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Electrical  and  Optical  Characteristics of Evaporable- 
Glass-Dielectric AC Gas  Display  Panels 

Abstract: This  paper presents  the  characteristics of a prototype  gas display panel fabricated with electron-beam  deposited dielectric 
films. It is shown that panels  with  a  6-pm-thick  dielectric  layer  and  a  0.2-pm-thick MgO layer  exhibit short stabilization  times (15 min), 
long life (20 000 h), small drift  effects (<0.5 V), and  adequate brightness (21 cd/m2). The devices have a large dynamic  write margin 
(> 10 V) over a wide pressure range.  Dielectric  glass layers  as thin as 3.2 pm were  found to  be  stable. A panel with a small H,O impurity 
concentration was used to  show  that  the hydrated MgO surface  caused charge leakage and loss of memory  margin, while a panel  with an 
air  leak confirmed that  the surface saturated before the effects of gas  contamination were observed. 

Introduction 
This paper describes the electrical  and optical character- 
istics of ac gas  display  panels  fabricated by a newly devel- 
oped  vacuum  deposition process.  The display panel parts 
were  fabricated on soda-lime  glass substrates using metal- 
lurgy and dielectric layers deposited  from  electron-beam 
heated sources,  after which the panel parts  were sealed, 
viscous flow cleaned, and filled with Ne-0.1% Ar in a fur- 
nace of controlled  ambient  gas. Using this process, panels 
have been  produced with stable electrical characteristics, 
long lifetimes (>20 000 h),  and large static memory mar- 
gins (18 V). 

This paper  focuses  on  the electrical  and  optical charac- 
teristics of prototype gas  panel  display structures which 
were  fabricated with electron-beam deposited borosili- 
cate glass  dielectric  layers  6 pm thick, overcoated with 
0.2 pm of  MgO, and filled with Ne-0.1% Ar in the pres- 
sure range  4 x lo4  to 5.3 x lo4 Pa (300 to 400 torr).  Most 
structures were  sealed in a dry air  ambient,  but  some 
were sealed in Ne-O.l% Ar or in N,. The  properties of a 
few devices were  studied over a  wider pressure range- 
2 X lo4 to 8 X 10‘ Pa (150 to 650 torr). Panels similar to 
this prototype  structure, but with various  borosilicate 
glass  dielectric thicknesses (2.0 to 11.0 pm) were  studied 
to  determine their current brightness  relationships  and 
long-term  stability.  Also  included are  characterizations of 

two  panels,  one of which had an air leak and a  second 
which was  intentionally doped with H,O. Studies of de- 
vice modeling as well as detailed  descriptions of the met- 
allurgy,  dielectric deposition, and  the single-cycle sealing 
and filling furnace are  treated in accompanying papers [ 1- 
41. The seal  glass  has  been  described elsewhere [5].  

Experimental  techniques 

Structure 
The  static electrical data  reported here  were taken  on 
small gas display panels  fabricated  from two 0.64-cm- 
thick x 6.4-cm X 10.5-cm soda-lime glass substrates. 
The  area enclosed by the seal  glass was approximately 
4.5 cm X 4.5 cm; the chamber spacing  was 0.01 cm.  The 
active cell area consisted of an  array of 23 X 23 cells on 
5.08 x 10-*-cm centers.  The back  plate metallurgy con- 
sisted of 0.01-cm-wide horizontal  lines. “Tuning-fork’’ 
lines, that  is,  two 0.005-cm-wide lines  spaced 0.005 cm 
apart and  running in a  vertical  direction, constituted  the 
front plate  metallurgy. Alternate lines were  accessed 
from opposite sides of the  substrate as  depicted in Fig. 1. 

