, €3e0@OALG HOGROTOTx$( ~- ~ oc~r ~o00~ SEM CONDUCTCR DEVI CE AND METHOD 5@
MANUFACTURI NG SAMVE BACKGROUND OF THE | NVENTI ON Fi el d of the Inventidn j Q04
invention relates to a sem conductor device and a nmethod for manufacturing

- - the sem conductor device, and particularly to technology for controlling

the formation of inpurity-doped regions in a sem conductor |ayer by a

nmet hod of working a gate el ectrode of the device by dry etching. The

i nvention can for exanple be applied to displays wherein this sem conductor
device is \sEMIJONDUCHCH| DV ICE (ANRIMERD iFOH MANUEACTURENGE Syt al

di splays, organic EL displays ( a light emtting device or a light emtting
di ode ) and el ectroni c equi pnent using such displays. The EL

(el ectrol um nescent) devices referred to in this specification include

tripl et -RASREROUGP oLNMrEEI PRVERYVISRS and/ or singl et-based |ight em ssion
devi ces,” Tor exanple. Description of the Related Art Wien in the

fabricatipn; 8f o 881 ¢RPEAHE QL device a sem conductor layer is formed by
dry etchi T en an inmpurity region is forned in a

i conduct . ’ X | St qLS+ In d
crohi ng or vet o eni iy HPRERE AT P O n R FL, 2 4ER) e e
|5 " emvedm b d e iRLhlAadiilihg SROt sehiled ARsuIPSad e, caMg ghape as

F t he mask. CC~ zaa~ V& prng %, Y

t he shape o en doping 1s carried ou il i mpurity
region i Lot [ he.sem conductor | ayer which.i s naqt
cover ed €@£€%€R%%%E¥ Pﬁ ?§8§H§E$égr§,rtﬁ%“ﬁFSi%ﬁPﬁigﬁﬁrF?£PF8ﬁ°8f°%

structure giiiegacongugtoi gevLces haangE%hig fihnltragsistori

(her ei natTRY TSP RAs BEER Br 38 BsEPMYCRNEEGTAtY T PRePe™Ri8%Feen a
“~need for_finer. positioning i sk_for ton._ Insufficiently fine

poSi t i on‘i’%gwf’gkgngaﬁ‘seqaotfegf%f‘r"r‘gFF%‘?led8£2%h’§ iV ¥ nfhY \éitcpégﬁst masks.
There h been known a net hod whereby to overcone this a sem conductor
devi ce i 5% abPV LA P AR %%?F teXpmplerpe applied, o 816Rdayst ¥heredfy ode)
being forned by dry etching and then other. parts of the TFT (for exanple
sour ce arfiSir SERLFRFAYRLOF HE RS ol fredtSes nP t fi Si8 eydyPRBE ne@nfart of
the TFT (for exanple the gate el ectrode) as a mask, self-aligningly. Wth
such a MARBECHHRAT RAKE P gl Bowkd Gorhict dlsdadvee S&gRNdS §hi Adsplaysi s
possible to realize a reduction in the nunber of photo nmasks used in the
form ng OF 1pEBLAMES SN TR/RECH Prhbight endgapayioded andelgesirondsing is
unnecessary. Because of this , the technology is currently receiving
at t ent i csduipment hesipgntughoflisplawpur i TherBYi 6aleataoduminesdgator | ayer,
t he met hod of doping the sem conductor layer with a group 15 (of the
peri odi ciedbtes redeared/teliandnts spekifscphdophioralsrds taipérite based group
13 (of the periodic table) inpurity elenent such as boron is used. 2

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 is formed by dry etching or wet etching,
or when an impurity region is formed in a semiconductor layer
by doping, a mask made of photoresist is 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.




- 1 OCl~ c004 Doping a sem conductor layer with a group 15 inpurity el enent
fornms an n-type region, and doping with a group 13 inpurity eleapgt g@rﬂﬁ4a
p-type region, and in this way source and drain regions are forne ? a

sem conductor | ayer. A characteristic of a TFT is its OFF current (the
current which flows through the channel region when the TFT is OFF; in this
specification, loft). Wien the characteristics of a TFT are being
evaluated, it is desirable that the value of this Ioff be small. To nake

| of f smal ymehtabsilenekli ekt m i&ﬁ% - 4 y JXald);J €gi on
in the pa?? ofd?ﬁéggeﬁ%c%%gté%gréﬁgyé$&p05|t#%%%gg%%%gfgggﬁ%e gé?éi{

el ectrodencAbagt bt Rk %%Hi'cg{ll%u%rﬁo%.ﬂa'}e@%h& 1% dodiihan e TET
is being driven (1 . a . 1Is , this“causes the sem conductor device to
deteriorajg. nlaxprevent this,it is desirable that a second LDD region be
formed in a part of the sem conductor |ayer overlapping with the gate

el ectrode. A sepm Vi tructure_having,an L r.egi Qn
over | appi ng mﬁ?ﬂ?fﬁggggbgégﬁngﬁgﬁgl %?%églggaﬁiégFﬁgﬁlé%ﬂ%ﬁfﬁéﬁqﬁq§s known
as a GOLD.( e-drai.n erl apped LDD) st.ructuyre. structures are al so
cal | ed L%%I SQ%T%FSQFPP%&FanaeS’JTCr?SI ant¥d"d ai I’s%gt“hr ST S EAED
(I'nverseTLDD) .structur r exanple in ' Mjtsuko Hatano, Hajimnme AKinoto
and Take!ﬁ?rééﬁgif,%eFEﬁg%s J;%éﬁﬁ?%&gpﬁP@ﬁ,Slﬁ@ZS-g?’é,seg@%’?tli’t thersonfi r med
that a D structure wiith a silicon side wall provides extrenely 3 1QC
~ 204 gob8@Sr 89%bi Fi BYeoAfE eHIRET o PRSI R ING (1R yPREk BRI HOMbr i cat i on
of a seniconggctor devi ce havin%_a TFT, . the fornkgg of a mask from
phot or esTFBPUHELELEPEIF LR RPSITELD1PG: bF éncRigsand EeFBatheH Aefeed® i ncl ude
-for exanpl e substrate washing; the application of resist material;
pr e- baki #B; TR& FEEmhiR9 Py ERFASHghasha - podretmbiasy beaRdkRpEn phatedhed st nask
must be renoved after the etching or doping process, and nunmerous steps are
al so reqiiRPEAPY OOtV VRIS Phesrirpeiugsoroteekanpte fabfisptdd h a gas
selected fromanong 2, H20 and CF4; renoval using chemcals; or renoval by
" means of P¥ & easitnaf iRFEf ( fekiexgmpde therdats ellecirodst. baing fiormadre,
renmoval using chem cals necessitates steps such as chem cal treatnent;
ri nsi ng vt 8rpueschangr andndheny iotreat pard ss oifs tuhat &FTTHES 1t leerampias been
t he problemthat using nmasks made from photoresist increases the nunber of
st eps regaured angl dnain aregEmnsgrvkitn @ f odeeidoss irinthialadng ady+f ddred
m crom ni aturizati on of sem conductor devices, finer positioning in mask
f or mat i opahhsofether BT (Edr exsmpfliecittwet gyt rd geasiddedniasg d smaxskc,ause of
formati on defects of resist nmasks, as nmentioned above, and tine spent
repairi ngesfichldghéagidyresults in increased process tinme and has been a
cause of increased manufacturing costs. The use of masks made from
photoresi st i Witk Gabh catniethod Sef KeRdNgt ar sday ceadubasr Mesridcr eased
t he nunber of steps 4 '

self-aligningly it is possible to realize a reduction in the

- number of photo masks used in the forming of photoresist maské
by photolithography, and fine positioning is unnecessary.
Becaﬁseofthis,thetechnologyiscurrentlyreceivingattention.

For the forming of an impurity region in a 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.




__~I Q@' 2~~~r required for the fabrication process; - 1 007 2004
i ncreasedt hetinerequired to conplete the steps; increased manufacturing
costs; and affected product yield. Accordingly, reducing the nunber of
masks used is an effective way of reducing the manufacturing cost of a

sem conduct or device. Al so, when the characteristics of a TFT in a

sem conductor device are considered, it is desirable that a first LDD
region of the kind nmentioned above be formed in the sem conductor |ayer, as
this is effectboping aedemingntiottporwiagbri #igh anpebugntl 5Chapagtier stic of
a TFT. And to prevent deterioration of the sem conductor device it is

pr ef er abéementt Horneviane ri-Cyrey ereg 3D &id UBspi®g wiehby Geowphaza second
LDD regi on of the kind described above so as to overlap with the gate

el ect r odimparbsg & hengat & omsdilaaph bgpéitdgidn ] AnRPSE Bh £s tia s WeR@esS hot
carriers formng in the channel region and the drain region. In this

speci fi cahdloardosugegiohBeasborerwent ianadskini sbnkBPrbednagew.| | be call ed
the Loft region and the above-nentioned second LDD region will be called

the Log regiom diawessferisr 40Re &Me 19kt S PFeNcaPHehb e LR cé&%ie?ﬁ with an
inpurity it has been necessary in each case to forma mask nmade o

phot or esyBicRNEL8Rs SEATrE6ABHUEHE! chakabi é}egiaﬁewhgﬁr EARC T gJ&e Joer of
steps resulting fromthe increase in the nunber of nasks needed has been a
problemi® this dpEcPrhich@ibR,ARd: )i N ﬁh?ﬁ”EﬁQ”QH&EQEtQEKE%Ecga%&” a GaLb
structure wherein the edge of the gate electrode I's positioned on the gate
i nsul at ifgrf Ab8) BRIUG &R& 1R Bi@eité"'e@ﬁﬂ‘efbi-é’t hé@%ﬁ@ gad Lheglog
region, fine positioning I's necessary In theé tormatfion of the pﬁotore3|st
masks, aﬂgighffgrﬁgegaaﬁgs been conplicated. Consequently, trouble has
often arisen which causes positioning failure at the tinme of mask

formati on. For ea - 1N the formn f sem ¢ qQr Vi ce
having a GOLD § Eﬁ?ﬁ% ufr‘Lf}E g"e%ci&ufet ﬁﬁ}%??ﬁ?%gtﬁiﬂwwﬁiﬁﬁ@%iy |
positionin optrol, increased nbers of sks and.troyble in_the

f or mat i gélolg?&pﬁﬁ?%?%s FEEL MR H:;\?e Bideh #E‘f%%tswbﬁ%ﬂ%ﬁar hdfger
constituted. a. cause of increased manufacturing cost of the sem conductor
devi ce, 5’?1%+€Ja% %gt? S}‘g‘augﬁ%dg?ﬁ? fraftFaetGre, and reduced manufacturing
yield. To over Cf”e t hi sl_:%t he present inventors, having been researching the
possi bility of¥%7 mity BAE ISAHTIeNE GF iR 1an the chegnsd £89deRswhedt e LDD
regions of a _sem conductor device having a GOLD structure self-aligningly
wi t hout WS T HERSIHAFELVEBhipSot b @Y sthifsansaR Bhe 6gma cPaBrcESL on
method for form ng an Loff region and an Lo" region by doping a

seni condiREHe I SetAninTate mplpi pyeErBhetrisel ¥t diS geisigiapley thesns of
certain gate electrode materi'als and dry etching nethods. By using this

i nvent i dh §2°9Rd Jd¥3ipRElen Yo fhammed gif a egirdnofdnthensemicpaduetoly dopi ng
t he sem conductor layer with an inpurity elenent self-aligningly and

t her eby t@d7eRRiceriaepsng with the gate electrode.

A semiconductor device structure having an LDD region
overlapping with the gate electrode across a gate insulating
film is known as a GOLD (Gate-drain Overlapped LDD) structure.

GOLD structures are also called LATID (Large-tilt-angle
implanteddrain) structures and ITLDD (InverseTLDD_) structures.
For example in "Mutsuko Hatano, Hajime Akimoto and Takeshi
Sakai, TEDM97 TECHNICAL DIGEST, P523-526, 1997"' it is confirmed

that a GOLD structurewith a silicon side wall provides extremely



- 1 OC. 200k nunmber of masks required and elimnate trouble associ qt@@hﬁ- 2804
with the formation of these masks. Thus it is possible to reduce the

manuf acturi ng cost of a sem conductor device and the tine required for its
manuf acture. SUMVARY OF THE I NVENTION In the fabrication of a sem conduct or
device, it is preferable to provide an LDD region. And to suppress
deterioration of the senm conductor device, it is desirable to forma GOLD
structure. However, to forman LDD region it has hitherto been necessary to

form a meglodraea 1efbiphialY ! GSitgdre dC0NS QAURIY Inpr | NGLEASEL dTBSK nunber s and

i ncreased manufacturing cost have been a problem However, with the present

dinvention it | amasel b0 O1dh At L'dorRURMANE ALK TE A o

self-aligningly and thereby to reduce the nu

manuf act giFe 2 +88MESLRYHE! OF e 5e £2BH %ﬁggggggfsmé‘éégéﬁéw tLidm®, and

manuf acturi ng cost. The edge of a gate e I'na sem conguctor device

wth a fr r SPRYY! t o i across the gate
i nsul at ie%t@ il n%&a%dr?t éims/&i %@@n?ﬁ%p‘fvﬁg&éhaﬁgggg #ﬁglg{;%ge%rec?f %s

wor ked t rjn . and _doping.is.carried out self-aligningly a
number o%uf%istr'r:e%%%ﬁlsi %Sl%?%gﬁg'at é‘lﬂg e%ﬁ%ﬁ%g%oﬁor d Ié%sjas%‘raé'fgte%rﬁnﬁi s way,
a source akQR.: -a .drain r.egi o an Laff region and.an Lo,, region are

f or ned. Pr%%t lﬁgiﬁk&(g%'néa,qépg’flg%'i [ﬁ)el}rﬁqﬂp%'ngf‘%@gé’@f%mﬁgﬂd’r?7 ~ 0 c ~ zao~
part of the gate .el.ectrode, the Lo" region is forned in a part of the

seni conduct or P*E%%%%"%&E&%&W?% f“ﬂ‘@ggt%& ceprEetidder ‘c'gﬁseefcﬁiﬁfﬂg Y,
impurity regi ons each havin different inpurity concentration_are forned
i n the S8 SSRITS BEOCRS: . B8k ATIATRAYS SRS [FRRAYEh THBWTRS §0Fret hod
for form’gg a_seni conductor device with a GOLD structure self-aligningly by
means of *318emEGYadCt ot GG ERT oXABPRBdaFRAPEdVAGh & fdasst step
of formng_a sem conductor |ayer; a second step of formng a gate

i nsul at i ﬁglﬁf’rﬁﬁfioﬁrpwea@eﬁﬂcendJ%:zpoﬁnriagi&-: e el uie sthemiaalsy a fir st
~conducting filmon the gate insulating film a fourth step of formng a
second cBRIGEPPNGLf PYneRnshef ia sombdmdidom @ idshing fard rehamspadf
formng a gate electrode of a first shape by carrying out dry etching at

| east on&EECBHRMERE -seRbridhigbhiduet i Frmdvahusiagt teeficsls cmwhsdtiitagds I m a
sixth step of formng a first inpurity region in the sem conductor |ayer; a
sevent h §tepsoffucdr mMshchemital etrettnert of ranséognwishaperey wearazyi ng out
dry etching on the gate electrode of the first shape; an eighth step of

f or mi ng andatigyéhgcrfodbeofsudpstthiate .shape by carrying out dry etching

sel ectively on the second conducting filmof the gate el ectrode of the
second shape; #hdsathemehhsisepeen frhenprgbdesedctiad widmg maskeginidd n t he
sem conductor layer. In this invention, for each of the first conducting
fil mandfrhm pbotodesdsductricupdddan therai@ibat o5 sekpet edduiomarang t he
refractory netals tungsten, tantalum titanium and 8 -- ~ oc7 zcc4

nol ybdenmakenat sesesohdvctgradelv@ast. one of these netals as a nmain
‘constituent; and alloys containing at | east one of these netals. The first

condu_ct: ng fil Anancidie; wEEh Mt eaOiEhtilit fid 1B H¢ SorBd & i Hfd Rt
nmat eri al.s. '

devices, finer positioning in mask formation has been required.
Insufficiently fine positioning is a cause of formation defects:
of resist masks, as mentioned above, and time spent repairing
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



A high-density plasma is used for the dry etching, and an etching nggﬁaéﬁﬁ
is used with which it is possible to control independently the péweriVef &
pl asma source and a bias power for generating a negative bias voltage on

t he substrate side. From experinental results obtained by the inventors it
was di scovered that the taper angle of the gate el ectrode edge depends on
the bias voltage on the substrate side, and it was found that by setting
the bias power of the dry etching apparatus higher. it is possible to

reduce t mequdped fngtre fhbirieagdbs ieEIDIEncr&Yssathabkliesfiotdd ng the
bias power it is possible to forma gate electrode having at its edge a

taper angbe cmpbld e 8@heand dpd;s Ui Alett haH8FhstuseHgaT o3 tFSkadPr
forming inpurity regions. In this specification docunent, for conveni ence,
t he angl aftchetted propivre siidad.ace of a conducting |layer nakes with the
hori zontal will be called the taper angle; a sloping side face having this

taper angle w hccedaldigd ad@ReMHd Ik daREmpERdo2 E.arsksh% o0 ey, apering
shape will be called the tapering part. In the fifth step dry etching is

carried @erese tRAl yay! 2peT ANAEIRS THd ﬁl@lnh%d%c&lhﬁgﬂgggggg? Sgge i the

e
gate 9 - 1 ~C 2~i7~ electrode, t0 forma gate el ect i rst

shape. 'th&%oaﬁﬁ%?%ﬁi%ﬁﬁﬂiggy etching is carried out with a snmaller bias

power than int h step. As a result of the bias power being nade

|ler, th f I e I h [
The gate ol cot Fagg-aliek s ol RLe s B0 80T AP S R oot ot o

nd ' idth than.th | ectrade of first sh
o or modtviker RherahrhietAS: e Boatnir ABNRURTRG FIERL OB EThed

‘selectivelLy,.Anqd .in this step.the taper angle of the edge of the second

conducti Rg Fﬂ%ﬁkﬁﬂarﬂ??ﬁﬂ%?%ﬁe%??%ﬁegﬁf%Pﬁ@ege&SnE I Y ger .

However, .in the e%ghth stgP Pecause first conducting filmof the gate
af

el ect r od& ¥ EThAUFYLEHS Y 1L FHE N dener S B 135 2PHMRP S RIPe

wher ei n tHe wi dt h of the second conducting filmis narrower than that of
the firsPPEORGEEERFS 19 & T drned. For forming the inpurity regions, ion
doping is used., Besides ion doping, ion injection can alternatively be
used. In this PREH? BHEIHENAGEBTAETBELIPROT Hhgr FeH1rendueEPEACS nask
made from photoresist is not used and instead the gate el ectrode is used as
a mask. &hnidRenteyabhe fRmtdre deviiwsk $onbayedat GOMR ket Tt wesn crtiuct or
device is reduced. If an n-type semi conductor device is to be nmade, in the
sixth stBp AR&MiREG @ rRerendpiRP gregpensofnphei kind deseridhesh alwve
phosphorus or arsenic is doped, whereas if a p-type sem conductor device 10

t D C FO2RG0ke p¥erdapariftdy thelgatgedestrddemindsy the gmtrtinutdatindoron i s
doped in the sixth step and the ninth step. In the sixth step the inpurity
el enent E$lgopsdishposghbliee tgatsepprssisathioty dardmherss fipanhisgatre wEleect r ode
of the first shape as a nmask, and thereby a first inpurity region is forned
in the pahanpelt regdem amddadeodradyeregdent.i oned outside the first shape.
This first inpurity region is a source or drain region. In the ninth step a
second i npurit ¥nrdgiospesiffdca®don document the above-mentioned first

LDD region will be called the Lyss region and the above-mentioned
second LDD region will be called the Lo, region.

However, to dope the L.,: region and the L., region 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 increase in the number

- of masks needed has been a problem.



by the inpurity el ement being doped using as a nmask just the second 5
conducting filmof the third shape gate el ectrode. In the doping‘ﬂoﬁﬁﬁth@%s
in the ninth step a smaller dose and a hi gher accelerating voltage than in
the conditions at the tine of the formation of the first inpurity region
are used, so that a second inpurity region having a |ower inpurity
concentration than the first inpurity region is fornmed in the sem conductor
| ayer. And the inpurity elenment is doped into the sem conductor | ayer
through the fi C ctd i t ectro f hird shape
and through t h%ﬁgétjgg%s% r@%é\%&@ﬁ%— %evjtg%éeehsag%:lgﬁéd 3 ?r*g’&?’. Fs;tq?lgéﬁugﬁ, an
Loff r e%ﬁgréfnf Qﬁge gdggt 3'fd%hgh§a%%t %l%lc (I%%'&%qgso&no%ﬁ.%titﬁgleﬁd o%hgz%ee and an

