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FOREWORD 

This repor t  presents  the  r e s u l t s  of a program inves t iga t ing  the  p o s s i b i l i t y  
of  using an ac plasma panel a s  an in t e rac t ive  display device. The work was per- 
formed by M r .  D. J. Schott and M r .  J. 0.  Woodward o f  Sperry F l igh t  Systems Divi- 
sion, Sperry Rand Corporation, Phoenix, Arizona, during the period from April  
1969 t o  December 1969. This work was performed f o r  the  National Aeronautics and 
Space Administration, Electronics  Research Center, wider Contract No. 
NAS 12-2115. Tlie contract  was udninistered by NASA-ERC, w i t h  MY. E. H i l b o r n  
as the t echnica l  monitor. 
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ABSTRACT 

This report  describes an inves t iga t ion  concerning the  f e a s i b i l i t y  of using 
ac plasma panels a s  i n t e rac t ive  graphic display devices. 
voltage probes t o  se lec t ive ly  wri te  and erase the  panel was s tudied,  as  were 
means f o r  computer in te r roga t ion  of the  panel. The f e a s i b i l i t y  of both of 
these objectives was established. Of the  waveforms considered f o r  probe 
writ ing,  t he  most r e l i a b l e  combination was a squarewave-excited ac probe used 
i n  conjunction with a sinewave sustained panel. With t h i s  wavefcrm combina- 
t ion,  probe voltages of 150 vo l t s  ( 0  t o  peak) o r  l e s s  were e f fec t ive .  A means 
of e lec t ronica l ly  interrogat ing individual  c e l l s  was proved. These write/erase 
and in te r roga te  capab i l i t i e s  and the previously demonstrated display charac- 
t e r i s t i c s  suggest t h a t  the  image-retention capab i l i t i e s  of the plasma panel may 
be used f o r  both graphic computer input and output. 

The use of external 
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CROSS-GRID DISPLAY AND 
COMPUTER INPUT STUDY 

FINAL REPORT 

By D. J. Schott and J, 0. Woodward 

Sperry F l igh t  Systems Division 
Phoenix, Arizona 

I. INTRODUCTION ATJD SUNHARY 

This program explored the f e a s i b i l i t y  of using an ac-coupled gas discharge 
tube, a plasma panel, as a twa-way l i n k  between a human operator and a computer. 
The capab i l i t i e s  of the plasma panel as a display have been previously demon- 
s t ra ted .  This program considered the panel 's  f e a s i b i l i t y  as a data input device. 

A. BACKGROUND 

The display capab i l i t i e s  of the external-electrode, ac-coupled plasma panel 
have been aggressively studied since i t s  inception a t  the University of 
I l l i n o i s *  i n  1966. 

It has been shown tha t  the ac plasma panel combines the propert ies  of 
memory, display,  and high brightness i n  a simple s t ructure .  In  addi t ion,  the 
panel incorporates a coincidental ly  addressed cross-grid,  inherent ly  d ig i t a l .  
These s a l i e n t  fea tures  have prompted continued development work, with emphasis 
on appl icat ion as a computer display. 

Tradi t ional ly ,  computer-generated symbolic generation has been displayed by 
cathode ray tubes o r  p lo t t e r s .  In te rac t ion  with CRT display i s  of ten  desirable  
and i s  possible. 
require  analog-to-digital  conversion c i r c u i t r y  and often require  complex tracking 
algorithms. Since these methods a re  used with CRTs, they a re  incapable of pro- 
viding the pos i t iona l  accuracy inherent i n  an a l l - d i g i t a l  system. Dig i ta l  
methods use a s ty lus  i n  conjunction with an x-y coordinate system. Devices used 
to  implement these methods (e,g., Rand Tablet, Sylvania Data Tablet, and o thers )  
have disadvantages of high oost and small s i ze ,  and since these devices are  not 
i n t eg ra l  t o  the display, they require  the operator t o  sequentially scan the 
t ab le t  and the display. F ina l ly ,  none of these devices possess an inherent 
memory capabi l i ty  and must therefore  be used on-line o r  require  an expensive 
external  storage means, 

Analog methods normally use l i g h t  pens and beam pens; they 

*Bitzer,  D.L. and Slottow, H.G., "The Plasma Display Panel - A Dig i ta l  Address- 
able Display With Inherent ~.lemory", Proceeding of the F a l l  J o i n t  Computer 
Conference, San Francisco, Cal i fornia ,  November 1966. 
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It seems l i k e l y  tha t  the plasma panel can overcome these d i f f i c u l t i e s  by i t s  
capabi l i ty  to enter d i g i t a l  data d i r ec t ly  in to  the display,  a t  the same accuracy 
and reso lu t ion  as t ha t  of the display, Furthermore, the panel can ac t  as  both 
a display and t a b l e t  a t  the same time, and can s to re  input data (without a r e -  
quirement f o r  external  memory) u n t i l  i t  i s  required by the computer. Thus, i t  
seems possible tha t  information may be presented, modified, and corrected i n  an 
off - l ine  operation. 

B, PROGRAM OBJECTIVES 

The purpose of t h i s  contract  was t o  inves t iga te  the poss ib i l i t y  of using 
the plasma panel as  a graphic input device, The program consisted of the 
following elements : 

e Analytical study, design, and fabr ica t ion  of a probe (voltage o r  
l i g h t )  capable of a f fec t ing  the panel, i n  a controlled manner, 
such t h a t  presented information can be d i r e c t l y  a l t e r ed  

Q Study of op t i ca l  o r  e lec t ronic  techniques tha t  may allow computer 
determination of stored plasma panel information 

C. PROGRAM ACCOMPLISHMENTS 

It was found t h a t  an ac voltage probe with a squarewave voltage can be used 

The write m3de can be changed t o  the erase mode by a simple 180- 
t o  se lec t ive ly  and r e l i a b l y  write o r  erase a sinewave-excited, thin-walled ac 
plasma panel. 
degree phase s h i f t  on the probe. 
vo l t s  (0  t o  peak). 
important, It was found t h a t  resolut ions as  small as  32 l i n e s  per inch could 
be e lec t ronica l ly  addressed with a voltage probe, 

The probe voltage i s  reasonably low, 150 
For e f fec t ive  control ,  the phasing of these two s ignals  i s  

An electronic  c i r c u i t  was tes ted  tha t  discriminates the current pulse from 
a s ingle  l i gh tea  c e l l ,  
present and amplifies the small f a s t  pulse associated with an "on" element. 
The e lec t ronics  necessary t o  in te r face  t h i s  t o  a computer were not considered, 

This c i r c u i t  removes the l a rge  reac t ive  currents  normally 

D. REPORT ORGANIZATION 

Section I1 provides some fundamental background information f o r  the sub- 
Section I11 presents  physical  and functional sequent discussion of r e su l t s .  

descr ipt ions of the equipment used. 
t ron ics  a s  well a s  several  t e s t  a r t i c l e  displays studied. A technical  discus- 
sion of the experimental r e s u l t s  achieved with ac and dc voltage probes i s  given 

Included i s  a descr ipt ion of  special  elec- 
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in Section IV. 
provides some theoretical background concerning ac plasma panels, Section V 
concerns electronic interrogation schemes, while Section VI summarizes the re- 
sults achieved, the deficiencies noted, and the conclusions reached concerning 
the feasibility of using an ac plasma panel as an interactive device. 

This section is technically supported by Appendix A, which 
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I1 e FUi'JDAPiENTAL COMSIDEPATIONS 

In order t o  enter  information i n t o  the plasma panel v i a  a probe, some exter-  
na l  means of control l ing the f i r i n g  of a c e l l  i s  necessary. Three external ly  
control lable  parameters can be employed t o  i n i t i a t e  plasma breakdown: the 
applied voltage,  the amount of surface charge", and the production of the f i r s t  
charged p a r t i c l e  t h a t  i n i t i a t e s  the discharge. Externally controlled applied 
voltage r e f e r s  t o  voltage produced by an external ,  man-controlled source, not 
a computer-controlled source, such a s  the plasma panel 's  crossed-electrode 
drive l ines .  Write/erase by control of the f i r s t  p a r t i c l e  t ha t  i n i t i a t e s  
ionizat ion w i l l  be an unrel iable  technique; i t  i s  v i r t u a l l y  impossible t o  
eliminate a l l  charged pa r t i c l e s  from the  volume of a gas c e l l  since they are  con- 
s t an t ly  being created by na tura l  rad ia t ion  and by the decay of long-lived, ex- 
c i ted  gas molecules (metastables). Therefore, two  control lable  write/erase 
parameters remain: applied voltage and amount of surface charge. These para- 
meters may be influenced by e i the r  op t i ca l  o r  voltage probes. 

A. OPTICAL PROBES 

An op t i ca l  o r  l i g h t  probe may control the surface charge i n  the ce l l .  The 
c e l l  charge i s  composed of two par ts :  the mirror charges r e su l t i ng  from the 
appl icat ion of voltage t o  the external  e lectrodes,  and a fixed charge resu l t ing  
from the accumulation of charged par t ic les .  
t i o n  of these t w o  charges causes a breakdown i n  the ce l l .  By providing the 
proper b ias  on electrode l i n e s  i n  combination with l i g h t ,  photo-produced charged 
pa r t i c l e s  can be used to  charge o r  neut ra l ize  the c e l l  walls. A l i g h t  probe 
could c rea te  f r e e  charge by e i the r  photoemission from the walls o r  photoioniza- 
t i on  of the gas atoms. 

