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7) ABSTRACT

In evaporating thin film used in organic electro-luminescent
(EL) display, a mask having a plurality of openings is placed
below a display substrate, and a plane evaporation source is
placed below the mask. The plane evaporation source has a
plurality of evaporating material cells which are respectively
aligned to the openings of the mask. Next, evaporating the
evaporating material cells, a plurality of thin films is depos-
ited on predetermined regions of the display substrate.

1

| [} | | 1 1 ! ] 1 T
\ AR LA AR AR AR AR At
RN AR NI AR IR I AR NI A LN I A N N AN AT A I R I L
(NI R R N I RN A N LN N RN IR N A RN I NN NN N IR N R Y N A
VIVE L0 VRN VTV v v N g v vkt v bl 3611
IRV AR R TR R YR T A L T T YT A A T O R LAY R N IR T LR LR Y
Ww i oUW oy W NWwH uwwH uwWH N u wwn v W
¥ ¥ uiu [ y ¥ [’ y o\ vy X y oy y

pEp—— P - PR




Patent Application Publication Aug. 4,2005 Sheet 1 of 8

US 2005/0170075 Al

T—10

] L) J LJ uJd
N \ 1 {
AN \ v
AN \ \ |
N\ \

N \ \ |

N \ v

\\ \\ [

i |

MO

SN
N AV Iy

1, 1, 5—12

FIG. 1 (PRIOR ART)



Patent Application Publication Aug. 4, 2005 Sheet 2 of 8 US 2005/0170075 A1l

mo e e s e . \-’16

e e — e ———

........ r——a - -

r 1 bl =" === r hl I d ] :
T T o B s St D ot s e el B ) e B ot e S
- -- ]

L

{
L_{J L—?J L -3 [ [ [S— L d

FIG. 2A ( PRIOR ART)

17 17
( (

Py
T T CTJ T CO7T 07 T O =—18

\ '] A) [ A} { A} 14
A4 A\ A\ A 4 A7 \ 7 \ 7 A A 22
A\ A\ A7/ A7 A7 \7 \/ \7/ \/

420

FIG. 2B ( PRIOR ART)



Patent Application Publication Aug. 4, 2005 Sheet 3 of 8 US 2005/0170075 A1l

+—30
7 7 CO0 T T o0 o0g0gog 4/J—32
S \ \ ] /
AN \ v / e
N \ / /
N \ b / y
\\ \ \ | / //
\ | | /
\\\ \\ [ B // /// 33
[
\\ \\ (I / //
\\ \| '/ //
\\\\ l///
%—»34
f38
30
7 g & P 3 R P 2 B 36
43
|
\ +—40

o= .=, 1, 1 1 1, -, Y[ 3—42
iy AR ‘g Ay A/ AN 1/ Ly Ay
\\4 i/ \ 4/ \Y 14 AYFd b A/ \Y)

V) Al !
P N alh A N ) 9 SR N NN 3 6

,\38

FIG. 3C



Patent Application Publication Aug. 4, 2005 Sheet 4 of 8 US 2005/0170075 A1l

+—130
I J OO 000000 T &3—32

35II 351 35II

FIG. 4A

/38‘

—30

77 Rl R P R R P @ B—36'

FIG. 4B

—40
i g gy g =,

( |
1 A7 ./ A/

1.

1
Ny Al
A7 AL

/ \:I \
A\ \

!

-

FIG. 4C



Patent Application Publication Aug. 4, 2005 Sheet 5 of 8 US 2005/0170075 A1l

C ) U L ) L U T T, 43— 321
N \ { l /
AN \ L / e
N \ ! | / 7
N \ / s/
\\ \ ‘\ ,’ / //
\ /
\\ \ [ / // 33
N \ (R / s
\ \ / 7/
AN LI e
A b / s
AN B A




Patent Application Publication Aug. 4, 2005 Sheet 6 of 8 US 2005/0170075 A1l

FIG. 5D



US 2005/0170075 Al

Patent Application Publication Aug. 4,2005 Sheet 7 of 8

361

+-30

FIG. 5E



Patent Application Publication Aug. 4, 2005 Sheet 8 of 8 US 2005/0170075 A1l

FIG. 6A

3611
31

FIG. 6B



US 2005/0170075 Al

METHOD OF EVAPORATING FILM USED IN AN
ORGANIC ELECTRO-LUMINESCENT DISPLAY

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a method of evapo-
rating thin film and, more particularly, to a method of
evaporating thin film used in an organic electro-luminescent
(EL) display.

