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 with a predeternined
i nt er val subgigate ed a5 to frmwearray, deditd g disphy desicedavingdhigsl aldtrBl&CloHAEE So S

- 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




and D should be forned in the designed positions. Cccasionally, however,
they 'are forned in deviated positions as shown in Figs. 12 andp@BY. [f, as
shown in Fig. 12, the source and drain electrodes S and D devi® R00Me
vertical direction of the figure while maintaining equal 5 overlaps with
- the gate electrode G the areas (hatched in the figure) over which the
source and drain electrodes S and D overl2ap the gate el ectrode G renain

unchanged,Wi nd ta%gmitﬁge%_ [t)argsi tic capacitance of the TFT remains al nost
Unchanged.-%&/\%‘\? ey terhghaacured i betwedk3, T4y OB il I Sed Lh
hori zontal djrection of the figure, one of the SOur C6 aﬁggnddr)gri%ﬁl eﬁ%qtré’éi’t"srgdes

S and D c#eD seulives fommed frethgatesighbd 6o giash |arger area than the
other. 10 This results in a greatg vagtiS at i g-nql)gé’a?og rlr‘fa’l?na? Vere thes g formede.

Based on inndavidied pbstensdasdibivaas i I52f B 1: ongf %g]rghrecogni ze the need to

reduce variations in the parasitic capacitante®dft HLFig d2tthassirse and,

in particdraiyeléddeRs 8584 T Lve, display pixels, and the need to achieve
uni forminmage quality on a@ﬁ%yna?eagépﬁlé%{@ﬁ‘%?@heﬁH@fed#lﬁblmg&nmrﬁ@ &qual e

dri vens byyJeFahsy i scl osure of the invention According to the
present i%venél o%%l?}?igaééa?gﬁ%‘fés »otﬂe A9 thgtched imdte figure) eedrrda ﬁ@@oﬁce gdrain
el ectrodeq{faorgggmsdéde by . side with a predeterm ned interval secured In

bet ween o S ged d? vgllep thogatedelsarcds GaeRBISR pyel y _overl a
gate el ectrode, the edge of the 20 drain el ectrode that&?{glé%e?’ taﬁg tg%su?}%e

el ect r od¥fEIccHPAtasce ofiHBcHIB cenading An@eSEich C X rved line, the
edge of the source electrode that faces the Cd?‘%eﬁ' eﬁg{éﬁg‘r’%d%?sss Wrﬂi(flgo as

to descriBbthedeviationvecurs ity gk HdrBEnta P hgs Lo the edge of the drain
el ectrode describing the convex cur veld&ﬁ?ﬁg?h{%ﬁ[g”éﬁd@e R gousen andedrain

el ect r odelechraiesd®afid Mtoh@C & j lectrode is formed so as to.
~describe a.convex curved |ine ‘% gﬁéﬁ%%éggﬁﬁ%o%fétc’f‘@ 3 dassercared thanrtbelethichat

facesl0b NW¢ ré@d in 3 oldif iLp.electraode so that the source el ectrode has a
substantial l'y uni forg;m WV%{aﬁ%)ﬁ'Phtge parasttic capacitance.

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




sem conduct or | ayer protrudes out of the gate electrode to forma portion
that overlaps the source electrode and a portion that overl aps bgae%%r si n
el ectrode, with the protruding portion' that overlaps the so? 904 ode
and the protruding portion that overlaps the drain electrode 5 separated
fromeach other by the gate electrode so as to be independent of each
other, and the portion of the sem condudtor |ayer that overlaps the gate
el ectrodem%nawglga fages tghe egge of the source electrode that does not
face the tfa |t PR 50] Hhap dhe isalicy abactrodé Thagl 0 RGbIE i faf D
source el ectrode. Iri this structure, the drain el ectrodgﬂfgfr#%rﬁnrre d§]?3 §'§' to
descri be gereigendugtarilnger pirotrudesrontiog the @ate ldgirh ; ed. as, a whaole. This
makes it possible to reduce 10 the ar e%a over rvﬁ @ﬂfotrﬁgaag?%o %E%t&vpﬁme’ghet he
sem condusuoce elagtedde @dth po@ioH b RhBGls .per spectively overlap one
another. Thus, it is poss?bl e to rogllgu%)tg t?%@”b’i?%%&?&e"@ %léiptf%tﬁébﬂg pastioeen
t he drai nthanevedRbetR! H6t I s.al sqo possible to reduce variations in
parasitic capac?tance ggn%g%tﬁohéﬁnvfﬁ]ﬁﬂo , PatioR thak pyeriape tleddyeinadlectdloge

sourcesel i h rain electrode is forned so as to describe a
concave C%P%%%ﬁlqﬁn@%@gg?%%e@ﬁg‘? ,ggtetgecppée shate beSnddpendeat eflgRhokhd: hgdrai n
el ectrode. This kes the channel wi dth between the source and drain

el ect r odd¥MiR PHHIN SsRiFondestenlayerthanwesiapsie ohR il Shi 85 foed @% edge of
0€S

transistor. In addition, the edge of the source el ectrode that

face the ¢ PHCRleetradsdbati does aonfade B8 dafin ofcRtrSRSS rpia_ﬁﬁllg PRt GG 1h ved | i ne

al ong the edge of the source electrode that faces the drai ¢ p@ble o

that the ofdhe seuret eetiradte MA%hIS stHRSEA M BhinYe i S0k MW dth.- Thi s hel ps
make the 20 width of the source electto e‘%‘%ﬁ‘%‘%{’F}r‘ﬁdSﬁ%]fWﬂo*ﬂ/,aSéﬁdiembsa

~ hel ps redupedtiine Wit & vaES: ‘ siIi 6 capgcitance. Furthernore, -the
sem conductor | ayer prot rﬁigféfgn%%f\;ag%hiqgg a@ﬁt"alolleel iy mgkes i possible  pduda on

t hat EverhaBseat l.eGirod nd,a portion that overlaps the drain
el ectr ode. %&s&éé@g&??}l eteﬁgﬁ%oeg?cﬁf’g?\ tBf samipgaductien lager sind ritle antacle@sald

t he posi &:ler%ﬁ%cﬁ?;‘él thel source gnd drain electrodes deviate, there occurs
only a sFrgnt vari 247 6R 905 359888  Thussit Nppodiiod to feducapis bArddihe capdoft GRLET -

t hose pr%r%(glil A B?ariti ocrlls are separated from each other by the gate
tw n : : .
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



el ectrode so as to be independent of each other. Thus, even if light is
incident on the TFT frombelow, it is possible to prevent Sho#hliéi r%Hi ting
bet'ween the source and drain that results when the portions o ¢ 2004
sem conductor |ayer protruding out of the gate el ectrode becone 5
conductive through an photoel ectric effect brought about by the |ight that
travel s past the gate electrode or by agather cause. Mreover, the portion
of the sem conductor |ayer that overlaps the gate el ectrode and that faces

t he edge éﬁpaﬁh@ce.oumeecﬁ;leﬁ,qh@ga kB not face .the drain electrode is
partially cut off along the pr gﬁ)l e O%E@ﬁénss%rﬁrsg@%qeé@ﬁoﬂb@?@h ottier Sy hthd pste

m nim ze tharalead Rftotls ] ctaor layer, and thus hel ps reduce the
| eak current resulting %% i# r%%]ﬂﬁ%‘&ﬁ@ ?th i ddibus, given HElighE Ts fcinadowR. TET

Al t er nat i #8bel [ tq the present invention, in a transistor having a
source electro éqg%gjogggle? ﬁ?reé’thci Briércpigingbetveied ehdyouséetid Wrdil tha@r?sultﬁe
or

predeterrqvﬂ&dtﬂ nt er.val ﬁ&gureq in between on a sem conductor | ayer
so as to perspgcqqr{}w rieacandyetor laybeplotodRet iR of8RYSl .11 he (drain
el ectrpode tBat, faces the source electrode i's fo?grred C'so agattgoeh;cfgrgg?i Feerae

