a2 United States Patent

Nakano et al.

US008228269B2

US 8,228,269 B2
*Jul. 24, 2012

(10) Patent No.:
45) Date of Patent:

INSPECTION DEVICE AND INSPECTION
METHOD FOR ACTIVE MATRIX PANEL,
AND MANUFACTURING METHOD FOR
ACTIVE MATRIX ORGANIC LIGHT
EMITTING DIODE PANEL

(54)

(75) Inventors: Daiju Nakano, Kanagawa-ken (JP);
Yoshitami Sakaguchi, Kanagawa-ken
@ap)

(73) International Business Machines

Corporation, Armonk, NY (US)

Assignee:

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 1302 days.

This patent is subject to a terminal dis-
claimer.

1)
(22)

Appl. No.: 11/927,291

Filed: Oct. 29, 2007

Prior Publication Data

US 2008/0117144 Al May 22, 2008

(65)

Related U.S. Application Data

Division of application No. 11/515,985, filed on Sep.
5, 2006, now Pat. No. 7,317,326, which is a division of
application No. 10/848,318, filed on May 18, 2004,
now Pat. No. 7,106,089.

(62)

(30) Foreign Application Priority Data

May 21,2003  (JP) coooereeeenieneeeeecene 2003-142972
(51) Imt.CL
G09G 3/30 (2006.01)
US.Cl ... 345/80; 345/76; 345/205; 345/212;
345/82;315/169.3; 324/527, 324/761.01,
324/762.02
(58) Field of Classification Search 345/3.4,

345/50, 87, 98, 100, 76, 82; 324/770, 753,

(52)

TFT 10 ON STATE
TERSORE FARSTTEC
CRPACITANCE
(IFTESRATION CIREUTT
‘Curery vor
EVALGATE INSPECTION
RESOLT, PIXEL CIRCOIT
IS DAMAGED WHER
Von « Votf

$106

§107

324/763-765, 768-769, 158.1, 527, 761.01,
762.02
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
4,819,038 A *  4/1989 Alt .oooooovvieeieiieee, 257/10
4983911 A 1/1991 Henley
5,179,345 A * 1/1993 Jenkins etal. ..... ... 324/678
5428300 A * 6/1995 Takahashi et al. ... 324/770
6,693,388 B2* 2/2004 Oomura ......... 315/169.3
6,791,350 B2* 9/2004 Taguchi ...... ... 324/770
6,815,975 B2* 11/2004 Naraetal. ... ... 324/770
6,930,505 B2* 82005 Taguchi et al. ... 324/770
7,106,089 B2* 9/2006 Nakano et al. . ... 324/770
7,317,326 B2* 1/2008 Nakano et al. . ... 324/770
2004/0246019 Al* 12/2004 Nakano et al. . ... 324/770
2007/0057889 Al* 3/2007 Chuetal. .... .. 345/92
2007/0075727 Al* 4/2007 Nakanoetal. ............... 324/770
FOREIGN PATENT DOCUMENTS
JP 2002108243 A 4/2002

* cited by examiner

Primary Examiner — Lun-Yi Lao
Assistant Examiner — Olga Merkoulova

(74) Attorney, Agent, or Firm — Cantor Colburm LLP;
Vazken Alexanian

7

An inspection method includes an array process of forming a
TFT array on a substrate to fabricate an active matrix panel,
an inspection process of carrying out a performance test on
the fabricated active matrix panel, and a cell process of
mounting an OLED on the active matrix panel after the
inspection process. In the inspection process, variation in
parasitic capacitance through a pixel electrode is measured
when driving TFTs constituting the active matrix fabricated
in the array process are turned on and when the driving TFTs
are turned off, and open/short defects in the driving TFT's are
thereby inspected.

ABSTRACT

9 Claims, 15 Drawing Sheets



U.S. Patent Jul. 24, 2012 Sheet 1 of 15 US 8,228,269 B2

FI1G.1

1
ARRAY PROCESS -l
pA
INSPECTION V—
PROCESS
NON-DEFECTIVE
PRODUCTS
J 3
lCELL pROCESSY™
. 4
TN,
INSPECTION \/-J
B2
! I
NON-DEFECTIVE DEFECTIVE

PRODUCTS PRODUCTS




US 8,228,269 B2

Sheet 2 of 15

Jul. 24, 2012

U.S. Patent

FIG.2

001

Aeles]q) QITONY

A
Y

A A A A A A A AL A A

L A A A A A A Ar A A A

Gl

bl

spqo.id ejeq

SHNOUD B5UBS /OALIQ

o
3.
o 3
f ~
o )
@ @
3
g n
o o
o o]
& Q,
7 a
B
s3IN0JID
{o.nu0n

v

od

A

£l

143

Ll

eseq
5l :Tg!




U.S. Patent Jul. 24, 2012 Sheet 3 of 15 US 8,228,269 B2

FIG.3
Fig. 3A
Data _y E’_ 120
i
oty
:‘.!i' §
Gate l[] . ; i
| Lo
’_—l Trd
Cs ==
77
Fig. 3B
138 137 136
138 [ / /
] ) S // 1 Z
)
/ % 134
| ] =3 ] = Bty
A Nl 132
133




US 8,228,269 B2

Sheet 4 of 15

Jul. 24, 2012

U.S. Patent

FIG.4

-

LMS

O \0 elRQ

T

JAIS BT
HA0YLOITH TAXIL

pe

[

;ﬁ,’ joe|eg

108(88

ay B Vb Sig



U.S. Patent Jul. 24, 2012 Sheet 5 of 15 US 8,228,269 B2

FIG.5

START
INSPECTION

i

SET ALL WIRING TO GND
STATE AND SET DRIVING ~— S101
TFT TO OFF STATE

l

MEASURE .PARASITIC
CAPACITENCE _—
{INTEGRRTION CIRCUIT S102
OUTPUT Voff)

POSSIBLE TO No
TURN ON DRIVIN

TFT?
Yes

| e

[SUBJECT DRIVING TET TO
CHARGE PUMPING TO
INCREASE GATE VOLTAGE

S105
~

SET ALL WIRING TO GND
WHILE REMAINING DRIVING <
‘TFT TO ON STATE

A 4
MEASURE PARASITIC
CRPACITANCE L~ S106
(INTEGRATION CIRCDIT
OUTRUT Vom)

Y

EVALUATE INSPECTION

RESULT, PIXEL CIRCUIT | |~ S107

IS DAMAGED WHEN
Von = Voff

Y
END
INSPECTION



US 8,228,269 B2

Sheet 6 of 15

Jul. 24, 2012

U.S. Patent

FIG.6

TONYLIOWYAYD
OILISYYYd

——————

AIYLS 430 NI LJiL ONIAIHA
aND gieq 086y

80
4L

uod > HoD
ALYLS NO NI IAL SNIATHEQ
aND ele(] Jo8jeg
141 p—

o - " !
— : FONYIIOVAYD |
—_ ! oHaHmﬁﬁmM

1 i

lllllllllllll e e rnmnnenetenssasd 1

s

JAOMIDATE THXId

g9 '813

[ -

s 20 e e 20 O O A5 e e D R R T Gt O T 2 D B P be oo o

HFA0YIDETH THXId

v9 311



US 8,228,269 B2

Sheet 7 of 15

Jul. 24, 2012

U.S. Patent

FIG.7

™ - -

LINDYID NOILVIDELNI

llllllllllllllllllll

07

© ~

1556448

LMS

89
T H
pil

HQOYIOTTH gmxHM/f
6El

O\Oll BleQ



US 8,228,269 B2

Sheet 8 of 15

Jul. 24, 2012

U.S. Patent

FIG.8

{opay _ . [ H
w | 1
" IMS 2% |
; WO YPA ]
m g— U0 WeLNG
: EMS ”
Gonscsaseflacrcnvonseanaroonnsannaasnan L

