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_ _ _ _

SUMMARY

The greatly increased capability of electronic communication systems has
created a pressing need for expanded data output capaci ty in all fields of
application. In the information analysis and interpretat ion field there is a
particular need for enhanced techniques for visual presentation and, especially,
for methods of increasing the amount of informa tion which can be ef fec tively
communicated to the receiver using a standard visual image. The Introduction
of color to digital CRT display screens of fers a direc t method of further
multiplying the Information capacity of these visual images. Color offers
added potential for emphasis of critical message content , more attractive
message presentation , and reduced operator fa tigue.

This technical report addresses the results of a study made to determine
the feasibility of a direct view color terminal and the technical achievements
required to incorporate color in terminal applications.
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EVALUATION

As a beginning point this study assumed the existence of the dual screen
Sperry—Un ivac 1652 or OJ—389(V). The question to be studied was the
feasibility of adding color to the OJ—389(V). This study addressed the
technological approaches and problems that are introduced into a computer
terminal desi gn when color Is considered.

An obvious central technical problem was the selection of an appr l rl riate
color CRT with sufficient resolution in a small enough size to fit physical
terminal requirements. Such a high resolution tube was found in both a 15
inch and 13 inch size. They are of shadow mask design and whereas a
conventiona l 15 inch color CRT contains 290,000 dot trios , the high
resolution tube has 910,000 dot trios deposited on the CRT face. Images of
excellent quality were obtained from these tubes in 6 colors plus black
and white of 2000 character arrays and dense graphics on a 640 x 480
addressable matrix.

The comb ination of high resolution , small color CRTs , ava i lable  4K
RAM memories for image memory and an effective microcomputer produced ~o
highly useful color t’~rminal. Subjective reactions to the hrassboard
demonstration unit were very positive .

Equally positive was the reaction to large screen project i ’n~-i 0! co1~~r
terminal presentations on an Advent color projector. The Advant , normall y
an off—air TV projector , was stripped of its receiver front—end and
presented with separate 17~~ z RGB inputs.

DAVID A. LUTHER
Project Engineer
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1.0 INTRODUCTION

This technical report Is a result of a color enhancement study con-
duct ed for Rome Air Development Center (RADC) by the Defense System Division
of Sperry Un ivac , St. Pa u l , Minnesota . The overall objective of this stud y
was to determine the feasibility of adding color to direct viewing terminal
display s. This study also addressed the technological approaches and pr oblems
that are introduced into a terminal design when color is considered . To sup-
port this stud y ,  a working non—deliverable demonstration t t hrcadhoardu col or
disp lay model was constructed to verify stud y findings and allow demonstrations
of color capability to the customer.

Areas of design and characteristics unique to the color stud y are de-
scribed In detail in the text of this report , while areas similar to the oper-
ations of the OJ—389 (V) Dual D splav l’nit , i.e., the central processor and
assoc ia ted  log ic , are covered more general ly.

Sp e c i f i c  o b j e c t i v e s  established for the study are identified in the
fo l lowing  sub paragrap hs and are discussed iii de ta i l  in the test of this  r e p o r t !

a . D e m o n s t r a t i o n / D e v e l o p m e n t  Model , General Characteristics —

Discuss ion  is d i rec ted  toward the suppl y a n d / o r  p r o c u r e m e n t  of color
moni to rs  for  possible  p r o d u c t i o n  use. Coverage i nc ludes  convergence
c h a r a c t e r i s t i c s  of h igh  r e s o l u t i o n  CRTs .

b .  C o n t r o l l e r  — Discuss ion  is cen te red  around t h e  lo g i c a l  s t r u c t u r e  of
the c o n t r o l l e r  area designed i n to  the  color  d e m o n s t r a t i o n  u n i t .
Because of i t s  s im i l a ri ty to the  OJ— 3 8 9 (V) , d i s c u s s i o n  is l i m i t e d  to

general characteristics and differences between the two u n i t s .

c. Graph ics  — Discuss ion  is d i r e c t e d  to memory t r a c l e — o f f s  and t h e  re—
su i t i ng  design i n c o r p o r a t e d  in the  d e m o n s t r a t i o n  mode l .  Organiza-
t i on  of the  design and con t ro l  are exp lained In d e t a i l .

d . Video Inputs  — Discuss ion  is d i r e c t e d  to  i n p u t  corlp osi te v ideo  sig-
n a l s  for  d isp lay on the screen as an overview . Consideration is
given to var ious  chroma c i r c u i t  ICs and video a m p l if i e r s .

e0 Video Amplifier — The c h a r a c t e r i s t i c s  of a v ideo amp l i f i e r  are
i d e n t i f i e d .  The r e q u i r e m e n t s  of t h i s  phase of des ign  are made
unique by the need to c o n t r o l  s a t u r a t i o n  l e v e l s  and p reven t  t he
m i x i n g  of the  overlay v ideo  s igna l and d i g i t a l  i n p u t s .

f . I n t e r f a c e  R e q u i r e m e n t s  — Since the d e m o n s t r a t io n  u n i t  was not
equ ipped  vith an I/O interface circuit , discussions in  t h i s  s e c t i o n
are limited . The basic requirements for various I/O configurations
15 flI~~ t considered a technical breakthrouch for a color terminal;
rather color bit assignments are made in the format of 1652 graphi cs
to indicate minimum impact to host computer software when addressing
bo th  co lo r  and monochrome terminals.

1
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g. Software Structure and Operating Procedures — This section addresses
the structure of the software as desi gned for the color terminal
demonstration unit. Discussion is also directed to operating pro-
cedures based on the structure of both hardware and software.

h. Packaging — Proposed packaging concepts for both dual and single
monitor terminals are shown and discussed in this section of the
repLrt. Both 13 and 15 Inch CRTs are dep icted in this section .

i. Summary — This section contains a summary of the results of the stud y
that is the basis of this report.

1.1 DEMONSTRATION/DEVELOPMENT MODEL , GENFRAI. ( ‘H AR A ( TERI STICS

To suppor t  and comp liment th is  s t u dy , ~ non- ~el iverahIe breadboard de-
vice was constructed. This device incorporated pertinent features of a color
unit although functional capability rather than fina l design for production
was emphasized.

As req uired by the study contract , a demonstr ation of the development
model was held in St. Paul . Figure 1.1 shows the configuration of equi pments
used in the demonstration presentation . Characteristics of these equi pmen ts
are descr ibed in the f ollowing subpar agraphs.

CO~ OR
7~< ~ 4/rPER4 P,QO~’ECT/ c7N

_ _ _ _ _ _ _ _ _ _ _ _  
/ 5”COLOR TES7 SYSTE4I

_ _ _ _ _ _ _ _ _ _ _ _ _  ~ P~PN/CS ,
~~Y— ~~~~BOAR4 JO~’ST/ ~/ < ,.8 “~‘, %‘/k~.4c

coLo~ rc.s’r
LO~4a2~ER 41c7N/7~~ €

I

PI~~ON~~~CHIQLWE

I fk1~ N/7~ R

Figure 1.1 Demonstration Block Diagram
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1.1.1 The Development Model

The 15 inch color test terminal or development model consisted of the
hardware necessary to perform alphanumeric presentations in seven selectable
colors ; enhanced graphics with the capabili ties of disp laying circles , vec tor s,
vector strings , and arcs In some selectable colors ; and composite video over-
lays in color.

1.1.1,1 Alphanumerics — The alphanumeric presen tation was demonstrated in
seven sel ec tabl e colors: red , green , blue, yellow, whi te, cyan , and magenta.
Other features controlled by keyboard oper at ion incl uded reverse v ide o , wher e
a black character was inserted on one of the seven color fields ; blinking ; and
protection of character fields. Editing of the alphanumeric screen inc1ude~~:

a. Cursor movement keys including HOME
b. Line delete
c. Character delete
d, Word dele te
e. Move
f. Copy
g~ Rub out
h, New Line
I . Insert
j , Protect

1.1.1.2 Gr aphics— The graphics section of the terminal consisted of enhanced
graphics capability as well as Interactive or operator—controlled graphics.
Capabilities included:

a, Graphic cursor active — places a red cross hair on the screen.

b. Joystick — controls the movement of the cross hair cursor.

c. Function switches — control the function to be performed:
I) Generate
2) Erase
3) Bl ink
4) Res to re

d . ~ype switches — select the graphic type:
1) Vector
2) Circle
3) Ar c
4) Vector string
5) End of string

e, Mark — En ters a coordina te f or a given type and function in to the
terminal  cont ro l ler .

A detail ed des cri ption of the keyboard and inter activ e operator functions
are found in ~;e’t ion 7 of this report and are therefore omitted in this section
of the text.

3 
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1.1.1.3 Color Cluster — Unique to the color terminal is the addition of eight
color cluster switches. With these switches the operator can select the color
of the presentation being added to the screen in both alphanumeric and graphic
modes , The selectable colors include : red , blue , green , yellow , cyan ,
magenta , and white .

The eigh th swi tch is labeled as SAT. In the graphic mode , this swi tch a l lows
the operator to color in or tint circles and enclosed vector strings in the
desired saturation of a selected color .

1.1.2 13 Inch Monitor

As par t of the study, and in suppor t of monitor procurement requirements ,
Soerry Univac oesigned and built a high resolution , 13 inch monitor. This unit
was equipped with receivers for R, G, and B da ta , and video amplifiers to allow
the receipt of video data transmitted from the demonstration model . The con-
struction of this unit then sati.~fies the following requirements of the
contract:

a, Demonstrates the capability to receive and display retransmitted
screen data on an external monitor.

h, Provides for a source of monitors for possible production follow—ons.

c. Demonstrates the capability of a 13 inch , hig h resolution CRT as com-
pared to a 15 inch CRT for use in direct viewing color terminals.

d. Ver ifies siz ing for terminal packag ing.

1.1.3 Color Projection System

The use of a color projection system is included to provide the means of
demonstrating the color capability to a large number of viewers . The addition
of this device also demonstrated the RCB retransmission capability and the
ab ility to project color data on a large screen at an effective cost.

1.1.4 Monochrome Monitor

The monochrome monitor demonstrated the capability for retransmission of
screen data in black and white formats using the RS17O technique . In this
transmission fea ture , col or data is st r ipped f r om the scr een da ta , mixed ~cith
sync pulses which are internally generated , and transmitted as a composite
video signal over a single coaxial cable. This capability also demonstrates
the compatibility of color and monochrome terr’inals .

1.1.5 Color Camera Inputs

The color camera provides a source for a composite color video to demon-
strate color overlays on the disp lay scre~ :’ The video data is demodulated vi a
normal chroma technIques used In conventionah lo l o r TV sets and mixed witi
di gi tal alphan umerics and graphics for 1~rc~~ -~ tati on on the screen. Pr~ ori~~ies
established for this presentation ar alp anu~ o r i c~ highest , grap hics as the
second prior ity , and finally the composite vi lee p icture.

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1.1.6 Magnetic Tape Unit

The magnetic tape unit provides a means to load the operational programs
into the terminal as well as various static screen presenta t ions  tha t  were
used during the demons tra tion program . Microcode programming and associated
hardware allow the operator to communicate directl y with the magnetic tape unit
via the terminal. Two switches are included on the operator ’s panel to ini-
tiate this communication. For ini tial program load ing, the INIT switch is
depressed . When ini tia ted , the terminal starts a self—tes t program and, if
su cessf ul , loads the opera tional program into the instruction memory . This
se f— test and load program is resident in a PROM wi thin the terminal .

The second switch , INIT TAP E , opera tes f rom the opera tional program and
allows operator commands to be controlled by screen mode and ID functions dis-
played on the screen.

S
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2.0 CRT INVESTIGATION AND STUDY

The traditional problem fac ed in transf orming f rom monochrome to col or
f or di gital CRT displays has been the lack of adequate resolution due to the
discre te na ture of color phosphor depos ition curren t ly employed . Color dot
densi ties hav e been adeq uate for  the display of only about one—third of the
number of ch aracters tha t are read ily viewable in an equivalent monochrome
screen. A further problem has been that only one phosphor type (P22) has
been used for color CRT manufac ture , whereas a wide var iety of phosphor types
are offered for tailoring monochrome CRT screens for specific direct viewing
applications.

The beam penetration color CRT was considered for digital color displays
by Sperry Univac, In this device , the CRT utilized a multilayer screen com-
prised of two d i f f e ren t color ph osphor layers separated by a layer of trans-
parent dielectric material which served as a barrier . The principle of opera-
tion was to excite one color phosphor at a vol tage of 9 Ky , the second at a
16 liv voltage , and the two mixing colors at intermediate voltages. In other
words , the accelera ting vol tage had to be swi tched from be tween 9 and 16 KV
each time a change in color was required on the display . Furthermore , using
this approach res tric ted the display to , at best , four colors.

Since the accelerating voltage is switched repeatedl y in ord er to make
color changes , a proportional correction had to be applied to the magnetic
deflec tion sys tem so tha t the def le ct ion ampli tude was const an t regardless of
color. At the same time , the beam current had to be modulated to effect con-
stant picture brightness. The advantage of this approach was that the CRT
offered  a con tinuous phosphor (as in monochrome disp lays) instead of the dis-
cre te color bar and do t technique offered in the standard CRT. The project
was ultim ately aband oned as a possible candida te f or an alphan umer ic disp lay,
since the difficulties were too severe and color selectivity too limited . It
was concluded that such a disp lay was more app licable to analog type data ,
such as PPI radar disp lays.

With the development and introduction of the Trinitron single—gun picture
tube into the color CRT market , Sperry  Univac again evaluated the possiMlity
of producing a di gital color display . This effort produced the capahiiity of
di sp lay ing 20 lines of 42 charac ters , ea ch 10 do ts wid e and 12 dots h igh , on
a 15 inch color tube. By this time, h owever , most requirements demanded 24
rows of 80 charac ters on the same size CRT for monochrome compatibility .

Addi tional CRTs have since become available and were investi gated. The
3—in—line gun , segmen ted phosphor CRY in troduced by RCA was examined . The
tube design approach was similar to that of the Trinitron and offered the
prin cipal advan tage ; simplified convergence of the beams was the primary dis-
advantage of the delta—gun , dot-trio type color CRT. This study revealed tha t
the RCA tube offered approximatel y 640 bars of each color , and the space be—
tween one color bar and another of the same color was 0.020 inches . Again It
was concluded that CRT could not meet the now—established requirements of 24
rows by 80 characters.

_  -~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



A reexami na ti on of the standard del ta gun CRY was ini tia ted af ter the
in troduc tion of the “black ma tr ix ” design. It was demonstrated that such a
CRT was capable of displaying the required number of characters , but only on
a 19 to 25 inch screen While the advantages of color could be demonstrated ,
the physical size of the display was objectionable to most viewers. Bright-
ness — a basic prob lem In the earlier tubes — was overcome , and the door
started to open toward a feasible color terminal.

In June of 1975 , Sperry Univac DST) Engineering became aware of a high
resolution color CRY developed by Cathode Ray Tube Division of the Matsushita
Ele ctronics Corpora tion of Tak atsuki , Osaka , Japan. The tube had been intro-
duced in Japan in ear .’y 1974 and In the United States about the middle of
May 1975 , Sperry Univac took steps to procure one tube for evaluation. Vsing
a custom—built monitor , a h igh res olu tion display of 36 rows of 80 char ac te rs
in se~.’en colors was accomplished in the laboratory on a 15 Inch , d i r e c t viewing
screen.

The hi gh resolut ion of this  tube  is made possible b y the increased number
of phosphor dots on the screen. A nearly five—fold increase in the number of
ph osphor dots has been made by reducing the shadow—mask pitch (space between
holes) to 0.3 millimeters (0.012 inches), which is less than half that of con-
ventional color picture tubes. A conventional 15 inch color CRT contai ns
239 ,000 dot trios , wh ile the h igh resol ut ion tube has 910 ,000 dot trios deposited
on the CRT face.

2.1 MONITOR SOURCING AND ELECTRONICS

Preceding the award of the study contract and during its execution ,
Sperry Univac continued to communicate with the Matsushita Electronics
Corporation in an effort to establish a specification and pa ckag ing concep t
for a possible oroduction unit . A specification was generated and submitted
in support of this effort. Ouotes were asked for both iS Inch and 13 inch
CRT moni tors .

To date , Matsushita has taken exception to the electrical specitication
in areas of hi gh voltage regulation~ focus  capab ili ties , and packaging con-
siderations . They also stated that the 13 inch CRT monitor could not be made
available for some t ime and discouraged its use. As a result of this response,
and since monitors would be procured from a single source , Sperry Un ivac
launched a design—and—build effort for a 13 inch , high resolution CRT monitor .

Emphasis was placed on reliabilit y , maintainability , and convergence
techniques as well as on a f i r m  design approach . Inquiries were made of the
CRT Division of Matsushita Electronics Corporation to establish a source for
the CRY , Sperry Univac  has been a s su red  of a “smooth supply of the tubes .”
This response added strength to the d e c i s i o n  to  con t inue  the  in—house build of
t i e  mon itor. Although the high resolution (‘PT is still considered a single—
source item , the remaining electronics are widely available to Sperry Univac.
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2.2 MONITOR SYSTEM

A block diagram of the Univac—built color monitor is shown in Figure 2.1.
The monitor contains a high resolution color CRT , a deflec tion yoke wi th its
horizontal and vertic al drivers , a convergence yoke wi th its driver , a purity
and bl ue late ral assembly, a video amplifier , and power supplies for producing
the anode and focus voltages.

The signal inputs to the monitor are separate horizontal and vertical
syncs , separa te R , C, and B data and video , horizontal , and vertical addresses ,
and control for the video amplifier. The syncs , data , video , address es, and
control signals are low level , 5 volt, signals wi th a bandwidth of 20 MHz.

The power inputs to the monitor are +115, +48, +24, +12, +5, and —16 VDC
and 115 VAC . Total input power increases with the disp lay intensity to a
maximum of about 85 watts.

The construction of the monitor is modular . The horizontal , vertical ,
foc us , convergence , and vide o amp lif ier assemblies are contained on individual ,
removable circuit hoards. Any indiv idual assembl y can be removed and the re-
mainder remains operable, The focus and high voltage power supp lies are
separate assemblies. The deflection and video electronics can be operated
without having the high voltage operable . This feature and the modular con-
struction facilitates maintenance .

2.2.1 CRT Characteristi -s

The CRT used in the mon i to r  is a 13 inch d ia gonal , 90 ° h i g h resolution
tub e built b” Matsushita. This tube has three guns arranged in a delta con-
figuration with a conventional , circular—opening shadow mask and round phosphor
dots, The mask contains 690,000 dot trios on a center—to—center spacing of
0.012 inch~ This is a dot density of ab out three times that of a conventional
color CRT. The raster size is 10.9 by 8.1 inches maximum . The data and video
are presented over an area of 9.3 by 7.0 inches. This unaerscan provides
optimal linearity , purity , and convergence over the viewing area. The 15 inch
diagona l  tub e can also be used in the  m o n i t o r  w i t h  no change to  the electron-
ics.  The d isp lay area is then  10.6 by 7. ° i n c h e s  with s l i g h t ly  increased
resolut ion  due to the 910 ,000 dot  t r i o s  in t h e  iS inch tube .

The resolution of either tube is s u f f i c i e n t  to  d i s p l a y  a c h a r a c t e r
ma t r ix  of SO c h a r a c t e r s  per row b y 24 row s or 1920 c h a r a c t e r s . The total dots
which can be disp layed are 640 by 480 or 307 ,200 dots  on a 525 l ine in t e r -
laced display . Thus , each character dot occup ies two to three phosphor dot
trios,,

The anode voltage required is 25 KV nominal at 500 ~.o maximum . If the
beam currents are increased above 500 ~~ total , the three beams tend to “bloom ”
and def ocus. The relativel y low beam currents used are adequate to maintain
brightness consistent with resolution .

The focus  v o l t a g e  must be variable between 4.5 to 6 KV to provide proper
f o c u s i n g .  A dynamic  v o l t a g e  of abou t 300 volt s peak sh o u l d  he supe r imposed

8

_ _ _ _ _ _ _



- - - .  ------— ----------- -~ - - -- —---——-- “1I~~

K

~~~~~~~~~
IL~J\

\ \ I 0
\ \ K

- 
~‘Q. ~~

~~

4 4 4 4 4 4 4 4 4
~~~4 ‘4.’ 4 1  ~~~ L

9



on the focus  v o l tage .  In the pre sent monitor , this voltage is varied at both
the horizontal and vertical rates to provide an optimum focus over the entire
display area.

The second grid or G2 voltage must be adjusted to be tween +200 and
+1000 volts. This voltage varies due to the characteristics of the individ-
ual guns and tubes. The maximum voltage to which the grids can be adjusted
is controlled and is used to limit the beam current to about 150 ~.a per gun .
This limit then functions as a brightness limiter.

The first grid or GI voltage must be var ied fr o m  —10 to —60 v o l t s .
Making this grid more negative decreases the intensity and is used as the in-
tensity control for the monitor.

The cathode voltages are varied from +5 to +40 volts by the video ampli-
fier. The data and video information is used to modulate t h e cathode volt-
ages. The beam is essentially cut off wh en the cathode is at +40 volts.

