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ABSTRACT: Color plasma display panels are produced by
selectively applying, by cataphoretic deposition, predeter-
mined phosphors to certain conductors carried on the inner
faces of panel walls, and other phosphors to other conductors.
The panel walls are positioned in spaced-apart relationship
with the conductors in mutually orthogonal relationship, and a
gas chamber formed that includes the inner faces of the panel
walls. The cells of the resultant plasma display panel will ex-
hibit either multiple or single color effects during operation.
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METHOD OF PRODUCING AN OPEN CELL COLOR
PLASMA DISPLAY DEVICE

BACKGROUND OF THE INVENTION

The present invention relates generally to methods of
fabricating gaseous or plasma display panels, and more par-
ticularly to improved methods of fabricating single or mul-
ticolor displays of the gaseous discharge or plasma type, and
the panels produced thereby.

Recent events in the field of displays have led to the
development of so-called gaseous or plasma display panels.
One such display panel is shown, for example, in Electronics
Vol. 41, No. 15, dated July 22, 1968 at page 39. That display
panel is a three-layer glass sandwich, with a center layer hav-
ing rows of holes filled with ionizable gas. The outer layers are
transparent, and electrodes or conductors are arrayed in
orthogonal relationship in overlapping registry at each of the
holes. As noted in the above article, a current applied between
the conductors to the gas changes it to plasma and causes it to
light up. A “‘wall voltage” effect provides each cell with an in-
herent memory that enables the panel to be used either in a
display or'a memory system, or both. :

It is well known that phosphor color presentations are useful
in enhancing the efficiency of displays by providing more ef-
fective information coding and generally giving more contrast
for human discrimination. There are certain known ways of
providing the aforementioned plasma display panels with
color capability. For example, it is known that phosphor can
be placed by conventional techniques such as gravity settling
inside each hole in the center layer of the panel or upon the
exterior thereof. The gravity settling technique in depositing
phosphor is generally satisfactory for such applications as
cathode-ray tube screens where there is an aluminum backing

_that prevents pin holes or unevenness in the phosphor from
presenting a problem, and where the precise thickness of the
phosphor layers is not a major consideration. However, the
gravity settling technique is grossly inefficient and costly when
applied to plasma display panels due to the complexity of the
deposition, the inefficiency since the phosphor thickness can-
not be precisely controlled, and the general inability to pro-
vide an easy means of selectively applymg different phosphors
to di{ferent electrodes.

Accordingly, it is an object of the present invention to pro-
~ vide an improved method of producing color plasma display
panels. ]

It is another object of the present invention to provide a
simple, yet efficient method of producing a single or mul-
ticolor plasma display panel and the panels produced thereby.

SUMMARY OF THE INVENTION

In accordance with the preferred embodiment of the inven-
tion, a colored gaseous or plasma display panel is produced by
initially selectively applying a preferred phosphor by
cataphoretic deposition on preselected conductors carried on
the inner faces of first and second panel members. Thereafter,
other preferred phosphors are, if desired, selectively applied
by cataphoretic deposition on other conductors of the first
and second pane! members. Preferably, the anode used during
the cataphoretic deposition step closely physically resembles
the cathode; i.e., the conductors carried on the panel mem-
bers. The panel members are then positioned with their inner
faces in close proximity, and with the electrodes in mutually
orthogonal re!ationship A chamber is then produced that in-
cludes these inner faces. A suitable ionizable gas is then in-
troduced into that chamber to complete the panel.

This method is quite advantageous, since it permits the ap-
plication of selected phosphors to different conductors in a
simple yet effective manner. To achieve this would otherwise
be a costly and time-consuming matter. Further, if desired,
one selected color phosphor may be applied by this method to
all the conductors of the panel in one application. It is be-
lieved that this technique will make the production of color
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plasma displays relatively inexpensive, and probably competi-
tive with those panels that do not presently have color capa-
bility.

In accordance with another aspect of the present invention,
an open cell color plasma display panel is produced. That
plasma display panel has first and second substantially trans-
parent platelike members defining the major walls of the
discharge chamber. Carried on the inner surfaces of the
plates, and laying at least substantially within the chamber, are
conductors that are positioned in- orthogonal relationship.
Each of the conductors on at least one of the plates has an ex-
tremely thin coating of cataphoretically deposited phosphor
thereon. The phosphor acts to insulate the conductors from
the gas within the chamber and also to produce a color when
activated, thereby provndmg the display panel with color capa-
bility.