llllllllllllllllllllllllllllllllll

6€T JAOYLIDITE TAXIA

ag 811

_
_
Hlb h U0 3N

g "JUD JUBLING
asno

\Oll ejeq

H.|u~.oe_mw

Vg ‘814



US 8,228,269 B2

Sheet 9 of 15

Jul. 24, 2012

U.S. Patent

FIG.9

L/

4

A< SBA

L L

750
; ZMS

i EMS

llllllllllllllllllllllllllllllllll

L

LSO

LMS

souelioeden sljiseled

A+=ieq

emermPREFRORNesERoCoeRaGaRRAS

g6 ‘314

@----mormeceernmruccaccacesonesmcrnTRecooon

P4l

EMS

YIAD>SBA

1L

1O
A+—Bleq

eouejioedsl) onjseleyd

O

IMS

P LT R S L LR R T

V6 31q



US 8,228,269 B2

Sheet 10 of 15

Jul. 24, 2012

U.S. Patent

FIG.10

j

bl

£'¢ |eXid

£'¢ [?Xld Mr

o

£} lextd

e

¢ 1exld

o

¢'¢ 18xd

— o

¢'l Iexid

o

1'g 1exid

o

o

V1 eXid

gereq

el

leyeq

XELIEI

23°8|8g

j398leg



A

auj| ejep | Ul jeadau

US 8,228,269 B2

A 4

Sheet 11 of 15

FIG.11

Jul. 24, 2012

_
UOLA
81R)s.-uo jexid | ojeis—~yo |
jexid | uo wim
BL1LLIOL{GEIPLIEL gL kL |OL

U.S. Patent

INOA

18SBIMS

£ Beg

€ 10998

2 eie(

2 1ejeg

L Beieg

| 3°8[eg

aousnbeg



U.S. Patent Jul. 24, 2012 Sheet 12 of 15 US 8,228,269 B2

FIG.12

Fig. 12A

APPLY VOLTAGE FROM DATA LINE

Datal Data2 Datal Datad
PIXEL CONDITIONS
NORMAL oPEN || NorMaL || NorMAL &
1 i 1
OPEN NORMAL || sHORT || NORMAL
1 T ' GND
L 3] INTEGRATION
CIRCUIT
OPEN SHORT SHORT || NORMAL
i | ] i
2 \4 v v
Fig. 12B

MEASUREMENT RESULTS

SranEL OFE 10Von1 + 3Voffl |1Vonl + 2Voffl |ZVon1 + 1Voff1 | 0Von1 + 3Voffi
WHEN oLy |1Vond + 2Vofft |1Von1 + 2Voff1 {3Vont + OVofft | 1Vont + 2Voffl
RELEVANT
PIXEL IS |0Vonl + 3Voffl{2Von1 + 1Voff1 |2Von1 + 1Voffi | 1Voni + 2Voffi
IN ON -
STATE  |gvon1 + 3Voff! |1Von1 + 2Vaff1 |2Vont + 1Voff1 | 1Von1 + 2Voffi




US 8,228,269 B2

Sheet 13 of 15

Jul. 24, 2012

U.S. Patent

FIG.13

aNH

TIXId FAILLOIIIA 20
NOILISOd XIID4dS
aNY U0A NIVIHO

f)J

b

Pies

LINJYID
NOILV¥DIINI DNISN X«
FONYLIOVAYD OILISWYVA
HONCWHI GND O IAIS
JAOMIDITE TIKIA Woud

ONINOTI INTISHVII
INTHEND TANSYIR

/IJ

h

£12S

SIOFARA SNIANTONI
ENIT ¥YIVd daIJIDEAJAS
NO T3XId HOWYI WOod
LaL INIATYA NO NENL

/IJ

¢1Zs

STATYA UOA QNY FFoa
QANIYLEO0 ONISA
289 ANIT YLVYQ HOVI
NI SIDTIAQ NALO
ANy SIDIIIA IWOHS
J0 SYIENAN JLYHILSI

Lﬁ /(J

S¥AN

GNIT W¥I¥d HOWX NO
UDA ZATVA UDVITOA
JUOLS ANy Yiva
TYLIDIA OINI IINSTM
INAHTYNSYIR LHIANOD

/lJ

0lzs

4

NOILVEOALNY DNISN X€

LINOHID \A

ONVLIOYAYD OILISWHVd

HONOYHI aND O IAIS

JAOULOATE TAXIA WOMI
ONIMOTI JINTISNYHL
LNTIEND TUNSYINR

4

SENIT WIvd OX
€025 NI.adAITaav
TOYITOA SY FOVITOA
JAYS HHL XTd3Y

(/

602S

/ll/

TTEM S¥ OND O SENIT
¥Iva IAS gNY ‘TLIVLS
FATLOTIAS-NON O3

WOJd SHANIT IOITIAS 1IS

802S

INY 330 O §TIKIL qnm/ll/

L0ZS

F

SANIT YIYaQ WOWI SIAL
ONIAIMA NO ONINYAL
9od INIYDIIANS
FOVITOA RTd4¥ ANY
§TAXIA TTY LOITIS

T

902s

GNIT YI¥Q HOVE NO
F3O0A ENTYA TOVITOA
JYOLS ANY YiIvd

INIHIASYAN THIANOD

4

LIOOYID NOTILWYODIINI
DNISN X8 FDNYIIDVAWD
OILISYYYd HONOWHI
[IND Ol IAIS IAOTLOATT,
TIXId ROWI DNIMQIZ

4

aNd OI SANIT ¥iva
aNY¥ SHENIT IDETIS TTY

I¥a OI FAVLTOA XTday|

X

SHNIT YIva Ol
SIJL ONIAIWA 230
DNINYAL WoX

XTdd¥ aN¥ BANIT
LOITIS TIV LOATIS

3

aNS oL SANIT ¥iva
aNY SENIT ILDITIS LIS

f!J

TYLIOIA OINY LINSAM flnz

502S

INATISNYEL
INIEEND THASYIR IJ

$0ZS

ONILIZS ATIHHM SANIT /Il/

£0ZS

INTIDIZINES FOVYLIOA /ll/

20es



US 8,228,269 B2

Sheet 14 of 15

Jul. 24, 2012

U.S. Patent

FIG.14

5

0l€

o)

i

9381

ol

g9y1 811

40}
n.Lh#/
ure.q
usdg
T
FAR
|
108 PR

59

S

BIR(]

ER|

a1en

Y1 814



U.S. Patent Jul. 24, 2012 Sheet 15 of 15 US 8,228,269 B2

1510—‘

VOLTAGE CHANGING
MEANS

1520

MEASURING MEANS

3

ACTIVE MATRIX PANEL

1530 1550

UNEVENESS ESTIMATING |
MEANS

1540

FIG. 15



US 8,228,269 B2

1
INSPECTION DEVICE AND INSPECTION
METHOD FOR ACTIVE MATRIX PANEL,
AND MANUFACTURING METHOD FOR
ACTIVE MATRIX ORGANIC LIGHT
EMITTING DIODE PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of application
Ser. No. 11/515,985, filed Sep. 5, 2006 now U.S. Pat. No.
7,317,326, which in turn is a divisional application of appli-
cation Ser. No. 10/848,318, filed May 18,2004 now U.S. Pat.
No. 7,106,089, which in turn claims priority to Japanese
Patent Application JP2003142972, having a filing date of
May 21, 2003, and all the benefits accruing therefrom under
35U.S.C. §119.

FIELD OF THE INVENTION

The present invention relates to an inspection device and
the like for an active matrix organic light emitting diode
(OLED) panel, and more specifically to an inspection device
and the like for conducting performance inspection of a thin
film transistor (TFT) array prior to an OLED formation pro-
cess.

BACKGROUND

AnOLED (also referred to as organic electro luminescence
(EL)) is for conducting a direct current on a fluorescent
organic compound which is excited by application of an elec-
tric field, and thereby causing light emission of the com-
pound. The OLED is drawing attention as a next-generation
display device in terms of low-profileness, a wide view angle,
and a wide gamut, etc. Whereas a driving method for the
OLED includes a passive type and an active type, the active
type is suitable for achieving a large-screen and high-defini-
tion display in light of aspects involving a material, a life, and
crosstalks. This active type requires thin film transistor (TFT)
driving, and a TFT array applying low-temperature polysili-
con or amorphous silicon (a-Si) is drawing attention for this
use.

