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(57) ABSTRACT

In one aspect of the invention, a display includes a substrate,
and a plurality of pixels formed on the substrate and arranged
in an array. Each pixel has a driving transistor having a gate
electrode, a drain electrode and a source electrode, formed on
the substrate, an organic light emitting diode (OLED) having
a cathode layer, a anode layer and an emissive layer formed
between the cathode layer and the anode layer, and formed
over the driving transistor such that the anode layer of the
OLED is electrically connected to the source electrode of the
driving transistor, a bias electrode formed over the substrate,
and a photo sensor having a photosensitive layer formed
between the anode layer of the OLED and the bias electrode.

460
450

Vsense

Isense






May 8, 2014 Sheet 2 of 11 US 2014/0125643 A1

Patent Application Publication

Z b4

141 INo-peay 0¢&¢ 0ce 0cc olLc ove 141 Buiaug

A\ 4
A
\ 4

£
-

2S¢ —tk cve
St o i EAT e
¥SZ —k o vz

T a—

AT AT TT 3 T 1

9.2

s

G/c eegc 09¢ LLC ¢lc €lc
vER

Y

A

00c



=

7 AE

o

w,

=

<

-

=

N 141 Inopeay 0G¢e oye 141 Bulaug
=

May 8, 2014 Sheet 3 of 11

VA f

[

09g | GLE 1€ zie  ele
<€ V3l

?ffﬁffffffﬁffgfﬁw \

0L€

A 4

Patent Application Publication



Patent Application Publication

-
¢

OvVvDD

May 8, 2014 Sheet 4 of 11 US 2014/0125643 A1

o)
(7))
C
o
L2
-
> o
O ir

470



May 8, 2014 Sheet 5 of 11 US 2014/0125643 A1

Patent Application Publication

0€g

G b1

02s

0Lg

ors

141 Buiaug

.\

A 4

H— zvs
e e
| eve
= p

055 —— . vvs
195 —|— E e WRR-E
288 —1— i o - ‘ —|_zsg
oy @ 1 \ @ \ | | \ ! \ @ .
I _ /
_ _
_ GJS 9SG LIS 2/S €4S _ 0/
_ _
I vaT >



Patent Application Publication = May 8, 2014 Sheet 6 of 11 US 2014/0125643 A1

675

-
©

671

0
LEA
Fig. 6

672

673
640

Driving TFT




Patent Application Publication =~ May 8, 2014 Sheet 7 of 11 US 2014/0125643 A1

o
©
M~ )
Tp)
N
o
@©
o)
>
) (7p]
s :
o O O "'
= o
T




US 2014/0125643 A1

May 8, 2014 Sheet 8 of 11

Patent Application Publication

VObQ 141 Buinug

v8 614

258 —F
i
egg T

N E
S Bunn

A n

18
A cve

|\_\ 19948
1474°]

/
< ..... % ..... ;

RN




May 8, 2014 Sheet 9 of 11 US 2014/0125643 A1

Publication

Patent Application

qg 614

\ i L8
LT I~ €v8
258 T [ ¢v8
¥S8 | —N— 18

1 N

BRI v v v v v fgfffffgfffxffﬁﬁ




Patent Application Publication =~ May 8,2014 Sheet 100f11  US 2014/0125643 A1

141 Ino-peay

mmw, .m:

AR
PG — T &

g048

D8 b1

da0v8

4,/,,

B .a.“”.“mm.

»14141414141411\111‘414141411\411\4141114141411\4141414141411\111‘1‘41414141411\411\411\414141411\41414.

OO

141 Buiauq




May 8,2014 Sheet 110f11  US 2014/0125643 A1

Patent Application Publication

as ‘614

aoss aovs
141 Ino-pesy 141 Buiaug

> Pl
” .~

conmEESRRERERE .. L L mmap 1 cvo

1G8
€G8

S8 = B
MY N SN
—1t .
.vmw N B Rl L SRR TR RS RS RCRCRCRTRCRCRCRCRS R RSN RCICRT RS RIS SR
i e

=T zv8

N
//////M |

v v v v @ @ @ SRR




US 2014/0125643 Al

AMOLED DISPLAY WITH OPTICAL
FEEDBACK COMPENSATION

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a divisional application of, and
claims benefit of U.S. patent application Ser. No. 12/722,040,
filed Mar. 11, 2010, entitled “AMOLED DISPLAY WITH
OPTICAL FEEDBACK COMPENSATION;” by Tzu-Yin
Kuo et al., which status is allowed, the disclosure of which is
hereby incorporated herein in its entirety by reference.

FIELD OF THE INVENTION

[0002] Thepresent invention relates generally to an organic
light emitting diode (OLED) display, and more particularly,
to an active matrix organic light emitting diode (AMOLED)
display having each pixel structure incorporated with a photo
sensor for optical feedback compensation so as to improve the
performance of the AMOLED display.

BACKGROUND OF THE INVENTION

[0003] Organic light emitting diode (OLED) panel has a
faster response, lighter weight, lesser viewing angle restric-
tions and greater contrast compared with a liquid crystal
display panel, and thus has drawn great attention of the dis-
play industry. The OLED panel can be classified as a passive
matrix organic light emitting diode (PMOLED) panel or an
active matrix organic light emitting diode (AMOLED) panel.
Generally, the AMOLED panel is particularly adapted to the
production of high resolution and large size display panels.