[0003]

[0004] In new generation panel display technologies,
organic electro-luminescent (EL) display using organic
compounds as luminescent materials is a laminated-film
type display and has advantages of self luminescence, thin
profile, light weight, and low driving voltage. In general, on
a glass substrate of the OLED, a lamination body comprises
an anode layer, a hole-injecting layer, a hole-transporting
layer, an organic luminescent film, an electron-injecting
layer, an electron-transporting layer, and a cathode layer.
After applying an outer voltage to the OLED, both the
electrons generated from the cathode layer and the holes
generated from the anode layer move to reach the organic
luminescent film, and then bombard the film and combine to
transform electricity into luminosity.

1. Field of the Invention

2. Description of the Related Art

[0005] In fabricating the lamination body, conventional
photolithography is not suited for patterning because the EL
elements are weak with respect to water and oxygen. Thus
evaporation with a shadow mask is used to deposit and
pattern thin film on the glass substrate at the same time. As
shown in FIG. 1, a metal mask 12 with a plurality of
openings 11 is placed below a glass substrate 10, and an
evaporation source 14 is placed below the metal mask 12.
During evaporation, the materials in the evaporation source
14 can pass through the openings 11 to be deposited on the
predetermined regions of the glass substrate 10. However,
the evaporation source 14 is a single/point source that causes
a shadow effect. Also, the materials piling in the evaporation
source 14 are not compact enough to reduce the thermal
conductivity, thus a uniform temperature is not easily
achieved in the evaporation source 14, resulting in poor
uniformity of deposition thickness. One solution is to reduce
the distance between the evaporation source 14 and the glass
substrate 10, and the other is to rotate the glass substrate 10
during evaporation. Both methods may, however, decrease
evaporation efficiency.

[0006] U.S. Published Application No. 2001/0006827 dis-
closes a method of using linear evaporation source to form
the lamination body. As shown in FIGS. 2A and 2B, a
shadow mask 18 with a plurality of openings 17 is placed
below a glass substrate 16, and a linear evaporation source
20 with a plurality of evaporation cells 22 arranged in a line
is placed along X direction below the shadow mask 18.
During evaporation, the linear evaporation source 20 is
moved along Y direction, and the materials in each of the
evaporation cell 22 can pass through the openings 17 to be
deposited on predetermined regions of the glass substrate
16. However, this generates high costs and a complex
process for controlling increased parameters. Also, this only
improves the deposited-thickness uniformity in direction Y,
but not direction X. In addition, this still cannot solve the
above-mentioned problems of difficulty in achieving an
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uniform temperature during evaporation, and low efficiency
in evaporation source material use.

SUMMARY OF THE INVENTION

[0007] The present invention provides a method of evapo-
rating thin film used in OLED to solve the above-mentioned
problems.

[0008] In evaporating thin film, a mask having a plurality
of openings is placed below a display substrate, and a plane
evaporation source is placed below the mask. The plane
evaporation source has a plurality of evaporating material
cells respectively aligned to the openings of the mask. Next,
the evaporation of the evaporating material cells deposits a
plurality of thin films on predetermined regions of the
display substrate.

[0009] Accordingly, itis a principle object of the invention
to strictly control the evaporation rate and increase the
evaporation rate.

[0010] It is another object of the invention to increase
evaporation source material use.

[0011] Yet another object of the invention is to avoid
shadow effect.

[0012] TItis a further object of the invention to obtain thin
film with good uniformity in thickness and distribution.

[0013] These and other objects of the present invention
will become readily apparent upon further review of the
following specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic diagram showing a method
of using single/point evaporation source according to the
prior art.

[0015] FIGS. 2A and 2B are schematic diagrams showing
a method of using linear evaporation source according to the
prior art.

[0016] FIGS. 3A to 3C are schematic diagrams showing
a method of evaporating thin film according to the first
embodiment of the present invention.

[0017] FIGS. 4A to 4C are schematic diagrams showing
a method of evaporating thin film according to the second
embodiment of the present invention.

[0018] FIGS. 5A to 5E are schematic diagrams showing a
method of evaporating thin film according to the third
embodiment of the present invention.

[0019] FIG. 6A is a schematic diagram showing a modi-
fied metal plate according to the fourth embodiment of the
present invention.

[0020] FIG. 6B is a schematic diagram showing a modi-
fied metal net according to the fourth embodiment of the
present invention.

[0021] Similar reference characters denote corresponding
features consistently throughout the attached drawings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0022] The present invention provides a method of evapo-
rating thin film used in organic EL display, in which a first
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mask with a rough pattern and a point evaporation source are
employed to form a plane evaporation source, and then a
second mask with a precise pattern and the planar evapora-
tion source are employed to deposit a thin film on prede-
termined regions of a glass substrate. Using the evaporating
method to form a lamination body used in the organic EL
display, especially for forming the organic luminescent
layer, improves uniformity of thickness for the deposited-
film and temperature uniformity during evaporation, and
increases both deposition rate and evaporating material use
efficiency, while also avoiding shadow effect.