Dynamic  operating data  were  taken  on a  larger gas dis- 
play  panel structure consisting of a  6 by 10 array of  240 
characters;  each  character  contained a 7 x 9 array of cells 
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Figure 1 Geometry  of  the  gas  display  panel.  The  device  con- 
tains a 23 X 23 array on 0.05-cm centers, plus  four  individ- 
ual cells. 

identical to  those employed in the panel illustrated in Fig. 
1. All panels  were filled with Ne-0.1% Ar following a con- 
ventional  vacuum  bake or  the single-cycle sealing  and vis- 
cous cleaning  process [4]. 

Electrical  measurements 
For  purposes of measuring the  static maximum sustain, 
9, and  the  static minimum sustain, ys, voltages, the 
panels were  operated with a 30-kHz square  wave voltage 
with a rise  time of 5180 ns.  See Fig. 2(a). In all cases, 
the  time to peak avalanche  current  was 400 to 800 ns, so 
that  the voltage was fully switched before the light pulse 
was emitted. 

To  measure  the  static vs and V s ,  a square  wave voltage 
of sufficient magnitude was applied  between the horizon- 
tal and vertical (tuning fork)  electrodes  such  that  the  en- 
tire  panel was ignited. The voltage was  then reduced to a 
value that  caused  one  set of alternate,  or interdigitated, 
lines,  say,  the  even numbered  lines, to remain extin- 
guished when  their electrical connection,  shown in Fig. 
2(b), was momentarily interrupted. Beginning with that 
initial condition,  two  measurements were  made: The 
maximum  sustain voltage of the  even numbered  lines was 
measured  by  increasing the voltage to the  onset of igni- 
tion,  and  then,  after re-establishing  this initial condition, 
the minimum sustain  voltage of the  odd numbered  lines 
was measured by reducing the sustain voltage to  the point 
at which the odd numbered lines began to be extin- 

61 4 guished.  After these voltages vseven and Ysildd were  re- 

corded,  the complementary initial condition was  estab- 
lished, and in a similar manner, Vsndd and yseven were 
measured.  The  static sustain  panel margin was  then de- 
fined as  the difference between  the highest ys and  the 
lowest vs. Two kinds of static vs and V s  data  were taken: 
first cell ordoff and  twelfth cell ordoff. A  difference of 
more than a volt between  the  two  measurements usually 
implied some  form of local defect.  For  example, particu- 
late matter  on  the oxide surface  or  an irregularity in the 
linewidth caused  the  operating voltages for a particular 
cell to be  shifted  from those of the remainder of the cells. 
First-cell data were  used for quality control;  the twelfth- 
cell data reported here  were more representative of the 
basic device  parameters. 

Many of the panels fabricated during the  course of this 
study  were subjected to a  particular test called the "alter- 
nate-line-aging'' test. During  this test panels were oper- 
ated  at midpoint sustain  voltage, ys + 1/2 Vmargin. How- 
ever,  the voltage supply to  one  set of horizontal  lines, 
say,  the  odd numbered lines,  was first removed and  then 
restored. This caused  those  cells  to be extinguished.  Pan- 
els  tested with  this initial condition were  observed  for 
voltage differences between  operated  and un-operated 
cells due  to differences in the surface caused  either by 
cleaning of the oxide  surface under  the  operated region or 
by an accumulation of surface impurities over  the unex- 
cited sites. 

Although data  taken by this static  test  were of no  use in 
determining  write or  erase pulse  amplitudes, they  were of 
considerable significance in monitoring the initial drift, 
stability,  lifetime,  and certain kinds of gas  or  surface con- 
tamination.  Experimentally, it was  also found that panels 
with large static memory  margins (> 10 V) also exhibited 
large dynamic write  margins. For  these  reasons  the ma- 
jority of the  data  presented in this  paper are  static Vs and 
ys.  Dynamic data were taken  on a  few  panels to  deter- 
mine the sensitivity of the  write pulse  amplitude margin to 
perturbations in chamber spacing and  pressure. 