[0004] The brightness of a pixel in the AMOLED panel is
proportional to the conducting current of the organic light
emitting diode and the conducting current is decided by thin
film transistors (TFTs). In other words, the emission property,
such as brightness and uniformity of emitted light, of the
AMOLED is very sensitive to the performance of the TFTs.

[0005] Particularly, for an AMOLED display panel having
alow-temperature polysilicon (LTPS) backplane crystallized
by the excimer laser anneling (ELA), crystallization and non-
uniformity of defeats may result in a line mura effect in the
display panel, as shown in FIG. 1. The mura defects are
defects that exhibit as non-uniform contract regions on OLED
display pane and are attributed to pulse-to-pulse variations in
the laser beam energy that is used to crystallize the amor-
phous silicon film. These defects are more pronounced when
a constant gray value image or pattern is displayed. In
AMOLED display panels, the laser annal irradiation of the
non-TFT regions, such as the OLED circuit portion, on the
TFT back panel often results in line-shaped mura defects. The
non-uniform laser beam energy caused by pulse-to-pulse
variations in the laser beam energy results in a non-uniform
performance of polycrystalline silicon. Since the TFT char-
acteristic is sensitive to the performance of the polycrystalline
silicon, and the TFT devices drive the OLED devices, the
non-uniform TFT characteristics result in non-uniformity in
OLED’s brightness. This non-uniformity causes the line
mura defects, which deteriorate the display quality of the
AMOLED display panel.

[0006] Therefore, a heretofore unaddressed need exists in
the art to address the aforementioned deficiencies and inad-
equacies.
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SUMMARY OF THE INVENTION

[0007] In one aspect, the present invention relates to a dis-
play. In one embodiment, the display has a substrate, and a
plurality of pixels formed on the substrate and arranged in an
array. Each pixel includes a driving transistor and a read-out
transistor spatially formed on the substrate, where each tran-
sistor has a gate electrode, a drain electrode and a source
electrode, an organic light emitting diode (OLED) having a
cathode layer, a anode layer and an emissive layer formed
between the cathode layer and the anode layer, and formed
over the driving transistor and the read-out transistor such that
the anode layer of the OLED is electrically connected to the
source electrode of the driving transistor, and a photo sensor
having a photosensitive layer formed between the anode layer
of the OLED and the source electrode of the read-out transis-
tor.

[0008] The anode layer of the OLED is formed such that at
least a portion that overlaps the photosensitive layer of the
photo sensor is partially transparent to light emitted from the
emissive layer of the OLED. The photo sensor is adapted for
measuring brightness of an ambient light that is proportional
to light emitted from the OLED and generating a sensing
signal corresponding to the measured brightness of the ambi-
ent light, wherein the sensing signal is utilized to adjust a
driving voltage of the OLED accordingly.

[0009] The OLED includes a top-emitting OLED or a bot-
tom-emitting OLED. In one embodiment, the photosensitive
layer defines a photo sensing area, where the photo sensing
area for the top-emitting OLED is larger than that for bottom-
emitting OLED. In one embodiment, the photosensitive layer
is formed of a Si-rich dielectric material.

[0010] In one embodiment, each of the driving transistor
and the read-out transistor comprises an NMOS transistor or
PMOS transistor. Each of the driving transistor and the read-
out transistor comprises a back channel etched (BCE) type
thin film transistor (TFT), an IS type TFT, a coplanar type
TFT, a bottom-gate type TFT, or a top-gate type TFT.

[0011] In another aspect, the present invention relates to a
display. In one embodiment, the display has an active matrix
organic light emitting diode (AMOLED) panel having a plu-
rality of pixel arranged in an array. Each pixel includes an
OLED having a cathode electrically coupled to a first supply
voltage, OVSS, a anode and an emissive layer formed
between the cathode and the anode, and a driving circuit
having a first transistor having a gate, a drain electrically
coupled to a second supply voltage, OVDD, and a source
electrically coupled to the anode of the OLED, a second
transistor having a gate electrically coupled to a scan signal,
Vscan(N), a drain electrode electrically coupled to the gate of
the first transistor, and a source electrode electrically coupled
to a data signal, Vdata, and a storage capacitor electrically
connected between the gate and the drain of the first transis-
tor.

[0012] In one embodiment, the OLED comprises a top-
emitting OLED or a bottom-emitting OLED. Each of the first
transistor, the second transistor and the read-out transistor
comprises an NMOS transistor or PMOS transistor.

[0013] In one embodiment, the first supply voltage OVSS
and the second supply voltage OVDD are a negative supply
voltage and a positive supply voltage, respectively.

[0014] Each pixel also includes a read-out transistor having
a gate electrically a sensing control voltage, Vsense, a drain
for outputting a sensing signal, Isense, and a source, and a
photo sensor electrically coupled between the anode of the
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OLED and the source of the read-out transistor. The photo
sensor is adapted for measuring brightness of an ambient light
that is proportional to light emitted from the OLED and
generating the sensing signal Isense corresponding to the
measured brightness ofthe ambient light, wherein the sensing
signal Isense is utilized to adjust the data signal Vdata.
[0015] Inyetanotheraspect, the present invention relates to
adisplay. In one embodiment, the display has a substrate, and
a plurality of pixels formed on the substrate and arranged in
an array. Each pixel includes a driving transistor having a gate
electrode, a drain electrode and a source electrode, formed on
the substrate, an OLED having a cathode layer, a anode layer
and an emissive layer formed between the cathode layer and
the anode layer, and formed over the driving transistor such
that the anode layer of the OLED is electrically connected to
the source electrode of the driving transistor, a bias electrode
formed over the substrate, and a photo sensor having a pho-
tosensitive layer formed between the anode layer of the
OLED and the bias electrode.