I n  normal operation, the combina- 

In  photoemission of the glass  walls,  e lectron mobility and space charge 
estimates ind ica te  tha t  the necessary t ransfer  across the c e l l  could be accom- 
plished. However, i n  order t o  produce a wall charge of 100 vo l t s  (corresponding 
t o  a memory o f  50 vo l t s )  i n  30 microseconds, i t  i s  estimated tha t  a current 
density of 10-5 ampere per square centimeter i s  required. m i s  i s  many orders 

*"Surface charge" o r  "wall voltage" r e f e r s  t o  the charge o r  voltage tha t  i s  
caused by the accumulation of charged p a r t i c l e s  from the c e l l  volume. 
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of magnitude higher than the current dens i t ies  (- ampere per square 
centimeter) obtained by Rohatgi* by i r r ad ia t ing  glass  with u l t r a v i o l e t  l i gh t .  
It i s  apparently necessary t o  obtain the wall charges by coating the glass  walls 
with photo-emitting materials,  

It may a l so  be possible t o  obtain the necessary wall charges by photo- 
ionizing the gas. It has been reported** tha t  the breakdown poten t ia l  f o r  
Penning mixtures i s  increased by i r r ad ia t ion  with red-yellow neon l i g h t .  This 
presumably i s  due t o  a reduction i n  the density of metastable atoms, which play 
an important par t  i n  the breakdown of Penning mixtures. Such an e f f e c t  might 
conceivably be used t o  wri te  and erase plasma panel c e l l s ,  

Success of e i ther  method depends heavily on the speed a t  which the charged 
pa r t i c l e s  can be releasea,  For panels su i tab ly  prepared t o  permit rapid l i g h t -  
probe-induced charge production, i t  i s  c r i t i c a l l y  important t h a t  the  panel be 
insens i t ive  t o  normal room l igh t ing  and radiat ion.  The combination of these 
two requirements may be d i f f i c u l t  t o  achieve. 

B, VOLTAGE PROBES 

Voltage probes can control  e i the r  the e f fec t ive  applied voltage appearing 
across a c e l l  o r  the amount of surface charge accumulated on the c e l l  walls. 
In the former approach, the simple constructive o r  destruct ive interference of 
an ac capaci t ively coupled probe should be considered, I n  the l a t t e r  approach, 
consideration should be given t o  a dc probe whose voltage provides a f i e l d  tha t  
permits the asymmetric accumulation of f r e e  charge on c e l l  walls. 

1. Principles  of DC Probes 

Theoretically,  b i r i t ing  wtth a dc voltage probe might be accomplished i n  the 
fol lowing manner. Since a c e l l  t ha t  i s  not ign i ted  has l i t t l e  o r  no surface 
charge other than t h a t  induced by the sustaining s igna l ,  the f i e l d  produced i s  
in su f f i c i en t  t o  cause plasma breakdown, If a dc probe i s  brought i n t o  the 
neighborhood of a c e l l ,  i t  induces mi r ro r  charges on the walls of the c e l l  
envelope, The combination of these mirror charges and the sustaining voltage- 
induced charge may produce a voltage t h a t  exceeds the f i r i n g  voltage of the 
c e l l ,  thereby causing the gas t o  ionize. In  e f f e c t ,  the  probe produces a b ias  
voltage within the c e l l ,  s imilar  t o  the slow-mite technique sometimes used t o  
address the display v i a  dr ive l i nes ,  

- 
*Journal of Applied Physics, Volume 28,  1957, Page 9510 

**Druyvesteyn and Penning, Reviews of Modern Physics Volume 1 2 ,  1940, 
page ll5. 
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Erasing with de voltage probes may be accomplished by placing a probe- 
induced bias  charge on selected ce l l s .  I f  t h i s  bias  charge magnitude i s  properly 
selected,  then on a l t e rna te  half-cycles of the sustaining voltage,  the wall charge 
can be nearly zero as  referenced t o  system ground (Figure 1). I f  the probe i s  
strobed off on one of these a l t e rna te  half-cycles,  the subsequent e l e c t r i c  f i e l d  
applied t o  a c e l l  i s  due only t o  sustaining voltage,  and the c e l l  should not 
r e-igni t e  . 
2. Pr inciples  of AC Probes 

In  the ac probe approach, data i s  entered by supplying su f f i c i en t  addi t ional  
voltage v i a  a probe so t h a t  the f i r i n g  voltage i s  exceeded and the selected 
matrix elements ionize.  To wr i te ,  the probe supplies an ac signal properly 
phased t o  the normally present sustaining voltage [see Figure 2 ( A ) ] .  
the  phase of the probe voltage i s  reversed, thereby sustract ing from the sus- 
ta ining voltage t o  an extent t h a t  the r e su l t an t  applied f i e l d  would drop below 
the extinguishing voltage. Although t h i s  type of erasure may a t  f i r s t  seem 
t r i v i a l ,  i t  i s ,  i n  f a c t ,  ra ther  subtle,  If the voltage probe were abruptly 
turned on and i f  i t s  f i e l d  n u l l i f i e d  the sustaining f i e l d ,  the discharge would 
c l ea r ly  extinguish; however, the wall charge would remain. Upon removal of the 
probe, the extinguished c e l l s  would immediately r e f i r e .  I f ,  on the other hand, 
the nul l i fy ing  f i e l d  from the  probes were slowly applied,  successive discharges 
wmld become l e s s  and l e s s  intense [Figure 2(B)]. The reason fo r  the discharge 
weakening i s  r e l a t ed  t o  the r i s e  time ( fo r  sinewaves) o r  overvoltage ( f o r  
squarewaves) of the applied f i e l d  while the discharge pulse i s  occurring, 
the t raverse  speed fo r  a manually operated probe i s  slow by comparison t o  a 
sustaining frequency of 100 kHz, it i s  expected t h a t  probe f i e l d s  would be slowly 
applied , 

To erase,  

Since 

Since the ign i t i on  time required fo r  a c e l l  i s  very shor t ,  generally sub- 
microsecond, i t  i s  conceivable t h a t  probe writ ing may be possible with a s ingle  
pulse. This technique r e s u l t s  i n  a writ ing/erasing method t h a t  i s  very similar 
t o  a method current ly  being used i n  several  appl icat ions fo r  e lec t ronic  write 
v i a  coincident address of electrode l i nes .  
the dr ive l i n e s ,  the voltage probe appl ies  a voltage spike t h a t  i s  capaci t ively 
coupled d i r e c t l y  in to  the c e l l .  The writ ing o r  erasing mode i s  selected simply 
by control l ing the timing of the voltage spike, as  shown i n  Figure 2 ( C ) .  

voltage spike approach has the advantage, over the simple ac o r  de probe, of 
ultra-high-speed w r i t i n g  and r e l a t i v e  safe ty  due t o  the l o w  energy content of a 
s ingle  spike. 

Instead of using pulses coupled t o  

The 
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SUSTAINING 
VOLTAGE 

PANEL 

APPLIED VOLTAGE 

WALL VOLTAGE - - 

Figure 1. DC Write/Erase Waveforms. 
A dc wri t ing and erasing technique involves l o c a l l y  
polar iz ing the g lass  envelope w i t h  a dc probe. 
W r i t i n g  ( top)  i s  accomplished i f  the polar iza t ion  
vol tage plus  sustaining vol tage exceed the breakdown 
voltage.  Erasing (bottom) removes the  polar iz ing 
vol tage when w a l l  charge i s  zero, 



r - PHASE LOCK - - 
SUSTAINING PROBE 
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APPLIED VOLTAGE 

-- - - - -. WALL VOLTAGE 

WRITE WRITE 
ON OFF 

ERASE 
ON 

ERASE 
OFF 

Figure 2, AC Write/Erase Waveforms, 
Writing (A) o r  erasing (B) with ac probes i s  
possible by simply adaing a properly phased component 
t o  the normal ac sustaining voltage. A f a s t  writ ing 
scheme involving the appl icat ion of a voltage pulse 
v i a  a capaci t ively coupled probe may a l so  be possible,  
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3. General Voltage Probe Considerations 

Three f ac to r s  (other than the actual  drive c i r c u i t  used) may have a pro-  
nounced influence on the effectiveness of voltage probes: 

e Dispersion of the probe's e l e c t r i c  f i e l d  i n  the d i e l e c t r i c  panel 
assembly 

o Voltage divis ion among the several  e f fec t ive  se r i e s  capacitances 
of the panel 

e Elec t ros t a t i c  shielding e f f ec t  of the panel electrodes 

a. Elec t r i c  Field Dispersion and Resolution 

Voltage probe e l e c t r i c  f i e l d  dispersion can be demonstrated simply by 
examining the f i e l d  produced i n  a d i e l e c t r i c  by a s t a t i c  point charge (simulating, 
f o r  example, a sharply pointed probe). 
( l i k e  a D I G I V U E *  panel wall)  with a point charge placed on one side. The f i e l d  
due t o  t h i s  charge, produced on the opposite s ide of the glass ,  var ies  as shown 
i n  Figure 3, assuming a spherical ly  symmetric f ie18  d i s t r ibu t ion  i n  the glass.  
In  a panel s t ruc ture ,  t h i s  f i e l d  d i s t r ibu t ion  i s  modified somewhat by induced 
charges on other nearby d i e l e c t r i c  surfaces and by the conductive electrodes.  
The induced charge e f f e c t  i s  most s ign i f icant  i n  regions somewhat removed from 
the axis  of symmetry and i s  evidenced by a turning-down of the ends of the l i n e s  
of force i n  the  d i e l e c t r i c  toward the surface opposite t ha t  containing the 
point charge. In  the v i c i n i t y  of the ax is  of symmetry, l i t t l e  perturbation i s  
observed. The f i e l d  s t rength a t  a diameter of approximately 0.09 inch from the 
axis  of symmetry remains a t  over 85 percent of the maximum. An 0.09-inch c i r c l e  
i s  la rge  enough t o  cover roughly four in te rsec t ions  i n  a 32-line-per-inch g r i d .  
This grea t ly  r e s t r i c t s  the reso lu t ion  with which a panel constructed of 1/4-inch 
glass  can be wr i t ten  o r  erased by a voltage probe. I f  the point charge i s  r e -  
moved a short  distance from the surface,  the dispers ion i s  fur ther  increased, as  
shown i n  Figure 4. 

