5 MAY 2004 -1 SPECI FI CATI ON TRANSI STOR AND DI SPLAY COVPRISING I T 5
Technmi cal field The 'present invention relates to a transjstor, cyg
ti splay provided with such a transistor. Mre specifically, t%@%r @%ﬁt
invention relates to transistors fornmed on a substrate so as to form an
array, and to a display device having pi 1x_el el ectrodes forned so as to
correspond individually to such transistors so that display is controlled
pi xel by pixel by 10 way of thos\%},@{éel el ectrodes. Background art
Commerci al |y available display de IFICATHONS fied into tube-type
di spl ay devices, such as CRTs, and flat display devices, such as liquid
crystal display devices, EL display 15 devices, and plasnma di splay devi ces.
A flat display device is conposed essentially of an aggregation of pixels,
and di spTRANSISTORANDDISPLAY GONERISING KEl so as to produce an overall -
image. In a flat display device, for exanple a liquid crystal display
device, an array of thin- filmtransistors are forned on a gl ass substrate
so that display pixels are driven individually by those transistors. 20
Fig. 31 shqucdiltuptructure of a thin-filmtransistor (hereinafter referred
to-as a "TFT"S tLat is conventionally used in a liquid crystal display
device. In the J BT ghown in th? figure, .on top of a gate electrode G a
sem conduct or Payé‘?‘“ | IRgpRtiqn relates g dransistor, ¢ tosa displaydprawided veith such a
insulating fil minterposed in between, and then, further on top, a source
electr od'ég’@%%l Morg; apssifagally; thr) Presenty davention trglates| tor tiansistoespdoragdserna i n
a plan view, are arranged side by side 5 MAY 2004 -2 '
substrate so as to form an array, and to a display device having pixel electrodes formed so as

- to correspond individually to such transistors so that display is controlled pixel by pixel by

10 way of those pixel electrodes.

Background art
' Comxhercially available dfsplay devices are classified into tube-type diSpl-ay devices,.
such as CRTs, and flat diéplay devices, such as liquid crystal display devices, EL displayr
IS devices, and plasma display devices. A flat display device is composed essentially of an
aggregation of pixels, and display on it is controlled pixel by pixel so as to produce an overall
image. In a flat display device, for example a liquid crystal display deviée, an array of thin-
film transistors are formed on a glass substraie so that display pixels are driven individually
by those transistors.
20 F1g 11 shows the structure of a thin~ﬁ‘lm transistor (hereinafter referred to as a “TFT”)
 that is conventionally used in a liquid crystal display device. In the TFT shown in the figure,
on top of a gate electrode G, a semiconductor layer SI of, for example, silicon is formed with
an insulating film interposed in between, and then, further on top, a source electrode S and a

drain electrode D, both rectangular in shape as seen in a plan view, are arranged side by side




with a predetermned interval secured in between- Ideally, the source and
drain electrodes S and D should be forned in the designed posi M %s.
Cccasional ly, however, they are forned in deviated positions QWA S0R4 n
Figs. 12 and 13. If, as shown in Fig. 12, the source and drain el ectrodes S
-and D deviate in the vertical direction of the figure while naintaining
equal 5 overlaps with the gate el ectrod@-G the areas (hatched in the
figure) oye whi &%e%%g purceI and drain electrodes S and D overlap the gate
el ect r ode "G Hiaval sgended hulssttvben.  Dadad§] this G i rance of th
TFT renmai Q&g{ﬁggsltdnémchanged. However, if as shO\%n incnlgzrilg.%;d Q@fh ?Ei?lcgmdesg
devi ati on uldrbe foembdin thentesioneli p@GIdnQN 6 iqure. one of the
source and drain electrodes S and D%omas to g‘\:/atés{rbﬁglfrl)"”t 3’3&%& c¥lagcformed G

over a | amgdavided potitions 4shoWhNaIF; i« results in a_great variation in
the parasitic capacitance. Based o \]/%Ea%ghlg‘s Eé@ﬁsﬁ@?b%q Bigd 12,rthe sbance ande

‘can r ecogdrateelédddeESGAnl P yariations in the parasitic capacitance
of thin-filmtransistors, ?%gﬁﬁhédﬁa‘ﬁ‘tﬁ@%%@@heﬁgumwb mathpligy equal

pi xel s3 ieve . uniforminmage quality on a display device
of whic h%@%ﬁ”ﬁﬁg@e %a?‘% g‘f%‘g“ e b grens thptohechinthe figure) ovds WliGCAO S R t Ne
i nventi ony Acc(%ra%_img% té the present invention, in a transistor having "a
source el Befy § % and 3 evedap dhe gdie élestrodd @i@ﬁamuxzé}ﬂﬁ%%ﬂi ]tarﬂd 2tpuq= the

predeterm ned, interval secured in between on a sem conductor’lay

so as t o H3EsEseapasitange of thel BT mMﬁﬁalﬁio%&ﬂcﬁg%ed_t hﬁoggg?efhg.; :&st e 20 drain

el ectrode that faces the source el ectrode has corners ro WG Fig.

descri be 13, therdemiation womed it tHechortHfta EHGE. e source el ectrode that faces
the drain el ectrode is fornmed so as tog&ggégipﬁeﬁ%“%&%ﬁéh%m%ﬂﬂdidmn

cor r esporetkictrgddsoS ahé Dee@ResOfo dva j | ect rode describing the convex
~curved line, the edge of the soﬁLF1 éﬂée%égfg % HAvetid dygeiorres thae thdethdr.ai n

el ectI00ddhisesultQ il Greap 4 0.descrihe a convex curved |ine along the edge
of the source el ect g%%&’?ﬁ%@&“ﬁ@&?ﬂ@ﬂ%@%w -

Based on what has been described thus far, one can recognize the need to reduce
variations in the parasitic capacitance of thin-film transistors, in particular those used to dri

- , ve

display pixels, and the need to achieve uniform image quality on a display device of which the

display pixels are driven by transistors.

15
' Disclosure of the invention
.Accordmg to the present invention, in a transistor having a source electrode and a
drain electrode formed side by side with a predetermined interval secured in between on a
semi .
emiconductor layer formed so as to perspectively overlap a gate electrode, the edge of the
20

drain electrode that faces the source electrode has corners rounded 80 as to describe a convex
curved line, the edge of the source electrode that faces the drain electrode is formed so as to
describe a concave curved line corresponding to the edge of the drain electrode describing the
convex curved line, the edge of the source electrode that does not face the drain electrode is

for i i
med so as to describe a convex curved line along the edge of the source electrode that faces




-3 the drain electrode so that the source el ectrode has a substantially

uniformw dth, the sem conductor |ayer protrudes out of the ggh@ﬁl ﬁgtrode

to forma portion that overlaps the source el ectrode and a por £R9¢

overlaps the drain electrode, with the protruding portion' that overl aps

the source el ectrode and the protruding portion that overlaps the drain

el ectrode 5 separated from each other by3t-he gate el ectrode so as to be

independe{i{? 8f .eafh ot her, and the portion of the sem conductor |ayer that
e

over | aps 4t elestrede rsodthantbe tsharce fdeaads as &6 g8bs@dntiaft] ﬁﬁf&ﬂﬁc‘%@ﬁ, the
y cut ong

el ectrode that does not face the drain electrode is partia

the prof i seanicepducins laysnpretradesciut ofehe bdle blak5, RS £ nofdd€ (fraln
el ectrode is forned so as to descri be % curve?j fonféo'ﬂﬂw Hoﬁmfl&gﬁcpvleflﬁ’,s thad

i s bar - shaymeck elscteodshaides pdiios tABKR] ible to redyce 10 the area over
which the drain el ectrode  the seﬁ%ﬁ%&gggfm?ﬁ E‘ir?deat’fﬁtli%&‘é Pietruding partionde

per spect i thet ¥veRMBs HRR r.,fhus, it is possible to reduce the

parasitic capaci Fanceogﬁ%te&\?/ée}g}r?ggﬁ%d ﬁ%’(@mx 5‘?{8@1 thag overtape thel drainsel@tode

possi bte vaniatiaons . in parasitic capacitance anong individual

TFTs. %\/brstee \a,%feﬁti?ﬁg e@fdlg%hﬁobwe gégiﬁlft,cém@ sxaytode ifidupendsnt beeact 'oMdR. and the

el ectrode | fo%:g]t;d SQ as to describe a concave curved |line corres’poncil ng

to the s%@oﬁg Sehéscadyeonlayerttbatratiapsathe gt atltrodbiagd ﬂﬁkﬁaﬁest @% eghan el
ereby

wi dt h between the source and drain electrodes uniformand t Ah3hces

the char 48¢ EPurse pleetraste thateddes antfass the-drdif eleBG8id i fﬁaﬁ}aﬁl?%uﬁg@e of. J e source
I'sS 1orne

el ectrode that does not face the drain el ectrode 81035 ¢ grolile

descri be of thosmexe elecvedt. | iTAehiR!sBOSuL Bhe e.squrce el ectrode that
faces the drain electrode so that théageo%fg@e&éeﬁt}é) Fr‘%g%“?‘?gs“’aﬁ%gb@scmbbiaal |y

—uni for m wugkteld. linkRbigh H e ‘ 20 wi.dth gf the source electrode uniform
g {Br?légd mﬁf ﬁgapieﬁ £f ﬁé’ﬁpée- of Thigmelses it pessibdpacietiacce.

and narrow, and thus help uce
Fur t hRY NMBRE arent \Rr rotrudes out of the gate electrode

] t.or .| r
to forma portion tﬁa%l?g@/éejr %%selﬁcﬁ'és%otg? cemgoaduaterdlayemdind the rgate0Bieéthate

overl aps in electrode, Thus, even if the position of a mask
devi at es.rpgltr% ecélg"é ?‘faeglﬁl’ {OPEEOREE| t ThoKsitds possitde s ueduee Al pathaiio capafiidgdes
devi at e, bét%%g gﬁ}”-s ogl y a slight va'ri ation in parasitic

amn and gate electrode. It is also possible to reduce variations in parasitic

capacitance among individual TFTs, Moreover, the edge of the source eiectrode facing the

drain electrode is formed so as to describe a concave curved line corresponding to the shape
15 of the edge of the drain electrode. Thisr makes the channel width between the sourcé and
drain electrodes uniform and thereby | enhances the char'acteristics. of the transistor. In
addition, tbe edge of the source electrode that does not face the drain electrode js formed S0 as
to describe a convex curved line along the edge of the source electrode that faces the drain
electrode so that the source electrode has a substantially uniform width. This helps make the

20 width of the source electrode uniform and narrow, and thus helps reduce the influence of

parasitic capacitance. Furthgrmore, ‘the semiconductor layer protrudes out of the gate

electrode to form a portion that. overlaps the source electrode and 2 portion that overlaps the

drain electrode. Thus, even if the position of a mask deviates and as a result the positions of

the source and drain electrodes deviate, there occurs only a slight variation in parasitic