Nominal voltages for the present 13 inch monitor are~

Anode 25.0 1KV
Focus 5 . 9  1KV w i t h  250 vo lts dynamic
G2 +300 v o l t s
Cl —30 v o lt s  at n o m i n a l  i n t e n s i ty
Cathode +5 to +40 at  video ra te

M a n u f a c t u r e r ’ s da ta  on t h e  tube gives tolerances which dictate the v o l t a g e
ranges quoted previously.

The CRT requ i res  m a g n e t i c  f i~ 1ds to p e r f o r m  co r r ec t i ons  on the individ-
ual electron beams . These corrections are called purit y , blue latera l , and
convergence.

The purity magnets provide a field adjustable both in magnitude and di—
rection. This field is applied to all guns  and is used to center the beam s
and to give the proper trajectory to each beam.

Ideally the blue lateral magne t provides a vertical field only to the
blue gun. This field moves the blue beam horizontally and is used to obtain
proper convergence.

The convergence magnets and yoke provide separate f i e l d s , s t a t i c  and dv-
namic , to each of the three guns . These fields must be varied at the horizon-
tal and vertical sweep rates to cause the three beams to converge on the same
phosphor trio. The magnitude and waveshape of the corrections vary between
guns since the guns are in a delta arrangement. Thus the three beams do not
originate at the same spot or have the same trajectory to the phosphor screen.

2.2.2 Convergence System

The convergence system generates and controls three separate parabolic
currents which flow through the red , green , and blue convergence coils ar-
ranged around the neck of the CRT . These currents provide to each gun the
appropriate magnetic field needed to achieve proper convergence of the beams
over the entire display area. A block diagram of the system is shown in
Figure 2.2.
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Programmable Read Only Memories (PROM) are used to generate parabolic
waveforms at the horizontal and vertical rates . Adjus tab le fractions of these
waveforms are summed and used to contro l the current in the coil of each gun .
Each beam has its own summing amplifier and coil so that adjus tment for each
color is independent of the other adjus tments . Each waveform f rom the  PRO M
is chosen to provide a signal only during specific points on the sweep so that
adjustment to any one color can be performed for specific areas of the dis-
play . For example , the top red beam can be adjusted independentl y of the left
green beam .

The PROMs used are fusible link n~ mories consisting of 32 addresses
which each produce 8 bits of data. The horizontal PROM is addressed by f ive
address lines from the display address column counter. These addresses are
incremented every 2.5 isec during the horizontal sweep . The data contained
within the PROM are arranged in two groups of 4 bits each . Each group has its
own D/A converter , which consists of an R , 2R , 4R , and 8R r e s i s t o r  network .
The da ta  in one group are arranged so tha t  a parabol ic  wave fo rm is produced
at i ts D/A conver te r  ou tpu t  every time the horizontal sweep moves from the
beginning to the center of its sweep . This output is referred to as the left
signal. The data in the other group produce a parabolic waveform from its
DIA converter while the horizontal sweep moves from the center to the end and
is referred to as the righ t signal . Figure 2.3 shows the signals with respect
to time .

Left

Righ t

Horiz. Sync I I 
~~

Figure 2.3 Convergence Parabolic Waveform

The actual parabolic signal exhibits steps at 2.5 usec increments and
one of 16 possib le levels due to the 4-bit data word . This granularity is
fine enough to result in an essentially smooth parabolic convergence current.

In a similar manner the other PROM contains data which i~ addressed at
the vertical sweep rate by five address lines from the displ ay address row
counter. These addresses are incremented every ten horizontal sweeps or 635
usec. The dat a are arranged in two 4—bit groups , each with its own 0/A con-
verter. The data cause one D/A to produce a parabola only during the top half
of the d isplay and is referred to as the top signal. The other group and D/A
produce a signal during the bottom half of the display . These signals are
similar to those of Figure 2.3 except for the time scale and nomenclature .
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The granular i ty  of the ver t ica l  signals is not iceab le and so capac i tive
smoothing is performed on the vertical 0/A outputs.

These four parabolic signals are applied to three separate amplifiers to
produce completely independent red , green , and blue convergence currents .
Figure 2.2 refers to the red amplifier , but the green and blue amp l i f iers are
identical and share the same four parabolic signals . These four signals are
also used for linearity , pin cushion , and dynamic focus corrections .

• Each parabolic signal is applied to its respective adjustable divider.
The outputs of each divider are summed toge ther in an inverting amp lifier.
The feedback network of the amplifier responds to the convergence coil current
so that  the cur rent  is the sum of the fractions of the left , righ t , top, and
bo ttom signals as adj us ted by their individual dividers . In addition , a cen-
ter voltage is summed to provide for convergence in the center of the display ,
i.e., static convergence .

The convergence coil current is given by Equation 1:

‘coil = R
~~

R [\‘Left + V
Righl t 

+ V
Yop 

+ V B o t t o m  + UCenter] 
(1)

where V , V , V , V , and V are the  vo l t ages  ad jus ted  b y
left righ t top bottom center

each respective divider. The coil current thus consists of a static leve l ,
a parabola at the horizontal rate , and a parabola at t he  v e r t i c a l  r a t e .  These
par abolas may be skewed depend ing  on the  s e t t i n g  of the d i v i d e r s . The hori-
zontal  and vertical currents ~ire summed in one coil rather than app lied to
separate coils as in a conventional system.

Figure 2 .4  show s the blue convergence  c u r r e n t .

~ —H sweep >1

Figure 2.4 Blue Convergence Current (Horizontal)

The horizontal parabola is evident toge ther with modulation caused by th e ve r-

tical component. A centering level of 15 ma is seen as a disp lacement from
the zero axis .

The blue convergence current envelope during a vertical sweep is shown
in Figure 2.5
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V sweep

Figure 2.5 Blue Convergence Current (Vertical)

There is more current during the top of the sweep than during the bottom since
the blue gun is aimed slightly downward and so requires more correction at the
top .

Power required for the convergence assemb ly is +48, +24, and +5 volts at
a total of about 8.5 watts . Note that no power is taken from the horizontal
or ve r t i ca l  yoke cur rents  or f lyh a c k  pulses , as is conven t i ona l .  (The usual
convergence system uses these yok e cur rents  and pulses toge ther  wi th  passive
networks to generate  the necessary par abol ic  c u r r e n t s . )

Using this technique , convergence of the 13 inch or 15 inch CRY
takes less time and is more accurate over the en t i r e  d i sp lay  area  than the
traditional method. The data in each PROM has been tailored to give the exact
correction required at all areas of the disp lay . Each color can be moved in
specific sectors of the display and independently of the other two colors .
There is none of the cross talk between areas or colors evident in ccnvent ion—
al methods . Convergence in one area does not cause ~dsconve rgence in ano the r
area , and so it is not necessary to converge repetitive ly, as is usually the
case.

The controls on the convergence assembly are laid out to relate to the
specific sector and color. Adjusting the left—hand blue control only moves
the blue beam in the left side of the display . Similarly, the top green con-
trol only moves the top green beam . Thus , there is a reiations~~ip between
the location of the controls and the respective sector and color which they
control. This and the lack of interaction result in a 30 second convergence
of the CRY .

2.2.3 Horizontal Sweep System

The horizontal sweep system uses a flyba ck yoke drive with a phase
locked loop to synchronize the sweep curren t to the external horizontal sync.
The supp ly voltage to the yoke is adjus tab le for width control and is modulat-
ed at the vertical rate for side pin cushion correction . Figure 2.6 is a
block diagram of the horizontal sweep system.
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The saddle yoke used for the 13 inch CRT has an inductance of 1.3 mh and re-
quires a current of 4 amp p—p to deflect a 25 KV beam a total of 79° (90° di-
ag ona l) . The 15 inch CRT yoke has identical electrical characteristics and
can be used with this sweep system . For a sweep time of 55 isec the supp ly
voltage to the yoke is given by Equation 2:

I
= L 

p—p 
( 7 )

s yoke t sweep

and is 9~~.5 volts.

Turning on the flyback transistor Q causes the sawtooth yoke current
or ±.~ amp to increas e at a linear rate determined by the yoke inductance and
the supply voltage . At the start of the flyback the switch is ab ruptly
opened . The yoke current then flows into the flvback capacitor C

f 
charg ing

it to a peak voltage . (See Equation 3.)

I
V = -~-L + v  3Flyback 2 yoke t s

retrace

of 1 ,114 volts for a retrace time of 8 ~sec. This causes the yoke c u r r e n t  to
reverse direction and initiate a new horizontal sweep. The damping diode
conducts this current until slightl y before the center of the raster when
is again turned on. These are 1 ,500 volt devices to withstand the peak fly—
hack voltage .

The yoke current is slightly S—shaped as a result of modification of
the source voltage . The source capacitor C charges during the firs t or left—
hand half of the sweep and discharges during the right—hand half. This
charge and discharge by a current ramp pro duces a parabolic voltage of about
20 volts peak on the capacitors at the center of the raster superimoosed on
the suppl y voltage . The source inductance L

~ 
forces th .~ s-:Lep current into

the capacitor. This S—shaping procudes a lihear sweep of the beam on the
phosphor screen .

No additional linearity correction s are performed. The raster exh ibits
a sligh t stretching on the left side and a sligh t shrinkage on the right.
This is due to the yoke resistance of about I ohm which causes the yoke cur-
rent to change not at the ideal linear rate but slightl y exponentiall y . The
amount of stretching and shrinkage is about 1/8 inch , which is not noticeab le
at the edges. Conventional sweep systems usuall y require some lineari ty co r-
rection since they have a flyback transforme r and convergence circuitry wh ich
requires power during the trace portion of the sweep. This power is reflect-
ed in the yoke as resistance which increases nonlinearit y and requires cor—
recti on.

Th e phase detector and oscillator are comb ined in one integr ated cir-
cuit. The oscillator is set at a free running frequency of ab out 15 ,7 34 Hz by
the hold control. Thus the sweep ‘-iill operate in the absence of an external
sync. The phase detector compares the phase between the sync and a sample of
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the flyback pulse and produces a static voltage proportional to the phase dif-
ference. This voltage controls the oscillator frequency in order to maintain
zero phase difference . The position control changes the phase of the flyback
sample in the detector and thus can be used to change the phase relationship
of the f lyback with respect to the sync . This does not move the raster on the
CRY but only moves the data on the raster. The hold control also functions
similarly to the position control. The combination of these two can move the
data on the raster about ±1/2 inch or 2.5 psec with respect to the sync. This
is sufficient to center the data End video on the display area. The purity
magnets function as a centering ad justment to center the raster on the CRT
screen.

The hold— in range of the phase—locked loop varies between integrated
circuits but averages about ±10% of the center frequency . The pull—in range
is about ±5%. Thus , the horizontal sweep system should lock and hold onto
sync over a frequency range of 14,950 Hz to 16,520 Hz, well within the ±1%
tolerance allowed by the RS—l70 standard . The measured jitter of the sweep
current with respect to the sync is about 20 nsec. This corresponds to abou t
1/4 of a character dot (80 nsec) and is not apparent when viewing data or
video. Figure 2.7 shows the horizontal yoke current and the sync pulses .
The sligh t S—shap ing is evident .

Yoke Current 1 a P/div

-0

10 ~‘~ 1d iv

~~~~~~~~~~~~~~ 
H sync

Figure 2.7 Horizontal Yoke Current and Sync Pu lses

The oscillator output is amp lified and shaped by the driver , which
supplies base current to the flyhack transistor 

~~~ 
The amplitude and shape

of the drive current has been chosen to minimize power dissipation in the
transistor.

The supp ly voltage to the yoke is controlled by a feedback amplifier
denoted regulator in Figure 2.6. One input to the ampli f ier is an adjus tab le
voltage which controls the yoke static voltage and serves as the width con-
trol. The other input is an adjustab le parabola at the vertical sweep rate.
This modulates the yoke voltage by decreasing it at the top and bottom of the
raster to compensate for side pin cushion distortion . The modulated supply
voltage is coup led to the yoke through a relatively small , ~~ 1O mh , induct-
ance L

5
. A larger inductance would cause a phase shift between the supp ly

voltage from the regulator and the yoke voltages and so the desired pin cush-
ion correction would not be performed at the proper time during the vertical

17
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sweep . If the supp ly voltage were coupled to the yoke at the flyback tran-
sistor as usual , a much larger inductance would be required to withstand the
peak flyback voltage . The present inductor must only withs tand the relative-
ly small S—shaping voltage . This large inductance would not allow modulation
of the yoke voltage for pin cushion correction. The present arrangement is
feasible since no flyback transformer is used for high voltage generation .

The pin cushion feedback amplifier sums the top and bo tt om signals from
the convergence assembly in adjus tab le por t ions  to generate a ve r t i ca l  parab —
ola for application to the regulator. Thus , the side pin cushion correction
can be performed independently for the top and bottom of the ras ter.

Figure 2.8 shows the envelope of the horizontal yoke current during the
vertical sweep .

—r---’-- — — ‘  
~~~~ - -

Yoke Current 200 ma/di~

2 °~~/div

-- -—-~~~~~~~~~~~~

V sync

Figure 2.8 Horizontal Yoke Current During Vertical Sweep

The current varies from 4 amp p—p at the center of the raster to 3.8 amp at
the top and bottom . This reduction of 5% is sufficient for adequate side pin
cushion correction .

Power required by the horizontal sweep system is 115 volts at 100 ma
and 24 volts at 190 ma for a total of 16 watts . Power dissipation in the
yoke is 1.7 wat t s  and about 6 w a t t s  in the f ly back t r a n s i s t o r .  The remainder
of the power is dissipated largely in the r e g u l a t o r  and d r i v e r .

The horizon tal system also contains protection circuitry for the CRY .
The horizontal and vertical flyback pulses are de tect ed and conver ted to a
logic level. If either pulse is absent , the video amp lifier is turned off and
the guns cut off. This prevents phosphor burn in the event of a loss of
sweep since , with no flyback transforme r , the high voltage is present even
with no sweep .

2.2.4 Vertical Sweep Sys tem

The vertical sweep system uses a linear feedback amplifier to drive the
vertical yoke. The yoke current is equal to the sum of sawtooth , linearity ,
and position inputs . . Top and bottom pin cushion corrections are coup led to
the yoke separately from the amp lifier. Figure 2.9 is a block diagram of the
vertical sweep system.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ rtical yoke is split into two windings with a total inductance of
42 nih and a total resistance of 23 ohms . The current required for a deflec-
tion of 60° is 540 ma p—p . The nominal retrace time is 750 isec , which requir
requires a supply voltage for retrace , given by Equation 4,

V i-~ 
1~~~~~ (4)

Retrace Vertical t +
retrace 2 R

yoke

of 36 volts for the present yoke. The voltage required for the sweep time of
15.9 msec is 7.7 volts. These requirements dictate the voltage range which
the yoke amplifier mus t supp ly. The voltages are slightly greater than these
to overcome losses in the current sense resistor and pin cushion transformer.
The vertical yoke is directly coup led to the amplifier. Thus , no bulky cou-
pling capacitor or transformers are required and the yoke current can have a
static level for vertical centering of the raster.

The yoke amplifier has three separately adjustab le inputs . These are
a linear sawtooth , wh i ch controls  the sweep and re t race  and is varied for  ras-
ter height; a static level , for position control; and a quasi—parabola , for
vertical linearity control. These inputs are summed toge ther in a feedback
amplifier . The feedback signal is generated by sensing the yoke plus damping
resistor R.~ currents . The damping resistor current is at mos t 7 ma; this
small current , compared to the yoke current , does not cause any discernible
nonlinear ities .

The yoke amplifier uses an operational amplifier which drives comple—
n~”-itary power t r a n s i s t o r s . The bandwid th  has been reduced to ab out 2 Kl-lz to
optimi ze settling time and prevent oscillations at the horizontal rate due to
excitation from the pin cushion correction . Figure 2.10 is a photograph of
the vertical yoke current.

Yoke Current 100 ma/dlV

~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~
‘p - 

2 ms/ d iv

~:: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ sync

Figure 2.10 Vertical Yoke Current
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The sawtooth generator consists of an integrator which is reset either
by an external vertical sync or by an internal comparator . It will free run
until locked by the sync .

The output voltage (sawtooth) of the integrator is given by Equati on
5.

V = — -
~~- f I d t  (5)saw C

The current to the integrator , I, is changed both in magnitude and
direction during sweep and retrace. During sweep the current flows out of
the integrator and is determined by the hold resistor. This current ca ises
a linearly increasing sawtooth voltage. The rate of increase can be adjusted
by the hold control and sets the free running frequency. During retrace the
current flows into the integrator and is determined by the retrace resistor .
(Refer to Figure 2.9.) This larger current causes the sawtooth to decrease
at a faster rate and complete retrace in about 750 psec.

The integrator current is changed by a switch controlled by either an
external sync or an internal comparator. When the sawtooth voltage h as
risen to a level of V volts in the absence of a sync , the comparator will
switch the current to the +V source , thus initiating retrace. i-hen the saw-
tooth has decreased to —V volts the comparator will switch the current to
the —V source , initiating the sweep portion of the vertical cy cle. Thus , t h ~
sawtooth consists of a linear ramp having peak voltages of 

~~~~~~

If a sync pulse is present , it will initiate the retrace. Once the
retrace is started the comparator will complete the retrace and start the
sweep. The only restriction is that the sync pulse has less width than the
retrace time.

The free running frequency is set by the hold adjustment at slightly
less than 59.94 Hz. At that rate the sync pulses will occur slightly before
the free runnilig retrace and will initiate retrace. The ~ertical sync pulses
are generated in the control logic by sensing the first serration of the
composite sync. Thus , the vertical syncs presented to the sweep system vary

p exactly 1/2 a horizontal sweep between even and odd fields. The vertical
retrace is initiated exactly in t ime with the sync since there is no smooth-
ing or integration of a composite sync . The sawtooth always reaches the same
voltage leve l during retrace regardless of the even or odd field . Thus , the
yoke current and the raster always return to exactly the same point at the
end of retrace. This results in a perfect interlace with no adjustment
necessary.

The l inearity corrections are pertormed by using the top and bottom
signals from the convergence assembly to modif y the yoke current. The
bottom signal is inverted and t hen added to the top signal in a summing feed—
back amplifier. Both top and bottom signals can be adjusted individually.
This adjustable quasi—parabolic signal at the vertical rate is added to the
s a w to o t h  and p o s i t i o n  s i g n a l s  at  t he  yoke a m p l i f i e r .  F i g u r e  2 . 9  shows the
c i r c u i t  c o n f i g u r i t  i on  and the  s i g n a l s .  The p a r a b o l a  r o u n d s  t h e  end s of the
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sawtooth into an S—shaped signal which controls the yoke current . The S—
shaped current produces a linear vertical sweep of the beam on the CRT
Screen.

The top and bottom pin cushion correction is performed by super—
imposing a variable amplitude and polarity horizontal parabola onto the
vertical yoke current. The parabolic correction must have maximum amplitude
at the top and bottom of the raster , zero at the center , and change polarity
between top and bottom. The correction reduces the vertical yoke current at
the start and end of each horizontal sweep and so pulls in the corners to
obtain a rectangular raster. Magnets cannot be used for this correction as
they are in monochrome monitors since the magnets would affect purity and
convergence. The envelope of the pin cushion modulation of the yoke current
can be seen in F igure 2.11. The change in amplitude with vertical sweep is
evident . A photograph of the top and bottom portions of the yoke current on
an expanded time scale is shown in Figure 2.11.

Top yoke current

•~~~~~~~~~
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‘
~~ ~~~~~ 

100 rn a/ dj v
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• ~ V - - ~ -~ ?Y~ *~~ ~~~~ ~~~~
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B o t t o m  yoke c u r r e n t

F ig u r e  2.11 T o p / B o t t o m  Yoke C u r r e n t

The change in polarity of the correction can be seen.

The pin cushion correction currents are coupled to the vertical yoke
by a saturable transformer. The amount and phase of the coupling is deter-
mined by the degree and area of saturation of the ferrit e transformer core.
The transformer is driven by a parabolic current generated by a summing feed-
back amplifier. The inputs to the ampli fier are signals from the convergence
assembly that can be adjusted from left to right . Thus t he  p in  cush ion  cor-
rect ion can be per formed independent ly  fo r  the  l e f t  and r i g h t  s e c tor s  01 the
raster.

2 2
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The transformer i s  a th t e—~~-~ te rr ite core wit h  drive and bias wind—
ings on the outer legs and sc~ ondary windings on the center leg. The cor-
rection currents induced in the se ondary flow through each half of the
vertical yoke and return through the damping resi st - rs. Thus , this current
does not  f l ow in the yoke amp l i t  i cr  or yoke sense r e s i st o r  and does not
interfere with the sawtooth current hu t is superimposed on it. If the yoke
amplifier had to supply the pin ushi n current the voltage and frequency
requirements on it would be severe.

A diagram of the saturable transformer is shown In Figure 2.12.

