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forming a doped semiconductor layer
‘ N-S1
forming a first insulating layer
N\-S2
forming a second gate elecirode
-S3
forming a secand insulating layer
-S4
forming o first contact hole and a second contact hale
‘ =-S5
forming source/drain electrodes
! \-S6
forming a transparent electrode layer
\-S7
cleaning and modifying the transparent electrode layer
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forming a passivation layer
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forming an arganic emission structure
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ACTIVE MATRIX ORGANIC LIGHT
EMITTING DISPLAY AND METHOD FOR
FABRICATING SAME

FIELD OF THE INVENTION

[0001] The present invention relates to organic light emit-
ting displays (OLEDs), particularly to an active matrix
OLED and a method for fabricating the active matrix OLED.

GENERAL BACKGROUND

[0002] Organic light emitting displays (OLEDs) provide
images with high brightness and a wide viewing angle.
Because OLEDs are self-luminous, they do not require
backlights, and can be effectively used even in relatively
dark environments. OLEDs can be categorized into two
kinds: active matrix OLEDs and passive matrix OLEDs.
Generally, active matrix OLEDs are bottom illuminated.
[0003] Referring to FIG. 13, a typical active matrix OLED
includes a transparent insulating substrate 300 defining a
thin film transistor (TFT) region 301 and an organic emis-
sion region 302, a TFT structure 320 corresponding to the
TFT region 301, and an organic emission structure 340
corresponding to the organic emission region 302.

[0004] The TFT structure 320 includes a doped semicon-
ductor layer 321, a first insulating layer 322, a gate electrode
323, a second insulating layer 324, a source electrode 325,
a drain electrode 326, and a passivation layer 327. The
doped semiconductor layer 321 is strip-shaped, and is dis-
posed on the TFT region 301. The first insulating layer 322
covers the doped semiconductor layer 321 and the transpar-
ent insulating substrate 300. The gate electrode 323 is
formed on a portion of the first insulating layer 322 that
corresponds to the doped semiconductor layer 321. The
second insulating layer 324 covers the gate electrode 323
and the first insulating layer 322.

[0005] The first insulating layer 322 and the second insu-
lating layer 324 cooperatively define a first contact hole 351
and a second contact hole 353 therethrough. Thereby, the
first and second contact holes 351, 353 expose two parts of
the doped semiconductor 321, respectively. The source
electrode 325 and the drain electrode 326 fill the two contact
holes 351, 353, respectively, and each of the source and
drain electrodes 325, 326 overlaps a respective portion of the
second insulating layer 324. The source electrode 325 and
the drain electrode 326 are electrically connected with the
doped semiconductor layer 321. The passivation layer 327
covers the source electrode 325, the drain electrode 326, and
the second insulating layer 324. The passivation layer 327
has a smooth upper surface, and defines a third contact hole
355. The third contact hole 355 exposes a part of the drain
electrode 326.

[0006] The organic emission structure 340 includes a
transparent electrode layer 328, a hole injection layer (HIL)
342, a hole transfer layer (HTL) 343, an organic emission
layer (EL) 344, an electron transfer layer (ETL) 345, an
electron injection layer (EIL) 346, and a cathode reflective
layer 347, arranged in that order from bottom to top. The
transparent electrode layer 328 covers the passivation layer
327, and is electrically connected with the drain electrode
326 in the third contact hole 355. The transparent electrode
layer 328 is also used as an anode of the active matrix OLED
30.
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[0007] The organic emission structure 340 further
includes a cathode inter-insulator 341 on the transparent
electrode layer 328, corresponding to the third contact hole
355. The cathode inter-insulator 341 is generally T-shaped in
cross-section. A thickness of a horizontal top portion of the
cathode inter-insulator 341 is substantially equal to a com-
bined thickness of the HIL 342, the HTL 343, the organic EL.
344, the ETL 345, the EIL 346, and the cathode reflective
layer 347.

[0008] The active matrix OLED 30 needs a fabricating
process to form the third contact hole 355 for electrically
connecting the transparent electrode layer 328 with the drain
electrode 326. Furthermore, the passivation layer 327 and
the cathode inter-insulator 341 are two separate parts. There-
fore two separate fabricating steps are needed to form the
passivation layer 327 and the cathode inter-insulator 341.
Thus the structure of the active matrix OLED 30 is some-
what complicated, and the method of fabricating the active
matrix OLED 30 is correspondingly complicated.

