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(54) ELECTROLUMINESCENT DISPLAY PANELS

(€AY We, WESTINGHOUSE ELECTRIC
CorPORATION of Westinghouse Building,
Gateway Center, Pittsburgh, Pennsylvania,
United States of America, a company

5 organised and existing under the laws of
the Commonwealth of Pennsylvania,

United States of America, do hereby de-

clare the invention, for which we pray that

a patent may be granted to us, and the
10 method by which it is to be performed, to

be particularly described in and by the fol-

lowing statement: —

This invention relates to electro-
luminescent display panels. In such panels,

15 an X-Y array of display elements or cells,
are provided upon an insulated substrate,
and are interconnected together to produce
a large area flat panel display which is
substitutable for a cathode ray tube. Each
of the display elements of the array com-
prises integral thin film transistor switching
and control circuit elements, which are
used to selectively address specific areas of
the planar electroluminescent phosphor
layer which is excited to produce light
output in a display pattern.

Such an electroluminescent display panel
is described in copending application No.
46911/76, Serial No. 1563243. As described
in the copending application, the electro-
luminescent display panel is fabricated by
vacuum depositing sequential layers of
selected materials to form the X-Y array of
display elements on an insulative substrate.
Each display element covers an equal area
of the panel, and a substantial portion of
‘the area of the display element is occupied
by the individual thin film circuit elements
and particularly by the requisite spacing
40 between such elements to prevent un-

wanted electrical interaction between the

elements. For high resolution applications
the physical size and area of this display
element must be reduced, and this further
45 increases the percent area of each display
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element taken up by the thin film circuit
elements as opposed to the electrode. This
electrode is the only portion of the display
element which actually excites the electro-
luminescent phosphor which is disposed 50
uniformly over the panel. The actual size
of the thin film cirfcuit elements cannot
readily be reduced because of the need to
maintain desired electrical characteristics.
This is particularly true with respect to the 55
storage capacitive element which is re-
quired in one embodiment of the address-
ing circuit utilized for such an electro-
luminescent display panel. In order to
achieve a large enough capacitive value for 60
this storage capacitor, its effective area is
relatively large.

In the above described copending appli-
cation, a technique for effectively isolating
the electroluminescent phosphor layer from 65
the thin film circuit elements and the drive
signal buses is set forth. A laminated
photo-polymerizable layer is provided over
such thin film circuit elements and the
signal buses to thus effectively isolate the 70
electroluminescent phosphor from these
electrical components. This laminated
photo-polymerizable layer is applied in a
relatively thick layer with the photo-poly-
merizable insulative layer being selectively 75
removed from the areas over the electrode
to permit contact of such electrode with
the phosphor layer which is then deposited
over such electrodes and over the insula-
tive polymerized portions which cover the 80
thin film circuitry and signal bus elements.

The brightness and resolution of such
electroluminescent display panels has been
limited by the effective area of the electro-
luminescent phosphor layer which is in 85
contact with and excited by individual
electrodes. Till now this lit area has been
about fifteen percent of the panel area. It
is, therefore, highly desirable that the elec-
trodes be extended to cover a greater area 90
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of the total panel area.

According to the present invention an
electroluminescent display panel comprises
an X-Y array of display elements each of

5 which comprises integral thin film trans-
istor switching and control circuit elements
disposed on an insulative panel substrate
and interconnected by drive signal buses,
and each display element including an in-

10 dividual electrode disposed on the sub-
strate, with an electrically insulative poly-
merized layer over the thin film elements
and the signal buses, with an electro-
luminescent phosphor disposed over the en-

15 tire panel area in contact with the indi-
vidual electrodes and over the insulative
polymerized layer, the individual electrodes
extending from the insulative substrate and
covering a substantial portion of the in-

20 sulative polymerized layer.

