1 " AN ACTI VE,MATRI X LI QUI D CRYSTAL D SPLAY DEVI'CE" This invention relates
- to active matrix liquid crystal di 'spl ay devices. Recently thin film
- teransi stor technol ogy has been studied nore actively. There are many ?:Q\L‘_\e\

applications of thin 5 filmtransistors, for exanple, int
active matrix liquid crystal display devilces enploying rel atively !
| nexpensi ve insulating substrates, three-di nensional integrated circuits @

whi ch active elenments, such as thin filmtransistors, are forned on

sem conductor integrated circuits, relatively 10 | nexpensi ve i nage
Sensars with high performance, high- density menory devices etc. Large
scale”active matrix liquid crystal di spl ay deV| ces haV| ng a matri x of

pi cture™el ements are atAN ACTIVEMATS . & 3 EMEGE"bei ng appl i ed
to various 15 apparatus such as smal | -size personal corrput ers,
hand- hel d tel evision receivers etc. The use of thin filmtransistors as
switching devices for the picture elenents i s now under serious
consideration particularly for planar |arge scale active matrix liquid

crystal display devices. C 'Q l]_;t]s
I nvention, there is provi dglai anméegﬁ'c\’/nemrr]é ﬁrg\lgx&{ figﬂ% crys ?I%ispl ay device
conprising a matrix of oRsehilBspla B izescaCh of the picture el enents

Recently thin film transistor technology has been

~ studied more actively. There are many applicatioxis of thin
5 o - film transistors, for example, in thin active matrix
liqﬁid crystal display devices. employing relatively inexpensive
insulating substrates, three-dimensional integrate’d circuits
in which active elements, such as thin ‘fi'lm transistors, |
are formed on semicl:onductor integrated circuits, relatively
10 . inexpensive image sensors with high performance, high-
density memory devices etc. -
Large scale active matrix liquid crystal display
devices having a matrix of picture elements are attracting
_particular attention and are being applied to v#rious
(\_/.? 15' apparatus such as small-size per_:sonal conpul:er, hand-held
television receivers etc. The use of thin film transistors

as switching devices for the picture elements is now under
serious _conSideration particularly for planar large scale

active matrix liquid crystal display devices.
20 . According to the present invention, there is provided
an active matrix liquid crystal display device comprising

a matrix of picture elements, each of the picture elements



2 being conposed of a driving electrode, .a<capacitor for storing a data
signal', a M)S transistor having a drain el ectrode, a source electrode and a
gate el ectrode which is covered by a gate insulating |ayer, the NOS 5
transgstor being arranged selectively to apply the data signal to the
capad@éor, a gate line connected to the,gate el ectrode, a source-line
orthogonal to the gate line and connect’ed to the source el ectrode, and a
further insulating |ayer between the gate line and the source line, the 10
breakdown vol tage of the further insulating | ayer being higher than the
~breakdown voltage of the gate insulating layer. In the preferred .
enbodi ment, the thickness of the further insulating |layer at |least in the
region of the 15 ' peing compdeéd iofNa Giriete) eledtrolie n@a vagarieach sour ce e’
is greater than in other regions. In each picture element at |east a
portion of the gat efdr stoximgt Aclat@SignahsiasMeF traysissor qw¥ingl 2y t he
respective dri.ving el ectrode, an insulating |ayer being 20

di sposed t her ebet wedrepinTetegsrede,r a8 huERe fleckyasdenpnd ar safiey eieftaede on a

gl ass substrate. The invention is illustrated, nerely by way of exanple, in
the acconpanying dr ¥dbgds oxexsd by.a gate insulating layer, t\ﬁg MoS '
5 . transistor being arranged selectively to apply the data

signal to the capacitor, a gate line connected to the gate
electrode, a source line orthogonal t§ the gate line and
connected to the source electrode, and a further insulating v,
layer between the gate line and the source line, the
10  breakdown voltage of the further insulating layer being
higher than the breakdown voltage of the gafe insulating

layer. .
In the preferred embodiment, the thickness of the

further insulating layer at least in the region of the

15 section of each gaté line with each source line is greater

" than in other regions. -

In each picture element at least a portion of the
gate line or the MOS transistor may be covered by the o
respe.ctive driving electrode, an insulating layer being
20 disposed therebetween.
The picture elements are preferably formed on a glass
substrate. _
The invention is illustrated, merely by way of example,