Lo., region Is formed Fn a regrof not ~overtappi nN§ g secon

conducting, fil m but, overl.appi wifh the first. conductjng film By using
t he abov%gﬁ%aﬁﬁs‘?étﬂrt? sétl?'ﬂrgf“gggeséw @oor%mﬁc"‘l]%% bf%weenT£ EGEGEI R vice i s
formed whi h a senm copductor | ayer, including a source region, a drain
Fogi on, ' SPALE Tedh AT Boo LG RAF P IRS L ECGAEESER it F 50 & I LHP A DD
regi on overlapping with the gate electrode; a gate insulating film and a
gate el e8f rttﬂfg. hf?gQFeWﬁtpfﬂ%%&S @08 the PRReeR RS BeihcemPd 1e&kedonduct or
device: a_photo mask for form . ng an island-shaped sem conductor |ayer; and
a photo neRkSeEF e bl hgoubd ehtectrer Ardden Hitch crRee§ROS 1O e i s
f or ned usin? a mask, the source and drain regions and the Loff region and
the Lo~ Fe§iBReart FBPnEdmPnofh@askniteER@Lérdr | ayer sel f-aligningly. By
reduci ng the nunber of masks using the neans descri bed above it is possible
to reduce the heRbéhesr F@AFORG .urihgthRe chermhdt A€ & Femicepsate®pr oduce
it he sem conduct or device; reduce manufacturing cost; and inprove yield. It
a. s al sodpvisebl kavdngora LR D structure. | rrecaEmd cddductsdrugdrinse havi ng
an i sl and-shaped sem conductor |ayer, a gate insulating filmand a gate
el ect r odeebgspibatssefibespaed tilbatnge sonitired , aboveeasedh numbegmmohunber
of masks, by changing the process order and the conditions of the dry
et chi ngsmasklsi apdrttgubbei imsthdel avma biepeari Hho treradistt masky praocess
constituting an exanple other than that set forth above is described. That
i's, the bagerm igmeat pooplewi ded lawvetdvad ifidrtfedt Al oguse G Dnstreactad e
self-aligningly by means of a sem conductor device fabrication nethod
i ncl udi nganatactatringegoot offothe ngenlitondictoriévicE, ' kn@rsesed driguect or
| ayer; a second step of formng a gate insulating filmon the sem conduct or
| ayer; aré§uiidedt €promahafechgra,fl ahgt redndaed magufakcrtueinioheigdid
insulating film a fourth step of form ng a second conducting filmon the
first conducting bivkicomel ithiily Stk OhréS6Mt NIndefobes ¢l aaiade vdera first
shape by carrying out dry etching at | east once on the second conducting
filmandrgbgatbhshgCeRdUpbRIbENEFY B£SiEshityeRnOt. fOHEAGM drid Hn
inmpurity region in the sem conductor |ayer; a seventh step of formng a
gate el egl ' edgiBh foSEHPHE: SHEPA.DY reiotisNg o4 s dcflidit il Rlacdd vel y on
't he seconJ'conductlng filmof the gate el ectrode of the first shape; an
ei ghth _Sf.ssliﬁ{; BOEBEBUSoBE0RE SHAU N grddidy (WA chide s Sl GRNUELAL | aver
and a ninth step of formng a gate el ectrode™of a third shape by carrying
out dry i I n £ n i i i

d@&g? fﬁ%&?ghf‘&édde’ x Vs L] qteﬂee G ted gfif%rbf‘ﬂcé’c#‘ﬁ rﬁl?t%rgt?? gad.e

electro econ ape. In this netho or each of irst

conduct i k t ucti [ erial . d from
anong thgg%%¥%gkﬁggvﬁﬁéﬁiﬁ§9?%ﬁ§§€gﬁfEFQ%P&H%&F%Fﬁﬁéﬁéﬁﬁ?”éﬁa nniy&genum
nitrides,haying. |_eas.t . .Of . Lh_constituent. . and

al |l oys c%ﬁ?éfn%ﬁghafgléﬁgﬁﬂgh o%f%ﬁggggéékgf%ilgﬂggggysgybkﬁéﬁﬁi?% film
and the 8ecgndnconggcg'ngtf%hg!%g%ena%isofn i%fer%3£ﬂ£5¥6ﬂﬂéﬂﬁ%d_For the dry
et chi ng, gh 3%chPﬁg appg atas S § uséﬂ'mﬁtﬁ |5ﬁ'ip 'S possi e%0 contro
;”ﬁggg[‘?sgt '1§ EeuBONE" 182 1BL 3R 200§ 20 310135 RO Un SIS AL NG

region and an L., region by doping the semiconductor layer with

an impurity element self-aligningly and thereby to reduce the




-~ ~ac ~ ~o0~ bias voltage on the substrate side, or a parallel {gﬂﬁ.ﬁ
plate type RIE apparatus. In the fifth step dry etching is carried ‘§934
that a taper angle of 5 to 60 is fornmed on the edge of the gate el ectrode)
to forma gate electrode of a first shape. In the seventh step the second
conducting filmin the gate electrode of the first shape is etched

sel ectively. Also, dry etching is carried out wwth a smaller bias power
than in the dry etching of the fifth step. As a result of the bias power
bei ng magembER! b€ madiie rbanseaghe Aidile3eepndysanducting, {1l medge
beconmes larger than in thg gatee %+ect rlo e%cﬁ?3 ?%@Pﬁ%&%ﬁ%ﬁ%eiﬁv&%ﬁcause
the firstheorgdbpbRgnf bEMj ap etched at, all,  a gate el ectrode of a
second shape wher ei nnt he vmhgtsﬁ o?g%éﬁ'e secon?‘tcolnsdl})(ﬂsl%gﬂfm i ower
than thatnefpiheclbtstif [ filmis formed. For forming the inpurity
regi ons, 1 on doping ?slu§2%$ggég?5%§epéﬁ BIBCLGT ABhifh) R i%h?<£%me

al ternat Lygl, d, . Ln ixth step the gate electrode of the first
shape is uge%rgg 58%B§E% gégﬁggpﬁPgﬁ'inpurity region is forned in the

sem conductor |ayer positioned outside the first shape by an inpurity

el enment bei ng doped through the gate insulating film This first inmpurity

regi on ggﬁgggg%fgggigggégﬁgﬁi3@& region. In the eighth step a second

i mpurit ing the sem conductor |ayer with an

i mpurity eLenegﬁ gﬁin%gggzsecpnd conducting filmof the gate el ectrode of
the 14 ~ 'i & FRH G Shape seigopiietor dewierpi A§ denditions
in the g%ﬁh h stgg, a smal |l er dose and a hi gher accelerating voltage than
in the TAREC atte @B 2PhelPBr RATHM of tARAf t%st SUPP®essy regi on
are used, so that a second inpurity region having a |ower inpurity

concent réR TSR e RARIPReOf| the ispRidaniuaig@inmewider nbt La deeisebileonduct or
| ayer. And the inpurity elenent is doped into the sem conductor |ayer

t hr ough YPeEIFR ¥ GHTRETIREUFS m Flowevemyatte doaot rod&DBf relgdomedand shape
and through the gate insulating film In the ninth step, the first

conduct i HF Hiltherd abgentneressaredd fetm a maskheade et phondretiiag .

fil mbecause an extrenely small taper angle is fornmed in the part not

over | appitRpsfquenthy secémdusasdhict i mgski | masbers esund of ihbeeagwant h
step, the first conducting filmis etched fromits edge and narrows, and a
gat e el é@anwWiciring hcodtshape iteanorargmrobternt hi Hdweeer A §£€ANdhNPUrity
regi on has been fornmed in the sem conductor |ayer overlapping wth the
first camhegnhgifvénitiandiasia pesusliblef tioheeddn sin copdugbinent bhap
becom ng narrow a part of the second inpurity region conmes to be positioned
out si de arhé.gategigireslenddaldigriibgylivhiand shapeby Fo tiduieedRdnLABEL .t Y
regi-on, the region positioned outside the gate el ectrode of the third shape

becones afh masfds megided and ndhe fargiudie gvgé}niéahaﬁc%&hdbk}‘sic%ahﬁde'tgﬁ rode
of the third shape becones an Lo" region. Al so by using the neans descri bed

above, widdudermaet Act@ekey i tihé HOEShARFISALI MY acSeP1 conduct or devi ce
‘havi ng 15 "~ 0 C1l u04 a sem conductor layer inclTuding a source region)

a drain regi omhearddd fof @0igat c2ad cah rbag ﬁﬁggogémfﬁsa&ﬁcw%uaéb@eg. film
and a gate el ectrode. The invention can be said to have a characterizing

featurewitt he E@iBodtBacrieNolBe188EC W BC 248 d& {104 "BSh region
across the gate insulating film. In this invention the shape
of the gate electrode is worked to a tapering shape, and doping
is carried out self—aligningly a number ’of times using the
gate electrode so worked as a mask. In this way, a source
region, a drain region, | an lLgss region and an L,, region are

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



That is, the invention further provides a nethod for manufacturing 1a -
sem conduct or device including a sem conductor |ayer fornmed on an™ 0CT 2004
i nsul ating surface, an insulating filmforned on the sem conductor |ayer,
and a gate electrode fornmed on the insulating film the nmethod including: a
first step of form ng a sem conductor |ayer on an insulating surface; a
second step of formng an insulating filmon the sem conductor |ayer; and a
third step of formng on the insulating filma gate el ectrode made up of a

first copgdy %b@gthayﬁaténglécﬁfsaad fﬂéq&gstf@@déﬂg f%% 1t c’% s.£dge a

taper angle larger than a taper angle at the the I St fdact i ng

o yen 3' Pipohs sl &%8'5&5}%{%26‘—” f‘gfléf@’ﬁ ﬁ%ﬁ’;ﬁ{%l W eifelises | Elr):(;ugh
9E. A

has ant a:oerl %éﬁl lri[ﬁ:tl f;mégf%f g:oetggi bt %agh?%%@%i%zﬁ %% genh' 'ﬁ’ée{ﬁr?d d
chior i neSEaesn %Ctﬁﬁagr%' ﬂ?o?o'iq*‘fﬁ Yt bt Jr(?l%‘?%’:%lggdu;;rs]gaﬁd a

fluorine- basedS %n t hen car ing out dry etching usin
chl ori ne- based “§&§*16<2 Y( IRVARE LAHPHOY 18T Prfke HRQ d oFake

Because the secon% %ndu%tl n _er has at its edge a | arger_ taper angl e
(45 to 86) SERATPAEY-8Fe eé(ﬂ%l t ReCRtYeSbFUEHEre i $81E cRhtIRIRGYY | ayer

(bel ow 60 and ref erably less than 5) , the second conducting |ayer is

nar r ower PV RSERR REihERm ﬁ%nfi}l%f’r(ﬂ?ﬁﬂtﬁﬁ fapriegeion medhod trchedbrded gas
is a gas selected fromanong O Z, BCL3, Sid4 and CCl4. The fl uori ne-based
gas i s adgadrsd| sLeRJ°Fr Smﬁﬁﬁga@ﬁmlSFBd&ﬁHONF%aYﬁr 5efri SoROR@t BFSBRlevi ce
having a gate el ectrode having a tapering shape obtained by this nmethod is
al so a cl‘*?%r Aereipgi agdarinwibiting fHlssont thaveemicenduetps pawerble to
obtain a GOLD structure TFT self-aligningly by formng a gate el ectrode
made up &f tRiFdr sitepordudiammynayert iaral corduridi ot ey thyegabit h
differing taper angles and then carrying out doping of an inpurity el enent.
That is, insgliakpiag EdAn:uat fenrphovier ofa fioemiod Acsegandfcoiducning

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

i nsul at i figlguchadde Hindgiswaidumgting nfimrec difte sBIp cofdiietmind ayer,
and a gate electrode fornmed on the insulating film in which nmethod the
gat e el eat patle dhschrbdgevtch siinet Wapwmdsy careyiagf bustdepnstuching | ayer
constituting a |lower |layer and a second conducting |ayer constituting an
upper | ager ladsthawidy ah ithe edgermi tepeduetghe Falgeandhamhe tapef angle

at the edge of the first conducting

conducting £ilm; 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 carrying out dry etching on
the gate electrode of the first shépe; an eighth step of forming
a gate electrode of a third shape by carrying out dry etching
selectively on the second conducting £ilm of the gate electrode
of the second shape; and a ninth step of forming a second impurity
region in the semiconductor layer.

In this invention, for each of the first conducting film

and the second conducting film a material is selected from

among the refractory metals tungsten, tantalum, titanium, and



17 -- 1 CCT 2C) k layer and the sem conductor |ayer has a channel-formn ng
regi on overlapping with the second conducting |layer across the i.nsufgfi REL4
film an LDD region overlapping with the first conducting |ayer across the
insulating film and a source region and a drain region. In this nethod,
the edge of the sem conductor layer is preferably given a tapering shape as
shown in Figs. 3A through 3E and Figs. 9A through 9E. And in this nethod,
as shown in Figs. 3A through 3E and Figs. 9A through 9E, the edge of the

sem condiuellgbakaysy; nS t3a\RILhRY ) dm&@a%tﬂ e Idemiyud %ﬁ%é&g& %‘Ssi“ the

gate el ectrode and the sem conductor layer. And as shown in

through gEnang doirsti QAd4y auans Phoyd Re NS ng%tng? &égtﬁs%%%ﬁft i ng

shape a.n the proximty of the gate el ectro THE

DRAW N I r 1 o G I st i cs of
A Wi | mrecdie L IThEl PESL L bAAG LRGSR A IR LA (RNl

o R odeihl see Sl MR Bl ot SE e e

with the invenii g, Fisnsd tlySpRalhdPls SROUA NS YAl &40 Sfciihe, | engg h of
an etching apparatus is used withwhich it is possible to control
independently the power of a plasma source and a bias power.
for generating a negative bias voltage on the substrate side.
From experimental results obtained by the inventors it was
discovered that the taper angle of the gate electrode edge
depends on the bias voltage on the substrate side, and it was
found that by setting the bias power of the dry etching apparatus
higher it is possible to reduce the taper angle of the gate
electrode. Bysuitablycontrolliﬁgthebiaspoweritispossible
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 this 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



an LDD region with etching conditions; Figs. 5A through 5C are vie %
iIIustratigng a process 18 - 1 ~"CT 2u~J~r for manufacturing an “AWQ@[’) 2004
(Active Matrix Liquid Crystal Display) in accordance with the invention;
Figs. 6A through 6C are further views illustrating the same process for
manuf acturi ng an AMLCD (Active Matrix Liquid Crystal Display); Fig. 7 is a
further viewillustrating the sane process for nmanufacturing an AMLCD
(Active Matrix Liquid Crystal Display); Fig. 8 is a sectional construction

view of aieehleghl V%fol PellT acran(f (?Og?icz% gacia{'d .98, 92\1 {rough 9E vi ews

illustrating steps of etching e %lect 5P ‘accor dance

Lo et el IR P T
exa”plessﬁglﬁlgc% %@‘%éﬁgﬂF¥ﬁ*n in the fifth step. As a result of
the bias power being made smaller, the taper 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, is formed.

In the eighth step the second conducting f£ilm is dry
etched selectively. And in this step the taper angle of the
edge of the second conducting film of the gate electrode of
the second shape becomes larger. However, in the eighth 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 film is 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 is reduced. If an
n-type semidonductor 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



Figs. 12A through 12C are views illustrating exanples of electroni¢ _ _
equi pment . DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS First ! 06T 2004
Practicing Mode The present inventors carried out a nunber of experinments
relating to best nodes of practicing the invention. These will now be

di scussed using Figs. | Athrough 4. The follow ng description will take as
an exanple the case of a gate el ectrode 19 ~ ~ OCT 2C4 structure with
tantalumnitride as a |l ower |ayer and tungsten as an upper |ayer; however,

the invenki @8 b& POImbETht §olip i@'ﬁn&%&ftéi&ﬁéﬁ\?’s@&g AW S, A1 st ng

of any elenents selected fromanong tungsten, tantalum titanium

10! ybdenyghedl keknand <e 1 drd 9 rih tsreeg, s having these el ements
as constituents, or | oys of these elenents e suitably selected. In

hppar atus ) hasPg alngfl%gi%ﬁédﬁ%ﬁ IBpbeRs] igg‘aﬁ%bl‘é??r%?&' pﬂ’%ntg{%’%“e e nas
ot chi ng She 64 uélq.%s‘ﬁrpéﬁ@i‘?%ﬁléﬁug%r %%#5‘?{ drefheds eﬁsﬁa 35 d%g a
b

c;ﬁsegg\ﬁgﬁepy&é\% Ha%%ulcgl gpgﬁ E’I ve%( er:lﬁgiﬁl% %Yg'??tgf‘gnsgﬂ &%‘%eg?’?lstlecs

bt d mh th tch t dt tch t
(1§ A aﬁa‘?ﬁfﬁf@g‘o” 7! RVRF| Pore: deacs; dute-dmetaan | cp

dry etchi paraneters in the etching are

.0 p ratus S the i npart ant
the I CP B&%ﬁ? gﬁﬁ% ebi a vé;fs Yh§e§H8HbéF Pre_eLre, o KAt hi ng

gas and the,fl ow of the etchlng gas The etching rates of a Wfilmand a
TaN fi | nt§@M8 neasured for different conbinations of values of these

paraneters. The results are shown in Table 1 and Figs. 20
In the ninth step a second impurity Tegion is formed

by the 1mpur1ty element being doped using as a mask just the
second condubting 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 conditions at the
time of the formation of the first impurity region are used,
so that a second impurify region having a lower impurity
concentration than the first impurity region is formed in the
semiconductor layer. And the impurity element is doped into
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 L. region
is formed outside the gate electrode of the third shape and
an Loy region is formed in a region not overlapping with the
gsecond conducting £ilmbut overlapping with the first conducting
film.

By using the above means a GOLD structure semiconductor

11



~- ~ ocT 2c~04 | A through 1D. Table 1 (etching rates (E. R) of Wandg 6@%1&@4
and Wtaper angle) |CPbiaspressureCF,CzOzWE. R 0OTaN E R ~2W TaN

sel ection rati oWt aper

angl econdition[W[W /[ pa][sccm[nm m n] [ nm m n] 0-~z[ deg] 1500201. 03030058. 976
6. 430. 889802500601. 03030088. 71t 18. 460. 750253600~ 100~ 1. 0 ~30~ 30~
0~111. 66168. 030. 667184500201. 025

-2510124. 6220. 676. 049705500601. 0252510161. 7235. 814. 528356500100t . 0252510176

. 9056. 328008321203 D 3a2Edi0 2005 39843220A8R26820920Q1 9233%H171p- 20102.
872.1242295002501. 0252510232.

"974. 1. oA 834 : -
"4 2315 8953710500100 593090035 2ot odin o hos£ofoda dhesiae

0, 0..1045..306. 42224
155002501 6203050304 3450 S48 BAIST TS T o B8 1ABLal RALT S e above

Chonced FESEbIRY SR TR RO U RS ARAL M8 o e

o0, OIS R e ATV LR B SRR s Lo oY

oo S bk AR LR LELLM o Tl phusavb s steliet on g 0! ©

O B R B P P 0 S s i ™

.and 1B. géte_electrode is formed using a mask, the source and drain
regions and the L. region and the L,, region are formed in
the semiconductor layer self-aligningly.

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

It is also possible to form a GOLD structure in a
semiconductor device having an island—shaped semiconductor
layer, a gate insulating £ilm 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 dary
etchings and impurity dopings. Below, a specificmanufacturing
process constituting an example other than that set forth above
is described.

That is, 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



;' ~ ~~,~1I~f~lr In Table 1, etching rates were evaluated for different

bi as power and etching gas conditions, with the I CP power fixed anS@QYV%g
t he chanber pressure fixed at |.OPa. Table 1 and Fig, | A show data on the
dependency of the etching rate of the Wfilmon the bias power and the
etching gas . It can be seen that the etching rate of the Wfilmincreases
Wi th increasing bias power and with the addition of oxygen (QZ) to the
etching gas. Table 1 and Fig. 1B show data on the dependency of the etching

t f i [ d t.chi . it b
Seen hat STTROu-THE end EReRGMRa Fhot dReTird £ RelRnalipa ace of
the TaN fd;hm i | i i bi , the etchi rat
door eased LT Haaddr 1] P SELEEchATet (e BLEH A59BaOF WM Bat a of
Table 1 t taj n..t.h l.ectivity of Wfilmwth t ot
Ta 11 e e PR Rl i g4 AP riheRating ke 2cRnp ate o
a TaN filmy .aélfshown in Table 1 agd Fi_g. 1C it was found that whereas this

B &F FOLL IR SPARhCRBABE 4BY S mandde S1FRE candidgitms, it

selectivit
i ncrease%.ao.a %rﬁjm of 13.695 when oxygen is added to the etching gas.
Exper i meft 1813 St Ftem oF exming mheathveleorsode aficrefilrsbrahanmg t he
conditions shown in Table 1 and actually carried out etching 22 a ~ ccT
zaa~ on RYSHFIERF PHE TS EFRiNG At keafteoRga O seROAG COMMUNfinign on a
gl ass substrate and then formng a Wfilmon the TaN film The etching
condi t i ofid1Bn@ngptheart iFstr soadhetimg dglaphs stixtie stegulafs Somigtpwn in
Figs. 2A and 2B. In Figs. 2A and 2B, an insulating filmconsisting mainly
of silicBnfiESt olmmiar by r<hkon rigr Chepsemizeiidybaes dapert at esevamthsi | i con
201 crystallized by means of heat or a laser is fornmed on that to a
t hi cknes§t6P SErffarming a gaiededhgprddserf coserondr shaperby Teernyisig at i ng
filmis fornmed to prevent the em ssion of inpurities fromthe gl ass
subst r at eudndrvegtobing aseyestbsedmcen atite tduoknk ssomdadongg &L i 5
i nsul ati ng.
the gate electrode of the first shape; an eighth 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 film
and the second conducting film a material is selected from
among the refractory metals tungsten, tantalum, titanium, and
molybdenum; nitrides having at least one of these metals as
a main constituent; and alloys containing at least one of these
metals. The first conducting film and the second conducting
 film are made of different materials.
For the dry etching, an etching apparatus is used with

which it 1s possible to control independently the power of

a plasma source and a bias power for generating a negative

i3



A gate insulating filmis formed so as to cover the island-shaped 1 T a
sem conductor |layer on the insulating film A TaNfilmto serve as A}Giﬁ£94
conducting filmis formed to a thickness of 30nmon this gate insulating
film a Wfilmto serve as a second conducting filmis fornmed to a

t hi ckness of 370nmon the first conducting film and gate el ectrode and
gate interconnection masks 202 are forned with photoresist on this. Fig. 2A
shows the result obtained when the second conducting fil mwas sel ectively

et ched usifg 4&&@@%“% gt#é&%%%%)%%dé,“%%% rﬁa%%ﬁlgg,f O\%’;%lia% S00W

the bias power is 150W and t preessure-i £ and Oz
are used, | as; and the flows of the gases Cl2, CF4 and Oz
(xiﬁgféggc%$g%%g?g§

are 25s ccmrespectively). 23 ,. '~~~ ( Lc~d4 Fig.

2B is a photo ph,. of gate el ectrode obtajned by using the conditions 1
of Table d (mﬁé?e?%gtﬁ%?%EPS58®ePﬁzs QFﬂftﬁ%ﬁgﬁ%ﬁe?ngSQOﬁPaénd t he
chanber pressure is 1. OPa; O Z and CF4 are used for the etching gas; and

t he resd£c¥?9%5f?59%eontﬁetﬁaégs i ofepmedran akBecadae308cEhp B8tetch t he
Wfilma the({aN ilmon the substrate obtained by selectively etching
the WfiFtHURIeth OC%%H?t?oﬁgt?.eiﬁcﬁFﬁﬁezﬁf fh&ip¢fi FhfR8s a tapering
shape with a taper. angle of 26; its edge 203 projects outside the resist
mask by 700 t olBOHMm Sa¥er bt SteR Fhat Speordncerdygsanghiilm TaNthel m 204
remai ns on the %ate insulating film unetched. In Fig. 2B, the TaN film and
the Wfi9drhatechEofecPEdie Silnalttshinnn dsye boked e 1pan iMe vt hadshad

remai ned_outside the tapering Wfilmhas been conpletely etched away. This
Exper i meHY 285 k§ qpmtkedrritheriddsiss sorldeire biiiagi powerothanWifi Imwith
respect to a TaN filmobtained in Table 1, and confirns that selective

et chi ng B¢ Adsamprehied uaf| yhaafifighastaper olis sarnesutt of &h&aNifkl m and a
Wfilmis possible. Also, in Experinent 1 and Experinent 2 it was found

f rom t hecostrapee bhgmadeymal henf the tepel angldaf thiessecdrsd aondnceliagi on

bet ween the taper angle of the Wfilmand the bias power. Experinment 3

Next , t dpelm aadgesbebomencdasgest thiamg iW fiHensyanes eelectrode of the

first shape. And becaﬁse the first conducting film 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
4the first conducting f£ilm is formed.

