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BACKGROUND OF'IHE INVENTION
FIELD OF;THE INVENTION

The present invention relates to a display element
which forms a light source, for example, for a single cell
of an outdoor large-scale:” display unit, and'perticularly to
a coior display element provided with a condeﬁeingilens_wi;h

a filter.

When a iarge-screen display unit is formed by arranging
monochromatic display tubes each utilizing the light emitted
from a fluorescent substance and serving as one pixel in the
form of a matrix, it is difficult to improve the resoclution
because of the occurrence of spaces in fhe connection
portions between the respective display tubes, and an
increase in the resolution creates an increase in the
production cost. For example, the compos;te dlsplay tube
for a light source disclosed in Japanese Patent Laid-Open
No. 62-10849 has been thus proposed.

Figs. 1 to 3 are respectively a front view of the basic
structure of such a composite display tube for a light
seurce, a sectional view taken along the line II-II in Fig.
1 and e persﬁective view of a principal portion thereof.

In the drawinée, fluorescent screens 5R, 5G, 5B each serve
T
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anOchronatic di splay tubes each utilizing the light emtted froma
fluorescent substance and serving as one pixel in the formof a matrix, it
1§ difficult to inprove the resolution because of the occurrence of spaces
in the connection portions between the respective display tubes, and an
increase in the resolution creates an increase in the production cost. For
exanpl e, the conposite display tube for alﬁiﬁu source disclosed in
Japanese Patent Lai d- Qpen

as a single pixel and are arranged in a matrix of 3 x 3 in
terms of pixel numbéf. A case 1 éomprises a front panel 2
made of a transéarent member such as glass, a back panel 3

and a éylindrical side panel 4, the interior being in a

vacuum state. -~ Red (R) florescent écreens SR, green.(G)
fluorescent screens 5G and blue(B) fluorescent screen are’
arranged in the form of a matrix comprising 3 lines and 3
columns, as shown in Fig. 1, on the;sack sidé“éf the front
panel 2. Accelerating electrodes 6 are respectively |
disposed in the peripheries of the fluorescént screens SR,

5G and 5B in correspondence with the fluorescent screens.

Back electrodes 10 for selecting a line are disposed on the
inner side of the back panel 3 in a form with stripes
corresponding to the line directions of the fluorescent
screens 5R, 5G, 5B. Cathodes 7 are provided above the back
electrodes 10 in correspbndence with the respective '
fluorescent screen SR; 5G, 5B. For example, én indireétly
heated cathode in which an oxide is coated on an Ni sieeve,

oi a directly heated cathode in which an oxide is coated on
tungsten is used as each of these cathodes. These cathodes

7 are also supported on the back panel 3 by suppdrting

members 15a, 15b. Control grids 8 for controlling the
columns.are disposéd between the fluorescent screens 5R, 5G,

5B and the cathodes 7 in a form with stripes corresponding

to the column directions. Each of the control grids 8 is
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No. 62-10849 has been thus proposed. Figs. 1 to 3 are respectively a front
view of the basic structure of such a conposite display tube for a light
s@urce, a sectional view taken along the line Il-Il in Fig. 1 and a
perspective view of a principal portion thereof. In the draw ngs,
fluorescent screens 5R, 5G 5B each serve 2

provided with holes 9 through wh;ch electron beams pass.
The electron beams 11 are respectively emitted from the
Caﬁhodes 7 and applied to the fiuoreécent screens 5R, 5G,
5B A high voltage is supplied to each of anodes 6 from a
terminal 16. A given voltage is supplied to each of the
controi grids 8 and the back electrodes 10 from terminal
pins 12,
In addition, a filter and a-cggdensing iqgs are
provided Bn the surface of tﬁe front panel 2, as shown in
.Figs. 4 and 5, so as to prevent any decrease in the coﬁtrast
owing to the effect of external light (for example, the
sunlight or the like) on the fluorescent screens. In Figs.
4 and 5, on the front panel 2 are provided a -filter 13
comprising color filters i3R, 13G, 13B and a condensing lens
14 disposed on the color filters 13R, 13G, 13B, the
condensing lens 14 provided with the filter 13 being bonded
to the front panel 2 by an adhesive 18a. Fig. 5 shows the
case 1 which is mounted on a substrate 17 and which has én
interior provided with the cathodes 7, the control grids 8
and the back electrodes 10, whiéh are not shown in the
drawing, in the same wag as in Fig. 2.
A description will now be given of the operation of the
conventional diSp;ay element. When a negative potential
relative to the cathodes 7 is applied to each of the back

electrodes 10, since the periphery of each of the cathodes 7

i
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-2- as a single pixel and are arranged in a matrix of 3 x 3 in terns of

pi xel nunber. A case 1 conprises a front panel 2 nade of a transparent
ménber such as glass, a back panel 3 and a cylindrical side panel 4, the
interior being in a vacuum st ate. Red (R) florescent screens 5R green

(G fluorescent screens 5G and bl ue(B) flﬁgrescent screen are

is at a negative potential; the glectrons emitted from each
of the cathodes 7 do not flow to the control grids 8 and the
accelerating anodes 6, thereby bringing the display element
into a cut-off state. When a potential of 0 V or a
positive potential of several V relative to the cathodes 7
is then applied to the back electrodes 19, ;he electron beam
11 is emitted from each of the cathodes 7 and flows toward
the control grids.s. If the potential of theé .control .grids
8 is negative relative to the cathodes 7, the electron beams
11 respectively cannot pass through the holes 9 and thﬁs
cannot reach the accelerating electiodes 6. If the
potential of the control grids 8 is positive relative to the
cathodes 7, the electron beams respectively pass through the
holes 9 and are accelerated by the accelerating electrodes 6
and then-applied to the fluorescent screens SR, 5G, 5B which
thus .emit light. It is therefore possible to selectively
emit light from the fluorescent screens 5R, 5G, 5B, which

are disposed at the positions corresponding to the

intersections between the back electrodes 10 and the control
'grids 8 to which voltages are applied by selectively
applying a given voltage to the back electrodes 10 for
' 'selecting a line in the arrangement of the fluorescent '
screen SR, 5G, 5B and the control grids for selecting a
column. Further,:if a.large number of such display .

. elements each serving as one cell are arranged to form a
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arranged in the formof a matrix conprising 3 lines and 3 columms, as shown
in Fig. 1, on the back side of the front panel 2. Accel erating el ectrodes
6:are respectively disposed in the peripheries of the fluorescent screens
~5R, 5G and 5B in correspondence with the fluorescent screens. Back

el ectrodes 10 for selecting a line are disposed on the inner side of the
back panel 3 in a formwth strlpes corresponding to the line directions of
the fluorescent '

large screen, it is possible to form a color display
comprising the fluorescent screens 5R, 5G, 5B each serving
as a pixel.

The conventional display element configured as
described abéve has a prob;em in that, when the filter 13
and the cohdensing lens 14 are bonded to tﬁe surface of the
front panel 2 by using the adhesive 18a, the bonding wdrk
cannot be easily performed ih such & manner éﬁét‘the
positions of the color filters 13R, 13G, 13B and the
condensing lens 14 resﬁectively agree with the positions gf
the fluorescent screens SR, 5G, 5B, and thus easily produées
deviations in the,positions. |
SUMMARY OF THE INVENTION

The preseht invention has been achieved with a view to
resolving the above-described préblem; and it is an object
of the present invention to provide a display element which
allows the filtér lens 13 and the éondensing lens 14 to be
fixed by adhesion to the front panel 2 without producing any
deviation in the positions théreof.

A display element in accordance with the present
invention is provided with a peripheral_posifion regulating
means e.g. a plate. for regulating the sides of the filter and
the condensing lens so that they aré placed in register

with the same plane as the side of the front panel.
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screens 5R, 5G 5B. Cat hodes 7 are provided above the back el ectrodes 10
I n correspondence with the respective fluorescent screen 5R 5G 5B. For
exanple, an indirectly heated cathode in which an oxide is coated on an N
sl eeve, or a directly heated cathode in which an oxide is coated on
tungsten is used as each of these cathodes. These cat hodes 7 are al so
supported on the back panel 3 by supporting @nbers 15a, 15b. Contr ol
grids 8 for controlling the '

The position regulating plate of the present invention
is capable of regulating the filter and the condensing lens
to a given position and thus facilitating the bonding work.

This application contains some other inventiohs. A
second invention provides a structure of a display element
which is capable of preventing the separation of the
condensing lens from the filter and the case even if thermal
stress or other external force is applied to the display element,
and further which is capable of preventing the occurrence
of an inclination in the conaensing lens during thé bonding.
A third invention provides a structure of a display element
which makes the filter unnecessary by imparting filter
characteristics to the condensing lens by coloring it.

This appliéation further contains a method of producing such
display elements. |
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view of a conventional display
element;

Fig. 2 is a sectional view taken along the line II-II
in Fig. 1;

Fig. 3 is an exploded perspective view of a principal
portion of the.display element shown in Fig. 2;

Fig. 4 is a perspective view which shows the positional

_ relationship of a filter to the fluorescent screens of Fhe

front panel shown in Fig. 1;

e
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colums are di sposed between the fluorescent screens SR, 5G 5B and the
cathodes 7 in a formw th stripes corresponding to the colum directions.
Eath of the control grids 8 is -3- provided with holes 9 through which

el ectron beans pass.

v

Fig. 5 is a sectional side yiew of a principal portion
in a state wherein the case shown in Fig. 2 is provided with
a filter and a condensing lens; .

Fig. 6 is a sectional side view of a display element in
an embodiment of the first inVentién;

Fig. 6A is an enlarged sectional view of the portion A
surrounded by a dashed line in Fig. 6;

Fig. 7 is a sectional side view of a display element in
another embodiment of the first invention;

Fig. 8 is a partially sectional side view of a display
element in an embodiment of the second invention;

Fig. 9 is a front view of the display element shown in
Fig. 8;

Fig. 10 is a front view of a display elemén; of an
embodiment of the third- invention; and

Fig. 11 is a side viéw of the display elehent shqwn in
Fig. 10 with a sectional part taken along the line XI-XI in
Fig. 10. .
DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the first invention will be described
below with reference to the drawings. 1In Figs. 6, 6A and 7,
the portions'corresponding to those shown in Fig. 5 are
denoted by the same reference numeréis and are not described
below. Although the interior of the case 1 is.not shown in

the drawings, the cathodes 7, the control grids 8 and the
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The el ectron beans 11 are respectively enitted fromthe cathodes 7 and

applied to the fluorescent screens 5R, SG 5B.

to each of anodes 6 froma term nal 16. A given voltage is supplied to
each of the control grids 8 and the back el ectrodes 10 fromterm nal pins

12.

I n additi on,

a filter and a condensing lens are provided on the surface
<

of the front panel 2, as shown in

back electrodes 10 are provided therein in the same way as

in Fig. 4. In Figs. 6 and 6A, a position regulating plate

'19 has a hook-shaped sectional form,'as shown in the

drawings, and is bonded to the peripheral portion and the
side of the condensing lens 14lthrough a transparent
adhesi?e 18b (the same as the adhesive 18a), as well as
being extended from the side of the front panel 2 to an
upper portion of the side panel 4, an extended portion 19a

being bonded to the front panel 2 and the side panel 4

_ through the adhesive 18a. The front panel 2 and the side

panel 4 are bonded together by an adhesive 20.

The operation of this display element will be described
below. When the filter 13 and the condensing lens 14 are
bonded to the front panél 2, thé position regulating plate
19 is first bonded to the peripheral portion and the side of
the condensing lens 14 by using the adhesive 18b. The
filter 13 and the condensing lens 14 to which the position
regulating plate 19 is bonded are then mounted on the
surface of the front panel 2 and bonded thereto by the
adhesive 18a. At this time, the extended portion 19a of
the position regulating plate 19 is pressed against the side
of the front'panel 2 and the upper portion of the side panel
4 so that the sides of the filter 13 and the condensing lens
14 are positioned on substantially the same plane as.the_

sides of the front panel and the side panel 4. That is[.
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Figs. 4 and 5, so as to prevent any decrease in the contrast owng to the
effect of external |ight (for exanple, the sunlight or the like) on the

f Fuor escent screens. In Figs. 4 and 5, on the front panel 2 are provided
a filter 13 conprising color filters 13R, 13G 13B and a condensing |lens 14
di sposed on the color filters 13R 13G 13B, the condensing lens 14
provided with the filter 13 bei ng bonded tﬁ\the front panel 2 by an
adhesi ve 18a. Fig. 5 shows the

these side ends are arranged on the same line. At the same
time, the positions of thé color filters 13R, 13G, 13B and
the condensing lens 14 respectively agree with the
.fluorescent screens 5R, 5G, 5B opposite thereto, and the
| filter and the condensing lens 14 are held at the
positions.without loosing. The adhesive 18b does not
uﬁnecessarily rise and an excess adhesive 18b downwardly
flows along the side of the side panel 4. When the
adhesive 18b 1is dried, the filter 13 and the céndensing lens
14-are respectively fixed by adhesion at the proper
positions. :

In the above-mentioned embodiment, although the
condensing lens 14 provided with the filter 13 and the
position regulating plate 19 are separately formed, the
position regulating plate 19 may be formed integrally with
the condensing lens 14. In fhis case, the adhesive 18b is
made unnecessary.

Alternafively, the filter 13 and the condensing lens 14
may be bonded together by the adhesive 18a and the position
iegulating plate 19 may be then mounted on them. In this
case, the adhesive 18b is made unnecessary.

Altﬁough the filter 13 is mounted (or bonded) on the
inner side of the condensing lens 14 in the above-described
display, this invention can be applied to a structure in;

‘which the filter 13 directly mounted (or bonded) on the
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c;se 1 which is nmounted on a substrate 17 and which has an interior
provided with the cathodes 7, the control grids 8 and the back el ectrodes
16, which are not shown in the drawing, in the sane way as in Fig. 2. A
description wll now be given of the operation of the conventional display
el enent . When a negative potential relative to the cathodes 7 is applied
to each of the back electrodes 10, since thg geriphery of each of the
cat hodes 7
front panel 2 of the display, and the condensing lens 14 is
bonded to the filter 13 by the adhesive 18a, as shown in
Fig. 7. In this case, the same effect as that described
above can be exhibited.

As de;cribed above, in the first invention, when the
condensing lens and the front panel of the case are combined
by using the adhesive with the filter therebetween, the
position regulating.plate which extends from the periphéral
edge~of the condensing lens to the side thereof and to the
upper portion of the side of the case and which has a hook-
shaped sectional form is provided or it is provided
integrally with the condensing lens. The first invenﬁion
thus enables the formation of a display element which
exhibits a high level of precision without producing any
mutual deviation in the positions thereof and facilitates
the bonding work and which allows the position regulating
plate to serve as a protection cover for protecting the four
corners of the case and the condensing lens from shocks and
the like. The position regulating plate is also capable of
preventing rainlwater and dust particles from entering into
the portions between the condensing lens, the filter and the
case. |

On the other hanq, in the convehtional display element

shown in Fig. 5, separation easily occurs between the

condensing lens 14, the filter 13, the transparent adhesive
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-4- is at a negative potential, the electrons emtted fromeach of the
cathodes 7 do not flowto the control grids 8 and the accel erating anodes
6, thereby bringing the display elenent into a cut-off state. When a

potential of O Vor a

1

18a and thé case 1 on the basis of the occurrence of a curve
in the condensing lens caused by differences between the
coefficients of thermal expansion produced owing to a
temperature change during the use.. This applies to the
structure in which the filter 13 is mounted on the case 1
and the condensing lens 14 is bopded to the filter 13 by the
transparent adhesive 18a as shown in Fig. 7. For example,
when the adhesive 18a is cured while the condensing lens 14
is elastically deformed by the load applied during junction,
a stress occurs between the condensing lené 14 and the
adhesive 18a, resulting in the occurrence of separation.
Further, it is difficult to joint the face of the condensing
lens 14 and the face of the case 11 in parallel with each
other. |

ihe occﬁrrence of such separation causes a decrease in
luminance owing to the reflection of light from the
separated surface and causes the loss of the colors owing.to
the total reflection from the separated surface when the
display element is seen at an aﬁgle. There is also a
problem in that, if the condensing lens 14 is inclined, the
optical characteristics are impaired.

The second invention thus provides the structure of a
display element which is capable of preventing the

occurrence of separation between the condensing lens and;the

——
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positive potential of several V relative to the cathodes 7 is then applied
to the back el ectrodes 10, the electron beam 11l is emtted fromeach of the
cathodes 7 and flows toward the control grids 8. If the potential of the
control grids 8 is negative relative to the cathodes 7, the el ectron beans
11 respectively cannot pass through the holes 9 and thus cannot reach the
accel erating el ectrodes 6. If the potentiya of the control grids 8 is
positive relative to the

case for receiﬁing the filter and the emission element and
which produces no inclination of the lens during junction.

. Figs. B_énd 9 are a side view and a front view,
respectively, of an embodiment of the second invention, the
upper portion of Fig. 8 being a sectional view. In the
drawings, on the front panel 2 of a case 1, which receives
an emission.element (not shown) and -which is made of a
transparent member such as glass, are provided a filter 29
for cutting off external light, which is formed by curing a
material compooed of ultraviolet curing silicone resin as a
main component, and a condensing lens 21 made of heat
resistant acrylic resin for condensing light transmitted
through the filter and emitted from the emission element
(refer to Fig. 2) received in the case 1. The rear side 23
of the condensing lens 21 is roughened, and.at least three
projections 24 are provided thereon. The fine unevenness
of the roughened rear side 23 of the condensing lens 21
causes an increase in the adhesive area of the rear side of
the condenéing lens 21 and exhibits an anchor effect. Each
of the projectioos 24 serves to uniform the distance between
the condensing lens 21 and the front panel 2. A resin
layer 25 (an undercoat resin layer) which has a refractive
index equivalent to that of the condensing lens 21 is formed
between the condensing lens 21 and the filter 29 bylcoaﬁing

and curing it on the roughened rear side 23, and a buffer

This Sheet Has B

e il



v

cathodes 7, the el ectron beans respectively pass through the holes 9 and
are accelerated by the accelerating electrodes 6 and then applied to the
fruorescent screens 5R 5G 5B which thus emt light. It is therefore
possible to selectively emt light fromthe fluorescent screens 5R 5G 5B,
whi ch are di sposed at the positions corresponding to the intersections

bet ween the back el ectrodes 10 and the contif®ol grids 8 to which voltages
are applied by selectively

layer 26 composed of soft and transparent resin is formed
between the filter 29-and the froht panel 2 by charging
through an adhesive primer. The buffer layer 26 absorbs
the thermal stress during use and the residual stress during
bonding. Although each of a substrate 17 and terminal pins .
12 has:a shape different from that of conventional display
elements but is equivalent thereto, the shape is not
particularly important in the present invention. Fig. 9 is
a front view of a case in which red (R) pixels 27R, green
(G) pixels 27G and blue (B) pixels 27B are formed in an
arrangement comprising 4 lines and 4 columns on the ffont
panel of the emission element (the case 1). The above-
described configuration is described in detail below.

