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SH EMEN§ ' ' Summary of Types

8-Bit Single-Chip Microcontrollers

SAB 8031A
SAB 8032B
SAB 8051A
SAB 8052B
SAB 80515
SAB 80C515
SAB 80C515A
SAB 80C517
SAB 80C517A
SAB 80535
SAB 80C535
SAB 80C537
SAB 83C515A-5
SAB 83C517A-5

8-Bit Single-Chip Microcontrollers Extended Temperature Range

SAB 80515
SAB 80C515
SAB 80C515A
SAB 80C517
SAB 80C517A
SAB 80535
SAB 80C535
SAB 80C537
SAB 83C515A
SAB 83C517A
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General Information

General Information

Type Designation Code of ICs

IC type designations are based on the
European Pro Electron System. The code
system is summarized on page 3-3 and
explained in the Pro Electron brochure D 15,
edition 1985, available at:

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

Mounting Instructions

Plastic Package (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 shoulders just below the package (see
Figure 1).

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

The maximum permissible soldering
temperature is 350°C (max. 3s) for hand

soldering and 260°C (max. 10s) for dip

soldering and wave soldering. -

Figure 1
Plastic Package (Dual-In-Line)

: 065min

:
x _-ifg

Dimensions in mm

IHIAT

~ Tin solder

808
< o460
254k

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: (pins and package are
dipped into the tin bath). Soldering
temperature 260°C, max. soldering time 8s.

Storage, Pretreatment before
Processing

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

Other Points to Note

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

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

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

© Siemens Components, Inc.
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inductances on magnetic chutes, etc.

Processing Guidelines for ICs

Integrated " circuits (ICs) are electrostatic-
sensitive (ESS) devices. The requirement for
greater packing density has led to
increasingly small structures on
semiconductor chips with the result that
today every 1C; whether bipolar, MOS, or
CMOS, has to be protected against
electrostatics.

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

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

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

a. Reduction of charging voltage, below
200V if possible. Means which are effec-
tive here are an increase in relative hu-
‘midity to > 60% and the replacement of
highly charging plastics by antistatic ma-
terials.

b. With every kind of contact with the device
pins a charge equalization is to be ex-
pected. This should always be highly re-
sistive (ideally R=10° OHM to 108 Q).

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

Identification

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

Scope '

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

Handling of Devices

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

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

3. With humidity of >50% a coat of pure cot-
ton is sufficient. In the case of chargeable
synthetic fibers the clothing should be
worn close-fitting. The wrist strap must be
worn snugly on the skin and be grounded
through a resistor of 50 k £ to 100 k €.

4. If conductive floors, R=5 X 10* Q to 107
Q are provided, further protection can be
achieved by using so-called MOS chairs
and shoes with a conductive sole
(R=10° Qto 107 Q).

5. All transport containers for ESS devices
and assembled circuit boards must first
be brought to the same potential by being
placed on the work surface or touched by
"the operator before the individual devices
may be handled. The potential equaliza-
tion should be through a resistor of 10°
Qto10% Q.

6. When Ioadi'ng machines and production
devices it should be noted that the devic-
es come out of the transport magazine
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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 arare
exception in the case of
custom ICs with unprotected
gate pins). The devices can be
endangered as in 1) when the
tube is emptied if the latter,
especially at low humidity, is
no longer sufficiently anti-static
after a long period of storage
(> 1 year).

In both cases damage can be avoided by
discharging the devices through a grounded
‘adapter of high-resistance material (= 108
Q/cm to 108 QJ/cm) between the tube and
the machine.

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

Storage

ESS devices should only be stored in
identified locations provided for the purpose.
During storage the devices should remain in
the 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 long-term anti-
static-treated plastic or possibly unvarnished
wood. Containers of high-charging plastic or
very low-resistance materials are likewise
unsuitable.

Transfer cars and their rollers should exhibit
adequate electrical conductivity (R < 1 0® Q).
Sliding contacts and grounding chains will
not reliably eliminate charges.

Incoming Inspection

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

Material and Mounting

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

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

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

Electrical Tests

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

2. Test sockets must not be conducting any
voltage when individual devices or as-
sembled circuit boards are inserted or
withdrawn, unless works’ specifications

© Siemens Components, Inc.
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state otherwise. Ensure that the test de-
vices do not produce any voltage spikes,
either when being turned on and off in
normal operation or if the power fuse
blows or other fuses respond.

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

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

Packing of Assembled PC Boards or
Flatpack Units

The packing material should exhibit low
volume conductivity:

10° Q/cm < p <1010 Q/em.

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 protection against strong electric
fields, such as can be generated by
conveyor belts for example. For this purpose
a sheath of aluminum foil is recommended,
although direct contact between the film and
the PCB must be avoided. Cardboard boxes
with an aluminum-foil lining, such as those
‘'used for. shipping of our devices, are
available from Laber of Munich.

Ultrasonic Cleaning of ICs

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

Freon and isopropyl alcohol (trade name:
propanol) can be used as solvents. These
solvents can also be used for plastic

packages because they do not eat into the
plastic material.

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

The ultrasonic limits are as follows:

sound frequency f> 40 kHz
exposure t <2 min
alternating sound

pressure p < 0.29 bar

sound power N < 0.5 W/cm?/liter

Data Classification

Maximum Ratings

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

Characteristics

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

Operating Range:

In the operating range the functions given in
the circuit description will 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 controlled at
each production stage.

The procedures are subject to a quality
assurance system; full details are given in
the brochure “Siemens Quality Assurance—
Integrated Circuits’ (SQS-IC).
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Figure 2 shows the most important stages of
the “SQS-IC”. A quality assurance (QA)
department which is independent of
production and development, is responsible
for the selected control measures,
acceptance procedures, and information
feedback loops. This department has state-

of-the-art test and measuring equipment at
its disposal, works according to approved
methods of statistical quality control, and is
provided with facilities for accelerated life
and environmental tests used for both
qualification and routine monitoring test.

Figure 2
Quality Assurance System

l

Quality control stages Incoming goods Qualification stages
parts and
materials
Incgg:’itr;g inspection Process
auxiliaries < development
materials Y (wafer)
Wafer Quality
production release
In = process control
physical parameters Development of
dimensions ¢ package * process
visual inspection ¥ (assembly)

1st lot acceptance test

Quality
release

Product
development

Quality
release

Assembly
In = process control
bonding
dimensions %
2nd lot acceptance test -
3rd lot acceptance test
Testing
department
Conformance inspection |,
(attributes) N
v
Stock

© Siemens Components, Inc.
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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 operating
conditions as well as a large number of static
and dynamic parameters have to be
considered. Moreover, the test systems are
extremely reliable and reproducible. The
quality assurance department carries out a
final check in the form of a lot-by-lot sampling
inspection to additionally ensure this
minimum percent defectives as well as the
acceptable quality level (AQL). Sampling
inspection is performed in accordance with
the inspection plans of DIN 40080, as well as
of the identical MIL-STD-105 or IEC 410.

Reliability
Measures Taken during Development

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

In-Process Control during Production

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

reproduced continuously.

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

Reliability Monitoring

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

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

“mechanisms, it is possible to simulate future

operational behavior within a short time by
applying high temperatures; this is called
accelerated life testing.
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Figure 3
Reliability “Bath-Tub” Curve

Failure rate

A

'
’
’
4
Constant failure rate period
Early Wear=out
failure failure
period period

Operating hours —»

The acceleratibn factor B for the life test can
be obtained from the Arrhenius equation

~ =

B=exp E,rt1 1
tand

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

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

For all Siemens ICs, the reliability data from
life tests is converted to an operating
temperature of Tp = 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 accelerated by the
temperature effect.

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

© Siemens Components, Inc.
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SAB-51 Architectural Overview

SAB-51 Architectural
Overview

Siemens SAB-51 family of 8-bit micro-
controllers 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 I
process, is the device currently in production.

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

Figure 1
SAB 8051 Architectural Block Diagram
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Table 1 ,
The SAB-51 Family of Microcontrollers
Device
=ROMless | ¢ | yo- | ADC | Timey |Watch| Inter- | High | Div| Data
version R ROM | RAM P | /e Dog rupt | Serial Speed | Mult | Poi Pack P
f:Hybrid ate (KB) (Byte) ort's npu!s ount'er Timers | Sources/ Vo o pee! U.l omtBe'rs ackage rocess
EEPROM (MHz) (8-Bit) | Resol. | (16-Bit) Levels utputs| Unit | (16-Bit)
Version ’
SAB 8051 12 4 PDIP 40
; 128 4 - 2 - 5/2  |USART| - - 1 : NMOS
SAB 8031 16,20| - PLCC 44
SAB 8052 12 8 PDIP 40
i 256 4 - 3 - 6/2 |USART| - - 1 NMOS
SAB 8032* 16,20) _ . PLCC 44
SABGC501-1R | 1o | 8 PDIP 40
0. 4 256 4 - 3 - 6/2 |USART| - - 1 CMOS
SAB 501-L* 0,40/ _ PLCC 44
SAB C502-2Rt 16 | 256 \ PDIP 40
12,18 ' 4 - 3 2 6/2 |USART| - - 8 CcMOS
SAB 502-L* — | +256 PLCC 44
SAB C503-1RT 8
12,18 256 4 | 810Bit 3 2 6/2 |USART| - - 1 PLCC 44 | CMOS
SAB 503-L* - .
SAB 80515 8
, 12 256 6 | 8/8Bit 3 1 12/4 |USART| 4-ch | - 1 PLCC68 | NMOS
SAB 80535* -
SAB 80C515F . 6(1/0)
SAB 80C535* |12, 16 256 + | 8/8Bit 3 1 12/4 |USART| 4-ch | - 1 PLCC68 | CMOS
1(1) .
SAB 83C515A-5T | 32 | 256 | 6(1/0) - '
18 8/10 Bit 3 2 12/4 |USART| 4-ch | - 1 PLCC68 | CMOS
SAB 80C515A* - | +1K [ +1) :
SAB 80C5171 8 7 (/0) USART ‘
) : PLCC 84
SAB80C537* 12,16 — | 256 | + | 12/88Bit 4 2 14/4 + 21-ch | Yes 8 CMOS
PQFP-100
11/2(1) UART :
SAB 80C517A-5% | 700) USART
32 | 256 PLCC 84
SAB 80C517A 18 . + |12710Bit| 4 2 17/4 + 21-ch | Yes 8 CMOS
- |42k . PQFP-100
11/72() UART
*=ROMless version
T=Also available in E2PROM Hybrid version
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Standardized Micro-Controller Part
Numbering System

To conform to Pro Electron Standards the
following part numbering system has been
adopted for all microcontrollers introduced
after 1991.

Features:

©® SAx Prefix: this prefix is now incorporated
(with x =B, F, H or K for temperature range
specifications). The purpose is to conform
to Pro Electron Standards.

@ Intel Prefix: the secondary Intel prefix “80/
83/87/..” will no longer be used.

@ Speed/Package Type: Clock Frequency
(in MHz) and standard Siemens Package
Type indicators will always be a part of the

final suffix to conform with other HL IS part
numbering schemes.

© CMOS: all new devices are planned to be
CMOS. We will incorporate the “C”
designator in the Part Number Core to
promote this technology.

® ROM Type: the ROM type and size is
clearly specified in the Part Number.

® Part Number Length: including spaces
and dashes, the maximum length of a part
number is 16 characters.

Standardized Part Numbering Scheme

A typical part number will have seven fields
and a maximum of 16 characters (as shown
below).

Prefix via Basic | Option ROM ROM |. Speed | Package
Pro Core Field —_— Size Type (Y) Type
Electron (9)} (V) (W) (X) (2)
M
Example: \
1 el
Size | Variable Index
3 T | Pro Electron Temperature
Range
1 Space (always (appears)
2-4 | U | Basic Core Type
(with CMOS indicator)
0-4 | V | Functionality Option Field
(optional)
1 Dash (always appears)
0-1 | W | ROM Size
1 X | ROM Type
2 Y | Clock Frequency (MHz)
1 Z | Package Type ,/

11 to a maximum of 16 characters

© Siemens Components, Inc.
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Meaning of Indices:

Index T Index U Index V**
Prefix + Temp. Range Basic Core Type Optional Field
SAB= 0Cto+70C 51,52,515,517, examples: A,
SAF =-40Cto +85C C515,C517, = ABS, ATT, C2,
SAH =-40C to +110C C165, C166, FGR, USA, GTI,
SAK =-40Cto +125C C167... LUX, Z1, VW,

Z1,“ " MX, GBR
Index W Index X Index Y Index Z
ROM Size ROM Type Clock Frequency Package

C“*=0K L = ROMless always in MHz Type C=CDIP
1=8K R = with ROM A=CPGA N =PLCC
2=16K E = with J=80J @ R=CLCC
e EPROM P = PDIP M = MQFP
9=72K F = with Flash S = PQFP
EPROM

**Note:The Option Field (Index V) can be increased as desired as long as the total part

number length does not exceed 16.

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

The SAB8051A is the original member of the

SAB-51 family. Among the features of the

SAB 8051A are:

@ 8-Bit CPU Optimized for
Applications

® Extensive Boolean Processing (Single-Bit
Logic) Capabilities :

@ 32  Bidirectional and
Addressable I/O 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

Control

Individually

The SAB 8051A/8031A is a standalone,
high-performance single-chip micro-
controller fabricated in +5V advanced
Siemens MYMOS (lll) technology and
supplied in a 40-pin plastic P-DIP or 44-pin

plastic leaded chip carrier (PL-CC-44)
package.

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

The SABB8051A-16 differs from the
SABS8051A 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 up to a
clock oscillator frequency of 16 MHz.

The extended temperature versions of these
parts are also available.

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

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

© 256 Bytes of On-Chip Data RAM

® Three Timer/Counters

® 6-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 ROMless version

is also available in 20 MHz speed called the
SAB 8032B-20. The extended temperature
versions of these parts are also available.
The earlier version of the SAB 8052B/8032B
was fabricated in N-channel, silicon gate
Siemens MYMOS Il 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 i
technology. :

SAB-C501-L/C501-1R ,
SAB-C501-L20/C501-1R20
SAB-C501-L40/C501-1R40

The SAB C501 is a standalone, high-
performance CMOS single-chip: micro-
controller. The C501-L and C501-1R are
drop-in replacements for the SAB 80C32 and
SAB 80C52 respectively. The C501-L40 is
capable of running with up to 40MHz crystal
oscillator. The C501-L20 on the other hand
runs with up to 20 MHz oscillator.

. The SAB-C501-1R contains a non-volatile
8KX8 read-only program memory and can
be used for all present SAB 80C52
applications. The SAB-C501-L on the other
hand, lacks the program memory on-chip.
The SAB-C501 is also available in extended
temperature range. The part comes in both
40-pin DIP and 44 pin PLCC packages.

SAB-C502-L/C502-2R
SAB-C502-L.20/C502-2R20

The SAB-C502 is an extended version of the
SAB-C501. In addition to the C501 features,
the SAB-C502 has 256 bytes of XRAM, 8
datapointers and a watchdog timer.

The SAB-C502-2R contains a non-volatile
16KX8 read-only program memory and the
SAB-C502-L is the ROMIless version of the
same. The parts can also be used as drop-in
replacements for the SAB 80C52 and 80C32
applications. The SAB-C502-L20/C502-
2R20 run with up to 20 MHz oscillator.
Extended temperature versions of these
devices are also available. The devices
come in both 40-pin DIP and 44-pin PLCC
packages.

SAB-C503-L/C503-1R
SAB-C503-L20/C503-1R20

The SAB-C5083 is another high-performance
member of the C501 family. The device is
functionally compatible to the 80C52/32 and
is enhanced by the presence of an on-chip 8
inputs 10-bit A/D converter and two
watchdog timers.

The SAB-C503-1R contains a non-volatile
8K Bytes of read-only program memory and
the SAB-C503-L is the ROMless version of
the same. The SAB-C503-L20/C503-2R20
run with up to 20 MHz oscillator. Extended
temperature versions of these devices are
also available.

SAB 80515/80535

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

The SAB 80515/80535 is a stand-alone, °
high-performance single-chip micro-
controller 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 I/O Ports, One 8-Bit Input Port for

Analog Signals

© Siemens Components, Inc.
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® 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

® VPD Provides Standby Current for 40
Bytes of RAM

@ Boolean Processor

@ 256 Bit-Addressable Locations

@ Most Instructions Executed in:
1 us (SAB 80515/80535)

@ 4 ps 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 except that it lacks the on-chip
program memory. The SAB 80515/80535 is
supplied in a 68-pin plastic leaded chip
carrier package (PLCC 68). The SAB 80515/
80535 operates up to 12 MHz crystal
oscillator frequency. The SAB 80515/80535
is also available in industrial temperature
range (-40°C to +85°C) and in the
automotive temperature range (-40°C to
+110°C).

SAB 80C515/80C535,
SAB 80C515-16/80C535-16

The SAB 80C515/80C535 is a new, powerful
member of the Siemens SAB 8051 family of
8-bit microcontrollers. It is designed in
Siemens ACMOS technology and  is
functionally compatible with the SAB 80515/

80535 devices designed in MYMOS
technology.
In addition, the SAB 80C515 has two

software-selectable power saving modes:
idle mode and the power-down mode. These
modes replace the power-down supply mode
via pin VPD of the SAB 80515 (NMOS).

In the 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 80C515-16/
80C535-16 operates up to 16 MHz crystal
oscillator frequency. 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 and SAB
80C515/80C535-T40/85-16 are also
available.

SAB 80C515A/83C515A-5

The SAB 80C515A/83C515A-5 is a high-end
member of the Siemens SAB 8051
microcontroller family. It is designed in
Siemens ACMOS technology and based on
the SAB 8051 architecture. ACMOS is a
technology which combines high-speed and
density characteristics with  low-power
consumption and dissipation. '

While maintaining all the SAB 80C515
features and operating characteristics the
SAB 80C515A/83C515A-5 contains more
on-chip RAM/ROM. Furthermore a new 10-
bit A/D-Converter is implemented as well as
extended security mechanisms. The SAB
80C515A is identical with the SAB 83C515A-
5 except that it lacks the on-chip program
memory. The SAB 80C515A/83C515A-5 is
supplied in a 68-pin plastic leaded chip
carrier package (P-LCC-68). The features
are:
@ SAB 80C515A/83515A-5, up to 18 MHz
operation frequency
® 32K x 8 ROM (SAB 83C515A-5 only,
ROM-Protection available)
® 256 x 8 on-chip RAM (XRAM)
@® Superset of SAB 80C51 architecture:
- 1Us instruction cycle time at 12 MHz
- 666 ns instruction cycle time at 18 MHz -
- 256 directly addressable bits
- Boolean processor
- 64 Kbyte external data and program
memory addressing
® Three 16-bit timer/counters
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® Versatile “fail-safe” provisions
® Twelve interrupt vectors, four priority
levels selectable
© 10-bit A/D converter with 8 multiplexed
inputs
@ Full duplex serial interface
programmable Baudrate-Generator
O Functionally compatible with SAB 80C515
® Extended power saving modes
® Fast Power-On Reset '
® Six ports: 48 I/O lines, 8 input lines
® Three temperature ranges available
0to70°C
-401t0 85 °C
-40t0 110 °C
O Plastic package: PLCC-68

with

SAB 80C517/80C537
SAB 80C517-16/80C537-16

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. The SAB 80C517-
16/80C537-16 operates up to 16 MHz crystal
oscillator frequency. While maintaining all
the SAB 80C51 operating characteristics,
the SAB 80C517/80C537 incorporates
several enhancements which significantly
‘increase design flexibility and overall system
performance. These features are:
® 8 Kbyte On-Chip Program Memory
© 256 Byte On-Chip RAM
® 256 Directly Addressable Bits
© 1 s Instruction Cycle at 12 MHz
©® 750 Us Instruction Cycle at 16 MHz
® 64 of 111 Instructions Executed in One
Cycle i
® 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 0, 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 Register
- Eight 16-Bit Compare Register
- 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 Mechanism
- 16-Bit Programmable Watchdog Time
- Oscillator Watchdog
- Hardware Disable for Power Saving
Modes ‘
© Extended Power Saving Modes (Slow
Down, Idle, Power-Down)

~ © Nine Port

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

SAB 80C517A/83C517A-5

The SAB 80C517A/83C517A-5 is a high-end
member of the Siemens SAB 8051 family of
microcontrollers. It is designed in Siemens
ACMOS technology and based on SAB 8051
architecture. ACMOS is a technology which
combines  high-speed and  density
characteristics with low-power consumption
or dissipation.

While maintaining all the SAB 80C517
features and operating characteristics the
SAB 80C517A is expanded in its “fail-safe”
characteristics and timer capabilities. The
SAB 80C517A is identical with the SAB
83C517A-5 except that it lacks the on-chip
program memory. The SAB 80C517A/
83C517A-5 is supplied in a 84-pin plastic
leaded chip carrier package (P-LCC-84) and
in a 100-pin plastic quad flat package
(P-MQFP-100). The features are:

© Siemens Components, Inc.
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©® SAB 80C517A/83C517A-5, up to 18 MHz
operation
® 32 K x 8 ROM (SAB 83C517A-5 only,
ROM-Protection available)
® 256 x 8 on-chip RAM (XRAM)
® Superset of SAB 80C51 architecture:
1 us instruction cycle time at 12 MHz
666 ns instruction cycle time at 18
MHz :
256 directly addressable bits -
Boolean processor
64 Kbyte external data and program
memory addressing
@ Four 16-bit timer/counters
-@ Powerful 16-bit compare/capture unit
(CCU) with up to 21 high-speed or PWM
output channels and 5 capture inputs
® Versatile “fail-safe” provisions
® Fast 32-bit division, 16-bit multiplication,
32-bit normalize and shift by peripheral
MUL/DIV unit (MDU)
@ Eight data pointers for external memory
addressing

® Seventeen interrupt vectors, four priority
levels selectable

@ 10-bit A/D converter with 12 muitiplexed
inputs

® Two full duplex serial interfaces- with
programmable Baudrate-Generators

@ Fully upward compatible with SAB
80C515m SAB 80517, SAB 80C515A

@ Extended power saving modes

@ Fast Power-On Reset

@ Nine ports: 56 1/O lines, 12 input lines

©® Three temperature ranges available:

0to 70°C

-40 to 85°C
-40to 110°C

® Plastic packages: P-LCC-84, P-MQFP-
100

Figure 2
SAB-51 Memory Structure
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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 addresses,
which can be more quickly stored and
manipulated 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 ROMIless versions all Program
Memory is external. The read strobe for
external Program Memory 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
Memory accesses.

External Program Memory and external Data
. Memory 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.

Program Memory

Figure 3 shows a map of the lower part of the
Program. 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. External
Interrupt 0, for example, is assigned to
location 0003H. If External Interrupt O 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.

Figure 3
SAB-51 Program Memory

\\}\'\
---ep Rossu)
— 002BH
— 0023H
INTERRUPT
LocaTioNs| ~"] 001BH
. 8 BYTES
— 0013H
—] 000BH
—J 0003H
RESET ——P] 0000H ,°

The interrupt service locations are spaced at
8-byte intervals: 0003H for External Interrupt
0, 0O00BH 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.
Longer service routines can use a jump
instruction to skip over subsequent interrupt
locations, if other interrupts 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 selection is made by
strapping the EA (External Access) pin to
either Vec or Vss. .

© Siemens Components, Inc.
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In 8051A, 80C51 and 80512, if the EA pin is
strapped to Vcc, 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 = Vo selects addresses 0000H through
1FFFH to be internal, and addresses 2000H
through FFFFH to be external.

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

If the EA pin is strapped to Vss, then all
program fetches are directed to external
ROM. The ‘ROMless parts 8031A, 8032B,
80532 etc. must have this pin externally
strapped to Vss to enable them to execute
from external Program Memory.

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

Figure 4
Executing from External Program
Memory

SAB -51- EPROM

<:>F1 PO

EA

INSTR.

ALE

<:>P3 e

PSEN

ADDR

LATCH

Yy |L

OE

The hardware configuration for external
program execution is shown in Figure 4.
Note that 16 I/O lines (Ports 0 and 2) are
dedicated to bus functions during external
Program Memory fetches. Port 0 (PO in
Figure 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 Memory. During
the time that the low byte of the Program

Counter is valid on PO, the signal ALE

‘ ) <
&) —
P3 P2
WR

(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
Memory.

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
accessing 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.

F|gure 5
Accessing External Data’ Memory If the
Program Memory is Internal, the Other
Bits of P2 are Available as /0.

<_—_"> [ PO
saB =514 [~ VCC [:;
WITH INTERNAL LATCH |—N]

RAM
ROM. aLE > — V] :

DATA

ADDR

_ [
i} @./o - N
[ 1

There can be up to 64 Kbytes of external
Data Memory. 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 I/O 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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Figure 6
Internal Data Memory
FFH:"""" FFH
s ACCESSIBLE ACCESSIBLE
UPPER " ¢ BY INDIRECT BY DIRECT
128 ¢ ADDRESSING | ADDRESSING
. ONLY
80H 80H
7FH ACCESSIBLE \_ SPECIAL
LOWER BY DIRECT FUNCTION PORTS
128 AND INDIRECT REGISTERS STATUS AND
ADDRESSING CONTROL BITS
0 - TIMER
REGISTERS
STACK POINTER
ACCUMULATOR
(ETC.)

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 internal RAM can in
fact accommodate 384 bytes, using a simple
trick. Direct addresses higher than 7FH
access 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.

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. Program 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
allows more efficient use of code space,
since register instructions are shorter than
instructions that use direct addressing.

Figure 7
The Lower 128 Bytes of Internal RAM

7FH

BANK 2FH
SELECT
BITS IN

PSW —‘—1 20H

”{ 1FH

BIT-ADDRESSABLE SPACE
(BIT ADDRESSES 0~7F)

17H
10[ 10H 4 BANKS OF
Srr] | 8 REGISTERS
0=
01{] oen RO-R7
00 [ 07H RESET VALUE OF
0 STACK POINTER

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
addresses in this area are 00H through 7FH.

© Siemens Components, inc.
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Figure 8 Figure 9
The Upper 128 Bytes of Internal RAM SFR Space
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Figure 10
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REGISTER BANK SELECT BIT 0




SAB-51 Architectural Overview

All 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 addressing.
The Upper 128 bytes of RAM are not
implemented 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 ather proliferations
of the family.

The bit addresses in this area are 80H
through FFH.

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
presented 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 RSO and RS1
at execution time.

The Parity bit reflects the number of 1s in the
Accumulator: P = 1 if the Accumulator
contains an odd number of 1s, and P = 0 if
the Accumulator contains 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 register which contains the
address of the operand. Both internal and
external RAM can be indirectly addressed.

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.

© Siemens Components, Inc.
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Register Instructions

The register banks, containing registers RO
through R7, can be accessed by certain
instructions which carry a 3-bit register
specification within the opcode of the
instruction. Instructions that access the
registers 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 address 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
indexed addressing, and it can only be read.
This addressing 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 Accumulator data to the base
pointer.

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 division. Refer to the SAB
80C517 User's Manual for detailed
information on this logic. However, the
following 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 A7FH - (direct addressing)

ADD A,@RO (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 instructions execute in 1 us except
the INC DPTR instruction, 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 product into the concatenated
B and Accumulator registers.
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Table 2

A List of the SAB-51 Arithmetic Instructions

Mnemonic Operation - Addressing Modes I.Er)l(;‘;u(t:;;'
Dir Ind Reg Imm ‘

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 L X L 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 L X ‘ ~ X 1
|MUL AB B:A=BXA 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

The DIV AB instruction divides the
Accumulator by the data in the B register and
leaves the 8-bit quotient in thé 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 programmable  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 2"
shifts its n bits to the right. Using DIV AB to
perform the division completes the shift in 4
us and leaves the B register holding the bits
that were shifted out.

The DA A instruction is for BCD arithmetic
operations. In BCD arithmetic, ADD and
ADDC instructions should always be
followed by a DA A operation, 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 Accumulator
contains 00110101B and byte contains
01010011B, then

ANL A,<byte>
will leave the Accumulator holding
00010001B.

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  A7FH © (direct addressing)

ANL  A,@R1 (indirect addressing)
ANL AR6 (register addressing)
ANL  A,#53H (immediate constant)
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Table 3
A List of the SAB-51 Logical Instructions

Addressing Modes Execution
Mnemonic Operation
Dir | Ind | Reg | Imm Time (s)

ANL A, <byte> A = A.AND. <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 = A.OR. <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 = A.XOR.<byte> X X X 1 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 Leit 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

All of the Iogiéal instructions that are
Accumulator-specific execute in 1 ps (using
a 12 MHz clock). The others take 2 ps.

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 rotation, the MSB rolls into the LSB
position. For a right rotation, the LSB rolls
into the MSB position.

" This

The SWAP A instruction interchanges the
high and low nibbles within the Accumulator.
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 converted 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 Accumulator
and the ones digit to the low nibble.
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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 ps.

The MOV <«dest>, <src> instruction allows
data to be transferred between any two
internal RAM or SFR locations without going
through the Accumulator. 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 instruction 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.

Zal?ilset ‘c‘)f the SAB-51 Data Transfer Instructions that Access Internal Data Memory Space
Addressing Modes Execution
Mnemonic Operation

. Dir | Ind | Reg | Imm | Time (s)
MOV | A, <src> A = <src> X 1
MOV <dest>, A <dest> = A 1
MOV <dest>, <src> | <dest> = <sre> X » X 2
MOV DPTR, DPTR = 16-Bit Inmediate Constant X 5

#data16

PUSH | <src> INC SP: MOV “@SP”, <src> 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

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 Capabilities.

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

© Siemens Components, Inc.
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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
Accumulator are shown alongside each

instruction to indicate their status after the

instruction has been executed.

Figure 11 '
Shifting a BCD Number Two Digits to the
Right

2A | 2B | 2C | 2D | 2E |ACC
MOV A, 2EH 00|12 134 | 56|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 00| 00|12 |34 (56| 78
(a) Using Direct MOVs: 14 Bytes, 9 us
2A 2B | 2C | 2D | 2E |ACC
CLR - A 00|12 |34 | 56|78 | 00
XCH‘ A, 2BH 00| 00|34 |56 (78 12
XCH A, 2CH 00| 00|12 |56 |78 | 34
XCH A, 2DH 00| 00|12 | 34|78 | 56
XCH A, 2EH 00 (00|12 34|56 | 78
(b) Using XCHg, 9 Bytes, 5 us

After the routine has been executed, the
Accumulator 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.

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, using the XCHD
instruction. Again, the contents of the
registers holding the number and of the
Accumulator are shown alongside each
instruction.

Figure 12
Shifting a BCD Number One Digit to the
Right

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

MOV Rt1,#2EH [00(12(34 (56|78 | XX
MOV RO, #2DH 0012|3456 |78 X)f
Loop for R1 = 2EH:
LOOP: MOV A, @R1 00|12(34{56 (78| 76
XCHD A, @RO 0012|3458 (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 00(12(34 58 67| 67

CJNE Rf1, #2AH, LOOP
"Loop for R1=2DH: 00(1238|4567| 45
LoopforR1=2CH: 00|18 |23|45|67| 23
LoopforR1=2BH: 08(0123(45|67( 01

CLR A . 108/01123/45]|67| 00
XCH A, 2AH 00{01|23{45|67| 08

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 number. The pointers
are decremented, and the loop is repeated
for location 2DH. The CJNE instruction
(Compare and Jump if Not Equal) is a loop
control that will be described later.

The loop is executed from LOOP to CINE for
R1 2EH, 2DH, 2CH and 2BH. At that point
the digit that was originally shifted out on the
right has propagated to location 2AH. Since
that location should be left with Os, the lost
digit is moved to the Accumulator.
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External RAM

Table 5 shows a list of the Data Transfer
instructions that access external Data
Memory. Only_indirect addressing 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 are
involved is that 16-bit addresses use all 8
bits of Port 2 as address bus. On the other
hand, 8-bit addresses allow one to address a
few Kbytes of RAM, as shown in Figure 5,
without having to sacrifice all of Port 2.

All of these instructions execute in 2 us, with
a 12 MHz clock.

Table 5

A List of the SAB-51 Data Transfer In-
structions that Access External Data
Memory Space '

Address Execution
Width Mnemonic Operation Time (1s)
8Bits |MOVXA, @Ri Read External
’ RAM @Ri 2
8 Bits -+ {MOVX @Ri, A  |Write External
' RAM @Ri 2
16 Bits |MOVXA, @DPTR|Read External
RAM @DPTR 2
16 Bits |MOVX@DPTR, AjWrite External 5
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 activated only during the execution of a
MOVX instruction. Normally these signals
are inactive, and in fact if they’re not going to
be used at all, their pins are available as
extra I/O 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.

Table 6
The SAB-51 Lookup Table Read Instruc-
tions

. . Execution
Mnemonic Operation Time (us)
MOVC A, @A +DPTR|Read PGM
Memory at 2
(A + DPTR)
MOVC A, @A + PC  |Read PGM
Memory at 2
(A +PC)

The first MOVC instruction in Table 6 can
accommodate 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 table base, and the table is
accessed through a subroutine. First the
number of the desired entry is loaded 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
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type of table can have up to 255 entries,
numbered 1 through 255. Number O can not
be used, because at the time the MOVC
instruction is executed, the PC contains the
address of the RET instruction. An entry
numbered 0 would be the RET opcode itself.

Boolean Instructions

SAB-51 devices contain a complete Boolean
(single-bit) processor. The internal RAM
contains 128 addressable 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 operations -

are not easily obtained in other architectures
with any amount of byte-oriented software.

Table 7
A List of the SAB-51 Boolean Instructions

Mnemonic Operation ?:;c:(t::;
ANL ~ CBit [C=CANDBit 2
ANL  C/Bit |C=C.AND..NOT.Bit 2
ORL  CBit |C=C.OR.Bit s 2
ORL  C,/Bit |C=C.OR.NOT.Bit 2
MOV  CBit |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 |Jump if Bit = 1 2
JNB  Bit,Rel |Jumpif Bit=0 2
JBC  Bit,Rel |JumpifBit=1; CLRBit| 2

The instruction set for the Boolean processor
is shown in Table 7. All bit accesses are by
direct addressing. Bit addresses O0OH
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
MOV

C,FLAG
P1.0,C

In this example, FLAG is the name of any
addressable bit in the Lower 128 or SFR
space. An I/O line (the LSB of Port 1, in this
case) is set or cleared depending on whether

the flag bitis 1 or 0.

The Carry bit in the PSW is used as the
single-bit Accumulator of the Boolean
processor. Bit instructions 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) operation. An XRL
operation is simple to implement in software.
Suppose, for example, it is required to form
the Exclusive OR of two bits:

C = Bit1 .XRL. bit 2

The software to do that could be as follows:

MOV C,bit1
JNB bit2, OVER
CPL Cc

OVER: (Continue)

First, bit1 is moved to the Carry. If bit2 = 0,
then C now 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 result. It need only
be inverted (CPL C) to complete the
operation.

This code uses the JNB instruction, one of a
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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 Parity 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 address
assembles to a relative offset byte. This is a
signed (two’s complement) offset byte which
is added to the PC in two's complement
arithmetic if the jump is executed.

The range of the jump is therefore -128 to
+127 Program Memory bytes relative to the
first byte following the instruction.

Jump Instructions
Table 8 shows the list of unconditional
jumps.

Table 8
Unconditional Jumps in SAB-51 Devices

. . Execution
Mnemonic Operation Time (us)
JMP  addr Jump to addr 2

JMP @A + DPTR|Jump to A + DPTR 2

CALL Addr Call Subroutine at

addr 2
RET Return from 2
Subroutine
RETI Return from
2
Interrupt
NOP No Operation 1
The Table lists a single “JMP

instruction, but in fact there are three—
SJMP,.LUIMP 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 SJIMP instruction encodes the
destination address 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 SUIMP.

The LJMP instruction encodes the
destination address 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 address 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 another byte
containing the low 8 bits of the destination
address. When the instruction is executed,
these 11 bits are simply substituted for the
low 11 bits in the PC. The high 5 bits stay the
same. Hence the destination has to be within
the same 2K block as the instruction
following the AJMP.

In all cases the programmer specifies the
destination 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
specified 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 execution 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
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Accumulator is given an index to the table. In
a 5-way branch, for example, an integer 0
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 CASE_0
AJMP CASE_1
AJMP CASE_2
AJMP CASE_3
AJMP 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 format, 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 label or as a 16-bit constant.
The assembler will put the address into the
correct format for the given instructions.

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 routine. The only difference between
RET and RETI is that RET] 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.
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Table 9 ‘
Conditional Jumps in SAB-51 Devices
Addressing Modes Execution
Mnemonic Operation )
- Dir l Ind | Reg | Imm Time (s)
Jz Rel JumpifA=0 Accumulator Only 2
JNZ Rel o Jumpif A#0 Accumulator Only 2
DJINZ | <bytesrel Decrement and Jump if Not
X X 2
Zero _
CJINE | A, <byte>,rel Jump if A # <byte> X X 2
CJNE | <byte>, #data, rel | Jump if <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 conditional jump
instruction. Important to note, however, the
user specifies to the assembler the actual
destination 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 condition.

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) -

[ ]

L

[

(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 aperand 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
oscillator 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 capacitors to
ground as shown in Figure 13. ~

Figure 13
Using the On-Chip Oscillator

SAB=51
NMOS
OR CMOS

XTAL2

QUARTZ CRYSTAL

OR CERAMIC _\55 :E_
RESONATOR T c2
T

XTAL1

p—VSS
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Figure 14
Using an External Clock
SAB =51
NMOS
ONLY

EXTERNAL
CLOCK == XTAL2
SIGNAL

. XTAL1
. J:—' vss

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 oscillator
signal, make sure it is the right pin. For
80C515 and 80C517, refer to their data-
sheets for the description of the clock
oscillator pins.

The internal clock gene'fator 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 ps if the oscillator frequency is 12 MHz.

Each state is divided into a Phase 1 half and
a Phase 2 half. Figure 15 shows the fetch/
execute sequences in states and phases for
various kinds of instructions. Normally two
program fetches are generated during each
machine cycle, even if the instruction being
executed doesn’t require it. If the instruction
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 second cycle of a
MOVX ' instruction. This is the only time
program fetches are skipped. The fetch/
execute sequence for MOVX instructions is
shown in Figure 15. ’
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Figure 15
State Sequences in SAB-51 Devices
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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 external. If Program
Memory is external, then the Program
Memory read strobe PSEN is normally
activated 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
PSENs are skipped, because 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
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used to latch the low address byte from PO  However, ALE continues to be activated
into the address latch. ' twice per machine cycle and so is available
as a clock output signal. Note, however, that

When the CPU is_executing from internal  one ALE is skipped during the execution of
Program Memory, PSEN is not activated, and  the MOVX instruction.

program addresses are ' not emitted.

Figure 16
Bus Cycles in SAB-51 Devices Executing from External Program Memory
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Interrupt Structure

The 8051A and 80C51 and their ROMIless
versions, provide 5 interrupt sources: 2
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 appropriate
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 specific 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 enabled 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.

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

(MSB). (LSB)
FEA | _ |ETz| ES |ET1|EX1 lETO'EXOJ
Symbol  Position Function

EA IE7 disables all interrupts. If EA =

0, no interrupt will be
acknowledged. fEA =1, each
interrupt source is individually
enabled or disabled by setting
or clearing its enable bit.

IE.6 reserved.

ET2 IE.5 enables or disables the Timer
2 overflow or capture interrupt.
If ET2 = 0, the Timer 2

interrupt is disabled.

ES IE.4 enables or disables the Serial
Port interrupt. If ES = 0, the
Serial Port interrupt is

disabled.

ET1 : IE3 enables or disables the Timer
1 Overflow interrupt. If ET1 =
0, the Timer 1 interrupt is

disabled.

EX1 IE.2 enables or disables External
Interrupt 1. l[f EX1 =0, External

Interrupt 1 is disabled.

ETO . IEA enables or disables the Timer
0 Overflow interrupt. If ETO =
0, the Timer O interrupt is

disabled.

EX0 IE.0 enables or disables External
Interrupt 0. If EX0 = 0, External

Interrupt 0 is disabled.

Interrupt Priorities

Each interrupt source can also be
individually programmed 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 80C52.

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

© Siemens Components, Inc.
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low-priority interrupt. 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 simuitaneously, 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 determine which if any interrupt will
be serviced.

Figure 18
1IP (interrupt Priority) Register in the
8052B and 80C52

(MSB) (LSB)
EI - |PT2| PS |PT1]PX$T0‘PXO)

Symbol

Position Function

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.

PS IP.4

PT1 IP.3 defines the Timer 1 interrupt
priority level. PT1 =1
programs it to the higher

priority level.

PX1 P.2 defines the External Interrupt
1 priority level. PX1 =1
programs it to the higher

priority fevel.

PTO P defines the Timer 0 interrupt
priority level, PTO =1
programs it to the higher

priority level.

PX0 IP.0 defines the External Interrupt
0 priority level. PX0 =1
programs it to the higher

priority level.

In operation, ali 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
contents of the Program Counter to be
pushed onto the stack, and reloads the PC
with the beginning address of the service
routine. As previously noted (Figure 3), the -
service routine for each interrupt begins ata
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
interrupt response time, albeit at the expense
of increasing the programmer’s burden of
responsibility. As a result, many interrupt
functions that are typical in control
applications—toggling a port pin, for

. example, or reloading a timer, or unloading a

serial buffer—can often be completed in less
time than it takes other architectures to
commence them.
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Figure 19
8052 Interrupt Control System
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Simulating a Third Priority Level in Soft-
ware

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 software 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 that are
supposed to be interruptible by “priority 2”
interrupts are written to include the following
code: .

PUSH [E
MOV IE,#MASK
CALL LABEL

*dekkkhk

(execute service routine)
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 RET! instruction, which clears
the priority 1 interrupt-in-progress flip-flop. At
this point any priority 1 interrupt that is
enabled can be serviced, but only “priority 2”
interrupts are enabled. POPping |E restores
the original enable byte. Then a normal RET
(rather than another RETI) is used to
terminate the service routine. The additional
software adds 10 us (at 12 MHz) to priority 1
interrupts.

© Siemens Components, Inc.
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SI E M E N S SAB 8051A/8031A Family

8-Bit Single-Chip Microcontroller
SAB 8051A Microcontroller with factory mask-programmable ROM

SAB 8031A Microcontroller for external ROM

@ Version for 12MHz/16MHz/ 20 MHz @ Boolean processor
operating frequency : @ 218 user bit-addressable locations
©® 4K x 8 ROM ® Most instructions execute in:
©® 128 x 8 RAM 1 us instruction cycle time at 12 MHz
@ Four 8-bit ports, 32 1/O lines 750 ns instruction cycle time at 16 MHz
@ Two 16-bit timer/event counters 600 ns instruction cycle time at 20 MHz
@ High-performance full-duplex serial ® 4 us (3 ps, 2.4 us) multiply and divide
channel with flexible transmit/receive @ Packages P-DIP-40 and PL-CC-44
bound rate capability ® Two temperature ranges available
@ External memory expandable up to 128 0to70°C -
Kbyte ~40 to 85 "C: T40/85
@ Compatible with SAB 8080/8085
peripherals
Figure 1 . ‘
Pin Configuration ‘
P-DIP-40 . PL-CC-44
PI.OHW L 0[] vee § é §§
P12 39| PO.0 ADO %QC\{—‘QQQQ—.(\!@
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orells wf] pos a3 6 5 4 3 2 1 44 43 42 41 40
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SAB 8051A/8031A Family

The SAB 8051A/8031A Family are
standalone, high-performance single-chip
microcontrollers fabricated in + 5 V
advanced N-channel, silicon-gate Siemens
MYMOS technology and supplied in a 40-pin
plastic P-DIP or 44-pin plastic leaded chip
carrier (PL-CC-44) package. It provides the
hardware features, architectural enhance-
ments and instructions that are necessary to
make it a powerful and cost-effective
controller for applications requiring up to 64
Kbytes of program memory and/or-up to 64
Kbytes of data storage.