[0009] What is needed, therefore, is a new active matrix
OLED that can overcome the above-described problems.
What is also needed is a method for fabricating the active
matrix OLED that can overcome the above-described prob-
lems.

SUMMARY

[0010] In one aspect, an exemplary active matrix organic
light emitting display (OLED) includes a transparent insu-
lating substrate, a thin film transistor (TFT) structure formed
on the transparent insulating substrate, and an organic emis-
sion structure transparent insulating substrate. The TFT
structure includes a source electrode, a drain electrode, and
a passivation layer configured as a cathode inter-insulator.
The passivation layer covers the source electrode and the
drain electrode. The organic emission structure includes a
transparent electrode layer directly connected with the drain
electrode.

[0011] Other novel features and advantages will become
more apparent from the following detailed description when
taken in conjunction with the accompanying drawings. In
the drawings, all the views are schematic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is an equivalent circuit diagram of part of an
active matrix organic light emitting display (OLED) accord-
ing to an exemplary embodiment of the present invention,
the active matrix OLED including a plurality of pixel units.

[0013] FIG. 2 is an enlarged, top, plan view of one pixel
unit of FIG. 1.
[0014] FIG. 3 is a flowchart summarizing an exemplary

method for fabricating the active matrix OLED of FIG. 1.
[0015] FIG. 4 is a side cross-sectional view relating to a
step of providing a doped semiconductor layer on a trans-
parent insulating substrate according to the method of FIG.
3.

[0016] FIG. 5 is a side cross-sectional view relating to a
step of providing a first insulating layer on the transparent
insulating substrate and the doped semiconductor layer
according to the method of FIG. 3.

[0017] FIG. 6 is a side cross-sectional view relating to a
step of providing a gate electrode layer on the first insulating
layer according to the method of FIG. 3.
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[0018] FIG. 7 is a side cross-sectional view relating to a
step of providing a second insulating layer on the gate
electrode layer and the first insulating layer according to the
method of FIG. 3.

[0019] FIG. 8 is a side cross-sectional view relating to a
step of forming a first contact hole and a second contact hole
through the two insulating layers according to the method of
FIG. 3.

[0020] FIG. 9 is a side cross-sectional view relating to a
step of providing a source electrode and a drain electrode
filling the two contact holes according to the method of FIG.
3.

[0021] FIG. 10 is a side cross-sectional view relating to a
step of providing a transparent electrode layer on the second
insulating layer and a portion of the drain electrode accord-
ing to the method of FIG. 3.

[0022] FIG. 11 is a side cross-sectional view relating to a
step of providing a passivation layer on the second insulat-
ing layer, the source electrode, the drain electrode, and a
portion of the transparent electrode layer according to the
method of FIG. 3.

[0023] FIG. 12 is a side cross-sectional view relating to a
step of providing an organic emission structure on the
transparent electrode layer according to the method of FIG.
3.

[0024] FIG. 13 is a side cross-sectional view of part of a
conventional active matrix OLED.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] Referring to FIG. 1 and FIG. 2, certain parts of an
active matrix organic light emitting display (OLED) 10
according to an exemplary embodiment of the present
invention are shown. The active matrix OLED 10 includes
a plurality of scan lines 11 that are parallel to each other and
that each extend along a first direction, and a plurality of data
lines 12 that are parallel to each other and that each extend
along a second direction that is orthogonal to the first
direction. A smallest rectangular area formed by any two
adjacent scan lines 11 together with any two adjacent data
lines 12 defines a pixel unit 14 thereat. Each pixel unit 14
includes a first thin film transistor (TFT) 141, a second TFT
245, a storage capacitor 143, and an organic emission
structure 244. In the active matrix OLED 10, the first TFTs
141 operate as switching elements of the second TFTs 245,
and the second TFTs 245 operate as switching elements of
the organic emission structures 244. In each pixel unit 14,
the storage capacitor 143 is used to store electrical power for
the organic emission structure 244.

