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DESIGN OF A IOW-COST CHARACTER GENETATOR
FOR REMOTE COMPUI'ER DISPLAYS

by
THOMAS BURRELL CIEEX
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in partial fulfillment of the requirements for the degrce of Master of
Science.

ABSTRACT

A requirement exists for a low-cost rumote display terminal with
alphanvmeric and lire-drawing capabilities for use with time-shared
computer systems. This thesis, conducted as part of *he overall
remote display design project, was undertaker to investigate novel
approaches to character generation, with the gosl of drastically
reducing present-day costs for such devices.

A survey of existing devices and character generation techniques was
carried out, unld 2 design approach was cnosen which takes advantage of
rass-fabrication techniques. This includes using a five-by-seven dot
matrix raster ard a resistor array "rezd-only"” character memory for
the 96 printable symbols of the Revised Proposed ASCII Code. Circuits
designed included a dot matrix generator, and a resistor array memory
with selection lopic sense amplifiers, and a shift register output
buffer.

An experimental character generator with an eight-vord memory vas
built, largely using integrated circuits and was found to work as
desired. It iz concluded that the design approach will yleld a
character genersator that is cf low enough cost to find wide use
in remote computer teriinals.
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FOREWORD

Tue work reportel herein represents one of the activities of
the Display Group of the M.I.T. uiectronic Systems Laboratory--the
senrch fer ways to imprcve the msn-machine communication interface at
the . enote te:minals of a time-chared computer system. The Display
Group is enpaged in three rather closely interrclated projects: (1) in
planning for and/or development cf various classes of display systons
for the fut'we Project MAC Multice System, (2) in further developmernt
of display consoles for Cormuter-Aided Design (supported by the U.S5.
Air Force Avionics Lahoratory), and (3) in display system developments
for the M.I.T. Proj)ect Intrex remote-access .ibrary experiments. This
particular work was stimulated by the need in Project MAC for a low-
coet terminal having both a higher alphanumeric output speed than
present teleprinters, and a generalized graphical capability,

John E. Wa:d
March 8, 1966
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CHAPTER I

BACKGROUND

A. USE OF REMOTE ThRMINALS IN TIME-SHARED COMPUTER [YCTTMS

Before time-shared computer systems were built, the standard vrocedure
for using a computer for problem solving wus to write a program, transfer
it to a deck of punched cards, submit it to a central computer center, and
after a walt of five to twenty- four hours (while the program was processed
along with meny others), the problem soluticn or "print-out" was picked up
at the same central station. Because it was seldcm that a program worked
correctly the first time, the program print-cut usually needed to be quite
extensive to discover exactly wiat the program did.

Tt vas long obvious thut the incredible speed of computers was not
being well utilized because of the bottle-neck creeted by trying to ge:
information into and out of the machine. It also became obvious that
there were & number of interestirg things a computer could be used for
that would require a faster information channel tetween the user and the
computer; i.e., one that could give responses within seconds rather -han
the usual hourc.

At this point, the concept of time-sharing vas introduced and jeveral
experipental computer systemv were set up.1 In general, these ronsisted
of connecting a number of teletypewriters tc a compuier and having the com-
puter service the comsands entered from these "remote termimnls” so quickly
that it appear 1 to each user at & keyboard that he was the only one using

the computer. 'hese teletypes could properly be callad remote terminals

i Superscripts refer to numbered items in the Bibliography.
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because they were connected through the standard telephone system and cou.u
be located almost anywhe -clagsrooms, offices, homes, even distant countries.
The fast computer response greatly reduced wasted time by the user
since he could quickly find and correct mistakes and otherwige "de.bug"
programs. It also reduced the nced for huge amounts cf essentially
useless priric-out, for the user could trace his program 3iep by step. This
was very fortunate alsc since the teletypes used as remote terminals could
rot print nearly as fast as the large line printers used in computer centere.
Hovever, even though the use of teletypes greeilly diminished the
an-computer information barrier, it wes felt by many that a more desirable
remote comuter terminal needed to be developed. There were two major
reagons for this. Because of inherent mechanical limilations, the
teletypewriters. (and similar electric typewriters) cannot print faster
tran about ten characters per second. Thiz is far slower than the reading
speed of a user and if the user is simply searching for some piece of
information, this slow rate can dbe quite annoying. In addition, it was
felt that to limit the computer output to only the alphanumeric characters
that can be printed s too severe a restriction; pictorils' information
such ag graphs, charts, and drevings would often be the output preferred

oy a user.

B. DEVELOPMENT OF PIURIAL DISPIAY TERMINALS

For some years, cathode ray tube (CRT) display units have been attached
to computers. The early units were "point-plotting” machines that required
the computer to continuously supply information concerning the beam position.
These machines were slow; a typical delay of 35 microseconds was required
to plot each point. Thus a complicat.d display could monopoli.e the entire

capacity of even a large computer and the image output would “flicker"



because of the slow display rate. Even so, some very interesting protl.cts
were done using such displays.? These projects encouraged work to develop
better termipals.
A good example of a highly versati.e disprlay station is the ESL vis-
PI&Y Consnle located at Technology Squere as part of M.I.T.'s Project wac. 3*
It was developed to produce flicker-free displays that would not require an
entire computer to maintain. This station conciste of a special-purpose
display generating computer with two sixteen-inch CRT's, end is connected
%o Project MAC's IBM TO9L computer by & high-speed data link. The display
logic accepts digital commands from the 7L which cause it to generate the
proper analog voltages to drive the CRT displays to make meaningful patterns.
For text display, a spe:ial "churacter generator"” is included; this
unit accepts six-bit binary words to speczify which of sixty-four alpha-
numeric symbols is desired and then by referring to its intermal memory,
generates the proper voltages to cause the CRT to truce out the character.
This station alsc has & number of other features to facilitate making
interesting and useful displsays.
In a sensc, this station respresents an idesal remote computer terrfnal
and, because of its versatile display, has gained vide acceptance from
such people as civil engincers, electrical engineers, mathematicians,
and even bicl;ogist.sl.5 Normally, these people are reluctant to spend
large amounts of time converting standard computer print-out into meaningful
forms--pictures, graphs, etc. With the ESL Console, this is no problem.
dowever, certain factors prevent the wide-scale use of such sophisticated

displays as general purpose remote terminals. Expense is one, In the
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cve-all M.I.T. time-sharing system, thcre are more than 200 terminals and
it 1+ Likely the number will increase. If a complex and expensive machire
such ay the ESL Console were to be uced as replacements for all existing
termirals, the cost »f the terminals would far exceed the cost of the
main computer.

Arother drawback is thet a high-speed, multi-circuit data link must
ve usel between the ESL Conscle and the main computer; this would restrict
the number of locetirnc where the machine could be used. A third problem
ic that the present system requires a certain amcunt of main computer
memexry Aand some poocescor time to maintain a display; a large number of
such displays would piace 3 heavy and non-productive load on the centrrl
computer system., It appears that a limited number of these highly sophisti-
cated displays will be useful i1u a commuter system but cannot be used

as genera’ replacements for teletypes.

C. STUDY OF REQUIREMENTS OF A TEMOTE TERMINAL AND SOME EARLY EXPERIMENTS

1. General Considerations

Fortunately, most computer users would be satisfied with a
computer terminal which had charactaristics somewhere between the low-
speed, text-only, format of the teletypewriters and the versatility of
the complex ESL Display Console. Realizing this, attempts have been made
to design a compromise system.

With a somevhat informal study of the needs of the typical user
and an insight into some of the physicel limitations of building remnte
terminals, a better idea of what a general purpose remcte termina. should

be has evolved.6 Wrat appears to be needed is a unit that can display

gf



both grarhical informetion and text, with tert display much faster than
present teletype spceds. In addition, the tot+1l terminal cosl must be
low enough .o allow ‘ts use in large numbers. Tc be able to locate the
terminals as freely as they are presently, the data link connecting the

terminal to the computer should be a telephone line.

2. Limitations of E:isting Approaches

4 number of manufacturers have developed so cealled "inquiry units”
for use as remote computer term.nals. Generally, these relatively Jow-cost
machines can be driven over telephone lines and utilize s CRT for display,
but can only generate text and very limited graphical displiays in a
typewrier-like format; they could be called "electronic typewrlters'.
Even though these units can display text rapidly, the fact that they
lack the ability to provide flexible pictoral displays make them

unsuitable for general purpose revote terminal.

