxD): a start bit (0),

8 data bits (LSB first), and a stop bit (1).
The baud rate is variable.

11 bits are transmitted (through RxD) or
received (through TxD): a start bit (0),

8 data bits (LSB first), a programmable 9th
data bit, and a stop bit (1). The baud rate is
programmable to either 1/32 or 1/64 of
the oscillator frequency.

11 bits are transmitted (through TxD) or
received (through RxD): a start bit (0),

8 data bits (LSB first), a programmable
9th data bit, and a stop bit (1). Mode 3 is
the same as mode 2 in all respects except
the baud rate. The baud rate in mode 3 is
variable.

Mode 1:

Mode 2:

Mode 3:

The variable baud rates can be generated by timer 1
or an internal baud rate generator.

A/D Converter

The 8-bit A/D converter of the SAB 80515 has 8
multiplexed analog inputs and is using the succes-
sive approximation method. The sampling of an
analog signal takes 5 machine cycles, the total
conversion time is 15 machine cycles (15 us at

12 MHz oscillator frequency). Conversion can be
programmed to be single or continuous, at the end
of a conversion an interrupt can be generated.

The internal reference voltages Vi arer and Vinagno
for the A/D converter are programmable in 16 steps
with respect to the external reference voltages. This
feature permits a second conversion with changed
internal reference voltages to gain a higher
resolution. In addition, the internal reference
voltages can easily be adapted by software to the
desired analog voltage range. Takes 7 machine
cycles each (7 us at 12 MHz oscillator frequency).

Figure 5 shows a block diagram of the A/D converter
of the SAB 80515.
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Figure 5
A/D Converter Block Diagram
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Interrupt Structure

The 12 interrupt sources of the SAB 80515 are
organized in 6 pairs:

External interrupt 0 A/D converter interrupt

Timer O interrupt External interrupt 2

External interrupt 1 External interrupt 3

Timer 1 interrupt External interrupt 4

Serial port interrupt

External interrupt 5

Timer 2 interrupt

External interrupt 6

Each interrupt source has its own vector address.

It can be programmed to one of four priority levels
and can individually be enabled/disabled. The
minimum interrupt response time is 3 to 8 machine
cycles.
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External interrupts 0 and 1 can be activated by a
low-level or a negative transition (selectable) at
their corresponding input pin, external interrupts 2
and 3 can be programmed to be activated by a
negative or a positive transition. The external
interrupts 4 to 6 are activated by a positive transition.
The interrupts 3 to 6 can be combined with the
corresponding alternate functions compare
(output) and capture (input) on port 1.

Figure 6 shows the interrupt request sources, and
figure 7 illustrates the priority level structure of
the SAB 80515.
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Figure 6
Interrupt Request Sources
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Figure 7
Priority Level Structure
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Watchdog Timer

This feature is provided as a means of graceful

recovery from software upset. After a reset, the
watchdog timer is cleared and stopped. It can be
started and cleared by software, but it cannot be
stopped. If the software fails to clear the watchdog
timer at least every 65536 machine cycles (about
65 ms if a 12 MHz oscillator frequency is used), a
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hardware reset will be initiated. The reset cause
(external reset or reset caused by the watchdog) can
be examined by software. To clear the watchdog,
two bits in two different special function registers
must be set by two consecutive instructions. This is
done to prevent the watchdog from being cleared
by unexpected op codes.
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Connecting an External Program Memory to the
SAB 80515K

The ROM:-less chip SAB 80515K allows emulating
the SAB 80515's internal ROM via the additional bus
interface. The multiplexed bus ADO to AD12 emits
the address and reads the instruction at pins

ADO to AD7. Observe that the higher address lines
AD8 to AD12 are also multiplexed. The control
signals for the emulation memory are ALE and
PSENE.
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When pin EA is high, the SAB 80515K executes
instructions read from AD0-AD12 if the PC is less
than 8192, otherwise it will execute from external
program memory at port 0 and 2. When pin EA is
low, the SAB 80515K executes all instructions from
external program memory. Figure 8 shows a typical
circuitry for connection of a program memory to
ADO0-AD12 of the SAB 80515K.
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Figure 8
Connecting an External Program Memory
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Instruction Set Summary

Mnemonic | Description | 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 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 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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Y

instruction Sei Summary {cont’d)

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 2
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, ddata 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
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 carry flag 1 1
RR A Rotate accumulator right 1 1
RRC A Rotate accumulator right through 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 1 1
MOV A, ddata 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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Instruction Set Summary (cont’d)

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,d#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
MOovC 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 indirect 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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Instruction Set Summary (cont’d)

Mnemonic Description | Byte | 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 is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJNE A, direct,rel Compare direct byte 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
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 byte and jump if not zero 3 2
NOP No operation 1 1

Notes on data addressing modes:

Rn — Working register RO—R7

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

@Ri — Indirect internal or external RAM
location addressed by register RO or R1

#data  — 8-bit constant included in instruction

ddata 16 — 16-bit constantincluded as bytes2 and 3
of instruction

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

All mnemonics copyrighted © Intel Corporation 1980
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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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Instruction Op Codes in Hexadecimal Order

cH:c)!(e yfug;?:sr Mnemonic| Operands ?:é(e yfug;?;r 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 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 A,R7

0B 1 INC R3 3F 1 ADDC A,R7

ocC 1 INC R4 40 2 JC code addr
0D 1 INC R5 41 2 AJMP code addr
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 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 A,R3

18 1 DEC RO 4c 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 adar
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 AR4

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 A,R4 60 2 Jz code addr
2D 1 ADD A,R5 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
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SAB 80515K

’

instruction Op Codes in Hexadecimai Order (cont’'d)

l(;‘g()j(e yfugrxeesr Mnemonic| Operands ?(?c)i(e yful;‘r\w/E:sr Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB A R4

69 1 XRL AR1 9D 1 SUBB AR5

6A 1 XRL A,R2 9E 1 SUBB AR6

6B 1 XRL AR3 9F 1 SUBB A,R7

6C 1 XRL A,R4 A0 2 ORL C,/bit addr

6D 1 XRL AR5 A1 2 AJMP code addr

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

6F 1 XRL A,R7 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 @RO0,data addr

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

74 2 MOV A, 3data A8 2 MOV RO,data addr

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

76 2 MOV @RO0,3#data AA 2 MOV R2,data addr

77 2 MOV @R1,4#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 R5,4data 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,3#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 CJNE R1,#data,code addr
86 2 MOV data addr,@R0O BA 3 CJNE R2,3data,code addr
87 2 MQV data addr,@R1 BB 3 CJINE R3,4#data,code addr
88 2 MOV data addr,RO BC 3 CJINE R4,4-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 addr
8B 2 MOV data addr,R3 BF 3 CJNE 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 Cc

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 A,RO

95 2 SUBB A,data addr 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 cC 1 XCH A,R4

99 1 SUBB AR1 CD 1 XCH AR5

9A 1 SUBB A,R2 CE 1 XCH A,R6

9B 1 SUBB A,R3 CF 1 XCH A,R7
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Instruction Op Codes in Hexadecimal Order (cont'd)

l(jgc)!(e glfu,;?/?:; 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 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 A,RO

E9 1 MOV AR1

EA 1 MOV A,R2

EB 1 MOV AR3

EC 1 MOV A,R4

ED 1 MOV A,R5

EE 1 MOV A,R6

EF 1 MOV A,R7

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 @R1A

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 80515K

Absclute Maximum Ratings

Ambient temperature under bias 0 to+ 70°C
Storage temperature —65 to +150°C
Voltage on any pin with respect to ground (Vsg) —-05to+ 7V
Power dissipation 2w

Note:

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.

DC Characteristics

Vec =5V £10%; Vss =0V; Tao=0t0 70°C

Symbol Parameter Limit values Unit Test condition

min. max.

Vi Input low voltage —-0.5 0.8 \") -

Vin Input high voltage 2.0 Vec+0.5 |V -
(except RESET and XTAL2)

Vim Input high voltage to XTAL2 2.5 Vee+0.5 |V XTAL1 to Vsg

Vihz2 Input high voltage to RESET 3.0 - \) -

Vep Power-down voltage 3 5.5 \ Vee=0V

Voo Output low voltage, ports 1, 2, 3,4, 5 - 0.45 Vv Io.= 1.6 MA

Vo Output low voltage, - 0.45 \ Io.=3.2mA
port 0, ALE, PSEN, PSENE

Vo2 Output low voltage, ADO to AD12 - 0.45 \ Ioo=2mA

Vou Output high voltage, ports 1,2,3,4,5 |24 - \' Ioy = —80 pA

Voui Output high voltage, 2.4 - \' Ion = —400 pA
port 0, ALE, PSEN, PSENE

Voh2 Output high voltage, ADO to AD12 24 - \" Ion=—2mA

I Logic 0 input current, ports 1, 2,3,4,5 |- —800 wA V=045V

Iy Logic 0 input current, XTAL2 - —-2.5 mA XTAL1T = Vgg

V=045V

Iys Input low current to RESET for reset - —-500 nA VL. =045V

iy input ieakage current io pori 0, - +1i0 A OV<Vin< Ve
EA, ADOto AD12

Icc Power supply current - 210 mA all outputs

disconnected
Irp Power-down current - 3 mA Vee=0V
Co Capacitance of I/0 buffer - 10 pF f.=1MHz
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SAB 80515K

A/D Converter Characteristics

Vee =5V £10%; Vss = 0V; Varer = Voc £5%; Vasnp = Vss £0.2V; Vinarer—Vinaono = 1V;
Ta = 0to +70°C for SAB 80515K

Symbol | Parameter Limit values Unit Test condition
min. typ. max.
Vainput Analog input voltage Vagno— | — VaRer+ \% -
0.2 0.2
(o} Analog input capacitance - 25 - pF "
t Load time - - 2ty us -
ts Sample time (incl. load time) - - Btcy us -
tc Conversion time (incl. sample time) |- — 15tcy us —
DNLE Differential non-linearity - +1/2 +1 LSB Vintarer =
INLE Integral non-linearity - +1/2 +1 LSB Varer = Ve
Offset error - +£1/2 | +1 LSB “;ImAGND >
Gain error - +1/2 + LSB AGND — ¥'sS
TUE Total unadjusted error - +1 +2 LSB K
Iner Varer supply current - - 5 mA 2
Vinrererr | Internal reference error - - TBD mvV 2

" The output impedance of the analog source must be low enough to assure full loading of the sample
capacitance (C)) during load time (f,). After charging of the internal capacitance (C)) in the load time (t,)
the analog input must be held constant for the rest of the sample time (tg).

2 The differential impedance rp of the analog reference voltage source must be less than 1 kQ at reference
supply voltage.
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AC Characteristics
Ta=0t070°C; Vec =5V +10%; Vss =0V
(C_ for port 0, ALE, PSEN and PSENE outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics at Port 0/Port 2

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/tcrer = 1.2 MHz to 12 MHz
min. max. min. max.
tey Cycle time 1000 - 12tc1cL - ns
tLHiL ALE pulse width 127 - 2tc c1-40 — ns
taviLs Address setup to ALE 53 — terc-30 — ns
tiaxa Address hold after ALE 48 - terel-35 — ns
tiuvt ALE to valid instruction in - 233 — Atcic-100 ns
tupir ALE to PSEN 58 - terc-25 - ns
teLprn PSEN pulse width 215 - 3tcc-35 - ns
teuv PSEN to valid instruction in - 150 - 3tcic-100 ns
toxixt Input instruction hold after PSEN | 0 - 0 - ns
texize ! Input instruction float after PSEN | — 63 - terc-20 ns
toxavt” Address valid after PSEN 75 - tecl-8 - ns
taviva Address to valid instruction in - 302 - Sterc-115 ns
tazeLe Address float to PSEN 0 - 0 - ns

External Data Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/teier = 1.2 MHz to 12 MHz
min. max. min. max.
tair RD pulse width 400 - 6tcic-100 - ns
twiwh WR pulse width 400 - 6tc o -100 - ns
tiaxe Address hold after ALE 132 — 2tc1c1-35 - ns
taiov RD to valid data in - 252 - 5tc cL-165 ns
tanox Data hold after RD 0 - 0 - ns
tanpz Data float after RD - 97 - 2tcrcl-70 ns
tipv ALE to valid data in - 517 - 8tcLc-150 ns
tavov Address to valid data in - 585 — Otcc-165 ns
twe ALE to WR or RD 200 300 3terc-50 3teic+50 ns
tavwL Address to WR or RD 203 - 4t c-130 - ns
twhiLH WR or RD high to ALE high 43 123 torcL-40 tocL+40 ns
tovwx Data valid to WR transition 33 - tercL-50 - ns
tovwi Data setup before WR 433 - TteLc-150 - ns
fwnax Data hold after WR 33 - tercL-50 - ns
thiaz Address float after RD - 0 - 0 ns

4 Interfacing the SAB 80515K 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 80515K

Program Memory Characteristics at AD0-AD12

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/terer = 1.2 MHz to 12 MHz
min. max. min. max.
tey Cycle time 1000 - 12t cL = ns
T ALE pulse width 127 - 2to o -40 - ns
TaviL2 Address setup to ALE 53 - terc-30 - ns
tiiaxs Address hold after ALE 48 — terel-35 — ns
tve ALE to valid instruction in - 233 - 4tc c-100 ns
tiipe ALE to PSENE 58 - terc-25 — ns
toprz PSENE pulse width 215 - 3toc-35 - ns
toLiv2 PSENE to valid instruction in - 150 - 3tcicl-100 ns
texixz Input instruction hold after PSENE | 0 - 0 - ns
toxize® Inputinstruction float after PSENE | — 63 - torcl-20 ns
toxavz’ Address valid after PSENE 75 - tercl-8 - ns
taviva Address to valid instruction in - 302 - Sterel-115 ns
tazpLo Address float to PSENE 0 - 0 - ns

External Clock Drive XTAL2

Symbol Parameter Limit values Unit
Variable clock
Freq. = 1.2 MHz to 12 MHz
min. max.
tercL Oscillator period 83.3 833.3 ns
terex High time 20 ferci-ferex ns
terck Low time 20 terci-fenex ns
Loren Rise time — 20 ns
teneL Fall time - 20 ns
System Clock Timing
Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/teict=1.2 MHz to 12 MHz
min. max. min. max.
tisH ALE to CLKOUT 543 - 7toLc-40 - ns
tsHsL CLKOUT high time 127 - 2t c-40 - ns
tsLsH CLKOUT low time 793 - 10tc L -40 - ns
tsiin CLKOUT low to ALE high 43 123 tercL-40 torcL+40 ns

% Interfacing the SAB 80515K to devices with float times up to 75 ns is permissible. This limited bus
contention will not cause any damage to ADO—AD?7 drivers.
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SAB 80515K

Program Memory Read Cycle at Port 0/Port 2

tfey {
e FLHLL —=t=— FLLiv 4.1
fipr V—_‘
ALE | -
fpLpH1
PSEN __J m——/_
|t He—
LLAXT Tha foy 1y 1 = — — Fpxiz1
—=|faviL1 " L
e lag/YER = | Fexixi
Port0  Instr In >—< AT -A0 Instr ln) AT - AO Hlnsfr In >—
Taviva
Port 2 ?rdt?sr}:esfpz y Address A15-A8 x Address A15-A8 }

Data Memory Read Cycle

fLLDv fWHLH—’
ALE ___/_
PSEN /
~— fuwLe =~ frLrH
RO \ /r———
frHpz
—FavwL =
favov ~ fuaxe frioy — fanox —=  |=—
oo WX .
Port 0 7- A0 Data In
— =~—fiaz
Address Address A15-A8 or SFR-P2 \
Port2 O SFR-P2 ress or /
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SAB 80515K

Data Memory Write Cycle

Funn =1
ALE ﬁ

PSEN FLwt Pt
WR
Favwe
fiaxz |7 Fovwx Favwh FwHax

Port 0 H AT-A0 Data Out )
A

Address R -
Port 2 o SFR-PZX Address A15-A8 or SFR-P2

Emulation Memory Read Cycle at AD0-AD12

- Fiive —

fLHLL

tirw \
ALE

~—— pLphz —’\

e ] P —

fiiaxa H

\

o
™ TpLiva ™ -

"
—TpPxiz2

—| faviL2 y’ L
= =—fazpL2 =1 =~ | fpxixz
’zg‘;' Instr |n)—-—< AO - A7 instr 1 )OK|  A0-A7

fAVlVZ

AD8- ( - \ Wy _ \
az ——— As-Az ) ( ms-A1z )
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SAB 80515K

External Clock Cycle

Fenex —==

- fEHCL

System Clock Timing fsiin

ALE ’ \

CLKOUT ] S

fLLSH fSHSL

fLLSH

fSLSH

Program Memory Access

\_ /[

Data Memory Access

AC Testing Input, Output, Float Waveforms

24

400 pA at voltage test levels.

20 20
Test Points
045 0.8 0.8
[~ Float |
2.4 20 20 2.4
0.45 08 08 045

AC testing inputs are driven at 2.4V for a logic ““1"” and at 0.45V for a logic ““0".
Timing measurements are made at 2.0V for a logic “1”" and at 0.8V for a logic ““0"".
For timing purposes, the float state is defined as the point where a PO pins sinks 3.2 mA or sources
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Recommended Oscillator Circuits

~

, XTAL1 XTAL1
v L
1.2-12MHz LTk

0

C 1
i XTAL2 ° = . XTAL2
7404
T6LS04
(=30pF +10pF
Crystal Oscillator Mode Driving from External Source
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Pin Grid Array, C-PGA-88

]

m‘

1
I
T+

b
sESSSEs

m

e

2,25—31.5 |l

!

—172-11

@ 0462005

Dimensions in mm

Ordering Information

Type

Ordering code

Function

SAB 80515K-A

Q67120-C267

8-bit single-chip microcontroller,
ROM-less version
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SAB 80C515/80C535

Aﬁ%{&%e@

/]
nf @rgn a i‘fgﬂ

8-Bit CMOS Microcontroller

SAB 80C515 CMOS microcontroller with factory mask-programmable ROM
SAB 80C535 CMOS microcontroller for external ROM

SAB 80C515-T40/85 L 5

SAB 80C535-T40/85 Extended temperature range: —40 to +85°C

@ 8K X 8 ROM (SAB 80C515 only)

® 256 X 8 RAM

® Six 8-bit I/0 ports, one input port for digital
or analog input

® Three 16-bit timer/counters

® Highly flexible reload, capture, compare
capabilities

® Full-duplex serial channel

® Twelve interrupt vectors, four priority levels

® 8-bit A/D converter with 8 multiplexed inputs
and programmable internal reference voltages

® 16-bit watchdog timer

® Boolean processor

® 256 bit-addressable locations

® Most instructions execute in 1 us

® 4 us multiply and divide

® External memory expandable up to 128 Kbytes

® Backwardly compatible with SAB 8051

® Functionally compatible with SAB 80515 (NMOS)

® |dle and power-down mode

® 68-pin plastic leaded chip carrier package
(PL-CC-68)

Pin Configuration

PL-CC-68

monEm NeS o= amtno

I e AR

aooaoaaladaoacaNaocoaaaoaa

e 1 Y

RESET 10 6 1 P57
Varer O P0O.7
Vaono P0.6
P6.7 Po.5
P6.6 PO.4
P6.S P0.3
P64 P0.2
P63 SAB PO.1
P62 80C515/80C535

P6.1

e g
|12
o
o

P6.0 ALE
P3.0/RxD PSEN
P3NTxD P2.7

P32/INTO P26

P33/ INTT P25
P3.4/T0 P2.4
P3.5/T1 P23

P36/WR
P37/RD
P17/T2
P16/CLKOUT
P15/T2EX

Logic Symbol
Tc Vs
XTAL1 K » Port 0
N v o-uir
XTAL2—— R
<:>Porf‘l
8-bit
Port 2
Varer = <:>8— bit
7
'AGND SAB <:‘J>Par1’_ 3
80C515/ 8-bit
Port 6 80C535 Port &
8-bit 8-bit
§:>Purf S
8-bit
PE— ]
A - ———== ALE
RESET ————== |————= PSEN

The SAB 80C515/80C535 is a new, powerful member
of the Siemens SAB 8051 family of 8-bit micro-
controllers. It is designed in Siemens ACMOS
technology and is functionally compatible with the
SAB 80515/80535 devices designed in MYMOS
technology.

The SAB 80C515/80C535 is a stand-alone, high-
performance single-chip microcontroller based on
the SAB 8051/80C51 architecture. While maintaining
all the SAB 80C51 operating characteristics, the
SAB 80C515/80C535 incorporates several enhance-
ments which significantly increase design flexibility
and overall system performance.
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In addition, the low-power properties of Siemens
ACMOS technology allow applications where
power consumption and dissipation are critical.
Furthermore, the SAB 80C515/80C535 has two
software-selectable modes of reduced activity for
further power reduction: idle and power-down
mode.

The SAB 80C535 is identical with the SAB 80C515
except that it lacks the on-chip program memory.
The SAB 80C515/80C535 is supplied in a 68-pin
plastic leaded chip carrier package (PL-CC-68).
For the industrial temperature range —40 to +85°C,
the SAB 80C515/80C535-T40/85 is available.
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SAB 80C515/80C535

Pin

Input (1)
Output (O)

Function

1-3,5-9

1/0

Port 4 is an 8-bit bidirectional 1/0 port with internal pullup
resistors. Port 4 pins that have 1s written to them are pulled high
by the internal pullup resistors, and in that state can be used as
inputs. As inputs, port 4 pins being externally pulled low will
source current (/,, in the DC characteristics) because of the
internal pullup resistors.

A low level on this pin enables the use of the power saving modes
(idle mode and power-down mode). When PE is held on high level
it is impossible to enter the power saving modes.

RESET

A low level on this pin for the duration of two machine cycles
while the oscillator is running resets the SAB 80C515. A small
internal pullup resistor permits power-on reset using only a
capacitor connected to Vsg.

VAREF

Reference voltage for the A/D converter

VAGND

12

Reference ground for the A/D converter

P6.7-P6.0

13-20

Port 6 is an 8-bit unidirectional input port. Port pins can be used
for digital input if voltage levels simultaneously meet the
specifications for high/low input voltages and for the eight
multiplexed analog inputs of the A/D converter.

P3.0-P3.7

21-28

1/0

Port 3 is an 8-bit bidirectional I/0 port with internal pullup
resistors. Port 3 pins that have 1s written to them are pulled high
by the internal pullup resistors, and in that state can be used as
inputs. As inputs, port 3 pins being externally pulled low will
source current (I, in the DC characteristics) because of the
internal pullup resistors. Port 3 also contains the interrupt, timer,
serial port and external memory strobe pins that are used by
various options. The output latch corresponding to a secondary
function must be programmed to a one (1) for that function to
operate. The secondary functions are assigned to the pins of
port 3, as follows:
— RxD (P3.0): serial port’s receiver data input (asynchronous)
or data input/output (synchronous)
—TxD (P3.1): serial port’s transmitter data output (asynchronous)
or clock output (synchronous)
—INTO (P3.2): interrupt 0 input / timer 0 gate control input
—TNTT (P3.3): interrupt 1 input / timer 1 gate control input
—TO (P3.4): counter 0 input
—T1 (P3.5): counter 1 input
—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 the external data
memory to port 0
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SAB 80C515/80C535

Pin Definitions and Functions (cont’d)

Symbol

Pin

Input (1)
Output (O)

Function

P1.7-P1.0

29-36

1/0

Port 1 is an 8-bit bidirectional I/0 port with internal pullup
resistors. Port 1 pins that have 1s written to them are pulled high
by the internal pullup resistors, and in that state can be used as
inputs. As inputs, port 1 pins being externally pulled low will
source current (I, in the DC characteristics) because of the
internal pullup resistors. The port is used for the low-order
address byte during program verification. Port 1 also contains the
interrupt, timer, clock, capture and compare pins that are used by
various options. The output latch corresponding to a secondary
function must be programmed to a one (1) for that function to
operate (except when used for the compare functions). The
secondary functions are assigned to the port 1 pins as follows:
—INT3/CCO (P1.0): interrupt 3 input/compare 0 output/

capture 0 input
—INT4/CC1 (P1.1): interrupt 4 input/compare 1 output/

capture 1 input
—INT5/CC2 (P1.2): interrupt 5 input/compare 2 output/

capture 2 input
—INT6/CC3 (P1.3): interrupt 6 input/compare 3 output/

capture 3 input
—INT2 (P1.4): interrupt 2 input
— T2EX (P1.5): timer 2 external reload trigger input
— CLKOUT (P1.6): system clock output
— T2 (P1.7): counter 2 input

VCC

37

Supply voltage during normal, idle, and power down operation.
Internally connected to pin 68.

38

GROUND (0V)

XTAL2
XTAL1

39
40

XTAL2

Input to the inverting oscillator amplifier and input to the internal
clock generator circuits.

XTAL1

Output of the inverting oscillator amplifier.