in the accompanying drawings, in which:-



>

3 Figure 1 consisting of Figures 1(a) and | (b), illustrates the genéra
construction of an active matrix liquid crystal display device; Fi gur@
cdnsists of Figures 2(a) which is an 5 : enl arged pl an view a
pi cture el ement of a conventional active matrix liquid crystal display
device, and Figure 2(b) which is a section of the picture elenent of Figure
2(a) taken on the line A-B;, Figure 3 consPsts of Fi gure 3(a) which is a 10
cross-section of a picture elenment of an active matrix liquid crystal

di spl ay device according to the present invention and Figure 3(b) which is
a plan_view thereof; and Figure 4 consists of Figure 4(a) which is a plan
view of % picture el enent pifguséal keiisideihy of Biguires |1i(4)iahdalbb),

crystardi splay device according to the present invention and Figure 4(b)
whi ch is a cross-sectiidlustratesftheatenerah cohstriuchiorCoD. arCarkival patrdn acti ve
matrix liquid crystal display device consists of an upper transparent
substrate, a |ower traHapsd exystal digpday Ae¥iedy which thin filmtransistors
are formed, and a liquid cr material which is seal ed between the

substrates. Liquid cryst aIF@'&%!%ﬁ%ﬁ’éﬁérﬂ%"é@?&éi%‘l‘éd"%q‘hiﬁ #ui d crystal
driving 5 -enlarged plan view of a picture element of a conventional
| active matrix liguid cry_stal display device, and |
‘Figure 2(b) which is a section of the picture element
of Figure 2(a) taken on the line 145;
-Figure 3 consists of Fig_ure 3(a) vhich is a
' 10 ' croés-section of a picture element of an active matrix
liquid crystal éisplay device according to the present
invention and Figure 3(b) which is a plan view thereof; and
~ Figure 4 consists of Figure 4(a) which is a plan view
' of a piéture e"lement of another active matrix liquid
15 crystal display device acéord:lng to the present invention
and Pigure 4(b) which is a c:;oss—seétion thereof taken |
~on the line C-D.
Generally an active matrix liquid crystal display device

consists of an upper transparent substrate, a lower transparent



el ectrodes are arranged in a matrix on the thin filmtransistors. 5 An
Y f selecting circuit selects the liquid crystal driving elenents, and
aSkociated liquid crystal driving el ectrodes are excited to display «
desired letters, figures or pictures. Figure 1 illustrates the general
construction of an active matrix liquid crystal.display device having a
matrix of liquid crystal 10 = driving elenents 2 on a | ower substrate (not
shown) within a display area 1. Dat & si ghals and timng signals are applied
to the liquid crystal driving elements 2 through orthogonal input |ines 3,
4, respectively. Figure | (b) is a circuit diagramof one of the_|liquid _
‘crystal drivi FEPESFRHEARVILCA $hip£1n Flﬁ"f‘s&ﬁ??g'?t are §°F%°%r6'6‘$d‘eﬁi‘?°gfi 15 .

The Tine s a catelubteptal et 1a Tooted Rebiedl PR shbanrhlad: 1ifu® O
i 5l B 18 Bt heetea 1Y ¢ ,.

o ovi ded {or sEOMARY GArind Rifhlce EEL fiad S LadiaClytal Bl

crystal drivi “Q].férq%é&eéé;_qge frkasieal I o BUExSHDThe HinfdndtLdhsistors.

transparent el ec ‘on an upper transparent substrate (not shown).
The activg mat phXedebbidsélettlny cdiduitavelieys AheShniiial drybtalii@iding) -
suffers fromfaults due to bad patterning of the liquid crystal driving

el enents , pooeidienes; iapdlthenassoziatyd Alquideciystal sxdvimy edéctrhdes ppet
lines 3, 4 and poor electrical insulation of 25 the liquid crystal

pi cture el emenescitedBxd dpsployr dRaiged detbersoyvEiyare or pidures. i nprovi ng the

manuf act uri ng techni ques and nmaking the nmanufacturing
Figure 1 illustrates the general constructicn of an active matrix

liquid crystal display device having a__m_at_rix of liquid crystal u
1o driving elements 2. on a lower substrate (t_;ot shown) within a display

area 1. Data signals and timing signals are _ap_pl:l.ed to the liquid

crystal driving elements 2 through orthogonal imput lines 3, 4,

respectively. Figure 1(b) is a circuit diagram of one of the liquid

‘crystal driving elements 2. A th:l.n film transistor 5 is provided for
15.  switching the data signal on the line 3 in response to the timing

signal on the line 4. A capacitor 6, which is not necessarily requred

if the capacitance of the liquid cxrystal material is sz_:fficicntiy

large, is provided for storing data. A liquid crystal cell 7 includes

a liquid crystal driving electrode 7-1 on the 19wer substrate and a e .
20  trédnsparent electrode 7-2 on an upper transparent substrate. (not shown) .