The roughened rear side 23 of the condensing lens 21 is
first described below. The rear side 23 of the condensing
lens 21 is roughened by using sand paper in ordér to improve
the adhesion of the rear side 23 of the condensing lens 21
made of heat resistant acrylic resin. As a method of
roughening the rear side 23, a method ;n which the rear side
23.of the condensing lens 21 is directl? roughened by
sanding using sand paﬁer, liquid honing or sandblasting is
the most effective to improving the adhesion, but a mold for
the condensing lens 21 may be roughened. An increase in
the adhesion of thé roughened rear side 23 of the condensing

lens 21 is caused by an increase in the surface area, the
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applying a given voltage to the back electrodes 10 for selecting a line in
the arrangenent of the fluorescent screen 5R, 5G 5B and the control grids
for selecting a colum. Further, if a |large nunber of such display el enents
each serving as one cell are arranged to forma '

A

attainment of the anchor effec;, and an improvement in the
wetting properties of the acrylic resin surface, which are
all pfoduced owing to the roughening. If an attempt is
made to form the resin layer 25 by directly coating and
curing an undercoating agent without roughening the rear
side 23 of the condensingnleps 21, the‘undercoating agent is
lrépelled.and fhus the uniform resin layer 25 cannot be
formed. The roughness Rpax Of the rear side 23 is
preferably.3 to 15 um.

A description will now be given of the undercoating
agent used for forming the resin léyer 25. The
undércoating agent obtained by dissolving 20% of ultraviolet
curing silicone resin (X—6247509 produced by Shin-etsu Chemical
Industry Co., Ltd.)_which is the main cgmponent of the
material for the filter 29 in xylene is spray-coated on the
roughened rear side 23, air-dried so that the solvent is
removed, and then cured by being irradiated with ultraviolet
rays to form the resin layer 25.  The filter material is
then coated and cufed on the cured resin layer 25 to obt;in
the lens with the fi;ter. The solvent for the undercoating
agent is preferably a solvent such as xylene, toluene or the
like wﬁich are compatible with acrylic resin and liquid
silicone resin. The concentration of the undercoating
agent is preferably 5 to 70%, more preferably 10 to 40%.

Since the undercoating agent contains a solvent (xylene,
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-5- large screen, it is possible to forma color display conprising the
fluorescent screens 5R, 5G 5B each serving as a pixel. The conventi onal
di-spl ay el ement configured as descri bed above has a problemin that, when
the filter 13 and the condensing lens 14 are bonded to the surface of the
front panel 2 by using the adhesive 18a, the bondi ng work

'S

‘toluene or the like) which is compatible with acrylic resin,
it has good wetting properties for acrylic resiﬂ and thus
causes the surface of the acrylic resin.to slightly dissolve
therein. In addition, since the undefcoating agent is
diluted by the solvent, it has a low viscosity and
completely-f;ows into the unevenness of the roughened
acrylic resin. These effects cause the formation of the
resin layer 25 which is strongly bonded to the acrylic

" resin. Since the filter material is composed of the same
main component as that'of the resin layer 25, the filter 29
coated on the resin layer 25 is strongly bonded; If.the
filter material is coated directly on the roughened acrylic
resin surface 23, the filter material incompletely flows
_into the unevenness because of its higher viscosity than
that of the undercoating agent, resulting in the occurrence
'of a defect. In this case, the filter material also has a
low level of adhesion because it has no compatibility with
the acrylic resin.

Each of the projections 24 provided on the rear side 23
of.the condensing lens 21 has a size of 3 mm in diameter and
0.5 mm in height and so that the distance between the rear
side 23 of thé condensing lens and the front panel 2 can be
set to be as largé as possible, and the thickness of the
buffer layer 26 bhargéd and cured can be increased. :aIn

addition, a curve produced in the condensing lens 21 during
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cannot be easily perforned in such a manner that the positions of the color
filters 13R, 13G 13B and the condensing |lens 14 respectively agree with
the positions of the fluorescent screens 5R, 5G 5B, and thus easily
produces deviations in the positions. US-4 451 759 discloses a flat view ng
screen having a matri x of selectively addressable picture el enents, but
this does not include filters or a condensing h€ns. US-2 734 142 discl oses
a viewing screen for use in a conventional television, in

the molding of the lens can be removed by precisely
édjusting the height of the projeétions 24. The formation
of the buffer layer 26 is lastly described below. A silane
coupling agent (Primer A or Primer X-33-144 produced by
Shin-etsu Chemical Industry Co., Ltd.) which is an adhesive
primer.is first coated over the entire surfaces of the
filter 29 and the resin layer 25 and the entire surface of
the front panel 2 which are opposite to each other. A two-
liquid addition reaction-type silicone RTV reéesin (KE 1603A/B
produced by .Shin-etsu Chemical Industry Co., Ltd.) is
charged between them and cured to form the buffer layef 26
made of soft and transparent resin. The cured product of
the two-liquid addition reaction-type silicone RTV resin is
colorless, transparent and excellent in 1ight_transmittance
(95% with a thickness of 1 mm), as well as having a
refractive index of 1.50 which is substantially equal to
1.52 of glass, 1.49 of the condensing lens and 1.49 of the
filter. Further, since the cured product exhibits
flexibility and a high lével of elongation (e;ongation,
400%), it is possible to relieve the thermal stress prcduced~
by differences in the coefficients of thermal expansion of
the front panel 2, the condensing lens 21 and the filter 29
and sufficiently follow the deformation of the condensing
lens 21 caused by an increase in the temperature dﬁe go the

light emitted from the display tube or the sunlight. In
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whi ch a zero-power lens is coloured, to inprove i mage contrast. SUMVARY OF
THE | NVENTI ON The present invention has been achieved with a viewto

resol ving the above- desribed problem In this regard, the invention
provides a display elenment according to Claim1. Preferred features of the
invention are set out in Cainms 2 to 11

v 7

addition, there is substantially no occurrence of
discoloration by the ligh; emitted from the emission element
in the case l.or the sunlight or the heat thereof and a low
degree of volume shrinkage during the curing. As this
resin itself exhibits no adhesion but excellent release
properties, it cannot be bonded to a surface to which no
silane coupling agent is applied. While this resin
exhibits strong adhesion to a surface when a silane coupling
agent is applied thereto. it is therefore preferable that
no silane coupling agent is applied to portions to which the
excess resin should not be adhered when the condensiné lens
with the filter and the front panel are bonded together.
This enables the e#cess resin to be easily separated after
the resin has beeﬁ cured. In contrary, when the silane
coupling agent is applied to not only the upper surface of
the front panel 2 of the'case 1 but also the external
surface of the junction with the outer wall, the resin which
overflows when the condensing lens with the filter and the
front panel are bonded together strongly adheres to the
outer periphery of the connection portion with the front
panel and the side wall thereof, whereby the airtightness of
the connection portion can be improved, and the glass can be
protected fromibelng broken by shocks.

The display element configured as described above

showed no abnormal between the condensing lens 21 and the
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-6- Such a display elenment provides a structure which makes the filter
unnecessary by inparting filter characteristics to the condensing | ens by
celoring it, thus solving the above-described problem BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a plan view of a conventional display el enent;

53}

filter 29 and between the lens with the filter and the front
panel 2 in any of a boiling test in boiling water at 100°C
for 2 hours, a low—temperaturé test at -40°C for 168 hours,
a heat shock test of 400 cycles at -40°C for 2 hours and
85°C for 2 hours, a hot-air test in which hot air at 130°C
was blown against the surface of the condensing lens for 1
hour, and a lighting test in an atmosphere at 60°C. When
no undercoating agent was applied so that thé resin layer 25
was not fbrmed, however, separation occurred between the
.roughened surface 23 of the condensing lens 21 and the
filter 29 in a low-temperature test for 8 hours, a hot-air
test for 1 minute and a lighting test for 24 hours. In
addition, when the rear side of the condensing lens 21 was
not roughened and no undercoating agent was applied, a
separation occurred between the condensing lens 21 and the
filter 29 in a low-temperature test for 2 hours, a heat
shock test in 10 cycles, a hot-air test for 1 minute and a
lighting test for 2 hours.

The above-mentioned display element in the second
inﬁention enables the prevention'of separation between the
condensing iens and the filter and the case receiving the
emission element even if thermal stress or another external
force is applied:to the display element, as well as the
achievement of_fhe effect of preventing the occurrence of an
inclination of the condensing lens during connection.

lilliiii
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Fig. 2 is a sectional view taken along the line II-Il in Fig. 1; Fig. 3 1is
an expl oded perspective view of a-principal portion of the display el enent
shown in Fig. 2; Fig. 4 is a perspective view which shows the positional
relationship of a filter to the fluorescent screens of the front panel
shown in Fig. 1; Fig. 5is a sectional side view of a principal portion

19

The third invention provides a high-quality display
element at a low cost which is provided with filter
characteristics by being colored so that the filter provided
in a conventional display element is made unnecessary and
which can be easily produced.

A display element in the third invention comprises a
célored condensing lens which is provided on the emission
surface of one emission element (emission means), in which
red, green and blue pixels are respectively formed, for the
purpose of condensing the light from each of the pixels.
The condensing lens may be uniforml& colored so as to have
uniform transmission properties for light transmitted
therethrough or colored so as to selectively transmit red,
green and blue light therethrough. Alternatively, the
condensing lens may be colored so that the colors in places
corresponding to the respectivé pixels are different from
each other.

The diéplay element in the third invention is provided
with the colored condensing lens on the emission surface of
one emission element so that an image with high luminance
and high contrast can be displayed without using the filter

"provided in a conventional display element. It is .
therefore poséible to realize .a high-quality displﬁy'element
at a low cost which can be easily produced. If a lens

"which is uniformly colored so as to have uniform
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in a state wherein the case shown in Fig. 2 is provided with a filter and a
condensing lens; Fig. 6 is a front view of a display elenent of an

enbodi ment of the invention;, and Fig. 7 is a side view of the display

el ement shown in Fig. 6 with a sectional part taken along the line XI-XI in
Fig. 6.

20

transmission properties for Iight transmitted therethrough
is used as the colored condensing lens, the intensity of the
light emitted from each of the pixels is reduced once when
it is transmitted through the condensing lens, while the
intensity of external light is reduced twice at the times of
incidence and reflection, thereby increasing the contrast
between the states of full emission and non-emission.

If a lens thch is uniformly colored so as to
sélectively transmit rgd, green and blue color therethrough
is used as the condensing lens, the condensing lens
sufficiently transmits the light from each pixel
therethrough, while most of the external light is absorbed
éwice, thereby increasing the contrast between the states of
full emission and non-emission.

Further, 1if the condensing lens is colored so thét the
colors in the places corresponding to the respective pixels
are different from each other for selectively transmitting
the light emitted from the pixels therethrough, the contrast
is increased in the same way as in the above-described
examples.

The aisplay element in'an embodiment of the third
invention is described below with reference to drawings.
Figs. 10 and 11 are rgspectively a front view of a display

element in an eqbodiment of the third invention and a side
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-7- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An enbodi nent of the first
i nvention will be described below with reference to the draw ngs. I n
Fi-gs. 6, 6A and 7, the portions corresponding to those shown in. Fig. 5 are
denoted by the same reference numerals and are not described bel ow.
Although the interior of the case 1 is not shown in

24

view thereof with a sectional part taken.along the line XI-
XI in Fig. 10.

In the disblay element shown in the drawings, red,
green and blue pixels 27R, 27G, 27B are formed on the fronf
panel 2 of one emission element la so that an intended color
is displayed on each of the pixels 27R, 27G, 27B by
controlling the light emitted from the emission element. A
condensing lens 36 is provided in front of the front panel 2
of the emission element 1la, the condensing lens 36 and the
front panel 2 being bonded toéether by a transparent
adhesive layer 37. The condensing lens 36 is formed by
uniformly coloring glass or plastics to an achromatic grey
by a dye.or pigment so as to have no selective transmission
properties but exhibit transmittance which is wholly reduced
over the entire region of the visible light. For example,
cadmium sulfide, cadmium selenide, iron oxide and cﬁromium
oxide may be mixed in a case of glass, and an anthraquinone
pigment and phthalocyanine pigment may be mixed in a case of
plastics. The transparent adhesive layer 37 is formed by
using a silicone, acrylic, epoxy or polyester transparent
adhesive so as to sufficiently transmit the light emitted
from each of the.pixels 27R, 27G, 27B therethrough. The
transparent adhesive layer 37 serves to bond the emission
element la to the condensing lens 36 and seal between the

emission element la and the condensing lens 36 so as to
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t he draw ngs, the cathodes 7, the control grids 8 and the - 8- back

el ectrodes 10 are provided therein in the sane way as in Fig. 4. In Figs.
6 -and 6A,. a position regulating plate 19 has a hook-shaped sectional form

as shown in the

AL

prevent a reduction in the amount of the light emitted from
the emission element la owing to a stain ﬁroduced on the
emission surface thereof by dust, p;rticularly rain water
and dirt when the display element is used outdoors, which
enters between the emission element 1a and the condensing
lens 36. Further, the use of the transparent adhesive
which becomes soft after solidification causes the
deformation of the condensing lens 36 produced by thermal
'lstress after bonding to be absorbed by the transparent
adhesive layer 37 and thus enables the condensing lens 36 to
be prevented from separating from the emission element la.
The function of each embodiment based on thé-above-
described'configurgtion will be described below with
reference to Fig. 11. The color light emitted from each of
the red, greed and blue sections, i.e., the pixels 27R, 27G
and 27B (in Fig. il, the pixels 27R, 27G), which are
arranged in the form of a matrix, is transmitted through the
transparent adhesive layer 37 in which the intensity is
reduced in accordance with the trahsmission prbpertiés
possessed by the color condensirig lens 36, and then emitted
to the outside; The light, for example, the sunlight,
incident on the surface is reduced in intensity in
accordance with the transmission properties possessed by the
condensing lens 36, transmitted through the transparépt

adhesive layer 37 and reaches the surface of each of the
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drawi ngs, and is bonded to the peripheral portion and the side of the
condensing |l ens 14 through a transparent adhesive 18b (the sane as the
adhesive 18a), as well as being extended fromthe side of the front panel 2
to an upper portion of the side panel 4, an extended portion 19a being
bonded to the front panel 2 and the side panel 4 through the adhesive 18a.
;Be front pane[ 2 and the side panel 4 are Egnded t oget her by an adhesive
pixels 27R, 27G, 27B. The light is then reflected from the
surface of each of the pixels 27R, 27G, 27B, transmitted
through the transparent layer 37 andnthrough the condensing
lens 36, in which the intensity is again reduced in
accordance with the transmission properties possessed bg the
condenéing lens 36, so as to be condensed, and then emitted
to the outside. In other words, in this display element,
the intensity of the color light emitted from each of the
red,-greeﬁ and blue pixels 27R, 27G, 27B is reduced by the
_colored condensing lens 36 only once, while the intensity of
the light incident on the surface df each of the pixels 27R,
271G, 27B, which is reflected and emitted to the outside, is
reduced twice, whereby the luminance of the black color in
which no light is emitted from each of the pixels 27R, 27G,
27B is reduced. This causes an increase in the contrast
between the states of full emission and non-emission in each
of the pixels 27R, 27G, 27B. The light emitted from each
of the pixels 27R, 27G, 27B is also condensed in.the

direction to the front of the display element and colored by
the action of the colored condenéing lens 36 so that the
reduction .in the intensity produced when the light is
transmitted through the condensing lens 36 is made up for,
whereby the luminaqce in the direction to the front oﬁ the

display element cén bé increased.
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The operation of this display elenment will be described bel ow. When t he
filter 13 and the condensing |ens 14 are bonded to the front panel 2, the
pesition regulating plate 19 is first bonded to the peripheral portion and
the side of the condensing |l ens 14 by using the adhesive 18b. The filter
13 and the condensing lens 14 to which the position regulating plate 19 is
bonded are then nounted on the surface of the Atont panel 2 and bonded
thereto by the

A description will now be given of a display element in
a second embodiment of the third invention.

In this embodiment, the colored condensing lens 36
shown in Figs. io and 11 is uniformly colored so as to
selectively transmit red, greeé and blue light therethrough
and is.made of glass or plastics colored with one kind of
dye or pigment or a mixture of several kinds of dyes or
pigments.” For example, in a case of glass, the condensing
lens can be formed by using a mixture of neodymium oxide and
chromium oxide. In the second embodiment, the color light
emitted from each of the red, greeﬁ and blue pixels 27R,

| 27G, 27B is transmitted through the transparent adhesive
layer 37 and through the condensing lens 36 and projected to
the outside. On the other hand, the light, e.g., the
sunlight, incident on the surface, which_is reflected
therefrom and emitted to the outside, is reduced .in
intensity in'accoraance with the transmission properties
possessed by the condensing lens 36, is transmitted through
- the transparent adhesive layer 37 and then reaches the
surface of each of the pixels 27R, 27G, 27B. The light is
then reflected from the surface of each pixel, transmitted

"through'the transparent adhesive layer 37 and again through
the condensing lens.36 in which the intensity is again
reduced in accordaﬁce with the transmission éropertie;

. possessed by the condensing lens, so as to be condensed, and
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adhesi ve 18a. At this tinme, the extended portion 19a of the position
regulating plate 19 is pressed against the side of the front panel 2 and
t he upper portion of the side panel 4 so that the sides of the filter 13
and the condensing lens 14 are positioned on substantially the sanme pl ane
as the sides of the front panel and the side panel 4. That is,

25

then emitted to the ou;side. . That is, in the display
element of this embodiment, although the colored condensing
lens 36 sufficiently transmits the color light emitted from
eéch of the red, greed and blue pixelsl27R, 27G, 27B
‘therethrough, it absorbs twice the external light incident
upon the éurface of each pixel, which is reflected therefrom
and emitted to the outside. It is thefefoie possible to
reduce the luminance of black in which no light is emitted
from pixels 27R, 27G, 27B in each of the pixels and thus
increase the contrast Setween the states of full emission
and non-emission in each of the pixels 27R, 27G, 27B. The
light emitted from each of the pixels 27R, 27G, 27B is also
condensed in the direction to the front of the display
element by the action of the colored condensing lens 36, and
the reduction in the intensity produced when the light
emitted from each pixel is transmitted through the
.coﬁdensing lens 36 is made up for, thereby increasing the
luminance in the direction to the -front of the display .
element.

