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ABSTRACT

The aim of this project is to design and build an indus-
trialized microprocessor system capable of testing the
limits and capabilities of microprocessors in the indus-
trial process control world. The system must be
capable of operating in a data logging or control or

supervisory capacity.

The system consists of a ruggerdized, elecirically isola-
ted unit,designed on a "black box" principle, with minimum
operator controls. It is housed in a sealed crate with
internal access via rows of input and output plugs and

connecters.

The system has been designed on a modular basis in order
to simplify expansion. It can be operated as a small
dedicated controller or expanded by the addition of memory
and/or industrial I/0 modules to its full capacity.

The system is based on an INTEL 8080 microprocessor. The
industrial interface consists of electrically isolated
analog and digital input and output modules which can

be selected under program control. There are also up
to 64 asynchronous priority encoded alarm channels that
can interrupt the control sequence at any time should an
alarm condition arise. For debugging hardware and

software a plug-on front panel unit is provided.
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CHAPTER 1.

INTRODUCTION

THE LOGIC NOVEAU -~ MICROPROCESSORS

When the history of digital electronics is written,
1974 to 1976 will be recorded as the period when the
microprocessor came of age. From humble beginnings,
with only 2 products in 1971, an industry that had
been predicted for at least a decade came into being.
Now, a mere five years later, there are more than
thirty different microprocessors available, announced,

promised or under development.

Microprocessors are at present claiming the limelight

in nearly every field of electronics. In calculators,
point~of-sale terminals and graphics terminals, in
traffic controllers and instrumentation, in electronic
games$ and engine control units and finally in industrial
process control where alone more than 40 applications

of the microprocessor have been listed (ref. 1 ).

The list grows every day as engineers find new applica-

tions of these remarkable elements.

The architecture of microprocessors is still in an
evolutionary state, no two manufacturers agreeing on
any one format, and each claiming superior gualities.
As a result, microprocessors today have word lengths
from 2 bits upwards and are manufactured using NMOS,
CMOS, PMOS, VMOS, I2L, SOS and bipolar technologies.
Instruction sets likewise vary widely, each having its

own virtues and restrictions.
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For the digital designer the sudden rush of this "Logic

Noveau" has come as something of a shock. ' Safely

- able to ignore the vagaries of software in the past,

many engineers have begun to lecarn that many of their
hard-won skills, such as in logic¢ and later package
minimization, are becoming obsclete overnight and that

all the important logic is in the software,

However, once the designer has acclimatized to the
microprocessor, he realises that, although microproces-—
s0rs are no more a panacea than any other form of logic,
they do offer numerous advantages, espscially in the

industrial process control world.

ADVANTAGES OIF MICROPROCESSORS

B. Low Costs:

Their low cost allows many areas previously not
economically viable for computer control to he
brought under digital control. In fact, accord-
ing to Intel Corporation Nichols {(ref., 2 )}, 20%

of the areas in which microprocessors are being
used at present are areas totally new to electronic

instrumentation, and by 1980 this will grow to 80%.

B. Greater Efficiency:

By nature many of the control algorithms used to
control industrial processes are relatively simple.
Also, the time constants of these processes are
often long, sometimes in the order of hours, com-
pared to computer response times. Hence in many
circumstances the computing power of a mini

computer 18 an overkill with very little CPU time



being devoted to controlling the process. This
observation is borne out by the large amount of
time available for background tasks on many process
control computers. In these applications, a
dedicated micro computer system would be a far

more cost-effective solution.

Distributed Control Svystems:

It is, however, in the field of distributed multi-
microprocessor networks that microprocessor appli-
cations become really exciting. It is here that
the microprocessor presents a direct challenge to

the reign of the minicomputer in industrial process

control.

There are two areas in which distribuoted multi-
microprocessor systems have distinct advantages

over minicomputers in industrial process control.

(i) IMPROVED SYSTEM RELIABILITY:
Firstly, there is improved overall system
reliability gained by distributing the control
of a complex process among a number of
microprocessors each controlling a sub-section
of a plant. In the traditional case where
a central computer controls the complete
process there is the problem that, should this
machine fail, the entire process will come to
a halt. A multi-microprocessor network gets
around this problem as there is a low probabi-
lity of all the microprocessors failing at
once. If one fails, only a small section of
the process is affected and manual takeover is
minimal. The smaller number of component
parts in a microprocessor alsoc leads to high

reliability and ease of maintenance.



(ii)

The microcomputer may also be linked to a
single supervisory minicomputer which may
also have back up storage containing all

the programs of the various microcomputers.
Should any one of these fail, its entire
program may be automatically reloaded from
the central computer. This principle may
also be extended to provide versatility inso-
far as the microcomputer program may be
dynamically altered by the central computer.
The central computer can also provide mass
data storage for the microcomputer. The
central computer can also act as a "peripheral"
to the microcomputer performing such needs

as rapid multiplications and divisions for
any arithmetic that need be done directly by

the microcomputer.

REDUCED CABLING COSTS:

The second scoring point for a distributed
microprocessor system is related to cabling
expenses. These are most significant in
processes that are distributed over a large
area. With a centrally located computer,
long runs of parallel wires connect the com-
puter to the sensors and control points of
the process, leading to ﬁigh costs and noise

problems.

The microprocessor, on the other hand, can

be designed in a ruggardized industrial form
to be located close to the process it controls,
thus drastically reducing the length of
parallel lines. A single serial line may
then 1link the distributed controllers to other



controllers or to a central computer. It
has been czlculated (ref. 3 } that up to
76% of cabling costs can be saved by using

thiz technigue.

Reduced cabling and interconnections reduce
the probability of nolse pickup and again
increases the overall system reliability.
This incentive to improve reliability 1is the
main reason for using microprocessors in

industrial process control applications.

But how much of a viable proposition are multi~
microprocessor networks and will they also not
suffer from the problems of inter-processor
communications of sll other multi-processor systems
in real-time environments? This attempt to define
or establish the role and capabilities of micro-
processors in industry in in fact the aim of this
project as described in Chapter 2.



CHAPTER 2.

AIM or PROJECT

THE RCLE QF MICROPROCESSORS

The exact role that microprocessors are destined

to play is far from being defined. Will the rapid
fire technological eveolution see them channeled into
small dedicated controllers or perhaps as fairly
large-scale process controllers, or simply as
intelligent building blocks? Most conceivably

they will fulfill the requirements of all three
categories as well as ceasing to be the sole property
of the digital engineer and will be absorbed into the
world of electronics as an available tool, to be

used when really needed. It has been predicted
(ref. 4 } that the distribution of applications of

microprocessors by 1978 will be :

(a) 25% of the market ~ replacement of hardwired
random logic and analog controllers to upgrade

existing systems;

(b} 10% of the market -~ filling the gap in cases

where the mini computer was an overdesign;

(c) 65% of the market =~ totally new applications
made possible by microprocessors' low cost and
flexibility.
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THE MEANS OF ESTABLISHING THIS ROLE

The aim of this project is to develop a low-cost
microcomputer system capable of performing the
following functions in typical industrial environ-

ments

(a) Data capture and subsequent data processing

and presentation;

(b) Supervision of a sub~section of a plant;

{c) Direct digital control of a sub-section of

a plant.

The system is to be expandable, versatile and rugged

enough to fulfill any or all of the above functions.

It is intended that this system assist in establish~
ing the role of the microprocessor and evaluating

its limitations.

Such an industrial process control microcomputer
system could operate in any one of the three
forseeable categories of application for micro-

processors, i.e. :

(a) Replacing hardwired logic;
(b} Replacing underutilized minis;

(c) New areas in process control.

Many of the more subtle aspects of microprocessor
applications are relatively unknown, for example
reliability, memory requirements for a given job,
language efficiency, programming techniques, the

optimum degree of hardware/software trade-off, etc.



USING THE SYSTEM TO ESTABLISH THE ROLE

By designing a system to operate in an industrial
environment, the relizbility of a system may be
fully verified, The expandibility of the system
means that valuable comparisons may be made. A
minimal system may be compared with a hardwired
logic network, and a fully expanded system with its

minicomputer eguivalent.

The rigor of programming for a multitude of real
time processes should put to full test the software

capabilities of the machine.

In aiming at a low cost system investigations have
been made into just how much "logic® can be performed
hy the software rather than by extra hardware,

without covericading the demand on CPU time.

In order to build a svstem capable of investigating
the capabilitles of microprocessors in industrial
applications, a particular design philosophy had to

be adopted, This is covered in detail in Chaptexr 3.



CHAPTER 3.

DESIGN PHILOSOPHY

In formulating the design philosophy for the
industrialized microcomputer system, two key

factors were considered :

(a} The environment in which the system would be

operating;

(b) The functions it would be required to fulfill

in this environment.

Bearing these in mind, a design philosophy was formu=-

lated consisting of three specific concepts.

INDUSTRIAL RELIABILITY

The system must satisfy the reguirements of industrial
reliability. From the point of view of process
control computers, an industrial environment implies
an environment with a large degree of electro-magnetic
noise as well as an atmosphere with a high percentage
of corrosive gases and particles. Electrical
supplies can also be expected to contain large amounts
of noise such as line transients and dips or "brown-—

outs".

In order to operate successfully under these conditions,

the following factors were considered fundamental to

o —rme e e 2 wae B
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the design

{a} The use of optical isclators to isolate the
system from common mode noise induced on the
signal lines connecting it to the industrial

Progess;

(b} The use of constant voltage transformers and
line filters on the power supply to isclate
the system from line transients and dips.
Also, battery backup for the volatile semi-
conductor memory as well as the facility for a
powerfail/restart routine was incorporated to

cope with supply line "noise®;

{c} The use of a crate to house the system which
would provide electromagnetic and atmospheric
isclation. Electromagnetic isolation is to
be achieved by use of an aluminium crate lined
with a ferromagnetic scresn. The cratse must
also be sealed against a corrosive atmosphere.
At the same time, heat from the power supply

must be dissipated;

{d} The logic family {i.e. TTL, CMOS, etc.) to be
used in building the system had to be carefully
investigated as to which logic family provided
the best trade~offs with regard to noise immunity,
low power consumption and ease of use. The Low
Power Schottky logic was ultimately selected for

regsons described in Chapter 6.

The general architecture must be designed to minimise
noise pickup and a termination facility of a suitable '

industrial standard must be provided,



3.2

3.3

EXPANDABILITY AND FLEXIBILITY

The microcomputer system must be capable of
satisfying two extremes in process control regquire~

ments. These are :

(a) A minimal low cost stand alone system designed
to control or monitor a small number of process

parameters, say five or ten loops;

(b) A fully expanded system operating either on a
stand alone basis or linked to a network and
controlling or monitoring a large number of
process parameters with a large amount of data
formatting and handling. In the stand alone
rode 1t must be capable of driving a full array

of peripherals.

In order to achieve this, the microprocessor
system consists of a basic "bare bones" layout

consisting of a few essential cards of logic.

Expansion is then simply a matter of plugging

on extra Input/Output or memory modules. The
system may be expanded up to its full capacity

of 256 input and 256 output ports, 65 kilowords

of memory, a real time clock, and a full array

of peripherals. In most applications the system
used will be used somewhere between the minimal

" and fully expanded states.

THE BLACK BOX APPROACH

The system must be thought of as an industrial con-

troller, and many of the traditional ideas of the

-~



computer~hunan interface must be discarded, The
contreoller is housed in a ruggsed, electrically and
environmentally isclated “box®. The box has two
rows of connectors for input and output. This cone
trol box neseds no special airconditiconed envirvonment,

unlike many classical computer systems.

In the interest of system security, this industrial
controller/data logger has been designed for minimum
operator interaction. Once the system has been
installed there will be only two levels of access.

The first is at the plant engineer or management level,
where copmuanication is provided via a keyboard which
can be located in an cffice away from the “"bhox* itself.
From here, set-point changes, general program changes
or initialization can take place, with an optional
printout for every change that occurs and the tine

at which it took place.

The only other interaction is that of the maintenance
engineer. This is achieved by means of a plug~in
front panel which acts a3 a contrel and monitor
device. There need only be one front panel for any
number of processors, to be plugged into any computer
system that reguires attention.

With these concepts in mind, that is to build a
“Black box® type of industrial controller/data logger,
that is c¢apable of operating in hsrsh industrial
environments with minimum operator interaction and

in a wide wvariety of applications, the viability of
microprocessors in industrial applications may be

fully investigated.



SYNOPSIS

In this section (Section 1), the "Logic

Noveau"™ -~ the microprocessor, was introduced
and some of its immediately apparent advantages
in various engineering applications were
delineated. The problem then is posed:

What ig the role of the microprocessor and what
are its capabilities in a real time process
control industry? To establish this is the
aim and purpose of the project. The reguire-
ments for a system that would be capable of
exploring such a role are expressed. The
final chapter in the ssction then describes

how such a svstem could be implemented and what

the basic design reguirement would be.

13
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CHAPTER 4.

INTRODUCTION TO HARDWARE

This section contains information concerning the design,
operation and justification for choice of components in
the Industrialized Microcomputer System. An overall
block diagram and physical layout of the system is shown
in figs. 1 and 2.

4.1 GENERAL ARCHITECTURE

The hardware design of the Industrialized Microcomputer

system can be divided into three main sections ;-

A. A Microcomputer: This consists of -

{1l) A CPU module;

(2) 4 kiloword RAM memory module (expandable
to 64 kilowords):

(3) Interrupt Control Unit and Real Time Clock;

(4) Peripheral Interface Unit.
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B. A Front Panel Unit: Consisting of -

(1) Led.'s displaying data bus, address bus,

and control signals;

{(2) Control lines to RESET, STEP or RUN the
system;

(3) A front panel DMa channel.

C. Industrial Interface: This consists of -

(L) 16 Channel asynchronous Alarm Module;
(2) 32 bit digital Input Module;

(3) 32 Bit digital Output Module;

{4} 4 channel Analog Qutput Module:

(5) 16 channel Analog Input Mcodule.

Analog input and output channels and digital input

and output channels as well as Alarm interrupt channels
are a sufficiently comprehensive interface to test

the workability of the system in industry.

The system has been designed on a modular basis. The
main purpose for this is that the system may be used
with equal ease in both its minimal and fully expanded
state. Each module or function in both the micro-
computer section and the industrial interface section

occupy one slot in the main frame, i.e. one card.



The front panel unit is a separate unit and is housed

in its own sealed crate.

PRACTICAL LIMITATIONS

A. Size:

The system that has been built is the smallest
system containing all the options in the indus-
trial interface. That is to say, although the
industrial interface may be expanded up to 256
input and 256 output channels and memory ex-
panded up to 65 kilowords, these cards would
regquire more space than is available in the crate.
Thus only one module of each option has actually
been built. This is sufficient to demonstrate
the operation of the systen. With adequate
buffering expansion into further crates is straight

forwvard.

B. Wire Wraps

Although the system is intended for use in indus-

trial environment, wire-wrapping technigues have

been used for interconnections of the logic.

The reason for this was the lack of adeguate

printed c¢ircuilt manufacturing facilities. For
~a "onc-off" job wire-wrapping is perfectly ade-~

guate and has two advantages over PC boards:

(1) Large ground and power planes can easily
be provided;

(2) Interconnections can be kept shorter than

on PC boards.

18



4.3 DEVELOPMENT PHASES

Hardware developnent of the svystem had three phases:

B. Selection of the electronic components -~ This

consisted mainly of -

{1y Belecticn of the microprocessor - the Intel
B080;

(2) Selection of the logic family to be used -
Low Power Schottky.

B. Construction of a hardware and sofltware development
system:~ This was used to gain initisl understand-
ing of the microprocessor and was used later fox

the development of software.

C. Design and Construction of the Industriaglized
Micreocomputer System:~ This cccurred in two
stages -

(L) The design construction and testing of a

microcomputer and front panel;

{2} The design construction and testing of the

industrial interface using the microcomputer.

The entire svystem as it has been built covers ten
cards in the main frame and a single card in the front
panel unit. The relative location of these cards

can be seen in fig. 2.

Justification for the various components used is
given in the following chapters as well as a Ffunckional

description of the various sections of hardware.

19
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CHAPTER 5.

CHOICE OF MICROPROCESSOR

WHY THE INTEL 80807

The choice of microprocessor to be used was made
during the fourth guarter of 1974. The choice
of microprocessor at that time was fairly limited
(especially on the local market). See Appendix A
The Intel 8080 was chosen for the following
reasons :-

A. Previous experience with the Intel 8008 had
shown this micreprocessor to be suitable for
industrial applications (Ref. 5 ) Most
difficulties experienced with the 8008 had been
sorted out in the second generation 8080 micro-

processor.

B. The 8080 is particularly suitable for rapid hand-
ling of interrupts which are an advantage in this

systen.

C. The 8080 was considered fast enough for such an
application and hence high speed bipolar micro-

processors were not considered.

D. Good vendor commitment and ready availability of
Intel products.



21

E. A powerful instruction set makes it worthwhile

for future software development,

F. Although a CMOS based microprocessor may have
been a better cheoice from the noise immunity
consideration, no such processor was available
at the time.

G. Second scurcing of 8080 by TI and Siemens ensures

supply.

H. Good selection of compatible I/0 and interface
chips such as interrupt handlers and serial com-

munication interface chips.

Ultimately the choice is governed by availability and
at the time of selection the 8080 was one of the few
microprocessors readily available. Since the time
when the 8080 was originally chosen, the microcomputer
market has exploded with a wide range of suiltable
products which may handle the djob equally well, vet
aven now no one other microcomputer stands out as

an chviously superior choice.

THE INTEL 8080 MICROPROCESSOR (fig. 3 3}

Intel's BOBO is an outgrowth of their experience with
the 8008. Althbugh there is much software compati-
bility many of the idiosyncracies in the 8008 (ref. 6 )
have been ironed out in the BORO.

The 8080 is manufactured as a single 40 pin NMOS
chip. adrchitecturally, the 8080 has a three 16
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bit register file and an eight bit accumulator.

For compatibility with 8008 software many instruc-
tions treat these as seven separate eight-bit regis-
ters. The sixteen-bit stack pointer is used to
place all return addresses 1n RAM,which means that the
program counter must be a unique on-chip register.

The address bus is sixteen bits wide and is entirely

separate from the eight bit data bus.

The stack in RAM can also be used to store data and
is of unlimited depth (to the limits of storage}.

The 8080 has instructions that permit explicit
addressing of storage locaticns and allows any ©f the
three main registers to hold and output an address

when using register~indirect addressing.

The push down stack can be used to hold the status
bits and important register contents for interrupt

servicing.

Instruction execution times range from 2 to 9 micro-
seconds for shortest and longest instructions.

This is about ten times the speed of the 8008.
The 8080 has two potential disadvantages:

(1) From a software standpoint the lack of indexed

addressing can be serious 1in some applications;

(2) From the hardware viewpoint, the need for a

third power supply can be a disadvantage.

Details of operation and timing diagrams as well as
a description of the control signals to and from the

8080 can be found in Appendix B.
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CHAPTER 6.

CHOICE OF SYSTEM LOGIC FAMILY

A number of Logic Families were considered for the
microprocessor system, i.e. the logic other than

memory and the microprocessor itself. These are
described below. Low Power Schottky was chosen

ultimately for reasons discussed in 6.3.

CMOS

For an industrial environment where high noise
immunity and low power consumption are invaluable
credits to any logic family as well as its low price,
CMQOS seemed an cobvious first choice. However, on
closer examination CMOS was deemed unsuitable for

the fecllowing reasons :

A. Incompatibility with rest of logic: The 8080
has output levels which are TTL compatible.
CMOS cannot be driven by TTL levels. Further~
more, the memory chips, INTEL 510l1's, although
they are CMOS memories, also have TTL compatible

inputs and outputs and are unsuited to drive CMOS.



This led to unnecessarily complicated logic if

TTL-CMOS-TTL interfacing were introduced.

B. Excessive gate delays of more than 100 nano-
seconds ({(for open drain gates) would have pre-~

sented timing difficulties in the design.

C. Incomplete range of functions: A complete range
of MSI functions was not available and certain
key elements {such as 74148 and 74138) which are
used freguently are not available in CMOS.

These functions would then have to be implemented

by SSI chips resulting in a far higher chip count.

STANDARD TTL

Standard TTL has proven itself many times {(e.g. RTP
Interface Systems (ref. 7 )) to have adeqguate noise
immunity to operate in an industrial environment
provided reasonable precautions are taken. These
include observing fan-out rules, keeping lines as
short as possible, not leaving unused inputs floating,
and providing adequate decoupling. The other well-
known advantages of TTL are low cost, ready availa-

bility and a wide range of functions.

The only reason TTL has not been used throughout is
that for nearly all the same advantages as standard
TTL, Low Power Schottky TTL has an added primary

advantage of having one-fifth the power consumption

as well as many other secondary advantages.
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LOW POWER SCHOTTKY TTL

See Appendix C.

Low Power Schottky TTL (LS TTL) was chosen as the
logic family most suited to implement the industria-
lised microprocessor system. The reasons are as

follows :-

A. LS TTL has many of the advantages of standard
TTL such as ready availability and a wide range
of functions. Its direct interchangeakility
with TTL means that anything not immediately
available in LS could take a TTL substitute.

B. Lower supply current than TTL allows smaller
cheaper power supplies, reducing system cost,

size and weight.

C. Lower consumption means less heat 1s generated,
which simplifies thermal design and cooling re-
guirements can be reduced for equal packing
densities.

D. Reliability is enhanced since lower dissipation
causes less chip temperature rise above ambient;
lower junction temperature increases MIBF.

Also lower chip-current densities minimise metal

related failure mechanisms.

E. - Less noise is generated since the improved
transistors and lower operating currents lead
to much smaller current spikes than standard
TTL. In addition load currents are only 25%
of TTL, hence when a legic transition cceurs

current changes along signal lines are proportionately




smaller as are changes in ground current.

F. Can use standard TTL as buffers giving a fan-
out of 50.

The only disadvantage of LS TTL is that it is priced
in the order of nearly double that of standard TTL.
However, this was considered to be a temporary
disadvantage as LS TTL prices will undoubtedly drop

as popularity and demand increase.




CHAPTER __ 7.

GETTING STARTED IN MICROPROCESSORS

THE NEED FOR A DEVELOPMENT SYSTEM

Although at present the microprocessor is becoming
yvet another element in the electronics engineer's
toolbag, it is still no ordinary component. It.

is a "programmable component" of considerable com-
plexity especially when considered from the viewpoint
of the engineer about to embark on the design of a
microprocessor system, but having no previous micro-
processor experience. From the hardware point of
view, the microprocessor 1is too complex to be able

to simply study the specifications and then to embark

immediately on the design of a final product.

From the software point of view, a development system
was warranted so that familiarity could be gained
with the use of the instruction set. From this,
estimates of memory requirements could be made for
the final product. Also software development
could continue while the final system was still being

constructed.
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7.2

APPROACHES TCO A DEVELOPMENT SYSTEM

There are two basic alternatives when considering

a microprocessor development system :-
A. Buying a vendor supplied development system;

B. Building one's own development system.

In the case of this project it was decided to build
a development system from scratch. The reasons

were as follows ;-

A. At the time of consideration, development systems
had just appeared on the market and prices were
still high;

B. As one of the aims of the project was to increase
knowhow, it was felt that a closer insight into
the microprocessor could be gained by starting

from the chips:
C. The hardware could be designed far closer to the
final product thus considerably decreasing the

final design time;

D. Software development would be largely unaffected
by the choice.

DESCRIPTION OF THE DEVELOPMENT SYSTEM

The Development system is basically a simple micro-
computer with a fairly comprehensive front panel.
See (fig. 4 ).
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It was constructed as a "computer on a card" and
on one 9" x 7" wirewrap card there is the CPU, 1K
x 8 bits RAM memory, a TTY interface, an 8 level
vectored priority interrupt controller and one 8
bit I/0 port.

The front panel displays the contents of the Address
bus, data bus and Status and control information.
The processor can ke RUN, RESET or STEPPED from the
front panel and there is also a Direct Memory
Access (DMA) channel which allows the memory to be

communicated with directly from the front panel.

The communication peripheral is an ASR 33 teletype
with a 110 baud interface.

The entire system is housed in an open framework

crate which gives easy access to all IC's to simplify

the hardware debugging process.

BENEFITS OF THE DEVELOPMENT SYSTEM

A considerable amount of hardware and software was
developed on the system much of which was used
unaltered in the final design. The benefits may

be listed as follows :-

A, Hardware

(1) A thorough understanding of the hardware
and timing requirements of the 8080 was

developed;
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(3}

{4)

Memory and TTY interfaces were developed
which were used virtually unaltered in the

final design;

The vectored interrupt system on the develop~

ment system was built using mainly SSI chips.

liowever, considerable chip saving was obtained
by the use of MSI encoders in the final

design;

The exact regulrements for a {front panel
that would be of assistance in both hard-
ware and scftware development were investi-~

gated.

B. Software

(1)

(2}

A thorough understanding of the 8080 instruc~-
tion set was obtained by writing a number

of fairly simple machine code programs:

A resident 8080 AID debudging program was
developaed {ref. 8 }. This program
occuples approximately 1 kiloword of memory
and was run on the development systenm. it

has proved to be an invaluable software aid.
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B. Address bus and Data bus & Control signal
buffering;

C. Status latching;

D. 2 phase clock;

E. 2Address bhus decoding;

F. Device decoding.

Intel 8080 CPU:

For the details of the exact function of the various

control lines see Appendix B.