T~~~~~~~~~~~~~~~~~~~~~~~~~ #~~p ~~~~4

~ 
[ ]  ~~~~~~~~~ [

~~~~~~
j

~~~ 
;—

Hams

Figure 2.12 Saturable Transforme r

A bias field is applied around the outer legs by windings (not shown) through
which the current can be varied. The bias f ie ld  is norma l ly  ha l f  tha t  re-
quired to saturate the ferrite in the outer leg. The field produced by the
cen ter wind ing due to the sawtooth yoke current is also about half of satura-
t ion when the yoke current is a maximum at the top and bottom of the raster .
At the top of the raster this field plus t he  bias field saturates the right
leg and the left leg becomes unsaturated . Then the pin cushion winding on
the left leg is completely coupled to the secondary winding on the center
leg and produces the maximum correction at the top of the raster. As the
yoke current decreases , the coupling decreases and the core goes toward
saturation , and so the correction decreases. At the center of the raster the
lef t and right pin cushion windings couple equally but out of phase to the
secondary produc ing zero correction . At the bottom of the raster the right
winding couples max imally but in the opposite phase, producing the correc—
tions shown in Figure 2.11 .
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The amount of coupling as a func tion of yoke current can be varied by
the adjustable bias current . This is done to produce the desired “bu tterfly ”
modulation evident in Figure 2.10 and so obtain the proper correction over
the entire raster. This modulation is denoted by the widening of the trace
of the top and bottom of the sweep .

The pin cushion correction is a parabola at the horizontal rate.
Figure 2.13 is a photograph of the  v e r t i c a l  yoke current during a horizontal
sweep. The parabolic current contrasts with the conventional method , which
uses a sine wave current generated by tunino, and phasing the flyback pulse.
This sine wave leads to  a slight upturn , i.e., insufficient correction , at
the corners of the raster which does not occur in the present monitor.

Vertical yoke curren t

:: :::::
Figure 2.13 Vertical Yoke Current During Horizontal Sweep

The power required by the vertical system is +48 volts at 133 ma , +12
at 20 ma , —16 at 106 ma , and +5 at 170 ma fo r  a to ta l  of 9 . 2  wa t t s . About 3
watts is used in the pin cushion amp lif ier and dr iver , 4 watts is dissipated
in the comp lementary output transistors of the yoke amplifier and about 2
watts in the yoke .

2.2.5 Focus Sys tem

The focus volt age required by a 13 inch or a 15 inch CRT must be adjust—
able from 4.5 to 6 KV to obtain optimum focus . This voltage must be modulat-
ed to slightly increase the focus voltage at the edges of the raster. This
modulation (dynamic focus) is about 200 volts at the horizontal rate and 110
volts at the vertical rate.

The monitor uses a commercial high voltage supply to provide the adjus t-
able static voltage . This supp ly and its 24 volt power source are isolated
from ground . The entire supply and source are driven about 310 volts from
ground by the dynamic voltage source . The block diagram of the focus system
is shown in Fig ure 2.14.

The dynamic amp lifier is a feedback summing amplifier which has inputs
from the left , righ t , top, and bottom convergence signals in the proper pro-
portions . The output of this amplifier drives a 1:20 ratio transformer, and
its secondary develops the dynamic focus voltage . The left and righ t signals
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provide a nominal 200 volt peak horizontal parabola. The top and bottom sig-
nals provide a nominal 110 volt peak vertical parab ola. The composite dynam-
ic voltage can be varied in amp litude by a control in the feedback ioop to
ob tain optimum focus over the entire raster.

The ratio of the hori zontal to vertical corrections i s  about 1.8:1 and
is determined by the R , l.8R arrangement of t h e  i n p u t s  to  t h e  ampl ifier in
Figure 2.14. The dynamic voltage required is a parabola or varies with the

• square of the distance from the center of the raster. Since the asp -ct r i t i o
• of the raster is 4 :3 , h o r i z o n t a l  to~~v e rt i ca l  , the ratio f tfi. - - m p nt n t s

the dynamic voltage should he (4/3) or 1.77.

2.2.6 Socket Assemb ly

The CRT socket assembly cont ains spark g i j~ s , ad~ us t ic f t - c  n t  r - ~~s t - r
the grids , and p i n t o c t  ion t r  the phosphor.

The spark g ijis ire essential to allow int -rnal ir - i cr. rn. ‘i j~~ vo lt —

age t o be shunted to  ground and not arc t o  th e - . it h od -s , n-h i - -.- i ld resci
in a failure of tb. video amp lifier.

c~- p - ir.i t e id~ us t .i~,1e controls ar used ru r - a r  gun for h - - t n grid- - .
(;2 volt age- can h. adj  us ted f r r1 +21)0 to + ) Oi ) v o l t s  . TI • - C Vo j t  -ic it i c
va r i ed  r u - - — 11) to  — ( )  v o l t s .  i l  t h r e e  Cl v o l t a c e s  - r -  d :r i v e d t r - t ~ a em—
r~~n va r i a b l e v i t a t - , which is used as the i n t n - i t v  - - t r l or  t monitor.
The ( 1  and ;2 v o l t - i g . -4 - i r - m i  t i a l  lv s t  obtai n , i n  r h -  . t h s c n n - - : -.
vidc , a w h i t . -  r i- - t -  r .~i i i c h  t r a c k s  or r - n a i n s  -ch it is t h e  int .-ns i t - is it - —

ied f r o m  rin i uu :r - to f u l l  b r i  ~h t nt~~s

T b -  socket - i1 ~~o coot  i l f l -  p r o t e c t i o n  c i r c u i t  i v , n t i i c h  is n i t - i l  t o
the  CRT phi- p h o r .  I t  the re i s  a loss of e i t he r  i r i z o n t i l  o r  -c er t  i - i l  - - - - - i - :-

the vi le ~~n l i t  j r  is t u r n e d  o f f  . hloweve r , If t e l v  vol t ag. sun 1 1 -
s h o u l d  - ii 1 , t i -

~ p r  - t oct ion is n o t  a c a i  lable. The cathodes will he it
ground n L t e l i t  j i l  or  f u l l y  .~~~~ and t i e  high vo l t ig e n i h  still he on sin~~ it
is not sen rat~-d b’. . i  I -; i t r iOs f o r ’ l er .  l o  o r - v e n t  phoso or b u r n  i n  t: is
si t u at  ion a r i -ed re I av is used to swi tch the (2 voltage . This relay Is a c t  ~~

* 
vate d  b y the +~ S volt su-~~ly wh ich  supp l i e s  the  v ideo amp l i t  le r .  J

i 
t h i s

supp ly  Id ls , the  r e l ay  opens and the ~2 ~ol tage i t  t he  g r i d s  d r op s  to  zero ,
e f f e c t i v e  lv c u t t  in g  o f f  t h e  beams even tho ugh the cath odes  a re  f u l I ~ - on.

2 . 2 . 7  Video Amp lifier S -stem

The vi deo amp lifier sy s t e m  in  the  I n i v a c — b u i l t  m o n i t o r  combines  i n t e r —
nail -- generaced digital data (dot—bar pattern ) with external signals from the
display and develops voltages wh ich drive the three guns . The block diagram
is shown in Figure 2.15. There are three of these amplifiers in the monitor.
They are not comp lete in that they do not receive and mix video data or gen-
erate half saturation graphics cs do the display amplifiers discussed in Sec—
tion 6, but they operate and perform similarly.

The ci t ri o c l i - of the R , G, or B gun mus t he driven between +5 volts of
full intens i ty to +40 volts it cut off. The driver is a linear amp lifier
which deve lops this signal in response to internal or  external signals.
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The digital amplifier receives signals indicative of the dot or bar
pattern. This signal , common to all three amp lifiers , is converted to a cur—
rent of 68 ma. This current is ORed with the external signal and can drive
the cathode via the driver to a cathode voltage of +5 or +40 volts .

The external amplifier can also drive the cathodes independentl y of the
digital data. The external amplifier receives separate R , C, and B signals
at a 1 volt p—p level (black negative) and develops a current of 68 ma maxi-
mum. This current is ORed with the digital current , if any . and drives the
cathode l inearly wi th  the external signal i n p u t .

The driver is a common base amplifier. Either digital or external sig-
nals can supp ly the emitter current. The current ORing is done at this low
impedance point to minimize voltage swings and maintain the frequency re-
sponse. Either signal is sufficient to fully drive the amplifier. The ampli-
fier is prevented from saturating in the simultaneous presence of both sig-
nal s by the use of diodes to clamp the collector voltage . The voltage at the
collector is buffered by complementary emitter followers to provide a low im-
pedance source to the cathode so that the cathode capacitance (15 pf) may be
driven at the video rates .

The frequency response of the amplifier is 17 ~ 1z and is shown in Fig-
ure 2.16. This results in a risetime at the cathode of about 20 nsec. Since
each dot disp layed is 80 nsec wide , this risetime is essential to prevent
smear ing  of the  visual  da ta  and m a i n t a i n  r e so lu t ion .

2.2.8 High Voltage Power Supp ly

The high voltage source used in the monitor is a commerciall y regulated
25 K\’ p nn-r suppl y. This source also supplies regulated +1000 volts and —60
vol  t~- for use in tire grid controls .

The high vo l tage  to the CRT mus t remain constan t since the load on i t
changes when the ras ter intensity varies from zero to maximum . The t o t a l
beam c u r r e n t  goes f rom zero to about 500 ga when the  da t a  on the CRT are
bl inked . If t he  vo l tage  r e g u l a t i o n  is not  s u f f i c i e n t , the ras ter size will
change as the data is blinked. The high voltage mus t be r e g u l a t e d  to w i t h i n
2’~ t o  m a i n t a i n  r a s t e r  s i z e  to w i t h i n  .1 inch . Thus , the  25 Ky supply output
must change less than 500 volts from no load to full load .

A f l y back transforme r high voltage sys tem cannot maintain this regula-
t i on . Typ ical changes with intens i t\’ oa the Matsushita monitor were 1,500
volts . That monitor decreas es the horizontal yoke current as the high volt—
age is loaded in an effort to compensate. However , the vertical heigh t in—
creases with intensity. Als o, the compensating feedback loop has a slow re-
sponse wh ich does not correct the width in phas e with load changes . The
change in raster size with blinking data is noticeab le and distracting.

This situation dictated the use of a regulated high voltage supp ly.
The load regulation of .17. maximum is more than sufficient to maintain con-
stan t raster size. The supp ly has sufficient current capacity , 1 ma , to pow—
er two tubes in a dual configuration . In add ition , a fivh ack t ype  of supp ly
is not compatible with the  horizontal sweep system described previous lv.
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2~~ . -
~ Monitor Power Requirement

The total poser required by the Univac—built monitor is 85 watts for a
full br ightness raster and 58 watts with no raster. The supply voltages and
maximum currents are listed in Tab le 2.1.

Table 2.1 Monitor Power Supply Rt~quirenents

Voltage Current

+115 VDC 102 ma
+48 VDC 298 ma
+24 VDC 270 ma
+12 VDC 20 ma
+5 VDC 300 ma
—16 VDC 126 ma
115 VAC 420 ma

2.2 . 10  Moni tor  Packaging

The present packaging of the monitor is modular in that the horizont ii ,
ver t i ca l , convergence , video , socket , and focus assemb lies are conta ined  on
ind ivi dii~ l cards . The focus and high voltage power supp lies are separately
purchased items . The individual assemblies can be operated independently but
do require co r r ec t i on  signai s from the convergence assenb ly .  The low vo l tage
power sources are common to the various cards .

The proposed packaging scheme utilizes one card for the horizontal and
one for convergence , combines one for the vertical and focus , and uses four
small er cards f o r  the video sys tem . One s h e e t — m e t a l  assembly provi des sup— -

port and connections for the cards and has b u l k y  components  such as t r a n s—
fcrmer s  and power t r a n s i s t o r s  mounted on i t .  This assemb l y is complete and
contains the  e n t i r e  sweep and convergence functions . Tire connect ions to this
assemb ly are the  svncs , addresses , power , and the  d e f l e c t ion  and convergence
yokes . The video system is separate and has three identical cards for the
R , C, and B amplifiers and one common control card to perform the saturation
and video enab les functions .

2.2.11 Alternatives and Recommendations

Alternatives which could be incorporated in future monitors to reduce
cost and increase performance include : 

-

a. Common focus supply
b. Stator yoke
c. Finer  r e s o l u t i o n  of convergence  waveforms

P r e s e n t ly , each m o n i t o r  has i t s  own focus  suppl y ( S t a t i c  and dynamic).
Both monitors of a dual configuration could be driven from one static and one
dynamic supp ly. (The present supplies have sufficient cap .i- i t v  to drive two
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tubes.) This would separ.it . - h ig h  v o l t a g e  (6 K V )  d i v id e r s  to  a d j u s t  t h e  s tat-
ic focus voltage independen tly b r  cacti tube from a common supply. Th e dy-
namic voltage from one supp ly could be separately adjusted for each tube and
capacitively coupled to the static voltage to achieve the des i red modulation .
The trade—offs b r  a dual monitor are listed below :

Present Proposed

a. Two focus supplies a. One focus supply
b . Two dynamic suoplies b. One dynami c supp ly

c. Two high voltage dividers
d. Two high voltage capacitors

The yoke used in the present monitor is a high inductance , saddle wound
yoke . The high inductance , 1.3 mh , requires the use of a relative ly h igh
voltage supply, which is used only in the horizontal system . This yoke exhib-
its aberrations in wh ich certain areas of the raster cannot he conve rged to
within less than .01 inch . As a result , white dots show some color fringing.
A low inductance precision stator yoke may alleviate this misconvergence .
Such a yoke could be driven from the +48 volt supply , which is required for
other purposes . The lower flvback voltage of a stator oki- nould allow use
of lower voltage rating components. i l o w e v u r , ii low inductance yoke  would re—
q u i r e  l i n e a r i ty  c o r r e c t i o n  wh i ch is not required at o r b - s t - l i t .  The t r a d e — o f f s
are:

Present Proposed

a. 115 volt supply a. Impr -ve i i i ’.- -i gence
b .  S l i g h t  misconvergence , b .  L i r i e - b r i t - - - corre ct ~on required

no linearit \ correction
c. 1 ,500 volt devices c. 600 volt d .-vi - es

The present convergence system USen 20 i n  z n i a l  and 2 5 v e r t i c a l  ad-
dresses  to genera t e the  p a r a b o l i c  c o r r e c t i o n  wave f - r u t s . ~hcse  r e s u l t  in a
p a r a b o l a  w h i c h  has 20 - ‘r 24 t ime  s t eps . The horizontal steps ire smoothed b y
the feedback amplifiers , which receive and manipulate t ic- h o r i z o n t a l  j ) a rabo la ,
and so the correct ion wave forms at the hon zontal rate exhibit little granu-
larity . Howeve r , the 24 steps on the vertical parabolas cannot he smoothed
without introducing undesirable phas e s h i f t s . These steps are e v i d e n t  in the
side pin cushion c o r r e c t i o n  as sligh t horizontal steps in a vertical line at

— the edges of the disp lay area. The v e r t i c a l  l i n e a r i ty  c o r r e c t i o n  and conver-
gence is not sufficient at the top—mos t row of displayed al phanumerics .

The convergence , linearity , and pin cushion corrections could he im-
proved by increasing the vertical addresses f r o m  the present 24 to 48 during
urc i vertical sweep to reduce the granularity of the  v e r t i c a l  paraholas .
This change could involve  the  use of a 64 x 8 PROM r a t h e r  t h a n  t h e  p r e s e n t
32 x 8 organization and a change to the  d i s p l a y  c o n t r o l  l o g i c  to generate an
extra address - b ut - n i t  (6 bits versus S at present).
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2.2.12 Specif icat ions

Tentative performance specifications for the Univac—built 13 inch diag-
onal monitor are :

1. Power consumption — 85 watts.

2. Display size
a. 9.3 inch by 7.0 inch .
b. Regulation — .2% line and load.

3. Geometric
a. Distortion — display edges deviate less than .1 inch from ideal

straigh t line .
b. Lineari ty — deflected spot deviates less than 2.5% from its

ideal position .

4. Convergence
a. Performed independentl y for each color and independently for

each sector of CRT.
b. Time to converge — 2 minutes .
c. Misconvergence — color  f r i n g i n g  is less than .015 inch from

ideal white dot .

5. Focus — s ing le  dot is less than .02 inch d i a m e t e r  ov~-r  entire dis-
play area.

6. Video Amplifier
a. Rise time — 20 nsec.
b . Bandwidth - 17 Mhz at 3 db down .
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3,0 CONTROLLER DESIGN

The controller used in the color demonstr ation module is similar to
that used in the OJ—389 (V) terminal. Figure 3.1 shows a de tailed block
diagram of the controller section.

The basic processing elemen t is made up of the Intel 8080 microproces-
sor. Main communication pa ths are accomplished via a bus network . Incli’ded
in it is the read bus whIch allows data bussed for the instru ction and dis-
pl ay memories to be made ava ilable to the Centra l Processor (CP) . T u e  wri te
bus permits writing into the same memories as well as maki ng data available
to the I/O bus ne twork. With the exception of these memories , all other
subsections of the terminal communicate throug h the I/O bus network .

Addressing for various activi ties is accomp lished via the address bus
with the addressing originating from the CP . This addressing scheme pro-
vides the gating of data to the I/O por t decode , b oth the instruction and
display memories, the compare circ uitry for cursor positioning, graphic
control, and the sweep circuitry . The addressing generated by the display
control and generation medule provides for the addressing of the refresh
memory during the refresh of the al phan umeric display da ta. Inputs to the
sweep circuitry are used in addr essing PROMs used in convergence of the
color CRT , which is covered in Section 2 of this report.

The keyboard , mode cont rol , and indica tor panel switches , interac tive
graphics, cursor position regist er , graphic  d at a , and , when ins talled , the
serial interf ace circui ts all commonl y communica te to and from the CP via
the I/O bus. Each are indepetidentl y addressed , as required , via the I/O
port decode circuitry . ..Although not shown in the block diagram , communica-
tion with the magnetic tape unit Is ac compl ished on the same I/O bus net-
work via an 8--bit , par allel rn. interface.

Attention to activity by a device on the I/O bus is established by
the interrupt control circuitr y . For examp le , a completed function or
“MARK ” switch depression in the interactiv e graphic area will cause an in-
terrupt to the CP. The CP , acting on the nicrocodes located at the entrance
address for the received Interrupt , serv ices the device and returns to
normal program opera tion . The CP has the ability to disable selected in-
terrupts and lock out various functions and act ivities such as the keyboard ,
interactive graphics, etc.

3.1 INSTRUCTION MEMORY

The instruction memory used in the demon stration mode is capab le of
being incremen ted in size from 4K words to a maximum of 32K words. For
demons tration purposes , the maximum of 32K is used.

The operational program , ut ilizing the 13,311 address , resides in this
memory. The remaining memory av ailable Is used to capture graphic screen
data i~ table form. The entire screen data can then be recalled for up-

da tin g or restoring the graphic presentation , searching tables for presen ted
screen data, or forma tting for transmission to a host computer.

33

_~ ~~~~~~~~~ 
— - — a -  - 

- 

-~ - ____ ~_____ _ _ . _ _ _ _ _ _ 1 _ _ _ _  -. - - — — 



-~~~~~~~~
‘- - - —- 

~

-

~~~~~~~~~~

-- - -

~~~~

-

~~~~~~~~ I

_ _  ii _ _

U ____ 

/,vs7Puer/ON D,’SPL4y
________  mEMORY ‘

~1 —‘ —7,

Z7~ ~r

~~~~ 74 

~~~~~~~~~~~~~~~ 
-

-~~ L,_~
_

_______— 
L. ~~ _____ ________ _______

_ _  - —  Fr
I ~~~~~ i-’s

I P~€/VER I f ld3I7~/ ~~ WL L~ _________

~ 
_ _

.Z’e 8i.s

_ _ _ 0
,Nr~

-
~~ ’Pr r A.1OAE~~OAbW~L ~ø7E~ Q~r/fr~~

1

/
I V ~~~~~~ ‘ - — ~~‘- - ‘—-- - — .- - - -



I c~r
— 

__ _ 1
_________ ~~ 

y
4MP

D/Sp~~V — —
~~1T7~~~~~~~~~~~ 1e~oNrR~L ~ ~~~~~~~~~~~ I—’~ 

‘
~7/0/v ~~~~~~l__.. _J

—

Fl IS~V/yC ,cED I v/L’Et’; 1
J I I

Ir U
C~aesO~ 1 f~~~~~~~~S

~~~4/ 7 €0~~ I

Figure 3.1 Controller Block Diagram

34

.t V - --  
-

- - ----- —- - - - ~~~~~~-~~ - - - — - - -—“- - -“- --- ---- - - -- -— —



- 
-

3.2 DISPLAY ~-1l-MOl ~Y

The display memory contains sufficient memory elements to store four
pages of alphanumeric data or 7,680 characters (1,920 characters per page).
Addressing is accomplished via the CF unit for data up date or , in the normal
refresh mode , from the display control and generator logic module.

Unique to color , 3 additional bits of intormation are added to
each character storage position : I bit indicates a red character , 1 bit is
fo r  green , and I h i t  is for  b l u e . A combination of red , green , and/or blue
is then combined to gene rate  the  r emain ing  f o u r  co lors  a l r e a d y i d e n t i f i e d
for cht~~acter display . These 3 h t t s , when read , co n t r o l  t i1 ~ g a t i ng  ac-
t ion  of  the serial string of dot information to t h e i r  respective video am—
p lifier (R ,G ,B ) .  This in turn controls the cathode voltage of the CRT ,
cutoff for a no—data bit to full saturation for the presence  of a da t a  b i t .

