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Type Survey for Data Catalog ”Microprocessors and Support Components”

8-/16-Bit Microprocessors

SAB 8085AH
SAB 8086
SAB 8088
SAB 80186
SAB 80188
SAB 80286

32-Bit Microprocessors

SAB-R2000A
SAB-R2010A
SAB-R3000
SAB-R3010

32-bit System Components
SAB-R3020/SAB-R2020

Support Components

SAB 82284

SAB 82288

SAB 82289

SAB 82C250/SAB 82C251
SAB 8282A/8283A

SAB 8284B/SAB 8284B-1

SAB 8286A/8287A
SAB 8288A
SAB 8289

Siemens Aktiengeselischaft

8-bit Microprocessor (3 MHz, 5 MHz)

16-bit Microprocessor (5 MHz, 8 MHz, 10 MHz)

8-bit Microprocessor (5 MHz, 8 MHz, 10 MHz) ;
High-Integration 16-bit Microprocessor (8 MHz, 10 MHz)
High-Integration 8-bit Microprocessor (8 MHz, 10 MHz)

High-Performance 16-bit Microprocessor with Memory
Management and Protection
(8 MHz, 10 MHz or 12.5 MHz)

High-Performance 32-bit RISC Microprocessor
High-Performance Floating-Point Coprocessor
High-Performance 32-bit RISC Microprocessor

High-Performance Floating-Paint Coprocessor

Write Buffer

Clock Generator for SAB 80286 Processor Family
Bus Controller for SAB 80286 Processor Family
Bus Arbiter for SAB 80286 Processor Family
Advanced Peripheral Interface Controller

Octal Latch

Clock Generator and Driver
for SAB 8086 Processor Family

Octal Bus Transceiver
Bus Controller for SAB 8086 Processor Family
Bus Arbiter for SAB 8086/8088 Processor Family
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Type Survey for Data Catalog ”PC-Peripherals and System Components”

System Components

SAB 16C550A Universal Asynchronous Receiver/Transmitter with FIFOs
SAB 7201A Multi-Protocol Serial Communication Controller
SAB 8155/SAB 8155-2 RAM, stat., with I/O and Timer
SAB 82257 High-Performance DMA Controller
for 16-bit Microcomputer Systems
SAB 82258A Advanced DMA Controller (ADMA)
for 16-/32-bit Microcomputer Systems
SAB 82C258A CMOS Advanced DMA Controller
for 16-/32-bit Microcomputer Systems
SAB 8237A/SAB 8237A-5 Programmable DMA Controller

SAB 82C37A-5/SAB 82C37A-8 CMOS, Programmable DMA Controller
SAB 82C37B-5/SAB 82C37B-8 CMOS, Programmable DMA Controller
SAB 82C50/SAB 16C450, CMOS Universal Asynchronous Receiver/Transmitter

SAB 82C51A, CMOS CMOS, Programmable Communications Interface
SAB 82511 Token Bus Modem (TBM)

SAB 82C53, CMOS Programmable Interval Timer

SAB 82C54, CMOS Programmable Interval Timer

SAB 82C55A-2, CMOS Programmable Peripheral Interface

SAB 82556 Universal System Interface Controller

SAB 8256A/SAB 8256A-2 Programmable Multifunction Controller (MUART)
SAB 8259A/SAB 8259A-2 Programmable Interrupt Controller

Siemens Aktiengesellschaft 12



Type Survey for Data Catalog "Memory Components™

Memory Components

HYB 41256-10/-12/-15

HYB 514256B-60/-70/-80
HYB 514256BL-60/-70

HYB 51100B -60/-70/-80
HYB 51100BL-60/-70

HYB 514100 -80/-10
HYB 514400 -80/-10
Memory Modules
HYM 39500S -80

HYM 91000S -60/-70
HYM 91000L-60/-70/-80
HYM 91000SL-60/-70
HYM 91000LL-60/-70/-80

HYM 94000S -80/-10
HYM 362500S-80
HYM 365120S-80
HYM 361020S-80/-10
HYM 362020S-80/-10

Siemens Aktiengesellschaft

256K x 1-bit Dynamic RAM
256K x 4-bit Dynamic RAM

1M x 1-bit Dynamic RAM

4M x 1-bit Dynamic RAM
1M x 4-bit Dynamic RAM

256K x 9-bit Dynamic RAM Modul
1M x 9-bit Dynamic RAM Modul

4M x 9-bit Dynamic RAM Modul
256K x 36-bit Dynamic RAM Module
512K x 36-bit Dynamic RAM Module
1M x 36-bit Dynamic RAM Module
2M x 36-bit Dynamic RAM Module
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General Information

General Information
Type designation code for ICs

IC type designations are based on the European Pro Electron system. 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 fit into 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
i
\ I
gy l i
AAVAVAVAZ §'°
08 Tin Solder [ X -
& o O o b 7VA00138
2541

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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General Information

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.

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 hardly
possible 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 200 V 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 king of contact with the device pins a charge equalization is to be
expected. This should always be highly resistive (ideally R = 106 to 108 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.

Siemens Aktiengesellschaft 18



General Information

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

A
Abad
Scope

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

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 108 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 .

4. If conductive floors, R =5 x 10*to 107 @ are provided, further protection can be
achieved by using so-called MOS chairs and shoes with a conductive sole (R - 10° to
107 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 108 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 in 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 108 @/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.

Siemens Aktiengesellschaft 19



General Information

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.
Thestorage 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.

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. bendmg and cutting machines, conveyor belts),

+i +i_abati 4NN § W Antald, in)
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 propen 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 and 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:
105Q/cm < p < 101 Q/cm.
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General Information

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.

Ultrasonic cleaning of ICs

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

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 > 40 kHz
exposure t > 2min
alternating sound pressure  p > 0.29 bar
sound power N > 0.5 W/cmz/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 7a = 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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General Information

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

l Quality Control Stages I glgl:;nsmgnﬁdoods Qualification Stages

Materials

Incoming Inspection

Parts Process
Auxiliaries Development
Materials (Wafers)
wafer Quality
Production Release
In- process Control
Physxcql Parameters Development of
y Package +Process|
Visual Inspection (Assembly)

1st Lot Acceptance Test
Quality
Assembly ReleCISE>—J

In-process Control
Bonding Product
0 Development

2nd Lot Acceptance Test

3rd Lot Acceptance Test -1
Testing Quality - -
Departments Release

Conformance Inspection
(Attributes)

Stock

ZVD00136

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

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 electrical | Sum of mechanical
Inoperatives | defectives defectives
AOQ (DPM) AOQ (DPM) AOQ (DPM)
SSI/MSI < 1000 gate functions 40 200 100
LSI/MSI < 1000 gate functions | 120 400 200
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General Information

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 ICsfailurerateversustimeis'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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General Information

Figure 5

Failure Rate

/
/
/I
Constant Failure Rate Period /
Early Wear —Out
Failure Failure
Period i Period
Operating Hours —— ZVD00137

Reliability tests for ICs are usually destructive examinations. They are, therefore, carried
out with samples. Most failure mechanisms can be accelerated by means of higher
temperatures. Due to 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

- Eaf1_1
B =exp k[ﬂ Tz]

where Tz is the temperature at which the life test is performed, T1 is the assumed operating
temperature, and k is the Boltzmann constant.

Important for factor B is the activation energy Ex. 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 Ta = 40 °C, assuming an average activation energy of 0.4 ev. The

Ala fn v fnar lifa ¢, +. + 10
acceleration factor for life tests at 125 °'Cis thus ;4, ucmpared with Ope'at'ona! 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

Type Ordering Code | Package | Description Page
8-Bit Single-Chip Microcontrollers
SAB 8031A-10-P- Q67120-C232 | P-DIP-40 | without ROM
T40/110 ext. Temp.: —40to +110°C 309
SAB 8031A-12-P- Q67120-C230 | P-DIP-40 | without ROM
T40/85 ext. Temp.: — 40 to + 85 'C 309
SAB 8031A-16-N Q67120-C349 | PL-CC-44 | without ROM 285
SAB 8031A-16-P Q67120-C347 | P-DIP-40 | without ROM 285
SAB 8031A-N Q67120-C271 PL-CC-44 | without ROM 285
SAB 8031A-P Q67120-C183 | P-DIP-40 | without ROM 285
SAB 8032A-N Q67120-C264 PL-CC-44 | without ROM 329
SAB 8032A-N-T40/85 Q67120-C367 PL-CC-44 | without ROM

ext. Temp.:—40t0 + 85 °C 351
SAB 8032A-P Q67120-C196 | P-DIP-40 | without ROM 329
SAB 8032A-P-T40/100 | Q67120-C239 P-DIP-40 | without ROM

ext.Temp.: —40to +100°C 351
SAB 8032A-P-T40/85 | Q67120-C235 | P-DIP-40 | without ROM

ext. Temp.:—40t0 + 85 °C 351
SAB 8032B-16-N Q67120-C425 | PL-CC-44 | without ROM 375
SAB 8032B-16-P Q67120-C421 P-DIP-40 | without ROM 375
SAB 8032B-20-N Q67120-C472 | PL-CC-44 | without ROM 375
SAB 8032B-20-P Q67120-C471 P-DIP-40 | without ROM 375
SAB 8032B-N Q67120-C423 PL-CC-44 | without ROM 375
SAB 8032B-P Q67120-C419 P-DIP-40 | without ROM 375
SAB 8035L-P-T40/85 Q67120-C140 P-DIP-40 | without ROM

ext.Temp.: —40to + 85 °C 39
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Summary of Types

Summary of Types (cont'd)

Type Ordering Code | Package | Description Page
8-Bit Single-Chip Microcontrollers (cont'd)
SAB 8048-P-T40/110 Q67120-C162 | P-DIP-40 | 1K x 8 ROM

ext. Temp.:—40to +110°C 39
SAB 8048-P-T40/85 Q67120-C133 P-DIP-40 | 1K x 8 ROM

ext. Temp.: —40to + 85 °C 39
SAB 80512-N Q67120-C336 | PL-CC-68 | 4K x 8 ROM 59
SAB 80512-N- Q67120-C353 | PL-CC-68 | 4K x 8 ROM
T40/85-N ext. Temp.: —40to + 85 °C 59
SAB 80512K-A Q67120-C333 | C-PGA-88 | ROM-less Version 57
SAB 80513-16-N Q67120-C443 | PL-CC-44 | 16K x 8 ROM, 16 MHz 85
SAB 80513-16-P Q67120-C441 P-DIP-40 | 16K x 8 ROM, 16 MHz 85
SAB 80513-16-P-T3 Q67120-C506 | P-DIP-40 | 16K x 8 ROM, 16 MHz

ext.Temp.:— 40 to +85 °C 85
SAB 80513-N Q67120-C384 PL-CC-44 | 16K x 8 ROM 85
SAB 80513-P Q67120-C383 P-DIP-40 | 16K x 8 ROM 85
SAB 80515-N Q67120-C211 PL-CC-68 | 8K x 8 ROM 109
SAB 80515-N-T40/110 | Q67120-C316 | PL-CC-68 | 8K x 8 ROM, 12 MHz

ext. Temp.: —40to + 110°C 145
SAB 80515-N-T40/85 Q67120-C210 PL-CC-68 | 8K x 8 ROM, 12 MHz

ext.Temp.: —40to + 85 °C 145
SAB 80515K-A Q67120-C267 C-PGA-88 | ROM-less Version 179
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Summary of Types

Summary of Types (cont'd)

Type Ordering Code | Package | Description Page
8-Bit Single-Chip Microcontrollers (cont'd)
SAB 8051A-10-P- Q67120-C231 P-DIP-40 | 4K x 8 ROM
T40/110 ext.Temp.: —40to +110°C 309
SAB 8051A-12-P- Q67120-C233 | P-DIP-40 | 4K x 8 ROM
T40/85 ext.Temp.: —40to + 85 °C 309
SAB 8051A-16-N Q67120-C348 | PL-CC-44 | 4K x 8 ROM 285
SAB 8051A-16-P Q67120-C346 | P-DIP-40 | 4K x 8 ROM 285
SAB 8051A-N Q67120-C224 | PL-CC-44 | 4K x 8 ROM 285
SAB 8051A-P Q67120-C186 | P-DIP-40 | 4K x 8 ROM 285
SAB 8052A-N Q67120-C263 | PL-CC-44 | 8K x 8 ROM 329
SAB 8052A-N-T40/85 | Q67120-C368 | PL-CC-44 | 8K x 8 ROM

ext. Temp.: —40to + 85 °C 351
SAB 8052A-P Q67120-C195 P-DIP-40 | 8K x 8 ROM 329
SAB 8052A-P-T40/100 | Q67120-C248 P-DIP-40 | 8K x 8 ROM

ext.Temp.: —40to +100°C 351
SAB 8052A-P-T40/85 | Q67120-C247 | P-DIP-40 | 8Kx8 ROM

ext.Temp.:—40to + 85 °C 351
SAB 8052B-16-N Q67120-C426 | PL-CC-44 | 8K x 8 ROM, 16 MHz 375
SAB 8052B-16-P Q67120-C422 | P-DIP-40 | 8K x 8 ROM, 16 MHz 375
SAB 8052B-N Q67120-C424 | PL-CC-44 | 8K x 8 ROM, 12 MHz 375
SAB 8052B-P Q67120-C420 | P-DIP-40 | 8Kx 8 ROM 375
SAB 80532-N Q67120-C337 | PL-CC-68 | without ROM 59
SAB 80532-T40/85 Q67120-C354 | PL-CC-68 | without ROM

ext. Temp.:—40to + 85 °C 59
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Summary of Types

Summary of Types (cont'd)

Type Ordering Code | Package | Description Page
8-Bit Single-Chip Microcontrollers (cont'd)
SAB 80535-N Q67120-C241 PL-CC-68 | without ROM 109
SAB 80535-N-T40/110 | Q67120-C313 | PL-CC-68 | without ROM

ext.Temp.: —40to +110°C 145
SAB 80535-N-T40/85 Q67120-C240 PL-CC-68 | without ROM

ext.Temp.:—40to + 85 °C 145
SAB 80C32-16-N Q67120-C502 | PL-CC-44 | without ROM, 16 MHz 399
SAB 80C32-16-P Q67120-C500 | P-DIP-40 | without ROM, 16 MHz 399
SAB 80C32-16-P- Q67120-C527 | P-DIP-40 | without ROM, 16 MHz
T40/85 ext.Temp.:.—40to + 85 °C 399
SAB 80C32-N Q67120-C395 | PL-CC-44 | without ROM 399
SAB 80C32-N- Q67120-C548 | PL-CC-44 | without ROM, 12 MHz
T40/110 ext.Temp.: — 40 to +110°C 399
SAB 80C32-N-T40/85 | Q67120-C540 | PL-CC-44 | without ROM, 12 MHz

ext.Temp.:—40t0 +85°C 399
SAB 80C32-P Q67120-C378 | P-DIP-40 | without ROM 399
SAB 80C32-P-T40/110 | Q67120-C547 P-DIP-40 | without ROM, 12 MHz

ext.Temp.: — 40 to +110°C 399
SAB 80C32-P-T40/85 | Q67120-C520 | P-DIP-40 | without ROM, 12 MHz

ext.Temp.:—40to +85°C 399
SAB 80C515-16-N Q67120-C492 | PL-CC-68 | 8K x 8 ROM, 16 MHz 181
SAB 80C515-16-N- Q67120-C561 PL-CC-68 | 8K x 8 ROM, 16 MHz
T40/85 ext.Temp.:—40to +85°C 181
SAB 80C515-N Q67120-C297 | PL-CC-68 | CMOS, 8K x 8 ROM,

12 MHz 181
SAB 80C515-N- Q67120-C391 PL-CC-68 | 8K x 8 ROM, 12 MHz
T40/110 ext.Temp.: —40to +110°C 181
SAB 80C515-N- Q67120-C388 | PL-CC-68 | 8K x 8 ROM, 12 MHz
T40/85 ext.Temp.:—40to + 85 °C 181
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Summary of Types (cont'd)

Type Ordering Code | Package | Description Page
8-Bit Single-Chip Microcontrollers (cont'd)
SAB 80C517-16-N Q67120-C723 | PL-CC-84 | CMOS 8K x 8 ROM,16 MHz 231
SAB 80C517-16-N- Q67120-C726 | PL-CC-84 | CMOS 8K x 8 ROM,16 MHz
T40/110 ext.Temp.:—40t0 +110°C 231
SAB 80C517-16-N- Q67120-C724 | PL-CC-84 | CMOS 8K x 8 ROM,12MHz
T40/85 231
SAB 80C517-N Q67120-C397 | PL-CC-84 | CMOS 8K x 8 ROM,12MHz 231
SAB 80C517-N- Q67120-C721 PL-CC-84 | CMOS 8K x 8 ROM,12MHz
T40/110 ext.Temp.: —40t0 +110°C 231
SAB 80C517-N- Q67120-C483 | PL-CC-84 | CMOS 8K x 8 ROM,12MHz
T40/85 ext.Temp.:—401t0 +85°C 231
SAB 80C52-16-N Q67120-C503 | PL-CC-44 | 8K x 8 ROM, 16 MHz 399
SAB 80C52-16-N- Q67120-C528 | PL-CC-44 | 8K x 8 ROM, 16 MHz
T40/85 ext. Temp.:—40to + 85 °C 399
SAB 80C52-16-P Q67120-C501 P-DIP-40 | 8K x 8 ROM, 16 MHz 399
SAB 80C52-16-P- Q67120-C563 | P-DIP-40 | 8Kx 8 ROM, 16 MHz
T40/85 ext. Temp.:—40t0 +85°C 399
SAB 80C52-N Q67120-C396 | PL-CC-44 | 8K x 8 ROM 399
SAB 80C52-N- Q67120-C559 | PL-CC-44 | 8K x 8 ROM, 12 MHz
T40/100 ext.Temp.:—40to +100°C 399
SAB 80C52-N-T40/85 | Q67120-C564 | PL-CC-44 | 8K x 8 ROM, 12 MHz

ext. Temp.:.—40t0 +85°C 399
SAB 80C52-P Q67120-C379 | P-DIP-40 | 8K x 8 ROM 399
SAB 80C52-P-T40/100 | Q67120-C558 | P-DIP-40 | 8K x 8 ROM, 12 MHz

ext.Temp.: — 40 to +100°C 399
SAB 80C52-P-T40/85 | Q67120-C521 P-DIP-40 | 8K x 8 ROM, 12 MHz

ext.Temp.:—40t0 +85°C 399
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Summary of Types (cont'd)

Type Ordering Code | Package | Description Page
8-Bit Single-Chip Microcontrollers (cont'd)
SAB 80C535-16-N Q67120-C509 | PL-CC-68 | without ROM, 16 MHz 181
SAB 80C535-16-N- Q67120-C562 | PL-CC-68 | without ROM, 16 MHz
T40/85 ext.Temp.: —40to +85°C 181
SAB 80C535-N Q67120-C508 PL-CC-68 | without ROM 181
SAB 80C535-N- Q67120-C538 | PL-CC-68 | without ROM, 12 MHz
T40/110 ext.Temp.:—40to +110°C 181
SAB 80C535-N- Q67120-C510 | PL-CC-68 | without ROM, 12 MHz
T40/85 ext.Temp.:—40to +85°C 181
SAB 80C537-16-N- Q67120-C725 | PL-CC-84 | CMOS, without ROM,
T40/85 16 MHz

ext.Temp.:—40to +85°C 231
SAB 80C537-16-N Q67120-C722 | PL-CC-84 | CMOS, without ROM,

16 MHz 231
SAB 80C537-16-N- Q67120-C727 | PL-CC-84 | CMOS, without ROM,
T40/110 16 MHz

ext.Temp.: —40to +110°C 231
SAB 80C537-S- Q67120-C717 | P-QFP-100 | CMOS, without ROM,
T40/110 12 MHz

ext.Temp.:—40to +110°C 231
SAB 80C537-N Q67120-C452 PL-CC-84 | CMOS, without ROM,

12 MHz 231
SAB 80C537-N- Q67120-C571 PL-CC-84 | CMOS, without ROM,
T40/110 12 MHz

ext.Temp.:—40to +110°C 231
SAB 80C537-N- Q67120-C484 | PL-CC-84 | CMOS, without ROM,
T40/85 16 MHz

ext.Temp.:—40to0 +85°C 231
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Summary of Types (cont'd)

Type Ordering Code | Package | Description Page
8-Bit Single-Chip Microcontrollers (cont'd)
SAB 83515-4-N Q67120-C525 | PL-CC-68 | 16K x 8 ROM 427
SAB 83515-4-N-T3 Q67120-C536 | PL-CC-68 | 16K x 8 ROM,

ext. Temp.:—40to +85°C 427
SAB 83515-4-N-T4 Q67120-C539 | PL-CC-68 | 16K x 8 ROM,

ext.Temp.:—40to +110°C 427
SAB 8352-5-16-N Q67120-C533 | PL-CC-44 | 32K x 8 ROM, 16 MHz 85
SAB 8352-5-16-P Q67120-C529 | P-DIP-40 | 32K x 8 ROM, 16 MHz 85
SAB 8352-5-16-P-T3 Q67120-C531 P-DIP-40 | 32K x 8 ROM, 16 MHz

ext. Temp.: 0to + 70 °C 85
SAB 8352-5-N Q67120-C524 | PL-CC-44 | 32K x 8 ROM 85
SAB 8352-5-P Q67120-C526 | P-DIP-40 | 32K x 8 ROM 85
16-Bit Single-Chip Microcontrollers
SAB 80C166-S Q67120-C493 | P-QFP-100 | without ROM 465
SAB 83C166-3S Q67120-C552 | P-QFP-100 | 8K x 8 ROM 465
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SIEMENS

8 Bit Single Chip Microcontroller

obsolescent Type

Extended Temperature Range: —40to+ 85°C

SAB 8048-P-T40/85
SAB 8048-P-T40/110
SAB 8035L-P-T40/85

1K x 8 ROM
64 x 8 RAM
27 1/0 Lines

Single 5 V Supply

-40to+110°C

8-Bit CPU, ROM, RAM, I/O in Single Package
8-Bit Internal Timer/Event Counter
Instructions 1 or 2 Cycles, 2.5 ps or 5.0 us Cycle Time
96 Instructions: 70 % Single Byte
Compatible with SAB 8080/8085 Peripherals

Mask Programmable ROM
Mask Programmable ROM
External ROM

2 Single Level Interrupts: Internal Timer/Counter and External

Power Down Mode: Standby Current for Internal RAM 15 mA

SAB 8035/8048

Pin Configuration
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Logic Symbol
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Crysml/LC{ Parallel
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P10-7 KB D P11/ ports
RESET ———»{ RESET# P20-7 P2
Single Step ———|SS#
External MEM——| EA RD # ———— Read
Interrupt  ——» INT# WR# ———» Write
Program Store
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Test J 1o PSEN# Enable
L—+ T1 ALE b———» Address Latch
Enable
Power down ———» Y/, PROG }———— Port Expander
Strobe
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SAB 8035/8048 Ext. Temp.

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

The SAB 8048 contains a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 1/0O
lines, and an 8-bit timer/counter in addition to on board oscillator and clock circuits.

For systems that require extra capability, the SAB 8048 can be expanded using standard
memories and SAB 8080/8085 peripherals. The SAB 8035L is the equivalent of an

SAB 8048 without program memory and can be used with external ROM and RAM.

These microcomputers are designed to be efficient controllers as well as arithmetic
processors. They have extensive bit handling capability as well as facilities for both
binary and BCD arithmetic. Efficient use of program memory results from a instruction set
consisting mostly of single byte instructions and no instructions over 2 bytes in length.
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SAB 8035/8048 Ext. Temp.

Pin Description

Symbol

Pin No.

e}

Function

To

1

1’0

Input pin testable using the conditional transfer instructions
JT0 and JNTO. To can be designated as a clock output using
ENTO CLK instruction

XTAL1,
XTAL2

2,3

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

RESET

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

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

INT

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

EA

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

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

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

10

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

ALE

11

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

DBo-DB7

12-19

/O

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

P20-P27

21-24
35-38

/0

8-Bit quasi-bidirectional I/O-Port.

P20-P23 contain the four high order program counter bits
during an external program memory fetch and serve as a 4-bit
1/O expander bus for SAB 8243

PROG

25

Output strobe for SAB 8243 |/O expander

P1o-P17

27-34

lle}

8-Bit quasi-bidirectional I/O-Port.

T1

39

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

40

5 V Main power supply

26

5 V Power Down Voltage

20

GND potential
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SAB 8035/8048 Ext. Temp.

Block Diagram
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SAB 8035/8048 Ext. Temp.

Functional Description

Program Memory

Program memory of SAB 8048 consists of 1024 words 8-bit wide 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
\ddress -
4095 63 |
1 1 MemoryBank 1 \
T T SEL MB1 Data Memory
32x 8 bit ‘
2068
2047 i
¥ - SELMBO ¥ |
> b~ 31 X |
Memory Bank0 Register Bank 1
1024 8 Register with 8 Bit directly | adressed
) 1023 —_R;gi_sf_eFR_‘l___ 71 laddress- | indirectly
o I e P = - = able through
5 5 ¥ 24 | Register RO RO or R1
g 23 |
T3 Ti | Counter |
€ imer / Cou 1
gg 7 ‘_Inrerrupf 8Lewel Stack }
E @
am 8
=D 7 : 1
€l g External Register Bank 0 |
8 Interrupt 8 Register with 8 Bit idirectly
= === === = address-
' | Register R __ 1 aple
¥ ofrfefs[al3 21 c]eRESET o L_Register R0 | ,,__
MCA00004 MCA00005
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SAB 8035/8048 Ext. Temp.

Timer/Counter

The internal 8-bit binary up-counter can be used to count external events and to generate
accurate time delays. The increment from maximum count FF to 00 (overflow) results in the
setting of an overflow flag flip-flop and in the generation of interrupt request if the interrupt
is enabled.

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

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

Interrupts

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

Input/Output

The SAB 8048 has 27 lines which can be used for I/O 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 I/O devices. The three pins TO, 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

CcY 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

- 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.

Instruction Set

Mnemonic Function Description Hex Flag Bytes |Cycles
Code
Accumulator and Register Move Instructions
MOV A Rr (Rr) - A Move Register F8-FF 1 1
Contents
MOV A @Rr |[((Rn))—- 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 A8-AF 1 1
to Register
MOV  @Rr,A |[(A)- (Rr) Move Accumulator Contents AO-A1 1 1
to Data Memory
MOV  Rr, Data - Rr Move Immediate Data to B8-BF 2 2
# Data Register
MOV @ Rr, Data - (Rr) Move Immediate Data to B0-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 |[((Rn)o3« (A)os Exchange Accumulator 30-31 1 1
and Data Memory
4-Bit Data
MOVP3 A,@A | (PV)save Move Page 3 Data to E3 1 2
(A) » PCo7 Accumulator
011 - PCs-11
((PC)) - A
PC restor
MOVP A @A (PC) save Move Current Page Data A3 1 2
(A) » PCo7 to Accumulator
((PC)) » A
PC restor
SWAP A (A)o3 & (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  T,A (A>T Move Accumulator Contents 62 1 1
to Timer/Counter
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Mnemonic Function Description Hex Flag Bytes | Cycles
Code
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 1 or2
ANL Pr, (Pr) A Data - Pr Logical AND Port 1-2 with 99-9A 2 2
# Data Immediate Mask
ORL Pr, (Pr) v Data - Pr Logical OR Port 1-2 with 89-8A 2 2
# Data 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 (PpP) — Ao-3 Move Port 4-7 Port4 | 0C 1 2
0- As7 of SAB 8243 50D 1 2
to Accumulator 6| OE 1 2
7|0F 1 2
MOVD Pp, A (A)o3 - Pp Move Accumulator Port4|3C 1 2
to Port 4-7 5|3D 1 2
of SAB 8243 6| 3E 1 2
7|3F 1 2
ANLD Pp, A (A)o3 A (Pp) - Pp Logical AND Port4|9C 1 2
Port 4-7 of 5(9D 1 2
SAB 8243 with 6| 9E 1 2
Accumulator Mask 7|9F 1 2
ORLD Pp, A (Ayo-av (Pp) » PP | Logical OR Port 4 | 8C 1 2
Port 4-7 of 5|8D 1 2
SAB 8243 with 6| 8E 1 2
Accumulator Mask 7| 8F 1 2
Arithmetic Accumulator Instructions
ADD A Rr (A) + (Rr) - A Add Register Contents 68-6F |AC,CY |1 1
to Accumulator
ADD A, @Rr [(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, 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
- A Contents to Accumulator 71
ADDC A, #Data | (A) + Data + (CY) |Add Carry and Immediate 13 AC,CY |2 2
- A Data to Accumulator

Mnemonics © Intel Corporation, USA.
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Mnemonic Function Description Hex Flag Bytes |Cycles
Code
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 (R) +1 - Rr Increment Register 18-1F 1 1
DEC Rr (R)—1->Rr Decrement Register C8-CF 1 1
INC @ R ((R)) +1 > (RY) Increment Data Memory 10-11 1 1
Location
DJINZ Ry, Adr (R)—1->Rr Decrement Register and E8-EF 2 2
if (Rr)=0 Test Register if Zero
Adr - PCo-7
Logical Accumulator and Register Instructions
ANL A, Rr (A~ (Rr) > A Logical AND Accumulator 58-5F 1 1
with Register Mask
ANL A, @Rr [ (A)A((R))—>A Logical AND Accumulator 50 1 1
with Memory Mask 51
ANL A, # Data | (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 [(Av((R)=A Logical OR Accumulator 40 1 1
with Memory Mask 41
ORL A, # Data | (A) v Data - A Logical OR Accumulator 43 2 2
with Immediate Mask
XRL A, Rr (A)»(Rr) > A Logical XOR Accumulator D8-DF 1 1
with Register Mask
XRL A, @Rr |[(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 CcY 1 1
(A7) - CY through Carry
(CY) - Ao
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
(Ao) » CY through Carry
(CY) —» A7
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SAB 8035/8048 Ext. Temp.

Mnemonic Function Description Hex Flag Bytes | Cycles
Code
Flag Instructions
CLR (o} 0-CY Clear Carry Bit 97 cY 1 1
CPL C (CY) - CY Complement Carry Bit A7 CcY 1 1
CLR FO 0 FO Clear Flag 0 85 1 1
CPL FO (F0) - 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 Adr Adro-7 - PCo-7 Direct Jump Page 0| 04 2 2
Adrs-10 —» PCs-10 within 2K-Block 1124 2 2
DBF - PC11 2|44 2 2
3|64 2 2
4|84 2 2
5| A4 2 2
6|C4 2 2
7| E4 2 2
JMPP @A ((A)) » PCo-7 Indirect Jump within B3 1 2
Page
JC Adr If (CY) =1 Jump if Carry is set Fé 2 2
Adr —» PCo-7
JNC Adr If (CY)=0 Jump if Carry is not set E6 2 2
Adr - PCo-7
JZ Adr If (A)=0 Jump if Accumulator is Zero Cé6 2 2
Adr —» PCo-7
JNZ Adr If (A) =0 Jump if Accumulator is 96 2 2
Adr —» PCo-7 not Zero
JT0 Adr IfTO =1 Jump if Test 0 is High 36 2 2
Adr - PCo-7
JNTO  Adr fTO=0 Jump if Test 0 is Low 26 2 2
Adr - PCo-7
JT1 Adr fT1=1 Jump if Test 1 is High 56 2 2
Adr - PCo-7
JNT1 Adr fT1=0 Jump if Test 1 is Low 46 2 2
Adr - PCo-7
JFO Adr If FO =1 Jump if Flag 0 is set B6 2 2
Adr - PCo-7
JF1 Adr fF1 =1 Jump if Flag 1 is set 76 2 2
Adr - PCo-7
JTF Adr fTF=1 Jump if Timer Flag is set 16 TF 2 2
Adr - PCo-7
0-TF
JNI Adr If INIT =0 Jump if Interrupt input 86 2 2
Adr - PCo-7 is Low
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SAB 8035/8048 Ext. Temp.

Mnemonic Function Description Hex Flag Bytes | Cycles
Code
JBn Adr IfBitn=1 Jump if
Adr - PCo-7 Accumulator Bit n
is set n=0|12 2 2
1132 2 2
2|52 2 2
3|72 2 2
4192 2 2
5|B2 2 2
6| D2 2 2
7| F2 2 2
Subroutine Instructions
CALL  Adr (PCo-11, PSW) Subroutine
- (SP) Call Page 0 | 14 2 2
(SP) +1 > SP 134 2 2
Adro-7 — PCo-7 2|54 2 2
Adrs-10 - PCs-10 3|74 2 2
DBF - PC11 4194 2 2
5|B4 2 2
6| D4 2 2
7| F4 2 2
RET (SP)-1-8SP 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)) - PSWa4-—7
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 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 8035/8048 Ext. Temp.

Absolute Maximum Ratings"

Ambient Temperature Under Bias —40 to+ 85 °C for T40/85
—40 to+ 110 °C for T40/110

Storage Temperature -65 to+125°C

Voltage On Any Pin With Respect

to Ground -05to+ 7V

Power Dissipation 1.5W

D.C. and Operating Characteristics

Vee=Voo=+5V+10%; Vss=0V; Ta—40to+ 85 °C for T40/85
Ta—40 to + 110 °C for T40/110

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

ViL Input Low Voltage -05 |- 0.8 \ -
(All Except RESET, XTAL1, XTAL2)

Vit Input Low Voltage -05 |- 0.6 \Y -
(RESET, XTAL1, XTAL2)

ViH Input High Voltage 2.0 - Vee \" -
(All Except XTAL1, XTAL2, RESET)

VIH1 Input High Voltage 3.8 - Vee \Y -
(XTAL1, XTAL2, RESET)

VoL Output Low Voltage (BUS) - - 045 |V IoL=2.0 mA

VoL Output Low Voltage - - 045 |V loL=18 mA
(RD, WR, PSEN, ALE)

VoL2 Output Low Voltage (PROG) - - 045 |V Jor=1.0 mA

voLs Output Low Voltage - - 045 |V joL=1.6 mA
(All Other Outputs)

VOH Output High Voltage (BUS) 2.4 - - " IoH = 400 pA

VOH1 Output High Voltage 2.4 - - \Y IoH = 100 uA
(RD, WR, PSEN, ALE)

VOH2 Output High Voltage 24 - - \ IoH = 40 uA
(All Other Outputs)

L Input Leakage Current - - +10 | pA Vss < VIN < Voe
(T1, INT)

It Input Leakage Current - - -500 |pA Vss +0.45 < VIN < Ve
(P10-P17, P20-P27, EA, SS)

IL0 Output Leakage Current (BUS, TO) - - +10 pA vss + 0.45 < VIN < Vce
(High Impedance State)

10D vob Supply Current - 5 15 mA -

10D + Icc | Total Supply Current - 60 135 mA -

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 8035/8048 Ext. Temp.

A.C. Characteristics

Vee=Voo=+5V+10%; Vss=0V; Ta—-40to + 85 °C for T40/85
Ta—40to + 110 °C for T40/110

Symbol | Parameter Limit Values Unit Test Conditions
min. max.
IR ALE Pulse Width 400 - ns -
taL Address Setup to ALE 120 - ns -
LA Address Hold from ALE 80 - ns -
fcc Control Pulse Width 700 - ns -
(PSEN, RD, WR)
fow Data Setup before WR 500 - ns -
two Data Hold After WR 120 - ns CL=20 pF
ey Cycle Time 25 15.0 s 6 MHz Crystal =2.5 us
IoR Data Hold 0 200 ns -
tRD PSEN, RD to Data In - 500 ns -
taw Address Setup to WR 230 - ns -
tap Address Setup to Data In - 950 ns -
tarc 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
S - fCY |
h —
ALE
fEC
— farcf=— tea b=—

PSEN#

—=1fa — It

fAL o
Bus Floating Address, Floating Instructio Floating

L— tro —= MCT00006
————tyy ——
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SAB 8035/8048 Ext. Temp.

Write to External Data Memory

| m f[(: ——f-— f(A —
WR#
— hﬂD -
‘ fow =
Bus Floating Address X Flc;ufing Data Floating
| |
l !

MCT00007

‘ Faw \

Read From External Data Memory

ALE _J—__Y _——L

e b ety

taec i“ —=ifpp =

Bus Floating Address Floating Data Floating
L_ - tao MCT00008
! tao
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SAB 8035/8048 Ext. Temp.

A.C. Characteristics (Port 2 Timing)

Vec=Voo=+5V+10%;Vss=0V; Ta—40to + 85 °C for T40/85
Ta—40to + 110 °C for T40/110

Symbol | Parameter Limit Values Unit
min. max.
fcp Port Control Setup Before Falling Edge of PROG 110 - ns
trc Port Control Hold After Falling Edge of PROG 100 - ns
teR PROG to Time P2 Input Must Be Valid - 810 ns
tPF Input Data Hold Time 0 150 ns
fop Output Data Setup Time 250 - ns
tro Output Data Hold Time 65 - ns
tep PROG Pulse Width 1200 - ns
trL Port 2 1/0 Data Setup 350 - ns
e Port 2 I/O Data Hold 150 - ns

———]

ALE _/———\

for _|he

| ——— . r__m_’ ——
oP
Expander Port 2\
Port PCH Data 0-3 Port Control X' Output Data
Output ¥
- ’[P ,PR

Expander Port2, \/- (Input
Port PCH >< i 0~BXPortEontrol oot
Input ara .

mps

,_. —— fPP [

PROG

MCT00009
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SAB 8035/8048 Ext. Temp.

Connecting the Oscillator Inputs

1

m— YLt
=0 S

|

I

15-15pF
I ’ M) Mo

Crystal series resistance should be Both XTAL1 and XTAL2 should be driven.

<750at6 MHz and <1800 at 3.6 MHz. Resistors to Vcc are needed to ensure ViH = 3.8 V if

TTL circuitry is used.

XTAL1 and XTAL2 must be high 35-65 % of the
XIAL period.

L
+ L——-l—iXTALl

S

o oG8 Cre
T 2xVIC - 2

Cpp = 5-10 pF pin-to-pin capacitance

Ordering Information

Type Ordering code Function

8 Bit Single-Chip-Microcomputer

SAB 8048-P-T40/85 | Q67120-C133 with maskprogrammable ROM (Plastic)
SAB 8048-P-T40/110 | Q67120-C162 with maskprogrammable ROM (Plastic)
SAB 8035L-P-T40/85 | Q67120-C140 with external ROM (Plastic)
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SIEMENS

8-Bit Single-Chip Microcontroller SAB 80512K
ROM-less Version

Obsolescent Type

Additional bus interface for external memory

128 x 8 RAM

Full upward compatibility to SAB 8051A/8031A

Seven 8-bit ports

Two 16-bit timer/event counters

High-performance full-duplex serial channel with dedicated baud rate generator
Six interrupt sources (2 external, 4 internal), two priority levels progammable
8-bit A/D converter with eight multiplexed inputs, reference voltages externally
adjustable

Boolean processor

1 ws instruction cycle time (at 12 MHz oscillator frequency)

4 ps multiply and divide (at 12 MHz oscillator frequency)

External program and data memory expandable to 64 Kbyte each

Pin grid array package, 88 pins (C-PGA-88)

Logic Symbol
Port 6 (:> <:>P°" 0
8 Bit 8 Bit
Port 1
Viree = <‘|:_—_‘J>8 Bit
AT — <;_—_:>Port2
8 Bit
" SAB
80512K <:>Porf3
Voo 8 Bit
EA# <\—r::>PorM
8 Bit
#
RESET <:‘>P°”v5
VeelsV) 8 Bit
ALE
VSS
PSEN #
PSENE #
@ADO—AD”
12 Bit

MCL 00062
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SAB 80512K

Ordering Information

Type

Ordering code

Function

SAB 80512K-A

Q67120-C333

8-bit single-chip microcontroller
ROM-less version

The SAB 80512K is a ROM-less version of the 8-bit microcontroller SAB 80512. It
contains an additional bus interface to connect an external program memory in place of
the SAB 80512's on-chip ROM.Thereby,the SAB 80512K maintains the full I/O capability
of the 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. The SAB 80512K is
fabricated in + 5 V advanced N-channel, silicon gate Siemens MYMOS technology,

and supplied as pin grid array with 88 pins (C-PGA-88).
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SIEMENS

8-Bit Single-Chip Microcontroller SAB 80512/80532
Obsolescent Type

SAB 80512-N Microcontroller with factory-maskprogrammable ROM

SAB 80532-N Microcontroller for external ROM

4 K 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)
® 4 us 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 Logic Symbol
Voo Ve
, [ ]
RESE:; 10 ngiTm?,j;\ <‘:,,,,::> BPUEIO
Vaono Vatr - - -
v  — K
P6S Veo <: :’> PORT 2
P64 — _bi
= G e sae [T
P61 SAB 80512/ 80532 pea# REsET# ————| 80512 | oot
7] DALE > PORT &
ST e — o
x y 47 I — PORT §
i boos o (S— L
P34/TO pP2. L~ ALE
P35/T10{26 LpP23 I ~  PSEN
2

MpooDSL

MCLO00SS

PIGIWR#ON
P37/ RO #

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 incorporates
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 used as digital inputs),
an own baud rate generator for the serial interface and two more I/O 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 + 5 V advanced N-channel, silicon gate MYMOS
technology of Siemens and supplied in a PL-CC-68 package. 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-P4.7

1-3, 5-9

/0

Port 4 is an 8-bit quasi-bidirectional I/O port with internal pullup
resistors. Port 4 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 4 pins being externally pulled low will
source current (71L, on the DC characteristics) because of the
internal pullup resistors.

VeD

Power down supply voltage. If vrp is held within its specifications
while vce drops below the specification, vep will providestandby
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 vce, when vep is low.

RESET

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 Vss.

V AREF

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 analog inputs of the A/D
converter, simultaneously.

P3.0-P3.7

21-28

110

Port 3 is an 8-bit bidirectional 1/0 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 (71L, on the DC characteristics) because of the internal

pullup resistors. 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. 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 O gate control input

— INT1 (P3.3): interrupt 1 input/timer 1 gate controi

— 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 80512/80532

Pin Definitions and Functions (cont'd)

Symbol

Pin

Input (I)
Output (O)

Function

P1.7-P1.0

29-36

/10

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 (71,0n the DC characteristics) because of the
internal pullup resistors. The port is also used for the low order
address byte during program verification.

VBB

37

Substrate pin. Must be connected to Vsswith a capacitor
(100 nF to 1000 nF) for proper operation of the A/D converter.

XTAL2
XTAL1

39
40

XTAL2

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 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

110

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 (/ 1L, 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.

PSEN

49

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

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) Function
Output (O)

EA 51 | When held at a TTL high level, the SAB 80512 executes
instructions from the internal ROM when the PC is less than
4096. When heid at a 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 /10 Port 0 is an 8-bit open drain bidirectional I/O 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. External pullup resistors are required during program
verification.

P5.7-P5.0 60-67 1/0 Port 5 is an 8-bit bidirectional /O 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 (71L, on the DC characteristics) because of the
internal pullup resistors.

vee 68 - Supply voltage during normal operation and program verification.

vss a8 - Ground (0 V)
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SAB 80512/80532

Block Diagram
XTAL1 XTAL2 Vo
S A !
I |
I - 40x8 I
| 0SC&Timing | | _ """ 7 _ ROM |
I RAM LKx8 |
RESET #———ll + + 88x8 l
ALE
| | ' Port 0
PSEN # ~=—o CPU PO T——-ja_b”
EAH —=] I
I |
|
Port 1
| P1 — | )
| Timer 0 I 8-bit
I |
i { Port 2
P2 - | ort
| Timer 1 i 8-bit
|
| |
| ! Port 3
| o P3 L =—=1g bit
| erial Port l
' |
! * L Port &
‘ Baud Rate Ph | =—= 13 bit
I Generator I
| |
|
Port 6 | Port S
8-bit = — P6 P> -i = I g-bit
| i
| |
VBB——————Il AN MUX | S&H ot :
' A/D I
Vi rer t l
|
Vasno 1 |
| |
S R —1 McB o006
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SAB 80512/80532

Functional Description

The SAB 80512/80532 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:

. — bit A/D converter with adjustable reference voltage

— 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 (Vro), 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 (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 Vaanp and Varer adjustable in a wide range. A compressed reference
voltage range allows to increase the resolution of the converted analog input. The lower
reference voltage (Vaanp) can be varied within Vss — 0.2 V and 4 V, the higher (Varer)
within 1 V and Vcc + 5%. For proper operation of the A/D converter a minimum of 1 V
difference is required between the external voltages:

(Vss— 0.2 V) < Vaano < (VAREF — 1 V)

(Vaanp + 1 V) < Varer < (Vee + 5%)

Special Function Register

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 /O ports and one 8-bit input port. Port 0 is an open-drain
bidirectional I/O port, while ports 1 to 5 are quasi-bidirectional 1/0O 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.
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SAB 80512/80532

Block Diagram of A/D Converter
I-Bus
P6 (DBH)
il_. P67 ’ P6.6J P65 1 P6L \ P63 ‘ P62 ‘ P61 1 P60 ':—»
| BD l ‘ BSY ‘ADM lmxz ] MX1 ‘MW‘:
7 6 5 ! 3 T 0
ADDAT (D9H)
f——‘———’ MUX " 0
ANO-7 1
S&H A/D 2
3
R
Varer Converter c
VaGnD ¢
Veg I——7—
‘__:_—'.____
DAPR (DAH)
Write to DAPRE:: :I ]
|-Bus
MCB00057
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SAB 80512/80532

Special 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 -
0AOH 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 Interrupt Request Control yes
O0DOH 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 -
ODBH 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 iDescription Bﬂe | 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 Adirect Subtract direct byte from A with borrow 2 1
SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1
SuUBB 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 #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

Instruction Set Summary (cont'd)

Mnemonic Description Byte |Cycle
ANL direct,#data AND immediate data to direct byte 3 1
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 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 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 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
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 7 A,Rn Excha?]ge register with accumulator o 1 1 o
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 80512/80532

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
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
CJNE Rn,#data,rel Comp. immed. to reg. and jump if not equal 3 2
CJNE @Ri,#data,rel | Comp. immed. to ind. and jump if not equal 3 2
DJNZ Rn,rel Decrement register and jump if not zero 2 2
DJINZ direct,rel Decrement direct byte and jump if not zero 3 2
NOP No operation 1 1
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Notes on data addressing modes:

Rn — Working register R0-R7

direct — 128 internal RAM locations, 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 constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

Notes on program addressing modes:

addr 16  — Destination address for LCALL and LJMP 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.

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.

All mnemonics copyrighted © Intel Corporation 1979
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SAB 80512/80532

Instruction Op Codes in Hexadecimal Order

Hex Number | Mnemonic | Operands Hex Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 34 2 ADDC A #data
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 ARO
05 2 INC direct 39 1 ADDC AR1
06 1 INC @RO0 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 AR6
0B 1 INC R3 3F 1 ADDC AR7
0C 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 #data
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 @R0 4A 1 ORL AR2
17 1 DEC @R1 4B 1 ORL AR3
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 AR7
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 #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 AR2
27 1 ADD A@RT 5B 1 ANL AR3
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 AR7
2C 1 ADD A,R4 60 2 Jz rel

2D 1 ADD A,R5 61 2 AJMP addr. 11
2E 1 ADD A,R6 62 2 XRL direct,A
2F 1 ADD AR7 63 3 XRL direct,#data
30 3 JNB bit rel 64 2 XRL A #data
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 Hexadecimal Order

Hex Number | Mnemonic | Operands Hex Number | Mnemonic | Operands
code | of bytes code | of bytes

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

69 1 XRL A R1 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 AR4 AO 2 ORL A,bit #

6D 1 XRL AR5 Al 2 AJMP addr. 11

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

6F 1 XRL AR7 A3 1 INC DPTR

70 2 JNZ rel Ad 1 MUL AB

71 2 ACALL addr. 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 #data 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,#data AF 2 MOV R7,direct
7C 2 MOV R4 #data BO 2 ANL C,/bit

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

7E 2 MOV R6 #data B2 2 CPL bit

7F 2 MOV R7 #data B3 1 CPL C

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

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

8E 2 MOV direct,R6 c2 2 CLR bit

8F 2 MOV direct R7 C3 1 CLR ]

90 3 MOV DPTR,#data 16 C4 1 SWAP A

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

92 2 MOV bit,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 ARO

95 2 SUBB A, direct C9 1 XCH AR1

96 1 SUBB A,@RO CA 1 XCH AR2

97 1 SUBB A@R1 CcB 1 XCH AR3

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

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 80512/80532

Instruction Op Codes in Hexadecimal Order

Hex Number | Mnemonic | Operands
code | of bytes

Do 2 POP direct
D1 2 ACALL addr. 11
D2 2 SETB bit

D3 1 SETB C

D4 1 DA A

D5 3 DJNZ direct,rel
D6 1 XCHD A,@R0
D7 1 XCHD A@R1
D8 2 DJNZ RO, rel
D9 2 DJNZ R1,rel
DA 2 DJNZ R2,rel
DB 2 DJNZ R3,rel
DC 2 DJNZ R4,rel
DD 2 DJINZ R5,rel
DE 2 DJINZ R6,rel
DF 2 DJNZ R7,rel
EO 1 MOVX A,@DPTR
E1 2 AJMP addr. 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 ARO
E9 1 MOV AR1

EA 1 MOV AR2
EB 1 MOV AR3
EC 1 MOV A R4
ED 1 MOV AR5
EE 1 MOV AR6
EF 1 MOV A,R7

FO 1 MOVX @DPTR,A
F1 2 ACALL addr. 11
F2 1 MOVX @RO0,A
F3 1 MOVX @R1,A
F4 1 CPL A

F5 2 MOV direct,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 80512/80532

Absolute Maximum Ratings

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) -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;
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 -05 0.8 Vv -
VIH Input high voltage 2.0 vee +0,5| V -
(except RESET and XTAL2)
ViIH1 Input high voltage to XTAL2 25 vee +0.5| V XTAL1 to vss
Vike Input high voltage to RESET 3.0 - % -
VPD Power-down voltage 3 5.5 \ vec=0V
VoL Output low voltage, ports 1, 2, 3, 4,5 - 0.45 \ IoL=1.6 mA
VoLt Output low voltage, port 0, ALE, PSEN - 0.45 v JoL=3.2mA
VOH Output high voltage, ports 1, 2, 3, 4, 5 2.4 - \Y IIoH = — 80 uA
VOH1 Output high voltage, port 0, ALE, PSEN 2.4 - \Y; JoH = — 400 pA
s Logic 0 input current, ports 1, 2, 3, 4, 5 - - 500 uA ViL=0.45V
li2 Logic 0 input current, XTAL2 - -25 mA XTAL1 = vss
ViL=0.45V
13 Input low current to RESET for reset - - 500 nA ViL=0.45V
Iu Input leakage current to port 0, EA - +10 uA 0V<vin<Vece
icc Power supply current - 175 mA all outputs
SAB 80512/80532 disconnected
SAB 80512/80532-T40/85
1PD Power-down current - 3 mA vee=0V
cio Capacitance of I/O buffer - 10 pF fe=1MHz
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SAB 80512/80532

A/D Converter Characteristics

Vec=5V+10%; Vss=0V;
(Vss — 0.2 V) < Vaanp < (Varer— 1 V); (Vaeno +1 V) < Varer< (Vee +5%);

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. typ. max.
VAINPUT | Analog input voltage VAGND - VAREF \" -
-02 +0.2
Ci Analog input capacitance - 25 70 pF
n Load time - - 2 fey us 1)
ts Sample time (incl. load time) - - 5 tey us
fc Conversion time - - 15 fey us
(incl. sample time)
DNLE Differential non-linearity - +1/4 +1/2
INLE Integral non-linearity - +1/4 +1/2 VAREF =VcCC
Offset error - +1/4 +1/2 LB VAGND = V8s
Gain error - +1/4 +1/2
TUE Total unadjusted error - +1 +1/2 1)2)
IREF VAREF 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 (C1) during load time (#.). After charging of the internal capacitance (C1) in the load time (1)

the analog input must be held constant for the rest of the sample time (fs).

2) The differential impedance rp of the analog reference voltage source must be less than 1 ka at
reference supply voltage.
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SAB 80512/80532

AC Characteristics

Vee=5V+10%; Vss=0V

Ta=0to 70°C for SAB 80512/80532

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

(Cifor 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/ fere = 1.2 MHz to 12 MHz
min. max. min. max.
tey Cycle time 1000 - 12 ool - ns
ILHLL ALE pulse width 127 - 2oL - 40 | — ns
[Z\IR Address setup to ALE 53 - toel - 30 - ns
ILLAX Address hold after ALE 48 - teel - 35 - ns
nv Address to valid instr in - 233 - 4 tcieL - 100 | ns
fupe ALE to PSEN 58 - fcieL - 25 - ns
IPLPH PSEN pulse width 215 - 3tccL-35 | — ns
trLv PSEN to valid instr in - 150 - 3 fotel - 100 | ns
tPxix Input instruction hold after PSEN | 0 - 0 - ns
trxiz*) Input instruction float after PSEN | — 63 - tolcl - 20 ns
texav*) | Address valid after PSEN 75 - foloL - 8 - ns
taviv Address to valid instr in - 302 - 5tciel - 115 | ns
tazpL Address float to PSEN 0 - 0 - ns

*) Interfacing the SAB 80512 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 Data Memory Characteristics

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

IRLRH RD pulse width 400 - 6iclcL—100 |- ns
FWHLH WR pulse width 400 - 6 fcicL— 100 | — ns
fLLAx2 Address hold after ALE 132 - 2 fcreL— 35 - ns
tRLDV RD to valid data in - 250 - 5fcoL—165 | ns
[RHDX Data hold after RD 0 - 0 - ns
tRHDZ Data float after RD - 97 - 2fclel—70 | ns
fLov ALE to valid data in - 517 - 8 fclct— 150 | ns
tavov Address to valid data in - 585 - 9 fcLcL— 165 | ns
fuwe ALE to WR or RD 200 300 3folcL—50 | 3fcoL+50 | ns
tavwL Address to WR or RD 203 - 4 foiel—130 |- ns
FWHLH WR or RD high to ALE high 43 123 foLcL— 40 foLcL + 40 ns
favwx Data valid to WR transition 33 - feLeL — 50 - ns
favwH Data setup before WR 433 - 7 tecL—150 | — ns
fwHax Data hold after WR 33 - toLcL— 50 - ns
IRLAZ Address float after RD - 0 - 0 ns
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[External Clock Drive XTAL2

Symbol Parameter Limit Values Unit

Variable clock
Freq. = 1.2 MHz to 12 MHz

fclel Oscillator period 83.3 833.3 ns
fcHex High time 20 tcieL — tolex ns
fciek Low time 20 tcLeL — feHex ns
fcieH Rise time - 20 ns
fcHeL Fall time - 20 ns

External Clock Cycle

fCH(L
——

MCT 00025

AC Testing Input, Output, Float Waveforms

2.4 70 20
Test Points
0is 08 08
——— Flogt ———————~
20 2.4
0.8 0.45

MCA 00024

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

Timing measurements are made at 2.0 V for a logic "1" and at 0.8 V 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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ROM Verification Characteristics
Ta=25C+5°C;Vec=5V+10%; Vss =0V

Limit Values
Symbol Parameter min. max. Unit
tavav Address to valid data - 48 tceL ns
teLav ENABLE to valid data - 48 foLcL ns
teHaz Data float after ENABLE 0 48 fcLeL ns
1/tcLeL Oscillator frequency 4 6 MHz

ROM Verification

P1.0-P17

—————{ Address
P2.0- P23 ) <
- fvavf=—
\
Port0 ~——————— Data OUT
_
feLav fenaz
P27 \
ENABLE# MCD 00020
Data : P1.0-P1.7 = A0-A7 Inputs: P2.4-P2.6,PSEN = Vss
P2.0-P2.3 = A8-A11 ALE, EA = Vm
Port 0 = DO-D7 RESET =V
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Waveforms
Program Memory Read Cycle
| f[Y '
tnw —=—t v ]
f
ALE LLPL
=~ fplpn —
PSEN# / _\ / \
Faxih Foxav
foLiv :1 Foxiz
faviL I~ Fazp1 |- Foxix
Port 0 - A0-A7 lnsfr.[N> AO-A7 )——C
I Faviv
—
Port 2 x Address A8-A15 y Address A8 -A15
\
MCD00058
Data Memory Read Cycle
= FwHLH
oy
ALE [/ N\
PSEN# /
- L t rirH
RO # \ (
fAv\;.lL - rQHDZ
flaxa "ty —1
favoy Friox -1
/ \
Port 0 A7-A0 Data IN
N /
Faraz =
Port2 X Address A15-A8 or SFR-P2
N_
MCT 00059
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80512/80532

Program Memory Write Cycle

ALE / \

Siemens Aktiengesellschaft

PSEN# /
=t Futwn
WR# X
W A
— favuL ‘—‘L‘f
VWX
Frm| ,
f(}\/WH WHAX
4 A0-A7 from
Data OUT
P°”D_<\ R! or DPL i
/
Port 2 P2.0-P2.7 or AB-A15 from DPH
\ MCT 00060
Recommended Oscillator Circuits

c

It S0y ALY S0l ALt

! +5V [

, =
Tr2-12MHz b7k
C 1
i BNy1aL2 0 [ Bl ytac2
7404
TLLSO4 MCS00061
C=30pF +10pF
Crystal Oscillator Mode Oriving from External Source
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SAB 80512/80532

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 microcontrolier 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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SIEMENS

8-Bit Single Chip Microcontroller SAB 80513/80513-16
SAB 8352-5/8352-5-16

Preliminary Data

SAB 80513/80513-16 Microcontrolier with 16 Kbyte ROM (12 MHz/16 MHz)
SAB 8352-5/8352-5-16  Microcontroller with 32 Kbyte ROM (12 MHz/16 MHz)

16 Kx8 ROM (SAB 80513)

32 Kx 8 ROM (SAB 8352-5)

256 X 8 RAM

Four 8-bit I/O ports

Three 16-bit timer/event counters

High performance full-duplex serial channel with flexible transmit/receive baud rate
capability

Six interrupt vectors, two priority levels are programmable
Boolean processor

Most instructions execute in 1 us (750 ns)

4 us (3 ps) multiply and divide

External memory expandable up to 128 Kbytes

Fully backward compatible to SAB 8051A and SAB 8052A/B
Package: P-DIP-40 and PL-CC-44

Two temperature ranges available

- 0to70 C

- T3:-40t085°C

The SAB 80513 and SAB 8352-5 are new members of the Siemens SAB 8051 family of
8-bit microcontrollers. They are fabricated in N-channel, silicon-gate Siemens MYMOS
technology.

The SAB 80513 and the SAB 8352-5 are stand-alone, high-performance, single chip
microcontrollers based on the SAB 8051 architecture. Both devices maintain all features
of the SAB 8051A and SAB 8052A/B (including Timer 2 of the SAB 8052A/B) and thus are
fully compatible to both the SAB 8051A and SAB 8052A/B.

In addition, the SAB 80513 contains 16 Kbytes of on-chip ROM; the SAB 8352-5 contains
32 Kbyte of on-chip ROM. This feature makes very cost-effective microcontrollers for
applications requiring more ROM space.

Furthermore, both parts contain 256-byte on-chip RAM, four 8-bit ports, a powerful
interrupt structure with six vectors and two programmable priority levels, a serial interface
as well as on-chip oscillator and clock circuitry.

Both parts are available in a 12 MHz version and in a 16 MHz version which offers an
additional performance increase of 33 %.

The SAB 80513 and the SAB 8352-5 are 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.

The parts are available for standard temperature range (0 to 70 °C) and extended
temperature range (T3: — 40 to 85 °C).
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Ordering Information

Type Ordering code | Package | Function
(8-bit single-chip microcontroller)

SAB 80513-P Q67120-C383 P-DIP-40 | with 16-KByte mask-programmable
ROM

SAB 80513-N Q67120-C384 PL-CC-44 | with 16-KByte mask-programmable
ROM

SAB 80513-16-P Q67120-C441 P-DIP-40 | with 16-KByte mask-programmable
ROM, 16 MHz

SAB 80513-16-N Q67120-C443 PL-CC-44 | with 16-KByte mask-programmable
ROM, 16 MHz

SAB 80513-16-P-T3 | Q67120-C506 P-DIP-40 | with 16-KByte mask-programmable
ROM, 16 MHz, ext. Temp.

SAB 8352-5-P Q67120-C526 P-DIP-40 | with 32-KByte mask-programmable
ROM

SAB 8352-5-N Q67120-C524 PL-CC-44 | with 32-KByte mask-programmable
ROM

SAB 8352-5-16-P Q67120-C529 P-DIP-40 | with 32-KByte mask-programmable

DNM 418 MH-
iUV, 10 vini&

SAB 8352-5-16-N Q67120-C533 | PL-CC-44 | with 32-KByte mask-programmable
ROM, 16 MHz

SAB 8352-5-16-P-T3 | Q67120-C531 P-DIP-40 | with 32-KByte mask-programmable
ROM, 16 MHz, ext. Temp.
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Pin Configuration -
P-DIP-40 T2/1.0]1 80[Vee
T2EX/1.1[]2 39[]P0.0/AD0O
P1.2[]3 38[]P0.1/AD1
P3[4 37[]P0.2/AD2
P14[]S 36 []P0.3/AD3
P15[]6 35[]P0.4/AD4&
P16 []7 34{]P0.5/AD5
P1.7[]8 33[]P0.6/AD6
RST/Vep [9 32[]P0.7/AD7
RxD/P30[]10 SAB 31[]eA#
Txo/p31[]11 80513/ 30[JALE
romp3 2|1z 8352-5 29[lpsen#
INT1#/P33[]13 28 []P2.7/A15
T0/P34 [ 14 27[]P2.6/A14
T1/P35[]15 26[]P2.5/A13
WR#/P36[]16 25[]P2.4/A12
RD#/P3.7[|17 26[]P2.3/A11
XTAL 2[] 18 23[]P2.2/A10
XTAL1[]19 22[]P211A9
Vss [ 20 21[]P20/n8
MCP00743
PL-CC-44 S oo 2o a3
SRS T <<%
+ MmN =S S =& ®
saaaaz¥ieese
iminleolcslelicslicleclsEnle]
6 5 & 3 2 1 bb 43 42 4140
P1sQ7 O 39[0P0.4/ADL
1608 38[1P0.5/ADS
P1709 37[1P0.6/AD6
RST/Vep [10 36[1P0.7/AD7
RxD/P300M 35[IEA#
x0/P30g SAB 80513/8352-5 "
N.C.O12 3L[IN.C
Tx0/P31013 33[JALE
INTO#/P32[]14 32[IPSEN#
INT1#/P33015 31[P27/A15
T0/P34[]16 30 [1P2.6/A 14
T1/P35017 29 [1P25/A13
18 19 20 21 22 23 24 25 26 27 28
| S0 WS NS R N L D [ D Ry N 6 g e |
VSN T g o TN M
m m g X , N N N N N
T e g2 Taaaga
" B X< X = g S o
g 2 < < T MCPO0T7hb

Siemens Aktiengesellschaft 87



SAB 80513/8352-5

Logic Symbol
Vee— [ -
Vee —— —— é
XTAL1— | —-—— ,:_:
XTAL 22— 4——'?: >-<—> >g
e O [~ [ S
RST/VPD—— [ ——— g
| -
<
EA # ——o= - <—>J
—— N —=—T2
PSEN# —a—— [ | —a——T2FX
o ——
AL E~—a—of] SAB ——»:>
80513/  |o %
8352-5 -
-
[
RxD——= © ———a{ e > ———
TXD ~-— ] e —_—
INTO #t ——= ] e — —_— Y
[2a]
INT1ft— | ™ < e N | —— |
qc 5p >0
TO—= | O ~=—e | ——— | &
T1—— — ] .~ | — = | <
WR # —a—— ] [ ———
RD# —a— | -~ ) ——
MCLO0745
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Pin Definitions and Functions

Symbol Pin Number Input (I) |Function
P-DIP-40 |PL-CC-44 |Output(O)
P1.0-P1.7 |1-8 2-9 /0 Port 1 is an 8-bit quasi-bidirectional /O

port. It is used for the low-order address

byte during program verification. Port 1 can

sink/source four LS TTL loads.

Pins P1.0 and P1.1 also correspond to the

special functions T2, external input to timer 2,

and T2EX, timer 2 trigger input. The output

latch on these two special function pins must
be programmed to a one (1) for that function
to operate.

RST/Veo |9 10 | RESET input. A high level on this pin resets

the SAB 80513/8352-5. A small internal

pulldown resistor permits power-on reset
using only a capacitor connected to Vce.

If Veo is held within its spec while Vcc drops

below spec, Veo will provide standby power

to the RAM. When Vro is low, the RAM’s
current is drawn from Vee.

