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(57) ABSTRACT

Provided is a display device that even in the case where
microlenses are formed to increase the light extraction effi-
ciency, can decrease damage on an OLED caused by the
production of the microlenses. The display device includes a
first substrate; light emitting elements provided on the first
substrate and located in correspondence with pixels arrayed
in a matrix; a second substrate; a light collection layer pro-
vided on the second substrate and including, on the side
facing the light emitting elements, at least one convex lens in
correspondence with each of the pixels; and a light-transmis-
sive layer that is provided between the first substrate and the
second substrate so as to be in contact with the lens and has a
refractive index lower than that of the light collection layer.

21B 2R o

0N

™ ..’.'V'vvv Lo AR

S A
5 ::& f":‘:‘:’:‘:::"
3

‘*4'»’9‘020’0:&»‘:’:92 L5652

\.....,../q, ‘\..,.t...
\\\‘!L\\\\\\ \\x\\"\“

..r...-...

{// !
’ooo’t’»’o’o"o’a"o’t’oo» ’olo'o'tow»'na »o'o «"9‘

— '0 0
P27 /7
000000"0' oo o’0ooo0'»'»’0?’0'0'0'0"0000'0’0'0'0'«'0"0’0'0'0'0"»0'0'0’0'0'0'0

13
/ /x/\
110

10

Y ,
1 pixel

12
100



Patent Application Publication = Mar. 26,2015 Sheet 1 of 15 US 2015/0084026 A1

FIG.1

105

L
L1

— 101

| AT AT AAASAIAAD

20




Patent Application Publication =~ Mar. 26,2015 Sheet 2 of 15 US 2015/0084026 A1
107
\\ ® e— VDD
DATA 2
TR1
® TR3
C1
TR2
SELECT I B 4
AZ |
AZB
TR4
OLED

cv



Patent Application Publication = Mar. 26,2015 Sheet 3 of 15 US 2015/0084026 A1

LIGHT NON-LIGHT
EMISSION ' EMISSION
AREA b AREA
| 15
|
I 14
I 11
|
' -~ 13
| TR
. 110




US 2015/0084026 A1

Mar. 26, 2015 Sheet 4 of 15

Patent Application Publication

001t

cl /ll} joxid |

( —

ad >

yd

N A LTI a 2028
\

§

SO ELE LSO I I I

i d?,_rﬂrguﬁr ok : , Qfggg orfﬂﬁréﬂnff §
R P OgRI20AE LY !.—.zll N 17
Gl " R RTIoms
" ‘4¢.ﬂ»ﬂ.,NQM&«M&&&M&Q&&«N&O& o
e
0¢ Petelelet tte el

0¢ gz a1z 12

v OlId

dle

dlc




US 2015/0084026 A1

Mar. 26, 2015 Sheet 5 of 15

Patent Application Publication

V0Ol

L/

Ty
¥ 6%

T

R X O e K R R K I X K IR R X RS PR IR IR X X K

& &

A4

| | |

avic ovic dvie

G OIAd




Patent Application Publication =~ Mar. 26,2015 Sheet 6 of 15 US 2015/0084026 A1

FI1G.6

21AG

25A
/—

o <
IR <




Patent Application Publication = Mar. 26,2015 Sheet 7 of 15 US 2015/0084026 A1

25B

11

208
S

|

FI1G.7
21BB
100B

|

21BG

(

21BR

TS




Patent Application Publication =~ Mar. 26,2015 Sheet 8 of 15 US 2015/0084026 A1

25C
30C

11

20C
5

(

21CB

100C

FIG.8

21CR

AN N e

oo




US 2015/0084026 A1

Mar. 26, 2015 Sheet 9 of 15

Patent Application Publication

aoot

T

-

ATy ey o
Koo, 0 TR o TR R R K35 K KK, R T
#0“00*4’*&*&*&*&0‘&““&%%”‘.%

aoc



US 2015/0084026 A1

Mar. 26, 2015 Sheet 10 of 15

Patent Application Publication

3001

Y

LGRSO

e L R I S I

Tl

...... e

o

"

A A N
]
ARG

s s s

*

340¢

d4dl¢

OF 1 74

0T OIA

dcc

ddie

[




US 2015/0084026 A1

Mar. 26, 2015 Sheet 11 of 15

Patent Application Publication

moor

\\\\\\\\\\

00&0&&00#0&0¢¢¢¢0¢¢0¢t¢1¢ AN t’t’?‘tt
W s \

otatetete! ‘f&#&* *s.,.Q ¢¢¢¢¢.V¢O¢ *é*‘*té 5 400‘000‘ otaters! ‘.. %% QQQOQ 4&#&0&4&0&0’0&4&0& ¥ 4 0&*&#&0&* e 000&#00000‘&0 4%
\\ A A A

\§\\§a\ \\\

| |

ddle




US 2015/0084026 A1

Mar. 26, 2015 Sheet 12 of 15

Patent Application Publication

9001

a9l

o0¢

ocl

GLOIA




Patent Application Publication  Mar. 26,2015 Sheet 130f 15 US 2015/0084026 A1

FI1G.13

(a)

(b)

()




Z00lL

N~

5\\\\\\:\\\\

BRI I EGIII DI I I I IMIH I I IHA AR
0727202227 2 N Pt

US 2015/0084026 A1

f
S
¢

\

Mar. 26, 2015 Sheet 14 of 15

az1¢ oZl¢ dZ1e

VIDIA

Patent Application Publication




Patent Application Publication  Mar. 26,2015 Sheet 150f15  US 2015/0084026 A1

FIG.15

AIR (n=1)

41°

GLASS (n=~1.5)

COLORFILTER (n=1.5)

FILLER (n=1.5)

30

LIGHT EMISSION POINT

SEALING FILM (n=~ 1.8)
LIGHT EMITTING ELEMENT




US 2015/0084026 A1l

DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2013-199975, filed on Sep. 26, 2013, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention relates to a display device
using a light emitting element.