For forming the impurity regions, ion doping is used.
Besides ion doping, ion injection 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 formed in the
semiconductor layer positioned outside the first shape by an
impurity element being doped through the gate insulating film.
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



24 ~ ~~? C~ ~~J(~~ nmeasured. An insulating filmconsisting mainly of
- silicon was formed on a Corning Corp. #1737 glass substrate, a 400mmp\Vif pgqp
was formed on that and then a photoresist 3.5um|line mask was patterne(J. )
this time, a taper angle of 60 was formed on the edge of the photoresist.
The insulating filmis provided to prevent the emi ssion of inpurities from
the gl ass substrate during etching of the Wfilm and as long as there is
selectivity of Wfilmw th respect to it under the etching conditions used
it my bgeRbnd¥nkyRe adnLhj.ck hel, e . et ched_under different
bi as power and et c%i ng gas cond???c%)rlllg, Hgﬁgﬁggl%lb %\ﬂ%&gntﬁ#ﬁgeﬁlb ron
M croscopyly t'$ GLRSS: ' a s. observed and the taper angle
Re' o ShRRel, dliine RS, el o

measured. The results are shown In power
i ncreases _f t 5 t.ts.the .taper l e. of the Wfilmagentl
decr easegnf Etg% ?gmtd?}t%é)%sbu t \?Vnhéan Jﬁ%epbqfagtq%om%t]?ﬁ\m%etqegpﬁaﬁr%mgl eis

70 to 80. nus the shape of the edge ,of the Wfilmis alnost vertical.
The pr es%ﬁr%llr%& ntioh- Pt o%%e%s%lgseﬁ?cghﬂﬁcﬁoﬁeﬁé\ﬁdcé“l?é‘rﬁﬁfé’cﬁﬂglr@‘ net hod
characterized in :f_hat a gat_e el ectrode has a two-layer _structure nade up of

a gate el8¢tP§u8 TAVRY LY GeUserE R tian E5R8uERenELFF T AMRIEHISE med on
this gate el ectrode |ayer another gate_el ectrode |ayer consisting of a
second cbidCR hg f?#d'%tﬁﬁt%e@%@‘ﬁ‘éﬁ%olf e ondnét tig igoumieEsecond
conducting filmijs selectively etched through 25 - ~ ~cr 2ao~ control of
an et chi AgeH8E Y +° Pt LREALhe semd corguctargl aver threualgthe fitat gat e

el ectrode is controlled through control of a bias power producing a

negat i veCBPEECEdPGagd 1Bnof nehe gite slecdingds oft hhedsgcend hshmpe Bial shape
of the gate electrode is freely worked and the gate electrode is used as a
dopi ng mhBkourghdépe gatienj@sudyptiimgo f4lgburce region, a drain region and an
LDD region having an Loft region and an Log region using self-alignnment.
Second Practi cthgtivpadnibxsteri dbe 8irshoongmc3Engihith iar dryredshesiect i onal
vi ews showi ng one end of a gate electrode, will be used to explain in

det ai | asedefpddvedy -usinghenflrssabhduotifyfddimentsadse ananctr@nddscr i bed
above actually to forma source region, a drain region, an Loft region and
an Lo" regkdd tapersanpteniiscformédyin tiye dopithhaespantliammirgivaith of the
sem conductor |ayer self-aligningly, with the gate el ectrode as a nask.
First, thbefsktoningoadagltdnigs falepased r@sud tglods thelbsivieditd 3tbp,an
insulating film 302 consisting mainly of silicon is forned to prevent the
di f f usi ohheffimpurddrdsct Iromeilm ghastclsed Hrcu Q-tsTéﬁﬁe &4 indr3rss haped
sem conductor | ayer 303 and, covering this, a first shape gate insulating
fil m 304énare daporedeeirbbie bpshaliradshhpd 302orhe@N Akl FRiQ 1SGlave as a
first conducting filmis formed to a thickness of 30nmon this sanple, and

a Wil mteeseideimfurity region has been formed in the semiconductor

layer overlapping with the first conducting film, and as a
result of the first conducting f£ilm 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 electrode of
the third shape becomes an Lose region and the region overlapping
with the gate electrode of the third shape becomes an L,y region.

Also by using the means described above, with two photo

masks it is possible to form a semiconductor device having
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i QC~ ZCO-—r as a second conducting filmis fornmed to a thickness Ef ,é?()pm
by sputtering on the first conducting film Then, a photoresist nas Q b
formed so as to overlap with a region of the island-shaped sem conduct or

| ayer to becone a channel region. Afirst dry etching is then carried out.
(Fig. 3A) As the etching conditions, the |ICP power is 500W the bias power
is 150W the chanber pressure is |I.0OPa, and Cl2, CF4 and OZ are used for
the etching gas. The respective gas flows of the gases Cl2, CF4 and (Z are
25sccm 255ccrréarg(g é@c&m Thesele%chi ng.conditions are _the condjtions 7
shown i noTEBIMECIIARECT RGY & PRSI RERY B ROYLCY PR FhFF RARIWI® ¢ aper
angle 26 _in_the Wf.ilm.and ths_lésel ectivity of the WHfi Imw’s_%}raerées ect to
the TaN P frfis TREGTE 278 aehey TELW 1T 93 dMAEEHRP tity using
these conditions.. In the etching, the light em ssion strength of the plasm
i s moni t 8r 88 %o SdECE e end point of the etching of the Wfilm
Preferably, after the end point is detected, over-etching is carried out so
that there i s H8SoER{ETEHR GG Be SRILAGL? BevE R ShEFrarheTizied tertWed e, to
prevent the TaN fil m being etched excessively by a | ontg over-etching, a 10~
over - et cBPndhies Medhade pYohicks the @afla ofedtiady istfmedt ching, the W
filmconstituting the second conducting film becones a first shape gate

el ectrode | ayefh@deddnd @Eﬁhd%l%Y@lh‘ginay%ﬂ)TtQ@SAPﬁQVﬁﬁgsaat apsrhothgfer of 26,
and the TaN filmconstituting the first 27 EOCT 204 conducting film
al t houghmapufacaghiad alsenigiernBiqteridemice thelwiiang etedmhepondes®dns over

t he whol e substrate and becones a first conducting film 305A. In the first
dry et chilagerafexied ogagn dalsydadd nar our Bace g ashl o het Yas &9 lgutdreed C z,
BCL3, SiCd4 and CO 4, fluorine gases such as CF4, SF6 and NF3, and Oz, or a
m xed gasnhdhengdniesmdasiher nlepast | anénts gady & leertratdes ef ornipsd usred. At
this tinme, because the TaN filmperforns the role of a stopper |ayer,; the
first shape datsmliatsidatfign fithe 3QdAhod datlatithgd. aTHeEstwidtemtor he

phot or esi st being renoved, a second dry etching is carried out. As the

et chi ng €omahiihigod Sentiltenkitd Hoaksiyé B ofibde i nGAV\A thhe HivSapenerseéSom@mde 20W
the chanber pressure is made | . OPa, and Gz and CF4 are used for the

-~ etching gasp dherdarpestany enkbows ialy £hemgasese(@émasonfhétarer#pen; 30sccm
These are the conditions 1 shown in Table 1. The Wfilmand the TaN film

are et chedqgai tEubalsaiiy & k¥ riiagsaEneti 6liuNa thalyssi BiE Jaee0dPese66dd shape
gate el ectrode |layers 305B, 306B. In the second dry etching, during

over - et chiaag @fp WFe alaNddtd BoddifidPptiShapatL ddssn@téingabdét Mg s

etched by 13.8 to 25.8nm and beconmes a second shape gate insulating film
304B. I n;bRersecrnc Aryt efdi élageaa%agergaag&@ ‘i%trg@rf HOARMPNPa ot Or i ne

gases such as Cl12, 3, Sid4 and CCl fludrine 2
angle at the edge of the first conducting layer.

In this method, the edge of the semiconductor layer is
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
laver preferablyhas a tapering shape, and to cbtain this tapering
shape, 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

is



1 o cr 2ao~ gases such as CF4, SF6 and NF3, and OZ, or a m xed gas ??yﬁn%mﬂ
these as main constituents may alternatively be used. Next, without tRhe

phot oresi st being renoved, a first doping is carried out, to forma source
region and a drain region in the sem conductor |ayer 303. Here, to form
n-type regions in the sem conductor |ayer, phosphorus was doped in a dose

of 1.5x1015 atons/cnZ with an accel erating voltage of 80kV. An n-type

source region and an n-type drain region 308 were thereby fornmed in the

parts of ta%ltge&s]%lfo% g%c_t%ésé(flyqearesng%g%,dow th phosphorus. (Fig. 3B) Next,

wi t hout ot or esi €l Ny Hthird dry etching is carried out.

(Fig. 3C) As agesult qf the second d et ching, the photoresist 307A has
becorme a secon(!j:{es §ape ptiot otES %i’j"f@/CW@S[ l‘crﬁfr\% TontFti &L ? t he
third dry etching, the ICP powesr is nade 500W the bias power is nade 20W

and the AT A91e fidle 10 BR) thamddechanae aneke fat the
etching gas. The respective flows of the gases CZ and CF4 are each 30sccm
Both the ok ih¢ fHestaRondueting deyead (belowi 6§0f mnd prgferahlng. As a

result of the third dry etching, the tapering part of the gate el ectrode
formed by-eSFethpRs} )an}éhgm@qpr@mmlaywm narrowgar innglé&tland t he
wi dth of the gate el ectrode narrows, so that third shape gate el ectrode

| ayers 3d&bHer fdret sapscing Hiayathird dry etching, the part of the
second shape 29 - 1 OGI 2~~~ gate insulating film304B which does not
overlap with t f8esebdAgiBRapasgdt gae|iecer 6d8 $alert8dFB dm aglonghClLy, et ched.
And as the second shape gate electrode is etched and narrows in width to
becone t FelthiFi-bhapd §8le eMlbet Edderinhebgaed gasulsabi pgsfsdrcted
-progressi vely exposed to the plasma also. is gradually etched, and a third
shape gaft&omnauoagi §F +f i By 30T Hdasi ng a tapering shape is forned. Here, in
the third dry etching, about 60nmof the gate insulating filmis etched. In
the third dry &tskimgonduettiver dgesiceeltestiedy fa aa el chtadd Neagases such
as Cl2, BCL3, SiC 4 and CCl4, fluorine gases such as CF4, SF6 and NF3, and
02, or aaniages-ygasshapergptdiase] By HHEISMEONS illsUeTE S afatddsmadingl y be
used. Inthe third dry etching it is preferable for SF6 to be used In the
gas for ebehiomg bife tWef igpasand: tiherdaN dri | mrthacaywdiiie ekespidipossi bl e
to obtain a high selectivity with respect to the gate insulating film Wen
SF6 i s uaeblimsthacgage/ T sBarLA1AdndhY19thiEBEMiHhera §4RER BaditedL£P pover
is made 500W the bias power is made 10W the chanber pressure is nade

| . 3Pa, Gh3aandpSbe ar &ivead dowaddta ey Alvas Ga% ANbddif TEARARIE MEy f | ovs
of the gases O Z and SFb are made 20sccm and 40sccm At this tinme the

et chi ng nayerofitheWdd+Rd $aled 5AGL AL hnd 8 &l Q?E?gghgt, ‘?ﬁlﬁ‘}c\;,élﬁ?gat <

insulating filmis 4. Onmm and the selectivity o rrespect

to the gagkeahnsmpatify bhlfeng 9. 61. Wen the third dry etching is carried
out with these conditions, 30 mZ OC~i 2u4

That is, the invention further provides a method for
manufacturing a semiconductor device including a semiconductor
layer formed on an insulating surface, an insulating film formed
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 conduct ing

17



the gate insulating filmis only etched by about 5nm An experinent {Wasy 254
carried out to evaluate the etching rates of a Wfilm an SiQZ filmand a
TaN filmusing O Z and SF6 or Cl2, SF6 and QZ under conditions other than

t hose nmentioned above. The results are shown in Table 2 Tah7c 7 (etching
rates (R E.) and selection ratios of tungsten (W and a gate insulating
film(d) and tantalumnitride (TaN) under various etching conditions)

Cl ZSFfi QzZI CPBI ASPRESSw E. R G E. RTaN E. Rsel ection

605" 7310835500501 G640 05 336ubBLaBoE: B YhehBE EIERRY SRR 0% 72
6720400500 01 SP8 5111885, T or 1504008 b5b %1 dETPE 3F59554 B8 352040

0500301. .3173. 7. . . . .

70204007 005014386 By 380 0 EDR, FofAT (DBODLRP S 6w H5R. 4 BHt700101.
3274.329.81Q7. 49. 337, 5610500500€%01.,3I 4Q. 627. 6%144. 15. 430. 981 G600500101. 3104.
312. 811 15289864 188303085 C6FOL 3183 1RF8 2118 9r5T B | 65665013 AB. 510500
500201. 3144. 12040Q500201.. 3137. 530300500201. 31 16. 440200500201. 386. 1501005002
01. 352. 33595F056628 HFE3°™:32. 74. 25202020500201. 0l 36. 928. 05. 10 31 ~ 0

C ~ 2GG-a Wen_Cl12 and SF6 or Cl2, SF6 and OZ are_used for the etching gas
in the third dFy &PRdfi RGERCEnditPPoRSIENBINERR Femieondnalobel aTR¥ abt y

sel ected and used. Next, w thout the photoresist being renpved, a fourth
dry etchPr§teTapdr péyesd. tamsGingshane gsreReWR igf Figs -t BRreheryalet chi ng,
t he photoresi st 307B has changed in shape to a third shape photoresi st
307C. As3Enéng: ERigsg SdndinnBish FEthe fourth dry etching, the | CP power is
'made 500W the bias power is made 20W the chanber pressure is made |.OPa,
and d z, CFQ aAadOingthigseethod. tde shoin i@ Fdgs.TRé thrpughi 3B 4ndws of
the gases Cl2, CF4 and OZ are made 25sccm 25sccmand | Gsccm In this
fourth dFyget.cBdngdhrasigh radbulttheofeddre dfi ashepcwanidmidurpeciel 200 Bsstil |
greater taper angle of 70 is forned at the edge of the third shape gate

el ect r odeofelre AWy ahminsvAradt itritef Wi wl plrowfi dielddb avia dmtbé gatte gbt¢cteddet r ode
narrows further to forma fourth shape gate el ectrode | ayer 306D. Thus, a
fourth shagetpats=mi echdodeohaldyay a @atdcasl dcdwwde Fager. 3AGDh@tglower in
wi dth than the gate electrode |ayer 305D is fornmed by the fourth dry

et chi ng. 38ndndiMidgée 920 whrowhy 98t chhag)nfersitisey tHid M\hkis| &) ©dpéhend hird
shape gate electrode is etched selectively; the end of the TaN film of the
fourth skapgegane t@let @iricadieniitsy &M aIrd.gliid16a A Mt added to the etching
gas of the fourth dry etching, the etching rate of the TaN fil m provi ded as
the | ower |ayer 32

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figs. 2A and 2B are photographs of a gate electrode 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 showing variation of the length of
an LDD region with etching conditions:

Figs. 5A through 5C are views illustrating a process
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~ fJCT 2c C4 of the gate electrode is, fromTable 1, 20.67nmmn, and is

sl ow conpared to the Wfilmetching rate of 124. 62nm nin, so that thé GaN 2004
fil mundergoes very little etching. Consequently, after the fourth dry
etching, the TaN filmconstituting the |lower |ayer of the fourth shape gate
el ectrode has the same width as a.n the third shape gate el ectrode, and a
fourth shape gate el ectrode | ayer 305D having a tapering shape at its edge
is formed. In the fourth dry etching, a gas sel ected from anong chlori ne
gases su fJuor n ases such as . SF6
and NF3, %gﬁd (ﬁéﬁﬁﬁhn d gas iVlng ﬁﬁ?ﬁ @ té%ﬁé?z y

al ternati vel used he four h etching, the part of the third
shape gate”i aﬁi €GFQI# Hgd%égwﬁﬂt rlap with the third shape
gate electrode Ia 0 I| htI tched and a fourth s e gate

i nsul ati ng fiIﬁﬂﬁ% 6% §g% g ngat%e Fpﬁré$&FW§nﬁ%#P§ﬁ§ﬁEi%Qn?E% t he
part of the gate |ns%%at|n fllntmhlch does not overlap with the fourth
shape gat&™& BREPFHEE BANYERS tusing AR AL & (tASt?-gﬁn%daEdetIh’él‘b‘é% e
|nsulat|n% fllntls etched by a maxi num of 88nm by the first through fourth
dry etchf WdF&Lav)i the second, third and fourth etchings, and
partlcularly in the third etching, mhen SF6 is used in the etching gas; the
gate insul atin§i@i-l h i§ Bnfyreherenioy hlhaxthubied tiomsams process OCT
20(14 As a result of the first, second, third and fourth dry etchings, a
gat e el eéProdRTHHRGLYRART | ﬂEuIAMt—iLﬁf@ f(Aokive Motmiy Wi chLmys tal
follow ng characteristics. The gate el ectrode | ayer 305D has a | onger shape
in the cRaspdkYl)ength direction, that is, a greater width, than the gate

‘el ectrode | ayer 306D. The fourth shape gate insulating film 304D is nade up
of a first gat€ignsll asiamgddtinnagicons3Gctian vgea bfratrdiieakintss,
overlapping with the gate electrode (the TaN film; a second gate

i nsul at i adgghiikdmerggiterl §EGpllmyvi mopda second t hi ckness, outside the gate

el ectrode; a third gate insulating filmregion 311, changing in thickness
fromthe firstFthisckpasshiougheooBedenwdt thlckneasihet weepstdhe didisingat e
insulating filmregion and the second gate insulating filmregion; and, for
conveni eaad, dapfingrhgared elidsitadd 1g hekbbraagcenwstn, tikenaivdrx ide. part of
first gate insulating filmregion 309 which overlaps with the fourth shape
gate el ectroderhigger 1386 RhrBuRH 103t Gt 6riavl|iatlivig dddiMd agtamp e ch
includes the fourth gate insulating filmregion, is the thickest, and the
second gafeehBstithanikg e h@hkggjon is the thinnest. In the first, second,
third and fourth dry etchings) the first and second dry etchings can be

carried out copggeut nval ¥nPhugManain G rePRAid LRSI 1ds i SRR Ldigshes . and
the third and fourth dry etchings can al so be carried out consecutlvely by

changi NgogoRdiekieRs il o8 chanber. Wen the fourth dry etching is
fini Shed t he maek 30700 S ent

Figs. 12A through 12C are views illustrating examples

of electronic eguipment.

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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~ -~ ?2.uQ-r having changed to a fourth shape in the fourth dry etchin IS
removed. Here, the mask 307D can be renmpved with an OZ gas pl asma tl’sig@fﬁrzﬁﬂé
RIE dry etching apparatus. Then, using the fourth shape gate el ectrode as a
mask, a second doping is carried out to formin the sem conductor |ayer 303
self-aligningly an n-channel sem conductor |ayer to constitute an LDD

region. (Fig. 3E) Here also, for convenience, regions in the sem conduct or

| ayer 303 will be naned, in correspondence with the first through fourth
gate insul ati film.regi ons naned above. That is, the seniconductor |ayer
regi on ov ’F‘f‘%ﬁ%ﬁﬁd”vﬂ h‘g‘?rh"eajf‘fr? Htde pRsBI LAY FaVeE @ag dn@stenpe

called the first sem conductor |ayer region 313; the sem conductor |ayer

regi on overfApPPRGt w tkefhelPHPVETgatBe| ABUPELLAG £B| RPtedildd LR Eope

called the third sem conductor |ayer region 314; and the sem conductor

| ayer regibh SIER| SHPPRGORS-h anke ¥aATh ¢rrelshing affngnyi edemegiten wil |

be called the fourth sem conductor |ayer region 315. Here the fourth

seni condtRIFLEAEON 8§iosy BUBIEERB | tanealum cHdmeaiiumegimodybdenomgh whi ch

a current flows when the sem conductor device is ON. However, because the
regi on oVelTepFnty cRppen padsee oy gat pitnideathanginig |thessyiedemdb@si s t he

source region or the drain region 308, this region wll be called the
second s&%reyrliictwrntay err rablays 308 . thatse leilententes, may ibe sopaabagt t hat
an inpurity is doped 35 ~ 1 OC? 2Q0r into the first sem conductor |ayer

regi on 3Sledikeatigh the gate el ectrode |ayer 305D and the first gate
insulating filmregion 309. Using phosphorus as the dopant , and with

dopi ng condi t ilinghdfs dinsentlohx 4t 2pphasmienthepstehetatidigs o/ ehttaga: 90kV,
an n-channel LDD region having a lower inpurity concentration than the
sour ce ragilGR dry thehdnai appeghons BBaviagnadrce (heiddtsée dppbagiiea f or med
inthe first sem conductor |ayer region 313 and the third sem conductor

| ayer remiaxmad)ldpladinai Sottheel WRsr agb@nast Rael biehingMapprduater, | ayer
region 313, because it overlaps with the gate el ectrode [ayer 305D across
the firsihgedetd bzl iy i Patibd begitar I HBFESHAlg Lepphedtas- ikn the
second dopi ng the sem conductor |ayer regions 313 througﬁ 315 and 308

becone sgid € @RMLCH PouedY e whli &l %&n%aﬁhaaaaiglﬂl@chéﬂ Bher srﬁieiému%t_—%

g:once_ntration, and _ther_e-ls t he characte_rlstlc t hat the_ val ue’ of the _
| pUr i t eooAs YHIRId 4 Relgh® 198UbE8s! 81 LEyaNh the lgwsﬂtﬂaec%'ng@{a 08 is the

hi ghest, the value in the channel region 315 is the |owest, é val ue

n the Loin (gl 1oneroPlEs 1hadpbiigaiplye I the Loff region 314 The
inpurity concentration in the Lo" region is [ower than in the Loff region
because the filns positioned above the Loft region 314 and the Lov region
313 and their filmthicknesses are different. Wien an inpurity is doped
into sep.conduct 6 '~ ~01i :: 1 2~0~, layer regions through filns
formed o4 TE ;cﬁwnduct or layer regions, if the thicknesses and/or the

material s of il iffer. the amounts of inpurit eachi ng. t he
seni conductortqug:yJeﬂr' ggafd‘-gﬁgg !:LF'%%FSa . ?Jﬁbefwﬁﬁflﬁl@l%%ﬁ@eﬁx ﬁngf)‘f‘rEgof t he
Sem Con%'ﬁ%a%ra%ua E\'.'\vrasr% Ie%n%oweltlchbg éjlllr];g];seéggt('t-{) film and a tantalum

nitride (TaN) film will be described. -

When an ICP dry etching apparatus is 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 film 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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Above the Loff region 314 there is forned the third gate insulating film

regi on 311, which changes in thickness fromthe above-nentioned f+r5tQgT 2604

t hi ckness to the above-nenti oned second thickness. Above the L" region 313,

on the other hand, there is fornmed the first gate insulating filmregion

309, which has the above-nentioned first thickness, and on the first gate

insulating filmregion 309 there is fornmed the fourth shape gate el ectrode

| ayer 305D. Consequently, when doping of an inpurity elenment is carried

out, the e inpurity reaching the sem conductor |ayer is |ower

in the L'la?gglgtghl%%tal%'i n the Lff region, and the resulting inpurity

concentration gf.the.L~ region is |ower than that of the Lff region. In the

practicing rmdgé—lgg?e-rli bed above, the gate electrode is made up of two

| ayers and the ggtg,el ectrode is worked freely with it being a

char act eri zi ng (FESPEPE 5RteRe (BrBedi efnl #declalhatand 3% tapern angder) ng
ol £ 4

shape i Tornefcai a4 essedyer,arcil ['€0,0 AL ' A —and—t-hr—Yt-tn
of the dahétehfwirwde |@§?tc S0 SRl f;néjm%;nh :ﬁzui ?nﬁ&t:;éi Sé}t"h%f”i'“.dt?‘?ef taér'g
the gatg 37 S00] 2D 1S 12007 BT [Cht [ 0GT. | Peier0y | oo ioo.émé%aﬁ@ed%
sem conquCTOr |5y &h | WitdT g 1{NRuf gy lﬁsgg,r.ﬂ_t rerggli erereetinle—-asa #&g%.,_l_
i's possi[bl & To[sbaign]| & SPUT GF [TRON O (& 1§ N &P ot Feg-op—anrdan
Loft redrory TS0 SCT1 & OTOEat 3 lﬁy%r}ﬁ 7 ﬂgﬁkﬁgkyF=%ﬁé t-horeby f Y mah
n- channdt—senEEgpttqry et ge;hrving A5t o] St petpre—n_this p act{%ing|
mode t he— At e |eigeTT 0TS Wass Ysgd-ay o-Auslte—form-pa-LDI tbgion .a.\d_%_and
Loft redi 00T L0 T EULpT set-tpatig .ﬁﬁll’gnrg rReR—g - oR-condust
device i[S & boll Yoo DETTHY rqgt,%thcwicugﬁ]% of osEre eg-ghsHa—H :
length qiTeCTi || 0€T gIgTa] B ' TR BT Ienggﬁéothc Lopt ‘fngt
and the TSt g [T g OETGS St %ﬁﬁ%&@ﬁdﬁﬂnL -
devi ce. T TR R A Tk Hhe—otfd-engthand_the
Lo" len T @ st Tyr G ¢ . the]Er,rs'gfi conductoll |
devi ce IS ERH e B UT R thczﬂ?g Hty—to c?"nntrowl
t he val [I€3; €206 DOTTETOBET - bEnoth n the—teo'r pengthj-r-e ich
manuf ac{urisg |papEEsS 1. 01N 2N¢Q$ P T s 5?? ffqhﬁ" th Lgf2
region and rne QT On ar e formed-wH—mow-pe—expta-rea—aga-i-usi-hg

g
Figs. 3Al¥htsufn BE. npitedh fibgt 3IB," tire tHD dleowg hTasléhe meagthtehtt he
channel |ength direction conponent of the portion positioned outside the
resi st dteasereneetihy papbssibiee beeamsd tapad gahefe&tecisodhahayer s 3058
and 306B forned by the second dry etching; the 38 i ~~1i ~LU-r Lff
| engt h i®n tdealetgtdutringuthe wbatehihfe gate el ectrode | ayer 305B is etched
in the channel length direction in the third dry etching; and the Log
|l ength is the length through which the gate el ectrode | ayer 306B al one is
etched selectively in

As the sample structure used for the etching rate
measurements, a 400nm W £film or a 300nm TaN film was formed
by sputtering on a Corning Corp. #1737 substrate, and using
a photoresist mask of a suitable shape the W £ilm or TaN film
was half-etched for a suitable time. The amount of etching
of the W £ilm or TaN film was then measured with a step measuring
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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the channel length direction in the fourth dry etching. In other rds_,
the LDD | ength gan be controlled by controlling the taper angle 6¥%taéTgeﬁﬁ
el ectrode obtai ned through the first and second dry etchings; the Lff

| ength can be controlled by controlling the amount by which the |ower gate
el ectrode layer (the TaN film is etched, i.e. the etching time , in the
third dry etching; and the L" length can be controlled by controlling the
amount by which the upper gate electrodﬁ | ayer (tﬂe VVflln)t!s etchfﬁ,th.e.
the etching tipe, in the fourth dry etching. In this connection, w e

t aper anglg offgﬁ%aﬁ%?efel%ETﬁﬁﬂ% teF HRFS I RIgR etk fon diffiegresdcond dry
et chi ngs_pade 26, the L€ length and the L" Iength were neasured for

di f f er en?13% AWRF APAeS ‘gﬂlf‘ﬁegacshPPHd&ﬁdoﬂéur‘t’hﬂar‘:}leeifﬁﬁlD@Se.r Tixedesul t s
are shown in Table 3. Table 3 (etching period and Loff-length and Lov B

| engt h) ¥ampP eV naRdABeehrhambesnPRgSpErRod1Keac R405008Rsurt h et chi ng peri od
[ sec] 403020Lof f | ength [nnm 180320480Lov | ength [nn] 7806204201 LDD

| engt h[ nn 960988068 Boand Figy 1A chowatarten ttdealdepeindeneys odf thiee gat e

el ectrode | ayer consisting
etching rate of the W f£film on the bias power and the etching

gas. It canbe seen that the etching rate of the W film increases
with increasing bias power and with the addition of oxygen
(02} to the etching gas.