3.3 DISPLAY CONTROL AND CFNE RAT ION LOGIC

This circui t ry generates row and column counts that are used to ad-
dress the r e f r e s h  memory and pos i t i on  da ta  p r o p e r ly  on the  screen . Because
the character position is a d i r e c t  r e p r e s e n t a t i o n  of the  beam pos i t ion  on
the CRT , t h is  add res s ing  scheme is a l s o  made a v a i l a b l e  to  the_ sweep cir-
cu i t  r ’~- fo r  a d d r e s s i n g  the conve~ gence PP0~ ~ised ~ or the generation of cor-
rection currents to the convergence yoke.

This c i r c u i t r y  a l so  generates horizontal and vertical sync pulses to
the  sweep c i r c -~t r\- t h e r e by  keep ing  the  d i s p l a y  in sy nc  and j i t t e r — f r e e .
T iming  f o r  t h i s  c i r c u i t r y  is provided h o a delay  line o s c i l l a t o r  t ha t  is
ot riat ed I-n -n e of two w ay s .  In the  i n t e r n a l  mode , the  de lay  l i ne  is cx—

c!ted by  i crystal o scill at o r running at 11.0236 MHz d i v i d e d  to  15 , 750 Hz .
- -.Th-n connect~ - --~ to a vi~~- - s~- rce , the 15 , 750 Hz sync pu lses  con t ro l  the

