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This f inal  report covers the work accomplished during the period
1 Apri l  1975 to 1 June 1976 under Contract  N62269 -75 -C-0274 , Programmable

In - R a s t e r  Symbol Generator .  This work was supported by the Naval Air  Sys-
tem s Command under the sponsorship of Mr.  George Tsaparas  and

Mr. Russel l  Berthot.  The p rogram was under the technical direction of

Mr.  Harold Green of the Naval Ai r  Development Center , Warmins ter ,
Pennsylvania.

The work was accomplished by the Display Systems and Human Fac-

tors  Department  under the direction of Mr. G. Wolfson who was Project

M a n a g e r  and contributed the mater ia l  in the section entitled , The Application
of Color to the Hi ghl y Reliable Vertical Disp lay Systems.  Special acknowledge-

rnent  is given to the following individuals who contributed to the project.

Mr.  J. R. Phelps performed the system integrat ion task and provided
technical  guidance throughout the program .

Mr.  M. Pruznick performed ha rdware  checkout and detailed circuit

design.

Mr.  W. R. B yles performed the final  circuit  checkout and system

integra t ion  in addition to providing the on-si te  support at NADC.

Mr. W. C. Hof fman , Mr. J. L. Heard , and Mr . H. D. Coulson acted
as consul tants  to the program and provided valuable assistance in conduct of

all major  tasks .

Mr.  J. W. Weber ccnducted a programming course for government

pe r sonne l  at  NADC .
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SECTIO N 1

INTRODUCTION

This contract  is the four th  in a series , init iated for the exploratory
development of a Highl y Reliable Vertical Display System (HRVDS) suitable
for use b y the Navy for the next generation attack a ircraf t .

PHASE 1— 1 9 7 2  -

- 
~~
‘ Phase I of the Hi ghl y Reliable Vertical Disp lay System was conducted

dur ing  the period of June 1971 through Jul y 1972 under Contract  No. N6226 9-
Ic ~~ - 7 1-C-05 10 ref I. The results of the Phase I contract established the Opera -

tional Requi rements  for a hi ghl y reliable vert ical  disp lay to be used in
advanced Navy all  weather  attack a i rc ra f t  in the 1980s. Also , Performance

I Requi rements  we~re established for a Vertical  Display System capable of meet-
ing the specified Operat ional  Requirements .  Finally, these Operational and
Per formance  Requi rements  were t r ans l a t ed  into hardware  mechanizat ions.
Various candidate mechanizat ions were then traded off , and the optimum
desi gn was selected.

As par t  of the hardware  t radeoffs , a reliability analysis  was also
-_ conducted. That anal ysis  identified the key elements contributing to the

•. various MTBF ’ s a nd quantified the MTBF improvements required to achieve

- 
an overall  MTB F for a Highl y Reliable Vertical  Display System of 1000 hours .

I Thi s overal l  1000 hour MTB F was apportioned to the three subunits as
follows~

CRT Indicator — 4000 hours (CR T — 6000 hours )
Di gital Symbol Generator  — 10 , 000 hours

Digital Scan Converter — 2000 hours (accepting individual bit fai lures)
Jr

1. J. L. Heard, H. J. Bjelland , E. Streeter. Hi ghly Reliable Vertical
Disp lay System, Hughes Aircraft Co., P72-lO4R , 10172..

1
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PHASE II — 1973

Phase II of the Highl y Reliable Vertical  Display System was conducted

during the period of November 1972 through November 1973 under Contract . I
No. N6226 9-73-C-0333 , ref .  2. The purpose of thi s stud y was to invest igate

the cri t ical  mechan iza t ion  parameters  for a Hi ghl y Reliable Vert ical  Display

System with the overall  goal of providing increased reliability.

The major  element contributing to the CRT Indic a to r reliability is the

cathode ray tub e (Current  MTBF = 3000 hours , Goal MTBF = 6000 hours) .

The effort  covered under  this contract was directed toward identif ying the 
- •  

-
-

f actors  which determine CRT reliability and quanti f ying the effects of each ,

individually and collectively. To meet  the viewability requirements  in a

10 , 000 ft. lambert ambient , while operating the CRT within safe limits , the

use of a cont ras t  enhancement  device is essent ial .  A detailed analysis  of

al ternate contras t  enhancement  techniques was per formed and the results of

the anal ysis were verif ied in the laboratory. A na r row band CRT phosphor ,

such as a P43, combined with both a matched bandwidth restrictive filter and

two-way attenuation f i l ter  will provide the maximum contrast .

The second ma jo r  subunit requir ing increased MTBF is the di gital

symbol genera tor .  The reliability goal to extend the current ly estimated

MTB F of 2700 hours to 10 , 000 hours. The technical  approach to achieve

this improved reliability is to make maximum utilization of large scale inte-

grated (LSI) circuit  fabricat ion techniques. This requires the development

of a set of universa l , programmable, LSI symbol genera tor  modules. The

ef for t  covered under this contract was directed toward defining detailed sym - - -

bol requi rements  (symbol size , position , scale change , speed of updating,

e t c . ) ;  par t i t ioning the symbol generator into standard LSI modules and fabri-

ca t ing  a par t ia l  symbol genera to r  breadboard using small scale and medium

scale in tegrated circuit logic elements to demonstrate the programmable j~.
symbol genera to r  concept.

The third major  subunit , the di gital scan converter (DSC), utilizes

about 1. 8 million bits of solid state memory and requires various conversion

techniques to provide standardized display output s for the di f ferent  sensor

2. Anonymous.  Phase II, Highl y Reliable Vertical Display System,
Hug hes Ai rc ra f t  Co. , P73-482 , 5/74 .

2
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input fo rma t s .  The re l i ab i l i ty  goal is to extend the cu r r en t l y estimated

MTB F of 1600 hours  to 2000 hours . The dominant element contributing to

the DSC reliability f igure  is the main memory,  which for the most part is

• a l read y LSI. The technical  ef for t  was therefore  directed to the performance

of a detailed anal ysis of PPI to TV conversion techniques to select the most
4 reliable conversion approach. A memory address coordinate conversion

r technique using a P channel  MOS Random Access  Memory (RAM) was selected.

L A laboratory DSC breadboard system was used to evaluate the effects of video

smoothing and bit failure.

PHASE III — 1974

Phase Ill of the Hig hl y Rel iable  Vert ical  System was conducted during

the period of March 1974 through December 1974 under Contract No. N62269-

74-C-0342, ref 3. During this phase, a state-of-the-art CRT was evaluated

in an effort to validate the CRT life model developed during Phase II, and to

relate CRT performance to reliability. A special CRT was fabricated which

- contained four separate  phosphor stripes , P1 , P3 1, P43 and P44, on the
facep late . Extended life tests were performed at low , medium and hi gh beam

cur ren t s .  The CRT life test indicated the exis tance of phosphor “burn- in ”

phenomenon which was not taken into account in the derivation of the phos-

phor life formula , and otherwise verified the fo rmula itself.

The second major task performed during Phase III was the develop-

ment and fabr icat ion of key elements of the programmable symbol generation
- .  with the objective of providing improved per fo rmance  and reliability. These

key elements included the field re f resh  niernory, memory input format log ic ,
— m e m o r y  output format  log ic , post processor and master  timing and control.

The effor t  expended in the development of these key elements has resulted in

s igni f icant  achievements which should lead to both increased sym bol genera-

tor pe r fo rmance  and reliability.

PHASE IV — 1976

The tasks per formed on the cur ren t  contract, Programmable In -Ras te r
Symbol Generato r (Phase IV of the Highly Vertical Display System) and

reported here in  were concerned with the fabrication of the remaining key

3. G. Wolfson , B. W. Keller.  Breadboard Highly Reliable Vertical TV
Disp lay System, Phase Ill, Hug hes A i rc ra f t  Co. , P75-44R , 2/75 .

3
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elements of the programmable symbol generator, namely, the d isplay
processor , display generator  and programmable  panel , and integrat ion of all
of the elements into a work ing  deliverable Programmable In -Ras ter  Symbol
Generator.

In addition, a study task was performed to assess  the app lication of a
color display presentation to the highl y reliable VDS. This effort included a

discussion of the utility of color for both video presentations and symbolic

presentations in addition to providing a survey of applicable color disp lay
technology.
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SECTION 2
IN RASTER SYMBOL GENERA TOR

INTRODUCTION AND SUMMARY

The vertical situation display is one of the prime displays comprising

AIMIS (Advanced Integrated Modular Instrumentation System), which is being

designed to meet the instrumentation requirements of the advanced U. S.

Navy all weather attack’aircraft of the 1980s. The general baseline require-

ments for the VDS (Vertical Display System) were defined in the Phase I

report, ref. 1. In addition to presenting video, derived from radar , infrared

and electro-optical sensors , the VDS must provide an integrated presentation

of flight data consisting of airspeed , heading, altitude , roll and pitch attitude,

vertical velocity, angle of attack and command data.

Two symbol generation techniques, in-raster and stroke, were studied

and compared in the Phase I report. It was shown that the stroke writing

technique required high power linear deflection amplifiers but was a flexible

and simple means of generating alphanumeric characters and high quality,

large graphics. However, the stroke technique is not compatible with display

of TV scan sensors. The in-raster technique of symbol generation is com-

patible with var ied sen sors , either directly or via digital scan conversion.

Because of this overall compatibility with TV image display and better power

efficiency, the in-raster symbol generation technique was selected for the

VDS.

The exploratory development of the highly reliable Vertical Display

System was further advanced during the Phase II effort and was documented

in the fin~ 1 report, ref. 2. The specific objectives of the Pha se II effort in

the area of symbol generation included the following:

1. Define performance characteristics unique to the in-raster
symbol genera t ion technique.

2. Trade off a l ternate i n - r a s t e r  symbol generat ion techniques.

3. Initiate a detailed design o1 the recommended i n - r a s t e r  symbol
genera to r  approach and demonstrate its feasibility.

5
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The programmable in-raster symbol generator was recommended for

the VDS application based on its flexibility, growth potential and projected

reliability . A detailed design was performed and documented , encompassing

• the Disp lay Genera to r port ion of the i n- ra s t e r  sym bol generator .
During Phase III of the Highl y Rel iabi l i ty  Vert ical  Disp lay System ,

documented in the f inal  report , ref. 3, key elements of the symbol genera to r  - ;
were  developed and fabricated with the specific objective of providing improved
performance  and reliability.

A block diagram of the programmable in - ra s t e r  sym bol generator  is
shown in Figure 1. During the Phase III effort , the following elements were
developed , fabricated and demonstrated. 

-

1. Input format logic

2. Field refresh memory

3. Output format logic

The development of these elements, has resulted in advancements in

the state-of-the-art that provide improved performance, increased pilot Jacceptance and increased reliability. The anticipated increased pilot accep-
tance results  from the development of a unique intensi ty coding scheme to
reduc e visual breakup of symbology rotated in - ras te r .  The improved per -  -

fo rmance  results  from the development of a memory address scrambling cir-  .-~~

cuit which permits up to six-fold increase in the quantity of symbology capable
of being disp layed. The increased reliability anticipated will result from a 

- ‘

s ignif icant  reduction in the size of the field r e f re sh  memory without sacrific-
ing dis play  resolution. The overall archi tecture  of the symbol generator
suggests  ease of maintainabili ty through the addition , in a production system
confi gurat ion , of built  in test with fault isolation to the module level.

During the current  stud y effor t  (Phase IV), reported herein , additional
key ~lemenL s of the hi g hl y reliable vertical situation disp lay (HRVSD) symbol -

genera tor  were purchased and/or  developed. These elements are indicated -

by the shaded area in Figure 1. 
.-~

Mili tary  Microcomputer  (AN/ UYK - 30) 1 -
The MMC (Mil i tary  Microcomputer) is a two ’s compliment general

purpose microcomputer developed by Hughes Ai rc ra f t  Company and adapted
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for  use as  par t  of the 1!RVSD symbol g e n e r at o r .  The MMC ins truc t ion  set

has 50 ins t ruc t ions  which were  chosen on the basis of avionics systems
expe ience and application studies to enhance its use as a high speed corn-

• puting and control unit. The MMC is partitioned into three circuit cards.

. Micro-Control Unit (CA-160). Provides control logic and micro-
code memory for the military microcompute r (MMC). Contains
the Microprogram Control Unit (MCU) and Interrupt  Control Unit
(ICU) and microcode programmable read onl y memory (PROM).

• Central Processing Unit (CB-170) .  Provides the central  proces-
sing a r r a y  of the MMC. Consists of a 16 bit arithmetic processor
with 10 reg is ters  including 4 general  purpose reg isters , 2 index
registers, stack pointer, program counter and 2 block I/O direct
memory access (DMA) registers.

• Timing and Control Unit (CC- l80) .  Provides the logic for  generat-
ing the MMC system clock , plus miscellaneous timing and control

— logic and reg isters.

