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ABSTRACT: Gas discharge panel conductor configuration
. and conductor system to increase efficiency of light output
(541 gg%%‘i%%%kpiggf}sGURATlONs FOR conductor configuration which is substantially more likely to
11 Claims, 6 Drawing Figs. be electrically continuous. The conductors of a conductor
aims, 6 Drawing ¥ig array on a plate forming the viewing side of the panel are
[52] WS Cleciiiniiiiiiiiiiiin et 313/201, formed by sets of coplanar conductor elements spaced apart
313/108 B,313/234,315/169 so that when a discharge occurs, an observer sees more of the
[51] Eot. Cloooriniiiinecie e, HO1j 1/53, center of the discharge which would ordinarily be partially
HO1j 11/02 hidden by a solid conductive line on the viewing side of the
[50] Fieldof Search................cccoeerimiiiniiinen, 315/161, panel. The conductor elements of a set may be connected at
165, 168, 169; 313/108, 109.5, 201,210,234 regular intervals to provide a plurality of electrically parallel
i routes for conduction in case a section of a conductor element
[s6] References Cited of a set is discontinuous. The gas discharge is more visible
UNITED STATES PATENTS since the applied field between selected conductor elements is
2,858,480 10/1958 Shadowitz ........cce.ue...e. 315/169 X across two conductors which are not congruent as seen by the
3,042,823 7/1962 Willard......ccocerenirunecnne 313/6 observer. Moreover, since the conductor elements are rela-
3,157,824 11/1964 Jones........cccorvieinnunnne 315/169 tively narrow fringe light produced at a discharge site is better
3,260,880  7/1966 Kupsky.......covrininence. 313/108 X seen as to further enhance the delivery of light from the panel.
3,497,751 2/1970 Cullis, Jr...oooocrrvveereeennn 313/109.5 Consult the specification for other features and details.
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CONDUCTOR CONFIGURATIONS FOR DISCHARGE
PANELS

The present invention is concerned with conductor configu-
rations for display panels and more particularly, to conductor
configurations for gas discharge display panels.

Objects of this invention are to increase the effective effi-
ciency of light or radiant energy output of a gas discharge
panel; the provision of conductor configurations which are
substantially more likely to be electrically continuous; the
provision of conductor configurations which enable most effi-
cient use of light produced during discharge at selected
discharge sites in a discharge panel; and the provision of in-
creased transmission of light or radiant energy from exterior
of the panels to the interior of the panel.

ENVIRONMENT OF THE INVENTION

The invention will be described in connection with a gas
discharge display panel of the type disclosed in Baker et al. ap-
plication Ser. No. 686,384 filed Nov. 24, 1967, and entitled
““Gas Discharge Display-Memory Device and Method” which
is assigned to the assignee of the present invention. However,
in a broader sense, the invention has utility wherever it is
desired to increase the transmission of light in devices requir-
ing conductor arrays for exciting selected electroresponsive
sites in an electroresponsive medium. The invention is particu-
larly applicable to multiple gas discharge display and/or
memory panels of the type disclosed in the aforementioned
Baker et al. application which are characterized by a gaseous
medium, usually a mixture of two gases, at a relatively high gas
pressure in a thin gas chamber or space between a pair of op-
posed dielectric storage members which are backed by con-
ductor arrays, the conductor arrays backing each dielectric
member being transversely oriented to define or locate a plu-
rality of discrete discharge volumes, each such volume, con-
ductor crossing and discrete dielectric storage area constitut-
ing a discharge unit or site. In some cases, the discharge units
may be additionally defined by a physical structure such as a
perforated glass plate and the like in registry with the
discharge sites. In both cases, charges (electrons and ions)
produced upon jonization of the gas at a selected discharge
unit or site or conductor cross-point when proper alternating
operating potentials are applied to selected conductors in the
arrays are collected upon the surfaces of the dielectric at the
discharge site and constitute an electrical memory.

The present invention, then, is concerned primarily with in-
dividual conductors per se, and configurations thereof, which,
while the material forming the conductors are normally non-
transparent, the unique configurations disclosed herein can ef-
fectively render the conductors substantially transparent so as
to permit greater quantities of light or radiant energy
produced during the discharge to exit through a viewing plate
of the panel and/or alternately permit light 1o pass through the
plate to condition the device for discharge or electrophoto-
graphic purposes. This is achieved in the present invention by
constituting the conductor of at least one conductor array by
at least a pair of parallel conductor elements with the
discharge being made more visible (that is not hidden behind
one of the electrical conductors effecting the discharge)
because the electrical field is commonly applied by two
spaced conductive elements forming a conductor which are
not congruent with a coacting conductor in an opposing con-
ductor array as seen by the observer. Furthermore, by con-
necting the conduction elements at their ends, and/or regular
intervals along the conductors (preferably not at a discharge
site), there is an increase in the probability that all of the con-
ductor lines of the arrays will be electrically conductive after
fabrication of the panel.

