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MULTIPLE STATES AND VARIABLE INTENSITY 
IN THE PLASMA DISPLAY PANEL

William Dooley Petty, Ph.D.
Department of Electrical Engineering 

University of Illinois, 1970

The development of the computer based educational system at the 

University of Illinois necessitated the investigation of economically 

feasible display units for use in student terminals» After existing 

display systems were examined, research was undertaken which, it was 

believed, would lead to a more satisfactory display. The result of this 

research was the invention of the plasma display panel in 1964 by Bitzer, 

Slottow, and Willson,

In its normal operation the plasma panel exhibits a bistable range in 

which the cells can exist in either of two stable modes. The "on" state 

results from a discharge every half cycle, and the "off" state corresponds 

to no discharges. This investigation is concerned with the attainment of 

multiple stable states with corresponding multiple intensities. The appli­

cation of this technology is related most directly to computer output dis­

plays where the inherent, memory of the multiple states is desirable.

The basic ideas upon which this research was initiated were set forth 

by Petty with the observation of stable discharge sequences which, when 

perturbed, had a slow return to equilibrium, and by Slottow who first 

developed a stability theory which explained this transition sequence.

The basic stability theory was examined and predictions about device 

behavior were made to verify the theory. Based on device measurements and 

Slottow's theory, knowledge of plasma panel physics was extended with sub­

sequent refinements of measurement techniques and device predictions. An



extended stability theory was later proposed and tested. Based on this 

knowledge, techniques were developed for maintaining the plasma display 

panel in three stable states.
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CHAPTER 1, 

Introduction

1,1 Background

The development of the computer based educational system (PLATO) 

at the University of Illinois necessitated the investigation of eco­

nomically feasible display units for the use in student terminals.

After existing display systems were examined, research was undertaken 

which, it was believed, would lead to the development of a more satis­

factory display. The result of this research was the invention of 

the plasma display panel at the University in 1964 by Bitzer, Slottow, 

and Willson. The panel is a digitally addressable display with internal 

memory. The brightness is comparable to that of a cathode ray tube, 

and the projected cost is considerably less than that of a CRT with 

associated memory elements. In addition to its envisioned use in the 

PLATO system, the plasma panel is also well suited as a computer input- 

output device, a computer memory, and if it proves possible to intro­

duce an appropriate gray scale and color, commercial television.

The plasma display panel consists of three dielectric elements 

with sets of parallel electrodes placed orthogonally on the outside 

dielectric as shown in figure 1.1. The central dielectric is a gas 

which will break down under the application of sufficient voltage. The 

outer dielectrics insulate the resulting discharge from the electrodes 

so that the discharge current produces a voltage across the cell walls.
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Base Substrate

Figure 1.1
Plasma Display Panel Construction
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Small panels with up to 1600 cells have been successfully fabri­

cated at the University of Illinois., However, with the availability 

of quality plasma panels, under the brand name, Digivue, f^om Owens-j
Illinois of Toledo, Ohio, these have become the accepted standard.

\
All measurements in this research project were made on a four inch

* ?
square Digivue panel with a cell density of 33 cells/linear inch.

Figure 1.2 shows a photograph of one of these panels.

In its normal operation the plasma display panel exhibits a

bistable range in which the cells can exist in either of two stable
. I

modes. The "on” state results from a discharge every half cycle and 

the "off” state corresponds to no discharges. The current investigation 

is concerned with the attainment of multiple stable states in the plasma 

display panel with corresponding multiple intensities. The application 

of this technology is related most directly to computer output dis­

plays where the inherent memory of the multiple states is desirable.

The basic ideas upon which this research was initiated were set 

forth by Petty with the observation of stable discharge sequences, 

which, when perturbed, had a slow return to equilibrium, and by Slottow 

who first developed a stability theory which explained this transition 

sequence. The basic stability theory was examined and predictions about 

device behavior were made to verify the theory. Based on device measure­

ments and Slottow*s theory, knowledge of plasma panel physics was extended 

with subsequent refinements of measurement techniques and device predic­

tions. An extended stability theory was later proposed and tested.
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Based on this knowledge, techniques were developed for maintaining the 

plasma display panel in three stable states.

1.2 Discharge Mechanism in the Plasma Panel

The plasma display cell, described physically in chapter 1.1, can 

be represented by the model shown in figure 1.3, where and 

represent the capacitance of the glass and represents the capacitance 

of the cell itself. The initial conditions on the cell are represented 

by the voltages V^, , and V^. The current source I is the current

of the discharge, and the source Vg is the externally applied source.

