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ABS TRACT

An overview of pl asma di spl ay technolog y and operation

is presented. Advanta ges and disadvantages of plasma qraph

iCS are explored. Some app lications that are p articularl y

appropriate for a plasma display are listed. Hardware and

software developed to interface the AN /UYQ—1 O plasma displ ay

with an Inte llec Micr ’ocomputer Development System are dis—

cussed.
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- I. INTRODUCTION

Graphic data processin g provides a common l anguage of

graph ics and alphanumerics between man and the computer. A

man thinks in terms of sketches, drawin gs, graphs, letters ,

characters and numbers. However , the Computer relates to

bits , bytes and registers. W it h a graphics display inter-

face, man can spend more time defining a problem in terms he

understands best (Pellerin 19771 .

Displ ay designers have for years been searching for an

alternative to the cathode ray tube (CR1) — for a device

that retains the image indefinitel y w ithout loss of quali ty,

that can be accommodated in a small space, and that requires

only low volta ge power supol ies . No such device has yet

been discovered that retains the high performance and quali-

ty of the CRT. One pr omising alternative to the CRT is the

plasma panel. It meets almost all the dis pl ay designer ’s

needs (Be nw il l Staff Report 1978).

Inc l uded in this thesis is an overview of plasma display

technolo gy and plasma disp la y operation. Advantages and

disadvanta ges of p asma graph ics are exolored. Some appli-

cations are listed which utilize the plasma ’s advan tages and

appear to be particularly appropriate. The remainder of the

thesis discusses hardware and software developed while in—

4 terfac ing the AN/UYO 1O wit h the Intellec Microcomputer

Develop ment System . Details of the hardware interface are

_ _ _ _  - Ii ~~~~~~~ ____
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listed in App endix A and a brie f operations manual for the
‘~ —

software develooed is included as Appendix B.
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II. OVERVIEW

A . DESCRIPTION OF TECHNOLOGIES

Most graphic dis p lay systems use refresh or storage

technolo gy. Three main types of refresh technologies exist:

stroke writing , raster scanning and scan converting. Stroke

writing displa y systems position an electron beam on the

tube face much as one would draw on paper w i th a pencil. In

raster scanning systems, the beam sequentially traces the

entire face of the tube. When the beam arrives at a point

that belongs to the p icture under construction , a video sig-

nal “brightens ” the beam to illuminate the screen. Hybrid

scan converters use a storage tube to store the image and

then scan the storage tube information onto a raster scan-

ning monitor to disolay the image. Since the persistence of

the phosphor in the tube is low, CR1 ’s usin g one of these

technologies require p eriodic image refreshing to prevent

annoying screen flicker. These CRT ’s refresh the image at

least thirty times each second.

Two storage technologies exist: the storage tube and

the plasma panel. W ith the storage tube, the CR1 receives

Its image in the same way as a stroke writing system.’ How-

ever, the storage tube stores the image on a grid, eliminat-

ing period ic refresh. Unlike other graphic display systems,

p lasma panels do not use CRT ’s. They substi tute etchec

ql.~ss pl ates seoarated by a gas which glows when excited by

11
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an electric oulse. The displ ay Consists of a series of

bright dots that can be formatted into alphanumerics and

graph ics. Plasma panels do not require refresh and, once a

p articular p oint on the dis p la y in “turned on,” it continues

to glow unt i l “turned off ” (Pellerin 19771 .

B. PLASMA PANEL OPERATION

The constru ction of a plasma panel is shown in Figure 1.

The panel Consists of two sheets of glass wi t h  thin, closely

spaced electrodes attached to the inner faces and covered

with a dielectric material. The two sheets of glass are

spaced a few thousandths of an Inch apart, and the interven-

ing soace is fil l e d  wit h a neon—based gas and sealed. By

app lying voltaaes between the electrodes , the gas panel is

made to behave as if It were divided into tiny cells, each

one independent of its neighbors. A cell is made to glow by

p lacing a “firing ” voltage across it by means of the elec-

trodes. The gas wit h i n  the cell begins to dischar ge, and

this develooes very racidl y into a glow. The glow can be

sustained by m aintainin g a h igh frequency alternating vol-

tage across the cell. If the signal amplitude is chosen

correctl y, cells that have not been “fired” w i l l  not be

effected , i.e., each ce ll Is b istable.

Cells can be switched on by momentarily increasing the

sustaining voltage ; this can be done selectivel y by modify-

ing the signal In the two conductors that intersect at the

desired cell. Conversel y, if the sustainin g volta ge is

lowered, the glow Is removed (Newman 19731 .

12 
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Figure 1

C. TEC~INICAL ADVANTAGES /DISADVANTAGES OF PLASMA DISPLAYS

The simplicity of construction of the plasma panel sug-

gests that it it can replace the CR1 for man y computer

graph ics app lications. In the present state of development

i t  compares favorably with the direct—v iew storage tube.

The main advantage of pl asmas over storage- , tubes is

selective erase. The storage tube must erase the entire

image and rewrite the modi fied image — a time consuming pro—

cess. The pl as ma disp lay also presents a sharper image that

does not deterio rate with time, Its power requireme nts are

less stringent, it has a longer life , and it occupies less

space. Some disadvanta ges In comparison to storage tubes

are lo wer resolution and no “real” gray scale. At the

13
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current state of the art , pl asma ai sp la y s use reduced reso-

lution to simulate gray scales. A common resolution for

plasma disp lays is sixt y coints ocr inch , wh ich is about

half the resolution of a storage tube.

The main advantages of p lasma technology over refresh

technolo gy is eli min ation of the requirement to refresh and

flatness of the disp lay. The requirement to refresh may be

p artiall y offset because of a need for a seParate dis p lay

processor. Raster- scan systems offer the advantages of

color and higher resolution with the disadvanta ge of higher

mem ory requirements. Stroke writers offer the advantaoes of

high reso lution, limited color and dynamic motion w ith the

disadvanta ge of limited dis pl a y (increased amounts of data

cause the screen to flicker ) £Pe ll e r $n 19771 .

Plasma technology offers some additional advantages over

CR1 technology . Plasm as have no p in—cushio n and barrel di s—

tortion , no focus distortion , no delicatel y ali gned internal

components and no di g ital to analog conversio n. Plasma s

also have the advantages of hi gh endoolot accuracy, uniform

bri ghtness , high screen life and ruggedness.

0. COST COMPARISON OF GRAPHIC SYSTEMS

Storage tube systems by Tektronix range from $4,000 to

$15,000. A basic olasma dis p la y from Magnavox sells for

about $6,000, whil e raster scan and low cost stroke writers

sell from $10,000 to $50,000-, Sophisticated stroke writers

w i t h  the abilit y to represent three dimensional graph ics

range in p rice from $30,000 to $8S,000. Further , pla sma

14
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displays should decrease in on ce as development costs are

recouoed [Pellen in 19771

E. CURRENT STATUS OF PLAS MA DISPLAYS

Common p l a s m a  o a n e ls  c o n s i s t  o f  512 by 512 elements with

60 e l e m e n t s - p e r  i nch ,  which p r o v i d e s  an a c t i v e  view ing sur-

face of about 8.5 inches square. Options such as “touch

entry ”, “rear orojection ” and “soecia l” gray scales are

available. Usable life is advertised - to be appr oxim atel y

10.000 active disp lay hours or about five years.

F. PROt3ABLE FUTURE

Th e panel’ s resolution should be expected to double in

the near future. Limited color cap abilit y and large scale

displa ys (in excess of three feet square) are theoreticall y

possible. Wit h imoroved resolution, plasma displays w i l l

replace more expensive graphics devices.