BRIEF DESCRIPTION OF TH E DRAWINGS

FIG. 1 is a cross-sectional view through a plasma display
panel of the type known to the prior art;

FIG. 2 is a view similar to that of FIG. 1 showing the plasma
display panel of the present invention;

"FIGS. 3, 4 and § show, in schematic form the preferred
method of this invention for producing plasma display panels
by cataphoretic deposition of phosphors onto the conductors
of the display panel wall members; and

FIG. 6 is a simplified perspective view of the preferred
anode used during cataphoretic deposition.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Prior to discussing the preferred embodiment, reference
should be made to FIG. I which shows the plasma display
panel 1€ of the type known to the prior art. It will be noted
that the plasma display panel 10 comprises a glass sandwich
including outer transparent glass insulators or plates 12 and 14
and an inner glass member 16 having a plurality of cells 18
provided therein. The cells or holes 18 in member 16 are ter-
minated at their ends by the inner surfaces of the plates 12 and
14 and contain a suitable ionizable or discharge responsive
gas. Conductors or electrodes 20 and 22 are arranged along;
mutually orthogonal reference axes and secured to respective
outer surfaces of plates 12 and 14 so that they are exterior to
the volume defined by the cells when the panel is dissembled.
In operation, an AC voltage is applied between a pair of these.
external conductors, and the particular cell at the intersection
of the corresponding conductors is discharged. The gas used
in the cell may be a 95 percent neon and 5 percent nitrogen
mixture or the like, and a sinusoidal voltage of approximately
700 volts peak-to-peak at a repetition time of approximately
100200 microseconds is applied to fire the display.

As known in the prior art, and explained in greater detail in
an article entitled “The Plasma Display Panel—A Digitally
Addressable Display With Inherent Memory” by Bitzer and
Slottow, published in the proceedings of the 1966 Full Joint
Computer Conference, Volume 29, pages 591—547, and the
references thereto, the theory of operation of the plasma cell
10 is based upon so-called “wall charges.” These wall charges
have a “memory” that permits sustaining signals that are
lower than initial firing signals to discharge a cell when a wall
charge is built up. The wall charge is a phenomenon whereby
electrons and positive ions collect on the walls of the cell when
the gas discharges, thereby providing the cell with an inherent
memory. It is known that the external conductors or elec-
trodes 20 and 22 will cause such charges to appear on the
walls of the cell 18 in the prior art apparatus of FIG. 2.

In accordance with the present invention, there is provided
a so-called “open cell” plasma display panel 30 in which the
wall charges collect on nonconductive walls adjacent selected
conductors or electrodes, for example, conductor groups 32
and 34 shown in FIG. 2. In the plasma panel 30 of FIG. 2,
there are outer. platelike panel walls or members 36 and 38
comprising the major walls of a gas cell 40. The gas cell is
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completed by an insulating wall 42 that extends between the
panel walls 36 and 38 about their periphery. In the preferred
embodiment, there are a plurality of the conductors or strip
34a of group 34 arranged in generally parallel relationship on
the inner face of panel member 38 within the gas cell 40.
Another plurality of conductors or strips 32a of group 32 are
arranged in generally parallel relationship on the inner face of
panel 36 and are also within the gas cell or chamber 40.

As will be seen in FIG. 2, the conductors of groups 32 and
34 are in mutually orthogonal relationship. As will also be
seen in that figure, each of the conductors is covered with a
thin coating, which in the preferred embodiment is a
cataphoretically deposited phosphor layer or coating 44. The
coating 44 on each of the conductors serves several functions;
e.g., to provide insulation between the conductors and gas
within cell 40, to enable the collection of wall charges in ac-
cordance with the operation of such devices, and to provide
the display panel 30 with color capability.

Regarding the first function of the coatings 44, i.e., to pro-
vide insulation between the conductors and the gas, it is
known that internal conductors in the open-cell-type plasma
panel construction must be insulated from the gas within the
cell. This is because in the absence of such insulation, one of
the sets of conductors would deposit onto the other set, much
as in the manner as the well-known sputter deposition
technique. Regarding the color giving function of the
phosphor, it is important that the coatings 44 be uniform and
even in order to give uniform illumination when excited. In
this regard, it is believed that excitation of the phosphor coat-
ing 44 in the present embodiment occurs by photoexcitation.
The gas mixture in chamber 40 is preferably a neon-nitrogen
mixture in a 90-10 percent proportion at 150 Torr pressure.
When the gas breaks. down during operation of the plasma cell
30, uitraviolet light is given off, causing the phosphor coatings
44 to luminesce. It is also possible, however, that a heavier gas
than the above mixture may excite the phosphor by molecular
bombardment. In addition, a very thin phosphor coating (e.g.,
in the order of 5 microns thick in the exemplified embodi-
ment) is most desirable since it was found that a thinner coat-
ing has less resistance and will age slower than a thicker coat-
ing. Further, as mentioned above, the coatings 44 must be free
from pinholes to prevent sputter deposition of the conductors
32a or 34a during operation of the panel 30. The cataphoreti-
cally deposited coatings 44 meet all these requirements. Thus,
a cataphoretically deposited coating of phosphor may be
precisely controlled as to thickness, is uniform and even, and
is substantially free from pinholes or discontinuities.

