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LIQUID CRYSTAL DISPLAY ELEMENT AND
METHOD FOR TREATING DEFECTIVE FIXELS
THEREIN

BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to 3 dispiay device
which performs its display functicn by applying driving
signals 1o pixel electrodes via switching elements, sod
more particularly to an active matrix driving type dis-
play device which performs high-density display by
using pinel electrodes arranged in a matrix patern.

2. Description of the Prior Art:

In baid | display devices, EL display devi
plastna display devices and the Like, it is known bow to
prodnceldisphypanmonambyzlwﬁvdy
driving pixel electrodes arranged in a matrix pattern. In
sach display devices, voltage is applied between each
selected pizel dectrode and a counter electrode dis-
posed facing it, to optically modulate a display medium
such as biquid crystal or the liks interposed berween
these electrodes. This optical modulation is recognized
as a display pattern. As o moethod for driving pixel elec-
trodes, an active matrix driving method is known in
which independent pixel electrodes are arrayed and are
driven via switching eiements connected 10 the respec-
tive pizel electrodes. As the switching elements used 1o
selectively drive the pixel elecrodes, TFT (thin fim
transistor) elements, MIM (metal-insulator-metal) ele-
meats, MOS transistors, diodes, varistors, etc. are gen-
erally kmown. Because the active matrix driving method
is capable of performing high contrast display, it has
been put 10 practical mse in liquid crysual relevisions,
word processors, computer terminal displays and the
like

FIGS. 21 and 22 are plan views of active matrix sub-
strates used in active matrix display devices according
to a prior art. On the substrate shown in FIG. 21, source
bus lines 23 are disposed in paralicl and intersecting at
right angles with gate bus lines 21 which are arranged

with each other. A pixel electrode 41 is dis-
posed in each rectangular ares surrounded by two gate
bos lines 21 and two source bus lines 23. On each gate
bus line 21 and adiacent 10 the intersection of the gate
bus line 21 and the source bus line 23, there is formed 2
TFT 31 which functions as & switching element, a por-
tion of the gate bus line 21 functioning as the gate elec-
trode of the TFT 31. The drain electrode of the TFT 31
is dlectrically connected to the pixel eiectrode 41, while
a branch line branching from the source bus line 23 is
connected to the source clectrode of the TFT 31.

The sctive matrix substrate of FIG. 22 is the same as
that of FIG. 21 except that the construction sround the
TFT 31 is different. In FIG. 22, the TFT 31 is formed
on & gate bus branch line 22 branching from the gate bus
line 21, a portion of the gate bus branch line 22 function-
ing as the gate electrode of the TFT 31.

To achieve high-density display using such display
devicas, it is necessary to array a great number of pixel
electrodes 41 and TFTs 31 However, there may be
cases in which some TFTs 31 have been aiready formed
as defective TFTs when they are formed on & substrate.
The pixel electrodes connected to such a defective TFT
cause defective pixel elements that do not contribute to
the display. Such defective pixel elements result in sub-
stantial damage to the image quality of the display de-
vice, and therefors, greatly reduces the product yield.

1

0

65

2
Display devices having constructions to correct the
defective TFTs are disclosed in Japanese Laid-Open
Patent Poblications Now 2-133324, 2-294623 and
2-254423. These display devices comprise spare TF s
which are cotmected to a pixel element electrode con-
nected 1o the defective TFT.

There are two major cases of causes for the defective
pixddmtOubtheﬁﬂmwmﬁldGﬂychrge
the pixel electrode during the period in which the pixel
electrode i telected by a scamming signal (hereinafter
referred 10 as the “on-failure™). The otber &s a fadlore
that causes the charge in the charged pixel electrode 10
jeak during the period in which the pixel electrode is
not selected (hereinafier referred 10 as the “off-fail-
ure™). The on-failure is atrributable to & defective TFT.
The off-failure is caused either by clectrical leakage via
the TFT or by electrical leakage betwesn the pixel
clactrode and the bus line. In either canses of failure,
since necessary voltage is not spplisd between the pixel
electrode and the covnter clectode, 8 defective pixel
element s prodoced. When such fajlures occar, the
defective pize] clement appears as a bright spot in the
normally white mode in which light transmittance is the
highest when the voltage applied between the pixel
electrode and the counter electrode is 0 V, and a5 a
black spot in the normally black mode in which Light
transatittance is the lowest when the voltage s 0 V.

Such a defective pixel element can be corrected by
performing laser trimming, etc. However, correction of
the dafective pizel clement must be done on an active
matrix substrate before the substrate is assembled into a
display device. It is easy to detect pixel defects after the
display device has been assembled, but it is extremely
difficult to detect pixel defects in an sctive matrix sub-
strate before assembly, particularly in the case of 2
large-size display device having 100,000 to 500,000
pixels. Even if the detection snd the correction of the
defactive pixel electrode can be achieved, it requires a
high precision messuring instroment as disclosed in
Japanese Laid-Open Patent Publication No. 1-144092. 1t
involves a complicated inspection process and is detri-
mexntal to mass production efficiency 10 examire the
electrical characteristics of all pixe] electrodes and de-
tact the defective TFTs. I1 therefore causes an increase
in costs. For these reasons, as the situation stands now,
it is not possible to correet defective pixels in an active
matrix substrate before being assembled by the above-
mentioned method uting a laser beam in the case of
large-size dispiay devices having s great nomber of
pixels.

SUMMARY OF THE INVENTION

The active matrix device of this inveation, which
overcomes the sbove-discussed and numerous other
disadvantages and deficiencies of the prior art, com-
prises a pair of insulating substrates at least one of which
is light transmitting; scanning lines arranged on one of
said pair of substrates; scanming branch lines each
branching from said scanming line; and switching ele-
ments each formed on an end portion of said scanning
branch line, wherein the distance between the scanning
line side of said switching element and said scanning
line is so provided as to enabie said scanning branch line
to be cut off by irradiation with light energy.

In a preferred embodirent, the active matrix dispiay
device further comprisas a pixel electrode connected to
said switching clement and a supplemental capacitor

SHC 001209
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clectrode disposed opposite to said pixa] electrode with
a0 insnlating flm interposed therchetween, a sopple-
mental capacitor being formed between said pizel elec-
trode and said supplemental capaciior eiectrode.