0, 1V . ) .
convex’ 15°AFECHVE Hrougiyan photolectsio effse behht KIRAE bl B h%@gﬁgﬁ%% ,Sz{s?éh% gate

electrode is fornmed so as to describe a Tconcave are

convex- ardecidpead tdgeothér tchgsedr g} ctyode..so that the distance between
the source and drain electrodes is seﬁ‘t@eg’t g%t F‘%F‘P&} ?ﬂﬁFO?WCQWECf@dd@eofthwe

source eiveddpsahie gitbdlecHo8s he drain electrode is forned so as to
descri be a convex are al ongaﬂ‘?ﬂlg{ Z%gse{hgfedgﬁg}‘ gececdlestodeo that tbatnd: 6@

the drai sheelRbt 1846 he, squrce el ectrode has 20 a substantially
‘uniformwi dth, the sc%?ns %(Q)ﬁf&%}&tclﬁ off flons ‘gP@Wfdd@fthﬁJSmmée élbarodat eTRk 8gjJs0de

to for i th over| aps the source el ectrode and a portion tHhat
over| aps t %29%%%?’ riq‘reaeqeklé%‘? ?“B’Hé?mﬁﬁoﬁ layee apd dius bellps geduet HhiORalt Menﬁ%’e?@' a Es

t he SBUr &8 | fltg[:@de and the protruding portion that overlaps the FEE
el ectrode gljté gntqngthe didHframbboveby the gate el ectrode so as to be

i ndependent of teach ot her, a}nd the portion of the sem conductor |ayer that
overl aps the Altgmatigdndacchrdjag eo&hQ%és@ﬁeixﬁBﬁ’ti&D%J %SssistEP %ae,d-ge of the

source ellect rode that does not face the drain VIg @ source
é ectrode and a drain electrode formed side by side with -a predetermined interval secured in
be i '
tween on a semiconductor layer formed so as to perspectively overlap a gate electrode the

ed i :
ge 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 i , .
o be independent of each other, and the portion of the semiconductor layer that overlaps the




el ectrode is given a profile that runs along the profile of the source
electrode. In this structure, the drain electrode is forned S{N@gﬁgo
describe an are with a convex tip, and is bar shaped as a whol'. ﬁakes
it possible to reduce the area over which the drain electrode, 5 the

sem conductor |ayer, and the gate el ectrode perspectively overlap one
another. Thus, it s possible to reduceche parasitic capacitance between
the drain and gate electrode. It is also™ possible to reduce variations in

- par asi ti cggtapdgtbad Ggd ihdi vi,dual. TFTs. Moreover, the edge of the
source el ectrode faci ngﬁgteﬁcégﬁg? F98% OF theosrureeseleesraviethatodas 1o FARSRE idPan @
concave agiecldang éi@gn gbove: menti oned edge of the drain electrode- This
makes ' the channél®w df*hPr Vi along tboiproﬁleadsfdﬂﬁr@jufbeeg@&}gdgdefq b
uniformasQ her b}§ enhances the characteristics of the transistor. fpus

~ addi ti on, ﬂﬁ%‘@“%&ﬁ% B0 elretrada s dermedesot asad dedchish agq&szﬁgta cfoﬂ&& the gr-a]ien-

el ectrodesgiesqdfo%(;r rreg%hseo agmto describe a convex arc along the eti‘Pgém 18 P34
source el ¥&RHa Whele. Thisesakehir pdisble 6k, o that.the source

el ect gi(jdceibgas a substantially uniformw d‘?ﬁ% @%ﬁagéa Nef B’b‘ﬁi‘é&gl{aﬁbﬂﬁﬁmﬂm of

the sour sehigandustte lyrf &dhands and thus hel ps reduce the 15

i nfluence of parasitic capaci ta%féﬁg&tgﬁﬁ%?c&ve Hyedampeoaehiberor Thay éf

pr ot r udeds possibdf to redgcedht -ectrode to,forma portion that overlaps the

source el ectrode and a po %@%ﬁgk#gfﬁan&egi?w&y@%mdraadgatelemﬁbdﬁje.ltfgmqg%,

even if LO&iRNO Fdafle Ui NRsk deviates and as a result the positions of

the source and drain ef ectPOFRAFIG pecitanpramongindividuan T T8 %l/[bﬂ:"&(r?r the
fons

variatio rasitic capacitance. Mreover, those protrudi ng por
Paaof B i sleoloie

are separ SRES EtFcBpdrefacing tho diaire clgatradesis Esiteads .0 be
i ndependent .of each other. Thus, even if light is inci d%g?agsﬁhpﬁgcoﬁﬁ’efrom :

bel ow, i % E%oEY;| dhore-mengionadeedgestfahé dedis eldki the source. and
dr ai gpt haétw results when the portions of the sgankgcgﬁgcf\llj\@@gﬁs tpﬁﬁ%’mﬁfﬁ?%di ng
t

out et thegiontder andairain et dSORMRC Y rough an photoel ectric
ef fect brought about by the |ight that t%la%gltégrﬁﬁfg&aflﬁ%‘ the charagtetisticodé or

by anot hthe teasstr. Mif @@dif6n. b I el of the sem conductor |ayer 5 MAY
2004 -6- that overlaps t hen’gat gedg%)e()gttg%a%mﬁ%&ﬁf’ﬁ%@e that dees het fadgehotirdime

source edletiddedeidhdl s836% B&Lribe 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




face the drain electrode is given a. profile that runs along the profile of
‘the source electrode, i.e., is arc-shaped. This hel ps m ni m Zi[\’h*f ﬁpga of
t he sem conductor |ayer, and thus hel ps reduce the |eak currée 3 i ng
fromlight incident on the TFT from above. 5 According to the: present
invention, in a display device that achi eves display by using any of the
transi stors described above, gate conducfoers and source conductors are
arranged in a grid-like configuration, the transistors are |ocated at the
i nter sect'ih%g"%g?&g@rﬂ%t%éle%@@ muhthasﬁuescmecea%agpgﬂgrsg c@%gc{rhﬁ g{a?l n

el ectrodgﬁmcj)f&eg\e_ trlansdi[dlset ors are arranged substanti aHy paropl"l3 floes ot
source ¢ 181N giecttddess given atpibile i sifions of the source
and 10 drain el ectrodes deviate Iihkn thtgmg:ﬁﬁéeﬁlto%%%egépgfel%t{]tﬁ?éo'frﬁ‘éebéiﬁ@d% '

conduct orig,, it ec-ghabed. drBhis help@ bl citance varies only slightly.
According to the present i nvgnti on,lkffctr?%gﬁ |%€)@8§°’8{§9P@@tqfﬂwefsam thugBelps

di spl ay hydusithdleaRBYr& . transt.stors, descri bed above, source conductors
and gate conductors aretgésrﬁglr?gei%@hgshtén%q%oﬂﬂl@@%ﬁi@m@bomi on, the

transistors ar d.at the intersections between the source 15 and gate

conduct ors, aﬁ%c C%) ﬁ(gg%foa?hﬁ PEFSERS n¥endionoin & tieplay desibsthar schidvas %Es@?a?g(ﬁrdus'n

subst ant iaﬁilo HQﬁerqﬁ}gndi cylarly to the source conductors. In thi t UCIIL%’G,
bl

even if f fftory fescrbedsehave egatanchddtimiangy B6ict e iate in the
direction perpendicular to the source conductors, the gg(?lg&ﬁgé%waﬂg?%‘é‘i tic

capaci t aRd@idulEe confignragion, the hitanyistohodre Wfed g LT AL us(r)q%?vgqr}ﬁthg rg%uitenand :

el ectrodes are forned, accurate positioning 1s require

t he- di r e8euron condyptors) and akie tdenin Qid nduct ors, and not so - -
accurate positioning is required | rflﬁ?ﬁgso ?&g%ﬁfaf}ﬁgiﬁ'é?r afie| yranggd suhgtantiallyce

conduct oparalldctothélishgrct Qo e .invention, in a display device that
achi eves di splay by using dhgtnogg'oﬁ{}h]_ FHEWLS: Sven ¥ the persitiprsdofitheseurcead

t randost @afn efePPEICH M i xel electrodes 5 MAY 2004 -7- .connected
t her et o, are ar rgélégge%evlmﬁé F ’hgj‘%gfff’%ﬁ%&rﬂéﬁie@ e sobscet ondgabds, @RdgHelkAR

conducto i il.j.ary capacjtance el ectrodes sandw ched between a gate
i nsul at i é]agaﬁ‘ltll‘?ém%ghtfnﬁgﬁm QEJ(Y i sﬁghﬂy. |
According to th ; R . . :
g to the pres§nt 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



filmfrom above and from bel ow are arranged between the gate conductor of
each-stage and 'the 'pixel electrode of the next stage arrange%p%ﬁg #&)
overlap the gate conductor, contact 5 holes are forned in the e P e
filmlopsidedly in the side of each stage where .the transistors are forned
so as to permit the auxiliary capacitange el ectrodes to connect to the

pi xel electrodes, and cuts are forned at "t he edges of the pixel electrodes
| ocat ed abovfeéltt?ngr auxi liary capacitance el ectrodes in the side of each

stage opPB&© cith & arprecddntthe celifosestionedr off by the gate Tind sourmet nbiedtprs,
wi den the interval between the pixel electrode of one stage and 10 that of
t he nex®UXiHALY ¢apagitanes slecodensandwichet tetweeni 4 gatg ihail vl hAg A ProfebA Rl

