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[57] ABSTRACT

An improved gaseous discharge display arrangement is
disclosed for providing a gray scale display capability
with nominal modification of existing gaseous display

‘apparatus. Conductor patterns of different resolution

are utilized in the conductor drive configurations

[52] US. Cluiiciiriieieneeeenans 313/188,313/217 ~ which are positioned on opposite sides of the panel in
1511 It Claeeeoeeeeeeeeeeeeeeeeeeeeeer s HO1j 17/04 a conventional gaseous panel construction. By con-
[581 313/188, 201, 210, ° trolling the selective energization of the higher resolu-
313/217, 220 tion lines associated with one of the driving configura-
’ tions, a variation of intensities is provided depending
56 Ref . on -the ratio of the resolutions and the number of
(56] eferences Cited higher resolution conductors selected for each of the
OTHER PUBLICATIONS lower resolution conductors.
“Electronics,” May 10, 1971, pp. 35-36. 4 Claims, 2 Drawing Figures
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1
GRAY SCALE GAS PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

Application Ser. No. 209,235, filed on Dec. 17, 1971
for “Improved Electrode Configuration for a Gaseous
Display Panel” by Peter H. Haberland et al.

Application Ser. No. 214,348, filed on Dec. 30, 1971
for “Gas Panel Fabrication™ by Peter H. Haberland et
al.

Application Ser. No. 268,219, filed on June 23, 1972
for *“Method and Apparatus for Gas Display Panel” by
Tony N. Criscimagna et al., a continuation of applica-
tion Ser. No. 885,086, filed Dec. 15, 1969.

BACKGROUND OF THE INVENTION

This invention relates to display devices and more
particularly to display devices of the gaseous discharge
type upon which images are generated by the selective
energization of individual display cells or sites.

Conventional display devices such as the cathode ray
tube, for example, include various disadvantages re-
lated to size, cost, ruggedness and power requirements
such as various types of replacement devices have been
proposed. Recent display developments include the
gaseous discharge panel and/or storage device, one ex-
ample of which is disclosed in U. S. Pat. No. 3,599,190,
“Gaseous Display and Memory Apparatus,” patented
Jan. 26, 1971 by Donald L. Bitzer et al. and assigned
to the University of lllinois. This device may comprise
a three-layer glass cell construction including a center
layer of physically isolated cells arranged in rows or
columns, each individual cell being filled \Yith an ioniz-
able gas, or alternatively, may comprise an open panel
configuration of electrically isolated but not physically
isolated cells. Individual cells or sites are selected by
energizing associated pairs of orthogonal drive lines
disposed on opposite sides of the panel which, when ap-
propriately and selectively energized produce a break-
down discharge of the gas resulting in light emitting
plasma. Such plasma displays are digitally addressable
and have inherent memory, the latter eliminating the
need for external memory storage and associated cir-
cuitry to generate the display image. However, since
the plasma display device is operated in binary charac-
teristic, only a single light image is provided for each
individual cell such that they are not suitable for exhib-
iting black and white pictures or the like with the nec-
essary gray scale. Gray scale display is also a required
feature in graphic applications, scanning ‘Ppplications,
facsimile reproduction, etc. |

Time division multiplexing arrangements have been
proposed for providing such displays with the required
gray scale by varying the duty cycle, i.e., by energizing
individual display cell elements for varying durations
during each scanning frame to thus vary the light inten-
sity. However, such known arrangements have so far
proven to be too costly and complex as tolrender them
a practical solution. Another proposed arrangement
has been to provide a spot cell cluster, ‘each cell of
which cluster can be selectively addressed, resulting in
a display having a stepped intensity. The amount of
light emitted from this cluster can be controlled by se-
lectively addressing none, one or any combination of
cells in the cluster, thus providing a gray scale and a
variable level brightness. This approach has been un-
satisfactory due to manufacturing problems and prob-
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lems related to cell addressing and image resolution.
Still a third suggested approach has been to use a stack
of gaseous discharge panels, each separated by line at-
tenuating layers from adjacent panels, each layer atten-
uating the display light reaching the surface by a factor
of two such that binary weighted gray scale is provided.
However, this approach represents both a high cost so-
lution since it essentially requires a separate panel for
each gray scale level, rendering it both costly and diffi-
cult to implement from a manufacturing standpoint.