A photograph of the completed symbol genera tor  system delivered to
NADC is shown in Fi gure 2. The delivered system included all of the hard-
ware  elements developed during Phase III and Phase IV (the current phase).
In addition , the system included an interface desi gned specifically for corn-
municating with a CDC 6600 computer located at NADC, a dual mode inter-

fac e with the capability of simultaneously displaying symbology both in-raster
and stroke on a time shared basis , and a user ’ s software package.

The delivered software package consisted of the following :

1. A language , along with its associated translator , for adding and
modif ying symbols disp layed on a CRT.

2. Software  to reside in the MMC to provide the HRVSD symbology
and also for communicating with the CDC 6600.

Figure 3 depicts the results of the entire HRVSD hardware and soft-
ware  e f fo r t :

1. Typical f l ight  disp lay (525 line mode) at 0° roll.
2. Opera tion of the sym bol generator in a stroke mode. The entire

symbol g e n e r a t o r instruction set is being exercised with the dis-
played pa t te rns .

3. Opera t ion  of the symbol generator  with symbol smoothing (c) and
wi thout  symbol smoothing (d) (note that the sky-ground plane line
in both cases  is unsmoothed).
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Controller Random Access  Memory (RAM )

Two control ler  RAM modules (M 190) are  provided . Each module

I provides 4K words of 16 bits each for use as program storage and disp lay
-
. 

I 
list storage.

1 Display Generator

The Hughes developed display generator  consists of a single sequen-

tial address generator controlled by a microcomputer-generated display list.

The sequential address outputs may be D to A converted to provide analog
deflection signals or encoded to form addresses for loading a re f resh  mem-

ory. The heart of the sequential address symbol generator is a pair of iden-

tical chain generator modules which output the X and Y symbol writing
addresses.  These chain generators  perform three functions simultaneously:

1. They increment X and Y address  accumulators in any of eight seg-
ment directions (“ s tarbur st” pat tern)

- ‘  
2. They rotate this incremental chain through any angle
3. They displace the absolute location of the chain to any X and Y

•. position.

Symbol Interface Buffer  (S1-210)

The Symbol Interface Buffer  module provides buffer storage for dis-

play symbol words and performs interface and housekeeping tasks for the

• -- 
symbol genera tor  modules.

*5  Symbol Executive Control (EC-220)

The Symbol Executive module decodes the sym bol instructions and
data words and supplies the Chain Generator control signals.

Symbol Chain Generator  (CX-250 )

- -  Two of these identical modules provide X and Y addresses to the syrn-
bol refresh memory modules for storing symbol data in a television raster

- ‘  
format .

•. Programmer’ s Control Panel
- - 

The Programmer’s Control Panel (a purchased item) is an Intellec
- MDS 800 Microprocessor Development System. It is used both as a front

11
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panel and peripheral interface controller for the MMC mic rocomputer. The

purchased unit includes the following plug in modules:

- : • Front Panel

• CPU

• DMA

Additional spare card slots are  provided in the MDS chassis for future sys-

tem I/O modules.

MODULE DESCRIPTION

The following section contains a brief description and functional block

diagram of each module provided under the current  phase of the HRVSD pro-

gram. Further details concerning these modules have been supplied under

separate cover as part of an Operation and Maintenance Manual.

Military Microcomputer (AN/UYK -30 )  
- -

The microprocessor  controller (Figure 4) is a general purpose high -

speed mil i tary microcomputer  (MMC) for use in a wide variety of avionic s

applications. The Intel Schottk y bi polar 3000 series chip set fo rm s the cen-

tral core of the microcomputer desi gn. The basic specifications and features

of the MMC are summarized in Table 1. The MMC is configured on three

modular boards :  the Microcontrol  Unit (CA-160) ;  the Central Processing

Unit (CB-170);  and the Timing and Control Unit (CC-l80) .

The cen t ra l  process ing  a r r ay  contains nine devices: 8 — 3002 Central

Processing Elements and 1 — 3003 Carry  Look-ahead Unit. Each processing

element contains the required circuitry for implementing a 2-bit slice of a

cent ral processor .  Thus , to construct a 16-bit machine , an a r ray  of 8 cen-

tral process ing  element devices is required. This unit performs a variety

of operations including:  2’ s complement arithmetic; log ical AND , OR , NOT ,

and exclusive-NOR ; increment  and decrement;  shift left or right; bit testing;

and zero detection. The ca r ry  look-ahead unit speeds addition , shifting, and

reg is ter  tes t ing  operat ions by eliminating conventional ripp le -ca r ry  throug h

the central  processing elements.  The ca r ry -ou t  (CO) shown in Fi gure 4 is

the output of th” c a r r y  look-ahead chip rather  than the most si gnificant

central  processor  chip.

12
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TABLE 1. BASIC SPECIFICATIONS A N D  FEATURES OF THE
MILITARY MICROCOMPUTER

Parameter  Specification

Number system Bina ry  fixed point

Arithmetic Mode 2’s complement fractional

Wordlength 16-bits 
t

Operating temperature range Mil spec (-55° to +125°C)
Approximate throug hput 300-400 KOPS j
Ins t ruc t ion  types 50 - -

Men-tory address ing  modes 7

Maximum memory size 64K (65 , 536) words  - -

Double precis ion ar i thmet ic  Add , shif t  left , and shif t  ri ght -

-

I/O modes Para l le l , ser ia l , d iscre te , and
direct memory access

General purpose registers 8

Nesting capability Memory stack

Vectored interrupts available 4 ]
to t he user

System interrupts Power fail

Control s turc ture  Microprogrammed

Logic levels TTL compatible 
-

-

Interface bus type Tn -state to permit use in a
multiprocessor network 

- -

External control and test Able to interface with a control
capability panel 

-

Clock type Internal or external clock gen- -

eration permissible

The microprogram control unit is implemented with the Intel 3001 
- .

chip. This unit controls the sequence in which microinstructions contained - -

in the microprogram are executed. To accomplish this the following device

functions are provided: maintenance of the microprogram address register;

selection of the next microinstruction based on the next address control

function specified; decoding and testing of data supplied via several input

busses to determine the microinstruction execution sequence; saving and

testing of carry output data from the central processor array with flag log ic; -
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control of c a r r y/ s h i f t  input da ta to the cent ra l  p rocess ing  a r r a y  with flag

logic; and control of microprogram in ter rupts .
Multi-level interrupt capability for the microcomputer is implemented

• by the interrupt control unit (Intel 3214 chip). The interrupt control unit

I allows 8 levels of interrupt.

The microprogram storage unit stores the microinstructions that corn-

I pr i se  the microprogram and is imp lemented with 4 -512 x 8 read-onl y memory
- 

devices. The size of the storage unit is 512 words by 32 bits. The fields of

I the microinstruction word were highl y coded to reduc e the word widths as -

much as practical. In addition , sharing of code is used whenever possible to

I 
reduce the number of words required. The 512 words of microprogram mem-

ory is suff ic ient  to allow the implementat ion of 50 ins t ruc t ions , 4 levels of

user in ter rupt , a halt  rout ine , a power fa i l  in te r rup t , and DMA capabili ty.

I There are two pr imary  i n t e r f a c e  busses of the microcomputer: the

input/output data bus and the memory and I/O device address bus. Both input

I and output data use the same bus. This bi-directional bus configuration was - -

selected because it substantially reduces the amount of interconnect cabling

I and buffer circuits required without significantly reducing the operating speed

- of the microcomputer. The address bus is used for accessing data in both

I memory and the I/O devices that are connected to the microcomputer. Enable

si gnals  indicate  whether  the address  is to be used by the memory  or I/O -

devices. Separate serial input and output data busses are provided , however,

they constitute only two lines.

The le f t - in  (LI) multiplexer selects one of four inputs for entry into

J the left input of the le f t -most  chip of the central processing array. This input

is normally used to enter the correct data into the vacated bit position when a

right shift occurs. Serial input (SIN) data is entered LSB first into the left

input during execution of the serial-input instruction.

The 16-bit H register augments the hardware of the central processing

4 a r ray  and is used to speed the multiply and divide instructions. When multi -

plying a 16-bit number b y a 16-bit number a 32-bit prouuct  resul ts .  The

I multiply operation is accomplished by performing a series of 32-bit additions

and 1 -bit right shifts of the result.

The purpose of the I multiplexer is to place one of three possible

inputs onto the input bus of the cen t r a l  p rocess ing  a r ray .  The sources of the 
-

.5
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inputs to the multip lexer  are  the in te r rupt  level reg is ter , the H regis te r , and
the address  field of the word obtained from memory and stored in the mem-
ory buffer register.

R e f e r r i n g  to Fi gure  4 there are two signals  labeled disable address -

and disable data. The signals are buffered and both enter  the centra l  proces-  
-

sing a r r a y .  These control  si gnals can be used to disable the tn -state address

and data output busses of the central processing array.
The memory buffer  regis ter  (MBR)  bu f f e r s  data t r a n s f e r s  between

the memory or I/O devices and the microcomputer to increase processor

speed. It also allows the overlap of memory fetches for pipelined instruc -
tion execution.

The logic devices which sur round  the microprogram control  unit
increase its flexibility and permit a greater level of control. The Intel Micro-

program Control Unit allows decoding of onl y one 4-bit op code field at a
time. Thus if the in s t ruc t ion  set to be implemented contains more  than
16 ins t ruc t ions , addit ional  decoding in successive steps is required.  The
PX multiplexer  supplies op code in format ion  to the p r i m a r y  decode inputs of
the microprogram cont ro l  unit  and allows two d i f f e r en t  op code groups to be
decoded at different times. - 

-

The f lag  input multip lexer  enters  data f rom severa l  possible  sources
throughout  the microcomputer  into the f l ag  input of the mic roprogram con-  -

trol uni t .  This data is used to monitor operat ions , test  for  cer ta in  conditions ,
and assist in performing the operations required.

The 4-bit counter  counts the number of steps tha t  have  been comp leted 
-

dur ing  execution of ins t ruc t ions  re qui r ing  repeti t ive operat ions.  These
instructions include multiply, divide , serial input , and serial output. The

counter reduces the amount of microcode n e c e s s a r y  to imp lement these
ins t ruc t ions  and dec reases  the i r  execut ion t ime by approximatel y 25 percent .
The counter  can be preset  by the K field of the mic ro ins t ruc t ion  word.

The in te r rup t  level reg i s te r  con ta ins  the p r io r i ty  level of the cu r rent
interrupt being executed. An identical  reg is ter  is provided inside the i n t e r -
rupt control  unit  for  i n t e r n a l  use onl y. The conten ts  of the external  3-bit
interrupt level register are stored in a stack by the central processing

array when nesting interrupts. The interrupt level reg is ter  and cont ro l  unit
are res tored with the proper  p r io r i ty  level  by popp ing the s tack  a f t e r  the

I
16 
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cu r r en t  in t e r r u p t  is s e rv i ced .  The va lue  of the i n t e r ru p t  leve l  reg i s t e r  can
a lso be set b y the  i n t e r r u p t  m a s k  i n s t r u c t i o n

-

. 

I 

The purpose  of the m i c r o i n s t r u c t i o n  r e g i s t e r  is to achieve p ipelined
execut ion of the m i c r op r o g r a m .  The r e g i s t e r  is 32 bits wide and buffers all
output data bits f rom the  m i c r o p r og r a m  memory .  Without the r eg i s t e r  the

- 
microcompute r  would opera te  approx imate l y 30 to 40 pe rcen t  s lower.

- The bits of the microinstruction reg ister are used to con t ro l  the cen-
t ra l p r o c e s s i n g  a r r ay , the m i c r o p r o g r a m  cont ro l  un i t , and m i s c e l l a n e o u s

- t i m i ng  and con t ro l  s i g n a l s  which are  used i n t e r n a l l y  and ex te rna l l y to the
m i c rocomputer . The m i c r o i n s t r u c t i o n  r e g i s t e r is d iv ided  into f i e lds  as

- , ‘ i l l u st r a t e d  in F i c ur e  5. The K f ie ld  is a 5-bit f i e ld  which  is expanded into a
I .  b -bit f i e ld  be fo re  e n t r y  in to  the  K input  of the c e n t r a l  p r o c e s s i n g  a r r ay . B y

- - cod i ng th e K f ield 5 bits instead o f Ic were  req uired. The F f ie ld  is  a 7-bit

func t ion  f ie ld  tha t  c o n t r o l s  the opera t ion  p e r f o r m e d  b y the cen t ra l  p r o c e s s i n g

- - 
a r r a y. It inc ludes  the func t ion  code and the reg i s t e r  de s igna t i on.  The func-
t ion code f rom the m i c r op r o gr a m  m e m o r y  d i r e c t l y  con t ro l s  the c e n t r a l  p ro -
c e s s i ng  a r r a y .  The 7-bit address control field (AC) directl y enters th e

- 

r n i c ro pr o~~ram co n t ro l  chi p and is u sed  to g e n e r a t e  t he  next  a d d r e s s  for  the
m i c r o p r o g r a m  m e m o r y.  The 4-bit  f l a g  con t ro l  f i e ld  (F C )  con t ro l s  the f l a g

- input  and output  f u n c t i o n s .  Coded f i e ld s  1 and 2 (CF1 and  C F2 )  a r e  used to
- • g e n e r a t e  i n t e r n a l  and e x t e r n a l  c o nt r o l  s i g n a l s .  CFI  is 4 bits whi l e  CF2 con-

- si s ts  o f 5 b i ts , 2 of which a r e  enable  s i g n a l s .  B oth f i e l ds are se n t to th e

t i m i ng  and con t ro l  sect ion of the mic rocompute r  for  decoding .  The cotrol
fields have been encoded to d e c r e as e  the  amount  of m i c r o p r o g r a m  memory
requ i red .  These si gna l s  con t ro l  va r ious  opera t ions  wi th in  the compute r as
well as the i n t e r f a c i ng  with ex te rna l  devices .