Table 1 and Fig. 1B show data on the dependency of the
etching rate of the TaN film on the bias power and the etching
gas. Here it can be seen that although like the etching rate
of thé W £film the etching rate of the TaN film increases with
increasing bias power, the etching rate decreases with the
addition of oxygen to the etching gas.

When the data of Table 1 was used to obtain the selectivity
of a W £ilm with respect to a TaN film (the ratioc of the etching
rate of a W film to the etching rate of a TaN film), 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 maximum of 13.695 when oxygen is added to

the etching gas.

Experiment 2

To verifty this result, the inventors selected from among

the conditions shown in Table 1 and actually carried out etching
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of the first conducting filmand the gate el ectrode | ayer consisting of the
second conducting filmhere is 400nm and the LDD region |length is_S?QﬂﬁizmM
however, in practice this will becone about 100nm | onger as a result of
etching of the resist mask in the channel length direction in the third and
fourth dry etchings. Wien the third and fourth etching tines were nade
80sec in total and an evaluation of the Loff length and the Lo" |ength
under three different conbinations of the respective etching tinmes was
carried t, it s canfir t hat _when the third etching tinme is increased
and the &c{)u?t ﬁare“\ﬁ’gl% e r?e@%y?%%c%ﬁr‘ﬁ%u{%p’f‘agﬁn YthgE’Exﬁﬁsal dider and
“the Lo~ hgi th becoq?s shorter. 1t was found that with the LDD | ength made
a maxi mu e%Poft HETG FURHF TS 1P | IR iEeERIRE #r el 1BoRPr d1%ed by
means of thﬁﬁfﬁ'&i rd and fourth dry etchings. Preferred Enbodi nents First
Pref err G2 ent TR HiIDIRDT SPPEYTLABEdiaReht OBt BFat e 84 CEOECOPINg t he
technol o of the invention to make TFTs having n-channel and p-channel
seni condBePbrIFapBeEsofisthg FeuligsrEcafhows AanfigstuPd anfefBecti ng-type
liquid crystal _display will be 40 ~- ~ cCc~ ~on4 described in detail.
(Figs. 5A throlt@F5Lg- 2® 8RAS2Rr deipsylafiod fibhn cep U hing madngdy #1737
gl ass substrate 501 of bariumborosilicate glass or alum no-borosilicate
gl ass walf UBkebicon tig farmed 9n & Coraing Sabot rél e37 gldgy subskakde .or a
heat-resi stant plastic substrate nay be used. A base film502 is forned on
the si de2df $héicapsEpPat erystadaiwkidchyt headfiETofs heatbhermaddas®ni dsbase
filmb502 is for preventing the diffusion of inpurities fromthe substrate
501 and feymed any thadulteiagthikcknkasi of 391 oms agna isdiandeahsipetdient ,
such as a silicon oxide film a silicon nitride filmor a silicon oxide
nitride $éhhcoBjuptasneaydMD oThepihtelahgngneéi bn innfermédt e pereivsud at i ng
filme my be selected and forned in |layers as necessary. In this preferred
enbodi nethe éhbsbase 6F| mmpasigivenfaomwehkaydhsst subkitiateAzand mafst | ayer
insulating filmb502a, a silicon oxide nitride filmis fornmed to a thickness
of 10 t cb@thmnpesebetablcy 504t thilOmeds Wid hobigHds NI ARG sNAGtangt.he
reaction gas. In this preferred enbodinent the first |ayer of the base film
was made a silAcgatexii@eulidiinde il PH28cLRBAPRY tdPN:S cd%ar @ne/~
N=24~, H=17~) and forned to a thickness of 50nm Next, a second |ayer of

base fil{%Dnl-sBapeaMBEmiBohiliibeor PuiEe Bht khde ihkhih$Q2al irg1f0r med by
plasma CVD to a thickness of 50 to 200nm (preferably 100 to 150nn) wth

Si H4 and N20 Q&’ﬂh@fﬁQﬁPEBOQeE@é-aéQiEEE%tpégﬁﬁﬁéggnsnﬁﬂﬂhq%p%ormed
to a thickness of 30nm on this gate insulating film, a W film
to sérve as a second conducting f£ilm is formed to a thickness
of 370nm on the first conducting £ilm, and gate electrode and
gafe interconnection masks 202 are formed with photoresist
on this. |

Fig. 2A shows the result obtained when the second
conducting film was selectively etched using the conditions
7_iﬁ Table 1 (wherein the ICP power is 500W, the bias 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,,

CFy and O; are 25sccm, 25scem and 10sccem respectively).
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41 ~~ i a silicon oxide nitride film502b of thickness 100nm (
conposition Si=32~, O=59~, N=7~, H=2~) was fornmed. Then, seniconduc¢qﬁg~2mﬁ
| ayers 503 t hrough 507 are formed on the base fil m502. For the ‘
sem conductor |ayers 503 through 507, noncrystalline filns are formed by
ordi nary means such as plasnma CVD or sputtering and then crystallized using
a known crystallization nethod such as |aser crystallization or thermal
crystallization and patterned to formi sl and-shaped sem conduct or | ayers.
The sem conductQry | I3 r o] iLckness_of 25 to 80nm
(preferably 30%?3L6%%ﬁf% %tﬁ?%?ég?gﬁe g?l%E%né%fgaeg??gﬁ%%?g%?ﬂ%h?%ﬂ1aIon
is prefe VAR | C terial.. In this p erred

enbodi maﬁ daé;ﬁ%rlge:téacf}ﬁﬁggslﬁp?g?nf 19# Efl;n?%vag ‘?‘51}‘?-@%1% o%%%nﬁyp‘b‘l’%@na CVD
and then; T cqont ai ni ni.ck s held over the noncrystalline
silicon fllgl %%O%i ?ﬁﬁo%%siﬁa?q%rnelssﬂqvpgnaWﬁﬂ?%@lmr & by being
heat -t r eat foL, 1 in_an oyen heate Q 500, after _which the,

t enper at f]{r'g&’o ’ ‘Jf:%’eal(q)‘\glelgﬁfl WS ?%?'}S{gc‘fraﬁbe 8?‘9&‘98&9%& B3 ther reReOWt Ve or 4
hour s atf§5%. T% further rqg?te crystallization a |inear annealing process
was carried sut’s amtf @FBtar G Gh4 &5 /A S tai RSt the

form ng @ﬂft e no Eﬁéstalane silicon film to prevent contam nation by

i mpuritiés mtaﬁ]é{ er3h&dd Mt denseRetraFeoRipinast BEFestiveke il ns
502a and %0%@ and_t he sem conductor |ayers 503 through 507, preferably the
films 428tchlipdothe W Eily anderdde sipnwkikians y7in the same chanber as
the 502b or in_a different chanber bg way of an evacuated preparation
chamber, withodf FhE-stbstthe & Bélmghas pdsapreninhshapeowphbr @. taper
"necessary parts of this crystalline silicon filmwere nmasked by

phot ol i t RBglaplef &6d:t hési edged26Bapar Jeertisc enthucitder Hhay aress O3 mawlough 507
were formed by dry etching. For the dry etching, by CF4 or another fluorine
gas and b¥ BePn&ousddnimgr ande oprtedels Wws, ithecanr Yt addemettsit icdrail mis
etched together with the photoresist so that the edges of the sem conductor
| ayers afddime284t Zpoeing omafdeagh tehd nemlertbgey ifilirhe drartrattddon of gate
insulating films and insulating filnms between | ayers thereafter is good. In
this preferredlenBbdi N2t ,thehTadhr ¥dilal Andetise W Eannf hhrevwbsegtethatedisi ng an
RI E apparatus with .-an etching chanber pressure of 13.3Pa) an RF power of
500W andimZi4Bseoms1@F4nB0sheMad film phatehadgasmadndd SOt € DdE U O

| ayers 503 through 507 made fromthe crystalline silicon filmhaving a

t aper i ngtahapéngi Whfdlmpes deghe conpd2 el 3@ tihddeiwaywdges were forned.
For threshol d value control of the TFTs, in the sem conductor |ayers 503

through 507, aThisl IExpatindyt ob afas NpHiirt¥del @penbn( & odRsi3 ajom such
as boron or a group 15 atom such as phosphorus) may be added to the channel

regi ons. sknethiigipiekeored wiiodi Mah reapeRtvas §0pag £ MW dht&ineq

sem conductor |ayers 503 through 507 over their entire faces to a dose of

S5x1013 aipmpasm8 andawd! Boakidaeehabd! i34 kA0 thhing of a sample
actually having a layered structure of a TaN £ilm and a W £ilm
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 film and

the bias power.

Experiment 3

Next, taper angles obtained on etching W films were
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~- ~ OCT 2~~s~ of 30kV. A gate insulating film508 is formed on the
substrate so as to cover the sem conductor |ayers 503 through 507 TTﬁé‘fga@m
insulating film508 is formed to a thickness of 40 to 150nm usi ng an

ordi nary method such as plasma CVD or sputtering. As the material of the
gate insulating film an oxide or a nitride consisting mainly of silicon,
or an oxide of a metal such as tantalumor alumnumis used. In this
preferred enbodi nent, a silicon nitride film (conmposition Si=32%, 0O=59-~,

N=7~, H=g&hs Yﬁ%df or nRd i ﬁ&ﬂrlﬁ_:ﬁ Oéo&%§$ﬁ€%8ﬁagﬁpoc’¥s da?ingi }[,]g: Z

f d enb t t
lpgse(rarre evggrl g;rlghngtgggﬁ E ta !ﬁ;gy?” cture..of t e | ayers
of film s ect ed from i nsuIg ¥ h #’@ggms consi Jltja%sg %%va% & I4I O or

de f I h ant I nd al A I
oxi do 1 [t B R o Ih oy A A RSy b g PrEdE e

(Tetraeth Ot hosi | | cat e) and OZ_and effectl ng el ectrical di scharge at a
reaction é?&sg’ﬁ‘tse PE AL Spdtiist é”t“?npé‘r daneF B ¢ o waEnd a

high-fre enc VHz ) nsity of 5to 0.8 WcnR. Good

char acte ﬁsg r‘fﬁﬁ gg{é’a\,\%(ra&%ﬁ é’I}ﬁo&OﬁE’IE‘ﬁ%n oxide filmmade in this way
by _thermally a%pleallnﬁ it thereafter at 400 to 500C. Next, a first

conducti ng fil S0 EHYaEiRE HHHM csh AFOMISE S EPrPBATeRE e SEE PN he gat e
insulating film508. For each 44 1 QGI ZCC~4 of the conducting filns a
mat eri al O%ai'rI“Hl;}rF-BweFegFg’iﬂl theyahass neubabr abatdyeing ehreing afediheabl e,

and they are fornmed froman el enent selected fromtungsten, tantal um

titani unll fBlLfbdéMdmassitang asntheeppdf andesbivhtyaofi Wr ifddme arittdi ni ng
one of these elenents, or an alloy conbining two or nore of these el enents.
The fir sreésﬁeﬁctpngtfun@esobhanqt@hense@mwmase@ ¥t lmav b cffter
subsequent steps, function as gate el ectrodes and gate interconnections. It
is a chapBFteypeiany thacknessf. t Fhs sameit was ehabefdhmdmt didifectardde has
two I ayers, and here the gate electrode has a | ower gate el ectrode | ayer
consi st i hjasfpewer fand etcbidgcgasgdndim 500 aatdhaving SEM Hisclamesisigf 20 to
100nm and an upper gate el ectrode |ayer consisting of the second conducti ng
fil m510Eaadtitani Mgcaosbbpkmesissorbed -isect0onal shalpki sapr efbeeratd

enbodi ment TaN was chosen for the first conducting film509, and fornmed to
a thicknaesd bthe3f@apelbyaspilkt measgrefine second conducting film510 is
preferably formed with the sanme apparatus as the apparatus used for formng
the first condinéi pgshiktm @8 shdwns ipr abeiably an@ Fadg .conseCuls Meley in an
apparatus having a plurality of targets in a single filmform ng chanber or

an apparbids pewengifcpbasabi fyoRfs5i tonring Mo £ R elaperT lingylies 030 as to
formthe filnms consecutively in the sane apparatus vm t hout exposi ng the

subst r at gnt oy ther RIGEMIRE 4 Aah e re i gﬁe“t‘f‘cﬂtlsb EA etmenﬁh firer

?.(3~~+ of contam nation by inpurities of the inteér e first

conduct | pebi-! 1% 598 38K the, rﬁ}@&@g{%%ﬂ it {zb* @rgil%hu@ %%t%@lagn\él was

‘chosen for the second conductl | 0 an orned t0o a t I ckness of

370nm al 59 Bie SBUbECOENGne vl ¥AYR 98 BhhBLEageakigahe forTed by plasm CVD
However, for its use as a gate electrode [ayer, the resistivity of the W

fil m shoul d_berkepp-BeLaw 2095A8Tbn! BrbbifR" & SEhL.ARMAILIEN, . Jy using

a 99.9999% or 99.99 pure tungsten target al so paylng anple a ention to

ensur ngma&e%a&@ﬁﬁnbsmeehgpgbpgrgfgg Yelg! LGS rhRBML! Be 73 ASE U | no

filmformng, It was possi |zeareS|S|V|

Next, us S d hot al it hogr a I.r st

conductlfﬁggfl I m §085§35 %ﬁ‘gﬁégggﬁd%c?%%dﬁ&f’ g f?F%\ %gggftgo%rey 1&¥&Ted to

f orm gat rodes an ate int Qnnect.i.ons si st _masks 511 through

517 are SOTTERt SR e et SSRITIG Fit S2. Formed B hi¥ ba'ch
electrode layer another gate electrode layer consisting of

a second conducting f£ilm; the gate electrode layer consisting

of the second conducting £ilm is selectively etched through
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In this preferred enbodi nent, a dry etching apparatus having an | CP
(I'nductively Coupled Plasnma) plasma source was used for the dry etching of
the gate el ectrodes. This will be explained here with reference to Hi €7 3804
t hrough 3E, Figs. 5A through 5C and Figs. 6A through 6C. In Figs. 3A
through 3E, a gate electrode |ayer 305, a gate electrode |ayer 306, a gate
insulating film 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 irvelLy_etched .46 ~ g_c.t 2E~oa.and a gate el ectrode |ayer
'305A andéghgg%% ?%tggc s %Pﬁbﬁafaﬁgrgrgh&tg%j§9é @P&bﬁ%&ﬁ@“?hf@ﬁ1$06A and
a gate intenconnecti | ayer, having first shapes, are fornmed. In Figs. 3A
t hr ough %Eetohnef ?ﬁgﬁ’eogaqilbe §P§8t‘?:g%‘ét$%d‘§ HEWAONERALLRE ERERUINCONGaect i on
is not sh ..In_this preferred enbodi nent,as the dry etching conditions,
the | CP Bbiiar  3RBOREIS IS Drdat ITGvRt a0 Livade rsbup SHive tardi ng
chanber "pressure was_nade |.OPa, and Cl2, CF4 and OZ were used for the
process 5%1 © i the FEY of tERbNG as shacBhany £ f fheo Bates sdedtrside visr e
25sccm 25sccm and | Osccm Here, the tungsten, which is the second

conduct i FEEF1Y iyomkRd i@ dihe gafkccedpedrodedis napdrasnp drapacasisky a
taper angle_of 23 was fornmed at its edge. The Wfilmof the gate el ectrode

i s sel ect? viPRe iR hdepwettystnte & sawnde uggide, @ coesis gayicenaaidni ng OZ
the etching rate of the tungsten rises and the etching rate of the TaN film
falls, a#d BBDParepgdent hefvitiee dn ak.spowegibei apdsen tlg,156Wiangatsdng ect r ode
having a small taper angle is forned. In the first dry etching, another gas
sel ect eds¢orahhomgentht ori ne gases such as Cl2, BCL3, SiC 4 and CCl4,
fluorine gases such as CF4, SF6 and NF3, and @2, or a m xed gas having
these as main constituents may alternatively be used. Because the gate

el ectrode | ayer 305A is only etched about 13 to | 4nm by the over-etching of
t he gat Setend reect iyeng3M6deand renmai ns present over the entire face of
the 47 1 0 ~Tc~~s4 substrate, the gate insulating film positioned

under neat h t heNeget ¢ Bigstr gde Hhayrigh30fs) iwhieh gtshedoardshatibhgaishape
shown with the reference nuneral 304A. A second dry etching is then carried

out . Theighot sliesisyg ohek ehas oFow agsidresh dcfrd@d, Shepe BA7Asad o esult
of the first dry etching. This photoresist 307A is not renoved and is used

as it isexprailancieband 4 e teadEbl sy enehPReel H¥r ERBPLACRES | S
carried out in the same apparatus and the same chamber. As a result of the
changes 10 1 hih PP REeraae AHbIRE RIS TN HorhO RS sbﬁrfgge %@‘i@h@g the
TaN fil mgate el ectrode | ayer and the Wfilmgate el ectrode Fa er are

et ched o AbiAnaoyshy, <A 2 r83hiexches bnOle 1ayRl, 305PsaRd BnaALE ! ot rode

| ayer 306B having a second’shape are formed. IS preferre odi nent

the | CP payer phR3opade gggﬁgg@@ebifgajcggwfdﬁél@%ﬂic%%\éﬁgtéggr E%.ﬁ@ir“g

chanber pressure was ia a, an an wer e ‘use € process

?gas. Tm%Jﬂfwﬁifﬁniﬁﬁiﬁﬁsﬁftﬂ1€né”8a§§4eféé€r888haéoéc&gék.

First, the following sample is prepared. On a glass

substrate 301, an insulating film 302 consisting mainly of
siiicon is formed to prevent the diffusion of impurities from
the glass substrate. Then, an island~§haped semiconductor
layer 303 and, ceovering this, a first shape gate insulating
film 304A are formed on the insulating film 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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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 el ectrode beconmes=~|haider 2604
and the width of the gate el ectrode narrows. And because the process gas
does not contain OZ the tungsten and the TaN filmare etched at the sane
time, and a gate electrode | ayer 305B and a gate el ectrode | ayer 306B

havi ng a second shape are fornmed. In the second dry etching 48 Z C~ ~
?Gi!r the gate insulating film304A is etched about 13.8 to 25.8nm and
becomes a second sga e gate insulating fil m304B. In the second dry

et chi ng, 28nBt FRTORAC AT 110l Ao A6 BN EPne GALNatRPRs OIR BALS,
Sid 4 and CCl4, fluorine gases such as CF4, SF6 and NF3) and OZ, or a m xed
gas havi RY SEESSCTHRGRR FRORT T ORGSR L BRnatThal yaphajoaesifte part

of the sem conductor |ayer overlapping with the tapering part of the second
shape gaf@sEictfrofedfd 8sda peewber witha epagnifaf Fhededassl-aharee r egi on
when a subsequent third doping is carried out. In this preferred
enbodi nefitMigeRdusEorhdaygare tiondgicomeng fohlamneli alegd®® .i s 400nm and t he
taper angle is_about 26, the length of the LDD region is about 820nm pl us
t he appr oxi mat &l Firebndrvye thing tie theyi stlanmdsid putet chBidlgi 32 he A=hannel
direction. As a result of the second dry etching the resist mask assunes a
second shhpecBoBrgWomditiohss Thesi P pasier30EB5 oW ngthe foed pavesecond
doping step is carried out, to forman n-channel sem conductor |ayer. An
i mpurityiel émOHt (thegrahambksr gimmsuresucd AsOPapsphdr 3, prCBy samnd o),
inparting the n type is doped into a source region and a drain region with
t he secoadeshapd gaitre e o taidngsgas maskhe respective gas flows of

the gases Cl,, CF, and 0, are 25sccm, 25sccem and 10scem. These

etching conditions are the conditions 7 shown in Table 1, and

thus it is possible to form a taper shape of taper angle 26°

in the W £film and the selectivity of the W film with respect

to the TaN film is about 2.5. Here, the W film is dry-etched

selectively using these conditions. In the etching, the light

emission strength of the plasma is monitored to detect the

end point of the etching of the W film.

Preferably, 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

excessivelybyalongover-etching, a 10% over-etchingiscarried

out.