[0016] The anode layer of the OLED is formed such that at
least a portion that overlaps the photosensitive layer of the
photo sensor is partially transparent to light emitted from the
emissive layer of the OLED. The photo sensor is adapted for
measuring brightness of an ambient light that is proportional
to light emitted from the OLED and generating a sensing
signal corresponding to the measured brightness of the ambi-
ent light, wherein the sensing signal is output from the bias
electrode and utilized to adjust a driving voltage of the OLED
accordingly.

[0017] In one embodiment, the OLED comprises a top-
emitting OLED or a bottom-emitting OLED.

[0018] Inoneembodiment, the photosensitive layer defines
a photo sensing area. The photo sensing area for the top-
emitting OLED is larger than that for bottom-emitting OLED.
The photosensitive layer is formed of a Si-rich dielectric
material.

[0019] In one embodiment, the driving transistor includes
an NMOS transistor or PMOS transistor. The driving transis-
tor includes a BCE type TFT, an IS type TFT, a coplanar type
TFT, a bottom-gate type TFT, or a top-gate type TFT.

[0020] Ina further aspect, the present invention relates to a
display. In one embodiment, the display has an AMOLED
panel having a plurality of pixel arranged in an array. Each
pixel has an organic light emitting diode (OLED) having a
cathode electrically coupled to a first supply voltage, OVSS,
a anode and an emissive layer formed between the cathode
and the anode, and a driving circuit having a first transistor
having a gate, a drain electrically coupled to a second supply
voltage, OVDD, and a source electrically coupled to the
anode of the OLED, a second transistor having a gate electri-
cally coupled to a scan signal, Vscan(N), a drain electrode
electrically coupled to the gate of the first transistor, and a
source electrode electrically coupled to a data signal, Vdata,
and a storage capacitor electrically connected between the
gate and the drain of the first transistor.

[0021] In one embodiment, the OLED comprises a top-
emitting OLED or a bottom-emitting OLED. The first supply
voltage OVSS and the second supply voltage OVDD are a
negative supply voltage and a positive supply voltage, respec-
tively. Each of the first transistor and the second transistor
comprises an NMOS transistor or PMOS transistor.

[0022] Each pixel further has a bias line for outputting a
sensing signal, Vbias, and a photo sensor electrically coupled
between the anode of the OLED and the bias line.
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[0023] The photo sensor is adapted for measuring bright-
ness of an ambient light that is proportional to light emitted
from the OLED and generating the sensing signal Vbias cor-
responding to the measured brightness of the ambient light,
wherein the sensing signal Vbias is output from the bias
electrode and utilized to adjust the data signal Vdata.

[0024] Inyet a further aspect, the present invention relates
to adisplay. In one embodiment, the display has an AMOLED
panel having a plurality of pixels arranged in an array. Each
pixel comprises an OLED having a cathode electrically
coupled to a first supply voltage, OVSS, and an anode elec-
trically coupled to a second voltage, OVDD, and a photo
sensor for measuring brightness of an ambient light that is
proportional to light emitted from the OLED and generating
a sensing signal corresponding to the measured brightness of
the ambient light, wherein the sensing signal is utilized to
adjust a driving voltage of the OLED accordingly.

[0025] In one embodiment, each pixel further comprises a
first transistor having a gate, a drain electrically coupled to the
second supply voltage, OVDD, and a source electrically
coupled to the anode of the OLED, a second transistor having
a gate electrically coupled to a scan signal, Vscan(N), a drain
electrode electrically coupled to the gate of the first transistor,
and a source electrode electrically coupled to a data signal,
Vdata, and a storage capacitor electrically connected between
the gate and the drain of the first transistor.

[0026] In one embodiment, each of the first transistor and
the second transistor comprises an NMOS transistor or
PMOS transistor. In one embodiment, the data signal Vdata is
adjustable so as to adjust the driving voltage of the OLED
according to the sensing signal.

[0027] In one aspect, the present invention relates to a
method of driving a display having an active matrix organic
light emitting diode (AMOLED) panel having a plurality of
pixels arranged in an array, each pixel comprising an organic
light emitting diode (OLED). In one embodiment, the method
includes the steps of measuring brightness of an ambient light
that is proportional to light emitted from the OLED so as to
generate a sensing signal corresponding to the measured
brightness of the ambient light, and adjusting a driving volt-
age of the OLED according to the sensing signal.

[0028] In one embodiment, the measuring step is per-
formed with a photo sensor coupled to the OLED.