The inventon also includes a method of
fabricating an electroluminescent display
panel comprising a thin planar insulating
substrate having an X-Y array of display
elements thereon each of which display
elements includes integral thin film trans-
istor switching and control circuit elements
disposed on the insulating substrate and
interconnected by drive signal buses with
an electrically insulative polymerized layer
disposed over the thin film circuit elements
and drive signal buses, and each display
element including a plural level electrode
disposed on the insulating substrate and ex-
tending over the insulative polymerized
layer, with an electroluminescent phosphor
layer disposed over the entire panel area
in contact with the electrodes, which
method comprises:

(a) depositing the interconnected thin
film circuit elements, signal buses and first
level electrodes in sequence as an X-Y
array on the planar insulating substrate;

(b) applying a relatively thick insulative
photo-polymerized layer over the entire
panel side on which the thin film circuit
elements are disposed;

(¢) directing photo-radiation through the
substrate to photo-polymerize exposed areas
of the photo-polymerizable layer which are
not shielded by the opaque first level elec-
trode and by the opaque thin film cir-
cuitry and buses, with the photo-poly-
merized area of the layer against the first
level electrode at the bottom surface of the
photo-polymerizable layer exceeding the
area that is photo-polymerized at the upper
surface of the layer so that a generally in-
verted conic unpolymerized layer portion
extends above each first level electrode;

(d) disposing an opaque photomask over
the layer aligned with each first level elec-
trode, with the opaque photomask area ex-
ceeding the first level electrode area and
65 approximating the area of the unexposed
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upper surface above the first level electrode;

(e) exposing the layer to photo-radiation
directed from above the photomask to
photo-polymerize the unexposed portion of
the layer except for the area covered by 7¢:
the photomask;

(f) removing unpolymerized portions of
the layer;

(g) vacuum depositing conductive metal
electrodes over the insulative photo-poly- 75
merized layer to form the second level
electrode portions and the connecting elec-
trode portions which extend down to and
contact the first level electrode portion;
and 80

(h) depositing an electroluminescent
phosphor layer on the conductive metal
electrodes and connecting electrode por-
tions and onto the insulative photo-poly-
merized layer between the spaced electrode
portions.

The electroluminescent display panels
thus have a structure in which the indi-
vidual electrodes are extended over a sub-
stantial area of the total display panel. De- 90
sirably, the individual electrodes comprise
a multi-level electrode with a first level
electrode portion disposed on the insulative
substrate, and with a second level electrode
portion disposed on the insulating poly- 95
merized layer, with a connecting electrode
portion extending between the first and
second level electrode portions.

The effective lit area and brightness of
the panel can thus be greatly increased, 100
with a recent panel lit area being greater
than about seventy percent of the panel
area.

In order that the invention can be more
clearly understood, convenient embodi- 105
ments thereof will now be described, by
way of example, with reference to the
accompanying drawings in which:

Figure 1 is a schematic representation of
electroluminescent display panel of the pre- 110
sent invention connected to the drive
means;

Figure 2 is a cross-sectional view through
a portion of the panel which illustrates the
multi-level electrode structure of the panel 115
of the present invention,

Figure 3 is an enlarged schematic repre-
sentation of the display element array pat-
tern illustrating the thin film circuitry of
the display panel;

Figure 4 is a schematic illustration of a
fabrication technique utilized in fabricat-
ing the panel of the present invention;

Figure 5a is an illustration of the edge
structure of the photo-polymerized layer 125
when fabricated using prior art technique:

Figure 5b is an illustration of the edge
pattern of the photo-polymerized layer
when fabricating using the method of the
present invention as illustrated in Figure 4. 130
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The electroluminescent display panel 10
is seen schematically in Figure 1 connected
to operative drive circuitry. The display
panel 10 comprises a planar insulating sub-

§ strate 12 upon which are disposed thin film
circuit elements 14 which are arrayed as
X-Y rows and columns of individually ad-
dressible and controllable display elements
which are interconnected by addressing

10 and drive signal buses 16, 18 and 20. The
basic thin film transistor circuit and method
of fabrication is set forth in the copending
application discussed above. Each display
element as seen more clearly in Figure 3