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

gate electrode layer (second conducting layer) 306A having

a taper angle of 26°, and the TaN film constituting the first
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In this preferred enbodi nent, phosphorus was doped at a dose of 1.5x1015
atonms/cn2 with an accelerating voltage of 80kV, whereby source or -drjappT 2004
regions 308 of inmpurity concentration 1x102 to 1x1021 atons/cnB were
formed. (Fig. 499 ~ QC ~ 2J4 3B) Fig. 3B corresponds to Fig. 5B the
second shape gate el ectrode | ayer 305B corresponds to 518 through 524; and
the gate el ectrode | ayer 306B corresponds to 525 through 531. However, 521,
524, 528 and 531 are not gate electrode |ayers. And the source or drain
regi ons 208at8toRghs2ink, C d; £ 04 5&%% ver is a
source region andgnoti% d?%?ﬁégggi%ﬁfhéigﬁéﬁ%ﬁﬁ$ﬁhn étf2§1§#nﬁg§§ bei ng
renoved, tAY hing PAd i u | ry . etching
step t hetIZ%cdg}rﬁfi s%%%ﬁ%%i l:ecjé g\a?&% r (O){éérf%éeﬁg&%é%%lﬁgﬁé?g éelpie(r?% © gg'é 5 ayer

306B ar e, bpt he et SH8HucRPHq2kS? tggshgpering part whose taper angle was 26
in the second shape assunes a Warger angle, and a gate el ectrode | ayer 305C

and a gate el rnede.L r f. athird shape are for . A

sem conduct or %fg{% F%g%gnd%g%%\%ﬁilgﬁ'd%%% ot %\fe??gﬁcgnegerfﬁ%af“ﬁﬁgd shape
gate ele de | ayer 305C but over S W, t he ond. shape gate el ectrode
| ayer 30 €CONES a1 fflf;hrgﬁicg'ﬁ'aéggﬁggéﬁf d fs:ﬁg‘*s 987%d dopi ng
step. The_anount ?y g&ich hhﬁ gate ilectrode | ayer. 305C i.s etched in the
channel TERYtH° drfectitonaBAdNFre 3 din &F had P8§i BRVANG &BRSFol | ed by

way of the third dr etching time. As the etching apparatus, an ICP dry

et chi ng %id&?%?ugoﬂgglﬁﬁﬁpﬁ uB8Y. ahterpativehvngecBfgfiti ons, the 1 CP power
was made 500W_the bias power was nade 20W and the etchi ng chanber 50 ~
0"~ i Z~~~ prksthisniimgagbecagss the Taly T ReELQERE the ®deprocess
gas. The flows of the gases Cl2 and CF4 were each 30sccm The second shape
‘gate el &k rodEIPRAST 423938, thecBLlrEE eSheRh iRt a i T £id y 304A

el ectrode | ayers 305C, 306C were forned as described above. At this tine,

t he et chtfhgn®t net@®8dadj usted so that the amount by which the gate

el ectrode | ayer 305C was etched in the channel length direction , which
essential |y betigies whehowt f thenphatobesaat Wednm removhd.t hi secdmgd

et chi ng, another gas selected from anong chl ori ne gases such as Cl12, BCL3,
Si d 4 amr@EHYchingoisneagased suth aks CEde SE6hand tP8JAi&ndnéR, tbe a m xed
gas having these as main constituents nay alternatively be used. In the
third driCRievagisheagarioa, tthe bhbes powad dis mgdéi 20w wHileh ctlae®emot
overlap with the gate el ectrode |ayer 305C is etched to forma third shape
gat e i nqutessume fiild mad84L, OPa, and Cl, and CF; are used for the etching

gas. The respective flows of the gases Cl, and CF, are each
30sccm. These are the conditions 1 shown in Table 1. The W
film and the TaN film are etched at substantially the same
. etching rate, and become second shape gaté electrode layers.
305B, 306B.
In the second dry etching, during over-etching of the
TaN f£ilm, the first shape gate insulating film is etched by
13.8 to 25.8nm and becomes a second shape gate insulating £ilm
3048,
In the second dry etching, another gas selected from

among chlorine gases such as Cl,, BCLi, SiCl, and CCl,, fluorine
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A fourth dry etching is then carried out. As a result of the third*drwcr o
etching, the resist mask has a third shape 307C. This resist mask 307C j.g 4
not renoved and is used as it is. The etching conditions are changed and

the process is carried out in the same apparatus and the sane chanber. In
the fourth dry etching, the gate electrode |ayer 306C is selectively etched
again. By conditions such that the gate el ectrode | ayer 305C is not etched
bei ng used, a shape wherein the gate el ectrode | ayer 305C is |onger than

the gate el ectrode |a 30 in channel length direction js obtained.
51 ~ 1955%° thﬂfgl 3 t%{Fé f%gﬁt?\né:@fk Gtk Q2 eBF r 3B BBE aPRR A A¥IRT esul t

of the fa#{th %%y etching, a sem conductor I%égr.re ion 313 which does not
overlap witird i WRFH P L BrRtts JiRY | 24kt beely ne g8%edi nsul at i ng.
filmbut overlaps with the TaN filnlgate el ectrode | ayer becones an Lo"
region in a suﬁ‘%é%eﬁ’flﬂb%‘ﬁg?h?hBhE §TPEGSEN bed ndo GAMPHasl a 3 ehiFat
obt ai ned by subtracting the Loft |length determned by the third dry etching
from t he 98Hd% 6 THECLED PREN ohO ERTMhISS SHUEiCE madiamothdent drabe | CP
power was made 500W the bias power was made 20W and the etchi ng chanber
pr essur e KigE-9ada [thepserdoen ahdagEe08 .usBereor tehBopnoeet¥pgas. The
flows of the gases Cz, CF4 and OZ were 25sccm 25sccm and | Osccm
respect i VESEOTFhd Hilrel semibzonycion ghayer! cehosphotay evaswadosedetni vel y
etched, and by the taper angle of the edge thereof being further increased
a gate eleectassdef dy.dx1306Dahamsigmd with tdn shepe]l erat togevol tage dbh t han
the third shape gate el ectrode | ayer 306C) was forned. The TaN fil mgate
el ect r od80k¥.er Ansnehypeescohrde abegt o ramd and na tiyper tiirashapeggahe3egect r ode
| ayer 305D of substantially

were thereby formed in the parts pf the semiconductor layer

doped with phosphorus. (Fig. 3B)

Next, without the photoresist being removed, a third

dry etching is carried out. (Fig. 3C) As aresult of the second

dry etching, the photoresist 307A has become a second shape

photoresist 307B. As the etching conditions of the third dry

etching, the ICP power is made 500W, the bias power is made

20W, and the chamber pressure is 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 £ilm and the TaN £ilm are etched in this third

dry etching. As aresult of the third dry etching, the tapering

part of the gate electrode formed by the first and second dry

etchingsassumesalargerangleandthewidthofthegateelectrode

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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the sane 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 _eh;t@cz 0
side of the gate electrode than the gate el ectrode | ayer 306D (840n et
the gate width as a whole), and in this preferred enbodi nrent a Lo" region
313 of length 52 i GCh 20~rr 420nm was obtained. In the fourth dry

et ching, another gas sel ected from anong chl ori ne gases such as Cl12, BCL3,
SiCl4 and CCl14, fluorine gases such as CF4, SF6 and NF3, and OZ, or a m xed

gas havi I 1 i nt al ternatively he used. Fig. 3D
corres po%%;CEP%? %gétg%é %tl%grpﬁ%ét lscinagggﬁé}oet 8V8£:L?Bdé'qqh§§? W‘g

cor r caponfarko aate (qleatdhax ¥l A0h 9B S B 12 R e hoiang @mot gat e
el ectrode,l.a After the fouyrth dry etching (s finished, the photoresist
mask 307‘I?)hies¥§%§r%(\i/esal%a%eg s ﬁiﬁﬁ§rﬂg\ér Lidvede 388 BekrRys 1—]2@’52318 ng,
askin i a_gas i xture of OZ and H20, asking with one of these gases
with gi m-t%g"é%cg eaﬁ?? u%ﬁﬁ‘g sﬁ%?é’es@@ﬁea§leﬁﬁr8§ged1§h%rg%‘;ﬁ s’é??éﬂ(ﬁﬂ"i'é’f% known

met hod s%gagas renmoval. with a chemical. In this preferred enbodinent, the
mask 307 s PrOFSCEF WP 1, IRQsRA UEP nEhanpReemar pleec Hisngrashmladivus. Next
) athird dggi ng a.s carried out to forman LDD region. (Fig. 3E) Using the
fourth sfikBBHat 808 &ctliftides | Shape 398tr afnpulgpéngefidm ROACHhayinaner
i mpurity densité([ than the source and drain regions is formed in the first
sem condBctBPeraher shagpohs3isrand- t HeXi rip sde dérduttdny lebmdvinegi on 314
. Because_in the sem conductor |ayer region 313 the inpurity is doped into
the Lo" PRYFENEPRMoGEN thee 9giee iaisadatdae (Edyler iB05Dcied .t he gate
insulating film 309, the doping is carried out at a |ow density and a high
accel erating véPrityethdzd dry etohifng.i ap60hetgdshise lpceids feom emoodj nent |
an Loff region 314 and an Lo" region 313 were formed with a dose of
3. 5x1012chienrtnegases such as Cl;, BCL;, SiCl, and CCl,, fluorine gases

such as CF4, SF¢ and NF;, and 0,, or a mixed gas having these

as main constituents may alternatively be used.

In the third dry etching it is preferable for SF¢ to

be used in the gas for etching the W f£ilm and the TaN film,

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 is made 500W, the bias power is made

10W, the chamber pressure is made 1.3Pa, Cl, and SF; are used

for the etching gas, and the respective flows of the gases

Cl; and SFs are made 20sccm and 40sccm. At this time the etching

rate of the W film is 129.5nm/min, the etching rate of the

gate insulating film is 14.0nm/m, and the selectivity of the

W film 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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and an accel erating voltage of 90kV. Although in this preferred enbodi nment
the resist nmask 307D was renoved after the fourth gate el ectrode éTéhﬂﬁg,ZMM
it may alternatively be renoved after the third doping. Fig. 3E corresponds
to Fig. 6A: the Loft region 314 corresponds to 557 through 561; and the Lo"
region 313 corresponds to 562 through 566. However, 556, 561 and 566 do not
function as Log or Loff regions. Then, a photoresist mask 567 is newy
formed and a p-type sem conductor layer is forned by a fourth doping step.

gglmgcoggﬁgt:@glgg]c&%ggs\yé‘é&&%% Ei‘#g%{l.t oﬁ’l Yg%lcn éitigg’r %@Eﬂ’){l%iﬁnfp‘hlt)s/pi me, an
Fegi ons” 570" nPBUGRPES ety S Fagt e R iy ey, TS HORIn  ype to
Funct | onCeLR o8 0B & had™ut eHoSt0probiBrEnd | ol S phe ey ed) Gib Gticront
of ' 90 1 0S50PY Ger BEg ABS SRR AEFOOMAODE FBYEF Tag BRese TontHooagh 576

r . After the photoresist mask 567 is renoved, a first
were fo gggve. fhe resglts are shown in Table 2. . '

Table 2
(etching rates (R. E.) and selection ratios of tungsten (W)
and a gate insulating film (GI) and tantalum nitride (TaN)

under various etching conditions)

Cl,{SF,| 0, | [ICP BIAS] [PRESS]] W E.R. |Gl E.R |TaN E. R ||selection ratio
[scem) (W] | [W] (Pal | |[nm/min]|[nm/min] | [nm/min} W/SiON | W/TaN
0760] 0 5001 20 1.0 94. 7 26. 9 3. 78
1015010 501 20 1.0 90. 3 28. 3 3. 43

20140 0 500 20 1.0 113. 4 31.1 3. 87

301301 0 5001 20 1. 0 105. 6 37. 5 2. 88

40120 0 500 20 1. O 94. 5 377 2. 67

201401 0 5001 10 1.3 129. 5 14. 0 85.1 9.61 [ 1.52
201401 0 5001 20 1.3 185. 1 44. 3 137. 5 4. 45 1. 35
201401 0 500 | 30 1.3 173. 0 57.2 3. 19

201407 0 7001 20 1.3 251.2 49. 9 135.0 h. 44 1. 86
201401 0 900+t 20 1.3 358. 1 65. 2 5. 81 ,
2014071 0 7007 10 1.3 274. 3 29. 8 107. 4 9. 33 2. 56
16150 0 5001 20 1.3 140. & 27. 6 144, 1 h. 43 .
1050 0 500 10 1.3 104. 3 12. 8 111. 2 8. 36 0. 94
301301 0 5001 20 1.3 153.1 48. 2 116. 4 3. 36 1. 32
0 [601 0 500} 20 1. 3 146. 5

1015010 5001 20 I.3 144, 1

201401 0 5001 20 1.3 137.5

30130 0 500 20 1.3 [16. 4

401201 0 500 20 1.3 86. 1

50 (10 0 500 20 1. 3 2.3

25125110 5001 20 1.0 131.1 32.1 4, 25

201201 20 500 20 1.0 136. 9 28.0 5. 10
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inter-layer insulating film576 is forned over the entire face 54 e T
Ci 2DD4 of the substrate. In this step a 150nm filmof silicon o?fh@gr 2004
nitride was forned by plasnma CVD, but of course sone other nethod such as
sputtering may alternatively be used, and the filmis not limted to
silicon oxide nitride and nmay be some other insulating filmconsisting

mai nly of silicon. And-in an insulating filmconsisting mainly of silicon
it may be single-layer or a layered filmof two or nore types. Next, a step
of activating e igﬁurihxaﬁ!enent added to the sem conductor |ayer is
carried out. Mottt FBE e SFpla-sSEarnded: ahe ed kornhhe fidtingg usi ng
a furnace annea{'ng oven. . The annealing may be carried out in a nitrogen

at nospheP&Swi-fh f&ﬁ B‘%’yﬁ‘grfi%rﬁ:‘aﬂlﬂ’eﬂd SRS QianG showe v BaBlpre @bl y

O i ppm or bel gw at 400 to 700C and typically 500 to 550C, and in this

pr ef er r eQCeflddReat SeHected BRG ssfks carried out with a heat-treat nent
of 550C, 4 hours. Besides thermal annealing, |aser annealing or rapid

t her mal anneal NR§t( RVAFhert dihee Phsttorgsisie begpld aemomeds actfoutilon step
may be carried out before the first inter-layer insulating filmb576 is
formed (PAry. ebe)ingdwecarripdreut ped&iise BRAt As aappsuld ofnthadhhiotd vati on
step, when-the material used for the gate el ectrode and so on is vul nerable
t o heat, dpverEching . a tdel phortanesdstf iJ0ORB das |dhamged tim dshdnd mora a
silicon oxide nitride filmis formed as a protective film or as in this

pr ef er r etthamoghmpet phiod oriessits ti MOAG | aper thiel mtchimgdedreiifiingtd wE as a
protective film 55 - ~ OCT 204 After that, a heat-treatnent of 1 to 12
hours at tBe0fbursB0@riyneacBihg, 168ehydr ogewe At 1® ipdds €5 06W Cattid asi ot , and
a step of hydrogenating the sem conductor |ayer is perfornmed. In this

pr ef er r edoesipodisnentde 20w drelgenchambedf ptebsureaiB mad0 1HHPa35QmA

at nosphere was carried out. This hydrogenation may alternatively be

conduct edlin @FhypdidoggnapbaasadatsBSPREr €tchiexy, gds Seaniyl dd¥ict Byer
insulating film578 consisting of an organic resin filmsuch as acrylic or
pol yam de1uhisCHE Cete bgades ner, by rs ki @Rah-80mhde f 25 588 0o 8 hscr 1 4rsd
inter-layer insulating filnb76(Fig.7). The second inter-layer insulating
filmis fogaeg.by spin coating with the object also of flattening the
substrate on which the sem conductor device is fornmed. In this preferred
embodi ment, acgyliici §EBUAHBE v Ocdnihy Mdhhckassr e %ﬁgoﬂfas%»férthat,
the gate insulating film 537, Fhe first inter-layer insulating™ilm576 and
t he secopd;ipt a i Bs hn ' 5 si.ijoned_on.§ he urce. and
drain reé?%%é géggt%gﬁgagegkgégrgg%ﬁég%ig%pggeééég%e%ftgofcﬁ%ﬁﬁéﬁﬁ%ﬁn hol es
for connggti | Lt [ [ r.C ctl t u As the
et chi ng ﬁgtﬁgg %?bghg@iﬁégrgkﬁﬁg'ngﬁg %%&%hkgggﬁﬁéégéégﬁﬁngp§§§b ed to the

di 1 erentaddl gBooligukd e GAId pdeoHh 59 LhEt bR TREE LG Loveraug N e

form ng of the Internediate I nterconnections apering shape of taper
angle 45:4:A8r! 3 OBANY: 808 thOsnRp AL St SPLOE Ohe ! Gy R IYYdp BT N 56
Thus, a fourth shape gate electrode haVing a gate electrode
layer 306D narrower in width than the gate electrode layer
305D 1is formed by the fourth dry etching.
And, in the fourth dry etching, because the W film of
the third shape gate electrode is etched selectivelﬁ, the end
of the TaN f£ilm of the fourth shape gate electrode is exposed.
Since O, 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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| OCR 20Q-a filmsuch as acrylic or polyam de and the silicon oxi d'e?&%ftflig'ﬁ!
filmused for the first inter-layer insulating film576 is possible'w?th &\
gas m xture of CF4 and OZ. However, to etch the gate insulating filmfornmed
on the sem conductor layer it is necessary to use conditions which provide
a high selectivity wwth respect to the sem conductor |ayer. Gases suitable
for selectively etching the silicon oxide nitride of the gate insulating
filmw th respect to the sem conductor |ayer silicon include CHF3 and CAFB

and the LEkk a can al so be_cal.l ed fluorine gases; however,
they ar eJ)Eaglé%Oﬁ_‘ggﬁnggggﬁégesélséc?ir\?ﬁ ?a%ilﬁhqr' egﬁeépnf“dg%inlli &84, i&nd

because jr is-.differe romthe other fluorine gases referred to in
this spe%?ﬁc%@‘g%k%%ctﬁen e%e%tl &t T iehioE dedufemn/adn .t §obe

i ncl ude ng, f1yorine gases. In this preferred enbodinment, with an RIE
apparatggﬁggdg%%i#aﬁcﬁﬁ}gkﬁnaﬁHQEEsg¥§FYa1&ﬁ§ﬁﬁePtﬁpé§§ure of 66.7Pa, an RF
power of 500W and CF4 Ef and (OZ gas flows of 5sccm 40sccm and 95sccm
respectively, THRSSEUSRELY niabten fautrhdrig etichdng7gthaTad ¢hdady with
the same R E apparatus and using CF4, He and OZ gas, a chanber pressure of
40. OPa, %‘ﬁ“ﬁzlg‘gmgd?heBéBWEn%ﬁm,Of@%ﬁ@mfgabapemte)eléwrome 35sccm
and 50sccmrespectively, the silicon oxide nitride of the first inter-1|ayer
i nsul at i #RF {1 SeR BEkAEh e dkn dfe wittira IsbapemgaReEedpparatiss and usi ng
CHF3, a chanber pressure of 7.3Pa, an RF power of 800Wand a CHF3 gas fl ow
of 35sccin TPRELR| Fhepr eritee ediqatintsles7Layer i 3GSIC hav20@gaotapbeigat
insulating filmwas etched selectively with respect to the sem conduct or

| ayer. THEIRS |3k ckbhede@dge iastEermedecti ons 579 through 588 are formed. For
the intermedi ate interconnections, so that they function as pixel

el ectrodes and ethecfongthl doyr eded ing,efergdd ysaleeted ORI kabngavi ng a
high reflectivity is used, and in this preferred enbodinment Ti and an all oy
of Al armhIkiriges gaisersmedchmas aier SBCLi sgcCspuiicectny, faubrihld gavwas for med
to a thickness of 50nm and then an alloy filmof Al and Ti was forned to a
t hi cknessialf HDCIFY,i SFedandeNy; i hat®ad,t ebr Af heked gagkhgsiflgr pRAgWi th

phot oresi st, the internediate interconnections are dry etched using

chl or i nesomaigasomont bidnty By il ferndPivdi$ B ehgsged embodi nent, the

i nternedi ate i nterconnections 579 through 588 were fornmed by carrying out
dry etching usimghe gafradany otoning,Chher phetapg QBEOEhREbC?EQPbde In
the sanme proportions. In the way descri bed above, it is possible To formon

the sangaaubsheatatangdr E¥inBo4Ad GHibn6ESedadgvari gp %'heTﬁ;i g1, a
p- channel TFT 602 and an n-channel TFT 603, and a pixel part 60 aving a

pi xel Thdifgand a1dotebag LARACEYARCES 0T .grlilyf Bt SnsRGEId LeAbL Ayt N S

substrate will for convenience be called an active matri x su . Next,

wi th ref@RRCed1@ Rifk ﬁtﬁ]gefw nphufact uring a reflective active
matri x type I?quidlcryqstal 1 spl ay :ft’stll{Dng thge active matrix substrate shown
in Fig. 7 wllrgbadesgti f§dsn88fauiti ~=k .First. a spacer_589 obtained
; n i{é;ané ourt 8?; %tcﬁlngg F%Fhéﬁgg%ﬁﬁfdggﬁ

‘by patterning a resin fi on the active ' matrix i osition

of the ¥a¥e®linsulating film which does not overlap with the fourth
shape‘gate electrode layer 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.
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may be determined freely. A spacer may alternatively be provided by
scgttering particles ofya few damin size. Next, an orienting fllmﬁgﬁﬁﬁaﬂlﬁ#
of polyamde resin or the like for orienting liquid crystal in the pixel
part of the active matrix substrate is provided. After the orienting film
was formed, a rubbing treatment was carried out to orient the liquid

crystal nolecules with a fixed prechilt angle. Then, a facing substrate 591
is prepared. On the facing substrate are forned a |ight-blocking film 592,

. Orj ' il m594. The light-blockin
il m 500 | o mede By PoiEnarate TR aeerondy bhehand Bauihione | ih ke
' 00 A bi t t t is carried out on the
ori enti ng P804 SRR TTRE 208 Y Parhs  SABLRF e e frRedixel
d 1k | Vi [ it are formed and the facing substrate are fixe
Foget her “pach- e dthe ol ol il chAF 2656 Ll -« 1ERS DAL IR Feadpat a

ace-10-
mat eri al ;596 i red between the two substrates . For the liquid crystal
mat eri al ,lagﬁrof(?j?ﬁgﬁﬁ Pi GEPECErSRIRE thaitde gharagl pengidy dipsctdempl e
besi des T %v: guid crystal a thresholdless anti-dielectric mxed liquid
crystal Eﬁlﬁ i hgy- &h ﬁ?&%ﬂ&&ﬁl’oawhﬁ@s bbRsPIbAaeckrdle Haydn S06D.

transmttivity changes continuously with the nagnetic field can be used:
Such thre%%l%‘i"é%’éhaﬁ]flﬁpﬁi gnrket ipsudpkaagl if4dmd399D is made up of a

first gate insulating £film region 309, having a £irst thickness,
overlapping with the gate electrode (the TaN film}; a second
gate iﬁsulating film region 310, having a second thickness,
outside the gate electrode; a third gaté insulatiﬁg film region
311, changing in thickness from the first thickness to the
second thickness between the first gate insulating £film region
and the secondgate insulating filmregion; and, for convenience,
a fourth gate insulating film region 312, denoting the part
of first gate insulating film region 309 which overlaps with
the fourth shape gate electrode layer 306D. The first gate.
insulatingfilmregion,whichincludesthefourthgateinsulating
film region, is the thickest, and the second gate insulating
'film region is the thinnest.

In the first, second, third and fourth dry etchings,
thefirstandseconddryetchingscanbecarriedoutconsecutively
by changing conditions in the same chamber, and the third and
fourth dry etchings can also be carried out consecutively by
changing conditions in the same chamber. |

When the fourth dry etching is finished, the mask 307D,
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~ ~~~h 20~~ crystals also include those showi ng V-type el ectro-opti cal
responswenessy After the liquid crystal nmaterial 596is poured, thd GéVi g4
is sealed conpletely with a sealing agent. In this way the reflective
active matrix liquid crystal display shown in Fig. 8 is conpleted. Second
Preferred Enbodinent In this preferred enbodi nent, a nethod is expl ai ned
wherein SF6 is used in the etching gas when formng the gate el ectrode by
dry etching in the first preferred enbodirent t? obtaln ahrgghféferred
ul.ati.n :
orbod i it enbagRelld & Lﬂw %Harbs i f ueﬁté’ct & %% om t he

enbodi nent the steps up to the tormng of e gate

d t | of t.he gate ectrode are exactly
e S 2aE OB, AR e LIPS0, B B8 A SHESR ) e

the sane as in the first pre enbodlf | ne 0 o Secont comduct: ng
descri be n I ilm an

fi In13065%%?%§dugg5§cg§r§§ﬁie 9?9P§Fr &err ed enbodlnenL a;e d{y
etched using a S nma b hot ol i t hography. As in the firs
pref erred egrgrt)og{.‘gn%r‘ltlt‘lsHﬁ Fﬂ?ﬁg’é %%%Befﬁﬁt? §9hIQde Gl mask fi | m and

Wil far _the second conducting film In this preferred
2nbod: rrerr%\l\t,\@gcgg y 98PER NG Sa SEra s Mdvithg TRF™ dp (thed semigsnduction ed

used for the dry etching of the gate el ectrode.
Pl asma) Blagega 373%” Se(afl.fl-wi sZl.lgnlngly an n- cgannel sgmlconductor layer

to constitute an LDD region. {Fig. 3E) Here also, for
convenience, regions in the semiconductor layer 303 will be
named, in cor:espondence with the first through fourth gate
insulating film regions named above.