[0029] These and other aspects of the present invention will
become apparent from the following description of the pre-
ferred embodiment taken in conjunction with the following
drawings, although variations and modifications therein may
be affected without departing from the spirit and scope of the
novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

[0031] FIG. 1 shows a conventional AMOLED display
panel with the line mura defect problem;
[0032] FIG. 2 shows a schematic cross-sectional view illus-

trating a top emission AMOLED pixel structure according to
one embodiment of the invention;
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[0033] FIG. 3 shows a schematic cross-sectional view illus-
trating a bottom emission AMOLED pixel structure accord-
ing to another embodiment of the invention;

[0034] FIG. 4 shows a schematic circuit diagram of a pixel
structure of the AMOLED display according to one embodi-
ment of the invention;

[0035] FIG. 5 shows a schematic cross-sectional view illus-
trating a top emission AMOLED pixel structure according to
one embodiment of the invention;

[0036] FIG. 6 shows a schematic cross-sectional view illus-
trating a bottom emission AMOLED pixel structure accord-
ing to another embodiment of the invention;

[0037] FIG. 7 shows a schematic circuit diagram of a pixel
structure of the AMOLED display according to one embodi-
ment of the invention; and

[0038] FIGS. 8A-8D show schematically cross-sectional
views illustrating a top emission AMOLED pixel structure
according to various embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The present disclosure is more particularly
described in the following examples that are intended as
illustrative only since numerous modifications and variations
therein will be apparent to those skilled in the art. Various
embodiments of the disclosure are now described in detail.
Referring to the drawings, like numbers indicate like compo-
nents throughout the views. As used in the description herein
and throughout the claims that follow, the meaning of “a”,
“an”, and “the” includes plural reference unless the context
clearly dictates otherwise. Also, as used in the description
herein and throughout the claims that follow, the meaning of
“in” includes “in” and “on” unless the context clearly dictates
otherwise.

[0040] The terms used in this specification generally have
their ordinary meanings in the art, within the context of the
disclosure, and in the specific context where each term is
used. Certain terms that are used to describe the disclosure are
discussed below, or elsewhere in the specification, to provide
additional guidance to the practitioner regarding the descrip-
tion of the disclosure. The use of examples anywhere in this
specification, including examples of any terms discussed
herein, is illustrative only, and in no way limits the scope and
meaning of the disclosure or of any exemplified term. Like-
wise, the disclosure is not limited to various embodiments
given in this specification.

[0041] As used herein, the terms “comprising,” “includ-
ing,” “having,” “containing,” “involving,” and the like are to
be understood to be open-ended, i.e., to mean including but
not limited to.

[0042] The present invention can be employed in most
OLED display configurations. These include very simple
structures comprising single anode and cathode to more com-
plex displays, such as passive matrix displays including
orthogonal arrays of anodes and cathodes to form light emit-
ting elements, and active matrix displays where each light
emitting element is controlled independently, for example,
within thin film transistors. In accordance with the purposes
of this invention, as embodied and broadly described herein,
this invention, in one aspect, relates to an improved layout of
AMOLED pixel structure which incorporates a photo sensi-
tive layer to serve as a photo sensor for optical feedback
compensation.

[0043] FIG. 2 illustrates a cross-sectional view of a pixel
structure 200 of an AMOLED display according to one

2 4
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embodiment of the invention. In this exemplary embodiment,
the pixel 100 of the AMOLED display includes at least struc-
tures as set forth below. A supporting substrate 210 has a first
end portion corresponding to a driving TFT 240 and an oppo-
site, second end portion corresponding to a read-out TFT 250.
A semiconductor layer having a first portion 242 and a second
portion 252 is correspondingly disposed on the first and sec-
ond end portions of the substrate 210. A gate insulator layer
220 is formed on the substrate 210 and covers the semicon-
ductor layer. A gate metal layer having a first portion 241 and
a second portion 252 is correspondingly disposed on the two
end portions of the gate insulator layer 220 via an interlayer
dielectric (ILD) 230. A first source metal layer 243 and a first
drain metal layer 244 are electrically connected to the first
portion 242 of the semiconductor layer and correspondingly
disposed on the first end portion of the interlayer dielectric
230. A second source metal layer 253 and a second drain
metal layer 254 are electrically connected to the second por-
tion 252 of the semiconductor layer and correspondingly
disposed on the second end portion of the interlayer dielectric
230. The first portion 241 of the gate metal layer, the first
portion 242 of the semiconductor layer, the first source metal
layer 243 and a first drain metal layer 244 constitute the
driving TFT 240. The second portion 251 of the gate metal
layer, the second portion 252 of the semiconductor layer, the
second source metal layer 253 and a second drain metal layer
254 constitute the driving TFT 250.

[0044] A photo sensor includes a photosensitive (Si-rich
dielectric) layer 260 disposed on an extending portion 253a of
the second source metal layer 253 extending to an emission
region or light emitting area (LEA) of the pixel 200 of the
display. The photosensitive layer 260 defines a photo sensing
area (PSA) that is located in the LEA and is not larger that the
LEA. A first passivation layer 281 correspondingly disposed
on the first and second end portions ofthe interlayer dielectric
230, so as to define a space therebetween in which the extend-
ing portion 253« of the second source metal layer 253 and the
photosensitive layer 260 are disposed. A second passivation
layer 282 correspondingly disposed on the first passivation
layer 281.