A clock c i r cu i t  is provided as pa r t  of the basic m i c r o c o m p u t e r  for
g e n e r a t i o n  of the per iod ic  t iming si gna l s  r equ i red .  Provis ions  to allow use
of an ex t e rna l  clock fo r  s n c h r on i z a t i o n  to spec ia l  equi pment  a re  also

N P I
K-FIELD F-FIELD AC-FIELD FC-FIELD

~

- 

k i f Ic2 lK3f K4f K5 +HF3IF2HFO 
~~
:

1A5
~~~

4IA3I
~~

2I*h1hb0 
~~~~~~~~~ 

~~~~~~~~~ ~ 
_______

- 
Fi gure  5 . Mic ro in s t ruc t i on  word  fo rmat.

- - 
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included. The internal clock is implemented wi th  a c r y s t a l  osc i l l a to r  and a
count-down ci rcui t .  The mic rocomputer  includes  a m a s t e r  reset  c i rcu i t  that

• will in i t ia l ize  the computer dur ing  power up.

Table 2 l i s ts  the ins t ruc t ions  and thei r  execut ion t ime  on the MMC. j
The in s t ruc t ion  execution times p resen ted  in the four th  colum n a re  ca lcula ted

for memories  with access  t ime less than or equal to 150 nanoseconds and a

basic machine  cycle of 250 nanoseconds.

Cont ro l le r  Random Access  Memory ( R A M )  (CM - 190 )

The microprocessor s main m e m o r y  cons i s t s  of 8K 16-bit words  tha t

can be used for data or ins tru c tions . The m e m o r y  is pa r t i t ioned  into 4K j
modules (Fi gure  6). The m e m o r y  u t i l i z e s  a 4096 x 1 bit MOS chi p. The mem-
or y cyc le  t ime is 750 n sec .  The m e m o r y  i s vo lati l e w h ic h r equires a re f res h
cycle eve ry  2 rnsec.  In orde r to f i t  th i s  confi g u r a t ion into a 1~ p in pack , the
12 bit address  l ines  are  mul t i p lexed into the chi p 6 bits at a ti m e. The l ea s t
si g n i f i c a n t  6 bi ts  a re  the row a d d r e s s e s  and a r e  la tched  f i r s t .  Then the mos t
sig n i f i c a n t  6 bits a re  enabled in to  the  colum n a d d r e s s  latches.

The 750 nsec  cycle  is divided in to  t h ree  250 n sec  t ime slots. The

memory  operat ion s t a r t s  with a read or wr i te  request  f rom the processor .
Th e address i s multip lexed in d u r i n g  the f i r s t  500 nsec.  If the command is a

wri te , data must  be avai lable d u r i n g  the second 250 nsec  t ime slot. If the
comm and is a read , da ta wi l l  be ava i l ab le  d u r i n g  the las t  250 nsec  t ime slot.

Th e t r a n s f e r of da ta back to t h e p rocessor  is enab l ed b y a data requ est lin e

f rom the processor .

The r e f r e s h  cont ro l  cons i s t s  of a r e f r e s h  counter  that  t imes out the

2 msec r efr es h c y c l e a nd a re f r es h address coun t er th at se q uences th roug h
the 64 row a d d r e s s e s  n e c e s s a r y  for  the r e f r e s h i n g  of the m e m ory.  Dur ing

the refresh cycle takes approximatel y 40 ~sec to complete.

Programmable  Symbol Gene ra to r  U

The programmable  symbol gene ra to r  is a mic roprogrammed disp lay
pr ocessor  d esi gned for g enera l purpose and  ded ica ted  sys tem app l ica t ion .  A
funct ional  block d iagram of the symbol gene ra to r  is given in F i g u r e  7. The

MMC communicates  with the symbol gene ra to r  via the i n t e r f a c e  block which

func t ion  is to cont ro l  the f low of data into the symbol  g e n e r a t o r .  The symbol

18 r 
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TABLE 2. INSTRUCTION EXECUTION TIMES OF

THE MILITARY MICROCOMPUTER

Ex ec ut io n Time wi th a
Mnem on ic Instruct ion Addr eei  Mod e Fast Memory I,..)

ADD Ai-~ DIRECT 1.5
INDEXED 2 . 0

ADI Add Immed iat e IM M E D IA T E  I .25
AND Logical AND DI R ECT I 75

I NDEXED 2 . 2 5
BI NC Inc cem ent  and Branch I f Not Zero  2 . 2 5
SN Bra nch Negative R E L A T I V E  2 .0

R E L .  INDIRECT +1 2 . 0
REL .  I N D I R E C T ) - )  2 . 2 5

BNZ Br anc h  Not Z e r o  R E L A T I V E  2 . 0
REL.  I N D I R E C T ( -  0) 2 . 0
R E L .  I N D I R E C T  l~ 0) 2 . 2 5

H P B r a n c h  Pos i t ive  R E L A T I V E  2 . 0
R E L .  INDIRECT (~ 0) 2 . 0
R E L .  I N D I R E C T I � 0 )  2 25

BZ Bra n ch  Z e ro  R E L A T I V E 2 . 0
R E L .  INDIRECT (~ 0) 2 . 2 5
REL . I N D I R E C T ( � 0 )  2 . 0

C MF ’R Compare DIRECT 2 . 0
I N D E X E D  2 . 2 5

C r 1  Compare Immediately  IMMEDIATE 2 . 0
DADD Double Prec .  Add DIRECT 2 . 2 5

I N D E X E D  3 . 0
NU M  DEN

DIV Div ide  DIRECT a - 20 . 0
DIRECT - 2 0. 5
DIRECT + 19 . 7 5
INDEXED 4 - 2 0 . 2 5

- INDEXED - . 20. 75
I N D E X E D  20. 0

‘ 
DMA Init iate DMA 2. 5
DSHL Doub le Prec. Left 3 . 2 5  • K
DSHR Double Prec . Rig ht 4 . 2 5  • 0. 75 K
IMSK Interru pt Mas k 1.  75

J 
IOC P Pulse Out 2 2 5
3M ? J ump R E L A T I V E  1 . 75

R F : .. INDIRECT 2 . 2 5
iSA Jump to Subrout ine RELATIVE 1 . 7 5

AEL . I NDIRECT 2 . 5 0
INDIRECT 2 . 25

LD Laid DIRECT 1 . 5
INDEXED 2 . 0
RELAT IV E 2. 0
RE L .  IND IRECT 2. 5

U Load Immed iate IMMEDIATE 1 . 2 5
UM Limit RELATIV E 3 . 5
LOCK Lock o 0 2. 75

2 . 7 5
M ULT Multip l y DIRECT (MEM t 0) 10 . 75

DIRECT (MEM C 0) 10. 25
I INDEXED IMEM O) 11, 00

IN DEXED (MEM C 0) 10. 50
I OR Logical OR DIRECT 1 7 5

INDEXED - 2 . 2 5
PIN Parallel  Input 2 . 2 5
POP Pop Stack - 2 . 5
PO UT Parallel Output 2 . 2 5

- PUSH Pu sh  Stack 2 . 2 5
RABS Ab solut e Value C’) 2. 5

2. 7
RADD Reg .  Add 1 . 5
R A N D R ag. AND I -“
ACM ? R ag.  Compare 2 . 0

- 
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(Table 2 concluded)

Execut ion Time with a
Mnemonic In.truction Addre ss Mod e Fast Memory (ii.)

RMOV K eg.  Mo ~e I .  5
RNE G K eg.  Negate 2. 0
RNOT K eg.  One, Comp lement 2 . 0
RO N K eg .  OR 2 . 0
ROT Rotate 2 . 7 5  $ 0. 5K

R SU I3 Reg .  Su btrac t  1 . 5
RT I Re t u rn  From In te r rup t  3. 5
R TS Ret u rn From Subroutine 2 75
Sill. Shift l e f t  2 . 5  + 0. 5K
St IR  Sh if t  Right  2. 5 • 0 . 5K
St IRA Shift R ig ht Ar i t h  2 . 7 5  + 0. 5K

SIN Ser ia l  Input 6 . 5
SKAZ Ski p If AND is Zero  DIRECT 2 . 7 5

INDEXED 3 . 2 5
SKR Stcip l f l / O Re ad y 2 . 7 5
SOUT Ser (at Output ~~. 5

ST Store DIR ECT 2 . 0
INDEXED 2 . 0
R E L .  INDIRECT 2 . 2 5

SUB Sub t rac t  D I R E C T  1 . 5
I N D E X E D  2 . 0

In te r rup t s

IN T E R R U P T  I n t e r r u p t s  3 .0
DMA IN • DMA Input In ter rupt  2 . 2 5  - -

DMA OUT DMA Output Interrupt 2 . 2 5
PW R .  FA IL Power Fail Interrupt  4 . 5
PWR. UP Power U p Interr u pt 1 . 2 5

BU S CON T R O L  4/
SIGNALS / MEMORY READ!W RITE CONTROL

T I M I N G  AND
__________ CONTROL

.1. 1 DATA
_________ V V OUT _________

I I ROW/ /~ 
T RI- S T A T E  1

ADDRESS ADDRESS 12 4~I COLUM N 6~ MEMORY 16 DATA I.,~
6, DATA

BUS ie DECODE ADDRESS 4K x 16 16 BUS BUS
__________ 

SELEcT ADDRESS DATA 
INTERFACE

Fi gure 6. RAM program memory (CM- 190 ) .
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INPUT FROM MMC I ,. •, 
p

INTERFACE REGISTER

I 

JINSTRUCTION CHAIN H , V
CODES DATA 

H ,

SIN . COS

I STATE j  :i EX E C UTI ~~~~] GE N E R O  
p CH A I N  INDICATOR

[
R E G I S T E R S  

_____ 

CON T RO L CONTRO L G E N E R A TOR CONTRO L

‘ 1 4I I TO B U F F E R$ REFRESH M E M O RY
HORIZONTA L VERTICAL

POSITION POSITION
-A

TO A D D R E S S
CONVERTER

Fi gu re  7. Disp lay gene ra to r  func t iona l  block diagram.

gene ra to r  is par t i t ioned  into four  modules :  a Symbol In te r face  Buffe r (SI -2 l0 ) ;

Executive Control  ( E C- 22 0 ) ,  and two ident ica l  c h a i n  g e n e r a t o r s  (CX-2 50 and
CY-260) .

Symbol In te r face  Buf f e r  (SI-2 10)

The symbol i n t e r f a c e  buf fe r  module  (Fi gure 8) controls  the t r a n s f e r

of data from the disp lay  l ist  m e m o r y  and s tores  up to s ix ty - fou r  words in a

f i r s t  i n/ f i r s t  out (FIFO) s torage~ regis te r.  A data request  s igna l  is trans. .

mit ted to the p rocessor  whenever  the FIFO is not ful l .  This FIFO i n t e r f a c e

allows the disp lay  symbol g e n e r a t o r  to operate  a s y n c h r o n o u s l y with the micro-

p rocesso r .  The data words  received from the d isp lay l is t  memory  provide

complete i n s t ruc t ions  to the symbol g e n e r a t o r for  symbol p r o c e s s i n g .  A l ist

of the disp lay generator instructions is given in Table 3. All data is processed

th rough the “R ”  r e g i s t e r  and d i s t r ibu ted  to the appropr i a t e  func t ion  control
registers. Only the required data field is sent to each of the control

r eg i s t e r s .

21
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C.

TABLE 3. DISPLAY GENERATOR INSTRUCTION LIS T

D A1 A W( ) R D  0 1 3 5 )~ 7 ~ ~ 10 11 1= ~ 13 14 1 5 J

Video Setup
I n d i c a t o r  0 0 0 0 0 - - 4 3
I n t e n s i t y  0 0 0 0 1 - CODE BRT

Pos i t ion  Setup
I I  0 0 0 I 0 I I

00 
__________ — 00

V 0 0 0 1 1
00 __________ 00

II 0 0 I 0 0 11o _ _ _ _ _ _  — 0
0 0 I 0 1 Vo ______ — 

0

1! and R e s e t  0 0 1 1 0 I I
0 _ _ _ _ _ _  — 0

V and R e s e t  0 0 I I I V
0 _ _ _  — 0

Add II 0 1 0 0 0 IIo 
_ _ _ _ _ _  — 0

Ad d V  0 1 0 0 1 Vo 
_ _ _ _ _  — 

0

Ch a i n  Setup

SIN 0 1 0 I 0 - Si n 9

COS 0 1 0  i T -  Cos O
V i d e o  0 1 I 0 - - - - J V i d e o  P a t t e r n
Leni.~th  0 1 1 1 - - L- 1

C h ain

Line 1 0 0 0 0 - N - 1 (N - Leng th  of Line )

Dot I 0 0 0 1 - N - l ~~3 (N “I irn e on Spot )
Cha in  Abs 1 0 0 1 0 - N - i  (N No. of S egm e n t s )

C h a i n  Rd 1 0 0 1 1 - N - l  .‘ 0 (N - No.  of .~ f l IT  B y t e s )

Ch a i n  Data  ( .
~ or 4 BIT B y t e s )

N o - O p e r a t i o n  1 0 1 0

1 0 1 1
1 1 0 0

1 1 0 1

1 1 1 0

Interface __________ __________________________________________

Pulse Command 1 1 1 1 0

List End 1 I I I I
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The data field is the least  signif icant  bits of the data words:  six bits

for segment length , ei ght bits for  video pa t te rn , 10 bits for segment counter ,

three bits for bri ghtness  and four bits for indicator.  The ‘bri ghtness t ’

r eg is ter  is used to control the in tens i ty  of symbols in the stroke mode. The

“segment l eng th”  reg is te r  stores a ten bit code which defines the length of a

line segment that is to be chained to form the required symbology. The seg-

ment length  is para l le l  loaded from the segment  length  reg is ter  into the seg-

ment length counter  where it is decrernented (counted down ) by the clock.

When the stroke length  has been decremented to zero , a signal is transmitted

to the executive module which permits reloading of the segment  length  into

the segment l ength  counter  and the process  is repeated.

The video pattern register is loaded with an eight bit code which

defines a repetitive video pa t te rn  that  is to be disp layed. The data in this

reg ister  is the instantaneous segment video (on or off). The segment counter

is loaded with 10 bits which def ines  the number  of s egment s  in the chain  data .

The contents  of this  regis ter  is decremented by one as each segment  is uti - I -

l ized , thereb y keeping t r ack  of the number  of r emain ing  segments .  When the

number  of r e m a i n i n g  segm ents (N)  equals  1, a si gnal  is t r ansmi t t ed  to the

exec utive module and the cha in  is t e r m i n a t e d .  
. - 

-

Chain data is sent  f rom the “R ”  r eg i s t e r  th rough  the data  conver te r

which converts  re la t ive  data to absolute  data f o r m a t  r equi red  b y the chain

genera tor  modules.  Af te r  convers ion , the data is stored in the “ A ”  regis ter

and t r a n s m i t t e d  out to the chain genera to r as r equ i red . The data conver ter

operates on the chain segment  “ next  to be disp layed.  “

Executive Control (EC -22 0)

This module  (F igure  9)  p e r fo rm s executive control  of t h ree  symbol

gene ra to r  modules , the SI-210 , CX-25 0 , and CY-260  by de f in ing  the opera-  - -

tions to be perforn-~ed at = ach clock step. The ins t ruc t ion  code and segmen t

counter status received from the symbol  i n t e r f a c e  b u f f e r  module (SI-2 10) and

the executive state r eg ister are all presented to the  Ins t ruct ion Decoder.  The

decoder in te rpre ts  the inputs to def ine  63 operational states which are  a mix

of si ngle instruction , internal control , and chain subroutine funct ions.  These

operational states are presented  as an address  code to the Function Coder.

The funct ion Coder creates  control si gnals  for  each of the funct ional  blocks

-j
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~•~‘•LIIIIIIIIIIII1iIIiiiiiiiii:
Fi gure 9. Executive control  (EC-Z20 )  func t ion  block d iagram.

and reg i s te r s  compr i s ing  the symbol gene ra to r .  Next state and chai n

subrout ine  jump address  feedback is provided via the Next State Reg ister.

The Data Shifter funct ion acts to control  access  to chain di rect ion data packed

in chain data words.  The Clock Control acts to create gated c locks when corn-

rr ianded by the analog clock or chain  advance requests .  The selection of the

two basic symbol genera tor  modes , calli graphic or i n - r a s t e r , are  commanded

by the AMODE or DMODE command s and se lect  which of the two clock corn-
marids to use. The m odular scan conver te r  is hard  wired  by jumpers  in the
wire  wrap base plate to always be in the d igi ta l  mode. The Wri te  Control and

Blank ing  c i rcui ts  accept a symbol video si gnal input CVIDA and create  an

analog (cal l igraph ic )  b lank-unb iank  si gnal and a symbol address  read y

25 
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SYADRY used as a wri te  command to the symbol r e f r e sh  memory.  The
circuits also accept ed ge limit signals from the chain generato r modules for
use in prevent ing  symbol wraparound.  The ed ge limit si gnals  are ha rdwi red

on the wirewrap  p late at H and V chain genera tor  output addresses calculated

to indicate an overflow condition if symbology is writ ten outside allowed 
- 
j .

limits. Detection of this condition by the limit circuit diables the SYADRY

signal , prevent ing fu r the r  wri te  commands until the symbol chain reenters

the allowed disp lay area.

Symbol Chain Generator  (CX-250 ,  CY -2 60 )

Two ident ical  chain genera to r  modules (Figure  10) are  included in the

symbol genera tor , one for  vert ical  positioning and one for  hor izon ta l  position-

ing. For the purpose of f u n c t i o n a l l y  ~l e sc r ib ing  the operat ion of these modules

the horizontal  chain generato r module wi l l  be r e fe renced .
The ten-bit data field is received via the ‘R” bus and loaded into the

four  storage registers: Hoo, Ho, Cos e, and Sin e. Load command received

from the Executive control module ( E C-2 2 0 )  determine which of the four

regis ters  is loaded with the bus data . The Hoo reg is te r  stores a 10-bit 2’ s

comp lement position code which acts to bias the entire disp lay in the horizon-

tal direction. The Ho register stores a 3.1-bit 2’ s complement position code

which is in fact  a coordinate t r a n s f o r m e d  disp lay position. This data is used

for posit ioning just pr ior  to wr i t ing  a symbol. The sin e and cos 0 reg i s te r s

each store a 10-bit code which def ines  an angle  0 b y which a chai n is rotated.

To genera te  a chain (or s t ra i ght line segment )  a “0” or “1” is added to

or subtracted f rom each X and Y accumulator  at successive clock t imes. A

line can the re fo re  be drawn in any one of eig ht d i rect ions , using a three-bit

code , as shown in Fi gure 11. A four th  bit would determine whether  or not

the video is on.

To rotate a chain b y an ang le 0, a coordinate  t r ans fo rma t ion  is per-

formed.  This t r ans fo rma t ion  has  the form :

x~ = x. ~os e - Y
~ 

sin 0

1
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I
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HORIZONTAL POSITION HK H00 + H0 + ~ X ,

Fi gure 10. Chain gene ra to r  ( C X -2 5 0 , CY -260)  funct ional  block diagram.

27
- t I.

