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General Information

1.1

1.2

Type Designation Code For ICs
The IC type designations are based on the European code system of Pro Electron.*
The code system is explained in the Pro Electron brochure D 15, 1982 edition, which
can be obtained from:

Pro Electron

Boulevard de Waterloo 103

1000 Brussels, Belgium

*Some exceptions exist.

Mounting Instructions

Plastic Package With 8, 14, 16, 18, 20, 22, 24, 28, or 40 Pins

The pins are bent downwards in a 90° angle and fit into holes with a diameter of between
0.7 and 0.9 mm spaced 2.54 mm apart. The dimension x(see figure below) is given
in the mechanical dimension drawings for the various packages.

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

After the package is inserted 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 permissable soldering temperature is 265°C (max. 10 s) for manual
soldering and 240°C (max 4 s) for dip soldering.

0.615’min
i -
AV A AVAL _fc’
Tin solder X
o660
—{254}=— Dimensions in mm

Figure 1

Power Package With 9 Pins

Power packages generally have wider pins than standard plastic packages; meaning
the hole diameter on the PCB must be between 1.1 and 1.8 mm. If the pins are bent,
there should be no stress between the pins and the package. The minimum distance
between the package and the bending point is 2 mm.

The soldering temperatures for power packages are the same as for plastic packages.

Micropack Packages

Mounting instructions for components available in a micropack are found within the
Data Sheet.
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1.3

Precautions

Ensure that no current is abie 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 they are being prepared and inserted in a PCB, integrated circuits should be
protected against static charging. Under no circumstances may 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 inductive loads.

Processing Guidelines For ICs

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

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

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

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

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

b) With every kind of contact with the device pins a charge equalization is to be
expected. This should always be highly resistive (ideally R = 108 to 108 ohms).

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. protec-
tive diodes) on their inputs, the following guidelines for their handling should never-
theless be observed.

Identification

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

i

Scope

The guidelines apply to the storage, transport, testing, and processing of all kinds of
ICs, as well as equipment and soldered circuit boards that contain such components.
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Handling of Devices

1.
2.

ICs must be left in their containers until they are processed.
ICs may only be handled at specially equipped work stations. These stations must
have work surfaces covered with a conductive material of the order of 10€ to 10°
ohms to ground.
With humidity of > 50% pure cotton clothing is sufficient. In the case of chargeable
synthetic fibers, the clothing should be worn close-fitting. A wrist strap grounded
across a resistor of 5 x 104 to 105 ohms must be worn snugly on the skin.
If conductive floors, R = 5 x 104 to 107 ohms are provided, further protection can
be achieved by using so-called MOS chairs and shoes with a conductive sole (R
= 105 to 107 ohms).
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 accross a resistor of 106 to 108 ohms.
When loading machines and production devices, it should be noted that the devices
come out of the transport magazine charged and can be damaged if they touch
metal, e.g. machine parts.
Example 1) conductive (black) tubes.
The devices may be destroyed in the tube by charged persons or
come out of the tube charged if this is emptied by a charged person.
Conductive tubes may only be handled at ESS work stations (high-
resistance work-station and person grounded).
Example 2) anti-static (transparent) tubes.
The devices cannot be destroyed by charged persons in the tube
(there may be a rare exception in the case of custom ICs with
unprotected gate pins). The devices can be endangered as in 1) when
the tube is emptied if the tube, especially at low humidity, is no longer
sufficiently anti-static after a long period of storage (> 1 year).
In both cases, damage can be avoided by discharging the devices across a ground-
ed adapter of high-resistance material (= 10° to 10 ohms) between the tube and
the machine.
The use of metal tubes — especially of anodized aluminum — is not advisable
because of the danger of low-resistance device discharge.

Storage

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

Transport .

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

17
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18

Transfer cars and their rollers should exhibit adequate electrical resistance (R < 108
ohmes). Sliding contacts and grounding chains will not reliably eliminate charges.

Incoming Inspection

Atincoming inspection, the above guidelines should be observed. Otherwise any right
to 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 (e.g. bending
and cutting machines, conveyor belts), should be treated with anti-static spray (e.g.
anti-static spray 100 from Kontaktchemie).

2. If ESS devices have to be soldered or desoldered manually, soldering irons with
thyristor control should not be used. Siemens EMI-suppression capacitors of the
type B 81711-B31...-B36 are recommended to protect against line transients.

3. Circuit boards fitted and soldered with ESS devices are always to be considered
electrostatically sensitive.

Electrical Tests

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

2. Test receptacles must not have voltage applied when individual devices or assem-
bled circuit boards are inserted or withdrawn, unless specifications state other-
wise. Ensure that the testers do not produce any voltage spikes, either when being
turned on and off in normal operation or if the power fuse blows or other fuses
respond.

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

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

Packing Of Assembled PC Boards or Flatpack Units

The packing material should exhibit low volume conductivity: 105 ohm-cm < o < 101°
ohm-cm.

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

One should always ensure that boards cannot 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 foil and the
PCB must be avoided. Cardboard boxes with an aluminum-foil lining, such as those
used for shipping Siemens devices, are available from Laber of Munich.
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1.4

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 com-
ponent 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 < Wicm?/liter

Electrical And Environmental Ratings
Maximum Ratings

The maximum ratings are absolute limits. The IC may be destroyed if only a single
one of these values is exceeded.

Electrical Characteristics

The electrical characteristics include the guaranteed tolerances of the values main-
tained by an IC for the specified operating range.

The typical characteristics are mean values that can be expected on the basis of the
production. Unless otherwise specified, the typical characteristics apply to T, = 25°C
and the given supply voltage.

Operating Data

The functions stated in the circuit description are fulfilled within the range of the operating
data.
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1.5 Mechanical Dimensions
Package Dimensions

Piggyback

20,3 £0 b ———a=]
178203

11,440 6—em

—5H— _}_

+++ 008 o 6:

Plastic plug-in package 20 A 8 DIN 41866

8 pins, DIP

1.5 max
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T b

Approx. weight 0.7 g
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Plastic plug-in package 20 A 14 DIN 41866
14 pins, DIP

76202 jea—

Approx. weight 1.1 g

Plastic power package,
with cooling fin and 9 pins, SIP (TDA 4601)

[-——21.8 M x——* 0.4°01

.
|
!

13:02—=f
e~
3
)
_—
i

6.4-02

11,3:0.
—-16:0,2*:

T

1,5max 55‘0_»" 212 3

1
o

|

it

o

227.0 \ 32

Approx. weight 1.9 g
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Plastic plug-in package 20 A 16 DIN 41866,
16 pins, DIP

ol
0.45°01| 2,54 15max

16
AR AR NR

ARSI RT T

1 8 0.4max

20243 ——

Approx. weight 1.2 g

Ceramic package, 16 pins, DIC

m[
4,2 max

F

35

1 02570

762406 b

=1

- 01
254 15max 045 9,
16 9

1 8

pea———20.5_9 5 ——-#=

Approx. weight 1.4 g
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Plastic plug-in package 20 A 18 DIN 41866,
18 pins, DIP

- -~
04501 254 15max =12

18

22,703

Approx. weight 1.3 g

Ceramic package, 18 pins, DIC

T ,5min
Jﬁ 0.5
4.2 max
=

o - jozs™
254 15max 0451 =13 ,J 762506 e

ARl R R R —R—m=—p—p
1 9

23 g5 —

Approx. weight 2.7 g
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Plastic plug-in package 20 A 20 DIN 41866,
20 pins, DIP

76202

0,25*01
N -l f—
0.45°01 254 1,5max =12
20 1
1 10
0,4 max
25. 3-0‘3 T

Approx. weight 1.5 g

Plastic plug-in package 20 D 22 DIN 41866,

22 pins, DIP
__l*’ 10,1620.2 [——
3

(=
= E
F ‘ 2 5
I BREL
L
m 40,1
0,45*0 15max 254 212 9
2 12 ;02
1016°"2
L
1A TAT R R=ATA=A=A=]
1 n
0.4 max
f———278-03

Approx. weight 2.1 g
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Plastic plug-in package 20 B 24 DIN 41866,
24 pins, DIP

r——15.21.:o‘z —7

——l l‘ ——J p—-— 57
2,54  15max 0.45%01 z2 103
% 3 15,2612

AP M e me e e e

F

I PETETETE IRy ey )

12

0,4max

pa———31.9.04

Approx. weight 2.5 g

Ceramic package, 24 pins, DIC

| -

L1S,2L:0,6

35+034,2max

0,25

2% B
[e]

1 12
S

Approx. weight 3 g
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Plastic plug-in package 20 B 28 DIN 41866,

28 pins, DIP
g_i, r-—15,2n:0.2—j

S1ma

p*ﬁ{oﬁs

b -
2.54 1.5max 0.45*0 =1,
28 15
lalalelelalelalaleleloelal
D
q
1 14
A
. 35.9.0. 0.4 max

it

15,210’1'2

Approx. weight 3 g

Plastic plug-in package 20B 40 DIN 41866,
40 pins, DIP

,_i ’o—B,ZL:o.z-*l

n

X

S.ima

Al -
045 =3 o1 g3 —
40 . 2 _fozse

b—15,24°12

t 50.9.05 =

Approx. weight 5.9 g
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Ceramic package, 40 pins, DIC (SAB 8086)

£ i
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Ceramic package, 68 pins, LCC
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General Information

1.6

Quality And Reliability

Quality Assurance System

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

The procedures are subject to a quality assurance system; full details are given in the
brochure *'Siemens Quality Assurance System-Integrated Circuits’ (SQS-IC).
Figure 1 shows the most important stages of the “SQS-IC”’. A quality assurance (QA)
department which is independent of production and development, is responsible for
the selected control measures, acceptance procedures, and information feedback loops.
This department has state-of-the-art test and measuring equipment at its disposal, works
according to approved methods of statistical quality control, and is provided with facilities
for accelerated life and environmental tests used for both qualification and routine
monitoring tests.

Figure 1

Ouality contral stages e
parts and

materials

Intomn:g inspection Process
par s development
materials (wafers)
Wafer Quality
production release
In- process control —
physical parameters Development of
dimensions package +process
visual inspection (assembly)

1st lot acceptance test
Quality
. Assembly releuseH

In-process control

Product
development

dimensions
2nd lot acceptance test

3rd lot acceptance test
Testing Qunld’y
departments releus:

o
(attributes)

Stock

l

The iatest methods and equipment for preparation and analysis are employed to achieve
a continuous development of quality and reliability.
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Quality Specifications
The delivery quality of integrated circuits is specified as follows:

1.
2.

Maximum ratings and tolerance limits of the characteristics.

Sampling inspection, AQL values (acceptable quality level)

Inspection by attributes!) is based on the identical sampling inspection plans DIN
40080, (or) MIL-STD-105, inspection level I, normal inspection, or IEC 410.

A delivery lot for which the defect percentage for a certain characteristic is equal
or less than the specified AQL value, will most probably (more than 95%) be
accepted in the appropriate sampling inspection.

The average defect percentage of delivered products lies, in general, clearly below
the AQL value and is known as the average outgoing quality (AOQ). Only the number
of defective units is evaluated in the sampling inspection.

Defects

A defect exists if a component characteristic does not correspond to the specifica-
tions in the data sheet.

The defects are classified as total defects, defects in the electrical features, and
defects in the mechanical features. Unléss otherwise agreed upon, the AQL values
in section 5 apply to the various defect types.

Classification of defects

Total defect: - open contact or short circuit within a specified

temperature range

- no marking, or wrong type and/or direction of
marking

- wrong marking of pin 1

- mixed with wrong versions/types

- components not aligned within one rail/tube

- broken package and/or pins

Defects in the

electrical features: - exceeding electrical specification limits
Defects in the
mechanical features: - defects on the package surface

- type marking hard to identify

- bent pins

- wrong dimensions

1) Inspection for a characteristic for which only two mutually exclusive properties are specified

34
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5. AQL table
AQL values
Defect type Bipolar IC MOS IC
Total defect (mechanical and electrical) 0.1 0.25
Defect in the electrical features 0.4 0.4
Defect in the mechanical features 0.4 0.4

AQL value 1.5 applies to switching times

6. Incoming inspection
The tests carries out by the manufacturer are intended to render expensive incoming
inspection by the user unnecessary. If the user, however, wants to carry out such
inspections, we recommend the use of a sampling inspection plan as described
in section 7. The test method used must be agreed upon between customer and
supplier.
The following information is required to adjust a possible claim:
test circuit, sample size, number of defective items found, sample of evidence,
packing list.
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7. Sampling inspection plan for normal inspection

in accordance with DIN 40080 or MIL-Std-105 D, inspection level 1, or IEC410

AQL value
Sample
Lot size size 0.065! 0.10 | 015 | 0.25 | 0.40 | 0.65 | 1.0 15 125 140 |65
AR|AR|AR|/AR|AR|AR|AR|AR|AR|AR|AR
2 to 8 2 l 01
9to 15 3 01
16 to 25 5 01 T
26 to 50 8 01 ‘L 12
51 to 90 13 0‘71 12123
91 to 150 20 0V1 T 12]23(34
\4
151 to 280 32 01 l 121233456
281 to 500 50 0{71 12|23|34(56|78
501 to 1200 80 0V1 12123|34|56(78|10M
v %
1201 to 3200 125 Jy 01 12(23|34|56(|78(1011[1415
3201 to 10000 | 200 |0 1 12123|34|56/|7 8[1011|1415|2122
10001 to 35000 | 315 T 12123|34|56/|7 8(1011]1415/2122 4
35001-150000 | 500 12|123(34({56(7 8(|1011{1415(2122
150001-500000 | 800 |1 2|23 |34|56|7 8|1011|1415|2122
500001andmore | 1250 |2 3 {3 4 |56 |7 8 {1011 1415|2122 T
A = Acceptance number, i.e. the maximum number of defective sample units up

@
]

to which the lot is accepted.

Rejection number, i.e. the number of defective sample units which must at

least be found for the lot to be rejected.

Additional requirement

As the combination Acceptance 0 and Rejection 1 has a low degree of significance,
the next larger size should be sampled.
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Quality Conformance

Each integrated circuit is subject to a final test at the end of the production process.
Those tests are carried out by computer-controlled, automatic test systems because
hundred of thousands of operating conditions as well as many static and dynamic
parameters are 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 failure rate
as well as the acceptable quality level (AQL). Sampling inspection is performed in ac-
cordance with the inspection plans of DIN 40080, as well as of the identical MIL-STD-105
or IEC 410.

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

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

Due to the low failure rate, the user generally need not perform an incoming inspection.

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
offenses against those 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 out-
standing 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; in the course
of years they have been reduced considerably despite an immense rise in the IC’s
complexity.
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Figure 2
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Figure 2 shows the general course of the failure rate for digital MOS ICs in fit for the
years 1970 to 1983. The increasing complexity as regards gate functions/chip is also

specified.

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 IC’s, however, the latter period lies usually far beyond the service life specified

for the individual equipment.
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Figure 3

Failure rate
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Reliability tests for ICs are usually destructive examinations. They are, therefore, car-
ried 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 possi-
ble to simulate a future operational behavior within a short time by applying high
temperatures; this is called life test.

The acceleration factor B for the life test can be obtained from the Arrhenius Equation

EA To>-T
B = ex — (&=
[ )(77)]

where T, is the temperature at which the life test is performed, T, is the assumed
operating temperature, and k is the Boltzmann constant.
Important for factor B is the activation energy E,. It lies between 0.3 and 1.3 eV and
differs considerably for individual failure mechanisms.
For all Siemens ICs, the reliability data from life tests is converted to an operating
temperature of T,,, = 40°C, assuming an average activation energy of 0.4 eV. The
acceleration factor for life tests is thus 24, compared with operational behavior. This
method considers also failure mechanisms with low activation energy, i.e. which are
only slightly accelerated by the temperature effect.
Various reliability tests are periodically performed with IC types that are representative
of a certain production line-this is described in the brochure ““SQS-IC”’. Such tests are
e.g. humidity test at 85°C and 85% relative humidity, pressure cooker test, as well
as life tests up to 1000 hours and more. Test results are available in the form of sum-
mary reports.
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1.7 Thermal Coefficients
Plastic Packages

Type/ Mounting Area Chip Size Rinsa
Pins mm x mm mm?2 °KIW
DIL 8 20x3.0 4 108
14 20x36N 4/5 79177
35x42N 4/7/12 72/67/62
16 20x 3.6 4/5 77175
3.5x5.0 4/7/15 71/65/59
3.5x6.5 8 63
3.7 x 10.2 25 60
18 28x36 4/7 70/65
35x55 4/7/15 66/60/55
20 38x55N 7n7 65/60
40x78 18 56
22 . 45x55 7121 56/47
24 42x5.2 718 55/52
6.2x7.2 7/30/40 49/45/44
28 42x52 7/18 51/48
60x75 7/30/40 45/41/40
40 6.0x75 7/30/40 43/39/38

N =new package, S =special package according to package catalogue

Ceramic multi-layer packages

Type/ Mounting Area Chip Size Rinsa
Pins mm X mm mm?2 °K/W
DIC 16 39x6.18 4/7/15 78/71/65
56x 10N 30 55
18 39x568S 4/7/13 75/68/63
24 6.5x6.58S 7/30 54/46
40 78x788 7/30/46 49/42/37
9.0x9.0N 7130/46 45/38/36

N =new package, S =special package according to package catalogue.

Plastic power package

Type/ Mounting Area Chip Size Rinsa Rinsc

Pins mm X mm mm?2 °K/W °KIW

SIL 9 25x34 4.7 60 2.2
3.4x43 7 60 2.2

0 N =new package, S =special package according to package catalogue.
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Summary of Types

Siemens Part No. Function Page

2.1 Component Selection Guide

Microcontroller and Microprocessor Components

SAB 8031-P 8-bit single chip microcomputer without internal

ROM, 12 MHz ... ... 49
SAB 8031-10-P 8-bit single chip microcomputer without internal

ROM, 10 MHz . ... ... i 49
SAB 8031-T40/85-P 8-bit single chip microcomputer without internal '

ROM, 10 MHz, -40°C to +85°C temp. range ....... 65

SAB 8031-T40/110-P  8-bit single chip microcomputer without internal
ROM, 8 MHz, -40°C to +110°C

temMpP. raNge . . .ot 65
SAB 8031A-P 8-bit single chip microcomputer without internal

ROM, 12 MHz .. ... ... 81
SAB 8031A-15-P 8-bit single chip microcomputer without internal

ROM, 1I5MHz ....... ... .. 81
SAB 8031A-T40/85-P  8-bit single chip microcomputer without internal

ROM, 12 MHz, -40°C to +85°C temp. range ....... 99
SAB 8031A-T40/110-P 8-bit single chip microcomputer without internal

ROM, 10 MHz, -40°C to +110°C temp. range ...... 99
SAB 8032A-P 8-bit single chip microcomputer without internal

ROM, 12 MHz, (enhanced SAB 8031A-P)........... 117
SAB 8051-P 8-bit single chip microcomputer with internal mask

programmed ROM, 12 MHz . ..................... 49
SAB 8051-10-P 8-bit single chip microcomputer with internal mask

programmed ROM, 10 MHz . ... .................. 49

SAB 8051-T40/85-P 8-bit single chip microcomputer with internal mask
programmed ROM, 10 MHz, -40°C to +85°C
temp.range. . ... ... 65

SAB 8051-T-40/110-P  8-bit single chip microcomputer with internal mask
programmed ROM, 8 MHz, -40°C to +110°C

temp. range . ... ... 65
SAB 8051A-P 8-bit single chip microcomputer with internal mask

programmed ROM, 12 MHz . ... .................. 81
SAB 8051A-15-P 8-bit single chip microcomputer with internal mask

programmed ROM, 15 MHz . ... .................. 81

SAB 8051A-T40/85-P  8-bit single chip microcomputer with internal mask
programmed ROM, 12 MHz, -40°C to +85°C
temp. range . .. ..o 99
SAB 8051A-T40/110-P 8-bit single chip microcomputer with internal mask
programmed ROM, 10 MHz, -40°C to +110°C

temp. range . ... .. 99
SAB 8052A-P 8-bit single chip microcomputer with internal mask

programmed ROM, 12 MHz, (enhanced SAB 8051A-P) 117
SAB 8086-P 16-bit microprocessor, 5 MHz .................... 161

SAB 8086-C 16-bit microprocessor, 5 MHz . ................... 161
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Siemens Part No. Function Page
SAB 8086-1-P 16-bit microprocessor, 10 MHz .................... 161
SAB 8086-1-C 16-bit microprocessor, 10 MHz . ......... PN 161
SAB 8086-2-P 16-bit microprocessor, 8 MHz ..................... 161
SAB 8086-2-C 16-bit microprocessor, 8 MHz . ....... ... .. ... ... 161
SAB 8088-P 16-bit microprocessor with 8-bit data bus

interface, 5MHz . ......... ... ... ...l 199
SAB 8088-2-P 16-bit microprocessor, with 8-bit data bus

interface, 8 MHz . . ... ... ... ... .. L 199
SAB 80186-C High integration 16-bit microprocessor, 8 MHz ....... 229
SAB 80188-C High integration 16-bit microprocessor with 8-bit

data bus interface, 8 MHz . ......... .. ... ... ... .. 231
SAB 80286-C High performance 16-bit microprocessor, 8 MHz, LCC.233
SAB 80286-6-C High performance 16-bit microprocessor, 6 MHz, LCC.233
SAB 80286-CG High performance 16-bit microprocessor, 8 MHz, PGA . 233
SAB 80286-6-CG High performance 16-bit microprocessor, 6 MHz, PGA.233

SAB 80C482-P

8-bit single chip CMOS microcomputer with internal
mask programmed ROM, 3 MHz (80C48 with special

Peripheral and Support Components

SAB 1791-02-P
SAB 1793-02-P
SAB 1795-02-P
SAB 1797-02-P

SAB 2793A-02-P

SAB 2797A-02-P

SAB 8237A-P

SAB 8237A-5-P

' SAB 8256A-P

SAB 8256A-2-P

SAB 8259A
SAB 8259A-2-P
SAB 8275-P
SAB 8275-2-P

features). . ... ... e 133
Floppy disk controller with inverted data bus ... ..... 299
Floppy disk controller with non-inverted data bus .... 299
Floppy disk controller with inverted data bus and

side selectoutput . ........... ... 299
Floppy disk controller with non-inverted data bus

and side selectoutput ............... ... ... ..... 299

Floppy disk controller with non-inveited data bus,

built in data separator and write precompen-

sationlogic ......... . ... ... 325
Floppy disk controller with non-inverted data bus,

side select output, and built in data separator and

write precompensation logic....................... 325
8-bit high performance programmable DMA
controller, 3MHz . ....... ... ... ... .. ... ... ..., 353
8-bit high performance programmable DMA
controller, 5 MHz . ... ... .. ... .. ... ... ... .. .. .... 353

Programmable multi-function component with
timers/counters, an interrupt controller, baud rate
generator, serial and parallel ports .. ............... 369
Programmable multi-function component with

~ timers/counters, an interrupt controller, baud rate,

generator, serial and parallel ports (faster

version of the SAB 8256A)..............cciveunn.. 369
Programmable interrupt controller, 5 MHz ........... 395
Programmable interrupt controller, 8 MHz . .......... 395
Programmable CRT controller, 2 MHz .............. 405
Programmable CRT controller, 3MHz .............. 405
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Siemens Part No. Function Page
SAB 8276-P Small system CRT controller ...................... 433
SAB 8282A 8-bit non-inverting octal latch . ..................... 459
SAB 8283A 8-bit inverting octal latch. .. ..., 459
SAB 8284B-P Clock generator and driver for SAB 8086 family
processors, 8 MHz . ... ... ... ... .. ... .. .. .... 465
SAB 8284B-1-P Clock generator and driver for SAB 8086 family
processors, 1O MHz ......... ... ................. 465
SAB 8286A-P 8-bit non-inverting octal bus transceiver ............. 479
SAB 8287A-P 8-bit inverting octal bus transceiver................. 479
SAB 8288A-P Bus controller for SAB 8086 family processors ....... 485
SAB 8289-P Bus arbiter for SAB 8086 family processors, 8 MHz . . . 495
SAB 8289-1-P Bus arbiter for SAB 8086 family processors, 10 MHz . . 495
SAB 82258-C Advanced DMA controller for 8 or 16-bit systems,
BMHz LCC. ... i 507
SAB 82258-6-C Advanced DMA controller for 8 or 16-bit systems,
BMHzZ LCC. ... e 507
SAB 82258-CG Advanced DMA controller for 8 or 16-bit systems,
BMHz, PGA . ... 507
SAB 82258-6-CG Advanced DMA controller for 8 or 16-bit systems,
BMHz, PGA. ... 507
SAB 82284-P Clock generator and driver for SAB 80286 family
processors, 8 MHz . ...... ... ... ... ... . ... . .. 555
SAB 82284-6-P Clock generator and driver for SAB 80286 family
processors, 6 MHz ......... ... ... ... L 555
SAB 82288-P Bus controller for SAB 8086 family processors ....... 567
SAB 82288-6-P Bus controlier for SAB 8086 family processors, 6 MHz . 567
SAB 82289-P Bus arbiter for SAB 80286 family processors......... 593
SAB 82289-6-P Bus arbiter for SAB 80286 family processors, 6 MHz .. 593
SAB 82731-P Dot rate generator, 50 MHz .. .. ................... 595
SAB 82731-2-P Dot rate generator, 80 MHz . .. .................... 595
Memory Components
SAB 81C50-P CMOS 256 x 8-bit static RAM with multiplex bus
interface . . ... ... 625
SAB 81C51-P CMOS 256 x 8-bit static RAM with multiplex bus
interface . ... ... 625
SAB 81C52-P CMOS 256 x 8-bit static RAM with multiplex bus
interface. ... .. ... 631
HYB 4164-P1 Dynamic RAM; 65, 536 x 1, access time 120 ns ... .. 639
HYB 4164-P2 Dynamic RAM; 65, 536 x 1, access time 150 ns ... .. 639
HYB 4164-P3 Dynamic RAM; 65, 536 x 1, access time 200 ns . .. .. 639
HYB 41256-P12 Dynamic RAM; 262, 144 x 1, access time 120 ns . ... 653
HYB 41256-P15 Dynamic RAM; 262, 144 x 1, access time 150 ns .... 653
HYB 41256-P20 Dynamic RAM; 262, 144 x 1, access time 200 ns .... 653
HYB 41257-P12 Dynamic RAM; 262, 144 x 1 with nibble mode,
accesstime 120 Ns.......... ... ... . ... I 669
HYB 41257-P15 Dynamic RAM; 262, 144 x 1 with nibble mode,
access time 1580 NS . .. ... i 669
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Siemens Part No. Function Page
HYB 41257-P20 Dynamic RAM; 262, 144 x 1 with nibble mode,

accesstime 200 Ns........ ... .. 669
Telecom Components
PEB 2030-C Frame alignment circuit for synchronization of

2.048 MHz PCM systems .. ..., 689
PEB 2040-C Memory time switch for 2.048 MHz and 8.192

MHz PCM systems . ............coviiiiiiinann.. 697
PEB 2050-C Peripheral board controller, line card controller

for 1.536 MHz, 1.544 MHz, 2.048 MHz, 3.072 MHz,

and 4.096 MHz PCM systems ..................... 713
PEB 2051-C Peripheral board controller, variation of PEB 2050 .... 733
PEB 2060-P Programmable digital signal processing CODEC-

FILTER,CMOS . .. ... i e 751
PSB 6520-P Tone ringer, replaces mechanical bell in telephone. ... 769
PSB 6521-P Tone ringer, replaces mechanical bell in telephone. ... 781
PSB 6620-P Ring detector, senses ringing signal in telephone . .. .. 795
PSB 8590-P Dual-tone multi-frequency generator/dialer ........... 801
PSB 8591-P Dual-tone multi-frequency generator/dialer . .......... 819
PSB 8592-P Dual-tone multi-frequency generator/dialer, CMOS ..., 843
SAB 80C482-P 8-bit single chip CMOS microcomputer with internal

mask programmed ROM, 3 MHz (80C48 with special

features). ... ... .. 133
SAB 81C50-P CMOS 256 x 8-bit static RAM with multiplex bus

interface. .. ... . 625
SAB 81C51-P CMOS 256 x 8-bit static RAM with multiplex bus

interface. ......... .. 625
SAB 81C52-P CMOS 256 x 8-bit static RAM with multiplex bus

interface. ........ .. . 631
PSB 7510 Numeric LCD controller, 64-pin micropack, CMOS . ... 853
Data Conversion Components
SDA 5200N-C 6-bit, 100 MHz, monolithic A/D flash converter ....... 875
SDA 5200S-C 6-bit, 100 MHz, monolithic A/D flash converter ....... 881
SDA 6020-C 6-bit, 50 MHz, monolithic A/D flash converter ........ 887
SDA 8005-C 8-bit high speed monolithic D/A flash converter. . ... .. 893
SDA 8010-C 8-bit, 100 MHz, monolithic A/D flash converter ....... 905
Switched Mode Power Supply Components
TDA 4600-2 Control IC for switched mode power supplies,

9piNSIP ... 919
TDA 4600-2D-P Control IC for switched mode power supplies ........ 919
TDA 4601 Control IC for switched mode power supplies,

I9piNSIP ... 929
TDA 4601D-P Control IC for switched mode power supplies ........ 929
TDA 4700-C Control IC for switched mode power supplies ........ 943
TDA 4700A-P Control IC for switched mode power supplies ........ 943
TDA 4714A-P Control IC for switched mode power supplies ........ 957
TDA 4716A-P Control IC for switched mode power supplies ........ 969
TDA 4718-C Control IC for switched mode power supplies ........ 981

46 TDA 4718A-P Control IC for switched mode power supplies ........ 981
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SAB 8031/8051

8-Bit Single Chip Microcomputer

SAB 8031/8031-10 Control Oriented CPU With RAM and I/0
SAB 8051/8051-10 An SAB 8031 With Factory Mask-Programmable ROM

04K x 8 ROM

128 x 8 RAM

@ Four 8-Bit Ports, 32 1/0 Lines

® Two 16-Bit Timer/Event Counters

e High-Performance Full-Duplex
Serial Channel

e External Memory Expandable to 128K

® Compatible with SAB 8080/8085
Peripherals

® SAB 8031/8051 12 MHz Operation

@ SAB 8031-10/8051-10 10 MHz Operation
® Boolean Processor
® SAB 8048 Architecture Enhanced with:
Non-Paged Jumps
Direct Addressing
Four 8-Register Banks
Stack Depth Up to 128-Bytes
Multiply, Divide, Subtract, Compare
® Most Instructions Execute in 1 us
® 4 s Multiply and Divide

Pin Configuration

Logic Symbol
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The SAB 8031/8051 is a stand-alone, high-perform-
ance single-chip computer fabricated in +5V ad-
vanced N-channel, silicon gate Siemens MYMOS
technology and packaged in a 40-pin DIP. It provides
the hardware features, architectural enhance-
ments and new instructions that are necessary to
make it a powerful and cost effective controller for
applications requiring up to 64K bytes of program
memory and/or up to 64K bytes of data storage.

The SAB 8051 contains a non-volatile 4K x 8 read-
only program memory; a volatile 128 x 8 read/write
data memory; 32 /0 lines; two 16-bit timer/
counters; a five-source, two-priority-level, nested
interrupt structure; a serial I/0 port for either multi-
processor communications, I/0 expansion, or full
duplex UART; and on-chip oscillator and clock
circuits. The SAB 8031 is identical, except that it lacks

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

The SAB 8051 microcomputer, like the SAB 8048,
is efficient both as a controller and as an arithmetic
processor. The SAB 8051 has extensive facilities for
binary and BCD arithmetic and excels in bit-handling
capabilities. Efficient use of program memory
results from an instruction set consisting of 44%
one-byte. 41% two-byte, and 15% three-byte
instructions. With a 12 MHz crystal, 58% of the
instructions execute in 1.0 us, 40% in 2.0 us and
multiply and divide require only 4.0 us. Among the
many instructions added to the standard SAB 8048
instruction set are multiply, divide, subtract and
compare.

AG 11/83
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SAB 8031/8051

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Functions

P1.0-P1.7

1-8

170

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

RST/VPD

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

P3.90—-P3.7

10-17

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

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

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

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

can sink/source three LS TTL loads. The secondary

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

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

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

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

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

— TO (P3.4). Input to counter 0.

— T1.(P3.5). Input to counter 1.

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

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

XTAL1
XTAL2

19
18

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

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

P2.90-P2.7

21-28

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 three LS TTL loads.

29

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

ALE

30

Provides Address Latch Enable output used for latching
the address into external memory during normal
operation. It is activated every six oscillator periods
except during an external data memory access.
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Pin Definitions and Functions (continued)

Symbol Number Bgtuptu(t”(O) Functions
EA 31 | When held ata TTL high level, the SAB 8051 executes
instructions from the internal ROM when the PC is
lessthan 4096. When held ata TTL low level, the SAB 8051
fetches all instructions from external Program Memory.
P0.0-PQ.7 39-32 1/0 Port 0 is an 8-bit open drain bidirectional I/0 port. It is
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification. Port 0 can sink/source
eight LS TTL loads.
VvCC 40 +5V power supply during operation and program
verification.
VSS 20 Circuit ground potential.
Block Diagram
Frequency
Reference Counters
o e — -
' 4096 8 '
ytes ~
‘ Oscillator Program 128 Bytes Two 16-Bit ‘
| & M Data M Timer /Event |
Timin emory ata Memory Counters
l 9 (8051 only) i
I 8051 <L |
l cPU |
I
‘ Vl‘
| Nz {
| Programmable |
| 64k-Byte Bus serial port
| Expansion :> Programmable 1/0 + full duplex UART |
Control « synchronous |
[ shifter |
I Interrupts ) |
(Y N O B I JEUE U O O A —J
Interrupts Control Parallel Ports Senial Serial
Adress Data Bus IN out
and 1/0 Pins
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Instruction Set Description

Mnemonic Description 1 Byte [Cycle

Arithmetic operations

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

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

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

Data transfer

MOV ARn Move register to Accumulator 1 1
MOV A.direct Move direct byte to Accumulator 2 1
MOV A @Ri Move indirect RAM to Accumulator 1 1
MOV : A #data Move immediate data to Accumulator 2 1
MOV Rn,A Move Accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV direct,A Move Accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV direct,direct Move direct byte to direct 3 2
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Instruction Set Description (continued)

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

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

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

Mnemonic |Description | Byte |Cycle
Program and machine control

ACALL addr 11 Absolute Subroutine Call 2 2
LCALL addr 16 Long Subroutine Call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr 11 Absolute Jump 2 2
LJMP addr 16 Long Jump 3 2
SIMP rel ) Short Jump (relative addr) 2 2
JMP @A+DPTR Jump indirect relative to the DPTR 1 2
Jz rel Jump if Accumulator is Zero 2 2
JNZ rel Jump if Accumulator is Not Zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC rel Jump if Carry flag is not set 2 2
JB bit,rel Jump if direct Bit set 3 2
JNB bit,rel Jump if direct Bit Not set 3 2
JBC bit,rel Jump if direct Bit is set & Clear bit 3 2
CJNE A direct,rel Compare direct to A & Jump if Not Equal 3 2
CJNE A, #data,rel Comp. immed. to A & Jump if Not Equal 3 2
CJINE Rn,#data,rel Comp. immed. to reg. & Jump if Not Equal 3 2
CJNE @Ri,#data,rel Comp.immed. to ind. & Jump if Not Equal 3 2
DJNZ Rn,rel Decrement register & Jump if Not Zero 2 2
DJNZ direct,rel Decrement direct & Jump if Not Zero 3

NOP No operation 1 1

Notes on data addressing modes:

Rn — Working register RO—R7 addr 16
direct — 128internal RAM locations, any I/O port,

control or status register
@Ri — Indirectinternal RAM location addressed ~ addr 11

by register RO or R1
#data

instruction

bit — 128 software flags, any I/0 pin, control

or status bit

- 8-bit constant included in instruction
#data 16 — 16-bitconstantincluded as bytes 2 & 3 of

Notes on program addressing modes:
— Destination address for LCALL & LUMP
may be anywhere within the 64-Kilobyte

program memory address space.

instruction.

All mnemonics copyrighted © Intel Corporation 1979

— Destination address for ACALL & AJMP
will be within the same 2-Kilobyte page
of program memory as the first byte of
the following instruction.

rel — SJMP and all conditional jumps include

an 8-bitoffset byte. Range is +127/-128

bytes relative to first byte of the following
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Instruction Opcodes in Hexadecimal Order

E{g)c(ie l:fug:,?:sr Mnemonic| Operands ggge glfuégtt):sr Mnemonic| Operands
00 1 NOP 34 2 ADDC A, #data

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

03 1 RR A 37 1 ADDC A@R1

04 1 INC A 38 1 ADDC A,RO

05 2 INC data addr 39 1 ADDC AR1

06 1 INC @RO 3A 1 ADDC AR2

07 1 INC @R1 3B 1 ADDC AR3

08 1 INC RO 3C 1 ADDC AR4

09 1 INC R1 3D 1 ADDC AR5

0A 1 INC R2 3E 1 ADDC AR7

0B 1 INC R3 3F 1 ADDC AR7

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

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

13 1 RRC A 47 1 ORL A @R1

14 1 DEC A 48 1 ORL A,RO

15 2 DEC data addr 49 1 ORL A.R1

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

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4C 1 ORL AR4

19 1 DEC R1 4D 1 ORL AR5

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

1B 1 DEC R3 4F 1 ORL AR7

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

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

23 1 RL A 57 1 ANL A@R1

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

25 2 ADD A,data addr 59 1 ANL AR1

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

27 1 ADD A @R1 58 1 ANL AR3

28 1 ADD A.RO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL AR5

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

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

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

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

33 1 RLC A 67 1 XRL A@R1
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Instruction Opcodes in Hexadecimal Order (continued)

E‘gze gfuBn\w/?eesr Mnemonic| Operands gg)c(ie g‘fug;?:g Mnemonic| Operands

68 1 XRL A,RO 9C 1 suBsB AR4

69 1 XRL AR1 9D 1 SUBB AR5

6A 1 XRL AR2 9E 1 SUBB AR6

6B 1 XRL AR3 9F 1 SuBB AR7

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

6D 1 XRL AR5 A1l 2 AIMP code addr

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

6F 1 XRL A,R7 A3 1 INC DPTR

70 2 JNZ code addr A4 1 MUL AB

71 2 ACALL code addr A5 reserved

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

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

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

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

76 2 MoV @RO0,#data AA 2 MOV R2,data addr

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

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

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

7A 2 MOV R2,4data AE 2 MOV R6,data addr

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

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

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

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

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

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

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

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

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

90 3 MOV DPTR,#data c4 1 SWAP A

91 2 ACALL code addr Cc5 2 XCH A,data addr

92 2 MoV bit addr,C cé 1 XCH A,@RO

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

94 2 SuUBB A, #data c8 1 XCH ARO

95 2 SuBB A,data addr (o] 1 XCH AR1

96 1 suBB A,@RO CA 1 XCH AR2

97 1 SUBB A @R1 cB 1 XCH AR3

98 1 sSuBB A,RC cC 1 XCH A,R4

99 1 SuBB AR1 CcD 1 XCH AR5

9A 1 SUBB AR2 CE 1 XCH A,R6

9B 1 SuUBB A.R3 CF 1 XCH AR7

57



SAB 8031/8051

Instruction Opcodes in Hexadecimal Order (continued)

ggze glfug;lta:sr Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr
D2 2 SETB bit addr

D3 1 SETB C

D4 1 DA A

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

D7 1 XCHD A,@R1

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

E1 2 AJMP code addr

E2 1 MOVX A,@RO

E3 1 MOVX A@R1

E4 1 CLR A

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

E7 1 MOV A @R1

E8 1 MOV ARO

E9 1 MQV AR1

EA 1 MOV AR2

EB 1 MOV AR3

EC 1 MOV AR4

ED 1 MOV AR5

EE 1 MoV A R6

EF 1 MOV AR7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO0,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
F6 1 MoV @RO0,A

F7 1 MOV @R1,A

F8 1 MOV . RO,A

F9 1 MOV R1,A

FA 1 MoV R2,A

FB 1 MOV R3,A

FC 1 MOV R4,A

FD 1 MoV R5,A

FE 1 MOV R6,A

FF 1 MOV R7.A
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Absolute Maximum Ratings"

Ambient Temperature Under Bias Oto 70°C
Storage Temperature -65to +150°C
Voltage on Any Pin with Respect to Ground (VSS) -05t0+ 7V
Power Dissipation 2W

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

Symbol Parameter Limit Values Unit Test Condition
Min. Typ. Max.
ViIL Input Low Voltage -0.5 0.8
VIH Input High Voltage 2.0 VCC+0.5
(Except RST/VPD and XTAL2)
VIH1 Input High Voltage to 25 - XTAL1to VSS
RST/VPD for Reset, XTAL2
VPD Power Down Voltage 4.5 5.5 VCC = 0V
To RST/VPD A
VOL Output Low Voltage \ IOL = 1.6 mA
Ports 1,2,3 - 0.45
VoLl Output Low Voltage I0L =3.2mA
Port 0, ALE, /PSEN -
VOH Output High Voltage IOH = —60 uA
Ports 1,2,3
2.4 - S
VOH1 Output High Voltage IOH = —400 A
Port 0, ALE, /PSEN
liL Logical 0 Input Current ~800 A
Ports 1,2, 3 VIL = 0.45V
L2 Logical O Input Current -2.0 mA XTAL1 = VSS
XTAL 2 VIiL=0.45V
IIH1 Input High Current to 500 A VIN = VCC-15V
RST/VPD for Reset
1Ll Input Leakage Current +10 0 <VIN <VCC
To Port 0,/EA
ICC Power Supply Current 125 160 A
m -
IPD Power Down Current 10 20
CIO Capacitance of 1/0 Buffer - 10 pF fo =1 MHz

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

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

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz
Min Max Min Max
TLHLL ALE Pulse Width 127 2TCLCL-40
TAVLL Address Setup to ALE 53 - TCLCL-30 -
TLLAX1 | Address Hold After ALE 48 TCLCL-35
TLLIV ALE to Valid Instr In - 233 - 4TCLCL-100
TLLPL ALE to PSEN 58 TCLCL-25 ns
TPLPH [ PSEN Pulse Width 215 } 3TCLCL-35 |
TPLIV PSEN to Valid Instr In - 150 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXIZ*) |Input Instr Float After PSEN - 63 - TCLCL-20
TPXAV*) | Address Valid After PSEN 75 - TCLCL-8 -
TAVIV Address to Valid Instrin - 302 - 5TCLCL-115
TAZPL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz
Min Max Min Max
TRLRH R__DPuIse Width 400 6TCLCL-100
TWLWH | WR Pulse Width - 6TCLCL-100" |-
TLLAX2 | Address Hold After ALE 132 2TCLCL-35
TRLDV RD to Valid Data In - 250 - 5TCLCL-165
TRHDX Data Hold After RD 0 - 0 -
TRHDZ | Data Float After RD 97 2TCLCL-70
TLLDV ALE to Valid Data In - 517 - 8TCLCL-150 |ns
TAVDV Address to Valid Data In 585 9TCLCL-165
TLLWL ALE to WR or RD 200 300 3TCLCL-50 3TCLCL+50
TAVWL | Address to WR or RD 203 - 4TCLCL-130 |-
TWHLH | WR or RD High to ALE High 43 123 TCLCL-40 TCLCL+40
TDVWX | Data Valid to WR Transition 33 TCLCL-50
TQVWH | Data Setup Before WR 433 . |- 7TCLCL-150 |-
TWHQX | Data Hold After WR 33 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

*) Interfacing the SAB 8051 to devices with float times up to 75ns is permissible. This limited bus contention

will not caused any damage to Port 0 drivers.
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A.C. Characteristics for SAB 8031-10/8051-10

TA0°Cto 70°C; VCC =5V £5%; VSS =0V
(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

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

*) Interfacing the SAB 8051 to devices with fioat times up to 92ns is permissible. This limited bus contention
will not caused any damage to Port 0 drivers.
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External Clock Drive XTAL2

Symbol Pararneter Limit Values Unit

Variable Clock
Freq = 1.2 MHz to 12 MHz (8031/8051)
Freq=1.2 MHz to 10 MHz (8031-10/8051-10)

Min Max

TCLCL Oscillator Period 8031/8051 83.3 833.3

Oscillator Period 8031-10/8051-10| 100 ’
TCHCX High Time 20 TCLCL-TCLCX
TCLCX Low Time TCLCL-TCHCX ns

C ise Ti

TCLCH Rise Time _ 20
TCHCL Fall Time

External Clock Cycle

A.C. Testing Input, Output, Float Waveforms

24 70 70
Test Points
045 0.8 08

045 08 08 045

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

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

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

Program Memory Read Cycle

I TCY |
TLHLL ~f=—TLLIV —~ t
TLLPL 1\
ALE
~——TPLPH ——}
PSEN / C TPXAV
__[TLLAX'I...'
TPLIV~  —| [=TPXIZ
—=|TAVLL |~
—|l=-TAZPL —| =| |TPXiX
\
INSTR IN>—< AT -A0 INSTR|N> A7 - AQ Hnsm |N>—
PORT 0 / 4
TAVIV
ADDRESS  \f . .
poRT2 O SFR-P2 >< ADDRESS A15-A8 )< ADDRESS A15-A8 >
Data Memory Read Cycle
TLLDV TWHLH -~ -
ALE __/— /
[ -~ TLLWL TRLRH
RO —
TRHDZ
-~ [—TAVWL- -—
TAVDY -TLLAX2 =|  |=—TRLDV —= TRHDX—=| [=— |
4)——< AT- AQ DATA IN
Port 0 £
—=| |=—TRLAZ
ADDRESS ] . A\
bty ORSFRP2 ADDRESS A15-A8 OR SFR-P2 )
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Data Memory Write Cycle

C=30pF £10pF

Crystal Oscillator Mode

Driving from External Source

TWHLH ==
ALE _./_
PSEN ——j ~—— TLLWL—=] TWLWH
WR
TAVWL
— —-——TDVWX
l=TLLAX2 | TQVWH TWHQX-]
A
-A
oot 0 AT-AQ DATA OUT b
ADORESS ADDRESS A15-A8 OR SFR-P2 N
Port 2 OR SFR-P2 /
Recommended Oscillator Circuits
C
it s dxraLs 91 TALY
’ [ v L
- =
j_ -T 12-12MHz b7k
I >
! 18 18
e | XTAL2 o— | XTAL2
7404
76LS04
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SAB 8031/8051 _
8-Bit Single Chip Microcomputer

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

SAB 8051-P-T40/85 SAB 8031-P-T40/85
SAB8051-P-T4o/110 MaskProgrammableROM g g 371 p.740/170 EXternalROM
04K x 8 ROM @ Boolean Processor
® 128 x 8 RAM ® SAB 8048 Architecture Enhanced with:
@ Four 8-Bit Ports, 32 1/0 Lines ® Non-Paged Jumps
© Two 16-Bit Timer/Event Counters e Direct Addressing
® High-Performance Full-Duplex @ Four 8-Register Banks
Serial Channel @ Stack Depth Up to 128-Bytes
e External Memory Expandable to 128K ® Multiply, Divide, Subtract, Compare
e Compatible with SAB 8080/8085 @ Single +5V Power Supply with £10%
Peripherals Voltage Margins
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The SAB 8031/8051 for the two extended The SAB 8031 is identical to the SAB 8051, except
temperature ranges (Industrial temperature range: that it lacks the program memory.

—40 to +85°C, Automative temperature range:
—40to + 110 C) is fully compatible with the standard
SAB 8031/8051 with respect to architecture,
instruction set, and software portability.

The SAB 8051 microcomputer, like the SAB 8048,

is efficient both as a controller and as an arithmetic
processor. The SAB 8051 has extensive facilities for
binary and BCD arithmetic and excels in bit-handling
The SAB 8031/8051 is a stand-alone, high-perform-  capabilities. Among the many instructions added
ance single-chip computer fabricated in +5V ad- to the standard SAB 8048 instruction set are
vanced N-channel, silicon gate Siemens MYMOS multiply, divide, subtract and compare.
technology and packaged in a 40-pin DIP.

AG 2/84
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SAB 8031/8051 Ext. Temp.

Pin Description

Symbol

Number

Input (1)
Output (O)

Function

P1.0-P1.7

1-8

1/0

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

RST/VPD

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

P3.0—-P3.7

10-17

1/0

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

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

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

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

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

as follows:

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

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

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

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

— T0 (P3.4). Input to counter 0.

— T1(P3.5). Input to counter 1.

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

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

XTAL1
XTAL2

19
18

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

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

P2.0—P2.7

21-28

1/0

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

29

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

ALE

30

Provides Address Latch Enable output used for latching
the address into external memory during normal
operation. It is activated every six oscillator periods
except during an external data memory access.
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Symbol Number ISStuptu(t”(O) Function
EA 31 | When held at a high level, the SAB 8051 executes
instructions from the internal ROM when the PC is
less than 4096. When held at a low level, the SAB 8051
fetches all instructions from external Program Memory.
P0.0-P0.7 39-32 1/0 Port 0 is an 8-bit open drain bidirectional I/0 port. Itis
. also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification.
VCC 40 +5V power supply during operation and program
verification.
VSS 20 Circuit ground potential.
Block Diagram
Frequency
Reference Counters
i -
I |
' 4096 B
ytes -
| Oscillator Program 128 Bytes Two 16-Bit |
| & Timer /Event |
| Timing Memory Data Memory Counters
| (8051 only) ;
|
8051 |
l o K |
|
|
| Nz Z ;
| Programmable
| 64k-Byte Bus sengal port !
| Expansion :> Programmable /0 - full duplex UART |
Control synchronous |
| shifter |
} Interrupts |
(N A O B A JEPE I I I ) R N
Interrupts Control Parallel Ports Serial Serial
Adress Data Bus IN out
and 1/0 Pins
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SAB 8031/8051 Ext.Temp.