The active matrix liquid c:y#tal display device shown in |
Figuie .1(a_) suffers from faults due to bad patterning of the liquid
crystal driving elements, poor ‘electrical insulation at the

intersection of the :I.npﬁt lines 3, 4 and poor electrical insulation of

25 the l:l.quid crystal picture elements 2. Bad patterning can be overcome



&

envi ronment thoroughly clean so as to . ncrease manufacturing yield.

| nprovenent of quality and increase of thickness of an insulating |ayer of
the thin filmtransi stor of each picture elenent |eads also 5 to an
i ncrease in manufacturing yield by overcom ng the problem of poor

el ectrical insulation resulting at an early stage of manufacture. After the
matrix of picture elenents has been conpletely formed, however, poor

el ectrical insulation between the |np§|t lines is apt to occur due to the
effects of static electricity and other factors. When the input |ines

b
g; 2a§g~61;wgcgftce)l Z%?r |“%§F¢ﬁ% %CPL%%{%@&% (fﬂg%‘i‘{lge I'n ersga‘gh?egﬁéhgaf:waréﬂg
the input |ines. Muuoﬁuwcﬂ&n% def 09 19Rce f2E fhm'ﬂlné' §a. >

may | eak into one of the input Tines 4 or a tinng.signal fromone“o

i nput lines 4 magmpRVkmént 6f ALy dRd incidiRei 6 thidlink8S oF a ﬂsﬁﬁﬂ:'iﬁe
where the input lines 3, 4 intersect. This causes a so-called "line fault"

As a result, thelgyexpbg\thef tiaackilpi etatrs&saé:eser&achrpﬁdaﬁzd ledemenftcT eadsheled | S
a breakdown of electrical insulation is reduced and the display produced by
the active fatri mlarqmnckeesqdnatmfsmlaynqiaueté bysoverchming the prokleatet. 20
When there is a breakdown of electrical insulation, this is usually
conpensat ed for Bgoxiededwheek Lpgakaséon r#ﬁa‘ﬁlqime“aﬁbmll [fkags Ofkmpngfacture.
However, this i.nevi tablyﬁgenerat es a line fault because theé)l cture

el ements connecPEYPx Ehe mMBLEXEH ?’Ede?'ﬂ'ﬁﬂf‘sltﬁﬂeb‘t?&nﬁ?ﬂp pEelinErgeded. In
(e oaoe wher  USiakl dind RS BUGHEVIRE Ibahl I e 30015, e
o occur due to the effects of static electricity and other factors.
10 When the input lines are subject to static electricity from outside
| the display area 1, breakdown of electrical msﬁlat:_l.on is caused at
the intersections between the :anui: lines. As a result a data signal
from cne of the icput linec 3 may leak into one of the input lines 4
or a timing signal from one of the ‘input lines 4 may leak into cne of
15 the inéuc lines 3 at a region where the :I.npﬁt lines 3, 4 intersect.
This causes a so-celled "line f.ault"l. As a result, the display of
each b:l.ctu:e element in the line where there is a breakdown of
electrical insulation is reduced and the display produced by the active
\/I | matrix 11quid crystal display device as a whole deteriorates.
20 When the:e is a breakdown of electrical insulaticn, this is usually
| compensated for by disconnecting the input line:around the breakdown.
However, this 'mecitebiy generates a line fault .because the picture
elements connecteé to .the disconnected :l.hput line cannot be energised.
 In the case where the matrix of picture elements is formed on a single

25 crystalline silicon substrate, protection from damage caused by static



6 electricity can be achi eved by providing a diode or resistor on,the
sizgg$n substrate. On the other hand, in the case where the matrix of

pi &kre elements is formed on a glass substrate electrical insulation
breakdown is likely to occur and it is 5 very difficult to provide
-elenents for protecting agai nst danage due to static electricity.. As a
result, manufacturing yield is reduced.®Figure 2(a) is an enlarged plan

vi ew of a conventional active matrix |liquid crystal display device and
Figure 2(b) 10 IS a cross-section_thereof. A polycrystalline silicon

| ayer 508 is forneledwigity 583 be achiexed by Broyifing §.44Pdency, *aPH1G7| ayer
513 is f d by th | 0 di S] t f f th lyc talli -
Cayer 508 A sesoR Ty EHisPR £ipakihe Vi THE'XBRr dpnlr dof Bha) ke vhers "o