A tte ntion has been drawm to the possible effects of

radiation hazards from CRT ’s. Plasma displays operate on

di fferent principles and are free from radiation hazards.

G. PROBABLE APPL ICATIO NS

The plasma disp lay offers advantages in general disp lays

and text editin g since it does not need refreshing and since

It holds sixt y percent more text than most CRT’ s. In the

graphics area, the olasma displ ay offers compactness and

durability over storage tube systems. In app lications which

‘
~ ~~~

‘ requ ire ruggedized CRT’s or oversized displays , plasma

panels are par t i cularl y appropriate.

is
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III. DESCRIPTION OF HAR DWARE

This chapter presents the equipment that was the basis

of th i s project — the INTELLEC Microcomputer Developement

System (MDS) manufactured by INTEL, the Plasma Displ ay Set

(AN UYQ 1O) manu factured by SCIENCE APPLICATIONS INC. (SAT)

and the hardwa re inter face between the MOS and the Plasma

Display Set.

The electronic hardware necessary to interface the MDS

with the Plasma Disp lay , which was developed ana construct-

ed, has been described in detail in A pp endix A. This inter-

face was necessary to match the twisted—pair signals of the

Plasma Disp lay to the TTL signals of the MDS.

A , MOS INPUT/OUTPUT

The I/O Module of the MDS includes four input and four

output ports. Each outout port latches ei gh t—bit data words

and each input port supports eight bi ts of data, latched or

unlatched. Two Inout ports were used — one for eight data

bits and one for four control bits. Two output ports were

used — one for eight data bits and one for two status bits

— pl us two plasma control bits. The two plasma control lines

are CONTROL A and CONTROL B. When high , CONTROL A disables

al l transmissions from the disp lay. When low, CONTROL B

allows the disolay to operate In  the local mode where only

soecial actions result in data being transmitted ; when high ,

CONTROL B sets the echo mode and data is transmitted to the

16 
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CPU and not operated on by the disoley. The Status lines ,

OUTBUSY and INBUSY, are discussed later . The I/O of the MDS

is IlL logic with data bit seven as the most significant

bit.

B. PLAS MA DISPLAY SET INPUT/OUTPUT

The Plasma Display uses an eight Bit Differential Inter—

face to communicate w i t h  the CPU over eight sets of

twisted pair inout lines and eight sets of twis ted pair out

out lines , Each pair has a Positive side and a negative

Side and a logical “1” exists on the pair when the p ositive

line is high and the negative line is low. When the oppo-

site condition exists, a logical “0” is represented. There

are four handshakin g twisted— p air signal lines provided for

control from the CPU. In addition , there are two twisted—

p air lines for inpu t control signals and two twisted— p air

lines for status output signals. The two status lines pro-

vide information to the CPU on the status of the displ ay.

When STATUS A i s high the oisp lay is available for receipt

of a character. When low , a character is being processed

and the input is unavailable. The STATUS B line is high

when the optional p arity detector indicates a parity error.

The control signals, EXT GA TE and INCLK , are discussed

later. The data I/O of the Plasma Disp lay Consists of eight

twisted— p air signals wi th the most sign ificant bit being

data b it zero.

17
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C. TRANSMISSION OF DATA

The transmission of data between the MDS and the plasma

displ ay require handshaking signals. The signals used are

included in Figure 2.

1. Transmission from CPU to Plasma

To transmit data to the display, the CPU places data

on the eight output lines and sets OUTBUSY control line

high. When the dis p lay recei ves this signal , it causes EXT

GATE handshake signal to be set low. The EXT GATE signal

from the dis p lay remains low until data Is processed , after

which the EXT GATE signal is set high. The CPU must main-

tain data on the data lines for as long as EXT GATE is low.

OUTBUSY control line from the CPU may then go low. The

OUTBUSY control line must make the trans ition between high

and low for each character transmitted to the displ ay (SI .

2. Trans mission from Plasma to CPU

To transmit data to the CPU, the dis p la y places data

on the eigh t i nput lines of the CPU. When the CPU is ready

to receive data, it w i l l  set the INBUSY handshake line hi gh

(this may occur before data is placed on the input lines ).

With INBUSY from the CPU high and data on the input lines ,

the disp lay sets INCLK high. This signals the CPU that the

d isplay has data . The CPU then accepts the data and resets

INBUSY l ine low. When this occurs, the plasma resets INCLK

low and the disp lay can cOntinue operation (51 . 

- - - 1_ 
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D. INTEIRFACE DESCRIPTION

The function of the interface is to change the output of

the Plasma Display Set (twisted —pair signals with data bit

zero the most significant bit) to an acceptable i nput for

the MOS (TTL signals wit h data bit seven the most si gnif i—

cant bit ) and vice versa.

When operating wi th the MDS system, the interface is as

shown in Figure 2. The I/O of the pl asma scope is through

pin connector J— 3 ,wh ile the I/O of the MDS is through the

MDS para llel I/O board which was assigned to ports four and

five.

• • I
• I I I

MDS : INTERFACE PLASMA
• I I I
I I I
I I I I fl
• I •

Signals:
input : : line output data (8)