The figure may be redrawn as shown in figure 1.4, in which all the infor­

mation in the original model has been retained except that the capaci­

tors and have been combined to form and the initial conditions 

have been represented externally. The voltage across the cell itself

then is V , .ab
If Vg is equal to zero and no currents are present in the circuit

then

V = V = V 1 10 00 W

where and represent the initial voltages on capacitors and

CQ respectively,

VS + VW I . . “ v w It=t J 1t I0dt ct=t wo w t o u cio
t h dt  0

I0

in which
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Equivalent Circuit Model of a Plasma Display Element

a

Figure 1.4
Simplified Circuit Model of a Plasma Display Element

I d
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or

V V ci
Cl 1/Cj + 1/CQ

vsco
C1 + C0

and

V C
V = V ' + - s 0 ab W + CQ

or

V CQ J ab vs V  J  VW
c, + c, 

0

The terms in this equation are now referred to the outside of 

the panel rather than the cell itself, and for simplicity may be 

written as

V = V + V C S W

Normally is much greater than C^, so that

V « V , and V « V 1c ab W W

If Vg is sufficiently large so that a discharge occurs in the cell, 

then ID is not zero and by superposition the effect of the current 1^
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on the circuit can be derived independently of the voltage sources

. r  o. i0 + ld

and

VCl C. t Ildt = C 0 1 C1 • “0 " “0■ f e l t 3 > dt - e :

This value of caused by the discharge becomes the wall voltage

V *  at time t. , so that w 1

V,W
C 1 + C0 = (— -----)V '

t=tl co w t=t.
fCl + C0.rt

- -(—  '2 >Jt V "
0

Because is much greater than

V « V ' and I « 1W W 0 D

Throughout this report, all voltages given will be referred to the 

outside of the panel, e.g., the terms V^, Vc , Vg, 1^ will be used.

When the voltage across the cell (V ) reaches a certain magnitude, 

defined as the breakdown voltage (V ), a discharge occurs in the cell. 

The current thus produced, results in a charge buildup on the wall of 

the cell (Vw), which will completely or partially neutralize the applied
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cell voltage. If the voltage applied is significantly below the break­

down voltage, there may be movement to the walls of any electrons in 

the gas at the time that the voltage is applied. However the resulting 

change in wall charge, AV^, will be extremely small. If the voltage 

applied is below breakdown voltage, yet large enough that avalanches 

occur, then each succeeding avalanche will be smaller than the previous 

one and charge will be transferred, its magnitude being a function of 

the size of the first avalanche (or consequently upon the number of 

electrons present in the gas when the first avalanche was initiated), 

and the voltage which produced it. If the cell voltage is above the 

breakdown voltage, the successive avalanches grow in size until the 

total cell voltage is reduced below the breakdown voltage, at which 

time the avalanches diminish until the discharge extinguishes.

Thus the change in wall voltage can generally be expressed as a 

function of the number of electrons present in the gas and the magni­

tude of the applied cell voltage. However, the dependence of transferred 

wall charge upon the number of initial electrons diminishes rapidly for

increasing V_, and the change in wall charge AVTT becomes a function ofW
the cell voltage (V^) at the time the discharge is initiated.



10

CHAPTER 2.

An Extended Stability Theory for Plasma Discharges

Slottow developed a theory for the stability of the plasma panel in 

which it is assumed that the change in wall voltage (AV ) in a given dis­

charge is a function of the applied cell voltage (V ) at the time of thev>
discharge. The results show that a discharge sequence is stable (i.e., 

if the wall voltage is perturbed from an equilibrium state, it will even­

tually return to that state provided that

0 < 3*vw < 2

This approach to stability has been extended with the assumption that 

the panel is driven by a sequence of pulses, each of which may or may not 

in itself produce a discharge that satisfies the above criteria. Such a 

wave form is shown in figure 2.1.

If an arbitrary zero level (figure 2.2) is assumed, then in order for 

a series of discharges to form an equilibrium sequence the difference between 

the wall voltage and the zero level at the beginning of the sequence must 

be the same as the difference at the end of the sequence. To be stable the 

wall voltage in a set of such sequences must eventually return to its 

equilibrium state if perturbed by a small amount at any point in the sequence.