P3.0-P3.7 |10-17 11, 13-19 {I/O Port 3is 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 programmed 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.

— 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.
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Pin Definitions and Functions (cont'd)

Symbol

Pin Number

P-DIP-40

PL-CC-44

Input (I)
Output(O)

Function

XTAL1
XTAL2

19
18

21
20

XTAL1 input to the oscillator’s high gain ampli-
fier. 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.

pP2.0-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.

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. It is activated every six
oscillator periods, except during external

data memory accesses. Remains high

during internal program execution.

ALE

30

33

The Address Latch Enable output is 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 enable. When this pin is
held on high level, the SAB 80513 executes
instructions from the internal ROM when the
PC is less than 4000H.

When this pin is held on high level, the

SAB 8352-5 executes instructions from the
internal ROM when the PC is less than
8000H. When EA# is held on low level, the
SAB 80513/8352-5 fetches all instructions
from external program memory.

P0.0-P0.7

39-32

43-36

I/0

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

Vee

40

44

Power Supply during operation and
program verification.

Vss

20

22

Ground (0 V)

NC

1,12,23,34

No Connection
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SAB 80513/8352-5

Block Diagram

XTAL1 XTAL 2 Counters
s I
|
|
| Oscillator 16384/32768 Byte Two 16-Bit
| & Program Memory ézfusmfmor Timer/Event
: L Timing {SAB80513/8352-5) y Counters
I
|
| ny
| CPU <r
|
| $
|
! Programmable
! | 64 K byte Bus Serial Port
| Expansion | Programmable /0 * Full-Duplex UART
| Control * Synchronous
| Shifter
t Interrupts ﬁ
0 — SN I S SO IR —

; 1
Interrupts Control Parallel Ports Serial IN  Serial OUT
Address Data Bus
and 170 Pins MCBOOT66
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SAB 80513/8352-5

Instruction Set Summary

Mnemonic Description r 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
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 o 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
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Instruction Set Summary (cont'd)

Mnemonic } Description l Byte | Cycle
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
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
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Instruction Set Summary (cont'd)

Mnemonic ; Description l Byte ‘ Cycle
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
K/IE)V 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 direct,@R 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 byie 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

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

Mnemonic 1 Description } Byte | Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2
LCALL addr 16 Long subroutine call 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
JINZ 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
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
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Instruction Set Summary (cont'd)

Mnemonic ' Description ’ Byte I Cycle

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 o] 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

Notes on data addressing modes:

Rn — Working register R0 — R7

direct — 128 internal RAM locations, any 1/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 constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

Notes on program addressing modes

addr 16 — Destination address for LCALL and LUMP 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.

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.
All mnemonics copyrighted © Intel Corporation 1980
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Instruction Op Codes in Hexadecimal Order

Hex-|Num- |Mnemonic|Operands Hex-|Num- |Mnemonic|Operands
code| ber of code| ber of
bytes bytes
00 |1 NOP 25 |2 ADD A, data addr
01 |2 AJMP code addr 26 |1 ADD A, @RO
02 |3 LJMP code addr 27 |1 ADD A, @R1
03 |1 RR A 28 |1 ADD A, RO
04 |1 INC A 29 |1 ADD A, R1
05 |2 INC data addr 2A |1 ADD A, R2
06 |1 INC @RO 2B |1 ADD A, R3
07 |1 INC @R1 2C |1 ADD A, R4
08 |1 INC RO 2D |1 ADD A, R5
09 |1 INC R1 2E |1 ADD A, R6
0A |1 INC R2 2F |1 ADD A, R7
0B |1 INC R3 30 |3 JNB bit addr, code addr
oc |1 INC R4 31 |2 ACALL code addr
oD |1 INC R5 32 |1 RETI
0E 1 INC R6 33 |1 RLC A
OF |1 INC R7 34 |2 ADDC A, #data
10 |3 JBC bit addr, code addr 35 |2 ADDC A, data addr
11 |2 ACALL code addr 36 |1 ADDC A, @RO
12 |3 LCALL code addr 37 |1 ADDC A, @R1
13 |1 RRC A 38 (1 ADDC A, RO
14 |1 DEC A 39 |1 ADDC A, R1
15 |2 DEC data adadr 3A |1 ADDC A, R2
16 |1 DEC @RO0 3B |1 ADDC A, R3
17 |1 DEC @R1 3C |1 ADDC A, R4
18 |1 DEC RO 3D |1 ADDC A, R5
19 |1 DEC R1 3E |1 ADDC A, R6
1A |1 DEC R2 3F |1 ADDC A, R7
iB |1 DEC R3 40 |2 JC code addr
1C |1 DEC R4 41 |2 AJMP code addr
iD |1 DEC R5 42 |2 ORL data addr, A
1E |1 DEC R6 43 |3 ORL data addr, #data
1F |1 DEC R7 44 |2 ORL A, #data
20 |3 JB bit addr, code addr 45 |2 ORL A, data addr
21 |2 AJMP code addr 46 |1 ORL A, @R0O
22 |1 RET 47 |1 ORL A, @R1
23 |1 RL A 48 |1 ORL A, RO
24 |2 ADD A, #data 49 |1 ORL A, R1
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex- | Num- |Mnemonic|Operands Hex-|Num- |Mnemonic|Operands
code| ber of code| ber of

bytes bytes
4A |1 ORL A, R2 6F |1 XRL A, R7
4B |1 ORL A, R3 70 |2 JNZ code adadr
4C |1 ORL A, R4 71 |2 ACALL code addr
4D |1 ORL A, R5 72 |2 ORL C, bit addr
4E |1 ORL A, R6 73 |1 JMP @A + DPTR
4F |1 ORL A, R7 74 |2 MOV A, #data
50 |2 JNC code addr 75 |3 MOV data addr, #data
51 2 ACALL code addr 76 |2 MOV @RQO0, #data
52 |2 ANL data adar, A 77 |2 MOV @R1, #data
53 |3 ANL data addr, #data 78 |2 MOV RO, #data
54 |2 ANL A, #data 79 |2 MOV R1, #data
55 |2 ANL A, data adadr 7A |2 MOV R2, #data
56 |1 ANL A, @RO 7B |2 MOV R3, #data
57 |1 ANL A, @R1 7C |2 MOV R4, #data
58 |1 ANL A, RO 7D |2 MOV R5, #data
59 |1 ANL A, R1 7E |2 MOV R6, #data
5A |1 ANL A, R2 7F |2 MOV R7, #data
5B |1 ANL A, R3 80 |2 SJMP code adadr
5C |1 ANL A, R4 81 2 AJMP code addr
5D |1 ANL A, R5 82 |2 ANL C, bit addr
5E |1 ANL A, R6 83 |1 MOVC A, @A + PC
5F |1 ANL A, R7 84 |1 DIv AB
60 (2 Jz code addr 85 |3 MOV data addr, data adadr
61 2 AJMP code addr 86 (2 MOV data addr, @R0O
62 |2 XRL data addr, A 87 |2 MOV data addr, @R1
63 |3 XRL data addr, #data 88 |2 MOV data addr, RO
64 |2 XRL A, #data 89 |2 MOV data addr, R1
65 |2 XRL A, data addr 8A |2 MOV data addr, R2
66 |1 XRL A, @R0O 8B |2 MOV data addr, R3
67 |1 XRL A, @R1 8C |2 MOV data addr, R4
68 |1 XRL A, RO 8D |2 MOV data addr, R5
69 |1 XRL A, R1 8E |2 MOV data addr, R6
6A |1 XRL A, R2 8F |2 MOV data addr, R7
6B |1 XRL A, R3 90 |3 MOV DPTR, #data
6C |1 XRL A, R4 91 2 ACALL code addr
6D |1 XRL A, R5 92 |2 MOV bit addr, C
6E |1 XRL A, R6 93 |1 MOVC A, @A + DPTR
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex-|Num- |Mne- Operands Hex-Num- |Mne- Operands
code|ber of |monic code|ber of | monic
bytes bytes
94 |2 SUBB |A, #data B8 |3 CJNE RO, #data, code addr
95 |2 SUBB |A, data addr B9 |3 CJNE |R1, #data, code addr
96 |1 SUBB |[A, @RO BA |3 CJNE R2, #data, code addr
97 |1 SUBB |A, @R1 BB |3 CJNE R3, #data, code addr
98 |1 SUBB (A, RO BC |3 CJNE R4, #data, code addr
99 |1 SuUBB |A, R1 BD |3 CJINE R5, #data, code addr
9A |1 SUBB |A R2 BE |3 CJNE R6, #data, code addr
9B |1 SUBB |A,R3 BF |3 CJNE R7, #data, code addr
9C |1 SUBB |A R4 co |2 PUSH |data addr
9D |1 SUBB |A,R5 C1 |2 AJMP | code addr
9E |1 SUBB [A, R6 c2 |2 CLR bit addr
9F |1 SUBB |A, R7 Cc3 |1 CLR C
A0 (2 ORL C, /bit addr c4 SWAP |A
Al |2 AJMP | code addr C5 |2 XCH A, data addr
A2 |2 MOV C, bit addr c6 |1 XCH A, @R0O
A3 |1 INC DPTR Cc7 |1 XCH A, @R1
Ad |1 MUL AB cs |1 XCH A, RO
A5 reserved c9 |1 XCH A R1
A6 |2 MOV @RO, data addr CA |1 XCH A R2
A7 |2 MOV @R1, data addr cB |1 XCH A, R3
A8 |2 MOV RO, data addr CcC |1 XCH A, R4
A9 |2 MOV R1, data addr Ch |1 XCH A, R5
AA |2 MOV R2, data addr CE |1 XCH A, R6
AB |2 MOV R3, data addr CF |1 XCH A, R7
AC |2 MOV R4, data addr Do |2 POP data addr
AD |2 MOV R5, data addr D1 |2 ACALL |code addr
AE |2 MOV R6, data addr D2 (2 SETB bit addr
AF |2 MOV R7, data addr D3 |1 SETB C
BO |2 ANL C, /bit addr D4 |1 DA A
B1 |2 ACALL |code addr D5 |3 DJNZ data addr, code addr
B2 |2 CPL bit addr D6 |1 XCHD |A, @RO
B3 |1 CPL C D7 |1 XCHD |A, @R1
B4 |3 CJNE A #data, code addr D8 |2 DJNZ RO, code adadr
B5 |3 CJINE |Adataaddrcodeaddr D9 |2 DJNZ R1, code addr
B6 |3 CIJNE |@RO, #data, DA |2 DJNZ R2, code addr
code addr DB |2 DJNZ R3, code addr
B7 |3 CJNE @R1, #data, DC |2 DJNZ R4, code addr
code addr DD |2 DJNZ R5, code addr
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex-|Num- |Mnemonic|Operands Hex-|Num- |Mnemonic|Operands
code|ber of code| ber of

bytes bytes
DE |2 DJNZ R6, code addr EF |1 MOV A, R7
DF |2 DJNZ R7, code addr FO |1 MOVX @DPTR, A
EO0 |1 MOVX A, @DPTR F1 |2 ACALL code addr
E1 |2 AJMP code addr F2 |1 MOVX @Ro0, A
E2 (1 MOVX A, @R0O F3 |1 MOVX @R1, A
E3 |1 MOVX A, @R1 F4 |1 CPL A
E4 |1 CLR A F5 |2 MOV data addr, A
E5 |2 MOV A, data addr*) F6 |1 MOV @RO0, A
E6 |1 MOV A, @R0O F7 |1 MOV @R1, A
E7 |1 MOV A, @R1 F8 |1 MOV RO, A
E8 |1 MOV A, RO Fo |1 MOV R1, A
E9 |1 MOV A, R1 FA |1 MOV R2, A
EA |1 MOV A, R2 FB |1 MOV R3, A
EB |1 MOV A, R3 FC |1 MOV R4, A
EC |1 MOV A, R4 FD |1 MOV R5, A
ED |1 MOV A, R5 FE |1 MOV R6, A
EE |1 MOV A, R6 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
—40to+ 85°C (for- T3)
Storage temperature —-65t0+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=01070°C;TaA=—40t0 +85°C for T3; Vecc =5V +10%;Vss=0V

Symbol | Parameter Limit Values Unit Test condition
min. max.
Vi Input low voltage -05 0.8 Vv -
ViH Input high voltage 2.0 vec+05 |V -
(except RST/Vrp and XTAL2)
VIH1 Input high voltage to 25 vec+05 |V XTAL1 to vss
RST/Vro for reset, XTAL2
VPD Power down voltage to RST/vrD 45 55 \" vee=0V
voL Output low voltage Ports 1, 2, 3 - 0.45 \ joL=1.6mA
voL1 Output low voltage Port 0, ALE, PSEN# - 0.45 \ IoL=3.2mA
VoH Output high voltage Ports 1, 2, 3 2.4 - \ IoH = — 80 pA
VOH1 Output high voltage Port 0, ALE, PSEN# 2.4 - \ IoH = — 400 pA
I Logical 0 input current Ports 1, 2, 3 - - 500 nA ViL=0.45V
2 Logical 0 input current XTAL2 - -3.2 mA XTAL1 = vss
ViL=0.45V
1H1 Input high current to RST/veo for reset - 500 nA VIN = Vce — 1.5V
I Input leakage current to port 0, EA# - +10 nA 0V<VIN<Vce
Icc Power supply current mA all outputs
SAB 80513 - 175 disconnected
SAB 80513-16 - 175
SAB 80513-16-T3 - 200
SAB 8352-5 - 200
SAB 8352-5-16 - TBD
SAB 8352-5-16-T3 - TBD
IPD Power down current - 15 mA vee=0V
Cio Capacitance of I/O buffer - 10 pF fc=1MHz
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SAB 80513/8352-5

AC Characteristics for SAB 80513/8352-5

Ta=0t070°C;Ta=—40t0 +85°Cfor T3; Vecc=5V + 10 %; Vss=0 V
(Cv. for port 0, ALE and PSEN# outputs = 100 pF; C. for all other outputs = 80 pF)

Symbol Parameter Limit Values Unit
12 MHz Variable clock
clock 1hcLeL = 1.2 to 12 MHz
min. max. | min. max.

Program Memory Characteristics

fLHLL ALE pulse width 127 - 2 fcreL — 40 - ns
taviL Address setup to ALE 53 - foLeL — 30 - ns
fLLaxi Address hold after ALE 48 - foeL — 35 - ns
v ALE to valid instruction in - 233 - 4 focc,—100 | ns
fpL ALE to PSEN# 58 - fceL - 25 - ns
tPLPH PSEN# pulse width 215 - 3 fcleL—35 - ns
truv PSEN# to valid instruction in - 150 - 3fcct—100 | ns
tPxix Input instruction hold after PSEN# 0 - 0 - ns
trxiz )| Input instruction float after PSEN# = 63 - toleL — 20 ns
texav 1) | Address after PSEN# 75 - fcreL—8 - ns
taviv Address to valid instruction in - 302 - 5fcict—115 | ns
tazPL Address float to PSEN# 0 - 0 - ns

External Data Memory Characteristics

IRLRH RD# pulse width 400 - 6 fccL—100 | — ns
IwLwH WR# pulse width 400 - 6 fcoL—100 | — ns
haxe Address hold after ALE 132 - 2 fcieL — 35 - ns
fRLDV RD# to valid data in - 252 - 5fcicL—165 |ns
fRHDX Data hold after RD# 0 - 0 - ns
IRHDZ Data float after RD# - 55 - 2fclcL—-70 ns
fLbv ALE to valid data in - 550 - 8 fcLoL — 150 ns
favov Address to valid data in - 598 - 9fcicL—165 |ns
ewe ALE to WR# or RD# 200 300 3 fceL — 50 3 feLeL + 50 ns
tavwL Address to WR# or RD# 203 - 4fcleL—130 | — ns
IWHLH WR# or RD# high to ALE high 43 123 foLeL — 40 foLel + 40 ns
favwx Data valid to WR# transition 33 - fcLer — 50 - ns
favwH Data setup before WR# 433 - 7 tceeL—150 | — ns
IwHax Data hold after WR# 33 - fceL — 50 - ns
tRLAZ Address float after RD# - 0 - 0 ns

1) Interfacing the SAB 80513/8352-5 to devices with float times up to 75 ns is permissible.
This limited bus contention will not cause any damage to port 0 drivers.
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SAB 80513/8352-5

AC Characteristics (cont'd)

Symbol Parameter Limit Values Unit
Variable clock
Freq.=1.2t0 12 MHz
min. max.

External Clock Drive XTAL2

foLcl Oscillator period 83.3 833.3 ns
fcHex High time 20 tcLeL — foLex ns
foLex Low time 20 foLcL — folex ns
fcLeH Rise time - 20 ns
fcHeL Fall time - 20 ns

ROM Verification Characteristics for SAB 80513/80513-16
Ta=25°C+5°C;Vec=5V+10%;Vss=0V

Symbol Parameter Limit Values Unit
min. max.
tavav Address to valid data - 48fcLeL ns
feLav ENABLE# to valid data - 48fcLoL ns
feHaz Data float after ENABLE# 0 48fcLcL ns
1/tcLeL Oscillator frequency 4 6 MHz
ROM Verification

P1.0-P1.7 8 > <
P20-P25 ——{i‘_ Address

—— fAV[]V"—
A
Port ) ————< Data OUT B—eoo-u-
X pa
feLav Tenaz
-
P27

ENABLE # MCD00S90
Address: P1.0-P1.7 =A0-A7 Inputs: P2.6, PSEN# =Vss
P2.0-P25 =A8-A13 ALE, EA# =VIH
Data: Port 0 =D0-D7 RST/VrD = VIH1
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AC Characteristics for SAB 80513-16/8352-5-16

Ta=01t070 C;Ta=-40t0+85°Cfor T3; Vecc =5V +10 %, Vss =0 V
(Cv for port 0, ALE and PSEN# outputs = 100 pF; Cv for all other outputs = 80 pF)

Symbol | Parameter Limit Values Unit
16 MHz Variable clock
clock 1/tcLeL = 1.2 to 16 MHz
min. max. | min. max.
Program Memory Characteristics
fLHLL ALE pulse width 85 - 2 fcer — 40 - ns
tavLL Address setup to ALE 33 - fcreL — 30 - ns
fLLAxd Address hold after ALE 28 - tcier — 35 - ns
v ALE to valid instruction in - 150 - 4 fcieL — 100 ns
fupL ALE to PSEN# 38 - fcleL — 25 - ns
IPLPH PSEN# pulse width 153 - 3 fcieL— 35 - ns
teuv PSEN# to valid instruction in - 88 - 3tccL—100 | ns
Pxix Input instruction hold after PSEN# 0 - 0 - ns
tPxiz )| Input instruction float after PSEN# - 48 - foleL — 15 ns
fexav 1) | Address after PSEN# 60 - fereL—3 - ns
taviv Address to valid instruction in - 223 - 5 fcree — 90 ns
tazrL Address float to PSEN# 0 - 0 - ns
External Data Memory Characteristics
IRLRH RD# pulse width 275 - 6 fccL—100 | — ns
IWLWH WR# pulse width 275 - 6 fcicL—100 | — ns
fLLAX2 Address hold after ALE 90 - 2 fceL— 35 - ns
tRLOV RD# to valid data in - 148 - 5fcicL—165 | ns
IRHDX Data hold after RD# 0 - 0 - ns
IRHDZ Data float after RD# - 55 - 2 fceL—70 ns
fuov ALE to valid data in - 350 - 8tfcicL—150 | ns
tavov Address to valid data in 398 - 9fclcL—165 | ns
fuwe ALE to WR# or RD# 138 238 3 foieL — 50 3 feieL + 50 ns
TavwL Address to WR# or RD# 120 - 4 tceL - 130 | — ns
IWHLH WR# or RD# high to ALE high 23 103 foLeL — 40 focl + 40 ns
favwx Data valid to WR# transition 13 - foLeL — 50 - ns
favwH Data setup before WR# 288 - 7 tcee—-150 | — ns
wHax Data hold after WR# 13 - fcreL — 50 - ns
tRLAZ Address float after RD# - 0 - 0 ns

1) Interfacing the SAB 80513-16/8352-5-16 to devices with float times up to 55 ns is permissible.
This limited bus contention will not cause any damage to port 0 drivers.
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SAB 80513/8352-5

AC Characteristics (cont'd)

Symbol Parameter Limit Values Unit
Variable clock
Freq.=1.2t0 16 MHz
min. max.
External Clock Drive XTAL2
felel Oscillator period 62.5 833.3 ns
fcHex High time 15 fcLeL — foLex ns
feLex Low time 15 toLeL — feHex ns
feieH Rise time - 15 ns
fcHe Fall time - 15 ns
ROM Verification Characteristics for SAB 80513/80513-16
Ta=25°C+5°C;Vece=5V+10%;Vss=0V
Symbol Parameter Limit Values Unit
min. max.
tavav Address to valid data - 48fcLeL ns
feLav ENABLE# to valid data - 48fcLoL ns
leHQZ Data float after ENABLE# 48fcLeL ns
1/tcLeL Oscillator frequency 4 6 MHz
ROM Verification
P10-P1.7 i
Address
P20-P2.6 i
— favav[=—
Port 0 —---—§ Data OUT
P27 !
ENABLE # MCDO00748
Address: P1.0-P1.7 =A0-A7 Inputs: P2.6, PSEN# =vVss
P2.0-P26 =A8-A14 ALE, EA# =VH
Data: Port 0 =D0-D7 RST/Vrp = VIH1
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SAB 80513/8352-5

Waveforms

Program Memory Read Cycle

I fey - |
~FhL iy
——\_,’LU’&,,
ALE / \
=ty
PSEN# / - f ‘—_j_____/_
-t L [ PR
|t g el ] fexay
bk e | o

AT -AQ Instr.IN A7 - AO >‘—-<Insfr. IN >-‘
\
- vy
Address >
PORT 2 OF SFR-P2 Address A15- A8 Address A15-A8
MCD00021
Data Memory Read Cycle
_ = oy = fonun ==
ALE /
PSEN# —————/ e TIVEEr BE— —| Fatri —— ———
RD#
= fax J
D— = heov
| Triox
~ \"A\/Dv’ —
}——( AT AO )0( Data IN
Port 0 .

Address
Port 2 or SFR-P2

Address A15-A8 or SFR-P2

\
/

MCD00022
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SAB 80513/8352-5

Data Memory Write Cycle

i} fviﬂl};
ALE ﬁ

PSEN #

~fw ’\[ v
WR## | —
T Tl
P avw
L uwa .j., B B

3
— AT-AO Data O
Port 0 ! N o out {

Address . - A
Port 2 0rSFR*P2><L Address A15-A8 or SFR-P2 J

MCD00023

AC Testing Input, Output, Float Waveforms

2.4 20 70
Test Points
045 0.8 08

l“_"“‘""“’“' ——— Float '—'"‘——_"'1

24— ,, 20 24
0.45 ———7%)‘8

0.8 045

MCA 00026

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

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

For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA or
sources 400 uA at voltage test levels.
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External Clock Cycle
fCHEL
———
R
- feLer MCT 00025
Recommended Oscillator Circuits
¢ 19(21) 19(21)
I XTAL1 F——{x7AL1
+5V
F— =
12-12MHz LTkQ
{12-%6MHz)
c 1 1
I 18200y 1AL 2 o i lb . 18{200y a1 2
7404
T4LS04

C=30pF+10pF

Crystal Oscillator Mode Driving from External Source MCS00747
Pin numbers in (...) are for PL-CC- 44 package
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SIEMENS

8-

Bit Single Chip Microcontroller SAB 80515/80535

Preliminary

SAB 80515-N Microcontroller with factory mask-programmable ROM
SAB 80535-N Microcontroller for external ROM

8K x 8 ROM (SAB 80515 only)

256 x 8 RAM

Six 8-bit 1/0 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 levels

8-bit A/D converter with eight multiplexed inputs and programmable internal reference
voltages

16-bit watchdog timer
Vro 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 (PL-CC-68)
Pin Configuration (PL-CC-68) Logic Symbol
SELI0 VST CRANRAAR Vee Vss
aacaoaaxa0adNaa Gaaaa
BAnARAARSAAARARRG
RESET# (0 O s0J PS7
Varer P07 Port 0
e re g
AN6 POL XTAL2 ————
A } Port 1
o ) >
AN3 PO PD
AN2 [ Port 2
AN SAB 80515/ 80535 Eas Vs —Y
Reoibs peen# Vg ————  SAB AN Port 3
TxD/P31 P27 AR 80515 K—— ot
b 25 oo 80535
T0/P3 P2k <:> :ol;:lf”b
T1/P3SO 2 wlip23 LY —
2 3 ) wepooors ANO-ANT <:J> :orbff
-bi
EA# ——— [ ALE
RESET# ———= f——— PSEN#
MCLO00076
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SAB 80515/80535

The SAB 80515/80535 is a powerful member of the Siemens SAB 8051 family of 8-bit
microcontrollers. It is fabricated in + 5 V 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 SAB 80515/80535 incorporates several enhancements
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 (PL-CC-68).

Ordering Information

Type Ordering code Package Description

8-bit single-chip microcontroller
SAB 80515-N Q67120-C211 PL-CC-68 with mask-programmable ROM
SAB 80535-N Q 67120-C241 PL-CC-68 for external memory
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SAB 80515/80535

Pin Definitions and Functions

Symbol

Pin

Input (1)
Output (O)

Function

P4.0-P4.7

1-3,5-9

/0

Port 4 is an 8-bit quasi-bidirectional I/O port.
Port 4 can sink/source 4 LS-TTL loads.

vPD

Power down supply. If vrp is held within its specs while vce drops
below specs, vrp will provide standby power to 40 byte of the
internal RAM. When vrp is low, the RAM’s current is drawn from
vee.

RESET

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.

VAREF

11

Reference voltage for the A/D converter

VAGND

12

Reference ground for the A/D converter

AN7-ANO

13-20

Multiplexed analog inputs

P3.0-P3.7

21-28

e}

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 (P83.2): interrupt 0 input / timer O 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

P1.7-P1.0

29-36

110

Port 1 is an 8-bit quasi-bidirectional I/O 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:

- IT\IT@/CCO (P1.0): interrupt 3 input/compare 0 output/ capture

- ?r\ll'rllg;](t;m (P1.1): interrupt 4 input/compare 1 output/ capture

- I1I\II‘?F5)>J(§02 (P1.2): interrupt 5 input/compare 2 output/ capture

- 12N|'rr1g;]é03 (P1.3): interrupt 6 input/compare 3 output/ capture
3 input

Siemens Aktiengesellschaft

111




SAB 80515/80535

Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)
P1.7-P1.0 — INT2 (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

ves 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.

XTALA1 40 XTAL1 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 /0 Port 2 is an 8-bit quasi-bidirectional I/O 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 (6] 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 | When held at a TTL high level, the SAB 80515 executes
instructions from the internal ROM when the PC is less than
8192. When held at a 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 52-59 110 Port 0 is an 8-bit open-drain bidirectional I/O 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 /0 Port 5 is an 8-bit quasi-bidirectional I/O port.
Port 5 can sink/source 4 LS-TTL loads.

vee 68 POWER SUPPLY (+ 5 V power supply during normal operation
and program verification)

Vss 38 GROUND (0 V)
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SAB 80515/80535

Figure 1
Block Diagram
XTAL1 XTAL2
o Q
——
Veco— ROM
0sC RAM |
Vsso—s=] and Timing 256x8 BKx8
(SAB 80515 only) |
VPD°—" |
Vg O~ |
i l
|
Port 0
PSEN# om—o] Py —— ——Y 8“"1 18 bit
RESET# o—s=] I |
EA# 0———{ |
ALE oe—ro| Watchdog [ =e—em |
I
Port 1
- | P 8<~I~> I 8-bit
Timer 0 [—
Timer 1 ——— Port 2
- | P2 |8 ——-—— lB-bif
Timer 2 ———
l
—1{ e |5 Port 3
8 -bit
Serial Port ———
Baud Rate
l Generator |——m—— | Port &
] ——— P4 8—-—-—J Or.
‘ 8-bit
ANO- AN7 r_‘_ AN M
8-bit —f MUX ——{ S&H [—mi AID p—m—— |
Viger © Programmable 5 1T yPort 5
Vagno O— i Ref. Voltages R T 8- bit
L [ _._._,__.____.__.____.__.._] MCB00077
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SAB 80515/80535

Functional Description

The members of the SAB 80515 family of microcontrollers are:

—SAB 80515:  Microcontroller, designed in Siemens MYMOS technology, with
8 Kbyte factory mask-programmable ROM

—SAB 80535:  ROM-less version of the SAB 80515

— SAB 80C515:  Microcontroller, designed in Siemens ACMOS technology, with 8 Kbyte
factory mask-programmable 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
programmable priority levels.

Figure 1 shows a block diagram of the SAB 80515.

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 ps.

Memory Organization

The SAB 80515 manipulates operands in the four memory address spaces described in
the following. (Figure 2 illustrates the memory address spaces of the SAB 80515).
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SAB 80515/80535

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 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 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 snace. and the stack denth can be expanded un to
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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SAB 80515/80535

All registers, except the program counter and the four 8-register banks, reside in the
special function register area. The 41 special function registers (SFR’s) 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 the following table:

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 0AOH
* |IENO Interrupt enable register 0 0A8H
IPO Interrupt priority register 0 0A9H
* P3 Port 3 0BCH
* IEN1 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 0CCH
TH2 Timer 2, high byte 0CDH
*  PSW Program status word register 0DOH
*  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 Port 4 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
Shared Address Location
FFFF FF l l FF FFFF
Upper Speci
— Special
;ZS_BY’TS - ancfion E
nterna :
|- Registers
External RAM ]
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/0 Ports

The SAB 80515 has six 8-bit /O 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/O ports with internal pull-
up resistors. That means, when configured as inputs, ports 1 to 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 XD Serial port’s transmitter data output (asynchronous) or clock output (synchronous)

P3.2 INTO External interrupt 0 input, timer O gate control

P3.3 INT1 External interrupt 1 input, timer 1 gate control

P3.4 TO Timer 0 external counter input

P3.5 T1 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 osciliator frequency).

Timer/counter 0 and 1

These timer/counters can operate in four modes:

Mode 0:  8-bit timer/counter with 32:1 prescaler

Mode 1:  16-bit timer/counter

Mode 2:  8-bit timer/counter with 8-bit auto-reload

Mode 3:  Timer/counter O 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 comparg, capture and
reload functions. Corresponding 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.

— 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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— 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 overflow 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.

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 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.

A unique feature is the capability of internal reference voltage programming. The internal
reference voltages vinurer and vinaeno 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
Rl + 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 corresponding 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
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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.

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.
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Instruction Set Summary

Mnemonic Description | Byte l Cycle

Arithmetic operations

ADD A,Rn Add register to accumulator 1 1
ADD Adirect 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 Adirect 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
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Instruction Set Summary (cont'd)

Mnemonic i Description ! Byte ‘Cycle

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#tdata AND immediate data to accumulator 2 1
ANL direct, A AND accumulator to direct byte 2 1
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 #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
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Instruction Set Summary (cont'd)

Mnemonic ‘ Description LByte ,Cycle

Data transfer

MOV ARn Eyﬂegister to accumulator 1 1
MOV Adirect”) 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 direct, @R Move indirect RAM to direct byte 2 2
MOV direct,#data Move immediate data to direkct 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
MQOVC 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 Adirect 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

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

Mnemonic 1 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 and jump if not zero 3 2
NOP No operation 1 1
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Instruction Set Summary (cont'd)

Mnemonic l Description J Byte | Cycle

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
MOC C,bit Move direct bit to carry flag 2 1
MOV bit,C Move carry flag to direct bit 2 2
Notes on data addressing modes:

Rn — Working register R0 — 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 inciuded in instruction

#data 16 — 16-bit constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

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.
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.
All mnemonics copyrighted © Intel Corporation 1980
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Instruction Op Codes in Hexadecimal Order

Hex | Number | Mnemonic | Operands Hex |Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A #data

02 3 LJMP code addr 35 2 ADDC A,data addr
03 1 RR A 36 1 ADDC A,@RO0

04 1 INC A 37 1 ADDC A,@R1

05 2 INC data addr 38 1 ADDC A,RO

06 1 INC @Ro 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC A,R2

08 1 INC RO 3B 1 ADDC AR3

09 1 INC R1 3C 1 ADDC AR4

0A 1 INC R2 3D 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC AR7

oC 1 INC R4 3F 1 ADDC A,R7

ob 1 INC R5 40 2 JC code addr
OE 1 INC R6 41 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 3 JBC bit addr,code addr 43 3 ORL data addr #data
11 2 ACALL code addr 44 2 ORL A#data

12 3 LCALL code addr 45 2 ORL A,data addr
13 1 RRC A 46 1 ORL A,@R0O

14 1 DEC A 47 1 ORL A@R1

15 2 DEC data addr 48 1 ORL A,RO

16 1 DEC @RO 49 1 ORL A,R1

17 1 DEC @R1 4A 1 ORL AR2

18 1 DEC RO 4B 1 ORL A,R3

19 1 DEC R1 4C 1 ORL A,R4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 DEC R3 4E 1 ORL AR6

1C 1 DEC R4 4F 1 ORL AR7

1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr,A
20 3 JB bit addr,code addr 53 3 ANL data addr#data
21 2 AJMP code addr 54 2 ANL A #data

22 1 RET 55 2 ANL A,data addr
23 1 RL A 56 1 ANL A,@RO

24 2 ADD A#data 57 1 ANL A @R1

25 2 ADD A,data addr 58 1 ANL A,RO

26 1 ADD A,@RO 59 1 ANL AR1

27 1 ADD A @R1 5A 1 ANL AR2

28 1 ADD A,RO 5B 1 ANL AR3

29 1 ADD AR1 5C 1 ANL A,R4

2A 1 ADD A,R2 5D 1 ANL AR5

2B 1 ADD A,R3 5E 1 ANL A,R6

2C 1 ADD A,R4 5F 1 ANL A,R7

2D 1 ADD AR5 60 2 Jz code addr
2E 1 ADD A R6 61 2 AJMP code addr
2F 1 ADD A,R7 62 2 XRL data addr,A
30 3 JNB bit addr,code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRL A #data

32 1 RETI 65 2 XRL A,data addr
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands

code | of bytes code | of bytes

66 1 XRL A,@RO 99 1 SUBB AR1

67 1 XRL A @R1 9A 1 SUBB AR2

68 1 XRL A,RO 9B 1 SUBB AR3

69 1 XRL AR1 9C 1 SUBB A R4

6A 1 XRL AR2 9D 1 SUBB AR5

6B 1 XRL AR3 9E 1 SUBB A,R6

6C 1 XRL A R4 9F 1 SUBB AR7

6D 1 XRL AR5 A0 2 ORL C,/bit addr

6E 1 XRL AR6 A1 2 AJMP code addr

6F 1 XRL A,R7 A2 2 MOV C,bit addr

70 2 JINZ code addr A3 1 INC DPTR

71 2 ACALL code addr A4 1 MUL AB

72 2 ORL C,bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MOV @RO0,data addr

74 2 MOV A #data A7 2 MOV @R1,data addr

75 3 MOV data addr#data A8 2 MOV RO,data addr

76 2 MOV @RO,#data A9 2 MOV R1,data adadr

77 2 MOV @R1 #data AA 2 MOV R2,data addr

78 2 MOV RO, #data AB 2 MOV R3,data addr

79 2 MOV R1,#data AC 2 MOV R4,data addr

7A 2 MOV R2#data AD 2 MOV R5,data addr

7B 2 MOV R3,#data AE 2 MOV R®6,data addr

7C 2 MOV R4 #data AF 2 MOV R7,data addr

7D 2 MOV R5,#data BO 2 ANL C,/bit addr

7E 2 MOV R6,#data B1 2 ACALL code addr

7F 2 MoV R7 #data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 CPL C

81 2 AJMP code addr B4 3 CJNE A #data,code addr
82 2 ANL C,bit addr B5 3 CJNE A,data addr,code addr
83 1 MOVC A,@A+PC B6 3 CJINE @RO,#data,code addr
84 1 DIV AB B7 3 CJINE @R1,#data,code addr
85 3 MOV data addr,data addr B8 3 CJINE RO,#data,code addr
86 2 MOV data addr,@R0 B9 3 CJUNE R1,#data,code addr
87 2 MOV data addr,@R1 BA 3 CJNE R2,#data,code addr
88 2 MOV data addr,RO BB 3 CJINE R3,#data,code addr
89 2 MOV data addr,R1 BC 3 CJNE R4,#data,code addr
8A 2 MOV data addr,R2 BD 3 CJNE R5,#data,code addr
8B 2 MOV data addr,R3 BE 3 CJINE R6,#data,code addr
8C 2 MOV data addr,R4 BF 3 CJNE R7 .#data,code addr
8D 2 MOV data addr,R5 Co 2 PUSH data addr

8E 2 MOV data addr,R6 C1 2 AJMP code addr

8F 2 MOV data addr,R7 Cc2 2 CLR bit addr

90 3 MOV DPTR,#data C3 1 CLR C

91 2 ACALL code addr C4 1 SWAP A

92 2 MOV bit addr,C C5 2 XCH A,data addr

93 1 MOVC A@A+DPTR C6 1 XCH A,@RO

94 2 SUBB A #data Cc7 1 XCH A @R1

95 2 SuUBB A,data addr Cc8 1 XCH ARO

96 1 SuBB A,@R0 C9 1 XCH AR1

97 1 SUBB A @R1 CA 1 XCH AR2

98 1 SuBB A,RO CB 1 XCH AR3
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex |Number |Mnemonic | Operands Hex | Number | Mnemonic | Operands
code |of bytes code | of bytes
CC 1 XCH AR4 FD 1 MOV R5,A
CD 1 XCH AR5 FE 1 MOV R6,A
CE 1 XCH A,R6 FF 1 MOV R7,A
CF 1 XCH AR7

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 addr

E2 1 MOVX A,@RO

E3 1 MOVX A@R1

E4 1 CLR A

E5 2 MOV A,data addr)

E6 1 MOV A,@RO

E7 1 MOV A@R1

E8 1 MOV ARO

E9 1 MOV AR1

EA 1 MOV AR2

EB 1 MOV AR3

EC 1 MOV A,R4

ED 1 MOV AR5

EE 1 MOV AR6

EF 1 MOV AR7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @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

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

Ambient temperature under bias

Storage temperature

Voltage on any pin with respect to ground (Vss)

Power Dissipation

-0to+ 70C
—-65to+ 150 °C

-051t0 +

7V
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=-0to+70°C

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

Input low voltage ViL -05 0.8 \ -

Input high voltage VIH 2.0 vec+ 0.5 Vv -

(except RESET and XTAL2)

Input high voltage to XTAL2 VIH1 2.5 vee+ 0.5 \" XTAL 1 to vss

Input high voltage to RESET VIH2 3.0 - \ -

Power-down voltage VPD 3 5.5 \ vee=0V

Output low voltage, VoL - 0.45 Vv JoL=16mA")

ports 1,2,83,4,5

Output low voltage voLi - 0.45 Vv loL=32mA")

port 0, ALE, PSEN

Output high voltage, VOH 2.4 - \ IoH = — 80 uA

ports 1,2,3,4,5

Output high voltage VOH1 2.4 - \ IOH = — 400 uA

port 0, ALE, PSEN

Logic 0 input current s - - 800 uA viL=0.45V

ports 1,2,3,4,5 ~

Logic 0 input current n2 - -25 mA XTAL1 = vss

XTAL2 ViL=0.45V

Input low current to s - - 500 uA ViL=045V

RESET for reset

Input leakage current to port 0, u - +1 wA O0V<Vin<ice

EA, ANO — AN7

Power supply current Icc - 210 mA | All outputs

SAB 80515/80535 disconnected

Power- down current IPD - 3 vee=0V

Capacitance of I/0O buffer Clo - 10 pF fe=1MHz

') Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the voL
of ALE and ports 1, 3, 4, 5. The noise is due to external bus capacitance discharging into the port 0

and port 2 pins when these pins make 1-0 transcitions during bus operation.
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SAB 80515/80535

A/D Converter Characteristics
Voo =5V +10%,; Vss = 0 V; Varer = Voc = 5%; Vaano = Vss = 0.2 V; Vinarer — Vinaano > 1 V;
Ta=0to +70 °C

Parameter Symbol Limit Values Unit Test Conditions
min. typ. max.
Analog input voltage VAINPUT | VAGND- - VAREF+ \ -
0.2 0.2
Analog input capacitance (@] - 25 - pF 2
Load time n - - 2y us -
Sample time (incl. load time) Is - - 5 fey us -
Conversion time tc - - 15 fey us -
(including sample time)
Differential non-linearity DNLE - +1/2 1 LSB VINAREF =
Integral non-linearity INLE - +1/2 +1 LSB VAREF = VCcC
Offset error +1/2 +1 LSB VINAGND =
Gain error £1/2 +1 LSB VAGND = Vss
Total unadjusted error TUE +1 +2 LSB 2
VAREF supply current IREF - - 5 mA 3
Internal reference error VIntREFERR | — +5 +15 mV 3)

2) The internal resistance of the analog source must be low enough to assure full loading of the sample
capacitance (C1) during load time (f1). After charging of the internal capacitance (C1) in the load time (1) the
analog input must be held constant for the rest of the sample time ().

3) The differential impedance b of the analog reference voltage source must be less than 1 ko at reference
supply voltage.
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SAB 80515/80535

A/D Characteristics

Vee=5V +10%;Vss=0V;

Ta=0to+70C

(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 clock
12 MHz clock 1/fcrer = 1.2 MHz to 12 MHz
min. max. min. max.
Cycle time fey 1000 - 12fcLeL - ns
ALE pulse width fLHLL 127 - 2fcLel—40 - ns
Address setup to ALE [Z\E 53 - fcLel-30 - ns
Address hold after ALE faxt 48 - feLel-35 - ns
ALE to valid instruction in [ - 233 - 4fcLcl—100 ns
ALE to PSEN fuey 58 - foLci-25 - ns
PSEN pulse width tPLPH 215 - 3fcLel-35 - ns
PSEN to valid instruction in trLIv - 150 - 3fcLc—100 ns
Input instruction hold after PSEN tPxix 0 - 0 - ns
Input instruction float afterPSEN | fexiz) - 63 - foLcL—-20 ns
Address valid after PSEN tPxav’) 75 - fcLeL—8 - ns
Address to valid instruction in taviv — 302 - 5fcLcl—-115 ns
Address float to PSEN IazPL 0 - 0 - ns

*) Interfacing the SAB 805156 to devices with float times up to 75 ns is permissible. This limited bus
contention will not cause any damage to port 0 drivers.
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SAB 80515/80535

External Data Memory Characteristics

Parameter Symbol Limit Values Unit
Variable Clock
12 MHz Clock 1/tcLer = 1,2 MHz to 12 MHz
min. max. min. max.
RD pulse width RLRH 400 - 6fcLcL- 100 - ns
'WR pulse width fwLwH 400 - 6fcLcL- 100 - ns
Address hold after ALE niaxe 132 - 2fcLeL- 35 - ns
RD to valid data in fRLOV - 252 - 5tcLoL- 165 ns
Data hold after RD IRHDX 0 - 0 - ns
Data float after RD {RHDZ - 97 - 2fcLcl-70 ns
ALE to valid data in fLLov - 517 - 8fcLcL- 150 ns
Address to valid data in Iavbv - 585 - OfcicL- 165 ns
ALE to WR or RD fowe 200 300 3fcLoL- 50 3fcioL + 50 ns
Address to WR or RD tavwi 203 - 4fcLeL-130 - ns
WR or RD high to ALE high IWHLH 43 123 fcLoL- 40 ool + 40 o ns
Data valid to WR transition favwx 33 - foLeL-50 - ns
Data setup before WR fQvwH 433 - 7fcLe- 150 - ns
Data hold after WR fwHax 33 - forc-50 - ns
Address float after RD IRLAZ - 0 - 0 ns

Siemens Aktiengesellschaft 139



SAB 80515/80535

Program Memory Read Cycle

fey |
~—fiu— =ty —"]
'——————\ fiipt /—l—\
ALE __/ )
+
TpLpH
PSEN# f 4/—_4\____/—
| # e R S S
WAXIIES f e Foxra PXAV——
= fa = | fazee f’w
lns'rr.IN)—-< AT - A0 Instr.IN A7 - AQ Instr.IN
PORT 0 .
faviv {
Address . -
PORT2 Of SFR-P2 yl Address A15-A8 X Address A15-A8 >
!

MCT 00021

ALE

RD#

Port 0

Port 2

PSEN# _/

Data Memory Read Cycle

‘——/_____\ Hiov == funn|=—
fowe o
/
1 ] J
‘LLAXZ_-l R _frroz
Tt TaLov -
1 Trripx
&VDV — |‘.._
|
>—< AT- AO Xx { Data IN
v faiaz !
Address Address A15-A8 or SFR-P2 A
or SFR-P2 ress or

M(T 00022
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SAB 80515/80535

Data Memory Write Cycle

“" Rurin
. I
_

PSEN #

~—fiiwe | Pt ——
WR# .
|———F, N |
AVWL ,'QVWX
fiaxz Fovan S
>——< a1-a0 X Data OUT
Port 0
Address Address A15-A8 or SFR-P2 N
Port 2 e MCT 00023 /
Recommended Oscillator Circuits
c
Il L0l AL 400y Tl
i 45V [
L
[ = 47k
Th2-12MH2
c 1
I I 1aL2 o—o . I x1aL2
7404
TLLS0L MCS00061
C=30pF £10pF
Crystal Oscillator Mode Oriving from External Source
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SAB 80515/80535

External Clock Drive XTAL2

Parameter Symbol Limit Values Unit

Variable clock
Freq = 1.2 MHz to 16 MHz

min. max.
Oscillator period [(oR 83.3 833.3 ns
High time fcHex 20 fcLc L-fcLex ns
Low time foLex 20 foLcL - IcHex ns
Rise time IcLeH - 15 ns
Fall time foHeL - 15 ns

External Clock Cycle

~——f x>

B — | MCT00075

A.C. Testing Input, Output, Float Waveforms

24 £70 20
Test Points
ois 08 08
-~ Flogt —————
24 20 20 zh
t
0.45 ————7‘[0 8 0.8 0.45

MCA 00024

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

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

For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA
or sources 400 pA at the voltage test levels.
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SAB 80515/80535

System Clock Timing

Parameter Symbol Limit Values Unit
Variable clock
12 MHz cock 1/fcLer = 1.2 MHz to 12 MHz
min. max. min. max.
ALE to CLKOUT fLLSH 543 - Tteiel-40 - ns
CLKOUT high time tsHsL 127 - 2fcLcL-40 - ns
CLKOUT low time sLsH 793 - 10fcLeL- 40 - ns
CLKOUT low to ALE high IsLLH 43 123 fco-40 fcLci+40 ns
System Clock Timing
— fsm
me [\ [\ _ [
fiisu fomsL =— sk

CLK OUT ] \ ] \
fsisk
RD# WR# \ /

Program Memory Access Data Memory Access MCT00083
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SAB 80515/80535

ROM Verification Characteristics
Ta=25°C+C;Vecc=5V+£10%;Vss=0V

Parameter Symbol Limit Values Unit
min. max.

Address to valid data tavav - 48 feLoL ns

ENABLE to valid data feLav - 48 fcLoL ns

Data float after ENABLE IeHaz 0 48 foLcL ns

Oscillator frequency 1/tcLeL 4 6 MHz

ROM Verification

P1.0-P17
P20- P24 ‘ Address > <

1 Avav
|

Port0  ————{ Data ou?)———

Ferav_, | _Tenaz
P27
ENABLE # MCD00049

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 =VH
RESET =ViL
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SIEMENS

8-Bit Single Chip Microcontroller SAB 80515/80535 Ext. Temp.
Preliminary
Extended Temperature Ranges:
T40/85 —40 to+ 85°C 12 MHz operation
T40/110 —40 to+110°'C 12 MHz operation
SAB 80515-N- T40/85 . .
SAB 80515-N- T40/110 Microcontroller with factory mask-programmable ROM

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 I/O 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 levels

8-bit A/D converter with eight multiplexed inputs and programmable internal reference
voltages

Microcontroller for external ROM

® 16-bit watchdog timer
@ Vg 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 (PL-CC-68)
Pin Configuration Logic Symbol
F333F 3T ST IRLEY oo s
9 1 (I
RESET#([ 10 s0 [ PST
o © s:;z s
ANTO POS 8- bit
s by Xz <:> Port 1
ANLQ P02 8-bit
i o
A SAB 80515/ 80535 o e T ——
RxD/P30 PSEN # Vangr ——— SAB Port 3
TxD/P31 (] P27 80515 K:>8-bn
e 25 fee T 80538
T0/P34Q P24 <:1J> :?rb'ﬁ&
T1/P3S O 2 . . wpP23 ANO-AN7 [
H Astaa=ta - Ko on?
% EAH = ALE
s < RESET# —————i [ PSEN #
MCL 00076
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SAB 80515/80535 Ext. Temp.

The SAB 80515/80535 Ext. Temp. is a powerful member of the Siemens SAB 8051 family
of 8-bit microcontrollers. The The SAB 80515/80535 Ext. Temp. is available for the
industrial temperature range (- 40 to + 85 ‘C) and the automotive temperature range
(—40to + 110 °C). It is fully compatible with the standard SAB 80515/80535 with respect to
architecture, instruction set and software portability. The SAB 80515/80535 Ext. Temp. is
a stand-alone, high-performance single-chip microcontroller designed in + 5 V

N-channel, silicon-gate Siemens MYMOS technology. While maintaining all the

SAB 8051 operating characteristics, the SAB 80515/80535 Ext Temp. incorporates
several enhancements 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 PL-CC-68.

Ordering Information

Type Ordering code | Package | Description

8-bit single-chip microcontroller

SAB 80515-N-T40/85 Q67120-C210 PL-CC-68 | with mask-programmable ROM

SAB 80535-N-T40/85 Q67120-C240 PL-CC-68 | for external memory

SAB 80515-N-T40/110 | Q67120-C316 PL-CC-68 | with mask-programmable ROM

SAB 80535-N-T40/110 | Q67120-C313 PL-CC-68 | for external memory
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SAB 80515/80535 Ext. Temp.

Pin Definitions and Functions

Symbol

Pin

Input (I)
Output (O)

Function

P4.0-P4.7

1-3, 5-9

110

Port 4 is an 8-bit quasi-bidirectional I/O port.
Port 4 can sink/source 4 LS-TTL loads.

VPD

Power down supply. If vep is held within its specs while vcc drops
below specs, vro will provide standby power to 40 byte of the
internal RAM. When vep is low, the RAM’s current is drawn from
vee.

RESET

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.

VAREF

11

Reference voltage for the A/D converter

VAGND

12

Reference ground for the A/D converter

AN7-ANO

13-20

Multiplexed analog inputs

P3.0-P3.7

21-28

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

— 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

P1.7-P1.0

29-36

110

Port 1 is an 8-bit quasi-bidirectional 1/O 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:

- m/CCO (P1.0): interrupt 3 input/compare 0 output/ capture

- ?l\}?’ﬁf(t:m (P1.1): interrupt 4 input/compare 1 output/ capture

- I1Nl'rllg>](t3c2 (P1.2): interrupt 5 input/compare 2 output/ capture

- 12N|"rl1"27(t)c3 (P1.3): interrupt 6 input/compare 3 output/ capture
3 input

Siemens Aktiengesellschaft

147




SAB 80515/80535 Ext. Temp.

Pin Definitions and Functions (cont'd)

Symbol

Pin

Input (1)
Output (O)

Function

P1.7-P1.0
(cont'd)

— 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

VBB

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 Vss when
external source is used on XTAL2.

P2.0-P2.7

41-48

1{e]

Port 2 is an 8-bit quasi-bidirectional 1/O 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

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

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 at a TTL high level, the SAB 80515 executes
instructions from the internal ROM when the PC is less than
8192. When held at a TTL low level, the SAB 80515 fetches alll
instructions from external program memory. For the SAB 80535
this pin must be tied low.

P0.0-P0.7

52-59

110

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

110

Port 5 is an 8-bit quasi-bidirectional I/O port.
Port 5 can sink/source 4 LS-TTL loads.

vece

68

POWER SUPPLY (+ 5 V power supply during normal operation
and program verification)

Vss

38

GROUND (0 V)
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SAB 80515/80535 Ext. Temp.

Figure 1
Block Diagram

XTé L1 XTAL2

|
Ve o—= ROM
0sC RAM |
Vsso—e] and Timing 256x8 (SAB :&‘5*13 only) |
Vpn°_’{ l
Vg © l
{ |
|
Port 0
PSEN# om—rI| cPu —— == | PO |8—= : = 1lg-bit
RESET# o—=| T |
EA# o—w] |
ALE o—o watchdog —_— |
1
Port 1
- P1 8 ———— 8-bit
Timer 0 - [
Timer 1 ——— Port 2
- | P2 |8 ———w] 8 bit
Timer 2 ———

|
|
|
|
I
1
I
|
|
i
l
|
I
|
|
|

= P3 [f==]t03
Serial Port [ —e—e— -l
Baud Rate —
Generator | Port &
] P [E=——] %
ANO- AN7 [—L— AN
8- bit —8 MUX S8&H | A/D prm—— %
} |
1 1 J |L
Varer© Programmable Port §
Voo o Ref Voltages | ——— = P5 [B=—=Jg bt
AGND [
{ R — _..__,—________._.___________._—] MC(B00077
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SAB 80515/80535 Ext. Temp.

Functional Description
The members of the SAB 80515 family of microcontrollers are:

—SAB 80515:  Microcontroller, designed in Siemens MYMOS technology,
with 8 Kbyte factory mask-programmable ROM

— SAB 80535: ROM:-less version of the SAB 80515

— SAB 80C515: Microcontroller, designed in Siemens ACMOS technology,
with 8 Kbyte factory mask-programmable 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

— Externai 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
programmable priority levels.

Figure 1 shows a block diagram of the SAB 80515.

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).
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SAB 80515/80535 Ext. Temp.

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 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 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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SAB 80515/80535 Ext. Temp.

All registers, except the program counter and the four 8-register banks, reside in the
special function register area. The 41 special function registers (SFR’s) 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 the following table:

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 O, low byte 8AH
TLA Timer 1, low byte 8BH
THO Timer 0, high byte 8CH
THA1 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
* 1EN1 Interrupt enable register 1 0B8H
IP1 Interrupt priority register 1 0B9H
* IRCON Interrupt request control register 0COH
CCEN Compare/capture enable register 0C1H
CCLA 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 0DOH
* ADCON A/D-converter control register O0D8H
ADDAT A/D-converter data register 0D9H
DAPR D/A-converter program register 0DAH
* ACC Accumulator OEOH
* P4 Port 4 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

Shared Address Location

FFFF FF 1 i FF FFFF [
Upper - Special
RZE'BY’TS - Fl?nchon g ;
nterna h
- Registers
External RAM [
80 i { L 80 External
Data
7F 1T Memory
2000 B Il
Lower l
128-Bytes| |
FFF 1FFF |_|internal | |
Internal External | RAM L
(EA#=1) (EA#£=0) T 1]
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1/0 Ports

The SAB 80515 has six 8-bit /O ports and one 8-bit input port. Port 0 is an open-drain

bidirectional 1/O port, while ports 1 to 5 are quasi-bidirectional I/O ports with internal pull-
up resistors. That means, when configured as inputs, ports 1 to 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 O 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’s transmitter data output (asynchronous) or clock output
o (synchronous)

P3.2 | INTO External interrupt O input, timer 0 gate control

P3.3 | INT1 External interrupt 1 input, timer 1 gate control

P3.4 |TO Timer 0 external counter input

P35 |T1 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:  8-bit timer/counter with 32:1 prescaler

Mode 1:  16-bit timer/counter

Mode 2:  8-bit timer/counter with 8-bit auto-reload

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. Corresponding 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.

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.

Siemens Aktiengesellschaft 155




SAB 80515/80535 Ext. Temp.

— 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 overflow 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.

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 15
machine cycles (15 ps 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.

A unique feature is the capability of internal reference voltage programming. The internal
reference voltages Vinarer and Vinaeno 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 O 0003H
TFO Timer O 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 corresponding 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
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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.

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.
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Instruction Set Summary

Mnemonic lDescription | 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 Adirect 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 Adirect 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 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 1
ANL direct,A AND accumulator to direct byte 1
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Instruction Set Summary (cont'd)

Mnemonic | Description ; Byte | Cycle

Logical operations

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 | Byte TCycIe
Data transfer

MOV direct, @R Move indirect RAM to direct byte

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 complerﬁent 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 l Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2

LCALL addr 16 Long subroutine call 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:

Rn — Working register RO — R7

direct — 128 internal RAM locations, any 1/O port, control or status register

@Ri — indirect internai or externai RAM iocation addressed by register R0 or R

#data — 8-bit constant included in instruction

#data 16 — 16-bit constant included as bytes 2 and 3 of instruction

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

A — Accumulator

Notes on program addressing modes

addr 16 — Destination address for LCALL and LUMP 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.

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.
All mnemonics copyrighted @ Intel Corporation 1980
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Instruction Op Codes in Hexadecimal Order

Hex |Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

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 @RO0 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

oB 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 @RO0 4A 1 ORL AR2

17 1 DEC @R1 4B 1 ORL AR3

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 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 #tdata

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,@R0 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 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 adadr#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)

Hex | Number | Mnemonic | Operands Hex |Number | Mnemonic | Operands

code | of bytes code | of bytes

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 A,R7

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

6D 1 XRL AR5 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 RO0,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 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 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 CJUNE 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 CJINE R3,#data,code addr
88 2 MOV data addr,R0O BC 3 CJNE R4 #data,code addr
89 2 MOV data addr,R1 BD 3 CJINE R5,#data,code addr
8A 2 MOV data addr,R2 BE 3 CJINE 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 C4 1 SWAP A

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

92 2 MOV bit addr,C Cé 1 XCH A@RO

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

94 2 SUBB A#data c8 1 XCH ARO

95 2 SUBB A,data addr C9 1 XCH A,R1

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

97 1 SUBB A @R1 CB 1 XCH AR3

98 1 SUBB ARO CcC 1 XCH A,R4

99 1 SUBB A,R1 CD 1 XCH AR5

9A 1 SuUBB AR2 CE 1 XCH A,R6

9B 1 SUBB A,R3 CF 1 XCH AR7
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Instruction Op Codes in Hexadecimal Order (cont’d)

Hex | Number | Mnemonic | Operands
code | of bytes

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,@RO0

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,@RO0

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 AR6

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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SAB 80515/80535 Ext. Temp.

Absolute Maximum Ratings

Ambient temperature under bias —40to+ 85°C for SAB 80515/80535-T40/85
—40to + 110 °C for SAB 80515/80535-T40/110

Storage temperature -65t0+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

Vece =5V +10%;Vss=0V; Ta=—40to + 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. max.
ViL Input low voltage -05 0.8 \ -
VIH Input high voltage 2.0 vec+ 0.5 |V -
(except RESET and XTAL2)
ViH1 Input high voltage to XTAL2 25 vee+0.5 |V XTAL1 to vss
ViH2 Input high voltage to RESET 3.0 - \' -
VPD WVF’Vorwer down voltage 3 55 \ vee=0V
VoL Output low voltage, ports 1, 2, 3,4, 5 - 0.45 Vv loL=16mA 1)
VoLt Output low voltage, port 0, ALE, PSEN - 0.45 Y oL=32mA 1
VOH Output high voltage, ports 1, 2, 3, 4,5 2.4 - \ IoH = — 80 uA
VOHT Output high voltage, port 0, ALE, PSEN 2.4 - % [oH = — 400 pA
o Logic 0 input current, ports 1, 2,3, 4,5 - — 800 nA ViL=0.45V
2 Logic 0 input current, XTAL2 - -25 mA XTAL1 = vss
ViL=0.45V
s Input low current to RESET for reset - - 500 wA Vi =0.45V
1 Input leakage current to port 0, EA - +10 uA 0V < ViN<Vce
Icc Power supply current all outputs
SAB 80515/80535-T40/85 - 230 disconnected
SAB 80515/80535-T40/110 - 230 mA
IPD Power down current - 3 mA vee=0V
Cio Capacitance of I/O buffer - 10 pF fc=1MHz

") Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the voL
of ALE and ports 1, 3, 4, 5. The noise is due to external bus capacitance discharging into the port 0
and port 2 pins when these pins make 1-0 transcitions during bus operation.
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SAB 80515/80535 Ext. Temp.

A/D Converter Characteristics

Vee=5V £10 %; Vss =0 V; Varer = Voc + 5 %; Vaano = Vss + 0.2 V; Vinarer — Vinagno 2 1 V;
Ta=—40to + 85°C for SAB 80515/80535-T40/85

Ta=-—401o + 110 °C for SAB 80515/80535-T40/110

Symbol | Parameter Limit Values Unit | Test condition
min. typ. max.
VAINPUT | Analog input voltage VAGND- - VAREF+ \ -
0.2 0.2
Cl Analog input capacitance - 25 - pF 2)
n Load time - - 2oy - -
ts Sample time (incl. load time) - - 5 fcy - -
fc Conversion time - - 15 foy - -
(including sample time)
DNLE Differential non-linearity - +1/2 +1 LSB VINtAREF =
INLE Integral non-linearity - +1/2 +1 LSB Z:ZZ:NT) ‘__/CC
Offset error - +1/2 +1 LSB VAGND = VsS
Gain error - +1/2 +1 LSB
TUE Total unadjusted error - - +2 LsB |3
IREF VAREF supply current - - 5 mA 3)
VIntREF ERR| Internal reference error - +5 +15 mV 3

2) The output impedance of the analog source must be low enough to assure full loading of the
sample capacitance (C)) during load time (f1). After charging of the internal capacitance (C 1) during
load time (fL) the analog input must be held constant for the rest of the sample time (fs).

3) The differential impedance b of the analog reference voltage source must be less than 1 ko at
reference supply voltage.
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SAB 80515/80535 Ext. Temp.

AC Characteristics

Vee=5V+10%;Vss=0V

Ta=—40to + 85 °C for SAB 80515/80535-T40/85

Ta=—40to + 110 °C for SAB 80515/80535-T40/110

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

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

Program Memory Characteristics

ey Cycle time 1000 |- 12 teleL — ns
fLHLL ALE pulse width 127 - 2 fooL — 40 - ns
favLL Address setup to ALE 53 - foiel — 30 - ns
fLaxi Address hold after ALE 48 - teieL— 35 - ns
fv ALE to valid instruction in - 233 - 4 tcer — 100 ns
fuee ALE to PSEN 58 - foleL — 25 - ns
PLPH PSEN pulse width 215 - 3 foLeL — 35 - ns
teuv PSEN to valid instruction in - 150 |- 3fclct—100 | ns
IPXIX Input instruction hold after PSEN 0 - 0 - ns
trxiz )| Input instruction float after PSEN - 63 - tcLeL — 20 ns
texav ") | Address valid after PSEN 75 - focL—8 - ns
taviv Address to valid instruction in - 302 - 5 tciet - 115 ns
tazrL Address float to PSEN 0 - 0 - ns

External Data Memory Characteristics

IRLRH RD pulse width 400 - 6 fclcL—100 | — ns
fWLWH WR pulse width 400 |- 6 folcL— 100 | — ns
ILLAx2 Address hold after ALE 132 - 2 feLeL — 35 - ns
tRLDV RD to valid data in - 252 - 5tccL—165 | ns
IRHDX Data hold after RD 0 - 0 - ns
IRHDZ Data float after RD - 97 - 2 foeL - 70 ns
fuov ALE to valid data in - 517 - 8 fcicL—150 | ns
favov Address to valid data in - 585 - 9 foier — 165 ns
fuwe ALE to WR or RD 200 300 3 foLeL — 50 3 fciel + 50 ns
favwiL Address to WR or RD 203 - 4 fceL—130 | — ns
IWHLH WR or RD high to ALE high 43 123 foLoL — 40 fcieL + 40 ns
favwx Data valid to WR transition 33 - toLcL — 50 - ns
favwx Data setup before WR 433 - 7 fcreL—150 | - ns
IwHax Data hold after WR 33 . el — 50 - ns
tRLAZ Address float after RD - 0 - 0 ns

*) Interfacing the SAB 80515 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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SAB 80515/80535 Ext. Temp.

Program Memory Read Cycle

fey |
~—fine fiiy
—\ fiLeL /——
ALE )| \
+
fopw
PSEN# __/— ) __\—_/—_
= faxt Ty~ Foes Foxav—
= fvi | |faze "%
1ns+n1N>-—< AT - A0 Insfr.IN>‘ AT - AO Instr. IN
PORT 0 -
favty
Address R R
PORT2 OF SFR-P2 y Address A15-A8 y Address A15-A8
MCT00021
Data Memory Read Cycle
fov T i
ALE —/——-
esene |
SEN# fiwe TaLrh
RD# \ —
= h axo
£ | Trhoz,
Tt TrLov
frrox
favov —| =
A
>—< AT- AO ><>< Data IN
Port 0 tiaz \
Address y A
- Address A15-A8 or SFR-P2
Portz 2 STPZ ML‘TOOOZZ/

Siemens Aktiengesellschaft 174




SAB 80515/80535 Ext. Temp.

