;e3e8'\ T &6&T8' U8 SEM CONDUCTOR DEVI CE AND METHOD FOR MANUFACTURI NG SAVE
BACKGROUND OF THE | NVENTION Field of the Invention This invention rel ates
to a sem conductor device and a nethod for manufacturing the sem conductor

devi ce, arly to technology for controlling the fo \gf
I mpur i tjw QBBWBJM in a sem conductor |ayer by a neth Wm
gate el e deV| ce by dry etching. The |nvent|o or exanple

be applied t¥W¥'spl ays wherein this sem conductor device is ugB®i n a
di splay part, and particularly to liquid crystal displays, organic EL
displays ( a light emtting device or a light emtting diode ) and
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em ssion devi ces and/or-singl et-based |ight em ssion devices, for exanple.

Description of the Related Art Wen in the fabrication of a sem' conduct or

device a seBheREROSNIP'OF F4e IhGeNPIged by dry etching or wet etching, or

when an inpOrftTy region is formed in a sem conductor |ayer by doping, a
mask nmade ofriphat&f egieStInventses. | n dry etching or wet etching, the

mat eri al outside the part covered by the mask is renoved, and the materi al

whi ch is not etchedisasniventibhersaateshapa aemikendheper afevilte magk. 1

When doping is carried out, an inpurity region is formed in the part of the

sem conduct ar medhed orc mamifacturiner tlle byembeontheitor| devdcent andars, the

m crom ni aturi zation of structures
particularly to technology for controlling the formation of

impurity-doped regions in a semiconductor layer by a method
of working a gate electrode of the device by dry etching.
The invention can for example be applied to displays wherein
this semiconductor device is used in a display part, and
particularly to liquid crystal displays, organic EL displays
({alightemittingdeviceoralightemittingdiode) andelectronic
equipment using such displays. The EL (electroluminescent)
devices referred to in this specification include triplet-based
light emission devices and/or singlet-based light emission
devices, for example.

Description of the Related Art

When in the fabrication of a semiconductor device a
semiconductor layer 1s formed by dry etching or wet etching,
or vhen an impurity region is formed in a scmiconductor layer
by doping, a mask made of photoresist 1s used.

In dry etching or wet etching, the material outside the
part covéred by the mask is removed, and the material which

is not etched assumes the same shape as the shape of the mask.



of sem conductor devices having thin filmtransistors (hereinafter, TFTs)
has been progressing. Consequently, there has been a need for finer
positioning in mask formation. Insufficiently fine positioning is a cause
of formation defects in the formng of resist masks. There has been known a
met hod whereby to overcone this a sem conductor device is fabricated by a
part of a TFT ( for exanple the gate electrode ) being forned by dry
etching and then other parts of the TFT (for exanple source and drain
regions ) being fornmed using this already-fornmed part of the TFT (for
exanple the gate electrode) as a mask) self-aligningly. Wth such a nethod
for making a.sem uctor device self-aljgninaly it,is_ possible to realize
a reduction inef'h(ggé:ﬂnﬂoeiﬁ Sgrﬁjﬁ%'f(?u%ﬁs T T qiqﬁ Featehis %8 ?(?pjﬂbtoresi st
masks by ph | i g i ihtLQni i e cause of
this , the ?c té‘%hh%lgggééipés}yecﬁg ?‘ gﬁﬁ&‘r’%&éilv#%g g‘?#gﬁtilwc:%%.% §§?£¥?1de%s'orm ng of
an inpurity 29ihQ8xi N a sem conductor |ayer, the nethod of doping the

sem conductor |ayer with a group 15 (of the periodic table) inpurity

el enent such as phRsRitentSyedrsyr 686 imd cObmen il zh3160foft BErperirad c t abl e)
inmpurity elenment such as boron is used. 2 Dopi ng a sem conductor | ayer

W th a groupfl5sempoonducisire mdatvides nhawing- t Yipkn r eijilon, taadstopineg wWith a
group 13 inpurity elenent forns a p-type region, and in this way source and
drai n regi orfhezednpabtemdTFhs hhaebeenriosressinger Consequanidiverthariec of a
TFT is its OFF current ( the current which flows through the channel region
when the TFP3ass beep; 3 maaqd sfaipfinere posdfiopdng ) in\pask ¢ ferpaofet eri stics

of a TFT are being evaluated) it is desirable that the value of this Tpff
be small. ' I?&“ﬁﬁg‘éi%fp’ty ER$ positioninghipicarge of tO O ASSELI ght | y
Doped Drai n), regi i [ f t sem r | Qsi.tianed
oulto side t he)igf;]a}e'}lgé g‘%@? Pé}:f. ng' %%? "}afﬁﬁét %c?ggrgﬁg#sgggfl?s%yo% h“éet(tg‘r?z%nnel

region whenwthfage ¥ Ted 3vhebofe Fhitked seitconductdrS alPide 1ot BhS- £AHIGS the
sem conductor device to deteriorate. To prevent this, it i1s desirable that

a Second LDy #¢a@R erafm@ofeiamﬂe BRé lga®b diu 1366k § Haug!Rrnedy er

Overl apping with the gate el ectrode. A sem conductor device structure
having an LBy aegi &tcromry lanapicAen VeiHert pargat &f almec rkede£ae rétmplegat €
insuzat~.ng filmis known as a GOLD ( Gate-drain Overl apped LDD ) structure
GOLD st r ucioures andeiraliscegllone ) beAig Pofhed geing thisndreadyqicamead drain )
structures and I TLDD ( Inverse T LDD ) structures . For exanple in ~Mitsuko
Hat ano, Ha~iPRELARE nehe T (Takeemmmsk #he 9ETNOA SHLCPRP CARS B @RSK,
P523-526, 1997' it is confirned that a GOLD structure with a silicon side
wal | provi d&elExattopingly .

With such a method for making a semiconductor device
self-aligningly it 1s possible to realize a reduction in the
number of photo masks used in the forming of photoresist masks
by photolithography, and fine positioning is unnecessary.
Becauseofthis,thetechnologyiscufrentlyreceivingattention.

For the forming of an impurity region in = semiconductor
layer, the method of doping the semiconductor layer with a
group 15 (of the periodic table) impurity element such as
phosphorus or arsenic or a group 13 (of the periodic table)

impurity element such as boron is used.



good reliability conpared to other~TFT structures. In the fabrication of a
sem conduct or device having a TFT, the form ng of a nmask from photoresi st
necessitates nmany steps beforehand and afterward. These include for exanple
substrate washing; the application of resist material; pre-baking;

exposi ng; devel opi ng; and post-baki ng. And the photoresist mask nust be
renoved after the etching or doping process, and nunerous steps- are al so
required for this renoval. These include for exanple asking with a gas

sel ected from anpegpidg aHéemasshdictor aapeal wuthng Ghaip a3 Lmparitgnoval by
means of a conbination of asking and chem cal treatnent. At this tine,
removal usi&kmdifyT foiinfs RAC eSIypat esghdepsasdicdbang hahcal girbagt aent ;
rinsing with pure water; and drying of the substrate. Thus there has been
t he probl emrgaditis elgmens kommda p-typephegioresastl imechdasesy tsoarpanber of
steps required tv make a sem conductor device. And, along with the

m crom ni atand 2atdion mefgleoas epadfictmed deviac esmifomducipmsitayeri.ng i N nask
formati on has been required. Insufficiently fine positioning is a cause of
formati on def ect A charasteristuiskef aaTFTest 1 bn OFFabuventafithe iowrrepsnt
rPairing such defects results in increased process tinme and has been a
cause of i névisgdsdtlavntihaoughi hhe cesannelTregdon whempthes TR S OFEy;
photoresist in the fabrication of sem conductor devices has thus increased
the nunber i Stlepsspecifideadilondf dsee} heftioni thei chaproaristilesr ofseadt he
time required to conplete the steps; increased nanufacturing costs; and
af f ect ed prEoRicareyikeing mxdnditedl. yitr dgudentrable fihaferthsf vindawes ofised i s
an effective way of reducing the manufacturing cost of a sem conductor
devi ce. Al sthisver: thee sBddact eristics of a TFT in a seniconductor device
are considered, it is desirable. that a first LDD region_of the kind

menti oned above R Pakedeerishalde Lekf bERAGLELRL £eyfarm ar LPR; (Lightdyt ect i ve
in reducing lof= which is an inportant characteristjc of a TFT. And to
prevent detROPY REBIR ofraHOtsdi tH8IBEFEr Of et eS$RLFRMOE HFVETT or t he
device to have a GOLD structure, and by form.ng a second LDD region of the
ki nd descr i PRELEIRRRA otedde tRe92LR) 4G TPAR- gat e el ectrode across the

gate insulating filmit is EOSSi ble to suppres h(f%1 carriers formng in the
C

channel region arﬁz}st%eiarﬁf’ ‘f%"g‘?j(ﬁ{s PRIFRI PEae oﬁe%icﬁfhl’f@ﬁf’ t he
bove. ment | SHEHF 48 Hrd PEES R Eg: SO D AP R o g BB never
to dope theylofle 29480e20S-ALS, Lo ﬂreeq}e%’l W48, it 1s gesirable that
a second LDD region be formed in a part of the semliconductor
layer overlapping with the gate eleétrode.

A semiconductor devlice structure having an LDD region
overlapping with the gate electrode across a gate lnsulating
film 1s known as a GOLD (Gate-drain Overlapped LDD) structure.

GOLD structures are also called LATID (Large-tilt-angle
implanteddrain) structuresand ITLDD (Inverse TLDD) structures.

For example in "Mutsuko Hatano, Hajime Akimoto and Takeshi

Sakail, IEDM97 TECHNICAL DIGEST, P523-526, 1997’ it is confirmed

that a GOLD structure with asilicon side wall provides extremely



an inpurity it has been necessary in each case to forma mask nade of

phot oresi st on the sem conductor |ayer, and the increase in the nunber of
steps resulting fromthe increase in the nunber of masks needed has been a
problem 5 And, in a sem conductor device having a GOLD structure wherein
the edge of the gate electrode is positioned on the gate insulating film
above the boundary between the Lofr region and the Lo" region, fine
positioning is necessary in the formati on of the photoresist masks) and the
process has been conplicated. Consequently, trouble has often arisen which
causes positioning failure at the tinme of mask formation. For these

reasons) | Goblierd /4G 9f BnpSMEARIUTHAL MBYIfieRYLEg. & COLD structure,

because thé structure neCessitates fine poditioning control) increased

numbers of masksrnghel EaBeh8atiod g faogaﬁié&{aﬁto&hawi@éir%vig%%s have
been a great problem and have constituted a cause of increase

manuf act ur irpg, COfd £6EmiRG c¥eRi maKl gebm pHIRVIrE81st W&@%anﬁé%aB?qUi red for
manuf acture, and reduced manufacturing yield. To overcone this, the present
i nvent or s, shaps Nbet@Ashand@s @ndC hifmgrided poThebe| Lhylwde fErid3@mpnel Of f
region and an Lo" region to constitute LDD regions of a sem conduct or
devi ce havengstr@@@ Dweshinsur ehee| dppdiqpiiiegl yof tdesdstusiapniadks nade
from photoresi st, have invented a fabrication nmethod for formng an Lofr
regi on andPEA-PIInggeFROBINgbiaKplaring: It PESSrPREIRI- with an inpurity
el ement self-aligningly by neans of certain %ate el ectrode materials and
éhﬁg? i

dry etching net Housthg TRA T Ragk st Perempved afsesithee e ingr m an Lof f

region and _an_Lo" region by doping the sem conductor layer with an inpurity
el oment sePF-APPHIE RIPFORRa PRErUBPILES  ER TRe 2850 FAMHER,FOFnsks

0L ed AR g LS, | UL CLASRON Hed bbb d e HIIUIRN s0GaL NS
masks. Thus 1t TS possible to reduce the manutacturing cost of~“a

seni conduckgi e&Edd ¢2-oANSMERE d.l, N0 84 d8Y f&fovd1S wiBRY f @fdnd 81 s SUMVARY OF
THE INVENTION In the fabrication of a sem conductor device, it is

pr ef er abl eotor@ii®rdlddyafiebh) 6£0 @ombiNdtich DEPALASAg deiErdhematadn of the
sem conductor device, it is desirable to forma GOLD structure. However, to
form an LDBEresgment.i t Atahibitiver,tverdoyan weingsslzen dald sfscassirasis made of
phot oresi st. Consequently, increased mask nunbers and increased

manuf act ur hepe osuchhase dieavical ptodatmentiiondneing \with twrepwatent i nventi on
it is possible to forman Loge region and an La" region self-aligningly and
t her eby t o2p@dtieElngh @fnthpePultiithidkeks needed to manufacture a seni conduct or
device and to

Thus there has been the problem that using masks made
from photoresist increases the number of steps required to
make a semiconductor device.

And, alongwith themicrominiaturization of semiconductor
devices, finer positlioning in mask formatlon has been required.

Insufficiently fine positioning is a cause ¢.)f formation defects
of resist masks, as mentioned above, and time spent rernairing
such defects results in increased process time and has been
a cause of increased manufacturing costs.

The use of masks made from photoresist in the fabrication

of semiconductor devices has thus increased the number of steps



reduce manufacturing tinme and manufacturing cost. The edge of a gate

el ectrode in a sem conductor device with a GOLD structure overlaps with
part of the LDD region across the gate insulating film In this invention
the shape of the gate electrode is wirked to a tapering shape, and dopi ng
is carried out self-aligningly a nunber of tinmes using the gate el ectrode
so worked as a mask. In this way, a source region ) a drain region ( an
Loff region and an Lo" region are fornmed. In the doping, by an inpurity

bei ng doped through 7 part of the gate electrode, the Lo" region is
formed in a part of the sem conductor |ayer overlapping with the gate

el ectrode;  LORAGRUGRI the ddBUldak Yok FO6OAS: CARNLABL Rt b ibHERLa | MPUTT LY
concentration are forned in the sen conductor |ayer. Specifically, the

i nvention pE@VESHS et TN s s ; f AhBirBgs@a Seanedustay devtse whah a GOLD
structure self-aligningly by means of a sem conductor device fabrication
met hod i nclafevtedapkbastét spianf form ng a sem conductor |ayer; a second
step of formng a gate insulating filmon the sem conductor layer; a third
step of form ng actprdinginductducdngi Ehe ommbex gxft easksubaedngsfanm a
fourth step of formng a second conducting filmon the first conducting
film a fifeffesttdyeofwdyr wifngredugdng ethet marufa¢turingr scosthaed by carrying
out dry etching at |east once on the second conducting filmand the first
conduct i ng $9HFECPFUSERF hAQYGL-of fornming a first inmpurity region in the

sem conductor | oyst Sues G bRt LR PR lctrate ol o second
i ght h f | t hj i t
an €1 9nin SSAAl ol 0 aTaRr 08! SioLe oty bl by Buagalyino o

of the secopnd &Iéa&'%aaﬂn@n%ﬂhﬂ& {'hhb'ﬁv%o b8l £b2hTE "gh atr?@%ﬂﬂcbﬁﬁ{fé#éﬁ' region

in the sem conductor |ayer. | I's invention, for each of the ftirst
conducti ng fdJdP, HWeh1eiseeendt LrNinebandidd 1.0 awiBdieis ah 1hposehset ed from
anong the refractory netals tungsten, tantalun) titanium and 8

mol ybdenum chirdadtdes sbayi o atrrreast one of these netals as a main
constituent ; and alloys containing at | east one of these netals. The first
conducting fil m and tdpreeenmtndetenthiatiog ¢ff khe sealpganducforidéyteent
materials. A high-density plasma is used for the dr% etching, and an

et chi ng appdr 4surrefenalde® RPFhthehpevlee toshawed GPED 1 ueiarel, and

i ndependently the power of a plasma source and a bias power for generating

a negative B FOTPdNGage SBRORALRR FAGLR0E tRe KN desFE PRANRRIVE esul t s
bt ai ned by the_i j t di d that t f th
oo b i SRR el S BRI B 0
It was foung that g%‘ Egééiﬂ‘.% tl_%esﬁ FredOYGL 8%:1:5}%59@61%&89' 5]1? appar at us
e reduce f €0 e

hi gher it is possi to taper ang the gate ectrode . By

sui tably coifidmplehi RPAgibe HMASHROWBA1A trdgioRossible to forma gate el ectrode
having at its edge a taper angle of ‘5 to 80, and this gate electrode is
used as a mask fohn thasépetifleatiby Aoe@hens theabotesméperodddal s
docunent) for conveni ence, the angle that a sloping side face of a

conduct i ng Iyesgiakesl Wbblcallledhdre entraegion hhd hbecalovedmehtidmgper angl e;
a sloping side face having this taper angle will be called a tapering
shape; and seqeadt LRRBvIeglathevildpee i el kadhfeewbd Ipglemd | ed t he tapering

part. In the fifth step dry etching is carried qQut. sQ that a tajt_)er angl e of
5to 60 is fornmedoBAVEhe %0dGePHf thth&oggafedipn and the Lo, reglon with

an impurity it has been necessary in each case to form a mask
made of photoresist on the semiconductor layer, and the increase
in the number of steps resulting from the lncrease in the number

of masks needed has been a problem.



el ectrode, to forma gate electrode of a first shape. In the seventh step
dry etching is carried out with a smaller bias power than in the fifth
step. As a result of the bias power being made smaller, the taper angle of
the gate el ectrode edge becones larger than in the gate el ectrode of the
first shape. Consequently, a gate electrode of a second shape, narrower in
width than the gate el ectrode of the first shape, is Formed. ' In the

ei ghth step the second conducting filmis dry etched selectively. And in
this step the taper angle of the edge of the second conducting filmof the
gate el ectrode of the second shape becones | arger. However, in the eighth
step, because first conductin%PfiInlof the gate electrode is hardly etched

at all) a gate el dRed oo™ COARPGLAh A5y 1GRPATING ReCRFRt HI¥CTIKE second
ducti film] h t hat t h irst ducti filmi
formad.  ForwRersihdheneshyet | P GBseoRLec iRt ds RGST CLaRas PasbPdes i on
qoriees o | . . S W s des
opi ng. of t AECh AshERLERE s abeditiel ¥e LoBRaRy bockBeh b LaxelaaBR 1T

used and in§{,g%ﬂet;,bver?£t&,%ﬁfet;%&gieciioa_ia‘g‘qg ReTedsHBY 1 thEXBYRAYEBh! ¥ the

nunber of nasks neede o nake the sem conductor device is reduced. If an

n-type sem gpRYLCHRYtIARVSHEE naBke) difd télprotéss hasYeehhcsipicatdat he ninth
step a group 15 inpurity elenment such as phosphorus or arsenic is doped,

whereas if ac¢ndafuentey], ¢2bdblé has o0eversa&risen whicH Cades posmd oaiggoup 13
inmpurity elenment such as boron is doped in the sixth step and the ninth
step. In theaslutd a3t ¢het hitme npfumaisk €bxmaton.s doped through the gate

insulating fiLn using the gate electrode of the first shape as a mask, and
thereby a first iFgsurtheger sgasens s rorthed forming efira gmiqpndyefPronduct or

| ayer positioned outside the first shape. This first | uri2¥€region is a
source or dfaYHC? ed@BARY| P t IFELRI n?‘FF"scgtélﬁea RRGFS nble i (IFEGPOR i s

f d by the i it I t i d i k just t d
Conduct i ng FEPHITITAteE FHRF PLrns bnPcoat iy o duete e th PR O R ondt 11 ons
in th inth i.gh i th i
Lhe. condi (1 Aagkefacd SIBIREL L0RRe M clLATSE AEIELBERLL Mok ha08 | A0 11
are used, SBelRA ¢RSELPBE1LMRIAG Advd 88hOP1 AREAH SadsAVEE 1inREhkbY

concentration than the first inpurity region is forned in the sem conductor
| ayer. And hhgufdgudriihy BN thbSseipeddustsr HBei16e/ia0pEaSéD LAY er
through the first conducting filmof the gate electrode O the third shape
and t hr oughréteixmt Eornmahafacinre,| and Gfeddreds maonflactpuima yiegédi on, an
Loff region is fornmed outside the gate el ectrode of the third shape and an
Lo" region is forleedvercameeghbs, rdte creseappingenkans.t havdagohdenonducti ng
filmbut overlapping with the first conducting film By using the above
means a GOLEeSeagfhimde thenpedtiiddsy qf forming an Loee region and an

Lo,v region to constitute LDD regions of a semiconductor device
having a GOLD structure self-aligningly without using masks
made from photoresist, have invented a fabrication method for
forming an Losr Tegion and an L., region by doping a semiconductor
layer with an impurity element self-aligningly by means of
certain gate electrode materials and dry etching methods.
By using this invention it 1s possible to form an Less
reglion and an L.y region by doping the semiconductor layer with

an impurity element self-aligningly and thereby to reduce the



device is fornmed which has a sem conductor |ayer including a source region,
a drain region, an LDD region positioned outside the gate el ectrode and an
LDD regi on overlapping with the gate electrode; a gate insulating film and
a gate el ectrode. Just two photo nmasks are needed to formthis

sem conductor device: a photo mask for form ng an isl and-shaped

sem conduct or | ayer; and a photo mask for form ng the gate el ectrode. After
the gate electrode is formed using a mask, the source and drain regions and
the Loft region and the Lo" region are fornmed in the sem conductor |ayer
self-aligningly. By reducing the nunber of masks using the neans descri bed
above it is possible to reduce the nunber of rran%f acturing steps and the
tinme needed‘“B'BeﬁrcldeEE'kf FEWERHPE GRARL TR LG e tléd?ﬁf’é"’rf%’fﬁf’a % ing cost:
and inprove yield. It is_also possible to forma GOL trycture in a

seni conduct'&® g%W%%i%\ﬂfnﬁﬁaﬁgi“?Sﬁd-s egtg}éﬁi%oosﬁgt? o?olﬁ 198 a gate
insulating filma te electrode b rocesse si de at, descri bed
above, mtﬁt"Fh'garé catﬁ%%ﬁlgrc%? r?gs?ss)e §g3 %%taqrnée'?life’eparnosdcggg toigmdaer.and t he
condi ti ons_rghuipgddfé(r et RdSs20chddPUri ty dopings . Below, a specific
manuf acturing process constituting an exanple other than ~i~at set forth
above is described. That is , the invention also provides a nethod for
formng a GOLD structure self-aligningly by nmeans of a sem conductor device
fabri cati osuMARYAOF NTHRIANVBNTEON | r St step of forming 12 a sem conduct or

| ayer; a second step of formng a gate insulating filmon the sem conduct or
| ayer; a third simptihé fabmicatianfiofsta cemdgondwgtdx |davdieet, hd tgdtse
insulating film a fourth step of form ng a second conducting filmon the
first condwsefagable mtoa Pravidestam &PDf ragle9g.a gArd dloecsurRress a first
shape by carrying out dry etching at |east once on the second conducting
filmand tKetpFieFatippi e ithe SePiroRdustam devdfeof 11 ol fi AgSrableast
inmpurity regiqn in the senicopnductoy |ayer; . .a seventh ep of fqrmng a
gate el ect rtg’dg%‘f‘ %cgl?@oﬁg]rgﬁ e'byﬁ%"él? RFi'n§Cot? A} é‘?éh?ﬁﬁi%%ﬁetcti vely on
Lhe second yanthilaid S hebel NG00 GoBnSEhhORRalh df Bnbboslaiiape: an
eighth step of " formng a second 1T rpurity regiron 1n the semconductor |ayer;

and a ni nthcﬁasgq‘s)efnéﬁr,m pg:,@reg%ga eliek’ Ofmtferd t hiddd ShaPedbedcar rying

out dry etching selective on the first conducting filmin the gate

el ectrode @fanhPacEeEtY WP RavkNbbBh Sa NBEdEXbm.f OHoR@edr Ofwithe the st
conducting filmand the second conducting fi7.ma material is selected from
anong the mpalsant olyvereiiains ittungspessitilanttal Earmt aban-enreguch rapldybdenum
nitrides having at | east one of these nmetals as a main constituent; and

al | oys contaai hivigegiion eedf-akandhgilcars then¢ky tPheedugesthegnuhem ng film
and the sG .~nd conducting filmare nmade of different materials. For the
dry etchi ng@f Basks dieedgdappHanufactyre sk Felcandistar devisepdit®i e to
control independently the power of a plasm source and a bias power for
gener at i ng TRIHEG SPFREFapiuripp  Eing, and papRfafdngs CPEte side, or a

parallel flat plate type RIE apparatus. Jn,the fifth step dr tching is
carried out so t'ﬂ?ﬁ efyg][téaﬁgra agr?gleee ?G%r‘f% 88 T SYBERR ugﬁof haelevg'éﬁe of the
gate el ect LQ4R, af Qof, O MAudtale SVEEILNI6/1Ah Bakt! SE £H&PEDD [Fbdilda sevent h
step the second conducting filmin the gate electrode of the first shape is
et ched sel gerb¥elthe ht8, 1 a®i A1 1n.S L fthii@dimkdn tlionhthe Sdfafleer bi as
power than in the dry etching of the fifth step. As a result of the bias
power bei ngtrette gaat learekticrhae tispwsrieayke atapdreigesape cendutddimg fi | m edge
beconmes larger than in the gate electrode of the first shape. And because
the first dendecried dut nsalf-mdidhingtyx Redumbez| pf bines exslingctthede of a

second shape wherein the width of the second conducting filmis narrower
than that @Rtehelestrde GWOEKAS #F| M TPa&SK-or ABATREDYE0r A APUIT® i npurity

regions, ch)‘ggggl?l ng cli_rsail'rlls%de'gion, an Loss region and an L,, region are

formed. In the doping, by an impurity being doped through



Besi des ion doping) ion infection can alternatively be used. In the sixth
step the gate electrode of the first shape is used as a mask. and a first
impurity region is fornmed in the sem conductor |ayer positioned outside the
first shape by an inpurity el enent being doped through the gate insuidcing
film This first inpurity region becones a source or drain region. In the
eighth step a second inpurity region is formed by doping the sem conduct or

| ayer with an inpurity el enment using the second conducting filmof the gate
el ectrode of the 14 second shape as a mask. In the doping conditions in
the eighth step, a smaller dose and a hi gher accelerating voltage than in

h hth ! ose anc ( accel er: . . !
e bond. | sBRE e LR st eRhtd *HBR e elrehota doien MRty o "
concentrati oF thgas%mtiﬁgnfih{:é&r AfPEE 'oggﬁgggﬁsﬁ{boa&ﬁe Qfs,gggta%dﬁe%%r%sm conduct or

| ayer. And e Inpurity elenen conduct or Féyer

t hrough the_ {1 uGt | il . ' ond shape
and b ougrePPESEeF Ry P eBlafnb BRcHRa1 R SRS ST 8y
conducting £bddRdtSa41¥nCheb b€ Thi ¥RS YaedikohBBctdf Stayer. _
conductingfil mbecause an extrenely small taper angle is forned in the part
not overl<appi ng Woekikheaseg otNe aandhtidnprévidesos mathe€s bt rokmiig seventh
step) the first conducting fiLn is etched fromits edge and narrows , and a
gat e el ect radeendicoadnhted ddvdige with gr GRUHD stirudiuget sekf -ad igadogdlyi npurity
regi on has been fornmed- in the sem conductor |ayer overlapping with the
first condulY magns$ PE @ semHgoadugter davicefabricatiogmetbedicalagingt m
becom ng narrow a part of the second inpurity region conmes to be positioned

out si de t he? g te FEEP 1t FMipdea t3AMiGoRAUGEST dAYERi <2 KR FhPRIrity

ion, th i iti d tsid | e~~ f the third sh
boconms an PhABTAGEGh Sakd PHEIRIRG LR CRapst RETRPPRCTHE R dEeb  ect r ode.
f the thi , j i
o Tl " ol SeGomporhif o LE0LON o dlndr et LG Bier

sem conduct predemiseg BavhNG 23urti st8Pi SPHALRIAG d 3¥E5nd Wonddbpgng SoOur ce
region, a drain region, an Loff region and an Lo" region; a gate i1nsulating

film and aroph orfltdet F288t dditmidtiagt EfImCan RereRi skdpd JEa¥BrAing
characterizing feature in the nethod by which the gate el ectrode Is forned.
That is, thg davecBleofrdas blifesa @t siespar byttt fny oaa i etohing a

sem conduct or device including a sem conductor |ayer forned on an

i nsul ati ng surleas; onke iarshat isegohidl nohdueteichgorfiflime apdnitbendicsbr | ayer,
and a gate electrode formed on the insulating film the nmethod including: a
first step efndustiingfdmyepisdshbFdenot Eg/aringe Ahrshdnpuritigregieace; a
second step, of forning an insulating filmon the senm conductor | ayer; and a

third step bt T FERYCPROIHET N8YPEE ihGoVPPHR &R 8F et ¥ e ARER up of a
first conducii |l ayer, and _a secand conducting | ayer Vi n t its edge a
taper angl o1 erer® RE, 20%p8aRf ‘Wi W CoRET e M 4. Fipdps' 68

conduct | ng~{y 66 co el ok Bl 8ad 8L £106: 06 Pln diGreRN ARGV ST 1o

preferably given a tapering Shape as s In and

Figs. 9A thyqugh SFect¥hd Bt fithivat fivsbe bhecREAGANY ohb@rdy bebneRgduct i ng
| ayer preferably has a tapering shape, and to obtain this t~r3ring shape ,
in the thirsesapveliorgahe secentircat@ucsidg i dfytloagaye ejecttodsy et chi ng
using a chlorine-based gas and a fluorine-based gas or a chlorine-based gas
and a fl uor¢hthdaseedndasbapadatd agmththhatrercef Egrmippasedeyd dmpRFAEY usi ng a

chl ori ne- based gas
region in the semiconductor layer.