If the parameters of figure 2.3 are assumed, where "i" is the sequence 

number and "j" is the pulse number in that sequence, then the sequence is
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Figure 2 o l
Hypothetical Sustaining Wave Form for a Plasma Panel

Figure 2.2
Sustaining Wave Form with Arbitrarily Selected Zero Level

0 1 2 3 • • • j j +1 •• • m-3 m-1

Figure 2„3
Sustaining Wave Form with Representation of Wall Voltage

CP-443
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stable if

ô(i+l)j 6Ü

where 6 represents the difference between a given wall voltage and the 

corresponding equilibrium wall voltage after the *'jth" discharge of the 

"ith" sequence. If an arbitrary pulse is selected as the beginning of a 

sequence, then this relationship becomes

6 < s(i+l)0 °i0

The equilibrium wall voltage level at each pulse in a sequence is V ,

VWj VTT = VT_, the voltage of each pulse of the sustaining Wm WO °Wl’ ’
signal is VSQ, VS1> ... Vgj,

each pulse in the "ith" sequence is VTT.̂ , VT,.,. ... VTT. .WiO Wil Wij
V„#. A s s u m e  that W(i+1)0

V0 = V0_. and the actual wall voltage at bm bO

^Wim

V«ij ■ £j(VWi(j-l)> V
which for a constant value for V_ . becomes ̂J

VWij fj(VWi(j-l))

Define the offset from an equilibrium wall voltage as

6 . . = V... . - VTT. 1J Wij Wj
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Using the relationship expressed in the first two terms of the Taylor's

series

f(x) = f (a) + f' (a) (x - a)

the following expression can be derived

But

so

or

VWi(j+l) fj+l(VWij)

fj+l(V  + f]+ l < V  <VWi3 - VWj>

f + f' (v„.)6..j+1 Wj j+iv Wj7 ij

fj+l(VWj) VW(j+l)

VWi(j+l) VM(j+l) + fj+l(VWj)6ij

VWi(j+l) ' VW(j+l) fj+l(VWj)6ij

i(j+l) £j+l(VWj)6ij
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From this the entire sequence can be expressed

6il fl^VW(PSiO

6i2 f2^VWl^il

i(j+i) i+1 wj ij

 ̂im ^m^W(m-l)^i(m-l) ^(i+l)0

The combination of successive terms results in

6ii = f;(vwo>6io 

Òi2 = f2(VWl)fì(VWO)6iO

5i(j+l) fj+l^VWj^ *•* f2^VWl^fl^VW0^6iO
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6im fm^VW(m-l)^ *’* fj+l^VWj^ *“ fl̂ VW(P6iO

which can in turn be expressed as

 ̂im ^(i+l)0

Therefore, for equilibrium

and for stability

or

V = V WiO W(i+1)0

6(i+l)0 < 6i0

-1 < r m -i
L A  £j(vw(j-i))] < 1

where

dV.
f! (V. )  =

Wij
j W(j-i) avwl(j.1} W(j-l)

This is graphically interpreted in figure 2.4 for a square wave. Note that

by choosing the ordinate and abscissa as shown the derivative f'(V . ,j Wi(j-l)
becomes the slope of the curve.

The development of the extended stability theory shows the combined 

effect of a sequence of discharges on a perturbation from equilibrium.

The nature of a typical discharge is a function of many variables,

(e.g., the nature of the preceding discharge, the time since the preceding 

discharge, the number of metastables in the volume, the duration of the pulse
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V W(i + l ) 0

Figure 2.4
Representation of Stability Criteria
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causing the discharge, the amplitude of the pulse, and the polarity of the 

applied voltage).

Typically the parameter used most frequently to describe a discharge 

is the maximum change in voltage across the cell as a function of the cell 

voltage. Because of the variables mentioned above this does not yield a 

complete picture of cell behavior but is useful for most applications, 

especially if a family of curves exists which takes the more significant 

functions into account.

Figures 2.5 through 2.8 show the effect of selected parameters upon 

AV^ using a 20 micro second pulse as a standard. Details of these measure­

ments are given in Appendix A.
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Figure 2.5
Wall Charge Transfer Characteristic as a Function of the Test Pulse Width
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AV

Figure 2.6
Wall Charge Transfer Characteristic as a Function 

of the Time Between the Test Pulse and the Previous Discharge
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AV

Figure 2.7
Wall Charge Transfer Characteristic as a Function 

of the Time Between the Test Pulse and the Subsequent Discharge
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A V w

Figure 2,8
Wall Charge Transfer Characteristic as a Function 

of the Amplitude of the Sustainer
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CHAPTER 3.