The SAB 8051A contains a non-volatile 4K x
8 read-only program memory; a volatile 128
x 8 read/write data memory; 32 1/O lines; two
16-bit timer/counters;. a five-source, two-

priority-level, nested interrupt structure; a
serial /O port for either multi-processor
communications, /O expansion, or full-
duplex UART; and on-chip oscillator and
clock circuits. The SAB 8031A is identical
with-the SAB 8051A, except that it lacks the
program memory.

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

The parts are available for standard
temperature range (0 to 70 °C) and extended
temperature range (T40/85: — 40 to 85 °C).

Figure 2
SAB 8051A/8031A Family

SAB 8051A/8031A

RAM

T0 128x8

CPU

Port 0 K >1/0
Port 1 K >1/0
Port 2 <:1> /0

T1

Port 3 K~ >1/0

MCBO1580




SAB 8051A/8031A Family

Ordering Information

Type Package Description
(8-bit single-chip microcontroller)

SAB 8031A-P-40/85 P-DIP-40 for external memory,

SAB 8031A-N-40/85 PL-CC-44 12 MHz, ext. Temp.

SAB 8031A-P P-DIP-40 for external memory,

SAB 8031A-N PL-CC-44 12 MHz

SAB 8031A-16-P P-DIP-40 for external memory,

SAB 8031A-16-N PL-CC-44 16 MHz

SAB 8031A-20-P P-DIP-40 for external memory,

SAB 8031A-20-N PL-CC-44 20 MHz

SAB 8051A-P-40/85 P-DIP-40 with 4-KByte mask-programmable ROM
12 MHz, ext. Temp.

SAB 8051A-P . P-DIP-40 with 4-KByte mask-programmable ROM
12 MHz

SAB 8051A-N PL-CC-44

SAB 8051A-16-P P-DIP-40 with 4-KByte mask-programmable ROM
16 MHz

SAB 8051A-16-N PL-CC-44

SAB 8051A-20-P . P-DIP-40 with 4-KByte mask-programmable ROM
20 MHz

SAB 8051A-20-N PL-CC-44

© Siemens Components, Inc. 4-3
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Figure 3
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SAB 8051A/8031A Family

Pin Definitions and Functions

Symbol | Pin Input (1) Function
P-DIP-40 | PL-CC-44 | Output (O)
P1.0-P1.7 | 1-8 2-9 l{e] PORT 1 is an 8-bit quasi-bidirectional I/O port. It is used for

the low-order address byte during program veriication. Port
1 can sink/source four LS TTL loads. )

RSTNee |9 10 ! RESET A high level on this pin resets the SAB 8051A. A
small internal pulldown resistor permits power-on reset us-
ing only a capacitor connected to Vcc. If Ve is held within its
spec while Vcc drops below spec, Vro will provide standby
power to the RAM. When vrp is low, the RAM's current is
drawn from vee.

P3.0-P3.7 | 10-17 11, [l{e] PORT 3 is an 8-bit quasi-bidirectional /O port. It also con-
13-19 tains the interrupt, timer, serial port and RD and WR pins
that are used by various options. The output latch corre-
sponding to a secondary function must be programmedto a
one (1) for that function to operate. Port 3 can sink/source
four LS TTL loads. The secondary functions are assigned to
the pins of port 3, as follows:

—RxD/data (P3.0). Serial port's receiver data input
(asynchronous) or data input/output (synchronous).
—TxD/clock (P3.1). Serial port’'s transmitter data output
(asynchronous) or clock output (synchronous). '
—INTO (P3.2). Interrupt 0 input or gate control input for
counter 0.

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

—T0 (P3.4). Input to counter 0.

—T1 (P3.5). Input to counter 1.

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

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

XTAL 1 19 21 XTAL 1 input to the oscillator’s high gain amplifier. Required
XTAL 2 18 20 when a crystal is used. Connect to Vss when external
source is used on XTAL 2.

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

P2.0-P2.7 | 21-28 24-31 /0 PORT 2 is an 8-bit quasi-bidirectional I/O port. It also emits
the high-order address byte when accessing external mem-
ory. It is used for the high-order address and the control sig-
nals during program verification. Port 2 can sink/source four
LS TTL loads.

PSEN 29 32 (0] The Program Store Enable output is a control signal that
enables the external program memory to the bus during ex-
ternal fetch operations. It is activated every six

oscillator periods, except during external data memory ac-
cesses. Remains high during internal program execution.

© Siemens Components, Inc. 4-5
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Pin Definitions and Functions (cont'd)

Pin

Symbol Input (1) Function
P-DIP-40 | PL-CC-44 | Output (O)

ALE 30 33 (¢] Provides Address Latch Enable output used for latching
the address into external memory during normal operation.
It is activated every six oscillator periods except during an
external data memory access.

EA 31 35 | External Latch Enable 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 lev-
el, the SAB 8051A fetches all instructions from external pro-
gram memory. For the SAB 8031A this pin must be tied low.

P0.0-P0.7 | 39-32 43-36 l{e} Port 0 is an 8-bit open drain bidirectional I/O port. It is also
the multiplexed low-order address and data bus when using
external memory. It is used for data output during program
verification. Port 0 can sink/source eight LS TTL loads.

vee 40 44 + 5V Power Supply during operation and program verifica-
tion.

vss 20 22 Ground (0 V)

NC - 1,12 - No Connection

123,34
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SAB 8051A/8031A Family

Absolute Maximum Ratings

Ambient temperature under bias ..

SAB 8051A/8031A.......cceceruneee ..0t070°C
SAB 8051A/8031A-T40/85 ... .—40t085°C
Storage temperature........cccecevereiieenns -65t0150 °C
Voltage on Vce pins with
respect to ground (Vss)......coveeerveenereennes -05t07V
Power dissipation .......ccoveeveeieeenneeenesnenieenennne 2W

DC Characteristics

Vee=5V+10%; Vss=0V
Ta=0to 70 °C for the SAB 8051A/8031A

¢

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

Ta=-40to 85 °C for the SAB 8051A/8031A-T40/85

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

ViL Input low voltage -0.5 0.8 v -

VIH Input high voltage 2.0 Vec + 0.5 \Y -
(except RST/VPD and XTAL 2)

ViK1 Input high voltage to 2.5 vec+ 0.5 Vv XTAL1 to vss
RST/VPD for reset, XTAL 2

VPO Power down voltage 45 5.5 v vee=0V
to RST/VPD

VoL Output low voltage - 0.45 \ IoL=1.6 mA
Ports 1,2, 3

voL1 Output low voltage - 0.45 \ JoL=32mA
Port 0, ALE, PSEN

VoH Output high voltage 24 - \ Ion =-80pA
Ports 1,2, 3

VoH1 Output high voltage 2.4 - \ IoH = — 400 pA
Port 0, ALE, PSEN




SAB 8051A/8031A Family

DC Characteristics (cont'd)

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

L Logical 0 input current - - 500 pA viL=0.45V |
Ports 1, 2, 3

2 Logical O input current XTAL 2
SAB 8051A/8031A-12/16/20 S -3.2 mA | XTAL1 = Vss
SAB 8051A/8031A-T40/85 - -25 mA | viL=045V

IH1 Input high current to - 500 nA ViN=Vcec-1.5V
RST/Vro for reset -

Ju Input leakage current - +10 pA 0V< VIN< Vce
to port 0, EA )

Icc Power supply current All outputs
SAB 8051A/8031A - 125 mA | disconnected
SAB 8051A/8031A-16 - 140 mA
SAB 8051A/8031A-20 - 140 mA

Po Power down current
SAB 8051A/8031A-12/16/20 - . 10 mA | vec=0V
SAB 8051A/8031A-T40/85 - 15 mA | vp=45...55V

Cio Capacitance of I/O buffer - 10 pF | =1 MHz

© Siemens Components, Inc. 4-9



" SAB 8051A/8031A Family

AC Characteristics for SAB 8051A/8031A

V=5V +10%; Vss=0V
(Cufor port 0, ALE and PSEN outputs = 100 pF Cfor all other outputs = 80 pF)
TA =0to 70 °C for the SAB 8051A/8031A

=—40to 85 °C for the SAB 8051A-T3/8031A-T40/85

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Clock Variable clock
12 MHz clock 1/rcLcL = 1.2 MHz to 12 MHz
min. —l max. min. max.
fLHLL ALE pulse width 127 - 2rcLeL-40 - ns
IAVLL '| Address setup to ALE 53 - rcLoL- 30 - ns
ILLAX1 Address hold after ALE 48 - tcLoL-35 - ns
v ALE to valid instruction in - 233 - 4icLci-100 ns
ILLPL ALE to PSEN 58 = cLe-25 - ns
1PLPH PSEN pulse width 215 - 3rctoL-35 - ns
1LV PSEN to valid instruction in - 150 - 3rcroL- 100 ns
1PXIX Input instruction hold after PSEN |0 - 0 - ns’
1PXIZ) Input instruction float after PSEN |- 63 - 1ctoL- 20 ns
1PXAVY) Address valid after PSEN 75 - rcLoL-8 - ns
1AV Address to valid instruction in - 302 - SreLer-115 ns
1AZPL Address float to PSEN 0 - 0 - ns

*) Interfacing the SAB8051A to devices with float times up to 75 ns is permissible. The limited bus contention will

not cause any damage to port 0 drivers.




SAB 8051A/8031A Family

External Data Memory Characteristics

RLRH RD pulse width . 400 - 6rcLor- 100 - ns
IWLWH WR pulse width 400 - | BrereL-100 - ns
LLAX2 Address hold after ALE 132 - 2rcLee-35 - ns
IRLDV RD to valid data in - 252 - 5rcicl- 165 ns
{RHDX Data hold after RD 0 - 0 - ns
{RHDZ Data float after RD - 97 - ‘| 2rcLeL-70 ns
1wov ALE to valid data in - 517 - 8icLeL- 150 ns
TAVDV Address to valid data in - 585 - SrcicL- 165 ns
fwLwL ALE to WR or RD 200 300 3rcicl-50 | 3releL+50 ns
HAVWL Address to WR or RD 203 - 4¢cLeL- 130 - ns
AWHLH WR or RD high to ALE high 43 123 rcLcL- 40 roLeL+40 ns
1QvWxX Data valid to WR transition 33 - rcLeL- 50 - ' ns
QvwH Data setup before WR 433 - 7tcLeL- 150 - ns
mHax | Data hold after WR 33 - rcLeL-50 - ns
IRLAZ Address float after RD - - 0 - 0 ns

External Clock Drive XTAL2

cLcL Oscillator period - - 83.3 833.3 ns
ICHCX High time - - 20 {CLCL— 1CLCX ns
cLex Low time » - - 20 {CLCL — {CHCX ns
ICLCH Rise time - - - 20 ns
CHCL Fall time - - - 20 ns

© Siemens Components, inc. 4-11



SAB 8051A/8031A Family

AC Characteristics for SAB 8051A/8031A-16

V=5V £10%; Vss=0V
(CLfOl' port 0, ALE and PSEN outputs = 100 pF; C.for all other outputs 80 pF)
=0to + 70 °C for SAB 8051 A/8031A-16

Program Memory Characteristics

Symbol | Parameter Limit Values . Unit
Clock Variable clock
16 MHz clock t/ereL = 1.2 MHz to 15 MHz
min. max. min. max.
#LHLL ALE pulse width ) 85 - 2ract—40 d- ns
TAVLL Address setup to ALE 33 - 1a.ct—30 - ns
TLLAXT Address hold after ALE 28 - tacL—35 - ns
v ALE to valid instruction in - 150 - 4tacL—~100 ns
tupL ALE to PSEN 38 - raci—25 - | - ns
tPLPH PSEN pulse width 153 - 3racL-35 - ns
AV PSEN to valid instruction in - 88 - Braci—100 | ns
£PIX Input instruction hold after PSEN | 0 - o - ns
tPxize) Input instruction float after PSEN - 48 - tact—-15 ns
1Pxav) | Address valid after PSEN 60 - ract-3 - : ns
AV Address to valid instruction in - 223 - 5ta.cL-90 ns
tAzPL Address float to PSEN 0 - 0 - ns

*) Interfacing the SAB 8051A-16 to devices with float times up to 55 ns is permissible. This limited bus contention
will not cause any damage to port O drivers.




SAB 8051A/8031A Family

AC Characteristics for SAB 8051A/8031A-16 (cont'd)

External Data Memory Characteristics

Symbol | Parameter Limit Values Unit
Clock Variable clock
16 MHz clock 1/reLeL = 1.2 MHz to 16 MHz
. min. max. n'_:in. max.

{RLRH RD pulse width 275 - 6rcLe- 100 - ns
IWLWH WR pulse width 275 - 6rcLeL- 100 - ns
taxe - | Address hold after ALE - 90 - 2rcLeL-35 - ns
1RLDV RD to valid data in - 148 - 5roLclL- 165 ns
1RHDX’ Data hold after RD 0 - 0 - ns
1RHDZ Data float after RD - 55 - 2rcLeL-70 ns
nov ALE to valid data in - 350 - 8reLeL- 150 ns
TAVDV Address to valid datain - 398 - 9rcLcL- 165 ns
L ALE to WR or RD 138 238 3reLoL-50 3rcLoL+50 ns
fAVWL Address to WR or RD 120 - 4icrc-130 - ns
IWHLH WR or RD high to ALE high 23 103 rcLeL-40 rcLeL+40 ns
rQvwx Data va;lid to WR transition 13 - rcLeL-50 - ns
1QVWH Data setup before WR 288 - 7icLeL- 150 - ns
mHax | Data hold after WR 13 - ‘c1cL-50 - ns
RLAZ Address float after RD - 0 - 0 ns
External Clock Drive XTAL2

rcLeL Oscillator period . - - 62.5 833.3 ns
ICHCX High time - - 15 [CLOL~1CLOX ns
oLOX Low time _ - 15 1CLCL - 1CHCX ns
{CLCH Rise time . - - - 15 ns
fCHCL Fall time - - - 15 ns

© Siemens Components, Inc. 4-13



SAB 8051A/8031A Family

AC Characteristics for SAB 8051A/8031A-20

V=5V +10%; Vs=0V
(CvLfor port 0, ALE and PSEN outputs = 100 pF; Cv for all other outputs = 80 pF)
Ta=0to + 70 'C for SAB 8051A/8031A-20

Program Memory Characteristics

Symbol | Parameter . Unit
Clock Variable clock
20 MHz clock 1/rcLel = 1.2 MHz to 20 MHz
min. max. ' min. max.
nHL | ALE pulse width 60 - 2rac40 . | - ns
tAVLL Address setup to ALE 20 - racL-30 - ns
nwaxi | Address hold after ALE 20 - racL—=35 - ns
v ALE to valid instructionin - 100 - 4rac~100 | NS
me. | ALE to PSEN 25 - rac-25 - ns
PLPH PSEN pulse width 115 - 3ract-35 - ns
1AV PSEN to valid instruction in - 75 - 3rac-75 ns
PXIX Input instruction hold after PSEN |0 - 0 - ns
texav) | Address valid after PSEN 47 - tact-3 - ns
texiz) 7| Input instruction float after PSEN |~ 40 - rac—10 ns
TAVIV Address to valid instruction in - 175 - 5tacL~75 ns
tAzPL Address float to PSEN 0 - 0 - ns

*) Interfacing the SAB 8051A-20 to devices with float times up to 45 ns is permissible. This limited bus contention
will not cause any damage to port 0 drivers.




SAB 8051A/8031A Family

External Data Memory Characteristics

Symbol | Parameter Unit
Clock Variable clock
20 MHz clock 1/tcreL = 1.2 MHz to 20 MHz
min. max. min. max.
IRLAH RD pulse width 200 - 6reLeL- 100 - ns
IWLWH WR pulse width 200 - 6rcLeL- 100 - ns
fLLAX2 Address hold after ALE 70 - 2rcLet- 30 - ns
fRLDV RD to valid data in - 100 - 5rcLeL- 150 ns
RHDX Data hold after RD ] - 0 - ns
mHoz - | Data float after RD - 40 - 2¢cLeL-60 ns
wov ALE to valid data in - 250 - 8rcLeL— 150 ns
oV Address to valid data in - 285 - 9rcLcL- 165 ns
LWL ALE to WR or RD 100 200 3rcLeL- 50 3roLeL+50 ns
AW Address to WR or RD 70 - 4cLo-130 | - ns
IWHLH WR or RD high to ALE high 20 80  |rclc-30 rcLeL+30 ns
ravwx Data valid to WR transition 5 - cLeL- 45 - ns
fQVWH Data setup before WR 200 - 7rcLeL-150 - ns
WHGX Data hold after WR 10 - cLeL-40 - ns
IRLAZ Address float after RD - 0 - 0 ns
External Clock Drive
Symbol |Parameter | Unit
Clock Variable clock
20 MHz clock 1/rcrer = 1.2 MHz to 20 MHz
min. max. min. max.
cLoL Oscillator period - - 50 833.3 ns
CHCX High time - - 15 ICLCL-1CLCX | NS
rcLex Low time - - 15 ICLCL- ICHCX | NS
{CLCH Rise time . - - L= 15 : ns
ICHCL Fall time . - - - 15 ns

© Siemens Components, Inc. 4-15



SAB 8051A/8031A Family

ROM Verification Characteristics for SAB 8051A/8031A Family
Ta=25°C+5°C;vec=5V+10%; vss=0V

Symbol Parameter Limit Values Unit
) min. max.
tavav Address to valid data - 48 racL - ns
taaQv ENABLE to valid data - 48 racL ns
teHQz Data float after ENABLE 0 48 tacL ns
1/tact Oscillator frequency 4 6 MHz
Figure 5
ROM Verification
P1.0-P1.7 [
{ Address
P2.0-P2.3
i/ AVQV
Port0 Data OUT )
f ELQv t EHQZ
P2.7
ENABLE ) ) ‘ MCD00020
Microcontroller | Address Data ‘ Inputs
SAB 8051A P1.0-P1.7 = A0 - A7 Port 0=D0-D7 |P2.4-P2.6, PSEN= vss
4K x 8 P2.0 - P2.3 = A8 - A11 ALE, EA = ViH RsT/VPD = ViH1




SAB 8051A/8031A Family

Waveforms
Figure 6
Program Memory Read Cycle
/ -
cr
g Ty
————— | fuee ™=
ALE / . 1Z \
foLpn
e P — i | Z_____\—-—/—
4
LLAXT 7 R -
<P f oxiz Pxav f—-
Favu fazee | Texix
W g - oo
_ r r b
PORT O Instr.IN A7-A0 \Insir.IN A7-A0 Instr.IN

'

Address (- . ><'7
PORT 2 or SFR—PZXr Address A15-A8 Address A15-A8
MCT00021
Figure 7
Data Memory Read Cycle
I‘WHLH
’—‘ - fLLDV——'—-
ALE / 5(
PSEN /
fLLWL fRLRH
RD S
\ /
=l ! oroz
et pvwL | | # qLpy — # pupx
| - t avov — —
—tee |
s 4 X \
PORT Q H AT—AD 3 ) [ Data IN H
A N .

Address - "
PORT 2 SFR—P2 Address A15-A8 or SFR-P2

_MCT00022
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~ SAB 8051A/8031A Family

Figure 8
Data Memory Write Cycle

WHLH

S 4
SEN P

wR 1‘\ : /f_'—_

LLwL WLWH

AVWL

——
fLLA)Q fWHOX
] “— - ot |

- r a
PORT 0 H A7—AO x A : Data OUT X
A\

Address

PORT 2 LR e X ' Address A15-A8 or SFR-P2
' MCT00023
Figure 9
AC Testing Input, Output, Float Waveforms
2.4
2.0 2.0
Test Points
.8 .
0.45 0 ; 0.8
Float
2.4 2.4
0.45 0.45
MCA00024
A.C. testing inputs are driven at 2.4 V for a logic "1" and 0.45 V for a logic "0". ,
Timing measurements are made at 2.0 V for a logic "1" and 0.8 V for a logic "0".
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA
or sources 400 pA at the voltage test levels.




SAB 8051A/8031A Family

Figure 10
External Clock Cycle
Teten Tener
fenex - il
2.5
0.8 0.8 N
MCT00025
\q————-—fcmx i
- ferer -

Figure 11
Recommended Oscillator Circuits

A 19(21)'
[ XTAL 1 ’jfm XTAL 1

' =
r 1.2-12MHz

1.2-16MHz
¢ 1.2-20MHz J
I} 18(20)} yrpL 2 Externat 220} xaL 2
Clock
Signal
C= 30pF +10pF Nes000z8
Crystal Oscillator Mode Driving from Exfernal Source

Pin number in (. . .) are for PL-CC-44 package
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SI E M E N S SAB 8052/8032 Family

8-Bit Single-Chip Microcontroller
SAB 8052B Microcontrolier with factory mask programmable ROM (8K)
SAB 8032B Microcontroller for external ROM

@ Versions for 12 MHz /16 MHz /20 MHz @ Multiply and divide in 4 us/3 us/2.4 us

operating frequency @ Six interrupt vectors, two priority levels
©® 8 Kx 8 ROM (SAB 8052B only) . @ RAM power-down supply
@ 256 x8 RAM @ Packages P-DIP-40 and PL-CC-44
® Four 8-bit ports, 32 I/O lines ® Full backward compatibility with SAB
@ Three 16-bit timer/event counters 8051/8031
® High-performance  full-duplex  serial @ Three temperature ranges available
channel with flexible transmit/receive baud 0to70°C
rate capability " —-40t085°C
@ External memory expandable up to 128 -40t0110°C
_ Kbytes

@ Boolean processor

® Most instructions execute in:
1 ps instruction cycle time at 12 MHz
750 ns instruction cycle time at 16 MHz
600 ns instruction cycle time at 20 MHz

Figure 12
Pin Configuration
P-DIP-40 PL-CC-44
r/eo (| J 0] vie o o —
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e []7 saf] pos a0 P1.6 s O 38 PO.5 ADS
r.7 (8 $5]] po6 aDB ) P1.709" 37 P0O.6 ADG
Kt [ 9 s2{) vo.7 ap7 RST/ Ve C}10 360 P0.7 ADY
po/esoffio gan ul] e RxD/P3.0 O 11 350 EA
woesaln 8032 sof]me N.C.12 SAB 8052/8032 Family 3¢[1 N.C.
AR | (R ] | Txp/P3.1Q13 3P ALE
hn/ess s 28] v2.7 s INTO/P3.2 O} 14 320 PSER
10/03.4 [14 27(] e26 ats INT1/P3.3 CJ15 St P27 A5
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SAB 8052/8032 Family

The SAB 8052/8032 family are standalone,
high-performance single-chip  microcon-
troliers fabricated in +5V advanced
N-channel, silicon-gate Siemens MYMOS
technology, packaged in a 40-pin. plastic
dual-in-line package (P-DIP-40) or 44-pin
plastic leaded chip carrier (PL-CC-44)
package. It is backwardly compatible with
the SAB 8051A/8031A and provides the
hardware features, architectural enhance-
ments, and instructions that are necessary to
‘make it a powerful and cost-effective
controller.for applications requiring up to 64
Kbytes of program memory and/or up to 64
Kbytes. of data memory.

The controllers of the SAB 8052/8032
family contain a non-volatile 8 Kx 8 read-only
program memory, a volatile 256 x 8 read/

write data memory, 32 I/ O lines, three 16-bit
timer/counters, a six-source, two-priority-
level nested interrupt structure, a serial /O
port for' either -~ muiltiprocessor com-
munications, I/O expansion, or full-duplex
UART, as well as an on-chip oscillator and
clock circuits.

For systems that require extra capability, the
standard TTL compatible memories and the
byte-oriented SAB 8080 and SAB 8085
peripherals can be used to expand the

SAB 8052 / 8032 family.

The parts are available for standard
temperature range (0 to 70 °C) and extended
temperature ranges (- 40 to 85 °C and — 40
to 110 °C). :

Figure 13
SAB 8052 / 8032 family

SAB 8051/8031

RAM RAM
128x8 > 1288 Port 0 K> 1/0
T Port 1 K =>1/0
T2 cPU g?:m
T Port 2 "> 1/0
' ROM
ROM — Rom Port 3 K> 1/0

MCBO1579




SAB 8052/8032 Family

Ordering Information

Type Package Description
(8-bit single- microcontroller)
SAB 8032B-P P-DIP-40 for external memory, 12 MHz.
SAB 8032B-N PL-CC-44
SAB 8032B-16-P P-DIP-40 for external memory,
SAB 8032B-16-N PL-CC-44 16 MHz
SAB SQSQB-ZO-P P-DIP-4 for external memory,
SAB 8032B-20-N PL-CC-44 20 MHz
SAB 8052B-P . P-DIP-40 with 8-KByte mask-programmable ROM,
SAB 8052B-N PL-CC-44 12 MHz
SAB 8052B-16-P P-DIP-40 with 8-KByte mask-programmable ROM,
SAB 8052B-16-N PL-CC-44 16 MHz

© Siemens Components, Inc.
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SAB 8052/8032 Family

Figure 14
Logic Symbol
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SAB 8052/8032 Family

Pin Definitions and Functions

Symbol Pins Input (1) Function
P-DIP-40 |PL-CCaa | Cutput(0)

P1.0-P1.7 }1-8 2-9 /10 - | PORT 1 is an 8-bit quasi-bidirectional I/O port. it is used for
. the low-order address byte during program verification. Port

1 can sink/source four LS TTL loads.

Port 1 also contains the timer 2 pins as a secondary func-

tion. The output latch corresponding to a secondary func-

tion must be programmed to a one (1) for that function to

operate. The secondary functions are assigned to the pins

of port 1, as follows:

—T2'(P1.0). Input to counter 2.

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

RST/vep |9 10 [ RESET input. A high level on this pin resets the

SAB 8052B. A small internal pulldown resistor permits pow-
er-on reset using only a capacitor connected to V CC.

If V po is held within its spec while V cc drops below spec,
V pp will provide standby power to the RAM. When V pp is
low, the RAM's current is drawn from V cc.

P3.0-P3.7 [ 10-17 11 110 PORT 3 is an 8-bit quasi-bidirectional /O port. It also con-

13-19 tains the interrupt, timer, serial port and RD and WR pins

that are used by various options. The output latch corre-

sponding 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 func-

tions are assigned to the pins of port 3, as follows:

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

-~ TxD/clock (P3.1). Serial port’s transmitter data
output (asynchronous) or clock output (synchronous).

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

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

-~ TO (P3.4). Input to counter 0.

~ T1 (P3.5). Input to counter 1.

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

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

XTAL1 19 21 XTAL 1 input to the oscillator’s high gain amplifier. Re-
XTAL2 18 20 quired when a crystal is used. Connect to Vss when exter-
nal source is used on XTAL 2.

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

P2.0-P2.7 |21-28 24-31 110 PORT 2 is an 8-bit quasi-bidirectional /O port. It also emits
the high-order address byte when accessing external mem-
ory. ltis used for the high-crder address and the control sig-
nals during program verification. Port 2 can sink/source four
LS TTL loads.

© Siemens Components, Inc. 4-25



SAB 8052/8032 Family

Pin Definitions and Functions (continued)

Symbol

Pins

P-DIP-40

PL-CC-44

Input (1)
Output (O)

Function

PSEN

29

32

o

The Program Store Enable output is a control signal that
enables the external program memory to the bus during ex-
ternal fetch operations. it is activated every six oscillator pe-
riods, except during external data memory accesses. Re-
mains high during internal program execution.

ALE

30

33

Provides Address Latch Enable output used for latching

the address into external memory during normal operation.
It is activated every six oscillator periods except during an
external data memory access.

31

35

External Access enable. When held at a TTL high level, the
ROM-versions executes instructions from the internal ROM
when the PC points to the internal ROM address space.
When held at a TTL low level, the ROM-versions fetch all in-
structions from external program memory. For the ROM-
less versions this pin must be tied low.

P0.0-P0.7

39-32

43-36

/o] ‘

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

Vce

40

44

+ 5 V Power Supply during operation and program
verification.

Vss

20

22

Circuit Ground potential

NC

1,12,
23,34

No Connection




SAB 8052/8032 Family

Figure 15
Block Diagram
Frequency
Reference Counters

e e
| |
| b |
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I CPU |
I |
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| Programmable |
| 64 Kbyte Bus Serial port |
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. MCBO0754

Interrupts Control Paralle! Ports Serial | Serial
Address Data Bus Input  Output
and 1/Q Pins
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SAB 8052/8032 Family

Absolute Maximum Ratings
Ambient temperature under bias

SAB 8052B/8032B .........c.ceeuee. 0to+70°C
Storage temperature........... —-65to+ 150 °C
Voltage on any pin with

respect to ground (Vss) ........... -05t0+7V

Power dissipation .........cccccecvvveiiecnesivnns 2W

DC Characteristics
Vee=5V+10%; Vss =0V
Ta=0 to +70 °C for SAB 8052B/8032B

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

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

Vi Input low voltage - -0.5 0.8 \ -

ViH Input high volt;tge 2.0 vec+ 0.5 \ -
(except RST/vrp and XTAL 2)

ViHi Input high voltage to 25 vee + 0.5 \ XTAL1 to vss
RST/vep for reset, XTAL 2

VD Power down voltage 45 5.5 Vv Vee=0V
to RST/veD :

Vo Output low voltage ‘ - 0.45 \ IoL=1.6 mA
Ports 1, 2, 3 .

" Vout Output low voltage ' - 0.45 \' oL =3.2mA

Port 0, ALE, PSEN

Von - | Output high voltage 2.4 - \ IoH = — 80 pA
Ports 1,2, 3

Vont Output high voltage 24 - \ IoH =~ 400 pA
Port 0, ALE, PSEN




SAB 8052/8032 Family

DC Characteristics (cont'd)

Symbol | Parameter ) Limit Values Unit | Test Conditions
min. max.
. Logical 0 input current - - 500 pA viL=045V
Ports 1,2,3
m2 Logical 0 input current XTAL 2 XTALT = vss
SAB 8052B/80328B - 12/16/20 - -32 mA |Ww=045V
nH1 Input high current to - 500 pA vin=Vcc-1.5V
RST/Vro for reset
u Input leakage current - +10 pA 0V <VN<Vce
to port 0, EA
fcc Power supply current All outputs
SAB 8052B/8032B - 175 mA | disconnected
SAB 8052B-16/8032B-16 - 175 mA
SAB 8052B-20/8032B-20 - 175 mA
1PD Power down current - 15 mA |vec=0V,;
V0 =45 .55V
Cio Capacitance of /O buffer - 10 pF fe=1MHz
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SAB 8052/8032 Family

AC Characteristics for SAB 8052B/8032B, 12 MHz

Vee=5V+10%; Vss=0V
(Cifor port 0, ALE and PSEN outputs = 100 pF; CL for all other outputs = 80 pF)
Ta=0to + 70 °C for SAB 8052B/8032B

Please refer to AC characteristics for SAB 8051A/8031A, 12MHz

AC Characteristics for SAB 8052B8/8032B, 16 MHz

Ve=5V+10%; Vs=0V
(CLfor port 0, ALE and PSEN outputs = 100 pF; C. for all other outputs = 80 pF)
=0to 70 C; for SAB 8052B/8032B-16

Please refer for AC characteristics to the SAB 8051A/8031A-16, 16MHz




SAB 8052/8032 Family

AC Characteristics for SAB 8032B-20, 20 MHz

Ta=01070°C; Vac=5V £ 10%; Vss=0V
(Cufor port 0, ALE and PSEN outputs = 100 pF; Cv for all other outputs = 80 pF)

Symbol Pargmeter . Limit Values Unit
Clock Variable clock )
20 MHz clock 1/icrct = 1.2 MHz to 20 MHz
min. ] max. rnin. max.

Program Memory Characteristics
tHL - | ALE pulse width 60 - 2ract—40 - ns
tAVLL Address setup to ALE 20 - tact~30 - ns
ruaxt | Address hold after ALE 20 - ract—30 - ns
v ALE to valid instruction in - 100 - 4tac—100 ns
wpL | ALE to PSEN 25 - tac-25 - ns
tapn | PSEN pulse width 115 - 3tact~35 - ns
v | PSEN to valid instruction in - 75 - 3rac-75 ns
1PXIX Input instruction hold after PSEN |0 - 0 - ns
texiz) | Input instruction float after PSEN - 40 - tac—-10 ns
tpxav) | Address.valid after PSEN 47 - rac-3 - ns
tAVIV Address to valid instruction in - 190 - 5ract-60 ns
1izrL | Address float to PSEN 0 - 0 o= ns

*) Interfacing the SAB 8032B-20 to devices with float times up to 45 ns is permissible. This limited bus contention
will not cause any damage to port 0 drivers.
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AC Characteristics for SAB 8032B-20, 20 MHz (cont'd)

Symbol |Parameter Limit Values Unit
Clock Variable clock
20 MHz clock Vrcrer = 1.2 MHz to 20 MHz
min. max. min. max.
External Data Memory Characteristics
IRLAH RD pulse width 200 - 6rotel—100 | ~ ns
TWLWH WR pulse width 200 - 6rclei—100 | - ns
fLLAx2 Address hold after ALE 70 - 2rcLet—- 30 - ns
RLDY RD to valid data in - 100 ~ Scoot- 150 | ns
1RHDX Data hold after RD 0 - 0 - ns
IRHDZ Data float after RD - 40 - 2rcLcL- 60 ns
nov ALE to valid data in - 250 -~ 8rcLct— 150 ns -
TAVDV Address to valid data in - 285 - 9rcLct—- 165 ns
e ALE to WR or RD 100 200 3rcLeL- 50 3icieL +50. | ns
rAVWL Address to WR or RD 70 - drcto- 130 | -~ ns
fWHLH WR or RD high to ALE high 20 80 rcLeL~ 30 rcLeL + 30 ns
ravwx Data valid to WR transition 5 - wcLeL—~ 45 - ns
1QUWH Data setup before WR 200 - 7icel- 150 | - ns
PWHQX Data hold after WR 10 - cLeL— 40 - ns
RAZ Address float after RD - 0 ~ 0 ns
External Clock Drive XTAL2
1cLCcL Oscillator period - - 50 833.3 ns
ICHCX High time - -~ 15 teLel— foex ns
CLCX Low time - - 15 ICLCL — ICHCX | NS
1CLCH Rise time - - - 15 ns
ICHCL Fall time - - - 15 ns




SAB 8052/8032 Family

ROM Verification Characteristics for SAB 8052B/8032B Family
Ta=25'C+5°C; Vec=5V+10%; Vss=0V

Symbol Parameter Limit Values Unit
min. max.

tAvQv Address to valid data - 48 racL ns
teQv ENABLE to valid data - 48 racL ns
tEHQZ Data float after ENABLE 0 48 racL ns
1/tacL Oscillator frequency 4 6 MHz

Figure 16

ROM Verification

4
Port1,2 < Address
X
" t AVQV
Port0 Data OUT )
/ ELQV / EHQZ
P2.7
ENABLE MCD00049
Microcontroller | Address Data Inputs
SAB 8052B P1.0-P1.7 =A0 - A7 Port0 =D0-D7 | P2.5 - P2.6, PSEN =Vss :
8K x 8 P2.0-P2.4=A8-A12 ALE, EA =ViH
RsT/VPD = ViH1
i

Waveforms

Please refer to SAB 8051A/8031A for AC waveforms.
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SIEMENS

SAB 80515/80535

8-Bit Single Chip Microcontroller

SAB 80515 Microcontroller with factory mask-programmable ROM

SAB 80535 Microcontroller for external ROM

@ 8K x 8 ROM (SAB 80515 only)

@ 256 x 8 RAM

@ Six 8-bit I/O ports, one 8-bit input port for
analog signals

® Three 16-bit timer/counters

@ Highly flexible reload, capture, compare
capabilities

@® Full-duplex serial channel -

® Twelve interrupt vectors, four priority
levels

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

® 16-bit watchdog timer

® Vro provides standby current for 40 bytes
of RAM

® Boolean processor

@ 256 bit-addressable locations

Figure 17
Logic Symbol

Vee Vss

XTAL1
XTAL2

<:> Port 0
8-bit
<—_—> Port 1
8- bit
¢:> Port 2
8-bit
Viger SAB <:> Port 3
. 80515 a-bi
- 80535 ﬁ Part &
' 8- bit

ANO-ANT :)
<:::"> Ports
8-bit

EAH ———y " ALE

VPD

VBB

RESETH# ———= [———= PSEN #

MCLO0076

® Most instructions execute in 1 us

@ 4 s multiply and divide

® External memory expandable up to 128
Kbyte

@ Backwardly compatible with SAB 8051

@ 68-pin plastic leaded chip carrier package
(PL-CC-68)

® Three temperature ranges available:

Oto70°C

-40 to 85°C (T40/85)
-40 to 110°C (T40/110)

Figure 18
Pin Configuration (PL-CC-68)

SAB80515/80535
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SAB 80515/80535

The SAB 80515/80535 is a powerful member
of the Siemens SAB 8051 family of 8-bit mi-
crocontrollers. It is fabricated in + 5 V N-
channel, silicon-gate Siemens MYMOS
technology. The SAB 80515/80535 is a
stand-alone, high-performance single-chip
microcontroller based on the SAB 8051 ar-
chitecture. While maintaining all the SAB
8051 operating characteristics, the SAB

Ordering Information

80515/80535 incorporates several enhance-
ments which significantly increase design
flexibility and overall system performance.

The SAB 80535 is identical with the SAB

80515 except that it lacks the on-chip pro-

gram memory. The SAB 80515/80535 is
supplied in a 68-pin plastic leaded chip carri-
er package (P-LCC-68). ;

Type . , Description

SAB 80515-N

8-bit single-chip microcontroller
~ with mask-programmable ROM

SAB 80535-N

for external memory

SAB 80515-N-T40/85

with mask-programmable ROM, EXT. Temperature

SAB 80535-N-40/85

for external memory, EXT. Temperature

SAB 80515-N-T40/110

with mask-programmable ROM, EXT. Temperature

SAB 80535-N-T40/110

for external memory, EXT. Temperature




__SAB 80515/80535

Pin Definitions and Functions

Symbol

Pin

Input (I)
Output (0)

Function

P4.0-P4.7

1-3, 5-9

l{e]

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

vPD

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

RESET

10

A low level on this pin for the duration of two machine cycles while the
oscillator is running resets the SAB 80515. A small internal pullup
resistor permits power-on reset using only a capacitor connected to
Vss.

VAREF

1

Reference voltage for the A/D converter

VAGND

12

Reference ground for the A/D converter

AN7-ANO

13-20

Multiplexed analog inputs

P3.0-P3.7

21-28

110

Port 3 is an 8-bit quasi-bidirectional /O port. It also contains the

interrupt, timer, serial port and external memory strobe pins that are

used by various options. The output latch corresponding to a

secondary function must be programmed to a one (1) for that function

to operate. Port 3 can sink/source 4 LS-TTL loads. The secondary

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

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

— TxD (P3.1): serial port’s transmitter data output (asynchronous) or
clock output (synchronous) :

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

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

~ T0 (P3.4): counter 0 input ’

- T1 (P3.5): counter 1 input

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

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

P1.7-P1.0

29-36

110

Port 1 is an 8-bit quasi-bidirectional I/O port. It is used for the low-order
address byte during program verification. It also contains the interrupt,
timer, clock, capture and compare pins that are used by various
options. The output latch must be programmed to a one (1) for that
function to operate (except when used for the compare functions). Port
1 can sink/source 4 LS-TTL loads. The secondary functions are
assigned to the port 1 pins, as follows:

— INT3/CCO (P1.0): interrupt 3 input/compare 0 output/ capture 0 input
— INT4/CC1 (P1.1): interrupt 4 input/compare 1 output/ capture 1 input
— INT5/CC2 (P1.2): interrupt 5 input/compare 2 output/ capture 2 input
— INT6/CC3 (P1.3): interrupt 6 input/compare 3 output/ capture 3 input

© Siemens Components, Inc.
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SAB 80515/80535

Pin Definitions and Functions (cont’d)

Symbol

Pin

Input (I)
Output (0)

Function

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

- INT2 (P1.4): interrupt 2 input

- T2EX (P1.5): timer 2 external reload trigger input
— CLKOUT (P1.6): system clock output

- T2 (P1.7): counter 2 input

37

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

XTAL2

39

XTALZ2 is the output from the oscillator's amplifier.Input to the internal
timing circuitry. A crystal, ceramic resonator, or external source can be

| used.

XTALA

40

XTAL1 is the input to the oscillator’s high gain amplifier. Required when
a crystal or ceramic resonator is used. Connect to Vss when external
source is used on XTAL2. )

P2.0-P2.7

41-48

110

Port 2 is an 8-bit quasi-bidirectional I/0 port. It also emits the high-order
address byte when accessing external memory. It is used for the high-

'| order address and the control signals during program verification. Port

2 can sink/source 4 LS-TTL loads.

PSEN

49

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

ALE

50

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

51

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

P0.0-P0.7

52-59

lle}

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

P5.7-P5.0

60-67

lle}

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

vee

68

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

Vss

| 38

GROUND (0V) .




SAB 80515/80535

Figure 19
Block Diagram
XTAL!  XTAL2
r '7'
Yoo 0s RAM ROM I
Vgs o—um| C 8Kx8
s and Timing 256x8 {SAB 80515 onty) |
Vrp o—.-I [
Vgg o———] |
| ) |
| po B I ]Po'rtO
PSEN # om—| CrU ———— — > : = 18- bit
RESET # o——m] I |
EA & 0———{ !
ALE om—ri Watchdog o !
H
i | P1 8‘—1-.— |§?L’l’1
| Timer 0 o |
! |
; |
l Timer 1 e P2 I8 | lgo;l"Z
| -
| |
! Timer 2 ——— :
| 1
| == » ==
l Serial Port | —et—um |
| ! |
Baud Rate l
| Generator | Port &
| —a—om | Pl (B |7
I 8-bit
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SAB 80515/80535

Functional Description

Principles of Architecture

The architecture of the SAB 80515 is based

on the SAB 8051 microcontrolier family. The

following features of the SAB 80515 are fully

compatible with the SAB 8051 features:

- Instruction set

— External memory expansion interface
(port 0 and port 2)

— Full-duplex serial port.

— Timer/counter 0 and 1

— Alternate functions on port 3

— The lower 128 bytes of internal RAM and
the lower 4 Kbytes of internal ROM

bytes of internal RAM and 4 Kbytes of inter-
nal ROM, which results in a total of 256 bytes
of RAM and 8 Kbytes of ROM on chip. The
SAB 80515 has a new 16-bit timer/counter
with a 2:1 prescaler, reload mode, compare
and capture capability. It also contains a 16-
bit watchdog timer, an 8-bit A/D converter
with programmable reference voltages, two
additional quasi-bidirectional 8-bit ports, one
8-bit input port for analog signals, and a pro-
grammable clock output (fosc/12).
Furthermore, the SAB 80515 has a powerful
interrupt structure with 12 vectors and 4 pro-
grammable priority levels.

~ Figure 19 Block Diagram shows a block dia-

- . gram of the SAB 80515.
The SAB 80515 additionally contains 128
Figure 20
Memory Address Spaces
Shared Address Location
FFFF oo
FF FF FFFF
////// \\\\\
/ §§ pecial
A1 / Fincton
External lntemal
External
Data
/// Memory
80 8 &
2000 TF
128-Bytes
Internal
1FFF (=] RAM
Internal External
(EA#=0) {EA#=0)
0 ' 0
Program Memory 00 N \\
Data Memory
Register % Diect Byte
rgrljrreegsing /////1 \\ Addressing




SAB 80515/80535

Absolute Maximum Ratings
Ambient temperature under bias

SAB 80515/80535................. -0to+70°C
Storage temperature ............ —-65t0 150 °C

Voltage on any pin with respect

to ground (Vss) ...ccceveerceneennen -05t0+7V

Power Dissipation ........ccocoverevvencerinnenn.

DC Characteristics

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

Vee=5V+10%; Vss =0 V; Ta=—0to + 70 °C; for SAB 80515/80535
Ta=— 40 to 85 °C; for SAB 80515/80535-T40/85
Ta=—40to 110 °C; for SAB 80515/80535-T40/110

Parameter Symbol Limit Values Unit Test Conditions
min. max.