To drive the device from an external clock source, XTAL2 should
be driven, while XTAL1 is left unconnected. There are no require-
ments on the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is divided down by a divide-
by-two flip-flop. Minimum and maximum high and low times
and rise/fall times specified in the AC characteristics must be
observed.

P2.0-P2.7

41-48

1/0

Port 2 is an 8-bit bidirectional I/O port with internal pullup
resistors. Port 2 pins that have 1s written to them are pulled high
by the internal pullup resistors, and in that state can be used as
inputs. As inputs, port 2 pins being externally pulled low will
source current ([, in the DC characteristics) because of the
internal pullup resistors.

Port 2 emits the high-order address byte during fetches from
external program memory and during accesses to external data
memory that use 16-bit addresses (MOVX @DPTR). In this appli-
cation it uses strong internal pullup resistors when issuing 1s.
During accesses to external data memory that use 8-bit addresses
(MOVX @Ri), port 2 issues the contents of the P2 special function
register.
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Pin Definitions and Functions (cont’d)

Pin

Input (1)
Output (O)

Function

49

(o]

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. The signal remains high
during internal program execution.

ALE

50

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.

51

When held high, the SAB 80C515 executes instructions from

the internal ROM as long as the PC is less than 8192, When held
low, the SAB 80C515 fetches all instructions from external
program memory. For the SAB 80C535 this pin must be tied low.

P0.0-P0.7

52-59

1/0

Port 0 is an 8-bit open-drain bidirectional I/0 port. Port 0 pins that
have 1s written to them float, and in that state can be used as high-
impedance inputs.

Port 0 is also the multiplexed low-order address and data bus
during accesses to external program and data memory. In this
application it uses strong internal pullup resistors when issuing 1s.
Port 0 also outputs the code bytes during program verification

in the SAB 80C515. External pullup resistors are required during
program verification.

P5.7-P5.0

60-67

110

Port 5 is an 8-bit bidirectional 1/0 port with internal pullup
resistors. Port 5 pins that have 1s written to them are pulled high
by the internal pullup resistors, and in that state can be used as
inputs. As inputs, port 5 pins being externally pulled low will
source current ([, in the DC characteristics) because of the
internal pullup resistors.

Vee

68

Supply voltage during normal, idle and power-down operations.
Internally connected to pin 37.
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Figure 1
Block Diagram
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Functional Description

The members of the SAB 80515 family of micro-
controllers are:

— SAB 80C515: Microcontroller, designed in
Siemens ACMOS technology, with
8 Kbyte factory mask-programm-
able ROM

— SAB 80C535: ROM-less version of the SAB 80C515

—SAB 80515: Microcontroller, designed in
Siemens MYMOS technology, with
8 Kbyte factory mask-programm-
able ROM

— SAB 80535: ROM:-less version of the SAB 80515

— SAB 80515K: Special ROM-less version of the
SAB 80515 with an additional
interface for program memory
accesses. An external ROM that is
accessed via this interface
substitutes the SAB 80515's internal
ROM.

The SAB 80C535 is identical to the SAB 80C515,
except that it lacks the on-chip ROM. In this data
sheetthe term “SAB80C515" is used to referto both
the SAB 80C515 and SAB 80C535, unless otherwise
noted.

Principles of Architecture

The architecture of the SAB 80C515 is based on the

SAB 8051/SAB 80C51 microcontroller family. The

following features of the SAB 80C515 are fully

compatible with the SAB 80C51 features:

— Instruction set

— External memory expansion interface (port 0 and
port 2)

— Full-duplex serial port

— Timer/counter 0 and 1

— Alternate functions on port 3

— The lower 128 bytes of internal RAM and the
lower 4 Kbytes of internal ROM

The SAB 80C515 additionally contains 128 bytes of
internal RAM and 4 Kbytes of internal ROM, which
results in a total of 256 bytes of RAM and 8 Kbytes
of ROM on chip. The SAB 80C515 has a new 16-bit
timer/counter with a 2:1 prescaler, reload mode,
compare and capture capability. It also contains a
16-bit watchdog timer, an 8-bit A/D converter with
programmable reference voltages, two additional
quasi-bidirectional 8-bit ports, one 8-bit input port
for analog or digital signals, and a programmable
clock output (fosc/12).

Furthermore, the SAB 80C515 has a powerful
interrupt structure with 12 vectors and 4 programm-
able priority levels.

Figure 1 shows a block diagram of the SAB 80C515.
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The SAB 80C515 is efficient both as a controller and
as an arithmetic processor. It has extensive facilities
for binary and BCD arithmetic and excels in its bit-
handling capabilities. Efficient use of program
memory results from an instruction set consisting
0of44% one-byte, 41% two-byte, and 15% three-byte
instructions. With a 12 MHz crystal, 58% of the
instructions execute in 1.0 us.

Memory Organization

The SAB 80C515 manipulates operands in the four
memory address spaces described below:

(Figure 2 illustrates the memory address spaces
of the SAB 80C515).

Program memory

The SAB 80C515 has 8 Kbyte of on-chip ROM, while
the SAB 80C535 has no internal ROM. The program
memory can be externally expanded up to 64 Kbytes.
If the EA pin is held high, the SAB 80C515 executes
out of internal ROM unless the address exceeds
TFFFH. Locations 2000H through OFFFFH are then
fetched from the external program memory. If the
EA pin is held low, the SAB 80C515 fetches all
instructions from the external program memory.
Since the SAB 80C535 has no internal ROM, pin EA
must be tied low when using this component.

Data Memory

The data memory address space consists of an
internal and an external memory space. The internal
data memory is divided into three physically
separate and distinct blocks: the lower 128 bytes of
RAM, the upper 128 bytes of RAM, and the 128-byte
special function register (SFR) area. While the
upper 128 bytes of data memory and the SFR area
share the same address locations, they are accessed
through different addressing modes. The lower 128
bytes of data memory can be accessed through
direct or register indirect addressing; the upper 128
bytes of RAM can be accessed through register
indirect addressing; the special function registers
are accessible through direct addressing.

Four 8-register banks, each bank consisting of
eight 8-bit multi-purpose registers, occupy locations
0 through 1FH in the lower RAM area. The next

16 bytes, locations 20H through 2FH, contain 128
directly addressable bit locations. The stack can be
located anywhere in the internal data memory
address space, and the stack depth can be expanded
up to 256 bytes.

The external data memory can be expanded up to
64 Kbytes and can be accessed by instructions that
use a 16-bit or an 8-bit address.
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All registers, except the program counter and the and the on-chip peripheral functions. There are also
four 8-register banks, reside in the special function 128 directly addressable bits within the SFR area.
register area. The 42 special function registers The special function registers are listed in

include arithmetic registers, pointers, and registers  table 1.
that provide an interface between the CPU

Table 1
Special Function Registers
Symbol Name Address
* PO Port 0 80H
SP Stack pointer 81H
DPL Data pointer, low byte 82H
DPH Data pointer, high byte 83H
PCON Power control register 87H
* TCON Timer control register 88H
TMOD Timer mode register 89H
TLO Timer 0, low byte 8AH
TL1 Timer 1, low byte | 8BH
THO Timer 0, high byte 8CH
TH1 Timer 1, high byte 8DH
* P1 Port 1 90H
* SCON Serial channel control register 98H
SBUF Serial channel buffer register 99H
* P2 Port 2 0AOH
* |ENO Interrupt enable register 0 0A8H
IPO Interrupt priority register 0 0A9H
*  P3 Port 3 0BOH
* |EN1 Interrupt enable register 1 0B8H
IP1 Interrupt priority register 1 0B9H
* |RCON Interrupt request control register 0COH
CCEN Compare/capture enable register 0C1H
CCL1 Compare/capture register 1, low byte 0C2H
CCH1 Compare/capture register 1, high byte 0C3H
CCL2 Compare/capture register 2, low byte 0C4H
CCH2 Compare/capture register 2, high byte 0C5H
CCL3 Compare/capture register 3, low byte 0C6H
CCH3 Compare/capture register 3, high byte 0C7H
* T2CON Timer 2 control register 0C8H
CRCL Compare/reload/capture register, low byte 0CAH
CRCH Compare/reload/capture register, high byte 0CBH
TL2 Timer 2, low byte 0CCH
TH2 Timer 2, high byte 0CDH
*  PSW Program status word register ODOH
*  ADCON | A/D converter control register 0D8H
ADDAT | A/D converter data register 0D9H
DAPR D/A converter program register 0DAH
P6 Port 6 0DBH
* ACC Accumulator OEOH
* P4 Port4 OE8H
* B B-register OFOH
* P5 Port5 OF8H

The SFR’s marked with an asterisk (*) are bit and byte-addressable.
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Figure 2
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1/0 Ports

The SAB 80C515 has six 8-bit 1/0 ports and one
8-bit input port. Port 0 is an open-drain bidirectional
1/0 port, while ports 1 to 5 are quasi-bidirectional
1/0 ports with internal pull-up resistors. That means,
when configured as inputs, ports 1to 5 will be pulled
high and will source current when externally pulled
low. Port 0 will float when configured as input.

Port 0 and port 2 can be used to expand the program
and data memory externally. During an access to
external memory, port 0 emits the low-order address
byte and reads/writes the data byte, while port 2
emits the high-order address byte. In this function,
port 0 is not an open-drain port, but uses a strong
internal pullup FET.

Ports 1 and 3 are provided for several alternate
functions, as listed below:

Port Symbol Function

P1.0 INT3/CCO External interrupt 3 input, compare 0 output, capture 0 input

P1.1 INT4/CC1 External interrupt 4 input, compare 1 output, capture 1input

P1.2 INT5/CC2 External interrupt 5 input, compare 2 output, capture 2 input

P1.3 INT6/CC3 External interrupt 6 input, compare 3 output, capture 3 input

P1.4 INT2 External interrupt 2 input

P1.5 T2EX Timer 2 external reload trigger input

P1.6 CLKOUT System clock output

P1.7 T2 Timer 2 external counter input

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

P3.1 TXD Serial port’stransmitter data output (asynchronous) or clock output (synchronous)

P3.2 INTO External interrupt 0 input, timer 0 gate control

P3.3 INTT External interrupt 1 input, timer 1 gate control

P3.4 TO Timer 0 external counter input

P3.5 T Timer 1 external counter input

P3.6 WR External data memory write strobe

P3.7 RD External data memory read strobe

The SAB 80C515 has a dual-purpose input port. As
the ANx lines in the SAB 80515 (NMOS version),
the eight port lines at port 6 can be used as analog
inputs. But if the input voltages at port 6 meet the
specified digital input levels (V_ and Vi), the port
can also be used as digital input port. Reading the
special function register P6 allows the user to input
the digital values currently applied to the port pins.
It is not necessary to select these modes by
software; the voltages applied at port 6 pins can
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be converted to digital values using the A/D
converter and at the same time the pins can be read
via SFR P6. It must be noted, however, that the
results in port P6 bits will be indeterminate if the
levels at the corresponding pins are not within their
respective V| /V, specifications. Furthermore, it is
not possible to use port P6 as output lines. Special
function register P6 is located at address 0DBH.
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Timer/Counters

The SAB 80C515 contains three 16-bit timer/counters
which are useful in many applications for timing
and counting. The input clock for each timer/counter
is 1/12 of the oscillator frequency in the timer
operation or can be taken from an external clock
source for the counter operation (maximum count
rate is 1/24 of the oscillator frequency).

Timer/counter 0 and 1

These timer/counters can operate in four modes:
Mode 0:
Mode 1:
Mode 2:
Mode 3:

8-bit timer/counter with 32:1 prescaler
16-bit timer/counter
8-bit timer/counter with 8-bit auto-reload

Timer/counter 0 is configured as one 8-bit
timer/counter and one 8-bit timer;
timer/counter 1 in this mode holds its
count.

External inputs INTO and INT1 can be programmed
to function as a gate for timer/counters 0 and 1 to
facilitate pulse width measurements.

Timer/counter 2

Timer/counter 2 of the SAB 80C515 is a 16-bit timer/
counter with several additional features. It offers a
2:1 prescaler, a selectable gate function, and
compare, capture and reload functions. Corres-
ponding to the 16-bit timer register there are four
16-bit capture/compare registers, one of them can
be used to perform a 16-bit reload on a timer
overflow or external event. Each of these registers
corresponds to a pin of port 1 for capture input/
compare output.

Figure 3 shows a block diagram of the timer/
counter 2.

Reload

A 16-bit reload can be performed with the 16-bit

CRC register, which is a concatenation of the 8-bit

registers CRCL and CRCH. There are two modes

from which to select:

Mode 0: Reload is caused by a timer 2 averflow
(auto-reload).

Mode 1: Reload is causedin response to a negative
transition at pin T2EX (P1.5), which can
also request an interrupt.
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Capture

This feature permits saving the actual timer/counter
contents into a selected register upon an external
event or a software write operation. Two modes are
provided to latch the current 16-bit value in timer 2
registers into a dedicated capture register:

Mode 0: Capture is performed in response to a
transition at the corresponding port 1 pins
CCOto CC3.

Mode 1: Write operation into the low-order byte of
the dedicated capture register causes the
timer 2 contents to be latched into this
register.

Compare

In the compare mode, the 16-bit values stored in
the dedicated compare registers are compared to
the contents of the timer 2 registers. If the count
value in the timer 2 registers matches one of the
stored values, an appropriate output signal is
generated and an interrupt is requested. Two
compare modes are provided:

Mode 0: Upon a match the output signal changes
from low to high. It goes back to a low level
when timer 2 overflows.

Mode 1: The transition of the output signal can be
determined by software. A timer 2 over-

flow causes no output change.
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Figure 3
Block Diagram of Timer/Counter 2
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Serial Port

The serial port of the SAB 80C515 enables full duplex
communication between microcontrollers or
between microcontroller and peripheral devices.
The serial port can operate in 4 modes:

Mode 0: Shift register mode. Serial data enters and
exits through RxD. TxD outputs the shift
clock. 8 bits are transmitted/received:

8 data bits (LSB first). The baud rate is
fixed at 1/12 of the oscillator frequency.

Mode 1: 10 bits are transmitted (through RxD) or
received (through TxD): a start bit (0),
8 data bits (LSB first), and a stop bit (1).

The baud rate is variable.

Mode 2: 11 bits are transmitted (through RxD) or
received (through TxD): a start bit (0),

8 data bits (LSB first), a programmable 9th
data bit, and a stop bit (1). The baud rate is
programmable to either 1/32 or 1/64 of

the oscillator frequency.

Mode 3: 11 bits are transmitted (through TxD) or
received (through RxD): a start bit (0),
8 data bits (LSB first), a programmable
9th data bit, and a stop bit (1). Mode 3 is
identical to mode 2 except for the baud
rate. The baud rate in mode 3 is variable.

The variable baud rates in modes 1 and 3 can be
generated by timer 1 or an internal baud rate
generator.
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A/D Converter

The 8-bit A/D converter of the SAB 80C515 has eight
multiplexed analog inputs (Port 6) and uses the
successive approximation method.

Ittakes 5 machine cycles to sample an analog signal
(during this sample time the input signal should be
held constant); the total conversion time (including
sample time) is 14 machine cycles (14 us at 12 MHz
oscillator frequency). Conversion can be pro-
grammed to be single or continuous; at the end

of a conversion an interrupt can be generated.

A unique feature is the capability of internal
reference voltage programming. The internal
reference voltages Vi,rer and Vintacnp for the

A/D converter both are programmable to one of
16 steps with respect to the external reference
voltages. This feature permits a conversion with a
smaller internal reference voltage range to gain a
higher resolution. In addition, the internal reference
voltages can easily be adapted by software to the
desired analog input voltage range.

Figure 4 shows a block diagram of the A/D
converter.
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Figure 4
Block Diagram of the A/D Converter
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Interrupt Structure
The SAB 80C515 has 12 interrupt vectors with the following vector addresses and request flags:

Table 2

Interrupt Sources and Vectors

Source (Request Flags) Vector Vector Address
IEO External interrupt 0 0003H
TFO Timer 0 interrupt 000BH
IE1 External interrupt 1 0013H
TF1 Timer 1 interrupt 001BH
RI+ TI Serial port interrupt 0023H
TF2 + EXF2 Timer 2 interrupt 002BH
IADC A/D converter interrupt 0043H
IEX2 External interrupt 2 004BH
IEX3 External interrupt 3 0053H
IEX4 External interrupt 4 005BH
IEX5 External interrupt 5 0063H
IEX6 External interrupt 6 006BH

Each interrupt vector can be individually enabled/
disabled. The minimum response time to an
interrupt request is more than 3 machine cycles
and less than 9 machine cycles.

Figure 5 shows the interrupt request sources.

External interrupts 0 and 1 can be activated by a
low-level or a negative transition (selectable) at
their corresponding input pin, external interrupts 2
and 3 can be programmed for triggeringon a
negative or a positive transition. The external
interrupts 3 to 6 are combined with the corres-
ponding alternate functions compare (output) and
capture (input) on port 1.

For programming of the priority levels the interrupt
vectors are combined to pairs. Each pair can be
programmed individually to one of four priority
levels by setting or clearing one bit in the special
function register IPO and one in IP1. Figure 6 shows
the priority level structure.
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Figure 5
Interrupt Request Sources
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Figure 6
Priority Level Structure
P10 P00 - Level 3
IENO7 IENOO L ————— Level2
€0 o—oT o T { o ! ———— Level
: H—cﬁw ——— Level0
| I |
| I |
I [ |
| | |
| | |
| | |
| |
| EN10 | I
IADC 0——of'fﬁ—o/ T !
! l——o)'k E
| - 5
f >
| =
I IENOA 2
TFO | — P11 POy T [ Vectr
I IEN1.1 ' ' §,’ Locations
IEX2 ‘ - ‘?
| IEN0.2 ?
IE1 1 p12 P02 g
I IEN1.2 :> E
EX3 o——oAT o T |
| ENO3
TF1 o—ofr G
IEX 4 o—o):’ :
R og—] L IENOA
. o 1 P1e IPOL
s o o T E—
IEXS o—oAT
F2 . IENOS
| —1 P15 IPOsS
EXF2 | IEN1S
IExs o——o?T o1 ]
Siemens Aktiengesellschaft 348




SAB 80C515/80C535

Watchdog Timer

This feature is provided as a means of graceful
recovery from a software upset. After an external
reset, the watchdog timer is cleared and stopped.
It can be started and cleared by software, but it
cannot be stopped during active mode of the device.
If the software fails to clear the watchdog timer at
least every 65532 machine cycles (about 65 msif a
12 MHz oscillator frequency is used), an internal
reset will be initiated. The reset cause (external reset
or reset caused by the watchdog) can be examined
by software. To clear the watchdog, two bits in two
different special function registers must be set by

two consecutive instructions (bits IEN0.6 and IEN1.6).

This is done to prevent the watchdog from being
cleared by unexpected opcodes.

It must be noted, however, that the watchdog timer
is halted during the idle mode and power down
mode of the processor (see section “power saving
modes” below). Therefore it is possible to use the
idle mode in combination with the watchdog timer
function. But even the watchdog timer cannot reset
the device when one of the power saving modes is
entered accidentally.

For these reasons several precautions are taken
against unintentional entering of the power-down
or idle mode (see below).

Power Saving Modes

The ACMOS technology of the SAB 80C515 allows
two new power saving modes of the device: The
idle mode and the power-down mode. These modes
replace the power-down supply mode via pin VPD
of the SAB 80515 (NMOS). The SAB 80C515 is
supplied via pins Vcc also during idle and power-
down operation.

However, there are applications where unintentional
entering of these power saving modes must be
absolutely avoided. Such critical applications often
use the watchdog timer to prevent the system from
program upsets. Then accidental entering of the
power saving modes would even stop the watchdog
timer and would circumvent the watchdog timer’s
task of system protection.

Thus, the SAB 80C515 has an extra pin that allows it
to disable both of the power saving modes. When
pin PE is held high, idle mode and power-down
mode are completely disabled and the instruction
sequences that are used for entering these modes
(see below) will NOT affect the normal operation of
the device. When PE is held low, the use of the idle
mode and of power-down mode is possible as
described in the following sections.

Pin PE has a weak internal pullup resistor. Thus,
when left open, the power saving modes are
disabled.
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The Special Function Register PCON

In the NMOS version SAB 80515 the SFR PCON
(address 87H) contains only bit SMOD; inthe CMOS
version SAB 80C515 there are more bits used (see
table 3).

The bits PDE, PDS and IDLE, IDLS select the
power-down mode or the idle mode, respectively,
when the use of the power saving modes is
enabled by pin PE (see below). If the power-down
mode and the idle mode are set at the same time,
power-down takes precedence.

Furthermore, register PCON contains two general
purpose flags. For example, the flag bits GFO and
GF1 can be used to give an indication if an interrupt
occurred during normal operation or during an ldle.
Then an instruction that activates ldle can also set
one or both flag bits. When Idle is terminated by an
interrupt, the interrupt service routine can examine
the flag bits. )

The reset value of PCON is 000X0000B.
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Table 3
SFR PCON (87H)
SMOD PDS IDLS - GF1 GF0 PDE IDLE 87H
7 6 5 4 3 2 1 0
Symbol Position Function
SMOD PCON.7 When set, the baud rate of the serial channelin mode 1, 2, 3is doubled.
PDS PCON.6 Power-down start bit. The instruction that sets the PDS flag bit is
the last instruction before entering the power-down mode.
IDLS PCON.5 Idle start bit. The instruction that sets the IDLS flag bit is the last
instruction before entering the idle mode.
- PCON.4 Reserved
GF1 PCON.3 General purpose flag
GFO PCON.2 General purpose flag
PDE PCON.1 Power-down enable bit. When set, starting of the power-down
mode is enabled.
IDLE PCON.0 Idle mode enable bit. When set, starting of the idle mode is enabled.
Idle Mode

In the idle mode the oscillator of the SAB 80C515
continues to run, but the CPU is gated off from the
clock signal. However, the interrupt system, the
serial port, the A/D converter, and all timers with the
exception of the watchdog timer are further
provided with the clock. The CPU status is preserved
in its entirety: the stack pointer, program counter,
program status word, accumulator, and all other
registers maintain their data during idle mode.

The reduction of power consumption, which can be
achieved by this feature depends on the number of
peripherals running.

If all timers are stopped and the A/D converter and
the serial interface are not running, the maximum
power reduction can be achieved. This state is also
the test condition for the idle mode Icc (see DC
characteristics, note 5).

So the user has to take care which peripheral should
continue to run and which has to be stopped during
idle mode. Also the state of all port pins — either the
pins controlled by their latches or controlled by their
secondary functions — depends on the status of the
controller when entering idle mode.
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Normally the port pins hold the logical state they
had at the time idle mode was activated. If some
pins are programmed to serve their alternate
functions they still continue to output during idle
mode if the assigned function is on. This applies to
the compare outputs as well as to the clock output
signal or to the serial interface in case it cannot
finish reception or transmission during normal
operation. The control signals ALE and PSEN hold
at logic high levles (see table 4).
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Table 4
Status of External Pins during Idle and Power-Down Modes
Last instruction executed from Last instruction executed from
internal code memory external code memory
Outputs
Idle Power-down Idle Power-down
ALE HIGH Low HIGH Low
PSEN HIGH LOW HIGH LOW
PORT 0 DATA DATA FLOAT FLOAT
PORT 1 DATA/ALTER- DATA/LAST DATA/ALTER- DATA/LAST
NATE OUTPUTS OUTPUT NATE OUTPUTS OUTPUT
PORT 2 DATA DATA ADDRESS DATA
PORT 3 DATA/ALTER- DATA/LAST DATA/ALTER- DATA/LAST
NATE OUTPUTS OUTPUT NATE OUTPUTS OUTPUT
PORT 4 DATA DATA DATA DATA
PORT 5 DATA DATA DATA DATA

As in normal operation mode, the ports can be used
as inputs during idle mode. Thus a capture or reload
operation can be triggered, the timers can be used
to count external events, and external interrupts will
be detected.

The idle mode is a useful feature which makes it
possible to “freeze” the processor’s status — either
for a pre-defined time, or until an external event
reverts the controller to normal operation, as
discussed below. The watchdog timer is the only
peripheral which is automatically stopped during
idle mode. If it were not disabled on entering idie
mode, the watchdog timer would reset the con-
troller, thus abandoning the idle mode.

When idle mode is used, pin PE must be held on low
level. The idle mode is then entered by two conse-
cutive instructions. The first instruction sets the flag
bit IDLE (PCON.0) and must not set bit IDLS
(PCON.5), the following instruction sets the start bit
IDLS (PCON.5) and must not set bit IDLE (PCON.0).
The hardware ensures that a concurrent setting of
both bits, IDLE and IDLS, does not initiate the idle
mode. Bits IDLE and IDLS will automatically be
cleared after being set. If one of these register bits is
read the value that appears is 0 (see table 3). This
double instruction is implemented to minimize the
chance of an unintentional entering of the idle mode
which would leave the watchdog timer’s task of
system protection without effect.
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Note that PCON is not a bit-addressable register, so
the above mentioned sequence for entering the idle
mode is obtained by byte-handling instructions, as
shown in the following example:

ORL PCON,00000001B ;Set bit IDLE, bit IDLS
must not be set

ORL PCON,00100000B ;Set bit IDLS, bit IDLE
must not be set

Theinstruction that sets bit IDLS is the last instruction
executed before going into idle mode.