In a preferred embodiment, the active matrix display
device further comprises & pixel electrode connected to
said switchimg element and disposed opposite 10 & scan-
ning line adjacent 1o said scanning line with an insulat-
ing film imterposed thereberween, s supplemental ca-
pacitor being formed at the superimposing partion of
said pizel clectrode and said adjacent scanming line.

Alteratively, the active matrix display device of this
mvention comprises: a pair of insulating sabstrates at
icast one of which is light transmitting: scanning lines
srmanged oo ooe of sid pair of substrates; scanning
pranch lines each branching from said scanning Line;
and switching ejements each formed on an end portion
of said scanning brasch line, wherein a portion of said
scanping branch kne other than the porticn thereof
where said switching clement is formed is aarrower
than that of the porton thereof where said switching
element s formed.

In a preferred embodiment, said aarrower width por-
tion is formed by cutting one or the other side of a
pomonofmdmnmgbﬂnc.hlmeotbathmthemr—
tion thereof where said switching element is formed.

In a preferred embodiment, the active matrix display
device further comprises a pizel electrode connected 0
said switching element and 2 supplemental capacitor
electrode disposed opposite to said pixel electrode with
an insulsting film inteyposed therchetween, a supple-
mental capecitor being formed between said pixel elec-
trode and said supplemental capacitor electrode.

1n a preferred embodiment, the sctive matrix display
device further comprises a pixel electrode connected to
said switching element and disposed opposite to a scan-
ning line adjacent to said scanning line with an insulat-
ing film interposed therebetween, a supplemental ca-
pacitor being formed at the superimposed portion of
said pixe] electrode and said adjacent scanning line.

The method of mapufacturing an active matrix dis-
piay device of this invention comprises the steps of:
forming an active matriz substrate which comprises an
insulsting substrate, scanning lines and signal lines ar-
ranged in vertical and horizontal directions oo said
substrate, scanning branch lines each branching from
said scanning line, switching elements each formed oo
an end portion of said scanning branch line, and pixel
electrodes each connected to said switching clement,
the distance between the scanning line side of said
switching element and said scanning line being 50 pro-
vided as to allow said scanning branch line to be cut off
by irradiation with Light energy; attaching an opposing
substrate to said active matrix substrate with a display
medium sundwiched between said active matrix sub-
strate and said opposing substrate; detecting & pixel
defect by applying a driving voltage to said pixel eiec-
trodes from said scanning lines and said signal lines via
said switching elements; and frradiating light energy
onte the switching element connected 1o a defective
pixel electrode causing said pizel defect to electricaily
connect said defective pixel electrode to said signal line,
and irradinting light energy onto said scanning branch
line 1o disconnect said scanming branch line from said
scanning line.

Alternatively, the active matrix dispiay device com-
prises 2 pair of insulating substrates at least one of which
is light transmitting; scanning lines and signal lines ar-

3
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4
ranged I vertical and borizootal directions on one of
said pair of substrates; and pixel clectrodes each con-
pected t0 said scanning line and said signal Ene via a
switching element The active matrix display device
forther comprises & conductive layer disposed onder
mdngullmemduxdpualdwu‘odewnkmmm

conpected to mid scanning line and said signal lne vis a
switching element The active matriz dispiay device
further comprises a conductive isyer disposed ooder
said signal line and s pair of adjacent pixel electrodes
with an msolating film mterposed therebetween; and
conductive pieces each formed between said inslating
film and ooe of mid pair of pixel electrodes.

1n a preferred embodiment, said conductive layer is
electrically connected 10 a scanning line adjacent to said
scanning line connected to said pxel electrode with an
25 anodic oxide film formed on said conductive layer.

In a preferred embodiment, the active matrix display
device further comprises a supplemental capacitor elec-
insulating film interposed therebetwesn, wherein ssid
conductive layer is clectrically comnected to said sup-
plemental capacitor electrode, and as anodic oxide film
is formed on said conductive layer.

The method of masufacturing an sctive matrix dis-
play device of this invention comprises the steps of:
forming an active matrix substrate which comprises an
insulating substrate, scanning lines and signal lines ar-
ranged in vertical and horizontal directions on said
substrate, pixel electrodes each connected to said scan-
ning Line and said signal line via a switching element,
conductive layers esch disposed under said signat line
and said pixel electrode with an insulating film inter-
posed therebetween, and condoctive pieces each
fo:medbetwemmdpneldmund:mdmdmuhmg

Alm; artaching an opposing substrate to said active ma-
triz substrate with a display mediuvm sandwiched be-
tween said active matrix substrate and said opposing
substrate; detecting a pixel electrode by applying a
driving voltage to said pixel electrodes from said scan-
ning lines and said signal lines via said switching ele-
ments; and iradiating light energy onto the superim-
posed portion of said conductive layer and said conduc-
tive piece connected 1o & defective pizel electrode caps-
ing said pizel defect to electrically connect said defec-
tive pixel electrode to said conductive layer, and irradi-
ating light energy onto the superimposed portion of said
signal fne and said conductive layer to clectrically
connect said signal line to said conductive layer.

In the active matrix display device of the present
invention, when an on-failure or off-failure occurs be-
cause of a defective switching element, occurrence of a
weak leakage current between a signal line and a pixel
electrode, or the other reasons, the defective pixel can
be corrected in an assembled display device. First, the
scanning branch line concerned is cut off by irradiating
2 laser beam. In the display device of the present inven-
tion, the distance between the scanning line side of &
switching element and the scanning line is so provided
as to allow the scanning branch line 10 be cut off by

SHC 001210
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tradiation of light encrEy sach as a laser beam or the
Iike. Also, in another embodimen of the present mven-
tion, the scanning branch tne is provided with a portion
having a reduced width 50 a3 1o facilitate the cutting
thereof by laser besm tradiation. Thercfore, in the
display device of the present mvention, the scanning
branch line can be refiably cut off.

