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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, electrically 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/O 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 interfupt 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'ége. From humble beginnihgs,
with only 2 products in 1971, an industry that had
been predicted for ét-least_a decade came into being.
Now, a mere five years later, there are more than
‘thirty'diffefent 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'algne 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 qualities.
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.



For the digital des1gner the sudden rush- of this “Loglc

Noveau" has come as somethlng of a shock. Safely

- able to 1gnore the vagaries of software in the past,

many englneers have begun to learn that many of their

‘ hard—won skills, such as in loglc and later package

mlnlmlzatlon, are becoming obsolete 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-
Sors ‘are no more a panacea than any other form of logic, .

they do offer numerous advantages, especially in the

industrial process control world.

ADVANTAGES OF MICROPROCESSORS

A. Low Costs:

Their low cost allows many areas previously not
economically viable for computer control to be
brought under digital control. Iﬁ 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 timeé. - Hence in many
circumstances the computing power of a mini -

computer is 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 Systems:

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 challehge to

the reign of the minicomputer in industrial process

control.

There are two areas in which distributed 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 muiti—microprocessor network éets
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
minimél. The smailer number of component
parts in a microprocessor aléo-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 micrbcomputer. 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 high 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 link the distributed controllers to other



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

this technique.

Reduced cabling and interconnections reduce.
~the probability of noisé pickup and again
increases the overall system reliability.
This incentive to improve reliability is 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 all 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 OF PROJECT

THE ROLE OF MICROPROCESSORS

1

The.exactrrolé that microprocessors are destined

to play is far from being defined. Will the rapid
fire technological evolution see them channeled into
small dedicated controllers or perhaps as fairly
lérge-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

'micrpprocéSSOrs by 1978 will be :

(a) 25% of the market - replacement of hardwired
:random_logiciand analog controllers to upgrade

existing systems; -

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

where the mini computer was an overdesign;

() 65%'of the-market ~ totally new applicatiohs
made possible by microprocessors' low cost and
flexibility. '



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) Supervisidn of a sub-section of a plant;

(¢) Direct digital contrdl of a sub-section of

a plant.

Thé 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,
laﬁguage efficiency, programmingvtechniques, 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 reliability of a system may be

fully verified. The expandibility of the system

‘means that valuable comparisons may be made. A

minimalAsystem may be compared with a hardwired
logic network, and a fully expanded system with its

minicomputer equivalent.

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
by the software rather than by extra hardware,
without overloading the demand on CPU time.

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

be adopted. 'This is covered in detail in Chapter 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 requirements 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 succéssfully under these conditions, -

the following factors were considered fundamental to



the design :

(a)

(d)

The

The use of opticél isolators to isolate thé

system from common mode noise induced on the

'signal lines connecting it to the industrial

process;

The use of constant voltage transformers and

line filters on the power supply to isolate

~the system from line transients and dips.

Also, battery béckup for the volatile semi-
conductor memory as well as the facility for a
powerfail/restart routine was incorporated to

cope with supply line "noise";

The use of a crate to house the system which
would provide electromagnetic and atmospheric
isolation. Electromagnetic isolation is to

be achieved by use of an aluminium crate lined

with a ferromagnetic screen. - The crate must

also be sealed against a corrosive atmosphere.
At the same time, heat from the power supply

must be dissipated;

The logic family (i.e. TTL, CMOS, etc.) to be
used in building the system had to be carefully
1nvest1gated as to which logic famlly 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

reasons described in Chapter 6.

general architecture must be designed to minimise

noise pickup and a termination facility of a sultable '

lndustrlal standard must be provided.

i
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3.2-  EXPANDABILITY AND FLEXIBILITY

~ The micrécomputer system must be capablelof

satisfying two extremes in process control require-

ments. These are :

(a)

(b)

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

parameters, say five or ten loops;

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
mode it 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 memofy 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.

3.3 =~ THE BLACK BOX APPROACH

The system must be thought of as an industrial con~

troller, and many.of the traditional ideas of the



'_cbmputer—human~interféce must be discarded. The
controller is housed in a rugged, eleétriéally and
environmentally isolated "box". The box has two
rows of connectors for input and output. This con=-
trol box needs no special airconditioned environment,

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 levélj

where communication is provided via a keyboard which

can be located'in an office away from the "box" itself.

From here, setApoint changes, general program changes.
“or initialization can take place, with an optional
printout for every change that occurs and the time

at which it took place.

The only other interaction is that of the ﬁaintenance'
engineer. This is achieved by means of a plug-in '
front panel which acts as a control and monitor
device. - There need only be one front panel. for any
number of processors, to be plugged into any computer

system that requires attention.

With these concepts in mind, that is to build a

“"Black box" type of industrial controller/data logger,-
that. 'is capable of'operating in harsh industrial’
environments with minimum dperatorvinteraction and

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

fully investigated.

12



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 is 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 require-

ments for a system that would be éapable of
exploring such a role are expressed. The
final chapter in the section then describes
how such a system could be implemented and what

the basic design requirement would be.

13
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SYSTEM HARDWARE
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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 systeﬁ'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 -
(1) A CPU module;

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

(3) Interrupt Control Unit and Real Time Clock;

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

(1) Led.'s displaying'data bus,vaddress'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 -

(1) 16 Channel asynchronous Alarm Moduls;
(2); 3é bit digital Input Module;

(3) 32 Bit digital Cutpuf Module;

(4) 4 channel Analog Output Module;

(5) 16 channel Analog Input Module.

Analog input and output channels and digital input

and output channels as well as Alarm interrupt channels
vare 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 optibns 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 cérds would
require moré 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 system. With adequate
buffering expansion into further crates is straight

forward.

B. Wire Wrap:

Although the system is intended for use in indds—_

trial environment, wire-wrapping techniques have
been used fdr interconnections of the logic.

The reason for this was the lack of adequate

printed circuit manufacturing facilities. For
. a "one-off" job wire-wrapping is perfectly ade-~

gquate and has two advantages over PC boards:

(1) Large ground and power planes can eésily

‘be provided:;

(2) Interconnections can be kept shorter than

on PC boards.

18



19

4.3  DEVELOPMENT PHASES
. Hardware development of the system had three'phasési

A. Selection of the electronic components ~ This

consisted mainly of ~

(1) Selection of the microprocessor - the Intel_
- 8080; | L |

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

B. Construction of a hardware and software development
system:~ This was used to gain initial understand-
ing of the microprocessor and was used later for

the development of software.

C. Design and Construction of the Industrialized
Microcomputer System:-~ This occurred in two

stages -

(L) The de51gn construction and testlng of a

microcomputer and front panel

(2) The design construction and testing of the

industrial interface using the microcomputer.

The entire system 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 functional

description of the various sections of hardware.



CHAPTER 5.

CHOICE OF MICROPROCESSOR
WHY THE INTEL 80807? : 0

The choice of microprocessor to be used was made
during the fourth quarter of 1974. The choice

of microproceséor at that time was fairly limited.
(espeéially on the local market). See AppendeAl
The Intel 8080 was chosen for the following

reasons :~-

A. Previoué experienée with the Intel 8008 had
shown this microprocessor 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

system.

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.

20



E. A powerful instruction set makes it worthWhile

for future software development.

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

G. Secbnd sourcing of 8080 by TI and Siemens ensures

supply.
H. Good selection of compatible I/O 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 suitable |
products which may handle the job equally well, yet
even now no one other microcomputer stands out as

an obviously superior choice.

THE INTEL 8080 MICROPROCESSOR ~ (fig. 3 )

- Intel's 8080 is an outgrowth of their experience with

the 8008. Although there is much software compati-
bility many of the idiosyncracies in the 8008 (ref. 6 )

have been ironed out'in the 8080.

The 8080 is manufactured as a single 40 pin NMOS
chip._ Architecturally, the 8080 has a three 16

21
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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 in RAM,which means that the
program counter must be a unigue 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 storagerlocations and allows any of 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 in 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 thé 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 powef consumption are invaluable
credits to any logic family as well as its low priée,
CMOS seemed an obvious first choice. However, on
closer examination CMOS was deemed unsuitable for

the following reasons :

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

inputs and outputs and are unsuited to drive CMOS.

24



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 ere
used frequently 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 itselfvmany times (e.g. RTP
Interface Systems (ref. 7 )) to have adequate 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 Powef Schottky TTL has an added primary

advantage of having one-fifth the power consumption

as well as many other secondary advantages.

25



logic family most suited to implement the industria-

-LOW _POWER SCHOTTKY TTL .
See.Appendix C.

. Low Power Schottky TTL (LS TTL) was chosen as the

~lised microprocessor system. The reasons are as

follows :-

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

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

size and weight.

" Lower consumption means less heat is generated,

which simplifies thermal design and cooling re-~

quirements can be reduced for equal packing

densities.

Reliability is enhanced since lower dissipation
causes less chip temperature rise above ambient;

lower junction temperature increases MTBF.

Also lower chip-current densities minimise metal

.related failure mechanisms.

- 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 logic transition occurs

26

current changes along signal lines are proportionately



‘'smaller as are changes in ground current.

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

The onlyldisadVantage'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.
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CHAPTER _7.

GETTING STARTED IN MICROPROCESSORS

-

THE NEED FOR A DEVELOPMENT SYSTEM

Although at present the microprocessor is becoming
yet 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 is 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

chstructed.

28



7.2

APPROACHES TO A DEVELOPMENT SYSTEM

There are two basic alternatives when considering

a microprocessor developmeht system :-
A. Buying avvendor 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

i

from the chip;
T T~

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 ).

- 29
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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, 1lK.

X- 8 bits RAM memory, a TTY interface, an 8 level
vectored priority interrupt controller and one 8
bit 1/0 port. ' -

The front panel displays the contents of the Address
bus, data bus and Status and control information.
The processor can be 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. Hafdware

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

developed;
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(2) Memory and TTY interfaces were developed
which were used virtually unaltered in the

final design;

(3) The vectored interrupt system on the develop-
ment system was built using mainly SSI chips.
However, considerable chip saving was obtained

by the use of MSI encoders in the final

design;

(4) The exact requirements for a front panel
that would be of assistance in both hard-
ware and software development were investi-

gated.

‘B. Software

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

of fairly simple machine code programs;

(2) A résidenf 8080 AID debugging program was
developed (ref. 8 ). This program.
.occupies approximately 1 kiloword of memory
and was run on the development system. It

“has proved to be an invaluable software aid.



CHAPTER 8.

THE MICROCOMPUTER - HARDWARE

DESCRIPTION

The microcomputer part of the complete system is
distributed over four cards and consists of the
following :

A. CPU card:;

B. Interrupt Control Unit and Real Time Clock

(same card):;

c. 4 kiloword'RAM‘memory card;

~D. Peripheral Interface Unit.

C.P.U. MODULE

Refer to fig. 5.

The CPU card consists of the following elements:

A. Intel 8080 CPU;

33



34

TTNAOW NdD |
L 1NO
: G oanbtd .
- . — L —an
T . YLIH —
, / _ 101907
ONIQ0230 3DIA30 «& o _
= 7 7SVIL| ¢ va7H 0¥INGD SN . ‘
, XZ E-LYWQ == SS3¥aaY . ;ﬂ AS- AS*+ ATL*
ONI00J3q SSTUATY it moumwwynnr% s . _ _ . _
| 7S1YL
L 3u_p l—— £AGY
sng mmmmDD< ot 7 I et = = U AQY 34k < ZAQY
T g1 . :
A SEREL } <1 ay
snav
| | | NI
JOMLNOD - L ¥334ng
J =g 7 o073 ———QT0H
04 INOD .
NIgq —>] . ——————— 13534
21901
VOIH—> 301N0D 0808
E+LYIN Q=" snea
P 1 24 %0812
S | - 1qus IVISAYD
SNLVLS we \M ALY _J—9NAS » 57
2 ZHHLL
SNLVLS /120 ZHh
- ) 43408 L
-« SN -
sNg viva < ) 2 B £q-0q
7128
STYNOIS 2010 <& £




35

B. ‘Address bus and Data bus & Control signal
buffering; .

C. Status latching;

'D. 2 phase clock;

E. Address bus 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. An
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 gl. 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, RDYl - RDY3. RDY1 is used by the front panel
whenimanually STEPping or RUNning the computer.

RDY2 is used by the memory interface to slow the 8080
down for the slow 1 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;sﬁaté

buffer chips. These chips only'load the address
bus by 0,25mA and have an output drive capability

of 15mA/line. . - BAs most of the rest of the system
IOL=O,25mA) the

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

is made up of low power Schottky (

The data bus is also buffered by 8212's.  1In both
the Address bus and the data bus buffering, the
tri-state ability of the 8212 is required.  They

"~ are required to go into tri-state during DMA trans-

fers from either the front panel or a peripheral
when either one of these devices accesses meméry..j
The data bus is 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 8080 sends ocut 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
thése 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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Clock:

The 2 phase clock is a crystal controlled clock:

- running at 1.7 MHz. It has an adjustlble mark

Space ratio on each phase, as well as an adjustible
phase relationship. This is necessary in order
for the clock to comply to the 8080 requirement.

Six signals are derived from the clock :-

A. MOS level (0-12V) @1 and @2 for driving the
8080 directly; |

B. TTL level @1 and @2 as well as @l and @2 for

timing reQuirements in the system itself.

Address Bus Decoding:

The 8080 can address 256 I/0 devices directly, i.e.
it has an eight bit address word. In order to
derive a unique signal for each device an 8 to 256 .
line decoder is necessary. This is done as

shown in fig. 6. The first level of decoding

is done on the CPU board, and the second level is

done on the I/0 boards themselves, i.e. each I/0

board will have a 4516 line decoder.

ThlS decoding is also requlred 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 requires only one 4-16 line

decoder, not two. .

37



38

{1 DECODER PER I/0 OR MEMORY

74154 : 4 —16 LINE DECODER’ BOARD
: . A
- r . N
ree- T T T T |
| . [0] |
0 74154 | 1
I _ R I
| |
ot 3 '
| o l}
. ' {
: denbl _ Ty
| R J
r--f—-——""""""=-"=7"=~=—=—~ =1
]
: 74154 n
| |
| o > |
| ]
§ 1
[ f-
7 9enbl 1
_ - Lom ol o L e e e e K|
ABUSO-ABUS3
|
F- -~ -~-"==-==== 1 _
1 . |
i ' ) ’ Og t l
ABUSL— | 74154 ;
ABUST | | |
M_ |
! i | |
[} R [}
Ty > T \
b e e o o e e e e e e - 4 | |
4 e _J i I
FIRST LEVEL OF DECODING ON ' I o
. CPU BOARD '
| |
[ |
I ]
! il
| B} o
rFr--r---"--""-""-""~""=-"7"=-"==¥===-= =
| ' ‘ [15] 1
[ 7L154 | i
| i
| |
i M l
| , 1
: enbl. ' _ :
b o o e e e it e - - - ———— - -
Figure 6:

DISTRIBUTED IMPLEA
MENTATION OF
8 -~ 256 LINE
DECODER




Device Decoding:

rUniQue "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 reqdests are communicated to the 8080 via
. a singlé line, the INT line. If the 8080 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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ihsﬁructionvwhich stores the program counter .
~on the stack and then traps the 8080 to one,v

of eight locations as specified in the variable

field of the RST instruction. | |

Function of the Interrupt Control Unit:

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)
éddress. When an interrupt is received the ICU

generates two addresses. The first is a three

bit 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 1ocation. 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 one'of'the eight trap
locations (obtained f:dm the RST instruction) the
8080 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

- eight levels then further splitting of this level

is unnecessary.

If two interrupts occur simultaneously, the one

with the highest priority is serviced first. All.
others are stored’and serviced at the next available
opportunity. - Interrupts are reset as soon as
they have been accepted. (For the organisation

of priorities see 8.2.5 below).



state has been left.i

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 bgsié-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

Implementation ofvthe ICU:

Incoming interrupts on each of the eight levels

are encoded by means of 8-3 line encoders (74148)
which establish the unique address of that interrupt.
This address is 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-
viée, its own address being 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-

. fﬁpt release" signals IRELO to IREL7 which are’

used to reset the interrupt which has just been

accepted.'

In other words, any one of 256 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 unique line that will reset that particular

interrupt.

Justification for the Method of Implementation:

Two alternatives to this method of implementation

- were considered :-~

A. 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 séanned and the priority of the inter—

rupt ascertained by software means.

This method was not used because it increased
the interrupt response time without a compensa-
.tory‘decreése 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:
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B. The second alternative would have been to use
the Intel interrupt handling chip, the INTEL
8214. - Although this chip is suited thuse
with the 8080, and using it would have resulted
in a decrease in chip count, ‘it has one serious
drawback. It requires interrupting signals
that are a change of level, not a pulse or edge
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
missed and not serviced. . Adding logic to
allow it to accept pulse interrupts would remove
the advantage of reduced chip count over the

currently used system.

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

it has had a chance to reset itself.

Specification of the ICU:

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

An interrupt handling flow chart is given in fig. 9.

Real Time Clock:

The real time clock is a simple RC oscillator that

interrupts the processor every 10 milli-seconds.
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PRIORITY. RESTART " BRANCH ON

INTERRUPT. SOURCE LEVEL INSTRUCTION INT. ADDRESS
POWERFAIL/RESTART 0 307 | 000
REAL-TIME CLOCK ' 1 317 (RST1) © 0lo
64 ALARM INTERRUPT
CHANNELS |
Interrupt Identification T2 : 327 (RST2) 020
No. O - 63 ' = .
8 ANALOG INPUT MODULE .
INTERRUPTS _
Interrupt Identification 3 337 (RST3) 030
No. 200 - 207 ‘ ' '

' SPARE INTERRUPT LINE 4 347 (RST4) 040
8 COMMUNICATION PERI-
PHERAL INTERRUPTS
Interrupt Identification 5 357. (RSTS5) ' 050
No. 210 - 217 | |
SPARE INTERRUPT LINE 6 367 (RST6) 060
SPARE INTERRUPT LINE - 7 ) 377 (RST7) = 070

Note: Priority O - highest priority

Fig. 8 INTERRUPT PRIORITY STRUCTURE



INTERRUPT OCCURS

R

8 BIT INTERRUPT IDENTIFICATION
NO. GENERATED
&
INT. SIGNAL GENERATED

y
IS MASK SET?ES

INO

y

SET UP RST INSTRUCTION

-

IS INTE TRUE 7 NO
(ARE INT's ENABLED) |

YES

1

INPUT RST INSTRUCTION
&
GENERATE INTERRUPT RELEASE

iR

BRANCH TO RST LOCATION

.

INPUT FROM ICU FOR
INT IDENT. NO.