:< : receivers < STATUS A
lin es : : : : lin es STATUS B

AM D 9o15 : INCLK
EX T GATE

l i e  I I I Iu~ • I I I

Signals:
-~ C f R~~ I I I s •

~~~.
,, , , , , •

CONT . A I output : line : : input
CONT. B I > itr an sm it ters 
INBUSY : lines I : 1 1 lines I
OUTBUSY : : : AMD 9614

I I I I
I I I I

INTERFACE DESCRIPTION

Fi gure 2

19 
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The plasma display may be operated without a CPU con—

nected i.e. off— l ine. The following jumpers on connector

J—3 are required to operate the plasma for off—line opera-

tion: pins 7 to 54, 9 to 53, 14 to 146, 16 to 48, 18 to 49

and 20 to 51.

E. CURRENT SYSTEM CONFIGU RATION

The oresent System confi guration is shown in Figure 3.

1 plasma I 1 interface I MDS : 1 disk drives I
1 scope <~~— — ~~ < — — —  I - c — — —> L

-F -F
• I
I I

plas ma I I ert
1 keyboard 1 1 keyboard

(omitted) I I H

SYSTEM CONFI GURAT ION

F igure 3

Because of a design flaw, the handshaking signals re-

quired for the pl asma to tra nsmit data to the MDS System are

present only for four hundred nanoseconds , whi ch is not in

accordance w i t h  Ref. 5 which states that the signals remain

“high” until being reset. Without additional hardware

latches and registers , a two—way communication between the

systems cannot be established. Effective one—way communica-

tion from the MOS to the plasma displ ay was establ ished by

using olasma status lines for cc~ trol ,

Current configuration has the plasma scope functioni ng

as a dis olay which is driven from the MDS console keyboard

20
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F.
by the oPerator. This configuration has the advantages of

operator fl e x i b i l i t y  and minimizing required plasma dis p lay

hardware. This configurati on would allow for the omission

of duplicated hardware and firmware — such as memory

buffers, hardwired logic and dupli cated system firmwar e.

‘

21 
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IV. DESCRIPTI ON OF SOFT~ ARE

A , SIMULATION OF PLASMA FUNCTIONS

To drive the plasma display from the MOS system requires

the simulation of olasma disp lay control functions. The

operator has the cap abilit y of dup licating all control func-

tions from the MDS system that could be generated from the

plasma dis p lay keyboard (for one—way communication.) In the

current conf igurati on , two—way communication is not required

because- the operator has the capabilit y to dupl icate in MDS

memory aU that is written into plasma displ ay memory .

Plasma functions are detailed in Appendix B, Operation Manu—

al.

B. TEST AND INTEGRATI ON

1. Test of the Plasma Display

The testing of the olesma dis p la y was done in accor-

dance with System checkout procedures listed in Ref . 4. All

functions were tested in the off —line mode of operation with

only minor discrepancies noted. When the scope is cleared

either in the alohanumer ic or vector mode, some plasma cells

remained lighted and some that were off ori gin all y were

lighted. Though not as oredominant, some points would fail

to light. Mul ti p le clears or multi p le writes would usually

correct this problem. It was noted that the various voltage

levels , significantl y the bias voltages, are adjustable.

However, this is a factory adjustment.

22
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2. Test of Hardware Interface.

The hardware interface is described in A ppend ix A.

Input signals were app lied and output signals were checked.

There were no unexpected results.

3. Syste m Integration.

The system was configured as shown in Figure 3.

Software orimitives were written to simulate olasma scope

functions and tested. The plasma responded more consiste ntly

than when operated in the off—line mode. During system

integration it was found that EXT GATE and INCLK signals

were not In accordance with Ref. 5. The STATUS A signal was

found to be essentially the comp lement of EXT GATE and since

the EXT GATE sign als were erratic, STATUS A was used in the

software interface. No subst itute signal could be found for

th e INCLK . However, additional hardware could make the sig-

nal consistent with the descr~ ption in Ref. 5.

LI, Operator Interface

Three sets of programs were developed for the pla sma

disp lay. The first set was a series of independent programs

to emulate the thirty —two functions (less those requiring

two way communic ation ) provided by the plasma scope. These

programs , operated at the systems level, were used to verif y

the op erabilit y of each function and to clarify their per-

formance. Most functi ons were found to perform as specified

in Ref. S.

The second set of programs was developed to evaluate

the human factors involved with operating the plasma

disp lay . These programs orovide an operating environm ent

23 
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for interaction between an operator and the olasm a disp lay

via the CRT console. Appli cation of these programs revealed

no se r i ous  l i m i t a t i o n s  on Ope ra t ion  of the plasma scope in

this confi gurat ion. However, since the plasma disp lay

writes and erases vectors by describing the end po ints , a

program to determine the exact location (within one sixtieth

of an inch ) of points on the plasma was developed . This

orogram would not be necessary w i th a functional transmit

interface (two—wa y communicati on ) . Also, programs to simu-

late the plasma disp lay memory in the MDS would not be

necessary on a system with two—way communications. However,

more efficient utilization of memory can be made by placing

it in the MDS system vice the Plasma display system .

The third set of pr ograms was a series of

subroutines for use when writing programs for the plasma

disp lay . These include necessary p rimitives for communicat-

ing in a lphanumer ic  and v e c t o r  modes. A d d i t i o n a l ly ,  con—

ven ient  rou t ines  to  pe r fo rm  common r e p e t i t i v e  f u nct io n s  have

been provided in a library file. These orimitives ano

routines may be accessed  w i t h o u t  r e — w r i t i n g  or re c o m p i ’ i ng

them in an ap olication program . App endix t~ gives pertinent

information on use of these routines.

C. CURRENT EXTENSIONS OF PLASMA FUNCTIONS

The plasma disp lay allows the operator to function In

t w o  input modes - foreground and background. The foreground

characters may be edited , whereas background characters may

not, The disadvantage of not being able to edit background

24
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characters is that the background can never be changed; the

operator cannot correct tycing errors when entering back-

ground characters , and he cannot change background data at a

later date if he desires. Operating from the MDS, the opera-

tor -has use of subroutines which change background data to

foreground data, and vice versa.

The operator , from the MDS, also has the abili t y  to call

a vec to r  cursor  subrout ine w h i c h  w i l l  g r e a t ly  a id in the

drawing of vectors. Without thi s routine , drawi ng a vector

from a point to a line with any accuracy would be practical-

ly imp ossible.

Other  c a p a b i l i t i e s  g iven the operator is the abilit y to

m odi f y the simulated p lasma memory in the MDS and to dis p lay

the m o d i f i c a t i o n s  of the p las ma d is p l ay .

D. FUTURE EXTENSIONS OF PLASM A FUNCTIONS

One advantage of d r i v ing  t he p lasma d i s p lay  f rom the MDS

s y s t e m  is the  f l e x i b i l i ty  of s o f t w a r e  over  hardware  — the

MDS is programmable , the plasma disp la y is not. Extensions

required to make the System compl ete for storage and re-

trieval of di sola y data are library, cataloging and file

managemen t routines. Possible extensions in the graph ics

area are coord ina te  sys tem t r a n s f o r m a t i o n s ,  vec to r  t r a n s f o r -

ma t i ons ,  w indow and c l ipo ing  a lgo r i t hms ,  a graphic language

and three dime m sional graphics.

25
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E . FUTURE PLASMA DISPLAY SYSTEMS

If the abilit y of the plasma dis p lay to operate off—line

is u ti l i z e d ,  then a sy s tem of two  or more displays can be

combined w i t h  a s ing le  MDS. Th is  could best be accompl i shed

by u t i l i z in g  the interupt mech an isms of the lIDS. The sys tem

could be designed to operate in a variet y of operating

modes. For examp le , one plasma could be operating off —li ne

u t i l i z i n g  the CPU onl y when tran sferring data between files

or uti l i z i n g  soecia l function codes. At the same time ,

another p lasma ooeratin g on—line could be utilizing the full

computin g power of the lIDS.

Through the use of functi on codes (operator programmable

in the MDS) available on the pl asma keyboard and a two—wa y

communication system , an operator on the plasma keyboard can

st i l l  u t ilize many of the same programmable functions avail-

able to the operator on the lIDS keyboard.

26
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V. MILITARY APPLICATIONS

A . ALPH ANUMERICS

The nature of plasma aisplays to have characters in a

foreground or background lends itself readil y to administra-

tive reports — such as Op tical Character Recognition (OCR)

forms, standardized reoorts , executive orders and o fficial

correspondence. Libraries of standard forms can be kept on

a direct access storage device. The operator could access

the required form by Department of Defense (DO) number,

d is p lay  the form in the background mode and f i l l  in the

requ ired in fo rmat ion .  T h i s  would reduce the need for  many