BACKGROUND

[0003] Display devices including light emitting elements
using OLEDs (Organic Light-Emitting Diodes) are now
being developed. Such a display device includes two glass
substrates or the like attached to each other and light emitting
elements located between the glass substrates. Therefore,
light from the light emitting elements is output to an external
space from one of the glass substrates. The light output to the
external space from the glass substrate is directed from the
side on which the refractive index is higher to the side on
which the refractive index is lower. The light is totally
reflected at an interface between the glass substrate and the
external space, and by the influence thereof, a phenomenon
that the light extraction efficiency is decreased occurs. In
order to avoid this, it has been proposed to provide micro-
lenses on the light emitting elements. Such a technology is
disclosed in, for example, Japanese Laid-Open Patent Publi-
cations Nos. 2000-322000 and 2004-039500.

[0004] OLEDs are easily damaged by moisture. In the case
where the above-described technology is used, the OLEDs
may be exposed to moisture in a process of producing micro-
lenses on the OLEDs.

[0005] The present invention has an object of, even in the
case where microlenses are formed to increase the light
extraction efficiency, decreasing damage on an OLED caused
by the production of the microlenses.

SUMMARY

[0006] Provided according to an embodiment of the present
invention is a display device including a first substrate; light
emitting elements provided on the first substrate and located
in correspondence with pixels arrayed in a matrix; a second
substrate; a light collection layer provided on the second
substrate and including, on the side facing the light emitting
elements, at least one convex lens in correspondence with
each of the pixels; and a light-transmissive layer that is pro-
vided between the first substrate and the second substrate so
as to be in contact with the lens and has a refractive index
lower than that of the light collection layer.

[0007] Provided according to an embodiment of the present
invention is a display device including a first substrate; light
emitting elements provided on the first substrate and located
in correspondence with pixels arrayed in a matrix; a second
substrate; a light collection layer provided on the second
substrate and including, on the side facing the light emitting
elements, at least one concave lens in correspondence with
each of the pixels; and a light-transmissive layer that is pro-
vided between the first substrate and the second substrate so
as to be in contact with the lens and has a refractive index
higher than that of the light collection layer.
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[0008] The lens of the light collection layer may be formed
of a color resist.

[0009] The display device may further include an assisting
layer having a light transmittance higher than that of the color
resist, the assisting layer being provided on the color resist on
the side opposite from the light emitting elements, in an area
corresponding to a projecting portion of a surface of the color
resist.

[0010] Thedisplay device may further include a color resist
provided between the light collection layer and the second
substrate; and the lens of the light collection layer may be
formed of a material having a light transmittance higher than
that of the color resist.

[0011] Thelightcollection layer may include an area where
a plurality of the lenses are located in a houndstooth check
pattern.

[0012] The light-transmissive layer may include a filler
filling a space between the first substrate and the second
substrate.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1isa plan view showing a schematic structure
ofadisplay device in an embodiment according to the present
invention;

[0014] FIG. 2 is a circuit diagram showing an example of
pixel circuit usable in a display device in an embodiment
according to the present invention;

[0015] FIG. 3 isa schematic view showing a cross-sectional
structure on the side of a first substrate of a display device in
an embodiment according to the present invention;

[0016] FIG. 4isaschematic view showing a cross-sectional
structure of a display device in Embodiment 1 according to
the present invention;

[0017] FIG. 51is a schematic view showing a cross-sectional
structure of a display device in Embodiment 2 according to
the present invention;

[0018] FIG. 6 shows a positional arrangement of convex
lenses in Embodiment 2 according to the present invention;
[0019] FIG.7is a schematic view showing a cross-sectional
structure of a display device in Embodiment 3 according to
the present invention;

[0020] FIG. 81is a schematic view showing a cross-sectional
structure of a display device in Embodiment 4 according to
the present invention;

[0021] FIG.9isaschematic view showing a cross-sectional
structure of a display device in Embodiment 5 according to
the present invention;

[0022] FIG. 10 is a schematic view showing a cross-sec-
tional structure of a display device in another example of
Embodiment 5 according to the present invention,

[0023] FIG. 11 is a schematic view showing a cross-sec-
tional structure of a display device in Embodiment 6 accord-
ing to the present invention;

[0024] FIG. 12 is a schematic view showing a cross-sec-
tional structure of a display device in Embodiment 7 accord-
ing to the present invention;

[0025] FIG. 13 is provided to explain definitions of a con-
vex lens shape a concave lens shape in an embodiment
according to the present invention;

[0026] FIG. 14 is a schematic view showing a cross-sec-
tional structure of a display device in a conventional example;
and
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[0027] FIG. 15 is provided to explain why the light extrac-
tion efficiency is decreased in the display device in the con-
ventional example.