[0026] In each pixel unit 14, the first TFT 141 includes a
first gate electrode 150, a first source electrode 151, and a
first drain electrode 152. The second TFT 245 includes a
second gate electrode 260, a second source electrode 261,
and a second drain electrode 262. The first gate electrode
150 is connected with the corresponding scan line 11. The
first source electrode 151 is connected with the correspond-
ing data line 12. The first drain electrode 152 is connected
with the second gate electrode 260. The second source
electrode 261 is grounded. The second drain electrode 262
is connected with the organic emission structure 244. The
storage capacitor 143 connects the second gate electrode 260
to ground.

[0027] Referring to FIG. 3, this is a flowchart summariz-
ing an exemplary method for fabricating the active matrix
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OLED 10. The method includes: step S1, forming a doped
semiconductor layer; step S2, forming a first insulating
layer; step S3, forming a second gate electrode; step S4,
forming a second insulating layer; step S5, forming a first
contact hole and a second contact hole; step S6, forming
source/drain electrodes; step S7, forming a transparent elec-
trode layer; step S8, cleaning and modifying the transparent
electrode layer; step S9, forming a passivation layer; and
step S10, forming an organic emission structure.

[0028] In step S1, referring to FIG. 4, a transparent insu-
lating substrate 20 is provided. The transparent insulating
substrate 20 may be made from glass or quartz. The trans-
parent insulating substrate 20 includes a TFT region 201 and
an organic emission region 202. A poly-silicon layer is
deposited on the transparent insulating substrate 20. The
poly-silicon layer is patterned into an island-shape on the
TFT region 201. A middle portion of the island-shaped
poly-silicon layer is doped, thereby forming an active
middle portion 281. Two ends of the island-shaped poly-
silicon layer which are not doped form a source region 282
and a drain region 283, respectively. The poly-silicon layer
is thus defined as a doped semiconductor layer 210.
[0029] In step S2, referring to FIG. 5, a first insulating
layer 211 is deposited on the doped semiconductor layer 210
and the transparent insulating substrate 20 by a chemical
vapor deposition (CVD) process. The first insulating layer
211 can be made from amorphous silicon nitride (SiNx) or
silicon dioxide (SiO,).

[0030] In step S3, referring to FIG. 6, a gate metal layer
and a first photo-resist layer (not shown) are sequentially
formed on the first insulating layer 211. The gate metal layer
can be made from material including any one or more items
selected from the group consisting of aluminum (Al),
molybdenum (Mo), copper (Cu), chromium (Cr), and tan-
talum (Ta).

[0031] An ultraviolet (UV) light source (not shown) and a
first photo-mask (not shown) are used to expose the first
photo-resist layer. Then the exposed first photo-resist layer
is developed, thereby forming a first photo-resist pattern.
Using the first photo-resist pattern as a mask, portions of the
gate metal layer which are not covered by the first photo-
resist pattern are etched away, thereby forming a second gate
electrode 260. The first photo-resist pattern is then removed
by using an acetone solution.

[0032] In step S4, referring to FIG. 7, a second insulating
layer 213 is deposited on the first insulating layer 211 and
the second gate electrode 260. The second insulating layer
213 can be made from amorphous silicon nitride (SiNx) or
silicon dioxide (SiO,).

[0033] In step S5, referring to FIG. 8, a second photo-
resist layer (not shown) is coated on the second insulating
layer 213. The ultraviolet (UV) light source and a second
photo-mask (not shown) are used to expose the second
photo-resist layer. Then the exposed second photo-resist
layer is developed, thereby forming a second photo-resist
pattern. Using the second photo-resist pattern as a mask,
portions of the second insulating layer 213 and the first
insulating layer 211 which are not covered by the second
photo-resist pattern are etched away. Thereby, a first contact
hole 214 and a second contact hole 215 are defined through
said portions, with a part of the source region 282 and a part
of the drain region 283 of the doped semiconductor layer
210 being exposed. The second photo-resist pattern is then
removed by using an acetone solution.
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[0034] Instep S6, referring to FIG. 9, a source/drain metal
layer and a third photo-resist layer (not shown) are sequen-
tially formed on the second insulating layer 213 and the
doped semiconductor 210. The source/drain metal layer can
be made from material including any one or more items
selected from the group consisting of aluminum (Al),
molybdenum (Mo), and tantalum (Ta).