15 includes a switching transistor T;, a drive

transistor or power transistor T,, and a

storage capacitor C,. The video signal im-

pressed on the X; bus from analog video
register 22 and line write scan means 24 to
which the video signal is fed through
switching transistor T, when the appro-
priate addressing signal is present on switch-
ing bus Y; turning in transistor T, to charge
the storage capacitor C, to a voltage level
which is indicative of the video signal. The
switch blues Y; are individually con-
nected to vertical scan driver 26. A high
frequency power supply 28 is connected to
a common light transmissive, top electrode
above the electroluminescent phosphor to
actuate the phosphor. When all of the capa-
citors C, in a given line are charged with
the video signal a gate signal is applied to
the gate of transistor T; turning T, on, and
permitting application of the high fre-
quency display power signal across the
electrodes and the EL phosphor layer.
The thin film transistor circuit elements
T, T, C, and the information signal,
switching signal and power signal buses are
deposited in successive stages as thin films
of the respective materials with appropriate
insulation layers provided thereover upon
the substrate 12. A first level electrode por-
tion 30 is deposited directly upon the in-
sulating substrate 12 during one of the
metal vapor deposition stages. The partially
fabricated panel is thereafter removed from
the vacuum system and a photo-polymeriz-

50 able layer is pressed over the entire panel

area. The -applied photo-polymerizable
layer is an insulating material which can be
polymerized in place upon exposure to the

_ photo-radiation. A suitable photoresist is
55 “Riston”, a DuPont trademarked material.
This polymerized insulator layer 32 is a
relatively thick layer typically being about

1 mil in thickness to effectively insulate
the thin film circuit elements and the

60 various buses from the electroluminescent
phosphor layer 34 which covers the entire
panel. It has been the practice to merely
contact the first level electrode 30 with the

~ phosphor material. Thus, only that portion

65 of the electroluminescent phosphor layer
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directly above the electrode deposited on
the substrate was actually excited to
luminescence. A common top electrode 36,
which is light transmissive, is disposed atop
the top of the phosphor layer 34. This
common electrode 36 is connected to the
power supply 28. A glass face plate 42 may
be provided over top electrode 36. The in-
sulating polymer layer 32 covers all of the
thin film circuit components except the
first level electrodes 30. Apertures are pro-
vided in this polymer insulating layer 32 by
a further resist technique described here-
after to expose the first level electrodes.
In these cross-sectional views, the relative
dimensions of the layers is greatly exag-
gerated for ease of description. ’

In order to further expand the active area
of the electroluminescent phosphor a
second level electrode 38 is deposited atop 85
the polymer insulator layer 32. This second
level electrode 38 is generally planar and
parallel to the first level electrode. A con-
necting electrode portion 40 electrically
connecting the first level electrode and the 90
second elevel electrode is deposited along
the slope of the polymer insulator layer 32
the edges of the aperture which is opened
in the polymer insulator layer against the
electrode 30. The first level electrode por- 95
tion 30 is a generally rectangular pad which
occupied a portion of the area of each
unit display element. The apertures which
are formed in the polymer insulator layer
32 are rectangular and have a generally
inverted cone cross section, i.e., the aper-
ture area is smaller at surface of the first
level electrode 30 than it is at the top sur-
face of the layer 32. A gradual inward
sloped edge is thus formed in layer 32 at 105
each said aperture above each electrode 30.
The electroluminescent phosphor layer 34
is then deposited over the entire display
panel in contact with the first level elec-
trode 30, the second level electrode 38 and 110
the connecting electrode portion 40, so
that a greatly increased area of phosphor
for a given display element is activated.
This greatly improves the brightness level
of the panel. The individual electrodes can
thus cover a substantial portion of the total
area of the display panel, with the only area
of non-coverage being the requisite spacing
between adjacent edges of the individual
electrodes. In achieving about seventy per-
cent lit area the spacing between electrodes
was about 8 mils, this spacing can be re-
duced to about 2-3 mils to further increase
the electrode area and the lit area of the
panel.