3. Potentialities of Direct View Storage Tudbes

At the present time, only CRT's offer the speed, flexibility, and
relatively lov coest reeded for high-performance terminals. lowever, one
of the big problems of CRT's is that, in genersl, the data displayed must
be regenerated and fed to the screen at least 30 times a seccnd to avoid
annoying imsge flicker. To do this, some sort of high-speed memory is
needed--and this is usurlly quite expensive. Also, very high speed
clectronice and deflection systems are required. On the other hand,
there 1. one class of CRT's known as direct view storage CRT''s, in which
an image traced by the electron beam is visually stored on the screen and
will remain for a considerable period of time (up to one hour) unlecs it is

erased. 7
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Using such a tube, it i not necesrary to regenerate data: thus
no high-speed data memory is necded and writing speed does not have to
be ebove the rlicker rate. Certain disadvantages uo occur in terms of
resolution, brightness, and screen size with available tubes, but it
appears that enough research is being done on these problems that in ihe
near future, sufficlently good storage CRT''s will be available.8

Because the advantages of stcrage CRT's in not requiring a high-speed
memory and associated high-speed picture gzneration hardware, the ESL
Display Group has employed & Tektronix 564 Storage Oscilloscope in several
tests of remote terminals. These tests have been designed to discover the
best means of transmitting graphical data over the narrow bandwidth of
telephune lines.

Fortunately, besides not requiring a regeneration memory, storage
CRI''s allov an image to be "built up" slowly from a narrow bandwidth input

thout any complicated circuitry. Therefore, one of the simpliest schemes

for using a storege CRT at & remote location is to send the horizontal,
vertical, and intensity control sigmls along three reparate telephone
lines to the CRI. These signals cause the electron beam to trace out
an imsge. This arrangement has been tried using the ESL Console to generate
the needed signals but suffers from three rest:ictions.

TMrst, because three sigials are required simultaneously to control
the CRT, three lines are needed for operation. (For & remote CRT
display to be as flexible as a standard teletype terminal, it ls desireble
that it require oniy one line.) Second, picture quality suffers because

of different delays on different lines and berause of line noise. Third,
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because of bandwidth limitations un the telephone lines {approximately

1 Kc), the writing rate, particularly for text displays is too slow.

D. IMFROVED REMOTE DISPLAY TERMINAL

In an effort to overcome the problems outlined above, it was
suggested that r -emote storage-tube terminal be built with local picture
generating capabllity, somewhat like the ESL Consele.g Data could then
be sent in digital form, whicl is more noise immune than amalog transmission.
Horizontal, vertical, and intensity control signals could be sent sequentially
and stored at the terminal e¢nd until all three were available--thus requiring
only one telephone line,

Finally, instead of continuously sending che absolute beam location
to the teminal, only changes in beam location would be sent,thus reducing
the amount of redundant informetion sert and effectively increasing writing
speed.,

These techniques inc.esse the amount of relimsble lata sent over a
communication channel in a given time period but require considerable dats
processing at the receiver end of the channel. Therefore, the question
arose as to whether it would be possidble 1o build the needed circuitry at
a low enough cost to be reasonable in s remote terrinal. Thus, a design
project was undertaken to implement the scheme shown in the block diagrem
of Fig. 1. This equipment, except for ithe emvncter generator, was bullt
end tested in the summer »f 1965.

Briefly, operation of the vector generator is as follows. Data
is received serially in digital form from a single input line. A
nine-bit data buffer register stores the incoming signal until it is

full end then rapidly transfers its contents to elther the x, y, or

L3
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-ommand flip-{lop registers, dcpending on the position of the date t'low
switch. The three registers are filled sequentially, starting with the
command register. When all are filled, the eight-bit counter assoclated
with the x and y registers is allowed to count. Twe binary rete multipliers
(BRM's) are contrclled by the data 31 the x and y registers. The output of
sach BRM is a pulse train containing as many pulses as the tinary count
in the associated register.

The two pulse trains are used to trigger special pulse generators
that put out precise pulses with constant width and consvent amplitude.
These pulses feed operational ampliiiers connected as integrators. The
output voltage levels of the smplifiers charye as each incoming pulse
is integrated. Theze voltages are used to deflect the beam on the storsge
CRT. After eech new volitage increment appears on one of the integrating
capacitors, an Intensify pulse is generstel and a dot appears on the CRT
screen. Therefore, a pulse train produces a series of closely spaced dots
thit define a straight line. The angle and length of this line depend on
the relative magnitudes of the binary numbers ‘n the x and y registers. Also,
gince the pulse generator can vroduce either positive or negative pulses,
lines may be drawn in any direction. After a line iz complete, the electreon
beam remains at its last location until three more binary words are loaded.
At this point, & new line is initiated, sterting wherc the last one left off,
By continuing in this fashion, line drawings of any complexity can be made up.

In addition to lines, the command register can be used to program the
control logic to reset the integrators to zero, to disable the intensify

circuits, and perform other special tasks. Lines are drawn as a series
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cf points spaced avout .90 Inches apart {on e 5" CRT): ; Ints ran be
plotted at n rate of one every sweniy mlernceeonds. Precer (iy, 8 “word"
of' nine bitr 2enr be recelved in five rwillliseconds, snd since three words
must be received in order to draw a line, cne line can be dirawn every

fifteen miiliseconds.

B, AL ASITICHAL PROSLEM

It was knrwn frem the beginning that the vector gencrater described
in Secticn o welld not be able to effeciently handle text display. Even
vhearn characters could te Jdrawn using short lire Zegments, this method
woild be much too slow; charecters wnuld need five to ten line segrents--
roquiring 79 to 150 mill!seconds per character., This is roughly the speed
of a teletypewriter.

e csolution seemed to be to include a character renerator in the remote
termina'., As in the ESL Console, this generator would accipt a single
binary word to specify a dcsired character. Then, by referring to an
internal memory, the machine would produce the appropriate voltages to
cause the image of the character to appear on the CRT, Since one word
it received every five milliseconds, 200 characters per second could be
written on the CRT=-20 times as rast as a teletypewriter,

It vag this need for a character generator that would meet the special
requirements of a versatile, yet low-cost remote computer terminal that
motivated this thesis.

In Chapter II, & review is given of existing character generation
schemes; some advantages and disadvantages of each type are given. Chapter III
outlines in detail how the final generation technique wag chosen while
Chapter IV discusses actual circuit construction. Finally, Chapter V gives

some conclusions about this project.



CHAPTER II
CHARACTER GERERATOR TECHNIQUES

A. INTRODUCTION

After the decision was male that it was nececsary to include n
chaiacter generator in the Remote Display Terminal, it was then
necessary to invectigate the various ways of building rfuch generators
and to see what ma hines were commercially available.

It was soon discovered that a larg: variety of generation schemeg
exist--each having cert.in advantages and disadmntnges.m To compare
the existing generation techniques, it is desirable to identify the
elements and operating parameters that are common to all. There are
two basic elemente associated with character generators: 1) generating
logic end 2) character set memory.

In the simplest terms, it 1s the function of the generating logic
to take information from the character set aemory and use it to form
a character on the screen of a CRT.

The character set memory stores information about the shape of
characters so that when a six- or seven-bit binary word is accepted
as a character selection input, the memory "programe" the generating
logic to produce the desired character.

Usually, the generating logic produces horizontal and vertical
deflection voltages to move the electron beam ot a CRT; often a beam

intensity voltage is also produced.

«lle
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Important psrameters of character generastors ere: rate of
generation (characters per cecond), quality of chsracters, size
of character set, relisbility, and, of course, cost. For some
applications, such other factors as phyeical size and ease of changing
the character set are also important. As a rule, as one or more
parameters improve, others suffer. Cost in particular is likely to

inerzase as speed, quelity, and character set size increase.