There are tow ways to terminate the idle mode:

— The idle mode can be terminated by activating
any enabled interrupt. This interrupt will be
serviced and normally the instruction to be
executed following the RETl instruction will be the
one following the instruction that setsthe bitIDLS.

— The other way to terminate the idle mode, is a
hardware reset. Since the oscillator is still
running, the hardware reset must be heid active
only for two machine cycles for a complete reset.
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Power-Down iViode

In the power-down mode, the on-chip oscillator is
stopped. Therefore all functions are stopped; only
the contents of the on-chip RAM and the SFR’s are
maintained. The port pins controlled by their port

latches output the values that are held by their SFR's.

The port pins which serve the alternate output
functions show the values they had at the end of the
last cycle of the instruction which initiated the
power-down mode; when the clockout signal
(CLKOUT, P1.6) is enabled, it will stop at low level.
ALE and PSEN hold at logic low level (see table 4).

To enter the power-down mode the pin PE must be
on low level. The power-down mode then is entered
by two consecutive instructions. The firstinstruction
has to set the flag bit PDE (PCON.1) and must not set
bit PDS (PCON.6), the following instruction has to
set the start bit PDS (PCON.6) and must not set bit
PDE (PCON.1). The hardware ensures that a
concurrent setting of both bits, PDE and PDS, does
not initiate the power-down mode. Bits PDE and
PDS will automatically be cleared after having been
set and the value shown by reading one ofthese bits
is always 0 (see table 3). This double instruction is
implemented to minimize the chance of unintentio-
nally entering the power-down mode which could
possibly “freeze” the chip’s activity in an undesired
status.

Note that PCON is not a bit-addressable register,
so the above mentioned sequence for entering the
power-down mode is obtained by byte-handling
instructions, as shown in the following example:
ORL PCON,00000010B ;Set bit PDE, bit PDS
must not be set

;Set bit PDS, bit PDE
must not be set

The instruction that sets bit PDS is the last
instruction executed before going into power-down
mode.

ORL PCON,01000000B

The only exit from power-down mode is a hardware
reset. Reset will redefine all SFR’s, but will not
change the contents of the internal RAM.

In the power-down mode of operation, V¢c can be
reduced to minimize power consumption. It must be
ensured, however, that V¢ is not reduced before
the power-down mode is invoked, and that V¢ is
restored to its normal operating level, before the
power-down mode is terminated. The reset signal
that terminates the power-down mode also restarts
the oscillator. The reset should not be activated
before V¢ is restored to its normal operating level
and must be held active long enough to allow the
oscillator to restart and stabilize (similar to
power-on reset).
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and SAB 80515

Since the SAB 80C515 is designed in CMOS
technology, this device requires no Vgg pin, because
the die's substrate is internally connected to Vcc.

signmeiits of the SAB 80C515

Furthermore, the RAM backup power supply via pin
Vpp is replaced by the software-controlled power-
down mode and power supply via Vcc.

Therefore, pins Vgg and Vpp of the NMOS
version SAB 80515 are used for other
functions in the SAB 80C515.

Pin 4 (the former pin Vpp) is the new PE pin which
enables the use of the power saving modes.

Pin 37 (the former pin Vgg) becomes an additional
Vce pin. Thus, it is possible to insert a decoupling
capacitor between pin 37 (Vcc) and pin 38 (Vsg) very
close to the device, thereby avoiding long wiring
and reducing the voltage distortion resulting from
high dynamic current peaks.

There is a a difference between the NMOS and
CMOS version concerning the clock circuitry. When
the device is driven from an external source, pin
XTAL 2 must be driven by the clock signal; pin
XTAL 1, however, must be left be open in the
SAB80C515 (must be tied low in the NMOS version).
When using the oscillator with a crystal there is no
difference in the circuitry.

Thus, due to its pin compatibility the SAB 80C515
normally substitutes any SAB 80515 without
redesign of the user’s printed circuit board; but the
user has to take care that the two V¢ pins are
hardwired on chip. In any case, it is recommended
that power is supplied on both V¢¢ pins of the

SAB 80C515 to improve the power supply to the
chip. If the power saving modes are to be used,

pin PE must be tied low, otherwise these modes
are disabled.
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Instruction Set Summary

Mnemonic lDescription 1 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 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 with borrow 1 1
SUBB A, ddata 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 and B 1 4
DIV AB Divide A by B 1 4
DA A Decimal adjust accumulator 1 1
Logical operations

ANL ARn 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 Summary (cont’d)

Mnemonic ] Description I Byte | Cycle

Logical operations (cont’d)

ANL direct,3#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, Fdata 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, ddata Exclusive OR immediate data to accumulator 2 1
XRL direct,A Exclusive OR accumulator to direct byte 2 1
XRL direct,d-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 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 byte 3 2
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Instruction Set Summary (cont’d)

Mnemonic | Description LByte | 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 z_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 indirect 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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Instru Set Summary (cont'd)

Mnemonic Description | Byte l 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 is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJNE A, direct,rel Compare direct byte to A and jump if not equal 3 2
CJNE A, #data,rel Comp. immed. to A and jump if not equal 3 2
CJINE Rn,data,rel Comp. immed. to reg. and jump if not equal 3 2
CJINE @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  — 128internalRAMlocations, any|/O port,
control or status register

@Ri — Indirect internal or external RAM
location addressed by register RO or R1

#data  — 8-bit constant included in instruction

#data 16 — 16-bit constantincluded as bytes2and 3
of instruction

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

All mnemonics copyrighted © Intel Corporation 1980
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Notes on program addressing modes:

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

addr11 — 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.

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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Instruction Op Codes in Hexadecimal Order

::-l:c)i(e glfulxi)eesr Mnemonic| Operands 'c-lc?z)i(e yfut;?/{aeesr Mnemonic| Operands
00 1 NOP 34 2 ADDC A, #data

01 2 AJMP code addr 35 2 ADDC A,data addr
02 3 LIJMP 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 A,R1

06 1 INC @RO0 3A 1 ADDC A,R2

07 1 INC @R1 3B 1 ADDC A,R3

08 1 INC RO 3C 1 ADDC A,R4

09 1 INC R1 3D 1 ADDC AR5

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

0B 1 INC R3 3F 1 ADDC A,R7

oC 1 INC R4 40 2 JC code addr
oD 1 INC R5 41 2 AJMP code addr
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

1 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 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 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 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 AR6

2B 1 ADD AR3 5F 1 ANL AR7

2C 1 ADD AR4 60 2 Jz code addr
2D 1 ADD A,R5 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, 3data

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
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Instruction Op Codes in Hexadecimal Order (cont’d)

':sc)i(e yfulx?:sr Mnemonic| Operands E'c?c)i(e 'S'f”g‘,feesr Mnemonic| Operands

68 1 XRL ARO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SUBB AR5

6A 1 XRL AR2 9E 1 SuBB AR6

6B 1 XRL AR3 9F 1 SUBB 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,bit addr

6F 1 XRL A,R7 A3 1 INC DPTR

70 2 JNZ code addr A4 1 MUL AB

71 2 ACALL code addr Ab 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 @RO0,3data AA 2 MOV R2,data addr

77 2 MoV @R1,4#data AB 2 Mov R3,data addr

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

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

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 CPL bit addr

7F 2 MoV | R7,#data B3 1 CPL Cc

80 2 SJMP code addr B4 3 CJNE A, #data,code addr
81 2 AJMP code addr B5 3 CJINE A, data addr,code addr
82 2 ANL C,bit addr B6 3 CJNE @RO,4#data,code addr
83 1 MoQvC A @A+PC B7 3 CJNE @R1,4#data,code addr
84 1 DIV AB B8 3 CJINE RO,#data,code addr
85 3 MOV data addr,data addr B9 3 CJNE R1,#data,code addr
86 2 MQv data addr,@R0O BA 3 CJNE R2,4kdata,code addr
87 2 MoV data addr,@R1 BB 3 CJINE R3,#data,code addr
88 2 MoV data addr,RO BC 3 CJINE R4,4data,code addr
89 2 Mov data addr,R1 BD 3 CJNE R5,3data,code addr
8A 2 MOV data addr, R2 BE 3 CJINE R6,3:data,code addr
8B 2 MOV data addr, R3 BF 3 CJNE R7,4data,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 c4 1 SWAP A

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

92 2 MOV bit addr,C Ccé 1 XCH A,@RO

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

94 2 SUBB A, #data Cc8 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 cC 1 XCH AR4

99 1 SuUBB AR1 CD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH A,R6

9B 1 SUBB AR3 CF 1 XCH AR7

Siemens Aktiengesellschaft 358



SAB 80C515/80C535

Instruction Op Codes in Hexadecimal Order (cont’d)

S:é(e yfumeesr Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB [

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 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 A,RO

E9 1 MOV AR1

EA 1 MOV AR2

EB 1 MoV A,R3

EC 1 MOV A,R4

ED 1 MOV A,R5

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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Absolute Maximum Ratings

Ambient temperature under bias 0 to + 70°C for the SAB 80C515
—40 to + 85°C for SAB 80C515-T40/85

Storage temperature —65 to +150°C

Voltage on any pin with respect to ground (Vgs) —0.5to Ve + 0.5V

Voltage on V¢ to Vss —0.5t0 +6.5V

Power dissipation 2w

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage of
the device. This is a stress rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect device reliability.

DC Characteristics

Vee =5V +20%; Ve = 0V;

Ta = 0to +70°C for SAB 80C515/80C535

Ta = —40 to +85°C for SAB 80C515/80C535-T40/85

Parameter Symbol Limit values Unit Test condition
min. max.
Input low voltage (except EA) Vi -0.5 0.2Vee—0.1| V -
Input low voltage (EA) Vi -05 0.2Vec—0.3| V -
Input high voltage Vin 2.0 Ve Vee+0.5 \Y -
(except RESET and XTAL2) +0.9
Input high voltage to XTAL2 "™ 0.7 Ve Vec+0.5 Vv -
Input high voltage to RESET Vi 0.6 Ve Vec+0.5 \% -
Output low voltage, ports 1,2, 3,4, 5 Voo - 0.45 \% Ioo=1.6mA"
Output low voltage, port 0, ALE, PSEN | Vo, - 0.45 \% Ioo=32mA"
Output high voltage, ports 1, 2, 3,4, 5 Vou 24 - \ loy = —80 nA
Vec =5V £10%
09Vee |- \" Ion = —10 uA
Output high voltage (port 0 in external | Vo, 24 - " Ioy = —400 pA,
bus mode, ALE, PSEN) Vec =5V£10%
09Vee |- v Ionw = —40 uA?
Logic O input current, ports 1,2,3,4,5 | [} - —50 uA Vin =045V
Input low current to RESET for reset I - —100 uA Vin =0.45V
Logical 1-to-0 transition current, I - —650 A Vin=2V
ports 1,2,3,4,5
Input leakage current (port 0, EA) I, - | +10 nA 0.45 < Viy < Ve
Pin capacitance Co - 10 pF f. =1 MHz,
Ta = 25°C
Power-down current Irp - 50 nA Vee=2Vto6V?
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Maximum I¢c (mA)

Active Mode ¥ Idle Mode *
Frequency Vee 4V 5V 6V 4V 5V 6V
0.5 MHz TBD TBD TBD TBD TBD TBD
3.5 MHz TBD TBD TBD TBD TBD TBD
8.0 MHz TBD TBD TBD TBD TBD TBD
12 MHz TBD 45 TBD TBD 10 TBD

Note ": Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on
the Vo of ALE and ports 1, 3, 4, and 5. The noise is due to external bus capacitance discharging
into the port 0 and port 2 pins when these pins make 1-to-0 transitions during bus operation.

In the worst case (capacitive loading > 100 pF), the noise pulse on ALE line may exceed 0.8 V.
Then, it may be desirable to qualify ALE with a Schmitt-trigger, or use an address latch with a
Schmit-trigger strobe input.

Note 2: Capacitive loading on ports 0 and 2 may cause the Vo, on ALE and PSEN to momentarily fall
below the 0.9 V¢ specification when the address bits are stabilizing.

Note ¥: Power-down Icc is measured with: EA = Port 0 = Port 6 = Vg¢; XTALT = N.C.; XTAL2 = Vgg;
RESET = Vcc; all other pins are disconnected.

Note *: Icc (active mode) is measured with: XTAL2 driven with the clock signal according to the figure
below; XTAL1 = N.C.; EA = Port 0 = Port 6 = V¢, RESET = Vsgs; all other pins are disconnected.
Icc might be slightly higher if a crystal oscillator is used.

Note ®: Icc (idle mode) is measured with: XTAL2 driven with the clock signal according to the figure below;
XTAL1 = N.C.; EA = Vgg; Port 0 = V¢; RESET = V; all other pins are disconnected; all on-chip
peripherals are disabled.
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A/D Converter Characteristics

Ve — 5V £20%; Vss = 0V Vaper = Ve £5%; Vagno = Vss £0.2V; Vinearer - Vintaeno = 1V
T = 0to + 70°C for SAB 80C515/80C535
Ta = —40to +85°C for SAB 80C515/80C535-T40/85

Parameter Symbol Limit values Unit Test condition
min. typ. max.
Analog input voltage Vanput Vagno— | — Varee + |V -
0.2 0.2
Analog input capacitance C - 25 - pF o
Load time i - - 2ty us -
Sample time (incl. load time) ts - 5tcy us -
Conversion time (inc. sample time) tc - - 14 tey us -
Differential non-linearity DNLE - +1/2 +1 LSB Vintarer =
Integral non-linearity INLE - +1/2 +1 LSB Varer = Ve
Offset error £1/2 | 1 LSB “;ImAGND S
Gain error +1/2 +1 LSB AGND = Tss
Total unadjusted error TUE +1 +2 LSB o
Vager supply current Iner - - 5 mA ”
Internal reference error Vinrererr | — - TBD mV 7

Note ®: The output impedance of the analog source must be low enough to assure full loading of the
sample capacitance (C) during load time (t.). After charging of the internal capacitance (C))
in the load time (t.) the analog input must be held constant for the rest of the sample time (ts).

Note ”: The differential impedance r, of the analog reference voltage source must be less than 1 kQ at

reference supply voltage.

teren = toneL = 5 ns

Clock Signal Waveform for I Tests in Active and Idie Mode

Vee-05
/ =—"cuex
0.45V | S—
feLex F—teLch
feee
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SAB 80C515/80C535

AC Characteristics

Vee =5V £20%; Vss = 0V

(C_ for Port 0, ALE and PSEN outputs = 100 pF; C, for all outputs = 80 pF)
Ta = 0to +70°C for SAB 80C515/80C535

Ta = —40to +85°C for SAB 80C515/80C535-T40/85

Program Memory Characteristics

Parameter Symbol Limit values Unit
Variable clock
12 MHz clock 1/teeL = 0.5 MHz to 12 MHz
min. max. min. max.
ALE pulse width [ 127 - 2 terc-40 - ns
Address setup to ALE tavi 53 - terc-30 - ns
Address hold after ALE tiax 48 - torcL-35 - ns
ALE to valid instruction in tiuv - 233 - 4 tec-100 ns
ALE to PSEN tupL 58 - terc-25 - ns
PSEN pulse width toLpi 215 - 3tec-35 - ns
PSEN to valid instruction in oL - 150 - 3 terc-100 ns
Input instruction hold after PSEN | texx 0 - 0 - ns
Input instruction float after PSEN | texz *) |- 63 - terel-20 ns
Address valid after PSEN toxav *) |75 - terc-8 - ns
Address to valid instruction in taviv - 302 - 5 teLc-115 ns
Address float to PSEN tazeL 0 - 0 - ns

*) Interfacing the SAB 80C515 to devices with float times up to 75 ns is permissible. This limited bus
contention will not cause any damage to port 0 drivers.

External Data Memory Characteristics

Parameter Symbol Limit values Unit
Variable clock
12 MHz clock 1/tcic = 0.5 MHz to 12 MHz
min. max. min. max.
RD pulse width taLrn 400 - 6 tc . -100 - ns
WR pulse width fwLwh 400 - 6 fc c-100 - ns
Address hold after ALE tiaxe 132 - 2 tcrci-35 - ns
RD to valid data in taLov - 252 - 5 tcic-165 ns
Data hold after RD trHoX 0 - 0 - ns
Data float after RD tanpz - 97 - 2 tec-70 ns
ALE to valid data in tuov - 517 - 8 to o -150 ns
Address to valid data in tavov - 585 - 9 torc-165 ns
ALE to WR or RD towe 200 300 3 tore-50 3 oo +50 ns
WR or RD high to ALE high bwvkLn 43 123 torcl-40 teLcL+40 ns
Address valid to WR tavwL 203 - Atcic-130 - ns
Data valid to WR transition tavwx 33 - terc-50 - ns
Data setup before WR tavwh 433 - 7 teel-150 - ns
Data hold after WR twhax 33 - tercl-50 - ns
Address float after RD taraz - 0 - 0 ns
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SAB 80C515/80C535

External Clock Drive

Parameter Symbol Limit values Unit
Variable clock
Frequ. = 0.5 MHz to 12 MHz
min. max.
Oscillator period tocL 83.3 2000 ns
Oscillator frequency 1/tereL 0.5 12 MHz
High time terex 20 - ns
Low time terex 20 - ns
Rise time [ - 20 ns
Fall time tener - 20 ns
External Clock Cycle
Vec-05
/ =—"fcncx
045V m—
feLex ~=—tfeLcn
feen
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SAB 80C515/80C535

System Clock Timing

Parameter Symbol Limit values Unit
Variable clock
12 MHz clock 1/teier = 0.5 MHz to 12 MHz
min. max. min. max.
ALE to CLKOUT tusH 543 - 7 tercl-40 - ns
CLKOUT high time tsusL 127 - 2 toi 40 - ns
CLKOUT low time tsisH 793 - 10 toic-40 - ns
CLKOUT low to ALE high tsiin 43 123 teici-40 terc +40 ns
System Clock Timing
- fsiim
fisu s
1 fust [~
CLKouT -/ \t ]r-\_
fsLsh

ROWR

Program Memory Access

\__/

Data Memory Access
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SAB 80C515/80C535

ROM Verification Characteristics
Ta = 25°C +5°C; Ve = 5V +20%; Vss =0V

Parameter Symbol Limit values Unit
min. max.

Address to valid data tavav - 48 teicL ns

ENABLE to valid data teLav - 48 teict ns

Data float after ENABLE tenaz 48 ter o ns

Oscillator frequency teroL 4 6 MHz

ROM Verification

P1.0- P17

P20- P24 Address > <

"—J =—Twav
Port0 ~ —————{ Data Out
Ty —— LfEHﬂZ

P27

ENABLE
Address: P1.0-P1.7 = A0—-A7 Inputs: P2.5—_P2.6, PSEN = Vgg

P2.0—-P2.4 = AB—-A12 ALE, EA = Vy
Data:  Port0 = D0-D7 RESET =V,
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SAB 80C515/80C535

Waveforms

Program Memory Read Cycle

LT,

we T\

= v l:’fmn——’
- Tt
e h v —]
Tuv
PSEN / \
| [=hzeL Toxav "—
— fiax foxiz [T
Toxix [
s
Port 0 )——-]t AO-A7 Instr. In AQ-A7 J—C
v

Port2 X AB-ATS f AB-ATS

Data Memory Read Cycle

e RO
ALE / S

PSEN /
~—"fpov ‘h’i

= fwe TRLRH

L j

- v [

- fvuw e —

rRHDZ

- fuaxz
= =toiaz - hfnunx

A0-A7 from f AQ-A7 Instr.

““‘fAVWL—_"
fwov
Port 2 )1: P20-P27 or AB-A15 from Dpy K AB-ATS from A,

Siemens Aktiengeselischaft 367



SAB 80C515/80C535

Data Memory Write Cycle

ALE / !t
PSEN /
“fLLWL_"‘—‘ t JE——

WLWH
] '[\i y
fﬂVWX
!
|

WHLH|

:

A

— = — Aunax
== fuax
fOVWH
A0-A7 from AQ-A7
Port 0 }t R, or Dy, it Data Out ﬂ from R, Hlnsﬂ: In
fwt
'a
Port 2 )L P2.0-P27 or A8-A15 from Dpy x AB-A15 from Ry
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SAB 80C515/80C535

AC Testing: Input, Output Waveforms

.2 Ve +0.9
Test Points
.2 Vc-01

AC Inputs during testing are driven at V¢c —0.5V for a logic ‘1" and 0.45V for a logic ‘0.
Timing measurements are made at Vjymi, for a logic ‘1’ and Vi max for a logic ‘0.

Vec-05

045V

AC Testing: Float Waveforms

Vioap+01V
% Timing Reference <:\ Vou=-01v
o Points ~F Vo 01V
Vioap-01V oL *0:

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs and
begins to float when a 100 mV deviation from the load voltage Vou/Vo, occurs. Io /Ioy = £20 mA.

Recommended Oscillator Circuits

¢ w0 N —2UxTAL
1} ' XTAL1
r =205-12MHz
External
c 39 Oscillator —32dxTAL 2
1"r XTAL2 Signal
C=30pF210pF

{incl. stray capacitance)

Driving from External Source
Crystal Oscitlator Mode
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SAB 80C515/80C535

Package Qutline

68-Pin Plastic Leaded Chip Carrier Package, PL-CC-68

1 68

nnnnnnnn donnonan——oH 0T

D-

25303

Tl'llllllllllllllllljlm|I|||M|I|I|

24,3 g1

aooooonpdononnn
—CUTDTUTOR O OOTTOTT

e
1.27  0.87max

Dimensions in mm

Ordering Information

Type Ordering code Description

8-bit CMOS microcontroller

SAB 80C515-N Q 67120-C297 with mask-programmable ROM (plastic)

SAB 80C535-N Q 67120-C366 for external memory (plastic)

SAB 80C515-N-T40/85 | Q 67120-C388 with mask-programméble ROM (plastic), ext. temperature
SAB 80C535-N-T40/85 | Q 67120-C387 for external memory (plastic), ext. temperature
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8-Bit Single-Chip Microcontrollers
Extended Temperature Range







SAB 8035/8048

A,
e/
" 7,

v

8 Bit Single Chip Microcontroller

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

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

SAB 8035L-P-T40/85 External ROM

e 8-Bit CPU, ROM, RAM, 1/0 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

Mask Programmable ROM
Mask Programmable ROM

® 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 Logic Symbol
T T\ wf] Ve
XTAL; (2 »f T, XTAL
1 DBy.-7 8 >p
%E ’ 3‘% Ezv Crystal/LC {

. T XTAL Parallel
50s 1 Py 2 Pro-7 PL 010 Ports
T Qe 51 Py, JR—

Reset RESET
ea ] Py ese Pao-7 Py
RO(s 3] Py —
pEndo . 2]y Single Step SS
WRQw 8048 31[ Py
ALE 80351 %[ Py, External MEM EA RO Read
DBy [ 12 »[ P —_ R
DB: E B » P:: Interrupt ——— = INT WR Write
08, g ng Pio Program St
T PSEN 9 ore
DB; O %] V []
DBa U‘b ZSE P‘u%ﬁ Test { Enable
DB: a n f] Py T ALE f———e é::gf:s Latch
2
08, e of P Port Expand
pander
08, [ 2] Py Power down Voo PROG Strobe
Ves 0 20 [l Py

The SAB 8048/8035L are 8-Bit Single-Chip-Micro-
controllerimplemented 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 X8 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
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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 a instruction
set consisting mostly of single byte instructions and
no instructions over 2 bytes in length.

10.86




SAB 8035/8048 Ext. Temp.

Symbol Pin No. 1/0 Function

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

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

XTAL, (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.

Interrupt is disabled after a reset. Also testable with conditional
jump instruction (aktive 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 (0] 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 11 (0] 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

DBy—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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SAB 8035/8048 Ext. Temp.