The fabrication of the multi-level elec-
trode structure in the display panel of the
present invention involves careful attention
in deposition of the connecting electrode
portion 40 to ensure a continuous, large 130
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area electrode made up of the first level
and second level and connecting electrode
portions. The thickness of the photo-poly-
merizable insulating layer 32 presents  a
5 problem in that when the photo-polymeriz-
able material is exposed to photo-radiation
with a mask imposed over the first elec-
trode area when the apertures are formed
over the electrodes 30 an edge effect is pro-
10 duced at the edge of the mask due to dif-
fraction or scattering of the photo-radiation
to produce what after developing of the un-
exposed area and forming of the aperture

44 is an overhang of polymerized material
15 at the upper surface of layer 32 as seen in
Figure 5a. The formed aperture 44 has a
smaller area at the upper surface of layer
32 than at the bottom surface. This
overhang of photo-polymerized insulating
material is undesirable in that it impedes
deposition of an effective connecting elec-
trode portion 40. This is because the metal
layer which is vacuum deposited as the
connecting electrode portion 40 is done by
a line of slight vacuum deposition, and the
overhang of photo-polymerized material
prevents deposition of the metal in this
overhang area. The edge of the photo-
polymerized insulator adjacent the first
level electrode desirably has a gradual slope
as seen in Figure 5b where the aperture
46 has the desired sloped edges with the
aperture area at the upper surface of layer
32 exceeding the aperture area at the
bottom surface to thereby permit line of
sight metal deposition on these edges. The
second level electrode 38 is vapor deposited
at the same time as connecting electrode
portion 40 atop the top planar surface of
the photo-polymer insulator layer 32. The
individual electrodes are preferably formed
of aluminium which is vacuum deposited
to a thickness of about 1500 Angstroms in
forming such electrodes. The first level
portion 30 may be thicker than the second
level portion 38 and the connecting por-
tion 40 because during deposition of the
second level and connecting portions the
deposited metal also covers the already
50 deposited first level electrode. This ensures
good contact between each electrode por-
tion.

A technique for ensuring that the slope
of the edge of the insulator layer is as
seen in Figure 5b is illustrated by a method
which can be best understood by reference
to Figure 4. The photo-radiation typically
ultra-violet used for selectively polymeriz-
ing layer 32 is first directed through the
substrate 12 past the opaque first level
electrode 30 itself as well as past the
opaque thin film circuit portions. The
photo-radiation directed through the sub-
strate passes around the rectangular first
65 level electrode 30 and photo-polymerizes
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the layer 32 with an edge profile about the
electrode which approximates that seen in
Fig. 5b. The bottom portion of layer 32 is
fully polymerized while the upper portions
of layer 32 above the edge of electrode 30 70
are unpolymerized so that when the layer
32 is developed to remove the unexposed
areas the aperture 46 formed has a smaller
area at the bottom than at the top surface
with a gradual sloped edge provided. The 75
sloped edge is thus available for direct line
of sight metal deposition to lay down a
continuous connecting electrode portion
on this sloped edge.

After the exposure through the substrate 80
12 to establish the desired aperture shape,
and before developing the layer to form the
aperture, a second photo-exposure is car-
ried out from the conventional direction,
ie., from the top surface of the layer 32. 85
An opaque photomask is aligned over the
first level electrode areas. The size or area
of the opaque mask aligned above the first
level electrode is greater than the first level
electrode area. This is to prevent further 90
exposure of the upper portion of layer 32
at the edges about the electrode 30 while
at the same time exposing the layer 32
above the rest of the panel which were
blocked by the opaque buses and the thin 95
film circuitry when the photo-radiation was
directed through the substrate. The layer
32 is then effectively polymerized at all
areas except the area over the electrode 30.

The plural electrode level panel struc- 100
ture of the present invention provides a
significant increase in the lit area of the
phosphor layer and this increase in area
produces an increased brightness panel.
The brightness of the panel is further im- 105
proved due to the fact that the second
level portion of the electrode is atop the
relatively thick insulating layer over the
thin film circuitry. The pheosphor layer be-
tween the second level electrode portion 110
and the top electrode is less than between
the first level electrode portion and the
applied voltage across the thinner phosphor
layer produces greater luminescent output
from the phosphor.