B. GENERATION TECHNIQUEC

The different approaches to character generation feil into twe
basic classes--gsignal generation and beam f‘orming.ll The signal
generation schemes use the kind of generating ioglc outlined earlier;
vertical and horizontal deflection signals and beam intensity ccntrol
signels are produced to control the electron beam in the usual way
to trace out characters.

zam forming iz a very different method. With bemm forming, the

cross sectional area of the electron beam ie distorted in such a wsy
that vhen the beam strikes the phosphor screen, it forms a character.
This 1, usually accomplished by passing the electiron beam through a
mechanicai mask located within the CRT. Though the beam-forming generator--
really a special purpose CRT--has some advantages in systems requiring
high-speed character generation, it is not vell suited for use in a
remote terminal. The CRT used is very specialized and rather expensive,
and since the CRT is one of the most likely elementes to age and need
replucing, this is s serious drawback. In addition, compiex circuitry

is needed for the additional Aeflection stage needed *> pass the electron
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t2am through the proper hole in the character mesk, and then re-align
it on-exis for the main deflection system.

Turning again to the signal generation schemes for character
Yummation, we find that there are two main groupings: raster types
and function types. In the raster types, a standard deflection
pattern or "raster” is generated for all characters; this pattern is
designed so that by selectively intensifying certain portions of the
pattern, any character required can be dieplayed. The pattern used
may be a rectangular array of dots, s series of vertical or herizontal
lines, or a lissajous type figure. The advantage of this method is
that by using the same raster for all -haracters, the vertical and
horizontal deflection voltages are always generated the same way and
no memory 1s required to program these voltages individually for each
character. Thus the memcry contains only intensification data. This
reduc s memory capacity requirements and lowers machine cost.

The reducrd remory requirements are partially off-set by the
need for a relutively complex rester generator vhich has to be designed
to go through the required sequence of horizontal end vertical deflection
voltages to produce the raster pattern. The disadvantages of such a
system are that generally many unnecessary beam movements are required,
reducing character repetition vate. Also, character quality (readability)
may be lov and the characters can have a rather mechanical look to them,
unless & large raster is used.

However, if a large raster is used, the character set memory size

must be incressed and the advantage of a lower cost memory is lost.
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The sports scoreboards that use a number of lights to display numbers
are an example of a minimal raster display.

The functional generators avoid the wasted moticns of the raster
generators by programming the deflection voltages for each individual
character, tracing out the character directly. This is a considerabiy
faster technique and producec very good quality characters, bhut alec
requires a much larger wemory--usually verticel, horizontal, and intensity
signals are stored, On the other hand, the verticai and horizontal
drive circuits are somevlat simpler than the raster types. The raster
circuit has to "remember” the raster pattern, whereas the function
type is continuousiy controlled by the memory.

Several different versions of the function character generators
exist. In some, horizontal and vertical deflection voltages are
stored in pairs: the generating logic sequentially samples these
pairs and the electron beam jumps to a new position each time a new
pair is sampled., Usually, the nunber of pairs is limited to less than
sixteen, but this is seldom a restriction on the types of characters
that can be generated.

Another type of functional gemerator is the "stroke' generator,
in which characters are drawn as & sequence of short lines. The
memory supplies the orientation of each of the lines. Normally,
eight poseible orientations are stored and nine to tventy line segnents
are used.

In eddition to the basic teclniques outlined above, a number

of variations exist that have certain advantages for certain appl.cations.
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C. CHARACTER SET MEMORIES

Another way of distinguishing between different types of character
generators is to ¢ompare the types of memories used. As with generation
schemes, one finds that many different types of character memorieg.
Infcrmation can be stored in either analog or digital form and can

be stored for either seria:. or parallel read-ocut.

1. Read-Write Memories

The same type of ferrite core memories that asre widely used in
computers have been used for character generastors also. Such a2 memory
can be "written" as well as read and thus offers the adventage of being
easily changed to hold different character sets. However, for memories
as small as character sets, normal resd/write core memories are not
economical when compared to other types. In addition, for many
character generator applications, they are too slow. Finally, the
fact that this memory is not & permanent memory meuns that some provision
for initially "filling" it must be provided.

Scquential memories can be used for character pattern storsge in
sone types of character generators,though for high speed generators,
they are too slow. Sonic and mgnstostrictive delay lines are both
possible choices for this type of memory, and can hold fairly large
amounts of information at low cost per bit.

Along with standard core memories, however, sequential memories
share the mixed blessing of being "'re.writable". This allows easy
changing of character set but requires means of periodically filling
the memory. In the ~ase of delay lines, a re-filli-g is necessary

whenever power to the unit is interrupted for any reason.
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Since information is only availabie serially from such memories,
speed of read-cut is very limited and complicated czircuitry may be

required.

2. Read-Only Memories

Because of the various drawbacks to read-write memories, character
generators usually incorporate "read-only" memories which combine
veasonable cost, high speed, and permanent storage. As the rame
implies, new information carnot easily be entered into such memories,
s0 character sets are fixed.

Included in this class are the various matrix memries.m
In general, these consist of & matrix with a series of horizontal "word"
lines and a series of vertical "bit" lines. When used in a character
generator, a word line corresponds to a character in the set. The
memory is normally binary, storing a pattern of ones and zeros for
each character. To store a "one" at a particular bit l>cation of a
particular word, a passive circuit ¢lement is connected at the junction
of the vord and bit lines. To store a "zero", no element is connected.

The memory is reed vy applying a voltage to one of the word lines,
and monitoring the output of all the bit 1lines. A high voltage indicates
8 "one", and a lov voltage indicates a "zero". Circuit elements that
can be used are diodes, resistors, capacitors, or inductors.

One ferrite-core memory that overcomes some of the problems cf
read-write memories is the "rope memory". This consists of a small

nuiber (one for each bit of the storage word length) of relatively
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large sperture ferrite cores that have a large number of wires

{one for each stored word)threaded thrcugh them. An individual wire
is woven through the series of cores in such a manner that it may or
mey not pass through a given core. If a "write" current pulse is sent
through this wire, all the cores through which it passes are set to the
"nne" state while the others remain in & 'zero” state. The pattern
of ones and ceros can then be resd out by appropriate circultry.
Nornally, for each cheracter in e set, there is a wire that . woven
through the series of cores. In one standard configuration, 6k wires
are woven through 35 cores. When any one ¢f the 6L wires is pulsed,

a particular pattern of ones and zeros is set up in the 35 cores;

this pattern is then used to program the generating logic to produce
a character.

Since the cheracter patterns are determined by the wire threading,
there 18 no need to £ill the memory (but it is no longer possible to
change character sets, unless the cores are re-threaded). Also,
because no coincident-current selection is involved, read-out signal
levels can be much L gher than for standard core memories and less
expeneive sense amplifiers are required. In general, rope memori~s
offer a lees flexible but more economical cha ~acter storege for

character generators than normal core memories.

3, Special Purpose Memories

The preceding memory techniques sre general-purpose in the senge
thet they are basically digitel in nature and any type of information

covid be stored in them. However, some special memory techniques have

been developed especially for character gsneration. Onu example has
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already been discussed; the mechanical mask used in beam forming CRT's
is the memory for that type of generator.

Another interesting example employs a special T.V. "camera" tube,
called a monoscope, in a raster type generator. Instead of picking
up an external fleld of viev as normal vidicons, the monoscope has
images or "targets” bullt inside its faceplste. If these targets are
shaped like characters, they constitute the character memory. In u;e,
the electron beam of the monoscope 1s trained at the desired character;
then the electron beams of both the monoscope and the display CRT are
synchrcnously swept through a series of short vertical or horizontal
lines. The beam intensity of the display CRT 1s controlled by the
monosope signal output, which in turn is controlled by the particular

character that is being swept.

D. SUMMARY

The large number of commerzially available character generators
range in price from about $2000 to wmore than $10,00, depending on which
features they emphasize. A good example of svch a machine is the Strazs
Character Generator used with the ESL Console. It has a repertoire
of 64 high-quality characters, and can generate them at a rate of
100,000 per second. 13 Rovever, it costs more than $8000. BSince it
haz been suggested that the total cost of the entire reamote terminal
e no more than $5000, 1 (including vector generator, CRT display tube,
and other required hardware plus a character generator), it appeared
that & new type of ~haracter gen rator--less expensive than existing
ones-- would have to be developed. Several factors suggested that an

original design would be desirable.
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First, it was noted that most of the commercisl machines were
designed to be used with CRT's “hat require the displayed picture
be refreshed continually. Feor a text display of 1000 characters,
the character generator used with such a CRT muct produce 30,000
charocters a second if the dicplay is to be refreshed at least
30 times a second (to r.oid imaze flicker). However, since the
proposed remote terminal is to use a storage CRT, no regeneration
is required and the character generator need produce only 220 characters
per second. It war hoped that this lower speed requirement would
help reduce costs. Another reason for designing & new machine was
that Project MAC has standarized on the T-bit Revised ASCII Character
Set {which has 96 printable characters) for future terminals. >’
Few commercia® mechines offer character sets larger than 64 without
essentially paralleling 6l-character units, with attendant large
increase in price. Some cannot be used vith sets larger than 64
vithout extensive modifications.