The above and other advantages and features of the inven-
tion will become more apparent from the following specifica-
tion when considered with the attached drawings wherein:

FIG. 1 is a diagrammatic illustration of a gas discharge panel
incorporating the invention and associated driving circuit;
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FIG. 2 is a cross sectional view taken on lines A—A of FIG.
1
FIG. 3 is a modification wherein both conductor arrays of a
display panel are formed in accordance with the invention;
FIG. 4 is a diagrammatic illustration of the invention as ap-
plied to the conductor array on the viewing plate of a display
device incorporating the invention and FIG. 4A is a cross-sec-
tional view thereof; and
FIG. § is a diagrammatic illustration of a further modifica-
tion of the invention.

GAS DISCHARGE PANELS

With reference to the drawings, FIGS. 1 and 2 diagrammati-
cally illustrate a gas discharge display/memory panel in which
glass support or plate members 10 and 11 have formed on
their opposing or facing surfaces conductor arrays 12 and 13,
respectively. Dielectric members or coatings 14 and 16 have
gas contacting wall surfaces for storage of charges (electrons
and ions) generated upon discharge (ionization) of individual
discharge units, respectively.

The surfaces 17 and 18 of dielectric members 14 and 16,
respectively are spaced apart by spacer sealant 19 to form a
thin gas chamber 20, Glass support or plate members 10 and
11 are sufficiently rugged to withstand the pressure of the gas
within space 20 and ambient pressure with a minimum deflec-
tion. In the disclosed panel there are no physical obstructions
or structures in the gas chamber and a plurality of discrete
discharges can occur within chamber 20 without detrimental
interaction to the display or memory function of individual
discharge units even though the conductors of the conductor
arrays are spaced no more than about 30 mils center to center
spacing. If desired for large panels spacer rods (not shown)
may be located parallel to and between a conductor pair of
one conductor array.

Individual discharge units or discharge sites may be turned
‘“‘on”’ (a sequence of momentary discharges on alternate half
cycles of applied alternating potential following an initial
discharge) and “‘off” (termination of the sequence) by many
different waveforms the simplest of which is sinusoidal voltage
waveform. Basically, the only condition other than the voltage
waveform is that the discharge unit be conditioned such that it
is responsive to the applied voltage and this may be done by
flooding the panel with ultraviolet light or other conditioning
techniques, as disclosed in the aforementioned Baker et al. ap-
plication, may be used.

In normal operation each conductor 12-1, 12-2...12-N of
conductor array 12 (which may be considered as row conduc-
tors) has applied thereto a sustaining voltage 30 from ad-
dressing interface-sustaining voltage circuits 31 and an op-
posite phase-sustaining voltage 32 is applied to conductors
13-1, 13-2...13-N of conductor array 13 (which may be con-
sidered as column conductors it being understood that the
designations of *‘row” and ““column” conductors being deter-
mined by panel orientation) on plate 11. Opposite phase-
sustaining voltages 30 and 32 as applied to conductor arrays
12 and 13 are of a magnitude which is insufficient to initiate a
discharge at any cross-point defined or located by conductor
crossings of the conductor arrays. As shown on the drawings,
the voltage 30 constitutes one half of the sustaining voltage
V2 and the voltage 32 applied to the conductors of conductor
array 13 constitute the other half of the sustaining (V,,).
When a firing voltage pulse is added to the sustaining voltages
applied to a selected conductor pair in both arrays the discrete
volume of gas between the crossing points of the conductors in
each array is ionized or discharged and charges (ions and elec-
trons) produced on such discharge are collected or stored on
the surfaces 17 and 18 of dielectric members or coatings 14
and 16, respectively. Electrons are drawn to and stored on
that discrete area of surface 17 under or in the shadow of the
crossing of the selected conductors having the positive poten-
tial thereon at that instant and ions are collected on the oppos-
ing discrete surface area having a negative potential at that in-
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stant. As described in the aforementioned Baker et al. applica-
tion these charges constitute an electric field opposing the ap-
plied field which created them and hence terminate the
discharge almost immediately and constitute an electric
memory. After application of the initial firing voltage, the
stored charges constitute an electrical field across the gaseous
medium, and aid in initiating the discharge on the next suc-
ceeding half-cycle of applied potential so that after an initial
discharge and formation of charges on the dielectric surfaces
at selected discharge sites the sustaining voltages 30 and 32
are sufficient to sustain the discharges thereafter. Light
production during the discharge is momentary there being two
flashes of light for each cycle of applied potential. “On” and
“off” conditions of the discharge units may be selectively con-
trolled by “on’" and “off” pulses added to the sustaining volt-
ages. A suitable frequency for the sustaining voltage is about
50 kHz. so once a sequence of discharges has been initiated
there will be approximately 100,000 flashes of light per
second.