4

BRANCH TO INTERRUPT ROUTINE

Fig. 9: SEQUENCE OF EVENTS ON OCCURANCE

INTERRUPT

OF AN
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It is situated on the same card as the Interrupt

Control Unit. It interrupts on level 1 and is

-hence the second highest priority interrupt_

(second only to power fail/restart on level O).
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 amount of interrupt

activity occurring. = An interrupt from the Real

Time Clock causés 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:percentagé

of CPU time spent in handling i;.:f

RAM MEMORY MODULE

Intrbduction:v

The unpredictability of power failure in a volatile

- memory based system can result in a loss of irre-

placeable information. = All semiconductqr read/
write memories are volatile, i.e. information is
lost when power is removed. In an industrial
environment the occurrence of a "powerfail", even

if it be of the nature of a short spike, 1is highly
probable and ‘will result in the_loss of semi~conductor
memory contents. In the industrialized micro-

computer system most of the control prbgram can be



stored in Read only Memory (ROM) but there are many
process variables and data that mus£ 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 25pW, 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 subsystem to maintain information greatly
increases the viability of semiconductor read/write

memory in a process control system.

Organization:

The main elements of the memory module as shown in

'fig. 10 are :-
A. 4 kiloword x 8 bit memory block;

B. Memory interface hardware;

C. Battery backup subsystém.

4 Kiloword MeméryﬁBlock:

Each memory module contains 4 kilowords x 8 bits of
memory, organized in a 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 time. The -8 version gives the
best price/performance trade-off. They are
1000 bits/chip organized as 256 x 4 bits, heﬁce 32
chips are required to give a 4 kiloword x 8 bit
block. |
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Memory Interface Hardware:

 Interface hardware contains data bus buffering,

Read/Write control logic, address decoding and
synchronization logic. The synchronization logic

is required to slow the 8080 down for the memory

- which has read and write cycle times of 800 nSecs.

- Battery Backup:

The battery backup system is shown in fig. 1lO.

The batteries used are pen light NiCads which are
under continuous trickle charge.' When the memory
is 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,
CE2

low power standby mod e completely independent of

may be used to place the memory in the ultra

" the state of all other inputs. When this line

(CE2) is pulled LOW all internal decoders as well
as input and output buffers are disabled. CE,

' is maintained 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 failure are as

follows :-



8.4.1

A. The R/W line is held HIGH (Read mode) by a
pull up resistor connected to the backed up 5
volt supply; -

B. 20 micro F tantalum and 0.1 uF high frequency
| capacitors are used to decouple the supply from
short switch-over spikes when the battery

switches in.

- C. The output buffer control line (OD) is held

HIGH by a pull up resistor connected to the
backed up 5 volt supply. '

PERIPHERAL INTERFACE UNIT

General:

The Peripheral Interfaée Unit is the éard containing
the_interfaceé to various communication peripherals.
There are eight interrupt lines allowed to the PIU
and since each peripheral communicates.yia an inter-
rupt line, 8 peripherals are possible. In practice
there may only be 4 periphefals,as a periphefal that
reads and writes to the processor (i.e. TTY) utilizes
two interrupts, one for reading; one for writing. |
On the current system only one peripheral, an

ASR 33 teletype, is used as this is all that was

available;

Teletype Interface:

The TTY interface is shown in fig. 12.
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’It is a parallel to serial interface utilizing the

Texas 6011 USART. The link to the TTY is via
a 20mA 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 601l USART converts
the parallel data from the processor into a serial
format. When receiving information from the
TTY the 6011l 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 réady'
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.
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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 technique 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 basiéally
resets the program counter to location OO and
provides the simplest means of starting the

pfocgssor.
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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10.1.1

. CHAPTER 10.

INDUSTRIAL INTERFACE -~ IIAi?DVVAI{E

"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 Output Module;

D. 4 Channel Analog Output Module;

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

Detailed descriptions of each of these modules are

given below. <

ASYNCHRONQUS ALARM INTERRUPT MODULE

General:

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

~events which may occur at an unpredictable time.

The Asynchronous Alarm InterruptvModulefshown'in _
fig. 14 provides 16 individual isolated interrupt
inputs with hardware pribrity. The system
can support a maximum of four of these cards, )
totallihg 64 individual interrupt lines. Each

line is optically isolated from the prbcess and
A can withstand a common mode voltage of 1.5 RV.

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 to 24 v. Signals origihating 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.

All 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 neécessary to remove any interrupts that may occur

as a result of switching the system on.
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Cireuitrz:

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 CONDITIONING LOGIC

The input conditioning logiciis 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 signaI
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 request signal. If two interrupts

arrive simultaneously, the address of the higher

" priority one is generated and remains until this



interrupt is reset. Then the lower priority

address is 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 microcomputervsystem 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

decdding sufficient for 256 channels per ADC unit,

— far in excess of what would be required in pradtice.
The ADC units are interrupt based-asynchronéus devices.
That is to say, the processor will select a particular
chanﬁel 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 equipment module which contains

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

and input signal conditioning is then split up over

a number of separate sixteen channel multiplexer

cards feeding onto a common analog bus. The

" maximum extent of each multiplexer is 256 channels,

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

The minimal system'isfthen 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 (PGR) ;
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D. A dual slope integrating analog‘to digital

converter (ADC) ;-
E. 1Isolating and latching circuitry;

F. Control‘logic-

Signal Conditioning Circuitry:

A single or double séction RC filter can be used _
with a breakpoint at 1OHz. As most process variables
have time,constants.fér 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 ihput
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 Qery 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 millidnvoperationsigives a more
than adequate lifetime for typical sampling rates

- in process control (usually less than 1lHz).

In an attempt to minimize hardware and obtain the

best hardware/software trade~offs, settling time delays
for thé relay multiplexer must be impleménted on a
software basis. A settling time of approximately

1lmS is required.

One.of’the most important considerations in ensuring
long life in dry reed relays is propef loading. In
"a dry circuit (negligible current) the life of the
relavaill be several billion operations. However,
with a differential 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 multipléker relay. '
Expérience has shown (ref. 11 )vthat 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 configurétion considered

was the flying capactor multiplexer (See Ref. 12).

' This method was rejected as it is a form of sample~-

and-hold and the wvalue obtained at the time of
channel selection is an instantaneous one énd hence
the advantage of using a dual slope integrating

ADC (see Chapter 10.2.4) aye lost.
' V2,

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 amplifiér 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 prevént

overloading the input to the amplifier.
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There are four possible gain ranges which may be
randomly 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 galn of 128 the maximum sens1t1v1ty of
the system is 7.8/128 = 61 micro V. The gain
ranges fhat_are used were chosen to simplify scaling
~of the signals within the processor. Division or
multlpllcatlon by these values amounts to 51mply
shifting left or right a number of bits. (They can

be expressed as integer powers of 2).

Gain ranging is done under software control in the

following manner :

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

for the amplifier is also selected. If the oﬁtput
signal is greater than + 1 volt the IN RANGE/OUT RANGE
comparitor will set a hardware flag which is examined
by the processor. The next lowest range is then
selected and the same procedure repeated. This is
repeéted untilvtheihighest 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
hardwaré orientated gainranging system in which the
fanging is done automatically by the hardware as soon
_as the channel has been selected. This again re-
presents an effort to obtain an optimised hardwére/
software trade-off in which CPU time is better utilized
with a saving in hardware. = This is in fact.thé
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} lOOFS) is insignificant compared to the

total time required for conversion (approx.

100mSecs) .

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 sacrlflce in accuracy.

Dual Slope Integrating Ahaloq—to—Digital Converter:

The ADC used is a Datel ER8B eight bit dual slope
integrating ADC. The ADC is powered 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 analog signals
w1th1n the range + 1 volt to an eight bit digital

word which may then be lnputted to the mlcrocomputer.

The operation of a dual slope integrating ADC is

described in Appendix E.’
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Reasons for using a dual slope integrating ADC_ére as

follows :~
A. The integration period can be set to correspond
to one 50Hz cycle. - This results in a high

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

B. As 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 sampleAand-hold'amplifier is not reqdired'tq
"latch" the analog input at the time of conver-
sion. High quality sample-and-hold amplifiers

are expensive items.

Isolating and Latching Circuitry: -

The digitized analog input is isolated 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 inbut

‘module are isolated by means of optical isolators.

There are three impoftant 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
Appendix F. o 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 isolator, 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.

isolated from the rest of the system logic.

ANALOG OUTPUT MODULE

Thevanalog output system shown in fig. 18 offers

in

a method of satisfying a large number of process con-

trol requirements. 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 require

analog voltage 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 module and the system is capable

of addressing a total of 224 channels.

There are two possible output configurations. .

VOLTAGE OUTPUT:.

A full scale range of + 4 volts is provided.
This range was~chosen so as to give a convenient

scaling factor (l/4) for signals that have been

- received via the analog input system which has a

full scale range of + 1 volt. Multiplying or

dividing by four is easily achieved digitally by
'shifting two bits left and right respectively. -

The voltage outputs are short circuit protected.

CURRENT OUTPUT:

-An industrial standard 4~20 milliamp current

output can also be used, utilizing the National
LHOO45 two wire transmitter (Ref. 19).
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The circuitry of the analog‘output module consists

' basically of :-

10.3.1

A.

An eight-bit latch;

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

which only eight bits are used;
Either a buffer amplifier giving a full scale
voltage of + 4 volts or a voltage to current

converter giving 4-20 milli~amp output;

Channel selection logic.

Architectural Considerations:

There are basically two possible ways of'achieving

a multichannel analog output system.. See fig. 19.

UNIQUE DAC PER CHANNEL

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

the digital mode 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 feésibility
of this method relies on the availability of

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

channel.
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B. UNIQUE ANALOG SAMPLE AND HOLD 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 is done on the analog level in this case.
This method is most suitable where the analog
output data is updated relatively frequently ahd
hence any droop in the Sample-and-Hold element’
is trivial. This method of multiplexing is
most useful where.an ulﬁra high accuracy and
hence expensive DAC is required as only one DAC.

is required.
In the present system the unlque DAC per channel method
was used- for the following reasons :-
A. Low cost DAC's were readily aVailable;

B. Ultra high accuracy DAC's were not necessary for

the requiréd applications;

' C. The relatively high cost of Sample-and-Hold

elements.

10.3.2 ‘Isolation Cdnsideration

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 odtput and still maintaining good accuracy
and linearity.  Optical isolators are far too non-
linear, and although linearization techniques ‘do. -

exist, the linearizing circuitry itself needs to be

vpowéred from a stable source which is isolated from

the system.

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

with four channels per card, this 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 analog outputs must run

the same route to approximately the same point in

the process so that any noise pick-up will be the

same on all lines.

As neither of thése solutions is partiéulérly satis~-
factory neither was adopﬁed. Instead the outputs‘
are protected from spikes by " transtectors" (very
fast switching zener diodes) which can absorb large
current spikes for a short durat;on, as well as a

fuse for any longer term overloads.

DIGITAL INPUT MODULE

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

per card. The system is capable of addressing up
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to 224 eight-bit digital input channels, i.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 oomparison 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 éwitch debouncing

filters have been included as they are now unneceésary.
The lines are protected against high fregquency spikes,
such as from TTL switching, by the natural frequency

limitation (20kHZ) of the optical isolators.

The circuitry bf'the digital input module consists

of the following elements :-

A. Input conditioning:’

Optical isolators give 1l.5kV ¢ommon mode 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 Logicé

This provides an on card decoding of a part of
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- the address bus to give one of four "enable"

~signals to one of the four digital channels being

addressed.

DIGITAL OUTPUT MODULE

Refer to fig. 20.

The digital output modules provide 8 bit word based

digital output capability. Each module contains

four eight bit channels, i.e. 32 bits per card.

The system is capable of addressing 224 -eight-bit

digital outpdt channels, i.e. 1792 bits on 56 cards.

Each bit is optically isolated and capable of with-

standing 1.5kV of common mode voltage. . There are’

two output configurations.

RELAY DRIVER:

‘The output configuration is shown in Appendix F.

The external suppiy to activate the relay coil

is supplied by the user. The output transistor

‘then switches this supply in or out to control

the relay. The output can handle up to 50 volts

and up to 500 mA ard hence is compatible with

most industrial relays.

TTL COMPATIBLE OUTPUT

This configuration is obtained by internally
strapping the transistor to the 5V rail of the
micro~processor, thus prbviding 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 outputbchannel
in this configuration is limited by the switching

speed of the optical isolator te 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'opefating 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 (brownouts) is the .
single most impdrtant 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_sysﬁem‘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

battery and is never directly connected to the mains

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

would be 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. Complete mains isolation;
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 required in
battery upkeep, as well as replacing batteries

after a finite number of cycles;

B. JFairly large batteries would be required 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 .



11.2

11.3

often unnecessary to maintain power to the processor

after the process'has shut down due to é.power'

“failure.

STANDBY 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 powér fails. A

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.

Advantages:

A. Good isolation from mains dips (brownouts) ;

B. The processor can operate for some time after a
power failure. Power 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

periods 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. Protec~
tion against the vagaries of supply line noise are |

as followe':-

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;

88

(2) As the transformer is saturated at 220 volts, -

transient spikes in the supply will not pass

easily through to the secondary:;

(3) The enly disadvantage of the CVT is that it
is frequency sensitive. Any large devia-
tions from 50Hz can cause the secondary

voltage to drop.

B. Line Filters:

(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 existing large electrolytlc

capacitors.
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Reqgulated Power Supplies:

These were used to obtain + 5 volts andlt'IZ'
volt supplies. A further separate + 12 volt
supply is used for the floating analog input
system. B 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 safeguard
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

‘A typical control'computer uses ambient air as the

primary coolant for internal circuit components
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 computef area. - Both the
ambient air and airborne contaminants are thus brought
into intimate contact with the internal functioning |
components of the.computer system. Ih most com-
puter systems, control of the basic air properties

is therefore essential if sétisfactory system perform—i
ance and lifé are to be attained. This control

is achieved by means of air-conditioning which is

the control of.specific air quality including its

temperature, water content, contaminant level.

EFFECTS OF AIR 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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cbmpbnents and subassemblies. ' The effects of
temperature, humidity 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

circuit 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
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can then be cadsed 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
(absorb moisture) become pronounced and can cause

severe corrosion of metal contacts. Another result

of excessive humidity is degradation of common mode

rejection performance as a result of reduced leakage

impedances in the analog input subsystem.

Airborne Contaminants:

There are two categories of airborne contaminants,-
particulates énd‘cbrrosive 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 corrosion of metal contacts such
as edge connectors, and the degradation of insulating

materials.

THE SOLUTION ADOPTED

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

last two problems mentioned above, i.e. relative
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humldlty and airborne contamlnants, but aggraVates

the problem of coollng.

Antattempt has been made to keep the general cooling
requirements 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 occurring anywhere within the crate, a number

of precautions have been taken. There are two
fans inside the sealed crate. They are used to
circulate the air 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 theﬁ 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 system is operatihg in a very high ambient
temperature a shiny reflective surface would be most
suitable. " In these conditions some sort of
refrlgeratlon 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—

electrlc element (ref. 9 ).
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- 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 is capable of exgcutihg
them.

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

reference 10.

Sourée programs were preparéd using the MOS EDIT
routines on the Varian 620i mini computer and assembled
using a Fortran based cross éssembler to produce an
object tape of 8080 machine code. These object
tapes were then loaded into the miéroprocessor 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 utility programs are situated at the top of

-memory. 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 prdgrams 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 hardware a viable intelligent system. These
utility routines allow programs to be loaded into

the processor and debugged and run from the teletype.

Thelroutines'developed are as follows :-

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

cessor from the teletype.
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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

below.

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 locations 50 to 57 and program

initialisation in locations O to 10.

The object of the Bootstrap is to have a short pro-
gram that can be easily loaded manually into the
processor. 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 been loaded into memory it can be used
to load larger programs which have the normal Assembler

output format and with error checking.

Binary Loader:

This program is loaded by the Bootstrap from the .



teletype into memory and occupies the 204 (Octal)

. locations below the Bootstrap. The object of -

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

Mécro ~ 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 Bootstrap Loader simple. The Binary format

of the Bootstrap tape is as follows :

All 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 Bodtstrap

and it simply loads each binary word from the paper
tape in consecutive locations. A successful load
is recognised by the processor halting at the end of

the tape.

The BinarylLoader 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.
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8080 Aid System:

The 8080 AID System, FAID, is a software routine that
facilitates the loading of programs and the executlon
and debugging once in memory. FAID was developed
tb-run on the Development System described in Sec-
tion 7. Details of the nature and development'of

this routlne can be found in Ref. 8.

Changes that have occurred between the Development
System and the curreht system, such as chénges in
the teletype driver have resulted in the necessity
to modify the input/output/sub~-routines in FAID.

A brief-description of the nature and capabilities

of FAID is given below.

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

the top of memory below the Binary Loader.

'FAID is made up of two distinct parts. '~ The first

contains the directory, which does no more than wait

for a dommand from the teletype. On receipt of a

valid command control is transferred to the required

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.)

A. Display/change a memory location;
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Display/change a register;

Search memory;

Initialize memory;

Visual'Dhmp;

Trap through a program;

Execute a program;

Binary Load;

Binary Dump..

The original FAID also contained a Binary Loader and
Dump. These have both been removed from the current
version. The Binary Dump was removed as it was

considered an unnecessary featureand also to save

' memory space. The Binary Loader was removed as

it was originally written to load paper tapes with
a different binary format to that which is currently
used. The Binary loader used at preseht is the

one described in 13.2.2. °

DRIVER AND EXERCISER ROUTINES

These programs have been written for'two_5pecific

purposes :-—

"A. To test a specific section of the system hardware

and ensure that it interacts validly 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 1/0

‘modules to operate and are very closely linked to

the hardware design of the system.
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Most of the routines éontain a simple ouﬁput routine
which visualiy 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‘increasé the length and

complexity of the exercising program.

Analog Input Module Exerciser:

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) ana 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 again a RESET

must be generated (by activating the RESET switch on
the front panel). The pfogram can be made to read
continuously by simply changing the halt instruction

at the end to a branch to location O0O. 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
be read. Instead, during the‘lOO milli-seconds
that thé convertér is busy, control is returned to

the main program. Conversion is initiated by



subroutine ADC1l whlch first selects the de51red
channel, does the. autoranglng 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 Analog 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 Analog Input Module.
The print out is to the teletype and consists of

the following information :

(1) The gain setting on the PGA;’

- (2) 'The polarity of the input voltage;

(3) An octal number equivalent of the input voltage.
A typical print out is as follows :
064 * —327

b} | (octal number representing input
o voltage o
' polarity of input voltage

"multiplied by"

~—————> 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.

A. 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 interéf
rupt. If a straightforward search is made
through a table to identify the interrupt some
interrupts will be serviced quicker thaﬁ others,
dépending on their position in the lookup table.
This is unsatisfactory and an alternative method
is used which gives equal identification times to
all alarm ihterrupts. 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 intefrupting
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
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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.

B. OUTPUT ROUTINE:

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

the exerciser thevmain program consists of out-.
putting a string of "@" to the teletype. When
alarm interrupts are received the following output

to the teletype occurs :

INTO'types out ten O's
INT1 types out ten 1's
INT2 types out ten  2's
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 INT2 is busy typing 2's and higher priority ‘
~alarm INTO interrupts, it will stop typing 2's
and’type lO zero's and then return and complete

the required number of two's.