el ectrodes and the resulting degradation in display quality. Brief

descr i pfilwrfrerm abdowebnd frofi below. are arangddaierybaings havd EhdRBrof 3 leﬁ&eﬁt?%enﬁrn% g

structure of the TFT array of a first 15 enbodi ment of the I nven

2 is a_ slecpixohalectyd®Voft tHeChbx|sBRS driGed 54 as '28‘%%1%% ﬁﬂ#&at%fcogﬁlgct?rf rcig{sxtagt

pl an vi ew schematically showi ng the structure of
enbodi Maffes dfk & ' I Few wi.ng the array structure of the TFTs
of the first embo ﬁlﬂrr?al}ltei 1.1@ p%k eﬁ“g". ﬁggﬁgpggﬁcilﬁrfnvﬁhﬁm%%&ﬁ ??gﬂa?ﬁagmwhpmﬂ@f
t he str%g;tgr of .the TFT ar{a' of., second .enbodi nent of the invention.
Fig. 6 ISeRtEBEPInAred souns tRemitthsaliane cepasitaneswwiestrodes o connedt ¢ the i S
a plan vj ei/v é&ﬂh&}atically showi ng the structure of the TFT of the second
enbodi mBHE! © spdyshoutg apg fornediat the pilgas ofi thevpiteb wlaatrotlbeloastea bstd et Ur €
of the TFTs of the second enbodinent. Fig. 9 is a plan view schematically
show ng@efliarytoapagitanes dlectrodes TiF Theosidaof bachtstage opposite to where the contact holes
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,




enbodi nent of the invention. 5 Fig. 10 is a plan view show ng the array
structure of the TFTs of the third embodinent. Fig. 11 is a 85%9/?@8/
schematically showi ng the structure of a conventional TFT. Fidg" ﬁ
plan view simlar to Fig. 11, showi ng another state. Fig. 13 is a plan

view simlar to Fig. 11, showing still another state. 10 Best node for
carrying out the invention Hereinafter,-gabodi nents of the present
invention will be described with reference to the drawings. In a first

enbodi ment of Fighes iinvepldmRievd shbWi ithe/ afhy T hgvi.ng [ rted
staggered structure are arranged in@a rratari%ﬁ[%tel&%o fthﬁu;rgltﬁﬁo%y agcopd -
forma Témbadifet. 2. 15 These are structured as described bel ow with
reference to Figs. 1 and 2. The TFT array 2 has a plurality of gate
conductors 4, dj in.the horizoptal direction of Fig. 1, forned at
pr edet er m nedFi%?riiggir%vgl SN EY S ???tﬁgyssLBW}ngf Bie axuntyreeof the- TET kafl & thirdiss.
Fromtheelgba&%gc g)?gé:t.ors 4, gate electrodes 5 branch off at predeterm ned
i nterval's: 3'8 P¥etoddes 5 are covered with a gate insulating filmé
of, for example, 20 silicon nitride (SiNx). On top of the gate insulating -
film®, a sedi@dfRdeeplan Yiewshowingithe aray struchireiofshel PRTIGHthiHind émtf‘odim@:ﬁ
sem conductor islands 7, so as to perspectively (i.e., as seen In a plan
vi ew) overl afFightl jatplaretiewtsciodesichlly showiseimb SRpAYL! ' ds _7..are formed
of an anorphous silicon |ayer. Afteyr the Tormation %a%@g&glgm%@juct or
islands- 7, a HigurpkiatplarO¥iew Qhits 1& tQrs. Y 2004 -9 are forned at
pr edet er m ned intervzﬂrs per pendi ch%?Fl)i} S?éa?r%e&améés%genductors 4. For each
of the cell g ‘egt-ggrbgg, er.ga nd, source conductors 4 and 8
arranged in a %ri d- Fifice Q%&’orsgrrlé{aligonl,:%n@)ﬁeﬁﬁ iSEgapothepstateach of the

i ntersections between the gate and source conductors 4 and 8, one TFT 1 is
arranged. Fromthe source conductors 8, source el ectrodes

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




5 9 branch off at the same pitch at which the gate conductors '4 are
arranged. Beside each of the source electrodes 9, a drain el %Mﬁ%o&ﬂ S
formed with a predeterm ned interval secured in between. The drain
el ectrode 10, at its base, connects to a contact electrode 11 that nakes
contact with a pixel electrode. The TFT _array 2, including the
sem conductor islands 7, source el ect r 6des 9, drain 10 el ectrodes 10, and
other partg, is covered with a protective film12 of, for exanple, silicon
nitride "(TS? ed at ri’r%‘{#wf‘étlém%wfpmdlqmaﬂy: tmthecgattcdrdactbts 4r eFrosank of
that |ead to contact electrodes 11. Mreover, contiguous with each TFT 1,
a transphe alls pectioncdiof by dble gate arsldeourcd cofdctdr@ am 8tdtRnkék e iaSeridliREd.-
- The pixel electrodes 14 are arranged in a matrix-like formation so as to
-cor r es pdorinativng - horeo peecisely, t fde dacli Sofl thed Bt ofd:&spandinge 15
TFTs | through the cgnt ac?’ holes 13. In aﬂtgfsgpl ay géet@]ieglgqg? %the%%egéﬁ\g)ee
type, thendi : - ; f reflectiye filmof, for
exanpl et&gmndé? gﬁ%:&eﬁ hllfse#%?%%ge Ii}émﬁaggurge gn%clu ol ﬁ’esoélf“rﬁLﬁl,?“G‘?oéleﬁ)f
the TFT ' epbadi.ment. wi I | be descri.bed. As shown in Fig. 3,
bot h dt:heglbsrgﬁ?}%:gﬁ.&ft (1515: ér“‘cr)]n eﬁg&aﬁ%ﬁ%% SR copERArs dearg arrangede | Beside @,agh D
i.e., | gﬂger I n Lheick@: engdt hvm'reieg{di rection than in their w dthw se
di rect i &PF SOHTES PISRTRIRRIOs @ drain elsctrode 18fis farmed ovitt @ pedetermingd isterna! secured
perpendicul ar to the source conductor 8, and the |engthw se direction of
the dr ailhbeimeen ofike dpin elegisadel 10ckt tshasheconoents o z oot elktrSde Thehatiicss
el ectrode 10 has its tip portion | Ca arranged so as to face one edge of
t he sourcontact with ppikel Blectvaden a predeternined interval secured in between. 5
MAY 2004 -10- The greater parts of both the source and drain electrodes 9
and 10 per spertei VET Yarayer, liagludif ' ‘ol pgctively
overlap the gate el ect?ode 5 vmgﬁﬁfﬁﬂéﬁgggﬁ%gh%k%?dFslfrg%gg?&g{ll% ?’h%ra](j]ate
i nsujgat i ' At ' B .he =sour.ce. .and drain,,
SRUrRITIS (0. FRARRE, I LBl MR  ORAPE AR A S S Patiforitcon

el ectrodes 9 and 10 are so afrange
per pendhﬁHhé"r(ﬁiﬁx). 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.




5 crosses an edge of the gate electrode 5. Parts of the source and drain

el ectrodes 9 and 10 are |ocated outside the sem conductor isl?qu a'jiue
part of the source electrode 9 |ocated outside the sem conductor 1sland 7
connects to the source conductor 8, and the part of the drain electrode 10
| ocat ed outside the sem conductor island 7 connects to the contact

el ectrode 11. 10 The source el ectrode 9l1thas a recessed portion 9a forned in
its edge facing the drain electrode 10 to allowthe tip portion 10a of the

drain el ectrdHse gfeatdr. pdogt yebstht the dolifcePHd AR f ot ai.n el ectrode
10 and the recessed portion 9a of the source e eech:%c%gi% 84}@ g@d’ﬁﬁ@f’a“ﬁ i ng

a,predetsverhpesh sobhddbior bR INEN Gl B dRploid,, QLS DAl WLALLY.

this channel is not linear In shape,

along t j r.ecessed rtion 9a. The parasitic capacitance
of the %E‘Fwi’g?%étﬁf &isansp?:f aﬁ‘é’ﬁﬁ%ﬁ%ﬁ “}SP%%FE %‘émpﬁ?ﬁ“fﬁfﬁ%dm betwgen. s Botbshasmireyr ai n
el ect rodeﬁéﬁ .ang quO in_which they perspectively overlap the gate el ectrode
5 wi t h PASYLeleqiodes and dOrare i erranaedithet theinilengtivnise diredtonapetpehdicularly

i nterposed in between. In articular, the parasitic capacitance resulting
f r om* h&TRssesy augdlgsafukegate blectiods h Qarstafohiesdlfcdhdaltsintdl @Bt sh@¢b Lde 5
greatly influences the pixel voltage, causing variations init. In the

st ruct udecatddowmtside fhicgsenBcondatior Jelhmt dT aiThe PRIADF (the ' |
reduced, and variations in it also are reduced for tsﬁlge?gé%cgﬂ%ggcﬁez{%crafeﬁied

bel ow. Basideaghs e €ndaOBE idMACE chimils| to Thel ed iin the fol ] own . As
descri bed above, the drain el ectrods Sltts)l ?lg e o(r%gcg’flgl,mt{”: g a,m%' %‘ﬁg‘@?‘gf’wets

| engt hwi j i Wby i i se 5 Y. 2004 -11 direction, and
£at i pordn Hlebbhe RjdoaR ohlldeiee Mnlh iR or pad T forsacts 3 econisct lecesutr co
electroge 9. This helps reduce ' the area over which the drain electrode 10
overlap the sem conductor island 7 and the gate el ectrode 5, and thus hel ps
I’edLi e the pgrasitic capacitance. This al so hel ps reduce |eak current.