First Embodiment

[0023] FIGS. 3A to 3C are schematic diagrams showing
a method of evaporating thin film according to the first
embodiment of the present invention. First, as shown in
FIG. 3A, a first mask 32 with a rough pattern is placed
below a metal plate 30, and a point evaporation source 34 is
placed below the first mask 32. During the evaporation, the
evaporating materials in the point evaporation source 34 can
pass through a plurality of openings 33 patterned on the first
mask 32, thus a plurality of first thin film 36 arranged in
array are deposited on predetermined regions of the metal
plate 30. As shown in FIG. 3B, the metal plate 30 with the
first thin film 36 is employed as a plane evaporation source
38, and the first thin film 36 arranged in array are used as
evaporating material cells 36. Preferably, the metal plate 30
is of high thermal-conductivity metallic material, such as Ta.
The first mask 32 may be ceramic or metallic. In addition,
during the evaporation, the metal plate 30 can be rotated to
improve the evaporation property of the first thin film 36.
Moreover, when the size of the metal plate 30 is unusually
large, two or more point evaporation sources 34 can be used
simultaneously to save evaporation time.

[0024] Next, as shown in FIG. 3C, a second mask 42 with
a precise pattern is placed below a glass substrate 40, and the
plane evaporation source 38 is inverted and placed below the
second mask 42 where the evaporating material cells 36 are
respectively aligned to a plurality of openings 43 of the
second mask 42. In evaporating, the evaporating material
cells 36 can pass through the opening 43 to deposit thin film
on predetermined regions of the glass substrate 40, thus a
patterned thin film layer is formed. By using the plane
evaporation source 38, the distance between the glass sub-
strate 40 and the evaporating material cell 36 can be reduced
as much as possible. Therefore, without rotating the glass
substrate 40, the evaporation rate is well controlled and
increased, the evaporating materials are used more effi-
ciently, and shadow effect is avoided. This also improves the
uniformity in heating temperature of each evaporating mate-
rial cell 36 on the plane evaporation source 38, thereby the
thin film deposited on the glass substrate 40 has good
uniformity of thickness and distribution. Furthermore, since
the evaporating material cells 36 are self-aligned to the
openings 43 of the second mask 42, only a small amount of
evaporating material adheres to the second mask 42 during
evaporation and thus, the necessity of cleaning the second
mask 42 is reduced. This prolongs the lifetime of the second
mask 42. Moreover, the first mask 32 can be omitted during
the formation of the plane evaporation source 38, thus the
first thin film 36 are more roughly formed on the metal plate
36 and the subsequent step of aligning the thin film 36 to the
precisely-patterned openings 43 of the second mask 42 can
be omitted.
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Second Embodiment

[0025] The second embodiment provides an evaporating
method of improving the formation of the plane evaporation
source to form a luminescent thin film used in the organic EL
display. Generally, in evaporating luminescent thin film,
evaporation materials comprise a host material and a dopant
material. FIGS. 4A to 4C are schematic diagrams showing
a method of evaporating thin film according to the second
embodiment of the present invention. As shown in FIG. 4A,
the first mask with a rough pattern is placed below the metal
plate 30, and a host material evaporation source 351 and at
least a dopant material evaporation source 35II are placed
below the first mask 32. It is noticed that the host material
evaporation source 351 and the dopant material evaporation
source 35II must have the same evaporating temperature. In
evaporating, the host material evaporation source 351 and
the dopant material evaporation source 3S5II can pass
through the openings 33 to deposit a plurality of first thin
film 36' arranged in array on the metal plate 30. As shown
in FIG. 4B, the metal plate 30 with the first thin films 36’
serves as a plane evaporation source 38, and the thin film 36'
serve as evaporating material cells 36'. The follow-up steps
are the same as the above-described method in the first
embodiment, as shown in FIG. 4C, the second mask 42 with
a precise pattern and the plane evaporation source 38" are
employed to deposit the luminescent thin film on predeter-
mined regions of the glass substrate 40.

Third Embodiment

[0026] The third embodiment provides a co-evaporating
method to form a luminescent thin film used in the organic
EL display, especially when the host material evaporation
source and the dopant material evaporation source have
different evaporating temperatures. FIGS. 5A to SE are
schematic diagrams showing a method of evaporating thin
film according to the third embodiment of the present
invention. First, as shown in FIG. 5A, a first mask 321 with
arough pattern is placed below the metal plate 30, and a host
material evaporation source 351 is placed below the first
mask 32I. During the evaporation, the host material evapo-
ration source 351 can pass through the openings 33 of the
first mask 321 to deposit a plurality of host material film 361
arranged in array on predetermined regions of the metal
plate 30, as shown in FIG. 5B. At the same time, as shown
in FIG. 5C, another first mask 32II with a rough pattern is
placed below a metal net 31, and a dopant material evapo-
ration source 3511 is placed below the first mask 32I1. During
evaporation, the dopant material evaporation source 3511 can
pass through the openings 33 of the first mask 3211 to deposit
a plurality of dopant material film 36II arranged in array on
the metal net 31, as shown in FIG. 5D.