For example, U.S. Pat. No. 5,179,345 discloses (FIG. 2) a
conventional inspection method for a TFT array in a liquid
crystal display (LCD). The method is configured to observe
electric charges accumulated in a pixel capacitor with an
integration circuit after writing a voltage in the pixel capacitor
and thereby to inspect whether the voltage is written properly.
Meanwhile, U.S. Pat. No. 4,983,911 discloses (FIGS. 1-3) a
method to optically inspect writing in a pixel capacitor by use
of a photoelectric element. Moreover, Japanese Unexamined
Patent Publication No. 2002-108243 (FIG. 2) discloses a
technique for inspecting whether a pixel unit operates nor-
mally prior to formation of an EL. element, which is config-
ured to perform inspection while connecting a power source
to a common pixel electrode before patterning a pixel elec-
trode.

Now, description will be made on comparison between an
active matrix OLED (AMOLED) and an active matrix liquid
crystal display (AMLCD). FIGS. 14A and 14B are diagrams
for comparing and explaining pixel circuits in the AMOLED
and the AMLCD. FIG. 14A shows a pixel circuit of the
AMOLED and FIG. 14B shows a pixel circuit of the
AMLCD. In FIG. 14B, the pixel circuit of a TFT array is
formed by a TFT 310 which is connected to a data line (Data)
and a gate line (Gate). Meanwhile, in the AMOLED shown in

20

40

45

2
FIG. 14A, a driving TFT 302 which is an open drain driving
transistor is connected adjacently to a pixel capacitor of a
circuit similar to the one shown in FIG. 14B, and an OLED
301 being a light emitting element is connected to the driving
TFT 302.

The pixel circuit is closed within a TFT array substrate in
the case of the AMLCD shown in FIG. 14B. On the contrary,
in the case of the AMOLED shown in FIG. 14A, the pixel
circuit is not closed within the TFT array substrate because
the OLED 301 does not exist therein. Accordingly, the driving
TFT 302 is configured to be open-drain (or open-source)
while a drain side (or a source side) thereof is directly con-
nected to a pixel electrode. Although there are at least two
TFTs in the pixel circuit of the TFT array substrate in the
AMOLED, it is impossible to conduct an electric current on
the driving TFT only by input and output from a panel inter-
face terminal.

In this event, to reduce manufacturing costs of the current
AMOLED panels, it is necessary to carry out a performance
test on the independent TFT array and forward only a non-
defective product to a subsequent process. It is desired to
measure the performance of the driving TFT 302 prior to
mounting the OLED 301 in the manufacture of the AMOLED
panel due to the reasons that: a product yield of the current
TFT arrays for the AMOLED panels is not sufficiently high;
raw material costs of the OLED 301 are high; a process for
forming the OLED 301 occupies relatively a long time in the
entire manufacturing process; and so on.

However, in the independent TFT array, the OLED which
is a constituent of the pixel circuitis not mounted as described
above, and the driving TFT 302 is set to an open-drain (or
open-source) state. That is, in the process prior to mounting
the OLED, the OLED 301 indicated by broken lines in FIG.
14A is not connected and a normal circuit is not therefore
established. Accordingly, it is not possible to inspect open/
short defects in the driving TFT 302 only by input and output
to/from the panel interface terminal.

U.S. Pat. No. 5,179,345 and U.S. Pat. No. 4,983,911 solely
show the methods of inspecting the pixel circuit of the TFT
array for the AMLCD as shown in FIG. 14B and do not
possess a mechanism for supplying an electric current to the
driving TFT 302 shown in FIG. 14A. As a result, it is not
possible to perform open/short measurement of the driving
TFT 302 set to the open-drain (or open-source) state by use of
the known techniques.

Meanwhile, the technique disclosed in Japanese Unexam-
ined Patent Publication No. 2002-108243 is capable of mea-
suring unevenness in resistance components depending on
pixels. However, this technique is not designed to perform
inspection after patterning the pixel electrodes. Therefore,
this technique cannot inspect defects which are attributable to
patterning. Moreover, although this technique can inspect a
defect of the driving TFT 302, the technique cannot specify a
type of such a defect (whether the defect is an open defect or
a short defect). As a result, this technique cannot count the
number of bright points or dark points (dead points), which
are defects of a display device after formation of the OLED
301, or obtain data corresponding to an evaluation standard
set up by an inspector, for example.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the foregoing problems.

One aspect of the present invention realizes inspection of
open/short defects in driving TFTs in a TFT array prior to
mounting OLEDs.
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Another aspect of the present invention enables to grasp the
number of bright points or dark points (dead points) being
evaluation items of a display unit at a stage of a TFT array
prior to mounting OLEDs and thereby to evaluate a defective
panel prior to formation of the OLEDs.

Still another aspect of the present invention realizes calcu-
lation of unevenness in Von-Voff values in normally operat-
ing pixels within a panel and thereby to estimate accuracy of
formation of pixel circuits.

The present invention has been made focusing on parasitic
capacitance existing between a pixel electrode and a pixel
circuit which are electrically open. The present invention
realizes high speed inspection of an open/short defect in a
driving TFT by inspecting variation of the parasitic capaci-
tance when the driving TFT is turned on and off. Moreover,
the present invention performs the inspection on the entire
pixels constituting a panel to estimate the types and the num-
ber of the defects simultaneously, and thereby estimates the
number of bright-point or dark-point (dead-point) defects of
an AMOLED.

Specifically, as shown in FIG. 15, the present invention
provides an inspection device 1510 for an active matrix panel
1540 for inspecting the panel before forming an OLED. A
voltage changing means 1520 of the device changes a voltage
on inspection wiring for a driving TFT which constitutes this
active matrix panel. Then a measuring means 1530 of the
device measures a transient current flowing on wiring on a
source side of the driving TFT, and the measuring means 1530
further measures variation in parasitic capacitance between
an off state and an on state of the driving TFT. Moreover,
based on the measured variation in parasitic capacitance, the
inspection device employs unevenness estimating means
1540 to estimate unevenness caused upon formation of pixel
circuits constituting the active matrix panel by use of uneven-
ness estimating means.

Here, the measuring means can measure the variation in the
parasitic capacitance in all the pixels constituting the active
matrix panel and thereby find the number of pixels having
open/short defects in the driving TFTs thereof. Moreover, the
measuring means can measure the transient current by use of
an integration circuit connected to the source side wiring and
thereby take an output from this integration circuit into a
computer after converting the output into digital data with an
A/D converter.

From another point of view, an inspection device for an
active matrix panel is configured to measure parasitic capaci-
tance through a pixel electrode in an off state of a driving TFT
by use of off-state parasitic capacitance measuring means, to
measure the parasitic capacitance through the pixel electrode
in an on state of the driving TFT by use of on-state parasitic
capacitance measuring means, and to inspect an open/short
defect of the driving TFT by use of inspecting means based on
the parasitic capacitance measured by the off-state parasitic
capacitance measuring means and the parasitic capacitance
measured by the on-state parasitic capacitance measuring
means. Here, the on-state parasitic capacitance measuring
means can perform charge pumping through the parasitic
capacitance when a gate voltage of the driving TFT has a low
initial voltage.

Moreover, the on-state parasitic capacitance measuring
means estimates the parasitic capacitance on each line of the
inspection wiring constituting the active matrix panel while
setting the driving TFT of a pixel subjected to AC coupling
directly with the relevant line of the inspection wiring to an on
state. Meanwhile, the off-state parasitic capacitance measur-
ing means estimates the parasitic capacitance on each line of
the inspection wiring constituting the active matrix panel

20
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while setting the driving TFT of the pixel subjected to AC
coupling directly with the relevant line of the inspection wir-
ing to an off state. Moreover, the inspecting means can esti-
mate the number of the pixels having open/short defects in the
driving TFTs thereof by use of a difference between maxi-
mum/minimum values of the estimated parasitic capacitance
and the individual parasitic capacitance.

Another aspect of the present invention is an inspection
method for an active matrix panel for inspecting an active
matrix panel prior to formation of an OLED, which includes
a first step of measuring a value based on parasitic capaci-
tance through a pixel electrode in an off state of a driving TFT
constituting an active matrix panel, a second step of measur-
ing a value based on the parasitic capacitance through the
pixel electrode in an on state of the driving TFT, and an
inspection process of inspecting an open/short defect of the
driving TFT based on the value measured in the first step and
the value measured in the second step.