A point of interest here is the READY line. When
this line is active (high) the 8080 will RUN, and
when inactive the CPU is in the STEPPED state. aAn
important timing consideration not explicitly mentioned
in the manufacturers specifications is the fact that
the READY line must not be allowed to change state
during @2, i.e. it must be clocked with @1. This

is because the state of the READY line is examined
during @2 and must be stationary during this time.

The READY line may be accessed via three possible
lines, RDY1 - RDY3. RDY1l is used by the front panel
when manually STEPping or RUNning the computer.

RDY2 is used by the memory interface to slow the 8080
down for the slow 1l micro-second Intel 2102 memory
chips. RDY3 is a spare line and would be used by
say DMA channels to stop the 8080 while a memory

block transfer is taking place.




Buffering:

The address bus is buffered by two 8212 tri-state
buffer chips. These chips only load the address
bus by ©,25mnA and have an ocutput drive capability
of 15ma/line. as most of the rest of the system
OL=O,25mA) the

fan out is in the order of 60 which is sufficient.

is made up of low power Schottky (I

The data bus is also buffered by B212's. In both
the address bus and the dsta bus buffering, the
tri-state ability of the 8212 is reguired. They
are reguired to go into tri-state during DMA trans-
fers from either the front panel or a peripheral
when either one of these devices accesses memory.
The data bus 1s a bi-directional bus and hence two
8212 are used back to back.

Status Latching:

At the beginning of each machine cyclé, during

SYNC time the BOBO sends out 8 bits of status infor-
mation on the data bus. As the status is appli-
cable during the whole of the machine cycle, not
just during SYNC, it must be latched when it appears.
This is done by the 8 bit latch as shown. As
these signals are used throughout the system for
control purposes, standard TTL chips are used in

the latch to provide the added drive (fanout of 60
LSTTL) .
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8.1.4 Clook:

The 2 phase clock is a cryvstal controlled clock
ranning at 1.7 Miz. It has an adjustible mark
space ratic on each phase, as well as an adijustible
phase relationship. This is necessary in orderx

for the clock to comply to the 8080 regquirement.
Six signals are derived from the clock :-

B. MOS level {(0-12V) £1 and @2 for driving the
8080 directly;

B. TTL level @l and 92 as well as %Tuand 6§“f@r

timing reguirements in the system itself.

8.1.5 BAaddress Bus Decoding:

The B080 can address 256 I1/0 devices directly, i.e.
it has an eight bit address word. In order to
derive a unigue signal for each device an 8§ to 256
line decodar is necessary. This is done as
ghown in fig. ©. The first level of decoding
ig done on the CPU hoard, and the second level is
done on the I/0 boards themselves, i.e. each 1/0
board will have a 4~16 line decoder.

This decoding is also required to address the INTEL
5101 memory chips. The advantage of having
the first level of decoding on the CPU card is that
each I/0 or memory card reguires only one 4-16 line
decoder, not two.



38

1 DECODER PER I/0 OR MEMORY

74154 : 4L —-16 LINE DECODER BOARD
AL
. ' \
F-- - - - - -T—-T==-= == M
| . 01,
I 74154 :
i |
| |
o — 1
| I
| I
, qenbl )
L Y. o L~ . ]
r-—¢« -~ ~-—-=-="---=-=-"=-=-"=-=-—-- -
! 74154 1,
| t
I . > {
1 i
| 1
| 1
i aenbl. !
L b o o o o e e e e D o . 4
ABUSO-ABUS 3 |
,:.__L__‘ l
r-——=-=-==-"="====== 1
| S i |
ABUSL~ | 74154 |
ABUST | | I
? 5 |
1 i
| ! | ]
1 ] 1
L o e e e e e e e J I |
1 J i I
Y
FIRST LEVEL CF DECODING ON | C
CPU BOARD
| |
| I
A |
| I
|
r—tftrr-"—-—"—-——-"—-—"=-—-"—""—""——"===-= —
! [15] 1
| 74154 I
t |
| |
| o |
I I
: enbl :
L e e e e e e e e e e = -
Figure 6:

DISTRIBUTED IMPLE-S
MENTATION OF

8 - 256 LINE
DECODER




8.1.6

Device Decoding:

Unigque "enable" signals for the first 32 devices
have been decoded on the CPU board as well. These
are used for internal devices within the micro-

computer itself such as the interrupt mask or tele-

type, etc.

INTERRUPT CONTROL UNIT AND REAL TIME CLOCK

See fig. 7.

This unit stores accepts and then resets up to 256

vectored priority interrupts.

How the 8080 handles Interrupts:

For a detailed description and timing diagram see

Appendix B.

Interrupt requests are communicated to the 8080 via
a single line, the INT line. If the 808Q is in
a position to accept interrupts and the INT line

goes high, the following occurs :~

A. The current instruction is completed;

B. During the next instruction fetch cycle, the
program counter is not incremented and a 1 byte

instruction is jammed onto the bus;

C. The instruction used is the RESTART (RST)
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instruction which stores the program counter
on the stack and then traps the 8080 to one
of eight locations as specified in the variable

field of the RST ingstruction.

Punction of the Interrupt Control Units

The Interrupt Control Unit {(ICU} is a two level
hierachical interrupt handler that can accept and
format up to 256 interrupts from the process being
controlled, 256 was chosen as the maximum number
as this gives a convenient single byte (8 bits)
address. When an interrupt is recelved the ICYU
generates two addresses, The first is a three
it word which becomes part of the variable field

of the RST instruction {(see 8.2.1 above), causing
the 8080 to branch to a specific location. This
is the first level of the interrupt controller.

Each of the eight levels specified by the RESTART
instruction can now be split up into a further group
of interrupts. Hence, from cone of the sight trap
locations (obtained from the RST instruction) the
BO80 can input a further 8 bit address to establish
the exact identity of the interrupt. Obviously
if only one interrupt is connected to one of the
aight levels then further splitting of this level

18 UNNEeCEessSarv.

If two interrupts occur simultaneously, the one
with the highest pricrity is serviced first. ALl
others are stored and serviced at the next avallable
opportunity. - Interrupts are roset as soon as
they have been accepted. {For the organisation

of pricorities see 8.2.5 below).



The first level of the interrupt structure may be
masked out by outputting the desired mask to a

mask register. If any of the eight basic levels
have been masked out, interrupts received on these
levels are stored until the mask is removed. They
are then serviced according to priority. This is
useful for the times when the 8080 enters a non-
interruptable state, but interrupt requests occurring
during this time must be serviced as soon as this
state has been left.

Implementation of the ICU:

Incoming interrupts on each of the eight levels

are encoded by means of 8-3 line encoders (74148)
which establish the unigue address of that interrupt.
This address i1s then latched by means of a tri-state
8 bit latch (8212) feeding onto the data bus. Each
of these latches associated with the eight levels
and containing the address of the interrupt on that
level has a unique device address, so that the
interrupt address may be inputted from it when
required. Each latch is treated as a separate de-
vice, its own address bheing associated with the level

of interrupt it is servicing.

The .eight interrupt request signals are now fed to
the next level in the ICU where they are again
encoded into a 3 bit word by a 8-to-3 line encoder.
The output of this last encoder forms the variable
field of the RESTART instruction which has been
hard-wired onto a tri-state latch feeding onto the
data bus. When an interrupt occurs the RESTART
instruction is jammed onto the bus at the appropriate
time (when INTE.INTA.DBIN is true).
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The output of this last encoder is also fed to

a 3-to=-8 line decoder which generates the "Inter-
rupt release" signals IRELC to IREL7 which are
used to reset the interrupt which has just been

accepted.

In other words, any cne of 2856 interrupts is encoded
into a three bit address and an eight bit address
and then re-~decoded, after it has been accepted, to
give a unigue line that will reset that particular

interrupt.

Justification for the Method of Imnplementation:

Two alternatives to this method of implementation

were consldered :-

B. The first is a software implementation of the
priority encoding. In this method when an
interrupt on one of the eight possible levels
occurs, all the interrupt lines to that level
must be scanned and the nriority of the interm

rupt ascertained by software means.

This method was not used because it increased
the interrupt response time without a compensa-
‘tory decrease in chip count. Although more
of the interrupt handling would have been under
software control, the hardware required to im~
plement this would have been more complex as

the 8080 is not suited to this form of interrupt
handling:



B.2.5

The second alternative would have been to use
the Intel interrupt handling chip, the INTEL
8214. Although this chip is suited to use
with the 8080, and using it would have resulted
in a decrease in chip count, it has one serious
drawback. It reguires interrupting signals
that are a change of level, not a pulse or adge
triggered. An interrupting signal must go
low and stay low until it has been serviced.

If the interrupting signal is a pulse it may be
misged and not serviecsad. Adding logic to
allow it to accept pulse interrupts would remove
the advantage of reduced chip count over the

currently used sygtem.

Edge or pulse triggered interrupts are essential
when dealing with relatively slow interrupt
sources such as relays. Otherwlise the 8080
could receive and service an interrupt, and ocut~
put a resetting signal to the interrupting device
only to be interrupted by the same device before

it has had a chance to reset itseif.

Specification of the ICU:

The priority structure of the ICU is given in fig. 8.

An interrupt handling flow chart is given in fig.

Real Time Clock:

The real time clock 1s a simple RC oscillator that

interrupts the processor every 10 milli-seconds.

b S 4
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It ig situated on the same card as the Interrupt
Control Unit. It interrupts on level 1 and is
hence the second highest priorvity interrupt
{second only to power fail/restart on level 0O}.
The reason for giving the Real Time Clock such a
high priority is so that the processor will not
lose time if there is a large anmount of interrupt
activity occurring. aAn interrupt from the Real
Time Clock causes a branch to location 10 in memory,
where the Real Time Clock driver may be found (See
Chapter 13.3.6}.

For an industrial process a time resolution of 10
milli-seconds was considered sufficient. Also

the faster the clock, the greater the percentags

of CPU time spent in handling it.

RAM MEMORY MODULE

Introduction:

The unpredictability of power failure in s volatile
memory based svstem can result in a loss of irre-
placeable information. All semiconductor read/
write memories are volatile, i.e. information is

lost when power is removed, In an industrial
environment the occurrence of a "powerfail”, even

1f it be of the nature of a short spike, is highly
prokable and will result in the loss of semi-conductor
memory contents. In the industrialized micro-

computer system most of the control program can be
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stored in Read only Memory (ROM) but there are many
process variables and data that must be stored in
RAM., Loss of these variables would disrupt the
entire control program. Intel’s 5101 CMOS static
RAM with its extremely low standby power dissipation,
typically 25upW, makes it feasible to retain informa-
tion for weeks, using ordinary pen-light batteries,
in a "battery standby" mode. The use of a simple
battery subsysten to maintain information greatly
increases the viability of semiconductor read/write

memory in a process contvol system.

Oroganizablion:

The main elements of the memory module as shown in

fig. 10 are :=-
A. 4 kiloword x 8 bit memory bhlock;

B. Memory interface hardware;

C. Battery backup subsystemn.

4 Wiloword Memory Blook:

Fach memory module contains 4 kilowords x 8 bits of
memory, organized in s block of 32 chips as shown

in fig. 11. The chip used is the INTEL 5101~8
CMOS RAM as this was the only CMOS memory chip locally
available at the tima. The -8 version gives the
best price/performance trade-off. They are

1000 bits/chip organized as 256 x 4 bits, hence 32
chips are reguired to give a 4 kiloword x B bit

block.

)



\v4

BATTERY BACKUP i 2 Vce
o ) ’
5V SUPPLY »~— o 821
DATA BUS T S SEDATAIN
INTA > —
MEMR %E}OEON—- DATA QUT
DBIN = LOGIE 0D {output disablel
ERP
DMA1
Ve
ABUSD — 7 o
WORD
SELECT 74454
ABUS & ~ 11 s ?—me_EﬁO 5
MODULE SELECT ‘=  DECO
l ) Vee
INP READ,/
WRITE
oUT ~— CONTROL R/W
W LOG!IC
MEM-R/W CE>
D—_
OUT >
INP SYNCRON!IZATION
SYNG LoGIC Figure 10:
4

RDY 2 ~=

MEMORY MODULE




[16)

loy
A
.

ol
i,

L — it — — m—
M2 56x 8 bits kxs_ o
DBUSQ — 1 i21
CATA IN Sas 3 — }
DBUS 0 —-
DATA OUT {Deuss"”'
ABUS 0
ABUS 7 T CE? CEVY— . — _
DBUS 4 | - T "2 (C
DATA IN —
BBY2 % i
DATA OUT — iR
DBUS 7 4
_L
}_;l"
CE1 CE'H . .
R/W L - - - -
CE2 _ - - C
0D - - - -
] l
256% 8 bit
block select
MEMORY -
MODULE ~ ——— ] 1 H
SELECT
ABUSS 91011

Figure 11:

MEMORY CHIP
ORGANIZATION

0q




Memory Interface HardwaXe:

Interface hardware contains data bus buffering,
Read/Write control logic, address decoding and
synchronization logic. The synchronization logic
is reguired to slow the 8080 down for the memory

which has read and write cycle times of B0O0 nSecs.

Battery Backup:

The battery backup system is shown in fig. 10.

The batteries used are pen light Nicads which are
under continuvous trickle charge. When the memory
iz in the "low power standby mode" these batteries
can supply the memory block for a period of at least
four weeks. .

The 5101 has two chip enable lines. One of them,
CE, may be used to place the memory in the ultra

low power standby mode completely independent of

the state of all other inputs, When this line
(CE;) is pulled LOW all internal decoders as well

as input and output buffers are disabled. CE,

is mgintained in the HIGH state during normal opera-
tion by tying it to the output of an inverter that

is forced HIGH. When the 5 volt supply is
removed the line is pulled LOW by a pull down resistor
to ground. '

Other precautions taken to ensure integrity of
memory contents after a power fallure are as

follows :-
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It is a parallel to serial interface utilizing the

Texas 6011 USART. The link to the TTY is via
a 20mp current loop. The battery to provide the
current is situated in the TTY. For sending and

receiving information from the TTY the current

loop is broken by two relays. One for sending
information, one for receiving information.

When transmitting to the TTY the 6011 USART converts
the parallel data from the processor into a serial
format. When receiving information from the
TTY the 6011 converts the serial data into parallel

data and stores it in a buffer register.

An interrupt is used to inform the processor when

a word has been received from the TTY and is ready

in the input buffer. Another interrupt is used

to inform the processor that transmission to the

TTY is complete and it is ready to accept another

word. The teletype driver program (Chapter 13.3.5)
handles these signals.

The TTY has been decoded as device Number 5.




CHAPTER 9.

FRONT PANEL UNIT - HARDWARE

DESCRIPTION

The front panel is a plug on unit intended to be
used as a hardware and software debugging aid.

Once the hardware and software have been debugged,
the front panel unit may be unplugged from the rest
of the system and the Industrial Process controller
can then run entirely on its own, Reasons for
adopting this technigue are discussed in Chapter 3
on the Design Philosophy. Fig. 13 shows a
block diagram of the unit.

The front panel unit performs three basic functions
listed below. For a detailed description on the

operation and use of the front panel see Appendix D.

A. Display of address Bus, Data bus and Control

signal status:

All the above signal lines are brought out

directly to the front panel unit where they
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are buffered to drive light emitting diods
(L.e.d's) to indicate their status. The

link to front panel unit is a short one (less
than % metre) and hence no special buffering is

done on the processor side.

Manual Control of Processor:

The processor may be RESET, STEPPED or RUN from
the front panel. The reset switch basically
resets the program counter to location 00 and
provides the simplest means of starting the

processor.
The STEP switch allows the processor to be

STEPPED one instruction byte at a time. The
RUN switch allows the processor to RUN.

Direct Memory Access Channel:

This provides a means of direct communication

with the memory from the front panel unit.
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CHAPTER 10.

INDUSTRIAL INTERFACE - HARDWARE

DESCRIPTION

The industrial interface is distributed over six
cards in the mainframe. The interface modules

that have to be constructed are as follows :-

A. 16 Channel Alarm Interrupt Module;

B. 32 Channel Digital Input Module;

C. 32 Channel Digital Cutput Module;

D. 4 Channel Analog Cutput Module;

E. 16 Channel Analog Input Module (2 cards).

Detailed descriptions of each of these modules are
given below.

ASYNCHRONQOUS ALARM INTERRUPT MODULE

General:

Asynchronous interrupts are essential in the
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monitoring or control of a real time process.
They provide the gquickest response to contingent

events which may occur at an unpredictable time.

The Asynchronous Alarm Interrupt Module shown in
fig. 14 provides 16 individual isolated interrupt
inputs with hardware priority. The system

can support a maximum of four of these cards,
totalling 64 individual interrupt lines. Each
line is optically isolated from the process and

can withstand a common mode voltage of 1.5 KRV.

The input signals can range between 4 and 40 volts
allowing them to be driven from TTL or relays.

An interrupt is generated by a positive going edge,
say from O toc 24 v. Signals originating from
relays or other forms of closing contacts are de-
bounced by means of filters. ~ These filters have

a time constant of 10 milli-seconds.

A1l interrupt lines have different priorities and
this unit forms part of the second level of the
hierarchical interrupt structure discussed under

the Interrupt Control Unit.

If masking occurs, all interrupts are masked out
and any incoming interrupt will be stored and ser-

viced as soon as the mask is removed.

All interrupts may be manually reset from the front
panel when the RESET switch is activated. This
is necessary to remove any interrupts that may occur

as a result of switching the system on.
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Circuitry:

The circuitry of the Asynchronous Alarm Interrupt

Unit consists basically of input conditioning

circuitry, interrupt storage register, priority

and address encoding logic, and interrupt release

logic and interrupt reset logic.

INPUT CONDITICNING LOGIC

The input conditioning logic is shown in

fig. 14 and consists of an optical isolator
giving 1.5 kV common mode voltage isolation

and allowing input signals between 4 and 40
volts. There is also a bounce filter and

a Schmitt trigger to make the resulting signal
TTL compatible.

STORAGE REGISTER

The interrupt storage register consists of 16
flip-flops that are used to store the incoming

interrupts.

PRIORITY AND ADDRESS ENCODING LOGIC

This consists essentially of two chips the
SN74148, 8-to-3 line priority encoders. Two
of them are coupled together by means of three
NAND gates to give a four bit address and an
interrupt reguest signal. If two interrupts
arrive simultaneously, the address of the higher

priority one is generated and remains until this
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interrupt is reset. Then the lower priority

address 1s generated.

D. INTERRUPT RELEASE AND RESET LOGIC

The distinction between the release and reset

is as follows :-

After an interrupt has been accepted by the
CPU an “interrupt release" signal IREL is
generated which resets the appropriate
interrupt. The reset is part of the
manual System Reset and can be used after

initial powering up.

ANALOG INPUT MODULE (Figure 15)

The industrialized microcomputer system is capable

of handling eight separate Analog-to-Digital con-
verter (ADC) units. Each unit is treated as an
internal device. This means that there is
decoding sufficient for 256 channels per ADC unit,

- far in excess of what would be required in practice.
The ADC units are interrupt based asynchronous devices.
That is to say, the processor will select a particular
channel and initialize the converter. The CPU is
then free to continue with any other task, and when
the input signal has been digitized and is ready to
be inputted, the converter will interrupt the pro-
cessor which can then respond when it is ready.

This method of treating the ADC asynchronously via
interrupts was chosen as ADC's have widely different

conversion times and waiting for the ADC to complete
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conversion can result in large amounts of wasted
CPU time.

In order to best cope with the problem of large
common mode signals likely to be encountered in a
noisy industrial environment the entire analog in-
put front end is floated and takes its reference
from the process to which it is connected. In this
way common mode voltages of over 250 volts RMS can
be tolerated.

For each ADC unit the organization is as follows:

There is one common eguipment module which contains

all the necessary hardware, except for the multiplexers
and input signal conditioning. The multiplexer

and input signal conditioning is then split up over

a number of separate sixteen channel multiplexer

cards feeding onto a common analog bus. The

maxinmum extent of each multiplexer is 256 channels,

i.e. 16 cardsor modules each of 16 channels.

The minimal system is then a 16 channel analog input
system which is contained on two cards, the common
equipment module, and a 16 channel multiplexer.

The system can be extended in steps of 16 channels.

The major elements of the Analog Input Module are

as follows :

A. Signal conditioning circuitry;

B. A random access relay multiplexer;

C. A programmable gain amplifier (PGA);

6
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D. 7 dual slope integrating analog to digital
converter (ADC):

E. Isolating and latching circuitry;

F. Ceontrol logic.

Signal Conditiconing Circuitrv:

& single or double section RC filter can be used
with a breakpoint at 10Hz. As most process variables
have time constants far in excess of this, these
filters can be used to eliminate spikes or mains

frequency hum pickup on the signal lines.

Random Access Relay Multiplexer: ({Figure 16)

Dry reed relays are used to gate the analog input
signals to the programmable gain amplifier. There
are three relay poles per channel. A single
double pole relay gates the differential input
signal and a further single pole relay is used to
gate the GUARD signal. The guard signal refer-
ences the floating analog input to the process.

This effectively removes the common mode signal

from the amplifier. The guard must be referenced
to either the signal HIGH or the signal LOW at the

source but must never be left unterminated.

A relay multiplexer was chosen in preference to a

solid state multiplexer for the following reasons :~
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A. Very high isolation between channels eliminates

channel ~to-channel crosstalk.

B. The ability to obtain very high common mode
rejection by floating the entire multiplexer
as it does not need a source of power as a

solid state multiplexer would.

C. A very low "on" resistance and very high "off"

resistance.

D. In an industrial application the limitation in

switching speed in relays is not a problem.

E. A MTBF of 100 million operations gives a more

than adequate lifetime for typical sampling rates

in process control (usually less than 1Hz).

In an attempt to minimize hardware and obtain the
best hardware/software trade-offs, settling time delays
for the relay multiplexer must be implemented on a
software basis. A settling time of approximately

ImS is required.

One of the most important considerations in ensuring
long life in dry reed relays 1s proper loading. In
a dry circuit (negligible current) the life of the
relay will be several billion operations. However,
with a differentiél multiplexer with high common
mode voltage a problem occurs. The amplifier
input has a shunt capacitance to ground due to its
construction. The capacitance is charged by the
common mode sburce through the multiplexer relay.
Experience has shown (ref. 1l ) that this capacitive
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charging current can reduce reed relay life dras-
tically. Hence, the small resistor that has
been placed in series with the contacts limits this

current and may extend the life of the relay.

Another type of multiplexer configuration considered
was the flving capactor multiplexer (See Ref. 12).
This method was rejected as it is a form of sample-
and-hold and the value obtained at the time of
channel selection is an instantaneocus one and hence
the advantage of using a dual slope integrating

ADC (see Chapter 10.2.4) are lost.

P

Programmable Gain Amplifier:

Fig. 17 shows a simplified block diagram of the

PGA. The amplifier is a differential input direct
DC coupled amplifier that is isolated from system
ground and can be referenced to the source by a
floating guard shield. Input and output control
signals are coupled to and from the amplifier by
optical isolators. The continuity of the guard
shield is maintained through the amplifier to its
output where it is connected to the input of the
aDC. '

The amplifier is a two stage amplifier. The first
stage is a differential input to single ended output
buffer amplifier having unity gain, and capable of
operating with 100 volt common mode signals. The

second stage controls the gain.

Input overvoltage protection is provided to prevent
overloading the input to the amplifier.
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There arve four possible gain ranges which may be
randomiy selected. These are gains of 1, 16, 64,
128. The full scale output voltage is + 1 volt.
This is a limitation imposed by the ADC. Hence
maximum input voltage is + 1 volt. The minimum
voltage difference which the ADC can detect is 7.8 mV.
Thus with a gain of 128 the maximum sensitivity of
the system is 7.8/128 = 61 micro V. The gain
ranges that are used were chosen to simplify scaling
of the signals within the processor. Division ox
multiplication by these values amounts to simply
shifting left or right a nunber of bits. {They can

be expressed as integer powers of 2).

Gain ranging is done under scftware control in the

following manner:

When a channel is selected, the highest gain (128)

for the amplifier is also selected. If the output
signal is greater than + 1 volt the IN RANGE/OUT RANGE
comparitor will set 3 hardware f£lag which is examined
by the processor. The next lowest range is then
gelected and the same procedure repeated. This is
repeated until the highest gain is found for which

the signal is within range. The ADC may then be
initiated and conversion begins. This method of
gain ranging was chosen in preference to a fully
hardware crientated gainranging system in which the
ranging is done automatically by the hardware as soon
as the channel has been selected. This again re-
presents an effort to obtain an optimised hardware/
software trade-~off in which CPU time is better utilized
with g saving in hardware. This is in fact the
basic principie of micro-processors in which hardware

logic can be replaced by software logic. The extra
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time required to do the gain ranging by software
(approx. lOOPS) is insignificant compared to the
total time required for conversion (approx.
1C0mSecs) .

As low cost OP-AMP's have been used in the construc-
tion of the PGa, offsets do exist. These can be
trimmed to zero for any one particular gain range,
but not for all. However, when used with a micro-
computer this effect is not a problem. The off-
sets at any given time can be read by the computer
by using one channel as a calibration channel.

The offsets that exist can be noted and subtracted
from the values read for each particular gain. This
allows a low cost amplifier to be used without any

real sacrifice in accuracy.