Next, light energy & irradiated 10 electrically inter-
connect the electrode of the switching element con-
nected 10 the pixel elecirode and the clectrode thereof
compected 10 the signal line When the switching ele-
ment is 2 TET, the electrical interconnection is made by
wrradiazing light energy onto the superimposed porticn
of the source electrode and the gate clectrode and also
on1o the superimpased portion of the drain electrode
and the gate electrode. When a faser beam is used as the

In an active matrix display device having the condonc-
tive layer and the conductive piece of the present inven-
tion, when an on-failure or off-failare occurs becaose of
s defective switching element, occurrence of a8 weak
leakage current berween a signal line and & pixel eiec-
trode, or the other reasons, the defect can be corrected
in an assembled display device. First, light energy is
jrradiated omto the superimposed portion of the signal
line and the conductive layer 10 electrically intercon-
nect the signal line and the conductive layer. Next, light
energy is projected onto the superimposed portion of
the conductive layer and the conductive piece to elec-
trically interconnect the conductive layer and the con-
ductive piece. Thus, the signal iine and the pizel elec-
trode are directly interconnested electrically withoot
interposition of the switching element. Further, in the
construction in whick the conductive layer is electri-
cally connected to the scanning line or to the supple-
mental capacitor electrode, the electrical connection
between the copductive layer and the scanning line or
the supplemental capacitor electrode is cut by irradiat-
ing light cnergy. :

Referring now to FIG. 20, it will be explaned bow
the voltage is applied to the pixel electrode which has
been directly connected to the signal line in the above
manner (bereinafter referred 10 as the “corrected pixel
electrode™). In FIG. 20, Gy represents the relationship
of the signal voltage (plotted along the ondinate) on the

10

25

45

0

n—t.hmn‘:uglinewiuhmpecttotheﬁme@longi._

along the abscissa) while Su iDustrates the relationship
of the nigna) voltage (plotted along the ordinate) on the
m-th signal line with respect to the time (plotted along
the sbscissa). P indicates the voltage applied to 2
normal pixel electrode connected to the p-th scanning
line and the m-th signil line. P"y o indicates the voitage
applied to a corrected pixel electrode connectad to the
p-th scamning line and the m-th signal line.

As shown in G, a0d Gu+1, & signal (V) for sequen-
tially selecting the switching clements is output on the
scanning fine during a selection time Ten. Correspond-
ing to the selection time Toq on the scanning line, a
video signal voltage Vg is output on the signal line, and
in the case of a normal pixe! electrode, the video signal
voltage Vg is held during a non-selection time Toras
shown in Pem Then, when the next seiection signal

55

65

6
vohage Va is applied, 2 video signal — Vo is applied to
the signai tne.
Ontheo;hshnd._iatheagofncon_ead'pu@l

Therefore, the pixel does DOt Appear as a CoMn-
plete bright spot or black spot but prodaces s doplay
i brightoess of the pixels arrayed
Ine. Thos, the defect of the pixel is
made extremely difficult to discern.

1t is required that the connections made in the sbove
manner have an electrical resistance lower than the

the signal voltage varying at every selection time of the
switching eiement will not be completely writien in the
carrected pixel electrode, reducing the root-mean-
square value of the voltage spplied to the carrected
pixel electrode. In soch 2 conditicn, the difference i
brightness increases between the pixel driven by the
correcied pixel electrode and the normally operating
pixels, so that the pize! defect becomes visually discern-
ible.

Thus, it is an object of the present invention to pro-
vide an active matrix dispiay device in which any pixel
defect can be corrected to an undiscernible level within
the assembled display device itsell. It is another object
of the present invention 1o provide & method of mans-
facmrhgmaaivemtxixdisphydevieeinwhichm
pizel defect can be corrected 10 &0 undiscernible level in
an assembled display device

In the active matrix dispiay device of the present
invention, any pixel defect can be corrected to an undis-
ceraible level with the display device in an assembled
condition under which the pixel defect is easy 10 detect
Therefore, according 1o the present inventicn, the dis-
play device can be manufactured at a high yicld ratio,
thus contributing to a reduction of the cost of the dis-
play device.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better cnderstood and its nu-
merous objects and advantages will become apparent to
those skilled in the art by reference tc the accompany-
ing drawings as follows:

FIG. 1 is a plan view of an active matrix substrate
used in an active matrix display device of the present
invention.

FIG. 2 is an enlarged pian view of a TFT and its
adjscent portions as shown in FIG. L

F1G. 3 is a cross sectional view of a display device
using the substrate of FIG. 1, taken along line S—S in
FIG. L

F1GS. 4 and § are plan views of other embodiments
each having a supplemental capacitor.

FIG. 6 is a plan view showing an embodiment with a
gate bus branch line having a reduced width portion.

SHC 001211
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in FIG. 2, that i3, omto the portions indicated by arrows
26 and 27 in F1G. 3. As & result, the source electrode 32
and the gate electrode 25 are electrically interconsected

electrode 25.

Since the signal from the source bus line 23 is applied
at all times 10 the pixel clectrode 41 (corrected pixc!
electrode) connected to the TFT 31 corrected in the

sponding to the roct
spplied 1o the source bus kne 23, the pixel does not
appear a5 3 complete bright spot or biack spot but per-
forms display having the average brightness of the pix-
els arrayed along the source bus line 23. Thos, the de-
fect of the pixel is made extremely difficult 10 discern.

Even if the laser beam irradiates as described zbove,
since the protective film 17 is formed over the gate bus
Sranch line 22 and the TFT 31, molten metals or other
foreign matter are prevented from entering the display
medium, ie. the hiquid crystal layer 18, and therefors,
no detriznental effects are caused to the display. Also, it
has been found that by changing the irradiating condi-
tions of the laser beam, the same laser beam can be used

between the gate electrode 25, sowce electrode 32, and

25

30

L

drain electrode 33 of the TFT 31 may be made prior o

the carting of the gate bus branck line 22.

The constroction of the present invention may akso be
applied 10 an active matrix display device baving a
suppiemental capacitor 42 a3 shown in FIG. 4. The
display device of FIG. 4 is identical 1o the foreguing
embodirnent iflustrated in FIGS. 1 to 3, except that the
supplemental capacitor 42 is provided. The supplemen-
tal capacitor 42 is formed on the i portion
{shaded portion) of the pixel electrode 41 and a supple-
mental capacitor electrode 24 disposed on the substrate
1 in paralle] with the gate bus line 21. In the display
device of F1G. 4 also, pixel defects can be corrected in
the same manner a3 in the foregoing embodiment ilus-
trated in FIGS. 10 3.

