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Simulation of Cyclic Operation of a Gas Panel Device 

Abstract: This  paper  presents a numerical  simulation model for the  operation of a gas panel discharge cell  with  a  neon-argon  mixture. 
The model is based on a Townsend  avalanche or direct ionization  mechanism and  secondary emission, as well as Penning  collisions or 
indirect ionization. Charges  on  the dielectric walls are included, but space-charge field distortion is neglected.  Cyclic operation of the 
cell is studied in detail and  the effects of geometric and electrical parameters (e.g., gap  and pulse widths)  on  the operating characteris- 
tics of the cell (e.g., write,  sustain  and  erase  voltages)  have been  obtained. The  results  are in good agreement with experimental  data 
where available. 

Introduction 
The  gas discharge  panel described by Bitzer and Slottow 
[ 11 is a display device, consisting  essentially of an  array 
of discharge  cells  which are selectively  lit  from external 
electrical circuitry. A more  recent design [ 2 ]  is shown 
in Fig. 1. Each discharge  cell is formed in the  gap  at  the 
intersection of a set of x-conductor lines (shown  as  the 
lower metal electrode  at  the  bottom of the  lower figure) 
and a perpendicular  set of y-conductor lines (upper metal 
electrode  on  the  lower  figure).  Appropriate voltages are 
applied to each of the  conductors, so that a desired  volt- 
age appears  across  the  gap  at  each  intersection  or cell, 
which may initiate  a discharge  “write”, maintain  a  dis- 
charge  “sustain”,  or  terminate a discharge “erase”.  The 
conductors  are  embedded in a  thin  dielectric  layer, on 
which electric  charges  accumulate  and play an essential 
role in the  operation of such a discharge cell. Figure 2 
shows  such a single cell schematically. The bistable  na- 
ture of such cells has  been  described by  Bitzer and 
Slottow [ 11, Criscimagna [ 3 ] ,  and  others. 

In this paper, we present a one-dimensional  time-de- 
pendent numerical  simulation of the cyclic operation of a 
gas panel discharge cell. The  purpose of this study is to 
obtain a better physical understanding of the cell opera- 
tion, thereby permitting easier design improvements.  In 
particular, the model enables us to  ascertain  the influ- 
ence of the  various cell parameters (e.g., width of gap, 
dielectric properties, emission coefficient of the  glass) 
and  the electrical parameters (e.g., width of the voltage 
pulses)  on  the operating characteristics of the cell (e.g., 
the write  voltages V ,  sustain  voltages V ,  erase voltages 

V,, the  operational margin or difference between  the 
maximum and minimum V , ) .  The model has permitted 
us thus  far  to  provide qualitatively correct prediction 
and  interpretation of the cell operation  and  also  some 
quantitative  agreement with experimental results. 

Our model assumes one-dimensional  variation in all 
the  quantities,  such  as  number  density,  the variation 
being in the direction of the gap,  perpendicular to  the 
electrodes.  Thus  we ignore the  interaction  between adja- 
cent cells. The numerical procedure is identical to  that 
used in our previous paper [4], except  that wall charges 
are now included. The voltage across  the  gap is a func- 
tion of both  the  external voltage and  the wall charges, 
whereas previously there  was  no dielectric and  the volt- 
age across  the gap was  just  the  external voltage.  We also 
consider a Ne-Ar  (Penning) mixture and  take  into  ac- 
count  both  the  decay of the  metastable neon atoms via 
three-body and Penning  collisions and  the generation of 
new metastable neon atoms.  The  metastable  atoms  are a 
source of electrons during decay  and  hence play a domi- 
nant role in the  operation of the cell. The  present  paper 
is the only study  to  our knowledge of multiple-cycle 
operations. 

Our model neglects the space-charge field. This is in 
contrast  to  the  work of Vernon  and Wang [5] and  Lan- 
za [6], in  which the effect of space  charge is included 
but  the role of the  metastable  atoms is neglected. The 
space  charge  distortion indeed has a strong effect on  the 
current  pulse, .but has a  weak influence on V,,  V,,  V,, 
and  operational margin. On  the  other hand, the impor- 
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tance of the  metastable  atoms is recognized by all work- 
ers in the  subject.  Hence,  to  produce a  manageable 
model, we have included that effect rather than space 
charge  for  the  present time. The  quantities  that particu- 
larly interest us are probably well approximated  without 
space  charge being included. 