Consider a piece of glass  l / k i n c h  thick 

;QIGIWE: reg is te red  trademark of Owens-Illinois. 
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DISTANCE (INCH) 809-6982 

Figure 3. Field Strength Due t o  a P o i n t  Charge 
Through a l/k-Inch-Thick Glass Plate  
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POINT CHARGE 

S 

809 69 108 

Figure 4. Elec t ros t a t i c  Lines of 
Force fo r  Point Charge 
S l ight ly  Removed From a 
Die lec t r ic  Circui t  

To fur ther  i l l u s t r a t e  the problem of dispersion, assume tha t  by some means 
it i s  possible t o  produce a coll imiated beam of energy rad ia t ing  a t  the panel 
operating frequency and t o  bring i t  incident upon a selected spot on a plasma 
panel. The distance (D) t ha t  the beam would continue t o  t r ave l  i n  an essent ia l ly  
pa ra l l e l  beam can be calculated from the  antenna theory formula 

where d i s  the diameter of  the entering beam and h i s  the wavelength of i n t e re s t .  
The divergence angle (9) of the beam i n  the d i e l e c t r i c  can be calculated from 
the r e l s t i o n  

I f ,  f o r  t h i s  example, the beam diameter i s  0.02 m i l  and the frequency i s  500 M z ,  
the  beam penetrates  the d i e l e c t r i c  medium approximately 1 angstrom before 
diverging a t  an extremely la rge  angle, the value of which i s  calculated t o  be 

6 on the order of 10 radians.  This absurd value simply indicates  t h a t  the point 
of entry of the beam serves e f f ec t ive ly  as  a spot source with an associated 
quasi-spherical symmetry. Therefore, nothing muld be gained by attemFting t o  
collimate the probe's e l e c t r i c  f i e l d  i n  t h i s  frequency range. Collimiated beams 
are  possible ,  of course, a t  much higher frequencies (e.g, ,  op t i ca l  f requencies) ,  
but a t  these frequencies an e n t i r e l y  d i f f e ren t  i n t e rac t ion  ex i s t s  between probe 
and ce l l .  Obviously, much thinner f r o n t  walls must be considered with voltage 
probes i f  high-resolution probe wr i t ing  i s  t o  be obtained, 
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b. Voltage Division 

The basic  plasma panel may be considered as  three capacitors i n  se r i e s ,  
with the insulated voltage probe adding a fourth.  The panel drive c i r c u i t r y ,  i f  
connected, cons t i tu tes  a f i f t h  shunt capacitance. Thus, the amount of probe 
voltage appearing across the i n t e r i o r  of a display element i s  divided capaci- 
t i ve ly  by the  various in su la to r s  t h a t  make up the panel (Figure 5 ) .  

If a voltage probe i s  brought i n to  contact with a plasma panel, some mini- 
mum voltage i s  necessary t o  induce a desired r e su l t an t  po ten t ia l  i n  the c e l l  
beneath the probe. 
the applied voltage theo re t i ca l ly  required to  produce a 50-volt po ten t i a l  i n  a 
c e l l  may be a small voltage on the order of 70 vol ts .  
panels, the capacitance values r e s u l t  i n  a l e s s  favorable divis ion of the probe 
voltage. For a 1/4-inch-thick w a l l ,  the  probe voltage required t o  produce 50 
vo l t s  i n  a c e l l  i s  approximately 400 vo l t s .  

Using thin-walled ac plasma panels and a t h i n  probe in su la to r ,  

However, f o r  thick-walled 

With the panel disconnected from external  c i r c u i t r y ,  except f o r  the probe 
voltage ( V p ) ,  the voltage (V 
equation 

across the gas c e l l  i s  r e l a t ed  t o  the  V by the 3 P 

v P 3  = v  ( l + S + 5 + 5  c1 c2 c4 ) 
where the C I S  a r e  the capacitance of the respect ive panel layers  (see Figure 5).  
To maximize the value of V across the gas c e l l ,  the expression i n  the parenthe- 3 
ses  must be minimized. This implies minimizing the capacitance C of the gas  3 
c e l l  and maximizing the capacitances C1, C2, and C4. “he d i e l e c t r i c  constant 
of the glass i s  presumed constant;  therefore,  the  various capacitances can be 
calculated using the  simple capacitance model, 

where 

E = r e l a t i v e  d i e l e c t r i c  permi t t iv i ty  

A = area of the capacitor 

d = thickness of  the capacitor 



PROBE INSULATION 

E LE CT R OD E 

C2 C E L L W A L L  

GAS CELL 

CELL W A L L  

------- 
I 
I 
I PROBE 

VOLTAGE 
SOURCE I T' 

ELECTRODE 
8UY6Y 1 1 1  R I  

Figure 5. Typical Panel Construction with 
Equivalent Capacitor Ci rcu i t  
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The following guidelines should be applied in designing a voltage probe 
write/erase panel for optimal probe and voltage division: 

e Use the largest internal cell gap spacing compatible with other design 
constraints 

e Minimize the front wall thickness and stiffening layer thicknesses 
as much as strength considerations permit 

a Design the probe insulator with the thinnest layer of the highest 
dielectric constant possible possessing sufficient dielectric and 
wear strength for the probe voltages anticipated 

c. Circuit Capacitance 

The presence of the metallic electrodes in the plasma panel sandwich and 
its associated circuitry causes an operational panel to deviate from the simple 
model used in the previous discussion. 
the external driving circuitry disconnected, introduce shielding of the gas- 
filled portion of the panel and a significant shunt capacitance across the panel. 
If the shunt capacitance (C of the circuit (leads, etc) is now included in a 
static analysis similar to that previously performed, the gas cell voltage 
(V3) is related to the probe voltage by the equation 

The electrodes in the panel, even with 

5 

1 ( c2 c4 
1+5+5+5+% v = v3 P 

This equation differs from the unshunted case only by the additional term 
inside the parentheses. The circuit capacitance must also be minimized for 
favorable probe-voltage division. The shunt capacitance can play a significant 
role in reducing the cell voltage by comparing, for example, the 10-picofarad 
crossed electrode capacitance measurable on a Digivue panel to similar values 
of stray circuit capacitance commonly encountered. 

d, Electrode Effects 

With the power supply connected, the outer electrodes of a plasma display 
panel form a kind of Faraday shield for the remainder of the panel layers. It 
appears that this shield could be quite an effective barrier against externally 
applied fields, depending on 

e Electrode spacing 

e Electrode resistance 

e Electrode width (for resistive electrodes) 

e Electrode-to-cell spacing 



Each of the influences on voltage probe writing reduces the proportion of 
probe voltage that is applied to the cell interior. In each case, reduction of 
the panel outer-wall thickness aids in reducing the inhibiting effect on the 
voltage 

C. INTERROGATION 

It should be possible to computer-interrogate a plasma panel in at least 
two ways: optically and electrically. The state of a cell can be determined 
by the presence of light emission. This light emission could be detected with 
a photocell behind the panel, a feature possible since the panel's information 
may be viewed simultaneously from either side. Alternatively, the state of a cell 
may be determined by the unusual waveform associated with lit cells. 

Two methods are possible for an optical scan. In one method, a single 
photocell would view the entire panel. To read information, the computer would 
interrupt the sustaining signal and, in sequence, scan appropriate cells by 
selectively applying, via coincident address, a sustaining signal to each. This 
requires approximately one-half the sustaining voltage to be applied to each of 
the orthogonal electrodes that intersect the cell, When this sustaining signal 
is applied, the cell will light only if it was previously lit, This provides a 
nondestructive readout that will return the original image when the panel sus- 
taining signal is reapplied. 

A raster scan technique might alternatively be used to speed up this scan, 
at the cost of increased complexity. A line-at-a-time scheme cocld be used by 
employing a photocell for each line orthogonal to the lines being scanned 
(series parallel data). In this case, a shadow mask, lenticular lens, or 
internally fabricated photocells would be required. Similarly, the panel could 
be divided into modular groups, each group being sensed by an individual photo- 
cell. Individual cells in modules would be serially addressed. 

