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@ Multicolour gas discharge display memory panel.

@ A gas display panel has improved resolution, coloar,
memory margin and brightness by using helium based mix-
tures in a panel structure using evaporated glass technology,
e.g., borosilicate glass technology. Multicolour emissions
are achieved directly from the helium based mixtures, and
additional colour enhancement and selection is accomp-
lished by varying the gas parameters of pressure and dopant
concentration and the sustain voitage waveform drive condi-
tions. Colour selection from the helium based mixtures with
molecular dopants is made using an optical filter or a col-
oured glass substrate.

A gas panel is obtained that emits white light using a
helium based mixture doped with oxygen. The mixture is a
Penning mixture with opticai radiation in the visible part of
the spectrum due to systems of emission bands from the
ionized oxygen molecules. The first negative system exhibits

Nfour strong bands that vary from 75 to 125A in width and

Q
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account for green, yellow and red colours. In addition, four
weaker bands are observed for the second negative system
which account for the blue colour.

Croydon Printing Cornpany Ltd.
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MULTICOLOUR GAS DISCHARGE DISPLAY MEMORY PANEL

The present invention relates to AC gas discharge dis-
play and memory panels.

One of the limitations of the conventional AC gas dis-
charge display panel utilizing the luminous gas mixture is
that it produces only one given colour; e.g., reddish—brange
colour from neon plus argon mixture and blue colour from
argon plus mercury mixture. The prior art does not show how
to obtain flexibility of colour presentation with high
Juminous intensity.

Alternative colour capability in gas discha;ge display
panels has been pursued in the prior art by an indirect method.
Basigally, this indirect method utilizes photosensitive phos-
phors in the active discharge region, which phosphors are

\Etimulated by ultraviolet emission from a suitable gas mixture.

Various arrangements have been implemented in the prior art
utilizing this principle. However, since the principle
utilizes bulk phosphors stimulated by emission from the gas,
additional and somewhat complex panel fabrication is required,
and brightness and efficiencies are lost.

According to the invention, there is provided an AC
gas discharge display panel having an open panel structure
with at least two substrates and respective dielectric layers
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thereon, a luminous ionizable gaseous medium between said
dielectric layers and exhibiting characteristics such that
the gaseous medium may periodically be driven by the drive
voltage therefore to discharge condition thereacross,
characterised in that the gaseous medium is a helium based
gaseous medium doped with oxygen to provide a luminous
gaseous medium which exhibits multicolour emission due to
the efficient recombination of oxygen ions during said dis-~

charge condition.

A feature of this invention is a multiplé colour gas
display panel with enhanced line resolution and memory
margin at high frequency drive levels, e.g., >1 MHz.

Another feature of this invention is a method for im-
proving gas display panel performance with improved reso-
lution, colour, margin and brightness as a result of helium
based mixtures in a panel structure using evaporated glass
technology. Colour selection from the helium based mixtures
with molgcular dopants can be enhanced using optical filters.

Another feature of this invention is the use of other
than He plus O2 mixtures with alternative dopants for short
wavelength (ultraviolet) emissions. -These properties can be
uwsed for thin f£ilm phosphors and electroluminescent materials
with minimal sputtering. Illustratively, a mixture of He
plus O.2%H2 produces a yellow colour of 7 ft-lamberts at 240
KHz with a 25 volts margin for sustain voltages of 112/87
VZax/vgin for a panel structure similar to that used with He

plus 0.2% O2 mixtures.
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Tabular Data for the Invention

Table I shows the wavelengths and bandwidths from oxygen -
whose superposition gives an exemplary white panel output.

TABLE I

Colour Bandwidth (R): Central Wavelength (R)
Green 75 5250
85 . 5595
Yellow 75% . 5250%
75 ' 5985
Red 125 6375
Blue 150+ o 4100%*
150%* 4400%*

15Q% 4700*
* 2nd negative system.

In Table I the asterisks denote those bands associated
with the oxygen second negaﬁivq'system. Little contribution
to the colour is made by a;dn;c-cﬂygen and helium spectal
lines. The helium emission ‘degxades the colour if the
pressure is too low (<100 rnnf}rbf if the oxygen concen- -
tration is too insufficient (lesgjthan 0.1%).

