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Summary of Types

Summary of Types

Description/Speed

Type Package
8-Bit Single-Chip Microcontrollers
SAB 8031A-N PLCC 44
SAB 8031A-P P-DIP 40
SAB 8031A-16-N PLCC 44
SAB 8031A-16-P P-DIP 40
SAB 80C31-N ‘PLCC 44
SAB 80C31-P P-DIP 40
SAB 8032B-N PLCC 44
SAB 8032B-P P-DIP 40
SAB 8032B-16-N PLCC 44
SAB 8032B-16-P P-DIP 40
SAB 80C32-N PLCC 44
SAB 80C32-P P-DIP 40
SAB 8051A-N PLCC 44
SAB 8051A-P P-DIP 40
SAB 8051A-16-N PLCC 44
SAB 8051A-16-P P-DIP 40
SAB 80C51-N PLCC 44
SAB 80C51-P P-DIP 40
SAB 8052B-N PLCC 44
SAB 8052B-P P-DIP 40
SAB 8052B-16-N PLCC 44
SAB 8052B-16-P P-DIP 40
SAB 80C52-N PLCC 44
SAB 80C52-P P-DIP 40
SAB 80512-N PLCC 68
SAB 80513-N PLCC 44
SAB 80513-P P-DIP 40
SAB 80513-16-N PLCC 44
SAB 80513-16-P P-DIP 40
SAB 80515-N PLCC 68
SAB 80515-16-N PLCC 68
SAB 80C515-N PLCC 68
SAB 80C517-N PLCC 84
SAB 80532-N PLCC 68
SAB 80533-N PLCC 44
SAB 80533-P P-DIP 40
SAB 80535-N PLCC 68
SAB 80535-16-N PLCC 68
SAB 80C535-N' PLCC 68
-SAB 80C537-N PLCC 84

without ROM, 12 MHz

without ROM, 12 MHz

without ROM, 16 MHz

without ROM, 16 MHz

without ROM, CMOS, 12 MHz
without ROM, CMOS, 12 MHz
without ROM, 12 MHz

without ROM, 12 MHz

without ROM

without ROM, 16 MHz

without ROM, CMOS, 12 MHz
without ROM, CMOS, 12 MHz
4K x 8-bit, ROM, 12 MHz

4K x 8-bit, ROM, 12 MHz

4K x 8-bit, ROM, 16 MHz

4K x 8-bit, ROM, 16 MHz

4K x 8-bit, ROM, CMOS, 12 MHz
4K x 8-bit, ROM, CMOS, 12 MHz
4K x 8-bit, ROM, 12 MHz

8K x 8-bit, ROM, 12 MHz

8K x 8-bit, ROM, 16 MHz

8K x 8-bit, ROM, 16 MHz

8K x 8-bit, ROM, CMOS, 12 MHz
8K x 8-bit, ROM, CMOS, 12 MHz .
4K x 8-bit, ROM, 12 MHz

16K x 8-bit, ROM, 12 MHz

16K x 8-bit, ROM, 12 MHz

16K x 8-bit, ROM; 16 MHz

16K x 8-bit, ROM, 16 MHz

8K x 8-bit, ROM, 12 MHz

8K x 8-bit, ROM, 16 MHz

8K x 8-bit, ROM, CMOS, 12 MHz
8K x 8-bit, ROM, CMOS, 12 MHz
without ROM, 12 MHz

without ROM, 12 MHz

without ROM, 12 MHz

without ROM, 12 MHz

without ROM, 16 MHz

without ROM, CMOS, 12 MHz
without ROM, CMOS, 12 MHz




Summary of Types

Summary of Types (Continued)

Type

Package

Description/Speed

8-Bit Single-Chip Microcontrollers Extended Temperature Range

SAB 8031A-10-P-T40/110
SAB 8031A-12-P-T40/85
SAB 8031-N-T40/85
SAB 80C31-P-T40/85
SAB 8032B-N-T40/85
SAB 8032B-P-T40/85
SAB 8032B-P-T40/100
SAB 8051A-10-P-T40/110
SAB 8051A-12-P-T40/85
SAB 80C51-N-T40/85
SAB 80C51-P-T40/85
SAB 8052B-N-T40/85
SAB 8052B-P-T40/85
SAB 8052B-P-T40/100
SAB 80512-N-T40/85
SAB 80515-N-T40/85
SAB 80515-N-T40/110
SAB 80C515-N-T40/85
SAB 80C517-N-T40/85
SAB 80532-N-T40/85
SAB 80535-N-T40/85
SAB 80535-N-T40/110
SAB 80C535-N-T40/85
SAB 80C537-N-T40/85

P-DIP 40
P-DIP 40
PLCC 44
P-DIP 40
PLCC 44
P-DIP 40
P-DIP 40
P-DIP 40
P-DIP 40
PLCC 44
P-DIP 40
PLCC 44
P-DIP 40
P-DIP 40
PLCC 68
PLCC 68
PLCC 68
PLCC 68
PLCC 84
PLCC 68
PLCC 68
PLCC 68
PLCC 68
PLCC 84

—~40°Cto +110°C
—40°C to +85°C

—40°C to +85°C, CMOS
—40°C to +85°C, CMOS
—40°C to +85°C
—40°Cto +85°C

—40°C to +100°C
—40°Cto +110°C
—40°Cto +85°C

—40°C to +85°C, CMOS
—40°C to +85°C, CMOS
—40°Cto +85°C

—40°C to +85°C

—40°C to +100°C
—-40°C to +85°C

—40°C to +85°C
—~40°Cto +110°C
—40°C to +85°C, CMOS
—40°C to +85°C, CMOS
—40°Cto +85°C

—40°C to +85°C
—40°Cto +110°C
—40°C to +85°C, CMOS

—40°C to +85°C, CMOS
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General Information

Type Designation Code of ICs

IC type designations are based on the Eurpoean Pro
Electron System. The code system is explained in
the Pro Electron brochure D 15, edition 1985, avail-
able at:

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

Mounting Instructions

Plastic Package (Dual In-Line)

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

The bottom of the package will not touch the PC
board after insertion because the pins have shoul-
ders 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. Plas-
tic packages are soldered on that side of the PCB
facing away from the package.

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

045min

W
008 Tin solder M T

440
{254k
01685-1

Dimensions in mm

Figure 1. Plastic Package (Dual-In-Line)

Plastic Packages (SO and PLCC) for
Surface Mounting (SMD)

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

Vapor phase soldering: Soldering temperature
215°C, max. soldering time
40s

Wave soldering: Soldering temperature

(pins and package 260°C, max. soldering time

are dipped into 8s

the tin bath)

Storage, Pretreatment before
Processing

The components are to be stored in a dry environ-
ment. 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 advis-
able 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
charge. Under no circumstances should the compo-
nents be removed or ingerted while the operating
voltage is switched on.

The increase in chip temperature during the solder-
ing process results in a temporary increase in elec-
trostatic sensitivity of integrated circuits. Special pre-
cautions should therefore be taken against line tran-
sients, e.g. through the switching of inductances on
magnetic chutes, etc.

®©Siemens Components, inc.
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General Information

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 resuit that today every
IC, whether bipolar, MOS, or CMOS, has to be pro-
tected 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 discharge (ESD).

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

For the protection of devnces the following pnncnples
should be observed:

a. Reduction of charging voitage, below 200V if pos-
sible. Means which are effective here are an in-
crease in relative humidity to > 60% and the re-
placement of highly charging plastics by antistatic
materials.

b. With every kind of contacf_ with the device pins a
charge equalization is to be expected. This should
alv«éays be highly resistive (ideally A = 106Q to
108Q).

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

Identificatlon

The packlng of ESS dev1ces is provided with the fol-
lowing label by the manufacturer:

i

0165-3

Scope

The guidslines apply to the storage, transport, test-
ing, and processing of all kinds of ICs, as well as the
soldered circuit boards equipped with such compo-
nents. ;

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

2.1Cs may only be handled at specially equipped
work stations. These stations must have work sur-
faces covered with a conductive material of the
order of 106 Q/cm. to 109 Q/cm.

3. With humidity of >50% a coat of pure cotton is
sufficient. In the case of chargeable synthetic fi-
bers the clothing should be worn close-fitting. The
wrist strap must be worn snugly on the skin and
be grounded through a resistor of 50 kQ to 100
kQ.

4. If conductive floors, # = 5 X 104Q to 1070} are
provided, further protection can be achieved by
using so-called MOS chairs and shoes with a con-
ductive sole (R = 105Q to 107Q).

5. All transport containers for ESS devices and as-
sembled circuit boards must first be brought to
the same potential by being placed on the work
surface or touched by the operator before the in-
dividual devices may be handled. The potential
equalization should be through a resistor of 1060
to 108Q.

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

Example 1. Conductive (black) tubes.

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

Example 2. Anti-static (transparent) tubes.

The devices cannot be destroyed by
charged persons in the tube (there
may be a rare exception in the case of
custom ICs with unprotected gate
pins). The devices can be endan-
gered as in 1) when the tube is emp-
tied if the latter, especially at low hu-
midity, is no longer sufficiently anti-
static after a long period of storage
(> 1 year).

© Siemens Components, Inc.
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In both cases damage can be avoided by discharg-
ing the devices through a grounded adapter of high-

resistance material (= 106 Q/cm to 108 /cm) be- .

tween the tube and the machine.

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

Storage

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

Transport

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

Transfer cars and their rollers should exhibit ade-
quate electrical conductivity (R < 106Q). Sliding
contacts and grounding chains will not reliably elimi-
nate charges.

Incoming Inspection

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

Material and Mounting

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

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

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

Electrical Tests

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

2. Test sockets must not be conducting any voltage
when individual devices or assembled circuit
boards are inserted or withdrawn, unless works’
specifications state otherwise. Ensure that the
test devices do not produce any voltage spikes,
either when being turned on and off in normal op-
eration 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 respec-
tive data books/sheets,

Packing of Assembled PC Boards or
Flatpack Units

The packing material should exhibit low volume con-
ductivity:
105 Q/cm < p < 1010 0/cm.

In most cases—especially with humidity of > 40%—
this requirement is fulfilled using simple corrugated
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 pro-
tection 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 alu-
minum-foil lining, such as those used for shipping of
our devices, are available from Laber of Munich.

Ultrasonic Cleaning of ICs

The following recommendation applies to plastic
packages. For cavity packages (metal and also ce-
ramic) 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.

©Siemens Components, Inc.
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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 < 2 min
alternating sound pressure p < 0.29 bar

sound power N < 0.5 W/cm2/liter

Data Classification

Maximum Ratings

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

Characteristics

The listed characteristics are ensured over the oper-
ating range of the integrated circuit. Typical charac-
teristics specify mean values expected over the pro-
duction spread. If not otherwise specified, typical
characteristics will apply at To = 25°C and for the
given supply voltage. :

Operating Range

In the operating range fhe functions given in the cir-
cuit description wil be fulfilled. .

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 con-
trolled at each production stage.

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

Figure 2 shows the most important stages of the
“SQS-IC”. A quality assurance (QA) department
which is independent of production and develop-
ment, is responsible for the selected control mea-
sures, 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 ac-
celerated life and environmental tests used for both
qualification and routine monitoring test.

|

' l Quality control stages ] Incoming goods Qualification stages
. parts and
materials
Incoming inspection Process
arts development
auxiliaries (wafer
materials b . ate
Wafer Quality .
producti release
In= process control
physical parameters | Development of
dimensions ¢ package + process
visual Inspection (assembly)
1st lot acceptance test Qualt
uality
Assembly g——< release >-———-|
In= process control
Simansons Product
2nd lot acceptance test « development
3rd lot acceptance test .
- Testing © Quality .
department release
Conformance Inspection
(attributes) )
Stock

I

0t65-4

Figure 2. Quality Assurance System

2-4
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The latest methods and equipment for preparation
and analysis are employed to achieve continuity of
quality and reliability.

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 operat-
ing 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 mini-
mum percent defectives as well as the acceptable
quality level (AQL). Sampling inspection is per-
formed in accordance with the inspection plans of
DIN 40080, as well as of the identical MIL-STD-105
or |[EC 410.

Rellability

Measures Taken during Development

The reliability of ICs is already considerably influ-
enced at the development stage. Siemens has,
therefore, fixed certain design standards for the de-
velopment of circuit and layout, specifying e.g. mini-
mum width and spacing of conductive layers on a
chip, dimensions and electrical parameters of pro-
tective circuits for electrostatic charge, etc. An ex-
amination with the aid of carefully arranged pro-
grams operated on large-scale computers, guaran-
tees 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 process-
es require more than a hundred different test mea-

sures. The tests have been arranged such that the

individual process steps can be reproduced continu- .

ously.

The decreasing failure rates reflect the never ending
effort in this direction; they have been reduced con-
siderably despite an immense rise in the IC's com-
plexity.

Reliability Monitoring

The general course of the IC’s failure rate versus
time is shown by a so-called “bathtub” curve (Figure
3). The failure rate has its peak during the first few
operating hours (early failure period). After the early
failure period has decayed, the “constant” failure
rate period starts during which the failures may oc-
cur 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 speci-
fied for the individual equipment.

Reliability tests for ICs are usually destructive exami-
nations. They are, therefore, carried out with sam-
ples. Most failure mechanisms can be accelerated
by means of higher temperatures. Due to the tem-
perature dependence of the failure mechanisms, it is
possible to simulate future operational behavior
within a short time by applying high temperatures;
this is called accelerated life testing.

Fallure rate
A

’
’
’
4

Constant fallure rate period

Wear=out
failure
period

Early
fallure
period

Operating hours —»
0165-5

Figure 3. Reliability “Bath-Tub” Curve

©Siemens Components, Inc.
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The accerleration factor: B for the life test can be
obtained from the Arrhenius equation

_&1 1]
"k ln T

B = exp

where T3 is the temperature:at which the life test is
performed, T4 is the assumed operating tempera-
ture, and 4 is the Boltzmann constant.

Important for factor B is the activation energy Ea. It
lies between 0.3V and 1.3 eV and differs considera-
bly for individual failure mechanisms.

For all Siemens ICs; the reliablity data from life tests
is converted to an operating temperature of 7o =
55°C, assuming an average activation energy of
0.5 eV. The acceleration factor for life tests at 125°C
is thus 22.3, compared with operational behavior.
This method considers also failure mechanisms with
low activation energy, i.e. which are only slightly ac-
celerated by the temperature effect.

Various reliability tests are periodically performed
with IC types that are representative of a certain pro-
duction’ line—this is described in the "brochure
“8Q8S-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.

©Siemens Components, Inc.
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SAB-51 Architectural Overview

Siemens SAB-51 family of 8-bit microcontrollers consists of the devices listed in Table 1, all of which are
based on the SAB-8051 architecture shown in Figure 1. The original 8051 was built in N-channel, silicon gate,
Siemens MYMOS Il technology and packaged in a 40-pin DIP. The 8051A which is in the advanced N-channel,
silicon gate Siemens MYMOS Il process, is the device currently in production.

All other microcontrollers listed in this book are backward compatible with the SAB-8051A.

SAB 8051 Architectural Block Diagram

P0.0=PO.7 P2.0-P2.7
4
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Figure 1. SAB 8051 Architectural Block Diagram
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Table 1. The SAB-51 Family of Microcontrollers

ADC Inter-
. _Devlce Clock ROM| RAM |1/0-Ports| Inputs Timer/ |Watch rupt | Serial Div/| Data
= ROMIess| Rate (XB) | Byte)| (8-Bit) | (8-Bit Counter| Dog Sources/| 1/0 PWM|Muit| Pointers| Package
Version | (MHz) Y (16-Bit) | Timer Unit| (16-Bit)
Resol.) Levels :
SAB 8051 4 ‘ ] ‘ PDIP 40
lsAB 8031+ 12,18 ~ | 128 4 | - 2 - §/2 |USART| — | — | 1 "
SAB 8052 8 ~Tror o
sABsosar |1216] _ | 256 | ’4 - 3 — | 6/2 |USART| — | —| 1 5
6(1/0)
SAB 80512 4
sABsosazr | 2 | — | 128 ;(r‘) 8 2 - 6/2 |USART| — .| — 1 |PLCC®E8
12 PDIP 40
SABB0513 | . | 16 | 256 4 — | 3 - 62 |usartl — | —| 1 [PPP4
SAB 80515 8 : ' :
sABgosas+ |28l _ | 256 6 8 3 1 | 12/4 |USART|4ch| —| 1 |pLcCeB
8(1/0) :
SAB 80C515 8 .
sABsocsas*| 12 | — | 2% 1;) 8 3 1 12/4 |USART| 4ch| — 1 |pPLCCé8
' 71/0) USART .
2:3 2382;;. 12 | ° | 256 + 12 | 4 2 14/4 + |21ch|Yes| 8 |PLCCB84
1% () . UART .
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SAB 8051A/8031A,
SAB 8051A-16/8031A-16

The SABB051A is the original member of the SAB-

51 family. Among the features of the SAB 8051A

are:

® 8-Bit CPU Optimized for Control Applications

® Extensive Boolean Processing (Single-Bit Logic)
Capabilities

® 32 Bidirectional and Individually Addressable i/0
Lines

® 128 Bytes of On-Chip Data RAM

¢ RAM Power-Down Supply

® Two 16-Bit Timer/Counters

® Full Duplex UART

® 5-Source Interrupt Structure with 2 Priority Levels

® On-Chip Clock Oscillator

® 4 Kbytes of On-Chip Program Memory

® 64K Program Memory Address Space

® 64K Data Memory Address Space

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

The SAB8031A differs from the SAB8051A, in not
having the on-chip program ROM. Instead, the SAB
8031A fetches all instructions from external memo-

ry.

The SAB8051A-16 differs from the SAB8051A only
in the speed of operation. The SAB8051A can run
with a clock oscillator frequency from 1.2 MHz to
12 MHz whereas the SAB 8051A-16 can run upto a
clock oscillator frequency of 16 MHz.

The extended temperature versions of these parts
are also available.

SAB 80C51/80C31

The SAB 80C51/80C31 is a standalone, high-per-
formance CMOS single-chip microcontroller, de-
signed in Siemens ACMOS technology. It is func-
tionally compatible with the SAB 8051A/8031A de-
vices in MYMOS technology. '

The low-power properties of ACMOS technology al-
low applications where power consumption and dis-

sipation are critical. In additon, the SAB
80C51/80C31 has two software-selectable modes
of power reduction—idle and power-down.