SUMMARY OF THE INVENTION

By utilizing conductor arrays having conductor pat-
terns of high resolution on one axis of the panel as com-
pared to the resolution on the orthogonal conductor
array, a gray scale display capability is provided by se-
lective energization of a number of higher resolution
drive lines with each lower resolution line. In a conven-
tional gaseous discharge, the resulting light emitted by
the plasma under appropriate gas mixture and pressure
conditions will be emitted around the fringes of the
conductors on the viewing side of the panel, assuming
opaque conductors are utilized. Assuming a gray scale
resolution of four levels by way of example, four indi-
vidual conductors are available for the selective energi-
zation for each associated orthogonal conductor such
that one, two, three or four of these conductors may be
selectively energized to vary the light intensity. No
modification of the gas panel fabrication is required
other than the artwork, which is an obvious and well
known process to those skilled in the art. The gas dis-
charge device arrangement according to this invention
is reliable, is significantly less expensive than any of the
known prior art arrangements described above and
provides better resolution than arrangements using cell
clusters.

Accordingly, a primary object of the present inven-
tion is to provide a new and improved gaseous display
arrangement having a multilevel gray scale display ca-
pability.

Another object of the present invention is to provide
an improved multilevel gray scale gaseous discharge
display panel utilizing conductor patterns of different
resolution on one axis of the panel as compared to the
resolution on the associated orthogonal axis of the
panel.

Still another object of the present irivention is to pro-
vide an improved plasma discharge device having gray
scale capability wherein a conductor array of high reso-
lution is provided on the display side of the gaseous dis-
charge device as compared to the conductor array on
the non-viewing side of the panel whereby the resultant
light output is directly proportional to the selective en-
ergization of the high resolution conductors.

The foregoing and other objects, features and advan-
tages of the present invention will be apparent from the
following description of a preferred embodiment of the
invention as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic illustration of a gaseous. dis-
charge and display panel illustrating details of the driv-
ing conductor configuration used to provide a gray
scale capability.

FIG. 2 is an enlarged cross-sectional view taken along
the lines 2—2 of FIG. 1 to clarify details of the inven-
tion illustrated in FIG. 1.



3,735,182

3 B
DESCRIPTION OF A PREFERRED EMBODIMENT

Referring now to the drawings and more specifically
to FIG. 1 thereof, there is illustrated a gaseous dis-
charge display panel 10 having transverse conductor
arrays disposed on opposite sides of the gaseous cham-
ber 12, but insulated from direct contact with the gas
by a dielectric member as described more fully herein-
after. The horizontal and vertical conductor arrays are
addressed by horizontal and vertical selection and drive
control circuitry shown as blocks 21, 23, respectively.
In the preferred embodiment herein described, the hor-
izontal array is on the viewing side of the panel, while
the vertical array is disposed on the opposite or rear
wall of the panel.

Before continuing with the description, a brief de-
scription of plasma display panel theory will facilitate
an understanding of the subject invention. Gaseous dis-
charge panels or plasma display panels operate under
the “wall charge” theory wherein writing is accom-