Nbr edver, t hgﬁlgégp@@ elgctrods i 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




5 electrodes 9 and 10 (these are forned of the sanme netal sinultaneously)
are arranged side by side in the vertical direction of the fi gLy ﬁpg
therefore, even if their positions deviate slightly in the horlzonga
direction of the figure, the gate-drain parasitic capacitance renains
unchanged. By contrast, if the positions of the source and drain el ectrodes
9 and 10 deviate in the vertical direeilen of the figure, the area over
whi ch t;]de' drain edlnectrode 10 overlaps the 10 gate el ectrode 5 varies
sl i ght | ydirestiem, anchis ftige pottioat ist dlfowedn i the ERested Sk 99 L0
el ectrode 10 perpendicularly crosses an edge of the gate 8{-@% (rii%g%e §°‘f)r|98ves
to be adecerotiag®oUbhis 3G fddaad te atdaal icRT tt NGafalg el gctpode 5

fo AIQATbuR W b (ol bBfode o edan the

crosses the drain electrode 10 in the direction o

t her eof f; i1 f | ace, at whi,ch the edge crosses the
drain elsg@ﬁd)gg{g&?g 1%1%@'1 af\égﬂi ir%let #e}gl ‘E’eiﬁ folsi é’e ap r‘gB‘t' ir}lillPst Felugpfthet pasasitiea

over whi e ain electrode 10 oyerlaps the gate el ectrode 5 varies
only sl féﬁ%"ﬂ*@@%ﬁéﬁv ﬁ?aE“gP%fmS‘f‘ﬁ’i éeai(t Fuigentr e Mpraovere the esourodemdc drpar ed
vvithéa siqr‘j*]céurgﬁw which the drain electrode 10 is arranged

per pendi®CEares, 19 &theseragp dermead: ofi the sdme e dinmdnnefisly) Grél afangeaagie by ©-
an edge . of the gate electrode 5 crosses the drain electrode 10 in the

| engt hwisislg inrthecstartion dirneticaodf the figutehendiheator! evahiifthethesigd . he
drain el ectrode 10 deviates in the direction of the ZOrﬁsﬁlorgicrlgéiﬁ)%%gghtw

t her eof in Ithe t iorizontay , diesction i 6f the fiupé, NuRl e&feLc doviagtes. in its .
| engt hwi se direction, the area over which ?ﬁ% Fﬁgi égrggggt'?aggét%eo(ﬁgﬁ"éﬁps

t he gat enela@géd od®y Bomadst e sl I esulti.ng,in reduced variations
in the gat g-gr ai (nE}E)a(r) agii{st’ﬁﬁthg?%%ﬁoﬁ g—hg{en.e #’les? ?gg\p&ﬂpgbe@,tmﬁgseﬁg an‘? 40 dewuigte

el ectr oo A AR AR Ihe MBI eh POt iuhich Ghe- B pleasmsech Coveraps the

el ectrode 5 even 1 n case of
el eghro Y. 2004 -12- and. 10 in the vertical direction of the
fi ggpe, g%éseg?"?%ouérso W?‘Feﬂ?gé‘gﬁ' : t%zﬂe: tth% fastthat theclengtbwise 1direction afithel dasigat e

et IR e A LA AL
| engt h of the channel between the source and drain el ectrodes 9 and 10. To
over .Congdvpmagpoqsn tSpecifiFally] tivft edpe 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




5 first enbodiment, the source electrode 9 has the recessed portion 9a
formed init in order to forma channel that has a nonlinear ﬂﬂPF2004
surrounding the tip portion 10a. This nakes it possible to secure a
conparatively long total channel length. Al over the area over which the
source and drain electrodes 9 and 10 overlap the gate electrode 5, the

sem conductor island 7 is interposed ifnlbetween. Wiere the source el ectrode
10 9 crosses. an edge of the gate electrode 5, the sem conductor island 7

pr ot r udeandsld ghthk wertical diredtion Fahé AGLRC HAREFBm the rf{@t Qﬁ%t%pgg%% gﬂbg{g@e 10
over

portion in which the sem conductor 1sland 7 does no

el ect r odeis anbéetongate 'sh bhe 50 de. 9. Likew se, ere the drain
el ectrode 10 crogs)astes ?r?saedg% of w’%ﬁgagg?g&fgﬁeﬁ&&ttg‘g? ti@s ape Oh dhecdepin
i sl and 7eledpioqt '1vd ' | t .of the gate electrode 5 fornmng a

pr ot r udi en% port ’oﬁaiﬁlﬁ}e\i}m%l%:ohyatsﬁge f}osag@fa@g R §hertning; the ietal lengtisofithe charmel ap
t he gat %eﬁl:ee t%lode 5 bué verlaps the drain electrode 10. This hel ps
reduce varrati OnsCrire ‘%ﬂ}’%ffc@mée%awaéiwana“@ é@revauk tad,\inahe IFT $ QFRES
and 5dray n el ecdgr odes 9 and 10 and the gate el ectrode S. The protruding

.~ por t i"on 6% $RReUBERt the someast eleteode Shasethanetetded tpoptiont DL FSHRIANA S ﬁlCE’{dg?E) 10
side are separated fromeach other by the gate electrode 5 so as to form

i nsul ar fpa erdsnndiathatalis 4 nodprad eRkpe Ghirardin® thefip rP-Blf'ﬁ(fr[ %Q{%ﬁr Vife@es "
esul t s Whe

short-circuiting between the source and drain that

por t i onposdible besecard conphrstRLly lofs &R ing out of the gate
el ectrode 5 becone conducti veyt hr%ugﬂ %‘%‘B{"gfﬁ’%?%el ectric effect brought

221, B, 1 AL e 0 LS SRS ot i S e
POy o Rlckerdad? ¥né Seicoritton R BIMAT IS eitoted MeRaiiree. c WWhtre heisdibobblontonte.
o0, BT B st ondotmtos ooty s
arr angeﬂ@so as 0 f aceoea_ch other with liquid crystal sealed i.” bét ween.
Thi s makELats elggtedent, dorming ehpretredig gpirtion 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 semiconductot; 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 separatéd 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




5 wth | ess unevenness resulting fromvariations in parasitic capacitance.
Even-in a case where'the TFT -1 is provided additionally with 5&%4.%&
capacitance to alleviate the influence of wvariations in parasitic

capaci tance, the required auxiliary capacitance can be mnimzed. This

hel ps m nim ze the area over which the ilgxi | iary capacitance el ement
shields light and thereby nmaxim ze thé aperture ratio of the liquid
crystal display.devic 10 Despite the merits mentioned above, the TFT 1 of
the fir s?""itﬁ%‘ﬁ ffH’éYif‘uaim ith| pixg)calectrasigenlfi dp formrovarraynt A Boeidi drvaal divplay he
shape of the tip portion 10a of the drain electrode 10 has the foll ow ng

di sadvardeyife captherbuilé byserangingesuch p TRF tiran 2 19ith rBaited SaSMMR if Qﬁ@ﬁz{rﬁsﬁic
tends to be baked on with round corners. In particular, its portiohs

smal | er tapacitanreof trecTFTL @bktingtingait Cad drtednih B Sub R TARLLP I LR ce
erinite. I'S .

desi gned shapes, and how they are defornmed is 15 in

vari at i cgash lotHee lwitt fquid@ryikAisRa0at | tippr capaci.tance, Moreover
variations are Iikellkg/ al ?f)g o thggl?r?'?@{e\%g'l Efei Vl\lg St"f\%c’%@ﬁ%a ecflisnlay
el ecty odgsh ﬁ%f%%’ ' - he .channel wi.dth. These problens are
over come | n%ts e efk 6‘5“%‘“&@%’%8{ AP RAASItG FaRacEancey o KvEBin & basenwvhiere
Figs. 5 Many of.,the el.enments constituting the TFT 1 of the second
enbodi rreti‘h? '%Ie llvgsﬁh%‘ﬂde‘{z]ed‘ﬁ%% Vith Auxilignn gepasitanceTiocalvione the influbgees e ond
enbodi nent,, ,such el enents as are common to the first enbodi nent are :
i dent i f i'@HaWPRSHIN RaFasitifecapatitangeic thentequired sxitidns yapehtsnce & b hinimized.

expl anations will not be repeated. The sane applies to the third

enbodi neldis helphiminimied thetrreal oserrhien theauediliary rba?ilﬁt_aﬁ&:ér ellm@ét %ﬁ%dg gggtneﬂ]fl .