- ~~~~~~~~~~~ TT . ~~~~~



F

- - 

~~

-,

~~

“—.-‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

. _ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -

011 01~ 001

101 110 111

Fi gure  11. S ta rburs t  pa t t e rn .

(For the Y or ver t ica l  chain gene ra to r , the  form would be Y~ = Y. cos e +
sin 6). The cos 0 and sin e reg ister  data is input to the functional  trans-

format ion  block where  the coordinate  t r a n s f o r m a t i o n  is accomplished under

control  of a cont ro l  ROM. An i n c r e m e n t a l  vector  is produced and chain

genera t ion  is accomp lished b y accumula t ing  ±cos 0, ±sin 0, or 0 to produce

x..
1

A 20-bit  accumula to r  is composed of a low o rde r  “l sb”  accumula tor

(8-bi ts)  and a hig h order  ‘msb’ accumulator (12-b i t s) .  The “ lsb” accumu-

lates X.,  and borrows f rom or c a r r ie s  to the “msb” accumulator .  Addre s s
1

chain gene ra t ion  is accomplished b y t he  “msb”  accumula to r  accumula t ing

the ‘ lsb ’ c a r r i e s  or bor rows  over a per iod of t ime.  The s ta r t ing  point  of a

chain is es tab l i shed  b y c l e a r i n g  both accumulators  and adding H0 to the “msb”

accumulator .  At the output of the chain  g e n e r a t o r , the hor izonta l  bias H

is added to the value of the nisb accumula tor . Af t e r  k clock per iods , the

hor izon ta l  position of the  beam is i i

k

H = H  + H  +~~~~x.k 00 0 1
i= l  [j

Similarly

k 11
V = V  + V  ÷ \‘ Y .k 00 0

i= 1

.1
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1

The 10-bit address  data field of the “msb” accumulator  and the  th ree
most si gni f ican t  bits of the “l sb” accumulato r are  made avai lable  at the
module connector.  The symbol r e f r e sh  memory  addresses  use only the
“msb” address field and the hi ghest  ordered  bit of the “lsb” address  field.

The control  ROM receives chain data , three  bits at a t ime from the
“A” reg i s t e r  located on the Symbol In te r face  B u f f e r  module (SI-21 0) and pro-
vides signal  outputs that  control the chain genera to r s .  Af te r  each segment  is
drawn , the chain data on the i n t e r f ace  buffer  module is shif ted four places to
the left , inputted to the “A” reg is ter  where  the video bit is stri pped away and
the resul t ing next three  bits of chain data a re  sent to the control  ROM.

Ref resh  Memory Timing and Control

The output of the symbol genera to r is a dig ital output suitable for use
on a calagrap hic disp lay. All  that  is required is the addi t ion of a suitable
D/A conver te r , which has in f ac t  been provided as par t  of the HRVSD pro-
gram. This permi ts  the p r e sen t a t i on  of symbolic i n f o r m a t i o n  on a H e a d_ U p
or other s t roke Disp lay.  Since the p r i m a r y  func t ion  of the symbol genera to r
is to provide the pilot with a ve r t i ca l  s i tuat ion d i s p l a y  (VS D) in a TV fo rma t ,

• - the output of the symbol g e n e r a t o r  must  be sent  to a f ield r e f r e sh  memory for
reformat t ing .  This field r e fr e s h  m e m o r y  and its associated input and output
r e fo rma t t i ng  was the subject of the Phase III stud y e f fo r t , and the resul t ing
hardware  was incorpora ted  in to  the comp lete sys tem de l ivered  at t h e  end of
the cu r r en t  ef for t  (Phase IV) .  For the sake of cont inui ty and comp leteness ,
a brief overview of the disp lay r equ i remen t s , r e f r e s h  memory  conf igurat ion
and t iming  is presented here.  A more complete descr iption is the Phase III
report , ref .  3.

Disp lay R e q u i r e m e n t s  Overview

• . The field r e f r e s h  memory  funct ions  as the i n t e r f a c e  between the di s-
play genera tor  and the CRT disp lay.  As such it mus t  provide the requi red
symbology in a format  compatible with both 875 and 525 line TV. The resul-
tant disp lay is a composite presenta t ion  of fli ght data symbology superimposed
over sensor video .

The fli g ht data disp lay and disp lay data a r r a n g e m e n t  for  the pilot’ s
VSD is shown in F igures  12 and 13 . The ent i re  7 . 5  x 10 inch CRT disp lay

29
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Fi gure  13 . Fli ght data disp lay.

- 
area is avai lable for  disp lay of data.  The cen t ra l  a rea  of the VSD is used to
disp lay the pitch ladder , a ttitude re f erence da t a and ang l e of a tt ac k s ymbo l ogy
supe rimposed over sensor  video. In addition , sk y / g r o u n d  s h a d in g  is provided
as a pilot o r i en t a t i on  aid . The out l ine of the PPI sensor  data  disp l a y is also

- indicated in Fi gure  12. Note that  the sensor  video is conf ined  to the cent ra l
area permi t t ing  an easy to read presen ta t ion  of fli ght data. The presen ta t ion

- of the pitch group is also conf ined to the cent ra l  area . T h e r e f o r e , the onl y
symbology that  must  rotate i n - r a s t e r  is conta ined in the cen t r a l  a rea.

- B y inspec t ion  of Fi gure 12 , th e border area a ll oca t ed f or fli ght data

• - 
display can accommodate ver t ica l  and hor izon ta l  tapes disp lay s o f up to

- 
6 inches  in length.  As developed in the Phase  I repor t , r e f .  2 , heading and
roll angle data scales a re  p laced at the top and bottom border  a r ea s  of the
display. An a i rspeed tape , e i ther  in knots or mach number , is p laced on th e

- - 

left  ed ge of the disp lay.  A i r c r a f t  a l t i tude  and ve r t i ca l  veloci ty tapes a re
located at the  r igh t  side of the  disp lay.