DESCRIPTION OF EMBODIMENTS

[0028] Hereinafter, display devices in embodiments of the
present invention will be described with reference to the
drawings. The following embodiments are merely examples
of the present invention. The present invention is not to be
interpreted as being limited to any of the following embodi-
ments, and may be carried out in various modifications. In the
drawings referred to below, elements that are identical or have
substantially the same functions will bear identical or similar
reference numerals (same reference numerals with A, B or the
like attached thereto), and the same description may not be
repeated. The ratio among sizes of various elements in the
drawings may be different from the actual ratio, or a part of
the elements may be omitted from the drawings. The expres-
sion “provided (formed) on the substrate” encompasses a
case where an element is provided (formed) in contact with
the substrate and also a case where an element is provided
(formed) with another element being held between the ele-
ment and the substrate.

Embodiment 1

Schematic Structure

[0029] FIG.11is aplan view showing a schematic structure
of a display device 100 in an embodiment according to the
present invention. The display device 100 includes a display
area 101, a driver IC 102, an FPC (Flexible Printed Circuit)
103, and a scanning line driving circuit 104. The driver IC 102
and the scanning line driving circuit 104 are formed on a first
substrate 10.

[0030] Inthe display area 101, a plurality of control signal
lines g-1 through g-3 running in a lateral direction in the
figure and a plurality of data signal lines d1 through d3 run-
ning in a longitudinal direction in the figure are located so as
to intersect each other. At positions corresponding to the
intersections of the control signal lines g-1 through g-3 and
the data signal lines d1 through d3, a plurality of pixels 105
are located respectively. Thus, the plurality of pixels 105 are
arrayed in a matrix. FIG. 1 shows, as an example, a structure
in which three control signal lines g-1 through g-3 and one
data signal line d1 cross each other for each of the pixels 105.
The present invention is not limited to having such a structure.
Although not shown, a line that supplies a constant voltage
such as a power supply line or the like may be provided in the
display area 101. In each pixel 105, a pixel circuit is located.
The pixel circuit includes a thin film transistor that controls
light emission from the pixel 105 by controlling write of a
data voltage to be supplied to the pixel 105 in accordance with
the control signal supplied from the control signal lines g-1
through g-3, and a capacitor that retains the data voltage
supplied from any one of the data signal lines d1 through d3.
[0031] A second substrate 20 has a color filter, a light block-
ing menber and the like provided thereon and is attached to
the first substrate 10 so as to cover the pixel circuit in each
pixel 105. In this example, a space between the first substrate
10 and the second substrate 20 is filled with a filler (see FIG.
4).

[0032] FIG. 2 shows an example of pixel circuit usable for
a display device in an embodiment according to the present
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invention. Hereinafter, a display device including OLEDs
will be described as the display device 100. The display
device in an embodiment according to the present invention
may be any display device including light emitting elements
that emit light at intensity in accordance with the supplied
electric current, and is not limited to using OLEDs.

[0033] Asshown in FIG. 2, a pixel circuit 107 in each pixel
105 includes, for example, four transistors TR1 through TR4,
two capacitors C1 and C2, and an OLED. One of a source
terminal and a drain terminal of the transistor TR1 is con-
nected to a data signal line DATA (data signal line d1 shown
in FIG. 1), and the other of the source terminal and the drain
terminal of the transistor TR1 is connected to one of terminals
of the capacitor C1. A gate terminal of the transistor TR1 is
connected to a scanning line SELECT (control signal line g-1
shown in FIG. 1).

[0034] One of a source terminal and a drain terminal of the
transistor TR2 is commonly connected to the other terminal
of the capacitor C1, one of terminals of the capacitor C2 and
a gate terminal of the transistor TR3. The other of the source
terminal and the drain terminal of the transistor TR2 is com-
monly connected to one of a source terminal and a drain
terminal of the transistor TR3 and one of a source terminal
and a drain terminal of the transistor TR4. A gate terminal of
the transistor TR2 is connected to a control signal line AZ
(control signal line g-2 shown in FIG. 1).

[0035] The other of the source terminal and the drain ter-
minal of the transistor TR4 is connected to a positive elec-
trode of the OLED, and a gate terminal of the transistor TR4
is connected to a control signal line AZB (control signal line
2-3 shown in FIG. 1). A negative electrode of the OLED 1is
supplied with a power supply voltage CV, and the other of the
source terminal and the drain terminal of the transistor TR3
and the other terminal of the capacitor C2 are supplied with a
power supply voltage VDD.

[0036] The pixel circuit 107 having such a structure causes,
for example, the capacitors C1 and C2 to retain the voltage to
compensate for the dispersion in the threshold voltage of the
transistor TR3, and thus can cause the OLED to emit light at
a luminance in accordance with the data voltage supplied
from the data signal line DATA. Therefore, the pixel circuit
107 having the structure shown in FIG. 2 can decrease the
influence of the dispersion in the transistor characteristics on
display.