- enbodi nent, the edge of the drain electrode 10 tacing the
source ehareby mabeinfze the Spertuird fatRATINOfiquiid a?géapdigggqg h&;} Job, has rounded
%he ge AR

coners. To give it rounded corners, i'p portion 10b is so

exampl o of & Convonc e Rbe aWBye. P PRI o e ey ermiodimentosticlooves, o
rounded rfyn §PRTrB% Red” eggéc?fgc%l_?r,e gneps%qgee of fhexgepgr%gg rl?)a %:f?her c?rlzjtinndeelgct\rlgdteh
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




5. a radius greater than the resol ution of exposure equi pment. This hel ps
reduce the difference of the actual shape of the drain el ect rs)pﬁﬂlgobaom
fts designed shape, and thereby overcone the problens of variations in the
area of the drain electrode 10 and thus variations in parasitic ‘
capacitance, and also variations in thejinterval between the source and
drain electrodes 9 and 10, all resulting fromthe corners being rounded

unexpect ) rdj ngly essed portion 9b having a concave curve
is for rre%q‘ut&ré ‘i‘%‘gf“éﬁ;% ‘g%’ ﬂ'teheedggo{f@%%& @ﬁ?%h@ﬁghﬁsa’auaéec{ Kermgrsaj Foegizetit ode
10. In the figure t he t typical ~exanple of a concave curve, a
concave ‘8?%‘{“1‘1500&'&%5 ?E‘a .ega%ggti‘ettﬁég%‘ﬁaﬂ A8b 1§ &9 fasmed aasie alescribke tampepaatvieon
10b of the drain electrode 10 and the recessed portion 9b of the source

el ect r od8 the figuie, py the, megi dxpicaloeamplerota sbmpacurds aThavedge i9adefted eThe
source el ectrode 9 opposite to the recessed portion 9b has a convex curve.

In the fdomerseherasre toendmidty ¢xppiingla peedvi@iindd pattef0NVid% chHe}‘@are%@fHéH%thar c

i s adopted. .Here, the convex arc of the tip portion |ob of the drarn

el ecty oderadfls gidater ARACAY Cesdfticd oﬂéi?osufr@ thtgﬁtgngntporfhﬁsogelgéjlgﬂﬂ%%ﬁlg éﬁf?&%ﬁ&

el ectrode 9, and the convex are of the ed t hereo r

Thus, t 5 . f t n_the drain and urce el ectrodes
1020 anh S RASATRE, TRy, Qe 180T s RBaed iog, sndherehasvarcoma or m
width b e recessed portion 9b and the edge 9c. Making the

sour ce- S&%\ﬁlﬁg}eﬁ#eo vafiations n the area r?g the, grainielectrode ﬂaraﬁﬂ ithpstvariationsyin patasisic
obtain satisfactory characteristics in the TFT 1. In the TFT 1, by :

i ni ni zicﬁbacftﬂ’éceaﬁ’é‘galéﬁ)é@”%ﬂ”é An theeinterygl bebvesotthe seurt® and draimelscirdiies 9aind

el ectrode 5 and the sem conductor island 7, it is possible to reduce the

i nf | uend®, ¥t resultipg/frogthe camershwingsioudedampapictedihce. Li kewi se, by mi ni ni zi ng

the area over which the source electrode 9 overlaps the gate el ectrode and

t he ¥eni conduerordingly,antecdsseil tportiord9ts fikihe al @nbARUGRvE [rorhBl L AACE1QTor
parasi-tic capacitance. Formng a recessed portion 9b having a concave curve

(arc) i the {h}?r?a; r%{:e)@’&m?n OCfabgthd didln ERBrdd® 1 6P PRSHCHETER a0 tnd P Ypidh
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 electro&e 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 ;he 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 -




5 making the wdth of the source el ectrode 9 between the recessed portion
9b-and the edge 9c uniformand as small as possible as descri ﬁﬂ\\aﬁgﬁ’
hel ps reduce the influence of parasitic capacitance. In the description
above, the use of the terns "arc" and "concentric" is not intended to nean
geonetrically exact circles. Any curves,simlar to circles, for exanple

el lipses, serve 10 the purpose, as Idhﬁéhs they permt roundi ng of corners
with a radi us g{eater than the resolution of exposure equipnent. For

maxi mumPSFASRIC Capagitange o\letkgwisey by srinkeizimgdbe amanatien wiith dor wers sédtfode 9
radi us greater than exposure resolution is preferably applied where

def or mataverantiathet gate plastode tandi thiel searicendastopdslasd 7, Gt G@gﬁﬁéiﬁlé%ereﬂﬁge ofk
channel condition, specifically between the drain 15 and source el ectrodes

10 and Snfhiencpaf phmsitiercapsdinmes (G mihd a REdsiddNporiBn 9b %J]Vﬁ"ﬁcqj% %éﬁca latecﬁ}—xfeggg
. ¥

10 and the recessed portion 9b of the source el'ectrode W

ef fect, (i) inSthe 36N1cE %Ha:cﬁ‘oaé’ 9;?%@5% fnll %gf;?%t%fgdgg 9?&%&%}5{2{?3@?@ (Sgﬁym\giésqﬂaﬁ%r

exanple, it may be appli ed, ane

i tselsf, ; a I rode, 11 iitself, to where the contact el ectrode
11" o Pl e WABEGE o 8505 Utute Sbtres e swenen porionfbad fhrcedas icce
20 el ectrode 9 and the source, conductor 8 are connected together, to the
gate el &&?r&én@if’ﬁ fas pagsifle; & dgsetiled; shovg detpsaredecer the dnfiueme of iperagaice
conductor 4, are connected together. In the TFT 1 of the second enbodi nent -
al so, WYHMSIANGE. source el ectrode 9 crosses an edge of the gate el ectrode
5, the sem conductor island 7 protrudes slightly out of the gate el ectrode

5, forning alpthstdesciptipnmbove,the st offthe terinb €arse Fha 0BsHeBh©@I” ISR MlerdddqEs
not 5 MAY 2004 -16- overlap the gate electrode 5 but overlaps the source

| ect r odeal gedméteiohl h ' . ed f th
Gat e ol ectrade 5. L Ho sem sosduce o crars SRl T RS BF SRRl Altorte 1 ne

gate el ectrode 5, the sem conductor island 7 pr¢ : )
U2l and a8 i h| oy Af RARROL! BReisl ) £ dS Frderaan e
el ectrogg,thflon Ipé)ﬁ)ogﬁje%auipment.

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




5 reduce variations in the parasitic capacitance fornmed between the source
and drain electrodess 9 and 10 and the gate el ectrode 5. The gﬁﬂfgbgg
portion on the source electrode 9 side and that on the drain elec 10
side are separated fromeach other by the gate electrode 5 so as to form
I nsul ar patches that are independent of each other. This prevents
short-circuiting between the source antbdrain that results when the
portions of the sem conductor island 7 10 protrudi ng out of the gate

el ect r odweBap éwogate elenttodd 5 \bat bheripg hhasopbosieatRl 9.1 LiRELRE! white GHY Eiain
about by the light that travels past the gate electrode 5 or ng anot her

cause. Félgtrole S00GsdaE tindedgh thaelhé %Hteoéle%gﬁﬁ st gpgggfpggg@%“{s@%ggfmdogﬁl%é bed

above, are conbined individually wth pixel

array. TehtlFdulde & 0 S gg{iﬂ digent differg.fromthat of the
first enbgdi‘rFre‘f'n in¥ otﬁeél?&eébggéf 2 gﬁ%ﬁ%@? B 42 Whigh thssemicondnger
bel ow. I. TET | of .thg second enbadi nent, on top of the gate insulating
filme, ‘ga]ﬁﬁ‘{]zl‘}??ﬁ nof qyerlap, i?&n@%‘“’“@%&%&é@f apsithe digimelgctrotecl Oau dihis kealys
capacj tance el ectrode 15 is  fornmed, after the formation of the

seni condECSvafiationsdn the parasitic sprasitanag farmed bétwesmthecsourceaind WieiifrelRtrogey!r ce
el ectrode 9, drain electrode 10, and contact electrode 11. The auxiliary 20

capaci t #hand 18 andtthe geteldcctiode 5. | The puatruelthg fortion oh Meesourdd dledtfdle B QIESId Ve
film12. In the protective film12, a contact hole 16 is fornmed that |eads