For these reasons, it was decided to choose a design approach
for building a new type of charscter generator that would meet the
performance requirements of a rcmote computer terminal and be in-

expensive enough to be cocmpatibl with the cost goals of such a terminal.




CHAPTER IIX

SELECTION OF A NEV DEGIGN APPROACH

As discussed in Chapter II, study of the verious techniques used
in character generation indiceted that a fresh desirn approach we.
needed. In this chapter, we will consider the advantages and
disadvantages of several possible types of low-rnst character memcries.
Reasons for choosing a resistor metriv memory are discussed, and & general
outline of & proposed raster-type generating logic technique is given.
Perticular emphasir is given to compatsbility vith the vector gencretor

and posciblilities for sharing circult elements.

A. REVIEW OF REMOTE TERMINAL REQUIREMENTS

The requirements included use the revised ASCII character ccde
with 96 printatle characters, and the ability to generate 200 charscters
per second. Other desirable characteristics were that several format
sives for characters could be generated and that special, non-standard
characters could be externally programmed. There wes no particular
concern about character quality other than that the characters be
easily legidle. Above all, the generator must be of low cost;
initially, it was decided that a figure of $500 to $1290 would bLe con-
sidered acceptahle. Of course, any design would have to be compatable

vith the vector gencration scheme as outlined in Chapter I.

B. A LOW-COST, MECHANICALLY ROTATING MBMJRY
As was pointed out earlier, one of the most obvious reasons for

the high cost of commercial character generators is that these machines
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are usually expected to work at high speeds--generating 30,000 tc
100,000 characters a second--£o that CRT Imngse regeneration can take
place. Since the generator required for the proposed remote terminal
need only produce 230 characters per second, it was hoped that by
sacrificing high rpeed, an inexpensive machine could be bullt.

One place where a lower cpeed requirement could result Iin e
substantial savings was in the character set memory. It was supggerted
that a low-speed, mechanically-rotating, sequentisl memory could perhape
be used.

It wvas hoped thst sucbh a memory would be very inexpensive tc construct.
In addition to low cost for the memory itself, the fact that such a
memory would be sequential would be an additional advantage over
parallel memories. This is true because in all signal generating
type character generators, information to control the CRT electron
beam must be supplied to the generating logic In gerisl form. Therefore,
for parallel read-out memories, some sort of bufferinyg, such as a
shift recgister, is necessary to convert the memory ovtput to serial
form. With a sequential memory, however, no buffering is needed and
the cost of this additional circuitry is avolded.

One possible sequential nerory for use in a character generator is
a magnetic drum, but after investigating these nemories, it was found
that the commercial units ~vailable were too expensive to be used--

mainly because they strecsed & read-write capability end iarge bit-

capecity.
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To find a lower cost substitut=, it was decided to consider
building a special rotating disk memory that would be limited to
read-only capability and have a small-bit capacity. One plan was
to usre a photographic disk with infcrmation recorded optically on
co-axial tracks along its circumfererce. Anothe™ possibility was
to use magnetlc or electrostatic recording as storape modes.

This memory c¢isk would be driven by a motor much .ike a phonc-
graph record, and a number of "read stations" world be mounted near
the disk to convert the stored infurmation to electrical cignals.

As with any sequential, circulsting memory, this proposed dick
system presented problems concerning access time and read-out time.
Berauge of limitations on the writing speed of the storage CRT that
will be used, & small-size (0.1 inch high) character cannct be written
in less than roughly 300 microseconds; for large-size {0.4 inch high)
characters, this writing time cannot be less than 1000 micrcseconds
(one millisecond).

To avoid the cost of extra circuitry, it wes necessary to use a
minimum of data buffering--both on the memory selection logic and on
memory read-out. This meant that the one-millisecnnd CRT writing
rate would be the required memory reed-out rate also. On the other
hand, incoming charecter commands occur every five milliseconds, and
vith a one-millisecond read-out time, the maximum allowable access
time would he four milliseconds.

During the four milliseconds, the entire character set memory
stored on the disk would lave to pass under a memory read station.
The faster the disk rotation, the less time is required for a given

point on the disk to reach the read station. However, if a single

-~ ——




read strtlon is used, a complete rotation in four milliseconds
requires the disk to rotate at 15,000 RPM--& rather high speed for
mechanical systems. If four reading stations were placed at ninety
depree intervals around the disk, e opeed of only 3750 RPM would be
required for a given point to reach the nearest rtation in & maximum
of four milliseconds. Alternately, if the character set memory were
copled several times around the disk, rotational speeds could be
reduced. However, bit-packing densities limit how many times the
memory may b copied.

The need was, of course, to use as few reading stations as
possible to reduce costs, and yet keep the rotaiional rate at a
reasonable value.

In sddition to character-set storage, tim-ag and address tracks
(which would also require associated read stations) would have to be
inciuded on the disk.

One attractive possibility for this type of memory was to store
analog signals with a technique much 1like socund tracks are recorded
on motion picture film; by using three tracks, the horizontal, verticsl,
and intensity control signals could be recorded directly. This would
require ver;” little circuitry for the generating loglc and character
quality could be high On the other hand, a lsrge number of read
stations would be needed,

Another technique that would require considerably lezs memory
capacity (and therefore fewer read stations and switching circuitry)
would be to use s minimal raster approach. This would also allow
cheracter date to be stored digitally. Of course, the generating logice

would be more complex.

_
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The major difficulty with the disk memory approach iz that it
would te mechanical and would have mechanical limitatione. For a
high-speed disk system, a well machined housing and drive motor
would be peeded. Alignment of read stetions and other mechanical
adjustments would periodically be required and in gereral, reliability
would probably not be as good as an sll-electronic character genersator.

Thus attention was turned to non-mechanical approaches.

C. ALL-ELECTRONIC MEMORIES

In ctudying various types of purely electronic memories that might
compete economically with the mechanlical disk type, it was necessary
tc price +ot only the memory itself, but also the sensing (rea -out)
circuitry 2nd the selection logic.

For delay line memories, selection logic can be quite trivisl;

a counter driven by a precise clocking eigna can keep track of which
word is available at the output.

The read-out emplifier is relatively complex, but only one such
amplifier is needed. Howvever, the cost of the ovcrell memory, the
problems of refilling it (as mentiorzd i.. Chapter II), and the problem
of access time made this type of memory seem unattractive.

Ferrite core "rope memories” offer certain advantages in terms
of random-sccese reading (no access-time probiems), rcad-out levels,
and selection logic, but the quoted cost of $350 to $500 (without
selection logic) was somevhat higher than was thought desirable.
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Tne cpesclal-purpose cheracter memories such as beam forming
type and the rmonoscope type, while feasible, were felt to be 11l-
suited for use in the proposed remote concole. They would not
fit in vell with the vector xenerator, and wouid require special
pover s'tpplies ard other conire circuitry which would make them
much tor. expensive.