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 o Output strobe for SAB 8243 1/0 expander

Pio— P17 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

Vbo 26 5V Power Down Voltage

Vss 20 GND potential

Block Diagram

Port 2

Bus Buffer
Port 2 Port 2 Program
Latch Low afch High Counter &High
order Nibble (4)] order Nibble 4) order Bits _(4)

=

170 and
Memary Expander

Port 0
Bus Buffer
Port 0 Latch

and Program
Counter Latch

Program Memory
ROM 1K Byte

Program Program
Prescaler Timer / Progan Progra
+ ueo Covnter {61 order Bits_(8] Word
Oscillator Test1 O Port1
Frequency N Lateh
@ and
Bus
Buffer
Instruction oA Add
Accumulator Tempavary Flags Register and RAN Address
) egister (g) Decoder g
Multiplexer
t
Accumulator Testo Register
Latch Arithmetic Register 1
Logic o Test 1 Register 2
Urit (ALL) L errut [ egiters |
@ Register &
= Flog® Register 5
Conditional
™ Branch = Fus? Register6
Power Supply 5 - T regeter?
Y Adjust ogic = Tiner Flog
90 o .5V Low Power Standby 8Level Stack
f=—o Camry
v
e sy le— Accu=0 Registerbank 2
v "
S5 o Gno Control and Timing - K Accu Bit Test Date Store
TNT RESET PROG EA X1 X2 ALE PSEN 55 R0 _WR
’ ? ‘ ? * ’ ‘ ‘ f l ‘ RAM-Array 64 Byte
z o~ _B
§ £ £ 3 s 8
£ 02 .4 3% g% 2
v ¢ 8§ = 53 W2Oe9a £ &
5 2£85F 53 Bzfre 70
2 of £ §% 3PP % ot
E S6 a8 85 Indr e & F
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SAB 8035/8048 Ext. Temp.

Functionai 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
¥ I Memory bank 1
Data memory
SEL MB1
I 32x8 bit
2048
2047 l
A L SEL MBO 32
I Memory bank 8 3
[ y Register bank 1
102t 8 Register with 8 bit direct]
L e vttt addresysable addressed
| ___ RegisterR1 indirectly
4 L X n through
A 7 I 2% Register R® RO or RI
& 23
S
=_ | Timer/Counter
52 Interrupt 8Llevel Stack
g3
5%
2o
s 8
g 7
& 3 External Register bank @
= Inferrupt 8 Register with 8 bit directly
_-‘—_F;e;s—le—r_a__—— addressable
o765 [s]3]2]1]0—Reset . Register RO
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 0P (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.

Siemens Aktiengesellschaft

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 1/0 devices. The three pins T, T1,
and INT serve as inputs and are testable with
conditional jump instructions.
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SAB 8035/8048 Ext. Temp.

Symbols and Abbreviations used

A Accumulator

AC Auxillary Carry

Adr 12-Bit Program Memory Address
An Accumulator Bit n

BS Bank Switch

BUS Bus Port

CcYy 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 Timer

TF Timer Flag

T0, T1 Test 0, Test 1

X Mnemonic for External RAM
# Immediate Data Prefix

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

— is moved to

- is exchanged with

A logical UND

v logical OR

v logical EXCLUSIV OR

Complement
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SAB 8035/8048 Ext. Temp.

Hex

Mnemonic Function Description Code 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 AccumulatorContents | 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 BO—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))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_7 Accumulator
011 — PCg_qq
((PC)) — A
PC restor
MOVP A, @A (PC) save Move Current Page Data A3 1 2
(A)— PCy_; to Accumulator
((PC)) — A
PC restor
SWAP A (A)p—3 < (A)y—y Swap Nibble 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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SAB 8035/8048 Ext. Temp.
. . . Hex
Mnemonic Function Description Code Flag Bytes |Cycles
Port Move Instructions
IN A, Pr (Pr)— A Input Port 1 or 2 09—0A 1 2
Data to
Accumulator
OUTL Pr, A (A)— Pr Output Accumulator Data 39-3A 1 2
to Port 1or2
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) — Ap_3 Move Port 4—7 Port4 |0C 1 2
— A4y of SAB 8243 5 |pD 1 2
to Accumulator 6 | PE 1 2
7 |OF 1 2
MOVD P, A (Alg_3— P, Move Accumulator ~ Port4 [3C 1 2
to Port 4—7 3D 1 2
of SAB 8243 6 |3E 1 2
7 |3F 1 2
ANLD P, A (A)o—3 A (Py) = P, | Logical AND Port4 [ 9C 1 2
Port 4—7 of 59D 1 2
SAB 8243 with 6 | SE 1 2
Accumulator Mask 7 |9F 1 2
ORLD P;, A (A)o_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 A R, (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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SAB 8035/8048 Ext. Temp.

Hex

Mnemonic Function Description Code |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))+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)~Data— 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 CcYy 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 CcY 1 1
(Ag) - CY through Carry
(CY)— A;
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SAB 8035/8048 Ext. Temp.

Mnemonic Function Description ggﬁe Flag Bytes Cycles
Flag Instructions
CLR C 9 —CY Clear Carry Bit 97 CcY 1 1
CPL C (CY)— CcY Complement Carry Bit A7 cYy 1 1
CLR FO 0— FO Clear Flagd 85 1 1
CPL FO (FP) — FO 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_5 Direct Jump Page 0 | 04 2 2
Adrg_19— PCg_q19 | within 2K-Block 1124 2 2
DBF — PCyq 2 |44 2 2
3164 2 2
4184 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 Fé 2 2
Adr — PC¢_7
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
JTP  Adr IfTP =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_;
JFQ Adr IfFp =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— PC¢)~7
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
2152 2 2
3172 2 2
4192 2 2
5 |B2 2 2
6 | D2 2 2
7 |F2 2 2
Subroutine Instructions
CALL Adr (PCy_11,PSW) Subroutine
— (SP) Call Page 0 | 14 2 2
(SP)+1— SP 1134 2 2
Adry_; — PCp_7 2 |54 2 2
Adrg_q19— PCg_19 31|74 2 2
DBF — PCy, 4 |94 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 9 —BS Select Register Bank 0 Cc5 1 1
SEL RB1 1-BS Select Register Bank 1 D5 1 1
SEL MB0O ¢ — 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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SAB 8035/8048 Ext. Temp.

Absolute Maximum Ratings"

Ambient Temperature Under Bias —40to + 85°C for T40/85
—40to +110°C for T40/110

Storage Temperature —651to +125°C

Voltage On Any Pin With Respect

to Ground -05to+ 7V

Power Dissipation 1.5W

D.C. and Operating Characteristics
Vee = Vpp = +5V £10%; Vss = OV; To —40to + 85°C for T40/85
Ta —40 to +110°C for T40/110

Symbol | Parameter Limit values Unit Test Conditions
min. typ. | max.

Vi Input Low Voltage -05 |- 0.8 \ -
(All Except RESET, XTAL1, XTAL2)

ViLr Input Low Voltage -05 |- 0.6 \% -
(RESET, XTAL1, XTAL2)

Vin Input High Voltage 2.0 - Vee \% -
(All Except XTAL1, XTAL2, RESET)

Vit Input High Voltage 3.8 - Vee \%) -
(XTAL1, XTAL2, RESET)

Vou Output Low Voltage (BUS) - - 0.45 \% Io. = 2.0 MA

Vor1 Output Low Voltage - - 0.45 \Y Io. = 1.8 MA
(RD, WR, PSEN, ALE)

Vor2 Output Low Voltage (PROG) - - 045 |V Io. = 1.0 mA

Vois Output Low Voltage - - 0.45 \Y% Io. = 1.6 MA
(All Other Outputs)

Von Output High Voltage (BUS) 2.4 - - \Y Ion = 400 nA

Vo1 Output High Voltage 2.4 - - \Y) Ioy = 100 uA
(RD, WR, PSEN, ALE)

Vo Output High Voltage 24 - - \% Ion™= 40 uA
(All Other Outputs)

I, Input Leakage Current - - +10 uA Vss < Vin =< Ve
(T1,INT)

Iy Input Leakage Current - - —500 | uA Vss + 0.45 < Viy < V¢
(P10—-P17, P20—P27,EA, SS)

Lo Output Leakage Current (BUS, TO) - - +10 uA Vss + 0.45 = Viy < Ve
(High Impedance State)

Ipp Voo Supply Current - 5 15 mA -

Ipp+Icc | Total Supply Current - 60 135 mA —

) 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 C

.

haracteristics

Vee = Vop = +5V + 10%; Vs = OV; Ta 40 to + 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 - ns -
taL Address Setup to ALE 120 - ns -
tia Address Hold from ALE 80 - ns -
tee Control Pulse Width 700 - ns -
(PSEN, RD, WR)
tow Data Setup before WR 500 - ns -
two Data Hold After WR 120 - ns C, = 20pF
tey Cycle Time 2.5 15.0 us 6 MHz Crystal = 2.5 us
tor Data Hold 0 200 ns -
tro PSEN, RD to Data In - 500 ns -
taw Address Setup to WR 230 - ns -
tao Address Setup to Data In - 950 ns -
tarc Address Float to 0 - ns -
RD, PSEN
tea Control Pulse to ALE 10 - ns -

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

Waveforms

Instruction fetch from external program memory

ot ——

ALE

toy

cC

|
%]
&l
=z

{ca

or

L
L

Bus  Floating

—to

Floating T Instruction Floating
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SAB 8035/8048 Ext. Temp.

Write to External Data Memory

tce tox—

WR

—= twp

fow—
Bus Floating T Address X Fliating Data Floating
taw

—

Read From External Data Memory

w L L

[ tec T tea™
RD
trc —=oR
Bus  Floating Address Floating Data Floating
|
tro
r tAD hn
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SAB 8035/8048 Ext. Temp.

A C. Characteristics {Port 2 Timing)

Vee = Vop = +5V +10%; Vs = OV; To —40to + 85°C for T40/85
Ta —40 to +110°C for T40/110

Symbol | Parameter Limit Values | Unit
min. max.
tep Port Control Setup Before Falling Edge of PROG 110 — ns
tec Port Control Hold After Falling Edge of PROG 100 — ns
ter PROG to Time P2 Input Must Be Valid - 810 ns
tpr Input Data Hold Time 0 150 ns
top Output Data Setup Time 250 - ns
trp Output Data Hold Time 65 - ns
tep PROG Pulse Width 1200 |- ns
teL Port 2 I/0O Data Setup 350 - ns
tip Port 2 1/0 Data Hold 150 - ns
ALE _/—\ / \ /
t ] fCA
o ffie ' '
‘DP PD
Expander \ 4
Port X PCH ;orf Zp3 X Port Contro% Output Data
Output ata /
—=1for
—=1 fop o —
Expander —\/ . —
Port PCH ort 293 >< Port Control >< >< by
Data Data
Input |
toe ==
top —
PROG /
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SAB 8035/8048 Ext. Temp.

Connecting the Oscillator Inputs

XTAL1

AxraL 2

Crystal series resistance should be Both XTAL1 and XTAL2 should be driven.
<75Qat6MHzand < 180 Q at 3.6 MHz. Resistors to V¢ are needed to ensure Vi = 3.8V if
TTL circuitry is used.

XTAL1 and XTAL2 must be high 35—65% of the
period.

1 , C+3Cp
T 2xVIC 2
C,, = 5—10pF pin-to-pin capacitance

f

Package Outline

Plastic Package, P-DIP, 40 pins

r— 15‘210:0,2—’}

[ﬂ'

: 3
5 E
S @

S

T ? 'Lz'\; L -0:3
— e e
+01 ~
w0 254 1.5max 0.45 ;11.3 15,2412

Sl P PR Pl El Fe e P PR b

1
1

D
P

= = =
1 20
50.9.95
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Type Ordering code

Function

SAB 8048-P-T40/85 | Q67120-C133
SAB 8048-P-T40/110 | Q67120-C162
SAB 8035L-P-T40/85 | Q67120-C140

8 Bit SingIe-Chip—Microcomputer

with maskprogrammable ROM (Plastic)
with maskprogrammable ROM (Plastic)
with external ROM (Plastic)
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SAB 8051A/8031A Ext.Temp.

8-Bit Single-Chip Microcontroller

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

SAB 8051A-12-P-T40/85 \jask-Programmable ROM SAB 8031A-12-P-T40/85

SAB 8051A-10-P-T40/110

® Advanced version of the SAB 8031/8051 for
extended temperature range

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

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

® 4K x 8 ROM

@ 128 X 8 RAM

® Four 8-bit ports, 321/0 lines

External ROM
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 us multiply and divide

Pin Configuration

P10 [:

P11
P12
p13(]
P
35 Ij
P16 (]
P17
Rrsmvpo(]
RepiP30 ]
wP31[]
a3z
Wrip33 [
Top3s ]
TP3s []
WRIP36 [[]
Loledu
xtaL2 ]
XTAL1 ]
vss (]

Logic Symbol vr Vee
XTALY—— -
XTAL2—— -3
o =~ |8
RST/Vpp——] & -2
B --§
7 —| -—
5
PSER~—] i1 - T2E

8031A

Port1

=
N
) —-— T2

The SAB 8051A/8031A 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 8051A/8031A with respect to architecture,
instruction set, and software portability.

The SAB 8051A/8031A is a stand-alone, high-
performance single-chip microcontroller 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

Siemens Aktiengesellschaft

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 with the

SAB 8051A, 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.
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SAB 8051A/8031A Ext. Temp.

Pin Defin

itions and Functions

Symbol

Number

Input (1)
QOutput (O)

Functions

P1.0—-P1.7

1-8

1/0

Port 1 is an 8-bit quasi-bidirectional 1/0 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

1710

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.

— 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 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 I/0O 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 8051A/8031A Ext.Temp.

Pin Definitions and Functions (continued)

Symbol Number gﬁtuptu(t”(O) Function

EA 31 | 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—PQ.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.

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

VSS 20 Circuit ground potential.

Block Diagram

Frequency
Reference Counters

4096 bytes

Program 128 bytes

Memory Data Memory
(SAB 8051A only)

1
| |
| |
| |
| |
| |
T 7 |
{ 8051 |
| |
' |
' |
|

| |
| |
| |
| (

Two 16 bit
Timer /Event
Counters

Oscillator

Timing

cPu <r
g U

Programmable
64Kbyte Bus serial port
Expansion :> Programmable 1/0 + full duplex UART
Control - synchronous
shifter
Interrupts
(I P B S JRNE I U I O NN E -
Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT
and 1/0 Pins
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SAB 8051A/8031A Ext.Temp.

Instruction Set Summary

Mnemonic {Description ] 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 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
SUBB A,Rn Subtract register from A with borrow 1 1
SuBB A, direct Subtract direct byte from A with borrow 2 1
SuUBB 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 and B 1 4
DIV AB Divide A by B 1 4
DA A Decimal adjust accumulator 1 1
Logical operations

ANL ARn 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 drdata AND immediate data to accumulator 2 1
ANL direct,A AND accumulator to direct byte 2 1

Siemens Aktiengesellschaft 392



SAB 8051A/8031A Ext. Temp.

Instruction Set Summary (cont’d)

Mnemonic [Description lByte ‘ Cycle
Logical operations (cont’d)

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, #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 Exclusive OR direct byte to accumulator 2 1
XRL A, @Ri Exclusive OR indirect RAM to accumulator 1 1
XRL A, ddata 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 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 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 byte 3 2

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

7

Instruction Set Summary (cont’d)

Mnemonic (Description [ Byte TCycIe

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
MOovC 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 Jow-order digit indirect RAM with A | 1 1

Boolean variable manipulation

CLR C Clear carry flag 1 1
CLR bit Clear direct bit 2 1
SETB o 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 8051A/8031A Ext.Temp.

Instruction Set Summary (cont’d)

Mnemonic ] Description I Byte l 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 is set 3 2

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

JBC bit,rel Jump if direct bit is set and clear bit 3 2

CJNE A direct,rel Compare direct byte to A and jump if not equalf 3 2

CJNE A, ddata,rel Comp. immed. to A and jump if not equal 3 2

CJNE Rn,sdata,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: Notes on program addressing modes:

Rn — Working register RO—R7 addr 16 — Destination address for LCALL and LIMP

direct — 128internal RAM locations, any /O port, may be anywhere within the 64 Kbyte
control or status register program memory address space.

@Ri — Indirect internal or external RAM addr 11— Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte

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

#data 16 — 16-bit constantincluded as bytes 2 and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include

bit — 128 software flags, any 1/0 pin, control an 8-bit offset byte. Range is + 127/— 128
or status bit bytes relative to first byte of the following

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980
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SAB 8051A/8031A Ext. Temp.

Instruction Op Codes in Hexadecimal Order

‘lj:é(e L\Ifu&iaeesr Mnemonic| Operands ch?é(e oNfubT/‘?le Mnemonic| Operands

00 1 NOP 34 2 ADDC A, #data

01 2 AJMP code adadr 35 2 ADDC A, data addr

02 3 LJMP code addr 36 1 ADDC A,@R0O

03 1 RR A 37 1 ADDC A @R 1

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 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 A,R7

ocC 1 INC R4 40 2 JC code addr
oD 1 INC R5 41 2 AJMP code addr

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 adar 45 2 ORL A,data addr
12 3 LCALL code adadr 46 1 ORL A,@RO

13 1 RRC A a7 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 @R0 4A 1 ORL A,R2

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 A,R5

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 A,R2

27 1 ADD A,@R1 5B 1 ANL A,R3

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

29 1 ADD AR1 5D 1 ANL A,R5

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

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

2C 1 ADD A,R4 60 2 Jz code addr
2D 1 ADD A,R5 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 adadr 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
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SAB 8051A/8031A Ext.Temp.

Instruction Op Codes in Hexadecimal Order (cont’d)

cHgé(e g‘fut;?/E:sr Mnemonic| Operands ::-'oeé(e yfug;ttgasr Mnemonic| Operands

68 1 XRL ARO 9C 1 SUBB A.R4

69 1 XRL AR1 9D 1 SUBB AR5

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

6B 1 XRL AR3 9F 1 SUBB A,R7

6C 1 XRL A R4 A0 2 ORL C,/bit addr

6D 1 XRL AR5 A1 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 addr Ad 1 MUL AB

71 2 ACALL code addr A5 reserved

72 2 ORL C,bitaddr A6 2 MOV @RO0,data addr

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

74 2 MOV A, ddata 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,#0data AC 2 MOV R4,data adar

79 2 MOV R1,4data AD 2 MoV R5,data addr

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

7B 2 MOV R3,3data AF 2 MOV R7,data addr

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

7D 2 MOV R5,4data 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 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 @R 1,4data,code addr
84 1 DIV AB B8 3 CJNE RO, 3data,code addr
85 3 MoV data addr,data addr B9 3 CJNE R1,3data,code addr
86 2 MOV data addr,@R0 BA 3 CJINE R2,4#data,code adadr
87 2 MOV data addr,@R1 BB 3 CJNE R3,#data,code adadr
88 2 MOV data addr,R0 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 CJINE R6,3data,code addr
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 C4 1 SWAP A

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

92 2 MOV bit addr,C Cc6 1 XCH A,@RO

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

94 2 SUBB A Fdata Cc8 1 XCH A,RO

95 2 SUBB A,data addr Cco 1 XCH AR1

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

97 1 SUBB A @R1 CcB 1 XCH AR3

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

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 C
ch?c)i(e lglfu&:)eesr Mnemonic| Operands

Do 2 POP data addr

D1 2 ACALL code addr
D2 2 SETB bit adadr

D3 1 SETB C

D4 1 DA A

D5 3 DJINZ data addr,code addr
D6 1 XCHD A,@R0

D7 1 XCHD A @R1

D8 2 DJNZ RO,code adar
D9 2 DJNZ 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 MOvVX 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 A,R2

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 @RO0,A

F3 1 MOVX @R1,A

Fa 1 CPL A

F5 2 MoV data addr,A
F6 1 MOV @R0,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 —40to + 85°C for T40/85
—40 to +110°C for T40/110

Storage temperature —65to +150°C

Voltage on any pin with respect to ground (Vss) -0.5to+ 7V

Power dissipation 2W

Note:

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.

DC Characteristics

Vee =5V £10%; Vss =0V Ta = —40to + 85°C for T40/85;
Ta = —40to +110°C for T40/110

Symbol | Parameter Limit values Units Test conditions
min. max.
Vi Input low voltage -0.5 0.8 \Y -
Vin Input high voltage 2.0 Vee+05 |V -
except RST/VPD and
XTAL2
Vit Input high voltage 2.5 Vee+05 |V XTAL 1to Vss

to RST/VPD for
reset, XTAL2

Vep Power down voltage 4.5 5.5 \ Vee =0V
to RST/VPD

Voo Output low voltage - 0.45 Vv Io. = 1.6 MA
ports 1,2, 3

Vour Output low voltage - 0.45 \% Ior =3.2mA
port 0, ALE, /PSEN

Vou Output high voltage 2.4 - \% Ion = —80 uA
ports 1, 2,3

Voui Output high voltage 2.4 - \" Ion = —400 pA
port 0, ALE, /PSEN

Iy Logical 0 input current - —-500 uA ViL = 0.45V
ports 1,2, 3

I Logical 0 input current - —-2.5 mA XTAL1 = Vsg
XTALZ V||_ = 0.45 \

I Input high current to - 500 uA Vin=Vcec—15V
RST/VPD for reset

m Input leakage current - +10 uA 0 < Vin < Vee
to port 0,/EA

Icc Power supply current - 150 mA -

Iep Power down current - 15 mA -

Cio Capacitance of I/0 buffer - 10 pF f. = 1MHz
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AC Characteristics for T40/85

Vee =5V +10%; Vss = 0V; Ty = —40 to +85°C
(C, for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/teicL = 1.2 MHz to 12 MHz
min. max. min. max.
[ ALE pulse width 127 - 2 tcrc 40 - ns
TaviL Address setup to ALE 53 - terc-30 - ns
tiiaxt Address hold after ALE 48 - terc-35 — ns
ti ALE to valid instruction in - 233 - 4t 100 ns
tupl ALE to PSEN 58 - tercL-25 - ns
teLpn PSEN pulse width 215 - 3too-35 - ns
oLy PSEN to valid instruction in - 150 - 3 terc-100 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
toxiz *) Input instruction float after PSEN | — 63 - terol-20 ns
toxav *) Address valid after PSEN 75 - teLol-8 - ns
taviv Address to valid instruction in — 302 - 5 tere-115 ns
tazeL Address float to PSEN 0 - 0 - ns.
External Data Memory Characteristics
Symbol | Parameter Limit values Unit
: Variable clock
12 MHz clock 1/tereL = 1.2 MHz to 12 MHz
min. max. min. max.
taLrm RD pulse width 400 - 6 tc o -100 - ns
fwiwh WR pulse width 400 - 6 tc o -100 - ns
tiiax2 Address hold after ALE 132 - 2 terc-35 - ns
tauov RD to valid data in - 252 - 5toc-165 ‘ns
tarDX Data hold after RD 0 - 0 - ns
trupz Data float after RD - 97 - 2 tecl-70 ns
tuov ALE to valid data in - 517 - 8 fercL-150 ns
tavov Address to valid data in - 585 - 9 teic-165 ns
twe ALE to WR or RD 200 300 3tcici-50 3tccL+50
tavwL Address to WR or RD 203 - 4tc-130 - ns
twHLH WR or RD high to ALE high 43 123 terci-40 tercL+40 ns
tavwx Data valid to WR transition 33 - torcl-50 - ns
tavwh Data setup before WR 433 - 7 toc-150 - ns
twmax Data hold after WR 33 - tercl-50 - ns
thiaz Address float after RD - 0 - 0 ns

*) 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 O drivers.
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AC Characteristics for T40/110

Vec =5V £10%; Vss = 0V; To = —40to +110°C
(Cy for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock
10 MHz clock 1/teieL = 1.2 MHz to 10 MHz

min. max. min. max.

L ALE pulse width 160 — 2 teic 40 - ns
tavie Address setup to ALE 70 - tore-30 ~ ns
tiaxi Address hold after ALE 65 - toc-35 - ns
v ALE to valid instruction in - 300 - 4 teic-100 ns
tipy ALE to PSEN 75 - teic-25 - ns
trLpy PSEN pulse width 265 - 3tcc-35 - ns
truy PSEN to valid instruction in - 200 - 3tcc-100 ns
texix Input instruction hold after PSEN | 0 - 0 - ns
toxiz * Input instruction float after PSEN | — 80 - terc-20 ns
toxay ¥ Address valid after PSEN 92 - torcl-8 - ns
taviv Address to valid instruction in - 385 - 5teie-115 ns
tazeL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock
10 MHz clock 1/terer = 1.2 MHz to 10 MHz

min. max. min. max.
tRiH RD pulse width 500 - 6 tcic-100 - ns
twiwH WR pulse width 500 - 6 tcicL-100 - ns
tiax2 Address hold after ALE 165 - 2 teicl-35 - ns
taov RD to valid data in - 335 - 5tcc-165 ns
tarpx Data hold after RD 0 - 0 - ns
tapz Data float after RD - 130 - 2toi-70 ns
tiov ALE to valid data in - 650 - 8 teic-150 ns
tavov Address to valid data in - 735 - 9 toc-165 ns
tiowe ALE to WR or RD 250 350 3tocl50 3toel+50 ns
tavwi Address to WR or RD 270 - 4 toc-130 - ns
wHLH WR or RD high to ALE high 60 140 tercL-40 toLoL+40 ns
tavwx Data valid to WR transition 50 - tere-50 - ns
tavwe Data setup before WR 550 - 7 terc-150 - ns
twHax Data hold after WR 50 - tecl-50 - ns
thiaz Address float after RD - 0 - 0 ns

*) Interfacing the SAB 8051A 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 (T40/110)
min. max.

tereL Oscillator period I’igﬁ?o ?303 833.3 ns
tenex High time 20 terci-terex ns
teex Low time 20 terei-tenex ns
teicH Rise time - 20 ns
teneL Fall time - 20 ns

External Clock Cycle

AC Testing Input, Output, Float Waveforms

24 70 70
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",

400 uA at the voltage test levels.