Dual Slope Integrating Anralog-to-Digital Converter:

The ADC used is a Datel ER8B eight bit dual slope
integrating ADC. The ADC is powefed from a
floating supply that is referenced to the floating
guard line which is extended through from the
programmable gain amplifier. Control signals
to and from the ADC are isolated from the system

ground by means of optical isolators.

The purpose of the ADC is to convert analeg signals
within the range + 1 volt to an eight bit digital
word which may then be inputted to the microcomputer.

The operation of a dual slope integrating ADC is
described in Appendix E.
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Regsonsg for using a dual slope integrating ADC are as
follows :-

A. The integration pericd can he set to correspond
to one 50Hz cycle. This results in a high

rejection of 50Hz hum or any components of 50Hz.

E. BAs the signal that is digitized is the average
value of the input voltage over the integration
period the effects of any high freguency noise

is greatly reduced.

C. A sample-and-hold amplifier is not reguired to
"latech" the analog input at the time of conver-
sion. High gquality sample-and-hold amplifiers

are exypensive items.

Isolating and Latching Circultryv:

The digitized analog input is isclated by means of
optical isolators from the system groﬁnd. The
eight bit digital word is latched into a tri-state
latch feeding onto the data bus.

Control Logic:

Control signals to and from the floating analog input
module are isolated by means of optical isoclators.

There are three important control signals.

A. IN RANGE/OUT RANGE FLAG

This is a hardware flag used to indicate whether
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the output voltage from the PGA is in the range

+ 1 volt. A dual comparitor is used as shown in
Appendix F. - The status of the flag is

latched and can be read by inputting from device
10. If the output is out of range the flag

status is O. In range the flag status is 1.

B. START SIGNAL

The START signal is used to initiate conversion
on the analog-to-digital convertor. As the
START signal, which is a positive going pulse
must be coupled through an optical isclator, it
must have a duration of at least 50 micro S
owing to the limited bandwidth of the optical
isolator. A 130 micro S pulse is used and is

achieved by means of a monostable.

C. END OF CONVERSION SIGNAL

The END OF CONVERSIONS (EOC) signal occurs when
the analog signal has been converted and the
digital data is ready in the output buffer.

The EOC signal is used to generate an interrupt
to the processor. It is also optically

ispolated from the rest of the system logic.

ANALOG OUTPUT MODULE

The analog output system shown in fig. 18 offers
a method of satisfying a large number of process con-

trol regquirements. Applications such as :-
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Digital-Analog interface for systems that

perform hybrid computations;

Direct digital control of analog processes;

Digital controlled test functions that reguire

analog veltage inputs:

Drives for display, meters, plotters and oscil-

loscopes.

The analog output module is based on an eight-bit

digital-to-analog converter. There are four

analog channels per moduele and the system Ls capable

of addressing a teotal of 224 channels.

There are two possible output configurations.

VOLTAGE CUIPUT:

A full scale range of + 4 volts is provided.
This range was chosen so as to give a convenient
scaling factor (1/4) for signals that have been
received via the analog input system which has a
full scale range of + 1 volt, Multiplving or
dividing by four is easily achieved digitally by
shifting two bits left and right respectively.
The voltage outputs arve short civeuit protected.

CURRENT QUTPUT:

An industrial standard 4-20 milliamp current
oudtput can also be used, utilizing the National

LHOO4S5 two wire transmitter {Ref. 1%).
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The circuitry of the analog output module consists

basically of :~

A. An eight-bit latch;

B. a ten-bit digital to analog converter (DAC) of

which only eight bits are used;
C. Either a buffer zmplifier giving g full =scale
voltage of 4+ 4 volts or a voltage to current

converter giving 4~20 milli-~amp output;

D. <Channel selection logic.

Architectural Considerationsg:

There are basically two possible ways of achieving

a multichannel analog output system. See fig. 19.

A. UNIQUE DAC PER CHANNEL

In this configuration there is a unigue DAC per
analog output channel. Data is stored in

the digital mede in a latch. The latches are all
fed in a multiplexed fashion off the data bus.
This method is most suitable when there are long
delays between updating of the analog output, as
there is no loss or leakage of the signal as it

is stored digitally. The practical feasibility
of this method relies on the availability of

Jow cost DAC's as a DAC is required for each

channel.
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In the present system the uniqué DAC per channel method

UNIQUE ANALOG SAMPLE AND HCLD PER CHANNEL

In this configuration there is one DAC feeding
directly off the data bus to all channels.

The analog output of this DAC is then multiplexed
via a number of Sample~and-Hold elements. The
multiplexing and storage of analog data between
updates 1s done on the analog level in this case.
This method is most suitable where the analog
cutput data is updated relatively frequently and
hence any droop in the Sample-and-Hold element

is trivial. This method of multiplexing is
most useful where an ultra high accuracy and
hence expensive DAC 1s required as only one DAC

is regquired.

was used for the following reasons :-—

A.

Low cost DAC's were readily available;

Ultra high accuracy DAC's were not necessary for
the required applications;

The relatively high cost of Sample-and-Hold

elements.

Isolation Consideration

The analog output module is the only part of the

Industrial interface that is not fully isolated from

the rest of the system. The reason for this is

that there is no really elegant method of isolating
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an analog output and still maintaining good accuracy
and linearity. Optical isolateors are far too non-
linear, and although linearization techniques do
exist, the linearizing circuitry itself needs to be
powered from a stable source which is isclated from

the system.

Ideally what is reguired is a separate transformer
decoupled regulated + 12 volt supply per channel with
the supply referenced to the point in the process to
which that analog output is connected. This means
a separate transformer and supply ver channel and

with four channels per card, thiz is impractical.

A partial solution would be to have a separate supply
per card, i.e. per four channels. This imposes

the restriction that all analcg ocutpuits nust run

the same route to approximately the same point in

the process so that any noise pick~ub will be the
same on all lines.

As neither of these solutions is particularly satis-
factory neither was adopted. Instead the outputs
are protected from spikes by "transtectors" {very
fast switching zener dicdes) which can zbsorbh large
current spikes for a short durat;on, as well as a

fuse for any longer term overloads.

DIGTTAL INPUT MODULE

The digital input module shown in fig. 20 provides
8 bit word based digital input capability. Each
module contains four eight bit c¢hannels, i.e. 32 bits

per card. The system 1s capable of addressing up
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to 224 eight-bit digital input channels, i1.e. 1792
bits on 56 cards. Each bit is optically isolated
and capable of withstanding 1.5kV of common mode
voltage. Digital input signals can range from

4 to 40 volts hence allowing for TTL {equivalent

to 10 TTL loads) or relay sources,

The digital input channels are not asynchronous but

are scanned under program control at desired intervals.

When any channel is scanned, the current status on the
input lines is latched and inputted to the computer

for comparison with desired values.

as the digital input channels are scanned at times
determined by the software and not by the actual
opening or closing of a relay contact as in the case
with the Alarm Interrupts, no switch debouncing
filters have been included as they are now unnecessary.
The lines are protected against high frequency spikes,
such as from TTL switching, by the natural fregquency

limitation (20kHZ of the optical isclators.

The circuitry of the digital input module consists

of the feollowing elements -

A. Input conditioning:

Optical isolators give l.5kV common mede isolation,

B. Data Latches:
Four 8 bit tri-state latches latch the data for
the various channels and feed it to the data bus

when a particular channel has been addressed.

C. Channel Selection Logic:

This provides an on card decoding of a part of
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the address bus to give one of four "sanable®
signals to one of the four digital channels being
addressed.

DIGITAL QUTPUT MODULE

Refer to fig. 20.

The digital output modules provide 8 bit word based
digital output capakility. Bach module contains
four eight bit channels, i.e. 32 bits per card.

The system is capable of addressing 224 eight~bit
digital cutput channels, i.e. 1792 bits on 56 cards.
Each bit is optically isolated and capable of with-
standing 1.5kV of common node voltage. There are

two outpat configurations.

&. RELAY DRIVER:

The cutput configuration is shown in Appendix F.

The externzl supply to activate the relay coil

is supplied by the user. The output transistor

then switches this supply Ln or out o control

the relay. The output can handle up to 50 volts

and up to 500 mA ard hence is compatible with

most industrial relays.

B. TTL COMPATIBLE OUTPUT

This configuration is obtaired by internally
strapping the transistor to the 5V rail of the
micro-~processor, thus providing TTL level outputs

to a system that has a common ground to the
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processor. This is useful for controlling
external logic where an external 5V source to
power the output is not available. The maximum
clocking frequency for the digital output channel
in this configuration is limited by the switching

speed of the optical isolator to 20 kHz.

The circuitry of the digital output module consists
of four eight-bit data latches, address decoding

and various forms of output drive as mentioned above.
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CHAPTER 11.

POWER SUPPLIES

For a process controller operating in an industrial
environment the power supply is the most critical
subsection of the system and its immunity to power-
line transients and power dips (brownoufs) is the
single most important factor affecting the overall
integrity. The power supplies can also represent
the greatest single cost in the system. Bearing
these two factors in mind considerable care must be
taken in organizing power supplies so as to obtain

an optimum price/performance ratio. -

If cost were of no relevance a dedicated motor-generator
set per industrialized microcomputer system would be
the ideal solution. However, the excessive costs

involved render this solution unrealistic.

A number of alternative supply configurations that

have been considered are discussed below.

COMPLETE BATTERY SUPPLY (Figure 21 A)

In this case the complete processor is powered by a * 1
battery and is never directly connected to the mains

supply. Two batteries and a switch-over network
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would be reguired, one to supply the processor
while the other is being charged. Operation

would he as follows :

Battery A is connected to processor, B is charged.
When A has discharged by a specified amount, B is
first disconnected from the charger and connected
to the processor. A is then disconnected from
the processor and connected to the charger,

In this way there is never a direct link from pro-

cessor to mains supply.

Advantages: -

A. Conmplete maing iscolationg

B, Processor can operate even after a power failure.
This could be useful for taking emergency measures

during such an event,

Disadvantages :

A. Large amount of maintenance is reguired in
battery upkeep, as well as replacing batteries

after a finite number of cycles;

B. Fairly large batteries would be reguired so that
the battery being charged would be fully charged
before the battery being used has discharged.

This system was rejected on the basis of the above

disadvantages as well as the fact that it is most
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often unnecessary Lo maintain power to the processor
after the process has shut down due to a power

failure.

STANDEY BATTERY SUPPLY (Figure 21 B)

In this configuration a battery is charged continuously
from the AC mains. The battery is connected to

the processor and switches in if the power fails. &
variation of this configuration would be to have an
inverter between the battery and the system. The
inverter would then generate 220 volts A.C. which

could be fed to the processor power supplies.

Advantageg:

A. Good iscolation from mains dips (brownouts);

B. The processor can operate for some time after a
power failure. Powar failures of a short
duration would go unnoticed and the powerfail/

restart routine would be greatly simplified.

Disadvantages:

A. It has the same disadvantage as in the previous
case of careful battery maintenance. This

makes operation in inaccessible places for extended

pericds difficult.

REGULATED AND FILTERED AC MAINS SUPPLY (Figure 21 C)

This is the system that has been used in the
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industrialized microprocessor system. The
supply is derived directly from AC mains. Protegm
tion against the vagaries of supply line noise are

as follow; 2 -

A. Constant Voltage Transformer: (See appendix H)

(1) This gives good regulation against AC dips
and when used in conjunction with a regulated
power supply, DC supply can be maintained
for AC drops as low as 100 volts;

{2} As the transformer is saturated at 220 volts,
transient spikes in the supply will not pass
easily through to the secondary:

{3) The only disadvantage of the CVT is that it
is frequency sensitive. Any large devia-
tions from 50Hz <an cause the secondary

voltage to drop.

B, Line Mlters:

{1} A single pole filter with a breakpoint at
15 kHz is used to filter any high frequency
noise from the supply line; )

(2) After the rectifiers in the regulated power
supplies, high frequency capacitors were
added to the exdsting large electrolytic

capacitors.
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Regulated Power Supplies:

These were used to obtain + 5 volts and + 12
volt supplies. A further separate + 12 volt
supply is used for the floating analog input
system. Large electrolytic capacitors just
before the regulators are used to maintain power,
after a power failure, long enough for a power-
fail/restart routine to be executed.

Powerfail /Restart:

A powerfail/restart routine is the only safegquard
against complete power failures. After a

"power fail" has been detected the routine can

be entered and the processor is shut down in an
orderly fashion with all required variables stored
in RAM memory with battery backup. Once the
power has been resumed the "restart" part of the
routine reloads the variables and begins operation

again.
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CHAPTER 12.

ENVIRONMENTAL ISOLATION

GENERATY,

A typical control computer uses ambient air as the
primary coolant for internal circuit conponents

and electromechanical devices. Air from the
ambient environment is introduced into the unit
enclosure, routed to the internal component to be
cooled by natural or forced convection, and is then
exhausted to the room or computer area. Both the
ambient air and airborne contaminants are thus brought
into intimate contact with the internal functioning
components of the computer system. - In most com-
puter systems, control of the basic air properties

is therefore essential if satisfactory system perform-
ance and life are to be attained. This control

is achieved by means of ajir-conditioning which is

the control of specific air quality including its

temperature, water content, contaminant level,.

EFFECTS OF ATR PROPERTIES

Each of the basic properties of the air found in the
industrial environment can cause temporary or perma-

nent damage to electromechanical or electronic
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components and subassemblies. The effects of
temperature, hunidity and contaminant level are

discussed below.

Temperature Effects:

Both electrical circuit parameters and dimensional
stability of mechanical components are affected by
changes in ambient temperature. These effects

are often reversible when specified limits are not
exceeded. The most prevalent effect of thermal
stress on electronic components is a change in circuit
impedance which can drastically affect the system
accuracy especially in the analog subsystem.

However, the most significant effect of thermal
stress is the inverse relationship between component
life and temperature. This is especially signifi~-

cant in a low maintenance system.

Relative Humidity Effects:

The effects of relative humidity of the ambient air
are usually subjunctive, that is, the cause and effect
relationship is usually indirect. Actual changes
in relative humidity cause very small changes in
cireuit parameters. More important are sustained
humidity levels in the range 0-20% and/or 60% and
higher.

In the 0-20% range static electrical charges can
easily be built up when contact is broken or friction

exists between two surfaces. System malfunction

91



12.2.3

12.3

92

can then be caused by the coupling of spark energy

into electronic circuits.

In the 60-95% range the effects on airborne contami-
nants that are soluble in water or desiccant materials
{absorbk moisture) become pronocunced and ¢an csuse
severe corrosion of metal contacts. Another result
of excessive humidity is degradation of common mode
rejection performance as a result of reduced leskage

impedances in the analog input subsystem.

Rirborne Contaminants:

There are two categories of airborne contaminants,
particulates and corrosive gases. The latter are
extremely common in industrial processes and the
former, when combined with a high humidity can also
form corrosive solutions. The result of both

of these is extreme corrosiocn of metal contacts such
as edge connectors, and the degradation of insulating

materials.

THE SOLUTION ADOPTED

The Industrialized Microprocessor System 1s designed
to operate as close to the process as possible and
hence will not have the protection of an air-condi-
tioned computer room to protect it from the environ-
ment. An alternative solution, that has been
adopted to protect the system has been to house it
in a completely sealed crata. This solves the

last two problems nmentioned above, i.e. relative
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humidity and airborne contaminants, but aggravates

the problem of cooling.

An attempt has been made to keep the general cooling
reguirements to a minimum by the use of Low Power

Schottky logic wherever possible.

In order to maintain the system as close to ambient
temperature as possible and to prevent hot spots

from occourring anywhere within the crate, a number

of precautions have been taken. There are two
fans inside the seanled crate. They are used to
circulate the alr for two reasons. Firstly, so

that no hot spots occur in the crate, and secondly,
so that the moving air continually comes in contact
with the walls and especially the roof of the crate.
It is through the walls and roof of the crate that
the main dissipation of heat occurs, The roof of
the crate is made up of finned heat-sink to aid heat
dissipation. The heat is transferred to the roof
and walls by conduction and then radiated to the
atmosphere. In order to facilitate the radiation
the crate can be spray painted mat black. Naturally
this only works in the situation where the ambient
temperature is lower than that within the crate.

If the systen is operating in s very high ambient
temperature a shiny reflective surface would be most
suitable. In these conditions some sort of
reffigeratien would be necessary such as the use of
thermoelectric heat pumps . Heat pumping at more
than 200 BTU/hr is possible with a single thermo-

electric element {(zref. 9 ).
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CHAPTER 13. o4

SYSTEM SOFTWARE

SOFTWARE OBJECTIVES

The industrialized microprocessor system is Intended
to be a generalized industrial instrument capable

of operating in any industrial process. As a
result the writing of specific application software

is not a part of this project. The software
written must be purely to demonstrate that the system
is capable of supporting such specific application
programs and that the hardware 1s capable of executing
them.

Details of the software system used for the develop-
ment of the routines described below can be found in

reference 10,

Source programs were prepared using the MOS EDIT
routines on the Varian 620i mini computer and assembled
using a Fortran based cross assembler to produce an
object tape of 8080 machine code. These object
tapes were then loaded into the microprocessor system

via a teletype reader.
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In order to demonstrate the viability of the system
two types of software routines have been written.
They are :-

A. General Utility Routines;

B. Hardware Driver and Exerciser Routines.

The utllity programs are situated at the top of

vmemory. The first 100 ({(octal) locations are
devoted to interrupt handling. The space between
these is used for the general programs. A memory

map is shown in fig. 22.

A general description of the routines is given

below.

GENERAL UTILITY ROUTINES

These are programs which facilitate the handling

of software in the processor. They are not
actually part of its function as an industrial con~
troller/data logger, but are essential in making the
pure hardwars a viable intelligent system. These
utility routines allow programs to be loaded into
the processor and debugged and run from the teletype.

The routines developed are as follows i-

A, Bootstrap Loader:
This loads the Binary Loader into the micropro-

cessor from the teletype.

g5
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B. Binary Loader:

This routine loads any program into the processor.

C. 8080 AID System:
This is an AID type debugging program giving
complete access and control of any program in

memory from the teletype.

General descriptions of these programs are given

balow.

Bootstrap Loader:

The main bulk of this program is located in the top
40 locations in memory and is loaded via the front
panel DMa channel. There is also a teletype

handling routine in locaticons 50 to 57 and program

initialisation in locations € to 10.

The obiject of the Bootstrap is to have a short pro-
gram that can be easily loaded manually into the
PrOCessoy . This program will then read in the
unformatted Binary Loader program. In order to
keep the Bootstrap as short as possible no error
checking is done and the Binary Loader tape is in

an extremely simple format. Once the Binary

Loader has® bheen loaded into memory it can be used

to load larger programs which have the ncrmal Assembler

cutput format and with error checking.

Binaryv Loader:

This program is loaded by the Bootstrap from the
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teletype into memory and occuples the 204 (Octal)
locations below the Dootstrap. The object of

the Binary Loader is to load programs from the tele-
type reader into memory. The Binary format of
these paper tapes are the output format of the

Macro ~ Assembler MAS (ref. 10 ). Normal parity
error checking is performed on the loading of these

tapes.

The Bootstrap program itself exists in an unformatted
form on a paper tape. This is necessary to keep
the Boctstrap Loader simple. The Binary format

of the Bootstrap tape is as follows :

A11 the instructions of the Binary Loader are listed
consecutively on the paper tape in binary. There
are no addresses or parity checks. The start
address of the Binary Loader is known to the Bootstrap
and it sinply loads each binary word from the paper
tape in consecutive locations. A suacessful load
is recognised by the processor halting at the end of

the taps.

The Binary Loader performs three different error

checks @

A, Checksum error check:
B. Correct start of data block character:

C. Correct end of tape character.

If one of the above errors is detected while loading
the processor prints a number corresponding to the

error type and then halts.



13.2.3

BOB0O Aid Svstem:

The 8080 AXID System, FAID, is a software routine that
facilitates the loading of programs and the execution
and debugging once in memory. FAID was developed
to run on the Development System desceribed in Sec-

tion 7. Details of the nature and development of

this routine can bhe found in Ref. 8.

Changes that have occurred between the Development
System and the current system, such as changes in

the teletype driver have resulted in the necessity
to modify the input/output/sub-routines in FAID.

2 brief description of the nature and capabilities
of FPAID is given below.

FAID has been written to occupy one kiloword of ROM
and as a result has completely separate instruction=-
and data~banks. iowever, as the current system
has only Read/Write memory, this restriction is
Unnaecessary. The current version of FAID lies at

the top of memory below the Binary Loader.

FAID is made up of two distinct paris. The first
contains the directory, which does no more than wait
for a command from the teletype. On receipt of a
valid command control is transferred to the reguired

routine in the second section.

The second section contains all the rountines available

to FAID. Most routines return to FAID once they
have performed their function. The following

routines exist for FAID: (for details see ref. 8.)

&. Display/change a memory location;
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B. Display/change a register;
C. Search memory:
D. Initialize memory:

E. Visual Dump:

Trap through a program;
G. Execute a program;

H. Binarv Load;

I. Binary Dump.

The original FAID also contained a Binary Loader and

Dump. These have both heen removed from the current

version, The Binary Dump was removed as it was
aonsidered an unnecessary featureand also to save
memory space. The Binary Loader was removed as
it was orviginally written to leoad paper tapes with

a different binary format to that which is currently
used. The Binary loader used at present is the
one described in 13.2.2.

DRIVER AND EXERCISER ROUTINES

These programs have been written for two specific

purposes :-—

A. To test @ specific section of the system hardware
and ensure that it interacts wvalidly with the

rest of the system;

B. . To develop drivers for the various input/output
modules and peripherals, which can then be used

in any data logging or control program.

Drivers are software routines that enable the I/0
modules to operate and are very closely linked to
the hardware design of the system.

LA
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Most of the routines contain a simple output routine
which visually displays results or readings taken
by the exercising program. No attempt has been
made to format this information in any sophisticated
way as it would unnecessarily increase the length and

complexity of the exercising program.

Analog Input Module Exercisers

This program is designed to fully test all the hard-
ware in the Analog Input Module. This includes

the relay multiplexer, the Programmable Gain Ampli-~
fier {(PGA} and the Analog-to-digital converter (ADC}).
It also tests the interaction of the Module with the
rest of the system. The program has been written
to take one analog reading and output the digital
value of the input voltage as well as the gain setting
of the PGA to the teletype. To read agailn a RESET
must be generated (by activating the RESET switch on
the front panel). The program can be made to read
continuously by simply changing the hélt instruction
at the end to a branch to location Q0. The program
is made up of a driver for the ADC and a simple out-

put routine.

A. ADC DRIVER:

Owing to the long conversion time of the ADC, it
is not desirable to dedicate the processor to the
Analog Input Module when an analog channel is to
he read. Instead, during the 100 milli-seconds
that the converter is bQSy,contrél is returned to

the main program. Conversicn 1is initiated by

e ST
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subroutine ADCl which first selects the desired
channel, does the éutoranging on the PGa, and
then starts the conversion. An exit is made
from the subroutine to the main program.

After the 100 milli-seconds the AnaloZ'Input
Module generates an interrupt which sets a flag
to indicate that the conversion is complete and
the data is ready. At the discretion of the
main program subroutine ADCIN is called. This
tests the flag to determine if the conversion is
complete. When the conversion is complete,

it inputs and stores the data.

ADC OUTPUT ROUTINE:

This routine is used to visually indicate the
correct operation of the Analeog Input Module.
The print out is to the teletype and consists of
the feollowing information :

(1) The gain setting on the PGA;’
(2) The polarity of the input voltage;
(3} 2n octal number eguivalent of the input voltage.
A typical print out is as follows
064 * 327
g Syt
| {octal number representing input
voltage
polarity of input wvoltage

"multiplied by"

\er——————» PGA gain setting.
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Alarm Interrupt Module Exerciser:

This routine checks the alarm interrupt unit for

valid operation. It consists of two parts.

Firstly, a driver which locates the required alarm

routine after an interrupt has been received. The

alarm routines in this case are simply output routines

to the teletype and constitute the second part of the

exerciser routine.

DRIVER:

The driver routine accepts an interrupt from the
Alarm Interrupt Module, stores all the current
program information such as the registers and
program counter on the stack, identifies the
interrupt, and then branches to the required

darm routine. As the Alarm Interrupt Module
may be expanded to 64 interrupt lines a routine
is required that will rapidly identify the inter-
rupt. If a straightforward search is made
through a table to identify the interrupt some
interrupts will be serviced quicker than others,
depending on their position in the lookup table.
This is unsatisfactory and an alternative method
is used which gives egual identification times to
all alarm interrupts. The identification time

is shorter than the average identification time

in the previous method. in this method the

eight bit number received from the Interrupt
Control Unit that corresponds to the interrupting
channel is used to form part of the address of a

jump instruction. On branching to this address.

the processor will find the address of the required

alarm routine. The advantage of this method

[ W
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is that the entire driver may be located in
ROM with the addresses of the alarm routines

forming the only variable to be stored in RAM.

E. OUTPUT ROUTINE:

The alarm routines for the exercising program are
simply output routines to the teletype. In

the exerciser the main program censists of out=
putting a string of "@" to the teletype. When
alarm interrupts are recelved the following output

to the teletype occurs

INTO types out ten O's
INTL types out ten 1's
INT2 types ocubt ten

INT3 types out ten 3's

With this output format the ability of a higher
priority alarm to interrupt a lower priority alarm
routine can clearly be demonstrated. For example
if INTZ is busy typing 2's and higher priority
alarm INTO interrupts, it will stop typing 2's

and type 1O zerc's and then return and complete

the reguired number of two's.