Input low voltage WV -0.5 0.8 \ -

Input high voltage Vin 2.0 vee+ 0.5 \Y -

(except RESET and XTAL2) '

Input high voltage to XTAL2 Vint 25 vee+ 0.5 Y XTAL 1 to vss

Input high voltage to RESET Vinz 3.0 - \ -

Power-down voltage Vrp 3 5.5 \" Vec=0V

Output low voltage, Voo - 0.45 v Ioo=1.6mA")

ports 1,2, 3,4,5 '

Output low voltage Vo1 - 0.45 - \ To.=32mA?1)

port 0, ALE, PSEN

Output high voltage, VoH 24 - \ Ion=~804A

ports 1,2, 3,4,5

Output high voltage Vou1 2.4 - \ ToH=-400pA

port 0, ALE, PSEN

Logic 0 input current I - -~ 800 uA ViL=0.45V

ports 1,2, 3,4,5

Logic 0 input current T2 - ~-25 mA XTAL1 = vss

XTAL2 ViL=045V

Input low current to I _ - 500 A ViL,=0.45V

RESET for reset .

Input leakage current to port 0, EA, | Iu +10 pA 0V < VIN< Vee

ANO — AN7 -

Power supply current _ A | Alloutputs

SAB 80515/80535 Icc 210 m i

SAB 80515/80535- T40/85 Ico - 230 ma disconnected

SAB 80515/80535 - T40/110 Icc - 230

Power- down current Iro - 3 mA | Vec=0V

Capacitance of I/O buffer Cio ~ 10 pF fo= 1 MHz

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

A/D Converter Characteristics
Vee =5V + 10%; Vss = 0 V; Varer = Vec =5.0 V; Vaano = Vss = 0.0 V; Vinarer ~ Vimaano 21 V; .

Parameter Symbol Limit Values Unit | Test Conditions
min. typ. max.
Analog input voltage Vameur | Vagno- | - Varer+ (V -
0.2 0.2
Analog input capacitance G - 25 - pF 2)
Load time tL -~ - 2ty us -
Sample time (incl. load time) ts - - Stcy us -
Conversion time tc - - 15tcy | pus -
(including sample time)
Differential non-linearity DNLE - +1/2 +1 LSB VRAREF =
Integral non-linearity ) INLE - +1/2 +1 LSB Varer = Vee
Offset error ‘ ) +1/2 +1 LSB VINAGND =
Gain error £1/2 1 LSB |. VaenD = Vss
Total unadjusted error TUE +1 +2 LSB 2
Varer supply current Irer ~ - 5 mA 3)
Internal reference error VINREFER | — +5 +30 mV 3)

)The‘ internal resistance of the analog source must be low enough to assure full Ioading of the sample capaci-
tance (C,) during load time (f,). After charging of the internal capacitance (C,)in the load time (tL) the analog
input must be held constant for the rest of the sample time (s).

3)

The differential impedance o of the analog reference voltage source must be less than 1 ko at reference supply
voltage.




SAB 80515/80535

AC Characteristics
V=5V +10%; Vss=0V;

Ta=0to + 70 C; for SAB 80515/80535

Ta=-40to + 85 "C; for SAB 80515/80535 - T40/85
Ta=-40to + 110 °C; for SAB 80515/80535 - T40/110
~ (C.for port 0, ALE and PSEN outputs = 100 pF; C. for all other outputs = 80 pF)

Program Memory Characteristics

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

Cycle time tcy 1000 - 12t cLaL ~ ns
ALE pulse width fLHLL 127 - 2t cLeL-40 - ns
Address setup to ALE FAVLL 53 — foLeL=30 _ ns
Address hold after ALE tLaxi 48 - tce-35 - ns
ALE to valid instruction in v - 233 - 4t cLe-100 ns
ALE to PSEN tupL 58 - feLeL-25 - ns
"PSEN pulse width teen | 215 - 3roLe-35 - ns
PSEN to valid instruction in teuv - 150 - 3t cLeL-100 ns
Input instruction hold after PSEN | ¢ pxix 0 - 0 - ns
Input instruction fioat after PSEN t pxiz) - 63 - tmcLeL—20 ns
Address valid after PSEN texav? | 75 - t1o1-8 - ns
Address to valid instruction in tavv - 302 - 5¢ cLet-115 ns
Address float to PSEN tazel | O - 0 - ns

*) Interfacing the SAB 80515 to devices with float times up to 75 ns is permissible. This limited bus contention will
not cause any damage to port O drivers.
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External Data Memory Characteristics

V=5V +£10%; Vs=0V;

Ta=0to + 70 ‘C; for SAB 80515/80535

Ta=-40 to + 85 ‘C; for SAB 80515/80535 - T40/85
Ta=-40 to + 110 "C; for SAB 80515/80535 - T40/110

Parameter Symbol Limit Values Unit
‘ Variable Clock
12 MHz Clock 1/t cLeL = 1,2 MHz to 12 MHz
’ min. max. min. max.

RD pulse width £ RLAH 400 - 6rclc-100 | — ns
WR pulse width twwe | 400 -~ 6rcol-100 |~ ns
Address hold after ALE tuaxe | 132 - 2t cLeL-35 - ns:
D to valid data in £ ALDV - 252 - 5tcLcL-165 | ns
Data hold after RD truox |0 - 0 - ns
Data float after RD tRHDz |- 97 - 2tco-70 - |ns
ALE to valid data in fLov - 517 - 8 crcL-150 ns
Address to valid data in t AVDV - 585 - 9tncicl-165 | ns
ALE to WR or RD 1 LWL 200 300 3t cLe-50 3t cLeL + 50 ns
Address to WR or RD favwe | 203 - 4rcle-130 |- ns
WR or RD high to ALE high fwhiH | 43 123 cLcL-40 tocL+40  |[ns
Data valid to WR transition faowwx |33 - toLeL-50 ~ ns

* Data setup before WR taws (433 - 7roel-150 |~ ns
Data hold after WR twiax |33 - tcLet-50 - ns
Address float after RD f RLAZ - 0 - 0 ns




SAB 80515/80535

Figure 21
Program Memory Read Cycle

ALE

|

——t rfo——-
LLAX1
! eLy f@b Toxav
e
Tavt Taze | fexix
B ] "‘J -
r
PORT © lnsir.lNHt A7-AQ lnsfr.lN)— A7-AO )———M—
. 3 \
ot F gy
PORT 2 eSS oy & " Address A15-A8 Address A15-A3
: : MCT00021
- Figure 22
Data Memory Read Cycle

; . WHLH
r - Loy ———————"==

ALE ) / \

PSEN /

fw ! rign
BTN f
FHDZ
F v | 1 # riov £ eHox
I AVDV i fr———
.
PORT 0 )—Z’L A7-AO Xg '} " ¢ Data IN
\ \
»‘ ! puaz
J— |eaRA2 .
Address -

PORT 2 or SFR—P2 Address A15-A8 or SFR-P?

MCT00022
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Figure 23
Data Memory Write Cycle

! whin

LLwL ! WLWH
WR : ? /‘
’ AVWL I3 VWX
I R t
LLAX2 WHOX
B R o, t

" QVWH T

PORT 0 H A7-AO I Data OUT X

PORT 2 Address X Address A15-A8 or SFR-P2

MCT00C23

Figure 24
Recommended Oscillator Circuits

- . XTALY XTALY
" +5V _I:

l 12-12MHz LTk
c ' 1 . :
. 39
I ! BlyaL2 o . XTAL2
7404
TLLSOL MCS00061

C=30pF £10pF

Crystal Oscillator Mode Oriving from External Source




SAB 80515/80535

External Clock Drive XTAL2

Parameter Symbol Limit Values Unit

Variable clock
Freq = 1.2 MHz to 12 MHz

min. max.
QOscillator period tcier - | 83.3 833.3 i l-ns
High time fcHeX 20 tcLC L-tGLex ns
Low time teLek 20 tcLeL-fcHeX ns
Rise time tcieH - 20 ns
Fall time 1 CHOL - 20 ns

Figure 25
External Clock Cycle
lCHCL
fCHCX {ent——
2.5 2.5
S
MCT00025
- forer
Figure 26
A.C. Testing Input, Output, Float Waveforms
2.4

2.0 2.0
Test Points
0.45 0.8 0.8

Float -

2.4 2.0 2.0

0.45 0.8 0.8 0.45
MCA00024

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

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

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

Parameter : Symbol Limit Values Unit
. Variable clock
12 MHz clock 1/t cLew = 1.2 MHz to 12 MHz
min. max. min. max.

ALE to CLKOUT fLLSH 543 - 7t ceL-40 - ns
CLKOUT high time tsusL . | 127 - 2t cLeL-40 - ns
CLKOUT low time : t sLSH 793 - 10t cLei— 40 ~ ) ns
CLKOUT low to ALE high ! sl 43 123 t cLeL-40 t cLcL+40 ns

Figure 27

System Clock Timing

N 'SLLN
ALE ’ N , \ N /_
fisn Fousy [— fiusn
CLK OUT ] \ ) \
"SLSH

RD# WR#

Program Memory Access

R

Data Memory Access

MCT00083
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ROM Verification Characteristics
Ta=25°C+°C; Vec=5V +10%; Vss =0V

Parameter Symbol Limit Values Unit
min. max.
Address to'valid data i tavav - 481 cLcL ns
ENABLE to valid data tELQV - ‘|48tcLeL ns
Data float after ENABLE tEHQZ 0 48 tcLcL ns
Oscillator frequency 1/t cLeL 4 6 MHz
Figure 28

ROM Verification

—
P0r11,2 ﬁr Address

—=t F pvov -
Port0 1 oate oUT
or ara
\ §s
fELOV ; fEHQZ
e — |—
P2.7

ENABLE MED00049

Address: P1.0-P1.7 =A0-A7
P2.0-P2.4 = AB-A12

Data: Port 0 =D0-D7

Inputs:  P2.5-P2.6, PSEN = vss
ALE,EA =VvH
RESET =ViL
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SIEMENS

SAB-C501

8-Bit CMOS Microcontroller

@ Fully compatible to standard 8051
microcontroller

® Versions for 12/20/40 MHz operating
frequency

@ 8 K x 8 ROM (SAB-C501-1R only)

® 256 x 8 RAM

® Four 8-bit ports

® Three 16-bit Timers / Counters (Timer 2
with Up/Down Counter feature)

® USART

@ Six interrupt sources, two priority levels
@ Power Saving Modes

@ P-DIP-40 and P-LCC-44 package

® Temperature ranges: :
7. 0°Cto70°C

The SAB-C501-L/C501-1R described in this
document is compatible with the SAB
80C32/C52 and can be used for all present
SAB 80C52 applications.

The SAB-C501-1R contains a non-volatile
8K x 8 read-only program memory, a volatile
256 x 8 read/write data memory, four ports,
three 16-bit timers counters, a seven source,
two priority level interrupt structure, a serial
port and versatile fail save mechanisms. The
SAB-C501-L is identical, except that it lacks
the program memory on chip. Therefore the
term SAB-C501 refers to both versions
within this specification unless otherwise
noted.

SAB-C501

SAF-C501 7,,—40Cto85°C
Figure 29
SAB-C501

RAM
256 x 8

1/0

CPU
T

1/0

8-bit
USART

1/0

ROM 8k x 8
(SAB-501-1R only)

Port 3 1/0

MCA01762 -
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Ordering Information

" |Type Package Description
‘ (8-Bit CMOS microcontroller)

SAB-C501-LN P-LCC-44 |for external memory
SAB-C501-LP P-DIP-40 12 MHz
SAB-C501-1RN P-LCC-44 |with factory mask-programmable ROM
SAB-C501-1RP P-DIP-40 | |12 MHz
SAB-C501-L20N P-LCC-44 |for external memory
SAB-C501-L20P P-DIP-40 20 MHz
SAB-C501-1R20N P-LCC-44  |with factory mask-programmable ROM
SAB-C501-1R20P  |P-DIP-40 20 MHz
SAB-C501-L40N P-LCC-44  |for external memory
SAB-C501-L40P P-DIP-40 40 MHz
SAB-C501-1R40N P-LCC-44 |with factory mask-programmable ROM
SAB-C501-1R40P  |P-DIP-40 40 MHz
SAF-C501-LN P-LCC-44  |for external memory, 12 MHz
SAF-C501-LP P-DIP-40 ext. temp. -40°Ct0 85 °C
SAF-C501-1RN P-LCC-44 - |with factory mask-programmable ROM
SAF-C501-1RP P-DIP-40 12 MHz ext. temp. - 40 ‘C to 85 °C
SAF-C501-L20N P-LCC-44 for external memory, 20 MHz
SAF-C501-L20P P-DIP-40 ext. temp. — 40 'C to 85 °C
SAF-C501-1R20N  |P-LCC-44 | with factory mask-programmable ROM
SAF-C501-1R20P P-DIP-40 20 MHz ext. temp. — 40 ‘Ct0 85 C

Note: Extended temperature range — 40 °C to 110 °C (SAH-C501) on request.
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Figure 30
Pin Configuration (P-LCC-44)
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Figure 31
Pin Configuration (P-DIP-40)
2/e10 [t — 0[]V
T2ex/P1.1[ 2 39 ;l P0.0/ADO
P1.2[]3 38 Po.1/AD1
P3[4 ‘ 37[] po.2/a02
P1.4[]s 36| ] P0.3/AD3
P15 [ 35[] po.4/ap4
P1.6 []7 34| ] po.5/ADS
pr.7 []8 33[ ] P0.6/AD6
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Figure 32
Logic Symbol Ve  Vas

Port O
XTAL1 ——» 8-bit Digit. 1/0

XTAL2 <€—

Port 1
8-bit Digit. 1/0
RESET — SAB-C501
8-bit Digit. 1 /0
0 git. 1/
ALE +——

Port 3
8-bit Digit. 1/0

—
—
s o 2
K—

PSEN <€——

WMCLO1781

Pin Definitions and Functions

Symbol Pin Number 1/0*) | Function

P-LCC-44 | P-DIP-40

P1.7-P1.0 | 2-9 1-8 | Port 1

is a bidirectional I/O port with internal pull-
up resistors. Port 1 pins that have 1s written
to them are pulled high by the internal
pullup resistors, and in that state can be
used as inputs. As inputs, port 1 pins being
externally pulled low will source current (1,
in the DC characteristics) because of the
internal pull-up resistors. Port 1 also
contains the timer 2 pins as secondary
function. The output latch corresponding to
a secondary function must be programmed
to a one (1) for that function to operate.

2 1 The secondary functions are assigned to
3 2 the pins of port 1, as follows:
P1.0 T2 Input to counter 2

P1.1 T2EX Capture - Reload trigger of
timer 2 / Up-Down count

) | =Input
O = Output
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Symbol Pin Number 1/0*) | Function
P-LCC-44 | P-DIP-40
P3.0-P3.7 | 11,1319 | 10-17 /O Port 3
is a bidirectional I/O port with internal pull-
up resistors. Port 3 pins that have 1s written
to them are pulled high by the internal pull-
up resistors, and in that state they can be
used as inputs. As inputs, port 3 pins being
externally pulled low will source current (i,
in the DC characteristics) because of the
Jinternal pull-up resistors. Port 3 also
contains the interrupt, timer, serial port 0
and external memory strobe pins which are
used by various options. The output latch
corresponding to a secondary function
must be programmed to a one (1) for that
function to operate.
The secondary functions are assigned to
the pins of port 3, as follows:
11 10
P3.0 RxD receiver data input
(asynchronous) or data
input output (synchronous)
13 " of serial interface 0
P3.1 TxD transmitter data output
(asynchronous) or clock
14 12 output (synchronous) of the
serial interface 0
15 13 P3.2 INTO interrupt O input/timer 0
gate control
16 14 P3.3 INT1 interrupt 1 input/timer 1
17 15 gate control
18 16 P34 TO counter 0 input
P3.5 1 . counter 1 input
19 17 P3.6 WR the write control signal
latches the data byte from
port 0 into the external data
o memory
P3.7 RD the read control signal
enables the external data
memory to port O
XTAL2 20 18 - XTAL2
Output of the inverting oscillator ampilifier.
) | =Input

O = Output
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Symbol

Pin Number

P-LCC-44

P-DIP-40

1/0*)

Function

XTAL1

21

19

XTAL1
Input to the inverting oscillator amplifier and
input to the internal clock generator circuits.

To drive the device from an external clock
source, XTAL1 should be driven, while
XTAL2 is left unconnected. There are no .
requirements on the duty cycle of the
external clock signal, since the input to the
internal clocking circuitry is divided down by
a divide-by-two flip-flop. Minimum and
maximum high and low times as well as rise
and fall times specified in the AC
characteristics must be observed.

P2.0-P2.7

24-31

21-28

/0

Port 2

is a bidirectional I/O port with internal pull-
up resistors. Port 2 pins that have 1s written
to them are pulled high by the internal pull-
up resistors, and in that state they can be
used as inputs. As inputs, port 2 pins being
externally pulled low will source current (1,
in the DC characteristics) because of the
internal pull-up 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 pull-up
resistors when issuing 1s. During accesses
to external data memory that use 8-bit
addresses (MOVX @Ri), port 2 issues the
contents of the P2 special function register.

PSEN

32

29

The Program Store Enable

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

RST

10

RESET

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

*) 1 =Input
O =Output

© Siemens Components, Inc.
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Symbol

Pin Number

P-LCC-44

P-DIP-40

1/10%)

Function

ALE

33

30

The Address Latch Enable

output is used for latching the low-byte of
the address into external memory during
normal operation. It is activated every six
oscillator periods except during an external
data memory access.

35

31

External Access Enable

When held at high level, instructions are
fetched from the internal ROM (SAB C501-
1R only) when the PC is less than 2000H.
When held at low level, the SAB C501
fetches all instructions from external
program memory.

For the SAB C501-L this pin must be tied
low.

P0.0 - P0O.7

43-36

39-32

e

Port 0 .

is an 8-bit open-drain bidirectional /O port.
Port 0 pins that have 1s written to them
float, and in that state can be used as high-
impedance inputs. Port O is also the
multiplexed low-order address and data
bus during accesses to external program or
data memory. In this application it uses
strong internal pull-up resistors when
issuing 1s.

Port 0 also outputs the code bytes during
program verification in the SAB C501-1R.
External pull-up resistors are required
during program verification.

VSS

22

.20

Circuit ground potential

Vee

44

40

Supply terminal for all operating modes

N.C.

1,12,
23,24 .

No connection

*) | =Input
O = Output
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Functional Description characteristics of the SAB 80C52 the SAB-

. . C501 incorporates some enhancements in
The SAB-C501 is fully compatible to standard  ihe Timer2 Unit.

8051 microcontroller. . :
. . . . Figure 33 Block Diagram of the SAB-C501
It is compatible with the SAB 80C52. While  ghowg a block diagram of the SAB-C501.
maintaining all architectural and operational

Figure 33
Block Diagram of the SAB-C501
r-—-————~—F~~>—"">""rT T T e s T s T T T T T 1
|
: ROM
| RAM | 8k x 8
XTALL ——»! 256 x 8 501-1R
: 0SC & Timing only
XTAL? +——

|
— [
|

RESET ——»! CPu

| <
I
] T 0 . Port 0
ALE imer < > Port 0 <:> 8-bit Digit. 1/0
PSEN <+— ook !
EA | . !
——’I Timer 1 <:: ____:> Port 1 Port 1
: ° <::u\r/ 8-bit Digit. 1/0
! Timer 2 <: ! Port 2
1
| —— ) petz K Bl Digt. 1/0
: Interrupt Unit <: :
| Port 3 )
| Port 3 |G 8bit Digi. 1/0
| Serial Channel !
| |
b o e J

MCBO1782
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CPU

The SAB-C501 is efficient both as a
controller and as an arithmetic processor. It
has extensive facilities for binary and BCD
arithmetic and excels in its bit-handling

memory results from an instruction set
consisting of 44% one-byte, 41% two-byte,
and 15% three-byte instructions. With a 12
MHz crystal, 58% of the instructions are
executed in 1.0 1s (20 MHz: 600 ns, 40 MHz:
300 ns). -

Figufe 34 Special Function Register PSW

capabilities. Efficient use of program
MSB
Bit No. 7 6 5

LSB
3 2 1 0

Addr.ODOH | CY | AC | Fo | RSt | Rso.| OV | F1 | P | Psw

Bit Function

cy B Carry Flag -

AC | Auxiliary Carry Flag (for BCD :opgra@iongl 7

FO Generalr Purpose Flalg” -

RS1 RSO Register Bank select control bits

0 0 - |Bank 0 selected, data address 00H — 07H

0 1 Bank 1 selected, data address 08H — OFH

1 0 Bank 2 selected, data address 10H - 17H

1 1 Bank 3 selectedl QartrargddreAss 18H - 1FH, - )

ov , ng{flow Flag -

Fi v General Purpose Flag

. P o " |Parity Flag

Set/cleared by hardware each instruction cycle to indicate an odd/
even number of "one” bits in the acoumulator, Ls. even parity.

Reset value of PSW is 00H.
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Special Function Registers

All registers, except the program counter and
the four general purpose register banks,
reside in the special function register area.

The 27 special function registers (SFR)
include pointers and registers that provide an .
interface between the CPU and the other on-
chip peripherals. There are also 128 directly

Table 1

addressable bits within the SFR area.

All SFRs are listed in Table 1, Table 2, and
Table 3.

In Table 1 they "are organized in numeric
order of their addresses. In Table 2 they are
organized in groups which refer to the
functional blocks of the SAB-C501. Table 3
illustrates the contents of the SFRs.

Special Function Registers in numeric order of their addresses

. Contents . Contents
Aeress Register after Reset Address Register after Reset

80H po " OFFH 98H SCON 00H
81H SP 07H 99H SBUF XXH?2
82H DPL O0H 9AH reserved XXH 2
83H DPH 00H 9BH reserved XXH 2)
84H reserved | XXH 2) 9CH reserved | XXH 2)
85H reserved XXH 2) 9DH reserved | XXH?2
86H reserved XXH 2) 9EH reserved | XXH2)
87H PCON 00H 9FH reserved XXH 2
88H TCON 1) 00H AOH P2 OFFH
89H TMOD 00H A1H reserved XXH 2)
8AH TLO 00H A2H reserved XXH 2)
8BH TLI 00H A3H reserved XXH 2)
8CH THO O0H A4H reserved XXH 2
8DH TH1 00H A5H reserved XXH 2)
8EH reserved XXH 2 A6H reserved XXH 2)
8FH reserved XXH 2 A7H reserved XXH 2
90H P11 OFFH A8H IEV 00H
g1H reserved 00H ASH reserved XXH 2)
92H reserved XXH 2 AAH reserved XXH 2
93H reserved XXH 2) ABH reserved XXH 2
94H reserved XXH 2) ACH reserved XXH 2)
95H reserved XXH 2 ADH reserved XXH 2
96H reserved XXH 2) AEH reserved XXH2)
97H reserved XXH2) AFH reserved XXH 2)

1) Bit-addressable Special Function Register

2} X means that the value is indeterminate and the location is reserved
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Table 1

Special Function Registers in numeric order of their addresses (cont'd)

Address
BOH
B1H
B2H
B3H
B4H
B5H

N6H
B7H

B8H
B9H
BAH
BBH
BCH
BDH
BEH
BFH
COH
CiH
C2H
C3H
C4aH
C5H
CéH
C7H
C8H
CoH
CAH
CBH
CCH
CDH
CEH
CFH

DOH
D1H
D2H
D3H
D4H
DSH
D6H
D7H

reserved

Register -

- p3l

reserved
reserved
reserved
reserved
reserved
reserved
reserved

Py
reserved
reserved
reserved
reserved
reserved
reserved

reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
T2CON
T2MOD
RC2L
RC2H
- TL2
TH2
reserved

__reserved
psw !

reserved
reserved
reserved
reserved
reserved
reserved
reserved

~ Contents

~ Contents

after Reset Address Register after Reset
OFFH D8H reserved XXH 2)
XXH 2) DOH reserved XXH 2)
XXH 2 DAH reserved XXH 2)
XXH 2) DBH reserved XXH 2
XXH 2) DCH reserved XXH 2
XXH 2 DDH reserved XXH2) -
XXH 2 DEH reserved XXH 2)
XXH 2 DFH reserved XXH 2
X0000000B 2) EOH acc? 00H
XXH @) E1H reserved XXH @)
XXH 2) E2H reserved XXH 2
XXH 2) E3H reserved XXH 2
XXH 2 E4H reserved XXH 2)
XXH 2) E5H reserved XXH2)
XXH 2) E6H reserved XXH 2)
XXH 2 E7H reserved XXH 2)
XXH 2 E8H reserved XXH 2
XXH 2 E9H reserved XXH 2
XXH 2) EAH reserved XXH 2
XXH 2 EBH reserved XXH 2
XXH 2 ECH reserved XXH 2
XXH 2 EDH reserved XXH 2
XXH 2 EEH reserved XXH 2)
XXH 2 EFH reserved XXH 2
00H FOH B" 00H
XXXXXXX0 2 F1H reserved XXH 2
00H F2H reserved XXH 2
00H F3H reserved XXH @)
OOH . F4H reserved XXH 2)
OOH F5H reserved XXH 2
XXH 2) F6H reserved XXH 2
XXH 2 F7H reserved XXH 2
00H F8H reserved XXH 2
XXH 2 FOH reserved XXH 2
XXH2) FAH reserved XXH 2)
XXH 2 FBH reserved XXH 2
XXH 2) FCH reserved XXH 2
XXH 2 FDH reserved XXH 2
XXH 2) FEH reserved XXH @)
XXH 2 FFH reserved XXH 2
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Table 2

Special Function Registers - Functional blocks

Contents
Block Symbol Name Address after
Reset
CPU ACC  |Accumulator oEoH ) |ooH
B B-Register OFOH " |0oH
DPH Data Pointer, High Byte 83H 00H
DPL Data Pointer, Low Byte 82H 00H
PSW Program Status Word Register oDoH " |ooH
SP Stack Pointer 81H 07H
Interrupt IE Interrupt Enable Register 0AgH?)  0oH
System P Interrupt Priority Register 0B8H ,1) 00H
Ports PO Port 0 80H!  oFFH
P1 Port 1 90H"  OXXH?3)
P2 Port 2 0AOH ! | OFFH
P3 Port 3 0BoH" |OFFH
Serial PCON 2) [ Power Control Register 87H |00H
Channels SBUF Serial Channel Buffer Reg. 99H OXXH ¥
SCON  |Serial Channel 0 Control Reg. 98H 1 00H
Timer 0/ TCON  Timer 0/1 Control Register 8sH!  |ooH
Timer 1 THO Timer 0, High Byte 8CH 00H
THA1 Timer 1, High Byte 8DH O0H
TLO Timer O, Low Byte 8AH 00H
TLA Timer 1, Low Byte 8BH O00H
TMOD - |Timer Mode Register 89H O0H
Timer 2 T2CON | Timer 2 Control Register ocsH |ooH
T2MOD | Timer 2 Mode Register 0C9H 00H
RC2H Timer 2 Reload Capture Reg., High Byte | 0CBH 00H
RC2L Timer 2 Reload Capture Reg., Low Byte |0CAH O0H
TH2 Timer 2, High Byte OCDH 00H
TL2 Timer 2, Low Byte OCCH 00H
Pow.Sav.Modes PCON |Power Control Register 87H 00H

1 Bit-addressable special function registers
2) This special function register is listed repeatedly since some bits of it also belong to other functional blocks
3 X means that the value is indeterminate and the location is reserved

© Siemens Components, [nc.
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Contents of SFRs, SFRs in numeric order

SAB-C501
Table 3

Address | Register
80H
81H
82H
83H
87H
88H
89H
8AH
8BH
8CH
8DH
90H
98H
99H
AOH
A8H
BOH
B8H
C8H
C9H

SFR bit and byte addressable
" | SFR not bit addressable
- : = this bit location is reserved
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Table 3

Contents of SFRs, SFRs in numeric order (cont'd)

Add,’???,, ngi‘sterr i

— : = this bit location is reserved “

© Siemens Components, Inc.
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Timer/Counter 0 and 1

Timer/Counter 0 and 1 can be used in four .

operating modes as listed in Table 4:

Table 4 )
Timer/Counter 0 and 1 operating modes

Mode | Description
Gate
0 8-bit timer/counter with a X
divide-by-32 prescaler
1 16-bit timer/counter 7 X
2 8-bit timer/counter with X
8-bit autoreload
3 Timer/counter Oused as one | X
8-bit timer/counter and one
8-bit timer
Trifrrj_er1 stops

In the “timer” function (C/T = ‘0’) the register is
incremented every machine cycle. Therefore
the count rate is f,/12.

In the “counter” function the register is
incremented in response to a 1-t0-0 transition
at its corresponding external input pin (P3.4/
TO, P3.5/T1). Since it takes two machine

Figure 35
Timer/Counter 0 and 1 input clock logic

TMOD Input Clock

= . external
cT | M1 | MO internal (max)

X | 0| 0 |fosc/12x32 |fosc24x32
X |1 1 |fosc/12 |fosc24
X 0 0 |fosc/12 fosc/24
X |1 [ 1 Jfsei2 [fosc24

cycles to detect a falling edge the max. count
rate is fos/24. External inputs INTO and INT1
(P3.2, P3.3) can be programmed to function
as a gate to faciltate pulse width
measurements. Figure 35 Timer/Counter O
and 1 input clock logic illustrates the input
clock logic.

P3.2/INTO

fosc » =12 ’ > fosc/12
¢/T
TMOD
0
P3.4/T0 o7 L Timer 0/1
P3.5/T1 N o 1 Input Clock
mox fosc/24 1
TR 0/1 Control
TCON &
Gate =1
TMOD 1

P3.3/INT1

MCS01768
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Timer 2 » ' timer or as an_event counter which is
selected by bit C/T2 (T2CON.1). it has three

Timer 2 is a 16-bit Timer/Counter withan up/  gperating modes as shown in Table 5.

down count feature. It can operate either as

Table 5 :
Timer/Counter 2 operating modes

~ T200N  |amop T2cON| ~ Input Clock
P11/
Mode RxgrLK CP/ | 1po ToEx| Remarks internal | EXternal
Lk | RL2 DCEN | EXEN (P1.0/T2)
TxCLK :
16-bit 0 0 1 0 0 X |reload upbn N
Auto- ' ' . overflow
reload 0 0 1 0] 1 reload trigger max
(falling edge) | /Y12 | foscoa
0 0] 1 1 X 0 |Down counting
o 0 0 1 1 X 1 Up countiqg
16-bit 0 1 1 X 0 X |16 bit Timer/
Cap- : Counter (only
ture up-counting) max
0 11 X 1 L lcapture TH2, | /912 | (o4
TL2 — RC2H,
B A N AR R, R DR L. i
Baud 1 X 1 X 0 X ino overflow
Rate , interrupt
Gene- request (TF2) max
rator 1 X 1 X 1 l |extra external fosc/2 Josc/24
interrupt :
SN O (R R _|(Timer 2’) .
of | X [ X 0] X | X | X |Tmer2stops | - | -

Note: = \ falling edge
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Serial Interface (USART)

The serial port is full duplex and can operate

in four modes (one synchronous mode, three

Table 6
USART operating modes
SCON
Mode : Baudrate
SMO . |- SM1
0 0] 0 Sfosc/12
1 0 1 Timer 1/2 overflow rate
2 1 0 | fosc/32 Of fosc/B4
3 1 1 Timer 1/2 overflow rate
Table 7

Formulas for calculating Baudrates

Baud rate .
derived from I‘nterface Mode
Oscillator ’ 0
2
Timer 1 (16-bit timer) 1,3
(8-bit timer with 1,3

8-bit autoreload)
Timer 2 1,3

asynchronous modes) as illustrated in Table
6. The possible baudrates can be calculated
using the formulas given in Table 7.

Description

| Serial data enters and exits through RxD.

| T<D outputs the shift clock. 8-bit are
transmitted/received (LSB first)

8-bit UART

10 bits are transmitted (through TxD) or
received (RxD)
9-bit UART

11 bits are transmitted (TxD) or

received (RX,D), B

9-bit UART

Like mode 2 except the variable baud rate

Baudrate
fosc/12
(25"“’OD X quq) /64 -
(25MoD x timer 1 overflow rate) /32
(2sM00 x fosc) / (32 x 12 x (256-TH1)) -

fosc/ (32 x (65536-(RC2H, RC2L))
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Interrupt System Figure 36 Interrupt Request Sources gives a

. . general overview of the interrupt sources
The SAB-C501 provides 6 interrupt sources  anq jljustrates the request and control flags.
with two priority levels.

VFigure 36 - - - - -
interrupt Request Sources : High Priority I
1 .t
Timer O Overflow TF0 O/Or— « o ——o/; s Low Priority
TCON.5 ET0 PT0
IE.1 IP.1
Timer 1 Overflow ool e~ 0 F—/z N
TCON.0 : >
TCON.7 Ty PT1
IE.3 IP.3
Timer 2 Overflow TF2 S ./ '/ ./O—b
21 e~ ol e 0
P1.1/ T2CON.7 B © >
P N He o {2 £ P12
IE.5 IP.5
EXENZl  12CON.6
T2CON.3 —l_RI__}— >1 »—A [ | ./O __./O —>
USART SCON.O o >
L ES PS
SCON.1 IE.4 IP.4
D>
/ol — =l —l
m \_ TCON.1 [ oo
IE.0 IP.0
TCON.O D
.
P3.3/_lem° e H e % e g
INTH o 8 -\- o >
T TCONS 5l [ea | [P
TCON.2 I£2  IE7 1P.2 WCS01783
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Table 8

Interrupt sources and thelr correspondmg mterrupt vectors

Source (Request Flags) Vector Vector A&dress '

IEO ~ |External interrupt 0 0003H

TFO Timer O interrupt 000BH

1E1 External interrupt 1 0013H

TF1 Timer 1 interrupt 001BH

Rl +TI Serial port interrupt 0023H

TF2 + EXF2 Timer 2 interrupt j002BH o
A low-priority interrupt can itself be higher priority is serviced. If requests of the

interrupted by a high-priority interrupt, but not
by another low-priority interrupt. A high-
priority interrupt cannot be interrupted by any
other interrupt source.

If two requests of different priority level are
received simultaneously, the request of

Table 9
Interrupt priority-within-level

Interrupt Source

External Interrupt O, IEO

Timer O Interrupt, TFO
External Interrupt 1, IE1

Timer 1 Interrupt, TF1

Serial Channel, RI+ Tl
Timer 2 Interrupt, TF2 + EXF2

same priority 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 as
shown in Table 9.

|priovity




SAB-C501

Power Saving Modes

Two power down modes are available, the
Idle Mode and Power Down Mode.

The bits PDE, PDS and IDLE, IDLS select the

respectively. If the Power Down mode and
the Idle mode are set at the same time, the
Power Down mode takes precedence. Table
10 gives a general overview of the power
saving modes.

Power Down mode or the Idle mode,
Table 10
Power Saving modes overview
Mode Entering | vingby | Remarks
Exampie
~ Ildlemode  ORLPCON, #01H |- enabled interrupt |CPU is gated off
ORL PCON, #20H |- Hardware Reset |CPU status registers maintain
: their data.
Peripherals are active
I o ____ |Double instruction sequence
Power-Down |ORL PCON, #02H |Hardware Reset Oscillator is stopped, contents
Mode ORL PCON, #40H of on-chip RAM and SFR’s are
maintained (leaving Power |
Down Mode means
redefinition of SFR contents).
- B - 7 Double instruction sequence -

In the Power Down mode of operation, Vcc
can be reduced to minimize power
consumption. it must be ensured, however,
that V.. is not reduced before the Power
Down mode is invoked, and that V. is
restored to its normal operating level, before
the Power Down mode is terminated. The
reset signal that terminates the Power Down

mode also restarts the oscillator. The reset
should not be activated before V. is restored
to its normal operating level and must be held
active long enough to allow the oscillator to
restart and stabilize (simulator to power-on
reset).

© Siemens Components, Inc.
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Absolute Maximum Ratings

Ambient temperature , o
under bias (7.) -o-eveeveerrereeeenes ~-40to+ 85°C
Storage temperature (7y).....~ 65 to + 150 C

Voltage on v, pins with
respect to ground (Ves)...c...... ~05Vto65V
Voltage on any pin with
respect to ground (vs)..— 0.5 V tove+05V

Input current on any pin during

overload condition ........ -10mAto+ 10 mA
Absolute sum of all input currents

during overload condition ............ 100 mA |

Power dissipation et TBD

DC Characteristics

Note: Stresses above those listed under
" “Absolute Maximum Ratings” may
cause permanent damage of the
device. This is a stress rating only
and functional operation of the
device ‘at these or any other
conditions above those indicated in
the operational sections of this
specification is not implied. Exposure
to absolute maximum ' rating
conditions. for longer periods may
affect device reliability. During
overload conditions (Ve > Ve, OF Vo<
Vec) the Voltage on V.. pins with
respect to ground (Vo) must not
exceed the values defined by the
absolute maximum ratings.

Voe=5V+10%,-15%; Ve =0 V; T, = 0°C to 70 °C for the SAB-C501
T.=—40°C to 85 °C for the SAF-C501

Parameter Symbol

min.
Input low voltage (except |V, -0.5
EA, RESET)
Input low voltage (EA) Vi -05
Input low voltage (RESET) |V, -05
Input high voltage (except |V 0.2 Ve
XTAL1, EA, RESET)
Input high voltage to XTAL1 Vi 0.7 V¢

Input high voltage to EA, | Vi, 0.6 Ve
RESET

Output low voltage Voo -
(ports 1, 2, 3)

Output low voltage Vous -
(port 0, ALE, PSEN)

Output high voltage Vo 24
(ports 1, 2, 3) 0.9 v,
Output high voltage Von 2.4
(port 0 in external bus 0.9 v,
mode, ALE, PSEN)

Logic 0 input current ‘I.L -10

(ports 1, 2, 3)

Limit Values Unit | Test Condition
Imax.
0.2 VCC - 0.1 V -

02V,-03,V -
» 0.2 V,C‘?,+,Q'1, \'} -
+0.9 |Vc+05 \'% -

Vee+05 WV

Voo + 0.5 vV oo-

0.45 VvV L,=16mA"

0.45 V I,=32mA"

- V. |I,=—80pA,

= , IOH =7-7-10 UA

- V' lou=—800 uA 2)

- Iou=—80 pA2)
50 | pA Vy=045V
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DC Characteristics (cont)

Parameter Symbol|  LimitValues | Unit |Test Condition
Logical 1-to-0 transition I - 65 - 650 HA ([Vy=2V
current (ports 2, 3) ‘ I -
Input leakage current L, - +1 HA  [0.45 < Viy < Ve
{porto,EA) |
Pin capacitance Co - 10 pF |f:=1MHz,
N I R |Ta=25C

Power supply current:

Active mode, 12 MHz 7 | I - TBD mA V=5V,

ldle mode, 12 MHz7) _ |1, - TBD mA V=5V,

Active mode, 20 MHz 7 I, - TBD mA |V=5V,%

Idle mode, 20 MHz 7) Iec - TBD mA V=5V, 5)

Active mode, 40 MHz 7 | I, - TBD mA |Vee=5V,%

Idle mode, 40 MHz ) |1 - TBD mA |Ve=5V,9

Power pown Modewm IPD = 7”777_71@9 - LA Vcc; 2..55V,»

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

2) Capacitive loading on ports 0 and 2 may cause the Vo, on ALE and PSEN to momentarily fall bellow the 0.9 V¢
spec;ification when the address lines are stabilizing.

3) 1., (Power Down Mode) is measured under following conditions:
EA = RESET = Port0 = Vc; XTAL2 = N.C.; XTAL1 = V; all other pins are disconnected.

4 I, (active mode) is measured with:

XTAL1 driven with rc cu, forc, = 508, Vi = Ve + 0.5V, Viy = Ve — 0.5 V; XTAL2=N.C,;
EA =Port0 = RESET = Vcc; all other pins are disconnected. /o would be slightly higher if a crystal oscillator is
used (appr. 1 mA).

5) I«c (Idle mode) is measured with all output pins disconnected and with all peripherals disabled;
XTAL1 driven with o cp, fonc, =5 0s, Vi = Ves + 0.5V, Viy = Ve — 0.5 V; XTAL2 = N.C.;
RESET = EA = Vgs; Port0 = V; all other pins are disconnected;

7) Ic wax 8t other frequencies is given by:
active mode: TBD
idle mode: TBD
where fosc is the oscillator frequency in MHz. I values are given in mA and measured atv,, =5 V.
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AC Characteristics for SAB-C501-LN / C501-RN
Vee=5V+10%,—15%; ves =0V

1, =0°C to 70 °C for the SAB-C501
7, =~ 40 C to 85 °C for the SAF-C501

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

Program Memory Characteristics

Parameter Symbol Lih\it Vélues ' | Unit

12MHz = Variable Clock

Clock 1/t = 3.5 MHz to 12 MHz

min. |max. min. max.
ALE pulse width rL,;LVL' o127 - 2@#—401 - s
Address setup to ALE o 148 = =40 - s
- Address hold after ALE Fiax 60 - fee — 23 - 'ﬁs ”

Address to valid instr in |- 283 - 410 —100 |ns.
ALE to PSEN o fuee |58 - tcm-.-25b - ns
PSEN pulse width . 215 - s —35 |- 7 ns
PSEN to valid instr in oy |- 150 - 3t~ 100 |ns
input instruction hold after PSEN t,;x.x o - o |-  ns
Input instruction float after PSEN | fpx) - 83 - . rCLCLi—Zoi s
Address valid after PSEN thAV')” |75 - tmL—B KV ,A - ns
Address to valid instr in tw |- |802 |- |Btaq-115 ns
Address float to F’Sﬁ tAZ;L 0 - 0 - ns

" Interfacing the SAB-C501 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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AC Characteristics for SAB-C501-L / C501-1R

External Data Memory Characteristics

Parameter Symbol Limit Values Unit
12 MHz Variable Clock
Clock 1/tcrer = 3.5 MHz to 12 MHz
min. |max. |min. max.
RD puise width taran 400 |- 6t — 100 |- ns
WR pulse width fuwe 400 = |6tge—100 |- ns
Address hold after ALE fuaxe 132 |- 2t — 35 - ns
RD to valid datain fevov - 252 |- St — 165  |ns
Data hold after RD farox 0 - 0 - ns
Data float after RD oz |- 97 |- 2te—70 NS
ALE to valid data in fuov - 517 |- 80— 150 |ns
Address to valid data in tavoy - 585 |- Otoe — 165  |ns
ALE to WR or RD tuwm 200 (300 |3tqe—50 |3ta+50 |ns
Address valid to WR or RD Iava 203 |- 8o —130 |- ns
WR or RD high to ALE high e 43 (123 |t —40 toor + 40 ns
Data valid to WR transition fawx 33 |- fore. — 50 - ' ns
Data setup before WR [— 433 |- Ttoc— 150 |- ns
Data hold after WR furax 33 |- fore, — 50 - ns
Address float after RD tonz - 0 - 0 , ns

External Clock Drive

Parameter Symbol Limit Values Unit
Variable Clock
Freq. = 3.5 MHz to 12 MHz
min. max.
Oscillator period fereL 83.3 285.7 ns
High time tomex 20 ferer — forex ns
Low time Lerex 20 Torer = femox ns
Rise time feen - 20 ns
Fall time Foner - 20 ns
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AC Characteristics for SAB-C501-L20 / C501-1R20
Vee=5V+10%,~15%; Vs =0V

7,= 0°C to 70 °C for the SAB-C501
T, = — 40 °C to 85 °C for the SAF-C501

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

Program Memory Characteristics

Parameter Symbol Limit Values Unit
20 MHz Variable Clock
Clock 1/tc.c. = 3.5 MHz to 20 MHz
min. max. |min. max.
ALE pulse width fo 60 - 2~ 40 - ns
Address setup to ALE tavie 20 - tere — 30 - ns
Address hold after ALE fiax 20 - ferer — 30 - ns
Address to valid instr in tuw - 100 |- dtee —~100 NS
ALE to PSEN fun 25 |- feroL — 25 - ns
PSEN pulse width touon 115 |- 3o ~35 |- ns
PSEN to valid instr in touy - 75 |- Bt~ 75 ns
input instruction hold after PSEN | fpxx 0 - 0 - - |ns
Input instruction float after PSEN | fex; - 40 |- tace—10  |ns
Address valid after PSEN v |47 |- forr — 3 - ns
Address to valid instr in tavy - 190 |- 5tac.—60  |ns
Address float to PSEN tazer 0 - o - ns

*) Interfacing the SAB-C501 to devices with float times up to 45 ns is permissible. This limited bus contention wifl
not cause any damage to port 0 Drivers.
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AC Characteristics for SAB-C501-L20 / C501-1R20

External Data Memory Characteristics

Parameter Symbol Limit Values Unit
18 MHz Variable Clock
Clock 1/tcreL = 3.5 MHz to 20 MHz
min. |max. |min. max.
RD pulse width frurn 200 |- Bt — 100 |- ns
WR pulse width fwwn  |200  |— Bl — 100 |- ns
Address hold after ALE fiaxe 65 - 2tcc.— 35 - ns
RD to valid data in faov |- 155 |- Bt —95  |ns
Data hold after RD friox 0 - 0 - ns
Data float after RD frvng - 40 |- 2t — 60 ns
ALE to valid data in oy - 250 |- 8tcc.— 150 |ns
Address to valid data in tavov - 285 |- 9t — 165 |ns
ALE to WR or RD fuw 100 |200 |3f0c—50 |Btae +50  |ns
Address valid to WR or RD Lot 70 |- 4t —130 |- ns
WR or RD high to ALE high far 20 |80 [foe—30 fore + 30 ns
Data valid to WR transition tovwx 5 - tocl — 45 - ns
Data setup before WR favam 200 |- Ttao — 150 |— ns
Data hold after WR funox 10 |- |t —40 - ns
Address float after RD ez - 0 - 0 ns

External Clock Drive

‘Parameter Symbol Limit Values Unit
Variable Clock
Freq. = 3.5 MHz to 20 MHz
min. max.
Oscillator period - toroL 50 285.7 ns
High time fenex 20 terer — torex ns
Low time torex 20 forel — Temex ns
Rise time torcn — 20 ns
Fall time Fome - 20 ns
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AC Characteristics for SAB-C501-L40 / C501-1R40

Advance Information
Vee=5V+10%,—-15%; vs =0V

7, =0°C to 70 °C for the SAB-C501
1, =— 40 C to 85 °C for the SAF-C501

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

Program Memory Characteristics

Parameter Symbol Limit Values Unit
40 MHz Clock Variable Clock
1t e = 3.5 MHz to 40 MHz
min. max. min. max.