Data Memory Write Cycle

—" 'wmr;F
ALE I
| FS—

PSEN # +
In—TTR Fwiwn
WR#
v—fAVWL”—_ B r"G\/WX
flaxa _,

Tavwn == Friox ™1

N
—( A7- Data 0
Port 0 A0 M ata OUT b

\
bt orSHRp2 Address AfS-AB or SFR-P2
or!

\ /
MCT 00023

Recommended Oscillator Circuits

~

L0 XTAL1 40 XTAL1

+5V {
12-12MHz bk

0

C 1
39
IF BlxraL2 ° : XTAL2
TL0k4
ThLS04 MCS00061
C=30pF +10pF
Crystal Oscillator Mode Driving from External Source
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SAB 80515/80535 Ext. Temp.

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable clock
Frequ. = 1.2 MHz to 16 MHz
min. max.
feLeL Oscillator period 83.3 833.3 ns
feHex High time 20 fcLeL — foLex ns
foLex Low time 20 foLcL — feHex ns
fcLeH Rise time - 20 ns
fcHeL Fall time - 20 ns

External Clock Cycle

<y ——

25 25

A.C. Testing Input, Output, Float Waveforms
24 20 20

Test Points
045 08 08

2.4 2.4

0.45 _—'J/O.B 0.8 0.45

MCA 00024

A.C. testing inputs are driven at 2.4 V for a logic "1" and at 0.45 V for a logic "0".
Timing measurements are made at 2.0 V for a logic "1" and at 0.8 V 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 the voltage test levels.
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SAB 80515/80535 Ext. Temp.

System Clock Timing

Symbol Parameter 7 Limit Values Unit
12 MHz Variable clock
clock 1/cLer = 1.2 MHz to 12 MHz
min. | max. | min. ‘ max.
fLLSH ALE to CLKOUT 543 - TtcLcL — 40 - ns
IsHsL CLKOUT high time 127 - 2fcLeL — 40 - ns
tsiLsH CLKOUT low time 793 - 10fcLeL — 40 - ns
ISR CLKOUT low to ALE high 43 123 foLcL — 40 fcLoL + 40 ns

System Clock Timing

fSLLH

w |

fiisu fouse =— sk

CLK OUT ]F——\ ] \

fsisu
RO# WR# \ ’

Program Memory Access Data Memory Access MCT00083

\'
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SAB 80515/80535 Ext. Temp.

ROM Verification Characteristics
Ta=25C+°C;Vec=5V+10%;Vss=0V

Symbol Parameter Limit Values Unit
min. max.

tavav Address to valid data - 48fcLcL ns

teav ENABLE to valid data - 48fcLoL ns

terHaz Data float after ENABLE 0 48fcLoL ns

1/tcLeL Oscillator frequency 4 6 MHz

ROM Verification

P1.0-P17

P2.0- P24 {  Address

fAVQV
Port) ~ —————{ Data OUT]
teLav tenaz
——e—{ —— [———
P27
049

ENABLE # “ oo
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 =VH

RESET =ViL
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SIEMENS

8-Bit Single Chip Microcontroller ROM-less Version SAB 80515K

Additional bus interface for external memory

256 x 8 RAM

Six 8-bit ports

Three 16-bit timer/event counters

Highly flexible reload, capture, compare capabilities

Full-duplex serial channel

Twelve interrupt sources, four priority levels

8-bit A/D converter with 8 multiplexed analog inputs and programmable internal
reference voltages

® 16-bit watchdog time
® Veo provides standby current for 40 bytes of RAM
® Boolean processor
® 256 bit-addressable locations
® Most instructions execute in 1 ps
® 4 us multiply and divide
® External memory expandable to 128 Kbyte
® Pin grid array package, 88 pins (C-PGA-88)
Logic Symbol Ve V.
| |
Port0
<:~~ 8 Bit
S
XTAL1 - — B ’\/Poriz
XTAL2 —v 88Bit
e — SIS
SAB
ano-ant [ BOSISK T ke
Virer *'A‘ — r
Vaeno  ——— @ };%:'5
EA# |———= ALE
RESETH ———=— | F———PSEN #
i [——— PSENE#
(‘—": %DBO’;ADIZ
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SAB 80515K

The SAB 80515K is a special ROM-less version of the 8-bit microcontroller SAB 80515.
The SAB 80515K contains an additional bus interface to connect an external program me-
mory in place of the SAB 80515’s on-chip ROM. Thereby, the SAB 80515K maintains the
full I/O capability of the single-chip SAB 80515 while it permits connection of an external
program memory. All other features of the SAB 80515K are identical with those of the SAB
80515. The SAB 80515K is fabricated in + 5 V advanced N-channel, silicon gate Sie-
mens MYMOS technology, and supplied as pin grid array with 88 pins (C-PGA-88).
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SIEMENS

8-Bit CMOS Microcontroller SAB 80C515/80C535

Advance Information

SAB 80C515/80C515-16 CMOS microcontroller with factory mask-programmable ROM
SAB 80C535/80C535-16 CMOS microcontrolier for external ROM
SAB 80C515-T40/110,

SAB 80C535-T40/110 Extended temperature range: — 40 to + 110°C (for 12 MHz)
SAB 80C515-T40/85,
SAB 80C535-T40/85 Extended temperature range: — 40 to + 85°C (for 12 MHz)

SAB 80C515-16-T40/85,
SAB 80C535-16-T40/85 Extended temperature range: — 40 to + 85°C (for 16 MHz)

8 K x 8 ROM (SAB 80C515 only)

256 x 8 RAM

Six 8-bit I/0O 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 ps (750 ns)

4 us (3 us) multiply and divide

External memory expandable up to 128 Kbytes
Backwardly compatible with SAB 8051

Functionally compatible with SAB 80515

Idle and power-down mode

68-pin plastic leaded chip carrier package (PL-CC-68)
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SAB 80C515/80C535

Ordering Information

Type Ordering code | Package Description
8-bit CMOS microcontroller
SAB 80C515-N Q 67120-C297 PL-CC-68 with mask-programmable ROM, 12 MHz
SAB 80C535-N Q 67120-C508 PL-CC-68 for external memory, 12 MHz
SAB 80C515-N-T40/85 Q67120-C388 | PL-CC-68 | with mask-programmable ROM, 12 MHz
ext. temperature — 40 to + 85 'C
SAB 80C535-N-T40/85 Q 67120-C510 | PL-CC-68 for external memory, 12 MHz

ext. temperature —40 to + 85 'C

SAB 80C515-N-T40/110 Q 67120-C391 PL-CC-68 with mask-programmable ROM, 12 MHz
ext. temperature —40to + 110 'C

SAB 80C535-N-T40/110 Q67120-C538 | PL-CC-68 for external memory, 12 MHz
ext. temperature —40to + 110 C

SAB 80C515-16-N Q 67120-C492 PL-CC-68 with mask-programmable ROM, 16 MHz
SAB 80C535-16-N Q67120-C509 | PL-CC-68 for external memory, 16 MHz

SAB 80C515-16-N-T40/85 | Q 67120-C561 PL-CC-68 with mask-programmable ROM, 16 MHz
ext. temperature — 40 to + 85 'C

SAB 80C535-16-N-T40/85 | Q 67120-C562 | PL-CC-68 for external memory, 16 MHz
ext. temperature — 40 to + 85 'C

The SAB 80C515/80C535 is a new, powerful member of the Siemens SAB 8051 family
of 8-bit microcontrollers. 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 enhancements
which significantly increase design flexibility and overall system performance.

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 Supplicu in a 68-pin plastic leaded Chlﬁ

carrier package (PL-CC-68). For the industrial temperature range — 40 to + 85°C,
the SAB 80C515/80C535-T40/85 is available.

There are versions for 12 MHz operation and for 16 MHz operation available.
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Pin Configuration
(PL-CC-68)
Mo m N—S _o- Nmne
STELICLISS LRR AR AN
aaacaaocloaaa>aaocaacaa
afulclinlicliclisliclalasliclicicliclnlialial
yanl N 1 6 Y
RESET Q10 0 PPS7
Varer O P07
Vacno P06
P67 POS
P66 P04
P6S PO3
P6L P02
P63 POt
P62 oo
P61 SABB80C515/80C535 EA
P60 ALE
RxD/P30 PSEN
TxD/P31 P27
INTO/ P32 P26
INT1/P33 P25
T0/P34 P24
T1/P350 2 wipr23
27 L3 MC92
—To OO T OO OO OO
om0 G MNT O LN~ O
RRC20I T2 29S8
eassbsiiab¥ssgeca
SIS RS SIS 2LEE xx
SRS IE 2EEE
x = oonis
X
o coog
coob
Logic Symbol
Ve Vs
Port 0
| XTaLt <::|'>e-bn
| XTAL2
Port 1
8-bit
port 2
Viwee <$:::i>e-mr
VAGND
SAB (‘—]\ Port 3
| 80C515 N voo-on
| Port6 80C535 Port b
o, N—
|
| <:>Porf5
8-bit
PE #———i
T = ALE
RESET #——md I PSEN #
i‘ MCLO0093
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SAB 80C515/80C535

Pin Definitions and Functions

Symbol

Pin

Input (I)
Output (O)

Function

P4.0-P4.7

1-3, 5-9

e}

Port 4

is an 8-bit bidirectional /O port with internal pullup
resistors. Port 4 pins that have 1's

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 (I, in the DC characteristics)
because of the internal pullup resistors.

PE#

Power saving mode enable#

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#

Reset pin

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 Vss.

V ARer

11

Reference voltage for the A/D converter

VaanD

12

Reference ground for the A/D converter

P6.7-P6.0

13-20

Port 6

is an 8-bit undirectional 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.

Note: Signals signified by an (#) are negated signals.
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SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Input (1)
Symbol Pin Output (O) | Function
P3.0-P3.7 | 21-28 10 Port 3

is an 8-bit bidirectional I/O port with internal pullup

resistors. Port 3 pins that have1's 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 O 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
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SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Input (1)
Symbol Pin Output (O) | Function
P1.7-P1.0| 29- 36 1’10 Port 1

is an 8-bit bidirectional 1/0 port with internal pullup
resistors. Port 1 pins that have 1's 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
(e 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
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SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Symbol

Pin

Input (1)
Output (O)

Function

XTAL2
XTAL1

39
49

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 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 and rise/fall times
specified in the AC characteristics must be
observed.

P2.0-P2.7

41- 48

/10

Port 2

is an 8-bit bidirectional I/0O port with internal pullup
resistors. Port 2 pins that have 1's 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
1's. During accesses to external data memory that
use 8-bit addresses (MOVX@RI), port 2 issues the
contents of the P2 special function register.

PSEN#

49

The Program store enable#

output is a control signal that enables the external
program memory to the bus during externai fetch
operations. It is activated every six oscillator
periods, except during external data memory
accesses. The signal remains high during internal
program execution.
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SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Input (I)
Symbol Pin Output (O) | Function

ALE 50 (6] The Address latch enable

output is 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 | External access enable#

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 | 42-59 I{e] Port 0

is an 8-bit open-drain bidirectional 1/O port.

Port 0 pins that have 1's 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 1's.

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 /0 Port 5 is an 8-bit bidirectional I/O port with internal
pullup resistors. Port 5 pins that have 1's 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.in the DC characteristics) because of the
internal pullup resistors.

Vee 37 Supply voltage
during normai, idie, and power-down operation.
Internally connected to pin 68.

Vss 38 Ground (0 V)

Voc 68 Supply voltage
during normal, idle, and power-down operation.
Internally connected to pin 37.
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SAB 80C515/80C535

Figure 1
Block Diagram
XTAL1 XTAL2
| 1
|
| 0sC RAM ROM 8Kx 8 |
| and Timing 256x8 (SABBOC5150nly) |
I |
VCCO——| + I
Vss Port 0
RESET #0—s]f ] = == ro E~—:EIBTL”
EA #o——l
PE #o—m] | :
ALE ome—] |
PSEN 4 ome Watchdog —— =—= | P1 [B <T— g‘z';l:
| . |
I Timer 0 ——— |
|
| P P2 8 <—:|§?rbflf2
| Timer 1 —~—— I
I |
| |
; |
| Timer 2 [ wr— — P3 g ]gﬁrbfi*a
| I
|
| Serial Port —— |
| l
| [} ——= | PL [B == 12’?;::‘
I Baud Rate I
| Generator :

Port 6——1 Y e —— =—= | r5 [ == jPort 5
8- bit \—7—“"+ 8- bif
L |

| [AN | SaH =] A/D ——
MUX |
| I I
I L1 |
Vager O Programmable |
Vagho o_*“—; Ref. Voltages l
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Functional Description
The members of the SAB 80515 family of microcontrollers are:

SAB 80C515: Microcontroller, designed in Siemens ACMOS technology, with
8 Kbyte factory mask-programmable ROM

SAB 80C535: ROM-less version of the SAB 80C515

— SAB 80515: Microcontroller, designed in Siemens MYMOS technology, with
8 Kbyte factory mask-programmable 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 the 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 sheet the term "SAB 80C515" is used to refer to 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 at 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
programmable priority levels.

Figure 1 shows a block diagram of the SAB 80C515.
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CPU

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 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 ps.

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
1FFFH. Locations 2000H through OFFFFH are then fetched from the external program
memory. If the EA# pin is held now, 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 iMiemory

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 (SRF) 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.

All registers, except the program counter and the four 8-register banks, reside in the
special function register area. The 42 special function registers 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.
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Table 1

Special Function Register

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
TLA1 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

* IENO Interrupt enable register 0 0A8H
IPO Interrupt priority register 0 0A9H

* P3 Port 3 0BOH

* IEN1 interrupt enabie 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
CCHA1 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 OCDH

* PSW Program status word register 0DOH

* ADCON A/D converter control register 0D8H
ADDAT A/D converter data register 0D9H
DAPR D/A converter program register ODAH
P6 Port 6 0DBH

* ACC Accumulator OEOH

* P4 Port 4 OE8H

* B B register OFOH

* P5 Port 5 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 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 /O ports with internal pullup
resistors. That means, when configured as inputs, ports 1 to 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 O 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 reload trigger 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| T1 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 dual-purpose input port. As the ANXx 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 (Vi.and Vin), the port can also be
used as digital input port. Reading the special function register P6 allows the user to input
modes by software; the voltages applied at port 6 pins can 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 Vi./Vn specifications.

Furthermore, it is not possible to use port P6 as output lines. Special function register P6 is
located at address ODBH.
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Timer/Counters

The SAB 80C515 contains three 16-bit timers/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 timers/counters can operate in four modes:
Mode 0: 8-bit timer/counter with 32:1 prescaler
Mode 1: 16-bit timer/counter

Mode 2: 8-bit timer/counter with 8-bit auto-reload

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 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. Corresponding 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 timer/counter 2.

Reload

A 16-bit reload can be performed with the 16-bit CRC register consisting of 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.

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 TL2 and TH2 into a dedicated capture register:

Mode 0: Capture is performed in response to a transition at the corresponding port 1 pins
CCO0to 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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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 overflow causes no output change.

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.

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.

There are three characteristic time frames in a conversion cycle (see A/D converter
characteristics): the conversion time rc, which is the time required for one conversion; the
sample time s which is included in the conversion time and is measured from the start of
the conversion; the load time «, which in turn is part of the sample time and also is
measured from the conversion start.

Within the load time «, the analog input capacitance Ci must be loaded to the analog
inpult voltage level. For the rest of the sample time s, after the load time has passed, the
selected analog input must be held constant. During the rest of the conversion time « the
conversion itself is actually performed. Conversion can be programmed 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 Vinwrer and Vinacno for the A/D converter both are programmable to one
of 16 steps with respect to the external reference voltages. This feature permits a

~rANuAarainn ith A emallar int.
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

P6 (0DBH) ’\’[
Port 6 |

Baud  System Busy Conver- AN-Input
Rate  Clock Flag sion Select
Enable Enable Mode

7 6 5 4 3 2 1 0

| ADCON (0D8H)

wn
oA
)
ADDAT (0D9H) 8
[:a}
Port 6.0-7 %
'orr 6.0~
| IR LI\ —J [%]
Multiplexer S&H A/D A Result a
E
@ |
£
VintArer Vint aGND
Varer
Internal Reference Voltages
VAGND

‘ l DAPR (0DAH)

7 6 5 L 3 2 1 0

Programming Programming

VlanREF VIMAGND

MCB00095

Siemens Aktiengesellschaft 198



SAB 80C515/80C535

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 O interrupt 000BH
IE1 External interrupt 1 0013H
TFA1 Timer 1 interrupt 001BH
Rl + 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
or 6 are combined with the corresponding 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 individuaily to one of four priority ieveis by setting or ciearing
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
Interrupt 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 during active mode of the device. 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 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 has been 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 Veo 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 operations of the device. When PE# is held low, the use
of the idle mode and 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.
The Special Function Register PCON

In the NMOS version SAB 80515 the SFR PCON (address 87H) contains only bit SMOD;
in the 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).
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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
GFO0 and GF1 can be used to give an indication if an interrupt occurred during normal
operation or during an idle. 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.

Table 3

SFR PCON (87H)

sMob| Pbs | IDLs | - | GF1 | GFo | PDE | IDLE |  s87H

7 6 5 4 3 2 1 0

Symbol Position Function

SMOD PCON.7 When set, the baud rate of the serial channel in mode
1, 2, 3 is 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

GF0 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.
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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.

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 levels (see table 4).

Table 4
S?:tus of External Pins During Idle and Power-Down Mode
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/alternate Data/last Data/alternate Data/last
outputs output outputs output

PORT 2 Data Data Address Data

PORT 3 Data/alternate Data/last Data/alternate Data/last 7
outputs output 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 predefined 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 idle mode, the
watchdog timer would reset the controller, thus abandoning the idle mode.
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When idle mode is used, pin PE# must be held on low level. The idle mode is then entered
by two consecutive 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.

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

The instruction that sets bit IDLS is the last instruction executed before going into idle mode.
There are two ways to terminate the idle mode:

— The idle mode can be terminated by activating any enable interrupt. This interrupt will
be serviced and normally the instruction to be executed following the RETI instruction
will be the one following the instruction that sets the bit IDLS.

— The other way to terminate the idle mode, is a hardware reset. Since the oscillator
is still running, the hardware reset must be held active only for two machine cycles
for a complete reset.

Power-Down Mode

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 first instruction 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 of these bits is always 0 (see table 3). This double instruction is implemented
to minimize the chance of unintentionally entering the power-down mode which could
possibly "freeze" the chip's activity in an undesired status.
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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
ORL PCON,#01000000B ;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.

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, Vcc can be reduced to minimize power consumption.
It must be ensured, however, that Vcc is not reduced before the power- down mode is
invoked, and that Vccis 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 Vcc 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).

Differences in Pin Assignments of the SAB 80C515 and SAB 80515

Since the SAB 80C515 is designed in CMOS technology, this device requires no Ves pin,
because the die's substrate is internally connected to Vcc.

Furthermore, the RAM backup power supply via pin Veo is replaced by the software-
controlled power-down mode and power supply via Vce.

Therefore, pins Vss and Veo of the NMOS version SAB 80515 are used for other functions
in the SAB 80C515.

Pin 4 (the former pin Veo) is the new PE# pin which enables the use of the power saving
modes.

Pin 37 (the former pin Vss) becomes an additional Vcc pin. Thus, it is possible to insert
a decoupling capacitor between pin 37 (Vcc) and pin 38 (Vss) very close to the device,
thereby avoiding long wiring and reducing the voltage distortion resulting from high
dynamic current peaks.

There is a difference between the NMOS and CMOS version concerning the clock
circuitry. When the device is driven from an external source, pin XTAL2 must be driven
by the clock signal; pin XTAL1, however, must be left open in the SAB 80C515 (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 Vcc pins are hardwired on-chip. In any case, it is recommended that power is supplied
on both Ve 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 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 Adirect 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
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Instruction Set Summary (cont'd)

Mnemonic ! Description | Byte ’ Cycle
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
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 #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
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Instruction Set Summary (cont'd)

Mnemonic } Description [ Byte 1 Cycle
Data transfer

MOV ARn Move register to accumulator 1 1
MOV A direct”) Move direct byte to accumulator 2 1
MOV A @Ri Move indirect RAM to accumulator 1 1
MOV A #data Move immediate data to accumulator 2 1
MOV Rn,A Move accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn #data Move immediate data to register 2 1
MOV direct,A Move accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV direct,direct Move direct byte to direct byte 3 2
MOV 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 accu 1 2
MOvC A@A+PC Move code byte relative to PC to accu 1 2
MOVX A @Ri Move external RAM (8-bit addr.) to accu 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

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

Mnemonic 1 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
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
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
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Instruction Set Summary (cont'd)

Mnemonic | Description l Byte } Cycle
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 (o} 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
Notes on data addressing modes:

Rn — Working register R0 — 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 constant inciuded as bytes 2 and 3 of instruction
bit — 128 software flags, any I/O pin, control or status bit
A — Accumulator

Notes on program addressing modes
addr 16 — Destination address for LCALL and LUMP 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.

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.
All mnemonics copyrighted © Intel Corporation 1980
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Instruction Op Codes in Hexadecimal Order

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A#data

02 3 LJMP code addr 35 2 ADDC A,data addr
03 1 RR A 36 1 ADDC A,@RO

04 1 INC A 37 1 ADDC A@R1

05 2 INC data addr 38 1 ADDC ARO

06 1 INC @RO 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 3B 1 ADDC AR3

09 1 INC R1 3C 1 ADDC A,R4

0A 1 INC R2 3D 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC A,R7

([0 1 INC R4 3F 1 ADDC AR7

ob 1 INC R5 40 2 JC code addr
OE 1 INC R6 41 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 3 JBC bit addr,code addr 43 3 ORL data addr#data
11 2 ACALL code addr 44 2 ORL A #data

12 3 LCALL code addr 45 2 ORL A, data addr
13 1 RRC A 46 1 ORL A,@RO

14 1 DEC A 47 1 ORL A @R1

15 2 DEC data addr 48 1 ORL A,RO

16 1 DEC @RO 49 1 ORL AR1

17 1 DEC @R1 4A 1 ORL AR2

18 1 DEC RO 4B 1 ORL A,R3

19 1 DEC R1 4C 1 ORL A R4

1A 1 DEC R2 4D 1 ORL A,R5

1B 1 DEC R3 4E 1 ORL A,R6

1C 1 DEC R4 4F 1 ORL A,R7

1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC Ré 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr,A
20 3 JB bit addr,code addr 53 3 ANL data addr#data
21 2 AJMP code addr 54 2 ANL A #data

22 1 RET 55 2 ANL A,data addr
23 1 RL A 56 1 ANL A,@RO

24 2 ADD A #data 57 1 ANL A,@R1

25 2 ADD A, data adadr 58 1 ANL A,RO

26 1 ADD A,@RO 59 1 ANL AR1

27 1 ADD A @R1 5A 1 ANL AR2

28 1 ADD A,RO 5B 1 ANL A,R3

29 1 ADD A,R1 5C 1 ANL A,R4

2A 1 ADD AR2 5D 1 ANL A,R5

2B 1 ADD A,R3 5E 1 ANL A,R6

2C 1 ADD AR4 5F 1 ANL A,R7

2D 1 ADD AR5 60 2 Jz code addr
2E 1 ADD A,R6 61 2 AJMP code addr
2F 1 ADD A,R7 62 2 XRL data addr,A
30 3 JNB bit addr,code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRL A#data

32 1 RETI 65 2 XRL A,data addr
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex |Number | Mnemonic | Operands

code | of bytes code | of bytes

66 1 XRL A@RO 99 1 SUBB AR1

67 1 XRL A @R1 9A 1 SUBB AR2

68 1 XRL ARO 9B 1 SUBB AR3

69 1 XRL AR1 9C 1 SUBB A,R4

6A 1 XRL A R2 9D 1 SUBB AR5

6B 1 XRL AR3 9E 1 SUBB A,R6

6C 1 XRL A R4 9F 1 SUBB A R7

6D 1 XRL AR5 A0 2 ORL C,/bit addr

6E 1 XRL A,R6 Al 2 AJMP code addr

6F 1 XRL AR7 A2 2 MOV C,bit addr

70 2 JNZ code addr A3 1 INC DPTR

71 2 ACALL code addr A4 1 MUL AB

72 2 ORL C,bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MOV @RO0,data addr

74 2 MOV A#data A7 2 MOV @R1,data adadr

75 3 MOV data addr#data A8 2 MOV RO,data addr

76 2 MOV @RO0,#data A9 2 MOV R1,data addr

77 2 MOV @RI, #data AA 2 MOV R2,data addr

78 2 MOV RO, #data AB 2 MOV R3,data addr

79 2 MOV R1,#data AC 2 MOV R4,data addr

7A 2 MOV R2,#data AD 2 MOV R5,data addr

7B 2 MOV R3,#data AE 2 MOV R6,data addr

7C 2 MOV R4 #data AF 2 MOV R7,data addr

7D 2 MOV R5,#data BO 2 ANL C,/bit addr

7E 2 MOV R6,#data B1 2 ACALL code addr

7F 2 MOV R7 #data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 CPL (e}

81 2 AJMP code addr B4 3 CJINE A #data,code addr
82 2 ANL C,bit addr B5 3 CJNE A,data addr,code addr
83 1 MOVC A,@A+PC B6 3 CJINE @RO,#data,code addr
84 1 DIV AB B7 3 CJNE @R1,#data,code addr
85 3 MOV data addr,data addr B8 3 CJNE RO,#data,code addr
86 2 MOV data addr,@R0 B9 3 CJNE R1,#data,code addr
87 2 MOV data addr,@R1 BA 3 CJINE R2,#data,code addr
88 2 MOV data addr,RO BB 3 CJNE R3,#data,code adadr
89 2 MOV data addr,R1 BC 3 CJINE R4 #data,code addr
8A 2 MOV data addr,R2 BD 3 CJINE R5,#data,code adadr
8B 2 MOV data addr,R3 BE 3 CJINE R6,#data,code addr
8C 2 MOV data addr,R4 BF 3 CJINE R7 #data,code addr
8D 2 MOV data addr,R5 Co 2 PUSH data addr

8E 2 MOV data addr,R6 C1 2 AJMP code addr

8F 2 MOV data addr,R7 c2 2 CLR bit addr

90 3 MOV DPTR,#data C3 1 CLR C

91 2 ACALL code addr C4 1 SWAP A

92 2 MOV bit addr,C C5 2 XCH A,data adadr

93 1 MOVC A,@A+DPTR Cé 1 XCH A,@R0

94 2 SuBB A #data Cc7 1 XCH A @R1

95 2 SUBB A,data addr c8 1 XCH A,RO

96 1 SUBB A,@R0 C9 1 XCH AR1

97 1 SUBB A@R1 CA 1 XCH A R2

98 1 SuUBB A,RO CB 1 XCH AR3
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Instruction Op Codes in Hexadecimal Order (cont'd)

Mnemonic | Operands

MOV R5,A
MOV R6,A
MOV R7,A

Hex |Number |Mnemonic | Operands Hex | Number
code |of bytes code | of bytes
cC 1 XCH AR4 FD 1
CD 1 XCH AR5 FE 1
CE 1 XCH A,R6 FF 1
CF 1 XCH A,R7

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 DJINZ RO,code addr

D9 2 DJINZ R1,code addr

DA 2 DJNZ R2,code addr

DB 2 DJNZ R3,code addr

DC 2 DJNZ R4,code addr

DD 2 DJNZ R5,code addr

DE 2 DJNZ R6,code addr

DF 2 DJINZ R7,code addr

EO 1 MOVX A,@DPTR

E1 2 AJMP code addr

E2 1 MOVX A,@R0

E3 1 MOVX A@R1

E4 1 CLR A

E5 2 MOV A,data addr*)

E6 1 MOV A,@R0

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 A R4

ED 1 MOV A,R5

EE 1 MOV AR6

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

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

Ambient temperature under bias 0 to+ 70°C (SAB 80C515)
—40 to+ 85°C (SAB 80C515-T40/85)
—40 to+110°C (SAB 80C515-T40/110)

Storage temperature -85 to+150°C
Voltage on any pin with respect to ground (Vss) —0.5 to Voo + 0.5V
Voltage on Vce to Vss -05to+ 65V
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

Voe=5V+10%; Vss=0V; Ta=0to + 70°C; for SAB 80C515/80C535
Ta =—40to + 85°C for SAB 80C515/80C535-T40/85
Ta=—40to + 110°C for SAB 80C515/80C535-T40/110

Parameter Symbol Limit Values Unit | Test Condition
min. max.

Input low voltage (except EA#) ViL -05 0.2vee \" -

-0.1
Input low voltage (EA#) Vit -05 0.2 vee \Y -

-03
Input high voltage VIH 2.0vce vee \ -
(except RESET# and XTAL2) +0.9 +0.5
Input high voltage to XTAL2 ViH1 0.7 vee vee Vv -

+05
Input high voltage to RESET# ViH2 0.6 vee vee \" -

+0.5
Output low voltage, ports VoL - 0.45 \" IoL =1.6 mA 1)
1,2,3,4,5
Output low voltage, port 0, ALE, VoLt - 0.45 \ IoL =3.2mA 1)
PSEN#
Output high voltage, ports VOH 2.4 - \ IoH =—80 pA
1,2,3,4,5 0.9vee - \Y IoH =—10 pA
Output high voltage (port 0 in external VOH1 2.4 - \ IoH =—400 A
bus mode, ALE, PSEN) 0.9 vce - Y IoH =—40 yA 2)
Logic 0 input current, ports I - -50 nA VIN =0.45V
1,2,3,4,5

for notes see next page
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DC Characteristics (cont'd)

Parameter Symbol Limit Values Unit | Test Condition
min. max.
Output high voltage (port 0 in external VOH1 2.4 - Vv IoH =—400 pA
bus mode, ALE PSEN) 0.9 vee - IoH=—40pA 2
Logic 0 input current, ports 1, 2, 3, 4, 5, s - -50 uA ViN=0.45V
Input low current to RESET# for reset T2 - -100 uA ViN=0.45V
Logical 1-to-0 transition current, ITL - - 650 nA VIN=2V
ports 1,2,3,4,5
Input leakage current (port 0, EA#) I - +10 pA 0.45 <VIN< VCe
Pin capacitance Clo - 10 pF fc=1MHz,
Ta=25C
Power-supply current:
Active mode, 12 MHz 8 - - 35 mA vee=5V4
Idle mode, 12 MHz 9 - - 13 mA vee=5V"9
Active mode, 16 MHz © - - 46 mA vee=5V4
Idle mode, 16 MHz © - - 17 mA vec=5V"9
Power-down mode - - 50 uA vec=2V1t055V3
Notes

1) Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be
superimposed on the VoL 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 Schmitttrigger, or use an address latch
with a Schmitttrigger strobe input.

2) Capacitive loading on ports 0 and 2 may cause the VOH on ALE and PSEN to

momentarily fall below the 0.9 Vcc specification when the address bits are stabilizing.

-~

3) Power-down /cc is measured with: EA# = Port 0 = Port 6 = vcc;
XTAL1 = N.C.; XTAL2 = vss; RESET# = Vcc; VAGND = Vss; all other pins are disconnected.

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 = Vcc; RESET# = vss; all other
pins are disconnected. /cc might be slightly higher if a crystal oscillator is used.

4

=

5

=

Icc (idle mode) is measured with: XTAL2 driven with the clock signal according to the
figure below; XTAL1 = N.C.; EA# = Vss; Port 0 = Port 6 Vcc; RESET# = Vec; all other pins are
disconnected; all on-chip peripherals are disabled.

6) Iccat other frequencies is given by:

Active mode: /cc max (MA) = 2.67 x fosc (MHz) + 3.00
Idle mode: /cc max (mA) = 0.88 x fosc (MHz) + 2.50
where fosc is the oscillator frequency in MHz.

I/cc max is given in mA and measured at Vee = 5 V (see also notes 4 and 5)

=
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A/D Converter Characteristics

Vee=5V +10%; Vss=0 V; Varer = Vec £ 5%; Vaano = Vss+ 0.2 V;

Vintarer — Vinaano 21 V; Ta= 0 to + 70°C for SAB 80C515/80C535
Ta=—-40to + 85°C for SAB 80C515/80C535-T40/85
Ta=—401o0 + 110°C for SAB 80C515/80C535-T40/110

Parameter Symbol Limit Values Unit Test
. ) Condition
min. typ. max.

Analog input voltage VAINPUT VAGND - VAREF Vv 9)

- 02 +0.2

Analog input capacitance Ci - 25 45 pF 7

Load time I - - 2 toy us -

Sample time (incl. load time) S - - 7 toy us -

Conversion time (incl. fc - - 13 tey us -

sample time)

Differential non-linearity DNLE - +1/2 +1 LSB VINMAREF =
Integral non-linearity INLE - +1/2 +1 LSB VAREF = VCC
Offset error +1/2 +1 LSB VINtAGND =
Gain error +1/2 1 LSB VAGND = Vss
Total unadjusted error TUE +1 +2 LSB 7

VAREF suppiy current IREF - - 5 mA §)

Internal reference error VIntREFERR - - TBD mV 8)

7) The output impedance of the analog source must be low enough to assure full loading
of the sample capacitance (C1) during load time (7). After charging of the internal
capacitance (C1) in the load time (fL) the analog input must be held constant for the rest
of the sample time (fs).

8) The differential impedance rp of the analog reference voltage source must be less than
1 ka at reference supply voltage.

9) Exceeding these limit values at one or more input channels will cause additional
current which is sinked / sourced at these channels. This may also affect the accuracy
of other channels which are operated within these specifications.

Clock Signal Waveform for Icc Tests in Active and Idle Mode
(teen = tereL = 5 ns)

Vee-05 =~ ———

0.45V

MCT00033
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AC Characteristics for SAB 80C515/80C535

Vee=5V +10%; Vss= 0V (Cifor Port 0, ALE and PSEN# outputs = 100 pF; Cfor all
outputs = 80 pF) Ta=0to +70°C for SAB 80C515/80C535

Ta=- 40to + 85°C for SAB 80C515/80C535-T40/85

Ta=— 40to + 110°C for SAB 80C515/80C535-T40/110

Parameter Symbol Limit Values Unit
12 MHz Variable clock
clock 1/ fcreL = 0.5 to 12 MHz
min. | max | min. max.

Program Memory Characteristics

ALE pulse width fLHLL 127 | - 2 tcieL — 40 - ns
Address setup to ALE taviL 53 | - fcer — 30 - ns
Address hold after ALE fLLAX 48 | — fcreL — 35 - ns
ALE to valid instruction in fuv - 233 | - 4 fcret—100 | ns
ALE to PSEN# fLpPL 58 | - fooL — 25 - ns
PSEN# pulse width IPLPH 215 3 fcicL - 35 ns
PSEN# to valid instruction in tPLIv - 150 | — 3 fcet =100 | ns
Input instruction hold after PSEN# IPxix 0 - 0 - ns
Input instruction float after PSEN# texiz) - 63 | - fcreL — 20 ns
Address valid after PSEN# trxav ") 75 fceL -8 ns
Address to valid instruction in taviv - 302 | - 5 fciell—115 | ns
Address float to PSEN# IazPL 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.
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SAB 80C515/80C535

AC Characteristics for SAB 80C515/80C535 (cont'd)

Vee=5V +10%; Vss= 0V (CLfor Port 0, ALE and PSEN# outputs = 100 pF; C.for all
outputs = 80 pF) Ta=0to+70°C for SAB 80C515/80C535

Ta=— 40 to + 85°C for SAB 80C515/80C535-T40/85

Ta=— 401to+110°C for SAB 80C515/80C535-T40/110

Parameter Symbol Limit Values Unit
12 MHz Variable clock
clock 1/ tereL = 0.5 to 12 MHz
min.Lmax min. max.

External Data Memory Characteristics

RD# pulse width IRLRH 400 | - 6 fceL— 100 | — ns
WR# pulse width IwLwH 400 | - 6 fccL—100 | — ns
Address hold after ALE fLLAX2 132 | - 2 focL — 35 - ns
RD# to valid data in IRLDV - 252 | - 5fccL—165 | ns
DATA hold after RD# IRHDX 0 - 0 ns
Data float after RD# IRHDZ - 97 |- 2 fcLoL—70 ns
ALE to valid data in fuov - 517 |- 8 fccL—150 | ns
Address to valid data in favDV - 585 | — 9fccL—165 | ns
ALE to WR# or RD# fuwe 200 | 300 | 3fccL—50 3 feLeL + 50 ns
WR# or RD# high to ALE high TWHLH 43 | 123 | fceL —40 foLoL + 40 ns
Address valid to WR# TavwiL 203 | - 4 fceL—130 | — ns
Data valid to WR# transition favwx 33 |- foreL — 50 - ns
Data setup before WR# favwH 433 | - 7 tcree—150 | — ns
Data hold after WR# IwHax 33 |- fcreL — 50 - ns
Address float after RD# tRLAZ - 0 - 0 ns
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SAB 80C515/80C535

AC Characteristics for SAB 80C515/80C535 (cont'd)

Parameter Symbol Limit Values Unit
Variable clock
Frequ. = 0.5 to 12 MHz
min. max.

External Clock Drive

Oscillator period toLoL 83.3 2000 ns
Oscillator frequency 1/tcLoL 0.5 12 MHz
High time fcHex 20 - ns
Low time foLex 20 - ns
Rise time foLcH - 20 ns
Fall time fcHeL - 20 ns

External Clock Cycle

Vee =05 = ———— 7=
07 Vi

045V £0.2 Ve -01

fene™

MCT00033
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SAB 80C515/80C535

System Clock Timing for SAB 80C515/80C535

Parameter Symbol Limit Values Unit
12 MHz Variable clock
clock 1/ ferer = 0.5 to 12 MHz
min. | max | min. max.
ALE to CLKOUT fisH 543 | — 7 tceL — 40 - ns
CLKOUT high time IsHsL 127 | - 2 feleL — 40 - ns
CLKOUT low time IsLsH 793 | - 10 fcrct—40 | — ns
CLKOUT low to ALE high (S 43 | 123 | fceL— 40 tecL +40 ns

System Clock Timing

fSLLH

ALE ’ L , \ L
fiisH fsusy = fish

CLK OUT ] \ ) \
fsisH
PSEN # /—_\_/—_—_\—/
RD# WR# \ /

Program Memory Access Data Memory Access MCT00083

\'
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SAB 80C515/80C535

AC Characteristics for SAB 80C515-16/80C535-16

Vee=5V +10%,; Vss= 0V (CLfor Port 0, ALE and PSEN# outputs = 100 pF; Cfor all
outputs = 80 pF) Ta=0to+70°C for SAB 80C515-16/80C535-16
Ta=— 40to +85°C for SAB 80C515-16/80C535-16-T40/85

Parameter Symbol Limit Values Unit
16 MHz Variable clock
clock 1/ tcreL = 0.5 to 16 MHz
min. | max | min. max.

Program Memory Characteristics

ALE pulse width fLHLL 85 | — 2 fclcL — 40 - ns
Address setup to ALE taviL 33 | - feLeL — 30 - ns
Address hold after ALE fLLAX 28 | — toLoL — 35 - ns
ALE to valid instruction in fiav - 150 | — 4 tccL—100 | ns
ALE to PSEN# fueL 38 | - fcler — 25 - ns
PSEN# pulse width tPLPH 153 3 fceL - 35 ns
PSEN# to valid instruction in feuv - 88 | - 3 foelt — 100 | ns
Input instruction hold after PSEN# Ipxix 0 - 0 - ns
Input instruction float after PSEN# trxiz ") - 48 | - foLeL - 20 ns
Address valid after PSEN# texav 1) 60 fcloL-8 ns
Address to valid instruction in taviv - 223 | - 5 fcclt—115 | ns
Address float to PSEN# IazrL 0 - 0 - ns

" Interfacing the SAB 80C515-16 to devices with float times up to 55 ns is permissible.
This limited bus contention will not cause any damage to port 0 drivers.

Siemens Aktiengesellschaft 222



SAB 80C515/80C535

AC Characteristics for SAB 80C515-16/80C535-16 (cont'd)

Vee=5V +£10%; Vss= 0V (CLfor Port 0, ALE and PSEN# outputs = 100 pF; Cfor all
outputs = 80 pF) Ta=0to +70°C for SAB 80C515-16/80C535-16
Ta=— 40to + 85°C for SAB 80C515-16/80C535-16-T40/85

Parameter Symbol Limit Values Unit
16 MHz Variable clock
clock 1/ terer = 0.5 to 16 MHz
min. | max | min. max.

External Data Memory Characteristics

RD# pulse width IRLRH 275 | — 6 fcloL—100 | — ns
WR# pulse width tWLwH 275 | - 6 fcct—100 | — ns
Address hold after ALE fLaxe 0 |- 2 fcieL— 35 - ) ns
RD# to valid data in RLDV - 148 | - 5fcicL—165 | ns
DATA hold after RD# IRHDX 0 - 0 ns
Data float after RD# IRHDZ - 55 |- 2 foleL - 70 ns
ALE to valid data in oy - 350 | — 8 fcicL—150 | ns
Address to valid data in tavDv - 398 | — 9 fccL—165 | ns
ALE to WR# or RD# fuwe 138 | 238 | 3 fcicL — 50 3 foLoL + 50 ns
WR# or RD# high to ALE high IWHLH 23 103 | fceL—40 fciel + 40 ns
Address valid to WR# Tavwi 120 |- 4 fcleL—130 | — ns
Data valid to WR# transition favwx 13 |- tcLCL -50 - ns
Data setup before WR# favwx 288 | - 7 tcoL—150 | — ns
Data hold after WR# twHax 13 |- feioL - 50 - ns
Address float after RD# fRLAZ - 0 - 0 ns
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SAB 80C515/80C535

AC Characteristics for SAB 80C515-16/80C535-16 (cont'd)

Parameter Symbol Limit Values Unit
Variable clock
Frequ. = 0.5 to 16 MHz
min. max.
External Clock Drive
Oscillator period foLcL 62.5 2000 ns
Oscillator frequency 1/tcLeL 0.5 16 MHz
High time fcHex 15 - ns
Low time fcLex 15 — ns
Rise time foleH - 15 ns
Fall time fcHel - 15 ns
External Clock Cycle
Ve =05 ===~ \
0.45V e
e feLex

MCT00033
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SAB 80C515/80C535

System Clock Timing for SAB 80C515-16/80C535-16

Parameter Symbol Limit Values Unit
16 MHz Variable clock
clock 1/ tcrcL = 0.5 to 16 MHz
min. | max | min. max.
ALE to CLKOUT fLLSH 398 | - 7 teeL — 40 - ns
CLKOUT high time IsHsL 85 |- 2 fcreL — 40 - ns
CLKOUT low time IsLsH 585 | — 10fctcL—40 | — ns
CLKOUT low to ALE high fsLLH 23 1103 | fcieL — 40 fciel + 40 ns

System Clock Timing

fSLLH

——-1

v S\ _

fLisH fousy =— husu
CLK OUT ] \ ] \
fsis

RD# WR# - \ ’

Program Memory Access Data Memory Access MCT00083

\'
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SAB 80C515/80C535

ROM Verification Characteristics

Ta=25°C+5°C; Vec=5V +10%; Vss=0 V
Parameter Symbol Limit Values Unit
min. max.
Address to valid data tAvaQv — 48rcLcL ns
ENABLE to valid data tELQV - 48rcLeL ns
Data float after ENABLE tEHQZ 0 48fcLcL ns
Oscillator frequency 1/tcLeL 4 6 MHz
ROM Verification
P1.0-P17
P20- PZA-———{ Address }———{
Favav
Port0 ~ ——————{ Data OUT ) —
teLav teraz
P27
’ MCD00049
ENABLE # €000
Address: P1.0-P1.7 = A0-A7 Inputs: P2.5-P2.6, PSEN# =Vss
P2.0-P2.4 = A8-A12 ALE, EA# =VIH
Data.  Port0  =DO0-D7 RESET# = Vit
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SAB 80C515/80C535

Waveforms

Program Memory Read Cycle

fiwe
w_ o
= fww
PSEN # / \
Toxav "‘
fPXlZ |
foxix |
] -\
Port 0 )——‘t A0-A7 b _Llnsh‘. IN AQ-AT )—C
fwiv
Port2 AB-ATS X AB-A15
MCT 00096

Data Memory Read Cycle

==t
ALE / \{ F—\—/
A

PSEN # /
v —

= fLwL TRLRH

RD # \t /

. rR Lov

[

—= v < -t i
AVLL RHDZ

= faxz
= =Taiaz - h’nunx

A0-A7 from \ AO-A7 Instr.
Port0 HL Rior DPL m . DataiN »»—< from PCL IN

fAVWL

NS

fAVDV

Port 2 y P20-P27 or AB-A15 from OPH x AB-A15 from PCH
MCT 00097

2B
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SAB 80C515/80C535

Data Memory Write Cycle

ALE / St

——

fWHLH

PSEN # /

~=—fiwL 1,

.

WLWH

RD #

—

t\VLL

-

’

l Tavwx

- faxe 7

fWHQX

fDVWH

NS

[ N
Porf0:>—i‘ Rdem X Data OUT

Xx #g;nAZ’CL )—(Ins’rn IN

&VWL

Port 2 )

A

P20-P27 or AB-A15 from DPH

x AB-A15 from PCH

MCT00098

Recommended Oscillator Circuits

~

40

i

~

XTAL1

2MHz
6 MHz

oo
[Oa¥,)
—_

39

C=30pF*10pF
{incl. stray capacitance)

XTAL2

Crystal Oscillator Mode

4
N.C. —L0] XTAL?
External 39
Oscillator ——— X TAL2
Signal
MCS 00099

Driving from External Source
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SAB 80C515/80C535

AC Testing: Input, Output Waveforms

Vee-05
¢ 0.2V +0.9
T Test Points
P
2Vee -01
045V 0.2V

MCT00037

AC inputs during testing are driven at Vcc — 0.5 V for a logic '1' and 0.45 V for a logic '0'.
Timing measurements are made at ViH min for a logic '1' and viL max for a logic '0".

AC Testing: Float Waveforms

Vioan+0V_/— et 2\ Vou-01V
v ——_ Timing Reference
LOAD - Points <:7(
VLOAD —01\/ VOL 4'01\/
MCT00038

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 VoH/VoL occurs. I10L/I0H = + 20 mA.
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SIEMENS

High-Performance 8-Bit CMOS Single-Chip SAB 80C517/80C537
Microcontroller SAB 80C517-16/80C537-16

Advanced Information
SAB 80C517 Microcontroller with factory mask-programmable ROM
SAB 80C537 Microcontroller for external ROM

SAB 80C517/80C537, 12 MHz operation
SAB 80C517-16/80C537-16, 16 MHz operation
8 Kx 8 ROM (SAB 80C517 only)
256 x 8 on-chip RAM
Superset of SAB 80C51 architecture:
— 1 us instruction cycle time at 12 MHz
— 750 ns instruction cycle time art 16 MHz
256 directly addressable bits
Boolean processor
— 64 Kbyte external data and program memory addressing
Four 16-bit timer/counters
Powerful 16-bit compare/capture unit (CCU) with up to 21 high-speed or PWM output
channels and 5 capture inputs
Versatile "fail-safe" provisions
Fast 32-bit division, 16-bit 2 multiplication, 32-bit normalize and shift by peripheral
MUL/DIV unit (MDU)
Eight data pointers for external memory addressing
Fourteen interrupt vectors, four priority levels selectable
8-bit A/D converter with 12 multiplexed inputs and programmable ref. voltages
Two full duplex serial interfaces
Fully upward compatible with SAB 80C515
Extended power saving modes
Nine ports: 56 1/O lines, 12 input lines
Three temperature ranges available:
0to70°C
—-4010 85°C
—-40to 110°C
® Plastic package: PL-CC-84, P-QFP-100
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SAB 80C517/80C537

Ordering Information

Type Ordering code| Package Description (8-bit CMOS microcontroller)
SAB 80C517-N Q67120-C397 | PL-CC-84 | with factory mask-programmable ROM, 12 MHz
SAB 80C537-N Q67120-C452 | PL-CC-84 | for external memory, 12 MHz
SAB 80C517-N-T40/85 Q67120-C483 | PL-CC-84 | with factory mask-programmable ROM, 12 MHz,
ext. temperature — 40 to + 85°C
SAB 80C537-N-T40/85 Q67120-C484 | PL-CC-84 | for external ROM, 12 MHz,
ext. temperature — 40 to + 85°C
SAB 80C517-N-T40/110 Q67120-C721 | PL-CC-84 | with factory mask-programmable ROM, 12 MHz,
ext. temperature — 40to + 110°C
SAB 80C537-N-T40/110 Q67120-C571 | PL-CC-84 | for external ROM, 12 MHz,
ext. temperature — 40to + 110°C
SAB 80C517-16-N Q67120-C723 | PL-CC-84 | with mask-programmable ROM, 16 MHz
SAB 80C537-16-N Q67120-C722 | PL-CC-84 | for external memory, 16 MHz
SAB 80C517-16-N-T40/85 | Q67120-C724 | PL-CC-84 | with mask-programmable ROM, 16 MHz
ext. temperature — 40to + 85°C
SAB 80C537-16-N-T40/85 | Q67120-C725 | PL-CC-84 | for external memory, 16 MHz
ext. temperature - 4010 +85°C
SAB 80C517-16-N-T40/110 | Q67120-C726 | PL-CC-84 | with mask-programmable ROM, 16 MHz
ext. temperature — 40to + 110°C
SAB 80C537-16-N-T40/110 | Q67120-C727 | PL-CC-84 | for external memory, 16 MHz
ext. temperature — 40to + 110°C
SAB 80C537-S-T40/110 Q67120-C717 | P-QFP-100 | for external memory, 12 MHz

ext. temperature — 40to + 110°C

1) Other types of SAB 80C517/C80537 mounted in P-QFP-100 package: on request

The SAB 80C517/80C537 is a high-end member of the Siemens SAB 8051 family of
microcontrollers. It is designed in Siemens ACMOS technology and based on the

SAB 8051 architecture. ACMOS is a technology which combines high-speed and density
characteristics with low-power consumption or dissipation.

While maintaining all the SAB 80C515 features and operating characteristics the

SAB 80C517 is expanded in its arithmetic capabilities, "fail-safe" characteristics, analog
signal processing and timer capabilities. The SAB 80C537 is identical with the SAB
80C517 except that it lacks the on-chip program memory. The SAB 80C517/SAB 80C537
is supplied in a 84-pin plastic leaded chip carrier package (PL-CC-84).
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SAB 80C517/80C537

Pin Configurations

(PL-CC-84)

o
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Vltc Ves
I {
| r
Port 7 —o
-bit
8-bif Port 0
borts em—
g s—
<:>Porﬁ
Varer 8-bit
Vacno Port 2
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PE#/SWD ——— = SAB 8-oit
RO# =]
Port 3
RESETH 80517 K—— 8 b
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Ead —
ALE =—m«]
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XTAL1 8-t
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SAB 80C517/80C537

Pin Definitions and Functions

Symbol

Pin

Input (1)
Output (O)

Function

P4.0-P4.7

110

Port 4

is a bidirectional 1/0O port with internal pullup
resistors. Port 4 pins that have 1 s 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 (I, in the DC characteristics) because of
the internal pullup resistors.

This port also serves alternate compare functions.
The secondary functions are assigned to the pins
of port 4 as follows:

— CMO0 (P4.0): Compare Channel 0

— CM1 (P4.1): Compare Channel 1

— CM2 (P4.2): Compare Channel 2

— CM3 (P4.3): Compare Channel 3

— CM4 (P4.4): Compare Channel 4

— CM5 (P4.5): Compare Channel 5

— CM6 (P4.6): Compare Channel 6

I =Y B PR S

— CM7 (P4.7): Compare Channei 7

PE#/SWD

Power saving mode enable#/

Start Watchdog Timer

A low level on this pin allows the software to enter
the power down, idle and slow down mode. In case
the low level is also seen during reset, the
watchdog timer function is off on default.

Use of the power saving modes is blocked, when
this pin is held on high level. A high level during
reset performs an automatic start of the watchdog
timer immediately after reset.

When left unconnected this pin is pulled high by a
weak internal pullup resistor.

RESET#

10

RESET#

A low level on this pin for the duration of two
machine cycles while the oscillator is running
resets the SAB 80C517. A small internal pullup
resistor permits power-on reset using only a
capacitor connected to Vss.

V arer

11

Reference voltage for the A/D converter.

V aeND

12

Reference ground for the A/D converter.
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SAB 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)

P7.7-P7.0 |13-20 I Port 7

is an 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 lower
8-bit of the multiplexed analog inputs of the A/D
converter, simultaneously.

P3.0-P3.7 |21-28 /0 Port 3

is a bidirectional I/O port with internal pull-up
resistors. Port 3 pins that have 1 s 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 0 and external
memory strobe pins that are used by various
options. The output latch corresponding to a

secondary function must be programmed to a2 one

ScCOnNGal TIUSL WO prUyr Qi oUW i

(1) for that function to operate.

The secondary functions are assigned to the pins

of port 3, als follows:

— RxD (P3.0): receiver data input (asynchronous)
or data input/output (synchronous) of serial
interface

— TxD (P3.1): transmitter data output
(asynchronous) or clock output (synchronous)
of serial interface 0

— INTO# (P3.2): interrupt O input#/timer 0 gate
control

— INT1# (P3.3): interrupt 1 input#/timer 1 gate
control

— 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 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)
P1.7-P1.0 |29-36 /O Port 1
is a bidirectional /O port with internal pullup
resistors. Port 1 pins that have 1 s 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. 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). 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#/CC4 (P1.4): interrupt 2 input#/
compare 4 output / capture 4 input
— T2EX (P1.5): timer 2 external reload
trigger input
— CLKOUT (P1.6): system clock output
— T2 (P1.7): counter 2 input
XTAL2 39 - XTAL2
Input to the inverting oscillator amplifier and input to
the internal clock generator circuits.
XTALA1 40 - XTALA1

Output of the inverting oscillator ampilifier.

To drive the device from an external clock source,
XTAL2 should be driven, while XTAL1 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 divided
down by a divide-by-two flip-flop. Minimum and
maximum high and low times as well as rise/fall
times specified in the AC characteristics must be
observed.
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SAB 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol

Pin

Input (1)
Output (O)

Function

P2.0-P2.7

41-48

IO

Port 2

is a bidirectional I/O port with internal pullup
resistors. Port 2 pins that have 1 s written to them
are pulled high by the internal puliup 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

1 s. During accesses to external data memory that
use 8-bit addresses (MOVX @Ri), port 2 issues the
contents of the P2 special function register.

PSEN#

49

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

The Address Latch Enable

output is 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.

EA#

51

External Access Enable#

When held at high level, the SAB 80C517 executes
instructions from the internal ROM when the PC is
less than 8192. When held at low level, the SAB
80C517 fetches all instructions from external
program memory. For the SAB 80C537 this pin must

be tied low.
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SAB 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol

Pin

Input (I)
Output (O)

Function

P0.0-P0.7

52-59

/0

Port 0

is an 8-bit open-drain bidirectional I/O port. Port 0
pins that have 1 s 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
or data memory. In this application it uses strong
internal pullup resistors when issuing 1 s. Port 0
also outputs the code bytes during program
verification in the SAB 80C517. External pullup
resistors are required during program verification.

P5.7-P5.0

61-68

I/0

Port 5

is a bidirectional 1/O port with internal pullup
resistors. Port 5 pins that have 1 s 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, in the DC characteristics) because of
the internal pullup resistors. This port also serves
the alternate function "Concurrent Compare". The
secondary functions are assigned to the port 5
pins as follows:

— CCMO (P5.0): concurrent compare 0

— CCM1 (P5.1): concurrent compare 1

— CCM2 (P5.2): concurrent compare 2

— CCM3 (P5.3): concurrent compare 3

— CCM4 (P5.4): concurrent compare 4

— CCMS5 (P5.5): concurrent compare 5

— CCM6 (P5.6): concurrent compare 6

— CCM7 (P5.7): concurrent compare 7

OWE

69

Oscillator Watchdog Enable

A high level on this pin enables the oscillator
watch-dog. When ieft unconnected this pin is
pulled high by a weak internal pullup resistor.
When held at low level the oscillator watchdog
function is off.
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SAB 80C517/80C537

Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)

P6.0-P6.7 | 70-77 /0 Port 6
is a bidirectional I/0 port with internal pull-up
resistors. Port 6 pins that have 1 s written to them
are pulled high by the internal pullup resistors, and
in that state can be used as inputs. As inputs, port
6 pins being externally pulled low will source
current (/i in the DC characteristics) because of
the internal pullup resistors. Port 6 also contains
the external A/D converter control pin and the
transmit and receive pins for serial channel 1. 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 6, as follows:
— ADST# (P6.0): external A/D converter start pin
— Rx D1 (P6.1): receiver data input of serial

interface 1
— Tx D1 (P6.2): transmitter data output of seriali
interface 1

P8.0-P8.3 | 78-81 | Port 8
is a 4-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
higher 4-bit of the multiplexed analog inputs of the
A/D converter, simultaneously.

RO# 82 0] Reset Outputi#
This pun outputs the internally synchronized reset
request signal. This signal may be generated by an
external hardware reset, a watchdog timer reset or
an oscillator watchdog reset. The reset output is
active low.

Vss 37,60, 83 |- Circuit ground potential

Vee 38, 84 - Supply terminal for all operating modes
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Figure 1
Block Diagram
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Functional Description

The SAB 80C517 is based on 8051 architecture. It is a fully compatible member of the
Siemens SAB 8051/80C51 microcontroller family being a significantly enhanced

SAB 80C515. The SAB 80C517 is therefore 100 % compatible with code written for the
SAB 80C515.

CPU

Having an 8-bit CPU with extensive facilities for bit-handling and binary BCD arithmetics
the SAB 80C517 is optimized for control applications. With a 12 MHz crystal, 58 % of the
instructions execute in 1 us.

Being designed to close the performance gap to the 16-bit microcontroller world, the
SAB 80C517’s CPU is supported by a powerful 32-/16-bit arithmetic unit and a more
flexible addressing of external memory by eight 16-bit datapointers.

Memory Organisation
According to the SAB 8051 architecture, the SAB 80C517 has separate address spaces
for program and data memory. Figure 2 illustrates the mapping of address spaces.

Figure 2
Memory Mapping of the SAB 80C517
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- Program Memory

The SAB 80C517 has 8 KByte of on-chip ROM, while the SAB 80C537 has no internal
ROM. The program memory can externally be expanded up to 64 Kbyte. Pin EA#
controls whether program fetches below address 2000H are done from internal or
external memory.

— Data Memory
The data memory space consists of an internal and an external memory space.
— External Data Memory

Up to 64 KByte external data memory can be addressed by instructions that use 8-bit or
16-bit indirect addressing. For 8-bit addressing MOVX instructions utilizing registers RO
and R1 can be used. A 16-bit external memory addressing is supported by eight 16-bit
datapointers.

Multiple Datapointers

As a functional enhancement to standard 8051 controllers, the SAB 80C517 contains
eight 16-bit datapointers. The instruction set uses just one of these datapointers at a time.
The selection of the actual datapointers is done in special function register DPSEL (data
pointer select, addr. 92H). Figure 3 illustrates the addressing mechanism.

Internal Data Memory

The internal data memory is divided into three physically distinct blocks:
— the lower 128 bytes of RAM including four banks of eight registers each
— the upper 128 byte of RAM

—the 128 byte special function register area.

A mapping of the internal data memory is also shown in figure 2. The overlapping address
spaces are accessed by different addressing modes. The stack can be located anywhere
in the internal data memory

Figure 3
Addressing of External Data Memory
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Special Function Registers

All registers, except the program counter and the four general purpose register banks,
reside in the special function register area. The 81 special function registers include
arithmetic registers, pointers, and registers that provide an interface between the CPU and
the on-chip peripherals. There are also 128 directly addressable bits within the SFR area.
The special function registers are listed in table 1. In this table they are organized in
groups which refer to the functional blocks of the SAB 80C517. Block names and symbols
are listed in alphabetical order.

Table 1
Special Function Registers of the SAB 80C517
Block Symbol Name Address | "
CPU ACC Accumulator OEOH [
B B-Register OFOH ]
DPH Data Pointer, High Byte 83H
DPL Data Pointer, Low Byte 82H
DPSEL Data Pointer Select Register 92H
PSW Program Status Word Register ODOH °
SP Stack Pointer 81H
A/D- ADCONO A/D Converter Control Register 0 0D8H )
Converter ADCONH1 A/D Converter Control Register 1 0DCH
ADDAT A/D Converter Data Register O0D9H
DAPR D/A Converter Program Register 0DAH
Interrupt IENO Interrupt Enable Register 0 0A8H [
System CTCON?3 Com. Timer Control Register OE1H
IEN1 Interrupt Enable Register 1 0B8H L]
IEN2 Interrupt Enable Register 2 9AH
1PO Interrupt Priority Register O 0A9H
IP1 Interrupt Priority Register 1 0B9H
IRCON Interrupt Request Control Register 0COH [
TCON 3 Timer Control Register 88H ®
T2CON 3 Timer 2 Control Register 0C8H ®
MUL/DIV ARCON Arithmetic Control Register OEFH
Unit MDoO Multiplication/Division Register 0 0E9H
MD1 Muiltiplication/Division Register 1 OEAH
MD2 Multiplication/Division Register 2 0EBH
MD3 Multiplication/Division Register 3 OECH
MD4 Multiplication/Division Register 4 OEDH
MD5 Multiplication/Division Register 5 OEEH

") Bit-addressable special function registers are marked with a dot in this column.
2 This special function register is listed repeatedly since some bits of it also belong to other functional
blocks.
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Table 1(cont'd)

Special Function Registers of the SAB 80C517

Block Symbol Name Address | "
Compare/ CCEN Comp./Capture Enable Reg. 0C1H
Capture- CC4EN Comp./Capture 4 Enable Reg. 0CS9H
Unit CCH1 Comp./Capture Reg. 1, High Byte 0C3H
(CCU) CCH2 Comp./Capture Reg. 2, High Byte 0C5H
CCH3 Comp./Capture Reg. 3, High Byte 0C7H
CCH4 Comp./Capture Reg. 4, High Byte OCFH
CCL1 Comp./Capture Reg. 1, Low Byte 0C2H
CCL2 Comp./Capture Reg. 2, Low Byte 0C4H
CCL3 Comp./Capture Reg. 3, Low Byte 0C6H
CCL4 Comp./Capture Reg. 4, Low Byte 0CEH
CMEN Compare Enable Register OF6H
CMHO Compare Reg. 0, High Byte OD3H
CMH1 Compare Reg. 1, High Byte OD5H
CMH2 Compare Reg. 2, High Byte O0D7H
CMH3 Compare Reg. 3, High Byte OE3H
CMH4 Compare Reg. 4, High Byte OE5H
CMH5 Compare Reg. 5, High Byte OE7H
CMH®6 Compare Reg. 6, High Byte OF3H
CMH7 Compare Reg. 7, High Byte OF5H
CMLO Compare Register 0, Low Byte 0D2H
CML1 Compare Register 1, Low Byte 0D4H
CML2 Compare Register 2, Low Byte 0D6H
CML3 Compare Register 3, Low Byte OE2H
CML4 Compare Register 4, Low Byte OE4H
CML5 Compare Register 5, Low Byte OE6H
CML6 Compare Register 6, Low Byte OF2H
CML7 Compare Register 7, Low Byte OF4H
CMSEL Compare Input Select OF7H
CRCH Com./Rel./Capt. Reg. High Byte 0CBH
CRCL Com./Rel./Capt. Reg. Low Byte 0CAH
CTCON Com. Timer Control Reg. OE1H
CTRELH Com. Timer Rel. Reg., High Byte ODFH
CTRELL Com. Timer Rel. Reg., Low Byte ODEH
TH2 Timer 2, High Byte 0CDH
TL2 Timer 2, Low Byte 0CCH
T2CON Timer 2 Control Register 0C8H [

) Bit-addressable special function registers are marked with a dot in this column.
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Table 1(cont'd)
Special Function Registers of the SAB 80C517

Block Symbol Name Address | "
Ports PO Port 0 80H [ )
P1 Port 1 90H [ J
P2 Port 2 0AOH °
P3 Port 3 0BOH [ )
P4 Port 4 OE8H [
P5 Port 5 OF8H ®
P6 Port 6 OFAH
P7 Port 7, Analog/Digital Input 0DBH
P8 Port 8, Analog/Digital Input, 4-bit ODDH
Pow.Sav.M PCON Power Control Register 87H
Serial ADCONO 2 | A/D Converter Control Reg. OD8H ()
Channels PCON 2 Power Control Register 87H
SOBUF Serial Channel 0 Buffer Reg. 99H
SOCON Serial Channel 0 Control Reg. 98H L]
S1BUF Serial Channel 1 Buffer Reg. 9CH
S1CON Serial Channel 1 Control Reg. 9BH
S1REL Serial Channel 1 Reload Reg. 9DH
Timer 0/ TCON Timer Control Register 88H (]
Timer 1 THO Timer O, High Byte 8CH
THA1 Timer 1, High Byte 8DH
TLO Timer O, Low Byte 8AH
TLA Timer 1, Low Byte 8BH
TMOD Timer Mode Register 89H
Watchdog IENO 2 Interrupt Enable Register 0 0A8H ®
IEN12 Interrupt Enable Register 1 0B8H L
IPO? Interrupt Priority Register 0 0A9H
P12 Interrupt Priority Register 1 0B9H
WDTREL Watchdog Timer Reload Reg. 86H

" Bit-addressable special function registers are marked with a dot in this column.
2 This special function register is listed repeatedly since some bits of it also belong to other functional
blocks.
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Table 2

Register Contents after Reset

Register Contents Register Contents
PC 000H IENO, IEN1 O0H

ACC 00H IEN2 XXXX 0XX0B
ADCONO 00H IPO, IP1 00H, XX00 0000B
ADCON1 XXXX 0000B IRCON 00H
ADDAT 00H MD 0-5 XXH
ARCON OXXXX XXXXB PO-P6 OFFH

B 00H PCON 00H
CCL1-4 00H PSW 00H
CCH1-4 00H SOBUF, S1BUF 0XXH
CCEN 00H SOCON OOH

CC4EN X000 0000B S1CON 0X00 0000B
CMEN 00H S1REL 00H

CMHO0-7 00H SP 07H
CMLO-7 00H TCON 00H
CMSEL 00H TLO, THO 00H

CRCL, CRCH O00H TL1, THA O00H
CTCON XXXX 0000B TL2, TH2 00H
CTRELL, CTRELH 00H TMOD 00H

DAPR O00H T2CON 00H

DPSEL XXXXX000B WDTREL 00H
DPTRO-7 0000H

X means that the value is undeterminate

A/D Converter

The SAB 80C517 contains an 8-bit A/D Converter with 12 multiplexed input channels
which uses the successive approximation method. It takes 7 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 13 machine cycles (13 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.
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A unique feature is the capability of internal reference voltage programming. The internal
reference voltages Vinarer and Vinaano for the A/D converter are both 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
Block Diagram A/D Converter
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Compare/Capture Unit (CCU)

The compare capture unit is a complex timer/register array for applications that require
high speed /O, pulse width modulation and more timer/counter capabilities. The CCU
contains

— one 16-bit timer/counter (timer 2) with 2-bit prescaler, reload capability and a max.
clock frequency of fosc/12 (1 MHz with a 12 MHz crystal).