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

SAB 8052B/8032B,
SAB8052B-16/SAB8032B-16

The SAB 8052B/8032B is identical to the SAB
8051A/8031A and is also fabricated in advanced
N-channel, Silicon gate Siemens MYMOS lil tech-
nology. It is pin for pin compatible with the
SABB8051A. Its enhancements over the SAB8051A
are as follows:

® 256 Bytes of On-Chip Data RAM

® Three Timer/Counters

® §-Source Interrupt Structure

® 8 Kbytes of On-Chip Program ROM

The ROMless version of the 8052B is the 8032B.
The 16 MHz version is the SAB 8052B-16/8032B-
16. The extended temperature versions of these
parts are also available. The earlier version of the
SAB 8052B/8032B was fabricated in N-channel, sili-
con gate Siemens MYMOS |l technology and was
called the SAB 8052A/8032A. Whatever applies to
the SAB 8052A/8032A also applies to the SAB
8052B/8032B except that the SAB 8052B/8032B is
in the advanced N-channel, silicon gate Siemens
MYMOS lli technology.

SAB 80C52/80C32

The SAB 80C52/80C32 is a standalone, high-per-
formance CMOS single-chip microcontroller, de-
signed in Siemens ACMOS technology. It is func-
tionally compatible with the SAB 8052A/8032A or
the SAB 8052B/8032B devices in MYMOS technol-

ogy.

Furthermore, it is backwardly compatible with the
SAB 80C51/80C31. The low-power consumption
properties of ACMOS technology allow applications
where power consumption and dissipation are crit-
ical. In addition, the SAB 80C52/80C32 has two
software-selectable modes of reduced activity for
further power reduction—idle and power-down.

©Siemens Components, Inc.
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The SAB 80C52/80C32 is supplied in a 40-pin P-DIP’

package, or a 44-pin plastic leaded chip carrier
(PLCC 44) package.

SAB 80513
SAB 80513-16

The SAB 80513/80533 is a new member of the Sie-
mens SAB 8051 family of 8-bit microcontrollers. It is
fabricated in N-channel silicon-gate Siemens
MYMOS technology. :

The SAB 80513 is a stand-alone, high-performance,
single-chip microcontroller based on the SAB 8051
architecture. It maintains all features of the SAB
8051A and SAB 8052B (including Timer 2 of the
SAB 8052B) and is thus fully compatible to both the
SAB 8051A and SAB 8052B.

In addition, the SAB 80513 contains 16 Kbyte of on-
chip ROM, which makes it a powerful and cost-ef-
fective controller for applications requiring more
ROM space.

The SAB 80513 operates up to 12 MHz crystal oscil-
lator frequency. The SAB 80513-16 operates up to
16 MHz crystal oscillator frequency.

The SAB 80513 is supplied in a 40-pin dual-in-line
package or a 44-pin plastic leaded chip carrier
(PLCC 44) package.

SAB 80512/80532

The SAB 80512/80532 is a new member of the Sie-
mens SAB 8051 family of 8-bit microcontrollers.
Maintaining all features of the SAB 8051A/8031A, it
is backwardly compatible with the SAB 8051A/
8031A. Furthermore the SAB 80512/80532 incorpo-
rates several enhancements, that significantly in-
crease design flexibility and cost effectiveness. In
addition to the SAB 8051A/8031A the SAB 80512/
80532 contains an 8-bit A/D converter with 8 multi-
plexed inputs (these inputs can also be used as digi-
tal inputs), an own baud rate generator for the serial
interface and two more 1/0 ports. The SAB 80532 is
identical with the SAB 80512, except that it lacks the
on-chip ROM.

The SAB 80512/80532 is fabricated in +5V ad-
vanced N-channel, silicon gate MYMOS technology
of Siemens and supplied in a PLCC 68 package. For
the industrial temperature range —40°C to +85°C,
the SAB 80512/80532-T40/85 is available.

SAB 80515/80535,

SAB 80515-16, 80535-16 -

The SAB 80515/80535 is a powerful member of the
Siemens 'SAB 8051 family of 8-bit microcontrollers.
It is fabricated in + 5V N-channel, silicon-gate Sie-
mens MYMOS technology.

The SAB 80515/80535 is a stand-alone, high-per-
formance 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. These features are:
® 8K X 8 ROM (SAB 80515 Only)
® 256 X 8 RAM
¢ Six 8-Bit /0 Ports, One 8-Bit Input Port for Analog
Signals
® Three 16-Bit Timer/Counters’
® Programmable Timer/Counter Register-Array with
Compare/Capture
Auto Reload
Pulse Width Modulator 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
® Vpp Provides Standby Current for 40 Bytes of
RAM
® Boolean Processor
® 256 Bit-Addressable Locations
® Most Instructions Executed in:
1 us (SAB 80515/80535)
750 ns (SAB 80515-16/80535-16)
® 4 us (3 us) Multiply and Divide
® Backwardly Compatible with SAB 8051

® 68-Pin Plastic Leaded Chip Carrier Package
(PLCC 68)

. The SAB 80535 is identical with the SAB 80515 ex-

cept that it lacks the on-chip program memory. The
SAB 80515/80535 is supplied in a 68-pin plastic
leaded chip carrier package (PLCC 68). The SAB
80515/80535 operates up to 12 MHz crystal oscilla-
tor frequency. The SAB 80515-16/80535-16 oper-
ates up to 16 MHz crystal oscillator frequency. The -
SAB 80515/80535 is also available in industrial tem-
perature range (—40°C to +85°C) and in the auto-
motive temperature range (—40°C to +110°C).

3-4
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SAB 80C515/80C535

The SAB 80C515/80C535 is a new, powerful mem-
ber of the Siemens SAB 8051 family of 8-bit micro-
controllers. It is designed in Siemens ACMOS tech-
nology and is functionally compatible with the SAB
80515/80535 devices designed in MYMOS technol-

ogy.

In addition, the SAB 80C515 has two software-se-
lectable power saving modes: idle mode and the
power-down mode. These modes replace the pow-
er-down supply mode via pin Vpp of the SAB 80515
(NMOS). i

In case of the SAB 80C515 the analog port can also
be used as a digital input port.

The SAB 80C535 is identical with the SAB 80C515
except that it lacks the on-chip program memory.
The SAB 80C515/80C535 is supplied in a 68-pin
plastic leaded chip carrier package (PLCC 68). For
the industrial temperature range —40°C to +85°C,
the SAB 80C515/80C535-T40/85 is available.

SAB 80C517/80C537

The SAB80C517/80C537 is a new and the most
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 80C515/80C535 devices. While main-
taining all the SAB 80C51 operating characteristics,
the SAB 80C517/80C537 incorporates several en-
hancements which significantly increase design flex-
ibility and overall system performance. These fea-
tures are:

® 8 Kbyte On-Chip Program Memory

® 256 Byte On-Chip RAM

® 256 Directly Addressable Bits

® 1 us Instruction Cycle at 12 MHz

® 64 of 111 Instructions Executed in One Cycle

® External Program and Data Memory Expandable
to 64 Kbyte Each

® 8-Bit A/D Converter

— 12 Multiplexed Inputs

— Programmable Reference Voltages
— External/Internal Start of Conversion

® Two General Purpose 16-Bit Timers/Counters
(Timer O, Timer 1)

® Compare Capture Unit (CCU)
— One 16-Bit Timer/Counter, 1 MHz Clock

— One 16-Bit Compare-Timer, 6 MHz Clock with
Dedicated Reload Register

— One 16-Bit Reload/Capture/Compare Register
— Four 16-Bit Capture/Compare Registers

— Eight 16-Bit Compare Registers

— Concurrent Compare

— Pulse Width Modulation or High Speed Output
Possible on up to 21 Channels

— Fine Capture Input Channels

® Two Full Duplex Serial Interfaces with Own Baud
Rate Generator

® Four Priority Level Interrupt System, 14 Interrupt
Sources

® Extended Arithmetic Capabilities for Division and
Multiplication (Mul./Div. Unit Operations to Fast
16/32-Bit)

® Eight Datapointers for Indirect Addressing

® Extended Fail Safe Mechanisms

— 16-Bit Programmable Watchdog Timer

— Oscillator Watchdog

— Hardware Disable for Power Saving Modes

® Extended Power Saving Modes (Slow Down, ldle,
Power-Down)

® Nine Ports

— Seven Bidirectional 8-Bit Ports
— One 8-Bit, One 4-Bit Input Port
® 84 Pin PLCC Package

© Siemens Components, Inc.
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Figure 2. SAB-51 Memory Structure

Memory Organization in SAB-51
Devices

Logical Separation of Program and Data
Memory

All SAB-51 devices have separate address spaces
for Program and Data Memory, as shown in Figure 2.
The logical separation of Program and Data Memory
allows the Data Memory to be accessed by 8-bit ad-
dresses, which can be more quickly stored and ma-
nipulated by an 8-bit CPU. Nevertheless, 16-bit Data
Memory addresses can also be generated through
the DPTR register.

Program Memory can only be read, not written to.
There can be up to 64 Kbytes of Program Memory.
In the 8051A, 80C51 and 80512 the lowest 4 Kbytes
of Program Memory are on-chip. The 8052B, 80515,
80C515 and 80C517 provide 8 Kbytes of on-chip
Program Memory storage. The SAB 80513 has 16K
of on-chip program memory.

In the ROMless versions all Prdgram Memory is ex-
ternal. The read strobe for external Program Memo-
ry is the signal PSEN (Program Store Enable).

Data Memory occupies a separate address space
from Program Memory. Up to 64 Kbytes of external
RAM can be addressed in the external Data Memory
space. The CPU generates read and write signals,
RD and WR, as needed during external Data Memo-
ry accesses.

External Program Memory and external Data Memo-
ry may be combined if desired' by applying the RD
and PSEN signals to the inputs of an AND gate and
using the output of the gate as the read strobe to the
external Program/Data memory.

®©Siemens Components, Inc.
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Program Memory

Figure 3 shows a map of the lower part of the Pro-
gram Memory. After reset, the CPU begins execution
from location 0000H.

As shown in Figure 3, each interrupt is assigned a
fixed location in Program Memory. The interrupt
causes the CPU to jump to that location, where it
commences execution of the service routine. Exter-
nal Interrupt 0, for example, is assigned to location
0003H. If External Interrupt 0 is going to be used, its
service routine must begin at location 0003H. If the
interrupt is not going to be used, its service location
is available as general purpose Program Memory.

/

\\‘\\

(0033H)
0028H

0023H

INTERRUPT

LOCATIONS 001BH

8 BYTES
0013H

000BH

0003H
0000H

0168-2

Figure 3. SAB-51 Program Memory

The interrupt service locations are spaced at 8-byte
intervals: 0003H for External Interrupt 0, 000BH for
Timer 0, 0013H for External Interrupt 1, 001BH for
Timer 1, etc. If an interrupt service routine is short
enough (as is often the case in control applications),
it can reside entirely within that 8-byte interval. Long-
er service routines can use a jump instruction to skip
over subsequent interrupt locations, if other inter-
rupts are in use.

The lowest 4K (or 8K, in the 8052B, 80515 and
80C517) bytes of Program Memory can be either in
the on-chip ROM or in an external ROM. This selec-

tion is made by strapping the EA (External Access)-

pin to either Vgg or Vgs.

In 8051A, 80C51 and 80512, if the EA pin is
strapped to V¢c, then program fetches to addresses
0000H through OFFFH are directed to the internal
ROM. Program fetches to addresses 1000H through
FFFFH are directed to external ROM.

In the 8052B and the other 8K ROM parts, EA =
Vg selects addresses 0000H through 1FFFH to be
internal, and addresses 2000H through FFFFH to be
external.

In the 80513, EA = VG selects addresses 0000H
through 3FFFH to be internal and addresses 4000H
through FFFH to be external.

I the EA pin is strapped to Vgg, then all program
fetches are directed to external ROM. The ROMless
parts 8031A, 8032B, 80532 etc. must have this pin
externally strapped to Vgg to enable them to exe-
cute from external Program Memory.

The read strobe to external ROM, PSEN, is used for
all external program fetches. PSEN is not activated
for internal program fetches.

SAB =51

<:> P1 PO

EA

EPROM

INSTR.

lll-—I t

ALE ]

LATCH ADDR
¢:> P3 P2

PSEN

L V4

0166-3

Figure 4. Executing from External
Program Memory

The hardware configuration for external program ex-
ecution is shown in Figure 4. Note that 16 1/0 lines
(Ports 0 and 2) are dedicated to bus functions during
external Program Memory fetches. Port 0 (PO in Fig-
ure 4) serves as a multiplexed address/data bus. It
emits the low byte of the Program Counter (PCL) as
an address, and then goes into a float state awaiting
the arrival of the code byte from the Program Memo-
ry. During the time that the low byte of the Program
Counter is valid on PO, the signal ALE (Address
Latch Enable) clocks this byte into an address latch.
Meanwhile, Port 2 (P2 in Figure 4) emits the high
byte of the Program Counter (PCH). The PSEN
strobes the EPROM and the code byte is read into
the microcontroller.

Program Memory addresses are always 16 bits wide,
even though the actual amount of Program Memory
used may be less than 64 Kbytes. External program
execution sacrifices two of the 8-bit ports, PO and
P2, to the function of addressing the Program Mem-

ory.

©Siemens Components, Inc.
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Data Memory

The right half of Figure 2 shows the internal and
external Data Memory spaces available to the SAB-
51 user. )

- Figure 5 shows a hardware configuration for access-
ing up to 2 Kbytes of external RAM. The CPU in this
case is executing from internal ROM. Port 0 serves
as a multiplexed address/data bus to the RAM and
3 lines of Port 2 are being used to page the RAM.
The CPU generates RD and WR signals as needed
during external RAM accesses.
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Figure 5. Accessing External Data Memory If the
Program Memory is Internal, the Other Bits of P2
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There can be up to 64 Kbytes of external Data Mem-
ory. External Data Memory addresses can be either
1 or 2 bytes wide. One-byte addresses are often
used in conjunction with one or more other 1/0 lines
to page the RAM, as shown in Figure 5. Two-byte
addresses can also be used, in which case the high
address byte is emitted at Port 2.
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ONLY
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REGISTERS
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ACCUMULATOR
(ETC.)

‘LOWER BY DIRECT FUNCTION
128 AND INDIRECT REGISTERS
o ADDRESSING .
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Figure 6. Internal Data Memory

Internal Data Memory is mapped in Figure 6. The
memory space is shown divided into three blocks,
which are generally referred to as the Lower 128,
the Upper 128 and SFR space.

Internal Data Memory addresses are always one
byte wide, which implies an address space of only
256 bytes. However, the addressing modes for inter-
nal RAM can in fact accommodate 384 bytes, using
a simple trick. Direct addresses higher than 7FH ac-
cess one memory space, and indirect addresses
higher than 7FH access a different memory space.
Thus Figure 6 shows the Upper 128 and SFR space
occupying the same block of addresses, 80H
through FFH, although they are physically separate
entities.

7FH
BANK 2FH] )
SELECT BIT=ADDRESSABLE SPACE
ggvSJ IN (BIT ADDRESSES 0~7F)
20H . J
1 { 1FH]
18H

: 17H

10{ 10H 4 BANKS OF
—1 |8 REGISTERS

01{ o RO=R7

08H

00 { 07H RESET VALUE OF
0 J STACK POINTER
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Figure 7. The Lower 128 Bytes of internal RAM

The Lower 128 bytes of RAM are present in all SAB-
51 devices as mapped in Figure 7. The lowest 32
bytes are grouped into 4 banks of 8 registers. Pro-
gram instructions call out these registers as RO
through R7. Two bits in the Program Status Word
(PSW) select which register bank is in use. This al-
lows more efficient use of code space, since register
instructions are shorter than instructions that use di-
rect addressing.

3-8
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Figure 8. The Upper 128 Bytes of Internal RAM

The next 16 bytes above the register banks form a
block of bit-addressable memory space. The SAB-
51 instruction set includes a wide selection of single-
bit instructions, and the 128 bits in this area can be
directly addressed by these instructions. The bit ad-
dresses in this area are 00H through 7FH.

Alll of the bytes in the Lower 128 can be accessed by
either direct or indirect addressing. The Upper 128
(Figure 8) can only be accessed by indirect address-
ing. The Upper 128 bytes of RAM are not imple-
mented in the 8051A, but are in the 8052B, 80515
and 80C517.

Figure 9 gives a brief look at the Special Function
Register (SFR) space. SFR include the Port latches,
timers, peripheral controls, etc. These registers can
only be accessed by direct addressing. In general,
all SAB-51 microcontrollers have the same SFRs as
the 8051. However, enhancements to the 8051 have
additional SFRs that are not present in the 8051, nor
perhaps in other proliferations of the family.

FFH 1 REGISTER-MAPPED PORTS
EOH ACC
ADDRESSES THAT END IN
; OH OR 8H ARE ALSO
! BIT~ADDRESSABLE
BOH| PORT3
; =PORT PINS
' ~ACCUMULATOR
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i
80H| PORT 0
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Figure 9. SFR Space

The bit addresses in this area are 80H through FFH.
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Figure 10. PSW (Program Status Word) Register SAB-51 Devices
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The SAB-51 Instruction Set

All members of the SAB-51 family execute the same
instruction set. SAB-51 instruction set is optimized
for 8-bit control applications. It provides a variety of
fast addressing modes for accessing the internal
RAM to facilitate byte operations on small data
structures. The instruction set provides extensive
support for one-bit variables as a separate data
type, allowing direct bit manipulation in control and
logic systems that require Boolean processing.

An overview of the SAB-51 instruction set is pre-
sented below, with a brief description of how certain
instructions might be used. Refer to the chapter on
instruction set in this book for detailed information
on the instructions.

Program Status Word

The Program Status Word (PSW) contains several
status bits that reflect the current state of the CPU.
The PSW, shown in Figure 10, resides in SFR space.
It contains the Carry bit, the Auxiliary Carry (for BCD
operations), the two register bank select bits, the
Overflow flag, a Parity bit, and two user-definable
status flags.

The Carry bit, other than serving the functions of a
Carry bit in arithmetic operations, also serves as the
“Accumulator” for a number of Boolean operations.

The bits RS0 and RS1 are used to select one of the
four register banks shown in Figure 7. A number of
instructions refer to these RAM locations as RO
through R7. The selection of which of the four banks
is being referred to is made on the basis of the bits
RS0 and RS1 at execution time.

The Parity bit reflects the number of 1s in the Accu-
mulator: P = 1 if the Accumulator contains an odd
number of 1s, and P = 0 if the Accumulator con-
tains an even number of 1s. Thus the number of 1s
in the Accumulator plus P is always even.

Two bits in the PSW are uncommitted and may be
used as general purpose status flags.

Addressing Modes

The addressing modes in the SAB-51 instruction set
are as follows:

Direct Addressing

In direct addressing the operand is specified by an
8-bit address field in the instruction. Only internal
Data RAM and SFRs can be directly addressed.

Indirect Addressing

In indirect addressing the instruction specifies a reg-
ister which contains the address of the operand.
Both internal and external RAM can be indirectly ad-
dressed.

The address register for 8-bit addresses can be RO
or R1 of the selected register bank or the Stack
Pointer. The address register for 16-bit addresses
can only be the 16-bit “‘data pointer” register, DPTR.