Input T iming

The i n p u t  to the  f ie ld  r e f r e s h  m e m o r y  (output  of the Symbol  G e n e r a t o r )
consis ts  of the X and Y (up to 12 bits a r e  ava i l ab le  if required ) address  or

31
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position of each element composing a symbol. The data is t r ansmi t t ed  from
the Symbol Genera to r to the memory  modules at a maximum rate of 4 MHz .
If the in format ion , on l ine , cannot  be read within this  time period , the dis-

play generator  clock mus t  be stopped until  the on line data can be read . Stop:

ping the disp lay genera tor  clock stops the flow of data and t he r e fo r e  affects
the e f f ic iency  of the symbol g e n e r a t o r , thereb y l imit ing the quant i t y of dis-

played symbology.  The archi tecture  and des ign  of the memory  is optimized J
to minimize  the number  and durat ion of clock stops. This opt imizat ion is

par t icu la r l y important  if the symbol genera to r is to be used to drive two or
more  independent  disp lays  p r e s e n t i n g  d i f f e r e n t  symbology s imul taneous ly.

Output Timing

The genera t ion  of data within a ras ter  format ted  disp lay is governed by
the t iming of the r a s t e r  sweeps. The output t iming of the symbol gene ra to r

must  t h e r e f o r e  be compatible with th -
‘ disp lay  r a s t e r  sweeps. In addition ,

the a rch i t ec tu re  and desi gn of the memory  modules must  be such that  the

resu l t ing  output t iming does not “tie up ” the memory ,  during readout , for  an
appreciable t ime.  When the memory  is being readout  for  disp lay,  da ta can-

not be read in and hence a clock stop si gnal  must  be gene ra t ed  which , in turn ,

reduces the e f f i c i e n c y  of the  symbol g e n e r a t o r  as descr ibed in  the previous

paragraph.

To gene r a t e a “do t” at a g iven point  in  the disp lay  f ield , it is neces -

sa ry  to unb lank  the CRT beam the ins t an t  it t r a v e r s e s  a given point in the
ra s t e r  gridded field . Fi gures  14 and 15 re f lec t  the o utput t iming  require-

ments  for both the 875 and 525 l ine  modes.

R e f r e s h  Memory  Funct iona l  Desi gn

A func t iona l  block d iagram of the r e f r e s h  memory  modules and its

associa ted  input  and output f o r m a t  logic r equ i r ed  to provide the requi red
timing and in-raster presen ta t ion  of video is shown in Fi gure 16 .

The major  elemental  blocks shown consis t  of the input fo rmat log ic ,
memory  modules , output format logic and the post p rocessor .  The hear t  of [

the system is the memory  modules which funct ion  as in te rmedia te  storage of

dig ital symbolic data to permit  the refo rmat t ing  of incoming data to a fo rmat
compatible with s t andard  te levis ion .  The input fo rmat log ic is the i n t e r f a c e
between the display genera to r and the  memory .  The input symbolic di gital

32
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-: data is received from the disp lay genera tor  and the correct memory element

is se lec t ed , for  s to rage  of data.  The out put fo rma t  log ic access the m e m o r y
L jus t  prior to and in synchron i sm with the te lev is ion  r a s t e r .  The post pro-

cessor  element p rocesses  the TV compatible ser ia l  datd for  image  enhance-

ment  to provide a hi gh qual i ty  p resen ta t ion .

Input Format  Logic

The input fo rmat  logic receives  the data code to be stored and its

associated X , Y disp lay address  from the disp lay  gene ra to r .  In addition , the

X , Y address  of data to be read out of memory  is received from the mas te r

t iming and control  module . The data code is a 3 bit p a r a l l e l  “pa t te rn  code ”

which def ines  the i n t e n s i t y  d i s t r ibu t ion  of the pa r t i cu l a r  data bit stored for

display. The data code is sent  d i rec t ly  to the m e m o r y  via the input fo rmat

log ic. In s y n c h r o n i s m  with the data code , the address  or position of the data

c ode re f erenced t o t h e di s play is received as a 9 bit X and 9 bit Y ( 1 par t  in

512)  p a r a l l e l  si gna l. The address  multipl e x e r  selects  the X , Y input address

dur ing  the memory  ~-r i te  por t ion of the cyc le  and routes this  data address  to

the address  sc ramble r .

The address  sc ramble  func t ion  is two fold. F i rst  it selects the  pa r -

t i c u l a r  leaf  in m e m o r y  (1 of 6) for  s to rage  of the i n c o m i n g  data , and second

it selects  a p a r t i c u l a r  m e m o r y  ce l l  a c c o r d i n g  to the m e m o r y  a r c h i te c t u r e

shown in Fi gure 10. The a d d r e s s  s c r amble r  is a hig h speed b i n a r y  divider

which divides the 9 bit X a d d r e s s  by 6 and the 9 bit Y add res s  b y 3. The

r e m a i n d e r  of the two div is ions  a re  combined a r i t h m e t i c a l l y  and the  r e su l t an t

signal  is ut i l ized to select I of 6 me m o r y  leaves .

Memory Modules

The entire  m e m o r y  cons i s t ing  of 384 x 512 x 3 bits is con t a ined  on

18 memory  modules .  The m e m o r y  is d ivided in to  six l e a f s .  Each lea f

consis ts  of th ree  4K x 8 bit memory  modules .  Each leaf is t h ree  deep to

provide s to rage  of the 3 bit  data code. To execute a readout cyc le , a l l

six leafs a re  addressed  b y the same XM, 
~ M add re s s  s imul taneous ly and

ei g ht 3 bit bytes , for  a total of 48 per leaf is outputed in pa ra l l e l  to the  out-

put fo rmat  log ic. 3 bit b ytes for  the 6 memory  leafs , are  outputed in pa ral l~-l

f rom the memory .  These 48 3-bit bytes  must  be clocked to the  disp lay ser i-

all y for presenta t ion  i n - r a s t e r .

35
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Output Format Logic

The output format  logic consists of six sets of 8 bit para l le l  to ser ia l

converters, one converter set per leaf. During the read cycle eight bits per

leaf or a total of 48 bits (X3 for  in tensi ty  coding) are  clocked out of memory -

in parallel  and stored in the parallel to serial converters. These 48 bits are

then “unscrambled”  and clocked out se r ia l ly  at a 16 Megaher tz  (MHz)  ra t e . -

The 16 MHz rate corresponds to the 875 line disp lay mode line rate.  In the

525 line mode the data is clocked out at approximatel y 6 MHz. Each e lement

of disp lay da ta , cons i s t ing  of a 3 bit code is outputed to the post p rocessor  for  ]
convers ion  to analog video.

Post Processor

The post processor functional element provides the required signal

condi t ion ing  and i n t e r f a c e  between the symbol genera to r  and disp lay.  It pe r -  -1

forms four p r imary  func t ions  as follows:

1. Video decoding

2. Sk y / g r o u n d  p lane shading -

3. Ed ge blanking

4. Di gital to analog video convers ion .

Programmer ’ s Panel

The Programmer’ s Panel is an Intellec MDS 800 microprocessor  1
development system used as an in te r face  control ler  for  the MMC ( A N/ yu k -3 0 )  -

microcomputer .  The purchased unit includes the following plug in modules: 1
• Front  Panel

• CPU

• DMA

Addit ional  spare ca rd  slots are  provided in the MDS chassis for future sys- -]
tem I/O modules.  A func t iona l  block d iagram of the MDS is shown in Fig- *

ure 17 .
To provide communications between the MDS and the MMC , a special

in te r face  module was developed and is housed in the MDS chassis. Also par t  -

of the P rogrammer’ s Panel  funct ion  is a visual readout of the operat ion of

II
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Fi gure  17. MMC-MDS funct ional  block d iagram.
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the display proc es sor which is provided for  b y the MMC Address  Disp lay -.
module. -- i l

All MDS memory is shared with the  MMC. Since the MDS is an 8 bit

p rocessor  and the MMC is a 16 bit processor , two MDS words are combined

and treated as one word by the MMC. This reduces the e f fec t ive  s ize of the

MDS memory from 64K to 32K words.  In addition to sha r ing  memory with the

MMC , the MDS can also per form cer ta in  control  func t ions  on the MMC. They 1
inc lude  ha l t , i n t e r rup t , reset , and  execute (GO).

MMC Address  Disp lay Card

Thi s card provides a visual  readout of the opera t ion  of the disp lay - .
p rocessor  and a l lows  for  pause  and s i n g l e  step operat ions .  A func t iona l  -~

block d iagram of the MMC ~\ddress  Display Card is shown in  F igure  18. The

MMC address  bus is input to this card , where  it is bu f fe red  and sent  to the

four di git hexadec imal  readout  on the p rocessor  pane l .  A ga t i ng  s igna l  is

used to control the type of informat ion  to be displayed.  Four signals a re

selec table b y means  of a DIP switch located on the card .  These a re  sum-

marized in the table below . T
Switch Position Readout

1 P resen t  va lue  of p rogram counte r  
-

2 Cont inuous readout  of address  bus 
- 

-

3 Last  memory  read a d d r e s s

4 Last  memory  wr i t e  address

Ci rcu i t ry  is also provided for ha l t ing  the p rocessor  a f t e r  eve ry  -

i n s t r u c t i o n .  This is con t ro l l ed  b y the R U N/ S T E P  switch and SINGLE STEP

push button.  With the switch in the R U N  posi t ion , the p roces so r  w i l l  run j
normal l y. If the push button is p r es sed , the p rocessor  will  pause unt i l  the

button is released.  With the switch in the STEP position , the p rocessor  wi l l  I
halt and execute one ins t ruc t ion  every  time the button is pushed.

ii’

ii
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I SECTION 3

THE APPLICATION OF COLOR TO THE HIGHLY RELIABLE VDS

INTRODUCTION

J Color is a c h a r a c t e r i s t i c  of our v i sua l  world that  is becoming

i n c r e a s i n gl y impor t an t  as a means  of t r a n s f e r r i n g  i n f o r m a t i o n  between

I machine  and man. The impor tance  of color has been underscored  by the
I i n c r e a s i n g l y s t r i n g e n t  demands be ing made on modern  a i r c r a f t  pe r fo rmance

and the incorpora t ion  of i nc reas ing l y soph i s t i ca t ed  weapon sys tems .  Color

di sp lay such as e l ec t romechan ica l  f lags , p o i n t e r s , a n n u n c i a t i o n , l igh t s  and

opt i ca l p ro j ec t ion  devices , have been used in modern a i r c r a f t . Serious

in te res t  in the- use  of color for  a i rborne  in fo rmation d i sp lays  has been rela-

tivel y recent .  This  i n t e r e s t  has been b rough t  about in par t  by the t r end

toward  integrated disp lay presentations for the pilot with a m u l t i pl i c i t y  of

in format ion  presented  on a sing le disp lay s u r f a c e .  Color coding of informa-

t ion enables  the  d i sp layed in fo rma t ion  dens i t y to be inc reased  and the assimi-

la t ion  t ime  to be decreased.  Studies have also shown that  color coding is the

-. p re fe r red  method of a le r t ing  the p ilot to a c r i ti al s i t ua t i on .

-. The s i n g l e  i t em that  has prevented  wider  use of color for  p re sen ta t ion

of i n f o r m a t i o n  in the cock pit has been the d i sp lay device  i t s e l f .  Giving due

- 
r ecogni t ion  to the need for  a high bri gh tness , hi gh reso lu t ion  color d isp lay

for use in a tac t ica l  a i r c r a f t .  NADC awarded a cont rac t  to Hughes  Airc raf t

Company (C o n t r a c t  N 6 2 2 6 9 - 7 0 - C - 0 3 8 1  wi th  Mr .  W . G. Mul ley  of NADC ac t ing

as Project  Eng ineer) , ref .  4. Al though the  s tud y e f f o r t  was d irec ted  toward a
- map disp lay app l i ca t i on , most  of the d i sp lay t echno logy  e f fo r t  is equall y

app l icable  to a V e r t i c a l  S i tua t ion  Disp lay .

The approach  taken in the  c u r r e n t  e f f o r t , “The App l icat ion of Color to

the VDS , ” is to up date the comprehens ive  su rvey  of the color display technol-
— ogy survey  conducted du r ing  the above mentioned con t r act .  An e f for t  was

4. R . N. Winner , M. N. E rnsto f f .  A Color Televis ion Monitor for the
Display of Standard Aeronau t i ca l  Char t s  in Advanced A i r c r a f t  — A
Design Stud y. Hughes  A i r c r a f t  Co. • HAC Ref .  No. C038 1 , 3/ 71.
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made to concen t ra t e  in onl y those a reas  which o f fe red  the  most promise .  - .