Optical  measurements 
Optical data were  recorded  with the photon  counting  ap- 
paratus described in Fig. 3. The display  panel was syn- 
chronized to  the counting apparatus by means of the 1- 
MHz clock  located in the  counter.  To examine the tem- 
poral  behavior of the argon  afterglow, the width of the 
gating  pulse was  set  to 200 ns  and manually stepped 
through the time region of interest (0 to 35 ps). 

Leak  testing 
During the  course of this study  it  was  necessary  to de- 
velop a technique for measuring leaks in the range to 

Pa-m3/s (lo"* to 10"' T-Us).  An accumulation tech- 
nique was employed in which the  test panel was valved 

JOHN F.  O'HANLON ET AL. IBM J .  RES. DEVELOP. VOL. 22 NO. 6 NOVEMBER 1978 



from the system and  surrounded by helium at atmo- 
spheric pressure. After an accumulation  time  which  var- 
ied from 10 min to 16 h,  the valve  was opened and the 
collected gas  was  admitted  to  the vacuum chamber con- 
taining a Uthe Technology Inc., model 300C residual gas 
analyzer;  the helium pressure pulse was read from an os- 
cilloscope.  Momentarily  before  opening the  valve,  the 
main valve to  the high vacuum  pump was  throttled  to a 
speed of 2 X m3/s. It  was calculated that  the smallest 
leak flux detectable, Pa-m3/s T-Us), caused a 
pressure rise of approximately 1.5 x Pa in the 
valved-off volume of 5 X m3  in a  time of 16 hours; 
when  the valve was  opened  the  gas  pressure pulse in the 
chamber  was calculated to be 1.5 x lo-' Pa (10"' torr). 
This test proved satisfactory  for detecting the smallest 
leaks of interest in the fabrication of gas display  panels. 

Results and discussion 

Characteristics of the  prototype  design 
The electrical properties of evaporable-glass MgO-over- 
coated display  panels were found to exhibit  a strong de- 
pendence  on  the  nature of the sealing ambient. Both dry 
air  and inert sealing ambients  were  studied;  dry air  sealing 
was used for most of the processing because  the electrical 
properties were  superior to  those of panels processed 
with inert  gas sealing.  Nitrogen  gas boil-off from  the liq- 
uid was used  for the seal  ambient with no purification, 
while the Ne-Ar  mixture was purified in a liquid nitrogen 
trap and in two  successive heated beds packed  with  vac- 
uum-fired niobium at 300°C and  titanium  at 87OoC, respec- 
tively. The oxidizing atmosphere, research-grade dry  air, 
was not treated in any  way. In this  section electrical, opti- 
cal,  and material properties of the  prototype design are 
presented.  The 6-pm oxide  thickness was chosen so that 
the  gas display  panel  properly  loaded  existing driver cir- 
cuitry. 

Initial operation 
Panels tested in this laboratory  were initially operated  at 
120 V, a potential in excess of vs, until such  time as  their 
operating voltages stabilized.  Figure 4 illustrates the 
static  operating voltages  during  this "burn-in" operation 
for panels  sealed in inert and oxidizing atmospheres; in 
both cases  the burn-in time was  short, although the air- 
fired panels stabilized more quickly  than did inert-gas- 
fired panels. The initial decrease in operating  voltages 
was  due  to  the removal of contaminants from the  gas and 
active  surface, which were subsequently deposited  on un- 
operated surfaces [6, 71. Emission spectroscopy  was used 
to monitor the clean-up of H, and N,. The maximum  sus- 
tain voltage  and the memory margin were greater in the 
air-fired panels  than in those fired in nitrogen or neon- 
argon  mixtures.  Chou [8] has used  ion-induced (Ne') sec- 

( h )  

Figure 2 (a) Gas display sustain voltage waveforms. (b) Elec- 
trical  connection of the gas display  panel  to excite alternate lines. 
The excited cells are encircled. 