A description will now be given of a display element in
a third embodiment of this invention.

In this Qmpodiment, the colored condensing lens 36
shown in Fig. 10 and 11 is colored with dyes which are
different in the,placés corresponding to the respectiye

pixels so as to selectively transmit the light emitted from
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-9- these side ends are arranged on the sane |ine. At the sane tinme, the
positions of the color filters 13R, 13G 13B and the condensing |lens 14
respectively agree with the fluorescent screens 5R, 5G 5B opposite
thereto, and the filter and the condensing lens 14 are held at the
positions.w thout | oosing. The adhesiv%Lé§b does not

each of the red, green and blue pixels 27R, 27G, 27B
therethrough. The condensing lens 36 ié formed of glass or
plastics which is colored by dyes so that the cores in the
places corresponding to the respective pixels are different
from each other.

For example, in a case of glass, the condensing lens
can be formed by using a mixture of cadmium sulfide and
cadmium selenide in the portions corresponding to the red
pixels, iron oxide and chromium oxide in the portions
corresponding to the green pi#els, and iron pxide and cobalt
oxide in the portions corresponding to the blue pixels. In
a case of plastics, the condensing lens can be formed by
using an anthraquinone pigment in the portions corresponding
to the red pixels, a phthalocyanine pigment in the portions
corresponding to the green pixels, and a phthalocyanine
pigment in the portions corresponding to the blue pixels.
The condensing lens 36 can be formed by separately producing
the portions corresponding to the pixels and, particularly,
in a case of plastics, it can be formed by molding as one
unit at a time by using ; three-color molding machine. In
this embodiment, the color 1light emitfed from each of the
red, greed and blue pixels 27R, 27G, 27B is transmitted
through the transpafent adhesive layer 37 and sufficiently
transmitted through the condensing lens 36 and then emitted

'to the cutside. On the other hand, the light, e.g., the
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unnecessarily rise and an excess adhesive 18b downwardly flows al ong the
side of the side panel 4. When the adhesive 18b is dried, the filter 13
and the condensing lens 14 are respectively fixed by adhesion at the proper
positions. In the above-nentioned enbodi ment,_al though the condensing |ens
14 provided with the filter 13 and the posiﬁE%n regul ating plate 19 are
separately forned, the

sunlight, incident on the surfacg of each of the pixels 27R,
27G, 27B from the outside)is reduced in intensity in
accordance with the transmission properties possessed by the
condensing lens 36, transmitted through the transparent
-adhesive layer 37 and reaches the surface of each of the
pixels.27R, 27G, 27B. The light is then reflected from the
surface.of each of the pixels 27R, 27G, 27B, transmitted
through the transparent adhesive layer 37 and again through
the condensing lens 36 in which the intensity is reduced in
accordance with the transmission properties possessed by the
condensing lens 36, so as to be condensed, and emitted to
the outside. Namely, in the.display element in this
embodiment, the colored condensing lens 36 sufficiently
transmits the color light emitted from each of the red,
green and blue pixels thefethrough, but absorbs twice the
"light incident on the suiface of each pixel from the outside
which is reflected therefrom and emitted to the outside.
Thus, the luminance of black in which no light is emitted
from the pixels is reduced, thereby increasing the contrasﬁ
between the states of full-emission and non-emission in each
of the pixelsﬂ The light emitted from each of the pixels
is condensed by the action of the colored condensing lens 36
in the direction to the front of the display element so that
the reduction in the intensity produced when the color light

emitted from each pixel is transmitted through the

i
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position regulating plate 19 nmay be fornmed integrally with the condensing

| ens 14. In this case, the adhesive 18b is nmade unnecessary.
Al-ternatively, the filter 13 and the condensing |l ens 14 nay be bonded

t oget her by the adhesive 18a and the position regulating plate 19 may be
then nmounted on them In this case, the adheggve 18b is nmade unnecessary.
Al t hough the filter 13 is nounted (or bonded) on the

condensing lens 36 is éompensate& for, whereby the luminance
in the direction to the front of tﬂe display element is
‘increased.

Although each oflthe above-described embodiments of the
third invention employs as a single element an emission
element in the form of a matrix having a pixel number of 4 x
4 therein , the pixel number on the emission element may be
m x n (m and n each denote an integer). This applies to
the first and second inventions.

As described above, in fhe third invention, since the
colored condensing lens for condensing the light from each
pixel is provided on the front panel of an emission element,
in which the red, green and blue pixels are formed, it is
possible to obtain a high-quality display element at a low
cost which has a high level of luminance, which is capable
of displaying an image with high contrast and which can be
easily manufactured.

The use as the colored condensing lens a lens which is
uniform;y colored so as to have unifc;m transmission
prdperties for light transmitted therethrough causes an
increase in the contrast between the states of full-emission
‘and non-emission.

In addition, the use as the condensing lens a lens
which is uniformly.colored so as to selectively transmit

red, green and blue light therethrough causes an increase in

e
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I nner side of the condensing lens 14 in the above-described display, this
I nvention can be applied to a structure in which the filter 13.directly
nount ed (or bonded) on the - 10 - front panel 2 of the display, and the
condensing lens 14 is :

A

the contrast. If the condensiqg lens is colored so.that
the colors in the places corresponding to the respective
pixels are different for selectively transmiﬁting the light
emitted from the pixels therethrough, the contrast can be

increases in the same way as described above.

eet Has Been Reﬁaced

\\ll\l\\ AN



‘bonded to the filter 13 by the adhesive 18a, as shown in Fig. 7. In this
case, the sanme effect as that described above can be exhibited. As
descri bed above, imthe.first invention, when the condensing |ens and the

front panel of 3“@3@7 are conmbi-ned by -udPmg the adhesive with the filter
H

t her ebet ween, t &ﬂﬂ ating plate which extends fromthe
peri pheral edge . Aﬂﬁ%ﬁ g lens to the side thereof and to the
s *

CLAIMS

1. A display element comprising:
gmission means having a front panel which is divided
into a plurality of pixel units for generating red, green or
~ blue light and side panels, and selectively generating red,

greeh or blue liéht from each of said pixel units of said

front panel;
a condensing lens provided in front of said front panel

of said emission means.for the purpose of condensing the
light generated from each of said pixel units of said front
panel, and colored so as to impfove the contrast by
transmittihé the color light emitted from each of said pixel
units and reducing the effect of external light; and
a soft and transparent adhesive layer which causes said

condensing lens to be bonded to said front panel of said
emission mgaﬁs.
2. A display element according to Claim 1, whgrein said

- condensing lens is uniformly colored so as to have unifbrm
transmission préperties for all types of light transmitted

) therethrough. _
3. A display element according to Claim 2, wherein said
condensing lens is uniformly colored achromatic grey.
4. A display élement according to Claim 3, wherein said

condensing lens is formed by glass colored with a mixture of

This Sheet Has

T



upper portion of the side of the case and which has a hook- shaped
secti onal forn1r3"ﬁw ided or it is provided integrally with the condensi ng
|nvent|0n\Lhus enabl es the formation of a display el enent

| ehs. The f
whi ch exh|b|t . of precision mntﬁout produci ng any nutua
deviation in the reof and facTl3tates the bondi ng wor k and

whi ch all ows the p03|tﬂons lating plate to serve as a protection cover

for protecting the four
~at least one of cadmlum sulfide, cadmium selenide, iron

oxide and chromium oxide.
5. A displéy element according to Claim 3, wherein said
condensing lens is formed of plastics colored with a mixture

of at least one of anthraquinone pigments and phthalocyanine

pigments.

6. A display element according to Claim 1, wherein said
condensing lens is uniformly colored so as to selectivel&
transmit only light of three colors of red, green and blue.
7. A display eiement according to Claim 6, wherein séid
condensin§ lens is formed of glass or plastics colored with
a mixture of at least one dye or at least one pigment.

8. A display element according to Claim 7, wherein said
condensing lens is formed of glass colored with a mixture of
neodymium oxide and chromium oxide.

9. A display element according to Claim 1, wherein said
condensing lens is colored into different colors in piaces
corresﬁonding to said respective pixel units so as to
selectively transmits light of red, green or blue generated
from each of said pixel units of said-front'panel of said
emission means. |

10. A display element according to Claim 9, wherein said
condensing lens is formed of glass in which the portions
corresponding to said red pixel units are colored with a

mixture of cadmium qxide and cadmium selenide, the portions
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corners of th
‘posi tion reg

particl es froﬁle
filter and the case.
shown in Fig. 5,
13,

the filter

and the condensi ng | ens from shocks and the |iKke. The
;%? | so capabl e of preventing rain water and dust
!The porti ons between the condensing |ens, the

t%e*

her hand, in ghe conventional display elenent
separation easily occurs between the condensing | ens 14,
the transparent adhesive

correéponding to said green pixel units are colored‘with a
mixture of iron oxide and chromium oxide, and the portion
corresponding to said blue pixel units are colored with a
mixture of iron oxide and cobalt oxide.

11. A display element according to Claiﬁ 9, wherein said
condensing lens is formed of plasﬁics in which the portions
corresponding to said red pixel units are colored with a
mixture of anthraquinone pigments, the portions
corresponding to said green pixel units are colored with a
mixture of phthalocyvanine pigments, and the portions

corresponding to said blue pixel units are colored with a

mixture of phthalocyanine pigments.
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18a and the case 1 on the basis of the occurrence of a curve in the
condénsi ng | ens caused by differences between the coefficients of thernal

expansi on produced owing to a tenperature change during the use. Thi s
applies to the structure in which the filter 13 is nounted on the case 1
- 33 -
ABSTRACT

DISPLAY ELEMENT

A display element structure comprises a condensing lens 36 provided with
filter characteristics by being colored so that a separate filter is made
unnecessary. This application also contains methods of producing the
display element.

Figure 11 .
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and the condensing lens 14 is bonded to the filter
adhesi ve 18a as shown in Fig. 7. For exanple,

13 by the transparent
when t he adhesive 18a is

cured while the condensing lens 14 is elastically deforned by the |oad

applied during junction,
resulting In the occurreqb¢

t he adhesi ve 18a,

difficult to joint the face of the condensi

case 11 in parallel

a stress occurs between the condensing | ens 14 and
of separation. Further, it is
ng lens 14 and the face of t he

with each

FIG. |

PRIOR ART
56

FIG. 2

.PRIOR ART
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‘other. The occurrence of such separation causes a decrease in |um nance

owng to the reflection of light fromthe separated surface and causes the
|l oss of the colors owing to the total reflection fromthe separated surface
when the display element is seen at an angl e. There is also a problemin

that, if the condensing lens 14 is |ncllnqgr1the optical characteristics
are |npa|red
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The second invention thus provides the structure of a display elenent which
i s capabl e of preventing the occurrence of separation between the
condensing |l ens and the - 12 - case for receiving the filter and the

em ssion el ement and : -

3/

FIG. 4

PRIOR ART

FIG. 5

PRIOR ART
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whi ch produces no inclination of the |lens during junction. Figs. 8 and 9
are a side view and a front view, respectively, of an enbodi nent of the
second invention, the upper portion of Fig. 8 being a sectional view In
t he drawi ngs, on the front panel 2 of a case 1, which receives an eni ssion
el ement (not shown) and which is nmade of a traysparent menber such as

glass, are provided a filter 29 for cutting gfif~external light, which is
formed by curing a

FIG. 6
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mat eri al conposed of ultraviolet curing silicone resin as a main conponent,
and a condensing |lens 21 nmade of heat resistant acrylic resin for
conden5|ng light transmitted through the filter and emtted fromthe

em ssion elenent (refer to Fig. 2) received in the case 1. The rear side
23 of the condensing lens 21 is roughened, and at |east three projections
24 are provided thereon. The fine unevennessEp‘1the roughened rear side

23 of 'the condensing lens 21

~

FIG. 7
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causes an increase in the adhesive area of the rear side of the condensing
| ens 21 and exhi bits an anchor effect. Each of the projections 24 serves
to uniformthe di stance between the condensing lens 21 and the front panel
2. A resin layer 25 (an undercoat resin layer) which has a refractive

I ndex equivalent to that of the condensing lens 21 is fornmed between the
condensing lens 21 and the filter 29 by coatlng, nd curing it on the
roughened rear side 23, and a buffer /%

FIG. 9
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-~ 13 - layer 26 conposed of soft and transparent resin is formed between
the filter 29 and the front panel 2 by charging through an adhesive priner.
The buffer layer 26 absorbs the thermal stress during use and the residual

stress during

oy
FIG. 10
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bondi ng. Al t hough each of a substrate 17 and term nal pins 12 has a shape
du[ferent fron1that of conventlonal di splay el enents but is equival ent

v arly inportant in‘the present invention.
n which red (R pixels 27R green (G

3 are formed in an_aLLangenent_cong€+s+ng_____

%FH@Q}) cal Efaﬁﬂs, f? Pmdf a0 panel of the eni$si oRENAHEHR (HHeIRase SG
Whove- pged . dote paged. v 0 ' A Description : paged ..L... to paged .21,
bstract * page d B P’Sed - D}'Cla:m ) pagcd ‘39 . 1o parged .3z,
DISPLAY ELEMENT {[4 Drawing(s) : poged Bt paged . B
DATE OF RECEIPT.30X....... [ Abstract  : paged .F.. to paged ..7...
DATE OF RECEIPT ....coovoiiinirriicanroranes ..

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relates to a display element
which forms'a light socurce, for example, for a single cell
of an outdoor large-scale display unit, and particularly to
a color display element provided with a condehsing lens with
a filter. |
DESCRIPTION OF THE RELATED ART

When a large-screen display'unit is formed by arranging
monochromatic display tubes each utilizing the light emitted
from a‘fluorescent substance and serving as one pixel in the
form of a matrix, it is difficult to improve the resolution
because of the occurrence of spaces in the.connection
portions between the respective displaﬁ tubes, and an
increase in the resolution creates an increase in the
production cost. For example, the composite display tube
for a light source disclosed in Japanese Patent Laid-Open
No' 62-10849 has been thus proposed.'

Figs 1 to 3 are respectively a front view of the basic
structure of such a compoSite display tube for a light
source, a sectional view taken along the line II-II in Fig.
1 and a perspective view of a principal portion thereof.

In the drawings, fluorescent screens 5R, 5G, 5B each serve
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' descriBEH“EﬁﬁTigUTatiOﬂ i-s described in detail below The roughened rear
side 23 m‘issilggﬂgcﬁggnelg ng lens 21 is first described bel ow The rear side

23 of the 21 is roughened by using sand paper in order to
| mprove t ' ’ the rear side 23 of the condensing |lens 21 nade of
heat resi resin. As a net%od of roughening the rear side 23,

a method in which the rear side 23 of the condensing lens 21 is directly
roughened by

as a single pixel and are arranged in a matrix of 3 x 3 in
terms of pixel number. A case 1 comprises a front panel 2
made of a transparent member such as glass, a back panel 3
and a cylindrical side panel 4, the interior being in a
vacuum state. Red (R) florescent screens 5R, green (G)
fluorescent screens S5G and blue(B) fluorescent screen are
arranged in the form of a matrix comprising 3 lines and 3
columns, as shown in Fig. 1, on the'back sidé'of the front
panel 2. Accelerating electrodes 6 are respectively
disposed in the peripheries of the fluorescent screens SR,
5G and SB in correspondence with the fluorescent screens.
Back electrodes 10 for selecting a line are disposed on the
inner side of the back panel 3 in a form with stripes
corresponding to the 1ine directions of the fluorescent

:_.’1

screens SR, SG, SB Cathodes 7 are prov1ded above the back
electrodes 10 in correspondence with the respective-
fluorescent screen SR, 5G, S5B. For example, an indirectly
heated cathode in which an oxide is coated on an Ni sleeve,
or a directly heated cathode in which an oxide is coated on
tungsten is used as each of these cathodes _ These cathodes
7 are also supported on the back panel 3 by supporting
members 15a, 15b. -_ Control grids 8 for controlling the
columns are disposed between the fluorescent screens SR, 5G,

SB and the cathodes 7 in a form with stripes corresponding

to the column directions Each of the control grids 8 is
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sandlng u5|ng—saﬁd'paper'”1|qU|d honi ng or sandbl asting is the nost

effectlveTﬁpgkg@&pg A& adhesion, but a nold for the condensing lens 21
may be rou crease in the adhesion of the roughened rear side
23 of t he " m

t he

21 i's caused bg an increase in the surface area,

_proyided with holes 9 through which electron beams pass.
The electron beams 11 are respectively emitted from the
cathodes 7 and applied to the fluorescent screens 5R, 5G,
5B. _A high veoltage is supplied to each of anodes 6 from a
terminal 16. A given voltage is supplied to each of the
control grids 8 and the back electrodes 10 from terminal
pins 12,

In addition, a filter and a condensing lens are
provided on the surface of.the front panel 2, as shown in
Figs. 4 and S, so as to prevent any decrease in the contrast
ow1ng to the effect of external light (for example, the
sunlight or the like) on the fluorescent screens In Figs.
4 and 5, on the front panel 2 are prcvided a- filter 13
comprising color. filters 13R, 13G, 3B and a condensing lens
14 disposed on the color filters 13R, 13G, 13B, the o
condensing lens 14 proVided with the filter 13 being bonded
to the front panel 2 by an adhesive 18a Fig. S shows the
case 1 which is mounted on a substrate 17 and which has an
interior provided with the cathodes 1, the control grids 8
and the'back electrodes 10, which are not shown in the
drawing, in the same wa’ as in Fig. 2. _ “ i

_ A description w111 now be given of the operation of the
conventional display element. When a negative potential.
relative to theICathodes 7 is applied to each of the back

electrodes 10, since the periphery of each of the cathodes 7
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- 14 - attatnrent._of the anchor effect, and an inprovenment in the wetting

properti Ss f the acrylic resin surface which are all produced owing to

t he roug et tenpt is made to formthe resin layer 25 by

di rectly W Hum ring an undercoatl,ﬂg agent wi thout roughening the
rear sid den5|ng | ens 21 e undercoating agent is repelled

and thus the uniformresin |ayer 25 cannot be

is at a negative potential, the electrons emitted from each
of the cathodes 7 do not flow to the control grids 8 and the
accelerating anodes 6, thereby bringing the display element
into a cut-off state. When a potential of 0 V or a
positive potential of several V relative to the cathodes 7
is then applied to the back electrodes 10, the electron beam
11 is emitted from each of the cathodes 7 and flows toward
the control grids 8. If the potential of theecontrol.grids
8 is negative relative to the cathodes 7, the electron beams
- 11 respectively cannot pass through the holes 9 and thus
cannot reach the accelerating electrodes 6. If the
potential of the control grids 8 is positive relative to the
cathodes 7, the electron beams respectively pass through the
holes 9 and are accelerated by the accelerating electrodes 6
and then applied to the fluorescent screens SR,_SG{ Saiwhich
thus emit light. It is therefore possible to selectively
emit light from the fluorescent screens 5R, 5G,.SB, which

are disposed at the positions corresponding to the

intersections between the back electrodes 10 and the control
gridsla_to which voltages are applied by selectively
applping a giyen voltage to the hack electrodes 10 for
selecting a line in the arrangement of the fluorescent_
screen.SR,QSG, 5B and the control grids for selecting a
column, | Further,.if.a large number of such display

elements each serving as one cell are arranged to form a
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formed.  The roughﬁé§§ﬁferr] of the rear side 23 is preferably 3 to 15
[err]. A descri tb R cd now be given of the undercoating agent used for

form ng ﬁhesh The undercoating agent obtained by dissolving
20% of uIt S|I|cone resin (X—62 7509 produced by Shin-etsu
Chem cal I td.) which is thé main conponent of the materia

for the f|| er 29 |n xylene I S spray-coated on the

large screen, it is possible to form a color display
comprising the fluorescent screens SR, 5G, SB each serving
as a pixel.