In this invention, for each of the first conducting £ilm
and the second conducting film a material is selected from

among the refractory metals tungsten, tantalum, titanium, and



16 and a fluorine-based gas and 02. Because the second conducting | ayer
has at its edge a | arger taper angle (45 to 80) than the taper angle at the
edge of the first conducting | ayer (below 60 and preferably less than 5 ) ,
t he second conducting layer is narrower in width than the first conducting
| ayer. The chlorine-based gas is a gas selected fromanong Cz) BCL3, Sid4
and CCl4. The fluorine-based gas is a gas selected fromanong CFA, SF6 and
NF3. A sem conductor device having a gate el ectrode having a tapering shape
obtained by this nmethod is also a characterizing feature of the present
invention. It is possible to obtain a GOLD structure TFT self-aligningly by
form ng a gat |l ectr de of fir conducti.ng | ayer. and a second
conduct i ngr&fal&'?/)ed(r%nymmf hgg%ﬁgersl rlllép'tig eE?t alr?é’l%tetsogﬁdo h%hn&(?afnr%;%/flﬁa Bt dopi ng
of an inpy }nté\XnQLlo%'lttu_e;m?énhsall ddMeNhi Y JUILRer REVY gRSs& Met hod
for manufacturing a sem conductor device Incliding a sem conductor |ayer
formed on pdtdirsul fhd A rEtr E8S@uctihg BEUh arid @nbi séedd daastihe

sem conductor |ayer, and a gate electrode forned on the insulating film in
whi ch net hexlin eegmabae cbeAdifFdeeh8snatdrAyased structure made up of a first
conducting layer constituting a |ower |ayer and a second conducting | ayer
constituti ng anAubpeh-densdityaptiasmes ilsguaed ificer ¢tigedey tespdringngamd | ar ger
than a taper angle at the edge of the first conducting 17 | ayer and the
sem conducametehing apparatushbhneed wdEhivhgch dgilsnposeitlepl? agnteh t he
second conducting | ayer across the insulating film an LDD region

over | appi NPIGRERILRELY | tR] RoxRGueti HPlasyer ngF%%sa"cdn@ Phag BeYsHy film and

a source redi on_and draj r.edi o In this nmethod, the edge t he
om Songuckdh SRn8RR: fhd s Bod SltOByat i BaBe T BAE ol SRR e e " 1 oo

3Ath h i i | in Fi
At hr udtozagpet fencid, FREALED raiBl b Lk SRiGEs B8 S S or | O
layer is Caa_vs%ro%graa Bflat il Adddg Ghbis PEAViKlE G wq%ett_-b&eﬁ@%.% el ectrode

and the sem conductor layer. And as Shown in Fi'gs. 3A throug and Figs,
9A t hr oughaeYendlshen i thel bahs Rbiftiagl) fidtnd sapSiddte §DAHE dna LBeydy oxinity of

the gate el ectrode. BRI EF DESCRI PTI ON OF THE DRAW NGS
found that by setting the bias power of the dry etching apparatus
higher 1t is possible to reduce the taper angle of the gate
electrode. Bysuitablycontrollingtheblaspower it ispossible
to form a gate electrode having at its edge a taper angle of
5 to 80°, and this gate electrode is used as a mask for forming
impurity regions.

In this specification document, for convenience, the
angle that a sloping side face of a conducting layer makes
with the horizontal will be called the taper angle; a sloping
side face having thls taper angle will be called a tapering
shape; and a part having the tapering shape will be called
the tapering part.

In the fifth step dry etching is carried out so that

a taper angle of 5 to 60° is formed on the edge of the gate



Figs. A through iD are charts showi ng etching characteristics of a Wfilm
and a TaN film Figs . 2A and 2B are photographs of a gate el ectrode before
and after etching; Figs . 3A through 3E are views illustrating steps of
etching and doping a gate electrode in accordance with the invention; Fig.
4 is a graph show ng variation of the length of an LDD region with etching
conditions; Figs. 5A through 5C are views illustrating a process 18 for
manuf acturing an AMLCD (Active Matrix Liquid Crystal Display) in
accordance with the invention; Figs. 6A through 6C are further views

Il lustrating the same process for manufacturing an AMLCD (Active MatriXx
Liquid Crystal Dlspla Fig. 7 i1s a further viewillustrating the sane
process foxelrgiroser %Pn§°§h ngatepelagtrede gkt A X1EsYHushrRS-yst al Di spl ay) ;

In the seventh step dry etching is carried out with a
smaller bias power than 1in the fifth step. As a result of
the bilas power being made smaller, the t&per angle of the gate
electrode edge becomes larger than in the gate electrode of
the first shape. Consequently, a gate electrode of a second
shape, narrower in width than the gate electrode of the first
shape, 1s formed.

In the eighth step the second conducting £ilm is ary
etched selectively. And in this step the taper angle of the
edge of the second conducting f£ilm of the gate electrode of
the second shape becomes larger. However, in the elghth step,
because first conducting film of the gate electrode is hardly
etched at all, a gate electrode of a third shape wherein the
width of the second conducting film is narrower than that of
the first conducting f£film 1s formed.

For forming the impurity regions, ion doping is used.
Besides ion doping, ion injection can alternatively be used.

In this invention when doping of the impurity is carried out
a mask made from photoresist is not used and instead the gate
electrode is used as a mask. Consequently the number of masks
needed to make the semiconductor device 1s reduced. If an
n-type semiconductor device is to be made, in the sixth step
and the ninth step a group 15 impurity element such as phosphorus

or arsenic is doped, whereas if a p-type semiconductor device

10



Fig. 8 is a sectional construction view of a reflective liquid crystal

di splay; and Figs . 9A through 9E views illustrating steps of etching and
doping a gate el ectrode in accordance with the invention. Figs. 10A through
10F are views illustrating exanples of electronic equipnment. Figs. 11A
through 11D are views illustrating exanpl es of electronic equi pnent. Figs.
12A through 12C are views illustrating exanples of electronic equipnent.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS First Practicing Mde
The present inventors carried out a nunber of experinents relating to best
nodes of practicing the invention. These will now be discussed using Figs
| A through 4 . The followi ng description will take as an exanple the case
of a gate elecia beefddmed 51 ayorer &3 inovnriint aleRant sPFRAHPF MoREr | ayer
and tungsten as an upper layer; however, the invention is not limted to
this gate séoped uime thgngikbheiter Gndi §he it &4FPel enents sel ected from

anong tungsten) tantalum titanium nnlgbdenun)
In the sixth step the impurity element is doped through

the gate insulating film using the gate electrode of the first
shape as a mask, and thereby a first impurity region is formed
in the part of the semilconductor layer positioned outside the
first shape. This first impurity reglon is a source or drain
region.

In the ninth step a second impurity region is formed
by the impurity element being doped using as a mask just the
second conducting film of the third shape gate electrode.
In the doping conditions in the ninth step a smaller dose and
a higher accelerating voltage than in the conditlions at the
time of the formation of the first impurity region are used,
so that a second impurity region having a lower impurity
concentration than the first impurity region is formed in the
semiconductor layer. And the impurity element is doped 1into
the semiconductor layer through the first conducting £ilm of
the gate electrode of the third shape and through the gate
insulating £ilm. Of the second impurity region, an Lg¢s reglon
is formed outside the gate electrode of the thi;d shape and
an L., region is formed in a region not overlapping with the
secondconductingfilmbutoverlappingwiththefirstconducting

film.

By using the above means a GOLD structure semiconductor
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silver and copper and so on, or nitrides having these elenents as
constituents, or alloys of these elenents may be suitably selected. In this
i nvention, an apparatus (hereinafter also called an ICP dry etching
apparatus ) having an ICP ( Inductively Coupled Plasm) plasnma source was
used as the etching apparatus. A characterizing feature of the ICP dry
etching apparatus is that an I CP power, which is the plasm source, and a
bi as power, which produces a negative bias voltage on the substrate side,
can each be controlled independently. Ex erinment 1 First, characteristics
obtai ned when this ICP dry etching apparatus was used to etch a tungsten
(W filmand a tantalumnitride (TaN) fil mwlll be descri bed. When an I CP
dry et chi ngdappes atsisfarsneds athichhbas nposémifondacaoet bayer Niddladanhghi ng are
the I CP power, the bias power, the etching chanber pressure, the etching
gas and t heafsoyrcefregheneiactiaid xpalonTian IR regipyratidiohed optisidm and a
TaN fil mwere measured for_different conbinations of values of these

par aret er s. thagatesplectrade andaf FPP reglen ovardappiRg with thengageough 1D.
Table 1 (etching rates (E. R ) of Wand TaN, _.and Wtaper angl e}

| CPbi aspr es8iPEER® 02 R iﬁ%%@tlii“ﬁ. LM TARA S PRES PORCFEPAOW UHSES

an8lecond it i_on(11]1[. w[Pa](scc nz/ oi naJwi_ nltQ ~(dea], 1500201.
03030058. 9?‘6%.th3& m%%@%&%@o%éﬁ?f%éoﬁmﬁ% .°°2é6.9"°."§3 §Bd100L
030300111. . | ). 6 . 601.
0252510161. 9%%3;9 '8%% @g%ﬁ@g%ﬁ#?gﬁ%@%g}geuglgg%ﬁugg%f %3%275001501.
0252510200. a8@ 8Gno¥ mask for forming the gate electrode., After the
4952685002001. 02525102t 8. 20102. 8T2. 1242295002501. 0252510232.

12124. 9T1. 86848 dxdit20lie D20POAREdl 4sing a mask, the source and drain
83--11500601. 0202020193. 0214. 2313. 69537125001001. 0202020235. 2721. 8110. 85629

135001501. Oeefii)anE thé38.¢: 6itdgichl il 458 0RQ0tegRAD 220 FodmedO04h. 306)

42224~15~002501. 0 ~20~20~ 20~ 304. 34 ~50: 25 ~_ 6. 09122
the semiconductor layer self-aligningly.

By reducing the number of masks using the means described
above it 1s possible to reduce the number of manufacturing
steps and the time needed to produce the semiconductor device;
reduce manufacturing cost; and improve yileld.

It 1is also possible to form a GOLD structure in a
semiconductor device having an 1sland-shaped semiconductor
layer, a gate insulating £11m and a gate electrode by processes
besides that described above, with the same number of masks,
by changing the process order and the conditions of the dry
etchings and impurity dopings. Below, a specificmanufacturing
process constituting an example other than Luat set forth above
is described.

That i1s, the invention also provides a method for forming
a GOLD structure self-aligningly by means of a semiconductor

device fabrication method including: a first step of forming

12



Tt is to be noted that "-" in the above Table 1 neans that neasurenent is

| npossi bl e because the Wsurface is changed in quality during the etching.
As the sanple structure used for the etching rate neasurenents, a 400nm W
filmor a 300ntn TaN fil mwas fornmed by sputtering on a Corning Corp. #1737
substrata, and using a photoresist nmask of a suitable shape the Wfilmor
TaN filmwas half-etched for a suitable tinme. The anmpbunt of etching of the
Wfilmor TaN fil mwas then neasured with a step nmeasuring instrunent , and
the etching rate was calculated fromthis and the etching tinme. The results
are shown in Table | and Fags. | A and 1B. 21 In Table 1, etching rates
were evaluated for different bias power and etching gas conditions, with
the | CP powsrsemicosductapdarand atsacopistieprofpfaminga gatketngglati®ga. Tabl e
1 and Fig. | A show data on the dependency of the etching rate of the Wfilm

on the bi as fidMePnatBet pemigAKiuGiogadaye: hfM&dssEAPt Rt EQFRING @hing rate
f the Wfilmi i th i ' i d.with the additi f
oxygen () A5 EnESRIGHANY G4R SRcHte Bataqipbolstist Aaiial £OH the
dependenc ' I f ' t | nd the
et(F:)_hi ng ggs%ttﬁg;kg ?%%ﬂr?g%g% tgggﬁ ctohg_tG cgﬁ%%hgﬁkﬁﬂh{?ﬁ?h%%?%ﬁ?%%irn e of the
Wfilmthe e4qRi.ngri2tR RHed 5L f-E%Nifxlf; 'HJT%;J?]{'& 838 8Fodd bif 4 RILERSIMIPED! @S

power, the etching rate deCreases w e addition of oxygen to the

et chi ng gas py\Wivihg cldtdryod tchaligta th st 1l endBbSdrh tocawdliqgt i Vi ty

£film and the first conducting film; a sixth step of forming
a first impurity region in the semiconductor layer; a seventh
step of forming a gate electrode of a second shape by carryling
out dry etching selectively on the second conducting film of
the gate electrode of the £irst shape; an elighth step of forming
a second impurity region in the semiconductor layer: and a
ninth step of forming a gate electrode of a third shape by
carrying out dry etching selectively on the first conducting
film in the gate electrode of the second shape.

In this method, for each of the first conducting f£ilm
and the second conducting £ilm a material is selected from
among the refractory metals tungsten, tantalum, titanium, and
molybdenum; nitrides having at 19ast one of these metals as
a main constituent; and alloys containing at least one of thesge
metals. The first conducting £film and the scs.und conducting
£film are made of different materilals.

For the dry etching, an etching apparatus is used with
which it i1s possible to control independently the power of

a plasma source and a blas power for generating a negative
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of a Wfilmwth respect to a TaNfilm( the ratio of the etching rate of a
Wfilmto the etching rate of a TaNfilm , as shown in Table 1 and Fig. 1C
it was found that whereas this selectivity is less than 1 when no oxygen is
added to the etching gas, it increases to a maxinuio of 13.695 when oxygen
is added to the etching gas. Experinment 2 To verify this result , the
inventors selected fromanong the conditions shown in Table 1 and actually
carried out etching 22 on a sanple with a | ayered structure made by
formng a TaN filmon a glass substrate and then forming a Wfilmon the
TaN film The etching conditions and optical m croscope photographs of the
results are shown in Figs. 2A and 2H 1In Figs. 2A and 2B) an insulating
filmconsi sbilag valitdde oh thé isubatiratbosrmd op a gayalneg £r&.p1até37 gl ass
substrate, and silicon 201 crystallized by neans of heat or a laser is
formed on t hgbetRIM dgpariataess of 55nin as an i sl and-shaped sem conduct or

| ayer. The insulating filmis forned to prevent the em ssion of inpurities
fromthe gl ass substihet €iditth shppbdryfetochingubst aaceiahddthisskidas as | ong
as it is insulating. A gate insulating filmis forned so as to cover the

i sl and- shapedtseed coralectodr 5| 49e600n-st fermed (irtthegefge nof AliEaNMaftiel m t o
serve as a first conducting filmis forned to a thiokness of 30nmon this

gate insul af’ilﬁ@tlf?q‘?n te &P I%??)t%é’rj\?é’_tﬁgd%l %feéoﬁ&_rEBnﬁRHQ'ng filmis
formed Lo a i ckfeSs 0L SA0HD Sk el bbShnf SSMELLRGT L1 0G0 e

el ectrode and gat'e ifiterconnec are rornmed 'w resi st on

this. Fig. [ dugti fil
Sel aot i val y SRrERANRrEDEs LEEHd SR RERe JUTNRR SARRIRETT el?, ' pover

i s 500W thg bi AScPMLI s SarefBl odRdwi b & BRAAPSEr RU1RSSPbRes StanTha: C12,
CF,, and OZ are used for the etching gas; and the flows of the gases Cl2,

CF4 and OX 3he @BPCEHBh1AYS6€NRE 1B GrepeSPRCEH ¥Bbilt oS theFbdas2B is a
phot ograph of the gate el ectrode obtained by using the conditions 1 of

Tabl e 1 (whpoeenbéiveghale ppakler Stid)tdfert draylle efistimoswrondscdiiictandg t he
chanber pressure is 1 . OPa; Cl2 and CF4 are used for the etching gas: and
t he respect Edmfédgs heicomes dasger Clllamrid ¢he gatecaltdrB®slec®f theetch the
Wfilmand the TaN fil mon the substrate obtained by selectively etching
the Wfil m §488% sha®ecort1d beAause the first conducting £1lm is hardly

etched at all, a gate electrode of a second shape wherein the
width of the second conducting film is narrower than that of
the first conducting film is formed.

For forming the impurity regions, ion doping is used.
Beslides ion doping, ion injection can alternatively be used.
In the sixth step the gate electrode of the f£irst shape is

used as a mask, and a first impurity reglion is formed in the
semliconductor layer positioned outside the first shape by an
impurity element belng doped through the gate insuiacing £ilm.
This first impurity region becomes a source or drain region.

In the eighth step a second impurity region is formed

by doping the semiconductor layer with an impurity element

using the second conducting film of the gate electrode of the

14



In Fig. 2A, the Wfilmhas a tapering shape wwth a taper angle of 26: its
edge 203 projects outside the resist nmask by 700 to 800nm and outsi de that
it can be seen that a TaN film 204 remains on the gate insulating film
unetched. In Fig. 2B, the TaN filmand the Wfilm have been etched

si mul taneously and the TaN filmthat had remai ned outside the tapering W
filmhas been conpletely etched away. This Experinent 2 was carried out on
the basis of selectivities of a Wfilmwth respect to a TaN fil m obtai ned
in Table 1, and confirns that selective etching of a sanple actually having
a layered structure of a TaNfilmand a Wfilmis possible. Also, in
Experinment 1 and Experinent 2 it was found fromthe shapA of the Wfilm
after et chi sgcenhdtshaper as ja magk cofndihgt depilnsceordttidns iapde ekgitd of the W
filmand the bias power. Experinment 3 Next) taper angles obtained on

et chi ng W f iStRR-war dnalkler goge aRd a AHIPRL PSP IRF AN ¥BhER9% it¢ ai nly of

silicon was forped on_a Corning, Corp. #173 | ass substrate 400nm Wfilm
was formed dR Fﬁgtc%ﬁiﬁ‘l’é’ﬁ 5"‘85{5?0\%&‘1 of ghguﬁq’ﬁ °F?a§g 1v\’ﬁ%(’j’rpl'al"l"’tterned. At
this tine ta angl e of 60 wasg fornged on the of hqt or esi st .

Thlesi n!sul ;t ?‘H‘BUE??% F%g Foviifed =t %'prg%\r;glﬁ?tot%esegr%%gg?’gﬁug#‘pfrr%l.?rq'lotnl e:I ;‘5 rom

the glass Sulshpate (ONELnShAR BoRlerd dRelhS 1l 800 ASeboligodahere 15

selectivity o fiimwth respect to It under the etching con ons used

it may be ofred@¥ntiPeonnsa iR £k B8R coddif o P FeMASARE Ahadihdanrydi f ferent
bi as power and etching gas conditions, and using SEM (Scanni ng El ectron

M croscopy) ellefefit A3Sdeeai Lnteé lthemnd conduchse l aper ahdotiie thapErsangl e
nmeasured. The results are shown in Table 1 and Fig. 1D. As the bias power
i ncreases fromitoting Z30m\Vaf tthet gate glectzage @fothe heeathid Ehape @nkdy
decreases from 37 to 18, but when the bias power is 20Wtha taper angle is
70 to 80 andhrhughtthe dathecippulatingifdlnt the Wfilmis al nost vertical.

The present invention provides a sem conductor devise
In the ninth step, the first conducting film is dry etched

selectively. 1Inthe firstconductingfilm, because anextremely
small taper angle is formed in the part not overlapping with
the second conducting film as a result of the seventh step,
the first conducting £ilm 1s etched from its edge and narrows,
and a gate electrode of a third shape 1s formed. At this time,
a second impurity region has been formed in the semiconductor
layer overlapping with the first conducting £ilm, and as a
result of the first conducting film becoming narrow a part
of the second impurity region comes to be positioned outside
the gate electrode of the third shape. Of this second impurity
region, the region positioned outside the gate eleuircode of
the third shape becomes an L.y reglon and the region overlapping
with the gate electrode of the third shape becomes an L., region.

Also by using the means described above, with two photo

masks it 1s possible to form a semiconductor device having
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manuf acturi ng nmet hod characterized in that a gate el ectrode has a two-I ayer
structure nade up of a gate electrode |ayer consisting of a first
conducting filmand forned on this gate el ectrode | ayer another gate

el ectrode | ayer consisting of a second conducting film the gate el ectrode
| ayer consisting of the second conducting filmis selectively etched

t hrough 25 control of an etching gas in dry etching; and a taper angle of
the edge of the gate electrode is controlled through control of a bias
power producing a negative bias voltage on the substrate side in the dry
etching. The shape of the gate electrode is freely worked and the gate

el ectrode is used as a doping nmask to dope an inpurity into a source

regi on, a drasemiegndurtandlayed Dizlujingra sewigegregidrora dragn oagdon, an Lo"
regi on using self-alignnent. Second Practicing Mdde Next, Figs. 3A through
3E, which aran dresgegdeni andlan Lendeghoni i} ate dpgubdtingdfildme| ard r ode,

W ll be used to explain in detail a nethod for using the results of

Experi nents &,93%¢5de§t884¢%ri bed above actually to forma source region, a

Exper i ment s 3, . actually . gion, 2
dopi ng.  aspect i ve TEGBRE PR R e £ FaTara A pagfar SETF a0 ERRFRER y i th
th t I Fi fal ] Quw ' d. On

gl ass subst 12t coiko pReRRaTTY el The, pafs, o TELHE, 50 TR, Pof el 1 con i o

formed to prevent gnig disf f ¥fb OnRind 1AV ELELRSE f 58P 1ldds aShdtRogUbstT at e.
Then, an island-shaped sem conductor |ayer 303 and, covering this, a first

shape gate inssifddvigihylasaddnauetbodawd cenntheaing dl sini@nbubns02. A
TaN filmto serve as a first conducting filmis formed to a thickness of

30nm on t hi slagsmpfermehdn anWhisulating serfacéban iasudasbaofitileodoed i ng fil m
is formed to a thickness of 370nm by sputtering on the first conducting
film Then, enptis creedicondpater i kayes.mandss gate celpahmode ferined omgi on of

t he i sl and-shaped sem conductor |ayer to beconme a channel region. A first
dry etching ¥Re tinsnladinpefibut  therimpthod) inglydinast @hifdgsEoRBPRi 9hs, t he

| CP power is 500W the bias power is 150W the chanber pressure is_|.OPa,
and Cl2) CF4forpinga gpricRrdiqtor kayeranan dgsytatinggury icd FHE°YAs fl ows

f th Cl2, CFA and 7 25 25 d, | s T t chi
Condi 11 one. aF RE ORINE: Thd FSLADRS FHIFA £ oM EOP AR e (FEoFosci bl o
to forma tapef,$s ﬁ{’&s%g%@%&mﬁ@&#ﬁﬁ%@#@uﬂ& Eiingégg‘éetea@cﬁf{gﬁ&“ vity

of the Wfilmwth respe to t m 1 s about Here, the Wfilm

i's dry-etcheghfehgfbieval ¥1#ot Rbriddeseng Ofijdr QRE- al seddif @onllBH1ng he | ight
em ssion strength of the plasma is nonitored to detect the end point of the

et ching of tiwydd fdvingPaef etabddge af t@pekhanglel REiger ithadehethssk
over-etching is carried out so that there is no occurrence of etching
resi dues or drifld iatethandaderef the piesterdoniibetIadl fayem.bei ng et ched
excessively by a long over-etching ) a 10% over-etching is carried out.

In this method, the edge of the semiconductor layer 1s
preferably given a tapering shape as shown in Figs. 3A through
3E and Figs. 9A through 9E.

And in this method, the edge of the first conducting
layer preferablyhas a tapering shape, and toobtailn this tzporing
shape, 1n the third step, the gate electrode is formed by carrying
out dry etching using a chlorine-based gas and a fluorine-based

gas or a chlorine-based gas and a fluorilne-based gas and O;

and then carrying out dry etching using a chlorine-based gas
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As a result of this first dry etching, the Wfilmconstituting the second
conducting fil mbecones a first shape gate el ectrode | ayer (second
conducting | ayer) 306A having a taper angle of 26, and the TaN film
constituting the first 27 conducting film although it is etched through
13 to 14mmin the over-etching, remains over the whole substrate and
becones a first conducting film305A. In the first dry etching, another gas
sel ected from anong chl ori ne gases such as Cl2, BCL3, SiCd4 and Cd.,,
fluorine gases such as CF4, SF6 and NF3, and O2) or a m xed gas having
these as main constituents may alternatively be used. At this tinme, because
the TaN filmperforns the role of a stopper |ayer, the first shape gate

i nsul ati ng &ndna A4k rinenbased adexd andhesn, w t hout the photoresist being
removed, a second dry etching is carried out. As the etching conditions,
the | CP power i s Bemd@sB0ON¢ sdmonil engovking dayedehds\Vjt t s cdgebar
pressure is made |.OPa, and Cl2 and CFA are used for the etching gas . The
respecti ve fatges taperhangdset4¥12o0anrd’CRRhanatbeectape30surlim athene are t he
conditions 1 shown in Table 1. The Wfilmand the TaN fil mare etched at
subst ant i al §ge Irf dheefirehiqapdugtang akayeredbakow &cUnand erfegabdyel ect r ode

| ayers 305B, 306B. In the second dry etchlng) during over-etching of the
less than 5°), the second conducting ayer is narrower in width

than the first conducting layer.

The chlorine-based gas is a gas selected £from among Cl,,
BCL,, SiCl, and CCl,. The fluorine-based gas is a gas selected
from among CF,, SFs and NF;.

A semiconductor device having a gate electrode having
a tapering shape obtained by thismethod is also a characterizing
feature of the present invention. It 1s possible to obtain
a GOLD structure TFT self-aligningly by forming a gate electrode
made up of a first conducting layer and a second conducting
layer with differing taper angles and then carrying out doping
of an impurity element.