Table II shows typical“qﬁﬁtating characteristics for an
AC plasma panel filled to 400 Perr with a He plus 0.2% O,
mixture. S '

TABLE IX
Colour: < 7 White
Brightness: 20 ft-lamberts at 240 KHz

4.16 ft-lgmberts green at 240 KHz
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Sustain Voltages: 110/85 vzax/vzin
margin: 25 volts
Current: 300 pamps/cell at 240 KHz
Borosilicate: 3.2 um
MgO: 0.2 um
Line Density: 50 lines/inch with 4 mil max. width
Chamber Gap: 4 mils
Turn-on Time: <500 nanoseconds at 240 KHz

Physics of the Invention

The discharge condition favours the excitation of He
metastable states as direct electron excitation or charge
transfer to O2 atoms is negligible. Basically, the light
emission from the gas discharge panel of this invention in-
volves a three-step operation. In the first step there is
populating of the main source, He, to metastable states.
During the second step, there is transfer of collisional
energy (Penning ionization) from the He metastable states
to the O2 molecules to form 02 ions and excited O2 molecules.
Finally,'in the third sFep, the 02 ions recombine with
electrons to form O2 atoms and emit white light, which is
a combination of the various visible spectral lines.

AC operations involves a memory or stérage effect
achieved by charging up the capacitance across a given cell.
The capacitance is a result of, the dielectric overcoat on
the conductive lines. Alternate sides of the cell charge
up with alternate polarity on alternate half cycles of the
AC signal. Withinia given half cycle, when the cell has
reached a fully charged condition, the voltage across the
intervening gas of the cell drops to approximately zero.
Phis alternate charging over half cycles of the applied alitex-
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nating voltages occﬁfs relatively rapidly. That interval
provides sufficient time for the electrons to thermalize,
i.e., achieve a Gaussian energy distribution and to permit
an efficient recombination with the 02 ions.

The particular gas mixture employed in accordance with
the present invention exhibits the bistable characteristics
required for AC operation. Pure helium does not show a bi-
stable hysteresis characteristic. In addition, efficient
operation is also based upon the favourable energy-match
between the He metastables (5eV) and the ionization level
(4eV) of the o, molecular.

In order that the invention may be fully understood
preferred embodiments thereef will now be described with
reference to the accompanying drawings, in which:

FIG. 1 is a schematic diagram of the gas panel whose
dielectric layers are fabricated im accordance with the
principles of the present invénticn. ' '

FIG. 2 is a modification of the structure of FIG. 1
showing the electron emissive NgQ layer.

FIG. 3 represents a typical AC gas discharge display
panel configuration shown in perspective.

FIG. 4 is a schematic drawing showing an evacuated cham-
ber employing an evaporation system for depositing_glass
dielectric layeis over the substiates for controlling bright-
ness of the luminous -gas mixture in accordance with the
principles of this invention.
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FIGS. 5-7 present data in graph format on operaticn
of a gas discharge panel using a helium plus oxygen gas
mixture in accordance with the principles of this inven*+ion
wherein:

FIG. 5 shows the relationship between luminous bright-
ness of the panel and thickness of the dielectric- layer on
the conductors;

FIG. 6 shows the linear dependence of panel bright-
ness reverses frequency of the drive voltage; and

FIG. 7 shows the relationships between gas pressure
and brightness and gas pressure and the sustain drive
voltages.

For optimum colour, brightness, glow confinement, and
operating current-voltage characteristics, the gas mixture
should fall within the following limits: pressure, 300-

500 Torr; and oxygen cqncentration, 0.1-5%. The pressure
limit relates to suppressing the helium emission which out

of this range has the tendency to form a pinkish halo around
the active discharge sites. The oxygen concentration is
dependent on the panel surface area. As the equilibrium

is established between the gas and surface, some of the oxvgen
is absorbed on the MgO surface. The amount of oxygen lost

to the surface is dependent on the surface area of the MgO

topcoat. As an example, for a larger panel this absorbtiou

of oxygen must be compensated for by f£illing the panel with
more highly doped oxygen mixtuire. A result of the oxygen
heing.absorbed on the surface is to enhance its stoichiometry
which results in a more uniform MgO surface. This is evideut
by the width of the voltage spread while igniting all cells
on or off. ’
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One significant result obtained from the oxygen inter-
action with the MgO and the relationship of panél brightness
to borosilicate glass thickness variation is an appreciable
increase in the panel margin which is the difference between
the maximum voltage required to initiate gas discharge of a
cell and the minimum voltage which will sustain it thereafter.
For example, a panel margin as high as 26 volts with
105/79VIsaax/VI;in sustain voltages has been measured.on several
240 character panels with 3 ym {micron 510-6 metre) thickness
of borosilicate glass dielectric. After the initial burn-
in, the panels are stable with the I-¥ characteristics being
‘quite reproducible.