Multiple Stable States

The cell characteristics described in the preceding chapter provide 

the information needed to obtain multiple stable states in the plasma 

display panel. It is necessary to vary the firing parameters so that there 

is more than one stable sequence of discharges for a given sustaining signal.

3.1 Two "On" States with a Square Wave Sustainer

The simplest means of achieving two stable states is by selecting 

a sustaining wave form designed from a consideration of the versus 

V characteristic.L»
Although present techniques allow complete measurement of the VLi

versus V curve, when measurements of these parameters were originally w
undertaken circuits which were available were capable of measuring

only that portion of the characteristic shown in figure 3.1. The

wave form of figure 3.2 was applied to the cell. A wall voltage equal

to VTT existed on the cell at time t, as a result of V„. The amplitude w I S
of V was adjusted until discharge activity was observed at time t .n Z
From this it was concluded that

V = V + V F W A

which can be used to establish the functional relationship

¿VW - 2VW - 2<VV - f(vc> - f(V V
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Figure 3.1
Wall Charge Transfer Characteristic for Equilibrium Condition
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Figure 3.2
Wall Voltage Measurement Technique for Equilibrium Condition
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The decrease in^V.with increasing V„ for large values of V w c C
results from a second discharge that occurs at the trailing edge of the 

sustaining pulse as shown in figure 3„3.

Although not actually measured until later, it was proposed that 

the curve may become tangential to the horizontal axis at some time 

prior to intersection. If this should prove to be true, then Slottow's 

Stability Theory predicts that there must be a region in this lower 

portion which is stable, as shown in figure 3.4. The region at the 

right, where the slope becomes negative, should not be considered 

unstable, as it results from two discharges and Slottow's Theory con­

siders only single discharges. Observations have shown this region to 

be stable.

If the versus characteristic of figure 3.4 is transposed to 

reflect a steady state sustaining signal in which

VW *V2

and

vs - vc - AV 2

then the requirements for stability change from

0 <
ÔAV.

"~dV,
W < 2

CO
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Figure 3.3
Effect of Discharge at Trailing Edge of Pulse 

on Wall Voltage Measurements
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Figure 3.4
Proposed Extrapolation of Wall Charge Transfer Curve
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to

It can be seen from figure 3.5, that in the region "a" to "b" 

there are two stable states for a fixed sustaining voltage (again the 

upper region with negative slope is not unstable). Attempts to find a 

second stable mode in this region using a square wave were successful. 

The curves of figure 3.6 establish the range of variation of the period 

for which the two states exist. Figure 3.7 shows the same information 

but extends it for non-square rectangular wave forms.

In measuring this set of curves the pulse width of the sustaining 

signal wave form was varied from two microseconds to T/2 and the results 

plotted. It was assumed that varying the pulse from T/2 to T would 

result in a mirror image of the obtained results. The curves of 

figure 3.7 form, in effect, third diemsnional cross sections of a 

generalized two state curve which considers all rectangular waves in 

which the square wave curve of figure 3.6 makes up the locus of central 

points.

3.2 Three States with a Square Wave Sustainer

The achievement of these two states lends credence to Slottow's 

Stability Theory as well as the hypothesis about the shape of the curve. 

However, the nature of the light pulse in the dim state (figure 3.8) 

was not as expected (i.e., it was not a simple complete discharge each 

half cycle).
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CS-400

Figure 3.5
Wall Charge Characteristic Showing Bistable Range



100 30

Bright State 
Turns Off

Bright State 
Turns On

Figure 3.6
Bistable Voltage Range Represented as a Function 
of the Period of a Square Wave Sustaining Signal
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Vs
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0 1_____________ i_____________ i_____________i
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1

T -----*
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0 ____________ i____________ i____________i
120 130 140 150

Figure 3.7
Bistable Voltage Range as a Function of the Pulse Width 

for a Rectangular Wave Sustaining Signal
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Light Output o f Dim State

Sustaining Signal CS-398

Figure 3.8
Light Output from Two "On" States Produced 

with a Square Wave Sustaining Signal
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Additional tests were performed with an extended range of sustainer 

to gain an understanding of these discharges. It was found that a cell 

could exist in two states with a rectangular sustaining signal (figure 

3.9) provided that the pulse width (T^) did not exceed about 20 micro­

seconds and the complete period (T ) did not exceed about 200 micro­

seconds; the two times being independent. These observations led to 

an extended understanding of the role of the discharge process in estab­

lishing stable modes of operation.