Analog Output Module Exerciser:

The analog. outputs do not require a driver routine.
Only one machine code instruction (OUT) is required

to output the contents of the accumulator to the

' digital—to—analogvconverter (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 outpuf module exerciser runs togéther

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, 6, and 7 places

to the right respectively. The normalized 6ctal
equivalent of the analog input voltage is then con-
verted to twos complement and output to the DAC where

‘it can be monitored by an oscilloscope or voltmeter.

Digital Input/Output Exerciser:

The digital inputs and outputs are so éimple 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 éccumulatorv

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 1100011l
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Similarly for digital outputs, with DO preceding
the 8 bit word.

Teletype 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 flaé, and input and output routines TYIN and
TYOUT respectively.

A. INPUT:

When‘a character has been received from the
TTY 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 it will input the word from the TTY, reset

the input flag, and return to the main program.-

B. OUTPUT:

This is the converse of the input operation.

If the flag is reset it means that transmission
of the previous character is still underway and
it must wait. When transmission to 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 another charac-
ter) then the word is outputted. If not, it
waits 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

-

main program.

Real Time Clock Driver:

There are two possible modes of operation of the

real time clock :-
A. As an 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 processor '
every 10 milli-seconds. This causes 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 contains the hours, the next minutes,

the third seconds. The last word is
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.incréménted'every time the RTC interrupts;

.that is, every 10 milli-seconds. When

this byte'contains 200 (octal) it is zeroed

and the seconds byte is incremented. - Simi-
larly when the seconds byte equals‘96'ﬁoctal)

it is zeroed and the minutes byte in incremented.
The hours byte is incremented when the minutes
byte is equal to/é%’(octal). As it is a 24
hour clock, the hours byte will count up to 28

. (octal) before being zeroed.

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.

(2) OUTPUT ROUTINE:

The time of day is printed every 30 seconds

on the teletype as follows :-

HH . MM Ss
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CHAPTER 14.

HARDWARE EVALUATION

Viewing the hardware system in retrospect, 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.’

109

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 (éimilar.

to INTEL SDK 80 kit). If expansion to a larger
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system is required then a "SYSTEM EXPANDER" card

with full I1/0 decoding could be added. The advan-
tage of this format is that when configured as a
small syétem (say two I/0 modules) hardware-dverheads.

for the microcomputer are limited to a single card.

Intel 8080 CPU:

Since the time when the 8080 was selected a vast
number of microcomputers have become available that
would be quite capable of doing the job. However,

no one of these has proven to be 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 8080 is becoming
the unofficial industry standard. At the last

count there were 6 manufacturers of 8080's (AMD, NEC,

-TI, Siemens, National, 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 pfocessor-control world
(ref. 14 ). The 8080 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 viéw of these facts it is felt that the 8080 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 EPROM is the best solution in

~view of the incorruptible nature of EPROMS. - In

this system EPROMS were not used as the system was
not intended to be used in any specific control
application and hence a specific control program

could not be written.

Interrupt Systém:

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
(rgf. 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/O 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 outweigh the

~advantages of the "SENSE" loop type of system. As

this system is a generalized system and does not
have a predetermined role it is essential that an

alarm interrupt facility be provided.

Communication Peripherals:

The sys tem has facilities for up to eight peripherals.

" Only an ASR 33 teletype was used as this was immediate-

ly available and had the advantage of providing a

. keyboard, printer and paper tape reader and punch

in one unit. For industrial use a more ruggardQ
ized form of printer such as the Spectronics TP20 thermal
prinﬁer would.greatly facilitate the loading of long
programs. A punch is not really required. Some

means of mass data storage may be required however.

. There are two possible ways-of achieving this.

One is to link the microprocessor system to a
supervisory minicomputer 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 peripherél such as a cassette recorder or
floppy disk. Serial links to either the mass data

storage device or the minicomputer are the most
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suitable 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
well 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 INTERFACE

The industrial interface achieved the goal of being

a low cost interface of suitable reliability and’

flexibility to test the viability of a microprocessor
system 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

was good and millivolt signals could easily be measuréd

~ with 260 volts RMS common mode noise.
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The‘currehf.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 logging applications and
extremely slow industrial processes. However for
processes where direct digital control is required
a faster successive approximation ADC sampling at
say 100 samples/sec. would best be used. For
example it has been recommended that for a micro-
processor based batching system an ADC cdnverter
speed of at least 100 microseconds is required
(ref. 17 ).

An analog input module demonstrates clearly one
advantage of a microprocessor based system: 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. . 1In this system the autoranging

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 actual reédings taken

later with the result of no loss in accuracy.

Analog Output Module:

There is the question 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 is a
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generalized'oné and has not been designéd for a
specific process, accuracy reguirements cannot

really be evaluated. The current system establishes
the workability of the analog output module. - If
greater accuracy is required it can be obtained by
outputting two bytes of data to each DAC module thus
échieving 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 implé—
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 hafd—
ware and better CPU utilization the first apprbach

is the most suitable.

Alarm Interrupt Module:

An aSynchrondus link to the process is essential

in any process controller where supervision is
reqguired. The only time interrupts could be
dispensed with, is'if the microcomputer system is dedi~
cated to a small process, and services each channel
with sufficient freqdency 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.

14.3.4 Digital I/0O Modules:

Both modules were tested for isolation 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.

- 14.4 GENERAL HARDWARE

There are three other aspedts of the hardware which

need to be evaluated. = They are given below.

14.4.1 Back-Plane Wiring:

A non~-standard back-plane was used. . The advantage
being that it is the most eéonqmical 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
_iﬁdustrial interface section of the system, thus
‘allowing any I/0 options to be used in any slots.

The microcomputér section which does not alter

could remain as it .is.
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Low Power Schottky Logic:

The LS TTL proved to be extremely.easy to design

‘with and if prices drop it could quite easily usurp

the role of TTL in digital systems. The low power
requirements and dissipation were largely instrumental
in allowing the use of a sealed crate to house the

system. For the entire system only 90 watts of

- power is consumed and very little heat is generated.

14.4.3

Power Supply:

Tests conducted in the laboratory indicate that the
power supply‘is extremely.immune to supply line
noise. - The constanf 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 closing switch sl 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 Spikés

were sufficiently attenuated by the CVT and the

- various filters described in Chapter 11.3.

'AC SUPPLY

L |
o——TTITm — POWER
|SUPPLY &
FILTERING

S1"

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 hencé 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/O»modules and peripherals

"and General Utility Programs to assist in this

“development.

Tﬁese are evaluated beléw.

GENERAL UTILITY ROUTINES

.These routines were prerequisites to the development

of any other software. "They allow the programs to
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be loaded into memory and once loaded, to be
debugged or run from the TTY. ~ The bootstrap

routine and Binary-Loéder were used successfully .

- for loading programs. " The most impoftant of

the utility routines is the 8080 AID program FAID..
This gave complete control of the program to the . A
TTY once the program had been loaded and was found
to be almost éssential when debugging long programs;
Ideally, FAID should have been on an EPROM with

'only a small 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
well. | v

Although FAID will fit into less than 1 kiloword of
memory, it is extremely versatile and greatly

improves the viability of the system.

DRIVER AND_EXERCIZER ROUTINES

The exercizer routines were successful in aiding |
in the debuggingAand development of the various '
I/0 modules. . . The programs were faifly simple
SO as not to confuse hardware and software bugs

during the débugging process.

A lot of use was made of the TTY driver which was

found to work well. The drivers for the Analog

Input Module and Alarm Interrupt Module worked

satisfactorily but with more specific applications

in mind,variations to these drivers may be found to

be more suitable. - For example, if only a few
Alarm Interrupts are to be used a simple search
through a table may be a better means of identifying

the alarm program than the more generalized routine

described in 13.3.2
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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 applicatibn.
The second objective, which is really the way in

" which the first manifested itself, is to establish
the viability and capabilities of a microprocessor

in an industrial process control application.

In order to do this, that is, to fully investigate

“the capabilitiesvof 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

ewhich'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—magnetlc radlatlon
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.

FLEXIBILITY

The purpose  of designing an arehitecturally flexible

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

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

a liability when only a small system is actually
required; In the present system the basic micro-

- processor, which would be required for any amount of
I/O, 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 is to treat it as a downgraded .
mini-computer with associated flexibility. The

forte of the microprocessor lies in its ability to

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

One microcomputer sysfem 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 Industrialized
Microprocessor System must have limited I/O size.

' Say three I/0 cards, from which may be selected the _
analog and digital I/O options. If more I/0 channels
-are required then another microproceséor system '

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

be spatially distributed but could all plug in as

units to a common crate with interprocessof 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

'greatést learning in the project occured. Although

the current system is based more on the concept of

a dbwngradéd mini computer than on the concept of

small scale dedicated distributed systems mentioned
above, the project can still be regardéd 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
(Chaptér 3.3) an attempt was made to create a system
with minimal maintenahce and operator interaction.
The usual hdman interfacé associated with a computer
werevdispensed with. This is 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 prdgrams Oor .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 sécurity 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 fail access can'A
theh be obtained to busses and control lines via
a plug on debugging front panel. This front

panel is not unique 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'microprocessorlﬁ

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 MICROPROCESSOR ~ IMPACT

ON INDUSTRY

Theé problem with microcomputers at their present
stage of evolution is that anything that can be
wriﬁten 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 pattérn
and to define the role in the industrial process
control world to which microprocessors are most

suited.



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 heére.

But between these extrémes 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 lbgic control -

lers. This is where the microprocessor system
in its present-state belongs. k In small scéle‘
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 ability to increase the reliability of a control

or data logging system is really what makes micro-

processorséttractive.‘ The increase on reliability

can be achieved by this distribution.

Although distributed process control by'micrbproces—
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

requirements 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 facts that at the time of writing no industria-
lized microcomputer systems are'commerdially
available locally and that there are still unanswered
questions and difficulties. as mentioned above in
multimicroprocessor networks. These are both
facts which only reflect the current state of art
in microproceésor systems and are not fundamental
limitations in the microprocessors themselves. '
Hence reversal of either of the above two factors

. could see microprocessor systems advancing beyond

the level of small scale dedicafed controllers.
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CONCLUSION

The syétem 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. - BAlso 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/O 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 beé evaluated in industrial applica-

tions.
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APPENDIX B

THE 8080 MICROPROCESSOR

The 8080 is a complete 8-bit parallel central proces-
sing unit (CPU) for use in general purpose digital
computer systems. It is fabricated on a single LSI
chip using Intel's n-channel silicon gate MOS pro-
cess, thus offering much higher performance than
conventional microprocessors (2.s instruction
cycle). A complete micro computer system is formed
when the 8080 CPU is interfaced with 1/0 ports (up
to 256 input and 258 output ports) and any type or
speed of semi-conductor memory.

Although significantly higher in performance than’
existing microprocessors, the 8080 has been de- -

signed to be software compatible at the source code
level with Intel's 8008 micro-processor. Like the
8008, the 8080 contains six 8-bit data registers, an
8-bit accumulator, four 8-bit temporary registers,
four testable flag bits, and an 8-bit parallel binary
arithmetic unit. The 8080 also provides decimal
arithmetic capability, and it includes sixteen bit
arithmetic and immediate operators which greatly
simplify memory address calculations, and high
speed arithmetic operations.

The 8080 has a stack architecture 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 also contains a 16-bit stack pointer to

control the addressing of this external stack. One
of the major advantages of the stack is that multiple
leve! 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.

A2

1. INTRODUCTION

Communication on the address lines and the data
lines can be interiocked by using the HOLD input.
When the HLDA (Hold Acknowledge) signal is is-
sued by the CPU, CPU operation is suspended and

" the. address and data lines are forced to. be in the

FLOATING state. This permits “OR-tying” the 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 the range of applicability of the
CPU. The instruction groups are as foilows:

¢ Data register and memory transfers.
* Conditional or unconditional branches and
subroutine calls -
* |/0O operations
¢ Direct Load/Store Accumulator _
¢ Save, Restore Data Registers, Accumulator .
* and Flags
¢ Double Length Ooeratlon in Data Regxsters
increment/ Decrement/Addition
Direct Load/Store (H and L)
Load Immediate
Index Register Modification
Indirect Jump
Stack Pointer Modification
Logical Operations
Binary Arithmetic
Decimal Arithmetic
Set and reset interrupt enable fhp flop -

The purpose of this publication is to present the
basic microprocessor operation, instruction set, and
electrical characteristics. In addition, other memory
and peripheral circuits which have been designed,
and specified for use with the 8080 are presented.

8080 ADDRESSING MODES:
DIRECT
REGISTER
REGISTER INDIRECT .
IMMEDIATE '

Increment/Decrement Memory or data registers



2. PROCESSOR TIMING

Symbols
Ashq

{output tri-state)

D,-D,
(input/output)
tri-state

SYNC
(output)

DBIN
{output)

READY
(input)

WAIT (output)
WR
{output)

HOLD
o (input)

Ajg O+—11 40 0 Aqy
: . GND 0—— 2 39 }—=0 Ay
The following describes the function of all of the: g. O3 38 —=0 213
. ; e g Oe—=14 37 }——=0 Ay,
?080 I/O. pins. Seyeral of the d?sF:'rxptlons re.fer. to o oo o an
internal timing periods. For a definition of the timing p, ol 35 f—»0 Ay
periods refer to section 2-3. 0y 0e—sl7 ub—o0 4,
: ) D, 0<—=s INTEL 3}—o4
. Dy O+—s]9 - . 32 +—+0 A
: "By 0=+ 10 8080 al—on
2-1. Pin Configuration and Control Signal -sv o— 11 , 30 f—0 A,
; ; P P RESET O—s| 12 29 f—v0 A,
The pin configuration is shown in Fl_gure 1. o HOLD - % | v
: : INT O—-=} 14 27 w0 4y’
©2 O—=l i5 26 —0 A,
INTE O=— 16 25 b0 4
DBIN Qw—H 17 24 =0 WAIT
WR Oe—1 18 23 j=—0 READY
SYNC O=+—1 19 22 {+—0 0,
+5V O—1 20 21 }—=0 HLDA

Figure 1. Pin Configuration
PIN DEFINITION

Meaning
ADDRESS BUS: the address bus provides the address to memory (up to 64K

8-bit words) or denotes the 1/0 device number for up to 256 input and 256 output

devices. A, is the least significant address bit.

DATA BUS; the data bus provides bidirectional communication between mem-
ory and I/Q devices for instructions and data transfers. O, is the least signifi-
cant bit.. ) .

SYNCHRONIZING SIGNAL: the SYIN'C pin providés.a signal to vindicate the

beginning of each machine cycle. {instructions can be executed in 1, 2. 3, 4 or

5 machine cycles, and the status information.of each machine cycle is sent to
external latches at SYNC time.) See 2-2.

DATA BUS IN; the DBIN signal indicates to external circuits that thé data bus is

in the input mode. This signal should be used to enable the gating of data onto

the 8080 data bus from memory or 1/0.

READY the READY signal indicates to the 8080 that valid memory or input data
is available on the 8080 data bus. This signal is used to synchronize the CPU
with slower memory or {/O devices. If after sending an address out the 8080

does not receive a READY input, the 8080 will enter a WAIT state for as Iong )

as the READY line is low.
WAIT; the WAIT signal acknowledges that the CPU is in a_WAlT state.

WRITE; the WR signal. is used for memory WRITE or 1/0 output control. The
data on the data bus is stable while the WR signal is active (WR = 0).

HOLD:; the HOLD signal requests the CPU to enter the HOLD state. The HOLD
state allows an external device to gain control of the 8080 address and data
bus as soon as the 8080 has completed its use of these buses for the current
machine cycle. 1t is recognized under the {ollowing conditions:

* the CPU is-in the HALT state

* the CPU is in the T2 or TW state and the READY signal is actlve

_ As a result of entering the HOLD state the CPU ADDRESS BUS (A‘S-AC) and

DATA BUS (D,-D,) will be in their high impedance state. The CPU acknowledges
its state with the HOLD ACKNOWLEDGE (HLDA) pin. See Figure 3.

The CPU will always finish the execution of the current machine cycle. When
the HOLD signa! is removed, the operation will resume from the T1 time of the
next machine cycle. (See¢ attached timing charts, Figures 3 and h in Appendix 111}

—n. camny



Symbols

HLDA
{output)

INTE
(output)

INT
{input)

RESET
(input)

¢Il¢1

2-2. Status lnformahon

Instructions for the 8080 require from one to five
machine cycles for complete execution. The 8080

Meamng . .
HOLD ACKNOWLEDGE: the HLDA signal appears in response to the ‘HOLD

signal and indicates that the data and address bus will go to the high lmpedance :

state. The HLDA signal begins at:

T3 for READ memory or input

The Clock Period following T3 for WRITE memory or OUTPUT operation

In either case, the HLDA signal appears after the rising edge of ¢, and high
impedance occurs after the rising edge of ¢,. See Appendix llI-f for timing
diagram and WO status information for mode determmatuon

INTERRUPT ENABLE: indicates the content of the internal interrupt enable
flip/tlop. This flip/ilop may be set or reset by the Ei-and D! instructions and
inhibits interrupts from being accepted by the CPU if it is reset. It is auto-
matically reset (disabling further interrupts) at time T1 of the instruction fetch
cycle (M1) when an interrupt is accepted and is aiso reset by the RESET signal.

INTERRUPT REQUEST; the CPU recognizes an interrupt request on this line at

the end of the current instruction or while halted. If the CPU is in the HOLD .

state or if the Interrupt Enabie flip/flop is reset it will not honor the request.

The CPU acknowledges acceptance of an interrupt by sending out the INTA -

(Interrupt Acknowledge) status sigwal at SYNC time. During the next instruction
fetch cycle the program counter is not advanced and a 1 byte instruction
(usually RESTART) can be inserted. See Appendix |.

RESET; while the RESET signal is activated, the content of the program counter

is cleared and the instruction register is sat to 0. After RESET, the program will
start at location 0 in memory. The INTE and HLDA flip/flops are also reset.
Note that the flags, accumulator, and registers are not cleared as wnth the 8008.
The HL and DE reglsters may be exchanged.

Ground Reference.

+ 12 * 5% Volis

+5 = 5% Volts

-5 * 5% Volts (substrate bias}

2 externally supplied clock phases. (non TTL compatible)

sends out 8 bit of status information on the data bus information.

Symbols
HLTA
INTA*

INP*
ouT

MEMR®
M,

STACK

WO

STATUS INFORMATION DEFINITION

Data Bus

Bit Definition

D, Acknowledge sig‘nal for HALT instruction.

D, Acknowledge signal for INTERRUPT request. Signal should be used to
gate a restart instruction onto the data bus when DBIN is active.

D, Indicates that the address bus contains the address of an input device and
the input data should be placed on the data bus when DBIN is active.

D, Indicates that the address bus contains the address of an output device
and the data bus will contain the output data when WR is active.