Another result achieved with the He plus dopant, e.g.,
02, mixture, in accordance with the principles of this in-
vention, is an improved glow confinement at the active gas
discharge sites. This results im a sharp, crisp display
panel. Panels made of electrode-liné densities as high as
125 lines/inch with 1, 2 and 4 mil line widths show no
appreciable loss in margin. These same panels are less
sensitive to chamber gap variations. For conventional panels
that contain neon based mixtpres a loss in margin occurs as
50 lines/inch is exceeded.

Within the limits of gas pressures and oxygen concen-
trations specified hereinbefore for the practice of this
invention, it is necessary te vary the pamel drive freguency
and the dielectric thickness for optimum brightness condi-
tions. To enhance the panel brightmess, higher frequency
sustain waveforms can be used. Por example a 3 um boro-
silicate glass panel, operated at‘240 KHz produces 20 ft-
lamberts of white light or 4 ft~lamberts of green light.

No degradation of panel margin is evident at this higher
frequency. Panel margins have heen measured at as high as
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3 megahertz with no appreciable margin degradation. Conven-

tional meon-argon mixtures show a collapse of margin starting
at approximately 100 kilohertz.

Fabrication technology suitable for an exemplary struc-
ture for practice of this invention will now be outlined
herein,

For exemplary practice of this invention, FIG. 1 illus-
trates a typical gas panel display unit 2 which comprises
a single panel or plate 3 consisting of a glass substrate
4 having parallel lines of metal 6 eijher on or imbedded in
substrate 4. A dielectric material 8 is deposited by an
electron-gun deposition technique to be described hereinafter
with partiocular reference to FIG. 4. Borosilicate glass
is an acceptable and preferred material 8. The dielectric
material 8 must be electron emissive, which can be accom-
plished either by incorporating electron emissive material
within the borosilicate glass 8 or by depositing an electron
emissive layer 21 over layer 8 as shown in FIG. 2. A suitgble

eleciron emissive layer is MgO.

A second panel 3' which is identical to the first panel
comprises a glass substrate 4', into which are imbedded

Vgarallel metal lines 6' with an electron-gun deposited layer
"8' of borosilicate glass. The parallel metal lines 6 of one

panel are established orthogonal to all the metal lines 6'

:af ﬁhe other panel. The two panels are secured in position
‘with a recsangular frame 10 placed between the panels of a.

solid tubnlar-shaped sealing glass rod. Pressure may be

' used to enmhance the fusing of the two panels together when
"the gealing glass rod 10 is heated. During the fusing step,
,,éqshiﬁ ¢{not shown) is placed between the glass panels to
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set minimum separation of the panels as heat is uniformly
applied to both panels to achieve a requisite separation
between panels.

A hole 14 is drilled through one of the two glass panels
3' and a tube 16 is glass soldered to that opening so that
after the 2-4 mil spacing between panels 3 and 3' has been
evacuated, suitable gas mixture in accordance with the prin-
ciples of this invention is inserted through the tube at a
pressure in the approximate range of 300-500 torr. After
the ionizable gas has been inserted into the panel space,
the hole 14 is sealed off by tipping off the tube 16. Current-
carrying leads 20 are connected to each metal line 6 and
6', so that appropriate actuating signals can be sent through
them for exciting or de-exciting the gas discharge panel.

FIG. 3 is a perspective view of an AC gas discharge
display panel arrangement for the practice of this invention
as presented in cross-sectional views in FIGS. 1 and 2.

The panel comprises an upper glass plate 3 and a lower glass
plate 3' separated from and sealed to provide an intervening
chamber which is filled with a gas mixture in accordance
with the principles of the piesent invention.

