10

15

20

25

1DESCRI PTI ON ARRAY SUBSTRATE | NSPECTI NG
METHOD 5 Technical Field *159159* *(@)0002* The present
invention relates an array substrate

Structural parc of 3 1iquio erystal d I§p| ar“ o I

Background Art Liquid crystal display panels are usetoisos

in various sections of deviceslsuch as a display unit

of a notebook personal conputer (notebook PC), a

di splay wunit of a nobile telephone and a display u

of a 15 television seD. EASI CqRi d @r gsttalo di spl ay pagw ” ”I” ” ” m
includes an array substrate in which a plurality

pi xel el ectrodes are arranged in matrix, an opposrte *Go0o02+
substrate includin osite el ectrode that
respectively fad8R Ke BB§FBFWEyIHﬁPﬁﬁiewGeW@E?Kﬁbes,

20 and a liquid crystal |ayer held between the array

substrate and opposite substrate. The array substrate
includes a plurality of pixel ., electrodes arranged in
matrix, a plurality of s@ ﬁpﬁﬁalI% g%arranged

respect|V§ﬁg ﬁL?an %Hvéﬁ%@og %Egtég BIX agdsubstrate

el ectr odes, ur a Resarf

reSpﬁ&éﬁé@%ﬁh@'@@9h36t8f09ﬁ§ﬁ@§t9£gt9§ Qkfgb substrate,

el ectrodes
which is a structural part of a liquid crystal display

panel.
Background Art

Liquid crystal display panels are used in various
sections of devices such as a display unit of a
notebook personal computer (notebook PC), a display
unit of a mobile telephone and a display unit of a
television set. A liquid crystal display panel
includes an array substrate in which a plurality of
pixel electrodes are arranged in matrix, an opposite
substrate including opposite electrode that
respectively face the plurality of pixel electrodes,
and a liquid crystal layer held between the array
substrate and opposite substrate.

The array substrate includes a plurality of pixel
electrodes arranged in matrix, a plurality of scanning
lines arranged respectively along with rows of the
pixel electrodes, a plurality of signal lines arranged
respectively along with columns of the pixel electrodes

and a plurality of switching elements each arranged in
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and a plurality of switching elenents each arranged in
2 avicinity of a crossing position where each
scanning |ine and each signal line intersect. There
are two types of array substrates, nanely a array
substrate in which its switching elenents are 5 thin
filmtransi stors each using an anorphous silicon
sem conductor thin filmand another array substrate in
which its swtching elenments are thin filmtransistors
each using a polysilicon sem conductor thin film The
carraeviobbitiytyfok PebysihycpbsisibhghBerkhaachhataghing
10 anor phous silicon. It should be noted here that the
pol ysineécendt 9pehasiapasubsheateteanecontain not only
swi tching elenments for pixel electrodes, but also
drive ciFBBFesarertyeahiiPAg PEnasramdssbghabteispesamely a
built in there. 15 Array substrates described above

ti oh ggé

unde?Hb* &nSuPRkhaE phi htehevitphbagceiements are

Eangi s b A neFanilshets crenb RoWGnar | FpERRPEA Silicon
publ T n NG EHE 18 B2 D S o BREE g, “Remarate in
Pt el e KORAT AT oot ha ke, 711 55170t ¥ 5 B8 g gors
a te@&@ﬁQ@@iﬁi & NSPEEE | NOcSHOEPROYSNEYPEECPhin film. The

substrates, ich involves a characteristic point

def ecdr r hspeanslh ONi Py 06L£SBo FHi BiteEh0s Queghsrbargd €Rat of
amorphous silicon. It should be noted here that the
polysilicon type array substrate can contain not only
switching elements for pixel electrodes, but also drive
circuits for scanning lines and signal lines built in
there.

Array substrates described above undergo an
inspection step in their production process in order
to inspect them for defects. Examples of the
inspection method and inspection device are discussed
in Jpn. Pat. Appln. KOKAI Publication No. 11-271177,
Jpn. Pat. Appln. KOKAI Publication No. 2000-3142 and

‘U.5.P. 5,268,638.

Jpn. Pat. Appln. KOKAI Publication No. 11-271177
discloses a technique of inspecting amorphous type LCD
substrates, which involves a characteristic point
defect inspection process. This technique is based on
the following mechanism. That is, direct light of DC

component is applied on an entire surface of an LCD
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the follow ng nechanism That is, direct light of DC
conponent is applied on an entire surface of an LCD N

3 substrate, and as the anorphous silicon film senses

the light, it becones conductive. Here, the states of
defect can be judged by detecting the anmount of |eak

of charge accunulated in the auxiliary capacitor. The

5 technique disclosed in Jpn. Pat. Appln. KOKAI

Publ i cati on No. 2000-3142 utilizes such nechani smt hat

when an el ectron beamis irradi ated on a pixe

el ectulnsieratde anduas ohet heospbondasyl ebest FODm senses the
emtted is proportional to the voltage applied to the

t hi nt¥ghtm 10t transhes orondhet Leehni deaeepf thieSsPates of
5,268,638, as well, utilizes the secondary el ectron
en1tQ%%e%ke%a%nbeeB%@g?@nbbe%ﬁ¥$§t%ﬁgaﬁh9t@@O@ﬂtaOf leak of
pi xel el ectrode. osure of Invention In order to

.nprC&?Per% ?%ﬂ%ﬁﬁ??y%ft%ﬂMmala{s €fpachFor. The

i or SeelfaEy A0SRER SRR TS Rat nerte naveCT s f?%éiage
or qﬂ&% éﬁ%f%ﬁ”ﬁ@tS%é@bx§i4?e&{{ffggs'nghd%%% gnism that

I'n order a produ

“hetwﬁgn'Jn'él@@@goﬁrbggmgPlerfédi§EQ§t?ﬁaé %PQ@lthe

20 reliability of the Inspection net specti ng
the exped #dde Of £ 1) @méﬁﬂtS&PSﬁE@IEec&ﬂa§Py|§l§@£fb§dem1tted

out in its manufacturing process, nust be high. The
pr esentp i syvent i oma haso beled PoDpog§edapPli&® to the thin film
transistor. The technique of U.S.P. 5,268,638, as
well, utilizes the secondary electron emitted when an
electron beam is irradiated on a pixel electrode.
Disclosure of Invention

In order to improve the reliability of a liquid
crystal display panel, good products must be selected
at a high accuracy by detecting whether there is
leakage or not from elements (pixel sections) in a
strict way. Here, in order to strictly judge a product
whether it is good or no good, it is natural that the
reliability of the inspection method for inspecting fhe
quality of an array substrate, which is carried out in
its manufacturing'process, must be high.

The present invention has been proposed in the
light of the above-described point, and the object
thereof is to provide a method of inspecting an array
substrate, which can improve the reliability of the

inspection for the array substrate.
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light of the above-described point, and the object 25
thereof is to provide a nethod of inspecting an array
substrate, which can inprove the reliability of the

i nspection for the array substrate. 4 In order to

achi eve the above-descri bed object, there is

provi ded, according to an aspect of the present

i nvention, A nmethod of inspectifAg an array substrate
whi ch conprises a substrate, a plurality of 5 scanning
lines fornmed on the substrate and each extending in a
row di r ecin onrdar ptorathigveftise gnabvetldassrébed object,
extending in a colum direction to intersect the
scaniigie lihax;owigrdr addegraingviie cdn ngseeenenf sthe
each fornmed in a vicinity of an intersection of the 10

r espB@IE SHFHI P i rfe RN eheC F ebpEReFVENG| ghafrray
Fcopbtiaba b vl i Grirefics ofo it ag & Bhertaity of
chars R TR iR (A RO Rer RIS hAlip eacn

char e P O o TGS 4 I S8 gionat

franse mey i Qo) e i Y al i N%o 1l1en S £ &8 DO eJc@'f"?m:ersect

connected to the charged pixel electrode 1n an o

st atitie athrid i Btidig, an @lecd 100y deadhiock®y P Xshents
el ectrode and inspecting the pixel 20 el ectrode based

on detch dforanexkciondaryi elreicty oif edn tieterfsoridhect the
pi xel electrode. Brief Description of Draw ngs
respective scanning line and the respective signal
line, and a plurality of pixel electrodes connected
respectively to the plurality of switching elements and
arranged in matrix, the method comprising: charging an
arbitrary pixel electrode with an electrical charge;
maintaining the electrical charge for a time period
longer than at least one frame period while maintaining
the switching element connected to the charged pixel
electrode in an off state; and irradiating an electron
beam to the pixel electrode and inspecting the pixel
electrode based on data of a secondary electron emitted
from the pixel electrode.
Brief Description of Drawings
FIG. 1 is a timing chart designed to illustrate
measurement by the method of inspecting an array
substrate according to an embodiment of the present

invention.