The ability of the gas to sustain a discharge depends primarily 

upon the voltage across the cell (Vc) and the number of initiating elec­

trons. These electrons are produced by the collision of metastables 

with the walls and after 200 microseconds the metastable population has 

been reduced to the point where there are insufficient electrons avail­

able to produce breakdown at the applied voltage of the pulse. For 

times less than 200 microseconds, the electron population is sufficient 

for a breakdown to occur. However, because of the low electron popula­

tion density and the low cell voltage at the beginning of the short 

pulse, the avalanches build up slowly so that by the time the polarity 

of the applied signal is reversed the number of electrons and ions in 

the space is large. Although the cell voltage is then below breakdown, 

avalanches still occur. Each avalanche, however, is smaller than the 

preceding one, and the discharge extinguishes. The discharge activity 

results in a build up of the metastable population sufficient to carry 

on the sequence.



T2
CP-476

Figure 3.9
Sustaining Signal Parameters
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These results clarified the role of repetitive sequences of 

discharges in multi-state modes, and stimulated the development of the 

extended stability theory explained in chapter 2.

The results also require an extension in the charge transfer 

description of cell behavior which accounts for the particles in the 

space. In figure 3.10, curve "a*1 represents the behavior of a cell in 

which there are relatively few electrons at the time a discharge is 

initiated. This corresponds to the leading edge of the pulse of figure 

3.9. Curve "b" represents the response of a cell in which there is a 

great number of electrons at the time of a discharge, as on the trailing 

edge of the pulse in figure 3.9. Based on this information the hypo­

thetical curve of figure 3.11 was used to explain the equilibrium of 

a cell in two "on" states. The bright state occurs because of the 

repeated application of the voltage

vc -  vs + vw ■ vs + AV 2

each half cycle resulting in change in wall voltage of 2V . If onlyw

a small wall voltage is present, then, with the application of the 

sustaining pulse, the voltage V will exist across the cell causing a 

change in wall voltage as indicated. When the polarity of the sustain­

ing signal is reversed the voltage across the cell is now V producing 

a discharge with associated change in wall voltage. For equilibrium 

this change in wall voltage must bring the cell voltage to the same 

level as at the start of the sequence.
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Figure 3.10
Modified Wall Charge Transfer Curve



t

Figure 3.11
Achievement of Equilibrium States with a Square Wave Sustaining Signal
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It was also noted that a sustaining signal with pulse height V_u
with no initial wall voltage and no charges in the volume should 

produce no discharge« Consequently there should be three stable states, 

"bright", "dim", and "off"« Attempts to observe the "off" state in 

coincidence with the other two states were successful« It was necessary 

to realize this state in an isolated section of the panel, however, 

in order to avoid the effect that charges in the space resulting from 

the other discharges would have on the cells under observation. This 

requirement eliminates this mode from any practical considerations.

The curves of figure 3.11 can be replotted to represent the 

functional relationship described in the generalized stability theory 

(figure 3.12) in which

Vtt/ - i n n  = VTT-n + AVtt for 0 < VTT.n < 2VC W(i+1)0 WiO W “ WiO — S

where /\V is found from the curve, lettingw

V = 2V - V C S WiO

Note that it is necessary to use curve "a" or curve "b" depending upon 

the condition in the cell when the voltage V is applied.

It can be seen that for the curve shown there are three stable 

states as indicated. The fact that these were observed lends support 

to the stability theory as well as to the hypothesis of the nature of

the discharge.
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VS

Figure 3.12
Graphical Representation of Stable Equilibrium 

States of Figure 3.11



40

3.3 Three "On" States

Three coincident stable states have been achieved using the multi­

level square wave form of figure 3.13. A diagrammatic representation 

of the wall voltage is shown in figure 3„14* Because all of these are 

"on" states the problem of space charges from adjacent discharges does 

not create the problem that exists in the "off" state of the square 

wave sustainer. A photograph of a section of a panel in which these 

three states exist is shown in figure 3.15»

3.4 Multiple "On" States Using a Two Level Step Wave Form

Two stable states may also be achieved with the wave form of 

figure 3 o16. Because of the difference in the widths of A and B a 

different amount of charge is deposited as a result of the respective 

discharges at the leading edge of A and of B. The light pulses are 

shown in figure 3„17, and a diagrammatic representation of wall 

voltage in figure 3»18*

It was observed also that two states could be achieved by allowing 

discharges twice each half cycle as shown in figures 3» 19 and 3.20. 