[0037] FIG. 3 is a schematic view showing a cross-sectional
structure on the first substrate 10 side of a display device in an
embodiment according to the present invention. On the first
substrate 10, a transistor unit 110 corresponding to the tran-
sistor TR4 is formed. The transistor unit 110 shown in FIG. 3
corresponds to the transistor TR4, and transistor units corre-
sponding to the other transistors are omitted from FIG. 3. The
transistor unit 110 includes a flattening film, which has a
contact hole formed therein. An anode electrode 12 is formed
along the contact hole. A bank 13 is formed to fill the contact
hole and isolate the pixel shown in FIG. 3 from an adjacent
pixel.

[0038] Above the anode electrode 12, a light emitting ele-
ment 11 including an OLED is formed. On the light emitting
element 11, acathode electrode 14 is formed. In this example,
the OLED outputs white light when an electric current is
supplied from the anode electrode 12 to the cathode electrode
14. Therefore, the OLED emits light in an area between the
anode electrode 12 and the cathode electrode 14, and does not
emit light in any other area. Color filters are used to allow the
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white light to have other colors (e.g., RGB colors, RGBW
colors, etc.). OLEDs in all the pixels in the display device 100
may emit white light, which is allowed to have RGB colors by
use of the color filters; or alternatively, the display device 100
may use a “side-by-side RGB sub-pixel system”.

[0039] On the cathode electrode 14, a sealing film 15 is
formed. In this example, the sealing film 15 is formed of
silicon nitride (SiN, ). In this example, the display device 100
is of a so-called top emission structure, in which white light is
directed in a direction opposite from a direction toward the
transistor unit 110 (directed upward in the figure) and is
output from the second substrate 20. Therefore, the cathode
electrode 14 is formed to be light-transmissive. The white
light emitted from the light emitting element 11 is transmitted
through a color filter formed of a color resist provided on the
second substrate 20 to become light of a color (in this
example, any of three colors of red (R), green (G) and blue
(B)) and is output outside from the second substrate 20.
[0040] Now, the structure of a display device in a conven-
tional example and problems thereof will be described. Then,
the elements provided on the second substrate 20 and the like
will be described.

Conventional Example

[0041] FIG. 14 is a schematic view showing a cross-sec-
tional structure of a display device in a conventional example.
On a second substrate 207, a light blocking member 257 and
color filters 217ZR, 217G and 217B corresponding to red (R),
green (G) and blue (B) are provided. A space between the
second substrate 207 and the first substrate 10 is filled with a
filler 30Z. In the conventional example, the color filters 217R,
217G and 217B are formed to have a flat surface.

[0042] FIG. 15 is provided to explain why the light extrac-
tion efficiency is decreased in the display device 1007 in the
conventional example. FIG. 15 shows a film structure through
which light emitted from the light emitting element 11 runs in
the structure shown in FIG. 14. In FIG. 15, a cathode elec-
trode 14 formed on the light emitting element 11 is omitted in
consideration of the thickness or the like thereof. In the con-
ventional example, the filler, the color filter and the second
substrate (glass) have substantially the same refractive index
(n=1.5) as each other, and the refractive index of a sealing film
(n=~1.8) is significantly different from the refractive index of
the other elements.

[0043] As shown in FIG. 15, in the case where the light is
directed toward the air from the glass substrate, the light is
totally reflected and is not output outside when the angle of
incidence exceeds 41° due to the difference in the refractive
index between the glass and the air. The sealing film is formed
of silicon nitride or the like, and thus the refractive index
thereof is relatively high (n~1.8). In consideration of this
refractive index, the angle of incidence on the filler from the
sealing film needs to be less than 32° in order to avoid the
angle of incidence on the air from the glass from being 41° or
greater. Therefore, when the angle of incidence (hereinafter,
may be referred to as “outgoing angle from the light emitting
element 117) is 32° or greater, the light cannot be output
outside from the glass, and this component of the light is
wasted. According to the present invention, as described later,
the range of outgoing angles of the light from the light emit-
ting element 11 at which the light is not totally reflected and
is output outside can be broadened as compared with in the
conventional example, and thus the wasted component of the
light can be decreased.
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[Structure on the Second Substrate Side]

[0044] FIG. 4is a schematic view showing a cross-sectional
structure of the display device 100 in Embodiment 1 accord-
ing to the present invention. In FIG. 4, the reference numerals
used in the above description regarding FIG. 3 represent the
same elements as above.

[0045] Inthis example, the second substrate 20 is formed of
glass. On the second substrate 20, a light blocking member 25
and color filters 21R, 21G and 21B corresponding to red (R),
green (G) and blue (B) are provided. In the following descrip-
tion, in the case where it is not intended to specify any of the
colors of the color filters, the color filters will be referred to as
the “color filters 21”. The light blocking member 25 is formed
of a light blocking material such as a metal material or the
like. In this example, the light blocking member 25 is formed
at borders between pixels of different colors, and is located in
stripes. The light blocking member 25 may be formed at all
the borders between adjacent pixels.

[0046] The color filters 21 are formed of color resists and
provided between striped portions of the light blocking mem-
ber 25. The color filters 21 desirably have a refractive index
lower than that of the second substrate 20, but the refractive
index of the color filters 21 may be equal to, or higher than,
that of the second substrate 20. The color filters 21 are formed
to have a convex-lens-shaped surface on the side facing the
light emitting elements 11. Namely, the color filters 21 form
alight collection layer that includes convex lenses projecting
toward the light emitting elements 11 and collects the light
from the light emitting elements 11.