FIG. 2 is a diagram schematically showing a cross
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FIG 1is atimng chart designed to illustrate
nmeasurenent by the nethod of inspecting an array 25
substrate according to an enbodi nent of the present
invention. FIG 2 is a diagram schematically showi ng a
cross 5 section of a liquid crystal display panel
conprising an array substrate. FIG 3 is a
perspective view of a part of the I|iquid crystal

di spl ay panel shown in FIG 2. 5 FIG 4 is a plan view
illustrating an exanple of an arrangenent of array
substedties cohs i Tigedd wit s sk didpayobdres]l comprising an
substrate. FIG 5 is a plan view schematically show ng
a m@fray egiitdtean array substrate shown in FIG 4.
10 FIG 6_is an enlarged plan view schematically
showi ng & Har t3 ofS a2 pPREIPe eyl vn view hef a@ regrt of the
substrate, sho 5. FI 7 is a diagram

in, Fl
schemgdi Ty s I'n?fgspaatacﬁfo%%“e e9h Bt BFi qti d
tal displ | i Si 15 t he,
Subet rat o Mo PA"EIREE e P e Sy Y coameie of
t] i icall ' . of, the .
seotd Pl ot e ATTES AL oSO B Bl oo

strust i alodaoramschematically 20 showi ng an

i nspection apparatus for array substrates, which

i ncl udes @G elBcid i£ S ESE oF i ANOs A &R ¥ OB PEAMhowing a main
region of an array substrate shown in FIG. 4.

FIG. 6 is an enlarged plan view schematically
showing a part of a pixel region of the array substrate
shown in FIG. 5.

FIG. 7 is a diagram schematically showing a cross
section of a liquid crystal display panel comprising
the array substrate shown in FIG. 6.

FIG. 8 is an enlarged cross sectional view
schematically showing a part of the array substrate
shown in FIG. 7.

FIG. 9 is a structural diagram schematically
showing an inspection apparatus for array substrates,
which includes an electric tester and electron beam
tester.

FIG. 10 is a flowchart designed to illustrate the
method of inspecting an array substrate.

FIG. 11 is a plan view showing an example of an

end portion of an array substrate to be inspected.

FIG. 12 is a plan view schematically showing a
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tester. FIG 10 is a flowhart designed to illustrate

t he

nmet hod of inspecting an array substrate. 25 FIG

11 is a plan view showi ng an exanple of an end
portion of an array substrate to be inspected. FIG
12 is a plan view schematically show ng a 6 renodel ed
exanple of the main region of the array substrate.
Best Mbde for Carrying Qut the bnvention A method of

i nspecting array substrate according 5 to an

enbodi nent of the invention, will be described wth
r ef ereempie Yed tdwearty bavi ofjsth&imsin sedioni df €hygskakay
di spl ay panel including polysilicon type array
subsivkatesatg i | be described. In this enbodiment, a
pol ysilicon type array substrate will be described as
10 an array BafstMostiee T Camer wsiiamPuth tHiecS ne o3,

t he

substratéA h

opp
gap
103

substrate 101

liquid cry stal _display panel includes an array
%ﬁ 06 g??%téﬁﬁs%Faﬁﬁ i@?SEFﬁaﬁgéécordlng

th strate with t d
R a?* ST U LTt FLFD el Trageipe

rpééé \A@c?ntﬁ%]eéreaw S §'t r E“Jl{.sﬁt The fg&g}/d

opposi rate have

pr edateyvH Negh 93, Z\%%gn@ftfﬁ@fhdfﬂgggg ¥§F%§or9ft9pe array

col ummar spacer

serving as a ace

per iyl a ey thons ¥ ddecafgay. subst{i e &Qbel@;méﬂg

opposite substrate 102 are bonded together wth

polysilicon type array substrate will be described as
an array substrate 101.

As shown in FIGS. 2 and 3, the liquid crystal
display panel includes an array substrate 101, an
opposite substrate 102 arranged opposite to the array
substrate with a predetermined gap kept between them,
and a liquid crystal layer 103 interposed between these
substrates. The array substrate 101 and opposite
substrate 102 have a predetermined gap kept between
them by means of a columnar spacer 127 serving as a
spacer. The peripheral portions of the array substrate
101 and opposite substrate 102 are bonded together with
a sealing material 160. A liquid crystal inlet 161
that is formed in a part of the sealing material is
sealed with a sealant 162.

Next, with reference to FIG. 4, the array
substrate 101 will be explained. FIG. 4 shows a mother
substrate 100 that serves as a substrate having larger

dimensions than those of the array substrate, and the
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a sealing material 160. A liquid crystal inlet 161
that is fornmed in a part of the sealing material is
sealed with a sealant 162. Next, with reference to
FIG 4, the array 25 substrate 101 will be expl ai ned.
FIG 4 shows a nother substrate 100 that serves as a
substrate having | arger dinensions than those of the
array substrate, and the 7 figuffe illustrates an
exanple in which four array substrates 101 are
structured with use of the nother substrate. In this
manngkguee r byl ssibsatas esn 10dampee forwurtcgenenal byray
with use of the nother substrate 100. 5 Next, the
strRthglerates he0hrany substrated 10ithwisé abwihe mother
descri bed by focusing on one array substrate 101
showRHFEHEe . 4 B3 Biyppeancexanprey sUpetnatay 101 are
sub;grate 101 includes, an array substrate nmin region
101a FAF AP R e Supet tiarese ubt r el groalne 1 0apb s Heprbe 100.
the arra ubstrate in_regio Ola wll be

RO erar ot Geb BRI 86 ENF) ahseY oRtBPCEABS 101

descri bed Tn detarl
ar ray; sy ale &&a%ﬁ%é@%}%%&%i& b, PRy §8fay

er. As shown iIn a ural?ty

el ecduosias: 2 ar@ agwmeﬁniﬁx@maié%i@ plxgl é&%gge.

15 30 on the array substrate 101. The arTtay substra

101 THencd sietes, sk @ttt & | DO t D Pl X@d s €48 CL F PAPSsEhsBrate
plurality of scanning lines Y arranged al ong the rows

of trieeige gdedn el Gld raxtesa archp phivgataty Sibsiepabn

lines X arranged al ong the colums of these pixe
10lb. Here, the array substrate main region 10la will
be described in detail. A detailed explanation of the
array substrate sub-region 101lb will be provided later.

As shown in FIG. 5, a plurality of pixel

electrodes P are arranged in matrix in a pixel region
30 on the array substrate 101. The array substrate 101
includes, in addition to pixel electrodes P, a
plurality of scanning lines Y arranged along the rows
of these pixel electrodes P and a plurality of signal
lines X arranged along the columns of these pixel
electrodes P. In other words, the plurality of
scanning lines Y are extended in the row direction and
the plurality of signal lines X are extended in the
column direction. The array substrate 101 further
includes thin film transistors (to be abbreviated as
TET hereinafter) SW each serving as a switching element
arranged in the vicinity of an intersection of a

scanning line Y and a signal line X. The array
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20 electrodes P. In other words, the plurality of
scanning lines Y are extended in the row direction and
the plurality of signal lines X are extended in the
colum direction. The array substrate 101 further
includes thin filmtransistors (to be abbreviated as

25 TFT hereinafter) SWeach serving as a swtching

el enent arranged in the vicini8y of an intersection

of a scanning line Y and a signal line X. The array 8
substrate 101 i ncludes a scanning line driving circuit

40 tharstervesl®d dncledas phusabntynoflscandrngihfnesrcuit
Y, as a drive circuit unit. Each TFT SW when it is

dri viEh Hyata sespestioedrbvecanpingaline of apphhésgalines
signal voltage of a, respective signal line Xto a
resdgét?%ea %eY® eleettbder - The scanning |ine

dri vi j [ 0.i.s uilt opn the ,array substrate |
Tor"und LSRRl Wi ol Ot BB S i

[ . \ ni ine 1 rivin i rcui S
g S rind G AE AT A 108 4 Sjp%rll‘i‘/Jsiﬁg?gB?wgiTOf §

' fd Syinat e . .
Fur U ey L oG et ol ¥ oup
PDp d1gdthesdd nel uding S phii 'H’né’fdi'»f&m%a% r%ﬁieﬁ hgh is

are arranged along one side of an edge [in
ar r ayuisbsint aitee naf ray egiost A04a B0l M@ LONNEELLEat &n an

the scanning line driving circuit 40 and signal |ines

X. Thegradegioup FDphes pisesl toegion aginli tiDe tOcidReing line
driving circuit 40 is made of TFTs each containing a
polysilicon semiconductor film, as in the case of the
TFT SW.