Instruction Set Description

Mnemonic Description ’ Byte I Cycle
Arithmetic operations

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

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

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

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

CLR Cc Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETB C Set Carry flag 1 1
SETB bit Set direct Bit 2 1
CPL o) Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL C,bit AND direct bit to Carry flag 2 2
ANL C,/bit AND complement of direct bit to Carry 2 2
ORL C,bit OR direct bit to Carry flag 2 2
ORL C,/bit OR complement of direct bit to Carry 2 2
MOV C,bit Move direct bit to Carry flag 2 1
MOV bit,C Move Carry flag to direct bit 2 2
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Mnemonic Description | Byte ‘ Cycle
Program and machine control

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

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

direct — 128internal RAMlocations, any /O port,

control or status register

@Ri — Indirectinternal RAM location addressed

by register RO or R1

#data - 8-bit constant included in instruction
#data 16 — 16-bit constant included as bytes 2 & 3

of instruction

bit — 128 software flags, any /0 pin, control

or status bit

All mnemonics copyrighted © Intel Corporation 1979

Notes on program addressing modes:
addr16 - Destination address for LCALL & LUMP
may be anywhere within the 64-Kilobyte

program memory address space.

— Destination address for ACALL & AJMP
will be within the same 2-Kilobyte page
of program memory as the first byte of
the following instruction.

—'SJMP and all conditional jumps include
an 8-bit offset byte. Range is +127/-128
bytesrelative to first byte of the following
instruction.
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Instruction Opcodes in Hexadecimal Order

ggge gjfug;?:g Mnemonic| Operands Elg;:(le g‘fué?/?gg Mnemonic| Operands
00 1 NOP 34 2 ADDC A #data

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

03 1 RR A 37 1 ADDC A,@R1

04 1 INC A 38 1 ADDC A,RO

05 2 INC data addr 39 1 ADDC AR1

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

07 1 INC @R1 3B 1 ADDC AR3

08 1 INC RO 3C 1 ADDC AR4

09 1 INC R1 3D 1 ADDC AR5

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

0B 1 INC R3 3F 1 ADDC AR7

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

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

13 1 RRC A 47 1 ORL A @R1

14 1 DEC A 48 1 ORL A,RO

15 2 DEC data addr 49 1 ORL AR1

16 1 DEC @RO aA 1 ORL A.R2

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4C 1 ORL AR4

19 1 DEC R1 4D 1 ORL AR5

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

1B 1 DEC R3 4F 1 ORL AR7

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

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

23 1 RL A 57 1 ANL A@R1

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

25 2 ADD A, data addr 59 1 ANL AR1

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

27 1 ADD A @R1 58 1 ANL AR3

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

29 1 ADD AR1 5D 1 ANL AR5

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

2B 1 ADD AR3 5F 1 ANL AR7

2C 1 ADD AR4 60 2 Jz code addr
2D 1 ADD AR5 61 2 AJMP code addr
2E 1 ADD A,R6 62 2 XRL data addr,A
2F 1 ADD AR7 63 3 XRL data addr, #data
30 3 JNB bit addr, code addr 64 2 XRL A, #data

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

33 1 RLC A 67 1 XRL A@R1
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Instruction Opcodes in Hexadecimal Order (Continued)

gce)):le yfué‘;,?:sr Mnemonic| Operands ggge Efué?,?ssr Mnemonic| Operands

68 1 XRL A,RO 9C 1 SuBB AR4

69 1 XRL AR1 9D 1 SUBB AR5

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

6B 1 XRL AR3 9F 1 SUBB A,R7

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

6D 1 XRL AR5 A1l 2 AJMP code addr

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

6F 1 XRL AR7 A3 1 INC DPTR

70 2 INZ code addr A4 1 MUL AB

71 2 ACALL code addr A5 reserved

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

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

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

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

76 2 MOV @RO0,#data AA 2 MOV R2,data addr

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

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

79 2 MOV R1,3data AD 2 MOV R5,data addr

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

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

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

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

7€ 2 MoV R6,4#data B2 2 CPL bit addr

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

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

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

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

8F 2 MoV data addr,R7 C3 1 CLR Cc

90 3 MOV DPTR,#data ca 1 SWAP A

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

92 2 MOV bit addr,C C6 1 XCH A,@RO

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

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

95 2 SuBB A,data addr Cc9 1 XCH AR1

96 1 SUBB A,@RO CA 1 XCH AR2

97 1 SUBB A @R1 CB 1 XCH AR3

98 1 SUBB A,RO CcC 1 XCH AR4

99 1 SuBB AR1 CD 1 XCH AR5

9A 1 SuBB AR2 CE 1 XCH A,R6

9B 1 suBB AR3 CF 1 XCH AR7
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Instruction Opcodes in Hexadecimal Order (Continued)

ggze gfug;i)g Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr
D2 2 SETB bit addr

D3 1 SETB C

D4 1 DA A

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

D7 1 XCHD A,@R1

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

E1 2 AJMP code addr

E2 1 MOVX A,@RO

E3 1 MOVX A,@R1

E4 1 CLR A

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

E7 1 MOV A @R1

E8 1 Mov ARO

E9 1 MOV AR1

EA 1 MoV AR2

EB 1 MoV AR3

EC 1 MOV AR4

ED 1 MOV AR5

EE 1 MOV A,R6

EF 1 MOV AR7

Fo 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO,A

F3 1 MOVX @R1,A

Fa 1 CPL A

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

F7 1 MOV @R1,A

F8 1 MOV RO,A

F9 1 MOV R1,A

FA 1 MOV R2,A

FB 1 MOV R3.A

FC 1 MOV R4,A

FD 1 MOV R5,A

FE 1 MOV R6,A

FF 1 MOV R7,A
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Absolute Maximum Ratings”

Ambient Temperature Under Bias —40to + 85°C for T40/85
—40to +110°C for T40/110
Storage Temperature —65to +150°C
Voltage on Any Pin with Respect to Ground (VSS) -05to+ 7V
Power Dissipation : 2W
D.C. Characteristics
VCC =5V £10%; VSS=0V; TA= —40to + 85°C for T40/85;
TA = —40to +110°C for T40/110
Symbol | Parameter Limit Values Units Test Conditions
Min. Typ. Max.
ViL Input Low Voltage T40/85 _05 0.8
T40/110 ' 0.7
VIH Input High Voltage T40/85 |2.0
except RST/VPDand  T40/110 | 2.1 VCC+05
XTAL2
VIH1 Input High Voltage T40/85 |25
to RST/VPD for T40/110 | 2.8 - XTAL1to VSS
Reset, XTAL2
VPD Power Down Voltage 4.5 5.5 VCC=0V
To RST/VPD
VOL Output Low Voltage \ IOL=12mA
Ports 1,2, 3 - 045
voL1 Output Low Voltage I0L =2.4mA
Port 0, ALE, /PSEN -
VOH Output High Voltage  T40/85 IOH = —60 pA
Ports 1,2,3 T40/110 24 IOH = —50 pA
VOH1 Output High Voltage  T40/85 IOH = —400 uA
Port 0, ALE, /PSEN T40/110 IOH = —360 pA
L Logical 0 Input Current -800 uA VIL=0.45V
Ports 1,2, 3
L2 Logical 0 Input Current -2.0 mA XTAL1 = VSS
XTAL2 ) VIL=0.45V
IH1 Input High Current to 500 VIN =VCC-15V
RST/VPD for Reset
- A
ILI Input Leakage Current +10 0<VIN<VCC
to Port 0,/EA
ICC Power Supply Current - 175
mA -
IPD Power Down Current 20
Clo Capacitance of /0 Buffer 10 pF f.=1MHz

1) Stresses above those listed under ""Absolute Maximum Ratings” may cause permanent damage to
the device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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A.C. Characteristics for T40/85

VCC =5V £10%; VSS = 0V; TA = —40to +85°C

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

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
10 MHz Clock 1/TCLCL=1.2MHz to 10 MHz

Min Max Min Max
TLHLL ALE Pulse Width 160 ' 2TCLCL-40
TAVLL Address Setup to ALE 70 - TCLCL-30 -
TLLAX Address Hold After ALE 65 TCLCL-35
TLLIV ALE To Valid Instr In - 300 - 4TCLCL-100
TLLPL ALE To PSEN 75 TCLCL-25 ns
TPLPH | PSEN Pulse Width 265 - 3TCLCL-35 |
TPLIV PSEN To Valid Instr In - 200 - 3TCLCL-100
TPXIX Input instr Hold After PSEN 0 - 0 -
TPXIZ*) | Input Instr Float After PSEN - 80 - TCLCL-20
TPXAV*) | Address Valid After PSEN 92 - TCLCL-8 -
TAVIV Address To Valid Instr In - 385 - 5TCLCL-115
TAZPL | Address Float To PSEN 0 -~ 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit

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

Min Max Min Max
TRLRH RD Pulse Width 6TCLCL-100
TWLWH | WR Pulse Width 500 — 6TCLCL-100 |-
TLLAX Address Hold After ALE 65 TCLCL-35
TRLDV RD To Valid Data In - 335 - 5TCLCL-165
TRHDX | Data Hold After RD 0 ~ 0 -
TRHDZ | Data Float After RD 130 2TCLCL-70
TLLDV ALE To Valid Data In - 650 - 8TCLCL-150 | ns
TAVDV Address To Valid Data In 735 9TCLCL-165 -
TLLWL | ALE To WR or RD 250 350 3TCLCL-50 3TCLCL+50
TAVWL | Address To WR or RD 270 - 4TCLCL-130 |-
TWHLH | WR or RD High To ALE High 60 140 TCLCL-40 TCLCL+40
TDVWX | Data Valid To WR Transition 50 TCLCL-50
TQVWH | Data Setup Before WR 550 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 50 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

*) Interfacing the SAB 8051 to devices with float times up to 92ns is permissible. This limited bus contention
will not cause any damage to Port O drivers.
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A.C. Characteristics for T40/110

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

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

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
8 MHz Clock 1/TCLCL = 1.2 MHz to 8 MHz
Min Max Min Max
TLHLL ALE Pulse Width 210 2TCLCL-40
TAVLL Address Setup to ALE 90 - TCLCL-35 -
TLLAX Address Hold After ALE 85 TCLCL-40
TLLIV ALE To Valid Instr In - 375 - 4TCLCL-125
TLLPL ALE To PSEN 100 TCLCL-25 ns
TPLPH | PSEN Pulse Width 340 - 3TCLCL35 |
TPLIV PSEN To Valid Instr in - 250 — 3TCLCL-125
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXIZ*) | Input Instr Float After PSEN - 105 - TCLCL-20
TPXAV*) | Address Valid After PSEN 112 - TCLCL-13 -
TAVIV Address To Valid Instr In - 485 — 5TCLCL-140
TAZPL Address Float To PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit
Variable Clock
8 MHz Clock 1/TCLCL = 1.2 MHz to 8 MHz
Min Max Min ) Max
TRLRH ?Fu{se Width 650 6TCLCL-100
TWLWH | WR Pulse Width - 6TCLCL-100 |-
TLLAX Address Hold After ALE 85 TCLCL-40
TRLDV RD To Valid Data In - 460 - 5TCLCL-165
TRHDX | Data Hold After RD 0 - 0 -
TRHDZ Data Float After RD 180 2TCLCL-70
TLLDV ALE To Valid Data In — 850 - 8TCLCL-150 ns
TAVDV Address To Valid Data In 960 9TCLCL-165
TLLWL ALE To WR or RD 325 425 3TCLCL-50 3TCLCL+50
TAVWL | Address To WR or RD 370 - 4TCLCL-130 |-
TWHLH | WR or RD High To ALE High 85 165 TCLCL-40 TCLCL+40
TDVWX | Data Valid To WR Transition 75 TCLCL-50
TQVWH | Data Setup Before WR 725 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 75 TCLCL-50
TRLAZ Address Float After RD - 0 - : 0

*) Interfacing the SAB 8051 to devices with float times up to 112nsis permissible. This limited bus contention
will not cause any damage to Port O drivers.

77



SAB 8031/8051 Ext. Temp.

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 10 MHz (T40/85)
Freq = 1.2 MHzto 8 MHz (T40/110)
Min Max
TCLCL Oscillator Period T40/85 100 833.3
T40/110 125 '
TCHCX High Time 2 TCLCL-TCLCX
TCLCX Low Time TCLCL-TCHCX ns
TCLCH Rise Time
- 20
TCHCL Fall Time
External Clock Cycle
TCHCX — TCLCH — TCHCL —» ——-—
25 25 25
08 08~
|— TCLCX —

Test Points for T40/110: 0.7V and 2.8V TCLCL >~

A.C. Testing Input, Output, Float Waveforms

24 70 70 3
Test Points
: 08 0.8

045
Float
26—\ ,, 20— 24
N /|
0.1.5—7/"-5 08 s

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

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

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

Waveforms

Program Memory Read Cycle

TCY |

- TLHLL = TLLIV —=

)\ TLLPL —
AE \

<——TPLPH———‘
- / ‘ A
WALy ] ] TRz
——{TAVLL
T ellemazpl| =] [rexix

INS RN)—< A7-A0 IN: IN} A7-A)—'< STR IN >—
PORT 0 I \ STR / 0 N

TAVIV

- ADORESS, ADDRESS A15-AB )< ADDRESS A15-A8 >

Data Memory Read Cycle

TLLDV TWHLH-~] .
ALE /

=—TLLWL TRLRH
RD —
AW TRHDZ
S L
TAVDV ~—TLLAX > (= TRLDV —= TRHDX—| |=—
A7- A0 DATA IN
Port 0
—| [=—TRLAZ
ADDRESS >
ADDRESS A15-A8 OR SFR-
Port2 _ORSFR-P2 D 5 SFR-P2 /
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SAB 8031/8051 Ext. Temp.

Data Memory Write Cycle

TWHLH [=—
ALE —_/—_

PSEN ~——TLLWL TWLWH
WR R
TAVWL: i
— L——TDVWX
TLLAX] TQVWH TWHAX]

)——< AT-AO DATA OUT b
Port 0

ADDRESS ] . \
Port 2 OR SFR-PZX ADDRESS A15-A8 OR SFR-P2 )
Recommended Oscillator Circuits
o 19 19
"

XTALY XTAL1
+5V

> | —]
12-12MHz LTk
C 18 1
i XTAL2 o b4 —Bx1aL2

7604
74LS04

C=30pF £10pF

Crystal Oscillator Mode Oriving from External Source
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SAB 8031A/8051A
SAB 8031A-15/8051A-15
8-Bit Single Chip Microcomputer

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

® SAB 8031A/8051A, 12 MHz Operation
SAB 8031A-15/8051A-15, 15 MHz Operation
® 4K x 8 ROM
® 128 x 8 RAM
® Four 8-Bit Ports, 321/0 Lines
® Two 16-Bit Timer/Event Counters

® High-Performance Full-Duplex
Serial Channel

® External Memory Expandable to 128K

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

® 4 us (3.2 us) Multiply and Divide

Pin Configuration

206
Rsuveo[]9 R[Je07 207
Rx0/P30 (] 10 e%;wat‘ N[JEx
w0P31 1 s 30[7J ALE
WP (] 12 29[ ) PSEN
WTp33 13 28] A5
ToP3e [ e a[Jrs  An
wpssd 15 28[JP25  A13
WRP3s (] 06 s[Jpae an2
ae3r O z;;] P23 an
x1aL2(J e 23[dr22 2%
Xt s 2[JP2t 49
vss(Ja 2[JPw 48

Logic Symbol wss e

RSTIVPD

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

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

data memory; 32 1/0 lines; two 16-bit timer/
counters; a five-source, two-priority-level, nested
interrupt structure; a serial 1/0 port for either multi-
processor communications, 1/0 expansion, or full
duplex UART; and on-chip oscillator and clock
circuits. The SAB 8031A is identical, except that it
lacks the program memory.

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

AG 11/84
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SAB 8031A/8051A

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Functions

P1.0-P1.7

1-8

110

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

RST/VPD

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

P3.0-P3.7

10-17

1/0

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

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

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

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

can sink/source four LS TTL loads. The secondary

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

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

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

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

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

— TO (P3.4). Input to counter 0.

— T1(P3.5). Input to counter 1.

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

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

XTAL1
XTAL2

19

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

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

P2.9-P2.7

21-28

110

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

29

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

ALE

30

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

Pin Definitions and Functions (continued)

Symbol Number B‘SILSU(:)(O) Functions
EA 31 | When held at a TTL high level, the SAB 8051A executes
instructions from the internal ROM when the PC is
lessthan4096.Whenheldata TTL low level, the SAB8051A
fetches all instructions from external program memory.
For the SAB 8031A this pin must be tied low.
P0.0—-P0.7 39-32 1/0 Port 0 is an 8-bit open drain bidirectional I/0 port. Itis
also the multiplexed low-order address and data bus
when using external memory. It is used for data output-
during program verification. Port 0 can sink/source
eight LS TTL loads.
vCC 40 +5V power supply during operation and program
verification.
VSS 20 Circuit ground potential.
Block Diagram
Frequency
Reference Counters
A e 1
| I
l 4096 b i
ytes
| Oscillator Program 128 bytes Two 16 bit |
] Timer /Event |
| Timin Memory Data Memory Counter
| 9 (SABB0S1A only) ounters i
I ﬂ T O
|
: o5 e - | | I |
| CPU . |
| | |
| |
| Pro |
grammable
| 64 Kbyte Bus serial port I
| Expansion ___> Programmable /0 + full duplex UART |
| Control + synchronous |
shifter |
: Interrupts {\ |
e | 1T —U—'? ———————— —-
Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT
and /O Pins
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SAB 8031A/8051A

Instruction Set Description

Mnemonic Description | Byte lecIe
Arithmetic operations

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

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

Instruction Set Description (continued)

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

MOV A,Rn Move register to Accumulator 1 1
MOV A, direct Move direct byte to Accumulator 2 1
MOV A,@Ri Move indirect RAM to Accumulator 1> 1
MOV A, #data Move immediate data to Accumulator 2 1
MOV Rn,A Move Accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV direct,A Move Accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MoV direct,direct Move direct byte to direct 3 2
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SAB 8031A/8051A

Instruction Set Description (continued)

Mnemonic Description Byte Cycle
MOV direct,@Ri Move indirect RAM to direct byte 2 2
MoV direct,#data Move immediate data to direct byte 3 2
MOV @Ri,A Move Accumulator to indirect RAM 1 1
MOV @Ri,direct Move direct byte to indirect RAM 2 2
MoV @Ri,4data Move immediate data to indirect RAM 2 1
MOV DPTR,#data 16 Load data pointer with a 16-bit constant 3 2
Data transfer (cont.)

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

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

Instruction Set Description (continued)

Mnemonic l Description [ Byte i Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2 2

LCALL addr 16 Long subroutine call 3 2

RET Return from subroutine 1 2

RETI Return from interrupt g 2

AJMP addr 11 Absolute jump 2 2

LJMP addr 16 Long jump 3 2

SIMP rel Short jump (relative addr) 2 2

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

Jz rel Jump if Accumulator is zero 2 2

JNZ rel Jump if Accumulator is not zero 2 2

JC rel Jump if Carry flag is set 2 2

JNC rel : Jump if Carry flag is not set 2 2

JB bit,rel Jump if direct bit set 3 2

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

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

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

CJNE A, #data,rel Comp. immed. to accu and jump if notequal |3 2

CJNE Rn,#data,rel Comp. immed. ta reg. and jump if not equal 3 2

CJNE @Ri,#data,rel Comp.immed. to ind. and jump if not equal 3 2

DJINZ Rn,rel Decrement register and jump if not zero 2 2

DJNZ direct,rel Decrement direct and jump if not zero 3 2

NOP No operation 1 1

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

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

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

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

#data - 8-bit constantincluded in instruction of program memory as the first byte of

F#data 16 — 16-bitconstantincluded as bytes 2 & 3 of the following instruction.
instruction rel — SJMP and all conditional jumps include

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

A — Accumulator instruction.

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

Instruction Opcodes in Hexadecimal Order

gg)c;e oNfug/?:sr Mnemonic| Operands Egge gfug:ll::sr Mnemonic| Operands
00 1 NOP 34 2 ADDC A, #data

01 2 AJMP code addr 35 2 ADDC A, data addr
02 3 LJMP code addr 36 1 ADDC A,@RO ‘
03 1 RR A 37 1 ADDC A,@R1

04 1 INC A 38 1 ADDC ARO

05 2 INC data addr 39 1 ADDC AR1

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

07 1 INC @R1 3B 1 ADDC A,R3

08 1 INC RO 3C 1 ADDC A,R4

09 1 INC R1 3D 1 ADDC A,R5

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

0B 1 INC R3 3F 1 ADDC AR7

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

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

13 1 RRC A 47 1 ORL A @R1

14 1 DEC A 48 1 ORL A,RO

15 2 DEC data addr 49 1 ORL AR1

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

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4Cc 1 ORL A,R4

19 1 DEC R1 4D 1 ORL AR5

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

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

1Cc 1 DEC R4 50 2 JNC code addr
1D 1 DEC R5 51 2 ACALL code addr
1E 1 DEC R6 52 2 ANL data addr,A
1F 1 DEC R7 53 13 ANL .data addr,#data
20 3 JB bit addr code addr 54 2 ANL A, #data

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

23 1 RL A 57 1 ANL A ,@R1

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

25 2 ADD A,data addr 59 1 ANL AR1

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

27 1 ADD A@R1 5B 1 ANL AR3

28 1 ADD ARO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL A,R5

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

2B 1 ADD AR3 5F 1 ANL AR7

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

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

33 1 RLC A 67 1 XRL A@R1




SAB 8031A/8051A

Instruction Opcodes in Hexadecimal Order (continued)

ggge yfuigr;?:sr Mnemonic| Operands Egée glfué?/?:; Mnemonic| Operands

68 1 XRL ARO 9C 1 SuUBB AR4

69 1 XRL AR1 9D 1 SUBB AR5

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

68 1 XRL AR3 9F 1 suBB AR7

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

6D 1 XRL AR5 A1l 2 AJMP code addr

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

6F 1 XRL AR7 A3 1 INC DPTR

70 2 JNZ code addr A4 1 MUL AB

71 2 ACALL code addr A5 reserved

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

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

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

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

76 2 MOV @RO0,#data AA 2 MOV R2,data addr

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

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

79 2 MoV R1,4data AD 2 MOV RS5,data addr

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

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

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

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

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

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

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

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

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

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

90 3 MOV DPTR,#data C4 1 SWAP A

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

92 2 MOV bit addr,C Ccé 1 XCH A,@RO

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

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

95 2 SUBB A.data adadr C9 1 XCH AR1

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

97 1 SUBB A @R1 CB 1 XCH AR3

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

99 1 SUBB AR1 CD 1 XCH AR5

9A 1 SUBB A,R2 CE 1 XCH AR6

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

Instruction Opcodes in Hexadecimal Order (continued)

ggze lglfug;lt):sr Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB C

Da 1 DA A

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

D7 1 XCHD A@R1

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

E1 2 AJMP code addr

E2 1 MOVX A,@RO

E3 1 MOVX A,@R1

E4 1 CLR A

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

E7 1 MOV A@R1

E8 1 MOV A,RO

E9 1 MOV AR1

EA 1 MOV AR2

EB 1 MOV AR3

EC 1 MOV AR4

ED 1 MOV AR5

EE 1 MOV AR6

EF 1 MOV AR7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO,A

F3 1 MOVX @R1,A

F4 1 CPL A

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

F7 1 MOV @R1,A

F8 1 MOV RO,A

F9 1 MOV R1,A

FA 1 MOV R2,A

FB 1 MOV R3.A

FC 1 MOV R4,A

FD 1 MoV R5,A

FE 1 MOV R6,A

FF 1 MOV R7.A
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SAB 8031A/8051A

Absolute Maximum Ratings”

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

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

Symbol Parameter Limit Values Unit Test Condition
Min. Max.
VIL Input Low Voltage -0.5 0.8
VIH Input High Voltage 2.0
(Except RST/VPD and XTAL2)
VCC+0.5 —
VIH1 Input High Voltage to 2.5 XTAL1to VSS
RST/VPD for Reset, XTAL2
VPD Power Down Voltage 4.5 5.5 VCC = 0V
to RST/VPD
VOL Output Low Voltage \ IOL = 1.6 mA
Ports 1,2, 3
- 0.45
VOL1 Output Low Voltage I0L =3.2mA
Port 0, ALE, /PSEN
VOH Output High Voltage IOH = —80 uA
Ports 1,2,3
24 - -
VOH1 Output High Voltage IOH = —400 uA
Port 0, ALE, /PSEN
11 Logical 0 Input Current —800 A VIL =045V
Ports 1,2,3
L2 Logical 0 Input Current -2.0 mA XTAL1 =VSS
XTAL 2 VIL =045V
11H1 Input High Current to 500 VIN =VCC-15V
RST/VPD for Reset
L Input Leakage Current 10 hA 0V < VIN < VCC
to Port 0,/EA
ICC Power Supply Current All outputs
SAB 8031A/8051A 125 disconnected
SAB 8031A-15/8051A-15 140 mA
IPD Power Down Current 10 VCC =0V
CIO Capacitance of |/0 Buffer 10 pF f.=1MHz

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

A.C. Characteristics for SAB 8031A/8051A

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

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MH-
Min Max Min Max
TLHLL ALE Pulse Width 127 2TCLCL-40
TAVLL Address Setup to ALE 53 - TCLCL-30 -
TLLAX1 | Address Hold After ALE 48 TCLCL-35
TLLIV ALE to Valid Instr In - 233 - 4TCLCL-100
TLLPL ALE to PSEN : 58 TCLCL-25 ns
TPLPH PSEN Pulse Width 215 - 3TCLCL-35 -
TPLIV PSEN to Valid Instr In - 150 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXI1Z*) | InputInstr Float After PSEN - 63 - TCLCL-20
TPXAV*) | Address Valid After PSEN 75 - TCLCL-8 -
TAVIV Address to Valid Instr In - 302 - 5TCLCL-115
TAZPL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Syﬁbol Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL=1.2 MHz to 12 MHz
) Min Max Min Max
TRLRH RD Pulse Width
TWLWH | WR Pulse Width 400 - BTCLCL100 | _
TLLAX2 | Address Hold After ALE 132 2TCLCL-35
TRLDV RD to Valid Data In - 250 - 5TCLCL-165
TRHDX | Data Hold After RD 0 - 0 -
TRHDZ | Data Float After RD 97 2TCLCL-70
TLLDV ALE to Valid Data In - 517 - 8TCLCL-150 |ns
TAVDV Address to Valid Data In 585 9TCLCL-165
TLLWL ALE to WR or RD 200 300 3TCLCL-50 3TCLCL+50
TAVWL | Address to WR or RD : 203 - 4TCLCL-130 |-
TWHLH | WR or RD High to ALE High 43 123 TCLCL-40 TCLCL+40
TDVWX | Data Valid to WR Transition 33 TCLCL-50
TQVWH | Data Setup Before WR 433 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 33 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

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

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 12 MHz
Min Max
TCLCL Oscillator Period 83.3 833.3
TCHCX High Time 20 TCLCL-TCLCX
TCLCK Low Time TCLCL-TCHCX |ns
TCLCH Rise Time
- 20
TCHCL Fall Time
ROM Verification Characteristics for SAB 8051A
TA = 25°C £5°C; VCC =5V +£10%; VSS =0V
Symbol Parameter Limit Values Unit
Min Max
TAVQV Address to Valid Data
TELQV Enable to Valid Data 48 TCLCL ns
TEHQZ Data Float after Enable 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification
P1.0- P17
P2.0- P23 : Address > <
TAVQV
—] L)
Port 0 —— Dataout
TELQV
P21
ENABLE
Address: P1.0-P1.7 = A0-A7 Inputs: P2.4—-P2.6, PSEN = VSS
P2.0-P2.3 = A8-A11 ALE,EA = TTL high level
Data:  Port0 = D0O-D7 RST/VPD = VIH1
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A.C. Characteristics for SAB 8031A-15/8051A-15
TAO0to 70C; VCC =5V +10%; VSS =0V
(CL for Port 0, ALE and PSEN Outputs = 100 pF; CL for All Other Outputs = 80 pF)

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
15 MHz Clock 1/TCLCL = 1.2 MHz to 15 MHz
Min Max Min Max
TLHLL ALE Pulse Width 93 2TCLCL-40
TAVLL Address Setup to ALE 37 - TCLCL-30 -
TLLAX1 | Address Hold After ALE 32 TCLCL-35
TLLIV ALE to Valid Instr In - 167 - 4TCLCL-100
TLLPL ALE to PSEN 42 TCLCL-25 ns
TPLPH | PSEN Pulse Width 165 ) 3TCLCL-35 |
TPLIV PSEN to Valid Instr In - 100 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXIZ*) |InputInstr Float After PSEN - 52 - TCLCL-15
TPXAV*) | Address Valid After PSEN 64 - TCLCL-3 -
TAVIV Address to Valid Instr In - 243 - 5TCLCL-90
TAZPL | Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol Parameter Limit Values Unit

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

Min Max Min Max

TRLRH RD Pulse Width

—— 300 6TCLCL-100
TWLWH | WR Pulse Width - -
TLLAX?2 | Address Hold After ALE 98 2TCLCL-35
TRLDV RD to Valid Data In - 168 - 5TCLCL-‘165
TRHDX | Data Hold After RD 0 - 0 -
TRHDZ Data Float After RD 63 2TCLCL-70
TLLDV ALE to Valid Data In - 383 - 8TCLCL-150 ns
TAVDV Address to Valid Data In 435 9TCLCL-165
TLLWL ALE to WR or RD 150 250 3TCLCL-50 3TCLCL+50
TAVWL | Address to WR or RD 137 - 4TCLCL-130 |-
TWHLH WR or RD High to ALE High 27 107 TCLCL-40 TCLCL+40
TDVWX | Data Valid to WR Transition 17 TCLCL-50
TQVWH | Data Setup Before WR 317 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 17 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

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

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 15 MHz
Min Max
TCLCL Oscillator Period 66.6 833.3
TCHCX High Time 15 TCLCL-TCLCX
TCLCK Low Time TCLCL-TCHCX | ns
TCLCH Rise Time 15
TCHCL Fall Time
ROM Verification Characteristics for SAB 8051A-15
TA = 25°C #5°C; VCC =5V +10%; VSS =0V
Symbol Parameter Limit Values Unit
Min Max
TAVQV Address to Valid Data
TELQV Enable to Valid Data 48 TCLCL ns
TEHQZ Data Float after Enable 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification
P1.0-P12
P2.0- P23 ‘: Address > <
TAVQV
| m
Port 0 —{ Data out p————
TELQY |_TEHQZ
P21
ENABLE
Address: P1.0-P1.7 = A0—-A7 Inputs: P2.4—P2.6, PSEN = VSS
P2.0-P2.3 = A8-A11 ALE,EA = TTL high level
Data: Port 0 = D0-D7 RST/VPD = VIH1
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Waveforms

Program Memory Read Cycle

TLHLL =

ALE
PSEN __/—
——’}TAVLL

TLLAX1 [4e—
Axi [=TPLIV =

——

——

"‘4

- L—TAZPL

INSTR INH AT -A0
PORT 0

TPXIX

\—/—
[

—TPXIZ

fe———TAVIV —————|

AT - AQ INSTR IN

INSTR |N>
\
|

|
ADDRESS - -
poRT2 _OR SFR-P;X ADDRESS A15-A8 X ADDRESS A15-A8 >
Data Memory Read Cycle
TLLDV TWHLH -~ -
ALE /
PSEN __/ -~ TLLWL —| ITRLRH
RD -
- /
|- |—TAVWL: __TRHDZ,{
TAVOV —— TLLAX2>| f=—— TRLDV —= TRHOX—]  (=— |
|
3—{ AT AD DATA IN
Port 0
- theaz
ADDRESS - - —\
Port 2 OR SFR-P2 ADDRESS A15-A8 OR SFR-P2 /
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Data Memory Write Cycle

TWHLH 1=—ey

|

WR

PSEN _J ’*—-— TLLWL
|

r TWLWH—

| |

\ /

|

- TAVWL»—“—"’ !

| |

—=|  |=——TOVWX

TLLAX2 ] TQVWH l TWHOX-|
AT-A A W
oot >.__< 0 D( DATA OUT /
ADDRESS ADDRESS A15- A8 OR SFR-P2 h
port2  _ORSFR-PIN /

A.C. Testing Input, Output, Float Waveforms

24 70 70
Test Paints
oes 0.8 0.8
Float |
[ 20 20 24
0.45 08 O‘B\k——— 045

A.C. testing inputs are driven at 2.4V for a logic 1" and 0.45V for a logic “0".
Timing measurements are made at 2.0V for a logic ““1” ans 0.8V for a logic “0".
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2mA or sources

400 uA at the voltage test levels.
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External Clock Cycle

Recommended Oscillator Circuits

——
-_—

XTAL1 —{XTAL1

I

12-15MHz b7k

18

——
—_—

XTAL? o Bl x1aL2

7404
74LS04
C=30pF +10pF

Crystal Oscitllator Mode Driving from External Source
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SAB 8031A/8051A Ext. Temp.
8-Bit Single Chip Microcomputer

Extended Temperature Range: —40 to + 85°C
—40 to +110°C
SAB 8051A-12-P-T40/85 5y Programmable ROM
SAB 8051A-10-P-T40/110
® Advanced Version of the SAB 8031/8051 for
Extended Temperature Range

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

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

® 4K x 8ROM

® 128 x 8 RAM

® Four 8-bit Ports, 321/0 Lines

SAB 8031A-12-P-T40/85

SAB 8031A-10-P-T40/110

® Two 16-bit Timer/Event Counters

® High-Performance Full-Duplex
Serial Channel

External ROM

. @ External Memory Expandable up to 128K

® Compatible with SAB 8080/8085 Peripherals
® Boolean Processor

® 218 User bit-Addressable Locations

® Most Instructions Execute in 1 us

® 4 us Multiply and Divide

Pin Configuration
P10 Sv v
P12 39[JP00  ADO
p12[]3 38[JpPor A0t
P3[4 37[Jroz  AD2
pie]s 38[Jpo3  AD3
P15 3s[JPos  ADG
P67 w[Pos  ADS
pi1[s 33[)P0s  ADS
RsTvPD[9 n[Jror  AD?
R:0/P30 ] 10 siéi Ellmiay
woP31 O el 3[J ALE
TBe3z (12 B[PEN
W3 »[dPz1 A5
Top3 16 2[drs  Aw
Te3s C]1s 26[JP25s AN
WRIP36 ] 16 s[JpP2 AN
mwp3 17 P23 AN
xTaL2(] 18 23[]P22 AW
Xt 19 22[]P21 A9
vssO 2 2[JrP2 A8

VSS VL

Logic Symbol il

RSTIVPD

XTALY

=

XTAL2

Adress and Data

ARk

™ —

SAB
8031A
B051A

PIEN 1

Port 1

RxD— | ~o]
TxD =—| e
WO~ | =]
T |7 ]

10 ——

Port2

RRRRRER

£ o]

Adress Bus

T -
W -—
T —-—

-

-]

I I R EEE

The SAB 8031A/8051A for the two extended
temperature ranges (Industrial temperature range:
—40to +85°C, Automotive temperature range:
—40to +110°C) is fully compatible with the standard
SAB 8031A/8051A with respect to architecture,
instruction set, and software portability.

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

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

For systems that require extra capability, the

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

SAB 8080 and SAB 8085 peripherals.

AG 2/85
99



SAB 8031A/8051A Ext. Temp.

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Functions

P1.0-P1.7

1-8

1710

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

RST/VPD

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

P3.0-P3.7

10-17

1/0

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

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

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

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

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

as follows:

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

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

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

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

— TO (P3.4). Input to counter 0.

— T1(P3.5). Input to counter 1.

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

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

XTAL1
XTAL2

19
18

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

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

P2.90-P2.7

21-28

1/0

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

29

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

ALE

30

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

Pin Definitions and Functions (continued)

Symbol Number gt?tuptu(t”(O) Function

EA 31 1 When held at a high level, the SAB 8051A executes
instructions from the internal ROM when the PC is

less than 4096. When held at a low level, the SAB 8051A
fetches all instructions from external Program Memory.
For the SAB 8031A this pin must be tied low.

P0.0—PQ.7 39-32 1/0 Port 0 is an 8-bit open drain bidirectional 1/0 port. Itis
also the multiplexed low-order address and data bus
when using external memory. It is used for data output
during program verification.

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

VSSs 20 Circuit ground potential.

Block Diagram

Frequency
Reference Counters

e et -

4096 bytes

Program 128 bytes

Memory Data Memory
(SAB8051A only)

1
|
|
{

8051 T\ I
|
|
|
|
|
|
|

Two 16 bit
Timer /Event
Counters

Oscillator
&

Timing

CPU <4L
U U

|

|

|

|

|

|

I

I

|

|

I

|

|

|

Seri rt

{ Expansion :> Programmable /0 . ﬂ?ll Shgloex UART
|

|

|

[

Programmable
64 Kbyte Bus g
Control « synchronous
shifter
Interrupts
S I [ R JN I O N I AR —
Interrupts Control Parallel Ports Serial Serial
Address Data Bus IN ouT

and /O Pins
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SAB 8031A/8051A Ext. Temp.

Instruction Set Description

Mnemonic Description | Byte WCycIe
Arithmetic operations

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

ANL ARn AND register to Accumulator 1 1
ANL A, direct AND direct byte to Accumulator 2 1
ANL A,@Ri . AND indirect RAM to Accumulator 1 1
ANL A 3kdata AND immediate data to Accumulator 2 1
ANL direct,A AND Accumulator to direct byte 2 1
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SAB 8031A/8051A Ext. Temp.

Instruction Set Description (continued)

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

Data transfer

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

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

Instruction Set Description (continued)

Mnemonic Description Byte Cycle
MOV direct,@Ri Move indirect RAM to direct byte 2 2
MOV direct,#data Move immediate data to direct byte 3 2
MOV @Ri,A Move Accumulator to indirect RAM 1 1
MOV @Ri,direct Move direct byte to indirect RAM 2 2
MOV @Ri,4data Move immediate data to indirect RAM 2 1
MoV DPTR,#data16 - | Load Data Pointer with a 16-bit constant 3 2
Data transfer (cont.)

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

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

Instruction Set Description (continued)

Mnemonic ] Description l Byte | Cycle

Program and machine control

ACALL addr 11 Absolute Subroutine Call 2 2

LCALL addr16 Long Subroutine Call 3 2

RET Return from subroutine 1 2

RETI Return from interrupt 1 2

AJMP addr 11 Absolute Jump 2 2

LIMP addr 16 Long Jump 3 2

SIMP rel Short Jump (relative addr) 2 2

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

Jz rel Jump if Accumulator is Zero 2 2

JNZ rel Jump if Accumulator is Not Zero 2 2

JC rel Jump if Carry flag is set 2 2

JNC rel Jump if Carry flag not set 2 2

JB bit,rel Jump if direct Bit set 3 2

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

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

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

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

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

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

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

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

NOP No operation 1 1

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

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

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

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

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

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

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

instruction.

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

Instruction Opcodes in Hexadecimal Order

Hex

Number

Hex

Number

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

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

03 1 RR A 37 1 ADDC A @R1

04 1 INC A 38 1 ADDC A,RO

05 2 INC data addr 39 1 ADDC AR1

06 1 INC @RO0 3A 1 ADDC AR2

07 1 INC @R1 3B 1 ADDC AR3

08 1 INC RO 3C 1 ADDC AR4

09 1 INC R1 3D 1 ADDC AR5

0A 1 INC R2 3E 1 ADDC AR7

0B 1 INC R3 3F 1 ADDC AR7

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

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

13 1 RRC A 47 1 ORL A,@R1

14 1 DEC A 48 1 ORL A,RO

15 2 DEC data addr 49 1 ORL AR1

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

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4C 1 ORL AR4

19 1 DEC R1 aD 1 ORL AR5

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

1B 1 DEC R3 4F 1 ORL AR7

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

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

23 1 RL A 57 1 ANL A,@R1

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

25 2 ADD A,data addr 59 1 ANL AR1

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

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

28 1 ADD A,RO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL A RS

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

2B 1 ADD AR3 5F 1 ANL AR7

2C 1 ADD AR4 60 2 Jz code adadr
2D 1 ADD AR5 61 2 AJMP code addr
2E 1 ADD A,R6 62 2 XRL data addr,A
2F 1 ADD AR7 63 3 XRL data addr,#data
30 3 JNB bit addr, code addr 64 2 XRL A, #data

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

33 1 RLC A 67 1 XRL A,@R1




SAB 8031A/8051A Ext. Temp.

Instruction Opcodes in Hexadecimal Order (continued)

gg?!e yfu&?:sr Mnemonic| Operands ggge y#é?/?:;’ Mnemonic| Operands

68 1 XRL A,RO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SUBB AR5

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

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

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

6D 1 XRL AR5 A1 2 AJMP code addr

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

6F 1 XRL A,R7 A3 1 INC DPTR

70 2 JNZ code addr Ad 1 MUL AB

71 2 ACALL code addr A5 reserved

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

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

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

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

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

77 2 MOV @R1,4#data AB 2 MOV R3,data addr

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

79 2 MOV R1,4data AD 2 MOV ‘| R5,data addr

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

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

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

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

7E 2 MOV R6,4data B2 2 CPL bit addr

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

80 2 SJMP code addr B4 3 CJNE A, #data,code addr
81 2 AIMP code addr B5 3 CJNE A,data addr,code addr
82 2 ANL C,bit addr B6 3 CJNE (@RO,3data,code addr
83 1 MOVC A,@A+PC B7 3 CJINE @R1,#data,code addr
84 1 DIv AB B8 3 CJINE RO,#data,code addr
85 3 MOV data addr,data addr B9 3 CJNE R1,#data,code addr
86 2 MOV data addr,@R0O BA 3 CJNE R2,4data,code addr
87 2 MOV data addr,@R1 BB 3 CJNE R3,#data,code addr
88 2 MOV data addr,RO BC 3 CJNE R4,4data,code addr
89 2 MOV data addr,R1 BD 3 CJNE R5,#data,code addr
8A 2 MOV data addr, R2 BE 3 CJNE R6,4data,code addr
8B 2 MOV data addr, R3 BF 3 CJNE R7,%data,code addr
8C 2 MoV data addr,R4 Co 2 PUSH data addr

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

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

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

90 3 MOV DPTR, #data Ca 1 SWAP A

91 2 ACALL code addr Cc5 2 XCH A,data addr

92 2 MOV bit addr,C Ccé6 1 XCH A,@RO

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

94 2 SuUBB A, #data - C8 1 XCH A,RO

95 2 SuUBB A,data addr Cc9 1 XCH AR1

96 1 SUBB A,@RO CA 1 XCH AR2

97 1 SuBB A,@R1 CcB 1 XCH AR3

98 1 SUBB A,RO cc 1 XCH AR4

99 1 SUBB AR1 CD 1 XCH AR5

9A 1 SuBB A,R2 CE 1 XCH A,R6

9B 1 SuBB A,R3 CF 1 XCH AR7
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SAB 8031A/8051A Ext. Temp.

Instruction Opcodes in Hexadecimal Order (continued)

ggge lslfuBn;?:sr Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB 9

D4 1 DA A

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

D7 1 XCHD A,@R1

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

E1 2 AJMP code addr

E2 1 MOVX A,@RO

E3 1 MOVX A@R1

E4 1 CLR A

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

E7 1 MoV A@R1

E8 1 MOV A,RO

E9 1 MoV AR1

EA 1 MOV AR2

EB 1 MoV AR3

EC 1 MOV AR4

ED 1 MOV AR5

EE 1 MOV AR6

EF 1 MOV A,R7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO0,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
F6 1 MOV @RO0,A

F7 1 MOV @R1,A

F8 1 MOV RO,A

F9 1 MOV R1,A

FA 1 MOV R2,A

FB 1 MOV R3,A

FC 1 MOV R4,A

FD 1 MoV R5,A

FE 1 MOV R6,A

FF 1 MoV R7.A

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

Absolute Maximum Ratings”

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

Storage Temperature —65to +150°C

Voltage on Any Pin with Respect to Ground (VSS) -0.5to+ 7V

Power Dissipation 2W

D.C. Characteristics

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

Symbol | Parameter Limit Values Units Test Conditions
Min. Max.
VIL Input Low Voltage -0.5 0.8
VIH Input High Volitage 2.0 -
except RST/VPD and
XTAL2
VCC+0.5
VIH1 Input High Voltage 2.5
to RST/VPD for ' XTAL 1to VSS
Reset, XTAL2
VPD Power Down Voltage 4.5 5.5 VCC =0V
To RST/VPD Vv
VOL Output Low Voltage IOL=1.6mA
Ports 1,2,3
- 0.45 I —
VOL1 Output Low Voltage I0L =3.2mA
Port 0, ALE, /PSEN
VOH Output High Voltage I0H = —80 uA
Ports 1, 2,3
2.4 -
VOH1 Output High Voltage IOH = —400 uA
Port O, ALE, /PSEN
L Logical 0 Input Current —800 uA VIL = 0.45V
Ports 1,2,3
L2 Logical 0 Input Current -25 mA XTAL1 =VSS
XTAL2 VIL=0.45V
1IH1 Input High Current to 500 VIN = VCC-1.5V
RST/VPD for Reset
- uA _—
ILI Input Leakage Current +10 0<VIN <VCC
to Port 0,/EA
ICC Power Supply Current 150
mA -
IPD Power Down Current 15
CIO Capacitance of /0 Buffer 10 pF fc =1 MHz

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

reliability.
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SAB 8031A/8051A Ext. Temp.

A.C. Characteristics for T40/85

VCC =5V +10%; VSS =0V; TA = —40to +85°C

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

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clpck
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz
Min Max Min Max
TLHLL ALE Pulse Width 127 2TCLCL-40
TAVLL Address Setup to ALE 53 - TCLCL-30 -
TLLAX1 | Address Hold After ALE 48 TCLCL-35 .
TLLIV ALE To Valid Instr In - 233 - 4TCLCL-100
TLLPL ALE To PSEN 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width 215 " 3TCLCL-35 |
TPLIV PSEN To Valid Instr In - 150 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPXIZ*) | Input Instr Float After PSEN - 63 - TCLCL-20
TPXAV*) | Address Valid After PSEN 75 - TCLCL-8 -
TAVIV Address To Valid Instr In - 302 - 5TCLCL-115
TAZPL Address Float To PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz
Min Max Min Max
TRLRH RD Pulse Width 6TCLCL-100
TWLWH | WR Pulse Width 400 - 6TCLCL-100 |-
TLLAX2 | Address Hold After ALE 132 2TCLCL-35
TRLDV RD To Valid Data In - 250 - 5TCLCL-165
TRHDX | Data Hold After RD 0 - 0 -
TRHDZ Data Float After RD 97 2TCLCL-70
TLLDV | ALE To Valid Datan - 517 - 8TCLCL-150 |ns
TAVDV Address To Valid Data In 585 9TCLCL-165
TLLWL ALE To WR or RD 200 300 3TCLCL-50 3TCLCL+50
TAVWL | Address To WR or RD 203 - 4TCLCL-130 |-
TWHLH | WR or RD High To ALE High 43 123 TCLCL-40 TCLCL+40
TDVWX | Data Valid To WR Transition 33 TCLCL-50
TQVWH | Data Setup Before WR 433 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 33 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

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

will not cause any damage to Port 0 drivers.
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SAB 8031A/8051A Ext. Temp.

A.C. Characteristics for T40/110

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

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

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
10 MHz Clock 1/TCLCL = 1.2 MHz to 10 MHz
Min Max Min Max
TLHLL ALE Pulse Width 160 2TCLCL-40
TAVLL Address Setup to ALE 70 - TCLCL-30 -
TLLAX1 | Address Hold After ALE 65 TCLCL-35
TLLIV ALE To Valid Instr In - 300 - . 4TCLCL-100
TLLPL ALE To PSEN 75 TCLCL-25 ns
TPLPH | PSEN Pulse Width 265 " 3TCLCL-35 |
TPLIV PSEN To Valid Instrin - 200 - 3TCLCL-100
TPXIX Input Instr Hold After PSEN 0 - 0 -
TPX1Z*) | Input Instr Float After PSEN - 80 - TCLCL-20
TPXAV*) | Address Valid After PSEN 92 - TCLCL-8 -
TAVIV Address To Valid Instr in - 385 - 5TCLCL-115
TAZPL Address Float To PSEN 0 - 0 -
External Data Memory Characteristics
Symbol | Parameter Limit Values Unit
Variable Clock
10 MHz Clock 1/TCLCL = 1.2 MHz to 10 MHz
Min Max Min Max
TRLRH ?Pulse Width 500 6TCLCL-100
TWLWH | WR Pulse Width - 6TCLCL-100 |-
TLLAX2 | Address Hold After ALE 165 2TCLCL-35
TRLDV RD To Valid Data In - 335 - 5TCLCL-165
TRHDX | Data Hold After RD 0 - 0 -
TRHDZ Data Float After RD 130 2TCLCL-70
TLLDV ALE To Valid Data In - 650 - 8TCLCL-150 |ns
TAVDV | Address To Valid Data In 735 9TCLCL-165
TLLWL ALE To WR or RD 250 350 3TCLCL-50 3TCLCL+50
TAVWL | Address To WR or RD 270 - 4TCLCL-130 |-
TWHLH | WR or RD High To ALE High 60 140 TCLCL-40 TCLCL+40
TDVWX | Data Valid To WR Transition 50 TCLCL-50
TQVWH | Data Setup Before WR 550 - 7TCLCL-150 |-
TWHQX | Data Hold After WR 50 TCLCL-50
TRLAZ Address Float After RD - 0 - 0

*) Interfacing the SAB 8051A to devices with float times up to 92ns is permissible. This limited bus contention
will not cause any damage to Port 0 drivers.
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SAB 8031A/8051A Ext. Temp.