Also included is a d i scuss ion  of u t i l i t y  of color for  both video p re sen ta t ions  
-

and symbolic p resen ta t ions .

VIDEO DISPLAYS - !
t i

The use  of color in pi c to r i a l  or sensor  disp lays is largel y unexp lored;

al though,  some likel y app lications relevent to the VDS can be postulated. For -

ins tance , when color is applied to sensor  video , it may be used to encode low -•

con t ras t  imagery.  In this  case ,  adding a d imension  of d i s c e r n i b i l i t y ,  i. e . ,

chromaticity , to t a rge t s  that previously contained little or no di f ference  in

bri ghtness betwe en th em selves and their background . The potential is to

provide grea te r  rec ogniti on ranges than with monochromatic displays. An ..i
extreme example would be a t a rge t  having zero b r i g h t n e s s  d i f fe rence  with

respect  to i ts  background . This could occur , f or in s t a n c e , when an E/ O  sen-

sor images an olive-drab vehicle against a light-brown desert background .

unde r  sun  angles  that  are ali gned a long the weapon l i n e - o f - s i gh t .  For a -

monochrome disp lay unde r this condition , p ic tu re  con t ra s t  ( t a r g e t - t o-  - 
-

background ) would be near  zero , but wi th  color  added v e r y  hi gh chromat ic-

ness d i f f e r e n c e s  can be obtained , especia l l y if the  ope ra to r  enhances  the

disp lay by i n c r e a s i n g  chroma gain.  
- .  

-

This is the  same e f fec t  that was no dramatical ly i l l u s t r a t ed  to earl y

workers  in t e lev i s ion  when color  was f i r s t  app lied to remote  te lecas ts  of

spor t ing events .  There ,  under  cloud y skies and wi th  the somewhat i n s e n s i -  1 -

t ive image pi ckups  of the t ime , it was scarcel y poss ib le  to d i s t i n g u i s h  one

team from another  on the monochrome mon i to r .  With  color , the veil of -

confus ion  was l i f ted.  The fo rmer l y gray and muddied j e r s e y s  took on a new

meaning in color iden t i f y ing the green team vs the  gold team;  it was even

possibl e to see who had the balls -

The fo rego ing  example is re levant  to m i l i t a r y  d isp lays because  much

of the sensor  imagery  of in te res t  is often rece ived  in the a i r c r a f t  under

adve r se  cond i t i ons  c o n t r i b u t i n g  to low con t r a s t  and hig h back ground noise.

Conversely, color has been shown to have l i t t l e  value in improv ing

ac quis i t ion  pe r fo rman ce in s i tua t i on s wh er e h i g h - c o n t r a s t  med ium r e s o l u t i o n

imagery is used. The point here  is that if the image con t ras t  is good enough

to begin with, color is not going to enhance  it .

Unfortunat ely, color s tudies have tended to look at na r row aspects  - .

of the problem , usuall y because of equipment constraints , and althou gh thei r .J