Analog Oubtput Module Exerciser:

The analog outputs do not reguire a driver routine.
Only one machine code instruction {OUT) is required
to output the contents of the accumulator to the
digital-to-analog converter {DAC). The DAC accepts
2's complement coding on the digital input to obtain

positive and negative output voltages.
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The analog cutput module exerciser runs together
with the analog input module exerciser described

in Section 13.3.1. The digital input from the

ADC is first normalized by dividing by the gain of
the PGA. As the gains of the PGA in octal are

1, 20, 100, and 200, this division is obtained by
shifting the eight bit word, O, 4, &, and 7 places

to the right respectively. The normalized octal
equivalent of the analog input voltage is then con~
varted to twos complement and output to the DAC where

it can be monitored by an oscilloscope or voltmeter.

Digital Inout/Ontout EBxoerciscr:

The digital inputs and outputs are so sinple that
drivers are unnecessary. To input or output a
digital word, only 1 machine code instruction is

required, i.e.
OUT 50

This will output the 8 bit contents of the accumulator

to device 50.

However, a simple program was written to test the
digital Input/Output and is described below for the

sake of completeness.

The eight bit word that is input from or output to
the digital channel is also output to the TTY in
binary format. If the word 0307 is input the
TTY will print

DI 11000111
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Similarly for digital outputs, with DO preceding
the 8 bit word.

Teletyvpe Driver:

The teletype driver consists of an interrupt hand-
ling routine and an Input/Output routine. The TTY
interface is designed for an interrupt based Input/
Output. The teletype driver consists of a sub-
routine TFLAG which sets the appropriate input or
output flag, and input and output routines TYIN and
TYOUT respectively.

A, INPUT:

When a character has been received from the

TPY an interrupt is generated which causes a
branch to subroutine TFLAG which will set the
input flag. An exit is made to the main pro-
gram, At the discretion of the main program
the input subroutine TYIN can be called. This
subroutine first checks the status of the input
flag. If the flag has been set it knows that
a word has been received and is ready to be
input, If the flag is reset it will wait
until the flag is set. Once the flag has been
set 1t will dinput the worﬁ from the TTY, reset

the input flag, and return to the main program.

B. QUTRUL:

This is the converse of the input operation.

1f the flag is reset it means that transmission
of the previous character 1s still underway and
it must wait. When transmission tc the TTY
ceases and the TTY is ready for the next charac-

ter, an interrupt is generated. This causes
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a branch to subroutine TFLAG which sets the
output flag and then returns to the main pro-
gram. At the discretion of the main pro-
gram the output routine TYOUT is entered.

The output flag is first checked and if it is
set {the TTY is ready to receive ancther charac-
ter) then the word is ocutputted. If not, it
walts for the output flag to be reset as mentioned
above. Having output the word the output
flag is reset indicating that transmission is
underway. Control is then returned to the

maln program.

BEeal Time Clock Driver:

There are two possible modes of operation of the

real time clock ¢~
A. As zan interval timer
B. Time of day clock.

Software for a priority structured multiple interval

timer has been developed elsewhere (ref. 10 ).

(1) DRIVER

A routine for a time of day clock was required.
The real time clock interrupts the progessor
every 10 milli-seconds. This causas a
branch to subroutine TODC, the time-of-day~clock
driver. The time-of~day clock consists of
four eight bit words,. The highest order '
word containg the hours, the next minutes,

the third seconds. The last word is
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incremented every time the RTC interrupts,

that is, every 10 milli-seconds. When

this byte contains 200 {cctal) it is zerced

and the seconds byte is incremented. = Simi-
larly when the seconds hyte equals.Qéj%octal}

it is zeroed and the minutes byte in incremented.
The hours byte is ;ncremanted when the minutes
byte is egual to,éé‘(actal). Az it is a 24
hour clock, the ﬁours byte will count up to 28

. {octal) before being zeroced.

The clock is initialized by loading the three
memory locations representing the hours, minutes
and seconds bytes with the current time. The
fourth byte is zeroed. The system can then

run and the correct time will be maintained.

QUTPUT ROUTINE:

The time of day is printed every 30 seconds

on the teletype as follows :-

I M 55
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CHAPTER 14,

HARDWARE EVALUATION

Viewing the hardware system in re trospect, a number

of valuable insights can be obtained. The rapid
advancement of microprocessor and related technolo-
gies over the last year has perhaps made certain of
the aspects of the hardware appear redundant.

However, a lot of valuable know~how has been generated

by building the system from the basic elements.
The three hardware aspects of the system, that is,

the microcomputer, the front panel unit, and the

industrial interface are reviewed below.

MICROCOMPUTER

The architecture of the microcomputer part of the
system is distributed over four separate cards.

This architecture may be questioned as being the

most suitable. Certainly it achieves the original
goal of flexibility but with the wisdom of hindsight
it can be seen that a more efficient architecture

would be a single card microcomputer system complete
with peripheral interface and limited decoding (similar
to INTEL SDK 80 kit). If expansion to a larger
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system is required then a "SYSTEM EXPANDER" card
with full I/0 decoding could be added. The advan-
tage of this format is that when configured as a
small system (say two I/0 modules) hardware overheads

for the micrpeomputer are limited to a single card.

Intel 8080 CPU:

Since the time when the 8080 was selected a vast
number of microcomputers have bacome avallable that
would be guite capable of doing the Jjob. However,
no one of these has proven to bs in any way superior
to the 8080, and a number are a lot worse for reasons
ranging from poor instruction sets to poor vendor

support and availahility.

There is also a trend by which the BOBO is becoming
the unofficial industry standard. At the last
count there were & manufacturers of 8080's {(aAMD, NEC,
TI, Siemens, Natiocnal, Intel). Also, most of the
early industrial microprocessor projects were based
on the 8008 {ref., 13 } and hence there is a trend
when updating these systems to go to the 8080 as much
of the software is then compatible and hence of the
popular 8 bit microprocessors the 8080 has made the
greatest penetration into the processor control world
{ref. 14 }. The B0O80 has also proven itself to
be an extremely reliable chip and tests indicate that
failure rates are as low as 0.04% per 1000 hours at

a 90% confidence level {ref. 15 ).

In view of these facts it is felt that the B0OBO was

a highly successful choice for the microprocessor.
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Memory System:

The CMOS memory (INTEL 5101's) has proven to be

extremely successsful in providing non volatile

memory storage. This is done by means of battery
backup for the memory chips. Battery life appears
to be close on shelf life of the batteries. In

the two months that 2.5 kilowords of memory were backed
up by pen light batteries there was no detectable

drop in battery voltage.

However, once the control program has been written and
debugged commitment to EPRCM is the best solution in
view of the incorruptible nature of EPROMS. In
this system EPROMS were noit used as the system was

not intended to be used in any specific controel
application and hence a specific control program

could not bhe written.

Interrupt Svyvsteom:

The use of interrupts in an industrial microprocessor
system is a double edged sword. Vastly improved
CPU utilization can be obtained for the price of
increased software complexity. The alternative

to an interrupt based system is one in which "SENSE®
loops are used such as on the VARIAN mini-computer
{r@f@ 16 ). For a large scale process control
microcomputer this would be a highly impractical
situation. However, for a small scale dedicated

microcomputer system it becomes worth consideration.

If the microcomputer system is used only in applica-
tions of direct digital control, or data logging
then an interrupt based I/0 can be dispensed with.
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In a supervisory capacity interrupts are essential
to any process control computer unless its task is
small enough that the delay in detecting a change
of state on any input is sufficiently short. The
handling of peripherals such as a TTY could also be

done without recourse to interrupts.

However, in the 8080 and with the current ICU the
increase in software complexity is small and the
advantages of improved CPU utilization outwelgh the
advantages ©f the "SENSE" loop tyvpe of system, B
this system is a generalized system and does not
have a predetermined role it is essential that an

alarm interrupt facility be provided.

Communicatbion Perivherals:

The sys tem has facilities for up to eight pcripheralsﬂ
Only an ASR 33 teletype was used as this was immediate-
1y available and had the advantage of previding a
keyhoard, printer and paper tape reader and punch

in one unit. For industrial use a more ruggards
ized form of printer such as the Spectronics TP20 thermal
printer would greatly facilitate the loading of long
programs. A punch is not really required. Some
means of mass data storage may'be reguired however.
There are two possible ways of achieving this.

One is to link the microprocessor system to a
supervisory minlcomputer if one is available and

use the mini's mass data storage facilities e.g.

disk or magnetic tapes. The second is for the
microprocessor system to have its own mass data

storage peripheral such as a casgette recorder or
floppy disk. Serial links to either the mass data

storage device or the minicomputer are the most
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suiltable in view of reduced cabling and noise

pickup.

FRONT PANEL UNIT

The front panel unit performed very well and gave a
wide range of control over the system. A facility
waell worth considering and which would serve as an
aid to software debugging is a hardware trap. This
would allow the user to trap from one location in
memory to another without having to single step

through the instructions byte by byte.

INDUSTRIAL THMTERFACE

The industrial interface achieved the goal of being

a low cost interface of gsuitable reliazbility and
flexibility to test the viability of a microprocessor
systoem in industry. Many other interface modules
could have been built but the basic analog and
digital input and output modules were considered

sufficient.

An evaluation of the various modules is given below.

Analog Input Module:

Isolation of the floating front end of this module
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was good and millivolt signals could easily be measured

with 260 volts RMS common mode noise.
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The current ADC system used, dual slope integrating
unit, gives very good noise immunity but has the
problem of being extremely slow, with a maximum
sampling rate of ten samples per second. This is
adequate for certain data loygging applications and
extremely slow industrial processes. However for
processes where direct digital control is reguired
a faster successive approxXimation ADC sampling at
say 100 samples/sec. would best be used. For
example 1t has been recommended that for a micro-
processor based batching system an ADC converter
speed of at least 100 microseconds is reguired
{ref. 17 ).

An analog input nmodule demonstrates clearly one
advantage of a microprocessor based systom: That
of replacing hardware logic by software control.
Firstly the Programmable Gain Amplifier. The auto-
ranging in many systems (e.g. RTP)} is done by means
of complex hardware. In this svstem the autcranging
is done successfully under software control and adds
at most 100 microseconds to an ADC conversion time
of 100 milli-seconds. Secondly, the PGA is a low
cost device and has inherent offsets on the output.
This does not affect the accuracy of the system,
because, under software control, the offsets may be
input and subtracted from the gctual readings taken

iater with the result of no loss in accuracy.

Analog Qutput Module:

There is the gquestion whether 8 bits (seven bits
plus a sign bit) is sufficient accuracy for the
analog output. The seven magnitude bits give a

resolution of O, 78%. As the system 1is a
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generalized one and has not been designed for a
specific process, accuracy reguirements cannot
really be evaluated. The current system establishes
the workabkility of the analog cutput module. If
greater accuracy is reguired it can be obtained by
outputting two bytes of data to each DAC module thus
achieving up to 16 bit accuracy. This can be
implemented in two ways. Firstly, by treating
each DAC as two devices and outputting first the
high order data to the one device and then the lower
order data to the second device. This has the
disadvantage of halving the number of DAC modules
that can be addressed, but would be simple to imple-
ment hardware wise, The second approach would
involve more complex hardware. This is to output
both bytes of data to the same device address but

to decode by extra hardware which byte is high order
and low order. In the interests of reduced hard-
ware and better CPU utilization the f£irst approach

is the most sultable.

Alarm Interrupt Module:

An asynchronous link to the process is essential

in any process controllier where supervision is
regquired. The only time interrupts could be
dispensed with, is 1f the microcomputer system is dedi-
cated to a small process, and services each channel
with sufficient frequency that a change of state will
be detected within the required time limit. For

any processor handling more than one complex, or

time consuming task, interrupts to an alarm task is

essential.
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The input conditioning circuitry of the Alarm
Interrupt Module was tested up to 260 volts common

mode voltages and found to work satisfactorily.

Digital I/0 Modules:

Both modules were tested for isclation to 260 volts
and found to work satisfactorily. In a process
there may be applications where digital I/0 configu-
rations, other than what has been built, are required.
However, the current configuration was considered

sufficient for testing the viability of the system.

GENERAL HARDWARE

There are three other aspects of the hardware which

need to be evaluated. They are given below.

Back-Plane Wiring:

A non~-standard back-plane was used. The advantage
being that it is the most economical on the number

of edge-connectors required. It has the disadvan-
tage that each card in the system must go into a
particular slot. A more ideal solution would have
been to have standard back-plane wiring for the
industrial interface section of the system, thus
allowing any I/0 options to be used in any slots.

The microcomputer section which does not alter

could remain as it is.
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Low Power Schottky Legic:

The LS TTL proved to be extremely easy to design

with and if prices drop it could guite easily usurp
the role of TTL in digital systems. The low power
requirements and dissipation were largely instrumental
in allowing the use 0of a sealed crate to house the
system. For the entire system only 90 watts of

power is consumed and very little heat is generated.

Power Supply:

Tests conducted in the laboratory indicate that the
power supply is extremely immune to supply line
noise. The constant voltage transformer allowed
the system to operate satisfactorily with AC supply
voltages as low as 100 volts RMS. The circuit
in fig. 24 was used to induce spikes on the supply
line, Opening and clesing switch S1 causes
current surges through the inductor L which cause
voltage spikes on the supply. The system could
not be made to fail by this method as the spikes
were sufficiently attenuated by the CVT and the

various filters described in Chapter 11.3.

L
O T BT

POWER
SUPPLY &

S1l

o

Fig. 24: CIRCUIT FOR INDUCING NOISE ON SUPPLY LINE
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CHAPTER 15.

SOFTWARE EVALUATION

GENERAL

The aim of this project is to build an industrialized
microcomputer system. The system is not designed
for any specific process and hence the software
developed is not specific application control or

data logging programs. The system must, how-
ever, be capable of supporting any such programs.
Work on a software development system to aid the
development of such programs has been done elsewhere
(ref. 10 ).

The software that has been written has been to assist
in the development and validation of the hardware
and in this respect it has been successful in its

objectives.

The software consists of two types of routines,
drivers for the various I/0 modules and peripherals
and General Utility Programs to assist in this

development.

These are evaluated below.

GENERAL UTILITY ROQUTINES

These routines were prerequisites to the development

of any other software. They allow the programs to

L LD
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be loaded into memory and once loaded, to be
debugged or run from the TTY. The bootstrap
routine and Binary Loader were used successfully
for loading programs. The most important of
the utility routines is the 80B0O AID program FAID.
This gave complete control of the program to the
TTY once the program had been loaded and was found
to be almost essential when debugging long programs.
Ideally, PAID should have been on an EPROM with
only a smsll data bank in RAM as this would have
prevented any possible corruption of the program.
This is true of the Bootstrap and Binary Loader as
wall.

Although FAID will f£it into less than 1 kiloword of

memory, it is extremely versatile and greatly

improves the viability of ths system.

DRIVER AND EYERCIZER ROUTINES

he exercizer routines were successful in aiding
in the debugging and development of the various
I/0 modules. The programs were fairly simple
sc as not to confuse hardware and software bugs

during the debugging process.

& lot of use was made of the TTY driver which was
found to work well. The drivers for the Analog
Input Module and BAlarm Interrupt Module worked
satisfactorily but with more specific applications
in mind,variations to these drivers may be found to
be more suitable. For example, Lif only a few
Alarm Interrupts are to be used a simple search
through a table may be a better means of identifving
ﬁheualarm program than the more generalized routine
described in 13.3.2



CHAPTER 16.

SYSTEM EVALUATION

There were two basic objectives in the motivation
for the development of this industrialized micro-~
processor system. Firstly and fundamentally,
there was the need to develop know-how in the field
of microprocessors and their industrial application.
The second objective, which is really the way in
which the first manifested itself, is to establish
the vigbility and capzabilities of a microprocessor

in an industrial process control application.

In order to do this, that is, to fully investigate
the capabilities of microprocessors the system that
was built was based on three basic design criteria.

These are :—

A. The basic requirements of industrial reliability
must be met.

B. The system must be flexible enough in its archi-
tecture to investigate the viability of the

system in its various configurations.

C. The system must be designed for low maintenance

and minimum operator interaction.

These three objectives are now evaluated.
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INDUSTRIAL RELIABILITY

The real acid test of any industrial system is
whether it will operate in the conditions under
which it is meant to actually work. That is in

an industrial process. However, circumstances
prevented this from actually being done and so
doubt may validly be cast on the true industrial
reliability of the system. However, tests were
run under laboratory conditions to simulate what

was considered to be the three main sources of
industrial noise. These are "pick up" of common
mode noise of the signal lines, supply line noise
and noise induced by EM radiation. Tests carried
out indicate that the system does have a high

degree of noise immunity. The system could not
be made to fail or malfunction when noise was in-
duced simultaneously on the supply line and the
signal lines. Immunity to electro-magnetic radiation
was tested qualitatively by wrapping the leads of an
arc welder running at 120 amps around the processor
and then welding a piece of scrap iron while a short
program was run repetitively in the processor. The
system could not be made to fail under these condi-
tions. Although these tests do not guarantee
faultless performance of the system when exposed to
the often unpredictable vagaries of industrial noise,
they do indicate that the system does have an

inherent degree of noise immunity.

FPLEXIBILITY

The purpose of designing an architecturally flexible

system is that one may construct the system either
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as 8 minimal "bare bones" system or as a fully
expanded system with a large amount of memory or

I/0. It is in this field that perhaps the project
was most successfual., That is in indicating what
the sensible limits of a microprocessor system ought
to be, The system constructed can support an
extremely wide range of 1/0. Analog and Digital
inputs and outputs are available and decoding is
avallakle for up to 65k of memory as well as 1000
analog input channels and hundreds of digital I/0
channels. However, a price is paid for this
flexibility, that of hardware overheads. The hard-
ware reguired to support such a large system beccomes

a liability when only a small system is actually
reguired, In the present system the basic migro~-
processor, which would be reguired for any amount of
1/0, is four cards. This is too much. The entire
microcomputer, and peripheral interfaces should be

on one card. The only extension to the microcomputer

should be in the form of memory cards.

The basic mistake in the approach to the current
microprocessor system 1s to treat it as a downgraded
mini-computer with associated flexibility. The

forte of the microprocessor lies in its asbility to

be used as an intelligent dedicated device, and this
must be reflected in the hardware architecture.

One microcompubter syvstem should not be trying to
compete with a mini computer by being so flexible

tﬁat it can be expanded to handle 1000 analog inputs.
Software wise this is unrealistic. The Industrislized
Microprocessor System must have limited 1/0 size.

Say three I/0 cards, from which may be selected the
analocg and digital I/0 options. If more 1/0 channels
are reguired then ancther microprocessor system

must be used. This viability for multiple
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dedicated systems 1s a big advantage of microprocessors.
These multiple distributed systems need not in fact

be spatially distributed but could all plug in as

units to a common crate with interprocessor links.

On the other hand spatial distribution is equally
acceptable.

Thus it is in the sphere of establishing the size
and nature of microprocessors in industry that the
greatest learning in the project occured. Although

the current system is based more on the concept of

a downgraded mini computer than on the concept of

small scale dedicated distributed systems mentioned
above, the project can still be regarded as success-
ful as it stimulated the evolution of ideas to their

current form.

BLACK BOX APPROACH

As mentioned in the section of Aims of the project
(Chapter 3.3) an attempt was made to create a system
with minimal maintenance and operator interaction.
The usual human interface associated with a computer
were dispensed with. This 1s consistent with the
approach that the microprocessor system must not be
considered as a computer system. It is more an
intelligent controller/data logger, an instrument
operating close to the process. Once the system

is operating correctly the only interaction is to
initiate programs or alter program parameters. This
can be done either via a remotely located keyboard

or central computer, hence no actual control switches
are required directly on the system. This gives

an added security advantage, for there are no switches
or buttons to be tampered with once the system is
running. When installing the system on a plant
little attention need be given to accessibility as

all the required access can be done remotely.
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Should the microprocessor system fall access can
then be obtained to busses and control lines via
a plug on debugging front panel. This front

panel is not unigue to any microprocessor system.

In its present form the system can only be initiated
on site by RESETting and RUNning the system from the
front panel. A more ideal situation would be a
single twisted pair running from the microproeessorl“
system to a central control point. The micropro-

cessor may then be initiated remotely.

Besides the signal lines connecting the microprocessor
system to the process, only two twisted pairs to a
central location would be required. One a serial
link to a keyboard and printer or mini computer, and

secondly a line to initiate the system.

THE ROLE OF THE MICROPROCESSQOR - IMPACT
ON INDUSTRY

The problem with microcomputers at their present
stage of evolution is that anything that can be
written about them is obsolete by the time the ink
has dried on the paper. This rapid rate of
development makes standardization very difficult

or even undesirable as standardization can act as

a brake on new ideas, although it makes good economic

sense.

However, some attempt must be made to see a pattern
and to define the role in the industrial process
control world to which microprocessors are most

suited.
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At the top end of the scale are the large process
control computers. At present the microprocessor
is not a challenge to these and may never be one.

At the bottom end of the scale is the programmable
logic controllers and data logging instruments.

The microprocessor system is not needed here.

But between these extremes is a large loosely de-
fined area where the capabilities of a full scale
mini computer are unnecessary but where the control
algorithms are too complex for the limited program-
ming capabilities of the programmable logic control-
lers. This is where the microprocessor system

in its present state belongs. In small scale
dedicated control of complex processes. "Small
scale”, in the sense that no single microprocessor
should attempt to do too much. If more control
loops are required, add another microprocessor.

In this way true distributed control can be achieved.
The ablility to increase the reliability of a control
or data logging system 1s really what makes micro-
processors attractive. The increase on reliability

canh be achieved by this distribution.

Al though distributed process control by microproces-
sor networks offers a wide range of advantages

(ref. 18 ) over a centralized minicomputer system
the problems and added complexities of interpro-
cessor communication could easily override the
benefits. To minimise these complexities distri-
buted control by microprocessors must be on a fairly
autonomous basis with minimal links and communication

reguirements between processors.

However, althouch the reign of the centralized process
control mini computer may be challenged by distri-

buted microprocessor networks in the future, their
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reign in this field is secure at present owing to
the facits that at the time of writing no industria-
lized microcomputer systems are commercially
available locally and that there are still unanswered
guestions and difficulties as mentioned above in
mnultimicroprocessor networks. These are both
facts which only reflect the current state of art
in microprocessor systems and are not fundamental
limitations in the microprocessors themselves.
Hence reversal of either of the gbove two factors
could see microprocessor systems advancing beyond

the level of small scale dedicated controllers.
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CONCLUSION

The system has shown that a low cost solution to a digital
process controller/data logger does exist in a micro-
processor system. The advantages of using a micro-
processor in such a system, namely: low costs, flexibility

and reliability were established.

Hardware costs were kept to a minimum by executing a large
proportion of the logic under the software control of the
microprocessor. 2lso the "intelligence" of the micro-
processor could be used to minimise any offsets in some

low cost I/0 modules, thus again minimising hardware costs.

The flexibility of the system allows it to be used as a
small dedicated stand-alone unit or simply, by the addition
of more memory and I/0 modules, to merge with the low end

of the minicomputer range of capabilities.

Tests done on the reliability of the system indicate that
it is suitable for industrial use but a thorough verifica-

tion of this is yet to be done.

The industrialized microcomputer system that has been built
has, as laid out in the objectives, provided a means by
which the full capabilities and limitations of a micro-
processor system can be evaluated in industrial applica-

tions.
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APPENDIX B

THE 8080 MICROPROCESSOR

The 8080 is a complete 8-bit paraliel central proces-
sing unit (CPU) for use in general purpose digital
computer systems. it is fabricated on a single LSt
chip using Intel's n-channel silicen gate MOS pro-
cess, thus offering much higher parformance than
conventiona! microprocessors (2.5 instruction
cycle), A complete micro comouter system s formed
when the 8080 CPU is interfaced with 1/0 ports (up
to 256 input and 256 output ports) and any type or
speed of semi-conductor memory.

Although significantly higher in performance than
existing microprocessors, tre £020 hes been de-
signed to be software compaticle at the source code
level with Intel’s 8008 micro-crocesser. Like the
8008, the BO8D contains gix 8-bit data registers, an
B-bit accumulator, four 8-bit temporary registers,
four testable flag buts, ang an 8-bit parallel binary
arithmetic umit, The 8080 also provicss decimal
arithmetic capability, and it includes sixteen bit
arithmetic and immediate operators which greatly
simplify memaory address calculations, and high
speed arithmetic operations.

The 8080 has a stack architesture wherein any
portion of the external memory can be used as a
last in/first out stack to store/retrieve the contents
of the accumulator, the flags, or any of the data
registers.

The 8080 aiso contains a 16-bit stack pointer to
control the addressing of this external stack. Cne
of the major advantages of the stack is that muitiple
level interrupts can easily be handled since com-
plete system status can easily be saved when an
interrupt occurs and then be restored after the
interrupt. Another major advantage is that almost
unlimited subroutine nesting is possible.

This processor has been designed to greatly sim-
plify system design. Separate 16-line address and
8-line bidirectional data busses are used to allow
direct interface to memories and 1/0 ports. Control
signals, which require no decoding, are provided
directly by the processor All busses, including con-
trol, are TTL compatible.