pat terned by phot 9rbahiNg JENEYBRke Llements 18 AMLIABE Yrkad UullblcE 021 ©
el ectrode and a gaP% he 5 ) oc?' at !nrh I mtra__nms_tor?and one el ectrode
512 of a capacit0p1éiitiPaPinkifationdrbhiiowh £ 10kély Bo!ddlhy -andNf 4si MPUTi LY
is diffused into the second polycrystalline silicon layer and into the
first polgcrystal biAe asEficudt dclpedviadSeRinentd £6F frtecting againgtedi ON
masked by the gate el ectrode 509 in order to forma source region and a
drai n region. Subaaspyenébe tanstatic|electoiditycnssd keisalt omanefantéringer the
surface and contact holes are formed for the source region and the drain
region. Lastly, ayéeld de dedueedb10 and a picture elnment driving el ectrode
511 are 25 “fornmed. The insulatin%LIa er 514 which insul ates the
source line 510 _ E_‘ig_ure 2(a) _1s an en rgeg plan view of a conventional
active matrix liquid crystal display device and Figure 2(b)
10 ' _ is a c:os__s-'sect;ion thereof. A polycrystalline silicon layer 508 ~
is formed on a glass substrate 515 and a gate insulating layer
513 is formed by thermally oxidising the surface of the
polycrystalline layer 508. A second layer of polﬁrérystalline
silicon is formed and is patterned by photo-etching thereby
15 _ simultaneously forming a gate_ electrode and a gate line 509
of a thin film transistor, and one electrode 512 of a capacitor
~ (such as the capacitor 6 of Figure 1(b)). Then, impurity is
diffused :Lm:o the seconc_‘! polycrystalline silicon layer and into
the first polycrystalline silicon layer 508 except in the <
20 | region masked by the gate electrode 509 in order to form a
source rggion and a dra:l.n_ region. Subsequently an insulating
layer 514 is formed all over the surface and contact holes are
formed for the source region and the drain region. Lastly, a
source line 510 and a picture element driving electrode 511 are
25 formed.
The insulating layer 514 which insulates the source line 510
from the gate line 509 is disposed between the electrode 512 and an

_electrode 511 of the capacitor.As the capacitance of the capacitor



fromthe gate line S09 is disposed between the el ectrode 512 and an

el ectrode 511 of the capacitor.As the capacitance of the capacitor -7
IS in inverse proportion to the thickness of the insulating |ayer, the '
insulating layer 514 is required to be thin so that the capacitor has a
relatively | arge capacitance. For exanple, in the case where each picture
elenment is 1 mmsquare, the size of the 2 5 capacitor is limted to 200
[err] so as not to effect the brightness of the display. | f the
insulating |ayer 514 is fornmed of silicon oxide and has a thickness of
5,000[err], the capacitance of the capaci:tor is only about 2.5 pF. On the
ot he” hand, the icapRGnbareepeipotbion t6|Whd: chirkheds Batthei disudbtingelyiest ur e

el ener®” i s about 9 pF 10 when the thickness of the Iiquid crystal
material is 10 néheriDzalating Layeacilidahs ceghixddete heathinoso tihet|thebe at | east
equal to, but preferably twice or three tinmes as great as that of the
liquid crystal rapasitak. hasnaoredetivedyskargsfSappritancendiFer Axampife ihitBRness
of the insulating |ayer 514 should be reduced to one-fifth qQr one-tenth or
15 the area ¢®se ithereRachiRicterm glepent 19 dr BRAIYRERr FPR FED '#eﬁheti nes.

AfToct the o gIfeRBSEoEr L8 TS Hea 00 (Mo PRAITD RSt i0RE PR apiileds of o
arger than the Sacsiatee off Fnb YpFRR ho0eaP NI B Hria e RAC O
Consequently, the,sSUhalddd did¥Rles3NOH 500868, the capacitance of the
| capacitor is only about 2.5 pF. On the other hénd. the capacitance
\— of the iiquid crystal material of the picture element is about 9 pF
10  when the thickness of the liguid crystal material is 10 microns.
The capacitance of the -capacito':': should be at least equal to, but
ﬁreferably twice or three times as great as that of the liquid crystal
- material. In order to satisfy tfx:l.s_ conditim, the thickness of the
insulating layer 514 should be reduced to one-fifth or one-tenth or
15 the area of'the capacitor shdﬁld'be increased by five to ten times.
However, as the aréa of the capacitor must be limited in order not
to affect the brightness of the displaj, the reduction of the
thickness of the insulating layer is the only way to make the
capacitance of a capacitor larger than the capacitance of the liquid
20  crystal material. Consequently, the insulating layer should be
1000 £ in thickness. Even in the case of utilising silicon nitride
for the insﬁléfin_g layer, silicon nitride having a relatively large
dielecl:ric constant, the thickness o.f the insulating layer should
‘be 10008 to 20008. | |