Furthermore, the present invention can be spplied 10
an active matrix display device having a coostruction
like that shown in FIG. 5. The display device shown is
5o constructed &3 10 prevent the opening area from
being reduced by the provision of the supplemental
capacitor 42 which is the case with the display device of
FIG. 4. That is, in the display device of FIG. 5, the gate
bus tine 21 is enlarged in width 50 as to be superimposed
on a portion of the pixel electrode 41. According to this
construction, the adjacent gate bus line 21 which is in a
non-selectad condition can be nsed as the supplemental
capacitor electrode. Further, since no gap is created
between the gate bus line 21 and the supplemental ca-

45

33

0

65
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pacitor electrode 24 anliks the coastructios of F1G. &,
the opening ares is from being recuced Ia
this display device slsa, pixel defects can be corrected
in the same manner as in the foregoing embodiment
fllustrated in FIGS. 10 3

FIG. 6 shows a plan view of an active matrix sub-
straie used in another embodiment of the display device
of the present inventian. This embodiment has the same
coastruction as that of the embodiment illustrated in
FIG. 1, eacept that the shape of the gate bus branch line
22 is different when viewed from the top. The crom
sectional view of a display device using the substrate of
FIG. &, taken along line R—R in FIG. 6, is the same a5
shown in FIG. 3 previously described. Referring to
FIG. 7, the construction around the TFT 31 of this
embodiment will be pow explained. As previcusly de-
scribed, the TFT 31 is formed oo the gate bus branch
line 22 branching from the gate bus kine 21 The dramn
electrode 33 of the TFT 31 is electrically connected to

. the pixel electrode 41 while the sonrce electrode 32

thereof is electrically connected 1o the soarce bus knc
23. A portion of tbe gate bus branch line 22 other than
the portion thereof where the TFT 31 is formed has a
width narrower than that of the portion thereof where
the TFT 31 s formed. By providing such s narrower
width portion, it is possible to make the distance Y
between the pixel electrode 41 and the gate bus branch
fine 22 larger than that in the prior art previously ilha-
watad with reference o FIG. 22 The provisica of &
safficiently Jong distance Y allows the gate bus branch
iine 22 to be cut off more easily and reliably using light
energy such ss a laser beam or the like It has been
confirmed that the line can be cut off reliably if the
distance Y is 10 pm or more. If the distance Y is smaller
than 10 pm, it not only makes it impossible to cut off the
gate bus branch line 22 without damaging the TFT 31
but also gives rise to & possibility that the irradiation by
laser beam may adversely affect the intersection of the
gate bus line 21 and the source bus lme 23 and may
cause insulation failure betwees the bus lines 21 and 23.

In the active matrix display device of the above con-
straction, when the TFT 31 becomes defective or when
a weak leaknge current flows between the source bus
line 23 and the pixel electrode 41, a pixel defect occurs.
If this bappens, the defect is corrected in the same man-
per as in the foregoing cmbodiment Tustrated in FIG.
1. First, light energy is irradiated oato an arca 51 indi-
cated by & broken tine in F1G. 7, to cut off the gate bus
branch line 22. As s resuilt, the gate bus branch bne 22 is
ously described, since the gate bus branch line 22 has a
portion where the width is narrower than the portion
thereof on which the TFT 31 is formad, the gate bus
branch line 22 can be cut off easily and reliably. Next,
the laser beam is irradisted onto areas 52 and 53 indi-
cated by broken lines in FIG. 7. As & result, the source
electrode 32 and the drain electrode 33 are clectrically
interconnected via the gate electrode 25.

The signzl from the source bus line 23 is applied at all
times to the pizel electrode 43 (correcied pizel elec-
trode) connected to the TFT 31 corrected in the above
manner. Therefore, the pixel defect is made extremely
difficult to discers.

The gate bus branch line 22, when viewed from the
top, may be formed as shown in FIG. 8A or FIG. 8B.1n
the gate bus branch line 22 shown in FIG. 8A, the por-
tion having a reduced width is formed by removing a
portion from the pixel electrode 41 side of the gate bus
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‘Sranch line 22 shown i F1G. 4. Likewise, in the gate
bus branch line 22 shown in FIG. 8B, the portion hav-
ing » reduced width & formed by removing a portioa
from the tource bus kine 23 side of the gate bus branch
line sthown m FIG. 21

The present invention may also be applied 1o an ac-
tive matrix display device having a supplemental capac-
itor 42 as shown m FIG. 9. The display device of FIG.
9 is identical to the foregoing embodinent Hlvstrated in
FIG. 6, except that a supplemental capacitor 42 is pro-
vided. The supplemental capacitor 42 is formed on the
siperimposed portion (shaded portion) of the pixel elec-
trode and 2 supplemental capacitor electrode 24 that is
disposed on the substrate 1 in paraliel with the gate bus
fine 21. In the display device of F1G. 5 also, pixel de-
fects can be corrected in the same manner as in the
foregoing embodiment liustrated in FIG. 6

Furthermore, the present invention can be applied to
an active matrix display device baving & construction as
shown in F1G. 10. The displsy device shown is so coa-
structed as to prevent the opening ares from being re-
duced by the provision of the supplemental capacitor 42
which is the case with the display device of FIG. 8.
That is, in the display device of FI1G. 10, the gate bus
line 21 is enlarged i width 5o as to be superimposed on
a portion of the pixel electrode 41. According to this
construction, the adjacent gate bus line 21 which s ina
non-selected condition can be used as the supplemental
capacitor elsctrode. Further, since no gap is created
betwesn the gate bus line 21 and the supplemental ca-
pacitor electrode 24 unlike the construction of FIG. 9,
the opening ares is prevented from being reduced. In
this display device also, pixel defects can be corrected
in tbe same manner as in the foregoing embodiment
illnstrated in FIG. 6.