WHAT WE CLAIM IS: —

1. An electroluminescent display panel
which comprises an X-Y array of display
elements each of which comprises integral
thin film transistor switching and control 120
circuit elements disposed on an insulative
panel substrate and interconnected by drive
signal buses, and each display element in-
cluding an individual electrode disposed
on the substrate, with an electrically in- 125
sulative polymerized layer over the thin
film elements and the signal buses, with the
electroluminescent phosphor disposed over
the entire panel area in contact with the
individual electrodes and over the insulative 130
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polymerized layer, the individual electrodes

extending from the insulative substrate and

covering a substantial portion of the in-
sulative polymerized layer.

5 2. A display panel according to claim 1,
wherein the individual electrode is a multi-
level electrode with a first level electrode
portion disposed on the insulative sub-
stative, a second level electrode portion

10 disposed on the insulative polymerized
layer, and a connecting electrode portion
extending between the first and second
level electrode portions.

3. A display panel according to claim 1

15 or 2, wherein the individual electrodes are
closely spaced from each other and cover
a substantial portion of the total display
panel.

4, A display panel according to claim 1,

20 2, or 3, wherein the individual electrodes

are aluminum deposited to a thickness of
about 1500, Angstroms.

5. A method of fabricating an electro-

luminescent display panel comprising a
25 thin planar insulating substrate having an

X-Y array of display elements thereon each

of which display elements include integral

thin film transistor switching and control
circuit elements disposed on the insulating
30 substrate and interconnected by drive sig-
nal buses with an electrically insulative
polymerized layer disposed over the thin
film circuit elements and drive signal buses,
and each display element including a plural
35 level electrode disposed on the insulating
substrate and extending over the insulative
polymerized layer, with an electro-
luminescent phosphor layer disposed over
the entire panel area in contact with the
40 electrodes, which method comprises:

(a) depositing the interconnected thin
film circuit elements, signal buses and first
level electrodes in sequence as an X-Y
array on the planar insulating substrate;

(b) applying a relatively thick insulative
photo-polymerized layer over the entire
panel side on which the thin film circuit
elements are disposed;

(¢) directing photo-radiation through the
50 substrate to photo-polymerize exposed

areas of the photo-polymerizable layer

45

which are not shielded by the opaque first
level electrode and by the opaque thin
film circuitry and buses, with the photo-
polymerized area of the layer against the 55
first level electrode at the bottom surface
of the photo-polymerizable layer exceeding
the area that is photo-polymerized at the
upper surface of the layer so that a gener-
all inverted conic unpolymerized layer por- 60
tion extends above each first level elec-
trode;

(d) disposing an opaque photomask over
the layer aligned with each first level elec-
trode, with the opaque photomask area 65
exceeding the first level electrode area and
approximating the area of the unexposed
upper surface above the first level elec-
trode;

(e) exposing the layer to photo-radiation 70
directed” from above the photomask to
photo-polymerize the unexposed portion of
the layer except for the area covered by
the photomask;

(f) removing unpolymerized portions of 75
the layer;

(2) vacuum depositing conductive metal
electrodes over the insulative photo-
polymerized layer to form the second level
electrode portions and the connecting elec- 80
trode portions which extend down to and
contact the first level electrode portion;
and

(h) depositing an electroluminescent
phosphor layer on the conductive metal 85
electrodes and connecting electrode por-
tions and onto the insulative photo-
polymerized layer between the spaced
electrode portions.

6. A method of fabricating an electro- 90
luminescent display panel substantially as
described herein with particular reference
to Figs. 4 and 5b of the accompanying
drawings.

7. Electroluminescent  display  panels 95
when made by a method according to
claim 5 or 6.

8. Electroluminescent display panels sub-
stantially as described herein with par-
ticular reference to Figs. 1 to 3 of the 100
accompanying drawings.

RONALD VAN BERLYN.
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