25 On the other hand, the gate insulating layer 513 of a thin film



1000 in thickness. Even in the case of .utilising silicon nitride for the
inggggting | ayer, silicon nitride having a relatively large dielectric

co nt, the thickness of the insulating |ayer should be 1000[err] to
2000[err] 25 On the other hand, the gate insulating |ayer 513 of
athin film 8 transistor usually is at |east 1000 to 2000[err] in

t hi ckness. Wen the breakdown voltage ofg a transistor is to be rel atively
high, the gate insulating layer is required to have a thickness greater
than 5000[err]. The breakdown voltage of the gate insulating layer 5

513 hat .of th | | h | f the
et hlt\(,:\nkrclgsts.a}sé%ﬂéig %S'Séé%ff 18t {Eas Hod BB bR il BYEGRELS S&Ld;

and is thermally f t |
and i s deposited by a m ca gou%rfaéepo& t o% ?%?ﬁmé%%lﬂi%ﬁ?%%
thi ckness of the g nsulating’ t & 330G thfcnBss | RLAOG

| ayer 514 is 1000 to 00 err] thé breakdown voltage of -the Insulating .

| ayer 514 is neceghad iSOYoA.OWhé Hraradwhavoltagt b ORd QatdInbaideidg|Ryer 513.
As a result, static el ectr|C|ty i nevitably damages the gate line or the
source |ifie wher e5LBels twicer shatt of | ther éomilayind@aydy Skd1amen Ioth layersof the
insulating layer 514 in order to protect against-danage due to static

el ectricity decreases hke capadinickrasseofBachuse &paciaterinsulatiang layen ik

capacitance of the liquid crystal material.
is of silicon oxide and is thermally formed and the insulating

layer 514 is of silicon oxide and is deposited by a chemical
| vapour depesition tecl'mique_, and the thiclmese of the .gate .
10 insulating layer 513 and the insulating, layer 514 is 1000 to
.20003 the break&bwn..voltage of the insuleting layer 514 is
necessarily lower than that of the gate insulating layer 513.
As a result, static electricity inevitably damages the gate line _
or the source line wl:e:e they intersect. Increasing the thickness
15 of tha insulating laye: 514 in order to protect against damage
due to static electricity de_c_:eaees the capacitance ef the
capa.citor to less than the capaeitanee"of the. liquid erystal
mte_:r:ial. | ._
Referring now to Fi_gure 3(a), there is shown a cross-section o
20  -of a picture element of an activemai:rix 1liquid crystal display
device according .to the present inventicn, the cms_s-é_ection
_bei__ng t_al:en on the same line as Pigure 2(la_). Figure 3(b) is a plan
view of the picture element of Figure 3(a). I.ike.- parts in Figures 2
and 3 have been designated by the same reference numerals. In
25 _ additipn to the process steps fellmd for forming .the ins'_ulating
layer 514 of Figure 2 (indicated hy.reference nuneral
514-1 in Figure 3) a second silicon oxide insulating layer

514-2 is formed all over the surface and



Referring now to-Figure 3(a), there is shown a cross-section 20 of a
picture elenment of an active matrix liquid crystal display device accordi pg
to the present invention, the cross-section being taken on the same |i ne-
Figure 2(b). Figure 3(b) is a plan view of the picture element of Figure
3(a). Like parts in Figures 2 and 3 have been designated by the sane
reference nunerals. In 25 addition to the process steps followed for
form-ng the insulating | ayer 514 of -F|¥we 2 (indicated by reference
nuneral 514-1 in Figure 3) a second silicon oxide insulating |ayer 514-2 is
formed all over the surface and. -9- is..renmoved by photo-etching except
in {1e gegion wier geridved gat ph&ﬂonet:&ﬁﬁg aa:l&ephel.nsw cegiannﬂxdiéOthmbets ddte
Subs\qu'tently, contact holes are provided in the source region and the drain
region of the fi5ogtandnsks sbury Line 516 lintersdcist | Subsemmesblit,.ceontiant I®les| s
formed. 5 The thickness of the first insulating |layer 514-1.s