1. INTRODUCTION

Communication on the address lines and the data
lines can be interlocked by using the HOLD input.
Vihen the HLDA (Hold Acknowledge) signal is is-
sued by the CPU, CPU creration is suspended and
the address and data lines are forced to be in the
FLOATING state. This permits “OR-tying” tha ad-
dress and data busses with other devices such as
direct memory access channels (DMA).

The 8080 has many instructions which are extremely
useful and extend tne range of applicability of the
CPU. The instruction groups are as foilows:

* Data register and memoery transfers

* Conditional or unconditional brancnes and
subroutine calls

* {/C operations

s Direct Load/Store Accumulator

* Save, Restore Data Registers, Accumuiator
and Flags

¢ Douple Length Cperation in Data Registars
Increment/Decrement/Additian
Direct Load/Store{H and L)
Load Immediate
Index Register Modification

Indwect Jump

Stack Pointer Modification

Logical Operations

Binary Arithmatic

Decimal Arithmetic

Set and reset interrupt enable flip-flop

increment/Decrement Memory or data registers

The purpose of this publication is to present the
basic microprocessor oreration. instruction get, ard
electricai characternistics. In adcition, other mamory
and peripheral circuits which have been designed,
and specified for use with the 8080 are presented.

8080 ADDRESSING MODES:
DIRECT
REGISTER
REGISTER INDIRECT
IMMEDIATE

v
RS 2



2. PROCESSOR TIMING

The following describes the function of all of the
8080 I/O pins. Several of the descniptions refer to
internal timing periods. For a definition of the timing
periods refer to section 2-3.

St
Ayg O+ 40 peO Agy
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Symbols

A:s'Ao
{output tri-state)

D;-b,
{input/output)
tri-state

SYNC
{output)

DBIN
(output)

READY
{input)

WAIT (output)

WR
{output)

HOLD
(input)

Figure 1. Pin Configuration

PIN DEFINITION
Meaning
ADDRESS BUS the address bus provides the address to memory {Up to 64K

B-bit ».oras) or denctes the 176 device number for up to 256 input and 256 output

devices A, 1s the least significant address bit.

DATA BUS: the data bus proviges tndirechional communication between mem-
ory and 11O aevices for instructions and gata transfers. D, is the least sigmh-
cant bit

SYNCHRONIZING SIGNAL: the SYNC pin provides a swgnaf to indicate the
beginming of each macn:ng cycle {Instructions can be executed in 1.2, 3, 40r
5 machine cycles. and the status wformation of each machine cycle 15 sent to
externa! latches at SYNC time.) See 2-2.

DATA 8US IN: the DBIN signal indicates 1o external circuits that the data bus 1s
in the nput mode. This signai should be usea to enable the gating of data onto
the 8080 data bus from memory or I/ 0.

READY, the READY signal indicates to the 8C80 that valid memory or fnput data
s avarlable an the 8030 dzia bus. This sigral is usec to synchromze the CcrPu
With slower memory or IO cevices if after sending an scaress out the 5030
does not receive a READY nput, the 8080 will enter a WAIT state for as icng
as the READY line is low.

WAIT: the WAIT signal acknowledges that the CPU is in a WAIT state.

WRITE: the WA signal 15 used for memory WRITE or I/0 cutput control. The
data on the data bus is stable while tha WA signal 1s active (WR = 0).

HOLD: the HOLD signal requests the CPU to enter the HOLD state. The HOLD
siale allows an external device to gain centrol of the 8080 address and data
bus as soon as the 8080 has comwlisted its use of these buses for the current
machine cycle. i is recognized under the following conditions:

« the CPU is in the HALT state

« the CPU i1s in the T2 or TW state and the READY signal is active

As a resull of entering the HOLD state the CPU ADDRESS BUS (A-A;) and
DATA BUS (D,-D.) will be in their high impedance state. The CPU acknowledges
its state with tha HOLD ACKNOWLEDGE (HLDA) pin, See Figure 3.

The CPU will always finish the execution of the current machine cycle. When
the HOLD signal is removed, the operation will resums from the T1 time of the
next machine cycle. {See attached timing charts, Figures 3 and h in Appendix 1)




Symbols

HLDA
{outpul}

INTE

{outpul}

INT
{input}

AESET
{inpul)

Vab
¢.9;

2-2. Blalus information

instructions for the BOSO require from one o five
maching oycles for complete execution, The 8080

Meaning -

HOLD ACKNOWLEDGE! the HLDA& ggnal anpears in response 1o the HOLD
srgnal and inaic ihat the data and adoress bus vall Qo to the high impedance
slate Tha HLDA sigrnal beging at:

T3 for HEAD memory or input

The Clock Period folowing 73 for WRITE memory or QUTFUT apegration

In enner case, the HLOA signal acpears aller he nsmg edge of & and high
impedance coours afler the rising edge of 9. Sse Appenan - for timmg
chagram and WO stalus informatien for mode detzrmination.

INTERSUPT ENAZBLE indicales the content ot the Intermnal interrupt enable
tn/ilen, Trs iop, w03 may ke or resel by the £f and D) instructions and

mbeits imerrcpts o beng a ted by the CPU vt s ressl 1 15 auto-
maticaily reset (Disaning further irlerrustsy at bme T1 of the instruction feich

cyele (M) when an mterruptl s ascepted and is a'so resel by the RESET signal.

INTERRUPT REQUEST, the UPU recogmizes an mlerrupt request on this ling af
the end ©f ne current instruchon or while balled ! the OPU is i the HOLD
state or of the interrupt Enable /oo s ressl it wili not nonor the request
The CPU acknowiedgss accemancs an anterrunt oy sendmyg out the INTA
{interrupt Ackrowledos) slatus sigmal &t SYNC ume. Quring the next instruction
ieich cycie the program coumier 13 notl advanced and 2 1 byle instruction
fusuaily RESTART) can be nsarted. See Appendix L

PESET: winle the RESET signal is activated. the content of the program counter
i Clrared and tme msiruchion regisler s st 10 § Aler RESET, the program wall
start &t togaton O o memory. The INTE ang HLDA fhipsticps are also reset
Nots that the Liags, accumuiator, and registers are not clearsd as with the 8008,
The M, and DE registers may be exchanged.

Ground Befarence.

+ 12 = 5% Volts

+5 % 5% Volis

-5 = 5% Volts {substrate bias)

2 externally supphed ciock phases. (nen TTL compatibiel

sends out 8 bit of status intormation on the dats bus nigrmation.

Symbals
HLTA
INTA®

NP
oUT

MEMR®
M

BTACK

WO

STATUS INFORMATION DEFINITION

Dala Bus

giy Sefinition

N Acknowlodge signal for HALT instruction.

0, Acknowledge signal for INTERAUPT reguest Signal should be used to
gate a restart mstruchon onto the data bus when DEIN is active.

o, incheates that the address bus containg the address of an mput device and
ihe nput dala shouid ke placed on the dats bus when DBIN is active,

D, Indicates that the address bus contains the address of an outpul device
and the data bus will contain the oulpul data when WHR is active.

o, Designates thal the data bus will be used for memory read dala

O Provices a signal (o indicate that the CPU is in the feleh oycle for the first
pyte of an instruction.

N indicates {hat ths address bus holds the pushdown siack address from
the Btack Painter,

I indicates that the operabion (n the current machine cyole will be a WRITE

momory of OUTPUT funchion (WO = 0). Otherwise, a READ memory of
INPUT oporation will bo exesuled.

“Thase three slatus Dits can be used to control the How of dala onto the 80830 data bus.

at the beginning of each machine cycle (during
SYNT time), The following table defines the status



2-3. Timing

Instructions in the 8080 contain one to three bytes,
Each instruction reguires from one to five machine
or memory cycles for feiching and execution. Ma-
chine cycles are called M1, M2, ..., M5, Each ma-
chine cycle requires from three to five states T1,
T2, ..., T5 for its completion. Each state has the
duration of one clock pericd (0.5 micro-second).
There are three other states (WAIT, HOLD, and
HALT) which last one tc an indsfinite number of
clock periods, as controlled by externz! signals.
Machine cycle M1 is always the operation-code
fetch cycle and lasts four or five cicck periods.
Machine cycles M2, M3, M4, and M5 normally last
three clock periods each.

To understand the basic operation of the 8080, refer
to the simplified stale diagram shown i Figure 3
and the timing diagram of Figure 2.

During T1 the content of the program counter is
sent to the address bus, 3YNC is true, and the data
bus contains the status information pertaining to

~—

the cycle that is currently being initiated. T1 is al-
ways followed by another state, T2, during which the
condition of the READY, HOLD and HALT Acknowl-
edge Signals are tested. If READY is true, T3 can be
entered; otherwise, the CPU will go into the wait
state (TW) and stay there for as long as READY is
false,

READY thus allcws the CPU speed to be synchron-
ized to a memory with any access time or to any
input device. Furthermore, by properly controlling
the READY line, the user can single-step throug

During T3, the data coming from memory is avail-
able on the data bus and is transferred into the
Instruction register {during M1 only) as shown in the
2080 block diagram of Figure 4. The instruction de-
coder and contrel sections then generate the basic
signals to control the internal data transfers, the
timing, and the machine ¢ycle requirements of the
new instructions.
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Figure 2, Basic 8080 Instruction Cycla
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At the end of T4, if the cycle is complete, or glse at
the end of T5, the 8080 goes back to Tt and enters
machine cycle M2, unless the insiruction required
only one machine cycle for its execution. In such
cases, a new M1 cycle 1s entered. The loop is re-
peated for as many cycles and states as required
by the instruction.

It is only during the last state of the tast maching
cycle that the interrupt request line is tested and a
special M1 cycle 15 entered, dunng which no pro-
gram-counter incremeaniing lakes place and INTER-
RUPT ACKNOWLEDGE status is sent out. During
this cycle, one of eight possible restart instructions

will be sent to the CPU by the interrupting device.

Instruction state recuirements range from a mini-
mum of four states for non-memory referencing in-
structions, like register and accumulator arithmetic
instructions, up to a maximum of 18 states for the
most complex instructions (exchange the contents
of registers H and L with the content of the top two
locations of the stack) Al the maximum clock fre-
quency of 2 megahertz this means that all instruc-
tions will be executed inntervals ranging from 2 us
to 8 ps. If 2 HALT instruction is executed, the pro-
cessor enters a WAIT siate and remains there until
an interrupt is received.

L] $2 READY INT RESET HOLD
— READVAITE
INTE HLDA DBIN SYNE WA WAIT AND
® @ @ MULTIPLEXER
[ ‘ ] TEMPORARY REGISTER
] ‘ . : | TIMING AND
CONTROL Zier L Wig
— -
a REGISTER
=
s
DEGIMAL v Ligi Higy
ARITHMETIC = |
E Em Diny
[}
& < [
ACCUMULATGR () 3 8 "
STACK POINTER 151
PROGRAM COUNTER 15
READMWRITE
INSTRUCTION
DECODE
AND CONTROL .
ACCUMULATOR
1 LATCH g)
INCREMENTER
DECREMENTER j1g)
L]
INSTRUCTION
ALtk — REGISTER (g
> ADDRESS LATEH 11g)
O BUS 1)
TEMPORARY 1/0 BUFFER
FLAG 5} REGISTER (5 AND LATCH (g ADDRESS DRIVER (15

Drg

®

Arsg

Figure 4. 8080 Block Diagram
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INTERRUPT SEQUENCES

The BCEO has the budt-in capacty to handle external
interrupt requests. A peripheral device €an imitiate an inger-
fupt simply by griving the processor's interrupt (INT) hine
high,

The interrupt (INT) nput is asynchronous, and a
reguest may therefore originate at any time durng any
instruction cycle, Internal logic re-giocks the external re-
quest, so that a proper correspondence with the driving
clock is estzbishied. As Figure 2-8 shows, an interrupt
request [INT) a'riving during the e that the interrupt
enable line [INTE]) 15 high, acts in concdence with the o7
clock to set the internal interrupt fatch, This event takes
place during the last s:ate of the instruction ¢ycie In which
the request occurs, thus ensuning that any nsiruction in
progress 1s completed before the \nterrupt can be processed,

The INTERRUPT machine evcls which follows the
arrivatof anenebled interrupl requast resembles an ¢rdinary
FETCH machine cyc.e 1n most resorcts. The My status bit
is transmitted as usval guring tme SYAC nterval, It s
accormnpanied, however, Dy an INTA status bit (Dg) which
scknowledges the external reguest. Tre contants of the
ptogram courier are latched onte the CPU's acdress lines
during Ty, but the counter 1tseif 15 not incremented during
the INTERRUPT machine cycle, 2s it otherwise would be

In this way, the pre-interrupt status of the program counter
is preserved, so that data mn the counter may be restored by
the interrupted program after the interrupt request has been
processed.

Theinterrupt cycte is otherwise (ndistingusshable from
an ordinary FETCH machine cycie. The processor itself
takes no further speciat action. [t is the responsibility of the
peripheral logic to sce that an eight bt interrupt instruction
15 “jammed” onto the processor’s data bus during state Ta,
In a typical system, this mreens that the data-in bus from
memory must be temporanly cisconnected from the pro-

©cessor's main data bus, 0 th2t the interrupling device can

cammand the main bus without interference.

The 8020's instruction set provides a special one-byte
c2ll which facihitates the processing of interrupts {the ordi-
nary program Call takes three bytes). This 15 tne RESTART
instruction {RST). A venable three-tit field embedded in
the eight-bitfigld of the RST 2nables the interrusting device
to dwect 3 Czll to ore of aignt fixed memory locztions, The
da2cimal addrestes of these cesicated locatigns are* 0, 3, 185,
24, 32, 40, 48, and 55. Any of thesz acdresses may be used
10 store the first anstruct-on{s) of a routine cesigned 10
tervice the requirements cf an interruptirg gevice Singe
the (RST) is a cail, competion of the instruction also
stores the oid program counter contents on the STACK.
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1
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]
INHIBIT STQRE OF 1
PC+Y (INTERYAL)
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NOTE: ® Fieler to Status Word Chart on Page 2.6

Figure 2-8. Interrupt Timing
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APPENDIX V
ELECTRICAL SPECIFICATIONS

NOTE:

This electrical and timing specification is enly preliminary. No assurance can be given at this time that

soine changes will not occur during the engineering tosting and characterization of this product, The final specifica-

tion will be released in late May, 1874,
Absolute Maximum Ratings*

Temperaturg Under 85 . . . .. .. .. ..... 0°Cwa 70°C
Storage Temperature . .. .. .. .. .. —§5°C to +150°C
All Input or Qutput Voltages with respect 10 the most negat.ve
supply voltage, VBB . . - - o v e oo i +25V 10 —0.3V
Suppiy Voltages Vpp and Vss
with respect 10 VRR -+ v v v v v v w v v v o s +20V to 0 3V
Power Dissipation . . . ... ... oot it . 1.0W

D.C. Characteristics

*CONMENT- S:resses above those histed undgr “Absclute
Maximum Ratings” may cause permanen: damage to the davice.
This 15 2 stress raning enly 3ng functional operation of the de-
vice 2t tnese or any gther conquuians above thase rnaicated 1n
the pparatonal tections of this specification 15 ot imphed. Ex-
posJre to absolute maximum rating condstions for extended
periads may aflect device reliability.

Ta= 0°Cto +70°C, Vpp = +12V £ 5%, Vo= +5V 2 5%, Vpg = —5V * 5%, Vgg= OV, unless otherwise noted.

Symbol J Parameter l Mo, 1 Typ. i Max. l Unit Test Conditions
Vie Clock {nput Low Voltage Vgg—1.0 0.6 \4

Vine Clock Input High Voltage 10.4 Voo v

Vi input Low Voltege , Vsg ; 0.8 \Y l%|a=01a.17an§.:s
Viu input High Voltage 33 . Vee v loL= 0.75mA
Voo Output Low Voltage i 045 v Cn Ali Others
Vou Output High Veltage 2.4 | [ v Egs= 1004A

I po1 Power Supply Current {Vpp | during ROLD | | | 60 mA “I

lpo2? Power Supply Current (Vg ) during HOLD | | 87 I mA Continuous
leey Power Supply Current {Vee ! during HOLD ! i 75 mA ?iir;tggg
lceo Powver Supply Current (Ve } during HOLD | .73 mA, Tcy= 480ns
lgg Power Supply Current N 1 mA

Timing Diagram
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A.C.Characteristics
Ta=0'C 10 70°C, Vpp = +12V £ 8%, Vg = +6V £ 6%, Vap = —5V £ 5%, Vigg = BV, unless otherwise noted.

F x =4

Symbol Parameter —[ Min. Typ. Max. | Unit Test Conditions
toy Clock Pericd .48 2.0 s
tpte Clock Rise and Falt Times 50 ns
teg Pulse Width of 04 60 ns
tao Pulse Width of 94 220 ns
1oy Clock Delay between ¢4 and ¢o 0 ns
tpo Clock Delay between ¢ and ¢4 70 ns
tpa Address Qutput Delay from o7 I 200 ns
tpo Dats Output Delay from oo 220 ns
tne Control Signal Cutput Delay from &4 | 120 ns 1T?L and
or ¢, ISYNC, iR, VIAIT and HLDA) | CL=50pF
tpe DBIN Qutput Delay from o4 25 140 ns
1oz Clock Delay 04 to 04 130 ns
tos Data Setup Time to 0, during DBIN I 20 ns
ton Data Hold Time from ¢, during DBIN i otpg ns
teg Ready Reset Time during o, | 120 ns
tzg Ready Setwp Time curing o 2 ﬂt 110 ns
tur Hold Reset Time during o 4 i 110 ns
ths Hold Setup Time during o3 % 70 ns
tra Address Delay to Enter Hold State } 150 ns
tro Data Delay to Enter Hold State | 1 150 ns
Capacitance Ta=25°C; Unmeasured Pins Grounded
Limit (pF)
Symbol Test W
Cot Clock 1 Capacitance 10 | 20
Cs2 Ciock 2 Capacitance 10 20
Ciy tnput Capacitance 4 8
Courv Output Capacitance (Address 1n High Impedance Statel 5 10

27
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NOTES:

1. The tirst memory cycie A1) is always an indtruction
tetch: the first (or only} byte, containing the 0p code, is
fetched during this cycie,

2. H th2 SEADY input from memery 15 not high during
T2 of each memory cycle, the processor will enter a wait
state {TW) untd READY iy campled as high,

3. States T4 and T5 are presant, as required, for opera-
wons whon are comueiately internal 10 the CPU, Tha cons
tents o} the internal bus curning T4 a3d T5 are availasle at
the dats by, this is designss for testing purposas caly, An
X Gunntes that the state s presant, but is only used for
such Internal operations asanstruction decoding.

4. Ontyreqister pawsrp =8 {registers Band Clorsp=D
{reg'sters O ard E) may be specified.

5. Tnese states are ¢tkipped,

€. Memary read sub-cycles; an instruction or dats vword
will b2 read,

7.
2. Tz READY sworalis not required during the second

ang trird sub-cycles (M7 ans 2230 Tra HOLD signztis
#aoepies cuning M 2 o3 M2 Tn2 SYNT simnal is not gane-
eated duning MA2ana M3 Cuning tne executian of OAD,
MZand 103 are required for ananternal reqister-pair add;

memory is not referenced.

8. Th:resalts of these arithmetic, logical or rotate in-
Sruchions 2re Aot inaves Inte the accLmutator (A} unti!
$tate TZof tne next «astruch.an cys.e. Tnat s, A is loaced
wnila Ihe next instio ZUon is boung fetened; this overiapping
of operaticns ahows for fasier processing.

temory writs sub-cycle,

10. 1f the value of the lcast significant 4-bits of the accumu-
lator is graater than S Cf i1 tne sualary carry bitissat, §

it aczed to the aecurautator, If the vaice of the most ugnifi
cant 4-b.ts of the accumualaior 15 now creater thaa 9, orif
the cxry bt s t2t, 615 acced 10 the most significant

4-bits of the accumulator.

11, Thisrepresents the first sub-cycle {tha instruction
fetch) of the next instruction ¢ycle.

-

220

12. If the condition was met, the contents of the register
puir VW2 are output on the andress Lines {Agqg) instead of
tne contents of the frogram counter {PC).

13. I the condition was not met, sub-cyeies M4 and M5
are skipped; the processor instead proceeds immediately to
the instrucuon feteh {141) of the next instruction cycle.
14. If the condition was not met, sub-cycles M2 and M3
are sxipped; tne procausor instead procoods immediately to
the instruction fetch {Li1) of the next instruction cycle.
15. Stack read sub-cydle,

16, Stack writa sub-cycle,

17, CONDITION cCe
NZ — notzero {Z2=0) 000

Z — zera {Z=1} on

NC = nocarry (CY = Q) 010

C - carry (CY = 1} au

PO - panty ocd (P =0) 150

PE — parity even{P = 1) 101

P - plus ($=0) 110

M — minus [S =1} m

18. I/0 sub-cycier the 1/O port's &bit salect code is dupli-
cated on adaress Lnes 7 {Agg) and 515 [Ags).

19. Output sub-cyele.

20. Tne progcessor will remain idle in the halt state until

an nterrupt, 3 resst or a nold s accented. Whena hold re-
cuestis acerctied, tne CPU enters tne nois mode; after the
hold mogce is termunated, the orocessor returns to the halt
state. ATTEr a resst |15 aCCepial, N2 processar Deging execus
Lon at memory (ccation zaro, After an intarrupt is sccepted,
the processor execules the instruction forced onto the data
bas {usually 3 restart instruction),

BSS or DCD ! Valua | rp f Value

A i 111 ! 3 Co

B | 070 j o 3]

¢ i e} i H 10 |
D 010 cP 11

E 011

H 100

L 101




APPENDIX (.

LOW POWER SCHOTTKY TTL

Ref., 20.

Introduction:

For many years TTL has been the most popular digital
integrated ¢ircuit technology. As the average IC
complexity has increased to MSI (medium scale integration)
the cost and size of the power supply and the difficulty
of removing heat dissipated in TTL circuits, have become
increasingly important factors. Recent improvements
in semi-conductor processing have lead to low power
Schottky TTL making it possible not only to reduce TTL
power consumption significantly but also to improve the
speed over that of Standard TTL.

The Schottky Diode:

2 Schottky diode, also called a hot carrier dicde, offers
two big advantages over the conventional P-N junction
diode ~ very high speed due to extremely short recovery
time and a substantially lower forward voltage drop for

a given current. {(About 300 mV less than a P-N
junction diode). A Schottky diode is formed by the
metal~to~semiconductor contact at the surface of the semi-

conductor crystal and relies on majority carriers for

14



current transport (minority carriers used in P-N junctions

diodes}. Charge storage is negligible and forward-
to-reverse recovery is extremely fast. There are two
classes of metzl-semi conductor contacts. Those with

linear characteristics and those with non-linear ones.
The Schottky barrier diode has a non-linear rectifying
characteristic. The linearity is a function of the

metal, the semiconductor and the doping level.

Schottky TTL:

With the use of Schottky diodes, the sgturation delay

normally encountered in saturated logic (e.g. TTL) can

be avolded. Saturated loglc operates by turning the
transistors either fully on or fully off. The amount
of base current to do this i1s critical. Too little

will not turn the base current on sufficiently, too much
will drive the transistor into saturation and it will
continue to conduct when the base current has been removed,
until excess charge in the base disappears, usually
through thermal recombination. Conventional TTL
circuits use gold doping to increase the probability of
thermal base-charge recombination thus decreasing satura-
tion delays. This alsc lowers the transistors current

gain (beta) and makes the circuit less efficient.

A cirvcuit trick, the Bgker clamp was developed to over-
come this problem. A dicde is connected between the
base and the collector. If the dicde has a very Low
forward voltage drop it starts conducting when the base

is forward biased with respect to the collector, Excass
current applied to the base flows to the collector and
the transistor only receives the base current necessary

to pull the colliector into the "soft saturation” region.



There is no excess charge and hence saturation delay is
non-existent. The Schottky Barrier dicde has the
desirable characteristics for the diode in the Baker
clanp.

These Schottky TTL circuits are very fast, but since em-
phasis is on speed they consume more powey than normal
L. Low power Schotitky TTL consumes one-—guariter the
current of conventional TTL and uses Schottky diode clamp-
ing and advanced processing techniques o produce better

switching transistors than TTL.

CIRCUIT CHARACTERISTICS:

Wnile the logic function and base structure of low power
Schottky are the same as TTL, there are alsc significant

differences.

Input Configuration:

LSTTL is considered part of the TTL family but does not

use the multi-emitter input structure that originally

gave TTL its name. A DTL type input circuit with
Schottky dicdes to perform the AND functicon is employed.

This increases the input breakdown voltage to L3V.

The inputs also have Schottky clamping dicdes which terminate
negative geing signals and thus minimise ringing. The
effective capacitance of an LSTTL input is approximately
3.3pf.

Unused Inpubs:

For best noise immunity and switching speed unused inputs

16



should not be left floating. They can be handled in

two ways :1-—-

A. Connect unused input to Vcc. No series resistor
is required as in TTL as LSTTL has an input break~
down voltage of about 15V.

B. Connect the unused input to the output of an unused.
gate that is forced HIGH.

Unused inputs should not be connected to other inputs of

the same gate as in TTL as AC nolse immunity will bhe

reduced due to increased input capacitance.