' ALE pulse width fo 35 |- TBD TBD ns
Address setup to ALE tavie 10 - TBD TBD ns
Address hold after ALE Tuax 10 - TBD TBD . ns
Address to valid instr in fuw - 60 |TBD TBD ns
ALE to PSEN tum 10 |- TBD |TBD ns
PSEN pulse width Touen 60 |- TBD TBD ns
PSEN to valid instr in touy - 40 |TBD TBD ns
Input instruction hold after PSEN | fexx 0 - TBD TBD ns
Input instruction float after PSEN |fpx,? |- 20 |TBD TBD ns
Address valid after PSEN texa |TBD |— TBD TBD ns
Address to valid instr in tavy - 90 TBD TBD ns
'PSEN to Address float founz - 10 |TBD TBD ns

*) Interfacing the SAB-C501 to devices with float times up to TBD ns is permissible. This limited bus contention will
not cause any damage to port 0 Drivers.
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AC Characteristics for SAB-C501-L40 / C501-1R40 (cont'd)

Advance Information

External Data Memory Characteristics

Parameter Symbol Limit Values Unit
40 MHz Variable Clock
Clock 1/te. = 3.5 MHz to 40 MHz
min. max. {min. max.

RD pulse width - 120 |- TBD TBD ns
WR pulse width town 120 - |- TBD TBD ns
Address hold after ALE TLiaxe 10 - TBD TBD ns
RD to valid data in fruov - 75 |TBD TBD ns
Data hold after RD frvox 0 - TBD TBD ns
Data float after RD trvoz - 20 |TBD TBD ns
ALE to valid data in tuov - 150 |TBD TBD ns
Address to valid data in tavov - 150 |TBD TBD ns
ALE to WR or RD fuw 60 |100 |TBD TBD ns
Address valid to WR or RD TavwL 70 - TBD TBD ns
WR or RD high to ALE high fwrus 10 |40 |TBD TBD ns
Data valid to WR transition f— 5 - TBD TBD ns
Data setup before WR fown 125 |— TBD TBD ns
Data hold after WR twox |5 - TBD TBD ns
Address float after RD touz - 0 TBD TBD ns
© Siemens Components, Inc. 4-79
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Advance Information

External Clock Drive

Parameter Symbol

Limit Values Unit
Variable Clock
Freq. = 3.5 MHz to 40 MHz
‘ min. max.
Oscillator period , tereL 25 285.7 ns
High time . onex TBD forel = torox ns
Low time forex TBD ferol = Temex ns
Rise time ‘ feien - TBD ns
‘Fall 'time tercL - TBD . ns
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Figure 37

ALE ;

Program Memory Read Cycle
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Figure 38
Data Memory Read Cycle
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Figure 39
Data Memory Write Cycle
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ROM Verification Characteristics for SAB-C501-1R

ROM Verification Mode 1

Parameter |Symbol Limit Values Unit
_ _ | min. _|max.
Address to valid data favay - 481c.c. ns
ENABLE to valid data © e - 48fcic ns
Data float after ENABLE Tenaz 0. 481c1c0 ns
Oscillator frequency Vg |4 6 MHz
Figure 40

ROM Verification Mode 1
e —{ e

- favav

Port)  —————— Dato OUT

NCTD0049

Address: P1.0-P1.7=A0-A7 Inputs: P2.5-P2.6, PSEN=¥
P2.0-P2.4=A8-A12 ALE, EA= Vy
Data:  P0.0-P0.7=D0-D7 RESET = Vyy
Figure 41
AC Testing: Input, Output Waveforms
Vee —0.5V
¢ 0.2Vec+0.9
Test Points
0.2 Vc-0.1
0.45v =
MCTC0039
AC Inputs during testing are driven at V. — 0.5 V for a logic ‘1" and 0.45 V for a logic ‘0’.
Timing measurements are made at V., for a logic ‘1’ and V.., for a logic ‘0’.
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Figure 42
AC Testing: Float Waveforms

Vou—0.1V
Timing Reference

Points
/ VOL —0. l V

, NCT00038
For timing purposes'a port pin is no longer floating when a 100 mV change from load
voltage occurs and begins to float when a 100 mV change from the loaded V, / Vo level

occurs.

Vl.ood

Figure 43
.| External Clock Cycle

V05 == == F \
fenex
\ 7 X

045V 0.2 Vi -02
foner— —feLex ~—feien
feen
MCT00033
Figure 44
Recommended Oscillator Circuits
Il s— xTaL2 NE. I XTAL2
P-LCC-44/Pin 20 : P-LCC~44/Pin 20
P-DIP-40/Pin 18 . | P-DIP-40/Pin 18
_E—'b 3.5-20 MHz T3
1] XTAL1 XTAL1
M P-LCC~44/Pin 21 External Oscillator . | p-1cc-44/pin 21
P-DiP-40/Pin 19 Signal P-DIP-40/Pin 18
C = 30pF + 10pF uesorTee
(incl. stray copacitance)
Crystal Oscillator Mode Driving from External Source
4-85
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SIEMENS

SAB-C502

8-Bit CMOS Microcontroller

® Fully compatible to standard 8051

microcontroller

® Versions for 12 and 20 MHz operating
frequency

® 16 K x 8 ROM (SAB-C502-2R only)

@ 256 x 8 RAM

® 256 x 8 XRAM (additional on-chip RAM)

@ Eight datapointers for indirect addressing
of program and external data memory
(including XRAM)

® Four 8-bit ports

® Three 16 -bit Timers / Counters (Timer 2
with Up/Down Counter feature)

® USART ‘

@ Six interrupt sources, two priority levels

@ Programmable 15-bit Watchdog Timer

@ Oscillator Watchdog

© Fast Power On Reset

@ Power Saving Modes

@ P-DIP-40 package and P-LCC-44 package

® Temperature ranges:

The SAB-C502-L/C502-2R described in this
document is compatible (not pin-compatible)
with the SAB 80C52 and can be used for all
present SAB 80C52 applications.

The SAB-C502-2R contains a non-volatile
16 K x 8 read-only program. memory, a
volatile 256 x 8 read/write data memory, four
ports, three 16-bit timers/counters, a six
source, two priority level interrupt structure, a
serial port and versatile fail save
mechanisms. The SAB-C502-L/C502-2R
incorporates 256 x 8 additional on-chip RAM
called XRAM. For higher performance eight

"datapointers are implemented. The SAB-

C502-L is identical, except that it lacks the
program memory on chip. Therefore the term
SAB-C502 refers to both versions within this
specification unless otherwise noted.

SAB-C502 Ta0°Cto70°C
SAF-C502  Ta:—40'Cto 85 C
Figure 45

SAB-C502

Oscillator

RAM

Watchdog 256 x 8
XRAM 01 chu  |gopit 1/o
256 x 8 | 12 USART
T Ig Datapointer Port 2 1/0

Watchdog Timer

ROM 16k x 8
(SAB-502-2R only)

Port 3

MCA01763

© Siemens Components, Inc.
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Ordering Information

Type Package Description

_ : (8-Bit CMOS microcontroller)
SAB-C502-LN P-LCC-44 for external memory 12 MHz
SAB-C502-LP P-DIP-40
SAB-C502-2RN P-LCC-44 with factory mask-programmable ROM,
SAB-C502-2RP P-DIP-40 12 MHz
SAB-C502-L20N P-LCC-44 for external memory 20 MHz
SAB-C502-L20P P-DIP-40
SAB-C502-2R20N P-LCC-44 with factory mask-programmable ROM,
SAB-C502-2R20P P-DIP-40 20 MHz '
SAF-C502-LN P-LCC-44 for external ROM, 12 MHz,
SAF-C502-LP P-DIP-40 ext. temp.-40Cto 85 °C
SAF-C502-2RN P-LCC-44 with factory mask-programmable ROM,
SAF-C502-2RP P-DIP-40 12 MHz, ext. temp. — 40 ‘Ct0 85 °C
SAF-C502-L20N P-LCC-44 for external memory, 20 MHz,
SAF-C502-L20P P-DIP-40 ext.temp.-40°'Ct085C
SAF-C502-2R20N P-LCC-44 with factory mask-programmable ROM,
SAF-C502-2R20P P-DIP-40

20 MHz, ext. temp.-40 Cto 85 C

Note: Extended temperature range — 40 "C to 110 "C (SAH-C502) on request.
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Figure 46
Pin Configuration (P-LCC-44) "I 2583
SN I3l
“m oSS o o2 mum
Tzzaza=zeeee
ImEmlnlisinlinEnBmNelsl=]
6 5 4 3 2 1 44 43 42 4140 )
psd 7 O 39{3 P0.4/AD4
P16 0 8 381 P0.5/ADS
P79 : 371 P0O.6/AD6
RST {10 361 P0.7/AD7
RxD/P3.0 [ 11 35 EA
x0/  SAB-C502-L
N.C. g 12 SAB-C502-2R 34 NC.
Tx0/P3.1 013 - - 33 g ALE
INTO/P3.2 [J14 32{] PSEN
iNT1/P3.3 []15 ' 310 P2.7/A15
T0/P3.4 O16 ~ 30[0 P2.6/A14
T1/P3.5 017 ‘ : 293 P2.5/A13
(18 19 20 212223 24 25 26 27 28}
| SN0 I U [ S NN g W [ N R B8 fy Sy G |
NN B0 O0 TN
22§.§>§<§2{2 NCPO1773
NN X< x IO
B PPN
Q. a.
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Figure 47 ‘
Pin Configuration (P-DIP-40)
12/p1.0 []1 — 40[]Vec
12ex/p1:1 [2 39| ] po.o/Ab0
pr2]s 38[] po.1/a01
P13 []4 37{ ] P0.2/AD2
P1a[]s 36| ] P0.3/AD3
P1.5 e 35[ ] P0.4/ADA
P1.6'E 7 34] ] P0.5/ADS
p17[]s 33{ ] P0.6/ADS
rst [o 32{]po.7/a07
rao/p3.0 [f10 - SAB- si[]E
g C502-L
TxD/P3.1 E 11 c§02.2R  30[JA
ito/e3.2 112 - 29| ] PSEN
iNvi/p3.3 []13 28] P2.7/A15
T0/p3.4 [ 14 21]] P2.6/m14
11/p3.5 []15 26(] P2.5/A13
wr/p3.6 [ 16 5[] pP2.a/ar2
-’37 24[]P2.3/a10
xtaL2 []18 23[]P2.2/a10
' : xTALt []19 22[]P2.1/a9
Ves []20 21]]p2.0/48

NCPO1774




SAB-C502

Figure 48
Logic Symbol Voo Vs

Port 0
RESET ——») K= s-bil Digit. 1/0

: ‘ Port 1
R —> D b Digit. 1/0
AL <—— gAB-C502

PSEN  4—— <:> Port 2
, : 8~bit Digit. 1/0

Port 3

XTALT ———»
8-bil Digit. 1/0

XTAL2 <4——]

MCLO1775

Pin Definitions and Functions

Symbol Pin Number 1/0*) |Function
P-LCC-44 |P-DIP-40
P1.7-P1.0 - |29 . |1-8 | Port 1

: is a bidirectional I/O port with internal pull-up
resistors. Port 1 pins that have 1s written to
them are pulled high by the internal puli-up
resistors, and in that state can be used as
inputs. As inputs, port 1 pins being externally
pulled low will source current (I, in the DC
characteristics) because of the internal pull-
up resistors. Port 1 also contains the timer 2
"|pins as secondary function. The output latch
corresponding to a secondary function must
be programmed to a one (1) for that function
to operate.

2 1 The secondary functions are assigned to the
3 2 pins of port 1, as follows:

P1.0 T2Input to counter 2
P1.1  T2EXCapture - Reload trigger of
timer 2/ Up-Down count

)1 = Input
O = Output

© Siemens Components, Inc. ' : 4-91
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Pin Definitions and Functions (Continued)

Symbol Pin Number 1/0*) |Function
P-LCC-44 |P-DIP-40
P3.0-P3.7 |11,13-19 |10-17 /O © |Port3

: , ‘ is a bidirectional I/0 port with internal pull-up
resistors. Port 3 pins that have 1s written to
them are pulied high by the internal pull-up
resistors, and in that state can be used as
inputs. As inputs, port 3 pins being externally
pulled low will source current (Ii, in the DC
characteristics) because of the internal pull-
up resistors. Port 3 also contains the
interrupt, timer, serial port 0 and external
memory strobe pins that are used by various
options. The output latch corresponding to a
secondary function must be programmedto a
one (1) for that function to operate.

The secondary functions are assigned to the
pins of port 3, as follows:

11 10 P3.0 RxDreceiver data input
(asynchronous) or data input/output
(synchronous) of serial interface 0
P3.1 TxDtransmitter data output
13 11 (asynchronous) or clock output

~ |(synchronous) of the serial interface 0
P3.2 INTOinterrupt O input/timer O gate

s : : control
14 12 P3.3 INT{interrupt 1 input/timer 1 gate
‘ ‘ B control
15 13 - |P3.4 ToOcounter 0 input
| |P3.5 Ticounter 1 input
16 14 -~ |P3.6 WRthe write control signal latches the
17 15 ‘ . |data byte from port 0 into the external data
18 . = |16 e memory

P3.7 RDthe read control signal enables the
external data memory to port 0

19 17 o

)1 = Input
O = Output
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Pin Definitions and Functions (Continued)

| oY
P-DIP-40 |

7.19" .
18 -

Symbol PlnNumber -
P-LCC-44
21
20

XTAL1
XTAL2

|XTALT

Function

Input to the inverting oscillator amplifier and
input to the internal clock generator circuits.
XTAL2

Output of the inverting oscillator amplifier.

To drive the device from an external clock
source, XTAL1 should be driven, while
XTAL2 is left unconnected. There are no
requirements on the duty cycle of the external
clock signal, since the input to the internal
clocking circuitry is divided down by a divide-
by-two flip-flop. Minimum and maximum high
and low times as well as rise fall times
specified in the AC characteristics must be
observed.

P2.0-P27 |24-31 21-28  |I/O

Port 2

is a bidirectional I/O port with internal pull-up
resistors. Port 2 pins that have 1s written to
them are pulled high by the internal pull-up
resistors, and in that state can be used as
inputs. As inputs, port 2 pins being externally
pulled low will source current (i, in the DC
characteristics) because of the internal pull-
up 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 pull-up
resistors when issuing 1s. During accesses to
external data memory that use 8-bit
addresses (MOVX @Ri), port 2 issues the

" contents of the P2 special function register.

PSEN 32 29

RST 10 9 -

" |RESET

capacitor to Vec.

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.

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

© Siemens Components, Inc.
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Pin Definitions and Functions (Continued)

Symbol Pin Number /o*)
P-LCC-44 | P-DIP-40
ALE 33 30 o)
EA |35 31
P0.0-P0.7 |43-36 [39-32 |I/O
Ves 22 |20 |-
Vec |44 140 =
N.C. 1,12, . |- -
s - '
“)1 = Input S o

O = Output

Function

The Address Latch Enable

output is used for latching the low-byte of the
address into external memory during normal
operation. It is activated every six oscillator
periods except during an external data
memory access.

External Access Enable
When held at high level, instructions are
fetched from the internal ROM (SAB-C502-
2R only) when the PC is less than 4000H.
When held at low level, the SAB-C502
fetches all instructions from external program
memory. }

For the SAB-C502-L this pin must be tied low.
Port 0

is an 8-bit open-drain bidirectional 1/O port.
Port 0 pins that have 1s written to them float,
and in that state can be used as high-
impedance inputs. Port 0 is also the
multiplexed low-order address and data bus
during accesses to external program or data
memory. In this application it uses strong
internal pull-up resistors when issuing 1s.
Port 0 also outputs the code bytes during
program verification in the SAB-C502-2R if
ROM-Protection was not enabled. External
pull-up resistors are required during program
verification.

Circuit ground potential

| Supply terminal for all operating modes

No connection
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Functional Description

The SAB-C502 is fully compatiblle to standard
8051 microcontroller.

It is compatible with the SAB 80C52 but not
pin-compatible. While maintaining all
architectural and operational characteristics

incorporates some enhancements in the
Timer2 and Fail Save Mechanism Unit.

Figure 49 Block Diagram of the SAB-C502
shows a block diagram of the SAB-C502.

of the SAB 80C52 the SAB-C502
Figure 49 ‘ -
Block Diagram of the SAB-C502
r-—-——f—/—/{—{———— - —-————— - — 1
: Oscillator ‘ !
| Watchdog ROM :
| ? RAM XRAM - 16k x 8 I
] 256 x 811256 x 8}| c502-2R | |
: 0SC & Timing only :
| ' ‘ |
| v ﬁ |
RESET ——| [
| CPU |
[ ’ ‘ |
ALE «—J | 8 Dalapointers |
PSEN +— |
EA —»| | Programmable |
| Watchdog Timer <—'—_ |
| - |
| - Port 0
! Timer 0 < D poto K 8-bit Digit. 1/0
|
|
|
| Timer 1 <— Port 1
| | Pt <1::|:> 8-bit Digit. 1/0
: Timer 2 K ] Port 2
or
| A ot 2 KD sobit Digit. 1/0
| Interrupt Unit <: '
! Port 3
! m— Y 8-bit Digit. 1/0
: Serial Channel i
: Progr. Baud Rate :
| Generalor I
L e J
- )  MCBO1776. N
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CPU

The SAB-C502 is efficient both as a controller
and as an . arithmetic processor. It has
extensive facilities for binary and BCD
arithmetic and excels in its bit-handling
capabilities. Efficient use of program memory
results from an instruction set consisting of

44 % one-byte, 41 % two-byte, and 15 %
three-byte instructions. With a 12MHz
crystal, 58 % of the instructions execute in
1.0 us (18 MHz : 667 ns). ‘

Figure 50 Special Function Register PSW

MSB LSB ‘
Bit No. [ S S A
Addr.ODOH’ cY [ AC ] FO {,Rs1 } Hso] ov ;fF1 ( P [Ps
Bt  |Functon
CY - Carry FIa»g“ - 7
AC - Aucxiliary parry Flag ,(,for, BCD ope_rat_irqprs) B
FO ' General Purpose Flag B .
RS1 RSO Register Bank select control bits
0 0 Bank O selected, data address O0H - 07H
0 1 Bank 1 selected, data address 08H - OFH
1 0 Bank 2 selected, data address 10H - 17H
1.1 - |Bank3selected, data address 18H-1FH
ov : Overflow Flag _ - B
F1 - - General I{q(pgse Flag -
P o Parity Flag. v
Set/cleared by hardware each instruction cycle to indicate an odd/
even number of “one” bits in the accumulator, i.e. even parity.

Reset value of PSW is O0H.
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Special Function Registers

All registers, except the program counter and
the four general purpose register banks,
reside in the special function register area.

The 36 special function register (SFR)
include pointers and registers that provide an
interface between the CPU and the other on-
chip peripherals. There are also 128 directly

addressable bits within the SFR area. -

All SFRs are listed in Table 11, Table 12 and
Table 13. In Table 11 they are organized in
numeric order of their addresses. In Table 12
they are organized in groups which refer to
the functional blocks of the SAB-C502. Table
13 illustrates the contents of the SFRs.

Table 11 :
Special Function Register in numeric order of their addresses o
. Contents . Contents
Address Register after Reset Address Register after Reset

80H po) OFFH 98H SCON ") 00H
81H SP 07H 99H SBUF XXH?2)
82H DPL 00H 9AH reserved XXH 2
83H DPH 00H 9BH reserved XXH 2
"84H (WDTL) 9CH reserved | XXH 2)
85H (WDTH) 9DH reserved XXH 2
86H WDTREL 00H 9EH reserved XXH 2
87H PCON 000X000082) 9FH reserved XXH2)
88H TCON 1) 00H AOH p21 OFFH
89H . TMOD O00H A1H reserved XXH 2
8AH TLO 00H A2H reserved XXH2
8BH TL1 00H A3H reserved XXH2
8CH THO "00H A4H reserved XXH 2
8DH TH1 00H A5H reserved XXH 2
8EH reserved XXH 2 A6H reserved XXH2
8FH reserved XXH 2 A7H reserved XXH2
90H P11l OFFH A8H IEY 0X000000B2)
91H XPAGE O0H ASH reserved XXH2)
92H DPSEL XXXXX000B 2 AAH SRELL OD9H
93H reserved XXH 2 ABH reserved XXH2
94H XCON OF8H ACH reserved XXH2)
95H reserved XXH 2 ADH reserved XXH 2
96H reserved XXH2 AEH reserved XXH 2
97H reserved XXH 2 AFH reserved XXH2)

") Bit-addressable Special Function Register

2) X means that the value is indeterminate and the location is reserved
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Table 11

Special Function Register in numeric order of their addresses (cont'd)

Address

B1H -
B2H
B3H
B4H
B5H
B6H
B7H
B8H
BOH
BAH.
BBH
BCH
BDH
BEH
BFH
COH
C1H
C2H
C3H
C4H
C5H
C6H
C7H

‘C8H
‘COH
CAH
CBH.
CCH
CDH
CEH
CFH
DOH
D1H
D2H
D3H
D4H
D5H
D6H
D7H

" BOH

Register

SYSCON
reserved
reserved
reserved
reserved
reserved
reserved

Y
reserved
SRELH
reserved
reserved
reserved
reserved
reserved
WDCON
reserved
reserved
reserved
reserved
reserved
reserved
reserved

T2CON")
T2MOD
RC2L
RC2H
TL2
TH2
reserved
reserved

psw?)
reserved
reserved
reserved
reserved
reserved
reserved
reserved

 Contents |
after Reset

OFFH
XXXXXX01B 2
XXH 2
XXH 2
XXH 2
XXH 2
XXH 2
XXH 2

XX000000B 2
XXH 2
XXXXXX11B2
XXH 2)
XXH 2
XXH 2
XXH 2
XXH 2

XXXX000082 |

XXH 2
XXH2
XXH 2
XXH2
XXH 2
XXH 2
XXH 2

00H
XXXXXXX0B 2
O00H
OOH
OOH
O00H
XXH 2
XXH2
00H
XXH 2
XXH 2
XXH 2
XXH 2
XXH2
XXH2z
XXH2

V) Bit-addressable Special Function Register

Address
S TR

D9H
DAH
DBH
DCH
DDH
DEH
DFH
EOH
E1H -
E2H
E3H
E4H
E5H
E6H
E7H
E8H
E9H
EAH
EBH
ECH
EDH
EEH -
EFH

FOH

F1H
F2H
F3H
F4H
F5H
FéH
F7H

F8H

FoH
FAH
FBH
FCH
FDH
FEH -

FFH .

2) X means that the value is indeterminate and the location is reserved

- Contents
Register after Reset
BAUD | OXXXXXXXB?

reserved XXHz2
reserved XXH 2
reserved XXH2
reserved XXHz2
reserved XXH 2
reserved XXH?z)
reserved XXH 2

acc? 00H -

reserved XXH2 -
reserved XXH 2
reserved XXHz
reserved XXH2z
reserved XXHz
reserved XXH2
reserved XXH2
reserved XXH2
reserved XXH2
reserved XXH 2)
reserved XXH2)
reserved XXH 2
reserved XXH2
reserved XXH2
reserved XXH2)

B! 00H

reserved XXHz
reserved XXH 2
reserved XXH 2
reserved XXH 2
reserved XXH2
reserved XXH?z)
reserved XXH 2
reserved XXH 2
reserved XXH 2
reserved XXH2
reserved XXH2
reserved XXH2
reserved XXHz2
reserved XXH 2
reserved XXH 2
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Table 12
Special Function Registers - Functional blocks
Block |Symbol Name - Address| Contents
after Reset
CPU ACC Accumulator oEOH") | o(jH
B B-Register OFoH" 00H
DPH Data Pointer, High Byte 83H 00H
DPL Data Pointer, Low Byte 82H " 00H
DPSEL | Data pointer select register 92H XXXX X000
PSW Program Status Word Register 0DOH") B3
SP Stack Pointer 81H 00H
—— R - — 07H —
Interrupt  |IE Interrupt Enable Register 0A8H!) | 0X00 0000 B3
System |IP__|Interrupt Priority Register 0BH) | xx00 0000 B
Ports PO Port 0 80H') OFFH
P1 Port 1 90H" OFFH
P2 Port 2 0AOH") OFFH
P3 Port 3 0BOH") OFFH
XRAM XPAGE |Page addr. reg. for XRAM 91H 00H
XCON | XRAM startaddress (highbyte) 94H OF8H
_ SYSCON XRAMcontrolregister " |OBIH  XXXXXX018%
Serial ., |PCONz |Power Control Register 87H 00H
Channels |SBUF  |Serial Channel Buffer Reg. 99H . OXXH3
SCON Serial Channel Control Reg. 98H" 00H
SRELL |Baudrate Generator Reloadvalue, Lowbyte |AAH OD9H
SRELH |Baudrate Generator Reloadvalue, Highbyte |BAH XXXX XX11B3)
~ |BAUD |Baudrate Generator Enable Bit ODSH?) OXXX XXXXB®)
Timer0/ [TCON  [Timer 0/1 Control Register 8sH 00H
Timer1 | THO Timer 0, High Byte 8CH 00H
TH1 Timer 1, High Byte 8DH 00H
TLO Timer 0, Low Byte 8AH O00H
TLA Timer 1, Low Byte 8BH 00H
TMOD  |Timer Mode Register |89H ¢ 00H
Timer2 |T2CON {Timer 2 Control Register ocsH" O00H
T2MOD  Timer 2 Mode Register 0C9H | XXXX XXX0 B3
RC2L Timer 2, Reload Capture Register, Low Byte | 0CAH 00H
RC2H Timer 2, Reload Capture Register, High 0CBH 00H
TH2 Byte OCDH 00H
TL2 Timer 2, High Byte 0CCH 00H
Timer2, LowByte o ) -
Watchdog | WDCON | Watchdog Timer Control Register 0COH") | XXXX 0000B%
WDTREL Watrc’hdog Timer Reload Reg. |86H | O00H
Pow.Sav. |PCONz |Power Control Register 87H 000X 0000B%)

1) Bit-addressable special function registers

2 This special function register is listed repeatedly since some bits of it also belong to other functional blocks.

3) X means that the value is indeterminate and the location is reserved

© Siemens Components, Inc.
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Contents of SFR’s, SFR’s in numeric order

Table 13
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Contents of SFRs, SFRs in numeric order (cont'd)

Address | Register

Table 13

BOH
B1H
B8H
BAH
CoH
Cc8H

" CoH
CAH
CBH
CCH
CDH
DOH
D8H
EOH
FOH

4-101

' ] bit and byte addressable
- =reserved

o ’ not bit addressable
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Timer/Counter 0 and 1

Timer/Counter 0 and 1 can be used in four operating modes és listed in Table 14:

Table 14
Timer/Counter 0 and 1 operating modes
Mode |Description TMOD " InputClock
' Gate| C/T | M1 | MO | internal | external (max)
0 8-bit timer/counterwitha | X | X | 0 | 0 |fosc/12x32 |fosc/24x 32
divide-by-32prescaler | . |\ |} '
1 16-bit timer/counter X X o 1 |fosc/12  fosc/24
2 8-bit timer/counter with - | X X 1 0 [fosc/12 fosc/24
» ,?’fbit auto-reload - N N
3 Timer/counter 0 used as X X 1 1 |fosc/12 fosc/24
one 8-bit timer/counter and
one 8-bit timer
Timer 1 stops

In “timer” function (C/T = ‘0’) the register is
incremented every machine cycle. Therefore
the count rate is fosc/12.

In  “counter” function the register is
incremented in response to a 1-to-0 transition -
at its corresponding external input pin (P3.4/
TO, P3.5/T1). Since it takes two machine

cycles to detect a falling edge the max. count
rate is fosc/24. External inputs INTO and INT1
(P3.2, P3.3) can be programmed to function
as a gate to facilitate pulse width
measurements. Figure 51 Timer/Counter 0
and 1'input clock logic illustrates the input
clock logic.

Figure 51
Timer/Counter 0 and 1-input clock logic
fosc > 12 ¢ » fosc/12
c/T
TMOD
04
P3.4/70 | T L Timer 0/1
P35/M ] X _|—o ! Input Clock
max fosc/24 1

TR 0/1] Control
TCON &
Gate =1
TMOD g -
P3.2/INT0 B

P3.3/INT1

MCS01768
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Timer 2 by bit C/T2 (T2CON.1). It has three operating

. . o . modes as shown in Table 15.
Timer 2 is a 16-bit Timer/Counter with up/

down count feature. It can operate either as
timer or as an event counter which is selected

Table 15
Timer/Counter 2 operating modes

~ T2CON | T2MOD | T2CON  Input Clock
P1.1/
Mode RxCLK .o, . : Torx  Remarks | external
or =5 | TR2 internal
1~cLK | RL2 DCEN | EXEN (P1.0/T2)
‘16-6t{ 0 | 0o 1| 0 0 | X reloadupon | | '
Auto- ) . overflow
reload 0 0 1 0 1 reload trigger max
(falling edge) | 512 | foso/24
0 0 1 1 X 0 |Down counting
0 0 1 1 X 1 \J_p gqﬁunting o -
16-bit 0 1 1 0 X | 16-bit Timer/
Cap- Counter (only
ture up-counting) max
0 101 X 1 I |capture TH2, |12 o4
TL2 — RC2H,
AN R N — e S — RCZL - -
Baud 1 X 1 X 0] X |no overflow
Rate interrupt
Gene- request (TF2) foscl2 max
rator 1 X 1 X 1 l |extra external foscl24
interrupt
} o ((Timer2)
off X X 10 X X | X |Timer2stops | - | -

Note: L= " falling edge

© Siemens Components, Inc. ‘ 4-103
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Serial Interface (USART) asynchronous modes) as illustrated in Table
16. Figure 3 illustrates the block diagram of

The serial port is full duplex and can operate  Baydrate generation for the serial interface.

in four modes (one synchronous mode, three

Table 16
USART operating modes
SCON
Mode Baudrate ) Description
SMO0 | SM1
0 0] 0 Sosc/12 Serial data enters and exits ihfough RxD.
TxD outputs the shift clock. 8-bit are
transmltted/recelved (LSB flrst)
1 0 1 Timer 1/2 overflow rate | 8-bit UART
or 10 bits are transmitted (through TxD) or
’ |~ Baudrate Generator received (RxD) -
2 1 0 fosc/32 or fosc/64 9-bit UART
11 bits are transmitted (TxD) or
, B ~ received (RxD)
3 1 1 Timer 1/2 overflow rate |9-bit UART
or Like mode 2 except the variable
Baudrate Generator  |baud rate
Figure 52
Block Diagram of Baud Rate Generation for Serial Interface
T2CON
(TCLK,RCLK)
'(l;imeﬂl 0
vertiow
Time 2 _.\.
Overflow
1 BAUD.7 SMO/SM1 PCON.7
1 (BD) : (smoDp)
Baud
Phase 2 0 Mode 1, 3 2 | Rate
CLK \_J——\ \—_ Clock
= —>
(=fosc/2) | Boug Rate o _o °
Generator 1 Mode 2

MCBO1777

The possible baudrate can be calculated using the formulas given in Table 17.
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Table 17
Baudrates
B R U
derived from Interface Mode Baudrate
~ Oscillator | 0 S fese/12
[ 2 - oo (@swooxfosc)fBd - -
Timer 1 (16-bit timer) 1,3 (2smop X timer 1 overflow rate)/32
(8-bit timer with 1,3 (2smop X fosc)/(32 x 12 x (256-TH1))
_ 8bitautoreload) | o
Tmer2 13 | fosc/(32x(65536-(RC2H, RC2L))
Baudrate 1,3 (2smop X fosc)/(64 x (210-SREL))
~ Generator I

The internal baudrate generator consists of a free running 10-bit timer with fosc/2 input frequency.
The internal baudrate generator is selected by setting bit BD in SFR BAUD.
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Additional On-Chip RAM - XRAM

The SAB-C502 contains another 256byte of
On-Chip RAM additional to the 256bytes
internal RAM. This RAM is called XRAM
(‘eXtended RAM’) in this document.

The additional ON-Chip RAM is logically
located in the external data memory range.
The highbyte of the XRAM address range
start address is programmable by SFR

XCON (94H). The reset value of XCON is
OF8H (that is, XRAM address range
F8OOH ... F8FFH).

The contents of the XRAM is not affected by a
reset. After power up the contents is
undefined, while it remains unchanged during
and after reset as long as the power supply is
not turned off. The XRAM is controlled by
SFR SYSCON as shown in Table 18.

Reset value. Access to XRAM is disabled. When cleared it
can be set agam only by a reset

XRAM enabled. The signals RD and WR are activated durlng

Table 18
Control of the XRAM
SFRSYSCON |Description
XMAP1 XMAPO
o | 1
o 0 XRAM enabled
1 0
accesses to XRAM

Because of the XRAM is used in the same way as external data memory the same instruction

types must be used for accessing the XRAM. A general overview gives Table 19.

Normally the use of these instructions would use a
physically external memory. However, in the SAB-

C502 the XRAM is accessed if it is enabled.

Normally Port 2 serves as page register. However, the
distinction, whether Port 2 is as general purpose 1/O or
as “page address” is made by the external design.
Hence a special SFR XPAGE is implemented the
serve the same function for the XRAM as Port 2 for

Table 19
Accessing the XRAM
Instrt'Jction Instruction Remarks
using
DPTR MOVX A @DPTR
MOVX @ DPTR,A
RO/R1 MOVX A, @Ri
(page mode) MOVX@Ri,A

external data memory.

Note: When writing the page address (in page mode) at Port2 the value is also written in XPAGE. However when
writing XPAGE the value at PORT2 is not changed!

The behavior of Port0/Port2 and RD/WR during MOVX accesses is shown in Table 20.
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EA=0 |  EA=1
XMAP1, XMAPO . XMAP1, XMAPO
00 10 X1 00 10 X1
DPTR outside O/ /P
XRAM address
range
MOVX |{DPH = XCON)

@DPTR | DPTR within a) PO/P2 -» Bus |a) PO/P2 - Bus a) PO/P2 > /0 |a) PO/P2 - Bus
XRAM address (WR-Data only) |(WR-Data only) o (WR-Data only)
range b) RD/WR b) RD/WR b) RD/WR b) RD/WR

inactive active inactive active
(DPH = XCON) c) XRAM is used |¢c) XRAM i c) XRAM is used | c) XRAM is
XPAGE outside W AiiiuAuisisuig - R
XRAM addr. page
range
(XPAGE # XCON)

MOVX IS G :
@Ri | XPAGE within a) PO - Bus a) P0 - Bus a) PO/P2 > I/O  |a) PO - Bus

XRAM addr. page |(WR-Data only) |(WR-Data only) o (WR-Data only)
range P22 1/0 P2 1/0 b) RD/WR P2 1/0

b) RD/WR b) RD/WR inactive b) RD/WR
(XPAGE = XCON) !inactive active c) XRAM'is used | active

c) XRAM is used | c) XRAM is used c) XRAM is used
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Eight Datapointers for Faster External
Bus Access

The SAB-C502 contains a set of eight 16-bit-
Datapointer (DPTR) from which the actual
DPTR can be selected.

This means that the user's program may
keep up to eight 16-bit addresses resident in
these registers, but only one register at atime
is selected to be the datapointer. Thus the
DPTR in turn is accessed (or selected) via

indirect addressing. This indirect addressing
is done through a special function register
(SFR) called DPSEL (data pointer select
register, Bits 0 to 2). All instructions of the
SAB-C502 which handle the DPTR therefore
affect only one of the eight pointers which is
addressed by DPSEL at that very moment.

A 3-bit field in SFR DPSEL points to the currently used DPTRx:

DPSEL selected
2 1 0 DPTR
0 0 0 DPTR 0
0 0 1 DPTR 1
0 1 0 DPTR 2
0 1 1 DPIR 3
1 0 0 DPTR 4
1 0 1 . DPTR 5
1 1 0 DPTR 6
1 1 i DPTR 7
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Interrupt System

The SAB-C502 provides 6 interrupt sources with two priority levels. Figure 53 Interrupt
Request Sources gives a general overview of the interrupt sources and illustrates the request

and control flags.

Figure 53
Interrupt Request Sources

High Priority I

Timer O Overflow Tro e~ ol e o —-c/; s Low Priority
TCON.5 ET0 PTO
IE.1 ‘ IP.1
Timer 1 Overflow ool 0 —./2 R
TCON.O >
TCON.7 . T oTT
IE.3 iP.3
Timer 2 Overflow TF2 >1 e - _./‘; .
T2CON.7 >
P1.t/ -
T2EX \_ o EXF2 ET2 P72
IE.5 IP.5
EXENZ]  T2CON.6
T2CON.3 — R M >y I I 2l e R
USART SCON.0 o >
Tl ES PS
SCON.1 IE.4 IP.4
P3.2/_legm° o o B P B B
INTO O_L o >
\_ TCON.1
170 EX0 PX0
IE.0 IP.0
TCON.0 D .
| 1]
%1‘3/_‘/2 61 JHe" o e o _./Z _
_L\_ TCON.3
71 EX1 EA PX1
TCON.2 IE.2 I1E.7 P.2 MCS01778
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Table 21

Interrupt sources and their corresponding interrupt vectors

Source (Request Flags) Vector Vector Address -
IEO External interrupt O 0003H
TFO Timer O interrupt 000BH
IE1 External interrupt 1 0013H
TF1 Timer 1 interrupt 001BH
Rl + Tl Serial port interrupt 0023H
TF2 + EXF2 Timer 2 interrupt 002BH

A low-priority interrupt can itself be
interrupted by a high-priority interrupt, but not
by another low-priority interrupt. A high-
priority interrupt cannot be interrupted by any
other interrupt source. -

If two requests of different priority level are
received simultaneously, the request of

higher priority is serviced. If requests of the
same priority 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 as
shown in Table 22.

Table 22
Interrupt priority-within-level

Interrupt Source Priority
External Interrupt 0, IEO High
Timer O Interrupt, TFO
External Interrupt 1, - IE1 L
Timer 1 Interrupt, TF1
Serial Channel, RlorTi
Timer 2 Interrupt, TF2 or EXF2 Low
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Fail Safe Mechanisms

The SAB-C502 offers enhanced fail safe
mechanisms, which allow an automatic
recovery from software upset or hardware
failure.

1) Watchdog Timer (15 bit, WDT)
2) Oscillator Watchdog (OWD)

1) Watchdog Timer (WDT)

The Watchdog Timer in the SAB-C502 is a
15-bit timer, which is incremented by a count

. rate,of either fevele/2 or fovere/32 (fovere = fosc/
12). That is, the machine clock is divided by a
series of arrangement of two prescalers, a
divide-by-two and a divide-by-16 prescaler.
The latter is enabled by setting bit
WDTREL.7.

Figure 54 Block Diagram of the
Programmable Watchdog Timer shows the
block diagram of the programmable
Watchdog Timer.

Figure 54

Block Diagram of the Programmable Watchdog Timer

fosc /12 o 22 - 16

J‘\N v WoIL

o !

WDT Reset-Request

WOTH

A

¥ WDCON(0COH)
w | o ] | - fows|wors]wor fswor

ir

>

Control Logic

A

External HW-Reset

7| 6 [ ] 0
WDTREL

MCS01771
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Starting and refreshing the WDT
Table 23 gives an overview how to start and
refresh the WDT. The mentioned bits are

Table 23 :
Starting and Refreshing the WDT

located in SFR WDCON.

Function Example Remarks

Starting WD SETB SWDT Cannot be stopped during active mode of the
device. WDT is halted during idle mode,
power down mode or the oscillator watchdog

- reset is active.
Refreshing WD SETB WDT Double instruction sequence
SETB SWDT (setting bit WDT and SWDT consecutively) to

increase system security.

Watchdog reset and watchdog status flag
(WDTS)

‘If the software fails to clear the watchdog in
time, an internally generated watchdog reset
is entered at the counter state 7FFCH. The
duration of the reset signal then depends on
the prescaler selection (either 8 or 128
cycles). This internal reset differs from an
external one in so far as the Watchdog Timer
is not disabled and bit WDTS (SFR WDCON)

is set. The WDTS is a flip-flop, which is set by
a Watchdog Timer reset and can be cleared
by an external hardware reset. Bit WDTS
allows the software to examine from which
source the reset was activated. The bit
WDTS can also be cleared by software.
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2) Oscillator Watchdog (OWD) Oscillator Watchdog shows the block
. . diagram of the oscillator watchdog unit while

The OWD consists ot an intemal RC  Tgple 14 shows the effect when the OWD

oscillator which provides the reference pecomes active/inactive.

frequency for the comparison with the

frequency of the on-chip oscillator.

Figure 55 Functional Block Diagram of the  Note:The OWD is always enabled!

Figure 55 .
Functional Block Diagram of the Oscillator Watchdog
RC fe .5 |
Oscillator -
3MHz Frequency fa<hy Deiuy v
Comparafor A >
f2 int.
. J— Resel
XTAL1 ,
© 0 éh‘ WDCON(OCOH)
n-Chip
xTaL2 | Osciliotor Lt IO\:!DSl Lt
o] 3
+2 : . T
oQ i Clock
int. Cloc
o” NCBO1772
Table 24
Effects of the OWD

Conditions Effect

fosc < fac/5 Switch input of internal clock system to RC oscillator output

Activating internal reset at the same time (reset sequence is clocked by
RC-oscillator).

Exception from effects of a Hardware Reset:

Watchdog Timer Status Flag, WDTS is not reset

Oscillator Watchdog Status Flag, OWDS is set

fosc> fac/5 Input of internal clock system is fosc/2.

When failure condition (fosc < frc/5) disappears the part executes a
final reset phase of typ. 1 ms in order to allow the external oscillator to
stabilize. :
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Power Saving Modes

Two power down modes are available, the
Idle Mode and the Power Down Mode.