1000[ err] to gi woesprovidedein thegpseurcartegien %q%ﬂ?,eaga segiopnof ftbe fixst
hand, the thickness of the second insulating |ayer 514- g i S SO%E%err] or
nore for ralsmd“ﬁﬁ’e‘%ﬁ‘éml@ 'ta%st&?Y"gFe S Lire P 5E9%8A: the gate

the- by eakddun s SgEieApeta, g it%e&g%#ﬁ%ﬁ%ﬂ%é et B8 @‘Lei%%
source line is uQPPJieL@agaBL&%nQI :}h@h&% ?/éi{ll.ﬁy.l alh nﬁ,ef bl

capaci tance of thé capaci I's suffticlent ar ge. e secon |nsul “ati ng

llayer 514-2 may tggciﬂsm 2R fboid1RbeHRInYAgEL 51822 1s 5000k or more for
raising the breakdown voltage at the intersection between the gate
N/ line and the source line. This construction has the advantage that
10 the breakdown voltagé at the intersection between the gate line and
the source line is higher that that of the gate insulating film and
the capacitance of the cai:acitor is sufficiently large. The second
insulating layer 514-2 may be formed and photo-etched before the
first insulating layer 514-1 is formed. 'In the case where the first
15 and second insulating .lay'ers are formed of the same material, such
as silicén oxide, the ‘:thicker inéﬁlat:l.ng layer 514-2 insulating the
gate line 509 from the source line 510 is much more easily photo-
etched than the thinner insulating layer 514-1. Further, when the
first insulating layer 514-1 is formed first and the second insulating
20 layer 514-2 is then formed thereon, it is better to form the two
insulating léyets of different materials, for éxample, the first
insulating layer may be silicon nitride and the second insulating
1a§re¥ may be silicon oxide. This is Pecause either of these layers -
is alteinatively photo-etched at the time of patterning.

25 : f'igi;re 4 (a) is a plan view of another embodiment of an active



first insulating layer 514-1 is fornmed. In the case where the.first 15

and gecond insul ating layers are forned of the same material, such as

Si I_ oxi de, the thicker insulating |layer 514-2 insulating the gate line
509 Ffem t he source |ine 510 is nuch nore easily photo- etched than the

t hi nnef insul ating layer 514-1. Further, when the first insulating |ayer
514-1 is formed first and the secdfd”insul ati ng 20 | ayer 514-2 is then
fornmed thereon, it is better to formthe two insulating |layers of different
materials, for exanple, the first insulating |layer may be silicon nitride

and the Secondmai#iylﬂaw@ Jz?az@au BBy &éﬁk&%&z&ﬂg to Ih%}%ééeﬁecause

either of these layers is alternati'vely photo-etched at the tine of -

«t (-

patterning. 25ipvention andiFdbufe 4 (bf) i6Sa axBhsBevt DN Sherabp! AgaieThpsli NEMT
of an active - 10 - matrix liquid crystal display device according to
the present i npamsi e Fagukesi g €3 441d) 4 Sha¥e Be@ASdeAghated by &heameAgai N

| i ke parts of Figures 2, 3 and 4 have been desi gnated by the sang

r ef erence nunereflesencksnuerilgur ds3in Figurpas £ ithe Ldakei igulstimy LkerS513 i s
formed on the surface of the polycrystalline silicon |ayer 508 by thernal
oxi dat.i on® and ¥¢ Sexmaddonithecenriage Rf thy Prlycrystalidde #idieen laverc808 by
provi de the gate |line 509 and the electrode 512 of the capacitor. Inpurity
i s diffused i rithsTEke oxddalignsIng aotecond dlicarepxide jayer 48 formed apdt

00, Al ver FortReRbr IR el repedd uf Gk oha, i B Rk lBl e o B0

I nsul ati n.g _l ayc%rpaé%'r? Impu_fity is diff_uséd_ into the second silicon oxide layer