Qutput Configuration:

There are a number of changes in the design of the output
stage of the LS gate which make for more efficient switch,
but the most significant variation from the TTL output is
the Schottky diode in series with the Darlington collector
resistor. This allows the output to be pulled higher
than Vecc, say to 10V, convenient for interfacing to CMOS.
Early designs of LS had the output clamped one diode drop

above Vcecc.
The output impedance of LSTTL is closer to the characteris-—

tic impedance of the interconnections commonly used with

TTL than standard TTL thus reducing ringing.

Output Waveforms:

The waveform of a rising output signal resembles an

exponential, except that the signal is slightly rounded

iy



at the beginning of the rise. Once past this initial
rounded portion, the starting edge rate is approximately
0,4V/n8 with a 15 pF load and ©,25V/nS with a 50pF load.
For analvtical purposes the waveform can be approximated

by the following ewpression

vit) = Vg, + 3,7 (1 - exp (~t/T)
wnere T = 8ns for C; = 15 pF
16n5 for C; = §O pF

The falling output signal waveform resembles that part of
cosine wave between ¢ and 1BO degrees. Fall times
from 90% to LO% are approximately 4.5n5 with a 15pF load
and 8, 5n8 with a 50pF load. Eguivalent edge rates are
approximately 0,8 and 0,4 V/nS respectively. For
analytical purposes the output waveform can be approxi=

mated by the following :

18

v{t) = Vo + 1,9 ult) {1 + cos wtj ~ 1,9 (t-all.l4cos w (t~u})
wherea
u{t) = 0 for £t<0 and u{t-a) = O for &£ < a

= 1 for t>0 = 1 for £ > a

For t in nancseconds and C, = 10 pf & Cy, = 50 nt
a = 7,5 n8§ a = 14 nsd
Wm0, 42 W= 0,23

AC Switehing Characteristics:

Low power Schottky gates have an average propagation delay



of n8 at a 15 pF load. This increases at approximately
O, In8/pF. Although some drive capability is lost by
using high value resistors and small transistor geometries
in LSTTL, this is counter balanced by using non-gold doped
transistors with much higher current gain than those in
conventiongl TTL. At say 200 pf loads LSTTL is still

faster than conventional TTL.

Under static conditions only CMOS uses less power than
LETTL, but CMOS loses this advantage over a few 100 kHz.
At speeds over 1 MHz, LSTTL is the most efficient logic.

The delay times of LSTTL are very insensitive to tempera-
ture and power supply variations, varving by only 2n8 and
In3 respectively over the entire military ranges. in
sonventional TRL 6nS variations over tempersture range

and several nf over supply voltage range are typlcal.
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APPENDIX D.

USE AND OPERATION OF THE

FRONT PANEL UNIT

This appendix describes the two basic functions that can

be performed from the front panel, namely, control of the

microprocessor, and use of the DMA facility.

CONTROL OF THE MICRQPROQCESSOR

This is done by three switches, RUN, STEP and RESET.

Reset:

Depressing this switch generates a HIGH on the RESET
line of the 8080. The line goes LOW again when
the swit:ch is released. While the reset signal

is activated the content of the program counter is
cleared and the instruction register is set to O.

The INTE and HLDA flip flops are also reset. After

the reset the program will start in location O in
memnory. This is the most convenient way of starting
the processor running.

A 20



These two switches control the state of the READY
line. When the RUN switch is depressed the READY
line goes HIGH and the processcr will run from where-
gver the program counter is at the time. For
initiating a program a RESET then RUN seguence must
bhe usad.

When the STEP switch is depressed the READY line
goes low at the end of the current instruction and
the B8CBO enters the WAIT state. Each subseguent
activation of the STEP switch thereafter results in
the execution of one instruction byte. This is
aseful for STEPPING through a program, byte by byte,
and observing all information on the busses to debug
either the program or the hardware. After each
step the data and address buses and status bus contain
the information of the next instruction. This is
because the 8080 goes into the WAIT state after the
instruction fetch cyecle but before the execution

cycle.

FRONT PANEL DMA CHANNEL

It is pessible via the front panel direct memory
access (DMA) channel to communicate directly with the

Procaessoer'’s memory.,

Write Mode:

When writing into a memory location the following

steps must be performed -

{1} CONBOLE switch ON -~ This enables the address
bug and data bus switches,.

21



(2) Set up memory address on address bus switches.

(3) Depress LOAD switch ~ This enters the memory

switches in a register.
(4) Set up data or instruction on data bus switches.

{5) Press WRITE ~ The contents are now entered into

MEMOXY .«

The address register is automatically incremented.
This is a useful feature when loading sequential
memory location as only the data bus need be altered

for each new instruction.

Read Mode:

When reading a memory location, the following steps

must be performed :-
(1) Follow steps (1) to (4) for WRITE MODE.

(2) Press READ - The contents of the memory location
will be displayed on the data bus. The next
byte in memory may be read by simply pressing the

READ switch again.

NOTE: (a) The CONSOLE switch must be OFF before
attempting to RUN or STEP through a

program.

(b) The DMA facility will not operate if the
processor is in the middle of an output

(OUT) instruction,.
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APPENDIX E.

DUAL SLOPE INTEGRATING

ANALOG - DIGITAL CONVERTERS

A block diagram of a dual slope integrating ADC 1is shown
in fig. 23 A.

The conversion cycle consists of two distinct phases, as
indicated by the up and down portions of the integrator
output waveform shown in fig. 23 B. At time t = O, the
output of the integrator is equal to the effective com-
paritor threshold voltage, Vi. The control logic resets
the counter to zero and closes switch Sl which connects
the unknown voltage VX to the integrator input, The
voltage Vx is integrated for a fixed time interval (0,Ty)
which is established by counting a fixed number of clock
pulses. Although not necessary,it is convenient to
have the number of pulses equal to the full scale count
of 2D in the case of an n-bit counter, so that the

overflow pulse can be used to trigger subsequent operations.

At time T;, the integrator output is

. Tl
_ 1 I .
Vo = RC j Vx dt - Vi = RO Vx Ty - Vi (L)
o)

where G% is the average value of Vx over the interval.
The overflow pulse from the counter at time T, turns
switch S1 off, and turns switch S2 on, thereby connecting
the reference voltage -Vr to the integrator. The



53 &

Ii
I
I
1 |
PO R "
1 i
|
t

Vr S2/. I
__________ 1
SW.LOGIC ]CLOCK & |
1 oFow] (e
COUNTER
(a) DUAL SLOPE  INTEGRATING ADC

(c)

ADC YAVEFORM

GAIN[dB]
0t--—=--

)
3

\/\h?\ﬁ_ )

-
Yy
A

S
3l
AL
Al

ADC FREQUENCY RESPONSE

23

FIG.




output of the integrator during integration of ~Vr is

Vo = -Vi + = V= T -LJEVrdt (2)
RC 1 RC
Ty
The integration continues until the comparitor changes
state. At this time the integrator output voltage is
equal to -Vi so that Eg. (2) becomes

. . 1 — 1
Vi = -Vi + g5 Vx T - g5 Vr (Ty - Tl) (3)
where the reference voltage Vr is assumed constant. The

Vi's drop out and the integration constant gé cancels in
the remaining terms. Solving for the average of the

input signal

If N is the number on the counter at time T. then Ty - Tl =

2
N/fn, where f., is the clock frequency. Since T =
2n/fc, Eq. (4) reduces to Vx = Vr %L (5)

Thus, the average value of the input voltage is proportional
to the number in the counter at tinme T, -

The cancellations that take place during the derivation

are of considerable practical importance. The elimina-
tion of Vi in Eg. (3) shows that long term offset drift

has no effect on the accuracy of the converter. Similarly
the cloék frequency Fe cancelled out of the final expression
showing that long term frequency variations do not effect
the result.

The cancellation of the integration constant ﬁ% shows

that neither the value of the RC product nor its variation

with time and temperature, affects the operation of the




converter., This is of considerable practical
significance since low temperature coefficient capacitors

and resistors are expensive components.

Another advantage of an integrating converter when compared
with successive approximation and conventional ramp ADC's
is less noise sensitivity. The other ADC's are noise
sensitive because the comparison takes place between the
instantaneous value of the input signal and reference
voltage. In the dual slope integrating converter the
comparison is between the reference and the time integral
of the input voltage. If a noise perturbation has a
small time integral compared to Vx Tp, it has only a
slight effect on the comparison. In essence the
input signal is being heavily filtered as a result of the
integration. In addition the dual slope integrating
ADC 1is isolated from the signal source at the time of
comparison since S1 is of€f. This further decreases

sensitivity to noise on the input signal.

The quantitative measure of noise rejection is derived
by integrating a sine-wave over the converter integration
period. If the rejection ratio Rn is defined as the
attenuation resulting from integration this calculation
results in

SinztrT] fn
Ty fn

Rn = 20 log T; / RC + 20 log

where Tq is the integration time and fn the frequency

of the noise. The first term is a constant and can

be compensated by adjustment of the ADC gain. The
normalized attenuation characteristic is shown in fig. 23 C.
As expected from physical reasoning, the rejection is
infinite when the integration interval is an exact

multiple of the period of the noise.
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APPENDIX G.

R Sohottl<y Bipolar 8212
EIGHT-BIT INPUT/OUTPUT PORT

= Fully Parallsl 8-5it Dnta e 3.65V Oulput Hich Vellage
Register and uife : for Direct Interlace 10 8080
» Service Requost FIip-Flop CPUcrggos crU
for interrupt Generation & Asynchronous Register
» Low Input Load Current — _ Clear
25 mA Max. s Replaces Buffers, Latches

and [lultiplexers in fiicro-
- computer Sysiems
& Reduces Systerm Package
Count

» Three Sinte Quinuts
o Qutputs Sink 15 mA

The 8212 input/output port consists of an 8-bit Jatch with 3-state output butfers along with control and device selection
logic. Also included is a service request fiip-fiop for the ceneration and control of Interrupts 1o the microprocessor,

The device is mulumode in nature, 1t can be used to implement latches, gated buffers or multipiexears. Thus, ail of the princi-
pal peripheral and input/outout functions of a microcomputer system can be implemented with this device,

-

PIN CONFIGURATION LOG!Z DILAGRAM

3 \ SZRVICE REQUEST FF
o5, [
8D 2 DEVICE SELECTION
o2 N
oo, [ « Dos*DF‘ 7 2>
o, [ s i3> os2 D o ACTIVE LOM
DO.‘. & @MD —4. I
o, [ . { l

' — O~
L fii> ste r 1 gyt
o, [ | | | BUFFER
oo, L)1 ) } T l i //
STE 11 E>oy T f < 1 i 00 £
el )1z DATA lﬂffj\‘l L—'“ .} i

E>on { D o>
cp}i
| ‘_..‘J! N
. [0, e ¢ |;| }|>—-l 00y T
CR
[R==1ry
. E>on oo .r‘% 004 [T
PIN NAMES | C'LJ |
Rr=slif

L DhDy | DaTAN_ > o o Oru-r—l-1>—-ocgﬁ§>

001 1 DG CATA 0 ou'r”vq—"-'_"' ! cq I

[ en o5 _CEVICE SELECT i I I %
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N, T TERAURT ACTivE LG | Ryl {
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|
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SCHOTTKY BIPOLAR 8212

Functional Description

pata Latch

The 8 flip-flops that make up the data latch are of 2
“D" type dasign. The output (Q) of the flip-tlop will
follow the data input (D) while the clock input (Clis
high. Latching will cccur when the ctock (C) returns
low.

The data_latch is cleared by an asynchronous resst
input (CLR). {Note: Clock (C) Qverides Reset [CLRL)

Quiput Butler

The oulputs of the data latch {Q) are connected to
3-state, non-inverting output buffers. These buffers
have a common contral line (EN}: this control line
either enanles the buifer to tranemit the data from
" the cutpuis of the data latch (Q) or disables the
pulier, forcing the outpul into a high impedance
state. (3 -statel

This high-impedance state allows the designar 10
connect the 8212 directly onto the microprocessor
bi-directional data bus.

Control Logic

The 8212 has controt inputs D31, DS2, MD and
STHE. These inputs are used to control device selec-
tion. data latching, ocutput buffer state and service
request flip-flop.

0S1, DS2 (Device Selec!)

These 2 inputs are used for davice selection. When
551 is low and DS2 is high (51 - DS2) the cevice is
selected. In the selected state the output buiter is
enabled and the service reguest flip-flop (SR} is
asynchronously set.

MD {Mcde)

This input is used to control the state of the output
buffer and to determing the source of the clock inp'ut
{C) to the data latch. .
When MD is high (output mode) the output buflers
are enabled and the source of ciock (C) to the data
lateh is from the device selection 16gic (D31 - DS2).
When MO is low (input moda) the output buffer state
is determined by the device seiaction logic {51 -
DS2) and the source of clock (C) to the data fatch is
the STB (Strobe) input.

ST8 (Strobe)

This input is used as the clock {C) to the data latch
for the input mode MD = 0) ard 10 synchronously
resel the service request thp-flep {SR).

Note that the SR flip-flop is negative edge triggered.

Service Request Flip-Flop

The (SR} thip-flop is used to generate and control
interrupts in microcomputer systems. [t is asyn-
chronously set by the LR input (active low). When
the (SR} flip-flop is set it is in the non-interrupting
state.

The output of the (SR) flis-ilop (Q) is coanected to
an inverting input of a “NOR'" gale. Tha.other input
to the "NOR" gate is non-invertng and is connected
1o the device selaction logic D51+ DS2), The autput
of the “NOR" gate {INT) 15 active low (interrupting
stare) for connection to actve tow input priority
generating circuits.

SERVICE REQUEST FF

o inT 2>
(ACTIVE LOW}
£N

[Z> ose

i:_i
E)Mo.___-—'-v—-
__ AT
TS -
@ -1 oUTPUT
I BUFFER
B LA
DATA LATCH | i | | i
i i
G0l &Wz®
Eon
E»on -
= u
s . | ocs [B>
[E»01g ) veg (5>
&> 04
E2>or ‘ oog £
RESET DRIVER
>
(ACTIVE LOW)
STB WO (D5 O5p FITEBuTGUAE | CiR 1LE) Uyl 518 B
P e T @ 3STATe e ] ’E'HlEF
by e 0 35TATE frgt v Ta Jvle
[ o . DATALATCH Tty 1 VL T I
[ 1t ° DaTALATCH TR IR
L R R A
i S . . .
l M '|| \ DATAIN L_'__!.,--k__l_l_f_i
v g 1 DATAIN CNTERRAL SR FLIP FLOP

S

RESETS DATA LATCH
SETS SR FLIP FLLY
(RO LS FECT ON QUTPUT GUFFER]
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SCHOTTKY BIPOLAR 8212

Functional Description

Data Lalch

The 8 flip-flops that make up the data latch are of a
"D type design. The output (Q) of the flip-tiop will
follow the data input (D) while the clock input (C) is
high. Latching will accur when the clock (C) returns
low.

The data latch is cleared by an asynchronous reset
input (CLRY. {Note: Clock (C) Ovenides Reset (ELR).)

Output Bufler

The oulputs of the data latch {Q) are connected to
3-state, non-1nverting outout buffers. These buffers
have a common control line (EN): this control line
either enables the buifer to tranemit the data from
the oulpuis of the dzta latch (Q) or disablas the
bufter, forcing the output inte a high impedance
state, (3 -state}

This high-impedance state allows the designer to
connect the 8212 directly onto the microprocessor
bi-directional data bus.

Control chic'<

The 8212 has control inpuls D31, DS2, MD and
STE. These innuts are used to centrol device selec-
tion. data latchung, output buffer state and service
request fiip-flop.

D51, 052 (Device Select)

These 2 inputs are used for device selection. When
D57 is low and D52 is high (D51 - DS2) the device is
selegted. In the selected state the output buifer is
enabled and the service request flip-flop (SR} is
asynchronously set,

MD (Mode)

This input is used to control the state of the output
buffer and to determine the source of the clock input
{C) to the data latch,

When MD is high (output mode) the output buffers
are enabled and the source of ciock (C) to the data
latch is from the device selection logic (DS1 « D32),
When MD is low {input mode) the output buffer state
is determined by the device serection logic (B51 -
DS2) and the source of ¢clock (C) to the data latch is
the 5TB (Strobe) inpul.

ST8 (Strobe)

This input is used as the clock {C) to the data latch
for the input mode MD = 0) and to synchronously
reset the service request flip- flop {SR).

Note that the STt flip-fiop is negative edge triggered.

Service Request Flip-Flop

The (SR) flip-tlop is used to generate and control
interrupts in microcomputer systems. It is asyn-
chronously set by the CLR input {active low). When
the (SR) flip-flop is set it is in the non-inlerrupting
state.

The output of the (SR) flip-flop {Q) is cognected to
an inverting input of a "NOR" gele. Tha.other input
to the “NOR" gate is non-inverung and is connected
1o the device salaction togic (D51« DS2). The cutput
of the "NOR" gate (INT) 1s active low (interrupting
state} for connection to active low input priority
generatling circuits.

SERVICE AEQUEST FF

DEVICE SELECTION ot
. = 1 sR

n -
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I N
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EE>ste - 1 oursur
i [ BUFFER
!
1 -
E>on L e > >
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t i g B
Gooi; i P i. looz[D
"I'R
| %,:1"’ | -
t
Doy —T=c lb—ioo:@
| R
! tr:;—'! |
E>oy I BRI Dy i
*{°=a i i
A H!,’D! o
Trd 1 >y t s [5>
e
=
fE>oi, —42 o oog [T
; .
Ca i
D=t
@Dl; { 3o -*"—l- i DO‘,!
| f‘:‘_! |
>0 1153 : oog f>
RESET DRIVER | Cq | l
S
> o |
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R PR
(578 "W B8 D BATAOUTIOUALS | ik iTEL Giyl 578 %A INT
Feo [ ISTATE a8 Ca Th -
oy e 0 35TATE g ' v e Doulen]
A A e S R
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SILICON GATE CMOS 5101, 5101-3, 51011, 5101L-3

Absolute Maximum Ratings *

Ambient Temperature Under Bias., . . .. 0°C 1o 70°C
Storage Temperatare  ee.... -B5°C o +150°C
Voltage On Any Pin

. With Respect 10 Ground . ... =03V to Ve +0.3V
Maximum Power Supply Volage . ........ +7.0V

Power Dissipation o . 4 v cerieuenennn 1 Watt

*COMMENT:

Stresses above those Isted under "Absolute Maximum
Rating" may cause permanent damage to the device. This
i5 a stress rating only and functional operation of the device
at these or at any other condition above those indicated in
the operational sections of this specification is not implhed.
Exposure to absolute maximum rating condrtions for ex-
tended periods may affect device reliability.

D. C. and Onerating Characteristics for 5101, 5101-3, 5101L, 51OIL 3

Ta= 0°Cto 70° C, Voo = BV 25% unless othenwise specified.

Symbaol Parameter Min. Typ. (1} Max. Unit Test Corditions
Iyl Input Current 5 nA Vi =0t0 5.25V
ILon (2 | Output High Leakage i pA | CET=22V.Voyut~Vee
kot 2l | Output Low Leakage 1 A} CE1=22V, Vgu7=0 0V
. Vin =Vee Except CE1<0.01
lecy Operating Current 9 22 mA Outputs Open
. Vi =2.2V Except CE1< 0.01
lecs Operating Current 13 27 mA Outputs Open
5101 Yin =010 Vee, Except
leey [2) Standby Current 0.2 15 pA CE2 <02V
5101'3 V;N'-'O(O Vcc, EXCEpt
lee 2] Standby Current 1 200 pA CE2 <02V
Vie input “Low™ Voltage -0.3 0.65% \Y
Viu tngut ""High” Veoltage 22 Vee v
Voo Qutput "Low” Yoltage 0.4 v oy = 20mA
Vou QOutput “High” Voltge 2.4 v loy = 1.0mA

Low Vcc Data Retention Characteristics {For 5101L and 5101L-3) T4 =0°C 10 70°C

Symbol Parameter Min. Typ.l1 Max. Unit Test Conditions
Vor Ve for Data Retention 2.0 v
5101L
Data Retentj Vpg =2.0V
lecor | ot Retention Current 0.14 HA | cE2 <oy | PR
5101L-3
lecon Cata Retefftion Current 0.70 uA Vo =20V
Chip Deselect t i
teonr Ti[:; elect to Data Retention 0 ns
1R Operation Recovery Time tRCIJI ns

NOTES: 1, Typwcal values are Ta = 25°C and nominal supoly voltage.
measurement. 3. tRe = Fead Cycle Time.

Low Ve Data Retention Waveforms

|- GAIA RETENTION )
! MODE

SUPPLY VOLTAGE (v,

) ]
e [ g

t'cnk

cmvsm\aumlla‘!\ \J @ /@
® 4o}

2116

2. Current thraugh 2ll inputs and outputs wncluded in focL

Typicallocpnp vs: Vpn
t 00— ———————,

51013
B
g 69—
«
) amv g Ao
@ von -
20{- S101L
o o B
@ oav ° I
e 1 2 3 & 8
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2 ol
. 3
.SILICON GATE CMOS 5101, 5101-3, 5101L., 5101L-3
~ A.C. Characteristics for 5101, 5101-3, 5101L, 5101L-3
READCYCLE  Ta =0°C to 70°C, Vg = 5V 25%, unless otherwise specified.
—
Symbol Parameter Mn. Ty pl.l P Max. | Unit Test Conditions
tre Read Cycle 650 ns
ta Access Time 650 ns
tcon Chip Enable {CE1Y to Qutput 600 ns {See below]
tcoz Chip Enzble (CE2Y 10 Outpet 700 ns
ton Cutout Dissbla To Quitput 350 | ns
toF Oats Output 1o High Z State 0 150 ns
1 Previous Reacd Data Vald vith 0 s
OH1 Respect to Address Change
t Previous Read Data Vahd vath o
OH2 Respoct to Chip Enable ns
WRITE CYCLE
Symbol Parameter Min. T\mi,1| Max. Unst Test Conditions
s e Write Cycle 650 ns
taw Write Delay 150 ns
t Chip Enable (CE1) To V! ns
Cw1 p Enable (CET) To \Wnite } 550 {See below}
1ewn Chip Ensble (CE2) To VWnite 850 ns
1ow Data Setup 400 ns
ton Data Ho'd 100 ns
Twyp Vrite Pulse 400 ns
twi Write Recovery 50 | ons
tps Qutput Disalle Setp 150 J l ns |
. 2]
A.C.CONDITIONS OF TEST Capacnance Ta=25°C.f= 1MH;z
- I
fnput Pulse Levels: +0,65 Volt 1o 2.2 Volt Linuts (pF)
Input Pulse Rise and Falf Times. 20nsec Symbo! Test Typ. | Max.
Timing Measurement Reference Level 1.5 Voit Cn laput Capacitance 4 8
Output Load: 1TTL Gate and C, = 100pF {All loput Pins) Viy = OV
Cout Output Capacitance Vout = 0V L 8 % 12
£
Waveiorms WRITE CYCLE
READ CYCLE l.___.“,___.' r—-, - - =m-#-~——-(
ADDRESS x ADDRESS x X
teon LT ‘—'i t: Towy ~————
4] 4] /
Tonz -~ l—-—
133 CE2 \-
; ooz e .
et ——— ]
oo ~ foo—= - ot s
COMMEN 1/0) 13 toomMon 1o 14
LY o5 ] —e] tos ’-— """‘uu]' -
para 7= """ N DATA GUT T DATA >< 0aTa N K
OUY...._.J......._._.._....../ VALID . N }'f - —_Slﬁﬂ‘f-_m — h
NOTES = - —— RLE
© 1. Typicat values are for Ta = 25°C and nomanal supply voltage. b— e 1 N
2. This parameter 15 peniodically sampled and s aot 100% tested. "% }
3. OD may be tied low lor separate 1/G cperauon,
4, During the write cycle, QD s "high' lar cemmon 1O and
"don't care’” for separate I/O operation,
2.117
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Appendix G {iii)

5"’?". B N .-;J,—-p-xa',xr J-—‘.v_vq-;.-wo‘y\.w, ""u.. '-m-qw,t::ﬂ:tu:.z;«_;vﬂ- _;;-;-rl,w_--::*,m ST MUS U T gy
- . e, Y 3 v rdrnd

; ({J S :'. | .:] L SUAL um.,-md...;f
CGTTCE T 1 PHOTOTRANSISTOR MCTSE
f_;QU}C{ LU | OPTO-ISOLATOR :

- - rpe AT e o A, EH WE Dt 2 T W"ﬁn“!‘ﬂul‘“‘ﬁ--\’?!ﬁ\"-’“ﬁf R ,
AT 't

) 1 ey
M,u-n\m-w = 4 g,.u "y b A A PSRV NER LA VRS MO SRS SR AF S MR e, »-"a‘-‘-&rnu\c [T .-.A

-°f<w ,~,_..,"- tedele g -~,,-_,-;,..4-;.,‘., ,-,,.g-.sp.