‘Further, the array substrate 101 includes a pad
group PDp further including a plurality of terminals
that are arranged along one side of an edge line of the
array substrate main region 10la and are connected to
the scanning line driving circuit 40 and signal lines
X. The pad group PDp is used to, in addition to the
reception of various types of signals, but also input
and output an inspection signal. Each array substrate
101 is obtained, for example, by cutting the mother
substrate 100 along an edge e (see FIG. 4) of the
respective array substrate to separate it from the
others.

Next, with reference to FIGS. 6 and 7, a part of
the pixel region 30 of the liquid display panel is

focused for further explanation. FIG. 6 is an enlarged
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reception of various types of signals, but also input
20 and output an inspection signal. Each array
substrate 101 is obtained, for exanple, by cutting

the nother substrate 100 al ong an edge e (see FIG 4)
of the respective array substrate to separate it from
the others. 25 Next, with reference to FIGS. 6 and 7,
a part of the pixel region 30 of the liquid display
panel is focused for further explanation. FIG 6 is

an enlarged 9 plan view schematically showing the

pi xeblamrgrbew 3chdmancal t aysisobsheg at ke phge Fl Ceg70hs30 of
an enl arged cross sectional view of the pixel region
of t3e ATEAY csulksysatd, displ BYGpanelis #As shbangetiheross
array supstrate 5 101 includes a substrate 111 that is
a trffpewht Viewuwht iy Bibst reeeienchf asha figssd

| at e. the, substrate 111, a plurality of signa
Finé%rﬁgih&ié;SQﬁ%Neﬁ?Q?lof A% PP | FRRsaNray esubstrate

d. i I X, d TFTs SW ided in th
T oy Bl Aoy er At ol bh Bresl har P AREPARANt
ool St RS s e SRR L STEHTURERRY. ® on the
semgignfuctr 111 12 hayi 1y S&f’@fﬁﬂé?iﬂﬁ&gi?r‘aﬁnd a
112a and 112b made of polysilicon and a gate

el eqinoge ihpho £ Wdthi18g arni dds ext ensi 9P M g@a PaRtnQf rix,
the respective scanning line Y. On the subStrate 111,

a plarndlTrYs W ape |prsyidedpaci tios vioesidl6oAar&ach
arranged in stripe to forman
intersection of signal lines and scanning lines (See
the section surrounded by a circle 171 in FIG. 6).

Each TFT SW includes a semiconductor film 112
having source/drain regions 112a and 112b made of
polysilicon and a gate electrode 115b, which is an
extension of a part of the respective scanning line Y.

On the substrate 111, a plurality of auxiliary
capacitor lines 116 are arranged in stripe to form an
aﬁxiliary capacitor element 131, and they are extended
in parallel with the scanning lines Y. A pixel
electrode P is formed in this section. (See FIG. 6, the
section surrounded by a circle 172 and FIG. 7.)

In more detail, on the substrate 111, the
semiconductor film 112 and auxiliary capacitor lower
electrodes 113 are formed, and further, a gate
insulating film 114 is formed on the substrate that

includes these semiconductor film and auxiliary

capacitor lower electrodes. The auxiliary capacitor
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auxiliary capacitor elenent 131, and they are extended

in parallel with the scanning lines Y. A pixel 20

el ectrode Pis forned in this section. (See FIG 6,

the section surrounded by a circle 172 and FIG 7.)

In nore detail, on the substrate 111, the

sem conductor film 112 and auxiliary capacitor | ower

el ectrodes 113 are forned, and Tawrther, a gate 25
insulating film2114 is formed on the substrate that

i ncl udes these sem conductor filmand auxiliary

capatdver ¢bsetrredesttbllesre Thermsi bf apylgapactsnradOin

| oner el ectrodes 113 are fornmed of polysilicon as in

t he TR eCdIS tPE Boni eombcerdnctor nf1lR. 1Th. t hengahe gate

I nsuj at i film114, scanning lines Y, gate el ectrodes
115ﬁiﬁﬂﬂﬂ%5&?$i%%&mc%bﬁci%%@nm%%@slﬁﬂ%sa¥e @ Fangkectsodes
An 'gian% capafitor line 116 and an auxiliary

capact Tord TOvE = &t B2 Y otrPA9BEAF el WeSingel 36 fagganged.
eac via,the gate insulatj film114. ,

intg} g%%ffl%%ékneﬁ?%ﬁ????nﬁﬁﬁ% iggf%?%eﬁnd%u¥{1hﬁﬁYe

i ns ' [ 4 [ hcl S e i ng, i pes

Ve i e et e e TN o e eacn

l'i nesHelb.vi LotH@cd o €l et £@0es: 12 1s ang fi?{‘ﬂﬁrﬁ&%ef(layer

are formed on the interlayer insulating
Eachinsadndtaiotg ef exd rode 121fdsme@nirectied yid@e dinsulating

respective contact hole to the source/drain region
112& iofm tHed tlatr espebide®e s sonchiioti@rl fidm 12 an4d

the pixel electrode P. The contact el ectrode 121 1s
conrfd@®ddrades 115b and the auxiliary capacitor lines 116.

Contact electrodes 121 and signal lines X are
formed on the interlayer insulating film 117. Each
contact electrode 121 is connected via a respective
contact hole to the source/drain region 112a of the
respective semiconductor film 112 and the pixel
electrode P. The contact electrode 121 is connected to
the auxiliary capacitor lower electrode 113. Each
signal line X is connected to the source/drain region
112b of the respective semiconductor film 112 via a
respective contact hole.

A protective insulating film 122 is formed to
overlay on each of the contact electrodes 121, signal
lines X and interlayer insulating film 117. On the
protective insulating film 112, green coloring layers
124G, red coloring layers 124R and blue coloring layers

124B, which are formed in stripe, are arranged

alternately to be adjacent to each other. The coloring
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the auxiliary capacitor |lower electrode 113. Each
signal line Xis connected to the source/drain region
112b of the respective sem conductor film 112 via a 20
respective contact hole. A protective insulating film
122 is formed to overlay on each of the contact

el ectrodes 121, signal lines X and interl ayer
insulating film2117. On the priotective insulating
film 112, green coloring layers 25 124G red col oring
| ayers 124R and bl ue coloring |ayers 124B, which are
f or Mealvé s s124 (e, l24R amd ahféll fathesnadbeby folber.

adj acent to each other. The coloring 11 |ayers 124G
124R and i2apiven aleotvedes| Peare Thempidxeh their

el ectrodes P are forned on their respective coloring

| ay rSSPSAG Ve 2R QRN 243y eys 14 4pspht Rt 2ednbiéB| be
filmsuch as ITO (indiumtin .5 oxide). Each pixel .
el egl?%bseoafg‘?%t COMMELt etV oF tHR Shelpeet TR tbnpddgp tin

o SOl 121.yle & ot ael PoLg. 125 L OLAEG LPLNE, 1o

coloring layers a protec

Toe aeiuateral anition Sloibealrel, eleck BBl srore s

116 myvhed GltHd N Porillle Auxd 1 alyy GAPACLE Phe insulating

el ement 131 connected to the pixel electrode P

f unciiilonsl 2. auxid igdyi srePacl tesrsi e o el €8d rhexel
charge. A colummar spacer 127 (see FIG 6) is forned

on kedterand o iing fanmess tRAdv el 1 246G arl 4bougha the

flg%ﬁ;acitor line 116 and signal line X. The auxiliary
capacitor element 131 connected to the pixel electrode
P functions as auxiliary capacitor store electric
charge.