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 12 MHz (T40/85)
Freq = 1.2 MHz to 10 MHz (T40/110)
Min Max
TCLCL Oscillator Period T40/85 83.3 833.3
T40/110 100 '
TCHCX High Time ‘ 20 TCLCL-TCLCX
TCLCX Low Time TCLCL-TCHCX ns
TCLCH Rise Time
- 20
TCHCL Fall Time
External Clock Cycle
TCHCX — TCLCH — —— —= ~=— TCHCL
25 25 25
08 0.8 4
~— TCLCX —
TCLCL 1
A.C. Testing Input, Output, Float Waveforms
4 70 70
Test Points
045 08 08
| Float -
24 20 20 24
0.45 08 08 045

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

Timing measurements are made at 2.0V for a logic **1" and 0.8V for a logic *‘0".
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2 mA or sources
400 uA at the voltage test levels.
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SAB 8031A/8051A Ext. Temp.

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

Symbol Parameter Limit Values Unit
Min Max
TAVQV Address to Valid Data _
TELQV Enable to Valid Data 48 TCLCL ns
TEHQZ Data Float after Enable 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification

P1.0- P17 ‘
P20- P23 : Address > <

] TAVQV

Port0 Data out  p———
| _TEHQZ
P27
ENABLE
Address: P1.0-P1.7 = A0-A7 Inputs: P2.4-P2.6, PSEN = VSS
P2.0-P2.3 = A8-A11 ALE,EA = TTLhigh level
Data:  Port0 = DO-D7 RST/VPD = VIH1
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SAB 8031A/8051A Ext. Temp.

Waveforms
Program Memory Read Cycle
TCY [
e TLHLL == TLLIV —
_/’— <—-—\TLLPL /"' _\
ALE
~———TPLPH——
PSEN C TPXAV
Aoy o] =] —Texiz
——JTAVLL
T e | =l =] rexix
INSTRID—< AT - A0 (NSTRIN AT - AOHINSW IN>—
PORT 0
e TAVIV -—»‘
ADDRESS ) ]
oorrz OF SRp2 ADDRESS A15-AB X ADDRESS A15-A8 )
Data Memory Read Cycle
| TLLDV TWHLH~
ALE __/—
PSEN —/ ~——TLLWL TRLRH
RD
\_
~— |~ TAVWL——~ TRHOZ
TAVDV -~ TLLAX2= |~ TRLDV —= TRHDX—~] |~—
port 0 >_<x A7- A0 b(x DATA IN
—— [~—1RLAZ
btz ORSHRB2 ADDRESS AT5-A8 OR SFR-P2 \/
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SAB 8031A/8051A Ext. Temp.

Data Memory Write Cycle
TWHLH i=—
ALE ___/— ‘
|
|
|
PSEN J ~— TLLWL—~| TWLWH ‘;
| [
W [
'<—— TAVWL
- -—TDVWX
) [1LLaxz ; TQVWH TwHax-|
Port 0 H A7-AQ X! DATA OUT
or
) \
ADORESS . -
Part 2 OR SFR'P&X ADDRESS A15-AB OR SFR-P2 )
Recommended Oscillator Circuits
o 19 19
IH ‘ XTAL1 XTAL1
+5V _L
p —
1.2-12MHz LTk
G 18 ! 18
—l XTAL2 o b » XTAL 2
7604
76LS04

C=30pF +10pF

Crystal Oscillator Mode Driving from External Source
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SAB 8032A/8052A
8-Bit Single Chip Microcomputer

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

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

08K x 8 ROM (SAB 8052A only)

0256 x 8 RAM

@ Four 8-bit ports, 321/0 lines

@ Three 16-bit timer/event counters

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

® Timer 2 capture capability

© Variable transmit/receive baud rate capability
® Boolean processor

® Most instructions execute in 1 us

® 4 s multiply and divide

©® Upward compatible with SAB 8031A/8051A

Pin Configuration

12/010
TE0PN

Logic Symbol
VSS VKO RSTIVPD
XTALY e | e
e |~
2 e | =4
XTA2 "g :‘;
o puoet
" I o
a8 |- | ~-— T2
PN ——] 0524 fmem | —— T2EX
%0324 |-
] -
e &
Ry —o= | o | | —
a0 =-—| - | | ———
TG —= | —ae] |- | — .
T~ |7 eef e | o | &
10—l E ] N
n _.‘ - foe | — 13
W | ] | | —
T - - e —

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

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

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

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

only program memory; a volatile 256 x 8 read/write
data memory; 32 [/0 lines; three 16-bit timer/
counters; a six-source, two-priority-level, nested
interrupt structure; a serial I/0 port for either
multiprocessor communications, 1/0 expansion,
or full duplex UART; as well as on-chip oscillator
and clock circuits. The SAB8032A is identical, except
that it lacks the program memory..

For systems that require extra capability, the
SAB 8052A can be expanded using standard TTL
compatible memories and the byte oriented
SAB 8080 and SAB 8085 peripherals.

AG 3/85
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SAB 8032A/8052A

Pin Definitions and Functions

Symbol

Number

Input (1)
Output (O)

Function

P1.0-P1.7

1-8

1/0

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

RST/VPD

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

P3.0—-P3.7

10--17

110

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

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

pins that are used by various options. The output latch

corresponding to a secondary function must be pro-

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

can sink/source four LS TTL loads. The secondary

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

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

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

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

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

— TO (P3.4). Input to counter 0.

— T1(P3.5). Input to counter 1.

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

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

XTAL1
XTAL2

19
18

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

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

P2.0--P2.7

21-28

1/0

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

29

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

Pin Definitions and Functions (continued)

Symbol

Number

Input (l)
Output (O)

Function

ALE

30

0

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

31

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

P0.0-PQ.7

39-32

1/0

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

vCcC

40

+5V power supply during operation and program
verification.

VSS

20

Circuit ground potential.

Block Diagram

Frequency
Reference Counters
I RE.
' 8192 b '
ytes

I Oscillator Program 256 bytes Three 16 bit |

| & Timer /Event

| Tymin Memory Data Memory lCoumere [

| 9 (SAB 8052A only) s :

A ! 7 ? i

: SAB 8052A < |

| CPU t |

|

| =

| f A4 7 I

| Programmable

| 64 Kbyte Bus sengal port I

| Expansion :> Programmable 1/0 - full duplex UART |

| Control - synchronous |
shifter |

{ Interrupts |

0 R N s S S S O R IR B _I

Interrupts Control Parallel Ports Senal Senal

Address Data Bus IN ouT

and /0 Pins
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SAB 8032A/8052A

Instruction Set Description

Mnemonic

—[Description

Arithmetic operations

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

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

Instruction Set Description (continued)

Mnemonic Description Byte Cycle
ANL direct,4#data AND immediate data to direct byte 3 2
ORL A.Rn OR register to Accumulator 1 1
ORL A, direct OR direct byte to Accumulator 2 1
ORL A,@Ri OR indirect RAM to Accumulator 1 1
ORL A, #data OR immediate data to Accumulator 2 1
ORL direct,A OR Accumulator to direct byte 2 1
ORL direct,#data OR immediate data to direct byte 3 2
XRL ARn Exclusive-OR register to Accumulator 1 1
XRL A.direct Exclusive-OR direct byte to Accumulator 2 1
XRL A ,@Ri Exclusive-OR indirect RAM to Accumulator 1 1
XRL A, #data Exclusive-OR immediate data to Accumulator |2 1
XRL direct,A Exclusive-OR Accumulator to direct byte 2 1
XRL direct,#¢data Exclusive-OR immediate data to direct 3 2
CLR A Clear Accumulator 1 1
CPL A Complement Accumulator 1 1
RL A Rotate Accumulator left 1 1
RLC A Rotate A left through the Carry flag 1 1
RR A Rotate Accumulator right 1 1
RRC A Rotate A right through Carry flag 1 1
SWAP A Swap nibbles within the Accumulator 1 1
Data transfer

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

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

Instruction Set Description (continued)

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

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

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

Instruction Set Description (continued)

Mnemonic ’ Description I Byte | Cycle

Program and machine control

ACALL addr 11 Absolute subroutine call 2 2

LCALL addr 16 Long subroutine call 3 2

RET Return from subroutine 1 2

RETI Return from interrupt 1 2

AJMP addr 11 Absolute jump 2 2

LIMP addr 16 Long jump 3 2

SJMP rel Short jump (relative addr) 2 2

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

Jz rel Jump if Accumulator is zero 2 2

JNZ rel Jump if Accumulator is not zero 2 2

JC rel Jump if Carry flag is set 2 2

JNC rel Jump if Carry flag is not set 2 2

JB bit,rel Jump if direct bit set 3 2

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

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

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

CJINE A, #data,rel Comp. immed. to Accu and jump if not equal |3 2

CJINE Rn,#data,rel Comp. immed. to reg. and jump if not equal 3 2

CJNE @Ri,#data,rel Comp.immed. to ind. and jump if not equal 3 2

DJNZ Rn,rel Decrement register and jump if not zero 2 2

DJNZ direct,rel Decrement direct and jump if not zero 3 2

NOP No operation 1 1

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

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

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

@Ri — Indirectinternal RAM locationaddressed ~ addr11 — Destination address for ACALL & AJMP
by register R0 or R1 will be within the same 2-Kbyte page

#data - 8-bit constantincluded in instruction of program memory as the first byte of

#data 16 — 16-bitconstantincluded as bytes 2 &3 of the following instruction.
instruction rel — SJMP and all conditional jumps include

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

A — Accumulator instruction.

All mnemonics copyrighted © Intel Corporation 1979
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Instruction Opcodes in Hexadecimal Order

ggge glfu&?eesr Mnemonic| Operands ggée ro\lfug;?:; Mnemonic| Operands
00 1 NOP 34 2 ADDC A #data

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

03 1 RR A 37 1 ADDC A@R1

04 1 INC A 38 1 ADDC A,RO

05 2 INC data addr 39 1 ADDC AR

06 1 INC @RO 3A 1 ADDC AR2

07 1 INC @R1 3B 1 ADDC AR3

08 1 INC RO 3C 1 ADDC AR4

09 1 INC R1 3D 1 ADDC AR5

0A 1 INC R2 3E 1 ADDC AR7

0B 1 INC R3 3F 1 ADDC AR7

oc 1 NC f4 ] 2 JC vude duur
oD 1 INC R5 41 2 AJMP code addr
OE 1 INC R6 42 2 ORL data addr,A
OF 1 INC R7 43 3 ORL data addr, #data
10 3 JBC bit addr code addr 44 2 ORL A, #data

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

13 1 RRC A 47 1 ORL A@R1

14 1 DEC A 48 1 ORL ARO

15 2 DEC data addr 49 1 ORL AR1

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

17 1 DEC @R1 4B 1 ORL AR3

18 1 DEC RO 4C 1 ORL AR4

19 1 DEC R1 4D 1 ORL AR5

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

1B 1 DEC R3 4F 1 ORL AR7

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

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

23 1 RL A 57 1 ANL A@R1

24 2 ADD A, #data 58 1 ANL ARO

25 2 ADD A,data addr 59 1 ANL AR1

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

27 1 ADD A @R1 5B 1 ANL AR3

28 1 ADD A,RO 5C 1 ANL AR4

29 1 ADD AR1 5D 1 ANL AR5

2A 1 ADD AR2 5E 1 ANL AR6

2B 1 ADD AR3 5F 1 ANL AR7

2C 1 ADD AR4 60 2 Jz code adar
2D 1 ADD AR5 61 2 AJMP code addr
2E 1 ADD AR6 62 2 XRL data addr,A
2F 1 ADD A,R7 63 3 XRL data addr, #data
30 3 JNB bit addr, code addr 64 2 XRL A, #data

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

33 1 RLC A 167 1 XRL A,@R1

124



SAB 8032A/8052A

Instruction Opcodes in Hexadecimal Order (continued)

Egze (I;lfug;lta:sr Mnemonic| Operands ggge gjfug:,?:; Mnemonic| Operands

68 1 XRL ARO 9C 1 SUBB AR4

69 1 XRL AR1 9D 1 SUBB AR5

6A 1 XRL AR2 9E 1 SUBB AR6

6B 1 XRL A,R3 9F 1 SUBB A,R7

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

6D 1 XRL AR5 Al 2 AJMP code addr

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

6F 1 XRL AR7 A3 1 INC DPTR

70 2 JINZ code addr Ad 1 MUL AB

71 2 ACALL code addr A5 reserved

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

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

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

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

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

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

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

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

7A 2 MOV R2,3#data AE 2 MOV R6,data addr

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

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

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

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

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

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

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

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

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

90 3 MOV DPTR,#data c4 1 SWAP A

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

92 2 MOV bit addr,C Ccé 1 XCH A,@RO

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

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

95 2 SUBB A,data addr C9 1 XCH AR1

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

97 1 SUBB A,@R1 CB 1 XCH AR3

98 1 SuUBB A,RO cc 1 XCH AR4

99 1 SUBB AR1 CcD 1 XCH AR5

9A 1 SUBB A,R2 CE 1 XCH A,R6

9B 1 SuBB AR3 CF 1 XCH AR7
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Instruction Opcodes in Hexadecimal Order (continued)

ggﬁe yfug:,?:; Mnemonic| Operands

DO 2 POP data addr

D1 2 ACALL code addr

D2 2 SETB bit addr

D3 1 SETB C

Da 1 DA A

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

D7 1 XCHD A@R1

D8 2 DJNZ RO,code adadr
D9 2 DJNZ R1.code addr
DA 2 DJNZ R2,code addr
DB 2 DJNZ R3,code addr
cC 2 CUNZ "4, coue auur
DD 2 DJNZ Rb,code adar
DE 2 DJNZ R6,code addr
DF 2 DJNZ R7,code addr
EO 1 MOVX A,@DPTR

E1 2 AJMP code addr

E2 1 MOVX A,@RO

E3 1 MOVX A @R1

E4 1 CLR A N
E5 2 MOV A, data addr
E6 1 MOV A,@RO

E7 1 MOV A@R1

E8 1 MOV ARO

E9 1 MOV AR1

EA 1 MOV A,R2

EB 1 MOV AR3

EC 1 MOV A R4

ED 1 MoV AR5

EE 1 MoV AR6

EF 1 MOV A,R7

FO 1 MOVX @DPTR,A

F1 2 ACALL code addr

F2 1 MOVX @RO0,A

F3 1 MOVX @R1,A

F4 1 CPL A

F5 2 MOV data addr,A
F6 1 MOV @RO0,A

F7 1 MOV @R1,A

F8 1 MOV RO,A

F9 1 MOV R1,A

FA 1 MOV R2,A

FB 1 MOV R3,A

FC 1 MOV R4,A

FD 1 MOV R5,A

FE 1 MOV R6,A

FF 1 MOV R7.A

*Note: MOV A, ACC is not a valid instruction
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Absolute Maximum Ratings"

Ambient Temperature under Bias

Storage Temperature

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

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

Oto 70°C
—65 to +150°C
-05to+ 7V

2W

Symbol Parameter Limit Values Unit Test Condition
Min. Max.
VIL Input Low Voltage -0.5 0.8
VIH Input High Voltage 2.0
(Except RST/VPD and XTAL2)
VCC+0.5
VIH1 Input High Voltage to 2.5 XTAL1to VSS
RST/VPD for Reset, XTAL2
VPD Power Down Voltage 4.5 5.5 VCC = 0V
to RST/VPD
VOL Output Low Voltage \ IOL = 1.6 mA
Ports 1,2,3
— 0.45
voL1 Output Low Voltage IOL =3.2mA
Port 0, ALE, PSEN
VOH Output High Voltage IOH = —80 uA
Ports 1,2,3
24 - S
VOH1 Output High Voltage IOH = —400 uA
Port 0, ALE, PSEN
L Logical 0 Input Current —-800 uA VIL =0.45V
Ports 1,2,3
L2 Logical 0 Input Current -2.0 mA XTAL1 = VSS
XTAL 2 VIL=0.45V
lH1 Input High Current to 500 VIN = VCC-1.5V
RST/VPD for Reset
- A
1L Input Leakage Current +10 i 0V < VIN <VCC
to Port 0, EA
ICC Power Supply Current 175 All outputs
disconnected
mA
IPD Power Down Current 15 VCC =0V
ClOo Capacitance of I/0 Buffer 10 pF fo=1MHz

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

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

Program Memory Characteristics

Symbol | Parameter Limit Values Unit
Variable Clock
12 MHz Clock 1/TCLCL = 1.2 MHz to 12 MHz
Min Max Min Max
TLHLL ALE Pulse Width 127 2TCLCL-40
TAVLL Address Setup to ALE 53 - TCLCL-30 -
TLLAX1 | Address Hold after ALE 48 TCLCL-35
TLLIV ALE to Valid Instr In - 233 - 4TCLCL-100
TLLPL ALE to PSEN 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width 215 - 3TCLCL-35 |
TPLIV PSEN to Valid Instr In - 150 - 3TCLCL-100
TPXIX Input Instr Hold after PSEN 0 - 0 -
TPXIZ*) | Input Instr Float after PSEN - 63 - TCLCL-20
TPXAV*) | Address Valid after PSEN 75 - TCLCL-8 -
TAVIV Address to Valid Instr In - 302 - 5TCLCL-115
TAZPL Address Float to PSEN 0 - 0 -
External Data Memory Characteristics
Symbol Paramé(er Limit Values Unit

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

Min Max Min Max
TRLRH RD Pulse Width
TWLWH | WR Pulse Width 400 - pTCLCL100 |
TLLAX2 | Address Hold after ALE 132 2TCLCL-35
TRLDV RD to Valid Data In - 250 - 5TCLCL-165
TRHDX | Data Hold after RD 0 - 0 -
TRHDZ Data Float after RD 97 . 2TCLCL-70
TLLDV ALE to Valid Data In - 517 - 8TCLCL-150 ns
TAVDV | Address to Valid Data In 585 . 9TCLCL-165
TLLWL ALE to WR or RD 200 300 3TCLCL-50 3TCLCL+50
TAVWL | Address to WR or RD | 203 - 4TCLCL-130 |-
TWHLH | WR or RD High to ALE High 43 123 TCLCL-40 TCLCL+40
TDVWX | Data Valid to WR Transition 33 TCLCL-50
TQVWH | Data Setup before WR 433 - 7TCLCL-150 |-
TWHQX | Data Hold after WR 33 TCLCL-50
TRLAZ Address Float after RD - 0 - 0

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

128



SAB 8032A/8052A

External Clock Drive XTAL2

Symbol Parameter Limit Values Unit
Variable Clock
Freq = 1.2 MHz to 12 MHz
Min Max
TCLCL Oscillator Period 83.3 833.3
TCHCX High Time 20 TCLCL-TCLCX
TCLCX Low Time TCLCL-TCHCX ns
TCLCH Rise Time
- 20
TCHCL Fall Time
External Clock Cycle
TCHCX — TCLCH — —— —— TCHCL
25 25 25
k08 08+ T~
|- TCLCX —
TCLCL
A.C. Testing Input, Output, Fioat Waveforms
2t 70 70
Test Points
045 08 0.8
~<+———— Float —————
24 20 20 b
045 08 08 045
A.C. testing inputs are driven at 2.4V for a logic 1" and 0.45V for a logic "'0"".
Timing measurements are made at 2.0V for a logic ““1" and 0.8V for a logic “0".
For timing purposes, the float state is defined as the point at which a PO pin sinks 3.2mA or sources
400 uA at the voltage test levels.
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Waveforms

Program Memory Read Cycle

= TLHLL =}=—TLLIV —

TCY |

r__\ TLLPL P‘—‘\
ALE
<——TPLPH—~\
PSEN / CTPXAV
—’LTLLAXT:TPLIV - - MRz
TAVLL =~
] ——{l=—TAZPL — ~\ TPXIX
INSTR IN>—< A7lA0 INSTRIN A7 - A0 )—(KSTR |N>——
PORT 0
TAVIV
ADDRESS _ B
boRT2 _OR SFR-PZ ADDRESS A15-A8 )( ADDRESS A15-A8 )
Data Memory Read Cycle
TLLDV TWHLH -]
ALE ﬁ
PSEN —f -——TLLWL TRLRH
RD —
TAVWL IRHDZ
TAVOV ~TLLAX2 =  =—TRLOV—= TRHDX—=| [=—
AT-A
Port 0 >—< 7-A0 ><x DATA IN
—={ |=—TRLAZ
oty OB SHRP2 ADDRESS A15-A8 OR SFR-P2 \/
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Data Memory Write Cycle

TWHLH 7_

ALE -
_

Fe——TLLWL TWLWH
\ /
TAVWL
| Taxz | =——TOVWX - TwHOx
\
A -

ot > < 7-A0 DATA OUT b
ADORESS ADDRESS A15-A8 OR SFR-P2 )

Port2 _ ORSFR-P2

Recommended Oscillator Circuits

C
I+ B x7aLs
c
1.2-12MHz
' 18
{- XTAL2

C=30pF £ 10pF

Crystal Oscillator Mode

o r— XTAL1

L7k

0——‘ —XTAL2

7406
74LS04

Oriving from External Source
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ROM Verification Characteristics
TA = 25°C £5°C; VCC =5V +10%; VSS =0V

Symbol Parameter Limit Values Unit
Min Max
TAVQV Address to Valid Data
TELQV Enable to Valid Data 48 TCLCL ns
TEHQZ Data Float after Enable 0
1/TCLCL Oscillator Frequency 4 6 MHz
ROM Verification
P1.0-P17
P20- PZ.L__‘: Address > <
TAVQV
Port 0 ————-{ Data out p——m———
TELQV . ‘T_EHQZ
P27
ENABLE
Address: P1.0-P1.7 = AO-A7
P2.0-P2.4 = AB—-A12
Data: Port 0 = D0-D7
Inputs: P2.5-P2.6, PSEN = VSS
ALE,EA = TTL high level
RST/VPD = VIH1
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SAB 80C482 (Sivi 850)
8-Bit Single Chip Microcomputer

Preliminary data CMOS circuit
The SAB80C482is a low-power, advanced CMOS member of the popular SAB 8048 family. The SAB
80C482 contains double-sized program memory and 4 additional I/O lines. For systems that require
extra capability, the SAB 80C482 can easily be expanded using CMOS external memories. The on-
chip mask-programmable keyboard wake-up offers a convenient solution for a power-saving keyboard
scanner. The SAB 80C482 has the same cycle time at about half the SAB 8048 clock frequency. The
100% static operation provides the possibility to optimize between power consumption and pro-
gram speed.

The CMOS design of the SAB 80C482 opens new application areas that require battery operation,
low power standby, wide voltage range, and the ability to maintain operation during AC power line
interruptions. These applications include telecommunications, automotive, consumer, portable, and
hand-held instruments.

O 2K X 8 ROM O Very low power consumption
O 64 X 8 RAM © Normal: 1.2 mA@5 V@8 us cycle
O 31 I/0 lines O Halt 0.4 mA@5 V@8 ps cycle
O 2.66 ps cycle time O Standby: 2 pA@5 V
(with 3 MHz crystal) © 100% static operation
O Automatic power-on reset © Supply voltage: 2.5 to 6 V

O Keyboard wake-up

AG 11/84
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Telephone Controller SAB 80C482
(Single-Chip 8-Bit CMOS Microcomputer) (SM 850)
. o 10 — [] 40 OSCEN
Pin configuration
(top view) xTAL1 2 (] 39 ™
xTAL2 3 [] 38 ps3
RESET & [ 1] 37 Ps2
P05 [ 136 pst
Wt 6] 135 pso
pe1 7] ] 3% P17
ROIEA 8 [ ]33 P16
To/FSEN 9 [] 132 p1s
WRIVER 10E SAB 80CL82 ]31 P&
ALE 1] 130 P13
oBo 12 [] 129 P12
081 13 (] ] 28 P11
082 14 [ 127 P10
083 15 [] ] 26 P63
DB4 16 [ [] 25 Pe2
08s 17 [] ] 26 Pu3
086 18 [] 123 pPuz
087 19 [ 22 P&
Ves 20 ] au PLO
Logic symbol
SAB 80C482
P10,17 P
Parallel
[10ports

Oscillator enable ——={ OSCEN

| XTAL1
Crystal L

Reset ———= RESET
1

Test/program store enable <———=={ T0/PSE

puosak Ty pe
——= xTAL2 psossK T » s

Test ——=1 T1 peoes > P

Interrupt ———=={ INT

Bus C 8 iDBOJ

— Read

f————e= Write

ALE |———= Address latch enable
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Telephone Controller SAB 80C482
(Single-Chip 8-Bit CMOS Microcomputer) (SM 850)

Pin description

Pin No.

Symbol

Description

2
3
40

10

XTAL1
XTAL2
OSCEN

Py
m
wn
a

z
B |

3
&
p 4

TO/PSEN

3
o)
B
<|
2

Oscillator input; one side of crystal input
Oscillator output; other side of crystal input

Oscillator enable input

(Schmitt-Trigger input)

A high signal enables oscillator to run

A low signal stops oscillator and initializes standby mode

Input used to initialize processor (active low).

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

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

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

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

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

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

ROM verification input is low during the initialization time
(RESET at low). The contents of the internal ROM can be read
without program execution.
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Telephone Controller SAB 80C482
(Single-Chip 8-Bit CMOS Microcomputer) : (SM 850)

Pin No. | Symbol Description

11 ALE Address latch enable. This signal occurs once during each
cycle and is useful as clock output. Negative edge of ALE
strobes address into external data and program memory.

12...19 | DBO...DB7 | True bidirectional port which can be written or read synchron-
ously using WR, RD strobes.

Contains the 8 low-order program counter bits during an
external program memory fetch, and receives the addressed
instruction under the control of PSEN. Also contains the
address and data during an external RAM data store instruc-
tion, under control of ALE, RD, and . WR.

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

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

25, 26 Keyboard wake-up capability mask-programmable.

27..34 | P10...P17 | 8-bit quasi-bidirectional port. Internal pull-up resistors. Key-
board wake-up capability mask-programmabile.

35..38 | P50...P53 | 4-bit quasi-bidirectional port. Internal pull-up resistors. Key-
board wake-up capability mask-programmabile.

39 T1 Input pin testable using JT1, and JNT1 instructions. Can be
designated as timer/counter input using the STRT CNT instruc-
tion.

1 vDD Power supply

20 VSS Circuit GND potential (O V)
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Telephone Controller SAB 80C482
(Single-Chip 8-Bit CMOS Microcomputer) (SM 850)

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

22pF 100pF

vss _L XTAL1 ves —JF i_ XTAL1
13 LS5

1MQ 1MQ |

MHz T kHz -[-
Ves | “ XTAL2 Vss F— I} XTAL2

1]
22pF 100pF

a) b)

{1’
XTAL 1

XTAL 2

c)

8-bit timer/counter

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

Timer

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

Counter

Execution of a START CNT instruction connects the T1 pin to the counter input and enables
the counter. Subsequent high-to-low transition on T1 pin must be held low for at least one
machine cycle to ensure it is not missed. The counter may be incremented only once
throughout three instruction cycles. There is no minimum frequency limit.
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Telephone Controller SAB 80C482
(Single-Chip 8-Bit CMOS Microcomputer) (SM 850)

Program memory

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

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

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

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

Program memory configurations

1. Internal 2 Kbyte ROM
- pin 9 is available as TO input
- port 4 serves only as 1/0 port

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

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

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

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

- execution of MOVP3 A, @A instruction causes internal ROM (bank 0) to be selected.

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

- in second cycle of MOVX instriction no PSEN signal appears and RD or WR signal is
active. Port 4 is not affected.

3. External 4 Kbyte ROM, internal ROM disabled

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

- pin 9 serves as PSEN output.

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

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

- pin 10 (WR/VER) is tested at the machine cycle T8 during the initialization time
(RESET at low). The low level at this pin forces the SAB 80 C 482 to the verification
mode.

- contents of internal ROM appear on lines DBO through DB7

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

- ALE and PSEN are enabled.

Reset

The reset signal sets the microcomputer to a defined initial state. There are two possibili-
iies o reacn this state.

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

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

. sets program counter to zero (PC = O00H)
. sets stack pointer to zero (SP = O0H)
. selects register bank O
. selects memory bank O (internal ROM)
. sets bus to high impedance state
(except when RD/EA or WR/VER is at low)
. sets ports 1, 4, 5, 6 to input mode
. stops counter/timer
. enables pin 9 as test input TO
. disables interrupts
10. clears timer flag
11. releases HALT mode
12. does not affect internal RAM contents

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

aApwWN =

OON®
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Figure a) Internal powar-on reset
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Figure b) External reset
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Interrupt

The SAB 80 C 482 has the same interrupt logic as the SAB 8048. The interrupt can be ini-
tialized through two possible sources:

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

Keyboard wake-up

The SAB 80C482 has a special on-chip circuitry for a convenient keyboard-scanning
named “Keyboard wake-up”. Four NAND gates can be connected to the ports P10-13,
P14-17, P50-53 and P60-63 by mask programming. The outputs of these gates are
interconnected in the NOR manner. The resulting output controls the release from the
HALT mode.

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

HALT mode

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

HALT mode can be released in three different ways:

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

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

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

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

. internal RAM

. stack pointer

. program counter

. memory bank status

. TO/PSEN status

. 1/0 status on all ports

. all internal logic states

It is possible, but not recommended, to put the SAB 80 C482 on standby without regard
to the running program. Stopping at any time in the instruction cycle can resultin an unde-
finad status_ Conssgucntly, itis advisatis 10 eiier standy uniy from the HALT stateoritan
external reset signal is applied. The RES pin must be forced at least 2.5 cycles earlier to the
low level than the OSCEN pin.

If the SAB 80 C482 has entered the standby from the HALT mode, it is still in the HALT
mode after the OSCEN pin has been forced high. In the second case, the RES pin has to be
held at least for the oscillator built-up period plus one cycle at low level after the OSCEN
pin has been forced high.

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

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

The following SAB 8048 instructions are not available:

IN A, P2 instruction code OA
MOVD A, P?7 instruction code OF
OUTL P2, A instruction code 3A
MOVD P7, A instruction code 3F
ENTO CLK instruction code 75
JF1 addr instruction code 76
CLR FO instruction code 85
ORL P2, # data instruction code 8A
ORLD P7, A instruction code 8F
CPL FO instruction code 95
ANL P2, # data instruction code 9A
ANLD P7, A instruction code 9F
CLR F1 instruction code A5
CPL F1 instruction code B5
JFO addr instruction code B6
MoV - A PSW instruction code c7
MOV PSW, A instruction code D7

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

A Accumulator

AC Auxiliary carry

addr Program memory address

An Accumulator bit n

Bb Bit designator b = 0 to 7

BS Bank switch

BUS Bus port

cYy Carry

CLK Clock

CNT Event countar

data 8-Bit number or expression

DBF Memory bank flipflop

! Interrupt

PC Program counter

Pp Port designator p = 4 to 6

P1 Port 1

PSW Program status word

Ri Register designator i = 0, 1

Rr Register designator r = 0 to 7

SP Stack pointer

T Timer

TF Timer/counter flag

TO/T1 Test O, test 1

X Mnemonic for external RAM

# Immediate data prefix

@ Indirect address prefix

(X) Contents of X

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

- Is replaced by

> Is exchanged with

AND Logical AND operation

OR Logical OR operation

XOR Logical EXOR operation
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Accumulator and register move instructions
MOV A, Rr (A) +~ (Rr) Move register to F8-FF 1
accumulator
MOV A, @ Ri (A) - ((Ri)) Move data memory to | FO-F1 1
accumulator
MOV A, # data (A) - data Move data to 23 2
accumulator
MOV Rr, A (Rr) ~ (A) Move accumulator to A8-AF 1
register
MOV @ Ri, A ((Ri)) = (A) Move accumulator to | AO-A1 1
data memory
MOV Rr, # data (Rr) - data Move data to register | B8-BF 2
MOV @ Ri, # data | ((Ri)) ~ data Move data to data BO-B1 2
memory
MOVX A, @ Ri (A) = ((Ri)) Move external data to | 80-81 2
accumulator
MOVX @ Ri, A ((Ri)) ~ (A) Move accumulator to 90-91 2
external data memory
XCH A, Rr (A) —~ (R) Exchange register and | 28-2F 1
. accumulator
XCH A, @ Ri (A) ~ {(Ri)) Exchange data 20-21 1
memory and
accumulator
XCHD A, @ Ri (AO-3) -~ Exchange nibble of 30-31 1
{(Ri0-3)) data memory and
accumulator
MOVP3 A, @A save (PC) Move data from E3 2
(PCO-7) - (A) | page 3 of program
(PC8-11) ~ memory to
one accumulator
(A) ~{(PC))
restore PC
MOVP A, @ A save (PC) Move data from A3 2
(PCO-7) = (A) | current page of
(A) = ((PC)) program to
restore PC accumulator
SWAP A (A4~7) —~ Exchange accumulator| 47 1
(A0-3) nibbles
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Timer/counter move instructions
MOV A, T (A) ~ (T) Read counter/timer 42 1 1
into accumulator
MOV T A (T) ~ (A) Load counter/timer 62 1 1
from accumulator
Port move instructions
IN A, P1 (A) ~= (P1) Move data at port 1to | 09 1 2
accumulator
OUTL P1, A (P1) ~ (A) Output accumulatar anl 20 1 2
port 1
ANL P1, # data (P1) « Logical AND port 1 99 2 2
(P1) AND data | with data
ORL P1, # data (P1) - Logical OR port 1 with | 89 2 2
(P1) OR data data
IN A, BUS (A) < (BUS) Move data on bus to 08 1 2
accumuiator
OUTL BUS, A (BUS) -~ A Output accumulator 02 1 2
on bus
ANL BUS, (BUS) - Logical AND bus with | 98 2 2
# data (BUS) AND data
data
ORL BUS, (BUS) - Logical OR bus with 88 2 2
# data (BUS) OR data| data
MOVD A, Pp (AO-3) - (Pp) | Move data at port OC-0E 1 2
(Ad-7) -0 4 - 6 to accumulator
MOVD Pp, A (Pp) - (AO-3) | Qutput accumulator ‘3C-3E 1 2
onport4d -6
ANLD Pp, A {Pp) - (AO-3) | Logical AND 9C-9E 1 2
AND (Pp) accumulator with port
4-6
ORLD Pp, A (Pp) ~ (AO-3) | Logical OR 8C-8E 1 2
OR (Pp) accumulator with port
4-6

148



Telephone Controller SAB 80C482
(Single-Chip 8-Bit CMOS Microcomputer) (SM 850)
Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Arithmetic accumulator instructions
ADD A, Rr (A) = (A)+(Rr)| Add register to 68-6F | AC 1
accumulator cY
ADD A, @ Ri (A) ~ Add data memory to 60-61 | AC 1
(A) + ((Ri) accumulator CcYy
ADD A, # data (A) ~ Add data to 03 AC 2
(A) + data accumuiator CY
ADDC A, Rr (A) ~ Add register and carry | 78-7F | AC 1
(A)+ (Rr) + to accumulator
(CY) cY
ADDC A, @ Ri (A) ~ Add data memory and | 70-71 | AD 1
(A)+ ((Ri)) + carry to accumulator cY
(CY)
ADDC A, # data (A) ~ (A)+ Add data and carry to | 13 AC 2
data + (CY) accumulator cY
INC A (A) ~ (A)+1 Increment accumu- 17 1
. lator by 1
DEC A (A) ~ (A)-1 Decrement Q7 1
accumulator by 1
DA A Decimal adjust 57 AC 1
accumulator cY
Arithmetic register instructions
INC Rr (Rr) < (Rr)+ 1 | Increment register 18-1F 1
by 1
DEC Rr (Rr) ~ (Rr)-1 | Decrement register C8-CF 1
by 1
DEC @ Ri ((Ri)) — Decrement datu co-C1 1
((Ri))+1 . memory by 1
INC @ Ri ((Ri)) - Increment data 10-11 1
((Ri))+1 memory by 1
DJNZ Rr, addr (Rr) < (Rr)-1 | Decrement register E8-EF 2
if(Rr) # O by 1 and jump if
(PCO-7)-addr | register not zero
DJNZ @Ri, addr ((Ri)) = Decrement data EO-E1 2
((Ri)) -1 memory by 1 and jump
if ((Ri)) # O if data memory is not
(PCO-7)+-addr| zero
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Logical accumulator and register instructions
ANL A, Rr (A) ~ Logical AND 58-5F 1
(A) AND (Rr) accumulator with
register
ANL A, @ Ri (A) - Logical AND 50-51 1
(A) AND ((Ri)) | accumulator with data
memory
ANL A, # data (A) - Logical AND 53 2
(A) AND data | accumulator with data
ORL A, Rr (A) - Logical OR 48-4F 1
(A) OR (Rr) accumulator with
register
ORL A, @ Ri (A) ~ Logical OR 40-41 1
(A) OR ((Ri)) accumulator with
data memory
ORL A, # data (A) ~ Logical OR 43 2
(A) OR data accumulator with data
XRL A, Rr (A) - Logical XOR D8-DF 1
(A) XOR (Rr) | accumulator with
register
XRL A, @ Ri (A) +~ Logical XOR DO-D1 1
(A) XOR ((Ri)) | accumulator with data
) memory
XRL A, # data (A) ~ Logical XOR D3 2
(A) XOR data | accumulator with data
CLR A (A) -0 Clear accumulator 27 1
CPLA (A) - (A) Complement 37 1
accumulator
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Rotate instructions
RL A (An+1) — (An){ Shift accumulator 1 bit| E7 1 1
to left
RLC A (An+1) - (An)| Shift accumulator 1 bit| F7 cy 1 1
(CY) ~ (A7) to left through carry
(AO) ~ (CY)
RR A (An) = (An+1)| Shift accumulator 1 bit| 77 1 1
to right
RRC A {An) <= (An+1)| Shift accumulator 1 bit| 67 cYy 1 1
(CY) ~ (AO) to right through carry
(A7) - (CY)
Flag instructions
CLRC (CY) -0 Clear carry bit 97 CY 1 1
CPLC (CY) ~ (TY) Complement carry bit | A7 Ccy |1 1
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Mnemonic: Function Description Hex Flag | Bytes | Cycles
code
Branch instructions
JMP addr (PCO-7) - Jump to address,
addr 0-7 page O 04 2 2
(PC8-10) ~ 1 24 2 2
addr 8-10 2 44- 2 2
(PC11) ~ DBF 3 64 2 2
4 84 2 2
5 A4 2 2
8 ca 2 2
7 E4 2 2
JMPP @ A (PCO-7) -~ Jump to address B3 1 2
((A)) dafinad in nragram
memory
JC addr if (CY)=1 Jump to address if F6 2 2
(PCO-7) «~ addr | carry = 1
JNC addr if (CY)=0 Jump to address if E6 2 2
(PCO-7) ~ addr | carry = 0
JZ addr if (A)=0 Jump to address if (o} 2 2
(PCO-7) - addr | accumujator = 0O
JNZ addr if (A) >0 Jump to address if 96 2 2
(PCO-7) + addr | accumulator >0
JTO addr ifTO=1 Jump to address if 36 2 2
(PCO-7) ~ addr | TO is High
JNTO addr ifTO=0 Jump to address if 26 2 2
(PCO-7) - addr | TO is Low
JT1 addr ifT1=1 Jump to address if 56 2 2
{(PCO-7) «~ addr | T1 is High
JNT1 addr ifT1=0 Jump to address if 46 2 2
(PCO-7) «~ addr | T1is Low
JTF addr if TF=1 Jump to address if 16 TF | 2 2
(PCO-7) - addr | counter/timer
(TF) -0 flag = 1
JNI addr if INF=0 Jump to address if 66 2 2
(PCO-7) « addr | interrupt input Low
JBb addr if (An) =1 Jump to address, n=0| 12 2 2
(PCO-7) +~ addr | if bit n of 11 32 2 2
accumulator = 1 2] 52 2 2
3| 72 2 2
4| 92 2 2
5( B2 2 2
6| D2 2 2
7| F2 2 2
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code
Subroutine instructions
CALL addr ((SP)) ~ Jump to page O 14 2 2
(PCO-11, subroutine 1 34 2 2
PSW4-7) 2 54 2 2
(SP) < (SP) +1 3 74 2 2
(PCO-10) - 4 94 2 2
addr 0-10 5 B4 2 2
(PC11) — DBF 6 D4 2 2
7 F4 2 2
RET (SP) = (SP)-1| Return without PSW 83 1 2
(PC) ~ {(SP)) | Restore
RETR (SP) ~ (SP)-1| Return with 93 cYy 1 2
(PC) — ((SP)) | PSW Restore AC
(PSW4-7) - DBF
((SP))
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Mnemonic Function Description Hex Flag | Bytes | Cycles
code

Control instruction

STRT T Start timer 55 1 1

STRT CNT Start counter 45 1 1

STOP TCNT Stop timer/counter 65 1 1

EN TCNTI Enable timer/ 25 1 1
counter interrupt

DIS TCNTI Disable timer/ 35 1 1
counter interrupt

EN i tnable external 05 1 1
interrupt

DIS | Disable external 15 1 1
interrupt

SEL RBO Select register bank 0 | C5 BS 1 1

SEL RB1 Select register bank 1 | D5 BS 1 1

SEL MBO Select program- E5 DBF | 1 1
memory bank O

SEL MB1 Select program- F5 DBF | 1 1
memory bank 1

NOP No operation 00 1 1

HALT HALT instruction F3 1 1
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Maximum ratings

Ambient temperature under bias Tamb O0to 70 °c
Storage temperature Tatg -55to 125 °C
Supply voltage ref. to GND (Vss) Voo Oto7 Vv
Total power dissipation : Piot 1 w
All input and output voltages -0.3 to Vo \"

DC characteristics
Tamp = 010 70°C; Vpp= 25106 V; Vgs =0V

Test conditions Min. Typ. |Max.

L input voltage Vi -0.1 0.75 |V
(all except XTAL1, XTAL2, RESET)

L input voltage Vil -0.1 0.75 |V
(XTAL1, XTAL2, RESET) Vih | Vop <45V 0.25 |V

H input voltage . Vik 0.7x Vpo Voo |V
(all except XTAL1, XTAL2, RESET

H input voltage Vin 0.7x Vpp Voo |V
(XTAL1, XTAL2, RESET

L output voltage Voo Io = 1.0 mA 0.45 |V
(BUS, RD, WR, FSEN, ALE)

L output voltage Vour |1loL = 1.0 mA 0.45 |V
(all other outputs)

H output voltage Vou |Iow=1.0mA 0.75x Vpp v
(BUS, RD, WR, PSEN, ALE)

H output voltage; low impedance Vouri |low = 1 mA 0.75x Vpp \
(all other outputs), high impedance Vou; |lon = 1 pA 0.75x Vpp \Y
Input leakage current (Port1, 4,5,68) [, |VWwSV, -5 |pA
Input leakage current (RESET, T1) Iic Vss < Vi = Voo +1 pA
Input leakage current Iy Vin = Voo +1 pA
(INT; pullup) VinS V. -5 pA
Input current XTAL Ixr Vss S Vv S Vo +10 |pA
Output leakage current I, Vin S VL +1 A

(For bus and TO in

high-impedance states)

Total supply current Ipp 1 MHz; 5V 1.2 1.4 mA
3 MHz; 5V 4.2 mA
500 kHz; 5 V 0.9 mA

HALT supply current Ipp 1 MHz; 5V 400 |pA
3 MHz; 5V 550 pA
500 kHz; 5 V 250 uA

Power-down mode Ipo 5V 1 2 A

Operation supply voltage Voo 2.5 6 v
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AC characteristics
Tamb = 0 to 70°C; Vgo =5V, VSS =0V; fosc = 3 MHz
C. =40 pF
Test conditions Min. Typ. | Max.
ALE pulse width t 800 833 ns
Address set-up before ALE taL 120 166 ns
Address hold from ALE ta 0 160 |ns
Control pulse width
PSEN tee 300 333 ns
RD, WR tec 1300 1333 ns
Data set-up before WR tow 1300 1333 ns
Data hold after WR two | fcy = 2.66 ps 300 333 ns
C =40 pF
Cycle time tey 2.66 us
Data hold after RD ton 0 300 |ns
Instr. hold after PSEN tor 0 300 |ns
RD to data in tao 1200 | ns
PSEN to data in to 300 |ns
Address set-up before WR taw 2000 ns
Address set-up to data
at RD tao 3500 ns
at PSEN tho 500 ns
Address float to
RD tarc 166 333 ns
PSEN Larc 140 166 ns
WR to ALE tea 333 ns
PSEN to ALE tea 1333 ns
ALE to RD tea 0 50 ns
ADDRESS Time Port 4 taoo 666 ns
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Time parameters versus fogc

Symbol

Parameter

t
toy

1/fosc
8t

Hs
HS

Read from external data memory

o
tca
tarc
tec
tor
tro
tap

25¢

1.0t
4.0t

'35t
106 ¢

HS
s
s
ps
ps
ps
ps

Write into external data memory

tca
tec
two
tow
taw

1.0t .
4.0t
1.0t
401t

6.0t

s
ps
s
ps
s

Instruction fetch from external program memory

ta
tea
ta
tec
tor
tro
tap
taop
tarc

0.51¢
4.0t

1.0t

05t
151
20t
051t

us
us
us
ps
ps
us
s
ps
s
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Application example “intelligent Telephone Set”
Line
interface
Data
> memory
SAB SAB 81CS0
80C482 {}
Keyboard lEcm[:i'mller
PSB 7510

Features of this telephone set
- direct and indirect redialing
- short dialing (10 memories)
- auto dialing by special keys

- babysitter function
- LC-display control
- electronic keylock

- cloek function
- rate signaling
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SAB 8086

16-Bit Microprocessor

SAB 8086-2
SAB 8086-1

8 MHz
10 MHz

@ Direct Addressing Capability to
1 MByte of Memory

® Assembly Language Compatible with
SAB 8080/ SAB 8085
® 14 Word, By 16-Bit Register Set with

SAB 8086 5 MHz

@ Bit, Byte, Word, and Block Operations
® 24 Operand Addressing Modes

® Clock Rate upto
10 MHz (SAB 8086-1)

O‘Compatible with Industry Standard 8086

Symrnetrical Operations

® 8- and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal
Including Multiply and Divide

o In plastic and ceramic package

Figure 1. Pin Diagram Figure2. Pin Names

ol P ADy_;s | Address/Data Ass_1s Address

:D“ ; gm‘s So-s Status Siy Status

A[D’:: . 7:6/24 INTR Interrupt Request BHE Bus High Enable
20405 bwss CLK Clock HOLD Hold

“0gC]s 15 An/s QS,_y Queue Statu‘s_ @A Hold Acknowledge

A0q (7 s, TEST Test for Busy WR Write

A0s C]8 gwm READY Ready DT/R Bus Driver Transmit/
0, O w RESET Chip Reset Receive

I [R5, Howo) MN/MX | Minimum/Maximum | DEN Bus Driver Enable

N gzc_/f‘(g;““ - Mode ALE Address Latch Enable
AD: ——— E o Read INTA Interrupt Acknowledge
0, O3, o RQ/GT,-1 | Request/Grant NMI Non-maskable

10, s, (@80 LGC_K Bus Lock Interrupt

A0y [ asq (ALE) M/IO Memory/IO GND Ground

NI [Jas, (N&) Vee +5Volts

INTR [TEsT

Clx [JREADY

GND PFESET

SAB 8086 is a new generation, high performance
16-bit Microprocessor implemented in +5 Volts,
depletion load, N channel, silicon gate Siemens
MYMOS technology packaged in a 40 pin package.
It is 100 percent compatible with the industry

standard 8086. With features like string handling,
16-bit arithmetic with multiply and divide it signi-
ficantly increases system performance. It is highly
suited for multiprocessor applications in various
configurations.

AG 8/83
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SAB 8086

Functional Pin Definition

The following pin function descriptions are for the direct muitiplexed bus interface connection
SAB 8086 systems in either minimum or maximum  to the SAB 8086 (without regard to additional
mode. The “Local Bus” in these descriptions is bus buffers).

Number Symbol ISE;:,’(J:)(O) Function

2-16 ADy—AD;s 1/0 These lines constitute the time multiplexed memory 1/0
39 address (T;) and data (T,, T3, T4) bus. A, is analogous to
BHE for the lower byte of the data bus, pins D;—D,. It is
LOW during T, when a byte is to be transferred on the
lower portion of the bus in memory or I/0 operations.
Eight-bit oriented devices tied to the lower half would
normally use Ay to condition chip select functions. These
lines are active HIGH and float to 3-state OFF during
interruptacknowledge and local bus “hold acknowledge”.

"2 AoiS, Cuting Tj tiese dre the Tour most signiticant address lines

A7/Sq for memory operations. During I/O operations these lines
A1g/Ss are LOW. During memory and 1/0 operations, status
Ao/Ss informationis available ontheselines during T,, T3, Ty, and
T,. The status of the interrupt enable FLAG bit (Ss) is
updated at the beginning of each CLK cycle.

Ai7/Ssand As/S; are encoded as follows:

A.7/S, A16/S 3 | Characteristics

0(LOW) |0 Alternate Data
0 1 Stack
1(HIGH) |0 Code or None
1 1

Data
Sgis0
(LOW)

[&]

This information indicates which relocation register is
presently being used for data accessing.

These lines float to 3-state OFF during local bus “held
acknowledge"'.

34 BHE/S; 0} During Ti the bus high enable signal (BHE) should be used
to enable data onto the most significant half of the data
bus, pins Dys—Ds. Eight-bit oriented devices tied to the
upper half of the bus would normally use BHE to
condition chip select functions. BHE is LOW during T, for
read, write, and interrupt acknowledge cycles when a byte
is to be transferred on the high portion of the bus.

The S, status information is available during T,, T3, and Ta.
The signal is active LOW, and floats to 3-state OFF in
“hold”. Itis LOW during T, for the first interrupt
acknowledge cycle.

g
o
o

32 Read strobe indicates that the processor is performing a
memory or |/0 read cycle, depending on the state of the
S, pin. This signal is used to read devices which reside on
the SAB 8086 local bus. RD is active LOW during T,, Tz and
T,, of any read cycle, and is guaranteed to remain HIGH in
T, until the SAB 8086 local bus has floated.