Various matrix memories were considered: inductive, resistive,
diode, and capacitive elements can be used fr such read-only memory
arrays. Inductive arrays offer advantages in ease of word selection
and cr~ have (in some applicawions) high enough output slgnal levels
to eliminate the need for sense amplifiers. However, uuch arrays are
difficult to fabricate and are therefore more expensive than other

arrays. At the opposite extreme, capacitive arrays nre quite easy

to favricate but have low output levels. "

Diode matrix arrays are straishtforward tc work with, and have
excellent output levels. Hovever, at the time the memory survey was
made, there were no commercial techniques for economically producing
large diode arrays, Early calculations showed thait a minimw character
memory would require between 2000 and 3000 bits--this would mean using
roughly 1900 to 150C diodes (assuming that about half of each stored
charscter word conoists of "ones"). It appesred that the price of
components and installation would be between $.15 and $.20 per diode;

tnerefore memory componeint cost, not counting selection logic or sensc

axplifiers would be as high as $320.
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Resistor arrays do not offer nearly as well det'ined output levels
as a diode array because of "sneak paths” through unselected words.
Moveo.~r, as the array size increases, the cutput levels decrease
rapldly. On the other hand, resistors are cheap-~typically ro more
then $.03 a plece in quantity. Parts cost for s 3000-bit men y
would be roughly $45.230. In mddition, it was known that some work
hus been dune to fabricate low-cost arrays ol resistors, using
denosited @ 'lm techniques., 7

The rromice of a very low-cost resistor array was encouraging
enough to motivate research into how big & disedvantage the low
output 'evels of such a memory wou'd be. Initial investigation showed
ihat whi.e rather small output levels were avamilable, the low speed
reqguiren _nts made it possible to use inexpensive circuits to act as
sense amplifiere. Selection logic also could be built cheaply. When
compared to a poseible diode matrix that would require less complex
sease amplifiers, indications were that the savings on resistor
memory 1ltnell would more than pay for the higher circuit costs of the
sense amplifiers for tie resistor matrix. In addition, the overall
costs of a memory made with ordinary techniques appeared to be competitive
with the proposed disk memory; if it were found that resistor matrix
could be fabricated automatically, its costs would prodably be mucn
1288,

However, there wat one big drawback to using a matrix memory:

read-out from such & memory s essentially parallel and, as pointed



27~

out earlier, memory data must be fed to the generating logic

serially. Therefore, :ipencive buffering must be used with a

parallel read-cut memory. To remove this restriction on the use

of perallel memories, it wag decided to "share" some of the circuitry
in the vector genei. .or 'o perform the buffering function. By sharing
already existing circults, system cost does not increese: thus parallel
read-out memories can be used without excessive cost.

A side advantage of using a buffer for the memory is that this
buffer can be filled not only by the character memory but also from
the external date input. This allows the character generator to work
in a special mode in which non-s:andard symbols can be externally
programmed.

Because of the encouraging economic comparison and because a
character generator using & resistor matrix memory wou'd be compatable
with the vector generator and system timing considerations, it was
decided to build an experimental charecter generator using a resistor

matrix as its charecter-set memory.

D, GENERATING 1OGIC

The type of genersting logic to use depends, of course, on which
type »f charecter set memory is chosen and hov much emphasis is
placed on charecter quality. fSince it wvas decided to use a resistor-
matrix, which ir & purely digital memory, and since character quality
wvas not of prime concern, the cbvious choice for the generating logic

wag to use & minimal raster technique.

o ppg— . e - e e e
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The normail mode of the vector gererntor is to draw lines by a
series of points or dots. Thus, the most compatable raster scheme
to> wvork with this generator is a rectangular array of dots. The
simpliect array timt will still give the needed readability for all
characters is an array of 35 dots--seven dots high, five dots wide,
All characters can be made up from such an array by selectively
intensifying specific points. An example of suc!. & dot array or
matriz is illustrated in the upper right-handa corner of Fig. 2.

A larger array--say aine-by-six or ten-by-seven-- would produce
bette looking characters but would require considerably more memory
capacity; a smaller array would not provide enough detail to
distinguish clearly beiveen chamicters.

Figure 2 shows in block diagram form the make-up of the proposed
suven-by-five dot matrix character generator. Three meln divisicons
are idantified; a dot matrix generator, a character memory, and a
digital-to-analog converter.

Since the character generstor and ector generator are never
used at the same time, it was matural to consiier using the same
circuits tu serve both generators. Thus, it was hoped that by
time. vnaring common circuit functions, considereble savings in cost
of circuits would result.

Because of this desire to time-share circuits, the elements in
Filg. 2 were chosen to maximize the similarity of certain circuit
blocks of the vector generator and of the charscter generator. It
will be noted that the digitel-to-anslog converter is identical tn
the pulse integrator circuits of the vecot generstor. Also, that
the Modulo-5 and Modulo-7 counters could be used as part of the eipht-

bit counter used in the vector generator.




-29-

Jojosaues) 1945004 jo woibolq o)y °Z 614

[ 7 ‘1vano> sownv oi witolg |

$300:80 )44 | !

}
“ setjjduy (owsiomdg | sepduo) mremyd
(= _ ] o |
. T T T T atiwmadie Y i T
wrtno | Ay WAVENIO XYW 100 J_
Bojouy _ W]
| I |
A I _
adoss of 4 | i —={ s-ompow| |
L ll_ | ey [y PSS |
| | vors omng A ) |
o _—_——_——__
||||||||||||||| 3 I |
r ANOWIW ELIVIYHD | m— |
)
P4 }
2 g e Iy e |
—|| =71 1] lesesree _ — _
Xuww 100 | 1 ] | |
[ e " _ L4 ==l
_ ... _ _ |
| | S -
L | —
— ) Arxowsow 35004 S| a0
m 9 49 96 o _|uogderes
|
L. - __C" _|
pIom Mp0IND) WY P




Tn operation, an 8-bit binary word fed to the selection logle
is decoded to specify one of the 96 possible character word
lines. irty-six bit output liner feed the digital word containing
the intensity information of the selected cheracter into 36 sense
amplifiers. When a "reset" pulse is applied to the character
generator, the 35-bits of the character-word are read into the 35-dbit
shift register. (The thirty~-sixth bit is a special control bit which
will be discussed later.) After the shift register is loaded, clock
pulses feed both the dot matrix generator and the shift register; the
ratrix generator produces horizontal and vertical deflection signals
to. move the electron beam through the pattern shown in the upper right-
hand corner of the figure.

In synchronization with the pulses that move the beam, the
pactern »f "ones"” and "zeros'" stored in the shift registe are shifted
to the right to sequentially feed the Intensity Control Circult., In
this wvay, the information in the character memory is used to control
which points in the generated matrix are intensified.

For simplicity, some of the needed circuliry is not shown. For
example, pro.ision is made for an additional nine clock pulses (vhich
are never intensiried) to move the electron beam into position to
draw another character. Also, certain lower-case characters, such
as "g", "3", "p", "q", and "y", extend below the base line upon which

all the other characters are written and thus lie ocutside the standard
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matrix. To draw these characters, it is necessary to start the matrix
two points lower than usual. Therefore, the thirty-sixth bi%, cnlled
the Dropped Matrix Control bit, starts the metrix at the lower position;
it is used only for characters that extend below the base line.

The modulo-5 and modulo-T7 counters keev track of where the beam is
in the x and y directions, respectively. After each set of szeven
ccunts in the y direction, the beam is incremented in th= horizontal
(x) axis by one step and the direction of the beam motion in the
vertical (y) axis is reversed. When the moduloc-5 counter is full
(aftsr five X increments), a signal is genereted to stop the clock.

When a new character is loaded, the procese beings again.

It would have beei. possible to read out the memory vord in segmentg--
say six six-bit blocks--and use nly a six-oit shift register insteed
of a 35-bit one. However, it turns out the x, y, and command registers
of the vector generator (shown in Fig. 1) can be built as shift registers;
to 30 sc requires a shift register totaling 27 bits long. Therefore,
by "time-sharing” the 35-bit shift register between the character
generator and the three registers of the vector generstor, there is
little waste involved in using a 35-bit shift register, and the complex
swvitoking fmvelved in reeding out segments is avoided.

Since all the major circuit elements except the memory and its
selection logic can be shared, they are in a sense "free", Therefore,

the cost of the character genersator depends mainly on the cost of the



selection logic and memory, plus the cost of the circuitry needed

to switch the function of the various major circuit elements.
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CHAPTER 1V

DESIGN OF THE EXPERIMENTAL
CHARACTER GENERATOR AND TEST RESULTS

A. DESIGN APPRCACH

After the basic approach of using & resistor matrix memory ard a
dot raster generator was decided upcn, it was time to begin nctual
circuit design., It was planned to build an experimental character
generator in two steps. First, u test generator with a simplified
raster and very limited memcry size would br built to test all the bacic
circuits. After that, a fuil-scale machine with a five-by-geven Act
raster and a 96~character memory would be constructed.

Recent reductions in the price of epoxy encapulated integrated
circuits have made these miniature circuits competitive (and often
cheaper) than comparable circuits made from discrete componens.

Future pric: projections show & further downward trend in integrated
circuit prices. For this reason, plus the obvious advantages of rmeller
size, it was decided to use these circuits for mor’ of the construction
of the logic desiun.

The units chosen are made by Fairchild Semiconductor Corpuration
as part of its commercial Micrologic series of integrated circuits.