— one 16-bit timer (compare timer) with 8-bit prescaler, reload capability and a max.
clock frequency of foso/2 (6 MHz with a 12 MHz crystal).

— thirteen 16-bit compare registers.

— five of which can be used as 16-bit capture registers.

— up to 21 output lines controlled by the CCU.

— seven interrupts which can be generated by CCU-events.

Figure 5 shows a block diagram of the CCU. Eight compare registers (CM0 to CM7) can
individually be assigned to either timer 2 or the compare timer. Diagrams of the two timers
are shown in figures 6 and 7. The four compare/capture registers and the
compare/reload/capture register are always connected to timer 2. Dependent on the
register type and the assigned timer two compare modes can be selected. Table 3
illustrates possible combinations and the corresponding output lines.

Table 3

CCU Compare Configuration

Assigned Timer|Compare Register | Compare Output at | Possible Modes

Timer 2 CRCH/CRCL P1.0/INT3#/CCO Comp. mode 0, 1 + Reload
CC1H/CC1L P1.1/INT4/CCA Comp. mode 0, 1
CC2H/CC2L P1.2/INT5/CC2 Comp. mode 0, 1
CC3H/CC3L P1.3/INT6/CC3 Comp. mode 0, 1
CC4H/CC4L P1.4/INT2#/CC4 Comp. mode 0, 1
CC4H/CC4L P5.0/CCMO Comp. mode 1
CC4aH/CCAL P5.7/CCM7 Comp. mode 1
CMOH/CMOL P4.0/CMO Comp. mode 1
CM7H/CM7L P4.7/CM7 Comp. mode 1

Compare CMOH/CMOL P4.0/CMO Comp. mode 0

timer (with add. latches)
CM7H/CM7L P4.7/CM7 Comp. mode 0

(with add. latches)
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Figure 5
Block Diagram of the Compare/Capture Unit
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Compare

In the compare mode, the 16-bit values stored in the dedicated compare registers are
compared to the contents of the timer 2 register or the compare timer register. If the count
value in the timer registers matches one of the stored values, an appropriate output signal
is generated and an interrupt is requested. Two compare modes are provided:
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Mode 0:  Upon a match the output signal changes from low to high. It goes back to low
level when the timer overflows.

Mode 1:  The transition of the output signal can be determined by software. A timer
overflow signal doesn’t affect the compare-output.

Compare registers CM0 to CM7 use additional compare latches when operated in mode

0. Figure 8 shows the function of these latches. The latches are implemented to prevent
from loss of compare matches which may occur when loading of the compare values is
not correlated with the timer count. The compare latches are automatically loaded from the
compare registers at every timer overflow.

Capture

This feature permits saving of 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 of 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.

Reload of Timer 2

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 overflow (auto-reload).

Mode 1: Reload is caused in response to a negative transition at pin T2EX (P1.5),
which also can request an interrupt.

Timer/Counters 0 and 1

These timer/counters are fully compatible with timer/counter 0 or 1 of the SAB 8051 and
can operate in four modes:

Mode 0:  8-bit timer/counter with 32:1 prescaler

Mode 1:  16-bit timer/counter

Mode 2:  8-bit timer/counter with 8-bit auto reload

Mode 3:  Timer/counter 0 is configured as 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.
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Figure 6
Block Diagram of Timer 2
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Figure 7

Block Diagram of the Compare Timer
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Interrupt Structure

The SAB 80C517 has 14 interrupt vectors with the following vector addresses and
request flags.

Table 4

Interrupt Sources and Vectors

Interrupt request flags Interrupt vector address | Interrupt source

IEO 0003H External interrupt O

TFO 000BH Timer 0 overflow

IE1 0013H External interrupt 1

TF1 001BH Timer 1 overflow
RIO/TIO 0023H Serial channel 0
TF2/EXF2 002BH Timer 2 overflow/ext. reload
IADC 0043H A/D converter

IEX2 004BH External interrupt 2
IEX3 0053H External interrupt 3
IEX4 005BH External interrupt 4
IEX5 0063H External interrupt 5
IEX6 006BH External interrupt 6
RI1/TH 0083H Serial channel 1

CTF 009BH Compare timer overflow

Each interrupt vector can be individually enabled/disabled. The response time to an
interrupt request is more than 3 machine cycles and less than 9 machine cycles.

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
2 to 6 are combined with the corresponding alternate functions compare (output) and
capture (input) on port 1.

For programming of the priority levels the interrupt vectors are combined to pairs or triples.
Each pair or triple can be programmed individually to one of four priority levels by setting
or clearing one bit in special function register IPO and one in IP1. Figure 9 shows the
interrupt request sources, the enabling and the priority level structure.
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Figure 9
Interrupt Structure of the SAB 80C517
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Figure 9
Interrupt Structure of the SAB 80C517
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Multiplication/Division Unit

This on-chip arithmetic unit provides fast 32-bit division, 16-bit multiplication as well as
shift and normalize features. All operations are integer operations.

Operation Result Remainder Execution Time
32-bit/16-bit 32-bit 16-bit 6tey !
16-bit/16-bit 16-bit 16-bit 4ty

16-bit « 16-bit 32-bit - 4tcy

32-bit normalize - - 6tcy ?

32-bit shift left/right - - 6tcy?

D 1tey = 1 us @ 12 MHz oscillator frequency.
2) The maximal shift speed is 6 shifts/cycle.

The MDU consists of six registers used for operands and results and one control register.
Operation of the MDU can be divided in three phases:

1 st Write (MDQ) Last Write (MD5 or ARCON)

| | First Read (MD0) | Last Read
(MD3 or MD5)

N N N

Phase 1 Phase 2 Phase 3

| % % e
Load Registers Calculate Read Registers

1 Time

e

To start an operation, register MDO to MD5 (or ARCON) must be written to in a certain
sequence according to table 5 or 6. The order the registers are accessed determines the
type of the operation. A shift operation is started by a final write operation to register
ARCON (see also the register description).
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Table 5
Performing a MDU-Calculation
Operation 32-Bit/16-Bit 16-Bit/16-Bit 16-Bit « 16-Bit
First Write MDO D’endL , ,
MD1 D'end MDO D’endL MDO M’andL
MD2 D’end MD1 D’endH MD4 M’orL
MD3 D’endH , ,
MD4 Dorl MD4 D’orL MD1 M’andH
Last Write MD5 D’orH MD5 D’orH MD5 M’orH
First Read MDO QuoL
MD1 Quo MDO QuoL | MDO PrL
MD2 Quo MD1 QuoH MD1 Pr
MD3 QuoH
MD4 RemL MD4 RemL MD2 Pr
Last Read MD5 RemH MD5 RemH MD3 PrH
Table 6
Shift Operation with the CCU
Operation Normalize, Shift Left, Shift Right
First Write MDO least significant byte
MD1
MD2
MD3 most significant byte
Last Write ARCON start of conversion
First Read MDO least significant byte
MD1
MD2
Last Read MD3 most significant byte

Abbreviations

D’end . Dividend, 1st operand of division

D’or : Divisor, 2nd operand of division

M’and . Multiplicand, 1st operand of multiplication

M’or : Multiplicator, 2nd operand of multiplication

Pr : Product, result of multiplication

Rem : Remainder

Quo . Quotient, result of division

..k : means, that this byte is the least significant of the 16-bit or 32-bit operand
...H : means, that this byte is the most significant of the 16-bit or 32-bit operand
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1/0 Ports
The SAB 80C517 has seven 8-bit I/O ports and two input ports (8-bit and 4-bit wide).

Port 0 is an open-drain bidirectional I/O port, while ports 1 to 6 are quasi-bidirectional I/O
ports with internal pull-up resistors. That means, when configured as inputs, ports 1 to 6
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. Port 1, 3, 4, 5 and port 6
provide several alternate functions. Please see the "Pin Description" for details.

Port pins show the information written to the port latches, when used as general purpose
port. When an alternate function is used, the port pin is controlled by the respective
peripheral unit. Therefore the port latch must contain a "one" for that function to operate.
The same applies when the port pins are used as inputs. Ports 1, 3, 4 and 5 are bit-
addressable.

The SAB 80C517 has two dual-purpose input ports. The twelve port lines at port 7 and
port 8 can be used as analog inputs for the A/D converter. If input voltages at P7 and P8
meet the specified digital input levels (Vi and Vin) the port can also be used as digital
input port.

Power Saving Modes

The SAB 80C517 provides — due to Siemens ACMOS technology — three modes in which
power consumption can be significantly reduced.

— The Slow Down Mode
The controller keeps up the full operating functionality, but is driven with the eighth part
of its normal operating frequency. Slowing down the frequency greatly reduces power
consumption.

— The Idle Mode
The CPU is gated off from the oscillator, but all peripherals are still supplied by the
clock and able to work.

— The Power Down Mode
Operation of the SAB 80C517 is stopped, the oscillator is turned off. This mode is used
to save the contents of the internal RAM with a very low standby current.

All of these modes are entered by software. Special function register PCON (power
control register, address is 87H) is used to select one of these modes.

Siemens Aktiengesellschaft 258



SAB 80C517/80C537

Hardware Enable for Power Saving Modes

A dedicated Pin (PE#/SWD) of the SAB 80C517 allows to block the power saving modes.
Since this pin is mostly used in noise-critical application it is combined with an automatic
start of the Watchdog Timer (see there for further description).

PE#/SWD = Vi (logic high level):

Using of the power saving modes is not possible. The instruction sequences used for
entering of these modes will not affect the normal operation of the device.

PE#/SWD = Vi (logic low level):

All power saving maodes can be activated by software.
When left unconnected, Pin PE#/SWD is pulled to high level by a weak internal pullup.

This is done to provide system protection on default.

The logic-level applied to pin PE#/SWD can be changed during program execution to
allow or to block the use of the power saving modes without any effect on the on-chip
watchdog circuitry.

Power Down Mode

The power down mode is entered by two consecutive instructions directly following each
other. The first instruction has to set the flag PDE (power down enable) and must not set
PDS (power down set). The following instruction has to set the start bit PDS. Bits PDE and
PDS will automatically be cleared after having been set.

The instruction that sets bit PDS is the last instruction executed before going into power
down mode. The only exit from power down mode is a hardware reset.

The status of all output lines of the controller can be looked up in table 7.

Table 7

Status of External Pins During Idle and Power Down

Outputs Last instruction executed from Last instruction executed from
internal code memory external code memory

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/alternate outputs | Data/last output | Data/alternate outputs | Data/last output
Port 2 |Data Data Address Data
Port 3 | Data/alternate outputs | Data/last output | Data/alternate outputs |Data/last output
Port 4 | Data/alternate Outp&t; Data/last output | Data/alternate outputs | Data/last output
Port 5 |Data/alternate outputs | Data/last output | Data/alternate outputs |Data/last output
Port 6 |Data/alternate outputs Data/last output | Data/alternate outputs | Data/last output
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Idle Mode

During idle mode all peripherals of the SAB 80C517 are still supplied by the oscillator
clock. Thus the user has to take care which peripheral should continue to run and which
has to be stopped during Idle.

The procedure to enter the Idle mode is similar to entering the power down mode.
The two bits IDLE and IDLS must be set by to consecutive instructions to minimize the
chance of unintentional activating of the idle mode.

There are two 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 RETI instruction
will be the one following the instruction that sets the bit IDLS.

— The other way to terminate the idle mode, is a hardware reset. Since the oscillator is
still running, the hardware reset must be held active only for two machine cycles for a
complete reset.

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. The control signals ALE and PSEN# hold
at logic high levels (see table 7).

Table 8
Baud Rate Generation
Function Serial Interface 0 Serial Interface 1
8-bit Mode Mode 0 —
synchronous Baud rate 1 MHz @ fosc = 12 MHz -
cramel | Soudime o :
) Mode Mode 1 Mode B
goi Baudrate) | 1-62.5 K | 4800,9600 15-375K
UART Baud rate ) .
derived from Timer 1 BD 8-bit baud rate generator
Mode Mode 2 Mode 3 Mode A
9-bit Baudrate) | 187.5K/ | 1-625K 1.5-375K
UART 375 K
dE:\l/Jg drfall’tgzm Sosclz Timer 1 8-bit baud rate generator

» Baud rate values are given for 12 MHz oscillator frequency.
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Slow Down Mode

During slow down operation all signal frequencies that are derived from the oscillator
clock, are divided by eight, also the clockout signal and the watchdog timer count.

The slow down mode is enabled by setting bit SD. The controller actually enters the slow
down mode after a short synchronisation period (max. 2 machine cycles).

The slow down mode is disabled by clearing bit SD.

Serial Interfaces

The SAB 80C517 has two serial interfaces. Both interfaces are full duples and receive
buffered. They are functionally identical with the serial interface of the SAB 8051 when
working as asynchronous channels. Serial interface 0 additionally has a synchronous
mode.

Serial Interface 0

Serial Interface 0 can operate in 4 modes:

Mode 0:  Shift register mode:
Serial data enters and exits through R x DO. T x DO outputs the shift clock 8
data bits are transmitted/received (LSB first). The baud rate is fixed at 1/12 of
the oscillator frequency.

-

i sariahla hoiid rota-
8-bit UART, variable baud rate:

10-bit are transmitted (through R x DO) or received (through R x DO): a start bit
(0), 8 data bits (LSB first), and a stop bit (1). On reception, the stop bit goes
into RB80 in special function register SOCON. The baud rate is variable.

Mode 2:  9-bit UART, fixed baud rate:
11-bit are transmitted (through T x DO) or received (through R x D0): a start bit
(0), 8 data bits (LSB first), a programmable 9th, and a stop bit (1). On trans-
mission, the 9th data bit (TB80 in SOCON) can be assigned to the value of 0
or 1. For example, the parity bit (P in the PSW) could be moved into TB80 or a
second stop bit by setting TB80 to 1. On reception the 9th data bit goes into
RB80 in special function register SOCON, while the stop bit is ignored. The
baud rate is programmable to either 1/32 or 1/64 of the oscillator frequency.

Mode 3:  9-bit UART, variable baud rate:
11-bit are transmitted (through T x DO) or received (through R x D0): a start bit
(0), 8 data bits (LSB first), a programmable 9th, and a stop bit (1). In fact,
mode 3 is the same as mode 2 in all respects except the baud rate. The baud
rate in mode 3 is variable.

Variable Baud Rates for Serial Interface 0

Variable baud rates for modes 1 and 3 of serial interface 0 can be derived from either
timer 1 or from the oscillator via a special prescaler ("BD").

Timer 1 may be operated in mode 1 (to generate slow baud rates) or mode 2. The
dedicated baud rate generator "BD" provides the two standard baud rates 4800 or 9600
baud. Table 8 shows possible configurations and the according baud rates.
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Serial Interface 1
Serial interface 1 can operate in two asynchronous modes:

Mode A: 9-bit UART, variable baud rate.
11 bits are transmitted (through T = DO) or received (through R x DO): a start bit
(0), 8 data bits (LSB first), a programmable 9th, and a stop bit (1). On trans-
mission, the 9th data bit (TB81 in S1CON) can be assigned to the value of 0
or 1. For example, the parity bit (P in the PSW) could be moved into TB81 or a
second stop bit by setting TB81 to 1. On reception the 9th data bit goes into
RB81 in special function register S1TCON, while the stop bit is ignored.

Mode B: 8-bit UART, variable baud rate.
10 bits are transmitted (through T x D1) or received (through R x D1): a start bit
(0), 8 data bits (LSB first), and a stop bit (1). On reception, the stop bit goes
into RB81 in special function register STCON.

Variable Baud Rates for Serial Interface 1.

Variable baud rates for modes A and B of serial interface 1 can be derived from a
dedicated baud rate generator.

baud rate clock . .
The baud rate clock (baud rate = 6 ) is generated by a 8-bit free

running timer with programmable reload register.

Watchdog Units

The SAB 80C517 offers two enhanced fail safe mechanisms, which allow an automatic
recovery from hardware failure or software upset:

— programmable watchdog timer (WDT), variable from 512 ps up to about 1.1 s time out
period @12 MHz. Upward compatible to SAB 80515 watchdog.

— oscillator watchdog (OWD), monitors the on-chip oscillator and forces the micro-
controller to go into reset state, in case the on-chip oscillator fails.

Programmable Watchdog Timer
The WDT can be activated by hardware or software.

Hardware initialization is done when pin PE#/SWD (Pin 4) is held high during RESET.
The SAB 80C517 then starts program execution with the WDT running. Pin PE#/SWD
doesn't allow dynamic switching of the WDT.

Software initialization is done by setting bit SWDT. A refresh of the watchdog timer is done
by setting bits WDT and SWDT consecutively.

A block diagram of the watchdog timer is shown in figure 10.

When a watchdog timer reset occurs, the watchdog timer keeps on running, but a status
flag WDTS is set. This flag can also be manipulated by software.
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Figure 10
Block Diagram of the Programmable Watchdog Timer
f 0 7
o0sc/12 ) 18 \
1 e wWDTL
14 8
WDT R -R
eset-Request WDTH
IPO (0AgH)
el T T T[] il
0] External HW-Reset [)
-PE#/SWD 7| 8 l ] 0
WDTREL
Control Logic
wDT IENO.6 (0OA8H)
BWDT| IEN1.6 (0B8H) MCB00788

Oscillator Watchdog

The oscillator watchdog monitors the on-chip quartz oscillator. A detected oscillator

failure (fosc < appr. 300 kHz) causes a hardware reset. The reset state is held until the on-
chip oscillator is working again. The oscillator watchdog feature is enabled by a high

level at pin OWE (pin 69). An oscillator watchdog reset sets status flag OWDS which can
be examined and modified by software. Figure 11 shows a block diagram of the oscillator

watchdog.

Figure 11

Functional Block Diagram of the Oscillator Watchdog
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| L [ 1 ]

OWD reset-request

v

-~ Internal

pood [ |
XTAL 1 A
On-chip
XTAL 2 oscillator Frequency
comparator
Watchdog
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. clock
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Instruction Set Summary

Mnemonic Description 1 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 Adirect 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
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Instruction Set Summary (cont'd)

Mnemonic l Description ‘ Byte ‘ Cycle

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
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 #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
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Instruction Set Summary (cont'd)

Mnemonic ! Description | Byte } Cycle

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 direct, @R 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

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

Mnemonic ’ Description ’ Byte | Cycle

Boolean variable manipulation

CLR (o} 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

Notes on data addressing modes:

Rn — Working register RO — R7

direct — 128 internal RAM locations, any 1/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 constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

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.

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.

All mnemonics copyrighted © Intel Corporation 1980
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Instruction Op Codes in Hexadecimal Order

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 20 3 JB bit addr, code addr
01 2 AJMP code addr 21 2 AJMP code addr
02 3 LJMP code addr 22 1 RET

03 1 RR A 23 1 RL A

04 1 INC A 24 2 ADD A, #data

05 2 INC data addr 25 2 ADD A, data addr
06 1 INC @RO0 26 1 ADD A, @RO

07 1 INC @R1 27 1 ADD A, @R1

08 1 INC RO 28 1 ADD A, RO

09 1 INC R1 29 1 ADD A, R1

0A 1 INC R2 2A 1 ADD A, R2

0B 1 INC R3 2B 1 ADD A, R3

oC 1 INC R4 2C 1 ADD A, R4

oD 1 INC R5 2D 1 ADD A, R5

OE 1 INC R6 2E 1 ADD A, R6

OF 1 INC R7 2F 1 ADD A, R7

10 3 JBC bit addr, code adadr 30 3 JNB bit addr, code addr
11 2 ACALL code addr 31 2 ACALL code addr
12 3 LCALL code addr 32 1 RETI

13 1 RRC A 33 1 RLC A

14 1 DEC A 34 2 ADDC A, #data

15 2 DEC data addr 35 2 ADDC A, data addr
16 1 DEC @RO 36 1 ADDC A, @R0O

17 1 DEC @R1 37 1 ADDC A, @R1

18 1 DEC RO 38 1 ADDC A, RO

19 1 DEC R1 39 1 ADDC A, R1

1A 1 DEC R2 3A 1 ADDC A, R2

1B 1 DEC R3 3B 1 ADDC A, R3

1C 1 DEC R4 3C 1 ADDC A, R4

1D 1 DEC R5 3D 1 ADDC A, R5

1E 1 DEC R6 3E 1 ADDC A, R6

1F 1 DEC R7 3F 1 ADDC A, R7
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

40 2 JC code addr 60 2 Jz code addr
41 2 AJMP code addr 61 2 AJMP code addr
42 2 ORL data addr, A 62 2 XRL data addr, A
43 3 ORL data addr, #data 63 3 XRL data addr, #data
44 2 ORL A, #data 64 2 XRL A, #data

45 2 ORL A, data addr 65 2 XRL A, data addr
46 1 ORL A, @RO 66 1 XRL A, @RO

47 1 ORL A @R1 67 1 XRL A, @R1

48 1 ORL A, RO 68 1 XRL A, RO

49 1 ORL A R1 69 1 XRL A, R1

4A 1 ORL A R2 6A 1 XRL A, R2

4B 1 ORL A, R3 6B 1 XRL A, R3

4C 1 ORL A, R4 6C 1 XRL A, R4

4D 1 ORL A, R5 6D 1 XRL A, R5

4E 1 ORL A, R6 6E 1 XRL A, R6

4F 1 ORL A, R7 6F 1 XRL A, R7

50 2 JNC code addr 70 2 JNZ code addr
51 2 ACALL code addr 71 2 ACALL code addr
52 2 ANL data addr, A 72 2 ORL C, bit addr
53 3 ANL data addr, #data 73 1 JMP @A + DPTR
54 2 ANL A, #data 74 2 MOV A, #data

55 2 ANL A, data addr 75 3 MOV data addr, #data
56 1 ANL A, @RO 76 2 MOV @RO, #data
57 1 ANL A, @R1 77 2 MOV @R1, #data
58 1 ANL A, RO 78 2 MOV RO, #data
59 1 ANL A, R1 79 2 MOV R1, #data
5A 1 ANL A, R2 7A 2 MOV R2, #data
5B 1 ANL A, R3 7B 2 MOV R3, #data
5C 1 ANL A, R4 7C 2 MOV R4, #data
5D 1 ANL A, R5 7D 2 MOV R5, #data
5E 1 ANL A, R6 7E 2 MOV R6, #data
5F 1 ANL A, R7 7F 2 MoV R7, #data
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex |Number | Mnemonic | Operands

code | of bytes code | of bytes

80 2 SJMP code addr A0 2 ORL C, /bit addr

81 2 AJMP code addr A1 2 AJMP code addr

82 2 ANL C, bit addr A2 2 MOV C, bit addr

83 1 MOVC A @A +PC A3 1 INC DPTR

84 1 DIV AB A4 1 MUL AB

85 3 MOV data addr, data addr A5 reserved

86 2 MOV data addr, @RO A6 2 MOV @RO, data addr

87 2 MOV data addr, @R1 A7 2 MOV @R1, data addr

88 2 MOV data addr, RO A8 2 MOV RO, data addr

89 2 MOV data addr, R1 A9 2 MOV R1, data addr

8A 2 MOV data addr, R2 AA 2 MOV R2, data addr

8B 2 MoV data addr, R3 AB 2 MoV R3, data addr

8C 2 MOV data addr, R4 AC 2 MoV R4, data addr

8D 2 MoV data addr, R5 AD 2 MoV R5, data addr

8E 2 MOV data addr, R6 AE 2 MOV R6, data adadr

8F 2 MOV data addr, R7 AF 2 MOV R7, data addr

90 3 MOV DPTR, #data BO 2 ANL C, /bit addr

91 2 ACALL code addr B1 2 ACALL code addr

92 2 MOV bit addr, C B2 2 CPL bit addr

93 1 MOvC A, @A + DPTR B3 1 CPL C

94 2 SUBB A, #data B4 3 CJINE A, #data, code addr
95 2 SUBB A, data adadr B5 3 CJNE A, data addr, code addr
96 1 SUBB A, @R0O B6 3 CJINE @RO0,#data, code addr
97 1 SUBB A, @R1 B7 3 CJNE @R1,#data, code addr
98 1 SuUBB A, RO B8 3 CJNE RO, #data, code addr
99 1 SUBB A, R1 B9 3 CJNE R1, #data, code addr
9A 1 SUBB A, R2 BA 3 CJUNE R2, #data, code addr
9B 1 SuBB A, R3 BB 3 CJNE R3, #data, code addr
9C 1 SUBB A, R4 BC 3 CJNE R4, #data, code addr
9D 1 SuBB A, R5 BD 3 CJNE R5, #data, code addr
9E 1 SUBB A, R6 BE 3 CJINE R6, #data, code addr
9F 1 SuBB A, R7 BF 3 CJNE R7, #data, code addr
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

co 2 PUSH data addr E1 2 AJMP code adadr
C1 2 AJMP code addr E2 1 MOVX A, @RO
c2 2 CLR bit addr E3 1 MOVX A, @R1
C3 1 CLR C E4 1 CLR A

C4 1 SWAP A E5 2 MOV A, data addr*)
C5 2 XCH A, data addr E6 1 MOV A, @RO
Cé 1 XCH A, @RO E7 1 MOV A, @R1
Cc7 1 XCH A, @R1 E8 1 MOV A, RO

Cc8 1 XCH A, RO E9 1 MOV A, R1

C9 1 XCH A, R1 EA 1 MOV A, R2

CA 1 XCH A, R2 EB 1 MOV A, R3

cB 1 XCH A, R3 EC 1 MOV A, R4

CC 1 XCH A, R4 ED 1 MOV A, R5

cb |1 XCH A, R5 EE |1 MOV A, R6

CE |1 XCH A, Ré EF |1 MOV A, R7

CF 11 XCH A, R7 Fo |1 MOVX @DPTR, A
Do |2 POP data addr F1 |2 ACALL code addr
D1 2 ACALL code addr F2 1 MOVX @Ro0, A
D2 2 SETB bit addr E3 1 MOVX @R1,A
D3 1 SETB Cc F4 1 CPL A

D4 1 DA A F5 |2 MOV data addr, A
D5 3 DJNZ data addr, code addr  Fg 1 MOV @RO0, A
D6 1 XCHD A, @RO F7 1 MOV @R1, A
D7 1 XCHD A, @R1 F8 1 MOV RO, A

D8 2 DJNZ RO, code addr F9 1 MOV R1, A

D9 2 DJNZ R1, code addr FA 1 MOV R2, A

DB 2 DJNZ R3, code addr FB 1 MOV R3, A

DC 2 DJNZ R4, code addr FC 1 MOV R4, A

DD 2 DJNZ R5, code addr ED 1 MOV RS, A

DE 2 DJNZ R6, code addr EE 1 MOV R6, A

DF 2 DJNZ R7, code addr FF 1 MOV R7, A

EO 1 MOVX A, @DPTR
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Absolute Maximum Ratings

Ambient temperature under bias -0to70°C  (SAB80C517/80C537)
—40t0 +85°C  (SAB 80C517-/80C537-T40/85)
-40to+110°C  (SAB80C517-/80C537-T40/110)

Storage temperature - 6510150 °'C
Voltage on any pin with

respect to ground (Vss) -05toVee + 0.5V
Voltage on Vce to Vss -05t0+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 exetted periods may affect device.

Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

DC Characteristics

Vee=5V+10%;Vss=0V; Ta=0to+ 70 °C;for SAB 80C517/80C537
Ta=—40to + 85 °C; for SAB 80C517-/80C537-T40/85
Ta=-40to + 110 °C; for SAB 80C517-/80C537-T40/110

Symbol | Parameter Limit values Unit | Test Condition
min. max.
Vit Input low voltage (except EA#) -0.5 0.2vce \ -
-0.1
Vi Input low voltage (EA#) -0.5 0.2vce \% -
-03
VIH Input high voltage 0.2vce vee+05 |V -
(except RESET# and XTAL2) +0.9
Vi1 Input high voltage to XTAL2) 0.7vec vee+ 05 |V -
ViH2 Input high voltage to RESET# 0.6vce vee+ 05 |V -
VoL Output low voltage, (ports 1, 2, 3, 4, 5) - 0.45 \" IoL=1.6 mAY
VoLt Output low voltage, - 0.45 \" IoL=32 mA"
(port 0, ALE, PSEN#, RO#)

Notes see page 276
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SAB 80C517/80C537

DC Characteristics (cont'd)

Symbol | Parameter Limit values Unit | Test Condition
min. max.
VOH Output high voltage 2.4 - Y IoH=— 80 A3
(ports 1, 2,3, 4,5, 6) 09vee |- V. |Ion=- 10uA?)
VOoH1 Output high voltage (ports 0 in external 2.4 - " IoH =— 800 pA 3
bus mode, ALE, PSEN, RO#) 09vce - Vv IoH=— 80 A3
s Logic 0 input current - -50 pA | VIN=045V
(ports 1, 2, 3, 4, 5, 6)
2 Input low current to RESET# for reset - —-100 A VIN=0.45V
13 Input low current - -10 pA | VIN=0.45V
ITL Logical 1-to-0 transition current - — 650 A ViN=2V
(ports 1, 2, 3, 4, 5, 6)
Iu Input leakage current - +1 wA | 0.45< VIN< Vece
(port 0, EA#, ports 7, 8)
ILi2 Input leakage current - +20 pA | 0.45< VIN<VCce
(OWEm PE#/SWD)
Clo Pin capacitance - 10 pF | fc=1MHz,
TA =25C
Power-supply current:
Icc — Active mode, 12 MHz 6) - 40 mA |vec=5V4%
— Idle mode, 12 MHz ©) - 15 mA |vec=5V5
— Slow down mode, 12 MHz 6) - 15 mA | vec=5V3
Icc — Active mode, 16 MHz 6) - 52.3 mA |vec=5V4
— Idle mode, 16 MHz 6) - 19 mA |vcc=5V59
— Slow down mode, 16 MHz 6) - 19 mA |vcc=5V5
IpPD — Power down mode - 50 wA |vec=2..55V

Notes see page 276
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SAB 80C517/80C537

A/D Converter Characteristics

Vee=5V £10%; Vss = 0 V; Varer = Voc + 5%; Vasno = Vss + 0.2 V;
Vintarer — Vintagnp 21 V;

Ta=0to 70 °C for the SAB 80C517/80C537

Ta=—40 to +85 "C for the SAB 80C517-80C537-T40/85
Ta=—401to +110 °C for the SAB 80C517-/80C537-T40/110

Symbol | Parameter Limit values Unit | Test Condition
min. typ. max.
VAINPUT | Analog input voltage V AGND - VAREF \Y% 9)
- 02 +0.2
Cl Analog input capacitance - 25 60 pF |7
i Load time - - 2 tey us 7
Sample time (incl. load time) - - 7 tey pus |7
o Conversion time (incl. - - 13 fey us 7
sample time)
DNLE Differential non-linearity - +1/2 +1 LSB | VIntAREF =
INLE Integral non-linearity - +1/2 +1 LSB | VAREF = Vce
Offset error +1/2 +1 LSB | VintagND =
Gain error +1/2 +1 LSB | VAGND = Vss
TUE Total unadjusted error +1 +2 LSB |7
VIntREFERR| Internal reference error - - TBD mv |8
IREF VAREF supply current - - 5 mA |8

Notes see page 276
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SAB 80C517/80C537

Notes for pages 273 and 275

1) Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the VoL 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. 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.

2) Capacitive loading on ports 0 and 2 may cause the voH on ALE and PSEN# to momentarily fall below
the 0.9 vce specification when the address lines are stabilizing.

3) Power down 7pD is measured with all output pins disconnected;
EA# = RESET# = vce; Port 0=Port 7 =Port 8 =Vvce; XTALT = N.C.; XTAL2 = vss;
PE#/SWD = OWE =Vss.

4) I cc (active mode) is measured with all output pins disconnected; XTAL2 driven with clock signal
according to the figure below; XTAL1 = N.C.;
EA# = OWE = PE#/SWD = vcc; Port 0= Port 7 = Port 8 = vcc;
RESET# = vss. /cc would be slightly higher if a crystal oscillator is used.

5) Icc (idle mode,) is measured with all output pins disconnected and with all peripherals disabled; XTAL2
driven with clock signal according to the figure below; XTAL1 = N.C.;
RESET# = OWE = vce; Port 0=Port 7 =Port 8 = vce; EA# = PE#/SWD = vss.

6) Icc (max.) at other frequencies is given by: active mode: /cc max = 3.1 * fosc + 3.0
idle mode: = 1.0 * fosc + 3.0
Where fosc is the oscillator frequency in MHz. 7 cc values are given in mA and measured at
vee =5V (see also notes 4 and 5).

7) The output impedance of the analog source must be low enough to assure full loading of the sample
capacitance (C1) during load time (7). After charging of the internal capacitance (C1) in the load time
(11) the analog input must be held constant for the rest of the sample time (7).

8) The differential impedance rp of the analog reference voltage source must be less than 1 ko at
reference supply voltage.

9) Exceeding the limit values at one or more input channels will cause additional current which is sinked
sourced at these channels. This may also affect the accuracy of other channels which are operated

Clock Signal Waveform for Icc Tests in Active and Idle Mode

V0.5
_________ Forvee i
= tcHCX !
0.45V 0.2 Ve-0.1
tcHCL << fcLex ~— {CLCH
I teLeL !
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SAB 80C517/80C537

AC Characteristics
Vee=5V +£10%; Vss=0V;

(Cv for port 0, ALE and PSEN# outputs = 100 pF; C. for all outputs = 80 pF)
Ta=0to 70 ‘C for SAB 80C517/80C537

Ta=—-40to + 85 C for SAB 80C517/80C537-T40/85
Ta=-40to + 110 ‘C for SAB 80C517/80C537-T40/110

Symbol | Parameter Limit values Unit

Clock Variable clock

16 MHz 1/tcier = 110 16 MHz

min. max. min. max.

Program Memory Characteristics
LHLL ALE pulse width 85 - 2[cLcL— 40 - ns
IaviL Address setup to ALE 33 - ferel— 30 - ns
ILLAX Address hok; after ALE 28 - feLel—- 35 - ns
Luv Address to valid instruction in - 150 - 4fcLc— 100 ) ns
LpL ALE to PSEN# 38 - fcLel— 25 - ns
PLPH PSEN# pulse width 153 - 3foLcL— 35 - ns
PLv PSEN# to valid instruction in - 88 - 3rcLe— 100 ns
Pxix Input instruction hold after PSEN 0 - 0 - ns
pxiz Input instruction float after PSEN#  *)| — 43 - fcLe— 20 ns
Pxav Address valid after PSEN# *)| 55 - fcrel—- 8 - ns
iaviv Address to valid instruction in - 198 - 5fcLcl— 115 ns
IazPL Address float to PSEN# 0 - 0 - ns

*) Interfacing the SAB 80C517 to devices with float times up to 55 ns is permissible. This limited bus
contention will not cause any damage to port O drivers.
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SAB 80C517/80C537

AC Characteristics (cont'd)

Symbol Parameter Limit values Unit

Clock Variable clock

16 MHz 1/fcreL = 1 to 16 MHz

min. max. min. max.

External Data Memory Characteristics
RLRH RD# pulse width 275 - 6fcLcL— 100 - ns
BwLwH WR# pulse width 275 - 6fcLcL— 100 - ns
Liaxe Address hold after ALE 90 - 2fcLcL— 35 - ns
LoV RD# to valid data in - 148 - 5fcLeL— 165 ns
IRHDX Data hold after RD# 0 - 0 - ns
IRHDZ Data float after RD# - 55 - 2rcLeL— 70 ns
fLiov ALE to valid data in - 350 - 8fcLc— 150 ns
Iavov Address to valid data in - 398 - 9fcLcL— 165 ns
fiowe ALE to WR# or RD# 138 238 3fcLe— 50 3fcLoL + 50 ns
MWHLH WR# or RD# high to ALE high 23 103 fcLe— 40 foLel + 40 ns
Iavwi Address valid to WR# 120 - 4fcLet— 130 - ns
favwx Data valid to WR# transition 13 - fcLel— 50 - ns
favwH Data setup before WR# 288 - 7tcLct— 150 - ns
twHQX Data hold after WR# 13 - feLel— 50 - ns
RLAZ Address float after RD# - 0 - 0 ns
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Program Memory Read Cycle

<— (LHLL —>f

ALE _\ / \
| tAVLL > }:_——- tpLPH —™
PSEN# ’

—
fLLPL | tLLiv >

\ tpLIv a
¢ ~—
| tazee z PXAV texiz

tLLAX1L < tPYIX
Port 0 AO- A7 Instr. A - A7 >__<:
X kI
= taviv >

ya
Port 2 >< A8 - A15 X A8 - A15
\

Data Memory Read Cycle

ALE / X
PSEN#__/

RD#

—> IWHLH

(

e——— tLLpv ——>}

< tLLwL > (RLRH — >

— tRLDV [——
—> tAyLL |e— — tRHDZ "'—

~ > | < (RLAZ

{LLAX2

4
A0-A7 from Data In AQ-A7 ::str.
Port 0 (Rl or DPL - from PCL

tAVWL
< tavpv — 1

A8-A15 from PCH

4
Port 2 X P2.0-P2.7 or A8-A15 from DPH
N
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Data Memory Write Cycle
—IWHLH [
ALE __/——\»-
PSEN# / \
< LWL T {WLWH — >
WR# /
F— lQVWX
taviL [€— —> twHQX
— lLLAX2 L
AO-AT from AO-A7 from Instr.
Port 0 RI or DPL Data Out ML In
tAvwy —>
Port 2 P2.0-P2.7 or A8-A15 from DPH X A8 - A15 from PCH
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SAB 80C517/80C537

AC Characteristics (cont'd)

Variable clock

Symbol E Parameter Limit Values Unit
J
|
} Frequ. = 1 to 16 MHz

| T
’ min. max.

External Clock Drive

foLel Oscillator period 62.5 1000 ns
1/toLeL Oscillator frequency 1 16 7M7Hz
IcHex High time 15 - ns
fcLex Low time 15 - ns
IeicH Rise time - 15 ns
fcHeL Fall time - 15 ns

External Clock Cycle

0.2 V0.1

tcHCL—™>] [* fcLex

| fcLeL 1
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SAB 80C517/80C537

AC Characteristics (cont'd)

Symbol Parameter Limit Values Unit
Clock Variable clock
16 MHz 1/fcLeL = 1 to 16 MHz
min. max. min. max.
System Clock Timing
fLisH ALE to CLKOUT 398 - 7tcieL — 40 - ns
I'sHsL CLKOUT high time 85 - 2fcLeL — 40 - ns
tsLsH CLKOUT low time 585 - 10fclcL—40 | — ns
IsLLH CLKOUT low to ALE high 23 103 tcoL — 40 toLoL + 40 ns
System Clock Timing
{SLLH
_" -
ALE / \ J_
«—— tLLSH {SHSL | <—— lLLSH @ —
CLKOUT \ _/:—‘\—
<~——— ISLSH —— 1

Program Memory Access

Data Memory Access

RD#, WR#

/[
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SAB 80C517/80C537

ROM Verification Characteristics
TaA=25°C+5°C;Vec=5V+10%;Vss =0V

Symbol Parameter Limit Values Unit
min. max.

favav Address to valid data - 48 foLcL ns

feav ENABLE to valid data - 48 fcLoL ns

feHaz Data float after ENABLE 0 48 fcLoL ns

1/tcLe Oscillator frequency 4 6 MHz

ROM Verification

P1.0-P1.7
P2-0_P2.4 ”{M
|

tAvQv
-~

Port 0 Data Out
tELQV
P2.7
ENABLE#
Address: P1.0-P1.7 = A0-A7 Inputs: P2.5 - P2.6, PSEN# = Vss
P2.0-P2.4 =A8-A12 ALE, EA # = ViH
Data:  Port0  =D0-D7 RESET# =
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Recommended Oscilllator Circuits
Crystal Oscillator Mode Driving from External Source
C 40 40
I} 1 XTALT N.C ——————— XTAL1
1-12
L—«- mu: 3
39 External 39
‘-_I XTAL2 Oscillator —o—— {1 XTAL2
C Signal
C30pF+10pF
(incl. stray capacitance) MCS00796
AC Testing
Input, Output Waveforms
Vec-0.
cc05V 0.2V + 0.9
Test Points
0.45 vV 0.2V5c-0.1

MCAQ00697

AC Inputs during testing are driven at Vcc — 0.5 V for a logic 1 and 0.45 V for a logic *0’. Timing
measurements are made at ViHmin for a logic *1” and ViLmax for a logic '0".

Float Waveforms

Vioap+ 0.1V

. \ VOH'O~1 \%
Timing Reference<:
Points ]1 VoL+0.1V

MCA00606

Vioao

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 vor/voL level occurs. 10L/IoH =+ 20 mA.
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SIEMENS

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

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, 32 I/O lines

Two 16-bit timer/event counters

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

218 user bit-addressable locations

Most instructions execute in: 1 us (SAB 8051A/8031A) 750 ns
(SAB 8051A-16/8031A-16)

4 us (3 us) multiply and divide

P-DIP-40 and PL-CC-44 package

Pin Configuration
P-DIP-40 PL-CC-44
s 5 o o
wof]ve, ERE -
39[]Po0 DO if§F2:s 8288
38[]p01 AD1 i 0 T O i e e e O e
6 5 4 3 2 1 W L3 L2 L1 L0
37[]P02  AD2
sfp0s a03 P57 @ 39 [JPos ADL
35[]pPos  ADG P1se 38{]P0S ADS
34[]pos  ADS e17 s 37 [JPos A6
33(JPos  AD6 RSTIV2, 10 36 [Jp07 AD7
32(]po7 A0 Rx0/P30 [ 11 35 [JEA#
SAB 31feas
NC 12 34 NC
8031A  30[]aALE . H
80STA g [Josens T0/p31 13 SAB8031A/8051A 33[JaLe
ey At INTo#P32 [ 32 [Jpsen#
27{]P2s At INMEETCEEIN R 31[JpP21 A1S
T1/P35 |15 2 []p2s A1 0P34 16 30[Jp2s A
WR# /P36 []16 s (]paL A12 T1P3s [ 29[]P25 A13
RO# (P37 [|17 wflp2s Al 819 20 21 22 23 2 25 26 27 28 -
xTaL2 []18 23[JP22  A10 LS "
2 -~ - .U 2 = ~om o3
XTAL1[]19 22[]p21 A9 €2z ¥y =338 aq
y # 08 % X% o o
ve: 2o 21{]P20 A8 £ 2 2z
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SAB 8051A/8031A

The SAB 8051A/8031A is a standalone, high-performance single-chip microcontroller
fabricated in + 5 V advanced Siemens MYMOS (lll) 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 data memory; 32 1/O 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/O 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-compatibel memories and the byte-oriented SAB 8080 and SAB 8085
peripherals.

Logic Symbol

VSS VEE
||
XTAL1 ——| — >
| 3
> > O
XTAL2 —— 1—#‘;}4-——» 9
<—+§‘ «— F;
RST/Vpy — e—> | > £
r—» ‘ «— ‘2
EAH —> e—> ) )
e
PSEN# +— e— |
-~
ALE «— SAB 4—*:‘
8031A sl
80514 L,
— |
RxD —»( <+—>| —> 1—»}
TxD ¢— +—» — | —>
INTO# —>  «—>| H—r  —>
INTW-—»%:‘Q—v e—> | —> ‘§
TO—-NL;C'_f—» <—+§———> fg
U-—»‘ > —>  — EE’
WRH — <« —> | —> |
RD#«—«L <+ > S —>
MCL 00018
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SAB 8051A/8031A

Pin Definitions and Functions

Symbol Pin Input (I) Function
P-DIP-40 | PL-CC-44 | Output (O)
P1.0-P1.7 | 1-8 2-9 110 Port 1 is an 8-bit quasi-bidirectional I/O port. It is used

for the low-order address byte during program
verification. Port 1 can sink/source four LS TTL loads.

RST/Vep 9 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 Vce. If vep is held within
its spec while vcc drops below spec, vep will provide
standby power to the RAM. When VD is low, the
RAM'’s current is drawn from vcc.

P3.0-P3.7 | 10-17 11, 110 Port 3 is an 8-bit quasi-bidirectional I/O port. ltalso _

13-19 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.

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.

XTAL 1 19 21 - XTAL 1 input to the oscillator’s high gain amplifier.
XTAL 2 18 20 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’s. Input to
the internal timing circuitry. A crystal or external source
can be used.

P2.0-P2.7 | 21-28 24-31 110 Port 2 is an 8-bit quasi-bidirectional 1/0O 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.
Port 2 can sink/source four LS TTL loads.

PSEN 29 32 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 oscil-
lator periods, except during external data memory ac-
cesses. Remains high during internal program execution.
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SAB 8051A/8031A

Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
P-DIP-40 | PL-CC-44 | Output (O)
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 8051A executes
instructions from the internal ROM when the PC is less
than 4096. When held at a TTL low level, the SAB
8051A fetches all instructions from external program
memory. For the SAB 8031A this pin must be tied low.

P0.0-P0.7 | 39-32 43-36 l{e} PORT 0 is an 8-bit open drain bidirectional I/O 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.

vee 40 44 + 5V power supply during operation and program
verification.
Vss 20 22 Ground (0 V)
NC - 1,12 - No connection
23, 34
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SAB 8051A/8031A

Block Diagram

XTAL1 XTAL2 Counters
e e c— i~
| |

4096 Byte .
l Oscctlnlstor Program 128 Byte TTWO 1/6E B[r:t ,
| Timin Memory Data Memory ”(T;g[mtevri |
| g (SAB 8051A only) }
I 7 |
|
II SABBOSTA < |
| CPU |
|
| J
| | / |
| Programmable |
| 64K byte Bus Serial port
| Expander Programmable 1/0 - Full duplex UART |
Control - Synchronous |
| Shifter |
% interrupts T N j ' |
(N ) DR B R e e e _
Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT
and /0 Pins MCB 00019
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SAB 8051A/8031A

Instruction Set Summary

Mnemonic Description | Byte l Cycle

Arithmetic operations

ADD ARn Add register to accumulator 1 1
ADD Adirect 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 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
SuUBB 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
Logicai 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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SAB 8051A/8031A

Instruction Set Summary (cont'd)

Mnemonic lDescription | 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 fidata Move immediate data to accumuiaior 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 i Description f Byte I Cycle

Data transfer (cont'd)

MOV direct, @R 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
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 Adirect 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 (o} 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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SAB 8051A/8031A

Instruction Set Summary (cont'd)

Mnemonic l Description l Byte l Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2

LCALL addr 16 Long subroutine call 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 Adirect,rel Compare direct byte to A and jump if not equal 3 2

CJNE A dtdata,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 1/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 constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

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.

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

Instruction Op Codes in Hexadecimal Order

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A #data

02 3 LJMP code addr 35 2 ADDC A,data addr
03 1 RR A 36 1 ADDC A@RO

04 1 INC A 37 1 ADDC A@R1

05 2 INC data addr 38 1 ADDC A,RO

06 1 INC @RO0 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 3B 1 ADDC AR3

09 1 INC R1 3C 1 ADDC A R4

0A 1 INC R2 3D 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC A R7

oC 1 INC R4 3F 1 ADDC AR7

oD 1 INC R5 40 2 JC code addr
OE 1 INC R6 41 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 3 JBC bit addr,code addr 43 3 ORL data addr#data
11 2 ACALL code addr 44 2 ORL A#tdata

12 3 LCALL code addr 45 2 ORL A,data addr
13 1 RRC A 46 1 ORL A,@RO

14 1 DEC A 47 1 ORL A@R1

i5 2 DEC data addr 48 i ORL A,RO

16 1 DEC @Ro0 49 1 ORL AR1

17 1 DEC @R1 4A 1 ORL AR2

18 1 DEC RO 4B 1 ORL AR3

19 1 DEC R1 4C 1 ORL A R4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 DEC R3 4E 1 ORL A,R6

1C 1 DEC R4 4F 1 ORL AR7

1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr,A
20 3 JB bit addr,code addr 53 3 ANL data addr#data
21 2 AJMP code addr 54 2 ANL A #data

22 1 RET 55 2 ANL A,data addr
23 1 RL A 56 1 ANL A@R0

24 2 ADD A #data 57 1 ANL A,@R1

25 2 ADD A,data addr 58 1 ANL A,RO

26 1 ADD A,@RO0 59 1 ANL AR1

27 1 ADD A @R1 5A 1 ANL AR2

28 1 ADD A,RO 5B 1 ANL AR3

29 1 ADD A R1 5C 1 ANL A R4

2A 1 ADD AR2 5D 1 ANL AR5

2B 1 ADD A,R3 5E 1 ANL A R6

2C 1 ADD AR4 5F 1 ANL AR7

2D 1 ADD A,R5 60 2 Jz code addr
2E 1 ADD A,R6 61 2 AJMP code addr
2F 1 ADD AR7 62 2 XRL data addr,A
30 3 JNB bit addr,code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRL A #data

32 1 RETI 65 2 XRL A, data addr
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SAB 8051A/8031A

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex |Number | Mnemonic | Operands

code | of bytes code | of bytes

66 1 XRL A,@RO 99 1 SUBB AR1

67 1 XRL A,@R1 9A 1 SUBB A,R2

68 1 XRL A,RO 9B 1 SuUBB AR3

69 1 XRL AR1 9C 1 SUBB A,R4

6A 1 XRL A R2 9D 1 SUBB AR5

6B 1 XRL AR3 9E 1 SuBB A R6

6C 1 XRL A R4 9F 1 SUBB AR7

6D 1 XRL AR5 AO 2 ORL C,/bit addr

6E 1 XRL A,R6 A1 2 AJMP code addr

6F 1 XRL AR7 A2 2 MOV C,bit addr

70 2 JNZ code addr A3 1 INC DPTR

71 2 ACALL code addr A4 1 MUL AB

72 2 ORL C,bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MOV @RO0,data addr

74 2 MOV A #data A7 2 MOV @R1,data addr

75 3 MOV data addr #data A8 2 MOV RO,data addr

76 2 MOV @RO,#data A9 2 MOV R1,data addr

77 2 MOV @R1 #data AA 2 MOV R2,data addr

78 2 MOV RO, #data AB 2 MOV R3,data addr

79 2 MOV R1,#data AC 2 MOV R4,data addr

7A 2 MOV R2#data AD 2 MOV R5,data addr

7B 2 MOV R3,#data AE 2 MOV R6,data addr

7C 2 MOV R4 #data AF 2 MOV R7,data addr

7D 2 MOV R5,#data BO 2 ANL C,/bit addr

7E 2 MOV R6, #data B1 2 ACALL code addr

7F 2 MOV R7 #data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 CPL C

81 2 AJMP code addr B4 3 CJINE A #data,code addr
82 2 ANL C,bit addr B5 3 CJUNE A,data addr,code addr
83 1 MOVC A,@A+PC B6 3 CJNE @RO,#data,code addr
84 1 DIV AB B7 3 CJNE @R1,#data,code addr
85 3 MOV data addr,data addr B8 3 CJINE RO,#data,code addr
86 2 MOV data addr,@RO B9 3 CJINE R1,#data,code addr
87 2 MOV data addr,@R1 BA 3 CJNE R2,#data,code addr
88 2 MOV data addr,R0 BB 3 CJNE R3,#data,code addr
89 2 MOV data addr,R1 BC 3 CJINE R4 #data,code addr
8A 2 MOV data addr,R2 BD 3 CJNE R5,#data,code addr
8B 2 MOV data addr,R3 BE 3 CJINE R6,#data,code addr
8C 2 MQV data addr,R4 BF 3 CJNE R7 .#data,code addr
8D 2 MOV data addr,R5 Cco 2 PUSH data addr

8E 2 MOV data addr,R6 C1 2 AJMP code addr

8F 2 MOV data addr,R7 c2 2 CLR bit addr

90 3 MOV DPTR,#data C3 1 CLR C

91 2 ACALL code addr C4 1 SWAP A

92 2 MOV bit addr,C C5 2 XCH A,data addr

93 1 MOVC A, @A+DPTR Cé 1 XCH A,@RO

94 2 SUBB A #data Cc7 1 XCH A @R1

95 2 SUBB A,data addr C8 1 XCH A,RO

96 1 SUBB A,@RO C9 1 XCH AR1

97 1 SUBB A @R1 CA 1 XCH A,R2

98 1 SUBB A,RO CB 1 XCH AR3
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SAB 8051A/8031A

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

Hex |Number |Mnemonic | Operands Hex | Number | Mnemonic | Operands
code |of bytes code | of bytes
CcC 1 XCH AR4 FD 1 MOV R5,A
CD 1 XCH A,R5 FE 1 MOV R6,A
CE 1 XCH A R6 FF 1 MOV R7,A
CF 1 XCH AR7

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,@RO0

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 adar

DF 2 DJNZ R7,code addr

EO 1 MOVX A,@DPTR

E1 2 AJMP code addr

E2 1 MOVX A,@RO0

E3 1 MOVX A @R1

E4 1 CLR A

E5 2 MOV A,data addr*)

E6 1 MOV A,@RO0

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 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

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

Absolute Maximum Ratings

Ambient temperature under bias —-0to+ 70C
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=01t070C;Vec=5V+10%;Vss =0V

Symbol Parameter Limit Values Unit | Test Condition
min. max.

Vi Input low voltage -05 0.8 \ -

VIH Input high voltage 2.0 vee+ 0.5 \ -

(except RST/VPD and XTAL 2)

VIH1 Input high voltage to 25 vec+ 0.5 \ XTAL1 to vss
RST/VPD for reset, XTAL 2

VPD Power down voltage 4.5 55 Vv vee=0V
to RST/VPD

VoL Output low voltage - 0.45 \ loL=1.6 mA
Ports 1,2, 3

VoLt Output low voltage - 0.45 \ oL =3.2mA
Port 0, ALE, PSEN

VOH Output high voltage 24 - Vv IoH = — 80 pA
Ports 1,2, 3

VOH1 Output high voltage 2.4 - \ IoH = — 400 pA
Port 0, ALE, PSEN

I Logical 0 input current - -500 uA ViL=0.45V
Ports 1,2, 3

Iz Logical 0 input current - -32 mA | XTAL 1 =Vss
XTAL 2 ViL=0.45V

1IH1 Input high current to - 500 pA VIN=Vcc-1.5V
RST/Vro for reset

1 Input leakage current - +10 uA 0V <VIN<Vce
to port 0, EA

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

IPD Power down current - 10 mA |vec=0V

Cio Capacitance of /O buffer - 10 pF fe=1MHz
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SAB 8051A/8031A

AC Characteristics for SAB 8051A/8031A
Ta=0t0+70C;Vec=5V+10%;Vss=0V
(Cv 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/fcre = 1.2 MHz to 12 MHz
min. max. min. max.
AHLL ALE pulse width 127 - 2fcieL-40 - ns
taviL Address setup to ALE 53 - fcLcL-30 - ns
Liaxt Address hold after ALE 48 - foLel-35 - ns
v ALE to valid instruction in - 233 - 4rciel-100 ns
fupL ALE to PSEN 58 - focL-25 - ns
fPLPH PSEN pulse width 215 - 3foLel-35 - ns
v PSEN to valid instruction in - 150 - 3fcLcL- 100 ns
pxix Input instruction hold after PSEN |0 - 0 - ns
pxizt) Input instruction float after PSEN | — 63 - fcLe- 20 ns
IPXAV*) Address valid after PSEN 75 - fcel-8 - ns
Iaviv Address to valid instruction in - 302 - 5fcLel-115 ns
InzpL Address float to PSEN 0 - 0 - ns

*) Interfacing the SAB 8051A 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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SAB 8051A/8031A

External Data Memory Characteristics

Symbol Parameter Limit Values Unit
Variable clock
12 MHz clock 1/fereL = 1.2 MHz to 12 MHz
min. max. min. max.
IRLAH RD pulse width 400 - 6lcLoL-100 - ns
LW WR pulse width 400 - 6fcLoL- 100 - ns
Liaxe Address hold after ALE 132 - 2fcLcL-35 - ns
fRLDV 'RD to valid data in - 252 - SfcLci- 165 ns
RHDX Data hold after RD 0 - 0 - ns
fRHDZ Data float after RD - 97 - 2fcLcL-70 ns
fiov ALE to valid data in - 517 - 8fcLeL- 150 ns
Iavov Address to valid data in - 585 - 9fcLcL- 165 ns
fowe ALE to WR or RD 200 300 3fcLcL-50 3cLcL+50 ns
Iavwi Address to WR or RD 203 - 4rcLcL-130 - ns
IWHLH WR or RD high to ALE high 43 123 foLeL- 40 foLoL+40 ns
favwx Data valid to WR transition 33 - foLcL- 50 - ns
favwH Data setup before WR 433 - 7ciel-150 - ns
twHax Data hold after WR 33 - forel-50 - ns
RLAZ Address float after RD - 0 - 0 ns
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SAB 8051A/8031A

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable clock
Freq = 1.2 MHz to 12 MHz
min. max.
feLol Oscillator period 83.3 833.3 ns
IcHex High time 20 foLeL- foLex ns
forex Low time 20 foLcL - foHox ns
foLeH Rise time - 20 ns
fcHeL Fall time - 20 ns
ROM Verification Characteristics for SAB 8051A
Ta=25C+5°C;Voc=5V+£10%;Vss=0V
Symbol Parameter Limit Values Unit
min. max.
tavav Address to valid data - 48 toLcL ns
teLav ENABLE to valid data - 48 folcL ns
teHaz Data float after ENABLE 48 feLc ns
1/tcLe Oscillator frequency 6 MHz
ROM Verification
P1.0- P17 [
. . A
p20- P23 ddress )'—C
— hvav[=—
Port0)  —————{ Data OUT ‘,——————
|
feav_ [fenoz
P27
ENABLE# MCD 00020
Address: P1.0-P1.7 = A0-A7 Inputs: P2.4 -P2.6, PSEN =Vss
P2.0-P2.3 = A8-A11 ALE, EA =VH
RsT1/VeD = VIH1

Data: Port 0 =D0-D7
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SAB 8051A/8031A

A/D Characteristics for SAB 8051A-16/8031A-16
Ta=01t0+70°C;Vece=5V +10%; Vss=0V
(CLfor 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/tcer = 1.2 MHz to 16 MHz
min. max. min. max.
fLHLL ALE pulse width 85 - 2fcLcL—40 - ns
taviL Address setup to ALE 33 - tcLel-30 - ns
ILLAX1 Address hold after ALE 28 - ferc-35 - ns
fv ALE to valid instruction in - 150 - 4tcLel—100 ns
Il ALE to PSEN 38 - torol—25 - ns
trLPH PSEN pulse width 153 - 3fcLel—35 - ns
trLv PSEN to valid instruction in - 88 - 3fcLcL—100 ns
tPxix Input instruction hold after PSEN |0 - 0 - ns
tPxiz") Input instruction float afterPSEN - 48 = fcLel-15 ns
trxav") | Address valid after PSEN 60 - teret-3 - ns
taviv Address to valid instruction in - 223 - 5tcLe—90 ns
IazPL Address float to PSEN 0 - 0 - ns

*) Interfacing the SAB 8051A-16 to devices with float times up to 55 ns is permissible. This limited bus
contention will not cause any damage to port O drivers.
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SAB 8051A/8031A

External Data Memory Characteristics

Symbol Parameter Limit Values Unit
Variable clock
12 MHz clock 1/fcLe = 1.2 MHz to 12 MHz
min. max. min. max.
IRLRH RD pulse width 275 - 6lcLcL- 100 - ns
fwLwH WR pulse width 275 - 6lcLcL- 100 - ns
fiaxe Address hold after ALE 90 - 2cict- 35 - ns
fRLDV RD to valid data in - 148 - 5fcLcL- 165 ns
IRHDX Data hold after RD 0 - 0 - ns
RHDZ Data float after RD - 55 - 2fcLeL-70 ns
fiov ALE to valid data in - 350 - 8rcLeL- 150 ns
favov Address to valid data in - 398 - 9fcLcL- 165 ns
fiowe ALE to WR or RD 138 238 3foLet-50 3fcLcL+50 ns
Iavwi Address to WR or RD 120 - 4fcLcL-130 - ns
IWHLH WR or RD high to ALE high 23 103 foLcL-40 foLcL+40 ns
Tavwx Data valid to WR transition 13 - feLcL- 50 - ns
favwH Data setup before WR 288 - 7rcieL-150 - ns
fwHax Data hold after WR 13 - foLcL-50 - ns
Riaz Address float after RD - 0 - 0 ns

Siemens Aktiengesellschaft 302



SAB 8051A/8031A

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit

Variable clock
Freq = 1.2 MHz to 12 MHz

min. max.
fcioL Oscillator period 62.5 833.3 ns
fcHex High time 15 fcLeL- feLex ns
foLex Low time 15 fcLelL - fcHex ns
foLCH Rise time - 15 ns
fcHeL Fall time - 15 ns

ROM Verification Characteristics for SAB 8051A-16
TA=25°C+5°C;vec =5V +10%; Vss =0V

Symbol Parameter Limit Values Unit
min. max.

tavav Address to valid data - 48 fcLel ns

feLav ENABLE to valid data - 48 toLcL ns

fEHQz Data float after ENABLE 0 48 foLcL ns

1/tcLoL Oscillator frequency 4 6 MHz

ROM Verification
P1.0- P17 [
P2.0- P23 ‘ Address > <

f AvQV

Port0  —— Dumom},—————

feLav fenoz
P27
ENABLE# MCD 00020
Address: P1.0-P1.7 = A0-A7 Inputs: P2.4 -P2.6, PSEN =Vss
P2.0-P2.3 = A8-A11 ALE, EA =VH
Data:  Port0 = DO-D7 Ret/VPo = ViHt
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SAB 8051A/8031A

Waveforms

Program Memory Read Cycle

=t
ALE ___/ \
PSEN# ____/* __\—I
=] favie Tz
Instr.IN AT - A0 . -
borro ISt )—{ D———<Lnsfr IN> AT - AD Instr. IN
—1
faviv
Address >< ><
PORT2 Of SFR-P2 Address A15-A8 | Address A15-A8

MCT 00021
Data Memory Read Cycle
fiiov LT
ALE /
PSEN# /
fiwe — | friru
RD# —
. \ /
= lax2T J 5
favul faLov =0
+ frrox
'AvDV, LAY I,
AT- A0
Port 0 >_< ¢ Data N
RLAZ
Address j j \
Port 2 or SFR-P2 X Address A15-A8 or SFR-P2 ),
MCT 00022
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SAB 8051A/8031A

. Bl
Data Memory Write Cycle

— fwnuf
ALE _/_

PSEN #

+ I #
TLwl TWLWH

WR#

e favwx

fiiaxa

favwh == furox =]

>——< AT-AO >< Data OUT )
Port 0 \

\
Port 2 OASSFFE??,ZX Address A15-A8 or SFR-P2
or

MCT 00023

AC Testing Input, Output, Float Waveforms

2.4

70 70
Test Points
045 0.8 08

MCA 00024

A.C. testing inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0".
Timing measurements are made at 2.0 V for a logic "1" and 0.8 V 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 8051A/8031A

External Clock Cycle

,EHCL
|

MCT 00025

Recommended Oscillator Circuits

C
ilf 19(21) YTALT 19(21) XTAL1
+5V
.
i - L7k
1.2-12MHz )
1.2-16MHz
C 1
" 101201 18(20)
ii 1OV TAL 2 + XTAL2
404 MCS00026
T4LS04

C =30pF +10pF

Crystal Oscillator Mode Driving from External Source

Pin number in (. . .) are for PL-CC-44 package
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SAB 8051A/8031A

Ordering Information

Type Ordering code Description

8-bit single-chip microcontroller,
SAB 8051A-P Q67120-C186 with mask-programmable ROM (P-DIP-40)
SAB 8031A-P Q 67120-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

Q 67120-C348

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

SAB 8031A-16-N

Q 67120-C349

for external memory (PL-CC-44)
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SIEMENS

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

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

SAB 8051A-12-P-T40/85 Mask-Program- SAB 8031A-12-P-T40/85 External ROM
SAB 8051A-10-P-T40/110 mable ROM SAB 8031A-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, 32 1/O lines

High-performance full-duplex serial channel

Two 16-bit timer/event counters

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 Logic Symbol
Ves  Vee
P[] = NVee | |
P12 39{]P00  ADO
XTALT ——— s —>
P12[]3 38[]pPo1 D1 ! 3
P3[4 37(]ro2  AD2 l— |« |B
Piu]s 36[]Po3  AD3 XTALZ —— ‘—’EL‘_‘ 2
sl s |3
Pis[le 35[]Pos  AD4 — i
Pi6[]7 3u[Jros  ADS — |« =
P17[ls 33[JPos  AD6 EAR ——¥ [

T (> | — T2
RST/Vpp [9 32{]p07  AD? PeENE ‘ 12 Ex
RxD/P30[J10 SAB 31[leas e— |

SAB
Tx0/P3i[[n  8031A  30fjaLe ALE<1 B031A ‘_’E}
mroerea2fz B0S1A pellpceny 80514 e
le—>
INT1#/P33[]13 8[]P27  A1S Ext.Temp. [
T0/P34 []14 21{]p2s A e
RxD—» b > —
T1P3s 15 26[]p2s  A13 M“_{ ] }
WR# /P36 []16 s[]p2s A12 INTo#—> ] > — s
RO#/P37 |17 u[]p23 AN INTI# — | D el l— (2
xT1aL2[]18 3[p22 At and b (s H
T —| > |— |2
XTAL1[]19 22[JP21 A9 WR# 4—| ] f— |—> ‘
vss []20 21[JP20 A8 RD# +— | <] [
MCP 00016 HeLooory

309 02.88



SAB 8051A/8031A Ext. Temp.