[0047] In this example, the color filter 21 in each pixel is
formed such that a part thereof corresponding to a peripheral
area of the pixel is thinnest as seen from the second substrate
20 side. The color filters 21 may be convexed along at least
one direction of the plane in which the pixels are arrayed in a
matrix and may not be convexed along another direction of
the plane. In an example of such a structure, the color filters 21
may be formed to be thinnest on the light blocking member 25
located in stripes, namely, may be formed to form cylindrical
lenses.

[0048] The color filters 21 are formed by patterning color
resists by photolithography. In the process of photolithogra-
phy, the convex lenses are formed by controlling the exposure
amount stepwise by use of a half tone mask in an exposure
step or by controlling the time duration, the temperature or the
like of development performed by use of a developer. This
method for producing the convex lenses is merely an
example, and any other method is usable as long as the color
filters 21 are formed to have a convex-lens-shaped surface.
[0049] The space between the second substrate 20 and the
first substrate 10 is filled with a filler 30. The filler 30 is in
contact with the color filters 21. The filler 30 is formed of a
light-transmissive resin or the like and forms a light-trans-
missive layer. The material used to form the filler 30 has a
refractive index lower than that of the color filters 21.
[0050] In the step of attaching the first substrate 10 having
the elements shown in FIG. 3 provided thereon and the second
substrate 20 having the light blocking member 25 and the
color filters 21 provided thereon to each other, the filler 30 is
injected into a space between the first substrate 10 and the
second substrate 20. In the example shown in FIG. 4, the
surface of the color filters 21 is in contact with the filler 30.
Another layer formed of a light-transmissive material may be
provided between the color filters 21 and the filler 30. For
example, an overcoat layer formed of a light-transmissive
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resin or the like having a refractive index lower than that of the
color filters 21 may be provided on the surface of the color
filters 21. Alternatively, there may be a space on the surface of
the color filters 21. Even such a structure can be regarded as
including a light-transmissive layer having a refractive index
of about 1.

[0051] Since the refractive index of the filler 30 in contact
with the color filters 21 is lower than that of the color filters
21, the color filters 21 collect light from the light emitting
elements 11 owing to the convex lens shape thereof. As a
result, the range of outgoing angles at which the light emitted
from each light emitting element 11 is not totally reflected and
is output outside can be broadened as compared with in the
conventional example. Therefore, the ratio of the light com-
ponent totally reflected with respect to the light emitted from
each light emitting element 11 can be decreased, and the light
extraction efficiency is increased.

[0052] Even in the case where the microlenses are formed
to increase the light extraction efficiency, the damage on the
OLEDs caused by the production of the microlenses can be
alleviated because the microlenses are formed as a part of the
color filters 21 that are provided on the second substrate 20,
noton the first substrate 10 on which the OLEDs are provided.

Embodiment 2

[0053] InEmbodiment 1, inthe color filters 21, one convex
lens is formed in each pixel. In Embodiment 2, a structure in
which a plurality of convex lenses are formed in each pixel
will be described with reference to F1G. 5 and F1G. 6.

[0054] FIG.5isaschematic view showing a cross-sectional
structure of a display device 100A in Embodiment 2 accord-
ing to the present invention. The display device 100A
includes color filters 21AR, 21AG and 21AB located between
striped portions of a light blocking member 25A located on a
second substrate 20A. The color filters 21AR, 21AG and
21 AB each have a convex-lens-shaped surface in contact with
a filler 30A, and a plurality of convex lenses are formed in
each pixel. In this example also, the filler 30 A has a refractive
index lower than that of the color filters 21AR, 21AG and
21AB.

[0055] FIG. 6 is provided to explain a positional arrange-
ment of the convex lenses in Embodiment 2. FIG. 6 shows the
positional relationship between the light blocking member
25A and the color filter 21AG as seen from the second sub-
strate 20A in FIG. 5. As shown in FIG. 6, each of convex
portions P (the two-dimensional shape of each of the convex
portions P) of the color filter 21AG is circular. The convex
portions P are located in a houndstooth check pattern; namely,
adjacent lines of the convex portions P are shifted by half a
pitch. An arrangement in which many lenses are located in
each pixel in this manner can increase the curvature of the
convex portions. This further increases the extraction effi-
ciency of light from the light emitting element 11 to the
outside of the display device 100A. This is also applicable to
the color filters 21AR and 21AB. FIG. 5 is a cross-sectional
view of FIG. 6 taken along line V-V in FIG. 6.

[0056] Thetwo-dimensional shape ofthe convex portions P
does not need to be circular, and may be elliptical, rectangular
or the like. The plurality of convex portions P do not need to
be located at a most dense state like in the houndstooth check
pattern. There may be an area where no convex portion P is
present, or the convex portions P do not need to be located
regularly.
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Embodiment 3

[0057] InEmbodiment 1, in the color filters 21, one convex
lens is formed in each pixel. In Embodiment 3, a structure in
whicha concave lens is formed in each pixel will be described
with reference to FIG. 7.