Figure 3 Photon counting apparatus. 
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Figure 4 Initial transient  behavior of the static  operating  volt- 
ages  for  inert and air-fired gas display panels (6.5 pm dielectric, 
0.2 p m  MgO). 
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Figure 5 Characteristic  Paschen  curve of an air-fired gas dis- 
play  panel. 

ondary-electron emission to  study films  of  MgO that  were 
subjected to  the various  sealing environments.  He found 
a  secondary-electron  yield, yi, of 0.45 for  electron- 

61 6 spectroscopically clean, as-deposited  fdms, and a yield 

' u u l  - 1 "" 

Not ignited 
Ignited u 

R 

3 6.5 /*m borosilicatcglas9 
0.2 pmMgO 

~=5 .3x  lo4 pa  
V - s  

l1  10 10 

Opcrating time ( h )  

Figure 6 Time  dependence  of  the static sustain voltages for a 
prototype gas display panel sealed in a nitrogen atmosphere. 

yi = 0.27 for MgO  films baked in vacuum at 300°C. He 
also found yi = 0.52 for MgO films  fired in dry air at 500°C 
[9]. Ahearn and Sahni [7] have argued that  excess oxygen 
produced  a large density of acceptor  states  near  the  top of 
the  valence band from  which Auger electrons of in- 
creased energy were  emitted, while Sahni and Lanza [ 101 
have theoretically  explained that  the  excess energy of 
these  electrons modified the  dependence of yi on  the re- 
duced  electric field at the  cathode [ l l ,  121 and  thereby 
increased and the margin. Although the  use of MgO 
has been  reported elsewhere [6, 13, 141, comparison of 
the voltage levels was  not possible because  the linewidth, 
chamber spacing, gas  composition, and pressure,  as well 
as  the processing conditions,  were not the  same. 

The  prototype  devices produced by air firing contained 
529 cells, yielded about 31 cd/m*,  and  required a peak 
avalanche current of 85 mA. The brightness was  less 
(21.2 cd/m2) in larger,  240-character  displays where  the 
internal  impedance of the  driver produced  a greater volt- 
age "notch" at  the time of avalanche.  Characteristics of 
the  static and ys for a  typical air-fired panel are pre- 
sented in Fig. 5 for the  pressure range 2 x lo4  to 8.6 X 

lo4  Pa (150 to 650 torr). 

Life  testing  the  prototype  structure 
Life testing of the  prototype display  geometry  was  ac- 
complished by operating  the panel  at the  static midpoint 
sustain voltage with all lines connected  to  the  driver, but 
with alternate lines  extinguished. Figure 6 depicts  the re- 
sults of operating a panel sealed in nitrogen for 10 000 h. 
The rise in maximum sustain  voltages for  both  operated 
and un-operated cells during the first 100 hours  was most 
likely caused by oxygen on  the surface of the MgO and 
was  characteristic of panels  sealed in this ambient.  The 
severe drift in the minimum sustain voltage exhibited  by 
the un-operated  cells was  characteristic of panels in 
which the MgO surface  was contaminated [6 ,  71. Since no 
emission spectra of nitrogen, oxygen,  or hydrogen appear 
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Figure 7 Time  dependence  of the static  sustain  voltages  for a 
prototype gas display panel sealed in a dry air  atmosphere. 

in these  panels,  and helium mass spectroscopy  showed 
leaks Pa-m3/s, the impurities  located on  the sur- 
face  were  either  present  at  the time of filling or diffused to 
the  surface during the initial excitation of the glow dis- 
charge. 

Figure  7  illustrates the  static operating characteristics 
of a typical,  clean, air-fired panel, with a leak rate of less 
than Pa-m3/s. To  date  the 18-V memory margin has 
remained  stable for 17 000 h. Surface contamination was 
negligible as no alternate-line-aging greater than 0.5 V 
was observed. 