42  ii . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~



—-- - -~~~~~~~~~~~
--- -—•

~~~~~
-- ---—-

~
--—-

a.

— 

- 

1~~ 
conclusions are cor rec t  for the n a r r o w  aspect u n d e r  stud y, the conclus ions

- - 
cannot be applied to the gene ra l i zed  a i rborne  disp lay r equ i rement .

One appl ica t ion  where color is believed to be important  is in the

disp lay of video from h igh- reso lu t ion , IR sensor  sys tems .  Here , the poten-

tial app lication is in extending the dynamic range  of the disp lay to accommo-

date sensor video conta in ing meaning ful ampli tude d i f f e r ences  over a range

that exceeds the percept ib le  dynamic range (8 to 10 shades of gray)  obtainable
with monochrome disp lays .  By a r t i f i c i a l l y encoding specified ampl i tude

regions with a p rede te rmined  scal e of hues , it becomes possible to discrimi-

nate t a rge t s  on the basis of t empera tu re  f rom the i r  background in a manner

- 
analogous to that followed with so-called fa l se -co lor  IR f i lms.  Hug hes con-

I s t ruc ted  such a disp lay for use with an advanced forward- looking  IR (FLIR)

system , desig nated MAFLIR. Th e resu l t s  obtained in sys tem t r ia ls  where
inconclus ive , however , due  to the l imi ta t ions  inheren t  in the sys tem and in the

penet ra t ion  phosp hor C R T ’ s that were availabl e at that  t ime. In addit ion .
-- earl y high - reso lu t ion  FLIR sys t ems  had unfavorab le  du ty  cyc les  which resulted
-, in a s ign i f ican t  loss in bri ghtness  in any r ea l - t ime  disp lay of the i r  output .

- - Also, the pene t ra t ion  techni que employed at that  t ime ut i l ized a b a r r i e r  l aye r

and phosphors which operated at lower energ ies and hence lower brightness

-. 
than con tempora ry  components  us ing  this  techni que. The combination proved

to be too dim for the a i rborne  env i ronment , r e q u i r i n g  near l y total da rkness
for the operator to d i s ce rn  hue d i f f e r e n c e s .  Never the less , i ts  implementa t ion
proved , within cont ro l led-ambient  laboratory  condition s , that the two-pr imary.
color penet ra t ion  techni que was capable of p roduc ing  at least  four d iscernible
hues in hig h- reso lu t ion  (excess  of 800 TV limiting l ines) .

SYMBOLIC DISPLAYS

-. Contempora ry  geometr ic  and al ph a n u m e r i c  coding sys tems have reached
a level of disp lay comp lexity that  tax man ’ s abilit y to p rocess  the in format ion

I with the degree of comprehension that is requi red  by the miss ion .  While there

is no evidence that the in fo rmat ion  p resen ted  on the AIMIS VDS is approaching
-.  

a condition of near saturation , the ques t ion  of whe the r  or not the addi t ion  of

color will improve or degrade p ilot pe r fo rmance  is a valid one. A number  of
- past s tudies  that  were reviewed provided solid evidence for the use of part icu-

lar types of color coding for  specific tasks on par t icular  types of disp lay under
a given set of conditions.  However these studies , in genera l , have not dealty

with color CRT’ s.

•:• ‘ 43
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The f ollowi ng exce rpt s from th e Semple et al ( 1 9 7 1 )  s tud y p resen t  a
brief summar y of th e data found in studies examining the utility of color cad-
ing for  specif i c t asks  under  d i f fe rent  viewing condi t ions  for  n o n - C R T  d isp lays .

Advantage of Color Coding

1. Color codes are best for the location of t a rge t s  or for  ga in ing
a t ten t ion  devices .  Color coding is less  e ff ec t i ve  than other coding
m ethods for  i d e n t i f i c a t i o n  tasks.

2. Pe r fo rmance  is improved;  i. e. • search times and ident i fIca t ion
e r r o r s  are  reduced when color coding is used in c o n j u n c t i o n  with
al phanumer i c  or geomet r ic  codes , ref .  5.

3. Color c oding provides an additional d imens ion  for the presenta t ion
of informat ion .

4. Color codes used in conjunct ion  with other  codes or symbols  can
i n c r e a s e  the amount  of s t i m u l u s  i nf o r m a t i o n  p r e s e n t e d  in a g iven
message  fr om 9. 51 to approximatel y 2 5, 36 bi ts . ref .  5 .

5. The sensat ion of color is common to all co lo r -no rma l  observers
and t h e r e f o r e  requi res  l i t t l e  addi tional  t r a i n i n g .

6. Color b r igh tness  as well as color hue is e f f e c t i v e  for coding,
ref. 6.

7. Color is exce l l en t  fo r  coding s tates  or s t a tus  in visual  disp lays .
8. Some evidence suggests that color enhances performance in cer-

ta m i n t e r p r e t a t i o n , reading and “Hi g her  Cogni t ive ” tasks , ref .  7 .
9. Color  codes fac i l i t a t e  count ing  tasks  on comp lex disp lays , p ro-

vided the  color of the t a r g e t  is known in advance and onl y a few
colors  a re  used.

10. R e l e a r n i n g  and t ran sfe r of t r a i n i n g  appear  to  be enhanced wi th  the
use of color.

_______________________________

5. Anderson , N. S. and Pit ts , P. M. “ A m o u n t  of Information Gained
During Brief  Exposures  of Numera l s and Colors . ” Journa l  of Experi-
mental  Psychology,  Volume 56 , Number  4 , Pages 367-369,  1958.

6. R izy ,  E. F. Dichroic  Filer  Spec i f ica t ion  for Color Add i t ive  Disp lay
I. Preliminary Tolerance Determination and the C. I . E .  Des igna t ions
for Coding Colors. (AD 488 479), United States Air Force, Rom e
Air Development Center , Griffiss Air Force Base, New York ,
Aug ust 1966.

7. Ke tchel , J. and Jenney,  L. E l e c t r o n i c  and O p t i c al l y  Genera ted  Air-
c r a f t  Displays:  A Study of Standardizat ion R e q u i r e m e n t s .  JANAIR
Repor t  No. 680505 (AD 684 849),  Uni ted  States Navy . Off ice  of Naval
Research , Was hington D . C . ,  May 1968.
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1 Disadvantages  of Color Coding

1. The average color-normal  person can di sc r imina te  onl y about
I nine hues of sur face  color on an absolute  basis under  ideal condi-
j t ions , and even fewer under adverse conditions. (Onl y four  hue s

-
. on CRT generated disp l a y s .)  Re f .  8.

j 2. Some peop le are  color-defect ive;  about 6 pe rcen t  of all males ar i d
0. 4 percent  of all females.

3. Color d i sc r imina t ion  is seriously degraded when sur face  colors
I are viewed under  hi ghl y chromatic l ight  sources.

4. Signals or color patches of small d imens ions , 20 minutes  or less
in visual angle , cause normal sub jec t s  to show cer ta in  charac-
t e r i s t i c s  of anomalous  color v i s ion .  Color codes recommended
for two degrees  or la rger  do not app ly to 20 minutes  or smaller
sources  of l ight .

5. Numer ic  codes ( followed by geomet r ic  codes) are best for identi-
fy in g, coun t ing ,  ver i f y ing,  and compar ing  t a sks , ref .  9.

6. The use of non - r e l evan t , unusua l  or cu l tu ra l l y con t rad ic to ry
colors  tend to comp licate visual  search tasks . ref .  10.

~~ - Most app lied resea rch  pe r t a in ing  to colored d isp lays  has been con-
cerned with the p resen ta t ion  of symbolic i n fo rma t ion .  Althoug h some inves-
t igation s have found negat ive  r e su l t s , the m a j o r i t y  of exper iments  have proven

that the application of color as a coding d imens ion  enhan ces  pe r fo rmance  in

visual  search tasks  with symbolic disp lays ~al pb anumerics  and shape coding) .

The added d imens ionali ty  of color also increases  the i n f o r m a t i o n  rate that

can be p resen ted  in a g iven  disp lay.

A s ign i f ican t  f a c t o r  is the fact  tha t  none of the  s tudies  examined

addre sed the problem of color coding on colored CRT disp lays .  The e f fec t

• of e lectronic  disp lay phosphors ( fo r  colored disp l a y s)  unde r  changing illumi-

- nation c ondit ions may produce s ign i f i can t l y d i f f e r e n t  r e su l t s .  An in depth

- - 
examination of this  e f fec t , al thoug h beyond the scope of th is  p resen t  e f fo r t
appears warran ted .

8. Coriover , D. W . and K r a f t , C, L. The Use of Color in Coding Displays.
WADC Technical  Repor t  55-471 (AD 204 214) .  Aero Medical  Labora-
to ry ,  Wri ght Air  Development Center , Wri gh t - P a t t e r s o n  Air  Force
Base , Ohio . October 1958.

9. Hitt , W. D. “An  Evaluat ion of Five D i f f e r e n t  Abs t r ac t  Coding Meth-
ods. ” Human Fac to r s,  Volume 3. Nismber 2 . Pages 120-1 30 ,
Jul y 1961.

10. McCormick.  E. J. Human Factors  Eng ineer ing.  McGraw-Hi l l  Book
Company , New York , 1970.
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VDS DISPLAY P E R F O R M A N C E  R E Q U I R E M E N T S

The pe r fo rmance  r e q u i r e m e n t s  for  the Highl y R e l i a b l e  VDS were

initiall y developed d u r i n g  Phase I . ref .  I .  An opera t ional  r equ i r emen t  anal-

ysis  was f i r s t  conducted which took into account  the crew , disp lay subset , the

AIMIS a i rc raf t  miss ions  and sensor  complement .  In summary,  the opera-

t ional  r equ i rements  anal ysis  showed the need for th ree  basic func t iona l  capa-

bilit ies.  These included , 1) a display of symbology for f l ight  director  capa-

bi l i ty ,  2) a TV presenta t ion  of e lect ro-opt ica l  sensor data and 3) a d isp lay

of rada r sensor  data.

The purpose of the per formance  requirements  anal y si s was to conver t

the gene ral operat ional  r e q u i r e m e n t s  to specifi.c mechaniza t ion  r e q u i r e m e n t s .

A summary  of the p e r f o r m a n c e  and mechan i za t i on  r equ i r emen t s  for the CRT

indicator is given i t-i Table 4. The suitabil i ty of a color CRT for use in the

Hi ghl y Rel iable  VDS can the r e fo re  be de termined by comp a r i n g  its p e r f o r m -

ance capabi l i ty  r e l a t ive  to the es tabl i shed CRT r e q u i r e m e n t s  given in Table 4 .

Mechan iza t ion  t r adeof f s  conducted  d u r i n g  the Phase I e f f o r t  ind ica ted  the  need

for a resonant  d e f l e c t i o n  s y s t e m  for  gene ra t ion  of the  TV r a s t e r  for a CRT

display if the power and r e l i ab i l i t y  r e q u i r e m e n t s  were to be met .  In addi t ion ,

the al phnu m e r i c  symbology mus t  be presen ted  i n - r a s t e r  for  a typ ical f l ight

data disp lay,  F igure  3a. This is so because of de f l ec t ion  power r e q u i r e m e n t s ,

rel iabi l i ty , avai lable  w r i t i n g  t ime and b r i g h t n e s s  c o n s i d e r a t i o n s .

TABLE 4. VDS DISPLAY INDICATOR P E R F O R M A N C E
AND MECHANIZATION R E Q U I R E M E N T S

Size: 7 . 5  x 10 inch  useable  ( 1 2  inch diagonal  CRT
B r i g h t n e s s  and Con t ra s t :  S u f f i c i e n t  to provide eig ht  shades of g ray

at 10 , 000 f t - c a n d l e ambien t  i l l umina t ion
( 1 2 0 0  f t - l a m b e r t s  wi th  e f f i c i e n t  c o n t r a s t
e nh an (~ em en i

Reso lu t i on :  800 l ines  v e r t i c a l , 1000 l ines  ho r i zon ta l

Display Format :  875 l ine  TV , 30 Hz f r a m e  ra te  ...~ -

525 l ine  TV , 30 Hz f r ame  ra te

W r i t i n g  Speed: 322 , 000 inches  per second max ( f o r  a
7 .5  x 10 inch  C R T  in the 875 l i n e  mode)

Power: 100 wat t s  - 
-

R e l i a b i l i t y :  4000 h o u r s

Disp layed I n f o r m a t i o n :  R a d a r  Video
EU Video
Symbol ic  Data
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1 COLOR DISPLA Y ALTERNATIVES

Dur ing  conduct  of Navy Cont rac t  N 6 2 2 6 9 - 7 0 - C - 0 3 8 1 ,  ref .  4 . a corn-

prehensive survey of disp lay components  su i tab le  for  use as a color disp lay

was accomplished. The chief d i f f e r ence  it-i r equi rements  between a map dis-

play and a VDS app l icat ion is related to the required v i s ib i l i t y .  A two pri-

mary  color scheme , a l though  found to be a t t r a c t i v e  f rom the  s tand point  of

simpl ic i ty ,  was ruled out for use  in the map d isp lay  app l ica t ion  as not being

capable of d i sp lay ing e s sen t i a l  color  map i n f o r m a t i o n  with s u f f i c i e n t  color

I sa tu ra t ion  to provide the requi red  v i s ib i l i t y .  The color d isp lay genera t ion

a l t e rna t ive s reviewed can be ca tegor ized  i n t o  four  g roups  as follows: 1) ele-

ment sequent ia l  sys t ems , Zt  opt ica l l y combined s y s t e m s , 3) f ield sequent ia l
j systems and 4) other techniques .  A comp lete tabulat ion of al l  technicjues

reviewed dur ing  the ea r l i e r  stud y. r e f .  4 . is g iven below.

Element  Sequent ia l  Sys t ems

, • Shadow Mask CRT

• T r i n i t r o n  CRT

- 
- • Li ght Valves

Optical l y Combined Sy s t e m s

• T r i n e s c o p e

• R e a r  P r o j e c t i o n  Screen

- • Field Lens

Field Sequent ia l
-. 

• Elec t romechan ica l  F i l t e r s

• Li quid C ry s t al  F i l t e r s
-- • Ceramic  F i l t e r s

-. Other  Techn iques

I • Beam Penetra t ion CR T — Vol tage  Sens i t ive-- • Beam Pene t r a t ion  CRT — C u r r e n t  Sens i t ive

• Direc t  View Color Storage Tubes

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~ :ç ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• Chromat ron

• Two-Color Thin Tube

• Banana Tube .

• App le and Goodman Tubes . -

• Sunstein Sys tems

The un d e r l i n e d  i t ems  r ep re sen t  the t echno logy  that  o f f e r ed  the most promise  - .

for app l ica t ion  to color  t e l ev i s ion  map d i sp lays .  For the  VDS app l ica t ion , the 
-

beam p e n e t r a t i o n  C R T s  should be inc luded in the l i s t .

For the  p resen t  con t r ac t , onl y those  co lor  d i sp lay  approaches  which

appear  a t t r a c t i v e  for the VDS app l ica t ion  and which some e f fo r t  has  been

expen ded by i n d u s t r y  to ga in  improved per f or m ance , have been reviewed. -

In addition , any new technology which has shown promise  for  use  as a color .

disp lay has been reviewed. -

In the new t echno logy  ca tegory ,  the li quid c r y s t a l  m a t r i x  d i sp lay c u r -  - - .
r ent un de r developm ent by Hughes  A i r c r a f t  Company has been reviewed.  - ,

Elemental  Sequent ia l  Sys tems

The th ree  e lemental  sequen t ia l  sys tems  inc lude  the Shadow Mask CRT ,

Tr in i t r on  CRT and the -Li ght Valves,  Of these  three  devices , onl y the Tr ini -  
-

t ron or “ T r i n i t r on  Type ” CRT has both a t t r a c t ed  i n d u s t r y  a t t e n t i o n  over the

past five yea r s  and appears  to have fu r ther  potent ia l  for improved  p e r f o r m -  -

ance for a VDS app l icat ion in a two-color  sys t em.  The li ght  valve sys tem

was not considered because  of i ts  inheren t  l imi ta t ion  of b r i g h t n e s s  and - -

resolut ion.

Tr in i t ron  CRT 
.

The Tr in i t ron  color CRT was developed b y Sony Corpora t ion  of Japan ,

to improve the color pic ture  tube by reducing its complex i ty .  Its two uni que

fea tu re s  a re  the Single Gun S t ruc tu re  and the  A pe r t u r e  Gr i l l e .  Dur ing  the

past two years , several othe r corporat ions have devel oped ve ry  similar color

CRTS . i. e . .  Lyna t ron  by Sharp Corp. Due to the super ior  p e r f o r m a n c e  and

reduced complex i ty ,  the color te levis ions  produced for home enter ta inment  - -

are i n c o r p o r a t i n g  this  type  of CRT ra the r  than the shadow mask CRT .  It

would not be s u r p r i s i n g  to see the shadow mask CRT comp letel y phased out

and rep laced by the s ing le gun a p e r t u r e  gr i l le  CRTs within the next two y ea r s .
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J Th e sing l e gun st r uctu r e o f t h e T rinitron C R T is il l us t ra te d in

Figure  19. This s t r u c t u r e  p roduces  the th ree  e l e c t r o n  beams w i t h i n  a neck

I l ength  tha t  is ve ry  sho r t  compared to o ther  m u l t i - b e a m  g u n s .  A s y s t e m  of

f i r s t  and second beam d e f l e c t o r s  located nea r  the  t i p o f th e gun c ause pr ope r

i 
convergence  of the beams in to  a common spot at the  a p e r t u r e  g r i l l e .  The

I opera t ion  is as fo l lows .  E l e c t r o n s  emi t t ed  f rom the  ca thode  pass t h r o u g h

their  r e s p e c t i v e  con t ro l  g r i d s , the  R G B  a p e r t u r e s , and t h e n c e  are  commonl y
c onverged by the e l e c t r o s t a t i c  e l e c t r o n  lens  f i e ld  at A. The beams then  con-
ve rge at the  c e n t e r  of the  main e l e c t r o n  l e n s  B , w h i c h  f o r m s  a common focus

T field . This f o c u s i n g  method a c c o u n t s  for  t h e  low coma and a s t i g m a t i s m  of

the T R I N I T R O N  desi gn. U pon ex i t i n g  the f i e l d  at B , t he beams  d i v e r g e  and
-- en t e r  a sys tem of f i r s t  and second beam d e f l e c t o r  p l a l e s  w h i c h  a re  in ter -

posed betwee n the ti p o f the gun and the  v i ewing  sc reen .
-- - The g r e e n  beam has  been chosen to be on ax i s  in t h i s  s y s t e m  s ince  it

accoun ts for  most  of the  i n f o r m a t i o n  in the color  scene , i. e. , g r e e n  is
59 pe rcen t  of the c o n t e n t  in the  NTSC s y s t e m  of co lor  p r i m a r i e s  and it  is a lso

t he w a v e l e n g t h  to which  the eye is both the  mos t  r e s p o n s i v e  and has the

R, G, :AP ERTURES

ii ELECTRON LENS( A ) 
APERTURE GRILLE

E L E C T R O N  L ENS ( B )  4• F PHOSPHOR STRIPEFIRST & SECOND r DETAIL
BEAM DE F LECTORS I)

- - RED

GREEN
. 

B L U E

Fi i~’ir e  l ’~. T R I N I T R O N  C R T .
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greates t  r e so lv ing  power.  Accordingl y ,  it is the sharpes t  in th i s  case
because  it passes undeviated through the converg ing l ens ,  focusing lens ,  and
beam de f l ec to r s .  The red and blue beams can be s l ight l y de te r io ra ted , how-
ever , without ser ious ly degrading  the resolut ion .  The ou ts tand ing  pe r form-
ance of the T R I N I T R O N  is due in part  to this jud ic ious  assi gnment  of beams
and also to the fac t  that  the convergence  has been reduced f rom a multi-
dimensional  problem as in the shadow-mask CRT . to e s sen t i a l l y a s ing le-
dimension (the  hor izon ta l  pl ane) .  —

The simplic i ty  af forded by thi s approach means that  the electron gun - -

is p roducib le  us ing  s tandard  p roduc t ion  t echn i ques and also is capable of
hi ghe r  to l e rance  to shock and v ibrat ion .  The remainder  of the  tube de s ign
woul d be ex pected to  be as suscep t i bl e to t h e ai r bo r ne v ib ra tion and magn et ic
field env i ronmen t  as the  shadow mask s y s t e m .  However ,  mil i t a r i z a t i on of
th i s  desi gn sh ou ld be m ore r eadi l y accomplished than wi th  the shadow- mask.
For i n s t a n ce , prope r con t ro l  of the t e n s i o n i n g  of the a p e r t u r e  g r i l l e  in the
ve r t i ca l d imens ion  could i nc rease  i t s  pe r fo rmance  under  v i b r a t i o n  and the
ad dit ion of ma g n e t i c sh ie lding should prov ide adequate  p ro t ec t ion  aga ins t
s t r a y f ie lds , s i nce  t h e c o n v e r g en ce mec h an i sm , for the ph osphor s t r i pes ,
i s l ess  c r i t i cal t h an fo r t h e t r i a d dot g r o u p ings .

The br i gh t n e s s  of the T r i n i t r o n  C R T  is repor ted  to he 150 fL , at con-
vent ional  525 l ine t e l e v i s i o n  scann ing  r a t e s .  A h ighe r  b r i g h t n e s s  is avai lable  j
f rom the T r i n i t r o n  r a t h e r  than f rom the shadow mask tube because the aper-
tu re  g r i l l e  i n t e r c ep t s  fewe r e l ec t rons  than  does the  shadow mask.  One could
co nceive of a t w o- c o l o r  ve r s ion  of a T r i n i t r o n  u t i l i z i n g  red and g reen  as
p r i m a r y  colors .  As a consequence , a 50 pe rcen t  increase  in b r i g h t n e s s  would
be rea l ized  r e s u l t i n g  in a 225 fL d i sp lay.  Some addi t iona l  i nc rease  in bri gh t -  -j

ness could also be achieved by u t i l iz ing  more e f f i c i e n t  ph osphors s ince the
need to p r e s e r v e  the NTSC ra t ios . Green  5Q p e r c e n t  and red 30 pe rcen t  for
the t h r e e - c o l o r  C R T  is not as c r i t i ca l .  In r e a l i t y ,  i t is  c o n t r a s t  r a t h e r t ha n

b r i g h t n e s s  that  one is conce rned  wi th .  In a two-co lo r  CRT u s i n g  red and 4
g r e e n  as p r i m a r y  co lors , a low pass c o n t r a s t  enhancemen t  f i l t e r  could be
e f f e c t i v e l y u t i l i zed .  Such a f i l t e r  would presen t  red and green  (and combina-
t ions  t h e r e o f )  but not blue.  At sea level , blue L 5 not a s i g n i f i ca n t  po r t i on  of
ambient  li ght , however , at h i gh a l t i t u d e s , the  blue ( s h o r t  w a v e l e n g t h )  corn-
ponent  of ambient  li ght  becomes apprec iab le,  The low pass f i l t e r  would
e f fec t ive l y block the blue component  of ambient  l igh t  f rom reaching the CR T
face thereby  provid ing  e f fec t ive  con t ras t  enhancemen t .

- ;  I
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— The phosp hor on the screen of the Trinitron is composed of vertical

stri pes of red , green and blue. The average width of these vertical stri pes

is 0. 008 inch with 0. 004 inch spacing between stri pes result ing in a resolu t ion

of approximately 28 elements per  inch [(0 .  008 + 0. 004) x 3] .  If a two color

version was available , an effect ive 50 pe rcent increase in resolution would be

possible result ing in 42 elements per inch [ (0. 008 + 0. 004) x 2 ] .

Beam Penetrat ion CRT

The desire to achieve color in the cock pit combined with the simp licity

- - of construction of Color Penetration Phosphor CRT , has prompted efforts  by

• industry  to fu r ther  improve the pe r formance capability of the device. The

recent introduction of a new phosphor screen , E l7 , (Dumont Corporation ,

subsidiary of Thomson — CSF), provides improved high bri ghtness color

performance.
The penetrat ion CRT has a multilayer screen consisting of two phos-

• phors of d i f fe ren t  colors  separated by a layer of t ransparent  dieletric mate-

rial (F igure  20) .  The two phosphors produce d i f fe ren t  colors when excited

by an electron beam . A beam of too low a voltage to penetrate the dielectric

bar r ie r  layer will excite onl y one phosphor. Higher voltage will excite both

ph osp hors with predominance of the second phosphor color. Intermediate

colors will be obtained from intermediate voltages. Several colors can then

be produced by a sing le electron gun by simply switching the acceleration

voltage. As the acceleration voltage is switched from one value to another

to produce the d i f fe ren t  colors , the current  through the magnetic deflection

yoke must  be adjusted to keep the beam deflection amplitude constant .  Also ,

the beam cu r r en t  must be modulated to keep the picture brightness constant.

Many d i f fe ren t  combinations of phosphors are possible. Practically
speaking, however , for two-color presentation , they must  be restr icted to

phosphors having equal persistance (bri ghtness decay characterist ics),

good color separation, small voltage swings and good color uniformity in

intermediate colors. An example of a phosphor screen developed by Dumont

for cock pit disp lays is the E 17 , the characteristics of which are shown in

Fi gures  20 , 21 and 22. This screen operates with an accelerator voltage

between 10 KV (red) and 17 KV (green).  At 13 Ky , the red and green are

balanced and mix to produce yellow.

51