[0045] An OLED 270 has an anode layer 271 disposed on
the photosensitive layer 260 and electrically connected to the
first source metal layer 243 over the emission region (i.e.,
LEA) of the pixel 200 of the display, an OLED emissive layer
272 disposed on and covered both the second passivation
layer 282 and the anode layer 272, and a cathode layer 273
disposed on and covered the OLED emissive layer 272. As
shown in FIG. 2, the OLED emissive layer 272 and the cath-
odelayer 273 of the OLED 270 are extended to coverboth the
driving transistor 240 and the read-out transistor 250, and the
anode layer 271 of the OLED 270 is formed in direct contact
with the photosensitive layer 260. The anode layer 271 of the
OLED 270 is formed such that at least a portion that overlaps
the photosensitive layer 260 of the photo sensor is partially
transparent to light emitted from the emissive layer 272 of the
OLED 270. The other portion of the anode layer 271 of the
OLED 270 may or may not be transparent to light emitted
from the emissive layer 272 of the OLED 270.

[0046] Inthis embodiment, the OLED 270 is a top emission
OLED, i.e., the majority portion 275 of light emitted from the
OLED emissive layer 272 transmits out from the cathode
layer 273. The remaining portion 276 of the light emitted
from the OLED emissive layer 272 transmits out from the
anode layer 273 and to the photosensitive layer 260. Accord-
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ingly, the photo sensor measures the brightness of the remain-
ing portion 276 of the light, i.e., an ambient light to the photo
sensor, which is proportional to the light emitted from the
OLED emissive layer 272, and generating a sensing signal
corresponding to the measured brightness of the ambient
light. The read-out TFT 250 reads and outputs the sensing
signal. The sensing signalin turn, is utilized to adjust a driving
voltage of the OLED 270 through the driving TFT 240
accordingly.

[0047] FIG. 3 shows a pixel structure 300 of an AMOLED
display according to another embodiment of the invention.
The pixel structure 300 are similar to the pixel structure 200
disclosed above and shown in FIG. 2, except that the OLED
370 is a bottom emission OLED, i.e., the light 375 emitted
from the OLED emissive layer 372 transmits out from the
anode layer 372. The anode layer 372 is formed to be trans-
parent to light emitted from the emissive layer 372 of the
OLED 370. Accordingly, the photosensitive layer 360 defines
a photo sensing area (PSA) that is much less than that corre-
sponding to the top emission OLED shown in FIG. 2. In
addition, the PSA is located in the LEA of OLED 370 and less
than the LEA of OLED 370. The photosensitive layer 360 is
formed between the anode layer 371 of the OLED 370 and the
second source layer 353 of the read-out TFT 350, as such the
majority portion of the space defined between the diving

[0048] TFT 340 and the read-out TFT 350 is corresponding
to an emission region (i.e., LEA) of the OLED 370. Particu-
larly, as shown in FIG. 3, the OLED emissive layer 372 and
the cathode layer 373 of the OLED 370 are extended to cover
both the driving transistor 340 and the read-out transistor 350,
and the anode layer 371 of the OLED 370 is formed in direct
contact with the photosensitive layer 360. In operation, the
majority portion of the light 375 emitted from the OLED
emissive layer 372 transmits out from the emission region,
while the remaining portion of the light 375 transmits out
from the anode layer 373 and to the photosensitive layer 360.
Accordingly, the photo sensor measures the brightness of the
remaining portion of the light 375, i.e., an ambient light to the
photo sensor, which is proportional to the light 375 emitted
from the OLED emissive layer 372, and generating a sensing
signal corresponding to the measured brightness of the ambi-
ent light. The read-out TFT 350 reads and outputs the sensing
signal. The sensing signalin turn, is utilized to adjust a driving
voltage of the OLED 370 through the driving TFT 340
accordingly.

[0049] FIG. 4 shows a circuit diagram of a pixel 400 of an
AMOLED display according to yet another embodiment of
the invention. The AMOLED display has an AMOLED panel
having a plurality of pixels 400 arranged in an array. Fach
pixel 400 includes an OLED 470 having a cathode electrically
coupled to a first supply voltage, OVSS, an anode and an
emissive layer formed between the cathode and the anode.
The OLED 470 can be a top-emitting OLED or a bottom-
emitting OLED. Each pixel 400 also includes a first transistor
T1 having a gate, a drain electrically coupled to a second
supply voltage, OVDD, and a source electrically coupled to
the anode of the OLED 470, a second transistor T2 having a
gate electrically coupled to a scan signal, Vscan(N), a drain
electrode electrically coupled to the gate of the first transistor
T1, and a source electrode electrically coupled to a data
signal, Vdata, and a storage capacitor Cst electrically con-
nected between the gate and the drain of the first transistor T1.

May 8, 2014

The first supply voltage OVSS and the second supply voltage
OVDD are a negative supply voltage and a positive supply
voltage, respectively.

[0050] Further, each pixel 400 includes a read-out TFT 450
having agate electrically coupled to a sensing control voltage,
Vsense, a drain for outputting a sensing signal, Isense, and a
source, and a photo sensor 460 electrically coupled between
the anode of the OLED 470 and the source of the read-out
transistor 450. The photo sensor 460 is adapted for optical
feedback compensation, specifically, for measuring bright-
ness of an ambient light that is proportional to light emitted
from the OLED 470 and generating the sensing signal Isense
corresponding to the measured brightness of the ambient
light. The sensing signal Isense in turn, is utilized to adjust the
data signal Vdata.