That is, the invention further provides a method for
manufacturing a semiconductor device including a semiconductor
layer formed on an insulating surface, an insulating £ilm formead
on the semiconductor layer, and a gate electrode formed on
the insulating_film. in which method the gate electrode has
a layered structure made up of a first conducting layer
constituting a lower layer and a second conducting layer
constituting an upper layer and having at its edge a taper

angle larger than a taper angle at the edge of the first conducting
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TaN film the first shape gate insulating filmis etched by 13.8 to 25. 8nm
and becones a second shape gate insulating film304B. In the second dry

et ching, another gas selected from anong chl ori ne gases such as Cl12 , BCL3
, Sid4 and CC14 , fluorine 28 gases such as CFA, SF6 and NF3) and QZ, or
a m xed gas having these as main constituents may alternatively be used.
Next, w thout the photoresist being renoved, a first doping is carried out,
to forma source region and a drain region in the sem conductor |ayer 303.
Here) to formn-type regions in the sem conductor |ayer, phosphorus was
doped in a dose of 1.5x1015 atons/cml wth an accel erating voltage of 80kV.
An n-type source region and an ~n-type drain region 308 were thereby forned
i n the partsapir atheé thensentchmotuetor a\ayerdoped alidnnephtephingiseg{én g. 3B)
Next, w thout the photoresist being renoved, a third dry etching is carried
out. (Fig. @@rlappdndesulith othe heeserdndondyciainghi kayen hacydmst otksi st 307A
has becone a second shape photoresist 307B. As the etching conditions of
the third diyswkatingg fille poPLPBwELILan neRrIPPhngt Wathi dBepfkesti s made
20W and the chanber pressure is made |.OPa. Gz and CF,, are used for the
et chi ng gascominetiggpanemArRassih ointHatdagdd 1m. AndRy seprce redterh 30scem
Both the Wfilmand.,the TfN filmare etched in this third dry etching . As
a result of2?heé (W8 8P R®Rching , the tapering part of the gate el ectrode
formed by the first hi I g and the

Ih GO 9hY & g%sb?meﬁ%%gn@%%‘%:gggygﬂ §

wi dth of the gate'e gg r"ge}e ndrrows ,” so el ectrode

| ayers 305%£e21369%%1§r§1¢é1{ Bechpdi nighbvagd bl brli £ #1489, 34 Rarpagh of the

second shape gate Insul ating fil m304B which doeS not overlap with the
second shapgg g€ FalgeCt 6RIEnFSILH 9805B is slightly etched. And as the
second shape gate electrode is etched and narrows in width to becone the
third shape gate aplhech ros mbiRo@Aas sncw dhi PYgs) 3W PROGUES IEVEhY exposed
to the plasma also is gradually etched, and a third shape gate insulating
film304C hBigsig 9 thpenghPEhahe pdgé ovfirethe Hembcondudtive flbyed oy
etching, about 60nm of the gate insulating filmis etched. In the third dry
et chi ng, aneevryedRyan inpaelablngHihnprayddebstvaen §he gateedrchsod® 2, BCL3)
SiCl4 and CC ~) fluorine gases such as CF,, , SF6 and NF3 ( and Q ( or a
m xed gas haR4 et IRIECORAUGEPE 1a¥9st i tAhRS SRy maln ELAS: i e threRdhised.

3E and Figs. 9A through 9E, the insulating £ilm has a tapering

shape in the proximity of the gate electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A through 1D are charts showing etching
characteristics of a W £ilm and a TaN film;

Figs. 2A and 2B are photographs of a gate electrode before
and after etching:;

Figs.3Athr5ugh3Earev1ews111ustrat1ngstepsofetching
and doping a gate electrode in accordance with the invention;

Fig. 4 is a graph showing variliation of the length of
an LDD region with etching conditions;

Figs. 5A through 5C are views l1llustrating a process
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In the third dry etching it is preferable for SF6 to be used in the gas for
etching the Wfilmand the TaN film because this nmakes it possible to
obtain a high selectivity with respect-to the gate insulating fiJ.m Wen
SF6 is used in the gas for the third dry etching, for exanple the |ICP power
is made 500W the bias power is made 10W the chanber pressure is nade

| .3Pa, Cl2 and SF6 are used for the etching gas, and the respective fl ows
of the gases Cl2 and SF6 are nade 20sccn~ a~~d 40sccm At this tinme the
etching rate of the Wfilmis 129.5nnmmn, the etching rate of the gate
insulating filmis 14.Oanmm and the selectivity of the Wfilmw th respect
to the gate insulating filmis 9.61. Wien the third dry etching is carried
out wth tfesenaoriicdtordsg 30 AM-heD gbhetives Matinixg Ifliguddi Srgatyl et ched by
about 5nm An experinent was carried out to evaluate the etching rates of a
Wfilm arPSIaY)i LR agecxfanae #ith the fgwveptignd SF6 or Cl12, SF6 and Oz
under conditions other than those nentioned above. The results are shown in

Tabl e 2. Tabl e F18&t cth fPuREBs6¢ Rrepfurther Jdews: LbhsHiatd@9othe ungst en

d te | | at i fil €] d tantal itrid T d
Vatious ot SAIGEERGHEA EPBIUERe teFke PeTASBREAR e MRE X Bibwidan &
R select ion ra .
io[sccn][%%Pﬁ?fbafﬁﬁﬁ%ﬁY%][nn1oin][nninin]W/SianVTah060050D201. 094. T26.

93. 78105005002Q45099. 1328, 23, 4r204000092l QlledngBde ki
8730300500201, OF 03 65755 3850360500 R0~ =143y Py sehe process

fi 72040050630 Imatl ot 10§5 an 9 aftllch 2 2A4O0RD G121 8a qhdd. Sigdrart. 451. 35204
00500301. 3173. 057. 23. 1920400700201. 3251. 249. 9135. 05. 441 . 862040090020 ~I.
3358. |65.p&play); :

8120400700101. 32T4. 329. 8107. 49. 332. 561 0500500201. 3140. 627. 61 44. 15. 430. 98105
00500101. 3104. F3g2.8 8Bla.sat10dal. cA3IRCOTON AW 8E 58 relfd8ctAdd 6. 43. 36L
32060050020L 3146. 510500500201. 3t 44.

1204005002013 113 £r38 68D OBARY.: 3208, 44020050020L 386.

150100500201. 352. 3252510500201. Ol 31. 132. 74. 2520ZC20500201. 0136. 928. 05. 1 0 3l
Wien Cl12 and SFE1gf- Gfp thoppah 9E phews d liustrapng gEers fi AFCRHIRI i n t he
third dry e n conditions .shoqwn in Table 2 %)éhb&ggitabl sel ected and

used. aéé: Lpghg a gate electrode in accordance nvention.
Figs. 10A through 10F are views illustrating examples
of electronic equipment.
Figs. 11A through 11D are views illustrating examples
of electronic equipment.
Figs. 12A through 12C are views 1llustrating examples

of electronic equipment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Practicing Mode ~

The present inventors carried out a number of experiments
relating to best modes of practicing the invention. These
will now be discussed using Figs. 1A through 4. The following

description will take as an example the case of a gate electrode
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Next, w thout the photoresist being renmoved, a fourth dry etching is
carried out. (Fig. 3D) As a result of the third dry etching, the

phot oresi st 307B has changed in shape to a third shape photoresi st 307C. As
the etching conditions of the fourth dry etching) the I CP power is nade
500W the bias power is nmade 20W the chanber pressure is nade |.OPa, and
Clz, CFA and 02 are used fox the etching gas. The respective flows of the
gases Cl2) CF4 and OZ are made 25sccm 25sccmand | Gsccm In this fourth
dry etching, as a result of the bias power being nade 20W a still greater
taper angle of 70 is fornmed at the edge of the third shape gate el ectrode
(the Wfilm. And the width of the Wfilmof the gate el ectrode narrows
further tostsidtird RuUth heatanemos €rileeas rdowbayRiye0ahd tiingekea fourth
shape gate el ectrode having a gate el ectrode | ayer 306D narrower in w dth
t han t he gaseamrlggierodayesyetiowieR,i shéoimethtiipnt he hotriimidiea ebchi ng.
And, in the fourth dry etching) because the Wfilmof the third shape gate
el ect rode thietadsl staustuiree| §ndt havensd constaelqa Nt | anw oflementbourt h
shape gate el ectrode is exposed. Since OZ was added to the etching gas of
t he fourt hset§CHREAFeM amoRg BIMIALSE  r FAnTadam, Hel teaum. | e iieng®d as t he

| oner | ayer 32 of the gate_electrode is, fromTable 1, 20.67nm m n, and

i s sl ow coffphYeXl 2hg FIPeF AP #0ePR hiohgPH R est PAVING IRAFRI HemEFtEhat t he
TaN fil m undergo very little_etchi Consequently, after the fourth dry
etching, 178 GONTEPRPESNTT AIAPHD ThaneORePLTIRRES BRY R THIPBRY shape gat e
el ectrode ha theea'sarre width as in the third shape gate el ectrode, and a

fourth shaf)% %%1 e el ectrode | ayer 305D having a tapering shape at its edge

is formed. In the {RiM ahvéﬁh@rt,cahr&&aéam (hekseh£ek d¥ aMsaMAAgeghl ori ne
gases such as Cl12, BCL3, Sid 4 and 14, fluorine gases such as CF4, SF6
and NF3, agdl 10P a9 etchIngesbaatiay hagihlaacIors( it tavesyyidowpned may
alternatively be used. In the fourth dry etching, the part of the third
shape gat erlasmid atplagméai saused Grashiusbddas sthwtetehdhbgapppatdtdshe Ahird shape
gate el ectrode layer 305C is slightly etched and a fourth shape gate

i nsul ati ngchatact3iR2ing featwerk dfh thee ICRI ddyaatchiing tdpramateschsngs t he
part of the gate insulating film Wich doss not overlap with the fourth
shape gat etkreanrKdereuigRr WBbsHissthe phagmaFource o andPlan®OWRE- gat e

insulating filmis etched by a maxi num of 88nm by the first through fourth
dry. et chi nERLCNBFRgHFSs (4 nefatlyr B1a® YFhtATo.t TRUPERSERRH AYES: and

particularly in the third efechi whe F6 is used in the etching gas ,
the gate iﬁ%’bl%ﬁcﬁlng’ef F??ng}'%htc)enq Q%Pgﬁ%éale%ylyd maxi nrum of 20nm 33

Experiment 1

Filrst, characteristics obtained when this ICP dry etching
apparatus was used to etch a tungsten (W) £ilm and a tantalum
nitride (TaN) f£ilm will be described.

When an ICP dry etching apparatus 1s used, the important
parameters in the etching are the ICP power, the bias power,
the etching chamber pressure, the etching gas and the flow
of the etching gas. The etching rates of a W £ilm and a TaN
film were measured for different combinations of values of

these parameters. The results are shown in Table 1 and Figs.
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As a result of the first, second, third and fourth dry etchings ) a gate
el ectrode and a gate insulating filmare fornmed which have the follow ng
characteristics. The gate el ectrode | ayer 305D has a | onger shape in the
channel length direction, that is, a greater width) than the gate el ectrode
| ayer 306D. Tha fourth shape gate insulating film 304D is made up of a
first gate insulating filmregion 309, having a first thickness,
overlapping with the gate electrode (the TaN film; a second gate
insulating filmregion 310, having a second thickness, outside the gate
el ectrode; a third gate insulating filmregion 311, changing in thickness
fromthe first thickness to the second thickness between the first gate
i nsul ati nglX ithmopgli &®. and t he second gate insulating filmregion; and, for
conveni ence, a fourth gate insulating filmregion 312, denoting the part of
first gate Insulfablaglfil mregi on 309 which overlaps with the fourth shape
gate el ectrode |ayer 306D. The first gate insulatingfilmregion, which
i ncl udes t hef oudefchire Jates 4EiRg 195 Hh ?%‘bl"iﬂ#‘ %dt%é%%rcﬂesle) and the
second gaye TTISTRCAR: §sTHes bk d [TEF. [ JOT5, | PV ERE G W/ TN e 1ediRn Tat oW, ta d,
third andbauwidpdrj] et ¢RIfngs)) hdcchll r Sin/»avdid Bﬂi‘.i@ d drwsdchi ndgs canii&y
carried ofit conkexjue { veloy jg [changs N eosdi f1ens Ijn t he.sane chanber) gnd
the thirdland foeith di.y dt@Hi Wgs €ah & 8o bk i ed gutso consécut eivel f by
changi ng ¢ondit (580 nfhd ¥ani¥® ichtippelt! 8\herft& $e |f our tAPeUr v et chi i
finished, [theé BO7/MDO 3425 | WavjAg] cHabbied 067a if our tdP4shape]i n Tthe
fourth dry_efchity60stPenmdidd?s |Hdfe] 15h& nipsis- 8R07D cart- B r veddni tH an
02 gas pI Qni-? llgquBnl%l th:gru;:g# ‘Danng”;‘.:'i: athy :g Then 32&%1 ng fhe ::nurih
al ac 2 ol I e H oarré —outtto o
shape gat ¢—efecirinaras amask—arepofig HopHiG,+ h,m.zmu ot pto—ormli

the semc ﬁd,-e% bo 25§.ic'|i.081\§5 35T | Gp 1 jn‘_szrgz 8% §F L1|a||||q|86c et Jlldunt ot
| aygr tO. vmrﬁt = 500] 20 |'10 b 0 'Zﬁ = v P 35 th—c _ILBU, +or—cor erTeTeYy,
regi ons i p—tfie 55 PTG O% T RBY[ET0 3P 3iswiat i bR et T1il5s6 OT TE$POITHETICY
with the §iTRT |stuj g oo(r Qo eol NSid |@T3TI'TH1 regineess namgd apove.
That is , [the sEm{sohdust qroliaeer 0 epi onrovierisappiing wridmn the §1 1S gaije
i nsul ati ng_f#4l niseeeepeont. g ll120e20cial2h efl 29Ma0 fli r4530sem condddrt or fayeld regi on
313; the hﬂm@ [ 1P (8di 3h byv¥tPappii8gswilth t WMt hirdlgat®

| nsul ati nged i MLYLORPbY | Tx@& cal-l g the Lkdvd WeCQ”QHQ{x]QV?ﬁaﬁyer regi on

314; and the sem conductor l[ayer region overlapping wth ourth gate

i nsul at i NgnddduPemBit Ofls Mhpodiavial bedahide Al buseace0NdUshagddyer regi on
3l 5. Here the fourth sem conductor |ayer region 315 constitutes a channel
regi on, thimougalweiyclusiyirthenetéhivg. when the sem conduct or device is ON
However, because the region overlapring with the second gate insulating
filmregion 310 is the source region or the drain region 308, this region
wlll be called the second sem conductor |ayer region 308. At this tine, it
is inportant thas &hei mAmpley SWrugspee 35ed for the etching rate

measurements, a 400nm W f£film or a 300nm TaN film was formed
by sputtering on a Corning Coxrp. #1737 substrate, and using
a photoresist mask of a suitable shape the W £ilm or TaN f£ilm
was half-etched for a sultable time. The amount of etching
of the W £i1lm or TaN f£fi1lm was then measured with a step meésuring
instrument, and the etching rate was calculated from this and

the etching time. The results are shown in Table 1 and Figs.

1A and 1B.
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into the first sem conductor |ayer region 313 through the gate el ectrode

| ayer 305D and the first gate insulating filmregion 309. Using phosphorus
as the dopant, and with doping conditions of dose: 3.5x1012 atons/cn®)
accel erating voltage: 90kV, an n-channel LDD region having a |lower inpurity
concentration than the source region or the drain region 308 fornmed in the
first doping is formed in the first sem conductor |ayer region 313 and the
third sem conductor |ayer region 314. And in the LDD region) the first

sem conductor |ayer region 313 , because it overlaps with the gate

el ectrode | ayer 305D across the first gate insulating filLn region 309,
becones an Lo" region. In the second doping the sem conductor |ayer regions
313 t hrough 315 Ian@aBl8 beedrbing matmsdwerorevadypatedefoontififachnhavi ng a
different inpurity concentration, and there is the characteristic that the
val ue of tihkas ppver epdcetriing aas sanihtions .swltl &hedfifopoven fineddr ai n
region 308 is the highest the value in the channel region 315 is the

| onest, ardft t3OW, andethe ¢hamhey pregpure FixedsatohePPahan the value in the
Lo!= region 314. Th urity concentration in the Lo" region is |ower than

e i
in the Loff regr8RiBet Fiilge 18|$hO% I8 Ri Yhddreafsnenisney o thegi on 314
and the Log, r.eqi on_313 theit.filmthi nesses are.di.fferent. VWhen an
i mpurity |%:%P &t F ooge%%l’ecﬁ%%%'f'o?n \’%e g*( Y " PEgH sﬂf%re&ﬁgﬁin?i | s
formed on sem reqi kb dehghd @ /[or the
materi al s %%Let hgg}cﬁﬁﬁw%&% g%\%?hg eg%%lgﬁ?srag% I rrpuérilaltfgllmragiz% i ﬁggtghe

seni conduch O | 9¥eleakeah0Bsasi héwidr A WARhI PRI Add1 1 IRC¥F bakhens of the
sem conductor |ayer regions wlll be different. Above the Loff region 314

there is f@,yedot fige tdtidiingaigasi. nsul ating fil'mregi on 311, which changes in
t hi ckness fromthe above-nentioned first thickness to the above-nentioned
second t hi cknesgabAboYearid&1go" 1B egficdn dat3, oo thish@epédsndyaind) théere i s
formed the first gate insulating filmregion 309, which has the

above- nentetoHdad rate athtberitads film@nohhe daki pewveyand thesgitghimg fil m
region 309 there is fornmed the fourth shape gate el ectrode |ayer 305D.
Consequent938 - wHeRe ddprcag B? saen Ehet iadfbepehelike §he ftshd@otatet he anount

of the inpurity reachi the sem conductor |a i.s lower in the L" region

n er
than in tFRE (4% ¥ ok igh FReretaiving 850 (9 gbe il FLymcHCAnses Fokh of the L"
region is Jower than that of the. Lfp.region. In the practici node

degcri bed c&?(?,SiPﬁebég?ep%‘f%%tr e%ité’g?fﬁﬁerﬁbe o‘{eﬁﬁsﬁﬁygﬁéggﬁﬁet he gate
el ectrode | rked.f it R Lt i haracterizing feature of the
practi ci ngAd??Di eOF‘hg éﬁ%&’r{ ?‘“73”%%‘%?‘?% ?ﬁ%ﬁe is formed on the edge of the

gate el ectrode Gibhirh@afot BabYY hivdd ®ded B8 oB8hEn %hg%%rl@@@ﬂ/§t}et ched

selectively with respect to the TaN film of the gate 3
of a W £11lm with respect to a TaN £ilm (the ratio of the etching
rate of a W £f11lm to the etching rate of a TaN £ilm), as shown
in Table 1 and Fig. 1C 1t was found that whereas this selectivity
is less than 1 when no oxygen 1s added to the etching gas,
it increases to a maximum of 13.695 when oxygen is added to

the etching gas.

Experiment 2

To verify this result, the inventors selected £from among

the condltions shown in Table 1 and actually carried out etching
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el ectrode. And by doping an isl and-shaped sem conductor |ayer with an
inpurity using the gate electrode as a nmask, it is possible to forma
source region, a drain region) an Lo" region and an La=~ region in the
sem conductor |ayer self-aligningly, and thereby form an n-channel

sem conduct or device having a GOLD structure. In this practicing node the
gate electrode was used as a nmask to forman LDD region having arid Lott
region and an Lo" region self-aligningly, but when a sem conductor device
is actually being nade, the lengths of these regions in the channel |ength
direction (hereinafter sinply called the LDD |l ength, the Lott |ength and
the La" length) influence the characteristics of the sem conductor devise.
And t he optrnansareplrewigh ehday®bed estgtusturbemhde! by efgyiiingnad Ths Lo"

| ength differ according to the purpose for which the sem conductor device
is to be uStH Inet FIASE sPRELEaLe apthddeni SPThARI obiW ifidm encédherol the
val ues of the LDD length, the Lott |length and the Lo" length in each
manuf act ur FAY froBess TREhELFBLRGNFERELYLMT cFPT P9 Y dHiTOSCPRR Lost

[ d the Lo" [ f d will b | aj 1gali [
o, 3 t RPOURA2BES BFORPI (oo S FRE TERIT AGPAOFe Theribagin of 1 he

channel fength dif 2e4d0%aConRoBe Ny Shablife BRI ko8 JIBLLEANG BaQb gl de the

resi st of the tapering par the Secon e gate e yers 305B

and 306B fgrnBd sk¥nt e £32mBAGHIAYc ARG rd N81387 g1hQEtsvdRdhiel S the
| ength through which the gate electrode |ayer 305B is etched in the channel

| engt h di r egdi Mmidont R1t Birysit4lim zeachy ngsarn bt heat oor |£N@sbri st he | ength
t hrough which the gate el ectrode | ayer 306B alone is etched selectively in
t he channefotmejtdn dihatcttora i thiidkaessupfh5amy a8 cém nisldnd-aghhpedwor ds
the LDD | ength can be controlled by controlling the taper angle of the gate
el ect r ode s&nhicorsthctiorolayen.neThe dgsuiatine fdbu idr fomeshtagzevehe Lof f

| ength can be controlled by controlling the anmount by which the | ower gate
el ectrode rhgegmisalen PENLPPUFAties Eremcthe jglasg suhitratehiang mave, in the

third dry etching; and the Lo" length can be contraolled
be of any substance and thi ess as long as it is insulating.

A gate insulating f£ilm 1s formed so as to cover the
island-shaped semiconductor layer on the insulating f£ilm.

A TaN £fi1lm to serve as a first conducting £film is formed
to a thickness of 30nm on this gate insulating film, a W £ilm
to serve as a second conducting £ilm is formed to a thickness
of 370nm on the first conducting film, and gate electrode and
gate interconnection masks 202 are formed with photoresist
on this.

Fig. 2A shows the result obtained when the second
conducting f£ilm was selectively etched using the conditions
7 in Table 1 (wherein the ICP power is 500W, the blas power
is 150W, and the chamber pressure is 1.0Pa; Cl,, CF, and O
are used for the etching gas; and the flows of the gases Cl,,

CF; and O; are 25sccm, 25sccm and 10sccm respectively).
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by controlling the anbunt by which the upper gate el ectrode | ayer (the W
film is etched, i.e. the etching time, in the fourth dry etching. In this
connection) with the taper angle of the gate el ectrode obtained through the
first and second dry etchings nade 26, the Lo=f length and the Lo" length
were neasured for different etching tinmes in the third and fourth dry
etchings . The results are shown in Table 3. Table 3 ( etching period and
Loff length and Lov | ength ) sanple nameABCthird etching period

[ sec] 405060f ourth etching period [sec]403020Loft |ength [nm 180320480Lov

| ength [ nm 780620420r LDD | engt h[ nn] 960940900 39  The total thickness of
the gate el ectrode | ayer consisting of the first conducting filmand the
gate el ectrode IFd-Fer2%01%iasPPHE)%)‘FaR}’n@fsE%%r&P"@oﬁéBEFW\‘EFfq tailpede s

400nm and the LDD region_|ength_is 820nm _however iﬁgyracti ce this will
become aboR¥ UHGEnthEnGerdLEiohs dspf Tahledc KWRETEED (HE (J&B BPWAESK in t he

h |1 t ' ti in_the thi d th, d t.chi , th
i rd and oo TRR Riep et B it 28’ EnShled Bl ¥ah {9 uat i on
of the Lor{.élf‘a[‘;géi‘%@x%’chh&én?;eé ?@Eﬁe‘égggﬁ?é Bétﬁ?athtfn%&%&%ﬁ%gﬁ?%”a“ ons of

the respective etching tines was carrie | was conri at when

the third giGp N tiHEe gaSeb NE1LARAACAN GirleN@abRUBD &I N @tbhMenéS I educed
the Lof E | ength becones | onger and the Lo" |ength becones shorter. It was

found thatwwith dodethPaNaiginonréle sabsbxatalbbtAcndd by dearRgtivang the Log
| ength can be freely controlled by neans of the third and fourth dry
et chi ngs. éxaiiarg ethieEWbotilmantderFthet cdiidiftaoned7Enbodi nent

In Fig. 2A, the W £film has a tapering shape with a taper
angle of 26°; its edge 203 projects outside the resist mask
by 700 to 800nm; and outside that it can be seen that a TaN
film 204 remains on the gate insulating £ilm, unetched.

In Fig. 2B, the TaN film and the W £1i1m have been etched
simultaneously and the TaN £ilm that had remained outside the
tapering W film has been completely etched away.

This Experiment 2 was carried out on the basis of
selectivities of a W £ilm with respect to a TaN £ilm obtained
in Table 1, and confirms that selective etching of a sample
actually having a layered structure of a TaN film and a W £1lm
is possible. Also, in Experiment 1 and Experiment 2 it was
found from the shape of the W film after etching that there

is a correlation between the taper angle of the W f£ilm and

the bias power.

Experiment 3

Next, taper angles obtalned on etching W films were
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In this preferred enbodi nent a process for using the technol ogy of the

i nvention to nmake TFTs havi ng n-channel and p-channel sem conductor |ayers
using five masks and to manufacture a reflecting-type liquid crystal
display will be 40 described in detail. (Figs. 5A through 5C) In this
preferred enbodi nent, a Corning Corp. #1737 gl ass substrate 501 of barium
borosilicate glass or alum no-borosilicate glass was used. Alternatively, a
guartz substrate, a silicon wafer or a heat-resistant plastic substrate may
be used. A base film502 is formed on the side of the substrate 501 on
which the TFT is to be made. This base film502 is for preventing the
diffusion of inpurities fromthe substrata 501 and may be any insul ating
fil m havi ngeads¢rebn A8 AnsHiAt st consisting feaiply ofcgdldgpde film a
silicon nitride filmor a silicon oxide nitride film B%/ pl asma CVD or
sput t eri ng"BREYMETPR JCANIDS PR AR F1A5TS SRRyt BRI el®d08Bmand f or med
in layers as_pecessary. In thi referred enbodinent, the base filmwas
given a t\/\g-?%/%rwasst rféﬂ'ﬁae‘?"@’ Ff’ﬁsfh?’éﬁrp oheEPEithg BM4Bea, a
silicon oxide nitride filmis foroed a thickness of 10_to ,200nm

(pr ef er abl 255 & ﬂf’gr’fﬁmﬁﬁ h g Irll;r",isN And \PBEs 2P r ¥t of?fas. In

this pref e%ﬁge@rgqpctihgegﬁggh@ffgr{e,sg,hl,ggfésfgt_t he base filmwas nmade a
silicon oxide nitride film502a (conposition Sia32% O0O=27% N=24% H=17%

and forned to a Y ekeesst Gig BONM1NE¥bvided €6 Q¥bveryethdlemiadseohi | m 502b
is formed. A silicon oxide nitride film502b is forned by plasnma CVD to a

t hi ckness eof DHipuratiednfidmpridlecgabsy sddtiratd MiivthgwetéhiSigibrasde N20 as t he
reaction gas. In this preferred enbodi nent, 41 a silicon oxide nitride
fil mb502b ¢ffilmclargsasl0ong ésctivgposiis celSctBehy OHWEINM7WLthE=2%9) was
formed. Then, sem conductor |ayers 503 through 507 are forned
respect to it under the etching conditions used i1t may be of
any type and thickness. The sample was etched under different
bias power and etching gas conditlons, and using SEM (Scanning
Electron Microscopy) 1ts cross-sectional shape was observed
and the taper angle measured.
The results are shown in Table 1 and Fig. 1D. As the
bilas power increases from 50 to 250 Watts the taper angle of
the W £1lm gently decreases from 37° to 18°, but when the bias
power 1s 20W the taper angle is 70° to 80° and thus the shape
of the edge of the W £film 1is almost vertical.
The present invention provides a semiconductor device
manufacturing method characterized in that a gate electrode
has a two-layer structure made up of a gate electrode layer
consisting of a first conducting film and formed on thils gate
electrode layer another gate electrode layer consisting of

a second conducting £ilm; the gate electrode layer consisting

of the second conducting film is selectively etched through
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on the base film5Q2. For the sem conductor |ayers 503 through 507,
noncrystalline filns are fornmed by ordi nary neans such as plasma CVD or
sputtering and then crystallized using a known crystallization nethod such
as |l aser crystallization or thermal crystallization and patterned to~ form
i sl and- shaped sem conductor |ayers. The sem conductor |ayers are fornmed to
a thickness of 25 to 80nm (preferably 30 to 60nn) . At this tine silicon or
a silicon-germaniumalloy is preferably used as the sem conductor material.
In this preferred enbodinent) a noncrystalline silicon filmvas forned to
55nm by plasma CVD and then a sol ution containing nickel was held over the
noncrystalline silicon film This noncrystalline silicon filmwas

dehydr ogenabestrdy dfian etrehiingrgads doh Aoy étdiwung:i mndnaovapeheatage t o 500,
after which the tenperature of the oven was raised and crystallization
carri ed ourffigre adge @fsthe 9950 elpstrode Hsrcqntgipdieddihroughl ¢ortiiodn a | i near
anneal i ng process was carried out, and a crystalline silicon filmwas

obt ai ned. Pf aNASRRATBT ARG Meptatiyeaisio ldagp oathe $uRstrater event
contam nation by inpurities at the interfaces hetween the first and second
| ayer baseStAPED 5318 AR e BB %n dThe SP2R5 bR 1982 aYeF et i8hr ough

507, preferably the fil f or med ively in th hanb
2s i he 5006 BPLY (PERRF FBP e BRBRIAPoDy R, O PoRR 32, 0BT LRP BPRBar at i on

chanber, wth t.he t eLn 1E§iﬁo§ the.al fosd e.._The
necessar ym%%r(?s EE)fahlt ﬁlﬁ'gg?:%llgtia i heg%l I co%g?’ﬁ?'m dhHO J']Pgn ank
an LDD region having an L, region and an L,, reglon using

self-alignment.