~~~~p-~~ 

-

_ _ _ _ _ _ _ _ _ _ _



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

Pr \ [ T R A r ~or~

BARNI [H 

S( REI.c’4 

,f
~~~~

_...
~
...~~
<

_ __ GLAss aIJLB

L A Y E R — N 
,~~~ - EL ECTRON BEAM

LOW ENERGY ELECTRON
• GREEN PHOSPHOR RED PHOSPHOR BEAM GIVING RED COLOR

Figure 20. Color penetration CRT.
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Figure 21. Relative phosphor bri ghtness.
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F igure  22. C. I. E. d iagram for
• . - E 17 penet ra t ion  sc reen .

- • 
~

• j In determining the su i t ab i l i t y  of the pene t ra t ion  phosphor CRT to the

highl y reliable VDS app l ica t ion , due cons idera t ion  mus t  be given to the per-

T formance of the CRT under  the actual  opera t ing  condit ions , namely an 875

and 525 line 60 Hz TV moni tor .  A serious problem in evident when consid-

-- ering the prac t ica l i ty  of u t i l i z ing  this  type of CRT for an i n - r a s t e r  display.

~
. If di~ferent  color symbol s are required to be presented  on the same TV line ,

the high voltage would have to be switched in a f rac t ion  of a microsecond ,

clearly an impossible feat due to component  technology l imita t ions .  It can

be argued that it is possible to separate the d i f f e r en t  colored symbols on the
- display and to “ order ” the data such as to provide adequate t ime to switch the

hi gh voltage. The most ser ious r e s t r i c t i on  of the pene t ra t ion  phosphor CRT

appears to be its lack of adequate bri gh tness .  F igure  23 indicates that at

500 amps of beam cur ren t  (a reasonable maximum) a 2000 fL l ine t race in
- - the green mode and a 675 fL line t r ace  in the red mode is achievable under

the test conditions shown. This data must  of course  be t ranslated to the VSD

• writ ing speed of 320 , 000 inches / sec  in the 875 l ine  mode at 60 Hz. In doing

-. 
so, a t race  bri ghtness  of 208 fL in the g reen  mod e and 18 fL in the red mod e

is obtained. While this  represents  a substant ia l  improvement  in bri ghtness

obtainable five years  ago with similar CRTs , it is s t i l l  far short of the

1200 fL required for the hi ghl y reliable VDS app l ica t ion .
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Figure  23. E l 7  screen t r ace  bri ghtness  ve r sus
cathode c u r r e n t  (th rough  15 percent  transrnis-

- 

• s ion f i l t e r ) .

LIQUID C R Y S T A L  PICTORIAL DISPLAY

Introduct ion

A l iqu id  C r y s t a l  P ic tor ia l  Disp lay is c u r r e n t l y under  development by

the Hug hes A i r c r a f t  Company as an a l t e rna t ive  to the convent ional  cathode-

ray tube for the presenta t ion  of symbolic , grap hic , and pictorial  images for

mi l i ta ry  appl i ca t ions .  The d isp lay p r e s e n t s  d ynamic  s h a d e s - o f - g r a y  tele-

vision images in real t ime  by induc ing  dynamic  sca t t e r ing  in selected areas

of a thin f i lm of l iquid c rys ta l  ma te r i a l .  The mater ia l  is sandwiched between

a t r ansparen t  conduct ive cover and an a r r a y  of re f lec t ive  electrodes formed

on the su r face  of a semiconductor  c i r cu i t  s u b s t r a t e  by metal - oxide-

semiconduc to r  (MOS) p rocess ing  techni ques.  The area of the d i sp lay is pres-

entl y one-b y - o n e - i n c h , ‘nd t h e r e  are 10 , 000 pic ture  e lements  (p ixels)  in a

100 x 100 ma t r i x  a rr a y .  Recen t l y a 2’ x 2” d i sp lay was fabricated and

demonst ra ted .  The 2” x 2” d isplay was achieved by i n t e r c o n n e c t i n g  fou r

I”  wa fers to form a quad. F igure  24 shows a TV presenta t ion  on a defect

free one inch li quid c rys ta l  display.

The disp lay was in i t i a l l y conceived for use as a hi g h - r e s o l u t i o n  panel

display in tac t ica l  a i r c r a f t  where  operation under  br ight  day light  viewing

conditions is required . Present development  is also d i rec ted  t oward app li-

cation to head-up  and he lmet -mounted  disp lay sy s t ems  and to f ie ld-portable
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ONE INCH

Figure 24. De fect f ree one
inch Li quid Crystal  disp lay.

displays. Key advantages of the Li quid Crystal  Pictorial Display are high

contrast over small and la rge areas under all levels of ambient illumination ,

including direct sunli ght; uniforml y high resolution ove r the entire display

surface; a simple electrical interface; and low wei ght , low power , and low

installation volume. The feasibil i ty of providing a li quid crystal  color disp lay

has been demonstrated.

Electro-O pti cal Characte ristics

A liquid crystal disp lay, unlike a CRT , does not produce any light

itself; illumination , eithe r natural or artificial , is required. The effect of

light or dark areas is produced by independent control of the diffuse reflection

of in cident ambient illumination from each elemental cell. Because a liquid

crystal disp lay modulates incident ambient lighting, rather than competing

with it , it requires little power.

A simplified cross section of an elemental disp lay cell is show n in

Figure 25; consists of a thin film of dynami c scattering liquid crystal mate-

rial san dwiched between a reflective , mirror-lik e electrode and a transparent

conductive electrode. A voltage difference between the electrodes induces a

current flow throug h the material which , in turn , causes hydrod ynamic
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• Fi gure  25. Re f l ec t ive  li quid c ry s t a l  cell .

tu rbu lence  in the m a t e r i a l ,  The r e su l t i n g  d ynamic  s c a t t e r i ng  is approximatel y
propor t iona l  to the amp li tude of the app lied potent ia l .  -

In the OFF state , with no e lec t r ic  po ten t ia l  app lied to the electrode ,
the li quid c rys t a l  mate r ia l  is c lear  and the  v iewer  sees whateve r is specu la r l y
ref lec ted  by the disp lay (see Fi gure  26a~. When  the disp lay is posit ioned
correc t l y with respec t  to a dark “ l i ght t r ap ” , the re f lec t ion  of i ts  dark su r face
in the e lectrode makes the e lementa l  cell appear black,

In the ON state (F i g u r e  26b with an e lect r ic  potential  app lied , the
r e s u l t i n g  dynamic s ca t t e ri ng  causes  the  disp lay to appear a f ro s ty  white  as
some of the incident  i l l uminat i on  is r e d i r e c t e d  toward the observer .  Note
that the i l luminat ion and the observer  are on the same side of the disp lay.
Shades of g ray  can be obtained because the magni tude  of this d i f fu se  re f lec t ion
is proport ional  to sca t t e r ing  level and , hence , to the app lied potent ial .

The basic d i sp lay is fabr ica ted  by placing the appropr ia te  li quid c rys ta l
mater ia l  between a t r anspa ren t  conduct ive e lectrode and the large  semicon-
ductor  chi p. The t r a n sp a r e n t  conduct ive  e lec t rode  is a s ingle  cont inuous  fi lm
applied to the cover gl a s s .  The m a t r i x  a r r ay  of e lementa l  r e f l e c t i v e  elec-
t rodes that spatiall y def ine  the individual  p c i tu re  elements is on the sur face
of the semiconductor  shi p. Each re f l ec t ive  e lectrod e serves as an e lect r ical
contact to the li quid c rys t a l  mater ia l  and as an optical r e f l ec to r .  The film of
li quid c rys ta l  mater ial  that  f i l l s  the  cavi ty  between the t r a n s p a r en t  electrod e
and the semiconductor  chi p is common to the en t i r e  a r ra y  of elemental  r e f i ec-
tive electrodes.
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Figure  26. Li quid c rys ta l  cell operation

• A c i rcu i t  diagram of the address ing c i rcu i t s  contained within the basic

- .  e lec t rode -a r ray  chi p is shown in F igure  27. Associa ted  with each elemental

- 
cell or picture element ,  is a t r ans i s to r -capac i to r  sample-and-hold  c i rcui t

and a re f lec t ive  electrode,

Plans have been formulated at Hughes A i r c r a f t  Company to fabricate a
- .  

li quid crystal  color display by combining the li quid c rys ta l  technology and
- color display technology in such a way as to provide a solid state dot sequen-

tial color disp lay. One such method involves breaking up each element of the
display into a three-color  triad , forming an image in the same manne r as is
used in the Sony Tr in i t ron .  R e f e r r i n g  to F igure  28 . a mul t i l ayer  in te r fe rence
type color fi l ter  is placed on the inside of the cover glass , forming vert ical

-. stri pes of p r imary  color triads in reg is t ry  with the elemental disp lay cells.
Since the filter will be on the side of the glass , this is in contact with the
li quid crystal  material , there  will be neg li gible visual parallax. The spacing
between the fil ter and the LX cell mirror on the back plate will be onl y 1/ 2  mil ,

-- while the filter stri pe will be 10 mil wide. The filte r stri pes are oriented
— verticall y.
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Fi gure  27. Liquid c r y s t a l  address ing c i rcu i t s .
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Figure  28 . Color liquid crystal  disp lay mechanizat ion.
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Conclusion

During the past five years,  some progress  has been made by indus t ry
toward improving the br ightness  charac te r i s t i cs  of color CRTs .  Notable
improvements have been made in the Tr in i t ron  CRT and Penetrat ion Phosphor
CRT. While these improvements  are noteworthy, fu r the r  order of magnitude
improvements in brig htness  is required be fore these disp lay devices can be
considered for the hig hl y reliable VSD application. For a TV ras te r  disp lay,
the Penetrat ion Phosphor CRT presen ts  an additional problem , namely,  the
need to switch the hig h voltage from 17 KV to 10 KV at microsecond r ates.
The one display device that o f fe rs  the grea tes t  potential for providing

a high brig htness  for both black and white  and color is the Li quid Crys ta l
Pictorial Disp lay ,  c u r r e n t l y under development .  A substant ia l  amount of

fu r the r  development e f fo r t , however , is requi red  before a product ion ver-
sion of such a disp lay will be available.
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