[0027] Then, as shown in FIG. 5E, the second mask 42
with a precise pattern is placed below the glass substrate 40,
the metal net 31 with the dopant material film 36II is
inverted and placed below the second mask 42, and the
metal plate 30 with the host material film 361 is inverted and
placed below the metal net 31. Next, using any well-known
alignment technology, the dopant material film 3611 and the
host material film 361 are aligned to the openings 43 of the
second mask 42, respectively. Finally, in evaporating, since
the dopant materials can pass through the openings 43 and
the host materials can pass through the metal net 31 and the
openings 43, dopant materials and host materials are co-
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evaporated on predetermined regions of the glass substrate
40 to serve as luminescent thin film.

Fourth Embodiment

[0028] The fourth embodiment provides a modified struc-
ture to improve the above-described metal plate 30 and
metal net 31. FIG. 6A is a schematic diagram showing a
modified metal plate according to the fourth embodiment of
the present invention. In the modified structure, a plurality of
supporting ribs 46 is disposed on the backside of the metal
plate 30 to provide mechanical support. Also, the supporting
ribs 46 can increase the thermal conductivity of the metal
plate 30 to improve the heating-temperature uniformity
during evaporation. FIG. 6B is a schematic diagram show-
ing a modified metal net according to the fourth embodiment
of the present invention. In the modified structure, a plurality
of supporting ribs 46 is disposed on the back side of the
metal net 31, to provide mechanical support and increased
thermal conductivity.

[0029] It is to be understood that the present invention is
not limited to the embodiments described above, but encom-
passes any and all embodiments within the scope of the
following claims.

1. A method of evaporating thin film used in organic
electro-luminescent display, comprising steps of:

providing a display substrate;

providing a mask having a plurality of openings and
placed below the display substrate;

providing a plane evaporation source placed below the
mask, wherein the plane evaporation source has a
plurality of thin films arranged in array which are
respectively aligned to the openings of the mask; and

evaporating the thin films from the plane evaporation
source to deposit a plurality of thin films on predeter-
mined regions of the display substrate.
2. The method according to claim 1, wherein the thin films
are of organic electro-luminescent materials.
3. The method according to claim 1, wherein the forma-
tion of the plane evaporation source comprises steps of:

providing a metal plate;

providing at least one kind of evaporation source placed
below the metal plate; and

evaporating the evaporation source to form the thin films

on the metal plate.

4. The method according to claim 3, wherein the forma-
tion of the plane evaporation source further comprises a step
of providing a mask which has a plurality of openings and
is disposed between the metal plate and the evaporation
source.
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5. The method according to claim 3, wherein a plurality
of types of evaporation sources are provided below the metal
plate.

6. The method according to claim 3, wherein the metal
plate is rotated during evaporation.

7. The method according to claim 3, wherein the back side
of the metal plate comprises a plurality of supporting ribs.

8-15. (canceled)

16. A method of evaporating thin film used in organic
electro-luminescent display, comprising steps of:

providing a display substrate;

providing a mask having a plurality of openings and
placed below the display substrate;

providing a plane evaporation source placed below the
mask, wherein the plane evaporation source has a
plurality of evaporating material cells arranged in two-
dimensional array which are respectively aligned to the
openings of the mask; and

evaporating the evaporating material cells from the plane
evaporation source to deposit a plurality of thin films
on predetermined regions of the display substrate.

17. The method according to claim 16, wherein the
evaporating material cells are of organic electro-luminescent
materials.

18. The method according to claim 16, wherein the

formation of the plane evaporation source comprises steps
of:

providing a metal plate;

providing at least one kind of evaporation source placed
below the metal plate; and

evaporating the evaporation source to form the evaporat-
ing material cells on the metal plate.

19. The method according to claim 18, wherein the
formation of the plane evaporation source further comprises
a step of providing a mask which has a plurality of openings
and is disposed between the metal plate and the evaporation
source.

20. The method according to claim 18, wherein a plurality
of types of evaporation sources are provided below the metal
plate.

21. The method according to claim 18, wherein the metal
plate is rotated during evaporation.

22. The method according to claim 18, wherein the back

side of the metal plate comprises a plurality of supporting
ribs.
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