A columnar spacer 127 (see FIG. 6) is formed on
the coloring layers 124R and 124G. Although the figure
does not show all of them, a plurality of columnar
spacers 127 are formed on each of the coloring layers
at a predetermined density. An alignment film 128 is
formed on the coloring layers 124G, 124R and 124B and
the pixel electrodes P.

The opposite substrate 102 includes a substrate
151 which is a transparent insulating substrate. An
opposite electrode 152 and an alignment film 153, which
are made of a transparent material such as ITO, are
formed in this order on the substrate 151.

The inspection method for an array substrate 101,

as well as the array substrate inspection device, which
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does not show all of them a plurality of col umar

spacers 127 are formed on each of the coloring | ayers

at a predeterm ned density. An alignnent film 128 is
formed on the coloring layers 124G 124R and 124B and

20 the pixel electrodes P. The opposite substrate 102

i ncludes a substrate 151 which is a transparent

i nsul ating substrate. An opposize el ectrode 152 and

an alignment film 153, which are made of a

transparent material such as ITO are 25 forned in

t hi suss det @hedtheosubsitiatesddd. (Tbebé nspeTéd ONEBEL B9
for an array substrate 101, as well as the array
substemtnd ispectinn dbwttricwhéshed? wskl anoel ket deacribed
beam tester (to be called "EB tester" hereinafter)

and ettt reEerereertowrI¢. ndw bEt dekewnldede npted that the
reference to FIG 9. It should be noted that the

i NSPEtIRYIC1QN cBf rFREr bed Atk erLFRF nfpnine phgepixel
elect%ode P onPthe substrate. First, the structure of

t he §HEpection d@%i%@?u%%%St?%Fethe i nspection of the
array SUbﬁ%fgﬁe &Q& &%L&c@8¥%sgg0€5%ﬁ£é%g%%gﬁb¥gggggke used

chanmber 310 sefving as an 1

equi pped: yd t 1, 40 &l 864 rscgg ’?‘ﬁ%g%}l%%icéggg{f%g 1906111 now

el ectron beam scanner el ectron beam

| rrash add s s fRrvicnadi ahimger e €6t 50Dy DEQNBSs 0RE O
the array substrate. The vacuum chanber 310 has such

a stinmfertei om oWbmibe t hes asd@yppstibsitat ent©1H€tron beam

i nspected can be | oaded or it can be
scanner 300. The electron beam scanner 300 functions
as electron beam irradiating means for irradiating
‘electron beams onto the array substrate. The vacuum
chamber 310 has such a structure in which the array
substrate to be inspected can be loaded or it can be
unloaded therefrom. Further, an electron detector 350
is provided in the vacuum chamber 310. The electron
detector 350 functions as electron detecting means for
detecting the secondary electrons emitted from the
array substrate. A probe unit 340 is arranged in the
vacuum chamber 310, and the probe unit 340 can bring
its probes into contact with a corresponding pad of the
array substrate 101. This operation is controlled by a
robot, which is not illustrated in the figure, at a
high accuracy.

A sealing connector 311 is provided at a side wall

of the vacuum chamber 310. The sealing connector 311

is designed to connect internal members such as the



10

15

20

25

15 unl oaded therefrom Further, an el ectron detector

350 is provided in the vacuum chanber 310. The

el ectron detector 350 functions as el ectron detecting
nmeans for detecting the secondary electrons enitted
fromthe array substrate. A probe unit 340 is

arranged in the 20 vacuum chanber 310, and the probe
unit 340 can bring its probes Ihto contact with a
correspondi ng pad of the array substrate 101. This
operation is controlled by a robot, which is not

il ustole athin 34@ dnduekbectaton degbcaceuBlyto26xfernal
seal ing connector 311 is provided at a side wall of

t he SRCIRARTIAhberuBl0s Tdspseal valy conhbetnaiBidinisg the

desi gned to connect internal menbers such as the 13
pr obet Ut IR 49 3R Hrekde orheleYaetwr IEamber ext@r nah

' it tivel ile maintaining the
R TR b b TV
cont 1,0 vi ,
chaﬁ%g%m§fbf£$%é 2%% r%ﬁn%% c%g%ﬁﬁﬁiﬁ%éuﬁ%%f% %?g%a?lgnal
i t..321, dri ' ' ont j t ,
P pref i e B T B S e SO S MRG0 %2 @

contdQfsi it Nasel pid$, uNd #9131 NPULLQUEPUL MM t3 325,y ¢

The signal source unit 321 functions as electric

Si gnadnt Al S U 88 Neh MBANSak@r a8 UPRbYE NQudpuel @t i §25.
signal to the array substrate. The signal anal yzi ng

uni tTH2Fidnaicts@nscasuel ©c321 ctshgnpbnsled €cé1 &g FEANSignal

for detecting an electric signal that flowed through

t he supplying means for supplying an electric signal to the
array substrate. The signal analyzing unit 323
functions as electric signal detecting means for
detecting an electric signal that flowed through the
array substrate.

The control unit 324 controls the drive circuit
control unit 322 and carries out the inspection of the
scanning line drive circuit 40 on the array substrate
101 via the probe unit 340. Detection data used for
testing the scanning line drive circuit 40 is taken
from the drive circuit control unit 322 to the control
unit 324, and then outputted to an external device, for
example, a display device via the input/output unit
325. The drive circuit control unit 322 can drive
elements on the array substrate 101 via the scanning
line drive circuit 40 on the array substrate 101. At

this point, a signal from the signal source unit 321

can be applied to the signal lines X on the array
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array substrate. 15 The control unit 324 controls the
drive circuit control unit 322 and carries out the

i nspection of the scanning line drive circuit 40 on
the array substrate 101 via the probe unit 340.
Detection data used for testing the scanning |line
drive circuit 40 is taken 20 fromthe drive circuit
control unit 322 to the controll4 unit 324, and then
outputted to an external device, for exanple, a

di spl ay device via the input/output unit 325. The

dri wuloitrmatid, contredlimg tar322] eanr te | wared efent shen
the array substrate 101 via the scanning 25 line drive
ci r aHxi Yk ih cdraciriey subsachteli el seetioni 30poi nt,
a signal fromthe signal source unit_ 321 can be
appl i ed tThe PRt EPhIURihed2k opntRelarfhg g4ectron beam

substrate to realize an electric charg 6 hﬁ%

auxi Cfad‘rriﬁrc it Qrs N é%fc’fﬁbu%%? %%le% LHpearray
contr ni.t rols t | ect b

200 Tt i ot O et T e %gggﬁgary
sub t d
elez%rons en1tf£%ﬁéron1$ﬁ% plx P%%%t?%%§f§%% ééd are
det eediaddyy tkﬂ? el £ T £ egd 0L 350, 3%‘0' ihe the

detection data is sent to the signal analyzing unit
323.delthertsi ghada wnal & zd 1ok Ui T 182 3s Bhdd YV Z8&Sa 1 PLidd unit
detection data outputted fromthe el ectron detector
350,320d refersidrmposidlpngaten{t he2 adatiesgzes ahe
detected pixel section) outputted fromthe contro

uni tdetection data outputted from the electron detector

350, and refers to position data (the address of a

detected pixel section) outputted from the control unit
324 and judges the condition of the pixel sections 200.
The inspection device inspects the array substrate

101 in the following manner. That is, first, the array

substrate 101 is placed in the vacuum chamber 310.
Probes of the probe unit 340 are connected to the
connection pad group CPDp, which will be later

described. Drive signals, which are electric signals

outputted from the signal source unit 321, are supplied

to the connection pad group CPDp via the probe unit

340. In this manner, the drive signal are supplied to

the scanning line drive circuit 40 and the signal lines
X that are connected to the connection pad group CPDp.
By detecting and analyzing a drive signal that flowed
through the scanning line drive circuit 40, the drive

circuit 40 is electrically inspected. Further, drive
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324 and judges the condition of the pixel sections