d i f f e r e n t  fo r ms and wou l d  reduce the number of copies of

each form used by the admi n istration departments. The in-

formatio n could be stored or sent directl y to a printer.

Th e p rin te r  could  f i l l  in a blank form using foreground data

or it could p rin t the form alona with the data using both

foreground ano background data.

B. STATIC GRAPHI~ S

The m i l i t a r y  organizations make wide use of status or

- 
“tote ” boards for dis play in g and keeping current of vita l

data in Command and Control centers. Presen t m ea ns o f

disp lay are slow , inaccurate and wasteful. Computerized

grap hi c dis pl ays for status boards would do much to improve

the timeliness and accuracy of v ital informat ion.

_ _ _ _  _ _  -



P lasma  gra phics wou ld  a l so  be b e n e f i c i a l  to the m i l i ta ry

in te l l igence  comm unit~y. The a b i l i ty  to p roj e c t  images f rom

the rear of the p lasma d i sp l ay  g ives In te l l i gence  o f f i c e r s

the cap abilit y of storin g vast amounts of data for sp ecific

geographic locations th at cannot be disp layed on maos and

can st i l l  be easil y accessible. The ca o abi l it y of rear pro-

jectio n would aid mission commanders in mission p lannin g by

making the most current inf ormation readi l y ava il able at a

central location.

C. DYNAMIC GRAPHICS

The dynamics of stroke writers wou ld be diffi c u l t ,  if

not imp ossib le , to simulate on olasma s because of the time

required to move a number of vectors. That is, the w riting ,

erasing and rewritin g of vectors can make motion appear dis-

joint. However, certa in dynamic graohic app lications that

could utilize the advantages of olasmas could more readi l y

lend themselves to dynam ic motion on olasma disp lays.

For exa m p le .  the o las m a wou ld  make an e x c e l l e n t  d isp lay

in the Command and Contro l  environment,  such as usage in the

Navy and Marine tactic al data systems (NTDS/MTOS). The

dynamics of these t a c t i c a l  data  sy s tems are much s l o w e r  than

the continuous motion required for fli gh t simul ation (typi-

cal  ucdates on T DS are s i x  t imes  a seco md) .

I i
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V f .  CONCLUSION

A broad overview of plasma dis p lay technology and opera-

tion has been oresented. The advantages and disadvantages

of plasm a disolays have been discussed and comparisons

between di fferent technologies were made. Important , unex-

pected results ~e~ e noted in the pl asma ’s resolution and

dynami c cap abilit y . The resolution of the p lasma did not

appr eciab ly effect the appearance of the disp lay . For exam-

ple, qraohs of circles ano p ol yn omials appeared smooth and

cont inuous.  A lthough p lasm as cannot project continuous

m otion as ef fectively as stroke writers , they can simu late

the slower dynami cs of a radar sweco. From information

presented, plasma dis olays aooear to be com p etitive with

other graphic devi ces for most app lications.

W hile there are a variety of graphics systems available ,

the graph ics system selected for an ap o l icat ion deoends upon

the functions the system performs. The advantages offered

,by plasma dis olays make them desirable for mi l i t a r y  use in

environ m ents which requir e ruqoed, vibration resistent ,

shockoroof functioni ng . However, the disolay by SAT has

cap abilities which are not requ i red under the systems

current configuration. When connected - to a CPU, a less

sophi stocated version with reduced buffer caoabi li ties and

reduced f i r m w a r e  can provide t he same advantages.
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The interface design and software tools presented in

this thesis provide a foundation for further research and

development ’ into microcom puter based olasma disp lay systems.

Possible areas for deve looment include transp ortin g ex istin g

BASIC programs from other graphi cs systems to the lIDS by

imp lementing BASIC under the ISIS ooerating system or by

writin g emulation programs. The usefulness of the plasma

disolay would be extended by develo p ing a fi l e  management

system, attachi ng a dot matrix p rinter for hard copies of

graohs and develo p ing a text editor that takes advantage of

p lasma text orocessing cap abil ities.

- ---5- 

30



r
APPENDI X A

HARD WA RE INTERFACE

A . INTERF ACE BOARD DESIGN

The board configuratio n is shown if Figure A—i.

R* #1 Tx #1 1 
1 Rx #2 Tx #2 1 

1 26 p in 1 Rx #3 Tx #3 55 pin
:connector: Rx #14 Tx #4 Iconnector l
1 to CPU 1 Rx #6 Tx #6 Ito p lasma l 

1 Rx #6 Tx #6

- INTERFACE CONFIGURATION DESIGN

Figure A— I

Where Rx and Tx are AMO 9615 and 96114 receiver and

transmitte r “ch ips ” resp ectivel y .

B. AMD 9615 RECEIVER

AMD 9615 logic is shown in Figure A—2. Pin numbers are

shown in parentheses. The inputs are twisted— p air signals

from the plasma disola y and the Outputs are TTL signals to

the MOS . The interface board contains six AMO 9615 “chip s ”,

each “chi p ” has two receivers , givi ng twelve twisted—pair

input lines and TTL. output lines. These tw elve lines 1n

d ude eight data lines , two status lines and two control

lines.
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(?) (4 )

M1) S F __.c(J 
__1 ’

#
’l l i sp lay

(1) ( ;) 4—~- ( 1)

(1 ’-1 ) (12)

Mfl5 • ~ diso lay
( 15 )  ( 1 3 )  ;I— ~ ( Q )

+~~ V o l t s  — — ( 1 ~~)
(N1) (8)

AMD 9615 LOGIC

F igure * 2

C. AMO 96114 TRANSMITTER

AMO 9614 logic is shown in Figure A—3. Pin numbers are

shown In parentheses. The i nputs are TTL signals from the

MDS and the outputs are t w i s t e d — p a i r  s igna ls  to t he p lasma

disp lay .

MOS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
::i:::

~~

isr1a v

MflS ( Q )

1 
if ~~ 

-signal

(12) +slqnal

•~ v o l t s  —— (R’)
GNI’ ($ )

( AMD 9614 LOGIC

Figure A —3
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The interface board contains six AMD 9614 “chip s ” , each chip has two

transmitters , giving twelve TTL input lin es and twisted— p air output

li nes. These twelve lines inc l ude eight data lines and four control

lines.

0. J—3 PLASMA CON NECTOR PIN ASS IGNMENTS

Table A—I contains pin numbers and corresponding signals

for connector J— 3 on the plasma displa y .

p in signal pin signal pin signal pin signal

I unused 15 — i n  3 29 —in 0 43 fin 7

2 fout 6 16 —control A 30 GND ~44 —out 0

3 —out 5 17 fin 3 31 f i n  6 45 —Out 7

14 —out 6 18 +contro t B 32 GND ~46 — in clock

5 fout 5 19 fin 2 33 —in 6 ‘47 unused

6 fout ~4 - 20 — control B 3(4 GND (48 fin clock

7 —s tatus B 21 — i n  2 3S~ — in- 5 - - 
‘49 +ext gate

8 —out 4 22 —out 2 36 GND 50 —in busy

9 fstatus B 23 —in 1 37 fin 5 51 —ext gate

10 —out 7 24 fout 2 38 fout 1 52 fin busy

13 P st a t u S  A 25 fin 1 39 fin (4 53 +out busy

12 fout 7 26 fout 3 40 —out 1 54 —out busy

13 —status A 27 fin 0 41 —In 4 55 GND

1~4 scontrol A 28 out 3 42 fout 0

J -3  PIN ASSIGNMENTS

Tab le A— i

33
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E. INTERF ACE W IRE CONNECTIONS

Interface wire connections from plasma display to ~‘IDS

are included in Table 4—2.

J — 3  chip 14/ male  female  CPU
signal pin 14 p in 14 Out pin 14 connector pin 14

_ _ _ _ _  _ , —

— i n  1 23 i /lI 1/15 D 17 55
f i n  1 25 1/9

—in 0 29 1/5 1/1 E 15 56
f i n  0 27 1/7

— i n  3 15 2/11 2/15 H 13 57
f i n  3 17 2/9

— i n  2 2! 2/5 2/1 J 11 58
f i n  2 19 2/7

— i n  5 35 3/11 3/15 L 9 60
f i n  5 37 3/9

- — i n  4 Lii 3/5 3/1 M 7 59
f i n  4 39 3/7

—in  7 ‘45 4/1 1 4/1 5 P 5 61
fin 7 43 4/9

-in 6 33 4/S ‘4/ 1 R 3 62
f i n  6 31 4/7

—ext gate 51 5/11 S/iS T 19 66
+ext gate 49 5/9

— i n  cloc k 46 5/5 5/1 U 21 65
f i n  clock 48 5/7

—status B 7 6/11 6/15 V 23 64
+status B 9 6/9

—status A 13 6/5 6/1 X 24 63
fstatus A 11 6/7

PLAS MA TO lIDS W IRE CONNECTIONS

table 4—2

34
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Interface wire connnectio ns from the MDS to the plasma

displ ay are included in Table 4—3.

CPU fema le  male  ch ip 14/ J— 3
oin 14 connector p in 14 i nput p in U p in 14 signal

7 1(4 14 1/7 1/1 144 —out 0
1/Li (42 fout 0

6 12 12 1/9 1/15 ‘40 —out I
1/12 38 fout I

8 10 10 2/ 7  2/1 22 —out 2
2/4 24 +out 2

5 8 8 2/9 2/iS 28 —out 3
2/12 26 ‘-out 3

11 a 6 3/7 3/1 8 —out ~4
3/4 6 +out 4

10 4 ‘4 3/9 3/15 3 —out 5
3/12 5 lout 5

3 2 2 4/7 4/1 4 —out 6
( 4 / 1 1  2 lout 6

9 1 1 (1/9 4/15 10 —out 7
(1/ 12 12 tOut 7

19 lb 16 5/7 5/1 514 —out busy
5/4 53 fout busy

18 18 18 5/9 5/15 50 —In busy
5/12 52 sin busy

20 20 20 6/7 6/1 16 —control A
6/4 14 4-control A

15 22 22 6/9 6/15 20 —control B
6/12 18 scontrol 8

MDS TO PLASMA WIRE CONNECTIONS

Table A—3
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Power and ground (GND) are supp lied to the interface

board at male oin numbers B and Z respectively. The power

input to B is obtained from a separate power supply and the

ground inout to 2 is supp lied from female connector pin

number 25. A common ground for the MOS, plasma display and

interface was supplied. - -

L - - — - _ _ _
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APPENDIX B

OPERATION MANUAL

fo r  the

AN/UYO— 10 PLASMA DiSPLAY SET/INTELLEC MICROCOMPUTER SYSTEM

at the

NAVAL  POSTGRADUATE SCHOOL

This manual describes 1 the operation of the AN/UYO 1O

Plasma Display System (POS) as configured with the Intellec

Micro computer Development System CMOS) at the Naval Postgra-

duate School. The sp ecifics about the hardware inter face

were addressed in App endix A. This manual assumes knowledge

of the MDS System operating under ISIS—I! . Information on

ISIS—Il may be obtained from Ref. 6. The orograms for th i s

system were written in PL/M—8O which is a high level

language for  m ic rocom pute rs  and is descr ibed in de ta i l  in