D, ‘Designates that the data bus will be used for memory read data.

D, Provides a signal to indicate that the CPU as in the fetch cycle for the first
byte. of an mstructlon .

D, Indicates that the address bus holds the pushdown stack address 1rom
the Stack Pointer.

D, Indicates that the operation in the current machine cycle will be a WRITE

memory or OUTPUT function (WO = 0). Otherw1se a READ memory or
INPUT operation will be executed. .

*These three status bits can be used to control the flow of data onto the 8080 data bus.

A4

at the beginning of each machine cycle (during
SYNC time). The following table defines the status
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2-3. Timing - ) - ‘ ’ .

~Instructions in the 8080 contain one to three bytes. the cycle that is currently being initiated. T1 is al-
Each instruction requires from one to five machine ways foliowed by another state, T2, during which the
or memory cycles for. fetching and execution. Ma- condition of the READY, HOLD and HALT Acknowl- -
chine cycles are called M1, M2, . .., M5. Each ma- edge Signals are tested. If READY is true, T3 can be
"chine cycle requires from three to five states T1, entered; otherwise, the CPU will go into the wait
T2, ..., T5 for its completion. Each state has the. state (TW) and stay there for as long as READY is
duration of one clock period (0.5 micro-second). false. )
There are three other states (WAIT, HOLD, and READY thus allows the CPU speed to be synchron-
HALT) which last one to an indefinite number of ized to a memory with any access time or to any
clock periods, a$ controlled by external signals. input device. Furthermore, by properly controlling
Machine cycle M1 is always the operation-code 1 he READY line, the user can single-step throug

fetch cycle and lasts four or five clock periods.
Machine cycles M2, M3, M4, and M5 normally last
three clock periods each.

hisprogram.

—

During T3, the data coming from memory is avail-‘
able on the data bus and is transferred into the

To understand the basic operation of the 8080, refer instruction register (during M1 only) as shown in the
to the simplified state diagram. shown in Figure 3 gog block diagram of Figure 4. The instruction de-
and the timing diagram of Figure 2. ' coder and contro! sections then generate the basic

. During T1 the content of the program counter is "signals to control the internal data transfers, the
. sent to the address bus, SYNC is true, and the data -timing, and the machine cycle requ:rements of the
bus contains the status information pertaining to new instructions.

T

N
Ao - _ i ‘ 0 _
ow| - T X ' Tt oo,

i o ; DATA Lo READ MODE -
: } | sTaBLE i
. Y H . !
- SYNC / o \ . ! i :
READY ; / . . ) s

wAIT

DBIN . . . /

' DATA \

STATUS

INFORMATION
DATA
Atso 'SAMPLE READY OPTIONAL FETCHDATA OPTIONAL
MEMORY ADDRESS HOLD AND HALT OR
. HALT INSTRUCTION INSTRUCTION
1/0 DEVICE NUMBER . OR .OR _ EXECUTION
Dro . MEMORY WRITE DATA IF REQUIRED
STATUS INFORMATION ) ACCESS TIME :
INTA our : ADJUST
HLTA Wwo .
MEMR M,
NP STACK

Figure 2. Basic 8080 Instruction Cycle



At the end of T4, if the cycle is complete, or else at
the end of T5, the 8080 goes back to T1 and enters
machine cycte M2, unless the instruction required
only one machine cycle for its execution. In such
cases, a new M1 cycle is 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 last machme
cycle that the interrupt request iine is tested and a
special M1 cycle is entered, during which no pro-
gram-counter incrementing takes 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 reQUiréments 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). At the maximum clock fre-
quency of 2 megahertz, this means that all instruc-

tions will be executed in intervals ranging from 2 us

to 8 us. If a HALT instruction is executed, the pro-

cessor enters a WAIT state and remains there untll .

an |nterrupt is recelved

®

42° READY INT RESET HOLD
INTE HLDA DBIN SYNC WR WAIT REA%WDR”E
MULTIPLEXER
TEMPORARY REGISTER
TIMING AND
CONTROL i Wig
5
o REGISTER
o
DECIMAL v L) Hig
ARITHMETIC =
s Eig Digy
S It}
. w
ACCUMULATOR () « Cor B
STACK POINTER (1)
PROGRAM COUNTER (16)
READ/WRITE
INSTRUCTION
DECODE
AND CONTROL .
ACCUMULATOR
LATCH g
INCREMENTER
DECREMENTER (1
-
INSTRUCTION
ALU(g) ] REGISTER (g)
ADDRESS LATCH(15)
1/0 BUSg)
TEMPORARY 1/O BUFFER }
FLAG (s} REGISTER (g) AND LATCH gy ADDRESS DRIVER (15)

Dra

Aso

Figure 4. 8080 Block Diagram
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INTERRUPT SEQUENCES

The 5080 has the built-in capacity to handle external
interrupt requasts. A peripheral device can initiate an inter.
rupt simply by driving the processor’s interrupt (INT} fine
“high. . ) '

: The interrupt {INT} input'is asynchronous, and a
request may therefore originate @t any time during any
instruction cycle. Internal fogic re-clocks the external re-
quest, so that a proper correspondence with the driving
clock is established. As Figure 2-8 shows, an interrupt
request {INT) arriving during the time that the interrupt
enable line (INTE) is high, acts in coincidence with the [s¥}
clock to set the internal interrupt latch, This event takes
place during the last state of the instruction cycle in which
the request occurs, thus ensuring that any instruction in

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

The interrupt cycle is otherwise indistinguishable from
an ordinary FETCH machine cycie. The processor itseif
takes no further special action, It is the responsibility of the
peripheral logic to sce that an eight-bit interrupt instruction
is “jammed’’ onto the processor’s data bus during state T3.

In a typical system, this means that the data-in bus from

memory must be temporarily disconnected from the pro-

- cessor's main data bus, so that the iqterrupt}ing device can

progress is completed before the interrupt can be processed,

The INTERRUPT machine cvcle which, follows the
arrival of anenzbled interrupt request resembles an ordinary
FETCH machine cycie in most respacts. The My status bit
is transmitted as usual during the SYNC interval. It is

. accompanied, however, by an INTA status bit (Dg) which
acknowledges the external request. The contents of the
prpg7am counter are fatched onto the CPU's address lines
during T{, but the counter itseif is not incremented during
the INTERRUPT machine cycle, as it otherwise would be.

command the main bus without interference.

The 808Q's instruction set provides a special one-byte
call which facilitates the processing of interrupts {the ordi-
nary program Call takes three bytes). Thisis the RESTART
instruction {RST). A veriable three-bit field embedded in
the eight-bit field of the RST enables the interruoting device
to direct a Call to one of eight fixed memory locations. The
decimal addresses of these dedicated locations are: 0, 8, 16,
24, 32, 40, 48, and 56. Any of these addresses may be used
10 store the first instruction(s} of a routine desigried to
service the requirements of an interrupting Gevice. Since
the (RST) is a call, completion cof the insiruction also
stores the oid program counter contents on the STACK.

Arsp

070 - l

SYNC

DBIN

WR

RETURN M, - ("‘—*‘—-‘\
(INTERNAL} = ;

S inte o\

INT A ’
INTF.F

(INTERNAL) o] i

INHIBIT STORE OF f
PC+1 (INTERNAL) .

status !
INFORMATION

NOTE: @ flefer 10 Status Word Chart on Page 2-6,

- Figure 2-8. Interrupt Timing

211
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APPENDIX V
ELECTRICAL SPECIFICATIONS

NOTE:

tion will be released in late May, 1974.
Absolute Maximum Ratings*

This electrical and timing specification is only prelirninary. No assurance can be given at this time that
some changes will not occur during the engineering test/ng and characterization of this product. The final specifica-

Temperature Under Bias . . . . ... ........ 0°Cto 70°C *COMMENT: Stresses above fhose tisted under "Absolute.
Storage Temperature . . .. . o v v v v o .. -65°C to +150°C Maximum Ratings” may cause permanent damage to the device.
All Input or Output Voitages with respect to the most negative This is a stress rating only and functional operation of the de-
supply voltage, VBB . + » « v« v v v h . +25V.t0 ~0.3V vice at these or any other conditions above those indicated in
Supply Voltages Vpp and Vgg . the operational sections of this specification is not implied. Ex-
withrespecttoVgg. . . .. o ... v .t h s +20V to ~0.3V posure to absolute maximum rating conditions for. extended
Power Dissipation - . . . ... ot e e e s e 1.0W periods may affect device reliability.
D.C. Characteristics
TA 0°C to +70 C, VDD = +]2V + 5%, Vcc—- +5V * VBB =5V + 5%, Vss= 0V, unless otherwise noted.
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Vice Clock Input Low Voltage - Vgs—1.0} ‘ 0.6 \
Vine Clock Input High Voltage 10.4 Voo \Y
ViL Input Low Voltage Vss ' 0.8 Vv lot=1.7mA
v Input High Vol 3.3 v v | OnDataBus
nput Hi oltage L
iH p g g cc loL= 0.75mA
VoL Output Low Voltage 0.45 V' On All Others.
Vor Output High Voltage 2.4 \ lon= 100uA -
lpp1 Power Supply Current {Vpp ) during HOLD | 60, mA 1 .
top2 Power Supply Current (Vpp ) during HOLD | 67 mA Continuous
lc¢1 Power Supply Current (V¢c) during HOLD l - 75 ‘mA ?iiraztéoog
leez Power Supply Current {Vcc ) during HOLD 73 mA Tcy=480ns
Igs Power Supply Current * 1 mA

T|m|ng Diagram

HOLD

HLOA

Ao



.

et

A.C.Characteristics

Tp=0"C to 70°C, Vpp = +12V £ 5%, Voo = +5V £ 5%, Vgg = —5V £ 5%, Vgg = OV, unless otherwise noted.

Py

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tey Clock Period .48 2.0 us

trtF Clock Rise and Fall Times 50 ns

141 Pulse Width of ¢ 60 ns

12 Pulse Width of ¢ 220 ns

tpi Clock Delay between ¢4 and ¢- 0 ns -

to2 Clock Delay between ¢ and ¢4 70 ns
"tpA Address Qutput Delay from ¢ 5 200 ns |7

too Data Qutput Delay from ¢ 220 ns _

tpe Control Signal Qutput Delay from ¢4 - 120 ns 1T2L and

or ¢, (SYNC, WR, WAIT and HLDA) " cL=50pF

tpe DBIN Output Delay from =P 25 140 ns

o3 Clock Dela\./ @4 to Oy 130 ns |

tps Data Setup Time to ¢ 1 during DBIN 20 ns

ton Data Hold Time from ¢, during DBIN | tpe ns

tRR Ready Reset Time during ¢, 120 ns

trs Ready Setup Time duringoz. 110 ns

tuR Hold Reset Time during ¢, 110 ns

ths Hold Setup Time during 9, 70 ns

tea Address Delay to Enter Hold State 150 ns

tep Data Delay to Enter Hold State 150 ns

Capacitance .- 25°; Unmeasured Pins Grounded :
Limit{pF)

Symbol Test Typ. Max.
Co1 Clock 1 Capacitance 10 - 20
Cy2 Clock 2‘Capacitance 10 20
Cin Input Capacitance 4 8
COLJT Output Capacitance (Address In High Impedance State) 5 10

27
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NOTES:

1. The f_irst'mc'mor'y cycie {M1) is always an instruction
fetch; the ficst {or only) byte, apmaining the op code, is
fetched during this cyde. :

"2. If tha BEADY input trom memory is not high during

T2 of each memory cycle, the processor will enter a wait
state {TW) until KEADY is sampled as high.

3. Suwates T4 and T5 are present, as required, for opera-
tons vwhicn are comuiately interndl 1o the CPU. The con-
tents of the internal bus guring T4 and T5 are available at
the data bus; this is gesigned for testing purpases only. An
X genotles 1hat the state is present, but is only used for
such internal operations as instruction decoding.

4. Onliy register pairs rp = B {registers Band Clor rp=D
{registers O ard E) may be specified.

5. Tnese states are tkipped,

€. Aercry read sub-cycles; an instruction of data_word
will ba read,

7. Nemory write sub-cycle.
8 The READY sigralis r.ot required during the second
and trird sub-cycles (M2 anc 23}, The HOLD signaiis
azoepted curing M2 ord M3, Tha SYRC signal is not gene-

" rated during 142 and 3. Curing tne execution of DAD,

M2 an3g L3 are requires for aninternal register-pair add;
memory is not referenced.

9. ' The results of these arithmetic, logical or rotate in-
structions are not inoved intc tne accumultator (A} until
state T2 of the next instruction cycie. Tnat is, A i¢ loaced
wnile tha next instrustion is beémj fetched; this overlapping
of operations aliowss for faster processing.

10. If tne value of the least significant 4-bits of the accumu-

‘1ator is graater than Y o i wne auxiiiary carry bitisset, 6

is acced to the accuraulator, Hf the value of the most signifi-
cant 4-bits of the accumulator is now greater than 9, or if
the carry bitis set, 6 is acded to the most significant

4-bits of the accumulator,

11, Thisrepresents the first sub-cycle {the instruction
‘fetch) of the next instruction cycle.

.

12. If the condition was met, the contents of the register
pair V/Z are output on the address lines {Ag1s) instead of
the contents of the program counter (PC).

13. if the condition v/as not met, sub-cycles M4 and MS
are skipped; the processor instead proceeds immediately to
the instruction fetch (M1} of the next instruction cycle.

14. If the condition was not met, sub-cycles M2 and M3
are skipped; the processor instead proceeds immediately to

* the instruction fetch {Li1} of the next instruction cycle.

220

15. Stack read sub-cycla,

16. Stack write sub-cycle. *
17. CONDITION cce
NZ -~ notzero {Z =0) 000
Z — zero{Z=1) 001
NC —~ nocarry (CY = 0) 010
C — carry (CY = 1) ot
PO — parity odd {P = 0} 100
PE —~ parityeven (P=1) 103
P — plus{S=0) 110
M — minus {S=1) 111

18. 1/0 sub-cycle: the 1/0O port’s 8bit select code is dupfi-
cated on acaress lines -7 (Agy) and 815 (Ag.s).

19. Output sub-cycle,

20. The processor wili remain idle in the halt state until

an interrupt, a reszt or a hoid 1s accepted. VWwhen a hold re-
Quest is acgeptad, the CPU enters tne hols mode; after the
hold moce is terminated, the orocessor returns to the halt
state. Alter a resst is scceptac, tne processor beging execus -
tion at memory location zero. After an interrupt is accepted,
the processor executes the instruction forced onto the data
bus {usually 2 restart instruction),

$SSor ODD Vatue - | rp Value
A 111 8 8]
B 020 D 01
C 01 H 10
D 010 1 11
E 011
H 100
L

101
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APPENDIX C.

LOW POWER SCHOTTKY TTL

Ref. 20.

Introduction:

For many years TTL has been the most popular digital
integrated circuit technoiogy. 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:

A Schottky diode, also called a hot carrier diode, 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,areltwo
classes of metal~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.

Schdttky TTL s

With the use of Schottky diodes, the saturation delay

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

‘be avoided. - Saturated logic operates by turning the
transistors either fully on or fully off. - The amount"
of base current to do this is critical. Too little

will not turn the base current on sufficiently, too much
will drive the transistor into saturation and it will
céntinue 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 baseéchafge recombination thus decreasing satura-
tion delays. This also lowers the transistors current

gain (beta) and makes the circuit less efficient.

A circuit trick, the Baker clamp was developed to over-
come this problem. A diode is connected between the
base and the collector. If the diode has a very low
forward.voltage drop it starts conducting When the base

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

‘to pull the collector into the "soft saturation” region.

15



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

clamp.

These Schottky-TTL circuits are very fast; but since em-
phasis is on speed they consume more power than normal
TTL. . Low power Schottky TTL consumes one-quarter the
 current of conventional TTL and uses Schottky diode clamp~
“ing and advanced processing techniques to produce better

switching transistors than TTL.

"CIRCUIT CHARACTERISTICS:

While the logic function and base structure of low power
Schottky are the same as TTL, there are also 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 diodes to perform the AND function is employed.

This increases the input breakdown voltage to 15V.

16

.The inputs also have,Schottky clamping diodes which terminate

'negative going signals and thus minimise ringing. The
effective capacitance of an LSTTL input is approximately
3.3pf. ' ' '

Unused Inputs:

For best noise immunity and switching speed unused inputs



should not be left fléating. . They can be handled in

two ways :-—

A. Connect unused input to Vcec. - 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 noise immunity will be

reduced due to increased input capacitance.

OQutput 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 Vee, say to 1OV, convenient-fdr interfacing to CMOS.
Early designs of LS had the output clamped one diode drop

above Vcc.
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.

Qutput Waveforms:

The waveform of a rising output signal resembles an

exponential, except that the signal is slightly rounded

17



at the'begihning bf the rise. . Once past this initial
roundedvportion, the starting edge rate is approximately 
0.4V/nS with a 15 pF load and 0,25V/nS with a 50pF load.
- For analytical purposes the waveform can be approximated

by the following expression

where T = 8ns for Cr, 15 pE

16nS for Cp, 50 pF

The falling output signal waveform resembles that part of
cosine wave between O and 180 degrees. Fall times .
from 90% to 10% are approximately 4.5nS with a 15pF load
and 8,5nS with a 50pF load. Equivalent edge rates' are
approximateiy 0,8 and 0,4 V/nS respectively. For
analytical purposes the ' output waveform can be approxié

mated by the following :

V(t) = Vo, +‘l,9 u(t) (1 + cds'wt) ~ 1,%u (t—a)Ll+cosvv(t—u))
Qhere | |
u(t)_-= 0 for_t?io ~ and u(t-a) = O for ¢ <.é
| = 1 for t>0 | = 1 for t> a
For t 'in nanosecénds and C = v15 pf & CL. =  50 pf
a = 7,5 nS a = 14 nS-
w = 0,42 W = 0,23

'AC Switching Characteristics:

Low power Schottky gates have an average'propagationudelay .



of 5nS at a 15 pF loaa. | This increases at approximately
0, 1nS/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 dbped
transistors with much higher current gain than those in
conventional TTL. At say 200 pf loads LSTTL is still

faster than conventional TTL.

- Under static conditions only CMOS uses less.power than
LSTTL, but 'CMOS loses this advantage over a few 100 kHz.
At speeds over 1 MHz, LSTTL is the most efficient logic.
vThe delay times of LSTTL are very insensitive to tempera~
ture and power supply variations, varying by only 2nS and
InS respectively over the entire military ranges. In
~conventional TTL 6nS variations over temperature range

"and several nS over supply voltage range are typical.

19



A 20

'APPENDIX D.

 USE AND OPERATION OF THE

- FRONT PANEL UNIT

This appendix describes the two basic functons that can

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

microprocessor, and use of the DMA facility. =

~—

CONTROL OF THE MICROPROCESSOR

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

vReset: 

Depressing this switch generates a HIGH on the RESET

~line of the 8080. The line goes LOW again when

the switch 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
memory. This is the most convenient way of starting

the processor running.