L R o L e e 2t T

e St M\n“""wa'ﬂw- WA T
-t e B A ’,“ L. . .
hh:w-‘\.-r-dsrlrn-—o A Aot i, & b B Bl R o it L s s '“V-b;wm.»-&ﬁa f‘k"ua'ﬂaﬁ##;y..-.m A n.-\.&..,

PROCUCT DE3CRIPTION
The MCTS opto-isoiator has two channels for high density applications. For faur channel applications, two-packages
fitinto a standard 16-pin DIP sockat. .-
At th2 Tapul, a GaAsLITE amitting diode yeneratezs infrared light prooorticnal to current passing through the dioda in
t2 forward direction, At the output, 2 sbcun phototranustor detects and amphiies the photocurrent generated 10 its
photosensitive basa region. Light ceupling electrically solates the input from the output,

PACKAG: DIVENSIONS  ALL DIMENSIONS IN INCHES FEATURES

0 W = Twa isolated ehannels per packags -
IQ -~ }—““ '% oy » Two packages f1T into a 16 tead DIP socket .
Ll =T
Al ”»

= Same basic electrical cha!actenmcs as MCT2

= 1500 volt isotar:on

L} APPLICATIONS

W T —~r m AC Line/Oigitel Logic .. . .- « - « = Isolate high voltage transiants
w Digital Logre/Digital Logsc . . . o . . - Elimingate spurious grounds

m [hgital Logie/AC Triac Control . . . . lsalate high voltage transiants

1o 8 N = = 50% typical current transler ratio
- L skont L2 i

E » Twisted pair line recewer, . . . .. .. Eliminate greund loop lexdthrough
! c = Teleghone/Telegraoh ine recener. ., lsdlaie high voltoge transwnts
' c & Hich Frequency Power Supply
.  Feedback Conwrol. . .. - .. - -. . Maintain floating ground
-— ca57 = Relay contact ronior . ., . . « + » » Isolate Noating grounds and transianis
GOLD PLATED <OVA3R NOTE CHIPS A9E LOCATEGOW MNS T EAWD 7 = Power Supply fdonitor . . L . . .., . Isolate transients
ABSOLUTE MAXIMUM RATINGS Storage Temostature -55°C 10 150°C
Operatirrg Temperatura-55°C 10 100°C
Lead Temperature (soldenng, 10 sec) 250°C
INPUT OI0DE {zach channal} OUTPUT TRANSISTOR (2ach channei)
Rated forward current, DC, . v i v ev v e mne e BOmMA Power gissipation @25°C ambient . o4 v v v w oo . 150mW
Peak peversecutrent .. ., ..., _......... 10pA Derate hingarly from 25°C .. .. ... ...... 2mW/°C
Peak forward current {15 pulse, CollaciorT CUTIENt L . o 4 o e et s msmsarmasss.30mMA
e T - S COUPLED
Power dissipation at 25 Cambient . ... ... .. 100 mW . Input to output breakdownvolisge ., . . . .. 1560 volts DC
Derate lindarly from50°C . . v o v s cnveees 2mWOC Total package power dissrpation D 25°C ambisnt . . 400 mw

Derate hnearky from25°C . . . . . . .- .. .. 833mwWicC

ELECTRG-GPTICAL CHARACTERISTICS {25°C Free Air Temperamirs Unlass Othenwisa Specifsed)

CHARACTERISTICS PALML TYP. MAX,  uUNITS TEST CONDITIONS
INPUT DIODE
Theeshold forward voltage 0.7 v Blc =1nA
Rated forward voltage 1.25 1.50 v Ip = 60mA
Ravarsy voltaga 3o 5 v L 10 pA
Raverse current 01 10 LA VH =30
Junction capscitance 100 pF Vp=0V
300 oF VE=1V
Rise tims, fall time 10 ns I = 50mA, 50{2system

OQUTPUT TRANSISTOR =0

Breawdown voltage, collzctor 1o emirter 30 €5 v 'C = 10mA
Breardown vollage, emitler 10 collecior [ 13 v = 100 MA
Leakage cufrent, col=Ctor to emuiter 1 100 nA Ve =® o0y
Capacitante collector to emutter B pF VCE "0V
COUPLED
PC‘ current transiar ranio “C“F‘ 20 &0 % VCE =10 V, lF =10 mA
sulaton voltage 1500 25060 v
tsolation resistance 1 10" Q Vi =500V
Isolation capacitance 0s pfF f=1MH2
Breakdown voltage = channel-tochannel 1500 v Relative humidity = 40%
Capacstance bierazen channsls 0.4 pF f=1MHs
Saturation voltage — coll=ctor 10 ernitter A0 v 1C » 2 mh, 1F = 16 mA
L Banrwidth 150 KHr Te ™ 2mA, Vee © v, 7y o+ 100 Q2

[ LN T T TR i



A b4 ‘
s
s MCTS o A
ELECTRO-OPTICAL CHARACTERISTICS (Con't) '
CHARACTERISTICS N, TYP, MAX. UN_ITS TEST CONDITIONS
SVWITCHING TIMES, QUTPUT TRANSISTOR
Non-saturated zise time, fall wma 24 Bs le=2mA, Mo =10V, R, = 1000 )
Mon-saturated risa ume, fall tume 15 Hs 'C =2 mA, VCE =10y, nL - K
Satureted turnron time [from 5.0V 10 0.8 V) 5 s R = 2 K, Ig = 15 mA
Sazuedted turnoft ume (from saturation to 2.0 V) 25 s TR m2RQ I~ 15 mA .
TYPICAL ELECTRO-OPTICAL CHARACTERISTIC CURVES (25°C Free Air Temperature Unless Otherwisa Specitied)
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Appendix G (iv)
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FEATURES

b 4 Wire Ratiometric Operation

P Single +5V Power Requirement

P Differential Inputs

P 40 ¢B Normal Mc2: Noise Rejection
P70 dB Common Mode Rejection

P Binary or BCD Coding

GENERAL DESCRIPTION

The ADC-ER series dual slope A/D con-
verters feature ratiometic operation pow
ered by a single +5 volr logic supply. Four-
wire differential inputs gwe high eom-
mon made rejecuan with the useful capabil-
ity of operating with nput signal and
external reference at different common
made levels, the external reference voltage
can be varied over +50% of nomnat refer
ence va'ue. In addition, the convers,on time
€an be externally adjus-2d to a §Q or 60 Hz
period to give 40 dB meumurm normal mode
rejection of AC power line nose.

This series is available in 5 different models
with resolutions of 8, 10, or 12 binary bits
end sign and 2-1/2 or 31/2 BCD digits and
sign. Important applicauons for these con-
verters include test and instrumentation
systems and signal comversion at transducer
locations. Other operating features include
a gated clock output with a3 counter reset
pulsz for transmitting data to an external
counter, an internal start pulse generator
with externally adjustable rate; and a
=5VDC power output supplying up 1o SmA
for externally powering a transducer bridge
or auxiliary amphfier.

This combunation of features makes the
ADC-ER an extremely versatle A/Q con-
verter for systems applications it contsins
an internal precision reference of 1V for
binary models and 2V for BCD models
which s used for normat, non-ratiometric
operation, ln ratiometric operavon the -
put switches between input signal and ex-
ternal reference during the conversion cycla,
Fuli scale input signal is21V for binary and
32V for BCD, the nput common mode
voltage range is =3V,

The external reference voltage range is 0.5
1w 1.5V for binary mode!s and 1 ta 3V for
BCD models Comnmon mode rejection for
both signal and reference inputs s 70 dB
mitimum, Optimurm normal mode AC lina
noise rejection 15 achieved by external ag-
justment of the clock frequency 1o syn-
chronize the signal integration time to either
B0 Hz or 60 Hz Yine peniod. Sign-magnitude
coding 1s used i all models.

Input power requitement is +SVIC at
250mA maximum and the module size 15 a
low profile 4 x 2 x Q.4 inches,

6175

Pmaran - Tel, 122508
SRSty sl t"‘i"’ "‘,‘“
Ri--‘;h i-i..il&‘s}.. Bl Ll Edia i !. *I'E

ATALEE TO EIGTAL COVERTERS

AT
AN L (170
i - = . T, T
LR e e
“m o L) Lo ’.‘ Ve T L - i
v L Detop RS _h,_?
“‘_;_4r‘~- i, :
T w4 ¥l - N 3
R12¥ "“-2315_;‘; {
T
‘i"v,‘_‘__,,,f/ ,-..a-""'" ‘l"-:%‘uk i
* - - S = T e !
J},’» L\\\-‘&T‘D\ ]
o i,
W‘H\.—‘_‘ i
~5VOLT PowER ZERD GAIN
FORER IN GO ADJ  ADL
@ (62N )
L 1
= INTEGRATOR .
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R Raided s R A
PARRLLEL DATA QUT :vm at Y
ISEE INPUT, OUTPUT CONNECTION TASLEY
MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
T T ro i T e
INCHES (M) PIN FUNCTION [ PIN{  D'GrTALCUTPUTS |
[ S V[ ANALOG GEOLRD 1 F"A"Ym"ﬁ‘c 3D T
= 31 ANALOGIA LD 21 1ge [ 17e 20
[ s AvaLOGI i NN
3 7 |+ FEFERESCE 1N IER
T ] E it L
I 7 % a
- e e FI 1% L - :
iu w1 [ 26 EQUT 3 T
e i) i i ENCEOUT i 52 8
3 ! T o
= S s l a0 TR | 63 1
b FHE (32 TsvDcauT__ 5
g 5 e | 34 £AGACUND 5
H ] it 8 L_sv PO»;\:RL.‘ 3
2 e Wit CLOCK ?J 3
] 1

X INDICATES NO PIN

['ciock ouT

45 | START CONVERT
73:1 CHUNTER RESET |

-4

LG(_,\C GPDUND

WDECRUELROC I IuDaAT
bty

Netes: 1 Open dots desxgnam omitted pins
2 0100 inch = 2 5mm
3. Py posit.on wolerance 1s £0 005 1rom datum, non accumulative
4  Anaiog Ground, Powor Ground, and togic Ground are all connected togother internally.
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AMDACIO0 8 & 19 BIT 1C D'A CONVERTER SERIES

ELECTRICAL CHARACTERISTICS:

These specitications apu'y for V= 115V, —25°C < T < 4857C for O, Q2 and N1 devices; 0°C < Ty < +70°C; for Q3, Q4
T1 and T2 devices, untess otherwise spezifred

| FARAMEITER 1 CONDHTIONS RN TYP MAX UNITS
== enmt oo == S =
Resolunon P 10 10 10 bits
Linearty “A” oplign (£ 2 LS8 —10 buts - - 005 % leg
"B option {12 LEB 9 bits} — - o1 % kg
“C "option {£°: LS8 -8 bits) - — 0.2 % lpg
| D optian {24153 -8 bits) - - 03 % lpg
Full Scale Tempeo of leg A" pplion - - 15 ppm/ C
B optan - - 30 men’ec
"G option _ - 80 ppmi°C
“0" option - - 120 pom/°C
{Far avalablz inearny/ta~poo combing-
1ons, see Ordzning informanant
Setthing Time Ta=25C.10005, - - 375 ns
Tp=257C. 190.1% - - 300 ns
Tp=25C, 100 2% - - 275 ns
Ta=25%C, 1004% - - 150 s
Ta =25°C. 100 8% - - 1co o5
Fuli Scate Qutsat Voltar? Comnect FS Adiustto V-
10V Mode's 4Q1, Q3. T1, N1) 10 — 111 v
5y Moe2is [02, Q4. T2, NT) S - 5565
1Lomas o.draniss dopusizbiaty 10 exact
10 Q{3 0V ath a 2205T tnimoot baiacen
FS Adjast a~d V-
'_ZEVO Scate Outout Vgitige - - 09035 % FS
Logic Inpuss Neasurad vaith respect to gutput pin
High 2.1 - —
Low - - 0.7
-
Logic lnput Current, Vi =0 to BV - - 5 QA
Each Input
Logic input Resstance Vyy = Oto 16V - 3 — M
Losic Input Capacntance — 2 - oF
Output Resistance r - 100 T - (191
Output Capacitance - 13 - oF
Apphied Po~er Supphes
Vi Linpanty within specification +6 - +138 v
V- Lsneanty witun spetthicaton ] - —18 v
Power Supply Rejecion V, - toVie 11BY - - .01 %per %
Power Consumpuion
Q1, 42, N1 medeis vV, =tEV - 80 100 mW
Vg = k. 1:41) - 200 250 my
3, Q4, 71, T2 mudels Vg = a5y - 200 300 mwW

raGC 3
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INPUTS
AnalogInput Range .., ..........
Reference lnput Range , ., ........
Input Overvoltage, no damage . ... ...
Input Impedance, both snputs . .., .. .
Input Bias Current, both inputs . .. . .
Common Mode Input Range . . .. .....
Common Mode Rejection, DC-60Hz. . .
Normal Moda Rejection, 60 or G0Hz . .

Start Conversion

ADC EREB/103/178
BINARY}

AGC-ERED/10D/12D
{BCD)

IV

+0.5 to +1.5V

=20V

100 fleg. min.

450A typ., 500 nA max,
+3V min,

70 43 mun.

40 48 mun.

<2V
+1 to +3V

. & 4 4 a

2V pun., 10 5.5V max. pes

with duration of 100 psec. min.
Logk "1" resets tonverter
Logi “'0" initiates converson

Loadng” 1 TTL koad

‘tive puise

QUTPUTS
Parallel Qutput Data ... ..........

Sign L e e
Overdoad  .............00cun.s

EOC.(Status) . o, oo i v i vy imee e s

GatedClock ... .ivvnvsnivnnsn

CounterResst , . ... ... 0o

Clock Qutput ..o v iinvenusonars

Start Qutput .« i v eermaanrea

PowerOutput . . .. ... v vuanas-

B8/10/12 parallei
knes

8/12 parallel lines
znd overtange

Ouiput data heid ontil next start convert pulse.

Vout ["07) < +E.4V
Vout ["17) & +2.8V
Leading: 6 TTL foads

Cutput HI for pasitive input
Loading: 10 TTL loads

Dutput Hi for + input > F

Qutput HI during reset and conversion znd LO
when conversion s completa

Loading: 4 TTL loads
Cutput pulse train giving:

H

N+4096 pulses l

W+2000 pulses

where N is converted count

Loading: 8 TTL loads

Pulse HI for resetting external countérs

Leading- 4 TTL loads

Continuous ¢lock pulses wath nominal frequency

of 100 kidz
loading: 1 TFL load

Intemally generzted 100 nsec. start convert
pulss at 2/sec. Cam be externally adjusted

for faster rate.
—5VDC 12% ® SmmA max.

1. Both analog input signal and external
reference look 1nto identical differental
Imputs with an electronic switch switching
between the two during the conversion
cycle. A bias current of typically 45nA
flons out of the input terminals and must
be regturned to ground. for singie-ended
operation Analog LO and either reference
input should be connmected to Analcg
Ground Only one reference is required for
eithes polarity of analeg input,

2. Zero adjustment s required for either
ratomeinc or normal operation, but the
gamn adustment s requred only for nor-
mal operation {using internal reference) or
apphlications where the intarnally timmed
accuracy of 0 1918 insufficient

3. Opttraum normal mode noise rejection for
AC line frequencies 1$ obtained by exter-
na'ly agjusting the clock frequency 1o give

a signai Integrantion time eguai to the hine-

frequency period of 50 or 80 Hz, This
most eas'ly done by using a digital coynter
connected to the Clock Qutput ipin 48).
if narmal mode noise 1s neghgble or of
fugh frequency, the adjustment 15 NGt
necessary, For short term measuwrements
an adustment 1o within 0.1% of hine
periad can be achieved, tesuiting in 53 dB
of rejection, For longer term measure-
ments, both line ‘frequency and clock
frequency deft slightly and a more reason-
able maich to within 1% resuils 10 40 &8
TejeCcion,

4, The start rate adjustment alows cperat-
ng at an nterpally set rate of 2 conver-
sions:sec, or at faster rates up to 23/sec

PERFORMANCE

EErOr, MaXe - + - o oo c v u-neesns naan
Resolution . ... v v narnnnesns
Coding oo vv vt et nnacaranaasns
Temp. Coetf. of Gan, converter . . . . .. .
Temp. Coetf, of Gain, reference . . .. .. «
Temp. Coetf.of Zero ... ..o, i0e v
internal Reference . . ., .... ... ...
Power Supply Rejection . o oo a - v s
Conversion Time, 60Hzperied ... ... .

50Hz pariod .. .....

.05% Reading +1 count
8/10/12 Bits

Sign-Mag. Binanry
+5ppm/” ¢ max.
+30ppm/° € max.
2300VF C max.

W +0.1%

01%/% max.

76.8 msec. max.

90.0 msec. max.

-

2%/3% Digits
Sign-Mag. BCD
-

-
-
2V 0.1%
-
43,3 msee. max.
50.0 msec. max.

Relativa Humidity . . .. ... . oo h s
Casa Size
Case Material . . ... un o vsmnoas

P L

PHIS « s ecarecrnsnssaonannsns

Woight

WarmUp Time. . ... ....00uee -« | 5mmutes *
POWER REQUIREMENT +5.0VDC 5% @ 250mA max.
PHYSICAL-ENVIRONMENTAL

Operating Temperature Range .. ..... | 0°Cto70°C .
Storage Temperatsre Rangs . ... .... | -55°Cto +85°C »

Up to 100% non-condensing

4 X 2 X 0.4 nches {101,6
Black diallyl phthalate per

070" round, gold plated, 2007 ig. min,

4 or. max. (114 g

X 50,8 X 10,2 mm)
MIL-M-14

ORDERING iNFORMATION

ADC-ER
C T

NO. COF BITS & CODING
8B = 8 Binsry Bits

128 =12 Binary Bits
8D=2% BCO Dgits
120 =2% B8CD Digns

PRICES {1.9) N

swege ADC-ERSE . ,.....579.00 M7
ADC-ERICB .. .., .535.00
ARC-ER12B ., .. .. $99.00
ADC-ER3D ......S579.00
ADC-ERIZD......523.00

Mating Soekets: DILS-2 {4/ moduie) $5.00/parr
Tomming Potentiometers.
TP100K, TP10K a153.00 each

For extended temperature range 3peianon, the
fallowing suffixes are adcea to the model number,
Consult factory for pricing snd delivery.

EX
-EXX-HS

=25° to +85°C operation

~55°C to +85°C operation with her-
metically segled semiconductor cam-
pONEnts.

The ADC-ER Series Converters are covered by GSA
Contr,ct No. GS005-27959, FSC Grouwp 85, Part 11
Section K, period 31-75 1hrou gh 2-29-76.

108 = 1G Binary Bits —

*Specifications sarre as first column,




since dammage ta the converter vall result,

B OO
o
.
o
|
!
i
I - SO O
i
T IREAAIS
-
D P—— S - Ao e .W-——:..-.....J
ST AT = \ -
(BCD) or 13 sec {Bwary) by external START e i ’ o
f adjustment e
! ) To operate with the interpal CONVERT 100 nsee mitt.
start convert, pin 41 must be connected to
pin 48 The converter may also be siarted 1
€xternally by means of a 100 nsec, min. E0C T CONVERSION [T
Start convert pulse apphied directly 1 pin ISTATUS) rq——————' T CDU?:F"ETE p [H—10mse=
ATA VALI
43, ! T=333Imeee (BCD}" | ma
- . T
E. The -5V po | T = 66 7 msec. iBin) r—= oL —
o usjdw:zor output from the converter COUNTER ,--r 1See Tech Note 6
¥ 2 power a transducer bridge RESET o e B usee max, !I
Or an auxihary input amplifier such as | ]
BAT76, LM303, or 4250 m conjunction B ' Lo
with the +5V mput power The 5SmA l [“'11"'”,\':j”l':“I:‘H:'ltlH”WI!‘}‘HI“III‘;I{l\‘}i: 3 ! LEI\‘!HIHHI
maximum output should not be exceaded GATED 1 ;Hii R ! i b Lo ‘;i ! l!‘fl!“l{lllﬁll‘m
- CLOCK e e TR i
or it witl affect the operation of the [I ]Ih.ltl an‘.lJilmE!nll i bl 1 1!: UL
1
converter. This output s short corcuit 1 NO PULSES = 2000 + * [SCD) iN ncoumprnpomon‘al ta Eyp)
protected to ground but should not under : = 4095+ N (Brmary) i i
any circumstance be connected to +5V or i
any other power supply output voltage i
L INTEGRATOR i
l
k

The -5V output s Teguiated to give a

{ constant 10V difference with respect to

- the +&V power input with & typical
tempco of +100ppm/° C.

Analog inputs exceeding the +3V supply
voltage, althcugh they will pot cause any
damage up to =20V, will cause the Input
switch to malfunction This wall cause the
overlcad outputl 10 remain high and the
sign output may be wnwvalid 1§ inputs
exceeding =SV are to be encountered tn an
. application, 1t 15 recommended that ciamp-
. ing diodes be uted from the inputs 10 5V.
Overload recovery time, Tg . after a =5V
input overload 15 30 msec. for all BCD
models and EQ resec. for all binary models.
See tirming diagram

1
|
|
i
|

RAMP
1 | 1
[S | | |
1 ¢ ;_ >FS 1!_
il I { i)
OVERLOAD [ ! 1 |
(! ! 1 <F5 t
T T l T —— T
[ | POSITiVE |
(] b e 1
SIGN (I t il E
1 : | NEGATIVE {
T Lt A
I 1 paTaouTPUTS i lpaTA OUTPUTS
! ZERD ZERQ
1 ] -~
DATA QUYT
DATA OUTPUTS COUNTING VALD B BELD

*When synchronized 10 60 Hz pericd. For 58 Hz penod: T = 50.0 msee. (BCD)

T = 90.0 msec. (Bin)

Cpatpiigd aroT s
et e = oew = - [ [ - [ S S it
BCD CODING
. SCALE 21/2 DIGIT 31/2 DIGIT
INPUT (=} | QUTPUTCODE | INPUT () OUTPUT CODE

FS-1 LSD 1.89V 11061 1001 1.699v 11001 1001 1001

3/4FS 1.60V 10141 0000 1.500Vv 10101 0000 COCO

1/2 FS 1.00V 10C00 0000 1.000v 1 0000 Q000 €000

1/2 £S-1 LSD 0.93v 01061 1007 0993V 01001 1061 1031 i

1/4 FS 0.50V 00191 0000 0.500V 00101 0000 Q000

115D 0.01V 0 0000 0001 0.001Y 0 0000 0000 G001

s} 0.00v 0 000G DO0O 0.000V 00000 0000 0000

BINARY CODING
8 BIT 108IT 12 81T
SCALE INPUT (Y CODE INPUT {1t} CODE INPUT (2} CODE

FS.1 LSB L8096V IEARRREE! 9930V 111111131 99976V 19111111 1111
T/8 FS B75V 1110 0000 8750 1110 0200 GO 87500V 1110 0000 0000
3/4 FS 750V 11G0 0000 7500V 1100 0000 00 75000V 1100 0000 Q000
1/2 F5 500V 1000 Q000 5bo%av 1000 0QOC GO 50000V 1000 0000 0000
1/4 FS L2500V 0100 0000 2500V G100 0000 00 25000V 0100 0000 0050
1/8 FS 126V 0010 0000 1250V 0010 £000 00 L12500V 0010 Q000 C000
1158 004V 0000 0001 0010V {0cao 0a0¢ 01 .0oc24'Y 0C00 0000 0001
0 ooov 0o0C Qoo 0ooov 0000 G000 00 00000V 0000 0000 0000

q

yvp—
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STANDARD CONNECTIONS AND CAUBRATION

STARTFLLSE RATE
da BA
Raors e fgh SATE

4 Cormeruca Par Second

S

CALIBRATION

1 Connect the eonverter as shawn in the giagram Allow a 5 minute warm-up before
making {inal aciustments,

Z Zero Adjustreant. Short tagether Anzfrg in HI [pun 5), Analog In LO {pin 31, and
Anstog Ground (arn T). Adjust zero 1. Ting potentiometer to obtan a flichering

!