gs well as ﬁhg .fi..rst silic:oq 1ayer 508, 9#cept in th_e_region <
10 covered by the gate electrode 509. After forming the first
| msuiatiz_xg layer 514-1 and the second ;x;s:;_,];tmg layer 514-2,
_sﬁbseqﬁ_e_ntl_y the second insulating layer _5i4-2 :I.n. the re_gion cof the
elec_troﬁe_ SiZ _is removed by.ph_:to-etching, thereby only f_hg first
' i;:sulating 1ayer_514-1 :_Ls__fo_crmed'én the electrode Sn.fhe_contact holes
15 are formed at the source region and the drain reg_'ion.'l_‘h; source line
510 and the picture element driw)_ing electrode 511 are then formed.
In this embodiment the thickness of the first 1§;su;at;ng_ layer 514-1
is 10008 and that of the second insulating layer 514-2 is 50008 or
.mrg. Tfms the breakdown vpltagé at the intersection between the . e
20  source line and the gate 1:I._:_:_e_ is higher than that of _th_e gate
- insulating layer of the thin film transistor. Further, the capa;:itor
has a sufficient ;apa_cita_n_ce. In_ additio__n thé picture eléneht is
p:qteg:ted by the econd in_gula_tin_g layer which is r_e.'!.atively thick
and thlis_permits. impmvgmen_t of __x_:'e_;ial;j.li_ty. As _:_I.ngi_:_!_.c;t_;ed by a broken

25  line 516 in Figure 4 (a), the second insulating layer 514-2 may



subsequently the.second insulating layer 514-2 in the region of the

el ectrode 512 is renoved by photo-etching, thereby only the first
insulating |layer 514-1 is forned on the el ectrode 512. The contact hol es.
are formed at the source region and the drain region. The source |ine 5
and the picture elenent driving electrode 511 are then forned. In this
enbodi nent the thickness of the first insulating layer 514-1 is 1000[err]
and that of the second insulating | ayer $514-2 is 5000A or nore. Thus the
breakdown voltage at the intersection between the 20 source line and the

gate line is higher than that of the gate insulating |ayer of the thin film
tramsi'stor. Fur tavbptantially; ageee ¥ith 9% RATSIRYIVCFRYRT Ebf SEPAcHfeE. The larger

ddiThen t he pict el epent-is protected by the- di | af i |
ahi izh isr eleaf : \%é‘g;‘e‘f% gﬁ "é‘ﬁ_n dé‘?ﬂ’?g gfgg?ft"g RS\ g’OZ Cg%]ec(?#'gts‘iéf%pﬁ? tlsa?¥§7r3\s
i ndi cat ed b ken 25 _ |] 6, . ' ' khsul ati
: gyla(r:a5(134- 2ynnaytg’lg-sirjltéf a ef%?ﬁe)}éégﬁ g"‘\fm‘?ﬁéfgr%’ﬁéi‘%‘?ﬁ%” @g\%ggpst Egﬂi'a e

capacitor. The Iﬁgggr,ffehﬁ@&% Rlmdd 18 £CACHE Whi8O)! bEO R BYad Be sagos

i nsul ating | ayer e greater its capacitance. The insulating |ayers
514-1, 514-2 ar qi¢sudd lava/dy BBGhiRiud iokiddn Diad@itier| thRNoXRrGE Eofliing the
silicon 5 nitride and/or alum niumoxide. In addition, the order of
form ng the two twdSiststilatihg Ars EaNbéareveyssds eiinidianidoathdto desatibeiedor i bed
inrelation to Figure 3. Further, the display area of the driving el ectrode
511 can be i ncr exdetiidnctaigure 3eovers the gate Iine 509.and a part of the

first 10 silicon |layer 508. Therefore i magt(?_l bri ghtness is _nmuch inproved.
. ' Further, the display area of the driving electrode 511 can be

), " increased because it covers the gate line 509 and a part of the first
10  silicon layer 508. Therefore image brightness is much improved.
To cover the gate line 509 and a part of the first silicon layer 508
ﬁith the driving electrode 511 can be done in the embodiment of
Figure 4 because the second insulating layer 514-2 is relatively
thick and this reduces or prevents short circuits.
15 As described above, the active matrix liquid crystal display
- devices of Figures 3 and 4 are such that breakdown voltage at the
intersection of the source line and the gate line in each picture
element is made higher than that of the gate insulating f£ilm of the
\/, . thin f£ilm transistor by making the insulating layer thicker wheie the
20 source line and gate line intersect than elsewhere. Damage to the
active matrix liquid crystal display device due to static electricity
"can be reduced or prevented to only involve a single picture element
and not produce a line fault. Accordingly, manufacturing yield is -
much improved and this aids mass production. In addition, the