This signal floats to 3-state OFF in "hold acknowledge”'.
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Number

Symbol

Input (1)
Output (O)

Function

22

READY

|

READY is the acknowledgement from the addressed
memory or 1/0 device that it will complete the data
transfer. The RDY signal from memory |/Q is synchronized
by the SAB 8284A Clock Generator to form READY. This
signal is active HIGH. The SAB 8086 READY input is not
synchronized.

Correct operation is not guaranteed if the setup and hold
times are not met.

18

INTR

Interrupt request is a level triggered input which is sampled
during the last clock cycle of each instruction to determine
ifthe processor should enterinto an interrupt acknowledge
operation. A subroutine is vectored to via an interrupt
vector lookup table located in system memory. It can be
internally masked by software reseting the interrupt
enable bit. INTR is internally synchronized. This signal is
active HIGH.

23

The TEST input is examined by the “Wait” instruction.
If the TEST input is LOW execution continues, otherwise
the processor waits in an “Idle” state. This input is
synchronized internally during each clock cycle on the
leading edge of CLK.

NMI

Non-maskable interrupt is an edge triggered input which
causes a type 2 interrupt. A subroutine is vectored to via
interrupt vector lookup table located in system memory.
NMI is not maskable internally by software. A transition
from a LOW to HIGH initiates the interrupt at the end of the
current instruction. This input is internally synchronized.

21

RESET

RESET causes the processor to immediately terminate its
presentactivity. The signal must be active HIGH for atleast
four clock cycles. It restarts execution, as described in the
Instruction Set description, when RESET returns LOW.
RESET is internally synchronized.

CLK

The clock provides the basic timing for the processor and
bus controller. It is asymmetric with a 33% duty cycle to
provide optimized internal timing.

33

MN/MX

Minimum/Maximum: indicates what mode the processor
is to operate in. The two modes are discussed in the
following sections.

40

+5V (power supply)

1,20

GND

GND (ground)
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The following pin function descriptions are for the unique to maximum mode are described; all other

SAB 8086/8288 system in maximum mode (i.e.

pin functions are as already described.

MN/MX = GND). Only the pin functions which are

Number

Symbol

Input (1)
Output (O)

Function

26-28

52,5150

(0]

These status lines are encoded as follows:

S, S, Sy Characteristics
0 (LOW)
0

Interrupt Acknowledge
Read 1/0 Port

Write 1/0 Port

Halt

Code Access

Read Memory

Write Memory
Passive

(HIGH)

S0 0
Y Y= P Yo
—_,O0O=20=_0-=0

Status is active during T4, T1, and T, and is returned to the
passive state (1,1,1) during T; or during T,, when READY is
HIGH. This status is used by the SAB 8288 Bus Controller
to generate all memory and (/0O access control signals.
Any change by S,, Sy, or Sy during T4 is used to indicate
the beginning of a bus cycle, and the return to the passive
state in Tz or T,, is used to indicate the end of a bus cycle.

These signals float to 3-state OFF in “’hold acknowledge”.

30-31

1/0

The request/grant pins are used by other local bus
masters to force the processor to release the local bus at
the end of the processor’s current bus cycle. Each pinis
bidirectional with RQ/GTj having higher priority than
RQ/GT,. RQ/GT has an internal pull-up resistor so may be
left unconnected. The request/grant sequence is as
follows (see Figure 14):

1. A pulse of 1 CLK wide from another local bus master
indicates a local bus request ("’hold”’) to the SAB 8086
(pulse1).

2. During the CPU’s next T, or Ty a pulse 1 CLK wide from
the SAB 8086 to the requesting master (pulse 2)
indicates that the SAB 8086 has allowed the local bus
to float and that it will enter the ““hold acknowledge’”
state at the next CLK. The CPU’s bus interface unit is
disconnected logically from the local bus during ““hold
acknowledge”.

. Apulse 1CLK wide from the requesting master indicates
to the SAB 8086 (pulse 3) that the “hold" request is
about to end and that the SAB 8086 can reclaim
the local bus at the next CLK.

Each master-master exchange of the local bus is a
sequence of 3 puises. There must be one dead CLK cycle
after each bus exchange. Pulses are active LOW.

If the request is made while the CPU is performing a
memory cycle, it will release the local bus during T, of the
cycle when all the following conditions are met:

1. Request occurs on or before T,.

2. Current cycle is not the low byte of a word (on an odd
address). .

3. Currentcycle is not the first acknowledge of an interrupt
acknowledge sequence.

4. A locked instruction is not currently executing.

w
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Number

Symbol

Input (1)
Output (O)

Function

29

[0]

The LOCK output indicates that other system bus masters
are not to gain control of the system bus while LOCK is
active LOW. The LOCK signal is activated by the “'LOCK"
prefix instruction and remains active until the completion
of the next instruction. This signal is active LOW, and
floats to 3-state OFF in “hold acknowledge”.

24-25

Qas;, S,

QS; and QS provide status to allow external tracking of
the internal SAB 8086 instruction queue.

Qas, QS, Characteristics

0 (LOW) 0 No Operation

0 1 First Byte of Op Code from Queue
1 (HIGH) 0 Empty the Queue

1 1 Subsequent Byte from Queue

The queue status is valid during the CLK cycle after
which the queue operation is performed.
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The following pin function descriptions are for

minimum mode are described; all other pin

the SAB 8086 minimum mode (i.e. MN/MX = Vcc).  functions are as described before.
Only the pin functions which are unique to

Number

Symbol

Input (1)
Output (O)

Function

28

M/10

o

This status line is logically equivalent to S, in the
maximum mode. It is used to distinguish a memory
access from an 1/0 access. M/I0 becomes valid in the T,
preceding a bus cycle and remains valid until the final
T4ofthecycle (M = HIGH, IO = LOW). M/10 floats to 3-state
OFF in local bus “’hold acknowledge".

29

Write strobe indicates that the processor is performing a
write memory or write [/O cycle, depending on the state of
the M/IO signal. WR is active for T,, T;and T,, of any write
cycle. Itis active LOW, and floats to 3-state OFF in local bus
“hold acknowledae”

24

INTA is used as a read strobe for interrupt acknowledge
cycles. It is active LOW during T,, T3 and T,, of each
interrupt acknowledge cycle.

25

ALE

Address latch enable is provided by the processorto
latch the address into the SAB 8282/SAB 8283 address
latch. It is a HIGH pulse active during T, of any bus cycle.
Note that ALE is never floated.

27

DT/R

Data transmit/receive is needed in minimum system that
desires to use a SAB 8286/SAB 8287 data bus transceiver.
It is used to control the direction of data flow through the
transceiver. Logically DT/R is equivalent to S, in the
maximum mode, and its timing is the same as for M/IO.
(T=HIGH, R=LOW). This signal floats to 3-state OFF in
local bus ""hold acknowledge”.

26

Data enable is provided as an output enable for the

SAB 8286/SAB 8287 in a minimum system which uses
the transceiver. DEN is active LOW during each memory
and 1/0 access and for INTA cycles. For a read or INTA
cycleitisactive from the middle of T, until the middle of Ty,
while for a write cycle it is active from the beginning of T,
until the middle of T,. DEN floats to 3-state OFF in local
bus ‘’hold acknowledge".

30-31

HOLD
HLDA

HOLD indicates that another master is requesting a local
bus ““hold”. To be acknowledged, HOLD must be active
HIGH. The processor receiving the “hold” request will
issue HLDA (HIGH) as an acknowledgement in the middle
of T, or T;. Simultaneous with the issuance of HLDA the
processor will float the local bus and control lines. After
HOLD is detected as being LOW, the processor will lower
HLDA, and when the processor needsto run another cycle,
it will again drive the local bus and control lines.

HOLD is not an asynchronous input. External synchron-
ization should be provided if the system cannot otherwise
guarantee the setup time. The same rules as for RQ/GT
apply regarding when the local bus will be released.
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Figure 3. Functional Block Diagram
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Figure 4. Memory Organization
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Functional Description

The internal functions of the SAB8086 processor are
partitioned logically into two processing units. The
first is the Bus Interface Unit (BIU) and the second
is the Execution Unit (EU) as shown in the block
diagram of Figure 3.

The bus interface unit provides the functions related
to instruction fetching and queuing, operand fetch
and store, and address relocation. The overlap of
instruction pre-fetching provided by this unit serves
to increase processor performance through
improved bus bandwidth utilization. Up to 6 bytes
of the instruction stream can be queued while
waiting for decoding and execution.

The instruction stream queuing mechanism allows
the BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the

168

queue, the BIU will attempt a word fetch memory
cycle. This greatly reduces ,,dead time” on the
memory bus.

The execution unit receives pre-fetched instructions
from the BIU queue and provides un-relocated
operand addresses to the BIU. Memory operands
are passedthroughthe BIU for processing by the EU,
which passes results to the BIU for storage.

The processor provides a 20-bit address to memory
which locates the byte being referenced. The
memory is logically organized as a linear array of

1 million bytes, addressed as 00000(H) to FFFFF(H).
The memory can be further logically divided into
code, data, alternate data, and stack segments of
up to 64 Kbytes each, with each segment falling

on 16-byte boundaries. (See Figure 4)
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Minimum and Maximum Modes

The requirements for supporting minimum and
maximum SAB 8086 systems are sufficiently
different that they cannot be done efficiently with
40 uniquely defined pins. Consequently, the

SAB 8086 is equipped with a strap pin (MN/MX)
which defines the system configuration.

The definition of a certain subset of the pinschanges
dependent on the condition of the strap pin.

When MN/MX pin is strapped to GND, the SAB 8086
treats pins 24 through 31 in maximum mode. An
SAB 8288 bus controller interprets status infor-
mation coded into Sy, 5, 5, to generate bus timing
and control signals.

When the MN/MX pin is strapped to Ve, the
SAB 8086 generates bus control signals itself on
pins 24 through 31, as shown in parentheses in
Figure 1.

Bus Operation

The SAB 8086 has a combined address and data bus
commonly referred to as a time multiplexed bus.

Each processor bus cycle consists of at least four
CLK cycles. These are referredtoas Ty, T, Tzand Ty
(see Figure 5). The address is emitted from the
processor during T, and data transfer occurs on the
bus during Tzand T,. T, is used primarily for changing
the direction of the bus during read operations.
Inthe event that a “NOT READY" indication is given
by the addressed device, "Wait" states (T,) are
inserted between T; and T,4. Each inserted “Wait”
state is of the same duration as a CLK cycle. Periods
can occur between SAB 8086 bus cycles. These are
referred to as "'Idle” states (T;) orinactive CLK cycles.
The processor uses these cycles for internal
housekeeping.

During T, of any bus cycle the ALE (Address Latch
Enable) signal is emitted (by either the processor
or the SAB 8288 bus controller, depending on the
MN/MX strap). At the trailing edge of this pulse,
a valid address and certain status information for
the cycle may be latched.

Status bits Sg, Sy, and S are used, in maximum
mode, by the bus controller to identify the type of
bus transaction according to the following table:

S, S, | Sy | Characteristics

0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read I/0

0 1 0 | Writel/0

0 1 1 Halt

1 (HIGH) 0 |0 Instruction Fetch

1 0 1 Read Data from Memory
1 1 0 Write Data to Memory

1 1 1 Passive (no bus cycle)

Status bits Sy through S; are multiplexed with high-
order address bits and the BHE signal, and are
therefore valid during T, through T,. S;and S,
indicate which segment register (see Instruction
Set description) was used for this bus cycle in
forming the address, according to the following
table:

S, S; Characteristics

0 (LOwW) 0 Alternate Data
(extra segment)

0 1 Stack

1 (HIGH) 0 Code or None

1 1 Data

Ssis areflection of the PSW interrupt enable bit.
Se¢=0and S;is a spare status bit.
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Figure 5. Basic System Timing
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1/0 Addressing

In the SAB 8086, 1/0 operations can address up to
a maximum of 64 K 1/0 byte registers or 32 K 1/0
word registers.

The 1/0 address appears in the same format as the
memory address on'bus lines A;s—Ag. The address
lines Ajg— A are zero in /0 operations.

The variable I/0 instructions which use register DX
as a pointer have full address capability while the
direct /0 instructions directly address one or two
of the 256 1/0 byte locations in page 0 of the I/0
address space.

System Components

Processors

SAB 8088 —100% Compatible CPU with SAB 8086
with 8-bit bus

SAB 8087 —Numeric Data Processor. Coprocessor
to SAB 8086 and SAB 8088.

SAB 8089 - Input/Output Processor.

Support Circuits

SAB 8282 Octal Latch

SAB 8283 Octal Latch (Inverting)
SAB 8284A Clock Generator and Driver

SAB 8286 Octal Bus Transceiver

SAB 8287 Octal Bus Transceiver (Inverting)
SAB 8288 Bus Controller

SAB 8289 Bus Arbiter

SAB 8259A Programmable Interrupt Controller

Typical Applications

SAB 8086 is ageneral purpose 16-bit microprocessor
which can be used for applications ranging from
process control to data processing. Figures 6 and 7
show typical system configurations for SAB 8086
familiy components.
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Instruction Set Summary

DATA TRANSFER
MOV = Move

Register / memory to / from register

Immediate to register/memory
Immediate to register
Memory to accumulator

Accumulator to memory

Register/memory to segment register

Segment register to register/memory

PUSH = Push:
Register/memory
Register

Segment register

POP = Pop:
Register/memory
Register

Segment register

XCHG = Exchange:

Register/memory with register

Register with accumulator

IN = Input from:
Fixed port

Variable port

76543210 76543210 76543210 76543210

«

I100010dwlmod reg r/m l

l1100011wlmod000r/m| data | dataif w=1
P 011w reg | data rdata ifw=1 |
l 1010000w | addr-low l addr-high l

‘ 1010001w L addr-low J addr-high l

—

10001110 lmodOregr/nLI

—

10001100 lmodOregr/ml

|1‘I‘I11111 |m0d110r/mj

01010 reg

000reg110

10001111 ImodOOOr/m

01011 reg

L

000reg111

100001 1w|mod reg r/mJ

10010 reg

port J

1110110w

,._
-
-
-
<)
o
e
<)
2
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OUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF =Pop flags

ARITHMETIC
ADD = Add:

Reg./memory with register to either
Immediate to register/memory

Immediate to accumulator

ADC = Add with carry:
Reg./memory with register to either
Immediate to register/memory

Immediate to accumulator

INC = Increment:
Register/memory

Register

AAA = ASCIl adjust for add

DAA = Decimal adjust for add
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76543210 76543210 76543210 76543210

—

1‘110011w‘ port J

1110111w

11010111

10001101 lmodregr/m J

——

11000101

—

mod reg r/m J

-

11000100 (modregr/m |

10011111

10011110

10011100

F

10011101

—

OOOOOOdwlmodregrlm J

L1000OOswlmod000r/mJ

Pata i s:w=0£|

E)000010w| data

| dataifw=1 ]

|000100dw|m0dregr/m I

liOOOOOstEodNOr/ml

|0001010w

—

data rdata ifw=1 J

~

1111111wlm0d000r/mJ

01000reg
00110111

00100111
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SUB = Subtract:
Reg./memory and register to either
Immediate from register/memory

Immediate from accumulator

SBB = Subtract with borrow
Reg./memory and register to either
Immediate from register/memory

Immediate from accumulator

DEC = Decrement:
Register/memory
Register

NEG = Change sign

CMP = Compare:
Register/memory and register
Immediate with register/memory
Immediate with accumulator
AAS = ASCII adjust for subtract
DAS = Decimal adjust for subtract
MUL = Multiply (unsigned)
IMUL = Integer multiply (signed)
AAM = ASCII adjust for multiply
DIV = Divide (unsigned)

IDIV = Integer divide (signed)
AAD = ASCII adjust for divide

CBW = Convert byte to word

CWD = Convert word to double word

76543210 76543210 76543210 76543210

l001010dw mod reg r/m-l

|100000$wlmod101r/ml data

|data if s:w=01

r0010110w| data ] data if w=1 l

[0001 ‘IOdw‘ mod reg r/ml

l 1000005w] mod 011 r/mT data rdata if s:w=01

1 data if w=1 ]

76543210 76543210 76543210 76543210

rooonmw] data

|71111111w1mod001r/m—’

0100 1reg

|1‘I11011w\ mod011r/rr;|

,001110dw| modregr/m—l

(1 OOOOOswl mod 111 r/m[ data Idata ifs:w=0ﬂ

T dataifw=1 ]

]00-11110w] data

00111111
00101111

l1111011w| mod100r/m|

l1111011w|m0d101r/m|

E1o1o1oo|00001o101

rnuomw[ mod‘l‘IOr/n;[

[1111011vﬂmod111r/ﬂ

‘110101o1|oooo1o1o|

10011000

10011001
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LOGIC
NOT = Invert

SHL/SAL = Shift logical/arithmetic left
SHR = Shift logical right

SAR = Shift arithmetic right

ROL = Rotate left

ROR = Rotate right

RCL = Rotate through carry flag left

RCR = Rotate through carry right

AND = And:
Reg/memory and register to either
Immediate to register/memory

Immediate to accumulator

TEST = And function to flags, no result:

Register/memory and register
Immediate data and register/memory

Immediate data and accumulator

OR = Or:
Reg/memory and register to either
Immediate to register/memory

Immediate to accumulator

XOR = Exclusive or:
Reg./memory and register to either
Immediate to register/memory

Immediate to accumulator
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76543210 76543210 76543210 76543210

|1111011wImod010r/m‘

|110100vw[m0d100r/ml

I110100vw[mod101r/m]

[110100vw—[m0d111r/ml

|1 10100vwlmod000r/m|

|1 10100vw'mod001r/m]

[1 10100vwlmod010r/ml

T
|110100vwlmod011r/ml

[001000dw|modregr/m I

l1000000w]m0d100r/m| data

Tdata ifw=1 ]

I0010010W| data

I data ifwil

I1000010wlm0dregr/m4]

l11110‘(1w|mod000r/ml data | dataifw=1—|
l1010100w| data 1dataifw=1 |
l000010dw|modregr/m J
[1000000wlmod001r/m| data I dataifw=1—|
l0000110w[ data | data if w=1 |
|001100dwlm0dregr/mJ
l1000000w[mod110r/m| data l dataifw=1
lOO11010wL data ldataifw:I l
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STRING MANIPULATION 76543210 76543210 76543210

REP = Repeat 11110012
MOVS = Move byte/word 1010010w
CMPS = Compare byte/word 101001 1w
SCAS = Scan byte/word 10101 11w

LODS = Load byte/word to AL/AX 1010110w

STDS = Store byte/word from AL/A 1010101w

CONTROL TRANSFER

CALL = Call:

Direct within segment | 11101000 ‘ disp-low \ disp-high |
Indirect within segment |1 1111111 |mod 010r/m l

—

Direct intersegment 1001101 OJ offset-low \ offset-high ]l

seg-low Lseg-high J

Indirect intersegment ‘ 1111111 1Jmod 011r/m I

JMP = Unconditional Jump:

Direct within segment [ 11101001 l disp-low l disp-high l
Direct within segment short | 11101011 | disp {
Indirect within segment |1 1111111 |mod 100r/m l
Direct intersegment I 11101010 I offset-low l offset-high l

seg-low L seg-high l

Indirect intersegment

—

11111111 [mod101r/ml
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RET = Return from CALL: 76543210 76543210 76543210
Within segment 11000011
Within seg. adding immed to SP [11000010 | datatow | datahigh |

Intersegment 11001011

Intersegment adding immediable to SP [1 1001010 l data-low ] data-high |
JE/JZ = Jump on equal/zero |01 110100 l disp J
JL/INGE = ‘é\:z’apugln less/not greater [0 1111100 I disp ,
JLE/JNG = égg;fe?n less or equal/not |£1 111110 | disp_ l
JB/JNAE = étrl?qpugln below/not above | 01110010 ‘ disp J
JBE/JNA = ilé;'r\;;)g\r/\ebelow or equal/ [0 1110110 j disp
JP/JPE = Jump on parity/parity even lO 1111010 J disp

JO = Jump on overflow ‘01 110000 I disp

JS = Jump on sign (011 1 1000J disp
JNE/JNZ = Jump on not equal/not zero [0 1110101 l disp
JNL/JGE = gtrn:qpugln not less/greater |0 1111101 I disp
JNLE/JG = Jump on not less or equal/

greater [01 111117 | disp

JNB/JAE = Jump on not below/above
or equal

JNBE/JA = Jump on not below or [O 11
equal/above

|O1A110011 | disp

10111]  disp

JNP/JPO = Jump on not par/par odd [o 1111011 | disp

JNO = Jump on not overflow ‘ 01110001 I disp

LOOP = Loop CX times |1 1100010 l disp

LOOPZ/LOOPE = Loop while zero/equal ii1 100001 ‘ disp

LOOPNZ/LOOPNE = Loop while not
zero/equal

|111ooooo | disp

|

|

J

.
J

|

|

J

|

|
JNS = Jump on not sign [o1111oo1l disp J
I
_
|

JCXZ = Jump on CX zero |1 1100011 I disp
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INT = Interrupt

Type specified

Type 3

INTO = Interrupt on overflow

IRET = Interrupt return

PROCESSOR CONTROL

CLC = Clear carry

CMC = Complement carry

STC = Set Carry

CLD = Ciear direction

STD = Set direction

CLI = Clear interrupt

STl = Set interrupt

HLT = Halt

WAIT = Wait

ESC = Escape (to external device)

LOCK = Bus lock prefix

76543210 76543210

type

11001100
11001110

11001111

11111000
11110101
11111001
11111100
11111101
11111010
11111011
11110100

100711011

-
-
o
o
-
-
o
-

—

1101 1xxmeodxxxr/m

11110000

179



SAB 8086

Footnotes:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value.

Greater = more positive;

Less = less positive (more negative) signed values
if d = 1then “to” reg; ifd = 0 then "from" reg
ifw = 1then word instruction; ifw = 0 then byte
instruction

if mod = 11 then r/m is treated as a REG field

if mod = 00 then DISP = 0%, disp-low and disp-high
are aheent

if mod = 01 then DISP = disp-low sign-extended to
16-bits, disp high is absent

if mod = 10 then DISP = disp-high: disp low

if r/m = 000 then EA = (BX) + (Sl) + DISP

if r/m = 001 then EA = (BX) + (DI) + DISP

if r/m = 010 then EA = (BP) + (SI) + DISP

ifr/m = 011 then EA = (BP) + (DI) +DISP

if r/m = 100 then EA = (SI) + DISP
if r/m = 101 then EA = (DI) + DISP
if r/m = 110 then EA = (BP) + DISP*
if r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if
required)

*except if mod = 00 and r/m = 110 then EA =
disp-high:disp-low.

180

if szw = 01 then 16-bits of immediate data from
the operand

it siw = 11 then an immediate data byte is sign
extended to form the 16-bit operand

if v=0then “count” = 1; ifv=1then “count” in
(CL)
x = don't care
zis used fer string primitives for comparsion with
ZF FLAG

SEGMENT OVERRIDE PREFIX

001reg110

REG is assigned according to the following table

16-Bit (w=1) 8-Bit (w=0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH

101 BP 101 CH

110 SI 110 DH

111 DI 111 BH

Instruction which reference the flag register file
as a 16-bit object use the symbol FLAGS to
representthe file:

FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):
X:(AF):X:(PF):X:(CF)



SAB 8086

Absolute maximum ratings *’

Ambient Temperature Under Bias 0to 70°C
Storage Temperature —65to +150°C
Voltage on any Pin with Respect to Ground —-1.0to +7V
Power Dissipation 2.5 Watt

D.C. Characteristics

SAB8086: T, = 0t0 70°C, Ve = 5V £10%
SAB 8086-1/8086-2: To = 0t0 70°C, Vec = 5V £ 5%

Limit Values

Symbol Parameter Min. Max. Units | Test Conditions
Vi Input Low Voltage -0.5 +0.8
Viu Input High Voltage 2.0 Vee+0.5 v
Vo Output Low Voltage - 0.45 Ior =2.0mA
Vou Output High Voltage 24 - Ion = —400 uA
lec Power Supply Current

SAB 8086 340

SAB 8086-2 350 mA Ta=25°C

SAB 8086-1 _ 360
1 Input Leakage Current oV =Vn=V
u p g £10 uA IN cc
Io Output Leakage Current 0.45V = Vour < Ve
Ve Clock Input Low Voltage -0.5 +0.6 y
Veu Clock Input High Voltage 3.9 Vee+1.0
Cn Capacitance of Input Buffer

(All input e)@%pt

ADo—AD:s, RQ/GT) - 15 [pF  [fo=1MHz
Co Capacitance of I/0 Buffer

(ADg—AD;5, RQ/GT)

*) Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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A.C. Characteristics for SAB 8086/8086-2

SAB 8086: T = 010 70°C, Ve =5V = 10%
SAB 8086-2: T = 0to 70°C, Vec = 5V £ 6%

Minimum Complexity System (Figures 8, 9, 12, 15)
Timing Requirements

Limit Values
Symbol | Parameter SAB 8086 SAB8086-2 | Units| (oSt
Min. Max. Min. Max.
TCLCL CLK Cycle Period
SAB 8086 200 500 125 500 _
TCLCH | CLK Low Time 118 68
TCHCL CLK High Time 69 44
TCH1CH2 | CLK Rise Time 10 10 From1.0to 3.5V
TCL2CL1 | CLK Fall Time From3.5t01.0V
TDVCL Data in Setup Time 30 20
TCLDX Data in Hold Time 10 10 ns
TR1VCL | RDY Setup Time into 35 35
SAB8284A ') ?)
TCLR1X |RDY Hold Time into 0 0
SAB 8284A ") ?) - - -
TRYHCH | READY Setup Timeinto |118 68
SAB 8086
TCHRYX | READY Hold Time into 30 20
SAB 8086
TRYLCL |READY Inactive to CLK?) | -8 -8
THVCH | HOLD Setup Time 35 20
TINVCH | INTR, NMI, TEST 30 15
Setup Time ?)
TILIH Input Rise Time 20 20 From0.8t0 2.0V
(Except CLK)
TIHIL Input Fall Time 12 12 From 2.0t0 0.8V
(Except CLK)

') Signal at SAB 8284A shown for reference only.

2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3) Applies only to T, state. (8 ns into Ts)
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Timing Responses

Limit Values
Symbol |Parameter SAB 8086 SABBO862  |Units |oot jiions
Min. Max. |Min. Max.
TCLAV Address Valid Delay 10 110 10 60
TCLAX Address Hold Time - -
TCLAZ Address Float Delay TCLAX 80 TCLAX 50
TLHLL ALE Width TCLCH-20 - TCLCH-10 -
TCLLH ALE Active Delay 80 50
TCHLL ALE Inactive Delay 85 55
TLLAX Address Hold Time to TCHCL-10 - TCHCL-10 -
ALE Inactive
TCLDV Data Valid Delay 110 60 C_ = 20-100 pF
10 10 for all SAB 8086
TCHDX |Data Hold Time Outputs
- - ns (In addition to
TWHDX [Data Hold Time After WR |TCLCH—-30 TCLCH-30 SAB 8086
self-load)
TCVCTV |Control Active Delay 1 70
TCHCTV |Control Active Delay 2 10 110 |10 60
TCVCTX [Control Inactive Delay 70
TAZRL  |Address Float to 0 - 0 -
READ Active
TCLRL RD Active Delay 165 100
10 10
TCLRH  |RD Inactive Delay 150 80
TRHAV  |RD Inactive to Next TCLCL-45 - TCLCL-40 -
Address Active
TCLHAV |HLDA Valid Delay 10 160 |10 100
TRLRH RD Width 2TCLCL-75 2TCLCL-50
TWLWH |WR Width 2TCLCL-60 |- 2TCLCL-40 |-
TAVAL Address Valid to ALE Low [TCLCH—-60 TCLCH-40
TOLOH Output Rise Time 20 20 From0.8t02.0V
TOHOL Output Fall Time 12 12 From2.0t0 0.8V
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Max Mode System (Using SAB 8288 Bus Controller) (Figures 10—14)
Timing Requirements

Limit Values
Symbol | Parameter SAB 8086 SAB8086-2  |Units | ooty o
Min. Max Min. Max
TCLCL CLK Cycle Period
SAB 8086 200 500 125 500
TCLCH | CLK Low Time 118 68 -
TCHCL CLK High Time 69 a4
TCH1CH2 | CLK Rise Time 10 10 From1.0t0 3.5V
TCL2CL1 | CLK Fall Time From 3.5t01.0V
TDVCL Data In Setup Time 30 20
TCLDX Data In Hold Time 10 10 ns
TR1VCL | RDY Setup Time into 35 35
SAB 8284A ') ?)
TCLR1X |RDY Hold Time into 0 0
SAB 8284A ") ?) - - -
TRYHCH | READY Setup Time into | 118 68
SAB-8086
TCHRYX | READY Hold Time into 30 20
SAB 8086
TRYLCL |[READY Inactiveto CLK*?) | -8 -8
TINVCH | Setup Time for
Recognition
(INTR, NMI, TEST) %) 30 15
TGVCH |RQ/GT Setup Time
TCHGX |RQHold Time into 40 30
SAB 8086
TILIH Input Rise Time 20 20 From 0.8t0 2.0V
(Except CLK)
TIHIL Input Fall Time 12 12 From2.0t0 0.8V
(Except CLK)

') Signal at SAB 8284A or SAB 8288 shown for reference only.
?) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
%) Applies only to T; and wait states.
%) Applies only tq T, state (8 ns into Ta).
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Timing Responses

Limit Values

Symbol | Parameter SAB 8086 SAB 8086-2 Units | (858 e
Min. Max. | Min. Max
TCLML Command Active Delay ')
10 35 10 35
TCLMH | Command Inactive Delay ')
TRYHSH [ READY Active to - - 65
Status Passive %) 110
TCHSV Status Active Delay 60
TCLSH Status Inactive Delay 10 130 10 70
TCLAV Address Valid Delay 110 60
C, = 20-100 pF
TCLAX Address Hold Time - - for all SAB 8086
Outputs
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns (In addition to
SAB 8086
TSVLH Status Valid to ALE High ") self-load)
TSVMCH | Status Valid to
MCE High ") - 20 - 20
TCLLH CLK Low to ALE Valid ")
TCLMCH | CLK Low to MCE High ")
TCHLL ALE Inactive Delay ') 4 15 4 5
TCLDV Data Valid Delay 110 60
10 10
TCHDX Data Hold Time - -
TCVNV | Control Active Delay ') 5 5
45 45
TCVNX | Control Inactive Delay ') | 10 10

') Signal at SAB 8284A or SAB 8288 shown for reference only.
2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3) Applies only to Ty and wait states.

%) Applies only to T, state (8 ns into Tj).
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Limit Values
Symbol |Parameter SAB 8086 SAB 8086-2 Units C%sr:dmons
Min. Max. [ Min. Max.
TAZRL Address Float to 0 - 0 -
READ Active
TCLRL | RD Active Delay 165 100
10 10
TCLRH  [RD Inactive Delay 150 80
TRHAV | RD Inactive to Next TCLCL-45 - TCLCL-40 -
Address Active CL = 20-100 pF
for all SAB 8086
TCHDTL | Direction Control 50 50 Outputs
Active Delay ) ns |(In addition to
- - SAB 8086
TCHDTH Dll’eCthﬂ Control 30 30 self-load)
Illdbllvﬁ U!‘Jldy )
TCLGL | GT Active Delay
0 85 0 50
TCLGH | GT Inactive Delay
TRLRH RD Width 2TCLCL-75 - 2TCLCL-50 |-
TOLOH | Output Rise Time 20 20 From 0.8t0 2.0V
TOHOL | Output Fall Time 12 12 From 2.0t0 0.8V

') Signal at SAB 8284A or SAB 8288 shown for reference only.
) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3) Applies only to T; and wait states.
%) Applies only to T, state (8 ns into Ts).

186



SAB 8086

A.C. Characteristics for SAB 8086-1
Ta=01t0 70°C, Vec = 5V + 5%

Minimum Complexity System (Figures 8, 9, 12, 15)
Timing Requirements (Preliminary)

Limit Values ) Test

Symbol Parameter - Units | conditions

Min. Max.
TCLCL CLKCycle Period 100 500
TCLCH CLK Low Time 53 -
TCHCL CLK High Time 39 B
TCH1CH2 |[CLKRise Time _ 10 From 1.0 to 3.5V
TCL1CL2 CLK Fall Time From 3.5 to 1.0V
TDVCL Data in Setup Time 5
TCLDX Data in Hold Time 10
TR1VCL RDY Setup Time into SAB 8284A")?) 35 ns
TCLR1X RDY Hold Time into SAB 8284A")?) 0
TRYHCH READY Setup Time into SAB 8086 53 - -
TCHRYX | READY Hold Time into SAB 8086 20
TRYLCL READY Inactive to CLK®) -10
THVCH HOLD Setup Time 20
TINVCH INTR, NMI, TEST Setup Time ?) 15
TILIH Input Rise Time (Except CLK) _ 20 From 0.8 to 2.0V
TILHIL Input Fall Time (Except CLK) 12 From 2.0 to 0.8V

') Signal at SAB 8284A shown for reference only.
2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3) Applies only to T, state. (8 ns into T3)
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Timing Responses SAB 8086-1 (Preliminary)

Limit Values Test
Symbol Parameter Units Conditions
Min Max.

TCLAV Address Valid Delay 50
TCLAX Address Hold Time 10 -
TCLAZ Address Float Delay 40
TLHLL ALE Width TCLCH-10 -
TCLLH ALE Active Delay 40
TCHLL ALE Inactive Delay 45
TLLAX Address Hold Time to ALE Inactive TCHCL-10 -
TCLDV Data Vaiid Delay 10 50
TCHDX Data Hold Time
TWHDX Data Hold Time After WR TCLCH-25
TCVCTX Control Active Delay 1 50 C_ = 20-100 pF

ns for all SAB 8086
TCHCTV Control Active Delay 2 10 45 Outputs

(In addition to
TCVCTX Control Inactive Delay 50 SAB 8086
self-load)

TAZRL Address Float to READ Active 0 -
TCLRL RD Active Delay 10 70
TCLRH RD Inactive Delay 60
TRHAV RD Inactive to Next Address Active TCLCL-35 -
TCLHAV HLDA Valid Delay 10 60
TRLRH RD Width 2TCLCL-40
TWLWH WR Width 2TCLCL-35 -
TAVAL Address Valid to ALE Low TCLCH-35
TOLOH Output Rise Time 20 From 0.8 to 2.0V
TOHOL Output Fall Time 12 From 2.0 to 0.8V
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Max Mode System (Using SAB 8288 Bus Controller) (Figures 10-14)
Timing Requirements SAB 8086-1 (Preliminary)

Limit Values

Symbol Parameter - Units -Crgsr‘\tditions
Min. Max.

TCLCL CLK Cycle Period 100 500
TCLCH CLK Low Time 53 B -
TCHCL CLK High Time 39
TCH1CH2 | CLKRise Time B 10 From 1.0to 3.5V
TCL2CL1 CLK Fall Time From 3.5 to 1.0V
TDVCL Data In Setup Time 5
TCLDX Data In Hold Time 10
TR1VCL RDY Setup Time into SAB 8284A')?) 35
TCLR1X RDY Hold Time into SAB 8284A')?) 0 ns
TRYHCH READY Setup Time into SAB 8086 53
TCHRYX READY Hold Time into SAB 8086 20
TRYLCL READY Inactive to CLK?) -10
TINVCH Setup Time for Recognition 15

(INTR, NMI, TEST)?)
TGVCH RQ/GT Setup Time 12
TCHGX RQ Hold Time into SAB 8086 20
TILIH Input Rise Time (Except CLK) 20 From 0.8 to 2.0V
TIHIL Input Fall Time (Except CLK) 12 From 2.0 to 0.8V

') Signal at SAB 8284A or SAB 8288 shown for reference only.

2) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3) Applies only to T, state (8 ns into Tj).
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Timing Responses SAB 8086-1 (Preliminary)

Limit Values Test
Symbol Parameter Units | conditions
Min Max.
TCLML Command Active Delay')
10 35
TCLMH Command Inactive Delay')
TRYHSH READY Active to Status Passive?) - 45
TCHSV Status Active Delay
TCLSH Status Inactive Delay 55
TCLAV Address Valid Delay 10 50
TCLAX Address Hold Time - C_=20-100pF
for all SAB 8086
1CLAL Address Float Delay 40 Outputs
(In addition to
TSVLH Status Valid to ALE High') ns SAB 8086
self-load)
TSVMCH Status Valid to MCE High')
- 20
TCLLH CLK Low to ALE Valid')
TCLMCH CLK Low to MCE High')
TCHLL ALE Inactive Delay') 4 15
TCLDV Data Valid Delay 10 50
TCHDX Data Hold Time -
TCVNV Control Active Delay") 5 a5
TCVNX Control Inactive Delay') 10

') Signal at SAB 8284A or SAB8288 shown for reference only.
2) Applies only to T, and wait states.
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Timing Responses SAB 8086-1 (continued)

(Preliminary)

Limit Values

Symbol Parameter Units Egsntditions
Min Max.
TAZRL Address Float to READ Active 0 -
TCLRL RD Active Delay 10 70
TCLRH RD Inactive Delay 60
TRHAV RD Inactive to Next Address Active TCLCL-35 -
TCHDTL Direction Control Active Delay’) 50 C_. = 20-100 pF
- for all SAB 8086
TCHDTH Direction Control Inactive Delay') 30 ns Outputs
— (In addition to
TCLGL GT Active Delay SAB 8086
: — 0 45 self-load)
TCLGH GT Inactive Delay
TRLRH RD Width 2TCLCL-40 -
TOLOH Output Rise Time 20 From 0.8 to 2.0V
TOHOL Output Fall Time 12 From 2.0 to 0.8V

') Signal at SAB 8284A or SAB 8288 shown for reference only.
2) Applies only to T3 and wait states.
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Figure 8. Bus Timing — Minimum Mode System
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Figure 9. SAB 8086 Bus Timing — Minimum Mode System (cont’'d)
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') All signals switch between Vo, and Vo, unless otherwise specified.

%) RDY is sampled near the end of T, T3, T, to determine if T,, machines states are to be-inserted.

3) Two INTA cycles run back to back. The SAB 8086 local ADDR/DATA Bus is floating during both INTA
cycles. Control signals shown for second INTA cycle.

4) Signals at SAB 8284A are shown for reference only.

®) Alltiming measurements are made at 1.5V unless otherwise noted.
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Figure 10. SAB 8086 Bus Timing — Maximum Mode System (Using SAB 8288)
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Figure 11. SAB 8086 Bus Timing — Maximum Mode System (Using SAB 8288) (cont.)
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') All Signals switch between Vo, and Vo, unless otherwise specified.

2) RDY is sampled near the end of T,, T;, T,, to determine if T,, machines states are to be inserted.

Cascade address is valid between first and second INTA cycle.

4) Two INTA cycles run back-to-back. The SAB 8086 local ADDR/DATA Bus is floatmg during both INTA
cycles. Control for pointer address is shown for second INTA cycle.

5) Signals at SAB 8284A or SAB 8288 are shown for reference only.

%) The issuance of the SAB 8288 command and control signals (MRDC, MWTC, AMWC, IORC,
TOWC, AIOWC, INTA and DEN) lags the active HIGH SAB 8288 DEN.

7) All timing measurements are made at 1.5V unless otherwise noted.

Status inactive in state just prior to T,.

195



SAB 8086

Figure 12. Asynchronous Signal Recognition
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') Setup requirements for asynchronous signals only to guarantee recognition at next CLK

Figure 13. Bus Lock Signal Timing (Maximum Mode Only)
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Figure 14. Request/Grant Sequence Timing (Maximum Mode Only)
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Figure 15. Hold/Hold Acknowledge Timing (Minimum Mode Only)
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SAB 8088
8-Bit Microprocessor

SAB 8088 5 MHz SAB 8088-2 8 MHz
o 8 Bit Data Bus Interface ® 24 Operand Addressing Modes
® 16 Bit Internal Architecture ® 8-Bit and 16-Bit Signed and Unsigned Arithmetic
® Direct Addressing Capability to in Binary or Decimal, Including Multiply
1 MByte of Memory and Divide
® Software Compatible with SAB 8086 ® Two Clock Rates:
® 14-Word by 16-Bit Register Set with 5 MHz for SAB 8088

8 MHz for SAB 8088-2
@ Compatible with Industry Standard 8088

Symetrical Operations
® Byte, Word, and Block Operations

Pin Configuration Pin Names
M MA:({WVI 5D0-7 Address/Data
MODE L MODE S0-2 Status
ool ~ v ICI\S'(R Icnlterl:upt Reguest
oc
%
:3:2 s QS0-1 Queue Status
ey B[] Awis3 TEST Test for Busy
a2 (e 31 [ Jammss READY Ready
an(]s 36 [ ] ABISS RESEL Chip Reset
a6 35 ] amIss MN/MX Minimum/Maximum Mode
=g e Ra/GTo Reauesi/G
a8 33 F7mumx - equest/Grant
WEQ T [OCK Bus Lock
H 2R 10/M 10/Memory
A0s 10 A8 31[JHOLD  (RQ/GTO) A8-19 Address
A0S [0 8088 30 [Jwioa  (REGTH S3-6 Status
20612 W (0K SS0 Status (= S0)
AD3 ()13 BJof (5D HOLD Hold
2027 »Doe € H_LDA Ho!d Acknowiedge
w10 w0 & WR_ Write
L'd i ! DT/R Bus Driver Transmit/Receive
Abo Ly BEIAE1as0 DEN Bus Driver Enable
i (] CLIINTA qasy ALE Address Latch Enable
TR ] TEST INTA Interrupt Acknowledge
K [ READY NMI Non-maskable Interrupt
vCcC +5Volt
ane [ RESET
GND Ground
SAB 8088 is a high-performance 8-bit micro- handling, 16-bit arithmetic with multiply and divide
processor implemented in + 5 volts, advanced it significantly increases system performance.
Siemens MYMOS technology, packaged in a40-pin  Itis highly suited for multiprocessor applications in
package. It is 100 percent compatible with the various configurations.

industry standard 8088. With features like string

AG 12/84
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Pin Definitions and Functions

The following pin function descriptions are for the direct multiplexed bus interface connection
SAB 8088 systems in either minimum or maximum  to the SAB 8088 (without regard to additional
mode. The “local bus” in these descriptions is bus buffers).

Symbol Number ICI;L‘J)tuth(tI)(O) Function

AD7-ADO 9-16 1/0 ADDRESS DATA BUS: These lines constitute the time multi-

plexed memory I/0 address (T1) and data (T2, T3, Tw, and T4)
bus. Theselines are active HIGH and float to 3-state OFF during
interrupt acknowledge and local bus “hold acknowledge''.

A15—-A8

39,2-8

ADDRESS BUS: These lines provide address bits 8 through 15
for the entire bus cycle (T1-T4). These lines do not have to be
latched by ALE to remain valid. A15—A8 are active HIGH and
floatto 3-state OFF during interrupt acknowledge and local bus
"hold acknowledae”".

A19/86, A18/S5,
A17/S4,A16/S3

34-38

ADRESS/STATUS: During T1, these are the four most signi-
ficant address lines for memory operations. During 1/0
operations, these lines are LOW. During memory and 1/0
operations, status information is available on these lines
during T2, T3, Tw and T4. S6 is always low. The status of the
interrupt enable flag bit (S5) is updated at the beginning of
each clock cycle. S4 and S3 are encoded as shown.

sS4 S3 Characteristics

Alternate Data
Stack

Code or None
Data

— =00
—~O0O=0

This information indicates which segment register is presently
being used for data accessing.

These lines float to 3-state OFF during local bus “"hold
acknowledge”’.

32

READ: Read strobe indicates that the processor is performing
a memory or I/0 read cycle, depending on the state of the
10/M pin or S2. This signal is used to read devices which reside
on the SAB 8088 local bus. RD is active LOW during T2, T3 and
Tw of any read cycle, and is guaranteed to remain HIGH in T2
until the SAB 8088 local bus has floated.

This signal floats to 3-state OFF in “hold acknowledge”'.

READY

22

READY: is the acknowledgement from the addressed memory
or /0 device that it will complete the data transfer. The RDY
signal from memory or 1/0 is synchronized by the SAB 8284A/
8284B clock generator to form READY. This signal is active
HIGH. The SAB 8088 READY input is not synchronized. Correct
operation is not guaranteed if the set up and hold times are not
met.

INTR

18

INTERRUPT REQUEST: is a level triggered input which is
sampled during the last clock cycle of each instruction to
determine if the processor should enter into an interrupt
acknowledge operation. A subroutine is vectored to via an
interrupt vector lookup table located in system memory. It can
be internally masked by software resetting the interrupt enable
bit. INTR is internally synchronized. This signal is active HIGH.
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Pin Definitions and Functions (continued)

Symbol

Number

Input (1)
Output (O)

Function

-
mj
put

23

TEST: inputis examined by the “wait for test” instruction. Ifthe
TEST input is LOW, execution continues, otherwise the
processor waits in an “idle" state. This input is synchronized
internally during each clock cycle on the leading edge of CLK.

NMI

NON-MASKABLE INTERRUPT: is an edge triggered input
which causes atype 2 interrupt. A subroutine is vectored to via
interrupt vector lookup table located in system memory.

NMI is not maskable internally by software. A transition

from a LOW to HIGH initiates the interrupt at the end of the
current instruction. This input is internally synchronized.

RESET

21

RESET: causes the processor to immediately terminate its
present activity. The signal must be active HIGH for at least
four clock cycles. It restarts execution, as described in the
instruction set description, when RESET returns LOW.
RESET is internally synchronized.

CLK

19

CLOCK: provides the basic timing for the processor and bus
controller. It is asymmetric with a 33% duty cycle to provide
optimized internal timing.

vCC

POWER SUPPLY (+5V)

GND

GROUND (0V)

MN/MX

MINIMUM/MAXIMUM: indicates what mode the processor
is to operate in. The two modes are discussed in the following
sections.

The following pin function descriptions are for the minimum mode are described; all other pin
SAB 8088 minimum mode (i.e. MN/MX = VCC). functions are as described above.

Only the pin functions which are unique to

10/M

28

(0]

STATUS LINE: is an inverted maximum mode S2. It is used to
distinguish a memory access from an /0 access. |0/M
becomes valid in the T4 preceding a bus cycle and remains
valid until the final T4 of the cycle (I/0O = HIGH, M = LOW).
10/M floats to 3-state OFF in local bus ""hold acknowledge’".

29

WRITE: strobe indicates that the processor is performing

a write memory orwrite I/0 cycle depending onthe state of the
10/M signal. WR is active for T2, T3, and Tw of any write cycle.
Itis active LOW, and floats to 3-state OFF in local bus “hold
acknowledge”.

24

INTA: is used as a read strobe for interrupt acknowledge
cycles. Itis active LOW during T2, T3, and Tw of each interrupt
acknowledge cycle.
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Pin Definitions and Functions (continued)

Symbol

Number

Input (1)
Output (O)

Function

ALE

25

0

ADDRESS LLATCH ENABLE: is provided by the processor to
latch the address into the SAB 8282 /8282A/8283/8283A
address latch. It is a HIGH pulse active during clock low of
T1of any bus cycle. Note that ALE i1s never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system
that desires to use an SAB 8286/8286A/8287/8287A data bus
transceiver. It is used to control the direction of data flow
through the transceiver. Logically, DT/R is equivalent to S’

in the maximum made andite timing ic the camc a5 for 1C/M
(T = HIGH, R = LOW). This signal floats to 3-state OFF in
local “’hold acknowledge”.

|

O
m|
Z!

26

DATA ENABLE: is provided as an output enable for the

SAB 8286/8286A/ 8287/8287A in a minimum system which
uses the transceiver. DEN is active LOW during each memory
and /O access, and forINTA cycles. Foraread or INTAcycle, it
is active from the middle of T2 until the middle of T4, while
for a write cycle, it is active from the beginning of T2 until the
middie of T4. DEN floats to 3-state OFF during local bus
"hold acknowledge”'.

HOLD, HLDA

31,30

170

HOLD: indicates that another master is requesting a local bus
“hold"”. To be acknowledged, HOLD must be active HIGH.
The processor receiving the “’hold’ request will issue HLDA
(HIGH) as an acknowledgement, in the middle of a T4 or T1
clock cycle. Simultaneous with the issuance of HLDA the
processor will float the local bus and control lines. After HOLD
is detected as being LOW, the processor lowers HLDA, and
when the processor needs to run another cycle, it will again
drive the local bus and control lines.

Hold is not an asynchronous input. External synchronization
should be provided if the system cannot otherwise guarantee
the set up time.

34

STATUS LINE: is logically equivalent to SO in the maximum
mode. The combination of SSO, 10/M and DT/R allows the
system to completely decode the current bus cycle status.

I0/M |DT/R

(%)
O

Characteristics

Interrupt Acknowledge
Read I/0 Port

Write I/0 Port

Halt

Code access

Read memory

Write memory

Passive

S ORO0O=20=20 | U

OO0 = = =
[N Yo P . Ve )
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Pin Definitions and Functions (continued)

The following pin function descriptions are for the are unique to maximum mode are described.
SAB 8088/8288 system in maximum mode (i.e. All other pin functions are as described above.
MN/MX  GND). Only the pin functions which

Symbol Number

Input (1)
Output (O)

Function

S2,51,80 28 26

o]

STATUS: is active during clock high of T4, T1, and T2, and is
returned to the passive state (1,1,1) during T3 or during Tw
when READY is HIGH. This status is used by the

SAB 8288/8288A bus controller to generate all memory and
1/0 access control signals. Any change by S2, S1, or SO during
T4 is used to indicate the beginning of a bus cycle, and the
return to the passive state in T3 or Tw is used to indicate the
end of a bus cycle.