-~~~ I iv i n c  c cc- - in g  t h e  d i s p l a y  d a t - i  and c o m p o s i t e  v i d e o  to be disp l ayed in
af l i s u n .  ( l o c k s  c a i l a b l e  to p~- r f o r  s h i f t i n c  o p e r a t i o n s  of d i sp layed  da ta
.-ç.- r t o  I t f r - - t t - n -Ivs of S and 12 . ~flz c - en er n t e d  as a r e s u l t  of the

~~~~~~ flu. cb s . - t 1 l a t o r .

- . . ~ \PUlI S i~~~~ t R O t.  ‘ - \ V ~~~i -~~V

S inc. nhls se - t  i o n  u t  the controller is discussed in detail in Sec—
• i - n - c~ T i - . - r t  , no t u r t h e r  exp l a n a t i o n  o-i1l he  made he re .

. Vl~~Fa ~~1- i 1 -~-t c J~~~ :

Th~ ci ~ - i t  k-~~-r i p t i - n , pr~- b i o uS stud i es , and approaches are dis—
C l i S~ , C t  i n  h - t i M  i n  ~t-c t i - -n and , t h e r e fo r e , w i l l  h e  o m i t t e d  in this sub—

3.- VIDEO \ - 1 °t  l E T !  H

l ie  vi ia -n t :- p l i f i e r  r e c i t  rk-cw-nts and e l p e - r a t  ion d iscuss ion can be
oiind in t -  - i t-i 6 t i  i s  1 - t ~~- r t  . (‘ 0.-rage o~ the retransmission cir—

-iiIt r- : m i  I t s n p a r - i l i t - - - - - i l l  also b (  li s t -t isi — ed later .
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4.0 GRAPHICS

The charac te r  genera t ion  of the 1655 is done on a screen m a t r i x  of 640
dots b y 480 lines. The graph ic  system fo r  the 1655 uses this  sam e m a t r i x  for
graphic r ep resen ta t ion  of red , blue , and green information . Each cell of the
matrix is independently controlled with an intensity bit allowing either full
or half intensity of the color indicated . A simple graphic system was neces-
sary to minimize software overhead fo r  the 8080 processor and keep the  hard—
ware implementation as inexpensive as possib le.

4.1 MEMORY SYSTEM

The first consideration for the image memory was an implementation using
the existing instruction memory cards. These cards are configured in four
banks of 4K dynamic MOS memories (TI 4060 type) with an 8 bit word . The total
capacity of thes e cards is 65 ,536 bits. To implement the 640 x 480 x 4
image memory would , therefore , require ten such cards. The power requirements
for  such a system are shown in Table 4 .1.

One po t en t i a l  solut ion came wi th  the announcement  of the  16K RAMs. Wi th
a new memory card organized  wi th  f ive  banks of 16K by 8 b i t s  only two cards
would be required . With  the current  vendor pr ices  fo r  t he  16K RAMs, there is
no savings in cost over the 4K RAN sys tem , but  the  cost of the  16K RAMs Is ex-
pected to drop significantly in the future. The power consumption of the 16K
system is considerably better than the 4K (see Table 4.1). After investigat-
ing the physical and electrical impact of a system of this type , the availa-
bili ty of the 16K RANs became a major problem . Delivery could not be guar-
anteed before 1/77 because of the vendor ’s production schedule. Because of
the additional risk and impac t to our development schedule , the 16K RAM
system was rejected for this project , although i t  may he f e a s i b l e  fo r  f u t u r e
sys tems ,

One other deve loping technology for large memory systems is the  Charge
Coupled Device (CCD) memories . within the past year three such devices have
been made availab le: the Intel 2416 , the Fairchild CCD 460, and the Fairch i ld
CCD 450.

• The CCD 450 is a serial storage memory cons i s t ing  of 9,216 bits which
are organized  in to  a forma t of 1 ,024 b y t e s  by 9 b i t s .  This a r c h i t e c t u r e  is
achieved with nine shift regis ters  ea ch 1,024 bits long. All nine registers
are shifted in parallel so 9—hit bytes are stored or retrieved in a byte
serial mode.

A block diagram for the device is shown in Figure 4.1. Each reg is ter
is accessed b y I t s  o~.a b i d i r e c t i o n a l  data  line , but all  reg is ters  use c ommon
clocks and con t ro l  log ic .  The memory can be easily expanded due to the t n —
s t a t e  IlL ou tpu t  stages . The device is avai lab le in a 1 MHz or 2 MHz ver-
sion. To achieve data rates necessary for the disp lay rate (80 nsec/bit) ,
the device  w o u l d  have to operate  at  a speed of 1.38 MHz , which wou ld require
the h ig h speed dev ice .  Opera t ing  at  t h i s  speed , the  wors t case access t ime
would be 738 1.isec.
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Table 4.1 RAM Current Reqii1r - - o - ~- t- -

WORST c1~~T 
TYP Tt -\1

VOLTAGE CU RRENT 
(‘URRFNT

PER TOTAl. TOTAI
Cl-lIP Y~-~I

+5 imA l.28 A 1 A

+12 30 mA 37 .6  .\ 10 A

—5 O.l mA  128 mA 7O mA 
—

A. 4K RAN Current Requi’em nts

WORST CASE 
TYPIC

VOLTAGE CURRENT 
TOTAL

PER TOTAL CURRENT
CHIP SYSTEM

+5 5 mA 400 mA 100 mA
+12 35 mA 2.8 A 2 A

— 5  

— 

200 ~p. 
— 

16 mA 10 mA

B. 16K RAN Current Requirements
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To s tore the 307 ,200 b i t —  f o r  & a c o r  I T i l l I l i t b I u t ”  i 3-~ memories would
be used . The wors t  case p ower  f o r  t hi ((1 ’ -~.SO is gi ~~--c by Fairchild to he 241
mw per chip. The power d is sipiite.I t r  the  .:i! I r~- svst - -ci c o u l d  then he as h igh
as 32.8 watts,

The Fa i r ch i ld  CCD 460 is a 11- , T h - .  dvn~mrr i - LI . I d r e s s a b l e  H AM (LA R AN )
This device  is organized as 32 a I r -~-o & l e  sil l r €- ~t i s t  - i  i r~ or .-  128 b i t s
long and 4 h i t s  wide . R e c i r c u l a t i o n  s h u t  ing i -  ; i . t , , r i t t l c  in t he  se lec ted
reg i s te r.  This o r g a n i z a t i o n  is p i c t i : r ed in F i c ’ r .- -. . 2 .

In an alyzing the l a t ency  t ime of th. -~- . d e v i c .  -
~ s .- vm- r - il considerations

mus t be made . Firs t , the  max imum s i - f i t  rat .- is S M~~z . Secondly , wh i le one
regis ter  s h i f t s , the o thers  ire stationar y . And finall y , screen refresh
should not be i n t e r r u p t e d  w h i l e  d a t a  is ( w i n g  ~~ - b ~~o ’t  • This rn .-im ns that the
latency time could be as long as ib n e  i - r i t i re ~1 j l t t  cycl e of t h e  c omp lete
memory . This time can he dete rmined by the sh i ft rat . i the syster— . For
display purposes the data r a t e  must  be 81) n s e c / h i t .  S ince  the  460 is a 4—bi t
parallel device , the shift rate would be 3.125 M hz . This yields a worst case
access t ime of 1.31 msec.

A minimum of 76 CCD 460 memory chi ps w o u l d  he  ri-quired . The max imum
power spe c i f i ed  by Fairchild is 200 mw per chip. T h i s  w o u l d  mean a wors t
case power d issipation of 15.2 watts.

The In te l  2416 is similar to the  Fairchild CCD 460 in that it is a
16 ,384 b i t  LARAN . However , i t  d i f f e r s  f rom the  F a i r c h i l d  dev ice  in i ts  organ-
i za tion , The 24 16 is s t ruc tu r ed  as 64 addressab le  s h i f t  registers c-f  256 bits
each . The data in these registers is simultaneousl y shifted by exercising the
four—phase clock signals . A f t e r  a s h i f t  cyc le , each of the  64 CCD r eg i s te r s
can he selected for an input/output function by app lying the appropriate 6—bit
address code and app lying chip enab le, chip sele ct , and write enable signals
in the  required manner. Figure 4.3 shows this organization.

To m i n i m i z e  la tency  t imes fo r  processor read /w r i t e  opera t ions , the  2416
must operate with a shift—read—shift cycle . The minimum time for this shift!
read cycle is 900 nsec. Since each memory is a single bit wide , at leas t 12
memories must be read in parallel to achieve the 80 nsec/bit disp lay rate.
But because 19 chips  would be required for each of the R , C , B , and sa tu ra—
t-i on memories , it would be simp le to read all 19 chips in p a r a l l e l -  This
wou ld allow the sh i f t read cycle to be as low as 1.6 t~sec. With a cy cle
time of 1.6 usec the wors t case latency time would be 256 shift/read cycles
or 410 .‘sec.

The maximum power specified by Intel for the 2416 is 300 nw. A system
with the minimum memories (76) would therefore dissipa te a wors t case total
of 22,8 watts. Tn ’ .’e s t i g a t i o n  at Univac shows that the typical dissipation
of the 2416 operating at 1. 6 t~sec is 160 mw . This would mean an expected
typical dissi pation of 1.44 watts.
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Table 4.2 Is a comparison of each of the memories discussed showing the
various trade—offs. After study, the 2416 looked most promising due to its
low cost and high density . Its latency time was also much better than the
other non—RAN systems . But due to the predicted delivery date it was felt
t ha t  there  was too much risk in the development schedule: the only parts
available were the 4K RAMs and the 9K CCDs. However , the latency of the 9K
CCD would have been a definite problem and the memory cost was too high ;
therefore , another approach to the image memory was sought.

A stud y was made to see if the memory size could he reduced without ap—
p r e c i a b lv  a f f e c t i n g  the d i sp lay  q u a l i t y .  This would a l low use of the  4K
~A~ts .

Table 4.2 Memory Comparison 
_________ _____________

I -‘MEMORY MINN. fi OF P 1)WER~ POWER WORST AVAIL—
TYPE CHIPS BOARDS DISS. DISS . CASE ABIL iTY

REQ. REQ . TYPICAL WORST LAT IIN CY

AK RAN 300 10 120 U 216 U 0 9/76
16K RAM 76 2 

— 

12 U 32 h’ 0 
— 

1/77
9K CCD 136 4 

— — 

— 

- 

3 3 W  738 ~~~ 9/76
[CCD 4 50]

16K CCD 76 2 — 15 U 1.31 rrS ?
[CcD 460]

16K CCI) 76 2 2W  22.?-~ 410 ~~ 1/77
[2416]

1. The data assumes that the most efficient ~rc 1ii tecture is
possible.

N = 4 x [307200 ÷ c a p a c i ty ]  t r u n c a t e d

2. The da t a  r epresen t s  e x p e r i m e n t a l  r e s u l t s  ohs. r~~~d it Cnivac .
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The stud y determined that  a smoothing scheme could be implemented with
an image memory organized as 640 x 240 . In this system the even lines would
be displayed d i r ec t l y  and the odd display lines would be generated using the
smoothing a lgor i thm . This would allow memory size, power , and cos t to be re-
duced by 50% and only a small amount of c i r c u i t r y  required for  the smoothing
hardware, This would also allow the use of existing card types (Univac
#7153506) in a 16K x 8 organization , All memory fo r  the graphics system
would reside on five of these card types. These findings convinced us to ian—
plement this  approach .

The 7153506 memory card requires a one port memory that is multip lexed
between display cycles and processor read/write operations. Because of the
memory size (76,800 bytes) the system has to be independent of instruction
memory and use a loadable X , Y address register for processor read/write
cycles. The memory card can be wired in either an 8— or 16—bit configura-
tion. An 8—bit byte orientation was chosen to simplify interface with the
8080 processor .

The 7153506 memory cards are organized in four banks of 4,096 8—b it
bytes each. Since these are dynami c memories, a full refresh cycle must be
completed every 1 ms. Because of this continuous reading, the memory for re-
fresh display was designed to provide refresh through the normal display cy-
cle, The architecture of the memory system is shown in Figure 4.4. Each of
the 4 memory bi ts (red, blue , green , and sat) has been divided into five sec-
tions of 128 x 240. Each of these sections will be stored in one 4K x 8 bank
of the memory . The design of the memory cards prevents the simultaneous read-
ing of bank a and bank b or bank c and bank d. The architecture that is de-
picted prevents any memory conflicts from arising. It also allows the R , C,
B, and saturation memories to be independent parallel memories . With this
scheme the amount of memory wasted is minimized to about 6.57 (16 x 128 bits).

4.2 GRAPHIC CONTROL

The graph ic control logic will allow three events to occur : display
cycles , processor read cycles , or processor w r i t e  cycles.  These cycles will
cause one 8—bit data word to be read or written into the graphics memory .
Unless the processor has requested a read or write cycle , screen refresh will
be accompl ished via disp lay cycles. A processor read or write cycle should
require a minimum number of display cycles to be blanked. On even fields of
the display frame the memory image should be d isplayed and on odd fields the
dots generated by the smoothing scheme should be displayed.

A block diagram for the graphic system is shown in Figure 4.5, wh i ch
dep icts one of the four memories required in the system. Each of the memor-
ies consists of five 4K by 8—bit banks. The address f or thes e memor ies is
selected by the address MUX. The inputs to the Mlix are the disp lay address
for screen refresh and the read/write address for processor operations. Dur-
ing display cycles the address M1JX se lects  the  d i sp lay  address .  This address
is generated partially by the Al phan umer ic Di sp lay Control Logic (ADCL) and
partially by the graphic control logic. The column count is used as genera-
ted by the ADGL but the normal row count generated is in modules of ten. The
binary row count , therefore , must be generated by the graphic control logic.

L _ _ _ _ _ _ _ _ _
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When a display cycle Is complete , the memory data is latched by the data shift
register 1 and the smoothing dot generator, The shift register converts the
8—bit word to serial data at the display frequency of 80 nsec/bit. These bit
serial outputs are then fed to the data Mix , wh ich selects the shift register
1 output for even field disp lay and the smoothing dots for odd field disp lay.
The data MUX can also select the cursor color if  a cursor  p o s i t i o n  is
detec ted~

The smoothing approach that has been implemented Is diagramed in Figure
4.6~ It shows the three types of smoothin4 dots to he g e n e r a t e d :  the verti-
cal smoothing dots and t~ types of diagonal smoothing dots. In order to make
the transition from line to line as smoo th as possible , the diagonal smoothing
dots are generated at twice the normal f r e q u e n cy . The block diagram for the
smoothing hardware is depicted in Figure 4.7. At th e end of each display
cycle , the memory data is loaded into shift ce~-ister 1 as well as eigh t paral-
lel shift registers , each of which is 80 hits long. The output of this long
shift register is then exactl y one line behind the data entering it. This
means that when one of the 80 columns of display line N is read from the
gr aph’s memory , the same column of line N—I is also available at the output of
the long shift register . This delayed 8—bit word is then loaded into a shift
reg ister and shifted to delay flip—flops Cl and 12 . At the same time , the
output of shift register 1 is fed to delay flip— fl ops U3 and U4 . From these
delay f l i p—flops the conditions for the smoothing are de eded , as shown in
Figure 4.7, with Cl , V2 , i’3, and U4 sensing dot positions A , B, C, and 1),
respectivel y . AN] g dt e  Cl decodes the  vertical s m o o t i l i n C  d o t ;  ANP gate G2
deco des  t h e  d i a g o n a l  smoo th ing  dot , type 2; and AN!) gate Cl de~~~des the  diag-
onal smoo th ing  dot , t y p e  1. The o u t p u t  of the  decoder  is sen t to  a delay
f l i p — f l o p  to he synch ron i zed  to the  25 MHz clock r a t e .  F i g u r e  4 .8 shows the
difference between the appearance of an arc on a f u l l  480 line ma trix and a
matrix of 240 lines with the high frequency smoothing.

Each display cycle is always comp l e t e d , but the next can he inhibited
by processor  i n t e r v e n t i o n .  Processor  c o n t r o l  is done through several input
and output ports . These ports are defined in Table 4.3. Of all the control
functions that can be initiated by the processor , only a READ INiTIATE (out-
put 24) or a WRITE INITIATE ( o u t p u t  20) w i l l  i n t e r r u p t  t h e  sequence of dis—
pl ay cycles. Each of these commands w i l l  cause  two d i s p lay c y c l e s  to  be
blanked.

The read /write address consists of two r e g i s t e r s  wh i ch can be loaded b y
t - . processor for processor access to the graphics memory. These r eg i s t e r s
are outpu t port 23 , an 8—b it row address (0—239 10), and output port 22 , a
7—h it column address (0—79io)~ 

The column address selects one of the 80
8—hi t  by tes  of each l ine . This read /write address is selected b y the  address
MIX whenever a processor access is required. The data that are received wi th
the read or write request are used to incremen t or decrement the read /write
address , This data word has the following format:

2
0 

— H ~~ decrement column address

2
1 

— H ~ increment column address
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— H ~~ decremen t row address

2~ — H ~~ increment row address

L4 7
2 — 2 — Net used

Table 4.3 Graphic Control Port Assignments

Port :1 Input Function Output Function

6 — Color Register

5 — Grap hic Cursor Addr ess
7 — Graphic Cursor Address

10 — Gr aphic Cursor Address

20 Read Data Red Write Initiate

21 Read Data Blue Write Enable

22 Read Data Green Read/Write Address
(Column)

23 Read Data Saturation Read/Write Address
(Row)

24 — Read I n i t i a t e

26 — Grap hic  Cursor  Color

The affected addresses are changed before the address is selected and
the operation is initiated .

After the read initiate command is received , th e data from each of the
four memories are loaded into the read data register (see F i g u r e  4 .5) for t i n t
memory. The register can then be interrogated by the processor w i t h  an TNPCT
command on por t 20 , 21, 22 , or 23 for the red , blue , green , or saturation
data , respec t ive ly .

Because the memory system is organized as 8—hit h~’tes , all 8 h it s must
be written at once. This becomes a prob lem when onl\’ a few -its i r~ changed.
Two approaches to this problem were considered. One possib i lit y was to a]—
low the software to handle the p rob l em by r e a d i n g  t h e  a d dr , -- --s to ‘ - .  changed
and then modifying the data. This new data cou ld t ’ ,-n he writt e n HI fl t ] I v

specified loca t ion by loading one data r .eistt - r for each of t i ,  - ‘ j r  m- -r n - r —

ies. This would require a minimum of four inpu t Instruction -x - - c , , t I .~ns - i n ]
six output instruction executions as well as some d a t a  m a n i pu la ti on t o  - a ] ~
culate the new data word . The other approach would h . t o  do this wit h tin -
hardware by sp ec if ying which of the 8 h it s shou ld he ch in~- -d and H : 1  c o l o r
they should be. This would require only three output isnt ruct ion execut ions
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and fewer calculati ons . As the writing speed of the system appeared more
importan t than the additional hardware , the second approach was chosen .

Before a write cycle is initiated , the write data must he given. This
is done by loading the desired color into the color register , port 6, which
is also th e color regis ter f or alphan umeric operations . This register has
the fo l l owing interpretation :

- 

Color Register Color

2~ 2
6 

2~ 2~ 2~ 2
2 

2
1 

2
0

X N N N N 0 0 0 Black
N N X X N 0 0 1 Red

N X N N < 1) 1 1) Blue

X N X X N 0 1 1 Magen ta

N N N N. N 1 0 0 Green

N N N X X 1 0 1 Yellow
X N Y N N 1 1 0 (‘van

N N N X X 1 1 1 Wh it e

X N N N 0 N N X Full  I n t e n s i t y

N N N N I N N N Hal f  I n t e n s i t y

The oth e r part of the w r i t e  da t a  is the w r i t e  enab le  word which  is
loaded via port 21 . This word is used to enab le  the  w r i t e  operation on any
°r all of the 8 hits of the word indicated by the read/write address . Each
b it ~f this word that is set to logic zero prevents its associated bit in
-- c:- , -r v  f r o m  being changed during the write operation . The following is an
Illus t ration of this o p e r a t i o n :

Col or = 0 0 0 0 0 1 0 1 (Magenta)

- - ri t c Enable 1 0 1 1 0 0 1 1)

• Cc-I-o r ~- .ta before at read/write address before write operation.

0 0 1 1 0 1 0 1

Cr c - e n  D a t a  1 0 0 1 1 0 0 1

Bl ie Dat -i = 1 1 0 0 0 1 0 1

S a t , r a t  i o n  D a t a  = 1 1 1) 1) 1 0 1 0

Col- -r ]l a t c -i at read/write address after write operation.

~.-d Da t a 1 0 1 1 (1 1 1 1

Green hat -n = 0 0 0 (1 1 0 0 1

Blu e Dat a = 1 1 1 1 (1 1 1 1
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S a t u r at i o n  Data  = (1 1 0 0 1 0 0 0

x x X X B i t s  u n a f f ec t e d  b y w r i t e

X X N X B i t s  w r i t t e n  to magen ta

The graphic cursor  address  r eg i s te r  (see Figure 4.6) consists of output
por ts  5 , 7 , and 10. Port  5 is the cursor  row address  which  has val id v a l u es
of 0 to 23910. The cursor column address is contained in ports 7 (LSB) and
10 (MSB). This address can he -In the range of 0 to 63910. This data is sent
to the cursor comparator , wh i ch swi tches the data MLIX to the cursor co lor when
the disp lay address corresponds to the cursor address. The curs or color is
selec ted through an output to port 26 and has the same interpretation as the
color reg is ter .

4.3 GRAPHICS TIMING

The timing requirements for the memor~’ card are shown in Figure 4.9.
These req uiremen ts , which have been defined by the Univac semiconductor
engineering staff after stud ying the vendor—recommended timing and extensive
testing of vendor parts , must he met to satisfy all approved vendors of the
4K RAIl.

The t iming  for the graphic control logic is generated by the eigh t clo ck
phases (ØA — OH) , the 12.5 MHz clock , and the 25 MHz clock . These signals are
generated by the Alphanumeric Display Control Logic (ADCL). The display cycle
tim ing is shown in Figure 4.10. The timing margin for each signal is shown on
the figure. The display address is incremented on OA , 350 nsec before the
Chip Enable (CE) becomes active . The Chip Select (CS) signals are decoded
from the disp lay address lines and latched on ~E , which occurs 80 nsec prior
to CE active signal. The data output is available 20 nsec after CE goes low
(at Øc), so the 8 bit shift registers are loaded at OD.

The write cycle timing is shown in Figure 4.11. The complete write
cycle actually consists of one read cycle and one write cycle. This is
necessary because writing can he inhibited on some or all of the 8 data bi t s
of the data word. This is done under the control of the write enable word.
Since the memory structure forces all 8 memory bits to be written at once ,
the original data must firs t be read and then rewritten into the hit s wh i ch
are wr i t e  i n h i b i t e d .

Both the read and the write occur at the read/write address that fs

selected by the data MFX . The data MLIX is switched to OD and the next CS is
latched at OE. This yields margins of 140 ns and 60 ns for the address and

CS , respectivel~- . During the write cycle the P/W is low for the entire CE

active period , wh ich means there are marg ins of 150 ns and 40 ns on the
leading and trailing edges of the signal. The Data Output (Do) is available

20 ns after CF goes low at the end of the read cycle. These da ta are then

gated with the write Inhibit word and color register to develop the l)ata

I n p u t  (DI) for the write cycle . The DI , therefore , has ma rg ins  of 180 ns
-in-I 600 ns , as shown. The display blanking signal that is shown is used to

Inh ibit the loading of the output shift registers .
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The read cycle timing is shown in Figure 4.12. This cycle actually
takes two CE cycles to comp le te because of the time required to load the read
da ta register. To minimize parts count , two 4 x 4 register fi les were used
to store the four 8—bit data words . The timing for  the read cycle is very
similar to the write cycle . The address is switched at 011 and the CS is
latched at ØE as before . The output data becomes available at the end off
the firs t CE cycle and is loaded into the register file during the next cy—
d c . Again the display is blanked for two display cycles .

4.4 INTERACTIVE GRAPHICS

The interactiv e graphic rout ines are controlled by the input from the
in terac t ive keyb oard . This keyboard consists of 11 keys , two indicators , and
a j oys t ick. The joys tick is used for positioning the graphic cursor , and the
keyboard is used to input the function and type commands.

The joys tick that is used is a low cost displacement type unit. This
joystIck consists of two potentiometers whose resistance varies proportional-
ly to the stick angle. Figure 4.13 shows the block diagram of the interface
circui try for this joystick. This circuitry translates the vary ing resis-
tances of the two potentiometers into four pulse train outputs . These out-
puts are for incrementing vertically , decremen ting vertically, increment ing
horizontally, and decreinenting horizontally. The output voltage of the joy-
stick Is sent to two buffer/translator stages , one for the incremental circuit
and one for the decremental circuit. The translator outputs are designed to
be slightly over 6.2 volts when the joystick is in its center position and 0
volts when the joys t ick  is at the appropriate extreme (toward ground for the
decremen tal circuit and toward 6.2 volts for the incremental circuit). These
voltages are then compared to the voltage at the timing element to generate
a rese t pulse to the 4 msec one shot. This output is then used to discharge
the timing capacitor (CT) to start the next timing cycle. The timing char-
ac teris t ics of the circui t are determined by the t ime cons tants RT and CT.
Because the one shot is timed to 4 msec , the maximum frequency of the output
is 250 pulses per second . The comparator output is also used to clock the
output flip—flop which holds the data until the processor interrogates the
circui t.

Figure 4.14 is a plot of the output frequency versus the joystick
angle. The nonlinear na ture of the plot is necessary to give adequate con-
trol at small angles but allow a high speed at the largest angles. It was
felt that it would be necessary for the cursor to transverse the comp lete
screen In under 3 seconds at the maximum speed . This means the maximum fre-

quency would have to be at least 213 pulses per second . On the other ex-
treme , the cursor must be able to move as slowly as one dot per second in
order to have the required resolution . Wi th a linear function these condi-

tions cannot be met.
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The interactiv e keyboard also contains 11 switches and two indicators.
The circuitr y required for these sw i t c h es  and indicators Is diagramed in
Figure  ~+ .i 5 .  The s w i t c h e s  are divided into two groups , the command switches
and the  f u n c t i o n  s w i t c h es . These sw i tch e s  have  the  f o l l o w i n g  i n t e r p r e t a t i o n:

CROFP 1 — Command Sw i t ches

• Switch ::l GITNi~ A TF
Switch ~2 — BLINK
Switch o3 — RESTOEF.
Switch ~-i — ERASE

GROUP 2 — Function Switches

Switch i~ 5 — VECT OR
Switch ~ — VECTOR STRING
Switch i t7  — ARC
Switch ~8 — CIR CLF
Switch °~~ FN T) S T R I N G

When one of the swi tches is depressed , the switch inputs from that
group  are l a t c h e d .  These l a t c h e d  d a t a  are  sent  to  the  l amp d r i ve r s  and the
encoder circuit. The 1.- i r i p  d r i v e r s  i l l u m i n a t e  t h e  sw itc h wh ich was depressed .
The latches hold the data for the decoders , which In turn output to the data
b us b u f f e r .
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There are also two other switches on the keyboard. These are the CURSOR
ACTIVE (CA) switch and the GRAPHiC MARK (GM) Switch . The Cursor Ac tive (CA)
switch is connected to a toggle flip—flop which changes state at each depres-
sion of the CA key. This action generates an interrupt request and sI ts a
hit in the data word at the data bus buffer . The processor would then ac-
knowled ge the interrupt via an input instruction and eitht-r activate and de-
activate the graphic cursor and then cause the CA key to he illuminated or to
b e extinguished.

The Gil key is used to indicate to the processor that graphic parameters
such as vector and points , cir c le cen ter, circle radius , or vector string
points are represented by the current position of the graphic cursor. With
the depression of this key an interrupt is requested .

With each interrupt reques t, the processor must acknowledge it to re. et
the request flip—flop. This is done by interrogating the data word of the
interactive graphic system . The processor interpretation for this word is
shown in Table 4.4.

Table 4.4 Graphic Data ‘~‘-~rd Interpretation

Data Word Processor Interpretation

2~ 2
6 

2~ 2~ 2~ 2
2 

2
1 

2
1 

_______________________________ —

0 X X X X X X X Cursor Not Active

1 X X X X X X X Cursor Active -

X X X 0 0 0 X X Illegal Code T
X X X 0 0 1 X X Vec tor  ~cornr;;i nd

• CodI~~N X X 0 1 0 X X Vec to r  S tr i n g

X X X 0 1 1 X X C i r c l e

X X X 1 0 0 N X Arc

X X X 1 0 1 X X End of String

• X X X X X X 0 0 R e s t or e

X X X X X X 0 1 Blink Function
Codes

X X X X X X 1 0 Erase

X X X X X X 1 1 Generate

The two indicators on the interactive keyboard are the error ligh t and
the enter second light. These lights are illuminated under processor command
via an output Instruction . The error light indicates that the processor can-
not comp lete the instructions that have been er,tered. For example , an opera-
tor positions the graphic cursor on a vector string then depressing BLINK ,
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VECTOR , MARK . Because the Item at the cursor is not a vector , the error
indicator illuminates the corrective action is awaited . The enter second
light is illuminated whenever further data is expected . For example , an
operator generates a circle , positions the graphic cursor at the center of
the desired circle , and then depresses GENERATE , CIRCLE , MARK . The firs t
depress ion of the mark key indicates that t h e  center  p o i n t  of the c i r c l e  has
been e n t e r e d .  The processor should respond by Illuminating the enter second
light to indicate that the first data has been accepted and that more data is
needed. These lamps are lit by the processor through an output to the inter-
active graphic control word . This word has the format specified below :

2~ — H ~ Cursor Active Ligh t On

2 — Ni

2~ — H ~~ Clear Grap h i c s  Memory

— H ~~ E n a b l e  Grap h i c  Cu r s o r

2~ — NI’

2 — H~~~~ Error l igh t (in

2
1 

— H~~ Clea r All Indicators

2
0 

— H~~~ Enter Second Ligh t On
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5.0 VIDEO INPUTS

The video input for the 1655 can he in one of two forms . Included are
provisi ons for a high bandwidth RGB system with a separate line for svnchro—
nizing the signal and also a conventional RS—170 video input. This RS—170
standard input may be either color or black and white , but is l i m i t e d  to a
lowe r f r e q u e n cy  respons e than  the  RGB sys tem.

The RGB sys tem requ i res  four interconnections for its use: the Red
video (R) , Green video (G) , Bl ue video (B) , and the Synch ronizing (SYNC)
signal. The SYNC signal is received by a comparator , which compares the
input voltage to a fixed re ference . The TTL output of this comparator is then
fed to the sync separator to develop the vertical and horizontal sync signals .

The RS—170 system requires a single interconnection for reception from
an external source . This interconnection has all the informat ion necessary to
reproduce a color or black and white video picture . The synch ronizing mus t
he a part of the received signal , in accord ance with RS—170 standards . The
color information , when present , is phase encoded onto the analog video in-
formation at a frequency of 3.58 l’fl-{z. This phase encoding technique limits
the bandwidth to 2.5 MHz becaus e of the side hands generated by the phase
changes of the 3.58 MHz signal. The phase and frequency of the color sub—
carrier is transmitted with an eight—c ycle burst of a re fe rence signal on the
back porch of the horizontal sync pulse. The demodula t ion  of the phase en-
coded subcarrier signal can be done with several conunerciallv available
integrated circuit ch ip sets manufactured by several comp anies . To choose
one of these systems , Univac conducted an evaluation of ti -t o  ava i l ab le
demodulators

Two or three integrated circuits are required for processing of the col—
or video signal from the camera. The number of c i r c u i t s  depends on which sys-
tem is used . Tests were performed on two Motorola , one Fairchild , one
National , and one RCA processing systems .

The fi rst system tes ted used a Motorola MC139S!’ integrated circuit for
the 3.58 MHz suhcarrier generation and chrom a a m p l i f i e r  and a Motorola MC
1324P integrated circuit , with luminance input , for the color demodulator.

Subcarrier regeneration by the MC 1398P circuit is , as was the case for
all t h e  c i r c u i t s  t e s t ed , a c c o m p l i s h e d  l v  synch r o n i z i n g  a c rys t a l  o s c i l l a t o r
w i t h  the  color b u r s t  s igna l . A gate pulse t ha t  is developed at horizontal
retrace time enables the oscillat or driver in the MC1398P to synch ronize with
the color burst signal , wh ich is on the hack porch of each horizontal sync
pul se. The color burst pulse , along with the ch rorna information , are amp li-
fied by the chroma amp l i f i e r  and then gated to the oscillator .

The amp l ified ch roma signal along with the 3.58 ~fllz subcarrier is ap-
plied to the MCI32L+P color demodulator. For demodulation of the chroma signal
two 3.58 MHz f r e q u e n c i e s  w i t h  a phase shift of 90° between them is necessary .
Theref ore , a phase shift circuit of discrete components was necessary for
all the color demodulator circuits tested. The MC1224P demodulator has the
capabilit y to add the luminance signal to the R—Y , G—Y , and B—Y signals that
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were generated in the demodulator. This  a d d i t i o n  p roduces  R , C , and B sig-