200. The inspection device inspects the array

substrate 15 101 in the followi ng manner. That is,

first, the array substrate 101 is placed in the

vacuum chanber 310. Probes of the probe unit 340 are
connected to the connection pad group CPDp, which

will be later described. DrivédSsignals, which are

el ectric signals 20 outputted fromthe signal source

unit 321, are supplied to the connection pad group

CPD igree tshea mr cheppinidd t3#0chd ns¢dnmsimpnniere dhive circuit
drive signal are supplied to the scanning line drive

ci r dfl tanfd il sienash ghigted iheso Iceurtlalre Tovmeegedn

to the connection pad group CPDp. 25 By detecting and
ana|pylz>ier#g A MGRERT dhral TR 1RRREP RHFDUgh @Ferode P is

SO %8 LU Lo Shod DS YO B L9 e

are Lépcpégo dakf Oarn]i hsec |y 14 e e,[' VR, & reui ty 4<9etect1ng

and t e sign |nes 0 accunul ate a charge o

pi xgf oﬁla%tlrfg hel N&lbo dFELSn th
thusrhharge an e é%tron 1&5§kls |rragﬁé on1t% ©

5 elctdon Reansfamert ROG i1t hisiPixels Pndected as to
detecting and analy2|ng the secondary el ectrons

em titectHgwomed hot pixedradecty adeidy the €l st ¥ el Reharge.
is inspected as to whether or not it properly holds

t he THiectimaad ctolat gencldde s ridgis pecly oinspredtutes aibta

only inspection of a 10 defect of the pixel electrode

P itkdldct i Hspijalspeedtorodd kleftesef t Heuel ®hent s

related to the pixel
inspection of defects the elements related to the pixel
electrode, such as the TFT SW connected to the pixel
electrode P and the auxiliary capacitor element 131
that contains the pixel electrode P.

FIG. 10 schematically shows a process of

inspecting the array substrate 101 as described above.
In the vacuum chamber 310, a drive signal is inputted
to the scanning line drive circuit 40 (Step S1). The
scanning line drive circuit 40 is inspected with an
electric tester (Step S2). One of the inspection items
is that a start pulse is supplied to the scanning line
drive circuit 40 and based on whether or not a serial
output 1s normal, the operation of the scanning line
drive circuit 40 is judged if it is normal or not (Step
S3). If a defect is found at this point, it 1is

repaired or discarded.

Next, when the operation of the scanning line
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el ectrode, such as the TFT SWconnected to the pixe

el ectrode P and the auxiliary capacitor elenent 131

that contains the pixel electrode P. 15 FIG 10
schematically shows a process of inspecting the array
substrate 101 as descri bed above. |In the vacuum

chanber 310, a drive signal is inputted to the

scanning line drive circuit 404&tep S1). The

scanning line drive circuit 40 is inspected with an 20
electric tester (Step S2). One of the inspection itens

i s tdrdtvea citrartitpAGeld s wiped i el tolndhensoanhi nghe i pest of
drive circuit 40 and based on whether or not a serial

out f@Ach Pinarlnsectinn ot atd ot dftecde sBarsit ngthe ne
drive circuit 40 is judged if it is normal or not

(St ép¥25-183)Y, qafpaé”cFéfre&qu%erftbu]r%ll BT teach poi¥el section

air or. di scarde when t e oper ati on of
the 2800 r?gLelqtrFéL%l Giengatudten 0 j udged Gsarging

bei ng._norm the test of each |er sect
9 % g

200_.i .
started "FIRE Phe URRAT fary dc aci 1ot et e o Tt tflé‘% signal

of r C

oL SRSt ) A0 e ey e,
dri g g Jdomddgnd 9nsdo ﬁ@t&.@ﬁ,émlt Béds Pycide
electric tester. Meanwhile, the electron beam scanner

300 dex eyt ivan.dafti st rdnh e heled 1agdd 1on ddd e dt @M 3P@ is sent
el ectron detector 350 is sent to the signal analyzing

uni ttc3ZRhe wheyre It lend Ingpiect ioni 1B 2T, edcdroftideipépettion

sections 200 are executed (Step
of each of the pixel sections 200 are executed (Step
S5). Here, the secondary electrons emitted were
measured to judge if the voltage of each of the pixel
sections 200 is normal or not (Step S6). When a
defective array substrate 1s detected, it is repaired
or discarded.

In the above description, such a substrate as
shown in FIG. 9 is assumed as an example of the array
substrate to be inspected. However, the present
invention is not limited to the inspection of such an
array substrate described above.

FIG. 11 shows an example of an end portion of an
array substrate 101 to be inspected ih the inspection
method according to this embodiment. The array
substrate 101 includes an array substrate main region
10la and an array substrate sub-region 101lb that is

located on an outer side of the main region 10la. It

should be noted that after the inspection, the array
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S5). Here, the secondary electrons emtted were

nmeasured to judge if the voltage of each of the pixe
sections 200 is nornmal or not (Step S6). Wen a

defective array substrate is detected, it is repaired

15 or discarded. In the above description, such a
substrate as shown in FIG 9 is assuned as an exanple

of the array substrate to be iInspected. However, the
present invention is not [imted to the inspection of
such an 20 array substrate described above. FIG 11
shovsulsst mtzaTpd wo-af e@ivrent) Jioris oduofofif, £6r agyxample, by
substrate 101 to be inspected in the inspection

et ok vaigtdrali sy tlee t e enbody nentut Thef akiey e2.
substrate 101 includes an array substrate main region

25 10la ahktP aPr@ArdBguR ubeR raf etkebaregy osullgtibathanais

| ocat ed, on an outer side of the main region 10la. It
shoiSP IR not & thaoHEred HeP i i ettaming nking ragiving
17 substrate, sub-region 101b is cut off, for_ex l e,

by driawth %&saé?cg b"glqr?an]e By % RABEED 1T €2, Ve
pad .gr.o RDp. of t r subst.r cmad n _region 101a

i's c“glnxglec elgq}eog't hgﬁgega{r%%%/ensg %fntee d‘r%rrﬁsg t %if%ﬂ?t%he pad

40 . . . e FLG . . D
[i n%%h?%pﬂei%?%erm naidsnlt a@#%r#ﬁ\g%% gr oup
PDp dddgdisi 4 atiph i) 1dY & Ao be SaEH0shILede

into a logic termnal, a power source termnal, an
| nspeainiiote X eram nial st Sors i gl indlPWnd a signal input
términal.

The logic terminal includes a terminal CLK and a
terminal ST. Signals that are inputted to the terminal
CLK and terminal ST are a clock signal and a start
pulse signal. The clock signal and start pulse signal
are those to be inputted to the scanning line drive
circuit 40.

The inspection terminal is a serial output
terminal s/o. A signal outputted from the serial
output terminal s/o is a serial output signal outputted
from a shift register (s/r) of the scanning line drive
circuit 40 in reply to the start pulse.

There are a plurality of types of power source
terminals such as a terminal VDD and terminal VSS.
Signals inputted to the terminal VDD and terminal VSS
are a high level power source and low level power

source. The signal input terminal is a terminal VIDEO.

An example of the signal to be inputted to the terminal
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10 termnal. The logic term nal includes a term na

CLK and a termnal ST. Signals that are inputted to

the termnal CLK and termnal ST are a clock signa

and a start pulse signal. The clock signal and start
pul se signal 15 are those to be inputted to the

scanning line drive circuit 40. The inspection

termnal is a serial output tér8rnal s/o. A signal
outputted fromthe serial output termnal s/ois a

serial output signal outputted 20 froma shift

r egiVBERHO (is7 rd widedhes spamhi nglt i sieowdld viee wotedihedd that
inreply to the start pulse. There are a plurality of

t ypeiofigiatiera k(RO has meneg w2 S ueindseds tee nferagral
VDD. and termnal VSS. Signals inputted to the _

t er MOAPHSANSES ARFEMhaANVSS O el es i ghareggportion of

power, source and Iégvlevel power source. The signa
i nput" T &1 fHi°YS Rerninal VIDEO. An exanple of the

signal tcblpetﬂ%w?&!skﬁ]eerd l]aé)né,het}%eercm Q@éc%ﬁo%/lpt)% eci;gogp CPDp

vi deo signal - oul d be’ noted here a

ter mnaly o R has spveial dundiedsedo, savildlate sup:

t housands term na occupi es a 1arge portion of

t he eag g qup PP THe @bihe-oidierpd@ng:odhecsannest i on
pad group CPDp is provided in an edge of the array

subsiorafer- tsdb-t & eiedpad rodher BO e CthdNa PRsh dE P rate
CPDp is connected to the pad group PDp on the array
substaiat eegion 10la side via wiring lines.