These signals float to 3-state OFF during “hold acknowledge"'.
During the first clock cycle after RESET becomes active,
these signals are active HIGH. After this first clock, they float
to 3-state OFF.

eyl
i
i
(=}

Characteristics

Interrupt Acknowledge
Read 1/0 Port

Write 1/0 Port

Halt

Code access

Read memory

Write memory

Passive

S a0 000 | W

0000 | W

I N BN SN )

RQ/GTO 31
RQ/GT1 30

1710
110

REQUEST/GRANT: pins are used by other local bus masters
to force the processor to release the local bus at the end of the
processor’s current bus cycle. Each pin is bidirectional with
RQ/GTO having higher priority than RQ/GT1. RQ/GT has an
internal pull-up resistor so may be left unconnected. The

request/grant sequence is as follows (See page 28):

1. A pulse of one CLK wide from another local bus master
indicates a local bus request (’hold"’) to the SAB 8088
(pulse 1).

2. During a T4 or T1 clock cycle, a pulse one clock wide from
the SAB 8088 to the requesting master (pulse 2), indicates
that the SAB 8088 has allowed the local bus to float and that
it will enter the ““hold acknowledge"’ state at the next CLK.
The CPU’s bus interface unit is disconnected logically from
the local bus during “"hold acknowledge”. The same rules
as for HOLD/HOLDA apply as for when the bus is released.

3. A pulse one CLK wide from the requesting master indicates
to the SAB 8088 (pulse 3) that the “hold” request is
about to end and that the SAB 8088 can reclaim the local
bus at the next CLK. The CPU then enters T4.

Each master-master exchange of the local bus is a sequence of
three pulses. There must be one idle CLK cycle after each bus
exchange. Pulses are active LOW.
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Pin Definitions and Functions (continued)

Symbol Number g&lg&)(o) Function

If the request is made while the CPU is performing a memory
cycle, itwill release the local bus during T4 of the cycle when all
the following conditions are met:

1. Request occurs on or before T2.

2. Current cycle is not the low byte of a word.

3. Current cycle is not the first acknowledge of an interrupt
acknowledge sequence.

4. Alocked instruction is not currently executing.

If the local bus is idle when the reauest is made the two
possible events will follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four
rules for a currently active memory cycle apply with
condition number 1 already satisfied.

LOCK 29 0O LOCK: indicates that other system bus masters are not to gain
control of the system bus while LOCK is active (LOW). The
LOCK signal is activated by the "LOCK"" prefix instruction and
remains active until the completion of the next instruction.
This signal is active LOW, and floats to 3-state off in "hold
acknowledge”.

QS1,Qso 24,25 (e} QUEUE STATUS: provide status to allow external tracking of
the internal SAB 8088 instruction queue.

The queue status is valid during the CLK cycle after which the
queue operation is performed.

Qs1 Qso Characteristics

No operation

First Byte of opcode from queue
Empty the queue

Subsequent byte from queue

Sas00
-0 -0

- 34 e} Pin 34 is always high in the maximum mode.
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Block Diagram
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Functional Description

Memory Organization

The processor provides a 20-bit address to memory
which locates the byte being referenced. The
memory is organized as a linear array of up to

1 million bytes, addressed as 00000(H) to FFFFF(H).
The memory is logically divided into code, data,
extra data, and stack segments of up to 64 Kbytes
each, with each segment falling on 16-byte
boundaries.

All memory references are made relative to base
addresses contained in high speed segment
registers. The segment types were chosen based
on the addressing needs of programs. The segment
register to be selected is automatically chosen
according to the rules of the following table. All
information i une seygiment type share the same

- logical attributes (e.g. code or data). By structuring
memory into relocatable areas of similar characte-
ristics and by automatically selecting segment
registers, programs are shorter, faster, and more
structured.

Word (16-bit) operands can be located on even or
odd address boundaries. For address and data
operands, the least significant byte of the word is
stored in the lower valued address location and the
most significant byte in the next higher address
location. The BIU will automatically execute two
fetch or write cycles for 16-bit operands.

Certain locations in memory are reserved for
specific CPU operations. Locations from addresses
FFFFOH trough FFFFFH are reserved for operations
including a jump to the initial system initialization
routine. Following RESET, the CPU will always
begin execution at location FFFFOH where the
jump must be located. Locations 00000H through
003FFH are reserved for interrupt operations. Four-
Syte pointsis consisiing uia 16-bitsegmentaadress
and a 16-bit offset address direct program flow to
one of the 256 possibie interrupt service routines.
The pointer elements are assumed to have been
stored at their respective places in reserved
memory prior to the occurrence of interrupts.

Memory Organization

| FFFFFH

]

\
Code Segment

-—suaﬂ

XXXXOH
Ed :f«'

]

i
|

}Slack Segment

J

+0Offset

Segment Register File
CS

SS

5
Y

4

Data Segment

SN——.

DS
ES

N
\
> Extra Data Segment
\
J

T a0000H
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Minimum and Maximum Modes

The requirements for supporting minimum and
maximum SAB 8088 systems are sufficiently
different that they cannot be done efficiently with
40 uniquely defined pins. Consequently, the

SAB 8088 1s equipped with a strap pin (MN/MX)
which defines the system configuration.

The definition of a certain subset of the pins changes,

dependent on the condition of the strap pin.

When the MN/MX pin is strapped to GND, the

SAB 8088 defines pins 24 through 31 and 34 in
maximum mode. When the MN/MX pin 1s strapped
to VCC, the SAB 8088 generates bus control signals
itself on pins 24 through 31 and 34.

The minimum mode SAB 8088 can be used with
either a multiplexed or demultiplexed bus. The
multiplexed bus configuration is compatible with
the SAB 8085A multiplexed bus peripherals

(e.g. SAB 8155) and provides the user with a
minimum chip count system. This architecture
provides the 8088 processing power in a highly
integrated form.

The demultiplexed mode requires one latch (for
64K addressability) or two latches (for a full
megabyte of addressing). A third latch can be used
for buffering if the address bus loading requires it
An SAB 8286/8286A or SAB 8287/8287A trans-
ceiver can also be used if data bus buffering is
required. The SAB 8088 provides DEN and DT/R

to control the transceiver, and ALE to latch the
addresses. This configuration of the minimum
mode provides the standard demultiplexed bus
structure with heavy bus buffering and relaxed bus
timing requirements.

The maximum mode employs the SAB 8288/8288A
bus controller. The SAB 8288/8288A decodes status
lines SO, ST, and S2, and provides the system with
all bus control signals. Moving the bus control

to the SAB 8288/8288A provides better source and
sink current capability to the control lines, and
frees the SAB 8088 pins for extended large system
features. Hardware lock, queue status, and two
request/grant interfaces are provided by the

SAB 8088 in maximum mode. These features allow
co-processors in local bus and remote bus
configurations.

Bus Operation

The SAB 8088 address/data bus is broken into three
parts — the lower eight address/data bits (AD0-AD7),
the mudle eight address bits (A8-A15), and the
upper four address bits (A16-A19). The address/
data bits and the highest four address bits are

time multiplexed. This technique provides the most
efficient use of pins on the processor, permitting
the use of a standard 40 lead package. The middle
eight address bits are not multiplexed, 1.e. they
remainvalid through hout each bus cycle. In addition,
the bus can be demultiplexed at the processor with
asingle address latch if a standard, non-multiplexed
bus is desired for the system.

Each processor bus cycle consists of at least four
CLKcycles. These arereferredtoas T1,T2, T3and T4.
The address is emitted from the

processor during T1and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for
changing the direction of the bus during read
operations. In the event that a "NOT READY"”
indication 1s given by the addressed device, “wait"’
states (Tw) are inserted between T3 and T4. Each
inserted “'wait’’ state is of the same duration as a
CLK cycle. Periods can occur between SAB 8088
driven bus cycles. These are referred to as

“idle” states (Ti), or inactive CLK cycles. The
processor uses these cycles for internal
housekeeping.

During T1 of any bus cycle, the ALE (address latch
enable) signal is emitted (by either the processor
or the SAB 8288/8288A bus controller, depending
on the MN/MX strap). At the trailing edge of this
pulse, a valid address and certain status information
for the cycle may be latched.
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Basic System Timing
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Status bits S0, ST, and S2 are used by the bus
controller, in maximum mode, to identify the type

of bus transaction according to the following table:

S2 S1 | S0 | Characteristics

0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read I/0

0 1 0 | Writel/O

0 1 1 Halt

1 (HIGH) 0 0 Instruction Fetch

1 0 1 Read Data from Memory
1 1 0 Write Data to Memory

1 1 1 Passive (no bus cycle)

Status bits S3 through S6 are multiplexed with high-

order address bits and are therefore valid during
T2 through T4. S3 and S4 indicate which segment
register was used for this bus cycle in forming the
address according to the following table:

S4 S3 Characteristics

0 (LOW) 0 Alternate Data
(extra segment)

0 1 Stack

1 (HIGH) 0 Code or None

1 1 Data

S5 is a reflection of the PSW interrupt enable bit.
S6 is always equal to 0.

1/0 Addressing

In the SAB 8088, |/O operations can address up to
a maximum of 64K I/0 registers. The I/0 address
appears in the same format as the memory address
on bus lines A15--A0. The address lines A19-A16
are zero in |/O operations. The variable 1/0
instructions, which use register DX as a pointer
have full address capability, while the direct [/0
instructions directly address one or two of the

256 1/0 byte locations in page 0 of the I/0 address
space. I/0 ports are addressed in the same manner
as memory locations.

Designers familiar with the SAB 8085 or upgrading
an SAB 8085 design should note that the SAB 8085
addresses I/0 with an 8-bit address on both halves
of the 16-bit address bus. The SAB 8088 uses a

full 16-bit address on its lower 16 address lines.

System Components

Support Circuits

SAB 8282/8282A Octal Latch

SAB 8283/8283A Octal Latch (Inverting)

SAB 8284A/8284B Clock Generator and Driver

SAB 8286/8286A Octal Bus Transceiver

SAB 8287/8287A Octal Bus Transceiver (Inverting)
SAB 8288/8288A Bus Controller

SAB 8289 Bus Arbiter
SAB 8259A Programmable Interrupt Controller
Typical Applications

The SAB 8088 is a general purpose 8-bit micro-
processor which can be used for applications
ranging from process control to data processing.
On page 12 are shown typical system
configurations for SAB 8088 familiy components.
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DATA TRANSFER
MOV = Move

Register / memory to / from register
Immediate to register/memory
Immediate to register

Memory to accumulator

Accumulator to memory
Register/memory to segment register

Segment register to register/memory

PUSH = Push:
Register/memory
Register

Segment register

POP = Pop:
Register/memory
Register

Segment register

XCHG = Exchange:
Register/memory with register

Register with accumulator

N = Input from:
Fixed port

Variable port

76543210 76543210 76543210 76543210

-—

l100011w|m060001/ml data I data f w=1

|1011wreg data

Ldala fw=1

[1010000w] addriow [ adarhigh

[for0001w

—

addr-low ] addr-high ]

10001110 |modOregr/m

10001100 [modOregr/m

11111111 |mod110¢/m
01010 reg

000reg110

1]

10001111 [Mmod00C/m
01011 teg

000reg111

£

10010 reg

1110010w port

OUT = Output to:

Fixed port

Vanable port

XLAT = Translate byte to AL
LEA = Load EA to regster
LDS = Load pointer to DS
LES - Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF =Pop flags

ARITHMETIC
ADD - Add.

Reg /memorv with register to either
Immediate to reqister/memory

Immediate to accumulator

ADC = Add with carry
Reg /memory with register to either
Immediate to register/memory

Immediate to accumulator

INC = Increment.
Register/memory

Register

AAA - ASCIi adjust for add

DAA - Decimal adjust for add

76543210 76543210 76543210 76543210

1110011w|  port !

11101 w

k

11010111
L

—

10001101 modrege/m |

— -

N 1
1100010 imodreg r/m

11000100 {mod regr/m

Nooriiisl
|1001|1T1l
| —

=
f10011110 |

d

|1001i100

t10011101

1000000dw|modreqr/m

H

OOUOOSwImodOOOva} data

data !da!a»‘w 1 ]

idata s w-01]
!

00001(\w[

=

000100dw | modreg r/m

T T
{160000sw|{mod010/m|  data dataifs w 01
[ | |
icoovaxz)w| data Ldalanlw 1 ]

111111 11w|{mod000/m
01000reg
00110111 |

00100111

UHHH

Alewwing 39S uonanasu|

8808 VS
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SUB - Subtract:
Reg /memory and register to erither
Immediate from register/memory

Immediate from accumulator

SBB - Subtract with borrow
Reg /memory and register to either
Immediate from register/memory

Immediate from accumulator

DEC - Decrement:
Register/memory
Register

NEG - Change sign

CMP  Compare:
Register/memory and register
Immediate with register/memory
Immediate with accumulator
AAS - ASCIl adjust for subtract
DAS - Decimal adjust for subtract
MUL - Multiply (unsigned)
IMUL - Integer multiply (signed)
AAM - ASCIl adjust for multiply
DIV = Divide (unsigned)

IDIV = Integer divide (signed)
AAD = ASCl, adjust for divide
CBW - Convert byte to word

CWD - Convert word to double word

76543210 76543210 76543210 76543210

[ 1000005w| mod 101 r/ml data ldata if s:w=01
[0010110wl data l datafw=1 ]

000110dw

mod reg r/m

[100000$w1 mod 01 1r/ml

data —[da(a if s:w=01

rooonmwl data

| data f w=1 l

76543210 76543210 76543210 76543210

01001reg

s z
g E3
i i
3 3
Q a
=) o
- o
El El

001110dw| modregr/m

1100000$w] mod111r/ml data

Idala it 5:w=01

LOGIC

NOT = Invert

SHL/SAL = Shift fogical/anthmetic left
SHR = Shift logical nght

SAR = Shift anthmetic nght

ROL = Rotate left

ROR = Rotate nght

RCL = Rotate through carry flag left

RCR = Rotate through carry night

AND = And:
Reg/memory and register to either
Immediate to register/memory

Immedate to accumulator

TEST = And function to flags, no result

Register/memory and register

—=

|0011110w

data [ datafw=1 I

00111111

3
<]
a
S
=)
3

11010100| 00001010

s
£
3
o
a
>
El

slls
2=
3|3
R
afla
i s
El|IE)

11010101}{00001010

10011000

10011001

Ir data and register/memory

Immediate data and accumulator

OR = Or:
Reg/memory and register to either
Immediate to register/memory

Immediate to accumulator

XOR - Exclusive or:
Reg /memory and register to either
Immediate to register/memory

Immediate to accumulator

76543210 76543210 76543210 76543210

111101 17w| mod010r/m

110100vw |mod101r/m

|

110100vw |mod111r/m

[1000000w][mod1000m|  daa

l datafw 1

|0010010Wl data lda(aﬂw

]

l|111011w|mod000r/mT data

rda(a fw 1

IlOlOlOOwl data Idaladw

LlOOOOOOwlmodODH/mI data

I datafw=1

!0000110wl’ data ldalan!w

.,,J

001100dw | modregr/m

[H)OOOOOVJmodlIOr/ml data

I dataifw=1

IOO‘I’IOIDWT data l datafw

-1
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STRING MANIPULATION

REP Repeat

MOVS Move byte/word

CMPS Compare byte/word

SCAS  Scan byte/word

LODS Load byte/word to AL/AX
STOS  Store byte/word from AL/A
CONTROL TRANSFER

CALL call

Direct within segment

Indirect within segment

Direct intersegment

Indirect intersegment

JMP  Unconditional Jump.

Direct within segment

Direct within segment short

Indirect within segment

Direct intersegment

Indirect intersegment

76543210 76543210 76543210

11110012

1010010w

101001 1w

101011 1w

1010110w

1010107 w

o
=3
=3
=3
—_

disp-low I disp-high ]
[1 0011010 ' offset-low l offset-high ]

seg-low seg-high

11111111 |mod011¢/m

11101001 I disp-low J disp-high

11101011 disp

11111111 [mod100r/m

offset-high
seg-low seg-high

mod 101 r/m

111101010

,__

offset-low

11111111

RET Return from CALL.

Within segment

Within seg adding immed to SP
Intersegment

Intersegment adding immediable to SP

JE/JZ - Jump on equal/zero

JL/INGE - Jump on less/not greater
or equal

JLE/JNG : Jump on less or equal/not
greater

JB/JNAE - Jump on below/not above
or equal

JBE/JNA - Jump on below or equal/
not above

JP/JPE = Jump on parity/panty even

JO = Jump on overflow

JS - Jump on sign

JNE/JNZ - Jump on not equal/not zero

JNL/JGE = Jump on not less/greater

or equal

JNLE/JG = Jump on not less or equal/
greater

JNB/JAE = Jump on not below/above
or equal

JNBE/JA = Jump on not below or
equal/above

JNP/JPO = Jump on not par/par odd
JNO = Jump on not overflow

JNS = Jump on not sign

LOOP = Loop CX imes

LOOPZ/LOOPE = Loop while zero/equal

LOOPNZ/LOOPNE = Loop while not
zero/equal

JCXZ = Jump on CX zero

76543210 76543210 76543210

11000011

:

5

11000010 ! data-low rdalahvgh l

11001011

[

11oo1o1o| data-low l data high I

01110100

disp
01111100 disp
01111110 disp
01110010 disp

01110110 disp

01110000 disp

|

01111000 disp

01110101 disp

01111101 disp
01111111
01110011 disp
01110111 disp

0111101

01110001 disp
01111001

11100010 disp

11100001 disp
11100000 disp

11100011

disp
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INT  Interrupt

Type specified

Type 3

INTO  Interrupt on overflow

IRET Interrupt return

PROCESSOR CONTROL
CLC Clearcarry

CMC Complement carry
STC SetCarry

CLD Clear direction
STD Setdirection

CU Clear interrupt

STI Setnterrupt

HLT  Hait

WAIT  Want

ESC  Escape (to external device)

LOCK  Bus lock pretix

76543210 76543210
11001101 type
11001100

11001110

11001111

11111000
111101010
11111001
\1:11100
11111101

11111010
1o
L_

'L‘(:onon

[0t txes Jroaxsnim]
(P10 T xxx [modxxxrm
1101 Txxx ‘

pr—
1111710000

2kl DUII

Footnotes:

AL  8-bit accumulator

AX - 16-bit accumulator

CX  Countregister

DS Data segment

ES  Extra segment

Above/below refers to unsigned value

Greater  more positive,

Less less positive (more negative) signed va ues
ifd 1then"to” reg.1td 0Othen "trom” reg
ifw  Tthen word instruction, ifw - 0 then byte
instruction

ifmod  11thenr/ms treated as a REG field

ifmod  00then DISP - 0°, disp-low and disp-high
are absent

ifmod  01then DISP  disp-low sign-extended to
16-buts. disp high 1s absent

fmod 10then DISP  disp-ligh disp low

f/m  000then EA  (BX) - (SI) - DISP

ifr/m  001thenEA  (BX) + (DI) + DISP

ifrim  010then EA  (BP) + (SI) » DISP

Wrm o Ollthen EA (BP) « (D) + DISP

ifr/m 100 then EA - (Sh - DISP

ifrrm 101 thenEA (D) + DISP

Mr/m  110thenEA  (BP) « DISP"

fr/m 11enEA iBX) « DISP

DISP follows 2nd byte of instruction (before dataf
required)

*exceptitmod 00ande/m 110 then EA
disp-high disp-low

if s w - 01 then 16-bits of immediate data from
the operand
its'w 11 then an )/mmediate data byte 1s sign
extended to form the 16-bit operand
ifv  Othen“count” 1,4fv 1then count”in
(e8]

x don’tcare
21s used for stning primitives for comparsion with
ZF FLAG

SEGMENT OVERRIDE PREFIX

001reg110

REG 1s assigned according to the following table

16-Bit (w 1) 8-Bit(w 0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH

101 BP 101 CH

110 SI 110 DH

111 DI 111 BH

Instruction which reference the flag register file
as a 16-bit object use the symbol FLAGS to
represent the file

FLAGS X X X X (OF).(DF) (IF) (TF) (SF) (ZF)
X (AF) X (PF) X"(CF)

8808 dVS



SAB 8088

Absolute Maximum Ratings *

Ambient Temperature Under Bias

Storage Temperature

Voltage on any Pin with Respect to Ground
Power Dissipation

D.C. Characteristics

SAB 8088:

TA =0to70C,VCC =5V +10%
SAB8088-2: TA=0t0o70 C,VCC =5V 4 5%

0to70C
~-65to +150°C
-1.0to +7V
2.5 Watt

Limit Values

Symbol Parameter Min. Max. Unit Test Conditions
viL Input Low Voltage -05 +0.8
VIH Input High Voltage 2.0 VCC+0.5 v
VoL Output Low Voltage - 0.45 /OL = 2.0mA
VOH Output High Voltage 2.4 - IOH = —400 uA
IcC Power Supply Current

SAB 8088 340 All outputs open

SAB 8088-2 _ 350 mA TA = 25°C
L Input Leakage Current OV =VIN = VCC

- +10 HA

/LO Output Leakage Current 0.45V = VOUT = VCC
VCL Clock Input Low Voltage -0.5 +0.6 v
VCH Clock Input High Voltage 3.9 VCC+1.0
CIN Capacitance of Input Buffer

(All input except

ADQ-AD7, RQ/GT) _ 15 pF fc = 1 MHz
Cio Capacitance of I/0 Buffer

(ADO-~AD7, RQ/GT)

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

reliability.
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SAB 8088

A.C. Characteristics

SAB8088: TA=0t0 70 C, VCC =5V + 10%
SAB8088-2: TA=0t070C,VCC =5V 5%

Minimum Complexity System
Timing Requirements

Limit Values
Symbol | Parameter SAB 8088 SAB 8088-2 Unit ggsr:dition
Min. Max Min. Max
TCLCL CLK Cycle Period 200 500 125 500
T
TCLCH CLK Low I1me 118 68 -
TCHCL CLK High Time 69 44
TCH1CH2 | CLK Rise Time 10 10 From1.0to 3.5V
TCL2CL1 | CLK Fall Time From3.5t0 1.0V
TDVCL Data in Setup Time 30 20
TCLDX Data in Hold Time 10 10 ns
TR1VCL | RDY Setup Time into 35 35
SAB 8284A/8284B ') ?)
TCLR1X | RDY Hold Time into 0 0
SAB 8284A/8284B ') ?) - - -
TRYHCH | READY Setup Timeinto | 118 68
SAB 8088
TCHRYX | READY Hold Time into 30 20
SAB 8088
TRYLCL |READY Inactive to CLK?®) | -8 -8
THVCH HOLD Setup Time 35 20
TINVCH | INTR, NMI, TEST 30 15
Setup Time ?)
TILIH Input Rise Time 20 20 From 0.8t0 2.0V
(Except CLK)
TIHIL Input Fall Time 12 12 From2.0t0 0.8V
(Except CLK)

') Signal at SAB 8284A/8284B shown for reference only.

?) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

%) Applies only to T2 state (8 ns into T3).
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SAB 8088

Timing Responses

Limit Values
Symbol | Parameter SAB 8088 SAB 8088-2 Unit | o8t
Min. Max. | Min. Max
TCLAV Address Valid Delay 10 110 10 60
TCLAX Address Hold Time - -
TCLAZ Address Float Delay TCLAX 80 TCLAX 50
TLHLL ALE Width TCLCH-20 - TCLCH-10 -
TCLLH ALE Active Delay 80 50
TCHLL ALE Inactive Delay 85 55
TLLAX Address Hold Time to TCHCL-10 - TCHCL-10 -
ALE Inactive
TCLDV Data Valid Delay 110 60 C, =20-100pF
10 10 for all SAB 8088
TCHDX Data Hold Time Outputsin
— - - ns addition to the
TWHDX | Data Hold Time After WR | TCLCH—-30 TCLCH-30 internal loads
TCVCTV | Control Active Delay 1 70
TCHCTV | Control Active Delay 2 10 110 |10 60
TCVCTX | Control Inactive Delay 70
TAZRL Address Float to 0 - 0 -
READ Active
TCLRL RD Active Delay 165 : 100
10 10
TCLRH RD Inactive Delay 150 80
TRHAV | RD Inactive to Next TCLCL-45 - TCLCL-40 -
Address Active
TCLHAV | HLDA Valid Delay 10 160 .| 10 100
TRLRH RD Width 2TCLCL-75 2TCLCL-50
TWLWH | WR Width 2TCLCL-60 |- 2TCLCL-40 |-
TAVAL Address Valid to ALE Low | TCLCH-60 TCLCH-40
TOLOH Output Rise Time 20 20 From 0.8t0 2.0V
TOHOL Output Fall Time 12 12 From 2.0to 0.8V
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SAB 8088

(SAB 8284 A/B8284LB,
Output)

10/M,550

A15-AB

A19/S6-A16/S3

ALE

ROY 4

lnput

READY
(SAB 8088 Input)

Notes see next p

'SAB 3294A,8284 B,

Bus Timing — Minimum Mode System

m T2 13 14
L TelCle o TCHICH? Tt W
VCH F(_\
_/ N\ / \ | \____//_\_
V[L--'TCHETV'> — TCHCL ~- | L'TCLCH-‘--
X - X
| -
I
I
1
A15-AB (Float during INTA) X
—reiove | ‘ :

TrI AV

[

-

C

A19-A16

| [

—TLHLL

+

TRYHCH= |

—TDVCL —~TCLDX~

Float

TRHAV—

TCHCTV

o

age

——TcLAz
AD7-ADO ( AD7-ADO
TAZRL
:ﬂl g R_D
=3
;r_‘ _ TCHCTV —{ TCLRL
=
2l=
= .
DR
DEN
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SAB 8088

Bus Timing — Minimum Mode System (cont’'d)

T T2 T3 rw T
T | TCHICH2 TcLacu ),
LK VCH /—ea—\ q
|SAB 828LA 82845,
Output) \EA/_\\—— A E
— TCHCL ~— TCLCH —~
' t C_L, TCLDV
TCLAY, I._ 7 TCLAX _ | _TcHDx
. |
AD7-ADO X AD7-ADD (T Data out /__C
f = TWHOX~
- TveTY ‘
o | r" | ] TOVCTX
5 ) |
) o \ |
S | TOVETY ‘
{ - ‘ TWLWH
! |
a N ~
| | ) TCVCTX L
f Az | J f-TovaL~ TCLDX
. ;__ ‘(
- J X 02 Float Pointer Float
AD7-ADO | “ ! X \_/

L TCHATY i -\ | LICHCTY
an VI I 2 —
DTR |

1.3)

|

=
< % TCVCTY, I
2 —
Sig —
ElE INTA
| Tcvay, - TOVaTX L_
L BN
x
Se
S
Y
S5 £
§I§ % AD7-ADO Invalid Address Software HALT
EgE TCLAY
3x - —=
f2E
S

') All signals switch between VOH and VOL unless otherwise specified.

2) RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted.

%) Two INTA cycles run back to back. The SAB 8088 local ADDR/DATA Bus is floating during both
INTA cycles. Control signals shown for second INTA cycle.

%) Signals at SAB 8284A/8284B are shown for reference only.

®) All timing measurements are made at 1.5V unless otherwise noted.
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SAB 8088

Max Mode System (Using SAB 8288/8288A Bus Controller)
Timing Requirements

Limit Values
Symbol | Parameter SAB 8088 SAB 8088-2 Unit Egﬁdition
Min. Max Min. Max
TCLCL CLK Cycle Period 200 500 125 500
TCLCH | CLK Low Time 118 68 -
TCHCL CLK High Time 69 44
TCH1CH2 | CLK Rise Time 10 10 From1.0to 3.5V
_ - L -
TCL2CL1 | CLK Fall Time From3.5t0 1.0V
TDVCL Data In Setup Time 30 20
TCLDX Data In Hold Time 10 10 ns
TR1VCL | RDY Setup Time into 35 35
SAB 8284A/8284B ') ?)
TCLR1X | RDY Hold Time into 0 0
SAB 8284A/8284B ") ) - - -
TRYHCH | READY Setup Time into | 118 68
SAB 8088
TCHRYX | READY Hold Time into 30 20
SAB 8088
TRYLCL | READY Inactive to CLK?) | -8 -8
TINVCH | Setup Time for
Recognition
(INTR, NMI, TEST) ?) 30 15
TGVCH |RQ/GT Setup Time
TCHGX |RQHold Time into 40 30
SAB 8088
TILIH Input Rise Time 20 20 From 0.8t0 2.0V
(Except CLK)
TIHIL Input Fall Time 12 12 From 2.0t0 0.8V
(Except CLK)

') Signal at SAB 8284A/8284B or SAB 8288/8288A shown for reference only.

?) Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3) Applies only to T2 state (8 ns into T3).
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SAB 8088

Timing Responses

Limit Values

Symbol | Parameter SAB 8088 SAB 8088-2 Unit | &3 on
Min. Max. | Min. Max
TCLML | Command Active Delay ')
10 35 10 35
TCLMH | Command Inactive Delay')
TRYHSH | READY Active to - - 65
Status Passive ?) 110
TCHSV _Status Active Delay 60
TCLSH Status Inactive Delay 10 130 10 70
TCLAV Address Valid Delay 110 60
CL 20 100pF
TCLAX Address Hold Time - - for all SAB 8088
Outputs in
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns addition to the
internal loads
TSVLH Status Valid to ALE High ")
TSVMCH | Status Valid to
MCE High ') - 20 |- 20
TCLLH CLK Low to ALE Valid ')
TCLMCH | CLK Low to MCE High ")
TCHLL ALE Inactive Delay ') 4 15 4 15
TCLDV Data Valid Delay 110 60
10 10
TCHDX Data Hold Time - -
TCVNV | Control Active Delay ') 5 5
45 45
TCVNX | Control Inactive Delay ') | 10 10

') Signal at SAB 8284A/8284B or SAB 8288/8288A shown for reference only.

2) Applies only to T2 state (8 ns into T3).
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SAB 8088

Limit Values

Symbol | Parameter SAB 8088 SAB 8088-2 Unit E%sc:dition
Min. Max. | Min. Max
TAZRL Address Float to 0 - 0 -
READ Active
TCLRL RD Active Delay 165 100
10 10
TCLRH RD Inactive Delay 150 80
TRHAV | RD Inactive to Next TCLCL-45 - TCLCL - 40 -
Address Active CL = 20- 100 pF
for all SAB 8088
TCHDTL | Direction Control 50 50 Qutputs in
Active Delay ') addition to the
internal loads
TCHDTH | Direction Control 30 30
inactive Deiay Y - —
TCLGL GT Active Delay
85 50
TCLGH GT Inactive Delay
TRLRH | RD Width 2TCLCL- 75 |- 2TCLCL-50 |-
TOLOH Output Rise Time 20 20 From 0.8t02.0V
TOHOL Output Fall Time 12 12 From 2.0t0 0.8V

') Signal at SAB 8284A/8284B or SAB 8288/8288A shown for reference only.
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SAB 8088

Bus Timing — Maximum Mode System (Using SAB 8288/8288A)

T 7 3TW i
| TCHICH2 Lo
r———¥TCLEL——-1 ——-t el et /
VCH | i N /—“ i
| £ N! )
i NIV ANV A /N
VeL b Tca | — TCHCL ! : [ e

SSID GEED GIED GEED G 6
masvv i TLSH T i _____

m5m T\ T A
(Except HALT) ]7 | VO,
| L
A15-A8 ,MS'AB ] J X

Gutput) T

Toav_| - oAy I ] : 1 TCHDX
| —=TCLA L ‘ '
A19/S6-A16/S3 1, A19-A16 : | S6-53 \ X
T ISviA T
WA [ =] : i
Wil el :
ALE | L | : —
(SAB 8288/8288 4, * ! ‘ [ /
\ [ Tt

![/
s){
‘L(

RDY - -

SAB 8204 A182648, ‘ ! \ i \ \ \ mimnmmi
e ! : [LTCLRIX !
o T hame
: TRYLCL . |

}TRYHSH L:'[ i

|
| | ] | |
|

READY 4
(SAB 8088 Input)

i
| ] |

L | ’ i
‘ \
TCLAX ‘
| TCLAX | =TRYHCH . !
READ CYCLE TCLAY, [k ] FTTL*AlZ f=——TDVCL =TCLDX
| Float Float
AD7-ADO L AD7-ADO A
- |
W | o K ——
I ‘ l
0 | §
1 T | \
TCHOTL ] \ e } B foTeHOTH
! TCLRL \ I \
i e RTaR |
TR { | \ \ )
TCLML | | | |
i 1 T
56) | FRDC 1 | /
SAB 8288/6288A ¢ O \ ’ /
Outputs 10RC TR
DEN

Notes see next page.
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SAB 8088

Bus Timing — Maximum Mode System (Using SAB 8288/8288A)

WRITE CYCLE
il 2 T3TW, . T4
VCH !
CLK f T X F\
Yl ronsy | ‘\ e I |
52.51.50 T 7 T N
(Except HALT) L ! ! ! %) | LN
TCLAY | JU— l L':_- I i — '..LC.}'_LDL
. | — —\/
AD7-ADO * AD7-ADO) | | Data Ly
| TCVNV. T T ;' TCVNX
i | - |
DEN b
I i
) TCLML, | : i
56/ | s |
AW /————
A I
szse?rs?ssr. ! AIOWG ‘ \\
Outputs | ‘, } TCIML, . ICIMH_
TG o ‘ | .
or ‘ ‘ \ i f
L|owc ‘ | N
INTA CYCLE 1
| {
34) Float | Reserved for \ . Float Float /
A15-A8 Cascade ADDR 7 TCLDX ; \
TCLAZ 1 i
AD7-ADO | i _ Ponter | ¥
—TevicH] ‘ TCUNX l : |
MCE/ | 7 (I
POEN ; \ } Lo
TCLMCH | JcHoiL Y/ ‘\ — : TCHOTH
_ \ ,
5g) | DR | ‘\ \ Al’
SAB TCLML | 1
8288/8288A ‘
Outputs INTA ‘ ‘ ‘[7
TCVNV [CUCRE
DEN | Y
T |
| . OX

Software HALT —

AD7-ADO
AIS -A8 ‘ Invalid Address
] TCLAV

I \ / \\
$2,51,50
e

') All Signals switch between VOH and VOL unless otherwise specified.

2) RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted.

3) Cascade address is valid between first and second INTA cycle.

4) Two INTA cycles run back-to-back. The SAB 8088 local ADDR/DATA Bus is floating during both INTA
cycles. Control for pointer address is shown for second INTA cycle.

®) Signals at SAB 8284A/8284B or SAB 8288/8288A are shown for reference only.

%) The issuance of the SAB 8288/8288A command and control signals (MRDC, MWTC, AMWC, IORC,
IOWC, AIOWC, INTA and DEN) lags the active HIGH SAB 8288/8288A DEN.

7) All timing measurements are made at 1.5V unless otherwise noted.

Status inactive in state just prior to T4.
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SAB 8088

Asynchronous Signal Recognition

TINVCH"
NMI ) —1

pu—

|
‘ d | ?
INTR FS;gnal X

W

') Setup requirements for asynchronous signals only to guarantee recognition at next CLK

Bus Lock Signal Timing (Maximum Mode Only)

Any CLK Cycle —-—‘

Any CLK Cycle——t

CLK

|
| TCLAV

e
TOCK »__\[—
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SAB 8088

* ‘ !
CLK 's / * f *
| [

. ?"E'L’Qﬁ - ..1 }..f GVCH
.1-~~‘>T<*LCL—-- ——{Tcw [
1

j— Pulse! ,‘;
RQ /GT boprocessor

Request/Grant Sequence Timing {(Maximum Mode Only)

Any CLK Cycle >2-CLK Cycle
b= —

Pulse '
Cuprotesscr

¢ \ Release /

AD7 -AD@ Previous grant VLA

A19/S6-A16/S3 & — & N ” . v
A1S- A8 X SAB 8088 | opicessor - 2083
5w ! =

') The coprocessor may not drive the buses outside the region shown without risking contention

{THVCH

10
2! CLr Cycle

s
HOLD r \

Hold/Hold Acknowledge Timing (Minimum Mode Only)

!or 2 f)ycles

c \_KAJ \OVANYAW

_THVCH

_TCLHAY TCLHAY_
! e
HLDA f __—\—
— S —
o TCLAZ

AD7-ADO :
A15-A8 5 S ! 5 ST
A19/S6-A16/S3 SAB 8088 Coprocessor w
RDIOM, - s [ e 8088
DT/R,WR.DEN
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SAB 8088

Input/Output Waveforms for A.C.-Tests

24V
1.5V—=— Test Points —=1.5V
045V

A.C. Testing: Inputs are driven at 2.4V for a logic 1" and 0.45V for a logic ‘0" The clock is driven
at4.3V and 0.25V. Timing measurements are made at 1.5V for both a logic
1" and 0"

Load Circuit for A.C.-Tests

Device

under
Test
.I CL=100 pF

CL includes Jig Capacitance
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SAB 80186
High Integratiomn
16-Bit Microprocessor

°

Integrated Feature Set

—Enhanced SAB 8086-2 CPU

—Clock Generator

—2 Independent, High-Speed DMA Channels
—Programmable Interrupt Controller

—3 Programmable 16-bit Timers
—Programmable Memory and Peripheral

Chip-Select Logic

—Programmable Wait State Generator

—Local Bus Controller

High Performance Processor
—2 Times the Performance of the

Standard SAB 8086

o Direct Addressing Capability to
1 MByte of Memory

—4 MByte/Sec Bus Bandwidth Interface

» Completely Object Code Compatible with
All Existing SAB 8086/8088 Software
—10 New Instruction Types

o Complete System Development Support
o Fully Compatible with Industry Standard 80186

SAB 80186 Block Diagram

CLKOUT Ve GND

HOh

INT3/INTAT

INT2INTAD

TMR 1 m’T " TMROIN

TMROUT 1 TMROUT 0

T el
!

r B
EXECUTION UNIT |

X X

CLOCK
GENERATOR

1
16.BIT :
ALL H PROGRAMMABLE
! INTERRUPT
! CONTROLLER
16817 !
GENERAL ! |
PURPOSE 1
CONTR |
REGISTERS J REQISTERS

PROGRAMMABLE
TIMERS
1

MAX COUNT
REGISTER B

MAX COUNT
REGISTER A

CONTROL REGISTERS

16-BIT
COUNT REGISTER

it

INTERNAL BUS

DRQO
} {/[' l ¢ eRe
PROGRAMMABLE
w5 <:__ DOMA UNIT
—
CHIP.SELECT 20817
SROY —>| UNIT SOURCE POINTERS
Y —]
ARDY —17] BUS INTERFACE o 20817
TEST —p>~| UNIT SEGMENT DESTINATION
HOLD ——>~{ REGISTERS POINTERS
HLDA <1 e PROGRAMMABLE oo
RES —7> PREFETCH REGISTERS TRANSFER COUNT
RESET ~——| QUEUE CONTROL
I l l REGISTERS
¥ N
DEN Y WRALE ucs Y Y PCSBiA2
[ "D ADO.  ATBIS3- ics PCS5/AT
oA BREIST ADIS  A191SE
MCSo-3 PCS0-4
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SAB 80188
High Integration
8-Bit Microprocessor

Integrated Feature Set
—Enhanced SAB 8088-2 CPU
—Clock Generator

—2 Independent, High-Speed DMA Channels
—Programmable Interrupt Controller

—3 Programmable 16-bit Timers

—Programmable Memory and Peripheral

Chip-Select Logic

—Programmable Wait State Generator

—Local Bus Controlier

8-Bit Data Bus Interface; 16-Bit Internal

architecture

High Performance 8 MHz Processor
—2 Times the Performance of the
Standard SAB 8088

—2 MByte/Sec Bus Bandwidth Interface

¢ Completely Object Code Compatible with
All Existing SAB 8086/8088 Software
—10 New Instruction Types

* Direct Addressing Capability to 1 MByte
of Memory

* Complete System Development Support
* Fully Compatible with Industry Standard 80188

SAB 80188 Block Diagram

INT3IINTAT
INTZINTAD
CLKOUT Vec GND TMROUT 1 TMR OUT 0
INTI TMR 1IN TMROIN
Ok NMI INTO l J
l ¥
________ <
EXECUTION UNIT | l l PROG e BLE
X Xz : ) 1 2
-BI°
725} [} MAX COUNT
H PROGRAMMABLE REGISTER B
CLOCK H INTERRUPT
CONTROLLI MAX COUNT
GENERATOR 1 REGISTER A
16817 !
GENERAL 1 CONTROL REGISTERS
1
REGISTERS 1 AmaRoL 168IT
a COUNT REGISTER
INTERNAL BUS DRQO
—{; l o
PROGRAMMABLE
= Al
sasz<:__
CHIPSELECT 208IT
SROY —> UNIT SOURCE POINTERS
ARDY ~—1>-
TEST —>| BUS INrACE secat DESTIATION
HOLD —>1 REGISTERS PFOINTERS
HLDA < PROGRAMMABLE Y=
AES —] 4BYTE ONTR -
RES —1>] PREFETCH REGISTERS TRANSFER COUNT
RESET ~—— QUEUE CONTROL
[ l’ l L REGISTERS
Y N B A
BEN Y WRALE s Y Y PCS6/A2
TocK RD ADO ABATS ics PCSBIA1
— AD7 A16/S3
OT/R s7 A19/S6 \/ A\
Mcse3 PCSO4
AG 1/85
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SAB 80286

High Performance
Microprocessor with Memory
Management and Protection

® High-Performance Processor
(up to Six Times the SAB 8086)
® Large Address Space:
— 16 Megabytes Physical
— 1 Gigabyte Virtual per Task
@ Integrated Memory Management, Four-Level
Memory Protection and Support
for Virtual Memory and Operating Systems

® Two SAB 8086 Upward-Compatible
Operating Modes:
— SAB 8086 Real Address Mode
— Protected Virtual Address Mode
o High Bandwidth Bus interface
(8 Megabyte/s)
® Full Hardware and Software Support

Logic Symbol Pin Names
(LK RESET READY
l ] l A23-A0 Address Bus HOLD | Bus Hold Request
D15-DO Data Bus HLDA Bus Hold Acknowledge
from SAB 82284 S1,S0 Bus Cycle Status INTR Interrupt Request
BHE Bus High Enable NMI Non-Maskable Interrupt
HOLD —— }eus > A23-A0 . Request
HLDA =———{ / Artutration M/10 Memory/IO Select PEREQ | Processor Extension
. Operand Request
R K > D15-00 —
BN Y COD/INTA | Code/Interrupt
Bus l——BHE o Acknowledge
PEREQ Interface Y | _ 15 LOCK Bus Lock PEACK | Processor Extension
o - Operand Acknowledge
PEACK rocessor 5
B0 —— Extension % CLK System Clock
Sy Interface consia  RESET System Reset BUSY | Processor Extension Busy
ERRO oK READY Bus Ready ERROR | Processor Extension Error
CAP Substrate Filter vCC Power supply (+5V)
Power Supply Capacitor VSS Ground (0V)
—_—
VSS  VCC CAP

The SAB 80286 is an advanced, high-performance
microprocessor with specially optimized capabili-
ties for multiple user and multitasking systems.
The SAB 80286 has built-in memory protection that
supports operating system and task isolation as
well as program and data privacy within tasks. An
8 MHz SAB 80286 provides up to six times greater
throughput than the standard 5 MHz SAB 8086. The
SAB 80286 includes memory management capabili-
ties that map up to 2% (one gigabyte) of virtual
address space per task into 22* bytes (16 megabytes)
of physical memory.

The SAB 80286 is upward-compatible with SAB 8086/
8088 software. Using SAB 8086 real address mode,
the SAB 80286 is object codecompatible with
existing SAB 8086/8088 software. In protected

virtual address mode, the SAB 80286 is source code-
compatible with SAB 8086/8088 software and may
require upgrading to use virtual addresses supported
by SAB 80286's integrated memory manage-

ment and protection mechanism. Both modes
operate at full SAB 80286 performance and execute
a superset of the SAB 8086/8088 instructions.

The SAB 80286 provides special operations to
support the efficient implementation and execution
of operating systems. For example, one instruction
can end execution of one task, save its state, switch
to a new task, load its state, and start execution of
the new task. The SAB 80286 also supports virtual
memory systems by providing a segment-not-
present exception and restartable instructions.

AG 3/85
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Pin Configuration

LCC package

Component pad view — as viewed from underside
of component when mounted on the board.
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Pin No 1 Mark

PC board view — as viewed from the component
side of the pc board.
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Pin Definitions and Functions

Symbol Number g‘Etl:)th:)(O) Function
BHE 1 (0] BUS HIGH ENABLE indicates transfer of data on the upper byte of
the data bus D15-8. Eight-bit oriented devices assigned to the upper
byte of the data bus would normally use BHE to condition chip
select functions. BHE is active LOW and floats to Tri-state OFF
during bus hold acknowledge.
BHE and A0 encodings
BHE value| AQ value [Function
0 0 Word transfer
0 1 Byte transfer on upper half of data bus (D15-8)|
1 0 Byte transfer on lower half of data bus (D7-0)
1 1 Reserved
S$7,50 4,5 o} BUS CYCLE STATUS indicates initiation of a bus cycle and, along
with M/I0O and COD/INTA, defines the type of bus cycle. The bus
isin a Ts state whenever one or both are LOW, ST and S0 are
active LOW and floatto Tri-state OFF during bus hold acknowledge.
Bus cycle status definition
COD/INTA | M/IO | ST | SO [Bus cycle initiated
0 (LOW) 0 0 0 |Interrupt acknowledge
0 0 0 1 |Reserved
0 0 1 0 |Reserved
0 0 1 1 |None; not a status cycle
0 1 0 0 |IFA1=1then halt; else shutdown
0 1 0 1 |Memory data read
0 1 1 0 |Memory data write
0 1 1 1 |None; not a status cycle
1 (HIGH) 0 0 0 {Reserved
1 0 0 1 |1/Oread
1 0 1 0 (I/O write
1 0 1 1 |None; not a status cycle
1 1 0 0 |Reserved
1 1 0 1 [Memory instruction read
1 1 1 0 [Reserved
1 1 1 1 [None; not a status cycle
PEREQ 6 | PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOW-
PEACK (¢} LEDGE extend the memory management and protection

capabilities of the SAB 80286 to processor extensions. The PEREQ
input requests the SAB 80286 to perform a data operand transfer
for a processor extension. The PEACK output signals the processor
extension when the requested operand is being transferred.
PEREQ is active HIGH and floats to Tri-state OFF during bus hold
acknowledge. PEACK may be asynchronous to the system clock.
PEACK is active LOW.
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Pin Definitions and Functions (continued)

Symbol

Number

Input (1)
Output (O)

Function

A23-A0

7-34

0

ADDRESS BUS outputs physical memory and 1/0 port addresses.
A0 is LOW when data is to be transferred on pins D7-0. A23-A10
are LOW during I/0 transfers. The address bus is active HIGH and
floats to Tri-state OFF during bus hold acknowledge.

RESET

29

SYSTEM RESET clears the internal logic of the SAB 80286 and is
active HIGH. The SAB 80286 may be reinitialized at any time a LOW
to HIGH transition on RESET which remains active for more than
16 system clock cycles. During RESET active, the output pins of the
SAB 80286 enter the state shown below:

Pin state during reset

Pin value Pin names

1 (HIGH) S0, ST, PEACK, A23-A0, BHE, LOCK
0 (LOW) M/TO, COD/INTA, HLDA
Tri-state OFF D15-DO0

Operation of the SAB 80286 begins after a HIGH to LOW transition
on RESET. The HIGH to LOW transition of RESET must be
synchronous to the system clock. Approximately 50 system clock
cycles are required by the SAB 80286 for internal initializations
before performing the first bus cycle to fetch code from the power-
on execution address.

A LOW to HIGH transition of RESET synchronous to the system
clock will end a processor cycle at the second HIGH to LOW tran-
sition of the system clock. The LOW to HIGH transition of RESET
may be asynchronous to the system clock; however, in this case it
cannot be predetermined which phase of the processor clock will
occur during the next system clock period. Synchronous LOW to
HIGH transitions of RESET are required only for systems where the
processor clock must be phase-synchronous to another clock.

CLK

31

SYSTEM CLOCK provides the fundamental timing for SAB 80286
systems. Itis divided by two (inside the SAB 80286) to generate the
processor clock. The internal divide-by-two circuitry can be
synchronized to an external clock generator by a LOW to HIGH
transition on the RESET input.

D15-D0

36-51

DATA BUS inputs data during memory, I/0, and interrupt acknow-
ledge read cycles: outputs data during memory and I/0 write
cycles. The data bus is active HIGH and floats to Tri-state OFF
during bus hold acknowledge.

53, 54

PROCESSOR EXTENSION BUSY AND ERROR indicate the operating
condition of a processor extension to the SAB 80286. An active
BUSY input stops the SAB 80286 program execution on WAIT and
some ESC instructions until BUSY becomes inactive (HIGH). The
SAB 80286 may be interrupt while waiting for BUSY to become in-
active. An active ERROR input causes the SAB 80286 to perform a
processor extension interrupted when executing WAIT or some
ESC instructions. These inputs are active LOW and may be
asynchronous to the system clock.
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Pin Definitions and Functions (continued)

Symbol

Number

Input (1)
Output (O)

Function

INTR

57

INTERRUPT REQUEST requests the SAB 80286 to suspend its
current program execution and service a pending external request.
Interrupt requests are masked whenever the interrupt enable bit in
the flag word is cleared. When the SAB 80286 responds to an
interrupt request, it performs two interrupt acknowledge bus
cycles to read an 8-bit interrupt vector that identifies the source of
the interrupt. To assure program interruption, INTR must remain
active until the firstinterrupt acknowledge cycle is completed. INTR
is sampled at the beginning of each processor cycle and must be
active HIGH at least two processor cycles before the current
instruction ends in order to interrupt before the next instruction.
INTR is level sensitive, active HIGH, and may be asynchronous to
the system clock.

NMI

59

NON-MASKABLE INTERRUPT REQUEST interrupts the SAB 80286
with an internally supplied vector value of 2. No interrupt acknow-
ledge cycles are performed. The interrupt enable bit in the

SAB 80286 flag word does not affect this input. The NMl input is
active HIGH, may be asynchronous to the system clock, and is
edge-triggered after internal synchronization. For proper
recognition, the input must have been previously LOW for at least
four system clock cycles and remain HIGH for at least four system
clock cycles.