Second Practicing Mode

Next, Figs. 3A through 3E, which are cross-sectional
views showing one end of a gate electrode, will be used to
explain in detall a method for using the results of Experiments
1, 2 and 3 described above actually to form a source region,
a drain region, an L.es reglon and an L, reglon in a semiconductor
layer by doping respective regions of the semiconductor layer
self-aligningly, with the gate electrode as a mask.

First, the following sample 1is prepared. On a glass
substrate 301, an insulating f£film 302 conslsting mainly of
silicon is formed to prevent the diffusion of impurities from
thc glass substrate. Then, an island-shaped semiconductor
layer 303 and, covering this, a first shape gate insulating
film 304A are formed on the insulating £1lm 302.

A TaN film to serve as a first conducting £film is formed

to a thickness of 30nm on this sample, and a W £film to serve
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wer e masked by photolithography and the island-shaped sem conductor | ayers
503 t hrough 507 were forned by dry etching. For the dry etching, by CFA or
anot her fluorine gas and QZ being used for the process gas, the crystalline
silicon filmis etched together with the photoresist so that the edges of
the sem conductor |ayers assune a tapering shape and the coverage in the
formation of gate insulating filns and insulating filns between | ayers
thereafter is good. In this preferred enbodiment, the crystalline silicon
filmwas etched using an RIE apparatus with an etchi ng chanber pressure of
13. 3Pa, an RF power of 500W and QZ=45scem CF,,=50sccm as the process gas,
and sem conductor |ayers 503 through 507 nade fromthe crystalline silicon
fil m havi ngisaat fndgosdaPeind Eh1m {ageimadge aothPkdeds38fad7dhei r edges
were formed. For threshold value control of the TFTs, in the sem conductor
| ayer s 503 bylsmiutleri0d onathentl¥s tycemduatyingf £idm.i nfhen.ta/pedtoeedisgta group 13
at om such as boron or a group 15 atom such as phosphorus ) may be added to
t he channelmas&gisofermed e apite gesi@prddhehbegh ek thedpbandaghanrgsed i nto

t he sem conductor | ayers 503 through 507 over their entire faces to a dose
of 5x1013 &eHAEPRABCLAN IAveR 57 BRC™MeraCtPaARebIFedder43  of 30kV. A gate
insulating film508 is fornmed on the ubstratgeso as tQ cover the

semi conduct or | adrFSF Y oy Isdg .t CEETEeT P at (FRY 1 M 268 i s
formed to t hi ckness of .40. to 150n ing _an. ordijpar hod such as

bl nrm Ovp 8P SEOTEE cRact Bt Tha et BV F "t e00Rt A BL RS 'y an
oxide or 2y hishfle ERNSmdAE FabBlirof151) A, aRl &N, OXilCaph @ metal
such as tantalumor alumnumis used. In this preferred embodi nent, a
silicon nitared@sbil Bof CONPOSEANING Fas32%h ¥ e chiEve Ygas Hows Jotwas for med
to a thickness of 115nm by plasma CVD . And in this preferred enbodi nent,

t he gate i nhel gisexyClii,)| CFHGhaNas aferzixtcas 25scdrgbed [1Dgern. haimser
alternatively it may be a structure of two or nore layers of filmselected
from i nsul attichgngidamsiitdnes sarengheecoriditdionsi 7 ishownoin @abdle 1) lamsl of netal s
such as tantalum and al um num And when a silicon oxide filmis used, it
can be f or ribdsbyt pleapessCvbebto fAorimg T&REr (Shapeaef Mydpe®r ahgdel 2&€at e) and
QZ and effecting el ectrical di scharge at a reaction Eressure of 40Pa, a

substrate t@npReH fidmoprndothe FeA66t1%hy LThithR-¥ eWtth (ZeFESGtz) power
d it f 0.5 t _.&ood terisgti b t ai f
Tt con oxitdethp N Ayl T apolela S0 ASLE! e oo tAl 1 RCal iR LPTLE

100 (o S00GeaMtL Pl A4 UGN oL oSOl 00 gLt

film510 are n gate 1nsu each of the

conduct i ng efis kBBoR IR o2A¢hBIpl QM4 661 $fondib¥edNEb M the
heat -resi stance 1s desirable, and they are fornmed froman el enent sel ected

from-tungsiean, pbamt alfuithel btaningnofM@hyb@eptm. sil ver, and copper and so
on, a nitride containing one of these elenents) or an alloy conbining two
or nore of thesePwiftamabilyg, after the end point is detected, over-etching

is carried out so that there is no occurrence of etching residues

or the like, and here, to prevent the TaN film being etched

excessively by alongover-etching, a 10% over-etchingiscarried

out.
As a result of this first dry etching, the W film
constituting the second conducting film becomes a first shape

gate electrode layer (second conducting laver) 306A having

a taper angle of 26°, and the TaN film constituting the first
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The first conducting film509 and the second conducting film510, after
subsequent steps, function as gate el ectrodes and gate interconnections. It
is a characterizing feature of this invention that the gate el ectrode has
two layers , and here the gate electrode has a | ower gate el ectrode | ayer
consisting of the first conducting film509 and having a thickness of 20 to
100nm and an upper gate el ectrode |ayer consisting of the second conducti ng
fiLn 510 and having a thickness of 100 to 400nm In this preferred

enbodi ment TaN was chosen for the first conducting film509, and fornmed to
a thickness of 30nm by .sputtering. The second conducting film?510 is
preferably formed with the sanme apparatus as the apparatus used for formng
the first conrdueting £ilmm sddhawgh i ppeptohasd Fhrevgd T desddmnridely - in
an apparatus having a plurality of targets in a single filmform ng chanber
or an appar®euRVemAtTRiagdpy| TRMFINEOHT gP‘P rede g tERkpARGSPeqImes | s so as
to formthe filnms consecutively in the sane apparatus w t hout exposing the
substrate tHtREtaFABSHH zfr’t&’“tﬂ%?‘é‘by prevent the occurrence 45  of

cont e et o0 Yk T LHLASaB] LD SHLRES: BELIBSDHIR HgPinggr o

film509 and the second con ing Ti1 _ was C
the second 4GRAYGLI kel i Ad @mg §&r3r,r%f1cth dhal B¢ LKNeARHOMhe3J44UR al so by

sputtering. A tungsten filmcan also be forned by plasna CVD.” However, for

its use as {ycHAhE E€FLCEFPthd @JY‘?J Jarid®, | &5 & nvkéd gis hRO1MGfihdgesshoul d be
kept bel ow 20pSZcm In this preferred enbodi nent, by using a 99.9999% or

99. 99% pur &gt WAgHT eonéBIERIntaNfag SDtdrtigeBbe Wddent i on to ensuring
that there is no mxing of inpurities fromthe gas phase during
filmform ng) itAwasthpessing.c Hezansel the TaN c&lilgt perfprns the ordFpS2cm
Next, using a photoresist nmask nade by photolithography, the first
conduct i ng %fi Rns BOPerhdayer. ddeohtreosarei gnfe FEﬁuBi‘E)z‘w €14mB3QAched to
formgate el ectrodes and gate interconnections. Resist masks 511 through
517 are forfedo§netfRe@econd conducting film510. In this preferred

nbodi t, ad t chi tus havi CP (Inductively Coupl ed
Pl asmm) pl asma SERFES VHRHBodns PO aaiy t b et g B VEre. Bateditber r odes.
This wlll | aik ned, h i_t.h f t ' . 3F) Fi .
TSh ¢ oudi Yot toRhS A Salet obE: DBERy Srodh caifibiofO Rt L02

el ectrode | @yeEowllo 1 sl o6k E¢hbWad BYFEr 3QGnadh 8IS thdSLhAhdig il m 304

and a photoresist 307 after different dry etchings are shown in detail. In

the first gksehedingnsden.oba, SHGOCE, §80ErE bradnddd FoBAMS étcismigectivel y
et ched 46 and a gate el ectrode | ayer 305A and a gate interconnection

| ayer, and gasgatTheelmeeipeedeve aflows30@Athadg@segaica, i avdrargnasstaaah | ayer,
havi ng first shapes) are fornmed. In Figs. 3A through 3E only the gate
el ectrode i39sshown, Therse the thw eonditicomrechogn iz TalilesliowiThe W

film and the TaN film are etched at substantially the same
etching rate, and become second shape gate electrode layers
305B, 306B.

In the second dry etching, during over-etching of the
TaN £ilm, the first shape gate insulating film is etched by
13.8 to 25.8nm and becomes a second shape gate insulating £ilm
304B.

In the second dry etching, another gas selected from

among chlorine gases such as Cl,, BCLy, SiCl, and CCl,, fluorine
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In this preferred enbodinent , as the dry etching conditions , the ICP
power was nmade 500W the bias power was nade 150W the etching chanber
pressure was nmade' |l . OPa, and Cl2, CFA and OZ were used for the process gas.
The flows of the gases Cz, CF4 and OZ respectively were 25sccm 25sccm and
| Gsccm Here, the tungsten, which is the second conducting film was

sel ectively etched, and a tapering shape having a taper angle of 23 was
formed at its edge. The Wfilmof the gate electrode is selectively etched
because as a result of the process gas containing Oz the etching rate of
the tungsten rises and the etching rate of the TaNfilmfalls, and as a
result of the bias power being set to 150Wa gate el ectrode having a small
taper angl edases guebdas| @F{.hEFiamt Nivy and B npr anvlked gpes hewtlegt ed from
anong chl ori ne gases such as dx, BCL3, Sid, and CCl~, fluorine gases such
as CF4, SFothese I‘FB)“aéﬁdCQQStb‘Fu@trﬁ ey ghternarivNgly hesaised.nai n
constituents nmay alternatively be used. Because the gate el ectrode | ayer
305A is only et chEFtabydtheyatt bhe ophriRraspst obetneikanaygdofr ar fdrght e

el ectrode Ia er 306A and .remmins present over the entire face of the 47

substrat e, A (GEGLEE AUt ?nfﬁE‘I 3 SREEC R IR Y Hedﬁ aig

| ectrode | 3 h.th
(rae?grreﬁc: nﬁ%ifo qgl ﬁkg n%iéccotgngs%g?%ng H?Bg?s eﬁ '(?:g:’)rl e ou?p eTh
phot oresi st 3% RAYW 3SatdBithuid o’ ShySPARMOIPREES whd GOkl 04 the

first dry etc ing. This photoresist 307A is not renoved and is used as it

is. In the gtedudpd Hesc9H8 awfn@a#ewibﬁrw%%&em@iﬁ Qi%}‘l%% bSogarried
out in the' sane apparatus and the sane chanber. As a result 019 the changes

to the procesev gaanaickyge spapce xogiondahd @asn i tygdarats htaygonhgodaN film
gate el ectrode layer and the Wfilmgate el ectrode | ayer are etched
si mul t aneousésr thedebygitemed gt rtdee phayerof3058 aswlcorgbickogl deyevde | ayer

306B having a second shape are forned. In this preferred enbodi nent, the
| CP power mﬁ@p%d@tyoev?spmnm-as(ﬁmeﬁ%s made 20W the etching chanber
pressure was nmade |.OPa, and Cz and CF4 were used for the process gas. The

fl ows of the gasé@xélzwéﬁﬁmﬂmt%r%“‘&?&‘ﬁséégc'&?ﬁn%e&mﬁ’égul GP Fhe bi as

b I h he h I f
P e ofAThE ORI AF GArrIA8 B ondd s Gor Ko RdaE LFHERe BROORE gat e
elec, t~ od nast c%\gﬁgf Pgleagh ec’t%é?a e ?6ﬁ%%% ggg oes s%%t naonﬁgl n &Z the

tungsten a e sane |rre anda ga eI ectrode

| ayer 3058 d}egats% féﬁ@trﬂgetﬁéx%ehm%%ohaxw&mao%em@ckha%p
formed. In the second dry etching 48 the gate insulating film 4A i's

ggzged aboudtdning,t @hdS18PMeERE RECARRS sooweCend shaPdaieisnsadat i ng film
' 20W, and the chamber pressure ls made 1.0Pa. Cl; and CF, are
used for the etching gas. The respective flows of the gases
Cl, and CF, are each 30sccm.
Both the W £11lm and the TaN f£ilm are etched in this third
dry etching. As a result of the third dry etching, the tapering
part of the gate electrode formed by the first and second dry
etchings assumes a larger angle and thewidthof thegateelectrode
narrows, so that third shape gate electrode layers 305C, 306C

are formed.

In this third dry etching, the part of the second shape
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In the second dry etching, another gas selected from anong chlorine gases
such as Cl12, BCL3, Sid 4 and CO ~, fluorine gases such as CF4, SF6 and NF3,
and 02, or a m xed gas having these as main constituents may alternatively
be used. The part of the sem conductor |ayer overlapping with the tapering
part of the second shape gate el ectrode across the gate insulating film
becones an LDD regi on when a subsequent third doping is carried out. In
this preferred enbodi nent, because the gate insulating filLn thickness is
400nm and the taper angle is about 26, the |length of the LDD region is
about 820nm plus the approxi mately 100nm by which the resist mask is etched
in the channel direction. As a result of the second dry etching the resist
mask assunegate $eswhat HinHblig0043 widlch doestivtsovarsiaptwitis khe@6&8ohii ng
renoved, a second doping step is carried out, to forman n-channel

sem conductPeRy@Eate sAeCHERAS t\AYOreARAR (18 gTld9ptiB etehrtht 3dpdhass

phosphorus or arsenic artingﬁthe n type i.s doped into a source region

and a dr ai n"*he§PER"G; ngﬁﬁa'%%e gtEpdmHdSided and mggzous 1o wdkh 1 nthis

f d enbodi t d d, at f 1.5x101 t /cnR
o8 Sobed i phaseie v el g G350, iR ol
foi it t I 1 to J1x10 f Fig. 49
Sy Fg o Sl ERAALE Pedy letpddha’ thOtho ShEMRAE T ST LORBRELLL P, e

305B correspqifly,t anald thiLdIbhaydt g-akd 1}.961394.:% &l196 Bede_hLayeig 3068
corresponds to 525 through 531. However, 521, 524, 528 and 531 are not gate

el ectrode |laweiperiAgdshéife IGUE6EMOd. dHAKS, rAYithastRS tdiyoegbnhdd,
correspond to 532 through 536. However, 536 is a source region and not a
drai n regi cahouteXstOnmibf hths ddte nesulatimmsi€ilimi g ewheded, a third dry
etching step is carried out. In the third dry etching step the second shape
gat e el ectrode | dperthe3CBEr&ddy gdichlal e @nogtier |gapgese 3R dafronbandnaet ched,
and al so the tapering part whose taper angle was 26 in the second shape
assumes a |hpaingngpees sueh ag Gt B e i Hd anda(els . 3HBORIN® ga%Rs e

el ectrode | ayer 306C of a third shape are forned. A sem conductor |ayer
regi on 314 ﬁ%}’cﬁ‘sdﬁgs' 756 RENFap WD P2t X ehmiyed dqk RgNtBIcFRRAS ode | ayer
305C but ovaesrl ans Wi Bhtl{]e econd gggé)eaq: telelggt rso%e | ayer 305H becones
an Loaf redionad SOPEsTYT®or MRE Subsefient ¥ n?F ™ 06pi ng step. The anount

i rect i on and tne® oy HRGF i [eetitlig JeChe Bt dbdels THETER AT e
third dry g hised 1h"he gas for etching the W £ilm and the TaN £ilm,
because this makes it possible to obtain a high selectivity
with respect-to the gate insulating film.

When SF¢ is used in the gas for the third dry etching,
for example the ICP power 1is made 500W, the blias power is made
10W, the champer pressure is made 1.3Pa, Cl, and SF¢ are used
for the etching gas, and the respective flows of the gases
Cl, and SF¢ are made 20sccm and 40scem. At this time the etching
rate of the W film is 129.5nm/min, the etching rate of the
gate insulating £ilm 1s 14.0nm/m, and the selectivity of the
W £ilm with respect to the gate insulating film is 9.61. When

the third dry etching is carried out with these conditions,
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As the etching apparatus, an ICP dry etching apparatus was again used. As
the etching conditions, the ICP power was made 500W) the bias power was
made 20W and the etching chanber 50 pressure was nmade |.OPa. Clz and CFA
were used for the process gas . The flows of the gases Ch and CF4 were each
30sccm The second shape gate el ectrode | ayers 305H, 306H were etched, and
third shape gate el ectrode |ayers 305C, 306C were forned as descri bed
above. At this time, the etching tinme was adjusted so that the anount by
whi ch the gate el ectrode |ayer 305C was etched in the channel |ength
direction , which essentially becones the Loft |ength) becane 480nm In the
third dry etching, another gas selected from anong chl ori ne gases such as
G Z, BCL3, GieClgatandn®atind ddimnes gasles edgbed dey @PoutskBmand NF3, and 02,
or a m xed gas having these as main constituents nay alternatively be used.
In the third dry?Bt eRPerineid ﬁéFtCEﬁr%QRaqyétE°|?¥Rﬂ%ﬂ¢ﬁn§h9|Ph¢ﬂ%ﬂg:h does
not overlap with the gate el ectrode |l ayer 305C is etched to forma third

shape gate Farfsel?l 8 AV i HR -3GBS %R 4 tﬁn%ray T@P‘cﬁf‘ﬁb Ying &l A j ed out .

As I te0 h th t h

e 2 e el LB AL S T e g v

et chi ng cor%ﬂ; 1 JeONSiRd & @Lngegrgn&o%eipr g@ﬁes(f carried out in the sane
d ourt ry

apparatus an e same c I'n the etching, the gate

el ectrode | ayer 3Qfteisp Selectively etched again. By conditions such that
the gate el ectrode Tayer 305C is not etched being used, a shape wherein the
gat e el ect redeniayeraBOSQR.S H.Qnard ddictiba gattosLlogCctungstémy@r) 306C in
the channel length direction is obtained. 51 In the fourth shape gate

el ectrode abidianerhtas iasnkating dfilmhdGiduand thntadbwhnhgride seraNjonduct or

| ayer region 313 which does not overlap with the Wfilmgate el ectrode

| ayer acrosmdelfrevgatlelm rgmlumgngowiirﬁ%@t) overlaps with the TaN filmgate

el ectrode Fey R PG TIC S| [PResTTW BT T21 € P 7o BT st ol raf3P 10"

detgerm' ned KQ,"'clﬂhei%ijﬁ rTltiL.Li ﬂ—"r?]; ..mbﬁ, .[@Tg;t"]l.dﬂtwgl‘ 'WT,Si on. In
this prefe-ée 00 Ahdar ‘rb DN fi'Qy‘*v?‘,.H 2%ds {rmde 5)“"\"3% e-tbias{ power was
made 20W abbL3 0 dd 800120 | dnhdr 36" s—hade &2, 4 and Z
wer e used Oi'leor A c@ D d-0 THhe I13-I4m 3hl tlhe ga LL (3457 CEA_and Oz were

25sccrm) 25880 0nd |1 690dc3B Frdobdyi 1816, | Bha third shhpd Wil m ght e

el ectrode |40 [wWag |80 |etk | hdi& @t 8héd.| ARd by the thoerbfandle of the edge
t her eof be 40Ur @ Heb00 nidr padell (& Pat% jellédt ok | ayker 9306D|Ha¥d hg a fourth
shap) narr p2ef40i [n0 W) 820 20h t 186r1d | sHade [gad®ebe| pctdr &ide |l1afer 306C, was
formed. The20T4d [fo || noapdt 38 Bl ac3 ede3leayent.i2s jonly et chedis|bout 7hm and a
fourth shapg jgmtieo ¢l egotir zmd B0FDokg.ustano i p| | . 4he |gage| wi dt h as
the third b P |0@d ¢ sal|ezpt f odes T/ dyas8. 13056512 |T or med] | Theg ogr th Ehape gate
el ectrode m/ﬁo S DG CRNES 1 PNgerr Yy |F4ymjompe ThET gSgde Qi sg e gate

S
s
=
-

D D1 =TT T (D
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el ectrode 073 B ECUTP 4 | SPQD T SAONN] PVersF Ng goegg £ Wi dth as
a whole), ATEFeT 8 1 Soo]" o FF o8 | FT090y TEW3 82 | 911§ P[ O3 3613 [@f o4 pNIth
30130) 0 ||500] 20 || 1.3 153.1 | 48.2 | 116.4 3.36 | 1.32
0 ]60})0]}500§ 20 1.3 146. 5
101501 0 |}500( 20 1.3 144. 1
20(40( 0 |500f 20 || 1.3 137.5
3073010500} 20 || 1.3 116. 4
40120) 0 | [500] 20 1.3 86. 1
50107 0 ||500( 20 1.3 52.3
25025110 ( 5001 20 [| 1.0 1311 | 32.7 4. 25
20{20{20¢(s500f 20| 1.0 136.9 | 28.0 5.10
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52 420nm was obtained. In the fourth dry etching, another gas sel ected
from anong chl ori ne gases such as Cl2 ) BCL~, Sid, and CCl, , fluorine
gases such as CF,, , SF6 and NF3 , and Oz , or a m xed gas having these as
mai n constituents map alternatively be used. Fig. 3D corresponds to Pig.
5C. the fourth shape gate el ectrode | ayer 305D corresponds to 538 through
544; and the gate el ectrode | ayer 306D corresponds to 545 t hrough 55I.
However, 541, 544 , 548 and 551 are not gate el ectrode |ayers . After the
fourth dry etching is finished, the photoresist mask 307D is renoved. The
mask may be renoved by 02 asking, H20 asking, asking with a gas m xture of
Ca and HZO, asking with one of these gases with nitrogen or a fluorine gas

such as CF4 addedmed chyas@sy, ¥rhel, kaqnindrel Aed vsahess thegtehlingi th a
chemcal . In this preferred enbodinent , the mask 307D was renoved by OZ

aski ng usi ngasanirRithedtlyisi diriyngtepngy,atosdi s, shovhiindTdbpe ymag carri ed
out to forman LDD region. (Fig. 3E) Using the fourth shape gate el ectrode
| ayer 306D ha smitgidy sgleatédvand) ugedower inpurity density than the source
and drain regions is formed in the first sem conductor |ayer region 313 and
the third sem cofXt-oWithget thejinhetorasisphedngdereRoye: seficvdhBuct or

| ayer region 313 the inpurity is doped.,intgo the Lo" re%ion t hrough the gate

el ectrode | $FEPIEHIRI dFCAFEIYLPRE i ndEldt 3R 39 mTsGeLtidfethe fRdgdi s
i ed t .at | d it d hi | ti | t . 53 In thi
referred effbbd HEAS i ohoReraR 30 TE e PepBda o H¥5esBene 1or med
ith d . 01 / | i f _90kV.
A though + ntiird ke pralBEESERy AN MIn R BiBhARg YRIAHRS of 0,

after the feyLtf,gaheaeleetddly CLhRlI I polielBYs ddaer 886w Y &lne Beakenoved
after the third doping. Fig. 3E corresponds to Fig. 6A: the Lots region 314

power 1is made 20W, the chamber pressure is made 1.0Pa, and
Cl,, CF, and O; are used for the etching gas. The respective
flows of the gases Cl,, CF, and O; are made 25sccm, 25sccm and
10sccm.

In this fourth dry etching, as a result of the bias power
being made 20W, a still greater taper angle of 70° is formed
at the edge of the third shape gate electrode (the W f£ilm).
And the width of the W film of the gate electrode narrows
further to form a fourth shape gate electrode layer 306D.
Thus, a fourth shape gate electrode having a gate electrode
layer 306D narrower in width than the gate electrode layex
305D is formed@ by the fourth dry etching.

And, in the fourth dry etching., because the W £ilm of
the third shape gate electrode 1s etched selectively, the end
of the TaN film of the fourth shape gate electrode is exposed.
Since 0; was added to the etching gas of the fourth dry etching,

the etching rate of the TaN film provided as the lower layer
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corresponds to 557 through 561; and the Lo" region 313 corresponds to 562
t hrough 566. However, 556, 561 and 566 do not function as Lo" or Lori
regions . Than, a photoresist mask 567 is newy forned and a p-type

sem conductor layer is formed by a fourth doping step. (Fig. 6B) By doping
with an inpurity inparting the p type) p-type sem conductor |ayer regions
570 through 575 are forned. At this tine, an inpurity inparting the n type
has been added to the sem conductor |ayer regions 570 through 575 , but by
doping the inpurity inparting the p type to a concentration of 2x102 to
2x1 QZ1 atons/cnB a p-type sem conductor |ayer function can be obtai ned

w thout problens. In this preferred enbodi nent, boron was used with a dose
cf 3x1015 efonb¢ cgateaedeghrade elswr firomgTable age 20~620mfmiBlavd whker eby
p-type sem conductor |ayer regions 570 through 575 were formed. After the
phot or esi ssladstonigizreds te ebhey Mdfidmfetyadingnrate |afydz4i f2ommimgsdi | m 576 i s
formed over the entire face 54 of the substrata. In this step a 150nm
filmof silkhabnthxital Fidm uedergeeSovary bitilienetsh®®, but of course sone
ot her nmethod such as sputtering may alternatively be used, and the filmis

not limted to sFIMEEGNBkIHe HEFitRe SR TP BS EBBot ey TRMLH Bt i ng film
COnS! 511 10 Rl 830 A0 AR SHHLT SRR TSk e T Y
Next, a St gRgOfndGdmbalh fth WA 1hPHE I Q! BHBM 9CE1ectrode, ana

a fourth shape gate electrode layer 305D having a tapering

shape at its edge 1s formed.

In the fourth dry etching, a gas selected from among
chlorine gases such as Cl,, BCL;, SiCl4 and CCl,, fluorine gases
such as CF,, SFs and NF;, and O;, or a mixed gas having these
as main constlituents may alternatively be used.

In the fourth dry etching, the part of the third shape
gate insulating £1ilm 304C which does not overlap with the third
shape gate electrode layer 305C is slightly etched and a fourth
shape gate insulating f£ilm 304D is formed.

In the third and fourth dry etchings the part of the
gate insulating £ilm which does not overlap with the fourth
shape gate electrode 1a_yer 305D is etched by 57 to 73nm, and
the gate insulating film is etched by a maximum of 88nm by
the first through fourth dry etchings.

However, in the second, third and fourth etchings, and
particularly in the third etching., when SF; is used in the
etching gas, the gate insulating £film is only etched by a maximum

of 20nm.