[0058] FIG.7is a schematic view showing a cross-sectional
structure of a display device 100B in Embodiment 3 accord-
ing to the present invention. The display device 100B includes
color filters 21BR, 21BG and 21BB located between striped
portions of a light blocking member 25B located on a second
substrate 20B. In this example, the filler 30B has a refractive
index higher than that of the color filters 21BR, 21BG and
21BB. The color filters 21BR, 21BG and 21BB each have a
concave-lens-shaped surface in contact with a filler 30B.
Therefore, the color filters 21BR, 21BG and 21BB form a
light collection layer that collects the light from the light
emitting elements 11, like the color filters 21 in Embodiment
1.

[0059] Inthe case where the filler 30B is formed of a mate-
rial having a refractive index higher than that of the color
filters 21BR, 21BG and 21BB, the extraction efficiency of
light from the light emitting elements 11 to the outside of the
display device 100B can be increased as compared with in the
conventional example by forming the color filters 21BR,
21BG and 21BB having a concave-lens-shaped surface.

Embodiment 4

[0060] In Embodiment 3, in the color filters 21, one con-
cave lens is formed in each pixel. In Embodiment 4, a struc-
ture in which a plurality of concave lenses are formed in each
pixel will be described with reference to FIG. 8.

[0061] FIG. 81is a schematic view showing a cross-sectional
structure of a display device 100C in Embodiment 4 accord-
ing to the present invention. The display device 100C includes
color filters 21CR, 21CG and 21CB located between striped
portions of a light blocking member 25C located on a second
substrate 20C. The color filters 21CR, 21CG and 21CB each
have a concave-lens-shaped surface in contact with a filler
30C, and a plurality of concave lenses are formed in each
pixel. Inthis example also, the filler 30C has arefractive index
higher than that of the color filters 21CR, 21CG and 21CB. In
this example, as seen from the second substrate 20C, the light
blocking member 25C and the color filter 21CG have the
same positional relationship as that of the light blocking
member 25A and the color filter 21AG shown in FIG. 6, and
concave portions of the color filter 21CG are located in a
houndstooth check pattern also as shown in FIG. 6.

[0062] The two-dimensional shape of the concave portions
does not need to be circular, and may be elliptical, rectangular
orthelike. The plurality of concave portions do not need to be
located at a most dense state like in the houndstooth check
pattern. There may be an area where no concave portion is
present, or the concave portions do not need to be located
regularly.

Embodiment 5

[0063] InEmbodiment 5, a structure in which a light-trans-
missive assisting layer is provided between the color filters
and the second substrate will be described with reference to
FIG. 9 and FIG. 10.

[0064] FIG.9isaschematic view showing a cross-sectional
structure of a display device 100D in Embodiment 5 accord-
ing to the present invention. The display device 100D
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includes color filters 21DR, 21DG and 21DB located between
striped portions of a light blocking member 25D located on a
second substrate 20D. The color filters 21DR, 21DG and
21DB each have a convex-lens-shaped surface in contact with
afiller 30D. In this example, the display device 100D includes
an assisting layer 22D provided on the color filters 21DR,
21DG and 21DB on the side facing the second substrate 20D
(the side opposite from the light emitting elements 11). The
assisting layer 22D is provided in correspondence with the
projecting portions of the convex lenses of the color filters
21DR, 21DGand 21DB. The assisting layer 22D is formed of
a material having a light transmittance higher than that of the
color resists used to form the color filters 21DR, 21DG and
21DB. It is desirable that the assisting layer 22D has a refrac-
tive index that is closer to the refractive index of the color
filters 21DR, 21DG and 21DB than that of the filler 30D, and
the refractive index of the assisting layer 22D may be equal to,
or higher than, that of the color filters 21DR, 21DG and
21DB. The assisting layer 22D is formed by patterning by use
of photolithography before the color filters 21DR, 21DG and
21DB are formed.

[0065] FIG. 10 is a schematic view showing a cross-sec-
tional structure of a display device 100E in another example
of Embodiment 5 according to the present invention. In FIG.
9, the assisting layer is added to the structure of Embodiment
1. In FIG. 10, the assisting layer is added to the structure of
Embodiment 2. The display device 100E includes color filters
21ER, 21EG and 21EB located between striped portions of a
light blocking member 25E located on a second substrate
20E. The color filters 21ER, 21EG and 21EB each have a
convex-lens-shaped surface in contact with a filler 30E, and a
plurality of lenses are formed in each pixel. In this example,
the display device 100E includes an assisting layer 22E pro-
vided on the color filters 21ER, 21EG and 21EB on the side
facing the second substrate 20E (the side opposite from the
light emitting elements 11). The assisting layer 22E is pro-
vided in correspondence with the projecting portions of the
convex lenses of the color filters 21ER, 21EG and 21EB. The
assisting layer 22E is formed of a material having a light
transmittance higher than that of the color resists used to form
the color filters 21ER, 21EG and 21EB. It is desirable that the
assisting layer 22F has a refractive index that is closer to the
refractive index of the color filters 21ER, 21EG and 21EB
than that of the filler 30E, and the refractive index of the
assisting layer 22E may be equal to, or higher than, that of the
color filters 21ER, 21EG and 21EB.