The state of a cell may also be detected electrically, The gas cells and 
the cell walls have appreciable capacitances, and therefore present a relatively 
low impedance to the ac sustaining voltage- Therefore, with a sustaining signal 
applied to the ac plasma panel, a large reactive current is always present. It 
is not sufficient to merely sense current flow as a measure of the state of a 
cell; it is necessary to differentiate between the current flow for a lit element 
and that for an unlit element. 
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When a c e l l  l i g h t s  i n  the plasma panel, charge pa r t i c l e s  flow rap id ly  
within the c e l l  volume, attempting t o  neut ra l ize  the f i e l d  produced by the 
applied voltage. For purposes o f  formulatin: an equivalent c i r c u i t  of t h i s  pro-  
cess,  Dr. Re Willson* suggested tha t  a c e l l  may be pictured as  a capacitor i n  
pa ra l l e l  with a spark gap. AC current t ha t  flows through the c e l l  i n t e r i o r  
then has two components: one associated with the capacit ive reactance and the 
other associated with the spark gap ( o r  the c e l l  i n  the "on" s t a t e ) .  It has 
been empirically determined tha t  gases which have the best  memory character is-  
t i c s  have very rapid and strong breakdown charac te r i s t ics .  Spec i f ica l ly ,  i n  
the previous analogy, the spark has a very short  duration (approximately 100 
nanoseconds) compared t o  the period of the applied sustaining voltage (approxi- 
mately 10 microseconds) e 

Several c i r c u i t s  a re  possible tha t  can discriminate the current pulse from 
the normal reac t ive  current.  Techniques f o r  implementing t h i s  type of in te r ro-  
gation would be s imilar  t o  those described i n  the op t i ca l  discussion. 
e i ther  element-at-a-time, line-at-a-time, o r  modular address of c e l l s  by coinci-  
dent sustaining l e v e l  s ignals  w m l d  permit s e r i a l  o r  s e r i e s -pa ra l l e l  interroga- 
t i on  of  plasma panel c e l l s .  

Again, 

*Willson, R. H., A Capacitively Coupled Bistable Gas Discharge Gas Cel l  f o r  
Computer Controlled Displays, Report R-303, Coordinated Science Laboratory, 
University of  I l l i n o i s ,  June 1966, 





111. EXPERIMENTAL APPARATUS 

A. TEST PANELS 

Tests were performed on a var ie ty  of panels t ha t  f a l l  i n to  two categories:  

e Thick-Walled Panels. An Owens-Illinois Digivue was used. This panel 
has 32-line-per-inch resolut ion,  i s  ce l l - l e s s  i n  construction, and uses 
t h i n  opaque electrodes.  

Thin-Walled Panels, These a r e  c e l l u l a r  i n  construction, requiring a 
honeycomb shim t o  prevent panel collapse during evacuation. Two cross- 
g r i d  electrode s t ruc tures  were used: 

(1) 32 l i n e s  per inch - transparent - vacuum-deposited electrodes 

( 2 )  varied reso lu t ion  - transparent f r o n t  electrodes,  opaque back 
electrodes - both vacuum-deposited 

I n i t i a l  t e s t ing  was performed on the Digivue panel a s  i t  i s  commercially 
avai lable .  
v o l t s  ( 0  t o  peak), with 30 volts* of memory. 
out t h i s  report  t o  define the  difference between the  f i r i n g  voltage ( V f )  and 
the  extinguishing voltage ( V e ) .  
opera t i on. 

With sinewave s ignals ,  the f i r i n g  voltage f o r  the  panel i s  200 
The term memory i s  used through- 

Figure 6 ( A )  shows the  Digivue panel i n  

Later experiments were performed on panels t h a t  d i f fe red  considerably from 
the  Digivue un i t .  These panels were of a ce l lu l a r  design, using a shim which 
contains a pa t t e rn  of small holes posit ioned a t  t h e  electrode l i n e  i n t e r -  
sections.  The shim and c e l l  walls were constructed from Corning microsheet 
glass,  0.006-inch thick.  A s  shown i n  Figure 6 ( B ) ,  electrodes were vacuum- 
deposited on the  outs ide surfaces of the  panel. This type panel provided 
f i r i n g  voltages of 210 v o l t s  when f i l l e d  with pure neon, but with l i t t l e  memory 
(about 5 v o l t s ) .  A small amount of ni t rogen added t o  the  neon increased the  
memory but a l s o  increased the  f i r i n g  voltages.  It was found tha t  a gas mix- 
t u r e  of 1/2 t o  1 percent ni t rogen i n  neon was a good compromise, giving 50 
vel-ts of memory with a f i r i n g  voltage of 400 vo l t s .  

*Unless otherwise noted, a l l  voltages ( i n  the  case of memory, voltage 
differences)  a r e  0 t o  peak. 
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(A) DIGIVTJE Panel in Operation 

(B)  Construction of Thin-Walled AC Panels. 
Transparent electrodes are vacuum-deposited 
on the outside of the glass walls, with a 
honeycomb shim sandwiched between. 

Figure 6. Test Panels 
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In  order t o  determine the  se lec t ive  write/erase resolut ion capab i l i t i e s  of 
probes, a panel was designed containing areas  of various resolut ions.  Figure 
7 ( A )  shows the  c e l l  design f o r  t h i s  panel, with the resolut ion t e s t  pa t te rn  
clear ly  evident. The smallest  matrix (3x3 group) had square c e l l s  0.016 inch 
per s ide a t  32-line-per-inch spacing. Each succeeding matrix had the  spacing 
doubled and the  l i n e  width held constant. This gave spacings of about 20 
l i n e s  per inch, 12 l i n e s  per inch, and 7 l i n e s  per inch. The more widely 
spaced c e l l s  had shim openings 0.025 inch per side, primarily t o  simplify 
assembly alignment. Opaque rear  electrodes were used t o  provide maximum re-  
f l ec t ion  of l i g h t  and minimum e l e c t r i c a l  res is tance.  Thin, semi-transparent 
f ron t  electrodes were used. These electrodes were more r e s i s t i v e  (2 .5  kilo-ohm 
end t o  end) than the back electrodes,  but possessed a transmission of approxi- 
mately 50 percent. Electrodes i n  both s e t s  had widths of 0.016 inch. Figure 7 
(B) shows t h i s  panel i n  operation. 
The method of a t taching the  f i l l  tube i s  c lear ly  seen a t  the  t o p  of the 
photograph. 

The panel was sealed with vacuum epoxy. 

B. DRIVE ELECTRONICS 

The two c i r c u i t s  diagrammed i n  Figure 8 show the  sustaining s ignal  power 
supplies used t o  provide the  panel drive.  The t o p  c i r c u i t  i s  more complex but 
a l so  more ve r sa t i l e .  
operated c l a s s  A. This c i r c u i t  i s  capable of providing e i the r  sinewaves or 
squarewaves a t  frequencies from near de t o  nearly 500 kBz. However, t h i s  c i r -  
c u i t  i s  l imited by the  vacuum tube and t h e  power supplies t o  an output ampli- 
tude of 1000 v o l t s  (peak t o  peak). The panel can be connected with e i the r  the  
f ron t  or back electrodes grounded, 

Ci rcu i t  power i s  provided by a 7094 beam power tube 

The bottom power supply c i r c u i t  i n  Figure 8 was a l s o  used. Although it  
i s  l imited t o  sinewaves, i t s  possible output voltage i s  nearly double t h a t  of 
the vacuum tube amplifier.  
responding t o  the resonant frequency determined by the  step-up transformer in -  
ductance and the  panel capacitance. Resonance frequency was approximately 
100 kHz. 

The output vol tage i s  frequency dependent, cor- 

One addi t iona l  c i r c u i t  was used t o  provide dr ive  s igna ls  f o r  some of the  
t e s t s .  This c i r c u i t  employs a simple t r a n s i s t o r  switch controlled by a square- 
wave generator. It provides squarewaves up t o  500 v o l t s  (peak t o  peak) i n  
amplitude. This voltage l imi t a t ion  prevented extensive use of the c i r c u i t .  

These power supplies were a l s o  used f o r  the  voltage probe dr ive s ignals .  
I n  the vol tage probe s tudies ,  the  two Wavetek s ignal  generators were phase- 
locked together.  The slaved Wavetek could be phase sh i f ted  by var iab le  amounts 
r e l a t i v e  t o  t he  master, o r  it could be phase shif ted d iscre te ly  by 180 degrees. 
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(A) Cell  Configuration f o r  Varied-Resolution Display 

7 10-21 -1 

(B) Varied-Resolution Panel i n  Operation 
Showing Method of Construction 

Figure 7. Test Panel o f  Various Resolutions 
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HEWLETT 
PACKARD 

HIGH-FREQUENCY 
AMPLl F I E R 

WAVETEK 
MODEL 115 

OR 116 
F UNCTl ON 

GENE RAT0 R 

HEATH KIT 
MODELIP20 ? 

DCSUPPLIES 1 - - 

KEPCO HIGH-VOLTAGE 0 
SUPPLY (500 V, 400 rnA) 0 1 - - 
KEPCO HIGH-VOLTAGE 0- 
SUPPLY (600 V, 300 rnA) p 

I TOUTPUT 

SG B+ 
0 0  * 

CG 

7094 

VACUUM TUBE 
AMPLl FI ER 

I 

PLASMA PANEL 

Functional block diagram of e lec t ronics  used to  dr ive plasma 
panel. This system can dr ive sinewaves o r  squarewaves up 
t o  approximately 500 Wz. Maximum voltage i s  approximately 
1000 v o l t s  (peak t o  peak). 