Here, the values based on the parasitic capacitance through
the pixel electrode in the first and second steps can represent
a transient current which flows from the pixel electrode side
to a source side through the parasitic capacitance. Moreover,
the first step can be configured to estimate the value based on
the parasitic capacitance on each line of the inspection wiring
constituting the active matrix panel while setting the driving
TFTs of all pixels subjected to AC coupling directly with the
inspection wiring simultaneously to an off state. Further-
more, the second step can be configured to estimate the value
based on the parasitic capacitance on each line of the inspec-
tion wiring constituting the active matrix panel while setting
the driving TFTs of all the pixels subjected to AC coupling
directly with the inspection wiring simultaneously to an on
state.

Meanwhile, the present invention can be also regarded as a
manufacturing method for an active matrix OLED panel. The
manufacturing method includes an array process of forming a
TFT array on a substrate and thereby fabricating an active
matrix panel, an inspection process of inspecting a function of
the fabricated active matrix panel, and a cell process of
mounting an OLED on the active matrix panel after the
inspection process. Here, the inspection process is configured
to measure variation in parasitic capacitance through a pixel
electrode when a driving TFT constituting the active matrix
panel fabricated in the array process is turned on and off, and
thereby to inspect an open/short defect of the driving TFT.

Here, the inspection process can be configured to measure
the variation in parasitic capacitance of pixels constituting the
active matrix panel and thereby to find the number of pixels
having open/short defects in the driving TFTs thereof. More-
over, the inspection process can estimate unevenness caused
when forming pixel circuits constituting the active matrix
panel from the unevenness of the variation in parasitic capaci-
tance of the pixels constituting the active matrix panel.

In addition, the inspection process can estimate the para-
sitic capacitance on each line of the inspection wiring while
setting the driving TFT of a pixel subjected to AC coupling
directly with the relevant line of the inspection wiring to an on
state, and thereby estimate the number of the pixels having
open defects in the driving TFTs thereof by use of a difference
between a maximum value of the estimated parasitic capaci-
tance and the individual parasitic capacitance. Moreover, the
inspection process can estimate the parasitic capacitance on
each line of the inspection wiring while setting the driving
TFT of the pixel subjected to AC coupling directly with the
relevant line of the inspection wiring to an off state, and
thereby estimate the number of the pixels having short defects
in the driving TFTs thereof by use of a difference between a
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minimum value of the estimated parasitic capacitance and the
individual parasitic capacitance. Furthermore, the inspection
method estimates the parasitic capacitance on each line of the
inspection wiring when the driving TFTs of the pixels sub-
jected to AC coupling directly with the inspection wiring are
turned on and off, and estimates the number of the open/short
defects on each line of the inspection wiring by use of differ-
ences among a minimum value and a maximum value of the
estimated parasitic capacitance and the parasitic capacitance
on each line of the inspection wiring.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereof, reference is now made to the
following description taken in conjunction with the accom-
panying drawings.

FIG. 1 is a view for explaining a manufacturing process of
an OLED panel in accordance with an embodiment of the
present invention.

FIG. 2 is a block diagram of a test device used in the
inspection process in accordance with another embodiment
of the present invention.

FIGS. 3A and 3B are views for explaining an AMOLED
pixel circuit.

FIG. 4A shows an example of two-TFT pixel circuit in
which OLED 120 is implemented.

FIG. 4B shows status of the two-TFT pixel circuit before
the OLED 120 is implemented.

FIG. 5 is a flowchart showing a flow of parasitic capaci-
tance measurement.

FIG. 6A is a view showing equivalent circuits describing
parasitic capacitance when a driving TFT is turned off.

FIG. 6B is a view showing equivalent circuits describing
parasitic capacitance when a driving TFT is turned on.

FIG. 7 is a view showing an example of an integration
circuit for observation of an electric current to be outputted
from the driving TFT.

FIGS. 8 A and 8B are diagrams for explaining pixel circuits
applying a four-TFT structure.

FIGS. 9A and 9B are diagrams for explaining a charge
pumping operation.

FIG. 10 is a view showing an example of a voltage pro-
gramming panel in which each pixel circuit includes two
TFTs.

FIG. 11 is a view showing driving waveforms used in
measurement.

FIGS. 12A and 12B are views showing an example of
inspection results of an AMOLED.

FIG. 13 is a flowchart showing a stepwise inspection
method which is applied to a basic two-TFT circuit.

FIGS. 14A and 14B are diagrams for comparing and
explaining pixel circuits in an AMOLED and an AMLCD.

FIG. 15 shows a diagram for an inspection device for an
active matrix panel.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT OF THE INVENTION

Now, the present invention will be described in detail based
on an embodiment with reference to the accompanying draw-
ings.

FIG. 1 is a view for explaining a manufacturing process of
an OLED panel in accordance with an embodiment of the
present invention. The manufacturing method includes an
array process 1 of fabricating a thin film transistor (TFT)
array (an active matrix panel) which is a driving circuit for the
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OLED, and an inspection process 2 of carrying out a perfor-
mance test on the independent TFT array thus fabricated. The
inspection process 2 checks whether open/short defects of
wiring are below a predetermined condition and whether
characteristics of the driving TFTs constituting the TFT array
are uniform throughout the panel. A TFT array judged as a
defective product in this inspection process 2 will not be
forwarded to a subsequent process but removed instead. A
TFT array judged as a non-defective product will be for-
warded to a cell process 3 of forming the OLED on the TFT
array and then to a final inspection process 4. In this final
inspection process 4, products will be finally sorted into non-
defective products and defective products. In this embodi-
ment, the inspection process 2 is provided prior to the cell
process 3. Accordingly, it is possible to carry out inspection of
open/short defects in pixel circuits, or more particularly,
inspection of peripheries of the driving TFTs, prior to mount-
ing the OLED. Objects of such inspection include active
matrix (AM) panels used as display screens for personal
handy phone systems (PHS) and cellular phones, and various
active matrix OLED (AMOLED) panels.

Now, the inspection process 2 will be described in detail.

FIG. 2 is a block diagram of a test device used in the
inspection process. A test device 10 includes a storage device
(Data Base) 11, a computer (PC) 12, measurement control
circuits (Control Circuits) 13, signal generation and signal
measurement circuits (Drive/sense circuits) 14, probes (Data
probes) 15, signal generation and signal measurement cir-
cuits (Drive/sense circuits) 16, and probes (Gate probes) 17.
With this configuration, the test device 10 inspects open/short
defects in the driving TFTs in a TFT array (an active matrix
panel) 100.

The storage device 11 of the test device 10 stores informa-
tion necessary for judging whether the TFT array 100 being
the inspection object is defective or non-defective, and also
stores information necessary for measurement. The computer
12 is comprised of a personal computer (PC), for example,
and is configured to execute judgment processing in response
to inputted data based on the information stored in the storage
device 11. The measurement control circuits 13 manage mea-
surement sequences of an inspection method to be described
later. Meanwhile, the signal generation and signal measure-
ment circuits 14 and 16 are analog circuits configured to
generate driving signals for the AMOLED and to obtain out-
put waveforms from the TFT array 100. Integration circuits to
be described later are mounted on these signal generation and
signal measurement circuits 14 and 16. The probes 15 and 17
supply the AMOLED driving signals generated by the signal
generation and signal measurement circuits 14 and 16 to the
TFT array 100, and also obtain waveforms from the TFT
array 100.

In the test device 10, the measurement sequences of the
inspection method to be described later are managed by the
measurement control circuits 13, and the AMOLED driving
signals are generated by the signal generation and signal
measurement circuits 14 and 16 and are supplied to the TFT
array 100 through the probes 15 and 17. Moreover, the wave-
forms from the TFT array 100 are inputted to the signal
generation and signal measurement circuits 14 and 16
through the probes 15 and 17 for observation. The observed
signals are converted into digital data by the measurement
control circuits 13 and then inputted to the computer 12. The
computer 12 performs processing of the measurement data
and judgment of defective products while making reference
to the information stored in the storage device 11. Here, the
respective constituents of the test device 10, such as the
measurement control circuits 13 and the signal generation
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and signal measurement circuits 14 and 16 function as part of
off-state parasitic capacitance measuring means and on-state
parasitic capacitance measuring means, as well as part of
voltage changing means and measuring means. Meanwhile,
the computer 12 functions as part of unevenness estimating
means and inspecting means, for example.