However, in this particular case, three states were not obtained by 

combining the two techniques described because they occured for different 

width pulses» For narrow pulses the first bistable sequence was observed, 

while for wide pulses the second bistable sequence was observed (figure 

3.21).



Light Output of Bright State

Light Ouput of Medium State

Light Output of Dim State

Sustaining Signal

Figure 3 d 3
Light Output from Three "On" States Produced with a Two Level 

Rectangular Wave Sustaining Signal
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Dim
Medium
Bright

CS-395

Figure 3.14
Representation of Wall Voltages from the 

Three States of Figure 3.13
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Figure 3c15
Three States Displayed on the Plasma Display Panel
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Figure 3.16
Achievement of Two States with a Stepped 

Wave Form Sustaining Signal
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Figure 3.17 cs-397
Light Output of Two States with a Stepped 
Wave Form Sustaining Signal (first mode)

Dim *

CS-396

Figure 3.18
Representation of Wall Voltages Associated 

with Two States of Figure 3.17
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dim K____K.

Wave Form Sustaining Signal (second mode)

-------- dim
CP-456

Figure 3o20
Representation of Wall Voltages Associated 

with Two States of Figure 3.19



(

T2 (m sec)

C P-457

Figure 3.21
Bistable Voltage Range for a Stepped Wave Form 

Sustaining Signal (first and second modes) 
as a Function of the Width of the Narrow Pulse
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CHAPTER 4.

Practical Considerations in Achieving Gray Scale

In order to be of practical use as a panel display the mere possibility 

of multiple stable states in a single cell is not sufficient. It must be 

demonstrated that the states can exist in proximity to each other in the 

panel without unduly influencing the behavior of adjacent cells. The mutli- 

stable range, i.e., that range of voltage within which all of the cells in 

a panel can exist in any of the desired states, must be sufficiently large 

so that panel aging and applied voltage perturbations do not seriously alter 

the ability of a cell to remain in its selected state. Finally, it must be 

demonstrated that addressing is possible; that any selected cell in an array 

may be changed from any one state to any other state without affecting any 

other cells in the array.

4.1 Spatial Stability

In chapter three it was mentioned that three stable states were 

achieved with a square wave sustaining signal, however the "off" state 

could not exist in proximity to the other states because of the par­

ticles in the space which would change the characteristics of the "off" 

cell sufficiently to pull it into one of the other states. Such a 

system is clearly of little or no use as a three state display. All 

other methods of achieving multiple stable states examined were spatially 

stable within a fixed range of sustaining voltages. Ability to exist
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in a chosen state in proximity to other states, then, has not shown 

itself to be a problem except in the special situation described above 

which must then be eliminated from any practical consideration. Figure

4.1 shows this ability for both a two level rectangular wave in three 

states and a step wave form in two states.

4.2 Multistable Voltage Range

The multistable voltage range poses perhaps the most significant 

problem to realization of a multi-level display. In the normal bistable 

operation of the plasma panel the bistable range is typically thirty 

volts. With three states the voltage drops to about five volts (see 

figure 4.2). While this is acceptable for experimentation and has 

resulted in tri-level displays with excellent stability, it must be 

remembered that these experiments were conducted on an area of only about 

one tenth the entire panel and it is reasonable to assume that the vol­

tage range would be even narrower if the whole panel were used. This 

would result in the necessity of incorporating a high degree of regula­

tion of the voltages used. It is not believed that this is a real 

deterrent to achieving multiple state panels but merely that it can pose 

a problem and further work should be done to eliminate it.

4.3 Panel Addressing in Three States

Perhaps the most critical problem to be faced in determining the 

practicality of gray scale is that of achieving unambiguous yet reliable 

addresssing techniques for the plasma panel. While an optimization was 

not considered a part of this research it was felt that the capability



Figure 4.1
Spatial Stability of Multiple States
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CP-458

Figure 4.2
Tristable Voltage Range for a Two Level 

Square Wave Sustaining Signal
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of addressing must be proved in order to make all previous results 

meaningful. The results below, then should not be considered as the 

best possible or even particularly recommended, but merely present one 

method in which addressing can be achieved.