Dynamic  operating  datu 
In an accompanying paper [15], the  dependence of the 
static sustain  voltages on  pressure and chamber spacing 
were described.  They  show  that  the  static margin in- 
creased with  increased chamber spacing. To  complete  the 
characterization of the  prototype panel the  dynamic write 
margin was measured on  several panels  at midpoint sus- 
tain  voltage. The write margin is (V,,,  - Jf,,,), where V,,, is 
the maximum write pulse  amplitude that can be used 
without ignition of half-selected  cells,  and V,  is the mini- 
mum pulse  amplitude that will ignite the cell of interest. 
Figure 8 depicts  the  results of dynamic write tests  for pan- 
els filled to  pressures of 5.3 X lo4 Pa, 4.8 x lo4 Pa, and 
4.3 X lo4 Pa and having chamber spacings ranging from 
0.8 x lo-' to 1.1  x lo-' cm.  The value of the write margin 
was large enough, between 10 V and 14.7 V, for  proper 
operation by  the driver  for all combinations of chamber 
spacing and  pressure  tested.  However, more extensive 
measurements may show  that  the sensitivity to a per- 
turbation in chamber  spacing around a value of IO-' cm is 
indeed the least  at one  pressure. 

0 Oxide thickness effects 
In  order  to  characterize  the  process in greater  detail, pan- 
els  were fabricated by depositing  dielectric layers ranging 
from 2.0 pm to 11 .O pm thick.  The dielectric layers were 
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Figure 8 Dynamic  write  voltage  margin  dependence  on  pres- 
sure and chamber  spacing. 
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Figure 9 Sustain  voltage  dependence on dielectric and MgO 
thicknesses  for a 529-cel1,  inert-gas-fired  panel. 

overcoated with 0.2 pm  to  1.0 pm of MgO. Figure 9 
describes  the  dependence of the  static sustain  voltages on 
the dielectric  glass thickness  for  clean, leak-free  panels 
fired in  nitrogen or neon-argon  mixtures. As the dielectric 
glass thickness  was  increased  from 2.0 pm  to 11.0 pm, 
the V s  increased from 82 V to 84 V for panels  with 0.2 pm 
MgO, while the sustain margin decreased from 12 V to 
9 V. In Figure 10 results  are given for a similar set of dis- 
play panels  which  were fired in dry  air.  Here  one  sees  the 
same  behavior  as well as  the characteristically high 
and  large  sustain  margin. 

The change in Vs with  dielectric  thickness was attrib- 
uted  to  the capacitive voltage divider effect. For a device 61 7 
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td, t,, and tMgo are, respectively,  the thickness of  the di- 
electric,  gas  gap,  and MgO. The dielectric constants were 
chosen  to  be ed = 4.6  (see  Appendix 1) and eMg0 = 10.8. 
Using  this expression a 3.2% increase in applied voltage 
(2.5 to 3.0 V) was calculated for  an increase in dielectric 
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Figure 10 Sustain  voltage dependence  on dielectric and MgO 
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Figure 11 Time dependence of the  static  sustain voltages for a 
panel fired in dry nitrogen and containing a 2.6 X 10-13 Pa-m3/s 
(2 X 10"2 T-Us) air leak. 
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MgO yielded quite  different results  for  the  two sealing 
ambients.  For  the  case of panels fired in nitrogen or neon- 
argon,  decreased with  increasing MgO thickness.  It 
was  postulated  that  the  thicker MgO  films had  more oxy- 
gen vacancies. An insignificant increase in firing voltage, 
less than 1 V, was observed with  thicker MgO when air 
firing was used. 

Brightness  and  peak current measurements for  clean, 
air-fired panels are depicted in Fig. 10. All  of the panels 
had adequate brightness, >21 cd/m2,  and  with the  ex- 
ception of the 2.0-pm-thick layers, all had adequate 
breakdown strength. The  desired oxide thickness  then be- 
comes a design compromise between  the  current-carrying 
capacity and  internal  impedance of the driver  on  the  one 
hand  and light output  on  the  other. 