The conventional display element configured as
described above has a problem in that, when the filter 13
and the condensing lens 14 are bonded to the surface of the
front panel 2 by using the adhesive 18a, the bonding work
cannot be easily performed in such a manner that the
positions'of:the color filters 13R; 13G, 13B and the
condensing lens 14 respectively agree with the positions of

'the fluorescent screens SR; 5G, 5B, and thus easily produces
deviations-in the positions. | |
SUMMARY OF THE INVENTION

The present invention has been achieved with a view to
resolv1ng the above-described problem, and it is an object_
of the present invention to provide a display element which
allows the filter lens 13 and the condensing 1ens 14 to be
fixed by adheSion to the front panel 2 without producing any
deviation in the positions thereof.

A display element in accordance with the present
invention is provided with a perioheral .position regulating
means e.g. a plate. for regulating the sides of the filter and
the condensing lens so that they are placed in'register

with the same plane as the side of the front panel.
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roughened rear side 23, -air-dried so that the solvent is renmoved, and then
cured by brisBBeet fids RAindHe cewth ultraviolet rays to formthe resin |ayer 25.

The filter | 1 en coated and cured on the cured resin layer 25 to
obtain the filter. The solvent for the undercoating agent
IS preferabl"ﬁﬁ mlﬂ uch as xylene, t®& uene or the like which are
conpatible with acrylic resin and liquid silicone resin. The concentration
of the undercoating
The position regulating plate of the present invention
is capable.of regulating the filter and the condensing lens
to a given position and thus facilitating the bonding work.
This application contains some other inventions, A
second invention provides a structure of a display element
which is capable of preventing the separation of the
condensing lens from the filter and the case even if thermal
stress or other external force is applied to the display element,
and further which is capable of preventing the occurrence
of an inclination in the condensing‘lens during the bonding.
A third invention provides a structure of a display element
which makes the filter unnecessery by imparting filter
characteristics to the condensing lens by coloring it.
This application further contains a method of producing such
display elements
BRIEF DESCRIPTION OF THE DRAWINGS
ﬂFig. lJis a plan view of a conventional display
element,;~ - _ _ _
. Fig 2 is a sectional view taken along the line II-II
in Fig. 1; | | |
Fig d is.an exploded perspective view of a prinCipal
portion of the ‘display element shown in Fig 2 '
?ig, 4 is a perspective view which shows the pos;tional

reletionship_of a filter to the fluorescent screens of the

front panel shown in Fig. 1;
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agent is preferably 5 to 70% nore preferably 10 to 40% Since the
undercoatlng agent contai ns” & sol vent (xyl ene, - 15 - toluene or the
&h acrylic resin, it has good wetting

o

Fig. 5 is a sectional side view of a principal portion
in a state wherein the case shown in Fig. 2 is provided with
a filter and a condensing lens;

Fié‘ 6 is-a sectional side view of a display element in
an embodiment of the first invention;

Fig. 6A is an enlarged sectional view of the portion A
surrounded by a dashed line in Fig. 6; |

Fig. 7 is a sectional side vie;'of a dispiay element in
another embodiment of the first invention; |

Fig. 8 is a partially sectional side view of a display
element in an embodimeﬁt of the second invention; | .'

Eig.'s ds'ajfront view df the displey elemenr shown in
Fig. .8; _ o .. .

Fig. lQ is a fronr view of a displax elemenr of an
embodiment of tﬁe third invention; and

Fig. 11 is.e side view of the display element shdwn in
Fié. 10 with a sectional part taken along the line XI-XI in
Fig 10. . _ _ _ |
DESCRIPTION OF THE PREFERRED EMBODIMENTS

_ An embodiment of the first invention will be described
below WLth reference to the drawings In Figs 6, 6A and 7,
the portions correspondxng to those shown in Fig. 5 are
denoted by‘the_same reference numerals and are not described
below. Altheugh the interior of tﬁe case 1 is not shown in

the drawings, the cathodes 7, the control grids 8 and the
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causes the surface of the-acrylic resin to slightly dissolve therein. In
addi t i onThisSheet E1ad M8 R g{ gcoating agent is diluted by the solvent, it has a
ely flows into the unevenness of the roughened

Iow1v!sco

acrylic r ﬂ ffects cause the_formation of the resin |layer 25

which is s to the acrylic Tesin. Since the filter materia

;slfonpgged of the sanme main conponent as that of the resin |ayer 25, the
ilter

back electrodes 10 are provided therein in the same way as
in Fig. 4. In Figs. 6 and 6A, a position regulating plate
_19 has a.hook—shaped sectional form, as shown in the
drawings, and is bonded to the peripheral portion and the
side of the condensing lens 14 through a transparent
adhesive léb (the same as the adhesive 18a), as well as
being extended from the side of the front panel 2 to an
upper portion of the side panel 4, an extended portion 19a
being.bonded-to the front panel 2 and the side panel 4
through the adhesxve 18a. The front panel 2 and the side
panel 4 are bonded together by an adhesive 20.
_ The operation of this display element will be described
belon. When the filter 13 and the condensing lens 14 are
bonded to the front panel 2, the position regulating plate
19 is first bonded to the peripheral portion and the side of
the condenSing lens 14 by using the adhesive 18b ) The
filter 13 ‘and the condensing lens 14 to which the position
regulating plate 19 is bonded are then mounted on the
surface of the front panel 2 and bonded thereto by the
adhesive 18a. At this time, the extended portion 19a of
the pos;tion regulating plate 19 is pressed against the side _
of the front panel 2 and the upper portion of the'side panel
' 4 so that the sides of the filter 13 and the condensing lens
_14 are positioned on substantially the same plane as the

sides of the front panel and the_side panel 4. Thatzis,-
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coated on the-resin.layer 25 is strongly bonded. If the filter materi al
1's coated d|rectI on t he roughened acrylic resin surface 23, the filter
mat eri al |nco éilased t he unevenness because of its higher

vi scosity than t T ercoating agent, resulting in the occurrence
of a defect. he filter aterial also has a |ow | evel of
adhesi on because it has no conpatlblllty with the acrylic resin.

these side ends are arranged on the same line. At the same

time, the positions of the color filters 13R, 13G, 13B and
the condensing lens 14 respectively agree with the
fluorescent screens 53R, 5G, 5B opposite thereto, and the
filter and the condensing lens 14 are held at the
positions.without loosing. The adhesive 18b does not
unnecessarily rise and an excess adhesive 18b downwardly
flows along the side of the side panel 4. When the
adhesive 18b is dried, the filter 13 and the eendensing lens
14 are respectively fixed by adhesion e; the proper
poeitions.

_ In the abovejmentioned embodiﬁent, althougﬁ the
condensing lens 14 provided with the fiiter 13 and the
pos;tion regulatlng plate 19 are separately formed, the
position regulatlng plate 19 may be formed lntegrally with
the condensing lens 14. In this case, the adhesive 18b is
made unnecessary.

_Alterneeieely, the filter 13 end the condensing lens 14
may be bonded together by the adhesive 18a and the position
regulating plafe 19 may be then mounted on them. In this
caee, the adhesive 18b is made unnecessary.

_Although.the filter 13 is mounted (or bonded) en_the
inner side of the condensing iens 14 in the above-described
display, this.invention can be applied to a structure in,

which the filter 13 directly mounted (or bonded) on the
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Each of the prOJectlons 24 prOV|ded on the rear side 23 of the condensing

| ens 21 habhisbhest Has din dianeter and 0.5 nmin height and so that the
di st ance be

panel 2 '-can u““

| side 23 of the condensing |l ens and the front
s large as possible, and the thickness of the

buffer | ayer 26 charged and cured can belq ner eased. In addition, a curve

produced in the condensing | ens 21 during

front panel 2 of the display, and the condensing lens 14 is
bonded to the filter 13 by the adhesive 18a, as shown in
Fig. 7. In this case, the same effect as that described

above can be exhibited.

As described above, in the first invention, when the
condensing lens and the front panel of the case are combined
by using the adhesive with the filter therebetween, the
position regulating plate which extends from the peripheral
edge of the condensing lens to the side thereof and to the

_upper portion of the side of the case and which has a hook-
shaped sectional form is provided or it is provided
integrally with the condensing lens. The first invention
thus enables the formation of a display element which
exhibits a high level of precision without producing any
mutual devxation in the posztions thereof and facilitates
the bonding work and which allows the position regulating
plate to serve as a protection cover. for protectinglthe_four
corners of the case and the condensing lens from shocks and
the like. _ The position regulating plate is also capable of
preu;nting rain water and dust particles from entering into
the portions between the condensing lens, the filter and the
case.

_ On the other hand, in the conventional display element
shown in Fig. 5, separation easxly occurs between thef

condensing lens 14, the filter 13, the transparent adhesive
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- 16 - the nolding of the |ens can be renoved by precisel y-adjusting the
hei.ght of the projections 24. The formation of the qugﬁ Ihéﬁ aded

| astly described bel ow. A sil ane coupling agent (PH
X-33- 144 produced by Shin-etsu Chemical Industry Co

adhesi ve

an

11

18a and the case 1 on the basis of the occurrence of a curve
in the condensing lens caused by differences between the
coefficients of thermal expansion produced owing to a
temperature change during the use. This applles to the
structure in which the filter 13 is mounted on the case 1
and the condensing lens 14 is bonded to the filter 13 by the
transparent adhesive 1l8a as shown in Fig. 7. For example,
when the adhesive 18a is cured while the condensing lens 14
is elastically deformed by the load applied during junction,
a stress occurs between the condensing lens 14 and the
adhesive laa, resulting in the occurrence of separation.
Further, it is difficult to joint the face of the condensing
lens 14 and the face of the case 11 in parallel with each

othe;.

The occurrence of such separation causes a decrease in

luminance owing to the reflection of light from the

sepafated surface and causes the loss of the colors owing to
the total reflection from the separated surface when the
disélay élement is seen at an'angle. - There ié also a
problem in that, if the condensing lens 14 is inclined, the
optical characterlstlcs are 1mpa1red

The second invention thus provides the structurefof a

' display element which is capable of preventing the

occurrence of separation between the condensing lens and the
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priner is first-coated-over the entire surfaces of the filter 29 and the

resin IayerTﬁ§ t e ent|re surface of the front panel 2 which are
opposite to 4 wo- liquid addition reaction-type silicone RTV
resin (KE 1 by Shin-etsu Chem cal Industry Co., Ltd.) is

char ged bet red to formtRé buffer |ayer 26 made of soft and
t ranspar ent reS|n. The cured product of the two-liquid addition

reaction-type silicone RTV resin is

case for receiving the filter and the emission element and
which produces no inclination of the lens during junction.
Figs. 8 and 9 are a side view and a front view,
respectively, of an embodiment of the second invention, the
upper portiongof Fig. 8 being a sectional view. In the
drawings, on the front panel 2 of a case 1, which receives
an emission element (not shown) and which is made of a
transparent member such as glass, are provided a filter 29
for cutting off external light, which is formed by curing a
material composed of ultraviolet curing silicone resin as a
main component} and a condensing lens 21 made of heat
resistant acrylic resin for condensing light transmitted
through the filter and emitted from the emission element
(refer to Fig. 2) received in the case 1. ‘The rear side 23
of the condensing lens 21 is roughened, and at least three
projections 24 are provided thereon. The fine unevenness
of the roughened rear side 23 of the condensing lens 21
causes an increase in the adhesive area of the rear side.of
the condensing lens 21 and.exhibits an anchor effect. Each
of the projections 24 serves to uniform the distance between
the condensing lens 21 and the front panel 2. A resin
layer 25 (an undercoat resin layer) which has a refractive
index equivalent to that of the condens;ng lens 21 is formed
between‘the.condensing lens 21 and the filter 29 by coating

and_curing it on“the roughened rear side 23, and a buffer
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col orl ess, "transparent ‘and éxcellent in light transmttance (95%wth a

t hi ckness of mhls dHBk HaPSee Relac®S havi ng a refractive i ndex of
substantial ly

of the filter.
hi gh | evel of

ongati on,

1.50 which is

38 Al of glass, 1.49 of the condensing lens and 1.49
_ iMce the cured 8 oduct exhibits flexibility and a
it is possible to relieve the

thermal stress produced by differences I n the coefficients of thermal

expansi on of

layer 26 composed of soft and transparent resin is formed

between the filter 29 and the front panel 2 by charging

through an adhesive primer. The buffer layer 26 absorbs

the thermal stress during use and the residual stress during

bonding. Although each of a substrate 17 and terminal pins

12 has a shape different from that of conventional display

elements but is equivalent thereto, the shape is not

particularly important in the present invention.

Fig. 9 is

a front view of ‘a case in which red (R) pixels 27R, green

(G) pixels.27G_and blue (B) pixels 273 are formed in an

arrangement comprising 4 lines and 4 columns on the front

panel of the emission element (the case 1). The above-

described configuration is described in detail below

~ The roughened rear side 23 of the condensing lens 21 is

first described below The rear side 23 of the condensing

lens 21 is roughened by using sand paper in order to improve

the adhesion of the rear side 23 of the condensing lens 21

made of heat resistant acrylic resin. As a method of

roughening the rear side 23, a method in which the rear side

23 of the condensing lens 21 is directly roughened by

sanding uSLng sand paper, liquid honing or sandblasting is

the most effective to improving the adhesion, but a mold for

the condensing lens 21 may be roughened An increase in

the adhesion of the roughened rear side 23 of the condensing

lens 21 is caused by an increase in the surface area, the
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the front p héfuzf“fhe“condensing |l ens 21 and the filter 29 and
sqfficientl€hl eﬁGManﬁRg?fornation of the condensing | ens 21 caused by an

increase in - _ ae"due to the light emtted fromthe display tube
or the sunli [’7’! 17 - 14

attainment of the anchor effect, and an improvement in the
wetting properties of the acrylic resin surface, which afe
all produced owing to the roughening. If an attempt is
made to form the resin layer 25 by directly ccating and
curing an undercoating agent without roughening the rear
side 23 of the condensing lens 21, the undercoating agent is
repelled and thus the uniform resin layer 25 cannot be
formed. The roughness Rpax Of the rear side 23 is
préferably‘3 to 15 {m,

A description will now be given of the undercoating
agent used for forming the resin layer 25. The
undércoating agent obtained by dissolving 20% of ultraviolet
curing siliéone resin.(x-6247509 produced by Shin-etsu Chemical
Industry Co., Ltd.) which is the main cgmponent of the
maﬁerial for the filtér 29 in xylene is spray-coated on the
roughened rear side 23, air-dried so thgt the solvent is
iemoved; and then cured by being irradiated with ultraviolet
rays to forﬁ the resin layer 25. The filter material is
then coated.aqd cured on the cured resin layer 25 to‘obtain
the ‘lens with ﬁhe filter. The solvent for the ﬁndercoating
agéﬁt is preferably a solvent such as xylene, toluene or the
liké which'are compatible with acrylic resin and liquid
silicone resin. The concentration of tﬂe undexcoating
agenﬁ.is preferably S to 70%, more preferably 10 to 40%.

Since the undercoating agent contains a solvent (xylene,
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addi tion, thﬁ&%mkﬁﬁﬁﬁggﬁg 1@l 1y no occurrence of discoloration by the

l'i ght enltted ston el ement in the case 1 or the sunlight or

t he heat ther#ﬂmw degree of volune shrinkage during the curing.