The SAB 8051A/8031A for the two extended temperature ranges (industrial temperature
range: — 40 to + 85 °C, automotive temperature range: — 40 to + 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 + 5 V advanced N-channel, silicon gate Siemens MYMOS technology and
packaged in a 40-pin DIP.

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

128 x 8 read/write data memory; 32 I/O lines; two 16-bit timer/counters; a five-source, two-
priority-level, nested interrupt structure; a serial /O port for either multi-processor
communications, I/O 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.

Ordering Information

Type Ordering code Description

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

Pin Definitions and Functions

Symbol Number | Input () Functions
Output (O)
P1.0-P1.7 | 1-8 1’10 Port 1 is an 8-bit quasi-bidirectional I/0 port. It is used for the low-
order address byte during program verification.
RST/VPD |9 | 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 [l{e] Port 3 is an 8-bit quasi-bidirectional I/O 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 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.
—INTT1 (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.
XTALA1 19 XTAL1 Input to the oscillator’s high gain amplifier.
XTAL2 18 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 [l{e] Port 2 is an 8-bit quasi-bidirectional I/O 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.

PSEN 29 O The Program Store Enable output is a control signal that enables the
external Program Memory to the bus during external fetch

nnnnn timma 145 Ativiatad A
operations. !t is activated every six oscillator periods, except durin

external data memory accesses. Remains high during internal
program execution.

(()

ALE 30 O Provides Address Latch Enable output used for latching the address
into external memory during normal operation. It is activated every
six oscillator periods except during an external data memory access.

EA 31 | When held at a 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.
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SAB 8051A/8031A Ext. Temp.

Pin Definitions and Functions (continued)

Symbol Number | Input (I) Functions
Output (O)

P0.0-P0.7 | 39-32 110 Port 0 is an 8-bit open drain bidirectional I/O 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.

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

VSS 20 Circuit ground potential

Block Diagram

XTAL1 XTAL2 Counters
B .
| ;
|
|| Oscillator “rgggrgx]‘e 128 Byte Two 16-Bit |
I .[md Memory Data Memory Timer /Event l
l Timing (SAB 8051A only) Counters }
B T\ /T i
: SAB8051A < I

CPU |
| |
' 1
| 1
! Programmable I
| 64K byte Bus Serial port
| Expander :> Programmable 1/0 - Full duplex UART |
' Control +oyNnchronous

Control Synch |
| | | | Shifter i
{ Interrupts |
(N ) DR B AN O R I —
Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT
and 110 Pins MCB 00019
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SAB 8051A/8031A Ext. Temp.

Instruction Set Summary

Mnemonic Description | Byte 1 Cycle

Arithmetic operations

ADD ARn 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
;:)DC 7 A.direct Add direct byte to A with carry flag 2 1
ADDC A @Ri Add indirect RAM to A with carry flag 1 T
ADDC A #data Add immediate data to A with carry flag 2 1
SuUBB 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 1 1
ANL At#tdata AND immediate data to accumulator 2 1
ANL direct, A AND accumulator to direct byte 2 1
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SAB 8051A/8031A Ext. Temp.

Instruction Set Summary (cont'd)

Mnemonic TDescription ! 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 #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 Adirect 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 accumulator 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.

Instruction Set Summary (cont'd)

Mnemonic ‘ Description ‘ Byte ‘ Cycle

Data transfer (cont'd)

MOV direct, @R 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
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 (o} Set carry flag 1 1
SETB bit Set direct bit 2 1
CPL o] 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 1 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 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 /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 constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

Notes on program addressing modes

addr 16 — Destination address for LCALL and LUMP 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.

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

Instruction Op Codes in Hexadecimal Order

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A #data

02 3 LIJMP code addr 35 2 ADDC A,data addr
03 1 RR A 36 1 ADDC A,@R0

04 1 INC A 37 1 ADDC A@R1

05 2 INC data addr 38 1 ADDC A,RO

06 1 INC @R0 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 3B 1 ADDC AR3

09 1 INC R1 3C 1 ADDC A R4

0A 1 INC R2 3D 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC AR7

oc 1 INC R4 3F 1 ADDC AR7

oD 1 INC R5 40 2 JC code addr
OE 1 INC R6 41 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 3 JBC bit addr,code addr 43 3 ORL data addr #data
11 2 ACALL code addr 44 2 ORL A #data

12 3 LCALL code addr 45 2 ORL A,data addr
13 1 RRC A 46 1 ORL A,@R0

14 1 DEC A 47 1 ORL A @R1

15 2 DEC data addr 48 1 ORL A,RO

16 1 DEC @RO 49 1 ORL AR1

17 1 DEC @R1 4A 1 ORL A,R2

18 1 DEC RO 4B 1 ORL A,R3

19 1 DEC R1 4C 1 ORL A R4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 DEC R3 4E 1 ORL A,R6

1C 1 DEC R4 4F 1 ORL AR7

1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr,A
20 3 JB bit addr,code addr 53 3 ANL data addr#data
21 2 AJMP code addr 54 2 ANL A #data

22 1 RET 55 2 ANL A,data addr
23 1 RL A 56 1 ANL A,@R0O

24 2 ADD A#data 57 1 ANL A @R1

25 2 ADD A,data addr 58 1 ANL A,RO

26 1 ADD A, @RO 59 1 ANL AR1

27 1 ADD A @R1 5A 1 ANL A,R2

28 1 ADD A,RO 5B 1 ANL A,R3

29 1 ADD A,R1 5C 1 ANL AR4

2A 1 ADD AR2 5D 1 ANL AR5

2B 1 ADD AR3 5E 1 ANL A,R6

2C 1 ADD AR4 5F 1 ANL A,R7

2D 1 ADD AR5 60 2 Jz code addr
2E 1 ADD A,R6 61 2 AJMP code addr
2F 1 ADD A,R7 62 2 XRL data addr,A
30 3 JNB bit addr,code addr 63 3 XRL data addr #data
31 2 ACALL code addr 64 2 XRL A #data

32 1 RETI 65 2 XRL A,data addr
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SAB 8051A/8031A Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands

code | of bytes code | of bytes

66 1 XRL A,@RO0 99 1 SUBB AR1

67 1 XRL A@R1 9A 1 SUBB A,R2

68 1 XRL ARO 9B 1 SuUBB AR3

69 1 XRL AR1 9C 1 SuBB A R4

6A 1 XRL AR2 9D 1 SuBB AR5

6B 1 XRL AR3 9E 1 SuBB AR6

6C 1 XRL AR4 9F 1 SuBB AR7

6D 1 XRL AR5 A0 2 ORL C,/bit addr

6E 1 XRL A R6 A1 2 AJMP code addr

6F 1 XRL AR7 A2 2 MOV C,bit addr

70 2 JNZ code addr A3 1 INC DPTR

71 2 ACALL code addr A4 1 MUL AB

72 2 ORL C,bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MOV @RO0,data addr

74 2 MOV A #data A7 2 MOV @R1,data addr

75 3 MOV data addr,#data A8 2 MOV RO0,data addr

76 2 MOV @RO,#data A9 2 MOV R1,data addr

77 2 MOV @R1,#data AA 2 MOV R2,data addr

78 2 MOV RO,#data AB 2 MOV R3,data addr

79 2 MOV R1,#data AC 2 MOV R4,data addr

7A 2 MOV R2,#data AD 2 MOV R5,data addr

7B 2 MOV R3,#data AE 2 MOV R6,data addr

7C 2 MOV R4,#data AF 2 MOV R7,data addr

7D 2 MOV R5,#data BO 2 ANL C,/bit addr

7E 2 MOV R6,#data B1 2 ACALL code addr

7F 2 MOV R7.#data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 CPL C

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

8E 2 MOV data addr,R6 C1 2 AJMP code addr

8F 2 MOV data addr,R7 c2 2 CLR bit addr

90 3 MOV DPTR,#data C3 1 CLR C

91 2 ACALL code addr C4 1 SWAP A

92 2 MOV bit addr,C C5 2 XCH A,data addr

93 1 MOVC A,@A+DPTR C6 1 XCH A,@RO

94 2 SUBB A #data Cc7 1 XCH A @R1

95 2 SUBB A,data addr c8 1 XCH A,RO

96 1 SUBB A,@R0 Cc9 1 XCH AR1

97 1 SUBB A @R1 CA 1 XCH AR2

98 1 SUBB A,RO CB 1 XCH AR3
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SAB 8051A/8031A Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex |Number |Mnemonic | Operands Hex |Number | Mnemonic | Operands
code |of bytes code | of bytes
CC 1 XCH A R4 FD 1 MOV R5,A
CD 1 XCH AR5 FE 1 MOV R6,A
CE 1 XCH A,R6 FF 1 MOV R7,A
CF 1 XCH AR7

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 A,R4

ED 1 MOV AR5

EE 1 MOV AR6

EF 1 MOV AR7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @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

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

Absolute Maximum Ratings

Ambient temperature under bias —-40to+ 85°C for-T40/85
—40to + 110 °C for-T40/110

Storage temperature —-65t0+ 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%;Vss=0V Ta=-40to+ 85 °C for-T40/85
Ta=—-40to + 110 °C for -T40/110

Symbol Parameter Limit Values Unit | Test Condition
min. max.

ViL Input low voltage -0.5 0.8 \ -

VIH Input high voltage 2.0 vee+ 0.5 Vv -
except RST/VPD and XTAL 2

VIH1 Input high voltage to 25 vee + 0.5 \ XTAL1 to vss
RST/VPD for reset, XTAL 2

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

VoL Output low voltage - 0.45 \ JoL=1.6 mA
ports 1, 2,3

VoLt Output low voltage - 0.45 \ oL =3.2mA
Port 0, ALE,/PSEN

VOH Output high voltage 2.4 - Vv JoH = — 80 pA
ports 1,2, 3

VOH1 Output high voltage 2.4 - Vv [oH = — 400 pA
Port 0, ALE,/PSEN

I Logical 0 input current - - 500 uA viL=0.45V
ports 1,2,3

L2 Logical 0 input current - -25 mA | XTAL 1 = Vss
XTAL 2 ViL=0.45V

1IH1 Input high current to - 500 nA VIN=Vcc-15V
RST/VPD for reset

I Input leakage current - +10 pA 0 < VIN < Vce
to port 0,/EA

Icc Power supply current - 150 mA -

IPD Power down current - 15 mA

Cio Capacitance of 1/0 buffer - 10 pF fe=1MHz
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SAB 8051A/8031A Ext. Temp.

AC Characteristics for SAB T40/85
Vee=5V +10%;Vss=0V;Ta= —40to + 85°C
(Cufor 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/cer = 1.2 MHz to 12 MHz
min. max. min. max.
K A ALE pulse width 127 - 2fcLeL- 40 - ns
IaviL Address setup to ALE 53 - feiel-30 - ns
fiaxi Address hold after ALE 48 - feel-35 - ns
fuv ALE to valid instruction in - 233 - 4tcic- 100 ns
LI ALE to PSEN 58 - feicL-25 - ns
PLPH PSEN pulse width 215 - 3tcLcL-35 - ns
Ly PSEN to valid instruction in - 150 - 3fcLeL- 100 ns
tPxix Input instruction hold after PSEN |0 - 0 - ns
tPx1z’) Input instruction float after PSEN | — 63 - foLcL- 20 ns
PxAv*) Address valid after PSEN 75 - fceL-8 - ns
aviv Address to valid instruction in - 302 - 5fcLc-115 ns
IazrL Address float to PSEN 0 - 0 - ns

*) Interfacing the SAB 8051A to devices with float times up to 75 ns is permissible. This limited bus
contention will not cause any damage to port 0 drivers.
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SAB 8051A/8031A Ext. Temp.

External Data Memory Characteristics

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

IRLRH RD pulse width 400 - 6fcLcL- 100 - ns
tWLWH WR pulse width 400 - 6fcLcL- 100 - ns
LLAX2 Address hold after ALE 132 - 2rcLeL- 35 - ns
fRLDV RD to valid data in - 252 - 5fcLcL- 165 ns
IRHDX Data hold after RD 0 - 0 - ns
IRHDZ Data float after RD - 97 - 2fcLoL- 70 ns
fiov ALE to valid data in - 517 - 8rcLeL- 150 ns
Iavbv Address to valid data in - 585 - 9rcLeL- 165 ns
fowe ALE to WR or RD 200 300 3fcicL-50 3toLeL+50

Iavwi Address to WR or RD 203 - 4fcLcL-130 - ns
IWHLH WR or RD high to ALE high 43 123 foLoL- 40 foLcL+40 ns
favwx Data valid to WR transition 33 - foLeL- 50 - ns
favwh Data setup before WR 433 - 7fcioL- 150 - ns
IwHax Data hold after WR 33 - feeL-50 - ns
LAz Address float after RD - 0 - 0 ns
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AC Characteristics for T40/110
Vee=5V +10%;Vss=0V; Ta= —40to +110°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/ferer = 1.2 MHz to 10 MHz
min. max. min. max.
A ALE pulse width 160 - 2fcLeL- 40 - ns
IaviL Address setup to ALE 70 - forel-30 - ns
LAt Address hold after ALE 65 - fecL-35 - ns
fuv ALE to valid instruction in - 300 - 4fcic- 100 ns
fpPL ALE to PSEN 75 - feLoL-25 - ns
IPLPH PSEN pulse width 265 - 3fcLeL-35 - ns
1Y PSEN to valid instruction in - 200 - 3fciet-100 ns
Pxix Input instruction hold after PSEN |0 - 0 - ns
Pxiz*) Input instruction float after PSEN |- 80 - fcLeL- 20 ns
PxAv?) Address valid after PSEN 92 - feLeL-8 - ns
Iaviv Address to valid instruction in - 385 - 5fcLe-115 ns
IazPL Address float to PSEN 0 - 0 - ns

*) Interfacing the SAB 8051A to devices with float times up to 92 ns is permissible. This limited bus
contention will not cause any damage to port 0 drivers.
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SAB 8051A/8031A Ext. Temp.

External Data Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable clock
10 MHz clock 1/fcrer = 1.2 MHz to 10 MHz
min. max. min. max.
IRLRH RD pulse width 500 - loLcl-100 | — ns
LwH WR pulse width 500 - 6fcLcL- 100 - ns
Liaxe Address hold after ALE 165 - 2fcLeL-35 - ns
fRLov RD to valid data in - 335 - 5tcLeL- 165 ns
IRHDX Data hold after RD 0 - -0 - ns
IRHDZ Data float after RD - 130 - 2fcLoL-70 ns
fiov ALE to valid data in - 650 - 8fcLcL- 150 ns
Iavov Address to valid data in - 735 - 9rcLcL- 165 ns
fowe ALE to WR or RD 250 350 3fcLoL- 50 3toLoL+50 ns
IavwL Address to WR or RD 270 - 4fciel- 130 - ns
BWHLH WR or RD high to ALE high 60 140 foLoL- 40 foLcL+40 ns
favwx Data valid to WR transition 50 - fcLel-50 - ns
favwH Data setup before WR 550 - 7tcLeL-150 - ns
twHax Data hold after WR 50 - fecL- 50 - ns
IRLAZ Address float after RD - 0 - 0 ns
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SAB 8051A/8031A 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.
feeee Oscillator period I:g;??o ?303 833.3 ns
fcHex High time 20 foLoL- foLex ns
foLex Low time 20 foLcL - IcHeX ns
fcLeH Rise time - 20 ns
feHoL Fall time - 20 ns

External Clock Cycle

fCH(L
- fr |

MCT 00025

AC Testing Input, Output, Float Waveforms

2.4 70

Test Points

2
0.45 08 0

[
8
-~ Float ————
2.4 Biyz.o 20 24
0.8 0.45

0.45 -———7%)‘8

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

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

For timing purposes, the float state is defined as the point at which a P0 pin sinks 3.2 mA
or sources 400 pA at voltage test levels.

MCA 00026
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ROM Verification Characteristics
Ta=25C+5°C;Vece=5V+10%;Vss=0V

Symbol Parameter Limit Values Unit
min. max.
tavav Address to valid data - 48 foLcL ns
feLav ENABLE to valid data - 48 foLe ns
tenaz Data float after ENABLE 48 feLc ns
1/tcLeL Oscillator frequency 6 MHz
ROM Verification
P1.0- P17
' : Address
P2.0- P23 ‘ res ) (
—"J favav|=—
\
Port) ~————— Data OUT p——
feLav Teraz
P27
ENABLE# MCD 00020
Address: P1.0-P1.7 = A0-A7 Inputs: P2.4 —-P2.6, PSEN =Vss
P2.0-P2.3 = A8-A11 ALE, EA =VIH
Data:  Port0  =DO0-D7 RSTAVPD = Vit
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Waveforms

Program Memory Read Cycle

| t,

Foue iy

ALE &\ r_\
PSEN# ‘/—_—\

= fiaxi -~
fAVLL L _—
Insfr.ID——< AT - AO AT - AO >——'<Ins'rr. IN >—
PORT 0
'AVIV !
Address ~ R
PORT2 OF SFR-P2 Address A15-A8 X Address A15-A8 )

MCT 00021

Data Memory Read Cycle

fLiov == A [~
ALE I
PSEN# _ |

Lt 1 — | faLru
RD# —
=i - / .
oz
“——fwwfil"‘—f RLOV hox -
favov = =~
1 \
o >—< AT- A0 g Data N
ort 0 — taiaz )
Address \
K Address A15-A8 or SFR-P2
Port2 O SFR-P2 >4} /
MCT 00022
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SAB 8051A/8031A Ext. Temp.

Data Memory Write Cycle

— fwuuF
ALE ____/—
PSEN# _J ‘ffLLWLH)‘*A*fWLWH —

WR#

+
TAVWL

]

|
favwx

fuaxz

favwn = furiox =

\
< A7-A Dat
Port 0 0 \ ata OUT /

Address - - \
Port 2 orSFR-PAX‘ Address A15-A8 or SFR-P2 )

MCT 00023

Recommended Oscillator Circuits

=
-
0
3

XTALY L— XTALY
+5V

—9 s W7k
12-12MHz

1.2-10MHz
C 1 "
e S—1 NP o] ——XTAL2
7404 MCS00028
TLLS04
C =30pF +10pF
Crystal Oscillator Mode Driving from External Source
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SIEMENS

8-Bit Single Chip Microcontroller SAB 8052A/8032A
Preliminary

SAB 8052A-P(N) Microcontroller with factory-maskprogrammabel ROM
SAB 8032A-P(N) Microcontroller for external ROM

8 K x 8 ROM (SAB 8052A only)

256 x 8 RAM

Four 8-bit ports, 32 1/O 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 1 us

Multiply and divide in 4 us

Six interrupt vectors, two priority levels

RAM power-down supply

P-DIP-40 and PL-CC-44 package

Full backward compatibility with SAB 8051/8031

Pin Configuration
x e = & m
12101 = woflve, wo 33838
oo
T2ex/P11[]2 39[]P00  ADO +m 823U .83 8 3
nnnnnn ¥ a a a a
P2[]3 38{]Po1 AD! - -
P‘EEL 373P02 AD2 6 5 L3 2 T bk b3 L2 L1 40
pi1s{]s 36[]P03 AD3 Pis[]7 39[]P0s AD4
P56 35[}PoL  ADL r16[]s - 38[]ros A0S
P16[]7 34[]P0S  ADS P17[]o 377008 A0S
AD6
P78 33[poe RST/V, (10 36[]p07 AD7
RST/Veg [9 32[]P07 AD7 o
« " E
rRe0rp30 10 SAB  3ifJean 3s[eas
Tx0/P31 [ 8032A  30fjaie N(qﬂ 3u[JNC
wroseszle 8092A  slipsens worp31 13 SABB032A/8052A 33[Jate
INT1#/P33 [[13 28[]pP27 A1S INTo# /P32 [J14 32 [JPSEN#
Torp3e[]1e 21[P26 AN INT1#/P33 [J1s 31[]P27 AlS
P
T1/P3s )15 zs% 25 A13 I sohe2s an
wR#/1p36 []16 s[]p2e A
{ Tip3s 17 29[]p2s A13
RO#/P37 [|17 %[]p23 AN
1
xTaL2[]18 23[P22 A0 AR Y S! LN L B womss
xTaL1 [}19 22[JP2r A9 E S ERE 82 &
vee [l2o 21[]P20 A8 FERX e o
= 8 < << 3oz
Hep0o

The SAB 8052A/8032A is a standalone, high-performance single-chip microcontroller
fabricated in + 5 V advanced N-channel, silicon gate Siemens MYMOS technology,
packaged in a 40-pin DIP or 44-pin plastic leaded chip carrier (PL-CC-44) package. It is
backwardly compatible with the SAB 8051A/8031A. It provides the hardware features,
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SAB 8052A/8032A

architectural enhancements, and instructions that are necessary to make it a powerful
and cost-effective controller for applications requiring up to 64 Kbytes of program memory

and/or up to 64 Kbytes of data memory.

The SAB 8052A contains a non-volatile 8 K x 8 read-only program memory; a volatile
256 x 8 read/write data memory; 32 I/O lines; three 16-bit timer/ counters; a six-source,
two-priority-level, nested interrupt structure; a serial 1/0 port for either multiprocessor
communications, I/O 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.
Logic Symbol
VSS v[[
|
XTALT — l—> | > @
le—> > ";
XTAL2 — le—> «> E
2L >
Rsr/vpg—w > 5[ > g
[—> +—> 5
le—> «— | T
EA# —» —> | «——>
<> «—7T2
PSEN# +— l—> | «——T2EX
l—>
ALE +— SAB [—>
8032 A e > 5
8052 A le—p
[—>
[—>
RxD —»( <+ [—> y —>
TxD 4——] <+ [—> —
INTO# —»| <+ «> |—>
INT1# —| 7 <] le—> | — | D
10 —] 2« 1§
T1—| > | —> |3
WR# «—| <+ > | —
RD# «—| < le—> | —
MCL0004L6
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SAB 8052A/8032A

Pin Definitions and Functions

Symbol

DIP-40

Pin
PL-CC-44

Input (I)
Output (O)

Function

P1.0-P1.7

1-8

2-9

l{e]

Port 1 is an 8-bit quasi-bidirectional I/O 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 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

11,
13-19

l{e}

Port 3 is an 8-bit quasi-bidirectional I/O 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

programmed 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.

XTAL 1
XTAL 2

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

110

Port 2 is an 8-bit quasi-bidirectional I/O 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.
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SAB 8052A/8032A

Pin Definitions and Functions (cont'd)

Symbol

DIP-40

Pin
PL-CC-44

Input (1)
Output (O)

Function

PSEN

29

32

(e}

The programm 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

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.

31

35

When held at a TTL high level, the SAB 8052A executes
instructions from the internal ROM when the PC is less
than 8192. When held at a TTL low level, 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

110

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
eight LS TTL loads.

vce

40

44

+ 5V power supply during operation and program
verification.

Vss

20

22

Circuit ground potential

NC

1,12
23, 34

No connection
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SAB 8052A/8032A

Block Diagram

Frequency
Reference Counters
4’
- =
: A A, I
|
| ; 8192 Bytes A
Oscillator Three 16-Bit |
| Program 256 Bytes ; |
& Timer/Event
l Timing (SAEGBH(‘)OS;YA ) Data Memory Counters |
I only) }
|
bl I I Tt |
| |
|
SABB052A |
{ CPU = II
|
| 41 |
I 1 U A4 !
I Programmable |
I 64Kbyte Bus Serial Port |
| Expansion Programmable 1/0 «Full Duplex UART | |
| Control * Synchronous !
| Shifter =
} Interrupts |
[ S I S I N N R S N
Interrupts Control Parallel Ports Serial Serial
Address Data Bus Input Output
and 1/0 Pins MCB00047
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SAB 8052A/8032A

Instruction Set Summary

Mnemonic Description 1 Byte l Cycle

Arithmetic operations

ADD ARn 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
SuUBB A.Rn 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
SuUBB 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
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SAB 8052A/8032A

Instruction Set Summary (cont’d)

Mnemonic l Description ‘ Byte ‘ Cycle

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
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 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

Siemens Aktiengesellschaft 335



SAB 8052A/8032A

Instruction Set Summary (cont'd)

Mnemonic l Description | Byte | Cycle

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 direct, @R 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 ARn Exchange register with accumuiator 1 i
XCH Adirect 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

*) MOV A AAC is not a valid instruction
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SAB 8052A/8032A

Instruction Set Summary (cont'd)

Mnemonic l Description | Byte | Cycle

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 I 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 Adirect,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:

Rn — Working register RO — R7

direct — 128 internal RAM locations, any 1/O port, control or status register

@Ri — indirect internai or externai RAM iocation addressed by register RO or R1

#data — 8-bit constant included in instruction

#data 16 — 16-bit constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

Notes on program addressing modes

addr 16 — Destination address for LCALL and LUMP 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.

rel —8JMP and all conditional jumps include an 8-bit offset byte. Range is + 127/— 128 bytes

relative to first byte of the following instruction.
All mnemonics copyrighted © Intel Corporation 1980
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Instruction Op Codes in Hexadecimal Order

Hex Number | Mnemonic | Operands Hex Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A #data

02 3 LJMP code addr 35 2 ADDC A, data addr
03 1 RR A 36 1 ADDC A,@RO

04 1 INC A 37 1 ADDC A,@R1

05 2 INC data addr 38 1 ADDC A,RO

06 1 INC @RO 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 3B 1 ADDC AR3

09 1 INC R1 3C 1 ADDC A,R4

0A 1 INC R2 3D 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC AR7

oC 1 INC R4 3F 1 ADDC AR7

0D 1 INC R5 40 2 JC code addr
OE 1 INC R6 41 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 3 JBC bit addr,code addr 43 3 ORL data addr#data
11 2 ACALL code addr 44 2 ORL A #data

12 3 LCALL code addr 45 2 ORL A,data addr
13 1 RRC A 46 1 ORL A@RO

14 1 DEC A 47 1 ORL A,@R1

15 2 DEC data addr 48 1 ORL A,RO

16 1 DEC @RO0 49 1 ORL AR1

17 1 DEC @R1 4A 1 ORL A,R2

18 1 DEC RO 4B 1 ORL A,R3

19 1 DEC R1 4C 1 ORL A,R4

1A 1 DEC R2 4D 1 ORL A,R5

1B 1 DEC R3 4E 1 ORL A,R6

1C 1 DEC R4 4F 1 ORL A,R7

1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr,A
20 3 JB bit addr,code addr 53 3 ANL data addr #data
21 2 AJMP code addr 54 2 ANL A #data

22 1 RET 55 2 ANL A,data addr
23 1 RL A 56 1 ANL A,@RO

24 2 ADD A#data 57 1 ANL A,@R1

25 2 ADD A,data addr 58 1 ANL A,RO

26 1 ADD A,@RO 59 1 ANL AR1

27 1 ADD A ,@R1 5A 1 ANL AR2

28 1 ADD A,RO 5B 1 ANL A,R3

29 1 ADD A,R1 5C 1 ANL A R4

2A 1 ADD AR2 5D 1 ANL AR5

2B 1 ADD A,R3 5E 1 ANL A,R6

2C 1 ADD AR4 5F 1 ANL AR7

2D 1 ADD AR5 60 2 Jz code addr
2E 1 ADD A,R6 61 2 AJMP code addr
2F 1 ADD AR7 62 2 XRL data addr,A
30 3 JNB bit addr,code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRL A#data

32 1 RETI 65 2 XRL A,data addr
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SAB 8052A/8032A

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex Number | Mnemonic | Operands

code | of bytes code | of bytes

66 1 XRL A,@RO 99 1 SuUBB AR1

67 1 XRL A @R1 9A 1 SUBB AR2

68 1 XRL A RO 9B 1 SUBB AR3

69 1 XRL AR1 9C 1 SUBB A R4

6A 1 XRL AR2 9D 1 SuUBB AR5

6B 1 XRL AR3 9E 1 SUBB A,R6

6C 1 XRL AR4 9F 1 SUBB AR7

6D 1 XRL AR5 A0 2 ORL C,/bit addr

6E 1 XRL A,R6 A1 2 AJMP code addr

6F 1 XRL A,R7 A2 2 MOV C,bit addr

70 2 JINZ code addr A3 1 INC DPTR

71 2 ACALL code addr A4 1 MUL AB

72 2 ORL C,bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MOV @RO0,data addr

74 2 MOV A #data A7 2 MOV @R1,data addr

75 3 MOV data addr#data A8 2 MOV RO,data addr

76 2 MOV @RO,#data A9 2 MOV R1,data addr

77 2 MOV @R1,#data AA 2 MOV R2,data addr

78 2 MOV RO,#data AB 2 MOV R3,data adadr

79 2 MOV R1,#data AC 2 MOV R4,data addr

7A 2 MOV R2,#data AD 2 MOV R5,data addr

7B 2 MOV R3 #data AE 2 MQV R6,data addr

7C 2 MOV R4, #data AF 2 MOV R7,data addr

7D 2 MOV R5,#data BO 2 ANL C,/bit addr

7E 2 MOV R6,#data B1 2 ACALL code addr

7F 2 MOV R7 #data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 CPL C

81 2 AJMP code addr B4 3 CJINE A #data,code addr
82 2 ANL C,bit addr B5 3 CJNE A,data addr,code addr
83 1 MOVC A @A+PC B6 3 CJINE @RO,#data,code addr
84 1 DIV AB B7 3 CJNE @R1,#data,code addr
85 3 MOV data addr,data addr B8 3 CJINE RO,#data,code addr
86 2 MOV data addr,@R0 B9 3 CJNE R1,#data,code addr
87 2 MOV data addr,@R1 BA 3 CJNE R2,#data,code addr
88 2 MOV data addr,R0O BB 3 CJNE R3,#data,code addr
89 2 MOV data addr,R1 BC 3 CJINE R4 ,#data,code addr
8A 2 MOV data addr,R2 BD 3 CJINE R5,#data,code addr
8B 2 MOV data addr,R3 BE 3 CJINE R6,#data,code addr
8C 2 MOV data addr,R4 BF 3 CJNE R7 #data,code addr
8D 2 MOV data addr,R5 Cco 2 PUSH data addr

8E 2 MOV data addr,R6 C1 2 AJMP code addr

8F 2 MOV data addr,R7 c2 2 CLR bit addr

920 3 MOV DPTR,#data C3 1 CLR C

91 2 ACALL code addr C4 1 SWAP A

92 2 MOV bit addr,C C5 2 XCH A,data addr

93 1 MOVC A @A+DPTR Cc6 1 XCH A,@RO

94 2 SuBB A #data Cc7 1 XCH A @R1

95 2 SUBB A,data addr c8 1 XCH A,RO

96 1 SuBB A,@R0 C9 1 XCH AR1

97 1 SuBB A ,@R1 CA 1 XCH AR2

98 1 SuBB A,RO CB 1 XCH AR3
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SAB 8052A/8032A

Instruction Op Codes in Hexadecimal Order (cont’d)

Hex Number | Mnemonic | Operands Hex Number | Mnemonic | Operands
code | of bytes code | of bytes
CcC 1 XCH A R4 FD 1 MOV R5,A
CD 1 XCH AR5 FE 1 MOV R6,A
CE 1 XCH A,R6 FF 1 MOV R7,A
CF 1 XCH A R7

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,@R0

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 @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

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

Absolute Maximum Ratings

Ambient temperature under bias 0to 70°C
Storage temperature -65t0+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 perma-
nent damage to the device. Exposure to absolute maximum rating conditions for exten-
ded periods may affect device reliability.

DC Characteristics
Ta=01t070°C; Vec =5V 10%;Vss=0V

Symbol Parameter Limit Values Unit | Test Condition
min. max.

Vi Input low voltage -05 0.8 \" -

VIH Input high voltage 2.0 vee+ 0.5 \ -
(except RST/vrp and XTAL 2)

VIH1 Input high voltage to 2.5 vee+ 0.5 \ XTAL 1 to vss
RST/vep for reset, XTAL 2

VPD Power-down voltage 4.5 55 \ vece=0V
to RST/vep

VoL QOutput low voltage, - 0.45 \ oL = 1.6 mA
Ports 1, 2,3

voL1 Output low voltage - 0.45 \Y JoL=32mA
Port 0, ALE, PSEN

VoH Output high voltage, 2.4 - \ IOH = — 80 pA
Ports 1,2, 3

VOH1 Output high voltage 2.4 - Vv IoH = — 400 uA
Port 0, ALE, PSEN

I Logical 0 input current - - 500 uA viL=0.45V
Ports 1,2, 3

2 Logical 0 input current - -2.0 mA | XTAL 1 =Vss
XTAL 2 ViL=0.45V

1H1 Input high current to - 500 pA ViN=Vcc—15V

RST/vpo for reset

I Input leakage current - +10 pA 0V<ViN<Vce
to port 0, EA
Icc Power supply current - 175 mA | All outputs
disconnected
IPD Power down current - 15 mA | Vvec=0V
Clo Capacitance of I/0 buffer - 10 pF fe=1MHz
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SAB 8052A/8032A

AC Characteristics
Ta=0'Cto70 'C;Vecc=5V +10%; Vss=0V
(CLfor 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/fcrer = 1.2 MHz to 12 MHz
min. max. min. max.
fLHLL ALE pulse width 127 - 2fcLcl—40 - ns
TAvLL Address setup to ALE 53 - fcLel—30 - ns
fLLAX Address hold after ALE 48 - toLcLl—35 - ns
hwv ALE to valid instruction in - 233 - 4tcLel—100 ns
fueL ALE to PSEN 58 - foLcl—25 - ns
IPLPH PSEN pulse width 215 - 3tcLc—35 - ns
teLv PSEN to valid instruction in - 150 - 3tcLel—100 ns
IPXIX Input instruction hold after PSEN |0 - 0 - ns
texiz!) Input instruction float afterPSEN | — 63 - fcLcL—20 ns
IPXAv?) Address valid after PSEN 75 - fcLcl-8 — ns
taviv Address to valid instruction in - 302 - 5tcel-115 ns
fazrL Address float to PSEN 0 - 0 - ns

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

External Data Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable clock
12 MHz clock 1/{CLCE 1.2 MHz to 12
min. max. min. max.
fRLRH RD pulse width 400 - 6fcLcL-100 - ns
fwewn WR pulse width 400 - 6fcLcL- 100 - ns
fLiaxe Address hold after ALE 132 - 2fcLcL-35 - ns
{1RLDV RD to valid data in - 252 - 5fcLcL- 165 ns
IRHDX Data hold after RD 0 - 0 - ns
IRHDZ Data float after RD - 97 - 2[cLeL-70 ns
hiov ALE to valid data in - 517 - 8rcLeL- 150 ns
Iavov Address to valid data in - 585 - 9fcLeL- 165 ns
fiwe ALE to WR or RD 200 300 3fcLel-50 3fcLoL+50 ns
Iavwi Address to WR or RD 203 - 4fcLcL-130 - ns
TWHLH WR or RD high to ALE high 43 123 foLcL- 40 foLcL+40 ns
QWX Data valid to WR transition 33 - foLcL-50 - ns
favwH Data setup before WR 433 - 7fcLcL- 150 - ns
twHax Data hold after WR 33 - feLcL-50 -~ ns
IRLAZ Address float after RD' - 0 - 0 ns
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SAB 8052A/8032A

External Clock Drive XTAL 2

Symbol Parameter Limit Values Unit

Variable clock
Freq=1.2 MHz to 12 MHz

min. max.
fereL Oscillator period 83.3 833.3 ns
fcHex High time 20 folcL- foiex ns
foLex Low time 20 foLcL - o Hex ns
foLeH Rise time - 20 ns
fcHeL Fall time - 20 ns

Waveforms

External Clock Cycle

fCH(L
——

~—— o~

MCT 00025

A.C. Testing Input, Output, Float Waveforms

2.4 70 70
Test Points
0is 08 08
- Float —————
2.4 20 24
045 0.8 0.45

MCA 00024
A.C. testing inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0".
Timing measurements are made at 2.0 V for a logic "1" and 0.8 V for a logic "0".
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA
or sources 400 pA at the voltage test levels.
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SAB 8052A/8032A

Program Memory Read Cycle

"
U U

fipL },——J———\
ALE
PSEN# J—

—

rLLA)ﬂ

= faww l" o
AT - AO Instr. IN

Insfnli>—< AT - AO
PORT 0

’AVIV—
Address R R
PORT2 Of SFR-P2 X Address A15-A8 X Address A15-AB
MCT 00021
Data Memory Read Cycle
fLov | Anun[=—
ALE I
PSEN# __ / s | ;
TLLWL RLRH
RD# —
=t
| PR ‘ _frroz_
TAVWL "RLDV
L | Trrox
favov, - ]‘—
|
H A7- A )O( { Data IN
Port 0 { taunz ) t
AddrSeFE§P2>< Address A15-A8 or SFR-P2 A
Port 2 or /
MCT 00022
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SAB 8052A/8032A

Data Memory Write Cycle

ALE ﬂ

— fwnLH/F

PSEN # J

C=30pF+10pF

Crystal Oscillator Mode

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

fLiw FuLwh
WR# '
—
"AVWL _—”‘ ‘fGVWX
Runee favwh 'WHQxﬂ
ourt 0 >—< AT-AO >< Data OUT )
or d
\
Address R -
Port 2 orSFS-PZX Address A15-A8 or SFR-P2 p
MCT 00023
Recommended Oscillator Circuits
I{ 19(21)
I . XTAL1 EIFA]] NS
+5V
4 [
F 1.2-12MHz LTk
C 181001 1
“ <1 XTAL 2 o— oS 18(20) XTAL 2
7404
T4L S04 MCS00048

Driving from External Source
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SAB 8052A/8032A

ROM Verification Characteristics

Ta=25°C+5°C;Vec=5V+10%; Vss=0V

Parameter Symbol Limit Values Unit
min. max.

Address to valid data tavav - 48 fcie ns

ENABLE to valid data feLav - 48 foLoL ns

Data float after ENABLE feHaz 48 foLcL ns

Oscillator frequency 1/tcLeL 6 MHz

ROM Verification

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

RST/VeD = ViH1

P1.0-P17 <
P2.0- P24

Address H

ALE,EA  =TTL high level

o v

Port0  —————{ Data our)———-
Feav, | | _Teraz

P27

ENABLE # MCDO0O49
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SAB 8052A/8032A

Ordering Information

Type Ordering code Description

8-bit single-chip microcontroller
SAB 8052A-P Q67120-C195 with mask-programmable ROM (P-DIiP40)
SAB 8032A-P Q 67120-C196 for external memory (P-DIP40)
SAB 8052A-N Q 67120-C263 with mask-programmable ROM (PL-CC-44)
SAB 8032A-N Q 67120-C264 for external memory (PL-CC-44)
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SIEMENS

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

Preliminary

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

gﬁg ggggﬁﬁzgﬁgo with mask-programmable ROM

SAB 8032A-T40/85
SAB 8032A-T40/100 foF external ROM

® 8 Kx 8 ROM (SAB 8052A only)

® 256 x 8 RAM

® Four 8-bit ports, 32 I/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 1 us

® Multiply and divide in 4 us

® Six interrupt vectors, two priority levels

® RAM power-down supply

® P-DIP-40 and PL-CC-44 package

® Full backward compatibility with SAB 8051/8031

Pin Configuration
2P0 )1 e Vi §2¢8 ¢
T2exip11[]2 35(]P00  ADO s 5 & o
s & &8 &
P12[]3 38[JP01 AD1 AonO
P13 37JP02  AD2 ok e e
p1es 36[]P03 aD3 pus[]7 39[]Poe ADu
Pis[]e 35[}PoL  ADL ris[Je 38[]P0S ADS
P16[]7 34[]P0s DS P17 37[]P0s AD6
AD6
P”Ea H_]‘P% RST/V, [J10 36[]P07 AD7
RSTivey [[9 3z{1P07 ADT
0/P 3s[Jeaw
rep/p30[J10 SAB  31feaw ReosP30 [ H
toparn 8032A gohace el s ne
INTO#/P32[]12 8052A 29[]PSEN# o/Par[13 SAB8032A/8052A 33[J ALE
INT1#/P33 [[13 28[]P27 A1S INTo# /P32 []1e 32[JPSEN#
Tore3 [ 21Jp2s At Ti#/p33 [1s 31[]p21 a5
T1P35[]15 26[]p2s A13 0P34 16 30[JP26 At
wR#/P36 [[16 25[]P2s A2 s 2901p25 A1
) Al
RO#/P37 [[17 2[]pP23 AN H
x1aL2[]18 23[]p22 AT0 oy U C, KENE B S 12_7, 3, HCPOas
xTALY [[19 22[Jp21 A9 FrIzeddgsyss
v [l20 21[]P20 as EEXEY 4 e e - o
I = 2 <~ < 2 3z
HCPOOOLL
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SAB 8052A/8032A Ext. Temp.

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

The SAB 8052A/8032A is a standalone, high-performance single-chip microcontroller
fabricated in + 5 V advanced N-channel, silicon gate Siemens MYMOS technology. Both
extended temperature versions are available in a 40-pin plastic DIP (P-DIP-40) package:
The SAB 8052A-T40/85 is also supplied in a 44-pin plastic leaded chip carrier (PL-CC-
44) package.

The SAB 8052A contains a non-volatile 8 K x 8 read-only program memory; a volatile
256 x 8 read/write data memory; 32 I/O lines; three 16-bit timer/counters; a six-source,
two-priority-level, nested interrupt structure; a serial I/O port for either multiprocessor
communications, /0O 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.

Ordering Information

Type Ordering code Description

8-bit single-chip microcontroller
SAB 8052A-P-T40/85 Q 67120-C247 with mask-programmable ROM (P-DIP-40)
SAB 8052A-P-T40/100 Q 67120-C248 with mask-programmable ROM (P-DIP-40)
SAB 8032A-P-T40/85 Q 67120-C235 for external memory (P-DIP-40)
SAB 8032A-P-T40/100 Q 67120-C239 for external memory (P-DIP-40)
SAB 8052A-N-T40/85 Q 67120-C368 with mask-programmable ROM (PL-CC-44)
SAB 8032A-N-T40/85 Q 67120-C367 for external memory (PL-CC-44)
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SAB 8052A/8032A Ext. Temp.

WR# «—| <>
RD# «—

Logic Symbol
VSS V‘EC
|
XTALT — —> ) > 0
XTALZ —— > Hg
> S| > | 2
RST/Voy — 5l
—> | >
le—> 4—”2
EA# —» <+ «—>
¢ » «—T7T2
PSEN# +—— le—> +«—T2EX
>
ae | SAB e
8032A e > 5
8052 A .
>
—>
RxD —» (¢ <> —> e
TxD 4——‘ <+ l—> —>
INTO# —»| < > | —>
INT1# —> | 7 <« le—> | — | D
10 —»| &« > & —> [ 8
T1 —» <+ > | — | 2
—_—
—

!

MCL00046
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SAB 8052A/8032A Ext. Temp.

Pin Definitions and Functions

Symbol Pin Input (I) Function
DIP40 PLCC44 Output (O)
P1.0-P1.7 | 1-8 2-9 /0 Port 1 is an 8-bit quasi-bidirectional I/O 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 | 9 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 vcce. If vep is held within
its spec while vce drops below spec, veo will provide
standby power to the RAM. When vrp is low, the RAM's
current is drawn from vcce.

P3.0-P3.7 | 10-17 11, /10 Port 3 is an 8-bit quasi-bidirectional I/0 port. It also

13-19 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.

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.

— 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.

19, 21, XTAL 1 input to the oscillator’s high gain amplifier.

18 20 Required when a crystai 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 /10 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.
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SAB 8052A/8032A Ext. Temp.

Pin Definitions and Functions (cont'd)

Symbol

DIP40

Pin
PLCC44

Input (1)
Output (O)

Function

PSEN

29

32

O

The programm 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

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.

31

35

When held at a TTL high level, the SAB 8052A executes
instructions from the internal ROM when the PC is less
than 8192. When held at a TTL low level, 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

l{e}

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

vee

40

44

+ 5V power supply during operation and program
verification.

Vss

20

22

Circuit ground potential

NC

1,12
23, 34

No connection
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SAB 8052A/8032A Ext. Temp.

Block Diagram

XTAL1 XTAL?2 Counters
e +-4—
| |
| |
. 8192- Byte Three 16-Bit
I Osgll][gf_or Program Memory éSf»B)ge Timer/Event :
| and timing (SAB 80C5 only) ara Memory Counters |
| |
| |
| |
E I
| SAB 80C52 i
| CPU <L |
| |
b 4
| ] |
: Programmable I
1 64K byte Bus Serial Port |
| Expander $ Programmable 1/0 «Full Duplex UART |
| Control *Synchronous |
| Shifter |
I Interrupts I FANEPANEIPANEPAN 4 !
I ) S [ SN | ] = J
!

Interrupts Control Parallel Ports Serial IN  Serial OUT

Address Data Bus

and I/0 Pins MCB00053
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SAB 8052A/8032A Ext. Temp.

Instruction Set Summary

Mnemonic Description ' Byte | Cycle

Arithmetic operations

ADD ARn 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
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
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SAB 8052A/8032A Ext. Temp.

Instruction Set Summary (cont'd)

Mnemonic 1 Description ‘ Byte ‘ Cycle
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
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 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
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SAB 8052A/8032A Ext. Temp.

Instruction Set Summary (cont'd)

Mnemonic | Description } Byte | Cycle

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 direct, @R 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 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

*) MOV A,AAC is not a valid instruction
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SAB 8052A/8032A Ext. Temp.

Instruction Set Summary (cont'd)

Mnemonic | Description | Byte I Cycle

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 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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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

LCALL addr 16 Long subroutine call 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 Adirect,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:

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 constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

Notes on program addressing modes

addr 16 — Destination address for LCALL and LUMP 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.

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.
All mnemonics copyrighted ® Intel Corporation 1980
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SAB 8052A/8032A Ext. Temp.

Instruction Op Codes in Hexadecimal Order

Hex Number | Mnemonic Hex Number | ]JMnemo- Operands
code |of bytes Operands code |of bytes | nic

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A #data

02 3 LJMP code addr 35 2 ADDC A,data addr
03 1 RR A 36 1 ADDC A,@RO

04 1 INC A 37 1 ADDC A@R1

05 2 INC data addr 38 1 ADDC A,RO

06 1 INC @RO0 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 3B 1 ADDC AR3

09 1 INC R1 3C 1 ADDC A R4

0A 1 INC R2 3D 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC AR7

0C 1 INC R4 3F 1 ADDC A,R7

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

12 3 LCALL code addr 45 2 ORL A,data addr
13 1 RRC A 46 1 ORL A,@RO

14 1 DEC A 47 1 ORL A@R1

15 2 DEC data addr 48 1 ORL A,RO

16 1 DEC @RO0 49 1 ORL AR1

17 1 DEC @R1 4A 1 ORL AR2

18 1 DEC RO 4B 1 ORL AR3

19 1 DEC R1 4C 1 ORL A,R4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 DEC R3 4E 1 ORL A R6

1C 1 DEC R4 4F 1 ORL A,R7

1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr,A
20 3 JB bit addr,code adadr 53 3 ANL data addr#data
21 2 AJMP code addr 54 2 ANL A#data

22 1 RET 55 2 ANL A,data addr
23 1 RL A 56 1 ANL A,@RO

24 2 ADD A #data 57 1 ANL A,@R1

25 2 ADD A,data addr 58 1 ANL A,RO

26 1 ADD A,@RO0 59 1 ANL AR1

27 1 ADD A@R1 5A 1 ANL AR2

28 1 ADD A,RO 5B 1 ANL AR3

29 1 ADD AR1 5C 1 ANL A R4

2A 1 ADD AR2 5D 1 ANL AR5

2B 1 ADD A,R3 5E 1 ANL AR6

2C 1 ADD A,R4 5F 1 ANL AR7

2D 1 ADD AR5 60 2 Jz code addr
2E 1 ADD A R6 61 2 AJMP code addr
2F 1 ADD AR7 62 2 XRL data addr,A
30 3 JNB bit addr,code adadr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRL A #data

32 1 RETI 65 2 XRL A,data addr
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SAB 8052A/8032A Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands

code | of bytes code | of bytes

66 1 XRL A,@RO 99 1 SuUBB A.R1

67 1 XRL A @R1 9A 1 SuBB AR2

68 1 XRL A,RO 9B 1 SuUBB A,R3

69 1 XRL AR1 9C 1 SuUBB A R4

6A 1 XRL A,R2 9D 1 SuBB AR5

6B 1 XRL A,R3 9E 1 SUBB A,R6

6C 1 XRL A,R4 9F 1 SuBB A,R7

6D 1 XRL A,R5 A0 2 ORL C,/bit addr

6E 1 XRL A,R6 Al 2 AJMP code addr

6F 1 XRL AR7 A2 2 MOV C,bit addr

70 2 JNZ code addr A3 1 INC DPTR

71 2 ACALL code addr A4 1 MUL AB

72 2 ORL C,bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MOV @RO0,data addr

74 2 MOV A #data A7 2 MOV @R1,data addr

75 3 MOV data addr#data A8 2 MOV RO,data addr

76 2 MOV @RO0,#data A9 2 MOV R1,data addr

77 2 MOV @R1 #data AA 2 MOV R2,data addr

78 2 MOV RO, #data AB 2 MOV R3,data addr

79 2 MOV R1,#data AC 2 MOV R4,data addr

7A 2 MOV R2,#data AD 2 MOV R5,data adadr

7B 2 MOV R3,#data AE 2 MOV R6,data addr

7C 2 MOV R4,#data AF 2 MOV R7,data addr

7D 2 MOV R5,#data BO 2 ANL C,/bit addr

7E 2 MOV R6,#data B1 2 ACALL code addr

7F 2 MOV R7 #data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 CPL C

81 2 AJMP code addr B4 3 CJINE A #data,code addr
82 2 ANL C,bit addr B5 3 CJINE A,data addr,code addr
83 1 MOVC A @A+PC B6 3 CJINE @RO,#data,code addr
84 1 DIV AB B7 3 CJUNE @R1,#data,code addr
85 3 MOV data addr,data addr B8 3 CJNE RO,#data,code adadr
86 2 MOV data addr,@R0 B9 3 CJINE R1,#data,code addr
87 2 MOV data addr,@R1 BA 3 CJINE R2,#data,code addr
88 2 MOV data addr,R0O BB 3 CJNE R3,#data,code addr
89 2 MOV data addr,R1 BC 3 CJUNE R4 #data,code addr
8A 2 MOV data addr,R2 BD 3 CJNE R5,#data,code addr
8B 2 MOV data addr,R3 BE 3 CJNE R6,#data,code addr
8C 2 MOV data addr,R4 BF 3 CJINE R7 #data,code addr
8D 2 MOV data addr,R5 Co 2 PUSH data addr

8E 2 MOV data addr,R6 C1 2 AJMP code addr

8F 2 MOV data addr,R7 c2 2 CLR bit addr

90 3 MOV DPTR,#data C3 1 CLR C

91 2 ACALL code addr C4 1 SWAP A

92 2 MOV bit addr,C C5 2 XCH A,data addr

93 1 MOVC A,@A+DPTR C6 1 XCH A@RO

94 2 SUBB A #data C7 1 XCH A@R1

95 2 SUBB A,data addr Cc8 1 XCH A,RO

96 1 SuBB A,@RO Cc9 1 XCH AR1

97 1 SUBB A @R1 CA 1 XCH AR2

98 1 SUBB A RO CB 1 XCH A,R3
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SAB 8052A/8032A Ext. Temp.

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex Number | Mnemonic | Operands Hex Number | Mnemonic | Operands
code | of bytes code | of bytes
CcC 1 XCH A,R4 FD 1 MOV R5,A
CcD 1 XCH AR5 FE 1 MOV R6,A
CE 1 XCH A,R6 FF 1 MOV R7,A
CF 1 XCH A,R7

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,@RO0

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 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 @RO0,A

F3 i 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

*) MOV A ACC is not a valid instruction
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SAB 8052A/8032A Ext. Temp.

Absolute Maximum Ratings

Ambient temperature under bias —40to + 85°C for-T40/85
—40to + 100 °C for -T40/100

Storage temperature -65t0 +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%; Vss=0V; Ta=-40to+ 85°C for-T40/85;
Ta=—40to + 100 °C for -T40/100;

Symbol Parameter Limit Values Unit | Test Condition
min. max.

Vi Input low voltage -05 0.8 \ -

VIH Input high voltage 2.0 vec+ 0.5 \ -
(except RST/vep and XTAL 2)

VIH1 Input high voltage to 25 vee + 0.5 \ XTAL 1 to vss
RST/veo for reset, XTAL 2

VPD Power-down voltage 4.5 55 \ vece=0V
to RST/veD

VoL Output low voltage, - 0.45 \ loL=1.6 mA
Ports 1,2, 3

voL1 Output low voltage - 0.45 \ loL=3.2mA
Port 0, ALE, PSEN

VOH Output high voltage, 24 - \ IoH = — 80 A
Ports 1,2, 3

VOH1 Output high voltage 2.4 - Vv IoH = — 400 uA
Port 0, ALE, PSEN

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

2 Logical 0 input current - -25 mA | XTAL 1 =vss
XTAL 2 ViL=0.45V

IIH1 Input high current to - 500 nA VIN=Vcc—1.5V
RST/vro for reset

I Input leakage current - +10 uA 0V <VIN<Vce
to port 0, EA

Icc Power supply current - 175 mA | All outputs

disconnected
IPD Power down current - 15 mA | vec=0V
Cio Capacitance of I/O buffer - 10 pF fe=1MHz
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SAB 8052A/8032A Ext. Temp.

AC Characteristics for T40/85
Vee=5V+10%; Vss=0V;Ta=—40"t0 + 85 °C
(C.for port 0, ALE and PSEN outputs = 100 pF; Cvfor all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable clock
12 MHz clock 1/fcLeL = 1.2 MHz to 12 MHz
min. max. min. max.
fLHLL ALE pulse width 127 - 2fcLc—40 - ns
tavLL Address setup to ALE 53 - foLcL—30 - ns
fLLAx Address hold after ALE 48 - feel-35 - ns
fuv ALE to valid instruction in - 233 - 4tcLe—100 ns
1P ALE to PSEN 58 - foLcL—25 - ns
IPLPH PSEN pulse width 215 - 3fcLet—35 - ns
truv PSEN to valid instruction in - 150 - 3fclei-100 | ns
{208 Input instruction hold after PSEN |0 - 0 - ns
trxiz!) Input instruction float after PSEN |- 63 - tfcLol—20 ns
trxav?) Address valid after PSEN 75 - fcLel-8 - ns
taviv Address to valid instruction in - 302 - 5tcLel—115 ns
IazPL Address float to PSEN' 0 - 0 - ns

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

External Data Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable clock
12 MHz clock 1/ferer = 1.2 MHz to 12 MHz
min. max. min. max.
IRLRH RD pulse width 400 - 6fcLoL- 100 - ns
fwLwH WR pulse width 400 - 6fcLcL- 100 - ns
fLaxe Address hold after ALE 132 - 2fcLoL-35 - ns
fRLov RD to valid data in - 252 - 5cict-165 | ns
IRHDX Data hold after RD 0 - 0 - ns
RHDZ Data float after RD - 97 - 2fcLeL-70 ns
fLiov ALE to valid data in - 517 - 8fcLc- 150 ns
Iavov Address to valid data in - 585 - 9fcLcL- 165 ns
fowe ALE to WR or RD 200 300 3fcLoL- 50 3fcLeL+50 ns
Tavwi Address to WR or RD 203 - 4ic-130 | - ns
WHLH WR or RD high to ALE high 43 123 foLoL- 40 foLoL+40 ns
favwx Data valid to WR transition 33 - foLel-50 - ns
favwH Data setup before WR 433 - 7icLcL-150 - ns
twHax Data hold after WR 33 - foLcL-50 - ns
IRLAZ Address float after RD - 0 - 0 ns
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SAB 8052A/8032A Ext. Temp.

AC Characteristics for T40/100
Vee=5V +10%; Vss=0V,; Ta=—40"to +100 C;
(Ccfor port 0, ALE and PSEN outputs = 100 pF; Cvfor all other outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable clock
10 MHz clock 1/fcLee = 1.2 MHz to 10 MHz
min. max. min. max.
fLHLL ALE pulse width 160 - 2fcLeL—40 - ns
[Z\R Address setup to ALE 70 - fcrel—30 - ns
fLLAXt Address hold after ALE 65 - teLel-35 - ns
v ALE to valid instruction in - 300 - 4tcLc—100 ns
fLpL ALE to PSEN 75 - feLel—25 - ns
IPLPH PSEN pulse width 265 - 3fcLel—35 - ns
truiv PSEN to valid instruction in - 200 - 3fcLet—100 ns
1PXIX Input instruction hold after PSEN | 0 - 0 - ns
trxizt) Input instruction float afterPSEN | — 80 - feLel—20 ns
IPxaAvY) Address valid after PSEN 92 - toLoL-8 - ns
taviv Address to valid instruction in - 385 - 5tcLel—115 ns
IazrL Address float to PSEN 0 - 0 - ns

1) Interfacing the SAB 8052A to devices with float times up to 92 ns is permissible. This limited bus
contention will not cause any damage to port O drivers.
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SAB 8052A/8032A Ext. Temp.

External Data Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable clock
10 MHz clock 1/fcLer = 1.2 MHz to 10 MHz
min. max. min. max.
IRLRH RD pulse width 500 - 6tcLcL- 100 - ns
fwew WR pulse width 500 - 6lcLeL-100 - ns
ILiaxe Address hold after ALE 165 - 2fcLoL- 35 - ns
fRLDV RD to valid data in - 335 - 5fcici-165 | ns
IRHDX Data hold after RD 0 - 0 - ns
RHDZ Data float after RD - 130 - 2fcLe-70 ns
fiov ALE to valid data in - 650 - 8fcLeL- 150 ns
Iavbv Address to valid data in - 735 - 9fcLcL- 165 ns
fwe ALE to WR or RD 250 350 3fcicL- 50 31cLcL+50 ns
Tavwi Address to WR or RD 270 - 4fcLel-130 - ns
wHLH WR or RD high to ALE high 60 140 foLcL- 40 foLoL+40 ns
fovwx Data valid to WR transition 50 - fcLoL- 50 - ns
favwH Data setup before WR 550 - 7tciee- 150 - ns
twrax Data hold after WR 50 - focL-50 - ns
tRLAZ Address float after RD - 0 - 0 ns
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SAB 8052A/8032A Ext. Temp.

External Clock Drive XTAL 2

Symbol Parameter Limit Values Unit

Variable clock
Freq = 1.2 MHz to 12 MHz (T40/85)
Freq = 1.2 MHz to 10 MHz

min. max.
LCL i i
fcl Oscillator period Ijg;?go ?303 8333 ns
fcHex High time 20 fcLel-foiex ns
fcLex Low time 20 fcLeL - foHex ns
fcLcH Rise time - 20 ns
freHeL Fall time - 20 ns

Waveforms

External Clock Cycle

~—— oo ———
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SAB 8052A/8032A Ext. Temp.

A.C. Testing Input, Output, Float Waveforms
b
2 20 20
Test Points
0.8 08
0.45
2.4 2.4
20 .
0.45 —JO-B 08 0.45
MCA 00024
A.C. testing inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0".
Timing measurements are made at 2.0 V for a logic "1" and 0.8 V for a logic "0".
For timing purposes, the float state is defined as the point where a PO pin sinks 3.2 mA
or sources 400 uA at the voltage test levels.
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SAB 8052A/8032A Ext. Temp.

Waveforms
Program Memory Read Cycle
— fLY - ——
f—f=——huy—
fLLPL
ALE [L JI —L
’ ‘*l’PLPH—’1
PSEN# ___/— f _———_\_J
= fLiaxt T oy f;XIZ Foxav=—
e = e Foxgx
Instr.IN AT - A0 Instr.IN AT - AO ‘>———~<lnsntN‘>—
PORT 0 \_
faviv
Address 1 R -
PORT2 OF SFR-PZ) Address A15-A8 W Address A15-A8 >
MCT 00021
Data Memory Read Cycle
— fov- — | fuen ==
ALE I\
PSEN# fliwe foLrn
RD# \ —
] /
: . N faoz
l TavwL 'RLDV £
~ favov X -
‘ \
H AT- A0 KX Data IN
Port 0 | { foiaz »
Address X Address A15-A8 or SFR-P2 A
Port2 o STRPZ ! MCT ooozzJ
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SAB 8052A/8032A Ext. Temp.

Data Memory Write Cycle

— waLH/F
ALE _/_
PSEN# ____/

fiwe | FLWH — rfm.,-vw*!