[0035] The third photo-resist layer is exposed by a third
photo-mask, and then is developed, thereby forming a third
photo-resist pattern. Using the third photo-resist pattern as a
mask, portions of the source/drain metal layer which are not
covered by the third photo-resist pattern are etched away by
one or more concentrated acid solutions, thereby forming a
second source electrode 261 and a second drain electrode
262. The third photo-resist pattern is then removed by using
an acetone solution. The second source electrode 261 and
the second drain electrode 262 fill the first contact hole 214
and the second contact hole 215 respectively, and are
electrically connected with the doped semiconductor layer
210. The second source electrode 261 and the second drain
electrode 262 further cover a portion of the second insulat-
ing layer 213. The one or more concentrated acid solutions
can for example be either or both of a nitric acid (HNO,)
solution and an acetic acid (C,H,0,) solution.

[0036] In step S7, referring to FIG. 10, a transparent
conductive layer (not shown) and a fourth photo-resist layer
(not shown) are sequentially formed on the second source
electrode 261, the second drain electrode 262, and the
second insulating layer 213. The transparent conductive
layer may be made from indium tin oxide (ITO) or indium
zinc oxide (1Z0).

[0037] The fourth photo-resist layer is exposed by a fourth
photo-mask, and then is developed, thereby forming a fourth
photo-resist pattern. Using the fourth photo-resist pattern as
a mask, portions of the transparent conductive layer which
are not covered by the fourth photo-resist pattern are etched
away by a weak acid solution, thereby forming a transparent
electrode layer 218. The fourth photo-resist pattern is then
removed by using an acetone solution. The transparent
electrode layer 218 covers a portion of the second insulating
layer 213 that corresponds to the organic emission region
202. The transparent electrode layer 218 further covers a
portion of the drain electrode 261, and is electrically con-
nected with the drain electrode 261. The transparent elec-
trode layer 218 corresponding to the organic emission region
202 also operates as an anode of the active matrix OLED 10.
The acid solution can be an oxalic acid (COOH), or
H,C,0,) solution.

[0038] In step S8, an upper surface of the transparent
electrode layer 218 is cleaned and modified by a plasma
treatment.

[0039] In step S9, referring to FIG. 11, a passivation layer
221 is deposited on the second source electrode 261, the
second drain electrode 262, the second insulating layer 213,
and the transparent electrode layer 218 by a spin coating
method or a spray coating method. The passivation layer 221
has a smooth upper surface. The passivation layer 221 can
be made from organic light sensitive material.

[0040] A portion of the passivation layer 221 correspond-
ing to the organic emission region 202 is etched away by a
fifth photo-mask process to expose the transparent electrode
layer 218. A residual portion of the passivation layer 221
corresponding to the TFT region 201 is defined as a cathode
inter-insulator 221.
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[0041] After step S9 has been completed, a TFT structure
245 is formed on the TFT region 201, with the anode of the
active matrix OLED 10 provided on the organic emission
region 202.

[0042] In step S10, referring to FIG. 12, a hole injection
layer (HIL) 222, a hole transfer layer 223 (HTL), an organic
emission layer (EL) 224, an electron transfer layer (ETL)
225, and an electron injection layer (EIL) 226 are sequen-
tially formed on the transparent electrode layer 218, in that
order from bottom to top. A cathode reflective layer 227 is
formed on the EIL 226 and the cathode inter-insulator 221.
A combined thickness of the HIL 222, the HTL 223, the
organic EL. 224, the ETL 225, and the EIL 226 is substan-
tially equal to a thickness of the cathode inter-insulator 221.
Thus, an organic emission structure 244 is formed.

[0043] The HIL 222 can be made from copper phthalo-
cyanine (CuPc). The HTL 223 can be made from polycyclic
aromatic hydrocarbons (PAHs), such as polyaniline or tri-
aromatic derivatives. The EIL 226 can be made from alkali
metals or alkali earth metals with low work function, such
as lithium fluoride (LiF), compounds of calcium (Ca), or
magnesium (Mg). The ETL 225 can be made from aromatic
compounds having great conjugate planes.