Ref .  8 . For i n f o r m a t i o n  on the input/output module used on

the MDS, attention is directed to Ref. 9.
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I. SYSTEM BASICS

The AN/U YQ—iO Plasma Disp lay Set (POS) was connected to

the Irite ll ec Microcom puter Development System (MDS) via a

locally develooed interface board. The phy sical connections

are reviewed in Chapter 1. This system may be exercised

from the MOS using three methods. The most direct method is

using the indeoendent programs provided on the diskette

l abe led  “ P lasm a .sys . ” These programs were designed to exer -

c i s e  one simole funct ion each. Each program may be executed

to clarify the various functions available on the PDS by

entering the p lasma mnem onic. These functions have been

described in Ref. 5. Al so, each function may be exercised

using control codes generated on the MOS console by select-

ing the oroper con t ro l  key~ i.e. depressing the “CTRL ” key

and another key .  The t h i r t y — t w o  con t ro l  codes used by the

POS are l i s t e d  in Chapter 2. The easiest way to get control

codes passed to the POS is by using the “ALP HA ” program on

the demonstration diskette. Chapter 2 describes the various

functions provided on the POS by the basic programs and the

control codes used to generate each function.

A more thorough exercise for the PDS functions may be

accompl ished using the demonstration routines. These

routines were orovided to dis p lay the cap abilities of the

POS. By using the disket te labeled “Plasma.dem ,” v a r i ous

disp lays may be generated, information may be stored in the

MDS memory , and s to red  i n fo rma t ion  may be t r a n s m i t t e d  back

38
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to  the PDS. These rou t ines  are descr ibed in C h apt e r  3. The

demonstrat io n ,  program uses subrout ines w h i c h  are a v a i l a b l e

on the “Pla sma. l ib ” diskette.

The routines on “Plasma .lib ” are generall y bas ic func-

tions whic h may be linked to any app ropriate object module.

The object modules do not have to be derived from PL/M—80

source code but they do have to fol low the parameter passing

conventions described in Ref. 8. The external call state-

ments needed to compile PL/M—8 0 programs without these basic

functions have been included with the program source list-

ings. Use of these  subrout ines have been descr ibed  in

Chapter  4 .

One other diskette has been provided for completeness.

“Pl asma.plm ” Contains the source code for all the programs

developed. Like “P la sma .lib , ” this is a non—System

diskette. These programs were written to provide specifics

on at least one way to accom pli sh various procedures, and to

provide an in d ication of any idiosyncrasies which might l im—

it the usefulness of the p lasma display .
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II. SYSTE M ORGAN IZATION -

To properly configure the POS system, the MDS must have

an Input /Output (I/O) Mooule in addition to the normal

modules. This module has two dial type switches which must

be Set to assign the base address of “0004” to the I/O

ports. If there is any doubt about the validity of this

phy sical connection , it should be veri fied on an oscillo-

scope . Experience wou ld indicate these switches may not

produce the connection indicated by their markings. The

interface board must be connected between the PDS and the

MDS, and an e x t e r n a l  power supply must provide f i v e  v o l t s  to

pin B and ground to p in Z of the interface board. If the

add i t i ona l  connectors  have been prov ided to complete this

interface , the five volt suoply should be provided from the

MOS. Even though the POS keyboard is not needed for input

to th is system , it must be connected unless a jumper is pro-

vided. If these connections are prooerly maoe, there should

be no problems apply ing power and executing the basic func—

tion programs.

The basic function programs are provided on the

“P lasma.dem ” diskette. This diskette is a systems diskette ,

and as such may be placed in drIve 0. After insuring that

power has been turned on to the MDS and its console device,

the i n t e r f ace  board, and the PDS, the ISIS II operat ing sys—

tern should assure contro l  of the MDS sys tem.  T yping “m it ”
carriage return (c/r) should erase any stray dots that may
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have been lighted when power was app lied and post ON LINE on

the plasma disp lay. Enterin g “etx ” d r  should enable the

POS key board and disp lay the alohanume ric (A/N) cursor. It

should transmit characters to the disp lay screen. Similar-

ly, other basic functions may be called using the mnemonics

listed in Ref. S and also, in Table B—I. hhen a function

suc h as “stx , sub, or cg ” is selected , the followin g three

bytes of data w i l l  be treated as control information.

A demonstration program is also provided on

“Plasma.dem .” This program provides the basic functions , and

a few special functions to m ani oulate MOS memory , draw vec—

tors, and generate some specia l disp lays. The demonstration

orogram is documented in C h apt e r  3.

— 5 . 5 - .



plasma hexa con—
mnem— d e s c r ipt i v e  dec imal  t r o l  func t ion
onic name code key descri pti on

null no action 00 ~ or causes no action on
sp disp lay

ch cursor home 01 A cursor counters zeroed
(upper le ft corner)

s t x  s t a r t  t e x t  02 8 se ts  ASCI I  input
clears edit mode
erases alphanumeric (A/N)
cursor
disables keyboard
followed by column and
l ine l oca t i on  and t e x t

e t x  enable t e x t  03 C c l e a r s  cpu input mode
writes A/N cursor
enables p lasma keyboard

fcl function code OLI D s pe c i a l  f unc t i on  code
not imp lemented

ca cursor address 05 E requests current cursor
location from plasma
not implemented

fs forward space 06 F increments cursor counter

b) bel l  07 G Sound be l l  0.5 seconds
not implemented

bs backspace 08 H decrements cursor counter

tab to after 09 I moves cursor to first
background loca t ion  f o l l o w i ng  next

background data or end
of screen

l f line feed 04 J Increments li n e counter

V t v e r t i c a l  tab OB K decrements l ine counter

cs cle ar screen OC L erases screen
rewrites vectors only

cr carria ge return 00 M zeroes column Counter

I ’
PLASMA CONTROL CODES

Tab le 6—1 (a) -
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plasma hexa— con—
mnem— descri ptive decimal tro l function
onic name code key descri ption

cg construc t graph OE N sets graph ics input mode
er ases cursor
disables keyboard
followed by 3 bytes of

- - graohics data
describes one end po int

cv clea r vectors OF 0 erases screen
rewites A /N data only

f c2  f unc t i on  code io p special function code
not implemented

bg background mode 11 0 se ts  background mode
A/ N only
etx or fg resets bg

fg foreground mode 12 R sets foreground mode
A/N only

cb clear background 13 S erases background data

cf clear foreground 14 T erases foreground data

yr verify 15 U sends locatio n and asc ii
character to cpu for
v e r if i c a t i o n
not imp lemen ted

syn synchroni ze 16 V no a c t i o n
used to synchronize
I/O interface -

fc3 function code 17 P4 soecial function code
not Impl em ented

can cancel field 18 X erases foreground data
to last background data

fcLL function code 19 Y soeclal funct4 on co de
not implemented
moves following lines up

PLAS MA CONTROL CODES
Table B—I (h)
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plasma hexa— con—
mnem— descri p tive deci mal tr ol function
onic name code key desc r ipt i on

sub substitute 1A Z substitute character
sets ASCII i nput mode
erases A/N cursor
disables keyboard
followed by column , line
and character

f c 5  f unc t i on  code lB ( or ; so ec ia l  f unc t i on  code
not Implemented

ir inse r t  record 1C back— c r e a t e s  blank line at
slant current cursor location

or <

dr delete record 10 1 or = erases line at cursor

. ich i nse r t  c h a r a c t e r  1E 1~ or > crea tes b lank at cursor
moves characters right
one co lumn
co lumn 80 character lost

dch d e l e t e  c h a r a c t e r  iF under— e rases  c h a r a c t e r  at cursor
score location

or moves f o l l o w i ng  c h a r a c t e r s
? left one Position

co lumn 80 erased

PLASMA CONTROL CODES
Table 8—1 (c)

_______ _____
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III. SYST EM DE MONSTRATIO N

A . INV OKING THE DEMONSTRATION PROGRAM

The demonstration program on the system diskette labeled

“Plasma.dem ” may be olaced in drive zero. The Program is

invoked by typ ing “demo. ” S u f f i c i e n t  prompts and i n fo rma t ion

were provided for easy use without extensive knowledge of

the program in te rna ls .  This program provides an easy method

by which to exercise the plasma displa y . It contains com-

mands for all the basic functions which do not require data

t r ansm iss i on  from the plasm a set ,  o lus some extended func-

t ions and a few d is o l ay  rout ines.  Data t r ansm iss i on  f rom

the plasma d isp lay  was not implemented because the plasma

disp la y has a nonstandard interface. Addi tional circuitr y

must be added to the i n t e r f a c e  board if t h i s  c a p a b i l i t y  is

desired. The demonstration program uses all the subroutines

provided In the plasma l i b ra ry  (P las ma , l ib) and the demons-

tration librar y (Demo.lib). It provides an easy interface

for drawing vectors. Further , there is a set of display

routines wh ich exercises the plasma display set using vari-

ous schemes to provide an~ Indication of its cap abilities.

Exam p le B—I which uses the demonstration program has been