Lo the abationithe srablacics e (esidh @RLSpilfed Fom HibtPatbisy Mefle Ab&HIAAIS A%

at one end, connects to the TFT 1 through the contact

ot her eRf foe® il ' elgctrode 15.t hrough, t he
ont act " houre MRl patche T8 ¥ iadeBbiuchE B Shcif B ™) % Pivin “shg icining

her ot ey en i Yorct SRA LR LA tehfs PhYE teipdifions of thecieameordugtsedsiant T
SO TS B o 4Bt et b e e
and pr O%?o%tgw aebJuit )rrrtshefh%%g?h%t g.g‘lrec]);/v 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,




5 the pixel electrode 14 in this way, it is possible to increase the anount
of transmitted I'ight. The pixel electrode 14 is arranged so a MYI_%304
perspectively overlap the gate el ectrode 5, which shields |ight. e pixel
el ectrode 14 has a cut formed at one corner thereof to allow the TFT 1 in.
This | eaves a space in which to place tp? TFT 1 between the pixel electrode
14 of one stage and the pixel electrode®14 of the next stage. |nstead of
arranging the JFT 1. and 10 the pixel electrode 14 in such a way that they
do not over| apreBRRISHERE filmGang the proteative dile Ko fproeditieley therpizel ehamowber
an inter]ayer insulation |layer is formed to cover the TFT 1, to arrange
the TFT M affdepioxed exept whewgehayiconneehtolthapixaleltdtasdet IHe3ndns tsdasitionel ¥nd
overlap each other. The auxiliary capacitance el ectrode 15 is sandw ched
bet ween chdugarseformedibelowniy. f Thil, tAé gfeatdt thaiter e Yigd teldfrofib 11 rilxglfesf Jix%%l
above and frombelow, and is arranged so as to perspectively overlap e

gat e cORBLONIH tht biattbecht. 0!y lnitih e Shali g S oS ROANC Bt fimed BEigm

| ength of the auxiliary capacitance ectro roug

slighl I . ' lon.qf the pixel electrode 14 in the

dir e?{ i g?\éﬁélt%e‘m?tﬁg ?tﬁ é‘tr‘ ﬂﬁss%ggp‘? Rngébg? ©Q 1“.“5".%?3 t%F AMOKEt of transmjtind light whi ch
the gate condl;}%tor 4. ext gn(ilg). 20 It is advisable that the contact hole 16
be formed in Sidi<e dletirode 18 ¢ yranged 50 aunqli toperspestiviely oveslapitmegrse olecinbde he
pi xel electrode, 14 in the direction of the shorter sides thereof, '
-prefer abh Vi ?‘tﬂiﬂ‘-ﬂd% lighty; Fhepixghelottraded 41@F alcuaforpredjat ohecbradr théteodlaBow
conductor 4, or alternatively within the dinension of the source el ectrode
9 as pr ¢heEFEd inn This lepvesa spavein twhich t6,plave the TET NaebW&dnyth¥VbixRi Qe&% 14

di mrension of the contact electrode 1 | as projected on the gate 5 2004

- 18- comwmfluné stagel andlihe phesdeRetrod@l £oflfhe ToxSitgRd | JEd: igle in that
side of the pixel electrode 14 where the T 1I;ﬁsst£ orrrec?‘.l‘lg]@ l}g??&%illaé"dt he

pi xelo eklecpikeidectbdeaada shéh hgle 16, in that side of the
pi xel el ecI% r _odee 14 where 't heéggd ?gagttﬂﬁ’o%gﬂég&?%ﬂ?gs%ﬂt}m_ ‘Lnﬁg‘rsé”arys 18 al§Gch
Lglqgl &g%ﬁblé,nint D% WiGrehn illEnk el ShouThiRH {a?rgre is foried "t cover {]hee ’(1:‘1(3'")'?‘t ﬁctto :

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 projeéted on the gate conductor

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




5 1is not fornmed, and therefore, in this side of the pixel electrode 14, the
shape of the pixel ‘electrode 14 can be designed conparativelw;hﬂgph 04By
exploiting this freedomin design, a cut 14a through which the auxilrary
capaci tance el ectrode 15 is exposed is formed in that side of the pixel

el ectrode 14 where the contact hole 16 js fornmed. This cut 14a hel ps w den
the. interval between the pixel el ect rode of one stage and that of the
next, and thus hel ps prevent 10 short-circuiting between adjacent pixel

el ect r od8dugter #neThe santertnbpladr ssizedis Formeidsppsigedly umlthitysiddof $he Gixand
10 show the structure of the TFT 1 of a third enbodi rent of the invention.
In this ekewode dftsuher tienTFRd is fomed. eMhos, white theqiitel lhRtdHaI1A REECHT R4S, 10
are elongate, i.e., longer in their lengthwi se direction than in therr

wi dt hwi she cortaa tiol16 THihet QOSIERMel lefeckBdé @@Rﬂa%teeglle é\ggta%:ﬂg%lg "i‘{s }jléefq‘}m%&“r ce

and drain electrodes 9 and 10 are arranged I n suc

| engt hwi | hE Gl : ' L1 gi gh i ne. Thus,, both the source
anddr af e A flbequifhitntld G308 Rt sfblmdt KingyRish b forasi Aol
per pendi. o] sqQur ce onductor. 8 and parallel to the gate :
condt?gt (ﬁ; b bﬁﬂrﬁg?’eary] ﬁr‘%ﬁe 19 P@éts ¢ %gmesmé?l #lg¢tFodentd, he shapeaplither pixel

el ectrodes. 9 a? 10, 20 perspectively overlap the sem conductor island 7,
and per §E@EP¢Q/E Fanbe designadneoraparativel e feelyde Bysxplditing this freedomoildedigt, a
island 7 and theggate insulating film®6 interposed in between. Both the

sour ce &hultrthroughivich tewxiliagnapatitamce etootrade &5 geskpbiedtis Eheiad ih SR Lsei se
direction perpendicularly crosses an edge of the gate el ectrode 5. The

sour ce ef tdetpireleel&trade lidtweherd eliet doRtach hole 160 Feknidt  Ghidt '
island 7, connects to the source conductor 8, and 5 NﬁY@&gS%@gwggﬁe%ral n

el ect r ogifterdAl bétivebr ﬁleqﬂﬁélie@é&tﬂaﬁgg)f beé Qﬁ%ﬂgﬁ% fat bR SRS .,%%Q%Sl?st qr]l%é sland 7,

~ connects to the contact electrode 11 e tip portiof ! BieEH
e RS ERE oAb RURTE b Py S8R U BRL R oy
' 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




5 the second enbodi nent, the edge of the tip portion 10c of the drain

el ectrode 10 is 'so formed as to describe a convex arc as the rpgiay popgal
exanpl e of a convex curve. The source electrode 9 has a recessed portion
9d formed in its tip portion to allowthe tip portion 10c of the drain

el ectrode 10 in, and the recessed portion 9d is so forned as to described a
concave arc as the nost typical exanpt®¥ef a concave curve. Thus, the
channel formed between the 10 tip portion 10c of the drain el ectrode 10 and
the recdbsduipeletirade BY imits pbrioageweding o6t sage s&nicbﬁdnﬁf&'i?lgﬁ‘@gdconyé'&s glge
9e of the source electrode 9 opposite to the recessed portion 94 1s S0
formed ahe éontd@ldctrogelipa convex arc. The convex arc of the tip portion 10c
of the drain electrode 10, the concave arc of the recessed portion 9d of

t he source elgglf; nvex of .t dge, 9e. t hereof are
concentri c. 1165}{%| {r%B thi sons? ?gcotf{}?lg,&?'ﬁ'e ~§‘6tﬁ?%ee?§rfgce rth¢ fipe petionoek thegsatiaer 10
are al.i a straight line .in their |engthw se direction, and are so
shaped %% %ﬂ88€§ @Wﬁ%ﬂ%‘iﬂ inteypl &?\"‘H‘ell wAdth) ssquesstlinnbetiveen.heHere, as in

| engthwi se direction. This nakes it easy to formthe el ectrodes exactly as
desi gnedfie sa5pad pmbpdiment thaiedae ofithe tipipottianhiDcsfthe drairl dettratic] s shFRRET |

the source and drain electrodes 9 and 10 are not only aligned on a straight

20 11 ne af ffo tdea¢ribel @iegovexi are aii theanosintypiotl exnglalofQ S5 veRURMve. The source
perpendicularly to the source conductor 8 so that their |engthw se

di rect | electrodg i autbeusien e 98 faimacinaly bBRoAH 8108 B0 LD Whidh10q or | -