The bits PDE, PDS and IDLE, IDLS select the
Power Down mode or the idle mode,

respectively. If the Power Down mode and
the idle mode are set at the same time, Power
Down takes precedence. Table 25 gives a
general overview of the power saving modes.

Table 25
Entering and leaving the power saving modes
Mode Entering Leaving by Remarks
Example
Idle mode |ORL PCON, #01H |- enabled interrupt |CPU is gated off
ORL PCON, #20H |- Hardware Reset |CPU status registers maintain
their data. -
Peripherals are active
Double instruction sequence
Power Down |ORL PCON, #02H |Hardware Reset Oscillators are stopped. Contents
" Mode ORL PCON, #40H of on-chip RAM and SFR’s are
maintained (leaving Power
Down Mode means redefinition -
of SFR’s contents.) -
Double instruction sequence

In the Power Down mode of operation, Vcc
can be reduced to minimize power
consumption. It must be ensured, however,
that Vee is not reduced before the Power
Down mode is invoked, and that Vcc is
restored to its normal operating level, before
the Power Down mode is terminated. The
reset signal that terminates the Power Down
mode also restarts the oscillator. The reset
should not be activated before Vce is restored
toits normal operating level and must be held
active long enough to allow the oscillator to
restart and stabilize (similar to power-on
reset). '
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Absolute Maximum Ratings

Ambient temperature under

bias (Ta).....cccoerees feereereeanes -40°Cto+85°C
Storage temp. (Ts7) ......... -65°Cto+150 C
Voltage on Vce pins with

respect to ground (Vss)........ -05Vto65V
Voltage on any pin with respect

to ground (Vss) ........... -05VtoVec+0.5V
Input current on any pin during

overload condition........ —-10mAto+ 10 mA
Absolute sum of all input currents

during overload condition.............. 1100 mA |
Power dissipation........cccccccevceeriirennnenn. TBD

Note: Stresses above those listed under
“Absolute Maximum Ratings” may
cause permanent damage of the
device. This is a stress rating only and
functional operation of the device at
these or any other conditions above
those indicated in the operational
sections of this specification is not
implied. Exposure to absolute
maximum rating conditions for longer
periods may affect device reliability.
During overload conditions (Vin > Vcc
or Vin < Vss) the Voltage on Vcc pins
with respect to ground (Vss) must not
exceed the values defined by the
absolute maximum ratings.

© Siemens Components, Inc.
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DC Characteristics

Voo =5V + 10 %, — 15 %; Vss = 0 V;

Ta=0to + 70 °C for the SAB-C502
Ta =—40to + 85 °C for the SAF-C502.

Parameter Symbol |Limit Values Unit | Test Condition
' ~ |min. max.
Input low voltage Vi -0.5 0.2 Vec v |-
(except EA, RESET) -0.1
Input low voltage (EA) Vi -05 0.2 Vee vV |-
-0.3 ;
Input low voltage (RESET) Vi -0.5 0.2 Ve Vv |-
+0.1
Input high voltage Vin 0.2Vee |Vec+0.5 |V -
(except EA, RESET, XTAL1) +0.9
Input high voltage to XTAL1 Virn 0.7 Vec  |Vec+0.5 |V
Input high voltage to RESET, |Vik 06 Vec |[Vec+05 |V |-
EA
Output low voltage (ports 2, 3) | VoL - 0.45 \ Io. = 1.6 mAy)
Output low voltage Vous - 0.45 \Y Io. = 3.2 mAy)
(port O, ALE, PSEN)
Output high voltage (ports 2, 3) | Vou 24 - V  |lon=-80pA
’ 0.9 Vee |- Ion=-10 pA
Output high voltage (port 0 in | Voni 2.4 - \ Ion = — 800 pA2),
external bus mode, ALE, 09 Vec |- Ion = — 80 pAz)
PSEN) '
Logic 0 input current I -10 -50 LA [(Vin=045V
(ports 1, 2, 3)
Logical 1-to-0 transition current | It - 65 —650 pA (Vn=2V
(ports 2, 3)
Input leakage current Iu - +1 pA |0.45 < Vin< Vee
(port 0, EA, P1)
Pin capacitance Cio - 10 pF |fc=1MHz,
Ta=25°C
Power supply current:
Active mode, 12 MHz7) |Icc - TBD mA |Vec=5V,9
Idle mode, 12 MHz Icc - TBD mA |Vec=5V,5
Active mode, 20 MHz7) |Icc - TBD mA |Vec=5V,9
Idle mode, 20 MHz7) Icc - TBD mA |Vec=5V,s5
Power Down Mode Iro - 50 MA [Vee=2...5.5V,3
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1)Capacitive loading on ports 0 and 2 may
cause spurious noise pulses to be
superimposed on the Vou of ALE and port 3.
The noise is due to external bus capacitance
discharging into the port 0 and port 2 pins
when these pins make 1-to-0 transitions
during bus operation. In the worst case
(capacitive loading > 100 pF), the noise pulse
on ALE line may exceed 0.8 V. In such cases
it may be desirable to qualify ALE with a
schmitt-trigger, or use an address latch with a
schmitt-trigger strobe input.

2)Capacitive loading on ports 0 and 2 may
cause the Von on ALE and PSEN to
momentarily fall bellow the 0.9 Voc
specification when the address lines are
stabilizing. '

3 eo (Power Down Mode) is measured under
following conditions:

EA = RESET = Port0 = Vcc; XTAL2 = N.C;;
XTAL1 = Vss; all other pins are disconnected.

Dee (active mode) is measured with:

XTAL1 driven with fcien, teher = 5 ns, Vie = Vss
+05V, Viu=Vec-0.5V; XTAL2=N.C,;

EA = Port0 = RESET = Vcc; all other pins are
disconnected. Icc would be slightly higher if a
crystal oscillator is used (appr. 1 mA).

S)ce (Idle mode) is measured with all output
pins disconnected and with all peripherals
disabled;

XTAL1 driven with rcien, tcheu = 5 ns, Vie = Vss
+0.5V, Vin=Vec—0.5V; XTAL2=N.C,;
RESET = EA = Vss; Port0 = Vcc; all other pins
are disconnected;

7)Ioc mex at other frequencies is given by:
active mode:TBD
idle mode:TBD

where fosc is the oscillator frequency in MHz.

Icc values are given in mA and measured at
Vee=5 V.

AC Characteristics for SAB-C502-L / C502-2R

Please refer to the SAB-C501 AC Characteristics and Waveforms for the 12 and 20MHz.

AC Characteristics and Waveforms for the SAB-C502.
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SIEMENS

SAB-C503
8-Bit CMOS Microcontroller
® Compatible to standard 8051 ® Temperature ranges:
microcontroller SAB-C503 Ta:0°Cto70°C
@ Versions for 12 and 20 MHz operating SAF-C503 Ta:~40°Ct085°C

frequency

©® 8 K x 8 ROM (SAB-C503-1R only)

@ 256 x 8 RAM :

@ Four 8-bit ports, (including one input po
for digital or analog input)

@ Three 16-bit Timers / Counters (Timer 2
with Up/Down Counter feature)

® USART ‘

® Genuine 10-bit A/D Converter with 8
multiplexed inputs

@ Seven interrupt sources, two priority levels
@ Programmable 15-bit Watchdog Timer

@ Oscillator Watchdog

@ Fast Power On Reset

@ Power Saving Modes

® P-LCC-44 package

The SAB-C503-L/C503-1R described in this
document is compatible (not pin-compatible)
with the SAB 80C32/C52 and can be used for
all present SAB 80C52 applications. .

The SAB-C503-1R contains a non-volatile
8 K x 8 read-only program memory, a volatile
256 x 8 read/write data memory, four ports,
three 16-bit timers/counters, a seven source,
two priority level interrupt structure, a serial
port, versatile fail save mechanisms and a
genuine 10-bit A/D Converter. The SAB-
C503-L is identical, except that it lacks the
program memory on chip. Therefore the term
SAB-C5083 refers to both versions within this
specification unless otherwise noted.

Figure 56
SAB-C503

Oscillator RAM
Watchdog 256 x 8 Port 0 1/0
Analog/

0 8—bil Digit. Input
10-bit ADC | T2 CPU USART

T 1/0

. ROM 8k x 8 1/0

Watchdog Timer (SAB-503-1R only) /

MCA01764
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Ordering Information

Type Package Description
, (8-Bit CMOS microcontroller)

SAB-C503-LN P-LCC-44 for external memory

12 MHz ' ,
SAB-C503-1RN P-LCC-44 with factory mask-programmable ROM,
o ‘ 12 MHz ‘
SAB-C503-L20N P-LCC-44 for external memory.

20 MHz
SAB-C503-1R20N P-LCC-44 with factory mask-programmable ROM,

. - 120 MHz ,

SAF-C503-LN P-LCC-44 for external ROM, 12 MHz,
. ext. temp.-40°Cto85°C
SAF-C503-1RN P-LCC-44 with factory mask-programmable ROM,

12 MHz, ext. temp. - 40 °C t0o 85 C
SAF-C503-L20N P-LCC-44  |for external memory, 20 MHz,

ext. temp.—40°Ct085°C
SAF-C503-1R20N | P-LCC-44 with factory mask-programmable ROM,

20 MHz, ext. temp. —40 Cto 85 C

Note: extended temperature range — 40 °C to 110 °C (SAH-C503) on request.
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Figure 57 :
Pin Configuration (P-LCC-44
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Figure 58
Logic Symbol
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Port 0
8-bit Digit. 1 /0

Port 1

- 8-bit Analog/Digit. Input

Port 2
8-bit Digit. 1/0

Port 3
8-bit Digit. 1/0
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Pin Definitions and Functions

Symbol Pin Nyrllbg[ 1/0*) | Function
P-LCC-44 7
P1.7-P1.0[12-5 | |Port1 e om

is an 8-bit unidirectional input port. Port pins can be used for
digital input, if voltage levels meet the specified input high
low voltages, and for the multiplexed analog inputs of the A/
D-Converter, simultaneously. Port 1 also contains the timer
2 pins as secondary function.

The secondary functions are assigned to the pins of port 1,
as follows:

P1.0 ANO/ T2Analog input channel 0 Input to counter 2
P1.1  AN1/T2EXAnalog input channel 1 Capture - Reload
trigger of timer 2 / Up-Down count

P1.2 AN2Analog input channel 2

P1.3 ANS3Analog input channel 3

P1.4 AN4Analog input channel 4

P1.5 ANS5Analog input channel 5

P1.6 ANG6Analog input channel 6

P1.7 AN7Analog input channel 7

P3.0-P3.7 14-21

|14
15

I/O

Port 3 :

is a bidirectional I/O port with internal pull-up resistors. Port “
3 pins that have 1s written to them are pulled high by the
internal pull-up resistors, and in that state they can be used
as inputs. As inputs, port 3 pins being externally pulied low
will source current (I, in the DC characteristics) because of
the internal pull-up resistors. Port 3 also contains the
interrupt, timer, serial port 0 and external memory strobe
pins which are used by various options. The output latch
corresponding to a secondary function must be programmed
to a one (1) for that function to operate.

The secondary functions are assigned to the pins of port 3,
as follows:

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

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

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

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

—-TO0 (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 O

*} = Input
O = Qutput

© Siemens Components, Inc.

4-123



SAB-C503

Pin Definitions and Functions (Continued)

~ Symbol

XTAL2

XTAL1

P2.0-P2.7

PSEN

RESET

~l35

Pin Number

P-LCC-44
22

25-32

33

1/0%)

| XTAL1

| The Program Store Enable

Function

XTAL2 ‘
Output of the inverting oscnlator amplifier.

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

-1'To drive the device from an external clock source, XTAL1

should be driven, while XTAL2 is left unconnected. There
are no re'quirements 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 a well as rise/fall times
specified in the AC characteristics ‘must be observed.

Port 2

isa bldlrectlonal 1/0 port with internal pull-up resistors. Port
2 pins that have .1s written to them are pulled high by the
internal pull-up resistors, and in that state they can be used
as inputs. As inputs, port 2 pins being externally pulled low
will source current (I, in the DC characteristics) because of
the internal pull-up 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 pull-up 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.

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 executlon

RESET

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

*) = Input
Q = Output

capacitor to Vee.
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Pin Definitions and Functions (Contmued)

Symbol a

ALE

Pin Number
P-LCC-44

34

o*

o}

)

The Address Latch Enable

Function

output is used for latching the low-byte of the address into
external memory during normal operation. It is activated
every six oscillator periods except during an external data
memory access.

EA

P0.0 - P0.7 4

VaRer

35

External Access Enable

When held at high level, instructions are fetched from the
internal ROM (SAB-C503-1R only) when the PC is less than
2000H. When held at low level, the SAB-C503 fetches all
instructions from external program memory.

For the SAB-C503-L this pin must be tied low.

3-36

I/O

Port 0

is'an 8-bit open-drain bidirectional I/O port. Port 0 pins that
have 1s written to them float, and in that state can be used
as high-impedance inputs. Port 0 is also the multiplexed low-
order address and data bus during accesses to external
program or data memory. In this application it uses strong
internal pull-up resistors when issuing 1s.

Port 0 also outputs the code bytes during program
verification in the SAB-C503-1R. External pull-up resistors
are required during program verification.

Reference voltage for the A/D converter.

Vaenp

Reference ground for the A/D converter. _

Vss
Vee

4,24

|44

" Supply termlnal for all operatlng modes

Circuit ground potential

N.C.

INo connection

) = Input
O = Output

© Siemens Components, Inc.
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Functional Description

The SAB-C503 is fully compatible to standard
8051 microcontroller. ’

Itis compatible with the SAB 80C52 but not
pin-compatible. ~ While  maintaining™ -all
architectural and operational characteristics

~of the

SAB 80C52 ‘the. SAB-C503
incorporates a genuine 10-bit A/D Converter
as well as some enhancements in the Timer2
and Fail Save Mechanism Unit.

Figure 59 Block Diagram of the SAB-C503

.shows a block diagram of the SAB-C503.

___________ |
ROM
RAM 8k x B
256 x 8 €503-1R
‘ only

it

Port 0
Dl Port 0 D b Digit. 1/0
B
b Port
———> Port1 8-bit Digit. 1/0
;  Andlog Input
|
Port 2
) pot2 KD sobir bigt. 1/0
|
Port 3
m— [ Y 8-bit Digit. 1/0

Figure 59
Block Diagram of the SAB-C503
: r___;____; _______

! Oscillator
: Watchdog
| s
| - -

XTALI " oosc &Timing

XTAL2 «+—

RESET ] |

_’I
| Py ¢
ALE 4——:
PSEN «—— | Programmable
tA ——y: Watchdog Timer <:

|
I Timer 0
| <
| .
I .
| Timer 1 K
|
] .
| Timer 2 K
|
I
| Interrupt Unit <:
|
|
: Serial Channel <:
|
|

Vigesr — T A/D Converter

Vyenp ——+ 10-bit <:
[ B—
| a (—
|
| S&H MUX
L e




SAB-C503

CPU

The SAB-C503 is efficient both as a controller
and as an arithmetic processor. It has
extensive facilities for binary and BCD
arithmetic and excels in its bit-handling
capabilities. Efficient use of program memory

results from an instruction set consisting of
44 % one-byte, 41 % two-byte, and 15 %
three-byte instructions. With a 12 MHz
crystal, 58 % of the instructions executed in
1.0 us (20 MHz : 600 ns).

Figure 60 Special Function Register PSW

MSB . LSB
Bit No. 7 6 5 4 3 2 1 0
Addr.ODOH | Y | AC | Fo Rst | Rso | ov | F1 | P | Ps
Bit Funcﬁon o
cYy |CarryFlag =~ -
AC _|Auxiliary Carry Flag (for BCD opera_ﬁpns) S
FO __|General Purpose Flag - :
RS1 RSO Register Bank select control bits
0 0 Bank 0 selected, data address 00H - 07H
0 1 Bank 1 selected, data address 08H - OFH
1 0 Bank 2 selected, data address 10H - 17H
1 1 Bank 3 selected, data address 18H - 1FH
ov ~__|Overflow Flag i
F1 ___|General Purpose Flag
P Parity Flag
Set/cleared by hardware each instruction cycle to indicate an odd/
even number of “one” bits in the accumulator, i.e. even parity.

Reset value of PSW is O0H.
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Special Function Registers

All registers, except the program counter and
the four general purpose register banks,
reside in the special function register area.

The 33 special function registers (SFRs)
include pointers and registers that provide an
interface between the CPU and the other on-
chip peripherals. There are also 128 directly

All SFRs are listed in Table 26, Table 27 and
Table 28. ' '

In Table 26 they are- organized in numeric
order of their addresses. In Table 27 they are
organized in groups which refer to the
functional blocks of the SAB-C503. Table 28
illustrates the contents of the SFRs.

addressable bits within the SFR area.

Table 26
Special Function Registers in numeric order of their addresses
. Contents
Address Register after Reset

80H po? OFFH
81H SP O7H
82H DPL O0H
83H DPH 00H
84H (WDTL) 2 00H
85H “(WDTH)®) 00H
86H WDTREL - O00H
87H PCON | 000X0000B 2
88H TCON 00H
89H TMOD OOH
8AH TLO O0H
8BH TLA 00H
8CH THO O0H
8DH THA 00H
8EH reserved XXH?2)
8FH reserved - XXH?2)
90H P11 OFFH
91H reserved OOH
92H reserved XXH?2)
93H reserved XXH?2)
94H reserved XXH?2)
95H reserved XXH 2
96H reserved XXH 2
97H reserved XXH 2

") Bit-addressable Special Function Register

. Contents
Address Register after Reset

98H scoN’) 00H
99H SBUF XXH 2
9AH . reserved XXH 2)
9BH reserved XXH?2)
9CH reserved XXH 2)
9DH reserved XXH2)
'9EH reserved XXH2)
9FH reserved XXH?2)
AOH p2") OFFH
A1H reserved XXH?2)
A2H ‘reserved XXH2)
A3H _reserved XXH 2
Ad4H reserved XXH 2
A5H reserved XXH2
A6H " reserved XXH?2)
A7H reserved XXH2)
A8H 1= 00H
A9H reserved . XXH 2
AAH reserved XXH2)
ABH reserved XXH?2)
ACH reserved XXH 2)
ADH reserved XXH?2)
AEH reserved XXH 2)
AFH reserved XXH2)

2) X means that the value is indeterminate and the location is reserved

3)() ... SFR not user accessible
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Table 26
Special Function Register in numeric order of their addresses (cont'd)
. Contents . . Contents
,Address Register after Reset Address Register after Reset
BOH p3 "l OFFH D8H ADCONO 1 00H
B1H reserved XXH?) D9oH ADDATH O0H
B2H reserved XXH2) DAH . ADDATL 00H
B3H reserved XXH 2 DBH . reserved XXH 2
B4H reserved XXH 2) DCH ADCONT | 0XXXX000B 2
B5H reserved XXH 2 DDH reserved XXH 2
B6H - reserved XXH 2) DEH reserved XXH 2
B7H reserved XXH?2) DFH reserved XXH?2 -
B8H T2 X0000000B %) EOH ACC ) 00H
B9H reserved XXH?2) E1H reserved XXH 2
BAH reserved XXH?2) E2H reserved XXH 2)
BBH reserved XXH 2) E3H reserved XXH 2
BCH reserved XXH 2 E4H reserved XXH 2
BDH reserved XXH?2) E5H reserved XXH 2
BEH reserved XXH?2) E6H reserved XXH 2)
BFH reserved . XXH? E7H reserved XXH 2)
COH WDCON ") | XXXX0000B 2 ESH reserved XXH 2
C1iH reserved XXH 2) E9H reserved | XXH 2
C2H reserved XXH 2) EAH- reserved | XXH?2
C3H reserved XXH?2) EBH reserved XXH 2)
C4H reserved XXH 2 ECH reserved XXH 2)
C5H reserved XXH 2 EDH reserved - XXH 2
"C6H reserved XXH 2 EEH reserved XXH 2
C7H reserved XXH 2) EFH reserved XXH 2
C8H T2cON " 00H FOH B1 00H
C9H T2MOD | XXXXXXX0B2 F1H reserved XXH 2
CAH ‘RC2L 00H F2H reserved XXH 2
CBH RC2H 00H "F3H ‘reserved XXH 2)
CCH TL2 00H F4H reserved XXH 2
CDH - TH2 00H F5H reserved XXH 2
CEH reserved XXH 2 F6H reserved XXH 2
CFH - reserved XXH2) F7H, reserved XXH 2)
DOH psw ' 00H F8H reserved XXH?2)
D1H reserved XXH 2 FOH reserved XXH 2)
D2H reserved XXH 2) FAH reserved XXH 2)
D3H reserved XXH 2) FBH reserved XXH 2
D4H reserved XXH 2) FCH reserved XXH 2
D5H reserved XXH 2 FDH reserved XXH 2)
D6H reserved XXH 2) FEH reserved XXH 2
D7H reserved XXH 2 FFH reserved XXH 2
1) Bit-addressable Special Function Register
2) X means that the value is indeterminate and the location is reserved
© Siemens Components, Inc. 4-129
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Table 27

Special Function Registers - Functional blocks

Block:

CPU

Intérfupi )
System
Ports

AD-
Converter

Channels

Timer 1

Watchdog

Pow.Sav:
Modes

1) Bit-addressable special function registers

Serial

Timer 0/

Timer2 ~ T2CON

Symbol

ACC
B .
DPH
DPL
PSW
SP
E -
P

PO
P1’
P2
P3
ADCONO
ADCON?1
ADDATH
ADDATL

|PCON 2

SBUF
SCON
TCON
THO
THA1
TLO
TL1
TMOD

T2MOD
RC2H
RC2L
TH2 -
TL2

WDCON-
WDTREL

PCON

Addréss

Name Contents
after Reset
-{Accumulator - 0EOH ! [oOH
B-Register OFOH " |00H
Data Pointer, High Byte 83H O00H
Data Pointer, Low Byte 82H 00OH
' Program Status Word Register 0DOH ") |00H
|Stack Pointer 81H |o7H
Interrupt Enable Register 0AsH 1) o0H
_ |Interrupt Priority Register ~|0B8H 1)7 00H
Port 0 80H 1 |oFFH
Port 1, Analog/Digital lnput 90H V) 0XXH 3
Port 2 0AOH 1) |OFFH
Potsa 0BOH") | OFFH
A/D Converter Control Register 0 |obsH " |00H _
A/D Converter Control Register 1 ODCH  [0XXX X000B3)
A/D Converter Data Register High Byte |0D9H 00H
A/D Converter Data Reglster Low Byte ODAH ~j00H
Power Control Register 87H 00H
Serial Channel Buffer Reg. 99H OXXH 3
Serial Channel 0 Control Reg. - Je8HY  ooH
Timer 0/1 Control Register gsH'  |ooH
Timer 0, High Byte 8CH 00H
Timer 1, High Byte 8DH O0H
Timer 0, Low Byte 8AH 00H
Timer 1, Low Byte 8BH O0H
| Timer Mode Register 89H 00H
Timer 2 Control Register ocsH" 00H .
Timer 2 Mode Register ' 0C9H | XXXX XXx083)
Timer 2 Reload Capture Reg., High 0CBH 00H
Byte 0CAH 00H
Timer 2 Reload Capture Reg., Low Byte| 0CDH 00H
Timer 2, High Byte 0CCH O0H
T|mer 2, Low Byte 7 ’ 7
Watchdog Timer Control Reglster 0COH 1) | XXXX 0000B %)
Watchdog Timer Reload rReg 86H  |oOH
Power Control Regxster 87H 000X0000B3)

AThis special function register is listed repeatedly since some bits of it also belong to other functional blocks

3 X means that the value is indeterminate and the location is reserved
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Contents of SFRs, SFRs in numeric order

Table 28

z!
&
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v
H |
H PN B 3
| | R I i et
| | W 'z o
i ' h w Lo
i ,, i Vw
k _ - | — ==
i : P , , 4
| ln i [ o ol e 5
o B LR L
i ,\\\\\IIIWII IJ\<1J\,,\\_I“§|II,.|||.“,.’\J
w el i Wﬁ;mmim,i
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[ wi=| = iw o Z 0
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e GE5E889FFEEaggaureggs
& s o @0 = EF
. i | | ! i i i
/1] , W H i | |
7] i | : ; . . : | i
N R R E R
T o oo o b0 O 0 DR O O < AiBBCCC
-9 ! I i : L o i i i

SFR bit and byte addressable

- :j SFR not bit addressable

L

|

.

must not be used

: = bit location is reserved

4131

© Siemens Components, Inc.



SAB-C503

Table 28

Contents of SFRs, SFRs in numeric order (cont'd) ..

Address
CAH
CBH
CCH
CDH
.DOH
D8H
D9H
DAH
DCH
EQOH

FOH

Register
RC2L
RC2H

TL2
TH2
PSW

ADCONO

ADDATH

ADDATL

ADCONT1

ACC
B

6

4 3. 2 1 0 [
S
T
Rt mso | ov [F1 | P
| BSY | ADM | Mx2 | MX1 | Mxo |
l R ST T
A I
L - IMxa | Mx2 | MX1 |, MXO |
e
V b ‘\i o

? } ] SFR bit and byte addressable
' || SFR not bit addressable
must not be used

—: =bhit location is reserved




SAB-C503

Timer / Counter 0 and 1

Timer/Counter 0 and 1 can be used in four operating modes as listed in Table 29:

Table 29
Timer/Counter 0 and 1 operating modes

In the “timer” function (C/T = ‘0") the register is
incremented every machine cycle. Therefore
the count rate is fosc/12.

In the “counter” function the register is
incremented in response to a 1-to-0 transition
at its corresponding external input pin (P3.4/
TO, P3.5/T1). Since it takes two machine

Mode | Description TMOD " Input cloclg N
‘ |Gate| C/T | M1 | MO | internal | external (max)
0 |8-bittimer/counterwitha | X | X | 0 | O |foscM2x32| fosc/24 x 32
. |dvide-by-382prescaler | . | | | | .
1 16-bit timer/counter X | X 0 1 fosc/12  foscl24
2 | 8-bit timer/counter with X X 1 0 Sosc/12 fosc/24
8-bitauto-reload N
3 | Timer/counter O used as - X X 1 1 fosc/12 Sfosc/24
one 8-bit timer/counter and
one 8-bit timer
Timer 1 stops

cycles to detect a falling edge the max. count
rate is fosc/24. External inputs INTO and INT1
(P3.2, P3.3) can be programmed to function
as a gate to facilitate pulse width
measurements. Figure 61 Timer/Counter 0
and 1 input clock logic illustrates the input
clock logic.

Figure‘ 61
Timer/Counter 0 and 1 input clock logic
fosc » +12 ¢ » fosc/12
c/T
TMOD
0
P3.4/70 oL Timer 0/1
P35mM  ——— 1 | | > Input Clock
max fosc/24 1
TR 0/1 Control
TCON &
Gate =1
TMOD g v
P3.2/INT0 B
P3.3/1NTI MCS01768
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Timer 2

Timer 2 is a 16-bit Timer/Counter with an up/down count feature. It can operate either as timer
or as an event counter which is selected by bit C/T2 (T2CON.1). It has three operating modes
as shown in Table 30.

Table 30
Timer/Counter 2 operating modes

T2CON T2MOD | T2CON Remarks Input Clock
P1.1/ '
Mode | RXCLK | op, T2EX . external
or RL2 TR2 internal (P1.0/T2)
TXCLK DCEN | EXEN '
16-bit 0 0 1 0 0 X {reload upon fosc/12 max
Auto- ' overflow Josc/24
reload| O 0 1 0 1 ! |reload trigger
(falling edge)
0 0 1 1 X 0 |Down counting
0 0] 1 1 X 1 | Up counting
16-bit 0 1 1 X 0 X |16 bit Timer/ | fosc/12 max
Cap- Counter (only fosc/24
ture | - : up-counting)
1 0 1 1 X 1 | |capture TH2,
TL2 - RC2H,
RC2L
Baud 1 X 1 X 1 0 X |no overflow Soscl2 max
Rate i ‘ interrupt Jfosc/24
Gene- : “Irequest (TF2)
rator 1 X 1 X 1 ! |extra external
interrupt
(“Timer 27) _
off X X 0 X X X |Timer 2 stops - -

Note: L= \ falling edge
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Serial Interface (USART)

The serial port is full duplex and can operate in four modes (one synchronous mode, three
asynchronous modes) as illustrated in Table 31. The possible baud rates can be calculated
using the formulas given in Table 32.

Table 31
USART operating modes

‘T2CON | . |Description
Mode | -~ o Baudrate
smo | sm1 v
o | o o0 fosc/12 Serial data enters and exits through RxD.

TxD outputs the shift clock. 8-bits are
o o ~ |transmitted/received (LSB first)
1 0 1 Timer 1/2 overflow rate |8-bit UART
10 bits are transmitted (through TxD) or
A o _ received (RxD)
2 1 0 fosc/32 or fosc/64 9-bit UART
: 11 bits are transmitted (TxD) or

L ’ - | received (RxD)
3 1 1 Timer 1/2 overflow rate | 9-bit UART
Like mode 2 except the variap}_e baud rate

Table 32 :
Formulas for calculating Baud rates

Baud -r-ét'é
derived from Interface Mode Baud rate
Oscillator 0o - o fo:sc/7172 '
. 2 (2smop X fosc) / 64
Timer 1 (16-bit timer) 1,3 (2smop x timer 1 overflow rate) /32
(8-bit timer with 1,3 (2smop X fosc) / (32 x 12 x (256-TH1))
8-bit autoreload) - - 7 o -
Timer 2 1,3 Jfosc /(32 x (65536-(RC2H, RC2L))

© Siemens Components, Inc. 4-135
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10-bit A/D Converter

In the SAB-C503 a high performance/high speed 8-channel 10-bit A/D-Converter (ADC) using
the successive approximation technique is implemented.

Figure 62 internal Bus

Block Diagram A/D-Converter P 1 (30H) |

— | P1.7 | P1.6 | P15 | P14 | PL3 | P12 | PLT | P1O —

ADCON1 (DCH)

i) X WK T WX T [ WX 0
) 7 6 5 4 3 2 1 0
]

ADCONO (DBH)

]/V/ IAgC BiY AgM M)<22 M)iI M)BO .

LA { ADDATH ADDATL
»| Single/ (D9H) (DAH)
bor 1 Continous -Mode 0 /0 %
= MUX WA
- s e 2V z
A/D 3 3
Converter 4 [
Tosc | /
8 led:2}—o01 fac S E)
L= 6 | 6 |fLss
Varer - -
Yaco . ) , I
i ‘ ; l Start of '/
Conversion |
) i
Write to ADDATL ‘ |
internal Bus
Shaded bit locations are not used in ADC-functions MCBO1769
A Bit MX3 in SFR ADCON1 must not be set

Note that bit ADCL in SFR ADCONO has to  The formula for the conversion time is given
be set when fosc is higher than 16 MHz. by:fc = 14 x (8 x 2apct) / fosc

Furthermore bit MX3 in SFR ADCON1 must

not be set otherwise a not connected channel

would be selected.
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Interrupt System

The SAB-C503 provides 7 interrupt sources with two priority levels. Figure 63 Interrupt
Request Sources gives a general overview of the interrupt sources and illustrates the request
and control flags.

“ Figure 63

Interrupt Request Sources

Timer 0 Overflow

Timer 1 Overflow

Timer 2 Overflow —| 172 | »,
P1.1/_| -

T2EX \ o—{Exr2}-
EXENZ  12CON.6

T2CON.3
USART
|
rsa/ P12
INTO [o]
, L] ||
110 \-
TCON.0
p3.3/_le >
. INT1 o -\
m

TCON.2

A/D Converter

' High Priority |
TFO P e ./Dﬁ Low Priority
) o) >
TCON.5 7o 570
IE.1 IP.1
]
T He s H L
TCON.O TCON7 >
©LEN PT1
IE.3 P.3
2 ool % e R
T2CON.7 [¢) >
EXF2 E12 P12
IE.5 IP.5
X 21 el e~ o e
SCON.0 o >
1l ES PS
SCON.1 IE.4 P4
—»|
0 He o e o '/‘; R
TCON.1 TX0 %0
IE.O iP.0
—»
6 He ol e ./Z R
TCON.3 0 PXI
IE.2 IP.2
>
—[oc He o{H 0 /Z o~
ADCONO.3 EADC EA PADC
IE6  IET7T  IP6 w0170
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Table 33

Interrupt sources and their corresponding interrupt vectors

Source (Request Flags) Vector- Vector Address
IE0 External interrupt 0 0003H

TFO Timer 0 interrupt 000BH

IE1 External interrupt 1 0013H

TF1 Timer 1 interrupt 001BH

RI+T! Serial port interrupt 0023H

TF2 + EXF2 Timer 2 interrupt 002BH

IADC A/D converter interrupt 0043H

A low-priority interrupt. can itself be
interrupted by a high-priority interrupt, but not
by another low-priority interrupt. A high-
priority interrupt cannot be interrupted by any
other interrupt source.

If two requests of different priority level are
received simultaneously, the request of

Table 34
Interrupt priority-within-level

Interrupt Source Priority
External Interrupt 0, | =0} High
A/D Converter, ) : IADC .
Timer O Interrupt, TFO
External Interrupt 1, IE1 {
Timer 1 Interrupt, TF1 '
Serial Channel, RlorTIl :
Timer 2 Interrupt, TF2 or EXF2 Low

higher priority is serviced. If requests of the
same priority 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 as
shown in Table 34.
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Fail Safe Mechanisms

The SAB-C503 offers enhanced fail safe
mechanisms, which allow an automatic
recovery from software upset or hardware
failure.

1)Watchdog Timer (15bit, WDT)
2)Oscillator Watchdog (OWD)

1) Watchdog Timer (WDT)

The Watchdog Timer in the SAB-C503 is a
15-bit timer, which is incremented by a count
rate of either fevee/2 or fovele/32 (fovere = fosc/
12). That is, the machine clock is divided by a
series of arrangement of two prescalers, a
divide-by-two and a divide-by-16 prescaler.
The latter is enabled by setting bit
WDTREL.7. ’

Figure 64 Block - Diagram of the
Programmable Watchdog Timer shows the
block . diagram of -the programmable
Watchdog Timer. : .

Figure 64

Block Diagram of the Programmable Watchdog Timer

0 7

f°.sc/'2 » +2 +16

N

o !

~WoTL

WDT Reset-Request

WOTH

A

, ¥ WDCON(0COH)
« o] e 1 o Jowos]wots] wot fswor

i

>

Control Logic

7y
External HW=-Reset

T

WOTREL

MCS01771
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- Starting and refreshing the WDT .

Table 35 gives an overview how to start and
refresh the WDT. The mentioned bits are
located in SFR WDCON.

Table 35 ‘ o
Starting and refreshing the WDT

Function Example

Remarks

Starting WD

SETB  SWDT|Cannot be stopped during active mode of the device.
: . WDT is halted during idle mode, power down mode or the
oscillator watchdog reset is active.

Refreshing WD |SETB ~ WDT
SETB

Double instruction sequence
SWDT | (setting bit WDT and SWDT consecutively) to increase
system security.

— Watchdog reset and watchdog status flag
(WDTS)

If the software fails to clear the watchdog in
time, an internally generated watchdog re-
set is entered at the counter state 7FFCH.
The duration of the reset signal then de-
pends on the prescaler selection (either 8
or 128 cycles). This internal reset differs
from an external one in so far as the
Watchdog Timer is not disabled and bit
WDTS (SFRWDCON) is set. The WDTS is
a flip-flop, which is set by a Watchdog Tim-
er reset and can be cleared by an external
hardware reset. Bit WDTS allows the soft-
ware to examine from which source the re-
set was activated. The bit WDTS can also
be cleared by software.

.oscillator which provides ‘the

2) Oscillator Watchdog (OWD)

The OWD consists of an internal .RC
reference
frequency for the comparison with the

frequency of the on-chip oscillator.

Figure 65 Functional Block Diagram of the
Oscillator Watchdog shows the block
diagram of the oscillator watchdog unit while
Table 36 shows the effect when the OWD
becomes active/inactive.

Note:The OWD rs alwayé enabled!
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Figure 65
Functional Block Diagram of the Oscillator Watchdog
RC fe s P
Oscillator -
3MHz
Frequency fa<h Delay >1
Comparator B ‘ >
f inf.
J— Resel
XTALY _ . '
C On—Chi WDCON(OCOH)
n-Chip ‘ T g -
yiaz | Osciliator L T T T fowsf | § ]
o, a
+2 T
[
‘oﬂ‘ int. Cloc!
—0~ '
NCBO1772
Table 36

Effects of the OWD

Conditions |Effect

fosc < fre/5 | Switch input of internal clock system to RC oscillator output

Activating internal reset at the same time (reset sequence is clocked by
RC-oscillator). , ‘
Exception from effects of a Hardware Reset:
Watchdog Timer Status Flag, WDTS is not reset
Oscillator Watchdog Status Flag, OWDS is set

Sfosc > fre/5 Input of internal clock system is fosc/2.
When failure condition (fosc < fre/5) disappears the part executes a final
reset phase of typ. 1 ms in order to allow the external oscillator to stabilize.

© Siemens Components, Inc. 4-141
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Power Saving Modes

Two power down modes are available, the
Idle Mode and Power Down Mode.

The bits PDE, PDS and IDLE, IDLS select the

respectively. If the Power Down mode and
the idle mode are set at the same time, Power
Down takes precedence. 37 gives a general
overview of the power saving modes.

Power Down mode or the idle mode,
Table 37
Power Saving modes overview
Mode Entering Leaving by Remarks
~ |Example ‘
Ildle mode  |ORL PCON, #01H |-enabled interrupt |CPU is gated off
ORL PCON, #20H |- Hardware Reset |CPU statusregisters maintain
. their data. '
Peripherals are active Double
instruction sequence
~ Power-Down |ORL PCON, #02H '|Hardware Reset Oscillator are stopped.
Mode ORL PCON, #40H |. Contents of on-chip RAM and
) SFR’s are maintained (leaving
Power Down Mode means
redefinition of SFR’s
contents).
Double instruction sequence

In the Power Down mode of operation, Vcc
can be reduced to minimize power
consumption. It must be ensured, however,

that Vec is not reduced before the Power -

Down mode is ‘invoked, and that Vcc is
restored to its normal operating level, before
the Power Down mode is terminated. The

mode also restarts the oscillator. The reset
should not be activated before Vce is restored
to its normal operating level and must be held
active long enough to allow the oscillator to
restart and stabilize (simulator to power-on
reset).

reset signal that terminates the PoWe‘r Down .. '




 SAB-C503

Absolute Maximum Ratings

Ambient temperature

under bias (T4) ...cccceverenne -40Cto+ 85°C
Storage temp. (Ts7) ......... -65°Cto+150°C
Voltage on Vcc pins with

respect to ground (Vss)........ -05Vto65V
Voltage on any pin with respect

to ground (Vss) ........... -05VtoVec+05V
Input current on any pin during

overload condition........ -10mAto+ 10 mA
Absolute sum of all input currents

during overload condition............. 1100 mA | -
‘Power dissipation.........ccccceveeeevieieecnenes TBD

Note: Stresses above those listed under
“Absolute Maximum Ratings” may
cause permanent damage of the
device. This is a stress rating only and
functional operation of the device at
these or any other conditions above
those indicated in the operational
sections of this specification is not
implied. Exposure to absolute
maximum rating conditions for longer
periods may affect device reliability.
During overload conditions (Vin > Vec or
Vin < Vss) the Voltage on Vec pins with
respect to ground (Vss) must not
exceed the values defined by the
absolute maximum ratings.

© Siemens Components, (nc.
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DC Characteristics

Vee =5V +10%, 15 %; Ves =0 V; Ta = 0"C 10 70 °C for the SAB-C503
Ta=— 40 °C to 85 C for the SAF-C503
Parameter Symbol |- Limit Values Unit | Test Condition
min. max.
Input low voltage : Vi - 0.5 0.2 Vece~ 0.1V -
(except EA, RESET)
Input low voltage (EA) ViLs -05 02Vec-03|V |-
Input low voltage (RESET) (V2 . |-0.5 0.2 Voc + 0.1 |V -
Input high voltage (except |V 0.2 Vec + 0.9 | Vec + 0.5 \ -
RESET, XTAL1, EA)
Input high voltage to XTAL1 | Vini™ - 0.7 Vce Vec + 0.5 Vv
Input high voltage to Vine 0.6 Vee Ve + 0.5 vV |-
RESET, EA
Output low voltage Voo - |- 0.45 V  jloo=1.6mAy
(ports 2, 3)
Output low voltage VoL - 0.45 \ Io.=3.2mAny)
(port 0, ALE, PSEN)
Output high voltage Von 2.4 - V  |lon=-80pA,
(ports 2, 3) 0.9 Vee - Ion=—10 pA
Output high voltage Von1 2.4 - V . |Ion =—800 Ay,
(port O in external bus 0.9 Vce - Ion =~ 80 pA 2
mode, ALE, PSEN)
Logic O input current - |l -10 - 50 WA [Vin=0.45V
(ports 1, 2, 3) :
Logical 1-to-0 transition I’ - 65 - 650 PA |[Vn=2V
current (ports 2, 3)
Input leakage current Iu - 1 HA ]0.45 < Vin < Veo
(port 0, EA, P1)
Pin capacitance ' Co - 10 pF [f£c=1MHz,
: : Ta=25C
Power supply current:
Active mode, 12 Icc - TBD mA (Vec=5V,q
MHz 7 Icc - TBD mA |Vec=5V,s
Idle mode, 12 MHz 7| Icc - TBD mA |Vec=5V,q
Active mode, 20 Icc - TBD mA {Vec=5V,s
MHz 7 Irp - 50 pA [ Vec=2...55V,3
Idle mode, 20 MHz7
Power Down Mode
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1 Capacitive loading on ports 0 and 2 'may
cause spurious noise pulses to be
superimposed on the VoL of ALE and port 3.
The noise is due to external bus capacitance
discharging into the port 0 and port 2 pins
when these pins make 1-to-O transitions
during bus operation. In the worst case
(capacitive loading > 100 pF), the noise pulse
on ALE line may exceed 0.8 V. In such cases
it may be desirable to qualify ALE with a
schmitt-trigger, or use an address latch with a
schmitt-trigger strobe input.

2 Capacitive loading on ports 0 and 2 may
cause the Vou on ALE and PSEN to
momentarily fall below the 0.9 Vec
specification when the address lines are
stabilizing.

3 Iro (Power Down Mode) is measured
under following conditions: i
EA = RESET = Port 0 = Port 1 = Vcc; XTAL2
= N.C.; XTAL1 = Vss; Vaano = Vss; all other
pins are disconnected. s

4 Icc (active mode) is measured with:
XTAL1 driven with fciew, terict = 5 ns, Vi = Vss
+0.5V,VH=Vcc—-0.5V, XTAL2=N.C.; EA
= Port 0 = Port 1 = RESET = Vcc; all other
pins are disconnected. Icc would be slightly
higher if a crystal oscillator is used (appr. 1
mA).

5 Icc (Idle mode) is measured with all output

pins disconnected and with all peripherals
disabled;

XTAL1 driven with fciek, foreL = 5 ns, Vi = Ves
+ 05V, Vu = Vec —0.5 V; XTAL2 = N.C;;

"RESET = EA = Vss; Port 0 = Port 1 = Ve; all

other pins are disconnected;

7 Iccvax other frequencies is given by:

active mode:TBD

idle mode:TBD
where fosc is the oscillator frequency in
MHz. Icc values are given in mA and
‘measured at Vee =5 V.

© Siemens Components, Inc.
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'A/D Converter Characteristics

Vee=5V +10%,—15%; Vss=0V
Varer = Vec £ 5 %; Vagno = Ves £ 0.2 V;
. o Ta=0°C to 70 °C for the SAB-C503
Ta =—40°C to 85 °C for the SAF-C503

Parameter Symbol Limit Values Unit Test Condition
. min. typ. max. : .
Analog input capacitance |G 25 70 pF
Sample time (Inc. load Ts “ldteyy |us o 2)
time) .
Conversion time Tc 14 tey 1) |us 3)
(inc. sample time)
Total unadjusted errory | TUE ' 2 LSB |VAREF = Ve
o VAGND = Vss

Dy = (8 x 2apcL) / fosc (rey =1/ fAbc; faoc = fosc / (8 x 2apcL)

2 This parameter specifies the time during the input capacitance Ci, can be charged/discharged by the external
source. It must be guaranteed, that the input capacitance ¢, is fully loaded within this time. 4 TCY is 2 us at the
fosc = 16 MHz. After the end of the sample time T's, changes of the analog input voltage have no effect on the
conversion result. . ‘

3)This parameter includes the sample time Ts. 14 TCY is 7 ps at fosc = 16 MHz.
4)This parameter includes also the DNLE.