33



to the sem conductor layer is carried out. This activation step is carried
out by thermal annealing using a furnace annealing oven . The annealing may
be carried out in a nitrogen atnosphere with an oxygen concentration of

| ppm or bel ow and preferably O ippmor below at 400 to 700C and typically
500 to 550C, and in this preferred enbodi nent the activation was carried
out wwth a heat-treatnent of 550C, 4 hours. Besides thermal annealing)

| aser annealing or rapid thermal annealing (RTA) can alternatively be
applied. This activation step may be carried out before the first
inter-layer insulating filmb576 is forned (Fig. 6C) ; however, here,
because heat is applied in the activation step, when the material used for
the gate el ectrolié amkesydtont | they finstabsecand . hthird mngf Epubtly d&rysili con
oxide film a silicon nitride filmor a silicon oxide nitride filmis
forned as 2Yhéreet drte ?HCW%a’P%amt§ insadating fdAPaEenEermadthe fir st

inter-layer filmis made_ to function as protective film _55 After that,

a heat - t r eHER DYFE fhPof‘llﬂ"’l‘f'&ﬂPscréﬁraé’GGrflﬁtﬁ%C The fate alagemaddydr ogen

t h d t f.h duct
Tayer 15 pARSFAED PA% e BrE AP BB THAE L 1o wﬁm JEEfERIBh of 1 hour
| 3 100% Wi 350C ALERIRLSLA YRS GALT 1RY Qe oTOLESudIngERAd MRy
alternatively bé ton ina hy ogen pl asma nosp a second

inter-layer Thesybeﬂmgshfaburbézg LSt h G0 Pim b 4D 48NhGad &P be i et such
as acrylic or polyam de which can ba formed by spin coating is forrred on

the first imiet-dayerndulatthalyimgmitdgloh Bo9( Ma¥ing 9 £1rshhens@aRys,
inter-layer insulating filmis formed by spin coating with the ob ject also
of fl attenioverflhppsndsititat ehergatte elettreodeithenTtan tfimieva ceedomdf orned. I n
this preferred enbodinent, acrylic was formed to a filmthickness of

1600nm Af taatet hasulatiamgdtldmi negden 31§ .f havind 37 sechudf thicknestsar - | ayer
insulating film576 and the second inter-layer insulating film578

posi ti oned WhstAe Wegate ahecidioda 3 &hisd g2kad-ndagare flaraiagdMRect i on are
etched to f rmc nt act hol e r conpecti th interned ate

i nt er connectiton§ 39@1?%rjdhgqi’1§%§esis fom tr}%t \g'iﬁfﬁ@ ﬁﬁfe"ﬁ&'bestﬁ tonhdPensul ati ng
films at thj ch| t ched t.he |ffer f|| shold be
carried ouge%o;‘flr@{ic?me?rﬁke n%sn}(}%’ve%gr“ il nsFo?m o | PRt er nedi at e

I nt er conneghiqqig, Lo :}lﬁgatt?&‘?{]hﬁgtiﬁ Pi’uﬁ’f:e{;f&}g a:?d‘% één&eﬁxi%% deS obtai ned,

and for exanple etch e organic res msuc as aéryllc or
pol yam de angohBen Sddde QR s@XhEEnd f11imd e fibin 315Ld afaﬁst g dHd i,tarltnt er-layer
insulating film576 is possible with a gas m xture of Oz. However,
to etch thesfgaiest futealheghdiing Elferbdlont Beo s&mmoaduﬂﬁs hayar it is
necessary to use conditions which provide a high selectivity with respect
to the senitbenfigerth shaaper gaGasebectrodableyéonr3tsd.ecThe efirsdt ghitag t he
silicon oxide nitride of the gate insulating filmw th respect to the
sem conduct@pulalinrg £11n gegiom ehi¢d 10HF8des thSAMgr ngrtichnguliad in@HF3 and
CAF8 can al so be called fluorine gases; however, they are gases having a
hi gh sel ecfi-dmtFegham Fésﬁ&:tthti&kgPFr @l theserandugete hinsuladdngs

di fferent fr%pthe ot ﬁ' ﬁl uﬁﬁl ses referred to in this specification

docurent t Fay™aF 29t %k tJrrent not to be included anong fluorine

gases. In this ppefgrs %qr%%bogea&m iy ARaREGLAAPALA) Uk cddlabsl ng CEA
He and OZ gas, a chamber preéssure of 66. /Pa, an RF power of 500W and CF4,

He and OZ gas shikgvanakedshis iy 406RLHYNEEh DEESEM ESPESS st vbilg second
inter-layer insulating film578 was etched; with the same R E apparatus and
usi ng CF4, b¥leclarying gamimtanrsaﬂbeuhepsmswmmbér4(hxﬂ3aheatmﬂla papaer of 300W
and CF4 , He and 02 gas flows of 50sccm 35sccm and 50sccm respectively,

the silicoficoxtiielny erchitngd canealse Ste icareied aypdr consedeltiivedyf bym 576 was
etched; and with the sane R E apparatus and using CHF3) a chamber pressure
of 7.3Pa, &h2FFHpHRONABT18BDWhtdea SERECRAPEE-ow of 35sccm the silicon

oxide nitride 57When the fourth dry etching is finished, the mask 307D,
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of the gate insulating filmwas etched selectively with respect to the

sem conduct or |ayer. Then, internediate interconnections 579 through 588
are formed. For the internediate interconnections, so that they function as
pi xel el ectrodes and reflecting el ectrodes, preferably a nmetal materi al
having a high reflectivity is used, and in this preferred enbodi nrent Ti and
an alloy of Al and Ti were fornmed in layers. Using sputtering, a Ti film
was formed to a thickness of 50nm and then an alloy filmof Al and Ti was
formed to a thickness of 500nminmedi ately thereafter. After a mask is
formed wth photoresist, the internediate interconnections are dry etched
using chlorine or a gas containing chlorine. In this preferred enbodi nent,

t he i nt er méiving rhargediited fORstE 7shade dnghhe 8Bourtte dryr abehing.carryi ng
out dry etching using a gas made by nmixing chlorine and boron trichloride
in the samé-SpFePeYedonderen tfemdel OcFande SoB¥ed WithsaphQesgaie to form

on the sane substrate a drivigﬁﬁcircuit 606 havi ng an n-channel TFT 601, a
p- channel TFRPSEG2USHIRE AP REnGh¥ Pt P B FBP2EA S pi xel part 607 having a

pi xel TFT 604 ang a hol din apacitance 605 . .1n this specification this
Cbstrate will 1 pSaoRuanterbe Aaed Fhars vars! phE hatdy BoctMP it a. Noxt |

w th reter enagcbaradoidl (152 AREIOH S RRULACLAIINAI Bn EhaGiRddase act ] ve

matrix type l'iquid crystal display using the active matri x substrate shown
in Fig. 7 WaerbgodeseitbgthghhgryFahsSh-cRamRAC ema@3nabtebethydr
patterning a resin filmon t%e active matrix is formed. The disposition of
t he spacer vmycdistdeutenanedipreetegion.spaeFay. meg)al tmireatdnsel,y fag- provi ded
by scattering particles of a few pmin size. Next, an orienting film 590
made of poloparedtenes) regioniseihi kive fsemicondudtory laygui d08rwsilalbe n t he

pi xel part of the active matrix substrate is provided. After the orienting
filmwas foamed, &nrcoixrenpondenceentthwvddecfiirstedhnoughofonrgntgatiee | i quid
crystal nolecules with a fixed prechilt angle. Then, a facing substrate 591
i s prepar edPseAatRg el Fegdpae r2aneed @PoV8r ned a | i ght-bl ocking film 592,

t t electraqd 93 ienti film594. The. .light-Dbl ocki
il m 502 1 o madeTBgE A iy AT A TP IoB ST IRPPEPI MDY the | ke
hi ck bj ' j h
o a thi ckngssepls 158,10, A0008nb FH4RPLOg: &T S8 Ml chiy ERERL S, QU ON the

orienting fi e active matT1rx substrate on e pi xel

part and t @%mq_[:i)ﬂ-?ﬁ'cgtcﬁj' iﬁg&% 1%52?5 %rlﬁe‘g}g@%:ﬁi%n ﬁgittBE 1%|5}Q§t£ 15nar € fixed

together face-to-face wt séal ant 5 ter t a I'iquid crystal

material 53Qek-3appineth a0 WBeNth DR it eSURSHIAGY £1TAM réfifod WAUld crystal

material, an ordinary liquid crystal material nmay be used. For exanple
besi des TNvlel gHiUedltted adhixat Bembdsidalictss dagdr degfioat 81L; Mnednel qui d
crystal showi ng an el ectro-optical responsiveness such that its
transm tti wemnjcohdwees dayernuegbéry onetriapbhingragidt itbef Feuxtic gatiee used.
Such threshol dl ess anti-dielectric m xed |iquid

insulating £ilm region will be called the fourth semiconductor

layer region 315. Here the fourth semiconductor layer region

315 constitutes a channel region, through which a current flows

when the semiconductor device 1s ON.

However, because the region overlapping with the second
gate insulating film region 310 is the source region or the
drain region 308, this region will be called the second

semiconductor layer region 308.

At this time, it is important that an impurity is doped
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59 crystals al so include those show ng V-type el ectro-optical

responsi veness . After the liquid crystal naterial 596 is poured, the
device is sealed conpletely with a sealing agent. In this way the
reflective active matrijc liquid crystal display showmn in Fig. 8 is

conpl eted. Second Preferred Enbodinent In this preferred enbodi nent,

anet hodi sexpl ai nedwherein SF6 is used in the etching gas when formng the
gate electrode by dry etching in the first preferred enbodi ment, to obtain
a higher selectivity with respect to the gate insulating film In this
preferred enbodi nent the steps up to the formng of the gate el ectrode and
fromthe third doping onward after the formation of the gate el ectrode are
exact|y thengaredsitdt gaﬁiééﬁﬁcﬂyrei@fézeQesﬂda)IQ@Ilﬁemro%gﬂ thegakere will
not be described again here. A first conducting film and a second
conduct i ngelétterafiS 1hpe B0 5Dam® ¢h6 dARGE yatd1hberdt i £ 1R Rghed

enbodi nent are dry etched using a resist nmask 307 nade by photolithography.
As in the Boost preferred enbodinent. a TaN filmwas used for the first
conducting filmand a Wfilmwas used for the second conducting film In
this preferred diddagiphasphoxudey thecddinagta@rdruithadapdnigrpngdd tiops
(I'nductively Coupl ed Plasna) plasna source was used for the dry etching of
the gate ebpBctesele.3 6010 Tratamspeponeacdederabling reelnge et9@fVnganas nade

500W the bias power was nade 15 t he et chi,ng chanber pressure was nmade
| . OPa, and“CFlF“rE)‘tﬁ—1 EEWHrﬁfiﬂBrBaY%gﬁi?(ﬂ”“?ﬁe E%E% entFREiPNows of the

gases C12 L QA0 oREcUol S TS, 2000 418536, ngna%a' EBERN LGSRRR! Yol

The tungsten of &°86Cand tonduct rn selectl and a

tapering shape: @ping 13 E8Pfda aaghfe @h@é%ﬁiwﬁmc&t 1 §§r %@ €onThe Wfilm
of the gate electrode is selectively etched because as a result of the

process gagigodiditheN #nLkat Sémicnaublor alfyedf rbfeoh LSt en rises and the
etching rate of the TaNfilmfalls. And as a result of the bias power being

set to 150W a Qaice 19 anbr 0P bayidg amnailrstapemicsigiuetios flayerd. Because
the gate electrode | ayer 305A is only etched about 13 to |4nm by the

over - et chi nggbdn 318, \Bdedunegat eoveElrdaps odith dhergatiedelecarad® pageent over
the entire face of the substrate, the gate insulatingfilmpositioned

under neat h3¢5R agxpes dihecf L oele gps9 ainsP38plng FAdm rapliend3 dhd brasmefe shape

shown with the reference nuneral 304A.
an L., region.

In the second doping the semiconductor layer reglons
313 through 315 and 308 become semiconductor layer regions
each having a different impurity concentration, and there is
the characteristic that the value of the impurity concentration
in the source region and the drain region 308 is the highest,
the value in the channel region 315 is the lowest, and the
value in the L., region 313 is lower than the value in the L.ss
region 314.

The impurity concentration in the L., region is lowerxr
than in the L.ss region because the f£films positioned above the
Loes region 314 and the L,y region 313 and thelr £film thicknesses

are different. When an impurity is doped into semiconductor
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In the first dry etching Cl2 ) SF6 and 02 may alternatively be used for the
etching gas. A second dry etching is then carried out . The photoresi st
mask has now assumed a first shape 307A as a result of the first dry
etching. This photoresist 307A is not renoved and is used as it is. In the
etching the conditions are changed 61 but the process can be carried out
in the sanme apparatus and the sanme chanber. As a result of the changes to
the process gas and the process conditions in the dry etching, the TaN film
gate' el ectrode layer and the Wfilmgate el ectrode | ayer are etched

si mul taneously, and a gate el ectrode | ayer 305B and a gate el ectrode | ayer
306B having a second shape are forned. In this preferred enbodi nent, the

| CP pover wagedatkyiad@Whibegbirasmd Euainevasn Fadesckd\Wondaetst chiyeg chanber
pressure was made | . 3Pa: and Cl2 and SF6 were used for the process gas .
The fl ows akglibes gaseshél thiakheSEEs vardy ofratite matee iabs biS@RE Cillms
respectively. As a result of the bias power being nmade smaller than in the
first dry eti€feng, théecanapers afgligporitherepahdngl ¢ber sdmieoytugtoar eases and
the wwdth of the gate narrows . The etching rate of the Wfilmat this tine
i s 104nm nilayardregkong Mifdgrr apd ¥re RRuTAY fangepdrpEiong i theo the two
films axe etched at alnmpst the sane rate.. A gate el ectrode | ayer 305B and a

gate el ect FEBECPRIRTLORABYREV FAGL P S ¥ dhdPe HEfEF oXPB oaned. At this tine,
the TaN filmth had,renpi ned afte he first dr t,chi i s etched for
about 8 seconds%%‘feertslfsﬂg f ﬁeg'atggn%]l}ettgﬁ/e riesrrg%xegc |engﬁ?'re§ig(ﬂ}¢?s of the
TaN film 7 i on S 1.£4.,.0 j

over - et chi q§?8¥ﬁéirg%?g' llqﬂgﬁ%ét&?n%ﬂfcl Iygiggs?}gﬁ%égdqﬂngfel%%}é%%ét rg)mTaN film

i s etched Rye2lBHYeInentdYRANE1REEOTRECKNYRC ¥R thB2RBoGAL Merd tiDHedl i N il m
304B. 62 The part of the sem conductor |ayer overlapping wth the
taperi ng paetond thEeciarE@Nd shape gate el ectrode across the gate insulating
filmbeconmes an LDD regi on when a subsequent third doping is carried out.
In this preferresbardadientys )regdoause3 | hen gdiee oitheul bandig theroa tisi ckness i s
400nm and the taper angle is about 26, the |length of the LDD region is
about 820nMephed thre fdmstogatat Brsuladdnm Hilmregionhd0? eswisichmhek i s et ched
in the channel direction. As a result of the second dry etching the resist
mask assuntbeaabererieniiiopedsdipst \Whitdpesshi angd e2R stheelirsioEBtBei ng
removed) a second doping step is carried out, to _forman n-channel

seni conductBftayine £ FRELPR Y dherne 1% fd?r&ﬁ"ﬁ et eth sb3PR as

phosphorus gr arsenic i,mpar.t the n type is doped into a source region
and a drai ﬁa}t'%g? encr’L'vﬁotd?? tlggege%%%d shape gate el ectrode as a mask. In this

preferred embodi dRequafiesPhahEs a¥BEnFOPE 1 Abud 14058 mth t1s2uk0% sqat OB/ CIP

with an accel erating voltage of 80kV,” whereby sodrce or drain regions 308
of inpurityugdnERdt &bt X ke imphxXd 82| redlcBiR§C bhe VBRI dodiReori N A
source region or drain region in a self-adjustnment way. Next, w thout the
resi st maskaper s NWeredn thé Ni.{ Gcegion than in the L.sr region, and

the resulting impurity concentration of the L,y region is lower
than that of the L. region.

In the practicingmode described above, the gate electrode
1s made up of two layers and the gate electrode is worked freely
with it being a characterlzing feature of the practicing mode

that a 26° to 70° tapering shape is formed on the edge of the

gate electrode (W £ilm) and the W £film of the gate electrode

is etched selectively with respect to the TaN film of the gate
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dry etching step is carried out. In the third dry etching step the second
shape gate el ectrode |ayer 305B and gate el ectrode | ayer 306B are both
etched, and etching is carried out so that also the tapering part whose
taper angle was 26 in the second 63 shape assunes a |l arger angle, and a
gate el ectrode |layer 305C and a gate el ectrode | ayer 306C of a third shape
are formed. A sem conductor |ayer region 314 which does not overlap with
the third shape gate el ectrode |ayer 305C but overlaps with the second
shape gate el ectrode | ayer 305B becones an Lops region as a result of the
subsequent third dopi ng step. The anount by which the gate el ectrode | ayer
305C is etched in the channel length direction and the. length of the Lost
regi on ar e edgnatrofi¢ ed Abg kyagoping he iisiiapd- shapad semigpnduetorAaveye et chi ng
apparatus, an |ICP dry etching apparatus was again used. As the etching
condi t i ons ¥itReap CHRRRHYY \Mg‘nﬁaGEeS%W .ekacd rppgsapohdretes fadé 10w ( and
the etching chanber pressure was made |.3Pa. O 2 and SF6 were used for the
process ga®osthile tWECHP & ARUECR £89EAD. IndFradmTREFRR Al 4y E8EMMand 50scem
respectively. The TaN fj I m.gate el ectrode |ayer and e fi] mgate

el ectrode PR{e™ %’er%?%%&, it SET TR ‘?a‘fté’gi%%r Isgélgfag%@g% ‘a gate

el ectrode |_aye i thi p i above. At
This tims, Tho BER e s e, F e Ea e ™ B TR o PR "By whi ch
t he TaN fi lggrgater&bastd.ode | ayer was etched in the channel |ength
direction, which essentially becones the Loff |ength, becane 480nm In the
third dry etchi ngntiiasppihcticilye mpabethd yaltat éngectirida@ whs clisgibas not
overlap with the gate el ectrode | ayer 305C is etched by about 5.8nm and
becomes a tahinasgk stwaFermd0df. LD rédion tievingeasd URed rebbor 4t agal.&
insulating fil mhas been etched by about 9.0nm A fourth dry etching is

t hen carri eggdon. sébf aakiggdnglyl bht when @ depiegpudnetpr tdevicesilst nask has
a third shape 307C. This resist nask 307C is not renoved and is used as it
i s. The et @stnglipheing Madeartheclenaidd ehthesrerpaienssinthecdanngd out in

t he sane apparatus and the sane chanber. In the fourth dry etching) the
gate el ect t588thgtrecidpe j(hereinrfitarefymRLy At 18dathe ’éf}y rons such

wher e n' ¢ needeer 1 S s Ehador sBYFRY she PR GRS CpRER O AT 1 gt o
el ectrode |o§y@£el Q%J{'a & lﬁﬁ@@ggl dla@f&l.h 81[“{5&%*‘! ?’E’é“h@“‘qb‘t’ﬁi‘ﬁbé Qﬁghe fourth

shape gate el ectro alned as a res ourt etching, a

seni conduckgp 1&g, e8b Gl 318n¥h GRadaes LNOLeRY K laaR sk tdbddi@s gl i | m gat e
el ectrode | ayer across the gate insulating filmbut overlaps with the TaN

fil mogate ebeg¢heofgerpoyeredicMIRA @he Lsemilcd@daston deviidasaguent behird
doping. The Lo" region is forned to a | ength obtained by subtracting the
Lpff | engt msdét erMnerefioby, ttherehiisda drepedefohi the fabdditihetd engitirodf t he LDD

region. In this preferred enbodinent) the | CP power was made 500W the bias

power was #hgevangs afidchehbDRtlemigtl . ciienber longshand ke InndengtiPa. d z,

SF6 and OZ were used for the 65
in each manufacturing process.

The mechanlism by which the LDD region, the L.z region
and the L., region are formed will now be explained again using
Figs. 3A through 3E.

From Fig. 3B, the LDD length is the length of the channel
length direction component of the portion positioned outside
the resist of the tapering part of the second shape gate electrode

layers 305B and 306B formed by the second dry etching: the
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process gas. The flows of the gases Cl2, SF6 and OZ were each 20sccm The
third shape Wfilmgate el ectrode | ayer was selectively etched, and by the
taper angle of the edge thereof being further increased a gate el ectrode

| ayer 306D having a fourth shape, narrower in width than the third shape
gate el ectrode |ayer 306C, was forned. The TaN fil mgate el ectrode | ayer is
only etched by a few nm and a fourth shape gate e7, ectroda | ayer 305D of
substantially the same width as the third shape gate el ectrode | ayer 305C
is formed. The fourth shape gate el ectrode | ayer 305D becones | onger by
420nm on either side of the gate electrode than the gate el ectrode | ayer
306D (840nm over the gate width as a whole), and in this preferred

enbodi ment Iatd bengidyilarihd) Bergth shyewoghiphheh ks astieas ratrode tamwexr ourth dry
etching the %@te insulating filmis etched by about 0.5nm_And the anount

by which t 9Bt ?ﬁ%’&ﬁ%t’i%d"hﬁ FHFP%eJet](ﬁ‘?&‘Jh ﬂi’f?fétiﬂ"r dp t’é%cUﬁch third and
amount_by WHCR teﬁagaii‘%ﬁ?“tﬁn 357 A et BB BRSPS sccona)
enbod nent T ras e B el Te %@ﬁﬁ?ﬁ%%&ﬁ—?ﬂ%*c%%ﬂ Thaeft eHS.dty i th
respect to ,_Ihtg,ecgg;lﬁ &LI 3 ofgbkmm thhu%%ﬂ}ﬂﬁ P@é%ﬂpém ble to

reduce the anount o e gate Ins y about 89$%. 66

After the fourthggr Mtﬁéﬁhdv&ﬂié S fhdirppedengbR BAR! BECEbSErdIa FY/D 1S
renoved. The mask may be r enoved by 02 asking, H20 asking, asking with a
gas m xt ur ecdtrozlang tid)tasd ramglet bf onke ojattehedecgasas sbtainsed r ogen or
a fluorine gas such as CF,, added, or by sone other known nethod such as
renoval wi tthrgughethe firstnandisecpnéfdry etickingsti thatlost Aengtlica@07D was
renoved by OQZ asking using an RIE dry etching, gparat us. By using the

met hod desd seatapsdled kY \Rent3eddiing cthe Fmoumts byavhieh cthe Ghwedt t he sane

shape as in the first preferred
gate electrode layer (the TaN film) is etched, i.e. the etching

time, in the thirddry etching; and the L,y length can be controlled
by controlling the amount by which the upper gate electrode
layer (the W £ilm) 1s etched, 1.e. the etching time, in the
fourth dry etching.

In this connection, with the taper angle of the gate
electrode obtalned through the first and second dry etchings
made 26°, the L, length and the L., length were measured for
different etching times in the third and fourth dry etchings.

The results are shown in Table 3.

Table 3 (etching period and Loff lsngth and Lov length)

sample name| A B C
third etching period [sec] 40| 50} 60
fourth etching period [sec] 40| 30f 20
Loff length [nm] 180 320} 480
l.ov length [nm] 780] 620] 420
LDD lengthinm] 9607 940{ 900
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enbodi nent and to keep the amount by which the gate insulating filmwas
.etched to 9.5nm Although in this preferred enbodi nent SF6 was used in the
etching gas in each of the second, third and fourth dry etchings,
alternatively dry etching may be carried out with conditions in which CFA
is used, as in the first preferred enbodi nent. For exanple, CF4 may be used
inthe first, second and fourth dry etchings and SF6 used only in the third
dry etching. And although here the description has been given using the
exanpl e of a gate el ectrode structure having tantalumnitride as a | ower

| ayer and tungsten as an upper |ayer, the gate structure is not limted to
this, and layers consisting of any el enents sel ected from anbng tungsten)
tantalum titanium nolybdenum silver and copper and so on, or nitrides
havi ng these el enents 67 as constituents, or alloys conbining el ements
anong these) nuay The tutalainickaeks ofathe gatier gl drtabaenagecrdondiisenagl n thi s
preferred enbodinent) with reference to Figs. 9A through 9E, there will be
expl ai ned aOﬁEtthfiIﬁt ¢anduedingt Addm odnd o¥he ngaten ellasitandel lseer conduct or
| ayer having an Lo" gron and an Lo=t region in accordance with the first
preferred eﬁﬁkﬁﬁﬁﬁ%ﬂg PEnERe ntpqand Pﬁﬁﬁ???%PQuﬁ%&@nP?%?|%ﬁﬁ#QQnmthé“@o"

region and the Lo" region substantially equal using . different_ conditions
fromthe fiFR% LRPPeFegifyLengthyime?d Oy Pﬁ‘ge‘éﬂ%hXHd’r@F%ﬂﬁg Yu%ewettct r ode

" the 1 obegten BbPuk Bl it ok ”?ﬁ'gﬁré?ffﬁa?%*fnrﬁ 962 Br gt 1 me

i sl and-shap e fipP9 a first
conducti ng lﬁgfl?n%ggogg ((L'j%lnq{seélcgﬁ co(r%%lfgtéfggﬁ ir} %%Og are %orrreggglr'r a gl ass
substrate 9@dy)ertidn gsphotoresrst mask 907 is fornmed on this. As in the

first preferred enbodi ment) a TaN fil mwas used for the | ower |ayer of the

gate el ectrode ammhen tMd ihirdasnd Fedrinretidh@ngppinied ages .maedgaseey et ching
apparatus having an I CP plasma source or an RIE dry etching apparatus was
used for thendotadtadd ag efalivaxigatef ¢hedieodengtin andetlsalp, Wapgtls i n t he
first preferred enbodi nent, 68 af first dry etching is carried out . The
etching i s endsiudhedeviliffeTbnat Gpubinationshef fpeusesipéetlivehetehtid ng gas;
an | CP power of 500W a bias power of 150W an etching chanber pressure of

| . OPa; and FimR& Wi cRETRGtclit v eafflopeds thas otipn 2B8cErEhd | Gscem

respect | vel Xtching time 1s increased and the fourth etching time is reduced
the Loss length becomes longer and the L,, 1ength becomes shorter.

It was found that with the LDD length made a maximum the Lg¢s

length and the L,y length can be freely controlled by means

of the third and fourth dry etchings.

Preferred Embodiments

First Preferred Embodiment

In this preferred embodiment a process for using the
technology of the invention to make TFTs having n-channel and
p-channel semiconductor layers using five masks and to

manufacture a reflecting-type liquid crystal display will be

40



At this time the Wfilmgate electrode |ayer is etched selectively, and a
first shape gate el ectrode | ayer 906A having a tapering shape of taper
angle 26 forned at its edge is obtained. The TaN fil mgate el ectrode | ayer
is etched by about 13 to l4nmas a result of over-etching of the Wfilm but
remai ns present over the entire face of the substrate, constituting a first
shape gate el ectrode |ayer 905A. In the first dry etching, another gas
sel ected from anong chl ori ne gases such as Cl2 , HCL3 , Sid 4 and CCh ,
fluorine gases such as CF,, SF6 and NF3) and 02, or a m xed gas having
these as main constituents may alternatively be used. At this tinme, because
the first shape gate el ectrode | ayer 905A is present over the entire face
of the subaéseatibed e gataidnsul ating filmis not etched and renains a
first shape gate el ectrode | ayer 904A. Then, in the same way as in the
first preferred (iygsdi BANthroadgh@d) Thethtsipaieferskdbembuinenmeyed) a second
dry etching is carried out. Cl2 and CFA were used for the etching gas; the
| CP power @Gexningl§05D0 WL 737eglrisss sposkra twa$0 hafloaa@wun hdrosdiidebee pressure
was nmade |.OPa; and the respective flows of 69 the gases Cl12 and CF4 were
each nade 9b3%% QT FHINMA-borerhbicafh slaserpporred-aydteAvaRY. 906A are
et ched sinul taneously to form second shape gate el ectrode | ayers 905B and
S06B. AL { RIS AL ITATEALE, (3 BFLIGRE WAASE PRANSRY TEHPFARBIRSELS t | oned
out si de the ﬁaéfa eﬁl ectrgdeul a%er 905B is also etched, and fornms second
A 3978

shape gat e TR r'{'élyfl In the second dry etching, another gas

selected froma h i e S , i 14,

fluori ne gases ;%%%Sgsk%%hr%égg‘a%%aﬁ&?gaﬁ% ézi,ddgbgathn‘?)?eg&sgggt avi ng
these as ngpp &ONMidHaMes THaY 13| L& Patnadel.y PR14IMMbe MMk sbp 1He same way
as in the first preferred enbodi nent, a second doping is carried out. Here,
the first depipr@vieatingeaihd dibfusichOpE Ngnpuities frem the idwdsthabael region
for controlling the threshold characteristic of the TFT after the formation
of the senbfebrmhdimary beyanycimmilsiting Hflm havdngsshlldare asi i matnfil m By
doping with an inpurity inparting the n type, source and drain regions are
f oi ~nned i aonslyentsoauaktas a gkbic@Dxide flims pr8ibleand nditpdde nent)

phosphorus was chosen as the inpurity and doped at a dose of 1.5x1015
at oms/ cnz §HMORHA S&éééPEPA‘tiF‘H@WBF@%é%{ Bypyaska LV o spRttariRg et chi ng

IS carri_edoout._Here I oanICPg£ tehing apparatys Jjs e‘kc_l%‘f nd the dry
et chi ng i s°RRAPFisF% tgbf’f’ﬁd'd’ts“llﬁ g%?ﬁi‘f‘s H’g&' eo%?:ﬁ%c%eéirﬁé%f’ ‘? CF, and
2 were used {QfeddGLLEU03a89S" T 1 SP pROEELr dB SerB3UGméfRt, the
base film was given a two-layer structure.
As a first layer insulating film 502a, a silicon oxide
nitride £film is formed to a thickness of 10 to 200nm (preferably
50 to 100nm) with SiH,, NH; and N,O as the reaction gas. 1In
this preferred embodiment the first layer of the base film
was made a silicon oxide nitride £ilm 502a {(composition Si=32%,
0=27%, N=24%, H=17%) and formed to a thickness of 50nm.
Next, a second layer of base f£ilm 502b 1is formed. A
silicon oxide nitride film 502b 1is formed by plasma CVD to
a thickness of 50 to 200nm (preferably 100 to 150nm) with SiH,

and N,O as the reaction gas. In this preferred embodiment,
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500W the bias power was nade 20W the chanber pressure was nade |.OPa; and
the respective flows of the gases Cl2, CF4 and OZ were made 25sccm 25sccm
and | Gsccm respectively. By etching being carried out with the conditions
used in the fourth dry etching of the first preferred enbodi nent the Wfilm
gate el ectrode layer is etched selectively and a third shape gate el ectrode
| ayer 906C having a larger taper angle than the first and second taper,
shapes is formed. The TaN filmgate el ectrode |layer is hardly etched and
remai ns present, but the TaN filmthat becones exposed as the Wfilmis
etched in the channel length direction is gradually etched fromits edge
and forns a third shape 905C having an extrenely small taper angle of |ess
t han 5. | n atdig itdenrcckidieyn igtrdkdierfd 1m&i0@bluErthgjaknees ¢ 00v (Eonposttotun chl ori ne
gases such as Cl12, BCL3, SiCd4 and CO,, fluorine gases such as CF,,, SF6
and NF3, arfd=Gr3¥.P=39%i N=d3gal=Rb)iwap tfeemedas nai n constituents may
alternatively be used. At this tinme ) the part of the second shape gate
insul ating fil mDors Fesicopdugtentlaverst RR3 sthxanghs RefeamaNdimed gat e

el ectrode layer is etched and forns a third shaggﬂgate insulating film

904C. A t hioRdtRRBRRg fidm Pofr cEPFitde RRLcondraAy YPRE Pf 3sHypdhat e

| ectrode | 906C i Lty td th t is d d
Chrough ¢ he Dfa BORTELSRIamRa st el Hertbe B St Ay et R cuct or

| 909 i 1 i I de |

it does ouhFICEyD B S fnG ang thif cEPELdLi{adh Gl dy SELAO S | EVC!
third shape.gatg: el SetiffRetEsudPRE1086r BRySKST BRIt oABY tndaRAr angl e of

| ess than 5, "as nentioned above, and thus its filmthickness has a

di stributi QiysfRdlizatit espnddepsetaddda t hed  f bt hiskargssrlipela | buti on,
a slight distribution also arises in the inpurity concentration obtained in
the sem comzémitondhater Xeyexrs.eSThé sémidmnduitod daypers) arwwemed this is
smaller than the difference in the inpurity concentration between the Lots
regi on and tcha Yhgicknegsorf W13 to 89nmstrrefenahdyf3¢ & ¢inster r Y thdiFodi ment .