As this resin ts no adhesion but excellent release properties,

it cannot be bonded to a surface to whi cR3no.silane coupling agent s
appl i ed. Wiile this reS|n exhi bits strong adhesion to a surface when a

silane coupling

toluene or the like) which is compatible with acrylic resin,
it has good wetting properties for acrylic resin and thus
causes the surface of the acrylic resin to slightly dissolve
therein. In addition, since the undercoating agent is
diluted by the solvent, it has a low viscosity and
completely fiows into the unevenness of the roughened
acrylic resin. These effects cause the formation of the
resin layer 25 which is strongly bonded to the acrylic
resin. 'Since the~filter material is composed of the sane

- main component as that of the resinilayer 25, the filter 29
coated on the resin layer 25 is strongly bonded. It the |
filter material is coated directly on the roughened acrylic
resin surface 23, the filter material incompletely flows
into the unevenness because of its higher viscosity than
that of the undercoating agent, resulting in the occurrence
.of a defect. In this case, the filter material also has a
low letel of adhesion because.it has no compatibility with

the acrylic resin

| Each of the projections 24 provided on the rear side 23
of the condensing lens 21 has a size of 3 mm in diameter and
0. S mm in height and so that the distance between the rear
side 23 of the condenSing lens and the front panel 2 can be
set to be as large as possible, and the thickness of the
buffer layer 26 charged and cured can be 1ncreased. In

addition, a curve produced in the condensing lens 21 during
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agent s a I|ed ‘théreto— Is therefore preferable that no silane
coupling a Iwu$hgmgﬁke to portlons to which the excess resin should not

be adhered ing lens with the filter and the front panel are
bonded toge bl es the excess resin to be easily separated after
the resin has In contrary, Mhen the silane coupling agent is

applied to not onIy the upper surface of the front panel 2 of the case 1
but al so the external

the molding of the lens can be removed by precisely
adjusting the height of the projections 24. The formation
of the buffer layer 26 is lastly described below. A silane
coupling agent (Primer A or Primer X-33-144 pfoduced by
Shin-etsu Chemical Industry Co., Ltd.) which is an adhesive
primer.is first coated over the entire su;faces of the
filter 29 and the resin layer 25 and the entire surface of
the front panel 2 which are opposite to each other. A two-
liquid addition reaction-type silicone RTV reéesin (KE 1603A/B
produced by Shin-etsu Chemical Industry Co., Ltd.) is
charged between them ahd cured to form the buffer layer 26
made of soft and transparent resin, The cured product of
the two-liquid addition reaction-type silicone RTV resin is
colorless, transparent and excellent in light transmittance
(95% with a thickness of 1 mm), as well as having a
refractive index of 1.50 which is substantially equal to
1.52 of glass, 1.49 of the condensiné lens and 1.49 of the
leter Further, since the cured product exhibits
flexibility and a high level of elongaticn (elongation,
400%), it is possible to relieve the thermal stress produced
by.dszerenees in the coefficients of thermal expansion of
the front'panellz, the condensing lens 21 and the filter 29
and sufficiently follow the defofmation of the condensing
lens 21 caused by an increase in the temperature due to the

light emitted from the display tube or the sunlight. In

This.is lhe raplacement sﬁee’t

30&‘5‘995

" Data:



surface of .the junction with the outer wall, the resin which overfl ows when
t he condensi ng Iens Mﬁth the fllter and the front panel are bonded together

strongly adh@h d periphery of the connection portion with the
t hereof, whereby the airtightness of the
roved andifhe gl ass can be protected from

connecti on po
bei ng broken by shocks The dlsplay el ement configured as descri bed above

front panel

addition, there is substantially no occurrence of
discoloration by the light emitted from the emission element
in the case 1 or the sunlight or the heat thereof and a low
degree of volume shrinkage during the curing. As this
resin itself exhibits no adhesion but excellent release
properties, it cannot be bonded to a surface to which no
silane coupling agent is applied. While this resin
exhibits strong adhesion to a surface when a silane coupling
agent is applied thereto. It is therefore preferable that
no silane coupling agent is applied to portions to which the
excess resin should not be adhered when the condensing lens
with the filter and the front panel are bonded together.
This‘enables the ercess resin to he easily separated after
the resin has-heen cured. ln contrary, when the:silane
coupling agent is applied to not only the upper surface of
the front panel 2 of the case 1 but also the external
surface of the junction with the outer wall, the.resin'which
overflows when the condensing lens with the filter and the
front panel are bonded together strongly adheres to the
outer periphery of the connection portion with the front
panel and the side wall thereof, whereby the airtightness of
the connection.portion can be improved, and the glass can be
protected from-being broken.by shocks.' - ..

. The display element configured as described above

showed no abnormal between the condensing lens 21 and the

This is the replacement sheet
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showed no abnormal between t-he condensing | ens 21 and the - 18 - filter
29 and behwgg&w{ w h the filter and the front panel 2 in any of a

boi | i ng tes m‘lw’mﬁ er at [err] for 2 hours, a |owtenperature test
18 .

at [err] fo
filter 29 and between the lens with the filter and the front

panel 2 in any of a boiling test in boiling water at 100°C
for 2 hours, a low-temperature test at -40°C for 168 hours,
a heat shock test of 400 cycles at =-40°C for 2 hours and
85°C for 2 hours, a hot-air test in which hot air at 130°C
was blown against the surface of the condensing lens for 1
hour, and a lighting test in an atmosphere at 60°C. When
no undercoating agent was applied so that the resin layer 25
was not formed, however, separation occurred between the
roughened surface 23 of the condensing lens 21 and the
filter 29 in a low-temperature test for 8 hours, a hot-air
test for l minute and a lighting test for 24 hours. In
additiont when the'rear side of the condensing lensl21 was
not roughenednand no underooating agent was applied, a
separation occurred between the condensing lens 21 and the
filter 29 in a low—temperature test for 2 hours, a heat
shock test in 10 cycles, a hot-air test for 1 minute and a

lighting test for 2 hours.

The above~mentioned display element in the second
invention enables the prevention of separation between the
condensxng lens and the filter and the case receiVing the
emission element ‘even if thermal stress or another external
force is_applied.to the display element, as well as the
achievement of the effect of preventing the occurrence of an

inclination of the condensing lens during connectionh
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t he condensi ng Ie and a lighting test in an atnmosphere at
[err]. Wen no u nt was Iled so that the resin layer 25
was not forned, however, separatlon occ ed bet ween t he roughened surface
23 of the condensing Iens 21 and the filter 29 in a |lowtenperature test

for 8 hours, a hot-air

a heat shock tesrfh 4 0 cycles at [err] for 2 hours and [err] for 2 hours,
a hot-air test ﬁtﬁacedt [err] was blown against the surface of

The third invention provides a high-quality display
element at a ‘low cost which is provided with filter
characteristics by being colored so that the filter provided
in a conventional display element is made unnecessary and
which can be easily produced.

A display element in the third invention comprises a
colored condensing lens which is provided on the emission
.surface of one emission element (emission means), in which

"red, green and blue pixels are respectively formed, for the
purpose of condensing the light from each of the pixels.
Thelcondensing lens'may be uniformly colored so as to have
uniform transmission properties for light transmitted
therethrough or colored so as to selectively transmit red,
green and blue light therethrough. Alternatively, the
condensing lens may be colored so that the colors in places
corresponding to the respective pixels are different_from
each other | -

The display element in the third invention is provided
with the colored condensing lens on the emission surface of
one emission element so that an image with high luminance
and high contrast can be displayed without using the filter
provided in a conventional display element. It is _
therefore possible to realize a high-quality display element
at a low cost which can be easily produced. If a lens

which is uniformly colored so as to have uniform
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test for 1 m.nute -and a llghtlng test for 24 hours. I n addition, when the
rear side of the mgdlens 21 was not roughened and no undercoati ng

agent was m ti'on occurred between the condensing |l ens 21 and
the filter ‘ﬂm erature test for 2 hours, a heat shock test in
10 cycles or 1 minute aR@ a lighting test for 2 hours. The
above-nentloned di splay elenent in the second

transmission properties for light transmitted therethrough
is used as the colored condensing lens, the intensity of the
'light emitted from each of the pixels is reduced once when
it is transmitted through the condensing lens, while the
intensity of external light is reduced twice at the times of
incidence and reflection, thereby increasing the contrast
between the states of full emission and non-emission.

If a lens which is uniformly colored so as to
selectiveiy transmit red, green and blne color therethrough

. 1s used as the condensing lens, the condensing lens
sufficiently transmits the light from eacn pixel
therethrough, while most of the external light is absorbed

twice, thereby increasing the contrast between the states of
full emission and‘non-emission. '

Further, if the condensing lens is colored so that the
colors in the places corresponding to the respective pixels
are different from each other for selectively transmitting

.the light emitted from the pixels therethrough, the contrast
is increased in the same way as in the above-described
examples." ' o

The display element in an embodiment of the third
invention is described below with reference to drawings
Figs. 10 and 11 are respectively a front view of a display

element in an empodiment of the third invention and a side
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and the filter P @ eiving the em ssion elenent even if thermnal
stress or anoth rce is applied to the display el enent, as wel
as the achleve ect of preventing the occurrence of an

I nclination of the conden5|ng | ens duringlconnecti on.

I nvention enah%g i Eﬁ @{eventlon of separation between the condensing |ens

view thereof with a sectional part taken along the line XI-
XI in Fig. 10.

In the display element shown in the drawings, red,
green and blue pixels 27R, 277G, 27B are formed on the front
panel 2 of one emission element la so that an intended color
is displayed on each of the pixels 27R, 27G, 27B by
controlling the light emitted from the emission element. A
condensing lens 36 is provided in front of the front panel 2
of the emission element la, the condensing lens 36 and the
front panel 2 being bonded together by a transparent |
adhesive layer 37. The condensing lens 36 is formed.by
uniformly coloring glass or plastics to an achromatic grey
by a dye or pigment so as to have no selective transmission
properties but exhibit transmittance which is wholly reduced
over the entire region of the visible light. For example,
cadmium sulfide, cadmium selenide, iron oxide and chromium
oxide may be mixed in a case of glass, and an anthraquinone
pigment and phthalocyanine pigment may be mixed in a case of
plastics._ The transparent adhesive layer 37 is formed by
using a silicone, acrylic, epoxy or polyester transparent
adhesive so as to sufficiently transmit the light emitted
from each of the ‘pixels 27R, 27G, 27B therethrough ;'The
transparent adhesive layer 37 serves to bond the emission
element la to the condensing lens 36 and seal between the

emission element la and the condensing lens 36 so as to
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- 19 - The invention provides a high-quality display el ement which can be
easi |y prothicsheet s Beeh Réplesdst and which is provided with filter
characteris ol ored so that the filter provided in a
conventi onal uﬂuﬂmm%nt I s made unnecessary. A display el enent
according to e tnvention conprises a caddred condensing | ens which is
provi ded on the em ssion '

prevent a rednction in the amount of the light emitted from
the emission element la owing to a stain produced on the
emission surface thereof by dust, particularly rain water
and dirt when the display element is used outdoors, which
enters between the emission element la and the condensing
lens 36. Further, the use of the transparent adhesive
which becomes soft after solidification causes the
deformation of the condensing lens 36 produced by thermal
stress after bonding to be absorbed by the transparent
adhesive layer 37 and thus enables the condensing lens 36 to
be prevented from separating from the emission element 1la.
The function of each embodiment based on the above-
described configuration will be described nelow with
reference to Fig. 11. The color light emitted from each of
the red, greed and blue sections, i.e., the pixels 27R, 27G
and 27B (in Fig. 11, the pixels 27R, 27G), which are
arranged in the form of a matrix, is transmitted through the
transparent adhesive layer 37 in which the intensity is
reduced in accordance with the transmission properties
possessed by the color condensing lens 36, and then emitted
to the_outside. The light, for example, the sunlight,
incident on the surface is reduced in intensity in
accordance with the transmission properties possessed by the
condensing lens 36, transmitted through the transparent

adhesive layer 37 and reaches the surface of each of the
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surface of -one eni'ssion el enent (em ssion neans), in which red, green and

bl ue pi xel sﬁfetﬁ M&hy formed, for the purpose of condensing’the

| i ght fro el s. The condensing | ens may be uniformy col ored
so as to ha snission prop %les for light transmtted
therethroug as to selectlé ly transmt red, green and bl ue

| i ght therethrough. Alternatlvely, t he condensing |l ens nay be col ored so
that the colors in places

pixels 27R, 27G, 27B. The light is then reflected from the
surface of'each of the pixels 27R, 27G,-27B, transmitted
‘through the transparent layer 37 and through the condensing
lens 36, in which the intensity is again reduced in
accordance with the transmission'properties possessed by the
condensing lens 36, so as to be condensed, and then emitted
‘to the outside. In other words, in this display element,
the intensity of the color light emitted from each of the
red, green and blue pirels 27R, 217G, 27B is reduced by the
colored condensing lens 36 only once, while the intensity of
the light incident on the surface of each of the pixels 27R,
27G, 27B, which is reflected and emitted to the outside, is
reduced tw1ce, whereby the luminance of the black color in
which no light is emitted from each of the pixels 27R, 27G,
278 is reduced. This causes an increase in the contrast
between the states of full emission and non-emission in each
of the pixels 27R, 27G, 27B. The light emitted from each
of the pixels 27R, 27G, 27B is also condensed in the .
direction to the front of the display element and colored by
the action of the colored condensing lens 36 so that the
reduction in the intensity produced when the light is_
transmitted through the condensing lens 36 is made up for,
whereby the_luminance in the direction to the front,of the

display element can be'increased.
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i mage with hi

d high contrast can be displayed w thout using

correspondln ,t Eg t&ye pi xel s are different fromeach other. The

di splay ele is provided with the col ored

condensing | e lmulmﬂ ion surface of one em ssion el enent so that an
n

the filter provided i
possible to realize a

a conventional di2glay el ement. It is therefore
hi gh-qual ity display el enent

A description will now be given of a display element in
a second embodiment of the third invention.

In this embodiment, the colored condensing lens 36
shown in Figs. 10 and 11 is uniformly cdlored.so as to
selectively transmit red, greed and blue light therethrough
and is.made of glass or plastics colored with one kind of
dye or pigment or a mixture of several kinds of dyes or
pigments. For example, in a case of glass, the condensing
lens can be formed by uéing a mixture of neodymium oxide and
chromium oxide. In the Second embodiment, the color light
emitted from each of the red, green'énd blue pixels 27R,
27G, 27B is trahsmitted through the transparent adhesive
layer 37 and through the condensing lens 36 and projected to
the outside. On the other hand, the light, e.g., the
sunlight, incident on the surface, which is reflected
therefrom and emitted to ﬁhe outside, is reduced in
intensity in accordance with the transmission properties
pggsessed'by thg condensing lens 36, is transmitted through
the transparent adhesi#e layer 37 and then reaches the
surfaqe of gacq of the pixels 27R, 27G, 27B. The light is
then reflected from the surface of each pixel, transmitted
through the transparent adhesive layer 37 and again through
the éondensing lens. 36 in which the intensity is again
reduced in accordahce with the transmission properties

possessed by the condensing lens, so as to be condensed, and
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at a Iom1cost”ﬁﬁT6HWCan be easi |y produced. If a lens which is uniformy
ol ored so as tygiskpeseH im?hls Is the replacenent sheet - 20 -

transm ssion proﬂmlmm“ “\I ght transmitted therethrough

then emitted to the outside. That is, in the display
element of this embodiment, although the colored condensing
lens 36 sufficiently transmits the color light emitted from
each of the red, greed and blue pixels 27R, 27G, 27B
therethrough, it absorbs twice the external light incident
upon-the surface of each pixel, which is reflected therefrom
and emitted to the outside. It is therefore possible to
reduce_the luminance of black in which no light is emitted
from pixels 27R,.27G, 27B in each of the pixels and thus
increase the contrast between the states of full emission
and non-emission in each of the pixels 27#, 27G, 27B. The
light.emitted from each of the pixels 27R, 276G, 273 is also
condensed in the direction to the front of the display
element by the action of the colored condensing lens 36, and
the reduction in the intensity produced when the light
emitted from each pixel lS transmitted through the |
condensing lens 36 is made up for, thereby 1ncreasing the
luminance in the direction to the front of the display

element

A description will now be given of a display element in
a third embodiment of this invention

In this embodiment, the colored condensing lens 36
shown in Fig. 10 and 11 is colored with dyes which are

different in the places corresponding to the respective

pixels so as to selectively transmit the light emitted from
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I's used as the. celored condensing lens, the intensity of the light emtted

fr.om each of the i gmss ced once when it is transmtted through the
condensing le tensity of external light is reduced tw ce at
the tines of i i H flection, thereby increasing the contrast

bet ween the sta emi ssi on and Aon-enission. If a lens which is
uniformy colored so as to selectively transmt red, green and bl ue col or

t her et hr ough

each of the red, green and blue pixels 27R, 27G, 27B
therethrough. The condensing lens 36 is formed of glass or
plastics which is colored by dyes so that the cores in the
places corresponding to the respective pixels are different
from each other.

_For.example, in a case of glass, the condensing lens
can be formed by using a mixture of cadmium sulfide and
~cadmium selenide in the portions corresponding to the red
pixels, iron oxide and chromium oxide in the portions
corresponding to the green pixels, and iron oxide and cobalt
oxide in the portions corresponding to the blue pixels. In
a case of plastics, the condensing lens can be formed by
using an anthraquinpne pigment in the portions corresponding
to the red pixels, a phthalocyanine pigment in the portions
correspondiné to the green pixels, and a phthalocyanine
pigment in the portions corresponding to the blue .pixels.
The condensing lens 36 can be formed by separttely producing
the_pqrtions.qorresponding to the pixels and, particularly,
in a case of plastics, it can be forméd by molding as one
unit at a time by using a three-color molding machine. In
this embodiment, the color light emitted from each of the
red, greed and blue pixels 27R, 27G, 27B is transmitted
through the transparent adhesive layer 37 and sufficiently
transmitted through the condensing lens 36 and then emitted

to the outside. On the other hand, the light, e.g., the
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is used as the condensing | ens, the condensing |lens sufficiently- transm.ts.
the light fromeach pixel therethrough, while nost of thamggﬁéggﬁyBeli ht is
absorbed twi ce, thereby increasing the contrast between th Y ageq
em ssion and non-em ssion. Further, if the condensing Iensﬁ'@lM]Eﬂ

that the colors in the places correspondi4fy to the respecti

different fromeach other for selectively transnmtting

sunlight, incident on the surface of each of the pixels 27R,
27G, 27B from the outside is reduced in intensity in
accordance with the transmission properties possessed by the
condensing lens 36, transmitted through the transparent
adhesive layer 37 and reaches the surface of each of the
pixels.27R, 27G, 27B. The light is then reflected from the
surface of each of the pixels 27R, 27G, 27B, transmitted
through the transparent adhesive layer 37 and again through
the condensing lens 36 in which the intensity is reduced in
accordance with the transmission properties possessed by the
coedensing lens 36, so as to be condensed, and emitted to
the outs;de. 'Nameiy,.in the disﬁlay element in thie
embodiment, the colored condensing lens 36 sufficiently
transmi;s-the color light emitted from each of the red,
green and blue pixels thefethrougﬁ, but.absorbs twiee the
'light.;ncident on the surface of each pixel from_the ocutside
which is reflected therefrom and emitted te the eutside.
?Q@s{ the lumieance of black in which no'lighﬁ is emitted
ffeq:;heméixele is reduced, thereby inereasing_the contrast
betweeh_the.states of full-emission and non-emission in each
ef_the_pi#ele. _The light emitted from each of the pixels
ie-condeeeed by the action of the colored condeneing.lens 36
iqithe direction to the front of the display element so that
;he_reduction in the intensity produced when_the color light

emitted frem each pixel is transmitted through the
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the light emtted fron1the pi xel s therethrough, the contrast is increased.
spl ay eléﬁmﬂmeﬂﬂ bmﬁg enbodi nents of the invention are descri bed

belom/mnth r mnngs Figs. 6 and 7 are respectively a front

view of a d| efining an enB%dinent of the invention and a

condensing lens 36 is compensated for, whereby the luminance
in the direction to the front of the display element is

increased.