nals , which can be app lied to the Univac—designed final amplifier driving the
CRT .

Component layout was important for all the circuits tested. Using the
vendor—suggested application and layout , the MC1398P suhcarrier generator was
rather unstable. A small amount of stray capacitance , such as an oscillscope
probe or a per son ’s hand , bro ught close to the crystal oscillator circui t
would pull it off frequency . After consultation with the vendo r it was
learned that new subcarrier segments and color demodulator circuits had been
developed. These circuits were tested , and the results are noted later in
this report . Because of the inability of this circuit , no further testing of
the MC 1324P and the MC 1398P was done at th i s  time .

The National system requires three integrated circuits to do the color
processing. An LM3O71 is used for the ch roma amplifier , an LM3070 for sub —
carrier regeneration , and an LM746 for the color demodulator.

The LM307 1 chr orna amp lifier has two stages of amp lification . The gain
of the firs t stage is controlled by the automatic ch roma control detector , and
the gain of the second stage is controlled by the chroma gain control. Output
f rom the f i r s t s tage is applied to the LM3070 s u b c a r r i e r  r e g e n e r a t o r  a long
with the horizontal gate pulse to sync the 3.58 MHz subcarrier oscillator.
Color demodulation is done in the LM746 , wh ich uses the 3.58 MHz subcarrier
and the output from the second stage of the ch roma amplifier to generate the
R—Y , G—Y , and B—Y signals .

This system does not provide a way to add the luminance signal to the
R—~~, G—Y , and B—Y signals . The final amplifiers that drive the CRT must com-
bine the luminance and chrominance signals . Design of the final amplifier
for the TX600B monitor does not have this capability . For this reason , and

• because a rather large number of discrete components was used in addition to
the integrated circui ts , there was no further development of the National
system.

Commercial television receiver printed circuit modules built by RCA were
also tested. This system uses two modules . One module has a CA3066 inte—

• grated circuit for the chrorna amp lifier and subcarrier regeneration. The
other module uses a CA3067 integrated circuit for the color demodulator. Out-
put from the subcarrier oscillator in the CA3066 was stab le, with an amplitude
of 2 volts peak to peak . This was the greatest amplitude of any of the
systems tested. A horizontal gate pulse is required to sync the 3.58 MHz
oscillator. Color signals from the demodulator were also stab le and clean .
As with the National system , the  RCA sys tem produces R—Y , G—Y , and B—Y color
signals . The final amplifier must add the luminance and chrominance signals.
It was stated before that the Univac design for the final amplifier does not
do this . For this reason no further development was done on the RCA system.

Fairchild uses a UA787 integrated circui t for the ch roma amplifier and
subcarrier regeneration and a UA788 integrated circuit , with luminance input ,
for the color demodulator. The component layout and grounding were found to
he very critical to all sy s tems . Fairchild furnished a printed circuit hoard
with the component layout. This simp lified the development and tuning of the
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system. Design of the UA787 circui t does not require an adjus tment for the
automatic color control or the color killer threshold. However , it does
require a horizontal gate pulse to sync the 3.58 MHz oscillator.

The 3.58 MHz subcarrier and chroma signal were applied to the UA788 col-
or demodulator integrated circuit. These signals toge ther with the luminance
inpu t pr oduced R , C, and B color signals tha t could be app lied directly to the
Univac final amplifier. The system is compatib le with the TX600B monitor and
was s a t i s f a c t o r y.

Motorola introduced a system which uses an XC1399P integrated circuit
that is the same as the other circuits that have been discussed. Input sig-
nals it requires are the chroma signal , which includes the color built signal ,
and the horizontal burst gate pulse , which allows the color burs t to synchro-
nize the 3.58 MHz crystal controlled oscillator. Adjustments for automatic
phasing , automatic chroma control , and color killer threshold are included in
this system.

The phasing control shifts the 3.58 MHz oscillator frequency to exactly
the same phase as the color burs t frequency . Gain of the chroma amplifier is
adjusted by the ch rom~i coutrel to maintain correct chrominance amplitude in
r e l a t i o n  to the  lumi nance ;irp 1 itude. When receiving a monoch rome transmission
it is n e c es s a ry  to disab le the chroma amplifier to make sure there is no color
on the screen. To do this , the killer threshold control is adjus ted to detect
the color burst signal. During a monoch rome transmission , no color burs t is
transmitted. If there is no color burst detected , the chroma amplifier is
d i sab l ed .

The d e m o d u l a t o r  used in this system is the MC1J23P integrated circuit.
It requires the chroma s i g n a l  and the  su h c a r r i e r , genera ted  b y the  XC 1399P ,
for demodulation . With the capabilit y to add ch rominance and luminance sig—
nals , the output from the MC1323P are R , C, and B signals and can be applied
to the Univac designed final amp lifier. The operator was stab le with satis-
factory outpu t levels. This system is currentl y installed in the demon-
stration monitor with good results.

A review of the color processing circuits shows that all subcarrier re-
generation circuits have voltage regulators incorporated in them. Wi th an

• input of 24 volts DC app lied , the regulator output was around 12 volts DC.
The regulator imp roves the stability of the 3.58 MHz (exact frequency ,
3,579 ,454 MHz) oscillator. All systems require a crystal to control the
oscillator and a horizontal gate pulse to allow the burst pulses to synchro-
nize the oscillator. The output amplitude of the oscillator is 1 volt peak
to peak excep t for the RCA system , which is 2 volts peak to peak .

All demodulator circuits require a tint contro l to adjus t the shade of
color and a color control to adjus t the color brightness. The Fairchild pA788
and the Motorola xC1399X demodulators are capab le of adding the luminance and
chrominance signals . A DC component that is established by the bri gh tness of
the scene that is transmitted must be maintained through the demodulator and
final amp lifier. Therefore , circui ts to match the luminance input signal to
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the demodulator and the R, C, and B outputs to the final amplifier are neces-
sary . Ihe luminance input bias level to the XC1399 is 2 volts and 16 volts
to the ~iA788. R , C, and B output bias levels are about 2 volts for the
Motorola XC1399 and Fairchild iiA788 demodulators . R—Y , C—Y , and B—Y demodu-
lator output bias levels are 10 volts for the National 1213071 and 4 volts for
the RCA module . Video gain from input of the chrome amplifier to the demodu—
lator output is 50 for the Motorola system , 40 for the National system , 10 fo r
the RCA system , and 4 for the Fairchild sys tem.

With a 2 volt bias level at the luminance input and a gain of 50 for the
system , it was decided to install the Motorola XC1399 and MC1323 circuits in
the demons tration monitor.

With each of the color demodulators described some preprocessing of the
received video signal was required. This preprocessing included line termina-
tion and buffering, signal amplification , subcarrier extraction , subcarr~ e-r
suppression in the luminance signal , sync signal stripp ing, and burs t gate
generation . There are two integrated circuits which handle at leas t one of
the above functions and have been tes ted by Univac . These circuits are the
Motorola MC1344 and the Matsushita AN249 .

The Motorola MC134!4 integrated circuit contains a sync sepa ra tor , a
noise inverter , and an automatic gain contro l for the RE and IF stage s . In
the MCI 35~+ , only the sync separator is needed. Using the vendo r— re commended
circuit for tes ting the sync separator , i t was fo u n d  t h a t  the  sync  o u t p u t  was
ve ry s e n s i t i v e  to ch anges in the v i d e e  i n p u t  a m p l i t u d e . The sync  o u t p u t  was
compatible with our system , hut because of the poor s t a b i l i  t v  and the  exce ss
c i r c u i t r y  con ta ined  in the chip, other systems -;cre investigated.

The M a t s u s h i t a  AN 249 i n t e g r a t e d  c i r c u i t  includes a sync  s ep a r a t o r  and
video amplifier. The sync output was compatib le with our system and has good
stability with input variat ions from .5 volts to 1 volt. The video amp li-
fier has a gain of seven but the amplifier exhibited some nonlinear charac—
ten s tics . There exists no 5 cond source for this part. The - \N 2 4 i)  -t~-as used
f o r  some t i m e until further investigation could be comp leted.

Because of the problems mentioned with each of the prepr oce ssing chips ,
a Un i va c  design e f f o r t  was cegun . Uhe block diagram for the f i n a l  des ign  of
this system is shown in Figure 5.1. The video i n p u t  is terminated to 75 ohms
as r equ i r ed  by RS— 170 and i t  is then  c a p a c i t i v e ly coup lc~i i n to  the summing
amplifier and peak detector. The peak detector generatc - - a p o s i t i v e  vol tage
equal to the amplitude of the .~gative peaks of the video input . ihe positive
voltage is then added to the video with the summing amp lifier , as shown. TI-ti
output of this amplifier is , therefore , a positive volt act - with the sync sig-
nal going to ground. The output of this stage is used a~ the chrorn a i n p u t
for the color denodulator and also as the i npu t  f o r  the  s u h c a r r i e r  t r a p . This
trap is a band stop filter tuned to 3.58 ~-fll z , which is 3 dh down at 2J Mhz
and 4.6 MHz. The filter output is then used to develop the composite sync
output and luminance signal. The signal at this point still has the sync
pulses at ground. However , the input to t he  con t ro l  and delay ed v ideo  o u t p u t
needs to be black level at ground . To accomp l ish  th i s  leve l shift , the leve l
of the  hack po rch  is  samp led and used as a correction vol t t ~ - for the DC
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restorer. This aux~put is then delayed by ab out .8 gsec o match the delay of
the color demodulator. The delay line output is then sent to the black and
white retransmission circuitry via the delayed video signal and the contras t
control , as shown. The output of the constras t control is inputted to the
level shift to match the DC requirements of the luminance input of the color
demodulator. In the demodulator these signals (chrome , burst gate , and
luminance) are used to generate the red , green , and blue components of the
video signal. These output signals are then sent to the video amp lif ier to be
amp l i f i e d  and app lied to the CRT cathode .

5.1 VIDEO OUTPUT S

The video output that is generated by the 1655 is available in two forms .
forms . One is an R , C , B , and SYNC system compatib le with the RCB input .
These outputs are a 1 volt , black negative signal capab le of driving 75 ohm
lines . The video signals are taken from the video amplifier output at the CRT
cathode . These transmitters are briefly des cribed in Section 6. The SYNC
signal output is also a 1 volt sync negative signal which has timing in accor—
dance with RS—l70 composite sync.

The o ther  re t ransmiss ion  sys tem is made f o r  i n t e g r a t i o n  i n to  a black and
w h i t e  video system. This output comb ines the luminance signal of the video
input  w i t h  the d i g i t a l  i n f o r m a t i o n  ( c h a r a c t e r  and grap h i c s )  to  develop  a t rue
RS—l70 composite output. The colors of the characters and graphic information
are transmitted as white data with half the intensity area produced as grey .
The black diagram for the system is shown in Figure 5.2.

The delayed video input contains all the luminance info rmat ion from the
video input. Cain block KL. then amp lifies and shifts the video- information
to the specifi cation of RS—l7 0 . This s igna l  is then  ORcd with the digital
inputs . These digital inputs are the full or half intensit y disp lay infer—
mation and t he  sync s i g n a l .  Cain b lock  1<1 is used t o  deve lop the proper
vol tage s , as d e f i n e d  in the RS— 170 s p e c i f i c a ti o n  for  t h e  synch r o n i z i n g  s i g n a l .
Gain blocks K2 and K3 are used to superimpose t h e half and full intensit y
dig ital information. This digita .l info rmation is an OR of the R , C , and B
digi tal signals , as shown. These inputs 1-lye both character and graphic
i n f o r m a t i o n  r e p r e s e n t e d  in them . K2 has the gain  r e q u i r e d  to d r i v e  the  o u t p u t

• to f u l l  i n t e n s it y  when enabled and K3 has the gain required to drive the out-
put to half intensity wi-ten enabled.
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6.0 VIDEO AMPLIFIER

The video amplifier system deve loped for use in the display combines
signals from a camera via a demodulator with signals from the control logic
(g rap h ics and alphanumerics) and generates cathode voltages for the color CRT .
The system mus t have a f requency response of 17 MHz to display t h e  characters
and graphics sharp ly and must  ampl i f y the vi deo s ignals  l i nea r ly to preserve
intensity variations and color purity of the camera signal . The saturation
of the graphic data must he modulated at half or full intensity.

The video system contains three separate amplifiers , one for each gun ,
which mix video and digital data for each color , toge ther with common control
amplifiers for determining the graphic saturation and video intensity . Figure
6.1 is a diagram of the system for one color. This is repeated three times ,
with the exception of the common elements within the dashed lines .

The mixing of the  s ignals  is p e r f o r m e d  by summing ,  at a n ode , c u r r e n t s
representative of the video and of the digital data. The summed current is
then used to drive an output stage , which produces the cathode voltage to
drive the CRT beam for each color. Current summing is done to avoid voltage
swings and capacitive loading and thus preserve the frequency response of the
system.

The CRT cathodes require a voltage swing of +5 to +40 volts to modulate
the beam from full intensity to zero , respectively. This voltage is developed
by a common—base amp lifier , which converts the sum of video and digital cur-
rents into the required voltage . A common—b ase amplifier is used to avoid
Miller capacitance , which would negate the fas t (20 nsec) risetime s required.
The amplifier Q 1 requires an emitter current given by Equation 1 to full y
drive the cathodes on and for the present system is about 52 ma.

BIAS (6)
Rc

Note that the output voltage cannot go below approximatel y VB 1AS due to an
antisaturotion diode D

1
.

T1’.e currents into the summing node are the emitter current and a current
consisting of a bias level minus the video level. The currents leaving the
nose ar e it c u r r e n t  i n d i cat i v e  of t h e  d igi  t a l  d a t a  ( f u l l  or h a l f  saturation)
and a hias current. Thus the emitter current from is given by E q u a t i o n  2 .

I = 1 + 1  (7)
E DIGITAL VIDEO

n j n  ~‘i i r ~ 6 . 1 , this emitter current is then converted linearly
- - - - h v o l t  ~ee ~~ ‘. i t e I  th~ cathode amplifier.

- -—
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The digital input receives logic level signals from t h e  display control
logic indicative of wi-tether the cathode should he o f f  or on at t ha t  p a rt i c u l a r
position of the raster. These signals switch transistor ).) to either satu-
ration or cutoff. Thus the summing node is switched to a ~‘u1tage determined
by the output of the saturation amplifier at the emitter of 0 . Simultane-
ous ly with any digital data (either alphanumeric or graphic) ~he video is dis-
abled so that 1V1 EU is zero. Then the emitter current of given in
Equation 3 , is on~y determined by the digital current.

= VBIAS 
— V

VEQ1 
— VE(~3 

(8)

RE

Thus , this c u r r e n t  and hence the cathode voltage , half or full saturation ,
can be varied by a suitab le choice of V

Eo3~ 
which is determined by the satura-

tion amplifier.

The saturation amp lifier is common to all three amplifiers and receives
a logic level signal from the display control logic indi cative of whether the
digital graphic data disp layed at that particular raster position should be
either half or fully saturated . The amplifier develops a voltage wh ich drives
the emitter of Q

3 
on each color amp lifier to either of two levels . The lower

voltage level forces a maximum emitter current of ab out 52 ma , as dep icted by
Equation 3. The higher or half saturation voltage forces an emitter current
of abou t 26 ma. This drives the cathode voltage to about 22 volts , wh ich
causes a half intens i tv he~cr- in the  CRT . The exact  vol tage  is adjustable by
a common level control to set the des ired half inten— ity beam level of the
CRT . The half saturation command is only enab led d u r i n g  grap hic  i n f o r m a t i o n
where it is used to shade in graphics areas , such as circles and squares .

The video curren t is generated in response to video signals R , C, and B
received from the demodulator. The three s e p a r a t e  color outputs from the
demodulator are about +6 volts at full intensity and decreas e to about +4
volts at no intensity. The demodulator signal is applied to the video amp li-
fier portion of the video system. (Refer to Figure 6.1.) The amp lifier has
separate gain and level adjus tments. It rejects the level upon which the
actual color signal is impressed. The output is indicative of only the signal

• portion of the input and can be adjusted by the gain control independentl y of
the level.

The video is enab led only when there is no graphic or alphanumeric in-
forma tion to be displayed. Tf-t is is done to preserve the color purit y and sat—
uration of the di gital data. The video i s  turned off so that a black hole is
ore ited into wh ich the desired graphic or alphanumeric dat a is put.

The video is enabled via a common video brightness amplifier shown in
Figure 6.1. This amp lifier receives a logic signal from the disp lay con tr ol
logic and changes the emitter voltage of Q4 

to one of two levels . When the
video Is enabled , the voltage can he adjusted by a level  c o n t r o l  and is
n omi n a ll y 16 volts. Disabling the video raises this voltage to about  17
volts. This voltage and the output of the vi deo amp lifier determine the
- u r r e n t  entering the summing node f rom the c o l l e c t o r  of Q

5
.
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When the video is disab led this current is at a maximum of about 75 ma.
This current is sunk through the bias resistor R~ , and thus the emitter cur-
rent of the cathode output , Q1, is de termined whol l y by the digital current
as per Equation 3. When the video is enab led by the emitter voltage of
the collector current of Q

5 
decreases with the increasing video signal from

about 75 to about 25 ma at full video signal. There is no digital current
dur ing th is eve n t (Q

2 

is cut off), so the emitter current of Q and hence the
cathode output voltage is determined by the b ias current and tf~le collector
current of Q

5

. Since the bias removes about 75 ma from the summing node , the
emitter current of Q varies from 0 to about 50 ma at maximum video signal ,
sufficient to drive ~he cathode to full intensity .

The level control on the video brightness amplifier controls the emitter
voltage of Q4 

and hence the collector current of Q
5

. This control is used
to vary the video intensity independently of the digital intensity .

The output voltage developed at the collector of the common—base ampli-
f ier is buf f e r e d  by the cathode amplifier. Sligh t peaking of the output
voltage is done by a small , 2 ph , inductance in the collector load.

This amplifier consists of a comp lementary pair of emitter—follower
transistors biased slightly into Class A operation to avoid crossover distor-
tion . The cathode amplif ier has a voltage gain of 1 and serves to convert
the relatively high output impedance of the amplifier Q 1 

into low impedance
suitab le for driving the cathode capacitance of about 15 p f at the video and
data rates . The current required to charge and discharge this capacitance
in 20 nsec is about 25 ma , wh ich is supplied and sunk by the cathode ampli-
fier. This amp lifier,, also supplies a drive of up to 10 ma to the transmitter.

There are three transmitters in the video system . These convert the
R , C, and B information at the cathode into signals for retransmission to
other displays. One transmitter is shown in Figure 1. This converts the
cathode voltage swing of +5 to +40 volts into a voltage of 1 to 0 volts ,
respect ively , at an impedance capab le of driving 75 ohm coaxial cable . The
transmitter consists of a divide r , an inverting amplifier , and an emitter
follower. The maximum output voltage can he adjusted from the nominal 1 volt
leve l to about a maximum of +6 vol t s . The o u t p u t  is a b l a c k  negat i ve s i gna l
similar to RS—l70 standards. The frequency response of the transmitter is
s u f f i c i e n t  to make the transmitted signal an exact reproduction of the cathode
voltage in the originating display .
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7. 0 SOFTWARE/HARDWARE OPI:RAT ION PROCEDURES

The operational procedures of the color display microcode are broken up
into four major categories : keyboard operations , which is the entering and
editing of alphanumeric data; graphics , which is the creation and editing of
graphic items ; tape operations , which permits the user to save graphic tables
and programs on cassette tape; and color.

Before the user can use any of these functions lie mus t load and initial-
ize the system . This is done by :

1. Turning on the display unit. (The switch is on the back panel of
the unit.)

2. Turning on the cassette tape drive . (The switch is on the front
pane l of the unit.)

3. I n s e r t i n g  a c a s set t e  tape that  has the operational program on it.

Vc . Pressing INIT.

For 1NI T , all four pages of c h a r a c t e r  memory are set to  u n p r o t e c t e d  b l anks
with a color  code of 0 ( b l a c k ) . All  t ai) s are c l e a r e d .  Page 0 is d i sp l ayed .
The cursor is set to the home position , i.e., the upper left—hand corner of
the screen. The mode keys are set to UNPROTECTED and REPLACE . GRAPHICS AC-
T I V E  is turned o f f .

7.1 KEYBOARD OPERATIONS

This section includes all operations which are used to enter and edit
al phanumeric data on any one of four pages , a page being 25 rows by 80 col-
umns . A description of two conditions , wrap—around and hidden memory , which
the user should he aware of before doing any detailed editing, precedes the
exp lana t i on .

7.1.1 Wr ap—Around

A wrap— around is the process of rePositioning alphanumeric data used in

• certain editing functions in character memory (and therefore , on the screen) .
It is intended to duplicate , or at least to approximate , the arrangement that
follows the rules of spacir~; for typed text with left justification and to
minimize space filling at the ri ght ma rgin. It does not righ t Iustifv text
or hyp h e n a t e  words  not  p r e v i o u s l y hyphena ted.

T~ie cdi t i n g  f u n c t i o n s  t h a t  use the w r a p — a r o u n d  are , in the REPLACE mode ,
.- :ORD DELETE , RU B O t T , Ch ARACTER DELETE , COPY , and MO VE ; and in t h e  INSERT
mo de , a l l  of these  p lus DELETE BETWEEN MARKS and t h e  cha rac t e r  key s , the space
bar , and MARK , I f t he  r i g h t — m o s t  cot  umn of the  row where  the ch a r ac t e r  is be-
ing i n s e r t e d  is not  b l an k .

A w r a p — a r o u n d  may a f f e c t  e i t h e r  one or two segments  of t e x t . One of
these , t he  marked  t e x t  , is the cont iguous  set  of ~-haracte rs h e tv e e n  two marks .
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The marks need not he on the displayed page . The other segment , the wrapped
t ex t , is the con t iguous  set of cha rac t e r s  t h a t  s t a r t s  at a p o s i t i o n  t ha t  de-
pends on the editing function in use and ends at whicheve r of the following is
encountered first by a forward scan of the text: (1) the las t nonh lank char-
acter preceding a protected character , (2) the las t nonhlank character pre-
ceding a blank in the left—most column , (3) the las t nonh i ank character on
the page . Wr apped text may have embedded marked text ; if it does , the boun d-
aries of both are unaffected.

1arked text can he wrapped into any unprotected area of the screen ,
starting at the cursor position . Wrapped text can be wrapped into any unpro-
tected area of the screen that starts at the cursor position and ends at a
wrap boundary that depends on which of the above three conditions terminated
the wrapped t e x t .  If ( 1) , the wrap  boundary  is the position preceding the
protected character; if (2) , the end of th e row preceding the blank in the
left—most column or the end of the las t consecutive all blank row immediately
following that position ; if (3) , the end of the screen . Text that would wrap
pas t the wrap boundary causes an alarm.

These rules are in tended  to  p rese rve  pa rag raph ing  in a w r a p — a r o u n d  and
to  exclude t a b u l a r  da ta  not u s i n g  the  l e f t — m o s t  co l umn f r o m  a w r a p — a r o u n d .
Nevertheless , marked text may (in REPLACE mode) he wrapped  i n t o  the next para-
graph or over tabular data.

The smallest unit of text moved in a wrap—around is one word . A word
boundary can be a blank , hyphen , slash , blink , reverse video character , or
either end of a row . A single blank character is assumed to exist between
the word at the end of one row and the word at the beginning of the next ,
wi th certain exceptions . If the last non—blank character in a row is a
blink , reverse video , hyphen , or slash , no additional blank is inserted be-
tween the words , I f  the  las t nonb i ank cha rac t e r  in a row is a period ,
question mark , or exclamation mark , two  b l anks  are i n s e r t e d . In al l  cases ,

• however , no blanks are required between words wrapped into dif ferent rows .
Bla nks at the righ t  end of  a row of  m arked  or ~- ‘rapped t e x t  are s u p n re s s e d  i f
they exceed t h e  number  r e q u i r e d  by the  above r u l e s

A series of c o n t i g u o u s  b l a n k s  in vr a t iped  or m a r k e d  t e x t  may he  r educed
in n u m b e r  i f  the  w r a p — a r o u n d  moves them t o  t he  end of a rev . Hence , space
in tended  fo r  f u t u r e  e n t r i e s  should  he filled temporaril y with dummy charac-
ters  b e f o r e  a w r a n — a r o u n d .

7.1.2 Hidden Memory

Each page of memory consists of the 24 rows of c h a r a c t e r s  d i s p l ay e d  on
• the screen plus a 25th row at the bottom , wh i ch is not d i s p l ay e d .  This  hid-

den row can be w r i t t e n  o n ly  b~ the NE~ IVlN ~ and CL [AR functions and can be
read on ly by the TI N E DELETE function and by a wrap—around which moves data
up (as in WORD DELETE , CHAR DELETE , RUB OUT , and DELETE in the INS ERT mode).
The NEW LINE key can shift data from the 24th row into the hidden row . The
LINE DELETE key can shift data from the hidden row into the 24th row . The
CLEAR key stores blanks into all unprotected locations from the cursor posi—
t ion forward to the end of the h i d d e n  row . The DEL U T E , ‘-TOVU , and COPY keys
may use marked text from the hidden row .
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7 .1 .3  Data Entry Keys

7.1.3.1 Character Keys and Space Bar in the REPLACE Mode — The keyed—in char-
acter (or a blank for the space bar) with the color selected b y the color
keys is stored at the cursor position , overwriting the character previous ly
at tha t  pos i t i on .  The cursor  is advanced to the next unprotected posit ion .

ALARMS - N o n e .

7.1.3.2 Character Keys and Space Bar in the INSERT Mode — I f  th ere is a
blank in the right—mos t column of the row at the cursor position , the char—
acters under and to the right of the cursor are shifted right one column .
Then the keyed—in c har a c t e r  or b l a n k  with the color selected by the color
keys is stored at the cursor position . If t he  r i g h t — m o s t  column of t h e  row
at the cursor position is not blank , the insertion causes a wrap—around of
the  t e x t  s t a r t i n g  at the f i r s t c h a r a c t e r  of the word at the  cu r so r  p o s i t i on
and including the inserted ch ract r . The cursor is repositioned to follow
the inserted character. This n~iv he either one column to the righ t of the
original position or in the n e x t  row .

ALAR M S — (1) A character in the row at t h e  cu r so r  P o s i t i o n  and at t h e  r i gh t
of the cursor is ~r - tec t e d . (2) Text would h o  wrapped  in to  a p r o t e c t e d  fie ld.
(3) Text would be w r a p p e d  0:15 t t h e  wr a p  b o u n d a ry

7 .1 . 4 C u rso r  C o n t r o l s

T h e  CURSOR IIOMT - key moves t h e  cursor  to the uppe r  l e t  t hand corner of
th e  screen or to t h e  f i r s t  u n p r o t e c t e d  p o s i t i o n  f o u n d  by s c a n n i n g  f r o m  l e f t  t o
r i g h t , t on  t o  b o t t o m . the  fou r k ey s  l abe led  w i t h  a r rows  move t he  cu rso r  in
t h e  i n d i c a t e d  d i r e c t i o n s .  The move is to the ad ~acent  posi t i on  in the  d i rec-
t i on  d e s i g n a t e d  by th e  key , j f  the  key is he ld  fo r  less than  P .5 seconds . I t
mov e s  cont  in u ou s lv  at 20 posit i ens per second if the key is h e l d  down,  I f  a
move e n c o un t e r s  a p r o t e c t e d  p o s i t i o n , the  cu r so r  sk ips  ove r i t  in t h e  s ame di-
r~~ct ion u n t i l  i t  i t - a c h e s  ~n u n p r o t e c t e d  posh  t ion . Vertica l moves wrap  around
fr n t h e  h o t  t on to  t u t o o  of t h e  screen , or ton to hot tom • w i t h  no ho ri z en —
tal shift . }{eri zontal moves wrap around  f r o m  the l e f t  s ide of thu screen to
the righ t side i l  th a shift one row up, and from the righ t s ide t o  t h e  l e f t
s i d e  w i t h  a s h i f t  on, - row down . C o n t i n u ou s  d i a g o na l  m o t i o n  r e s u lt s  f r o m  h o l d —
ing on, ye rt i cal and one horizontal key

7.1. . 1 MARK in REPLACE Mode — A s n ec l a l  character is sI e n d  in character
c~ n’rv it the cursor position , ove~~~rit ing a character previously at that po—
51 don , and t h ~ c u r s o r  is advanced t o  the next unprotected position .

AlVARM ~ — N o n e

7 .1. 4 . 2  MARK in INSERT Mode — The sam e sp e c i a l  character is written at t h i
cursor position and following characters art - shifted as described under char-
acter keys , INSERT mode . Marks are used to define segments of text for the
?‘~)VE , COPY , and DELETE functions . Marks are always unprotected , whether or
not the PROTECT mode is Set.

ALAR M S — Same as character keys in the INSERT Mode .
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7.1.4.3 ERASE MARK — If the cursor is on a mark , t ha t  m a r k  I s  er a se d  and u . —
placed by a blank . If t h e  cu r so r  is not on .i ma rk , a single ERAS E MA RK key-
stroke does nothing. If it is followed by ;i St’cond E RAS E MARK keystroke , i ll
marks  in the memory are e r ase d  r eg a r d l e ss  ol t h e  ursor posi t hen . An h- RAS!-
‘lA RK keystroke is cons ide red to  be the second univ it n - 0  er  i i  . - r or
editing keys were p r e s s ed  between it and the f I r.s t l- RAS [- ‘-‘A RK .

ALARMS - None .

Rules f o r  M i r k s

I .  Only one na~~o at a time can i;lv, ma r k s .

2. A mark entered on one page erases m y  ‘i i  rks t h u  may h ay , - u x i  t i
previous ly cm ano the r  page.

3. Only two marks ml ’- he 
~
‘ r , - s e , lt  on a

4 . An a t t e m p t  to en t o  IV a mark i ’ f l  1 na g al r~ - - i d -  hay I ng I v ’  ~I i  t k~
causes an alarm.

5. A mark  nay h c  e n t e re d  in an’.’ am - I - - t  -~ ed p o s i t  i o n  on t 1
~~ scre en ,

or moved into t h e  25th or hjdd ,-n n v  by a Nl -~ L I N I  l , n c t  i - n .

6. Two imi rks n o t  e n c l o s i n g  p r - i e c t ~~- -: J iLl i t . - requir . d -n - ,  n u e  f - - n
th€- DF:IVI:Tl , M0V~~ , ~~~~d COPY I uno ions

7. Both marl-:s ire e r as ed  f o l l o wj n 1  n o r :  1 ~- x . - - 0 ion - , a hb I.I-TE .
-n COPY f u n c  t ion • b - :t no t  i f  - o r  i s  an a I

-~~. The DELETE , MO’ ’ l- , and ( X i l ” i f u n ~ - t  i - -os ~iv its~ h i t a — , - ? o m  .- m , no.rks - ii
mv n age  , wh e the jV or not t h it  p ig. - I s t V one lis p l ive I -

7.1.4.4 SI- T TAB — A t ab  is set It the colum n it  t o .  c u r sor  o o s it :- -n .

- N ofl t

7 . 1 .4 , 5 CLEAR TAB — 1 he t oh is ci. - r d  it 1 - eel Inn ~i !  - I e . - ur sc r  pus it I - mi

‘it -\~~ -!h — None

TAB : The cursor i dy in -es  f r o m  1.- ft to righ t u n t il it re.i -1 i , -s - m ~-el inn I t
w h i ch  t b .  t a b  i s  s e t .  i t t ’i i t  posit ion is pi t . t , S t , t i.- ,- u r s r idv m n c e s  I - ,

the next imim m r t,- - t ed posi don to t h e  r i g i t  . If no t ih~ i n -  —..- t , th e LA P 5,
l o t  -~ i i  -i car r i ice return .

ALARMS — N on e .

7.1.5 Editin g Functions

7.1.5.1 LI~ ! DELETE — A l l  dat— i in th~ rows f r om one row b e l o w  th e cursor po-
sition to the lo -: u-s t re’5’ not containing protected data ire shi : ted up one row ,

77

~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -



~~~~~~ 
—

overwriting the row at the cursor position . Blanks are stored in the lowest
row from which data was shifted. If there is no protected data in the rows
at or below the cursor posi t ion , the shif ting starts from the hidden row and
blanks are st ored in the hidden row . There is no wrap—around , but a straigh t
vertical shift , permitting use with tabular data.

ALARMS — P r o t e c t e d  data in the row at the cursor position .

7.1.5.2 NEW LINE — All data in the row at the cursor position and all rows
below it are shifted down one row . The data in the bottom row of the screen
are s h i f t e d  i n to  the  h i d d e n  row . Blanks are -,tored in the row at the cursor
position . There is no wrap—around , but a straigh t vertical shift , permitting
use with tabular dat i .

ALARMS — (1) Nonhlank characters in the hidden row , which would be ove rwri t-
ten. (21 Protected characters in any row at or below the  cursor  P o s i t i o n .

7 . 1 . 5 . 3  CHARACTER I)ELETE — The character at the cursor position is removed ,
ari d t e x t  t o  the right of it is word—wrapped to t h e  cursor  p o s i t i o n . I f  the
lis t nc’nh lank c h a ra c t e r  in a row , or any blank to the righ t of i t , is delet-
ed , the w r i p n e - i  t e x t  s t a r t s  at  the  l e f t — m o s t column of the  next  row and is
wrapped to the position one co l umn to the  n i g h t of t h e  c u r s o r .

\ —

7 . 1 . 5  .~~~ R U B OUT — The chara cter one c o l u m n  to the left of the  c u r s o r  n u s i—
i -ri is remove.L . Tb.- - l i r s o r  is se t  t o  the position of the removed c h a r a c t e r .

‘t ex t  t -  the righ t - f  t l i .  removed - It i r i c t e r  is w o r d — w r a p p e d  t o -  t i l e  new cu r so r
pos i t  i -n . If the las t n o n h i a n k  character in a row , or any b Lank to the
F 1 gII t o 1 i t  , is I~ t~ ted . t ho w r ir ne l t ext starts at the It ’ I t —most co I umn -
t h e  ~~~X t  row and I ~ w r a n p ~ - 1  to the pos it ion -n.- co l umn to t h e  1- i glI t ot the

— t i )  i h e  - -~i i r i5 - t .- r at it: . - 1~~- t t  o f  t h e  - a r s o n  p o s i t  i - -n i — ~~: io t , - - t , -d .
(2  1 the CII rs -n is in t Il t ’ l e f t  — r u - s t  col inn

7.1 .5 . 5 - 5 b ~~: 
- l i  — I t  t t i . - curs - n is on ~i blank , Plink , rever se ~‘i l 5 - ’ , or

n- I t t  lug h mp p, -ri s . a t i I , rs- l so , t a t ’ s - - r d  i t  the curs or nes it i o n  is i t - h o t e l
and tb. text - t a r t  1mg it t h e  next nonh 1 :iiii~ - h i  r i -  t or s - ,- o r  d~~w r : i p n u - - l  in t - - t o -
pos i t  i - i l  U t  the do let ~-d word . Tbte wi-rd houndar j i S  t or de let ion are s I i  ght lv
iii t t  i - i ’ t h i n  - - r —~r i t — i r . -und . For  d eb t i - n , :1 h l imb - . , b l i n k , t e y t - I -se y j  d, -o
- .urk , p r - t  e c t e d  c i i i r i c t e r  , or eit i.-r end 01 a m m -  it s L i  t n t  i word bound—

A hyphen or s l a s h  dot -s n u t .  i f t h e  w r . i n — i r . ’ u n d  fo  I l u -wing word do l e t  ion
would - r i ng two hi inks or two reverse Vi le ’s tu - g~-th .-r , t h ey too -ire deleted

o r -  the wrap—around.

b. -
~ : <t ~~ —

7. 1 . 5 .6 C ) I > Y in REP LACI - Mede — O n l y  t h e  marked text is r ioved .  1 t is w r a p p e d
i n t o  t h e  an e i 0 t h e  s c r e e n , s t a r t i n g  at t h e  cu r so r  p o s i t i on . I t  o v e rl  avs
t t i e  i o t a  o r i g i n a l l y in t h e  area r e q u i r e d  f o r  wrapp ing the  marked  t e x t , w h e t h —
or or r I - I  t h i t  area c o n t a i n s  a h 1ink In the  l e f t — m o s t co l umn of in- -’ row . The
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marks are e rased , but not the text between them . The cursor remains in the
original position . If the text being copied occup ies more than one line in
the new location , the line divisions will be made according to the same rules
that the wrap—around uses for line divisions , i.e., at a blank , bl ink , re-
verse video , hyphen , or slash . If such a division leaves unoccupied columns
at the righ t end of a line other than the last , they are blank—filled.

ALARMS — (1) Two marks are not present. (2) The marks enclose protected data.
(3) Text would be wrapped in to  a p ro tec ted  f i e l d .  (4) Text would be wrapped
pas t the end of the screen.

7.1.5.7 MOVE in REPLACE Mode — Same as COPY in the REPLACE Mode , excep t that
the text between marks is erased (provided both marks remain after the wrap—
around) .

AJ,ARNS — Same as COPY in the REPLACE Mode .

7.1.5.8 COPY in INSERT Mode — Two segments of text art- aff e- ted , the marked
text and wrapped text , as defined in paragraph 7 .1 .1 on t i e wrap—around. A
combined  segment  is formed f rom t he se  t w o , w i t h  t h e  nm:m nk t- d  t m - x t  f i r s t  and
wrapped  i n t o  the area of t he  screen  s t a r t i ng  at t h e  cursor position. Normal—
lv , the wrapped text will extend beyond the are - i it o r i g i n a l ly  occupied . It
mus t not ex t end  bey ond the  wrap  b o u n d a r y , as de tined in naragraph 7 . 1 .1 on
t he  w r a p — a r o u n d . A f t e r  w r a p — a r o u n d  , the ma rks art- erased , h u t  n o t  the text
between them. The curser rena ins in t i -  or i gina 1 p o s i t  O f l .

Al ARMS — ( 1) Two m a r k s  i n ,  n m t  present. (2) The  :slrk-4 en c l o s e  a p r o t t - c t e d
h. te . (3) Text would he wrapped into a pr ett Ied field. (A ) Text would be
wr app ed pas t the end of the screen . (5) Text would he wr inre d past t h e  wrap
1-ouna ir ~-

V 
7. l.5.~ MOVE in I N S E R T  ~‘1 ’de — g 0 - , as ( V 0OY i n  I N ~ IRT ‘‘ ud. - o x- opt that if
t m : ’  rr~~r k s  r e m a i n  a ny w h e re  on t hi,- scri’~- n i t  t .-r the - -:r ip— .i r in d , - i ll t ext he—
t weer l  t h e m  is ,- - ris .‘d

— i : : , - ms CO PY i n  I N S E R T  M ole

7 . 1 .5. 10 l I l h l l V  i n  hiJ~P h _ ~( h V Mode — t i -  t~~ - ma rk s ~utiu1 the text b e tw e e n  t h e m
i n -  rep i i ced  - -- P l imb ~-~ with a . V o l e r  c ou l i - o I) (black)

V -
~~l APMS — ( 11 Two m ar k s  o r - -  no t  pr . - s - - n t  . (2) lb .- ma rks e n c l o s e  a protected
c it - m r - i - t. -r.

7. 1. 5 .11 D E L I l I - i-i 
- 
I MS E R L ’  Mod E - — The t ,-xt f o l l o w i n g  tile second mark is

w r i : -n , -d i n t o  t h e  ai  e m  s t a r t  ing at th~- f i r s t  c h a r a c t e r  of t h e  ma rked  t e x t .
The first sink is erased .

— (I) Two marks are not present. (2) The marks enclose a protected
ch i ric t er.
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7.1.6 Character Modes

7.1.6.1 REVERSE VIDEO — The f i r s t time this key is depressed a reverse video
character is entered into character memory , and all ch aracters after this are
black characters on this respective colored background . The second time this
key is depressed another reverse video character is put into character memory ,
thus , terminating the reverse video of the text. All text which is reverse
video can be edited without affecting the reverse video Naturally , the re-
verse video character pairs must be maintained to keep the intended effect .

7.1.6.2 CHARACTER BLINK — The same app lied to charqccer blinking as reve rse
video , except a character blink code is put in character memory and the text
between character blink codes is blinked once per second .

7.1.6.3 CLEAR — All unprotected characters from the cursor pDsitlon to the
end of th e hidd e n row are rep laced with blanks having a color code of 0 (or
black).

ALARMS - None.

7.1.6.4 NEXT PAGE — Disp lays the tt- xt cont ained in the next page of memory,
i.e., the next 25 lines of character memory , t h e  25th being hidden. The cur—
sor is placed in the firs t nonprotected character position .

AL ARMS — If the current page is the las t page , the alarm sounds and the las t
pag e rem ains d isp layed .

7.1.6.5 PREVIOUS PAGE — Disp lays the text contai ned in the previous page of
memory . The cursor is placed in the firs t nonprote cted chara~ ter position .

ALARMS — If the current page is the firs t page the alarm sounds and the  f i r s t
page remains displayed.

7.1.6.6 PROTECT — Any tem t excep t MAPU ent er e d  in this mode can no longer he
accessed or edited. It is a permanent part of character memory and can ’t be
changed. A mark is never protected.

7.1.6.7 KEYBOARD ALARM — This lights whenever an illegal proced ure has been
exec uted by the user during a keyboard (nongraphic) function . Before any
more keyboard entries can be made , the alarm condition must be turned off by
depress ing the  ALA RM key .

7.1.6.8 IN S E R T / R EPLACE — Selects  the mode of ope ra t ion  fo r  c h a r a c t e r  keys ,
MA RK , COPY , MOVE and DELETE.

7.2 GRAPHICS

This section describes the procedures used to create and edit graphic
ite ms. To put th -ie disp lay into a graphic mode the user must press Graphics
Act ive .
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7 . 2 . 1  GRAPHIC S ACTIVE

This takes the program from alphanumeric mode to a graphics mode .
Th e alphanumeric cursor is buried in tile hidden line and the graphics cursor
or crosshair is put at the home position , the center of the screen. Graphic
items on the screen and in the graphic.s tables are not altered. Once the
crosshair is at home position it can be controlled by the joystick .

7.2 .2 GRAPHIC CURSOR CONTROL

The graphic cursor is controlled by the joystick . The joystick is a
device that looks much like a toggle switch except it is free to move to any
position on a 360° circle. When the joystick is moved to a given position ,
the cursor moves in that direction at a rate proportional to its distance
from the center. An illustration of this is:

faster

5 lowe r

7.2.3 GRAPHICS MARK

Once the c u r s o r  is positioned at the desired coordinate , the user
relates t o  the p rogram t h a t  the cursor is positioned by pressing GRAPHICS
MARK . This is a f u n d a m e n t a l  pa r t  of all grap h ics  use because  th i s  is how
coordinates for various functions are interactive ly entered.

7.2.A ENTER 2ND I N D i C A T O R

This is 1 i gil t ~-d whenever  a f u r m c t  ion requires  two or more coordinates
to he entered t o  u u n p l - t i  a f u n c t i o n . When t i l e  f u n c t io n  is comp le ted , i t  is
ext ingul  Sil t  i i .

7.2.5 ERROR INDI CAlOR

Thu S is lighted - - dm. -n , - - ’ en an i n p u t  to a given graphics function is in
error.
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7 . 2 . 6  BELL

The bell sounding in conjunction with the error ligh t indicates the
graphics tab le can hold no more da ta .

7.2.7 CLEAR GRAPHICS

This does a full screen erase of graphics memory and re initializes the
grap hics tab les . Note :  All graphics are los t .

7 . 2 . 8  RESTORE GRAPHICS

This does a full screen erase and then restores all current graphic
items in the order they were created. The graphics tab les are unaffected.
N o t e :  This is e x t r m ~mely u s e f u l  when editing gr aphics .

7.2.9 GRAPHIC OPERATIONAL PROCEDURES

There are five basic functions which can be used to work wi th a graphic
item . The functions are Generate , which creates new graphic items , and Blink ,
Res tore , Erase , and Saturate , which are used to edit existing graphic items .
A graphic item can be any of four conic types : Vector , Vector String , Arc ,
and Circle . An illustrative overview of the command structure is as follows :

F’UNCT ION

(Generate , Res tore , Erase , Blink , Saturate)

CONIC

-
. 

. (Vec tor , Vector String, Arc , Circle)

INPUT STEP

(Marks )

The command structure works top down until the user starts entering marks ,
i.e., the user can change his choice at the upper two steps but once he enters
an input step he must follow through . A description of all conic function
input steps are as follows :

7.2.9.1 GENERATE — This f u n c t i o n  is used to create all new graphic items .
If th is is the desired function , the user must then select the conic be
wishes to create.

7.2.9.1.1 VECTOR — This draws a line from (Xl , Yl) to (X2 , Y2)

MARK 1 — Defines the location of (Xl , Yl). The color mus t be specified
before this mark.
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MARK 2 — Defines the locatViotu of (X2, Y2). The line is drawn at this time .

ENTER 2ND — Is turned on after MARK 1 and extinguished after MARK 2.

ERROR — Is l it  and the bell sounds when there is rio room in the graphics
tab les for the vector. The operator should note that even though the vector
is displayed , it is not a part of the picture. To erase the vector , press
Re s tore Graphics .

- ‘ 7 . 2 . 9 . 1 . 2  VE CTOR STR I NG — This draws a vector string from (Xl , Yl) to
(X 2 , Y2) to . .. to (Xn , Yn) . N 2 , 3 , . . . 14 2 0 ( l O ) .

MARK 1 — Defines the location of (Xl , Yl) . The color must be specified at
any time before this marl..

MARK 2 — Defines the location ci cK2 , Y 2 )

MARK (n—l) — Defines t h e location of (X(n—l ) , Y(n—l)).

MARK n — Doesn ’t reall y exist becaus e the program has no way of distinguish-
ing it as the las t mark . Titus , a unique key , called the End Vector String ,
must be used . It works like a mark in that it defines the cursor position ,
but it also serves to tell the display to terminate t h e  v e c t o r  string. When
End Vector String is pressed , the  program compares the firs t point with this
last point and if they ’re less than 6 rai- ters apart the las t point is sot
equal to the firs t point. This second feature will be apparent when  satura-
tion is discussed. (See paragraph 7.2.9.5.)

ENTER 2ND — Is lit after Murk 1 and is extinguished after End Vector String .

ERROR — Is lit and the bell sounds when there is no room in the graphics
tab les fo r  the vec to r  s t r i n g .  L ike  a vect -r , the vector string is lost even
though it is d i sp layed .

7.2.9.1.3 CIRCLE — Draws a circle with a radius ( X 2 , Y 2 )  abou t  a center
(X l , I I )

tt-\R } 1 — l)efinc s the l o c a t i o n  of t h e  c e n t e r  (X l , Y l )

MARK 2 — Defines the rad ius of t h e  circle. The color must he specified
before th is mark .

ENTER 2nd — Is lit after Mark 1 and is extinguished after Mark 2.

ERROR — 1) If the radius is greater than 255 rasters .
2) If the radius is less than 5 rasters .

N o t e :  I f  the radius is either t o n  small or too large ,
reposition the cursor and pre ss MARK . This takes the
n I a :e  of Ma rk .1.
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3) With bell indicates there is not enough room in the graphics table
for the circle .

7.2.9.1.4 ARC — This draws an arc in 7 1/2° segments in a clockwise direction
at 1 seg/sec about a center (Xl , Yl) from a segment containing (X2, Y2) until
the third mark is entered. If it draws a circle , it automatically stops with-
out a third mark.

MARK 1 — Defines the location of the center (Xl, Yl).

MARK 2 — Defines the radius and the segment containing (X2. Y2) in which to
start drawing. The color must be specified at any time before this mark.

MARK 3 — Defines when to stop drawing the 7 1/2° segments.

For example:

Mark 2
(x2, Y2)

Radius

(Xl , Yl) Mark 3 at this point stops the
Mark 1 drawing of the arc.

ENTER 2nd — Is lit after Mark 1 and is extinguished after Mark 3 or if a 3600
arc is drawn .

ERROR — 1) If the radius is greater than 255 rasters.
2) If the radius is less than 5 rasters .

Note: If the radius is either too small or too large ,
reposition the cursor and press MARK . This takes
the place of Mark 2.

3) With bell indicates there isn ’t enough room in the graphics table
for the arc.

7.2.9.2 BLINK — This function serves two purposes : one is drawing the user ’s
attention to a particular event on the screen , and the second is identifying
a graphic item to be edi ted , i.e., erased , restored , or saturated. If this is
the desired function , the user must select the conic he wishes to blink . He
then places the cursor within 5 rasters of the desired conic and presses
MARK. The entire conic will then begin to blink (except for vector strings ,
where only the first vector will blink). If the wrong item blinks , restore
it and try to blink the desired conic with the cursor more optimally position-
ed.
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ERROR 1) The cursor is outside the 5 raster limit .
2) The item is already blinking .

7.2.9.3 RESTORE — This function restores a given blinking item . If this is
the desired function the user must select the conic that is blinking, posi-
tion the cursor with 5 rasters of the item , and press MARK . The blinking
conic is then restored .

ERROR — 1) The cursor is beyond the 5 raster limit.
2) The item is not blinking .

7.2.9.4 ERASE — This function erases a blinking item . If this is the de-
sired function , the user must then select the conic that is blinking, posi-
tion the cursor within 5 rasters of the item , and press MARK . The blinking
item is then erased and its entry in the graphics table is flagged for
deletion.

ERROR - 1) The cursor is beyong the 5 raster limit.
2) The item isn ’t blinking .

7.2.9.5 SATURATE — This function fills in or shades in circles and closed
vector strings . A closed vector string is a vec tor string whose first point
is equal tu its last endpoint and has no point where it crosses itself , i.e.,
a mathematically closed pol ygon . Shading can be done in any color at full
or half intensity. If shading is desired , the user must select a circle or
vector string as a conic , position the cursor within 5 rasters of the item ,
and press MARK . The blink ing item is then restored and shaded . Color can be
chosen at any time before the MARK , and intensity is controlled by the high-
light key . For full intensity the highlight key must be pressed after satur-
ation is selected and before MARK . If the shade is not as desired , the user
can blink the item and saturate it a different color. Intensity is half if
the highlig ht key is not pressed.