In this preferred enbodi nent phosphorus was chosen as the inpurity and
doped to a tdB8€esbilepnsor03shtiGen grpmaRtyn 2419¥ ks OrafPRgblv of 90kV,
wher eby an n- e L region 909 with an inpurity concentration | ower than
that of th€ss%égc%e ’H&ﬁ%ﬁrrﬂﬁF%ﬁ§HQO8 is formed in the sem conductor

| ayer 909. A fourt ry_eteghing, i s . then carried out. hir.d shape gate
el ectrode | ayer g‘bgeqT%pﬁ?gﬁléroaq% 8'“?8'?%"%“ ‘oart “"sﬂ’éﬁé‘lggi‘é %jllgi

on
% ode | ayer

905D. The 6446 .ak ehifiek Rb53nibdRe adfth BvEhRE thOHE sbW Lo tatning

nickel was held over the noncrystalline sillicon f£ilm. This
noncrystalline silicon film was dehydrogenated by being
heat-treated for 1 hour in an oven heated to 500°, after which
the temperature of the oven was ralsed and crystallization

carried out for 4 hours at 550°. To further promote

crystallization a linear annealing process was carried out,
and a crystalline silicon film was obtained.

In the forming of the noncrystalline silicon f£ilm, to
prevent contamilnation by impurities at the interfaces between
the first and second layer base films 502a and 502b and the

semiconductor layers 503 through 507, preferably the films
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has a tapering shape, and by dry etching being carried out anisotropically
the third shape TaN filmgate electrode |layer is gradually etched fromits
edge toward the position where it overlaps with the third shape gate

el ectrode | ayer 906C, 72 so that the width of the fourth shape gate

el ectrode | ayer 905D thus fornmed is narrower than that of the third shape
gate electrode |layer 905C. As a result of the fourth dry etching, part of
the LDD region 909, all of which had overl apped with the third shape gate
el ectrode | ayer 905C, cones to be positioned outside the fourth shape gate
el ectrode. Consequently, the LDD region 909 becones an Lof! region 910 and
an Lo" region 911. However. because the TaN filmgate electrode layer is a
thin film RE¢ fHrAA SANsSRRL)VeRE| 10 (thee Samp gPhamier @8cRhagS¥Bh@Tt i ons
which result in a high tching?rate are used there is a possihility of the

TaN fil m béPRfEiaredt PRy VAT, E N PRGURtEARFEPRERT LR t he
f th d hi i ed i I.lel .flat. plate t R E d
etohi ng. ao Bt APHE CoHE SRt Tate. Being Wxplela Rl g asmelbngrde® VEE NLF OV
800 d 35 f i i i t

W and a 35scgin )lé)g%sg{ax?:%%rg§ BPetﬁIsfﬂhénz&%t%iinUeEf%é%d Se i

particul arly necessary dry etc apparat us e ‘used) and

al ternativeleyeanmhGadlr byot %Bb@glmﬂiﬂ NBYa D& Hesedsihaldliapdd M al nost
all of the gate insulating film904C which did not overlap with the third
shape gat e sgh@ebh@tletdny&FeXb63 ithirehs07 wBrk Forhedbytabl ytaiialy.ng, but
even if this gate insulating filmis etched through conpletely this does
not constit ebe therdiy emdhinghebyaCEf act anetlvér tfimcgdmiec gadustdrodevi ce.
The reason for this is that because CHF3 is being used 73 as the etching
gas the gateingsused ifiog thepregessecgescHde scyetalidae silieon dbidact to the
silicon of the sem conductor |ayer. And because al so when a contact hole
for connectliisngtaked hogekbaraytth ther Bpkrrasist &P tthathéhecedgmm@dct or | ayer
is formed, in the etching of the silicon oxide nitride filmwhich is the

first interPgyfeMirRBERGEI MY IIHIT MRt IRI IR A R BRIR TSR |

condi tions ,cap be use such_as such t _silic id itride
filmis etdfe %%P(Ia???:\t/%? f/‘& %eeng %u%?ﬁiéf'gkf'}h sofa%gticlhs?%ga%é\nn?ﬁf 3 there is
| nsuffici ey hQgePl thBfed Al {4 Jhofl CohRH1 IBY e PEr£Ed bibsh gt O S tO
20 seconds tﬁ%?%gngﬁggtch?pgegas 0 %%’LOZ Cr,, aﬁg 82 to pre-etch the TaN

fil m bef or gnbherwitainife ¥ {11 P Ind was ldticBdd A ing hh RIE! &pdQithlsh dry
etching the photoresist 907 is renoved. By applying this preferred

enbodi ment wient B8 btéingIambeedpeedathd®IF 18 3P8, PAS RB | powedr BEKE a

sem conduct or device having an Lofr region and an Lo" region using five
masks, as isnowhe andr St,=p6etem| edFesHadicnerds timel procespogasbl @antlo nmake a
sem conduct or device wherein the inpurity concentrations of the Lotr region
and t he Lo'semigbpiuctar dayexs 503 through 507 made from the crystalline )

silicon f£ilm having a tapering shape with a taper angle of
22 to 38° at thelr edges were formed.

For threshold wvalue control of the TFTs, 1in the
semiconductor layers 503 through 507, a small quantity of an
‘1mpur1ty element (a group 13 atom such as boron or a group
15 atom such as phosphorus) may be added to the channel regions.

In this preferred embodiment, boron was doped into the
semiconductor layers 503 through 507 over their entire faces

to a dose of 5x10*® atoms/cm? and with an accelerating voltage
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Al t hough here the description has been given using the exanple of a gate

el ectrode structure having tantalumnitride as a | ower |ayer and tungsten
as an upper |layer, the gate structure is not limted to this , and | ayers
consisting of any elenents selected from anong tungsten, tantal um
titanium nolybdenun) 7a  silver and copper and so on, or nitrides having
these el enents as constituents , or alloys conbining el enents anong these
may be suitably selected. Fourth Preferred Enbodinent In this preferred
enbodi nent) with reference to Figs. 9A through 9E) there will be explai ned
a method for, in the formng of the gate el ectrode by dry etching in the
third preferred enbodi nent, using SF6 in the etching gas to obtain a higher
sel ectivit9Efw®V respect to the gate insulating film The steps of this
preferred enbodi nent other than the steps,for formng the gate el ectrode
are exactly the BaFeadrpilphtrg iy BPEf%?r%RFW&ﬁbBBiﬁEﬁts Take first
preferred enbodi.nent. and.therefo AR e sGri b in_here. In the
same way aSCi T e PhTT lfﬁg?@%?éﬁ“%%ﬁgd?%%ﬁgfSaﬁ'ﬁﬁgh%gt?ﬁg'prﬁ1goz)
crystalling_igl isia ' dygct O3n1 &L J laging film
904, a fir talc;é:on uct 1 ngl%?ifﬁ}inmgggga%% fagrsnlee?cl)‘r%\g %Ogaﬁctl ng£fc!fln%ldggé are
formed on 356h@%s1AY RN 62 a3 metrdAts PR bOhSHA SV Bisép P eringh Or Med on
this. As inthe third preferred enbodinment, a TaN fil mwas used for the

| ower | ayeraoftidimagaireat! 6£t tixlgyjaradinasulifidgneaam, usebhiide ireaupper

|l ayer. And as in the third preferred enbodi ment a dry etchi ng apparatus
havi ng an hfPrjdesmmsietiing nrindly &F Eidricost, chr mp appdeatfisa wasalised for
the dry etching 75 of the gate electrode. Afirst dry etching is carried
out . The e&vehi ag itantah@uceedaiminum As wed. N Pidshainefersed for the
etching gas ; an | CP power of 500W a bias pdwer of 150V% an et ching
chanber pr 858ediment | a gdgicapditzifde filpe( FMpRSisLon $d=328eO=6P, CF4, and
Oz of 25scgrn, 25sccmand. | Gscem At _this tine, the VVfiin1 ate el ectrode
Cayer i s olEhbyTERdcrRT AGFROGNEP & EPOMRIRAE hHW BFRIIBH: P hyer 906A
havi ng a taperin ape_of _taper angle 26 for t, i e i.S,0btai ned.
The TaN fi ?%n%argtquc F%%%ézfegd)e/eep %l‘)gi% I(‘:‘f’u'e %ﬁgggﬁgu%n%®%%§%g4ﬁ%has a result

of over - et ghj f i r LS t i face of
o sonars S L e RaNALITS il SEpLER sinest myeiinaonti 1

ape gate el ectrode | ayer
may be a structure of two or more layers of £llm selected from

insulating films consisting mainly of silicon or oxide films
of metals such as tantalum and aluminum.

And when a silicon oxide film 1is used, it can be formed
by plasma CVD by mixing TEOS (Tetraethyl Orthosilicate) and
0, and effecting electrical discharge at a reaction pressure
of 40Pa, a substrate temperature of 300 to 400°, and a
high-frequency (13.5MHz) power density of 0.5 to 0.8 W/cm?.
Good characteristics can be obtained from a silicon oxide
film made in this way by thermally annealing it thereafter
at 400 to 500°C.

Next, a £first conducting £ilm 509 and a second conducting

film 510 are formed on the gate insulating £ilm 508. For each
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At this tinme, because the first shape gate el ectrode |ayer 905A i s present
over the entire face of the substrate, the gate insulating filmis not
etched and remains a first shape gate el ectrode |ayer 904A. Cl2, SF6 and 02
may alternatively be used for the etching gas in the first dry etching.
Then, w thout the resist mask being renoved, a second dry etching is
carried out . Clz and SF6 were used for the etching gas; the | CP power was
made 500W the bias power was made 10W the etching chanber pressure was
made | .3Pa; and the flows of the gases Clz and SF6 were made | Gsccm and
50sccmrespectively. The first shape gate el ectrode | ayer 905A and the
first shape 76 gate el ectrode | ayer 906B are etched sinultaneously and

f or m secondfsithpecontustdingcf+ bk al mgtesiJ0bBvingl 19968 s g tivility andre, t he
part of the first conducting film 905A positioned outside the Wfilmis

et ched for haydpg Beabuenaistantects dagirable, eadothevenrhifarmedsfxores of the
TaN filmconpletely, an over-etching of 15 seconds is carried out. In this

over-etchi mP ehemeat e sedestadi nfram | fogavenndéppeatyn: hdéi§apbue ect r ode

| ayer 905A i t.ched. by .3. 2nm and becones a second, shape gate i nsulatin
£11m 904p, TghvPasHuE, BLIyeFy and CoRDeR ARASP Sllr A PAFELYS FEDERIRINGO N ng i s
t ak to b i i t i i f [ i th
L eehord i S2ERSsE NI ad" ok Tah MLUAAL LA B Yool B fiRRLIGR 11 N0 D

sen conductyyfeded¥@bmedys dOPiNg Wi th an inpurity inparting the n type,
source and drain regions are forned in the sem conductor |ayer 908. In this

preferred enbodi #REIE1HIIOSHRQESELNAE1EHGIDNaRE tHACsbEOUY lcbxdaeéuﬂ_ﬁged at a
dose of 1.5x1015 atonms/cn2 with an accel erating vol tage of 80kV. xt, a

third dry etialn 800 aftekr swssdpiientHeteps| FanatidriCBsdgarecbabBetfodgparat us i s
used) and the dry etching is carried out wi thout the resist nmask being
renoved. CHnhd SEGeaddtéfcommecticmd.f oltt he atcharartgadzihgefédFugrower was
made 500W the bias power was made 10W the etching chanber pressure was
made | . 3Pa;ofaills Hnveaddent that thewgats electpedehag two Jpgeznnd ald were each

made 20sccm 77
here the gate electrode has a lower gate electrode layer

consistingof the first conducting£film509 andhavinga thickness
of 20 to 100nm and an upper gate electrode layer consisting
of the second conducting film 510 and having a thickness of
100 to 400nm.

In this preferred embodiment TaN was chosen for the first
conducting film 509, and formed to a thickness of 30nm by
sputtering. The secondconductingf£ilm5101ispreferably formed
with the same apparatus as the apparatus used for forming the
first conducting £11m 509 and i s preferably formed consecutively
in an apparatus having a plurality of targets in a single
film-forming chamber or an apparatus having a plurality of
film-forming chambers. This 1s so as to form the films
consecutively 1in the same apparatus wilithout exposing the

substrate to the atmosphere and thereby prevent the occurrence
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As a result of the bias power being made smaller than in the first dry
etching, the Wfilmgate electrode |ayer is etched selectively and a third
shape gate el ectrode | ayer 906C having a |larger taper angle than in the
first and second shapes is obtained. The TaN fiLn gate el ectrode |ayer is
hardly etched at all and remains present ) but the TaN filmthat becones
exposed as the Wfilmis etched in the channel length direction is
gradually etched fromits edge and assunes a third shape 905C havi ng an
extrenely small taper angle of less than 5. At this tine, the part of the
second shape gate insulating fil m904H positioned outside the TaN filmgate
el ectrode layer is etched by 37.3, and a third shape gate insulating film
904C i s forafed¢onptaminaginn tbyofimphrl tteshiofg tbar ineerfmge detween tthe gate
insulating fil mhas been etched by 40.5nm Whereas in the third preferred
enbodi nent fixstgeerdygisingaf L by 509 andddecsesenfl spnanetin®£1iamMmit t he
first, second and third etchings, in this preferred enbodi nent) by using
SF6) it was possTBrEsten {¥duvas ighosgrolar e RRFeRA tandysting ting film

i tched b bout 42$. Next third dopi i i ed t. Usi th

It?\i ?dcsﬁap @gﬁggel‘fgﬂ?‘&d@gl%ytg?l%rgﬁsaggggﬁ%fﬁ,a arﬁ’r :bgf'pﬁg#ﬁ/e*f’rﬁ?g?ti ng t he
t i jnt h t of th

Cen Conductor oy B8 Bt M 3380 b8 K bR Blad? cVnl\ ebyldiey | ©f 1

el ectrode | §tDUls 13652 Yile @Pe(w:ztghe?§a¥e1t:,hQ:h-£aHs§i§ﬁ!vgﬁ Sofligfel r ode

| ayer. The edge of the thirtd shape gate electrode [ ayer 905C has an

extrenmely SypEdin dinfla BaRbst 014w ERN In)tnds praRbLLPESEmBRPMEntaNd t hus

its filmthickness has a distribution. In correspondence with that film

t hi ckness diystusiLhgta 099. 999k ght 99lj oy iptrbi Gingdtn ahirges amd tdiso Npurity
concentration obtained in the sem conductor |layer as a result of the third
dopi ng; howewdng ample | attriilogr tohensetinglithfagr ¢herei hs tie miRdug t y
concentration between the Lor= region and the Log, region which arises in
the first pfefepuebtiasmdgrncthe ga5 phase sluaiagr EblnnfissaiREnt1HpweSphor us was
chosen as the inpurity and doped to a dose of 3.5x1012 atons/cn2 with an
accel erat i rl’g’sﬁéggag@ greaddiee, avFRIALVARYNOE yDH et BOBPEASE-on 909 Wi th an
impurity concentration |ower than that of .the. source and drain_regions 908
P or med 1 -t heVGKh: BEHRHE BoY el b RS PRR Y Ihgr LS PRSEHAPIYS t hon
carried ou T [ t o I ' to forma
fourth shat)tgegg?]égglc{?c dﬁgggg?g@lér?" gbgéﬂ#ﬂ:geegé(gg%f%? Eghgﬁﬁ% Shape gate

el ectrode Isa)éera1.995<a:13aseegﬁ@cpertbngfémpgmtandemc&rdaegt cihdg Jagkng carried
out anisotropically the third shape TaN filmgate el ectrode | ayer is

gradual |y ahtbedohtiedtidns .cdgesiomnmidbkisna100Thicb@dh WET eartd fdemeldaps Wit h
the third shape gate el ectrode | ayer 906C) so that the wdth of the fourth
shape gat e onl gbher sekoridaywondd®ting £ilm 510.
In this preferred embodiment, a dry etching apparatus
having an ICP (Inductively Coupled Plasma) plasma source was
used for the dry etching of the gate electrodes. This will
be explained here with reference to Figs. 3A through 3E, Figs.
- 5A through 5C and Figs. 6A through 6C. In Figs. 3A through
3E, a gate electrode layer 305, a gate electrode layer 306,
a gate insulating £ilm 304 and a photoresist 307 after different

dry etchings are shown in detail. In the first dry etching

step the second conducting film 306A is selectively etched
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905D thus formed is narrower than that of the third shape gate el ectrode

| ayer 905C. As a result of the fourth dry etching, part of the LDD region
909, all of which had overlapped with the third shape gate el ectrode | ayer
905C, cones to be positioned outside the fourth shape gate el ectrode.
Consequently, the LDD region 909 becones an Lof! region 910 and an Lo,,
region 911. However, because the gate electrode layer 905C is a thin film
(TaN fiLn) having an extrenely small taper angle, if etching conditions
which result in a high etching rate are used there is a possibility of the
gate el ectrode | ayer 905C being etched away entirely. In this preferred
enbodi nent the fourth dry etching was carried out using a parallel flat

pl ate type && alrgatst clievgragpalayers 35 wintih aagahanbetegponasde €onf 6. 7Pa)
an RF power of 800W and a 35sccmflow of CHF3 as the etching gas. At this
ti me al nost layer .odnd pagagated ectrotieliangr SObMaB04aQatle bitaticdnnectborr| ap with
the third shape gate electrode |ayer 905C is etched in the fourth dry

et chi ng, bulaxemn havipgi £1xgh shapea) ayendormedy | IneFiged Ihtbughgonpl etel vy
this does not constitute a problemin the manufacture of the sem conductor
devi ce. The3F eRipihpHatefleGtrofnds howny S2dieqte tarroneeataent he

et ching gas, t he ag\ep i nsulating filmcan be etched selectively wth respect
to the sem {‘,%rfb‘l}%ts “Payer (silicon). And because al so when a contact hole

for connecting %&Q?Jé&?ggﬁ%@%Eﬂﬂéfﬁg%&%ﬂn%o&@gtiﬁgCO”dUCt or

| ayer is fornmed, 1n the etching o e Si n e nrtri m which is

the first i pl&@r1@ YowedSwhal hBde f3ddR,| tnbNB1hL T Sdwdl 8/’ mBHeCTHGH] MENT,
conditions can be used, such as CHF3) such that silicon oxide nitride film

is etched sehe@ticnehy cviidier Brobégrdivad maacticorag aid le1CHRF tapde s
insufficient etching of the TaN film etching may be carried out for 5 to

20 seconds oisivege aitsedl EbirNthe) @*o00bs&lgas,. CFthe #n6w&oft @hprgasssclelt he TaN
filmbefore the etching with CHF3 is carried out. And SF6 can be used

i nst ead of @h4andfOerespectivelh wary @bsbemg ASsecphatdr¥x=aem.907 i s
removed. By using this nmethod it was possible to forma gate el ectrode of
the same shape adlerg.tthe tungsten.cveigheds diisosiesrnt corferting Bhdbunt by

whi ch t he g;;;lte i nsul atig‘g filmhad been etched at the end of the third dry

et chi ng was*3&FelEGhAvetY Rt WaR APEnd PeFdre FRAPYISQVPHt RokePRE been
iven using the exanple of a gate electrqde structure having tantalum

g: ;/ri dg ;as?a@i‘qqﬁ/\@é Egté‘?asaﬁﬂrgﬁﬁig%tt é?sagggﬂ' uﬂ'Bger%’ylé'F ,°\gt ﬁgeg%ﬁee s'tjr ucture
s not 11 mdatd8qbhls) (8R0LAALS FAAShSBIAML 3Nk bsiER!Se Slect ed from
anong tungsten, tantalum Ttrtanidm nolybdenum silver and coppér and so

on, or nitrgldﬁ:%saa@aagcbheafnﬁ_lgeragmtﬁeaétam? ida4@NbE Bl t@h§S¥esh combi ni ng
el enents anong these may be suitably selected. By using the present
invention idises padsithbeetéhimbriaiat ef the TaN film falls, and as a
result of the blas power being set to 150W a gate electrode
having a small taper angle is formed.
In the first dry etching, another gas selected from among
chlorine gases such as Cl,, BCL;, SiCl, and CCl,, fluorine gases
such as CF,;, SFs and NF;, and 0,, or a mixed gas having these
as main constituents may alternatively pe used.
Because the gate electrode layer 305A 1s only etched

about 13 to 14nm by the over-etching of the gate electrode

layer 306A and remains present over the entire face of the
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81 self-aligningly a TFT having a GOLD structure and to reduce the nunber
of masks and t he nunber of manufacturing steps needed to nmake this kind of
TFT. The characteristics of a sem conductor device having this TFT are

i mproved; its manufacturing cost is reduced; the tine needed to nmanufacture
t he device can be shortened; and yield can be inproved. By neans of this
invention it is possible to manufacture an n-channel TFT and a p-channel
TFT having a GOLD structure using only five masks. Fifth Preferred

Enbodi nrent A TFT fornmed by inpl ementi ng Enbodi nent 1 or 2 nentioned above
is utilized for various electro-optical devices (active matrix liquid
crystal display) active matrix EL display, active matrix EC display).

Nanel y, thesymsesats, itheegatednsalabingFilmeppsidighédoinddmaeatbiie

equi pnments i ncorporating the electro-optical device in its display portion.
The fol | owigRFecatederafiey bavers 3ARAMSA BRt stchad angd kas thAi hapgushEnt s: a
video canera; a digital canera; a projector; a head nounted display ( a

goggl e type'idihs fhgyreference, nuparal 394y system a car audio system a

| ter; bl.e.inf ti t ] nal h il
Cormuter , a mobi PELePa R e el Bt Ber S Ao 1hE BndfafetB of (hose
Lontron! : . . | d.1 ™
I st rat odvink BEEhE bEadtitl h hrbtOBnapd aorh 33 a Teshifiof Me )

i mage i npute Rt Weh SQQANg .2 FHAPIRRLBLESL AN 389831 s hdte¥eRBFEE Af04, or the

| i ke. The present invention can be applied to the display portion 2003.
Fig. 10B ilidisiseat 86 £ visleors amy atdhind) thecboAest PontakeboRyngdldl, a

di splay portion 2102, an audio input portion 2103, operation swtches 2104,
a battery 205 thanproesss neceanrigl patt lortliz]@éme appadatulsi kaed tHee present
invention can be applied to the display portion 2102. , Fig. 10C

i I I ustrat essamenghamberonput er which includes a main body 2201, a canera
section 2202) an inmge receiving section 2203 ( operation switches 2204 , a
di spl ay portion 2808 resilt @€ theechangesptesEhe RIRGATS AScarA P&eapplied to

the display portion 2205. Fig . 10D illustrates a %g?%]e tige di spl ay which
i ncl udes a BRASESHoERPIHPions1Rithe atching thy Tadhst teheirarsts i on 2303.

TP ST TR (B0 AR G gLl BB " Zeia P 0 10F
simultaneously, and a gate electrode layer 305B and a gate
electrode layer 306B having a second shape are formed. In
this preferred embodiment, the ICP power was made 500W, the
bias power was made 20W, the etching chamber pressure was made
1.0Pa, and Cl,; and CF, were used for the process gas. The flows
of the gases Cl, and CF, were each 30sccm.

As a result of the bias power being made smaller than
in the first dry etching, the taper angle of the edge of the
gate electrode becomes larger and the width of the gate electi.ode
narrows. And because the process gas does not contain O; the
tungsten and the TaN film are etched at the same time, and

a gate electrode layer 305B and a gate electrode layer 306B

having a second shape are formed. In the second dry etching
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whi ch records a program (hereinafter referred to as a recordi ng nedium and
i ncludes a main body 2401, a display portion 2402, a speaker section 2403,.
a recordi ng nedi um 2404, and operation sw tches 2405. This player uses DVD
(digital versatile disc), CD, etc. for the recording nedium and can be
used for nusic appreciation) filmappreciation, ganes and Internet. The
present invention can be applied to the display portion 2402. 83 Fig. 10F
illustrates a digital camera which includes a main body 2501 ( a display
portion 2502 , a view finder portion 2503 ) operation switches 2504 ) and
an i mage receiving section (not shown in the figure) . The present

i nvention can be applied to the display portion 2502. Fig. 11Ais a front
type proj ectine gatiechinsutatihes £fdlpr 304X disi ehclisyiabou26D8 . &ind a5s8neen 2602 .
The present invention can be applied to the liquid crystal display device
280B whi ch ardrdcamesopespernd ghape gate pinsjudatiing fitm 048601 and ot her
driving circuits. Fig. 11Bis a rear type proLector whi ch includes a nmain
body 2701, a pr oj®ctien S@EOPL DY, o2tching;, - pgpthep) PFas, jpleciefeEROD704 . The

t i ti b lied. t Lgui tal . displ [ 2808
i ch corpr PR BRISEATS FRREBERe bS] B Fin el a8 51a: BRUEERSr “arivi ng
i its. F i i Leh t t f
the.pr of ect Poreanihe 8s Jgf "She BthYF sy R0 "PEAN ek Rad VIR O
devi ces 260511@&9 o Ya1608Dh 4 Sftuedt sORhy Gl trndRive Py NS wikgt em 2801,

mrrors 2802 and 2804 to 2806; a dichroic mrror 2803, a prism 2807, a
liquid crystal dithial hrédeyieCend89énicbridbassr disf&F eitdraldppdng! @i€n 2809; and
a projection optical system 28l 0. The projection optical system 2810

conpri ses atipd uegleixtiyygopanptof ahel snsersd ehapeggateral ectitode hensss Though
the present enbodi nent shows an exanple of 3-plate type, the present

i nventi on ithengateilmisndating £him begames andPD regipnwhamag|sabgeguent ype nay
be used for instance. Further, an operator may apg;opriately di spose an

optical | enthyrd dapipowhs cparried oufinctibiihdls pEeEeTRAd |[empREimant i | m which

adjusts a phase difference and an IR film etc in the optical path shown by
an arrow i nbcf_qad:gselfe_e gate insulating f£ilm thickness is 400nm and the

taper angle 1s about 26°, the length of the LDD region is about
820nm plus the approximately 100nm by which the resist mask
is etched in the channel direction.