Any of the embodiments shown in F1GS. 1 to 10 uses
2 TFT as the switching element. For the embodiments
of FIGS. 1 to 10, there can be used any switching ele-
ment as long as the signal line side electrode and the
pixel electrode side electrode thereof can be electrically
interconnected by irradiating light esergy such as a
laser beam or the ke

FIG. 31 shows 2 pian view of an active matrix sub-
strate in st} another embodiment of the present inven-
tion. FIG. 12A is a view of an enlarged portion of &
conductive iayer 34 of FIG. 11, and F1G. 12B shows a
cross sectional view taken slong line P—P in FIG. 11.
The cross sectional view of a display device using the
substrate of FIG. 11, taken along line Q—Q ir FIG. 11,
is the same as shown in FIG. 3 previously described.
The following describes the active matrix display de-
vice of this embodiment in the sequence of its manufac-
turing steps. A gate bus line 21, a gate bus branch line 22
branching from the gate bus line 21, and a conductive
layer M are simultaneocsly formed on s glass subsirate
1. Genenally, the gate bus fine 21 and the gate bus
branch line 22 are formed from a single or multipie
layers of such metals as Ta, Ti, Al, Cr, etc. In this em-
bodiment, Ta is used as the materisl. The conductive
izyer 34 is formed from the same metal as used for the
gatz bus line 21. The gate bus line 21, the gate bus
branch line 22, and the conductive layer M are formed
by patterning the Ta metal isyer which is formed by
sputteting. A base coat film formed from Tay0;3 or the
like may be formed on the glass substrate 1 prior to the
formation of the gate bus line 21, the gate bus branch
line 22, and the conductive layer 34.

s
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A base imsulating fitm 11 made of SiN; is formed over
the entire surface covering the gate bus line 21, the gate
bus brasch line 22, and the conductive layer 34. The
Tuhsnhﬁn;ﬁlmuisdepodwdwnﬁcmdm

using the plasma CVD technique.

Next, a TFT 31 is formed on an end portion of the
gate bus branch line 22 with a porton of the gate dus
branch line 22 functioning as the gate electrode 25 of
the TFT 31. After forming the gate insulating film 11 a5
describe sbove, 3-Si layer which is later formed as &
chanpel layer 12 and an SiNy layer which is later formed
25 an etching stopper layer 13 are deposited. The thick-
ness of the a-Si layer is 300 A, and that of the SiN, layer
is 2000 A. Next, the SiN; layer i patterned to form the
etrching stopper layer 13. Furthermore, over the entire
surfaces of the »-Si layer and the etching stopper layer
13, a0 n+-a-5i layer doped with P (phosphorus) which
s later formed as comact layers 14 and M4 8 deposited
to s thickpess of 800 A using the plasms CVD tech-
niqoe After that, the &-Si layer and the a+.e-Si layer
are simultaneonaly 1o form the channel layer
12 and the coutact Iayers 14 and 14.

Next, a Tt metal layer is formed which is later formed
s a source electrode 12, & s0qrce bus line 23 to function
23 & signal fine, a drain electrode 33, and a conductive
piece 35. Genenally, the source bus line 23 and others
are formed from a single or multiple layer of such met-
als as Ti, Al, Mo, Cr, etc. In this embodiment, Ti i used
as the material. The Ti metal layer is deposited by using
a sputtering technique. The Ti metal layer is patternes
1o form the source electrode 32, the source bus line 23,
the drain clectrode 33, and the conductive piece 35. The
source bus line 23 and the gate bus iine 21 intersect each
other with the gate insulating film 11 interposed there-
between. As shown in FIG. 12B, the source bus line 23
is formed 3o as 10 be superimposed on sn end partion of
the conductive layer 3 with the gate insylating film 11
interposed therebetween. Above the other end portion
of the conductive layer 34 on which the source bus line
23 is not soperimposed, the conductive piece 35 is
formed with the gate insulating film 11 mterposed
therebetween.

Next, 2 pixel electrode 41 made of ITO (indium tin
oxide) is formed in a rectangnlar ares surrounded by the
gate bus line 21 and the source bus line 23, as shown in
FIG. 11 The pixei electrode 41 is i oo an
end portion of the drain electrode 33 of the TFT 31 for
dectrical connection to the drain electrode 33. The
pixel electrode 41 is also formed 50 as to be superim-
posed on the conductive piece 35, as shown in FIG.
12B

Further, over the entire sarface of the substrate ou
which the pixel electrode 41 are formed, a protective
film 17 made of SiN, is deposited. The protective film
17 may be formed in the thape of & window
above the central portion of the pixel electrode 41. An
orienstion film 19 is formed over the protective film 17.
On 2 glass substrate 2 disposed opposite 1o the glass
substrate 1, there are formed a counter electrode 3 and
an orientation film 9. A liquid crystal layer 18 is charged
betwern the substrates 1 and 2 to complete the active
matrix display device of the present invention.

In the active matrix display device of the sbove con-
struction, when the TFT 31 becomes defective or when
a weak leakage current flows between the source bus
line 23 and the pixcl electrode 41, a pixei defect oconrs.
If this happens, correction is made in the following
manner. First, light energy is radiated onto a superim-
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posed region 61 of the source bus line 23 and the coo-
ductive layer 34, the region being indicated by s broken
tine in FIG. 12A (2 portion indicated by an arrow &5 in
F1G. 12B), snd abso onto a i ing region &2 of
the capductive layer 34 ind the coaductive picce 35 (a
portion indicated by an srow 64 @ FIG. 12B). As a
rmh.mgmbmben.thecmdmhw&
mdth:mdmpﬂzlsmmﬂy intercon-
nected. Since the conductive piece 35 is electrically
connected w0 the pixel clectrode 41, the pixel electrode
41 & now conpected electrically to the source bes ke
23. In this embodiment 2isc, 4 YAG laser beam (wave
length:1064 om) is wed as the light energy. The laser
beam may irradiate either through the substrate 1 of
through the substrate 2 (FIG. 3). When a light shield
film is formed on the sobstraze 2, which is often the case,
the laser besm irradiates through the substrate L In this
substrate L

Since the signal from the source bus line 23 s spplied
at all times t0 the pixel electrode 41 (corrected pixel
electrode) via the conductive layer 34, the corrected
pixel electrode is unable w function properly. How-
ever, since the pixel driven by the corrected pixel elec-
trode performs a dispiay corresponding to the root-
mean-square value of the signal applied to the source
bus line 23, the pizel does not appear as a complete
bright spot or black spot but performs a display having
the average brightmess of the pixels arrayed along the
source bus line 23. Thus, the pixel defect is made ex-
tremely difficult to discern.

Even if the laser benm is irradiated as described
above, since the protective film 17 is formed over the
superimposing area of the conductive layer 34 and the
source bus line 23 as well as over the superposed area of
the conductive layer 34 and the conductive piece 35,
molten metals or other foreign marter are prevented
from entering the display medium, i.c. the liquid crystal
layer 18, and theresfore, no detrimental effects are
caused to the display.