[0044] The organic EL 224 can for example be made from
polymeric electroluminescence material, which is deposited
by a spin on deposition (SOD) process or an inkjet printing
process. The polymeric electroluminescence material can be
para-phenylenevinylene (PPV). The organic EL. 224 can
instead be made from small molecular compounds which are
deposited by a vacuum vapor deposition (VVD) process.
The small molecular compounds can be diamine com-
pounds.

[0045] Unlike with conventional active matrix OLEDs
and methods for fabricating conventional active matrix
OLEDs, the second drain electrode 262 of the active matrix
OLED 10 is directly connected with the transparent elec-
trode layer 218. Thus there is not need for a process of
forming a contact hole in order to electrically connect the
second drain electrode 262 and the transparent electrode
layer 218. Furthermore, the residual portion of the passiva-
tion layer 221 used for protecting the TFT structure 245 is
also used as the cathode inter-insulator 221. Thereby, there
is no need for a separate process of fabricating the cathode
inter-insulator 221. For these reasons, the method for fab-
ricating the active matrix OLED 10 is simplified, and the
cost of fabricating the active matrix OLED 10 is reduced.
Further, the structure of the active matrix OLED is simpli-
fied.

[0046] It is believed that the present embodiments and
their advantages will be understood from the foregoing
description, and it will be apparent that various changes may
be made thereto without departing from the spirit and scope
of the invention or sacrificing all of its material advantages,
the examples hereinbefore described merely being preferred
or exemplary embodiments of the invention.

What is claimed is:

1. An active matrix organic light emitting display (OLED)

comprising;

a transparent insulating substrate;

a thin film transistor (TFT) structure formed on the
transparent insulating substrate, the TFT structure com-
prising:

a source electrode,
a drain electrode, and
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a passivation layer covering the source electrode and
the drain electrode, the passivation layer configured
as a cathode inter-insulator; and

an organic emission structure formed on the transparent

insulating substrate, the organic emission structure

comprising a transparent electrode layer directly con-
nected with the drain electrode.

2. The active matrix OLED as claimed in claim 1, wherein
the TFT structure further comprises a doped semiconductor
layer formed on the transparent insulating substrate, a first
insulating layer formed on the doped semiconductor layer
and the transparent insulating substrate, a gate electrode
formed on a portion of the first insulating layer that corre-
sponds to the doped-semiconductor layer, and a second
insulating layer formed on the gate electrode and the first
insulating layer.

3. The active matrix OLED as claimed in claim 2, wherein
the first insulating layer and the second insulating layer
cooperatively define two contact holes, and the source
electrode and the drain electrode which are formed on the
second insulating layer are electrically connected with the
doped semiconductor through the two contact holes, respec-
tively.

4. The active matrix OLED as claimed in claim 2, wherein
the transparent electrode layer is formed on the second
insulating layer and a part of the drain electrode.

5. The active matrix OLED as claimed in claim 1, wherein
the source electrode and the drain electrode are made from
material comprising any one or more items selected from the
group consisting of aluminum, molybdenum, and tantalum.

6. The active matrix OLED as claimed in claim 1, wherein
the organic emission structure further comprises a hole
injection layer formed on the transparent electrode layer, a
hole transfer layer formed on the hole injection layer, an
organic emission layer formed on the hole transfer layer, an
electron transfer layer formed on the organic emission layer,
an electron injection layer formed on the electron transfer
layer, and a cathode reflective layer covering the electron
injection layer and the passivation layer.

7. The active matrix OLED as claimed in claim 6, wherein
a combined thickness of the hole injection layer, the hole
transfer layer, the organic emission layer, the electron trans-
fer layer, and the electron injection layer is substantially
equal to a thickness of the passivation layer.

8. The active matrix OLED as claimed in claim 6, wherein
the hole injection layer is made from copper phthalocyanine.

9. The active matrix OLED as claimed in claim 6, wherein
the hole transfer layer is made from at least one item selected
from the group consisting of polyaniline and triaromatic
derivatives.

10. The active matrix OLED as claimed in claim 6,
wherein the organic emission layer is made from polymeric
electroluminescence material.