In operation, the panel 30 permits individual cell or location
selectively by application of approximately 800 volts AC
(peak-to-peak) across orthogonally arranged conductor
groups 32 and 34. The gas molecules break down at the inter-
section of a selected conductor or conductors from each of
groups 32 and 34. Adjacent locations are not fired or ener-
gized at such time, however, due to insufficient voltage to

achieve breakdown. Reference should be made to the afore-:
mentioned Bitzer and Slottow article and reference for addi-

tional details relative to theory of operation. In practice, the
walls 36 and 38 are spaced so that there is approximately 8 to
10 mils between the groups of conductors 32 and 34. Thus,
the field strength for the exemplified embodiment is approxi-
mately 10 volts/cm. Further, the conductors 32 and 34 them-
selves are approximately 10 mils in width in the working area,
designated 31, of the display panel, with approximately 10
mils spacings therebetween to effect relatively high resolution.
A working area ranging from a single character (or 0.025
square inch) to multiple characters is possible.

Reference should now be made to FIGS. 3 through 6 for the
preferred method of fabrication of the panel 3. Initially,
suitable transparent conductive material that will withstand a
phosphor suspension, such as tin oxide, is deposited on one
face of the glass walls 36 and 38 to form the conductive groups
32 and 34. Preferably, the front wall of the display 30, in the
exemplification wall 36, has a highly polished or mirror quality
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inner face or surface at the working area. The conductor
group 32 is deposited onto this inner face.

A solution of tin chloride and methanol, doped with an-
timony-trichloride, is prepared. The solution is chemically
deposited onto the glass wall members 36 and 38 by initially
heating the members to approximately 425° C., and spraying
the above solution through a mask in the presence of a water
vapor atmosphere. The chemical deposition of tin oxide is
achieved by a chemical interaction of the vapor as explained,
for example, in U.S. Pat. No. 2,732,313. The. conductor
groups 32 and 34 are formed in this fashion. The preferred
thickness of the conductors is approximately 3,000 A., and the
preferred width and spacing are respectively 10 mils by 10
mils,

Referring now specifically to FIG. 3, one of the wall mem-
bers, for example, wall member 38 having the conductors 34a
thereon is placed in a suitable container 50. In the container is
a phosphor suspension 52, which may, for example, be a zinc
cadmium sulfide silver activated phosphor commonly known
as “P-20.” The suspension is prepared by adding elutriated
fine particles of phosphor, approximately 1 to 2 microns in
diameter, to an ethyl alcohol vehicle that contains 5 percent
water (by volume) and 10" mols per liter of thorium nitrate.
The suspension is formed by addition of the ingredients and
agitation for approximately 30 minutes by milling, stirring or
vibration. With the wall member 38 in the suspension 52, the
anode member 60 (FIG. 6) is introduced therein also. The
anode member 6@ has conductors 62 thereon that closely
physically resemble the conductors 34a forming group 34 in
shape, size and spacing. This will permit a uniform field across
the conductors (anode and cathode) during cataphoretic
deposition, without field scattering, resulting in direct migra-
tion of phosphor particles from the suspension to the conduc-
tors 34a and hence, a uniform even coating, free from pin
holes.

Selected conductors from group 34 such as 34A and 34B
are connected to the negative terminal of a suitable DC
source, and the anode member 60 is connected to the positive
side of the DC source. The phosphor coatings 44 are
cataphoretically deposited in this manner over the electrodes
34A and 34B to a desired thickness. For example, with the
above noted suspension being used, at a field strength of ap-
proximately 50 volts per centimeter, a 4 micron thick
phosphor coating 44 may be coated onto the conductors 34A
and 34B in approximately 1.5 minutes. It will be noted that the
conductors 34C and 34D of group 34 that are not connected
to the DC source do not receive a coating at this time.