‘SteEgRun:

TheSe two_sWitches control the state of the READY
line. = When the RUN switch is depressed the READY

line goes HIGH and the processér will run from where~-

- ever the program counter is at the time. For

initiéting a program a RESET then RUN sequence must.

be used.

When the STEP switch is depressed the READY line
goes low at the end of the current instruction and
the 8080 enters the WAIT state. . Each subsequent
activation of the STEP switch thereafter results in

‘the execution of one instruction byte. This is

useful 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 cycle but before the execution

cycle.

" FRONT PANEL DMA CHANNEL

It is possible via the front panel direct memory
access (DMA) channel toicommunicate directly with the

processor's memory.

Write Mode:

When writing into a memory location the following

steps must be performed :-

(1) CONSOLE switch ON - This enables the address

bus and data bus switches.

A 21



Set up memory address on address bus switches.

| .DepreSS LOAD switch ~ "This enters the memory

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

Press WRITE -~ The contents are now entered into

memory.

' 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)

(2)

"Follow steps (1) to (4) for WRITE MODE.

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.

a 22



.~ APPENDIX E. - o,

DUAL SLOPE INTEGRATING

ANALOG - DIGITAL CONVERTERS

A block diagram of a dual slope integrating ADC is 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 S1 which connects
the unknown voltage VX to the integrator input. The
voltage Vx is integrated for a fixed time interval (0,T;)
. which is establiéhed by counting a fixed number df»clock
pulses. Although not necessary, it is convenient to
have the number of pulses equal to the full scale count

of 20 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

. L Tl L —
Vo = RC j_ Vx dt - Vi = RC Vx Tl - Vi (;)
O

~Where V% is the average value of Vx over the interval.
The overflow pulse from the counter at time Ty turns
switch S1 off, and turns switch S2 on, thereby connecting

the reference voltage -Vr to the integrator. The .

23
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output of the integrator during integratibh of -Vr is

| 1 = 1 R

VQ = =Vi +§E Vx‘Tl ~ RC \f Vr dt : | (2)
o

The integration continues until the comparitor changes

state. '~ At this time the integrator output voltage is

equal to -Vi so that Eq. (2) becomes |

. 1 Lo R :
-Vi = ~Vi + RC Vx Tl - RC.Vr (T2 - Tl)'. ‘ (3)
where the reference voltage Vr is assumed constant. The
Vi's drop out and the integration constant ﬁé cancels in
the remaihing terms. " Solving for the average of the
input signal ' '
Vx =Vvr (T, -T;) / T : (4)

then T2 - T

If N is the number on the counter at time T. l‘=

2
N/fe, 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 time T2.

The cancellations that take place during the derivation

are of considerable practical importance. - The elimina-
tion of Vi in Eq. (3) shows that long term offset drift
“has no effect on the accuracy of the converter. Similarly
the clotk frequency Fo 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

25
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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. 1 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 Ty, it has only a
slight effect on the comparison. . In essence the
input signal is being heavily filtered as a result of the
v'intégration. In addition the dual slope integrating
ADC is isolated from the signal source at the time of
comparison since Sl is off. 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'frdm integration this calculation

results in
)

Sin“w Ty7 £n
T £n

Rn = 20 log T, / RC + 20 log

where T; 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 intégration interval is an exact

-multiple of the period of the noise.



APPENDIX F.

LOGIC DRAWINGS

This appendix contains logic diagrams for -

(i) The Industrialized Microprocessor System;

(ii) Development System.

‘Exact wiring diagramsAand>parts lists can be found in the
library of the Department of Electrical Engineering at
the University of Cape Town.

" Logic convensions used in the diagrams are :

(i) Negative logic lines (lines that are normaliy

HI and active LOW) have circles at each end.

(ii) As a result of (i), gates that have been drawn
for their logic meaning but are not directly
implementable by TTL have the equivalent TTL
gate numbers written above them. ’

(iii) Gates or latches that have their outputs connected

together are tri-state devices.

27



Appendix F (i)

INDUSTRIALIZED MICROPROCESSOR

SYSTEM - LOGIC DRAWINGS.
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- Apbendix F (ii) ..

 DEVELOPMENT _SVYSTEM

. - 10GIC DRAWINGS. -
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-APPENDIX G.

i:!(}i 1-BIT

" Fully Parzllel 8-Bit Data
Register and Zuifer

= Service Request Flip-Flop
for interrupt Generation

= Low Input Load Current —
.25 mA Rax.

® Three State Outputs

® Quiputs Sink 15 mA

Schot*ky Blpolar
PUT/OUTPUT PORT

212

s 3.65V Oulput High Voltage
for Directinterlace to 80:30
"CPU or 80058 CPU

v Asynchronous Register
Clear

“s Replaces Buffers, Latches

and tAultiplexers in #iicro-
-computer Systems

8 Reduces System Package
Count

The 8212 mpux/output port consists of an 8- blt 1atch with 3-state output buffers along with control and device selectxon
logic. Also mcluded isa semce request flip-fiop for the generation and control of interrupts to the mtcrcprocessor

The device is muitimode in nature. It can be used to implement latches, gated buffers or muluplexers. Thus, all of the princi-
pal peripheral and input/output functions of a microcomputer system can be implemented with this device.

~

_ PIN CONFIGURATION

w0 2
Mo 2 23§
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20, 6 19 ¢
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L L7
00, 8
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|00 D0y «DATA ouT
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- T
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ZIRVICE REQUEST FFf
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SCHOTTKY BIPOLAR 8212

" Functional Description

" Data Latch
The 8 flip-flops that make up the data latch are of a
“D" type design. The output (Q) of the Hip-tiop will
toilow the data input (D} while the clock input (C) is

high. Latching wnl occur when the clock (C) returns

" low.
 The data | latch is cleared by an asynchronous reset
input {CLR). (Note: Clock (C) Overides Reset (CLR).)

Output Buffer
The outputs of the data latch (Q) are connected to

3-state, non-inverting output buffers. These butfers

have a common control line (EN): this control line
either enables the buffer to transmit the data from
" the outputs of the data latch {Q) or disables the

bufter, forcing the output into a high 1mpedance
state, (3 -state) .
This high-impedance state allows the designer to
- connect the 8212 directly onto the microprocessor
. bi-directional data bus. '

Control Logic

‘The 8212 has contro! inputs DS1, DS2, MD and
~ STB. These inputs are used to control device selec-
~ tion. data latching, output buffer state and service
_request flip- ﬂop

_ DS1, DS2 (Device Select)

These 2 inputs are used for device selecticn. When
D81 is low and DS2 is high (DS - DS2) the davice is
selected. In the selected state the output buffer 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'

“butfer 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 (DST « DS2).
When MD is low (input mode) the output buffer state
is determined by the device seiection logic (DS1 -
DS2) and the source of clock (C) to the data latch 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) and to synchronously
reset the service request flip- ﬂop (SR).

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

n

‘Service Request Flip-Flop

The (SR) flip-flop is used to generétc 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- mterruptmg .

state.

The output of the (SR) flip-flop (Q) is cognected to

an inverting input of a “NOR"" gate. Tha.other input

lo the "NOR" gate is non-inverting and is connecled
to the device selection logic (D351 » DS2). The output-

of the “NOR" gate (INT) is active low (interrupting
state) for connection to active low input priority
generating circuits. :

SERVICE REQUEST FF

N\
DEVICE SELECTION oa
\, = | 58
— b PR z J
Dasv_cD g » W D>
2> ose= [ i (ACTIVE LOW)
Dm0 __ﬂ ! WA B
fD>ste r—_-—{“—} ouTPUT
: BUFFER
' ! oy ! ‘
B> 1R o #00, [©>
_DATALATCH | ‘ i g }
o BRIl PN
< Do,
2= K l 2
Rl
" @>on : ' 2 o yoos
. i b *cq I ) |
: ) I==21is!
E>ou i -’j—J‘i 1 004 iB>
. » Cq | ’
- . | L—l | .
. i 5] - bb%“"’s[@
S e RN
o, i 30} I'b—{.oos[p
. ] WA RE |
—
oo il .
. l $1Cq { ; .
E>org— L }—?>+ooa®
RESET ORIVER | .
{ ! |
I
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L d 4

[578 W0 ibsiOS;t | DATAOUTEGUALS |[ cam  (C€,6%,1 518 s | INT
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'

n Sili con Cate CMOS o“?m 5101 3, 51@1!. TOiE-3

1024 BIT (253 »x 4) STATIC CLiGS RAN

*Ultra Low Standb Current' 15 nA/F‘ltfor thﬂ 5101

& Fast Access Time—650 ns ” - e Directly TTL Compatible—-Ail

= Single +5 V Povier Supply - Inpuisand Output.s
- * Three-State Output

. The Intef®5101 and 5101-3 zre ultra-low power 1024 bit {256 wiords x 4-bits) static RAMs fabricated with an advanced ion- -
implanted silicon gate CMOS technology. The devices have two chip enzble inputs. Minimum standby current is drawn by
these devices when CE is at 2 low level. When deselected the 5101 and 5101-3 draw from the single 5 volt supply only 15
microamps and 200 microamps, respectively. These devices are ideally suited for low power applications where battery
operation ©r battery backup for non-volatility are required.

The 5101 and 5101-3 use fully DC stable {static) circuitry; it is not necessary to pulse chip select for each address transition.
The data is rezd out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL:
compatibie, The 5101 and 5101-3 have separate data input and data output terminals. An output disable function is provided
so that the data inputs and outputs may be wire OR-ed for use in common data /0 systams.

The 51018 and 5101L-3 are identical to the 5101 and 5101-3, respectively, w)'th the additiona! feature of guarénteed data
retention 2t a poveer supply voltage as low as 2.0 volts. ’ ’ ’

A pin compatible N-channel static RAM, the Intel 2101, is also available for low cost applications where a 256 x 4 organi-‘
2ation is needed. .

The Inte! don-implanted, slhcon gate, complementary MOS (CMOS) aliows the design and production of ultra-low power,
high perfarmance memories.

~ PIN CONFIGURATION LOGIC SYMBOL . BLOCK DIAGRAM
5101 5101 @ .

‘ ™ o——-—-p_— @
F% an B 2 v, da Ao ® — ] —oVce
HE 2 2 :A. . — &, . tall = D»———— "GND

: . CELL ARRAY
2[R » ey ) A,o—\g;«D—'- s 32 ROWIS
N -— A
A E a 19 :]C_Ei Al R @ 32 COLUMNS
—{ A 3 ==L .
Al 1 [ Joco - : @ -
ANl ke v [ cez — :1 : A o— T }
. b B . ’ 49
e 16 [J oo, da oo b | RW —{ COLUMN 1.0 CIRCUITS
.Y e F) 15 7o ! ! 79,
‘4 — ot 00, |— N/ COLUMN SELECTOR
e >
o3 1« [J oo, —1 o, oo, }— - ]
1o oo, b— (3 INPUT
0o, "3 w0 . 13 [Jor, ¢ D1y ——L>"] DpaTa
. -1 0D 33 CONTROL Py
. 13, BIKG
o, CAm 12 |_]oo, A CE2 CEY OIIGIRO;
' tle As A A
PIN NAMES

m, Dl DATAINPYT - 0D OUT’U'I DISAILE

"y R, dobRess veuTs' T 60;-00, 0ATaGuTPUT

mw | ReADV.RITEINPUT T vCC ruvenl svr ] O- PIN NUMBERS

& ceo Tenrenasie 0 ¢ S -- : .

2-115



SILICON GATE CMOS 51.01, 5101-3, 51011, 5101L-3

Absolute Maximum Ratings *

Ambient Temperature Under Bias . . . . . 0°C to 70°C
Storage Temperature . ... ...... -65°C to +150°C
Voltage On Any Pin : }

_ With Respect to'Ground . . . . -0.3V to Vg +0.3V
Maximum Power Supply Voltage ......... +7.0V
Power Dissipation . ........vevuveeens 1 Watt

*COMMENT:

Stresses above those listed under "Absolute Maximum

Rating" may cause permanent damage to the device. This

. is a stress rating only and functional operation of the device
at these or at any other condition above these indicated in
the operationa! sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

D. C. and Operating Cnc.ractenst:cs for 5101 5101- 3 5101L, 5101!. 3

Ta=0°C to 70°C, V¢ = 5V £5% unless otherwise specified.

Symbol Parameter Min. Typ.m Max. | Unit | Test Conditions
2l Input Current 5 nA Vin =010 5.25V
ILon[?! | Output High Leakage ] uA | CET=2.2V,Vour=Vee
1ioLl?! | Output Low Leakage 1 pA | CE1=2.2V,Voyr=0.0V.
) : Vin = Ve Except CE1<0.01

lcer Operating Current 9 22 mA Outputs Open

: . ' Vi =2.2V Except CE1<0.01
lec2 Qperiaung Current 13 .27 mA_ Outputs Open
‘5101 X . ' Vv =0 to Vee, Except
e 12! Standby Current 0.2 15 HA CE2 <02V
5101-3 - Vin=01t0 Ve, Except
oo 2] Standby Current 1. 200 | pA CE2< 02V
ViL Input “Low’’ Voltage -0.3 0.65 \")
Vin Input “'High” Voltage | 22 Vee Y
Vou Qutput “Low” Voltage ] 04 Vv loL = 2.0mA
Vou Output “High” Voltage | 2.4

v lon = 1.OmA

Low VCC‘ Data Retention Characteristics {For 5101L and 5101 L-3} Ta=0°Cto 70°C

Symbol ' Parameter Min. | Typ.[1} | Max. | Unit | Test Conditions
VbR Ve for Data Retention | 20 Y
5101L )

Data Retenti t A Vpr=2.0V
lecon ata Retention Curren 0.14 LA CE2<0.2V bR
S101L-31 5 1 Reterttion Current 0.70 - uA | vor=2.0v
lccor
¢ Chip Deselect to Data Retention 0 ns

COR Time
tr Operation Recovery Time tncm ns.

NOTES: 1. Typical values are Ta = 25°C and nominal supply voltage.

measurement, 3. trc = Read Cycle Time.

‘Low V, Data Retention Waveforms

DATA RETENTION
!‘"_"'Moo: T

2116

2. Current through afl inputs and outputs included in IccL

Typicat 'CCDR vs. VDR
1.00

s101L3
k- ol
g £0[-
«
ar5v g aof-
Von <
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Vin 20 _EL/
0.2v . e T




- SILICON GATE CMOS 5101, 5101-3, 51011, 5101 L-3v

61

-~ A.C. Characteristics for 5101, 5101-3, 5101L, 5101L-3

READ CYCLE T, = 0°C to 70°C, Ve = 5V 25%, unless otherwise specified.

Symbol Parameter Min. Typ[_” Max. | Unit Test Conditions
tre Read Cycle 650 ns
ta Access Time 650 ns
tcot Chip Enable {CE1) to Output 600 ns
- - {See below)
tcoz Chip Enable (CE2) to Output 700 ns .
top . Output Disable To Output 350 | ns
tpr Data Output to High Z State 0 150 ns
N Previous Read Data Valid with 0
OH1 Respect to Address Change ns
1 Previous Read Data Valid with
OH2 Respect to Chip Enable 0 ns -
WRITE CYCLE
Symbol Parameter Min. Typ[_” Max Unit Test Conditions
©twe Write Cycle 650 ns
taw | Write Delay 150 ns
tewn Chip Enable {CE1}-To Write 550 ns '
. - (See below)
tow?2 Chip Enable (CE2)} To Write 550 ns .
tow Data Setup ’ 400 ns
1oH Data Hold - 100 ns
twp Write Pulse 400 ns
twR Write Recovery 50 ns
tos Output Disable Setup 150 | ns |

A.C.CONDITIONS OF TEST

- Input Pulse Levels:

.+0.65 Volt t0 2.2 Volt

Capacitance”'n =25°C, f= 1MHz2

. During the write cycle, OD is ""mgh” for cammon {/0 and
“don’t care’” for separate 1/0 operation.

Limits {pF)
Input Pulse Rise and Fall Times: 20nsec Symbol Test Typ. | Max
* TYiming Measurement Reference Level: 1.5 Volt Gy Input Capacitance 4 8.
Output Load: 1 TTL Gate and C = 100pF (All Input Pins} Vi = OV
Cout Output Capacitance Voyt = OV 8 12
Waveforms _ WRITE CYCLE
READ CYCLE they ! !.._ ..... - g,:,___ﬁ___.'
ADDRESS ‘( Y " apDRESS
’ tcor —+ " taan —J )‘— } towr
——— . L ey I S
(44} ; (3] X .
. ) tonz —) S '
ce2 t . . czz_{ \
tcoz —-— ’ e
. . I - tew2
(COMMON I?C?) i + Bl B o 4
tcosmon oy 14 A
- [N Lu‘,,‘“—. . —e} tos '.— —eitppfe —
oata_ | 7T DATA QUT - DATA DATA IN
out ) VALIOD N STABLE I
S S (C oy | )ﬁw,_-‘w S
- taw to- Nyn -
NOTES: 1. Typical values are for. Ta = 25°C and nominat supply voltage. hammmn s T e s
2. This parameter is periodically sampled and is not 100% tested. Riw J
3. OD may be tied low for separate 1/O operation,
4
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OPTO-ISOLATOR

MCTS

DAY RS N ENE S PR

gyl XYY
Bsirpenk ,S-v»,,v-m

2

. ..~p—:~ -

§

PROBUCT DESCRIPTION

The MTT6 opto-isolator has two channels for high density applications. For faur channel applncanons, two-packages

fit inte a standard 16-pin DIP socket.

At the2 Taput, a CaAsLITE emitting diode yen2rates inirared light preportional to current passing through (hr‘ r‘nod# in
tha farward direction. At the output, a silicon phototransistor detects and amplifies the photocurrent generated in its

photosensitive base region.  Light coupling electrically isolates the input from the output.

PACKAGZ DIMSNSIONS  ALLOIMENSIONS 1N INDFES

G LK
008 - 1
aNalalal 7 ==’3F-l
. ‘e ~1
E ]
\yucau

1

migd

NOTE: ENIPS ARE LOCATED OV MNS 2. 2 ERAVD Y

: ; R (@ .
§ 3 x @._'T'?’ @ c
) RO ! <
= . LT .
—-“—-—.ou..m C @
GOLO PLATED XOVAR casy weTa

FEATURES

» Two isolated channels per packaga

‘= Two packages fit into a 16 lead DIP socket _ .

= Same basic efectrical characteristics as MCT2
= 1500 volt isolation .
= 50% lypvcap current transfer ratio

APPLICATIONS

= AC Linz/Digital Logic .. ... .. .. Isolate high voltage transients
= Digital Logic/Oigital Logic. . . . . . . Eliminate spurious grounds
= Digital Logic/AC Triac Control . . . . 'Isolate high voltage transiznts

= Twisted pair linereceiver. . . .. ...
= Telephona/Telegraoh line receiver, .