Register Instructions

The register banks, containing registers RO through
R7, can be accessed by certain instructions which
carry a 3-bit register specifcation within the opcode
of the instruction. Instructions that access the regis-
ters this way are code efficient, since this mode
eliminates an address byte. When the instruction is
executed, one of the eight registers in the selected
bank is accessed. One of four banks is selected at
execution time by the two bank select bits in the
PSW. :

Register-Specific Instructions

Some instructions are specific to a certain register.
For example, some instructions always operate on
the Accumulator, or Data Pointer, etc., so no ad-
dress byte is needed to point to it. The opcode itself
does that. Instructions that refer to the Accumulator
as A assemble as accumulator-specific opcodes.

Immediate Constants

The value of a constant can follow the opcode in
Program Memory. For example,

MOV A, #100

loads the Accumulator with the decimal number 100.
The same number could be specified in hex digits as
64H.

Indexed Addressing

Only Program Memory can be accessed with in-
dexed addressing, and it can only be read. This ad-
dressing mode is intended for reading look-up tables
in Program Memory. A 16-bit base register (either
DPTR or the Program Counter) points to the base of
the table, and the Accumulator is set up with the
table entry number. The address of the table entry in
Program Memory is formed by adding the Accumula-
tor data to the base pointer.
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Another type of indexed addressing is used in the
“‘case jump” instruction. In this case the destination
address of a jump instruction is computed as the
sum of the base pointer and the Accumulator data.

Arithmetic Instructions

With the on-chip arithmetic unit the SAB 80C517 has
a special provision for fast multiplication and divi-
sion. Refer to the SAB 80C517 User's Manual for
detailed information on this logic. However, the fol-
lowing information applies to all the members of the
SAB-51 family.

The menu of arithmetic instructions is listed in Table
2. The table indicates the addressing modes that
can be used with each instruction to access the
<byte> operand. For example, the ADD A, <byte>
instruction can be written as:

ADD A,7FH (direct addressing)
ADD A,@R0 (indirect addressing)

ADD AR7 (register addressing)
ADD A,#127 (immediate constant)

The execution times listed in Table 2 assume a
12 MHz clock frequency. All of the arithmetic instruc-
tions execute in 1 us except the INC DPTR instruc-
tion, which takes 2 us, and the Multiply and Divide
instructions, which take 4 us.

Note that any byte in the internal Data Memory
space can be incremented or decremented without
going through the Accumulator.

One of the INC instructions operates on the 16-bit
Data Pointer. The Data Pointer is used to generate
16-bit addresses for external memory, so being able
to increment it in one 16-bit operation is a useful
feature.

The MUL AB instruction multiplies the Accumulator
by the data in the B register and puts the 16-bit prod-
uct into the concatenated B and Accumulator regis-
ters.

Table 2. A List of the SAB-51 Arithmetic Instructions

Mnemonic Operation Addresslng"Modes I_Er)'(ecutlon

Dir | Ind | Reg | Imm me (u.8)
ADD A, <byte> | A=A+ <byte> X X X X 1
ADDC A, <byte> A=A+ <byte> + C X X X X 1
suBB A, <byte> A=A- <byte> -C X X X X 1
INC A A=A+1 Accumulator Only 1
INC <byte> <byte> = <byte> +1 | X | X | x | 1
INC DPTR DPTR = DPTR + 1 Data Pointer Only 2
DEC A A=A-1 Accumulator Only 1
DEC <byte> <byte> = <byte> -1 | X | X | x | 1
MUL AB BIA=B XA ACC and B Only 4
DIV AB A = Int [A/B] ACC and B Only 4

B = Mod [A/B]
DA A Decimal Adjust .Accumulator Only 1
©Siemens Components, Inc. 3-11
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The DIV AB instruction divides the Accumulator by
the data in the B register and leaves the 8-bit quo-
tient in the Accumulator, and the 8-bit remainder in
the B register.

Oddly enough, DIV AB finds less use in arithmetic
“divide” routines than in radix conversions and pro-
grammable shift operations. An example of the use
of DIV AB in a radix conversion will be given later. In
shift operations, dividing a number by 2n shifts its n
bits to the right. Using DIV AB to perform the division

- completes the shift in 4 ps and leaves the B register
holding the bits that were shifted out.

The DA A instruction is for BCD arithmetic opera-
tions. In BCD arithmetic, ADD and ADDC instruc-
tions should always be followed by a DA A opera-
tion, to ensure that the result is also in BCD. Note
that DA A will not convert a binary number to BCD.
The DA A operation produces a meaningful result
only as the second step in the addition of two BCD
bytes.

Logical Instructions

Table 3 shows the list of SAB-51 logical instructions.
The instructions that perform Boolean operations

~ (AND, OR, Exclusive OR, NOT) on bytes perform the

operation on a bit-by-bit basis. That is, if the Accu-
mulator contains 00110101B and <byte> contains
01010011B, then

ANL A ,<byte>

will leave the Accumulator holding 00010001'B.

The addressing modes that can be used to access
the <byte> operand are listed in Table 3. Thus, the
ANL A,<byte> instruction may take any of the
forms: .

ANL * A,7FH  (direct addressing)
ANL A,@R1 (indirect addressing)
ANL A,R6 (register addressing)

ANL A,#53H (immediate constant)

Table 3. A List of the SAB-51 Logical Instructions

. Addressing Modes Execution

Mnemonic Operation Dir | nd | Reg | tmm Time (us)
ANL A, <byte> A = AAND. <byte> X | X X X 1
ANL <byte>, A <byte> = <byte> .AND.A X 1
ANL <byte>, #data | <byte> = <byte> .AND.#data | X 2
ORL A, <byte> A = AOR. <byte> X X X X 1
ORL <byte>,A <byte> = <byte> .OR.A X 1
ORL <byte>,#data | <byte> = <byte>.OR.#data X 2
XRL A, <byte> A = AXOR.<byte> X X X X 1
XRL <byte>, A <byte> = <byte> .XOR.A X 1
XRL <byte>, #data | <byte> = <byte> .XOR.#data | X |. 2
CRL A A = 00H Accumulator Only 1
CPL A A= NOTA Accumulator Only 1
RL A Rotate ACC Left 1 Bit Accumulator Only 1
RLC A Rotate Left through Carry Accumulator Only 1
RR A Rotate ACC Right 1 Bit Accumulator Only 1
RRC A Rotate Right through Carry Accumulator Only 1
SWAP A Swap Nibbles in A Accumulator Only 1
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All of the logical instructions that are Accumulator-
specific execute in 1 us (using a 12 MHz clock). The
others take 2 us.

Note that Boolean operations can be performed on
any byte in the internal Data Memory space without
going through the Accumulator. The XRL <byte>,
#data instruction, for example, offers a quick and
easy way to invert port bits, as in:

XRL R1,#0FFH

If the operation is in response to an interrupt, not
using the Accumulator saves the time and effort to
stack it in the service routine.

The Rotate instructions (RL A, RLC A, etc.) shift the
Accumulator 1 bit to the left or right. For a left rota-
tion, the MSB rolls into the LSB position. For a right
rotation, the LSB rolis into the MSB position.

The SWAP A instruction interchanges the high and
low nibbles within the Accumulator. This is a useful
operation in BCD manipulations. For example, if the
Accumulator contains a binary number which is
known to be less than 100, it can be quickly convert-
ed to BCD by the following code.

MOV B, #10
DIV AB
SWAP A

ADD A/B

Dividing the number by 10 leaves the tens digit in the
low nibble of the Accumulator, and the ones digit in

the B register. The SWAP and ADD instructions
move the tens digit to the high nibble of the Accumu-
lator-and the ones digit to the low nibble.

Data Transfers

Internal RAM

Table 4 shows the menu of instructions that are
available for moving data around within the internal
memory spaces, and the addressing modes that can
be used with each one. With a 12 MHz clock, all of
these instructions execute in either 1 us or 2 us.

The MOV <dest>, <src> instruction allows data to
be transferred between any two internal RAM or
SFR locations without going through the Accumula-
tor. Remember the Upper 128 bytes of data RAM
can be accessed only by indirect addressing and
SFR space only by direct addressing.

Note that in all SAB-51 devices, the stack resides in
on-chip RAM, and grows upwards. The PUSH in-
struction first increments the Stack Pointer (SP),
then copies the byte into the stack. PUSH and POP
use only direct addressing to identify the byte being
saved or restored, but the stack itself is accessed by
indirect addressing using the SP register. This
means the stack can go into the Upper 128, if they
are implemented, but not into SFR space.

Table 4. A List of the SAB-51 Data Transfer Instructions that Access Internal Data Memory Space

Mnemonic Operation Addresslng Modes Ii_f;t;u(tlon

Dir | Ind | Reg | Imm 18)
MOV A <src> A = <src> X X X X 1
MOV <dest>, A <dest> = A X X X 1
MOV <dest>, <src> | <dest> = <src> X X X X 2
MOV  DPTR, #data16 | DPTR = 16-Bit Immediate Constant X 2
PUSH <src> INC SP: MOV “@SP”, <src> X 2
POP <dest> MOV <dest>, “@SP”": DEC SP X 2
XCH A, <byte> ACC and <byte> Exchange Data X X X 1
XCHD A, @Ri ACC and @Ri Exchange Low Nibbles X 1
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The Upper 128 Bytes are not implemented in the
8051A, 80C51 and 80512, nor in their ROMless
counterparts. With these devices, if the SP points to
the Upper 128, PUSHed bytes are lost, and POPped
bytes are indeterminate.

The Data Transfer instructions include a 16-bit MOV
that can be used to initialize the Data Pointer
(DPTR) for look-up tables in Program Memory, or for
16-bit external Data Memory accesses. Refer to the
SAB 80C517 Data Sheet for extended Data Pointer
Capabulmes

The XCH A, <byte> instruction causes the Accu-
mulator and addressed byte to exchange data. The
XCHD A,@Ri instruction is similar, but only the low
nibbles are involved in the exchange.

To see how XCH and XCHD can be used to facilitate
data manipulations, consider first the problem of
shifting an 8-digit BCD number two digits to the right.
Figure 11 shows how this can be done using direct
MOVs, and for comparison how it can be done using

XCH instructions. To aid in understanding how the .

code works, the contents of the registers that are
holding the BCD number and the content of the Ac-
cumulator are shown alongside each instruction to
indicate their status after the instruction has been
executed.

MOV A, 2EH 0012|3456 |78 78
MOV 2EH,2DH |00 |12 (34 | 56 | 56 | 78
MOV 2DH,2CH | 00|12 |34 |34 |56 | 78
MOV 2CH,2BH |00 | 12|12 |34 |56 | 78
MOV 2BH,#0 100100112134 1561 78

(@) Using Direct MOVs: 14 Byte‘s,' 9 ps

|2a| 28| 2c| 20| 2| AcC
CLR A 00| 12]34|56|78] 00
XCH A,2BH | 00| 0034|5678 12
XCH A,2CH [00|00| 12|56 |78 | 34
XCH A2DH |00 00| 12|34 78] 56
XcH A2eH loolool 12134156l 78

(b) Using XCHg1 9 Bytes, 5 us

To right-shift by an odd number of digits, a-one-digit
shift must be executed. Figure 12 shows a sample of
code that will right-shift a BCD number one digit, us-
ing the XCHD instruction. Again, the contents of the
registers holding the number and of the Accumulator
are shown alongside each instruction.

|2A|2B|2C|2D|2E|ACC

MOV Ri1, #2EH |00|12|34|56|78| XX
MOV Ro, #2DH lool12/34i56i78 xx.

Loop forR1 = 2EH:

LOOP: MOV A, @R1  |00|12|34|56|78| 76

. XCHD A, @R0 00{12/34|58|78| 76
SWAP A 00|12|34|58|78| 67
MOV . @R1,A  |00({12|34|58(67| 67
DEC R1 00{12{34(58(67| 67

DEC RO 001121341581671 67
CJNE Rf1, #2AH, LOOP o

Loop for R1 = 2DH: (00(12|38|45|67| 45
Loop for R1 = 2CH: [00{18|23|45(67| 23
Loop for R1 = 2BH: 108101/23 45167101

CLR A 08/01/23(45|67| 00
XCH A, 2AH 00101123(45167! 08

- Figure 11. Shifting a BCD Number
Two Digits to the Right

After the routine has been executed, the Accumula-
tor contains the two digits that were shifted out on
the right. Doing the routine with direct MOVs uses 14
code bytes and 9 us of execution time (assuming a
12 MHz clock). The same operation with XCHs uses
less code and executes almost twice as fast.

Figure 12. Shifting a BCD
Number One Digit to the Right

First, pointers R1 and RO are set up to point to the
two bytes containing the last four BCD digits. Then a
loop is executed which leaves the last byte, location
2EH, holding the last two digits of the shifted num-
ber. The pointers are decremented, and the loop is
repeated for location 2DH. The CJNE instruction
(Compare and Jump if Not Equal) is a Ioop control
that will be descnbed later.

The loop is executed from LOOP to CJNE for R1
2EH, 2DH, 2CH and 2BH. At that point the digit that

~ was originally shifted out on the right has propagat-

ed to location 2AH. Since that location should be left
with Os, the lost digit is moved to the Accumulator.

External RAM

_Table 5 shows a list of the Data Transfer instructions

that access external Data Memory. Only indirect ad-
dressing can be used. The choice is whether to use
a one-byte address, @Ri, where Ri can be either RO
or R1 of the selected register bank, or a two-byte
address, @DPTR. The disadvantage to using 16-bit
addresses if only a few Kbytes of external RAM
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are involved is that 16-bit addresses use all 8 bits of
Port 2 as address bus. On the other hand, 8-bit ad-
dresses allow one to address a few Kbytes of RAM,
as shown in Figure 5, without having to sacrifice all
of Port 2.

All of thes instructions execute in 2 us, with a -

12 MHz clock.

Table 5. A List of the SAB-51 Data
Transfer Instructions that Access
External Data Memory Space

Table 6. The SAB-51 Lookup
Table Read Instructions

Execution

Mnemonic Time (us)

Operation

MOVC A, @A + DPTR|Read PGM Memory| 2
at(A + DPTR)

MOVC A, @A + PC  |Read PGM Memory| 2

at(A + PC)

Address Mnemonic Operation Execution
Width P Time (18)

8 Bits MOVX A, @Ri Read External 2
RAM @Ri .

8 Bits MOVX @Ri, A Write External 2
RAM @Ri

16 Bits |MOVX A, @DPTR|Read External 2
RAM @DPTR

16 Bits |MOVX @DPTR, A|Write External 2
RAM @DPTR

Note that in all external Data RAM accesses, the
Accumulator is always either the destination or
source of the data.

The read and write strobes to external RAM are acti-
vated only during the execution of a MOVX instruc-
tion. Normally these signals are inactive, and in fact
if they’re not going to be used at all, their pins are
available as extra 1/0 lines. More about that later.

Lookup Tables

Table 6 shows the two instructions that are available
for reading loopup tables in Program Memory. Since
these instructions access only Program Memory, the
lookup tables can only be read, not updated. The
mnemonic is MOVC for “move constant”.

if the table access is to external Program Memory,
then the read strobe is PSEN.

The first MOVC instruction in Table 6 can accommo-
date a table of up to 256 entries, numbered 0
through 255. The number of the desired entry is
loaded into the Accumulator, and the Data Pointer is
set up to point to beginning of the table. Then

MOVC A, @A + DPTR

copies the desired table entry into the Accumulator.

The other MOVC instruction works the same way,
except the Program Counter (PC) is used as the ta-
ble base, and the table is accessed through a sub-
routine. First the number of the desired entry is load-
ed into the Accumulator, and the subroutine is
called:

MOV A ENTRY__ NUMBER

CALL TABLE

The subroutine “TABLE” would look like this:

TABLE: MOVC A, @A + PC
RET

The table itself immediately follows the RET (return)
instruction in Program Memory. This type of table
can have up to 255 entries, numbered 1 through
255. Number 0 can not be used, because at the time
the MOVC instruction is executed, the PC contains
the address of the RET instruction. An entry num-
bered 0 would be the RET opcode itself.

Boolean Instructions

SAB-51 devices contain a complete Boolean (single-
bit) processor. The internai RAM contains 128 ad-
dressable bits, and the SFR space can support up to
128 other addressable bits. All of the port lines are
bit-addressable, and each one can be treated as a
separate single-bit port. The instructions that access
these bits are not just conditional branches, but a
complete menu of move, set, clear, complement,
OR and AND instructions. These kinds of bit opera-

tions are not easily obtained in other architectures

with any amount of byte-oriented software.
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Table 7. A List of the SAB-51

Boolean Instructions
'Mhernoﬁlc . ‘Operation g .Er)‘(':zu(t,izt)\
ANL C,Bit |C = C.AND.Bit o2
ANL C,/Bit |C = C.AND..NOT.Bit 2
ORL C,Bit |C = C.OR.Bit 2
ORL C,/Bit |C = C.OR..NOT.Bit 2
MOV “C,Bit |C = Bit 1
MOV Bit,C [Bit=C 2
CLR C |C=0 1
CLR Bit |[Bit=0 1
SETB C c=1 1
SETB Bit ~ |Bit =1 1
CPL C C = .NOT.C 1
CPL Bit - |Bit = .NOT.Bit 1
JC Rel [JumpifC =1 2
JNC Rel [JumpifC=0 2
JB  Bit,Rel|Jumpif Bit = 1 2
JNB  Bit,Rel| Jump if Bit = 0 2
JBC  Bit,Rel | Jump if Bit = 1; CLR Bit 2

The instruction set for the Boolean processor is
shown in Table 7. All bit accesses are by direct ad-
dressing. Bit addresses 00H through 7FH are in the
Lower 128 and bit addresses 80H through FFH are
in SFR space.

Note how easily an internal flag can be moved to a
port pin:

‘MOV C,FLAG
MOV P1.0,C

In this example, FLAG is the name of any address-
able bit in the Lower 128 or SFR space. An |/0 line
(the LSB of Port 1, in this case) is set or cleared
depending on whether the flag bit is 1 or 0.

The Carry bit in the PSW is used as the single-bit
Accumulator of the Boolean processor. Bit instruc-
tions that refer to the Carry bit as C assemble as
Carry-specific instructions (CLR C, etc). The Carry
bit also has a direct address, since it resides in the
PSW register, which is bit-addressable.

Note that the Boolean'instruction  set includes ANL.
and ORL operations, but not the XRL (Exclusive OR)
operatlon ‘An XRL -operation is simple to implement
in-software. Suppose, for example, it is requured to
form the Exclusive OR of two bits:

C = Bit1 .XRL. bit 2

The software to do that could be as follows:
MOV Cpitt -
JNB  bit2,0VER
CPL C

OVER (Continue)

First, b|t1 is moved to the Carry. If bit2 = 0, then C
how contains the correct result. That is, bit1 .XRL.