In  the  next  section,  the  equations  and numerical  pro- 
cedure  are  presented and further detailed  discussion is 
given on  the  assumptions.  The  subsequent  section  de- 
scribes  the results:  We  first give the  details of the time- 
dependent cyclic operations and then  summarize  the 
effects of the various parameters  on  the operating char- 
acteristics.  Whenever available, comparison is made 
with experimental  results. 

Equations and numerical procedure 
When space charge is ignored, the  equations governing 
the one-dimensional non-steady-state motion of the ions 
(subscript i) ,  electrons  (subscript e ) ,  and  metastable 
atoms  (subscript  m)  are  extremely simple. The ion ve- 
locity u i ( t )  and  electron velocity u , ( t )  are both  uniform 
in space and depend only on  the mobilities p and  the in- 
stantaneous uniform electric field E ( t )  . For our calcula- 
tions,  the ion mobility pi is taken to  be 7 cm2 . ( s  . V)-' 
at 8 X lo4 Pa (600 Torr) [7]. Thus 

u i = - p i E = - ( 4 2 0 0 / P ) E ,  (1)  

u, = +p,E, and ( 2 )  

E = V / d ,  (3 )  

where V is  the potential difference across  the cell, d is 
the width of the cell gap  and P is the  pressure of the  gas in 
the panel. 

The  ion,  electron,  and  metastable  atom  densities  are 
all functions of both  space and  time: n,  = n, (x ,  t ) ,  ne = 

n , ( x ,  t ) ,  n, = n , ( x ,  t ) .  They satisfy the particle conser- 
vation or continuity equations: 

& , / a t  + viani/ax = ueene + v,,tz,, (4) 

anelat + u,an,/ax = v,,n, + v,,n,, and (5) 

an,/at = v,,n, - v , p ,  - unwn,. (6) 

The coefficients v,,, vem, vme, and v m  are  the  rates of gen- 
eration,  respectively, of ion  pairs  by electron ionization, 
of metastable  atoms by electron  excitation, of ion  pairs 
by metastable  decay,  and of metastable  atom  destruction. 

The  electrodes of the  gas cell are  coated with  a di- 
electric  layer.  Thus  the voltage V across  the cell has  to be 
determined  together with the particle densities  and ve- 
locities and  the  surface  charges Qa (anode)  and Q, (cath- 
ode) : 

aQa/at = en,(d, t ) v , ( t ) ,  (7)  
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Figure 1 Magnified  view (above) and across  section  (below) 
of the ac-operated gas panel device. 

Figure 2 Simplified  diagram of the discharge  cell. 
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Figure 3 Minimum sustain voltage for write  voltage of 190 V. 
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aQc/at = en,(O, t ) u , ( t ) ,  and (8)  

V =  v, - ( Q ,  - Q,) /Cc (9) 

Here V ,  is  the externally  applied  voltage and C ,  is  the 
capacitance of the dielectric  layer. The  cathode is at 
x = 0 and  the  anode  is  at x = d. 

The  set of equations ( 1)- (9) is  subject  to  the initial 
conditions 

n,(x, 0) = nm(x, 0) = Q , ( O )  = Q,(O) = 0 and 
In,(x, 0) 10 ions/cm3 (10) 

and  the  boundary conditions 

{ n,(d ,  t )  = 0 at  the  anode  and 
u,n,(O, t )  = y p , ( O ,  t ) u , ( t )  at  the  cathode, ( 1 1 )  

where yi is  the  secondary emission coefficient. 
These  equations  for a gas cell differ from  those  for a 

discharge between  two plane electrodes [5] in only  one 
respect.  In  the  latter  case  the potential  difference across 
the  gap is always V,, whereas in the  present  case,  the 
potential  difference across  the  gap is V ,  which is deter- 
mined by  Eqs. (7)- (9).  The dielectric layer  on  the elec- 
trodes  permits accumulation of charge  and shielding of 
part of the applied  voltage. 

The  secondary emission coefficient due  to ion  bom- 
bardment of the  cathode  is  treated  as  an  adjustable pa- 
rameter, so that a reasonable  breakdown voltage can be 
obtained  from  the calculation and  compared with  experi- 
mental  values. In  the  subsequent calculations, yi is taken 

I I I I I I I I I I 

rime (ps)  

Figure 4 Minimum write voltage for sustain  voltage of 133 V. 

to be 0.01 (E/P)0'533.  This  exponential  form approxi- 
mates  the result shown in Fig. 7 of Ref. [8]. 