TO PANEL 
AS ABOVE 

AMPLl F l  ER 

710-21 2 - - 

Alternate dr ive system used can drive the plasma panel with 
sinewaves. 
100 kHz) i s  determined by capaci t ive load. This system i s  
capable of 2000 v o l t s  (peak t o  peak). 

The most e f f i c i e n t  frequency (approximately 

Figure 6 .  Block Diagrams of Drive Electronics  
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C. SPECIAL CIRCUITS 

As mentioned previously, phasing of the probe and sustaining s ignals  was 
important, and i n  some cases,very c r i t i c a l .  I n  order t o  obtain the  correct  
phasing, i t  was necessary t o  h o w  the  f i r i n g  point of the c e l l .  The current 
pulses from the  lit c e l l s  on the panel were sensed by the  c i r c u i t  shown i n  
Figure 9.  This c i r c u i t  was used t o  remove the  normally present reac t ive  c i r -  
culat ing current and t o  discriminate the  current pulse from a p a r t i a l l y  lit 
10x10 array. The var iable  capacitor was used t o  phase the  two s ignals  (A and 
B) by balancing the capacitance of the  panel. The two s ignals  were adjusted i n  
magnitude by the  oscil loscope gain. The d i f f e r e n t i a l  input on the  oscil loscope 
was used t o  obtain the abnormal current spike associated with an "on" element. 
This technique was not s ens i t i ve  enough, however, t o  discriminate the  pulse 
from an individual  c e l l .  
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A c e l l  i n  the on-state exhib i t s  a current 
spike (middle). I n  the o f f - s t a t e ,  the 
current  spikes do not appear (bottom). 

SUSTAl NI NG 
VOLTAGE 

PANEL 

D ETECTO R 
LIGHT 

VARIABLE 
CAPACITOR 

A-B DISCRIMINATED CURRENT 1 V/CM 

C LIGHT OUTPUT 0.2 V/CM 

D SUSTAINING VOLTAGE 10 KHz 

TEKTRONIX 
MODEL 555 

The oscillogram shows the way i n  which 
current  and l i g h t  spikes from lit  c e l l s  
may be discriminated with the above 
c i r c u i t ,  The photograph was taken with a 
D I G I V U E  panel driven by a 10-KHz sine wave. 

809 69 54 

Figure 9* Bridge Used t o  Sense Current 
of Several L i t  Cel ls  
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I V .  PROBE W R I T I N G  RESULTS 

A. DC VOLTAGE PROBES 

Although se lec t ive  probe writ ing was not achieved, the dc voltage probe 
experiments proved t o  be informative, a s  they provided a demonstration of i n t e r -  
action between a low-voltage probe and a plasma panel. 
achieved using the thin-walled, 32-line-per-inch panel. Non-pure neon was used 
(apparently caused by incomplete purging of the vacuum manifold),giving a f i r i n g  
voltage (V,) of  425 v o l t s  and memory of 45 vol ts .  
were : 

Controlled erasure was 

Other conditions i n  e f f ec t  

0 Drive l i n e s  on r ea r  of panel a t  ground po ten t i a l  

0 Drive l i n e s  on f ron t  of panel driven with 100-kHz sinewaves 

0 Panel f u l l y  l it  

0 Sustaining voltage, Vs ( - 3 8 5  v o l t s ) , s e t  j u s t  above extinguishing 

0 A layer  of Kapton, 1 m i l  thick,  over the face of the panel t o  

voltage, Ve 

serve as e l e c t r i c a l  insu la t ion  from the probe 

0 DC probe connected a s  shown i n  Figure 1 

The memory margin was adequate t o  allow t e s t s  over a reasonably la rge  range of 
voltages. 

I n i t i a l l y ,  experiments were conducted with an unswitched probe. A s  the  sus- 
ta ining voltage was lowered t o  near the extinguishing voltage, i t  was found tha t  
application of the dc probe caused erasure,  of ten a f fec t ing  more than one c e l l  
and occasionally erasing an e n t i r e  l ine .  
would only be dimmed and not  extinguished. 

With V s  ra i sed  s l igh t ly ,  the c e l l  

In  fur ther  experimentation i t  was found tha t  the po la r i ty  and magnitude of 
the probe voltage had no subs tan t ia l  e f f e c t  on erasure r e l i a b i l i t y .  Voltages i n  
the range from -250 t o  +500 v o l t s  dc were tes ted,  with a grounded probe proving 
j u s t  a s  effect ive.  It was not possible t o  cause erasure i f  the f r o n t  l i n e s  were 
grounded and the r ea r  l i n e s  were high. This evidence suggests t ha t  the dc probe 
was in t e rac t ing  w i t h  the  dr ive l i n e s  and/or sustaining voltage l eve l  ra ther  than 
d i r ec t ly  with the c e l l .  However, th is  explanation is a t  bes t  only p a r t i a l l y  
correct  since se lec t ive  erasure of individual  c e l l s  was possible.  
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Throughout these experiments, i t  was never possible t o  write a c e l l  w i t h  the 
dc probe. It  seems possible t o  write a c e l l  i n  a manner analogous t o  the s low- 

write technique o r ig ina l ly  suggested 5y the University of I l l i no i s . "  The combi- 
nation of the  dc probe produced m i r r o r  charges and the sustaining voltage 
induced charge should produce a voltage tha t  exceeds the f i r i n g  voltage of the 
c e l l ,  thereby causing the gas t o  ionize.  However, voltages t o  500 v o l t s  fo r  
thin-walled panels and t o  2000 v o l t s  f o r  the Digivue panel were t r i e d  with no 
success, 
not investigated.  
ac-driven probe technique, the remainder of the voltage probe e f f o r t  was 
directed toward ac probes. 

A higher voltage may have produced writ ing,  but t h i s  p o s s i b i l i t y  was 
Since both probe writ ing and erasure were possible with the 

B. AC VOLTAGE PROBES 

I n i t i a l  experiments indicated tha t  the phase re la t ionship  between the sus- 
ta ining s ignal  and the probe was more c r i t i c a l  than expected and t h a t  the o p t i -  
mal phase re la t ionship  was not what had been ant ic ipated.  
these experiments was shown i n  Figure 2. The c l r c u i t  conditions were: 

The basic  c i r c u i t  f o r  

e Vs approximately midway between Vf and Ve 

B The probe s ignal  phase-locked t o  the sustaining frequency 

0 A l aye r  of 1 - m i l  Kapton insu la t ing  mater ia l  placed between the 
probe and the f r o n t  face of the panel 

B Thin-walled, 32-line-per-inch, varied-resolution panel used; f i l l e d  
t o  730 t o r r  with neon plus  approximately 1 percent nitrogen 

In ea r ly  experiments, the sustaining voltage proved t o  be a c r i t i c a l  factor .  
The most desirable  operating voltage f o r  general use was considered t o  be near 
the midpoint of the sustaining region. However, i t  was found tha t  unless  the 
sustaining voltage was near one extreme o r  the other ,  probe writ ing o r  erasure 
was very unrel iable ,  A s  the  various f a c t o r s  involved became be t t e r  understood, 
i t  was possible t o  r e l i a b l y  write and erase the panel a t  a s e t  sustaining vo l t -  
age simply by switching the phase of the probe signal.  

1. Sustaining Voltage/Probe Voltage Phasing 

In order t o  achieve r e l i a b l e  probe writ ing and erasure,  proper phasing of 
the ac probe and sustaining voltage was essent ia l .  
which r e su l t ed  i n  the lowest probe voltage, the f r o n t  e lectrodes were grounded. 
The en t i r e  sustaining signal,  referenced t o  ground, was coupled t o  the r ea r  

In  one c i r c u i t  configuration 

~ ~~ 

*Bitzer, D e  L., Slottow, H, G., The, Plasma Disulas Panel - A Dig i ta l ly  Addres- 
sable Disulay with Inherent Memm, Proceedings of F a l l  Jo in t  Computer Confer- 
ence, 1966, 
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electrodes,  This arrangement i s  the sa fe s t  f o r  thin-walled panels since the 
panel i t s e l f  a c t s  a s  protect ion against  the high voltage applied t o  the r ea r  
drive electrodes,  

When the  sustaining and probe s igna ls  were applied i n  phase using th i s  con- 
f igurat ion,  r e l i a b l e  erasure could not  be achieved, However, i f  t he  probe s ig-  
n a l  were phase sh i f ted  while s t i l l  frequency-locked with the sustainfng signal,  
as shown i n  Figure 10, r e l i a b l e  wri te  was obtained with minimal probe voltageo 
Under this  optimum wri te  condition, the probe s ignal  changed po la r i ty  a t  the 
normal f i r i n g  point of the c e l l ,  a s  evidenced i n  the lower t race,  which presents  
the current pulses  from the lit c e l l s ,  

PROBE 
SIGNAL 

SUSTAINING 
SIGNAL 

CURRENT 

71 0-21-3 

Figure 10. Phasing Used f o r  AC Probe Writing with 
Squarewave Probe Signal and Sinewave 
Sustaining Signal 

In  t h i s  photo, a l l  of the panel ' s  l it  c e l l s  a r e  co l lec t ive ly  sensed and con- 
t r i bu te  t o  the current t r ace -  The current  spikes represent  the normal f i r i n g  
point of a lit c e l l  w i t h  only the  sustaining s ignal  applied; they do not  repre- 
sent the forced f i r i n g  of the probe-addressed c e l l ,  Thus, i t  appears t h a t  fo r  
the condition discussed, optimal m i t e  i s  achieved i f  the probe s ignal  reverses  
( i n  the d i rec t ion  of the sustaining voltage*) a t  the normal f i r i n g  posi t ion,  

A s  previously mentioned, e f f ec t ive  erasure was obtained simply by reversing 
the phase of the probe voltage. With t h i s  phase reversa l ,  the  sustaining and 
probe s igna ls  oppose each other. 