plished by applying a discharge potential across the

conductors associated with selected cells to provide the
initial discharge and resulting light output and sus-
tained by a lower amplitude signal. In a gaseous dis-
charge display panel, a sealed gaseous envelope com-
posed of dielectric material and containing an ionizable
illuminable gas, such as a mixture of 99.9 percent nitro-
gen, 0.1 percent neon, has substantially orthogonal
conductors disposed on opposite sides thereof. An al-
ternating potential connected to selected pairs of con-
ductors is capacitively coupled to the gas through the
dielectric: material, producing an alternating voltage
across the gas in the region defined by the intersection
of the selective conductors. When this potential ex-
ceeds the breakdown voltage of the gas, the gas be-
comes conductive through the voltage induced produc-
tion of electrons and gas ions and selected gas cells are
said to have broken down. In this conductive state,
electrons in the gas migrate to the wall which is tempo-
rarily negative. The charge particles collected on the
dielectric walls, or wall charge, produce a potential be-
tween the dielectric surface and the conductors which
oppose the externally applied potential and thus re-
duces the voltage across the cell. As current continues
to flow through the gas, the opposing wall charge in-
creases until the gas voltage drops below that necessary
to maintain the gas in a conductive state, i.e., the sus-
tain level, and the current discharge is extinguished. On
the following phase-reversed half cycle of the sustain
signal, the voltage produced by the wall charge initially
adds to the externally produced sustain signal so that
the gas voltage is augmented and the cell reignited.
Thus, due to wall charge effect, the breakdown voltage
V, of the gas is obtained at a lower value of external po-
tential, a current discharge of opposite sense to the ini-
tial discharge is initiated, and a wall charge of opposite
polarity to the initial wall charge is established of suffi-
cient magnitude to cause the discharge to be extin-
guished. Thus, after initial breakdown, the wall charge
condition is maintained in selected cells by application
of a lower potential designated the sustain signal which,
combined with the wall charge, causes the selected
cells to be reignited and extinguished continuously at
the frequency of the sustain signal to maintain a contin-
uous display. Light output for display purposes is pro-
duced during the passage of the discharge current. For
additional details regarding the operation of such pan-
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els in write, sustain and,crasé modes, reference is made
to the aforenoted Criscimagna et al. application.

In the preferred embodiment of the instant invention
herein described by way of example, a ratio of four hor-
izontal conductors to each vertical conductor is em-
ployed to provide four levels of gray scale, although it
is obvious that the resolution ratio selected is a matter
of design choice and not a limitation. Each of horizon-
tal conductors 21A, 21B, 21C and 21D in the upper
row of the display on panel 10 is associated with the
seven vertical conductors 41 through 47. The specific
character format selected to illustrate the present in-
vention is an enlarged 7X9 character matrix using nine
sets of four horizontal conductors and seven vertical
conductors, wherein the respective intersections define
the gaseous cells or sites. When opaque metallic con-
ductors such as copper, gold, chrome, silver, aluminum
or various combinations thereof suitable for fabrication
on glass are utilized on the viewing side of the panel,
the light output is restricted to the fringes around the
intersections but may be adjusted within relatively wide
tolerances by appropriate selection of gas, pressure,
size of conductors, etc. In the instant invention, the
light output from each of the intersections of conduc-
tors 21A, 21B, 21C or 21D with any of the associated
vertical conductors 41-47 is assumed uniform such
that the total light output at any intersection will be di-
rectly proportional to the number of horizontal con-
ductors selected. For example, if conductors 21A and
21B are simultaneously selected with conductor 41,
with respective light output at intersection 39 will be
twice that of either of the inputs or one-half the light
output if all four conductors 21A, 21B, 21C and 21D
were simultaneously selected with conductor 41. The
horizontal and vertical selection circuitry have been
shown in block form in the interest of clarity, since bi-
nary decoding and selection circuitry are well known in
the art and any details relative thereto would be super-
fluous and unnecessary to an understanding of the pres-
ent invention. The drive circuitry including circuitry
for write, sustain and erase is shown in detail in the
Criscimagna et al. application heretofore designated.

Referring now to FIG. 2, an enlarged cross-sectional
view taken along the lines 2—2 of FIG. 1 is illustrated
to clarify details of the display panel assembly utilizing
the instant invention. The inner surfaces 51 and 52 of
dielectric members 53 and 54 are heat sealed by spacer
members 57 and 59 to form the gas chamber 12. The
glass substrates 56 and 58 are utilized as support mem-
bers for. the thin gas envelope formed by dielectric
members 53 and 54, respectively. In the preferred em-
bodiment herein described, substrates 56 and S8 are
composed of %-inch commercial grade soda-line-silica
glass on which transverse conductor arrays 21-29 and
41-47, respectively, are formed on the inner surfaces
thereof. Conductors may be formed or deposited on
glass substrates 56, 58 by any conventional process
such as vacuum deposition, stencil screening, etc. Al-
ternatively, if desired, conductor arrays could be com-

‘posed of wires or filaments of copper, gold, silver, alu-

minum or any other conductive metal or materials or
combinations thereof. In the preferred panel assembly
constructed in accordance with the teaching of the in-
stant invention, the center-to-center conductor spacing
in the horizontal array utilized 3 mil lines on 10 mil
centers, while that on the associated vertical array uti-
lized 10 mil lines on 40 mil centers. Details of the size