Life testing of panel structures with  dielectric thick- 
nesses of 2.0, 3.3, and 10.5 p m  was also carried  out. De- 
vices  with 2.0 pm of borosilicate  glass failed after 1000 
hours of operation.  The mode of failure was an  increase in 
both V s  and V s  of over 20 V in a time  period of less  than 
100 hours. Panels  with somewhat thicker  dielectric  lay- 
ers, 3.3 pm,  have  accumulated  over 20 000 hours of oper- 
ation to  date and have  shown only a 2 V increase in sus- 
tain  voltages. As would be expected, panels  fabricated 
with 10.5 pm of dielectric were found to be stable.  The 
oldest of these panels has been in operation  for 11 000 
hours.  It has  less than 0.4 V of alternate-line-aging  and 
only 1 V drift in sustain  voltages  between 24 hours and 
11 000 hours. The minimum thickness  for dielectric stabil- 
ity is somewhere between  2.0  and 3.3 ym, with all panels 
3.3 pm and  thicker showing adequate long-term stability. 

Eflects of gaseous impurities 
The  object of this  section is  to show the effects of two 
types of impurities, air  and  water vapor, on  the stability 
and charge storage of MgO-overcoated  gas  panels. The 

Figure 12 Sustain  voltages and relative  hydrogen concentra- basic interaction mechanisms Of N ~ ,  cozj and "2 

tion  vs  time for a panel containing  water  vapor  as  an impurity with MgO have  been  detailed elsewhere [6, 71. 
(P = 4 X lo4 Pa). A panel with a  known air leak  rate of  2.6 X Pa-m3/s 

was  operated  for 13 000 hours. Analysis of the emission 
with no stored  charge, the relationship between  the ap-  from the 391.4 nm line Of nitrogen  showed the COnCentra- 
plied voltage, V,, and the voltage across  the  gas gap  prior tion to be 4 ' 5  ppm @ 5000 h and 150 ppm @ 11 000 h. The 
to firing, V g ,  can be expressed  as  static sustain voltages are given in Fig. 11. Its operating 

life can  be divided into  two  periods. During the first 2000 

61 8 vg c w  'gEd ' g E M g O  time the  added N,, H,O, 0,. and CO, remained in the gas 
v.= cw+c, = 1 + 2td I 2tMg0 hours,  the surface was not saturated, while beyond that 
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phase. In the first time  period Y, of the  operated cells  was 
constant while the remaining  voltages increased. Ahearn 
and  Sahni [16] have shown  that  the inclusion of oxygen in 
the  chamber of an inert-gas-fired panel causes vs of the 
operated cells to  increase, while it has  also  been  shown 
[7] that  the addition of less  than 20 ppm of H,O and 0, 
will cause vs and V s  of the un-operated  cells to increase. 
Beyond 2000 hours,  nitrogen and oxygen cause all cell 
voltages to increase  with time;  greater than 20 ppm of N, 
causes  the  operated cell voltages to  increase, while 
<20 ppm 0, causes  un-operated cell voltages to  increase 

A second panel was  fabricated with a large quantity of 
H,O in the gas  mixture by filling and effecting tip-off at 
463"C, at which temperature  there  was considerable evo- 
lution of H,O from the  glass.  The sustain  voltages of this 
panel are depicted in Fig. 12, and  the initial results  are in 
agreement with the short-term  stability studies of Ahearn 
and Sahni, that is, ys and V, of the  operated cells are 
unchanged while the  alternate, un-operated  lines show a 
voltage increase.  Emission spectra (H-656.34 nm) taken 
during the first 168 hours showed the H,O concentration 
decreasing to a low level as  the surface  became saturated 
with the decomposition products of water  vapor. How- 
ever, this  study demonstrated  that  after 2800 hours of op- 
eration, V, increased  sharply until the panel could no 
longer  be  operated by the sustain  driver.  It is postulated 
that this  failure is related to  the gross changes in second- 
ary emission of the  hydrated  surface. 