For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA or sources
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ROM Verification Characteristics
Ta = 25°C £5°C; Ve = 5V £10%; Vss = 0V

Symbol Parameter Limit values Unit
min max.
tavav Address to valid data - 48 teicL ns
teLav Enable to valid data - 48 teicL ns
tenoz Data float after Enable 0 48 teicL ns
1/torol Oscillator frequency 4 6 MHz
ROM Verification
P1.0- P17
P2.0- P23 ‘ Address ) <
—" favavf=—
Port 0 ——————{ Data out
ferav fenaz
P21
ENABLE
Address: P1.0—-P1.7 = A0—A7 Inputs: P2.4—P2.6, PSEN = Vsg
P2.0—-P2.3 = A8—-A11 ALE, EA = Vi
Data:  Port0 = DO-D7 RST/VPD = Vim
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Waveforms

Program Memory Read Cycle

I

AT - A0 INSTRIN

I fev

fiy—t=—f v
e —t—

ALE 1

T

PSEN f
= fiax ‘:_fpuv" f;;;; Toxav=—
—fii o | e ]
INSTR INH A7 - A0 INSTRIN
PORT 0 N
rA\/IV

ADDRESS
PORT2 _ORSFR-P2

ADDRESS A15-A8

X

ADDRESS A15-A8

Data Memory Read Cycle

Port2 _OR SFR-P2

fiov == honLn
ALE / \
"LLWL fRLRH
—f L axo /
+ n fRHDZ
'AVWL 'RLOV
Trrox
fAVDV ] l?—
‘
Y A7-A0 ><>< DATA IN
Port 0 4 + L
RLAZ
ADDRESS ADDRESS A15-A8 OR SFR-P2 \/
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Data Memory Write Cycle

—= ’wnuf
ALE ___/—_

+ +
TLwL TWLWH

£
AL t avwx

e | S
LA favwn fumox
> < \
AT-A0 DATA OUT
Port 0 \ /

ADDRESS : - .
Ptz _ORSFR-P2ZA ADDRESS Af5-A8 OR SFR-P2 )

Recommended Oscillator Circuits

C
1 XTALA —xTAL1
45V -
6.7k
I 1
XTAL2 o—o| BlxTaL2
7604
761504
(=30pF +10pF
Crystal Oscillator Mode Driving from External Source
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Plastic Package, P-DIP 40, 20 B 40 DIN 41870 T 10

Smin

5
5imax

P

(XS
et}
a

p— 15.24:01—*)

Moo b0z —™
‘9.25.0,1
ba— 15.24"2 —»

Dimensions in mm

Ordering Information

Type

Description

Ordering code

8-Bit Single-Chip-Microcomputer

SAB 8051A-12-P-T40/85

with mask-programmable ROM (Plastic)

Q67120-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 80C51/80C31 Ext. Temp.
8-Bit CMOS Microcontroller

SAB 80C51-P(N)-T40/85 CMOS microcontroller with factory-mask programmable ROM, P-DIP 40 (PLCC 44)
SAB 80C31-P(N)-T40/85 CMOS microcontroller for external ROM, P-DIP 40 (PLCC 44)

® Extended operating temperature range: ® Boolean processor

—40to +85°C ® 218 user bit-addressable locations
® 4K x 8 ROM (SAB 80C51 only) ® Most instructions execute in 1 us
® 128 X 8 RAM ® Multiply and divide in 4 us

® 5 interrupt vectors, two priority levels
® |dle and power-down operation
® P-DIP 40 and PLCC 44 package

® Four 8-bit ports, 321/0 lines

® Two 16-bit timer/event counters

@ High-performance full-duplex serial channel

® External memory expandable up to 128 Kbytes

Pin Configuration
P-DIP 40 PLCC 44
ADO AD1 AD2 AD3
U P14 P13 P12 P11P10 NC Vg PO.O P01 P02 PO.3
P10 (1 WP
ondle wEem 00 R
Haf n[ror A1 p1s[]r q} 39[Jpos D4
p13e 37jPﬂZ AD2
pis[]e
pi]s 36[JP03  AD3 E SBJPOS ADS
P56 E M Ty PL1[]9 37[]Pos  ADs
P16l [Teos aos RsT[]10 36[Jpo7  AD7
pi7[]s 33{Jros  ADs RADIP n »r
w1 sap wPeor a xD/P3.0 ] 3s[JEa
rop]o  B0C51  nD)EA ne [ SAB wfIne
80C31
wopn[n oD aLe 0 1p31[]n 80(51/80C31 nae
WTOP32 (] 12 29[ P3EN
WP 13 »[Jez A1 IMDIHZEM 32:] SE
Top3e [ 10 2[0en A NT1/P33[]1s 3[]P27 A5
Tp3s (15 6[]p25 A13
T0/P3.4 16 30[]p26 Aw
WRiP36 [] 16 [P A2 E :l *
e ez An Y‘I/PBSqﬁ 29[]p25 A1
x1aL2[] 18 23[Jp2z A1 B 19 20 29 2 23 24 25 26 27 28
X1 G apden B8 P31 XTALXTAL 1
NCPZOP
vgsljzo 21[JpP20  As WR RO > 0 A291 :@IOZ PAZﬂ! PAZ‘IZL
(I

The SAB 80C51/80C31 is a standalone, high-
performance CMOS single-chip microcontroller,
designed in Siemens ACMOS technology. ltis
functionally compatible with the SAB 8051A/8031A
devices in MYMOS technology. The version with
extended operating temperature range is fully
compatible with the standard device SAB 80C51/
80C31.

The low-power properties of ACMOS technology
allow applications where power consumption and
dissipation are critical. In addition, the SAB 80C51/
80C31 has two software-selectable modes of
reduced activity for further power reduction —idle
and power-down.
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The SAB 80C51 contains a non-volatile 4K x 8 read-
only program memory, a volatile 128 x 8 read/write
data memory, 32 1/0 lines, two 16-bit timer/
counters, a five-vector, two-priority-level interrupt
structure, a serial I/0 port, an on-chip oscillator,
and clock circuits. The SAB 80C31 is identical to the
SAB80C51, except that it lacks the program memory
on the chip.

The SAB 80C51/80C31 is supplied in a 40-pin plastic
DIP package orin a 44-pin plastic leaded chip carrier
(PLCC 44) package.
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Logic Symbol
Vs V'[c
XTAL1 | —~———
17}
| —~— 2
XTAL 2——— | ——— g
= c
- . P
173
RST ——| [ | ———— %’
| ——— g
EA —» e ————
|~
S SAB
PSEN= 80C51
80C31 —
ALE ~——ro <—>:
o
e O
|
i
|
RxD — [ -~ i
TxD ~—-— - |~ —
INTO— | < —-—— | — | 2
o
INTT—» '_:_"<-> «g—» @
70 - ‘;—c:\ <> ] [ %
T1 — — . —_— | <
W — - [ ——
RD ~=—{ —a» )
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Pin Definitions and Functions

Symbol

P-DIP40

Pin
PLCC44

Input (1)
Output (O)

Functions

P1.0-P1.7

1-8

2—-9

110

Port 1 is an 8-bit bidirectional 1/0 port with internal pullup
resistors. Port 1 pins that have 1s written to them are pulied
high by the internal pullup resistors, and in that state can be
used asinputs. Asinputs, port 1 pins being externally pulled
low will source current (I, in the DC characteristics)
because ofthe internal pullup resistors. Port1 also receives
the low-order address bytes during program verification.

RST

10

A high level on this pin for two machine cycles while the
oscillator is running resets the device. An internal diffused
resistor to Vg permits power-on reset using only an
external capacitor to V.

P3.0-P3.7

10-17

11,
13-19

1/0

Port 3 is an 8-bit bidirectional 1/0 port with internal pullup

resistors. Port 3 pins that have 1s written to them are pulied

high by the internal pullup resistors, and in that state can be

used asinputs. Asinputs, port 3 pins being externally pulled

low will source current ([, in the DC characteristics)

because of the internal pullup resistors. Port 3 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 programmed 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).

—1INTO (P3.2). Interrupt 0 input or gate control input for
counter 0.

—1INT1 (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
18

21
20

XTAL 1

Input to the inverting oscillator amplifier and input to the
internal clock generator circuits.

XTAL2

Output of the inverting oscillator amplifier.

To drive the device from an external clock source, XTAL1
should be driven, while XTAL 2 is left unconnected. There
are no requirements on the duty cycle of the external clock
signal, since the input to the internal clocking circuitry is
through a divide-by-two flip-flop.

Minimum and maximum high and low times specified in
the AC characteristics must be observed.
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Pin Definitions and Functions (cont’'d)

Symbol

Pin
P-DIP40 | PLCC44

Input (1)
Output (O)

Functions

P2.0—-P2.7

21-28 |24-31

1/0

Port 2 is an 8-bit bidirectional I/0 port with internal pullup
resistors. Port 2 pins that have 1s written to them are pulled
high by the internal pullup resistors, and in that state can
be used as inputs. As inputs, port 2 pins being externally
pulled low will source current (I, in the DC characteristics)
because of the internal pullup resistors.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses
(MOVX@DPTR). In this application it uses strong internal
pullup resistors when issuing 1s. During accesses to
external datamemory that use 8-bitaddresses (MOVX@Ri),
port 2 issues the contents of the P2 special function
register.

PSEN

29 32

PROGRAM STORE ENABLE

This outputissues a control signal that enables the external
program memory to access 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.

ALE

30 33

ADDRESS LATCH ENABLE

Provides signal 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 35

EXTERNAL ACCESS

When held at a high level, the SAB 80C51 executes
instructions from the internal ROM when the PCis less than
4096. When held at a low level, the SAB 80C51 fetches all
instructions from the external program memory. For the
SAB 80C31 this pin must be tied low.

P0.0-P0.7

39-32 |43-36

1/0

Port 0 is an 8-bit open drain bidirectional I/0 port. Port 0
pins that have 1s written to them float, and in that state can
be used as high-impedance inputs.

Port 0 is also the multiplexed low-order address and data
bus during accesses to external program and data
memory. In this application it uses strong internal pullup
resistors when issuing 1s. Port 0 also outputs the code
bytes during program verification in the SAB 80Cb1.
External pullup resistors are required during program
verification.

Vee

40 44

Supply voltage during normal, idle, and power-down
operations.

VSS

20 22

Circuit ground potential.

N.C.

- 1,12,
23,34

No connection
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Block Diagram
XTAL1 XTAL2 Counters
r e A I
| |
II |
. 4096 Byte Two 16-Bit |
| | Oscilator | program Memary 2eyte Tericeent | |
| (SAB80CS1 only) y Counters I
|
N 7aN ‘
I |
|
; SAB 80C51 < '
I CPU |
| ] ] ] \l =
Programmable
| 64K Byte Bus Serial Port |
| Expansion :> Programmable 1/0 « Full Duplex UART | |
l Control « Synchronous |
Shifter
} Interrupts :
(1) O R B A | e e e —— -
Interrupts Control Parallel Ports Serial In  Serial Out
Address Data Bus
and 1/0 Pins
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Functional Description

The SAB 80C51/80C31 is functionally compatible
with the SAB 8051A/8031A products that are
designed in Siemens MYMOS technology.

In addition, instead of the RAM backup power
supply of the SAB 8051A/8031A, the SAB 80C51/
80C31 offers two additional power control modes,
the idle mode and the power-down mode. The
control bits for the reduced power modes are in the
special function register PCON.

— ldle mode
Inthe idle mode, the CPU putsitselfto sleep while
all the on-chip peripherals stay active. The
instruction that invokes the idle mode is the last
instruction executed in the normal operating
mode before the idle mode is activated. The
contents of the CPU, the on-chip RAM, and all the
special function registers remain intact during

Table 1

this mode. The idle mode can be terminated
either by any enabled interrupt, at which time the
process is picked up at the interrupt service
routine and continued, or by a hardware reset
which starts the processor in the same way as a
power-on reset.

— Power-down mode
In the power-down mode the oscillator is
stopped, and the instruction that invokes power-
down is the last instruction executed. Only the
contents of the on-chip RAM is preserved.
A hardware reset is the only way to terminate
power-down.

During power-down and idle mode the external
pins will have the following status (see table 1):

Status of the External Pins during ldle and Power-Down Modes

Mode Program ALE PSEN Port0 Port1 Port2 Port3
Memory

Idle Internal 1 1 Data Data Data Data/
Alternate
Outputs

Idle External 1 1 Float Data Address Data/
Alternate
Outputs

Power-Down Internal 0 0 Data Data Data Data/Last
Qutput of
Alternate
Function

Power-Down External 0 0 Float Data Data Data/Last
Output of
Alternate
Function

!
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Instruction Set Summary

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 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
SuUBB A.direct Subtract direct byte from A with borrow 2 1
SuUBB 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 dirgct byte 2 1
DEC @Ri Decrement indirect RAM 1 1
INC DPTR Increment data pointer 1 2
MUL AB Multiply A and B 1 4
DIv AB Divide Aby 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 80C51/80C31 Ext. Temp.

Set Summary (cont’d)

Mnemonic lDescription ‘ Byte I Cycle
Logical operations (cont’d)

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, #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 Exclusive OR direct byte to accumulator 2 1
XRL A,@Ri Exclusive OR indirect RAM to accumulator 1 1
XRL A, 3:data 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 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 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 byte 3 2
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SAB 80C51/80C31 Ext. Temp.

Instruction Set Summary (cont'd)

Mnemonic l Description ‘ 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 indirect 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 80C51/80C31 Ext. Temp.

RN

Instruction Set Summary {cont’'d

Mnemonic Description l Byte | Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2 2

LCALL addr16 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 addr16 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 is set 3 2

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

JBC bit,rel Jump if direct bit is set and clear bit 3 2

CJNE A, direct,rel Compare direct byte to A and jump if not equal 3 2

CJINE 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

CJNE @Ri,#data,rel Comp.immed. to ind. and jump if not equal 3 2

DJINZ 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: Notes on program addressing modes:

Rn — Working register RO—R7 addr16 — Destination address for LCALL and LUMP

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

@Ri — Indirect internal or external RAM addr11 — Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte

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

#data 16 — 16-bit constantincluded as bytes2 and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include

bit — 128 software flags, any 1/0 pin, control an 8-bit offset byte. Range is +127/—128
or status bit bytes relative to first byte of the following

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980
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SAB 80C51/80C31 Ext. Temp.

Instruction Op Codes in Hexadecimal Order

'c_‘gc)i(e gful;\;\,{a:; Mnemonic|{ Operands CHoege yfu;qy:’: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 @RO0 3A 1 ADDC AR2

07 1 INC @R1 3B 1 ADDC A,R3

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 A,R7

oC 1 INC R4 40 2 JC code adadr
oD 1 INC R5 41 2 AJMP code addr
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

1 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 @RO0 4A 1 ORL A,R2

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 A,R5

1A |1 DEC R2 4€ 1 ORL AR6

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 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 AR2 5E 1 ANL A,R6

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

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 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
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SAB 80C51/80C31 Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont’d)

cH(fé(e yfug?,f’;; Mnemonic| Operands :jc%(e yfutr:/:):sr Mnemonic| Operands

68 1 XRL ARO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SUBB AR5

6A 1 XRL AR2 9E 1 SUBB AR6

6B 1 XRL AR3 9F 1 SUBB 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,bit addr

6F 1 XRL AR7 A3 1 INC DPTR

70 2 JNZ code addr A4 1 MUL AB

71 2 ACALL code adar 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 \Y/[e)% @RO,#data AA 2 MoV R2,data addr

77 2 MOV @R1,4data AB 2 MOV R3,data addr

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

79 2 MoV R1,4data AD 2 MOV R5,data addr

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

7B 2 Mov R3,4kdata AF 2 MOV R7,data adadr

7C 2 MOV R4,3data BO 2 ANL C,/bit addr

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

7E 2 MOV R6,3data B2 2 CPL bit addr

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

80 2 SJMP code adadr 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 @RO0,#data,code adadr
83 1 MOVC A @A+PC B7 3 CJNE @R1,4#data,code addr
84 1 DIV AB B8 3 CJNE RO,#data,code addr
85 3 MOV data addr,data addr B9 3 CJNE 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 R3,4data,code addr
88 2 MOV data addr,R0O 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 R6,3#data,code addr
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 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 adadr C5 2 XCH A,data adadr

92 2 MOV bit addr,C Cc6 1 XCH A,@RO

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

94 2 SUBB A #data Cc8 1 XCH AR0

95 2 SUBB A, data addr Cc9 1 XCH AR1

96 1 SUBB A,@RO CA 1 XCH AR2

97 1 SUBB A @R1 cB 1 XCH AR3

98 1 SUBB ARO cc 1 XCH A.R4

99 1 SUBB AR1 CD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH AR6

9B 1 SUBB AR3 CF 1 XCH AR7
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SAB 80C51/80C31 Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont’d)

?:é(e Eful;;?:sr 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 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 adadr

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 A,R2

EB 1 MOV A,R3

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 80C51/80C31 Ext. Temp.

Absolute Maximum Ratings

Ambient temperature under bias —40to +85°C
Storage temperature —65to +150°C
Voltage on any pin with respect to ground (Vsg) —0.5Vto Vec +0.5V
Voltage on V¢ to Vgs —-0.5t06.5V
Power dissipation W

Note: Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to

the device. This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

DC Characteristics
Vee = 5V £20%; Vss = 0V; T = —40 to +85°C

Symbol | Parameter Limit values Unit | Test conditions
min. max.
Vi Input low voltage —-0.5 0.2Vec—0.1 |V -
(except EA)
Vit Input low voltage (EA) -0.5 0.2Vec—0.3 |V -
Vi Input high voltage 0.2Vee+0.9 | Vc+0.5 \ -
(except XTAL1, RST)
Vim Input high voltage 0.7Vce Vec+0.5 \% -
(XTAL1, RST)
VoL Output low voltage - 0.45 \% Ioo=16mA"
(ports 1, 2, 3)
VoL Output low voltage - 0.45 Y Ioo=32mA"
(port 0, ALE, PSEN)
Vou Output high voltage 2.4 - \% Ionw = —60 uA Vec = 5V =10%
(ports 1,2,3) 075Vee |- V| Ion=—25uA
0.9Vcc - \" Ioy = —10 A
Vomr Output high voltage 2.4 - \% Ion = —400 uA Ve = 5V £10%
(port 0 in external bus _ —
mode, ALE, PSEN) 0.78Vee V. [fon=—150pA
0.9Vcc - \% Ion = —40pA?
Iy Logical 0 input current - —-50 uA Vin = 0.45V
(ports 1, 2, 3)
It Logical 1-to-0 transition - —650 uA Vin =2V
current (ports 1, 2, 3)
Im Input leakage current - +10 uA 0.45 < Vin < Ve
(port 0, EA)
Rgst Reset pulldown resistor 50 150 kQ -
Cio Pin capacitance - 10 pF f, = 1TMHz, Tp = 25°C
Irp Power down current - 50 WA [Vec=2tobV?

For notes refer to next page.
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SAB 80C51/80C31 Ext. Temp.

DC Characteristics (cont’d)

Maximum Icc (mA)

Active Mode ¥ Idle Mode ®

Freq.

Vee |4V 5V 6V av 5V 6V

0.5 MHz TBD TBD TBD TBD TBD TBD
3.5 MHz TBD TBD TBD TBD TBD TBD
8.0 MHz TBD TBD TBD TBD TBD TBD
12 MHz TBD 28 TBD TBD 12 TBD

Note 1:

Note 2:

Note 3:

Note 4:

Note 5:

Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the
VoL of ALE and ports 1 and 3. The noise is due to external bus capacitance discharging into the port 0
and port 2 pins when these pins make 1-to-0 transitions during bus operation. In the worst case
(capacitive loading >100pF), the noise pulse on ALE line may exceed 0.8V. In such cases it may be
desirable to qualify ALE with a Schmitt-trigger, or use an address latch with a Schmitt-trigger
strobe input.

Capacitive loading on ports 0 and 2 may cause the Voy on ALE and PSEN to momentarily fall below
the 0.9 Vc specification when the address bits are stable.

Power-down Icc is measured with: EA = Port 0 = Vie; XTALT = Vgg; XTAL2 = N.C.; RESET = Vgg;
all other pins are disconnected.

Icc (active mode) is measured with: XTAL1 driven with clock signal according to the figure below;
XTAL2 = N.C.; EA = Port 0 = V¢¢; RESET = V¢; all other pins are disconnected. Icc might be
slightly higher if a crystal oscillator is used.

Icc (idle mode) is measured with: XTAL1 driven with clock signal according to the figure below;
XTAL2 = N.C.; EA = Vgg; Port 0 = V¢¢; RESET = Vsg; all other pins are disconnected.

teien

Clock Signal Waveform for /¢ Tests in Active and Idle Mode
=tchcL =5ns

/‘—'—'fcucx
7 e

foex—= =t
fore
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SAB 80C51/80C31 Ext. Temp.

AC Characteristics

Ta = —40to +85°C; Ve =5V +20%; Vgs = 0V
(Cy. for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/tereL = 0.5 MHz to 12 MHz
min. max. min. max.
tia ALE pulse width 127 - 2tc1c-40 - ns
taviL Address setup to ALE 28 - teLcL-55 - ns
tiax Address hold after ALE 48 - tercl-35 - ns
tiav ALE to valid instruction in - 234 - 4tcic-100 ns
tupL ALE to PSEN 43 - tercL-40 - ns
teien PSEN pulse width 205 - 3teicL-45 - ns
toLv PSEN to valid instruction in - 145 - 3tcrc-105 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
toxiz Input instruction float after PSEN | — 59 - terc-25 ns
taviv Address to valid instruction in - 312 - StercL-105 ns
toLaz PSEN to address float - 10 - 10 ns
External Data Memory Characteristics
Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/teice = 0.5 MHz to 12 MHz
min. max. min. max.
tRLRH RD pulse width 400 - 6toLc-100 - ns
twLwh WR pulse width 400 - 6tcic-100 - ns
tLiax Address hold after ALE 48 - torc-35 - ns
taLov RD to valid data in - 252 - Ste,cL-165 ns
trHOX Data hold after RD 0 - 0 - ns
trupz Data float after RD - 97 - 2tore-70 ns
tiiov ALE to valid data in — 517 - 8tcicL-150 ns
tavov Address to valid data in - 585 - 9tcLcL-165 ns
towe ALE to WR or RD 200 300 3terc-50 3tcic+50 ns
twHLH WR or RD high to ALE high 43 123 tercl-40 tercL+40 ns
tavwi Address valid to WR 203 - At -130 - ns
tavwx Data valid to WR transition 23 - teLeL-60 - ns
twHox Data hold after WR 33 - tec-50 - ns
taiaz Address float after RD - 0 - 0 ns
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SAB 80C51/80C31 Ext. Temp.

External Clock Drive

Symbol Parameter Limit values Unit
Variable clock
Freq. = 0.5 MHz to 12 MHz
min. max.
terel Oscillator period 83.3 2000 ns
terex High time 20 - ns
terex Low time 20 - ns
terch Rise time - 20 ns
tene Fall time - 20 ns
1/teice Oscillator frequency 0.5 12 MHz

ROM Verification Characteristics for SAB 80C51
Ta = 25°C £5°C; Vo = 5V £20%; Vs = OV

Symbol Parameter Limit values Unit
min. max.
tavav Address to valid data - 48 tocL ns
teLav ENABLE to valid data - 48 to oL ns
tenaz Data float after ENABLE 0 48 teicL ns
tereL Oscillator frequency 4 6 MHz
ROM Verification
P1.0-P17
P20- Pz_a———{ Address >—4
— tyvav—
Port 0 ————{ Data Out
fegy | fevoz
P27
ENABLE
Address: P1.0—-P1.7 = A0—-A7 Inputs: P2.4—£2.6, PSEN = Vss
P2.0-P2.3 = A8—A ALE, EA = Vi
Data: Port 0 = D0-D7 RST = Vi
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SAB 80C51/80C31 Ext. Temp.