appended to this chapter.

8. DEMONSTRATI ON PROGRAM COMMANDS

The basic functons may be call ed using the same mnemon-

ics listed in Table B—I. The extended functions provide a
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method of manipu la t ing  MDS memory, and of generat ing vec-

tors. These functions are listed in Table 8—2 with a brief

exp lanation of their purpose. The dis p lay routines avail-

able with the demonstration orogram wi l l  provide some in-

sight into the ca oabi l ities of the plasma dis p lay and the

software interface provided. These functions are listed in

Table 8—3.

The demonstration orogram does not automatically perf orm

those functions which may be called within the program. For

examp le , calli ng individ ual graphs w i l l  not clear the screen

pr ior  to t he i r  d i s p l ay  s ince c l e a r i ng  alphanumer ic  (CS) or

vector memor y (CV) are inoependent basic functio ns availabl e

within this program. A lso , some programs produce different

results when the ori gin is translated. This lack of automa-

tion provides more f l e x i b i l i t y  since graphs may be overlaid

or modified using “alph a ” or “vector ” or another graph .

However it wou ld not be prac tical to require screen clearing

for functions such as “dump ” or “disp lay all , ” so th ese

functions clear the disp lay when required.

The functions available In “demo ” were placed in an

object library called “Plasma .,lib, ” and the dis p la y routines

are in “Demo.lib.” These functions are available without

recom pi l ing  as ex p la ined  In Chapter 4 . b l i t h  l i t t l e  e f f o r t ,

one should be able to use these functions with confidence

since they may be exercised both as Independent programs,

and as calls from the demonstration program. Also, the

source code has been appended In hopes of easing further

development and Imorovement of the plasma set functions.

-_ _ _ _ _ _ _ _ _ _
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descri ptive
mnemonic name function descri p tion

htof background changes background characters to
to foreground c h a r a c t e r s  in the MOS me rn—

foreground ory by settin g high order bit to zero
memory must be dumped to reset plasma

ftob foreground changes foreground characters to
to background characters in the MOS mem—

background ory by settin g h igh order bit to one
memor y must be dumped to reset p lasma

dump dump memory clears displa y and writes contents of
MDS buffers
used to reset p lasma when mode changed

vector draw vectors provides an interface w i th the MDS
console for drawing vectors.
default modes are set and only those
i t ems  tha t  change need to be entered.
0/NO stand for query/no query which
provid es a mechanism to check input
before it is oassed to disp lay.
oroer of i nput is not i mportant.
dupl icate input uses the last entry
vectors are stored in MOS memory .
escape terminates program.
additional comments in chapter 4
under “Graphics One.”

cursor move cursor orovides mechanism to move vector
and cursor Center of diamond reported on

report console when terminated with an escape
coordinates control—f forward one space (1/60 “)

control—h = backspace one space
control— i down one space
control—k = up one space

file read /write provides basic file handling cap abil—
files of itie s to save and recover MDS memory
MDS memory files are dumoed uncompressed

user must know what types of memory
and In what sequence files were dumped
multiple graphs and A/N datasets may
be dumped to one fi le
escape provIdes abnormal termination I;
uses ISIS system functions

cmds commands produces list of. “De m o ” commands
may be entered when prompt is “Z”

EXTENDED PLAS MA FUNCTIONS
Table 8—2
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descri ptive -
mnemonic name d i s p l ay  desc r ipt i on  

— 

fsr f i l l  screen writes 512 row vectors on pl asma
w i t h  rows

mrcv move row move row vector down screen erasing
down screen screen after each vector
using clear erases all vector memor y in pl asma

vector each time screen is cleared
alph anumerics are rewritten each time
sc reen Is cleared -

fsc f i l l  screen writes 512 column vectors on plasma
w i t h  columns

esc erase screen erases screen a column at a time
by  column

mdc moving moves a column across  screen
double writes next column before erasing
colu mn pr ior  co lumn

fsrc f i l l  screen writes row vector then column vector
with rows S12 times

and co lumns

mrc moving erases then w r i t e s  row vec to r  then
row and erases and writes column vector
col  u m n

tl translate accepts input from console and sets
ori gin origin at coordinates given

must be from 0 to 511 inclusive

fxg function pl ots a p ol yn omia l with origin of
of x graph C 255, 255 )

negative points are comp liments of
points used to plot positive curve

fans radial draws radial vectors from two ori gin s
lines origin cannot be moved

hw hea twave  mul t ip le  arcs set from two  or ig ins
p lot uses individual points at each
degree mark
origins cannot be moved

•1

- PLASMA DISPLAY ROUTINES
Tab le 8—3(a)
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desc r i pt i ye
mnemonic name d isp lay  descr ipt ion

ge goose egos pl ots circles while they fit on displ ay
ori gin may be moved using translate
ooints olotted are m odu lo 511
sin and cos uses 2 di g it app roximation
olot s each degree 0—45

tb thunde rbir d expanding radi al lines from movable
or ig in
disp lay s line length on console in
hexadecimal
expands at 20 dots per lap
p lots every twentieth vector

rs radar scan simulates radar sweep at varying rates
rate in dots advanced per vector must
be provided
ori gin is movab le

da dis pl ay all runs all displ ays available in “Vdemo ”
provides m echanis m to stop after each
d is p lay

menu commands oroduces l i s t  of “Vdemo ” commands
may be entered when prompt is “<“

I

PL ASMA DISPLAY ROUTINES
Table B—3 (b )
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- - C. DEMONSTRA TION PROGRAM EXAMPLE

The following examole illustrates a few of the comman ds

and the general command procedure used in the demonstration

program. Smal l  l e t t e r s  i nd i ca te  i n fo rmat i o n  keyed on the

console dev ice,  c a p i t a l  l e t t e r s  i nd ica te  responses on the

conso le  dev i ce ,  quoted c a o i t a l s  i nd i ca te  responses on the

plasma , and “4 ” indicates a carriage return must be entered.

Parenthesized notes are for exp lanatory purposes only .

(Insure system is configured as specified in Chapter 2, “Sys-
tems Organization ,” and ‘Plasma .dem ” diskette is in drive 0.)

demo-
CO MMAND LIST
NULL, CM, STX , ETX, FS, 85,
“ON LINE” (Plasma screen cleared prior to message.)

(Percent sign posted on console as prompt for “Demo.”)

abc4
INVALID COMMAND
(No action taken on plasma.)

cs’
(Pl~~~

q
~ screen cleared. )

fg4 (Sets foreground mode.)
z

etx4 (Enables olasma keyboard. )
(If large keyboard on pla sma , set in A/N mode .)

al pha~(Line feed. carriage return , but no prompt, oassed to console.)
(P lasma uses uppercase letters only , hence press alpha lock.)
abcdef.
A B C DEF
“ABCDEF”
bs,bs,bs (Backspace)

(Cursor is under “D” on plasma set.)
escape key

DEMONSTRATION PROGRAM EXAMPLE
Examp le 8—1 (a)

_ _ _ _ _ _ _ _ _  
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bg+ (Sets background mode.)
z

alpha4
xyz
“ABCXYZ”
bs,bs,bs (Cursor w i l l  not backsoace under background data.)
4. (Cursor is under “4 .”)
escape key

ftoh (Changes foreground data to background. )
FTOB
z

dump (Resets  p lasma da ta .)
DUMP
z

“ABCX YZ” (Plasma clears and writes mem ory in background mode.)
ch
CM
z

“AI3 CXYZ ” (Plasma cursor follows “Z.”)

vdemo
V DEMO

USE ISOLATED UPPERCASE LETTERS
(Less than symbol used as orompt for “Vdemo .”)

da
DO YOU W ANT TO STOP AFTER EACH GRAPH? (Y / N )  ( “Yes ” is de fau l t .)
n
(Numerous displays are produced on the plasma. )
SmEEP RATE?
54.

(Simulated radar scan appears on plasma set.)
-C

exit

exit
— (Prog ram te rm ina ted  no rma l ly .)

DEMONSTRATION PROGRAM EXAMPLE
Exampl e 8—1 (b )
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IV .  SYSTE M SUBRO UTINES

The diskette labeled “Plasma. lib” is a non—system

diskette wh ich contains the PL/M—80 com pi ler , PL/M— 80 li-

brary , the system librar y, the plasma library, the demons-

tration librar y, all the exte rnal files, and some example

“submit ” ( .CSD) f i l e s .  These f i l e s  may be used when

developing programs for the o l as m~ sys tem to a v o i d  having to

recom p i le  any of the subrout ines con ta ined  t here in .  The

source for the pl asma librar y files is contained on the

“Plasma .p lm ” diskette. A listing of these source files has

been appended to t h i s  t hes i s .

A.  PROGRAM DEVELOPMENT

The system is oredicatea on a development scheme that

uses a systems diskette in drive 0 which contains the source

program being developed ,  and t he “ P la s ma . l i b”  d i s k e t t e  in

drive 1. If the developing program is quali fied with a

“.PLM ,” then the “P .CSD” file may be used directl y by typing

“submit :fl :p (your— file )” on the console. This w i l l  invoke

a comp ile, link , locate, and go orocess where all the neces-

sary library routines w i l l  be linke d into the executable

module as per the e x t e r n a l  s t a t e m e n t s  s pe c i f i e d  In the

develop Ing prooram. The resultin g located module w i l l  be in

a file using the f il e name without any qualifier. Deta ils

for developin g a “.CSD” file may be found in Ref. 6. Some

comp il abl e programs wh ich were develooed with this scheme

52
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are available on “Plasma. p lm .” Fami l i a r i t y  with the required