Terminals of the connection pad group CPDp include
a clock-use dependent terminal dCLK, a high-level
dependent terminal dvDD, a low-level dependent terminal
dVSS, an image-signal-use common terminal cVIDEO and
the like. The dependent terminal dCLK, dependent
terminal dVDD, dependent terminal dVSS, common terminal
cVIDEO and the like are arranged in an edge e of the
array substrate sub-region 10lb, and they are connected
to the pad group PDp of the corresponding array
substrate main region 10la via wiring lines.

The above-described embodiment has such a
structure in which a plurality of terminals VIDEO are
connected to one common terminal cVIDEO; however the
invention is not limited to this, but it may be of any
structure as long as terminals VIDEO are connected to a
few common terminals. In this manner, the number of
pads of the connection pad group CPDp provided in the

array substrate sub-region 10lb is remarkably decreased
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main region 10la side via wiring lines. 10 Term nal s
of the connection pad group CPDp include a clock-use
dependent term nal dCLK, a high-level dependent

term nal dVvDD, a | ow Il evel dependent term nal dVSS,
an i mage-signal -use common term nal cVIDEO and the
i ke. The dependent term nal dCLK, dependent 15

term nal dVDD, dependent term na dVSS, conmmon
termnal cVIDEO and the like are arranged in an edge
e of the array substrate sub-region 101b, and they
ar e aponnedactd ti tiee padugs O upr Rpdofof hthe pad group PDp
corresponding array substrate nmain region 10la via
W 1 i diidees . 120 Mhenabovies gliese r1 Gkal. enbodi nent  has
such a structure in which a plurality of termnals
VI DEO ar elhe grinet ez ¢ lol onec Eom®mreavi slabsexva DECL01
homever_the invention is not |imted to this, but it

y e i619 difie shiiurctiie 385 FoMEAsRREY S hal apeEeed with
are nnﬁﬁggd to %jﬁﬁj&ggégﬁggaﬂﬁiern1nalfl6h2ﬁ;3{§’ o
1016%0%% b T et ease%c%fa% PR bl Rt e
ﬂgrﬁ“élg%nao%f% %Lg?xe sect F%ﬁ;e O&Pﬁ%%&é@g 1ol
subsifatig, 0y havd g el stiheddir s d@é&ﬁrhlpﬁéjt@cﬁ’oi/ﬁ t8e

inspected with 5 the EB tester in the follow ng
manngfxi Iikaty iGapac b e I snONNETT e ten @aChiBd]l section

respecti ve pads of the connection pad group CPDp of

t he 200 ayis ulisd radabelhD]l When the charge is accumulated, an
electron beam is irradiated onto each pixel section
200. Thus, the secondary electron emitted from each
pixel section is detected to inspect whether or not
there is a defect in each pixel section 200.

As described before, in order to improve the
reliability of the products, the amount of leakage of
each pixel section 200 must be detected and good
products must be selected. Here, possible causes for
creating a leakage current in a pixel section 200 of an
array substrate 101 are considered to be due to the
followings.

That is, FIG. 8 is an enlarged view of a part of
the array substrate 101 shown in FIG. 7 and illustrates
a case where a leak current occurs. As described
above, an auxiliary capacitor lower electrode 113 is
made of polysilicon (p-Si). The auxiliary capacitor

lower electrode 113 is formed in the following manner.
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and thus an electrical charge is accunulated in the
auxiliary capacitor elenent 131 of each pixel section
10 200 via the probes. Wien the charge is accunul at ed,
an electron beamis irradiated onto each pixe

section 200. Thus, the secondary electron emtted
fromeach pixel section is detected to inspect

whet her or not there is a deféét in each pixe

section 200. 15 As described before, in order to
inprove the reliability of the products, the anount

of [Téaktades,ofan eactrpgiowr sSiddtdaan @0Einusti e detdgiedi ted
and good products nust be selected. Here, possible
causes of aubsgrredts rid la drebkdge camgrite i re X gl Xedxcimer
section 200 of an 20 array substrate 101 are

considf@e PP B dugradd attee ardlq dliengs SiTHaEln s, TG
8 is an _enlarged view of a part. of the array

subSt¥atle 31 SSHRAR G ATy Shffi19disthlat &8 Epruped such

wh |_eak t . As d i b 5

AT Caao I Tor Nt i o Sy e mifigiginite, en
S ey T eiro 1 |

PSP s TS T L 4 R ot pramoe,

Thakd 1S AT S MdAN (4l dlidnderdanad ek cne

on a substrate 111 and, for exanple, a Xed exciner

| aseyi hedd pddwardi atrd HKIQ 1., aJadiddp iker
auxiliary capacitor |ower electrode 113 is fornmed such
5 tkdteca roatd 10f3 tdel N anskiils quptddiiesi cdeamde | 816 is

an auxiliary capacitor line 116 is fornmed of, for

examglte properly kept, a leak current may occur. This is
because when a p-Si film is formed by irradiation of an
excimer laser beam, the surface of the auxiliary
capacitor lower electrode 113 is protruded while it 1is
formed.

When the surface of the auxiliary capacitor lower
electrode 113 is protruded, the measurement of the leak
current must be performed in a further strict way since
the leak current itself is very low. The following is
a description of the inspection method for measuring a
very fine leakage.

With reference to FIG. 1, the timing for measuring
the voltages of the pixel sections 200 in this
embodiment will be described. First, a gate signal
Gatel is inputted at a timing of t0 to the scanning
line Y of the first row from the outside of the pixel
sections 200. Subsequently, gate signals are inputted

one after another to the scanning line Y at the second
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nol ybdenum tungsten (MOW. Wth this structure, if the
di stance between the auxiliary capacitor |ower

el ectrode 113 and the auxiliary capacitor line 116 is
10 not properly kept, a leak current may occur. This
IS because when a p-Si filmis formed by irradiation
of an excinmer |aser beam the surface of the
auxiliary capacitor |ower eleetirode 113 is protruded
while it is fornmed. 15 Wen the surface of the
auxiliary capacitor |ower electrode 113 is protruded,

t he rowgs thememti ref sdaidierk 1iely nenit rard diel Rerdor Methd so
in a further strict way since the leak current itself

is very MTown, Tl ftdld @midig a gyate deisprdptdeore dfirdie is

i nspection nethod for neasuring a 20 very fine

| eakagatteict o dher sveaniagrlldnel Y te tharilmstf orow. While
measuring the voltages of the pixel sections 200 in

thi & géfFodileddl Wi I1npeltddse Sasdd ofFithe sqangetng lines Y,
si gnal tel is inputted at atimng of tOto the _. ,
scgﬁ Fna%S S ﬁ@nvegrt%etq ithet HesRSStdie Reamidige ine is

f th i xel ti 200. Sub tl, t [ I
oI S, Tk ST L G
tt 2 t hi_r. [ [ af .t

oL Shpasesend 2L ot de Khiydscanning | e ol Lo,

Gat @ hbi pakells e lieRYHRA B Fdrh@ 320G d i1 raigc%atlthlﬁye

last row. While a gate signal Is input to eac
scaghargel.nesh¥n,5whikey The IWmanracted tidd&ignal is

respective scanning line is
finished, the TFT SW connected to a respective scanning
line Y is set in an OFF state. Subsequently, another
gate signal is inputted to the scanning line of the
next row.

1 frame is defined as the time period Tl from the
point t0 when a gate signal Gatel is inputted to the
time tl when the inputting of a gate signal Gate final
is completed. 1 frame is usually about 16 ms.