5 MAY 2004 -4- capacitance. Mreover, those protrudi ng portions are

separated fromeach other by the gate electrode so as to be |€Wr&3§2t of
each other. Thus, even if light is incident on the TFT fromb h S

possi ble to prevent short-circuiting between the source and drain that
results when the portions of the sem conductor |ayer protruding out of the
gate el ectrodé becone 5 conductive through an photoel ectric effect brought
about by the light that travels past the gate electrode or by another

cause. MoEapgoitancet hiefopenviet, ARosefprbiRéd; L conductor | ayer that overlaps the
gate el ectrode and that faces ihe e&%%g%lﬁsg?ﬁgessﬁﬁrﬁ X@loébﬁﬁcb@&etﬂvatthdgﬁs

not face elb&teodérsaiggtglb%qh%q ' artially cut off along the profile of the
source el ectrode. This helii sﬁd%ﬁr??ﬁ?%%ﬂye g:i‘éﬁ en ihiighs dsrinciledtist e TRyer

and thus fsh l.eak current resulting 10 fromlight incident on
the TFT f rom%ghoé@ggﬁilo%%@ﬁa{? PURYFY shaercircuiting beoveeh shoscRs@Nndi iy md,& 9&81t£ n a
si de” by

transi st%hé}la%i 2‘%’5& sou]{]&lg el ectrode and a drain electrode forne
side with .a preqsi¥ntinds semicomdustos byer pebtiudingha WEeRe 28 aelfcgrmgc nduct or
| ayer O;Frgg ]é%igrpg@. tgmperﬁpectively overlap a gate el ect ode These BEnGf
the drai gugan phatodscttib effe@br&Rhel de. ks forned so as to
PEHE AR b9 iy L BReLS Dokttt

descri be a convex 15 arc, the edge of the source e

drain el elactrode orsby enother SeuRs N rihhe.a.. concave are along the
convex- ar c- shaped edge of the drain ei g’cﬁ%oﬂ(ghl% ‘?nfﬁgie fsracendyetan dayer bhtmeen

the sour cwedapd the gite eflcRolE ' stantially uniform the edge of the
source el ectrodegétlhat doesgﬂ‘gt&m\tgaggyﬁﬁeeﬁa?H?Fheeﬁoétqerwoﬂsﬂfabdmdno‘i%@s to

descri be tie 8QNVASRHER ; th e -of the source el ectrode that faces
_the drain electrode c%ol?llpﬁaigmy ﬁg?gﬁd@?% '8p eefilo 0 theaw 2@ eleqtiids! amhis Ehle%@g
rode

uni f or m ;g4 sem. conduct oy | ayer protrudes out of the gate elec

to form ag%g%et %Ilgﬁrﬁa}?gtﬁ%%‘i“%‘ﬁg‘% yso and thus helps rediRe #lesk Qftfdl Pe@ul}.ihat
overllapsﬁégg{.ggﬁ% el ectrode, with the protruding portion that over 5%5
t he sourc g e (KD fromebessi ng  portion that overlaps the drain

el ectrode separated fromeach other by the gate el ectrode so as
_ ternatively, according to the present invention, in a transistor having a sourcé
e_alectrode and a drain electrode formed side by side with a predetermined interval secured in
between on a semiconductor layer fonned SO as to perspectively overlap a gate electrode the
edge of the drain electrode that faces the source electrode is formed so as to describe a convex
15  arc, the edge of the source electrode that faces the drain electrode is formed 80 as to describe a
concave arc along the convex-arc-shaped edge of the drain electrode so that the distance
between the source and drain electrodes is substantially uniform, the edge of the source
electrode that does not face the drain electrode is formed so as to describe a convex arc along
the edge of the source electrode that faces the drain electrode so that the source electrode has
20  a substantially uniform width, the semiconductor layer brotrudes out of the gate electrode to
form a portion that overlaps the source electrode and a portion that overlaps the drain
electrode, with the protruding portion that overlaps the source electrode and the protruding

portion that overlaps the drain electrode separated from each other by the gate electrode so as

to be independent of each other, and the portion of the semiconductor layer that overlaps the




to be i ndependent of each other, and the portion of the sem conductor |ayer
that overlaps the 5 MAY 2004 -5 gate el ectrode and that faces i%ﬁgﬁs of
the source el ectrode that does not face the drain electrode i %\
profile that runs along the profile of the source electrode. In this
structure, the drain electrode is formed so as to describe an are wth a
convex tip, and is bar shaped as a whole.. This makes it possible to reduce
the area over which the drain electrode, "5 the sem conductor |ayer, and the

-gate el ecpitocReAS RES i erl.a ne another. Thus, it is possible to
reduce t h% parasitic %g%a‘afé% east(r)i%% eB%‘?\RgéIFP tecedelagtrodarttiatoddes ot e A8 Qirgih t

is also gessidfal . educe.variations in parasitic capacitance anong
i ndi vi dual T@#g.ﬁn%?ee‘%\?ei’ ,0%1‘%31%5@ 8long e quofilecofetiecivubtecbafidid §ey
drain el echtu(rgﬁge js,formed so as to describe a concave arc along the s
- above- mentiUSHEY teigrain pleptrededs fpmed sectsrio describBins a%gﬁ a dohe channgli'%l\g'gdt h
t "t he

10 between the source and drain el ectrodes uniform an hereeb";}'per‘i‘ﬁ

char act er¥18p§dcas agwvhelne Thismsiles itrposiblead did,i e edge. of the source
el ectrode that does not face the drain el e(k:;??lg e |%Vefg'$1‘Fg‘c}h% agselpefrode,

describe the semicondumtar IayedNghdt fhe he source el ectrode that faces
the drain el ectrode so that the g?%@%égog%é)g‘fsp%%’é'e SVeHap ape anpthéral Myus, it

uni f or m i§ pésgibleHal 'edudagh Jhe. widih of the source. electrode uniform
and. narrow, and thus hel pg regﬁg"}éﬂpﬁaémi ciween therdreinend gateabictrode. 1t is also

capaci t anggsib] . the sem conductor |ayer protrudes out of the
gate el e?t rédgﬂ'g %éaﬁéﬁirga“%% 1 RSt tiqapasiantapotgindRdal BFES e ibRAGARD 2
a

portion th of gerl agslthe drain el ectrode. Thus, even if the position of
mask deviates and ds- & Eed facigghe drdi elecinadedt firiRdS8UE 8 dalfydLai N

el ectrodes evi&tée, there occurs only a slight variation In pargsf’f)f'?aé’e

capaci t afte® “NbHERPeVe-mantioredheduier afcthe drad® et Q. 2FS; rated fromeach
ot her, by 20 the gate electrode so as to be i ndepén(}g]flsf&g?esgb%ﬁhﬁnﬁ Widtlrhys,

10¢” between the tomgs _ dent .
even 1P betgmen the Sompiecrtdrain didverodd ik it is possible to prevent
short-circuiting between the source anéﬁ%r al ﬁ[h%é\fé‘f em}a@%?fl*ﬁ%"bﬁéﬁemﬁ@s of

or t i onstheftrankistesenice I r ot rudi ng out of the gate el ectrode
_p A Aditi6n, Othe | AYE Tof RS source efectrode that does got face the drain

ol . .
ectrode is formed so as to describe a convex arc along the edge of the source electrode that

1 5 - *ow - .
influence of parasitic Capacitance. Furthermore, the semiconductor Iéyer protrudes out of

th .
e gate electrode to form a portion that overlaps the source electrode and a portion that

overlaps thg drain electrode, Thus, even if the position of a mask deviates and as a result the

positions of the source and drain electrodes deviate, there occurs only a slight variation in

parasitic capacitance. Moreover, those protruding portions are separated from each other by

, . _
0 the gate electrode so as to be independent of each other. Thus, even if light is incident on the

,I‘F . + .. - )
T from below, it is possible to prevent short-circuiting between the source and drain that

results when the portions of the semiconductor layer protruding out of the gate electrode

become conductive through an photoelectric effect brought about by the light that travels past

the gat
e gate electrode or by another cause. Moreover, the portion of the semiconductor layer




beconme conductive through an photoel ectric effect brought about by the

light that travels past the gate electrode or by another caus€ rzﬁﬂéer, '
the portion of the sem conductor |ayer 5 MAY 2004 -6- that ove

gate electrode and that faces the edge of the source el ectrode that does
not face the drain electrode is given a. profile that runs along the
profile of the source electrode, i.e.,-Ps arc-shaped. This hel ps nmininze
the area %’éﬁ%’?ﬁeﬂﬁg&. cor%dul;t‘grdl aydsrﬁ, and thus hel ps reduce the |eak
current r ¢ Pightrodenariddthnat faoes thB&dEE ¥f fHeQ cearding to
the presepnt invention, in a display device th%—t achi %E%E%B?%@agaoﬁs‘i‘(ﬁg

any of t H&ct terdrpit dectradeds piverd @mbaNah cto sour ce
conductors are arranged in a gri%—l i keat%gh ?gﬁg%%ﬁﬁﬁt%&ﬂ?ﬁ%ﬁﬁﬂewgd@re

| ocat ed dte. tihard-sttaped: e CT1i® BslpH KNGS ate and . source conductors, and
the drain el ectrodes of the transi stg%?{séeaé‘?‘leo the Srrgicandugtorilayer, and thuphelps | el

to the squdwR thORAKH L - this structure, even if the positions of the
source and 10 drain ef ecrz?spgﬁlgsﬁo(ﬁ%@gl&ﬂ@“f%tP%Elle(ﬂ'l‘?']‘eﬁ’om@homr allel to the
sour ceg conductQ parasitic capacitance varies only

. ate-drain é
slightly. . Accor%?ﬁdda‘%] g" @ﬁé”?%fs‘éﬁ%ntmﬂm display ideviee that pétaewed %Y%Fag gy
achi eves agi SELh%y by. usi ag ‘ancg of the transistors described above, sour%:e
conduct oY § gté"’t‘élsf%ﬁ ¢rctibedabave, gate wmbdoiﬁmdasoﬁfde%h&&%rgmf%rgg i on,

the transistfors are located at the intersections between the Sou Mand

gate conduEidoike configurationdihaitrangitent m%%téafatttﬁbein’&%r?e@&i)nss} BetweerL the afecat ed

substantially perpendicularly to the source conductors: 4@ re,

even if sowcpoonductors, afd tie deander a I el.ectrodes deviate in the .
di rection. perpendi cul ar to the source gsgﬁgt}@% 3? SIStORearg aprgangad uhstprtiaflyi t i c

capaci t aparellelabithe sORLY cShdudidrl V- eover, when the source and drain
el ectrodes are forned, accurat% pIgSIYB{SngW -ic¥en gt pesitiond ¢f fhe source and

t he- dOr eglaiP RiRPELRRNGH. £ 0 .20 the source conductors, and not so
accurate posi i oérsl(i&%g@tjivgﬂé gé&f’er diestipn; Faralfglrtecthe voupsar aintiedtodso the BResMh Ce

conduct Of fasitic capacitance varies only slightly.