AC Characteristics for SAB-C503-LN / C503-1RN

Vee=5V +10%,~15%; Vss =0V
Ta=0°C to 70 °C for the SAB-C503
Ta = - 40 'C to 85 °C for the SAF-C503

Please refer to the SAB-C501 AC Characteristics and Waveforms for the 12 and 20MHz
AC Characteristics and Waveforms for the SAB-C503.




SIEMENS

SAB 80C515/80C535

High-Performance 8-Bit CMOS
Single-Chip Microcontroller

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

SAB 80C515-T40/110,
SAB 80C535-T40/110
SAB 80C515-T40/85
SAB 80C535-T40/85
SAB 80C515-16-T40/85,

Extended temperature range: — 40 to 110°C (for 12 MHz)
Extended temperature range: — 40 to 85°C (for 12 MHz)

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

® 8 K x 8 ROM (SAB 80C515 only)

® 256 x 8 RAM

@ Six 8-bit I/O ports, one input port for digital
or analog input

® Three 16-bit timer/counters

@ Highly flexible reload, capture, compare
capabilities

@® Full-duplex serial channel

® Twelve interrupt vectors,
levels

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

® 16-bit watchdog timer

® Boolean processor

@ 256-bit-addressable locations

©® Most instructions execute in 1 us (750 ns)

® 4 us (3 ps) multiply and divide

® External memory expandable up to 128
Kbytes

@ Backwardly compatible with SAB 8051

@ Functionally compatible with SAB 80515

® Idle and power-down mode

@ 68-pin plastic leaded chip carrier package
(PL-CC-68)

four priority

The SAB 80C515/80C535 is a powerful
member of the Siemens SAB 8051 family of
8-bit microcontrollers. It is designed in
Siemens ACMOS technology and is

functibna!ly compatible with the SAB 80515/
80535 devices designed in MYMOS
technology.

The SAB 80C515/80C535 is a stand-alone,
high-performance single-chip microcontroller
based on the SAB 8051/80C51 architecture.
While maintaining all the SAB 80C51
operating characteristics, the SAB 80C515/
80C535 incorporates several enhancements
which significantly increase design flexibility
and overall system performance.

In addition, the low-power properties of
Siemens ACMOS  technology allow
applications where power consumption and
dissipation are critical. Furthermore, the SAB
80C515/80C535 has two  software-
selectable modes of reduced activity for
further power reduction: idle and power-
down mode.

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

There are versions for 12 MHz operation and
for 16 MHz operation available.

© Siemens Components, Inc.
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SAB 80C515/80C535

Ordering Information

Type Package Description)
SAB 80C515-N PL-CC-68 with mask-programmable ROM, 12MHz
SAB 80C535-N PL-CC-68 for external memory, 12MHz
SAB 80C515-N-T40/85 PL-CC-68 with mask-programmabIeVROM, 12MHz
ext. temperature -40 to +85 °C
SAB 80C535-N-T40/85 PL-CC-68 for external memory, 12MHz
: ext. temperature -40 to +85 °C
SAB 80C515-N-T40/110 PL-CC-68 with mask-programmable ROM, 12MHz
ext. temperature -40 to +110 °C
SAB 80C535-N-T40/110 PL-CC-68 . for external memory, 12MHz
: ext. temperature -40 to +110 °C
SAB 80C515-16-N PL-CC-68 with mask-programmable ROM, 16MHz
SAB 80C535-16-N PL-CC-68 . for external memory, 16MHz
PL-CC-68’ for external memory, 16MHz

SAB 80C535-16-N-T40/85 -

ext. temperature -40 to +85 °C




SAB 80C515/80C535

Figure 66
Pin Configuration (PL-CC-68)
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Logic Symbol
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SAB 80C515/80C535

Pin Definitions and Functions

Symbol

Pin

Input (I)
Output (O)

Function

P4.0-P4.7

1-3,5-9

/O

Port4 . '

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

PE#

Power saving mode enable#

A low level on this pin enables the use of the power
saving modes (idle mode and power-down mode).
When PE# is held on high level it is impossible to enter
the power saving modes.

RESET#

10

Reset pin

A low level on this pin for the duration of two machlne
cycles while the oscillator is running resets the SAB
80C515. A small internal pull-up resistor permits
power-on reset using only a capacitor connected to
Vss.

V tRerF

11

Reference voltage for the A/D converter

VaanD

12

Reference ground for the A/D converter

P6.7-P6.0

13-20

Port 6

is an 8-bit unidirectional input port. Port pins can be
used for digital input if voltage levels simultaneously
meet the specifications for high/low input voltages and
for the eight multiplexed analog inputs of the A/D
converter.




SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Function

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

is an 8-bit bidirectional I/0 port with internal pull-up
resistors. Port 3 pins that have1's written to them are
pulled high by the internal pull-up resistors, and in that
state can be used as inputs. As inputs, port 3 pins
being externally pulled low will source current (I, in
the DC characteristics) because of the internal pull-up
resistors. Port 3 also contains the interrupt, timer,
serial port and external memory strobe pins that are
used by various options. The output latch
corresponding to a secondary function must be
programmed to a one (1) for that function to operate.
The secondary functions are assigned to the pins of
port 3, as follows:
—RxD (P3.0): serial port's receiver data input
(asynchronous) or data input/output (synchronous)
—TxD (P3.1): serial port's transmitter data output
(asynchronous) or clock output (synchronous)
—INTO# (P3.2): interrupt 0 input/timer 0 gate control m
input
—INT1# (P3.3): interrupt 1 input/timer 1 gate control
input

1 =T0 (P3.4): counter 0 input

—T1 (P3.5): counter 1 input
—WR# (P3.6): the write control signal latches the data
byte from port 0 into the external data memory

"| —RD# (P3.7): the read control signal enables the

external data memory to port 0

© Siemens Components, Inc.
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SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Symbol Pin Input (1) Function
Output (O)
P1.7-P1.0| 29- 36 I{e] Port 1

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

that are used by various options. The output latch

corresponding to a secondary function must be
programmed to a one (1) for that function to operate
(except when used for the compare functions). The
secondary functions are assigned to the port 1 pins as
follows:

.| = INT3#/CCO0 (P1.0): interrupt 3 input/

compare 0 output/capture 0 input
—INT4/CC1 (P1.1): interrupt 4 input/

compare 1 output/capture 1 input
—INT5/CC2 (P1.2): interrupt 5 input/

compare 2 output/capture 2 input
—INT6/CC3 (P1.3): interrupt 6 input/

compare 3 output/capture 3 input
—INT2# (P1.4): interrupt 2 input
—T2EX (P1.5): timer 2 external reload trigger input
—CLKOUT (P1.6): system clock output
—T2 (P1.7): counter 2 input




SAB 80C515/80C535

Pin Definitions and Functions (cont'd)

Symbol -

Pin

Input (l)
Output (O)

Function

XTAL2
XTALA1

39
49

XTAL2
Input to the inverting oscillator amplifier and input to

‘| the internal clock generator circuits.

XTAL1

Output of the inverting oscillator amplifier.

To drive the device from an external ciock source,
XTAL2 should be driven, while XTAL1 is left
unconnected. There are no requirements on the duty
cycle of the external clock signal, since the input to the
internal clocking circuitry is divided down by a divide-
by-two flip-flop. Minimum and maximum high and low
times and rise/fall times specified in the AC
characteristics must be observed. ‘

P2.0-P2.7

41- 48

/0

Port 2 ‘

is an 8-bit bidirectional 1/0O port with internal pull-up
resistors. Port 2 pins that have 1's written to them are
pulled high by the internal pull-up resistors, and in that
state can be used as inputs. As inputs, port 2 pins
being externally pulled low will source current (I, in
the DC characteristics) because of the internal pull-up
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 pull-up resistors when issuing 1's. During
accesses to external data memory that use 8-bit
addresses (MOVX@Ri), port 2 issues the contents of
the P2 special function register. \

PSEN#

49

The Program store enable#

Output is a control signal that enables the external
program memory to the bus during external fetch
operat'iong It is activated every six oscillator periods,
except during external data memory accesses. The
signal remains high during internal program execution.

© Siemens Components, Inc.
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SAB 80C515/80C535

Pin Definition§ and Functions (cont'd)

Symbol

Pin

Input (1) .
Output (O)

Function

ALE

50

)

The Address latch enable

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

EA#

51

External access enablei

When held high, the SAB 80C515 executes
instructions from the internal ROM as long as the PC is
less than 8192. When held low, the SAB 80C515
fetches all instructions from external program memory.
For the SAB 80C535 this pin must be tied low.

P0.0-P0.7

5259

IO

Port 0

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

Port 0 pins that have 1's written to them float, and in
that state can be used as high-impedance inputs.
Port 0 is also the multiplexed low-order address and
data bus during accesses to external program and
data memory. In this application it uses strong internal
pull-up resistors when issuing 1's.

Port 0 also outputs the code bytes during program

-verification in the SAB 80C515. External pull-up

resistors are required during program verification.

P5.7-P5.0

60-67

170

Port5 . :

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

Vee

37

Supply voltage ‘
‘during normal, idle, and power-down operation.
Internally connected to pin 68.

Vss

38

Ground (O V)

Vee

68

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

Functional Description

The members of the SAB 80515 family of
microcontrollers are:

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

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

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

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

Architecture

The architecture of the SAB 80C515 is based
on the SAB 8051/SAB 80C51 microcontroller
family. The following features of the SAB
80C515 are fully compatible with the SAB
80C51 features:

— Instruction set

— External memory expansion interface (port
0 and port 2) .

~ Full-duplex serial port
— Timer/counter 0 and 1
— Alternate functions on port 3

— The lower 128 bytes of internal RAM and
the lower 4 Kbytes of internal ROM

The SAB 80C515 additionally contains 128
bytes of internal RAM and 4 Kbytes of internal
ROM, which results in a total of 256 bytes of
RAM and 8 Kbytes of ROM on-chip. The SAB
80C515 has a new 16-bit timer/counter with a
2:1 prescaler, reload mode, compare and
capture capability. It also contains a 16-bit
watchdog timer, an 8-bit A/D converter with
programmable reference voltages, two
additional quasi-bidirectional 8-bit ports, one
8-bit input port for analog or digital signals,
and a programmable clock output (fosc/12).
Furthermore, the SAB 80C515 has a
powerful interrupt structure with 12 vectors
and 4 programmable priority levels.

Figure 68 Block Diagram shows a block
diagram of the SAB 80C515.
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Differences in Pin Assignments of the
SAB 80C515 and SAB 80515

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

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

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

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

Pin 37 (the former pin V) becomes an
additional Vcc pin. Thus, it is possible to insert
a decoupling capacitor between pin 37 (V)
and pin 38 (Vss) very close to the device,
thereby avoiding long wiring and reducing the

voltage distortion resulting from high dynamic
current peaks.

There is a difference between the NMOS and
CMOS version concerning the clock circuitry.
When the device is driven from an external
source, pin XTAL2 must be driven by the
clock signal; pin XTAL1, however, must be
left open in the SAB 80C515 (must be tied
low in the NMOS version). When using the
oscillator with a crystal there is no difference
in the circuitry.

Thus, due to its pin compatibility the SAB
80C515 normally substitutes any SAB 80515
without redesign of the user's printed circuit
board, but the user has to take care that the
two Ve pins are hardwired on-chip. In any
case, it is recommended that power is
supplied on both Vo pins of the SAB 80C515
to improve the power supply to the chip. If the
power saving modes are to be used, pin PE#
must be tied low, otherwise these modes are
disabled.

© Siemens Components, Inc.
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. SAB 80C515/80C535

Absolute Maximum Ratings

Ambient temperature under bias

SAB 80C515.....ccocovireirrercennns 0to70°C
SAB 80C515-T40/85 ............ —-40t0 85°C
SAB 80C515-T40/110 ........— 40 to 110 °C
Storage temperature............. —65t0 150 °C
Voltage on any pins with respect to
ground (Vss) cccccevrneerennne -05t0Vcc05V
Voltage on Ve cto Vss.........e... -0.5t0+6.5
Power dissipation ........cccocveeeeeriecivnns 2W

DC Charactéristics ‘

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

Vec=5V + 10%, — 15%; Vss= 0 VT a=to 70 °C for the SAB 80C515/80C535
T a=-40to 85 °C for the SAB 80C515/80C535-T40/85
T a=-40to 110 °C for the SAB 80C515/80535-T40/110

Parameter Symbol | Limit Values Unit | Test Conditions
‘ min. max.
Input low voltage (except EA#) Vi -0.5 0.2 Vo \ -
-01
Input low voltage (EA#) Vi | ~05 02V |V -
-0.3
Input high voltage VH 20V | Vo \'% -
(except RESET# and XTAL2) +0.9 +05
Input high voltage to XTAL2 Vi "0.7Vee | Voo \ -
+ 0.5
Input high voltage to RESET# Vhz 0.6 Voo Voo Vv -
‘ +0.5
Output low voltage, ports Va - 0.45 \ Io. =1.6mA 1)
1,2,3,4,5
Output low voltage, port 0, ALE, Vau - 0.45 \ Io. =32mA 1)
PSEN#
Output high voltage, ports Vou 2.4 - \ Ion =-80pA
1,2,3,4,5 09V |- \ Ion =—10pA
Qutput high voltage (port 0 in external Vo 2.4 - \Y IoH =-400pA
bus mode, ALE, PSEN) 0.9V | - \ I =—40pA 2)
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DC Characteristics (cont'd)

Parameter Symbol | Limit Values Unit | Test Conditions
min. max.
Logic 0 input current, ports 1, 2, 3, 4, 5, I ‘1 ~10 -70 rA Vin=0.45V
Input low current to RESET# for reset T -10 -100 uA ViNn=0.45V
Input low current (XTAL2#) Is -10 -15 pA Vin=0.45V
Logical 1-to-0 transition current, T - -65 - 650 uA VN=2V
ports 1,2, 3,4,5
Input leakage current (port 0, EA) Tu +10 pA 0.45 < Vn< Ve >
Pin capacitance ‘| co 10 pF fc=1MHz,
i TA=25°C
Power-supply current:
Active mode, 12 MHz © Icc 35 mA | Va=5V4
Idle mode, 12 MHz © Icc 13 mA | Va=5V9
Active mode, 16 MHz 6 fec 46 mA 500 = g \‘;‘;’)
Idle mode, 16 MHz © fcc 17 mA =
Power-down mode Icc 50 pA Voc=2Vto55Vd

1) Capacitive loading on ports 0 and 2 may cause spu-
rious noise pulses to be superimposed on the Va. of
ALE and ports 1, 3, 4 and 5. The noise is due to ex-
ternal bus capacitance discharging into the port 0
and port 2 pins when these pins make 1-to-0 transi-
tions during bus operation. )

In the worst case (capacitive loading > 100 pF), the
noise pulse on ALE line-may exceed 0.8 V.Then, it
may be desirable to qualify ALE with a Schmitttrig-

- ger, or use an address latch with a Schmit trigger
strobe input. .

2) Capacitive loading on ports 0 and 2 may cause the
VOH on ALE and PSEN to momentarily fall below
the 0.9 Vcc specification when the address bits are

~ stabilizing.

3) power-down Icc is measured with: EA# = Port 0 =
Port 6 = Vcx;

XTAL1 = N.C.; XTAL2 = Vss; RESET# = Voo; VaGND
= Vss; all other pins are disconnected.

4 Jcc (active mode) is measured with: XTAL2 driven

with the clock signal according to the figure below;
XTAL1=N.C.; EA#=Port 0=Port6 = Va; RESET#
= Vss; all other pins are disconnected. /cc might be
slightly higher if a crystal oscillator is used.

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

6} Jcc at other frequencies is given by:
Active mode: Icc max (MA) = 2.67 x fosc (MHz) + 3.00
Idle mode: Ioc max (MA) = 0.88 xfosc (MHz) + 2.50
where fosc is the oscillator frequency in MHz.
I'cc maxis given in mA and measured at Vec =5V
(see also notes 4 and 5).
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A/D Converter Characteristics

Vo=5V+10%; Vss=0 V; Varer = Voc =5.0 V; Vasno = Vss = 0.0 V;

Vhtarer — Vntagno > 1 V; Ta=01to 70°C for SAB 80C515/80C535
Ta=~-40 to 85°C for SAB 80C515/80C535-T40/85
Ta=—4010 110°C for SAB 80C515/80C535-T40/110

Parameter Symbol Limit Values Unit Test
. Conditions
min. typ. max.
Analog input voltage VANPUT Vaano | = Vaee |V 9
-0.2 +0.2
Analog input capacitance fof - 25 45 pF {7
Load time L - - 2 toy us -
Sample time (incl. load time) ts - - 7 tor us -
Conversion time (incl. tc - |- 13 tov us -
sample time)
Differential non-linearity DNLE | - +1/2 +1 LSB ‘VAREF =
Integral non-linearity INLE - +1/2 +1 LSB Varer = Voo
Offset error +1/2 1 LSB _
Gain error +1/2 +1 LSB “;mAGNE ;/
. Total unadjusted error TUE +1 +2 LSB M AGND = V'ss
VAREF supply current Irer - - 5 mA 8)
Internal reference error VhREFERR - +5 + 30 mV 8)

) The outputimpedance of the analog source mustbe ence supply voltage.

low enough to assure full loading of the sample ca-
pacitance (Ci) during load time (r1). After charging of
the internal capacitance (C)in the load time (1) the
analog input must be held constant for the rest of the
sample time (¢s).

8) The differential impedance rp of the analog refer-
ence voltage source must be less than 1 ka at refer-

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

Figure 69

Clock Signal Waveform for I« Tests in Active and Idle Mode (tccn = taicL = 5 ns)
Vee=0S ————— TV \
045V 0.2 Vi -01 e
fa1 = fox——= == fa
f(L(L
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AC Characteristics for SAB 80C515/80C535

Ve =5V +10%; Vss =0V (Cufor Port 0, ALE and PSEN# outputs = 100 pF; Cv.for all
outputs = 80 pF)
Ta=0to 70°C for SAB 80C515/80C535
Ta= - 40 to 85°C for SAB 80C515/80C535-T40/85
Ta=-—40to0 110°C for SAB 80C515/80C535-T40/110

Parameter Symbol | Limit Values Unit

12 MHz- Variable clock

clock 1/ taeL = 0.5 to 12 MHz

min.| max | min: max.
Program Memory Characteristics
ALE pulse width FLHLL 127 | - 2tacL—40 - ns
Address setup to ALE tavLL 53 | - tacL—30 - ns
Address hold after ALE fLLAX 48 | - tacL~35 - ns
ALE to valid instruction in tuv - 233 | - 4 tacL—10 ns
ALE to PSEN# tupL 58 | - tacL-25 - ns
PSEN# pulse width tALPH 215 3tacL-35 ns
PSEN# to valid instruction in trv - 150 | - 3tacL—100] ns
Input instruction hold after PSEN# texix 0 - 0 - ns
Input instruction float after PSEN# texiz - 63 | — tacL—20 ns
Address valid after PSEN# toxav) | 75 taci-8 ns
Address to valid instruction in taviv - 302 | - StacL—115 ns
Address float to PSEN# tep. | O - 0 - ns

" Interfacing the SAB 80C515 to devices with float times up to 75 ns is permissible. This limited bus contention
will not cause any damage to port O drivers. ‘
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AC Characteristics for SAB 80C515/80C535 (cont’d)

V=5V +10%; Vss =0V (C.for Port 0, ALE and PSEN# outputs = 100 pF; C.for all
outputs = 80 pF)
Ta=0to 70°C for SAB 80C515/80C535
Ta=— 40 to 85°C for SAB 80C515/80C535-T40/85
Ta=-40to0 110°C for SAB 80C515/80C535-T40/110

Parameter Symbol | Limit Values Unit

12 MHz Variable clock

clock 1/ tacL=0.5to 12 MHz

min | max | min. max.
External Data Memory Characteristics
RD# pulse width tRRH 400 | - 6tacL—100 |- ns
WR# pulse width 1WLWH 400 | - 6tacL—100 |- ns
Address hold after ALE fuaxe 132 | - 2 tacL—35 - ns
RD# to valid data in IRLDV - 252 | - 5tacL—-165 |ns
DATA hold after RD# - tAHDX 0 - 0 ‘ ns
Data float after RD# 1RHDZ - 97 |- 2 tacL~70 ns-
ALE to valid data in tuov - 517 |- | 8tacL—-150 | ns
Address to valid data in tAVDV - 585 | - 9tacL—-165 |ns
ALE to WR# or RD# tuwe 200 | 300 | 3 tacL—-50 3tacL+50 |ns
WR# or RD# high to ALE high FWHLH 43 | 128 |racL-40 tacL + 40 ns
Address valid to WR# tAvWL 203 | - 4tacL—-130 |- ns
Data valid to WR# transition ravwx 33 |- tacL — 50 - ns
Data setup before WR# touwH 433 |- |7tacL-150 |- ns
Data hold after WR# twHax 33 |- tacL~-50 - ns
Address float after RD# tRAZ - 0 - _ 0 ns
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AC Characteristics for SAB 80C515/80C535 (cont’d)

Parameter Symbol Limit Values Unit
’ Variable clock

Frequ. = 0.5 to 12 MHz

min. max.
External Clock Drive
Oscillator period tacL 83.3 2000 ns
Oscillator frequency 1/tacL 0.5 12 MHz
High time toHeX 20 - ns
Low time tacx 20 - ns
Rise time’ faLcH - 20 ns
Fall time foHCL - 20 ns

Figure 70

External Clock Cycle
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System Clock Timing for SAB 80C515/80C535

Parameter Symbol Limit Values Unit
12 MHz Variable clock
clock 1/tacL =0.5to 12 MHz
min. | max.| min. max.
ALE to CLKOUT fusH 543 | - 7 tacL - 40 - ns
CLKOUT high time fHSL 127 | - 2 tacL— 40 - ns
CLKOUT low time fesH 793 |-  [10taci-40 |- ns
CLKOUT low to ALE high tSULH 43 (123 | tacL—40 tacL +40 ns
Figure 71
System Clock Timing
'SLLH
ALE / \ / \ " /_
fisH foust = fiish o
CLK OUT / \ ) \
"SLSN

RO# WR#

Program Memory Access

Data Memory Access

A

MCT00083




SAB 80C515/80C535

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

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

Parameter -Symbol Limit Values Unit

16 MHz Variable clock
clock 1/t cLeL = 0.5 to 16 MHz

min. | max.| min. max.

Program Memory Characteristics

ALE pulse width FLHLL 85 |- 2t clel— 40 - ns
Address setup to ALE - t AvLL 3 |- t cLe— 30 - ns
Address hold after ALE LLAX 28 | - tcel— 35 - ns
ALE to valid instruction in tv - 150 | - 4tcc—100 | ns
ALE to PSEN# tLPL 38 |- tcle—25 - ns
PSEN# pulse width t PLPH 153 3tclct—35 ns
PSEN# to valid instruction in t PLIV - 88 | — 3tccl—~100 | ns
Input instruction hold after PSEN# t PXIX 0 - 0 - ns
Input instruction float after PSEN# texizV - 43 | - t cLeL — 20 ns
Address valid after PSEN# tpxav 55 tcicL-8 ns
Address to valid instruction in t Aviv - 198 | - 5tcLc— 115 | ns
Address float to PSEN# t AZPL 0 - 0 - ns

K Interfacing the SAB 80C515-16 to devices with float times up to 55 ns is permissible. This limited bus contention
will not cause any damage to port O drivers.
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AC Characteristics for SAB 80C515-16/80C535-16 (cont’d)

. Ve =5V +10%; Vss = 0 V (C.for Port 0, ALE and PSEN# outputs = 100 pF; C.for all
outputs = 80 pF) '

Ta=0to 70°C for SAB 80C515-16/80C535-16

Ta=—40 to 85°C for SAB 80C515-16/80C535-16-T40/85

Parameter Symbol | Limit Values Unit
16 MHz Variable clock
clock 1/¢ cLeL = 0.5 to 16 MHz
min. | max.| min. max.
External Data Memory Characteristics
RD# pulse width fRLRH 275 | - 6¢ceL—-100 | — ns
WR# pulse width t WLWH 275 | - 6tceL—100 |- ns
Address hold after ALE t LLAX2 0 - 2tcet~-35 |- _ ns
"RD# to valid data in tRLDV |- | 148 |- 5tcicL—165 | ns
DATA hold after RD# . t RHDX o |- o ns
Data float after RD# trupz |- |55 |- 2fclcL-70 |ns
ALE to valid data in fuov - 350 |- 8tcLcL-150 | ns
Address to valid data in t Avov - 398 | - 9f cLcL—165 | ns
ALE to WR# or RD# fuw | 138 | 238 |3fcwcL—50 |BrcoL+50 | ns
WR# or RD# high to ALE high fwhih |23 [ 103 | folcL—40 t cleL + 40 ns
Address valid to WR# t AvwL 120 | - 4tcet—130 |- ns
Data valid to WR# transition t avwx 13 |- tcieL —50 - ns
Data setup before WR# t Qvwh 288 | - 7tcoL—150 |- ns
Data hold after WR#  wHax 18 |- t ceL - 50 - ns
Address float after RD# t RLAZ - 0 - 0 ns
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AC Characteristics for SAB 80C515-16/80C535-16 (cont’d)

Parameter Symbol Limit Values Unit

Variable clock
Frequ. = 0.5 to 16 MHz

min. max.

External Clock Drive

Oscillator period toLoL 62.5 2000 ' ns
Oscillator frequency 1/t cLcL 0.5 16 MHz
High time t cHex 15 - ns
Low time t cLex 15 - ns
Rise time t CLCH — 15 ns
Fall time t CHCL - : 15 ns

Figure 72
External Clock Cycle
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System Clock Timing for SAB 80C515-16/80C535-16

Parameter Symbol | Limit Values Unit
16 MHz Variable clock
clock 1/t cLoL = 0.5 to 16 MHz
min. | max.| min. max.
ALE to CLKOUT £ LLSH 398 | - 7tccL—40 |- ns
CLKOUT high time t SHSL 85 |- 2tcleL—40 - ns
CLKOUT low time t SLSH 585 | — 10tcleL—-40 | — ns
CLKOUT low to ALE high f SLLH 23 | 103 | fccL-40 tcleL + 40 ns
Figure 73
System Clock Timing
fSLLH
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ROM Verification Characteristics

Ta=25C+5C; Ve =5V +£10%; Vs =0V
Parameter Symbol Limit Values Unit
min. max.
Address to valid data tAVQV - 48 rcLeL ns
ENABLE to valid data ‘TELQV - 48 tcLeL ns
Data float after ENABLE tEHQZ 0 48 tcicL ns
Oscillator frequency 1/rcLcL 6 MHz
Figure 74
ROM Verification
Port1,2 ———( Address
— ! AvQv =
1 \
Port0 Data OUT
X +
! ELQV ! EHQZ
——— el ———
P2.7
ENABLE MCD0D049
Address: P1.0-P1.7 = A0-A7 Inputs:  P2.5-P2.6, PSEN#= Vss
P2.Q—P2.4 = A8-A12 ALE, EA# =VH
Data:  Pot0  =D0-D7 RESET# = Virn
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Waveforms

Figure 75

Program Memory Read Cycle
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Figure 76 o
Data Memory Read Cycle -t
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Figure 77
Data Memory Write Cycle
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Figure 78 -
Recommended Oscillator Circuits
t : 40
I L NEYR N.C. XTAL1
==05-12MHz
I . 0.5-16MHz
C External
H B v1AL?2 Oscillator —— 324 xTAL2
‘ Signal
MCS 00099
C=30pF:10pF
{incl. stray capacitance)
Crystal Oscillator Mode Driving from External Source
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Figure 79
AC Testing: Input, Output Waveforms

Vee-05
0.2V +0.9
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AC inputs during testing are driven at voc — 0.5 V for a logic '1' and 0.45 V for a logic '0'.‘
Timing measurements are made at VH min for a logic 1 and VL max for a logic '0".

Figure 80
AC Testing: Float Waveforms

VL0A0*0~1\/][ ' ' \ Vou =01V
v, ~— Timing Reference <

OAD \/ Points j
VLOAD -01V VOL +01V

MCT00038

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs and
begins to float when a 100 mV deviation from the load voltage voi/voL occurs. Ia/Iok >+ 20 mA.




SIEMENS

SAB 80C515A/83C515A-5

High-Performance

8-Bit CMOS Single-Chip Microcontroller

SAB 83C515A-5 Microcontroller with factory mask-programmable ROM

SAB 80C515A

@ SAB 80C515A/83C515A-5, up to 18 MHz
operation frequency

® 32 K x 8 ROM (SAB 83C515A-5 only,
ROM-Protection available)

® 256 x 8 on-chip RAM

® Additional 1 K x 8 on-chip RAM (XRAM)

@ Superset of SAB 80C51 architecture:
1 ps instruction cycle time at 12 MHz
666ns instruction cycle time at 18 MHz
256 directly addressable bits
Boolean processor
64 Kbyte external data and program
memory addressing

® Three 16-bit timer/counters

©® Versatile “fail-safe” provisions

® Twelve interrupt vectors, four priority
levels selectable

® Genuine 10-bit A/D converter with 8
multiplexed inputs

@ Full duplex serial interface with
programmable Baudrate-Generator .

'® Functionally compatible with SAB 80C515

@ Extended power saving mode

@ Fast Power-On Reset ‘

@ Six ports: 48 I/0 lines, 8 input lines

@ Three temperature ranges available:

0 to 70°C (T1)
0 to 85°C (T3)
40 to 110°C (T4)
@ Plastic package: P-LCC-68

Microcontroller for external ROM

The SAB 80C515A/83C515A-5 is a high-end
member of the Siemens SAB 8051
microcontroler family. It is designed in
Siemens ACMOS technology and based on
the SAB 8051 architecture. ACMOS is a
technology which combines high-speed and
density characteristics with low-power
consumption or dissipation.

While maintaining all the SAB 80C515
features and operating characteristics the
SAB 80C515A/83C515A-5 contains more
on-chip RAM/ROM. Furthermore a new 10-

bit A/D-Converter is implemented as well as

extended security mechanisms. The SAB
80C515A is identical with the SAB 83C515A-
5 except that it lacks the on-chip program
memory. The SAB 80C515A/83C515A-5 is
supplied in a 68-pin plastic leaded chip
carrier package (P-LCC-68).

© Siemens Components, Inc.
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Figure 81
SAB 80C515A / 83C515A-5

XRAM

10-bit ADC x 8

¥ o acsIs/acss

Ol 7 R
. scillator Watchdog —> / 'f"}‘,’ff’ g 26 1 8 Port 0 1/0
HW Power ' Z / 10 o Vi ot 1/0
Down pover 7835 10C7) 12 (80CS1-Core) FUSART ]
b — i
S o 7/ D k= 10
Node RON 8x8 ‘
Port 61 Port 5 [Port 4| Rou Prolection ovailable | Port 3 1fo
Anclog/ 170 1/0 ROM
Digital 2k x 8
‘ Input ROM Profection available
Shaded areas meaning improved functionality MCAO1560
Ordering Information
Type Package Description ‘
8-bit CMOS- microcontroller
SAB 80C515A-N18 PL-CC-68 -| for external memory, 18 MHz
SAB 80C515A-5N18 PL-CC-68 with mask-programmable ROM, 18 MHz
SAB 80C515A-N18-T3 PL-CC-68 for external memory, 18 MHz
ext. temperature -40 to 85°C
SAB 83C515A-5N18-T3 PL-CC-68 with mask-programmable ROM, 18 MHz
ext. temperature -40 to 85°C
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Figure 82
Logic Symbol
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The pin functions of the SAB 80C515A are
identical with those of the SAB 80C515 with
following exception:

Pin SAB 80C515A SAB 80C515
68 HWPD ‘ _ Vce

1 P4.0/ADST . P4.0

4 /SWD PE

Figure 83

Pin Configuration (P-LCC-68)

1
< <
ﬁ@@f@(ﬁﬁﬂQQﬁwﬂfnq
PP PO U A Y
) S N
RESET 10 601 p5.7
Virer O P0.7
Yaonn P0.6
P6.7 PO.5
P6.6 PO.4
P6.5 PO.3
P6.4 PO.2
P6.3 PO.1
P6.2 £0.0
P6.1 £A
P6.0 ALE
RxD/P3.0 PSEN
_TxD/P3.1 P2.7
INTO,/P3.2 P2.6
iNT1/P3.3 P2.5
10/P3.4 P2.4
T1/P3.5 P2.3

) o g v g
NDZeow

INEPAEN
’s&a‘a_& MCPO1S61
> <

iNT2/P1

CC3/INTE/P1

T2EX/P1
CC2/INTS/P1

CLKOUT/P1
CC1/INT4/P1.1 1]
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Pin Definitions and Functions

Symbol

Pin

Input (1)
Output (O)

Function

P4.0- P47

1-3,5-9

110

Port 4 ‘

is an 8-bit bidirectional /O port with internal pull-
up resistors. Port 4 pins that have 1’s written to
them are pulled high by the internal pull-up re-
sistors, and in that state can be used as inputs.
As inputs, port 4 pins being externally pulled low
will source current {/ ;;, in the DC characteris-
tics) because of the internal pull-up resistors.
P4 also contains the external A/D converter
control pin. The output latch corresponding to a
secondary function must be programmedtoa '
one (1) for that function to operate. The second-
ary function assigned to port 6:

.- ADST (P4.0): external A/D converter start pin

PE/SWD

Power saving modes enable/Start Watchdog
Timer

A low level on this pin allows the software to en-
ter the power down, idle and slow down mode.
In case the low level is also seen during reset,
the watchdog timer function is off on default.
Use of the software controlled power saving
modes is blocked, when this pin is held on high
level. A high level during reset performs an au- -
tomatic start of the watchdog timer immediately
after reset.

When left unconnected this pin is pulled high by
a weak internal pull-up resistor.

RESET

10

RESET pin

A low level on this pin for the duration of one ma-
chine cycle while the oscillator is running resets
the SAB 80C515A. A small internal pull-up re-
sistor permits power-on reset using only a ca-
pacitor connected to Vss.

Varer

11

Reference voltage for the A/D converter.

Vaeno

12

Reference ground for the A/D converter.

P6.7 - P6.0

13-20

Port 6

is an 8-bit unidirectional input port to the A/D
converter. Port pins can be used for digital input,
if voltage levels simultaneously meet the speci-
fications high/low input voltages, and for the
eight multiplexed analog inputs.

. © Siemens Components, Inc.
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Pin Definitions and Functions

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

is an 8-bit bidirectional I/O port with internal pull-
up resistors. Port 3 pins that have 1’s written to
them are pulled high by the internal pull-up re-
sistors, and in that state can be used as inputs.
As inputs, port 3 pins being externally pulled low
will source current (/ , in the DC characteris-
tics) because of the internal pull-up resistors.
Port 3 also contains the interrupt, timer, serial
port and external memory strobe pins that are
used by various options. The output latch corre-
sponding to a secondary function must be pro-
grammed to a one (1) for that function to oper-
ate. The secondary functions are assigned to
the pins of port 3, as follows:

- RxD: serial port’s receiver data input
(asynchronous) of data input/
output (synchronous)

— T x D (P3.1): serial port’s transmitter data
output (asynchronous) or clock

' output (synchronous)

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

. control input

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

— TO (P3.4):  counter 0 input

— T1(P3.5):  counter 1 input

— WR (P3.6): the write control signal latches
the e data byte from port 0 into

. the external data memory

— RD (P3.7): the read control signal enables
the external data memory to
port O
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Pin Definitions and Functions

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

is an 8-bit bidirectional I/O port with internal pull-
up resistors. Port 1 pins that have 1’s written to
them are pulled high by the internal pull-up re-
sistors, and in that state can be used as inputs.
As inputs, port 1 pins being externally pulled low
will source current (/ ., in the DC characteris-
tics) because of the internal pull-up resistors.
The port is used for the low order address byte
during program verification. Part 1 also contains
the interrupt, timer, clock, capture and compare
pins that are used by various options. The out-
put latch corresponding to a secondary function
must be programmed to a one (1) for that func-
tion to operate (except when used for the com-
pare functions). The secondary functions are
assigned to the port 1 pins as follows:

— INT3/CCO (P1.0): interrupt 3 input/
compare 0 output/
capture 0 input

'— INT4/CC1 (P1.1): interrupt 4 input/

compare 1 output/
capture 1 input
— INT5/CC2 (P1.2): interrupt 5 input/
' compare 2 output/
capture 2 input
— INT6/CC3 (P1.3): interrupt 6 input/
compare 3 output/
. capture 3 input
— INT2 (P1.4): interrupt 2 input
— T2EX (P1.5): timer 2 external reload
' trigger input
— CLKOUT (P1.6): system clock output
- T2 (P1.7): counter 2 input

XTAL2 39.

XTAL2
Input to the inverting oscillator amplifier and in-
put to the internal clock generator circuits.

© Siemens Components, Inc.
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Pin Definitions and Functions

Symbol

Pin

Input (1)
Output (0)

Function

XTAL1

40

XTAL1

Output of the inverting oscillator amplifier.

To drive the device from an external clock
source, XTAL2 should be driven, while XTAL1 is
left unconnected. There are no requirements on
the duty cycle of the external ¢lock signal, since
the input to the internal clocking circuitry is divid-
ed down by a divide-by-two flip-flop. Minimum
and maximum high and low times and rise/fall
times specified in the AC characteristics must
be taken into account. .

P2.0 - P2.7

41-48

/0

Port2

is an 8-bit bidirectional I/O port with internal pull-
up resistors. Port 2 pins that have 1’s written to
them are pulled high by the internal pull-up re-
sistors, and in that state can be used as inputs.
As inputs, port 2 pins being externally pulled low
will source current (/ , in the DC characteris-
tics) because of the internal pull-up resistors.
Port 2 emits the high-order address byte during
fetches from external program memory and dur-
ing accesses to external data memory that use
16-bit addresses (MOVX @DOPTRY). In this ap-
plication it uses strong internal pull-up resistors
when issuing 1’s. During accesses to external
data memory that use 8-bit addresses (MOVX
@Ri), port 2 issues the contents of the P2 spe-
cial function execution.

PSEN

49

The Program Store Enable
output is a control signal that enables the exter-

-| nal program memory to the bus during external

data memory accesses. The signal remains
high during internal program execution.

ALE

50

The Address Latch Enable

output is used for latching the address into ex-
ternal memory during normal operation. It is ac-
tivated every six oscillator periods except during

an external data memory access.

EA

51

External Access Enable

When held high, the SAB 80C515A executes in-
structions from the internal ROM as long as the
PC is less than 8192. When held low, the SAB
80C515A-5 fetches all instructions from exter-
nal program memory. For the SAB 83C515A-5
this pin must be tied low.
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. Pin Definitions and Functions

Symbol Pin

Input (1)
Output (O)

Function

P0.0-P0.7 | 52-59

I/O

Port 0

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

Port 0 is also the multiplexed low-order address
and data bus during accesses to external pro-
gram or data memory. In this application it uses
strong internal pull-up resistors when issuing
1’s. ‘

Port 0 also outputs the code bytes during pro-
gram verification in the SAB 80C515A. External
pull-up resistors are required during program
verification.

P5.7-P5.0 | 60-67

I/0

Port 5

is an 8-bit bidirectional I/O port with internal pull-
up resistors. Port 5 pins that have 1’s written to
them are pulled high by the internal pull-up re-
sistors, and in that state can be used as inputs.
As inputs, port 5 pins being externally pulled low
will source current (/;;, in the DC characteris-
tics) because of the internal pull-up resistors.

HWPD 68

Hardware Power Down

A low level on this pin for the duration of one ma-
chine cycle while the oscillator is running resets
the SAB 80C515A. ‘

A low level for a longer period will force the part
to Power Down Mode with the pins floating.

Vce 37

Supply voltage
during normal, idle, and power-down operation.

V ss 38

Ground (0 V)

© Siemens Components, Inc.
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Figure 84
Block Diagram
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Functional Description

The SAB 80C515A is based on 8051
architecture. It is a fully compatible member
of the Siemens SAB 8051/80C51
microcontroller family being an significantly
enhanced SAB 80C515. The SAB 80C515A

is therefore code compatible with the SAB -

80C515.

Having an 8-bit CPU with extensive facilities
for bit-handling and binary BCD arithmetics
the SAB 80C515A is optimized for control
applications. With a 18 MHz crystal, 58% of
the instructions are executed in 666.67 ns.

While maintaining all architectural and
operational characteristics of the SAB
80C515 the SAB 80C515A incorporates
more on-chip RAM. A new 10-bit A/D-
Converter is implemented as well as an

oscillator watchdog unit. Also the maximum
operating frequency of 18 MHz is higher than
at the SAB 80C515.

With exception of the ROM sizes both parts
are identical. Therefore the therm SAB
80C515A refers to both versions within this
specification unless otherwise noted:

Memory Organization

According to the SAB 8051 architecture, the
SAB 80C515A has separate address spaces
for program and data memory. Figure 85
Memory Map illustrates the mapping of the
address spaces.

Figure 85
Memory Map
FFFFH FFFFH indirectly oddressable
FFFFH not used
FCOOH ext.
t FBFFH [ ) (xuaP0=1)
axl. (XMAP6=0) indirect direct
FBOOH FBOOH /et \
8000H
FIFFH 7 FFH
7FFFH int.RAMZ SFR
T 80H
ink. ext. exl.
(EA=1) (EA=0) 7FH
int.RAM
0000H 0000H OCH
N s . /7 N V4
v \ 4 \ 2
“Code Space” “external Dala Space’ “internal Data Space’
MCDO1564
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- Program Memory (‘Code Space’)

The SAB 83C515A-5 has 32 Kbyt of on-chip
ROM, while the SAB 80C515A has no
internal ROM. The program memory can
externally be expanded up to 64 Kbyte. Pin
EA determines whether program fetches
below address 8000H are done from internal
or external memory.

As a new feature the SAB 83C515A offers
the possibility of protecting the internal ROM
against unauthorized access. This protection
is implemented in the ROM-Mask.
Therefore, the decision ROM-Protection

‘yes’ or ‘no’ has to be made when delivering
the ROM-Code. Once enabled, there is no
way of disabling the ROM-Protection.

Effect: The access to internal ROM done by
an externally fetched MOVC instruction is
disabled. Nevertheless, an access from
internal ROM to external ROM is possible.

To verify the read protected ROM-Code a
special ROM-Verify-Mode is implemented.
This mode also can be used to verify
unprotected internal ROM.

ROM-Protection ROM-Verification Mode Restrictions
(see ‘AC Characteristics’)
ROM-Verification Mode1
no (standard 8051 Verification
Mode)
ROM-Verification Mode 2
—standard 8051
Verification Mode is
, R . . disabled
yes ROM-Verification Mode 2 — externally applied MOVC
accessing internal ROM is
disabled '
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—~ Data Memory (‘Data Sp.ace’)

The data memory space consists of an
internal and an external' memory space. The
SAB 80C515A contains another 1 Kbyte on
On-Chip RAM additional to the 256-bytes
internal RAM of the base type SAB 80C515.
This RAM is called XRAM (‘eXtended RAM’)
in this document.

— External Data Memory

Up to 64 Kbyte external data memory can be
addressed by instructions that use 8-bit or
16-bit indirect addressing. For 8-bit
addressing MOVX instructions in
combination with registers RO and R1 can be
used. A 16-bit external memory addressing
is supported by a 16-bit datapointer.
Registers XPAGE and SYSCON are
controlling whether data fetches at
addresses F800H to FBFFH are done from
internal  XRAM or from external data
memory.