Eliminate ground loop fewdthrough
. lsolate high voltage transiznts

» High Frequency Powaer Suppiy

" Feedback Control, . ... .... .
= Relay cONICE MONILOF . . o v v www.
& Power Supply Monitor

Maintain floating ground

. Isolate transients

isolate floating grounds and transiznts

ABSOLUTE MAXIMUM RATINGS

INPUT DIQDE {2ach channel}
Rated forward current, DC.
Peak revarsecurrent , , .., ...
Peak forward current {3us pulse,
pcio s 7.7 ) R
Power dissipation at 25°C ambient . . .

Derata lipdarly from50°C . o v v o v v v u

Storage Temperature -55°C to 150°C
Operating Tempzrature-55°C 16 100°C
Lead Temperature {soldering, 10 sec.} 250°C

b e e wecescenarm

e s aseare e

ceew

60O mA

10pA

3A
.o s« 100MW

2mw/°c

QUTPUT TRANSISTOR (2ach channel)

Power dissipation @ 25°C ambient . .. e ccow .. 150 MW

Derate linearly from 25°C 2 mw/°C

CollectorCurrent . . o oo ettt niecnaeaens . 30mMA

COUPLED

Input to output breaxdawn voltage. . . . .. 1500 voits DC

Total peckage power dissipation @ 25°C ambient , . 400 mWV
. Derate linearly trom 25°C 5.33 myV/°C

P )

CHARACTERISTICS

INPUT DIODE

Threshold forward voltage
Rated forward voltage
Reversa voitage

Reverse current

Junction capacitance

Rise tume, fal) time

QUTPUT TRANSISTOR (1. = 0)

Breakdown voltage, coliactor 1o emitter
Breakdown voltage, emitter to collector
Leakage current, collector to emitter
Capacitance collector to emitter

COUPLED

DC aurrent transfer ratio (l F,
Isulation voltoge

isolation resistance

tsolation capacitance

Breakdown voltage — channekto-channel
Capacitance bievaenn channzls
Saturation voltage — collactor to emitter
Bandwidth

AN

30

o8

1500
"0‘ 3

| ELECTRO-GPTICAL CHARACTERISTICS (25°C Free Air Temperarure Unless Otherwise Specified)

TYP.
0.7

150

MAX. UNITS TEST CONDITIONS
A\ Alc =2 1 nA
1.50 v .F = 60 mA
v ! R> 10 pA
10 PA V=30V
pF VE=O0V
pF VE=1V _
ns Ig = 50 mA, 50 system
\4 Ic=10mA
v Ie = 100 pA
100 nA VCE =10V
pF Veg =0V
3 Vee ® 19 V.1 = 10mA
{2 Vio =500V
pF f= 1 MHz
\" Relative humidity = 40%
i pF f=1MH2
.40 v |c~2mA,iF-1smA
KHz Ic*2MA. V= 10V, R = 100-(1

15
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s MMCTOS -
ELECTRO-OPTICAL CHARACTERISTICS (Con't) .
CHARACTERISTICS PAIRL TYP. MAX. UN)TS TEST CONDITIONS
SWITCHING TIMES, OUTPUT TRANSISTOR E .
Noa-turated riss time, fall time 24 Ms 'C =2 mA, VCE =10V, FIL = 10082 (
Mon-saturated risa time, fall time 15 Ms 'C =22 mA, VCE =10V, RL = 1K
Saturated tura-on time (from 5.0 V to 0.8 V) -3 Ms RL =2 K, lg-= 15 mA
Saturated turn-off time (from saturation to 2.0 V} 25 Jis ? R =2 K, Iz = 15mA .
TYPICAL ELECTRO-OPTICAL CHARACTERISTIC CURVES (25°C Free Air Temperature Untess Otherwise Specified)
" . .
50 T (R X ] e a 190
€Ta = 5% a T A Vee =50V f[
3 ' e :l m & Ta=25°C ]
' M il e
- 0 50 3 8 4 i s é
= i 7 1 2 5 . =
= 1 -50 - N sl2 u
: L A 3 il iiisls g
2 /B L Z RS Z
= S 3 s S YEiara g
s {71 1 i1l = Eanil o
[TEELE Y/ gemm—— b c 1 ; X zZ
§ // j 2 i 2 a { I\“ \ &
i -4
8 104 | __L_;.._—..—-—-—--zo' < , N Jll S
10 1 ==
:, I ! 17 = 10 mA E B ml ] _ LL
2 |1 [N S | wossT cast bzsicn FoR T - 201} 2,
0 10 20 30 40 50 K | - 5 W 50 W00 . 0.1 .2.345 10 2 345 10 20 40 160
Veg ~ COLLECTOR VOLTAGE = VOLYS P = FORWARO CURRENT -~ mA €359 1§ — FORWARO CURRENT = mA CB30
cBsa : .
Figure 1 1-V Curve of Phototransistar Fi_guez 1-V Curve in Saturation . Figure 3 CTR vs. Forward Current
» .
! 130 T 14 5
2 L HIGM CURRENT TRANSFER ‘ gy’ w'®
- N RAT 4 o
g o PS0ATIO i >13 A z
cn b T f oo LA 74 T o6
A B e s S 2 el | L L’
& ! \\\ g 12 i =1 z
z® 1 S = /”/[ LA L1 = -
< \\ o L~ V12 3
3 | N o 1 <A 1 a LRl
- 70 / " : l I | o
z _ LA e L sCt A e - LN T .
= l-Low CURRENT TRANSFER RATIO S0 .\f,-» 2 8 ; Vg0V
€ : 3 . ' ST NN
5 s0f ll T % 5 el z = —'-“—-«\. VCE"E'(’Vv;j
o £ Jf I {1g=10ma 2' S [~ PTG S F SVee - 75 v
w = . B $ 09— e~ B
¥ b 3 .\'l_ +—} Vec-tov ] . e })VF- 8:0 Vez 0V
2 emee | 1] ] ] g —_——
= 10 te 1 ’ ftas 1610 N 1 1 "
S 60 @@ 20 0 20 4 € 80 100 X 2 5 1 2 510 20 5010 20 30 40 SO 60 70 B0 90 100 N
AMBIENT TEMPERATURE (*C) Cast #g — FORWARO CURRENT — mA C382 ' Ta~ AMBIENT TEMPERATURE - *C {853
Figure 4 Current Transfer Ratio Figure 5 1-V Curve of LED vs. Temperature Figure 6 Leakage Current vx' Temperature
vy, Temperature v ’ " vs. Collector Voitage
»
20 T T T 7117 ’ 90444 RN : ' 10
\ ' ’ L Vee=10v it H] i ti ) T —
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1. Normalized CTR degradation = ‘::TR 2. For more applications detail, see Application MNotas Handbook,
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™

© operation.

FEATURES _

P 4 Wire Ratiometric Operation

P> Single +5V Power Requirement

P> Differential Inputs

P 40 dB Normal Mc22 Noise Rejection
P 70 dB Common Made Rejection

P Binary or BCD Coding

GENERAL DESCRIPTION

The ADC-ER series dual siope A/D con-
verters feature ratiometric operation pow-
ered by a single +5 volt logic supply. Four-
wire differential inputs give high com-
mon mode rejection with the useful capabii-
ity of operating with input signal and
external reference at different common
mode levels; the external reference voltage
can be varied over :50% of nominal refer-

-ence value. In addition, the conversion time

can be externally adjusi2d to a 50 or 60 Hz
period to give 40 dB minimum normal mode
rejection of AC power line noise.

This series is available in 5 different models
with resolutions of 8, 10, or 12 binary bits
and sign and 2-1/2.or 3-1/2 BCD digits and
sign. Important applications for. these con-
verters include test and instrumentation
systems and signal conversion at transducer
locations. Other operating features include:
@ gated clock output with a counter reset

‘pulse for transmitting data to an external

counter; an internai start pulse generator
with externally adjustable rate; and a
-5VDC power output supplyiné up to SmA
for externally powering a transducer bridge
or auxiliary amplifier,

This combination of features makes the
ADC-ER an extremely versatile A/Q con-
verter for systems applications. It contains
an internal precision reference of 1V for
binary models and 2V for BCD 'models
which is used for normai, nor')-ratiometrii:
in ratiometric operation the in-
put switches between input signal and ex-
ternal reference during the conversion cycle,
Full scale input signal is 21V for binary and
+2V for BCD; the input common mode
voitage range is +3V.

The external reference voltage range is 0.5

" to 1.5V for binary models and 1 to 3V for

" BCD models. Common mode rejection for

both signal and reference inputs is 70 dB
minimum. Optimum normal mode AC line
noise rejection is achieved by external ad-
justment of the clock frequency to syn-
chronize the signal integration time to either
50 Hz or 60 Kz line period. Sign-magnitude
coding is used in all models.

Input power requirement is +SVI[.C at
250mA maximum and the module size |s a
low profile 4 x 2 x 0.4 inches.
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PARALLEL DATA QUT
SEE INPUT/OUTPUT CONNECTION TABLE)

+5 VOLT POWER 2ERD GAIN
POWER N GND ADJ. ADJ.
? o @
¥ INTEGRATOR
' ~ xS
—ws—o PRECISION REF.
_w,\( REFERENCE e
- NI
INPUT BUFFER ppv—
~5vYDC
1 SUPPLY B out
1 REGULATOR
. COMPARATOR
I CONTROL LOGIC
LOGIC
I ‘ ] I L GND."
i CstanT
i r COUNTER GENERATOR cLock
i H 1 _I |
(&5 EDEHECEIHY ©BL U U
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Notes:

MECHAN {CAL DIMENSIONS

INCHES (M)

2.300

130 81

SI0E VIEW

T
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Y
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200 MIN 16, 4)
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1900
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€acH

'»——— Meed —-_..4 l-—- "

s n

et

1. Open dots deslgnate omitted pins

L AR

. 0.100 inch = 2.5mm
. Pin position tolerance is £10.005” frorn datum, non-accumulative
. Analog Ground, Power Ground, and Logic Ground are all connected togother intarnalty.

INPUT/QUTPUT CONNECTIONS

START CONVERT

PIN FUNCTION PiN]  DIGITAL QUTPUTS

1] ANALOG GROUND BINARY 817 ; BCODIGIT
3 | ANALOG IN. LO §8 ] 108] 128! 8D] 120
5 | ANALOG IN, HI 57 X | X | X ] x| 1
7|+ REFERENCEIN | 58 | X | X {12 | %1 2
G| -REFERENCEW 4 581 X | X 11 | x| 4
17 { ZERO ADJUST "ed 1 x {10 130 X 8
26 | -REFERENCEQUT | 631 ] X | 8 |9 | 711 10
28 | FREFERENCEOUT 162 |8 | 8 |8 1 21 20
30 | GAIN ADJ. 5317 | 7 |7 ] 3] a0
32 | -5VDC OUT €116 | 6 161 B 80
34 | POWER GROUND €55 | 5 15 |10] 100
36 ] 45V POWER IN 66]4 | 4 [ 4 |20] 200
37 | CLOCK ADJUST 5713 | 3 ] 3 |40 400
39 |STARTRATEAD) | 6812 | 2 | 2 §50 | 800 |
41 | START OUT 52 {1 | 1 | 1 |00 1009
(a3 | GATED GLOCK OUT

45 | £.0.C. (STATUS) X INDICATES NO PIN

46 | CLOCK OUT.
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AIMDAC100 8 & 10 BIT IC D/A CONVERTER SERIES

ELECTRICAL CHARACTERISTICS:

These specifications apply for V= £15V, —25°C < Ta <485
T1 and T2 devices, unless atherwise specified.

°C for Q1, Q2 and N1 devices;0°C < T < +70°C; for Q3, Q4,

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution 10 10 10 bits
Linearity A" option (£ LS8 ~10 bits) - -~ 0.05 %lgg

“B" option (¥ LSB ~9 bits) — - 0.1 "% ipg
“C* option (£ % LS8 -8 bits} - - 0.2 % ‘FS
"D’ option (1% LS3 -8 bits) - - 0.3 % leg
Full Scale Tempco of Igg “A* option S - - 15 ppm/":C
“B” optian - - 30 ppm/°C
“C*" option - - 60 pom/C.
“D" option - - 120 ppm/°C
{For available lineali}v/:empco combina- »
tions, see Ordefirj.g intormation’
Settling Time Ta =257, t00.05% - - 375 ns
TA =257, 100.1% - - 300 ns |
Ta =257, 100.2% - -~ 225 ns
Ta =257, 100.4% - - 150 ns
Ta=25C. 100.8% - - 100 ns
Fuli Scale Qutout Vottage Connect FS Adiustto V-
10V Modeis 1Q1, @3, T1, N1) 10 - 1.1
5V Modzls {02, Q4, T2, N1} 5 - 555 v
{Limits guarantee adjustabiiity 10 exact
10.0 (3.01V with a 20072 trsmpot between
FS Adjust and V-3
Zzro Scale Output Volitage - - 0.006 % FS
Logic inputs Measured with respect to output pin
High o 2.1 - -
Low - - 0.7
- .
Logic input Current, VIN =010 +6V - - 5 TUA
Each Input ]
Logic Input Resistance Viy =0146V - 3 - MQ
Logic Input Capacitance - 2 - pF
Output Resistance - 100 - «$2
Output Capacitance - 13 - pF
Applied Power Supplies:
. v+ Lincarity within specitication +6 - +18 v
V- Linearity within specification -6 — —-18 \
Power Supply Rejection V, =16V to 118V - - 0.01 %per %
Power Consumption »
Q1, Q2, N1 models v, =tgv: - 80 100 mwW
Vg = 215V - 200 250 mW.
Q3, Q4, T1, T2 models Vg = +is5v - 200 300 mwv

s e aerimn b gl
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ADC-ERBB/1GB/12B ADC-ER8D/10D/12D . .
INPUTS (BINARY?} {BCD) 1. Both analog input signal and external
o | 2V 12V . feferem:e look into identical differential )
.. 1 +0510 +1.5Vv +1 10 +3V inputs with an electronic switch switching .
.. 1 20V . between the two during the conversion

cycfe. A bias current of typically 45nA

s i Lt e e e e e Ak S e v 018 St et b ett

Analog Input Range ,......
Reference Input Range .....
Input Overvoltage, no damage .

Input Impedance, both inputs . « . | 100 Meg. min. . . N

. . ) fiows out of the input terminals and must ;
Input Bias Current, bothinputs . ... ... | 450A typ., 500 @A max. . . :
Common Mode Input Range . . .. ..... | +t3¥ min. hd be retfuned to ground. qu single-ended }
Common Mode Rejection, DC-60Hz. . . . . | 7048 min. . operation Analog LO and either reference i
Normal Mode Rejection, 50 or 60Hz . . . . | 4048 min. . input. should be connected to Anafog i
Ground. Onty one reference is required for H
~Start Conversion .. .....ss 000 a0 | 2V min. to 5.5V max. positive pulse either polarity of analeg input. {
with duration of 100 usec. min. 2. Zero adjustment is required for either ,
Logic "'1"” resets converter . ratiometric or normal operation, but the g
Logic “0” initiates conversion gain adjustment is required only for nor- :
Loading: 1 TTL foad o mal operation {using internal reference) or !
applications where the internally trimmed
OUTPUTS : ’ accuracy of 0.1% is insufficient. f
Paraliel Output Data .. ........... | B/10/12 parallef 8/12 parallel lines 3., Optimum normal mode noise rejection for !

lines and overrange AC line frequencies is obtained by exter-
nally adjusting the clock frequency to give :
Output data heie until next start convert pulse. a signal integration time equal to the fine~ . i
Vout {0”) < +0.4V frequency period of 50 or 60 Hz. This {
Vout (17} > +2.4V most easily done by using a digital counter :
Loading: 6 TTL toads . ’ connected to the Clock Output {pin 46).. :

if narmal mode noise is negligitie or of
high frequency, the adjustment is not
necessary. For short térm measurements

SiIgN ¢ ittt naacacancaneansas- | Output Hl for positive input
_ ) toading: 10. TTL loads
cesseasea=es | Output Hl for = imput> FS .

caee . . . | Output HI during reset and conversion znd LO an adjustment to within 0.7% of line
when conversion: is complete period can be achieved, resuiting in 60 d8

Loading: 4 TTL loads of rejection. For tonger term measure-
ments, both line frequency and clock
frequency drift stightly and a more reason- .
N+4096 pulses lN+2000 pulses abte: match to within 1% results in 40 ZB
rejection. g
4. The start rate adjustment ailows operat-
ing at an internally set rate of 2 conver-
sionsisec. or at faster rates up to 23/sec.

Overload ....
E.O.C. (Status} . .

GatedClock . .v.veeececessee.. | Output pulse tram giving:

where N is coaverted count
Loading: 8 TTL loads
Counter Resat .« e« v e s e eaa-oeq0e« | Pulse HI for resetting external counters
Loading: 4 FTL foads
Clock Output . ... cs00e22as0... | Continuousclock pulses with nominal frequency

of 100 kHz ORDERING INFORMATION
toading: 1 TTL {oad :
Start Qutput . e e e e vavecvanss - | Intemally generated 100 nsec. start convert ADC-ER
pulse at 2/sec. Can be EX.!Emal_ly adjusted [ o oFBITS & C;I;-I.NG
. for faster rate. ) . . T T —— =
o, 5
PowerQutput . ... ..c.cvesons-ns.. | -BVDC 3% @ SmA max. 108 = 10 Binary Bits W,
PERFORMANCE ) 128 = 12 Binary .Bi‘ls
. . . . 80 = 2% BCD Digits
ErfOr, MaX. « c o o e scs v as a0 esaasea} 05%Reading 2T eount * ] ] 120= 3%'BCD Digits
ResoOlUtion . . e e coesavacoaeeesss { 8/10/12Bits 2%/3Y% Digits
CodiNg v iaeveveveacacanseass | SignMag Binary Sign-Mag. BCD ' PRICES (1-9) .
Temp. Coeff. of Gain, converter . . . . ... | *5ppm/°C max.. ’ L wrnmis ADC-ERSB .. ....$79.000 O}3
Temp. Coeff. of Gain, reference . . .. ... | 30ppm/°C max. . ADC-ER10B......$89.00
Temp. Coeff.of Zero . . .4 v cvvse ... | £30uV/PC max . ADC-ER12B......592.00
Internal Reference . . . oo e ovons | IV201% 2V £0.1% ADC-ER3D ......S$79.00
Power Supply Rejection . .. < v . v - s« | 01%/% max . : ADC-ER12D......593.00
Conversion Time, 60Hz period . ...... | 76,6 msec. max, 143.3 msec. max. ) Mating Sockets: DILS-2 (4/module) $5.00/pair
50Hz period ....... | 90.0msec. max. 50.0 msec. max. Téimming Potentiometers:
WarmUpTime. ... ..csvecveses-o | 5minutes . TP100K, TP1OK 21 $3.00 each
POWER REQUIREMENT +5.0VDC 5% @250mA max. For extended temperature range operation, the
R following suffixes are addea to the modet number.
PHYSICAL-ENVIRONMENTAL ' Consult factory for pricing snd defivery.
Operating Temperature Range . ...... | 0°Cto70°C . -EX -25: to ‘*35"2092'3!‘0"
Storage Temperature Range .. ...... | -55°C to +85°C . EXX-HS - -55°C 10 485°C operation with her-
metically sealed semiconductor com- A
Relativé‘Humidity crevssaccasesas | Upto100% nomcondensing ponents. -
CasaSize ...evserenscnassass | 4X2X0.4inches (101,6X 50,8 X 10,2 mm} The ADC-ER Serios Converters are covered by GSA
Case Material .. .+.ocvoeaeeaesas | Black diallyl phthalate per MIL-M-14 ) Contract No. GS-005-27959, FSC Group 66, Part 11
PifS ¢« o s ssavccsonnanenascsasss | 020 round, gofd plated, .200” Ig. min. Section K, period 3-1-75 through 2-29-76.