Referring now to FIG. 4, it will be seen that the wall
member 38 is now placed in a suspension 54, that may be a
phosphor of another color, prepared in the same manner as re-
lated above. For example, the suspension 54 may be a zinc sul-
fide silver activated phosphor, commonly known as “P-11.” It
will be again noted that the conductors 34C and 34D, that
were not connected to the DC source when in suspension 52,
did not receive a coating. Thus, when placed in the suspension
54, these conductors 34C and 34D are connected to the
source and cataphoretically coated with phosphor of another
color. Of course, it will be realized that in actual practice, the
panel wall members 36 and 38 will have many more conduc-
tors than the four conductors shown in FIGS. 2, 3 and 4. It will
be appreciated that the problem of applying different colored
phosphors to many small conductors would be exceedingly
difficult by known methods, whereas it is rather simple by the
present invention. It will be realized, of course, that if all the
conductors 34a on panel 38 were to be coated with the same
color phosphor, this could be accomplished merely by con-
necting all the conductors to the DC source when in suspen-
sion 52. Further, it should be noted that a third or more dif-
ferent phosphor coatings may be applied to the conductors in
the same fashion as indicated in FIGS. 3 and 4. In this regard,
a wall member 38 has been fabricated with many conductors
34a, alternately coated with green, blue and red phosphor
coatings 44.
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Referring now to FIG. § the wall member 36 is shown in a
suspension 58 in-a.container 70. The conductors’comprising
group 32 on. this wall member receive cataphoretically

- deposited phosphor coatings in the same manner as described
above, using an anode member similar to member 60 (not il-
lustrated) that closely physically résembles the conductor
group 32.. -

When the conductor groups 32 and 34 have received their
cataphoretically applied phosphor coatings 44, the wall mem-
bers 36 and 38 are positioned. with their inner faces in close
proximity, and the chamber or gas cell formed by positioning
spacers 72 and 74 therebetween. As mentioned above,
preferably the conductor groups 32 and 34 are located ap-
proximately 10 mils apart at this time. The spacers are
retained and the wall 42 formed to complete and seal the
chamber in a known manner, as by using an epoxy resin sealer
or the like. The chamber 40 is then evacuated, for example, by
drilling a hole through either panel wall member 36 or 38 and
drawing a vacuum. After evacuation, a suitable gas such as a
mixture comprising 90 percent neon and 10 percent nitrogen
is introduced into the chamber to complete the fabrication of
the panel 30.

While the preferred embodiment of the invention was
described above, it will be apparent to those skilled in the art
that certain alternatives may be introduced in the practice
thereof. For example, the conductor groups 32 and 34 may al-
ternately be indium oxide sprayed upon the panel walls 36 and
38 in accordance with the above-described method. It will be
appreciated also that other thin transparent conductors may
be used, such as titanium oxidé€ or the like. In addition, while
the conductors of group 34 (i.e., the conductors on front
panel wall 36) should preferably be transparent since the
panel 30 is viewed from the front, it is not essential for the
conductors of group 34 to be transparent. It may also not be
necessary for the conductors of both of the groups to have
phosphor coatings 44 thereon, and other suitable insulators
such as glass may be applied thereto, since the color imparted
by the phosphor coatings on the other group may be sufficient.

While the invention has been particularly’ shown and
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| 6
described with reference to preferred embodiments thereof, it
will be understood by those skilled in the art that the foregoing
and other changes in form and details may be made therein
without departing from the true spirit and scope of the inven-
tion.
We claim:
1. A method of producing an open cell color plasma display
panel, comprising: ) '
applying a plurality of conductive strips in predetermined
patterns on-first and second generally transparent panel
walls; ’
providing a first suspension containing phosphor particles of
* afirst color and a second suspension containing phosphor
particles of a second color;
placing in the first suspension at least one of the first and
second panel walls and at least one electrode member
having a plurality of conductive strips arranged in a pat-
tern that closely physically resembles the predetermined
pattern of conductive strips on the at least one panel wall;
cataphoretically depositing phosphor coatings on selected
ones of the plurality of conductive strips on the at least
one panel wall;
placing said one of the panel walls in said second suspension
and cataphoretically depositing phosphor coatings on
other of said conductive strips;
forming a chamber including the panel walls as the major
sides thereof, with the coated portions of the conductive
strips lying within the chamber; and ’
introducing within the chamber a suitable discharge respon-
sive gas.
2. The method set forth in claim 1 including:
placing in the suspension the other of the panel walls and
another electrode member having a plurality of conduc-

tive strips arranged in a pattern that closely Ehysically
resembles the predetermined pattern on the other of the

panel walls; and

cataphoretically depositing phosphor coatings on at least
portions of the plurality of conductive strips on the other
panel wall.