Electrically conductive parallel lines 6a-6h are dis-
posed on the lower side of the upper plate 4, and serve as
electrodes for supplying a given electrical signal to the
intervening sealed chamber between the plates. Electrically
conductive parallel lines 6'a-6'j are diéposed on the upper
side of the lower glass plate 4' and serve as electrodes
for supplying a given electrical signal to the other side
of the intervening sealed chamber between the plates.

Typically, the sets of parallel lines are othogonal to one
another and comprise Al-Cu-Al or Al-Cu alloy conductors.
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The lines on each.plate are coated with a dielectric glass
which is coated with a refractory layer, such as MgO.

In order to evacuate the intervening sealed chamber
between plates 3 and 3' and f£ill it with the luminous gas
provided in accordance with the principles of this inven-
tion, a tubulation assembly 19 is provided, which.is the
tube 16 of FIG. 1 shown as sealed off.

. The depositing of the borosilicate glass layers 8 and
8' and the MgO layer 21 will now be described with refer-
ence to the system shown schematically in FIG. 4. It consists
of an evacuated chamber 22 in which substrate 4 is est-
ablished and glass layer 8 and MgO layer 21 are deposited

in two sequential evaporations from a single pumpdown. Cham-

ber 22 is evaporated by conventional vacuum pump technology,
not shown, via tube 16. Bulk borosilicate glass source 26
is placed in a copper boat 24 within the chamber 22. A
tungsten filament 28 within the boat housing is connected
to a source 30 of electrical energy for heating said fila-
ment 28. Electrons 32 émitted from filament 28 are attracted .

"by a magnet M, shown in dotted line within the boat 24, but

not shown in boat 24' for clarity, onto the source material
26 for heating it.

An X-Y sweep control unit 31 provides for longitudinal
beam positioning and for automatic control of sweeping of
the electron beam of both longitudinally and laterally.

A large surface area of the source material 26 is uniformly
heated and melted. Shutters 38 and 38' are interposable
between the source materials 26 and 26' respectively and
substrate 4 with metallurgy 6. Shield 36, separates boats
24 and 24' and also helps to prevent cross contamination.
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Chunks of MgO single crystal source 26' are placed into the
boat 24', and deposition of the MgO layer 21 over the glass
layer 8 is carried out by opening shutters 38' and 39 during
the evaporation of desired amount of MgO. Shutter 38' is

in another plane than that of shutter 38 so that the MgO
source 26' is bombarded with electrons from electron fila-
ment source 28'. Electrical power connections for heating
the filament 28' and for deflecting emitted electrons onto
MgO source 26' are not shown. Substrate 4 is held at approx-
imatély 10 inches away from the evaporation source. A heater
48 maintains it at desired elevated temperatures during

the depositions of glass layer 8 and of electron emissive
layer 21. The thickness of the deposited layers 8 and 21

are monitored by a detector 42 during the separate depositions.

As an illustrative example, a borosilicate glass source
26 is heated by electron beam bombardment in the evacuated
chamber which is maintained at 10~°
pool of borosilicate is created having an area in the approx-

imate range of 2 to 10 cmz. The power supplied to evaporate

torr so that a molten

the borosilicate glass source material is increaSed gradually,
so that the pre-set area is .heated uniformly to a level
slightly higher than the eventual power level needed for

a desired steady evaporation rate. During the initial heating
period, it is not desirable to exceed the power level needed
for the final steady evaporation rate although an excess

of 20% or less of that power level is tolerable. A large
uniformly heated molten pool avoids undesirable fraction-
ation of the borosilicate glass. Control of both longi-
tudinal and lateral electron beam sweep and a simultaneous
control of heating rate accomplishes uniform heating over

a large area. Shutter 38 is interposed between source 26
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and substrate 4 until the source 26 is evaporating at a
steady rate. Illustratively, the substrate is maintained

~at 200°C during evaporation of the borosilicate glass.

Then, the shutter 38 is taken out of the path of the evapor-
ating source 26. Accordingly, 3 to 3.5 micron thick layer

8 of transparent and smooth borosilicate glass can be
deposited in less than 10 minutes.

Several considerations for beneficial practice of this
invention will now be presented.