+HVDC -
] — Lotk a0 37 O Gw Hy o 2RO Sign {pin 72) and log'c 2870 On 3l para el Bata outpul ines
3 PaR END START RATE 39 o d—tf 3. Gan Adustmant. Apply a pracsion reference mput voitade between Analog In Kl
et ;"f: | ¢ x svour AT OUT 11O ereceenze {pin §) and Anziog In LO (pin 3} w.th the latter connected 10 Analog Ground
04 |0 x can AD 0 o= {pin 11 Set the precision reference to a woltage near fuil scale (see coding 1abtes)
2% JREF QUT and adjust the gamn tnimming pornt.ometer 10 gve the correct digital output
s
ZERQ —C 2% MIF OUT CLOCE QUT 45 0 TO FFEQLENTY code,
A S1ARTINS COLNTER FOA NOTE: The gain adjustment 15 interratly trimmed to within ¢80 1% accuracy If
hIfMA wIDE
NOSE HEELTION this accuraey 1s wificient, then pin JGshould be left open. The gain adjustment 15
047 2680 ADJ ADISTHEMT not necessary for ratiometric oparatoot,
ADJUSTMENT OF CLOCK FREQUENCY AND START RATE '
1. To o%tain cotimum normal mooa nGese weettion 3t either 80 ar 60 Mz, the Clock
LGI REF 1 Freque 2y Adust potentiometer showu & be adrusted to gwve the appropriate ¢lock
7 oRES N frequency shown tn the tae Thes & most easly dose usimg a freauency counter
|5 5 anal oG m MY CLOCK FREDUERTY DN connected to the Clock Qut Ipen 48} Adtrough @ 200K ad,ustment potentiometer
|5 3 ARALOG N LO y:::::é):?:::wi grves & full Targe of ad,ustment, MOST atufale aciustment s achiaved by a 10K
L0 1 anaLOG G0 el IMMINg potenhometer IN $eTes with an aporopnizte fived resistor vatlue
(8 Com ‘ e Swr | 2 Yhe internal start puise generator operates at a nominal rate of 2 puises/secand
= bl St M St with RO conrection 10 pin 39 To imerezwe the cOMversion rate a resisior may be
. 1:_,- [ i‘,, B R Bkl Bt connected 25 shown from pin 39 to +5W a8 liystrated i the calibration diag am
RATIOMETRIC OPERATION USING WITH BRIDGE TRANSDUCER
EXCITED BY 5V SUPPLY
Ve o WSV “svoC © 3 a5V IN
O et e L 0 Mo
by COM =, - M PWR GND
-5V OUT
oo & © T oAKADL 5 © n-svour
2RO O X0 GAIN ADJ
o1 © 28+ REF OT BRIDGE
© 2-ncF Out TRANSDUCER Q 8+ REF QUT
1 © 2-REF OUT
1T 2ER0 ADY
* \
o s-nee
0 7 -mEF W
SANALOG M
-0 §-REF IN
0 3 ANALOG IN U
0 1 ANALDG G —C 7+REF N
£ Fow - O 5 ANALDG INHI
Ew
PUT - —— X LY
l‘m‘imia\' QuTrUT Voer RN CD X4 o) —0 JANALOG INLO
E.
54 = COMON HODE - s XA 12 bt}
REF

USING WiTH BRIDGE TRANSDUCER AND -5 DUTPUT
TO MINIMIZE INPUT COMMON-MODE VOLTAGE

DRIVING AN EXTERNAL COUNTER
WITH THE GATED CLOCK & COUNTER RESET

+5vDC

0 ; SV IN
5 M PR GND

coM

BRHGE

» TRANSDUCER

smA

MAX

< 3 -5V OUT

O ZGAIN ADS
O W= REF QUT
Q ¥ -REF_QUT

9-REF IN

€ 7+REF IN
3 SARALOG INHi

0 JANALOG INLO

For8Ch Models R, » A= 2R,
For @iary Models- Ry = Ay= 45,

e e
R oo
' GATED 1
_ GATED CLOCK 43O — PULSES
.| "!l_
COUNTER
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Appendix G (v)

TECHNICAL SPECIFICATIONS NOVEMAER 1973 r“‘\ F‘\ f’"\ AR f\\

\_:;:_.

: 1
g A 1 -, ‘.; b
,ﬂ:".’ft'?—i ! b-‘l'

0y f) AT TMTER om0y T nemes "*!;f'-x‘ PREF T DAY SROANINECAIToNEaT (B e g D ey
O I bu il beiTe courtibios® i Tt ditiees ot Weosd w i d nd £.0000 0
FEATURES: A T - T }
> COMPLETE.............. {NCLUDTS REFERENCE, ]
CURRENT SOURCES LADDER, SWITCHES i
2 COMPACT........ 16 PIN DIP OR 23 FIN FLATPACK . % '
E2 COMPATIBLE ........... TTL, DTL LOGIC LEVELS -4
LOWPOWER ......o.viiinn e 50mW TYP AT 26V o ;
B3 \WIDE SUPPLY RANGE .. ............ GV TO 218V R i
B2 FASTSETTLING ....225n5 (8 BITS), 375nS (13 BITS) - e Ty 5 . - {
£ 8&10BIT MODELS. ............ WIDECHOICEOF  ~ p\o3iud™® . \ :
SPECIFICATICONS " N § o
B2 FLEXIBLE ........... HIGH SPEED 0-2mA OUTRUT ‘f“. ».-',\'.‘ : ;
2 RELIABLE ......... 1007 POWER BURAN-IN @ 125°C o - j'
T STABLE ............ TE »wcos TO 215pp" 17 C MAX - ;
E> HIGH LINEARITY .. TO 0.05% MAX, —25°C TO +85°C .
¥ \WIDE OPERATING TEMP RANGE...~557/+125" AND i
0’f70°C
S U VU F P ST U S sy gt
GENERAL DESCRIPTION linearity and tempco cpt.oms ate proviged ta allow optim:za-
The ANMDAC 10D series are complete 10 bit resolutton Diptal- tion of price/performance ratio.
to-Analog converters consirucied on two manglithve chipsn g The sma!l uze, wide operatmg temperature range, fow power
singl2 186 DIP or 24 Tinilatpack. Featuring exceiient hinganty consumption and high rehabiity conttrucpon make the
vs, temperature periormance, the ADAC 100 includes a low AADACIDD sl for aerospace applications, witnAlIL-A1-38670
tempco voltage reference, 10 current sourcefswitches and a processing avaiable. Low cost 0°/+70°C versions are available
high stability thin-flm R-2R lagdar retwork. Llax:mum apph- for afiindustnal requirements. Applications for the AIM DAS 1CO
cation flexsbility 18 provided by the fast current output, and series include use in servo-gositioning systems, X-Y plotiers,
rmatched ipolar offset and teedback resistors are included for CRT disntays, programmable power suppliers, anglog metgr
use with an externzl op amp for voltaqz outout apebeatipns. movemnent drivers, wavefSrm generators and in high speea

Although all umits have 10 bit resolution, a wide choice of Analogto-Digital converters.

SIMPLIFLED SCHEMAT!C ARD PIN CONNECTION DIAGRAM (DUAL-EN-LINE PACKAGES) |

r = ———e e BiGLTAL LUS C NPy YE —
e
B PP S S NS S AP S A AR A
Iy - Al )
o O] i—v . - —
S R T S e
& -] & l <] ° <]
Sro Ll ,}wl,}t -“h-rL,.;_J
ar K% T J
:;:t( & }} Aol } 7
A
-r H e ]
g : cree o]
‘rnnov A v e TYTIN - 1
P e J, 4 {ALOVE PIN QUT APPLIES FOR Q1.
AL ot ’ Srouan e Q2. 03, Q4, T1 & T? PACKAGES)
HOLAT S SIS RFA R
¢ Yoz b
The premium performance of this product is acluevsd tluough an advancod o 5 3 R ¢ + ‘ . i’
% LN o ;
processing technelogy., All Precision Manolithics products are gugianicad 10 ment ‘f‘,l , 1 1‘ - L u
or excerd published specifications. N J P . o i
F P B3 SO rla [ ' '13
' vid o Ta s B
e AN (_A-!A‘l (£ ]




AMDACIOO 8 & 10 BiT 1C C/A CONVERTER SERIES
GENERAL INFORMATION:
1. The AIMDACIAD series are dugital to-analon current con-

verters; voltage ouipus may be easdy urntenrented by using
an external operat unal amsh o vt o

2 antenzily provedad
feedback resistar. For clanty and conssniene:, most spaciica-
tions will reference full sccle catoet veatage rather thap futl
scale outpuL current, assuming an iccal” op amp has been
utibzed for conversion.

2. The logic coding used for drivig the AVDAC 100 should
be comolegrantary Lonary or offsel cems!zmentary binary 1o
obtain unipolar and broclar analoq ouiouts, respactivaly.

3. The aDAC 160 tories provides a vaide variety of worst-

¢ase linearity and full-scale tempco combination options. All
devices have 10 bits of resolution; the lineanty options of
0.05%, 0.1%, 0 2% and 0.375 guarantee monotgnic operation
for resotutions of 10, 9, 8, and 7 bits respectivety. When less
than the full 10 bits are utiiized, the unused logic inputs Mmust
be connectzd to a “high” logic level.

4, awDAC 100 devices in Q1, Q2 and N1 packages receive
many of the 100% processing steps specified by M1L-11-28517
including visual inspection per 883-2010 1B and 98 hours of
burron at +125°C Devices completely processed in com-
pliance with 38510 levels A and B are available All AIMDAC 100
devices sgzeified tor 3°C to +70° operation recewe at least 72
hours o1 ourn-a,

ABSOLUTE riaXIniUn RATHIGS:

V+ Supply 10 V- Susply 0 10 +35V
V+ Supply to Output 010 +15V
V= Suoply to Outout 0io 18V
Logic tnputs 1o Qutuot —EV 16 +6Y
Log ¢ Inputs 10 V+ Supply (Note 1) —18V 10 OV
Logics Inputs 10 V= Supcly (Note 1) 010 +13V
Posor Dissipation (Naa 2 SooY

Operating Temperature Aange
Q1, 02 snd N Packages [Note 2}
Q3, Q4% and T Packages
Storage Tempperature Range
Q and N Packages
T Packages

~55°C to +125°C
0°Cro+70°C

-65°C to +150°C
-55°C 10 +125°C
Lead Temperature {Soldernal

Q and N Packages

T Pacez3cs

+200°C (50 sec)
+260°110 sec)

NOTES:

1. Irporrant se2 Applcaticns secuon for  ~farmat.pn Gno eme
proper poser suco! Mo inout comb - ations

2. Ratng anptes to ambient temperature of 100°C. Abcve IOO:C,
derate st 10w G,

PIN CONNECTIONS:

{TOP VIEW)

. "7l e - .t
w1 bmrs s done ey
ety —] .
s
Ty oy b— 272
LAFR ferrary
wre vj —cora
rwe— F—sers

PN DALY OF T % rCu)

1, a2, o3, @4, T1, T2

LI pea—, a0y
3T pe——y [t L]

AR Lrarr
LI Y TowTe
™a =M
- % B et
o w
LR LT T

Pl st ar ¥ wa
Lt 1.
et Y
", 2 e,

26 Pk Fuat=a0F (W SLEFX

N1,

ORDERING INFORIATION:

AYMDACIO0 d2.iges are avatlatie 1n @ wode variety of pocrazd temaeriture rang2 inear ty-tempcooutpul vo'ltege cominauons The
complete part nurrzer incrudas sullaes whiioh v itheate the speafic varcre2ter seiecled, as tnown betow:

ORDER NUMBER: AIMDAC-100 X X X X

SPECIAL NOTE: The following hnewrity/tempco oplion combana.
tions are avaitable for the above —55/+155°C 101, G2, N1} mauals,
AA, AC, AD, BA, BY, BC, CC, DD,

{ J L
LINEARITY £.5. TEMPCO l PACKAGE, TEMP RANGE AND OUTPUT VOLTAGE
o
0.05% MAX A 15 pomt € MAX A 16 Pun timimetic Dip, ~55/4125°C, 10V and 5V a1
0.1% MAX B 3G nprn,'ac MAX B 16 Pin Huermetic Dip, - 557125 C, 8V and 22 5y a?
0.25. MAX c 60 ppm{ E MAX c 24 Pin Hermetic Flatpock, -55/+1257C, 10V, 5y, 25V 42 5v N1
0.3% MAX D 120 ppmi C MAX D 24 Pin Hormeti Flawack, —85/¢125°C, 10V, 5V, 25y, #2 5y N2*

The folloveing lincsrity/tempeo opticn combimations are availphile for the above Oﬂ'ITDn

*N2Z device ssmular to N1 excent pin for oin roplacement for LAT22 and comaasnion resistor network_

16 Pin Hermetc Dip, 0/470°C, 30V ang *5v Q3
16 Pin Hermete Dip, 01‘+70.:'C, 5V and 125y a4
16 Pin Plastic Dup, 0/+76°C, 10V and 45y T
16 Pin Plo .t Dap, GIH‘DOC. SV and 2725y T2

C 103,04, T, T2) modnis AC, BC, CC, 1D,

PAGE 2
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A DAC1I00 APPLICATION NOTES

LOGIC CODING — The 2o DACIO0 uses comrpiimeniary 1 -
verted binary loqic cotiay e anuii Veeroes ot producas a full
scale oulput, while am all "ons" 1rpot produces @ 2o1o seaie QuIPUL
The oulput may b0 easshy, molhicd 1o acommodate compia-
mentary  offset Linery, compementary onv's complement and
complementary twa's cor e mantary codos

LOGIC COMPATIBILITY — The wnput logic iovels gre directly
campatble with DTL and TTL loge and moy 3ho b2 uted with
CMOS logic powered trom a sinvle +5 valt supply

LOWER RESCLUTION APPLICATIONS — Th2 v..DACICO may
be used 1n apphcutiors Eguiriar ,2s5 than 10 bits ot reso'upion, Al
wnused logc nputs muit ne ped to the hgh .ogie for proper
operavon “Floating” lcgic Inputs cdn cause iMprooer gperation

FULL SCALE QUTPUT ADJUSTMENT — Tre outout current of
the ar'DACI00 may be reduced 1o produce an exact 10,000
15,0001 volt outpui oy connecung a 20082 aspusiab e resstance
between the Full Sizle Ad ost pin ard V— Adwstrrest snouid b2
made witn 2nnput of a1 “zeroes.”

BIFOLAR OPERATION — The z2+DACION may be converted to
Lipolar gperation by ir 2cting a nad-sca'e currant i-te the cutput,
this 15 accompnsnad Py Conteciing the internal b po'ar résIston W a
+6 4 voit reference. Trmem ng of the zerd cutput may te faciitated
by placing a SC0LY adiustalie rasistance 1n ser e5 wein the *G 3 volt

reference Trimnung procedure 1§ as foliows with inputs ser to all
“ones”, adjust Bipolot QOflset pot to duswed negatve Full Scole
Voliage; with wnpuls set to 2ll “'zeroes,”” adjust Full Scale pot to
desired positive Full Scale Veltage (Make certain cerract end point
voltages are used with one’s and two's complemsnt codings )

VOLTAGE AT QUTPUT PIN — The anDAC100 s designed to be
aperated with the voitige at the output pin held very close to rero
voits. Input log.€ threshoid levels are airectly affected by output p.n
voltage changes; volrase swings at the output may cause loss of
hineaiity due to improoer swiching of bits Large voltage swinis
may cause permanant damage and should be avoided Progor
operation can be optained with outoat voltazes heid within =0 7
volts, a pair of back-to-back sihcon diodes tied from the output
ground is a convenient way of clamping tne output 10 this imig,

POVYER SUPPLY SEQUENCING — IMPORTANT — OCccasionat
early = DACICO doviges may suffer tomporary mafurciion Zra
possible cermanant damage +f voltage 1§ pres2nt 3t the 10gic inputs
tafore the V+ s,ooly s avanab's A sim2'e protection Crou.l M2y i
be smplermented by wsing wd shcon dicdes to clame 1he V-
terminal to the logic supply as shown in the didgram on page 7

LOW COST 8 8IT TRACKING A/D CONVERTER

C_ACK N
BAX Mol CLOCK QATE «3 Su-p

2y TRAZK
|
N op—— '

=R
o ALY

t

Yoy = 070 +19V
R T 4 BRY
ANALOG , T™

3 raund 16 BIT D/A GORVERTER
24 FLIY. Y 4_.'+_J
> 14

+15y
AN DAC-160CETT Jhard

INPUT  “gaxu_u FuLL SCALE
PuT

SME HAVE IHPY
15 4500H

{FOR FULL DETAILS, REQUEST APFLICATION NGTE:"A LOW COST, HIGH PERFORMANCE TRACKING A/D CONVERTER™)

18] [E 2
2004
FULL SCALE ADd ~1av

L4

POWER  AnALDG
GROLND  GROUND
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Appendix G {vi)

KETRUCTION MANUAL

REGULATED POWER SUPPLIES

LOS W SERIES

SPECIFICATIONS AND FEATURES
DC OUTPUT — Voltage regulated for line and load. For veltage and current ratings see table I below.
TABLEI

MAXIMUM CURRENT (AMPS)
AT AMBIENT TEMPERATURE

MODEL VOLTAGE
RANGE
40°C 50°C 80°C

LOS-W-2 2+ 5% 12.0 10.5 8.5

N LOS-W-5 5+ 5% 12.0 10.5 8.5

LOS-W-6 6+ 5% 10.0 9.0 7.3
LOS-W-12 12+ 5% 1.0 5.8 4.6
LOS-W-15 15+ 5% 6.3 5.2 4.0
LOS-W-20 20+ 5% 5.2 4.2 3.2
LOSW-24 24+ 5% 4.8 3.8 2.8

b PRSI
LOSW-28 28 + 5% 4.2 3.3 2.4

Current range must be chosen to suit the appropriste maximum ambient temperature, Current ratings apply for entire voltage range.

REGULATED VOLTAGE OUTPUT

Regulation {line) ... ....... . ..o 0.15% for input variations from 105-125, 125-105, 210-250, or 250-210
volts AC,

Regulationtloadh. . .....ooo it e e 0.15% for load variations from no load to full load or full load to ne
load. .

Rippleand Noise ... ... ... it iiaeeiaann.s 1.5mV rms, 5mV peak to peak with either positive or negative

terminal grounded,
-Temperature Coefficlent. ................ ... coioeeains 0.03%/°C -
Remote Programming

External Resistor

LOS-W-2 B e s Nominal 1000 ohms/volt output. The programming coefficient is
. negetive, Increasing resistance decreases ourput voltege. Use a low

. . temperature coefficient resistor to assure most stable operation.
LOS-W-5 throughLOS-W-28.......................... Nominal 200 ohms/volt output. Incressing resistance increases
output voltage. Use a low temperature coefficient resistor to assure

most stable operation,

Programming Voltage ..........cvuviiiivovainnes oo Cne-to-one voltage change. The programming supply must have a
reverse current capability of 6 ma mun. Programming supply need
not have reverse curtent capabiity when programmng LOS-W-2,

Remote Sensing..........ovouncviinnan e eiaea . Provision is made for remote sensing to elinunate the eftect of power
output lead res:stance on DC repulation Sensing leads should be a
twisted pair to munimize AC pickup. A 2.5 mf elect. capanitor may
be required between output terminals and sense terminala to reduce

noise pickup.

OVERSHOOT — No overshoot under conditions of power tum-on, tumn-off, or power failure

ACINPUT — 105-125 ot 210-250 volts AC at 47-440 Hz. Standord LOS-W power supplies are factory wired for 105-125 volt input but can
be rewired for 210-220 volt input. See figure 1 and schematc dingram for rewining of AC input, Input power: 240 Watts*, Ratings
apply for 57-63 1z input. For 47-53 Hz input derate current 10% for each ambient temperature given in table L. For 63-440 Hz input

consult factory.
*With output loaded to full cument rating and input voltage 125 volts AC, 60 Hz

OVERLOAD PROTECTION — Autamatic electronie current hmiting circuit, limits output current to a safe value, protecting load

and power supply when external overloads and direct shorts oceur.

¢



- o Q305 RILRI4, RIS
LAl v =
CR3 f{OI o 1{ WGTES %2} w:;n-: 5):' - —qes
+ ]
ac f' O 2 kv ELeh L) o oTESY
I[ oE Q LRI2 Ti
BLK I FRL-00- $INCTE G} OV
(NOTES 9 BICYD)
WHT
AC 1
= NOTE I ok
. C Y
: FBL-00-054 *}:} voeaos | (NOTES)
Meer
R2 . OGO CERAMIC HOTE B} | gy
. noTE6) gy FEN9%E oaow ugreiz S92 210%
% 1/ COLP
RO $R7 RS (NOTET)
Ira e NOTE &) 2
LHoTEB) PRI {NOTE £) 3 (KOTE 6)
VAR FILM =V
3 T B R
NOTES. 5. eV
I RESISTOR YALUES ARE IN OHMS 9 T!FEMARY COMNEDTION SHIWN & FOR i hd ]
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LI

IT WDICATES AZTUAL URIT MARK KG

4 SEE TABLE IT
7. R13 B RIS ONLY USED CN MO

¥ IRCICATES CTNNECTION T3 CHASSIS
T £ 32
’*h-rﬁwss NCTED

[el]e,
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% FOR OOPERPATON AT 47-53 1y, CERLE CLRPENT BY 0%,
= FOR OPERATION AT 63-440n2, CORSJULT FACTORY.
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CEL LGS -w-2.
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-'-NS
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TICNS SHE NN

WATE

e
CONNELTICN

TABLETY
SCHEMATIC DATA REFERENCES
MODELS LOS% 2 THRL LOS W 28

SCHEMATIC DIAGRAM

REGULATED POWER SuPPLY

ALAMBDA

ELECTRUNICS CORP
HELVILLE, NEW TORK

. @ SUBSIDIARY
.

L3
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BNSTRUSTION MANUAL
REGULATED POWER SUPPLIES

LCD-Y-152,L.8D-Z-152

SPECIFICATIONS AND FEATURES

IC OUTPUT — Voltage regulated for hne snd load For voltage and current ratings see table ]

TABLE
MAXDMUM CURRENT (mA)

VOLTAGE AT AMEBIENT TEMPERATURE
MODEL

RANGE 40°¢ 50°C 60°C

. LOD-Y-152 +12to 215 1000 750 500

=————P=| LOD-Z-152 +12to 215 500 375 250 ——

22zre2

Cument range must be chosen 1o suit the appropriate maximum ambient temperature. Current ratings apply for entire voltage range.

G-926!

EEGULATED VOLTAGE QUTPUT (each side)

Regulation (line) . 015% for input variations from 105125 or 125105 volis AC.
Reyulation Qo§dl ........... 0.15% for load vanauons from no load to full load or full load to no load,
Rippleand Noise, ... e e . 15mV rms. 5mY peak to peak.

Temperature Coefficient . . .. . L. 0.03%/*C

RemoweSensing.. ............ .. .. ... ... Provision is_made for remote sensing to minimize the effect of power

cutput lead resistance.on DC regulation Sensing leads should be a
twisted pair to mirimize AC pickup A 25 mf elect, capacitor may be
required between gutput rerminals and sense termunals to reduce noise
pickup.

GVERSHOOT — No overshoot under conditions of power turm-on, turn-off, or power failure.

AC INPUT — 105-125 or 210-250 volts AC &t 47-440 Hz. Standard LOD-Y and LOD-Z power supphes are factory wired for 105-125 volt input, but
can be rewired for 210-250 volt input Sce Figure 1 and schemctic diagram for rewining of AC input Input power®. 75 Watts (LOD-Y}
40 Watis (LOD-Z1. Power factor*: 0 7. Raungs apply for 57-63H2 input. For 47-53Hz input derate current 10% for each ambient temparature
green w gable I For 63440 Hz input consult lactory.
*With output loaded to fuli current rating and input voliage 125 voits AC, 60Hz.

TRACKING - Absolute differerice between negative and positave aulputs within 2%, 0.2% change for all conditions of line, load, and temperature.

OVERLOAD PROTECTION — Automatic ebectronic current limiting circut, limits output current to a safe value, protecting load and power
s_uppl_v when overloads and direct shorts occur. - ‘
INPUT AND QUTPUT CONNECTIONS — See outline drawing for location.

ACinput . .. Tertninals on transformer

Ground . ... ... ..., .0 0 L L. . Terminal an transformer

DCoutput........ ... ... cad N L. . “Turret termiral on printed circuit board .

Sensing .. .. T . A Turret terpunal on printed carcuit board

Orervoltage Protector. . . . . . . . Quick disconnect terminal on printed circuit beard with mating connector

~ attached. )
OPERATING AMBIENT TEMPERATURE RANGE AND DUTY CYCLE — Continuous duty from 0°C to +60%C ambient with corresponding
load current ratings for all modes of operation.
STORAGE TEMPERATURE — -20°C to +85°C

DC OU'I;PEi)T CONTROL — Serewdriver voltage adjust control permits adjustment of DC output voltage. See.outline drawing for location of
control.

GUARANTEE ~ 60 day guarantee from date of shipment .. ... materials and labor.
PHYSICAL DATA

iZe. L LODY: 55/8” x 4-7/8" x 2:1/2": LOD-Z: 47/8™ x 4" x 1-5/8"
Weight .......... ... C e , LCD-Y: 3-3/4 Ibs. net; 4 lbs shipping: LOD-Z 1-7/8 Ibs. net: 2-1/8 Ibs.
. shipping

Finish . ................ .. A .. . ... . Gray, FED. STD. 595 No. 26081

MOUNTING - Three surfaces, each with clearance mounting holesjcan be utilized for mounting this unit. Air circulation is required when wmit
i5_mounted in confined arens Refer to Outline Drawing for mounting details.

"I OPTION « Standsrd LOD-Y and LOD-Z power supplies can be obtained for 90-110 VAC, 47-440 Hz input. For 47-53 Hz input derate current
10% for each ambient temperature given in table §. For 63-440 Hz wmput consult factery.

OVERVOLTAGE PROTECTOR ACCESSORY
Adjustable ... .. . R ..

Fxternally mounted Overvoltage Protector LMOV.3 15 available. Addi-
tional wire must be added to the Overvoltnge Protector lends in order
1o reach the power supply output terminals
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saturation of the secondary core, the secondary inductance
will be modified and the amplitude of oscillations will

stabilize at a finite steady value.

The required double frequency variation in inductance

is produced by the primary flux. The secondary side
by itself, therefore, constitutes a parametric power
oscillator which must be "pumped" at twice its output
frequency. The energy dissipated in the secondary
circuit as losses as well as the load @nnected across
the secondary terminals, has to be supplied by the "pump".
But since the secondary has no direct external source
for its excitation, the primary side has to act as a
punp, drawing energy from the main supply and delivering
it to the secondary indirectly, through the degree of

variation of the parameter which is the secondary inductance.

0 load across the terminals of the secondary has a damping
effect on the secondary oscillations causing detuning
and lowering of the Q-factor ‘'of the circuit. The
secondary vecltage is at the same frequency but 90° out of
phase with the primary voltage.

. T - .
Unlike the conventional transformer, the secondary of a
parametric transformer operates like an cscillator and
its output voltage is produced through parametric oscilla-
tions and not through electromagnetic induction. The
secondary voltage is, therefore, largely incdependent of
the harmonics in the primary voltage. This feature
makes the parametric transformer an excellent natural

line filter and regulator.
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