The dielectric capacitance C ,  is calculated  from an 
effective area A + 2wd, where w is the width of the elec- 
trode.  The  term 2wd is  added  to  account  for  the  spread- 
ing of the glow discharge. 

Based on a  three-body  collision coefficient of 5 X 

cm6 . s-l [ 91 and a Penning collision cross section 
of 3.46 X cm2 [ 101 in Ne-Ar, vnie and vm3 are  taken 
to  be 1 O6 s-l and 5 X 1 O5 s-' at 8 X lo4 Pa (600 Torr), 
respectively. For  the  metastable  atom  excitation  rate 
v,,, it is assumed  that  the  number of atoms being excited 
to  metastable  states is proportional to  the  number of 
atoms being ionized. Klein [ 1 11 has  derived  an  expres- 
sion for this  proportionality as a function of the experi- 
mentally determined ionization coefficients qNe of pure 
neon and of a  neon-argon  mixture.  Combining  this 
expression with Eqs. (4) and ( 5 )  for  steady  state  opera- 
tion, one  obtains  ihe proportionality constant 

K =  'me + '"13 q N e - A r  - 
'me (N, 9 .  (12) 

To obtain a numerical  solution for  these  equations ( 1 ) 
to (9)  by a finite-difference method,  an  approximation 
must  be  made  because of the  great difference in magni- 
tude  between  electron  and ion mobilities. For  accurate 
electron  dynamics,  the time steps  must  be a  fraction of 
an  electron  transit  time;  but this would necessitate  an 
unreasonably large number of time steps  to  see  any 
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Figure 5 Effect of sustain  voltage  and  number of sustain 
pulses  on  the  accumulation of wall  voltage. 

phenomenon on  the ion time  scale. It is better,  therefore, 
to  take  the  time  step At to be a fraction of the ion transit 
time and  to  assume  that all the  electrons  generated  dur- 
ing this  time are completely  collected at  the  anode, i.e., 
that they have infinite speed.  This  approximation sacri- 
fices detailed electron dynamics but maintains the  cor- 
rect  cumulative  electron  behavior  at  the  end of each 
time step, which  typically is 2 X lo-* s. 

The numerical  method chosen  is a particle-in-cell pro- 
cedure identical to  that  described previously  by Lay  and 
Chu [ 5 ] ,  except  that in the  present  study  the wall 
charges Q, and Q, and  the voltage V are  also calculated 
at  each time  step. 

Results  and  discussion 
Figures 3 through 7 show  the  results of the simulation 
for time dependent cyclic operation of the gas  panel de- 
vice. In Fig. 3 a write  pulse of 190 V. is followed by two 
series of sustain  pulses of 130 and 125 V. The  pulses  are 
shown as  square  waves which have a finite rise rate of 0.5 
X lo9 V . s-’. The  responses  (two  series of smooth-curve 
pulses)  are  represented by the  counter voltage at the 
wall, Vwall = - (V,  - V )  in Eq (9).  With a 190-V write 
pulse, the wall counter voltage  builds up,  and by the 
time V ,  steps  down to zero,  the  metastable  atom  density 
is maximum and  the charged  particles are  subjected  to a 
reverse field. If a sustain pulse  train of 130  V is then 
applied, a dynamic equilibrium is achieved  after  several 
pulses. Thus a cell is  changed  from  the off state  to  the  on 
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Figure 6 Effect of different V ,  on erasure. 

state. If a  sustain  voltage of 125  V is used instead, Vwall 
diminishes and  the cell remains in the off state. A mini- 
mum sustain  voltage thus  exists  for a given V,, below 
which a cell cannot  be changed from  the off state  to  the 
on  state. 

Conversely,  for a given V,, there is a minimum V,, 
below  which a cell cannot  change from the off state  to 
the  on state. Figure 4 shows  that  for V ,  of 133 V, the 
V,,-mi,, is about 180 V. 