They use resistor-transistor logic (RTL) and are rated for use up to two
megmcycles. Three types were used: 1) a type 923 JK Flip Flop with
set, reset, toggle, and clear inputs, 2) a type 914 dusl NOR gate

package with two inputs per gate, and 3) a type 900 driver packsge
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vhich acts as an inverting power driver. All mre packaged in eignt-
lead, modified TO-5 epoxy cases. Ffor normal operafion, they require
a 3.6 volts pover supply and have logic levelg of 0 to 0,2 volts
Cor & "zerc" and +1.0 to +2.0 volts for a "one". Fan-out and fan-in
are very limited on these units, but with some care, the units work
very well, and in large measure, they contributed to the success of
the project.

For applications where the integrated circuits were not suited,
a low-2:0st epoxy encapsulated silicon transistor was choser. (Type
2N2923). Although it is not intended for use in switching applications,
this unit was found to work well in most of the low-speed circuite
described here. In a limited number of cases where a good switching
transistor was needed, a 2N3569 siliccn transistor was used. By
having such a sma:l number of differemt types of circuit elements a number
of design problems were eased and procurement of parts was simplified.

Even though the basic design of the character generator was
selected go ithat circuits could be shared between the character and
vector generat.rs, it was decided to avoid design prodlems in construeting
the expsrimental charscter generator bDy making it almost independent of the
vertor generstcr. However, clock and reset pulses were derived from the
vector genersior, and the digital-to-amalog converters of the vector
generator were used to traneform the pulse train outputs of the character

generator into the required analog deflection voltages. The A.agram

[ W
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of Fig. ! shows ihe relatiorship (inciuding inputs and outputs) of the

tvo generators. It ie proposed to build at a later time a new
character-vector generator that would take advantage of the circuit-sharing
techniques mentioned in Chapter III.

As has been rentioned, it was decided as the first part of the project
to build & small test churacter pgenerator to check out all the basic
circuits before building a full-scale machine. A chsracter generator
using as a raster a three-by-five array of dots and having s charucter
set memory of elght words was chosen. This choice was motivated by the
fact that this wae the cma’lest pattern on which the numbers O through
T could be “egibly plotted.

To construct such a generator, it was necessary to bulld a dot-mstrix
generator and a resistor-matrix memory, including sense amplifiers and a
shift register. In addition, because the loglic levels of the vector
generator were O and -3 volts and the levels of the character generator were
to be 7 and +1 volt, level converters to couple the two generaters were
needed. A power supply to drive the circuitry was also required, and
since it involved no difficult construction problems, it was decided to bulld

the supply tig enough to drive either th~ test generator or the final generator.

B. DOT MATRIX GENERATOR

As outlined in Cnapter III, it is the purpose of the dot-matrix
-enerator to gensrate gignals to cause the electron beam of the storage
CRT to move through the desired five-by-seven pattern of po'nts. Figure 2
ghows & block diapgram descriding how this is done, while Fig. 3 showe how
t,he sctual integrated circuits were conne~ted to perform this furction.

{ Fower supply connections are not shown to avoid unnecessarily compliceting

the disgram.)

W7 geeeer T
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As a reviev of My, 2, ve rote that there are two counters, a Y-Pulse
Sign Control, and a Pulse Generator in the Dot Mctrix block. In addition,
the x, y data flovw switch is conirolled by the Matrix Genersator.

The Modulo-7 counter counts the number ot veriical (3) ircremeunts and
supplies a pulse to change the direction (or sign) of the vertical movement
after every seven pulses. The modulo-5 counter keeps track of the horizental
(x) increments and supplies a "Character Complete" signal efter the entire
dot pattern is rimished.

These twe counters are shown in Fig. 3 as the two four-bit counters; the
counter to the left corresponds to the modulo-7 counter and the one to the
right corresponds to the modulo-5 counter.

Basically, each counter is an ordinary four-bit counter and the two can
easily be comnected together to form the eight-bit counter needed in the vector
generator. To make the left counter work as a modulo-T7 counter, a pair of gates
lccated in the "Reset Control” block monitor the state of the counter. When
ths counter, working in the normal binary manner, reaches a value of seven, a
reset pulse is generated by the Reset Control and the counter returns to the
zero state. At this point. the counter will start counting again, sand continue
until a count of seven is again reached, etc.

A similar situstion exists for the right-hand (modulo-5) counter. A
pair of gates monitor the state of this counter and produce a Character
Complete signal vhen a count of five is reached. However, no reset pulse
is generated at the end of five counts since this counter need not reset
until a nev charscter is started.

By using this reset-to-zero technique, it is possible to use the
counters as ordinary binary (modulo-16) counters by simply disebling
the reset cdrcuits. Aiso, it is very easy to change the counting base
of the counters by simply opening or closing the switches indicated on the

inputs of the count-monitor gates. 1In this way, by properly setting six

. FH
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switches {indicated by x's in Fig. 3), it was possible to penerate any
desired dot erray from & on=-by-one to a seven-by-seven point matrix.
This made it possible ‘o use the same dct metrix generator for both
the three-by five t.ct gerarator and the final five-by-seven genersator.
The flip-flop associated with the "Y Sign Control” output is connected
so0 that it will change state svery time the modulo-7 councer is reset
to zero; also gating associated wit* the "Output Contrel” biock shunts &
pulce that would ncraally feed tne y pulse output to the x pulse output.
There are two additional points whizh were discussed briefly in
~onfuncticn with the gimplified diegram of Fig. 2. First, it was
d.~ided that the beginning of the design project that it would be lesireble,
ot the comp.. ticn of eeck character, to automatically position the electron
beam o the CRY <o that it wonld be possible to draw the next character
1tnout insertings any eddicional line copmands. In this way, the full
chanrel bandwidth coulu te used for transmitting characters alcne. (Of
course, at the ends of text lines, the beam wnula have to be re-positivned
to the start of tiie next line--somewhot like a carriage-return on & i pewriter.)
In a normal five-by-seven array, the final point is plotted at the
lowe~ right~hand corner when the first point is plotted at the top lert-
hand corner. Therefore, some provision must bt~ made to return the beam
to the top of the matrix and then move it to the right (to the starting
position for the next charecier). Onc easy way to G thic is to increase
the size of the array tc six-by-seven; in such an arrey, the beam ends the
pattern one po‘nt to the right of the top right-hand corner of the character.
N «t, tvo ertra pulses are used to force the beam tuo additiona' spaces
to the richt, yielding en inter-character spacing of three dots. Of course,
the extra olnts are never intensified, and therefore require no memcry

cortrol, The entire mrtrix pattern is shovn in Fig.  and elsc in Fig, 10.
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Another problem occurs when the generstor is required to plot
certain lower-case letters, such as "g", "3J", "q¢", "p", and "y". These
letters are unusual in that they extend below the normal bare 1line feor
alphanumeric symbols. This means that they also estend below the normal
dot matrix. A suggested solution to this problem was to steit the matrix
at a lover point for these characters. Therefore, an extra bit was
included in the character set memory to indicate when the matrix should be
lowered, and a "Dropped Matrix Control" was included in the mairix generator.
This logic circuit adds an extra two pulses to both the Leginning ana end
of the normal matrix. Examples of both the normal matrix and +he dropped

wetrix are shown in Fig. 10.

C. THE RESISTUR MATRIX MEMORY

A section of the proposed resistor matrix memory is showr in the
top pert of Fig. &, A word line correspon:s to a >rintable character
and the number of bits per word corresponda Lo the awount of information
stored sbout the shape of each character. The test charscter generator
was constructed with 8 Word Lines ari 15 Bit Lines. The final experimental

generator was to have 06 Word Lines ani 36 Bit lLinea.

1. Storage Mechanism

Information is stored in binary form--'onet” and "zeros”--by connecting
"bit-resistors” betveer Word Lines and Bit Lines. A 4T k resistor across
s junction indicetesn storsge of ¢ ‘one”; up reeistor indicates a "zero"

is stored.
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2. Selection logic

As shown in Fig. 4 , each word line is dri = by a transister
connected as a four-input MOR gate (‘Q3'.’ and 038’ for example). If the
voltage applied to any of th: four 4T k base resistors Uy the selection
lines is high, the gate transistor will be saturated and the collector
output voltage will be low--about 0.1 volts. Alternately, if all four
ipputs are lov, the transistor will be cut off and +12 volts will be
spplied to the associated Word Line through a 1.5 X load resistor.