Description will be made below on the inspection method
for the driving TFTs to be executed by use of the test device
10 in the inspection process 2.

First, description will be made on a pixel circuit of the
AMOLED which is the object of measurement.

FIGS. 3A and 3B are views for explaining the AMOLED
pixel circuit. FIG. 3A shows the AMOLED pixel circuit
applying the simplest two-TFT structure. An OLED 120 illus-
trated by broken lines is not mounted yet at this stage. FIG. 3B
is a cross-sectional view of the AMOLED pixel circuit
designed to emit light from a glass substrate side of the TFT,
which is so-called a bottom-emission structure. In the
AMOLED pixel circuit shown in FIG. 3B, gate electrode 132
and gate metal wiring 135 are formed on a substrate 131 made
of, for example, a glass substrate, and these constituents are
covered with a gate insulating film 133. Moreover, a channel
134 is formed thereon and the channel 134 is covered with an
insulating film 136. Source metal wiring 137 is formed on the
insulating film 136, and these constituents are covered with a
protective film 138. A pixel electrode 139 is formed on this
protective film 138. Although the pixel electrode 139 and the
channel 134 are disposed opposite to each other in a so-called
top emission structure which is designed to emit light from an
upper part of the substrate 131, the pixel electrode 139 and the
channel 134 are not disposed opposite to each other in the
bottom emission structure shown in FIG. 3B. As shown in
FIG. 3B, an area of the pixel electrode 139 occupies the most
part of the pixel and the pixel circuit is formed in a space
within a very short distance. Accordingly, parasitic capaci-
tance is generated in that space.

FIG. 4A shows an example of two-TFT pixel circuit in
which OLED 120 is implemented. FIG. 4B shows status of
the two-TFT pixel circuit before the OLED 120 is imple-
mented. FIG. 4B shows a state where parasitic capacitance
occurs in spaces between respective wiring for the driving
TFT (Tr. d) including a data line (Data), a select line (Select),
a gate line and a ground (GND), and the pixel electrode 139.
The amount of the parasitic capacitance varies depending on
the configuration or layout of the pixel circuit. However, the
parasitic capacitance of substantially the same amount occurs
in each pixel in a panel which applies uniform specifications.
Itis possible to judge defects in formation of the pixel circuits
by inspecting unevenness in parasitic capacitance among all
the pixel circuits.

Next, a flow of the inspection processing executed in the
inspection process 2 will be described.

FIG. 5is a flowchart showing a flow of the parasitic capaci-
tance measurement. Here, variation in capacitance between
the pixel electrode 139 and the GND through the parasitic
capacitance is measured by applying a voltage change to the
inspection wiring, such as the data line (Data), in the state
where the driving TFT is turned on (ON) and the state where
the driving TFT is turned off (OFF).

FIGS. 6A and 6B show equivalent circuits describing the
parasitic capacitance when the driving TFT is OFF and when
the driving TFT is ON. FIG. 6A shows the state where the
driving TFT is OFF and FIG. 6B shows the state where the
driving TFT is ON. As shown in FIG. 6B, when the driving
TFT is turned ON properly, the GND and the pixel electrode
139 are directly connected together and the parasitic capaci-
tance existed parallel to the TFT disappears. Instead, the

40

45

50

8

parasitic capacitance existing between the data line (Data)
and the GND becomes larger. Therefore, when a voltage is
applied to the data line (Data), more electric charges flow at
the ON state. The variation in parasitic capacitance between
these two states is measured in the measurement processing
shown in FIG. 5.

To describe in more detail based on the flowchart of FIG. 5,
in the measurement processing, all the wiring is set to the
GND in the beginning and the driving TFTs are turned OFF
(Step S101). To be more specific, in the basic two-TFT circuit
shown in FIG. 4B, the select line (Select) and the data line
(Data) are set to the GND, then all the select lines (Select) are
selected and a voltage sufficient for turning OFF the driving
TFTs is applied to the data line (Data). All the driving TFTs
are turned OFF accordingly. Thereafter, a predetermined
voltage is applied to the data line. In this event, a transient
current flows from the pixel electrode 139 side to the GND
through the parasitic capacitance. The transient current is
measured by an integration circuit (to be described later)
connected to the GND side which is source side wiring. That
is, an integration circuit output Voff is obtained in the state of
turning OFF the driving TFT (Step S102).

FIG. 7 is a view showing an example of an integration
circuit for observation of an electric current to be outputted
from the driving TFT. FIG. 7 shows the case where an inte-
gration circuit 150 is connected to the circuit shown in FIG.
4B. Such an integration circuit 150 is provided to each of the
signal generation and signal measurement circuits 14 and 16
shown in FIG. 2. The integration circuit 150 shown in FIG. 7
includes an operational amplifier 151, a capacitor Ci, and a
reset switch SWreset. Here, the source side of the driving TFT
Tr. dis set to GND potential due to an imaginary short circuit
caused by the integration circuit 150. The integration circuit
150 can be similarly connected to other pixel circuits. An
output from the integration circuit 150 is converted into digi-
tal data by an A/D converter circuit to be provided to the
measurement control circuits 13 shown in FIG. 2 and taken
into the computer 12. In this way, subsequent estimation
processing becomes possible.

After the integration circuit output Voff is obtained in Step
S102 of FIG. 5, judgment is made as to whether the driving
TFT connected to the integration circuit 150 can be turned
ON (Step S103). In this event, when it is not possible to turn
ON the driving TFT easily such as a case of a four-TFT
circuit, charge pumping (to be described later) is executed
through the parasitic capacitance to raise a gate voltage of the
driving TFT (Step S104). Then, the process proceeds to the
next Step S105. When it is possible turn ON the driving TFT,
the process proceeds directly to Step S105.

FIGS. 8 A and 8B are diagrams for explaining a pixel circuit
applying a four-TFT structure. FIG. 8 A shows an AMOLED
pixel circuit applying a basic four-TFT structure, and FIG. 8B
is the diagram for explaining the circuit on the array substrate
prior to formation of the OLED 120. A switch SW1 shown in
FIGS. 8A and 8B is turned ON by the select line (Select) when
writing a gray scale voltage into the pixel capacitor Cs1. A
switch SW2 is controlled by a Vth correction control line (Vth
cnt.) and a switch SW3 is controlled by a current switch
control line (Current cnt.), whereby electric charges are accu-
mulated in a pixel capacitor Cs2. Prior to forming the OLED
120, the parasitic capacitance occurs between the pixel elec-
trode 139 and each line of the wiring as shown in FIG. 8B.
Note that only principal parasitic capacitance is described
herein.

FIGS. 9A and 9B are diagrams for explaining a charge
pumping operation. In procedures for the charge pumping
operation, the switch SW3 of a pixel subject to measurement
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is firstly turned ON. The switches SW3 for other pixels (pix-
els not subject to measurement) are turned OFF. Moreover,
the switches SW1 and SW2 are turned OFF. Now, when
driving potential V is written in the data line (Data), drain
potential of the driving TFT (Tr. d) is increased via the para-
sitic capacitance. Thereafter, the switch SW2 is turned ON for
a certain period as shown in FIG. 9A. In this event, the electric
potential is redistributed through the parasitic capacitance
and the pixel capacitors Cs2 and Cs1, and gate potential of the
driving TFT Tr. d is slightly increased. As shown in FIG. 9B,
when the switch SW1 is turned ON while maintaining the
switch SW2 at the OFF state, the driving TFT Tr. d is turned
ON and the electric current is confirmed if the gate potential
ofthe driving TFT Tr. d exceeds a threshold voltage Vth since
the driving potential V is applied to the data line Data. In this
way, the charge pumping operation is completed. On the
contrary, even if the driving TFT Tr. d is not turned ON, the
driving TFT Tr. d has a channel width which is sufficiently
larger than the switch SW2. Accordingly, the drain potential
of the driving TFT Tr. d is set to the GND potential due to a
leak current. Thereafter, the switch SW1 is turned OFF and
the data line Data is set to GND potential. Then, the switch
SW1 is turned ON again. The charge pumping operation is
executed by means of repeating the above-described proce-
dures until the driving TFT Tr. d is turned ON and the electric
current is confirmed.