Accordingly, .even if the positions of those ‘el ectrodes devia

th j | ' j i . |lel, to th
conduct o 1§ e BTigPind 18 1ok @Hpdiof ou iPES R ai o e argusnven

contras | J: 11 f. the source and drain 5 MAY 2004 -20

electro é:sdthhg%s?W eailllggfné&ler? hEPTBYe 2B¥Eal ﬂmsf ﬂ@tqhaweéffo:tm@l betyeerethe
(perleen i cul arlﬁotof %hﬁ .solurce ci)ndu tor 8), the areas over which the
source SRECHA FPidBe A elestrodril O andsthe reegssedinorien od of tetsourte diectratly 9

That is, the gate-drain parasitic capacitance varies. Thus, while accurate -
posi t i oMidtgrshapedeqdhe edeq 9 efitbe haurce elactadded? oppuisitor thé rédessellipditich 9o SO
accurat ?‘ormed 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




5 positioning is required in the vertical direction of the figure. On the
other hand, if the source conductor 8 and the pixel electrode 5“@#?‘(30690
close to each other, even when the protective film1l2 is interpose

bet ween them the voltage applied to the source conductor 8 junps to the
pi xel el ectrode 14, and causes defective display. Therefore, when the
source conductor 8 and the pixel electt¥bde 14 are formed, high accuracy 10
is required in positioning in the horizontal direction of the figure so

t hat t hejectnodesap rand gidddevidte fin tthee hotesingi el ecid £ 6F e fikite Bk
enbodi nent, the source and drain electrodes 9 and 1 of(Bt&ﬁe 'ILFIS#a?yatt?éhe

ar r angedouree cbadutesri $) Ohb atead bV &GHhiER tRf sobRR ahll AHGE Fle@ﬁgc(ljésr%:iﬁigcihwgvged#} gtgy i s

source conductor 8 and the pixel electrode 14 are torne

require ' or+ aly, .dj l.on..of .the figure. That s, high
accur ac% aﬁgbnrég%ﬁqer gd |£' oi;ll%agq%’néhed#%tg'gl%%lgrﬁa})?g'caﬁ@afﬁ?r’:?er%ﬁ?@é- f SBws. wileon
easi er I n_a.case where.accuracy, is reguired in two directions, i.e.,
in the égr e aPOSIRRIE, 15 CoRiraY 18, the charigamtal dregtion Of-ther figares ot tshi dcdurate
errbogi ment.., as in the TFT 1 of the second enbodi ment, the recessed portion
9d of t ROSIHERINg & rewrad ip dhe wertigal direefioncofithe fignree (arc) and the edge 9e
opposite thereto has a convex curve (arc). This hel ps make the wdth of the
sour ce el ect (yuihe2they hpud, ifthe sbiee condiss@d® purthé pixePeleatnste 1122988196 to
uniformand as small as possible, and thus helps alleviate the influence

of par asadh cthenpaai waacthe pEoRCERNTIEANIUS iférpbSdddfRtyd t only
in aregion in which it overlaps the sourcrg and draeinnnﬁg e&e?@éig@&@ﬁ@%g 10

and_t he ¢ fiixn 8&ircé RBh@Rtor® Guinps its tflﬂ?pﬂ?eirl Se‘l’{?%%ﬁé ablagy tc,?aﬁ%els F‘i%l%&{é’tﬁ :] ﬁf‘igﬁ?y.

sem conductor island 7 el séwhere. This mnimze

or ooyt QRGie bk RGN, BRPHOSKETLLLE AL LPel phen gl LS

I nci dent on the sem conductor
i sl gpd at _overlaps.the gate el ectrode 5 does not receive the |ight
fr o?lnBa Z%%EW {n B%%Q‘E&“ég f’hg“egg?féz%r clireglien of the; figure spthatl thgnare Evangetdhi s

portion nﬁy receive the light reflected froma color filter array arranged
so as t ¥ithibhe dpﬁgﬂcﬁ:ptequlay 1pthe 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 énd 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 eléctrode 9 has a concave curve (arc) and the edge 9e
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




5 Therefore, it is advisable to renobve as nuch of the unnecessary portion
of t-he sem conductor® island 7 as possible even in the region M ng It
overl aps the gate electrode 5. Accordingly, the sem conductor 1slan 47 is -
so shaped that its profile runs along the profiles of the source and drain
el ectrodes 9 and 10, with the portion of the sem conductor island 7 away
fromthe source and drain electrode 9-Zhd 10 cut off. This nmmkes the

sem conductor island 7 less 10 likely to receive light, and thus hel ps

reduce \thraughi Dphotoelettrie effoct len alit a6 tivsdent ioﬁSth@fseh{I\?%ndIﬁ& YstanyS $gST 9N
techni que of giving the sem conductor island 7 a profile that runs al ong.

th fd ' ' led to, the
TS 1 ol et o tBRof M T PYER P B oNE sid SR re St o

enbodi . t ween t he, sour.c nd..dr ai 15 el ectrodes 9
and 10 Fine HoBfe thil3ich B Rl RS Rlobio e S ahiFfas SBC Uil Byen Bucapeion may
corrpar-ativeletyj | ang .t of al annel {q(;gﬂth. Where the source electrode 9 _
crosses "SATE H’é t reflectech framep <@ ter array [eragged s melte fage the I TFldartay 2.
protrudes sljghtly out of the gate electrode 5  formng a protruding

por t i‘on Therefpice it it pdvisablg toorethore @8 mush af dhe7unheesssarytpontien bBhetse@i@aligctor

el ectrode 5 but overl aps the source electrode 9. Likew se, where the drain

el ect r odgadd7 29 pessitds eeendn thelggionf intwisiclgRlovetdRahe pale eRcirblles S CALERBRHSL O
island 7 protrudes slightly out of the gate electrode 5, formng a ’

pr ot r udithg semicbhduttdrisiaid ghs 55 IhFRA GAEU SioBie hitlsAhe! overl a
the gate electrode 5 but overl aps the draln eeT g(ﬁ:‘{sﬁagt%lg t{'g%qﬂlleg%ﬁé ep%ouf%eguce
vari ati Q8 drdin et Y ' e f et ween the source and drain’
el cot roaes dgiln elfeuBBEas hd o, BRThd G SR SeolECnE By uslind: sar oot

t he sour | egt e side, an ha .2004 -22- on the drain el ectrode
10 side sg‘?rggsaglgadrrgg e%g‘ﬁog& e Al lht%‘if’ﬁb%“ﬁﬁ%g}@l waeulbctor dgand; 7tless

form i nsul ar patches. {hat are jndependent of each other. This prevents

s ho?l]tol- ci?‘JPl‘E'uaXli O 15V i‘s&fe and ttf'Res é‘gpﬁ Eeduge yardatiang ip ithe varens charachaisticshef the
portiong of the sem conductor island 7 protruding out of the gate el ectrode
5 becondFdohdublip desighteshejruenf givingothk semidoadwedtéristand 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 é
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 16. This helps reduce
variations in the parasitic capacitance formed between the éource and drain electrodes 9 and

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




5 brought about by the light that travels past the gate el ectrode 5 or by
anot her cause. The TFT arrays 2 of the enbodi ments described abguey 2804 0e
used on one of the two substrates that constitute a display device that
uses transistors to drive display pixels, such as a liquid crystal display
device having liquid crystal seal ed between two substrates or an organic
or inorganic EL display device. The enbdt nent's descri bed above all deal
with 10 TFTs havi rllg an inverted staggered structure -using anorphous

si | i con;omthealrain el¢dwdTAD side ary sepmytel drdre eh@Hoth¥r YS tDgakE r
type, such as TFTs having a noni nverted staggered gtru%af u}gecf)}?dé??—'@%tﬁggi ng
seni condunh dinsilst padhied eiaesde ThddrhisHYst 8ldy i ladustrial ..
applicability 15 The present i nvéeﬁr?ti on fi n(%1 %ﬁ‘ﬁ‘z arl[;}(pﬁgirbgg eing Sf‘?{t"ﬁlrrglﬁflﬁ%
devi ces PehdenUS@ dolifaSimtt ' i splay pixel and.is. useful in
realizing display devi ces&)t{a a%hgggﬁhggggh%éﬁg%Ipél,'tp%sg‘?fthﬁﬁﬁﬁwdﬂﬁt%ﬁé%ﬂﬂ [
MAY 2004, -23..- I ‘9. W dded) A transistor having a source

el ect roﬁjeroﬁ%n%%hf\%% Igg%tNng'fjt\é‘)d%f gﬁbr?ﬁﬁngiceédwvﬁth@“ﬁlt&n ph@toeldesriereffactd
interyal secured in Eee en on a sem conductor |ayer fornmed so as to

per sp%ctbir% abRut by 4 %é}t‘%t’@l"é’épﬂﬁdb@g@h&bﬂm@ﬁDeﬂyblyothércadm of the
drain electrode that faces the source el ectrode having corners rounded so
as to descri JdealEbasrays Z of thecniiodimenttsn destgibed hbdveccan®eied Sh ik (P96 that
faces the drain electrode being formed so as to describe a concave curved

| i ne comsnbsmtasdhatgonstithieen didgiay dbvich ehad UddsnrBlsBEdrE P@grégfﬁlgél'ag'gg% £ he

convex curved line, 10 an edge of the source electro lslsngltwl}%sce

t he draianliqli€ Grysaledisfiap BelRe B ligai%t ﬁgﬁgﬁg*ﬁé&)?ﬁ%ve%ﬁ%?pxg urved |ine

al ong the edge of the source electtode t} aces _ EEy R Ay
that t h%fg%ﬁ)iw&e ilﬂrgﬁ{ié ﬁedﬂsﬁya}ie%%%gt %‘1}3 Ie?rlldo%irgenﬂt; %ggnyl\)negtarl])bve all deal with