According to the present invention, in a display device that achieves display by using
any of the transistors described above, source conductors and gate conductors are arranged in

2 orid o .
grid-like configuration, the transistors are located at the intersections between the source

15 and gate conductors, and the drain electrodes of the transistors are arranged substa.ntially
perpendicularly to the source conductors, In this structure, even if the positions of the source
and drain elect_rodes deviate in the direction perpendicular to the source conductors, the gate-
drain parasitic capacitance varies only slightly. Moreover, when the source and drain
electrodes are formed, accurate positioning is required only in the direction perpendicular to

20 |

th itioning is 1
¢ source conductors, and not so accurate positioning is required in the direction paralle] to

the source conductors,

According to the present invention, in a display device that achieves display by using

y of the transistors described above, the transistors, together with pixel electrodes



According to the present invention, in a display device that achieves

di sptay by using any of the transistors described above, theé 'gaba)rs,
together with pixel electrodes 5 MAY 2004 -7- connected thereto, ar
arranged in the cells sectioned off by the gate and source conductors, -
auxi | iary capacitance el ectrodes sandw ﬁhed between a gate insulating film
and a protective filmfrom above and ffom bel ow are arranged between the
gate conductor, of each stage and the pixel electrode of the next stage

arr ange&o%ecgeéi @Sregq/éf‘? apsanged igdbe celinsegtiensd off bytthe gats dndl sosrcerconfioetord i n
t he prot ec_i{,i ve filmlopsidedly in the side of each stage where the

transi stPHFIaG; epRgitanee elsstrades sandwictietl biehwoenux zite dnsulsthipofiint ane Q8 RbRELTLOIES
to connect to the pixel electrodes, and cuts are fornmed at the edges of

t he pi xéilmdfeutabodesnd froat belowhre artfiged Futwbdn M YafARRRILERPOF egéhfe%ilriégg%ﬁls in

the side of each stage opposite to where the contact holes are

These culisspiiel glevrstRNof R Adkt %Eégelmﬁ%%wgg akh§ 0%{2%4; tﬂ%lc ?%t&rfgg&h%&b%gg@%;age

and 10 that of the next, and thus hel ps prevent s

adj agenyoRk Xk : :@gtg 3 |t degradatiqgn ipn display

qual i ty. 8ot fﬁéﬁ% ?Ig? ?% ) Ct(ﬁ‘%ea\jﬁmll{r}g@gﬂfiﬁcngll.n %lg‘bl rFagh etiageh bhereg then
outline . structure of the TFT arrgy of a first 15 enbodi nent of the
i nventi 8’%{‘“1&?‘3. ars ffl’J‘?"e Weitt F%H%Fnlbﬁévﬁ'{xgm capasitgnae; ¢lectrodas $howmeich td-thg. 1.
Fig. 3is ﬁa@l an, view schematically showing the structure of the TFT of the
first BHEbelerEedes, mdycuty are formedat the edgeshafithe pineheletrodys Biated bbbwe Be t he

TFTs of the first enbodiment. 20 Fig. 5 is a plan view showing an outline
of the gwfliay wapacitanceheledFadenrin she sidle of sabatihe dPPoSit PRherdfthd Benth GO ON.
[ [ 1.

Fig. 6 is a sectional view taken along |line B-B shown in Fig.
are formed. These cuts help widen the interval between the pixel electrode of one stage and
10 that of the next, and thus helps prevent short-circuiting between adjacent pixel electrodes and

the resulting degradation in display quality.

Brief description of drawings

Fig. 1 is a plan view showing an outline of the structure.of the TFT array of a first

15 embodiment of the invention.
Fig. 2 is a sectional view taken along line A-A shown in Fig. 1.
Fig. 3 is a plan view schematically showing the structure of the TFT of the first
embodiment.
Fig. 4 is a plan view showing the array_structure of the TFTs of the first embodiment.

20 Fig. 5 is a plan view showing an outline of the structure of the TFT array of a second

embodiment of the invention.
Fig. 6 is a sectional view taken along line B-B shown in Fig. 1.

Fig. 7 is a plan view schematically showing the structure of the TFT of the second

embodiment,




Fig. 7 is a plan view schematically show ng the structure of the TFT of the
second enbodiment. 5 MAY 2004 -8 Fig. 8 is a plan view show ym g\%&ay
structure of the TFTs of the second enbodinent. Fig. 9 is ap I2
schematically showi ng the structure of the TFT of a third enbodi nent of
the invention. 5 Fig. 10 is a plan view showing the array structure of the
TFTs of the third enbodinent. Fig. 11 4%-a plan view schematically show ng
the structure of a conventional TFT. Fig. 12 is a plan view simlar to Fig.

11, showi ng aFigt h&ris 4 3ildh vidvk Showdd thé e SieMde i H g 11,
showi ng still another state. 10 Bestg mdgmfg&t}éfgﬁl%iorglh&u{w{rﬁe"f: ﬁ!?eﬁ?qoéﬂ'
Her ei naf ¢mbodimeiodi nents of the present invention wll be described with

reference to the drawings. In a first enbodi ment of the invention, a

plurality of &ETS : ing.an inverte taggered structure are arranged in
a matrix-li keﬂ-lgb?\)f ?sggﬁ)\gﬁ g’hevg c?cg‘?slmftl’faﬁ%rsﬁ?‘é(‘“?‘lheaﬁm.of the TREsef arthird
structured%af detls#ri bed below with reference to Figs. 1 and 2. The TFT
array 2 AAOUMH Rk Inyeniiongat ¢ conductors 4, extending in the horizont al
direcftion of Fi 1, formed at predetermned intervals on a substrate 3 of,

for eXanpl e, Fitb-104s kalan Gwshowlngahe bivey silceurs o HTT Sotthe BfdSenbihEgdes
5 branch off at predetermned intervals. The gate el ectrodes 5 are covered

with a gate iFigullaisiarpdarf vibw s6hepatichiBr sHOWATIHAS st &ufééfialc&rﬁv&infogaf@ﬁi NX) .

On top of the gate insulating film®6, a sem conductor 1ayer din an

i nsul ar - pat t efig, 12 is@.pl hi } sQ,as to perspectively
5,13 QiR SRS 91 Skl ol 3

(i.e., as seen in a plan view ove %odes 5. The
sem conduct orpjj 13384 $1ah 6 sfnﬁfap?ész%f 11, showing still another state.

10 Best mode for carrying out the invention
Hereinafter, embodiments of the present invention will be described with reference to
the drawings. |

In a first embodiment of _the invention, a plurality of TFTs 1 having an inverted
staggered structure are arranged in a matrix-like conﬁguratioq 80 as to form a TFT array 2.

15 These are structured as described below with reference to‘ Figs. 1 and 2.

‘The TFT array 2 has a plurality of gate conductors 4, extending in the horizontal
direction of Fig. 1, formed at predetermined intervals on a substrate 3 of, for example, no-
alkali glass. From the gafe conductors 4, gate electrodes 5 branch off at predetermined
intervals. The gate electrodes 5 are covered with a gate insulating film 6 of for example,

20  silicon nit;ide (SiNx). On top of the gate insuléting film 6, a semiconductor layer is formed
in an insular pattern, i.e., as semiconductor islands 7, so as to perspecﬁvely (i.e, as seen in a
plan view) overlap the gate electrodes 5. The semiconductor islands 7 are formed of an

amorphous silicon layer.

After the formation of the semiconductor islands 7, a plurality of source conductors 8




anor phous silicon layer. After the formation of the semi conductor islands
7, a-plurality of source conductors 8 5 MAY 2004 -9 are formedsg,}A 2004
predeterm ned intervals perpendicularly to the gate conductors 4. ¥or each
of the cells sectioned off by the gate and source conductors 4 and 8
arranged in a grid-like formation, nore precisely, for each of the

i ntersections between the gate and source conductors 4 and 8, one TFT 1 is
arranged. Erom the source conductors 8, source electrodes 5 9 branch off at
the sanmepierardAt prgdetesmingd igtervale pernendioarly 1o theegate candgetors BesFetecaehoff Of
the source electrodes 9, a drain electrode 10 is forned wth a '

pr edet erthe wells sentionodiioffs by the gatei andoatusee nondliveorsirain 8! Rfins&s e A0gridiliké t S

- base, connects to a contact electrode 11 that nakes contact with a pixel

“el ect r odermakiom, TihdreapretiseBs, fobCéaeHi 6O thd) SnRAREEARIYERED | b 2%52? eaé-fdwi?xﬁﬁg €

el ectrodes 9, drain 10 el ectrodes 10, and other parts, I1s C

pr ot ect id6Rdidtbr4lendos, onk ('I‘F’Ieﬁ Erﬂ?}aﬁ%cﬁ R Ii'rﬁﬁﬂhe @éﬁt{c% gﬁnqﬁx?go{}%( %,Osolélgc‘r% ﬂeiécgrodes

protective film 12, contact holes are tormnme

el ectg o vVer t] us. Wwth each TFT 1, a transparent pixel

el ectgr ogﬁﬁ&rr%%%w‘g ?almleéffeﬁ%,gwu@?ﬁ#ﬁ’egag? I?Bn‘iﬂh"t?rér“naéﬁ arrgpgedy); Bepide|each pHdes
14 are gﬁlan edin a mggtrig-_lilfe formation so as to correspond,

one- t o- SARSOWE EliReiraders, 2 drajp FlectrAed? it Srimed with » esqlstetiningd itteTET sedured

t hrough ,the contact holes 13. In a display device of a reflective type, the
pi xel  an betwesae sThe drpiryeloetradsr I at its base,raoinheats tova chrithonelebtrod®1 1 Guemakes a
metal. Next, with reference to Figs. 3 and 4, the structure of the TFT 1 of
t he fir sontagtmichapirel elactrddebe descri bed. As shown in Fig. 3, both the
source el ectrode 9 and the drain electrode 10 are elongate, 20 i.e.,

IO e T g e s, ISP g ™
SOUrge GRIBHHELsOT0, Bndafifer! ﬁh‘f'ts, is covered with a protective film 12 of for example, silicon
.nitride (SiNx). In this protective film 12, contact holes 13 are formed that lead to contact
electrodes 11. Moreover, contiguous with each TFT 1, a transparent pixel electrode 14 made
of ITO, IZO, or the like is formed. The pixel eiectrodes 14 are arranged in a'matrix-like
formation so as to correspond, one-to-one, to the TFTs 1, and connect to the corresponding
15 TFTs 1 through the contact holes 13. In a display device of a reflective type, the pixel
electrodes 14 may be formed of a reflective film of, for example, a metal.
Next, with reference to Figs. 3 and 4, the structure of the TFT 1 of the first
embodiment will be described.
As shown in Fig. 3, both the source electrode 9 and the drain electrode 10 are elongate,
20 ie, longer in their lengthwise direction than in their widthwise direction. The lengthwise
direction of the source electrode 9 is perpendicular to the source conductor 8, and the
lengthwise direction of the drain electrode 10 is parallel to the source conductor 8, The drain
electrode 10 has its tip portion 10a arranged so as to face one edge of the source electrode 9

with a predetermined interval secured in between.