In order to completely address the panel with three states a total 

of six transitions are possible: Bright-to-medium, bright-to-dim,

medium-to-bright, medium-to-dim, dim-to-bright, dim-to-medium. However, 

because the external circuits do not have information concerning the 

state of any given cell, successful addressing relies on only three 

different state transitions, performed in a two stage operation. The 

first step is the transfer of the cell from its current state to a » 

common address level. The second step is the change of the cell to its 

desired final state. Thus, if the common level is "medium", bright- 

to-dim can be the result of the two step process, bright-to-medium and 

medium-to-dim. If three transitions are demonstrated, into and out of 

each state, all six transitions are possible. The transitions, bright- 

to-medium, medium-to-dim, and dim-to-bright, have been achieved. The 

locations of these transitions on the wall charge curve are shown in 

figure 4.3.

The achievement of a bright-to-medium transition is accomplished 

by applying a signal as shown in figure 4.4 on the "X" and "Y" axis 

of intersection of the desired cell. The resultant voltage across the 

cell (figure 4.5) is large enough to create a discharge resulting in 

the transfer of sufficient wall charge to change the state of the cell
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---------- bright
----------medium
-----------dim
---------- transition

C P-459

Figure 4.3
Wall Voltage Transition for Three States



Signal applied to "X" axis

Signal applied to "Y" axis

-------  Selected line

--------All other lines

CP-475

Figure 4.4
Applied Wave Forms to Achieve Bright-to-Medium Transition
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applied voltage at the selected cell 
wall voltage of the selected cell

C P - 4 6 0

Figure 4.5
Applied Cell Voltage to Achieve Bright-to-Medium Transition
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as indicated in figure 4.3. However, the voltage applied to each line, 

"X” and "Y", is insufficient alone to cause any discharge activity.

A medium-to-dim transition is achieved by applying the signals of 

figure 4.6 to the two desired axes. The resulting voltage at the 

addressed cell is shown in figure 4.7.

In order to change the state of a cell from dim-to-bright,adjust­

ment of the sustaining wave form is necessary to prevent half-select 

problems from occuring on the lines "X" and ,*Y" from the dim into the 

medium state. The wave forms of figure 4.8 accomplish both the required 

state change while providing protection against half-selection. The 

resultant wave form at the cell is shown in figure 4.9.

Other transitions have been accomplished (e.g., dim-to-medium, 

medium-to-bright, and bright-to-medium) however, the ones described 

are sufficient to justify the assertion that reliable addressing ,in 

three states is possible with the plasma display panel.



Signal applied to "X " axis

---------------- ----------------- !--f

Signal applied to "Y"axis

---------- Selected line
----------All other lines CP-477

Figure 4.6
Applied Wave Forms to Achieve Medium-to-Dim Transition
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applied voltage at selected cell 
wall voltage of selected cell

CP-461

Figure 4.7
Applied Cell Voltage to Achieve Medium-to-Dim Transition
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Signal applied to "X " axis

Signal applied to "Y " axis

-------- Selected line

-------- All other lines

Figure 4,8
Applied Wave Forms to Achieve Dim-to-Bright Transition
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applied voltage at selected cell 
wall voltage of selected cell

CP-462

Figure 4.9
Applied Cell Voltage to Achieve Dim-to-Bright Transition
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CHAPTER 5. 

Conclusions

5 .1 Summary of Results

The research described in this report has shown that a plasma 

display cell exist in several distinct stable firing modes. Addition­

ally, an extended theory upon which a determination of these modes 

can be based has been derived and tested. The feasibility of main­

taining the cells in an array in different stable states, and the 

realization of an unambiguous cell addressing has been demonstrated.

The uses to which the plasma display panel can be put will be 

increased significantly with the introduction of even a limited gray 

scale as demonstrated in this research. In addition to straight­

forward alpha-numeric and graphical displays as presently envisioned, 

a three level gray scale will allow for multifunction graphing, 

limited shading of diagrams and pictorial representations and even 

ternary memories for computers. This list of possible applications 

is representative rather than exhaustive and with the development of 

more levels of gray using the techniques described herein the uses 

should broaden even further, with reasonable halftone presentation 

and a full decimal memory as possibilities.

5.2 Suggestions for Further Research

Further research is needed in this area if the full possibilities 

of multiple stable states are to be realized. Specifically the following
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areas need extensive investigation.

The functional relationship among the various parameters associated 

with the discharge in a plasma cell needs to be quantitatively determined 

in order to apply the stability criteria to the design of wave forms 

capable of maintaining several stable states.