FIG. 13A to FIG. 13C show other embx- iments of
active matrix substrates each used in the dispiay device
of the present invention. in the substrate of FIG. 13A,
the source bus line 23 is provided with s projection 23q
which it superimposed om the conductive layer 4.
Other construction inchiding the conductive piece 35,
etc. i the same as that of FIG. 11

In the embodiment iliustrated in FIG. 11, the conduc-
tive layer 34 and the conductive piece 35 are disposed
spaced apart from the TFT 31, but may be disposed at
any position as long &s they are positioned adjacent o
the source bus line 23. F1G. 13B shows an in
which the conductive layer 34 is formed adjacent to the
TFT 3L

In the embodimeat shown i FIG. 13C, 2 sonrce bos
branch line 235 is formed which branches from the
source bus Fme 23. The conductive layer 34 is formed in
paraile] with the source bus line 23 and the source bus
branch kine 230 is superimposed on tha conductive layer
k-

In a display device using any of the substrates of F1G.
13A 1o FIG. 13C, pixel defects are corrected in the
same manner as in the foregoing embodiment illustrated
m FIG. 11. Although not shown, it is also possible to
employ a construction m which the conductive layer
34, the conductive piece 35, etc. are disposed at the side
of the saurce bus line 23 disposed opposite to the source
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bas line 23 thown in FIG. 13A to FIG. 13C across the
pizel electrode 4L

FIG. 14A and FIG. 14B show other embodiments of
active matrix substrates each msed i the display device
of the present mvention In the active matrix substrates
flustrated in FIG. 11 aad F1G. 13A 10 FIG. 13C, tince
only the gate insulatng film 11 is provided between the
conductive layer 34 and the source bus line 23, sponita-
seous shorts may ocetr between the source bus line 23
and the conductive layer 34 and between the condoc-
tive layer 34 and the conductive piece 38. The active
matrix substrates shown in FIG. 1A and F1G. 14D are
designed to eliminate this The cooductive
layer 3 on the substrate of FIG. MA is formed in such
& Way a3 10 be counected to the gate bus line 21 disposed
adjacent 1o the gate bus line connected to the pixel
electrode 41 which is superimposed on the conductive
layer 34. In many cases, an anodic oxide film s formed
on the gate bus iine 21 to cnsure the msulation thereol,
When the conductive layer 34 is formed in such & way
a3 to be connected o the gate bos line 21, as in these
embodiments, an anodic axide film can also be formed
oun the conductive layer 34, When sn anodic axide fibn
is farmed on the conductive layer 34, it serves to pre-
vent shorts between the somree bus Ene 23 and the con-
ductive layer 34 and between the condoctive layer 34
and the conductive piece 35.

1n the substrate of FIG. 14B, the conductive layer 34
and the conductive piece 35 are disposed in a corner
opposite to the corner in which the TFT 31 is formed.
Therefore, in this embodiment, the conductive layer 24
is saperimposed by the source bus tine 23 disposed adja-
cent to the source bus line connected to the pixal elec-
trode which i superimposed oa the conductive layer
34,

When & pixel defect has occurred in the display de-
v:ceusmganyonhesubsu-:wsofﬂ(} 14A and FIG.
14B, connections are made berween the cooductive
layer 34 and the source bus line 23 and between the
conductive layer 34 and the conductive picce 35, in the
same manner as n the foregoing embodiment iflnstrated
iz FIG. 11. Further, in these substrates, Light energy is
irradiated onto an area 63 indicated by broken fines m
F1G. 14A and FIG. 14B, to cut off the connection be-
tween the conductive layer 34 and the gate bus fine 21.
As a resuht of the above conpections and cutting by
irradiation with light energy, the pixel electrode 41 is
directly connected to the source bus line 23. When the
above correction has been made, on the substrate of
FIG. 1A, the pixel electrode 41 becomes directly con-
nected to the source bus line 23 to which it was con-
nected via the TFT 31, as in the case of the substrate of
FIG. 11, but on the substraie of FIG. 14A, the pixel
electrode 41 becomes comnected to the source bas line
disposed adjacent to the source bus line 33 to which it
was connected via the TFT 3L

FIG. 15 shows another embodiment of an active
matrix substrate used in the display device of the pres-
ent invention. In this embodiment, the conductive layer
34 is formed below two adjscent pixel slectrodes 41,
41b and the source bus line 23. In this embodiment, a
single conductive layer 34 is provided for each pair of
formed on the respective end portions of the conductive
layer M with the gate ipsulating film 11 interposed
thereberween, The pixel electrodes 412 and 41b are
superimposed directly on the conductive pieces 35a and
355 respectively. Also, the conductive layer M is
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formed in sach a way as to be connected electrically to
the gate bus Line 21 dispoted adjacent 1o the gate bus
line connected 1o the pixel sectrodes §1a and 415 super-
imposed oa the conductive fayer M. Since the conduc-
ﬁwhya“hfawdh:whluynwbem
10 the gate bus line 21, m snodic oxide film can be
formed on the conductive layer 34.

When 2 defect has occurred o the pixal electrode 412
orubind:edisphydeviceﬁnsthemdnc.
18, a Laser beam is irradiated first onto the superimposed
portion of the source bus line 23 and the conductive
layer 34. Then, the laser beam is irradisted omto the
sapertmpoied portion of the conductive layer M and
the conductive piece 35¢ in the case of a defect in the
pixel electrode 41, and onto the superimposing partion
of the condoctive layer 34 and the conductive piece 350
in the case of & defect in the pixel electrode 415 Fur-
thermore, the lsser beam is irtadisted onto an ares &
indicated by a broken kine in F1G. 15, 10 cut off the

electrical connection between the conductive layer 34 20

and the gate bus line 21. A3 & result of the sbove correc-
tog, the dafective pixel electrode 413 or 415 is directly
connected to the source bus line 23.