| engt hwi se direction of the drain electrode 10 is parallel to the source
conductor 8. The draln electrode 10 has its tip portion | Ga gif@R9664S°
as to face one edge of the source electrode 9 wth a predeterm ned

i nterval secured in between. 5 MAY 2004 -10- The greater parts of both the
source and drain electrodes 9 and 10 perspectively overlap the

sem conductor island 7, and perspectivel§-overlap the gate electrode 5 with
the sem conductor island 7 and the gate insulating film®6 interposed in

b . Bot HIHéh i 0
et ween. Bot Greaacii fts GNBotHr fb rboﬁ}c%cﬁﬂq)mﬁh;/ %é@;ﬂgdés 9 7§ d%résﬁag{;‘tﬂfeﬂ%

that their |engthw se direction perpendi cul a crosses an e

gat e el asiefl9s thedsenR@bh : 0 ; rain electrodes. 9 and 10, are
| ocat ed out gligde the secﬁlﬁcéﬂgrfﬂggc% Z’r Hﬁiﬁgﬁ%ﬁeﬁhoeve ap gﬁ%ga‘? WE‘ECE"BH? Sewith the
electro i t he.sem.conductor island 7 connects to the

sour ce %glr??t?(l?ta g@"’gg“"é‘ﬁ? atsnﬁgﬁ‘%ﬁ%}F "l?f‘dyf’ﬂ%%?@r iterResed in beiween | Beththelsmuesi de
the sem cggﬁuctgr ial aBd g §onnects to the contact electrode 11. 10 The

source EBSHBFLYORESY and d0ee v asanged dhatatheir dengtivise directiondsepdndivutglst he
dr ai el ectrode 10 to allow the tip portion 10a of the drain el ectrode 10

in. Bet f&R8es Aecdgepihe gate plectrodess. ofPartseofdhasoured aetdraideldkfodado b€ 10 are
recessed portion 9a of the source electrode 9, a channel having a

pr edet ededatesid ogiajdle( theesemitdnductonrisiend Wi dirmk: pase ©o1 gou&'ietlﬁm%ﬁé ﬁ]z{’éa?/ o

this channel is not |inear -in shape, but has a nonlinear shape

al ong t atspfeofhe! senidoridior %@t.ﬁﬂsﬁ%nﬂe@tspﬁ;r e Q3 'm};ﬁfct?rﬁgagriglg G chargagiﬂ{??g?ﬁ

of the TFT 1 results principally fromthe portions 0

el ect r ogefin Qiedi?d ' el P spectivel y. overlap the gate el ectrode
5 it horn edbac o ool bEaids R AL SREROr S DicineB o feicdtseyeiearode
i nterpoged in between. In particular, the parasitic capacitance resulting
fromthe overlap between the drain electrode 10 20 and the gate el ectrode 5

greatly inflyences th i xel voltage, causing variations init. In the
‘ altO Lﬁ!le source e?ec?roée 9 has a recessed portion 9a formed in its edge facing the drain

electrode 10 to allow the tip portion 10z of the drain electrode 10 in. Between the tip portion
102 of the drain electrode 10 and the recessed portion 9a of the source electrode 9, a channel
~ baving a predetermined gap (i.e., the channel width) is formed. Quite naturally, this channel
is not linear in shape, but has a nonlinear shape that runs along the profile of the recessed
15 portion %a.

The parasitic capacitance of the TFT 1 results principally from the portions of the
source and drain electrodes 9 and 10 in which they perspectively overlap the gate electrode 5
with the gate insulating film 6 and the semiconductor island 7 interposed in between. In
particular, the parasitic capacitance resulting from the overlap between the drain electrode 10
20  and the gate electrode 5 greatly influences the pixel voltage, causing variations in it. In the
structure shown in Fig. 3, this gate-drain parasitic capacitance is reduced, and variations in it

also are reduced for the reasons described below.
The parasitic capacitance itself is reduced in the following way. As desén'bed above,

the drain electrode 10 is elongate, i.e., longer in its lengthwise direction than in its widthwise




structure shown in Fig. 3, this gate-drain parasitic capacitance is
reduced, and variatibns in it also are reduced for the reasorgmghbged
bel ow. The parasitic capacitance itself is reduced in the followng way. As.
descri bed above, the drain electrode 10 is elongate, i.e., longer inits
| engt hwi se direction than in its widthw se 5 MAY 2004 -11 direction, and
its tip portion is allowed in the recesskd portion 9a fornmed in the source
el ectrodde_ 9. Thins;bhel ps reduce ' the area over which the drain electrode 10
over | ap difeetismnmingbits it portionl Brallotveanth tHeredadsed Hloseid 9 nd foys, el ps
reduce the parasitic capacitance. This al so hel ng reduggoﬁg%‘:ﬁngt}}?? SRPreC
Mor eov erelectivde ShurTiis diethsdfediufe theafGt & . (tihese, ar,e fornmed, of
the same netal sinultaneously) are arraﬁ%e h@PS@gb@rgms?lagr?% tlﬁe"‘{?élﬁ?itb%l
directi gem@dontii@of iIWLE: erefo evep if their positions deviate
slightly in theohgrlﬂz‘gn7t Z‘?gdﬁh?e%%%oénlgé&fociéh - ARG ihes hefps pruge dthaj perasitic
parasiti | tapce remains  unchanged. By contrast, if the positions of
t he sourcg% ang édr a?ﬁlseﬁg& H]B%sreg“c&néeagoc%ﬂtat Moreaverh ethe esatircalandi dedii | on
of th‘se f@&rgééhe ?rzg over which the drain electrode 10 overlaps the 10
gat e el E&H8 e5 argiferried ofghe samé metah simulhaatoushyy dre BEhHMISEIe by
direction of the drain electrode 10 perpendicularly crosses an edge of" the
gate el sdleinthe Briialvisction dfithe Sguwnimbmetsfore SHRATH heRpb¥itiohdalviad gﬁglﬁ}r the
gate el eCttidee 5 crosses the drain electrode 10 in the direction o e
shor t er imsitheshdrtzenmbf dirextion t LR FRire EURN phfo-dr ca at which the edge
crosses the drain el ectrode 10 devigg'ztre’s & he %gng%lﬁ%ﬁgeéagﬁléﬂcpowmam
t her eof unéHagged. e BP¥SKradh i £{, | ctr.ode 10 overl aps. the gate
el ectrode 5 vari es"ponl y <l gﬁﬁgﬁﬁﬁﬁgfﬁg&gﬁk@g@d an Eﬁcgro ¢ 2 and, 1@ dgyipte pe
cl ear WifiheGR ' ructure in whic he drain electrode 10 is
arranged p or p g%%li ?ﬁf’%ﬁ“}y}’ ff{gé }ﬁﬁg&a hea?‘@% Tt W*’}ﬁ}" tﬂi‘f’egré’f?b@@ﬁtf%ht 10everigps the
di sgysse | edge .. of th ate electrode 5 crosses the drain
el egtB r o%%el%eci%r?’df e V& gflfﬁ%lt@e g‘e?"ect ¢ dactt that thef lengtliwisendirqotian eofathe Wdtiiah.
t he edgel crocfsel% the drain electrode 10 deviates in the direction of the
electrode perpendicularly crosses an edge of the gate electrode 5 proves to be

advantageous. Specifically, that edge of the gate electrode 5 crosses the drain electrode 10

in the direction of the shorter sides the’reof,‘ and therefore, even if the place at whilch the edge

crosses the drain electrode 10 deviates in the lengthwise direction therebf; the area over which

15 the drain electrode 10 overlaps fhe gate electrode 5 varies ‘only -slightly. The advantage of

this structure will be clear when compared with 2 structure in which the drain electrode 10 is

arranged perpendicularly to its arrangement in the embodiment being discussed, i.e., an edge

of the gate electrode 5 crosses the drain electrode 10 in the lengthwise direction thereof and

the place at which the edge crosses the -dr'ain electrode 10 deviates in the direction of the

20  shorter sides thereof. In this way, even if the drain electrode 10 deviates in its lengthwise

direction, the area over which the drain electrode 10 overlaps the gate electrode 5 varies only
slightly, resulting in reduced variations in the gate-drain parasitic capacitance.

This advantage, i.e., reduced variations in the area over which the drain electrode 10

overlaps the gate electrode 5 even in case of deviation of the source and the drain electrodes 9




20 shorter sides thereof. In this way, even if the drain electrode 10
deviates in its lengthwi se direction, the area over which the ' 4

el ectrode 10 overlaps the gate electrode 5 varies only slightly, réesulting
in reduced variations in the gate-drain parasitic capacitance. This
advantage, i.e., reduced variations in the area over which the drain

el ectrode 10 overlaps the gate el ectrotle-5 even in case of deviation of
the source and the drain electrodes 9 5 MAY 2004 -12- and 10 in the

verti cal andi Heint thervertfcal Hieedtiog Wrahe Festd | { that. the drain
el ectrode 10 has an el ongate sha?)elggl ’on%su{tigm\?eﬂpgif{i:‘glcihﬂitpﬁgf"‘}‘%ﬁleﬁmfl%éo

i Sadvant 2o of Short e oy And' vefIeRe I 8d ook g HEEL 7s Pas agehe drin

di sadvant age of shortening The tota 0

sour ce [ S nd. 10. To overcone this, in the TFT 1 of the

5 first aég%bug)gi@r%gh%ﬁ%}ﬁ%%g%ﬁa% etg%ﬂgé&aﬁﬁ’@eé’fﬁ QrteryRg the deisk saigtioot the chémel

formed gﬂt‘{’é it eorder tg f.orma channel that has a nonlinear shape

surr oundi NG e PR e idssin Rigetrodes 8 ardidds To oysosmietts, tin the TFTE] Bf the

corrp(a:,’rat'vely | gng total channel length. Al over the area over which the

- source aff¥ dRbAdimente ther syecs decirade Dhaswhe regesdet 0B 9a ?drﬁ{éhrigq@inscrdtepfo
rode

sem conductor island 7 is interposed in between. Were the source elec

10 9 cr dewes. channadbat iufs ahaﬁﬂ&hﬁslﬁp@%h@dﬁdiﬁ% tﬁ{g@%??i&ﬁﬁ'é!gifﬁja?%%g% 7
) |

protrudes slightly out of the gate el ectrode ng a p

por t i on possibibitefecifvr GREPRARANOIbAS tdt5) s not overlap the gate
el ectrode 5 but overlaps the }sjgur%e eldzlc re(Y)ltga1 . Likewi se, where the drain

el ectrode 10 A1 83588 8¢ e gate glectrode 5 the sem conductor
island 7 protrudes s?‘?%ht%}e/w@fﬁ?%sot he aélgtdgalg'e Toger” 81d 1@ orieriep the gate
pr ot r udigfy i ' ich t %ﬁé’g' sem conductor island 7 does not overlap
the gate e %’5@%5%‘96%&"8&6 H*i tHatemosetindhebweero d Vhare tha s cdelb@sode
redyge g%r{i)sat lons in the parasitic capacitance formed between the source
and V4 AiFossesan edes of the gate elegtradays.rhe sefatcendlictmtislankd 7 Brothittes I Sely 6t
portion_on the source electrode 9 side and that on the drain electrode 10
side ar @e%plggtg@ef }.daireingha probredingyportien in which the semiconductor island 7 does
not overlap the gate electrode 5 but overlaps the source electrode 9. Likewise, where the
drain electrode 10 crosses an edge of the gate electrode 5, the semiconductor island 7
protrudes slightly out of the gate electrode 5, forming a protruding portion in which the
15  semiconductor island 7 does not overlap the gate electrode 5 but overlaps the drain electrode
10. This helps reduce variations in the parasitic capacitance formed between the source and
drain electrodes 9 and 10 and the gate electrode 5. The protruding portion on the source
elgctrode 9 side and that on the drain electrode 10 side are separated from each other by the
gate electrode 5 so as to form insular patches that are independent of each other. This
20  prevents short-circuiting between the source and drain that results when the portions of the

semiconductor island 7 protruding out of the gate electrode 5 become conductive through an

photoelectric effect brought about by the light that travels pést the gate electrode 5 or by

another cause.