As a result of the second dry etching the resist mask
assumes a second shape 307B. Without this resist mask 307B
being removed, a second doping step 1s carried out, to form
an n-channel semiconductor layer. An impurity element (a group
15 element such as phosphorus or arsenic) 1.mpart.1ng the n type
is doped into a source region and a drain region with the second
shape gate electrode as a mask.

In this preferred embodiment, phosphorus was doped at
a dose of 1.5x10'® atoms/cm? with an accelerating voltage of
80kV, whereby source or drain reglons 308 of impurity

concentration 1x10%° to 1x10?'! atoms/cm® were formed. (Fig.

49



Fig. 11D is a diagram showi ng an exanple of a structure of the optical

| i ght source system 2801 of Fig. 11C. In the present enbodi nent the optical
| i ght source system 2801 conprises: a reflector 281l; a light source 2812;

| ens arrays 28| 3 and 28l 4; a pol arizes conversion el ement 2815; and a
condenser |ens 2816. Note that the optical |ight source system shown in
Fig. 11D is nerely an exanple and the structure is not limted to this
exanpl e. For instance, an operator may appropriately di spose an opti cal

l ens, a filmwhich has a function to polarize light) a filmwhich adjusts a
phase difference and an IRfilm etc. In the pro jector shown in Fig. 11, a
case where a transm ssion type electro-optical device is used is described
and a refl edBlon type el ectro-optical device and an EL display device are
not described. _ Fig. 12A is a portable tel ephone which includes a main
body 2901, a voi ddouBBucopresnands2$02Fig. \&i:cdébengacopdrihane 2908, a

di splay portion 2904, operation swtches 2905, and an antenna 2906. The
present inveleFErPdedaBer 3R SOTresPoNdsyitophLy tiauehn526pandithe Fig. 12B

is a portable electronic hook mgi h incl udes i n..hody 3001, display
portions 30§?t%nﬂf%'6'f)‘§’,d°atﬁr?€r?ﬁr oﬁgdf’ﬁﬁF%’?Rfﬂ’,d%a}%o &%at'i)%r?% £ -3005 and
an ant enna h re t sLRVEN | i . .spl ay
portions 30 ‘g‘gg%%gs‘éﬁg 'Ié—lﬂg; 528 |s_5§15'l |splr‘§$ \ |cﬁ‘ilgﬁrg?ﬁ%£§1ag;e%§i'n body
3101) a suppd tHeARGu3dl2or A¥hi1R %ﬁ%@y Mttmeughoﬁn &ddrrebponAr €sent

i nvention can be applied to the display portion 3103. The display of the
present inveatsnN thsoagdasdAgentReddy, 33baLgea Fol@ceCirégion n@hbtcul ar,
such as a display equal to or greater than 10 inches ( especially equal to
or greater aharaiiD deydbas) in the opposite angle. As nentioned above, the
application range of the present invention is extrenely wide ) and the

i nvention can be Ngx¥.i @#dthout| the repsigtemaBhnbeing i remdved,| @ abirfurt her,
any constitution of the electronic equipnents shown in Enbodinment 1 or 2
may be enpl 3yeetshimgbFreredt SarFipd Wty elRNEPS NG WY efshing
Iight-shieldiquﬁortion is fornmed froma lam nation filmcaonsisting of two

| ayers of tRECREMQPEEORGFRARe gate glegtrgde layer 405 andgateelectpeng - to
the present, | Ve 6B ard 53t e2indd! Tnd9a2s8' 3% +1BLELXg part whose

taper angle was 26° in the second shape assumes a larger angle,

and a gate electrode layer 305C and a gate electrode layer

306C of a third shape are formed.

A semiconductor layer region 314 which does not overlap
with the third shape gate electrode layer 305C but overlaps
with the second shape gate electrode layer 305B becomes an
Loss region as a result of the subsequent third doping step .

The amount by which the gate electrode layer 305C is etched
in the channel length direction and the length of the Lyss region
are controlled by way of the third dry etching time.

As the etching apparatus, an ICP dry etching apparatus
was again used. As the etching conditions, the ICP power was

made 500W, the blas power was made 20W, and the etching chamber
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can be omtted. 86 WHAT IS CLAIMED IS: 1 . A nethod for manufacturing a
sem conduct or device including a sem conductor |ayer forned over an

i nsulating surface, an insulating filmfornmed over the sem conductor |ayer,
and a gate el ectrode fornmed over the insulating film the nethod
conprising: a first step of form ng a sem conductor |ayer over an

I nsul ating surface; a second step of formng an insulating film over the
sem conductor layer; and a third step of formng over the insulating filma
gate el ectrode made up of a first conducting | ayer and a second conducti ng
| ayer having at its edge a taper angl e larger than a taper angle at the
edge of the first conducting | ayer. net hod according to claim 14, wherein
t he edge ofPW%ém%WBGEtbroﬁaaye?lzh%%d &Fp é’ﬁé‘Pl PRP% apethesprogesst hod

according to cla _1§ whe e n the w %ﬁ second c nggctl ng layer is
narrower t I¥&F- thg‘mﬁn LA%81 ot h ?lﬁ’%ﬁes dua’ﬁln 4 3PEP 8 cem.

The second shape gate electrode layers 305B, 306B were etched,

and third shape gate electrode layers 305C, 306C were formed

as described above. At this time, the etching time was adjusted

so that the amount by which the gate electrode layer 305C was

etched in the channel lengthdirection, whichessentiallybecomes

the Loss length, became 480nm.

In the third dry etching, another gas selected from among
chlorine gases such as Cl,, BCL;, SiCl, and CCl4, fluorine gases
such as CF,, SFs and NF;, and 0, or a mixed gas having these
as maln constituents may alternatively be used.

In the third dry etching the part of the gate insulating
film which does not overlap with the gate electrode layer 305C
is etched to form a third shape gate insulating £ilm 304C.

A fourth dry etching is then carried out. As a result
of the third dry etching, the resist mask has a third shape
307C. This resist mask 307C is not removed and 1is used as
it i1s. The etching conditions are changed and the process
1s carried out in the same apparatus and the same chamber.
In the fourth dry etching, the gate electrode layer 306C 1is
selectively etched again. By conditions such that the gate
electrode layer 305C is not etched being used, a shape wherein
the gate electrode layer 305C is longer than the gate electrode

layer 306C in the channel length direction is obtained.
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4 . A nethod according to claim14 , wherein in the third step the gate

el ectrode is fornmed by carrying out dry etching using a chlorine-based gas
and a fluorine-based gas or a chlorine-based gas and a fl uorine-based gas
and Oz and then carrying out dry etching using a chlorine-based gas and a
fluorine-based gas and OZ . 5 . A nethod according to claim17 , wherein
the chlorine-based gas is a gas selected fromthe group consisting of d z,
BCL3, Sid,, and CO~ . 6. A nethod according to claim 17, wherein the
fluorine-based gas is a gas selected fromthe group consisting of CF4, SF6
and NF3. 7. A sem conductor device conprising: and a sem conductor | ayer
provi ded over an insulatinghsurface; an insulating filnufrovided over the

seni conduct or | ajRrtheafgarEh Ahape, gate slectuede QPEALPAR dhhauFetiily film
wh in th | ect h | d .st { d f first
Conduct | ng Eayep Eorert din Heatrane TayEPrdft e SRR Baftn i | ayer
constituting,af figggrn&ﬁ%‘?feggggo?fgxhﬁea% el $m & %1%@Q§Bd§nﬂ£e(f ggger

t han a taper ang e at the e I rst con uctlng Iayer, _
wherei n t he3edkCaNAYata 1Mt 1HgSF AnCHeN RRerl 28 WAGn! BH @ANOMAK appi ng

wi th the second conducting |ayer, and has an LDD region overlapping with
the first gardunldcitgolaiaferdadoias ad L5PHégFoN BiPh 8GbaASGueIRSASH AT N I egi on.

The Lo,y region is formed to a length obtalined by subtracting
the Lose length determined by the third dry etching from the
length of the LDD region.

In this preferred embodiment, the ICP power was made
500W, the blas power was made 20W, and the etching chamber
pressure was made 1.0Pa. Cl;, CF, and O, were used for the
process gas. The flows of the gases Cl,, CF, and O, were 25sccm,
25sccm and 10sccm respectively. The third shape W film gate
electrode layer was selectively etched, and by the taper angle
of the edge thereof being further increased a gate electrode
layer 306D having a fourth shape, narrower 1in width than the
third shape gate electrode layer 306C, was formed.

The TaN film gate electrode layer is only etched about
7nm, and a fourth shape gate electrode layer 305D of substantially
the same width as the third shape gate electrode layer 305C
is formed.

The fourth shape gate electrode layer 305D becomes longer
by 420nm on either side of the gate electrode than the gate
electrode layer 306D (840nm over the gate width as a whole),

and in this preferred embodiment a L., region 313 of length
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8. A device according to claim 24, wherein the edge of the sem conductor

| ayer has a tapering shape. 9. A device according to claim25, wherein the
edge of the sem conductor layer is covered by an insulating film provided
bet ween the gate el ectrode and the sem conductor |ayer. 10. A device
according to claim 26, wherein the insulating filmhas a tapering shape in
the proximty of the gate el ectrode. -89 11. A nethod for manufacturing a
sem conduct or device including a se<iconductor |ayer forned over an

Insul ating surface) an insulating filmforned over the sem conductor |ayer,
and a gate el ectrode fornmed over the insulating film the nethod
conprising: a first step.of _formng a sem conductor |ayer over an

i nsul ating $2MPhEs 8b§géﬁﬁﬁ'step of formng an insulating filmover the

sem conductor layer;.and a thicrd step .of far over the insulating filma
gate el ectrode néﬁbtﬁﬁ gPuﬁkgirs %&éﬁﬁﬁﬁﬁ ﬁagkggﬁrg%ﬁufiae éggn%r?anducting

| ayer havingu gty ch$of: gssaawcﬁ@&g,! Beger ﬁiéf.naﬂafc%g?r fﬁﬁggfnét the

edge of the tirst conducfing |ayer erein the sem conductor device is

sel ected fromdhe dhodl €PNSkP] idih RF, 2 A 8PNYr GOAPREEJas2nti iR canera,
a nobile conputer, a goggle type dlspray) a player using a recording

medi um) a digédalast MEaRHACoRs P ientisemai oAt erRhak@bBP| s @lse@t.r oni ¢ book, and
a display. 12. A nethod according to claim28) wherein the edge of the

sem conduct or | aydyg.hap eotrwgxpondg shapeg. 15%: Ahsefduckchapdi ggtéo cl ai m
28, wherein the width of the second conducting | ayer is narrower than the
wi dt h of t heléctxidecdavectIhP cayrespdnis Aong3hddravebrit4rg and thai m 28)
wherein in the third step the gate electrode is formed by carrying out dry

et chi ng usi 8@t eNYmode- Jayeq FAsPaRETETRANGS 10- F4SeFhgaydl  Sal-
oo e baece S 1, A LA SRR AR T o PR sESY 19 O

15. A method accqrding, Lo Sl A3} o WIEES 1D £408 K04 O thO$nR338ds1 80

mask 307D is removed. The mask may be removed by O, ashing,

H,O0 ashing, ashing with a gas mixture of O and H,O, ashing

with one of these gases with nitrogen or a fluorine gas such

as CF, added, or by some other known method such as removal

with a chemical. In this preferred ;mbodiment. the mask 307D

was removed by O; ashing using an RIE dry etching apparatus.

Next, a thixrd doping 1s carried out to form an LDD region.

(Fig. 3E) Using the fourth shape gate electrode layer 306D

an n-type region having a lower impurity density than the source

and drain reglons 1s formed in the first semiconductor layer

region 313 and the third semiconductor layer region 314. Becausel

in the semiconductor layer region 313 the impurity is doped

into the L,y region through the gate electrode layer 305D and

the gate insulating film 309, the doping is carried out at

a low density and a high accelerating voltage.
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gas is a gas selected fromthe group consisting of C1> Bc'.1l~, S.iCa and
CCl.,. 16. A nethod according to claim 31, wherein the fluorine-based gas
is a gas selected fromthe group consisting of CF4, SF6 and NF3. 17. A
sem conduct or device conprising: a sem conductor |ayer provided over an
insulating surface ; an insulating filmprovided over the sem conduct or

| ayer; and a gate el ectrode provided over the insulating film wherein the
gate el ectrode has a | ayered structure made up of a first conducting | ayer
constituting a lower |ayer and a second conducting |ayer constituting an
upper layer and having at its edge a taper angle |arger than a taper angle

at the edge of the first caonducting layer, and _whereip the sem conductor

| ayer has a chanr@l F‘F{ﬁ R5R efﬁﬁéoﬂ‘g%ﬂpg%?ﬁﬁpi% Liag st ﬁegﬂ%“ sedoABdHhduct i ng
| ayer) and has an LDD regjon overlagﬁing with the first conducting |ayer,
and has a sturE291%yiYR ¥8Genie e Y AeGP8A, Chndr BN t FomEdFBonduct or

device is saeAcg%%echFi)gq_ém Rr%'iQaSan?f sgtd,{a'.g of a personal conputer,- a
er, y

vi deo canera, a notile conp a~goggle pe display, a player using a

recordi ng nedi uma;@ndihgh tAl 1$ARELRe £rRAY eBbE 1RGP Gone? HRQL b RbL&siE! ect ronic
book, and a display. 18. A device according to claim 34, wherein the edge

of the sem seMvakorehdsd alfdsraticiFobictl gdipeledfrode ddvhifgacmording to
claim 35, wherein the edge of the sem conductor layer is covered by an

i nsul ati ng ray mlpecruatide e tbee eembied gelttereltbet thtkd alogpinbe semi conduct or

| ayer. 20. 1~ device according to claim 36, wherein the insulating film-91
has a tapering sihdpe BB cozrpspotds t{o ofld hebhat theel| bet roegion 914 A" . A H

corresponds to 557 through 561; and the L,y region 313 corresponds
to 562 through 566. However, 556, 561 and 566 do not function
as Loy Or Lgoer regions.

Then, a photoresist mask 567 1s newly formed and a p-type
semiconductor layer 1s formed by a fourth doping step. (Fig.
6B) By doping with an impurity imparting the p type, p-type
semiconductor layer regions 570 through 575 are formed.

At this time, an impurity imparting the n type has been
added to the semiconductor layer regions 570 through 575, but
by doping the impurity imparting the p type to a concentration
of 2x10%° to 2x10%! atoms/cm’ a p-type semiconductor layer function
can be obtalned without problems.

In this preferred embodiment, boron was used with a dose
of 3x10'® atoms/cm? and an accelerating voltage of 20 to 30KV,
whereby p-type semiconductor layer regions 570 through 575
were formed.

After the photoresist mask 567 1is removed, a Ffirst

inter-layer insulating film 576 is formed over the entire face
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of the substrate. In this step a 150nm £ilm of silicon oxide
nitride was formed by plasma CVD, but of course some other
method such as sputtering may alternatively be used, and the
film is not limited to silicon oxide nitride and may be some
other insulating film consisting mainly of silicon. And in
an insulating f£ilm consisting mainly of silicon it may be
single-layer or a layered film of two or more types.

Next, a step of activating the impurity element added
to the semiconductor layer 1s carrled out. Thils activation
step iscarriedout by thermal annealingusingafurnace annealing
oven. The annealing may be carried out in a nitrogen atmosphere
with an oxygen concentration of lppm or below and preferably
0.1ppm or below at 400 to 700°C and typilcally 500 to 550°C,
and in thls preferred embodiment the activation was carried
out with a heat-treatment of 550°C, 4 hours. Besides thermal
annealing, laser annealing or rapid thermal annealing (RTA)
can alternatively be applied.

This activation step may be carried out before the first
inter-layer insulating £film 576 is formed (Fig. 6C): however,
here, because heat 1is applied in the activation step, when
the material used for the gate electrode and so on is vulnerable
to heat, preferably a silicon oxide f£ilm, a silicon nitride
film or a silicon oxide nitride £film 1s formed as a protective
film, or as in this preferred embodiment the first inter-layer

film is made to function as a protective f£ilm.
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After that, a heat-treatment of 1 to 12 hours at 300
to 550°C in a 3 to 100% hydrogen atmosphere 1is carried out,
and a step of hydrogenating the semiconductor layer is performed.

In thils preferred embodiment, a hydrogenation of 1 hour
in a 100% H,, 350°C atmosphere was carried out. This
hydrogenation may alternatively be conducted in a hydrogen
plasma atmosphere.

Next, a second inter-layer insulating £i1m 578 consisting
of an organic resin £ilm such as acrylic or polyamide which
can be formed by spin coating is formed on the first inter-layer
insulating £11m576 (Fig. 7). The second 1nter-léyer insulating
£film 1s formed by spin coating with the object also of flattening
the substrate on which the semiconductor device 1s formed.

In this preferred embodiment, acrylic was formed to a
film thickness of 1600nm.

After that, the gate insulating £ilm 537, the first
inter-layer insulating film 576 and the second inter-layer
insulating £ilm 578 positioned on the source and drain regions
and the gate interconnection are etched to form contact holes
for connecting with intermediate interconnections 579 through
588. As tlc etching method of the insulating films at this
time, etching matched to the different films should be carried
out so that tomake the coverage in the forming of the intermediate
interconnections good a tapering shape of taper angle 45 to

80° is obtained, and for example etching of the organic resin
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film such as acrylic or polyamide and the silicon oxide nitride
film used for the flrst inter-layer insulating film 576 is
possible with a gas mixture of CF; and O,. However, to etch
the gate i1insulating f£ilm formed on the semiconductor layer
it isnecessary touseconditionswhichprovideahlghselectivity
with respect to the semiconductor layer. Gases suitable for
selectively etching the silicon oxide nitride of the gate
insulating film with respect to the semiconductor layer silicon
include CHF; and C.Fs and the like. CHF; and C,Fs can also be
called fluorine gases; however, they are gases having a high
selectivity with respect to silicon, and because their use
is different from the other fluorine gases referred to in this
specification document they are taken in this document not
to be included among fluorine gases.

In this preferred embodiment, with an RIE apparatus and
using CF,, He and 0O, gas, a chamber pressure of 66.7Pa, an RF
power of 500W and CF,, He and O, gas flows of 5sccm, 40sccm
and 95sccm respectively, the second inter-layer ilinsulating
film 578 was etched; with the same RIE apparatus and using
CI-;4, He and O; gas, a chamber pressure of 40.0Pa, an RF power
of 300W and CF,, He and 0, gas £flows of 50sccm, 35scem and 50scom
respectively, the silicon oxide nitride of the first inter-layer
insulating £film 576 was etched; and with the same RIE apparatus
and using CHF,;, a chamber pressure of 7.3Pa, an RF power of

800W and a CHF; gas flow of 35sccm, the silicon oxide nitride

57



Ul cral] caU] caU] caU] cal] ca] caU] ca] caUl caU ca U c”a Uc”raUcalcRa]J]cRa8 9 ; =
\ A k13cew y |
| vpj e_ZTUU] ca] cal] ca] caU] cal] cal] ca] ca] cal] ca] caU] ca] cal] caU] cal] cal] ca] caU
] caU] caU] ca] caU] ca] caU] caU] caU] cal] cal] caU] caeg>f ! #&Yq{ ~
Z] I yt nhc] WQU] cal] cal] ca] cal] cal] ca] cal] ca] cal] cal] ca] cal] ca] caU] cal] cal] caU
] cal] ca] caU] caU] ca] ca] ca] cal] ca] ca] caU] ca]jcaUcai n p
W I " #7#<###$$$S%t o] d] WQU] cal] ca
Ul cral] ca] ca] caU] ca] ca] cal] ca] ca] caU] ca] caU] ca] cal] ca] ca] caU] ca] caU] ca] cal
ca] cal] cal] cal] cal] cal] cal] caSY%&! &<&D&&TE&] & &h&ME{ &E&&E&&&& " & "' "' (
(4(6(=( @ zuef ah¥ddtecfwrdtaay] £aCwad edthad/seabetilen] watll eakpast cal cal ca
] caU] ca] calU] ca] caU] ca] cal] ca] caU] ca] caU] ca] caUl caU ca@! (n((((((((((((())6*
8*| **/ +1+++do-ttle Kemfiluphauddddt Ulayakcal] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] c
a] cal] ca] calU] ca] caU] ca] caU] ca] cal] ca] cal] ca] caU] ca] caUl ca] caUca,,V-X---=.B
.MQV.c.s.{..... Then, . intiexrhed3até Andefuonuectildnlscalf) chroath Gsjscatd cal] ca] ca
U] ca] cal] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] caU
] ca] ca001! 1Aexredr7 2For g Ankennediatiec g eecrpiegtions; so that they

xrlfalU d_YT caU] ca] cal] cay] calU] ca] cal] caU].ca] caU] caU] ca] cal] caU] cal] c
1 CaUl cal GHRAIPEa] BhUPLAPL A CRTEaUE APEAUAIPCHing. clobirbaes, @ oo

| call ca] oa U BHRERP A % RP AT FRCPESHLARELR] Edy ot ST S abF oLy ol call ¢
AT SRR, PEPERFT S SRbpdingnt, 14 and jan alloy of Aliand; oy calc
al caU ca] cpy Gad:eA\ioambaathc kel .cahs%&cg,%&eééﬁ ahcajcal palLaul cal cal

ca] cal] caaaabbccc9c”c” crcdddeeeTegel eneeef >f sf vfyf ffysnga\ VPke YSU] cal] ca] ¢
al] cal) cal] eodlierp bcalUbneditmddsC ale] sond calnathenlbs add 1y £11m of A1l
and Ti was formed to a thickness of 500nm immediately thereafter.
After a mask is formed with photoresist, the intermediate
interconnections are dry etched using chlorine or a gas
containing chlorine. In this preferred embodiment, the
intermediate interconnections 579 through 588 were formed by
carrying out dry etching using a gas made by mixing chlorine
and boron trichloride in the same proportions.
In the way described above, i1t 1is possible to form on
the same substrate a driving circuit 606 having an n-channel
TFT 601, a p-channel TFT 602 and an n-channel TFT 603, and
a pixel part 607 having a pixel TFT 604 and a holding capacitance
605. In this specification this substrate will for convenience
be called an active matrix substrate.
Next, with reference to Fig. 8, amethod for manufacturing
a reflective active matrix type liquid crystal display using

the active matrix substrate shown in Fig. 7 will be described.
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SF¢ is used in the etching gas when forming the gate electrode

by dry etching 1in the first preferred embodiment, to obtain
a higher selectivity with respect to the gate insulating f£ilm.
In this preferred embodiment the steps up to the forming of
the gate electrode and from the third doping onward after the
formation of the gate electrode are exactly the same as in
the first preferred embodiment and therefore will not be
described again here.
A first conducting £ilm 305 and a second conducting £ilm
306 formed in accordance with the first preferred embodiment
are 4ry etched using a resist mask 307 made by photolithography.
As in the first preferred embodiment, a TaN f£ilm was used
for the first conducting film and a W f£ilm was used for the
second conducting f£ilm. |
In this preferred embodiment, a dry etching apparatus
having an ICP (Inductively Coupled Plasma) plasma source was

used for the dry etching of the gate electrode.
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The ICP power in the first dry etching was made 500W,
the blas power was made 150W, the etching chamber pressure
was made 1.0Pa, and Cl,, CF, and O; were used for the process
gas. The flows of the gases Cl;, CF, and O; were 'made 25sccm,
25sccm and 10sccm respectively.

The tungsten of the second conducting filmwas selectively
etched, and a tapering shape having a taper angle of 23°was
formed at 1ts edge. The W f£ilm of_the gate electrode is
saelectively etched because as a result of the process gas
containing O, the etching rate of the tungsten rises and the
etching rate of the TaN film falls. And as a result of the
bias power being set to 150W, a gate electrode having a small
taper angle is formed.

Because the gate electrode layer 305A 1is only etched
about 13 to 14nm by the over-etching of the W £i1m gate electrode
layer and remains present over the entire face of the substrate,
thegateinsulatingfilmpositionedunderneaththegateelectrode
layer 305A 1s not etched and has the shape shownwith the reference
numeral 304A.

In the first dry etching Cl;, SF; and O may alternatively
be used for the etching gas. ~

A second dry etching is then carried out. Thephﬁtoresist
mask has now assumed a f£irst shape 307A as a result of the
first dry etching. This photoresist 307A is not removed and

is used as it is. In the etching the conditions are changed
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but the process can be carried out in the same apparatus and
the same chamber.

As a result of the changes to the process gas and the
process conditions in thedryetching, theTaNfilmgate'electrode
layer and the W film gate. electrode layer are etched
simultaneously, and a gate electrode layer 305B and a gate
electrode layer 306B having a second shape are formed. In
this preferred embodiment, the ICP power was made 500W; the
bias power was made 10W; the etching chamber pressure was made
1.3Pa; and Cl; and SF¢s were used for the process gas. The flows
of the gases Cl,; and SFs were made 10sccm and 50sccem respectively.

As a result of the bias power being made smaller than
in the f£irst dry etching, the taper angle of the gate electrode
edge increases and the width of the gate narrows. The etching
rate of the W £film at this time 1is 104nm/min and the etching
rate of the TaN film is 11lnm/min, so the two films are etched
at almost the same rate. A gate electrode layer 305B and a
gate electrode layer 306B having a second shape are formed.

At this time, the TaN film that had remained after the
first dry etching is etched for about 8 seconds. After that,
to completely remove etching residues of the TaN £ilm, an
over-etchingof 15 seconds 1scarriedout. Bythis over-et;:hing P
the gate insulating f£ilm positioned underneath the TaN f£ilm
isetchedbyabout 3.2nmand becomes a second shapegate insulating

£film 304B.
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The part of the semiconductor layer overlapping with
the tapering part of the second shape gate electrode across
the gate 1nsulating £11m becomes an LDD region when a subsequent
third doping is carried out. In this preferred embodiment,
because the gate insulating film thickness is 400nm and the
taper angle is about 26°, the length of the LDD region is about
820nm plus the approximately 100nm by which the resist mask
is etched in the channel direction.

As a result of the second dry etching the resist mask
assumes a second shape 307B. Without this resist mask 307B
being removed, a second doping step is carried out, to form
an n-channel semiconductor layer. An impurity element (a group
15 element such as phosphorus or arsenic) imparting the n type
is doped into a source reglon and a drain region with the second
shape gate electrode as a mask.

In this preferred embodiment, phosphorus was doped at
a dose of 1.5x10'® atoms/cm® with an accelerating voltage of
80kV, whereby source or drailn regions 308 of impurity
concentration 1x10%° to 1x10*' atoms/cm® were formed, in a source
region or draln region in a self-adjustment way.

Next, without the resist mask being removed, a third
dry etching step 1s carried out. In the third dry etcﬁing
step the second shape gate electrode layer 305Band gate electrode
layer 306B are both etched, and etching 1s carried out so that

also the tapering part whose taper angle was 26° in the second
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shape assumes a larger angle, and a gate electrode layer 305C
and a gate electrode layer 306C of a third shape are formed.

A semiconductor layer region 314 which does not overlap
with the third shape gate electrode layer 305C but overlaps
with the second shape gate electrode layer 305B becomes an
Loss reglon as a result of the subsequent third doping step.

The amount by which the gate electrode layer 305C is etched
in the channel length direction and the length of the Ly¢s region
are controlled by way of the third dry etching time.