- bit 2 = bit1 if bit2 = 0. On the other hand, if bit2 =

1C now contains the complement of the correct re-

" sult. It need only be inverted (CPL C) to complete

the operation.

This code uses the JNB instruction, one of a series
of bit-test instructions which execute a jump if the
addressed bit is set (JC, JB, JBC) or if the addressed
bit is not set (JNC, JNB). In the above case, bit2 is
being tested, and if bit2 = 0 the CPL C instruction is
jumped over.

JBC executes the jump if the addressed bit is set,
and also clears the bit. Thus a flag can be tested
and cleared in one operation.

All the PSW bits are directly addressable, so the Par-
ity bit, or the general purpose flags, for example, are
also available to the bit-test instructions.

Relative Offset

The destination address for these jumps is specified
to the assembler by a label or by an actual address
in Program Memory. However, the destination ad-
dress assembles to a relative offset byte. This.is a
signed (two’s complement) offset byte which is add-
ed to the PC in two’s complement arithmetic if the
jump is excuted.

The range of the jump is therefore —128 to +127
Program Memory bytes relative to the first byte fol-
lowing the instruction.
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Jump Instructions

Table 8 shows the list of unconditional jumps.

Table 8. Unconditional Jumps
in SAB-51 Devices

Mnemonic Operation ?I(;:u(t’l;r;
JMP  addr Jump to addr 2
JMP @A + DPTR | Jumpto A + DPTR 2
CALL Addr Call Subroutine at addr 2
RET Return from Subroutine 2
RETI Return from Interrupt 2
NOP No Operation 1

The Table lists a single “JMP addr” instruction, but
in fact there are three— SJMP, LIMP and AJMP—
which differ in the format of the destination address.
JMP is a generic mnemonic which can be used if the
programmer does not care which way the jump is
encoded.

The SJMP instruction encodes the destination ad-
dress as a relative offset, as described above. The
instruction is 2 bytes long, consisting of the opcode
and the relative offset byte. The jump distance is
limited to a range of —128 to + 127 bytes relative to
the instruction following the SUMP.

The LJMP instruction encodes the destination ad-
dress as a 16-bit constant. The instruction is 3 bytes
long, consisting of the opcode and two address
bytes. The destination address can be anywhere in
the 64K Program Memory space.

The AJMP instruction encodes the destination ad-
dress as an 11-bit constant. The instruction is 2
bytes long, consisting of the opcode, which itself
contains 3 of the 11 address bits, followed by anoth-
er byte containing the low 8 bits of the destination
address. When the instruction is executed, these 11
bits are simply substitued for the low 11 bits in the
PC. The high 5 bits stay the same. Hence the desti-
nation has to be within the same 2K block as the
instruction following the AJMP.

In all cases the programmer specifies the destina-
tion address to the assembler in the same way: as a
label or as a 16-bit constant. The assembler will put
the destination address into the correct format for
the given instruction. If the format required by the
instruction will not support the distance to the speci-
fied destination address, a ‘“Destination out of
range” message is written into the List file.

The JMP @A + DPTR instruction supports case
jumps. The destination address is computed at exe-
cution time as the sum of the 16-bit DPTR register
and the Accumulator. Typically, DPTR is set up with
the address of a jump table, and the Accumulator is
given an index to the table. In a 5-way branch, for
example, an integer O through 4 is loaded into the
Accumulator. The code to be executed might be as
follows:

MOV  DPTR,#JUMP_TABLE
MOV A,INDEX__NUMBER
RL A

JMP @A + DPTR

The RL A instruction converts the index number (0
through 4) to an even number on the range 0
through 8, because each entry in the jump table is 2
bytes long:

JUMP__TABLE:
AJMP
AJMP
AJMP
AJMP
AJMP

CASE_0
CASE_1
CASE_2
CASE_3
CASE_4

Table 8 shows a single “CALL addr” instruction, but
there are two of them—LCALL and ACALL— which
differ in the format in which the subroutine address
is given to the CPU. CALL is a generic mnemonic
which can be used if the programmer does not care
which way the address is encoded.

The LCALL instruction uses the 16-bit address for-
mat, and the subroutine can be anywhere in the 64K
Program Memory space. The ACALL instruction
uses the 11-bit format, and the subroutine must be in
the same 2K block as the instruction following the
ACALL.

In any case the programmer specifies the subroutine
address to the assembler in the same way: as a la-
bel or as a 16-bit constant. The assembler will put
the address into the correct format for the given in-
structions.

Subroutines should end with a RET instruction,
which returns execution to the instruction following
the CALL.

RETI is used to return from an interrupt service rou-
tine. The only difference between RET and RETI is
that RETI tells the interrupt control system that the
interrupt in progress is done. If there is no interrupt
in progress at the time RETI is executed, then the
RETI is functionally identical to RET.

©Siemens Components, Inc.
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Table 9. Conditional Jumps in SAB-51 Devices

Mnemonic Operation Addressing Modes Execution

Dir l Ind | Reg | imm | Time (us)
JZ Rel JumpifA =0 Accumulator Only 2
JNZ Rel Jumpif A# 0 Accumulator Only 2
DINZ  <byte>rel Decrement and Jump if Not Zero | X X 2
CINE A, <byte>rel Jump if A # <byte> X X 2
CIJNE <byte>, #data,rel | Jumpif <byte> # #data X X 2

Table 9 shows the list of conditional jumps available
to the SAB-51 user. All of these jumps specify the
destination address by the relative offset method;
and so are limited to a jump distance of —128 to
+ 127 bytes from the instruction following the condi-
tional jump instruction. Important to note, however,
the user specifies to the assembler the actual desti-
nation address the same way as the other jumps: as
a label or a 16-bit constant.

There is no Zero bit in the PSW. The JZ and JNZ
instructions test the Accumulator data for that condi-
tion.

The DJNZ instruction (Decrement and Jump if Not
Zero) is for loop control. To execute a loop N times,
load a counter byte with N and terminate the loop
with a DJNZ to the beginning of the loop, as shown
below for N = 10:

MOV COUNTER, #10
LOOP: .(begin loop)

[ ]

[ ]

[ ]

(end loop)
DJNZ COUNTER, LOOP
(Continue)

The CJNE instruction (Compare and Jump if Not
Equal) can also be used for loop control as in Figure
12. Two bytes are specified in the operand field of
the instruction. The jump is executed only if the two

bytes are not equal. In the example of Figure 12, the
two bytes were the data in R1 and the constant 2AH.
The initial data in R1 was 2EH. Every time the loop
as executed, R1 was decremented, and the looping
was to continue until the R1 data reached 2AH.

Another application of this instruction is in “greater
than, less than” comparisons. The two bytes in the
operand field are taken as unsigned integers. If the
first.is less than the second, then the Carry bit is set
(1). If the first is greater than or equal to the second,
then the Carry bit is cleared.

CPU Timing

All SAB-51 microcontrollers have an on-chip oscilla-
tor which can be used if desired as the clock source
for the CPU. To use the on-chip oscillator, connect a
crystal or ceramic resonator between the XTAL1
and XTAL2 pins of the microcontroller and capaci-
tors to ground as shown in Figure 13. :

SAB=51
NMOS
OR CMOS

XTAL2

QUARTZ CRYSTAL —, l Ic1
OR CERAMIC = }_
RESONATOR '|' c2

g XTAL1

—VSS

0166-11

Figure 13. Using the On-Chip Oscillator
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SAB =51
NMOS

EXTERNAL ONLY

CLOCK et XTAL2

SIGNAL
XTAL1
E v

0166-13

Figure 14. Using an External Clock

Example of how to drive the clock with an external
oscillator is shown in Figure 14. Note that in the
NMOS devices (8051, etc.) the signal at the XTAL2
pin actually drives the internal clock generator. In
the CMOS devices 80C51, 80C52 the signal at the
XTAL1 pin drives the internal clock generator,
whereas in 80C515 and 80C517 the signal at the
XTAL2 pin drives the internal clock generator. If only
one pin is going to be driven with the external oscil-
lator signal, make sure it is the right pin. For 80C515
and 80C517, refer to their data-sheets for the de-
scription of the clock oscillator pins.

The internal clock generator defines the sequence
of states that make up the SAB-51 machine cycle.

Machine Cycles

A machine cycle consists of a sequence of 6 states,
numbered S1 through S6. Each state time lasts for
two oscillator periods. Thus a machine cycle takes
12 oscillator periods or 1 us if the oscillator frequen-
cy is 12 MHz.

Each state is divided into a Phase 1 half and a
Phase 2 half. Figure 15 shows the fetch/execute se-
quences in states and phases for various kinds of
instructions. Normally two program fetches are gen-
erated during each machine cycle, even if the in-
struction being executed doesn't require it. If the in-
struction being executed doesn’t need more code
bytes, the CPU simply ignores the extra fetch, and
the Program Counter is not incremented.

Execution of a one-cycle instruction (Figure 15A and
B) begins during State 1 of the machine cycle, when
the opcode is latched into the Instruction Register. A
second fetch occurs during S4 of the same machine
cycle. Execution is complete at the end of State 6 of
this machine cycle.

The MOVX instructions take two machine cycles to
execute. No program fetch is generated during the

©Siemens Components, Inc.
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Figure 15. State Sequences in SAB-51 Devices

second cycle of a MOVX instruction. This is the only
time program fetches are skipped. The fetch/exe-
cute sequence for MOVX instructions is shown in
Figure 15(D).

The fetch/execute sequences are the same whether
the Program Memory is internal or external to the
chip. Execution times do not depend on whether the
Program Memory is internal or external.

Figure 16 shows the signals and timing involved in
program fetches when the Program Memory is ex-
ternal. If Program Memory is external, then the Pro-
gram Memory read strobe PSEN is normally activat-
ed twice per machine cycle, as shown in Figure
16(A).

If an access to external Data Memory occurs, as
shown in Figure 16(B), two PSENSs are skipped, be-
cause the address and data bus are being used for
the Data Memory access.

Note that a Data Memory bus cycle takes twice as
much time as a Program Memory bus cycle. Figure
16 shows the relative timing of the addresses being
emitted at Ports 0 and 2, and of ALE and PSEN. ALE
is used to latch the low address byte from PO into
the address latch.

When the CPU is executing from internal Program
Memory, PSEN is not activated, and program ad-
dresses are not emitted. However, ALE continues to
be activated twice per machine cycle and so is avail-
able as a clock output signal. Note, however, that
one ALE is skipped during the execution of the
MOVX instruction.

Interrupt Structure

The 8051A and 80C51 and their ROMIess versions,
provide 5 interrupt sources: 2

3-20
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Figure 16. Bus Cycles in SAB-51 Devices Executing from External Program Memory
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external interrupts, 2 timer interrupts, and the serial
port interrupt. The 8052B and 80C52 provide these
5 plus a sixth interrupt that is associated with the
third timer/counter which is present in the device.
Additional interrupts are available on the 80512,
80515, 80C515 and 80C517. Refer to the appropri-
ate chapters on these devices for further information
on their interrupts.

What follows is an overview of the interrupt structure
for these devices. More detailed information for spe-
cific members of the SAB-51 family is provided in the
chapters of this-handbook that describe the specific
devices. ) ‘

Interrupt Enables

Each of the interrupt sources can be individually en-
abled or disabled by setting or clearing a bit in the
SFR named IE (Interrupt Enable). This register also
contains a global disable bit, which can be cleared
to disable all interrupts at once. Figure 17 shows the
IE register for the 80528 and 80C52.

(MSB) (LSB)
[ea [ — [er2] es [emt [ ex1 | ETo [ Ex0]

Position Function

IE.7 disables all interrupts. If EA =
0, no interrupt will be
acknowledged. If EA = 1,
each interrupt source is
individually enabled or
disabled by setting or clearing
its enable bit.
reserved.

enables or disables the Timer
2 overflow or capture interrupt.
If ET2 = 0, the Timer 2
interrupt is disabled.

enables or disables the Serial
Port interrupt. if ES = 0, the
Serial Port interrupt is
disabled.

enables or disables the Timer
1 Overflow interrupt. If ET1 =
0, the Timer 1 interrupt is
disabled.

enables or disables External
Interrupt 1. If EX1 = 0,
External Interrupt 1 is disabled.
enables or disables the Timer
0 Overflow interrupt. If ETO =
0, the Timer O interrupt is
disabled.

enables or disables External
Interrupt 0. If EXO = 0,,
External Interrupt 0 is disabled.

Symbol
EA

— IE.6
ET2 IE.5

ES IE4
ET1 IE3

EX1 IE.2

ETO IE.1

EX0 IE.0

Figure 17. IE (Interrupt Enable)
Register in the 8052B and 80C52

Interrupt Priorities

Each interrupt source can also be individually pro-
grammed to one of two priority levels (SAB 80515,
80C515 and 80C517 have four priority levels for the
interrupts, please refer to their respective chapters

for detailed information). By setting clearing a bit in

the SFR named IP (Interrupt Priority) Figure 18
shows the IP register in the 8052B and 80052.

- A low-priority interrupt can be interrupted by a high-
priority interrupt, but not by another low-priority inter-

rupt. A high-priority can’t be interrupted by any other
interrupt source.

If two interrupt requests of different priority levels
are received simultaneously, the request of higher
priority level is serviced. If interrupt requests of the
same priority level are received simultaneously, an
internal- polling sequence determines which request
is serviced. Thus within each priority level there is a
second priority structure determined by the polling
sequence.

Figure 19 shows, for the 8052B, how the IE and IP
registers and the polling sequence work to deter-
mine which if any interrupt will be serviced.

(MSB) (LSB)
[ — [ — [pr2] ps [pPr1]pxi]Prro]Ppxo]

Symbol Function

Position
IP.7 reserved

= IP.6 reserved

PT2 IP.5 defines the Timer 2 interrupt
priority level. PT2 = 1
programs it to the higher
priority level.

defines the Serial Port interrupt
priority level. PS = 1 program
it to the higher priority level.
defines the Timer 1 interrupt
priority level. PT1 = 1
programs it to the higher
priority level.

defines the External Interrupt 1
priority level. PX1 = 1
programs it to the higher
priority level.
defines the Timer 0 interrupt

" priority level, PTO = 1
programs it to the higher
priority level.
defines the External Interrupt 0
priority level. PX0 = 1
programs it to the higher
priority level.

Figure 18. IP (Interrupt Priority)
Register in the 8052B and 80C52

PS 1P.4

PT1 P.3

PX1 IP.2

PTO 1P.1

PX0 IP.0
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Figure 19. 8052 Interrupt Control System

In operation, all the interrupt flags are latched into
the interrupt control system during State 5 of every
machine cycle. The samples are polled during the
following machine cycle. If the flag for an enabled
interrupt is found to be set (1), the interrupt system
generates an LCALL to the appropriate location in
Program Memory, unless some other condition
blocks the interrupt. Several conditions can block an
interrupt, among them that an interrupt of equal or
higher priority level is already in progress.

The hardware-generated LCALL causes the con-
tents of the Program Counter to be pushed onto the
stack, and reloads the PC with the beginning ad-
dress of the service routine. As previously noted
(Figure 3), the service routine for each interrupt be-
gins at a fixed location.

Only the Program Counter is automatically pushed
onto the stack, not the PSW or any other register.
Having only the PC be automatically saved allows
the programmer to decide how much time to spend

saving which other registers. This enhances the in-
terrupt response time, albeit at the expense of in-
creasing the programmer’s burden of responsibility.
As a result, many interrupt functions that are typical
in control applications—toggling a port pin, for ex-
ample, or reloading a timer, or unloading a serial
buffer—can often be completed in less time than it
takes other architectures to commence them.

Simulating a Third Priority Level in
Software '

Some applications require more than the two priority
levels that are provided by on-chip hardware in SAB-
51 devices. In these cases, relatively simple soft-
ware can be written to produce the same effect as a
third priority level.

First, interrupts that are to have higher priority than 1
are assigned to priority 1 in the IP (Interrupt Priority)
register. The service routines for priority 1 interrupts

©Siemens Components, Inc.
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that are supposed to be interruptible by “priority 2”
interrupts are written to include the following code:

PUSH IE
MOV [E,#MASK
CALL LABEL

o ok koK ok ok

(execute service routine)
ook e ook ok

POP IE
RET
LABEL: RETI

As soon as any priority 1 interrupt is acknowledged,
the IE (Interrupt Enable) register is re-defined so as
to disable all but “priority 2" interrupts. Then, a
CALL to LABEL executes the RETI instruction,
which clears the priority 1 interrupt-in-progress flip-
flop. At this point any priority 1 interrupt that is en-
abled can be serviced, but only “priority 2" interrupts
are enabled. POPping IE restores the original enable
byte. Then a normal RET (rather than another RETI)
is used to terminate the service routine. The addi-
tional software adds 10 us (at 12 MHz) to priority 1
interrupts.
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SAB 8051A/8031A

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

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

e SAB 8051A/8031A, 12 MHz Operation
SAB 8051A-16/8031A-16, 16 MHz
Operation

e 4K X 8 ROM

e 128 X 8 RAM

e Four 8-Bit Ports, 32 I/0 Lines

e Two 16-Bit Timer/Event Counters

® High-Performance Full-Duplex Serial
Channel

® Boolean Processor

e Compatible with SAB 8080/8085
Peripherals

e External Memory Expandable up to
128 Kbytes

e 218 User Bit-Addressable Locations

o Most Instructions Execute in:
1 ns (SAB 8051A/8031A)
750 ns (SAB 8051A-16/8031A-16)

® 4 us (3 ps) Multiply and Divide
® P-DIP 40 and PLCC 44 Packages

Pin Configurations

P-DIP 40

(41 = (] ~ 40 Ve
P11C]2 39 P00 ADO
P23 38[1PO1 AD1
P13]4 37[AP02 AD2
P14]5 36JP03 AD3
Pi1sC]6 35 P04 AD4
P16]7 34[1POS ADS
P17C]8 33[1P06 ADE

RST/Vpp L9 SAB  32[9P07 AD7
RxD/P30C]10 8051A 31 EA
™0/P31C]11  8031A 303aLE

iNTO/P32 12 293 PSEN

iNTi/P33]13 28 [1P27 A15
To/P34 14 27 JP26 Al4
T1/p35C]15 26[P25 A13
Wr/P36 C]16 2583P24 A12
RD/P37 17 24 P23 A1
XTAL2 18 23[3P22 A10

XTAL1C19 - 22[3P21 A9

Vvss O] 20 21[3P20 A8

0192-1

PLCC 44

AD1 PO.1

AD2 P0.2
AD3 PO.3

6 5 4 3 2 1 4443 42 4140
P1.5C]7 O 39[1P0.4 AD4 .
P1.6008 38[P0.5 ADS
P1.7C]9 37[3P0.6 ADE
RST/Vpp CJ10 36 AP0.7 AD7
RxD/P3.0C]11 35EEA
Ned12 SAB 34[ANC
» 8051A
E/PSJC 13 8031A 3301 ALE
iNTo/P3.2C]14 32| PSEN
iNTi/pP3.3C]15 31P2.7 A5
10/P3.4]16 30[2P2.6 A14
T1/P3.5C]17 29[1P2.5 A13
18 19 20 21 22 23 24 25 26 27 28
ERS 58222238
on X Z o -
wow ek a NN
o o a o o N o
e & a
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SAB 8051A/8031A
SAB 8051A-16/8031A-16

The SAB 8051A/8031A is a stand-alone, high-per-
formance single-chip microcontroller fabricated in
+5V advanced Siemens MYMOS (lll) technology
and supplied in a 40-pin plastic P-DIP or 44-pin plas-
tic leaded chip carrier (PLCC 44) package. It pro-
vides the hardware features, architectural enhance-
ments and instructions that are necessary to make it
a powerful and cost-effective controller for applica-
tions 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 1/0 lines; two 16-bit timer/
counters; a five-source, two-priority-level, nested in-
terrupt structure; a serial 1/0 port for either multipro-
cessor communications, 1/0 expansion, or full-du-
plex 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-com-
patible memories and the byte-oriented SAB 8080
and SAB 8085 peripherals.