Seven selection lines are used to contrel which word iz selected.
The line furthest to the right in Fig.h 4s used as & "group selecticn
line" in the 96-word memory (as will be discussed later) but is always
grounded in the Bword test memory. The remaining six lines sre grouded
into thre~ ,"ivs; each peir represents a binary dit and ita complement
(1.¢., one lime 01 the pair is st a high voltage while the other 1is low.)
By properly comnectinr the MOR gates to these three dinary pairs, the
gates merve as & three-bit decoding network to select one of the eight
vords in the mewory. In operation, only .e of the selecticn trarsistors

1s cut off (giving high output voltage) : ile all the others are saturated.

3. Bead-Out Nechanism

The result of the selection process s that only one word line has
s high voltage on it, th. exact voltage depending on .ow many 47 k
"pit-resistors” are connected to the line. However, the voltage will be

betveen +6 volts (for a resistor on every lime) and +12 volts (no

resistors).
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The Bit Lines serve as Lhe output lines of the memory and are
connected to the Scnse Amplifiers. When a Word Line is selected
(i.e., it has = high voltage applied to it), those B!t Lires which sre
connected to that particular Word Line by bit-resistors have current
supplied to them through the resistors. Those Bit Lines with no
connecting recistors have no current flowing iato them. The current
in a connected bit line causes the voliter: on this iine to increase by
an amount depending on the input Impedence of the Scmse Amplificr connected
to the line, and on how many other bit-resistors are connected to that
Bit Line. Note that since all the unselected Word Lines are virtually at
ground potential, £ll the bit-resistors cornecting a Bit Line with unselected
Word Lines actes as a resistive Load on the Bit Lire, reducing its voltage
output.

In the 8-word merory fcr the test generator, there could be as
many as seven unselected blt-resistors connected to a Bit-Line. In this
worst case--and not counting the load of the Sense Amplifier--the voltage
outmut would be one-eighth the voltage oa the selected Word Line. Therefore,
the output voltage would be betveen 3.75 volts and 1.5 volts. Of :ours.,
for memories with more words, this worst-case voltage output would
be yJurther reduced.

Bit Lines with no bit-resietor- connected .o the selected Word
Line have a voltape output of about 0.1 volt, the transistor satu.ation
voltage of the unéelected yiord Lines. Therefore, the outpat Sense
fmplifiers for the B-word test memory have to distinguish between 0.1

volt for "~ero" output and 0.75 volts for « "one' output.
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D. SHIFT REGISTER AND SENSE AMPLIFIERS

The use of integrated circuit fiip-flops made the construction
of the shift registers quite simple. As can be seen from Fig. U
all that was required was to connect the outputs of each flip-flop
to the set and reset inputs of the next fliz.flop. A common clock
line is connected to all stages and is driven by a Type 900 Power Driver.
Once the shift register ie loaded with a pattern of ones and reros, a
pulse train supplied to the Shift Pulse Input causes the pattern to
move to the right--each bit appearing in turn at the Output terminals,
The shift register is automaticelly cleered (all flip-flops reset to "O")
during the resdout process by connecting the Reset input of the last
stage of the shift regicter (the flip-flop furthest to the left) to the
+ .6 volt supplv. This mesns that a series of shii't pulses will cause
tl - entire register to end up in the reset state, i.e., with all "n"
ou.puts at +1 volt.

The register is loaded as follows. The Type 923 Flip-Flops are
& unbuffered design, and can be set or reset by grou.ding the appropriate
output terminals. Therefore, to load the shift register, the Sense
Amplifiers (the 2N2923 transistors labeled Q’l through 09 in Fig. b) act
as switches which can ground the "0" outputs of individuasl flip-flop
in the register setting them to "1".

The emitters of all of the Sense Amplifiers are connected to the
collector of the 2N3569 Reod Amplifier (Q ). Only vhen this transistor
is saturated and acts &8s @ virtvel short circuit cen the Sense Amplifiers

ground the shift register outputs. Therefore, the Sense Amplifier's are



only enabled when a Read Pulse is received. SMether a given Sense
Amplifier will act as an open or closed switch when enabled depends on
vhether its base input from the matrix memory is at a "high" voltage
(0.75 voit) ¢r a low voltauge (0.1 volt). A high voltage saturates the
transistor setting the associsted shift.register flip-flop, while a

low voltage keeps it back-blased.

E. LEVEL CONVERTER CIRCUITS

Two types of level-converter circuits were needed: one to change
incowing signals from levels of O and +1 volt to O and -2 volts, and
one to convert -3 volt inputs to +1 volt outputs. Five of the former
sonverters are needed to feed signals from the character gzenerator to
the vector generator; two for y-pulse sign control, one for the x-pulse output,
one for the y-pulse output, and one for intensity contrei. Referring to
Fig. 5a, it can be seen that an input of +l volt applied to the L.T k base
resistor will back-bias the 2N3702 transistor, causing its cutput voltage
to go negative (diode clamps in the vector generator limit this negative
excursion to -3 volts). An input of O volts allows the current through
the 27 k base resistor to saturate the transistor, giving an output
voltage of lecs than 0.1 volt.

The two inputs from the vector generstor to the charscter generator ere
the clock puls=s and the reset pulses. Since both signals are pulse trains
and since their smplitudes are greater than that requi »d by the character
generator circuitry the simple pulse inverter shoim in Fig. 5b wag
all that was required. The 0.005 mf capacitor changes to three volts
throu.h the diode vhen the input goes negative. As the input goes positive,

the a.ode is back-biased, and a + 3 volt pulse appears a* the output.

B TR T
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F. POWER SUPPLY UESIGN

The power supply design was quite straightforwzrd. Thrce separate
supplies with & common ground were nceded: 36-volt 2-ampere supply %o
power the integrated circuits; 15-volt supply to feed the registor
ratriz memory as vell as drive the voltage-control circuitry associated
wvith the 36 volt supply; and a -6 volﬁ auxilary supply to bilas the logic
converter interfacing circults. The cverall circuit scherstic is shown
in Filg. 7.

Only the 3.6-volt supply required regulation. A six-tronsicter seriec-
resiloator circuit was built using the bease-emitter breakdown voltege of a
2N3633 transistor as a reference voltage to control the output. Ciose
attention to the routing of ground leads and high-current carrying leads
helped gusrantec a ripple-free and steble supply. Outpit impecance vas
mecosured to be less than C.1 ohms.

The other supplies were simple silicon diode rectificrs with cepacitor
filtering. The entire power supply was constructed on a 3" x 7" x 12"
aluminum chassis. A fuse, pilot lamp, power switch made up the only

controls.

G. RESULTS CBTAINED WITH THE TEST GENERATOR

After the design and construction of all the needed ciiczuits, the
first tests involved use of the three-by-five dot raster and the 8--rord
15-bit memory. The picture shown imn Fig. 9 illustrates how numbers
produced with the test generator looked when stored on the screen of

the 5" TMektronix Type 564 Storage Scope.
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H. DESIGN OF THE FULL-SCALE GENERATOR

The results obtained with the teést generstor were so encoursging
that plans for building a full-ecale machine were started. Three
problems were anticipated concerning the larger machine: 1) a 36-bit
shift register would be harder to construct than the 15-bit one used in the
test generator, 2) a larger memory matrix would meke read-out signals
much lower than the eight.word memory tested, and 3) the zelection logic
would have to be enlarged to select one of the $6-word rather than one of

eight.

1. Thirty-sir Bit Shift Register

The problems with building a larger shift register were of a
practical nature rather than of a conceptual one. Physically, it was
zore desirable to build twe 18-bit shift registers side-by-side than to
build one long 36-bit register. In sddition, the type 900 Power Driver
circuits are not cepable of driving more than 15 flip-flop stages. Because
of these problems, it was cecided to build four rine-bit shiit registers,
eacl, identical to the one shown in Fig. 4. These would be used to make
up two 18-bit shift registers (by connecting two 9-vbit units in series)
vhich would then be mounted in parsllel. Switching logic on the outputs
of the two 18-bit shift registers would be used to "inter-weave" the outputs
to simulate a 3b-bit shift register. The connections used sre shown in
Fig. 8. With the exception of these variastions, the shift register and

sense amplifiers operated as described earlier.
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2. Ixtended Sclection 105_13

Since the eight-word selection logiz aiready developed worked
well, it was decidad tc break the charecter set memory into 2 groups
of eight words each. Of the reven olnary bits used to ‘lect one of
the 95 chearacters, the first four bits would feed the "primary selection
Jogic" to decide which one of the 12 groups would be selected, vhile tha
lust three bis would decide which one of the eight words of that particular
group would be celected. The seventh selection line shown in Flg. 5 and
rentioned as part of the Resistor Matrix description would thus bt ured
to select one of the '2 groups of eigh®; the remaining six would select

cne word in the group, as previously described.