ERROR — 1) The cursor is beyond the 5 raster limit .
2) The item isn ’t bl inking.
3) The conic chosen was an arc or vector.
4) The vec tor string wasn ’t closed or crossed itself.
5) With bell indicates there wasn ’t enough free space for

saturation tables.

7.2.9.6 COLOR — This section briefly describes the color cluster. For the
most part , these buttons instantly change the color of whatever is being done
on the disp lay . The only time this isn ’t true is after the first mark when
creating vectors or vector strings , after the second ma rk  when creating arcs
or circles , or whenever the user is not at a step in the tape operations.
Once a color has been selected , all user inputs will be in that color until
it ’s changed to a different color.
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7.3 TAPE OPERATIONS

This section includes all commands necessary for the user to communicate
the desired use of the cassette tape to the disp lay. To use this feature the
user must press INIT TAPE.

7.3.1 Tape Procedures

To use the cassette , the user must put the alpha cursor at a place on
any page where the tape routines can have five consecutive lines to use as
work space. If the user has the cursor anywhere on the last five lines, the
bottom five lines will be used . It should be noted that the contents in this
work space will be destroyed . Before initiating tape action be sure the cas-
sette unit is powered on and that the desired tape is in. If it is to be
read only , put on the file protect. Now press TAPE INIT . The routines will
then initialize the cassette hardware , rewind the tape , and try to read the
TOC$$$ block (first block on a blocked tape). If there is no TOC , an error
message to that affect is written .

All future requests from the controller will be answered by the user
through the keyboard . The general format of a request is:

REQUEST =

The user types in his response and carriage return. If he makes a mis-
take before pressing CR , he presses Rub Out and the request will be made
again. If at any time the routines encounter an error while processing a re-
ques t , an error message describing the problem will be typed out on the
screen . An alphabetical list of error messages and suggested courses of
action can be found at the end of this section . The followin g step is the
basic control step that is the beginning of any tape action or tape related
task.

When MODE = is written in the work space , the user can respond with
any of the following upper case responses:

• A — Absolute write for load program s that are read by the ROM loader.
B — Rewinds the tape .
E — Rewinds the tape and exits from the tape routines to the general

executive state.
C — Disp lays the contents that are currently in the graphics tables;

initiates all blinking items.
I — Initializes the cassette unit.
P — Positions the tape at the desired block.
R — Reads the desired block.
T — Prints the table of contents by ID and date written.
W — Writes a desired block of data.

If the user types any other character it will be considered as invalid and
the question will be asked again .
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The second step to an A , P, R, or W response is to ask for the program
ID.

PROGID =

The program ID, consisting of six alphanumerics , is lef t justified and blank
filled . If this is a P or R operation , this identifies the desired block as
is in the TOC. If no ID can be found , an error message is given and it asks
for the ID again. In the case of A or W this identifies the ID the block
will be referenced by.

The third step of an A or W respose is to ask for the starting address
of the data.

STARTING ADDRESS =

The user must enter the oc tal address , which cannot exceed six dig its. If
the response was in error , the question will be asked again .

The fourth step of an A or W response is to ask for the ending address
of the data.

ENDING ADDRESS =

The user must enter the octal address which cannot exceed six digits. If the
response was in er r or , the question will be asked again. If the ending add-
ress was less than the starting address , an error occurs and the user must
re—enter the starting address and ending address. Note : Never use an add-
ress over 67500.

The fifth step of a W response is to ask for the date if it hasn ’t been
entered yet.

DATE =

The date consists of up to six alphanumerics , lef t justified and blank filled.
The suggested format is MMDDYY.

The fifth step of an A response is asking the load address where the
data block is to be loaded when read .

LOAD ADDRESS =

The user must enter the octal address; if it ’s in error the question will be
asked again.

Some examp les of the steps a user would go through to do a desired
task are :

To init ialize :

MODE = I

87

— 
.a

. —~ _ 
—



To rewind :

MODE = B

To exit :

MODE = E

To p r in t  the table of c o n t e n t s :

MODE = T

To draw from graphics tables:

MODE = G

To position at a desired block:

MODE = P

PROGID (desired block ID)

To read a desired block:

MODE = R

PROGID (desired block ID)

To write a data block:

MODE = W

PROGID (block ID)

STARTING ADDR (octal starting address)

ENDING ADDR = (octal ending address)

DATE = (date block writt en)

To write an absolute prpgram which can be read by ROM :

MODE = A

PROGID (block ID)

STARTING ADDR = (octal starting address)

ENDING ADDR (octal ending address)

LOAD ADDR = (octal addr where ROM will load the absolute program)
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An alphabe tical list of the error messages , their meanings, and the course
of action suggested for each follows .

BAD CHECK SUM — The check sum on the tape did not match the computed check
sum. Processing of this data is at the user ’s risk. (The block should be
read again.)

BLOCK LENGTH IS SHORTER THAN DATA IN BLOCK - The actual data on the tape is
shorter than expected. This can probably be ignored , but if the user has
problems with the data , this is a likely cause.

CAN NOT WRITE — Either there is no tape or the file protect is set. Fix the
tape problem , ini tialize , read the TOC$$$ block , position , and write.

DUPLICATE ID — There is already an ID by this name . Choose a unique ID for
the block to be written.

ENDING ADDR MUST BE GE TO THE STARTING ADDR - The ending address is less than
the starting addres . Reenter the starting and ending addresses.

EOT — ABORT — The tape has gone beyond the end of tape mark . Rewind ; if
reading or posi tioning, there was not enough room on the tape .

INVALID MODE — The response to the mode request was invalid. Reenter the
m ode; be sure you ’re using uppe . case keys.

INVALID PROGRAM ID — The program ID didn ’t match any in the TOC . Reenter
the ID.

NO EOF$$$ IN THE TOC — There is no EOF$$$ entry in the TOC . You ’ll have to
put EOF$$$ in the TOC by hand with a maintenance panel. There should always
be an EOF$$$.

NO TOC — Either the tape has no TOC or there was a bad read . If you expected
a b C , REWIND and READ TOC$$$.

NOT READY — Either the unit is not on or the tape is not inserted correctly.
Solve the problem , initiate , rewind , and read the TOC$$$ block.

PARITY ERROR IN BLOCK - SUGGEST REREADING - There was a parity error with the
IRG. U~e the data at the user ’s risk; rereading the block is suggested .

PARITY ERROR IN THE DATA — The tape unit will continue reading. There was
an incomplete read on a word in the data.

PARITY ERROR IN THE HEADER-READ ABORTED - There was an incomplete read on a
word in the header , and the read was terminated . Since no data was read ,
the user must reread the block.

REQUESTED PROGRAM ID COULD NOT BE FOUND - The requested block was in the TOC
bu t not on the tape. A rereading is suggested .
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THE~~ IS A NONOCT~~ CHARACTER — There was a nonoctal character in the
response to an address request. Reenter the octal number.

The basic block structure of the tape is as follows :

[ B
0 j ‘RG ~~~ T0 ‘R

G LL
O 

1 

‘Rc

1
R~ L BLOCK N ‘RG [ E~

The structure of an absolute tape is the same as a blocked tape excep t there
is only one block , with no TOC$$$ or EOF$$$.

The basic struc ture of a block is as follows :

Word Number Contents Type

0 BOR — 0375 code BOR
1—6 Six character header
7,8 Load address Header
9,10 Length of the data
11 ,12 Check sum
13— (12+length) DATA Data

* NOTE : When a blocked tape is being written , there are several BORs
at the beginning of a block. This is to insure that the block
can be properly read . The purpose of this is to put the read
operation in sync .

Free table space or the graphics tables range from 32000 — 67500.
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8.0 HOST COMPUTER INTERFACE

In the development of the color display terminal a host computer
was not required . Because of this and because the hardware required for
possible interfaces already existed , no further development was done .
However, a study was completed to determine the effec t of color on
existing systems . Specifically , the U—l652 system was examined for
compatibility and requirements for expansion of data exchanges to
handle the additional color information .

8.1 INTERFACE HARDWARE

Curren tly existing interface card s are:

MIL—STD—l88—lOO balanced serial
MIL—STD—l88C low level serial
NTDS — fast 8—bit parallel
RS—232 — serial

As has been stated , no interface has been included in the design
of the U—1655 , but provisions for interfaces have been made.

8.2 MESSAGE FORMA T AND PROTOCOL

The message format for the U—l 655 must have as 1.iLtle impact on
existing U—1652 systems as possible . To achieve this end , messag e
format and pro tocol for the U—1655 will be identical to the U—l652 ,
except in two areas: character color identification and graphic color
identification . Tables 8.1 and 8.2 summarize the data transfers of
the recommended protocol.

The basic message consists of at least four synchronous idle bytes
followed by a Data Link Escape (DLE), Star t of Text (STX), and three
identifier bytes: Remote Identifier (RID), which identifies the specific
terminal on that processor; Site Identifier (SID), which identifies the
specific terminal on that processor; and Device Identifier (DID), which
identifies the device on the terminal that is being addressed. The RID
and SID identifiers are switch selectable in each display terminal. Code
assignments are as follows :

RID CODES 040 thru 047 (Terminal processor 0 thru 7)
SID CODES 0120 thru 0157 (Terminal 0 thru 31)
DID CODES 0160 — Display

0161 - VFK
0162 — Graphics

The text is bracketed by the Star t of Text (STX) , Data Link Escape (DLE),
and End of Text (ETX) characters. All bytes are 8 bits with no parity.
The eighth bit is used for protected field . NAK is sent to indicate a
message error. ACK response is for any text message which does not
require a text response .
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Of the transfers identified , only the color command is in add ition
to the U—l652 message transfers . This transfer should be sent only to a
color terminal only when the character information being transferred is
to change color. Character data that is received by the Ti—l655 is always
displayed in the color last received in a color command message.

Of the transfers identified , only the graphic command is altered
from the original U—1652 message formats. The only change that has
been made is that the color in~ orm’i tion for each graphic type , i.e.,
vector string , arc , or circle , has been added to the message . This color
identification is done with bits which are unassigned in the U—1652
transfers , as shown in Figure 8.1. The inclusion of the color bits will
have no effect on U—1652 operation or performance.

The color information is always included in the upper bits of
the first Y coordinate received for that graphic type . Table 8.3 defines
the interpretation of those upper bits.

Table 8.3 Color Information Interpretation

bit of Y

12 13 14 15
Color 2 2 2 2

Black X 0 0 0

Red X 0 0 1

Green X 0 1 0

Yellow X 0 1 1

Blue X 1 0 0

Magenta X 1 0 1

Cyan X 1 1 0

White X 1 1 1

Full Intensity 0 X X X

Half Intensity 1 X X X
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7 6 5 4 3 2 1 0

SINGLE LINE ‘/C EDM fli— NOT USED —-—-~~~~~~~8 
-

7 6 5 4 3 2 1 0
COLOR ~
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-

7 6 5 4 3 2 1 0
BLK BNK W EOS NOT USED 9 8 

-

7 6 5  4 3 2 1 0 X
2

‘— — NOT USED 1 9  8
7 6 5 4 3 2 0 2

Ic EDM H- NOT USED —.~ 9 8
VECTOR STRING 7 6 5 4 3 2 1 0

COLOR ~~~NU -~~ 9 8 
-

(4N+4 ENTRIES 7 6 5 4 3 2 1 O~~ 
‘
~
‘
l

PER VECTOR BLK BNK W EOS Nor USED 9 8 
-

STRING ) 7 6 5 4 3 2 0 X
2

NOT USED ~ 9 8~~ -
7 6 5  4 3 2 1 0

BLK BNK W EOS NOT USED 9 8 
-

7 6 5 4 3 2 O~~ 
X
3

~~
_i

~~
_
~~

I
~~~

- 
_~~~~_~_—~1 8T 

~7 6 5 4 :~ 2 OJ _  3

CIRCLE V / C  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

7 6 5 4 3 2 1 0
COLOR 

-

7 6 5 4 3 2 1 0 c
7 6 5 4 3 2 1 0 

- 
R~ID1US O— 25 5 io

ARC (150)  V/C EDM AR~fNOT_USED -9I~~~ 8 
-

7 6 5 4 3 2 1 0

~~~~~~~i i ~~~~~~~ 
- 

V7 6 5 4 3  2 1 0 c
7 6 5 4 3 2 1 0 

- 
RADILTS O~255 lO

B L K B [NC’~ -4 
-

e— NOT USE D I ~ 3 2 1 0 START ARC 0—23

~~~ NO T_~~~ D 4  3 2 1 0 
- 

END ARC 0-23

Figure  8— 1. Vec tor  I n f o r m a t i o n  as St ored  in Microprocessor
U n p a i n t e d  Vec tor  Table
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9.0 PACKAGING

This phas€- of the s tud y addrec’~ed the  conceptual techniques of color
terminal  cabinet  hous ing  and e lec t ron ics/hardware  packaging . The stud y was
based on the usage of the 13 and 15 inch 900 de f lec t ion  CRTs .

Objectives identified to establish the criteria for the packaging study
included :

a) dual and single screen displays ,
b) enhanced maintainab ility,
c) min imized s ize ,
d) increased modularity and ,
e) reduct ion of manufacturing cos ts where possib le .

9.1 DUAL DISPLAY

Early studies in the program were directed to the packaging of 15 inch
monitors in a dual display configuration . This approach was abandoned after
it ~~~~~~~ realized that the physical size would be objectionab le for desk or
table top use. Redirection for dual moni tor displays was taken when the 13
inch CRT proved feasib le from a technical standpoint. The modular circuit
design of the monitor electronics and the decrease of the CRT s i ze  enhanced
the packaging s tud y .  The resul ts  of th is  e f f o r t  are shown in Figures 9.1 ,
9 . 2 , and 9 . 3 .

Figure  9.1 depic ts the side and rear view of the dual screen display
using the 13 inch CRT moni to r .  The logic c i r c u i t r y  differs from the OJ—389(V)
packag ing  in t h a t  the t r iple wide cards are ho r i zonLa l l y mounted in the  rear
base of the t e rmina l .  From the rear exposure , i t  can be seen tha t  two card
cages are accessed through the rear  apron a f t - r  removal of the card cage
covers. Viewing the un i t  from the  rear , the  l e f t  card cage houses the con-
troller , instruction memory , refresh memory , I/ O , and other control logic.
The righ t card cage is àedicated to the graphic control and memory cards .
Each card cage cover cot~ttai ns RFI gasket m a t e r i a l  screwed i n t o  p lace to p ro-
vide for  TEMPEST sh ie ld ing .  Als o located in the base of the uni t are the
power supplies necessary to power both the logic circuits and monitor elec-
tronics .

The monitor is slightly recessed into the base area to provide clearance

~,e tween the tub e, the  5 x 7 inch electronic cards containing the horizontal
and vertical sweep circuits , and the shroud . To the rear of the uni t , the
high voltage power supply and 4 x 4 video amplifier cards are shown.

In both views , the position of the I/O connectors is shown. This ap—
proach allows the back panel and connector wiring to be completed as a sub-
assembly before installati on into the main base assembly.

Figure 9.2 shows the top view of the unit which makes up the monitor ,
its associated electronics , and the video amplifiers. Since each unit is
assembled in the same manner , only one will he explained in this writing.
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Figure 9.1 Dual Screen Configuration ,
Side and Rear View
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Reference to Figure 9.1 will he required for this explanation .

The moni tor will be constructed on a subassemb ly basis , which enhances
checkout and tes t prior to final assemb ly. The chassis shown supports two
5 x 7 inch card mounted in an uprigh t position on either side of the CRT.
These boards are p luggab le un its and provide the necessary circuitry for
horizontal and vertical sweeps to the deflection yoke. Also located on this
chassis are the pin cushion and focus transformers . Two connectors are pro-
vided for interconnections between the sweep and convergence circuitry and
the deflection and convergency yokes . The CRT is supported by two brackets
on either side of the tube and mounted to the chassis .

On either side of the rear apron , four 4 x 4 inch cards are housed in
card cages that contain the R , C , and B video amp lif iers . Since these cards
are identical in circuitry , they are interchange able . This modular concept
reduces the need tor ~i number of spaces when servicing the unit. The fourth
card in each cage provides for the video control functions needed when inter-
mixing video and d igita’ information on the screen.

The 25 KV h igh vol tage powe r suppl y is located in the center  of the rear
apron. This supp ly was selected because of its ability to supply sufficient
current capabilities to power two CRTs without the loss of regulation . On
either side of th H- supp ly are sepa ra t e  focus power supp lies , one for each
CRT . Behind each CRT is a f i l a m e n t  t r a n s f o r m e r  rated at proper  currents to
satisf y the filament requirements of the CRT .

The P . C .  assemb ly located on the socket  end of the CRT not onl y supplies
the interconnect to the elements of the CRT electron guns , b ut also houses
the screen adjustment pots necessary to properl y set up a color monitor.

Directly under each CRT is a 4 x 4 inch P . C .  assembly  mounted on sl ides
and accessib le from the front of the unit. Figure 9.3 , the front view of the
proposed un it , shows that the cards are accessib le from the front. (They
appear as s lo ts  under each tab le in the d r a w i n g . )

These P . C .  assemblies conta in  the adj us tment  pots f o r  convergence of the
screen. The ease of access to these controls allows the se rv i ce  pers onnel to
converge each CRT without removal of the shroud . This , combined w i t h  the  new
circui t approach explained earlier in th is report , permits total convergence
of the unit in minutes rather than hours , as has been req ui red in previous
monitors .

This approach to packaging has some add itional advantages that should he
noted:

a) The present shroud used in the manufacturing of the OJ—389(V)
disp lay is also usable in the packaging the 13 inch color display .
This is especially significan t in the reduc tio n the nonrecu rring
dollars needed to produce the color unit. This also provides for a
possible price break , in that quantity units may be purchas ed for
both the OJ—389(V) and the color terminal .
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b) The keyboard height remains the same and , with the exception of
the additional color clus ter switches required for color displays ,
is app licable to both the 0J 389(V) and color.

One primary difference in overall appearance be tween the monochrome and
color dual screen displays is that the base is raised approximately to 1 1/2
inches between the keyboard and shroud in the color dual screen display . This
was necessary primarily to gain the extra heig~it required for the CRT , provide
convergence circuitry accessibility , and gain sufficient height to house the
logic circuitry in the rear of the base. As a result , new tooling would he
required for the base of the unit.

9.2 SINGLE DISPLAY

Figures 9.4, 9.5, 9.6, and 9.7 depict the proposed single disp lay con-
figuration. In these figures , the 15 inch CRT is packaged in a manner identi-
cal to that explained for the 13 inch dual display . Therefore , only changes
in packaging concepts will be pointed out in this text.

Figures 9.4 and 9.5 sh-~w the location of the trip le wide logic P.C.
assemblies . Because of the narrowness of the unit , only one card cage is
located in the base area. These cards represent the controller electronics .
The optional graphics circuitry is located on the top apron of the unit , to
the right of the CRT .

Figure 9.6 shows the rear of the unit with the I/O connectors located to
the left of the controller card cage cover. Access to convergence circui t
adjustments are again located under the CRT , as show n in Figure 9 .7. The key-
board for this uni t has not been detailed becaus e of various options and user
requirements that would affect the functional layout .
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Side View
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10.0 SAFETY

A conside rab le amount of concern has been expressed for the safety of
operating personnel in close contact with a terminal display where anode
voltages are in the 20 to 28 KV range . This concern is primarily that X—ray
emission might become hazardous to personnel after extended exposure .

To determine this possibility in operating of the color monitors used
in the demonstration units , the serv ices of the Sperry Univac Safe ty , Medical ,
and Health department were employed. Tests were conducted on two unshrouded
sample units resident in the engineering labs in St. Paul. In each case,
anode voltages were varied from 22 KV to 28 KV in 2 KV incremental steps .
At each setting, tests were repeatod in all areas of the CRT and high voltage
areas . The f indings  of these tes ts  are quoted from the  repor t  received from
this depa r tmen t :  “The X— r ay emission limi t fo r  devices of th is  type is 0 .5
milliroentgens per hour measured at 5 centime ters from the surface . All
readings were less than l7~ of this limit for voltages of 22 , 24 , 26 , and
28 Ky.” On the basis of these tests , it is concluded that the unit will not
cause a hazard to personnel in close proximi ty to it.
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11.0 CONCLUSION

As dep i c t ed  in the t ex t  of th i s  repor t , all ob j ec t i ve s  of the s tud y
i d e n t i f i e d  by the s t a t emen t  of work  have been m e t  and comp le ted .  Technical
break throughs have been made on c i r cui t ry  h e r e t o f o r e  considered technical
risks . A t y p i c a l  examp le of this  is the new approach to convergence in color
monitors .

In the presenta tion  of the s tud y ,  resu l t s  and the demonst ra t ion  of the
“breadboard”  model held on 15 Ap r i l  1977 at the  Sperry  Univac  f a c i l i t y  in
S t .  Paul , Minnesota , i t  was show n that  the use of color in the  next genera t ion
of d isplay terminals  is not onl y feas ib le  but  wi l l  become necessary and in
some instances  c r i t i ca l  fo r  opera to r  percept ion and e f f i c i e n c y  of the  more
comp lex screens being presented from an e v e r — i n c r e a s in g  d a t a  bank .
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