Although each of the above-described embodiments of the
third invention employs as a single element an emission
element in the form of a matrix having a pixel number of 4 x
4 therein , the pixel number on the emission element may be
m x n (m and n each denote an integer). This applies to
the first and second inventions'. |

As described above, in fhe third invention, since the
coloced condensing lehs for condeneing the light from each
pixel is provided on the front panel of an emission element,
in which-the'red, green and blue pixels are formed, it is
possible to obtain a high-quality display element at a low
cost which has a high level of luminance, which is capable
of displaying an image with high contrast and which can be
easily manufactured

The ‘use as the colored condensing lens a lens which is
uniformly colored so as to have uniform transmission
properties for 1ight transmitted therethrough causes an
increase in the contrast between the states of full—emission
and noh-emission.

In addition, the use as the condensing lens a lens
which is uniformly colored so as to selectively transmit

red, green and blue light therethrough causes an ihcrease in

ig the replacement sheel
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- 21 - viewthereof with a sectional part taken along the line Xl-XI

Fig. 6. In the display el enent shown in the draw ngs, red, green and bI ue
pi xel s 27R, 27G 27B are formed on the front panel 2 of one ©iis Sheétdias Been Replaced
elenent |la so that an intended color is displayed on each of t ﬂi
27R, 27G 27B by. controlling the light @fitted fromthe eni ssuml ulﬁuﬂ‘l

A condensing lens 36 is provided in front of the front panel

the contrast. If the condensing lens is colored so that

the colors in the places corresponding to the respective
pixels are different for selectively transmitting the light
emitted from the pixels therethrough, the contrast can be

increases in the same way as described above.
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of the em ssion.elenent..l-a, the condensing |lens 36 and the front panel 2
bei.ng bonded t oget her by a transparent adhesi ve | ayer 37. The condensrng
lens 36 is f ﬂi g “"t&uuy col oring glass or plastlcsnmﬂm&mﬂaﬂh£

S

grey by a dy to have no sel ective trans
tance which is whol | y3¢ educed over. th
|

but exhi bit transni
the visible |ight. For exanple, cadm um sul fide, cadntuntse

oxi de and chrom um

CLAIMS

1. A display element comprising:

emission means having a front panel which is divided
into a plurality of pixel units for generating red, green or
blue light and side panels, and selectively generating red,
green or blue light from each of said pixel units of said

front panel;
~ a condensing lens provided in front of said front panel

of said emission means for the purpose of condensing the
light generated from each of said pixel units of said front
panel, and colo:ed so as to improve the contrast by
transmitting the color light emitted from each of said pixel
units and reducing the effect of external light; and

a soft and transparent adhesive layer which causes said
condensing lens to be bonded to said front panel of said
emission means. |
z.l A dtsg%eg element according to Clatm .1¥ wye:einlsa;d
condensing lens is uniformly colored so as to have uniform
tcagsmission_pcopergies for ail tyges_of light ttaosmitted
therethrough. ' _ _
3. A display element according to Claim 2, _wberein said
condenszng lens is uniformly colored achromatic grey.
4. A display element accordzng to Claim 3, wherein said

condensing lens is formed by glass colored with a mixture of

" iLs is the replacement sheet
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oxi de may be m xed in_a_case of glass, and an anthraqui none pigment and

pht.hal ocyani ne pi gnent may be m xed in a case of plastics.

TR . " o s P_?c?eﬁi:;CfPSHl@hljlmllﬁ Y

t ranspar ent
or pol yester

emtted fromeacht oft t He pi xtls 27R 27G 27

This S as Been Replaced

t her et hr ough.

transparent adhesive |ayer 37 serves to bond the em ssion elenent la to the
condensing |l ens 36 and seal between the

at least one of cadmium sulfide, cadmium selenide, iron
oxide and chromium oxide.

5. A display element according to Claim 3, wherein said
condensing lens is formed of plastics colored with a mixture

of at least one of anthraquinone pigments and phthalocyanine

pigments.

6. A display element according to Claim 1, wherein said
condensing lens is uniformly colored so as to selectively
transmit only'lighﬁ of three colors of red, green and blue.
7. A display element according to Claim 6, wherein said
condensing lens is formed of glass or plastics colored with
a mixture of at least one dye or at least one pigment.

8. A display element according to Claim 7, wherein said
condensing lens is formed of glass colored with a mixture of
neodymium oxide and chromium oxide.

9. A display element according to Claim 1, wherein said
céndénsing lens is colored into different colors 1n places
corresponding to said respective pixel units so as to
selectively transmits light of red, green or blue generated
from each of said pixel units of said front panel of said
emission means.

10. A display element according to Claim 9, wherein said
condensing lens_is formed of glass in which the portions
corresponding to said red pixel units are colored with a

mixture of cadmium oxide and cadmium selenide, the portions

itis-is the replacemant sheet
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em ssi on e la and ‘thecondensing lens 36 so as to - 22 - prevent -a
reduction ﬂ the light emtted fromthe em m&isag: BLSHEN ﬁ

owing to a st n t he em ssion surface thereof
particularly rain V\dteﬁ - 32 - l, ”"I"",'I

corresponding to said green pixel units are colored with a

mixture of iron oxide and chromium oxide, and the portion
corresponding to said blue pixel units are colored with a
mixture of iron oxide and cobalt oxide.

11. A gdisplay element according to Claim 9, wherein said
condensing lens is formed of plastics in which the portions
corresponding to said red pixel units are colored with a

mixture of anthraquinone pigments, the portions

corresponding to said green pixel units are colored with a
mixture of phthalocyanine pigments, and the portions

corresponding to said blue pixel units are colored with a

mixture of phthalocyanine pigments.
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and dirt when the display elenment is used outdoors, which enters between
the em ssion elenent |la and the condensing | ens 36. Further, the use of
the transparent adhesive which becones soft after solldlflcatlon_causes the
deformati on of the condensing | ens 36 produced by thernal tress after -
bondi ng to be absorbed by the transparent 3adhesi ve Iayer

HRe Iaced
enabl es the condensing lens 36 to be prevented from separa
em ssion el enent |a.

ABSTRACT

DISPLAY ELEMENT

A display element structure comprises a condensing lens 36 provided with
filter characteristics by being colored so that a separate filter is made
unnecessary. This application also contains methods of producing the
display element.

Figure 11
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The function of each enbodi nent based on the above- described configuration
W Il be described belowwth reference to Fig. 7. The color light emtted
fromeach of the red, greed and blue sections, i.e., the pixels 27R 27G

and 27B (in Fig. 7, the pixels 27R 27G), which are arrangedh S ced
a matrix, is transmtted through the transparent adhesive.la>1 II I,
the intensity is reduced in accordance \M1t-h the transm ssion

FIG. |

PRIOR ART
5R 5G © 5B
( ( (
2" ‘) ™\ ) ™
8 ( (
R G B 1
SR IR J |~
2—~_L .

FIG. 2
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possessed by the col or condensing | ens 36, and then enmtted to the outside.
The light, for exanple, the sunlight, incident on the surfm,gghgeéirsduced in
intensity in accordance with the transm ssion properties p Reazed
condensing lens 36, transmtted through the transparent adqmﬂﬂm l%’l

and reaches the surface of each of the
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- 23 - pixels 27R 27G 27B. The light is then reflected fraomthe surface
of .each of the pixels 27R 27G 27B, transnmitted through the transparent ~
| ayer 37 and through the condensing | ens 36, in which th#&s deny Rerdaced
again reduced in accordance with the transm ssion propert by
t he condensing |l ens 36, so as to be condensed, and then

-3-

FIG. 4

PRIOR ART

FIG. 5
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to the outside. In other words, in this display el enent, the intensity of"

the color light emtted fromeach of the red, green and blThieS
27G, 27B is reduced by the col ored condensing | ens 36 only

etdik Beed Reblaced
T
27G 27B, which is reflected and emtted to the outside, is reduce i

intensity of the light incident on the surface of each of t

W Cce,
wher eby the | um nance of the black color in which no light is emtted from
each of the pixels 27R 27G -4~ '
14
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27B i s reduced.

states of full
27B. The |ight

Thi s causes an increase in the contrast -between the .

enm ssion and rion-em ssion in each of the
emtted fromeach of the pixels 27R 27G

condensed in the direction to the front of the display. el
by the action of the colored condensing lens 36 so that t

the intensity produced when the |ight

|l ens 36 is nade up for, -5-

FIG. 7

el s. 27R 27G

e

is transmtted through t he condensi ng
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whereby the luninance in the direction to the front of the di-splay el enent
can- be increased. This is the repl acenent sheet - 24 -T_;Asgggcri ption = -

wi Il now be given of a display elenent defining a second //”/I///IasB
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enbodi nent of the invention. In this enbodinent, the col oured condensing
| ens 36 shown in Figs. 6 and 7 is uniformy colored so as to selectively
transnit red, green and blue light therethrough and is made-of-gtass or

pl astics colored with one kind of dye or pigment or a mxtu e ot FIRMRERR 1mxd
ki nds of dyes or pignents. For exanple, in a case of glasSy
condensing |l ens can be fornmed by using,a m xture of neodym u \‘“

chrom um oxi de. In the second enbodi ment, the color |ight
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) _ quozi2i-f IfOS
emtted fromeach of the red, green and blue pixels 27R, 27G 27B is
transmtted through the transparent adhesive Iayer 37 and t hrough the

condensing lens 36 and projected to the outside. ; ‘“" ot-her-hand _the
light, e.g., the sunlight, incident on t §urfa4 Cﬁ@“ﬂﬁ?ﬁ&@ﬁ&& SG
therefromand enitted to the outside, i's Teduced Jﬂgpﬂyvﬁﬁmadcurgagﬂh
with the transm ssion properties possessed by the H@ﬁ3|ng pEﬁ&-?Gﬁ?p&wdaz

transmtted through =W4V1~s;:?‘
- B Absact

BACKGROUND OF THE INVENTION
FIELD 6? THE INVENTION

The present invention relates to a display element
which forms a light source, for example, for a single cell
of an outdoor large-scale display unit, and particularly to

" a color display element provided with a condensing lens.

DESCRIPTION OF THE RELATED ART

When a large-screen display unit is formed by arranging
monochromatic display tubes each utilizing the light emitted
from a fluorescent substance and serving as one pixel in the
form of a matrix, it is difficult to improve the resclution
because of the occurrence of spaces in the connection
portions between the respective display tubes, and an
increase in the resolution creates an increase in the
production cost. For example, the composite display tube
for a light scurce disclosed in Japanese Patent Laid-Open
No. 62-10849 has been thus proposed.

Fig;. 1 to 3 are respectively a front view of the basic
structure of such a composite display tube for a light
source, a sectional view taken along the line II-II in Fig.
1l and a perspective viéw of a principal portion thereof.

In the drawings, fluorescent screens SR, 5G, SB each serve
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the transparent adhesive |ayer 37 and then reaches the surface of each of
the pixels 27R, 27G 27B. The light is then reflected fromthe surface of
each pixel, transmtted through the transparent adhesive |ayer 37 and again
through the condensing lens 36 in which the intensity is again reduced in
accordance wth the transm ssion properties possessed by the condensing

| ens, so as to be condensed, and This is the replacenent sheet

as a single pixel and are arranged in a matrix of 3 x 3 in
terms of pixel number. A case 1 comprises a front panel 2
made of a transparent member such as glass, a back panel 3
and a cylindrical side panel 4, the interior being in a
vacuum state. Red (R) florescent screens 5R, green (G)
fluorescent screens 5G and blue(B) fluorescent screen are
arranged in the form of a matrix comprising 3 lines and 3
columns, as shown in Fig. 1, on the back Side of the front
panel 2. Accelerating electrodes 6 are respectively
disposed in the peripheries of the fluorescent screens SR,

' 5G and SB in correspondence with the fluorescent screens.
Back electrodes 10 for selecting a line are disposed on the
inner side of the back panel 3 in a form with stripes
corresponding to the line directions of the fluorescent
screens SR, 5G, SB. Cathodes 7 are provided above the back
electrodes 10 in correspondence with the respective
fluorescent screen 5R, 5G, S5B. For example, ﬁn indirectly
heated cathode in which an oxide is coated on an Ni sleeve,
or a directly heated cathode in which an oxide is coated on
tungsten is used as each of these cathodes. These cathodes
7 are also supported on the back panel 3 by supporting
members 15a, 1Sb. Control grids 8 for controlling the
columns are disposéd between the fluorescent screens SR, 5G,
5B and the cathodes 7 in a form with stripes corresponding

to the column directions. Each of the control grids 8 is
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--25 - then emtted to the outside. That is, in the display el enent of
this enbodi nent, although the col ored condensing |l ens 36 sufficiently
transmts the color light emtted fromeach of the red, greed and bl ue

pi xel s 27R, 27G, 273 -3 -

provided with holes 9 through which electron beams pass.
The electron beams 11 are respectively emitted from the
cathodes 7 and applied to the fluorescent screens SR, 5G,
SB. A high voltage is supplied to each of anodes 6 from a
terminal 16. A given voltage is supplied to each of the
control grids 8 and the back electrodes 10 from terminal
pins 12.

In addition, a filter and a condensing lens are
provided on the surface of the front panel 2, as shown in
Figs. 4 and S, so as to prevent any decrease in the contrast

~ owing to the effect og external light (for example, the
sunlight or the like} on the fluorescen; screens. In Figs.
4 and 5, on the front panel 2 are provided a filter 13
comprising color filters 13R, 13G, 13B and a condensing lens
14 disposed on the color filters 13R, 13G, 13B, the
condensing lens 14 provided with the filter 13 being bonded
to the front panel 2 by an adhesive 18a. Fig. S shows the
case 1 which is mounted on a substrate 17 and which has an
interior provided with the cathodes 7, the control grids 8'
and the back electrodes 10, which are not shown in the
drawing, in the same way as in Fig. 2.

A descriptiop will now be given of the operation of the
conventional display element. When a negative potential
relative to the cathodes 7 is applied to each of the back

electrodes 10, since the periphery of each of the cathodes 7
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t heret hrough, it absorbs twi ce the external l|ight incident upon the surface
of each pixel, which is reflected therefromand emtted to the outside.

It is therefore possible to reduce the | um nance of black in which no |ight
is emtted frompixels 27R, 27G 27B in_egch of the pixels and thus

I ncrease the contrast between the states of full em ssion and non-em ssion
I n each of the pixels 27R 27G 27B. The light emtted fromeach of the

pi xel s 27R, 27G 27B is al so

is at a negative potential, the electrons emitted from each
of the cathodes 7 do not flow to the control grids 8 and the
accelerating anodes 6, thereby bringing the display element
into a cut-off state. When a potential of 0 V or a
positive potential of several V relative to the cathodes 7
is then applied to the back electrodes 10, the electron beam
11 is emitted from each of the cathodes 7 and flows toward
the control grids 8. If the potential of the .control grids
8 is negative relative to the cathodes 7, the electron beams
11 respectively cannot pass through the holes ¢ and thus
cannot reach the accelerating electrodes 6. If the
potential of the éont:ol grids 8 is positive relative to the
cathodes 7, the electron beams respectively pass through the
holes 9 and are accelerated by the accelerating electrodes 6
and then applied to the fluorescent screens SR, 5G, SB which
thus emit light. It is therefore possible to selectively
emit light from the fluorescent screens SR, 5G, 5B, which
are disposed at the positions corresponding to the
intersection# between the back electrodes 10 and the coatrol
grids 8 to which voltages are applied by selectively
applying a givén volgage to the back electrodes 10 for
selecting a line in the arrangement of the fluorescent
screen SR, SG, 5B and the control grids for selecting a
column. Furthe:,.if a large number of such display

elements each serving as one cell are arranged to form a

watld.
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condensed in the direction to the front of the display el enment by the
action of the colored condensing |lens 36, and the reduction in the
intensity produced when the light emtted fromeach pixel is transmtted
t hrough the condensing lens 36 is made up.for, thereby increasing the

| um nance in the direction to the front of the display elenent. A
description will now be given of a

large screen, it is possible to form a color display
comprising the fluorescent screens 5R, 5G, 5B each serving
as a pixel.

The conventional display elément'configured as
described above has a problem in that, when the filter 13
and the condensing lens 14 are bonded to the surface of the
front panel 2 by using the adhesive 18a, the bonding work
cannot be easily performed in such a manner that the
positions of the color filters 13R, 13G, 13B and the
condensing lens 14 respectively agree with the positions qf
the fluorescent screens SR, SG, SB, and thus easily produces

deviations in the positions.

US-4 451 759 discloses a flat viewing screen having a matrix of selectively
addressable picture elements, but this does not include filters or a condensing lens.