CONDUCTOR ARRAYS ACCORDING TO THE
INVENTION

The present invention is concerned with improving the
transmission of light to and from the discharge site which is
the “shadow” area of two crossing conductors on the respec-
tive conductor array 12 and 13. In accordance with the inven-
tion, at least one of the conductor arrays has the conductors
thereof formed as a plurality of spaced-apart coplanar and
parallel conductor elements in such a way that when a
discharge occurs at a selected cross-point or discharge site an
observer can see more of the center of the discharge which
normally would be partially hidden by the conductor line. In
FIGS. 1 and 2, only the conductors in the array 12 on plate 10,
which is designated as the viewing plate, are constituted in this
fashion. Thus, conductor 12-1 is constituted by two conduc-
tor elements 12-1A and 12-1B and each conductor in con-
ductor array 12 is likewise constituted. In addition, the ter-
minal ends 40 and 41 of each conductor element pair in con-
ductor array 12 has conductive bridges 40B and 41B extend-
ing between the conductor elements 12-1A and 12-1B to pro-
vide alternate conductive routes for conduction in case a sec-
tion of a conductor element is discontinuous. Preferably, a
plurality of conductive bridges 43 bridging conductor ele-
ments 12-1A and 12-1B are provided at regular intervals so as
to provide a great variety of routes for conducting in case a
section of the conductive elements is discontinuous.
Moreover, as illustrated in FIG. 1, such conductive bridges 43
are preferably located at places or locations not overlying a
discharge site. Thus, conductive elements 43 are to the sides
of or interspersed between discharge sites.

_In this way, conductive bridges 43 may be relatively large
‘circular dots as indicated at 44. In effect, each conductor
12-1, 12-2...12-N is constituted by a ladderlike element in
which the spaces between “rungs’ (bridges 43) permit light to
pass through the panel more effectively as indicated by the
arrow of 46. At the same time, by constituting the conductors
of the conductor arrays by at least a pair of conductive ele-
ments connected electrically in parallel radiant energy from
exterior of the panel may, if desired, may be passed more effi-
ciently to the interior of the panel as for purposes of condi-
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light pen, for example. As shown in the above-mentioned
Baker et al. application, such panels may be conditioned for
uniform operation by maintaining at one or more discharge
units in a ‘“‘fired” condition or by directing radiant energy,
such as ultraviolet, to the gas in the panel which creates a
supply of free electrons necessary for initiation of a discharge.
Although, only two conductor elements are shown for each
conductor in an array, it will be appreciated that there may be
more than two conductor elements constituting a single con-
ductor in.an array. It should also be noted that the conductor
elements of a set are coplanar, although, at each discharge site
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there may be a discharge between each conductor element
and the opposing conductor elements or conductor on the op-
posite conductor array, particularly where the conductor ele-
ments are widely separated, such is deemed to constitute a sin-
gle discharge for purposes of this invention.

FIG. 3 illustrates diagramatically a modification wherein
conductors 12-1...12-N and 13-1...13-N in conductor arrays
12 and 13 are constituted by parallel conductive elements,
respectively. The embodiment shown in FIG. 4 is similar to the
embodiment shown in FIGS. 1 and 2. However, in this in-
stance, as shown in the cross-sectional view of FIG. 4-A, the
conductive elements of a set constituting conductor in a con-
ductor array may be wires 50 (1-2 mil) instead of being
printed and fired conductors as is the case with the embodi-
ment shown in FIGS. 1 & 2. In this case, it is only necessary to
apply a conductive bridge to the exposed terminal ends of the
conductors.

The conductor elements 12-1A, 12-1B, 12-2A, 12-2B as
well as conductive bridge elements in 43 may be printed in ac-
cordance with the printing methods and apparatus disclosed in
my U.S. Pat. Application Ser. No 796,797 filed Feb. 5, 1969.
Thus, the individual conductor elements B after having first
translated the printing member with respect to the plate 10 or
11 being printed upon. Finally, the conductive bridges 43 may
be printed as dots of conductive material between and
touching the conductor elements A and B, it being understood
that the conductive bridges may be printed in as many places
at regular intervals and in one or more printing steps, as
desired.