11. The active matrix OLED as claimed in claim 6,
wherein the organic emission layer is made from one or
more diamine compounds.

12. The active matrix OLED as claimed in claim 6,
wherein the electron injection layer is made from alkali
metals or alkali earth metals with low work function.
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13. A method for fabricating an active matrix organic light
emitting display (OLED), the method comprising:
providing a transparent insulating substrate;
forming a thin film transistor (TFT) structure on the
transparent insulating substrate, comprising:
forming a source electrode and a drain electrode, and

forming a passivation layer covering the source elec-
trode and the drain electrode;

forming an organic emission structure on the transparent
insulating substrate, comprising:

forming a transparent electrode layer directly con-
nected to the drain electrode.

14. The method as claimed in claim 13, wherein the step
of forming the TFT structure further comprises: forming a
doped semiconductor layer, a first insulating layer, a gate
electrode, a second insulating layer in sequence, and form-
ing the source electrode and the drain electrode on the
second insulating layer.

15. The method as claimed in claim 14, wherein the step
of forming the doped semiconductor layer comprises: depos-
iting a poly-silicon layer on the transparent insulating sub-
strate, patterning the poly-silicon layer, doping a middle
portion of the poly-silicon layer to form an active layer.

16. The method as claimed in claim 14, wherein the step
of forming the gate electrode comprises: depositing a gate
mental layer on the first insulating layer, and patterning the
gate mental layer to form a gate electrode by a photolitho-
graph process.

17. The method as claimed in claim 14, wherein the step
of forming the second insulating layer comprises: forming
two contact holes each cutting through the first insulating
layer and the second insulating layer to expose the doped
semiconductor layer, respectively.

18. The method as claimed in claim 17, wherein the step
of forming the source electrode and the drain electrode
comprises: depositing a source/drain mental layer on the
second insulating layer and the doped semiconductor layer,
and patterning the source/drain mental layer to form the
source electrode and the drain electrode corresponding to the
two contact holes, respectively.

19. The method as claimed in claim 13, wherein the step
of forming the organic emission structure further comprises:
forming a hole injection layer, a hole transfer layer, an
organic emission layer, an electron transfer layer, and an
electron injection layer in sequence on the transparent
electrode layer, and forming a cathode reflective layer on the
electrode injection layer and the passivation layer.

20. The method as claimed in claim 19, wherein the
organic emission layer is made from polymer electrolumi-
nescence material, and the hole injection layer is made from
copper phthalocyanine, and the hole transfer layer is made
from polyaniline or triaromatic derivatives, and the electron
injection layer is made from alkali metals or alkali earth
metals.



TRBR(F) BREEANANE REREFES *
K (BE)S US20080074044A1

BRiES US11/904009

FRIERE(ERR)AE) BHOEBRGERLA

BRiE (TR A(F) ol R BERAF.

HAREEAR)AGE) BHelXS

[#RI &8 A HUANG JUNG LUNG
PANG JIA PANG
REAA HUANG, JUNG-LUNG
PANG, JIA-PANG
IPCH =S HO1L51/54 HO1L51/56
CPCH¥%(= HO1L27/3246 HO1L2251/558 HO1L27/3248
i 095135184 2006-09-22 TW
S\EBEEE Espacenet USPTO
BEF)

I EREMEN AN EREE (OLED ) (10) SIEBPALLENR
(20) , EREEHALEERLASEREE (TFT) £ (245) , A
REBENENENGEN (244 ) BEER, TFTEETRER

(261) , IWBAR (262 ) MEERNBARPRILEZENEE (221) .
HLRBEEZREMFRBER. BIEAXEHNEEERBMEZEEZNSE
BAEIRE (218),

patsnap

NF(AE)R 2008-03-27
HiEH 2007-09-24
143 1o
150 \a45 12
12— \172 /
Tz f |

B



https://share-analytics.zhihuiya.com/view/3db38bb6-3a9d-4ddd-b5da-89b285310a99
https://worldwide.espacenet.com/patent/search/family/039224208/publication/US2008074044A1?q=US2008074044A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080074044%22.PGNR.&OS=DN/20080074044&RS=DN/20080074044