3,735,182

5

and composition of the various materials used to form
the gaseous discharge device as well as the process of
fabricating such device are fully described in the afore-
noted copending application Ser. No. 214,348 to Ha-
berland et al. The panel configuration illustrated in
FIG. 1 includes, an previously indicated, only the view-
ing area of a single character on the pane] in the inter-
est of clarity. In practice, both the horizontal and verti-
cal plates 56, 58 of the panel would be extended be-
yond the viewing area and the drive conductors in turn
would be extended to or near the respective horizontal
and vertical edges of the panel for interconnection to
their associated driving sources. In the above described
or referenced physical parameters of a gas panel, a sus-
tain frequency of 400KC was employed, and a panel
cell, not shown, used to facilitate initial ionization con-
dition.

Referring back to FIG. 1, there are four cells associ-
ated with each intersection such that one of four light
levels is developed depending on the number of hori-
zontal conductors selected in a given operation. When
a write signal of appropriate amplitude and polarity is
applied from the respective row addressing network 11
and the column addressing network, a defined gas dis-
charge takes places at the respective intersections of
the selected conductors, resuiting in light output at the
selected intersections. For example, if signals of half-
write amplitude are simultaneously applied to any of
conductors 21-29A~D and the associated vertical con-
ductors 41-47, each of the cells at the associated inter-
section will be fired producing a light output. Thus, in
the preferred embodiment herein described, a total of
252 cells is used to define 63 intersections, each inter-
section capable of producing one of four light outputs
plus a zero light output comprising the background. It
should be noted that the normal light output from a gas
panel is substantially higher than that of the conven-
tional display devices such as a cathode ray tube and is
relatively widely adjustable as previously indicated by
varying certain parameters thereof. While the pre-
ferred embodiment has been described in terms of a
four or five gray scale output, the principle of the in-
vention can obviously be extended to provide any de-
sired degree of gray scaling desired, the selected gray
scale being merely a matter of design choice. Likewise,
while the horizontal conductors are shown on the view-
ing side in the preferred embodiment, the conductor
arrangement may be modified and either the horizontal
or vertical pattern may be the higher resolution config-
uration.

While the invention has been particularly shown and
described with reference to a preferred embodiment
thereof, it will be understood by those skilled in the art
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that certain other changes in form and details may be
made therein without departing from the spirit and
scope of the invention.

What is claimed is:

1. A gaseous discharge display device for providing
a variable intensity display comprising in combination

a pair of support plates sealed to form a chamber

filled with an ionizable gas,

said plates having dielectrically coated conductor ar-

rays formed thereon, each of said conductor arrays
comprising a plurality of parallel conductors, said
conductor arrays being substantially orthogonally
related to define discrete gas discharge sites at re-
spective intersections thereof,

said gas discharge sites being adapted when appropri-

ately energized by control signals applied thereto
to provide discrete localized discharges, the light
emitted from each such discharge site forming one
element of a display,

said conductor arrays being characterized by higher

and lower line resolutions, the intersections of a
plurality of said higher resolution lines with each of
the lower resolution lines defining a gas cell area,
the intensity of the light output from each said gas
cell area being varied in accordance with the num-
ber of higher resolution lines selected with respect
to each said lower resolution lines.

2. Apparatus of the type claimed in claim 1 wherein
said higher resolution conductor array is on the viewing
side of said display device.

3. Apparatus of the type claimed in claim 2 wherein
said variable intensity display comprises a gaseous dis-
charge display device having gray scale capability.

4. In a gaseous discharge pulsing display panel appa-
ratus including a gaseous medium in the chamber of
said display panel,

dielectric coated conductor arrays forming the inner

wall of said chamber whereby said conductors are
insulated from direct contact with said gas,

said conductor arrays being positioned in substan-

tially orthogonal relationship, the intersections of
pairs of said conductors when appropriately ener-
gized defining display points,

said conductor arrays being comprised of different

line resolutions wherein each lower resolution line
has a plurality of higher resolution lines associated
therewith to selectively control the resultant dis-
play intensity at cell areas in accordance with the
number of higher resolution lines energized, each
said cell area comprising the intersection of a low
resolution line with a plurality of higher resolution

lines.
* * * * %