63

BUS READY terminates a bus cycle. Bus cycles are extended with-
out limit until terminated by READY LOW. READY is an active LOW
synchronous input requiring setup and hold times relative to the
system clock be met for correct operation. READY isignored during
bus hold acknowledge.

HOLD
HLDA

64

BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control owner-
ship of the SAB 80286 local bus. The HOLD input allows another
local bus master to request control of the local bus. When control
is granted, the SAB 80286 will float its bus drivers to Tri-state OFF
and then activate HLDA, thus entering the bus hold acknowledge
condition. The local bus will remain granted to the requesting
master until HOLD becomes inactive which results in the

SAB 80286 deactivating HLDA and regaining control of the local
bus. This terminates the bus hold acknowledge condition, HOLD
may be asynchronous to the system clock. These signals are
active HIGH.

COD/INTA

66

CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction
fetch cycles from memory data read cycles.

Also distinguishes interrupt acknowledge cycles from 1/0 cycles.
COD/INTA floats to Tri-state OFF during bus hold acknowledge.

M/10

67

MEMORY 1/0 SELECT distinguishes memory access from /O
access. If HIGH during Ts, a memory cycle or a halt/shutdown
cycle is in progress. If LOW, an 1/0 cycle or an interrupt acknow-
ledge cycle is in progress M/10 floats to Tri-state OFF during bus
hold acknowledge.

237




SAB 80286

Pin Definitions and Functions (continued)

Symbol Number gStLgu(t”(O) Function

LOCK 68 (0] BUS LOCK indicates that other system bus masters are not to
gain control of the system bus following the current bus cycle.
The LOCK signal may be activated explicitly by the “LOCK"
instruction prefix or automatically by SAB 80286 hardware during
memory XCHG instructions, interrupt acknowledge, or descriptor
table access. LOCK is active LOW and floats to Tri-state OFF
during bus hold acknowledge.

vCcC 30, 62 - POWER SUPPLY (+5V)

VSS 9, 35, 60 - GRQOUND (0V)

CAP 52 | SUBSTRATE FILTER CAPACITOR: a 0,047 uf £20% 12V capacitor

must be connected between this pin and ground. This capacitor
filters the output of the internal substrate bias generator.

A maximum dc leakage current of 1 ua is allowed through the
capacitor.

For correct operation of the SAB 80286 the substrate bias
generator must charge this capacitor to its operating voltage.

The capacitor’s charging time is 5 milliseconds (max.) after VCC
and CLK reach their specified ac and dc parameters. RESET may
be applied to prevent spurious activity by the CPU during this time.
After this time, the SAB 80286 processor clock can be phase-
synchronized to another clock by pulsing RESET LOW synchronous
to the system clock.
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SAB 80286

Functional Description

Introduction

The SAB 80286 is an advanced, high-performance
microprocessor with specially optimized capabilities
for multiple user and multitasking systems.
Depending on the application, the SAB 80286's
performance is up to six times faster than that of the
standard 5 MHz SAB 8086, while providing complete
upward software compatibility with the Siemens
16-bit CPU family (SAB 8086/88, SAB 80186/88).

The SAB 80286 operates in two modes: real address
mode (8086 mode) and protected virtual address
mode. Both modes execute a superset of the

SAB 8086/88 instruction set. In real address mode
programs use real addresses with up to one mega-
byte of address space. Programs use virtual
2ddresscs in pioiecied viiuai address moae, also
called protected mode. In protected mode, the
SAB 80286 CPU automatically maps 1 gigabyte of
virtual addresses per task into a 16 megabyte real
address space. This mode also provides memory
protection to isolate the operating system and
ensure privacy of each task’s programs and data.
Both modes provide the same basic instruction set,
registers, and addressing modes.

The following functional description describes first
the basic SAB 80286 architecture common to both
modes, second the real address mode, and thirdly
the protected mode.

Basic Architecture

The processors of the Intel/Siemens 16-bit CPU
family all contain the same basic set of registers,

instructions, and addressing modes. Therefore, the
SAB 80286 processor is upward-compatible with
the SAB 8086, 8088 and 80186 CPUs.

Register Set

The SAB 80286 basic architecture has fifteen
registers as shown below. These registers are
grouped into the following four categories:

General registers: Eight 16-bit general purpose
registers used to contain arithmetic and logical
operands. Four of these (AX, BX, CX, and DX) can
be used either in their entirety as 16-bit words or
splitinto pairs of separate 8-bit registers.

Segment registers: Four 16-bit special purpose
registers select, at any given time, the segments of
memory that are immediately addressable for
code_ctack and data (For usoge, refer to Memuy

ogc, +
Organization).

Base and index registers: Four of the general
purpose registers may also be used to determine
offset addresses of operands in memory. These
registers may contain base addresses or indexes to
particular locations within a segment. The
addressing mode determines the specific registers
used for operand address calculations.

Status and control registers: The three 16-bit
special purpose registers in the figure below record
or control certain aspects of the SAB 80286
processor state including the instruction pointer
which contains the offset address of the next
sequential instruction to be executed.

Register Set

16-Bit Special
Register Register
Name Functions
7 07 0 15 0
Byte AX| AH AL Multiply/Divide cs Code Segment Selector
;\ec!.n:‘larie*ssable ox| oH oL 110 Instructions DS Data Segment Selector
‘;Egi“‘-’f x| cH | ocL >Loopl5hifHRepea\‘ Count ss Stack Segment Selector
ames
Shown) BX| BH BL ES Extra Segment Selector
Base Registers -
BP Segment Registers
SI 15 0
Index Registers
oI F Flags
X P Instruction Pointer
SP > Stack Pointer
MSW Machine Status Word
15 0
General Status and Control
Registers Registers
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Status and Control Register Bit Functions

Status Flags:

Carry

Parity
Auxiliary Carry

Zero

Sign
Overflow

0

6

5 % 13 1R 4n 10 9 8 47
Flags:NT | 10PL [ 0F| DFl IFJTF | SF | ZF

5
-

Control Flags:
Trap Flag

Interrupt Enable

Direction Flag
Special Fields:

1/0 Privilege Level

% Reserved

15
P PP PR PR

Processor Extension Emulated
Monitor Processor Extension

Nested Task Flag

3 2 1 0

Task Swifch

Protection Enable

Flags Word Description

The flags word (flags) records specific charac-
teristics of the result of logical and arithmetic
instructions (bits 0, 2, 4, 7, and 11) and controls the
operation of the SAB 80286 within a given operating
mode (bits 8 and 9). Flags is a 16-bit register. The
function of the flag bits is given in table 1.

Instruction Set

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotate/logical, string
manipulation, control transfer, high level instruc-
tions, and processor control.

An SAB 80286 instruction can reference zero, one,
or two operands; where an operand resides in a
register, in the instruction itself, or in memory.
Zero-operand instructions (e.g. NOP and HLT) are

usually one byte long. One-operand instructions
(e.g. INC and DEC) are usually two bytes long but
some are encoded in only one byte. One-operand
instructions may reference a register or memory
location. Tow-operand instructions permit the
following six types of instruction operations:

— register to register

~ memory to register

— immediate data to register

— memory to memory

— register to memory

— immediate data to memory

Two-operand instructions (e.g. MOV and ADD) are
usually three to six bytes long. Memory to memory
operations are provided by a special class of string
instructions requiring one to three bytes. For
detailed instruction formats and encodings refer to
the instruction set summary.
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Table 1

Flags Word Bit Functions

Bit

position Name Functions

0 CF Carry Flag — Set on high-order bit carry or borrow; cleared otherwise

2 PF Parity Flag — Set if low-order 8 bits of result contain an even number of 1-bits;
cleared otherwise

4 AF Set on carry from or borrow to the low-order 4 bits of AL;
cleared otherwise

6 ZF Zero Flag — Set if result is zero; cleared otherwise

7 SF Sign Flag — Set equal to high-order bit of result (0 if positive, 1 if negative)

1 or Gveriiow Fiag — Setirresultis a positive number too large or a negative number
too smali (excluding sign bit) to fit in destination operand; cleared otherwise

8 TF Single Step Flag — Once set, a single step interrupt occurs after the next
instruction has been executed. TF is cleared by the single step interrupt

9 IF Interrupt Enable Flag — When set, maskable interrupts will cause the CPU to
transfer control to an interrupt vector specified location

10 DF Direction Flag — Causes string instructions to autodecrement the appropriate
index registers when set. Clearing DF causes autoincrement

Memory Organization (a pointer) that consists of a 16-bit segment selector,

Memory is organized as sets of variable length and a 16-bit offset. The segment selector indicates
segments. Each segment is a linear contiguous the desired segment in memory. The offset
sequence of up to 64 K (2') 8-bit bytes. Memory is component indicates the desired byte address
addressed using a two-component address within the segment.

Two Component Address

)]
$

32-Bit Pointer

Segment l Offset |
31 16 15 0

Operand lected
Selected g:gﬁezf

Memory

242



SAB 80286

Table 2

Segment Register Selection Rules

Memory Segment register | Implicit segment

reference needed used selection rule

Instructions Code (CS) Automatic with instruction prefetch

Stack Stack (SS) All stack pushes and pops. Any memory reference which uses
BP as a base register

Local data Data (DS) All data references except when relative to stack or string
destination

Externed (global) data| Extra (ES) Alternate data segment and destination of string operation

All instructions that address operands in memory
must specify the segment and the offset. For

speed and compact instruction encoding, segment
selectors are usually stored in the high-speed
segment registers. An instruction need specify only
the desired segment register and an offset in order
to address a memory operand.

Most instructions need not explicitly specify which
segment register is used. The correct segment
register is automatically chosen according to the
rules of table 2.

These rules follow the way programs are written as
independent moduies that require areas for code
and data, a stack, and access to external data areas.
Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data, and
extra segments may coincide for simple programs.
To access operands not residing in one of the four
immediately available segments, a full 32-bit pointer
or a new segment selector must be loaded.

Addressing Modes

The SAB 80286 provides a total of eight adressing
modes for instructions to specify operands. Two
addressing modes are provided for instructions that
operate on register or immediate operands:

Register operand mode: The operand is located in
one of the 8 or 16-bit general registers.

Immediate operand mode: The operand is included
in the instruction.

Direct mode: The operand’s offset is contained in
the instruction as an 8 or 16-bit displacement
element.

Register indirect mode: The operand’s offset is in
one of the registers Sl, DI, BX, or BP.

Based mode: The operand'’s offset is the sum of an
8 or 16-bit displacement and the contents of a base
register (BX or BP).

Indexed mode: The operand’s offset is the sum of
an 8 or 16-bit displacement and the contents of an
index register (Sl or DI).

Based indexed mode: The operand’s offset is the
sum of the contents of a base register and an index
register.

Based indexed mode with displacement: The
operand'’s offset is the sum of a base register’s
contents, an index register’s contents, and an 8 or
16-bit displacement.

Data Types

The SAB 80286 directly supports the following data
types:

Integer: .

A signed binary numeric value contained in an 8-bit
byte or a 16-bit word. All operations assume a 2's
complement representation. Signed 32 and 64-bit
integers are supported using the numeric data
processor extension.

Ordinal:
An unsigned binary numeric value contained in an
8-bit byte or 16-bit word.

Pointer:

A 32-bit quantity, composed of a segment selector
component and an offset component. Each com-
ponent is a 16-bit word.

String:

A contiguous sequence of bytes or words. A string
may contain between 1 byte and 64 Kbytes.

ASCII:

A byte representation of alphanumeric and control
characters using the ASCIl standard of character
representation.

BCD:

A byte (unpacked) representation of the decimal
digits 0 to 9.
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Packed BCD:
Abyte (packed) representation of two decimal digits
0 to 9 storing one digit in each nibble of the byte.

Floating Point:

Asigned 32, 64, or 80-bit real number representation
(Floating point operands are supported using the
extended processor configuration with SAB 80287).

Table 3
Interrupt Vector Assignments

1/0 Space

The 1/0 space consists of 64 K 8-bit or 32 K 16-bit
ports. I/0 instructions address the /O space with
either an 8-bit port address, specified in the
instruction, or a 16-bit port address in the DXregister,
8-bit port addresses are zero extended such that
A15-A8 are LOW. |/O port addresses 00F8(H)
through 00FF(H) are reserved.

Function Interrupt Related Return address

Number instructions before instruction
causing exception?

Divide error exception 0 DIV, IDIV | Yes

Single step interrupt 1 All -

NMI interruptA 2 All -

Breakpoint interrupt 3 INT -

INTO detected overflow exception 4 INTO No

BOUND range exceeded exception 5 BOUND Yes

Invalid opcode exception 6 any undefined opcode| Yes

Processor extension not available exception 7 ESC or WAIT Yes

Reserved 8-15 -

Processor extension error interrupt 16 ESC or WAIT -

Reserved 17-31 -

User defined 32-255 -

Interrupts rupt, an 8-bit vector must be supplied to the

An interrupt transfers execution to a new program
lecation. The old program address (CS:IP) and
machine state (flags) are saved on the stack to allow
resumption of the interrupted program. Interrupts
fall into three classes: hardware initiated, INT
instructions, and instruction exceptions. Hardware-
initiated interrupts occur in response to 2n external
input and are classified as non-maskable or
maskable. Programs may cause an interrupt with an
INT instruction. Instruction exceptions occur when
an unusual condition, which prevents further
instruction processing, is detected while attempting
to execute an instruction. The return address from
an exception will always point at the instruction
causing the exception and include any leading
instruction prefixes.

A table containing up to 256 pointers defines the
proper interrupt service routine for each interrupt.
Interrupts 0 to 31, some of which are used for
instruction exceptions, are reserved. For each inter-

244

SAB 80286 which identifies the appropriate table
entry. Exceptions supply the interrupt vector inter-
nally. INT instructions contain or imply the vector
and allow access to all 256 interrupts. Maskable
hardware initiated interrupts supply the 8-bit vector
to the CPU during an interrupt acknowledge bus
sequence. Non-maskable hardware interrupts use a
predefined internally supplied vector.

Single step interrupt

The SAB 80286 has an internal interrupt that allows
programs to execute one instruction at a time. It is
called the single step interrupt and is controlled by
the single step flag bit (TF) in the flag word. Once
this bit is set, an internal single step interrupt will
occur after the next instruction has been executed.
The interrupt clears the TF bit and uses an internally
supplied vector of 1. The IRET instruction is used to
set the TF bit and transfer control to the next
instruction to be single-stepped.
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Interrupt Priorities

When simultaneous interrupt requests occur, they
are processed in a fixed order as shown in table 4.
Interrupt processing involves saving the flags,
return address, and setting CS:IP to point at the first
instruction of the interrupt handler. If other inter-

rupts remain enabled they are processed before the
first instruction of the current interrupt handler is
executed. The last interrupt processed is therefore
the first one serviced.

Table 4

Interrupt Processing Order

Order Interrupt

1 Instruction exception

2 Single step

3 NMI

4 Processor extension segment overrun
5 INTR

6 INT instruction

Initialization and processor reset

Processor initialization or start up is accomplished
by driving the RESET input pin HIGH. RESET forces
the SAB 80286 to terminate all execution and local
bus activity. No instruction or bus activity will occur
as long as RESET is active. After RESET became
inactive and an internal processing interval has
elapsed, the SAB 80286 begins execution in real
address mode with the instruction at physical
location FFFFFO(H). RESET also sets some registers
to predefined values as shown in table 5.

A23 to A20 will be HIGH when the SAB 80286
performs memory references relative to the CS
register until CS is changed. A23 to A20 will be zero
for references to the DS, ES, or SS segments.
Changing CS in real address mode will force A23 to
A20 LOW whenever CS is used again. The initial
CS:IP value of FOO0:FFFO provides 64 Kbytes of code
space for initialization code without changing CS.

Table 5
SAB 80286 Initial Register State after RESET

Flag word 0002(H)
Machine status word FFFO(H)
Instruction pointer FFFO(H)
Code segment FOOO(H)
Data segment 0000(H)
Extra segment 0000(H)
Stack segment 0000(H)

Machine Status Word Description

The machine status word (MSW) records when a
task switch takes place and controls the operating
mode of the SAB 80286. It is a 16-bit register of
which the lower four bits are used. One bit places
the CPU-into protected mode, while the other three
bits, as shown in table 6, control the processor
extension interface. After RESET, this register
contains FFFO(H) which places the SAB 80286 in real
address mode.
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Table 6

MSW Bit Functions

Bit F .

position Name unction

0 PE Protected mode enable places the SAB 80286 into protected mode and cannot
be cleared except by RESET

1 MP Monitor processor extension allows WAIT instructions to cause a processor
extension not present exception (number 7)

2 EM Emulate processor extension causes a processor extension not present
exception (number 7) on ESC instructions to allow emulating a processor
extension

3 TS Task switched indicates that the next instruction using a processor extension
will cause exception 7, allowina software to test whether the current nroccecer
extension context belongs to the current task

The LMSW and SMSW instructions can load and recommended use of TS, EM, and MP is shown in

store the MSW in real address mode. The table 7.

Table 7

Recommended MSW Encodings For Processor Extension Cantrol

Instructions

TS MP EM Recommended use causing
exception 7
0 0 0 Initial encoding after RESET. SAB 20286 operation none

is identical with SAB 8086/88 operation

0 0 1 No processor extension is available. Software will ESC
emulate its function

1 0 1 No processor extension is available. Software will ESC
' emulate its function. The current processor extension
context may belong to another task

0 1 0 A processor extension exists none

1 1 0 A processor extension exists. The current processor ESC or WAIT
extension context may belong to another task. The
exception on WAIT allows software to test for an error
pending from a previous processor extension

operation
Hait
The HLT instruction stops program execution and will force the SAB 80286 out of halt. If interrupted
prevents the CPU from using the local bus until the saved CS:IP will point to the next instruction

restarted. Either NMI, INTR with IF = 1, or RESET after the HLT.
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Real Address Mode

The SAB 80286 executes a fully upward-compatible
superset of the SAB 8086's instruction set in real
address mode. In real address mode, the SAB 80286
is object code compatible with SAB 8086 and

SAB 8088 software. The real address mode archi-
tecture (registers and addressing modes) is exactly
as described in the SAB 80286 basic architecture
section of this functional description.

Memory Size

Physical memory is a contiguous array of up to
1,048,576 bytes (one megabyte) addressed by pins
A0 through A19 and BHE. A20 through A23 may
be ignored.

Memory Addressing

In real address mode the processor generates 20-bit
physical addresses directly from a 20-bit-segment
base address and a 16-bit offset.

The selector portion of a pointer is interpreted as
the upper 16 bits of a 20-bit segment address. The
lower four bits of the 20-bit segment addresses are
always zero. Segment addresses, therefore, begin
on multiples of 16 bytes. See figure on address
calculation for a graphic representation of address
formation.

All segments in real address mode are 64 Kbytes in
size and may be read, written, or executed. An
exception orinterrupt can occur if data operands or
instructions attempt to wrap around the end of a
segment (e.g. a word with its low-order byte at
offset FFFF(H) and its high-order byte at offset
0000(H). If, in real address mode, the information
contained in a segment does not use the full

64 Kbytes, the unused end of the segment may be
overlayed by another segment to reduce physical
memory requirements.

Real Address Mode, Address Calculation
15 0
Offset
0000 Offset Address
[
{
15 0
Segment Segment
Selector 0000 Address
~ (_J L
19 0
20-Bit Physical
Memory Address
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Table 8
Real Address Mode, Addressing Interrupts
Function Interrupt | Related Return address
number | instructions before instruction?
Interrupt table limit too small 8 INT vector is not within table limit Yes
exception
Processor extension segment 9 ESC with memory operand No
overrun interrupt extending beyond offset FFFF(H)
Segment overrun exception 13 Word memory reference with Yes
offset = FFFF(H) or an attempt to
execute past the end of a segment

Interrupts

Tabie & shows the interrupt vectors reserved tor
exceptions and interrupts which indicate an
addressing error. The exceptions leave the CPU in
the state existing before attempting to execute the
failing instruction (except for PUSH, POP, PUSHA,
or POPA).

Shutdown

Shutdown occurs when a severe error is detected
that prevents further instruction processing by the
CPU. Shutdown and halt are externally signalled
via a halt bus operation. They can be distinguished
by A1 HIGH for haltand A1 LOW for shutdown. In
real address mode, shutdown can occur under two
conditions: .

® Exceptions 8 or 13 happen and the IDT limit does
notinclude the interrupt vector.

® ACALL, INT or POP instruction attempts to wrap
around the stack segment when SP is not even.

An NMl input can bring the CPU out of shutdown if
the IDT limitis atleast 000F(H) and SPis greater than
0005(H), otherwise shutdown can only be exited via
the RESET input.

Protected Virtual Address Mode

The SAB 80286 executes a fully upward-compatible
superset of the SAB 8086 instruction setin protected
virtual address mode (protected mode). Protected
mode also provides memory management and
protection mechanisms and associated instructions.

The SAB 80286 enters protected virtual address
mode from real address mode by setting the PE
(Protection Enable) bit of the machine status word
with the Load Machine Status Word (LMSW)
instruction. Protected mode offers extended physical
and virtual memory address space, memory pro-
tection mechanisms, and new operations to support
operating system and virtual memory.
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All registers, instructions and addressing modes
Gescrived in thie SAB 602806 basic architecture
section of the functional description remain the
same. Programs for the SAB 8086, SAB 8088,
SAB 80186 and real address mode SAB 80286 can
be run in protected mode: however, embedded
constants for segment selectors are different.

Memory Size

The protected mode SAB 80286 provides a 1
gigabyte virtual address space per task mapped into
a 16 megabyte physical address space defined by
the address pins A23—A0 and BHE. The virtual
address space may be larger than the physical
address space since any use of an address that does
not map to a physical memory location will cause

a restartable exception.

Memory Addressing

As in real address mode, protected mode uses 32-bit
pointers, consisting of 16-bit selector and offset
components. The selector, however, specifies an
index into a memory resident table rather than the
upper 16-bits of a real memory address. The 24-bit
base address of the desired segment is obtained
from the tables in memory. The 16-bit offset is added
to the segment base address to form the physical
address as shown in the figure below. The tables
are automatically referenced by the CPU whenever
a segment register is loaded with a selector. All
SAB 80286 instructions which load a segment
register will reference the memory-based tables
without additional software. The memory-based
tables contain 8 byte values called descriptors.
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Protected Mode, Memory Addressing

CPU

3 16 15

Pointer Selector Offset

]

Physical
Address
Adder

Segment Base

~Physical Memory ~

Address
23 0

Memory Segment
Operand
Segment
Segment Descriptor
Descriptor Table

]

2
2

Descriptors

Descriptors define the use of memory. Special types
of descriptors also define new functions for transfer
of control and task switching. The SAB 80286 has
segment descriptors for code, stack and data
segments, as well as system control descriptors for
special system data segments and control transfer
operations. Descriptor accesses are performed as
locked bus operations to assure descriptor integrity
in multiprocessor systems.

Code and data segment descriptors (S = 1)

Besides segment base addresses, code and data
descriptors contain other segment attributes
including segment size (1to 64 Kbytes), access rights
(read only, read/write, execute only, and execute/
read), and presence in memory (for virtual memory
systems; figure and table next page). Any segment
usage violating a segment attribute indicated by the
segment descriptor will prevent the memory cycle
and cause an exception or interrupt.
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Code or Data Segment Descriptor
7 07 0
)
+7 Reserved * +6
Access i
Rights Byte +5|P DII>L S JTypeL A Base 23-Base 16 A
+3 Base15-Base0 +2
1
+1 Limit15-Limit0 0
1
15 87 0
*) Must be set to 0 for compatibility with SAB 80386

Access Rights Byte Definition

E.;'.t Name Function
Position
7 Present (P) P=1 Segmentis mapped into physical memory
P =0 No mapping to physical memory exists, base and limit are not
used
6-5 Descriptor privilege Segment privilege attribute used in privilege tests
level (DPL)
4 Segment descrip- S =1 Code ordata (includes stacks) segment descriptor
tor (S) S =0 System segment descriptor or gate descriptor
3 Executable (E) E=0 Data segment descriptor type is: If
2 Expansion direc- ED = 0 Expand up segment, offsets must be < limit data
2 tion (ED) ED =1 Expand down segment, offsets must be > limit segment
€1 Writeable (W) W =0 Data segment may not be written into (S=1,
E W =1 Data segment may be written into E=0)
E 3 Executable (E) E=1 Code segment descriptor type is: If
o 2 Conforming (C) C=1 Code segment may only be executed when code
s CPL = DPL and CPL remains unchanged segment
Il | Readable (R) R=0 Code segment may not be read (S=1,
R=1 Code segment may be read E=1)
0 Accessed (A) A =0 Segment has not be accessed
A =1 Segment selector has been loaded into segment register or
used by selector test instructions

Code and data (including stack data) are stored in
two types of segments: code segments and data
segments. Both types are identified and defined by
segment descriptors (S = 1). Code segments are
identified by the executable (E) bit set to 1in the
descriptor access rights byte, whereas the data
segments have the E bit set to 0.
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System segment descriptors (S = 0, type = 1-3)

In addition to code and data segment descriptors,
the protected mode SAB 80286 defines system
segment descriptors. These descriptors define
special system data segments which contain a table
of descriptors (local descriptor table descriptor)

or segments which contain the execution state of a
task (task state segment descriptor).

The figure and table on next page show the formats
for the special system data segment descriptors.
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System Segment Descriptor
7 07 0
! *)
+7 Reserved +6
+5|P| DPL |0 Type Base23-Base 16 +h
] |
+3 Base15-Base0 +2
|
+1 Limit15-Limit0 0
1
15 87 0
*) Must be set to 0 for compatibility with SAB 80386
System Segment Descriptor Fields
Name Value Description
TYPE 1 Available task state segment
2 Local descriptor table descriptor
3 Busy task state segment
P 0 Descriptor contents are not valid
1 Descriptor contents are valid
DPL 0-3 Descriptor privilege level
BASE 24-bit number | Base address of special system data segment in real memory
LIMIT 16-bit number | Offset of last byte in segment

Gate Descriptors (S = 0, Type = 4-7)

Gates are used to control access to entry points
within the target code segment. The gate descrip-
tors are call gates, task gates, interrupt gates and
trap gates. Gates provide a level of indirection
between the source and destination of the control
transfer. This indirection allows the CPU to auto-
matically perform protection checks and control
entry point of the destination. Call gates are used to
change privilege levels (see privilege), task gates
are used to perform a task switch, and interrupt and
trap gates are used to specify interrupt service
routines. The interrupt gate disables interrupts
(resets IF) while the trap gate does not.

The figure and table below show the format of the
gate descriptors. The descriptor contains a
destination pointer that points to the descriptor of
the target segment and the entry point offset. The
destination selector in an interrupt gate, trap gate,
and call gate must refer to a code segment
descriptor. Exception 13 is generated when the gate
is used if a destination selector does not refer to the
correct descriptor type.
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Gate Descriptor
7 07 0
T
+7 Reserved *) +6
«sfplopL |of Type [x x x| WordCount G,
L L1 L1 40
+3 Destination Selector 15-2 4 X X +2
1 1
+1 Destination Offset 15-0 0
_1
15 87 0
*) Must be set to 0 for compatibility with SAB 80386 (X is don’t care)

Gate Descriptor Fields

Name Value Description
4 — Call gate
5 — Task gate
TYPE 6 — Interrupt gate
7 — Trap gate
P 0 — Descriptor contents are not valid
1 — Descriptor contents are valid
DPL 0-3 Descriptor Privilege level
WORD Number of words to copy from callers stack to called
COUNT 0-31 procedures stack. Only used with call gate
DESTINATION 16-bit Selector to the target code segment (call, interrupt or trap gate)
SELECTOR selector
DESTINATION 16-bit Entry point within the target code segment
OFFSET offset

Segment Descriptor Cache Registers

A segment descriptor cache register is assigned

to each of the four segment registers (CS, SS, DS,
ES). Segment descriptors are automatically loaded
(cached) into a segment descriptor cache register
(see figure) whenever the associated segment
register is loaded with a selector. Only segment
descriptors may be loaded into segment descriptor
cache registers. Once loaded, all references to that
segment of memory use the cached descriptor
information instead of reaccessing memory. The
descriptor cache registers are not visible to
programs. No instructions exist to store their
contents. They only change when a segment
register is loaded.
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Selector Fields

A protected mode selector has three fields: descrip-
tor entry index, local or global descriptor table
indicator (Tl), and selector privilege (RPL) as shown
in the figure on selector fields. These fields select
one of two memory-based tables of descriptors,
select the appropriate table entry and allow
highspeed testing of the selector’s privilege
attribute (refer to privilege discussion below).
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Descriptor Cache Registers

Program Visible |’— Program Invisible ﬂl
| |
| |
] Access |

Segment Selectors | Rights Segment Base Address Segment Size |
s ! I
DS : :
55 | |
ES : :
1 o 1w o %15 0|
| |
Segment Registers { Segment Discriptor Cache Registers :
{Loaded by Program) L (Loaded by CPU) ]
Selector Fields
Selector
Index TI{ RPL
IS N N N SO T I Y A O | !
15 3210
Bits Name Function
1-0 Requested | Indicates Selector Privilege
Privilege Level Desired
Level
(RPL)
2 Table TI=0 Use Global Descriptor Table
Indicator (GDT)
(T1) TI=1 Use Local Descriptor Table
(LDT)
15-3 | Index Select Descriptor Entry in Table

Local and Global Descriptor Tables (LDT, GDT)
Two tables of descriptors, called descriptor tables, descriptor table in physical memory and a 16-bit

contain all descriptors accessible by a task at any limit register that confine descriptor access to the
given time. A descriptor table is a linear array of up ~ defined limits of the table as shown in the figure
to 8192 descriptors. The upper 13 bits of the below. A restartable exception (13) will occur if an
selector value are an index into a descriptor table. attempt is made to reference a descriptor outside
Each table has a 24-bit base register to locate the the table limits.
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Local and Global Descriptor Table Definition

A Memory L

CPU
15 0 j -
GOT Limit :
23 —\L
GOT Base
15 0
LDT
Selector LDT1
- . 5
| 15 0.1 .
| | —
| LOT Limit [ | L J (LOT)
|23 | J
|
| LDT Base I
| }
| Program Invisible | LOTn
—
.

Global
Descriptor
Table
(GDT)

Current
Local
Descriptor

+5

+3

+1

Global Descriptor Table and Interrupt Descriptor Table Data Type

7 07 0
Reserved*) Base 23-Base 16 +4
Base‘ISI-BaseO +2
Limit 15-Limit0 0

15 al7 0

*) Must be set to 0 for compatibility with SAB 80386

Interrupt Descriptor Table

The protected mode SAB 80286 has a third
descriptor table, called the interrupt descriptor

table (DT) (see figure below), used to define up to

256 interrupts. It may cont

ain only task gates,

descriptor table) has a 24-bit base and 16-bit limit
References to IDT entries are
made via INT instructions, external interrupt
vectors, or exceptions. The IDT must be at least
256 bytes in size to allocate space for all reserved

register in the CPU.

interrupt gates and trap gates. The IDT (interrupt interrupts.
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Interrupt Descriptor Table Definition

I Memory T
[ Gate for 1
‘ Interrupt ## n ’
Gate for |
l Interrupt #n-1 ’ Interrupt
E Descriptor
CPU . Table
i ] (1DT)
15 N Gate for
C4 | Interrupt 1 ‘
0T Limit H— | !
Gate for
Interrupt # 0
IDT Base .
23 0 ‘L

Privilege
The SAB 80286 has a four-level hierarchical

privilege system which controls the use of
privileged instructions and access to descriptors

(and their associated segments) within a task
(figure below). The privilege levels are numbered 0
through 3. Level 0 is the most privileged level.

Hierarchical Privilege Levels

CPU
Enforced
Software
Interfaces

High Speed
Operating
System
Interface

Applications

0S Extensions

System
Services

PL=1
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Protection

The SAB 80286 includes mechanisms to protect
critical instructions that affect the CPU execution
state (e.g. HLT) and code or data segments from
improper usage. These mechanisms are grouped
under the term “‘protection’” and have three forms:

Restricted usage of segments (e.g. no write allowed
to read-only data segments). The only segments
available for use are defined by descriptors in the
local descriptor table (LDT) and global descriptor
table (GDT).

Restricted access to segments via the rules of
privilege and descriptor usage.

Privileged instructions or operations that may only
be executed at certain privilege levels as

determined by the CPL and 1/0 privilege |eve| (IOPL).

'I'I-\nll'\Dl in r‘n‘ n’\f‘k shita 1A ~Aemd 1D Af il
iS CO 8y SIS 15 GRG 1o ST unc --u\d

word.

These checks are performed for all instructions and
can be split into three categories: segment load
checks (table 9), operand reference checks (table 10),
and privileged instruction checks (table 11). Any
violation of the rules shown will resultin an
exception. A not-present exception related to the
stack segment causes exception 12.

The IRET and POPF instructions do not perform
some of their defined functions if CPL is not of
sufficient privilege (numerically small enough).
No exceptions or other indication are given when
these conditions occur.

The IF bitis not changed if CPL > IOPL.
The IOPL field of the flag word is not changed
if CPL > 0.

Table 9
Segment Register Load Checks

Exception

Error description
number

Descriptor table limit exceeded 13

Segment descriptor not present 11or12

Privilege rules violated 13

Invalid descriptor/segment type
segment register load:
—read only data segment load to
SS
— special control descriptor load to
DS, ES, SS 13
— execute only segment load to
DS, ES, SS
— data segment load to CS
— read/execute code segment
load to SS
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Table 10
Operand Reference Checks

Error description Exception
number

Write into code segment 13

Read from execute-only code

segment 13

Write to read-only data segment 13

Segment limit exceeded " 120r13

" Carry out in offset calculations is ignored.

Table 11
Privileged Instruction Checks

Exception
numoer

Error descripntion

CPL > 0 when executing the
following instructions
LIDT, LLDT, LGDT, LTR, LMSW, 13
CTS, HLT

CPL > IOPL when executing the
following instructions
INS, IN, OUTS, OUT, STI, CLI, 13
LOCK

Exceptions

The SAB 80286 detects several types of exceptions
and interrupts in protected mode (see table 12).
Most of then are restartable after the exceptional
condition is removed. Interrupt handlers for most
exceptions receive an errdr code, pushed on the
stack after the return address, that identifies the
selector involved (0 if none). The return address
normally points to the failing instruction, including
all leading prefixes. For a processor extension
segment overrun exception, the return address will
not point at the ESC instruction that caused the
exception; however, the processor extension
registers may contain the address of the failing
instruction.
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Table 12
Protected Mode Exceptions
Return
Interrupt _ address Always Error
vector Function at failing restart- code
instruction? | able? on stack?
8 Double exception detected yes no yes
9 Processor extension segment overrun no no no
10 Invalid task state segment yes yes yes
1 Segment not present yes yes yes
12 Stack segment overrun or segment not present yes yes" yes
13 General protection yes no yes

' When a PUSHA instruction attempts to wrap around the stack segment, the machine state after the

exception will not be restartable. This condition is identified by the value of the saved SP being either

0000(H), 0001(H), FFFE(H), or FFFF(H).

Special Operations
Task Switch Operation

The SAB 80286 provides a built-in task switch
operation which saves the entire SAB 80286
execution state (registers, address space, and a

link to the previous task), loads a new execution
state, and commences execution in the new task.
Like gates, the task switch operation is invoked by
executing aninter-segment JMP or CALL instruction
which refers to a task state segment (TSS) or task
gatedescriptorinthe GDT or LDT. AnINT instruction,
exception, or external interrupt may also invoke the
task switch operation by selecting a task gate
descriptor in the associated IDT descriptor entry.

The TSS descriptor points at a segment (see figure
on next page) containing the entire SAB 80286
execution state while a task gate descriptor
contains a TSS selector. The limit field must be

> 002B(H).

The task state segment is marked busy by changing
the descriptor type field from type 1to type 3. Use of
a selector that references a busy task state segment
causes exception 13.

Processor Extension Context Switching

The context of a processor extension (such as the
SAB 80287 numerics processor) is not changed by
the task switch operation. A processor extension
context need only be changed when a different task
attempts to use the processor extension (which
still contains the context of a previous task).

Whenever the SAB 80286 switches tasks, it sets the
task switched (TS) bit of the MSW. TS indicates that
a processor extension context may belong toa
different task than the current one. The processor
extension not present exception (7) will occur when
attempting to execute an ESC or WAIT instruction
if TS = 1 and a processor extension is present

(MP = 1in MSW).

Double Fault and Shutdown

If two seperate exceptions are detected during a
single instruction execution, the SAB 80286
performs the double fault exception (8). If an
exception occurs during processing of the double
fault exception, the SAB 80286 will enter shutdown.
During shutdown no further instructions or
exceptions are processed. Either NMI (CPU remains
in protected mode) or RESET (CPU exits protected
mode) can force the SAB 80286 out of shutdown.
Shutdown is externally signalled via a HALT bus
operation with A1 HIGH.
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15

Task Register

Program Invisible

~—
Limit |4
Base

23

|
|
|
|
|
|
[ S

Task State Segment and TSS Registers

~

Type| Description
Reserved
| 1 | An available task
D state segment.May
System P[P]0|Type| Base23-Base 16 be used as the de-
® —— |« Segment L s stination of a task
Degmg t switch operation.
0 escriptor Base15-Base0 1
_ 1 | 3 | A busy task state
n | segment. Cannot be
[ Limit 15- Limit0 I used as the desti-
0 - I I} ] mabian Al ~ baal
i - 1 et Ve oruen
J‘: _______ J _____________ | switch
' ~ ~
0 _JI T | Byte
15 0] Of fset
Task LDT Selector 42
DS Selector 40 P | Description
S5 Selector 3 1 | Base and limit fields
CS Selector 36 are valid
ES Selector 34 0 | Segment is not pre-
DI 32 sent in memory.
Base and limit are
S i not defined.
BP 28
SP 26
t
Task BX % %—l;;fn
L————= State DX 22 ( state
Segment X 20
AX 18
Flag Word 16
P (Entry Point) 1%
SS for CPL2 12
SP for CPL2 10
SS for CPL1 g | Initial
Stacks
SP for CPL1 6 [ for CPL 01,2
SS for CPLO 4
SP for CPLO 2
Back Link Selector to TSS | 0
A

258




SAB 80286

System Interface

The SAB 80286 system interface appears in two
forms: a local bus and a system bus. The local bus
consists of address, data, status, and control
signals at the pins of the CPU. A system bus is any
buffered version of the local bus. A system bus may
also differ from the local bus in terms of coding of
status and control lines and/or timing and loading
of signals. The SAB 80286 family includes several
devices to generate standard system buses such
as the IEEE 796 standard Multibus®

Bus Interface Signals and Timing

The SAB 80286 local bus interfaces the SAB 80286
to local memory and /0 components. The interface
has 24 address lines, 16 data lines, and 8 status and
control signals.

The SAB 80286 CPU, SAB 82284 clock generator,
SAB 82288 bus controller, SAB 82289 bus arbiter,
SAB 8286A/8287A transceivers, and SAB 8282A/
8283A latches provide a buffered and decoded
system bus interface. The SAB 82284 generates the
system clock and synchronizes READY and RESET.
The SAB 82288 converts bus operation status
encoded by the SAB 80286 into command and bus
control signals.

The SAB 82289 bus arbiter generates Multibus bus
arbitration signals. These components can provide
the timing and electrical power drive levels required
for most system bus interfaces including the
Multibus.

Physical Memory and I/0 Interface

A maximum of 16 megabytes of physical memory
can be addressed in protected mode. One
megabyte can be addressed in real address mode.
Memory is accessible as bytes or words. Words
consist of any two consecutive bytes addressed
with the least significant byte stored in the lowest
address.

The I/0 address space contains 64 K addresses in
both modes. The I/0 space is accessible as either
bytes or words, as is memory. Byte-wide peripheral
devices may be attached to either the upper or lower
byte of the data bus. An interrupt controller such
as the SAB 8259A must be connected to the lower
byte of the data bus (D7-D0) for proper return of the
interrupt vector.

Bus Operation

The SAB 80286 uses a double frequency system
clock (CLK input) to control bus timing. Ali signals
on the local bus are measured relative to the system
CLK input. The CPU divides the system clock by 2 to
produce the internal processor clock, which
determines bus state. Each processor clock is
composed of two system clock cycles named
phase 1and phase 2. The SAB 82284 clock generator
output (PCLK) identifies the next phase of the
processor clock (see figure on system and processor
clock relationship). )

System and Processor Clock Relationship

Phase1
I=— of Processor
Clock Cycle

CLK

One System
CLK Cycle

PCLK

=———0ne Processor Clock Cycle———=]

~———— One Bus T State ——————

Phase2
of Processor —=
Clock Cycle
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Six types of bus operations are supported: memory
read, memory write, |/0 read, I/0 write, interrupt
acknowledge, and halt/shutdown. Data can be
transferred at a maximum rate of one word per two
processor clock cycles.

The SAB 80286 bus has three basic states: idle (Tl),
send status (TS), and perform command (TC). The
SAB 80286 CPU also has a fourth local bus state
called hold (TH). TH indicates that the SAB 80286
has surrendered control of the local bus to another
bus master in response to a HOLD request.

Each bus state is one processor clock long. The

figure below shows the four SAB 80286 local bus
states and allowed transitions.

Pipelined Addressing

The SAB 80286 uses a local bus interface with
pipsiingd tining tu aliuw as much time as possible
for data access. Pipelined timing allows bus
operations to be performed in two processor cycles,

while allowing each individual bus operation to
last for three processor cycles.

The timing of the address outputs is pipelined such
that the address of the next bus operation becomes
available during the current bus operation. Orin
other words, the first clock of the next bus operation
is overlapped with the last clock of the current bus
operation. Therefore, address decoder and routing
logic can operate in advance of the next bus
operation. External address latches may hold the
address stable for the entire bus operation, and
provide additional ac and dc buffering.

The SAB 80286 does not maintain the address of the
current bus operation during all TC states. Instead,
the address for the next bus operation may be
emitted during phase 2 of any TC. The address
remains valid during phase 1 of the first TC to
auarantee hold time. relative tn Al F farthe addrecc
latch inputs.

SAB 80286 Bus States

A-NEW CYCLE

HL

HLDA-NEW CYCLE\

D

AN

READY -NEW CYCLE

NEW CYCLE-HLDA
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Basic Bus Cycle
Read Cycle N Read Cycle N+1
Tl I TS 4 TC ; TS t TC
@1 @2 (2] P2 1 P2 ()] @2
CLK
PROC CLK I I L r
=-—2Clock Cycle Transfer 2Clock Cycle|Transfer
25 Cl})ck Cycle Address to Data Valld—-(
|
Y N
A23-A0 @ { Valid Address (N) ‘ {Vana Address (N+‘I) §§
S0-S1
READY ) /
P e {»
Valid Read Valid Read
Data (N) Data (N+1)

Bus Cycle Termination

At maximum transfer rates, the SAB 80286 bus
alternates between the status and command states.
The bus status signals become inactive after TS so
that they may correctly signal the start of the next
bus operation after the completion of the current
cycle. No external indication of TC exists on the
SAB 80286 local bus. The bus master and bus
controller enter TC directly after TS, and continue
executing TC cycles until terminated by READY.

READY Operation

The current bus master and SAB 82288 bus
controller terminate each bus operation
simultaneously to achieve maximum bus band-
width. Both are informed in advance by READY
active which identifies the last TC cycle of the
current bus operation. The bus master and bus
controller must see the same sense of the READY
signal, there by requiring READY be synchronous
to the system clock.

Synchronous Ready

The SAB 82284 clock generator provides READY
synchronization from both synchronous and
asynchronous sources (see figure on next page).
The synchronous ready input (SRDY) of the clock
generator is sampled with the falling edge of CLK at
the end of phase 1 of each TC. The state of SRDY is
then transferred to the bus master and bus
controller via the READY output line.

Asynchronous Ready

Many systems have devices of subsystems that are
asynchronous to the system clock. As a result, their
ready outputs cannot be guaranteed to meet the
SAB 82284 SRDY setup and hold time requirements.
But the SAB 82284 asynchronous ready input
(ARDY) is designed to accept such signals. The
ARDY input is sampled at the beginning of each TC
cycle by SAB 82284 synchronization logic. This
provides one system CLK cycle time to resolve its
value before transferring it to the bus master and
bus controller.
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Synchronous and Asynchronous Ready

Memory Cycle N-1
IS '

TC

(LK

Memory Cycle N
TC

PROC CLK

A23-A0

S0-S1

SRDY

.

P N

<

READY

1) SRDYEN is active low

3) ARDYEN is active low

ool

3)

2) If SRDYEN is high,the state of SRDY will not effect READY

ARDY or ARDYEN must be HIGH atthe end of TS.
ARDY cannot be used to terminate a bus cycle with
no wait states.

Eachready input of the SAB 82284 has an enable pin
(SRDYEN and ARDYEN) to select whether the
current bus operation will be terminated by the
synchronous or asynchronous ready. Either of the
ready inputs may terminate a bus operation. These
enable inputs are active low and have the same
timing as their respective ready inputs. An address
decode logic usually selects whether the current
bus operation should be terminated by ARDY or
SRDY.
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Hold and HLDA

HOLD and HLDA allow another bus master to gain
control of the local bus by placing the SAB 80286
bus into the Th state. The sequence of events
required to pass control between the SAB 80286
and another local bus master is shown in the

next figure.




SAB 80286

Multibus Write Terminated by Asynchronous Ready with Bus Hold

Bus Hold
Acknowledge

Bus Hold Acknowledge Write Cycle

Bus Cycle Type

SAB
80286
D0 . 7
D15-00 —( Valid
SAB
82284
RO
ARDYEN %/// _
Delay Enable
MWTC
SAB 7 .
82288 DTIR {High)
DEN \
ALE / o\

TS=Status Cycle
TC=Command Cycle
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1) Status lines are not driven by SAB 80286 yet
remain high due to pullup resistors in SAB 80288
and SAB 82289 during HOLD state.

2) Address, M/10 and COD/INTA may start floating
during any TC depending on when internal
SAB 80286 bus arbiter decides to release bus to
external HOLD. The float starts in @2 of TC.

3) BHE and LOCK may start floating after the end of
any TC depending on when internal SAB 80286
bus arbiter decides to release bus to external
HOLD. The float starts in @1 of TC.

4) The minimum HOLD to HLDA time in shown.
Maximum is one TH longer.

5) The earliest HOLD time is shown. It will always
allow a subsequent memory cycle if pending as
shown.

©) The minimum HULD in HLDA time is shown.
Maximum is a function of the instruction, type of
bus cycle and other machine status (i.e., inter-
rupts, waits, lock, etc.)

7) Asynchronous ready allows termination of the
cycle. Synchronous ready does not signal ready
in this example. Synchronous ready state in
ignored after ready is signalled via the asyn-
chronous input.

Processor Extension Transfers

The processor extension interface uses 1/0 port
addresses 00F8(H), 00FA(H), and 00FC(H) which are
part of the I/0 port address range reserved. An ESC
instruction with EM = 0 and TS = 0 will perform I/0
bus operations to one or more of these |/0 port
addresses independent of the value of IOPL

and CPL.

ESC instructions with memory references enable
the CPU to accept PEREQ inputs for processor
extension operand transfers. The CPU will
determine the operand starting address and read/
write status of the instruction. For each operand
transfer, two or three bus operations are performed,
one word transfer with I/0 port address 00FA(H) and
one or two bus operations with memory. Three bus
operations are required for each word operand
aligned on an odd byte address.

Interrupt Acknowledge Sequence

The figure Interrupt Acknowledge Sequence
illustrates a sequence performed by the SAB 80286
in response to an INTR input. An interrupt acknow-

ledge sequence consists of two INTA bus operations.

The first allows a master SAB 8259A programmable
interrupt controller (PIC) to determine which if any
of its slaves should return the interrupt vector. An
eight-bit vector is read by the SAB 80286 during the
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second INTA bus operation to select an interrupt

handler routine from the interrupt table.

The master cascade enable (MCE) signal of the
SAB 82288 is used to enable the cascade address
drivers, during INTA bus operations (see interrupt
acknowledge sequence figure), onto the local
address bus for distribution to slave interrupt
controllers via the system address bus. The

SAB 80286 emits the LOCK signal (active LOW)
during TS of both INTA bus operations. A local bus
"hold"” request will not be honored until the end of
the second INTA bus operation.

Three idle processor clocks are provided by the
SAB 80286 between INTA bus operations to aliow
for the minimum INTA to INTA time and CAS
(cascade address) out delay of the SAB 8259A. The
second INTA bus operation must always have at
least one extra TC state added via logic controlling
READY. A23—A0 are in Tri-state OFF until the first
TC state of the second INTA bus operation. This
prevents bus contention between the cascade
address drivers and CPU address drivers. The extra
TC state provides time for the SAB 80286 to resume
driving the address lines for subsequent bus
operations.

Local Bus Usage Priorities

The SAB 80286 local bus is shared among several
internal units and external HOLD requests. In case of
simultaneous requests, their relative priorities are:
(Highest)

Any transfers which assert LOCK either explicitly
(via the LOCK instruction prefix) or implicitly (i.e.
segment descriptor access, interrupt acknowledge
sequence, or an XCHG with memory).

The second of the two byte bus operations required
for an odd-aligned word operand.’

The second or third cycle of a processor extension
data transfer.

Local bus request via HOLD input.

Processor extension data operand transfer via
PEREQ input.

Data transfer performed by EU as part of an
instruction.

(Lowest) .

An instruction prefetch request from BU. The EU wil
inhibit prefetching two processor clocks in advance
of any data transfer to minimize waiting by EU for a
prefetch to finish.
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Interrupt Acknowledge Sequence

INTA Cycle INTA Cycle 2

Bus Cycle Type

S1-S0

M0
COD INTA

e )
‘% .