As the etching apparatus, an ICP dry etching apparatus
was agailn used. As the etching conditions, the ICP power was
made 500W, the blas power was made 10W, and the etching chamber
pressure was made 1.3Pa. Cl, and SF¢ were used for the process
gas. The flows of the gases Cl; and SF, were made 10sccm and
50sccm respectively. The TaN f£ilm gate electrode layer and
the W £f11m gate electrode layer were etched, and a gate electrode
layer 305C and a gate electrode layer 306C having third shapes
were formed as described above. At this time, the etching
time was made 40 seconds so that the amount by which the TaN
£film gate electrode layer was etched in the channel length
direction, which essentially becomes the L. length, became
480nm. |

In the third dry etching the part of the gate insulating
film which does not overlap with the gate electrode layer 305C

is etched by about 5.8nm and becomes a third shape 304C. 1In
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the steps up to here the gate insulating £ilm has been etched
by about 9.0nm.

A fourth dry etching is then carried out. As a result
of the third dry etching, the resist mask has a third shape
307C. This resist mask 307C 1s not removed and 1is used as
it is. The etching conditlons are changed and the process
is carried out in the same apparatus and the same chamber.
In the fourth dry etching, the gate electrode layer 306C is
selectively etched again. By conditions such that the TaN
film gate electrode layer is not etched being used, a shape
wherein the TaN film gate electrode layer is longer than the
W £film gate electrode layer in the channel length direction
is obtained.

In the fourth shape gate electrode obtained as a result
of the fourth dry etching, a semiconductor layer region 313
wh;ch does not overlap with the W f£film gate electrode layer
across the gate insulating £ilm but overlaps with the TaN f£ilm
gate electrode layer becomes an L., region in a subsequent third
doping.

The L.y region is formed to a length obtained by subtracting
the Lysr length determined by the third dry etching from the
length of the LDD region.

In this preferred embodiment, the ICP power was made
500W, the bias power was made 20W, and the etching chamber

pressure was made 1.0Pa. Cl,, SFs and O, were used for the
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process gas. The flows of the gases Cl,, SFs and O, were each
20sccm. The third shape W film gate electrode layer was
selectively etched, and by the taper angle of the edge thereof
belng further increased a gate electrode layer 306D having
a fourth shape, narrower in width than the third shape gate
electrode layer 306C, was formed.

The TaN film gate electrode layer 1s only etched by a
few nm, and a fourth shape gate electrode layer 305D of
substantially the same width as the third shape gate electrode
layer 305C is formed.

The fourth shape gate electrode layer 305D becomes longer
by 420nm on either side of the gate electrode than the gate
electrode layer 306D (840nm over the gate width as a whole),
and in this preferred embodiment a L., region 313 of length
420nm was obtained.

In the fourth dry etching the gate insulating film is
etched by about 0.5nm. And the amount by which the gate
insulating £film is etched in the first, second, third and fourth
etchings 1s 9.5nm. Whereas in the first preferred embodiment
the amount by which the gate insulating f£ilm was etched in
the first, second, third and fourth etchings was a maximum _
of 88nm, 1n this preferred embodiment, because SFs was used
in the etching gas, the selectivity with respect to the gate
insulating film was higher and it was possible to reduce the

amount of etching of the gate insulating f£ilm by about 89%.
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After the fourth dry etching is £inished, the photoresist
mask 307D i1s removed. The mask may be removed by O; ashing,
H,O0 ashing, ashing with a gas mixture of O; and H;0, ashing
with one of these gases with nitrogen or a fluorine gas such
as CF, added, or by some other known method such as removal
with a chemical.

In this preferred embodiment, the mask 307D was removed
by O, ashing using an RIE dry etching apparatus.

By using the method described above it was possible to
form a gate electrode of the same shape as in the first preferred
embodiment and to keep the amount by which the gate insulating
£film was etched to 9.5nm.

Although in this preferred embodiment SFs was used in
the etching gas in each of the second, third and fourth dry
etchings, alternatively dry etching may be carried out with
conditions in which CF, is used, as in the first preferred
embodiment. For example, CF; may be used in the first, second
and fourth dry etchings and SF¢ used only in the third dry
etching.

And although here the description has been given using
the example of agate electrode structure having tantalumnitride
as a lower layer and tungsten as anupper layer, the gate structure
is not limited to this, and layers consisting of any elements
selected from among tungsten, tantalum, titanium, molybdenum,

slilver and copper and so on, or nitrides having these elements
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as constituents, or alloys combining elements among these,

may be sultably selected.

Third Preferred Embodiment

In this preferred embodiment, with reference to Figs.
9A through 9E, there will be explained a method for, in the
method of forming an n-channel semliconductor layer having an
Loy region and an Logr region 1n accordance with the first preferred
embodiment, making the impurity concentrations of the L.¢r Teglon
and the L,y region substantlially equal by using different
conditions from the first preferred embodiment in the etching
of the gate electrode and changing the timing at which doping
1s carried out.

In the same way as 1in the first preferred embodiment,
an insulating film 902, a crystalline island-shaped
semliconductor layer 903, a gate insulating film 904, a first
conducting £ilm 905 and a second conducting £ilm 906 are formed
on a glass substrate 901, and a photoresist mask 907 is formed
on this.

As in the first preferred embodiment, a TaN film was
used for the lower layer of the gate electrode and a W £ilm
was used for the upper layer. And a dry etching apparatus
having an ICP plasma source or an RIE dry etching apparatus
was used for the dry etching of the gate electrode.

In the same way as 1in the first preferred embodiment,
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A B

without the resist mask being removed, a second dry etching
is carried out. Cl; and CF, were used for the etching gas:
the ICP power was made 500W; the bilias power was made 20W; the

chamber pressure was made 1.0Pa; and the respective flows of
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At this time, the part of the gate insulating f£ilm 904A
poslitioned outside the gate electrode layer 905B 13 also etched,
and forms second shape gate insulating film 904B.

In the second dry etching, another gas selected from
among chlorine gases such as Cl;, BCL;, SiCl, and CCl,, £luorine
gases such as CF,, SFs and NF,;, and O;, or a mixed gas having
these as main constituents may alternatively be used.

Next, in the same way as in the first preferred embodiment,

a second doping is carried out. Here, the first doping is
taken to be a doping carried out in the channel region for
controlling the threshold characteristic of the TFT after the
formation of the semiconductor layer consisting of the
crystalline silicon f£ilm.

By doping with an impurity imparting the n type. source
and drain regions are formed in the semiconductor layer 908.

In this preferred embodiment, phosphorus was chosen as the
impurity and doped at a dose of 1.5x10° atoms/cm® with an
accelerating voltage of 80kV.

Next, a third dry etching is carried out. Herxre also
an ICP dry etching apparatus 1s used, and the dry etching is

carried out without the resist mask being removed. Cl,, CF,

and O, were used for the etching gas; the ICP power was made
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500W; the blas power was made 20W; the chamber pressure was
made 1.0Pa; and the respective flows of the gases Cl,, CF; and
O, were made 25sccm, 25sccm and 10sccm respectively.

By etching being carried out with the conditions used
in the fourth dry etching of the first preferred embodiment
the W film gate electrode layer is etched selectively and a
third shape gate electrode layer 9506C having a larger taper
angle than the first and second taper, shapes is formed.

The TaN £ilm gate electrode layer is hardly etched and
remains present, but the TaN £i1lm that becomes exposed as the
W film is etched in the channel length direction is gradually
etched from its edge and forms a third shape 905C having an
extremely small taper angle of less than 5°.

In the third dry etching, another gas selected £rom among
chlorine gases such as Cl,, BCL3, SiCl, and CCl,, fluorine gases
such as CF4, SFs and NF;, and 0,, or a mixed gas having these
as maln constituents may alternatively be used.

At this time, the part of the second shape gate insulating
£film 904B positioned outside the second shape TaN f£ilm gate
electrode layer is etched and forms a third shape gate insulating
film 904cC.

A third doping is then carried out. Using the third
shape gate electrode layer 906C as a mask, an impurity imparting
the n type is doped through the gate electrode layer 905C into

the part of the semiconductor layer 909 which does not overlap
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so that the width of the fourth shape gate electrode layer
905D thus formed is narrower than that of the third shape gate
electrode layer 905C.

As a result of the fourth dry etching, part of the LDD
region 909, all of which had overlapped with the third shape
gate electrode layer 905C, comes to be positioned outside the
fourth shape gate electrode. Consequently, the LDD region
909 becomes an Loee region 910 and an Lov region 911.

However, because the TaN film gate electrode layer 1s
a thin £ilm having an extremely small taper angle, 1f etching
conditions which result in a high etching rate are used there
is a possibility of the TaN f£ilm being etched away entirely.

In this preferred embodiment the fourth dry etching was
carried out using a parallel flat plate type RIE dry etching
apparatus and with a chamber pressure of 6.7Pa, an RF power
of B800W, and a 35sccm flow of CHF; as the etching gas. Here
it is not particularly necessary for an RIE dry etching apparatus
to be used, and alternatively an ICP dry etching apparatus
may be used.

At this time almost all of the gate insulating £1ilm 904C
whichidid not overlap with the third shape gate electrode layer
905C 1is etched in the‘fourth dry etching, but even if this
gate insulating £ilm is etched through completely this does
not constitute a problem in the manufacture of the semiconductor

device. The reason for this is that because CHF; 1s being used
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which is the first interlayer insulating £ilm in the first
preferred embodiment, conditions can be used, such as CHF,,
such that silicon oxide nitride film is etched selectively.

When in this kind of etchingwith CHF; there is insufficient
etching of the TaN f£ilm, etching may be carried out for 5 to
20 seconds using an etching gas of Cl;, CF4, and O, to pre~etch
the TaN film before the etching with CHF; is carried out.

After the fourth dry etching the photoresist 907 1is
removed.

By applying this preferred embodiment to the first
preferred embodiment it 1s possible to make a semiconductor
device having an L, region and an L,, region using £ive masks,
as in the first preferred embodiment, and it is possible to
make a semiconductor device wherein the impurlty concentrations
of the Loss region and the Loy reglon are equal.

Although here the description has been given using the
example of a gate electro‘de structure having tantalum nitride
as a lower layer and tungsten as an upper layer, the gate structure

i1s not limited to this, and layers consisting of any elements

selected from among tungsten, tantalum, titanium, molybdenum,
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be suitably selected.

Fourth Preferred Embodiment

In this preferred embodiment, with reference to Figs.
9A through 9E, there will be explained a method for, in the
formingof thegateelectrodebydryetchinginthe thirdpreferred
embodiment, using SFs in the etching gas to obtain a higher
selectivity with respect to the gate insulating f£film. The
steps of thils preferred embodiment other than the steps for
forming the gate electrode are exactly the same as in the third
preferred embodiment and the first preferred embodiment and
therefore will not be described again here.

In the same way as in the third preferred embodiment,
an 1nsulating £film 902, a crystalline 1island-shaped
semiconductor layer 903, a gate insulating film 904, a first
conducting £11lm 905 and a second conducting £ilm 906 are formed
on a glass substrate 901, and a photoresist mask 907 1s formed
on this.

As in the third preferred embodiment, a TaN film was
used for the lower layer of £he gate electrode and an W £ilm
was used for the upper layer. And as in the third preferred
embodiment a dry etching apparatus having an ICP plasma source

or an RIE dry etching apparatus was used for the dry etching
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of the gate electrode.

A first dry etching is carried out. The etching is
conducted with Cl1l;, CF,, and O; being used for the etching gas;
an ICP power of 500W; a bias power of 150W; an etching chamber
pressure of 1.0Pa; and respective flows of the gases Cl;, CF,,
and O; of 25sccm, 253ccem and 10scem.

At this time, the W £film gate electrode layer 1is etched
selectively, and a first shape gate electrode layer 906A having
a tapering shape of taper angle 26° formed at its edge is obtained.

The TaN f1ilm gate electrode layer is etched by about 13 to
14nm as a result of over-etching of the W f£ilm but remains
present over the entire face of the substrate, constituting
a first shape gate electrode layer 905A.

At this time, because the first shape gate electrode
layer 905A is present over the entire face of the substrate,
the gate insulating film is not etched and remains a first
shape gate electrode layexr 904A.

Cl,, SF¢ and O, may alternatively be used for the etching
gas in the first dry etching.

Then, without the resist mask being removed, a second
dry etching is carried out. C1l; and SFs; were used for the etching
gas; the ICP power was made 500W; ‘the bias power was made 10W;
the etching chamber pressure was made 1.3Pa; and the flows
of the gases Cl; and SF¢ were made 10sccm and 50scem respectively.

The first shape gate electrode layer 905A and the first shape
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gate electrode layer 906B are etched simultaneously and form
second shape gate electrode layers 905B and 906B.

At this time, the part of the first conducting £1ilm 905A
positioned outside the W £ilm 1is etched for about 8 seconds.
After that, toremove etchingresidues of the TaNfilmcompletely,
an over-etching of 15 seconds is carried out. In this
over-etching, the gate insulating f£film 904A underneath the
gate electrode layer 905A 1s etched by 3.2nm and becomes a
second shape gate insulating film 904B.

Next, a second dopling 1s carried out. Here, the first
doping is taken to be a doping carried out in the channel region
for controlling the threshold characteristic of the TFT after
the formation of the semiconductor layer.

By doping with an impurity imparting the n type, source
and drain regions are formed in the semiconductor layer 908.

In this preferred embodiment, phosphorus was chosen as the
impurity and doped at a dose of 1.5x10'® atoms/cm? with an
accelerating voltage of B80kV.

Next, a third dry etching is carried out. Here also
an ICP dry etching apparatus is used, and the dry etching is
carried out without the reslst mask being removed. Cl;, SFs
and O; were used for the etching gaé; the ICP power was made
500W: the blas power was made 10W; the etching chamber pressure
was made 1.3Pa; and the respective flows of the gases Cl,,

SF¢ and O, were each made 20sccm.
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As a result of the bias power being made smaller than
in the first dry etching, the W film gate electrode layer is
etched selectively and a third shape gate electrode layer 906C
having a larger taper angle than in the first and second shapes
is obtailned.

The TaN film gate electrode layer 1s hardly etched at
all and remains present, but the TaN £ilm that becomes exposed
as the W film 1s etched in the channel length direction is
gradually etched from its edge and assumes a third shape 905C
having an extremely small taper angle of less than 5°.

At this time, the part of the second shape gate insulating
£film 904B positioned outside the TaN £1ilm gate electrode layer
is etched by 37.3, and a third shape gate insulating £ilm 904C
1s formed. As a result of the etching carried out so far the
gate insulating film has been etched by 40.5nm.

Whereas 1in the third preferred embodiment the gate
insulating £ilm was etched by about 64.4nm in the £irst, second
and third etchings, in this preferred embodiment, by using
SFes, 1t was possible to reduce the amount by which the gate
insulating f£ilm 1s etched by about 42%.

Next, a third doping 1s carried out. Using the thirad
shape gate electrode layer 906C as a mask, an ;lanurity imparting
the n type is doped through the gate electrode layer 905C into
the part of the semiconductor layer 909 which does not overlap

with the W f£ilm gate electrode layer but does overlap with
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the TaN film gate electrode layer.

The edge of the third shape gate electrode layer 905C
has an extremely small taper angle of less than 5°, as mentioned
above, and thus its film thickness has a distribution. In
correspondence with that £ilm thickness distribution, a slight
distribution also arises in the ilmpurity concentration obtained
in the semliconductor layer as a result of the third dopilng;
however, this is smaller than the difference in the impurity
concentration between the L, region and the L,y region which
arlses in the first preferred embodiment.

In this preferred embodiment phosphorus was chosen as
the impurity and doped to a dose of 3.5x10'? atoms/cm? with
an accelerating voltage of 90kV, whereby an n-type LDD region
909 with an impurity concentration lower than that of the source
and drain regions 908 is formed in the semiconductor layer
909.

A fourth dry etching is then carried out. The third
shape gate electrode layer 905C 1is etched to form a fourth
shape gate electrode layer 905D.

The edge of the third shape gate electrode layer 905C
has a tapering shape, and by dry etching belng carried out
anisotropically the third shape TaN £ilm gate eiectrode layer
is gradually etched from 1ts edge toward the position where
it overlaps with the third shape gate electrode layer 906C,

so that the width of the fourth shape gate electrode layer
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905D thus formed i1s narrower than that of the third shape gate
electrode layer 905C.

As a result of the fourth dry etching, part of the LDD
region 909, all of which had overlapped with the third shape
gate electrode layer 905C, comes to be positioned outside the
fourth shape gate electrode. Consequently, the LDD region
909 becomes an L, region 910 and an L,, region 911.

However, because the gate electrode layer 905C is a thin
£ilm (TaN £ilm) having an extremely small taper angle, if etching
conditions which result in a high etching rate are used there
is a possibility of the gate electrode layer 905C being etched
away entirely.

In this preferred embodiment the fourth dry etching was
carried out using a parallel flat plate type RIE dry etching
apparatus and with a chamber pressure of 6.7Pa, an RF power
of 800W, and a 35sccm flow of CHF; as the etching gas.

At this time almost all of the gate insulating £ilm 904C
which did not overlap with the third shape gate electrode layer
905C 1s etched in the fourth dry etching, but even 1f this
gate ingulating f£film is etched through completely this does
not constitute a problem in the manufacture of the semiconductor
device. The reason for this is that because CHF; ié being used
as the etching gas the gate insulating film can be etched
selectively with respect to the semiconductor layer (silicon).

And because also when a contact hole for connecting an
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intermediate interconnection with the semiconductor layer is
formed, in the etching of the silicon oxlde nitride £ilm which
is the first interlayer insulating £film in the first preferred
embodiment, conditions can be used, such as CHF3;, such that
silicon oxide nitride film is etched selectively.

When in this kind of etching with CHF, there 1s insufficient
etching of the TaN film, etching may be carried out for 5 to
20 seconds using an etching gas of Cl,, CF,, and O, to pre-etch
the TaN f£ilm before the etching with CHF; is carried out.

And SFs can be used instead of CF.

After the fourth dry etching the photoresist 907 is
removed.

Byusing thismethod it was possible toformagate electxrode
of the same shape as in the third preferred embodiment, and
the amount by which the gate insulating f£ilm had been etched
at the end of the third dry etching was kept down to 40.5nm.

Although here the description has been given using the
example of a gate electrode structure having tantalum nitride
as a lower layer and tungsten as an upper layer, the gate structure
is not limited to this, and layers consisting of any elements
selected from among tungsten, tantalum, titanium, molybdenum,
silver and copper and so on, or nitrides having these elements
as constituents, or alloys comblning elements among these may
be suitably selected.

By using the present invention it is possible to fabricate
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the number of masks and the number of manufacturing steps needed
tomake this kind of TFT. The characteristics of a semiconductor
device having this TFT are improved; its manufacturing cost
is reduced; the time needed to manufacture the device can be
shortened; and yield can be improved.
By means of this invention it 1s possible to manufacture

an n-channel TFT and a p-channel TFT having a GOLD structure

using only five masks.

Fifth Preferred Embodiment

A TFT formed by implementing Embodiment 1 or 2 mentioned
above is utilized for various electro-optical devices (active
matrix liquid crystal display, active matrix EL display, active
matrix EC display). Namely, the present invention can be
applied to all of electronic equipments incorporating the
electro-optical device 1n its display portion.

The following can be given as examples of such electronic
equipments: a video camera; a digital camera; a projector;
a head mounted dlisplay (a goggle type display); a car navigation
system; a car audio system; a personal computer; a portable
information terminal (such as a mobile computer, a mobile
telephone, or an electronlicbook). Examplesof thoseelectronic
equlipments are shown in Figs. 10, 11 and 12.

Fig. 10A illustrates a personal computer which includes
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a main body 2001, an image input portion 2002, a display portion
2003, a key board 2004, or the like. The present invention
can be applied to the display portion 2003.

Fig. 10B illustrates a video camera which includes a main
body 2101, a display portion 2102, an audlo input portion 2103,
operation switches 2104, a battery 2105, an image receiving
portion 2106, or the 1like. The present invention can be applied
to the display portion 2102.

Fig. 10C illustrates a mobile computer which includes
a main body 2201, a camera section 2202, an image receiving
section 2203, operation switches 2204, a display portion 2205,
or the 1ike. The present invention can be applied to the display
portion 2205.

Fig. 10D illustrates a goggle type display which includes
a mailn body 2301, a display portion 2302, and an arm section
2303. The present 1invention can be applied to the display
portion 2302.

Fig. 10E 1llustrates a player using a recording medium
which records a program (herelnafter referred to as a recoxrding
medium) and includes a main body 2401, a display portion 2402,
a speaker section 2403, a recording medium 2404, and operation
swltches 2405. This playerxr uses DVD (digital versatile disc),
CD, etc., for the recording medium, and can be used for music
appreciation, f£ilm appreciation, games and Internet. The

present invention can be applied to the display portion 2402.
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Fig. 10F illustrates a digital camera which includes a
main body 2501, a display portion 2502, a view finder portion
2503, operation switches 2504, and an image recelving section
(not shown 1n the figure). The present invention can be applied
to the display portion 2502.

Fig. 11A 1s a front type projector which includes a
projectiondevice 2601 and a screen 2602. The present invention
can be applied to the liquid crystal display device 2808 which
comprises one portion of the projection device 2601 and other
driving circuits.

Fig. 11B is a rear type projector which includes a main
body 2701, a projection device 2702, a mirror 2703, and a
screen 2704. The present invention can be applied to the l1iquid
crystal display device 2808 which comprises one portion of
the projection device 2702 and other driving circuits.

Fig. 11Cis a dlagram which shows an example of the structure
of the projection devices 2601 and 2702 of Figs. 11A and 11B.
The projection devices 2601 and 2702 comprise: an optical light
source system 2801; mirrors 2802 and 2804 to 2806; a dichroic
mirror 2803; a prism 2807; a liquild crystal display device
2808; a phase differentiating plate 2809; and a projection
optlical system 2810. The projection optical system 2810
comprises a plurality of optical lenses having a projection

lens. Though the present embodiment shows an example of 3-plate

type, the present invention is not limited to this example
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and a single plate type may be used for instance. Further,
an operator may appropriately dispose an optical lens, a £ilm
which has a function to polarize light, a film which adjusts
a phase difference and an IR film, etc in the optical path
shown by an arrow in Fig. 11C.

Fig. 11D is a diagram showling an example of a structure
of the optical 1light source system 2801 of Fig. 11C. 1In the
present embodiment the optical 1light source system 2801
comprises: a reflector 2811l; a light source 2812; lens arrays
2813 and 2814; a polarizer conversion element 2815; and a
condenser lens 2816. Note that the optical 1ight source system
shown 1in Fig. 11D 1s merely an example and the structure is
not limited to thils example. For instance, an operator may
appropriately dispose an optical lens, a £ilm which has a
function to polarize light, a film which adjusts a phase
difference and an IR film, etc.

Intheprojector showninFig. 11, acasewhere a transmission
type electro-optical device isused 1sdescribed andareflection
type electro-optical device and an EL display devlice are not
described.

Fig. 12A is a portable telephone which includes a main
body 2901, a voice output portion 2902, a voice input portion
2903, a display portion 2904, operation switches 2905, and
an antenna 2906. The present invention can be applied to the

display portion 2904.
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Fig. 12B 1s a portable electronic book which 1includes
a main body 3001, display portions 3002 and 3003, a memory
medium 3004, an operation switch 3005 and an antenna 3006.
The presentlinvention can be applied to the display portions
3002 and 3003.

Fig. 12C is a display which includes a main body 3101,
a support stand 3102, and a display portlon 3103, etc. The
present invention can be applied to the display portion 3103.
The display of the present invention 1s advantageous for a
large size screen in particular, such as a display equal to
or greater than 10 inches (especially equal to or greater than
30 inches) in the opposite angle.

As mentioned above, the application range of the present
invention is extremely wide, and the invention can be applied
to electronic equipments 1in all fields. Further, any
constitution of the electronic equipments shown in Embodiment
1 or 2 may be employed in Embodiment 5.

In the present invention, the light-shielding portion
is formed from a lamination film consisting of two layers of
the colored layers R + B or R + G). As a result, according

- to the present invention, a step of forming a black matrix

can be omitted.
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1. Amethod formanufacturinga semiconductor device including

a semlconductor layer formed over an insulating surface, an
inéulating film formed over the semiconductor layer, and a
gate electrode formed over the insulating £ilm, the method
comprising:

a first step of forming a semiconductor layer over an
insulating surface;

a second step of forming an insulating film over the
semiconductor layer; and

a third step of forming over the insulating £ilm a gate
electrode made up of a first conducting layer and a second

conducting layer having at its edge a taper angle larger than

a taper angle at the edge of the first conducting layer.

2 . A method according to claim 14, wherein the edge of the

semiconductor layer has a tapering shape.

3. A method according to claim 14, wherein the width of the
second conducting layer is narrower than the width of the first

conducting layer.
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A method according to claim 17, wherein the chlorine-based
gas 1s a gas selected from the group consisting of Cl;, BCL,,

Si1Cl, and CClq.

6. A method according to claim 17, whereln the fluorine-based
gas 1s a gas selected from the group consisting of CF;, SFs

and NF;.

7. A semiconductor device comprising:
a semiconductor layer provided over aninsulating surface;

an insulating £11lm provided over the semiconductor layer;

~ a gate electrode provided over the insulating film,
wherein the gate electrode has a layered structure made
up of a first conducting layer constitutling a lower layer and
a second conducting layer constituting an upper layer and having
at Llts edge a taper angle larger than a taper angle at the

edge of the first conducting layer, and
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reglion overlapping with the second conducting layex, and has
an LDD region overlapping with the first conducting layer,

and has a source region and has a drain region.

8. A device according to claim 24, wherein the edge of the

semiconductor layer has a tapering shape.
9. A device according to claim 25, wherein the edge of the
semiconductor layer 1s covered by an insulating f£ilm provided

between the gate electrode and the semiconductor layer.

10. A device according to claim 26, wherein the insulating

film has a tapering shape in the proximity of the gate electrode.
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11- A method for manufacturing a semiconductor device
including a semiconductor layer formed over an insulating
surface, an insulating £ilm formed over the semiconductor layer,
and a gate electrode formed over the insulating film, the method
comprising:

a first step of forming a semiconductor layer over an
insulating surface;

a second step of forming an insulating film over the
semiconductor layer; and

a third step of forming over the insulating film a gate
electrode made up of a first conducting layer and a sccond
conducting layer having at its edge a taper angle larger than
a taper angle at the edge of the first conducting layer,

wherein the semiconductor device is selected from the
group consisting of a personal computer, a video camera, a
mobile computer, a goggle type display, a player using a
recording medium, a digital camera, a portable phone, a portable

electronic book, and a display.

12. A method according to claim 28, wherein the edge of the

semlconductor layer has a tapering shape.

13. A method according to claim 28, wherein the width of the
second conducting layer is narrower than the width of the first

conducting layer.

14. A method according to claim 28, wherein in the third step
the gate electrode is formed by carrying out dry etching using
a chlorine-based gas and a fluorine-based gas or a
chlorine-based gas and a fluorine-based gas and O, and then
carrying out dry etching using a chlorine-based gas and a

fluorine-based gas and 0.

15. A method according to claim 31, wherein the chlorine-based
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gas 1s a gas selected from the group consisting ot Cl., BCl,,

SiCly and CCl,.

16 . A method according to glaim 31, wherein the fluorine-based
gas 1is a gas selected from the group consisting of CF4, SF¢ and
NF;.

17 . A semiconductor device comprising:

a semiconductor layer provided over an insulating

surface;
an insulating £film provided over the semiconductor layer;

and

a gate electrode provided over the insulating f£ilm,

wherein the gate electrode has a layered structure made
up of a first conducting layer constituting a lower layer and
a second conducting layer constituting an upper layer and having
at its edge a taper angle larger than a taper angle at the edge
of the first conducting layer, and

wherein the semiconductor layer has a channel-forming
region overlapping with the second conducting layer, and has
an LDD region overlapping with the first conducting layer, and
has a source region and has a drain region,

wherein the semiconductor device is selected from the
group consisting of a personal computer, a video camera, a
mobile computer, a goggle type display., a player using a
recording medium, a digital camera, a portable phone, a portable

electronic book, and a display.

18. A device according to claim 34, wherein the edge of the

semiconductor layer has a tapering shape.

19. A device according to claim 35, wherein the edge of the
semiconductor layer is covered by an insulating £ilm provided
between the gate electrode and the semiconductor layer.

20. A device according to claim 36, wherein the insnlating film
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has a tapering shape in the proximity of the gate electrode.
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