Woight .. .icevevesesecssanss | 4oz max. (114g])

*Specifications same as first column,
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{BCD} or 13/sec. {Binary} by exiternal
adjustment. To operate with the internal
start convert, pin 41 must be connected to
pin 48. The converter may also be started
externatlly by means of a 100 nsec. min.
start convert puise applied directly to pin
48.

. The ~5V power output from the converter
may be used to power a transducer bridge
or an auxitiary input amplifier such as
uA776, LM303, or 4250 in conjunction
with the +5V input power. The 5mA
maximum output should not be exceeded
or it will affect the operation of the
converter.  This output is short circuit
protected to ground but should not under

any circumstance be connected to +5V or .

any other power supply output voltage
since damage to the converter will result.
The -5V output is requiated to give a
constant 10V difference with respect to
the +5V power input with a typical
tempco of +100ppm/°C.

voltage, although they will not cause any
damage up to =20V, will cause the input
switch to malfunction. This will cause the
overioad output to remain high and the
sign output may be invalid.” If inputs
exceeding :5V are to be encountered in an
application, it is recommended that clamp-

ing diodes be used from the inputs 10 +5V. -

Qverload recovery time, Toy. after a5V
input overload is 30 msec. for all 8CD
meodels and 50 msec. for all binary models.
See timing diagram.

" Analog inputs exceeding the *5V supply

o A l_: il
ooyt o ‘-(,--‘ EON b a<los -
START P[ :
CONVERT __ 100 nsec. min, Fl
£0C. CONVERSION
s T BaTAVALID [ 10mes
_________] ! T = 33.3 maec. (BCD)* : min.
] T = 66.7 msec. (Bin)* le— Tor —»
COUNTER T See Tech. Note 6]
- RESET —F*{ }4¢——B usec. max.
'
4
x | ' i ' |ll|
oo | ] r“ | !I i }‘h’ il H'H!l!ihﬂ!]'! !!W ! Hl“ il
cLock i il
! bl l I Ili“llllll lf! t M Wi [[lil i l l it
! . NO. PULSES 2009 + M (BCD) (N i; count propor!ion'al to Eqy)
: 4096 + N {Binary) !
| .
INTEGRATOR }
RAMP - |
1
—_—
i
]
- !
OVEALOAD {
. i !
i S
SIGN. : q {
4 _ NEG_A;_TQ/E______;
} 1 OATA QUTPUTS : : i loaTa ouTPUTS
ZERO ZERO
: /’/ : ~
DATA QUT
DATA QUTPUTS COUNTING {vaup & Hewo

*When synchronized to 60 Hz period. For 50 Hz period: T = 50.0 msec. (BCD)

T = 90.0 msec. (Bin)

At It

O AT RN
BCD CODING
SCALE 21/2 DIGIT 31/2DIGIT
INPUT (3) | OUTPUTCODE | INPUT () QUTPUT CODE
FS-1LSD 1.99V 11601 1001 1,999V 11001 1001 1001
3/4 FS 1.50V 10101 0000 .1.500v 10101 0000 0000
1/2 FS ©1.00v 1 0000 0000 1.000v 1 0000 0000 0000
1/2 £S-1LSD 0.99v 01001 1001 0.999V - 01001 1001 1001
1/4 £S 0.50v 00101 0000 0.500V 00101 0000 0000
1LSD 0.01v 0 0049 0001 ~0.001v 00000 0000 0001
0 0.00v 0 0009 0000 0.000v 00000 0000 0000
BINARY CODING
SCALE 88IT ; 10 BIT 12B8IT
: (INPUT (%) CODE INPUT (3) CODE INPUT (2) CODE
FS-1LSB .996V S11111111 | 9930V ninmmn .99976V 11111111 1N
7/8 FS .875V 1110 0000 8750V 1110 0000 00 .87500V 1110 0000 0000
3/4 FS 750V 1100 0000 7500V . | 11000000 00 75000V 1100 0000 0000
1/2 £S .500Vv 1000 0000 .5000V 1000 0000 00 .50000V 1000 0000 0000
1/4 FS 250V 0100 0000 .2500v 0100 0000 00 25000V, 0100 0000 0000
1/8 FS ©.125V 0010 0000 1250V 0010 0000 00 .12500V 0010 0000 0000
1LS8B .004v 0000 0001 .0010v 0C00 0000 01 .00024Vv 0000 0000 0001
0 .0o0v 0000 0000 .0000v 0000 000000 | .00COOV 0000 0000 0000

[y —
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STANDARD CONNECTIONS AND CALIERATION

START PULSE RATE:
482~ RATE

QPO SR

CALIBRATION

1. Connect the converter as shown in thediagram. Allow a 5 minute wasm-up before

making finat adiustments.

IVau Valav

[Em vt ] av

M = COMMON S1Q0E

€
OUTPUT « L7009 18C0 T4 die)
.

Ee L
" e X 4G i 1700
AEF

-0 17 ZENG ADL

—O "IEF:N
O TeREF N
5ANALOG MM
3 ANALOG VIO
1ANALOG GYO

—0 9-REFIN
© 7 +REFIN

—O 3ANALOG IN

O 26-REF.OUT

—0 5 ANALOG IN HI

Ww Ra (K = TS 2 Zero Adjustment. Short together Anafiog In Hi {pin 5), Analog tn LO (pin 3, and
at _Ana}og Ground {pin 1}. Adjust zero trimaming potentiometer to obtain a flickering
+svoc U CLOCK DI 37 Grre s ». 2200 Sign (pin 72) and fogic zero on all paratked data output lines.
WPan GND STAAT RATE I9O——F J 3. Gain Adjustment. Apply a precision refarence input voitage between Analog In Mt
owe :—,T.’: $ |0 n-svour START OUT £10mdmry c;&cx 1Y (pfn 5) and Analog "f LO (pin 3} w7zt the latter connected to Analog Ground
ADS, X1 o mcanans ] {mx DasT {pin 1), Set the precision reference tc & woltage near fuil scafe {see coding tables)
28 +REF OUT k and adjust the gain trimming potentienmeter to give the correct digital output
100K
. {ztro 26-#EF OUT CLOCK OUT 48 O FRECuENCY code. . .
AD, : COUNTER FOA NOTE: The gain adjustment is intermafly trimmed to within 20.1% accuracy. If
START 28 04 SOAMAL HODE X i . . : ‘i
NOTSE REITETION this accuracy is sufficient, then pin 3Ciskould be left open. The gain adjustmeat is
O ZERO AD) ADNSTRENT not necessary for ratiometric operatiom .
ADSUSTMENT OF CLOCK FREQUENCY AND START RATE
1. To obtain optimum normal mode noise: rejection at either 50 or 60 Hz, the Clock
L1—o's-aeFiv Frequenzy Adjust potentiometer shouidh be adjusted to give the appropriate clock
ToREF W frequency shown in the table. This is. rmost easily done using a frequency counter.
10 5 ANALOG IN M} CLOCK FREQUENLY FOR connected to the Ciock Out (pin 46). Atthough a 200K 2cjustment potentiometer
0 34%ALOG tM L0 “'L’;':‘;::EO;:::-O:C“" *gives a full range of adjustment, most accurate adiustment is achieved by & 10K
IOt ANALOG GND. - trimming potentiometer in series with @ aporooriate fixed resistor vatue.
En Eou - ~ ‘::: .”: 2 The internal start pulse generator operates at a nominal rate of 2 pulses/second
= L * [iialoid with no connection to pin 39. To incrozse the conversion rate a resistor may be
foe o J<aw R LG Bihalil ol connected as shown from pin 39 to +5W as iltustrated in the calibration diagam.
: USING WITH BRIDGE TRANSDUCE
RATIOMETRIC OPERATION . DUCER
- EXCITED BY 5V SUPPLY
wvoe +5vDC 0 36 45V IN
coM :
COM «a— -0 34 PWR GND -
|
3 © 32-5VOUT
S 3
< < [+] N 5
Fen BRIDGE < 30 GAIN ADJ
TRANSDUCER r O 28+ REF.OUT

w

USING WITH BRIDGE TRANSDUCER AND -5 OUTPUT
TO MINIMIZE INPUT COMMON-MODE VOLTAGE

DRIVING AN EXTERNAL COUNTER

For Binary Models: R, = R;= 4.5/,

+svoe T = 0 XI5V IN )
coM O JAWA GND
R SmA O | -5V OUT
8RIDGE : MAX] ° ]
. TRANSDUCER DEAIN AT,
© 784 REF.OUT
) O 25-REF.OUT
1 8 !
n’
O 9-REF IN
O F9AEF IN
—-O SANALOG IN HI
© 3ANALOG IN LO
For8CD Models: R = Ry= 2R,

WITH THE GATED CLOCK & COUNTER RES

ET

—ne
il il ~
_GATED CLOCK € ~ — i:::ensctocx
1
i
COUNTER
COUNTER 45 O—
RESET RAESET PULSE
LOGIC GND 70 0GIC END
SIGN 72 O~ SIGN LOGIC
./
E AWIRE LINE
IO EXTERNAL
. COUNTER .

E FOR LENGTHS GRE
THAN 3FT USE LIN
ORIVERS AT ADCE

ATER
£
"

3
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Appendix G

TECHNICAL SPECIFICATIONS NOVEMBER 1973

x 2
.1‘(». w ot

FEATURES:
£ COMPLETE.............. INCLUDES REFERENCE,
CURRENT SOURCES LADDER, SWITCHES
£ COMPACT ........ 16 PIN DIP.OR 24 PIN FLATPACK
o CO'V'IDATISLE ........... TTL, DTL LOGIC LEVELS
B LOWPOWER ... ... vivvien. 80mW TYP AT 16V
WIDE SUPPLY RANGE .............. 16V TO 218V
E» FAST SETTLING....225nS (8 BITS), 375n8 (10 BITS)
ED 8 & 10 BIT MODELS. . ........... WIDE CHOICE OF
SPECIFICATIONS
FLEXIBLE ........... HIGH SPEED 0-2mA QUTFUT
RELIABLE ......... 100% POWER BURN-IN @ 125°C
STABLE ............ TEMPCCS TO £15pph AP C MAX

HIGH LINEARITY ..
WIDE OPERATING TEMP RANGE..

TO 0.05% MAX, —25°C TO +85°C
.-55/+125°> AND
0°/370°C

T o506

GENERAL DESCRIPTION

The AtMDAC 100 series are complete 10 bit resolution Digital-
to-Analog converters cornstructed on two menolithic chips in a
singl2 16 pin DIP or 24 pin flatpack. Featuring excelient linearity
vs. temperature performance, the AIMDAC 100 includes a low
tempco voltage reference, 10 current source/switches and a
high stability thin-film R-2R ladder network. Maximum appli-
cation flexibility is provided by the fast current output, and
matched bipolar offset and feedback resistors are included for
use with an external op amp for voltage output applications.
Although all units have 10 bit resolution, a wide choice of

4] Liad A“a‘ n rn r.‘ : :‘;’?a;ﬁ

R R A YR AN L

(v)

I3
s E

sie

"t

linearity and tempco options are provided to allow optimiza-
tion of price/performance ratio.

The small size, wide operating temperature range, low power
consumption -and high refiability con:ctruction make the
AIMDAC100ideal for aerospace applications, withMIL-M-3851G
processing available. Low cost 0°/+70°C versions are available

foraliindustrial requirements_Applications for the AIMDAC1CO -

series include use in servo-@ositioning systems, X-Y plotters,
CRT dicplays, programmabie power. suppliers, analog meter
movement drivers, waveferen generators and in high speed
Analog-to-Digital converters.

SIMPLIFIED SCHEMATIC AND PIN CONNECTION DIAGRAM (DUAL-EN-LINE PACKAGES)

O1GITAL LOGIC INPUTH \

usph (RS e‘lTs [040)
2

g

"

anaLog
S—Ccuraur

5

ﬁ
Lean
O~
O

o4

»
'

r
i

]
I
]
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-l
MVRRAR

4o 121 .

me ;
(N . € hi
wf il ArmSam A IG 08 1T Paty asE )
watiow, Ry o4 180G l"- l“-
FOR Sy o 01 S L et b2 400 {ABOVE PIN OUT APPLIES FOR Q1,
(PACRA BHPOLAR REF,

Q2, A3, 04, T1 & T2 PACKAGES)

or exceed published specifications.

The premium pecformance of this produrt is achicved through an advanced
processing technoiogy. All Precision Monolithics products are guaranteed to meet
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AMDAC100 8 & 10 BIT IC D/A CONVERTER SERIES
GENERAL INFORMATION:

1. The AIMDACICO series are digitzi-to-analog current con-
verters; voltage outputs may be easily implemented by using
an external operational amplifier with the internally provided
feedback resistor. For clarity and convsnience, most specifica-
tions will reference full scale output voitage rather than full
scale output current, assuming an “‘idsal” op amp has been
utilized for conversion. '

2. The logic coding used for driving the AINDAC 100 shoutld
be complemrentary binary or offset complementary binary to
obtain unipolar and bipclar analog outputs, respactively.

. 3. The aIMDAC 100 series provides a wide variety of worst-

case linearity and fuli-scale tempco combination options. Al
devices have 10 bits of resolution; the linearity options of

- 0.05%, 0.19%, 0.2% and 0.3% guarantee monotonic operation

for resotutions of 10, 8, 8, and 7 bits respectively. When less
than the full 10 bits are utilized, the unused logic inputs must
be connected to a “high”’ logic level.

4. AIvDAC 100 devices in Q1, Q2-and N1 packages receive
many of the 100% processing steps specified by MIL-M-28510,
including visual inspection.per 883-2010 1B and 96 hours of
purn-in at +125°C. Devices completely processed in com-
pliance with 38510 levels A and B are available. All AIMDAC 100
devices spacified for 0°C to +70” operation receive st least 72
hours ot ourn-n. ' -

ABSOLUTE MAXIMUM RATINGS:

. Lead Temperature {Solderina)

V+ Supply to V- Suoply * 010 +36V
V+ Supply to Output - Ot +18V‘
V— Supply 1o Output 0to —18V
Logic Inputs to Qutnut ~BV 10 +6V
 Logic Inputs to V+ Supply (Note 1) ~18V 1o OV
Logics Inputs to'V— Supoly iNote 1) 010 +18V
Poasr Dissipation (Not2 2) 500mwW

Operating Temperaiure Renge
Q1, Q2 and N Packages {Note 2)
Q3, Q4 anc T Packages

~55°C 10 +125°C
0°C 1o +70°C

Storage Temperature Range

~65°C 10 +150°C
-55°C to +125°C

Q and N Packages

T Packages

+200°C (50 sec)
+260°(10 sec)

Q and N Packages
T Packagss

NOTES:

1. lmportant: see Acglicaticns section for information on im-
propear power sucoliy/logic input combinations

2. Rating aopiies to amtient temperature of 100°C. Abcve ‘IOOA'C,
derate at 10myy/°C.

PIN CONNECTIONS:

. [k N L ey
v- 2~ f s FLL STAC M
ouTru? 3 [=ra Ve
[EIRT t3 use
e s E.: rre
»re 0 — fets @7 8
arer vt - —:c 914
wre s s wrs’

16PN DIP QO] T SUTFIN)

Q1, Q2, Q3, Q4; T1, T2

-

(Tor VIEW)

e mwrs
4Ty l——-‘ r—i! "re
w13 ety
ik . ot
w3 et e
- ¥ ey
Lw T a nt
o s 17 suTPuT
Fuie seat 102 9 16 w5
ag; 10 18w
g ] . ae
. 5 g

24 4 FLATFACK (N SUFFIX)

N1,

-~/

ORDERING INFORMATION:

AIMDAC100 devices are avaiiabie in a wide veriety of packageitemperature range/tineanty/tempco/output voltage combinations. The
complete part number inctudes suffixes which indicste the specific rararmeter selected, as shown below:

ORDER NUMBER: AIMDAC-100 X X X X

| J el :
LINEARITY F.S. TEMPCO l PACKAGE, TEMP RANGE AND OUTPUT.VOLTAGE
0.05% MAX A 16 ppm/°C MAX A 16 Pin Harmeuc Dip, —55/4125°C, 10V and £5v a
0.1% MAX 8 30 ppm/°C MAX 8 16 Pin Hermetic Dip, —56:+125 C, 5V and ¥2.5V ©oa2
.0.2% MAX c - 60 ppm/ C MAX c 24 Pin Hermetic Flatpack, -55/+125°C, 10V, 5V, 25V, 2.5V N3
- 0.3% MAX D 120 ppml°c MAX D 24 Pin Hermetic Flatpack, -55/+125°C, 10V, 5V, 15V, 2,5V N2°*
16 Pin Hermetic Dip, omo:c, 10V and 5V © Q3
. . 16 Pin Hermetic Dip, 0/470°C, 5V and 12,5V . Q4
SPECIAL NC"IE" iThe"w"‘;‘”'"“ ‘;’;’3/1""2"5’32";2? g‘;"g’; )°°”‘:'1';a. 16 Pin Plastic Dip, 0/+70°C, 10V and *5v T
tions are avastabie for the above —5 ’ . moduais: 16 Pin Plastic Di[), 0/’700(:‘ 5V and 4 25V T2

AA, AC, AD, BA, &8, BC, CC, DD. .
_ The following linearity/tempco option combinations are available for the above 0/+70°C {Q3, 04, T1, T2) models: AC, BC, CC, DD.

*N2 device similar to Nlr except pin-for-pin replacement for UA722 and companion resistor network.

PAGE 2
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amDAC100 APPLICATION NOTES

LOGIC CODING — The aivDAC1T00 uses complementary or in-
.verted binary fogic coding, i.e., an all “‘zeroes” input produces a full
scate output, while am ail ""ones’’ input produces a zero scale output.
The output may be ‘easily mudified to accommodate compie-
mentary offset binary, complementary one’s complement and
complementary two’s compiementary codes.

LOGIC COMPATIBILITY — The input logic icvels are directly
compatible with DTL and TTL logic and mey slso be used with
CMOS logic powered from a single +5 volt supply.