For a given cell, there is also a maximum V,  that  can 
be used,  above which all cells change  to  the  on  state 
even if no V ,  is applied. Figure 5 is a plot of the cumula- 
tive magnitude of the wall voltage after a number of sus- 
tain pulses  (but  no  write  pulse)  have been  applied. 
From  the plot it is clear  that  the  breakdown voltage 
VS-,,, is about ( 15 1 & l ) V  for  the  particular  wave  form 
and  frequency  used.  Above this  voltage the cell is in the 
on  state from V ,  alone. 

To  erase a cell, a smaller  voltage  pulse V ,  is applied in 
place of a regular V ,  pulse. Stable  operation of the  on 
state is perturbed  and this leads  to  an  erasure of the  on 
cell. Figure 6 indicates that a 79-V pulse  gives complete 
erasure in  this case. A smaller  voltage leaves  some resid- 
ual wall charge,  whereas a larger  voltage  gives a wall 
charge of the  opposite sign. 

In addition to minimum V ,  and V ,  and maximum V,, 
there is a maximum V,. If a write  voltage is too high, 
e.g., V ,  = 230  V in Fig 7, the  metastable  atom  density 
increase so much that  the  step-down of V ,  causes a se- 

MAY 1974 



-,A', = 230 1 

I I I I I I I 
I O  20  30  40  50  60 70 80  90 10C 

rime (ps) 

E 

1 Computed ( a )  
8 Experimental 

150 

T 1 
I I I I 
4 5 6 I mil 

I Widthof  cellgap 

Figure 7 Maximum write voltage for sustain voltage of 133 V. 
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Figure 8 Experimental traces of maximum write voltage for a 
cell sustained at 140 V. The seventh pulse indicates the write 
voltage: plate (a) V ,  = 194 V; (b) V ,  = 250 V. These V ,  did 
not change the cell from the off state. 248 

LAY,  CHU  AND  HABERLAND 

I Secondaryemission coefficient [ yi  0.01 

Figure 9 Effects of physical parameters on the sustain volt- 
age: (a) gap width; (b) pulse width; and (c) secondary emis- 
sion coefficient. The curves with error bars are calculated val- 
ues and the circles are experimental values. 
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vere  reduction of the wall charge before V ,  is applied. 
The  net wall voltage added to  the second  pulse  is, in 
fact, smaller  than that from  a  lower  write  voltage. There- 
fore,  for a  given V ,  if the write voltage exceeds a thresh- 
old the cell again does not change from an off 
state  to  an on state. 

Qualitative agreement  for  the  existence of Vw-max 
from  experimental results is shown in Fig. 8. To obtain 
the  experimental  results an ac  square wave  pulse  train 
was applied to a cell free from any wall charges and 
metastable atoms, but  containing  some  initiatory 
charged  particles; the pulse width was 10 Ms and  the 
frequency 25 kHz.  The light output  was monitored by a 
photomultiplier  tube focused on one cell. The  output 
amplitude is shown in the lower traces of plates (a) and 
(b).  The  upper  traces of both plates represent  the sus- 
tain voltage of 140 V, applied to a panel at different 
times, except  for  the  seventh pulse which is indicated as 
V ,  = 194 V for plate (a )  and V ,  = 250 V for plate (b).  
For a V ,  of 140 V, a V ,  of 194 V, leads to a  dynamically 
stable on  state, but  a V ,  = 250 V does not change  the 
cell from  the off state. 

Shown in Fig. 9 are  the effects of chamber  gap, pulse 
width, and  secondary emission coefficient on V,. The 
difference V,-,,, - Vs-min is the operational margin. In 
Fig. 9(a)  the experimental curves  show  that  the  opera- 
tional margin becomes  very small for large  gaps. This 
might be due  to  interaction with the  adjacent cells 
(“cross-talk”  problem).  Figure 9 (b)  shows general 
qualitative agreement  between simulation  and  experi- 
ment in the effect of pulse width on operational margin. 
Figure 9(c)  shows  the effect of yi; here  no experimental 
value is available. Note  that yi has a greater effect on 
V ,  than on V,. Specifically, as yi decreases V ,  increases 
more rapidly  than does V,. 

Figure 10 shows  the effect of V ,  on V,. For given val- 
ues of V ,  on  the  abscissa, V ,  must lie in that range of 
the  ordinate between the corresponding V,-max and 
Vw-min, i.e., inside the  curved region. The difference 
Vw-max - V,-min is, in fact,  the operational margin for  the 
write  pulse.  Again, there is qualitative agreement with 
experiments. 
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