That is, the semiconductor layer region overlapping with
the first gate insulating film region will be called the first
semiconductor layer region 313; the semiconductor layer region
overlapping with the third gate insulating film region will
be called the third semiconductor layer region 314: and the
semiconductor layer region overlapping with the fourth gate
insulating £film region will be called the fourth semiconductor
layer region 315. Here the fourth s'emiconductor layer region
315 constitutes a channel region, through which a current flows

- when the semiconductor device is 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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1 ~C1 20Q The ICP power in the first dry etching was made 500W the
g?as power was S%de 150vvpthe et chi ng chanber pressure was made | “Opal Cangl04
A Z, CF4 and OZ were used for the process gas. The flows of the gases Cl12,
CF4 and OZ were nade 25sccm 25sccm and | OSCOm respectively. The tungsten
of the second conducting filmwas selectively etched, and a tapering shape
havi ng a taper angle of 23was forned at its edge. The Wfilmof the gate
el ectrode is selectively etched because as a result of the process gas

I ni . hing.rate of the tungsten rises and the etching rate
of "t he ToRE e EAFEE SO b8hGB ok Fav R Hasian 43 ptvEruER Hhe SEEAL0 150W

a gate e avin mal | taper angle is formed. Because the gate
elgctrod%ﬁ%%gggg% S 3§ﬁﬁyaﬁgc Fgstt 925et bnsuhmt byg thidmoveoienchi ng of

the Wfi gate el ectrode layer and remains present over the entire face of
t he subs%rate, the gate insulating filmpositioned underneath the

gateel ectrode | ayer 305A is not etched and has the shape shomp with the

ref erence numerat*SBRASPRRTUFAY thedanan ot 2 g LB P iSRGcandi€Zongay

alternatively be used for the etc@ ng gas.
of dodse: 3.5x10 atoms/cm®, accelerating voltage: 90kV, an

n-channel LDD region having a lower impurity concentration
than the source region or thé drain region 308 formed inrthe
first doping is formed in the first semiconductor layer region
313 and the third semiconductor layer region 314.
| And in the LDD region, the first semiconductor layer
region 313, because it overlaps with the gate electrode layer
303D across the first gate insulating film region 309, becomes
an L., region.
In the second doping the semiconductor layer regions
313 through 315 and 308 become semiconductor layer regions
each having a different impurity concentration, and there is
P 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 Lgss
region 314.
The impurity concentration in the Loy Tegion is lower
than in the L.sr region because the films positioned above the
Loss Tegion 314 and the Loy Tegion 313 and their £film thicknesses

are different. When an impurity is doped into semiconductor
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A second dry etching is then carried out. The photoresist mask has nﬁwg )
assuned a first shape 307A as a result of the first dry etching. Tﬂi L1 2004
phot oresi st 307A is not renoved and is used as it is. In the etching the
conditions are changed 61 - i OG-i 2~~fi but the process can be carried
out in the sanme apparatus and the sane chanber. As a result of the changes
to the process gas and the process conditions in the dry etching, the TaN
filmgate electrode layer and the Wfilmgate el ectrode | ayer are etched

sinmultan V. at e el rode |ayer 305B and a gate el ectrode |ayer
3068 hav'?én)%é% rsee‘-gic:%“dsa s p°eu9§f ?lﬁmﬁngarmﬁﬂ PR e semdcoaduahsadilager, t he

| CP po de OW_.t.he bi as power was nade 10W the etching chanber
pressurgfﬁﬁgg%%gétﬁagﬁéﬁaiﬁiqﬁsf gndEgryehe nakeriaks tofe theofddmsgas. The
fl ows ofd£$§ ﬁasgﬁ Cl2 and SF6 were made | Osccm and 50sccm respectively. As
a resul tof the bP8sPEREESHhglmRItE Shereaehipgnthe skaitonductoy
etching,, the taper angle of the gate el ectrode edge increases and the width
of the g]a"}%elﬁalf‘?%%@f.lsméfé%hﬁﬁe EheelBpurhsy\eehtansrathpsst pfethe
104nmm n and the etching rate of the TaNfilmis |Illnmmn, so the two
films artPRtCIRAGEOR hdkert heosans viald. ba gafferenttrode | ayer 305B and a
gate el ectrode | ayer 306B having a second shape are fornmed. At this tineg,
the TaN fil m tARAVhdd S dnad Hegight 84t heeferss Mhmymest dhienghiisdetyahed for
about 8 seconds. After that, to conpletely renove etching residues of the
TaN fi | MRSHHL e e EHP nge@ion 535kcombisch schangésdinuthi BynéBkSfrom
over-etching, the gate insulating film positioned underneath the TaN film

i s et chéddyakeortmentionedafdrisécdiEsknesac drd shapsbgaéembAsibakiang film

304B.
second thickness.

Above the L,, region 313, on the other hand, there is
formed the first gate insulating film region 309, which has
the above—mentioned first thickness, and on the first gate
insulating film region 309 there is formed the fourth shape
gate electrode layer 305D.

Consequently,whendopingofanimpurityelementiscarried
out, the amount of the impurity reaching the semiconductor
layer is lower in the Loy region than in the L.es region, and
the resulting impurity concentration of the Ly,v region is lower
than that of the Lggs region.

Inthepracticingmodedeécribedabove,thegateelectrode
is made up of two layers and the gate electrode is worked freely
with it being a characterizing feature of the practicing mode
that a 26° to 70° tapering shape is formed on the edge of the
gate electrode (W film) and the W film of the gate electrode

is etched selectively with respect to the TaN film of the gate
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62 ~ QG ~f ~Li~J~r The part of the sem conductor |ayer overlapping with
the tapering part of the second shape gate el ectrode across the gafle((T 2004
insulating fil mbecones an LDD regi on when a subsequent third doping is
carried out. In this preferred enbodi nent, because the gate insulating film
t hi ckness is 400nm and the taper angle is about 26, the Iength of the LDD
region i s 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 resigicARSKAESSUWES hape _3Q7B, W thout this resist mask 307B
bei ng rermoved, a secondb%o%?ﬁgﬂgt%pllggaf?gr_ FP@BeéLﬁ‘?mt%O’?QH‘Fﬁ% l¥&Fannel
sem condygifr jha AQ_ i npurity, el errenty%]g roup 15 el enment such as
phosphor us oragrégk%ﬂ'}#nprﬁ%r B eI Rt G e‘?g%r%‘gﬁ)eﬁsiﬁtﬁaﬁkso&ftcésr egi on

and a dr jon with the second shape gate electrode as a nmask. In this
preferr e@égﬁ%gg%?rte%\tgorﬂhgsﬁ?fé{ﬁ% ’Wa‘%l‘?n‘g'pé‘ddﬁﬁlﬁ BREEORDF AN bxd FeSignons/ cny
wth an a &eellerati ng vol tage of 80kV, whereby source or drain regions 308
of i mpurfty FbheentPItPonitxie sPniconuctan deverssedfcaldondadlyn a
source relg ogléor gra'n region in a self-adjustnment way. Next, wi thout the
resi st n@ PhECY ehBTRaan s r FRRRnELy SemdEPRJustep Asvéger heviogt 2 In the
third dL%of[é‘Chi n‘g%ste the second shape gate el ectrode | ayer 305B and gate
el ectro y%JFr B® Sre both etched, and etchi ng is carried out so that

al so the tapering part whose taper angle was 26 in the second 63 -- ~ar
T 200 shape asSundsis RERGekcHig rodeathen agpdce edlesdmodde Wamy esed0a€ and a
gate electrode |ayer 306C of a third shape are forned. A sem conduct or
layer r&}iHEBIP HATEh adodPhaeadwer hayimgt Antthb.dchredieshaprdgaheLgl ect r ode
'l ayer 305C but overlaps with the second shape gate el ectrode |ayer 305B
becones 11 f sebfrahianinglysubutofvhiene s umeremludtnr digopeagist ep. The
anount by Wiich the gate el ectrode |ayer 305C is etched in the channel

| engt h di¢teeallanbeddgtinede erdichl efigthe dfothe s€ iyl caveei 6 e 8hhadehy way of
the third dry etching tinme. As the etching apparatus, an ICP dry etching
appar at usength atfrecused. (Wsréheaetehi sgnpofdedi 088, th8eLbOGP1BAYeH , Was made
500W the bias power was nade 10W and the etching chanber pressure was

made |. 3P LEGE2lemgkISEG Anelie LYs a@nibah )t Def DidKes ThedshatlerbLoug 10 the
gases Cl2 and SF6 were made | Gsccm and 50sccm respectively. The TaN film

gate el et rdike sayiromductdie d4Fital gatm RS tPEaMLRYEL1MEE S ft thed, and a
gate el ectrode layer 305C and a gate el ectrode 1ayer 306C having third
Shapes UETe Lot shecing106eIaKE (ol LT Skiva) bBE-ChEDLOR BT vas

| ayer pas, oot poddesehannebnl o8l bolicehid oo AN coseat gl by becores
305C 1 o et ahed by ahoct 5 Breai BefsaasParHho AOELBEV S SEREREE 'V

~ |- 2~the values of the LDD length, the Logs length and the L., length

in each manufacturing process.

The mechanism by which the LDD region, the Loss region
and the Lm,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
theresistofthetaperingpartofthesecondshapegateelectrode

layvers 305B and 306B formed by the second dry etching; the
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the steps up to here the gate insulating filmhas been etched by a otlh.r an
9.0nm A fourth dry etching is then carried out. As a result of the v irr 4004
dry etching, the resist mask has a third shape 307C. This resist nask 307C
is not renoved and is used as it is. The etching conditions are changed and
the process is carried out in the same apparatus and the sane chanber. In
the fourth dry etching, the gate electrode | ayer 306C is selectively etched
again. By conditions such that the TaN filmgate el ectrode |ayer is not

etchedbgingl#%- y@?ﬁ'n he TaN filmgate el ectrode |ayer is
| onger thah the f]‘%l ?nﬂggjfe% e??‘rrc?&ilg?ﬁ g@%?hitr]l"e[ ﬁ"é‘s:ce,h %%?r‘i"g‘ﬁ “F rection
i s obtai | urth ap at | ectrode obtained as_a result of the
fourth dggggt !(%Ign Iﬁg,ghtgaségﬁi g@%dl?%faof’elia gpgﬁég%&ﬁe?fé%hilé‘h e i overl ap
wth the WTfi e el ectrode |ayer across_the_gate insulating film but
over | apsd%t ﬁltghg%%’aN%P |%1 r%hgeateLé“’ei%’&?gBdésl ﬁbﬁr 1%885??&§h§|‘?u§5‘" whdgion in a
subsequeg}ﬁ thiéd dfgi Pg Thf Lo" region is forned to a | ength obtained by
subt ract FRG TRESLOFFCFERGEhIABEE 3P PR 2 1RG Hes terﬁqr{?%ﬁ?]é‘%?ﬁvﬁﬁ-ﬁ Adm t he
| ength of, the LDD ie ion. In this preferred enbodi nent, the |ICP power was
made 500W et FiBaBPGL BEREERWALTRERACBOWR ARG ERBTENCHIFNg etFRABS- pressure
was made | . OPa, Clz, SF6 and OZ were used for the 65 -~ 1 dd ~ 20C~~
process gas. THe PEBRE Sohdfe ghResLPR. legodhasarobeerentaohledsdym The
third shape Wfilmgate el ectrode | ayer was selectively etched, and by the
t aper angPRtEPIikRIcdle tHadeofasEihPf uktegatacedasttodegabdadnedt r ode
| ayer 306D having a fourth shape, narrower in width than the third shape
gate el e’E?F%‘ﬂ@hl%}%rfﬂé}'@s‘c,a%§efc@rn@edrﬂhécﬁémsi | theydie: dleagttindanl ayer is
only etched by a few nm and a fourth shape gate el ectrode | ayer 305D of
subst antb@l f9nitrReliade bW dontreliliag Hial aiapet day eweient thde Losger 305C
is formed. The fourth shape gate el ectrode | ayer 305D becones | onger

gate electrode layer (the TaN film) is etched, i.e. the etching

‘time,inthethirddryetching:andtheIm;lengthcanbecontrolled

by controlling the amount by which the upper gate electrode

layer (the W £ilm) is etched, i.e. the etching time, in the

fourth dry etching.

- In this connection, with the taper angle of the gate
electrode obtained through the first and second dry etchings
made 26°, the Lges 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 length and Lov length)

sample namel A B C
third etching period [sec] 40 50 60
fourth etching period [sec] 40 301 20
Loff length [nm] 180 320| 480
Lov length [nm] 780{ 620| 420
LDD length{nm] 960! 940; 900
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by 420nmon either side of the gate el ectrode than the gate el ect rodel{ay2)s
306D (840nm over the gate width as a whole), and in this preferred

~enbodi rent a Lo" region 313 of |ength 420nm was obtained. In the fourth dry
etching the gate insulating filmis etched by about 0.5nm And the anount
by which the gate insulating filmis etched in the first, second, third and
fourth etchings is 9.5nm Wereas in the first preferred enbodi nent the
anount by which the gate insulating filmwas etched in the first, second,
third and fourth etchings was a maxi num of 88nm in this preferred

enbodi nent, because SF6 was used in the etching gas, the selectivity with
respect to the_gate .insylatjng filmwas higher and_ it was possible to
reduce the anogﬁ?ﬁﬁt%;g#?ﬁ ngﬁsfﬂgkﬁﬁﬁétp %ﬁ??&F@FVﬁFE%QﬂiﬁRlQQ%n 66
wi Gi;l 20%% ter the fourth dry _etching is finished, the photoresist
mask 307BFi % - IRBIRES R Faf 8 AbVERP bYREY 8dRCREOIRR G a¥ehi ng,
ashing with a gas m xture of OZ and HZO, ashing with one of these gases
with nitP85§ﬁS%Fn3 PEudien & egoands GoRdys tény éagéﬁﬁaéﬁ B Snmbt K8 known
met hod such as renoval with a chemcal. In this preferred enbodi nent, the
mask 307BRRakPP SREAQN Benatbadfi $g0um| Mpwavey £idr pracehfagtbparistus. By
using the nethod descri bed above it was possible to forma gate el ectrode
of the sBAECcHBapRout 1¢0nmdanigent asr afeeselt efbedichdny aefidthe destistt he
anount by which the gate insulating filmwas .etched to 9.5nm Although in
thi s premapkednethedthanneSrFbenathudtdechicheimt tthe nthiged and feaottlof t he
second, third and fourth dry etchings, alternatively dry etching may be
carried duy witthivgsditions in which CF4 is used, as in the first preferred
enbodi nent. For exanple, CF4 may be used in the first, second and fourth
dry etchi ngs aWbHeBSFthesedinhland EauredH kitethicgytimes were made 80sec

in total and an evaluation of the L, length and the L., length
under three different combinations of the respective etching
times was carried out, it was confirmed that when the third
etching time is increased and the fourth etching time is reduced
the.Loff length becomes longer and the L., length becomes shorter.
It was found that with the LDD length made a maximum the Lose
length and the IL,, 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 TFPs having n-channel and
p-channel semiconductor layers using five masks and to

manufacture a reflecting-type liquid crystal display will be
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etching. And al though here the description has been given using the} éana0es:
of a gate electrode structure having tantalumnitride as a | ower |ayer and
tungsten as an upper |ayer, the gate structure is not limted to this, and
| ayers consisting of any el ements sel ected from anong tungsten, tantal um
titanium nolybdenum silver and copper and so on, or nitrides having these
el ements 67 (~ CT 2°z7Ci'a as constituents, or alloys conbining elenents
anong these, may be suitably selected. Third Preferred Enbodinent In this
preferred enbodiment, with reference to Figs. 9A through 9E, there will be
expl ai nede§°FetREd iPoretidili-he met hod of forming an n-channel seni conduct or
| ayer having an Log region and an Loft region in accordance with the first
preferred embodFagRt SAmiknegabh&GIndur ithisc predemrsd embastimend | of t
region and the Lo" region substantially equal by using different conditions
f rom t heChirrdngp€eter ribld ¥higddissenubshrahe Sl hifnigaotum fe s idl isladet r ode
and changing the timng at which doping is carried out. In the sane way as
i n the foglsssporfaiumstherthocksihicate ghamsd abengséd | mAGBrmmtcirwesityal | 1 ne

i sl and- shaped sem conductor |ayer 903, a gate insulating film904, a first
conduct i agghatitz $h sctrch tae ,S acaiilhi aom taCerngr o headobeat etnt melchsamica gl ass
substrate 901, and a photoresist mask 907 is fornmed on this. As in the
first preuestedtenmagi Mentused.TaN fil mwas used for the |ower |ayer of the
gate electrode and a Wfilmwas used for the upper layer. And a dry etching

appar at us havi agpagel EP1fl 8o0BI §0HH LR oRNE IR B Ty & Gl GaRRafaldIS Was
used for the dry etching of the gate electrode. In the sane way as in the
First prebarioed vl tROITFB8is to be made. This base film 502 is
for preventing the diffusion of impurities from the substrate
501 and may be any insulating film having silicon as a main
constituent, such as a silicon oxide film, a silicon nitride
filmorasiliconoxidenitridefilm. ByplasmaCVDor sputtering
one or more of these insulating films may be selected and formed
in layers as necessary. In this preferred embodiment, 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;0 as the reaction gas. In
this preferred embodiment trhe first layer of the base film
was made a s_ilicon 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 film 502b is formed. A
silicon oxide nitride f£ilm 502b is formed by plasma CVD to

a thickness of 50 to 200nm (preferably 100 to 150nm) with SiH,

and N0 as the reaction gas. In this preferred embodiment,
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- 1 f~~~ 2~~J~p a first dry etching is carried out. The etching is= 1 0{T 2804
conducted with Cl2, CF4 and OZ being used for the etching gas; an | GP power
of 500W a bias power of 150W an etching chanber pressure of |.OPa; and
flows of the gases Cz, CF4 and OZ of 25sccm 25sccm and | Gsccm
respectively. 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 filmgate

t 13 to |4nmas a _result of over-etching

. electrode layer is eh’éqﬁgzb.yap [ er-
of the WP CFLAE T TS hfmé%P FhEnirkRees 108 CAmROSHER at e,
constitutsi_rlg % fior_st shape gate el ectrode |ayer 905A. In the first dry
et chi ng, ~anotfer 0§22 3seMNschied H29 dfshdemest ne gases such as Cl2, BCL3,
SiCd 4 and CCl4, fluorine gases such as CF4, SF6 and NF3, and O2, or a m xed
gas having t hedbeRs &M coOPIGtOFedayensy 203 dimaughel50 bansprmed t hi s
time, because the first shape gate el ectrode |ayer 905A is present over the
entire fR8cthe hare §Lpmt 0% e, Hatethatzemicendudtrr fiavetss5Adtthatatail and
remains a first shape gate el ectrode |ayer 904A. Then, in the sane way as
in the fPPIL PrECEYSE@ ifidims, apiet foupmed oy esidinams kmdggisngudnoved, a
second dry etching is carried out. Cl2 and CF4 were used for the etching
gas; theasQPLpene Chornspiet 5E01 tardl bhen Eowetallakzedds 2@V Kivewehanber
pressure was nmade |.OPa; and the respective flows of
crystallizationmethod such as laser crystallization or thermal
crystallization and patterned to form island-shaped
semiconductor layers. The semiconductor layers are formed
to a thickness of 25 to 80nm (preferably 30 to 60nm). At this
time silicon or a silicon-germanium alloy is preferably used
as the semiconductor material.
In this preferred embodiment, a noncrystalline silicon
filmwas formed to 55nmbyplasmaCVD and thenasolutioncontaining
nickel was held over the noncrystalline silicon film. 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 raised 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 contamination 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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69 ._ ~ ~Cj Zaa~ the gases Cl2 and CF4 were each nade 30sccm The.flﬁsi #m1
shape gate el ectrode | ayers 905A and 906A are etched sinultaneously to

second shape gate el ectrode | ayers 905B and 906B. At this tine, the part of
the gate insulating film904A positioned outside the gate el ectrode |ayer
905B is also etched, and fornms second shape gate insulating film904B. In

the second dry etching, another gas selected from anong chl ori ne gases such
as Cl2, BCL3, Sid4 and CCl4, fluorine gases such as CF4, SF6 and NF3, and

Co, or caflhxggr#gd BAKLBGutRSSTyAInRLE CARS! LhUGRLS TRY ALleraativel y be

used. Next , in the sane may as in the fi rst pre e t °X second

carried s TH R anape eéﬂﬁ##f%@%’n 495+ PHeeh FesRppabet.
characte&i§ﬁ to£hgh§u§ g&gege gofo%g?%?oggo%gérﬁgg§gb onduct or | ayer

consi sting o the crys frne 8 C&f-i mpurity

Aot b b YREseBQULEe paa%dcsdfoaf "l £ O L1 185811 8on B4 1m
were masked by photolithography and the island-shaped
semiconductor layers 503 through 50'7 were formed by dry etching.
For the dry etching, by CF, or another fluorine gas and 0O,
being used for the process gas, the crystalline silicon f£ilm
is etched together with the photoresist so that the edges of
the semiconductor layers assume a tapering shape and the coverage
in the formation of gate insulating films and insulating £ilms
between layers thereafteris good. 1Inthispreferredembodiment,
the crystalline silicon film was etched using an RIE apparatus
with an etching chamber pressure of 13.3Pa, an RF power of
500W, and O0;=45sccm, CF,=50sccm as the process gas, and
semiconductor 1a§rers 503 through 507 made from the crystalline
silicon film having a tapering shape with a taper angle of
22 to 38° at their edges were formed.

For threshold value control of the TFTs, in the
semiconductor layers 503 through 507, a small quantity of an
impurity 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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In this preferred enbodi ment, phosphorus was chosen. as the inpurityi &id 2004
doped at a dose of 1.5x1015 atons/cn2 with an accel erating voltage of SCkV.
Next, a third dry etching as carried out. Here also an I CP dry etching
apparatus is used, and the dry etching is carried out wi thout the resist
mask being renoved. Cl12, CF4 and 02 were used for the etching gas; the ICP
power was nade 70 1 CCT ~f~0! 500W the bias power was made 20W the
chanber pressure was nade |.OPa; and the respective flows of the gases Cl2,
CF4 and ¥ ¢.made 25sccm 25sccm and | Gscem respectively. By etching
being carried out with the conditions used in the fourth dry etching of the

Sel act PCET?Q?{% a8 %Eﬂ%ape Wfai@”ﬁﬂ  GC=PEYER 506 EhRasPRG R ger

t aper ang% rgﬁ ngagl and seg @er shapes i.s fornmed. The TaN film
gate el €ct rode 1 &yer |§ aF&Fﬁch HE °5n AYehEi 73 priveargh k- ¢ ABeTaN fil m
t hat beco S exg E E % ﬁ.VVf|In1|s etched in the channel |ength
directiof™ % yradud F?ge B 0B OISR the rBrbekBesni PE 4Rafe 905C
havi ng gﬂaﬁyﬁrene smal Eggfr angle of less than 5. In the third dry
et chi ng, HEH g3 ?& PeSRPd e efiRkasna gYBer spufitasicy2, BCL3,
Sid4 and CCl4, fluorj gases such as CF4, SF6 and NF3) and 2, or a m xed
gas havi fitf Wé%é“%%e?ﬁa"i‘% Enthet gakesinaylatingnfiinel gnhexadedorAn t his
time, the part of the second shape gate insulating film904B positioned
out si de #h %%W%WQWWJ-% tsellelat + s Arayperides oft ehmetaid forms
a third shape gate insulating film904C. Athird doping is then carried
out. UsiFHFh heSt thand-asipeofard uaiagny cde hagdr 908C tisim pmskerand npurity
‘inparting the n type is doped through the gate el ectrode |Iayer 905C into
t he partefgiodHeereniscahdiceenrni tyde FIImbcohpoobbiomiSicasad ap=589%,

N=7%, H=2%) was formed to a thickness of 115nm by plasma CVD.