When a drive signal (data) i1s inputted to a
respective signal line X at such a timing that a gate
signal is input to each scanning line Y, the pixel
electrodes P are electrically charged for each row. 1In
other words, the pixel electrodes P of different rows
are electrically charged. After the pixel electrodes P
are charged from the first row to the last row in the
order, that is, when the TFTs SW of all the rows are
set in the OFF state, the charge of each pixel

electrode P is held as it is for a time period
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set in an ON state. Wen a drive signal (data) is
inputted to a respective signal line X at this timng,
the pixel electrode P for each rowis electrically
charged. Then, when the input of the gate signal is 10
finished, the TFT SWconnected to a respective

scanning line Yis set in an OFF state. Subsequently,
another gate signal is inputteapto the scanning |line

of the next row 1 frane is defined as the tine

period T1 fromthe 15 point tO when a gate signa

Gat edquisva Iyt tied 4 of tdges timetiils wWaebodheehBput thngther

of a gate signal Gate final 1is conpleted. 1 frame is
usuawdydabpotite 16hasge Vihemai ttaieedi gnat¢acladaxilsary
inputted to a respective signal line X at such a

ti mRPaGEton ot coutsinnat respepuiveopbseh electrode.

scanning line Y, the |er el ectrodes P are
el ect %%*m/g%h%m@%tf%@ @abh Fotv aprilbrrercappastor that

th |, electrod diff t
el e #r}xtiaaﬂrrre 3 ohariiel 1 SR gl Bt baesTer ©o

are he, fir to the last .row,in th

55 oS ‘?h ST Gt T S PG B R} Gk 8 by
are 4S8€i he CFF state, the charge of each pixe
electrodeﬁ%k%s held as it is for a tine period 22

equi val enirt Or dchE apPRe | Pet Db SHROGLIBAL. tbNeBLPCErames,
words, the charge is maintained in each auxiliary

Cap&ElécOtrrdrh&foe&@Qt@rélslﬁréiéﬁﬁ@@@d iyt Xed leslredectrodes

The charge anmount held in the auxiliary capacitor that
P from the first row in the order, and thus the EB test
is carried out. Here, the holding time of the pixel
electrode P, for example, of the first row is a time
period equivalent to the total of a period from the
time when it is electrically charged until the scanning
line Y of the last row is scanned (1 frame) and 4
frames, that is, 5 frames.

By providing a certain holding time set as
described above, a pixel section 200 that has a very
weak leakage can be inspected when the leakage amount
Vo of the auxiliary capacitor has become large at the
time of the inspection, and thus it is possible to
recognize a defective pixel with such a small leakage.
The judgment of a defective pixel can be made by
comparing data Data of the pixel with the ideal data
regarding the electrical charge held by a normal pixel

electrode P.

In the above-described embodiment, the holding
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5 contains the pixel electrode P of the first rowto

which the gate signal Gatel is inputted indicated by

data Data. After the tine period equivalent to four
franes, electron beans are irradi ated onto the pixe
electrodes 10 P fromthe first rowin the order, and

thus the EB test is carried out. Here, the hol ding

time of the pixel electrode P23or exanple, of the

first rowis atine period equivalent to the total of

a period fromthe time when it is electrically

charged Widd dHHee sciamivtigenlSll nef id Ties | siBtarOW urned
is scanned (1 franme) and 4 franes, that is, 5 frames.

By pridvieditrey & hoerdanpil diolah ngf teheer giotg asll deScthdeanixel
above, a pixel section 200 that has a very weak

| eal@dgﬁectcrahietﬁe B rispeagtedavien 4 h%rar@%ﬁ(ag@ommmttm@ Meesent
of the auxiliary capacitor has becone |arge at th

ti mETERHEN nispd@l diECaiPihis 1inikeddsyibl J‘ér%rﬁesr but
def ect h [ ] k

The SR ST e e sa&&gﬁéw%esm”a el pyrame in

Con%ad'doqgja%% qu}}}aegegcetshse tpI 'I)iglr ge c%,'ogrrstd{] e:l*agtealol? n%# athe

25 regar rica

it c
Fhe 0'%%16 A R pol rgeegm%inrpm £ FEotding
TFTg iSW are ﬂmrg&%nﬁf aft erh{dDeRUPIRLIAON Pfframe 1s set

charging all of the pixel  electrodes Pis set to be 4

fr ames bhamy Jartdh e L SRIMiod as that of displaying when
the detected members are made into an actual product.
It is alternatively possible that the writing time for
charging a pixel electrode P for inspection with use of
the EB tester is set different from the holding time.
It should be noted that the holding time in the present
invention is set with referencé to 1 frame period of a
displaying operation of an actual product.

According to the array substrate inspection method
having the above-described structure, the leak amount
generated in the auxiliary capacitor can be measured in
a further strict manner, and thus the reliability of
the inspection of the array substrate can be improved.
Thus, it is possible to inhibit a product with a
defective liquid crystal display panel from being
diétributed.

This invention is not limited to the above-
described embodiment, but various modifications can be

made within the scope of the invention. For example,
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invention is not necessarily limted to 4 franes, but

5 the holding tine can be set to nore than 1 franme in
accordance with necessity. In consideration of the

i nspection efficiency, the upper Iimt of the hol ding
time is 10 seconds. In this enbodinment, 1 frane is set
to be the sane tine period as that of displaying when
10 the detected nenbers are nada i nto an actua

product. It is alternatively possible that the
witing tinme for charging a pixel electrode P for

I NSpERird Gh Wit tser wipistdle Fbdesdids P siseinsbhésesant
fromthe holding tine. It should be noted that the

hol diingstt,i nehe rpixdel plesemods invehtdoni ¢aslketchvitded.
reference to 1 frane period of a displaying operation
of dthegot vdli s ctrictinncer ATHY % edrenegtey sebshe agkarged
i nspection nmethod having the above-descri bed

st r Riifrle S RE Tk RifduRd Yehetredr i e nehatgs | tarheld
ca itor can be nmeasured in 20 further strict

pondeat L N LY G A IR E e e S AR YR

t he .arys S trat be i d.. Th it is.

e P IRk 80 BE ABLRYEY e dfiBs L Lihdiqeg onto

cr ysct}?é ﬂl’}?‘eo_ﬂ aé’lé’t?ﬂ?édé (rjp,m zﬂ%ﬁln&%g' Shd 'd.?é%&‘?%ae%; gféétrons

i nventi I'S not Imted to the above- escri

enbogdi TRl + fuH M8 OUse POLd 1 Cald OPSo&@Np D BABEE on the
within the scope of the invention. For exanple, 24

wheriah afbidHarye @@ r gl €d oeen £, i shé nspest edlectrode
first, the pixel electrode is electrically charged.
can be inspected.

It is alternatively possible that a scanning line
drive circuit 40 and a signal line drive circuit 50
that drives and a plurality of signal lines are built
as a drive circuit unit in the outer region of the
pixel region 30 on the array substrate 101 as shown in
FIG. 12. The signal line drive circuit 50 is made with
use of a TFT having a polysilicon semiconductor film as
in the case of the TFT SW.

The signal line drive circuit 50 is connected to
the connection pad group CPDp via the pad group PDp.
The connection pad group CPDp includes a logic
terminal, an inspection terminal, etc. that are
connected to the signal line drive circuit 50. When
video signals, clock signal and start pulse signal are
inputted to the signal line drive circuit 50, a shift
register that constitutes the signal line drive circuit

50 is driven and thus an output signal from the shift
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Then, while setting the TFT SWconnected to the

charged pixel electrode P in an OFF state, the charge

is held 5 for a period |longer than at |east 1 frane.

After holding the charge, an electron beamis

irradiated onto the pixel electrode P, and thus the
secondary electrons are emtted fromthe pixe

el ectrode P. Based on the data®f the secondary

el ectrons, the pixel electrode 10 can be inspected. It

is alternatively possible that a scanning line drive

ci rctedigife ants acst gnated i neBdranel ghiyi th&0cutpat, it is
drives and a plurality of signal lines are built as a

dri veuddgeduihetinét on nde Dutesigegl ohiné thevdScprzelit 50
region 30 on the array substrate 101 as shown in FIG

12. ThePsPRal line drive circuit 50 is made with use

of a TFT having a pol ysilicon sem conductor film as _

in the cak®e bRetRRNMTET de¥crhiedi ghaveri Abedeppbrol unit
circuif 50 is connected, to 20 the connection, pa

grotr%é E?%f?hgh%a CHYOupPt BBt SRREEQHNBRE ogzﬁaﬁo as
gro [ nel S ic stermnal, an_inspection

ter %%g%%‘%%? #ﬁatscg?l{‘ﬁ% heet e%r%%ét%%rg?bﬁagbl fhgd the

dri Vﬁ&ﬂéfuiinéodri’%”cii’wgg 5b 908! Spe Cé?%%gséggﬁgfate 101

and start pulse signal are I nputted to

l'iney o i vee GhF ok tudDs fushifhy §EOLSEBRAGLEAY analyzing the
constitutes the signal |ine drive CIrCUI? 50 I's

dri vt e Os 1 sl afh 4t PLUEwsd gtRtohgRM b desshhhingSline

register is outputted. By analyzing the output, it is
drive circuit 40 and the signal line drive circuit 50,
the scanning line drive circuit 40 and the signal line
drive circuit 50 can be electrically inspected.