-

LoCK

SAB
80286

AY = AV

Not Ready Ready Not Ready Ready

INTA—\__/

-/

Y AN /\_
-/
/T

DT/R \ /
DEN / \

265



SAB 80286

Halt or Shutdown Cycles

The SAB 80286 externally indicates halt or shut-
down conditions as a bus operation. These condi-
tions occur due to an HLT instruction or multiple
protection exceptions while attempting to execute
one instruction. A halt or shutdown bus operation
is signalled when S17, S0 and COD/INTA are LOW
and M/IO is HIGH. A1 HIGH indicates halt, and A1
LOW indicates shutdown. The SAB 82288 bus
controllerdoes notissue ALE, noris READY required
to terminate a halt or shutdown bus operation.

During halt or shutdown, the SAB 80286 may
service PEREQ or HOLD requests. A processor
extension segment overrun exception during
shutdown will inhibit further service of PEREQ.
Either NMI or RESET will force the SAB 80286 out of
halt or shutdown. An INTR, if interrupts are enabled,
Oi @ pruvessul exiension segment overrun
exception will also force the SAB 80286 out of halt.

1) Data is ignored.

2) First INTA cycle should have at least one wait
state inserted to meet SAB 8259A minimum INTA
pulse width.

3) Second INTA cycle must have at least one wait
state inserted since the CPU will not drive
A23—A0. BHE, and LOCK until after the first TC
state.

The CPU-imposed one clock delay prevents bus
contention between cascade address buffer
being disabled by MCE | and address outputs.
Without the wait state, the SAB 80286 address
will not be valid for a memory cycle started
immediately after the second INTA cycle.

The SAB 8259A also requires one wait state for
minimum INTA pulse width.

4) LOCK is activated during the INTA cycles to
prevent the SAB 82289 from releasing the bus
between INTA cycles in a multimaster system.

5) A23—A0 exit Tri-state OFF during @2 of the
second TC in the INTA cycle.

System Configuration

The versatile bus structure of the SAB 80286 micro-
system, with a full complement of support chips,
allows flexible configuration of a wide range of
system. The basic configuration shown above is
similar to an SAB 80286 maximum mode system.
It includes the CPU plus an SAB 8259A interrupt
controller, SAB 82284 clock generator and the

SAB 82288 bus controller. The latches (SAB 8282A
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and SAB 8283A) and transceivers (SAB 8286A
and SAB 8287A) used in an SAB 8086 system may
be used in a SAB 80286 microsystem.

As indicated by the dashed lines in the figure above,
the ability to add processor extensions is an integral
feature of SAB 80286 microsystems. The processor
extension interface allows external hardware to
perform special functions and transfer data
concurrently with CPU execution of other instruc-
tions. Full system integrity is maintained because
the SAB 80826 supervises all data transfers and
instruction execution for the processor extension.
The SAB 80287 numeric processor extension (NPX),
for example, uses this interface. The SAB 80287 has
all the instructions and data types of an SAB 8087.
The SAB 80287 NPX can perform numeric calcu-
lations and data transfers concurrently with CPU
proyiain execution. Numerics code and data have
the same integrity as all other information protected
by the SAB 80286 protection mechanism.

The SAB 80286 can overlap chip select decoding
and address propagation during the data transfer
for the previous bus operation. This information is
latched into the SAB 8282A/8283A's by ALE in the
middle of a TS cycle. The latched chip select and
address information remains stable during the

bus operation while the next cycles address is being
decoded and propagated into the system. Decode
logic can be implemented with a high-speed
bipolar PROM.

The optional decode logic shown in the figure on
basic system configuration takes advantage of the
overlap between address and data of the SAB 80286
bus cycle to generate advance memory and

'10-select signals. This minimizes system perfor-

mance degradation caused by address propagation
and decode delays. In addition to selection of
memory and I/0, the advance selects may be used
with configurations supporting local and system
buses to enable the appropriate bus interface for
each bus cycle. The COD/INTA and M/I0 signals are
applied to the decode logic to distinguish between
interrupt, 1/0, code, and data bus cycles. By adding
the SAB 82289 bus arbiter chip, the SAB 80286
provides a Multibus system bus interface. A second
SAB 82288 bus controller and additional latches and
transceivers could be added to the local bus. This
configuration allows the SAB 80286 to support an
on-board bus for local memory and peripherals, and
the Multibus for system bus interfacing.
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Basic SAB 80286 System Configuration
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Table 13

SAB 80286 Systems, Recommended Pullup Resistor Values

SAB 80286 Pin and name | Pullup value Purpose

4-57

5-S0 20KQ £ 10% | PullS0,S7, and PEACK inactive during SAB 80286 hold periods

6-PEACK

653-ERROR o Pull ERROR and BUSYinactive when SAB 80287 not present
N 20kQ = 10% (or temporarily removed from socket)

54-BUSY

63-READY 910 Q £ 5% Pull READY inactive within required minimum

time CL = 150 pF, IR = 7mA)
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Absolute Maximum Ratings *

Temperature under bias
Storage temperature

0to +70°C
-65 to +150°C

Voltage on any pin with respect to ground -1.0 to +7V
Power dissipation 3.6W
D.C. Characteristics
(TA=0t070°C; VCC = +5V £5%)
Limit values .
Symbol Parameter - Unit Test condition
Min. Max.
VIL Input LOW voltage -0.5 +0.8
VIH Input HIGH voltage 2.0 VCC+0.5 v
VOL Output LOW voltage - 0.45 IOL =3.0mA
VOH Output HIGH voltage 2.4 - IOH = 400 A
600 TA=0°C
ICC Power supply current mA
- 390 TA =70°C

ILI Input leakage current +10 0V =VIN=VCC
IR Input sustaining current on 30 500 uA VIN=0V

BUSY and ERROR
ILO Output leakage current +10 0.45V =VOUT = VCC
ILO Output leakage current =1 mA 0V=VOUT=045V
VCL Clock input LOW voltage -0.5 +0.6 v
VCH Clock input HIGH voltage 3.8 VCC+1.0
CIN Capacitance of inputs 10

(all input exept CLK)
CcO Capacitance of 1/0 or outputs - 20 pF fc = 1MHz
CCLK Capacitance of CLK, READY, 12

BUSY, ERROR, and RESET inputs

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

reliability.
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A.C. Characteristics SAB 80286
(TA=01t070°C, VCC =5V, = 5%)

AC timings are referenced to 0.8 V and 2.0 V points of signals as illustrated in data sheet waveforms,
unless otherwise noted.

Symbol Parameter - Limit values Unit Test condition
Min. Max.

1 System clock (CLK) period 62 250 -

2 System clock (CLK) LOW time 15 225 at0.6 Vv

3 System clock (CLK) HIGH time 25 235 at3.2Vv

17 System clock (CLK) rise time B 10 1.0Vto35V

18 System clock (CLK) fall time 3.5Vto 1.0V

4 Async inputs, setup time

5 Async inputs, hold time 20 ns "

6 RESET setup time

7 RESET hold time 0

8 Read data setup time 10 i ) -

9 Read data hold time 5

10 READY setup time 38.5

1 READY hold time 25

12 Status PEACK valid delay 37.5

13 Address valid delay 60 2) 3)

14 Write data valid delay 0 50

15 Address/status/data float delay - eo 2) 4)

16 HLDA valid delay 2) 3)

1) Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. The specification is given only
for testing purposes, to assure recognition at a specific CLK edge.

2) Delay from 0.8V on the CLK to 0.8V or 2.0V or float on the output as apropriate for valid or floating
condition.

3) Outputload CL = 100 pF
4) Float condition occurs when output current is less than ILO in magnitude.
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SAB 82284 Timing Requirements

Limit values
Symbol Parameter Unit Test condition
Min. Max.
11 SRDY/SRDYEN setup time 15
12 SRDY/SRDYEN hold time o
13 ARDY/ARDYEN setup time . ns 1
14 ARDY/ARDYEN hold time 16
CL = 75pF
19 PCLK delay 0 45 IOL = 5mA
IOH= —1TmA

1) These times are given for testing purposes to assure a predetermined action

SAB 82288 Timing Requirements

Limit values
Symbol Parameter Unit Test condition
Min. Max.
12 CMDLY setup time 20
13 CMDLT hold time 0
30 Command delay [Command inactive CL = 300 pF max
from CLK 20 IOL = 32 mA max
29 Command active |3 IOH=  5mA max
16 ALE active delay 15
ns
17 ALE inactive delay -
20
19 DT/R read active delay 0
22 DT/R read inactive delay CL = 150 pF
N 10 40 IOL = 16 mA max
20 DEN read active delay JOH= —1mA max
21 DEN read inactive delay 3 15
23 DEN write active delay - 30
24 DEN write inactive delay 3
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A.C. Characteristics SAB 80286-6
(TA=01t070°C, VCC =5V, * 5%)

AC timings are referenced to 0.8 V and 2.0 V points of signals as illustrated in data sheet waveforms,
unless otherwise noted.

Symbol Parameter .Limit values Unit Test condition
Min. Max.

1 System clock (CLK) period 83 250 -

2 System clock (CLK) LOW time 20 250 at0.6 VvV

3 System clock (CLK) HIGH time 25 0 at3.2V

17 System clock (CLK) rise time _ 10 1.0Vto3.5V

18 System clock (CLK) fall time 35Vto1.0V

4 Async inputs, setup time 30 )

5 Async inputs, hold time ns

6 RESET setup time 25

7 RESET hold time 0

8 Read data setup time 20 -

9 Read data hold time 8

10 READY setup time 50

1 READY hold time 35

12 Status PEACK valid delay 55

13 Address valid delay 80 2) 3)

14 Write data valid delay 0 65

15 Address/status/data float delay 80 . 2) 4)

16 HLDA valid delay 2) 3)

1) Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. The specification is given only
for testing purposes, to assure recognition at a specific CLK edge.

2) Delay from 0.8V on the CLK to 0.8V or 2.0V or float on the output as apropriate for valid or floating
condition.

3) Output load CL = 100 pF

4) Float condition occurs when output current is less than ILO in magnitude.
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SAB 82284-6 Timing Requirements

Limit values
Symbol Parameter Unit Test condition
Min. Max.
1 SRDY/SRDYEN setup time 25
12 SRDY/SRDYEN hold time 0
13 ARDY/ARDYEN setup time 5 ns 1
14 ARDY/ARDYEN hold time 30
' CL = 75pF
19 PCLK delay 0 45 IOL = 5mA
IOH= —1mA

1) These times are given for testing purposes to assure a predetermined action

SAB 82288-6 Timing Requirements

Limit values
Symbol Parameter Unit Test condition
Min. Max.
12 CMDLY setup time 25
13 CMDLT hold time 0
30 Command delay {Command inactive 30 CL = 300 pF max
from CLK IOL = 32 mA max
29 Command active |3 40 IOH=  5mA max
16 ALE active delay 25
ns
17 ALE inactive delay 35
19 DT/R read active delay 40
22 DT/R read inactive delay 5 45 CL = 150pF
" IOL = 16 mA max
20 DEN read active delay 0 50 IOH= —1mA max
21 DEN read inactive delay 3 40
23 DEN write active delay - 35
24 DEN write inactive delay 3
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Waveforms

Maijor cycle timing

1 Read

Bus Cycle Type | T 1 ’ 15 T (Tlor Ts)
Vo ®2 o2 | o1 | o2 | o1 | @2 | @1 | 02| @1 | @2
JAAAN
VL [
S MM

S150
A23-A0 @§ @r.

M/I0 L Valid Address j//,"/ Valid Address Valid if TS
0D INTA f f

SAB
80286 BHE,LOCK

B [ |

Valid Control Valid Control Valid if TS
l X

@ T -

Valid Write Data

O H T ®

I
|

|

| DIS D0 —— e e e ] o —

‘ . Valid Read Data
] @ f—

{ ] ’.._®

SROY+
SRDYEN

SABJ ARDYs ~TT
ARDYEN ____

TMoLY

MwWTC

SAB
82288

MROC

oT/R

DEN
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Asynchronous Input Signal Timing

Bus Cycle Type

VCH
veL
VpeLk _\_
2)INTRNMI

HOLD,PEREQ %%

1) PCLK indicates which processor cycle phase will occur on the next CLK, PCLK may not indicate the
correct phase until the first bus cycle is performed.

2) These inputs are asynchronous. The setup and hold times shown assure recognition for testing
purposes.
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Reset Input Timing and Subsequent Processor Cycle Phase
TX

VCH
(LK

vCL 0

RESET

1) When RESET meets the setup time shown, the next CLK will start or repeat @ 2 of a processor cycle.
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Exiting and Entering Hold

Bus Cycle Type

TH TS or TI Tl TH
@1 @2 @1 @2 1 @2 @1 @2

SAB
80286

1) These signals may not be driven by the SAB 80286 during the time shown. The worst case in terms of
latest float time is shown.

2) The data bus will be driven as shown if the last cycle before Tl in the diagram was a write TC.

3) The SAB 80286 floats its status pins during TH. Pullup resistors in SAB 80288 keep these signals high.

4) For HOLD request set up to HLDA (refer to figure on Multibus write terminated by async ready).

5) BHE and LOCK are driven at this time but will not become valid until TS.

6) The data bus will remain in Tri-state OFF if a read cycle is performed.
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PEREQ/PEACK timing for One Transfer Only

Bus Cycle Type
Tl

VCH @2
CLK
VL

$1-50 ——_\ /—_\i__/

Memory Address if Proc. Ext. to Memory Transfer
1/0 Port Address OOFA(H) if Memory to Proc. Ext. Transfer

A23-A0
X X
0D INTA
: @__ @__ [\ 110 Port Address OOFA(H) if Proc. Ext to Memory Transfer

Memory Address if Memory to Proc. Ext. Transfer

1/0 Read if Proc. Ext. to Memory Memory Write if Proc. Ext. to Memory
Memory Read|if Memory to Proc. Ext. 110 Write if Memory to Proc. Ext.

PEACK 1

PEREQ

1) PEACK always goes active during the first bus operation of a processor extension data operand transfer
sequence. The first bus operation will be either a memory read at operand address or I/0 read at port
address 00FA(H).

2) To prevent a second processor extensicn data operand transfer, the worst case maximum time (shown
above) is: 3X(® - (@) max —(® min. The actual, configuration-dependent, maximum time is:
3X® - (@ max. —~@ min + AX2X(Q®).
Ais the number of extra TC states added to either the first or second bus operation of the processor
extension data operand transfer sequence.
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Initial SAB 80286 pin state during RESET
Tl

X

Bus Cycle Type
o2 | o ) @2

2 1
VCH @ ®
l 2)

(LK
V(L

e [] |
- ® T )
/|

S150 Unknown

- ®
A23-AD Unknown ’
BEEC

Mo Unknown

COD/INTA
~Or .

Unknown

LOCK

Unknown

HLDA

1) Setup time for RESET | may be violated with the consideration that @1 of the processor clock may begin

one system CLK period later.
2) Setup and hold times for RESET | must be met for proper operation.

3) The data bus is only guaranteed to be in Tri-state OFF at the time shown.
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Instruction Format Examples

A. Short Opcode Format Example

Byte 1 Byte 2 Byte3

765432107654321076543210

Byte 1 Byte 2 Byte 3 Byte & Byte5 Byte 6
7654321076543210
[LLTTITLITITITT o o | v oepos | tow 0ote | tigh oos |
Opcode |d|w|mod| reg | r/m J ! _} _JI

L Register Operand/Registers to use in Offset Calculation
Register Operand/Extension of Opcode

Register Mode/Memory Mode with Displacement Length
Word/Byfe Operation

Direction is to Register/Direction is from Register
Operation (Instruction) Code

NEEERNNNRENRRNRRRNEREN

rim

Long Opcode mod| reg

B. Long Opcode Format Example

SAB 80286 Instruction set summary

Instruction Timing Notes

The instruction clock counts listed below establish
the maximum execution rate of the SAB 80286.
With no delays in bus cycles, the actual clock count
of an SAB 80286 program will average 5% more
than the calculated clock count, due to instruction
sequences which execute faster than they can be
fetched from memory.

To calculate elapsed times for instruction sequences
multiply the sum of all instruction clock counts, as
listed in the table below, by the processor clock
period. An 8 MHz processor clock has a clock
period of 125 nanoseconds and requires an

SAB 80286 system clock (CLK input) of 16 MHz.

Instruction Clock Count

Assumptions

1. The instruction has been prefetched, decoded,
and is ready for execution. Control transfer
instruction clock counts include all time required
to fetch, decode, and prepare the next instruction
for execution.

2. Bus cycles do not require wait states.

3. There are no processor extension data transfer
or local bus HOLD requests.

4. No exceptions occur during instruction execution.
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Instruction Set Summary Notes

Addressing displacements selected by the MOD
field are not shown. If necessary they appear after
the instruction fields shown. :

Above/below refers to unsigned value
Greater refers to positive signed value

Less refers to less positive (more negative) signed
values

ifd = 1thentoregister;ifd = 0then from register

if w = 1then word instruction; if w = 0 then byte
instruction

ifs = 0then 16-bit immediate data form the
operand

ifs = 1then an immediate data byte is sign-

extended to form the 16-bit operand
x don't care
Z used for string primitives for comparison with
ZF FLAG

If two clock counts are given, the smaller refers to a
register operand and the larger refers to a memory
operand
* = add one clock if offset calculation requires
summing 3 elements
number of times repeated
number of bytes of code in next instruction
Level(L) — Lexical nesting level of the procedure

n =
m =
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The following comments describe possible
exceptions, side effects, and allowed usage for
instructions in both operating modes of the
SAB 80286.

Real address mode only

1.

This is a protected mode instruction. Attempted
execution in real address mode will result in an
undefined opcode exception (6).

. A segment overrun exception (13) will occur if a

word operand reference at offset FFFF(H) is
attempted.

. This instruction may be executed in real address

mode to initialize the CPU for protected mode.

4. The IOPL and NT fields will remain 0.

. Processor extension segment overrun interrupt

(9) will occur if the operand exceeds the segment
limit.

Either mode

6.

7.

8.

An exception may occur, depending on the value
of the operand.

LOCK is automatically asserted regardless of the
presence or absence of the LOCK instruction
prefix.

LOCK does not remain active between all

operand transfers.

Protected virtual address mode only

9

10.

. A general protection exception (13) will occur if

the memory operand can not be used due to
either a segment limit or access rights violation.
If a stacksegment limit is violated, a stack
segment overrun exception (12) occurs.

For segment load operations, the CPL, RPL and
DPL must agree with privilege rules to avoid an
exception. The segment must be present to
avoid a not-present exception (11). If the SS
register is the destination and a segment not-
present violation occurs, a stack exception (12)
occurs.

1

-

12

13.

14.

15.

16.

17.

. All segment descriptor accesses in the GDT or

LDT made by this instruction will automatically
assert LOCK to maintain descriptor integrity in
multiprocessor systems.

JMP, CALL, INT, RET, IRET instructions referring
to another code segment will cause a general
protection exception (13) if any privilege rule is
violated.

A general protection exception (13) occurs if CPL
# 0.

A general protection exception (13) occurs if
CPL>IOPL.

The IF field of the flag word is not updated if
CPL>IOPL. The IOPL field is updated only if
CPL=0.

Any violation of privilege rules as applied to the
selector operand does not cause a protection
exception; rather, the instruction does not
return a result and the zero flag is cleared.

If the starting address of the memory operand
violates a segment limit, or an invalid access is
attempted, a general protection exception (13)
will occur before the ESCinstruction is executed.
A stack segment overrun exception (12) will
occur if the stack limit is violated by the
operand’s starting address. If a segment limit is
violated during an attempted data transfer

then a processor extension segment overrun
exception (9) occurs.

. The destination of an INT, JMP, CALL, RET or

IRET instruction must be in the defined limit of
a code segment or a general protection
exception (13) will occur.
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Instruction Set Summary

Clock Count Comments

Real Protected Real Protected
Function Format address virtual address virtual

mode address mode address

mode mode

Data Transfer
MOV = Move:
Register to register/memory , 1000100 w| mod reg r/m l 2,3% 2,3% 2 9
Register/memory to register F 000101 w| mod reg r/m I 2,5% 2,6% 2 9
Immediate to register/memory I 110001 1w | mod 000 r/ﬂ data | dataifw =1 ] 2,3* 2,3% 2 9
Immediate to register , 1011w reg r data l dataifw =1 l 2 2
Memory to accumulator , 17010000w | addr-low I addr-high J 5 5 2 9
Accumulator to memory I 1010001 w[ addr-low | addr-high [ 3 3 2 9
Register/memory to segment register | 10001110 Imod Oreg r/ml 2,5* 17,19* | 2 9,10, 11
Segment register to register/memory | 10001100 JLnod Oreg r/rr?l 2,3* 2,3% 2 9
PUSH = Push:
Memory [11111111 [mod 110 v/m] 5 * 5 * 2 9
Register 01010 reg 3 3 2 9
Segment register
POP = Pop:
Memory [10001111[mod000 r/m| 5 * 5 * 2 9
Register 01011 reg 5 5 2 9
Segment register 000reg111 (reg #01) 5 20 2 9,10, 11

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.

98208 aVvsS



€8¢

Clock Count Comments
Real Protected Real Protected
Function Format address virtual address virtual
mode address mode address
mode mode
Data Transfer (Continued)
POPA = Pop All fot100001] 19 e 2 9
XCHG = Exchange:
Register/memory with register l 1000011 Wl mod reg r/m ] 3,6* 3,6* 2,7 7,9
Register with accumulator 10010 reg 3 3
IN = Input from:
Fixed port [1110070w]  port ] 5 5 14
Variable port 5 5 14
OUT = Output to:
Fixed port [1110011w] port | 3 3 14
Variable port 3 3 14
XLAT = Translate byte to AL 11010111 5 5 9
LEA =Load EA to register [ 10001101 [ modreg r/m | 3 3
LDS = Load pointer to DS [11000101 [modreg r/m | (mod # 11) 7 21 * 2 9,10, 11
LES = Load pointer to ES [11000100 [ modreg r/m | (mod #11) 7> 21*% 2 9,10, 11
LAHF = Load AH with flags 10011111 2 2
SAHF = Store AH into flags 10011110 2 2
PUSHF = Push flags 10011100 3 3 2 9
POPF = Pop flags 10011101 5 5 2,4 2,4

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Clock Count Comments
. Real Protected Real Protected
Function Format address virtual address virtual
mode address mode address
mode mode
- Arithmetic
ADD = Add:
Reg/memory with register to either lﬁ) 000dw | mod reg. r/m | 2,7* 2,7% 2 9
Immediate to register memory 100000sw Lmod 000 r/mI data |data ifsw= (lﬂ 3,7*% 3,7%* 2 9
Immediate to accumulator I 0000010w I data J dataifw =1 l 3 3
ADC = Add with carry:
Reg memory with register to either  [000100dw]| mod reg r/m | 2,7* | 2,7% |2 9
Immediate to register/memory . l 100000sw lmod 010 r/ml data Idata ifsw= Cll 3,7% 3,7* 2 9
Immediate to accumulator 0001010w| data | dataifw=1 | 3 3
INC = Increment
Register memory |1111111w|mod000 r/mJ 2,7% 2,7* 2 9
Register 01000 reg 2 2
SUB = Subtract
Reg memory and register to either I 001010d wl mod reg r/mJ 2,7* 2,7*% 2 9
Immediate from register memory | 100000sw lmod 101 r/mI data |data ifsw= 01J 3,7* 3,7% 2 9
Immediate from accumulator | 001011 OWI data J dataifw =1 l 3 3
SSB = Subtract with borrow:
Reg/memory and register to either E) 00110d wl mod reg r/m | 2,7%* 2,7* 2 9
Immediate from register/memory [ 100000sw[mod011 /m|  data [dataifsw=o01] | 3,7 |37+ |2 9
Immediate from accumulator 0001110w data | dataifw =1 J 3 3

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Clock Count Comments
. Real Protected Real Protected
Function Format address virtual address virtual
mode address mode address
mode mode
Arithmetic (Continued):
DEC = Decrement:
Register memory [1711111w]|mod001 r/m] 2,7% 2,7* 2 9
Register 01001 reg 2 2
CMP = Compare:
Register memory with register l 0011101 w| mod reg r/m | 2,6% 2,6% 2 9
Register with register/memory | 0011100 w| mod reg r/m l 2,7* 2,7* 2 9
Immediate with register memory I 100000sw Imod 111 r/m| data | dataifs w=Oﬂ 3,6*% 3,6%* 2 9
Immediate with accumulator l 001111w | data —l dataifw =1 | 3 3
NEG = Change sign [1111011w]|mod011 r/m| 2 7% 2 7
AAA = ASCII adjust for add 00110111 3 3
DAA = Decimal adjust for add 00100111 3 3
AAS = ASCII adjust for subtract 00111111 3 3
DAS = Decimal adjust for substract 00101111 3 3
MUL = Multiply (unsigned): [1711011w]mod 100 r/m
register-byte 13 13
register-word 21 21
memory-byte 16 * 16 * 2 9
menory-word 24 * 24 * 2 9
IMUL = Integer multiply (signed): I 1711107TTw|mod 101 r/ﬂl
register-byte 13 13
register-word 21 21
memory-byte 16 * 16 * 2 9
memory-word 24 * 24 * 2 9

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Function Format

Clock Count Comments
Real Protected Real Protected
address virtual address virtual
mode address mode address
mode mode

Arithmetic (Continued):

A

DIV = Divide unsigned): L1 11101 1wknod 110 r/F|
register-byte
register-word
memory-byte
memory-word

IDIV = Integer divide (signed): L1 111011 ijnod 111 r/m
register-byte

register-word

memory-byte

memory-word

AMM = ASCH adjust for multiply [11010100] 00001010
AAD = ASCII adjust for divide L1101o101|oooo1010]

CBW = Convert byte to word 10011000
CWD = Convert word to doubleword [ 10011001

Logic
Shift/Rotate Instructions:
Register/memory by 1 | 171701000w Lmod TIT r/ﬂ

[1101001w][ mod TTTr/m |

S}M

14 14
22 22
17* 17 %
25* 25 *
17 17
25 25
20 * 20 *
28 * 28 *
16 16
14 14
2 2
2 2

2,7* 2,7*

5+n, 8+nls+ n, 8+n*

6 6

6 6
2,6 6,9
2,6 6,9
6 6

6 6
2,6 6,9
2,6 6,9
2 9

2

(1 s

TTT Instruction
ROL
ROR
RCL
RCR

SHL/SAL
SHR
SAR

_ = -a0000

0
0
1
1
0
0
1

[N - S

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Clock Count Comments
. Real Protected Real Protected
Function Format address virtual address virtual
mode address mode address
mode mode
Arithmetic (Continued):
AND = And:
Reg/memory and register to either | 001000d w| mod reg r/m | 2,7* 2,7% 2 9
Immediate to register/memory [1000000w|mod100 /m| ~ data [ dataifw=1 3,7 | 3,7% |2 9
Immediate to accumulator MI 0010 w| data | datafw =1 I 3 3
TEST = And function to flags, no result:
Register/memory and register | 1000010w | mod reg r/m | 2,6% 2,6% 2 9
Immediate data and register/memory [1111011w[mod000 r/m|  data | dataifw =1 3,6*% |36*% |2 9
Immediate data and accumulator M 010 0w| data | dataifw =1 I 3 3
OR = Or:
Reg/memory and register to either 000010dw| modreg r/m J 2,7% 2,7% 2 9
Immediate to register/memory l 1000000w |mod 001 r/m data | data if w =14| 3,7% 3,7* 2 9
Immediate to accumulator I 0000110 wl data I dataifw =1 l 3 3
XOR = Exclusive or:
Reg/memory and register to either | 001100d w| mod reg r/m | 2,7% 2,7% 2 9
Immediate to register/memory [ 1000000w |mod 110 r/m| data | dataifw =1 3,7* 3,7* 2 9
Immediate to accumulator | 0011010 w| data | data if w =1—| 3 3
NOT = Invert register/memory r1 111011w |mod 010 r/m| 2,7* 2,7% 2 9

Shaded areas indicate instructions not

available in SAB 8086, 8088 microsystems.
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Clock Count Comments
Real Protected Real Protected
Function Format address virtual address virtual
- mode address mode address
mode mode
String Manipulation:
MOVS = Move byte word 1010010w 5 5 2 9
CMPS = Compare byte/word 101001 1w 8 8 2 9
SCAS = Scan byte/word 7 7 2 9
LODS = Load byte/wd to AL/AX 1010110w 5 5 2 9
STOS = Store byte/wd from AL/A 1010101w 3. 3 2 9

Repeated by count in CX
MOVS = Move string

|11110010|1o10010w]
[1111001z [1010011w|
|1111001z|1010111wJ

CMPS = Compare string

SCAS = Scan string

LODS = Load string [17110010[1010110w|

STOS = Store string ﬁ111oo1o|1o1o1o1w|

5+4n
5+ 9n
5+ 8n
5+ 4n
4+ 3n

5+ 4n
5+ 9n
5+ 8n
5+ 4n
4+ 3n

2,8

8,9
8,9
8,9
8,9

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Clock Count Comments
Real Protected Real Protected
Function Format address virtual address virtual
mode address mode address
mode mode
Control transfer
CALL = Call:
Direct within segment [11101000] displow | disp-high | 7+4m | 7+m |2 18
Register/memory [11111171 [mod010 r/m] 7em+m| 74m,114m* | 2,8 8,9,18
indirect within segment
Direct intersegment l 10011010 I segment offset I 1B34+m | 26+m | 2 11,12,18
| segment selector |
Protected mode only (direct intersegment):
Via cali gate to same privilege level 41+ m 8,11,12,18
Viacall gate to different privilege level, no parameters 82+m 8,11,12,18
Via call gate to different privilege level, x parameters 86+4x+m 8,11,12,18
Via TSS 177+m 8,11,12,18
Via task gate 182+m 8,11,12,18
Indirect intersegment 11111111 Fnod 011 r/m| (mod=11) 16+n 29+n* | 2 8,9,11,12,18
Protected mode only (indirect intersegment):
Via call gate to same privileg level 44+m* 89,11,12,18
Via call gate different privilege level, no parameters 83+m* 8,9,11,12,13
Via call gate to different privilege level, x parameters 90+ 4x+m* 8,9,11,12,18
Via TSS 180+m* 8,9,11,12,18
Via task gate 185+ m* 8,9,11,12,18

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Clock Count Comments
. ’ Real Protected Real Protected
Function Format address virtual address virtual
mode address mode address
mode mode
Control transfer (Continued):
JMP = Unconditional jump:
Short/long [11101011] displow | 7+m 7+m 18
Direct within segment , 11101001 J disp-low —l disp-high J 7+m 7+m 18
Register/memory indirect within [ 11101010 }mod 010 r/m| 7+m,11+m*| 74m,11+m*| 2 9,18
segment
Direct intersegment I 171101010 l segment offset J 11+m 23+m 11,12,18
l segment selector J
Protected mode only (direct intersegment):
Via call gate to same privilege level 38+m 8,11,12,18
Via TSS 175+m 8,11,12,18
Via task gate 180+m 8,11,12,18
Indirect intersegment [11111111 [mod 101 r/m]| (mod # 11) 15+m* | 26+m* |2 8,9,11,12,18
Protected mode only (indirect intersegment):
Via call gate to same privilege level 41+m* 8,9,11,12,18
Via TSS 178+m* 89,11,12,18
Via.task gate 183+m* 8,9,11,12,18
RET = Return from CALL:
Within segment 11000011 11+m 114+m 2 8,9,18
Within seg adding immediateto SP [ 11000010 | data-low | data-high | 1M+m  [114m |2 8,9,18
Intersegment 11001011 15+m 25+m 2 8,9,11,12,18
Intersegment adding immediate to SP [ 11001010 | datalow | data-high | 15+m 2 8,9,1112,18
Protected mode only (RET):
To different privilege level 55+m 9,11,12,18

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Clock Count Comments
Real Protected Real Protected
Function Format address virtual address virtual
mode address mode address
mode mode

Control transfer (Continued):

JE/JZ = Jump on equal/zero [01110100] disp | 7+mor3|7+mor3 18
JL/INGE = Jump on less/not greater equal l 01111100 | disp J 7+mor3|74+mor3 18
JLE/JNG = Jump on less or equal/not greater l 0111111 OJ disp | 7+mor3|7+mor3 18
JB/JNAE = Jump on below/not above or equal [01110010] disp | 7+mor3|7+mor3 18
JBE/JNA = Jump on below or equal/not above I 01110110 | disp —l 7+mor3|7+mor3 18
JP/JPE = Jump on parity/parity even [ 01111010 | - disp | 74+mor3|7+mor3 18

JO = Jump on overflow | 01110000 | disp J 74+mor3|7+mor3 18

JS = Jump on sign [01111000] disp J 7+mor3|7+mor3 18
JNE/JNZ = Jump on not equal/not zero | 0111010 1J disp 74+mor3|7+mor3 18
JNL/JGE = Jump on not less/greater or equal ro 17111101 r disp 7+mor3|7+mor3 18
JNLE/JG = Jump on not less or equal/greater | 0111111 1J disp l 7+mor3|7+mor3 18
JNB/JAE = Jump on not below/above or equal I 01110011 | disp | 7+mor3{7+mor3 18
JNBE/JA = Jump on not below or equal/above I 01110111 r disp ] 7+mor3{7+mor3 18
JNP/JPO = Jump on not par/par odd rO 1111011 l disp I 7+mor3|7+mor3 18
JNO = Jump on not overflow [01110001]  disp | 7+mor3|7+mor3 18
JNS = Jump on not sign [01111001] disp [ 7+mor3|7+mor3 18
LOOP = Loop CX times [11100010] disp [ 8+mor4|8+mor4d 18
LOOPZ/LOOPE = Loop while zero/equal r1 1100001 | disp ] 8+mor4|8+mord 18
LOOPNZ/LOOPNE = Loop while not zero/equal 11100000  disp | 8+m or 4|8+m or 4 18
JCXZ = Jump on CX zero [11100011] disp | 8+mor4|8+mor4d 18

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Clock Count Comments
. Real Protected Real Protected
Function Format address virtual address virtual
mode address mode address
mode mode

Control transfer (Continued):

INT = Interrupt:
Type specified [11001701]  type

Type 3 171001100
INTO = Interrupt on overflow 11001110

Protected mode only:
Via interrupt or trap gate to same privilege level
Viainterruptor trap gate to fit different privilege level
Via Task Gate

IRET = Interrupt return 11001111

Protected mode only:
To different privilege level
To different task (NT = 1)

23+m
23+m
24+mor3

(3ifno
interrupt)

17+m

(3ifno
interrupt)

40+m
78+m
167+m

31+m

55+m
169+m

2,7,8

2,7,8

2,6,8
7,8,11,12,18
7,8,11,12,18
7,8.11,12,18

2,4 8911,12,15,18

8911,12,15,18
8,9,11,12,18

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.

98208 9VvS



€6¢

Clock Count Comments
Real Protected Real Protected
Function Format : address virtuat address virtual
mode address mode address
mode mode

Processor Control
CLC = Clear carry 171111000 2 2
CMC = Complement carry 11110101 2 2
STC = Setcarry 171111001 2 2
CLD = Clear direction 2 2
STD = Set direction 11111101 2 2
CLI = Clear interrupt 1717111010 3 3 14
STl = Set interrupt 171111011 2 2 14
HLT = Halt 11110100 2 2 13
WAIT = Wait 10011011 3 3
LOCK = Bus lock prefix 171110000 0 0 14

- "000 011 1‘1’!‘0;05’(0001 o ' el I i ] P
ESC = Processor extension escape [ 11011TTT | mod LLL r/m | 9-20% | 920% | 5,8 8,17

(TTT LLL are opcode to processor extension)

SEG = Segment override prefix 001 reg 110 0 0

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.
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Function
kY .

Pratectlon Oontm! o

LGDT Load giobat descnp:tor

‘. table regsster

5GDT = Storeglgbaldescripto

=" table register -

QJDT - Load mterrupt descrrpto
“tabteregxster :

SlDT Storemtefruptdescnptor

Shaded areas indicate instructions not available in SAB 8086, 8088 microsystems.

98208 9VS



SAB 80286

Notes:

The effective address (EA) of the memory operand is
computed according to the mod and r/m fields:

if mod = 11 then r/mis treated as a REG field

if mod = 00 then DISP = 0*, disp-low and disp-high
are absent

if mod = 01 then DISP = disp-low sign-extended to
16-bits, disp-high is absent

if mod = 10 then DISP = disp-high: disp-low

if r/m = 000 then EA = (BX) + (SI) + DISP

if r/m = 001 then EA = (BX) + (DI) + DISP

if r/m = 010 then EA = (BP) + (Sl) + DISP

if r/m = 011 then EA = (BP) + (DI) + DISP

if r/m = 100 then EA = (SI) + DISP

if r/m = 101 then EA = (DI) + DISP

if r/m = 110 then EA = (BP) + DISP*

if r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (Before data if
required)

* exceptif mod = 00 and r/m = 110 then EA = disp-high: disp-low.

segment override prefix

001reg110

reg is assigned according to the following:

Segment

reg register
00 ES
01 Ccs
10 SS
1 DS

REG is assigned according to the following table:

16-bit (w = 1)
000 AX
001CX
010 DX
011BX
100 SP
101 BP
110 SI
111 DI

8-bit (w = 0)
000 AL
001 CL
010DL
011 BL
100 AH
101 CH
110 DH
111 DI

The physical addresses of all operands addressed
by the BP register are computed using the SS
segment register. The physical addresses of the
destination operands of the string primitive
operations (those addressed by the DI register)

are computed using the ES segment, which may not

be overridden.
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SAB 179X
Floppy Disk Formatter/
Controller Family

FEATURES SAB |SAB | SAB | SAB ° Write MOde‘ ) )
1791117931795 ] 1797 Single/Muitiple Sector Write with Automatic

- - Sector Search
Single Density (FM) X X X X Entire Track Write for Diskette Formatting

Double Density (MFM) X | x| x| X o System Compatibility
Double Buffering of Data 8 Bit Bi-Directional

True Data Bus X X Bus for Data, Control and Status
Inverted Data Bus X X DMA or Programmed Data Transfers
" All Inputs and Outputs are TTL Compatible
Write Precomp X X On-Chip Track and Sector Registers/Comprehen-
Side Selection Output X X sive Status Information
e Programmable Controls
e Two VFO Control Signals-RG & VFOE Selectable Track to Track Stepping Time
e Soft Sector Format Compatibility Side Select Compare
e Automatic Track Seek with Verification o Write Precompensation
o Accomodates Single and Double Density Formats e Window Extension
IBM 3740 Single Density (FM) o Incorprorates Encoding/Decoding
IBM System 34 Double Density (MFM) and Address Mark Circuitry
® Read Mode e For8"and 54"
Single/Multiple Sector Read with Automatic Floppy Disks
Search or Entire Track Read o Compatible with Industry Standard 179X
Selectable 128 Byte or Variable length Sector
Pin Connections . Logic Diagram
e whw P by
W2 39 [JINTRQ SRR < — | - AR
[¢JmE] 38 [J 0RO ! v ~ - ROLK Y
RECe 37 [J ODEN = RG/SSO
a5 36 PPt :? 7 - E:qu
s 3 TP < i L- L —w
DAL® )7 34 [ TRG0 RE -
AT s 33 [ WFTVFGE wE ]
. MR - -1
oAtz ds 32 [JREADY
J 0AL3 [0 wD SAB TTOTTTTMG
Z’j 5ATL Bw 179 - WRRT
]‘ DALS 71643
DAL® [OHLD
L bl [ RAw READ
STEP [JRCLK RQ = - 4
DIRC uh) INTRQ -
EARLY pak [
LATE [JHLT !
R OTEst RN - — - = HO L\ one shor
vss Bvee 1) SAB 1791/1793=RG, SAB 1795/7 =SS0 ATl ) U used)
2) SAB 1793/SAB 1797:= True Bus

SAB 179X is a floppy disk controller family of processors. Its flexibility and ease of use makes it
N-channel MOS LS| components designed to an ideal floppy disk interface between conventional
interface with SAB 8080/8085/8086/8051 family floppy disks and all computer systems.

AG 9/84
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SAB 179X

Pin Definitions and Functions

Symbol Number Input (1) Function
Output (O)
NC 1 - NO CONNECTION - Pin 1isinternally connected to a back bias
generator and must be left open by the user.
MR 19 I MASTER RESET - A logic low (50us min.) on this input resets

the device andloads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE. When MR is
brought to a logic high a RESTORE Command is executed,
regardless of the state of the Ready signal from the drive. Also,
HEX 01 is loaded into sector register.

WE 2 | WRITE ENABLE - Alogiclow on thisinputgates data on the DAL
into the selected register when CS is low.
CS 3 | CHIP SELECT - A logic low on this input selects the chip and
cnabics comiputer cutninunicauon with the device.
RE 4 | READ ENABLE - A logic low on this input controls the place-
ment of data from a selected register on the DALwhen CSis low.
AQ, A1 5,6 1 REGISTER SELECT LINES - These inputs se_le_ct lhe_ggister to
receive/transfer data on the DAL linesunder RE and WE control:
CS A1 AQ RE : WE
@ 0 © StatusReg Command Reg
© O 1 Track Reg Track Reg
O 1 0 Sectorkeg Sector Reg
® 1 1 DataReg Data Reg
DALG 7 1/0 DATA ACCESS LINES - Eight bit inverted (SAB 1791/5) or true
to to (SAB 1793/7) bidirectional bus used for transfer of data, control,
DAL7 14 and status. T_his bus is receiver enabled by WE or transmutter
enabled by RE. Drive capability 1s 1 TTL Load
CLK 24 | CLOCK - This input requires a free-running square wave clock

for internal timing reference. 2 MHz + 1% with 50%
duty cycle. 1 MHz + 1% for mini-floppies.

DRQ 38 (o] DATA REQUEST - This open drain output indicates that the DR
contains assembled data in Read operations, or the DRis empty
in Write operations. This signal is reset when serviced by the
computer through reading or loading the DR in Read or Write
operations, respectively. Use 10K puli-up resistor to +5V.

INTRQ 39 (6] INTERRUPT REQUEST - This open drain output is set at the
completion of any commmand and is reset when the STATUS
register 1s read or the command register 1s written to. Use 10K
pull-up resistor to + 5V,

STEP 15 6] STEP — The step output contains a pulse for each step.

DIRC 16 O DIRECTION — Direction Output is active high when stepping in,
active low when stepping out.

EARLY 17 0} EARLY —Indicates that the WRITE DATA pulse occurring

while Early is active (high) should be shifted early for write
precompensation.

LATE 18 (0] LATE - Indicates that the write data pulse occuring while
Late is active (high) should be shifted late for write precompen-
sation.
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SAB 179X

Number

Input (1)
Output (0)

Function

22

TEST - This input 1s used for testing purposes only and should
be tied to + 5V or left open by the user unless interfacing to
voice coll actuated motors.

HLT

23

HEAD LOAD TIMING -- When a logic high is found on the HLT
input the head is assumed to be engaged.

RG

25

READ GATE (SAB 1791/3) - A high level on this outputindicates
to the data separator circuitry that 2 bytes of zeros in single
density, or4 bytes of either zeros or ones in double density have
been encountered, and is used for synchronization.

§SO

25

SIDE SELECT OUTPUT (SAB 1795/1797) - The logic level of the
Side Select Output is directly controlled by the ,S’ flag in Type Il
orlllcommands. WhenU = 1,SSOissettoalogic1. WhenU = 0,
SSOissettoalogic®. The SSOiscompared with sideinformation
inthe sector ID field. If they do not compare, status bit 4 (RNF) is
set. The Side Select Output is only updated at the beginning of a
Type Il or Hl command. It is forced to a logic @ upon a MASTER

RESET condition.

RCLK

26

READ CLOCK — A nominal square-wave clock signal derived
from the data stream must be provided to this input. Phasing
(i. e. RCLK transitions) relative to RAW READ is important but
polarity (RCLK high or low) is not.

RAW READ

27

RAW READ - The data input signal directly from the drive.
This input shall be a negative pulse for each recorded flux
transition.

HLD

28

HEAD LOAD - The HLD output controls the loading of the
Read-Write head against the media.

TG43

29

TRACK GREATER THAN 43 — This output informs the drive that
the Read/Write head is positioned between tracks 44-76. This
outputis valid only during Read and Write Commands.

WG

30

WRITE GATE -- This output 1s made valid before writing is to
be performed on the diskette.

WD

31

WRITE DATA — A 200 ns {MFM) or 500 ns (FM) output pulse per
flux transition. WD contains the unique Address marks as well
as data and clock in both FM and MFM formats.

READY

32

READY — This input indicates disk readiness and is sampled
for alogic high before Read or Write commands are performed.
If Ready is low the Read or Write operation is not performed
and an interrupt is generated. Type | operations are performed
regardless of the state of Ready. The Ready input appears in
inverted format as Status Register bit 7.
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SAB 179X

Pin Definitions and Functions (continued)

Symbol

Number

Input (1)
Output (O)

Function

WF/VFOE

33

1710

WRITE FAULT VFO ENABLE ~ This is a bidirectional signal used
to signify writing faults at the drive, and to enable the external
PLO data separator. When WG = 1, Pin 33 functions as a WF in-
put. If WF = @, any write cominand will immediately be termi-

nated. When WG = 0, Pin 33 functions as a VFOE output. VFOE
willgolowduring aread operation after the head has loaded and
settled (HLT — 1). On the SAB 1795/7, it will remain low until the
last bit of the second CRC byte in the ID field. VFOE will then go
highuntil8bytes (MFM) or4 bytes (FM) before the Address Mark.
Itwillthen go active until the last bit of the second CRC byte of the
DataField. Onthe SAB1791/3, VFOE will temain low until the end
ofthe Data Field. This pin has an internal 100 kOhm pull-up resistor.

TRACK 22 This inputiinfouns the SAB 175X thadl the Reaa/

Write head is positioned over Track 00.
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INDEX PULSE - This input informs the SAB 179X when the
index hole is encountered on the diskette

36

WRITE PROTECT - This input is sampled whenever a Write
Command is received. A logic low terminates the command
and sets the Write Protect Status bit.

37

DOUBLE DENSITY - This pin selects either single or double
density operation. When DDEN = 9, double density is selected.
When DDEN = 1, single density is selected.

vCcC

21

POWER SUPPLY (+5 V).

VDD

40

POWER SUPPLY (+12 V).

VSS

20

GROUND (0 V)
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General Description

The SAB 179X are MOS LS| devices which perform
the functions of a Floppy Disk Formatter/Controlier
in a single chip implementation. The SAB 179X is
IBM 3740 compatible in single density mode (FM)
and System 34 compatible in Double Density Mode
(MFM). These include address mark detection,

FM and MFM encode and decode logic, window
extension, and write precompensation.

The processor interface consists of an 8-bit
bidirectional bus for data, status, and control word

Organization

The Floppy Disk Formatter block diagram is
illustrated on previous page. The primary sections
include the parallel processor interface and the
Floppy Disk interface.

Data Shift Register — This 8-bit register assembles
serial data from the Read Data input (RAW READ)
during Read operations and transfers serial data to
the Write Data output during Write operations.
Data Register — This 8-bit registeris used as a
holding register during Disk Read and Write
operations. In Disk Read operations the assembied
data byte is transferred in parallel to the Data
Register from the Data Shift Register. In Disk Write
operation information is transferred in parallel from
the Data Register to the Data Shift Register.

When executing the Seek command the Data
Register holds the address of the desired Track
position. This register is loaded from the DAL and
gated onto the DAL under processor control.

Track Register — This 8-bit register holds the track
number of the current Read/Write head position. It
is incremented by one every time the head is
stepped in (towards track 76) and decremented by
one when the head is stepped out (towards track
00). The contents of the register are compared with
the recorded track number in the ID field during disk
Read, Write, and.Verify operations. The Track -
Register-can be loaded from or transferred to the
DAL. This Register should not be loaded when the
device is busy.

Sector Register (SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded
sector number in the ID field during disk Read or
Write operations. The Sector Register contents can
be loaded from or transferred to the DAL. This
register should not be loaded when the device is
busy.
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transfers. The SAB 179X is set up to operate on a
multiplexed bus with other bus-oriented devices.
The SAB 179X is fabricated in N-channel Silicon
Gate MOS technology and is TTL compatible on all
inputs and outputs. The SAB 1793 is identical to the
SAB 1791 except the DAL lines are TRUE for
systems that utilize true data busses.

The SAB 1795/7 has a side select output for
controlling double sided drives.

Command Register (CR) — This 8-bit register holds
the command presently being executed.This
register should not be loaded when the device is
busy unless the new command is a force interrupt.
The command register can be loaded from the DAL,
but not read onto the DAL.

Status Register (STR) — This 8-bit register holds
device Status information. The meaning of the
Status bits is a function of the type of command
previously executed. This register can be read onto
the DAL, but not loaded from the DAL.

CRC Logic - This logic is used to check or to
generate the 16-bit Cyclic Redundancy Check (CRC).
The polynomial is: G(x) = x® + x'? + x° + 1.

The CRC includes al! information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit (ALU) — The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and comparisons °
with the disk recorded ID field.

Timing and Control — All computer and Floppy Disk
Interface controls are generated through this logic.
The internal device timing is generated from an
cxternal crystal clock.

The SAB 179X has two different modes of operation
according to the state of DDEN. When DDEN =@
double density (MFM) is assumed. When DDEN =1,
single density (FM) is assumed.

AM Detector — The address mark detector detects
ID, data and index address marks during read and
write operations.
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Processor Interface

The interface to the processor is accomplished
through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to
transfer Data, Status, and Control words out of, or
into the SAB 179X. The DAL are three state buffers
that are enabled as output drivers when Chip Select
(CS) and Read Enable (RE) are active (low logic
state) or act as input receivers when CS and Write
Enable (WE) are active.

When transfer of data with the Floppy Disk
Controller is required by the host processor, the
device address is decoded and CS is made low. The
address bits A1 and A9, combined with the signals
RE during a Read operation or WE during a Write
operation are interpreted as selecting the following
registers:

A1-AD READ (RE) WRITE (WE)

00 Status Register Command Register
01 Track Register Track Register

10 Sector Register Sector Register

11 Data Register Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the

SAB 179X and the processor, the Data Request
(DRQ) output is used in Data Transfer control. This
signal also appears as status bit 1 during Read and
Write operations.