Colour selection or enhancement can be achieved for
the practice of this invention is several exemplary ways:
(1) ore or more optical band pass filters are associated

" integrally with or separately from a luminous substrate;

+2) applied voltage waveform selection; varying gas com-
position and pressure. Ancillary technology for selecting
and enhancing a particular colour will be illustrated with
réference to FIG. 3 wherein an optical filter layer 21-1
is shown'on the plate 3?. In this instance, the filter
21-1 is a thin film selected to pass frequencies for a

" particular colour, e.g., blue, from a gas mixture of He

Pphus Qz.

Instead of optical filters, phosphors or electro-
lJumirescent materials can be placed at selected display
gell locations (defined by pairs of electrodes) to be excited
by light emission from the gas mixture. The memory, i.e.,

- the image persistence, of electroluminescence material can

thus be beneficially utilized.’

The evaporated glass technology allows considerable
precision in controlling the dielectric film thickness.
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It has been discovered for the practice of this invention
that the thickness of the dielectric layer when applied

to an AC plasma display panel determines to a large measure
the capacitive reactance of the discharge cell. This in

turn determines the amount of avalanche current that flows
through the cell which is directly proportional tc the optical
emission level or brightness. FIG. 5 shows data on how

the brightness is controlled over the 3-10 micron dielectric
layer thickness range, e.g., layers 8 and 8' of FIGS. 1

and 2. Precision of the dielectric thickness must be carefully
controlled below about 3 microns because dielectric breakdown
of the film must be avoided. The operational parameters

of the gas discharge panel used for obtaining the data of

FIG. 5 are: .2% 02/He gas mixture; gas pressure of 500

Torr.; and drive frequency of 240 kilohertz.

An apparently unique property of a helium based gas
mixture provided for the practice of this invention is its
capability to operate at high frequencies e.g., at 3 mega-
hertz and above, without a significant loss of panel margin
or increase in sustain voltage levels. This property allows
the frequency to be adjustea;to achieve a brightness level
suitable for the desired display application. FIG. 6 shows
data for the linear dependence of brighness on frequency
for a .2% 02/He mixture at 500 Torr operating in a typical
AC plasma panel structure.

FIG. 7 shows the sustain voltage and brighness relation-
ship for a .2% 02/He mixture at 500 Torr under a 240 KHz
drive condition as functions of gas pressure. A typical
panel structure was employed that had 3 micron thick dielec-
tric layers, 8 and 8', MgO topcoat 21 and a 4 mil chamber
spacing between plates 3 and 3'. It is observed that the
brightness is relatively constant over the pressure range
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shown. Actually, this holds up to at least 1000 Torr, the
limit of measurement capability available herefor. As shown
in FIG. 7, the voltage difference between the two sustain
levels is 20 volts or greater, which number can be referred
to as the panel memory margin. It is noted that an optimum
margin voltage level occurs in the 400-500 Torr range.

It has been determined for the practice of this inven-
tion that an appropriate range of thickness for the secbndary
electron emission layer e.g., MgO layer 21 of FIG. 1, is
approximately in the range of 0.2 to 1.0 microns; and for
the glass dielectric layer 8 and 8' of FIGS. 1 and 2 is
approximately in the range of 3 to 10 microns.

He based mixtures in accordance with the principles of
tais invention for colour capability in gas discharge panel
technology allow high line density i.e. great resolution, and
high margin panels. Further, such helium based gas mixtures
provide suitable condition for thin film phosphor excitation.
This results also in high brightness for high line density
using narrow lines, e.g., 1 mil or less, for both multicolour
‘and white light capability.

Gas panels that emit blue light have been also obtained
for the practice of this. The blue emission results from
tz,2 discharge of gas mixtures of He doped with either krypton
or Xenon. The operating characteristics showed greatly

enhanced static margin.

A gas mixture containing .25% krypton in helium was
mstered into a demountable chamber which contained a set
¢f 2 inch x 2 inch plates. These plates had a 7 micron
borosilicate layer with a 20008 Mg0 overcoat. The chamber
wzs filled to 400 Torr with the .25% Kr/He mixture and pane.
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vearetion was cbtained with the plates set to a 4 mil chambe:
fpacing. The primary spectral emissicn lines were from

~x it ~d kryvpton states with strong (blue) emission being
recorded at 42748, 4320R, 4363R, 4454%, 44648 and 45028.