WR#

| ——favw | Favx

I

| Fe |

‘ LLAX2 - - 'WHQX‘j

Y A7-A0 N Data OUT )

Port 0

Address - - N
Port 2 orSFR-PZ){ Address A15-A8 or SFR-P2 /

MCT 00023

Recommended Oscillator Circuits

c
19(21)
— XTALT 1921y a1
+5Y
4 —=
1.2-12MHz 47k
c 1
18(20)
I XTAL 2 o LI
7404
T4LS04 MCS00048

(=30pF+10pF

Crystal Oscillator Mode Driving from External Source

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

ROM Verification Characteristics
Ta=25°C+5°C;Vec=5V+10%; Vss=0V

Symbol Parameter Limit Values Unit
min. max.

favav Address to valid data - 48 fcLoL ns

feLav ENABLE to valid data - 48 foLeL ns

feHaz Data float after ENABLE 0 48 foLoL ns

1/tcLcL Oscillator frequency 4 6 MHz

ROM Verification

P1.0- P17
p20- P2l Address )__C

Favav
. A
Port) —————{ Data ou?)———
Feav_, | | _Teraz
P27 MCD00049

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 =VH
RST/veD = ViH1
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SIEMENS

8-Bit Single-Chip Microcontroller SAB 8052B/8032B
SAB 8052B-16/8032B-16, SAB 8032-20

Preliminary

SAB 8052B Microcontroller with factory-maskprogrammable ROM
SAB 8032B Microcontroller for external ROM

® SAB 8052B/8032B, 12 MHz operation

SAB 8052B-16/8032B-16, 16 MHz operation
SAB 8032B-20, 20 MHz operation

8 Kx 8 ROM (SAB 8052B only)

256 K x8 RAM

Four 8-bit ports, 32 I/O 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 1 us/750 ns/600 ns
Multiply and divide in 4 us/3 us/2.4 4 us

Six interrupt vectors, two priority levels

RAM power-down supply

Packages P-DIP-40 and PL-CC-44

Full backward compatibility with SAB 8051/8031

The SAB 8052B/8032B is a standalone, high-performance single-chip microcontroller
fabricated in + 5 V advanced N-channel, silicon-gate Siemens MYMOS technology,
packaged in a 40-pin plastic dual-in-line package (P-DIP-40) or 44-pin plastic leaded

chip carrier (PL-CC-44) package. It is backwardly compatible with the SAB 8051A/8031A
and provides the hardware features, architectural enhancements, and instructions that
are necessary to make it a powerful and cost-effective controller for applications requiring
up to 64 Kbytes of program memory and/or up to 64 Kbytes of data memory.

The SAB 8052B contains a non-volatile 8 K x 8 read-only program memory, a volatile
256 x 8 read/write data memory, 32 /O lines, three 16-bit timer/counters, a six-source,
two-priority-level nested interrupt structure, a serial /O port for either multiprocessor
communications, I/O expansion, or full-duplex UART, as well as on-chip oscillator and
clock circuits. The SAB 8032B is identical with the SAB 8052B, except that it lacks the
program memory.

For systems that require extra capability, the SAB 8052B can be expanded using
standard TTL compatible memories and the byte-oriented SAB 8080 and SAB 8085
peripherals.
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SAB 8052B/8032B

Pin Configuration

P-DIP-40 PL-CC-44
T2/P0 Ll Ve 4,m.~.§§.u- uszf
T2ex/p1 |2 39[]P00  ADO EEEEEE S ,§| ,§| E]
P12[]3 38[Jror ADY 6 5 4 3 2 1 W &3 & & W
P13 []s 37(lpoz AD2 pis[]7 39[Jpos AD4
P14 []s 36{]P03 AD3 p1e s 38[]P0S ADS
pise 3s[]pos ADL mﬂs 37[P0s ADS
Ps[}7 " 3[pos aps RST/V,, []10 36[]P07 AD?
P11[]8 33[JPos AD6 Re/p30 ] 1
RST/VpuE9 32[]Po7 AD7 e sean
Re0/P30[J10 SAB  31fJean nefe N
Tx0/P31 |11 8032B  3ofjace T0/p31 []13 SAB 8032B/8052B 33[]ALE
wrosrpsz[r 89928 g Mpcens INTo#/P32 [ 14 32 ] psens
INT1#/P33[]13 28[]P27 A15 INTI#/P33 []15 31{Jp27 A1s
T0/P34 [ 21[JP26 AL 10/p34 [J16 30[JP26 Al4
T1/P35 []15 2 []P2s A13 Tiess [ 29[Jp25 13
WR#/PE'SHM slleae a2 B 19 20 21 22 23 2 25 26 21 28
RD#/P37[]17 %[]p23 ANt i e e HCP0753
xTaL2 []18 3[P2z AN g 23 242 §F58§FE
xTAL1 |19 2{]p21 A9 Fox o< x 2 9 o - o
Ve [J20 21[1p20 a8 * = AR
MCPO0750
Ordering Information
Type Ordering code | Package Description
(8-bit single-chip microcontrolier)
SAB 8052B-P Q 67120-C420 |P-DIP-40 with mask-programmable ROM, 12 MHz
SAB 8032B-P Q67120-C419 | P-DIP-40 for external memory, 12 MHz
SAB 8052B-16-P | Q 67120-C422 | P-DIP-40 with mask-programmable ROM, 16 MHz
SAB 8032B-16-P | Q 67120-C421 | P-DIP-40 for external memory, 16 MHz
SAB 8032B-20-P | Q 67120-C471 | P-DIP-40 for external memory, 20 MHz
SAB 8052B-N Q67120-C424 |PL-CC-44 | with mask-programmable ROM, 12 MHz
SAB 8032B-N Q67120-C423 |PL-CC-44 | for external memory, 12 MHz
SAB 8052B-16-N | Q 67120-C426 |PL-CC-44 | with mask-programmable ROM, 16 MHz
SAB 8032B-16-N | Q 67120-C425 |PL-CC-44 for external memory, 16MHz
SAB 8032B-20-N | Q 67120-C472 |PL-CC-44 for external memory, 20 MHz
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SAB 8052B/8032B

Logic Symbol

XTALT — > a
[+—> «—> ‘g
XTAL2 — l—> > g
[ «—> | 2
RST/Vpy — 4—»,_.'? «—> ;
> “—> g
le—> | «— | Z
EA# —»f le—> <+—>
le—> \ «—T2
PSEN# +— > | «——T2EX
le—>
ALE «—  SAB -
80528 ;g
80328 N
le—>
le—>
RxD —»( <> le—> \ —»
TxD +— <+ le—> —
INTO# —> +— l—> | — | ,
INTT# —> | 7 «—» > | — cE
T0 —>| &+ > 5[—> (8
T1T —» > le—> | — E
WR# | < l—> | —>
RO# «—| <« > J —»

MCLO0751
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SAB 8052B/8032B

Pin Definitions and Functions

Symbol Pins Input (1) Function
P-DIP-40 | PL-CC-44 | OUtPUt(0)
P1.0-P1.7 [1-8 2-9 l{e] PORT 1 is an 8-bit quasi-bidirectional I/O 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 |9 10 | RESET input. A high level on this pin resets the

SAB 8052B. A small internal pulldown resistor permits
power-on reset using only a capacitor connected to vcc.
If veD is held within its spec while vcc drops below
spec, Vprp will provide standby power to the RAM.

When vpo is low, the RAM’s current is drawn from vcc.

P3.0-P3.7 | 10-17 11 /10 PORT 3 is an 8-bit quasi-bidirectional I/O port. It also

13-19 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.

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.

XTALA1 19 21 | XTAL 1 input to the oscillator’s high gain amplifier.
XTAL2 18 20 Required when a crystal is used. Connect to Vss when
external source is used on XTAL 2.

XTAL 2 output from the oscillator’'s ampilifier. 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 I/O 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.
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SAB 8052B/8032B

Pin Definitions and Functions (cont'd)

Symbol

Pins

P-DIP-40

PL-CC-44

Input (I)
Output (O)

Function

PSEN#

29

32

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. 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.

EA#

31

35

External Access# enable. When held at a TTL high
level, the SAB 8052B executes instructions from the
internal ROM when the PC is less than 8192. When
held at a TTL low level, the SAB 8052B fetches all
instructions from external program memory. For the
SAB 8032B this pin must be tied low.

P0.0-P0.7

39-32

43-36

110

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

vce

40

44

+ 5 V Power Supply during operation and program
verification.

Vss

20

22

Circuit Ground potential

NC

1,12,
23,34

No Connection
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SAB 8052B/8032B

Block Diagram
Frequency
Reference Counters
e o
i ! |
|
| 8192Bytes Three 16-Bit | |
| Osmlx}(u’ror Program 256 Bytes Timer/Event |
| Timing Memory Data Memory Counters |
| (SAB 8052B only) |
| ! l VAN :
! |
| SAB 80528 |
| Py :
: Lﬂ; 44 T {
} | S |
| I Programmable |
| | 64Kbyte Bus Serial Port |
| Expansion Programmable 1/0 eFull Duplex UART| |
| Controt *Synchronous I
| Shifter :
} Interrupts [ :
L ____ﬂ____y__J _______ e e e e _
V4
Interrupts Control Parallel Ports Serial Serial
Address Data Bus Input Output
and 1/0 Pins MCB00754
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SAB 8052B/8032B

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
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SAB 8052B/8032B

Instruction Set Summary (cont'd)

Mnemonic | Description { Byte [ Cycle

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
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 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
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SAB 8052B/8032B

Instruction Set Summary (cont'd)

Mnemonic ‘ Description I Byte i Cycle

Data transfer

MOV ARn Move register to accumulator 1 1
MOV A direct”) Move direct byte to accumulator 2 1
MOV A @Ri Move indirect RAM to accumulator 1 1
MOV A #data Move immediate data to accumulator 2 1
MOV Rn,A Move accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV direct, A Move accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV direct,direct Move direct byte to direct byte 3 2
MOV direct, @R 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—b’it 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
PUSI-; 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

*) MOV A,ACC is not a valid instruction
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SAB 8052B/8032B

Instruction Set Summary (cont'd)

Mnemonic T 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 Compare immed. to A and jump if not equal 3 2
CJINE Rn,#data,rel Compare immed. to reg. and jump if not equal 3 2
CJNE @Ri #data,rel | Compare 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
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SAB 8052B/8032B

Instruction Set Summary (cont'd)

Mnemonic | Description I Byte ' Cycle

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
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 constant included as bytes 2 and 3 of instruction

bit — 128 software flags, any I/O pin, control or status bit

A — Accumulator

Notes on program addressing modes

addr 16 — Destination address for LCALL and LUMP 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.
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.

All mnemonics copyrighted © Intel Corporation 1980
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SAB 8052B/8032B

Instruction Op Codes in Hexadecimal Order

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A#data

02 3 LJMP code addr 35 2 ADDC A,data addr
03 1 RR A 36 1 ADDC A,@RO

04 1 INC A 37 1 ADDC A,@R1

05 2 INC data addr 38 1 ADDC A,RO

06 1 INC @RO0 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 3B 1 ADDC AR3

09 1 INC R1 3C 1 ADDC AR4

0A 1 INC R2 3D 1 ADDC AR5

0B 1 INC R3 3E 1 ADDC A R6

oC 1 INC R4 3F 1 ADDC A,R7

ob 1 INC R5 40 2 JC code addr
OE 1 INC R6 41 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 3 JBC bit addr,code addr 43 3 ORL data addr #data
11 2 ACALL code addr 44 2 ORL A#data

12 3 LCALL code addr 45 2 ORL A,data adadr
13 1 RRC A 46 1 ORL A,@RO

14 1 DEC A 47 1 ORL A@R1

15 2 DEC data addr 48 1 ORL A,RO

16 1 DEC @RO0 49 1 ORL A R1

17 1 DEC @R1 4A 1 ORL A R2

18 1 DEC RO 4B 1 ORL AR3

19 1 DEC R1 4C 1 ORL A R4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 DEC R3 4E 1 ORL A,R6

1C 1 DEC R4 4F 1 ORL AR7

1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr,A
20 3 JB bit addr,code addr 53 3 ANL data addr#data
21 2 AJMP code addr 54 2 ANL A #data

22 1 RET 55 2 ANL A,data adadr
23 1 RL A 56 1 ANL A,@RO

24 2 ADD A #data 57 1 ANL A,@R1

25 2 ADD A,data addr 58 1 ANL A,RO

26 1 ADD A,@RO 59 1 ANL AR1

27 1 ADD A@R1 5A 1 ANL AR2

28 1 ADD A,RO 5B 1 ANL AR3

29 1 ADD AR1 5C 1 ANL A R4

2A 1 ADD AR2 5D 1 ANL AR5

2B 1 ADD A,R3 5E 1 ANL A,R6

2C 1 ADD A R4 5F 1 ANL AR7

2D 1 ADD A,R5 60 2 Jz code addr
2E 1 ADD A,R6 61 2 AJMP code addr
2F 1 ADD A,R7 62 2 XRL data addr,A
30 3 JNB bit addr,code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRL A #data

32 1 RETI 65 2 XRL A, data addr
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SAB 8052B/8032B

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex |Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands

code | of bytes code | of bytes

66 1 XRL A,@RO 99 1 SUBB AR1

67 1 XRL A@R1 9A 1 SUBB AR2

68 1 XRL A,RO 9B 1 SuBB AR3

69 1 XRL AR1 9C 1 SUBB A R4

6A 1 XRL A,R2 9D 1 SUBB A,R5

6B 1 XRL A,R3 9E 1 SUBB A R6

6C 1 XRL AR4 9F 1 SUBB AR7

6D 1 XRL AR5 A0 2 ORL C,/bit addr

6E 1 XRL A,R6 Al 2 AJMP code addr

6F 1 XRL AR7 A2 2 MOV C,bit addr

70 2 JNZ code addr A3 1 INC DPTR

71 2 ACALL code addr A4 1 MUL AB

72 2 ORL C,bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MOV @RO0,data addr

74 2 MOV A #data A7 2 MOV @R1,data addr

75 3 MOV data addr,#data A8 2 MOV RO,data addr

76 2 MOV @RO,#data A9 2 MOV R1,data addr

77 2 MOV @R1,#data AA 2 MOV R2,data addr

78 2 MOV RO,#data AB 2 MOV R3,data addr

79 2 MOV R1,#data AC 2 MOV R4,data addr

7A 2 MOV R2 #data AD 2 MoV R5, data addr

7B 2 MOV R3,#data AE 2 MOV R6,data addr

7C 2 MOV R4 #data AF 2 MOV R7,data addr

7D 2 MOV R5,#data BO 2 ANL C,/bit addr

7E 2 MOV R6,#data B1 2 ACALL code addr

7F 2 MOV R7,#data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 CPL C

81 2 AJMP code addr B4 3 CJNE A #data,code addr
82 2 ANL C,bit addr B5 3 CJNE A,data addr,code addr
83 1 MOVC A@A+PC B6 3 CJNE @RO,#data,code addr
84 1 DIV AB B7 3 CJNE @R1,#data,code addr
85 3 MOV data addr,data addr B8 3 CJNE RO,#data,code addr
86 2 MOV data addr,@R0 B9 3 CJINE R1,#data,code addr
87 2 MOV data addr,@R1 BA 3 CJNE R2,#data,code addr
88 2 MOV data addr,RO BB 3 CJNE R3,#data,code addr
89 2 MOV data addr,R1 BC 3 CJNE R4 ,#data,code addr
8A 2 MOV data addr,R2 BD 3 CJINE R5,#data,code addr
8B 2 MOV data addr,R3 BE 3 CJNE R6,#data,code addr
8C 2 MOV data addr,R4 BF 3 CJINE R7 #data,code addr
8D 2 MOV data addr,R5 Co 2 PUSH data addr

8E 2 MOV data addr,R6 C1 2 AJMP code addr

8F 2 MOV data addr,R7 c2 2 CLR bit addr

90 3 MOV DPTR,#data C3 1 CLR C

91 2 ACALL code adadr C4 1 SWAP A

92 2 MOV bit addr,C C5 2 XCH A,data addr

93 1 MOvC A,@A+DPTR C6 1 XCH A,@RO

94 2 SUBB A#data c7 1 XCH A @R1

95 2 SUBB A,data addr Cc8 1 XCH A,RO

96 1 SUBB A,@RO C9 1 XCH AR1

97 1 SUBB A,@R1 CA 1 XCH AR2

98 1 SUBB A,RO CB 1 XCH AR3
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SAB 8052B/8032B

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex |Number |Mnemonic | Operands Hex | Number | Mnemonic | Operands
code |of bytes code | of bytes
CcC 1 XCH A R4 FD 1 MOV R5,A
CcD 1 XCH AR5 FE 1 MOV R6,A
CE 1 XCH A,R6 FF 1 MOV R7,A
CF 1 XCH AR7

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,@R0

D7 1 XCHD A@R1

D8 2 DJNZ RO,code addr

D9 2 DJNZ R1,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,@R0O

E3 1 MOVX A@R1

E4 1 CLR A

E5 2 MOV A,data addr*)

E6 1 MOV A @RO0

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 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 @R0O,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

*) MOV A,ACC is not a valid instruction
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SAB 8052B/8032B

Absolute Maximum Ratings

Ambient temperature UNder bias ........ccccccoiviiiiiiiiiiecec e 0to+70°C
Storage temperature..........c.cccceeveeceeeie e, .—65t0+ 150 °C
Voltage on any pin with respect to ground (Vss) . ..—05t0+7V
LN o (1] o= o] o ORI 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;Vece=5V+10%;Vss =0V

Symbol Parameter Limit Values Unit | Test Condition
min. max.

ViL Input low voltage -0.5 0.8 \ -

VIH Input high voltage 2.0 vee + 0.5 \ -
(except RST/vep and XTAL 2)

VIH1 Input high voltage to 25 vee+ 0.5 Vv XTAL1 to vss
RST/veo for reset, XTAL 2

VPD Power down voltage 4.5 55 \ vec=0V
to RST/vrD

Vo Output low voltage - 0.45 Vv IoL=1.6mA
Ports 1, 2, 3

VoLt Output low voltage - 0.45 \ oL =3.2mA
Port 0, ALE, PSEN#

VoH Output high voltage 2.4 - \ IoH = — 80 pA
Ports 1, 2, 3

VOH1 Output high voltage 2.4 - \ IoH = — 400 pA
Port 0, ALE, PSEN#

I Logical 0 input current - - 500 nA viL=0.45V
Ports 1, 2, 3

Iz Logical 0 input current - -3.2 mA | XTAL 1 =Vss
XTAL 2 ViL=0.45V

TH1 Input high current to - 500 uA VIN=Vcc-1.5V
RST/vep for reset

I Input leakage current - +10 pA 0V <VIN<Vce
to port 0, EA#

Icc Power supply current - 175 mA | All outputs

disconnected
IPD Power down current - 15 mA | vec=0V
Cio Capacitance of 1/0 buffer - 10 pF fe=1MHz
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SAB 8052B/8032B

AC Characteristics for SAB 8052B/8032B, 12 MHz
Ta=01t070°C;Vec=5V +10%;Vss=0V
(C. for port 0, ALE and PSEN# outputs = 100 pF; C. for all other outputs = 80 pF)

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

Program Memory Characteristics

fHLL ALE pulse width 127 - 2fcLcL—40 - ns
IaviL Address setup to ALE 53 - fcLel— 30 - ns
ALAX1 Address hold after ALE 48 - fcLel—35 - ns
fuv ALE to valid instruction in - 233 - 4fcLc— 100 ns
nipL ALE to PSEN# 58 - foLel— 25 - ns
fPLPH PSEN# pulse width 215 - 3fcLel— 35 - ns
LV PSEN# to valid instruction in - 150 - 3fcLc— 100 ns
Pxix Input instruction hold after PSEN# | 0 - 0 - ns
pxize) Input instruction float after PSEN# | — 63 - fcLe— 20 ns
PxAVY) Address valid after PSEN# 75 - fcLel- 8 - ns
aviv Address to valid instruction in - 302 - 5fcLc— 115 ns
InzpL Address float to PSEN# 0 - 0 - ns

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

AC Characteristics for SAB 8052B/8032B, 12 MHz (cont'd)

Symbol |Parameter Limit Values Unit
Clock Variable clock
12 MHz clock 1/fcrer = 1.2 MHz to 12 MHz
min. max. min. max.

External Data Memory Characteristics

IRLRH RD# pulse width 400 - 6fcLcL- 100 - ns
WLWH WR# pulse width 400 - 6fcLcL- 100 - ns
LLax2 Address hold after ALE 132 - 2fcLcL-35 - ns
LoV RD# to valid data in - 252 |- 7 5icioL-165 | ns
fRHDX Data hold after RD# 0 - 0 - ns
RHDZ Data float after RD# - 97 - 2[cLeL-70 ns
fiov ALE to valid data in - 517 - 8fcLoL- 150 ns
Iavbv Address to valid data in - 585 - 9rcLoL- 165 ns
fiwe ALE to WR# or RD# 200 300 3fcLe-50 3fcieL + 50 ns
Iavwi Address to WR# or RD# 203 - 4fcLcL- 130 - ns
IWHLH WR# or RD# high to ALE high 43 123 foLeL- 40 foLet + 40 ns
favwx Data valid to WR# transition 33 - foLcL-50 - ns
favwH Data setup before WR# 433 - 7fcoL-150 - ns
wHax Data hold after WR# 33 - fcrel-50 - ns
RLAZ Address float after RD# - 0 - 0 ns

External Clock Drive XTAL2

foLer Oscillator period - - 83.3 833.3 ns
IcHex High time - - 20 IcLcL— rcLeX ns
fcLex Low time - - 20 folcL — fcHex | ns
feLeH Rise time - - - 20 ns
fcHeL Fall time - - - 20 ns
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SAB 8052B/8032B

AC Characteristics for SAB 8052B-16/8032B-16
Ta=01t070C;Vce=5V +10%;Vss=0V
(C. for port 0, ALE and PSEN# outputs = 100 pF; C. for all other outputs = 80 pF)

Symbol | Parameter Limit Values Unit
Clock Variable clock
16 MHz clock 1/fcrer = 1.2 MHz to 16 MHz
min. max. min. max.

Program Memory Characteristics

ILHLL ALE pulse width 85 - 2fcLec—40 - ns
tavie Address setup to ALE 33 - fcLel-30 - ns
ILLax1 | Address hold after ALE 28 - tcLel-35 - ns
[{R0}Y ALE to valid instruction in - 150 - 4fcLc—100 ns
e ALE to PSEN# 38 - fcLel—25 - ns
tPLPH PSEN# pulse width 153 - 3fcLel-35 - ns
truv PSEN# to valid instruction in - 88 - 3fcLel—100 ns
tPxix Input instruction hold after PSEN# | 0 - 0 - ns
fexiz") | Input instruction float afterPSEN# - 48 . toe—15 ns
tpxav*) | Address valid after PSEN# 60 - teLcl-3 - ns
taviv Address to valid instruction in - 223 - 5fcLcL—90 ns
tazPL Address float to PSEN# 0 - 0 - ns

*) Interfacing the SAB 8052B-16 to devices with float times up to 55 ns is permissible. This limited bus
contention will not cause any damage to port O drivers.
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SAB 8052B/8032B

AC Characteristics for SAB 8052B-16 (cont’d)

Symbol | Parameter Limit Values Unit

Clock Variable clock
16 MHz clock 1/fere = 1.2 MHz to 16 MHz

min. max. min. max.

External Data Memory Characteristics

IRLRH RD# pulse width 275 - 6fcLcL- 100 - ns
BWLWH WR# pulse width 275 - 6icLcL- 100 - ns
Liaxe Address hold after ALE 90 - 2fcLeL- 35 ~ ns
ALV RD# to valid data in - 148 - SfcLeL- 165 ns
IRHDX Data hold after RD# 0 - 0 - ns
IRHDZ Data float after RD# - 55 - 2fcLeL-70 ns
Liov ALE to valid data in - 350 - 8fcLoL- 150 ns
Iavov Address to valid data in - 398 - 9fcLcL- 165 ns
fwe ALE to WR# or RD# 138 238 3fcLeL-50 3fcLeL+50 ns
Iavwi Address to WR# or RD# 120 - 4fciel-130 - ns
fwHLH WR# or RD# high to ALE high 23 103 fcLeL-40 foLoL+40 ns
favwx Data valid to WR# transition 13 - foLcL-50 - ns
TavwH Data setup before WR# 288 - 7tcLe- 150 - ns
BwHax Data hold after WR# 13 - fcrel-50 - ns
IRLAZ Address float after RD# - 0 - 0 ns
External Clock Drive XTAL2

foLcu Oscillator period - - 62.5 833.3 ns
IcHex High time - - 15 foLcL— roLex ns
Ech Low time - - 15 foLcL — fcHex ns
fcLcH Rise time - - - 15 ns
ferHoL Fall time - - - 15 ns
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SAB 8052B/8032B

AC Characteristics for SAB 8032B-20
Ta=0t070°C;Vee=5V+10%; Vss=0V
(C for port 0, ALE and PSEN# outputs = 100 pF; C. for all other outputs = 80 pF)

Symbol | Parameter Limit Values Unit
Clock Variable clock
20 MHz clock 1/fcLer = 1.2 MHz to 20 MHz
min. max. min. max.

Program Memory Characteristics

fLHLL ALE pulse width 60 - 2fcLe—40 - ns
taviL Address setup to ALE 20 - fcLcl—-30 - ns
fiax1 | Address hold after ALE 20 - tcLol-30 - ns
v ALE to valid instruction in - 100 - 4tcLcL—100 ns
fLpL ALE to PSEN# : 25 - toLeL—25 - ns
IPLPH PSEN# pulse width 115 - 3fcLcl—-35 - ns
trLv PSEN# to valid instruction in - 75 - 3fcLcL—75 ns
tPXIX Input instruction hold after PSEN# | 0 - 0 - ns
tpxiz*) | Input instruction float afterPSEN# - 40 - fcLe—-10 ns
texav®) | Address valid after PSEN# 47 - fcLel-3 - ns
taviv Address to valid instruction in - 190 - 5fcLcL—60 ns
IazPL Address float to PSEN# 0 - 0 - ns

*) Interfacing the SAB 8032B-20 to devices with float times up to 45 ns is permissible. This limited bus
contention will not cause any damage to port O drivers.
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SAB 8052B/8032B

AC Characteristics for SAB 8032B-20 (cont'd)

Symbol Parameter Limit Values Unit

Clock Variable clock
20 MHz clock 1/ferer = 1.2 MHz to 20 MHz

min. max. min. max.

External Data Memory Characteristics

RLRH RD# pulse width 200 - 6fcLcL— 100 - ns
WLWH WR# pulse width 200 - 6tcLcL— 100 - ns
Liaxe Address hold after ALE 70 - 2fcLcL—- 30 - ns
RLov RD# to valid data in - 100 - 5fcLeL— 150 ns
RHDX Data hold after RD# 0 - 0 - ns
RHDZ Data float after RD# - 40 - 2fcLeL— 60 ns
fLpv ALE to valid data in - 250 - 8rcLo— 150 ns
tavov Address to valid data in - 285 - 9rcLcL— 165 ns
fowe ALE to WR# or RD# 100 200 3fcLoL— 50 3fcLeL + 50 ns
Iavwi Address to WR# or RD# 70 - 4fcici—~ 130 - ns
MWHLH WR# or RD# high to ALE high 20 80 fcLcL— 30 feeL + 30 ns
favwx Data valid to WR# transition 5 - feicl— 45 - ns
favwH Data setup before WR# 200 - 7tcLel— 150 - ns
wHax Data hold after WR# 10 - fcLel— 40 - ns
RLAz Address float after RD# - 0 - 0 ns
External Clock Drive XTAL2

foLoL Oscillator period - - 50 833.3 ns
IcHex High time - - 15 foLol—rcLex © | ns
fcLex Low time - - 15 foLeL — foHex ns
fcLeH Rise time - ~ - 15 ns
fcHe Fall time - - - 15 ns

Siemens Aktiengesellschaft 395



SAB 8052B/8032B

ROM Verification Characteristics for SAB 8052B
Ta=25C+5°C;Vece=5V+£10%;Vss=0V

Symbol Parameter Limit Values Unit
min. max.
favav Address to valid data - 48 fcLe ns
tetav ENABLE# to valid data - 48 foLoL ns
fenaz Data float after ENABLE# 48 fcLel ns
1/tcLe Oscillator frequency 6 MHz
ROM Verification
P1.0-P17 A\ ]
P20- PZ.A_————‘ Address )————‘
favav
\
Port 0 —————{ Data OU T)___—
teLav Tenaz
P27
MCD00049
ENABLE #
Address: P1.0-P1.7 = A0-A7 Inputs: P2.5-P2.6, PSEN# =Vss
P2.0-P2.4 = A8-A12 ALE, EA# = VH
Data:  Port0  =D0-D7 kst/veo = Vi
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SAB 8052B/8032B

Program Memory Read Cycle
L tey S ——
fa—=——huv—"
ALE ‘
~—— o |
PSEN# ___/—___ m
= fiiaxi ‘-;_fpuv_. f;x12 Toxav=—
= favie L‘ | [fazee Foxix
Instr.IN A7 - A0 Instr.IN AT - A04>——<Insh'. IN >——
PORT 0 \ -
faviv !
Address ( . ; >
PORT2 OF SFR-P2 X Address A15-A8 X Address A15-A8
! MCT 00021
|
Data Memory Read Cycle
oy | | ==
ALE /
PSEN# —/
flow—— Trirn "
RD# —
~—f1ax2 /
| " ; farioz
| Tavwi | RLDV D
——— L -
[ |
AT- A0 Data IN
to ) XX
or ! faiaz T
Address \
Port 2 o SFR-P2 Address A15-A8 or SFR-P2
MCT 00022
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SAB 8052B/8032B

Data Memory Write Cycle

— fwa
ALE ___/—
i

PSEN #

e Fupwy —————————"|

WR#

"AVWL

-
o favwx

el T L

>—< AT-A0 Data OUT )

Port 0 . {

\
Address - -
Port 2 NSF;_NX Address A15-A8 or SFR-P2 ,
MCT 00023
Recommended Oscillator Circuits
£ 19(21 19(21)
I LI NE N XTAL1
+5V
1.2-12MHz
! = i 47k
1.2-16MHz :
12-20MHz
& 18(20) ' ! 18(20)
i XTAL 2 o b4 XTAL 2
7404
T41LS04 MCS00752
C=30pF+10pF
Crystal Oscillator Mode Driving from External Source

Pin numbers in (. . .) are specified for PL-CC-44 package.
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SIEMENS

8-Bit CMOS Microcontroller SAB 80C52/80C32

Preliminary

SAB 80C52/80C52-16 CMOS microcontroller with factory-maskprogrammable ROM
SAB 80C32/80C32-16 CMOS microcontroller for external ROM

SAB 80C52-T40/85,

SAB 80C32-T40/85 extended temperature range: —40to + 85 °C (for 12 MHz)
SAB 80C52-T40/110,

SAB 80C32-T40/110 extended temperature range: —40 to +110 "C (for 12 MHz)

SAB 80C52-16-T40/85,
SAB 80C32-16-T40/85 extended temperature range: —40to + 85 °C (for 16 MHz)

SAB 80C52-16-T40/110,
SAB 80C32-16-T40/85 extended temperature range: —40 to + 110 C (for 16 MHz)

8 K x 8 ROM (SAB 80C52 only)

256 K x 8 RAM

Four 8-bit ports, 32 1/0O 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
Versions for 12 MHz and 16 MHz operating frequenzy
Boolean processor

Most instructions execute in 1 us (750 ns)

Multiply and divide in 4 us (3 us)

Six interrupt sources, two priority levels

Idle and power-down operation

P-DIP-40 and PL-CC-44 package

Full backward compatibility with SAB 80C51/80C31
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SAB 80C52/80C32

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.

The SAB 80C52 contains a non-volatile 8 K x 8 read-only program memory, a volatile

256 K x 8 read/write data memory, 32 1/O lines, three 16-bit timer/counters, a six-source,
two-priority-level interrupt structure, a serial I/O port, an on-chip oscillator, and clock
circuits. The SAB 80C32 is identical, except that it lacks the program memory on the chip.

The part is available in a 12 MHz version and in a 16 MHz version which offers an
additional performance increase of 33 %. The SAB 80C52/80C32 is supplied in a 40-pin
plastic dual-in-line (P-DIP-40) package, or in a 44-pin plastic leaded chip carrier
(PL-CC-44) package. The part is available for standard temperature range (0 to 70 ‘C)
and for extended temperature ranges (— 40 to 85 ‘C; —40to 110 C).

Pin Configuration
P-DIP-40 PL-CC-44
J % © - o m
2P0 1 w0 [lvee & 222 2
T2ex/P11[]2 39[]Poo  ADO 2 m N = 24 533 8 3
i & aaaz=2 Y88 s &
p12[]3 38{]Po1  AD1 o T o I s e s e e e e
6 S b 3 2 1 L
P13 [j4 37[JPo2  AD2 b3k w ko
P14[s 36[1P03  AD3 Pis[]7 @ 39[pos ADA
Pis[s 3s{]pos  ADL P1s[]s 38[]pos ADS
Pis[]7 3u[]pos ADS P11[]9 37[]P06 AD6
P17(]8 33[]P0s D6 rsT[]10 36[]P07 AD?
RsT[]9 32[]Po7  AD7 Rx0/P30 [ 35 [Jeas
RxD/P30 []10 31[JEA# ve
) b .
TxD/P31[]1 30[] ALE N
NTo#P32 [[12 29[] Psens T0/P31[]13 33]ace
INT1#/ P33 []13 8[]P27  A1S o P32 [ 14 32[]PSEN#
10/P34 [J14 27{]P26 At INT1#1P33 15 31[Jp27 ats
T1/P35[]15 26[]P25 A1 T0/P34[16 30[]P2s Al
wR#1P36 [|16 5 []P2e A2 Tip3s 293[Jp2s A13
/P37 []17 u[]P23 AN ,
RO# { I A 18 19 20 21 22 23 24 25 26 27 28 HePo0sst
xTAL2[]18 3[]rP22 A0 LSy i 5
e = N - v e = = om
XTAL1[]19 22[]p21 A9 2z S2§§8F8%
F o 5 %
Vss []20 21[JP20 A8 z o ® e o - o~
MCPO00S0 = = < < <
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SAB 80C52/80C32

Ordering Information

Type Ordering Package Description
code (8-Bit CMOS microcontroller)

SAB 80C52-P Q67120-C379 |P-DIP-40 | with factory mask-programmable
ROM, 12 MHz

SAB 80C32-P Q67120-C378 |P-DIP-40 | for external memory, 12 MHz

SAB 80C52-16-P Q67120-C501 |P-DIP-40 | with factory mask-programmable
ROM, 16 MHz

SAB 80C32-16-P Q67120-C500 |P-DIP-40 |for external memory, 16 MHz

SAB 80C52-P-T40/85 Q67120-C521 |P-DIP-40 | with factory mask-programmable
ROM, 12 MHz,
ext. temp. —40to 85 °C

SAB 80C32-P-T40/85 Q67120-C520 |P-DIP-40 for external memory, 12 MHz,
ext. temp. —40t0 85 'C

SAB 80C52-16-P-T40/85 |Q67120-C563 |P-DIP-40 |with factory mask-programmable
ROM, 16 MHz,
ext. temp. —40t0 85 °C

SAB 80C32-16-P-T40/85 [Q67120-C527 |P-DIP-40 for external memory, 16 MHz,
ext. temp. —40t0 85 °C

SAB 80C52-P-T40/110 Q67120-C558 |P-DIP-40 |with factory mask-programmable
ROM, 12 MHz,
ext. temp. —40to0 110 °'C

SAB 80C32-P-T40/110 Q67120-C547 |P-DIP-40 | for external memory, 12 MHz,
ext. temp. —40t0 110 'C

SAB 80C52-N Q67120-C396 |PL-CC-44 |with factory mask-programmable
ROM, 12 MHz

SAB 80C32-N Q67120-C395 |PL-CC-44 |for external memory, 12 MHz

SAB 80C52-16-N Q67120-C503 |PL-CC-44 |with factory mask-programmable
ROM, 16 MHz

SAB 80C32-16-N Q67120-C502 |PL-CC-44 |for external memory, 16 MHz

SAB 80C52-N-T40/85 Q67120-C564 |PL-CC-44 |with factory mask-programmable
ROM, 12 MHz,
ext. temp. —40t0 85 °C

SAB 80C32-N-T40/85 Q67120-C540 |PL-CC-44 |for external memory, 12 MHz,
ext. temp. -40t0 85 °C

SAB 80C52-16-N-T40/85 |Q67120-C528 |PL-CC-44 |with factory mask-programmable
ROM, 16 MHz,
ext. temp. —40t0 85 °C
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SAB 80C52/80C32

Ordering Information (cont'd)

Type

Ordering
code

Package

Description
(8-Bit CMOS microcontroller)

SAB 80C52-N-T40/110

Q67120-C559

PL-CC-44 | with factory mask-programmable

ROM, 12 MHz,
ext. temp. —40to 110 °C

SAB 80C32-N-T40/110

Q67120-C548

PL-CC-44 | for external memory, 12 MHz,

ext. temp. —40to 110 C

Logic Symbol

XTAL 1 —

XTAL 2 —

RST —¥

EA# —

PSEN# +—

ALE +—

RxD —»
TxD «—
INTO# —>
INT1#—>
T0 —
T —
WR#+—
RD# «—

Port 3

(138881

SAB
80C32
80C52

EEEREAREER TR RN NREN

Port
Adress and Data Bus

+—— T2EX

Port 1

Port 2
Adress Bus

MCL 00052

Siemens Aktiengesellschaft

402



SAB 80C52/80C32

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

l{e}

Port 1 is an 8-bit bidirectional I/O 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

(1, on the DC characteristics) because of the internal
pullup resistors. Port 1 also receives the low-order
address bytes during program verification. 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

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 vce.

P3.0-P3.7

10-17

11,
13-19

l{e}

Port 3 is an 8-bit bidirectional I/O 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 (/iL, 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 O 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.
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SAB 80C52/80C32

Pin Definitions and Functions (cont'd)

Symbol | Pin Input (I)

P-DIP-40 | PL-CC-44 | Output (O)

Functions

XTAL1 19 21
XTAL2 18 20

XTAL 1

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

XTAL 2

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.

P2.0-P2.7 |21-28 24-31 l{e}

Port 2 is an 8-bit bidirectional 1/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 (/iL, 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-bit addresses
(MOVX@RI), port 2 issues the contents of the P2

special function register.

PSEN# 29 32 o}

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 O

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.
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SAB 80C52/80C32

Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Functions
P-DIP-40 | PL-CC-44 | Output (0)

P0.0-P0.7 | 39-32 43-36 110 Port 0 is an 8-bit open drain bidirectional I/O 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 44 Supply voltage during normal, idle, and power-down
operations.

Vss 20 22 Circuit ground potential.

NC - 1,12, - No connection.

23,34
Block Diagram
XTAL1 XTAL 2 Counters

e -
| Yy |
| |

) 8192- Byte ! Three 16-Bit

’ gicdll#?nfiﬁr Program Memory ézfua)geemory Timer/Event :
| 9 (SAB 80CS only) Counters |
| |
| |
} SAB 80C52 < }
| CPU |
| |
| 4 1 |
I A4 A4 |
: Programmable I
i 64Kbyte Bus Serial Port I
| Expander :> Programmable /0 e Full Duplex UART |
| Control *Synchronous |
| Shifter |
{ Interrupts + !
I e e e e = J

v
Interrupts Control Parallel Ports Serial IN  Serial OUT
Address Data Bus
and I/0 Pins MCB00053
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SAB 80C52/80C32

Functional Description

The SAB 80C52/80C32 is functionally compatible with the SAB 8052A/8032A products
that are designed in Siemens MYMOS technology. Furthermore, 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
In the 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.

Durina nower-down and idle mode the extarnal nine will hava the fallowina ctatiic (coa

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 Port 1 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

Siemens Aktiengesellschaft 406



SAB 80C52/80C32

Instruction Set Summary

Mnemonic Description l Byte | Cycle

Arithmetic operations

ADD ARn 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 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 A by B 1 4
DA A Decimal adjust accumulator 1 1
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SAB 80C52/80C32

Instruction Set Summary (cont'd)

Mnemonic ’ Description ’ Byte } Cycle

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 Attdata AND immediate data to accumulator 2 1
ANL direct, A AND accumulator to direct byte 2 1
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 #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 accumulator right through carry flag 1 1
SWAP A Swap nibbles within the accumulator 1 1
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SAB 80C52/80C32

Instruction Set Summary (cont'd)

Mnemonic } Description l Byte | Cycle

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 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 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

*) MOV A,ACC is not a valid instruction
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SAB 80C52/80C32

Instruction Set Summary (cont'd)

Mnemonic J Description | Byte I Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2 2
LCALL addr 16 Long subroutine call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr 11 Absolute jump 2 2
LJMP addr 16 Long jump 3 2
SJMP rel Short jump (relative addr.) 2 2
JMP @A+DPTR Jump indirect relative to the DPTR 1 2
Jz rel Jump if accumulator is zero 2 2
JNZ rel Jump if accumulator is not zero 2 2
JC rel Jump if carry flag is set 2 2
JNC rel Jump if carry flag 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 Adirect 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
DJINZ Rn,rel Decrement register and jump if not zero 2 2
DJINZ direct,rel ‘| Decrement direct and jump if not zero 3 2
NOP No operation 1 1
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SAB 80C52/80C32

Instruction Set Summary (cont'd)

Mnemonic | Description | Byte | Cycle

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

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 constant included as bytes 2 and 3 of instruction

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

A — Accumulator

Notes on program addressing modes

addr 16 — Destination address for LCALL and LUMP 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.

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.

All mnemonics copyrighted © Intel Corporation 1980
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SAB 80C52/80C32

Instruction Op Codes in Hexadecimal Order

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands
code | of bytes code | of bytes

00 1 NOP 20 3 JB bit addr, code addr
01 2 AJMP code addr 21 2 AIMP code addr
02 3 LIMP code addr 22 1 RET

03 1 RR A 23 1 RL A

04 1 INC A 24 2 ADD A, #data

05 2 INC data addr 25 2 ADD A, data addr
06 1 INC @RO 26 1 ADD A, @R0O

07 1 INC @R1 27 1 ADD A, @R1

08 1 INC RO 28 1 ADD A, RO

09 1 INC R1 29 1 ADD A R1

0A 1 INC R2 2A 1 ADD A, R2

0B 1 INC R3 2B 1 ADD A, R3

oC 1 INC R4 2C 1 ADD A, R4

oD 1 INC R5 2D 1 ADD A, R5

OE 1 INC R6 2E 1 ADD A, R6

OF 1 INC R7 2F 1 ADD A, R7

10 3 JBC bit addr, code addr 30 3 JNB bit addr, code addr
11 2 ACALL code addr 31 2 ACALL code addr
12 3 LCALL code addr 32 1 RETI

13 1 RRC A 33 1 RLC A

14 1 DEC A 34 2 ADDC A, #data

15 2 DEC data addr 35 2 ADDC A, data addr
16 1 DEC @R0O 36 1 ADDC A, @RO

17 1 DEC @R1 37 1 ADDC A, @R1

18 1 DEC RO 38 1 ADDC A, RO

19 1 DEC R1 39 1 ADDC A, R1

1A 1 DEC R2 3A 1 ADDC A, R2

1B 1 DEC R3 3B 1 ADDC A, R3

1C 1 DEC R4 3C 1 ADDC A R4

1D 1 DEC R5 3D 1 ADDC A, R5

1E 1 DEC R6 3E 1 ADDC A, R6

1F 1 DEC R7 3F 1 ADDC A, R7
Siemens Aktiengesellschaft 412



SAB 80C52/80C32

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex |Number | Mnemonic | Operands
code | of bytes code | of bytes

40 2 JC code addr 60 2 Jz code addr
41 2 AJMP code addr 61 2 AJMP code addr
42 2 ORL data addr, A 62 2 XRL data addr, A
43 3 ORL data addr, #data 63 3 XRL data addr, #data
44 2 ORL A, #data 64 2 XRL A, #data

45 2 ORL A, data addr 65 2 XRL A, data addr
46 1 ORL A, @RO 66 1 XRL A, @RO

47 1 ORL A, @R1 67 1 XRL A, @R1

48 1 ORL A, RO 68 1 XRL A, RO

49 1 ORL A, R1 69 1 XRL A, R1

4A 1 ORL A, R2 B6A 1 XRL A, R2

4B 1 ORL A, R3 6B 1 XRL A, R3

4C 1 ORL A, R4 6C 1 XRL A, R4

4D 1 ORL A, R5 6D 1 XRL A, R5

4E 1 ORL A, R6 6E 1 XRL A, R6

4F 1 ORL A, R7 6F 1 XRL A, R7

50 2 JNC code adadr 70 2 JINZ code addr
51 2 ACALL code addr 71 2 ACALL code addr
52 2 ANL data addr, A 72 2 ORL C, bit addr
53 3 ANL data addr, #data 73 1 JMP @A + DPTR
54 2 ANL A, #data 74 2 MOV A, #data

55 2 ANL A, data addr 75 3 MOV data addr, #data
56 1 ANL A, @RO 76 2 MoV @RO, #data
57 1 ANL A, @R1 77 2 MOV @R1, #data
58 1 ANL A, RO 78 2 MOV RO, #data
59 1 ANL A, R1 79 2 MOV R1, #data
5A 1 ANL A, R2 7A 2 MOV R2, #data
5B 1 ANL A, R3 7B 2 MOV R3, #data
5C 1 ANL A, R4 7C 2 MOV R4, #data
5D 1 ANL A, R5 7D 2 MOV R5, #data
5E 1 ANL A, R6 7E 2 MOV R6, #data
5F 1 ANL A, R7 7F 2 MOV R7, #data
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SAB 80C52/80C32

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex | Number | Mnemonic | Operands

code | of bytes code | of bytes

80 2 SJMP code addr A0 2 ORL C, /bit addr

81 2 AJMP code addr Al 2 AJMP code addr

82 2 ANL C, bit addr A2 2 MOV C, bit addr

83 1 MOVC A @A +PC A3 1 INC DPTR

84 1 DIV AB A4 1 MUL AB

85 3 MOV data addr, data addr A5 reserved

86 2 MOV data addr, @R0 AB 2 MOV @RO, data addr

87 2 MOV data addr, @R1 A7 2 MOV @R1, data addr

88 2 MOV data addr, RO A8 2 MOV RO, data addr

89 2 MOV data addr, R1 A9 2 MOV R1, data addr

8A 2 MoV data addr, R2 AA 2 MOV R2, data addr

8B 2 MOV data addr, R3 AB 2 MOV R3, data addr

8C 2 MOV data addr, R4 AC 2 MOV R4, data addr

8D 2 MOV data addr, R5 AD 2 MOV R5, data addr

8E 2 MOV data addr, R6 AE 2 MOV R6, data addr

8F 2 MOV data addr, R7 AF 2 MOV R7, data addr

90 3 MOV DPTR, #data BO 2 ANL C, /bit addr

91 2 ACALL code addr B1 2 ACALL code adadr

92 2 MOV bit addr, C B2 2 CPL bit addr

93 1 MOVC A, @A + DPTR B3 1 CPL C

94 2 SuUBB A, #data B4 3 CJNE A, #data, code addr
95 2 SUBB A, data addr B5 3 CJNE A, data addr, code addr
96 1 SuBB A, @RO B6 3 CJNE @RO0,#data, code addr
97 1 SuUBB A, @R1 B7 3 CJNE @R1,#data, code addr
98 1 SuBB A, RO B8 3 CJNE RO, #data, code addr
99 1 SUBB A R1 B9 3 CJNE R1, #data, code addr
9A 1 SUBB A, R2 BA 3 CJNE R2, #data, code addr
9B 1 SUBB A, R3 BB 3 CJNE R3, #data, code addr
9C 1 SuBB A, R4 BC 3 CJNE R4, #data, code addr
9D 1 SuBB A, R5 BD 3 CJNE R5, #data, code addr
9E 1 SuUBB A, R6 BE 3 CJNE R6, #data, code adadr
9F 1 SuBB A, R7 BF 3 CJNE R7, #data, code addr
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SAB 80C52/80C32

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex | Number | Mnemonic | Operands Hex |Number | Mnemonic | Operands
code | of bytes code | of bytes

Cco 2 PUSH data addr Ef1 2 AJMP code addr
C1 2 AJMP code addr E2 1 MOVX A, @RO
c2 2 CLR bit addr E3 1 MOVX A, @R1
C3 1 CLR C E4 1 CLR A

C4 1 SWAP A E5 2 MOV A, data addr ™)
C5 2 XCH A, data addr E6 1 MOV A, @RO
Ccé6 1 XCH A, @RO E7 1 MOV A, @R1
Cc7 1 XCH A, @R1 E8 1 MOV A, RO

c8 1 XCH A, RO E9 1 MOV A, R1

Cco 1 XCH A R1 EA 1 MOV A, R2

CA 1 XCH A, R2 EB 1 MOV A, R3

CB 1 XCH A, R3 EC 1 MOV A, R4

CcC 1 XCH A, R4 ED 1 MOV A, R5

CD 1 XCH A, R5 EE 1 MOV A, R6

CE 1 XCH A, Ré EF |1 MOV A, R7

CF 1 XCH A, R7 Fo |1 MOVX @DPTR, A
bo |2 POP data addr F1 |2 ACALL code addr
D1 2 ACALL code addr F2 1 MOVX @Ro0, A
D2 |2 SETB bit addr 3 |1 MOVX @R1, A
D3 |1 SETB c Fa |1 CPL A

Da 11 DA A F5 |2 MOV data addr, A
D5 3 DJNZ data addr, code addr  Fg 1 MOV @RO0, A
D6 |1 XCHD A, @RO 711 MOV @R1, A
D7 |1 XCHD A, @R1 F8 |1 MOV RO, A

D8 2 DJNZ RO, code addr F9 1 MOV R1, A

D9 2 DJNZ R1, code addr FA 1 MOV R2, A

DB 2 DJNZ R3, code adadr FB 1 MOV R3, A

DC |2 DJNZ R4, code addr FC 1 MOV R4, A

DD 2 DJNZ RS, code addr FD 1 MOV R5, A

DE 2 DJNZ R6, code addr FE 1 MOV R6, A

DF 2 DJNZ R7, code addr FF 1 MOV R7, A

EO 1 MOVX A, @DPTR
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SAB 80C52/80C32

Absolute Maximum Ratings

Ambient temperature under bias ................... Oto+70°C (SAB 80C52/80C32)
-40t0+85°C (SAB 80C52/80C32-T40/85)

—-40to+110°C (SAB 80C52/80C32-T40/110)

StOrage tEMPEIALUIE ......cc.eiiiceeiie ettt e -65t0+ 150 °C
Voltage on any pin with respect to ground (Vss) —-05t0Vec+0.5V
VORAGE ON VE0 10 V85 .viiiiiiiiieiie ittt ettt ettt —-05t0+65V
POWET dISSIPALION. ... it e e e e e e et e e sae e e ene e e e eneneeseaeee e 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

Vee=5V+10%; Vss=0V; Ta=0to 70 °C (SAB 80C52/80C32)
Ta=-40 to + 85 "C (SAB 80C52/80C32-T40/85)
Ta=-40to + 110 "C (SAB 80C52/80C32-T40/110)

Symbol | Parameter Limit Values Unit | Test Condition

min. max.

ViL Input low voltage -
(except EA)
for SAB 80C52/80C32, -0.5 0.2vec—-0.1 |V
80C52/80C32-T40/85
for SAB 80C52/80C32, -05 0.2vec-03 |V
T40/110

Vit Input low voltage (EA) -05 02vec—-03 |V -

VIH Input high voltage 0.2vec+0.9 | vec+ 0.5 \ -
(except XTAL1, RST)

VIH1 Input high voltage 0.7 vee vec+ 0.5 \' -
(XTAL1, RST)

VoL Output low voltage - 0.45 \Y loL=16mA"
(ports 1, 2, 3)

IoL=32mA"

<

voLi Output low voltage - 0.45
(port 0, ALE, PSEN)

IoH = — 80 uA
JoH =— 10 A

IoH = — 800 LA
JoH =—80uA?

VOH Output high voltage 24 -
(ports 1, 2, 3) 0.9 vee -

VOH1 Output high voltage 24 -
(port 0 in external bus 0.9 vee -
mode, ALE, PSEN)

<< | <<

I Logical 0 input current - -50 pA VIN=0.45V
(ports 1, 2, 3)

I Logical 1-to-0 transition - - 650 pA VIN=2V
current (ports 1, 2, 3)

Notes see page 490.
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SAB 80C52/80C32

DC Characteristics (cont'd)

Symbol | Parameter Limit Values Unit | Test Condition
min. max.

I8 Input leakage current - +10 pA 0.45 <vin<Vce
(port 0, EA)

RRsT Reset pulldown resistor 40 150 ko -

Cio Pin capacitance - 10 pF fe=1MHz,

TA=25C

Power supply current:

Icc Active mode, 12 MHz 6 - 20 mA |vec=5V4

Icc Active mode, 16 MHz 6) — 26 mA vec=5V:4

Icc ldle mode,12 MHz ) - 6.8 mA | vec=5V.5

Icc Idle mode,16 MHz ©) - 8.4 mA |vec=5V9

1PD Power Down Mode - 50 pA vee =2..55V3

Notes see page 418.
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SAB 80C52/80C32

Notes for pages 416 and 417 :

1

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 > 100 pF), the noise pulse on ALE line may exceed 0.8 V. 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.

n

Capacitive loading on ports 0 and 2 may cause the vVor on ALE and PSEN to momentarily fall below the
0.9 vce specification when the address lines are stabilizing.

Power-down Icc is measured with: EA = Port 0 = Vee; XTAL1 = vss; XTAL2 = N.C.;
RST = vss; all other pins are disconnected.

@

4

Icc (active mode) is measured with: XTAL1 driven with clock signal according to the figure below;
XTAL2 = N.C.; EA# = Port 0 = vcc; RST = vec; all other pins are disconnected. /cc might be slightly
higher if a crystal oscillator is used.

S

Icc (idle mode) is measured with: XTAL1 driven with clock signal according to the figure below; XTAL2 =
N.C.; EA# = Vss; Port 0 = vce; RST = Vss; all other pins are disconnected.

k]

Icc Mmax at other frequencies is given by:

active mode: IccMax = 1.5 « fosc + 2.0
idle mode: Icc Max = 0.4 = fosc + 2.0

where fosc is the oscillator frequency im MHz.  Icc values are given in mA and measured at Vcc =5 V
(see also notes 5 and 6)

Clock Signal Waveform for Icc Tests in Active and Idle Mode

Ve(-08 — -

0.45V

fene—!

MCT00033
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SAB 80C52/80C32

AC Characteristics for SAB 80C52/80C32

Vee=5V+10%;Vss=0V; Ta=0to 70°C; (SAB 80C52/80C32)
Ta=-40to + 85°C;(SAB 80C52/80C32 — T40/85)
Ta=—40to + 110 C; (SAB 80C52/80C32 — T40/110)

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

Symbol | Parameter Limit Values Unit
Variable clock
12 MHz clock 1/fcLeL = 0.5 to 12 MHz
min. max. min. max.

Program Memory Characteristics

fHLL ALE pulse width 127 - 2fcLel- 40 - ns
IaviL Address setup to ALE 53 - ferel— 30 - ns
LAt Address hold after ALE 48 - fcLel- 35 - ns
v ALE to valid instruction in - 233 - 4fcLc— 100 ns
e ALE to PSEN# 58 - fcel- 25 - ns
IPLPH PSEN# pulse width 215 - 3rcLe- 35 - ns
iriiv PSEN# to valid instruction in - 150 - 3icLel— 100 ns
IPxix Input instruction hold after PSEN 0 - 0 - ns
Pxiz1) Input instruction float after PSEN# - 63 - fcLel— 20 ns
Pxav) Address valid after PSEN# 75 - fcLel-8 - ns
aviv Address to valid instruction in - 302 - 5fcLoL-115 ns
PLAZ Address float to PSEN# - 0 - 0 ns

*) Interfacing the SAB 80C52/80C32 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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SAB 80C52/80C32

Symbol | Parameter Limit Values Unit
Variable clock
12 MHz clock 1/fcLeL = 0.5 to 12 MHz
min. max. min. max.
External Data Memory Characteristics
IRLRH RD# pulse width 400 - 6rcLeL— 100 - ns
fwLwH WR# pulse width 400 - 6cLcL— 100 - ns
fLiax2 Address hold after ALE 132 - 2fcLcL—35 - ns
LDV RD# to valid data in - 252 - 5fcLcl— 165 ns
IRHDX Data hold after RD# 0 - 0 - ns
RHDZ Data float after RD# - 97 - 2fcLe—70 ns
fLLov ALE to valid data in - 517 - 8fcLcL— 150 ns
Iavov Address to valid data in - 585 - 9rcLeL— 165 ns
fowe ALE to WR# or RD# 200 300 3fcLel— 50 3fcLeL + 50 ns
Invwi Address valid to WR# or RD# 203 - 4fcLo— 130 - ns
IWHLH WR# or RD# high to ALE high 43 123 foLcL—40 foLcL + 40 ns
favwx Data valid to WR# transition 33 - foLel— 50 - ns
favwH Data setup before WR# 433 - 7tciel— 150 - ns
wHax Data hold after WR# 33 - foLcL— 50 - ns
RLAZ Address float after RD# - 0 - 0 ns
External Clock Drive XTAL1
Symbol Parameter Limit Values Unit

Variable clock
Frequ. = 0.5 to 12 MHz

min. max.
foLcL Oscillator period 83.3 2000 ns
fcHex High time 20 foLcL- foLex ns
fcLex Low time 20 lcLoL- fcHex ns
feieH Rise time - 20 ns
fcHoL Fall time - 20 ns
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SAB 80C52/80C32

AC Characteristics for SAB 80C52-16/80C32-16
Vee=5V +10%;Vss=0V, Ta=0to+ 70 C (SAB 80C52/80C32)
Ta=-40to + 85°C (SAB 80C52/80C32 — T40/85)

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

Symbol | Parameter Limit Values Unit
Variable clock
16 MHz clock 1/fcree = 0.5 to 16 MHz
min. max. min. max.

Program Memory Characteristics

fHLL ALE pulse width 85 - 2fcLeL—- 40 - ns
IaviL Address setup to ALE 33 - fcret— 30 - ns
fLLaxi Address hold after ALE 28 - fcLel- 35 - ns
fuv ALE low to valid instruction in - 150 - 4rcie— 100 ns
fiipe ALE to PSEN# 38 - fcrel-25 - ns
IPLPH PSEN# pulse width 153 - 3foLe— 35 - ns
IPLiv PSEN# to valid instruction in - 88 - 3fcLet— 100 ns
Pxix Input instruction hold after PSEN 0 - 0 - ns
pxizt) Input instruction float after PSEN# | — 48 - fcei— 15 ns
PxAV) Address valid after PSEN# 60 - fcre-3 - ns
Iaviv Address to valid instruction in - 223 - SfcLec— 90 ns
LAz Address float to PSEN# 0 - 0 - ns

*) Interfacing the SAB 80C52/80C32-16 to devices with float times up to 55 ns is permissible. This limited
bus contention will not cause any damage to port 0 drivers.
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SAB 80C52/80C32

Symbol | Parameter Limit Values Unit
Variable clock
16 MHz clock 1/tcLer = 0.5 to 16 MHz
min. max. min. max.
External Data Memory Characteristics
RLRH RD# pulse width 275 - 6fcLcL— 100 - ns
WLWH WRH# pulse width 275 - 6fcLcL— 100 - ns
fLLaxe Address hold after ALE 90 - 2rcLo—- 35 - ns
bV RD# to valid data in - 148 - 5fcLoL— 165 ns
IRHDX Data hold after RD# 0 - 0 - ns
IRHDZ Data float after RD# - 55 - 2fcLc—70 ns
fiov ALE to valid data in - 350 - 8fcLcL— 150 ns
Iavov Address to valid data in - 398 - 9rcLeL— 165 ns
fwe ALE to WR# or RD# 138 238 3fcLeL— 50 3fcLeL + 50 ns
Iavwi Address valid to WR# or RD# 120 - 4fcLc— 130 - ns
BWHLH WR# or RD# high to ALE high 23 103 foLcL— 40 forcL + 40 ns
favwx Data valid to WR# transition 13 - foLoL— 50 - ns
favwH Data setup before WR# 288 - 7tcLcL— 150 - ns
BwHax Data hold after WR# 13 - fcLoL— 50 - ns
RLAZ Address float after RD# - 0 - 0 ns
External Clock Drive XTAL1
Symbol Parameter Limit Values Unit
Variable clock
Frequ. = 0.5 to 16 MHz
min. max.
feloL Oscillator period 62.5 2000 ns
fcHex High time 15 foLeL— foLex ns
forex Low time 15 foLci— foHex ns
tcLeH Rise time - 15 ns
fcHe Fall time - 15 ns
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SAB 80C52/80C32

ROM Verification Characteristics for SAB 80C52
TA=25C+5C;Vecc =5V +£10%; Vss =0V

Parameter Symbol Limit Values Unit
min. max.

Address to valid data favav - 48 fcLoL ns

ENABLE# to valid data feLav - 48 feioL ns

Data float after ENABLE# teraz 0 48 fcLoL ns

Oscillator frequency 1/tcioL 4 6 MHz

ROM Verification

P1.0-P17

P2.0- P24 {  Address > <

_favav
\
Port0 ~ ————— Data OUT | —
feav_, | Tenaz

P27

ENABLE # MCD00049
Address: P1.0-P1.7 = A0-A7 Inputs: P2.5-P2.6, PSEN# = Vss

P2.0-P2.4 =A8-A12 ALE, EA# = ViH

Data: Port 0 = D0-D7 RST = Vikt
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SAB 80C52/80C32

Waveforms

Program Memory Read Cycle

'LHLL

ALE Y / \
~ fave [~ [:-—'PLPH
== tuee
’.

LLIV

fouv—
PSEN # /
f
PLAZ f[Pi_lZ{‘F

— fliax Foxix
- 4
Port0 >—< A0-A7  Instr. IN AO-A7

fAVIV

Port2 X A8-A15 X AB-A15

MCT00908

Data Memory Read Cycle

ALE _/_-\
PSEN# [/

=—fuw
RO #
—~ b [=—
= axg)
> fAO-M from
Port0 RT or DPL
Favw
favov
Port2 g P20-P27 or AB-A15 from DPH x A8-A15 from PCH

MCT00909
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SAB 80C52/80C32

External Clock Cycle

045V
MCT00033
AC Testing: Input, Output Waveforms

Ver-
cc-03 7 0.2V +0.9

——

= Test Points

0.2V -01
0.45V
MCT00037

AC Inputs during testing are driven at vcc-0.5 V for a logic 1’ and 0.45 V for a logic '0'.
Timing measurements are made at Vit min for a logic '1” and ViL max for a logic *0’

AC Testing: Float Waveforms

Yioap+01V - \ Vou-01V
~—___ Timing Reference —
Yioan — Poi -
0A \ - Points \\7(
Vioap =01V VoL +0.1V
MCT00038

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 Vch/voL level occurs.
I0H/I0H= + 20 mA.
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SAB 80C52/80C32

Data Memory Write Cycle

~=|fwhLH

PSEN #

/|

=— i ——f———hw

N/

WR# IE /’
X
= fve [~ - favwx

— fuaxz i —
Sty

Fwax

4
AO-AT
Port 0 :>—< from R o DPL Dafa OUT

XX AO-A7 Instr.
from PCL IN

Tavwi

-
Port2 &‘ P20-P27 or AB-A15 from DPH

X A8-A1S from PCH

MCT00910

Recommended Oscillator Circuits

c
I l E12)] N
S05-12MHz
I 0516 MHz
; 2
f— 18(200y 1y 2

(=30pF+10pF
Crystal Oscillator Mode

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

External
Oscillator 19(21)
Signal

XTAL1

18(20)

N.C XTAL2

MCS00911
Driving from External Source
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SIEMENS

8-Bit Single Chip Microcontroller SAB 83515-4

Preliminary Data

SAB 83515-4 Microcontroller with factory mask-programmable ROM
SAB 83515-4-T3 ext. temperature range: —40to 85°C
SAB 83515-4-T4 ext. temperature range: —40to 110°C

16 K x 8 ROM

256 x 8 RAM

Six 8-bit I/O 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 levels

8-bit A/D converter with 8 multiplexed inputs and programmable internal reference
voltages

16-bit watchdog timer

Veo 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
Backward compatible with SAB 8051

Three temperature ranges available:

— SAB 83515-4: Oto 70°C

— SAB 83515-4-T3: —-40to 85°C

— SAB 83515-4-T4: —-40t0110°C

® 68-pin plastic leaded chip carrier package (PL-CC-68)

The SAB 83515-4 is a powerful member of the Siemens SAB 8051 family of 8-bit micro-
controllers. It is fabricated in + 5 V N-channel, silicon-gate Siemens MYMOS technology.

The SAB 83515-4 is a stand-alone, high-performance single-chip microcontroller based
on the SAB 8051 architecture. While maintaining all the SAB 8051 operating
characteristics, the SAB 83515-4 incorporates severai enhancements which significantly
increase design flexibility and overall system performance.

The SAB 83515-4 is functionally compatible with the SAB 80515 with exception of the
greater ROM size.