“include ” statements may he gained by copying any of the

stand—alone programs onto a workin g diskette and submitting

it to the system. Com oiler options for the submit file and

sp ecifics about the “include ” and external statements are

contained in Ref. 8. A dditional object modules may be

placed into “Plasma. l ih ” or “Demo. lib ” as may be appropri-

ate. These library files could be improved by separating

all the contained object modules. The large groupings used

on “Pla sma. lib ” proved to be disadvantageous on man y occa-

sions. There is no requirement for modules bein g linke d

together to have similar com p iler options. For example, a

module compiled using “symbols, cross reference , debug, and

list ” may be linked to this library which used the faster

com p ile available under “C.CSD” without any adverse effects.

Of course the symbols and li ne locations for the library

routines w i l l  not be displ ayed in the locate map . Further ,

programs written in other ienguaaes may be linked if they

f o l l o w  the reg i s te r  conven t ions  s p e c i f i e d  in Re f .  6.

The following paragraphs explain the subroutines avail-

able on “Plasma .lib , ” and “Demo .~-ib. ” A dditional info mat ion

is available in the source listings appended hereto.’

B. DECL ARATION FILES

Three declaration files have been inc l uded with the pro-

gram listin gs. These files may be included in any program

being developed if consistency w i th the subroutines is

des ired. A l l  o f t he su b rou tin es use th ese decl ar a t i o n  fi l es

S3
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I
to establish general abbreviations for recurrin q com p iler

tokens. The in i t i a l  declarations, “Init. d c l , ” contains com-

mon abbreviations for declare, li t e r a l l y ,  procedure , et

cetera, and literals for cort assignments. The plasma de-

clarations , “Pscode.dcl, ” contain literal substitut ions for

the 32 olasma control mne’ronics, The graphics declaration

file, “cg.dc l , ” cont ain l i t e rals for bit masks used to set

up the control bytes needed in the araphics mode. These

files may be included , as needed, followin g the first “do ”

in a program modu le. However , the plasma and graphics de-

claration files must be preceded by “Init ,dc l .”

C. CRT INTERFA CE

The crt subroutines furni shed are f airl y common. These

routines may be reolaced with ISIS systems ca l ls, if pre-

ferred. However , the bufferin g allocated by the ISIS sys—

tern s w i l l  require about twice as much soace. “Read crt ” and

“VJ rite crt ” manipulate onl y one character , and “Echo crt ”

combines read and write. “Read crt ” stri cs any p arit y bit

(bit 7) that may be oassed by a terminal. “Read line crt ”

reads characters until a carriage return Is detected. The

characters read are converted to uooercase and stored at the

buffer address orovided. This routine appends a double do l—

lar sign to the end of the i nput string . “Write line crt ”

places characters on tl- .e crt oort until a double dollar sign

is detected. These routin es expect correct oarameters and

ample soace for buffering, no checks are made to insure

accu rate cells.

511
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D. PLAS MA SET INTERFACE

The plasma set subroutines paral l el the crt routines and

provide similar functions to store all I/O information in

the MDS memory. “Set status p5” inverts and sets the pla sma

set control lines as requested. “Wri te p ” passes a single

byte to the p lasma set, while “W rite ps ” passes a byte and

stores it in the CPU memor y. “Write line os ” posts charac-

ters to the olasm a port until a double dollar sign is

detected. Th is routine is not safe for passing other than

ASCII characters , since m u l t i p l e  occurances of a hexadecimal

24 wi l l  terminate the string. “Write vector ” posts four

bytes to the plasma port. It was designed to Pass the “cg ”

control (OE hex ) and three control bytes which include the x

and y location p lus write /erase , solid /dashed , start/end

bits. “W rite vs ” extends “W rite vector ” by storing the

information in memor y . “ Initiali ze Os” has been included

with these functions as an easy way to insure the pla sma set

is on line and ready to receive data. A l l  of the plasma

functions invert the outout as required by the plasma set,

hence calling routines should use p ositive logic. The read

functions have not been imolemen .ed since the necessary

hardware has not been impl emented to provide for data

transmissi On from the plasma set.

E. MISCELLANEOUS SUBROUTINES

The miscellaneous subrout ines provided are for number

4 conversions and text handlin g. There are routines to con

vert from ASCII characters to binar y and back. Subroutines
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to convert to p rintable decimal, hexadecimal and binary for—

mats were provided. A lso , subroutines to convert to print-

able formats and write the results on the crt are available.

The text handling routines “detrash” and “find blank” return

the number of bytes from a given address to an alphanumeric

character (eliminating blanks, commas, semicolons, and tabs)

and provide the number of alph anumeric characters to the

next blank or carriage return.

“Search” is a sequential search routine which may be

used to search a table of variable length tokens. The token

number returned indicates the first matc h with out regard to

remaining characters in the token passed. Hence if an exact

match is desired, tokens and token table entries must be

isolated w i th blanks. Al so , tokens wh i ch are comoosites of

other tokens should be arranged with the longest entries

fir st. For examp le, if the search table is to contai n both

“add” and “additio n, ” the “addition ” should appear first in

the table since the token “addition ” would match “add” in

the table. Note, however , that “addition ” would not match

“add “ due to the blank. One further extension of this

search routine is possible. If abbreviations are allowable ,

passing a token terminated with a dollar sign wi l l  return

the token number of the first table entry that matches

through that dollar sign. To aid In understanding end test-

Ing app lications of “sea rch, ” a program called “find” has

been provided. This program allows a table of 256 bytes or

less, terminated with a double dollar sign to be entered

from the console, and then search for a token . The

Sb
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hexadecimal position of the token found is displayed. If no

token is found, the number disp layed wi l l  be one more than

the number of entries in the table.

F. CURSOR SUbROUTINES H
Since the vector cursor cannot be enabled from an exter—

• nal cpu, a set of subroutines have been provided to disp la y

and move a vector cursor. This set of subroutines may be

used by callin g “move cursor ” to drive the cursor around the

plasma disp lay and return the location when the routine is

ex ited (use escape). Ind ividual procedures may be accessed

to draw a dot or a set of dots (diamond ) or erase them,

also. The cursor location returned is the address of the

center dot.

C. VECTOR SUBROUTINES

The subroutines which operate the plasm a in graphics

mode have been provided in two sets. The grap hics one pack—

age was designed to interface with the MDS console , wh ile

graphIcs two was designed for internall y generated vectors.

The graphics one package provides for interaction with

the MDS console Jsing tokens “ X ,  Y ,  WRITE, ERASE, SOLID,

DASHED, ST ART , END, 0, NQ .” All  tokens may be abbreviated by

the first two or more characters. Unqualified numbers are

accepted as first “X” and then “Y” , however a warning mes-

sage is generated and the Outout must be verified. M ulti p le

occurances of the same token are accepted and set to the

las t value received. “0/NO” stand for query or no query.

In the query mode, the vector control word is displ ayed for

57
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v erifica ~. ion . A yes (Y) response oasses the control word to

the pla sma set. Any other resoonse is taken as “no ” and

waits for more input. Tokens may be input in any sequence

separated by commas, semicolon s, blanks , or tabs. The vec-

tor control word is i n i t i a l l y  Set to “0, 0, START, SOLID,

WRITE,  0.” A ll attributes are carried forward unless

changed, hence a carria ge return when first invoked would

set a starting point at oosit ion (0,0). If this were fol-

lowed by a “X :511, Y 511, END,” a solid vector would be

drawn from corner to corner, since “WRITE” and “SOLID” were

carried forward. M ulti p le end points build chained vectors.

The individual routines wit h i n  this package may be used to

set X or Y, or to move character strings in memory. The

“disp lay vector attributes ” procedure is a handy debug tool

(see translate procedure for an examole ).

The qraph -ics two package provides routines for handling

internally generated vectors. It orovides subroutines for

settin g X or Y without dis turbino other attributes which may

have already been set Plus some extended functions. These

extended functions draw row or column vectors , and translate

the orig ,ri . The translate procedure is designed to accept

two coordinates end a third variable to indicate whether to

set a new ori gin or to translate the coordinates to the last

origin. This function returns false if the reauested origin

cannot be set. However, it does not check li m i t s  when

translating a vector.

58 

_  

-5- -5- -- - --~~~~~~~~~---__- -- -



F - - - -—-5-- —----5 - -- —-— -5-5 --- -
~~~~~~~ 