As the drive signal is supplied to the scanning
line drive circuit 40 and the signal line drive circuit
50, the pixel electrode P can be electrically charged.
Therefore, it is possible to inspect it with electron
beams as described above.

As an array substrate 101 to be inspected, it
suffices 1f the substrate includes a drive circuit unit
built on the substrate and including at least one of
the scanning line drive circuit 40 that supplies drive
signals to scanning lines Y and the signal line drive
circuit 50 that supplies drive signals to signal lines
X. The TFT that constitutes the scanning line drive
circuit 40 and the signal line drive circuit 50 may not

be of a type using polysilicon.



judged whether or not the signal line drive circuit 50
is proper. In the nmanner described above, the contro
unit 5 324 controls the drive circuit control unit
322 so as to inspect the scanning Iine drive circuit
40 and the signal line drive circuit 50 on the array
substrate 101 via the probe unit 340. By detecting
and analyzing the drive signal2a hat flowed through
the scanning Iine 10 drive circuit 40 and the signa
line drive circuit 50, the scanning line drive
circuit 40 and the drghaitdiiaie Apgrliijveatciilricyrt 50 can
be electrically inspected. As the drive signal is
suppl i ed Aecerdinganmi tlye presenti Veventtant ¥Beaadis
the signal line drive circuit 15 50, the pixe

el et VdelT camaded ek rinere gt Baraje e r Ther efloserate,
i's g&?sible to inspect it with electron beans as

des 58 SHoVETP ALY At e 128 Skt Haf 0B 0he 2 BeaY
inspected, it , suffices if the substrate includes a
drii%&gﬁﬁﬁﬁ§ UHRE P DR ¥ t he substrate and

i ncluding at | east one of the scanning line drive
circuit 40 that supplies drive signals to scanning

lines Y and the signal line drive <circuit 50 that
supplies drive signals to signal lines X The TFT
that constitutes the scanning line drive 25 circuit 40
and the signal line drive circuit 50 may not be of a

type using polysilicon. 26 Industrial Applicability
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According to the present invention, there is provided
a nethod of inspecting an array substrate, which can
improve the reliability of the array 5 substrate
i nspection nethod. 27 CL Al MS 1. A nethod of
I nspecting an array substrate which conprises a

substrate, a plurality of scanning |lines forned on
the substrate and each extendimyin a 5 row .
direction, a plurality of signal |ines each extending

in a columm direction to intersect the scanning

lines, a plurality of switchi.ng &l mments each forned
inavicinity of an intersection of the respective
scanni ng li neAandthbe oéspespeveisgganl atbayi sepsandta
plurality of pixel electrodes connected respectively

to t'Helgh wwampEise? aswekhinytel ereplerahiityapf angedning
in matrix, _ the nmethod conprising: charging the , '

pl urti®sy TPrprske?n ebRt ¢ oRrekrakycerd seael yewkendapg in a
electric char ge; infaining the electrica

| 15
char’gd’ fOr &t pridded e?ﬁ’i"allﬁgglﬂ’ n%gp%wrbﬂi \?\ﬂijr?%s each
[ i i h i tchi | t ted to.t
i e, SIS o PO comesi g, e,
. ed | . t :
kg ol e sean Lo e pLUKaLLL 0?0, cac
chargeried fhea pyLaed ef 7 Hedak | PR PLEELAI o the

i nspecting the pixel electrode based on data of a
secasigfgctive scanning line and the respective signal
line, and a plurality of pixel electrodes connected
respectively to the plurality of switching elements and
arranged in matrix, the method comprising:
charging the plurality of pixel electrodes
successively with an electrical charge;
maintaining the electrical charge for a
predetermined time period while maintaining the
switching element connected to the charged pixel
electrode in an off state; and
irradiating an electron beam to the plurality of
pixel electrodes after maintaining the electrical
charge for the predetermined time period and inspecting
the pixel electrode based on data of a secondary
electron emitted from the pixel electrode.
2. The inspecting method according to claim 1,
wherein the array substrate further comprises a drive

circuit unit built on the substrate and including a

scanning line drive circuit configured to supply a
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electron emtted fromthe pixel electrode. 2. The

i nspecting method according to claiml1, 25 wherein

the array substrate further conprises a drive circuit

unit built on the substrate and including a scanning

line drive circuit configured to supply a 28 drive

signal to each of the plurality of scanning |lines and

a signal line drive circuit condg¢gured to supply a

drive signal to each of the plurality of signal |ines.

3. The inspecting nethod according to claim2, 5

wheraét hvée heigmavetci esdht ofintheapdutheiswi bEnsBEnning lines
el ements each include a thin filmtransistor that uses

pol yaidi zowigral Théne ndpeeei ajroeihodonftgndedgtbosupply a
claiml1l, wherein the plurality of pixel electrodes

are @Fiepgetonad ta dathepéntheomdurslipvnefhedgoal lines.

i nspecting an_array substrate which conprises a '
substrate’-a pMaralPP§CEingcBARPAY arrResingr kedcdain 2,

th bst r at h extending,in a_  row direction
oIS e T EhEE FEARS Eatht §o2 8%t ERG: AU ERPARS

col u ' t] to intersect, the_.scapning.lines,. a
pIur%??ﬁ%ﬁgg %%??ch?%gué?eﬁe%?énegﬁim Eﬁﬁﬁ%asﬁﬂrathat uses
viciphiysofi@fnintersection of the respective

scanning line and the respective signal line, and a
pluralitysof phxeinspeetingencenBnestedrddng to claim 1,

respectively to the plurality of switching él enents
and wigs rengethe npIRE&1 Xt yt B PELODdeTOAPFbEEBJare arranged
in different rows.

5. A method of inspecting an array substrate
which comprises a substrate, a plurality of scanning
lines formed on the substrate and each extending in a
row direction, a plurality of signal lines each
extending in a column direction to intersect the
scanning lines, a plurality of switching elements each
formed in a vicinity of an intersection of the
respective scanning line and the respective signal
line, and a plurality of pixel electrodes connected
respectively to the plurality of switching elements and
arranged in matrix, the method comprising:

charging an arbitrary pixel electrode with an
electrical charge;

maintaining the electrical charge for a time
period longer-than at least one frame period while
maintaining the switching element connected to the

charged pixel electrode in an off state; and
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charging an arbitrary pixel electrode wth an

el ectrical charge; nmaintaining the electrical charge
for atinme 25 period |longer than at | east one frane
period while maintaining the switching el ement
connected to the charged pixel electrode in an off
state; and 29 irradiating an electron beamto the

pi xel el ectrode and inspectingedhe pixel electrode
based on data of a secondary electron emtted from
the pixel electrode. 5 6. The inspecting nethod
accordi ngitpadlat g, anweeeetnohhBegheebr Laal pehange

is maintained for a 4 franme period or longer. 7.. The
i nspebed¢igedet ind Acspedihggt ohel piged, elvberetd bheed on
array substrate further conprises a drive 10 circuit
uni t9%kR 12f on $eeoRWUBLY ratechndni aoi utedgf adml ehst porel
of a scanning line drive circuit configured to supply
a drflREETYHAl to each of the plurality of scanning
l'ines and_a s'gnal line drive circuit configured to
supply a @rivt Qi JhEPetblRAcRebROEh_CEs Pl n@abPt glatm 5,
sig [.nes... 8. The inspecting nmethod according_to

ol o e d A d R IR A et i e S e fiero? a 4
sw tghing p%:'([%@' reﬁglpgéppl ude a thin filmtransistor

t hat uses ol ysili1con.
7.. The inspecting method according to claim 5,

wherein the array substrate further comprises a drive
circuit unit built on the substrate and including at
least one of a scanning line drive circuit configured
to supply a drive signal to each of the plurality of
scanning lines and a signal line drive ciréuit
configured to supply a drive signal to each of the
plurality of signal lines.

8. The inspecting method according to claim 7,
wherein the drive circuit unit and the switching
element each include a thin film transistor that uses

polysilicon.