The SAB 83515-4 is supplied in a 68-pin plastic leaded chip carrier package (PL-CC-68).
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SAB 83515-4

Ordering Information

Type Ordering code | Package | Function
SAB 83515-4-N Q67120-C525 PL-CC-68 | 8-Bit single-chip microcontroller with
16 KByte mask-programmable ROM
Y prog
SAB 83515-4-N-T3 | Q67120-C536 PL-CC-68 | like SAB 83515-4, but with
ext. temperature range
SAB 83515-4-N-T4 | Q67120-C539 PL-CC-68 | like SAB 83515-4, but with
ext. temperature range
Pin Configuration Logic Symbol
(PL-CC-68)
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SAB 83515-4

Pin Definitions and Functions

Symbol Pin Number Input (1) Function
Output (O)
P4.0-P4.7 1-3, 5-9 110 Port 4 is an 8-bit quasi-bidirectional I/O port.
Port 4 can sink/source 4 LS-TTL loads.
VPD 4 Power Down Supply. If vrp is held within its specs

while vce drops below specs, Vep will provide
standby power to 40 bytes of the internal RAM.
When vep is low, the RAM’s current is drawn from
vecce.

RESET# 10 | A low level on this pin for the duration of two
machine cycles while the oscillator is running
resets the SAB 83515-4. A small internal pull-up
resistor permits power-on reset using only a
capacitor connected to Vss.

VAREF 11 Reference voltage for the A/D converter

VAGND - 12 Reference ground for the A/D converter
AN7-ANO 13-20 | Multiplexed analog inputs

P3.0-P3.7 21-28 110 Port 3 is an 8-bit quasi-bidirectional I/O 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 lods. 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 O input/ timer O 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
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SAB 83515-4

Pin Definitions and Functions (cont'd)

Symbol

Pin Number

Input (I)
Output (O)

Function

P1.7-P1.0

29-36

/10

Port 1 is an 8-bit quasi-bidirectional /O 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
pins of port 3, as follows:
— INT3#/CCO0 (P1.0): interrupt 3 input / compare 0
output / capture 0 input
interrupt 4 input / compare 1
output / capture 1 input
interrupt 5 input / compare 2
output / capture 2 input
interrupt 6 input / compare 3
output / capture 3 input
interrupt 2 input

timer 2 external reload
trigger input

system clock output
counter 2 input

— INT4/CC1 (P1.1):
— INT5/CC2 (P1.2):
— INT6/CC3 (P1.3):

— INT2# (P1.4):
- T2EX (P1.5):

— CLKOUT (P1.6):
- T2(P1.7):

VBB

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

XTALZ2 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 Vss when external
source is used on XTAL2.

P2.0

41-48

110

Port 2 is an 8-bit quasi-bidirectional I/O 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

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 83515-4

Pin Definitions and Functions (cont'd)

Symbol Pin Number | Input (1) Function
Output (O)
ALE 50 (e} Provides adress 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 at a TTL high level, the SAB 83515-4
executes instructions from the internal ROM when
the PC is less than 4000H. When held at a TTL low
level, the SAB 83515-4 fetches all instructions from
external program memory.

P0.0-P0.7 52-59 110 Port 0 is an 8-bit open-drain bidirectional I/O 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 /0 Port 5 is an 8-bit quasi-bidirectional 1/O port.
Port 5 can sink/source 4 LS-TTL loads.

vee 68 Power Supply

Vss 38 Ground (0 V)
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SAB 83515-4

Figure 1

Block Diagram

XTAL1 XTAL2
[}

r—— 1
V[[ 0————-4 !
v 0sc RAM ROM |
sS and Timing 256x8 16K x8 |
Vo o——nmt i
Vs © I |
| |
‘ ﬁ Port 0
PSEN#0=—]| Py —— PO 18 e
RESET#o | I E |
i
EA# o—e=] | I
ALE ome—rd] Watchdog P — 1‘ |
1 ‘ L port 1
P1 (8 ]
| ] — g-bit
| Timer 0 ———— i |
| |
| | |
i Timer 1 ————— P2 ) I Jg’?f[']tfz
| |
I Timer 2 ——— |
[ |
1
t3
| P3 I8 54
| Serial Port [ I
l
| I |
Baud Rate |
| Generator | Port b
| Pu |8 I =] 8-bit
ANO-ANT g AN Ll g bed A/ |
8-bit 1 MUX |
| |
| |
Vargr O t Programmable ps 18 L ]Port 5
Vaono© } Ref Voltages I 8-bit
L _J

MCB0059S

Siemens Aktiengesellschaft

432



SAB 83515-4

Functional Description
The members of the SAB 80515 family of microcontrollers are:

— SAB80515:  Microcontroller, designed in Siemens MYMOS technology,
with 8 Kbyte factory mask-programmable ROM

— SAB 80535: ROM-less version of the SAB 80515

— SAB 83515-4: Version of the SAB 80515 with 16 Kbyte factory mask-programmable
ROM

— SAB 80C515: Microcontroller, designed in Siemens ACMOS technology, with
8 Kbyte factory mask-programmable 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.

Principles of Architecture

The architecture of the SAB 83515-4 is based on the SAB 8051 microcontroller family.
The following features of the SAB 83515-4 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 83515-4 additionally contains 128 bytes of internal RAM and internal ROM,
which results in a total of 256 bytes of RAM and 16 Kbytes of ROM on chip.

The SAB 83515-4 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 83515-4 has a powerful interrupt structure with 12 vectors and

4 programmable priority levels.

Figure 1 shows a block diagram of the SAB 83515-4.

Siemens Aktiengesellschaft 433



SAB 83515-4

CPU

The SAB 83515-4 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 83515-4 manipulates operands in the four memory address spaces described in
the following (Figure 2 illustrates the memory address spaces of the SAB 83515-4).

Program Memory

The SAB 83515-4 has 16 Kbytes of on-chip ROM. The program memory can be

externally expanded up to 64 Kbytes. If the EA# pin is held high, the SAB 83515-4
executes out of internal ROM unless the address exceeds 3FFFH. Locations 4000H
through OFFFFH are then fetched from the external program memory. If the EA# pin is held
low, the SAB 83515-4 fetches all instructions from the external program memory.

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.

All registers, except the program counter and the four 8-register banks, reside in the
special function register area. The 42 special function registers (SFR's) 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.
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SAB 83515-4

Table 1
Special Function Register
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 0O, low byte 8AH
T Timer 1, low byte 8BH
THO Timer 0, high byte 8CH
TH1 Timer 1, high byte 8DH
* P1 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
* IEN1 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 0CCH
TH2 Timer 2, high byte 0CDH
* PSW Program status word register 0DOH
* ADCON A/D converter control register 0D8H
ADDAT A/D converter data register 0D9H
DAPR A/D converter program register ODAH
* ACC Accumulator OEOH
* P4 Port 4 OE8H
* B B register OFOH
* P5 Port 5 OF8H

The SFR’s marked with an asterisk (*) are bit and byte-addressable.
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SAB 83515-4

Figure 2

Memory Address Spaces
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SAB 83515-4

I/0 Ports

The SAB 83515-4 has six 8-bit /O 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/O ports with internal
pullup resistors. That means, when configured as inputs, ports 1 to 5 will be pulled high
and will source current when externally pulled low. Port 0 will fioat 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/CCA 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 O input, timer 0 gatércontrol o
P3.3 INT1# External interrupt 1 input, timer 1 gate control
P3.4 TO Timer 0 external counter input
P3.5 T1 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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SAB 83515-4

Timer/Counters

The SAB 83515-4 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:  8-bit timer/counter with 32:1 prescaler
Mode 1:  16-bit timer/counter

Mode 2:  8-bit timer/counter with 8-bit auto-reload

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 83515-4 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. Corresponding 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 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.

— 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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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 charges 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
overflow causes no output change.
Figure 3

Block Diagram of Timer/Counter 2
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SAB 83515-4

Serial Port

The serial port of the SAB 83515-4 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 R x D. T x D 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 R x D) or received (through T x D): 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 R x D) or received (through T x D): a start bit (0),
8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1). The baud
rate is programmabile to either 1/32 or 1/64 of the oscillator frequency.

Mode 3: 11 bits are transmitted (through T x D) or received (through R x D): 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.

A/D Converter

The 8-bit A/D converter of the SAB 83515-4 has eight multiplexed analog inputs and uses
the successive approximation method.

Conversion can be programmed 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 Vinurer and Vinaeno 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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SAB 83515-4

Interrupt Structure

The SAB 83515-4 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
Rl + Tl Serial port interrupt 0023H
TF2 + EXF2 Timer 2 interrupt 002BH
IADC A/D converter interrupt 0043H
EXg 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
or 6 are combined with the corresponding 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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SAB 83515-4

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 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.
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SAB 83515-4

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
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
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SAB 83515-4

Instruction Set Summary (cont'd)

Mnemonic ] Description | Byte | Cycle

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
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 ‘éccumulator 1 1
XRL Adirect 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

Siemens Aktiengesellschaft 447



SAB 83515-4

Instruction Set Summary (cont'd)

Mnemonic [ Description | Byte J Cycle
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 direct, @R 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 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

e
-

*) MOV A, ACC is not a valid instruction
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SAB 83515-4

Instruction Set Summary (cont'd)

Mnemonic I 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
JINZ 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
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
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SAB 83515-4

Instruction Set Summary (cont'd)

Mnemonic [ Description l Byte l Cycle

Boolean variable manipulation

CLR (o} 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

Notes on data addressing modes:

Rn — Working register RO — R7

direct — 128 internal RAM locations, any 1/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 constant included as bytes 2 and 3 of instruction

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

A — Accumulator

Notes on program addressing modes

addr 16 — Destination address for LCALL and LUMP 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.

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.
All mnemonics copyrighted © Intel Corporation 1980
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SAB 83515-4

Instruction Op Codes in Hexadecimal Order

Hex- Num- | Mnemonic|Operands Hex-|Num- |Mnemonic|Operands
code|ber of code| ber of
Bytes Bytes
00 |1 NOP 25 |2 ADD A, data addr
01 |2 AJMP code adadr 26 |1 ADD A, @R0O
02 LJMP code addr 27 ADD A, @R1
03 RR A 28 ADD A, RO
04 INC A 29 ADD A, R1
05 INC data adadr 2A ADD A, R2
06 INC @RO 2B ADD A, R3
07 INC @R1 2C ADD A, R4
08 INC RO 2D ADD A, R5
09 INC R1 2E ADD A, R6
0A INC R2 2F ADD A, R7
0B INC R3 30 JNB bit addr, code addr
oC INC R4 31 ACALL code adadr
oD INC R5 32 RETI
OE INC R6 33 RLC A
OF INC R7 34 ADDC A, #data

N = = N W~ — = 4 4 4 a2 2 WN W = = 4 )= =W
4 A O PPN WMNMNODN - = 4 2 a0 A NN = 2N W =

10 JBC bit addr, code addr 35 ADDC A, data addr
11 ACALL code adadr 36 ADDC A, @RO

12 LCALL code addr 37 ADDC A, @R1

13 RRC A 38 ADDC A, RO

14 DEC A 39 ADDC A, R1

15 DEC data addr 3A ADDC A, R2

16 DEC @RO 3B ADDC A, R3

17 DEC @R1 3C ADDC A, R4

18 DEC RO 3D ADDC A, R5

19 DEC R1 3E ADDC A, R6

1A DEC R2 3F ADDC A, R7

1B DEC R3 40 JC code addr
1C DEC R4 41 AJMP code addr
1D DEC R5 42 ORL data addr, A
1E DEC R6 43 ORL data addr, #data
1F DEC R7 44 ORL A, #data

20 JB bit addr, code addr 45 ORL A, data addr
21 AJMP code addr 46 ORL A, @RO

22 RET 47 ORL A, @R1

23 RL A 48 ORL A, RO

24 ADD A, #data 49 ORL A, R1
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SAB 83515-4

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex-|Num- |Mnemonic|Operands Hex-|Num- |Mnemonic|Operands
code|ber of code| ber of

Bytes Bytes
4A |1 ORL A, R2 6F |1 XRL A, R7
B |1 ORL A, R3 70 |2 JNZ code addr
4C |1 ORL A, R4 71 |2 ACALL code addr
4D |1 ORL A, R5 72 |2 ORL C, bit addr
4E |1 ORL A, R6 73 1 JMP @A + DPTR
4F |1 ORL A, R7 74 |2 MOV A, #data
50 |2 JNC code addr 75 |3 MOV data addr, #data
51 |2 ACALL code addr 76 |2 MOV @RO, #data
52 |2 ANL data addr, A 77 |2 MOV @RT1, #data
53 |3 ANL data addr, #data 78 |2 MOV RO, #data
54 |2 ANL A, #data 79 |2 MOV R1, #data
55 |2 ANL A, data addr 7A |2 MOV R2, #data
56 |1 ANL A, @RO 7B |2 MOV R3, #data
57 1 ANL A, @R1 7C |2 MOV R4, #data
58 |1 ANL A, RO 7D |2 MOV R5, #data
59 |1 ANL A R1 7E |2 MOV R6, #data
5A |1 ANL A, R2 7F |2 MOV R7, #data
5B |1 ANL A, R3 80 |2 SJMP code addr
5C |1 ANL A, R4 81 2 AJMP code addr
5D |1 ANL A, R5 82 |2 ANL C, bit addr
5E |1 ANL A, R6 83 |1 MOVC A, @A + PC
5F |1 ANL A, R7 84 |1 DIv AB
60 |2 Jz code addr 85 |3 MOV data addr, data addr
61 2 AJMP code adadr 86 |2 MOV data addr, @R0
62 |2 XRL data addr, A 87 |2 MOV data addr, @R1
63 |3 XRL data addr, #data 88 |2 MOV data addr, RO
64 |2 XRL A, #data 89 |2 MOV data addr, R1
65 |2 XRL A, data addr 8A |2 MOV data addr, R2
66 |1 XRL A, @RO 8B |2 MOV data addr, R3
67 |1 XRL A, @R1 8C |2 MOV data addr, R4
68 1 XRL A, RO 8D |2 MOV data addr, R5
69 |1 XRL A, R1 8E |2 MOV data addr, R6
6A |1 XRL A, R2 8F |2 MOV data addr, R7
6B |1 XRL A, R3 90 |3 MOV DPTR, #data
6C |1 XRL A, R4 N 2 ACALL code adadr
6D |1 XRL A, R5 92 |2 MOV bit addr, C
6E |1 XRL A, R6 93 |1 MOVC A, @A + DPTR
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SAB 83515-4

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex-|Num- |Mne- Operands Hex- | Num- |Mne- Operands
code| ber of |monic code|ber of |monic
Bytes Bytes
94 |2 SUBB |A, #data B8 |3 CJNE RO, #data, code addr
95 |2 SUBB |A, data addr B9 |3 CJNE |R1, #data, code addr
96 |1 SUBB [A, @RO BA |3 CJINE R2, #data, code addr
97 |1 SUBB |A, @R1 BB |3 CJUNE R3, #data, code addr
98 |1 SUBB |A RO BC |3 CJNE R4, #data, code addr
99 |1 SUBB |A, R1 BD |3 CJNE R5, #data, code addr
9A |1 SUBB |A, R2 BE |3 CJUNE R6, #data, code addr
9B |1 SuBB A, R3 BF |3 CJNE R7, #data, code addr
9C |1 SUBB A, R4 co |2 PUSH data addr
9D |1 SUBB A, R5 Cc1 |2 AJMP  |code addr
9E |1 SUBB |A, R6 c2 |2 CLR bit addr
9F |1 SUBB A, R7 C3 |1 CLR C
A0 |2 ORL C, /bit addr C4 |1 SWAP |A
Al |2 AJMP code addr C5 |2 XCH A, data addr
A2 |2 MOV C, bit addr C6 |1 XCH A, @R0O
A3 |1 INC DPTR c7 |1 XCH A, @R1
A4 |1 MUL AB c8 |1 XCH A, RO
A5 reserved co 1 XCH A, R1
A6 |2 MOV @RO, data addr CA |1 XCH A, R2
A7 |2 MOV @R1, data addr CB |1 XCH A, R3
A8 |2 MOV RO, data addr cC |1 XCH A, R4
A9 |2 MOV R1, data addr CD |1 XCH A, R5
AA |2 MOV R2, data addr CE |1 XCH A, R6
AB |2 MOV R83, data adadr CF |1 XCH A, R7
AC |2 MOV R4, data addr DO |2 POP data adadr
AD |2 MOV R5, data addr D1 |2 ACALL |code adadr
AE |2 MOV R6, data addr D2 |2 SETB |bit addr
AF |2 MOV R7, data addr D3 |1 SETB |C
BO (2 ANL C, /bit addr D4 1 DA A
B1 |2 ACALL |code addr D5 |3 DJNZ data addr, code addr
B2 |2 CPL bit addr D6 |1 XCHD |A, @RO
B3 |1 CPL C D7 |1 XCHD |A, @R1
B4 |3 CJINE A, #data, code addr D8 |2 DJNZ RO, code addr
B5 |3 CJNE A,data addr, codeaddr D9 |2 DJNZ R1, code addr
B6 |3 CJUNE @RO, #data, DA |2 DJNZ R2, code addr
code addr DB |2 DJNZ R3, code adadr
B7 |3 CIJNE |@R1, #data, DC |2 DJNZ R4, code adadr
code addr DD |2 DJNZ R5, code addr
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SAB 83515-4

Instruction Ob Codes in Hexadecimal Order (cont'd)

Hex-|Num- |Mnemonic|Operands Hex-|Num- | Mnemonic|Operands
code|ber of code| ber of

bytes bytes
DE |2 DJNZ R6, code addr EF |1 MOV A, R7
DF |2 DJNZ R7, code addr FO |1 MOVX @DPTR, A
EO |1 MOVX A, @DPTR F1 |2 ACALL code addr
E1 |2 AJMP code addr F2 |1 MOVX @RO0, A
E2 |1 MOVX A, @RO F3 |1 MOVX @R1, A
E3 |1 MOVX A, @R1 F4 |1 CPL A
E4 |1 CLR A F5 |2 MOV data addr, A
E5 |2 MOV A, data addr*) F6 |1 MOV @RO, A
E6 |1 MOV A, @RO F7 |1 MOV @R1, A
E7 |1 MOV A, @R1 F8 |1 MOV RO, A
E8 |1 MOV A, RO F9 |1 MOV R1, A
E9 |1 MOV A R1 FA |1 MOV R2, A
EA |1 MOV A, R2 FB |1 MOV R3, A
EB |1 MOV A, R3 FC |1 MOV R4, A
EC |1 MOV A, R4 FD |1 MOV R5, A
ED |1 MOV A, R5 FE |1 MOV R6, A
EE |1 MOV A, R6 FF |1 MOV R7, A
*) MOV A,ACC is not a valid instruction
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SAB 83515-4

Absolute Maximum Ratings

Ambient temperature under bias Oto+ 70°C (SAB 83515-4)
—-40to+ 85°C (SAB 83515-4-T3)
—40to+110°C (SAB 83515-4-T4)

Storage temperature —-65t0+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; Ta= 0to  70°C for SAB 83515-4
Ta=-40to + 85°C for SAB 83515-4-T3
Ta=—-40to + 110 °C for SAB 83515-4-T4

Symbol | Parameter Limit Values Unit Test condition
min. max.
ViL Input low voltage -05 0.8 \ -
ViH Input high voltage 2.0 vec+0.5 |V -
(except RESET# and XTAL2)
VIH1 Input high voltage to XTAL2 25 vec+0.5 |V XTAL1 to vss
ViH2 Input high voltage to RESET# 3.0 - Vv
VPD Power-down voltage 3 5.5 \ vec=0V
VoL Output low voltage, ports 1, 2, 3, 4, 5 - 0.45 A loL=16mA 1)
VoLt Output low voltage, port 0, ALE, PSEN# - 0.45 Vv JoL=32mA 1)
VoH Output high voltage, ports 1, 2, 3, 4,5 2.4 - Vv IOH = — 80 pA
VOH1 Output high voltage, port 0, ALE, PSEN# 2.4 - \ IoH = — 400 pA
I Logic 0 input current, ports 1, 2, 3, 4, 5 - — 800 uA ViL=0.45V
N2 Logic 0 input current, XTAL2 - -25 mA XTAL1 = vss
viL=0.45V
s Input low current to RESET# for reset - - 500 pA viL=0.45V
10 Input leakage current - +1 uA 0V<vin<Voe
to port 0, EA#, ANO-AN7
Icc Power supply current mA all outputs
SAB 83515-4 - 230 disconnected
SAB 83515-4-T3 - 250
SAB 83515-4-T4 - 250
IPD Power-down current - 3 mA vee=0V
Cio Capacitance of I/O buffer - 10 pF fc=1MHz

1) Capacative loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the voL of
ALE and ports 1, 3, 4, 5. The noise is due to external bus capacitance discharging into the port 0 and
port 2 pins when these pins make 1-0 transitions during bus operation.
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SAB 83515-4

A/D Converter Characteristics

Vee =5V £10 %; Vss =0 V; Varer = Vec £ 5 %; Vaeno = Vss + 0.2 V;

Vintarer — Vintagno 2 1 V;

Oto

70 °C for SAB 83515-4
Ta=—40to + 85°C for SAB 83515-4-T3
Ta=-40to + 110 °C for SAB 83515-4-T4

Symbol | Parameter Limit Values Unit Test Condition
min. typ. max.
VAINPUT Analog input voltage VAGND | — VAREF \ -
-0.2 +0.2
CL Analog input capacitance - 25 - pF 1)
n Load time - - 2tcy | us -
Is Sample time (incl. load time) - - 5tcy |us -
tc Conversion time (incl. sample time) - - 15tcy | us -
DNLE Differential non-linearity - +1/2 LSB VINtAREF =
INLE Integral non-linearity - +1/2 LSB VAREF = VCC
Offset error +1/2 + LSB VINtAGND =
Gain error +1/2 +1 LSB VAGND = Vss
TUE Total unadjusted error +1 +2 LSB 1)
IREF VAREF supply current - - mA 2)
VIntREFERR | Internal reference error - +5 +15 mV 2)

1) The internal resistance of the analog source must be low enough to assure full loading of the sample
capacitance (C 1) during load time (fL). After charging of the internal capacitance (C 1) in the load time (£.)
the analog input must be held constant for the rest of the sample time (fs).

2) The differential impedance r b of the analog reference voltage source must be less than 1 ko at reference

supply voltage.
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SAB 83515-4

AC Characteristics

Vee =5V =10 %; Vss = 0 V; Cu for port 0, ALE and PSEN# outputs = 100 pF; Cu for all
other outputs =80 pF; Ta= 0to  70°C for SAB 83515-4

Ta=-40to + 85°C for SAB 83515-4-T3
Ta=-40to + 110 °C for SAB 83515-4-T4

Symbol Parameter Limit Values Unit

12 MHz Variable clock

clock 1/fcLeL = 1.2 to 12 MHz

min. max. | min. max.

Program Memory Characteristics
fey Cycle time 1000 |- 20 foie - ns
ILHLL ALE pulse width 127 - 2 fcieL — 40 - ns
tAavLL Address setup to ALE 53 - fcier — 30 - ns
ILLAxt Address hold after ALE 48 - fcleL - 35 - ns
v ALE to valid instruction in - 233 - 4 fcet—100 | ns
fueL ALE to PSEN# 58 - feieL - 25 - ns
IPLPH PSEN# pulse width 215 - 3 fccL—35 - ns
truiv PSEN# to valid instruction in - 150 - 3fclc,—100 | ns
IPxix Input instruction hold after PSEN# 0 - 0 - ns
trxiz ) | Input instruction float after PSEN# - 63 - foeL — 20 ns
texav 1)} Address valid after PSEN# 75 - fcleL -8 - ns
taviv Address to valid instruction in - 302 - 5 fcicL - 115 ns
IazPL Address float to PSEN# 0 - 0 - ns
External Data Memory Characteristics
IRLRH RD# pulse width 400 - 6 fcLcL—100 | — ns
twiwH WR# pulse width 400 - 6 fcict—100 | — ns
fLLAx2 Address hold after ALE 132 - 2 fcieL - 35 - ns
fLDV RD# to valid data in - 252 |- 5fcLcL— 165 | ns
fRHDX Data hold after RD# 0 - 0 - ns
tRHDZ Data float after RD# - 97 - 2 fcleL — 70 ns
fuov ALE to valid data in - 517 - 8fcicL—150 | ns
favov Address to valid data in - 585 - 9 fcLeL — 165 ns
fuwe ALE to WR# or RD# 200 300 3 fcLeL - 50 3 fcieL + 50 ns
TAavwi Address to WR# or RD# 203 - 4 fclel—130 | - ns
TWHLH WR# or RD# high to ALE high 43 123 foLcL - 40 fcLeL + 40 ns
favwx Data valid to WR# transition 33 - fcieL - 50 - ns
favwx Data setup before WR# 433 - 7 fclel—150 | — ns
IwHax Data hold after WR# 33 - foLer — 50 - ns
RLAZ Address float after RD# - 0 - 0 ns

1) Interfacing the SAB 83515-4 to devices with float times up to 75 ns is permissible.

This limited bus contention will not cause any damage to port 0 drivers.
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SAB 83515-4

AC Characteristics (cont'd)

Symbol Parameter Limit Values Unit
Variable clock
Freq.=1.2to 12 MHz
min. max.

External Clock Drive XTAL2

feroL Oscillator period 83.3 833.3 ns
fcHex High time 20 foreL — foLox ns
feLex Low time 20 fcLoL — fcHex ns
feLeH Rise time - 20 ns
fcHeL Fall time - 20 ns

External Clock Cycle

fEHEL
——

“ ,CH(X“' -

MCT 00025

AC Testing Input, Output, Float Waveforms
2.4

20 20

Test Points
0.8 08

————— Float ——

2.0 2.4

0.8 0.45
MCA00024

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

Timing measurements are made at 2.0 V for a logic "1" and at 0.8 V 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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SAB 83515-4

AC Characteristics (cont'd)

Symbol Parameter Limit Values Unit
12 MHz Variable clock
clock 1/fcreL = 1.2 to 12 MHz
min. max. | min. Lmax.

System Clock Timing

fLiLsH ALE to CLKOUT 543 - 7 tcioL — 40 - ns
IsHsL CLKOUT high time 127 - 2 fcieL — 40 - ns
fsLsH CLKOUT low time 793 - 10 feict —40 | — ns
JSL] CLKOUT low to ALE high 43 123 foLcL — 40 fcioL + 40 ns

System Clock Timing

fSLLH

\'

ALE / L ’ \
fiisu TsusL = fish

CLK OUT J \ . ] \
fSLSH
RD# WR# \ /

Program Memory Access Data Memory Access MCT00083
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SAB 83515-4

ROM Verification Characteristics

Ta=25°C+5°C;Vec=5V+10%;Vss=0V

Symbol Parameter Limit Values Unit
min. max.
tavav Address to valid data - 48 foLcL ns
teav ENABLE to valid data - 48 fcLc ns
teHaz Data float after ENABLE 0 48 feLel ns
1/tcLeL Oscillator frequency 12 MHz
ROM Verification
P10-P1.7 ( Add
. ress
P20-P2.5 -
. fAVOV '
Port 0 -——-{ Data OUT
P2.7
ENABLE # MCD005%0
Address: P1.0-P1.7 = A0-A7
P2.0-P2.5 = A8-A13
Data: Port 0 =DO0-D7
Inputs: P2.6, PSEN# =Vss
ALE, EA# =VIH
RESET# =ViL

Siemens Aktiengesellschaft

460




SAB 83515-4

Waveforms
Program Memory Read Cycle
I fey |
f—=t=——tuv—]
flieL | }/—‘
ALE | \
PSEN# ___/_ 1/_
= fuaxa I
= e ™ . PXIX
PORT 0 [nsfr‘IN>——< AT - A0 —{Instr.IN AT - AO >—<Insfr, IN >—
v !
Address >< R R
PORT2 Of SFR-P2 Address A15-A8 >< Address A15-A8
MCT 00021
Data Memory Read Cycle
fliov | = hanin ==
ALE /
PSE /
N# R — R
RD# ‘
) . )
=T /
Y h
Tavwi | RLOV
! Trriox
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Data Memory Write Cycle
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SIEMENS

High-Performance 16-Bit SAB 80C166/83C166
CMOS Single-Chip Microcontrollers
for Embedded Control Applications

Advance Information

SAB 83C166-3S  16-bit Microcontroller with 8K Mask-Programmable ROM
SAB 80C166-S 16-bit Microcontroller for External Program Memory

High Performance 16-bit CPU with 4-Stage Pipeline

100 ns Instruction Cycle Time at 20 MHz CPU clock

500 ns Multiplication (16x16 bits), 1 us Division (32-/16 bit)

Enhanced Boolean Bit Manipulation Facilities

Register-Based Design with Multiple Variable Register Banks

Single-Cycle Context Switching Support

256 Kbytes Linear Address Space for Code and Data

1 Kbyte On-Chip RAM

8 Kbytes On-Chip ROM (for the SAB 83C166, only)

512 bytes On-Chip Special Function Register Area

8-Channel Interrupt-Driven Single-Cycle Data Transfer Facilities via Peripheral Event
Controller (PEC)

16-Priority-Level Interrupt System

10-Channel 10-bit A/D Converter with 9.75 us Conversion Time

16-Channel Capture/Compare Unit

2 Multi-Functional General Purpose Timer Units

2 Serial Channels (USARTSs)

Programmable Watchdog Timer

76 General Purpose I/O Lines

Temperature Range: 0 to 70 “C (in preparation: — 40 to 85 °C, — 40 to 110 "C)
1.2 micron Siemens Low-Power CMOS Process

Complete Set of Development Tools 'C’-Compiler, Macro Assembler, Linker, Locater,
Librarian, Simulator, Emulator, Evaluation Board

100 Pin Plastic Quad Flat Pack (PQFP) Package

465 03.90




SAB 80C166/83C166

Introduction

The SAB 80C166 and the SAB 83C166 are the first representatives of the new Siemens
SAB 80C166 family of full featured single-chip CMOS microcontrollers. They combine
high CPU performance (up to 10 million instructions per second) with high peripheral

functionality.

Figure 1
Logic Symbol
VCC VSS
XTAL1 ——>
XTAL2 +—— forto
RSTIN# — Port 1
RSTOUT4— 16 Bit
SAB
VAREF ] 80C166/ Port 2
Vaguo ———  83C166 16 Bit
NMlg  ———» 1p§rtt3|:t3
EBCO —¥ Port 4
EBC1 —— 2 Bit
ALE D — Port 5
RD# 10 Bit
MCL00755
Ordering Information
Type Ordering code Package Function
SAB 83C166-3S | Q67120-C552 P-QFP-100 16-bit microcontroller with 8 K
mask-programmable ROM
SAB 80C166-S Q67120-C493 P-QFP-100 16-bit microcontroller for
external program memory
TANERRS Py J
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Figure 2
Pin Configuration (Top View)

LXooce
oo =0
it . 55333333%% &%
CE#wSo hnax u:af:ﬂ:::ea; Lam3
LREIBRYYVLLSIZgR288888YYeR
13 1100 ‘ 89
88 f——— P0.5/ADS
O E——— P0.4L/ADG
F———1 P0.3/AD3
F—— P0 2/AD2
F—— P0.1/AD1
——— P0.0/ADO
——1 P315/CLKOUT
P16/AS F——3 P314/READY#
P17A7 —— P313/WR#
Voo = — V5
g — —— Ycc
P1.8/A8 T—— ——— P312/BHE#
P19/A9 ] F———1 P311/RxD0
P110/A10 T —— P3.10/TxD0
P111/AT /] ——"1 P3.9/RxD1
P1.12/A12 =— F———1 P3.8/Tx01
P1.13/A13 — —— P3.7/T2IN
P1L/ATL 1 P3.6/T3IN
P1.15/A15 —/— 1 P3.5/T4IN
PS.0/AN0 ——] ——1 P34/T3EUD
PS5 1/ANT F— P3.3/T30UT
PS.2/AN2 ——] F——= P3.2/CAPIN
PS5 .3/AN3 —] =1 P3.1/T60UT
PS 4/ANL T—— /3 P30/TOIN
PS5 S/ANS == 38 b == \
39 63
LOWo™ N [eNeoNe] o0 0o 00000 v
BEESETADSERESRERES8ERREY e
Ss3=3a SBEgS8o8ooEEE5EE
£4£% S5ST3I035378:25R3s
&aaaamm&ma&lgaggg

Siemens Aktiengesellschaft 467



SAB 80C166/83C166

Pin Definitions and Functions

Symbol

Pin
Number

Input (1)
Output (O)

Function

P4.0 -
P41

1.2

N =

110

[e)Xe}

Port 4 is a 2-bit bidirectional I/O port. It is bit-wise programmable
for input or output via a direction bit. For a pin configured as input,
the output driver is put into high-impedance state.

In case of an external bus configuration, Port 4 is used for output of
the two segment address lines supposed that segmentation is
enabled:

P4.0 A16 Lower segment address line
P4.1 A17 Higher segment address line

XTALA1

XTAL2

XTAL1: Input to the oscillator amplifier and input to the internal
clock generator

XTAL2: Output of the oscillator amplifier circuits.

To drive the device from an external source, XTAL1 should be driven

while XTAL2 is left unconnected. Minimum and maximum high/low

and rise/fall times specified in the AC Characteristics must be

observed.

EBCO
EBC1

o ©

External Bus Configuration selection inputs. These pins are sampled
during reset and select either the single chip mode or one of the
three external bus configurations, as follows:
EBC1 EBCO Mode Bus Configuration
0 0 Single Chip Mode
1 1 16/18-bit addresses, 8-bit data,
multiplexed bus
1 0 16/18-bit addresses, 16-bit data,
multiplexed bus
1 1 16/18-bit addresses, 16-bit data,
non-multiplexed bus

RSTIN#

Reset Input with Schmitt-Trigger characteristics. A low level at this
pin for a specified duration while the oscillator is running resets the
SAB 80C166/83C166. An internal pullup resistor permits power-on
reset using only a capacitor connected to vV ss

RSTOUT#

Internal Reset Indication Output. This pin is set to a low level when
the part is executing either a hardware-, a software- or a watchdog
timer reset. RSTOUT# remains low until the EINIT (end of
initialization) instruction is executed.

NMI#

Non-Maskable Interrupt Input. A high to low transition at this pin

4im
=

. When the
PWRDN (power down) instruction is executed, the NMI# pin must
be low in order to force the SAB 80C166/83C166 to go into power
down mode. If NMl# is high when PWRDN is executed, the part will
continue to run in normal mode.

ALE

10

Address latch enable output. Can be used for latching the address
into external memory or an address latch in the multiplexed bus
modes.

RD#

11

External memory read control signal. RD# is activated for every
external instruction or data read access.

Siemens Aktiengesellschaft

468



SAB 80C166/83C166

Pin Definitions and Functions (cont'd)

Symbol Pin Input () Function
Number | Output (O)
P1.0- 15-22 o] Port 1 is a 16-bit bidirectional I/O port. It is bit-wise programmable
P1.15 25-32 for input or output via a direction bit. For a pin configured as input,
the output driver is put into high-impedance state.
Port 1 is also used as the 16-bit address bus (A) in the non-
multiplexed bus mode.
15-22 (0] 16-bit address bus, non multiplexed:
25-32 o} P1.0-P1.15 AO0-A15
P5.0 - 33-38 | Port 5 is a 10-bit input port with Schmitt-Trigger characteristics.
P5.9 41 - 44 | The pins of Port 5 are also used as the analog input channels for the
A/D converter as listed below:
33 | P5.0 ANO Analog input channel 0
34 I P5.1 AN1 Analog input channel 1
35 | P5.2 AN2 Analog input channel 2
36 [ P5.3 AN3 Analog input channel 3
37 | P5.4 AN4 Analog input channel 4
38 | P5.5 ANS5 Analog input channel 5
41 | P5.6 AN6 Analog input channel 6
42 | P5.7 AN7 Analog input channel 7
43 | P5.8 ANS8 Analog input channel 8
44 | P5.9 AN9 Analog input channel 9
P2.0 - 47 - 62 110 Port 2 is a 16-bit bidirectional I/O port. It is bit-wise programmable
P2.15 for input or output via a direction bit. For a pin configured as input,
the output driver is put into high-impedance state.
The pins of Port 2 are also used as the capture inputs or compare
outputs for the CAPCOM unit as listed in the following table:
47 110 P2.0 CCO0IO  Register CCO capture input/compare output
48 110 P2.1 CC110 Register CC1 capture input/compare output
49 /0 pP2.2 CC2I0  Register CC2 capture input/compare output
50 110 P2.3 CC3I0  Register CC3 capture input/compare output
51 110 P2.4 CC4Il0 Register CC4 capture input/compare output
52 /10 P2.5 CC5I0  Register CC5 capture input/compare output
53 /10 P2.6 CC6l0 Register CC6 capture input/compare output
54 [l{e] pP2.7 CC710  Register CC7 capture input/compare output
55 /0 P2.8 CC8Io Register CC8 capture input/compare output
56 /10 P2.9 CC9I0  Register CC9 capture input/compare output
57 1/0 P2.10 CC10l0 Register CC10 capture input/compare output
58 110 P2.11 CC1110  Register CC11 capture input/compare output
59 110 P2.12 CC12I0 Register CC12 capture input/compare output
60 /10 P2.13 CC13l0 Register CC13 capture input/compare output
61 1/0 P2.14 CC1410 Register CC14 capture input/compare output
62 l{e] P2.15 CC15l0 Register CC15 capture input/compare output
P3.0 - 65-77 110 Port 3 is a 16-bit bidirectional I/O port. It is bit-wise programmable
P3.15 80-82 /0 for input or output via a direction bit. For a pin configured as input,
the output driver is put into high-impedance state.
The pins of Port 3 are also used for various functions such as timer
inputs and outputs and bus control signals. The alternate functions
of the Port 3 pins are listed in the following:
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Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Number | Output (O)
P3.0 - 65 | P3.0 TOIN Timer 0 count input
P3.15 66 (0] P3.1 T60OUT  Timer 6 toggle latch output
(cont'd) 67 | P3.2 CAPIN CAPREL register capture input
68 (0] P3.3 T30UT  Timer 3 toggle latch output
69 | P3.4 T3EUD  Timer 3 external up/down control input
70 | P3.5 T4IN Timer 4 count/gate/reload/capture input
71 | P3.6 T3IN Timer 3 count/gate/input
72 | P3.7 T2IN Timer 2 count/gate/reload/capture input
73 o P3.8 TxD1 Serial Channel 1 clock output in synchronous
mode; data output in asynchronous mode
74 1o} P3.9 RxD1 Serial Channel 1 data input/output in
synchronous mode; data input in asynchronous
mode
75 o} P3.10  TxDO Serial Channel 0 clock output in synchronous
mode; data output in asynchronous mode
76 110 P3.11  RxDO Serial Channel 0 data input/output in
synchronous mode; data input in asynchronous
mode
77 O P3.12 BHE# External memory byte enable control signal
80 O P3.13  WR# External memory write control signal
81 | P3.14 READY# Ready input
82 [e] P3.15  CLKOUT System clock output (oscillator frequency/2)
P0.0 - 83-90 /0 Port 0 is a 16-bit bidirectional I/O port. In case of the Single Chip
P0.15 93-100 |O Mode, Port 0 is bit-wise programmable for input or output via a
direction bit. For a pin configured as input, the output driver is put
into high-impedance state.
In case of an external bus configuration, Port 0 serves as the
address (A) and address/data (AD) bus in the multiplexed bus modes
and as the data (D) bus in the non-multiplexed bus mode.
16-/18-bit addresses, 8-bit data, multiplexed bus:
83 -90 110 P0.0 - PO.7 ADO - AD7
93-100 |O P0.8 - P0.15 A8 - A15
16-/18-bit addresses, 16-bit data, multiplexed bus:
83-90 110 P0.0- P0.15 ADO - AD15
93-100 16-/18-bit addresses, 16-bit data, non-multiplexed bus:
83-90 /0 P0.0 - P0.15 DO - D15
93 - 100
vee 3,23, Digital supply voltage:
46, 64 +5 V during normal operation and idle mode
78, 92 >2.5 V during power down mode
vss 6,7,24 Digital ground
45, 63,
79, 91
VAREF 39 Reference voltage for the A/D converter
VAGND 40 Reference ground for the A/D converter
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Functional Description

The architecture of the SAB 80C166 combines advantages of both RISC and CISC
processors and of advanced peripheral subsystems in a very well-balanced way. The
following block diagram gives an overview of the different on-chip components and of the
advanced, high bandwidth internal bus structure of the SAB 80C166.

Note: In this description, any reference to the SAB 80C166 also applies to the
SAB 83C166 unless otherwise noted. All time specifications refer to a CPU clock of
20 MHz which means an oscillator frequency (fosc) of 40 MH7.

Figure 3
Block Diagram
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Memory Organization

The memory space of the SAB 80C166 is configured in a Von Neumann architecture
which means that code memory, data memory, registers and I/O ports are organized
within the same linear address space which currently includes 256 Kbytes. Address
space expansion to 16 Mbytes is provided for future versions. The entire memory space
can be accessed bytewise or wordwise. Particular portions of the on-chip memory have
additionally been made directly bit addressable.

The SAB 83C166 contains 8 Kbytes of a mask-programmable on-chip ROM for code or
constant data.

A large dual port RAM of 1 Kbyte is contained on both the SAB 80C166 and the SAB
83C166. This internal RAM is provided as a storage for user defined variables, for the
system stack, general purpose register banks and even for code. A register bank can
consist of up to 16 wordwide (RO to R15) and/or bytewide (RLO, RHO, . . ., RL7, RH7) so
called General Purpose Registers (GPRs).

512 bytes of the address space are reserved for the Special Function Register (SFR)
area. SFRs are wordwide registers which are used for controlling and monitoring functions
of the different on-chip units. 98 SFRs are currently implemented. Unused SFR addresses
are reserved for future members of the SAB 80C166 family.

In order to meet the needs of designs where more memory is required than is provided on
chip, up to 256 Kbytes of external RAM and/or ROM can be connected to the
microcontroller.

External Bus Controller

All of the external memory accesses are performed by a particular on-chip External Bus
Controller (EBC). It can be programmed to either the Single Chip Mode when no external
memory is required, or to one of three different external memory access modes, which are
as follows:

— 16-/18-bit Addresses, 16-bit Data, Non-Multiplexed
— 16-/18-bit Addresses, 16-bit Data, Multiplexed
— 16-/18-bit Addresses, 8-bit Data, Multiplexed

In the non-multiplexed bus mode, Port 1 is used as an output for addresses and Port 0 is
used as an input/output for data. In the multiplexed bus modes, just one of the two 16-bit
ports, Port 0, is used as an input/output for both addresses and data.

important timing characteristics of the external bus interface (Memory Cycle Time,

Memory Tri-State Time and Read write Delay) have been made programmable to allow the
user the adaption of a wide range of different types of memories. Access to very slow
memories is supported via a particular 'Ready’ function.

For applications which require less than 64 Kbytes of memory space, a non-segmented
memory model can be selected. In this case, all memory locations can be addressed by
16 bits, and thus Port 4 is not needed as an output for the two most significant address
bits (A17 and A16), as is the case when using the segmented memory model.
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Central Processing Unit (CPU)

The main core of the CPU consists of a 4-stage instruction pipeline, a 16-bit arithmetic
and logic unit (ALU) and dedicated SFRs. Additional hardware has been spent for a
separate multiply and divide unit, a bit-mask generator and a barrel shifter.

Based on these hardware provisions, most of the SAB 80C166’s instructions can be
executed in just one machine cycle which requires 100 ns at 20 MHz CPU clock. For
example, shift and rotate instructions are always processed during one machine cycle
independent of the number of bits to be shifted. All multiple-cycle instructions have been
optimized so that they can be executed very fast as well: A 32-/16 bit division in 1 us, a
16 x 16 bit multiplication in 0.5 us, and branches in 200 ns. Another pipeline optimization,
the so-called 'Jump Cache’, allows reducing the execution time of repeatedly performed
jumps in a loop from 200 ns to 100 ns.

Figure 4
CPU Block Diagram
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The CPU disposes of an actual register context consisting of up to 16 wordwide GPRs
which are physically allocated within the on-chip RAM area. A Context Pointer (CP)
register determines the base address of the active register bank to be accessed by the
CPU at the time. The number of register banks is only restricted by the available internal
RAM space. For easy parameter passing, register banks can also be organized
overlappingly.

A system stack of up to 512 bytes is provided as a storage for temporary data. The
system stack is allocated in the on-chip RAM area, and it is accessed by the CPU via the
stack pointer (SP) register. Two separate SFRs, STKOV and STKUN, are implicitly
compared against the stack pointer value upon each stack access for the detection of a
stack overflow or underflow.

The high performance offered by the hardware implementation of the CPU can efficiently
be utilized by a programmer via the highly functional SAB 80C166 instruction set which
includes the following instruction classes:

— Arithmetic Instructions

— Logical Instructions

— Boolean Bit Manipulation Instructions
— Compare and Loop Control Instructions
— Shift and Rotate Instructions

— Prioritize Instruction

— Data Movement Instructions

— System Stack Instructions

—Jump and Call Instructions

— Return Instructions

— System Control Instructions

— Miscellaneous Instructions

The basic instruction length is either 2 or 4 bytes. Possible operand types are bits, bytes
and words. A variety of direct, indirect or immediate addressing modes are provided to
specify the required operands.
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Interrupt System

With an interrupt response time within a range from just 250 ns to 600 ns (in case of
internal program execution), the SAB 80C166 is capable of reacting very fast to the
occurence of non-deterministic events.

The architecture of the SAB 80C166 supports several mechanisms for fast and flexible
response to service requests that can be generated from various sources internal or
external to the microcontroller. Any of these interrupt requests can be programmed to
being serviced by the Interrupt Controller or by the Peripheral Event Controller (PEC).

In contrast to a standard interrupt service where the current program execution is
suspended and a branch to the interrupt vector table is performed, just one cycle is
'stolen’ from the current CPU activity to perform a PEC service. A PEC service implies a
single byte or word data transfer between any two memory locations with an additional
increment of either the PEC source or the destination pointer. An individual PEC transfer
counter is implicitly decremented for each PEC service except when performing in the
continuous transfer mode. When this counter reaches zero, a standard interrupt is
performed to the corresponding source related vector location. PEC services are very
well suited, for example, for supporting the transmission or reception of blocks of data, or
for transferring A/D converted results to a memory table. The SAB 80C166 has 8 PEC
channels each of which offers such fast interrupt-driven data transfer capabilities.

A separate control register which contains an interrupt request flag, an interrupt enable
flag and an interrupt priority bitfield exists for each of the possible interrupt sources. Via its
related register, each source can be programmed to one of sixteen interrupt priority levels.
Once having been accepted by the CPU, an interrupt service can only be interrupted by

a higher prioritized servise request. For the standard interrupt processing, each of the
possible interrupt sources has a dedicated vector location.

Software interrupts are supported by means of the 'TRAP' instruction in combination with
an individual trap (interrupt) number.

The following table shows all of the possible SAB 80C166 interrupt sources and the
corresponding hardware-related interrupt flags, vectors, vector locations and trap
(interrupt) numbers:
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Source of Interrupt or Request Enable Interrupt | Vector Trap
PEC Service Request Flag Flag Vector Location |Number
CAPCOM Register 0 CCOIR CCOIE CCOINT 40h 10h
CAPCOM Register 1 CC1IR CC1IE CC1INT 44h 11h
CAPCOM Register 2 CC2IR CC2IE CC2INT 48h 12h
CAPCOM Register 3 CC3IR CC3IE CC3INT 4Ch 13h
CAPCOM Register 4 CC4IR CC4IE CC4INT 50h 14h
CAPCOM Register 5 CCS5IR CC5IE CCS5INT 54h 15h
CAPCOM Register 6 CC6IR CCsIE CCBINT 58h 16h
CAPCOM Register 7 CC7IR CC7IE CC7INT 5Ch 17h
CAPCOM Register 8 CC8IR CC8IE CCB8INT 60h 18h
CAPCOM Register 9 CC9IR CC9IE CCOINT 64h 19h
CAPCOM Register 10 CC10IR CC10IE CC10INT | 68h 1Ah
CAPCOM Register 11 CC11IR CC11IE CC11INT | 6Ch 1Bh
CAPCOM Register 12 CC12IR CC12IE CC12INT | 70h 1Ch
CAPCOM Register 13 CC13IR CC13IE CC13INT | 74h 1Dh
CAPCOM Register 14 CC14IR CC14IE CC14INT |78h 1Eh
CAPCOM Register 15 CC15IR CC15IE CC15INT | 7Ch 1Fh
CAPCOM Timer 0 TOIR TOIE TOINT 80h 20h
CAPCOM Timer 1 T1IR T1IE TAINT 84h 21h
GPT 1 Timer 2 T2IR T2IE T2INT 88h 22h
GPT 1 Timer 3 T3IR T3IE T3INT 8Ch 23h
GPT 1 Timer 4 T4IR T4IE T4INT 90h 24h
GPT 2 Timer 5 T5IR T5IE T5INT 94h 25h
GPT 2 Timer 6 T6IR T6IE T6INT 98h 26h
GPT 2 CAPREL Register |CRIR CRIE CRINT 9Ch 27h
A/D Conversion Complete | ADCIR ADCIE ADCINT AOh 28h
A/D Overrun Error ADEIR ADEIE ADEINT Adh 29h
Serial Channel 0 Tansmit | SOTIR SOTIE SOTINT A8h 2Ah
Serial Channel 0 Receive |SORIR SORIE SORINT ACh 2Bh
Serial Channel 0 Error SOEIR SOEIE SOEINT BOh 2Ch
Serial Channel 1 Transmit | S1TIR S1TIE S1TINT B4h 2Dh
Serial Channel 1 Receive |S1RIR S1RIE S1RINT B8h 2Eh
Serial Channel 1 Error S1EIR S1EIE S1EINT BCh 2Fh
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The SAB 80C166 also provides an excellent mechanism to identify and to process
exceptions or error conditions that arise during run-time, so-called 'HardwareTraps’.
Hardware traps cause immediate non-maskable system reaction which is similar to a
standard interrupt service (branching to a dedicated vector table location).

The occurrence of a hardware trap is additionally signified by an individual bit in the trap
flag register (TFR). Except another higher prioritized trap service being in progress, a
hardware trap will interrupt any actual program execution. In turn, hardware trap services
can normally not be interrupted by standard or PEC interrupts.

The following table shows all of the possible exceptions or error conditions that can arise
during run-time:

Exception Condition Trap Trap Vector Trap Trap
Flag Vector Location Number Priority
Reset Functions:
Hardware Reset RESET Oh Oh 1]
Software Reset RESET Oh Oh 1
Watchdog Timer Overflow RESET Oh Oh 1
Class A Hardware Traps:
Non-Maskable Interrupt NMI NMITRAP 08h 2h 1]
Stack Overflow STKOF STOTRAP 10h 4h I
Stack Underflow STKUF STUTRAP 18h 6h I
Class B Hardware Traps:
Undefined Opcode UNDOPC BTRAP 28h Ah |
Protected Instruction PRTFLT BTRAP 28h Ah |
Fault
llegal Word Operand ILLOPA BTRAP 28h Ah |
Access
lllegal Instruction Access ILLINA BTRAP 28h Ah |
lllegal External Bus ILLBUS BTRAP 28h Ah |
Access
Reserved [2Ch-3Ch] | [Bh-Fh]
Software Traps Any Any Current
TRAP Instruction [Oh - 1FCh] [Oh - 7Fh] CPU Priority
in steps
of 4H
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Capture/Compare (CAPCOM) Unit

The CAPCOM unit supports generation and control of timing sequences on up to 16
channels with a maximum resolution of 400 ns. The CAPCOM unit is typically used to
handle high speed I/O tasks such as pulse and waveform generation, pulse width
modulation (PWM), Digital to Analog (D/A) conversion, software timing, or time recording
relative to external events.

Two 16-bit timers (TO/T1) with reload registers provide two independent time bases for the
capture/compare register array.

The input clock for the timers is programmable to several prescaled values of the internal
system clock, or may be derived from an overflow/underflow of timer T6 in module GPT2.
This provides a wide range of variation for the timer period and resolution and allows
precise adjustment to the application specific requirements. In addition, an external count
input for CAPCOM timer TO allows event scheduling for the capture/compare registers
relative to external events.

The capture/compare register array contains 16 dual purpose capture/compare registers,
each of which may be individually allocated to either CAPCOM timer TO or T1, and
programmed for capture or compare function. Each register has one port pin associated
with it which serves as an input pin for triggering the capture function, or as an output pin
to indicate the occurrence of a compare event.

When a capture/compare register has been selected for capture mode, the current
contents of the allocated timer will be latched ('capture’d) into the capture/compare
register in response to an external event at the port pin which is associated with this
register. In addition, a specific interrupt request for this capture/compare register is
generated. Either a positive, a negative, or both a positive and a negative external signal
transition at the pin can be selected as the triggering event. The contents of all registers
which have been selected for one of the five compare modes are continuously compared
with the contents of the allocated timers. When a match occurs between the timer value
and the value in a capture/compare register, specific actions will be taken based on the
selected compare mode.

Compare Modes | Function

Mode 0 Interrupt-only compare mode;
several compare interrupts per timer period are possible
Mode 1 Pin toggles on each compare match;
several compare events per timer period are possible
Mode 2 Interrupt-only compare mode;
only one compare interrupt per timer period is generated
Mode 3 Pin set to '1’ on match; pin reset to ‘0’ on compare time overflow;
only one compare event per timer period is generated
Double Two registers operate on one pin; pin toggles on each compare match;
Register Mode several compare events per timer period are possible.
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Figure 5
CAPCOM Unit Block Diagram
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General Purpose Timer (GPT) Unit

The GPT unit represents a very flexible multifunctional timer counter structure which may
be used for many different time related tasks such as event timing and counting, pulse
width and duty cycle measurements, pulse generation, or pulse multiplication.

The GPT unit incorporates five 16-bit timers which are organized in two separate modules,
GPT1 and GPT2. Each timer in each module may operate independently in a number of
different modes, or may be concatenated with another timer of the same module.
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Each of the three timers T2, T3, T4 of the GPT1 module can be configured individually for
one of three basic modes of operation, which are Timer, Gated Timer, and Counter Mode.
In Timer Mode, the input clock for a timer is derived from the internal system clock, divided
by a programmable prescaler, while Counter Mode allows a timer to be clocked in
reference to external events.

Pulse width or duty cycle measurement is supported in Gated Timer Mode, where the
operation of a timer is controlled by the 'gate’ level on an external input pin. For these
purposes, each timer has one associated port pin (T2IN, T3IN, T4IN) which serves as
gate or clock input. The maximum resolution of the timers in the GPT1 module is 400 ns
(@fosc = 40 MHz).

The count direction (up/down) for each timer is programmable by software. For timer T3,
the count direction may additionally be altered dynamically by an external signal on a
port pin (T3EUD) to facilitate e. g. position tracking.

Timer T3 has an output toggle latch (T30OTL) which changes its state on each timer over-
flow/underflow. The state of this latch may be output on a port pin (T30OUT) e. g. for time
out monitoring of external hardware components, or may be used internally to clock timers
T2 and T4 for measuring long time periods with high resolution.

In addition to their basic operating modes, timers T2 and T4 may be configured as reload
or capture registers for timer T3. When used as capture or reload registers, timers T2 and
T4 are stopped. The contents of timer T3 are captured into T2 or T4 in response to a signal
at their associated input pins (T2IN, T4IN). Timer T3 is reloaded with the contents of T2 or
T4 either by an external signal or by a selectable state transition of its toggle latch T3OTL.
When both T2 and T4 are configured to alternately reload T3 on opposite state transitions
of T3OTL with the low and high times of a PWM signal, this signal can be constantly
generated without software intervention.

With its maximum resolution of 200 ns (@fosc = 40 MHz), the GPT2 module provides
precise event control and time measurement. It includes two timers (T5, T6) and a
capture/reload register (CAPREL). Both timers can independently count up or down,
clocked with an input clock which is derived from a programmable prescaler.
Concatenation of the timers is supported via the output toggle latch (T6OTL) of timer T6,
which changes its state on each timer overflow/underflow.

The state of this latch may be used to clock timer T5, or it may be output on a port pin
(T6OUT). The overflows/underflows of timer T6 can additionally be used to clock the
CAPCOM timers TO or T1, and to cause a reload from the CAPREL register. The CAPREL
register may capture the contents of timer T5 based on an external signal transition on the
corresponding port pin (CAPIN), and timer T5 may optionally be cleared after the capture
procedure. This allows absolute time differences to be measured or pulse multiplication to
be performed without software overhead.
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Figure 6
Block Diagram of GPT1
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A/D Converter

For analog signal measurement, a 10-bit A/D converter with 10 multiplexed input
channels and a sample and hold circuit has been integrated on-chip. It uses the method of
successive approximation which returns the conversion result for an analog channel
within 9.75 us (@fosc = 40 MHz).

Overrun error detection capability is provided for the conversion result register (ADDAT):
an interrupt request will be generated when the result of a previous conversion has not
been read from the result register at the time the next conversion is complete.

For applications which require less than 10 analog input channels, the remaining
channels can be used as digital input port pins.

The A/D converter of the SAB 80C166 supports four different conversion modes. In the
standard Single Channel conversion mode, the analog level on a specified channel is
once sampled and converted into a digital result. In the Single Channel Continuous mode,
the analog level is repeatedly sampled and converted without software intervention. In the
Auto Scan mode, the analog levels on a prespecified number of channels are
sequentially sampled and converted. In the Auto Scan Continuous mode, the number of
prespecified channels is repeatedly sampled and converted.

The Peripheral Event Controller (PEC) may be used to automatically store the conversion
results into a table in memory for later evaluation, without requiring the overhead of
entering and exiting interrupt routines for each data transfer.

Serial Channels

Serial communication with other microcontrollers, processors, terminals, or external
peripheral components is provided by two serial interfaces with identical functionality,
Serial Channel 0 (ASCO0) and Serial Channel 1 (ASC1).

They are upward compatible with the serial ports of the Siemens SAB 8051x microcon-
troller family and support full-duplex asynchronous communication up to 625 Kbaud and
half-duplex synchronous communication up to 2.5 Mbaud.

Two dedicated baud rate generators allow to set up all standard baud rates without
oscillator tuning. For transmission, reception, and erroneous reception 3 separate
interrupt vectors are provided for each serial channel.

In the synchronous mode, one data byte is transmitted or received synchronously to a
shift clock which is generated by the SAB 80C166. In the asynchronous mode, an 8- or
9-bit data frame is transmitted or received, preceded by a start bit and terminated by one
or two stop bits. For multiprocessor communication, a mechanism to distinguish address
from data bytes has been included (8-bit data + wake up bit mode), and a loop back
option is available for testing purposes.

A number of optional hardware error detection capabilities has been included to increase
the reliability of data transfers. A parity bit can automatically be generated on transmis-
sion or be checked on reception. Framing error detection allows to recognize data frames
with missing stop bits. An overrun error will be generated if the last character received has
not been read out of the receive buffer register at the time reception of a new character is
complete.

Siemens Aktiengesellschatft 482



SAB 80C166/83C166

Watchdog Timer

The Watchdog Timer of the SAB 80C166 represents one of the fail-safe mechanisms
which have been implemented to prevent the controller from malfunctioning for longer
periods of time.

The Watchdog Timer of the SAB 80C166 is always enabled after a reset of the chip, and
can only be disabled in the time interval until the EINIT (end of initialization) instruction
has been executed. Thus, the chip’sstart-up procedure is always monitored. When the
software has been designed to service the Watchdog Timer before it overflows, the
Watchdog Timer times out if the program does not progress properly due to hardware or
software related failures. When the Watchdog Timer overflows, it generates an internal
hardware reset and pulls the RSTOUT# pin low in order to allow external hardware
components to reset.

The Watchdog Timer of the SAB 80C166 is a 16-bit timer which can either be clocked with
fosc/4 or fosc/256. The high byte of the Watchdog Timer register can be set to a
prespecified reload value (stored in WDTREL) in order to allow further variation of the
monitored time interval. Each time it is serviced by the application software, the high byte
of the Watchdog Timer is reloaded. Thus, time intervals between 25 us and 420 ms can be
monitored (@fosc = 40 MHz). The default Watchdog Timer interval after reset is 6.55 ms.

Parallel Ports

The SAB 80C166 provides 76 I/O lines which are organized into four 16-bit I/O ports
(Port 0 through 3), one 2-bit I/0 port (Port 4), and one 10-bit input port (Port 5). All port
lines are bit addressable, and all lines of Port 0 through 4 are individually bit-wise
programmable as inputs or outputs via direction registers. The 1/O ports are true
bidirectional ports which are switched to the high impedance state when configured as
inputs. During the internal reset, all port pins are configured as inputs.