Fig. 4 shows how a plurality of TFTs 1, each structured as described above. are




gate electrode 5 so as to forminsular patches that are independent of each
other. This 20 prevehts short-circuiting between the source argjyﬂ,_(@'baohhat
results when the portions of the sem conductor island 7 protruding out of
the gate el ectrode 5 beconme conductive through an photoelectric effect
brought about by the light that travels gast the gate electrode 5 or by
anot her cause. Fig. 4 shows how a pl ur at fy of TFTs 1, each structured as
descri bed ahove, r,ﬁ !i MAY 2004 - 13- conbined individually wth pixel

el ectr od%{"éna@ﬂe‘f&}‘d?\‘} valnwihniyel eleqtrages d4de fetmlandireyl aA ligeid @9stePdispley
built by arranging such a TFT array 2, with reduced variations in the

par asi t | $eViegFRa] hegbmlé byfarnangingrsich 3 THatray Of wWith réduce@ vaQMtforfin ke ér}‘\ﬂt'c
substrates arranged so as to face each other with liquid crystal sga ed®in
bet ween. caphéitinom kb thei TFTx0b sbhdtituting RCAY hecordhs %@Xubsé'a\f@sté?rahgéds Jnevenness
resulting fromvariations in parasitic capacitance. Even in & cass Bhefe

the TFT eath iothep vilih d ek seak Y Hif auxpdd i .Gcapacitance to alleviate
t he influence of vg‘?’?a??%ns = %éﬁr{gm e{ég c?ﬁléc“?{%ﬁd‘e&séﬁ Foahisvedisplay

auxi 1§ aryius | | nim.zed. . This .helps, mnimze the area over
bt ot ¢ at REGGALANASS FANDE AR GRS in Artafiic Cufagitinaend Evemir obase meborert 7
t he aperg.ur atio of.,the liquid crystal display device. 10 Despite the
merits n‘%ﬁtﬁ%idﬂ &’b%’(}%‘?‘{] effitignatly wih augdiary capacismusdionalleviate ithd infleanesof
room for i,mprovenent. Specifically, the shape of the tip portion 10a of the .

drain el'8EgHHeln PRrafitls qapacitagice,otbientpquired duzifinng eapadhemee¥dio 58 tminifigelii P
portion 10a, having sharp corners, tends to be baked on with round

ThisnheJps miinimize theidr rt whioh iBdrvt . '
corners olps miiniize theidrea poertwhioh theTRidikdry dﬁﬁéblﬁﬁé@@l@{nﬁnt §Rag) Qg#tg&rggg&e

likely to be deforned fromthe designed shapes, and how they are

is 15 i niblrébyninheimizEthe aperies raRf dfahd BSd bi ist drain-gate parasitic
capaci tance. Moreover, variations ar(rlelﬁl i?gﬁl&zsiqﬂg%h?ﬁcefhe I nterval between

heos b o ome B, SRR i e s gb it ke
room for improvement. Specifically, the shape of the tip portion 10a of the drain electrode
10 has the fol.lowing disadvantage. When exposed, the tip porﬁon 10a, having sharp corners,
tends to be baked on with round comers. In particular, its portions smaller thz;n exposure
resolution are likely to be deformed from the designed shapes, and how they are deformed is
15 indefinite. This makes variations likely in the drain-gate parasitic capacitance. Moreover,
variations are likely also in the interval between the source and drain electrodes 9 and 10, i.e.,
in the channel width. These problems are overcome in the TFT 1 of a second embodiment

of the invention shown in Figs. 5to 8.
- Many of the elements constituting the TFT 1 of the second embodiment are common
20 to the first embodiment. Therefore, in the second embodiment, suc;h elements as are
common to the first embodiment are identified with the same reference numerals and symbols,
and their explanations will not be repeated. The same applies to the third embodiment,

which will be described later.

In the TFT 1 of the second embodiment, the edge of the drain electrode 10 facing the




of the invention shown in Figs. 5 to 8. Many of the elenents constituting
the TFT 1 of the second enmbodi nent are common 20 to the fi rstg ﬁmspg Egnt.
Therefore, in the second enbodi ment, such elenments as are commpn to e
first enbodinent are identified with the same reference nunerals and
synbols, and their explanations will npt_ be repeated. The sane applies to
the third enbodi nent, which will be described later. In the TFT 1 of the

second eghpdi the ed t he. dr.ai n el e¢ctrode 10 facing the 5 MAY 2004
-14- source eﬂgégtordgd% - ﬁlgeé.)(fget%‘eelt%élaepoﬁm? ﬁb{”t g*ﬁ ynded gomets,  Tasgivedhded
comers. rTﬁ’ idve | t éougded &%rners,_ t he edge of the tip portion 10b is so
formed F9UREYfOLRGF Hhe sdganlthe tm portion 10h 1§ pefarmgd as to alesaribe aomtvet piveal
exanpl e of a_convex curve, a convex arc is adopted. The corners here are
rounded Byhefiges: aythe mestdrpicalrmxanpleoaf 2 eonvex Tueves anmnseabe ik adosted Wkd 5.
a radius greater than the resolution of exposure equipnment. This hel ps

reduce tdeenets kidre nrerroendedfbyt duposiag uareddbannddipatte. drletoflefCLk 396ndb wifiom
its designed.shape, and thereby overcone the problens of variations I'n the

ar ea Sof d tadiugligdaterahR b QRIS Dile KAUDALKO " T RAIAY AL B direrence

capaci tance, and also variations in'the i rval be

drai n elg¢hd 2461 B | aldi AN f.rom.t he corners being rounded
unexpectedly. 10 sA%@%?%‘l:h%g r?/l:ﬁ éaec{tlgo?gsfgeﬁ] S eygned s 1?@1 LN OYPECOREr ve

is for ' g of .t source el ectrode 9 facing the drain electrode

10, 1 e bRt St HBalins i 389 o fueorsicleriode ap d dopscrasiationringarade

concave are.is adopted. Thus, .the channel forned between the tip portion

10b of tARACHARGEn 2Rd Rlse vaiartions intkp intrsval debvesndhy sourco andbirab elebiodes 9 @

el ectrode 9 is curved, specifically arc-shaped. 15 The edge 9c of the

sour ce dPedlt fesdltingropytbe cometstheingronndediamerpeeasdty. on 9b has a convex curve.

In the figure, as 't he nost typical exanple of a convex curve, a convex arc

i s dfopted. Accordingly, a recessed portion 9b having a concave curve is formed in the edge of
the source electrode 9 facing the drain electrode 10. In the figure, ‘as the most typical
example of a concave curve, a concave arc is adopted. Thus, the channel formed between
the tip portion 10b of the drain electrode 10 and the recessed portion 9b of the source
electrode 9 is curved, specifically arc-shaped.

15 The edge 9c of the source electrode 9 opposite to the recessed portion 9b has a convex
curve. In the figure, as the most typical example of a convex curve, a convex arc is adopted.
Here, the convex arc of the tip portion 10b of the drain electrode 10, the concave arc of the
recessed portion 9b of the source electrode 9, and the convex arc of the edge 9c thereof are
concentric. Thus, the arc-shaped channel formed between the dfain and source electrodes 10
20 and 9 has a uniform width. The source electrode 9, too, has a uniform width between the

recessed portion 9b and the edge 9c. Making the source-drain interval, i.e., channe} width
uniform in this way helps obtain satisfactory characteristics in the TFT 1.

In the TFT 1, by minimizing the area over which the drain electrode 10 overlaps the

gate electrode 5 and the semiconductor island 7, it is possible to reduce the influence of -




Here, the convex arc of the tip portion |ob of the drain electrode 10, the
concave arc of the recessed portion 9b of the source el ect r odepAy 2hat he
convex are of the edge 9c thereof are concentric. Thus, the arc-shaped
channel forned between the drain and source el ectrodes 10 20 and 9 has a
uniformw dth. The source el ectrode 9, f{soo, has a uniformw dth between the
recessed portion 9b and the edge 9c. Makihg the source-drain interval,
i.e., channel] width, wuniformin this way hel ps obtain satisfactory

char act d¥fasficcappsitange Tizkewise) Ry myaimizing the lageandver wlichn thet harar dectmadero
whi ch the drain electrode 10 overlaps the gate electrode 5 and the

seni conderans thel gatel efectiode i andpthesseimieortductoedslaad 16t ii6 fposibIE Sto0fedGed G
2004 -15- parasitic capacitance. Likew se, by mnimzing the area over

whi ch t lmfhenoe of petasiticrageci@inc®V Fdraisy hh8cdfldepdilish %ﬂ%@f@ég ceHc% e curve

sem conductor island 7, 1t is possible to reduce the nc

ar o) | b e L e e B e b Biyind (6 DRRSHRAE} o8 ottt R i tay, wnd

(arc) in the source el ectrode

conv I Ki the.width of the squrce electrode 9

bet we%)é nt e@r ‘glgé’gi )s!gldgfg%F % P'g%e é%&gﬂge £ %@%ﬁ?&e‘“@ gecesssdiRartion Al 2ad thenedge Ses
possi bl e @s desgri bed, above ,Bel ps.reduce the influence of parasitic

capaci t SAEE™ ARd af Small asnassiblsnasadrscrbed shova dinsfreducs therinBuenae of panitic
"concentric® is not intended to nean geonetrically exact circles. Any
curves SPRECHEICCi 0 circles, for exanple ellipses, serve 10 the purpose, as
|l ong as they permt rounding of corners with a radius greater than the

resol uti on ofn thepleseriptionuboperehe usdef theboringtiance hi@ CEonckhBic@ RO iAes 4 Bed
advance rounding of corners with a radius greater than exposure resol ution

i's pref areablgyomppichler exdee RS OARRLIREs £i§ﬂ1a}?@c9£1@§‘.tt§%xa}n}.@fe| HERSE <Of

parasitic capacitance and on channel condition, spéecifica Sethike it e
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resolution of exposure equipment.

For maximum effect, the above-described advance rounding of corners with a radius
greater than exposure resolution is preferably applied where deformation has éhe greatest
influence on parasitic capacitance and on ‘channel condition, specifically between the drain

15 and source electrodes 10 and 9, in particular between the tip portion 10b of the drain electrode
10 and the recessed portion 9b of the source electrode 9. Théugh with less effect, it is
advisable to apply the rounding of corners elsewhere. For example, it may be applied, to
name a few, to the pixel electrode 14 itself, to the confact electrode 11 itself, to where the
contact electrode 11 and the drain electrode 10 are connected ‘together, to where the source

20  electrode 9 and the source conductor 8 are connected together, to the gate electrode 5 itself,
and to where the gate electrode 5 and the gate conductor 4 are connected together.