25 = capacitance of the capacitor can be made relatively large so improving



To cover the gate line 509 and a part of .the first silicon layer 508 with
the driving el ectrode 511 can be done in the enbodi nent of Figure 4 because
the second i-nsul ating layer 514-2 is relatively thick and this reduces or
prevésgb short circuits. 15 As descri bed above, the active matrix
i quit® crystal display devices of Figures 3 and 4 are such that breakdown
vol tage at the intersection of the souriee line and.the gate line in each
picture elenment is made higher than that of the gate insulating filmof the
thin filmtransistor by nmaking the insulating |ayer thicker where the 20
source line and gate line intersect than el sewhere. Damage to the active
matrix liquid crystal display device due to static electricity can be -« _
reduced or prevenveiding chargctenistirs of & Adfta shPdlar Asep Bt and not

produce a line fault. Accordingly, manufacturing yield.is ruch inproved and
this ai'ds mass pr%ﬁ?&#’?%ﬁﬂé*ﬁsoﬁ "‘Pﬁea"fé"eg %&?’?‘Hﬂcﬁwgfhe

capacitor can be prde relatively large so inproving . 12 witing
characteristics oﬁaj'_?%ﬂ&téfvéfﬁrﬁl a wi’gg?a af‘é’sﬂ‘@', gﬁrgp %y characteristics of.

the active matrix |iqujd.cr D o6 Ent? SnfentiSh SedLE ch ,

i nproved. In the enbogll"crrkn}%s ‘%#o e:t%rééé#tgealgﬁ\%e?lti on rggscﬁebe In relation
to Figures 3 and 4, JRge&nCed 'FigdefesLh 4ddr 4¢ AMRCicRbrcHed SLRAE HaPabitlorit 1S
clear that ‘the invention is applicable to-an active matri-x. liquid crystal
di spl ay devi ce whgié separathenit 96 ais0b1ddic thapahé Lidkesiidnt 1ie afiplivabidte of

t he adj acent : N _

to an active matrix l__itquid crystal display dgvic_:e where one

electrode of the capacitor and the gate line of the adjacent

picture element are common.

&



ﬁicture el mmt are common. CLAI.MS 1. An active matrix liquid

crystal display device conprising a matrix of_picture—elerents, each of the
pi cture elenents is conposed of a driving electrode, a caﬁaciﬂﬁ; for

storing a data signal, a MOS trnasistor having ﬁ“ l “ n e, a so
el ectrode and a gate el ectrode which is covere&“l
t

ting | ayer,
the MOS transistor being arranged sel ectid®ly tao afpl e data signal to

the capacitor, a gate line connected to the gate el ectrode, a source |ine
orthogonal to the gate |ine and connected to the source el ectrode, and a
further insulating |layer between the gate |line and the source line, the
breakdown vol tage of the further ins&&R &M SByer being higher than the

“br eak vol tage of. the gate insulating |layer. 2. A device as cl ained
inclaiml, in which the thickness of the further insulating | ayer at | east
in the region of the section of each gate line with each source line is

greater than in other §egi 0Sactlive matrif AGUIS Lrdseai! aiétgggyidgvféeai m1l or 2,
h

in which in each picture elenment at least a portion of e gate line or the
MOS transistor is COV&idigriBinghe ma@fficet iptetalid ¥la@nth SCRER@E, AN

insul ating | ayer being disposed

' ' the picture elements is composed of a driving electrode,
a capacitor for storihg a data signal, a MOS trnasistor -
having a drain electrode, a source electrode and a gate
electrode which is covered by a gate ihsulating layer,
the MOS transistor being arz_'anged. selectively to
apply the dafa signal to the capacitor, a gate line '
connected to the gate electrode, a source line orthogonal
to the gate line and connected to the source electrode,
and a further insulating layer between the gate line
and the source line, the breakdown wvoltage of the further
insulating layer being higher than the breakdown wvoltage
of the gate insulating layer.
2. A device as claimed in claim 1, in which the
.thickness of the further insulating layer at least in
the region of the section of each gate line with each
source line is greater than in other regions.
3. A device as claimed in claim 1 or 2, in which
in each picture element at least a portion of the gate
line or the MOS fra.ns:l.stoz is covered by the respective

- driving electrode, an insulating layer being disposed

therebetween.



t her ebet ween. 14 4. A device as claimed in any preceding claimin
whi ch the picture elenents are fornmed on a glass substrate. 5. An active
mat ri x i i qui-d crystal display device substantialTy as herein described with =«

cetoing draanss. TS W
14 *x C L p s *

accco

4. A device as claimed in any preceding claim in which M
the picture elements are formed on a élass substrate.
| 5. 'an active matrix liquid crystal display device
subsi:antiaily as hereih déscrihed wi’ﬁh .reference to and
5 as shown in Figure 3 or Figure 4 of the accompanying

drawings.