— Internal Data Memory

The internal data memory is divided into four
physically distinct blocks:

® the lower 128 bytes of RAM including four
register banks containing eight registers
each the upper 128 byte of RAM

©® the 128 byte special function register area.

® a 1 K x 8 area which is accessed like
external RAM (MOVX-instructions),
implemented on chip at the address range
from F800H to FBFFH. Special Function
Register SYSCON controls whether data
is read from or written to XRAM or external
RAM.

A map of the internal data memory is shown
in Figure 85 Memory Map. The overlapping
address spaces of the standard internal data
memory (256 bytes) are accessed by
different addressing modes (see User's
Manual SAB 80C515). The stack can be
located anywhere in the internal data
memory.

-Architecture of the XRAM

The contents of the XRAM is not affected by
a reset or HW Power Down. After power-up
the contents is undefined, while it remains
unchanged during and after a reset'or HW
Power Down if the power supply is not turned
off.

The additional On-Chip RAM is logically
located in the “external data memory” range
at the upper end of the 64 Kbyte address
range (F800H-FBFFH). Nevertheless when
XRAM is enabled the address range is
F800H-FBFFH is occupied. This is done to
assure software compatibility to SAB
80C517A. Itis possible to enable and disable
(only by reset) the XRAM. If itis disabled the
device shows the same behavior as the parts

< without XRAM, i.e. all MOVX accesses use

the external bus to physically external data
memory. :
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Accesses to XRAM

Because the XRAM is used in the same way
as . external data memory the same
instruction types must be used for accessing
the XRAM. . ‘

Note: If a reset occurs during a write
operation to XRAM, the effect on XRAM
depends on the cycle which the reset is
detected at (MOVX is a 2-cycle instruction):

Reset detection at cycle 1:
The new value will not be written to XRAM.
The old value is not affected.

Reset detection at cycle 2:
The old value in XRAM is overwritten by the
new value.

~ Accesses to XRAM using the DPTR

There are a Read and a Write instruction
from and to XRAM which use one of the 16-
bit DPTR for indirect addressing. The
instructions are:

MOVX A, @DPTR (Read)
MOVX @DPTR, A (Write)

Normally the use of these instructions would
use a physically external memory. However,
in the SAB 80C515A the XRAM is accessed
if it is enabled and if the DPTR points to the
XRAM address space (DPTR >=F800H).

- Accesses to XRAM using the Registers
RO/R1

The 8051 architecture provides also
instructions for accesses to external data
memory range- which use only an 8-bit
address (indirect addressing with registers
RO or R1). The instructions are:

MOVX A, @Ri (Read)
MOVX @Ri, A (Write)

In application systems, either a real 8-bit bus
(with 8-bit address) is used or Port 2 serves
as page register which selects pages of 256-
byte. However, the distinction, whether Port
2 is used as general purpose /O or as “page
address” is made by the external system
design. From the device's point of view it
cannot be decided whether the Port 2 data is
used externally as address or as I/O data.

Hence, a special register is implemented into
the SAB 80C515A to provide the possibility
of accessing the XRAM also with the MOVX
@Ri instructions, i.e. XPAGE serves the
same function for the XRAM as Port 2 for
external data memory.
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Figure 86 Special Function Register XPAGE

Addr. 91 H

XPAGE

The rest value of XPAGE is 00H
XPAGE can be set and read by software.

The register XPAGE provides the upper
address byte for accesses to XRAM with
MOVX @Ri instructions. If the address
formed from XPAGE and Ri is less than the
XRAM address range, then an external
access is performed. For the SAB 80C515A
the contents of XPAGE must be greater or
equal then F8H in order to use the XRAM. Of
course, the XRAM must be enabled if it shall
be used with MOVX @Ri instructions.

Thus, the register XPAGE is used for
addressing of the XRAM; additionally its
contents are used for generating the internal
XRAM select. If the contents of XPAGE is
less than the XRAM address range then an
external bus access is performed where the
upper address byte is provided by P2 and
not by XPAGE. - ’

Therefore, the software has to distinguish
two cases, if the MOVX @Ri instructiqns with
paging shall be used:

a) Access to XRAM: ;
The upper address byte must be written to
XPAGE or P2; both writes select the
XRAM address range.

b) Access to external memory:
The upper address byte must be written to
P2; XPAGE will be loaded with the same
address in order to deselect the XRAM.
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Figure 87 Special Function Register SYSCON

Addr. 0B1 H - - - - - — | XMAP1 | XMAPO | SYSCON
Bit Function = .
 XMAPO Global enable/disable bit for XRAM memory.

XMAPO = 0:  The access to XRAM (= On-Chip XDATA memory) is en-
abled.
XMAPO =1: The access to XRAM is disabled. AII MOVX accesses are
performed by the external bus (reset state).

XMAP1 - Control bit for RD/WR signals during accesses to XRAM; this bit has no ef-

fect it XRAM is disabled (XMAPO = 1) or if addresses exceeding the XRAM
address range are used for MOVX accesses.

XRAM.
XMAP1 = 1:
XRAM.

XMAP1 =0: The signals RD and WR are not actlvated during accesses to

The signals RD and WR are activated during accesses to

Control of XRAM in the SAB 80C515A

There are two control bits in register
SYSCON which control the use and the bus
operation during accesses to the additional
On-Chip RAM (XRAM).

Reset value of SYSCON is XXXX XX01B.

The control bit XMAPO is a global enable/
disable bit for the additional On-Chip RAM
(XRAM). If this bit is set, the XRAM is
disabled, all MOVX accesses use external
memory via the external bus. In this case
SAB 80C515A does not use the additional
On-Chip RAM and is compatible with the
types without XRAM.

XMAPQ is hardware protected by an
unsymmetric latch. An unintentional
disabling of XRAM could be dangerous since
indeterminate values would be read from the
external bus. To avoid this the XMAP-bit is
forced to ‘1’ only by reset. Additionally,
during reset an internal capacitor is loaded.
So after reset state XRAM is disabled.
Because of the load time of the capacitor

XMAPO-bit once written to ‘0’ (that is,
discharging capacitor) cannot be set to ‘1’
again by software. On the other hand any
distortion (software hangup, noise, ...) is not
able to load this capacitor, too. That is, the
stable status is XRAM enabled. The only
way to disable XRAM after it was enabled is
areset.

The clear instruction for XMAPO should be
integrated in the program initialization-
routine before XRAM is used. In extremely -
noisy systems the user may have redundant
clear instructions.

The control bit XMAP1 is relevant only if the
XRAM is accessed. In this case the external
RD and WR signals at P3.6 and P3.7 are not
activated during the access, if XMAP1 is
cleared. For debug purposes it might be
useful to have these signals and the
addresses at Ports 0.2 available. This is
performed if XMAP1 is set.
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The behavior of Port 0 and P2 during a
MOVX access depends on the control bits in
register SYSCON and on the state of pin EA.
The Table 38 lists the various operating
conditions. It shows the following
characteristics:

a)Use of PO and P2 pins during the MOVX
access.

Bus: The pins work as external
address/data bus. If (internal) XRAM is
accessed, the data written to the
XRAM can be seen on the bus in
debug mode.

I/O: The pins work as Input/Output
lines under control of their latch.

b) Activation of the RD and WR pin during the
access.

c)Use of internal or external XDATA

memory.

The shaded areas describe the standard
operation as each 8051 device without on-
chip XRAM behaves.
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Table 38:

Behavior of P0/P2 and RD/WR during MOVX accesses

EA=0

EA=1

XMAP1, XMAPO

XMAP1, XMAPO

MOVX
@DPTR

DPTR<XRAM
address
range

DPTR>>XRAM
address
range

MOVX
@Ri

XPAGE<XRAM
addr. page
range

XPAGE2>XRAM
addr. page
range

a) PO/P2—>Bus

(WR -Data only)

b) RD/WR inac-

tive

c) XRAM is used

a) PO/P2—Bus

(WR -Data only)
P2—I1/0

b) RD/WR inac-

tive

c) XRAM is used

a) PO/P2—>Bus
(WR -Data only)
b) RD/WR inac-
tive

¢) XRAM is used

a) PO/P2—Bus

(WR -Data only)
P2—1/0

b) RD/WR inac-

tive

c) XRAM is used

modes compatible to 8051 - family

a) PO/P2—1/0
b) RD/WR inac-
tive

c) XRAM is used

a) PO/P2—1/0
b) RD/WR inac-
tive

c) XRAM is used

a) PO/P2—Bus
(WR -Data only)
b) RD/WR inac-
tive

¢) XRAM is used

a) PO Bus
P20
b) RD/WR active
¢) XRAM is used

§-VS1S0€8/VS15008 aVvs
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Special Function Registers 128 directly addressable bits within the SFR
area. All special function registers are listed

All registers, except the program counterand ~ in Table 39 and Table 40.

the four general purpose register banks,

reside in the special function register area. In Table 39 they are organized in numeric

The special function registers include  order of their addresses. In Table 40 they are

arithmetic registers, pointers, and registers organized in groups which refer to the

that provide an interface between the CPU functional blocks of the SAB 80C515A.

and the on-chip peripherals.. There are also

Table 39
Special Function Register
Address | Register Contents after | Address | Register Content after
‘ Reset Reset
80H pol) . | OFFH AOH p2") OFFH
81H | sP o7H A1H reserved XXH2)
82H DPL O0H A2H reserved XXH?)
83H DPH 00H A3H reserved XXH2)
84H (WDTL) A4H reserved XXH?)
85H (WDTH) A5H reserved XXH2)
86H WDTREL 00H A6H reserved | xxH?
87H PCON 00H _ A7H reserved XXH?)
g8H . |TCON" - | o0OH : A8H IENOD . 00H
89H TNOD 00H A9H IPO 00H
8AH TLO 00H AAH SRELL 0D9H
8BH TLA 00H ABH reserved XXH?)
8CH THO 00H ACH reserved XXH2)
8DH TH1. i O0H - ADH reserved XXH2)
8EH reserved XXH2 ) AEH reserved XXH2)
8FH reserved XXH?) AFH reserved XXH?)
90H P11 OFFH BOH p3") OFFH
91H XPAGE O0H B1H SYSCON XXXX
92H reserved XXH2) B2H reserved XX01B2
93H reserved XXH?) " | B3H reserved XXH2)
94H reserved XXH2) B4H reserved XXH2)
95H reserved XXH?2) B5H reserved XXH?)
96H reserved XXH2) B6H reserved XXH2)
97H reserved XXH?) B7H reserved XXH2)
98H SOCON" 00H B8H IEN17) OOH
99H SBUF XXH?) B9H IP1 XX00 00082
9AH reserved XXH2) BAH SRELH XXXX
9BH reserved XXH2) BBH reserved XX11B2
9CH reserved XXH2) BCH reserved XXH2)
9DH reserved XXH2) BDH reserved XXH2)
9EH reserved XXH2) . | BEH reserved XXH2)
9FH reserved XXH2) BFH reserved XXH2)
XXH2)

1) Bit-addressable Special Function Register
2)X means that the value is indeterminate and the location is reserved
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Table 39
Special Function Reglster ,
Address | Register Contents after | Address | Register - Content after
Reset : ‘Reset
COH IRCON" 00H EOH AccY 00H
C1H CCEN 00H E1H reserved XXH2)
C2H CCL1 00H E2H reserved XXH2)
C3H CCH1 00H E3H - reserved XXH2)
C4H cCL2 O0H E4H reserved XXH?2)
C5H CCH2 00H E5H reserved XXH2)
CéH CCL3 00H E6H reserved XXH2)
C7H CCH3 OOH E7H reserved XXH?)
C8H T2CONY 00H ESH ‘P4 OFFH
C9H reserved XXH2) E9H reserved XXH2)
CAH "CRCL 00H EAH reserved XXH2)
CBH CRCH 00H EBH reserved XXH2)
CCH TL1 | 0OH ECH reserved XXH?)
CDH TH2 00H EDH reserved XXH2)
CEH reserved XXH2) EEH reserved XXH2)
CFH reserved XXH2) EFH reserved XXH2)
DOH psw) 0OH FOH BY 00H
D1H reserved XXH2) F1H reserved XXH2)
D2H reserved XXH2) F2H reserved XXH2)
D3H reserved XXH?) F3H reserved XXH2)
D4H reserved XXH2) F4H reserved XXH2)
D5H reserved XXH2) F5H reserved XXH2)
D6H reserved XXH2) F6H reserved XXH2)
D7H reserved XXH2) F7H reserved XXH?2)
D8H ADCONOY 00H F8H P5 OFFH
D9H ADDATH 0OH FOH reserved XXH2)
DAH ADDATL 00H FAH reserved XXH?2)
DBH P6 XXH?) FBH :
DCH ADCON XXXX 0000B | FCH
DDH reserved XXH2) FDH
DEH reserved XXH?2) FEH
DFH reserved XXH?2) FFH

1) Bit-addressable Special Function Register

2)X means that the value is indeterminate and the location is reserved




SAB 80C515A/83C515A-5

Table 40
Special Function Registers - Functional Blocks
Block Symbol- | Name Address - | Contents
, ’ after Reset
CPU ACC Accumulator 0EOH!) | 0OH
B B-Register oFOH" | 0OH
DPH Data Pointer, High Byte 83H | GOH
DPL Data Pointer, Low Byte 82H O00H
PSW Program Status Word Register oDoH" | 0OH
SP .| Stack Pointer 81H 00H
A/D-Con- | ADCONO | A/D Converter Control Register 0 oDgH" 00H
verter ADCONT1 | A/D Converter Control Register 1 ODCH - | OXXX 000083
ADDATH | A/D Converter Contro! Register ODSH 00H :
High Byte ODAH 00H
ADDATL | A/D Converter Control Register Low 00H
, Byte
Interrupt | IENO Interrupt Enable Register 0 0A8H") 00H
System IEN1 Interrupt Enable Register 1 oBsH" 00H
IPO Interrupt Priority Register 0 0A9H 00H
IP1 Interrupt Priority Register 1 0B9H XX00 00008%)
IRCON Interrupt Request Control Register 0CoH" 00H
TCON2) | Timer Control Register 8sH") 00H
T2CON? | Timer 2 Control Register ocsH' | 0OH
Compare/ | CCEN Comp./Capture Enable Reg. 0C1H 00H.
Capture | CCH1 Comp./Capture Reg. 1, High Byte | 0C3H 00H
Unit CCH2 Comp./Capture Reg. 2, High Byte | 0C5H 00H
(CCU) CCHS3 Comp./Capture Reg. 3, High Byte | 0C7H 00H
CCH4 Comp./Capture Reg. 4, High Byte | OCFH 00H
CRCH Comp./Capture Reg. 1, Low Byte 0C2H 00H
CRCL Comp./Capture Reg. 2, Low Byte 0C4H 00H
TH2 Comp./Capture Reg. 3, Low Byte 0CeH 00H
TL2 Comp./Capture Reg. 4, Low Byte 0CEH 00H
T2CON Timer 2, High Byte . | 0CBH 00H
Timer 2, Low Byte O0CAH 00H
Timer 2 Control Register 0CDH 00H
0CCH 00H
_ 0CsH" | 0oH
XRAM XPAGE Page Address Register for Ex- 91H 00H
tened On Chip RAM
SYSCON | XRAM Control Register | 0B1H XXXX XX01B3)

") Bit-addressable special function registers
2 This special function register is listed repeatedly since some bits of it also belong to other functional blocks.
9 X means that the value is indeterminate and the location is reserved.
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Table 40
Special Function Registers - Functional Blocks
Block Symbol | Name : Address | Contents
‘ after Reset
Ports PO Port 0 goH" OFFH
P1 Port 1 90H") OFFH
P2 Port 2 | 0AOH!) | OFFH
P3 Port 3 , 0BOH!) | OFFH
P4 Port 4 . OE8H!) | OFFH
P5 Port 5 OFgH! | OFFH
P6 Port 6, Analog/Digital Input 0DBH" | OFFH
Pow. | PCON Power Control Register ‘1 87H 00H
Sav.
Modes
Serial ADCON? | A/D Converter Control Reg. ' oD8H? | 0OH
Channels | PCON?) | Power Control Register - | 87H | 00OH .
SBUF Serial Channel Buffer Reg. 99H OXXH3)
SCON Serial Channel 0 Control Reg. 98H" 00H
SRELL Serial Channel 0 Reload Reg., low | AAH D9H
byte BAH XXXX XX11B%
SRELH Serial Channel 0 Reload Reg., high
, byte
Timer 0/ | TCON Timer Control Register 8sH" 00H
Timer1 | THO Timer 0, High Byte 8CH 00H
TH1 Timer 1, High Byte 8DH 00H
TLO Timer 0, Low Byte 8AH 00H
TLA Timer 1, Low Byte 8BH 0CH
TMOD Timer Mode Register © | 89H 00H
Watch- | IEN0? interrupt Enable Register 0 0A8H!) | 0OH
dog IEN12) Interrupt Enable Register 1 oBgH" | 0OH
P02 Interrupt Priority Register 0 0A9H 00H
P12 Interrupt Priority Register 1 0B9H XX00 000083
WDTREL | Watchdog Timer Reload Reg. 86H 00H

1)Bit-addressable special function registers
2)This special function register is listed repeatedly since some bits of it also belong to other functional blocks.
3)X means that the value is indeterminate and the location is reserved.
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A/D Converter

In the SAB 80C515A a new high
performance/high-speed 8-channel 10-bit A/
D-Converter (ADC) is implemented. Its
successive approximation technique
provides 7 us conversion time (f osc = 16
MHz). The conversion principle is upward
compatible to the one used in the SAB
80C515. The main functional blocks are
shown in Figure 88 Block Diagram A/D
Converter.

The comparator is a fully differential
comparator for a high power supply rejection
ratio and very low offset voltages. The
capacitor network is binary weighted
providing genuine 10-bit resolution.

The table below shows the sample time Ts
and the conversion time Tc, which depend
on fosc and the new prescaler.

fosc [MHz] Prescaler f anc [MHZz] Sample Time Conversion
Ts [us] Time (incl. sam-
ple time)
Tc [us]
12 +8 1.5 2.67 9.33
+16 0.75 5.33 18.66
16 +8 2.0 2.0 ‘ 7.0
+16 1.0 4.0 14.0
18 +8 - - -
+16 1.125 3.55 12.4

The ADC is clocked (faoc) with fosc/8. Because of the ADC’s maximum clock frequency of 2
MHz the prescaler (divide-by-2) has to be enabled (set Bit ADCL in SFR ADCON 1) when the
oscillator frequency (f osc) is higher than 16 MHz.
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Figure 88

Block Diagram A/D Converter

Infernal Bus

P 6 (DBH)
p6.7 | 6.6 | P65 | Pe.s | 6.3 | P62 | P61 | PE.0 —=
. ADCON' (DCH)
ADCL :/’//’/‘/’// W MY 2 [MX 1T MX 0
S |
: ADCONO (DBH)
780 ] CCT ALK | 657 [ ADW [WX 7 [Wh TTWX O -
o727, RN ERE 1] o =
111 _ ADDATH ADDATL
- ggmlﬁuousMode (D3H) (DAH)
. 0 107
Pori 6 MUX A
Y
~{ sun =] a0 L LA
Converter 3 /’,3'//,
4 |47
froc A
. 6 | 6
7|7 :
.
4 Start |-
1%) |
F == — -—
o .
P4.0/ADST ‘ Write_fo ADDATL

7] Shaded bit locations are nof used in ADC—function

Infernal Bus
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Timers/Counters

The SAB 80C515A contains three 16-bit
timers/counters which are useful in many
applications for timing and counting. The
input clock for the watch timer/counter is 1/
12 of the oscillator frequency in the timer
operation or can be taken from an external
clock source for the counter operation
(maximum count rate is 1/24 of the oscillator
frequency).

— Timer/Counter 0 and 1

These timers/counters can operate in four
modes:

Mode 0: 8-bit
prescaler

timer/counter with  32:1

Mode 1: 16-bit timer/counter

Mode 2: 8-bit timer/counter with 8-bit auto-
reload Mode 3: Timer/counter 0 is configured
as one 8-bit timer/counter and one 8-bit
timer; Timer/counter 1 in this mode holds its
count.

External inputs INTO and INT1 can be
programmed to function as a gate for timer/
counters 0 and 1 to facilitate pulse width
measurements. :

~ Timer/Counter 2

* Timer/counter 2 of the SAB 80C515A is a 16-
bit timer/counter with several additional
features. It offers a 2:1 prescaler, a
selectable gate function, and compare,
capture and reload functions. Corresponding
to the 16-bit timer register there are four 16-

bit capture/compare registers, one of them.

can be used to perform a 16-bit reload on a
timer overflow or external event. Each of
these registers corresponds to a pin or port 1
for capture input/compare output.

Figure 89 Block Diagram of Timer/Counter 2
shows a block diagram of timer/counter 2.

Reload

A 16-bit reload can be performed with the 16-
bit CRC register consisting of CRCL and
CRCH. There are two modes from which to
select:

Mode 0: Reload is caused by a timer 2
overflow (auto-reload).

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

Capture
This feature permits saving of the actual

timer/counter contents into a selected
register upon an external event or a software

~ write operation. Two modes are provided to

latch the current 16-bit value of timer 2
registers TL2 and TH2 into a dedicated
capture register.

Mode 0: Capture is performed in response
to a transition at the corresponding port 1
pins CCO to CC3.

Mode 1: Write operation into the low-order
byte of the dedicated capture register causes
the timer 2 contents to be latched into this
register.
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Compare

In compare mode, the 16-bit values stored in
the dedicated compare registers are
compared to the contents of the timer 2
registers. If the count value in the timer 2
registers matches one of the stored values,
an appropriate output signal is generated
and an interrupt is requested. Two compare
modes are provided:

Mode 0: Upon a match the output signal
changes from fow to high. It goes back to low
level when timer 2 overfiows.

Mode 1: The transition of the output signal
can be determined by software. A timer 2
overflow causes no output change.

Figure 89
Block Diagram of Timer/Counter 2
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Table 41
Interrupt Sources and Vectors \
Source (Request Flags) Vector Address Vector
IEC 0003H External interrupt O
TFO ' 000BH Timer 0 interrupt
IE1 0013H External interrupt 1
“TF1 ’ 001BH Timer 1 interrupt
RI/TH 0023H Serial port interrupt
TF2+EFX2 002BH Timer 2 interrupt
IADC | 0043H A/D converter interrupt
IEX2 004BH External interrupt 2
IEX3 0053H External interrupt 3
IEX4 005BH - External interrupt 4
IEX5 0063H External interrupt 5
IEX6 006BH External interrupt 6
Interrupt Structure programmed for triggering on a negative or a

The SAB 80C515A has 12 interrupt vectors
with the following vector addresses and
request flags.

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

cycles, if no other interrupt of the same or a .

higher priority level is in process.

Figure 90 Interrupt Request Sources shows
the interrupt request sources.

External interrupts 0 and 1 can be activated
by a low-level or a negative transition
(selectable) at their corresponding input pin,
external interrupts 2 and 3 can be

positive transition. The external interrupts 3

" or 6 are combined with the corresponding

alternate functions compare (output) and
capture (input) on port 1.

For programming of the priority levels the
interrupt vectors are combined to pairs. Each
pair can be programmed individually to one
of the four priority levels by setting or
clearing one bit in special function register
IPO and one in IP1.

Figure 91 Interrupt Priority Level Structure
shows the priority level structure.

© Siemens Components, Inc.
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Figure 90

Interrupt Request Sources
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Figure 91
Interrupt Priority Level Structure
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1/0 Ports

The SAB 80C515A has six 8-bit I/O ports
and one input port. Port 0 is an open-drain
bidirectional I/O port, while ports 1 to 5 are
quasi-directional 1/O ports with internal pull-
up resistors. That means, when configured
as inputs, ports 1 to 5 will be pulled high and
will source current when externally pulled
low. Port 0 will float when configured as
input.

Port 0 and port 2 can be used to expand the
program and data memory externally. During
an access to external memory, port 0 emits
the low-order address byte and reads/writes
the data byte, while port 2 emits the high-
order address byte. In this function, port 0 is
not an open-drain port, but uses a strong
internal pull-up- FET. Ports 1, 3 and 4 are
provided for several alternate functions, as
listed below:

Port Symbol Function

P1.0 INT3/CCO | External interrupt 3 input, compare 0 output, capture 0 input

P1.1 INT4/CC1 | External interrupt 4 input, compare 1 output, capture 1 input

P1.2 INT5/CC2 | External interrupt 5 input, compare 2 output, capture 2 input

P1.3 INT6/CC3 | External interrupt 6 input, compare 3 output, capture 3 input

P1.4 INT2 External interrupt 2 input

P15 T2EX Timer 2 external reload trigger input

P1.6 CLKOUT System clock output

P1.7 T2 Timer 2 external count or gate input

P3.0 RxD Serial port’s receiver data input (asynchronous) or data input/out-
put (synchronous)

P3.1 TxD Serial port’s transmitter data output (asynchronous) or data input/
output (synchronous)

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

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

P3.4 TO Timer 0 external counter input

P3.5 T Timer 1 external counter input

P3.6 WR External data memory write strobe

P3.7 . RD External data memory read strobe

P4.0 ADST A/D Converter, external start of conversion

The SAB 80C515A has one dual purpose
input port. The ANx lines of port 6 in the SAB
80C515 can individually be used as analog
or digital inputs. Reading the special function
register P6 allows the user to input the digital
values currently applied to the port pins. It is
not necessary to select these modes by
software; the voltages applied at port 6 pins
can be converted to digital values using the
A/D converter and at the same time the pins
can be read via SFR P6. It must be noted,
however, that the resulits in port P6 bits will
be indeterminate if the levels at the
corresponding pins are not within their Viv/Vin
specifications. Furthermore, it is not possible
to use port P6 as an output port. Special

function register P6 is located at address
ODBH.

In Hardware Power Down Mode the port pins

“and several control lines enter a floating

state. For more details see the section about

. Hardware Power Down Mode.
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Power Saving Modes

The SAB 80C515A provides - due to
Siemens ACMOS Technology - four modes
in which power consumption can be
significantly reduced.

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

— The Idle Mode :
The CPU is gated off from the oscillator,
but all peripherals are still supplied with
the clock and continue working.

- The Software Power Down Mode
Operation of the SAB 80C515A is
stopped, the on-chip oscillator and the
RC-oscillator are turned off. This mode is
used to save the contents of the internal
RAM with a very low standby current and
is fully compatible to the Power Down
Mode of the SAB 80C515.

— The Hardware Power Down Mode

Operation of the SAB 80C515A is

. stopped, the on-chip oscillator and the
RC-Oscillator are turned off. The pin
HWPD controls this mode. Port pins and
several control lines enter a floating state.
The Hardware Power Down Mode is new
in the SAB 80C515A and is independent
of the state of pin PE/SWD (which enables
“only the software initiated power reduction
mode).

Hardware Enable for Software controlled
Power Saving Modes

A dedicated Pin PE/SWD of the SAB
80C515A allows to block the Software
controlled power saving modes. Since this
pin is mostly used in noise-critical application
it is combined with an automatic start of the
Watchdog Timer.

PE/SWD = V IH (logic high level):

Using of the power saving modes is not
possible. The watchdog timer starts
immediately after reset. The instruction
sequences used for entering of power saving
modes will not effect the normal operation of
the device.

v

PE/SWD =V IL (logic low level):
All power saving ‘modes can be
activated by software. The watchdog
timer can be started by software at any
time.

When left unconnected, Pin PE/SWD is
pulled high by a weak internal pull-up. This is
done to provide system protection on default.

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

© Siemens Components, Inc.
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Requirements for Hardware Power Dow
Mode :

There is no dedicated pin to enable the
Hardware Power Down Mode. The control
pin PE/SWD has no control function in this
mode. It enables and disables only the use of
software controlled power savings modes.

Software Controlled Power Savings
Modes

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

Slow Down Mode

During slow down operation all signal
frequencies that are derived from the
oscillator clock, are divided by eight, also the
clockout signal and the watchdog timer
count.

The slow down mode is enabled by setting
bit SD. The controller actually enters the
slow down mode after a short
synchronization period (max 2 machine
cycles). ‘

The slow down mode is disabled by clearing
bit SD.

Idle Mode

During Idle Mode all peripherals of the SAB
80C515A (except for the watchdog timer) are
still supplied by the oscillator clock. Thus the
user has to take care which peripheral
should continue to run and which has to be
stopped during Idle.

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

There are two ways to terminate the idle
mode:

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

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

Normally the port pins hold the logical state
they had at the time idle mode was activated.
If some pins are programmed to serve their
alternate functions they still continue to
output during idle mode if the assigned
function is on. The control signals ALE and
PSEN hold at logic level high (see Table 42).

Software Power Down Mode

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

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

The status of all output lines of the controller
can be looked up in Table 42.
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Hardware Controlled Power Down Mode

The pin HWPD controls this mode. If it is on
logic high level (inactive) the part is running
in the normal operating modes. If pin HWPD
gets active (low level) the part enters the
Hardware Power Down Mode; this is
independent of the state of pin PE/SWD.

HWPD is sampled once per machine cycle.
If it is found active, the device starts a
complete internal reset sequence. The
watchdog timer is stopped and its status flag
WDTS is cleared exactly the same effects as
a hardware reset. In this phase the power
consumption is not yet reduced. After
completion of the internal reset both
oscillators of the chip are disabled. At the
same time the port pins and several control
lines enter a floating state as shown in Table
42. In this state the power consumption is
reduced to the power down current IPD. Also
the supply voltage can be reduced. Table 42
also lists the voltages which may be applied
at the pins during Hardware Power Down
Mode without affecting the low power
consumption.

' Termination of the HWPD Mode

The_power down state is maintained while

pin HWPD is held active. If HWPD goes to
high level (inactive state) an automatic start
up procedure is performed:

— First the pins leave their floating condition
and enter their default reset state (as they
had immediately before going to float
state).

— Bothoscillators are enabled. The oscillator
watchdog’s RC oscillator starts up very
fast (typ. less than 2 ms).

~ Because the oscillator watchdog is active
it detects a failure condition if the on-chip
oscillator hasn’t yet started. Hence, the
watchdog keeps the part in reset and
supplies the internal clock from the RC
oscillator.

- Finally, when the on-chip oscillator has
started, the oscillator watchdog releases

the part from reset with oscillator
watchdog status flag set. When automatic
start of the watchdog was enabled (PE/
SWD connected to V cc), the Watchdog
Timer will start, too (with its default reload
value for time-out period).

The RESET pin overrides the Hardware
Power Down function, i.e. if reset gets
active during Hardware Power Down it is
terminated and the device performs the
normal reset function. (Thus, if pin RESET
has to be inactive during Hardware Power
Down Mode).

© Siemens Components, Inc.
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Table 42 :

Status of all pins during Idle Mode, Power Down Mode and Hardware Power Down Mode
Pins Power Down Mo a ‘Hardware Power Down
- ldle Mode Last ?ns‘terul)c?io: :\anxec::ite: t

instruction executed § Status
rom
from

internal external internal external

ROM ROM ROM ROM
PO Data float Data float"
Pt Data/ Data/ Data/ Data/ floating”

alt.output alt.output fast output last output S
P2 Data Address Data Data
P3 Data/ Data/ Data/ Data/ outputs

alt.output alt.output last output last output
P4 Data Data/ Data/ Data/ disabled

/alt.output alt.output last output last output
P5 Data Data/ Data/ Data/ input

alt.output alt.output last output last output '
P6 1) 1) 1) 1) function
EA active input?)
PE/SWD active input pull-up disabled?
XTAL1 active output ‘
XTAL2 disabled input function”)
PSEN high high low low ‘
ALE h’gh high low low ﬂoating outpuﬂ)
VAREF, active supply pins 3)
VAGND o »
Reset . activé input must be high

1) Applied voltage range at pins Vss SVin< Ve
AVIN=Vssor VIN=Vcc
3 Vs < Vee; Varer 2 Vaanp
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Serial Interface

The SAB 80C515A has a full duplex and
receive buffered serial - interface. It is

Table 43 shows possible configurations and
the according baud rates. .

functionally identical with the serial interface
of the SAB 8051. '
Table 43
Baud Rate Generation
Mode Mode 0
fosc=12MHz | 1MHz
8-Bit syn- .
chronous Baudrate | fosc=16MHz | 1-33MHz
channel
fosc=18 MHz - 1:5 MHz
derived from | rosc
Mode Mode 1
fosc =12 MHz 1 Baud - 62.5 kBaud 183 Baud - 375 kBaud
8BitUART | Baudrate | fosc=16MHz | 1Baud- 83 kBaud 244 Baud - 500 kBaud
Foso=18MHz | 1Baud-937 kBaud | 2375 Baud - 562.5 kBaud
derived from Timer 1 10-Bit Baudrate Generator
Mode Mode 2 Mode 3 -
fosc =12 MHz 187.5 kBaud375 1 Baud - 183 Baud -
kBaud 62.5 kBaud 375 kBaud
9-Bit Baudrate | fosc=16 MHz | 250 kBaud/ 1Baud - 244 Baud -
UART 500 kBaud 83.3 kBaud 500 kBaud
_ 281.2 kBaud/ 1 Baud - 275 Baud -
fosc=18MHz | Lo’ kBaud 93.7 kBaud 562.5 kBaud
derived from fosci2 Timer 1 10-Bit
) Baudrate
Generator

© Siemens Components, Inc.
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The Serial Interface can operate in 4 modes:

Mode 0: Shift register mode:

- Serial data enters and exits through RxD. T
* x D outputs the shift clock 8 data bits are
transmitted/received (LSB first). The baud
rate is fixed at 1/12 of the oscillator
frequency.

Mode 1: 8-bit UART, variable baud rate:
10-bit are transmitted (through T x D) or
received (through R x D): a start bit (0), 8
data bits (LSB first), and a stop bit (1). On
reception, the stop bit goes into RB80 in
special function register SCON. The baud
rate is variable.

Mode 2: 9-bit UART, fixed baud rate:

11-bit ‘are transmitted (through T x D) or -

received (through R x D): a start bit (0), 8
data bits (LSB first), a programmable 9th,
and a stop bit (1). On transmission, the 9th
data bit (TB80 in SCON) can be assigned to
the value of 0'or 1. For example, the parity bit
(P in the PSW) could be moved into TB80 or
a second stop bit by setting TB80 to 1. On
reception the 9th data bit goes into RB80 in
special function register SCON, while the
stop bit is ignored. The baud rate is
programmable to either 1/32 or 1/64 of the
oscillator frequency.

Mode 3: 9-bit UART, variable baud rate:

11-bit are transmitted (through T x D) or
received (through R x D): a start bit (0), 8
data bits (LSB first), a programmable 9th,
and a stop bit (1). In fact, mode 3 is the same
as mode 2 in all respects except the baud
rate. The baud rate in mode 3 is variable.

Variable Baud Rates for Serial Interface

Variable baud rates for modes 1 and 3 of
serial interface can be derived from either
timer. 1 or a new_ -dedicated Baudrate
Generator. ‘

The baud rate is generated by a free running
10-bit timer with programmable reload
register.

SMOD
2 *f 0SC

Mode 1.3 baudrate = ————=
64* (2'°— SREL)

The default value after reset in the reload
registers SRELL and SRELH provides a
baud rate of 4.8 kBaud (SMOD - 0) or 9.6
kBaud (SMOD - 1) at 12 MHz oscillator

frequency. This guarantees full compatibility
to the SAB 80C515.
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Fail Safe Mechanisms

The SAB 80C515A offers enhanced fail safe
mechanisms, which allow an automatic
recovery from software upset or hardware
failure:

— a programmable watchdog timer (WDT),
with variable time-out period from 512 us
up to appr. 1.1 s @ 12 MHz. Upward
compatible to SAB 80C515 watchdog
timer.

— an oscillator watchdog (OWD) which
monitors the on-chip oscillator and forces
the microcontroller into reset state, in case
the on-chip oscillator fails; it also controls
the restart from the Hardware Power
Down Mode and provides the clock for a
fast internal reset after power-on.

Programmable Watchdog Timer

The WDT can be activated by hardware of
software.

Hardware initialization is done when pin PE/
SWD (Pin 4) is held high during RESET. The
SAB 80C515A then starts program
execution with the WDT running. Since pin
PE/SWD is only sampled during Reset, the
WDT cannot be started externally during
normal operation.

Software initialization is done by setting bit
SWDT in SFR IENT.

A refresh of the watchdog timer is done by

setting bits WDT (SFR IENQ) and SWDT

consecutively. This double instruction
sequence has been implemented to increase
system security.

When a watchdog timer reset occurs, the
watchdog timer keeps on running, but a
status flag WDTS (SFR IPO0) is set. This flag
can also be cleared by software.

Figure 92 Block Diagram of the
Programmable Watchdog Timer shows the
block diagram of the programmable

Watchdog Timer.

Oscillator Watchdog

The unit serves three functions:

— Monitoring of the on-chip oscillator's
function.

The watchdog monitors the on-chip
oscillator’s frequency; if it is lower than the
frequency of the auxiliary RC oscillator in
the watchdog unit, the internal clock is
supplied by the RC oscillator and the
device is forced into reset; if the failure
condition disappears (i.e. the on-chip
oscillator has again a higher frequency
than the RC oscillator), the part executes
a final reset phase of appr. 0.25 ms in
order to allow the oscillator to stabilize;
then the oscillator watchdog reset is
released and the part starts program
execution again.

— Restart from the Hardware Power Down
Mode

If the Hardware Power Down Mode is
terminated the oscillator watchdog has to
control the correct start-up of the on-chip
oscillator and to restart the program. The
oscillator watchdog function is only part of
the complete Hardware Power Down
sequence; however, the watchdog works
identically to the monitoring function.

— Fast internal reset after power-on.
In this function the oscillator watchdog unit
provides a clock supply for the reset
- before the on-chip oscillator has started. In
this case the oscillator watchdog unit also
works identically to the monitoring
function.

Figure 93 Functional Block Diagram of the
Oscillator Watchdog shows the block
diagram of the oscillator watchdog unit. It
consists of an internal RC oscilfator which
provides the reference frequency for the
frequency comparator.

© Siemens Components, Inc.
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Figure 92
Block Diagram of the Programmable Watchdog Timer
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Fast internal reset after power-on.

The SAB 80C515A can use the oscillator
watchdog unit for a fast internal reset
procedure after power-on.

Normally members of the 8051 family (like
the SAB 80C515) enter their default reset
state not before the on-chip oscillator starts.
The reason is that the external reset signal
must be internally synchronized and
processed in order to bring the device into
the correct reset state. Especially if a crystal
is used the start up time of the oscillator is
relatively long (typ.1 ms). During this time
period the pins have an undefined state
which could "‘have severe effects e.g. to
actuators connected to port pins.

In the SAB 80C515A the oscillator watchdog
unit avoids this situation. After power-on the
oscillator watchdog’s RC oscillator starts
working within a very short start-up time (typ.
less than 2 ms). In the following the
watchdog circuitry detects a failure condition

for the on-chip oscillator because this has .

not yet started (a failure is always recognized

if the watchdog’'s RC oscillator runs faster
than the on-chip oscillator). As long as this
condition is valid the watchdog uses the RC
oscillator output as clock source for the chip
rather than the on-chip oscillator's output.
This allows correct resetting of the part and
brings also all ports to the defined state.

Delay time between power-on and correct
reset state:

Typ.: 18 us
Max.: 34 us
Instruction Set

The SAB 80C515A / 83C515A-5 has the
same instruction set as the industry standard
8051 microcontroller.

A pocket guide is available which contains
the complete instruction set in functional and
hexadecimal order. Furthermore, it provides
helpful information about Special Function
Registers, Interrupt Vectors and Assembler
Directives.

© Siemens Components, Inc.
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.Absolute Maximum Ratings

Ambient temperature under bias | '
- SAB BOC515A/83C515A-5 ........ 0to70°C
- SAB 80C515A-T3/ ’ C

83C515A-5-T3.cccvveveerireias -40t0 85°C
SAB 80C515A-T4/ :

83C515A-5-T4......ccecvvenen -40t0 110°C

Storage temperature.............. -65 to 150°C

Voltage on Vec pins with
respect to ground (Vss)....... -0.1Vto 6.5V

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

Power dissipation ..............ccereeveerennn. 1W reliability.
DC Characteristics
Vec =5V +10%, - 15%; Vec =0V
TA= 0to 70 °C for the SAB 80C515A
TA = -40 to 85 °C for the SAB 80C515A-T3
TA = -40 to 110 °C for the SAB BOC515A-T4
Parameter ‘Symbol Limit Values - Unit | Test Condition
. ‘ B min. max.
Input low voltage (except EA, RE- | Vi -0.5 02Vee |V |-
SET, HWPD) : ©1-01
Input low voltage (EA) Viu -0.5 02Vec |V |-
‘ -0.3
Input high voltage (HWPD, RESET) | Vi -0.5 02Vec |V -
+0.1
Input high voltage (except RESET, | Vin 0.2Vec | Vec + v |-
XTAL2 and HWPD) +0.9 0.5
Input high voltage to XTAL2 | Vim 0.7 Vec | Vee + \Y -
0.5
Input high voitage to RESET and Vire 0.6 Vec | Voc + \ -
HWPD 0.5
Qutput low voltage VoL - 0.45 \" Jou=1.6 mA"
(ports 1, 2, 3, 4, 5)
Output low voltage (port 0, ALE, Vout - 0.45 V | lo=32mAl
PSEN)
Output high voltage Von 24 - \ lon = -80 pA,
(ports 1, 2, 3, 4, 5) 0.9 Vee |- v Ion = -10 pA

See Notes.
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Parameter Symbol Limit Values Unit | Test Condition
‘ min. max.
Output high voltage (port 0 in exter- | Vot 2.4 - \" Ion = -800 pAz)
nal bus mode, ALE, PSEN) 0.9 Voo | - V | Jon=-80pA?
Logic 0 input current Iu -10 -50 MA | Vn=045V
(ports 1, 2, 3, 4, 5)
Logical 1-to-0 transition current In -65 - -650 pA | Vn=2V
(ports 1, 2, 3, 4, 5) ‘
Input leakage current _ o - +100 VA | 0.45<Vin<Vee
(port 0, EA, P6, HWPD) - +150 VA | 0.45<Vin<Vce
' TA>100 °C
Input low current to RESET for reset | he -10 -100 pPA | Vn=045V
Input low current (XTAL2) hes --10 A | Vin=045V
Input low current (PE/SWD) la - -15 MA | Vin=045V
Pin capacitance Cio - 10 pF | fC=1MHz,
. Ta=25°C
Power supply current; lec - 35 mA | Vec=5V,%
Active mode, 12 MHz") loc . TBD |mA |Vec=5V2
Active mode, 18 MHz") lec - TBD mA |Vec=5V,5
Idle mode, 12 MHz?) fec . TBD |[mA |Vee=5V,9
Idle mode, 18 MHz") foc - TBD |mA | V=5V
Slow down mode, 12 MHz Iro - TBD |[mA |Vee=5V,9
Slow down mode, 18 MHz - 50 pA | Vec=2..55V,3)
Power Down Mode
See Notes.
© Siemens Components, Inc. 4-213
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Notes

1) Capacitive loading on ports 0 and 2 may
cause spurious noise pulses to be
superimposed on the Vo of ALE and ports
1, 3, 4 and 5. The noise is due to external
bus capacitance discharging into the port
0 and port 2 pins when these pins make 1-
to-0 transitions during bus operation. In
the worst case (capacitive loading > 100
pF), the noise pulse on ALE line may
exceed 0.8 V. In such cases it may be
desirable to qualify ALE with a schmitt-
trigger, or use an address latch with a
schmitt-trigger strobe input.

2) Capacitive loading on ports 0 and 2 may
cause the Von on ALE and PSEN to
momentarily fall below the 0.9 V CC
specification when the address lines are
stabilizing.

3) Iro (Software Power Down Mode) is

measured under the following conditions:

EA = RESET = Vec; Port0 = Port6 = Veg;
XTAL1 = N.C.; XTAL2 = Vss; PE/SWD =
VSS; HWPD = Vcc; Vaano = Vss; Varet = Vec;
all other pins are disconnected.

Iro (Hardware Power Down Mode):
independent of any particular pin
connection.