LOWER RESOLUTION APPLICATIONS — The aruDAC100 may .
be used in applications requiring less than 10 bits of resolution. All
unused logic inputs must De tied to. the high logic for proper

" operation. “'Fioating” logic inputs can cause improper operation.

FULL SCALE OUTPUT ADJUSTMENT — The output current of’
the aivDAC100 may be reduced .to produce an exact 10.000
{5.000) voit output by connecting a 20082 adjustabie resistance
between the Full Scale Adjust pin and V—. Adjustment should be
made with an input of ali ‘‘zeroes.”

BIPOLAR OPERATION — The a1DAC100 may be converted to
bipotar operation by injecting a haif-scale currant into the output;
this is accomplished by conneciing the internal bipolar resistor 10 3
+6.4 volt reférence. Trimming of the zero output may be facilitated
by placing a 500€2 adjustable resistance in series with the +6.3 volt

reference. Trimming procedure is as foliows: with inpuis set to ali
“cnes”, adjust Bipolar Offset pot to desired negative Full Scale

. Voltage; with inputs sct to all ““zeroes,” adjust Full Scale pot to

desired positive Full Scale Voltage. {(Make certain correct end point
voitages are used with one’s and two's complement codings.)

VOLTAGE AT OUTPUT PIN — The aimDAC100 is designed to be
operated with the voitage at the output pin held very close to zero
voits. Input logic threshoid levels are directly affected by output pin
‘voltage changes; voltage swings at the output may cause loss of
linearity due to improper switching of bits. Large volitage swings

may cause permanent damage and shouid be avoided. Proper

operatibn can be obtained with output voltages held within £ 0.7
voits; a8 pair of back-to-back silicon diodes’ tied from the output
ground is @ convenient way of clamping the output to this limit,

POWER SUPPLY SEQUENCING — IMPORTANT — Occasional
early AivDACICO devices may suffer temporary maifunction and

possible perrnanent damage if voltage is present at the logic inputs

before the V+ supply is-avaiabie. A simpie protection circuit may

~be implemented by using two silicon diodes to clamo the V+

terminal to the logic supply as shown in the diagram on page 7.

LOW COST 8 BIT TRACKING A/D CONVERTER

{FOR FULL DETAILS, REQUEST APPLICATION NOTE:“A LOW

sy . CLOCK iN
T ; MAXIMUM CLOCK RATE #3.3MHz
I R e { 0 +8v TRACK
mao o of VA1 s J . "o noL
7 Y rueorie ‘ =
S .
2L poemm s i . . Tay
; 2400 f/4T400 ¢ L .
- H SIGITAL
a g = 7 e
4 H : e ———
- : H H 2 +8v
H ; «3iiz] o] of al 716l st ! ?
| ForclLock eatEx 3o | /U ) sy
: Ce4705F i
AnIDAC-100CCT 1N
3 10 81T D/A COKVERTER
: . 4.88x0 |
Vi = 0 TO 61OV [V 14
ANALOG Ry, T 4830 15} [H 2000 H
INPUT ™ maxivum FuLL SCALE . I
SINE WAYE INPUT 1
IS 4500Hz : " FULL SCALE AD2. -isv

i 4

POWER  ANALOG
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Appendix G . (vi)

INSTRUCTION MANUAL -

REGULATED POWER SUPPLIES

LOS W ESERIES
SPECIFICATIONS AND FEATURES
DC OUTPUT ~ Voltage regulated for line and losd. For voltage and current ratings see table I below.

TABLE I
MAXIMUM CURRENT (AMPS)
- AT AMBIENT TEMPERATURE
MODEL VOLTAGE
RANGE t _ S
: 40°C 50°C 60°C
LOS-W-2 2+5% 120 10.5 8.5
— LOS-W-5 5+ 5% 12.0 10.5 ' 8.5 I E—
LOS-W-6 6+5% 10.0 - 9.0 1.3
_LOS-W-12 : 12+ 5% E 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 . 32
| Loswas - 24 + 5% 48 | 38 | 28
LOS-W-28 28 + 5% 4.2 3.3 2.4

Current range must be chosen to suit the appropnate manmum ambient temperature Cu.rrent ratmgs apply for ennre voltage range.
‘REGULATED VOLTAGE OUTPUT

- . .
. . .

Regulation (line) ...............ivvinuns.n. P 0.15% for input variations from 105-125, 125-105, 210-250, or 250- 210
o . volts AC.
Regulat.lon (load).............. et a ittt e 0.15% for load variations from no load to full load or full load to no
: . S . load.
Rxpple_and Noise............... evsees [ e 1.5mV rms, 5mV peak to peak with either’ posmve or negahve
) : “ . terminal grounded
-“Temperature Coefficient................... e e 0 03%/°C .

Remote Programming
External Resistor - : .
LOS-W-2.......... T Nomina! 1000 ohms/volt output. The programming coefficient is
. . negative. Increasing resistance decreases output voltage. Use a low
3 A temperature coefficient resistor to assure most stable operation.
LOS-W-5 throughLOS-W-28.......................... Nominal 200 ohms/volt output. increasing resistance increases
- output voltage. Use a low temperature coeffment. resistor to assure
’ ) most stable operation.
Programming Voltage ................. e eeirenaes One-to-one voltage change. The programmmg supply must have a:
. reverse current capability of 6 ma min. Programmmg supply need
: . not have reverse current capability when programming LOS-W-2
Remote Sensing..........coiviuininneriieinns e aseeaeeas Provision is made for remote sensing to eliminate the effcct of power
output lead resistance on DC regulation. Sensing leads should be a
twisted pair to minimize AC pickup. A 2.5 mf elect. capacitor may
be reqmred between outpu: terminals and sense terminals to reduce’
noise pickup.

OVERSHOOT —~ No overshoot under conditions of power turn-on, turn-off, or power failure
AC INPUT — 105-125 or 210-250 volts AC at 47-440 Hz. Standard LOS-W power ~upphes -are factory wired for 105-125 volt mput. but can

apply for 57-63 1z input. For 47-53 Hz input derate current 10% for each ambient temperature given in table I. For 63-440 11z input
consult factory.
*With output loaded to full current rating and input voltage 125 volts AC, 60 Hz.

OVE RLOAD PROTECTION — Automatic electronic current limiting circuit, limits output current to a safe value, probecnng load
and power supp]y when external overloads and direct shorts occur. .

G-9094-5 .

be rewired for 210-230 volt input. See figure 1 and schematic diagram for rewiring of AC input. input power: 240 Watts*. Ratings -
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) ~ Q3-05,~ RIl,R14, RIS
.
CR3 MGTee (NOTE6) - q+s
-4, § R6 |} J
AC o ” ’?J -3 o REEN S
E CRI (~6T§gw $rs $iNGTES)
FBL-00- Rl 2iC0 £10% $(NOTES
BLk ¢ (NOTE 6)% Sadzw comr | ] *ov
(NOTES 9 810)D) 3 J393
3 2 ¢ 2w 23
9 ™ 600
WHT g (NOTE®G) o COMP Ej £10%
ac > td - (NOTEG) e
A cre 1 NOTE NI cals -
2 FBL-00-054 FBM-Z143 4 b (NOTE 6} F
(NOTE 8) ORA( Eat
1 C3,001lt20% @~
@a R2 PR, 1000V, CEramic | (NOTES) | o
-~ (NOTE 6) ois (@ 4 NOTE |2 < 1.5K £10%
W € 3 174W,COMP
BING [ - 1 (NOTE 7)
$R3 o Shote 6) 3 e
$(NoTE6) 2 5Ki2% (NOTE®)
1/4W FiLM -ov
3 (NOTE7) ’
NOTES: - -V
1. RESISTOR VALUES ARE IN OHMS. 9. T PRIMARY CONNECTION SHOWN IS FOR hd s
2. CAPACITOR VALUES ARE IN NICROFARADS 105-125VAC INPUT. FOR 210-250VAC INPUT! 0’.5

3. DESIGNATIONS ARE LAMBDA PART NUMBERS.
‘4. SYMBOLS:
4 INDICATES CLOCKWISE ROTATION OF SHAFT.
& INDICATES CONNEGTION TO CHASSIS.
= LAMBDA PART EBL-00-0
FOR REPLACE T UNLESS CTHERW!SE KGTED.

-

& INDICATZS TEPMNAL CN PRNTED CIRCUIT BOARD.

COINDICATES ACTUAL LNIT MARKING.

30, USE 'N4QO2 LIODE

DISCO‘VNEuT 8'

LEADS FaC

S ACIB AC2 AND

RECU"INECT 8 "'1 LELOS TG TERM D,

10."J“ C2T!ON UNITS HAVE SiNGLE T!
PRIMARY. AZ INPUT 15 50-HO VAC.

11 NOT USED ON MCDEL LOS-wW-2,

12.ONLY USED ON MODEL LOS-W-2.

BWHT TRANSFCRMER

SCHEMATIC DIAGRAM

LCAD WIRING
DIAGRAMS.
DOTTED CONNECH

REGULATED POWER SUPPLY

{ LOS-w SERIES |

8. FOR OPERATION AT 47-53 Wz, DERATE CURRENT BY 10%. TIONS SHOWN-
= FOR OPERATION AT 63-440Hz, CONSULT FACTORY. INDICATE JUMP- LAMBDA
. ’ ERS INPLACE FOR ELECTRCNICS CORP
. LOCAL SENSING MELVILLE, - NEW YORK
6. SEE TABLE II FOR COMPONENT VALUES. CONNECTION.
7. R13 8 RIS ONLY USED ON MODEL LOS-W-2. A @suasmunv
8. CR4 ONLY USED ON MOCELS LOS-W-i2 THRU LOS-W-28. —
SCHEMATIC DATA REFERENCES
MODELS LOSW-2 THRU LOS-W.28
Schematic Componenta
a c N 9 n 2 1 Re 7 a8 R10 s | ma R14 a18
' “asn 210% as% £5% 5%
104100% | -10975% | uppy. f— a0 nis 14w, P 1w 14w ey b 1AW | pr 15
Modew ELECT ELECT - COMP - ) LM wW comp FiLM Hil ww FILM wW ww
Los w2 15,000 me | 600 mf 1 L187 Iy Bedy 22K 010 1% 22K 600 010 Sumper 010 030
k 15 vde 16 e s inw W 2% - £5% 3% - - -
26.000mt | 600 me : 410 (249 383K 2.2% 825 00 010 um, 010 010
LOSW-5 15 vde 16 vac L1s7 L157 12w :_,qu‘.v % 0.10 5% pety per . .
16,000 mf ot 410 2k 383K - 2.2K 825 y . 0.8 018
 Losws 000 S0 ot usr | s oo, sin s 015 22K 2 00 . 016 per . :
9000m! | 30wt \ 2 619 Not 56K 147K 768
LOS W12 30 vae 25 ve use 1136 zax e oot 0.30 ek | M 600 0.30 R 0.30 0.39
. : 619
9000 mf 350 e N 22K Not 15K 147K 121K 0.30 0.30
LOS W-15 30 voe 25 vie L15%6 L1356 1w :.Il‘ﬁw . Ured 030 5% 1% 12K 0.30 1%
. 1h :
6600 m! | 250wl Not 10K 147K 2.2K . Not
LOS-W-20 30 vde '60 vie L1368 (')‘:d ;:ll ;,12*1"' fiaad 0.30 et o 12K 0.30 Ty 0.50 Usedt
" 1K
6600m | 250me Not 41K Not 13K 147K . 301K 0.30 Not
LOS-W.24 80 vdc 50 vde L1586 UI:d b ‘;_)‘1‘\1 Used 0.30 45% 1% 1.2 0.30 2% Used
1x . ;
. 6600 mf 250 mf Not 68K Not . 15K 147K 1.8K 0.30 348K 0.30 Not
LoS-w-28 80 vic 50 oe L1s6 Cred 2w i :;z‘w Used 0.30 25% 21% % -

*Lambds part no.



INST RJQ?S N AR UA L
REGULATED POWER SUPPLIES
LCD-Y-152,L.0D-Z-152
SPECIFICATIONS AND FEATURES
DC OUTPUT — Voltage regulated for line and load. For voltage and current ratings see table 1

TABLE1
‘ MAXIMUM CURRENT (mA)
: VOLTAGE AT AMBIENT TEMPERATURE
MODEL
RANGE 40°C 50°C 60°C
v LOD-Y-152 +12to +15 1000 750 500 -
| LOD-Z-152 +12to 215 500 375 250 —eeorreee.
L : .

Current range must be chosen to suit the appropriate maximum ambient temperature. Current ratings apply for entire voltage range.

‘REGULATED VOLTAGE OUTPUT (each side) . ‘
Regulation(line) ...... ... .. .. . i i .0.15% for input variations from 105-125 or 125-105 volts AC.

Regulation(load). ... ... ... .o i 0.15% for load variations from no load to full load or full load to no load.
_RippleandNoise .. ................ ... ... Lo S 1.5mV rms., 5mV peak to peak.

TemperatureCoefficient . . . ...... ... ... . ... ... ... 0.03%/°C

RemoteSensing....................... e Provision is,made for remote sensing to minimize the effect of power

output lead resistance.on DC: regulation. Sensing leads should be a
twisted pair to minimize AC pickup. A 2.5 mf elect., capacitor may be
required between output terminals and sense terminals to reduce noise
pickup.

OVERSHOOT — No overshoot under conditions of power turm-on, turn-off, or pov.er failure.

AC INPUT — 105-125 or 210-250 volts AC at 47-440 Hz. Standaxd LOD-Y and LOD- Z power supplies are factory wired for 105:125 volt input, but ‘

can be remred for 210-250 volt input. See Figure 1" and schemcti¢ diagram for rewiring of AC input. Input power®: 75 Watts {LOD-Y)
40 Watts (LOD-Z). Power tactor®: 0.7. Ratings apply for 54-63}{1 mput For 47-53Hz input derate current 10% for each ambhient temperature
given in table I. For 63-440 Hz input consuit factory.

*With output.loaded to full current rat.mg and input vo]tage 125 volts AC 60Hz.

TRACKING — Absolute difference between negative and positive outputs within 2% 0.2% change for all conditions of line, load, and temperature. .

-‘QVERLOAD PROTECTION — Automatic electronic current limiting circuit, limits output current to a safe value, protecting load and power

~ supply when overloads and direct shorts occur.
INPUT AND OUTPUT CONNECTIONS ~— See outline drawing for location. :
ACHNPUL . .. oot e *. Términals on transformer

GroUNd . . ..ot e Terminal on transformer

DCOULPUL. .. .o oe it iaiiaaeeaaaas e ~Turret termiral on printed circuit board ' -

Sensing . ............ ... e . . Turret terminal on printed circuit board -

Qvervoltage Protector. . . : L de;dnsconnect terminal on printed circuit board with mating connector
tac

- OPFRATING AMBIENT TEMPERATURE RANGE AND DUTY CYCLE — Continuous duty from 0°C to +60°C ambient with corresponding

load current ratings for all modes of operauon

STORAGE TEMPERATURE — -20°C to +85°C

DC OUTPUT CONTROL — Screwdnver volmge adjust control permxts adjustment of DC output voltage. See.outline drawmg for location of

control _ _ _
GUARANTEE - 60 day guaran(.ee from date of shxpment ..... materials and labor.
. PHYSICAL DATA : ‘
Size...... e e LOD-Y: 5-5/8" x 4-7/8" x 2-1/2"; LOD-Z: 4-1/8" x 4" x 1-5/8"
Weight. . ................ . e LCD-Y: 3-3/4 Ibs. net; 4 lbs. shlppmg LOD-Z: 1-7/8 1bs. net; 2-1/8 Ibs.
o . . shipping. .
Finish....... O e Gray, FED. STD. 595 No. 26081

" MOUNTING — Three surfaces, each with clearance mouhting halesycan be utilized for mounting this unit. Air circulation is required when unit

G-926!

is mounted in_confined areas. Refer to Outline Drawing for mounting details.

“J" OPTION — Standard 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 tablé 1. For 63-440 Hz input consult factory.

OVERVOLTAGE PROTFCTOR ACCESSORY )
Adjuswble ....................................... PP Externally mounted Overvoltage Protector LMOV-3 is available. Addi-
. tional wire must be added to the Overvoltage Protector leads in order
to reach the power supply output terminals.
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APPENDIX H.

THEORY OF OPERATION OF A CONSTANT VOLTAGE

- TRANSFORMER (PARAMETRIC TRANSFORMER)
(For detailed derivations and formulae see Ref. 21)..

The phehomenon of ' parametric oscillations is of frequent
bécurrance_in physical sYstemsrand‘has been recognized

- for a lohg‘time. ' 'In ah electric circuitRconSisting

of a resistence, inductance and capacitance if, by some
means,'either:the;inductance~or;the capacitanceiisvmade~v
to vary periodicallybat twice the natural frequency of

the circuit, parametric oscillations start to build up.

In the absence of a limiting device or mechanism, amplitude
- of both current and voltage will continue to increase
until some éomponent-bﬁeaks down. This kind of
oscillation-céh-generallyube deécribed byga<sé¢bnd—order
linear differential equation with a periodically time-
'varying coefficient of the Hill's or Mathieu's type.

- The presence of some non-linearity in the actual system
~may cause the oscillations to stabilize at a finite steady.

amplitude;‘i

A method of obtaining the required doublé—frequency
variation in the inductance is through the interaction
between the magnetic field of two stationary iron-cored
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circuits. The resulting device may be termed a
"parametric transformer" since it is capable of trans-~
forming electrical energy from one circuit to another

through parametric excitation.

Primary flux Secbndc_ry flux

/

A

. i |
Input terminals Output terminals

FIG. 25

Figure 25 depicts the cores and windings arrangement
of a parametric,power,transformer. . The two cores
are 90 degrees relative to each other in space and so are

the Windings. Thevmutual inductance between the two

circuits in, therefore, practically zero; and a capacitor

is connected acfoSs.the;secdndary winding. .~ S8ince
parts of the magnetic circuit.are common to both cores,
the flux @1 can produce é‘change.in the feluctance and
hence, the inductance of the secondary circuit. A
sinusoisally varying primary flux at a frequency Wl can
therefore, produce a periodic variation in the secondary

inductance at the double frequeﬁcy 2W, -

If the induétance of the secondary is made to vary at
double the frequency to which the circuit is tuned, and
provided certain oscillatory requirements are met,'para—

metric'Qscillations will build up. Because of
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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 imductance -

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 o 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

pump, drawing energy from the main supply and delivering
it to ‘the secondarf'indirectly, through the degree of

variation of the parameter which is the secondary inductance.

O 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 voltage is at the same frequency bat 90° out of
phasé with the primary voltage.

o . o Y e e -
Uniike_the COhVentional:tranéfdrmer,'the secondary of a
parametric transformer operates like an oscillator and:
iES'output‘voltage is produced througﬁ parametric oscilla=-
tions and not through electromagnetic induction. The
secondary voltage is, therefore, largely independent of
the harmonics in the primary voltage. =  TFhis feature
makes the parémetric‘transformer_an gxcellemt'natural

line filter and‘regulator.