Waveforms

Program Memory Read Cycle

fh—
ALE " / \

ﬁ favie = toLpu
1 fupL
fuv
Torv ]
PSENJ
foaz
——tiax Foxix !"
- [
Port0 )—( AQ-AT  Instr. Inﬁ A0-A7)——-C
faviv

Port2 X AB-ATS I AB-ATS

Data Memory Read Cycle

KT
ALE
_/_\L
e/ s
fLiov
—we FRLRH
- /
RD
N\ /
- fAV_LL—j* ~=——trLov— —= hhpz "—
FLiax
—1 [==Triaz — "‘faﬁox
AO-A7 from 4 AO-A7 Instr.
Port0 RI or DPL XX)U { Oataln }»}'Qrom PCL In
FavwL
Tavov
s
Port 2 XL P2.0-P2.7 or A8-A15 from DPH X A8-A15 from PCH
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Data Memory Write Cycle
—={funLH
ALE
/ X
PSEN / \ /
LWL FuLwn
s
R C /
| faie = ] favwx
—1 tliax |=— | — Furax
favwn
A0-A7 i AD-A7 Instr.
P°ff°:>'< from RI or DPL A Data Out from PCL In
TavwL
Port2 X[ P20-P27 or AB-A15 from DPH x A8-A15 from PCH
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SAB 80C51/80C31 Ext. Temp.

Externai Ciock Cycie

/‘—ftncx
S

feLex =—foLcn
feew

AC Testing: Input, Output Waveforms

.2 Vee+09
Test Points
.2 Vee-04

Vec-05

045V

AC Inputs during testing are driven at Vc—0.5V for a logic ‘1" and 0.45V for a logic ‘0.
Timing measurements are made at Vi min for a logic ‘1" and V|, .« for a logic ‘0.

AC Testing: Float Waveforms

\

Timing Referentce Vou -01V
Points Vo +01V

VLOAD -01V

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs
and begins to float when a 100 mV change from the loaded Vou/ Vo, level occurs. Io /Ioy = £20 mA.
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Recommended Oscillator Circuits

C
| . 19(21)

—L—< —05-12MHz

XTAL1

XTAL2

9
Il 18(20)
L J

C=30pF £10pF
Crystal Oscillator Mode

External
oscillator — 221!
Signal

XTAL?

NC—BZMyraL2

Driving from External Source

Pin numbers in (...) are for PLCC 44 package
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SAB 80C51/80C31 Ext. Temp.

Package Qutlines

Plastic Package, P-DIP, 40 pins

f—r15,24202 -———1

: =
ms—,m“-u—"l
LXth

15,2412 —of

Dimensions in mm

Plastic Package, PLCC, 44 pins

N
annohdona
P
© f
RS “
b S S =8
~ oo <S T
b o~ "
p T < ey =
b = o
p
h
+ e - l
——i 0.5 min,
fe—
127 081max. 355
4.38+03
Dimensions in mm
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SAB 80C51/80C31 Ext. Temp.

Ordering Information

Type Ordering code

Function

SAB 80C51-P-T40/85 | Q67120-C389

8-bit CMOS microcontroller

with mask-programmable ROM (P-DIP 40)

SAB 80C31-P-T40/85 | Q67120-C390

for external memory (P-DIP 40)

SAB 80C51-N-T40/85 | 067120-C393

with mask-programmable ROM (PLCC 44)

SAB 80C31-N-T40/85 | Q67120-C392

for external memory (PLCC 44)
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SAB 8052A/8032A Ext.Temp.
8-Bit Single-Chip Microcontroller

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

SAB 8052A-T40/85 SAB 8032A-T40/85

with mask-programmable ROM for external ROM

SAB 8052A-T40/100 SAB 8032A-T40/100

@ 8K x 8 ROM (SAB 8052A only) ® Boolean processor

® 256 X 8 RAM ® Most instructions execute in 1 us

® Four 8-bit ports, 32 1/0 lines ® Multiply and divide in 4 us

® Three 16-bit timer/event counters ® Six interrupt vectors, two priority levels
o High-performance full-duplex serial channel ® RAM power-down supply

with flexible transmit/receive baud rate capability e P-DIP40 and PLCC44 package
® External memory expandable up to 128 Kbytes ® Full backward compatibility with SAB 8051/8031

Pin Configuration
P-DIP40 PLCC44
T2EX T2 ég% AD1 AD2 Ag}
] . )
T2EX/P11 (]2 39[71 P00 ADO 6 L3 2 } Ly 43 L2 41 40
p12(]3 38[]P0O1  ADY
p13(]e 31[Jpoz  AD2 P’5E7 39:]POL ADG
Prul]s 3%[Jp03 A03 pi6[]e 38[]Pos ADS
pis e 5[JP0L ADG P19 37(]P06 A6
P67 3u[]Pos  ADS
PiT(]8 33(1P06 . AD6 RST/VPU[ 10 36]?07 AD7
s = L Rx0/P3.0 11 3s[]ER
Rx0IP30 ] 10 80524 31[JER
0P 1 s03zh 30[7J ALE NC E 12 GSOI;gA 34 jN C
WroRs2 (] 12 29[ PSEN 0 1p31[]1 80524 33(]ALE
WriP33 ] 13 8[JP21 A5 — I
TorP3L ] 1 21[JpP2 Al INT 0/P3.ZE1L 32 j PSEN
Te3s s w[des An WT1/p33[1s 31[]p27 At
WP [0 16 [ An
. whes an To/P3.4[ft6 30(]P26 A
X218 [P A0 TIP3 sljn 29[]p25 A1
XTaL1 (] 19 2(7r21 A9
| B 19 20 A 22 23 24 25 26 27 28
vss L2 VIPm A8 5y e 50 gy
P36 P3.7XTALXTAL VSS NC P20 P21 P2.2 P23 P24
RO 2 1 A8 A9 A0 AN A2
The SAB 8052A/8032A for the two extended only program memory; a volatile 256 x 8 read/write
temperature ranges —40 to +85°C and —40 to +100°C  data memory; 32 1/0 lines; three 16-bit timer/
is fully compatible with the standard SAB 8052A/ counters; a six-source, two-priority level, nested
8032A with respect to architecture, instruction set, interrupt structure; a serial I/0 port for either
and software portability. multiprocessor communications, I/0O expansion,
The SAB 8052A/8032A is a standalone, high-per- or full-duplex UART; as well as on-chip oscillator
formance single-chip microcontroller fabricated in and clock circuits. The SAB 8032A is identical with
+5V advanced N-channel, silicon gate Siemens the SAB 8052A, except that it lacks the program
MYMOS technology. Both extended temperature memory.

versions are available in a40-pin plasticDIP (P-DIP40) g, systems that require extra capability, the
pack_age: The SAB 8052A-T40/85 is also suppliedina  gaB 8052A can be expanded using standard TTL-
44-pin plastic leaded chip carrier (PLCC44) package.  ompatible memories and the byte-oriented

The SAB 8052A contains a non-volatile 8K x 8 read- SAB 8080 and SAB 8085 peripherals.
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SAB 8052A/8032A Ext.Temp.

Logic Symboi
V‘ss Vee
XTAL1—— |
- | -
XTAL2——] |- | = |d
|- O - g
+ a
RST/VPD—— || e g
o | 1
@
- | §
E_A ——] s e
- ) -T2
SAB
PSEN ~——| 8052A - | - T2 EX
8032A ———
ALE ~—r~- “»E
|t O
e
et
|~
RXD — [ ) -
INTQ —=— | e —_— "
INTT—o= | ] | - a
+ 0
- B
T1 — | i —— §
WR ~~—| | | ——
RD —a—1 < ——— ) —— -
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SAB 8052A/8032A Ext.Temp.

Pin Definitions and Functions

Symbol

DIP40

Pin
PLCC44

Input (1)
QOutput (O)

Function

P1.0-P1.7

1-8

2-9

1/0

Port 1 is an 8-bit quasi-bidirectional 1/0 port. It is used for
the low-order address byte during program verification.
Port 1 can sink/source four LS TTL loads. Port 1 also
contains the timer 2 pins as a secondary function.

The output latch corresponding to a secondary function
must be programmed to a one (1) for that function to
operate. The secondary functions are assigned to the pins
of port 1, as follows:

— T2 (P1.0). Input to counter 2.

— T2 EX (P1.1). Capture/Reload trigger of timer 2.

RST/Veo

10

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 Vpp is held within its
spec while V¢ drops below spec, Vpp will provide
standby power to the RAM. When Vpp is low, the RAM’s
current is drawn from Vcc.

P3.0-P3.7

10-17

1,
13—-19

Port 3 is an 8-bit quasi-bidirectional I/0 port. Italso __

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 O 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 memory to port 0.

XTAL1
XTAL2

19,
18

21,
20

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

24-31

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

32

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 8052A/8032A Ext.Temp.

Pin Definitions and Functions (cont’'d)

Pin Input (1) .

Symbol DIP40 | PLCCA44| Output (0) | Function

ALE 30 33 (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 35 | When held at a TTL high level, the SAB 8052A executes
instructions from the internal ROM when the PC is
lessthan 8192. When heldata TTLlowlevel, 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 | 43-36 | I/0 Port 0 is an 8-bit open-drain bidirectional I/0 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.

Vee 40 44 - +5V power supply during operation and program
verification.

Vss 20 22 - Circuit ground potential

NC - 1,12, |- No connection

23,24
Block Diagram
Frequency
Reference Counters
e — T
. 8192 Bytes R
Oscillator Program 256 Bytes Three 16-Bit
& Timer /Event
Timin Memory Data Memory Counters
9 {SAB 80524 only )

i

1

0

I

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
(-

SAB 8052A <
i l/ U
Programmable
64 Kbyte Bus Serial Port
Expansion :> Programmable 1/0 «Full Duplex UART
Control - Synchronous
Shifter
Interrupts H H U H
Interrupts Control Parallel Ports Serial Serial
Address Data Bus Input Output

. - -— -

and 1/0 Pins
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SAB 8052A/8032A Ext.Temp.

Instruction Set Summary

Mnemonic Description ] 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 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 and B 1 4
DIV AB Divide Aby 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 byie 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 8052A/8032A Ext.Temp.

Instruction Set Summary (cont’'d)

Mnemonic TDescription ' Byte l Cycle
Logical operations (cont’d)

ANL direct,#data AND immediate data to direct byte 3 2
ORL ARn 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 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 ddata 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 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 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 byte 3 2
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SAB 8052A/8032A Ext.Temp.

Instruction Set Summary (cont’d)

Mnemonic [Description , Byte I 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,3#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 indirect 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 8052A/8032A Ext.Temp.

Instruction Set Summary (cont’d)

Mnemonic Description | Byte [ 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 accumutator 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 is set 3 2

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

JBC bit,rel Jump if direct bit is set and clear bit 3 2

CJNE A.direct,rel Compare direct byte to A and jump if notequal| 3 2

CJNE A, #data,rel Comp. immed. to A and jump if not equal 3 2

CJINE Rn,#data,rel Comp. immed. to reg. and jump if not equal 3 2

CJNE (@Ri,4#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: Notes on program addressing modes:

Rn — Working register RO—R7 addr 16 — Destination address for LCALL and LUMP

direct — 128internal RAM locations, any 1/0 port, may be anywhere within the 64 Kbyte
control or status register program memory address space.

@Ri — Indirect internal or external RAM addr 11— Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2Kbyte

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

#data 16 — 16-bit constantincluded as bytes2 and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include

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

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980
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SAB 8052A/8032A Ext. Temp.

Instruction Op Codes in Hexadecimal Order

I;'gé(e yful;?/:):sr Mnemonic| Operands ch?ge yfum:; 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 A,R3

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 A,R7

oC 1 INC R4 40 2 JC code adadr
oD 1 INC R5 41 2 AJMP code addr
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

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 A,R3

18 1 DEC RO 4C 1 ORL A,R4

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 A,R7

ic 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, ddata

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 A,R3

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

29 1 ADD AR1 5D 1 ANL A,R5

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

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

2C 1 ADD A,R4 60 2 Jz code addr
2D 1 ADD A,R5 61 2 AJMP code addr
2E 1 ADD A,R6 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
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SAB 8052A/8032A Ext.Temp.

Instruction Op Codes in Hexadecimal Order {(cont'd)

?oeél(e yfug\w/:)eesr Mnemonic| Operands ?c?é(e yfut;c:):sr Mnemonic| Operands

68 1 XRL ARO 9C 1 SUBB 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 JNZ code addr A4 1 MUL AB

71 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 @R 1,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 @RO0,#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 Rb5,3#data B1 2 ACALL code addr

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

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

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 @RO0,4#data,code addr
83 1 MOVC A,@A+PC B7 3 CJNE @R 1,#data,code addr
84 1 Div AB B8 3 CJNE RO,#data,code addr
85 3 MOV data addr,data addr B9 3 CJNE R1,#data,code addr
86 2 MOV data addr, @R0 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 R4,4data,code addr
89 2 MOV data addr,R 1 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 CJNE R7,4data,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 Cc3 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 [of5} 1 XCH A,@RO

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

94 2 SUBB A, #data Cc8 1 XCH A,RO

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 cc 1 XCH A R4

99 1 SUBB AR1 CD 1 XCH AR5

9A 1 SUBB A,R2 CE 1 XCH A,R6

9B 1 SuBB AR3 CF 1 XCH A,R7
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SAB 8052A/8032A Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont’d)

l:g()i(e gfut:r;?:sr 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 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 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 R1A

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 8052A/8032A Ext.Temp.

Absolute Maximum Ratings

Ambient temperature under bias —40 to + 85°C for T40/85
—40 to +100°C for T40/100

Storage temperature —65 to +150°C

Voltage on any pin with respect to ground (Vss) —-05t0 +7V

Power dissipation . 2W

Note: 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.

DC Characteristics
Vee =5V £10%; Vss =0V; Th=—40to + 85°C for T40/85;
Ta = —40 to +100°C for T40/100;

Symbol Parameter Limit values Unit Test condition
min. max.

Vi Input low voltage -0.5 0.8 Vv -

Vin Input high voltage 2.0 Vee 405 |V -
(except RST/Vpp and XTAL2)

Vil Input high voltage to 25 Vec +05 |V XTAL1 to Vgs
RST/Vpp for reset, XTAL2

Veo Power-down voltage 4.5 5.5 \% Vee =0V
to RST/Vpp

Voo Output low voltage - 0.45 \ Io. = 1.6 MA
Ports 1,2,3

Vot Qutput low voltage - 0.45 \% Io. =3.2mA
Port 0, ALE, PSEN

Vou Output high voltage 2.4 - \% Iow = —80 uA
Ports 1,2,3

Vo1 Output high voltage 2.4 - \% Ioy = —400 pA
Port 0, ALE, PSEN

Iy Logical 0 input current - —500 A Vi =045V
Ports 1, 2,3

L2 Logical 0 input current - —-2.5 mA XTAL1 = Vs
XTAL 2 V=045V

o Input high current to - 500 A Vin = Veec—15V
RST/Vpp for reset

I Input leakage current - +10 pA oV < Vin< Vee
to port 0, EA

Iec Power supply current - 175 mA All outputs

disconnected
Iep Power-down current - 15 mA Vee=0V
Cio Capacitance of 1/0 buffer — 10 pF f. =1 MHz
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SAB 8052A/8032A Ext.Temp.

AC Characteristics for T40/85

Vee =5V £10%; Vss = 0V; To = —40°to +85°C
(C. for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock teer = 1.2 MHz to 12 MHz
min. max. min. max.

tiHiL ALE pulse width 127 - 2tcic-40 - ns
tavie Address setup to ALE 53 - terel-30 - ns
tiaxa Address hold after ALE 48 - torcl-35 — ns
tuv ALE to valid instruction in — 233 - 4tcic-100 ns
tuer ALE to PSEN 58 - tere-25 - ns
toipH PSEN pulse width 215 - 3tere-35 - ns
tey PSEN to valid instruction in - 150 - 3tcicl- 100 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
toxiz ) Input instruction float after PSEN | — 63 - terel-20 ns
toxav 1) Address valid after PSEN 75 - terc-8 - ns
taviv Address to valid instruction in - 302 - Stce-115 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limitvalues . Unit

Variable clock
12 MHz clock terer = 1.2 MHz to 12 MHz
min. max. min. max.

taran RD pulse width 400 - 6tcic- 100 - ns
b WR pulse width 400 - 6tcLc- 100 - ns
tiax 2 Address hold after ALE 132 - 2tc1c-35 - ns
taiov RD to valid data in - 252 - Steicl-165 ns
trHDX Data hold after RD 0 - 0 - ns
taHoz Data float after RD - 97 - 2teLe-70 ns
tiov ALE to valid data in - 517 - 8tcLcL- 150 ns
tavpv Address to valid data in - 585 - tcLcL- 165 ns
il ALE to WR or RD 200 300 3teiel-50 3tcic+50 ns
tavwiL Address to WR or RD 203 - 4too- 130 - ns
twHLH WR or RD high to ALE high 43 123 teLcl-40 toLe+40 ns
tavwx Data valid to WR transition 33 - tere-50 - ns
tavwh Data setup before WR 433 - 7tcicL- 150 — ns
twhax Data hold after WR 33 - tercl-50 - ns
taaz Address float after RD - 0 - 0 ns

") 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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AC Characteristics for T40/100

Vee =5V £10%; Vss = 0V; Ta = —40°to +100°C

(C_ for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)
Program Memory Characteristics

Symbol Parameter Limit values Unit
Variable clock
10 MHz clock 1/terer = 1.2 MHz to 10 MHz
min. max. min. max.

tihi ALE pulse width 160 - 2tc e -40 - ns
taviL Address setup to ALE 70 - toLc-30 - ns
tiaxi Address hold after ALE 65 - terc-35 - ns
tuy ALE to valid instruction in - 300 - Atc - 100 ns
tipL ALE to PSEN 75 - teLcl-25 - ns
tpLpH PSEN pulse width 265 - 3tere-35 - ns
teuv PSEN to valid instructrion in - 200 - : 3tcrer- 100 ns
toxix Input instruction hold after PSEN | 0 - 0 - ns
texiz ") Input instruction float after PSEN | — 80 - terol-20 ns
texav ) Address valid after PSEN 92 - teicl-8 - ns
taviv Address to valid instruction in - 385 - Steic-115 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol Parameter Limit values Unit

Variable clock

10 MHz clock 1/tereL = 1.2 MHz to 10 MHz
min. max. min. max.
taLan RD pulse width 500 - 6tcicL-100 - ns
fwiwn WR pulse width 500 - 6tcc - 100 - ns
tLiax 2 Address hold after ALE 165 - 2tcic-35 - ns
taLov RD to valid data in - 335 - Steyco- 165 ns
tanox Data hold after RD 0 - 0 - ns
tauoz Data float after RD - 130 - 2tciel-70 ns
tiov ALE to valid data in - 650 - 8tcicL-150 ns
tavov Address to valid data in - 735 - tcicl- 165 ns
towe ALE to WR or RD 250 350 3tcLc-50 3tcrcL+50 ns
tavwi Address to WR or RD 270 - Ateic-130 - ns
twHLH WR or RD high to ALE high 60 140 teLeL-40 tecL+40 ns
tovwx Data valid to WR transition 50 - torcl-50 - ns
tovwh Data setup before WR 550 - 7tcrc- 150 - ns
twhox Data hold after WR 50 - terc-50 ~ ns
triaz Address float after RD - 0 - 0 ns

") 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 0 drivers.
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External Clock Drive XTAL2

Symbol Parameter Limit values Unit
Variable clock
Freq. = 1.2 MHzto 12 MHz (T40/85)
Freq. = 1.2 MHzto 10 MHz (T40/100)
min. max.
tereL Oscillator period T40/85 83.3
T40/100 100 8333 ns

tehex High time 20 teLeL-telex ns
terex Low time 20 tere-tenex ns
teren Rise time - 20 ns
treHeL Fall time - 20 ns

External Clock Cycle

AC Testing Input, Output, Float Waveforms

4 70 70
Test Points
045 0.8 0.8

Float -
24— 2o z‘o/f-_"—' 24
045 ——7/"'3 “\L—— 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 3.2mA or sources
400 uA at the voltage test levels.
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Waveforms

Program Memory Read Cycle

ALE

PSEN —/———_\

INSTR (NH
PORT 0

tev |
Fue ==ty —
fuiet —\
~—— fpLpn "l
T Fuaxs +:i‘pu\/—— — — Fpxiz
—={FaviL [~
— l=tazpL == |foxix
/
A7 -AQ INSTRIN A7 - AO >—@5TR IN >—
faviv

ADDRESS
OR SFR P2

X

PORT 2

ADDRESS A15-A8

ADDRESS A15-A8

Data Memory Read Cycle

fuov Fwhin =
ALE —_/_
PSE _J
SEN = fLwe FRLR
RD —
frinz
| favwe — [~
+ = fuaxz = |~ friov —= friox—={ |=—
AoV
AT- A0 Kx DATA IN
Port 0 4
— =—triaz
ADDRESS A\
ADDRESS A15-A8 OR SFR P2
port2 _ORSFRP2 /
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Data Memory Write Cycle

P =
w ) )
1.

= WL Fwiwh
WR —
FavwiL
t - ~— favwx
L—LLAX—U favwh fwhax=]

>———< AT-AO DATA OUT
Port 0

\
ADDRESS .
Port 2 OR SFR P2 ADDRESS A15-A8 OR SFR P2 .y
Recommended Oscillator Circuits
C
_H 19(21) XTAL1 19(21) XTAL1
+5V
i = 47k
1.2-12MHz .
¢ ! 18(20)
I 18200 x7aL 2 o — XTAL?
7404
TLLSO4
C=30pF +10pF
Crystal Oscillator Mode Driving from External Source

Pin numbers in (...) are specified for PLCC44 package.
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ROM Verification Characteristics
Tp=25°C +5°C; Vec =5V £10%; Ves =0V

Symbol Parameter Limit values Unit
min. max.
tavav Address to valid data - 48 tee ns
teLav ENABLE to valid data - 48 toicL ns
teHaz Data float after ENABLE 0 48 tcicL ns
1/teieL Oscillator frequency 4 6 MHz
ROM Verification
P1.0-P17
P20~ P24 Address ) <
e _*_Avav
Port 0 ——————{ Data Out
ferav_, | | feraz
P21
ENABLE
Address: P1.0-P1.7 = A0O—A7
P2.0-P2.4 = AB—A12
Data: Port 0 = D0-D7
Inputs: P2.5—i2.6, PSEN = Vgg
ALE,EA =V
RST/Vep = Vi
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Package Outlines

Plastic Package, P-DIP, 40 Pins

-—15,2A:o,zj
>
= 'EJg .
S &
t 3
VR | R
T _Blozser ™
+01 ~
254 T5max 045 <13 15.2‘,,_2__]

Dimensions in mm

Plastic Package, PLCC, 44 Pins

NS
anoanchdons

N

- J— 4‘> _

’ p

Tro +

e

16,707 ——
177,03 ——=

127 081max.

Dimensions in mm
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Ordering Information

Type

Ordering code

Description

SAB 8052A-P-T40/85

Q 67120-C247

8-bit single-chip microcontroller

with mask-programmable ROM (P-DIP40)

SAB 8052A-P-T40/100

Q67120-C248

with mask-programmable ROM (P-DIP40)

SAB 8032A-P-T40/85

Q 67120-C235

for external memory (P-DIP40)

SAB 8032A-P-T40/100

Q67120-C239

for external memory (P-DIP40)

SAB 8052A-N-T40/85

Q 67120.C368

with mask programmable ROM (PLCC44)

SAB 8032A-N-T40/85

Q 67120-C367

for external memory (PLCC44)
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R ..
@/”h’}’ar
| 4

8-Bit Single-Chip Microcontroller

Extended Temperature Ranges:
T40/85
T40/110
SAB 80515-N-T40/85
SAB 80515-N-T40/110
SAB 80535-N-T40/85
SAB 80535-N-T40/110

@ Version of the SAB 80515/80535 for two
extended temperature ranges

@ 8K x 8 ROM (SAB 80515 only)

® 256 X 8 RAM

® Six 8-bit /0 ports, one 8-bit input port for
analog signals

® Three 16-bit timer/counters

e Highly flexible reload, capture, compare
capabilities

@ Full-duplex serial channel

e Twelve interrupt vectors, four priority levels

—40°C to + 85°C 12 MHz operation
—40°C to +110°C 10 MHz operation

Microcontroller with factory mask-programmable ROM

Microcontroller for external ROM

® 8-bit A/D converter with eight multiplexed inputs
and programmable internal reference voltages

® 16-bit watchdog timer

® Vpp provides standby current for 40 bytes of RAM

® Boolean processor

® 256 bit-addressable locations

® Most instructions execute in 1 us

® 4 s multiply and divide

® External memory expandable up to 128 Kbyte

® Backwardly compatible with SAB 8051

® 68-pin plastic leaded chip carrier package
(PLCC 68)

Pin Configuration

hPus
b Pes
bPas
hPa3
b v
brez

P4
b Ve
b Pso
b P51
h ps2
b ps3
b pss
b pss
201 PS6

“0Pet

oo
3
RESET d o @[ PsT
Viee g O b P07
Vaano b P06
a1 b ros
ans  d b P4
ANS g b P03
ANG b po.2
AN3 g SAB o po.t
ANz g 80515780535 P Poo
AN b Ea
awo h aLe
P30/RxD g P PSEN
P3NTXD G ppz7
P32/INTO (] b pzs
P33/ TNTT g p P25
P3.4/700 pr2s
P35/T1(Q 2 “n P23
5

g
q

P36/WR

P3.7/RO
Ves g
Vs

XTAL2
P20
P21
P22

P11/T2 g

P16/CLKOUT
XTALT O

P1.3/INT6/CC3
P12/INTS/CC2 g
PLY/INTL/CC1

P10/INT3/CCO 0

Logic Symbol
V[[ VSS
XTal1 —y SR
XTAL2
<::> Port 1
8- bit
Veu
Port 2
Ves <,|::> 8-bit
v, Port 3
AReF SAB 80515 <:_:J> 8- bit
Vasro
<:> Port
8-bit
ANO-ANT ): )
<::> Port 5
8-bit
[7 — = ALE
RESET ———==| [———= PSER

The SAB 80515/80535 Ext. Temp. is a powerful
member of the Siemens SAB 8051 family of 8-bit
microcontrollers. The SAB 80515/80535 Ext. Temp.
is available for the industrial temperature range
(—40to +85°C) and the automotive temperature
range (—40to +110°C). It is fully compatible with the
standard SAB 80515/80535 with respect to archi-
tecture, instruction set and software portability.
The SAB 80515/80535 Ext. Temp. is a stand-alone,
high-performance single-chip microcontroller
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designed in +5V N-channel, silicon-gate Siemens
MYMOS technology. While maintaining all the
SAB 8051 operating characteristics, the SAB 80515/
80535 Ext. Temp. incorporates several enhance-
ments which significantly increase design flexibility
and overall system performance.