A pixel targeted for inspection is selected in Step S105 of
FIG. 5, and a voltage sufficient to turn ON the driving TFT is
applied from the data line (Data) to set the driving TFT to the
ON state. For example, when the gate voltage of the driving
TFT possesses a low initial voltage in such as a voltage
programming mode using four TFTS, the charge pumping
operation shown in Step S104 is executed. Meanwhile, in a
current programming mode, the driving TFT is set to the ON
state by means of conducting an electric current on the data
line (Data). In this event, a gate-source voltage is accumulated
in a pixel capacitor Cs. As described above, when the driving
TFT is set to the ON state, the select line (Select) of the
selected pixel is turned OFF to be set to a non-selective state.
Then, the data line (Data) is also set to the GND state.

In parasitic capacitance measurement processing in Step
S106, a voltage similar to the voltage in Step S102 is applied
to the data line (Data) at the above-described state. In this
event, a transient current flows again from the pixel electrode
139 side to the GND through the parasitic capacitance. This
transient current is measured by the integration circuit 150 as
similar to Step S102. The voltage thus obtained is an integra-
tion circuit output Von. Then, the select line (Select) of the
pixelunder inspection is turned ON. At the same time, electric
charges sufficient for turning OFF the driving TFT are applied
to the data line and the driving TFT is thereby set to the OFF
state. The processing described as Step S105 and Step S106
are performed on all the pixels to be driven by one data line
(Data). Moreover, Steps S101 to S106 of FIG. 5 are per-
formed on all the data lines (Data). It is possible to obtain
charge amounts flowing when the driving TFTs are ON
regarding all the pixels by carrying out the above-described
procedures. Here, the integration circuit output Von for each
pixel is obtained when a GND line to be connected to an
inverting input of the integration circuit 150 is independent.
On the contrary, the integration circuit output Von for each
line is obtained when the GND line is bundled.

Results of inspection are evaluated in Step S107. When the
driving TFT of the pixel subject to inspection is properly
turned ON, a charge amount flowing when the driving TFT is
turned ON and a charge amount flowing when the driving
TFT is turned OFF show mutually different values. In other
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words, when comparing the value Voff when one driving TFT
is set to the OFF state with the value Von when the driving
TFT is set to the ON state, Voff=Von is satisfied when the
driving TFT operates normally. If there is no difference
between these values, or in other words, if Voff=Von is satis-
fied, it is possible to judge the pixel circuit to be damaged and
the driving TFT thereofto be either open or short-circuited. In
this way, it is possible to complete the series of inspection.
Here, if a minimum value (a minimum Voff value: Voff.
min) is selected from the charge amounts of all the data lines
at the OFF state, it is possible to assume that the minimum
value represents the case where all the pixels operate nor-
mally. Therefore, it is possible to estimate the number of
short-circuited pixels (Nshort) by use of a difference between
that value and a value of each data line (Data) at the OFF state.
In this way, it is possible to estimate a proportion of pixels
having short defects and pixels having open defects, namely:

Voff-Voff.min=Nshort*(Vonl-Voff1)

Nfault=Nshort+Nopen

Here, Nfault denotes the number of defective pixels measured
repeatedly regarding all the data lines (Data), and Nopen
denotes the number of pixels having open defects. Moreover,
Vonl corresponds to a charge amount for one pixel that flows
through the parasitic capacitance when the pixel is at the ON
state, and Voffl corresponds to a charge amount for one pixel
that flows through the parasitic capacitance when the pixel is
at the OFF state. To find (Von1-Voffl) specifically, the mini-
mum value of all the (Von-Voff) values obtained from all the
pixels is to be selected.

Next, this embodiment will be described in detail by use of
a more concrete example of the two-TFT voltage program-
ming pixel circuit.

FIG. 10 is a view showing an application example of the
embodiment to a voltage programming panel in which each
pixel circuit includes two TFTs. The application example
shown in FIG. 10 illustrates nine (3x3) pixels as part of the
panel. In FIG. 10, a pixel subject to measurement is the pixel
in the center, and the integration circuit 150 is connected to
GND lines for the respective pixels. Actual measurement is
performed by repeating the above-described measurement
method for all the pixels. Here, in the integration circuit 150,
although it is possible to connect GND lines independently to
the inverting input of the integration circuit 150, it is also
possible to bundle some GND lines (or all the GND lines) to
provide a common GND line as shown in FIG. 10. If the
integration circuits 150 are provided in the number of groups
of the bundled GND lines, it is possible to perform measure-
ment for the respective groups in parallel. Note that the GND
lines will be substituted by power lines when p-channel driv-
ing TFTs are applied thereto.

FIG. 11 is a view showing driving waveforms used in the
measurement. In the two-TFT voltage programming pixel
circuit as shown in FIG. 10, it is possible to drive the driving
TFTs directly through the data lines. Accordingly, it is pos-
sible to set the driving TFTs to the ON state without using the
above-described charge pumping operation.

Here, description will be made based on sequences which
are indicated on the uppermost row of FIG. 11.

Sequence 1: An OFF voltage is written in all the pixels to

put out the light of the panel.

Sequence 4: ON potential is applied to Data 2 in an all-OFF
state, and electric charges flowing at this time are mea-
sured.

Sequence 8: An OFF voltage is written in all the pixels
again to put out the light of the panel.
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Sequence 11: ON potential is applied to Select 2 and simul-
taneously to Data 2 and the driving TFT of the pixel
subject to measurement is thereby set to the ON state.

Sequence 15: The same voltage as the voltage applied in
Sequence 4 is applied to Data 2, and the electric charge
flowing at this time is measured.

Sequence 18: Measurement is completed.

The procedures from Sequences 8 to Sequences 18 are
repeated for all the pixels to be driven by the same data line,
and the procedures from Sequence 0 to Sequence 18 are
repeated for all the data lines.

The computer 12 performs the following calculation using
the output waveforms of the integration circuit 150 obtained
in the above-described procedures.

FIGS. 12A and 12B are views showing an example of
inspection results of the AMOLED shown in FIG. 10. FIG.
12A exemplifies normal, open, and short pixel states corre-
sponding to the respective pixels shown in FIG. 10. FIG. 12B
shows values detected by the integration circuit 150 in the
all-OFF state and in the state where each of the pixels is solely
turned ON. Since the pixels aligned in the longitudinal direc-
tion are influenced by a single data line (Data), the charge
amounts at the all-OFF state are obtained for the respective
data lines (Data 1 to Data 4). Since the charge amounts are
measured by the integration circuit 150, the charge amounts
are converted into output voltages of the integration circuit
150. Assuming that a value of a driving TFT of a pixel in an
OFF state is Voff and a value of the driving TFT of the pixel
in an ON state is Von, then output values are as shown in FIG.
12B when the pixels bear defects as shown in FIG. 12A. The
driving TFT remains in the OFF state in the case of an open
defect and remains in the ON state in the case of a short defect.

The output obtained in the ON state and the output in the
all-OFF state of the driving TFT of each of the pixels are
compared, and a pixel having no difference between these
values can be judged as a defective pixel. A pixel having
different values operates normally, and variation Von-Voffis
always equal to Vonl-Voff1. To be more specific, the capaci-
tance corresponding to Von—Voff is in the order of several
femtofarads to several tens of femtofarads. Unevenness in the
Von-Voff values among the pixels including the normally
operating driving TFTs can be regarded as unevenness in
design dimensions. Accordingly, such unevenness can be also
used for judging the design quality. In this way, it is possible
to judge defects of the pixels by inspecting all the pixels.