And in this preferred embodiment, the gate insulating f£ilm
508 was formed as a single layer; however, alternatively it
may be a structure of two or more layers of film selected from
insulating £ilms consisting mainly of silicon or oxide films
of metals such as tantalum and aluminum.

And when a silicon oxide film is used, it can be formed
by plasma CVD by mixing TEOS (Tetraethyl Orthosilicate) and
0z and effecting electrica.l 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 film 509 and a second conducting

film 510 are formed on the gate insulating film 508. For each
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10Ci 2~-D~- with the Wfilmgate el ectrode | ayer but does overlap_vximt}{ %O%
TaN filmgate el ectrode |ayer. The edge of the third shape gate el ectrote

| ayer 905C has an extrenely small taper angle of less than 5, as nentioned
above, and thus its filmthickness has a distribution. And in
correspondence with that filmthickness distribution, a slight distribution
also arises in the inpurity concentration obtained in the sem conductor

| ayer as a result of the third doping; however, this is snaller than the
differen A Lt j ARAY entration between the Loff region and the
Lo" regi gﬁ mfcﬁgggﬁgg%hpnff}g@gfigr%atq}epﬁle%g%ﬁgd‘n 8Yi heRLS TRt ERiand
preferre i t horus.was chosen as t i npurity and_doped to a
dose of ga%gggg? oﬁs% g%%avr\]ﬁcteh_lﬁné%%{:]é?%r%tiq‘rg‘;l%etrggGEeo%O%ﬁ@’,fmreby an
n-type LDD region 909 with an inpurity concentration |ower than that of the
source afid drggleﬁlefl%gi 8ﬁ§e§6§gi S%BBF‘rreﬁuFﬂS%ﬁB'seﬁ?’&B%‘ﬂl‘Et ortitgmiumog. A
fourth déé e%&@%@ﬁbis_ hen car&ied out. The third shape gate el ectrode

| ayer 90BCY, d5toVREr AL fRARH SRGpEC 2R e SehdtFidacconiainngD. The
edge of the t 'rgl shape gate el ectrode | ayer 905C has a tapering shape, and
by dry efOffi ﬁ’%' Feess @JTeg‘feétF%utO%rﬂ%&#léﬁl GAMBARING t e dPB Hegree TN il m
gate electrode layer is gradually etched fromits edge toward the position
where it tH¢&F B3SMENYSthe third shape gate el ectrode | ayer 906C, 72 -
~C~~ ?~04 so that the width_of the fourth shape gate el ectrode |ayer 905D
thus formed i sTh&rfbREE epRAuERARIfilmSahiand shapeegané edrebiciikieg | ayer
905C. As a_result of the fourth dry etching, part of the LDD region 909)
all of whidR ha8. cvEkeBppHeseduent REansd r Fuskdpengasegatetanerddy=r 905C,
‘comes to be positioned outside the fourth shape gate el ectrode. '
Consequefify gatiee i reepnec YN Hecohbsianal efitarmeedicori 291y afshtaurd 0"
region 911: However, because the TaN filmgate electrode layer is a thin
fil m havpigthhseimventignsupat tlapaatangllectirodet nhsngweohayéi®nsani ch -
result in a high etching rate are used there is a possibility of the TaN
fil m bei hgret dited gaby elctedode |lad has Juwefrer &tk eabeditieat the,dwurth
dry etching was carried out using a parallel flat plate type RIE dry

et chi ng eppadlatisgafitiv fhraétadmithert HE65Un S 00farfi HERinga i havess of
800W and a 35sccmflow of CHF3 as the etching gas. Here it is not

particul afl goneoessamn bod ah Rippedl Yartles RiIRG:BHRY aldifed G Usethg and
alternatively an ICP dry etching apparatus nay be used. At this time al nost

all of tbe gheeskasubiationdulditiN®FATmrE 10N Mid Harl iy & @ Middsd hee third
shape gate el ectrode | ayer 905C is etched an the fourth dry etching, but
even i f thostgaheohmsul ating filmis etched through conpletely this does
not constitute a problemin the manufacture of the sem conductor device.

The reason forrhhimsid preftatr-rRecanssa bt TP ehediSedh Bor the first
conducting film 509, and formed to a thickness of 30nm by
sputtering. The secondconductingfilm 51_0 ispreferably formed
with the same apparatus as the apparatus used for forming the
first conducting £i1m 509 and is 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 is so as to form the £ilms
consecutively in the same apparatus without exposing the

substrate to the atmosphere and thereby prevent the occurrence

45



- 1 CCT ?GGr as the etching gas the gate insulating filmcan be_efiﬂgd?gw
selectively with respect to the silicon of the sem conductor | ayer. -LUT
because al so when a contact hole for connecting an internediate

i nterconnection with the sem conductor layer is forned, in the etching of
the silicon oxide nitride filmwhich is the first interlayer insulating
filmin the first preferred enbodi nent, conditions can be used, such as-
CHF3, such that silicon oxide nitride filmis etched selectively. Wen in
this king wth CHE3 there is fi,cient. etching of the TaN

film et cﬁiozr?agtrtragiig%tég r P4d BB S oS t°i§n %geséﬁ’&?d?al?ﬁ Re e g gas

of d Z, -4, and o _pre-etc he T filmbefore_ the etching with CHF3
i's carri&atout goﬁ%gi:lflﬁeg}ﬁ r%ﬁw gﬂ@h?ﬁﬁof‘ ec%%‘f‘bpe%?sﬁl]é@gﬁ]ios
renoved. By apglxing thig preferred enbodinent to the first preferred
enbodi nent it FSPgELERLI(H) 1 BaRaRROSCR hPE SRR HRFOHE AR YRATY T M of t
regi on and an Lo" region using five masks, as in the first preferred
embodi meAt? G foTEGdi | Ehicknege af sddPrBnaderobYdSRUEaRidY%i n t he
i mpurity concentrations of the Loft region and the Log region are equal .
Al t hough®héPBIEkENdEddM a0 R IRes hse diPTafe P RIS C\Eanplowesiety gat e
el ectrode structure having tantalumnitride as a |ower |ayer and tungsten
as an uppeF Lh§crsetar gyt edactyerde saper. | thetresistinity ehdHeyers
consisting of any elenents selected from anong tungsten, tantal um

titani uny fidinybolenldibe kept below 20ul2cm. In this preferred embodiment,

by using a 99.9999% or 99.99% pure tungsten target and also
paying ample attention to ensuring that there is no mixing
of impurities from the gas phase during film-forming, it was
bossible to realize a resistivity of 9 to 20pQcm.

Next, using a phof‘.oresist mask made by photolithography,
-the first conducting £ilm 509 and the second conducting £ilm
510 are dry etched to form gate electrodes and gate
interconnections. Resist masks 511 through 517 are formed
on the second conducting film 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.
54 through SC 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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74 - 2 oc~ zaa~ silver and copper and so on, or nitrides having these

el ements as constituents, or alloys conbining el enents anong these {ngyTbell4
suitably selected. Fourth Preferred Enbodinment 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
selectivity with respect to the gate insulating film The steps of this
preferre ' t r_than_the s faor forming the gate el ectrode
are exact n?n%ggdagg%eeg%g?ﬂoéﬁeﬂ?ﬁ??"d%%ggf @F’%ed? @ﬁ:gc?d%rfbi?ﬁr GHELIR 1 st
preferre od] t and therefare will _n be descri bed again here. In the
sane vvay(ig?é?rf %ﬂ@gt%%%e%?gftgpﬁgé%apﬁémd AHA RSP RTRHF U2, a
crystal liine island-shaped sem conductor | ayer 903, a gate insulating film
904) a fi]f‘%’terc,'oﬁl&&?ﬂgn% isﬁ:m e§nda§es§8\éﬁ‘8dcon1€i%c?3r%' 33 rbloosiah e

f or med on alg%gis substrgte 901, and a photoresist mask 907 a.s forned on
this. As>FrP fi $H pPEPELTrd b ERPHR nANdt e QatE| I VRECQRR]F HIAM t he

| ower | ayer of the gate electrode and an Wfilmwas used for the upper

| ayer. AAS 294 # ‘third preferred enbodi nent a dry etching apparat us
havi ng an | CP_pl asma source or an RIE dry etchi ng apparatus was used for
the dry etchi g t#5is preferrad emboddaestt . tanthpdey ettebtingdzondi figrst, dry
etching is carried out. The etching is conducted with Cl2, CF4, and (Z

bei ng usé&8ef FCHR mowar g made HA0VCPtheowbiasf pBEOVY washimmslep AbEIW of 150W
an etchin% chanber pressure of |.OPa; and respective flows of the gases
Oz, CFarbhgnetchipt eBgmber pBessnrendas Gsadenl QP4 hiand idie, ChHe aNdilm
‘gate el ectrode layer is etched selectively, and a first shape gate

el ect r od@z |wses WO8A firavithg proepesi ggsshdpes dfldwaperf ahgl ga2ésforped at
its edge is obtained. The TaN filmgate el ectrode |ayer is etched by about
13 to | 46Fya3nd@ @estedpedtiowely eraie nesofch he2 58 ddrh nabdit 1 0es@hns present
over the entire face of the substrate, constituting a first shape gate

el ectrode | ayeHe®85Athdtturystdd "whikecsysthd Becbhaséostapei ggte 184 ect r ode
| ayer 905A is present over the entire face of the substrate, the gate

i nsul at | wgsf skiect ivellyektht@ddndnemitiperiig Shaphapaaaie £1@gid0de

| ayer 904A. Cl2, SF6 and OZ may alternatively be used for the etching gas

in the fhhgledb¥ e8EhkA8. formed at its edge. The W film of the gate
electrode is selectively etched because as a result of the
process gas containing 0O, 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.

In the first dry etching, another gas selected from among
chlorine gases such as Cl,, BCL;, SiCl, and CCl,, fluorine .gases
such as CF4, SF¢ and NF;, and 0,, or a mixed gas having these
as main constituents may alternatively be used.

Because the gate electrode layer 305A is 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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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 powerl a0l
made 500W the bias power was made 10W the etching chanber pressure was
made | .3Pa; and the flows of the gases O Z and SF6 were made | Gsccm and
50sccmrespectively. The first shape gate el ectrode | ayer 905A and the
first shape 76 - ~0C ~ Q04 gate electrode |ayer 906B are etched

si mul t aneously and form second shape gate el ectrode | ayers 905B and 906B.

At this g p EENS ting. film905A positioned outside
the Wfi Iglrhgiggrg?%ﬁegﬁ%oérg%%gagdéa:%lgﬁgg&&ﬁ?%#%%%?8,ulf%glfré%% %hi ng
resi dues t i ely, an _over-etchin 15 seconds is
carried %’3%? netﬁ%é%vlregvy?eg%r@qu?%g%gt%og: 851?'1 eeflnaslbﬁlilzslt ngklai? %%f%‘od’ﬁ’derneath
the gate C de | (. 905A is et by 3.2nm and becones a second shape
gate ins‘ﬂ'ﬁlﬁﬁi %ggf ?F%%égﬂﬁ.% %exe,r‘—’l §§§g‘nd doping is carried out. Here, the
first doping is take 0 b doping.carried out in the channel region for
control ling thg Stet?ro&r}:hgfg e%’?}rlﬁté)ﬁi NCCR/FLGL ORET aTP%rPI}C’r@IﬁﬁJTF&ti on of
the sem con%u&tor | ayer. B 0£i ng with an in&grity inparting the n type,
sour ce andSdr 8P PEY &FS forinbts T share s3%72oRButt sesHdFecodde [ n this
preferred. enbodi nent, phosphorus was chosen as the inpurity and doped at a
dose of E%Eﬁio‘iﬁYa?BﬁﬁEﬁﬁ withs Bhofesssl i Y A dis Apt semmoied awkt, a
third dry etching is carried out. Here also an ICP dry etching apparatus is
used, an Stﬁﬁe‘argse{-ﬁh-}ﬁg i 51 ddte g iheh senditd onssiagte eisindsd ng
renoved. Clz, SF6 and OZ were used for the etching gas; the I CP power was
made 5000 tt ReebPBEICHBGels \RaTHheld dOlyin HaretsHne @RIrdiars mrakdiee was
‘made |.3Pa; and the respective flows of the gases Cl2, SF6 and OZ were each
made 20sé@me ghramber.1 -~ | 200g As a result of the bias power being nmade
smaller than i.n the first dry etching, the Wfilmgate electrode |ayer is
et ched sel ecti&el § zadudtt hifr §hehapengesse tel &éber pdecemsega@0@idatieng a

| arger taper angle than in the first and second shapes is obtained. The TaN
fil m gaterefegsrecedl byensiin Hdvalletciticiyedhat Tad 1f Biml geemmiglequrestant , but
the TaN fil mthat beconmes exposed as the Wfilmis etched in the channel

| engt h diageti cands thad®al fyilet chatef rehectso@dgel anelr asataTe: taHdd r d
shape 905C having an extrenely small taper angle of less than 5. At this

time; theipaltanéothyseandd ashae gatectirsdd ataygr f B0PB98AB pROSjdHeoNed
outside the TaN filmgate electrode |layer is etched by 37.3, and a third

shape gatkeétsodat Lageli [306¥04Gvind i nBdcod ahapsubireofsdieEt chinng
carried out so far the gate insulating film has been etched by 40.5nm

Wher eas thikhpréberdear ehmBbaemhenthodhaent ot howaat Gaknidlart isvdw,i lthRanas
et ched by about 64.4nmin the first, second and third etchings, in this

pr ef err egi gghinsid®Rlas RUALSLon, Shte Jtlcnigy eﬁaﬁbék:j%féséﬁﬂa%é hfagaount by
which the gate insulating filmis etched by about ~.

1.0Pa, and Cl, and CF4 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 electrode

narrows. And because the process gas does not contain 0, 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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Next, a third doping is carried out. Using the third shape gate el ectrode

| ayer 906C as a mask, an inpurity inparting the n type is doped thrdughiyt pe;
gate el ectrode |layer 905C into the part of the sem conductor |ayer 909

whi ch does not overlap with the Wfilmgate el ectrode | ayer but does
overlap with 78 3J G~ Ga4 the TaNfilmgate el ectrode | ayer. The edge
of- the third shape gate el ectrode | ayer 905C has an extrenely small taper
angle of less than 5, as nentioned above, and thus its filmthickness has a
di stributh@ngah Eﬁ&hﬁ%&%&?%ﬁ&m""sbﬁﬁt Rat o fLhOyt DLSHREPS. 81 84 rdLUdpn.
slight distribution also arises in the rnpurity concentration obtained in
the sem d l.ayer r { t i ing. ver, this is
smal | er t% ﬁlgn lﬂ)t%htcgﬁn(‘ia‘lS?%e rsee%%)enq% n e igﬁ{)tuer ir}t%yst"{(}ogntgien?ﬂo&a]tnﬁ% n:{l:g&g'meen t he Loff
region and the h_ar s in the first preferr odi ment .

Log..reqi on i S d
b pref or A WA AR SRpobhERTRbnasnErbee, of AR hEhng
doped to_a dose, of 3.5x1012 atons/c Wi an _accel eratjng vo] tage of 90kV,
wher eby Sﬁmﬁlst(ﬁlﬁgofbﬁer%%?%% Sé’(f?ﬂft ?anggﬁbuﬁlt%&‘*c%‘h(@gﬁ{iﬂatﬁdho r than
t hat of the source and ain.re iins 908 i_s forned in,thg sem_conduct or
| ayer 90935K% & g ¢ étcﬁFﬁgag‘f Niten 285 Predbi? MR 1975 FEARE gate
el ectrode_ | ayer 905C is etched to forma fourth shape gate el ectrode |ayer
905D. ThéPEdFe 85 MA@ NG MY ATl Vei% P90 e%as a tapering
shape, and by dry etching being carried out anisotropically the third shape
TaN fil m gate éb&ctRde PhyERe| §ePLaABAPCFOBt dRFET rORTHAPRIIYE YhWard t he
position where it overlaps with the third shape gate el ectrode | ayer 906C,
so that the tiePeri®g Mt Af thsHRgehiraeddRielegrodd acyogy 7 |
- @~i 4 905D thus fornmed is narrower than that of the third shape gate
el ect r odéhieggate domulatsing fadulheqmashanildii raddep v\riemmambsdient t he
LDD region 909, all of which had overl apped with the third shape gate
el ect r odéhfig@ledogds@ icomarriedeoPosi tirordu omnrgirrret smeedimettpe gate

el ectrode. Consequently, the LDD region
because the gate insulating £ilm 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 BO%B. 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 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 regions 308 of impurity

concentration 1x10%° to 1x10?! atoms/cm® were formed. (Fig.
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909 becones an Loft region 910 and an Log region 911. However, beca F*Wﬁm4
gate electrode layer 905Cis a thin film(TaN filnm having an extrefety!
smal | 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 bei ng
etched away entirely. In this preferred enbodi nent the fourth dry etching
was carried out using a parallel flat plate type RIE dry etching apparat us
and with a chanber pressure of 6.7Pa, an RF power of 800W and a 35sccm
flow of GgR3 as the etching gas. At this tine alnost all of the gate
insulating film904C which did not overlap with the third shape gate

gate | nsul at ) ng Bt o S ErEREridh SO0R Bt A e b Rt Hhti ot e
T is Prer poRe davelr 058 BorkgSabBRsoes hEs cturiluf gad gl
| Byer - (SBHCCOr LSRR chIS8: o 08 Cuita S B  Ehop Aot GREORo 14 an 80
<1 or melOWBY e SETc PRS- oF 28 A T B 0 0P RoTRFE 19 8 FFPARWAEH T s (o

first interlayer insulating filmin the first preferred enbodi nent,

condi t i on8P8ahBe SRYEFS SFc TR PcHegiaff £ G dihrough 211 correspond

to 532 through 536. However, 536 is a source region and not
a drain region.

Next, without the resist mask being removed, a third
dry etching step is carried out. In the third dry etching
step the second shape gate electrode layer 3058 and gate electrode
layer 306B are both etched, and also the tapering 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 ove:lap
with the third shape gate electrode layer 305C but overlaps
with the sedond shape gate electrode layer 305B becomes an
L.ss Tegion 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 L, region
are controlled by way of the third dry etching time.

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

made 5300W, the bias power was made 20W, and the etching chamber
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silicon oxide nitride filmis etched selectively. Wen in this kind of_
etching Wth CHF3 there is insufficient etching of the TaN fil m ~et dHi hgd4
may be carried out for 5 to 20 seconds using an etching gas of Cl2, CF4,
and OZ to pre-etch the TaN fil mbefore the etching wwth CHF3 is carried
out. And SF6 can be used instead of CF4. After the fourth dry etching the
phot oresi st 907 is renoved. By using this nmethod it was possible to forma
gate el ectrode of the same shape as in the third preferred enbodi nent, and

th ' t ted ti fd h d of
he Chir Beary et g e SR o B 6t P R R R sifioddifs 0l ©

descripti ha e ven. using exanpl e -of ate el ectrpde structure
havi ng tgﬁgél u%hlr%i ?;jiog}s a(g;f a§#(g)mg%gf%gy)gﬁ'2aﬁ dt l?r?gst éaﬁeaseaac(rill uppse(%cnf'ayer,
t he gate tructur&is no onsisting of any

f

el amont < The1 HevehS TS Aty PURGLEERS LPEEr o1 CORBUNGE ot YERshum

const 1 t uBREs AP A PRapS aaNE: ARG EEP eI PEe AoRgo e nodeoay e el y

sel ect ed, HedShFed T eeRL HINERLNT {e LERINT Pl bR SR isalE 8L
so that the amount by which the gate electrode layer 305C was
etched inthe channel lengthdirection, whichessentiallybecomes
the L.sr length, became 480nm.

In the third drvy etching, another gas selected from among
chlorine gases such as Cl., BCL;, 8iCl,; and CCl,;, fluorine gases
such as CF4, SFsrand NF;, and O,, or a mixed gas having these
as main constituents may alternatively be used.

In the third dry etching the part of the gate insulating
£ilm 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 resulf

‘of the third dry etching, the resist mask has a third shape
307C. This resist mask 307C is not removed and is used as
it is. The etching conditions are changed and the process
is carried out in the same apparatus and the same chamber.
In the fourth dry etéhing, the gate electrode layer 306C is
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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- 1t~~( 2~Qr self-aligningly a TFT having a GOLD structure anq_g .
reduce the nunber of nasks and the nunber of nanufacturing steps ne d@gfthf
make this kind of TFT . The characteristics of a sem conductor device

having this TFT are inproved; its manufacturing cost is reduced; the tine
needed to manufacture the device can be shortened; and yield can be

I nproved. 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 Pigfensegorrde v fg%tEFElhe&%%@ebetaﬁheHeaéIé\&e@mqw nent 1

or 2 nmentioned above is utilized for various electro-optical devices
(active gt ih% lEbltdh e&y,steaclch%apl Y seffildotfiyiRldrY 1 derd Sy dﬁt O' ve -

matri x EC display) . Nangely, the present I nventi on can be applle all of

el ect ronj,f 3 6AUERBERN LS ¢ %%&a%rpaw n&g,btt'ﬁ% & 9GPl %%_e e 1

di splay portion. The follow ng can be given as exanples o such Iectronlc

ted
g?g:{)}ogn &ro gg‘ég &% eglgée“iéx%s d.'aatq)rgi %ihréngfri‘ﬁﬁ;@{%ﬁ[éﬁé’kﬁ%ﬁheaﬂﬁaﬁﬂ)“” €

gateelectrodelayerbecomesanImvreglon1njisubsequentdoping.

The L., region is formed to a length obtained by subtracting

. the Leors 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 i.OPa. Cl;, CF, and 0O; were used for the
process gas. The flows of the gases Cl,, CF; and O, were 25sccm,
25sccm and 1l0sccm respectively. The third shape W £ilm gate
electrode layer was selectively etched, and by the taper angle
0of the edge thereof being further increased a gate electrode
layef 306D having a fourth shape, narrower in width than the
third shape gate electrode layer 306C, was formed.