[0066] Since the color filters include the convex lenses, the
thickness of the color resists is different at the projecting
portion at the center of each lens from in the peripheral area
thereof. Therefore, the light from each light emitting element
11 that is incident on the projecting portion of the lens and the
light from the same light emitting element 11 that is incident
on the peripheral area of the lens advance on different routes.
This may influence the color purity, the color distribution, the
luminance or the like. However, in Embodiment 5, an assist-
ing layer having a light transmittance higher than that of the
color resists is provided and thus the thickness of the color
resists at the projection portion of the lens is decreased.
Therefore, the thickness difference in the color resists
between the projecting portion and the peripheral area of the
lens can be decreased, and the above-described influence
caused by the thickness difference can be alleviated.

[0067] It is desirable that the assisting layer 22D has a
convex-lens-shaped surface like the color filters 21DR, 21DG
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and 21DB. In this manner, the thickness difference in the
color filters 21DR, 21DG and 21DB between the projection
portion (at the center ofthe lens) and the peripheral area of the
lens can be further decreased.

[0068] The assisting layer may be provided even in the case
where the color filters including the concave lenses are used
as in Embodiment 3 and Embodiment 4. The concave lenses
are each projected in the peripheral area. The assisting layer
may be provided in correspondence with such peripheral
areas. The assisting layer does not need to be provided in the
area where the light blocking member is provided. In the case
of, for example, Embodiment 3 shown in FIG. 7, the assisting
layer does not need to be provided on the light blocking
member 25B, and may be provided only along the border
between adjacent pixels where the light blocking member is
not provided.

[0069] It is desirable that the assisting layer 22E has a
convex-lens-shaped surface like the color filters 21EA, 21EG
and 21EB. In this manner, the thickness difference in the color
filters 21ER, 21EG and 21EB between the projection portion
(at the center of the lens) and the peripheral area of the lens
can be further decreased.

Embodiment 6

[0070] In Embodiment 6, a structure in which the convex
lenses are realized by amember different from the color filters
will be described with reference to FIG. 11.

[0071] FIG. 11 is a schematic view showing a cross-sec-
tional structure of a display device 100F in Embodiment 6
according to the present invention. The display device 100F
includes color filters 21FR, 21FG and 21FB located between
striped portions of a light blocking member 25F located on a
second substrate 20F. The color filters 21FR, 21FG and 21FB
have a flat surface on the side facing the light emitting element
11, unlike in the above-described embodiments. The display
device 100F includes a lens layer 21FT having a shape of
convex lenses. The lens layer 21FT is provided on the color
filters 21FR, 21FG and 21FB on the side facing the light
emitting element 11, and is in contact with a filler 30F.
[0072] The filler 30F has a refractive index lower than that
of the lens layer 21FT. In addition, the lens layer 21FT has a
convex-lens-shaped surface in contact with the filler 30F.
Therefore, the lens layer 21FT acts as a light collection layer
that collects light from the light emitting elements 11, like the
color filters 21 in Embodiment 1. The refractive index of the
lens layer 21FT merely needs to be higher than that of the
filler 30F, but is desirably equal to, or lower than, that of the
color filters 21FR, 21FG and 21FB.

[0073] In Embodiment 6, the lens layer 21FT forms one
convex lens in each pixel as shown in FIG. 11. Alternatively,
as in Embodiment 2, a plurality of convex lenses may be
formed in each pixel. Still alternatively, in the case where the
refractive index of the filler 30F is higher than that of the lens
layer 21FT as in Embodiment 3 and Embodiment 4, the lens
layer 21FT may have a concave-lens-shaped surface.

[0074] Inthe case where the light emitting elements 11 use
OLED:s respectively having the three RGB colors, it may not
be necessary to use the color filters 21FR, 21FG and 21FB in
the structure of Embodiment 6.

Embodiment 7

[0075] InEmbodiment7,acasein whichabottom emission
structure, instead of the top emission structure, is applied to
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the display device in Embodiment 5 shown in FIG. 10 will be
described with reference to FIG. 12.

[0076] FIG. 12 is a schematic view showing a cross-sec-
tional structure of a display device 100G in Embodiment 7
according to the present invention. The display device 100G
includes a light blocking member 25G, an assisting layer 22G
and color filters 21GR, 21GG and 21GB which are provided
on a second substrate 20G. An insulating layer 35G is formed
so as to cover these members. Transistor units 110G, an
insulating layer 120G, anode electrodes 12G, light emitting
elements 11G, and a cathode electrode 14G are formed on the
insulating layer 35G. On the cathode electrode 14G, a sealing
film, a sealing substrate or the like may be formed.

[0077] As shown in FIG. 12, the color filters 21GR, 21GG
and 21GB are convex-lens-shaped on the side facing the light
emitting element 11 (the side on which light from the light
emitting elements 11 is incident). The insulating layer 35G is
formed of a light-transmissive resin or the like having a
refractive index lower than that of the color filters 21GR,
21GG and 21GB. Owing to such a structure, the color filters
21GR, 21GG and 21GB form a light collection layer that
collects the light from the light emitting elements 11, like the
color filters 21 in Embodiment 1.