In the TFT 1 of the second embodiment also, where the source electrode 9 crosses an

edge of the gate electrode 5, the semiconductor island 7 protrudes slightly out of the gate

electrode 5, forming a protruding portion in which the semiconductor island 7 does not




10 and the recessed portion 9b of the source electrode 9. Though with | ess
effeét, it is advisable to apply the rounding of corners el sey e 2068"
exanple, it may be applied, to nane a few, to the pixel electrode fg
itself, to the contact electrode 11 itself, to where the contact el ectrode
11 and the drain electrode 10 are connected together, to where the source
20 el ectrode 9 and the source conductorl-are connected together, to the
gate electrode 5 itself, and to where the gate electrode 5 and the gate

conduct c¥vedaptie gaye electrede § dyebhataps ithe sdigceléidctioddl 9.t Nake® e NIh&T RS LB
al so, where the source electrode 9 crosses an edge of the gate el ectrode

5, the ssivtodadlcirosses ah ofRhOlhtd ' e..fat el ect rode
5, forming a protrudsieng gdggfioon irr% mdflécﬁﬁ{dhgﬁ;dé%s%%gﬁ@%& llsgl"gﬁ]dp;/‘)t &%

not 5 I roge 5 but .overlaps the source

el ect rg‘g&%@ﬁﬁiﬁhg g}ll%rv%%?ré)tdtg %é@%rng?é a%gclt’tg‘kﬁl?%ﬂ 198 1 F"g‘é@’e CSRIEPFEUGOT t he
gate el o, ..t he genm,condugtor island 7 protrudes slightly out of the
gate el g@%é%ggogs ngt oy, ﬁﬁﬁg%hﬁ %?%@?ﬁ’fﬂdﬁé B overdapsithe drsineleetradesidni dhimhadpor

i sla 7 éaloes not overlap the gate_electrode 5 but overlaps the drain

el ectt od&dues vagpfiensya the parasitig Gepacitandeformersbétweeh theanrsi dntl clrgi phRtrodas €
formed between the source and drain electrodes 9 and 10 and the gate

el ect r odearg. 10Tnd the gateielictipdp 61 t Tha protnidhe [Forti6E 6n CheSstiur @08e Qrodlis 963 d

that on the drain electrode 10 side are separated from each other by the

gat e el ahatroadbe rshivclectrodeold SusnieBPhaled IRl Bath SN byPite daAIABGRCEN O

each other. This prevents short-circuiting between the urce an

t hat resslfden WQRrt ' : ' or.sl and 7 10 pr.otruding
out of the gate el eﬂgﬁ}%ggﬁ%qﬁgéﬁiﬁg%}%ﬁg(églelgé\y;gtﬁ%'OUEHS é’ﬁe"ﬁﬂﬁt%‘@é‘i}‘i“%‘}tﬁ‘g

ef f ect lght that travels pasf the gate electrode 5
or by ar?ot ﬂe?q%%ggg& ﬁ?é.‘fr@gsth%‘mﬁsﬂﬁo"ﬁﬂb% %‘?fPPES 8% thersemmeondugtay island 7
str ure descr‘j;%iled atboexe, %re conbi ned individually wth pixel
el ectr oGESTUEHE §Uk Bt Fhe, gats  qlegirodey, begome, pongctive throngh an ephotntleetrim effaent
differs ., fromthat of the first enbodi nent in sone respects. The

brought about by the light that travels past the gate electrode 5 or by another cause.

Fig. 8 shows how a plurality of TFTs 1, each structured as described above, are
combined individually with pixel electrodes 14 to form an array. The TFT array 2 of the |
second embodiment differs from that of the first embodiment in some respects. The

15 differences will be described below.
| In the TFT 1 of the second embodiment, on top of the gate insulating film 6, an
auxiliary capacitance electrode 15 is formed. The auxiliary capacitance electrode 15 is
formed, after the formation of the semiconductor island 7, simultaﬁeously with the source
" conductor 8, source elgctrode 9, drain eiectrode 10, and contact electrode 11, The auxiliary
20 capacitance electrode 15, too, is covered, from above, with the protective film 12. In the
protective film 12, a contact hole 16 is formed that leads to the auxiliary capacitance electrode
15.  Thus, the pixel electrode 14, at one end, connects to the TFT 1 through the contact hole

13 and, at the other end, connects to the auxiliary capacitance electrode 15 through the contact

hole 16,




15 differences wll be described below In the TFT | of the second

enbodi nent, on top of the gate insulating filme6, an auxili a?lwmp?gb,iance
el ectrode 15 is forned. The auxiliary capacitance el ectrode 1 or med,
after the formation of the sem conductor island 7, sinultaneously with the
source conductor 8, source electrode 9 7drai n el ectrode 10, and contact

el ectrode 11. The auxiliary 20 capaci t”ahcé el ectrode 15, too, is covered,
from above, w.th the praote lﬁriave film1l2. In the protective film1l2, a
contact hole gate f%P{?é‘Hg% t6 and:the praseqtive flmxi2, ifenmed e tHegice ebdcarotis ode
15. Thus, the pixel electrode 14, at one end, connects to the TFT 1 through

t he contldefregmeved sxeeptiwhene therecamieetrtoghelpixebelagtadde Mauridhe tisbdth e and
capaci tance el ectrode 15 through the contact hole 16. 5 MAY 2004 -17- The

gat e i nswhdudtony fithed Gelanditt hThpy, ahe gidake gaidl o8 the pifd lESoRE! X6
el ectrode 14, are renoved except where the{/ connecpt1 to th(gt’:ltg)ilx\(la\tfl egedgll[e)régde

14 and tcontabewithehd sitdaatedd B MG i | gwe Lk dhus. th eat er
part of the pixel electrode anakes é&f@églg{lﬁgl%nﬁlgc@&ml egﬁ'és @urﬁ‘g&rbg & 3.
By r oy ' lyat:1 o'y tive.filns forned bel ow 5 the pixel

el ectr o\dﬂé@%ﬁglﬁe‘#ﬁﬁg 1\%/?31/ ,ﬂgsl %g?’sfpiﬁ %égﬁ‘ﬁﬂ? go pgreestcthe amountef transiatied dight.
transmtted |}%\% l‘ggee rpix | .el ectrode 14 is arranged so as not to

per specti vel QL ¢l glectinde géf%mﬁn@e F® anoH0 paFFpestivehi evediep theggte clEbizods xel
el ectrogs 4 has a cut fornmed at one corner thereof to allow the TFT 1 in.
This | edv®&ich Szltﬂ‘ésehghi wihhe Rixebelpstends Idrhas ARt forbethaeene ¢diferithaebf © ek 0de
14 of one stage and the pixel electrode 14 of the next stage. |nstead of

arr angi e TRE 11T Thiareaved 8 spave ipivhih tolptrieths®FT4 bebwsdhthe pixtPileddifte 1aheY
do not overlap each other in this way, it is also possible, In a case where

fhe TET 1 and b el electroeda | o eoah el Tty Himhndme tfle TR TG4
overloap tigagiRel édiRde 14 in such a way that they do not overlap each other in this way, it is also
‘possible, in a case where an interlayer insulation layer is formed to cover ihe TFT 1, to -
arrange the TFT 1 and pixel electrode 14 in such a way that they perspectively overlap each
other. | |
The auxiliary capaéitance electrode 15 is sandwiched between the gate insulating film
15 6 and the protective film 12, from above and from below, aﬁd is arranged so as to
perspectively overlap the gate conductor 4 without protruding out of the gate conductor 4.
The length of the auxiliary capacitance electrode 15 is roughly equal to or slightly smaller
than the dimension of the pixel electrode 14 in the direction of the shorter sides thereof (i.e.,
in the direction in which the gaterconductor 4 extends).
20 It is advisable that the contact hole 16 be formed in such a way as to be located within
half the dimension of the pixel eIectroder 14 in the direction of the shorter sides thereof,
preferably within the dimension of the TFT 1 as projected on the gate conductor 4, or

alternatively within the dimension of the source electrode 9 as projected on the gate conductor

4, or alternatively within the dimension of the contact electrode 11 as projected on the gate




The auxiliary capacitance electrode 15 is sandw ched between the gate
insulating film 156 and the protective film 12, from above 96b4
below, and is arranged so as to perspectively overlap the gate conductor 4
wi t hout protruding out of the gate conductor 4. The length of the ,

auxi liary capacitance el ectrode 15 is roughly equal to or slightly smaller
than the di nension of the pixel el ectrode 14 in the direction of the
shorter' sides thereof (i.e., in the direction in which the gate conductor
4 extend§nducser ¢ e saniagtabole 16hst sieed ic Sommdtlopsitedl Gn hisatf deref thepiech a
way as to be located within half the dinension of the pixel electrode 14

in the dlectrote dd wifere the TFbiitie forsiedes Thogrwhile theigdl @ictblode Wi tdakdy {hQach
di rension of the TFT | as projected on the gate conductor 4, or

al t er natthy edntastitiols 16 frh@ackide@sitebidl eldigodO il %ef'ét ﬁg tcgﬂél& 1836 g{ B{rﬁqgh,ed

on the gate conductor 4, or alternatively within I menst on

contact ikest ey kol ] 651 885 Sk umy? M SRl et

The contact hole 16 So size or fre opsi

el ectg 0 e TET 1.is,forped, Thus, ile the pixel electrode 14
needsSrtgsePétgg?%%ghgﬁJc]g}?ﬁ%{efe’ H%ﬁléls G{E’IE af theaprxel gg"tﬂ?det K the shapecpiother piel 14
wher e tr;f conti%t hole 16 is forned, there is no such requirenent in that
si de of “{REOs x&ican P derighrd qompasatiyieli: freelsie Braxalnitidpihis féedon in dedign, a
formed, and therefore, in this side of the pixel electrode 14, the shape of
the pi xéht 144 thequghehighitheamxilieryeapagitete etecradal § wedxposddse formedin e spiet | NY

this freedomin design, a cut 14a through which the auxiliary capacitance

el ect r ooétHeSpikel ddoqnaged 4ivwhere tHEmbntatt holet] 65k Brmedl TG d%f't?iglé 3%%3&1&?&@&4

where the contact hole 16 is fornmed. This cut 14a helps w nterval
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| hel ps prevent 10 short-circuiting between adjacent prx RIEXEY t he .
Str et U rEPRRRARE bRyl B xe it ot ot dRerdition i display
' quality. -
- Figs. 9 and 10 show the structure of the TFT 1 of a third embodiment of the invention.
In this TFT 1 also, both the source electrode 9 and the drain electrode 10 are elongate, ie,,
longer in their lengthwise direction than in their widthwise direction. This embodiment is
15 characterized in that the source and drain electrodes 9 and 10 are arranged in such a way that
their lengthwise directions are aligned on a straight line. Thus, both the source and drain
electrodes 9 and 10 have their lengthwise direction running perpendicularly to the source
conductor 8 and parallel to the gate coﬁductor 4.
Here also, the greater parts of both the source and drain electrodes 9 and 10
20  perspectively overlap the semiconductor island 7, and perspectively overlap the gate electrode
5 with the semiconductor island 7 and the gate insulating film 6 interposed in between. Both
the source and drain _electrodes 9 and 10 are so arranged that their lengthwise direction
perpendicularly crosses an edge of the gate electrode 5. The source electrode 9, in its

portion protruding out of the semiconductor island 7, connects to the source conductor 8, and