3. High-Gain Scnse Amplifier

As described eerlier, the output voltage for a ‘one" in a

recistor matrix memory goes down as the numter of words goes up. For

2 96-word memory, in ihe worst case, the output voltare is 1/96 une

voltage applied to a Word Line. For 12 volts on a Yord Line, the output

is only 125 millivolts. This level is Loo low t» drive the cense smplifier

shown In Fig. k. Therefore, a new amplifier shown in Fig. 6, was designed.
It hes u differential input stage vo maintain temperature stablility

ard to compensote for off-se! voltsge of the memory caused by th -

saturation voltape of the selection transistors. The amplifier was designed

to switch strtes for a 5)=millivolt change in input.



-51=

There wag some concern ror the different vaiuee of VBE of a

randomly selected group of transistors; if the differences in VBE
were comparable to the signal levels received at the memory cutput, the
amplifiers would be unreliable. However, it was found by testing a
substantial nurter of transistors that the maximum varisticn to be
expected was only 3u millivolts. Since input signal levels are to be
100 to 200 millivolts, there should thus be no trouble in cbtaining
positive switching. Moreover, the temperature coefficlents of the
transistors used were not expected to deviate more than 0.2 millivolts
per degree Centegrude; therclore,no tesperature instability should occur
over the expected operating temperature range.

The output of the diffsrential stage is fed through a voltage
divider to match the required voltage level of the output transistor
(Q,). This transistor operates in the same manner as the simple sense
amplifier descrided esslier. Again, the amplirier is "read” by grounding

the emitter lead of Q3 vhenever Q“ is saturated by a Read Pulse.

I. TESTS OF THE FIRAL CHARACTER GENERATOR

Even though the extended selection iogic scheme and improved sense
amplifier vere designed and tested, they were not iicluded in the final
dresd-boarded circuit because of & lack of time. Also, as explained in
the next chapter, it appeared that a better way to construct the memory
woild soon be possible. Therefore only eight charactere (the gingle
quote and the letters A through G) were included in the expanded resist.r
matrix pemory. Nevertheless, it +as felt that this machine included all

the principles needed to demonetrate the feasidbility of this particuler

“ ek mamamabAn Ased on.



Characters that were generated and stored on a Tektronix 56l Storage
Ogcllloscope are shown in Fig. li. By uring the small characters shown,
it aypears it will be possible 1o store al least 600 legible characters
cu the B cm by 10 cm acreen of this particular storage CRT.

The photogruph in Fig. 12 shows the experimental set-up with the
vector generator mountcd in the relay ruck at the right, the Storage
Oscilloscope in the middle, and the experimental character generator
with its power su;wly on the table at the left.

The close-up yicture in Fig. 13 shows details of the bread-board
construction. In tie lower part of the pictwe is the 36-bit shift
register and eight words of memory. The dot matrix generator is located
in the center portion. At the top is the 15-bit memory, select ovn logic,
and shift register.



Fig. 9 Numbers produced using
3 x 5 dot array.

Left: Mormal raster

Right: Dropped raster
for special lower
case letters,

Fig. 10 Complete 5 x 7 dot orray with
beam re-locating steps.

Top: Enlarged cheracters,
showing individual
dots making up
characters.

Bottom: Characters as

they will normally
ear in text

display (3/32" high)

Fig. 11 Charocters produced using
5 x 7 dot array,

Notc:  All pictures taken cn a Tektronix 564 S*orage

Oscilloscope operated In the storage mode, Pictures
taken 5 to 15 minutes after images were drawn,

[ %}
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Fig. 13.



CHAPTER V
CONCLUSIONS

One of the major problems in any design project, particulsrly in the
electronics field at the present time, is that a "best"” design is highly
elusive. This is because advancing technology is rerever changing the
relative values of using one approach versus another. The designer is
forced to decide whether to base his design on present "state-of-~the-art”
achievemente in technology or whether to second-gu~ss what advances will
occur in the near future and use this "advanced" technology as a besis
for design.

Changes in technology can be of two types: 1) new products can
be developed that either perform better than existing types or perform
in entirely nev ways or, 2) advances in manufacturing techniques can
cause the prices of existing products to drop. To a limited extent,
both types of change were anticipated in this project. As willi be
described, some of these expected advances came to fruition much more
rapidly than expected, even while the unit was being designed and built.

It can be seen from the photograph in Fig. 11 that, for all
intents and purposes, the experimental design produces gquite leglble
chrracters. Because of its all-electronic nature, the machine should be
very relisble, In addition, the operating speed is highly conmervat!ve.-

the machine could easily generate 10,000 .:haracters per second, Special

56
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characters can be externally programed. Moreover, by designing ihe
character generator to use circuits already svailable in the vector
genecator (creating a vector-character generator), the cust of adding
character generation to a remote terminal should be a miniwum.

The main costs would be a certain amount of control legic, a character-
set memory, word-selection logic, ard sense amplifiers. Parts costs are
estimated to be under $20C and it is believed construction costs shouid
not exceed $400 for a total device coet of $600.

Hovever, two recent developmynts make it appesr that a much lover
figure will be possible almost immediately. As vao mentioned in
Chapter III, it was hoped that there would be = way of automatically
fabricating the resistcer mmory srray. Towards the end of this project,
it wvas leainmed that a division of United-Caxr, Inc. has developed a
technigue of chemically depositing nickel-alloy resistors directly on
printed circuit boards at s projected cost of $.005 per resistor in
completed arrays. The technique also includes & way of depositing two
insulated layers of copper conductors which cen interconnect with the
nickel alloy resistors. In addition, after the reslstors end conductcrs
have been fastensd to the printed circuit bourd, other components such
ar transistors, capacitors, etc. can be mounted and Cip-soldered as with
an ordinary prirted circuit dboard.

This promises to be & way in vhich the selection logic, esistor
arrey,and sense smplifiers could all be constructed very cheaply--not
only would there by a reduction in parts coste, but more importantly,

there would be a large reduction in labor costs.
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A second advancement that prom’ses to e of poseible value is the
development of "silicon-on-sapphire’ (S0S) diode arrays by the
Auconetice Division of North American Aviation, Inc. Basically,
these are arrays of diodes made by conventional integreted circuit
techniques, but using a sapphire substrate to gain device independence.
Arrays of 3000 to 6000 diodes are easily possible, with s packing
density of over 15,000 diodes per square inch. Also, SOS comstruction
techniques offer the possibility of simultaneous fabrication of the
gselection logie, th dicde array, and the output sense amplifiers, all
on the same sapphire substrate.

Most important, :his SOS technique prcmises to be very low cost- -
somevhere between $.01 and $.03 per aiode. Recall that the only
reason that a resistor array vas chosem i. place o: s diode array vas
lower cost. With this new develepaent, the cost dissdvantege of
diodes bas spparently disappeared. Not only would jueh a diode array
with built.in selection logic reduece parts and laber cests, dut the
higher outpuc levels of a 4diode arrsy would elimine:~ the need for a three-
transistor sense amplifier--a single transister weuld do.

Since bYoth the deposited-nickel-resistor and the SOS-diode arrays
offer certain other advantsges, vhich tlere has not yet leen time to
evaluate, it is still too early to say which approach is most desirabdle,
However, it is certain that either approach will substantially lower
the costs of the character-set memory., In view of this, 1t may be
desirable to use some of the savings to increase the character dot

raster to six-by nine points (or even larger) to obtain higher quality



characters. At any rate, it eppears that ultimately the cost of

a combined character-vector generaior in some sort ol "productinn”
quantities will be no more than $100 to $300 more than a vector
generator alone. Since the design pgoal was to reduce cost to 3500 to
$1000, it is cencluded that this part of the low-cost rerote disblny

prcject lLas been highly successful.
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