. -
~~~~ 

I

H. MEMORY SUBROUTINES

The memory management subroutines have been divided into

two sets of procedures. The plasma scope memory. “Psmem ,”

routines control the MDS memory. While the plasma scope

control , “Pscont ” rou tines c e l l  the proper “Psmem ” routines

to emulate plasma memory. These routines use 8,804 bytes of

memory to store information which may be used to reconstruct

the current plasma set disp lay. Furth er , facilities have

been orovided for filin g this information on diskette for

subsequent recal l . The extensive set of procedures may be

used indep endentl y If off—line development of displa ys is

desired.

I. DEMONSTRATION SUBROUTINES

The demonstration subroutines and programs have been

provided as a means of learnin g the ~ffects of various plas-

ma scope fuctions. These routines make extensive use of all

the available orocedures developed on this project. Ad di

ti n r a ll y, included with the demonstration programs is an

independent module to in i t i a l i z e  the plasma set. This may

orove necessary when operating the p lasma set in an off li ne

mode without disconnecting the plasma and connecting a

jumper plug . Once the plasma has been turned on, entering

“m it ” w i l l  clear the transmission lines of extraneous sig-

nals and enable the keyboard.

-
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— - J. TE ST PROGRA MS

A set of test programs developed throughout th i s project

have been inc l uded on the “Plasma. olm ” diskette, and with

the program listings. These programs proved inval uable in

develop ing some of routines on this project. They have been

included , as a vehicle for testing modifications pri or to

imp lementing a change to the basic system .

60
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