*Because the probe s ignal  i s  applied t o  the grounded side of the panel, a 
negative-going t r a n s i t i o n  construct ively adds t o  a positive-going sustaining 
signal 
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2. Effect  of Wave S h G  

A s  might be expected, the phase re la t ionships  of the probe and sustaining 
signals,  a s  well a s  the voltage amplitude required by the probe t o  accomplish 
r e l i ab le  write/erase,  depend on the waveforms used. For t h i s  reason, a l l  com- 
binations of sinewaves and squarewaves were invest igated,  including: 

e Sinewave sustaining signal 
Sinewave probe voltage 

e Sinewave sustaining signal 
Squarewave probe voltage 

Q Squarewave sustaining signal 
Sinewave probe voltage 

o Squarewave sustaining signal 
Squarewave probe voltage 

e Squarewave sustaining signal 
Pulsed probe voltage 

The f irst  three cases a re  i l l u s t r a t e d  i n  Figure 11. The sinewave-sinewave 
combination proved d i f f i c u l t  t o  obtain the proper phase r e l a t ion  f o r  r e l i a b l e  
operation. Figure 11(A) shows the phasing fo r  the wri te  mode, while Figure 
11(B) shows the erase phasing. 
and a t  d i f f e ren t  frequencies a s  noted; they demonstrate, however, t h a t  correct  
phase angle i s  independent of applied frequency. 

These photographs were taken a t  d i f f e ren t  times 

Figure 11(C) shows a squarewave sustaining s ignal  used i n  conjunction with a 
sinewave-driven voltage probe. In  t h i s  case, the phasing was much l e s s  c r i t i c a l  
and the probe voltage was lower than t h a t  necessary f o r  sinewave-sinewave opera- 
t ion.  
formation of the discharge - the  formative time delay - t ha t  i s  reasonably 
fixed. For a squarewave s ignal ,  the discharge should occur a t  the time of the 
squarewave t r ans i t i on  p l u s  the formative timelag, For lowest probe voltage 
requirements, the probe voltage should be near i t s  peak a t  t h a t  point ,  a s  shown 
i n  the f igure.  
not too  c r i t i c a l ,  
voltage,  but i t  was observed tha t  the voltage could be reduced t o  300 v o l t s  
without jeopardizing r e l i a b i l i t y .  This i s  i n  d i r ec t  contrast  t o  the previous 
case, where the r e l i a b i l i t y  was poorer. With two sinewaves t rying t o  influence 
the c e l l ,  there  i s  no sharp t r ans i t i on  t o  t r igger  the discharge; i n  f a c t ,  the 
f i e l d  produced by the probe may i t s e l f  cause a phase of the normal f i r i n g  posi- 
t ion  r e l a t i v e  t o  the sustaining signal. 

This may be explained a s  follows, There i s  a fundamental delay i n  the 

Because of the r e l a t i v e l y  broad sinewave peak, the phasing i s  
The case pictured here does not  r e f l e c t  the reduced probe 
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Figure 11, Optimum Probe and Sustaining Signal Phasing 
f o r  Various Combinations o f  Signal Waveforms 



The most favorable waveform combination studied i s  shown i n  Figure 11(D). 
The phasing of the sinewave sustaining signal i n  combination with the squarewave 
probe s ignal ,  while s t i l l  important, covered a much broader acceptable range 
than d i d  the other combinations. The probe voltage could be reduced t o  a s  low 
a s  150 v o l t s  peak, maintaining good r e l i a b i l i t y  i n  writ ing and erasing the 
panel. No quant i ta t ive measurement was made of  wri t ing speed but i t  was reason- 
ably f a s t ;  near-normal writ ing speed could be used. Only momentary alignment of 
each c e l l  with the probe caused a change of c e l l  s t a t e .  

With the sinewave sustaining s ignal  and squarewave probe voltage a t  f ixed 
voltage se t t ings ,  i t  was possible t o  wri te  and erase a l l  spacings on the varied- 
resolut ion panel except the 32-line-per-inch g r i d .  I n  this case, i t  was neces- 
sary t o  s l i gh t ly  increase both the sustaining and probe voltages. This increased 
work i s  expected* and i s  due t o  the smaller area of the c e l l s  i n  the 32-line-per- 
inch matrix, 0.256 x l o d 3  inch compared t o  0.625 x inch2. With voltages 
ra ised,  however, s ingle  c e l l s  could be resolved i n  the 32-line-per-inch matrix. 

2 

Two addi t ional  waveform combinations were invest igated with minimal success. 
With squarewaves on both the sustaining signal and the voltage probe, i t  was 
nearly impossible t o  obtain the proper phase relat ionship between the t w o  s i g -  
nals.  It  i s  f e l t  t ha t  t h i s  phasing d i f f i c u l t y  was due t o  in su f f i c i en t ly  precise  
phase locking, required f o r  the rapid r i s e  and f a l l  time associated with square- 
waves. Other c i r c u i t  combinations may overcome t h i s  d i f f i cu l ty ,  

If the squarewaves a re  narrowed t o  pulses, the r e l i a b i l i t y  becomes even l e s s .  
The pulse generator used was l imited t o  pulses  of a given polar i ty .  Thus, the 
probe i s  i n f l u e n t i a l  only once each cycle ra ther  than twice, a s  with the other 
waveforms. Since the  pulse technique was only t r i e d  with a squarewave sustain- 
ing signal,  i t  may be possible  t h a t  t h i s  technique would work with other sus- 
ta ining s ignal  waveforms. 

- 
*Plasma Display Technical Study, F ina l  Report, Sperry F l igh t  Systems Division, 

Sperry Rand Gorp, f o r  A i r  Force F l igh t  Dynamics Laboratory, A i r  Force Systems 
Command, Wright-Patterson A i r  Force Base, Ohio, February 1970. 
Goede, W, F,, Effect  of H o l e  Diameter, Electrode Width, and Glass Thickness on 
Propert ies  of the Plasma Display Cel l ,  Coordinated Science Laboratory, 
University of I l l i n o i s ,  Urbana, I l l i n o i s ,  July 1968. 
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V. ELECTRICAL ITJTERROGATIOI; 

When the current bridge described on page 24 i s  used t o  discriminate the 
s ingle-cel l  current pulses,  the signal-to-noise r a t i o  i s  so low a s  t o  preclude 
posi t ive sensing. Since i t  i s  necessary t o  detect  the pulse from a single c e l l ,  
another c i r c u i t  was developed (Figure 12)  t o  discriminate and amplify the cur- 
ren t  pulses fo r  a single lit ce l l .  Coupling t o  the discriminator i s  provided by 
the pulse transformer, which also provides i so l a t ion  from the large sustaining 
voltage. A simple high-pass f i l t e r ,  the  two capaci tors  and inductor, along with 
the low magnetizing inductance of the small transformer r e j e c t  the drive f re -  
quency and pass the discharge current component. The d i f f e r e n t i a l  amplifier 
removes any remaining drive signal and amplifies the current pulses. 

bd2T, SUSTAl N I NG J-Gq 
L d  - PULSE 

TRANSFORMER + 15T '-1 'T' 270pF 

270pF ?' 

SN 5510 
DIFFERENTIAL AMPLIFIER 

~~ 

7 1 0 2 1  5 b OUTPUT 

Figure 12. Diagram of Circui t  Used t o  Discriminate 
and Amplify Single-cell  Current Spikes 
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I n  the  f igu re  below, the dr ive frequency i s  100 kHz a t  TOO volts .  The cur- 
r en t  spikes are  0,5 vo l t  i n  amplitude. Amplification and/or wave shaping i s  
r ead i ly  possible  t o  provide f o r  d i r ec t  computer input, 

710-21-6 

Figure 13. Sustaining Voltage Waveform and Current 
Spikes from Single L i t  Cell  

Since in te r roga t ion  can be performed element-at-a-time o r  line-at-a-time a s  
described on page 12, i t  i s  important t o  consider the in te r roga t ion  time avail-  
able,  t h a t  i s ,  the  time constant f o r  non-volati le information storage, I n  an 
e f f o r t  t o  determine the time avai lable  f o r  interrogat ing the panel without l o s s  
of information, the following experiment was performed. 