The influence of panel parameters (e.g., gas composition, panel 

and cell construction) upon the discharge must be investigated in order 

to optimize panel'design and achieve a maximum multistable range and 

level of gray scale.

Panel use studies should consider the application of multiple 

state technology to determine the feasibility of incorporating gray 

scale capabilities in system design.
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APPENDIX A

The Measurement of Charge Transfer Characteristics

Throughout this report numerous references have been made to the charge 

transfer characteristic. This appendix describes one method of measuring 

the necessary data upon which to base such a characteristic.

A discharge in a plasma display cell produces a wall charge which is 

a function of the nature of the discharge and the conditions of the cell 

prior to the discharge according to the following equation.

AVW = f(Vc , T1. Q, D, N) 

where V = cell voltage at the time of dischargeL#
T^ = width of the discharge producing pulse

Q = the polarity of the cell voltage with respect to the wall 
charge distribution

D = nature of the wall charge distribution prior to discharge

N = nature of the space charge distribution prior to discharge

In order to measure the wall voltage a standard reference is necessary.

To obtain this standards techniques are used to either minimize the effects 

of the above parameters or hold them constant.

The standard functional relationship is derived by applying the wave 

form of figure A.l to the plasma panel, insuring that the square wave sequence 

is sufficiently long to establish equilibrium. A functional value of the 

wall voltage is determined by applying a pulse "A" at time "T" after the
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termination of the square wave sequence (figure A.2). UTU should be about 

twenty microseconds in order to reduce the space charges to effectively 

zero, while maintaining the metastable population at approximately its value 

immediately after the previous discharge.

V is adjusted to produce a discharge with magnitude sufficiently 

large to insure that the cell voltage is much greater than the firing 

voltage. This precaution eliminates the dependence of the discharge upon 

any space charges which might otherwise influence the test results. The 

magnitude of the discharge is measured by recording the light output of the 

discharge which is assumed to be proportional to the discharge current. From 

this

aVwa ■ £(V  Tr  D> N>

-  £< V vw i ’ Ti> <l* D> N>

The value of is found by adjusting the magnitude of "A" to V^„ such

that discharge activity is just present. Then

in which V is the minimum magnitude of sustaining signal which will sus- 
r

tain a stable "on" discharge sequence. So that

V.W1 = V ' -  VF

With this standard relationship established, a second test pulse, "Bn9 

is then inserted after the square wave sequence, with the pulse "A" being
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Figure A.3
Wave Form for Determining Charge Transfer Characteristic
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moved so that it is now "r11 after the leading edge of the test pulse "B" 

(figure A.3). This holds ’'N*' a constant. The polarity of pulse "A” is 

reversed so that Q will remain the same, and because the primary influence 

of the wall charge distribution results from its maximum and minimum values 

produced by the preceding discharge, D will be held reasonably constant.

The amplitude of "A" is adjusted to V , such that the discharge produced isA
the same as the standard. Thus

AVwa, = f(Vc, Tr  Q, D. N)

= f(VA , + AVW + Vwl, Q, D, N)

And because the discharges are the same

or

AVw a = AV,WA'

V . + A V + V  = V - V  V  A W W1 A W1

AV = V - V I - 2V A W A A W1

where A m a y  now be plotted as a function of its desired parameters. 

Figure A.4 illustrates the parameters used in this report.
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Figure A.4
Illustration of Parameters Influencing 

Charge Transfer Characteristic
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APPENDIX B

Circuits Used in Achieving Multiple Steady States

A circuit whose block diagram is shown in figure B.l was used throughout 

these experiments. The astable multivibrator generated the basic pulses at 

frequencies from lKHz to lMHfc. The output of this circuit forms the input to 

a monostable multivibrator which determined the basic pulse width. The 

frequency divider network was used to provide the inputs for actual signal
%

generation. Signal component generation was provided by twelve logic gates 

which had the capability of combinational addition of up to eight inputs.

The gate outputs formed the inputs to monostable multivibrators which then 

provided the signals to the drive circuits. Generally the panel was 

driven in a single-sided mode (figure B.2) but the capability existed to 

drive it two-sided (figure B.3). Addressing was accomplished using this 

basic driver with the panel connections modified as in figure B.4.

?
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CP-464

Figure B . 1
Block Diagram of Plasma Panel Driving Circuit



Figure B.2
Single-sided Plasma Panel Driving Circuit
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CP-466

Figure B.3
Two-sided Plasma Panel Driving Circuit
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Figure B.4
Plasma Panel Addressing Circuit
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