10 TFTs having an inverted staggered structure using amori)hc')us silicon; however, the TFT array

- 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.




the sem conductor |ayer protruding out of the gate electrode to forma
.portion that overlaps the source electrode and a portion thatg oy bepg t he
drain electrode, with the 15 protruding portion that overl aps e source
el ectrode and the protruding portion that overlaps the drain el ectrode
.separated fromeach other by the gate electrode so as to be independent of
each other, a portion of the sem conductgy_ |ayer that overlaps the gate

el ectrode and that faces the edge of the source el ectrode that does not
face the drain el ectrode being partial(#m$ off along 20 a profile of the
source el ectrode. 10. (Newly Added) A stor having a source el ectrode
and a drain el med,sjde, by side with a predeterm ned interval
secured in betgb%Q%EAdﬁ%ém cOnideRsister havingep soprovedectiodasantion LS %@&?ﬂo&ﬁl y
overl ap afogﬁ&g %lf’ ct r.ade,, characterized by 5 MAY 2004 -24- an edge of the
drain el ectroug it SFaced: 4 peedstsumined dhtectat oetarddein e QB SRnfiSankd
describe a caonvex are, an edge of the source el ectrode that faaces ({"ﬁg(’talfai n
el ect r odd3E IR SOms to perspestivaly ouaRPla D AeGRIIE A Graffofizd dl? 19 L

convex- arc- shaped edge of the drain electrode so that a %t ance between

the source andndkdgenfehediimsedrdds 5 jally ynifqrm an edge of the
source el ectrode that does not ?ace #ﬁg&g%ﬂ% %Oué eeelti?‘itré’ ET‘]B‘@P&Q’OWF'S(TMHM as

to descrisbasmdmﬁwa%ﬁegkmgdﬁﬁ@ edge of the source el ectrode that faces
the drain electrode so that the sdurce el ectrode has a substantially

uni f orm wi-dt hgntdy 1 C uctor |ayer protruding out of the gate el ectrode
to forma por ta{long? E)ggﬁe %8'9%%%1??“519@ tﬁﬁeg%@@dweﬂl elettrodtebeing fernpardol Aot hat

over | aps rain.electrode, with the .protruding portion that overlaps
t he sour 3%@%8??@“ e gna’eﬁ ﬁ‘ee FPesPoading tothe teilgnott thetirady Gk bARG dekél?oiﬁgg AL
el ectrode, separaai,lﬂefrom each other by the gate electrode so as to Dbe

i ndepend&MYBFUNVEGLRS ot her
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




a portion of the sem conductor |ayer that overlaps the gate el ectrode and
that faces the 15 edge of the source el ectrode that does not éﬂﬁ@¥§bﬁ4
drain el ectrode being given a profile that runs along a profile of the
source el ectrode. 11. (Newy Added) A display device that achieves display
by using transistors as clained in claim9 or 10, characterized by 20 gate
conductors and source conductors being apganged in a grid-like
configuration, the transistors being |ocated at intersections between the
gate and sour cenCqiad st e LN el ectrodes of the transistors being
arranged substantialthggggyfggaygﬁfﬁ%tE@ﬁh&@é°@@ﬁdﬁ@ﬂ@d@bdﬁgMﬂﬂhaﬂﬁﬂasﬁﬁ-
12. (“bmﬁﬂeﬁﬂﬁéq%oﬁwgh% | ay' device that achieves display by using
transistors as "clalnmed”in claim9 or 10, characterized by source
conductors andggate c?q%gctors being arranged in a grid-like configuration,
the transistor & BEERGT c30uEs dectiadedhacfotdsche dbsi \éﬁeﬂi\odéﬁﬁ‘eiﬁ%%rﬁﬁdasréd gate
. . 4 as=o
conductora¢*5 the drain electrodes of. the transistors being arrange

subst ant i 4F3°Pbp & srAcaVE Bicarlbng the caﬂvex«awmge&gggQJﬁf g{es%rgjr;@%lgéﬁeﬁ}ﬂ %Added)
|

A display device as clained in claim 11, further charac thaha

transi 8t odigtance)bﬁéWhmthmmh-c@h@amﬁI%ggsqg S&g’gg@%’ed. hereto, being

arranged in cells sectioned off by the gate a 8onduct or s,

auxi liary capagh dCst thé i ched hetween a gate insulating film
and a protective filéf%%g%g@%ﬁgﬁ%w S%P%efg‘iﬁ\:\ﬁﬁér%elaﬁur@degmhgaﬁﬁm@mthe

gat e condyiCiPHeRf age and the pixel electrode of a next stage
arranged so as 1 obg\%?{;hg%%t%% agﬁ'@e%h@oﬁ%éc‘?ﬁﬁh,e soufcecelettroale thal exed Shd Grain

formed i rotective fil | opsidedly in a side of each stage
1ddifoaR sS4 tthe: source ¢ ectrocFlje has a substantially uniform width, ’

the 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.




where the -transistors are fornmed so as to permt the auxiliary capacitance
el ectrodes to connect to the pixel electrodes, cuts being forgphvbogsoes
of the pixel electrodes |ocated above the auxiliary capacitance el ectrodes
in a side of each stage opposite to where the contact holes are forned. 20
14. (Newly Added) A display device as clained in claim12, ' further
characterized by the transistors, togethes _w th pixel electrodes connected
thereto, being arranged in cells sectioned off by the gate and source
conductors, 5 MAY(OLY Ad¥Ed) auxighd capaci t ance el ectrodes sandw ched
between a gate insul afing f)i | m anggﬂgy%?‘%%e t geliqvies wisblaynbyabsive tangsthiOm
bel ow bei rinied anesd gt ween, L he. e conductor of each stage and the

pi xel el ectrode of a next ’g&e{‘lbcgerggai?ﬁged so as to overlap the gate
conductor, conf es being fornmed in the protective filmlopsidedly in
a side of each s@gég&\%\‘gfoés TSt eppdnetonytwimy rahped G, SRLIAS &Rﬁherm't t he
auxi liary capagitance el ectrodes to connect to the pixel elec 5%(51: cuts

bei ng formed at'*tjEstos bainglopatadbt isterattiquestlan e, ARoYS the agxi liary
t

capaci tance electrodes in a side of each stage opposite 1°09 &Rkecangysors,

contact hol es HieedrpigralentrodeoBthbnZ9Rdds b&géééﬁ%'gﬁ?@g A transistor has a
il S

source el ectrode and a drain el ectrode for BY@ﬁmenéiaularly to

i nterval Yesouredcomivbrirsyeen on a sem conductor |ayer fornmed to
perspectively overlap a gate electrode. The source and drain el ectrodes
are each longer in their lengthw se direction than

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




5in their wwdthw se direction. The source el ectrode has a recessed portion
formed therein to allowthe tip portion of the drain el ectrodepay 2008
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 pojdion that overlaps the source

el ectrode and the protruding 10 portion that overlaps the drain el ectrode
are separated faummitize@ch ate electrode so as to be

i ndependent of eack?gjgt hgﬁﬂaﬁ}% g% ﬁ{rrg‘geé%aﬂg‘gﬁlﬂ? betvvesuia gatg ibeilubenfitkheng N
sour ce anthro®Emien | ts en e portions of the sem conductor

i sl ands p:‘:bot r udi ngfn}gfﬁo%% B fedghirgm é‘fq‘é‘é’th%albmgad&)eﬁmﬁltﬁé lo¥R éo%‘?‘ﬁgrh A
phot oel eCteﬁﬁK%?éJ&%ttHbrouggt about by the light that travelsS past U ﬁgte

Do O° o et anot HePXelekrdtode of a néxt stage arranged so as to ovetlap the gate conducto
r’

contact i it i
act holes being formed in the protective film lopsidedly in a side of each stage
5 where th i
e tra.n;zstors 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

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

10