Ahearn  and Sahni [17] have  observed a strong  depen- 
dence of the argon afterglow decay rate on impurity level 
and  have measured this  rate vs concentration using the  dc 
electrode configuration of an ordinary  neon light bulb. 
Figure 13 presents decay  rates measured on  four  gas pan- 
els both clean and with impurities. Because the neon meta- 
stables which excite the argon are also lost by diffusion 
as well, numerical comparison with the bulb geometry is 
not possible. Curves A and B of Fig. 13 display the  decay 
rates of two clean panels; panel A was fired in dry argon 
and  showed  a  decay  time constant, 7, of  3.1 ps, while 
panel B, fired in dry nitrogen, yielded 7 = 2.7 ps. The 
difference between these  two was  most likely caused by 
gas mixture  differences.  Panel C containing 100 ppm of 
air had a time constant of 1.9 ps, while Panel D (H,O) 
gave 7 = 1.0 ps. 

Impurities can also be used as probes.  Appendix  B ana- 
lyzes the nitrogen  afterglow of panel C to  show  that a 
plasma exists for some time after  the electric field  in the 
gas has decayed. 

Analysis of the  dependence of the sustain  voltages on 
operating  frequency yielded information about the charge 
retention  times of clean  and  contaminated  panels. Volt- 
ages V s  and vs were  measured over  the  frequency range 
100 kHz  to 25 Hz, which corresponded  to a  time  interval 

~71. 
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Figure 13 Argon 763.51 nm emission vs panel  contamination. 
(a)  Clean,  air-fired,  (b)  clean, N,-fired, (c)  air  leak, Pa-mVs, 
(d)  large H,O impurity. 

20 I I 

Figure 14 Observed  memory  margin in three  gas  display  panels 
vs time  interval  between firings. (a)  Clean,  (b) Pa-m3/s air 
leak, (c) H,O impurity. 

between successive firings of 5 ps to 20 ms.  Figure 14 dis- 
plays the  static memory margin for three types of panels: 
clean, air leak,  and  water-vapor-contaminated.  The  clean 
panel showed no loss of memory margin over  the fre- 61 9 
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1 ;:IL cellent  electrical and optical  properties. These panels 
were  shown to have  sustain voltages  which  stabilized 
quickly (15 min) and remained stable  for 17 000 hours; 
aging effects were  less  than 0.5 V. It  was  demonstrated 
that  both  the  static  and  dynamic margin were large and 

f l  f2  ness  was greater than 21.2 cdm'  for all sizes of panels 
constructed  for this study. 

< """" 

0 .=f 0 T = -  1 0  T =  - stable  over a wide pressure  range.  The  measured bright- 1 

( a )  (b)  ( C )  

Figure  15 Schematic  diagram  showing  the  sustain  voltage and 
gas voltage, V,, for (a) a clean  panel  operating at  any desired 
frequency and (b), (c) a panel  with  charge  leakage  operated  at 
two frequenciesf,,f,, where fl > f,. 

I 4.8 I 1 

4.6 e -0-0-0- o-o- 
500 "C air anneal I 

.- 
m .-. 
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Figure 16 Dielectric  constant  of 6-pm borosilicate glass films. 

quency range studied.  Sahni [18] has found no  charge 
decay  for time delays  as long as 30 s ,  by means of elec- 
tronically  interrupting the sustain  voltage. Air con- 
tamination  caused  only 2 V degradation in memory  mar- 
gin. However,  the water-vapor-doped panel yielded a 
decay time constant of 16 ms, indicating that  the  charge 
stored  on  the active  site was rapidly leaking away.  In or- 
der for this loss of memory margin to  be  consistent with 
the loss of stored  charge, vs should increase with lower 
frequency  operation  as  shown in Fig. 15. Voltage vS was 
observed to increase  from 78 V at 100 kHz  to 80 V at 
25 Hz.  This analysis shows  that N, or 0, contamination 
does  not degrade charge  retention, and postulates  that 
H,O contamination does  produce a charge-leaky  hy- 
drated MgO surface. The  latter conclusion is in agree- 
ment with the findings of Johnson  et al. [19]. 