Logic Symbol
Vss Vec
XTAL 1 e ) <)
| ——— - é
== [}
'[ —— D 2
XTAL2 = 2|l
et O - §
RST/Vpp — e - g
- - E
EA —» lt— )
fa—
PSEN ~=—ro 8051A -
8031A e
ALE ~=—ro [ §°>
lt—
et—
-
la—>
RXD —— [ ~a— — T —)
TXD —-— ] — ——
INTO —» —— - — | 8
INT1—= 2 ] lt— ‘; }-——» ;
70— | £ ~=—nf - O [ — .g
T—> ] et —_— 3
WR ~— ] L —
RD < [ ] - —
0102-3
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SAB 8051A/8031A
SAB 8051A-16/8031A-16

Pin Definitions and Functions

Pin

P-DIP-40

PLCC 44

Symbol

Input(l)
Output(0)

Function

1-8

2-9

P1.0-P1.7

1/0

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

10

RST/Vpp

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

Vee.

10-17

11,
13-19

P3.0-P3.7

110

Port 3 is an 8-bit quasi-bidirectional I/0 port. It also
contains the interrupt, timer, serial port and RD and
WR pins that are used by various options. The
output latch corresponding to a secondary function
must be 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.

—INTT (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
18

21
20

XTAL1
XTAL2

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

21-28

24-31

P2.0-P2.7

110

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

29

32

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

©Siemens Components, Inc.
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SAB 8051A-16/8031A-16
Pin Deﬂnitlons and Functions (Continued)
Pin Input(l) ‘
Symbol Function
P-DIP-40 | PLCC 44 Output®) | : _ |
30 33 ALE . 0 Provides address latch enable output used for
. ) latching the address into external memory during
normal operation. It is activated every six oscillator
periods except during an external data memory
access.

31 35 EA ‘ | When held at a TTL high level, the SAB 8051A

‘ X 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.

39-32 43-36 P0.0-PO0.7 1/0 Port 0 is an 8-bit open drain bidirectional I/0 port. It

) ) is also the multiplexed low-order address and data
bus when using external memory. It is used for data
output during program verification. Port O can sink/
source eight LS TTL loads.

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

‘ verification.
20 22 Vss Ground (0V)
1,12 NC No Connection
23,34

Block Diagram

Frequency
Reference : : Counters
O — A —
' ]
' ]
| 4096 byt :
' " es
: Oscl‘!lcaior ) Program ) 128 Bytes Tl::::r}GEvBe‘:\t '
] Timin : Memory Data Memory Counters ]
! 9 (SAB8OS1A only) | '
' ]
H PN ] !
] A 4 y '
' = ]
' : '
! 8051 < !
H CPU '
' '
D w v - Jd ! H
'
' SN2 : H
i ) . Programmable :
! 64 KByte Bus Serial Port '
' Expansion - M  Programmable I/0 Full Duplex UART H
' Control Synchronous '
H : Shifter !
[l interrupts :
' U .
' ]
' ]
L R R - - - - - o bececcosjlecceccecdanee -
Interrupts Contrel Parallel Ports Serlal  Serial
Address Data Bus Input Output

And 1/0 Pins
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SAB 8051A/8031A
SAB 8051A-16/8031A-16

Absolute Maximum Ratings*
Ambient Temperature under Bias ....0°Cto +70°C

Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin with

Respect to Ground (Vgg) .......... —0.5Vto 7V
Power Dissipation ................coocvint, 2w

D.C. Characteristics
Ta = 0°C to +70°C; Voo = 5V +£10%; Vgg = OV

*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.

Parameter Symbol Test Condition Limit Values Unit
Min Max
Input Low Voltage ViL —-0.5 08 \"
Input High Voltage VIH
(Except RST/VPD and XTAL2) 20 | Voc+05 |V
Input High Voltage to ViH1 XTAL1 to Vss
RST/VPD for Reset, XTAL2 25 | Vec+ 05 |V
Power Down Voltage Vep Vee = 0V
to RST/VPD 45 55 v
Output Low Voltage VoL loL = 1.6mA
Ports 1,2, 3 0.45 Vv
Output Low Voltage VoL1 loL = 3.2mA 0.45 v
Port 0, ALE, PSEN :
Output High Voltage VoH lon = —80 A 24 Vv
Ports 1,2, 3 ’
Output High Voltage VoH1 loy = —400 pA 24 v
Port 0, ALE, PSEN ’
Logical 0 Input Current hiL V)L = 0.45V _
Ports 1,2,3 500 pA
Logical O Input Current liLe XTAL1 = Vgg 32 mA
XTAL 2 VL = 0.45V :
Input High Current to liH1 VIN = Vgg — 1.5V
RST/Vpp for Reset 500 KA
Input Leakage Current I 0V < VN < Voo +10 A
to Port 0, EA - M
Power Supply Current lcc All Outputs
SAB 8031A/8051A Disconnected 125 mA
SAB 8031A-16/8051A-16 140 mA
Power Down Current Ipo Vce = OV 10 mA
Capacitance of I/0 Buffer Cio fe = 1 MHz 10 pF
©Siemens Components, Inc. 4-5



SAB 8051A/8031A
SAB 8051A-16/8031A-16

A.C. Characteristics for SAB 8051A/8031A
Ta = 0°C to 70°C; Vg = 5V +10%; Vgg = OV
(C, for Port 0, ALE and PSEN N Outputs = 100 pF Cy for All Other Outputs = 80 pF)

Program Memory Characteristics

‘ Limit Values
Parameter Symbol 1;2‘;2 1 /tCLCLv:rI'la- g‘;ﬁ:’g‘n MHz Unit
Min | Max Min Max
ALE Pulse Width teHLL 127 2oL — 40 ns
Address Setup to ALE tavLL 53 tcLoL — 30 ns
Address Hold after ALE tLLAX1 48  toLoL — 35 ns
ALE to Valid Instruction In v 233 4tc oL — 100 ns
ALE to PSEN tLLpL 58 tcLoL — 25 ns
PSEN Pulse Width tpLPH 215 3tcLoL — 35 ns
PSEN to Valid Instruction In tLv 150 3toicL — 100 | ns
Input Instruction Hold after PSEN | tpxx 0 0 ns
Input Instruction Float after PSEN | tpyz* 63 o toroL — 20 ns
Address Valid after PSEN tpxav* 75 toLcL — 8 ' ns
Address to Valid Instruction In taviv 302 ) S5toLcL — 115 ns
Address Float to PSEN tazpL 0 0 ns

NOTE:
*Interfacing the SAB 8051A to devices with float times up to 75 ns is permissible. This limited bus contentlon will not cause
any damage to port 0 drivers.

External Data Memory Characteristics

Limit Values
Parameter Symbol 1&2‘;2 1/tc._c._v:":.2|:nﬁ'z°:: 12MHz | UMt
| Min Max Min Max
RD Pulse Width tRLRH 400 6 toLcL — 100 ns
WR Pulse Width tWLWH 400 6 toLcL — 100 ns
Address Hold after ALE tLLAx 2 132 2tcLoL — 35 ns
RD to Valid Data In taLDV 252 5tocL— 165 | ns
Data Hold after RD tRHDX 0 0 ns
Data Float after RD tRHDZ 97 2icLeL—70 | ns
ALE to Valid Data In tLLbv 517 8tcLcL — 150 ns
Address to Valid Data In tavDv 585 9tcLoL — 165 ns
ALE to WR or RD tLLwe 200 300 3tcLcL — 50 3tcLcL + 50 ns
Address to WR or RD tavwiL 203 4TeLoL — 130 ns

4-6 0 ©Siemens Components, Inc.




SAB 8051A/8031A
SAB 8051A-16/8031A-16

External Data Memory Characteristics (Continued)

Limit Values
Parameter Symbol 1;:::(2 1/tc._c._v:ﬁ:.2|:nﬁ'zof: 12MHz | Unit
Min Max Min Max
WR or RD High to ALE High | twHLH 43 123 tocLcL — 40 toLoL + 40 ns
Data Valid to WR Transition | tquwx 33 tcLoL — 50 ns
Data Setup before WR tovwH 433 7 toLoL — 150 ns
Data Hold after WR twHQx 33 tocLoL — 50 ns
Address Float after RD tRLAZ 0 0 ns
External Clock Drive XTAL2
Limit Values
Parameter Symbol Freq. Za:i;b:Hgl:fl;z MHz Unit
Min Max
Oscillator Period toLoL 83.3 833.3 ns
High Time tcHex 20 toLoL — toLox ns
Low Time toLex 20 tcLoL — tcHex ns
Rise Time tcLcH 20 ns
Fall Time tcHeL 20 ns
ROM Verification Characteristics for SAB 8051A
Ta = 25°C +5°C; Voo = 5V £10%; Vgg = OV
Parameter Symbol Limit Values Unit
Min Max
Address to Valid Data tavav 48 toLoL ns
ENABLE to Valid Data teLqv 48 toLoL ns
Data Float after ENABLE teHQZ 0 48tcL 0L ns
Oscillator Frequency 1/tcLeL 4 6 MHz
©Siemens Components, inc. 4-7



SAB 8051A/8031A
SAB 8051A-16/8031A-16

ROM Verification

P1.0=P1.7 -
P2.0-P23 =

Addr.s' %

tavav [+

S—

[-teLav ‘| tenoz

P2.7
ENABLE
o2
Address: P1.0-P1.7 = A0-A7 Inputs: P2.4-P2.6, PSEN = Vgg
P2.0-P2.3 = AB-A11  ALE,EA = Vi
Data: Port 0 = D0-D7 - * Rs1/VPD = ViH1

A.C. Characteristics for SAB 8051A-16/8031A-16
Ta = 0°Cto +70°C; Voo = 5V £10%; Vgg = 0V
(CL for Port 0, ALE and PSEN Outputs = 100 pF; C,_ for All Other Outputs = 80 pF)

Program Memory Characteristics

Limit Values
Parameter Symbol 1&0”:: 1 /tCLCLV:":gI:‘ﬁ:’: :12 MHz Unit
. Min | Max Min Max )
ALE Pulse Width : tLHLL 85 2tcLcL — 40 ns
Address Setup to ALE tAvLL 33 tocLcL — 30 ns
Address Hold after ALE tLLAXd 28 toLoL — 35 ns
ALE to Valid Instruction In tLuv | 150 4tcLcL — 100 ns
ALE to PSEN tLpL 38 tocL — 25 | ns
PSEN Pulse Width tPLPH 153 3tcLeL — 35 ns
PSEN to Valid Instruction In | teuv 88 3tcLcL — 100 | ns
Input Instruction Hold after PSEN | tpyix 0 0 ns
Input Instruction Float after PSEN | tpyz* 48 toLcL — 15 ns
Address Valid after PSEN tpxav* 60 toLoL — 3 ns
Address to Valid Instruction In taviv 223 StcLcL — 90 ns
Address Float to PSEN tazpL 0 0 , \ ns

NOTE:
*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. -

4-8 ©Siemens Components, Inc.



SAB 8051A/8031A

SAB 8051A-16/8031A-16
External Data Memory Characteristics
Limit Values
Parameter Symbol 1&2‘:: mcva:ﬂ:gl;gLo:: 12mMHz | Yt
Min Max Min - Max
RD Pulse Width tRLRH 275 6 toLcL — 100 ns
WR Pulse Width tWLWH 275 6 toLcL — 100 ns
Address Hold after ALE tLLAx 2 90 2tcLoL — 35 ns
RD to Valid Data In tRLDV 148 StoLcL — 165 ns
Data Hold after RD tRHDX 0 0 ns
Data Float after RD tRHDZ 55 2tcLcL — 70 ns
ALE to Valid Data In tLpv 350 8tcLcL — 150 ns
Address to Valid Data In tavDv 398 9tcLcL — 165 ns
ALE to WR or RD tLLwL 138 238 3toLcL — 50 3toLcL + 50 ns
Address to WR or RD tavwL 120 4ToLoL — 130 ns
WR or RD High to ALE High tWHLH 23 103 toLcL — 40 toLcL + 40 ns
Data Valid to WR Transition | tquwx 13 toLcL — 50 ns
Data Setup before WR tQuwH 288 7 toLoL — 150 ns
Data Hold after WR twHax 13 toLcL — 50 ns
Address Float after RD tRLAZ 0 0 ns
External Clock Drive XTAL2
Limit Values
Parameter Symbol Freq. Za;l;bhlneH(z:I::l;s MHz Unit
Min Max
Oscillator Period toLoL 62.5 833.3 ns
High Time tcHex 15 toLcL — toLox ns
Low Time tcLex 15 toLeL — toHex ns
Rise Time tcLcH 15 ns
Fall Time tcHeL 15 ns
©Siemens Components, Inc. 4-9




SAB 8051A/8031A
SAB 8051A-16/8031A-16

ROM Verification Characteristids for SAB 8051A-16

Ta = 25°C £5°C; Voo = 5V £10%; Vgs = OV

Parameter Symbol ‘LImIt Values Unit
Min Max
Address to Valid Data tavav 48 toL oL ns
ENABLE to Valid Data teLqv 48 toLcL ns
Data Float after ENABLE teHQZ 48 toL oL ns
Oscillator Frequency 1/tcLoL 4 ] MHz
ROM Verification
P1.0=P1.7
P2.0~ P23 Address
tavav [+
Port 0 Data out
P2.7
ENABLE
0192-5
Address: P1.0-P1.7 = A0-A7 Inputs:  P2.4-P2.6, PSEN = Vgg
P2.0-P2.3 = A8-A11 ALE, EA = V4
Data: Port 0 = DO0-D7 Rs1/VPD = Vi1

4-10
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SAB 8051A/8031A
SAB 8051A-16/8031A-16

Waveforms

Program Memory Read Cycle
|

|
tey
LT v
[~ tpL =]
ALE \ \
a—TT
=/ ) N\ /
L touy —] ~ oy [
- LT - -~ tpxiz
-tz | tx -
/ 4
Port0 INSTR IN \ AO=A7 INSTR IN AO=A7 INSTR IN
N\
|
taviv
ADDRESS 4
Port2 oo crepo )\ ADDRESS A8 = A15 ADDRESS A8 = A15 >
0192-6
Data Memory Read Cycle
tov 1 wHLH
ALE
PSEN /
tawe tRLRH
. i /
taxz ™
tavwL trLov " = tRHDz
tavoy tRux ™
Port0 . AO=A7 DATA IN
11 tRuaz
ADDRESS \
Port2  op SFR=P2 ADDRESS A8~ A15 OR SFR- P2 /

0192-7
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SAB 8051A/8031A

SAB 8051A-16/8031A-16
Waveforms (Continued)
Data Memory Write Cycle ,
— twHLH
ALE
PSEN R /
e — twiwk
. /
tavwe
- e-toywx
[+ tLiaxz = “tovwH twHox —
\
Port0 A0~ A7 DATA OUT )
Port 2 o,';‘DSDF';Efiz ‘ ADDRESS A8=-A15 OR SFR=~P2 )
6‘92—5

A.C. Testing Input, Output, Float Waveforms

2.4
2.0 2.0
Test Points
0.8 0.8
0.45
' Float |
2.4 . 2.4
2.0 2.0 .
0.8 0.8
0.45 = : 0.45

0192-9

AC. testirig inputs are driven at 2.4V for a logic ““1” and 0.45V for a logic “0”. '
Timing measurements are made at 2.0V for a logic ““1” and 0.8V for a logic “0".
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA or sources 400 pA at the voltage
test levels. ’ : : :

\

4-12 ©Siemens Components, Inc.



SAB 8051A/8031A
SAB 8051A-16/8031A-16

Waveforms (Continued)

External Clock Cycle

tenex—"

*—teneL

0192-10

Recommended Oscillator Circuits

XTAL 1 5V

N 19(21)
I

S51.2- 12 MHz
1.2- 16 MHz

1 18(20)

4.7k

19(21)

18(20)

XTAL2 o]

C = 30 pF £10 pF
Crystal Oscillator Mode

7404~
74LS04

Driving from External Source

(Pin number in (... ) are for PLCC 44 Package)

XTAL 1

XTAL 2

0192-11

Ordering Information

SAB 8051A-16-P
SAB 8031A-16-P
SAB 8051A-N
SAB 8031A-N
SAB 8051A-16-N
SAB 8031A-16-N

Type Description
SAB 8051A-P 8-Bit Single-Chip Microcontroller
with Mask-Programmable ROM (P-DIP-40)
SAB 8031A-P for External Memory (P-DIP-40)

with Mask-Programmable ROM (P-DiP-40)

for External Memory (P-DIP-40)

with Mask-Programmable ROM (PL-CC-44)

for External Memory (PL-CC-44)

with Mask-Programmable ROM (PL-CC-44)

for External Memory (PL-CC-44)

©Siemens Components, Inc.
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SIEMENS

A
/'G/,b)lb _
B

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

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

Mask-Programmable ROM
SAB 8051A-12-P-T40/85
SAB 8051A-10-P-T40/110

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

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

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

e 4K X 8 ROM

¢ 128 X 8 RAM

e Four 8-Bit Ports, 32 I/0 Lines

e Two 16-Bit Timer/Event Counters

External ROM o
SAB 8031A-12-P-T40/85
SAB 8031A-10-P-T40/110

o High-Performance Full-Duplex Serial
Channel

e External Memory Expandable up to 128K

e Compatible with SAB 8080/8085
Peripherals

® Boolean Processor

e 218 User Bit-Addressable Locations
® Most Instructions Execute in 1 us

® 4 ps Multiply and Divide

Pin Configuration

[4[J= ~ 40 Vee

P11L]2 39[1P00 ADO
P120O3 38[PO1 AD1
9135 4 373P02 AD2
P14C]5 36 [ PO3 AD3
[2E]= [ 35[JP04 AD4
41 = 4 341P05 ADS
P17C]8 33[1P06 ADS

RST/Vpnﬁ 9 saB  32[QP07 AD7
RxD/P30C}10 80S1A 31} EA
™0/P31C]11 80314 3ol ALE

iNTo/P32 12 293 PSEN
iNT1/P330C113 28 gpn A15
To/P34C]14 27 [AP26 A14
T1/P35 315 26 P25 A13
wr/p3sC]16 250P24 A12 -
RO/P37CJ17 24P23 A11
XTAL2 18 23[3P22 A10
XTAL1CY19 22[3r21 A9
Vss 20 21}3P20 A8

0183-1

Logic Symbol

Vss Veo

11

XTAL1 =i

XTAL2 —

Port0

RST/Vpp —

SAB

PSEN ﬂ 8051A

8031A

ALE ~—|

Port 1

RXD ——»—
TXD
iNTO ——=

INTi—

Port2

70—

Address Bus

T —

WR ~—a

SEREERRRRRARRRRRRRRARER

IRRRRREE

RD —=—»

0183-2
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SAB 8051A/8031A Ext. Temp

The SAB 8051A/8031A for the two extended tem-
perature ranges (industrial temperature range:
—40°C to +85°C, automotive temperature range:
—40°C to +110°C) is fully compatible with the stan-
dard SAB 8051A/8031A with respect to architec-
ture, instruction set, and software portability.