In this TFT 1 also, both the source electrode 9 and the drain electrode 10
are elongate, i.e., "longer in their |engthw se direction thaqswnvihgbg

wi dt hwi se direction. This enbodinment is 15 characterized in that the source
and drain electrodes 9 and 10 are arranged in such a way that their

| engt hwi se directions are aligned on a straight line. Thus, both the source
and drain. electrodes 9 and 10 have thel%-1engthw se direction running
perpendicularly to the source conductor 8 and parallel to the gate

conduct dhe dekin tlecteodd Y in ith pogiongiretiudiag bt wthbeéxﬂicbﬁtﬁw%}gglﬁﬁd gn ,ﬂgag 907 |

el ectrodes 9 and 10 20 perspectively overlap the sem conductor’islan
and per shecdrty@lcddecavge hpp the gate electrode 5 with the sem conductor
island 7 and the gate insulating film®6 interposed in between. Both the

source and drgj.ngel ect d re.s ranged that their | engt hw se
di rection pe?iﬁegtr%gip(;% ﬁ%[?ﬁgé coﬁo@ge%%g‘nagﬁé%&o% tfﬁ(?ggtg? &iPe peitionopk the, sopres
source Lode in its .portion protruding out of the sem conductor

i sl and %!e%gréﬁ%gcwzh F(Pr?#f‘éefgﬂﬁ?{gﬁ%ﬁld{gggmel gvidth) geogredain beyogen.1 dHerehas iir ai n
el ectrode 10, in its portion protruding out of the sem conductor island 7,

connect $1& $pcond, gmbg t, the edgerafdhe tip pomtinm t0cmfisbe diatmeld@eodyf 10 R0 TBRId
el ectrode 10 faces the tip portion of the source electrode 9 with a

pr edet erfitpai¢striticer wahvexcaranasethewnodt typiselc aiblé DEREEMRER - cubRY. € TIRSsdulke D
t he second enbodi nent, the edge of the tip portion 10c of the drain

el ect r odkectrBde 9 Ias afretessal Rtiém 98 T55KdDR iR PPYE%L ¥ UGS tﬁé‘ﬁg}‘sagtgm{ogcfétcﬁtﬁ'n

exanpl e of a convex curve. The source electr “has a rec .
ol cct roge S0 Eckads ) b deds Bt pirtEn gy B9 RirBf At cBieribed GeceRed o
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is arc-shaped. The edge 9e of the source electrode 9 opposite to the recessed pc-)rtion 9disso
formed as to described a convex arc. The convex arc of the tip portion 10c of the drain -
electrode 10, the concave arc of the recessed portion 9d of the source electrode 9, and the
convex of the edge 9¢ thereof are concentric.
15 In this structure, the source and drain electrodes 9 and 10 are aligned on a straight line
in their lengthwis'e direction,-and are so shaped as to be symmetric about their mid line
extending in their lengthwise direction. Tﬁis makes it easy to form the electrodes exactly as
designed. This is particularly true with the source electrode 9.
Moreover, the source and drain electrodes 9 and 10 are not only aligned on a straight
20 line in their lengthwise direction, but are also arranged perpendicularly to the source
conductor 8 so that their lengthwise direction perpendicularly crosses an edge of the gate
electrode 5. Accordingly, even if the positions of those electrodes deviate slightly in the

vertical direction of the figure (i.e., parallel to the source conductor 8), the gate-drain parasitic

capacitance remains unchanged. By contrast, if the positions of the source and drain




formed as to described a convex arc. The convex arc of the tip portion 10c
of the drain electrode 10, the concave arc of the recessed pqfjjmn26640f
the source electrode 9, and the convex of the edge 9e thereof are
concentric. 15 In this structure, the source and drain electrodes 9 and 10
are aligned on a straight line in their lengthw se direction, and are so
shaped as to be symetric about their /& line extending in their

| engt hwi se direction. This makes it easy to formthe el ectrodes exactly as

desi gnedlectiodes P angalitt devidtarin yhe howzonitdl hitedgors OB HRES EpERdiSulahh Y r,
the source and drain electrodes 9 and 10 are not onlghgf(lbg ed lo%ag@g(??%?eght
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perpendi cularly to the source conductor so that

directi ' I S of the gat el ect rode, 5. .
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the vertj | rection of the figure (i.e, , parallel to the source
conduct 3%6'%?,8 éj%étlo&éqgegsd}:e&u” egdPanF tl}ocf‘(lo’&tébélfﬁtmc@f thenfiBuce, wot IsangedrateBy
contrast, .i.f the positjions of the source and drain 5 MAY 2004 -20

el ectr o§aLtigning i reguiged ip shesvertical Wireetiom ofhe figurdi r ecti on of the figure

(perpendicularly to the source conductor 8), the areas over which the

source and diQi theothsr hand)dfthe saucte tonductsr Byndithe piiel stk &l 1PHE 150 MBEYto
That is, the gate-drain parasitic capacitance varies. Thus, whil accurate

e
posi t i oeashgother, Eeepivhetltherproteetivefiing Antigintsipb atHePRedd thbe e SO
accurate 5 positioning is required in theg‘l\l/)ert i gal editr%c F%n g{ag? ﬁ@ﬁkd

figure. t6phd boureé tBhddtadstds jipt HE tﬁ@ﬁ)ﬁeg fAdYe 1ar gﬁd fcﬁgsetﬁ?%fg(igﬁrgbcgéqlw.m 12

el ectrode 14 are too close’to eac r, even wh
I's inteqy i a a i ed 0.t he source _conductor 8
junps to ?%e 8?‘%&@?5%@?& 8h@%f°r;§n%“‘g§’ﬁ§g€ell 8@?@8‘%‘? !/‘ie g fgﬁpﬁ‘iﬁ.}“ghl?@éﬁcbjr e,
vvher10t h?s rsfggrrc&a. conduct.or .8 anﬁ t he Eﬁi xel el ectrode 14 are formed, high
accuracy fred 1 postieaing fn thes herizant gjfl(fieﬁtl‘?%@f Hsrfigusatsa thati they aroarrafgedhe
figure so,that they are arranged . .

with the desxgned interval. In the third embodiment, the source and drain electrodes 9 and

10 of the TFT 1 are arranged in the horizontal direction of the figure, and thus, when the

source conductor 8 and the pixel electrode 14 are formed, high accuracy is requifed only in

the horizontal direction of the _ﬁgure. That is, high accuracy is required in only one direction,
15  and this makes fabrication easier than in a case where accuracy is required in two directions,

i.e., in the vertical and horizontal directions.

In the TFT 1 of the third embodiment, as in the TFT 1 of the second embodiment, the
recessed porﬁon 9d of the source electrode 9 has a concave curve (arc) and the edge 9¢
opposite thereto has a convex curve (arc). This helps make the width of the source electrode

20 9 between the recessed portion 9d and the edge 9e uniform and as small as possible, and thus
helps alleviate the influence of parasitic capacitance.

The' semiconductor island 7 has to be located only in a region in which it overlaps the

source and drain electrodes 9 and 10 and the channel region, and it is rather undesirable to

locate the semiconductor island 7 elsewhere. This is to minimize the leak current produced




with the designed interval. In the third enbodi nent, the source and drain
electrodes 9 and 10 of the TFT 1 are arranged in the hor i zontg@y Ly bgesi on
of ‘the figure, and thus, when the source conductor 8 and the piXxe '
el ectrode 14 are forned, high. accuracy is required only in the horizontal
direction of the figure. That is, high accuracy is required in only one
direction, 15 and this nmakes fabricatioll easier than in a case where
accuracy is required in two directions, i.e., in the vertical and

hor i zontthtoughree photoetsctri eficae v tight'is iteddnk iohCtie WAHIHLor Aadd7 MPnd FT
1 of the second enbodi nent, the recessed portion 9d of the source ’
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a convex curve (arc). I's helps ma e Sou
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The sem condugt ot ,i sl and 7_has to be |ocated only in a region in which it
over | apdFHE ﬁ?ﬁfﬁlﬁéeﬁ?ﬁec{jﬁaﬁa &plozfiltsn agray asrapgadsapsl to Kececthe TRY amragRon,
and it is rather undesirable to |ocate the sem conductor island 7
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t hrough a photoelectric effect when light is incident on the sem conductor

i sl and slaihe as possitiloavenfin theregion inondels it Oveil§sahdlodie i@y 8T | APSHh ate
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reflected froma color filter array arran so as t
5 Ther efa84 Qcaih leldcrodelVe h& _ ch _of the unnecessary portion
of the sem conductor i g?(gnd ‘%még pgas{rgf}‘gl%g%v%ﬁ“??‘l‘dflﬁté’rﬂgﬂ}cﬁi a}”ﬁ?’lmnbﬂlq t
overl ap te .el rade, 5. . Accordingly,. the sem cqonductor island 7 is
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sem conductor island 7 |ess .
TFT This design technique of giving the semiconductor island 7 a profile that runs along
the profiles of the source and drain electrodes 9 and 10 is applied to the TFTs 1 of the first
and second embodiments also. |
In the TFT 1 of the third embodiment also, the channel between the source and drain
15 electrodes 9 and 10 has a nonlinear shape, and this makes it possible to secure a
comparatively long total channel length. * Where the source electrode 9 crosses an edge of
the gate electrode 5, the semiconductor island 7 protrudes slightly out of the gate electrode 5,
forming a protruding portion in which the semiconductor istand 7 does not overlap the gate
electrocle_ 5 but overlaps the source electrode 9. Likewise, where the drain electrode 10
20 crosses an edge of the gate electrode 5, the semiconductor island 7 protrudes inghtIy out of
the gate electrode 5, forming a protruding portion in which the semiconductor island 7 does
not overlap the gate electrode 5 but overlaps the drain electrode 10. This helps reduce

variations in the parasitic capacitance formed between the source and drain electrodes 9 and

10 and the gate electrode 5. The protruding portion on the source electrode 9 side and that




10 likely to receive light, and thus hel ps reduce variations in the various
characteristics of the TFT 1. This design technique of giving;W?gr 004

sem conductor island 7 a profile that runs along the profiles o tﬁe
source and drain electrodes 9 and 10 is applied to the TFTs 1 of the first
and second enbodi nents also. In the TFT 1 of the third enbodi nent al so, the
channel between the source and drain 4B2electrodes 9 and 10 has a
nonl i near shape, and this nakes it possible to secure a conparatively |ong

total chemtheldraierefecirodeViorsidd dre separtted fRirg GhePMeObe (RS fas thhe
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t he d#'a.in el.ectrode éqo This hel ps reduce variations in the parasitic
capac] t eushF gbont by ight thatreavels pastdhegate dleairodes ecby anistherdbaasy] 10 and
the gate electrode 5. The protruding portion on the source electrode 9 side
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each other by the gate electrode 5 so as to forminsular patches that are
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di splrpay i hat use ransi,stors to, drive display pixels, such as a
i qE‘.OS #@g?‘gﬁ“giﬂw" “eaégﬁgéﬁfeﬂé‘iﬂl%fq s amerpheusailiconn howevess the dF Tt asray

substrates  or. an .
~ may be formed by using TFTs of any other type, such as TFTs having a noninverted staggered

structure or TFTs having semiconductor islands formed of polycrystalline silicon.