US-2 734 142 discloses a viewing screen for use in a conventional television, in
which a zero-power lens is coloured, to improve image contrast. |
SUMMARY OF THE INVENTION

The present invention has been achieved with a view to resolving the above-
desribed problem. |

In this regard, the invention provides a display element according to Claim 1.

Preferred features of the invention are set out in Claims 2 to 11.
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third enbodi nent of this invention. In this enbodi nent, the col ored
condensing lens 36 shown in Fig. 6 and 7 is colored with dyes which are
different in the places corresponding to the respective pixels so as to
sel ectively transmt the light emtted from _

Such a display element provides a structure which makes the filter unnecessary by
imparting filter characteristics to the condensing lens by coloring it, thus solving the

above-described problem.

BRIEF DESCRIPTION OF THE DRAWINéS
Fig. 1 is a plan view of a conventional display
element;
Fig. 2 is a sectional view taken along the line II-I
in Fig. 1;
.Fié. 3 is an exploded perspective view of a principal
portion of the display element shown in Fig. 2;
Fig. 4 is a perspective view whi&h shows the positional
relationship of a filte: to the fluorescent screens of the

Szont panel shown in Fig. 1;

Fig. 5 is a sectional side view of a princi

‘U

al

(§]
0
"
ot
]

8]
4 ]

in a state wherein the case shown in Fig. 2 is o

"
(L
(4%

ovi

a £file

r and a condensing lens;

Fig. 6 is a front view of a display element of an embodiment of the invention;

and

Fig. 7 is a side view of the display element shown in Fig. 6 with a sectional part

taken along the line XI-XI in Fig. 6.
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- 26 - each of the red, green and blue pixels 27R, 27G 27B therethrough.
The condensing lens 36 is forned of glass or plastics which is colored by
dyes so that the cores in the places corresponding to the respective pixels
are different fromeach other. For exanple,7ipn a case of glass, the
condensing |l ens can be fornmed by using a m xture of cadm um sul fi de and

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the first invention will be described
below with reference to the drawings. In Figs. 6, 6A and 7,
the portions corresponding to those shown in Fig. 5 are
denoted by the same reference numerals and are not described
below. Although the interior of the case 1 is not shown in

the drawings, the cathodes 7, the control grids 8 and the
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cadm um sel enide in the portions corresponding to the red pixels, iron

oxi de and chrom um oxide in.the portions corresponding to the green pixels,
and iron oxide and cobalt oxide in the portions corresponding to the blue
pi xel s. In a case of plastics, the cangeansing I ens can be fornmed by using
an ant hraqui none pignment in the portions corresponding to the red pixels, a
pht hal ocyani ne pignent in the portions corresponding to the green pixels,
and a pht hal ocyani ne

back electrodes 10 are provided therein in the same way as
in Fig. 4. In Figs. 6 and 6A, a position regulating plate
19 has a hook-shaped sectional form, as shown in the
drawings, and is bonded to the peripheral portion and the
side of the condensing lens 14 through a transparent
adhesive 18b (the same as the adhesive 18a), as well as
being extended from the side of the front panel 2 to an
upper portion of the side panel 4, an extended portion 19a
being bonded to the front panel 2 and the side panel 4
through the adhesive 18a. The front panel 2 and the side '
panel 4 ére bonded together by an adhesive 20.

The operation of this display element will be deécribed
below. When the f;lter 13 and the condensing'lens i4 are
bonded to the frbnt panel 2, the position regulating plate
19 is first bonded to the peripheral portion and the side of
‘the condensing lens 14 by using the adhesive 18b. The
filter 13 and the condensing lens 14 to which the position
regulating platé 19 is bonded are then mounted on the
surface of the front panel 2 and bonded thereto by the
adhesive 18a. At this time, the extended portion 19a of
the position regulating plate 19 is.pressed against the side
of the front panel 2 and the.upper portion of the side_panel
4 so that the sides of the filter 13 and the condensing lens
14 are positioned on subsﬁantially the same plane as the

sides of the front panel and the side panel 4. That is,
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pignent in the portions corresponding to the blue pixels. The condensing

| ens 36 can be forned by separately producing the portions corresponding to
the pixels and, particularly, in a case of plastics, it can be fornmed by
nol ding as one unit at a tinme by using adhree-color nolding nachine. In
this enbodinment, the color light emtted Tromeach of the red, greed and

bl ue pixels 27R, 27G 27B is transmtted through the transparent adhesive

| ayer 37 and sufficiently

these sidé ends are arranged on the same line. At Eﬁé safie
time, the positions of the color filters 13R, 13G, 13B and
the condensing lens 14 respectively agree with the
fluorescent screens 5R, 5G, 5B opposite thereto, and the
£ilter and the condensing lens 14 are held at the
positions.without loosing. The adhesive 18b does not
unnecessarily rise and an excess adhesive 18b downwardly
flows along the side of the side panel 4. When the
adhesive 18b is dried, the filter 13 and the condensing lens
14 are respectively fixed by adhesion at the proper |

positions.

In the above-mentioned embodiﬁent, although the
condensing lens 14 provided with the filter 13 and the
poéition regulating plate 19 are separately formed, the
position regulating plate 19 may be formed integrally with
the condensing lens 14, In this case, the adhesive 18b is
made unnecessary.

Alternatively, the filter 13 and the condensing lens 14
may be bonded together by the adhesive 18a and the position
regulating élate 19 may be then mounted on them. In this B
case, the adhesive 18b is made unnecessary.

Aithough the filter 13 is mounted (or bonded) 6n.thé
inner side of the condensing lens 14 in the above-described
display, this invention can be aﬁélied to a structure in,

which the filter 13 directly mounted (or bonded) on the
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transnitted'through t he condensing |l ens 36 and then emtted to the outside.

On the other hand, the light, e.g., the - 27 - sunlight, incident on the
surface of each of the pixels 27R 27G 27B fromthe outside is reduced in
intensity in - 10 -

front panel 2 of the display, and the condensing lens 14 is
bonded to the filter 13 by the adhesive 18a, as shown in
Fig. 7. In this case, the same effect as that described

above can be exhibited.

As described above, in the first invention, when the
condensing lens and the front panel-of the case are combined
by using the adhesive with the filter therebetween, the
position regulating plate which extends from the peripheral
edge of the condensing lens to the side thereof and to the

~upper portion of the side of the case and which has a hook-
shaped sectional form is provided or it is provided
integrally with the condensing lens. The first invention
thus enables the formation of a display element which
exhibits a high level of precision without producing any
mutual deviation in the pos1tions thereof and facilitates
the bonding work and which allows the position regulating
plate to serve as a protection cover for protectinq the four
corners of the case and the condenSing lens from shocks and
the like., The position regulating plate is also capable of
preventing rain water and dust particles from entering into
the portions_between the condensing lens, the filter and the
case.

On the other hand, in the conrentional display element
shown in Fig. S5, separation easily occurs between.the

condensing lens 14, the filter 13, the transparent adhesive
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accordance with the transm ssion properties possessed by the condensing

|l ens 36, transmtted through the transparent adhesive |ayer 37 and reaches
the surface of each of the pixels 27R 27G 27B. The light is then
reflected fromthe surface of each of thegpixels 27R 27G 27B, transmitted
t hrough the transparent adhesive |ayer 37 and again through the condensing
lens 36 in which the intensity is reduced in accordance with the

transm ssion properties possessed by the
18a and the case 1 on the basis of the occurrence of a curve
in the condensing lens caused by differences between the
coefficients of thermal expansion produced owing to a
temperature change during the use. This applies to the
structure in which the filter 13 is mounted on thé case 1
and the condensing lens 14 is bonded to the filter 13 by the
transparent adhesive 18a as shown in Fig. 7. For example,
when the adhesive 18a is cured while the condensing lens 14
is elastically deformed by the load applied during junction,
a stress occurs between the condensing lens 14 and the
adhesive 1B8a, resulting in the occurrence of'separation.
Further, it is difficult to joint the face of the condensing
lens 14 and the face of the case 11 in parallel with each
other.

The occurrence of such separation causes a decrease in
luminance owing to the reflection of light from the
separated surface and causes the 105; of the colors owing to
the total reflection from the separated surface when the
display element is seen at an aﬁgle. There is also a
problem in that, if the condensing lens 14 is inclined, the
optical characteristics are impaired.

Tﬁe second invention thus provides the structure of a
display element which is capabie of preventing the

occurrence of separation between the condensing lens and the
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condensing lens 36, so as to be condensed, and emtted to the outside.
Nanmely, in the display elenent in this enbodi nent, the col ored condensing

|l ens 36 sufficiently transmts the color light emtted fromeach of the
red, green and bl ue pixels therethrough ut absorbs twice the |ight
|nC|dent on the surface of each pixel %n1the outside which is reflected
therefromand emtted to the outside. Thus, the | um nance of black in which
no light is emtted

case for receiving the filter and the emission element and
which produces no inclination of the lens during junction.
Figs. 8 and 9 are a side view and a front view,
respectively, of an embodiment of the second invention, the
upper portion of Fig. 8 being a sectional view. In the
drawings, on the front panel 2 of a case 1, which receives
an emission element (not shown) and which is made of a
transparent member such as glass, are provided a filter 29
for cutting off external light, which is formed by curing a
material composed of ultraviolet curing silieone resin as a
main component, and a condensing lens 21 made of heat
resistant acrylic resin for condensing light transmitted
through the filter and emitted from the emission e;ement
(refer to Fig. 2) received in the case 1. The rear side 23
of the condensing lens 21 is roughened, and at least three
projections 24 are provided thereon. The fine unevenness
of the roughened rear side 23 of the condensing lens 21
causes an increase in the adhesive area of the rear side of
the condensing lens 21 and exhibits an_anchor effect. Each
of the projections 24 serves to uniform the distance between
the condensing lens 21 and the front panel 2. A resin
layer 25 (an undercoat resin layer) which has a refractive
index equivalent to that of the eonden31ng lens 21 is fermed
between the condensing lens 21 aﬁd the filter 29 bf.coaging

and cpring it on the roughened rear side 23, and a buf@er
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fromthe pixels is reduced, thereby increasing the contrast between the
states of full-em ssion and non-emission in each of the pixels. The |ight
enmtted fromeach of the pixels is condensed by the action of the colored
condensing lens 36 in the direction tq tjhe front of the display elenment so
that the reduction in the intensity produced when the color light emtted

from each pixe

Is transmtted through the

layer 26 composed of-soft and transparent resin is formed
between the filter 29 and the front panel 2 by charging
through an adhesive primer. The buffer layer 26 absorbs
the thermal stress during use and the residual stress during
bonding. Although each of a substrate 17 dand terminal pins
12 has a shape different from that of conventional display
elements but is equivalent thereto, the shape is not
particularly important in the present invention. Fig. 9 is
a front view of a case in which red (R) pixels 27R, green
(G) pixels 27G and blue (B)'pixels 27B are formed in an
arrangement comprising 4 lines and 4 columns on the front
panel of the emisszon element (the case 1l). The above-
described configuration is described in detail below.

The roughened rear side 23 of the condensing lens 21 is

first described below. The rear side 23 of the condensing

lens 21 is roughened by using sand paper in order to improve
the adhesion of the rear side 23 of the condensing lens 21
made of heat resistant acrylic resin. As a method of
roughening the rear side 23, a method in which the rear side
23 of the condenSing lens 21 is directly roughened by
sanding uSing sand paper, liquid honing or sandblasting is
the most effective to improving the adhesion, but a mold for
the condensing lens 21 may be roughened. An increase in
the adhesion of the roughened rear side 23 of the condensing

lens 21 is caused by an increase in the surface area, the
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- 28 - condensing lens 36 is conpensated for, whereby the | um nance in the
direction to the front of the display elenent is increased. Al though each
of the above-described enbodi nents of the invention enploys as a single

el ement an emi ssion - 14 -

attainment of the anchor effect, and an improvement in the
wetting properties of the acrylic resin surface, which are
all produced owing to the roughening. If an attempt is
made to form the resin layer 25 by directly coating and
curing an undercoating agent without roughening the rear
side 23 of the condensing lens 21, the undefcoating agent is
repelled and thus the uniform resin layer 25 cannot be
formed. The roughness Rpax Of the rear side 23 is
preferably 3 to 15 im.

A description will now be given of the undercoating
agent used for forming the resin layer 25. The
undércoating agent obtained by dissolving 20% of ultraviolet
curing silicone resin (x-6247509 produced by Shin-etsu Chemical
Industry Co., Ltd.) which is the main component of the
material for the filter 29 in xylene is spray-coated on the
roughened rear side 23, air-dried so that the solvent is
removed, and then cured by being irradiated with ultraviolet
rays to form the resin layer 25. The filter material is
then coated and cured on the cured resin layer 25 to obtain
the lens with the filter. The solvent for the undercoating
agent is preferably a solvent such as xylene, toluene or the
like which are compatible with acrylic resin and liquid
silicone resin. The concentration of the undercoating
agent is preferably 5 to 70%, more preferably 10 to 40%.

Since the undercoating agent contains a solvent (xylene,
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element in the formof a matrix having a pixel nunber of 4 x 4 therein
t he pixel nunber on the em ssion elenment nay be mx n (mand n each denote

an integer).

As descri bed above, in the i nvention, since the

col ored condensing Iens for condensing figedight fromeach pixel is
provided on the front panel of an emission elenent, in which the red, green
and blue pixels are forned, it is possible to obtain a high-quality display
elemrent at a | ow

toluene or the like) which is compatible with acrylic resin,
it has good wetting properties for acrylic resin and thus
causes the surface of the acrylic resin to slightly dissolve
therein. In addition, since the undercoating agent is
diluted by the solvent, it has a low viscosity and
completely flows into the unevenness of the roughened
acrylic resin. These effects cause the formation of the
resin layer 25 which is strongly bonded to the acrylic
resin. Since the filter material is composed of the same
main component as that of the resin layer 25, the filter 29
coated on the resin layer 25 is strongly bonded.- If the
filtér material is coated directly oﬁ the rqugﬁened acrylic
resin'surface 23, tﬁe filter material.incompleﬁeIQ flows
into_the unevenness because of its higher v;scosity Ehan
thatiof the undercoating agent, resulting in the occurrence
of a defe;t. In this case, the filter mateﬁial aiso has a
low level 6f adhesion because it has no compatibility with
the acrylic resin.

Eacb of the projections 24 provided on the rear side 23
of the condensing lens 21 has a size of 3 mm in aiameter and
6.5 mm in height and so that the distance bgtween the rear
side 23 Af the condensing lens aﬁd the front panel 2 can be
set to be as large as possible, and the thickness of the
buffer layer 26 charged and cured cah be increased. In

addition, a curve produced in the condensing lens 21 during
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cost which has a high |l evel of |um nance, which is capabl e of displaying an
I mge wth high contrast and which can be easily manufactured. The use as
the col ored condensing lens a lens which is uniformy colored so as to have
uni formtransm ssion properties for lighjgtransmtted therethrough causes
an increase in the contrast between the states of full-em ssion and

non-em ssi on.

the molding of the lens can be removed by precisely
adjusting the height of the projections 24. The formation
of the buffer layer 26 is lastly described below. A silane
coupling agent (Primer A or Primer X-33-144 produced by
Shin-etsu Chemical Industry Co., Ltd.) which is an adhesive
primer.is first coated over the entiré-surfaces of the
filter 29 and the resin layer 25 and the entire surface of
the front panel 2 which are opposite to each other. A two-
liquid addition reaction-type silicone RTV resin (KE 1603A/B
produced by Shin-etsu Chemical Industry Co., Ltd.) is
charged between them and cured to form the buffer layer 26
made of soft and transparent resin. The cured product of
the two-liquid addition reaction-type silicone RTV resin is
colorless, transparent and excellent in light transmittance
(95% with a thickness of 1 mm), as well as having a
refractive index of 1.50 which is substantially equal to
1.52 of glass, 1.49 of the condensing lens and 1.49 of the
filter; Further, since the cured product exhibits
flexibility and a high level of elongation (elongation,
400%), it is possible to relieve the thermal stress produced
by differences in the coefficients of thermal expansion of
the front panel 2, the condensing lens 21 and the filter 29
and sufficiently follow the deformation of the condensing
lens 21 caused by an increase in tpe temperature due to the

light emitted from the display tube or the sunlight. In
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In addition, the use as the condensing lens a lens which is uniformy
colored so as to selectively transmt red, green and blue |ight

t her et hrough causes an increase in - 29 - the contrast. If the
condensing lens is colored so that - 17 -

éddition, there is substantially no occurrence of
discoloration by the light emitted from the emission élement
in the case 1 or the sunlight or the heat thereof and a low
degree of volume shrinkage during the curing. As this
resin itself exhibits no adhesion but excellent release
properties, it cannot be bonded to a surface to which no
silane coupling agent is applied. While this resin
exhibits strong adhesion to a surface when a silane coupling
agent is applied thereto. It is therefore preferable that
no silane coupling agent is applied to pqrtions to which the
excéss resin should not be adhered when the condensing lens
with the filter and the front panel are bonded together.
This enables the excess resin to be easily ;eparéted after
the resin has been cﬁred. In contrary, when the silane
coupling agent is applied to not only the upper surface of
the front panel 2 of the case 1 but also the exteﬁnal
sﬁrfécg of the junction with the quter“wall, the fesin which
overflows when the condensing lens with the filtefland the
front pénel'are bonded together strongly adheres to the
outer pgriphery of the conneétion’port;on with the front
panéi and the side wall thereof, whereby tﬁe airtightness of
the conﬁection portion can be impréved, and the glass can be
protected from being broken by shocks.

The display element configured as described above

showed no abnormal between the condensing lens 21 and the
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the colors in the places corresponding to the respective pixels are
different for selectively transmtting the light emtted fromthe pixels
t her et hrough, the contrast can be increased in the sanme way as descri bed

above. - 31 - : - 18 -

filter 29 and between the lens with the filter and the front
panel 2 in any of a boiling test in boiling water at 100°C
for 2 hours, a low-temperaturé test at -40°C for 168 hours,
a heat shock test of 400 cycles at -40°C for 2 hours and
85°C for 2 hours, a hot-air test in which hot air ét 150°C
was blown against the surface of the condensing lens for 1
hour, and a lighting test in an atmosphere at 60°C. When
no undercoating agent was applied.so that the resin layer 25
was not formed, however, separatidn occurred between the
roughened surface 23 of the condensing lens 21 and the
filtef 29 in a low-temperature test for 8 hours, a hot-air
test for 1 minute and a lighting test for 24 hours. In
addition( when the.rear side of the condensing lens 21 was
not roughened and no undercoaﬁing agent was applied, a
separation occurred between the condensing lens 21 and the
filter 29 in a low-temperature test for 2 hours, a heat
shock test in 10 cycles, a hot-air test for 1 minute and a
lighting test for 2 hours.