Each port line has one programmable alternate input or output function associated with it.
Ports 0 and 1 may be used as address and data lines when accessing external memory,
while Port 4 outputs the additional segment address bits A16 and A17 in systems where
segmentation is enabled to access more than 64 Kbytes of memory. Port 2 is associated
with the capture inputs/compare outputs of the CAPCOM unit, and Port 3 includes
alternate functions of timers, serial interfaces, optional bus control signals (WR#, BHE#,
READY#), and the system clock output (CLKOUT). Port 5 is used for the analog input
channels to the A/D converter. When anyone of these alternate functions is not used, the
respective port line may be used as general purpose 1/O line.
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Instruction Set Summary

Mnemonic Description Bytes
Arithmetic operations
ADD Rw, Rw Add direct word GPR to direct GPR 2
ADD Rw, [Rw] Add indirect word memory to direct GPR 2
ADD Rw, [Rw +] Add indirect word memory to direct GPR and post-
increment source pointer by 2
ADD Rw, #data3 Add immediate word data to direct GPR 2
ADD reg, #data16 | Add immediate word data to direct register 4
ADD reg, mem Add direct word memory to direct register 4
ADD mem, reg Add direct word register to direct memory 4
ADDB Rb, Rb Add direct byte GPR to direct GPR 2
ADDB Rb, [Rw] Add indirect byte memory to direct GPR 2
ADDB Rb, [Rw +] Add indirect byte memory to direct GPR and 2
post-increment source pointer by 1
ADDB Rb, #data3 Add immediate byte data to direct GPR 2
ADDB  reg, #data8 Add immediate byte data to direct register 4
ADDB reg, mem Add direct byte memory to direct register 4
ADDB mem, reg Add direct byte register to direct memory 4
ADDC  Rw, Rw Add direct word GPR to direct GPR with Carry 2
ADDC  Rw, [Rw] Add indirect word memory to direct GPR with Carry 2
ADDC  Rw, [Rw +] Add indirect word memory to direct GPR with Carry and | 2
post-increment source pointer by 2
ADDC  Rw, #data3 Add immediate word data to direct GPR with Carry 2
ADDC reg, #data16 | Add immediate word data to direct register with Carry 4
ADDC reg, mem Add direct word memory to direct register with Carry 4
ADDC mem, reg Add direct word register to direct memory with Carry 4
ADDCB Rb, Rb Add direct byte GPR to direct GPR with Carry 2
ADDCB Rb, [Rw] Add indirect byte memory to direct GPR with Carry 2
ADDCB Rb, [Rw +] Add indirect byte memory to direct GPR with Carry and 2
post-increment source pointer by 1
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Instruction Set Summary

Mnemonic ‘ Description Bytes

Arithmetic operations (cont'd)

ADDCB Rb, #data3 Add immediate byte data to direct GPR with Carry 2
ADDCB reg, #data8 | Add immediate byte data to direct register with Carry 4
ADDCB reg, mem Add direct byte memory to direct register with Carry 4
ADDCB mem, reg Add direct byte register to direct memory with Carry 4
SuB Rw, Rw Subtract direct word GPR from direct GPR 2
SuB Rw, [Rw] Subtract indirect word memory from direct GPR 2
SuB Rw, [Rw +] Subtract indirect word memory from direct GPR and 2
post-increment source pointer by 2
SuB Rw, #data3 | Subtract immediate word data from direct GPR 2
SUB reg, #data16 | Subtract immediate word data from direct register 4
SuUB reg, mem Subtract direct word memory from direct register 4
SuB mem, reg Subtract direct word register from direct memory 4
SUBB Rb, Rb Subtract direct byte GPR from direct GPR 2
SUBB  Rb, [Rw] Subtract indirect byte memory from direct GPR 2
SUBB  Rb, [Rw +] Subtract indirect byte memory from direct GPR and 2
post-increment source pointer by 1
SUBB  Rb, #data3 Subtract immediate byte data from direct GPR 2
SUBB  reg, #data8 | Subtract immediate byte data from direct register 4
SUBB  reg, mem Subtract direct byte memory from direct register 4
SUBB  mem, reg Subtract direct byte register from direct memory 4
SUBC Rw, Rw Subtract direct word GPR from direct GPR with Carry 2
SUBC Rw, [Rw] Subtract indirect word memory from direct GPR with Carry | 2
SUBC Rw, [Rw +] Subtract indirect word memory from direct GPR with 2
Carry and post-increment source pointer by 2
SUBC Rw, #data3 | Subtract immediate word data from direct GPR with Carry |2
SUBC reg, #data16 | Subtractimmediate word data from direct register with 4
Carry
SUBC reg, mem gubtract direct word memory from direct register with 4
arry
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Instruction Set Summary

Mnemonic ! Description Bytes

Arithmetic operations (cont'd)

SUBC mem, reg Subract direct word register from direct memory with Carry | 4
SUBCB Rb, Rb Subtract direct byte GPR from direct GPR with Carry 2
SUBCB Rb, [Rw] Subtract indirect byte memory from direct GPR with Carry 2
SUBCB Rb, [Rw +] | Subtract indirect byte memory from direct GPR with Carry| 2
and post-increment source pointer by 1
SUBCB Rb, #data3 | Subtractimmediate byte data from direct GPR with Carry 2
SUBCB reg, #data8 | Subtract immediate byte data from direct register with Carry | 4
SUBCB reg, mem Subtract direct byte memory from direct register with Carry | 4
SUBCB mem, reg Subtract direct byte register from direct memory with Carry | 4
MUL Rw, Rw Signed multiply direct GPR by direct GPR (16-16-bit) 2
MULU  Rw, Rw Unsigned multiply direct GPR by direct GPR (16-16-bit) 2
DIV Rw Signed divide register MDL by direct GPR (16-/16-bit) 2
DIVL Rw Signed long divide register MD by direct GPR (32-/16-bit) 2
DIVLU Rw Unsigned long divide register MD by direct GPR 2
(32-/16-bit)
DIVU Rw Unsigned divide register MDL by direct GPR (16-/16-bit) 2
CPL Rw Complement direct word GPR 2
CPLB Rb Complement direct byte GPR 2
NEG Rw Negate direct word GPR 2
NEGB Rb Negate direct byte GPR 2
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Instruction Set Summary

Mnemonic Description Bytes
Logical Instructions
AND Rw, Rw Bitwise AND direct word GPR with direct GPR
AND Rw, [Rw] Bitwise AND indirect word memory with direct GPR
AND Rw, [Rw +] Bitwise AND indirect word memory with direct GPR and | 2
post-increment source pointer by 2
AND Rw, #data3 Bitwise AND immediate word data with direct GPR 2
AND reg, #data16 | Bitwise AND immediate word data with direct register 4
AND reg, mem Bitwise AND direct word memory with direct register 4
AND mem, reg Bitwise AND direct word register with direct memory 4
ANDB Rb, Rb Bitwise AND direct byte GPR with direct GPR 2
ANDB Rb, [Rw] Bitwise AND indirect byte memory with direct GPR 2
ANDB Rb, [Rw +] Bitwise AND indirect byte memory with direct GPR 2
and post-increment source pointer by 1
ANDB Rb, #data3 Bitwise AND immediate byte data with direct GPR 2
ANDB  reg, #data8 Bitwise AND immediate byte data with direct register 4
ANDB  reg, mem Bitwise AND direct byte memory with direct register 4
ANDB  mem, reg Bitwise AND direct byte register with direct memory 4
OR Rw, Rw Bitwise OR direct word GPR with direct GPR 2
OR Rw, [Rw] Bitwise OR indirect word memory with direct GPR 2
OR Rw, [Rw +] Bitwise OR indirect word memory with direct GPR 2
and post-increment source pointer by 2
OR Rw, #data3 Bitwise OR immediate word data with direct GPR 2
OR reg, #data16 | Bitwise OR immediate word data with direct register 4
OR reg, mem Bitwise OR direct word memory with direct register 4
OR mem, reg Bitwise OR direct word register with direct memory 4
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Instruction Set Summary

Mnemonic | Description Bytes
Logical Instructions (cont'd)
ORB Rb, Rb Bitwise OR direct byte GPR with direct GPR
ORB Rb, [Rw] Bitwise OR indirect byte memory with direct GPR
ORB Rb, [Rw +] Bitwise OR indirect byte memory with direct GPR and 2
post-increment source pointer by 1
ORB Rb, #data3 Bitwise OR immediate byte data with direct GPR 2
ORB reg, #data8 Bitwise OR immediate byte data with direct register 4
ORB reg, mem Bitwise OR direct byte memory with direct register 4
ORB mem, reg Bitwise OR direct byte register with direct memory 4
XOR Rw, Rw Bitwise XOR direct word GPR with direct GPR 2
XOR Rw, [Rw] Bitwise XOR indirect word memory with direct GPR 2
XOR Rw, [Rw +] Bitwise XOR indirect word memory with direct GPR and 2
post-increment source pointer by 2
XOR Rw, #data3 Bitwise XOR immediate word data with direct GPR 2
XOR reg, #data16 | Bitwise XOR immediate word data with direct register 4
XOR reg, mem Bitwise XOR direct word memory with direct register 4
XOR mem, reg Bitwise XOR direct word register with direct memory 4
XORB  Rb, Rb Bitwise XOR direct byte GPR with direct GPR 2
XORB  Rb, [Rw] Bitwise XOR indirect byte memory with direct GPR 2
XORB Rb, [Rw +] Bitwise XOR indirect byte memory with direct GPR and 2
post-increment source pointer by 1
XORB Rb, #data3 Bitwise XOR immediate byte data with direct GPR 2
XORB  reg, #data8 Bitwise XOR immediate byte data with direct register 4
XORB  reg, mem Bitwise XOR direct byte memory with direct register 4
XORB  mem, reg Bitwise XOR direct byte register with direct memory 4
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Instruction Set Summary

Mnemonic Description Bytes

Boolean bit manipulation operations

BCLR bitaddr Clear direct bit 2

BSET bitaddr Set direct bit 2

BMOV  bitaddr, bitaddr | Move direct bit to direct bit 4

BMOVN bitaddr, bitaddr | Move negated direct bit to direct bit 4

BAND  bitaddr, bitaddr | AND direct bit with direct bit 4

BOR bitaddr, bitaddr | OR direct bit with direct bit 4

BXOR  bitaddr, bitaddr | XOR direct bit with direct bit 4

BCMP  bitaddr, bitaddr | Compare direct bit to direct bit 4

BFLDH bitoff, #mask8, | Bitwise modify masked high byte of bit-addressable 4
#data8 direct word memory with immediate data

BFLDL bitoff, #mask8, | Bitwise modify masked low byte of bit-addressable 4
#data8 direct word memory with immediate data

CMP Rw, Rw Compare direct word GPR to direct GPR

CMP Rw, [Rw] Compare indirect word memory to direct GPR

CMP Rw, [Rw +] Compare indirect word memory to direct GPR and

post-increment source pointer by 2

CMP Rw, #data3 Compare immediate word data to direct GPR 2

CMP reg, #data16 Compare immediate word data to direct register 4

CMP reg, mem Compare direct word memory to direct register 4

CMPB  Rb, Rb Compare direct byte GPR to direct GPR 2

CMPB  Rb, [Rw] Compare indirect byte memory to direct GPR 2

CMPB  Rb, [Rw +] Compare indirect byte memory to direct GPR and 2

post-increment source pointer by 1

CMPB  Rb, #data3 Compare immediate byte data to direct GPR 2

CMPB  reg, #data8 Compare immediate byte data to direct register

CMPB  reg, mem Compare direct byte memory to direct register
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Instruction Set Summary

Mnemonic Description Bytes

Compare and Loop Control Instructions

CMPD1 Rw, #data4 Compare immediate word data to direct GPR and 2
decrement GPR by 1

CMPD1 Rw, #data16 | Compare immediate word data to direct GPR and 4
decrement GPR by 1

CMPD1 Rw, mem Compare direct word memory to direct GPR and 4
decrement GPR by 1

CMPD2 Rw, #data4 Compare immediate word data to direct GPR and 2
decrement GPR by 2

CMPD2 Rw, #data16 | Compare immediate word data to direct GPR and 4
decrement GPR by 2

CMPD2 Rw, mem Compare direct word memory to direct GPR and 4
decrement GPR by 2

CMPI1  Rw, #data4 Compare immediate word data to direct GPR and 2
increment GPR by 1

CMPI1  Rw, #data16 | Compare immediate word data to direct GPR and 4
increment GPR by 1

CMPI1  Rw. mem Compare direct word memory to direct GPR and 4
increment GPR by 1

CMPI2  Rw, #data4 Compare immediate word data to direct GPR and 2
increment GPR by 2

CMPI2  Rw, #data1l6 | Compare immediate word data to direct GPR and 4
increment GPR by 2

CMPI2  Rw, mem Compare direct word memory to direct GPR and 4
increment GPR by 2

Prioritize Instruction

PRIOR Rw, Rw Determine number of shift cycles to normalize direct 2

word GPR and store result in direct word GPR
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Instruction Set Summary

Mnemonic Description Bytes

Shift and Rotate Instructions

SHL Rw, Rw Shift left direct word GPR,; 2
number of shift cycles specified by direct GPR

SHL Rw, #data4 Shift left direct word GPR,; 2
number of shift cycles specified by immediate data

SHR Rw, Rw Shift right direct word GPR,; 2
number of shift cycles specified by direct GPR

SHR Rw, #data4 Shift right direct word GPR; 2
number of shift cycles specified by immediate data

ROL Rw, Rw Rotate left direct word GPR; 2
number of shift cycles specified by direct GPR

ROL Rw, #data4 Rotate left direct word GPR; 2
number of shift cycles specified by immediate data

ROR Rw, Rw Rotate right direct word GPR; 2
number of shift cycles specified by direct GPR

ROR Rw, #data4 Rotate right direct word GPR; 2
number of shift cycles specified by immediate data

ASHR Rw, Rw Arithmetic (sign bit) shift right direct word GPR; 2
number of shift cycles specified by direct GPR

ASHR Rw, #data4 Arithmetic (sign bit) shift right direct word GPR; 2

number of shift cycles specified by immediate data

Data Movement

MOV Rw, Rw Move direct word GPR to direct GPR 2

MOV Rw, #data4 Move immediate word data to direct GPR 2

MOV reg. #data16 | Move immediate word data to direct register 4

MOV Rw, [Rw] Move indirect word memory to direct GPR 2

MOV Rw, [Rw +] Move indirect word memory to direct GPR and post- 2
increment source pointer by 2

MOV [Rw], Rw Move direct word GPR to indirect memory 2

MOV [-Rw], Rw Pre-decrement destination pointer by 2 and move direct
word GPR to indirect memory

MOV [Rw], [Rw] Move indirect word memory to indirect memory

MOV [Rw +], [Rw] | Move indirect word memory to indirect memory and |2

post-increment destination pointer by 2
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Instruction Set Summary

Mnemonic ‘ Description Bytes
Data Movement (cont'd)
MOV [Rw], [Rw +] Move indirect word memory to indirect memory and 2
post-increment source pointer by 2
MOV Rw, Move indirect word memory by base plus constant to 4
[Rw + #data16] | direct GPR
MOV [Rw + #data16],| Move direct word GPR to indirect memory by base plus |4
Rw constant
MOV [Rw], mem Move direct word memory to indirect memory 4
MOV mem, [Rw] Move indirect word memory to direct memory 4
MOV reg, mem Move direct word memory to direct register 4
MOV mem, reg Move direct word register to direct memory 4
MOVB Rb, Rb Move direct byte GPR to direct GPR 2
MOVB Rb, #data4 Move immediate byte data to direct GPR 2
MOVB  reg, #data16 Move immediate byte data to direct register 4
MOVB Rb, [Rw] Move indirect byte memory to direct GPR 2
MOVB Rb, [Rw +] Move indirect byte memory to direct GPR and 2
post-increment source pointer by 1
MOVB [Rw], Rb Move direct byte GPR to indirect memory 2
MOVB [-Rw], Rb Pre-decrement destination pointer by 1 and move 2
direct byte GPR to indirect memory
MOVB  [Rw], [Rw] Move indirect byte memory to indirect memory 2
MOVB  [Rw +], [Rw] Move indirect byte memory to indirect memory and 2
post-increment destination pointer by 1
MOVB  [Rw], [Rw +] Move indirect byte memory to indirect memory and 2
post-increment source pointer by 1
MOVB  Rb, Move indirect byte memory by base plus constant to 4
[Rw + #data16] | direct GPR
MOVB [Rw + #data16],| Move direct byte GPR to indirect memory by base plus 4
Rb constant
MOVB [Rw], mem Move direct byte memory to indirect memory 4
MOVB  mem, [Rw] Move indirect byte memory to direct memory 4
MOVB reg, mem Move direct byte memory to direct register 4
MOVB mem, reg Move direct byte register to direct memory 4
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Instruction Set Summary

Mnemonic l Description Bytes

Data Movement (cont'd)

MOVBS Rw, Rb Move direct byte GPR with sign extension to direct 2
word GPR

MOVBS reg, mem Move direct byte memory with sign extension to direct 4
word register

MOVBS mem, reg Move direct byte register with sign extension to direct 4
word memory

MOVBZ Rw, Rb Move direct byte GPR with zero extension to direct 2
word GPR

MOVBZ reg, mem Move direct byte memory with zero extension to direct 4

word register

MOVBZ mem, reg Move direct byte register with zero extension to direct 4
word memory

Jump and Call operations

JMPA cc, caddr Jump absolute if condition is met 4
JMPI cc, [Rw] Jump indirect if condition is met 2
JMPR cc, rel Jump relative if condition is met 2
JMPS seg, caddr Jump absolute to a code segment 4
JB bitaddr, rel Jump relative if direct bit is set 4
JBC bitaddr, rel Jump relative and clear bit if direct bit is set 4
JNB bitaddr, rel Jump relative if direct bit is not set 4
JNBS bitaddr, rel Jump relative and set bit if direct bit is not set 4
CALLA cc, caddr Call absolute subroutine if condition is met 4
CALLI cc, [Rw] Call indirect subroutine if condition is met 2
CALLR el Call relative subroutine 2
CALLS  seg, caddr Call absolute subroutine in any code segment 4
PCALL  reg, caddr Push direct word register onto system stack and call 4
absolute subroutine
TRAP #trap7 Call interrupt service routine via immediate trap number | 2
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Instruction Set Summary

Mnemonic Description Bytes

System Stack operations

POP reg Pop direct word register from system stack

PUSH reg Push direct word register onto system stack

SCXT reg, #data16 | Push direct word register onto system stack und update | 4
register with immediate data

SCXT reg, mem Push direct word register onto system stack and update |4
register with direct memory

Return operations

RET Return from intra-segment subroutine 2
RETS Return from inter-segment subroutine
RETP reg Return from intra-segment subroutine and pop direct 2

word register from system stack

RETI Return from interrupt service subroutine 2

System Control

SRST Software Reset

IDLE Enter Idle Mode

PWRDN Enter Power Down Mode 4
(supposes NMI#-Pin being low)

SRVWDT Service Watchdog Timer 4

DISWDT Disable Watchdog Timer 4

EINIT Signify End-of-Initialization on RSTOUT-pin

Miscellaneous

NOP Null operation 2
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Instruction Set Summary

Notes
Data addressing modes

Rw: - Word GPR (RO, R1, .. ., R15)
Rb: — Byte GPR (RLO, RHO, . . ., RL7, RH7)
reg: — SFRor GPR

(in case of a byte operation on an SFR, only the low byte can be
accessed via 'reg')

mem: — Direct word or byte memory location

[...]: — Indirect word or byte memory location
(Any word GPR can be used as indirect address pointer, except for the
arithmetic, logical and compare instructions, where only R0 to R3 are

allowed)
bitaddr: — Direct bit in the bit-addressable memory area.
bitoff: — Direct word in the bit-addressable memory area.
#data: — Immediate constant

(The number of significant bits which can be specified by the user is
represented by the respective index 'i')

#mask8: — Immediate 8-bit mask used for bit-field modifications.

Multiply and divide operations

The MDL and MDH registers are implicit source and/or destination operands of the
multiply and divide instructions.

Branch target addressing modes

caddr: — Direct 16-bit jump target address
(Updates the Instruction Pointer)

seg: — Direct 2-bit segment address
(Updates the Code Segment Pointer)

rel: — Signed 8-bit jump target word offset address
relative to the Instruction Pointer of the following instruction

#trap7: — Immediate 7-bit trap or interrupt number.
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Branch condition codes

Cc:

Symbolically

cc_UC
cc Z
cc_Nz
cc Vv
cc_NV
cc N
cc_NN
cc_C
cc_NC
cc_EQ
cc_NE
cc_ULT
cc_ULE
cc_UGE
cc_UGT
cc_SLE
cc_SGE
cc_SGT
cc_NET

specifiable condition codes

— Unconditional

— Zero

— Not Zero

— Overflow

— No Overflow

— Negative

— Not Negative

— Carry

— No Carry

- Equal

— Not Equal

— Unsigned Less Than

— Unsigned Less Than or Equal

— Unsigned Greater Than or Equal
— Unsigned Greater Than

— Signed Less Than or Equal

— Signed Greater Than or Equal
— Signed Greater Than

— Not Equal and Not End-of-Table
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Instruction Op Codes in Hexadecimal Order

Hex- | Num- | Mnemonic | Operands Hex- | Num- | Mnemonic | Operands
code | ber of code | ber of
bytes bytes
0 |2 ADD Rw, Rw 1A |4 BFLDH | bitoff, #mask8
o1 |2 ADDB Rb, Rb #data8
02 |4 ADD reg, mem iB |2 MULU Rw, Rw
03 4 ADDB reg, mem iC |2 ROL Rw, #data4
04 4 ADD mem, reg 1D 2 JMPR cc_NET, rel
05 4 ADDB mem, reg 1E |2 BCLR bitoff.1
06 4 ADD reg, #data16 1F 2 BSET bitoff.1
07 4 ADDB reg, #data8 20 2 SUB Rw, Rw
08 2 ADD Rw, [Rw +] or 21 |2 SUBB Rb, Rb
Ex %‘gﬂagc) 2 |4 SUB reg, mem
09 |2 ADDB Rb, [Rw+] or > |4 SUBB reg, mem
Rb, [Rw] or 24 4 SuUB mem, reg
Rb, #data3" 25 4 SUBB mem, reg
0A |4 BFLDL bitoff, #mask8, 26 |4 SuUB reg, #data16
#data8 27 |4 SUBB reg, #data8
0B |2 MUL Rw, Rw 28 |2 suB Rw, [Rw +] or
oc |2 ROL Rw, Rw Rw, [Rw] or
oD |2 JMPR cc_UC, rel Rw, #data3 "
0E |2 BCLR bitoff.0 29 |2 SuBB RD, [Rw +] or
oF |2 BSET bitoff.0 EE: (AW or
10 2 ADDC Rw, Rw oA |4 BCMP bitaddr, bitaddr
11 2 ADDCB Rb, Rb oB 2 PRIOR Rw, Rw
12 4 ADDC reg, mem oc |2 ROR Rw, Rw
13 |4 ADDCB |reg, mem 2D |2 JMPR cc_EQ, rel or
14 4 ADDC mem, reg cc_Z, rel
15 14 ADDCB | mem, reg 2E |2 BCLR bitoff 2
16 4 ADDC reg, #data16 2F |2 BSET bitoff.2
17 4 ADDCB reg, #data8 30 2 SUBC Rw, Rw
18 2 ADDC Rw, [Rw +] or 31 2 SUBCB Rb, Rb
Sx L%ggag:) 32 |4 SUBC reg, mem
19 |2 ADDCB  |Rb,[Rw+] or oo |4 SUBCB | reg, mem
Rb, [Rw] or 34 4 SuBC mem, reg
Rb, #data3" 35 |4 SUBCB mem, reg
For notes see page 575
Siemens Aktiengesellschaft 497




SAB 80C166/83C166

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex- | Num- | Mnemonic | Operands Hex- | Num- | Mnemonic | Operands
code | ber of code | ber of
bytes bytes

36 |4 SUBC reg, #data16 50 |2 XOR Rw, Rw
37 |4 SUBCB reg, #data8 51 2 XORB Rb, Rb
38 2 SUBC Rw, [Rw +] or 52 4 XOR reg, mem

ngv %ﬂag:) 53 |4 XORB reg, mem
39 |2 SUBCB |Rb,[Rw+] or 2% |4 XOR mem, reg

Rb, [Rw] or 55 |4 XORB mem, reg

Rb, #data3 " 56 |4 XOR reg, #datal16
3A |4 BMOVN bitaddr, bitaddr 57 4 XORB reg, #data8
3B |- | e 58 |2 XOR Sw, [gw +] or
3c |2 ROR Rw, #data4 i Rl o,
3D |2 JMPR Nz O s |2 XORB  |Rb, [Rw 4] or

Rb, [Rw] or

3E |2 BCLR bitoff.3 Rb, #data3"
3F |2 BSET bitoff.3 5A |4 BOR bitaddr, bitaddr
40 |2 CMP Rw, Rw 5B |2 DIVU Rw
41 2 CMPB Rb, Rb 5C 2 SHL Rw, #data4
42 4 CMP reg, mem 5D |2 JMPR cc_NV, rel
43 4 CMPB reg, mem 5E |2 BCLR bitoff.5
44 e L e 5F 2 BSET bitoff.5
45 |- |- |- 60 2 AND Rw, Rw
46 |4 CMP reg, #data16 61 2 ANDB Rb, Rb
47 4 CMPB reg, #data8 62 4 AND reg, mem
48 |2 CMP Rw, [Rw +] or 63 |4 ANDB reg, mem

Sx Lﬁ‘mag:» 64 |4 AND mem, reg
49 |2 CMPB Ro, [Rw+] or 20 |4 ANDB mem, reg

Rb, [Rw] or 66 |4 AND reg, #data16

Rb, #data3 " 67 |4 ANDB reg, #data8
4A |4 BMOV bitadddr, bitaddr 68 |2 AND Rw, [Rw +] or
4B |2 DIV Rw Rw, [Rw] or
4ac |2 SHL Rw, Rw Rw, #data3 »
4D |2 |UMPR  [cc V,rel 69 |2 |ANDB P o o
4E 2 BCLR bitoff.4 Rb, #data3 "
4F |2 BSET bitoff.4 6A |4 BAND bitaddr, bitaddr
For notes see page 575
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex- | Num- | Mnemonic | Operands Hex- | Num- | Mnemonic | Operands
code | ber of code | ber of
bytes bytes
6B |2 DIVL Rw 88 |2 MOV [-Rw], Rw
6C |2 SHR Rw, Rw 89 |2 MOVB [-Rw], Rb
6D |2 JMPR cc_N, rel 8A |4 JB bitaddr, rel
6E |2 BCLR bitoff.6 8B |- | e
6F |2 BSET bitoff.6 8C |- ||
70 2 OR Rw, Rw 8D |2 JMPR cc_C,rel or
71 2 ORB Rb, Rb cc_ULT, rel
72 |4 OR reg, mem 8E |2 BCLR bitoff.8
73 |4 ORB reg, mem 8F |2 BSET bitoff.8
74 4 OR mem, reg 90 2 CMPI2 Rw, #data4
75 |4 ORB mem, reg N 2 CPL Rw
76 |4 OR reg, #data16 92 |4 CMPI2 Rw, mem
77 |4 ORB reg, #data8 CENN e N -
78 |2 OR Rw,[Rw+] or 24 |4 MOV mem, [Rw]
Rw, [Rw] or 95 -
AW, #data3 ! % |4 CMPI2 Rw, #data16
79 |2 ORB Rb, [Rw +] or o7 |4 '
Rb, [Rw] or PWRDN
Rb, #data3 " 98 |2 MOV Rw, [Rw +]
7A |4 BXOR bitaddr, bitaddr 99 2 MOVB Rb, [Rw +]
7B |2 DIVLU Rw 9A |4 INB bitaddr, rel
7C |2 SHR Rw, #data4 9B |2 TRAP #rap?
7D |2 JMPR cc_NN, rel 9C |2 JMPI cc, [Rw]
7E |2 BCLR bitoff.7 9D |2 JMPR cc NC. rel or
7F |2 BSET bitoff.7 cc_UGE, rel
80 |2 CMPI Rw, #datad % |2 BCLR bitoff.9
g1 |2 NEG Rw oF |2 BSET bitoff.9
82 |4 CMPI1 Rw, mem A0 |2 CMPD1  |Rw, #data4
83 |- |em e A1 12 NEGB Rb
84 |4 MOV [Rw], mem A2 |4 CMPD1 Rw, mem
85 |- |- | A3 |— e e
86 |4 CMPI1 Rw, #data16 A4 |4 MOVB [Rw], mem
87 |4 IDLE A5 |4 DISWDT

For notes see page 575
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Instruction Op Codes in Hexadecimal Order (cont'd)

Hex- | Num- | Mnemonic | Operands Hex- | Num- | Mnemonic | Operands
code | ber of code | ber of
bytes bytes
A6 |4 CMPD1 Rw, #data16 Cé |4 SCXT reg, #data16
A7 |4 SRVWDT c7 |- |- e
A8 |2 MOV Rw, [Rw] c8 |2 MOV [Rw], [Rw]
A9 |2 MOvVB Rb, [Rw] co |2 MOVB [Rw], [Rw]
AA |4 JBC bitaddr, rel CA |4 CALLA cc, caddr
AB |2 CALLI cc, [Rw] CB |2 RET
AC |2 ASHR Rw, Rw CC |2 NOP
AD |2 JMPR cc_SGT, rel CD |2 JMPR cc_SLT, rel
AE |2 BCLR bitoff.10 CE |2 BCLR bitoff.12
AF |2 BSET bitoff.10 CF |2 BSET bitoff.12
BO |2 CMPD2 Rw, #data4 Do |2 MOVBS Rw, Rb
B1 2 CPLB Rb D1 - |
B2 |4 CMPD2 Rw, mem D2 |4 MOVBS reg, mem
B3 |- |- |- D3 |- |- |-
B4 |4 MOVB mem, [Rw] D4 |4 MOV Rw,
[Rw +#data16]

B5 |4 EINIT D5 |4 MOVBS mem, reg
B6 |4 CMPD2 Rw, #data16 D6 |4 SCXT reg, mem
B7 |4 SRST D7 |- |- |-
B8 |2 MOV [Rw], Rw D8 |2 MOV [Rw +], [Rw]
B9 |2 MOVB [Rw], Rb D9 |2 MOVB [Rw +], [Rw]
BA |4 JNBS bitaddr, rel DA |4 CALLS seg, caddr
BB |2 CALLR rel DB |2 RETS
BC |2 ASHR Rw, #data4 DC |- |- |-
BD |2 JMPR cc_SLE, rel DD |2 JMPR cc_SGE, rel
BE |2 BCLR bitoff.11 DE |2 BCLR bitoff.13
BF |2 BSET bitoff.11 DF |2 BSET bitoff.13
co |2 MOvVBZ Rw, Rb EO |2 MOV Rw, #data4
C1 - e e E1 2 MOVB Rb, #data4
c2 |4 MOvVBZ reg, mem E2 |4 PCALL reg, caddr
C3 |- |- |- E3 |- |- |-
C4 |4 MOV [Rw +#data16], E4 |4 MOVB [Rw +#data16],

Rw Rb
C5 |4 MOVBZ mem, reg ES |- |- |-

For notes see page 575

Siemens Aktiengesellschaft 500



SAB 80C166/83C166

Instruction Op Codes in Hexadecimal Order (cont'd)

Hex- | Num- | Mnemonic | Operands Hex- | Num- | Mnemonic | Operands
code | ber of code | ber of

bytes bytes
E6 |4 MOV reg, #data16 F3 4 MOVB reg, mem
E7 |4 MOVB reg, #data8 F4 |4 MOVB Rb,

[Rw +#data16]

E8 |2 MOV [Rw], [Rw +] F5 |- |- |-
E9 |2 MOVB [Rw], [Rw +] F6 |4 MOV mem, reg
EA |4 JMPA cc, caddr F7 |4 MOVB mem, reg
EB |2 RETP reg F8 |- |- |-
EC |2 PUSH reg F9 |- |- e
ED |2 JMPR cc_UGT, rel FA |4 JMPS seg, caddr
EE |2 BCLR bitoff.14 FB |2 RETI
EF |2 BSET bitoff.14 FC |2 POP reg
FO |2 MOV Rw, Rw FD |2 JMPR cc_ULE, rel
F1 2 MOVB Rb, Rb FE |2 BCLR bitoff.15
F2 |4 MOV reg, mem FF |2 BSET bitoff.15
Notes

1) These instructions are encoded by means of additional bits in the operand field of the instruction
format. Thus, these instructions can be differentiated by means of the second byte, as follows:

x0h - x7h : Rw, #data3 or Rb, #data3
x8h - xBh : Rw, [Rw] or Rb, [Rw]
xCH - xFh : Rw, [Rw +] or Rb, [Rw +]

For these instructions, only the lowest four GPRs, RO to R3, can be used as indirect address pointers.

Notes on the JMPR instructions

The condition code to be tested for the JMPR instructions is specified by the opcode

............................................... af thn i Pre

I wO mnernor llb represer lldlIUI 1 cll\cl I |c\uv=a U)\lbl IU| soime of the cor |ulllG| i uuuca

Notes on the BCLR and BSET instructions

The position of the bit to be set or to be cleared is specified by the opcode. The operand 'bitoff.n’
(n = 0 to 15) refers to a particular bit within a bit-addressable word.

Notes on the undefined opcodes
A hardware trap occurs when one of the undefined opcodes signified by '-----' is decoded by the CPU.
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Special Function Registers Overview

The following table lists all SFRs which are implemented in the SAB 80C166 in
alphabetical order. Bit-addressable SFRs are marked with the letter ”’b" in column "Name".
An SFR can be specified via its individual mnemonic name. Depending on the selected
addressing mode, an SFR can be accessed via its physical address (using the Data Page
Pointers), or via its short 8-bit address (without using the Data Page Pointers).

Name Physical | 8-bit Description Reset

Address | Address Value
ADCIC  b| FF98h CCh A/D Converter End of Conversion Interrupt Control 0000h

Register

ADCON b| FFAOh Doh A/D Converter Control Register 0000h
ADDAT FEAOh 50h A/D Converter Result Register 0000h
ADEIC  b| FF9Ah CDh A/D Converter Overrun Error Interrupt Control Register 0000h
CAPREL FE4Ah 25h GPT2 Capture/Reload Register 0000h
cco FE80h 40h CAPCOM Register 0 0000h
Ccoic b| FF78h BCh CAPCOM Register 0 Interrupt Control Register 0000h
CC1 FE82h 41h CAPCOM Register 1 0000h
cciic b| FF7Ah BDh CAPCOM Register 1 Interrupt Control Register 0000h
Ccc2 FE84h 42h CAPCOM Register 2 0000h
cc2ic b| FF7Ch BEh CAPCOM Register 2 Interrupt Control Register 0000h
CC3 FE86h 43h CAPCOM Register 3 0000h
CcCsiC b| FF7Eh BFh CAPCOM Register 3 Interrupt Control Register 0000h
cc4 FE88h 44h CAPCOM Register 4 0000h
Cc4ic b| FF80h Coh CAPCOM Register 4 Interrupt Control Register 0000h
CC5 FE8Ah 45h CAPCOM Register 5 0000h
CC5IC b| FF82h Cth CAPCOM Register 5 Interrupt Control Register 0000h
CC6 FE8Ch 46h CAPCOM Register 6 0000h
CC6IC b| FF84h C2h CAPCOM Register 6 Interrupt Control Register 0000h
cc7 FE8Eh 47h CAPCOM Register 7 0000h
CC7IC b| FF86h C3h CAPCOM Register 7 Interrupt Control Register 0000h
CC8 FE9Oh 48h CAPCOM Register 8 0000h
Cccsic b| FF88h Cah CAPCOM Register 8 Interrupt Control Register 0000h
cc9 FE92h 49h CAPCOM Register 9 0000h
Cccolc b| FF8Ah C5h CAPCOM Register 9 Interrupt Control Register 0000h
Ccc10 FE94h 4Ah CAPCOM Register 10 0000h
CC10IC b| FF8Ch Céh CAPCOM Register 10 Interrupt Control Register 0000h
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Special Function Registers Overview (cont'd)

Name Physical 8-bit Description Reset
Address Address Value

CC11 FE96h 4Bh CAPCOM Register 11 0000h
CC11IC b| FF8Eh C7h CAPCOM Register 11 Interrupt Control Register 0000h
CC12 FE98h 4Ch CAPCOM Register 12 0000h
CC12IC b| FF90h C8h CAPCOM Regisier 12 Interrupt Control Register 0000h
CC13 FE9Ah 4Dh CAPCOM Register 13 0000h
~ CC13IC b| FF92h Coh CAPCOM Register 13 Interrupt Control Register 0000h
CC14 FE9Ch 4Eh CAPCOM Register 14 0000h
CC14IC  b| FF94h CAh CAPCOM Register 14 Interrupt Control Register 0000h
CC15 FE9Eh 4Fh CAPCOM Register 15 0000h
CC15IC b| FF96h CBh CAPCOM Register 15 Interrupt Control Register 0000h
CCMo b| FF52h A9h CAPCOM Mode Control Register 0 0000h
CCM1 b| FF54h AAh CAPCOM Mode Control Register 1 0000h
CCM2 b| FF56h ABh CAPCOM Mode Control Register 2 0000h
cCcm3 b| FF58h ACh CAPCOM Mode Control Register 3 0000h
CP FE10h 08h CPU Context Pointer Register FCOOh
CRIC b| FF6Ah B5h GPT2 CAPREL Interrupt Control Register 0000h
CSP FEO8h 04h CPU Code Segment Pointer Register (2 bits, read only) 0000h
DPO b| FFO2h 81h Port 0 Direction Control Register 0000h
DP1 b| FF06h 83h Port 1 Direction Control Register 0000h
DP2 b| FFC2h E1h Port 2 Direction Control Register 0000h
DP3 b| FFCéh E3h Port 3 Direction Control Register 0000h
DP4 b| FFOAh 85h Port 4 Direction Control Register (2 bits) 0000h
DPPO FEOOh 00h CPU Data Page Pointer 0 Register (4 bits) 0000h
DPP1 FEO2h 01h CPU Data Page Pointer 1 Register (4 bits) 0001h
DPP2 FEO4h 02h CPU Data Page Pointer 2 Register (4 bits) 0002h
DPP3 FEO6h 03h CPU Data Page Pointer 3 Register (4 bits) 0003h
MDC b| FFOEh 87h CPU Multiply Divide Control Register 0000h
MDH FEOCh 06h CPU Multiply Divide Register — High Word 0000h
MDL FEOEh 07h CPU Multiply Divide Register — Low Word 0000h
ONES FF1Eh 8Fh Constand Value 1's Register (read only) FFFFh
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Special Function Registers Overview (cont'd)

Name Physical | 8-bit Description Reset
Address | Address Value
PO b| FFOOh 80h Port 0 Register 0000h
P1 b| FF04h 82h Port 1 Register 0000h
EH b| FFCOh EOh Port 2 Register 0000h
P3 b| FFC4h E2h Port 3 Register 0000h
P4 b| FFO8h 84h Port 4 Register (2 bits) 0000h
P5 b| FFA2h D1h Port 5 Register (10 bits, read only) XXXXh
PECCO FECOh 60h PEC Channel 0 Control Register 0000h
PECC1 FEC2h 61h PEC Channel 1 Control Register 0000h
PECC2 FEC4h 62h PEC Channel 2 Control Register 0000h
PECC3 FEC6h 63h PEC Channel 3 Control Register 0000h
PECC4 FEC8h 64h PEC Channel 4 Control Register 0000h
PECC5 FECAh 65h PEC Channel 5 Control Register 0000h
PECC6 FECCh 66h PEC Channel 6 Control Register 0000h
PECC7 FECEh 67h PEC Channel 7 Control Register 0000h
PSW b| FF10h 88h CPU Program Status Word 0000h
SO0BG FEB4h 5Ah Serial Channel 0 Baud Rate Generator Reload Register | 0000h
SOCON b| FFBOh D8h Serial Channel 0 Control Register 0000h
SOEIC b| FF70h D8h Serial Channel 0 Error Interrupt Control Register 0000h
SORBUF FEB2h 59 Serial Channel 0 Receive Buffer Register (read only) XXXXh
SORIC b| FF6Eh B7h Serial Channel 0 Receive Interrupt Control Register 0000h
SO0TBUF FEBOh 58h Serial Channel 0 Transmit Buffer Register (write only) 0000h
SOTIC b| FF6Ch B6h Serial Channel 0 Transmit Interrupt Control Register 0000h
S1BG FEBCh 5Eh Serial Channel 1 Baud Rate Generator Reload Register 0000h
S1CON b| FFB8h DCh @erial Channel 1 Control Register 0000h
S1EIC b| FF76h BBh Serial Channel 1 Error Interrupt Control Register 0000h
S1RBUF FEBAh 5Dh Serial Channel 1 Receive Buffer Register (read only) XXXXh
S1RIC b| FF74h BAh Serial Channel 1 Receive Interrupt Control Register 0000h
S1TBUF FEB8h 5Ch Serial Channel 1 Transmit Buffer Register (write only) 0000h
S1TIC b| FF72h Boh Serial Channel 1 Transmit Interrupt Control Register 0000h
SP FE12h 09h CPU System Stack Pointer Register FCOOh
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Special Function Registers Overview (cont'd)

Name Physical | 8-bit Description Reset
Address Address Value
STKOV FE14h OAh CPU Stack Overflow Pointer Register FAQCh
STKUN FE16h 0Bh CPU Stack Underflow Pointer Register FCOOh
SYSCON b| FFOCh 86h CPU System Configuration Register 0XXO0h*)
T0 FE50h 28h CAPCOM Timer 0 Register 0000h
TO1CON b | FF50h A8h CAPCOM Timer 0 and Timer 1 Control Register 0000h
ToIC b| FF9Ch CEh CAPCOM Timer 0 Interrupt Control Register 0000h
TOREL FE54h 2Ah CAPCOM Timer 0 Reload Register 0000h
T FE52h 29h CAPCOM Timer 1 Register 0000h
TiIC b| FF9Eh CFh CAPCOM Timer 1 Interrupt Control Register 0000h
T1REL FE56h 2Bh CAPCOM Timer 1 Reload Register 0000h
T2 FE40h 20h GPT1 Timer 2 Register 0000h
T2CON b| FF40h AOh GPT1 Timer 2 Control Register 0000h
T2IC b| FF60h BOh GPT1 Timer 2 Interrupt Control Register 0000h
T3 FE42h 21h GPT1 Timer 3 Register 0000h
T3CON b| FF42h Ath GPT1 Timer 3 Control Register 0000h
T3IC b| FF62h Bth GPT1 Timer 3 Interrupt Control Register 0000h
T4 FE44h 22h GPT1 Timer 4 Register 0000h
T4ACON  b| FF44h A2h GPT1 Timer 4 Control Register 0000h
T4lC b| FF64h B2h GPT1 Timer 4 Interrupt Control Register 0000h
T5 FE46h 23h GPT2 Timer 5 Register 0000h
T5CON b| FF46h A3h GPT2 Timer 5 Control Register 0000h
T5IC b| FF66h B3h GPT2 Timer 5 Interrupt Control Register 0000h
T6 FE48h 24h GPT2 Timer 6 Register 0000h
T6CON b| FF48h Adh GPT2 Timer 6 Control Register 0000h
T6IC b| FF68h B4h GPT2 Timer 6 Interrupt Control Register 0000h
TFR b| FFACh Déh Trap Flag Register 0000h
WDT FEAEh 57h Watchdog Timer Register (read only) 0000h
WDTCON FFAEh D7h Watchdog Timer Control Register 0000h
ZEROS b| FF1Ch 8Eh Constant Value 0’s Register (read only) 0000h

*) system configuration selected during reset
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Absolute Maximum Ratings

Ambient temperature UNder DIas (TA) .ecuecuuiiicueie e 0to+70°C
Storage teMPErature (T'ST).....cocueererrireerie ettt et e te et eee e eeeeee e -65t0+150°C
SUPPIY VORAGE (V/00) c-veuveamieitieie et eeie ettt ettt ettt rs et e e etee e e e e eneeneneene +6.5V
Input voltage (Vin min. = —3.0 V for pulse width less than 15 ns).............. -05t0Vec+ 05V
POWET dISSIPALION. .....c.ciuiiiiiiiiiiteent ettt sttt sttt ee b e ee st e e e eeeeee e tbd

Notes 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.

The SAB 80C166 will also be offered in the temperature ranges — 40 to + 110°C
and—-40to + 85°C.

All of the following time specifications refer to a CPU clock of 20 MHz which is
identical to an oscillator frequency (fosc) of 40 MHz.

DC Characteristics
Ta=01t0+70°C;Vec=5V+10%;Vss=0V

Symbol Parameter Limit Values Unit | Test condition
min. max.
ViL Input Low Voltage -05 0.2 vce \ -
-0.1
VIH Input High Voltage 0.2vce vee + 0.5 \ -
(all except RSTIN# and XTAL1) +0.9
ViH1 Input High Voltage RSTIN# 0.6 vce vee + 0.5 \ -
ViH2 Input High Voltage XTAL1 0.7 vce vee + 0.5 " -
VoL Output Low Voltage - 0.4 \ IoL =2.4 mA

(Ports 0, 1, 4, ALE, RD#, WR#,
BHE#, CLKOUT, RSTOUT#)

vou1 Output Low Voltage (all other - 0.4 \ Iott =1.6 mA
outputs

VoH Output High Voltage 0.9vce - \% IoH=—100pA
Ports 0, 1, 4, ALE, RD#, WR#, 2.4 IoH =—2.4 mA
BHE#, CLKOUT, RSTOUT#)

VOH1 Output High Voltage 0.9vce - Vv 10H =—50uA
(in all outputs) 2.4 \% IoH =—1.6 mA

loz Input Leakage Current (Ports 0, - +1 nA 0 V<Vin<Vce

1,2, 3, 4, NMI#, EBCO, EBC1)

Siemens Aktiengesellschaft 506



SAB 80C166/83C166

DC Characteristics (cont'd)

Symbol | Parameter Limit Values Unit | Test condition
min. max.

RRsT Reset Puliup Resistor 50 150 ka -

n XTAL1 Input Current - tbd pA 0 V<VincVce

Clo Pin Capacitance - 10 pF f=1 MHz
(digital inputs/outputs) TA=25°C

Icc Power Supply Current - 180 mA | 1/TCL = 40 MHz

Iip Idle Mode Supply Current - 20 mA 1/TCL = 40 MHz

IPD Power Down Mode Supply - 100 uA vee=25V"
Current

A/D Converter Characteristics
Ta=010+70°C; Vec =5V £10%; Vss =0 V; Varer = Vec £ 0.2 V; Vaeno = Vss + 0.2 V

Symbol Parameter Limit Values Unit | Test condition
min. max.

VAIN Analog Input Voltage Vss —0.2 vee + 0.2 \Y -

Ci Analog Input Capacitance - 70 pF -

Is Sample Time - 63 TCL 2)

fc Conversion Time - 390 TCL 3) .
TUE Total Unadjusted Error - +2 LSB | -

IREF v ARer Supply Current - 5 mA | 4

TAN Analog Input Current - +500 nA 5)

Notes

) This parameter is tested including leakage currents. All inputs (including pins configured as inputs) at
0Vto0.1 Voratvec—0.1 VtoVce, VRer = 0V, all outputs (including pins configured as outputs)
disconnected.

n

This parameter specifies the time during which the input capacitance €1 can be charged/decharged by
the external source. It must be guaranteed, that the input capacitance C1 is fully loaded within these

63 TCLs. 63 TCL is 1.575 ps at 20 MHz CPU clock. After the end of the sample time ¢s, changes of the
anaiog input voitage have no effect on the conversion resui.

S

This parameter includes the sample time TS. 390 TCL is 9.75 us at 20 MHz CPU clock.

4) Irer in Power Down Mode: TBD

o
- =

This parameter specifies the static input current for an analog input channel, e. g. when the channel is
not selected for conversion.
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SAB 80C166/83C166

AC Characteristics

Testing Waveforms

Figure 8
Input Output Waveforms
2.4V
O‘Mg \Y 0.2V c+0.9
——— TestPoints —
04V 0.2Ve; - 0.1V 0.2Vge - 0.1V
MCA00762

AC Inputs during testing are driven at 2.4 V for a logic '1' and 0.4 V for a logic '0'.
Timing measurements are made at Vi1 min for a logic 1" and Vi« max for a logic '0'.

Figure 9
Float Waveforms

Vioao + 0.1V Timing Vo= 0.1V
Reference <
Viono 0.1V Points VoL +0.1V
MCAQ0763

For timing purposes a port pin is no longer floating when a 100 mV change from load
voltage occurs, but begins to float when a 100 mV change from the loaded Vor/vor level
occurs (Iow/loL = 20 mA).
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SAB 80C166/83C166

AC Characteristics (cont'd)

In the AC Characteristics waveforms, the mid-point of a signal transition is mostly used as
the timing reference point. If not specifically specified in the drawings, the exact timing
reference points are given by the parameter description according to the following figures
(test voltage levels and float state references shown on previous page):

Figure 10
Timing Reference Points

falling, rising edge

to signal —>| ~— after signal

high time
low time
Data

) Valid

setup hold

~ N
X AN

MCT00764
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SAB 80C166/83C166

AC Characteristics (cont'd)

External Clock Drive XTAL1
Ta=01t0+70°C;Vec=5V+10%;Vss=0V

Symbol | Parameter CPU Clock Variable Timing Unit
20 MHz 1/TCL = 2 to 40 MHz
min. max. min. max.
TCL Oscillator Period 25 25 25 500 ns
t High Time - - ns
t2 Low Time - - ns
t3 Rise Time - - ns
ta Fall Time - - 5 ns
Figure 10

External Clock Drive XTAL1

I

MCT00765
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SAB 80C166/83C166

AC Characteristics (cont'd)

Multiplexed Bus with Read/Write Delay
Ta=01t0+70°C;Vee=5V+10%;Vss=0V;

Cu (for Ports 0, 1 and 4, ALE, RD#, WR#, BHE#, CLKOUT) = 100 pF
ALE cycle time = 6 TCL (150 ns at 20 MHz CPU clock)

Symbol | Parameter CPU Clock Variable Timing Unit
20 MHz 1/TCL = 2 to 40 MHz
min. max. min. max.
Is ALE High Time 15 - TCL-10 |- ns
ts Address Setup to ALE 10 - TCL-15 |- ns
t7 Address Hold after ALE 15 - TCL-10 |- ns
fs ALE Falling Edge to RD#, | 15 - TCL-10 |- ns
WR#
to Address Float after RD#, - 5 - 5 ns
WR#
t12 RD#, WR# Low Time 40 - 2TCL-10 |- ns
ta RD# to Valid Data In - 35 - 2TCL-15 | ns
te ALE Low to Valid DataIn | — 60 - 3TCL-15|ns
t7 Address to Valid Data In - 75 - 4TCL-25 | ns
t1s Data Hold after RD# 0 - 0 - ns
Rising Edge
te Data Float after RD# - 35 - 2TCL-15 | ns
to2 Data Valid to WR# 35 - 2TCL-15 |- ns
123 Data Hold after WR# 35 - 2TCL—-15 |- ns
125 ALE rising edge after 35 - 2TCL-15 |- ns
RD#, WR#
to7 Address Hold after RD#, 35 - 2TCL-15 |- ns
WR#
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SAB 80C166/83C166

Figure 11
External Memory Read Cycle

~ s | tis

ALE N
ti7
t; ! <~ los —>
%
e

A17, A16,
(A15 - A8) ><
BHE#

- t27

- b7 — tig

BUS >< Address < Data in \

| | <o

4———t18-——>

<—t5 —-><———tm—->

RO# ) 4

ti2 MCT00766

Figure 12
External Memory Write Cycle

<—t5 —
ALE N

t ~ U

A17, A16,
(A15 - A8) ><
BHE#

-« b7 — >
<t ___>‘

BUS >( Address X Data out

] |<tio

<———t23—~—>
<« g | |e——— l —>

WR#

MCT00767
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SAB 80C166/83C166

AC Characteristics (cont'd)

Multiplexed Bus without Read/Write Delay
Ta=01t0+70°C;Vec=5V+10%; Vss =0 V;

Cv (for Ports 0, 1 and 4, ALE, RD#, WR#, BHE#, CLKOUT) = 100 pF
ALE cycle time = 6 TCL (150 ns at 20 MHz CPU clock)

Symbol | Parameter CPU Clock Variable Timing Unit
20 MHz 1/TCL = 2 to 40 MHz
min. max. min. max.
ts ALE High Time 15 - TCL-10 |- ns
ts Address Setup to ALE 10 - TCL-15 |- ns
tr Address Hold after ALE 15 - TCL-10 |- ns
to ALE Falling Edge to RD#, |—10 - -10 - ns
WR#
1 Address Float after RD#, - 30 - TCL+5 ns
WR#
t3 RD#, WR# Low Time 65 - 3TCL-10 |- ns
Hs RD# to Valid Data In - 60 - 3TCL-15 | ns
te ALE Low to Valid Data In - 60 - 3TCL-15|ns
7 Address to Valid Data In - 75 - 4TCL-25 | ns
ts Data Hold after RD# 0 - 0 - ns
Rising Edge
t1o Data Float after RD# - 35 - 2TCL-15 | ns
to2 Data Valid to WR# 35 - 2TCL-15 |- ns
t23 Data Hold after WR# 35 - 2TCL-15 |- ns
125 ALE rising edge after 35 - 2TCL—-15 |- ns
RD#, WR#
t27 Address Hold after RD#, 35 - 2TCL-15 |- ns
WR#
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SAB 80C166/83C166

Figure 13

External Memory Read Cycle

ALE

15

tis

\_

A17. A16,

ts

(A15 - A8)
BHE#

X

B t’):’y———»

4——t7——>

BUS

>< Address

Figure 14

tg

RD# L

| ti1—>

tig

- 7] ———>

Data in

< lig —»

<——t1a-—>

/

l

| b3

N\

MCT00768

-5 —
ALE

A17, A16,
(A15 - A8)
BHE#

External Memory Write Cycle

- t25

BUS

<—ta—>
- t7 —_—
Address

«— l; — >

Data out

WR#

—

/

.
tg——ﬂ - - Ut
tis
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SAB 80C166/83C166

AC Characteristics (cont'd)

Non-Multiplexed Bus with Read/Write Delay
Ta=0t0+70°C;Vec=5V+£10%; Vss=0V;

C. (for Ports 0, 1 and 4, ALE, RD#, WR#, BHE#, CLKOUT) = 100 pF
ALE cycle time = 4 TCL (150 ns at 20 MHz CPU clock)

Symbol | Parameter CPU Clock Variable Timing Unit
20 MHz 1/TCL = 2 to 40 MHz
min. max. min. max.

Is ALE High Time 15 - TCL-10 |- ns

ts Address Setup to ALE 10 - TCL-15 |- ns

ts ALE Falling Edge to RD#, | 15 - TCL-10 |- ns
WR#

t2 RD#, WR# Low Time 40 - 2TCL-10 |- ns

ta RD# to Valid Data In - 35 - 2TCL-15|ns

te ALE Low to Valid Dataln |- 60 - 3TCL-15|ns

t7 Address to Valid Data In - 75 - 4TCL-25 | ns

t1s Data Hold after RD# 0 - 0 - ns
Rising Edge

120 Data Float after RD# *) - 35 - 2TCL-15 | ns

to2 Data Valid to WR# 35 - 2TCL—-15 |- ns

to4 Data Hold after WR# 15 - TCL-10 |- ns

126 ALE rising edge after -10 - -10 - ns
RD#, WR#

tos Address Hold after RD#, 0 - 0 - ns
WR#

*) This time may be longer if no external bus conflict can occur. For example, this requirement is always
met if only code but no data are accessed externally.
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SAB 80C166/83C166

Figure 15
External Memory Read Cycle

< 5 lis
ALE N
| t
t 17 5 (tge
A17. A16,
A15 - A0
BHE#
—> t28 -—
t20
BUS >'—< Data in

- tg _><--t14—> - t18 —
rRot  / \ /
te MCT00770
Figure 16
External Memory Write Cycle
- ts —
ALE N
t — ~(tg§
A17, A16,
A15 - A0
BHE#
— tza -
BUS >———( Data out >—

WR# /

4————t12—--—>

MCT00771
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SAB 80C166/83C166

AC Characteristics (cont'd)

Non-Multiplexed Bus without Read/Write Delay
Ta=01t0+70°C;Vec=5V+10%;Vss =0V,

C. (for Ports 0, 1 and 4, ALE, RD#, WR#, BHE#, CLKOUT) = 100 pF
ALE cycle time = 4 TCL (100 ns at 20 MHz CPU clock)

Symbol | Parameter CPU Clock Variable Timing Unit
20 MHz 1/TCL = 2 to 40 MHz
min. max. min. max.

ts ALE High Time 15 - TCL-10 |- ns

ts Address Setup to ALE 10 - TCL-15 |- ns

to ALE Falling Edge to RD#, |—-10 - -10 - ns
WR#

t3 RD#, WR# Low Time 65 - 3TCL-10 |- ns

t1s RD# to Valid Data In - 60 - 3TCL-15 | ns

te ALE Low to Valid Data In - 60 - 3TCL-15|ns

t7 Address to Valid Data In - 75 - 4TCL-25 | ns

tis Data Hold after RD# 0 - 0 - ns
Rising Edge

t21 Data Float after RD# *) - 15 - TCL-10 |ns

t22 Data Valid to WR# 35 - 2TCL-15 |- ns

t24 Data Hold after WR# 15 - TCL-10 |- ns

126 ALE rising edge after -10 - -10 - ns
RD#, WR#

t2s Address Hold after RD#, 0 - 0 - ns
WR#

*) This time may be longer if no external bus conflict can occur. For example, this requirement is always
met if only code but no data are accessed externally.
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SAB 80C166/83C166

Figure 17
External Memory Read Cycle
e t5 t!G
ALE \
tiy t
(6 —>» <26
A17, A16.
A15 - AD ><
BHE#
— fzg -
- by —
BUS Data in
tg—-» R t15 —_— -~ t18 —>
RD# /} ;
1 “3 MCTO00772
Figure 18

External Memory Write Cycle

— 5 —
ALE

\
¢ | |des
A17, A16,
A15 - AD
BHE#
— tog |-
BUS ) Data out
tg—-» - t24
WR# J ;
t13 MCTO00773
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SAB 80C166/83C166

AC Characteristics (cont'd)

CLKOUT and READY#
Ta=01t0+70°C;Vece=5V +£10%;Vss =0V,
Cv (for Ports 0, 1 and 4, ALE, RD#, WR#, BHE#, CLKOUT) = 100 pF

Symbol | Parameter CPU Clock Variable Timing Unit
20 MHz 1/TCL = 2 to 40 MHz
min. max. min. max.

f29 CLKOUT Cycle Time 50 50 2TCL 2TCL ns
t30 CLKOUT High Time 15 - TCL-10 |- ns
131 CLKOUT Low Time 15 - TCL-10 |- ns
132 CLKOUT Rise Time - 5 - 5 ns
133 CLKOUT Fall Time - 5 - 5 ns
faa ALE Rising to CLKOUT 0 10 0 10 ns

Falling Edge
135 Synchronous READY# 10 - 10 - ns

Setup Time to CLKOUT
136 Synchronous READY# 10 - 10 - ns

Hold Time after CLKOUT
137 Asynchronous READY# 65 - 2TCL + 15 |- ns

Hold Time

Figure 19 _
CLKOUT and READY# | tag >
CLKOUT
BN
ALE ‘_/‘/_\
tss t
Synchronous
READY#
| t37 |

Asynchronous
READY#

Siemens Aktiengesellschaft 519

MCT00774







Summary of Package Outlines
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Package Outlines
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Summary of Package Outlines

Plastic Package, P-DIP-18
(dual-in-line package)
20A18 DIN 41870 T9

Plastic Package, P-DIP-20
(dual-in-line package)
20A20 DIN 41870 T9

Plastic Package, P-DIP-24
(dual-in-line package)
20A24 DIN 41870 T10

Plastic Package, P-DIP-28
(dual-in-line package)
20A28 DIN 41870 T10

VPD 05037
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Summary of Package Outlines

Plastic Package, P-DIP-40
(dual-in-line package)
20A40 DIN 41870 T10

Ceramic Package, C-DIP-40
(dual-in-line package)

Ceramic Package,C-DIP-28
(dual-in-line package)

Ceramic Package,C-PGA-68
(pin-grid-array)
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Summary of Package Outlines

Ceramic Package,C-PGA-88
(pin-grid-array)

Ceramic Package,C-PGA-145
(pin-grid-array)

Ceramic Package,C-CC-68
(chip-carrier)

Ceramic Package,CL-CC-84
(chip-carrier)

VPL 05126
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Summary of Package Outlines

U.{{ }
( 3
Tl

VPL 05102

Plastic Package, PL-CC-44
(chip-carrier) - SMD

g J

i 3

u““lu[ X 113’””
s

VPL 05085

Plastic Package, PL-CC-68
(chip-carrier) - SMD

L
([(
l{l
{
[ut‘luu 4 umﬂ’”
J

VPL 05023

Plastic Package, PL-CC-84
(chip-carrier) — SMD

VPQ 05032

Plastic Package, P-QFP-100
(Quad-Flat-Pack) -SMD
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Summary of Package Outlines

Ceramic Package,C-QFP-172
(Quad-Flat-Pack)

VPQ 05048
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Summary of Package Outlines

Plastic Package, P-DIP-18
(dual-in-line package)
20A18 DIN 41870 T9

-
4

0.45°°" 254 15max =12

18 10
EAF3 FAF3 A F3 Fa FEY,

GPD0S035

EHEHE EH e e e e

0.bmax

- 22.7_03

Dimensions in mm

Plastic Package, P-DIP-20
(dual-in-line package)
20A20 DIN 41870 T9

04507 254  15max =1.
20 ik

GPD05091

0.4 max

| 25.3.02

Dimensions in mm
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Summary of Package Outlines

Plastic Package, P-DIP-24
(dual-in-line package)
20A24 DIN 41870 T10

0450 =2
3

24
EEE===0=0=0=0==E ==

ﬁ

HECOEEEEEEE
12

2.54 1.5max

15.24+12
GPDO05S034

N

2.54

r——
1.5max

0.45°%1

28
I=isisi=iIzisi=isi=lsl=]

0.4 max
31.9.04
Dimensions in mm

Plastic Package, P-DIP-28
(dual-in-line package)
20A28 DIN 41870 T10 -

o

€ 15.24,202

— vgf o rFﬁ — ~ﬂj

HHEHEHEEEHEOE EEE

(8

0.4max

35904

GPD05037

Dimensions in mm
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Summary of Package Outlines

Plastic Package, P-DIP-40
(dual-in-line package)
20A40 DIN 41870 T10

15.24£02—e=]
T
E o ¥
a |
| 0.25*%
2.54 1.5max 0.45*% 1
o3
[.ogmmmp——l;——«ls——:mmmmm Al 152["12
FAFAFAFRF3 3 . -
) GPD 05055
D) i
q
E 20
e 50.9.05 HOA max
Dimensions in mm
Plastic Package, C-DIP-28
(dual-in-line package)
>
o
El
c .
I
51 | []
‘ ST t 0.25:3b,
- -3
256 15max  0.45'0%s 13 m 15 24506
. GCDO5044

28 15

oA caraca oo or

o e e e e e e e e e gy e e

1 14

365 g—————

Dimensions in mm
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Summary of Package Outlines

Ceramic Package, C-DIP-40
(dual-in-line package)

AL AL

1.5max 0‘05 005

min
3.2max

L1

s,

. ? 02594,
| ——————

{e——15,2£4#0.6 ——at

w’ 1.
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40 21

T R N F e e T T T T N W W W — W W

| g g e e e gy e e e e e e e sy e e

1 20
51.5.45

Dimensions in mm

Ceramic Package, C-PGA-68
(pin-grid-array)

29506
25.4 T hqs
e 2.54 306
Ve N —
_)__@_r, 41 G
T 43
[Tl "2l T
N o~
o~
1 Bl = <
3 , it 3
6o—| 1 & INEEAAN 3}5: s
i I D Y N R e
l EE!
Index Marking GPGOS003

Dimensions in mm
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Summary of Package Outlines

Ceramic Package, C-PGA-88
(pin-grid-array)

33406

3048 - 72001 |
2.54 2305 M

~ 1

1

?
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|
BN 17
88
X
© =3
gt —t S < 1
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Dimensions in mm

Ceramic Package, C-PGA-145
(pin-grid-array)
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Summary of Package Outlines

Ceramic Package, C-CC-68
(chip-carrier)

2bh_ o5

SR Y Y M— ey (308
1.27 1706
Index Marking\ ] -
|
1— L
8 E T T
= 3 a3 N
E - = [ A b |
= = o~ & <
= 3. J
= o
s (AT =i § H o
, GCCO50:
217
0.9
Dimensions in mm
Ceramic Package, CL-CC-84
(chip-carrier)
F.f s V7 [ E LR T —
—29.210+0 304 —
Index Marking
- 10 84

29.210+0304
28.702:0508

i
|
-1 ‘+ S
|
l

-~ 302261025 o

_’J 127 0.508
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Dimensions in mm
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Summary of Package Outlines

Plastic Package, PL-CC-44
(chip-carrier) — SMD
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(chip-carrier) — SMD
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Summary of Package Outlines

Plastic Package, PL-CC-68
(chip-carrier) — SMD
—————253 95— —
Index Marking 2302
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Summary of Package Outlines

Plastic Package, P-QFP -100
(Quad-Flat-Pack) - SMD

012 max.

@L@—'J 6PA05032

100 Pins
Dimensions in mm
Ceramic Package, C-QFP -172
(Quad-Flat-Pack)
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N il :
et |
| ® ‘
@ | !
[
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| EEIE
| |88 R
‘ | J
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i f
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Top Tech Semiconductors — Worldwide

@ )
Siemens AG Osterreich
Postfach 326

1031 Wien

= (0222) 71711-5661
™) 1372-10

FAX (0222) 71711-6110

Siemens Ltd., Head Office

544 Church Street

Richmond (Melbourne), Vic. 3121
2 (03) 4207111, 1x) 30425

FAX (03) 4207275

Siemens S.A.

chaussée de Charleroi 116
1060 Bruxelles

2 (02) 536-2111, [1x] 21347
FAX (02) 536-2492

ICOTRON S.A.

Industria de Componentes
Eletronicos

Avenida Mutinga, 3650
05150 Sao Paulo-SP

= (011) 833-2211

[Tx] 11-81006

FAX (011) 833-2631

Siemens Electric Limited
Electronic Components Division
1180 Courtney Park Drive
Mississauga, Ontario L5T 1P2
2 (416) 5641995

(069) 68841

FAX (416) 5645855

@

Siemens-Albis AG
FreilagerstraBe 28

8047 Ziirich

= (01) 495-3111, (1x] 823781-23
FAX (01) 495-5050

@

Siemens AG

Salzufer 6-8

1000 Berlin 10

2 (030) 3993-0

Tx] 18100-278

FAX (030) 3993-2630
Ttx 308193 = sieznb

Siemens Aktiengesellschaft

Siemens AG
Lahnweg 10
Postfach 1115
4000 Diisseldorf 1
= (0211) 399-0

Ttx 21134401

FAX (0211) 399-1481

Siemens AG

Rédelheimer LandstraBe 5-9
Postfach 111733

6000 Frankfurt 1

= (069) 797-0

™ 414131-0

FAX (069) 797-2253

Siemens AG
Lindenplatz 2
Postfach 105609
2000 Hamburg 1

= (040) 2889-0

Tx 215584-0

FAX (040) 2889-3096

Siemens AG Hannover
Hildesheimer Str. 7
Postfach 110551

3014 Laatzen

2 (0511) 877-0

Tx] 922333

FAX (0511) 877-2078

Siemens AG
Richard-Strauss-StraBe 76
Postfach 202109

8000 Miinchen 80

2 (089) 9221-4391, 4138
™ 529421-19

FAX (089) 9221-4390, 4692
Ttx 8985084

Siemens AG
Von-der-Tann-StraBe 30
Postfach 4844

8500 Niirnberg 1

= (0911) 654-0
622251

FAX (0911) 654-4064

Siemens AG
Geschwister-Scholl-StraBe 24
Postfach 106026

7000 Stuttgart 1

@ (0711) 2076-0

[Tx1 723941-50

FAX (0711) 2076-2448

540

Siemens A/S

Borupvang 3

2750 Ballerup

D (44) 774477, 1x1 1258222
FAX (44) 774017

@

Siemens S.A.

Departamento de Componentes
Orense, 2

Apartado 155

28020 Madrid

2 (01) 5552500, Tx] 44191
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