[0078] In Embodiment 7, the bottom emission structure is
applied to the display device in Embodiment 5. The bottom
emission structure may be applied to the display device in any
other embodiment.

[0079] Since the color filters including the microlenses are
formed before the OLEDs are formed, the damage caused to
the OLEDs by the production of the microlenses can be
alleviated.

<Definitions of the “Convex Lens Shape” and the “Concave
Lens Shape™>

[0080] In the case where one convex lens or one concave
lens is provided in each pixel as in Embodiment 1 or Embodi-
ment 3, whether the lens is a convex lens or a concave lens is
clearly appreciated from the shape of the surface of the light
collection layer. By contrast, in the case where a plurality of
convex lenses or a plurality of concave lenses are continu-
ously provided as in Embodiment 2 or Embodiment 4, it may
be difficult to distinguish whether the lenses are convex lenses
or concave lenses merely from the shape of the surface of the
light collection layer. Thus, the convex lens shape and the
concave lens shape will be defined below.

[0081] FIG. 13 is provided to explain the definition of the
convex lens shape and the concave lens shape in an embodi-
ment according to the present invention. FIG. 13(a) shows the
shape of the convex lenses described above in Embodiment 2
with reference to FIG. 5. FIG. 13(5) shows the shape of the
concave lenses described above in Embodiment 4 with refer-
ence to FIG. 7. In these figures, Dh represents the dip position
(uppermost position in the figures), Ph represents the peak
position (lowermost position in the figures), and C represents
the center position therebetween. At the intermediate position
C, the peak width Pw (corresponding to the full width half
maximum of the peak) and the dip width Dw of each shape of
the lenses are compared with each other. When the peak width
Pw is larger than the dip width Dw, the lenses are defined as
the convex lenses. When the peak width Pw is smaller than the
dip width Dw, the lenses are defined as the concave lenses.
With such definitions, the lenses of the light collection layer
shown in FIG. 13(c) are defined as concave lenses, not convex
lenses, even though there are projecting portions.
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[0082] The definitions ofthe convex lenses and the concave
lenses of the present invention are not limited to the above
definitions. In the case where the light collection layer has
convex portions and concave portions at a surface on the side
facing the light emitting element and the light extraction
efficiency is higher than in the case where the surface is flat,
the lenses may be defined as convex lenses or concave lenses
based on the relationship between the refractive index of the
light collection layer and the refractive index of the light-
transmissive layer. More specifically, when the refractive
index of the light collection layer (e.g., color filters) is higher
than the refractive index of the light-transmissive layer (e.g.,
filler) in contact with the light collection layer, the light col-
lection layer may be defined as including convex lenses. By
contrast, when the refractive index of the light collection layer
is lower than the refractive index of the light-transmissive
layer, the light collection layer may be defined as including
concave lenses.

What is claimed is:

1. A display device, comprising:

a first substrate;

light emitting elements provided on the first substrate and
located in correspondence with pixels arrayed in a
matrix;

a second substrate;

a light collection layer provided on the second substrate
and including, on the side facing the light emitting ele-
ments, at least one convex lens in correspondence with
each of the pixels; and

a light-transmissive layer that is provided between the first
substrate and the second substrate so as to be in contact
with the lens and has a refractive index lower than that of
the light collection layer.

2. The display device according to claim 1, wherein the

lens of the light collection layer is formed of a color resist.

3. The display device according to claim 2, further com-
prising an assisting layer having a light transmittance higher
than that of the color resist, the assisting layer being provided
on the color resist on the side opposite from the light emitting
elements, in an area corresponding to a projecting portion of
a surface of the color resist.

4. The display device according to claim 1, further com-
prising a color resist provided between the light collection
layer and the second substrate;

wherein the lens of the light collection layer is formed of a
material having a light transmittance higher than that of
the color resist.

5. The display device according to claim 1, wherein the
light collection layer includes an area where a plurality of the
lenses are located in a houndstooth check pattern.

6. The display device according to claim 1, wherein the
light-transmissive layer includes a filler filling a space
between the first substrate and the second substrate.

7. A display device, comprising:

a first substrate;

light emitting elements provided on the first substrate and
located in correspondence with pixels arrayed in a
matrix;

a second substrate;

a light collection layer provided on the second substrate
and including, on the side facing the light emitting ele-
ments, at least one concave lens in correspondence with
each of the pixels; and
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alight-transmissive layer that is provided between the first
substrate and the second substrate so as to be in contact
with the lens and has a refractive index higher than that
of the light collection layer.

8. The display device according to claim 7, wherein the
lens of the light collection layer is formed of a color resist.

9. The display device according to claim 8, further com-
prising an assisting layer having a light transmittance higher
than that of the color resist, the assisting layer being provided
on the color resist on the side opposite from the light emitting
elements, in an area corresponding to a projecting portion of
a surface of the color resist.

10. The display device according to claim 7, further com-
prising a color resist provided between the light collection
layer and the second substrate;

wherein the lens of the light collection layer is formed of a

material having a light transmittance higher than that of
the color resist.

11. The display device according to claim 7, wherein the
light collection layer includes an area where a plurality of the
lenses are located in a houndstooth check pattern.

12. The display device according to claim 7, wherein the
light-transmissive layer includes a filler filling a space
between the first substrate and the second substrate.
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