The above-mentioned disﬁlay element in the second
invention enables the prevention of separation between the
condensing lens and the filtér and the case receiving the
emission element even if thermal stress or another external
fotce is applied to the display element, as well as the
a;hievement of the effect of preventing the occurrence 6£ an

inclination of the condensing lens during connection.
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CLAI MS 1. A display el enment conprising: em ssion nmeans (la) having a
front panel (2) which is divided into a plurality of pixel units (27) for
generating red, green or blue light and side panels, and selectively
generating red, green or blue light fromeach of said pixel units (27) of
said front panel (2); a condensing lens (36) provided in front of said
front panel (2) of said em ssion neans for the purpose of condensing the
| i ght generated from each of said pixel units

The invention provides a high-quality display element which can be easily
produced at a low cost and which is provided with filter characteristics by being
colored so that the filter provided in a conventional display element is made

unnecessary.

A display element according to the invention comprises a

colored condensing lens which is provided on the emission
surface of one emission element (emiésion means), in which
red, green and blue pixels are respectively formed, for the
purpose of condensing the light from each of the pixels.
The condensing lens may be uniformly colored so as to have
uniform tfansmission properties for light transmitted
therethrough or col§red so as to selectively transmit red,
green.and blue light therethrough. Alternatively, the |
condensing lens may be colored so that the colors in places
corresponding to the respective pixels are different from
each other.

The display element is provided
with the colored condensing lens on the emission surface of
one emis;ion element so that an image with high luminance
and high contrast can be displayed without using the filter
provided in a conventional display element. It is
therefore possible to realize a high-quality display element
at a low cost which can be easily produced. If a lens

which is uniformly colored so as to have uniform

This is the replacement sheet



(27) of said front panel; and a soft and.transparent adhesive |ayer (37)
whi ch causes said condensing lens (36) to be bonded to said front panel (2)
of said em ssion neans (la) characterised in that the said condensing |ens
(36) is colored so as to inprove the co_nt%&ls_t by transmtting the col ored
light emtted fromeach of said pixel units (27) and reducing the effect of

external light. 2. A di splay el enment according to Caiml, wherein said
condensing lens (36) is uniformy colored so as to have uniform
transm ssion properties for all types of Iight

transmission properties for light transmitted theretchrsugh

is used as the colored condensing lens, the intensity c!

light emitted from each of the pixels is reduced once when

intensity of external light is reduced twice at the times of
incidence and reflection, thereby inc:easing the contrast
between the states of full emission and non-emission.

If a lené which is uniformly colored so as to
selectively transmit red, green and blue color therethrough
is used as the condensing lens, the'condensing lens
sufficiently transmits the light from each pixel
therethrough, while.mcst of the external light is absorbed
ﬁwice; thereby increasing the contrast between the states of
full emission and non-emission.

Further, if the condensing lens is colored so that the
.colors in the places corresponding to the respective pixels
are different from each other for selectively transmitting

the light emitted from the pixels therethrough, the contrast

is increased.

Display elements representing embodiments of the invention are described
below with reference to drawings. Figs. 6 and 7 are respectively a front view of a

display element defining an embodiment of the invention and a side
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transmtted therethrough. 3. A display elenment according to Caim 2,
wherein said condensing lens (36) is unifornly colored achromatic grey. 4.
A display el ement according to Caim 3, wherei n said condensing | ens (36)
is formed by glass colored with a m xturg of at |east one of cadm um

sul fide, cadm um sel eni de, iron oxide arftt chr omi um oxi de.

view thereof with a sectional part taken along the line XI-XI in Fig. 6.

In the display element shown in the drawings, red,
green and blue pixels 27R,.27G, 273 are formed on the fzont
panel 2 of one emission element la so that an intended color
is displayed on each of the pixels 27R, 27G, 27B by.
controlling the light emitted from the emission element. A
condensing lens 36 is provided in front of the front panel 2
of the emission element la, the condepsing lens 36 and tﬁe
front ?anel 2 being bonded together by a transparent
adhesive layer 37. The condensing lens 36 is formed by
uﬁiformly coloring glass or plastics to an achromatic grey
by a dye or pigment so as to have no selective transmission
properties but exhibit transmittance which is wholly reduced
over the entire region of the visible light. For example,
cadmium sulfide, cadmium selenide, iron oxiﬁe and chromium
oxide may be mixed in a case of glass, and an anthraquinone
pigment and phthalocyanine pigment may be mixed in a case of
plastics. The transparent adhesive layer 37 is formed by
using a silicone, acrylic, epoxy or polyester transparent
adhesive so as to sufficieatly transmit the light emitted
from each of the pixels 27R, 27G, 27B therethrough.  The.
transparent adhesive layer 37 serves to bond the emission
element la to the condensing lens 36 and seal between the

emission element ia and the condensing lens 36 so as to
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-30- 5. A display elenent according to Caim3, wherein said condensing
lens (36) is fornmed of plastics colored with a mxture of at |east one of
ant hr aqui none pi gments and pht hal ocyani ne pignents. 6. A di spl ay el enent
according to Caim1l, wherein said condegsing lens (36) is uniforny
colored so as to selectively transm t on?y light which is red, green or

bl ue. 7. A di splay el enent according to Caim®6, wherein said condensing
lens (36) is ' :

prevent a reduction in the amount of the light emitted Irscx
the emission element la owing to a stain produced on the
emission surface thereof by dust, particularly rain water
and dirt when the display element is used outdoors, which
enters between the emission element la and the condensing
lens 36. Further, the use of the transparent adhesiv
which becomes soft afzer solidification causes the
deformation of the condensing lens 36 produced by thermal
stress after bonding to be absorbed by the transparent
adhesive layer 37 and thus enables the condensing leans 36 to
be prevented from separating from the emission element la.
The function of each embodiment based on the above-
described confiquratiod will be described below with
reference to Fig. 7. The color light emitted from each of |
the red, greed and blue sections, i.e., the pixels 27R, 27G
and 27B (in Fig. 7, the pixels 27R, 27G), which are
érranéed in the form of a matrix, is transmitted throush the
transparent adhesive layer 37 in which the intensity is
reduced in accordance with the transmission properties
possessed by the color condensing lens 36, and then emitted
to the oﬁtside. The light, for example, the sunlight,
incident on tﬁe surface is reduced in intensity in '
accordance with the transmission properties possessed by the
condensing lens 36, transmitted through the transparent

adhesive layer 37 and reaches the surface of each of the
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formed of glass or plastics colored with a m xture of at |east one dye or
at | east one pignent. 8. A display elenent according to Claim?7, wherein
said condensing lens (36) is forned of glass colored with a m xture of
neodym um oxi de an chrom um oxi de. 9. _ di spl ay el ement according to
Claim1, wherein said condensing lens (3 is colored into different colors
I n places corresponding to said respective pixel units (27) so as to
selectively transmt |light of red, green or blue generated from each of
said pixel units (27) of said front panel (2) of said em ssion neans (la).

pixels 27R, 27G, 27B. The light is then reflected from the
surface of each of the pixels 27R, 27G, 27B, transmitted
through the transparent layer 37 and through the condensing
lens 36, in which the intensity is again reduced in
accordance with the transmission properties possessed by the
condensing lens 36, so as to be condensed, and then emitted
to the outside. In other Qo:ds, in this display element,
the intensity of the color light emitted from each of the
red, green and blue pixels 27R, 27G, 27B is reduced by the
colored condensing lens 36 only once, while the intensity of
the light incident on the surface of each of the pixels'27R,
27G, 27B, which is reflected and emitted to the outside, is
reduced twice, whereby the luminanée of the black color in
which no light is emitted from each of the pixels 27R, 27G,
27B is reduced. This causes an increase in the contrast
between the states of full emission and rion-emission in each
of the pixels 27R, 27G, 27B. The light emitted from each
of the pixels 27R, 27G, 27B is also condensed in the
direction to the front of the display element and colored by
the action of the colored condensing lens 36 so that the
reduction in the intensity produced when the light is
transmitted through the condensing lens 36 is hade up for,
whereby the luminance in the direction to the front of the

display element can be increased.
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10. A di splay el enment according to Claim9, wherein said condensing |ens
(36) is fornmed of glass in which the portions corresponding to said red
pi xel units (27) are colored with a m xture of cadm um oxi de and cadm um

sel enide, the portions corresponding ta s;,*']d_ green pixel units (27G are
colored with a m xture of iron oxide and chrom um oxi de, and the portion
corresponding to said blue pixel units (27B) are colored with a m xture of
i ron oxide and cobalt oxide. 11. A display el ement according to Claim?9,
wherein said condensing | eans (36) is formed of plastics in which the

portions correspond Al'dks E:r? uso% n%llrn%gw e! é(lsen ofa &xspléy elen}'nent cFeﬁmng a second
embodiment of the invention.
In this embodiment, the coloured condensing lens 36 shown in Figs. 6 and 7 is

uniformly colored so as to selectively transmit ‘red, green and blue light therethrough

and is made of glass or plastics colored with one kind of
dye or pigment or a mixture of several kinds of dyes c¢r
pigments. For example, in a case of glass, the condensing
lens can be formed by using a mixture éf neodymium oxide and
chromium oxide. In the second embodiment, the color light
emitted from each of the red, green and blue pixels 27R,
27G, 278 is transmitted through the transparent adhesive
layer 37 and through the condensing lens 36 and projected to
the outside. On the other hand, the light, e.g., the
sunlight, incident on the surface, which is reflected
therefrom and emitted to the cutside, is reduced in
intensity in accordance with the transmission properﬁies
possessed by the condensing lens 36, is transmitted through
the transparent adhesive layer 37 and then reaches the
surface of each of the pixels 27R, 27G, 27B. The light is
then reflected from the surface of each pixel, transmitted
through the transparent adhesive layer 37 and again through
the condensing lens 36 in which the intensity is again
reduced in accordance with the transmission properties -

possessed by the condensing lens, so as to be condensed, and
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-32- colored with a m xture of anthraquinone pignents, the portions
corresponding to said green pixel units (27G are colored with a m xture of
pht hal ocyani ne pignents, and the portions corresponding to said blue pixel
units (27B) are colored wth a nixture_oispbthalocyanine pi gment s.

then emitted to the outside. That is, in the display
element of this embodiment, although the colored condensing
lens 35 sufficiently transmits the color light emitted frcnm
each ¢f the red, greed and blue .pixels 27R, 27G, 278
therethrough, it absorbs twice the external light incidents
upon the surface of each pixel, which is reflected therefrom
and emitted to the outﬁide. It is therefore possible to
reduce the luminance of black in which no iight is emitted
from pixels 27R, 27G, 27B in each of the pixels and thus
increase the contrast between the states -of full emission
and non-emissioﬁ in each of the pixels 27R, 27G, 278. The
light emitted from each of the pixels 27R, 27G, 27B is also
condensed in the direction to the front of the display
element by the action of the colored condensing lens 36, and
the reduction in the intensity produced when the light
emitted from each pixel is transmitted through the
condensing lens 36 is made up for, thereby increasing the
luminance in the direction to the front of the display
element.

A désc:iption will now ;g;given of a

thizd émsodiment of this inQention.

In this embodiment, the colored condensing lens 36
shown in Fig. 6 and 7 is colored with dyes which are
different in the places corresponding to the respective

pixels so as to selectively transmit the light emitted from
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each of the red, green and blue pixels 27R, 27G, 27B
therethrough. The condensing lens 36 is formed of glass or
plastics which is colored by dyes so that the cores in the
places corresponding to the respective pixels are different
from each other.

For example, in a case of glass, the condensing lens
can be formed by using a mixture of cadmium sulfide and
cadmium selenide in the portions corresponding to the red
pixels, iron oxide and chromium oxide in the portions
corresponding to the green pixels, and iron oxide and cobalt
oxide in the portions corresponding to the blue-pixels. ~In
a case of plastics, the condensing lens can be formed by
using an anthraquinone pigment in the portions corresponding
to the red pixels, a phthalocyanine pigment in the portions
corresponding to the green pixels, and a phthalocyanine
pigment in the portions corresponding to the blue pixels.
The condensing lens 36 can be formed by separately producing
the portions corresponding to the pixels and, particularly,
in a case of plastics, it can be formed by molding as one
unit at a’time by using a three-color molding machine. In
this embodiment, the color light emitted from each of the
red, greed anq blue pixels 27R, 27G, 27B is transmitted
through the transparent adhesive layér 37 and sufficiently
transmitted through the condensing lens 36 and then emitted

to the outside. On ﬁhe other hand, the light, e.g., the
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sunlight, incident on the surface of each of the pixels 27R,
27G, 27B from the outside is reduced in intensity in
accordance with the transmission_properties possessed by the
condensing lens 36, transmitted through the transparent
adhesive layer 37 and reaches the su#face of each of the
pixels.27R, 27G, 27B. The light is then reflected from the
surface of each of the pixels 27R, 27G, 27B, transmitted
through the transparent adhesive layer 37 and again through
the condensing lens 36 in which the intensity is reduced in
accordance with the transmission properties possessed by the
‘condensing lens 36, so as to be condensed, and emitted to
the outside. Namely, in the display element in this
embodiment, the colored condensing lens 36 sufficiently
transmits the color light emitted from each of the red,
greeh and blue pixels thefethreugh, but absorbs twice the
light incident on the surface of each pixel from the outside
which is reflected therefrom and emitted to the outside.
Thus, the luminance of black in which no light is emitted
from the pixels is reduced, thereby increasing the contrast
between the states of full-emission and non-emission in each
of the pixels. The light emitted from each of the pixels
is condensed by the action of the colored condensing lens 36
in the direction to the front of the.display element so that
the reduction in the intensity produced when the color light

emitted from each pixel is transmitted through the
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condensing lens 36 is compensated for, whereby the luminrance
in-the direction to the front of the display element is

increased.

Although each of the above-dgscribed embodiments of the
invention employs as a single element an emission
element in the form of a matrix having a pixel number of 4 x
4 therein , the pixel number on the emission element may be

m xn (m and n each denote an integer).

As described above, in the invention, since the
colored condensing lens for condensing the light from each
pixel is provided on the front panel of an emission element,
in which the red, green'and blue pixels are formed, it is
possible to obtain a high~quality display element at a-low
cost which has a high level of luminance, which is capable
of displaying an image with high contrast and which can be

easily manufactured.

The use as the colored condensing lens a lens which is
uniformly colored so as to have uniform transmission
properties for light transmitted therethrough causes an
increase in the contrast between the states of full-emission
and ncn-emission. .

In addition, the use as the condensing lens a lens
which is uniformly colored so as to selectively transmit

red, green and blue light therethrough causes an increase in
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the contrast. If the condensing lens is colored so that
the colors in the places corresponding to the respective
pixels are different for selectively transmitting the light

emitted from the pixels therethrough, the contrast can be

increased in the same way as described above.
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CLAIMS
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1. A display element comprising: .

emission means (1a) having a front panel (2) which is divided into a plurality of
pixel units (27) for generating red, green or blue light and side panels, and selectively
generating red, green or blue light from each of said pixel units (27) of said front panel
@ _ '

a condensing lens (36) provided in front of said front panel (2) of said emission
means for the purpose of condensing the light generated from each of said pixel units
(27) of said front panel; and

a soft and transparent adhesive layer (37) which causes said condensing lens
(36) to be bonded to said front panel (2) of said emission means {ia)

characterised in that the said condensing lens (36) is colored so as to improve
the contrast by transmitting the colored light emitted from each of said pixel units (27)
and reduché the effect of external light. '

2. A display element according to Claim 1, wherein said condensing lens (36) is
uniformly colored so as to have uniform transmission properties for all types of light
transmitted therethrough.

3. A display element according to Claim 2, wherein said condensing lens (36) is
uniformly colored achromatic grey.

4, A display element according to Claim 3, wherein said condensing lens (36) is
formed by glass colored with a mixture of at least one of cadmium sulfide, cadmium

selenide, iron oxide and chromium oxide.
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S. A display element according to Claim 3, wherein said condensing lens (36) is

formed of plastics colored with a mixture of at least one of anthraquinone pigments

and phthalocyanine pigments.

6. A display element according to Claim 1, wherein said condensing lens (36) is

uniformly colored so as to selectively transmit only light which is red, green or blue. .

7. A display elemé.nt according to Claim 6, wherein said condensing lens (36) is

formed of glass or plastics colored with a mixture of at least one dye or at least one

pigment.

8. A display element according to Claim 7, wherein said condensing lens (36) is

formed of glass colored with a mixture of neodymium oxide an chromium oxide.

9. A display element according to Claim 1, wherein said condensing lens (36) is
colored into different colors in places corresponding to said respective pixel units (27)
50 as to selectively transmit light of red, green or blue generated from each of said

pixel units (27) of said front panel (2) of said emission means (1a).

10. A display element according to Claim 9, wherein said condensing lens (36) is
formed of glass in which the portions corresponding to said red pixel units (27) are
colored with-a mixture of cadmium oxide and cadmium selenide, the portions
corresponding to said green pixel units (27G) are colored with a mixturé of iron oxide
and chromium oxide, and the portion corresponding to said blue pixel units (27B) are

colored with a mixture of iron oxide and cobalt oxide.

11. A display element according to Claim 9, wherein said condensing leans (36) is

formied of plastics in which the portions corresponding to said red pixel units (27R) are
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colored with a mixture of anthraquinone pigments, the portions corresponding to said
green pixel units (27G) are colored with a mixture of phthalocyanine pigments, and the
portions corresponding to said blue pixel units (27B) are colored with a mixture of

phthalocyanine pigments.
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ABSTRACT
DISPLAY ELEMENT
A display element structure comprises a condensing lens 36 provided with
filter characteristics by being colored so that a separate filter is made
unnecessary. This application also contains methods of producing the

display element.

Figure 11
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