Moreover, as described above, the number of pixels
included in the all-OFF state to be measured by one data line
depends on the number of bundled GND lines. For example,
when all GND lines are bundled together in a video graphics
array (VGA: resolution of 640x480 dots) panel, 480 pixels
are measured simultaneously with one data line. However, the
AMOLED is current-driven and it is therefore a common
practice to draw GND lines for several bundles instead of
bundling all the pixels so as to avoid current concentration. In
this case, the number of pixels per GND line is reduced. It is
possible to measure each pixel when the panel includes the
GND lines provided for respective pixels.

A common GND line is provided to every three lines in the
example shown in FIG. 12. In this case, the output values at
the OFF state of the respective data lines are compared, and
the minimum value thereof can be estimated as the value
representing the state where all the pixels are operating nor-
mally. In the example shown in FIG. 12B, the output value at
the right end line (Data 4) is 3 Voff. That is, the minimum
value at the all-OFF state is 3 Voff and all the pixels on the
right end line (Data 4) are deemed normal. A value calculated
by dividing a difference between the above-mentioned value
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and an output value of a defective column by the variation
Von1-Voffl is equal to the number of short defects.

In the case shown in FIGS. 12A and 12B, for example,
measurement of the respective columns will be resulted as:
Data 1: (3 Voff1-3 Voff1)/(Vonl-Voff1)=0: no short defects
Data 2: (1 Voffl42 Voffl1-3 Voffl)/(Vonl-Voftl)=1: one

short defect
Data 3: (2 Vonl+1 Voff1-3 Voffl)/(Vonl-Voffl)=2: two

short defects

The total number of defective pixels (the number of pixels
whose values at the ON state showed no difference from the
values at the all-OFF state): 6

the number of short defects: the number of open
defects=3:3

In this way, according to this embodiment, it is possible to
estimate the proportion between the short defects and the
open defects.

Here, it is possible to perform the inspection at higher
speed by applying the above-described inspection method.

For example, regarding each line of the inspection wiring
constituting the active matrix OLED panel, the parasitic
capacitance is estimated as described above on all the pixels
subjected to AC coupling directly with the inspection wiring
(which are the pixels that belong to a relevant column in the
case of the data line (Data), for example) in the cases of
setting the driving TFTs thereof simultaneously to the OFF
state and to the ON state. Then, the number of open/short
defects in each line of the inspection wiring is estimated from
differences among the minimum values, the maximum val-
ues, and the parasitic capacitance of each line of the inspec-
tion wiring. Moreover, after the estimation, the respective
pixels in the lines of the inspection wiring including the
open/short defects are extracted and inspected again as
described above, so that estimation is made as to whether each
defective pixel is an open defect or a short defect. It is possible
to perform the inspection at higher speed by adopting the
stepwise measurement procedures as described above.

FIG. 13 is a flowchart showing the stepwise inspection
method which is applied to the basic two-TFT circuit as
shown in FIG. 4B. In this inspection method, first of all, the
select lines (Select) and the data lines (Data) are set to the
GND state (Step S201). Next, all the select lines are selected
and a voltage sufficient for turning OFF the driving TFTs is
applied thereto so as to set all the driving TFTs to the OFF
state (Step S202). Thereafter, a voltage is applied to the data
lines in the state where all the select lines and the data lines are
set to the GND state (Step S203). In this event, a transient
current flows from the pixel electrode side to the GND
through the parasitic capacitance. The transient current is
measured by the integration circuit 150, which is connected to
the GND line as shown in FIG. 7 (Step S204). An output from
the integration circuit 150 is converted into digital data by use
of the A/D converter circuit provided to the measurement
control circuit 13 and taken into the computer 12. Hence the
data are stored in a predetermined memory provided in this
computer 12 as voltage values Voff of the respective data lines
(Step S205). The results of this measurement represent the
voltage values which are equivalent to the parasitic capaci-
tance values when all the driving TFTs are set to the OFF
state. It is to be noted, however, that each of the values
represents addition of all the pixels aligned in the direction of
the data line as the voltage is applied to the data line.

Next, all the pixels are selected and a voltage sufficient for
turning ON the driving TFTs is applied from the data line, so
that the driving TFTs of all the pixels are set to the ON state
(Step S206). However, when the gate voltage of the driving
TFT possesses a low initial voltage in such as the voltage



US 8,228,269 B2

13

programming mode using four TFTs as shown in FIGS. 8A
and 8B, the charge pumping operation is executed through the
parasitic capacitance. Meanwhile, in the current program-
ming mode, the driving TFT is set to the ON state by means of
conducting an electric current on the data line. The gate-
source voltage in this event is accumulated in the pixel capaci-
tor Cs. Thereafter, the select lines of all the pixels are turned
OFF to be set to a non-selective state. Then, the data line
(Data) is also set to the GND state (Step S207). Moreover, the
same voltage as the voltage applied in Step S203 is applied to
the data line (Step S208). In this event, a transient current
flows again from the pixel electrode side to the GND through
the parasitic capacitance. This transient current is measured
by the integration circuit 150 as similar to Step S204 (Step
S209). A result of measurement is converted into digital data
and a voltage value Von on each data line is stored in the
predetermined memory provided in the computer 12 (Step
S210).

In this way, of the Voff and Von values obtained in Steps
S205 and S210, the minimum value of the Voff and the maxi-
mum value of Von can be estimated to represent the data line
in which the driving TFTs are operating normally. Accord-
ingly, if the minimum value and the maximum value are
defined as Voff. min and Von. max, respectively, it is possible
to estimate the number of the short defects and the number of
the open defects in each data line (Step S211) as follows:

Von.max—- Voff. min=N*Vdiff
Voff-Voff.min=Nshort* Vdiff

Von.max—- Von=Nopen* Vdiff

Here, N denotes the number of pixels on the data line, Nshort
denotes the number of short defects in the data line, and
Nopen denotes the number of open defects in the data line.

Then, after specifying the data line including the defects as
described above, the driving TFT of each pixel on the speci-
fied data line is set to the ON state (Step S212), and a transient
current flowing from the pixel electrode side to the GND
through the parasitic capacitance is measured with the inte-
gration circuit as similar to Step S106 of FIG. 5 (Step S213).
In this way, the voltage value Von is obtained and the position
of the defective pixel is specified from a result of the voltage
value (Step S214). With the procedures described above, it is
possible to inspect the numbers of short defects and open
defects at high speed and to specify the positions of the
defective pixels at high speed.

As described above, this embodiment focuses on the para-
sitic capacitance between the power line (GND) connected to
one of the electrodes of the driving TFT and the inspection
wiring (such as the data line (Data)) which is not DC-coupled
with the power line (GND) in the active matrix OLED panel
(the AMOLED panel), and observes input and output of the
electric charges to and from the power line (GND) being the
source side wiring, which are associated with variation in the
voltage on the inspection wiring in the respective states of ON
and OFF of the driving TFT subject to measurement. In this
way, it is possible to measure the variation in parasitic capaci-
tance between the ON state and the OFF state of the driving
TFT. Moreover, this embodiment also focuses on the fact that
no variation in parasitic capacitance occurs in the driving TFT
which includes either an open defect or a short defect. In this
way, the embodiment achieves inspection of the open/short
defects in the driving TFTs.

In this event, it is possible to obtain the number of pixels
including the driving TFTs with the open/short defects out of
all the pixels by means of measuring the variation in parasitic
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capacitance in all the pixels. Moreover, it is also possible to
estimate the unevenness caused upon formation of the pixel
circuits from the unevenness in the variation in parasitic
capacitance among all the pixels. Furthermore, regarding
each line of the inspection wiring constituting the panel, the
parasitic capacitance is estimated on all the pixels subjected
to AC coupling directly with the inspection wiring (which are
the pixels that belong to a relevant column in the case of the
data line, for example) while setting the driving TFTs thereof
to the ON state. In this event, it is possible to estimate the
number of the pixels including the driving TFTs with open
defects by finding a difference between the maximum value
of the estimated parasitic capacitance values and an indi-
vidual parasitic capacitance value. In addition, regarding each
line of the inspection wiring constituting the panel, the para-
sitic capacitance is estimated on all the pixels subjected to AC
coupling directly with the inspection wiring (which are the
pixels that belong to a relevant column in the case of the data
line, for example) while setting the driving TFTs thereof to
the OFF state. In this event, it is possible to estimate the
number of the pixels including the driving TFTs with short
defects by finding a difference between the minimum value of
the estimated parasitic capacitance values and an individual
parasitic capacitance value. Here, it is also possible to con-
figure the inspection method so as to estimate proportions of
the open defective pixels and the short defective pixels to the
total number of the defective pixels.