Summary 
This paper  has  characterized a prototype design of the 
evaporable-dielectric gas display  panel. The design uti- 

620 lized 6.0 pm of electron-beam  deposited  glass coated 

The  properties of panels  with other dielectric  layer 
thicknesses and with gas  contaminants  were  also dis- 
cussed.  These  studies yielded a minimum, stable dielec- 
tric  thickness, 3.2 pm, and an understanding of  the ef- 
fects of air  and H,O on  the lifetime of MgO-overcoated 
gas display  panels. Panels  doped with H,O can  be oper- 
ated satisfactorily  with some alternate-line-aging until 
such time as  the surface no longer  resembles MgO. The 
hydrated MgO surface also  destroys  the  memory margin 
by allowing stored charge  to  leak  away. A panel with an 
air  leak was used to  demonstrate  the effects of air  con- 
tamination on long-term operation. Reactive gases  were 
observed  to first saturate  the  surface  and  then build up in 
the  gas  phase until the panel could no longer  be  ignited. 
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Appendix A: The dielectric  constant of deposited 
borosilicate  glass  films 
Borosilicate  glass films 6 pm thick  were deposited  on 
platinum coated  substrates. Dielectric constant measure- 
ments were  made on  both as-deposited films and films an- 
nealed at 500°C in dry  air. Aluminum counter  electrodes 
were used  after the annealing step  was  completed.  The 
frequency  dependence of the measured  dielectric  con- 
stant is shown in Fig. 16. The values of er = 4.6 for air- 
annealed films and er = 4.2 for as-deposited films contrast 
with the value of er = 4.7 for  the bulk source material. 
The loss factor  was found to  be  tan cp = 0.006 for annealed 
films and 0.005 for as-deposited films over  the range of 
frequencies used (5 kHz  to 500 kHz). To investigate 
densification  effects due  to annealing, one wafer was 
scribed and  broken  into  two  pieces, after  which one half 
was  annealed.  Thickness  measurements  on  either side of 
the  break  detected  no film thickness  change within the 
limit of accuracy of the  measurement. 

Appendix B: The  afterglow  plasma 
The  postulate  that a plasma  exists  after  the  electric field 
has  decayed  was made  by  Lanza[20],  Sahni et al. [l], and 
Weber [21]. Weber has  also proved the  existence of the 
afterglow by means of a  complicated  electrical  measure- 
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ment of the device capacitance.  He  demonstrated  that  the 
device capacitance  changed  for  as long as 15 ps after  the 
discharge. This appendix  demonstrates  the  existence of 
an afterglow for  as long as 35 ps after  the discharge by a 
simple optical  technique. 

The nitrogen  impurity in a previously described panel 
was used as a  probe to monitor the activity in the glow 
space.  The  gas panel was  operated  at a frequency of 
12.5 kHz (40 ps half-period)  and the nitrogen  emission at 
391.4 nm and 380.4 nm was sampled by a counter with a 
200-ns gate width.  Figure 17 displays the  results of these 
measurements.  The emission at 391.4  nm from  the first 
negative band resulting  from  charge transfer  between 
neon  ions  and nitrogen molecules is only seen during the 
first 4 ps after  the discharge  when the  electric field is 
present.  The neon metastables, which sustain the after- 
glow,  also  excite the nitrogen and produce  emission at 
380.4 nm, which is seen  for  as long as 35 ps. The  decay of 
these  two  spectra clearly and simply shows  the  existence 
of the afterglow. Measurement times  could have been ex- 
tended  beyond 35 ps by choice of a  lower sustain  fre- 
quency. 
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