The SAB 8051A/8031A is a stand-alone, high-per-
formance single-chip microcontroller fabricated in
+5V advanced N-channel, silicon gate Siemens
MYMOS technology and packaged in a 40-pin DIP.

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

Absolute Maximum Ratings*

Ambient Temperature under Bias

T40/85......ccviiiiiiin, —40°Cto +85°C

T40/110 ....vvnveviinnn.... —40°Cto +110°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin with

Respect to Ground (Vsgg) ........ —0.5Vto +7V
Power Dissipation .......................... 2W

DC Characteristics

write data memory; 32 1/0 lines; two 16-bit timer/
counters; a five-source two-priority-level, nested in-
terrupt structure; a serial 1/0 port for either multipro-
cessor communications, |/O expansion, or full du-
plex 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 com-
patible memories and the byte-oriented SAB 8080
and SAB 8085 peripherals.

*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.

Vo = 5V +£10%; Vgg = OV; To = —40°C to +85°C for T40/85;
TA = —40°C to + 110°C for T40/110

Parameter Symbol Test Condition Limit Values Unit
Min Max
Input Low Voltage ViL —-0.5 0.8 \
E)?cuetp'-thgg'\l'/j’\lltg?’eand XTAL2 Vi 20 | Voct05 |V
igp;é'IHI/%/hP\lgofltt)?%eeset, XTAL2 Vit XTAL TtoVss 25 | Voct05 |V
Power Down Voltage to RST/VPD Vpp Voo = 0V 4.5 5.5 \
Output Low Voltage Ports 1, 2, 3 VoL loL = 1.6 MA 0.45 \"
Output Low Voltage Port 0, ALE, PSEN | Vo4 loL = 3.2mA 0.45 Y
Output High Voltage Ports 1, 2, 3 VoH loy = —80 nA 2.4 \
Output High Voltage Port 0, ALE, PSEN | Von1 lon = —400 pA 2.4 \
Logical O Input Current Ports 1, 2, 3 i V)L = 0.45V —500 HA
Logical O Input Current XTAL2 liLa XTAL1 = Vgg —32 mA
V)L = 0.45V
w0 |
Input Leakage Current to Port 0, EA I 0 < VN < Vce +10 pA
Power Supply Current Icc 150 mA
Power Down Current IpD 15 mA
Capacitance of 1/0 Buffer Cio fo = 1 MHz 10 pF
© Siemens Components, Inc. 4-15



SAB 8051A/8031A Ext. Temp

AC Characteristics for T40/85: Refer to SAB 8051A/8031A Data Sheet.

AC Characteristics for T40/110

VCC = 8V £10%; Vgs = OV; Tp = —40to +110°C
(CL for Port 0, ALE and PSEN Outputs = 100 pF; C,_for all other Outputs = 80 pF)

Program Memory Characteristics

Limit Values
Parameter Symbol | 10 MHz Clock 1 /tCLCLv:ri:- 2':‘ﬁlz°: : 10 MHz Unit
Min Max Min Max
ALE Pulse Width tLHLL 160 2tcLcL — 40 ns
Address Setup to ALE - tavLL 70 tocLcL — 30 - ns
Address Hold after ALE tLLax1 65 tcLoL — 35 ns
ALE to Valid Instruction In tLuv 300 4tcLcL — 100 | ns
ALE to PSEN P 75 toLcL — 25 ns
PSEN Pulse Width tPLPH 265 - 3tcLeL — 35 ns
PSEN to Valid Instruction In tpLIv 200 3tcLoL — 100 | ns
Input Instruction Hold After PSEN | tpxix 0 0 ns
Input Instructions Float After PSEN | tpy;z* 80 | toLoL— 20 ns
Address Valid After PSEN tpxav* 92 ‘ tcicL — 8 ns
Address to Valid Instruction In taviv 385 S5tceL — 115 | ns
Address Float to PSEN tazpL ] 0 ns

NOTE:
*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 O drivers.

4-16 - ’ ‘ ©Siemens Components, Inc.



SAB 8051A/8031A Ext. Temp

AC Characteristics for T40/110 (Continued)

Vo = 5V £10%; Vgg = OV; Tpo = —40to +110°C
(CL for Port 0, ALE and PSEN Outputs = 100 pF; C_ for all other Outputs = 80 pF)

External Data Memory Characteristics

Limit Values
Parameter Symbol 10 MHz Clock 1 /tCLCLv:ri:ZI:ng:’f: 10 MHz Unit
Min Max Min Max
RD Pulse Width tRLRH 500 6 tcLcL — 100 ns
WR Pulse Width tWLWH 500 6 tcLcL — 100 ns
Address Hold After ALE tLLAX2 165 2tcLcL — 35 ns
RD to Valid Data In tRLDV 335 5tcLcL — 165 ns
Data Hold After RD tRHDX 0 0 ns
Data Float After RD tRHDZ 130 2tcLeL — 70 ns
ALE to Valid Data In tLLoy 650 8 tcLoL — 150 ns
Address to Valid Data In tavDv 735 9tcLcL — 165 ns
ALE to WR or RD tLwe 250 350 3tgLoL — 50 3tgLcL + 50 ns
Address to WR or RD tavwi 270 4tcLcL — 130 ns
WR or RD High to ALE High | twHLH 60 140 toLcL — 40 toLcL + 40 ns
Data Valid to WR Transition | tquwx 50 tcLcL — 50 ns
Data Setup Before WR tQuwH 550 7 toiLoL — 50 ns
Data Hold After WR twHQX 50 toLeL — 50 ns
Address Float After RD tRLAZ 0 0 ns
NOTE:

*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 O drivers.

External Clock Drive XTAL2

Limit Values

Variable Clock

Parameter Symbol Freq. = 1.2 MHz to 12 MHz (T40/85) Unit
Freq. = 1.2 MHz to 10 MHz (T40/110)
Min Max

Oscillator Period T40/85 toLoL 83.3

T40/110 100 833.3 ns
High Time tcHeX 20 toLecL-toLex ns
Low Time tcLex 20 toLoL—-tcHex ns
Rise Time tcLcH 20 ns
Fall Time tcHCL 20 ns

©Siemens Components, Inc. 417



SAB 8051A/8031A Ext. Temp

Waveforms: Refer to SAB 8051A/8031A Data Sheet

Ordering Information

Type

Description

SAB 8051A-12-P-T40/85

SAB 8051A-10-P-T40/110
SAB 8031A-12-P-T40/85
SAB 8031A-10-P-T40/110

8-Bit Single-Chip-Microcomputer

with Mask-Programmable ROM (Plastic)
With Mask-Programmable ROM (Plastic)
For External Memory (Plastic)
For External Memory (Plastic)

4-18
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SIEMENS

SAB 8052B/8032B
SAB 8052B-16/8032B-16
8-Bit Single-Chip Microcontroller

SAB 8052B/8052B-16 Microcontrolier with factory-mask programmable ROM
SAB 8032B/8032B-16 Microcontroller for external ROM

o SAB 8052B/8032B, 12 MHz Operation e Compatible with SAB 8080/8085
SAB 8052B-16/8032B-16, 16 MHz Peripherals
Operation

® Boolean Processor

® 8K X 8 ROM (SAB 80528 only) ® Most Instructions Execute in:
e 256 X 8 RAM 1 us (SAB 8052B/8032B)
e Four 8-Bit Ports, 32 1/0 Lines 750 ns (SAB 8052B-16/8032B-16)
e Three 16-Bit Timer/Event Counters ® 4 ps (3 ps) Multiply and Divide
e High-Performance Full-Duplex Serial ® P-DIP 40 and PLCC 44 Packages
Channel e Full Backward Compatibility with n
e External Memory Expandable up to SAB 8051A/8031A
128 Kbytes
Pin Configurations
P-DIP 40 PLCC 44
o] 9 nam
T2/P10 31 ~ 4000 Vee oo geee
T2Ex/P110] 2 39 [1P0O0 ADO xn ; bl 2 ¢ >3§ g g §
p120]3 38[3ro1 AD1 BAAA
P13C]4 37 [1P02 AD2 6 5 4 3 2 1 4 43 42 41 40
P14]5 36 £1PO3 AD3 P1.5007 O 39[71P0.4 AD4
P1sC]6 35[1P04 AD4 P1.6]8 38 [1P0.5 ADS
Pi6l]7 34[1PO5 ADS P1.7039 37 F1P0.6 ADS
Pi7C]8 33[3P06 ADE RST/Vpp E]10 36[1P0.7 AD7
RST/VppCJ9  SAB  32[3P07 AD7 RxD/P3.0 ] 11 3sPER
RxD/P30C]10 80528 31 EA NC12 SAB 34FINC
To/P31C]11 80328 zolqaLe T /P31 13 o sspaE
iNTO/P32 12 20 7 PSEN INTO/P3.2C]14 32 PSEN
iNTi/P33 13 28[P27 A15 iNT1/pP3.3C]15 3103P2.7 A15
T0/P34 14 27[1P26 A14 T0/P3.4C]16 30[1P2.6 A14
T1/P35]15 26 [1P25 A13 T1/P3.5017 20[1P2.5 A13
wr/P3s 16 25|1P24 A2 18 19 20 21 22 23 24 25 26 27 28
R5/P37 17 24[p23 A1 #EHH%E%%EEE
xTAL2C]18 23[AP22 A10 §53'5‘>zq...3:3
xTaL1d19 22[3P21 A8 2 x> NN
vss ] 20 21[3P20 A8 ooz
0188-1
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SAB 8052B/8032B ‘
SAB 8052B-16/8032B-16

The SAB 8052B/8032B is a stand-alone, high-per-
formance single-chip microcontroller fabricated in
+5V advanced Siemens MYMOS (lll) technology
and supplied in a 40-pin plastic P-DIP or 44-pin plas-
tic leaded chip carrier (PLCC 44) package. It is back-
wardly compatible with the SAB 8051A/8031A. It
provides the hardware features, architectural en-
hancements 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 8052B contains a non-volatile 8K X 8
read-only program memory; a volatile 256 X 8 read/

Pin Definitions and Functions

write data memory; 32 1/0 lines; three 16-bit timer/
counters; a five source, two-priority-level, nested in-
terrupt structure; a serial 1/0 port for either multipro-
cessor communications, 1/0 expansion, or full-du-
plex UART; and 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 ext_ra capability, the SAB
8052B can be expanded using standard TTL-com-
patible memories and the byte- onented SAB 8080
and SAB 8085 peripherals.

Pin ~ Input ()

Symbol
PLCC-44 | Output(0)

P-DIP-40

Function

P1.0-P1.7 1-8. 2-9 1/0

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

RST/Vpp | =~ 9 10 |

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 Vgc. If
Vpp is held within its specification while Vg drops
below specification, Vpp will provide standby power
to the RAM. When Vpp is low, the RAM’s current is
drawn from V.

P3.0-P3.7 10-17 11,13-19 I1/0

Port 3 is an 8-bit quasi-bidirectional I/0 port. It also
contains the interrupt, timer, serial port and RD and
WR pins that are used by various options. The
output latch corresponding to a secondary function
must be 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.

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

—T0 (P3.4). Input to counter 0.

—T1 (P3.5). Input to counter 1.

—WR (P3.6). The write control signal latches the
data byte from port 0 into the external data memory.
—RD (P3.7). The read control signal enables

external data memory to port 0

4-20
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SAB 8052B/8032B
SAB 8052B-16/8032B-16

Pin Definitions and Functions (Continued)

Pin Input (1)

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

Function

XTAL1 19 21
XTAL2 18 20

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

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 I1/0

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

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 (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.

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 1/0

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

Vee 40 44

+ 5V power supply during operation and program
verification.

Vss 20 22

Ground (0V)

NC —_ 1,12 —
23,24

No Connection

©Siemens Components, Inc.
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SAB 8052B/8032B

SAB 8052B-16/8032B-16
Logic Symbol
' Vss Vee
| 1
XTAL1 - : R
- ) -
=I e - é
'[ e - g
‘ ft—— O | <>
XTAL2 5 re
l— P | > |G
RST/VPD — et - g
R | . - E
EA —of - ) )
SAB - | ——— T2
PSEN ~—] 80528 Lt —t— T2EX
. 80328 e
ALE ~=—j | ;
e
e
-
. f— ) h
RXD ——&= [ —a—p] et ] —
TxD ~a——r . L 1 ——
TO— | @ <t - O — _s
T — -~ e — 3
WR ——— ] | R —
ﬁjd—— L ) |t ) — )
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SAB 8052B/8032B

SAB 8052B-16/8032B-16
Block Diagram
Frequency
Reference Counters
} ............... S S
' '
' ]
' ]
' 8192 bytes ]
' Oscl‘lglcutor Program 256 Bytes “1;;':' }GEVB":‘ ¢ '
] Timin Memory Data Memory Counters ]
! 9 (SABBO51A only) !
' ]
' ~~ '
' ﬁ > ]
] \ 4 v { h
] ]
' ]
! 8052A < '
H CPU H
] ]
' o 4 :
: r \7 \ZL ]
: Programmable :
! 64 K Byte Bus Serial Port '
: Expansion ) Programmable 1/0 Full Duplex UART :
' Control Synchronous '
: Shifter :
1 Interrupts [
‘ i
O I IR IR ) P e becd e beed Femmee el
Interrupts Control Porallel Ports Serial  Serial
Address Data Bus Input Output
And 1/0 Pins
0189-4
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SAB 8052B/8032B
SAB 8052B-16/8032B-16

Absolute Maximum Ratings*

Ambient Temperature under Bias ...... 0°C to 70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin

with Respect to Ground (Vgg) ....—0.5Vto +7V
Power Dissipation ..................... S 2w

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

D.C. Characteristics T = 010 70°C; Vo = 5V £10%; Vgg = OV

Parameter Symbol Test Condition Limit Values Unit
’ Min Max
Input Low Voltage ViL -0.5 0.8 \'
Input High Voltage ViH
(except RST/Vpp and XTAL2) 20 | Vect 05 |V
Input High Voltage to ' ViH1 XTAL1to Vgg
RST/Vpp for Reset, XTAL2 . 25 | Vegt05 |V
Power Down Voltage Vep Ve = 0V
to RST/Vpp . 45 5.5 v
Output Low Voltage VoL loL = 1.6 mA
Ports 1,2, 3 | 0.45 v
Output Low Voltage VoLi loL = 3.2mA 0.45 y
Port 0, ALE, PSEN ’
Output High Voltage " VoH loH = —80 nA 04 v
- Ports 1,2,3 ’
Output High Voltage VoH1 loq = —400 nA 24 v
Port 0, ALE, PSEN ’
Logical O Input Current e ViL = 0.45V _
Ports 1, 2, 3 500 MA
Logical O Input Current liL2 XTAL1 = Vgg —32 mA
XTAL2 ViL = 0.45V ’
Input High Current to liH1 VIN = Vg — 1.5V
RST/Vpp for Reset ' 500 KA
Input Leakage Current Iy 0 < V)N < Ve
to Port 0, EA £10 pA
Power Supply Current Icc All Outputs
SAB 8032B/8052B Disconnected 175 mA
SAB 8032B-16/8052B-16 ’
Power Down Current lpp Voo = 0V - ] 15 . mA
Capacitance of 1/0 Buffer Cio fc = 1 MHz . 10 pF
4-24
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SAB 8

SAB 8052B/8032B
052B-16/8032B-16

AC Characteristics for SAB 8052B/8032B

The AC Characteristics and Waveform Timings of the SAB 8052B/8032B and the SAB 8052B-16/8032B-16
are same as that of the SAB 8051A/8031A and SAB 8051A-16/8031A-16 resepctively.

Ordering Information

SAB 8052B-16-P
SAB 8032B-16-P
SAB 8052B-N
SAB 8032B-N
SAB 8052B-16-N
SAB 8032B-16-N

Type Description
8-Bit Single-Chip-Microcomputer
SAB 8052B-P with Mask-Programmable ROM (P-DIP-40)
SAB 8032B-P for External Memory (P-DIP-40)

with Mask-Programmable ROM (P-DIP-40) -

for External Memory (P-DIP-40)
with Mask-Programmable ROM (PLCC-44)
for External Memory (PLCC-44)
with Mask-Programmable ROM (PLCC-44)
for External Memory (PLCC-44)

© Siemens Components, Inc.
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SIEMENS

SAB 8052B/8032B

Ext. Temp. 8-Bit Single-Chip Microcontroller

Extended Temperature Range:
SAB 8052B-T40/85

SAB 8032B-T40/85
SAB 8032B-T40/100 For external ROM

—40°Cto +85°C

- —40°Cto +100°C
SAB 8052B-T40/100 With mask-programmable ROM

e 8K X 8 ROM (SAB 8052B only)

® 256 X 8 RAM

e Four 8-Bit Ports, 32 I/0 Lines

® Three 16-Bit Timer/Event Counters
o High-Performance Full-Duplex Serial

Channel with Flexible Transmit/Receive
Baud Rate Capability

e External Memory Expandable up to

® Boolean Processor

® Most Instructions Execute in 1 us

e Multiply and Divide in 4 ps

o Six Interrupt Vectors, Two Priority Levels
o RAM Power-Down Supply

® P-DIP 40 and PLCC 44 Packages

o Full Backward Compatibility with
SAB 8051/8031

128 Kbytes
Pin Configurations
P-DIP 40
12/P10 1 ~ 40V
T2EX/P110] 2 39[3P00 ADO
P12[]3 38[3P01 AD1
P13C]4 37[P02 AD2
P14[C]5 36 [71PO3 AD3
P15]6 35[1P04 AD4
P16 37 343P0O5 ADS
P170]8 33[71P06 ADE
RST/Vpp ]9 -~ SAB  32[PO7 AD7
RxD/P30CJ10 80528 313 EA
™D/P31C]11 80328 3oMyaALe
iINTo/P32 12 29[ PSEN
INT1/P330]13 28[P27 A15
. To/P34C]14 27[P26 A14 .
T1/P35 15 26 P25 A13
. WR/P36 16 251P24 A12
RD/P37L]17 24 1P23 A11
XTAL2 C]18 231P22 A10
XTAL1C]18 223P21 A9
vss 20 21[P20 A8

0190-1

PLCC 44

6 5 4 3 2 1 44 43 42 4140
P1.5C]7 O 39[1P0.4 AD4
P1.6]8 38[1P0.5 ADS
P1.70]9 37[1P0.6 AD6
RST/Vpp EJ10 36 IP0.7 AD7
RxD/P3.0 LJ11 R k1] w [
Neq12 SAB 34INC
/3113 e sspaE
INTO/P3.2CJ14 32 PSEN
iINT1/P3.3J15 31[1P2.7 A15
To/P3.4]16 . 30[2P2.6 A14
T1/P3.50]17 29[1P2.5 A13
18 19 20 21 22 23 24 25 26 27 28
goooooooooog
RS #222228
BBk Iaame
- a e o N o
o & a

0190-2

©Siemens Components, Inc.