By use of the printing methods and apparatus disclosed in
my aforementioned patent application, conductive lines 1 to 2
mils in width (and larger if desired) may be printed with a
spacing between conductive elements A and B of about 1 mil
to thus approximately equal a conductor line printed by silk
screen processes where the conductor line may have a width
of approximately 6 mils. Other dimensional parameters of a
typical panel incorporating the invention are plates 10 and 11
being 1/4 inch plate glass (250 ); dielectric coatings 14 and 16
being one to two mils; spacing between surfaces 17 and 18 of
dielectric coatings 14 and 16, respectively being between 4
and 6 mils (and at least under 10 mils) and the effective
center-to-center spacing between conductor elements 12 and
13 being about 30 mils (the “‘center” of the “conductors”
being half the spacing between conductor elements A and
conductor elements B). In a 4-inch display area, there will be
approximately 33 conductors per lineal inch and hence, ap-
proximately 18,000 discharge sites defined by the crossing
points of conductor array 12 and 13.

Since many widely different embodiments of the invention
may be made without departing from the spirit thereof, it is to
be understood that the invention is not limited to the specific
embodiments disclosed herein except as defined in the ap-
pended claims.

1. In a multiple discharge gas discharge device in which a
gas discharge medium is confined between a pair of dielectric-
coated conductor arrays and selected discharge sites within
the gas medium are excited by electrical potentials applied
between at least one conductor in one of said arrays and at
least one conductor in the other of said arrays, the crossing
point of said conductors locating a selected discharge site, the
improvement in said conductor arrays comprising,

each conductor of at least one of said conductor arrays

being constituted by a pair of electrically conductively
connected parallel conductor elements, each conductor
element of a said pair being spaced from the other con-
ductor element in its said pair to permit radiant energy to
pass therebetween.

2. The invention defined in claim 1 including a plurality of
conductive bridges between each conductor elements of said
pair.

3. The invention defined in claim 2 wherein said conducive
bridges are at least at both ends of the conductive-elements of
a pair.



3,603,836

5

4. The invention defined in claim 2 wherein said conductive
bridges are at regular intervals along the length of the conduc-
tive elements of each said pair, respectively.

5. The invention defined in claim 2 wherein said conductive
bridges are at least at both ends of the conductive elements of
each said pair and at regular intervals between the ends.

6. The invention defined in claim 5 wherein said regular in-
tervals are between selectable discharge sites defined by said
crossing points of said conductor arrays.

7. The invention defined in claim 1 wherein the conductors
in one of said arrays are constituted by a single conductor ele-
ment, said single conductor element having a width which is
wider than individual conductor elements in said pair.

8. The invention defined in claim 1 wherein each conductor
in the other of said conductor array is constituted by at least a
pair of conductor elements, each conductor element of a pair
being spaced from the other conductor elements in its pair to
permit radiant energy to pass therethrough.

9. In a multiple discharge as panel in which a pair of non-
conductive plates are spacedly joined to define a hermetically
sealed, thin gas chambers, a gas medium under pressure in
said chamber, at least one of said plates being transparent,
transversely oriented conductor arrays on opposed surfaces of
plates and thin dielectric members on said conductor arrays,
at least the dielectric member on the conductor array on said
at least one transparent plate being transparent, means for
supplying operating potentials to said arrays, respectively, ef-
fecting multiple discharges within the gas chamber between
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cross-points of selected conductors of said arrays and sustain-
ing and terminating discharges once initiated, improvements
in the conductor of said conductor array on said at least one
transparent plate comprising,

each conductor being constituted by a group of electrically

conductively connected conductor element, each con-
ductor element of a group being spaced from other con-
ductor elements of the group to permit radiant energy to
pass therethrough.

10. The invention defined in claim 9 wherein each conduc-
tor in the other conductor array is wider than a conductor ele-
ment wherein the overall width of a group of conductor ele-
ments is substantially equal to the width of said each conduc-
tor in the other conductor array.

11. In a device in which an electroresponsive medium
between a pair of orthogonally related conductor arrays is
excited at selected sites thereof by applied electrical potentials
between at least one conductor in one of said arrays and at
least one conductor in the other of said arrays, the crossing
point of said conductors locating the selected site, the im-
provement in said conductor arrays comprising,

each conductor of at least one of said conductor arrays

being constituted by a pair of electrically conductively
connected parallel conductor elements, each conductor
element of a pair being spaced from the associated con-
ductor element in its pair to permit radiant energy to pass
therebetween.
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