On Disk Read operations the Data Request is
activated (set high) when an assembled serial input
byte is transferred in parallel to the Data Register.
This bit is cleared when the Data Register is read by
the processor. If the Data Register is read after one
or more characters are lost, by having new data

transferred into the register prior to processor
readout, the Lost Data bit is set in the Status
Register. The Read operation continues until the
end of sector is reached.

On Disk Write operations the data Request is
activated when the Data Register transfers its
contents to the Data Shift Register, and requires a
new data byte. Itis reset when the Data Register is
loaded with new data by the processor. If new data
is not loaded at the time the next serial byte is
required by the Floppy Disk, a byte of zeroes is
written on the diskette and the Lost Data bit is set in
the Status Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the
Status Register or by loading the command register
with a new command. In addition, INTRQ is
generated if a Force Interrupt command condition
is met.

Because of internal sync cycles, certain time delays
must be observed when operating under pro-
grammed I/0. They are:

Delay Req'd.”

Operation Next Operation FM MFM
Write to Read Busy Bit
Command Reg. | (Status Bit 0) 12ps Eus
Write to Read Status

14

Command Reg. | Bits 1-7 28Bus ps
Write Any Read From Diff.

. . 0 0
Register Register

" Times double for CLK=1MHz

(Minifloppies)
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Floppy Disk Interface

The SAB 179X has two modes of operation
according to the state of DDEN (Pin 37). When
DDEN = 1, single density is selected. In either case,
the CLK input (Pin 24) is at 2 MHz. However, when
interfacing with the mini-floppy, the CLK input is set
at 1 MHz for both single density and double density.
When the clock is at 2 MHz, the stepping rates of 3,
6, 10, and 15 ms are obtainable. When CLK equals

1 MHz these times are doubled.

Head Positioning

Five commands cause positioning of the Read-Write
head (see Command Section). The period of each
positioning step is specified by the r field in bits 1
and 0 of the command word. After the last
direciionai step an agaitionat 15 milliseconds of
head settling time takes place if the Verify flag is set
in Type | commands. Note that this time doubles to
30 ms for a 1 MHz clock.If TEST = @, there is zero
settling time. There is also a 15 ms head settling
time if the E flag is setin any Type Il or lll
command.

The rates can be applied to a Step-Direction Motor
through the device interface.

Stepping Rates

Step—A 2 us (MFM) or 4 us (FM) pulse is provided as
an output to the drive. For every step pulse issued,
the drive moves one track location in a direction
determined by the direction output.

Direction (DIRC) — The Direction signal is active
high when stepping in and low when stepping out.
The Direction signal is valid 12us before the first
stepping pulse is generated.

When a Seek, Step or Restore command is
executed an optional verification of Read-Write head
position can be performed by setting bit 2 (V = 1) in
the command word to a logic 1. The verification
operation begins at the end of the 15 millisecond
settling time after the head is loaded against the
media. The track number from the first encountered
12 Ticld 15 cutnpared against tne contents ot the
Track Register. If the track numbers compare and
the ID Field Cyclic Redundancy Check (CRC) is
correct, the verify operation is complete and an
INTRQ is generated with no errors. The SAB 179X
must find an ID field with correct track number and
correct CRC within 5 revolutions of the media;
otherwise the seek error is set and an INTRQ is
generated.

CLK 2MHz 2MHz 1 MHz 1 MHz 2 MHz 1 MHz
DDEN 0 1 0 1 X X

R1R0O TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0
R1

00 3ms 3ms 6 ms 6 ms 184 us 368 us
01 6ms 12ms 12ms 190 us 380 us
10 10 ms 10 ms 20 ms 20 ms 198 us 396 us
11 15 ms 15ms 30ms 30ms 208 us 416 us
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The Head Load (HLD) output controls the move- Head Load Timing (HLT) is an input to the SAB 179X
ment of the read/write head against the media. HLD which is used for the head engage time. When

is activated at the beginning of a Type | command if HLT = 1, the SAB 179X assumes the head is

the h flag is set (h = 1), at the end of the Type | completely engaged. The head engage time is
command if the verify flag (V = 1), or upon receipt typically 30 to 100 ms depending on drive. The low
of any Type Il or It command. Once HLD is active it to high transition on HLD is typically used to fire a
remains active until either a Type | command is one shot. The output of the one shotis then used
received with (h = @and V = 0); or if the SAB 179X for HLT and supplied as an input to the SAB 179X.
is in an idle state (non-busy) and 15 index pulses

have occurred.

Head Load Timing

HLD&—-[
j«»—_— 50 to 100ms——o=1
S_ ______

!
L

HLT
(From ore -

When both HLD and HLT are true, the SAB 179X will waits for HLT to be true. Ifh = Tand V = 1,

then read from or write to the media. The “and” of ~ HLD is set at the beginning of the command. Near
HLD and HLT appears as a status bitin Type | the end of the command, after all the steps have
status. been issued, an internal 15 ms delay occurs and the
In summary for the Type | commands: ifh = @and  SAB 179X then waits for HLT to occur.

V =0, HLD isreset. If h = 1and V = 0, HLD is set at For Type Il and lll commands with E flag off, HLD is
the beginning of the command and HLT is not made active and HLT is sampled until true. With E
sampled nor is there an internal 15 ms delay. If h = @ flag on, HLD is made active, an internal 15 ms delay
and V = 1, HLD is set near the end of the command, occurs and then HLT is sampled until true.

an internal 15 ms occurs, and the SAB 179X
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General Disk Read Operations

Sector lengths of 128, 256, 512 or 1024 are obtain-
able in either FM or MFM formats. For FM, DDEN
should be placed to logical “1.” For MFM formats,
DDEN should be placed to a logical “0.” Sector
lengths are determined at format time by the fourth
byte in the “ID"” field.

Sector Length Table*)

Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
21 . 256
92 512
23 1024
*) SAR1795/7 may vary — sco command suiimary

The number of sectors per track as far as the

SAB 179X is concerned can be from 1 to 255 sectors.

The number of tracks as far as the SAB 179X is
concerned is from Dto 255 tracks.
For read operations in 8" double density the
SAB 179X requires RAW READ Data (Pin 27) signal
which is a 200 ns pulse per flux transition and a
Read clock (RCLK) signal to indicate flux transition
spacings. The RCLK (Pin 26) signal is provided by
some drives but if not it may be derived externally
by Phase locked loop, one shots, or counter techni-
ques. In addition a Read Gate Signal is provided as
an output (Pin 25) on SAB 1791 93 which can be
used to inform phase lock loops when to acquire
synchronization. When reading from the media in
FM, RG is made true when 2 bytes of zeroes are
detected. The SAB 179X must find an address mark
within the next 10 bytes; otherwise RG is reset and
the search for 2 bytes of zeroes begins all over
again. If an address mark is found within 10 bytes,
RG remains true as long as the SAB 179X is deriving
any useful information from the data stream.
Similarly for MFM, RG is made active when 4 bytes
of “00" or “FF” are detected. The SAB 179X must
find an address mark within the next 16 bytes,
otherwise RG is reset and search resumes.
During read operations (WG = 0), the VFOE (Pin 33}
is provided for phase lock loop synchronization.
VFOE will got active low when:

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

c) The SAB 179X is inspecting data off the disk
If WF/VFOE is not used, this pin may be left open,
as it has an internal pull-up resistor.
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General Disk Write Operations

When writing is to take place on the diskette the
Write Gate (WG) output is activated, allowing cur-
rent to flow into the Read/Write head. As a pre-
caution to erroneous writing the first data byte
must be loaded into the Data Register in response
to a Data Request from the SAB 179X before the
Write Gate signal can be activated.

Writing is inhibited when the Write Protect input is
a logic low, in which case any Write command is
immediately terminated, an interrupt is generated
and the Write Protect status bit is set. The Write
Fault input, when activated, signifies a writing fault
condition detected in disk drive electronics such as
failure to detect write current flow when the Write
Gate is activated. On detection of this fault the

sets the Write Fault bit (bit 5) in the Status Woud.
The Write Fault input should be made inactive
when the Write Gate output becomes inactive.

For write operations, the SAB 179X provides Write
Gate (Pin 30) and Write Data (Pin 31) outputs. Write
data consists of a series of 500 ns pulses in FM
(DDEN = 1) and 200 ns pulses in MFM (DDEN = ).
Write Data provides the unique address marks in
both formats.

Also during write, two additional signals are pro-
vided for write precompensation. These are EARLY
(Pin17) and LATE (Pin 18). EARLY 1s active true when
the WD pulse appearing on (Pin 30) is to be written
EARLY. LATE is active true when the WD pulse is to
be written LATE. If both EARLY and LATE are low
when the WD pulse 1s present, the WD pulse is to be
written at nominal. Since write precompensation
values vary from disk manufacturer to disk manu-
facturer, the actual value is determined by several
one shots or delay lines which are located external
tothe SAB 179X The write precompensation signals
EARLY and LATE are valid for the duration of WD

in both FM and MFM formats.

Ready

Whenever a Read or Write command (Type llor lll) is
received the SAB 179X samples the Ready input. If
this input is logic low the command s not executed
and an interrupt is generated. All Type | commands
are performed regardiess of the state of the Ready
input. Also, whenever a Type Il 'or Il command s
received, the TG43 signal output is updated.
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Command Description

The SAB 179X accepts eleven commands. Com-
mand words should only be loaded inthe Command
Register when the Busy status bit is off (Status bit 9).
The one exception is the Force Interrupt command.
Whenever a command is being executed, the Busy
status bit1s set. When a command is completed, an
interrupt is generated and the Busy status bitis

Status Register

Upon receipt of any command, except, the Force
Interrupt command, the Busy Status bit is set and
the rest of the status bits are updated or cleared for
the new command. If the Force Interrupt Command
is recetved whe n there s a current command under
execution, the Busy status bitis reset, and the rest
of the status bits are unchanged. If the Force Inter-
rupt command s received when there is not a
current command under execution, the Busy Status
bit is reset and the rest of the status bits are up-
dated or cleared. In this case, Status reflects the
Type | commands.

reset. The Status Register indicares whether the
completed command encountered an error or was
fault free For ease of discussion, commands are
divided into four types.

Commands and types are summarized on next
page.

The user has the option of reading the status
register through program control or using the DRQ
line with DMA or interrupt methods. When the
Data register is read the DRQ bit in the status
register and the DRQ line are automatically reset.
A write to the Data register also causes both DRQ’s
to reset.

The busy bit in the status may be monitored with a
user program to determine when a command is
complete, in lieu of using the INTRQ line. When
using the INTRQ, a busy status check is not
recommended because a read of the status register
to determine the cond:t:on of busy will reset

the INTRQ line.

(Bits)

7 6 5 4

3 2 1 0

S7 S6 S5 S4

S3 S2 S1 S0

Status varies according to the type of command executed.
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Command Summary

Commands for SAB 1791, SAB 1793 Commands for SAB 1795, SAB 1797
Bits Bits
Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
| Restore @ 0 0 0 h V r r @ 0 0 0 h V r 1
| Seek 06 0 1 h V r rp |[@ 0 0 1 h V r 1
| Step ¢ 1 T h V rp rp {®@ 06 1 T h V r r
| Step-in 2 1 8 T h V 1y 1 O 1 0 T h V r 1
| Step-out 2 1 1 T h V rn rg 1 1 T h V rn r
Il Read Sector 1 06 ¢ m S E C @ 106 6 m L E U 0
Il Write Sector 1 6 1 m S E C a 1 @ 1 m L E U a
Il Read Address 11 @6 0 06 E 0 @ 11 0 6 0 E U 0
Il Read Track 11 1 0 0 E o0 o 11 1 6 6 E U 0
Il Write Track 11 1 1 0 E 0 0 11 1 1 0 E U @
IV Force Interrupt T 1 0 1 13 1l 1 1y T 1 0 1 3l 1y
Flag Summary
Command Bit
Type Nof(s) Description
| 0,1 ryry= Stepping Motor Rate
| 2 V = Track Number Verify Flag V =0, No verify
V =1, Verify on destination track
| 3 h =Head LoadFlag h = @, Unload head at beginning
h =1, Load head at beginning
| 4 T = Track Update Flag T = 0, No update
T =1, Update track register
11 &I ® ap = Data Address Mark ap = 0, FB (DAM)
ap = 1, F8 (deleted DAM)

on

1,15 ms delay
1l 3 S = Side Compare Flag 0, Compare for side @

1, Compare for side 1

[l

I 1 C = Side Compare Flag C = 0, Disable side compare
C =1, Enable side compare
&1l 1 U = Update SSO U = 0, Update SSOto @
U =1, Update SSOto 1
& 2 E = 15 ms Delay E @, No 15 ms delay
E
S
S

Il

I 3 L = SectorLength Flag

LSB’s Sector Length in ID Field

= 1 (implicit) for SAB 1791/3 e o1 10 n

=0 256 512 1024 128
L=1 128 256 512 1024
] 4  m = Multiple Record Flag -| m = 0, Single record
m = 1, Multiple records

Interrupt Condition Flags

1 Not Ready To Ready Transition

1 Ready To Not Ready Transition
1Index Pulse

1 Immediate Interrupt, Requires A Reset
13-1; = @ Terminate With No Interrupt (INTRQ)

oo
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Status Register Summary

Bit| All Type Read Read Read Write Write
Commands Address Sector Track Sector Track
S7| NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY
S6{ WRITE [} 0 0 WRITE WRITE
PROTECT PIOTECT PROTECT
S5 HEAD LOADED| @ RECORDTYPE | @ WRITE FAULT | WRITE FAULT
S4| SEEK ERROR | RNF RNF 0 RNF 0
S3| CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0
S2| TRACK @ LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S1| INDEX DRQ DRQ DRQ DRQ DRQ
S| BUSY BUSY BUSY BUSY BUSY BUSY
Status for Type | Commands
Bit| Name Meaning
S7| NOT READY This bitwhen setindicates the drive is not ready. When reset it indicates that the drive
is ready. This bitis an inverted copy of the Ready input and logically ““ored” with MR.
S6| PROTECTED When set, indicates Write Protect is activated. This bitis an inverted copy of WRPT
input.
S5| HEAD LOADED | When set, itindicates the head is loaded and engaged. This bitis a logical “and"”’ of

HLD and HLT signals.

S4 | SEEK ERROR When set, the desired track was not verified. This bitis reset to @when updated.

S3 | CRC ERROR CRC encountered in ID field.

S2 | TRACK 00 When set, indicates Read/Write head is positioned to Track @. This bitis an
inverted copy of the TR® input.

S1|INDEX When set, indicates index mark detected from drive. This bitis an inverted copy of the
[P input.

S@ | BUSY When set command is in progress. When reset no command is in progress.

Status for Type Il and lll Commands

Bit| Name Meaning

S7| NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the
driveisready. This bitis aninverted copy of the Ready input and “ored”” with MR. The
Type Il and Il Commands will not execute unless the drive is ready.

S6 | WRITE On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a

PROTECT Write Protect. This bit is reset when updated.
S5 RECORD TYPE/| On Read Record: It indicates the record-type code from data field address mark.
WRITE FAULT 1 = Deleted Data Mark. @ = Data Mark. On any Write: Itindicates a Write Fault. This bit
is reset when updated.
S4| RECORD NOT | When set, itindicates that the desired track, sector, or side were not found. This bitis
FOUND (RNF) | reset when updated.

S3| CRC ERROR If S4is set, an error is found in one or more ID fields; otherwise it indicates errorin
data field. This bit is reset when updated.

S2|LOST DATA When set, itindicates the computer did notrespond to DRQin one byte time. Thisbitis
reset to zero when updated.

S1|DATA REQUEST]| This bitis a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bitis reset to zero when
updated.

S@BUSY When set, command is under execution. When reset,no commandis under execution.
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Formatting the Disk

Formatting the disk is a relatively simple task when
operating programmed 1/0 or when operating
under DMA with a large amount of memory. Data
and gap information must be provided at the com-
puter interface. Formatting the disk is accomplished
by positioning the R/W head over the desired track
number and issuing the Write Track command.

Upon receipt of the Write Track command, the head
is loaded and the Busy Status bis is set. Writing
starts with the leading edge of the first encountered
index pulse and continues until the next index
pulse, at which time the interrupt is activated.

The Data Request is activated immediately upon
receiving the command, but writing will not start
until after the first byte has been loaded into the
Data Regicter, fthe DR has not been loaded by ths
time the index pulse is encountered the operation
is terminated making the device Not Busy, the Lost
Data Status Bit is set, and the Interrupt is activated.
If a byte is not present in the DR when needed,

a byte of zeroes is substituted.

This sequence continues from one index mark to
the next index mark. Normally, whatever data
pattern appears in the data register is written on the
disk with a normal clock pattern. However, if the
SAB 179X detects a data pattern of F5 through FE in
the data register, this is interpreted as data address
marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte
from F8 to FE is about to be tranferred from the DR
to the DSR in FM or by receipt of F5 in MFM.

An F7 pattern will generate two CRC characters in
FM or MFM. As a consequence, the patterns F5
through FE must not appear in the gaps, data
fields, or ID fields. Also, CRC’s must be generated
by an F 7 pattern.
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Disks may be formatted in IBM 3740 or System 34
formats with sector lengths of 128, 256, 512, or 1024
bytes.

IBM 3740 Format — 128 Bytes/Sector (8")

Shown below is the IBM single-density format with
128 bytes/sector. In order to format a diskette, the
user must issue the Write Track command, and load
the data register with the following values. For
every byte to be written, there is one data request.

Number Hex Value of
of Bytes Byte Written
40 FF (or 00)*
6 [14]
1 FC (Index Mark)
26 FF (or 00)
1 6 m
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or @1)
1 Sector Number (1thru 1A)
1 o0
1 F7 (2 CRC's written)
11 FF (or 09)
6 00
1 FB (Data Address Mark)
128 Data (IBM uses E5)
1 F7 (2 CRC's written)
27 FF (or 00)
247" FF (or 00)

" Write bracketed field 26 times

2 Continue writing until SAB 179X interrupts out.
Approx. 247 bytes.

3/ Optional ‘80’ on SAB 1795/7 only.
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IBM System 34 Format 256 Bytes/Sector (8")

Shown below is the IBM dual-density format with
256 bytes/sector. In order to format a diskette the
user must issue the Write Track command and load
the data register with the following values. For
every byte to be written, there is one data request.

Recommended — 128 Bytes/Sector (Mini-Diskette)

Shown below is the Recommended single-density
format with 128 bytes/sector. In order to format a
diskette, the user must issue the Write Track com-
mand, and load the data register with the following
values. For every byte to be written, there is one
data request.

Number Hex value of Number Hex Value of
of Bytes | Byte written of Bytes | Byte Written
80 | 4E .40 | FF(oreo!®
12 [17] 6 00
3 | F6 (writes C2) 1 FE (ID Address Mark)
1 FC (Index Mark) 1 Track Numer
y_ 50 4E 1 Side Number (00 or 01)
12 00 1 Sector Number (1through 1A)
3 F5 1 00 (Sectar tanath)
1 FE (ID Address Mark) 1 F7 (2 CRC's written)
1 Track Number (0 through 4C) 11 FF (or 00)°
1 Side Number (D or 1) 6 00
1 Sector Number (1 through 1A) 1 FB (Data Address Mark)
1 01 (Sector length) 128 Data (IBM uses E5)
1 F7 (2 CRCs written) 1 F7 (2 CRC's written)
22 4E 10 FF (or 00)*
12| o 3692 | FF (or 00)°
3 F5 (writes A1)
1 FB (Data Adress Mark)
25? FI-?7A(2ACRC5 written) " Write bracketed field 16 times
54 4E 2 Continue writing until SAB 179X interrupts out.
‘38'5) 4E Approx 369 bytes.
¥ Optional '8’ on SAB 1795/7 only.

" Write bracketed field 26 times
2 Continue writing until SAB179X interrupts out.
Approx. 538 bytes.
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Physical Index | |

B L6 Bytes fe=——

L
Gaplb Gap1 1D Gap 2 | Data Field | Gap 3 1D Data Field ] Data Freld 10 Data Field
Pre-Index |Post-Index| Record | ID Gap Record  [Data Gap| Record | Gap 2 Record Gap 3 | Record | Gap 2 Record Record | Gap 2 Record
369 Bytes L6 Bytes | No 1 [17Bytes No 1 16Bytes| No2 No 2 No 3 No 3 No 16 No 16
1
ID Record Byte Data Field Byte
2 3 L S 6 7 1 2-129 130 131
Data or
ris | Tack | sige | sector | sector | cre R Deteled 128 Bytes R (RC
t: ti
Mark Number Number Number Length Byte 1 Byte 2 Address of User Data Byte 1 Byte 2
Mark

Gap1

\

(HEX FF) (HEX 89)

Gap 2 Gap 3
I
|
(HEX FF) I (Hex o0) (HEX FF) (HEX 08)
|
1 Bytes 6 Bytes —=i 10 Bytes 6 Bytes —ei

t=—— 40 Bytes ———=1 6 Bytes t=—r

Write gate turn-on for update
of next data field

Wnite turn-off for update
of previous data field

(an3@)s1g-1uIl) 3ewI04 AJisuaq 8|bulg papuswwosay
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SAB 179X

256 Bytes/Sector (Mini-Diskette)

Shown below is the recommended dual-density
format with 256 bytes/sector. In order to format a
diskette the user must issue the Write Track com-
mand and load the data register with the following
values. For every hyte to be written, there is one
data request.

Number Hex value of
of Bytes Byte written
2 60 4E
12 00
3 F5 (Writes A1)
1 FE (ID Address Mark)
1 Track Number (@ through 4C)
1 Side Number (Qor 1)
1 Sector Number (1 through 1A)
1 01 (Sector Length)
1 F7 (2 CRCs written)
22 4E
12 00
3 F5 (Writes A1)
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRCs written)
24 4E
7182 4E

Non-standards Formats

Variations in the recommended formats are possible
to a limited extent if the following requirements
are met:

1) Sector size must be 128, 256, 512 of 1024 bytes.

2) Gap 2 cannot be varied from the recommended
format.

3) 3 bytes of A1 must be used in MFM.

In addition, the Index Address Mark is not required
foroperation by the SAB 179X. Gap 1,3, and 4 lengths
can be as short as 2 bytes for SAB 179X operation,
however PPL lock up time, motor speed variation,
write-splice area, etc. will add more bytes to each
gap to achieve proper operation. It is recommended
that the recommended format be used for highest
system reliability.

FM MFM

Gap | 16 bytes FF 32 bytes 4E
Gap ll 11 bytes FF 22 bytes 4E
3 6 bytes 00 12 bytes 00

3 bytes A1
Gap llI 10 bytes FF 24 bytes 4E
4 4 bytes 00 8 bytes 00

3 bytes A1
Gap IV 16 bytes FF 16 bytes 4E

' Write bracketed field 26 times
2 Continue writing until SAB 179X interrupts out.
Approx. 718 bytes.

Control Bytes for Initialization

¥ Byte counts must be exact.
4 Byte counts are minimum, except exactly 3 bytes
of A1 must be written in MFM.

Data Pattern SAB 179X Interpretation SAB 179X Interpretation

in DR (Hex.) in FM (DDEN = 1) in MFM (DDEN = 0)
00 through F4 Write 00 through F4 with CLK = FF Werite @@ through F4, in MFM
F5 Not Allowed Write A1"” in MFM, Preset CRC
F6 Not Allowed Write C2? in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes
F8 through FB Write F8 through FB, Clk = C7, Preset CRC| Write F8 through FB, in MFM
FC Write FC with Clk = D7 Write FC in MEM
FD Write FD with Clk = FF Write FD in MFM
FE Write FE, Clk = C7, Present CRC Write FE in MFM
FF Write FF with Clk = FF Write FF in MFM

" Missing clock transition between bits 4 and 5
2 Missing clock transition between bits 3 and 4
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G puB 4 SjIQ U3aM}3Aq

$32013 BUISSIW YiIm (44 Ul LY S34IIm G4 (

Physical Index

——= 72 Bytes f=—o

] |
oo Rl I N el e o N U st OO OO O A L O B
Pre-Index | Post-Index 3 Bytes| Record |ID Gap | Data Gap Record Record | Gap2 RFeliord Gap3 | Record | Gap2 Record Record | Gap2 Record Gap L
718 Byt t Na 1 134Byte 9 Byt N
Bytes 72 Bytes 01 |3uBytes| 39 Bytes Ne 1 No 2 No 2 o3 No 3 No 16 No 16
i
L
// Byte Byte
I 1 2 3 4 5 1 2-257 255 254
‘ 1D | Data or
Address Track Side Sector Sector Dzle"m 256 Bytes CRC CRC
! Mark Number Number Number Length ata of User Data Byte1 Byte 2
Address
| HEX FE
| t Mark
/‘\ o ——— —
/ Oapl T — Gap3 T
T
|
(HEX 4E) (HEX 00)) (HEX &E)} | (HEX 00) (HEX 4E) (HEX 0@ Al
|
3Bytes
f=e—— 60 Bytes ———=={ 12 Bytes j— 22 Bytes 12 Bytes —=— 24 Bytes 12 Bytes —=i f-——————

Write gate turn-on for update
of next data field

Write turn-off for update
of previous data field

(an3@)s1g-1ulpy) 3eWI04 AlISua 3|gnNoQ PapuUaWLLI0daYy
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SAB 179X

Absolute maximum ratings"

Operating Temperature 0to 70°C
Storage Temperaturs —65 to +150°C
VDD with Respect to Vss (Ground) +15t0-0.3V
Max. Voltage to any Input with +15t0-0.3V
Respect to VSS

D.C.Characteristics
TA=0t070°C; VDD = +12V * 5%; VCC = +5V % 5%; VSS = OV

Symbol| Parameter Limit Values Unit Test Condition
Min. Typ. | Max.
L Input Leakage VIN = VDD
- 10 uA
10L Output Leakage VOUT = VDD
VIH Input High Voltage 2.6 - -~ 7
VIL Input Low Voltage - 0.8 y -
VOH Output High Voltage 2.8 - 10 = -100 uA
VOL | Output Low Voltage 045 |  [10=16mA
ICC Power Supply Current _ 35 60 A
IDD Power Supply Current 10 15 -
PD Power Dissipation ~los W |
Capacitance®
Symbol Parameter Limit Value Unit Test Condition
(max.)
CIN Input Capacitance 15 of Unmeasured pins
couT Output Capacitance returned to GND

" 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.

2 Leakage conditions are for input pins without internal pull-up resistors.

3 This parameter is periodically sampled and not 100% tested.
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A.C.Characteristics

TA=0t070 C,VDD= +12V * 5%; VSS=0V,VCC= +5V + 5%

All timing readings at VOL  0.8Vand VOH 2.0V

Read Enable Timing

Symbol | Parameter Limit Values Unit Test Condition
Min Typ. | Max.
TSET Setup ADDR & CS to RE 50 -
THLD | Hold ADDR & CS from RE 10 - -
TRE RE Pulse Width 400 CL = 50pf
TDRR | DRQ Reset from RE 400 500 |ns
TIRR INTRQ Reset from RE - 500 {3000
TDACC | Data Access from RE 350
— - CL = 50pf
TDOH Data Hold from RE 50 150
e =16 or 32ps
—=—{T DRR}=—
VOH
ORQ ——
|
i fe———T RR- w‘
INTRO .
T Servce? —-—o l VoL
— T HLO}=—
AD, A1 E” VIL
f—T RE ———=—
RE VIH
——{T SET f=~—
JE— Data
(DAL Valid
*jT DOHH=—
—={ TOACC |=—o

DRQ rising edge:
DRQ falling edge:
INTRQ rising edge: Occurs at end of command.

INTRQ falling edge: Indicates that the status register was read.

Indicates that the data register has assembled data.
Indicates that the data register was read.

K @may be permanently tied LOW if desired.

¥ Times double when CLK = 1MHz

2 T Service (worst case)
—FM = 27.5us

~MFM = 13.5 s
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Write Enable Timing

Symbol | Parameter Limit Values Units | Test Conditions
Min Typ. | Max.

TSET | Setup ADDR & CS to WE 50

THLD | Hold ADDR & CS from WE 10

TWE | WE Pulse Width 30 | |

TDRR | DRQ Reset from WE a0 | s0 | |7

TIRR INTRQ Reset from WE - 500 | 3000

TDS Data Setup to WE 250

TDH | Data Hold from WE 0 | |

DRQ rising edge:
DRQ falling edge:
INTRQ rising edge:

ft—————————————— =16 Or 32ps

—=—{T DRRj=—

OrRQ —

T

IRR

INTRQ &

T Serw:aﬂ

THLD [

28,41 TS ——J

fe— T WE ———]

VIL

Data must

VIH

be valid

T OH p==—o

Indicates that the data register is empty.
Indicates that the data register is loaded.
Indicate the end of a command.

INTRQ falling edge: Indicates that the command register is written to.

" CS may be permanently tied LOW if desired. When writing Data into Sector Track or Data Register User
cannot read this Register until at least 4us in MFM after the rising edge of WE when writing into the

command Register Status is not valid until some 28us in FM,14 us in MFM later.

2 T Service (worst case); FM = 23.5 us; MFM = 11.5 us
3 Times double when CLK=1MHz
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Input Data Timing

Symbol | Parameter Limit Values Units | Test Conditions
Min. Typ. | Max.
Tpw RAW READ Pulse Width 100 200 1)
Tbe RAW READ Cycle Time?
1500 2000 1800 ns @ 70°C
Tc RCLK Cycle Time® _ ns
Tx1 RCLK hold to RAW READ 2 - 1)
Tx2 RAW READ hold to RCLK 1)

" Pulse width on RAW READ (Pin 27) is normally 100 — 300ns. However, pulse may be any width if pulse is
entirely within window. If pulse occurs in both windows, then pulse width must be less than 300ns for
MFM at CLK = 2MHz and 600ns for FM at 2MHz. Times double for IMHz.

2 tbc should be 2 us, nominal in MFM and 4 us nominal in FM. Times double when CLK = 1 MHz.

3 RCLK may be high or low during RAW READ (Polarity is unimportant).

Thc
—=Tpw I-c-
RAW READ [ _J—
— TX1 =T X2—=
RCLK
Ta - Tb
Tc
. r Nominal
Diskette Mode | DDEN CLK | Ta Tb Tc
8" MFM | @ 2 MHz 1us " s 2us
8" FM i 1 2 MHz 2us i 2us 4us
5" MFM @ 1 MHz 2us 2pus 4us
5" FM i 1 1 MHz 4us 4pus 8'us

A PPL Data Separator is recommended for 8 MFM
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Write Data Timing (All Times Double when CLK = 1 MHz)

Symbol | Parameter Limit Values Units | Test Conditions
Min. Typ. | Max.
Twp Write Data Pulse Width 450 500 | 550 FM
: 150 200 | 250 ns MFM
Twg Write Gate to Write Data 2 FM
1 MFM
— us
Tbe Write data cycle Time 2,3
ord + CLK Error
Ts Early (Late) to Write Data
125 ns MFM
Th Early (Late) from Write Data
Twf Write Gate off from WD 2 - FM
- 1 us MFM
Twd1 WD Valid to CLK 100 CLK = 1MH>
50 CLK = 2MHz
- ns
Twd2 | WD Velid after CLK 100 CLK = 1MHz
30 CLK = 2MHz
S0Gns
CLK
(1 MHz) '_|
2
7
% | 0
WD M!—‘ ‘
| Twi2
——

(LK
(2MHz)

r-—125 nS'—’-"— 125 ns —=—

V.

/7

7

7

w0

Twdl
B

T

T wd2

Write Data/Clock Relationship (DDEN = 8)
WD must have rising edge in first shaded area and trailing edge in second shaded area
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Miscellaneous Timing

Symbol | Parameter Limit Values Units | Test Conditions
Min. Typ. | Max.
TCD1 Clock Duty (LOW
- ock Duty | ) 230 20000 | ns
TCD2 | Clock Duty (HIGH) 200 2)
TSTP Step Pulse Output 2ord | -
TDIR Dir Setup to St - 12
T Setup fo >tep - us + CLK Error
TMR Master Reset Pulse Width 50
TIP Index Pulse Width 10 2)
TWF Write Fault Pulse Width 20

$,|

MR

f~——T [P~

‘J_——
s_—__

fe——T wF—-—l

5 VH

L—n———T MR ~——s

T

=iy

CLK

% VIH

(

Step In
o o ——I

VOH

R1 R0l
LT OIR sw rsrpr

[

)

L

[T DIR’-]T STP'——

STEP VoL

T

" From step rate table.
2 Times double when CLK=1MHz
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SAB 279 XA

Floppy Disk Formatter/

Controller Family

Features SAB | SAB | SAB | SAB
2791A|2793A[2795A|2797A
Single Density (FM) X X X X
Double Density (MFM) X X X |'X
True DataBus X X
Inverted Data Bus X X
Side Select Output X X
Internal CLK Divide X X

o On-Chip PLL Data Separator
o On-Chip Write Precompensation Logic

o Single +5V Supply

o Accommodates Single and Double Density Formats
IBM 3740 Single Density (FM)
IBM System 34 Double Density (MFM)

o Automatic Seek with Verify

o Multiple Sector Read/Write

o TTL Compatible

o Programable Control
Selectable Track-to-Track Access
Head Load Timing

o Software Compatible with the SAB 179X Floppy
Disk Formatter/Controller Family

o Soft Sector Format Compatibility

Pin Connections
ENP C-|_\I_L-D-3MLT
WEC]2 39 [JINTRG
j<yn ] 38 Jora
RO 37 1 BOER
A s 36 AWPRT
mn0s P
B 7 3% D TRED
At s 3 wPW
[eist] 2 [JREADY
» DAL3CJ1  sag N [Owo
mign  279XA 2w
BAS O n 291643
BATE M3 28 [JHLD
DALT Ot 21 [1RAW READ
STEP [ 15 26 [IVCO
DIRC O] 16 Py
Tis 1 WK
rRPW (18 23 [JPuMP
RO 2[JTEST
GND CJ20 21 [Dvec
1) SAB 2791A/2793A = ENMF 2) SAB2793A/2797A =True Bus
SAB 2795A/2797A = S50

Logic Diagram
Microcomputer Floppy Disk
Interface Interface
[ YR — RAW READ
W0
TEST
A —————— — RPW
Al ———— WPW
S Vo
RE ————— PUMP
WE ENP
R 58
ENMF/SSO
SAB
279XA — WG
WPRT
————1F
———— TROG
READY
6463
oRQ STEP
INTRQ =————] DIRC
€13 r——~
BOEN —— ] lwol One Shot
L (sf used)

SAB 279XA is a floppy disk controller family of
N-channel MOS LS| components designed to
interface with SAB 8080/8051 family processors.
Its flexibility and ease of use makes it an ideal
floppy disk interface between conventional floppy
disks and all computer systems. Software com-
patible with its predecessor, the SAB 179X, the
device also contains a high performance Phase-

Lock-Loop Data Separator as well as Write Pre-
compensation Logic.

When operating in Double Density mode, Write
Precompensation is automatically engaged to a
value programmed via an external potentiometer.
An on-chip VCO and phase comparator allows
adjustable frequency range for 5%"-8" Floppy
Disk and Micro Floppy Disk Interface.

AG 4/84
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SAB 279XA

Pin Definitions and Functions

Symbol

Number

Input (l)
Output (O)

Functions

ENP

ENABLE PRECOMP -
Alogic high on thisinput enables write precompensation
to be performed on the Write Data output

WRITE ENABLE -
Alogiclow onthis input gates data on the DAL into the
selected register when CS is low

CHIP SELECT -
Alogiclow on this input selects the chip and enables computer
communication with the device

READ ENABLE -
Alogiclow onthisinput controls the placement of data from a

J R ST o W B ==:_:
STICLITU ITYISLGI Ul UIg DAL WIHENT LD IS IOW

A0, A1

5,6

REGISTER SELECT LINES—

These inputs select the register to receive/transfer data on the
DAL lines under RE and WE control:

TS A1 A0 RE WE

0 0 StatusRegister Command Register

0 1 TrackRegister Track Register

1 0 SectorRegister Sector Register

0 1 1 DataRegister Data Register

(SIS =

0|0
> >
==
~Nls
~
o

110

DATA ACCESS LINES—

Eight bit directional bus used for transfer of commands,
status and data. These lines are inverted on SAB 2791A and
SAB 2795A.

STEP

15

STEP-
The step output contains a pulse for each step

DIRC

16

DIRECTION -
Direction outputis active high when steppingin, active low
when stepping out

17

5",",8" SELECT -
Thisinput selects the internal VCO frequency for use with 5'/,"
drives or8” drives

RPW

18

READ PULSEWIDTH -
An external potentiometer tied to this input controls the phase
comparator within the data separator

19

MASTERRESET —

Alogic low (50 usec min.) on this input resets the device and
loads hex 03 into the command register. The Not Ready bit
(Status bit 7) is reset during MR active. When MR s brought
to alogic high a Restore command is executed, regardless of
the state of the Ready signal from the drive. Also hex 81is
loaded into Sector Register.

22

TEST -
Alogiclow onthisinput allows adjustment of external
resisters by enabling internal signals to appear on selected pins
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Symbol

Number

Input (1)
Output (O)

Functions

PUMP

23

0

PUMP —
High-impedance outputsignal which is forced high or low to
increase/decrease the VCO frequency

CLK

24

CLOCK-

Thisinputrequires a free-running 50% duty cycle square wave
clock forinternal timing reference, 2 MHz £1% for 8" drives,

1 MHz £1% for mini-floppies

25

ENABLE MINI-FLOPPY (SAB 2791A/2793A)—

Alogiclow onthisinput enables an internal divide by 2 of the
master clock. This allows both 5'/,” and 8" drive operation with
asingle 2 MHz clock. For a 1 MHz clock on Pin 24, this line must
be leftopen ortied to alogic 1

SSO

25

SIDE SELECT OUTPUT (SAB 2795A/2797A)—

The logic level of the Side Select outputis directly controlled

by the U flagin Typell orllicommands. When U = 1,SSQ is set
toalogic1.WhenU=0,SSOissettoalogic0. The SSOis
compared with the side information in the sector ID field. If they
do notcompare, Status Bit4 (RNF) is set. The Side Select output
isonly updated atthe beginning of a Type ll orlilcommand. ltis
forced to alogic @ upon a master reset condition

VvCO

26

VOLTAGE CONTROLLED OSCILLATOR -
An external capacitor tied to this pin adjusts the VCO center
frequency

RAW READ

27

RAW READ -
The data input signal directly from the drive. This input shall
be a negative pulse for each recorded flux transition

HLD

28

HEAD LOAD -
The HLD output controls the loading of the Read/Write head
againstthe media

TG43

29

TRACK GREATER THAN 43—

This outputinforms the drive that the Read/Write head is
positioned between tracks 44 and 76. This outputis valid only
during read and write commands

WG

30

WRITE GATE -
This outputis made valid before writing is to be performed on
the diskette

wD

31

WRITE DATA-

MFM or FM output pulse per flux transition. WD contains the
unique address marks as well as data and clockin both FM and
MFM formats

READY

32

READY -

Thisinputindicates disk readiness and is sampled for a logic
high before read or write commands are performed. If Ready is
low the read or write operation is not performed and an
interruptis generated. Type | operations are performed
regardless of the state of Ready. The Ready input appears in
inverted format as Status Register bit 7
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Pin Definitions and Functions (continued)

Symbol Number Input () Functions
Output (O)

WPW 33 | WRITE PRECOMP WIDTH -
An external potentiometer tied to this input controls the amount
of delay in write precompensation mode

TR0OO 34 | TRACK 06—
This input informs the SAB 279XA that the Read/Write head
is positioned over Track 00

Iz 35 ! INDEXPULSE -
This input informs the SAB 279XA when the index hole is
encountered on the diskette

WPRT 36 ! WRITE PROTECT -
Thisinputis sampled whenever a write command is received.
Alogiclow terminates the command and sets the Write Protect
status bit

DDEN 37 | DOUBLE DENSITY -
This input pin selects either single or double density operation.
When DDEN = 0, double density is selected. When DDEN = 1,
single density is selected

DRQ 38 (s} DATAREQUEST -
This outputindicates that the Data Register contains
assembled data in read operations, or the DR is empty in write
operations. This signal is reset when serviced by the computer
through reading or loading the Data Register

INTRQ 39 (¢} INTERRUPT REQUEST - . )
Thisoutputis set atthe completion of any command and is reset
when the Status Registeris read or the Command Register is
written to

HLT 40 i HEAD LOAD TIMING -
When alogic high is found on the HLT input the head is assumed
to be engaged. Itis typically derived from a single shot triggered
by HLD

VCC 21 - POWER SUPPLY (+5V)

VSS 20 .- GROUND (0V)
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Block Diagram

Write Data _ |

(To Disk)

(DAT)

Data Qut
Buffers

!

i

Data
Register

Command
Register

—1

Sector
Register

—

ENP

l

Data
= Shitt
Register

__{ Track
Register

Status
Register

N

ALU

Write
Precomp

I

|

WPW

OrQ
INTRQ

|

Ap

|

o2
gl
Z

|

Computer

AM
Detector

Control

RAW READ

RCLK

PLA

Interface
Control

Control
(230x16)

Phase | 5/8
Lock * | veo

§

|

Control

Disk
Interface
Control

TG43

il

READY
STEP
DIRC

|

|

B

MF/SSO
HLO
HLT

|

|
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SAB 279XA

General Description

The SAB 279XA are N-channel MOS LSI devices
which perform the functions of a Floppy Disk
Formatter/Controller in a single chip implemen-
tation. The SAB 279XA is IBM 3740 compatible in
single density mode (FM) and System 34 com-
patible in Double Density Mode (MFM). The

SAB 297XA contains all the features of its prede-
cessor, the SAB 179X, plus a high performance
phase-lock-lopp data separator as well as write
precompensation logic. In double density mode,
write precompensation is automatically engaged to
avalue programmed via an external potentiometer.
In order to maintain compatibility, the SAB 179X
and SAB 279XA designs were made as close as
possible with the computer interface, instruction

Organization

The Floppy Disk Formatter block diagram is
illustrated on page 5. The primary sections include
the parallel processor interface and the Floppy Disk
interface.

Data Shift Register (DSR) — This 8-bit register
assembles serial data from the Read Data input
(RAW READ) during read operations and transfers
serial data to the Write Data output during write
operations.

Data Register (DR)-This 8-bit register isused as a hold-
ing register during disk read and write operations. In
disk read operations the assembled data byte is
transferred in parallel to the Data Register from the
Data Shift Register. In disk write operationsinformation
is transferred in parallel from the Data Register to the
Data Shift Register. When executing the Seek
command the Data Register holds the address of the
desired track position. This registeris loaded from the
DAL and gated onto the DAL under processor control.

Track Register (TR) — This 8-bit register holds the
track number of the current Read/Write head position.
It is incremented by one every time the head is
stepped in (towards track 76) and decremented by
one when the head is stepped out (towards track
00). The contents of the register are compared with
the recorded track number in the ID field during
disk read, write and verify operations. The Track
Register can be loaded from or transferred to the
DAL. This register should not be loaded when the
device is busy.

Sector Register (SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded
sector number in the ID field during disk read or
write operations. The Sector Register contents

can be loaded from or transferred to the DAL. This
register should not be loaded when the device is busy.
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set, and I/O registers being identical. Also, head
load control is identical in each case, the actual pin
assignments vary only by a few pins from any

one to another.

The processor interface consists of an 8-bit bi-
directional bus for data, status, and control word
transfers. The SAB 279XA is set up to operateon a
multiplexed bus with other bus-oriented devices.
The SAB 279XA is TTL compatible on all inputs and
outputs. The outputs will drive one TTL load or three
LS loads. The SAB 2793A is identical with the

SAB 2791A, except that the DAL lines are true for
systems that utilize true data busses.

The SAB 2795A/97A has a side select output for con-
trolling double sided drives.

Command Register (CR) — This 8-bit register holds
the command presently being executed. This
register should not be loaded when the device is
busy unless the new command is a Force Interrupt
command. The command register can be loaded
from the DAL, but not read onto the DAL.

Status Register (STR) — This 8-bit register holds
device status information. The meaning of the
status bits is a function of the type of command
previously executed. This register can be read onto
the DAL, but not loaded from the DAL.

CRC Logic—This logicis used to check or to generate
the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is: G(x) =x'"® + x'2 + x5 + 1

The CRC includes all information starting with the
address mark und up to the CRC character. The CRC
register is preset to ones prior to data being shifted
through the circuit.

Arithmetic/Logic Unit (ALU) — The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and comparisons
with the disk recorded ID field.

Timing and Control — All computer and Floppy Disk
interface controls are generated through this logic.
The internal device timing is generated from an
external crystal clock.

AM Detector — The address mark detector detects
ID, data and index address marks during read and
write operations.

Write Precompensation — enables write pre-
compensation to be performed on the Write Data
output.

Data Separator — a high performance phase-lock-
loop data separator with on-chip VCO and phase
comparator allows adjustable frequency range for
5'/," or 8" Floppy Disk interfacing.
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Processor Interface

The interface to the processar is accomplished
through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to
transfer data, status, and control words out of, or
into the SAB 279XA. The DAL are three state buffers
that are enabled as output drivers when Chip Select
(CS)and Read Enable (RE) are active {low logic state)
or act as input receivers when CS and Write Enable
(WE) are active.

When transfer of data with the Floppy Disk Con-
troller is required by the host processor, the device
address is decoded and CS is made low. The address
bits A1 and A0, combined with the signals RE
during a read operation or WE during a write
operation are interpreted as selector for the following
registers:

A1 |A0 |[READ WRITE

0 0 Status Register Command Register
0 1 Track Register Track Register

1 0 Sector Register Sector Register

1 1 Data Register Data Register

During direct memory access (DMA) types of data
are transferred between the Data Register of the
SAB 279XA and the processor, the Data Request

(DRQ) output is used in data transfer control This
signal also appears as status bit 1 during read and
write operations.

In disk read operations the Data Request is acti-
vated (sethigh) when an assembled serial input byte
is transferred in parallel to the Data Register. This
bit is cleared when the Data Register is read by the
processor. If the Data Register is read after one or
more characters have been lost by having trans-
ferred new data into the register prior to processor
readout, the Lost Data bit is set in the Status Register.
The read operation continues until the end of sector
is reached.

In disk write operations the Data Request is acti-
vated when the Data Register transfers its contents
to the Data Shift Register, and requires a new data
byte. Itisreset when the Data Registeris loaded with
new data by the processor. If new data is not
loaded atthe time the next serial byte is required by
the Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data bit is set in the Status
Register.

Upon completion of every command an INTRQ is
generated. INTRQ is reset either by reading the
Status Register or by loading the Command Register
with a new command. In addition, INTRQ is gen-
erated if a Force Interrupt command condition is met.
The SAB 279XA has two modes of operating depend-
ing on the state of DDEN (Pin 37). When DDEN =1,
Single Density (FM) is selected. When DDEN =0,
Double Density (MFM) is selected. In either case, the
CLK input (Pin 24) is set at 2 MHz for 8" drives or

1 MHz for 5'/," drives.

On the SAB 2791A/2793A, the ENMF input (Pin 25) can
be used for controlling both, 5%" and 8" drives with

a single 2 MHz clock. When ENMF =0, an internal
divide by 2 of the CLK is performed. When ENMF =1,
no divide takes place. This allows the use of a2 MHz
clock for both, 5"/, and 8" configurations.

The internal VCO frequency must also be set to the
proper value. The 5/8 input (Pin 17) is used to select
data separator operation by internally dividing the
read clock. When 5/8 =0, 5'/," data separation is
selected; when 5/8 = 1, 8" drive data separation is
selected. .

CLOCK (24) | ENMF (25) |5/8(17) DRIVE
2 MHz 1 1 8"
2MHz 0 0 51"
1 MHz 1 0 51"

All other conditions are invalid.
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SAB 279XA

Functional Description

The SAB 279XA is software compatible with the

SAB 179X series of Floppy Disk Controllers.
Commands, status, and data transfers are per-
formed in the same way. Software generated forthe
SAB 179X can be transferred to a SAB 279XA system
without modification.

In addition to the SAB 179X, the SAB 279XA contains an
internal data separator and write precompensation
circuit. The TEST (Pin 22) line is used to adjust both,

data separator and precompensation. When TEST =0,

the WD (Pin 31) line is internally connected to the
output of the write precomp single shot. Adjustment
of the WPW (Pin 33) line can then be accomplished.
A second single shot tracks the precomp setting at
approximately 3:1 to ensure adequate Write Data
nitlse widthe ta meat drive ecnecificotione,
Similarly, data separation is also adjusted with
TEST = 0. The TG43 (Pin 29) line is internally
connected to the output of the read data single shot,
which is adjusted via the RPW (Pin 18) line. The
DIRC (Pin 16) line contains the read clock output
(500 kHz for 8” drives). The VCO trimming capacitor
(Pin 26) is adjusted to center frequency.
Internal timing signals are used to generate pulses
during the adjustment mode so that these adjust-
ments can be made while the deviceis in operation.
The TEST line also contains a pull-up resistor, so
adjustments can be performed simply by grounding
the TEST pin, overriding the pull-up. The TEST pin
cannot be used to disable stepping rates during
operation as its function is quite different from the
SAB 179X.
Other pins on the device also include pull-up
resistors and may be left open to satisfy a logic 1
condltlon These are: ENP, 5/8, ENMF, WPRT,
DEN, HLT, TEST, and MR.

General Disk Read Operation

Sector lengths of 128, 256, 512 or 1024 are obtain-
able either in FM o1 MFM formats. For FM, DDEN
should be placed to logic 1. For MFM formats,
DDEN should be placed to a logic 0. Sector
lengths are determined at format time by the fourth
byte in the ID field.

Sector Length Table*

Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
01 256
02 512
03 1024

* SAB 2795A/97A may vary - see command summary.
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The number of sectors per track as far as the

SAB 279XA is concerned can be from 1 to 255 