[0051] Each of the first transistor T1, the second transistor
T2 and the read-out transistor 450 comprises an NMOS tran-
sistor or PMOS transistor.

[0052] FIG. 5 shows a pixel structure 500 of an AMOLED
display according to one embodiment of the present inven-
tion. The display has a substrate 510, and a plurality of pixels
500 formed on the substrate 510 and arranged in an array. The
pixel 500 includes a driving transistor 540 having a gate layer
541, a drain layer 544 and a source layer 543, formed on the
substrate 510. The pixel 500 also includes an OLED 570
having a cathode layer 573, a anode layer 571 and an emissive
layer 572 formed between the cathode layer 573 and the
anode layer 571, and formed over the driving transistor 540
such that the anode layer 571 of the OLED 570 is electrically
connected to the source layer 544 of the driving transistor
540. Further, the pixel 500 includes a bias layer 550 formed
over the substrate 510, and a photo sensor having a photosen-
sitive layer 560 formed between the anode layer 571 of the
OLED 570 and the bias layer 550.

[0053] More specifically, the driving TFT 540 is formed on
one end portion of the supporting substrate 510. A semicon-
ductor layer 542 is disposed on the one end portion of the
substrate 510. A gate insulator layer 420 is disposed on the
substrate 412 and covers the semiconductor layer 542. The
gate metal layer 541 is disposed on the gate insulator layer
520 at a location that is over the semiconductor layer 542. An
interlayer dielectric (ILD) layer 530 is disposed on the gate
insulator layer 520 and covers the gate metal layer 541. The
drain layer 544 and the source layer 543 of the driving TFT
540 are spatially formed one the interlayer dielectric layer
530 and are connected to the semiconductor layer 542. Fur-
ther, a metal bias electrode layer 550 is disposed on the
interlayer dielectric layer 530 over the other end potion of the
substrate 510 and extends into the emission region of the pixel
500.

[0054] A photosensitive layer 560 is disposed on the metal
bias electrode layer 550 at an emission region or light emit-
ting area (LEA) ofthe pixel 500. The photosensitive layer 260
defines a photo sensing area (PSA) that is located in the LEA
and is not larger that the LEA. The anode layer 571 of the
OLED 5701s disposed on the photosensitive layer 560 having
one end portion electrically connected to the source layer 543
of the driving TFT 540, and the other end portion extended
over the other end portion of the substrate 510. A first passi-
vation layer 581 is correspondingly disposed on the two ends
of the interlayer dielectric 420 so that the emission region of
the pixel 500 is defined therebetween. A second passivation
layer 582 is correspondingly disposed on the first passivation
layer 581. The OLED emissive layer 572 of the OLED 570 1s
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disposed on the anode layer 571 and covers both the second
passivation layer 582 and the anode layer 571. The anode
layer 571 of the OLED 570 is formed in direct contact with
the photosensitive layer 560. The cathode layer 434 of the
OLED 570 is disposed on and covers the OLED emissive
layer 572 of the OLED 570.

[0055] In the exemplary embodiment shown in FIG. 5, the
OLED 570 is a top emission OLED, i.e., the majority portion
575 of light emitted from the OLED emissive layer 572
transmits out from the cathode layer 573. The remaining
portion 576 of the light emitted from the OLED emissive
layer 572 transmits out from the anode layer 573 and to the
photosensitive layer 560. Accordingly, the photo sensor mea-
sures the brightness of the remaining portion 576 of the light,
an ambient light to the photo sensor, which is proportional to
the light emitted from the OLED emissive layer 572, and
generating a sensing signal corresponding to the measured
brightness of the ambient light. The sensing signal is output
from the bias electrode 550 and utilized to adjust a driving
voltage of the OLED 570 through the driving TFT 540
accordingly.

[0056] FIG. 6 shows a pixel structure 600 of an AMOLED
display according to another embodiment of the invention.
The pixel structure 600 are similar to the pixel structure 500
disclosed above and shown in FIG. 5, except that the OLED
670 is a bottom emission OLED, i.e., the light 675 emitted
from the OLED emissive layer 672 transmits out from the
anode layer 672. Accordingly, the photosensitive layer 660
defines a photo sensing area (PSA) that is much less than that
corresponding to the top emission OLED shown in FIG. 5. In
addition, the PSA is located in the LEA of OLED 670 and less
than the LEA of OLED 670. The photosensitive layer 660 is
formed between the anode layer 671 of the OLED 670 and the
bias electrode 650, as such the majority portion of the space
defined between the diving TFT 640 and the bias electrode
650 is corresponding to an emission region of the OLED 670.
In operation, the majority portion of the light 675 emitted
from the OLED emissive layer 672 transmits out from the
emission region, while the remaining portion of the light 675
transmits out from the anode layer 673 and to the photosen-
sitive layer 660. Accordingly, the photo sensor measures the
brightness of the remaining portion of the light 675, i.e., an
ambient light to the photo sensor, which is proportional to the
light 675 emitted from the OLED emissive layer 672, and
generating a sensing signal corresponding to the measured
brightness of the ambient light. The bias electrode 650 out-
puts the sensing signal. The sensing signal in turn, is utilized
to adjust a driving voltage of the OLED 670 through the
driving TFT 640 accordingly.