The radiation from the individual cells was crisp and well
defined. The panel brightness with the .25% Kr/He gas mixture
was 2 ft.-lamberts at a 30 KHz driver frequency. The
operating voltage range was 133/102V$a§/vzin for a static
measurement which yields a 31 volt margin. Time resolution
of the helium and krypton spectral lines showed the helium
emission to be slightly less than lusec. in duration with
the krypton being 75 microseconds which is an indication

of a Penning interaction between the helium and metastalble
atoms and the krypton atoms.

The following Table III presents exemplary operational
data for comparison of several different gas mixtures in
accordance with the principles of this invention. Ths tes:.

AC gas panel was pressured to 500 Torr; the borosilicate
glass layer thickness was 3.2 microns; and the drive fre a-ncy
was 240 kilohertz. - -

TABLE III

HE/XE  HE/N, HE/0,  STANDARD PANTL
| HE/NE
(0.2%)  (0.2%) (0.2%)  (0.1%)
ngX/vglN 112.90 138/110 152/130 99/84
I, (WA/CELL) 190 300 300 4 100
¥ Ft.-Lamberts 6-7.5 15-20 18-23 10

COLOUR BLUE VIOLET WHITE ORANGE
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The beneficial aspects of gas discharge panel operation
utilizing helium based gas mixture has been presented herein-
before. The species for doping helium to obtain Penning
interactions has been exemplary. By reference to the liter-
ature of atomic and molecular spectra, other suitable dopants
for helium will be understood for practice of this invention.
Examples are (1) "The Identification of Molecular- Spectra®,
by R.W.B. Pearse and A.G. Gaydon, 3rd Edition, Chapman and
Hall Ltd., London, 1965; (2) "Tables of Spectral Lines of
Neutral and Ionized Atoms", A.R. Striganov and N.S. Sventitskii,
I. F. I./Plenum, New York-Washington, 1968.

Colour selection and enhancement can be achieved for
the practice of this invention by adjusting the shape and
width of the voltage waveform to match the helium based
mixture employed. This takes into account the very fast
switching times associated with the various hglium based
mixtures with narrow dopants.
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CLAIMS

1. An AC gas discharge display panel having an open panel
structure with at least two substrates and respective di-
electric layers thereon, a luminous ionizable gaseous medium
between said dielectric layers and exhibiting characteristics
such that the gaseous medium may periodically be driven

by the drive voltage therefore to discharge condition there-
across, characterised in that the gaseous medium is a helium
based gaseous medium doped with oxygen to provide a luminous
gaseous medium which exhibits multicolour emission due to
the efficient recombination of oxygen ions during saié dis-
charge condition.

2. An AC gas discharge display panel as claimed in claim
1 further characterised in that said helium based gaseous
medium comprises helium in an approximate pressure range
of between 100 to 1000 Torr.

3. An AC gas discharge display panel as claimed in claim
2 further characterised in that said helium is at least
at 300 Torr and is doped with oxygen at a concentration
level of from 0.1 to 5% of the total gaseous concentration.

4, An AC gas discharge display device as claimed in claim

3 further characterised in that said gas discharge display
pariel includes said respective dielectric layers covering
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sets of conductive 1ines‘on each of the opposing substrates
plates thereof with said dielectric layers each including

a high secondary emission refractory layer deposited thereon
with the surface of one side thereof in contact with said
helium based gaseous medium and each being of thickness

to optimise luminous brightness of said excited gaseous
medium.

5. An AC gas discharge display panel as claimed in claim

4 further characterised in that said high secondary electron
emission refractory layer is an MgO layer which enhances
stoichiometry resulting from said oxygen in said gaseous
mixture.

6. An AC gas discharge display panel containing therein a
luminous ionizable gaseous medium sealed between a pair of
opposing substrate plates, each of which substrate plates has
deposited on the internal surface thereof sets of conductive
lines covered with at least one layer of dielectric material
exhibiting dielectric properties such that substantially all
of the drive voltage for said panel is periodically trans-
ferred thereto to establish a discharge condition across said
gaseous medium, characterised in that said gaseous medium
comprises a Penning mixture of heiium and a species for ob-
taining multicolour visible light emissions from said panel.

7. A panel as claimed in claim 6 characterised in that
there is provided an associated filter to select a given
colour of said multicolour for display.

8. An AC gas discharge panel as claimed in claim 7 further
characterised in that said molecular species is selected from

the\group comprising 02, N,, and H,.
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