4-26

November 1988



SAB 8052B/8032B Ext. Temp

The SAB 8052B/8032B for the two extended tem-
perature ranges —40°C to +85°C and —40°C to
+100°C is fully compatible with the standard SAB
8052B/8032B with respect to architecture, instruc-
tion set, and software portability.

The SAB 8052B/8032B is a stand-alone, high-per-
formance single-chip microcontroller fabricated in
+5V 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 8052B-T40/85 is also sup-
plied in a 44-pin plastic leaded chip carrier (PLCC
44) package.

Absolute Maximum Ratings*

Ambient Temperature under Bias

forT40/85.......ccvvvvvnnnn, —40°Cto +85°C

for T40/100 ............ .t —40°Cto +100°C
Storage Temperature (Tgtg) - . .. —65°Cto +150°C
Voltage on any Pin

with Respect to Ground (Vgg). . .. .. —-0.5t0 +7V
Power Dissipation (Pp) ... ..covcvvievninnnnnn, 2W

DC Characteristics
Vee = 5V £10%; Vgg = OV; Tp =

The SAB .8052B contains a non-volatile 8K X 8
read-only program memory; a volatile 256 X 8 read/
write data memory; 32 1/0 lines; three 16-bit timer/
counters; a six-source, two-priority-level, nested in-
terrupt structure; a serial I/0 port for either muitipro-
cessor communications, 1/O expansion, or full-du-
plex UART; as well as on-chip oscillator and clock
circuits. The SAB 8032B is identical with the SAB
80528, except that it lacks the program memory.

For systems that require extra capability, the SAB

+ 8052B can be expanded using standard TTL-com-

patible memories and the byte-oriented SAB 8080
and SAB 8085 peripherals.

*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.

—40°C to +85°C for T40/85;

Ta = —40°C to +100°C for T40/100
Parameter Symbol | Test Condition Limit Values Unit
Min Max

Input Low Voltage ViL —-0.5 0.8 \"
Input High Voltage ViH
(Except RST/Vpp and XTAL2) _ 20 | Vec +05 |V
Input High Voltage to ViH1 XTAL1 to Vsg
RST/Vpp for Reset, XTAL2 25 | Vec+05 |V
Power-Down Voltage to RST/Vpp Vpp Ve = 0V 4.5 5.5 \
Output Low Voltage Ports 1, 2, 3 VoL loL =1.6mA 0.45 \
Output Low Voltage Port 0, ALE, PSEN VoL1 loL = 3.2mA 0.45 \
Output High Voltage Ports 1, 2, 3 VoH loH = —80 A 2.4 \"
Output High Voltage Port 0, ALE, PSEN | Von1 lon = —400 pA 2.4 v
Logical 0 Input Current Ports 1, 2, 3 I ViL = 0.45V —500 HA
Logical O Input Current XTAL2 liLe XTAL1 = Vgg _ _

ViL = 0.45V 25 3.2 mA
Input High Current to liH1 VIN = Vo — 1.5V
RST/Vpp for Reset 500 KA
Input Leakage Current to Port 0, EA Iy 0V < Viy < Vco +10 pA
Power Supply Current lcc A!I Outputs 175 mA

Disconnected
Power-Down Current Ipp Veg = 0V 15 mA
Capacitance of I/0 Buffer Cio fe = 1 MHz 10 pF

© Siemens Components, Inc. 4-27



SAB 8052B/8032B Ext. Temp

AC Characteristics for T40/85: Refer to SAB 8051A/8031A Datasheet

AC Characteristics for T40/100 v
Voe = 5V £10%; Vgg = OV; To= —40°C to +100°C;

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

Limit Values
Parameter Symbol | 10MHzClock | /tCLCLV:"f_';';ﬁ'Z"f: oMbz | Unit
Min | Max Mn | Max

Program Memory Characteristics - -

ALE Pulse Width tLHLL 160 2tcLoL — 40 ns
Address Setup to ALE tavLL 70 toLoL — 30 ‘ ns
Address Hold after ALE tLLAXA 65 toLoL — 35 ns
ALE to Valid Instruction In v 300 | 4tcLcL — 100 ns
ALE to PSEN tLpL - 75 toLcL — 25 : ‘ns
PSEN Pulse Width tPLPH | 265 3tcLoL — 35 . ns
PSEN to Valid Instruction In tpLIv 200 3tgLcL — 100 ns
Input Instruction Hold after PSEN | tpxx 0 0 ns
Input Instruction Float after PSEN | tpyz(1) 80 toLoL — 20 ns
Address Valid after PSEN tpxav(M |- 92 tcLoL — 8 ns
‘Address to Valid Instruction In taviv : 385 S5tcLoL — 115 ns
Address Float to PSEN tazpL 0 , 0 ns
External Data Memory Characteristics

RD Puise Width tRLRH 500 6 toLcL — 100 " |'ns
WR Pulse Width tWLWH 500 6 toLoL — 100 ns
Address Hold after ALE tLLAX? 165 2tgLoL — 35 | ns
RD to Valid Data In tRLDV 335 ) StoLcL— 165 | ns
Data Hold after RD tRHDX 0 0 L ns
Data Float after RD tRHDZ 130  2tgoL - 70 ns
ALE to Valid Data In tLLov 650 8tcLcL — 150 ns
Address to Valid Data In tavpv i 735 9tcLoL — 165 ns
ALE to WR or RD tLiwL 250 350 | 3tgLeoL — 50 3tcLoL + 50 ns
Address to WR or RD tAvWL 270 4tg oL —130| - ns
WR or RD High to ALE High tWHLH 60 140 toLoL — 40 toLoL + 40 ns
Data Valid to WR Transition tovwx 50 toLoL — 50 ns
Data Setup before WR toywH |- 550 4tgcL — 150 . ns
Data Hold after WR twHQaXx 50 toLoL — 50 ns
Address Float after RD tRLaz | 0 0 ns

NOTE:

1. Interfacing the SAB 8052B to devices with float times up to 92 ns is permisslble This limited bus contention wIII not cause
any damage to port O drivers.

4-28 / '~ ©Siemens Components, Inc.



SAB 8052B/8032B Ext. Temp

External Clock Drive XTAL2

Limit Values
Variable Clock
Parameter Symbol Freq. = 1.2 MHz to 12 MHz (T40/85) Unit
Freq. = 1.2 MHz to 10 MHz (T40/100)
Min Max
Oscillator Period T40/85 tcLoL 83.3
T40/100 100 833.3 ns

High Time tcHox 20 toLoL—tcLex ns

Low Time tcLex 20 tcLoL—~toHex ns

Rise Time tcLcH 20 ns

Fall Time tTcHCL 20 ns
Waveforms: Refer to SAB 8051A/8031A Data Sheet
Ordering Information

Type Description

8-Bit Single-Chip Microcontroller

SAB 8052B-P-T40/85 with Mask-Programmable ROM (P-DIP40)
SAB 8052B-P-T40/100 | with Mask-Programmable ROM (P-DIP40)
SAB 8032B-P-T40/85 | for External Memory (P-DIP40)

SAB 8032B-P-T40/100 | for External Memory (P-DIP40)

SAB 8052B-N-T40/85 | with Mask-Programmable ROM (PLCC44)
SAB 8032B-N-T40/85 for External Memory (PLCC44)

©Siemens Components, Inc. 4-29



SIEMENS

SAB 80513/80533
SAB 80513-16/80533-16
8-Bit Single-Chip Mlcrocontroller

SAB 80513/80513-16 Microcontroller with factory-mask programmable ROM,

12/16 MHz operation

SAB 80533/80533-16 Microcontroller for external ROM 12/16 MHz operation

e 16K X 8 ROM (SAB 80513 only)

® 256 X 8 RAM

® Four 8-Bit I/0 Ports

® Three 16-Bit Timer/Event Counters
® High-Performance Full-Duplex Serial

Channel with Flexible Transmit/Receive
Baud Rate Capability

o Six Interrupt Vectors, Two Priority Levels

are Programmable

@ Boolean Processor

e Most Instructions Execute in:
1 us (SAB 80513/80533)
750 ns (SAB 80513-16/80533-16)

® 4 ps (3 ps) Multiply and Divide

e External Memory Expandable up to
128 Kbytes

~ o Fully Backward Compatible to SAB 8051A
and SAB 8052B

® P-DIP 40 and PLCC 44 Packages

Pin Configurations
P-DIP 40
. T2/P10C]1 7 403 Ve
T2ex/P110] 2 39[3P00 ADO
P120]3 38[IPO1 AD1
P13C]4 37{3P02 AD2
P14C]5 36{3P03 AD3
P56 35[3P04 AD4
P16 0]7 34[3Pos ADS
P17C]8 33[3Po6 ADE
RST/VppC]9  SAB  32[F3PO7 AD7
Rx0/P30C]10 80513 31EA
T™D/P31C]11 80533 303ALE
iNTo/P32 12 29[ PSEN
iNTi/P33C]13 28 [1P27 A15
To/P34 C]14 27[3P26 A14
T1/P35C]15 26 P25 A13
WR/P36 16 25[1P24 A12
RD/P37 17 24P23 A1
xTaL2 C]18 23[AP22 A10
XTAL1E]19 223P21 A9
vgs 20 21[IP20 A8

0184-1

PLCC 44
o] Q= NmM
B geee
MmN~ Q - o M
e e s e -0 883583
o0 aoo 2>
6 5 4 3 2 1 44 43 42 41 40
P1.5C]7 O 393P0.4 AD4
P1.6]8 38[1P0.5 ADS
P1.70]9 37[1P0.6 AD6
RST/VppCJ10 36[3P0.7 AD7
RxD/P3.0C]11 3sPER
(] = R} SAB 34N
80513
_'_I‘:IB/PS.IC 13 80533 33CALE
iNTo/p3.2C]14 323 PSEN
iNti/p3.3C]15 31[P2.7 A15
To/P3.4C]16 30[aP2.6 A14
T/P35C17 29[AP2.5 A13
18 19 20 21 22 23 24 25 26 27 28
gdu g guugy I:_l u
|§l82_.>%‘z’323;‘;‘
85 &8 Sianms
28 x EMEEPA I I
a o a

0184-2

The SAB 80513/80533 is a new member of the Siemens SAB 8051 family of 8-bit
fabricated in N-channel, silicon-gate Siemens MYMOS technology.

microcontrollers. It is

@©Siemens Components, inc.
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SAB 80513/80533
SAB 80513-16/80533-16

The SAB 80513/80533 is a stand-alone, high-per-
formance single-chip microcontrolier based on the
SAB 8051 architecture. It maintains all features of
the SAB 8051A and SAB 8052B (including timer 2 of
the SAB 8052B) and is thus fully compatible with
both the SAB 8051A and SAB 8052B.

In addition, the SAB 80513 contains 16 Kbyte of on-
chip ROM, which makes it a powerful and cost-ef-
fective controller for applications requiring more
ROM space.

Furthermore, the SAB 80513/80533 contains 256
byte RAM on-chip, four 8-bit ports, a powerful inter-
rupt structure with six vectors and two programma-
ble priority levels, a serial channel as well as on-chip
oscillator and clock circuitry. The SAB 80533 is iden-
tical with the SAB 80513 except that it lacks the on-
chip program memory.

The SAB 80513/80533 is supplied in a 40-pin dual-
in-line package or a 44-pin plastic leaded chip carrier
(PLCC 44) package.

Pin Definitions and Functions: Refer to SAB 8052B/8032B

Block Diagram
’ Counters
XTAL1 XTAL2 :
S — 1 ..... -
' '
' . ]
' '
' 16384 bytes '
: Oscl:ator Program 256 Bytes TITr::r}sEvBeI:\l :
' Timin Memory Data Memory Counters '
! 9 (SAB80513 only) '
' '
' '
] L 4 (T '
] A v '
] ]
' ]
' SAB 80513 :
' CPU '
' ]
' ]
Y W Y \} ,
' ]
: Programmable :
H 64 K Byte Bus | Serial Port ]
: Expansion M  Programmable 1/0 Full Duplex UART i
] Control Synchronous 1
: Shifter :
' Interrupts . ]
' ]
! ]
' ]
- r Ll R e ed B L R - - - - - oow peeccceccslecccccctocae -
Interrupts Control Paralle! Ports Seriol  Serial
Address Data Bus Input Output
And 1/0 Pins
0184-3
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"SAB 80513/80533

SAB 80513-16/80533-16
Absolute Maximum Ratings*
Ambient Temperature under Bias .. e .0°C to 70°C
Storage Temperature ...... ....—65°Cto +150°C
Voltage on Any Pin with Respect

toGround(Vgg) -..vovvvvnnnnnn —0.5Vto +7V
Power Dissipation ..................... U 2w

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

AC/DC Characteristics for SAB 80513/80533 and SAB 80513-16/80533-16 are same as that of
SAB 8052B/8032B and SAB 8052B-16/8032B-16 respectively.

Ordering Information

Type Description
8-Bit Single-Chip-Microcontroller
. SAB 80513-P with Mask-Programmable ROM (P-DIP-40)
SAB 80533-P for External Memory (P-DIP-40)
SAB 80513-N with Mask-Programmable ROM (PLCC-44)
SAB 80533-N for External ROM (PLCC-44) ’
SAB 80513-16-P with Mask-Programmable ROM (P-DIP-40)
SAB 80513-16-N with Mask-Programmable ROM (PLCC-44)

4-32
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SIEMENS

SAB 80512/80532

8-Bit Single-Chip Microcontroller

SAB 80512 Microcontroller with factory-mask programmable ROM
SAB 80532 Microcontroller for external ROM

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

e 4K X 8 ROM (SAB 80512 only)
e 128 X 8 RAM

e Backwardly Compatible with SAB 8051A/

8031A
e Seven 8-Bit Ports
o Two 16-Bit Timers/Event Counters

® High-Performance Full Duplex Serial
Channel with Own Baud Rate Generator

e 8-Bit A/D Converter with Eight Multiplexed
Inputs, Reference Voltages Externally
Adjustable

o 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)

e External Program and Data Memory
Expandable up to 64 Kbyte Each

e PLCC 68 Package

Pin Configuration

N@@O¥Mm gN =9 O NMmYn
fddidsIdIyeeeeeee
RESETC]10 O 60[Ps.7
Vager 11 ' 59 [P0.7
Vaono 12 58[1P0.6
BRI R] = I} 57[P0.5
Pe.6CY14 56 [1P0.4
PESIY15 - 55E3P03
ps.4CY16 . s4r0.2
Pe.3C]17 SAB 5301PO.1
Pe.2CY18 80512/80532 52[P0.0
=]
[ ALE
[ PSEN
P27
[1r2.6
P25
P24

sz.s

9 4t
R N ER-ER
wwwwwwww o~ o~
%S >>g§““‘“

x
22

0180-1

Logic Symbol

Vee Vss
Port 6 Port O
8~bit 8=bit
v emma—— Port 1
AREF 8=bit
Vaono™ bort 2
-]
Vep SAB
80512 @ Port 3
[y - 8=bit
RESET = <::> Port 4
8=bit
XTAL 1
XTAL 2 <:> Port 5
b ALE
|—> PSEN

01802
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SAB 80512/80532

The SAB 80512/80532 is a new member of the Sie-
mens SAB 8051 family of 8-bit microcontrollers.
Maintaining all features of the SAB 8051A/8031A, it
is fully backwardly compatible with the SAB 8051A/
8031A. Furthermore the SAB 80512/80532 incorpo-
rates several enhancements that significantly in-
crease design flexibility and cost effectiveness. In
additon to the SAB 8051A/8031A the SAB
80512/80532 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 1/0 ports. The SAB
80532 is identical with the SAB 80512, except that it
lacks the on-chip ROM.

The SAB 80512/80532 is fabricated in +5V ad-
vanced N-channel, silicon gate MYMOS technology
of Siemens and supplied in a PLCC 68 package. For
the industrial temperature range —40°C to +85°C,
the SAB 80512/80532-T40/85 is available.

Pin Definitions and Functions

Pin

Symbol

Input (I)
Output (O)

Function

1-3,5-9

P4.0-P4.7

110

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

VPD

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

10

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.

11

VAREF

Reference voltage for the A/D converter.

12

VAGND

Reference ground for the A/D converter.

13-20

P6.7-P6.0

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.

21-28

P3.0-P3.7

1/0

Port 3 is an 8-bit bidirectional I/0 port with internal pullup resistors.
Port 3 pins that have 1s written to them are pulled high by the internal
pullup resistors, and in that state can be used as inputs. As inputs port
3 pins being externally pulled low will source current (., 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

4-34
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SAB 80512/80532

Pin Definitions and Functions (Continued)

Pin

Symbol

Input (1)
Output (0)

Function

21-28

P3.0-P3.7

170

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

—INTT (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 .

29-36

P1.7-P1.0

i/0

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

37

VBB

Substrate pin. Must be connected to Vgg with a capacitor (47 nF to
100 nF) for proper operation of the A/D converter.

39

XTAL2
XTAL1

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.

41-48

P2.0-P2.7

1/0

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

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

49

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

50

ALE

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.