When both pixel electrodes #1a and 41b are defective
simultaneously, both pizel electrodes 41z and 41b are
directly connected to the source bus line 23 to correst
the respective defects. In the comstruction of this em-
bodiment, the conductive layer 34 is connected to the
p:eb\xslinezl,butitmybenoeonsunaedxhnme
conductive layer 34 is not connected 10 the gate bus line
L

The copstruction of the present invention may also be
lppliedmmacxivemu'ixdisphydevieehnvinga
supplemental capacitor as shown in FIG. 16. The dis-

5

k4

phydevieeofﬂﬁ.liisidmﬁultothel‘orcguingss

embodiment illustrated in FIG. 13B, except that the
suppiemental capacitor 42 is provided. The supplemen-
alap-dtoru‘nformdonthempaimposedmof
the pixel electrode 41 and a supplemental capacitor

electrode 24 which is disposed on the substrate 1 in 40

parallel with the gate bus line 21. In the display device
of FIG. 16, pixel defects can also be correctad in the
same manner as in the foregoing embodiment illustrated
in FIG. 11. The conductive iayer 3, the conductive

piece 35, and the source bus line 23 may also be con- 43

structed such as shown in FIG. 11, FIG. 13A, and FIG.
13C. Furthermore, the conductive layer 34 and the
condoctive picce 35 shown in FIG. 16 may-also be
comstructed suck as shown in FIG. MA, FIG. 4B, aad
F1G. 15. When the conductive layer 34 and the conduc-
tive piece 35 are constructed such as shown in these
figures, the conductive layer 34 i electrically con-
pected 10 the supplemental capacitor electrode 24, not
to the gate bus line 21. As an cxample, a substrate is
shown in FI1G. 18 in which the condoctive layer 34 and
tbe conductive piece 35 gre constructed such as shown
in FIG. 15. In the active matrix substrate shown in FIG.
18, the conductive layer 34 is formed in such a way as to
be connected to the supplemental capacitor electrode
24. In many cases, an apodic oxide film is also formed on
the suppiemental capacitor clectrode 24. Therefore,
witht.lgeconducﬁvehyer“comededmthzmpple-
mental capacitor electrode 24, it is possibe to form an
anodic oxide film also on the conductive layer M.
Further, the present invention can be spplied 10 a0
active matrix display device having a supplemental
capacitor 42 as shown in FI1G. 17. The displzy device
shown is designed 30 that the opening area is prevented
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from being reduced by the provisioa of the supplemen-
tal capacitor 42 which is the case with the display de-
vice of FIG. 16. That i, in the display device of FI1G.
17, the gate bus tive 11 is enlarged in width so that the
pixel electrode 41 is superimposed on the gate bus kne
21. According to this construction, the adjacent gate
bus line 21 which is in & nonselected condition can be
used o3 the supplemental capacitor electrode. Further-
more, since oo gap is cresied between the gate bus line
21 and the capacitor electrode 24 unbike
the coustroction of FIG. 16, the opening area cxn be
prevented from being reduced. In this display device
nho.pizddd‘mmeormdinmznnew-h
the foregoing embodiment diustrated in FIG. 11 In the
embodiment of FIG. 17 also, the conductive jayer 3,
the conductive piece 35, and the source bus fine 23 may
be constructed such as shown i FIG. 11, FIG. 13A,
and FIG. 13C. Further, the conductive layer 34 and the
conductive piece 35 m FIG. 17 may abo be constructed
sach »s shown in FIG. 14A. FIG. 14B, and FIG. 15. As
an example, a substrate is shown in FIG. 19 in which the
conductive layer 34 and the cooductive picce 35
FIG. 17 are constructed such as shown i F1G. 15.

In any of the above embodiments, the TFT 31 shown
has a gate electrodie in the lower portion and a source
electrode and a drain electrode in the opper portion, bat
alternatively, 3 TFT having a gaie clectrode in the
upper portion and a source electrode and a drain elec-
trode in the lower portion can be used. Alisc, in the
embodiments of FIGS. 11 to 19, the TFT 31 & formed
on the gate bus branch Iine 22, but alternatively, the
TFT 31 may be formed oa the gate bes line 21 with the
source electrode thereof connected to the branch line
branching from the source bus line 23.

Furthermore, any of the embodiments shown in
FIGS. 11 to 19 nses & TFT as the switching element, bat
devices other than TFTs, such as MIM elements, MOS
transistors, dicdes, Varistors, etc. may aiso be osed.

1t is understood that various other modifications will
be readily made by those skilled
in the art without departing the scope and mpirit of

able novelty that reside in the present invention, includ-

ing all features that would be treated as ecuivalents

thereof by those skilled in the art 1o which this inven-

tion pertains.

‘What is clsimed is:

1. An active matrix disphay device comprising:

2 pair of insulating substrates at least one of which ia
light ransmiting;

scanning lines and signal lines arranged orthogonally
on one of said pair of substrates; and

pixal clectrodes each connected 1o an adjacent scan-
ning line and an adjscent signal Ene via a switchmg
element,

» conductive layer disposed onder said adjacent sig-
nal line and said pixe] electrode and extending

therebetween;

a0 insulating fim Interposed between said conductive
layer and said adjacent signal lme, and between
said conductive layer and said pixel electrode, re-
spectively; and

2 conductive piece formed between said pixel clec-
trode and said insulating film and overlapping said
conductive layer for facilitating a conductive con-
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pection between siid conductive layer and said
mmmdmdmhys facilitating
ancther condpctive coanection between said coo-
ductive layer and sxid adjacent signa) ine under a
defective condition of said switching clapent. 3
2. An active matrix display device comprising: 8 pair
ofmhnngwbstmsnlemoneofwbchsh;ht
Tansmitting: scanping lines and signal hines asrranged
rupwcrvelyonhogmnlﬂymouofmdp-udnb-
strates; and pixe] electrodes each connected 1o 20 adja- 10
cent scanning kine and an adjacent signal via s switching
clement,

2 conductive layer disposed under maid adjacent sig-
pal bme and said pixe] electrode and extending
therebetween; an insalating film mterposed be- 15
tween said conductive ayer and said adjascent sig-
m.llng, mdbetwemn;dcmdmvehysnd

layer for facilitating & conductive connection be-
tween said conductive layer and said pixel elec-
trode,

wherein said conductive layer i conductively con-

nected 10 3 scanning line adjscent to said scarming
tine connected to sid pixel electrode and an anodic
oxide film is formed on said conductive layer.