Industrial applicability

15 The present invention finds wide application in display devices that use transistors to

drive display pixels, and is- useful in realizing display devices that achieves stable, high-

quality display.




organi.c or inorganic EL display device. The enbodi nents descri bed above al
.deal with 10 TFTs having an inverted staggered structure using§ﬂmprB?Es
silicon; however, the TFT array may be forned by using TFTs of any ot her
type, such as TFTs having a noninverted staggered structure or TFTs having
.sem conductor islands fornmed of polycrystalline silicon. Industrial
applicability 15 The present invention f4nds w de application in display
devices that use transistors to drive display pixels, and is. useful in
realizing display devices that achieves: l e, high- quality display. 5
MAY 2004 -23 - CLAIMS 9. (Newly Added nsi stor having a source

formed side by side with a predeterm ned

el ectrode and j ectrode

i nterval secur%ﬁeﬁlﬂéﬁ é\eé@n o% BRI AT & crourde glentrotieramd . HP1ASIdFode
per spectifgﬁhg o%/erl aEJ a gate el ectrode, characterized by an edge of the
drain el ectPEUS ey Sife 2d ¢ peedstsumined shtentat setardda BewEL %%Sse@ﬁ&glge% SO
as to descrihe a convex curved |ine, an edge of the source electro UGt

faces t he3¥ff 40ned|secs toperspretivey boslmd &6 @Scidd i.be.a concave curved
|l i ne corresponding to the edge of the cﬁaai n el eg’t(%gég{ehg%dcw bi ng the

conveX curved dni sige of ShedraogectRidethe ’ | ect,rode that does not face
the drain el ectrode being forned S0 E&Fgﬁ%g& elet;%"%z?ﬁ'&i‘ﬁ‘@@g cetieverpundade

al ong t heoasgedebribd ciiik E6~Eh Bl r 0de that faces the drain el ectrode so
that the source el ectrode has a substantially uniformwdth, the

sem conduct or ;L awek ing out. of the gate electrode to forma portion
that overlaps th sogyri)et:geotﬁg ee%??tfﬁflé tapicfagesgbe traim elebmodeobeing &g £r@i n
el ectrodg, ruding portion that overlaps the source

i 15 pr.ot
el octrods Sé:\rA]IBE {Aﬁtggcgarv&cp{ygﬂ ﬁ@e FeresPending to theedgd afthe drain electrode describing the

convex curved line,

10 an edge of the source electrode that doeg not face the drain electrode beiﬁg formed so
as to describe a convex curved line along the edge of the source electrode that faces the drain
electrode so that the source electrode has a substantially uniform width, |

the semiconductor layer protruding out of the gate electrode to form a portion that
overlaps the source electrode and 2 portion that overlaps the drain electrode, with the

15 protruding portion that overlaps the source electrode and the protruding porﬁon that overlaps

the drain electrode separated from each other by the gate electrode so as to be independeﬁt of
each other,
4 portion of the semiconductor layer that overlapé the gate electrode and tilat faces the

édge of the source electrode that does not face the drain electrode being partially cut off along

20 aprofile of the source electrode.

10. (Newly Added) A transistor having a source electrode and a drain electrode

formed side by side with a predetermined interval secured in between-on a semiconductor

layer formed so as to perspectively overlap a gate electrode, characterized by




the drain el ectrode separated from each other by the gate el ectrode so as
to be independent of each other, a portion of the sem conduct®igsApygpsat hat
overlaps the gate el ectrode and that faces the edge of the source

el ectrode that does not face the drain electrode being partially cut off
along 20 a profile of the source electrode. 10. (Newy Added) A transistor
having a source el ectrode and a drain elggtrode formed side by side with a
predeterm ned interval secured in between on a sem conductor |ayer forned

SO0 as to perspeatddgslof Ry gk te electrode, characterized by 5 MAY .
2004 -24- an edgedgf6 t he ra@glegtlr%%tt?%ﬁ%c?%% space £lecheds being domherlcto gl

bei ng for gBg$e 23 escribe a convex are, an edge of the source
el ectrode that faagrel{é&taﬁgéj drain el ectrode being forned so as to describe a

concave arc al O\I;l\% t he .convex-arc-shaped edge of the drain el ectrode so that
a distance befeds° Of dhestiirscelegimdgrthitriaedsathe Hméleb@o@%ﬁgﬁ(ﬁ&%ﬁ% as to
e

uni form gn edge of the source el ectrode that does not face rarn
i

el ect r ode9%TIRG # eanceve et alang the cl@ﬁaek-iahﬁ‘sh’aps& BYSX o fHe @Jﬁ%&{#&e@gﬁ?@@g L

the source electrode that faces the drain electrode so

el ect r ddedisascabatwbet thatiwts A TR sul}s{‘ag@@”%ﬁ%”d““ or layer
|

protruding out of the gate electrode to forma t™an 10 overl aps

the source el egd ediCoRRL sirROLIL t. overlaps the drain electrode, with
the .protruding porti on ﬁatélé(%;giraleté%a et E&c@eér%ﬁﬁe@fd@d%lmhg foemed so

protrudi ng RPYLiPRet erlaps the drain electrode. separated from each
other by the gatceB%Iaggﬁ o%ear%(?ﬁ)% {hﬁ ?féei Pfdthgesoueast eledtrodeathbt Gicbethe Brain

portion i conductor | ayer that overlaps the gate el ectrode and
t hat facg%ec{tﬁgeiﬁ?‘ai SoBfeeElrstoduhasa sbgentiatiglenifitaiwidges not face the

drain el ectroqcﬁ bei ng given a profile that
‘ & semiconductor layer protruding out of the gate electrode to form a portion that

10 overlaps the source electrode and a portion that overlaps the drain electrode, with the

_protruding portion that overlaps the source electrode and the protruding portion that overlaps.

the drain electrode separated from each other by the gate electrode 5o as to be independent of

each other,

| a portion of the semiconductor layer that overlaps the gate electrode and that faces the
15 edge of the source electrode that does not face the drain electrode being given a .proﬁlc that

tuns along a profile of the source electrode,

11. (Newly Added) A display device that achieves display by using transistors as
claimed in claim 9 or 10, characterizéd by

20 gate conductors and source conductors being arranged in a grid-like configuration,

the transistors being located at intersections between the gate and source conductors

the drain electrodes of the transistors being arranged substantially paraliel to the

source conductors.




runs along a profile of the source electrode. 11. (Newly Added) A display
device that achieves display by using transistors as clained g mayapsa9 or
10, characterized by 20 gate conductors and source conductors bel ng
arranged in a grid-like configuration, the transistors being |ocated at

i ntersections between the gate and source conductors, the drain electrodes
of the transistors being arranged substankially parallel to the source
conductors. 5 MAY 2004 -25- 12. (Newly Added) A display' device that

achi eves di spl ai2. Qyewlyi Adlely angi as lained in claim9 or 10, :
characterized by source conyduct g?%?argﬁ%e\% aEB&E?Y@ﬁdﬁsglab’ebyngsiagl‘tﬁﬁQ%réik a
grid-like ctabiéd Gl Ofb 10 ransistors being | ocated at intersections
bet ween the source and gafgﬁ%%cﬁ%a(ws, 5 the drain el ectrodes of the
transi stors bei d substantially perpendicularly to the source
conductors. 13~ &%ﬁé\%’ @E‘%@&% SRt qrandetprstheirigeaTangeCin 3 ﬁqﬁge%gﬁe@rm 11,
further char acgiari zed by 10 the transistors, together Wth pix & Uet r odes

connect ed t her e&fanﬁ’éf%b%ﬁglaﬁqaﬂaﬁinter&edidxﬁb%ﬁﬁée' ff by the gate and
source_conductqrs, auxiliary capacitance el ect rogg%e%gﬁcgﬁﬂgégﬁ Badyn a

.

gate i Rsul at i nﬂ“efdfﬂlm@modes,mmhaﬁahﬁﬁi% § bdi bove and from bel ow bei ng
arranged between the gate conduct or of eé@]%%{a%g SHWWﬂYW%ndlelhladymde

of a nextthesauree aondmoges so as to overlap the gate conductor, 15 contact
hol es being formed in the protective filmlopsidedly in a side of each
stage where the -transistors are forned so as to permt the auxiliary
capaci tance el ectrodes to :

13. (Newly Added) ~ A display device as claimed in claim 11, further characterized
by |

10 7 . oy
the transistors, together with pixel electrodes connected thereto, being arfanged in

cells sectioned off by the gate and source conductors

15 i i ' '
contact holes being formed in the protective film lopsidedly in a side of each stage

where the.transi rmi
ansistors are formed so as to permit the auxiliary capacitance electrodes to
connect to the pixel electrodes,
cuts bei i |
eing formed at edges of the pixel electrodes located above the auxiliary
capacitan in a si i
p ce electrodes in a side of each stage opposite to where the contact holes are formed

20

14. (Newly Added) A display device as claimed in claim 12, further characterized

by

the transistors, together with pixel electrodes connected thereto, being arranged in

cells sectioned off by the gate and source conductors




connect to the pixel electrodes, cuts being forned at edges of the pixel
el ectrodes | ocated above the auxiliary capacitance el ectrodess pay2npge of
each stage opposite to where the contact holes are forned. 20 14. (Newy

Added) A display device as clained in claim12, ' further characterized by
the transistors, together with pixel electrodes connected thereto, being
arranged in cells sectioned off by the e and source conductors, 5 MAY

2004 -26- auxiliary capacitance el ectrodes sandwi ched between a gate

insulating fil rewilthrd cBpRi@ELd ilmfrom above and from bel ow bei ng
arranged between the gaitse condﬁ%tc%&r’éegfsan‘g‘ﬁ’&ﬁecgtbé‘@@eamgatlaein:pilatﬁﬂg gl clhpoge

of a next bR as overlap the gate conductor, contact
hol es being forned in t eaiﬁg‘rreo?ré(jtc?rf’{}’eg?l?‘f"rﬁe!ngo&irﬂ@ﬂ)behfeeﬁ thé @8e MonfRG5: of
y

st age wher istors are formed so as to permt the auxiliary
capaci tanc%c%$%%#§3§%p¥§ é%‘ﬁ’ﬂé@f aﬂ@(ttsmgelairm@ed%b%ﬁd@ﬂe?ﬁ gRuLs, bei ng
fornmed at edges of the pjixel electrodes |ocated above the %uxﬁaea?%du tor,
capaci tance el SRRiAgidRales being omieedain tﬁa@i‘otéétﬁfg%lglm%}il&i to where_ the
contact, holes are formed. 10 5 MAY 2004 -27- AB Y (7 Ariddeselorachatage
sour ce “el Sereothe tmpisionr &k rfoshaL k6 Q! d.with.a predeternined
interval secured in between on a sem conduc oF 4 ﬂwf dApgcetanes electrodes to
per spect i veingctaedhd piRelal@aloges €1 €ct rode. The source and drain el ectrodes

are each longer in their Iengfhwi se direction than

cuts bei i
s being formed at edges of the pixel electrodes located above the auxiliary

capacitance el In a si i
p ectrodes in a side of each stage opposite to where the contact holes are formed

10




5in their wwdthw se direction. The source el ectrode has a recessed portion

forped therein to dllowthe tip portion of the drain el ectrode Ay 2608
sem conductor |ayer protrudes out of the gate electrode to forma portion

that does not overlap the gate el ectrode but overlaps the source el ectrode
and a portion that does not overlap the gate el ectrode but overlaps the
drain electrode. Thus, the protruding-pprtion that overl aps the source

el ectrode and the protruding 10 portion that overlaps the drain el ectrode

are separated fromeach other by th BAEA ctrode so as to be
I ndependent of each other. This pre@ents sﬁlg‘ret-ci rcuiting between the

AT s ST gt b A A
DL et B 5 e & 0conuct oty e o prspently oo o g S
| - electrode. The source and drain eleétrodes are each longer in their lengthwise direction than
5 in their widthwise direction. The source electrode has a recessed portion formed therein th,
allow the tip portion of the drain electrode in. The semiconductor layer protrude; out of the
gate electrode to form a portion that doés not overlap the gate electrode but overlaps the
source electrode and a portion that does not overlap the gate electrode but overlaps the drain
electrode. Thus, the protruding portion that overlaps the source electrode and the protruding
10 portion that overlaps the drain electrode are separated from each other by the gate electrode so
as to be independent of each other. This prevents short-circuiting between the source and
drain that results when the portions of the semiconductor islands protruding out of the gate

electrode become conductive through a photoelectric effect brought about by thé light that

travels past the gate electrode or by another cause.