The varied-resolution panel (Figure 7) was f i l l e d  w i t h  a 1-percent nitrogen 
i n  neon mixture a t  a t o t a l  pressure of 610 t o r r ,  A gated sustaining s igna l  was 
applied whose voltage was midway between the  f i r i n g  and extinguishing voltages 
(340 and 300 vol t s ,  respect ively) ,  With a given s e t  of information entered in- 
t o  the  panel under cw operation, the duty cycle was decreased ( fo r  given on 
time) unti l  the s tored information was destroyed ( tha t  i s ,  the panel began t o  
spontaneously e rase) ,  

Figure l3a  shows t h a t  over the  majority of the t e s t  range, the maximum of f  
time f o r  non-volati le information storage depends on the previous on time, 
For very short  on times ( l e s s  than 8 pulses) ,  there  appears t o  be a lack  of 
t o t a l  information of the  wal l  charge, as  evidenced by a break from l i n e a r i t y  
on the p lo t ,  A t  longer on and off times, i t  might  be expected tha t  the maximum 
off time f o r  non-volati le information storage would s t a b i l i z e  due t o  the f i n i t e  
leakage time of the wal l  charge, It i s  seen tha t  usable o f f  times a t  l e a s t  a s  
long as  0,8 second can be achieved, The measured avai lable  time should allow 
f o r  computer in te r roga t ion  by the proposed schemes without any d i f f i cu l ty ,  
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Figure l3a, 3 I a x i m w n  O f f  Time f o r  Non-Volatile 
Iiif ormation Storage 
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V I .  SUMMARY AND CONCLUSIONS 

The purpose of t h i s  contract  was to  inves t iga te  the p o s s i b i l i t y  of using an 
ac plasma panel display a s  a computer input device. 
the following conclusions a r e  drawn. 

A s  a r e s u l t  of t h i s  work, 

(1) A thin-walled panel can be successfully wr i t ten  and erased using an ac 
voltage probe. For the most favorable waveforms, the panel could be wri t ten and 
erased with a moderately low probe vo-ltage (150 v o l t s ) .  S t i l l  lower probe vol t -  
ages seem possible  with a l t e rna te  e lectrode configurations. 

(2) While e i the r  sinewaves o r  squarewaves can be used a s  a sustaining s i g -  
n a l  fo r  the panel and as a s ignal  f o r  the voltage probe, one combination - a 
sinewave sustaining voltage and a squarewave probe voltage - gave the best  r e l i -  
a b i l i t y ,  the lowest probe voltage, and the l e a s t  c r i t i c a l  phasing. Writing by 
t h i s  technique was reasonably f a s t .  

(3) The phasing between the sustaining s ignal  and the probe s ignal  i s  very 
important. For r e l i a b l e  operation, i t  was necessary f o r  the probe voltage t o  be 
near a peak, or making a t r ans i t i on ,  a t  the normal f i r i n g  point  of the c e l l .  

(4) AC voltage probes do not  appear t o  be a f eas ib l e  means of wri t ing and 
erasing thick-walled panels. In  the  course of the study, i t  was not  possible  t o  
a f f ec t  a Digivue panel with probe vol tages  as high as 2000 vo l t s ,  peak t o  peak. 

( 5 )  Using the ac voltage probe, i t  was possible t o  resolve individual  c e l l s  
i n  a 32-line-per-inch matrix. 
studied . 

Higher reso lu t ion  may be possible but was not  

(6) The ac t ive  phenomenon responsible f o r  voltage probe writ ing i s  not  
thoroughly understood. Two p o s s i b i l i t i e s  immediately suggest themselves: f i r s t ,  
the probe may i n t e r a c t  with the sustaining e lec t ronics  v i a  the dr ive electrodes,  
and second, the probe may a f f e c t  energy t r ans fe r  d i r e c t l y  i n t o  the gas volume of 
the c e l l .  In te rac t ion  with the dr ive l i n e s  does not seem l ike ly ,  however, a s  a 
react ion should be observed on a l l  c e l l s  downstream of the probe s igna l  on 
single-ended dr ive l ines .  This phenomenon was not  evident;  unique address of 
individual c e l l s  occurred. Therefore, the evidence suggests t ha t  the probe in-  
t e r a c t s  simply by construct ively or  des t ruc t ive ly  adding t o  the normally present 
sustaining s ignal  within the  ce l l .  
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( 7 )  The demonstrated moderately low voltage requirements of ac-driven 
probes and the po ten t i a l  fo r  fur ther  subs tan t ia l  voltage reduction with a l te red  
electrode configuration suggest t h a t  operator safety consideration should be 
compatible with voltage probes. I n  addition, se lec t ive  address by a grounded dc 
probe was achieved. However a t  present ,  only the erasure mode of the dc probe 
has been demonstrated. 

(8) Due to  the rapid ign i t i on  time of a plasma c e l l ,  generally sub- 
microsecond, i t  i s  conceivable t h a t  voltage probe wri t ing may be possible  with a 
single pulse.  
Potent ia l  advantages of t h i s  technique a re  safe ty  and power considerations 
associated with the l o w  energy content o f  a s ingle ,  narrow voltage spike. 

The waveform combination necessary t o  prove t h i s  was not achieved. 

( 9 )  Light probes may have a major advantage over voltage probes i n  t h a t  
they a r e  applicable t o  thick-walled, high-resolution panels a s  w e l l  a s  thin-  
walled panels, and they a r e  completely safe.  However, panels t h a t  a r e  su i tab le  
f o r  use with l i g h t  probes may be vulnerable t o  ambient l i gh t ing  and/or the l i g h t  
generated by lit c e l l s  within the panel. I n  addition, proposed techniques su i t -  
able fo r  probe wr i t i ng  a r e  more d i f f i c u l t  t o  implement, and writ ing speed may be 
l imited.  

(10) A reasonably simple e lec t ronic  c i r c u i t  was studied t h a t  can eas i ly  d i s -  
criminate the current pulse  from a s ingle  l it  c e l l .  With l eve l  adjustment and/ 
or s ignal  shaping, the s igna l  produced should be su i tab le  f o r  computer usage and 
could be used t o  in te r roga te  information stored on a plasma panel. 

(11) The time ava i lab le  to  non-destructively in te r roga te  the panel by coin- 
cident appl icat ion of sustaining l e v e l  s ignals  appears compatible with various 
interrogat ion scan methods. Other methods seem possible ,  where s igna ls  of non- 
sustaining frequency, amplitude, and/or phase a r e  se lec t ive ly  applied without 
in te r rupt ion  of the normally present sustaining s ignal .  
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APPENDIX A 

DISCHARGE AND MEMORY EFFECTS I N  AC PLASMA PANELS 

A discussion o f  ac  plasma panel discharge and memory behavior i s  important 
i n  understanding e lec t ronic  write/erase techniques, e i the r  v i a  coincident l i n e  
address or  v i a  probe address. 

Because the plasma panel i s  a three-layer sandwich s t ruc ture  of gas-between- 
g lass  between the plasma panel e lectrodes,  the s t ruc ture  represents  a multi- 
d i e l e c t r i c  capacitor ( i n  the "off'' s t a t e ) .  
the gas i s  l e s s  than the  applied voltage on the  electrodes.  I n  the s i m p l e  
equivalent c i r c u i t  shown below, the box labe l led  g represents  the addi t ional  
complicated c i r c u i t  of the  gas-f i l led gap present when a discharge occurs o r  i s  
forming (it i s  of near - inf in i te  impedance when the discharge i s  absent).  

Therefore, the poten t ia l  applied t o  

t 
ELECTRODE 

c o  CO 
809 69 7 4  

C o  represents  the capacitance of t he  g l a s s  wall (both walls are  assumed ident i -  
c a l )  and C the capacitance of the  gas- f i l l ed  gap. 

g 

If V '  i s  the  po ten t i a l  applied t o  the  electrodes and VA i s  the r e su l t i ng  
poten t ia l  across  the unf i red  gas-f i l led gap, the  impressed voltage on the  gas 
c e l l  i s  

V I  
g 

'A = Co + 2C 

Knowing t h i s  re la t ionship ,  t he  d i s t r ibu t iona l  e f f e c t  of the c e l l  s t ruc ture  w i l l  
be ignored, and the  applied o r  impressed voltage re fer red  t o  w i l l  be assumed t o  
be the voltage applied t o  the  gas-f i l led gap between the  g lass  wal ls  not includ- 
ing the e f f e c t  of any e l e c t r i c a l  charge residing on the  w a l l  (wal l  charge). 
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The following symbols w i l l  be used throughout: 

V A  = the voltage applied t o  the inner w a l l  surfaces  neglecting 
surface charge 

V w  = the po ten t i a l  between w a l l  surfaces due only t o  surface 
charge 

VR = the r e s u l t  voltage, VA + Vw 

Vf  = f i r i n g  voltage of the plasma panel (or given electrode 
i n t e r  sect ion)  

V e  = extinguishing voltage of t he  plasma (or e lectrode 
in t e r sec t ion )  

Vs = sustaining voltage of the plasma panel 

A t  po in t  f ,  VA - Vw = Vf and the panel o r  i n t e r sec t ion  f i r e s  

A t  po in t  e ,  VA - Vw = Ve and the panel or i n t e r sec t ion  
extinguishes 

The breakdown of the g a s  i n  a plasma panel i s  governed by the e l e c t r i c  f i e l d  
applied t o  the  gas- f i l l ed  gap between the  panel inner surfaces.  When the poten- 
t i a l  across  the gap reaches the f i r i n g  voltage of the  panel, the gas breaks down 
e l e c t r i c a l l y  by ionizing,  allowing charge t o  flow through the  ionized gas 
(plasma). 
po ten t i a l  drops below the extinguishing voltage of  the  plasma, a t  which time the 
plasma quenches. The charge accumulated on t h e  c e l l  wall i s  

The charge flows t o  reduce the  impressed f i e l d  u n t i l  the  r e su l t an t  

V A  

v o  
809 69 7 5  

f e  

Figure 14 

Assume t h a t  the impressed voltage on a 
c e l l  (panel  in te rsec t ion)  r i s e s  a t  a mod- 
e r a t e  r a t e  t o  a f i n i t e  value V such t h a t  
Vf < V < 2Vf, a s  shown i n  Figure 14. 
A t  V = V f ,  the  gas discharge forms, per- 
m i t t i n g  charge t o  be transported u n t i l  

guishes. This r e s u l t s  i n  a s ingle  d is -  
charge t h a t  occurs between poin ts  f and 
e. 

va - Vw - - Ve,  when the discharge extin- 
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Other circumstances can a l so  be induced, 
Assume t h a t  the  impressed voltage r i s e s  
a s  before, but t o  a higher f i n a l  value 
(Figure 15). After the  i n i t i a l  d i s -  
charge extinguishes a s  i n  the  f i r s t  
case, the value of VA - Vw again becomes 
equal t o  V f ,  and the discharge forms a 

V A  

v -0 second time, extinguishing again a t  
f e f e  

809 69 76 

Figure 15 
VA - Vw = Ve. 
discharge e f f e c t ,  the  discharges again 
occurring i n  the  t i n e  periods repre- 
sented between poin ts  f and e. 