3. An active matrix display device comprising: a pair
of msulating substrates at least one of which is fight .,
transmitting; scanning lines and sigoal lines arranged
rspecnvelyonhogoul.lyonmdn:dp-rofmb-
strates; and pixe] electrodes each connected to an adja-
cent scanming line and an adjacent signal line via a
switching element, 3s

a conductive layer disposed under said adjacent sig-

nal line and said pixel electrode and extending
thereberween: an insulating film imterposed be-
twieen said conductive layer and said adjacent sig-
nal line, and berween mid conductive layer and 4
said pixel electrode, respectively; and a conductive
pisce formed between said pixel electrode and said
insulating film and overlapping said conductive
layer for facilitating » conductive connection be-
tween said conductive layer and said pizel elec- 45
trode, and

further comprising a supplemental capacitor clecs

u-:;dcdsposedoppometomdpndelecuodem
said insulating {ilm interposed therebetween,
wherein said condactive layer is conductively con- 5o
pected to said supplemental capacitor electrode
and an ancdic oxide film is formed on said conduc-__
tive layer.

4. A method of marunfacturing an active martrix dis-
phydwne.m;thenepsof.fommgmm 55
matrix substrate which comprises an insulating mb-
strate, scanning fines and signsl ines arranged in vert-
cal and horizontal directions on said substrate, scanning
branch lines each branching from said scanning line,
switching elements each formed oo an end pottion of &
said scanning branch line, and pixel clectrodes cach
connected 1o said switching element, the distance be-
tween the scanning line side of sid switching element
and said scanning line being so provided as to allow said
scanning branch Line to be cut off by irradiation with 65
light energy;

attaching an opposing substrate to said active matrix

substrate with s display medium sandwiched be-

18
g sobstrate;
damgapxdd:fuabyohm;thehghmuu
mmwumm:mm
age is applied to said pixel electrodes from smd
scanning lines and said signal lines vis said switch-
mg elements; and
irradisting light energy outo the switching element
connected (o s defective pixel electrode causing
said pizel defect 1o conductively connect said de-
fective pixel electrode to said signal tine, and irradi-
m;hghwouonﬂmmgbrmchhem
dnm said scanning branch lkne from said

scanning kne.
S.Amhoddmnﬁmmgnmmdb
play device, conprising the steps of:
fmgnmmnbwu:whd:m
qmlnmgm-anmmm-gm

ductive picces each formed between said pixel
eh:uodend-ﬂmsulm;ﬁh.

ing substrate;
detecting a pixei defect by observing the brighmess at
every pixel under the condition that a driving volt-
nge‘s applied to said pixel electrodes from maid
scanning lines and said signal lines via said switch-
mg elements; and

tradiating light energy onto the superimposed por-
tion of sxid conductive layer and said conductive
piece connected to a defective pixel electrode cans-
ing said pixel defect to conductively connect said
defective pixel electrode to said conductive layer,
and irradiating light energy onto the superimposed
portion of said sigoal line and said conductive layer
to conductively counect said signal kpe to saad
conductive layer.

6. An active matrix display device comprising: a pair

ofmsnhnngmbﬂn!esu jeast one of which i3 hght

transmiitting: scanning lines and signal lines arranged
orthogonally on one of said pair of substrates; and pixel
electrodes each connected to an adjacent scanning line
and an sdjacent signal via a switching element,

a conductive layer disposed under said adjacent sig-
nal line and extending between a pair of adjacent
pixel electrodes and connected 10 & scanning line
adjacent to said scanning line comnected to said
ptnldeamda;nmsuhnngﬁlmmerposedb&
tween maid conductive layer and said adjacent sig-
nal line, and between said conductive layer and
said pixel electrodes, respectively; and conductive
picces each formed between said insulating flm
and one of mid pair of pixel electrodes and overlap-
pmgmdeonducuve layer for faciliating conduc-
tive connections between said conductive layer
and said pixel electrodes and berween said conduc-
tive Isyer and said adjacent signal line.

7. An active matrix display device comprising: a pair
ofmsuhmgmbsmathstoneofwhachshght
transmitting; scaaning lines and signal knes arranged
orthogonally on one of said pair of substrates; and pixel
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electrodes cach connected 10 a8 adjacent scanning line
snd an adjscent signal line via & switching element,
s condnctive layer disposed snder said sdjacent sig-

pixal electrodes; an insulating film interposed be- 3
tween said conductive layer and xid adjacent sig-
nal line, and between said conductive layer and
said pixel electrodes, respectively; and conductive
pieces each formed betwees said insulating film
and one of said pait of pixel electrode and overlap- 10
ping snid conductive layer for facilitating coaduc-
tive compections between said coaductive layer
and said pizel clectrode, and

wherein said condoctive layer i conductively con-
nected to a scanning line sdjacent to said scanming 15
line connected 1o said pixel electrode and an anodic
oxide {ilm i formed on said conductive Iayer.

8. An active matriz display device comprising: & pair

of insulating substrates st least one of which is light

transmitting; scanning lines and signal lines arranged 20

orthogonally on ooe of said pair of substrates; and pixe!

35

45

35

20

electrodes each connected to sn adjacest scanming line
and ap adjacent signal line via a switching element,

a condactive layer disposed under said adjacest tig-
nal line and exiending between 2 pair of adjacent
pizel electrodes; an immlating film interposed be-
twe:nnldcandmhyendaldldpﬂ'ﬂl-
nsl line, and between tid condoctive layer and
pieces each formed between said insulating film

- and one of sid pair of pize] electrodes and overiap-
ping said conductive layer for facilitating conduc-
tive comnections between said conductive layer
and mid pizel electrodes, and

further comprising a supplemental capecitor tiec-

trode disposed opposite to sxid pixel diectrode with
mid msulating film interposed therebetween,
wherein mid conductive layer s conductively con-
pected 10 said sopplementsl capacitor electrode
and an anodic oxide film is formed on said conduc-
tive layer. '
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 5,335,102

DATED : August 2, 1594
INVENTOR(S) : Yuzuru Kanemori et al

lemehmmemwaMBw
correciad as shown below:

ON THE TITLE PAGE:

Item [75] Inventors:
The address of the inventor Kiyoshi Nakazawa should

read -- Fujiidera --.

Column 18, line 50 (c¢laim 6, line 6), -- line -- should

be inserted after "signal™.

' Signed and Sealed this
First Day of November, 1994
e Wince Thma
ERUCE LEHMAN
Anesting Officer Commissioncr of Pasens snd Tredemarks
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