The SAB 80535 is identical with the SAB 80515
except that it lacks the on-chip program memory.
The SAB 80515/80535 Ext. Temp. is supplied in a
68-pin plastic leaded chip carrier package (PLCC 68).
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SAB 80515/80535 Ext. Temp.

Pin Defini

tions and Functions

Symbol

Pin

Input (1)
Output (O)

Function

P4.0-P4.7

1-3,5-9

1/0

Port 4 is an 8-bit quasi-bidirectional 1/0 port.
Port 4 can sink/source 4 LS-TTL loads.

Power down supply. If Vpp is held within its specs while V¢
drops below specs, Vpp will provide standby power to 40 byte

of the internal RAM. When Vg, is low, the RAM's current is drawn
from Vec.

10

A low level on this pin for the duration of two machine cycles
while the oscillator is running resets the SAB 80515. A small
internal pullup resistor permits power-on reset using only a
capacitor connected to Vss.

VAHEF

11

Reference voltage for the A/D converter

Vaenp

12

Reference ground for the A/D converter

AN7-ANO

13-20

Multiplexed analog inputs

P3.0-P3.7

21-28

1/0

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

interrupt, timer, serial port and external memory strobe pins

that are used by various options. The output latch corresponding

to a secondary function must be programmed to a one (1) for that

function to operate. Port 3 can sink/source 4 LS-TTL loads. The

secondary functions are assigned to the pins of port 3, as

follows:

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

—TxD (P3.1): serial port’s transmitter data output (asynchronous)
or clock output (synchronous)

—INTO (P3.2): interrupt 0 input / timer 0 gate control input

—INT1 (P3.3): interrupt 1 input / timer 1 gate control input

—T0 (P3.4): counter 0 input

—T1 (P3.5): counter 1 input

—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 the external data
memory to port 0

P1.7-P1.0

29-36

Port 1 is an 8-bit quasi-bidirectional I/0 port. It is used for the

low-order address byte during program verification. It also

contains the interrupt, timer, clock, capture and compare pins

that are used by various options. The output latch must be

programmed to a one (1) for that function to operate (except

when used for the compare functions). Port 1 can sink/source

4 LS-TTL loads. The secondary functions are assigned to the

port 1 pins, as follows: ,

—INT3/CCO (P1.0): interrupt 3 input/compare 0 output/
capture 0 input

—INT4/CC1 (P1.1): interrupt 4 input/compare 1 output/
capture 1 input

—INT5/CC2 (P1.2): interrupt 5 input/compare 2 output/
capture 2 input

—INT6/CC3 (P1.3): interrupt 6 input/compare 3 output/
capture 3 input
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Pin Definitions and Functions (cont’d)

X Input (I) .
Symbol Pin Output (0) Function

P1.7-P1.0 —TINTZ2 (P1.4): interrupt 2 input

(cont’d) — T2EX (P1.5): timer 2 external reload trigger input
— CLKOUT (P1.6): system clock output

— T2 (P1.7): counter 2 input

Vs 37 Substrate pin. Must be connected to Vss through a capacitor
(47 to 100 nF) for proper operation of the A/D converter.

XTAL2 39 XTAL2 is the output from the oscillator’s amplifier. Input to the
internal timing circuitry. A crystal, ceramic resonator, or external
source can be used.

XTAL1 40 XTALT1 is the input to the oscillator’s high gain amplifier. Required
when a crystal or ceramic resonator is used. Connect to Vss
when external source is used on XTAL2.

P2.0-P2.7 41-48 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 4 LS-TTL loads.

PSEN 49 (0] 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.

ALE 50 (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 51 | When held ata TTL high level, the SAB 80515 executes instructions
from the internal ROM when the PC is less than 8192. When held
ata TTL low level, the SAB 80515 fetches all instructions from
external program memory. For the SAB 80535 this pin must be
tied low.

P0.0-P0.7 52-59 170 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 8 LS-TTL loads.

P5.7-P5.0 60-67 I/0 Port 5 is an 8-bit quasi-bidirectional I/0 port.
Port 5 can sink/source 4 LS-TTL loads.

Vee 68 POWER SUPPLY (+5V power supply during normal operation
and program verification)

Vss 38 GROUND (0V)
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Figure 1
Block Diagram
XTALT  XTAL2
_________ i
Vee ROM
0sC RAM |
Vsso—s=] and Timin 2 BKx8
9 6x8 (SAB 80515 only) I
Vopo—e=] y |
Vago—— |
| |
PSER | cPU —— =1 po [g==—s=Port0
PSEN om——y| 8- bit
RESET o—e=| I |
EAo—w| i
ALE om——o| Watchdog | =e—em |
— Port 1
P1 18 T 8-bit
Timer 0 — |
I Timer 1 —~——— P2 (8 -] ;’fg'Z
| Timer 2 a——
- | P3 8<——j :0!;‘?
Serial Port [ —e—m— -bi
I Baud Rate
] Generator | Port &
| —~——| P. [g=—=]Port
8-bit
ANO- AN7 r_‘— AN
8-bit —=§ MUX o= S&H [ AID p—m——
Vargro—— Programmable Port §
Vo o Ref Voltages | == = PS5 (B g it
/AGND ]
L - -
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Functional Description

The members of the SAB 80515 family of micro-
controllers are:

—SAB80515: Microcontroller, designed in
Siemens MYMOS technology, with
8 Kbyte factory mask-programm-
able ROM

—SAB80535: ROM-less version of the SAB 80515

_SAB 80C515: Microcontroller, designed in
Siemens ACMOS technology, with
8 Kbyte factory mask-programm-
able ROM

_ SAB 80C535: ROM-less version of the SAB 80C515

— SAB 80515K: Special ROM-less version of the
SAB 80515 with an additional
interface for program memory
accesses. An external ROM that is
accessed via this interface
substitutes the SAB 80515’s internal
ROM.

The SAB 80535 is identical to the SAB 80515,
except that it lacks the on-chip ROM. In this data
sheet the term ““SAB 80515" is used to refer to both
the SAB 80515 and SAB 80535, unless otherwise
noted.

Principles of Architecture

The architecture of the SAB 80515 is based on the

SAB 8051 microcontroller family. The following

features of the SAB 80515 are fully compatible with

the SAB 8051 features:

— Instruction set

_ External memory expansion interface (port 0 and
port 2)

— Full-duplex serial port

— Timer/counter 0 and 1

— Alternate functions on port 3

— The lower 128 bytes of internal RAM and the
lower 4 Kbytes of internal ROM

The SAB 80515 additionally contains 128 bytes of
internal RAM and 4 Kbytes of internal ROM, which
results in a total of 256 bytes of RAM and 8 Kbytes
of ROM on chip. The SAB 80515 has a new 16-bit
timer/counter with a 2:1 prescaler, reload mode,
compare and capture capability. It also contains a
16-bit watchdog timer, an 8-bit A/D converter with
programmable reference voltages, two additional
quasi-bidirectional 8-bit ports, one 8-bit input port
for analog signals, and a programmable clock
output (fosc/12).

Furthermore, the SAB 80515 has a powerful
interrupt structure with 12 vectors and 4 programm-
able priority levels.

Figure 1 shows a block diagram of the SAB 80515.

Siemens Aktiengesellschaft

CPU

The SAB 80515 is efficient both as a controller and
as an arithmetic processor. It has extensive facilities
for binary and BCD arithmetic and excels in its bit-
handling capabilities. Efficient use of program
memory results from an instruction set consisting
of44% one-byte, 41% two-byte, and 15% three-byte
instructions. With a 12 MHz crystal, 58% of the
instructions execute in 1.0 us.

Memory Organization

The SAB 80515 manipulates operands in the four
memory address spaces described below:
(Figure 2 illustrates the memory address spaces
of the SAB 80515).

Program memory

The SAB 80515 has 8 Kbyte of on-chip ROM, while
the SAB 80535 has no internal ROM. The program
memory can be externally expanded up to 64 Kbytes.
If the EA pin is held high, the SAB 80515 executes
out of internal ROM unless the address exceeds
1FFFH. Locations 2000H through OFFFFH are then
fetched from the external programm memory. If the
EA pin is held low, the SAB 80515 fetches all
instructions from the external program memory.
Since the SAB 80535 has no internal ROM, pin EA
must be tied low when using this component.

Data Memory

The data memory address space consists of an
internal and an external memory space. Theinternal
data memory is divided into three physically
separate and distinct blocks: the lower 128 bytes of
RAM, the upper 128 bytes of RAM, and the 128-byte
special function register (SFR) area. While the
upper 128 bytes of data memory and the SFR area
share the same address locations, they are accessed
through different addressing modes. The lower 128
bytes of data memory can be accessed through
direct or register indirect addressing; the upper 128
bytes of RAM can be accessed through register
indirect addressing; the special function registers
are accessible through direct addressing.

Four 8-register banks, each bank consisting of
eight 8-bit multi-purpose registers, occupy locations
0 through 1FH in the lower RAM area. The next

16 bytes, locations 20H through 2FH, contain 128
directly addressable bit locations. The stack can be
located anywhere in the internal data memory
address space, and the stack depth can be expanded
up to 256 bytes.

The external data memory can be expanded up to
64 Kbytes and can be accessed by instructions that
use a 16-bit or an 8-bit address.
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All registers, except the program counter and the and the on-chip peripheral functions. There are aiso
four 8-register banks, reside in the special function 128 directly addressable bits within the SFR area.
register area. The 41 special function registers The special function registers are listed in the
(SFR’s) include arithmetic registers, pointers, and following table:

registers that provide an interface between the CPU

Symbol Name Address
* PO Port 0 80H
SP Stack pointer 81H
DPL Data pointer, low byte 82H
DPH Data pointer, high byte 83H
PCON Power control register 87H
*  TCON Timer control register 88H
TMOD Timer mode register 89H
TLO Timer 0, low byte 8AH
TL1 Timer 1, low byte 8BH
THO Timer 0, high byte 8CH
TH1 Timer 1, high byte 8DH
* Pl Port 1 90H
*  SCON Serial port control register 98H
SBUF Serial port buffer register 99H
* P2 Port 2 0AOH
* |ENO Interrupt enable register 0 0A8H
IPO Interrupt priority register 0 0A9H
*  P3 Port3 0BOH
* JEN1 Interrupt enable register 1 0B8H
IP1 Interrupt priority register 1 0B9H
* |RCON Interrupt request control register 0COH
CCEN Compare/capture enable register 0C1H
CCL1 Compare/capture register 1, low byte 0C2H
CCH1 Compare/capture register 1, high byte 0C3H
CCL2 Compare/capture register 2, low byte 0C4H
CCH2 Compare/capture register 2, high byte 0C5H
CCL3 Compare/capture register 3, low byte 0C6H
CCH3 Compare/capture register 3, high byte 0C7H
*  T2CON Timer 2 control register 0C8H
CRCL Compare/reload/capture register, low byte 0CAH
CRCH Compare/reload/capture register, high byte 0CBH
TL2 Timer 2, low byte 0CCH
TH2 Timer 2, high byte O0CDH
*  PSW Program status word register O0DOH
ADCON | A/D-converter control register 0D8H
ADDAT | A/D-converter data register OD9H
DAPR D/A-converter program register 0DAH
* ACC Accumulator OEOH
* P4 Port 4 OE8H
* B B register OFOH
* Pb Port 5 OF8H

The SFR’s marked with an asterisk (*) are both bit and byte-addressable.
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Figure 2
Memory Address Spaces

Shared Address Location

‘ FF FFFF

]

FFFF FF 1

Upper - Special 4
128-Bytes, —FSnction E

Internal - i o
RAM Registers

External

80 l ‘ t 80 Externat
Data

7F H Memory

I

2000

[ |Lower
[]128-Bytes ||
1FFF 1FFF | linternal | _}
Internal External RAM
(EA=1) (EA=0)

0000 |

8
T

Program Memory

Data Memory

ﬁ]edgicrsef[e'r :1 Direct Byte
Addressing Addressing
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1/0 Ports

The SAB 80515 has six 8-bit I/0 ports and one 8-bit
input port. Port 0 is an open-drain bidirectional

1/0 port, while ports 1to b are quasi-bidirectional
1/0 ports with internal pull-up resistors. That means,
when configured as inputs, ports 1to 5 will be pulled
high and will source current when externally pulled
low. Port 0 will float when configured as input.

Port 0 and port 2 can be used to expand the program

and data memory externally. During an access to
external memory, port 0 emits the low-order address
byte and reads/writes the data byte, while port 2
emits the high-order address byte. In this function,
port 0 is not an open-drain port, but uses a strong
internal pullup FET.

Ports 1 and 3 are provided for several alternate
functions, as listed below:

Port Symbol Function

P1.0 INT3/CCo External interrupt 3 input, compare 0 output, capture 0 input

P1.1 INT4/CC1 External interrupt 4 input, compare 1 output, capture 1 input

P1.2 INT5/CC2 External interrupt 5 input, compare 2 output, capture 2 input

P1.3 INT6/CC3 External interrupt 6 input, compare 3 output, capture 3 input

P1.4 INT2 External interrupt 2 input

P1.5 T2EX Timer 2 external reload trigger input

P1.6 CLKOUT System clock output

P1.7 T2 Timer 2 external counter input

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

P3.1 TXD Serial port’stransmitter data output (asynchronous) or clock output (synchronous)

P3.2 INTO External interrupt 0 input, timer O gate control

P3.3 INTT External interrupt 1 input, timer 1 gate control

P3.4 TO Timer 0 external counter input

P3.5 ™ Timer 1 external counter input

P3.6 WR External data memory write strobe

P3.7 RD External data memory read strobe

The input port ANO—AN7 is used for analog input signals to the A/D converter.
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Timer/Counters

The SAB 80515 contains three 16-bit timer/counters
which are useful in many applications for timing
and counting. The input clock for each timer/counter
is 1/12 of the oscillator frequency in the timer
operation or can be taken from an external clock
source for the counter operation (maximum count
rate is 1/24 of the oscillator frequency).

Timer/counter 0 and 1

These timer/counters can operate in four modes:
Mode 0:
Mode 1:
Mode 2: 8-bit timer/counter with 8-bit auto-reload

8-bit timer/counter with 32:1 prescaler
16-bit timer/counter

Mode 3: Timer/counter 0 is configured as one 8-bit
timer/counter and one 8-bit timer;
timer/counter 1 in this mode holds its
count.

External inputs INTO and INT1 can be programmed
to function as a gate for timer/counters 0 and 1 to
facilitate pulse width measurements.

Timer/counter 2

Timer/counter 2 of the SAB 80515 is a 16-bit timer/
counter with several additional features. It offers a
2:1 prescaler, a selectable gate function, and
compare, capture and reload functions. Corres-
ponding to the 16-bit timer register there are four
16-bit capture/compare registers, one of them can
be used to perform a 16-bit reload on a timer
overflow or external event. Each of these registers
corresponds to a pin of port 1 for capture input/
compare output.

Figure 3 shows a block diagram of the timer/
counter 2.

—Reload

A 16-bit reload can be performed with the 16-bit
CRC register, which is a concatenation of the 8-bit
registers CRCL and CRCH. There are two modes
from which to select:

Mode 0: Reload is caused by a timer 2 overflow
(auto-reload).

Mode 1: Reload is caused in response to a negative
transition at pin T2EX (P1.5), which can

also request an interrupt.
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— Capture

This feature permits saving the actual timer/counter
contents into a selected register upon an external
event or a software write operation. Two modes are
provided to latch the current 16-bit value in timer 2
registers into a dedicated capture register:

Mode 0: Capture is performed in response to a
transition at the corresponding port 1 pins
CCOto CC3.

Mode 1: Write operation into the low-order byte of
the dedicated capture register causes the
timer 2 contents to be latched into this
register.

— Compare

In the compare mode, the 16-bit values stored in
the dedicated compare registers are compared to
the contents of the timer 2 registers. If the count
value in the timer 2 registers matches one of the
stored values, an appropriate output signal is
generated and an interrupt is requested. Two
compare modes are provided:

Mode 0: Upon a match the output signal changes
from low to high. It goes backto a low level
when timer 2 overflows.

Mode 1: The transition of the output signal can be
determined by software. A timer 2 over-
flow causes no output change.
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Figure 3

Block Diagram of Timer/Counter 2
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Serial Port

The serial port of the SAB 80515 enables full duplex
communication between microcontrollers or
between microcontroller and peripheral devices.
The serial port can operate in 4 modes:

Mode 0: Shift register mode. Serial data enters and
exits through RxD. TxD outputs the shift
clock. 8 bits are transmitted/received:

8 data bits (LSB first). The baud rate is
fixed at 1/12 of the oscillator frequency.

Mode 1: 10 bits are transmitted (through RxD) or
received (through TxD): a start bit (0),
8 data bits (LSB first), and a stop bit (1).
The baud rate is variable.

Mode 2: 11 bits are transmitted (through RxD) or
received (through TxD): a start bit (0),
8 data bits (LSB first), a programmable 9th
data bit, and a stop bit (1). The baud rate is
programmable to either 1/32 or 1/64 of
the oscillator frequency.

Mode 3: 11 bits are transmitted (through TxD) or
received (through RxD): a start bit (0),
8 data bits (LSB first), a programma.le
oth data bit, and a stop bit (1). Mode 3 is
identical to mode 2 except for the baud
rate. The baud rate in mode 3 is variable.

The variable baud rates in modes 1 and 3 can be
generated by timer 1 or an internal baud rate
generator.
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A/D Converter

The 8-bit A/D converter of the SAB 80515 has eight
multiplexed analog inputs (Port 6) and uses the
successive approximation method.

It takes 5 machine cycles to sample an analog signal
(during this sample time the input signal should be
held constant); the total conversion time (including
sample time) is 14 machine cycles (14 us at 12 MHz
oscillator frequency). Conversion can be pro-
grammed to be single or continuous; at the end

of a conversion an interrupt can be generated.

A unique feature is the capability of internal
reference voltage programming. The internal
reference voltages Vinarer and Vinagno for the

A/D converter both are programmable to one of

16 steps with respect to the external reference
voltages. This feature permits a conversion with a
smaller internal reference voltage range to gain a
higher resolution. In addition, the internal reference
voltages can easily be adapted by software to the
desired analog input voltage range.

Figure 4 shows a block diagram of the A/D
converter.
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Figure 4
Block Diagram of the A/D Converter
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Interrupt Structure
The SAB 80515 has 12 interrupt vectors with the following vector addresses and request flags:

Table 2

Interrupt Sources and Vectors

Source (Request Flags) Vector Vector Address
IEO External interrupt 0 0003H
TFO Timer 0 interrupt 000BH
IE1 External interrupt 1 0013H
TF1 Timer 1 interrupt 001BH
RI+ Tl Serial port interrupt 0023H
TF2 + EXF2 Timer 2 interrupt 002BH
IADC A/D converter interrupt 0043H
IEX2 External interrupt 2 004BH
IEX3 External interrupt 3 0053H
IEX4 External interrupt 4 005BH
IEX5 External interrupt 5 0063H
IEX6 External interrupt 6 006BH

Each interrupt vector can be individually enabled/
disabled. The minimum response time to an
interrupt request is more than 3 machine cycles
and less than 9 machine cycles.

Figure 5 shows the interrupt request sources.

External interrupts 0 and 1 can be activated by a
low-level or a negative transition (selectable) at
their corresponding input pin, external interrupts 2
and 3 can be programmed for triggering on a
negative or a positive transition. The external
interrupts 3 to 6 are combined with the corres-
ponding alternate functions compare (output) and
capture (input) on port 1.

For programming of the priority levels the interrupt
vectors are combined to pairs. Each pair can be
programmed individually to one of four priority
levels by setting or clearing one bit in the special
function register IPO and one in IP1. Figure 6 shows
the priority level structure.
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Figure 5
Interrupt Request Sources
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rFigure 6
Priority Level Structure
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Watchdog Timer

This feature is provided as a means of graceful
recovery from a software upset. After an external
reset, the watchdog timer is cleared and stopped.
It can be started and cleared by software, but it
cannot be stopped. If the software fails to clear the
watchdog timer at least every 65532 machine cycles
(about 65 ms if a 12 MHz oscillator frequency is
used), an internal hardware reset will be initiated.
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The reset cause (external reset or reset caused by
the watchdog) can be examined by software. To
clear the watchdog, two bits in two different
special function registers must be set by two
consecutive instructions (bits IEN 0.6 and IEN 1.6).
This is done to prevent the watchdog from being
cleared by unexpected opcodes.
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Instruction Set Summary

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 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 Aand B 1 4
DIV AB Divide Aby B 1 4
DA A Decimal adjust accumulator 1 1
Logical operations

ANL ARn 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 Summary (cont’d)

Mnemonic Description LByte 1 Cycle

Logical operations (cont’d)

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,3data 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 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 byte 3 2

Siemens Aktiengesellschaft 468 *) MOV A,ACC is not a valid instruction



SAB 80515/80535 Ext. Temp.

Instruction Set Summary (cont’d)

Mnemonic

[ Description

I Byte ‘ Cycle

Data transfer (cont’d)

MOV direct, @Ri Move indirect RAM to direct byte 2 12
MoV direct,#data Move immediate data to direct byte 3 2
MOV @Ri,A Move accumulator to indirect RAM 1 1
MQV @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
MOovC 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 indirect RAM with A | 1 1
Boolean variable manipulation

CLR Cc 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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Instruction Set Summary (cont'd)

Mnemonic I Description I Byte I Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2 2

LCALL addr16 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 is set 3 2

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

JBC bit,rel Jump if direct bit is set and clear bit 3 2

CJNE A direct,rel Compare direct byte 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,#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: Notes on program addressing modes:

Rn — Working register RO—R7 addr16 — Destination address for LCALLand LUMP

direct  —128internal RAM locations, any /O port, may be anywhere within the 64 Kbyte
control or status register program memory address space.

@Ri — Indirect internal or external RAM addr11 — Destination address for ACALL and
location addressed by register RO or R1 AJMP will be within the same 2 Kbyte

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

Hdata 16 — 16-bit constantincluded as bytes 2 and 3 byte of the following instruction.
of instruction rel — SJMP and all conditional jumps include

bit — 128 software flags, any 1/0 pin, control an 8-bit offset byte. Range is +127/—128
or status bit bytes relative to first byte of the following

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1980
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Instruction Op Codes in Hexadecimal Order

Egé(e yfu?y?:; Mnemonic| Operands E‘fé(e yfug:/:)eesr 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 1IR1 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 A,R7

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 addr
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

15 2 DEC data addr 49 1 ORL AR1

16 1 DEC @RO0 4A 1 ORL A,R2

17 1 DEC @R1 4B 1 ORL AR3

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 4F 1 ORL A,R7

1Cc 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, ddata 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 A,R3

28 1 ADD A,RO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL A,R5

2A 1 ADD AR2 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 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

Siemens Aktiengesellschaft

471




SAB 80515/80535 Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont'd)

'(j(?c)i(e yfut:s?:sr Mnemonic| Operands ?gé(e gfut;r;:neesr Mnemonic| Operands

68 1 XRL A,RO 9C 1 SuUBB AR4

69 1 XRL | AR1 9D 1 SUBB AR5

6A 1 XRL AR2 9E 1 SUBB AR6

6B 1 XRL AR3 9F 1 SUBB A,R7

6C 1 XRL A R4 A0 2 ORL C,/bit addr

6D 1 XRL AR5 Al 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 addr A4 1 MUL AB

71 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 @R1,4#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 R2,4data AE 2 MoV R6,data addr

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,#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 @R1,3#kdata,code addr
84 1 DIV AB B8 3 CJNE RO,#data,code addr
85 3 MOV data addr,data addr B9 3 CJNE R1,4data,code addr
86 2 MOV data addr, @R0O BA 3 CJNE R2,4data,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,#data,code addr
89 2 MOV data addr,R1 BD 3 CJNE R5,4#data,code addr
8A 2 MOV data addr, R2 BE 3 CJINE R6,4#data,code addr
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 c2 2 CLR bit addr

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

90 3 MoV DPTR,#data Cc4 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 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 CB 1 XCH AR3

98 1 SuUBB ARO cC 1 XCH AR4

99 1 SUBB AR1 cD 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)

:;‘:é(e Efut:]/":sr Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB [

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 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 A,RO

E9 1 MOV AR1

EA 1 MOV A,R2

EB 1 MOV AR3

EC 1 MOV A,R4

ED 1 MOV A,R5

EE 1 MOV A,R6

EF 1 MOV A,R7

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 —40 to + 85°C for SAB 80515/80535-T40/85
—40 to +110°C for SAB 80515/80535-T40/110

Storage temperature ~65 to +150°C

Voltage on any pin with respect to ground (Vss) —-05to+ 7V

Power dissipation 2W

Note:

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.