[0057] FIG. 7 shows a circuit diagram of a pixel 700 of an
AMOLED display according to yet another embodiment of
the invention. The AMOLED display has an AMOLED panel
having a plurality of pixels 700 arranged in an array. Each
pixel 700 includes an OLED 770 having a cathode electrically
coupled to a first supply voltage, OVSS, an anode and an
emissive layer formed between the cathode and the anode.
The OLED 770 can be a top-emitting OLED or a bottom-
emitting OLED. Each pixel 700 also includes a first transistor
T1 having a gate, a drain electrically coupled to a second
supply voltage, OVDD, and a source electrically coupled to
the anode of the OLED 770, a second transistor T2 having a
gate electrically coupled to a scan signal, Vscan(N), a drain
electrode electrically coupled to the gate of the first transistor
T1, and a source electrode electrically coupled to a data
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signal, Vdata, and a storage capacitor Cst electrically con-
nected between the gate and the drain of the first transistor T1.
The first supply voltage OVSS and the second supply voltage
OVDD are a negative supply voltage and a positive supply
voltage, respectively. Each of the first transistor T1 and the
second transistor T2 comprises an NMOS transistor or PMOS
transistor.

[0058] Further, each pixel 700 includes a photo sensor 760
electrically coupled to the anode of the OLED 770 for mea-
suring brightness of an ambient light that is proportional to
light emitted from the OLED 770 and generating the sensing
signal I, corresponding to the measured brightness of the
ambient light, and a bias electrode (line) 750 electrically
coupled to the photo sensor 760 for outputting the sensing
signal I,. The generated current of the OLED 770, 1 5, -,=(1; -
L,), where 1, is the current flow from the drain to the source of
the first TFT T1, and 1, is the sensing current of the photo
sensor 760 that is output from the bias line 750. According to
the invention, the sensing current I, is adapted for optical
feedback compensation. For example, for a pixel drivenunder
the same value of Vdata, if a small value of Vth_T1 results in
a large I, the light emitted from the OLED 770 will be
brighter. Accordingly, the photo sensor current 12 increases,
which in turn, results in a decrease of the OLED current
lozsp S0 that the light of the OLED 770 become darker. On
the other hand, if a large value of Vth_T1 results in a small I,
the light emitted from the OLED 770 will be darker. Accord-
ingly, the photo sensor current 12 decreases, which in turn,
results in an increase of the OLED current I, -, so that the
light of the OLED 770 become brighter. As a result, the
AMOLED display panel will not generate line mura during
operation, largely improving the display quality of the
AMOLED display panel.

[0059] The above disclosed driving TFT and the read-out
TFT, as shown in FIGS. 2, 3, 5 and 6, are corresponding to
top-gate type TFTs. Other types of TFTs can also be used as
the driving TFT and the read-out TFT to practice the inven-
tion. FIGS. 8A-8D disclose a pixel structure of an AMOLED
display according to four different embodiments 800A-800D
of the invention. Each embodiment corresponds to a different
type of the driving TFT and the read-out TFT. In these
embodiments, each of the driving TFT and the read-out TFT
is formed with a semiconductive layer 842/852, a gate layer
541/851, a source layer 843/853 and a drain layer 844/854.
Different fabrication processes produce different type TFTs.
[0060] For example, as shown in FIG. 8A, the driving TFT
840A and the read-out TFT 850A are respectively formed in
abottom gate type TFT. FIG. 8B shows the driving TFT 840B
and the read-out TFT 850B respectively formed in a coplanar
type TFT. FIG. 8C shows the driving TFT 840C and the
read-out TFT 850C respectively formed in a back channel
etched (BCE) type TFT. And FIG. 8D shows the driving TFT
840C and the read-out TFT 850C respectively formed in an IS
type TFT, where an etch stop layer 845/855 is disposed on the
semiconductive layer 842/852.

[0061] As to the materials forming the pixel structure, the
supporting substrate, which can include, but not limited to,
glass, plastic, semiconductor materials, silicon, ceramics, and
circuit board materials. The semiconductor layer can include,
but not limited to, polysilicon, (coplanar/IS/BCE structure)
metal oxide materials such as 170, IGZO, AnO and In,O;.
The gate insulator layer can include, but not limited to, SiOx,
SiNx, SiOx/SiNx and AlOx. The gate metal layer can include,
but not limited to, Mo, AINd, Ti/AlTi, Mo/ Al;Mo and Cu. The
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interlayer dielectric layer can include, but not limited to,
SiOx, SiNx and SiOx/SiNx. The etch stop layer, as shown in
FIG. 8D, can include, but not limited to, SiOx, SiNx and
AlOx. The source/drain metal layer can include, but not lim-
ited to, Mo, AINd, Ti/Al/Ti, Mo/Al/Mo and Cu. The metal
bias line layer can include, but not limited to, Mo, AiNd,
Ti/Al/Ti, Mo/AI/M and Cu. The photsenstive layer can
include, but not limited to, Si-rch dielectric or other photo-
sensitive materials. The anode layer can include, but not
limited to, ITO, IZO, Al, Ag, AVITO, Ag/ITO, ITO/Ag/ITO
and Mo/AI/ITO. The first passivation layer can include, but
not limited to, SiOx, SiNx, SiOx/organic materials, SiNx/
organic materials and organic materials. The second passiva-
tion layer can include, but not limited to, SiOX, SiNx and
organice materials.