In the meantime, regarding each line of the inspection
wiring constituting the panel, the parasitic capacitance is
estimated on all the pixels subjected to AC coupling directly
with the inspection wiring (which are the pixels that belong to
a relevant column in the case of the data line, for example) in
the cases of setting the driving TFTs thereof simultaneously
to the OFF state and to the ON state. Then, the number of
open/short defects in each line of the inspection wiring is
estimated from differences among the minimum values, the
maximum values, and the parasitic capacitance of each line of
the inspection wiring. Thereafter, the respective pixels in the
lines of the inspection wiring including the open/short defects
are extracted and inspected. In this way, it is possible to
estimate the open/short defects in the defective pixels at high
speed.

As described above, regarding a TFT array prior to mount-
ing an OLED, this embodiment is capable of judging open/
short defects in driving TFTs in respective pixels, measuring
the numbers of open defects and short defects inside a panel,
and evaluating unevenness in design dimensions of pixel
circuits without contacting pixel electrodes. That is, it is
possible to find out the numbers of open/short defects in the
driving TFTs and to inspect the numbers of bright points and
dark points (dead points) which are evaluation items of a
display unit, at a stage of the TFT array. By judging defects in
the panels based on the results described above, it is possible
to substantially reduce an amount of defective products to be
forwarded to a subsequent process. In this way, it is possible
to reduce costs for manufacturing the panels. Meanwhile, it is
possible to estimate accuracy on formation of the pixel cir-
cuits by calculating unevenness in the Von-Voff values of the
normally operating pixels inside the panel. In addition, this
embodiment can be also used for the purpose of managing the
processes in the TFT array process by inspecting unevenness
among the panels. Furthermore, it is preferable to configure
the inspection method to estimate the parasitic capacitance in
the state where the driving TFTs of all the pixels driven by the
inspection wiring through the parasitic capacitance are simul-
taneously set to the OFF state and where the driving TFTs are
simultaneously set to the ON state, because it is possible to
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estimate the numbers of open/short defects more promptly. In
addition, reduction in development period is expected at a
panel development phase by use of the test device 10 shown
in FIG. 2 as for failure analysis.

Although this embodiment has been described on the
example of using n-channel driving TFTs, the present inven-
tion is also applicable to the case where p-channel driving
TFTs are used. When the p-channel driving TFTs are used, a
non-inverting input (a positive input of the operational ampli-
fier 151 shown in FIG. 7) of the integrated circuit 150 shown
in FIG. 7 may be changed from the GND to a power source
(Vd). In other words, it is satisfactory as long as the integra-
tion circuit 150 is connected to the source side wiring of the
driving TFT, regardless of whether the source side wiring is
the GND side of the n-channel driving TFT or the power
source (Vd) side of the p-channel driving TFT.

As described above, according to the present invention, it is
possible to judge open/short defects of driving TFTs ina TFT
array for an AMOLED panel promptly prior to a process for
forming an OLED thereon.

Although the preferred embodiment of the present inven-
tion has been described in detail, it should be understood that
various changes, substitutions and alternations can be made
therein without departing from spirit and scope of the inven-
tions as defined by the appended claims.

What is claimed is:

1. A manufacturing method for an active matrix organic
light emitting diode panel, comprising the steps of:

forming a thin film transistor array on a substrate and

thereby fabricating an active matrix panel;

performing an inspection process for the fabricated active

matrix panel by measuring variations in parasitic capaci-
tance through a pixel electrode when a driving thin film
transistor constituting the active matrix panel fabricated
in the array process is turned on and off, thereby inspect-
ing any of open and short defects of the driving thin film
transistor; and

mounting an organic light emitting diode on the active

matrix after the inspection process.

2. The manufacturing method for an active matrix organic
light emitting diode panel according to claim 1, wherein the
inspection process further comprises measuring the variation
in parasitic capacitance of pixels constituting the active
matrix panel and thereby finding the number of pixels having
open and short defects in the driving thin film transistors
thereof.

3. The manufacturing method for an active matrix organic
light emitting diode panel according to claim 1, wherein the
inspection process further comprises estimating unevenness
caused upon formation of pixel circuits constituting the active
matrix panel from unevenness of the variation in parasitic
capacitance of pixels constituting the active matrix panel.

4. The manufacturing method for an active matrix organic
light emitting diode panel according to claim 1, wherein the
inspection process further comprises:

estimating the parasitic capacitance on each line of inspec-

tion wiring constituting the active matrix panel while
setting the driving thin film transistor of a pixel sub-
jected to alternating-current coupling directly with a
corresponding line of the inspection wiring to an on
state; and

estimating the number of pixels having open defects in the

driving thin film transistors thereof by use of a difference
between a maximum value of the estimated parasitic
capacitance and individual parasitic capacitance.
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5. The manufacturing method for an active matrix organic
light emitting diode panel according to claim 1, wherein the
inspection process further comprises:

estimating the parasitic capacitance on each line of inspec-

tion wiring constituting the active matrix panel while
setting the driving thin film transistor of a pixel sub-
jected to alternating-current coupling directly with a
corresponding line of the inspection wiring to an off
state; and

estimating the number of pixels having short defects in the

driving thin film transistors thereof by use of a difference
between a minimum value of the estimated parasitic
capacitance and individual parasitic capacitance.
6. The manufacturing method for an active matrix organic
light emitting diode panel according to claim 1, wherein the
inspection process further comprises:
estimating the parasitic capacitance on each line of inspec-
tion wiring when the driving thin film transistors of
pixels subjected to alternating-current coupling directly
with the inspection wiring are turned on and off; and

estimating the number of open and short defects on each
line of the inspection wiring by use of a difference
among a minimum value and a maximum value of the
estimated parasitic capacitance and the parasitic capaci-
tance on each line of the inspection wiring.

7. The manufacturing method for an active matrix organic
light emitting diode panel according to claim 1, wherein the
inspection process further comprises:

measuring the variation in parasitic capacitance of pixels

constituting the active matrix panel and thereby to find
the number of pixels having open and short defects in the
driving film transistors thereof;

estimating unevenness caused upon formation of pixel cir-

cuits constituting the active matrix panel from uneven-
ness of the variation in parasitic capacitance of pixels
constituting the active matrix panel; and

estimating the parasitic capacitance on each line of inspec-

tion wiring constituting the active matrix panel while
setting the driving thin film transistor of a pixel sub-
jected to e-current coupling directly with a correspond-
ing line of the inspection wiring to an on state; and
estimating the number of pixels having open defects in
the driving thin film transistors thereof by use one of: a
difference between a maximum value of the estimated
parasitic capacitance and individual parasitic capaci-
tance, and a difference between a minimum value of the
estimated parasitic capacitance and individual parasitic
capacitance.

8. The manufacturing method for an active matrix organic
light emitting diode panel according to claim 1, wherein the
inspection process further comprises:

measuring the variation in parasitic capacitance of pixels

constituting the active matrix panel and thereby to find
the number of pixels having open and short defects in the
driving thin film transistors thereof;

estimating unevenness caused upon formation of pixel cir-

cuits constituting the active matrix panel from uneven-
ness of the variation in parasitic capacitance of pixels
constituting the active matrix panel;

estimating the parasitic capacitance on each line of inspec-

tion wiring when the driving thin film transistors of
pixels subjected to alternating-current coupling directly
with the inspection wiring are turned on and off; and
estimating the number of open and short defects on each
line of the inspection wiring by use of a difference
among a minimum value and a maximum value of the
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estimated parasitic capacitance and the parasitic capaci- the active matrix, the driving thin film transistor is configured
tance on each line of the inspection wiring. in one of an open drain and an open source configuration.

9. The manufacturing method for an active matrix organic
light emitting diode panel according to claim 1, wherein,
prior to the mounting of the organic light emitting diode on LI I B B
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