DC Characteristics

Vee = BV +£10%; Ves = 0V; Ta = —40 to +85°C; for SAB 80515/80535-T40/85
Ta = —40 to +110°C for SAB 80515/80535-T40/110

Symbol Parameter Limit values Unit Test condition
min. max.
Vi Input low voltage —-0.5 0.8 \% -
Vi Input high voltage 2.0 Vee+0.5 |V —
(except RESET and XTAL2)
Vit Input high voltage to XTAL2 2.5 Vec+0.5 |V XTAL1 to Vss
Vinz Input high voltage to RESET 3.0 - v -
Vep Power-down voltage 3 5.5 Vv Vee =0V
VoL Output low voltage, ports 1, 2, 3,4, 5 - 0.45 \% Io. = 1.6 MA
Vour Output low voltage, port 0, ALE, PSEN | — 0.45 \% Io. = 3.2mA
Vou Output high voltage, ports 1,2,3,4,5 | 2.4 - \ Ion = —80 pA
Vour Output high voltage, port 0, ALE, PSEN | 2.4 - v Ion = —400 A
I Logic 0 input current, ports 1,2,3,4,5 | — —800 A ViL=0.45V
12 Logic 0 input current, XTAL2 - -2.5 mA XTAL1 = Vgg
Vi =045V
Iy Input low current to RESET for reset - -500 uA Vi = 0.45V
m Input leakage current to port 0, EA — +10 uA 0V < Viny< Vee
Icc Power supply current all outputs
SAB 80515/80535-T40/85 ~ 230 disconnected
SAB 80515/80535-T40/110 - 230 mA
Irp Power-down current - 3 mA Vec=0V
Cio Capacitance of I/0 buffer - 10 pF . = 1 MHz
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SAB 80515/80535 Ext.Temp.

A/D Converter Characteristics

Vee =5V £10%; Vss = OV; Vager = Ve £5%; Vagno = Vss £0.2V; Viniarer = Vinaano = 1V
Ta = —401to +85°C for SAB 80515/80535-T40/85
Ta = —40to +110°C for SAB 80515/80535-T40/110

Symbol | Parameter Limit values Unit Test condition
min. typ. max.

Vaneur | Analog input voltage Vaeno- | — Vapert [V -
0.2 0.2

C Analog input capacitance - 25 - pF "

t Load time - - 2ty - -

ts Sample time (incl. load time) - - 5tey - -

tc Conversion time - - 15 tey - -

(including sample time)

DNLE Differential non-linearity - +1/2 +1 LSB Vintarer =
. . Varer = Vee
INLE Integral non-linearity — +1/2 +1 LsSB v —
INtAGND —
Offset error £1/2 |1 LSB | Yaono = Vss
Gain error - +1/2 +1 LSB
TUE Total unadjusted error - - +2 LSB 2
Irer Varer supply current - - 5 mA 2
Vintrererr | Internal reference error — +5 +15 mV 2

Note : The output impedance of the analog source must be low enough to assure full loading of the
sample capacitance (C)) during load time (t). After charging of the internal capacitance (C,) during
load time (t.) the analog input must be held constant for the rest of the sample time (ts).

Note ?: The differential impedance rp of the analog reference voltage source must be less than 1 kQ at
reference supply voltage.
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SAB 80515/80535 Ext.Temp.

AC Characteristics for T40/85

Vee =5V +10%; Vss = oV
Ta = —40to +85°C for SAB 80515/80535-T40/85
(Cy for port 0, ALE and PSEN outputs = 100 pF; C, for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock 1/tcieL = 1.2 MHz to 12 MHz
min. max. min. max.

tey Cycle time 1000 - 12 tercL - ns
tia ALE pulse width 127 - 2 tercl-40 - ns
tavie Address setup to ALE 53 - terc-30 - ns
tiax Address hold after ALE 48 — terel-35 - ns
tiuv ALE to valid instruction in - 233 - 4 tcic-100 ns
el ALE to PSEN 58 - terei-25 - ns
[ PSEN pulse width 215 - 3tcici-35 - ns
truv PSEN to valid instruction in - 150 - 3tec-100 ns
texix Input instruction hold after PSEN | 0 - 0 - ns
toxiz ¥ Input instruction float after PSEN | — 63 - teLeL-20 ns
texay ¥ Address valid after PSEN 75 - torol-8 - ns
taviv Address to valid instruction in - 302 - 5 tce-115 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock
12 MHz clock 1/teer=1.2 MHz to 12 MHz
min. max. min. max.

tRLRH RD pulse width 400 - 6 tcrcL-100 - ns
twiwH WR pulse width 400 - 6 tcic-100 - ns
tiiaxz Address hold after ALE 132 — 2 tecl-35 - ns
tRov RD to valid data in - 252 - 5 teici-165 ns
tRHDX Data hold after RD 0 - 0 - ns
trHDZ Data float after RD - 97 - 2 terel-70 ns
tuov ALE to valid data in - 517 - 8 teicl-150 ns
tavov Address to valid data in - 585 - 9 teLcL-165 ns
tiowe ALE to WR or RD 200 300 3 terel-50 3tcic+50 ns
tavwi Address to WR or RD 203 - 4 teici-130 - ns
twHLH WR or RD high to ALE high 43 123 torci-40 teLeL+40 ns
tavwx Data valid to WR transition 33 - teLc,-50 - ns
tavwh Data setup before WR 433 - 7 tercl-150 - ns
twhax Data hold after WR 33 - tercL-50 - ns
triaz Address float after RD - 0 - 0 ns

*) Interfacing the SAB 80515 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 80515/80535 Ext.Temp.

AC Characteristics for T40/110

Vee =5V £10%; Vss = 0V

Ta = —40to +110°C for SAB 80515/80535-T40/110

(Cyfor port 0, ALE and PSEN outputs = 100 pF; Cy for all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit values Unit
Variable clock
10 MHz clock 1/teieL = 1.2 MHz to 10 MHz
min. max. min. max.

fon ALE pulse width 160 - 2 teic-40 — ns
taviL Address setup to ALE 70 - teiet-30 - ns
tuaxt Address hold after ALE 65 - teicl-35 — ns
v ALE to valid instruction in - 300 - 4 teiel-100 ns
tup ALE to PSEN 75 - tercl-25 - ns
tpLPH PSEN pulse width 265 - 3icc-35 - ns
teuv PSEN to valid instruction in - 200 - 3tcici-100 ns
tpxix Input instruction hold after PSEN | 0 - 0 - ns
tpxiz *! Input instruction float after PSEN | — 80 - teLel-20 ns
tpxav *! Address valid after PSEN 92 - teicl-8 — ns
taviv Address to valid instruction in - 385 - 5tcic-115 ns
tazpL Address float to PSEN 0 - 0 - ns
External Data Memory Characteristics

Symbol | Parameter Limit values Unit

Variable clock
10 MHz clock 1/terc = 1.2 MHz to 12 MHz
min. max. min. max.

tRLRH RD pulse width 500 - 6 tccL-100 - ns
twiwh WR pulse width 500 - 6 tcrc-100 - ns
tiaxe Address hold after ALE 165 — 2 feel-35 — ns
thiov RD to valid data in - 335 - 5 terel-165 ns
tRHDX Data hold after RD 0 - 0 - ns
tRHpz Data float after RD - 130 - 2 teiel-70 ns
fipv ALE to valid data in — 650 - 8 tecl-150 ns
tavov Address to valid data in - 735 ~ 9 tcreL-165 ns
tuwe ALE to WR or RD 250 350 3 lcLe-50 3 tcret+50 ns
tavwi Address to WR or RD 270 - 4toici-130 - ns
twHLH WR or RD high to ALE high 60 140 tecL-40 teLcL+40 ns
tovwx Data valid to WR transition 50 - telcl-50 _ ns
tavwh Data setup before WR 550 - 7 toreL-150 - ns
twhax Data hold after WR 50 - teiel-50 - ns
trLaz Address float after RD - 0 - 0 ns

*) Interfacing the SAB 80515 to devices with float_ times up to 92ns is permissible. This limited bus
contention will not cause any damage to port 0 drivers.
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SAB 80515/80535 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.
torel Oscillator period T40/85 83.3 833.3 ns
T40/110 100 833.3 ns

teHex High time 20 terei-tolex ns
terex Low time 20 tevcL-tenex ns
telcH Rise time - 20 ns
terel Fall time — 20 ns

External Clock Cycle

AC Testing Input, Output, Float Waveforms

24

400 uA at voltage test levels.

20 20
Test Points
045 0.8 0.8
i Float »|
24 20 20 24
045 08 08 045

AC testing inputs are driven at 2.4V for a logic /1" and at 0.45V for a logic /0"
Timing measurements are made at 2.0V for a logic 1" and at 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
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SAB 80515/80535 Ext.Temp.

System Clock Timing for T40/85

Symbol | Parameter Limit values Unit
Variable clock
12 MHz clock Vtee = 1.2 MHz to 12 MHz

min. max. min. max.
tiish ALE to CLKOUT 543 - 7 teie-40 - ns
tsmsL CLKOUT high time 127 - 2 tg o -40 ~ ns
tsish CLKOUT low time 793 - 10 terc-40 - ns
tsiin CLKOUT low to ALE high 43 123 terc-40 ferc+40 ns
System Clock Timing for T40/110
Symbol | Parameter Limit values Unit

Variable clock
10 MHz clock 1/terer = 1.2 MHz to 10 MHz

min. max. min. max.
tusn ALE to CLKOUT 660 - 7 torcL-40 - ns
tsusL CLKOUT high time 160 - 2 tec-40 - ns
tsisH CLKOUT low time 960 - 10 tec-40 - ns
tsim CLKOUT low to ALE high 60 140 torc-40 teLcL+40 ns

System Clock Timing
—_— fiin
ALE ’ S / \ ] & /—
fiish fshsL [=— fiish

CLKOUT ]F_\ ] \
o [\

a8
E

/[

Program Memory Access Data Memory Access
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SAB 80515/80535 Ext.Temp.

ROM Verification Characteristics
Ta = 25°C +°C; Vee = 5V £10%; Ves = OV

Symbol Parameter Limit values Unit
min. max.
tavav Address to valid data - 48 teicL ns
teLav ENABLE to valid data - 48 teice ns
tenaz Data float after ENABLE 0 48 tercL ns
teer Oscillator frequency 4 6 MHz
ROM Verification
P1.0- P17

fAVQV

Port 0 _—{

Address: P1.0-P1.7 = A0O—A7
P2.0-P2.4 = A8—-A12
Data: Port 0 = D0-D7
P2.5—P2.6, PSEN = Vss
ALE,EA =V
RESET = Vi

Inputs:

}.._

Data out
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SAB 80515/80535 Ext.Temp.

Waveforms

Program Memory Read Cycle

| fey |
fn fay
fipe —
ALE \
foLpn
PSEN __/—— —\—/_
e ol e e
L PLIV _p_)(_]i <
—| faviL fAsz ):Pm J_
N

INSTRIN>——< AT-AO ]NSTRIN> AT - AD >—<INSTR IN3—

PORT 0
faviv
ADDRESS R .
PORT2 _OR SFR-P2 ADDRESS A15-A8 X ADDRESS A15-A8 >
Data Memory Read Cycle
Fov | fbiLH [=—
ALE __/—_
PSE /
N fowe faLrn
RD \ -
T ax2—] j ;
Favwit friov R
. Trnx
favov XL
3—< AT AQ DATA IN

Port 0 tonz

ADDRESS
Port2 _ORSFR-P2

ADDRESS A15-A8 OR SFR-P2

N
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SAB 80515/80535 Ext.Temp.

Data Memory Write Cycle

-~ fWHLr;F
ALE ﬁ

PSEN

n n
LWL "WLWH

fAVWL

favwx
fuaxe Fon FuHax
VA

A7-AD
Port 0 >—< DATA OUT

ADDRESS - - \
ORSF P2 ADDRESS A15-A8 OR SFR-P2

Port 2

Recommended Oscillator Circuits

XTAL1 40

&7k

XTAL2 E— 3 A TAL2

7604
76LS04
(=30pF +10pF

Crystal Oscillator Mode Driving from External Source
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SAB 80515/80535 Ext.Temp.

Package Outlines

68-Pin Plastic Leaded Chip Carrier Package, PLCC 68

1 68

anonnano Annnnon

Ro3

ononoonndonanan

L

253 03—

Tl'Mll|IlMlI|l|lj|i|lnl|l|ll||ll||

fa————— 24,3 _g7——=

oo oooooYyoooooooo

e

lv-—
1.27 0.81max

Dimensions in mm

Ordering Information

Type

Ordering code

Description

SAB 80515-N-T40/85

Q 67120-C210

8-bit single-chip microcomputer

with mask-programmable ROM (plastic)

SAB 80535-N-T40/85

Q 67120-C240

for external memory (plastic)

SAB 80515-N-T40/110

Q 67120-C316

with mask-programmable ROM (plastic)

SAB 80535-N-T40/110

Q67120-C313

for external memory (plastic)
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Summary of Package Outlines







Package Outlines

Plastic Package, P-DIP-16
(dual-in-line package)
20A16 DIN 41870 T9

m
],J

- -
0.45+0%) 2,54  1,5max 2

Dimensions in mm
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Package Outlines

Plastic Package, P-DIP-18
(dual-in-line package)
20A18 DIN 41870 T9

0.

450" 254 1.5max

18

Dimensions in mm

Piastic Package, P-DIP-20
(dual-in-line package)
20A20 DIN 41870 T9

25.3 02—

éj 76202
. sl S i
: i i gy |
o |
. n .I'«T 0.25
045*°" 254  15max 212 m
6oz
20 17 7612
1 10
0.4 max

Dimensions in mm
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Package Outlines

Plastic Package, P-DIP-22
(dual-in-line package)

20D22 DIN 41870 T11
*
g 1016:02
- B i
[ L &
(=]
! ST f 02500.1
0.45*%' 1.5max 254 =12 m
9.02
22 12 101612
=== == =A==
L p
1 I
BH B EH e e E e e e e
1"
1N
27805 0.Lmax

Dimensions in mm

Plastic Package, P-DIP-24
(dual-in-line package)
20B24 DIN 41870 T10

l r-—1 5.2420.2—=

5.1max

31.9.04

Dimensions in mm
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Package Outlines

Plastic Package, P-DIP-28
(dual-in-line package)

28
=l==t=t=t=l=N=E=E =l =10
S e e e s

20B28 DIN 41870 T10
51
£ 15.24,202
— el = . —
L £
2.5,  15max  0.45°%
15.24+2

1

T T T I I I T T 7 7 T T 3

14

————————36‘5'1‘5————————‘

]
q
1 14
359,04 "O.l. max
Dimensions in mm
Ceramic Package, C-DIP-28
(dual-in-line package)
20B28 DIN 41870 T10
>
a
£
£| ‘jl
&
5t 1
'3 0.25:5%,
01 —11 3 &0
2.54 1.5max 0.45%5.03 =1 m 1524206
R -1

Dimensions in mm
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Package Outlines

Plastic Package, P-DIP-40
(dual-in-line package)
20B40 DIN 41870 T10

-

NI
| 01 e ‘:?:T
2.54 1.5max 0.45*% =13 m
L0 21
FAESEaEaESES P ER A PR P S FR AR A FY
= ’
mm
1 20
50.9.05 0.4 max

r‘l 5.2 02—
—

10.25+01

o3
15,2417 —wi

Dimensions in mm

Ceramic Package, C-DIP-40
(dual-in-line package)
20B40 DIN 41870 T10

| g g e e g g g e e gy

20

51.5.15

L

0.25:8%,

[=—15.24+06

Dimensions in mm
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Package Outlines

(pin-grid-array)

Ceramic Package, C-PGA-64

Index Marking

269+05
22.86 —=] 1.6
2.54 2345 ”?
=l W .
SR
8 ¢
~ 2
1 &
2 g
64~ ) %
I~ 1 o 2
- 3
1 % - *
Index Marking
Dimensions in mm
Ceramic Package, C-PGA-68
(pin-grid-array)
29.5.06
[—25. 4 ———=] —e= T h_
T S|
—f - j-—— po—
N —
—+® -~ ] i
3
<+ 9 %i
wviown
N o
o~
1 b 3l E 3
AN o T
68— 1% g
| J 1 T
I 13
e

Dimensions in mm
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Package Outlines

Ceramic Package, C-PGA-88
(pin-grid-array)

334h_g6
*—-~30.h8———~——1 —e 724,
2.54 2345 M
—— ] f—— —— |-——
d { —
+@ &+ h—
N ]]
88 I;
o 2 I
fan) <
1 R A
m
Index Marking -
u*«.l =3
o~ .
i ¢ =3
1 T I :4

|
?.

—

-

w
—]

Dimensions in mm

Ceramic Package, C-PGA-145
(pin-grid-array)

38.1204
35.56

35.56
381204

$0.4220.05

Index Marking
Dimensions in mm
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Package Outlines

Ceramic Package, C-CC-68
(chip-carrier)

fe———24 4 05
20.32 a0
1.27 1. 706
Index Marking\ —T™ f=— =
1 | L
1— QT T T N
68 = r T
= = & g S
= = o< 44 J
= = “ I 2
= O~
L‘J R 1
c =
=|f(ﬂuu|uﬂnf;llulnnuulri :{
09
e —
Dimensions in mm
Plastic Package, P-S0J-26/20 —’
(Plastic small outline J-lead) - SMD
d ‘
o~ | m
vy l
0.‘51_01 - 1.27
] 0.81max

j=g=i=). TOTIT

1 5 9 13

173203 ——e=

Index Marking

Dimensions in mm
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Package Outlines

Plastic Package, PL-CC-44
(plastic leaded - chip carrier) - SMD

f—17. 7_0_3 =

Index Marki 16-To2
ndex Marking
1 4
AN

Nannchdonno

=

17.7.03—=1

TOU OO DT

=

16.7.02
annnohnnoon
T

bk i
_ZZJ LJO 81max

4.38:03
r——

Dimensions in mm

Plastic Package, PL-CC-68
(plastic leaded - chip carrier) - SMD

25.3.03
Index Marking 2302
1\
: =5 : y
g p
g p
g u]
qd h &
S 3 - S
m B m m L
d b Q
g 4 S
q il Ss
q 1 P S
IF\’JIJLILIU ToooOoooo N
127 L 0.81max
r—————
35—
L.6+05
.

Dimensions in mm
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Package Outlines

Plastic Package, PL-CC-84
(plastic leaded - chip carrier) - SMD

30.2.03

Index Marking

1/8L

2931_0_2 —

=

29.31.02

Lll

30.2.03

_’Ir i1_21 ] 0.81 max

—

e-—

Dimensions in mm

i | BE
j}ﬂ\] v UHV VYVY U[U VY Vilr +

Hi oo 000000008t | +1f

\P*- 5
Vo

:1
F+190-9096 0109990+

ja———20.3 £ 0. ———o]
17.8:03

— i _F
0.25 304

{—-15.24,£0.6.

Dimensions in mm
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Package Outlines

MIKROPACK

16 mm, 40 Pins - SMD

T EE _ MEmm R mm mm
SO SONNNNANSSIONNNNSSNSN Nl L2222 ¥22222272777272

10,8

‘1

il

=

12,4

UL

N 0

URIRIR

—e 1
o35

i

1
I

mn m
L1 1]

—— 0,8f=—

Dimensions in mm
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Siemens AG, Bereich Bauelemente
BalanstraBe 73, Postfach 8017 09, D-8000 Miinchen 80
2 (089) 4144-0 52108-0 FAX (089) 4144-26 89

Siemens Worldwide

Federal Republic of Germany and Berlin (West)

Siemens AG

Salzufer 6-8

1000 Berlin 10

2 (030) 3939-1, 1810-278
FAX (030) 3939-2630

Ttx 308190 = sieznb

Siemens AG

Lahnweg 10

Postfach 1115

4000 Diisseldorf 1

= (0211) 399-0, [Tx 8581301
FAX (0211) 399-2506

Siemens AG

Rodelheimer LandstraBe 5-9
Postfach 111733

6000 Frankfurt 1

= (069) 797-0, Tx1 414 131-0
FAX (069) 797-2253

Siemens AG

Lindenplatz 2

Postfach 105609

2000 Hamburg 1

= (040) 282-1, 215584-0
FAX (040) 282-2210

Siemens AG

Am Maschpark 1

Postfach 5329

3000 Hannover 1

@ (0511) 129-0, Tx1 922333
FAX (0511) 129-2799

Siemens AG
Richard-Strauss-StraBe 76
Postfach 202109

8000 Miinchen

= (089) 9221-4380
529421-19

FAX (089) 9221-4390

Ttx 8985061

Siemens AG
Von-der-Tann-StraBe 30
Postfach 4844

8500 Niirnberg 1

= (0911) 654-0, Tx1 622251
FAX (0911) 654-4064

Siemens AG
Geschwister-Scholl-StraBe 24
Postfach 120

7000 Stuttgart 1

2 (0711) 2076-0, Tx 723941
FAX (0711) 2076-3706

EUROPE

Austria

Siemens Aktiengesellschaft
Osterreich

Postfach 326

A-1031 Wien

2 (0222) 7293-0, 1372-0

Belgium

Siemens S.A.

chaussée de Charleroi 116
B-1060 Bruxelles

= (02) 536-2111, 21347

Denmark

Siemens A/S

Borupvang 3

DK-2750 Baiieru

2 (02) 656565, Tx1 35313

Finland
Siemens Osakeyhtis
PL 8

SF-00101 Helsinki 10
& (0) 1626-1,Tx 124465

France

Siemens S.A.

B.P 109

F-93203 Saint-Denis CEDEX 1
= (1) 49223100, T 620853

Siemens Aktiengesellschaft

Great Britain

Siemens Ltd.

Siemens House

Windmill Road
GB-Sunbury-on-Thames
Middlesex TW 16 7HS

2 (09327) 85691, 8951091

Greece

Siemens AE

Paradissou & Artemidos
PO.B. 61011

GR-15110 Amaroussin
= (01) 6864 111

Ireland

Siemens Ltd.

Unit 8-11 Slaney Road
Dublin Industrial Estate
Finglas Road

Dublin 11

& (01) 302855, X 32547

Italy

Siemens Elettra S.p.A.

Via Fabio Filzi, 29

Casella Postale 10388
1-20100 Milano

= (02) 67661, 330261

Netherlands

Siemens Nederland NV.
Postb. 16068

NL-2500 BB Den Haag

2 (070) 782782, 31373

502

Norway

Siemens A/S

Dstre Aker vei 90
Postboks 10, Veitvet
N-0518 Oslo 5

= (02) 1563090, T 78477

Portugal

Siemens S.AR.L.

Avenida Almirante Reis, 65
Apartado 1380

P-1100 Lisboa-1

@ (01) 538805, Tx] 12563

Spain
Siemens S.A.
Orense, 2
Apartado 155

s
E-28080 Madrid

& (01) 4552500, Tx1 27247

Sweden

Siemens AB

Halsingegatan 40

Box 23141

$-10435 Stockholm

= (08) 7281000, X 19880

Switzerland
Siemens-Albis AG
FreilagerstraBe 28

Postfach

CH-8047 Ziirich

= (01) 495-3111, 823781



Turkey

ETMAS Elektrik Tesisati ve
Miihendislik A.$.

Meclisi Mebusan Caddesi 55/35
Findikli

PK. 1001 Karakoey

Istanbul

2 (01) 1510900, 0x 24233

AFRICA
South African Republic

Siemens Limited

Siemens House,

PO.B. 4583

2000 Johannesburg

2 (011) 7159111, [x 4-22524

AMERICA

Argentina

Siemens S.A.

Avenida Pte. Julio A. Roca 516
Casilla Correo Central 1232
RA-1000 Buenos Aires

2 (01) 00541/3004 11, @] 21 812

Brazil
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