[0062] One aspect of the present invention relates to a
method of driving a display having an active matrix organic
light emitting diode (AMOLED) panel having a plurality of
pixels arranged in an array, each pixel comprising an organic
light emitting diode (OLED). In one embodiment, the method
includes the steps of measuring brightness of'an ambient light
that is proportional to light emitted from the OLED so as to
generate a sensing signal corresponding to the measured
brightness of the ambient light, and adjusting a driving volt-
age of the OLED according to the sensing signal.

[0063] In one embodiment, the measuring step is pet-
formed with a photo sensor coupled to the OLED.

[0064] In sum, the present invention, among other things,
discloses an AMOLED display with each pixel incorporated
with a photo sensor for optical feedback compensation so as
to improve the performance of the AMOLED display.
[0065] The foregoing description of the exemplary
embodiment of the invention has been presented only for the
purposes of illustration and description and is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in
light of the above teaching.

[0066] The embodiment and related configurations were
chosen and described in order to explain the principles of the
invention and their practical application so as to enable others
skilled in the art to utilize the invention and various embodi-
ments and with various modifications as are suited to the
particular use contemplated. Alternative embodiments will
become apparent to those skilled in the art to which the
present invention pertains without departing from its spirit
and scope. Accordingly, the scope of the present invention is
defined by the appended claims rather than the foregoing
description and the exemplary embodiment described
therein.

What is claimed is:

1. A display, comprising:

a substrate; and

aplurality of pixels formed on the substrate and arranged in
an array, each pixel comprising:

(a) a driving transistor having a gate electrode, a drain
electrode and a source electrode, formed on the sub-
strate;

(b) an organic light emitting diode (OLED) having a cath-
ode layer, a anode layer and an emissive layer formed
between the cathode layer and the anode layer, and
formed over the driving transistor such that the anode
layer ofthe OLED is electrically connected to the source
electrode of the driving transistor, wherein the OLED
has a light emitting area;
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(c) a bias electrode formed over the substrate; and

(d) a photo sensor having a photosensitive layer formed

between the anode layer of the OLED and the bias elec-

trode, wherein the photosensitive layer defines a photo
sensing area located in the light emitting area for receiv-
ing light emitted from the OLED.

2. The display of claim 1, wherein the photosensitive layer
is formed of a Si-rich dielectric material.

3. The display of claim 1, wherein the anode layer of the
OLED is formed such that at least a portion that overlaps the
photosensitive layer of the photo sensor is partially transpar-
ent to light emitted from the emissive layer of the OLED.

4. The display of claim 3, wherein the photo sensor is
adapted for measuring brightness of an ambient light that is
proportional to light emitted from the OLED and generating
a sensing signal corresponding to the measured brightness of
the ambient light, wherein the sensing signal is output from
the bias electrode and utilized to adjust a driving voltage of
the OLED accordingly.

5. The display of claim 4, wherein the OLED comprises a
top-emitting OLED or a bottom-emitting OLED.

6. The display of claim 5, wherein the photo sensing area
for the top-emitting OLED is larger than that for bottom-
emitting OLED.

7. The display of claim 1, wherein the driving transistor
comprises an NMOS transistor or PMOS transistor.

8. The display of claim 7, wherein the driving transistor
comprises a back channel etched (BCE) type thin film tran-
sistor (TFT), an IS type TFT, a coplanar type TFT, a bottom-
gate type TFT, or a top-gate type TFT.

9. A display, comprising:

an active matrix organic light emitting diode (AMOLED)

panel having a plurality of pixel arranged in an array,

each pixel comprising:

(a) an organic light emitting diode (OLED) having a cath-

ode electrically coupled to a first supply voltage, OVSS,

a anode and an emissive layer formed between the cath-

ode and the anode, wherein the OLED has a light emit-

ting area;

(b) a driving circuit having:

(1) a first transistor having a gate, a drain electrically
coupled to a second supply voltage, OVDD, and a
source electrically coupled to the anode of the OLED;

(ii) a second transistor having a gate electrically coupled
to a scan signal, Vscan(N), a drain electrode electri-
cally coupled to the gate of the first transistor, and a
source electrode electrically coupled to a data signal,
Vdata; and

(ii1) a storage capacitor electrically connected between
the gate and the drain of the first transistor;

(c) a bias line for outputting a sensing signal, Vbias; and

(d) a photo sensor electrically coupled between the anode

of the OLED and the bias line, wherein the photo sensor

has a photosensitive layer formed in direct contact with

the anode of the OLED, wherein the photo sensor has a

photo sensing area located in the light emitting area for

receiving light emitted from the OLED.

10. The display of claim 9, wherein the photo sensor is
adapted for measuring brightness of an ambient light that is
proportional to light emitted from the OLED and generating
the sensing signal Vbias corresponding to the measured
brightness of the ambient light, wherein the sensing signal
Vbias is output from the bias electrode and utilized to adjust
the data signal Vdata.
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11. The display of claim 9, wherein the OLED comprises a
top-emitting OLED or a bottom-emitting OLED.

12. The display of claim 9, wherein the first supply voltage
OVSS and the second supply voltage OVDD are a negative
supply voltage and a positive supply voltage, respectively.

13. The display of claim 9, wherein each of the first tran-
sistor and the second transistor comprises an NMOS transis-
tor or PMOS transistor.
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