©Siemens Components, Inc.
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SAB 80512/80532

Pin Definitions and Functions (Continued)

Input () .
Output (0) Function

51 EA | When held at a TTL high level, the SAB 80512 executes instructions

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

562-59 | P0.0-P0.7 170 Port 0 is an 8-bit open drain bidirectional I/O port. Port 0 pins that have
: 18 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.

60-67 | P5.7-P5.0 | I/0 Port 5 is-an 8-bit bidirectional 170 Port with internal pullup resistors.
Port 5 pins that have 1s written to them are pulled high by the internal
pullup registers, and in that state can be used as inputs. As inputs Port
5 pins being externally pulled low will source current (I, on the DC
Characteristics) because of the internal pullup resistors.

Pin Symbol

68 Veo , Supply voltage during normal operation and program verification.
38 Vss | Ground (OV) '

Block Diagram

XTAL1 XTAL2 Vpp
.......................................
1} 1
B ) )
1 1
! 1| osc & miming 40x8 ROM '
o RAM 4Kx8 1
_ | y i 88x8 !
RESET == : '
1 )
ALE —+— I [ . | Port 0
PSR~ cPU i ) 8obit
[ p—— S —— :
H . '
1 ]
1 Port 1
i PO =] 57w
: Timer O —— :
1 ]
) ]
[l Port 2
. P2 -
E Timer 1 - T A
| - !
! ey |
' - Port 3
: Serlal Port . P3| -] Bmblit
] ]
B f ]
1 Boud Rate p— |
! Generator ) P4 ] ::,:"4
: — ]
' :
H — |
Port 6 - -] Port 5
kg [Il PS [
i X K — 1
' . | .
] . ]
] - N :
]
Voo — AN MUX|i S & H |t :
[ : . 1
]
Varer T : A/D !
1 ]
VaGND T '
] ]
) )

0180-3
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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 volt-
ages

— two more ports
— dedicated baud rate generator

Different to the SAB 8051 is the inverted reset-input
and the RAM power-down supply by a special pin
(Vpp), which supplies 40 byte with a typical current
of 2 mA. Beside the upward compatibilty to the SAB
8051 (all SAB 8051 software runs on the SAB 80512
without any changes) the SAB 80512 is also down-
ward compatible to the SAB 80515. The SAB 80512
is packed into the PLCC 68 package and has 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 is using the succes-
sive approximation method. The sampling of an ana-
log signal takes 5 machine cycles, the total conver-
sion time is 15 machine cycles (15 us at 12 MHz
oscillator frequency). Conversion -can be pro-
grammed to be single or continuous, at the end of a
conversion an interrupt can be generated. The SAB
80512 provides variable external reference voltages
VagND and Varer adjustable in a wide range. A
compressed reference voltage range allows to in-
crease the resolution of the converted analog input.

The lower reference voltage (Vagnp) can be varied
within Vgg — 0.2V and 4V, the higher (Vargr) within
1V and Vgg +5%. For proper operation of the A/D
converter a minimum of 1V difference is required be-
tween the external voltages:

(Vss — 0.2V) < VagnD < (Varer — 1V)
(VagnD + 1V) < Vager < (Ve + 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 I/0 ports and one 8-bit
input port. Port 0 is an open-drain bidirectional 1/0
port, while ports 1 to 5 are quasi-bidirectional 1/0
ports with internal pullups. That means, when config-
ured 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 val-
ues meet the specified high/low voltages and as an-
alog input for the A/D-converter.

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

©Siemens Components, Inc.
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SAB 80512/80532

Block Diagram of A/D Converter

Write to DAPR |
~fp—

|=~Bus
P& (DBH)
—>— | P6.7 | P6.6 | P6.5 | P6.4 | P6.3 | P6.2 | P6.1 | P6.0 —
BD BSY | ADM | Mx2 | MX1 | MxO
7 6 5 4 3 2 1 [} —
F' Y
N ADDAT (DSH)
+ 0
b
1
l — MUX —
ANO=7 A/D 12
) 3
» S&H > —
Converter | 4
VaREr . K
VaGND > 6
Ve _ > : 7
-
DAPR (DAH)

|I=Bus
0180-4
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SAB 80512/80532

Special Function Registers

Address Symbol Name Ad drBeistsable
80H PO Port O 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 P Interrupt Priority Register Yes
0COH IRCON Interrupt Request Control Yes
0DOH PSW Program Status Word Register Yes
0D8H ADCON A/D Converter Control Register Yes
O0D9H ADDAT A/D Converter Data Register

ODAH DAPR D/A Converter Start Register

0DBH P6 Port 6 Register

OEOH ACC Accumulator Register Yes
OE8H P4 Port 4 Register Yes
OFOH B B-Hegister Yes
OF8H P5 Port 5 Register Yes

©Siemens Components, Inc.
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SAB 80512/80532

Absolute Maximum Ratings*

Temperature under Bias

for the SAB 80512/80532 ........ 0°Cto +70°C

for the SAB 80512/

80532-T40/85 ............... —40°Cto +85°C
Storage Temperature .......... —65°Cto +150°C
Voltage on any Pin with

Respect to Ground (Vgg) vvvvvnnnn —0.5Vto +7V
Power Dissipation .............ccco0iieenn., 2w

DC Characteristics
Voo = 5V £10%; Vsg

*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.

=ov; Ta = 0 to 70°C for SAB 80512/80532; To = —40°C to +85°C for SAB

80512/80532-T40/85
Parameter Symbol Test Conditions Limit Values Unit
Min Max

Input Low Voltage ViL —0.5 0.8 \
rnp;ui( I:Elljz\)/oltage (Except RESET ViH 20 | Voot 05| Vv
Input High Voltage to XTAL2 ViH1 XTAL1 to Vsg 25 | Vg +05]| V
Input High Voltage to RESET ViH2 3.0 %
Power-Down Voltage Vpp Ve = 0V 3 5.5 \"
Output Low Voltage, Ports 1,2, 3,4, 5 VoL loL = 1.6 mA 0.45 \
Output Low Voltage, Port 0, ALE, PSEN | Vo4 loL = 3.2mA 0.45 v
Output High Voltage, Ports 1,2,3,4,5 | Von loH = —80 pA 24 \"
Output High Voltage, Port 0, ALE, PSEN | Von1 loH = —400 pA 2.4 v
Logic O Input Current, Ports 1, 2,3,4,5 | I V)L = 0.45V —500 HA
Logic 0 Input Current, XTAL2 liLe XTAL = Vgg, V|L = 0.45V —-25 mA
Input Low Current to RESET for Reset | I3 VL = 0.45V —500 uA
Input Leakage Current to Port 0, EA I OV < VN < Vce +10 RA
Power Supply Current lcc A!I Outputs 175 mA
SAB 80512/80532 Disconnected
SAB 80512/80532-T40/85 )
Power-Down Current IpD Vce = 0V 3 mA
Capacitance of I/0 Buffer Cio fe = 1 MHz 10 pF

4-40
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SAB 80512/80532

A/D Converter Characteristics

Voc = 5V £10%; Vgg = OV; (Vss — 0.2V) < Vagnp < (Vaper — 1V); (Vagnp + 1V) < Vager < (Veo
+5%); Ta = 0°C to 70°C for SAB 80512/80532; Tp = —40°C to

+85°C for SAB 80512/80532-T40/85

Parameter Symbol Test Conditions Limit Values Unit

Min Typ Max

Analog Input Voltage VAINPUT VAGND VAREF Vv
-0.2 +0.2

Analog Input Capacitance(1) C 25 70 pF

Load Time t 21cy us

Sample Time (Incl. Load Time) ts 5tcy us

Conversion Time tc 15 tcy us

(Incl. Sample Time)

Differential Non-Linearity DNLE Varer = Vee +1) +1

Integral Non-Linearity INLE VaGND = Vss 1, | £1 LsB

Offset Error 1 +1

Gain Error 1, +1

VaREeF Supply Current(2) IREF 5 mA

NOTES:

1. The internal resistance of the analog source must be low enough to assure full loading of the sample capacitance (C1)
during load time (t|). After charging of the internal capacitance (Cy) in the load time (t,) the analog input must be held constant

for the rest of the sample time (tg).

2. The differential impedance rp of the analog reference voltage source must be less than 1 kQ at reference supply voltage.

©Siemens Components, Inc.
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SAB 80512/80532

Ac Characteristics

Vec = 5V +£10%; Vgs = 0V; Tp = 0°C to 70°C for SAB 80512/80532; To = —40°C to +85°C for SAB
80512/80532:T40/85; (C|_ for Port 0, ALE and PSEN Outputs = 100 pF; Cp for All Outputs = 80 pF)

Limit Values
Parameter Symbol | 12 MHz Clock 1 /tCLCLv:rI:- gI;'ﬁlzo: : 12 MHz Unit
Min Max Min Max
Program Memory Charactistics
Cycle Time ‘ toy 1000 121tcL0L ns
ALE Pulse Width tLHLL 127 ' 2tgLcL — 40 ns
Address Setup to ALE tAVLL 53 tcLoL — 30 ns
Address Hold after ALE tLLAXT 48 tcLoL — 356 ) ns
Address to Valid Instr In tLuv 233 4tcicL — 100 | ns
ALE to PSEN ) tLpL 58 tcrcL — 25 ns
PSEN Pulse Width tPLPH 215 3tcLoL — 35 ns
PSEN to Valid Instr In tpLiv 150 3toicL — 100 | ns
Input Instruction Hold after PSEN | texix 0 0 ns
Input Instruction Float after PSEN | tpy)z* 63 tocL—20 | ns
Address Valid after PSEN tpxAv* 75 toLcL — 8 , ns
Address to Valid Instr In taviv 302 - | BtoreL — 115 | ns.
Address Float to PSEN tazpL 0 0 ns
External Data Memory Characteristics
RD Pulse Width tRLRH 400 6 toLcL — 100 ns
WR Pulse Width twLWH 400 6 toLcL — 100 ns
Address Hold after ALE | tLaxe 132 2tcLoL — 35 ns
RD to Valid Data In tRLDV 250 StcLcL — 165 | ns
Data Hold after RD tRHDX 0 | 0 ns
Data Float after RD " | tRHDZ 97 2tcLcL— 70 | ns
ALE to Valid Data In | twov 517 8t — 150 | ns
Address to Valid Data In tavDv 585 9tgcL — 165 | ns
ALE to WR or RD tLiwL 200 300 3tcLocL — 50 | 3tcLoL + 50 ns
- Address to WR or RD tAvwL 203 4tc oL — 130 ns
WR or RD High to ALE High tWHLH - 43 123 toLoL — 40 tocLcL + 40 ns
Data Valid to WR Transition tavwx 33 toLcL — 50 ns
Data Setup before WR tavwH 433 7 tcLcL — 150 ns
Data Hold after WR twHax 33 tcLcL — 50 ns
Address Float after RD tRLAZ 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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SAB 80512/80532

AC Characteristics (Continued)

External Clock Drive XTAL2

Limit Values
Parameter Symbol Freq. Za:';bn:‘?:: '1(2 MHz Unit
Min Max
Oscillator Period tcLoL 83.3 833.3 ns
High Time tcHeX 20 tcLeL-toLex ns
Low Time tcLck 20 toLoL-tcHex ns
Rise Time tcLcH 20 ns
Fall Time tcHeL 20 ns

External Clock Cycle

temex *teHeL

2.5 25

0180-5

AC Testing Input, Output, Float Waveforms

2.4
2.0 2.0
Test Points
0.8 0.8
0.45
I Float |
2.4 2.4
2.0 2.0
0.8 0.8
0.45 0.45

0180-6
AC Testing inputs are driven at 2.4V for a logic ‘1" and at 0.45V for a logic “0".
Timing measurements are made at 2.0V for a logic “1” and at 0.8V for a logic “0".

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

©Siemens Components, Inc. 4-43



SAB 80512/80532

ROM Verification Characteristics T, = 25°C; Vgg = 5V £10%; Vgg = OV

Parameter Symbol Limit Valueg Unit
Min Max
Address to Valid Data tavav 48 tc oL ns
ENABLE to Valid Data teLqv 48 toLoL . ns
Data Float after ENABLE teHQz 0 48 toL oL ns
Oscillator Frequency 1/tcLoL 4 6 MHz
ROM Verification
P1.0=P1.7
P2.0-P23 Address
tavay [+
Port0 < Data out
—teLav ~tenqz
P2.7
ENABLE
0180-7
Address: P1.0-P1.7 = A0-A7 Inputs:  P2.4-P2.6, PSEN = Vgg
P2.0-P2.3 = A8-A11 ‘ ALE, EA = Viy
Data:  Port0 = D0-D7 RESET = V.
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Waveforms
Program Memory Read Cycle
|
tey |
tH v
*tupL ™|
ALE \ \
E—T
e _/—— \ —\—/—
e, tpy—] = texav [<
— tavL e - tpxiz [+
= tazee | xix [~
/ 4 \
Port0 INSTR IN A0~ A7 INSTR IN © A0=-A7 INSTR IN
\. \ /
taviv
ADDRESS 4 :
Port2 oo srR-p2 ) ADDRESS AB=A15 ADDRESS AB=~A15 )
0180-8
Data Memory Read Cycle
Yuov 1 twhiH
ALE
PSEN /
YLiwe RLRH
/
F‘ Yiaxz =
tavwi tRLoy ] = trupz
tavov tRuox [+
Port0 A= A7 DATA IN
" tRLaz
Port 2 o:DsDF';Efiz ADDRESS A8=A15 OR SFR = P2 )
0180-9
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SAB 80512/80532

Data Memory Write Cycle
' ’ = twHy
ALE ' )
PSEN /
tuw twLw
WR /
tavwL
- le=toywx )
[+ tiaxz tqvwH twhax -ﬂ
Port0 AO=A7 . DATA OUT ]
Port2  oRErRps ADDRESS AG= A1S OR SFR~P2 )
‘ 0180-10
Recommended Oscillator Circuits
g 40 40
[ XTAL 1 U XTAL 1
S1.2- 12MHz 47k
1
& 39 39
b XTAL 2 o— ¢ XTAL 2
7404
74LS04
0180-11
C = 30 pF + 10 pF ‘
Crystal Oscillator Mode Driving from External Source
Ordering Information ,
Type - Function
SAB 80512 8-Bit Single-Chip Microcontroller with ROM
SAB 80532 8-Bit Single-Chip Microcontroller for External ROM
SAB 80512-T40/85(Like SAB 80512 but for —40°C to +85°C
SAB 80532-T40/85|Like SAB 80532 but for —40°C to +85°C .
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SIEMENS

SAB 80515/80535

SAB 80515-16/80535-16
8-Bit Single-Chip Microcontroller

SAB 80515
SAB 80535

Microcontroller with Factory-Mask Programmable ROM, 12 MHz Operation
Microcontroller for External ROM, 12 MHz Operation

SAB 80515-16 Microcontroller with Factory-Mask Programmable ROM, 16 MHz Operation
SAB 80535-16 Microcontroller for External ROM, 16 MHz Operation

® 8K x 8 ROM (SAB 80515 Only)

® 256 x 8 RAM

e Six 8-bit ports, 48 I/0 Lines

® Three 16-bit Timer/Event Counters

o PTRA with Highly Flexible Reload, Capture,
Compare Capabilities

® High-Performance Full-Duplex Serial
Channel

o Twelve Interrupt Vectors, Four Priority
Levels

® 8-bit A/D Converter with 8 Multiplexed
Analog Inputs and Programmable Internal
Reference Voltages

® 16-bit Watchdog Timer

® Vpp Provides Standby Current for 40 Bytes
of RAM

® Boolean Processor
e 256 Bit-Addressable Locations

e Most Instructions Execute in:
1 us (SAB 80515/80535)
750 ns (SAB 80515-16/80535-16)

® 4 us (3 us) Multiply and Divide
® External Memory Expandable to 128 Kbyte
o Backward-Compatible with SAB 8051A

® 68-Pin Plastic Leaded Chip Carrier Package
(PLCC 68)

Pin Configuration

NeWBETM g =9 Q= dn N @

s fiisBpgoposy
RESETCJ10 O so[aps.7
Varer 11 s9faP0.7
Vaono 12 58 [1P0.6
anzdi3 s7ro.s
ANs 14 s6[1Po.4
ANsC]15 s5[P0.3
AN4T]16 s4[1p0.2
AN3C17 sAB s3[aro.1
aN2C]18 80515,/80535 52[3P0.0

[ EA
1 ALE
P FSEN
Dr2.7
[r2.6
P25
p2.4
p2.3

WR
P3.7/RD
P1.7/12

P1.6/CLKOUT

P3.6,

P1.4/INT2
P1.3/INT6/CC3
P1.2/INT5/CC2

P1.5/T2EX

0185-1

Logic Symbol

(sv)
Vee  Vss
PORTO
8 BIT
XTAL 1—— poRTI
= PORT2
XTAL 26— A ilt
Vep——] sAB PORT3
Vgg——] 80515 ot BIT
ANO-AN7—— RORT4
VAREF —— PORTS
VAGND—-— 8 BIT
BA—b| ——pALE
RESET— ] —>PSEN

0185-2

© Siemens Components, Inc.
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SAB 80515/80535
SAB 80515-16/80535-16

The SAB 80515/80535 is a member of the Siemens
SAB 8051 family of 8-bit microcontrollers. It is fabri-
cated in + 5V advanced N-channel, silicon-gate Sie-
mens MYMOS technology and supplied in a 68-pin
PLCC package. The SAB 80515/80535 is a stand-
alone, high-performance single-chip microcontroller
based on the SAB 8051 architecture. While main-

Pin Definitions and Functions

taining all the SAB 8051 operating characteristics,
the SAB 80515/80535 incorporates several en-
hancements which significantly increase design flex-
ibility and overall system performance. The SAB
80535 is identical with the SAB 80515 except that it
lacks the program memory.

Input (I)

Pin Symbol Output ()

Function

1-3,5-9 | P4.0-P4.7 1/0

Port 4 is an 8-bit quasi-bidirectional 1/0 port.
Port 4 can sink/source 4 LS-TTL loads.

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

10 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 Vgs.

11 VAREF

Reference voltage for the A/D converter

12 VAGND

Reference ground for the A/D converter

13-20 AN7-ANO |

Multiplexed analog inputs

21-28 P3.0-P3.7 170

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

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

— TO (P3.4): counter O 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

4-48
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SAB 80515/80535
SAB 80515-16/80535-16

Pin Definitions and Functions (Continued)

Pin

Symbol

Input (1)
Output (O)

Function

29-36

P1.7-P1.0

1/0

Port 1 is an 8-bit quasi-bidirectional I/0 port. It is used for the
low-order address byte during program verification. 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 functlons are assigned to the
port 1 p 1 pins, as follows:

—INT3/CCO0 (P1.0): interrupt 3 mput/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 tngger input
— CLKOUT (P1.6): system clock output
— T2 (P1.7): counter 2 input

37

Ves

Substrate pin. Must be connected to Vgg through a capacitor