4) Icc (active mode) is measured with:

XTAL2 driven with tcien, fcher = 5 ns, Vie =
Vss + 0.5V, Vi = Vec - 0.5 V; XTALT =

" N.C.; EA=PE/SWD = Vcc; Port0 = Port6 =
Vee; HWPD = Vec; RESET = Vss; all other
pins are disconnected. Icc would be
slightly higher if a crystal oscillator is used
(appr. 1 mA).

5) Icc (Idle mode) is measured with all output
pins disconnected and with all peripherals
disabled; XTAL2 driven with rcicH, fcHeL =5
ns,Vii=Vss+ 05V, Vin=Vec-0.5V,
XTAL1 = N.C.; RESET = Vcc; HWPD =
Vec; Port0 = Port6 = Vec; EA = PE/SWD =
Vss; all other pins are disconnected:;

6) Icc (slow down mode) is measured with all
output pins disconnected and with ali
peripherals disabled;

XTAL2 driven with rcien, tcveL = 5 ns, Vie =
Vss +0.5V, Vn=Vec-0.5V; XTAL 1 =
N.C.; RESET = Vec; HWPD = Vec; Port6 =
Vee; EA PE/SWD = Vss; all other pins are
disconnected;

7)ICC Max at other frequencies is given by:
active mode: TBD
idle mode: TBD
Where fosc is the oscillator frequency in
MHz. Iccvalues are given in mA and
measured at Vec =5 V.
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A/D Converter Characteristics

VCC =5V +10%, - 15%; VSS =0V
VAREF = VCC + 5%; VAGND = VSS + 0.2 V;

TA =0 tp 70 °C for the SAB 80C515A/83C515A-5
TA = -40 to 85 °C for the SAB 80C515A-T3/83C515A-5-T3
TA =-40 10 110 °C for the SAB 80C515A-T4/83C515A-5-T4

Parameter Symbol Limit Values Unit | Test Condition
min. typ. max.
Analog input capacitance | Ci 25 70 pF
Sample time (Inc. load Ts 41cvh | us 2
time)
Conversion time Te | 4oy fus |9
(inc. sample time)
Total unadjusted error TUE +2 LSB | Varer = Vcc
. Vaanp = Vss
VAREF supply current +20 pA
V¢ oy = (8"2APCLy/fosc (tev = 1/fanc; FADC; fanc = fosc/(8*2APCY) “

2 This parameter specifies the time during the input capacitance C), can be charged/discharged by the external
source. It must be guaranteed, that the input capacitance C, is fully loaded within this time. 41cy is 2 ps at the
Jfosc = 16 MHz. After the end of the sample time TS, changes of the analog input voltage have no effect on the
conversion result.

3) This parameter includes the sample time TS. 14TCY is 7 us at fOSC = 16 MHz.
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AC Characteristics

VCC =5V + 10%, - 15%; VSS =0V
* TA=0to 70 °C for the SAB 80C515A/83C515A-5
TA = -40 to 85 °C for the SAB 80C515A-T3/83C515A-5-T3

TA = -40 to 110°C for the SAB 80C515A-T4/83C515A-5-T4 '
(CL for port 0, ALE and PSEN outputs = 100 pF; CL for all other outputs = 80 pF)

Program Memory Characteristics

Parameter » Symbol Limit Values Unit

18 MHz Clock 1/t‘:::i:l'31ktaoc1lgcl\ll(le
min. max. min. max.

ALE pulse width HLHLL 71 - 21ceL-40 | - ns
Address setup to ALE favie 26 - foet-30 |- ns
Address hold after ALE ax 26 - foeL - 30 | - ns
Address to valid instr in fuw - 122 - 4 tce-100 | ns
ALE to PSﬂ e | 31 - toeL-25 | - ns.
PSEN pulse width thLPH 132 - - | 8roe-35 - ns
PSEN to valid instr in teLv - 92 - 3rocl75 | ns
Input instruction hold after | texix 0 - 0 - ns
PSEN '

Input instruction fioat after | texiz') - 46 - teet-10 | ns
PSEN

Address valid after PSEN | fexav) 48 - roc-8 |- ns
Address to valid instr in taviv - 218 - StcieL- 60 | ns
Address float to PSEN | razeL 0 - 0 - ns
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External Data Memory Characteristics

Parameter Symbol Limit Values Unit

18 MHz Clock e o t0 18 MHz
min. max. min. max.
RD pulse width tRLAH 233 - 6rocL - 100 | - ns
WR pulse width fwLwH 233 - 6rorcL - 100 | - ns
Address hold after ALE | riaxe 81 - 2tceL - 30 | - ns
RD to valid data in fALov - 128 - 5 fovoL - ns
‘ 150
Data hold after RD fRHDX 0 - 0 - ns
Data float after RD fAHDZ 0 51 - 210cL - 60 | ns
~ ALE to valid data in tavov - | 294 - 8reioL - 150 | ns
ALE to WR or RD w117 217 3toic - 50 | Bt + 50 | ns
| WR or RD high to ALE IWHLH 16 96 teien - 40 reeet +40 | ns
high , -
Address valid to WR taven 92 - |- 4roe-130 | - ns
Datavalidto WR | ravwx 11 - focL-45 | - ns
transition L
- Data setup before WR favwH 239 - Ttcrer - 150 | - ns
Data hold after WR fwHax 16 - foreL - 150 | - ns
Address float after RD | 1wz - 0 - 0 ns
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Figure 94
Program Memory Read Cycle
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Figure 95 :
Data Memory Read Cycle
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Figure 96
Data Memory Write Cycle
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External Clock Drive

Unit

Parameter Symbol Limit Values
18 MHz Clock
Variable Clock
1/tcce =1 to 18 MHz
min. max.
Oscillator period teLoL 55.6 1000 ns
High time feHex 20 foLcL = folex ns
Low time foLex 20 foLoL - foLex ns
Rise time fcLCH - 20 ns
Fall time fereL - 20 ' ns
Oscillator frequency 1/tereL 1 18 MHz
Figure 97
External Clock Cycle
ycc "0 5
T 0.7 Ve /
‘. . V - 3 "CHCK
0.45V 0.2¥c-0.1 ’ k
fCHCI. [— — - 'acu

-— ’CLCX -

tea

- NCT00793
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System Clock Timing

Parameter Symbol Limit Values Unit
' Variable Clock |
18 MHz Clock 1/tcce =1 to 18 MHz
min. max. min. max.
ALE to CLKOUT fusH 349 - 7toeL - 40 | - ns
CLKOUT high time tsHsL 71 - 2tcicL - 40 | - " |Ins
CLKOUT low time tSLSH 516 - 10tccL - 40 | - ns
CLKOUT low to ALE high | #sun 16 96 foroL - 40 foct+40 | ns
Figure 98
System Clock Timing
‘ - —=ihsun .
ALE [—\ [—
hus fsust f=a— S T ——

CLkouT | AL_.} /-_\

- P51 g4

T\
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ROM Verification Characteristics for SAB 83C515A-5
ROM Verification Mode 1 (Standard Verify Mode for not Read Protected ROM)

Parameter Symbol Limit Values Unit
min. max.

Address to valid data tavav - } 48tcLeL ns
ENABLE to valid data fetav - ) | 48tcioL ns
Data float after ENABLE tenaz 0 ‘ 48tcLoL ns
Oscillator frequency 1tceL 4 6 MHz
Figure 99
ROM Verification Mode 1

P1.0-P1.7 )

P2.0-P2.6 Address )_—'(:

Lavoy—w —-—
Port O —————‘< Dota Out
» ,[lov._' ‘—— - g ’[HQI
P2.7
ENABLE

Address:  P1.0-P1.7=A0-A7
P2.0-P2.6=A8-A14

Data: Port 0=D0-D7

MCD01498
Inputs PSEN = Vss
ALE/EA = Wy
RESET = W
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ROM Verification Mode 2 (New Verify Mode for Protected and not Protected ROM)

Figure 100
ROM Verification Mode 2
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Y Y NCDO1499

Inputs EA=Vm
ALE forced to low level by a weak pull down resistor (approx. 400 Q),

. during RESET active ROM-Code: Port 0=D0-D7
Outputs Port 3.5 shows all 1024 cycles low level for one cycle
when compared ROM-Code was not right

© Siemens Components, Inc. ) 4-223




SAB 80C515A/83C515A-5

Application Example for Verifying the Internal ROM with ROM Verify Mode 2

Figure 101
Application Example for Verifying the Internal ROM with ROM Verify Mode 2
P3.5 -
Compare
' : Result
» Logic
SAB .
83C515A-5 |
ALE [ T2
Address
Counhter >
4000 16 bit )
Reset Adr. Counter
v, Rese 1 Compare
N ROM
— Resel
A :
Port 0 <[L : Compare Code
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Figure 102
AC Testing: Input, Out Waveforms
Voc 203V 0.2V +0.9
Test Paints
045 0.2Ve—0.1

WCAQ0697

AC Inputs during testing are driven at Vec - 0.5 V for a logic 1’ and 0.45 V for a logic
'0’. Timing measurements are made at Vinmin for a logic '1' and Viumax for a logic '0".

Figure 103
AC Testing: Float Waveforms

Timing Reference X You=0.1V
> Points <
, ]l- Yy, +0.1V

For timing purposes a port pin is no longer floating when a 100 mV change from load
voltage occurs and begins to float when a 100 mV change from the loaded V on/VoL
level occurs. Io/Ion = +20 MA.

Lood

MCA00606

Figure 104
Recommended Oscillator Circuits

40 40
| ’ XTALL NG ———————— YL

r’ =18 M =3 .

I X - |
39 W2 External Oscillator 39 X2

Signal
C = 30pF 3 10pF s
{incl. slray capacitance)
Crysal Oscillaor Mode Driving from External Source
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SIEMENS

SAB 80C517/80C537

High-Performance 8-Bit CMOS Single-Chip

Microcontroller

SAB 80C517
SAB 80C537

® Versions for 12 MHz and 16 MHz
operating frequency :

@ 8K x 8 ROM (SAB 80C517 only)

@ 256 x 8 on-chip RAM

@ Superset of SAB 80C51 architecture:
— 1 1k s instruction cycle time at 12 MHz
— 750 ns instruction cycle time art 16 MHz
— 256 directly addressable bits
— Boolean processor
— 64 Kbyte external data and program
memory addressing

@ Four 16-bit timer/counters

@ Powerful 16-bit compare/capture unit
(CCU) with up to 21 high-speed or PWM
output channels and 5 capture inputs

@ Versatile “fail-safe” provisions

@ Fast 32-bit division, 16-bit 2 multiplication,
32-bit normalize and shift by peripheral
MUL/DIV unit (MDU)

@ Eight data pointers for external memory
addressing ‘

@ Fourteen interrupt vectors, four priority
levels selectable

@ 8-bit A/D converter with 12 multiplexed
inputs and programmable ref. voltages

@ Two full duplex serial interfaces

@ Fully upward compatible with SAB
80C515 ’

©® Extended power saving modes

@ Nine ports: 56 I/O lines, 12 input lines

@ Three temperature ranges available:
0to 70°C
-40 to 85°C
-40t0 110°C

® Plastic packages: P-LCC-84/P-MRFP-100

Microcontroller with factory mask-programmable ROM
Microcontroller for external ROM

The SAB 80C517/80C537 is a high-end
member of the Siemens SAB 8051 family of
microcontrollers. [t is designed in Siemens
ACMOS technology and based on the SAB
8051 architecture. ACMOS is a technology
which combines high-speed and density
characteristics with low-power consumption
or dissipation.

While maintaining -all the SAB 80C515
features and operating characteristics the
SAB 80C517 is expanded in its arithmetic
capabilities, “fail-safe”  characteristics,
analog signal processing and timer
capabilities. The SAB 80C537 is identical
with the SAB SAB 80C517 except that it
lacks the on-chip program memory. The SAB
80C517/SAB 80C537 is supplied in a 84-pin
plastic leaded chip carrier package (P-LCC-
84) and in a 100-pin plastic quad metric flat
package (P-MRFP-100).

© Siemens Components, Inc.
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Figure 105

SAB 80C517/80C537

Input Inpul

. Oscillator RAM
8 Datepointer Wtchdog — Wolchdog BEx s . Port 0 1/0
.
oy ccy  {compore B fo Oy [ e
Timer AC , (80C51~Core) | USART
Timer 1 : Port 2 1/0
8-bit USART | port 8 [port 7 FOu
o or —y | Port 6 | Porl 5 |Porl 4 xd Port 3 /0
7 qulog/ Apulog/ 1} I/0 1/
Digital  Digital 1) SAB 80CS17: I /0

SAB 80C515 : Analog/Digital Input

MCAD1473

Ordering Information

Type Package Description
8-bit CMOS microcontroller

SAB 80C517-N P-LCC-84 with factory mask-programmable ROM,
12 MH:

SAB 80C517-M P-MRFP-100 2

SAB 80C537-N P-LCC-84 for external memory, 12 MHz

SAB 80C537-M P-MRFP-100

SAB 80C517-N-T40/85 P-LCC-84 with factory mas\k-programmable ROM,
12 MHz, ext. temperature - 40 to 85°C

SAB 80C517-M-T40/85 P-MRFP-100

SAB 80C537-N-T40/85 P-LCC-84 for external ROM, 12 MHz,
ext. temperature - 40'to 85°C

SAB 80C537-M-T40/85 P-MRFP-100

SAB 80C517-N16 P-LCC-84 with mask-programmable ROM, 16 MHz
ext. temperature - 40 to 110°C

SAB 80C517-M16 P-MRFP-100

SAB 80C537-N16 P-LCC-84 for external memory, 16 MHz

SAB 80C537-M16 P-MRFP-100

SAB 80C517-N16-T40/85 | P-LCC-84 with mask-programmable ROM, 16 MHZ

: ext. temperature - 40 to 85°C
SAB 80C517-16-N-T40/85 | P-LCC-84 with factory mask-programmable ROM, 12 MHz
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Figure 106
Logic Symbol
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Figure 107
Pin Configuration (P-LCC-84)
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Pin Definitions and Functions

Symbol Pin Number /0" | Function

P-L.CC-85 P-MFRP-100 |

P4.0-P47|1-3,5-9 |TBD /O | Port4

is a bidirectional 1/O port with internal pull-
up resistors. Port 4 pins that have 1 s writ-
ten to them are pulled high by the internal
pull-up resistors, and in that state can be
used as inputs. As inputs, port 4 pins being
externally pulled low will source current
(1, in the DC characteristics) because of
the internal puli-up resistors.

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

- CMO (P4.0): Compare Channel 0

- CM1 (P4.1): Compare Channel 1

- CM2 (P4.2): Compare Channel 2

- CM83 (P4.3): Compare Channel 3

- CM4 (P4.4): Compare Channel 4

- CM5 (P4.5): Compare Channel 5

- CM®6 (P4.6): Compare Channel 6

- CM7 (P4.7): Compare Channel 7

PE/SWD |4 | TBD ! Power saving modes enable/

‘ Start Watchdog Timer
A low level on this pin allows the software
to enter the power down, idie and slow
down mode. In case the low level is also
seen during reset, the watchdog timer
function is off on default.
Use of the power saving modes is blocked,
when this pin is held on high level. A high
level during reset performs an automatic
start of the watchdog timer immediately af-
ter reset.
When left unconnected this pin is pulled
high by a weak internal pull-up resistor.

“I=Input
O=0Output
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Pin Definitions and Functions

RESET 10 TBD | RESET

A low level on this pin for the duration of

two machine cycles while the oscillator is
running resets the SAB 80C517. A small

internal pull-up resistor permits power-on
reset using.only a capacitor connected to

VSS.
V aRer 11 TBD Reference voltage for the A/D converter.
Varer 12 TBD Reference ground for the A/D converter.
P7.7-P7.0|13-20 | TBD e Port 7

is an 8-bit unidirectional input port. Port
pins can be used for digital input, if voltage
levels meet the specified input high/low
voltages, and for the lower 8-bit of the mul-
tiplexed analog inputs of the A/D convert-
er, simultaneously.

P3.0-P3.7 | 21-28 TBD /O | Port3

. is a bidirectional I/O port with internal pull-
up resistors. Port 3 pins that have 1 s writ-
ten to them are pulled high by the internal
pull-up resistors, and in that state can be
used as inputs. As inputs, port 3 pins being
externally pulled low will source current

(I, in the DC characteristics) because of

the internal pull-up resistors. Port 3 also

contains the interrupt, timer, serial port 0

and external memory strobe pins that are

used by various options. The output latch

corresponding to a secondary function
must be programmed to a one (1) for that

function to operate.

The secondary functions are assigned to

the pins of port 3, as follows:

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

— T x DO (P3.1): transmitter data output
(asynchronous) or clock
output (synchronous) of

o serial interface 0

— INTO (P3.2): interrupt O input/timer O

gate control

“l=Input
O=Qutput
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Pin Definitions and Functions

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

— TO (P3.4): counter 0 input

- T1(P3.5): counter 1 input

- WR (P3.6): the write control signal
latches the data byte
from port 0 into the

. external data memory

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

P1.7-P1.0 | 29-36

TBD

/0

Port 1

is a bidirectional I/0 port with internal pull-
up resistors. Port 1 pins that have 1 s writ-
ten to them are pulled high by the internal
pull-up resistors, and in that state can be
used as inputs. As inputs, port 1 pins being
externally pulled low will source current
(I, in the DC characteristics) because of
the internal pull-up resistors. It is used for
the low order address byte during program
verification. It also contains the interrupt,
timer, clock, capture and compare pins
that are used by various options. The out-
put must be programmed to a one (1) for
that function to operate (except when used

|| for the compare functions).

The secondary functions are assigned to

the port 1 pins as follows:

— INT3/CCO (P1.0): interrupt 3 input/
compare 0 output /
capture 0 input

— INT4/CC1 (P1.1): interrupt 4 input /

‘ compare 1 output /
capture 1 input

— INT5/CC2 (P1.2): interrupt 5 input /
compare 2 output /
capture 2 input

“I=Input
O=0Output
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Pin Definitions and Functions

~ INT6/CC3 (P1.3): interrupt 6 input/

compare 3 output /
- capture 3 input

— INT2/CC4 (P1.4): interrupt 2 input /
compare4 output /
capture4 input

— T2EX (P1.5): timer 2 external
reload trigger input

— CLKOUT (P1.6):  system clock output

- T2 (P1.7): ~counter 2 input

XTAL2 39 TBD

XTAL2
Input to the inverting oscillator amplifier
and input to the internal clock generator
circuits.

XTAL1 40 .| TBD

XTAL1

Output of the inverting oscillator amplifier.
To drive the device from an external clock
source, XTAL2 should be driven, while
XTAL1 is left unconnected on the duty cy-
cle of the external clock signal, since the
input to the internat clocking circuitry is di-
vided down by a divide-by-two flip-flop.
Minimum and maximum high and low
times as weil as rise/fall times specified in
the AC characteristics must be observed.

P2.0-P2.7 | 41 -48 TBD

{0]

Port 2

is a bidirectional /O port with internal puli-
up resistors. Port 2 pins that have 1 s writ-
ten to them are pulled high by the internal
pull-up resistors, and in that state can be
used as inputs. As inputs, port 2 pins being
externally pulled low will source current
(!, in the DC characteristics) because of
the internal pull-up 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 pull-
up resistors. During accesses to external
data memory that use 8-bit addresses
(MOVX @Ri), port 2 issues the contents of
the P2 special function register.

“I=input
O=Output
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Pin Definitions and Functions

PSEN

49

TBD

The Program Store Enable

output is a contro! signal that enables the
external program memory to the bus dur-
ing external fetch operations. It is activated
every six oscillator periods except during

external data memory accesses. Remains
high during internal program execution.

ALE

50

TBD

The Address Latch Enable

output is used for latching the address into
external memory during normal operation.
It is activated every six oscillator periods
except during an external data memory ac-
cess.

| 51

8D

External Access Enable

When held at high level, introductions
fetched from the internal ROM when the
PC is less than 8192. When held at low
level, the SAB 80C517 fetches all instruc-
tions from external program memory. For
the SAB 80C537 this pin must be tied low.

P0.0 - PO.7

52-59

TBD

I/0

Port 0

is an 8-bit open-drain bidirectional I/O port.
Port 0 pins that have 1 s written to them
float, and in that state can be used as high-
impedance inputs. Port 0 is also the multi-
plexed low-order address and data bus
during accesses to external program or
data memory. In this application it uses
strong internal pull-up resistors when issu-
ing 1 s. Port 0 also outputs the code bytes
during program verification in the SAB
80C517. External pull-up resistors are re-
quired during program verification.

"l=Input -
O=0Output
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Pin Definitions and Functions

P5.7 - P5.0

61-68

TBD

I/O

Port 5

is a bidirectional I/O port with internal pull-
up resistors. Port 5 pins that have 1 s writ-
ten to them are pulled high by the internal
pull-up resistors, and in that state can be
used as inputs. As inputs, port 5 pins being
externally pulled low will source current
(I, in the DC characteristics) because of
the internal pull-up resistors. This port also

“serves the alternate function “Concurrent

Compare”. The secondary functions are
assigned to the port 5 pins as follows:
- CCMO (P5.0): concurrent compare 0
- CCM1 (P5.1): concurrent compare 1
- CCM2 (P5.2): concurrent compare 2
- CCM3 (P5.3): concurrent compare 3
- CCM4 (P5.4): concurrent compare 4
- CCM5 (P5.5): concurrent compare 5
- CCM6 (P5.6): concurrent compare 6
- CCM7 (P5.7): concurrent compare 7

OWE

69

TBD -

Oscillator Watchdog Enable

| A'high level on this pin enables the oscilla-

tor watchdog. When left unconnected this
pinis pulled high by a weak internal pull-up
resistor. When held at low level the oscilla-
tor watchdog function is off.

P6.0 - P6.7

70-77

TBD

1’0

Port 6

is a bidirectional I/O port internal pull-up
resistors. Port 6 pins that have 1 s written
to them are pulled high by the internal pull-
up resistors, and in that sate can be used
as inputs. As inputs, port 6 pins being ex-
ternally pulled low will source current (/.
in the DC characteristics) because of the
internal pull-up resistors. Port 6 also con-
tains the external A/D converter control pin
and the transmit and receive pins for serial
channel 1. The output latch corresponding
to a secondary function must be pro-
grammed to a one (1) for that function to
operate.

“l=Input
O=Output
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“ Pin Definitions and Functions

The secondary functions are assigned to

the pins of port 6, as follows:

— ADST (P6.0):  external A/D converter
start pin

— Rx D1 (P6.1): receiver data input of
serial interface 1

— T x D1 (P6.2): transmitter data output

: of serial interface 1

P8.0 - P8.3

78 - 81

TBD

Port 8

is a 4-bit unidirectional input port. Port pins
can be used for digital input, if voltage lev-
els meet the specified input high/low volt-

ages and for the higher 4-bit of the multi-
plexed analog inputs of the A/D converter
simultaneously.

82

TBD

Reset Output

This pin outputs the internally synchro-
nized reset request signal. This signal may
be generated by an external hardware re-
set, a watchdog timer reset or an oscillator
watchdog reset. The reset output is active
low.

VSS

37, 60, 83

TBD

Circuit ground potential

VCC

38, 84 -

TBD

Supply terminal for all operating modes

“I=Input
O=0utput

© Siemens Components, Inc.
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Figure 108
Block Diagram

"XTAL! XTAL2

RESET# —:
ALE =—— | 0SC& P RAM ROM
PSEN# 4—— Timing 256x8 || 8Kx8
EA# —
. : T ‘
: Oscillator :
OWE —* Watchdog :
RO# +— ; '
PE# SWD —'| Programmable Port 0 C:> Port 0
Walchdog Timer 'V 8-bit digit. O
Oiv."Mul.-Unit (}: ——N bty ) Port 1
k 4 ¥ 8.bit digit. O
Timer 0 .
Port 2 ~ Y Port 2
¥ g-bit digit. ¥O
Timer 1 : bit digi
) Port3 @ Pont3
Timer 2 - NV gbit digit. KO
Capture :_1—J Y Portd (#é ) Port 4
Compare Unit r
) P ' V' gbit digit. O
Compare Timer
—) Pots (ypons
Serial Channet 0 : 8-bit digit. O
Baud Rate Generator LN Port 6 : Port 6
. v ;¥ g-bit digit. 11O
Serial Channel 1 P
Progr. Baud Rate Port 7 N Port 7
Generalor N"T gavit digit/
Vaare —] i analog Input
AT D Gonverter :
Vagno — Port 8 — Port 8
1 ¢ 4.bil digit/
S&8H |  MuX i analog Input
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Special Function Registers

All registers, except the program counter and  area. The special function registers are listed
the four general purpose register blanks, in Table 44. In this table they are organized in
reside-in the special function register area.  groups which refer to the functional blocks of
The 81 special function registers include the SAB 80C517. Block names and symbols
arithmetic registers, pointers, and registers  are listed in alphabetical order.

that provide an interface between the CPU -

and the on-chip peripherals. There are also

128 directly addressable bits within the SFR

Table 44
Special Function Registers of the SAB 80C517
Address | Symbol Name Register | Contents
s after Reset
CPU ACC Accumulator 0EOH ") | 00H
B B-Register oFoH ") | 00H
DPH Data-Pointer, High Byte . 83H
DPL Data Pointer, Low Byte ‘ 82H
DPSEL Data Pointer Select Register 92H XXXX.X000B %)
PSW Program Status Word Register ODOH" | 0OH
SP Stack Pointer 81H 07H “
A/D- ADCONO A/D Converter Control Register 0 | 0D8H 1 | ooH
Converter | ADCON1 A/D Converter Control Register 1 | 0DCH XXXX.00008 3
ADDAT A/D Converter Data Register ODSH 00H
DAPR D/A Converter Program Register | ODAH . | O0H
Interrupt IENO Interrupt Enable Register0 0A8H" | 0OH
System CTCON? Com. Timer Control P Register . | OE1H 0XXX.0000B 3
IEN1 Interrupt Enable Register 1 oBsH " | ooOH
IEN2 Interrupt Enable Register 2 9AH XXXX.0XX0B%
1PO Interrupt Priority Register O 0A9H 00H
IP1 Interrupt Priority Register 1 . | 0B9H XX00.0000B &)
IRCON Interrupt Request Control Register | 0COH 1" | ooH
TCON? Timer Control Register 8sH" | oOH
T2CON 2 Timer 2 Control Register ocsH" | 00H
MUL/DIV - | ARCON Arithmetic Control Register . | OEFH OXXX.XXXXB
Unit MDO Multiplication/Division Register 0 | 0E9H XXH 3
MD1 Muitiplication/Division Register 1 OEAH XXH 3
MD2 Multiplication/Division Register2 | OEBH XXH 3
MD3 Multiplication/Division Register 3 | 0ECH XXH 3
MD4 Multiplication/Division Register 4 | 0EDH XXH 3
MD5 Muttiplication/Division Register 5 | OEEH XXH 3

1) Bit-addressable special function registers.
2) This special function register is listed repeatedly since some bits of it also belong to other functional blocks

3) X means that the value is indeterminate.
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Table 44
Special Function Registers of the SAB 80C517
Address | Symbol Name Register | Contents
‘ after Reset

Compare/ | CCEN Comp./Capture Enable Reg. Ports PO
Capture- CC4EN Comp./Capture 4 Enable Reg. P1
Unit CCH1 Comp./Capture Reg. 1, High Byte P2
(CCU) CCH2 Comp./Capture Reg. 2, High Byte P3

CCH3 Comp./Capture Reg. 3, High Byte P4

CCH4 Comp./Capture Reg. 4, High Byte P5

CcCL1 Comp./Capture Reg. 1, Low Byte P6

CCL2 Comp./Capture Reg. 2, Low Byte P7

CCL3 Comp./Capture Reg. 3, Low Byte P8

CcCL4 Comp./Capture Reg. 4, Low Byte

CMEN Compare Enable Register

CMHO Compare Reg. 0, High Byte

CMHA1 Compare Reg. 1, High Byte

CMH2 Compare Reg. 2, High Byte

CMH3 Compare Reg. 3, High Byte

CMH4 Compare Reg. 4, High Byte

CMH5 Compare Reg. 5, High Byte

CMH6 Compare Reg. 6, High Byte

CMH7 Compare Reg. 7, High Byte

CMLO Compare Register 0, Low Byte

CML1 Compare Register 1, Low Byte

CML2 Compare Register. 2, Low Byte

CML3 Compare Register 3, Low Byte

CML4 Compare Register 4, Low Byte

CML5 Compare Register 5, Low Byte

CML6 Compare Register 6, Low Byte

CML7 Compare Register 7, Low Byte

CMSEL Compare Input Select ‘

| CRCH Com./Rel./Capt. Reg. High Byte

CRCL Com./Rel./Capt. Reg. Low Byte

CTCON Com. Timer Control Reg.

CTRELH Com. Timer Rel. Reg., High Byte

CTRELL Com. Timer Rel. Reg. Low Byte

TH2 Timer 2, High Byte

TL2 Timer 2, Low Byte-

T2CON Timer 2 Contro! Register

") Bit-addressable special function registers. »
2 This special function register is listed repeatedly since some bits of it also belong to other functional blocks
% X means that the value is indeterminate.
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Table 44
Special Function Registers of the SAB 80C517
Address | Symbol Name Register | Contents
’ after Reset
Ports PO Port0 80H" FFH
P1 Port 1 90H" FFH
P2 Port2 0AOHY | FFH
P3 Port 3 0BOHY | FFH
P4 Port 4 oE8H" | FFH
P5 Port 5 oFsH" | FFH
P6 Port 6 . OFAH FFH
P7 Port 7, Analog/Digital Input ODBH XXH3)
P8 Port 8, Analog/Digital Input, 4-bit | ODDH | XXH®
Pow.Sav. | PCON Power Control Register 87H 00H
Mode .
Serial ADCONO? | A/D Converter Control Reg. obsH" | 0OH
Channels | PCON?) Power Contrl Register 87H 00H
SO0BUF Serial Channel 0 Buffer Reg. 99H XXH3)
SO0CON Serial Channel 0 Control Reg. 98H" 00H
S1BUF Serial Channel 1 Buffer 9CJH | OXXH®)
S1CON Serial Channel 1 Control Reg. 9BH 0X00.0000B%)
S1REL Serial Channel 1 Reload Reg. 9DH 00H
Timer 0/ TCON Timer Control Register 88H OOH
Timer 1 THO Timer 0, High Byte 8CH 00H
TH1 Timer 1, High Byte 8DH 00H
TLO Timer 0, Low Byte 8AH OOH
TL1 Timer 1, Low Byte 8BH 00H
TMOD Timer Mode Register 89H 00H
Watchdog IENQ?) Interrupt Enable Register 0 0A8H 00H
IEN12) Interrupt Enable Register 1 0B8H 00H
IPo?) Interrupt Priority Register 0 0A9H O0H
P12 Interrupt Priority Register 1 0B9H XX00.00008%)
WDTREL Watchdog Timer Reload Reg. 86H 00H

") Bit-addressable special function registers.

2 This special function register is listed repeatedly since some bits of it also belong to other functional blocks

3) X means that the value is indeterminate.
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Absolute Maximum Ratings

Ambient temperature under bias

SAB 80C517/80C537 .......cccen.e. 0to 70°C
SAB 80C517/80C537-

T40/85...veeeeeeeee e ceeceeeeeane - 40 t0 85°C
SAB 80C517/80C537-

TA0/110.u i -40to 110°C
Storage Temperature.............. - 6510 150°C
Voltage on Vcc pins with respect
to ground (Vss) .....covvenincinnenn -0.5Vto6.5V
Voltage on any pin with respect
to ground (Vss) ....ccecenenee -0.5to Vec+0.5V.
Input current on any pin during
overload condition............. -10mA to +10mA
Absolute sum of all input currents
during overload condition.................. 100mA
Power dissipation.........c..ccccveeeceericieneans 2w

DC Characteristics

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

Note: Stresses above those listed under
“Absolute Maximum Ratings” may .
cause permanent damage of the
device. This is a stress rating only and
functional operation of the device at
these or any other conditions above
those indicated in the operational
sections of this specification is not
implied. Exposure to absolute
maximum rating conditions for longer
periods may affect device reliability.
During overload conditions (V w>Vcc or
Vin<Vss) the Voltage on Vee pins with
respect to ground (Vss) must not
exceed the values defined by the
absolute maximum ratings.

Ta = 0 to 70°C; for the SAB 80C517/83C537

Ta = - 40 to 85°C; for the SAB 80C517-/83C537-T40/85
Ta = - 40 to 110°C; for the SAB 80C517-/83C537-T40/110

DC Characteristics

Parameter Symbol " Limit Values Unit | Test Condition
) min. max.
Input low voltage (except EA}. Vi -0.5 02Vcec |V
-0.1
Input low voltage (EA) Vi -0.5 0.2 Vce |V
0.3
Input low voltage Vi 0.2 Vce Vee v .
+0.9 +0.5
Input high voltage to XTAL2 V int 0.7 Vce Vee+ \ -
‘ 0.5
Input high voltage to RESET Vike 0.6 Vcc Ve + \ -
0.5
Output low voltage (ports 1, 2, 3,4,5,6) | Va - 0.45 Jot= 1.6 mAD
Output low voltage Vous - 0.45 v lo=3.2 mAD
(port 0, ALE, PSEN, RO)
Output high voltage Von 2.4 - v Jon=-80 HA?
(ports 1,2, 3, 4, 5, 6) 09 Vec |- \ lon=-10 HA?

See “Notes” on page 244.
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DC Characteristics

Output high voltage (ports 0 in externalbus | Vo 24 - v lon=-800 HA

mode, ALE, PSEN, RO) 09 Vee i} v lon = - 80 PA

Logic 0 input current I - : -50 UA Vin=045V

(ports 1, 2, 3, 4, 5, 6)

Input low current to RESET for reset I -10 -100 PA .| V=045

Input low current (XTAL2) I - -15 LA Vin=0.45V

Input low current s - -20 HA Vin=045V

(OWE, PE/SWD) :

Logical 1-to-0 transition current I -65 - 650 HA Vin=2V

(ports 1, 2, 3, 4, 5, and 6)

Input leakage current lu - +1 HA 0.45<Vn<Vce

(port 0, EA, ports 7,8)

Pin capacitance ) Cio - 10 pF fc =1 MHz,
Ta=25°C

Power-supply current .

- Active mode, 12 MHz5 fcc - 40 mA | Vec=5V,%

- ldle mode, 12 MHz® - |15 mA | Vece=5V5

- Slow down mode, 12.MHz%) - 15 mA | Vec=5V,D

- Active mode, 16 MHz® lec |- 52.3 mA | Vcc=5V,9

- Idle mode, 16 MHz%) ' - 19 mA | Vcc=5V5

- Slow down mode, 16 MHz®) - 19 mA | Vec=5V5

- Power down mode Ieo - 50 MA | Vec=2.55V

See “Notes” on page 244.
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A/D Converter Characteristics

Vee=5V+10% Vss =0V, ' ‘
Varer = VCC + 5%; Vaano = Vss + 0.2 V; Vintarer - Vintagno 2 1V

Ta =0 to 70°C for the SAB 80C517/83C537
Ta = -40 to 85°C for the SAB 80C517-83C537-T40/85
Ta = -40 to 110°C for the SAB 80C517/83C537-T40/110

Parameter Symbol ~ Limit Values Unit | Test Condition

min. typ. max.
Analog input voltage Vaneur | Vagno | — V ARer \ 9)

-0.2 +0.2
Analog input capacitance Ch - 25 60 pF 7)
Load time te - - 2tcy us 7)
Sample time (incl. load time) ts - - 7tcy us 7)
Conversion time (incl. sample time) tc - - 13tcy us 7)
Differential non-linearity DNLE - +1/2 +1 LSB | Vintarer=
Integral non-linearity INLE - +1/2 +1 LSB | Varer=
Offset error +1/2 +1 LSB | Vimeno=
Gain error - - + 12 +1 LSB | Vaeno= Vss
Total unadjusted error TUE +1 +2 LSB |7)
Internal reference error Vinrerern | — - + 30 mV 8)
Varer supply current Irer - - 5 mA 8)
See "Notes".

Notes

1) Capacitive loading on ports 0 and 2 may cause spurious noise pulses to be superimposed on the V oL of ALE
and ports 1, 3, 4, 5, and 6. The noise is due to external bus capacitance discharging into the port 0 and port 2
pins when these pins make 1-to-0 transitions during bus operation.

In the worst case (capacity loading > 100 pF), the noise pulse on ALE line may exceed 0.8 V. In such cases it
may be desirable to qualify ALE with a schmitt-trigger, or use an address latch with a schmitt-trigger strobe in-
put.

2) Capacitive loading on ports 0 and 2 may cause the Vo on ALE and PSEN to momentarily fall below the 0.9 V
cc specification when the address lines are stabilizing.

3) Power down ! eo is measured with all output pins disconnected;
EA=RESET = Vcc; Port 0= Port 7= Port 8 =
Ve, XTAL1 =N.C; XTAL2 = V'ss;
PE/SWD = OWE = Vss

Dlcc (active mode) is measured with all output pins dlsconnected XTAL2 driven with clock signal according to
the figure below; XTAL1 =N.C.;
EA = OWE =PE/SWD =V cc; Port 0 = Port 7 = Port 8 = V cc;
RESET =V ss. I cc would be slightly higher if a crystal oscillator is used.

5 cc (idle mode,) is measured with all output pins disconnected and all peripherals disabled;
XTAL2 driven with clock signal according to the figure below; XTAL1 = N.C.;
RESET = OWE = V cc; Port 0 = Port 7 = Port 8 =
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Vec; EA =PE/SWD = Vss
I cc (slow down mode) is measured with all output pins disconnected and with all peripherals disabled; XTAL2
driven with clock signal according to the figure below; XTAL =N.C.; Port 7 = Port 8 = Vcc; EA = PE/SWD = V'ss.

8 Jcc (max) at other frequencies is given by:
active mode: | cc max = 3.1 x fosc + 3.0
idle mode: | cc max = 1.0 x fosc + 3.0
Where f osc is the oscillator frequency in MHz. | cc values are given in mA and measuredat Vcc =5 V (see
also notes 4 and 5)

7} The output impedance of the analog source must be low enough to assure full loading of the sample capaci-
tance (C 1) during load time (7'L). After charging of the internal capacitance (C1) in the load time (T"L) the analog
input must be held constant for the rest of the sample time (T's).

8) The differential impedance Rp of the analog reference voltage source must be less than 1 k€2 at reference sup-
ply voltage.

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

Figure 109
- Clock Signal Waveform for | cc Tests in Active, Idle Mode and Slow Down Mode
Vee -0.5
—————— 0.7 Vee
0.45V 0.2V -0.1

Teuex
L eLew )

feret

feney, e

AC Characteristics for 12 and 16 MHz parts

Vee=5V+10%; Vss=0V
Ta = 0 to 70°C for SAB 80CA1 7(-16)/83C537(-16)
Ta = - 40 to 85°C for SAB 80C517(-16)/83C537(-16)-T40/85
Ta = - 40 to 110°C for 80C517(-16)/83C537(-16)-T40/110

The AC Characteristics and Waveforms for both 12 and 16 MHz versions of the SAB
80C517/80C537 are identical to the SAB 80C515/80C535 except for the variable clock
which varies from 1 MHz to 16 MHz in the SAB 80C517/80C537. Please refer to the SAB
80C515/80C535 for the AC Characteristics and Waveforms.
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SIEMENS

SAB 80C517A/83C517A-5

High-Performance

8-Bit CMOS Single-Chip Microcontroller

SAB 80C517A

Microcontroller for external ROM

SAB 83C517A-5 Microcontroller with factory mask-programmable ROM

® SAB 80C517A/83C517A-5, upto 18 MHz
operation '

® 32 Kx 8 ROM (SAB 83C517A-5 only,
ROM-Protection available)

® 256 x 8 on-chip RAM

@ 2 K x 8 on-chip RAM (XRAM)

@ Superset of SAB 80C51 architecture:
— 1 ps instruction cycle time at 12 MHz
— 666 ns instruction cycle time at 18 MHz
— 256 directly addressable bits
— Boolean processor
— 64 Kbyte external data and program

memory addressing

.@ Four 16-bit timer/counters

® Powerful 16-bit compare/capture unit
(CCU) with up to 21 high-speed or PWM
output channels and 5 capture inputs

@ Versatile “fail-safe” provisions

@ Fast 32-bit division, 16-bit multiplication,
32-bit normalize and shift by peripheral

"~ MUL/DIV unit (MDU)

@ Eight data pointers for external memory
addressing

® Seventeen interrupt vectors, four priority
levels selectable

@ 10-bit A/D converter with 12 muitiplexed
inputs

® Two full duplex serial interfaces with
programmable Baudrate-Generators

@ Fully upward compatible with SAB
80C515, SAB 80C517, SAB 80C515A

@ Extended power saving mode

@ Fast Power-On Reset

® Nine ports: 56 I/O lines, 12 input lines

® Three temperature ranges available:
0to 70°C (T1)
— 40 to 85°C (T3)
—40to 110 °C (T4)

© Plastic packages: P-LCC-84,
P-MQFP 100

The SAB 80C517A/83C517A-5is a high-end
member of the Siemens SAB 8051 family of
microcontrollers. It is designed in Siemens
ACMOS technology and based on SAB 8051
architecture. ACMOS is a technology which
combines  high-speed and  density
characteristics with low-power consumption
or dissipation.

While maintaining all the SAB 80C517
features and operating characteristics the
SAB 80C517A is-expanded in its “fail-safe”

- characteristics and timer capabilities. The

SAB 80C517A is identical to the SAB
83C517A-5 except that it lacks the on-chip
program memory. The SAB 80C517A /
83C517A-5 is supplied in a 84-pin plastic
leaded chip carrier package (P-LCC-84) and
in a 100-pin plastic quad flat package
(P-MQFP-100).

© Siemens Components, Inc.
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Figure 110

SAB 80C517A / 83C517A-5

10-bi! ADC
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Ordering Information
Type Package Description
(8-bit single- microcontrolier)

SAB 80C517A-N18 PL-CC-84 for external memory, 18 MHz
SAB 80C517A-S18 P-MQFP-100
SAB 83C517A-5N18 PL-CC-84 with mask-programmable ROM, 18 MHz
SAB 83C517A-5518 P-MQFP-100
SAB 80C517A-N18-T3 PL-CC-84 for external memory, 18 MHz
SAB 80C517A-S18-T3 | P-MQFP-100 exttemperature —40 to 85 °C
SAB 83C517A-5N18-T3 PL-CC-84 with mask-programmable ROM, 18 MHz
SAB 83C517A-5S18-T3 | P-MQFP-100 _ ext temperature <40 to 85 °C
SAB 80C517A-N18-T4 PL-CC-84 for external memory, 18 MHz
SAB 80C517A-518-T4 P-MQFP-100 exttemperature —40 to 110 °C
SAB 83C517A-5N18-T4 PL-CC-44 with mask-programmable ROM, 18 MHz
SAB 83C517A-5518-T4 | P-MQFP-100 ext temperature —40 to 110 °C
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Figure 111
~ Logic Symbol
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The pin functions of the SAB 80C517A are
identical to those of the SAB 80C517 /

80C537 with one exception:
Typ Symbol PL-CC-84 P-QFP-100
SAB 80C517A YT}
HWPD Pin 60 Pin72
SAB 80C517 / 80C537 Vss
Figure 112

Vacno
P7.7
P7.6
P7.5
P7.4
P7.3
P7.2
P7.1
P70
P3.0
P3.1
P3.2
P3.3
P3.4
P3.5
P3.6
P3.7
P1.7
P1.6
P1.5
P1.4

Pin Configuration (PL-CC-84)
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Figure 113
Pin Configuration (P-QFP-100)
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Pin Definitions and Functions

Symbol

Pin Number

PL-CC-84

P-QFP-100

/o

Function

P4.0- P4.7

1-3,5-9

2-4,
6-10

1/O

Port 4

is a bidirectional I/O port with internal pull-up
resistors. Port 4 pins that have 1s written to them
are pulled high by the internal pull-up resistors,
and in that state can be used as inputs. As inputs,
port 4 pins being externally pulled low will source
current (I, in the DC characteristics) because of
the internal pull-up resistors.

This port also ser