The r e s u l t  i s  a multiple- 

The multiple-discharge e f f e c t  may not 
occur i f  the r i s e  time of the  applied 
voltage i s  su f f i c i en t ly  high. Assume 
now t h a t  the applied voltage r i s e s  from 
zero t o  the  same value a s  i n  Figure 15, 

V A  

v o  
f e  

Figure 16 

but with a f a s t e r  r i s e  time (Figure 
16) .  The f i n i t e  charge t ransfer  r a t e  
through the  discharge (determined p r i -  
marily by the g a s  employed) r e s u l t s  i n  a 
stronger s ingle  discharge extending over 
a longer period of time, r a the r  than 
multiple discharges. (This longer d is -  
charge duration r e s u l t s  d i r e c t l y  i n  a 
la rger  l i g h t  output. ) 

809 69 77 

V A  

f ,. 

Figure 17 

I f  the r i s e  time i s  increased s t i l l  
fu r the r ,  a s  shown i n  Figure 17, the  
peak applied voltage w i l l  be reached 
before the  plasma extinguishes. Thus, 
t he  discharge duration and s t rength  i s  
d i r e c t l y  dependent only on pulse height. 
The wall voltage r i s e s  t o  within Ve of 
the  applied voltage peak ( V A  > Vf). 
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A r e p e t i t i v e  l i g h t  pulse output may be obtained by cycling the impressed voltage 
between zero and a voltage V such t h a t  V > (Ve + Vf)? i l l u s t r a t e d  i n  Figure 18. 

I 809 69 79 

Figure 18 

Plasma panels a re  normally driven with an applied voltage o f  a l te rna t ing  polar- 
i t y  (which amounts t o  sh i f t i ng  the  zero voltage reference i n  Figure 18).  

For memory mode operation, both the upper and lower l i m i t s  on the impressed 
voltage a r e  important. Recall  t h a t  when a c e l l  f i r e s ,  a charge w i l l  accumulate 
on the  c e l l  wall .  

On the  opposite cycle of t he  applied po ten t i a l ,  the  charge Qw remains, a t  l e a s t  
i n i t i a l l y ,  on the c e l l  wall. The r e su l t an t  voltage,  VR, across the  gas c e l l  i s  

v = VA + vw R 

A discharge w i l l  occur when the voltage across  the c e l l  reaches the  f i r i n g  volt-  
age of the c e l l ,  VR = V f .  
solely by the  voltage impressed on the c e l l ,  the impressed sustaining voltage,  
V s ,  must equal o r  exceed the f i r i n g  voltage. 

If the discharge i n  the c e l l  i s  t o  be maintained 

If ,  however, the wall i s  charged t o  some Vw by a previous cycle, the sustaining 
voltage i s  reduced. 

vW 
vs  = Vf - 

This lower V s  i s  the voltage required t o  keep the  c e l l  operating with each 
po la r i ty  reversa l  of the applied po ten t i a l  a f t e r  t he  c e l l  has been f i r e d .  It 
w i l l  not  sus ta in  the  discharge i n  the absence of wall  charge. A t  voltages be- 
tween Vf and Vs ,  the  c e l l  i s  then bi-s table .  
c e l l  i s  now determined by the presence o r  absence of the  wall charge, a s  shown 
i n  Figures 1 9  and 20. 

The Iron" o r  rlofflr s t a t e  of the 
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Figure 20 

The same s e t  of conditions may be brought about using other  than rectangular 
waveforms. Indeed, the e a r l i e s t  plasma panel dr ives  were l a rge ly  s inusoidal ;  
only recent ly  has the t rend sh i f ted  toward rectangular waveshapes. The osc i l lo -  
scope t r aces  (Figure 21) o f  applied voltage and l i g h t  output provide examples 
of square- and sinusoidal-driven ac plasma panel outputs.  The waveforms f o r  the 
I 1  and "off" conditions using a s inusoidal  sustaining voltage are  shown i n  
Figures 22 and 23. 

Figure 22 Figure 23 

I n  the case of sinusoidal sustaining voltages,  the voltage r i s e  time plays a 
subs tan t ia l  r o l e  i n  the ac tua l  output br ightness  by influencing the discharge 
duration. Comparing Figures 24, 25, and 26, i t  can be seen t h a t  the discharge 
duration (t,) may be influenced by changing e i the r  sustaining voltage amplitude 
o r  r epe t i t i on  frequency. The e f f e c t  i n  both cases i s  t raceable  t o  the  change i n  
the  r i s e  time of the  impressed sustaining vol tage waveform. 

no8 BO 84 

Figure 24 Figure 25 

Figure 26 
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Figure 21. Signal Rise Time Effect  on Discharge Pulse Shape. 
A discharge occurs with each po la r i ty  reversa l  of 
the driving potent ia l .  The change i n  shape of 
the l i g h t  outputs r e f l e c t s  the changes i n  the dis-  
charge brought about by differences i n  driving 
s ignal  r i s e  times a t  the time of the  discharge, 

44 



The oscil loscope t r aces  below show the r i s e  time e f f e c t  accompaning opera- 
t i o n  of a plasma panel a t  three d i f f e ren t  frequencies, Although the  applied 
voltages a r e  equal f o r  the  three frequencies,  the  output brightness var ies  con- 
siderably,  the  waveforms wi th  the highest r i s e  times producing the  g rea t e s t  l i g h t  
output. The e f f ec t  i s  most s t r ik ing  i n  the 100 KHz t r ace  where the  waveform 
asymmetry has a pronounced influence on the l i g h t  output pulses, The panel used 
contains 100 percent Neon a t  730 t o r r  pressure. 
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Figure 27, Signal Frequency (Rise-Time) Effect  
on Discharge Pulse Strength 

45 



To change from the "off"  condition t o  the "on" condition simply requi res  
t h a t  the difference between the wall voltage and the applied voltage be forced 
t o  exceed the f i r i n g  voltage of the c e l l  f o r  a period of time su f f i c i en t  f o r  the 
plasma discharge t o  form and enough charge be transported t o  r a i s e  the wall  
voltage t o  a t  l e a s t  half  the  f i r i n g  voltage. This may be done by summing a 
pos i t ive  pulse  o f  the  proper magnitude, duration, and phase r e l a t i o n  with the 
sustaining voltage (Figure 28) e 

SUMMED POSITIVE 
PULSE 

809 69 8 7  

Figure 28 

The inverse operation, t h a t  of changing from the "on1' condition t o  the  " o f f "  
condition, i s  the inverse of the one j u s t  described but i s  not qu i te  a s  simple 
t o  implement. Basically,  t he  w a l l  voltage must be reduced t o  zero. I n  most 
cases, t h i s  means t h a t  the  charge t ransport  during a discharge, and hence the 
discharge i t s e l f ,  must terminate when the  w a l l  voltage i s  zero o r  very near  
zero, I n  Figure 29, t h i s  i s  accomplished by summing a negative pulse, again 
of t he  proper magnitude, duration, and phase r e l a t ion ,  with the sustaining 
voltage. Any means, however, which accomplishes the same zero or  near-zero 
wall  voltage w i l l  r e s u l t  i n  a n  extinguished plasma panel ce l l .  

VA 
SUMMED 
NEGATIVE 
PULSE 809 69 88 

Figure 29 
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APPENDIX B 

NEW TECHNOLOGY APPEND IX 

The following po ten t i a l ly  new concepts were developed i n  the course of work 
on t h i s  contract:  

(1) Method o f  using ac-driven probes t o  m i t e  and 
erase an ac plasma panel. 

Theor e t  i c al D i  s cu s s ion 
Experimental Results 

Page 
7 
28 t o  3 2  

( 2 )  Method o f  using de-driven probes t o  erase an 
ac plasma panel. 

Theor e t  i c a1 D i s cu s sion 
Experiment a1 Result s 

( 3 )  Method of e l e c t r i c a l  interrogat ion of an ac 
plasma panel. 

Theor e t i c a l  Discussion 
Experiment a1 Resul ts  

6 
27 and 28 

16 and 17 
33 t o  35 
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