The TaN f£ilm gate electrode layer is only etched about
7nm,andafburthshapeéateelectrodelayerSOSDofsubstantially
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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system a car audio system a personal conputer; a portable information
terminal ( such as a nobile conputer, a nobile tel ephone, or an ekettEOhi x4
book). Exampl es of those electronic equi pnents are shown in Figs. 10, 11
and 12. Fig. 10A illustrates a personal conmputer which includes 82 ~1
O~;i 2el4 a main body 2001, an inage 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 canmera which

I ncl udes4aonm wakkodptalidbada.a display portion 2102, an audi o input portion
2103, operation switches 2104, a battery 2105, an inage receiving portion

2106, or the |irketnEhGdihaagiry 1¥eBAIAY, CBRoRRAPBLECE RN dosph ay

portion 2102. Fig. 10Cillustrates a no e conput ér which inc a main

000y 22 dmoRaCBIEOPL 36 Gl Sk U aBTel RLL SERCH, MR PR O RRMIne

operation switches 2204, a display portion 2205, 0r t

i nvent i og,Gan ggggﬁp%si 8e,! Osk{1 %Al S3Y R B 8%@%3&:}:)@8‘@ g mdddpt rat es

a goggl e“type cludes *& fmain b Splay poftion

2302, i | | i ed h
i spi oy ShPREoRE RS Boge e Mo e Y S B or i g

medi um Fig. 3D corresponds to Fig. 5C: the fourth shape gate

electrode layer 305D corresponds to 538 through 544; and the
gate electrode layer 306D corresponds to 545 through 551.
However, 541, 544, 548 and 551 are not gate electrode layers.
After the fourth dry etching is finished, the photoresist

mask 307D is removed. The mask may be removed by 0O, ashing,
H,0 ashing, ashing with a gas mixture of 0, 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 e'mbodiment, the mask 3OV7D
was removed by Q: ashing using an RIE dry eitching apparatus.
Next, a third doping is 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 scource
and drain regions is formed in the first semiconductor layer
region 313 and the third semiconductor layerregion314. Because
;'Ln the semiconductor layer region 313 _the impurity is doped
into the L,y region through the gate electrode layer 305D and
the gate insulating f£ilm 309, the doping is carried out at

a low density and a high accelerating voltage.
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whi ch records a program (hereinafter referred to as a recordi ng nedi um and
i ncludes a main body 2401, a display portion 2402, a speaker sectioi RBD3204
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 - ~00

r ~oo~ Fig. IOF illustrates a digital canera which includes a nain body
2501, a displ aynpotiis opr@fdrred amevdimade] HOMj.prethibh PeEAE af

swi tches 2504, and an inege receiving section (not shown in the figure) .
The presgnt Adpie 1P GadrderapRbdedite hhBodbsplray  BRA OOl et - 11A
is a front type projector which includes a projection device 2601 and a

screen 28R4. anh8cBEeE@ALihGYV OB tAGeCaR bOxkeRpl ied to the liquid crystal
di spl ay devi ce 2808 which conprises one portion of the projection device

2601 and otherageh¥i:g8 $hr eHiES prEr@rrédBebodilgat ©LHRE fakseC dlskwhi ch

i ncludes a nmain body 270l, a projection device 2702, a mrror

2703, and a

screen 258‘}13 JQ%Bg%ﬁaﬁQ& APVERTLRD £A-1E APR ie%cﬁtq;h&dke iy criyst al

di spl ay devi ce Jo : :
2702 and ot heh ALY 99eSy' Y t8moved after the thira doping.

I ch conprises one portion of the - projection device

Fig. 3E corresponds to Fig. 6A: the Laﬁ'region 314

corresponds to 557 through 561; and the L,, region 313 corresponds

to 562 through 566. However, 556, 561 and 566 do not function

as L,y Oor Loss Feglions.

Then, a photoresist mask 567 is newly formed and a p-type

semiconductor layer is 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 cencentration

of 2x10?° to 2x10** atoms/cm® a p-type semiconductor layer function

can be obtained 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 is removed,

a first

~ inter-layer insulating film 576 is formed over the entire face
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Fig. 11Cis a diagram whi ch shows an exanpl e of the structure of the

proj ection devi ces 2601 and 2702 of Figs. 11A and 11B. The projecti br3CT 2004
devi ces 2601 and 2702 conprise: an optical |ight source system 2801;

mrrors 2802 and 2804 to 2806; a dichroic mrror 2803; a prism2807; a
liquid crystal display device 2808, a phase differentiating plate 2809; and
a prOjectlon optical system 2810. The projection optical system 2810
conprises a plurality of optical |lenses having a projection |lens . Though

the presenttisnhadismnitshow anlgxaﬁabeads&@lﬁh% to\fp%u.lh%%n%ﬁiﬁ@t
invention is not limted to this exanple 84 1~ ~~~~ and a single

pl ate typetiede bRadsedrinel bYSARGMa WD Nedut abe ooggﬁf,ggrsgﬁg BEBFQDI’I ately
di spose an optical lens, a filmwhich has a function to polariz ight, a

fi1'm whimdtiesh Uskn aaPhase hf .65 ML A ARy Be GGd. nahﬁetﬁet i cal

path shown by an arrowin Fig. 11C. "Fig. 11D i's adi agram show ng

- the bresent enbodt mentc i ne ontt ™ 17ghe SRS Rarae %%H'E'r Pies: &
conversi ol omel 4 fiag R HLRC oot e B0 pRLRTYE o S AR L RpaS Bl Tl
et Pt ol PEnSURREILST S Yl Sho hlh  alEF Yo IR St B ey
S?Qﬂ'%%q§¥ﬂV®%%%%§%%%é%¥éﬁﬁv%gﬁﬂg£%

I h t 1. a _case ransni ssi_on type
ngctrg gpf|ggfhggvﬁ%es|e% usggit§vﬁé§%?|2%ﬁ éﬂﬁuﬁ?Fgff g??ﬂf Ezg@dFlg on
el n a vi.ce are no esc
oo Do s SR f s S 2R B e Ry 2 B04s (oL hvBE Lon put

portion 290 a _voi.c ortign 2903,  a display portion 2904, operation
smﬁtche§%§§6%503ﬁ5¥§%%#¥%ﬂﬁ§ qﬂﬁ?%ﬁ%%@ﬁ%“?ﬁﬁ#ﬁ#%ﬁ?@ﬁﬁeﬁélﬁﬁpl|ed to
the di Se:!vaé/n .po&'tﬂeogngggfing?nay be carried out in a nitrogen atmosphere

with an oxygen concentration of lppm or below and preferably

O0.1lppm or below at 400 to 700°C and typically 500 to 550°C,

and in this 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 befofe the first

inter-layer insulating £ilm 576 is formed (Fig. 6C); however,

here, because heat is applied in the activation step, when

the material used for the gate electrode and so on is vulnerable

to heat, preferably a silicon oxide film, a silicon nitridé

film or a silicon oxide nitride film is formed as a protective

£film, or as in this preferred embodiment the first inter-layer

£ilm is made to function as a protective film.
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12B is a portable el ectronic book which includes a main

body 3001, display portions 3002 and 3003, a memory nedi um 3004, an gry 2004
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on switch 3005 and an antenna 3006. The present invention can

b

e

to the display portions 3002 and 3003. Fig. 12C is a display which
i ncl udes a main body 3101, a support stand 3102, and a display portion
tc. The present invention can be applied to the display portion
3103. The display of the present invention is advantageous for a | arge size

i Py G e e CBeBe CLRBA BRI B ) o8 Y B AT o0l o A

ially equal to or greater I'nc

, sth | i | f th t invention is
P LT AR0% hb et O EHPah TSRS 11 SATEIRE @i pront s

ectraoni ¢ equi pnents shown

SRR B eob B8 o ORI ERRS byie il i ot SR e e e

| i ght - shi el di ionis f d f | ami nation film
"o of P is, BreEoFrEHcSEbIUEeh f oybrd deodeBasian PIG Bow: o

.according. to the Ergsent invention, a step of formi ng a black
W?% 0°C atmospherzy UWagHATAFSIGLAINED | S:THis A net hod
facturinﬁ_a sem conduct or device, conprising: a first step of

ddh Be WPttt 88

Y Ftieraativehy Beegosflucsedi Ag & gardregsml ati ng

er. the sem conductor layer; a third step of formng a first

@3 ARASPIETRE gate insulating film a fourth step of forming a

conducting filmover
Next, a second inter-layer insulating £ilm 578 consisting

of an organic resin film such as acrylic or polyamide which
can be formed by spin coating is formed on the first inter-layer
insulatingfiim576 (Fig. 7). Thesecondinter—layerinsulating
film is formed by spin coating with the object also of flattening
the substrate on which the semiconductor device is formed.

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

After that, the gate insulating film 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 the 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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the first conducting film a fifth step of formng a gate el ectrode of a
first shape by carrying out dry etching at |east once on the secondjrT 2004
conducting filmand the first conducting film a sixth step of formng a
first inmpurity region in the sem conductor |ayer; a seventh step of formng
a gate el ectrode of a second shape by carrying out dry etching on the gate
el ectrode of the first shape; an eighth step of formng a gate el ectrode of
a third shape by carrying out dry etching selectively on the second

conduct i ig 1fn $urbfad hergatie et getlyede & ahhletisecand comapeidand arident h st ep
of formng a second inpurity region in the sem conductor |ayer. 87 -- ~D
Ci 2Q4 zilh midibdEmccoeli Agrsd chakm-layshedasnlbiient FIlncewcid Nng film
and the second conducting filmare each made of a material selected from

anong napekisdbd ehamithy Ayat Mt D QKNEnane, of Hdweval | acd adcret al s
tungsten, tantalum titanium and nol ybdenum alloys containing at |east

one of thege gl Siswlwk Mg rEdes bayhbd ah heestséaieRladdiese 1Biats as a

mai n constituent. 3. A nmethod according to claim1l1l, wherein in the dry

etching ef i[shﬁeééééQr?tt%ﬂlé@@oﬂ&i@i@h@%&%@lepfgvicﬁeailii'i__:[ﬁtsesi@ﬂ?i{}ﬁty
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;Fz; and the like. CHF; and C4Fs; can also be
called fluorine gases; however, they are gases having a high
selectivity with respect to silicon, and because their uée
is different f£rom the other fluorine gases referred to in this
specification document they are taken in this document not
to ﬁe included among fluorine gases.

| In this preferred embodiment, with an RIE apparatus and

using CF4, He and O, gas, a chamber pressure of 66.7Pa, an RF
power of 500W and CF,, He and O, gas flows of 5sccm, 40scem
and 95sccm respectively, the second inter-layer insulating
film 578 was etched; with the same RIE apparatus and using
CF,, He and O; gas, a chamber pressure of 40.0Pa, an RF power
of 300W and CF4, He and 0O, gas f£lows of 50sccm, 35sccm and 50sccm
respectively, thesiliconoxidenitride 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
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formed using a chlorine-based gas and a fluorine-based gas or a
chl ori ne-based gas and a fluorine-based gas and oxygen. 4. A nethaod, Pﬁg 2004

according to claiml1l, wherein in the dry etching of the seventh ste

gate el ectrode of the second shape is formed using a chlorine-based ‘gas and
a fluorine-based gas. 5. A nethod according to claim1, wherein in the dry
etching of the eighth step the gate electrode of the third shape is forned
using a chlorine-based gas and a fluorine-based gas and oxygen. 6. A nethod
accor di ngftihe(gaite inswharsing filn Wesne ncled tsed eclid vedyowmtith musagidat r egi on
Is formed in the sem conductor |ayer by doping an inpurity el enment through
t he firstocthdusemigod@ucterClayer~ 2t~0'a filmof the gate el ectrode of

t he second shape and through the gate insulating film 7. A method
accordi ng to cifhem, lintemedhata iheeridinest Bman 7ioTpHEbghl Bg8 Gird S
formed sinultaneously in a part of the sem conductor |ayer positioned

out si de fbemgate BbECthOdEn BErhdEisbé M Tn Sde@snBedk fold| ts®ftHde they
sem conductor |ayer overlapping with the gate el ectrode of the third shape.

8. A net Batctebnmeasf geixl NG 1R QI dHAH0I réeVe €8in§ OB FHes, first
step of formng a sem conductor |ayer; a second step of formng a gate

i nsul at i pgefelrib® 4 AR t$AMME08HSE HalBVE R h gl HeFd e2ttaR 1@fy §oryddig, a first
conducting filmon the gate insulating film

and in this preferred embodiment Ti and an alloy of Al and
Ti were formed in layers. Using sputtering, a Ti film was
formed to a thickness of 50nm, and then an alloy film of Al
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 ab.ove, it is possible to form on
the same substrate a driving circuit 606 hav:j.ng 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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a fourth step of formng a second conducting filmon the first conducting
film a fifth step of formng a gate el ectrode of a first shape by clallyi dg4
out dry etching at |east once on the second conducting filmand the first
conducting film a sixth step of formng a first inpurity region in the

sem conductor |ayer; a seventh step of formng a gate el ectrode of a second
shape by carrying out dry etching selectively on the second 89 10~ ~
2u0~r conducting filmof the gate electrode of the first shape; an eighth
step of form njiastecanspacguriddy obdgiimed byt hpatsemmtogduatewid &jdm and a
ninth step of formng a gate electrode of a third shape by carrying out dry
et chi ng sel €t iacd wematthre *f i &sfoxmed Lc tiheg dfiisbosiinibheofaite elpagierode of

t he second shape. 9. A method according to claim8, wherein the first

conduct i mgy el de anch 1hed seeens . condyatengdy 41t &reaLed yod@rofviagmmt eri al
selected fromanong materials having as a nmain constituent one of the

refract opy sBhaksriuggpheticiast alfum skt @i Um saé .nol ybdenunm al | oys
containing at | east one of these nmetals; and nitrides having at |east one

of these netal ﬁeﬁﬁ,aaﬁabﬂiéﬁﬂihlﬁtﬂﬁﬁh 546. maAH RS M1 Qb BEGHdE b dit Grai M 8,
wherein in the dry etching of the fifth step the gate el ectrode of the

first shapg hik%owaﬁjdﬁﬁéﬂkfh#*ﬂiﬁﬁﬂf basedavasnapfeaphkuar ipaetbazed gas
or a chlorine-based gas and a 1l uorine-based gas and oxygen. il. A nethod

accordi nghéoaé?{:f%g‘r&tfmrﬁﬂbﬂfhﬂé1%sd¥)¥o@&ﬁaﬁng REtdPRe e Wil 1St the
gate el ectrode of the second shape is Tornmed using a chlorine-based gas and
a fluori pe1Raged Qadd & ¢ ubbing treatment was carried out to orient

the liquid crystal molecules with a fixed prechilt angle.

Then, _a.facing substrate 591 is prepared. On the facing
substrate are formed a light-blocking £ilm 592, a transparent
electrode 593 and an orienting film 594. The light-blocking
film 592 is made by forming a Fi film, a Cr £ilm or an Al f£ilm
or the 1like to a thickness of 150 to 300nm.

A rabbing treatment is carried out on the orienting £ilm
594. Then, the active matrix substrate on which the pixel
part and the driving circuit are formed and the facing substrate
‘are fixed together face-to-face with a sealant 595.

After that, aliquidcrystalmaterial 596 is poured between
the two substrates. Fortheliquidcrystalmaterial, anordinary
liguid crystal material may be used. For example besides TN
ligquid crystal a thresheldless anti-dielectric mixed liguid
crystal showing an electro-optical responsiveness such that

its transmittivity changes continuously with the magnetic field

can be used. BSuch thresholdless anti-dielectric mixed liquid
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90 ~ C C' 2004 12. A nethod according to claim8, wherein in the dry j

etching of the ninth step the gate el ectrode of the third shape is Td}[}r;bd?ﬂﬁ%

using a gas selected fromanong: a gas nmade up of a chlorine-based gas and

a fluorine-based gas; a gas made up of a chlorine-based gas and a _

fl uori ne-based gas and oxygen; CHF3; and C4F8. 13. A nethod according to

claim8, wherein in the eighth step the second inpurity region is fornmed in

t he sem conductor |ayer by doping an inpurity element through the first

conduct i agysthrsoalisiee igetlaidd ecioneleshdwihge Vetgpd ehapsrandpdicaigh t he

gate insulating film 91
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are dry etched using a resist mask 307 made by photolithography.

As in the first preferred embodiment, a TaN film was used
for the first conducting f£ilm and a W £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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i S! 10YEE®e( rsied! f@ﬁﬁ&t@e Ao (Jas.105 105 105<s109%& ()-! C 109%5& ()-

Jy A2{\:1L2110%& ()-! O(!'10%[& ()-0('10%& ()-'g

LI 10%7& () - L! a08&cdnd dry084¢ing is then carried out. The photoresist

mask has now assumed a first shape 307A as a result of the
first dry etching. This photoresist 307A is not removed and

is used as it is. 1In 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 inthedryetching, theTaNfilmgateelectrode
layer and the W film gate electrode 1layer are etched
simultaneously, and a gate électrode layer 305B and a gate
electrode layer 306B having a second shape are formed. 1In
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 SFg were used for the process gas. The flows
of the gases Cl; and SF¢ were made 10sccm and 50sccm respectively.
As a result of the bias power being made smaller than
in the firsf 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 is 104nm/min and the etching
rate of the TaN film is 11lam/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 thét had remained after the
first dry etching is etched for about 8 seconds. After that,
to completely remove etching residues of the TaN film, an
over-etchingof 15 seconds is carriedout. Bythisover-etching,
the gafe insulating £ilm positioned underneath the TaN film

isetched by'about 3.2nmand becomes a second shape gate 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 insulating £ilm becomes an L.DD region when a subsequent
third doping is carried out. 1In this preferred embodiment,
because the gate insulating £ilm 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 tvpe
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, whéreby source or drain regions 308 of impurity
concentration 1x10%° to 1x10% atoms/cm® were formed, in a source
region or rdrain region in a self-adjustment way.

Next, without the resist mask being removed, a third
dry etching step is carried out. In the third drvy etching
step the second shape gate electrode layer 305Band gate electrode

layer 306B are both etched, and etching is 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 bhecomes an
Loss Tegion as a result of the subseguent third doping step.

The amount by which the gate electrode layer 305C is etched
in the channel length direction and the length of the Lgsr 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 bias 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 1l0sccm and
50scem respectively. The TaN film gate electrode layer and
the W film 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 laver was etched in the channel length
direction, which essentially becomes the L¢r 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. In
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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 is not removed and is used as
it is. The etching conditions 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
which does not overlap with the W film gate electrode layer
across the gate insulating £ilm but overlaps with the TaN £ilm
gate electrode layer becomes an L., region in a subsequent third
doping.
The L, region is formed to a length obtained by subtracting
the L. length determined by the third dry etching from the
length of the LDDP 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,, SFy and O, were used for the
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process gas. The flows of the gases Cl,, SF¢ 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
being further increased a gate electrode layer 306D having
a fourth shape, narrower in width than the thi;d shape gate
electrode layer 306C, was formed.

The TaN f£ilm gate electrode layer is only etched by a
few nm, and a fourth shape gate electrode layer 305D of
substantially the same width as the thifd shape gate electrode
layer 305C is formed.

The fourth shape gate electrode layelf 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 ébout 0.5nmm. And the amount by which the gate
insulating £ilm is etched in the first, second, third and fourth
etchings is 9.5nm. Whereas in the first preferred embodiment
the amount by which the gate insulating film was etched in
the first, second, third and fourth etchings was a maximum
of 88nm, in this preferred embodiment, because SF; 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 film by about 89%.
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After the fourth dry etching is finished, the photoresist
mask 307D is removed. The mask may be removed by O, ashing,
H,0 ashing, ashing with a gas mixture of 0O, and H;0, ashing
with one of thesé gases with nitrogen or a fluorine gas such
as CFy 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 usihg 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 SF; 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 SFg used only in the third dry
etching.
And although here trhe description has been given using
the example of a gate electrode structure having tantalumnitride
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
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as constituents, or alloys combining elements among these,

may be suitably 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 semiconductor layer having an
Lov region and an Lyss region in accordance with the first preferred
embodiment,makingtheimpurityconcentrationsofthemeregion
and the L,, region substantially equal by using different
conditions from the first preferred embodiment in the etching
of the gate electrode and changing the timing at which doping
is carried out.

In the same way as in the first preferred embodiment,
an insulating £ilm 902, a crystalline island—shaped
semiconductor layer 903, a gate insulating‘film 904, a first
conducting £ilm 905 and a second conducting £film 906 are formed
on a glass substrate 901, and a photoresiét 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 scurce or an RIE dry etching apparatus
was used for the dry etching of the gate electrode.

In the same way as in the first preferred embodiment,
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with Cl,, 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 flows of the gases Cl,, CF; and O, of 25sccm,
2bsccm and 10sccm respectively.

At this time the W £ilm gate electrode layer is 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 film gate electrode layer is etched by about 13 to
l4nm as a result of over-etching of the W £ilm but remains
present over the entire face of the substrate, constituting
a First shape gate electrode layer 905A.

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

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 layer 904A.

Then, in the same way as in the first preferred embodiment,
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 bias power was made 20W; the

chamber pressure was made 1.0Pa; and the respective flows of
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the gases Cl, and CF, were each made 30sccm. The first shape
gate electrode layers 905A and 906A are etched simultanecusly
to form second shape gate electrode layvers 905B and 906B.

At this time, the part of the gate insulating £ilm 9044
positioned outside the gate electrode layer 905B is 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,, BCLj3, SiCl,; and CCL4, fluorine
gases such as CF,, SF¢ 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 embediment,
a second doping 1is 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 i{ype. source
and drain regions are formed in the semiconductor layexr 9208.
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. Here also
an ICP dry etching apparatus is used, and the dry etching is
carried oﬁt 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 bias power was made 20W; the chamber pressure was
made 1.0Pa; and the respective flows of the gases Cl,, CF; and
02 were made 25sccm, 25scem and 10scom respectively.

By etching being carried out with the conditions used
in the fourth dry etching of the first preferr_ed embodiment
the W film gate electrode layer is etched selectively and a
third shape gate electrode layer 906C having a larger taper
angle than the first and second taper shapes is formed.

The TaN film gate electrode layer is hardly etched and
remains present, but the TaN £ilm 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 from among
chlorine gases such as Cl,, BCL;, SiCl, and CCl,, fluorine gases
such as CF,, SFs and ’NF3, and O, or a mixed gas having _these
as main 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 904C.

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 9209 which does not overlap
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with the W film gate electrode layer but does overlap with

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. And
in correspondence with that film thickness distribution, a
slight distribution also arises in the impurity concentration
obtained in the semiconductor layer as a result of the third
doping; however, this is smaller than the difference in the
impurity concentration between the L. region and the Ly, region
which arises 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 is 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 being carried out
anisotropically the third shape TaN film gate electrode layer

is gradually etched from its edge toward the position where

it overlaps with the third shape gate electrode layer 906C,
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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 positionéd outside the
fourth shape gate electrode. Consequently, the LDD region
909 becomes an L,sr region 910 and an L., region 911,

However, because the TaN film gate electrode layer is
a thin £film having an extremely small taper angle, if 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 800W, 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 dfy etching apparatus
may be used.

At this time almost all of the gate insulating £ilm 904C
which did not overlap with the third shape gate electrode layer
905C is etched in the fourth dry etching, but even if this
gate insulating 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; is being used
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as the etching gas the gate insulating film can be etched
selectively with respect to the silicon of the semiconductor
layer. And because also when a contact hole for connecting
an intermediate interconnection with the semiconductor layer
is formed, in the etching of the silicon oxida nitride f£ilm
which is the first interlayer insulating film in the first
preferred embodiment, conditions can be used, such as CHFa,
such that silicon oxide nitride film is etched selectively.

When in this kind of etchingwith CHF: there is 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£film before the etching with CHFs is carried out.

After the fourth dry etching the photoresist 907 is
removed.

By applying this preferred embodiment to the first
preferred embodiment it is possible to make a semiconductor
device having an L.ss region and an L,y region using f£ive masks,
as in the first preferred embodiment, and it is possible to
make a semiconductor device wherein the impurity concentrations
of the L.+ region and the L,, region are equal.

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 layvers consisting of any elements

selected from among tungsten, tantalum, titanium, molybdenum,
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silver and copper and so on, or nitrides having these elements
as constituents, or alloys combining elements among these may

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
formingofthegateelectrodebydryetchinginthethirdpreferred
embodiment, using SF¢ in the etching gas to obtain a higher
selectivity with respect to the gate insulating f£ilm. The
steps of this 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 insulating £ilm 902, a crystalline 1island-shaped
semiconductor 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 fhe third preferred embodiment, a TaN film was
used for the lower layer of the gate electrode and an W £film
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 Cl,, CF,, and 0, 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 0, of 25sccm, 25sccm and l0sccm.
At this time, the W £film gate electrode layer is 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 film gate electrode layer is etched by about 13 to
l14nm as a result of over-etching of the W £film but remains
present over the entire face of the substrate, constituting
a first shape gate electrode layver 905A.
At this time, because the first shape gé‘l:e 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 layer 904A.
Cl,, SFs; and 0, 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. Cl, and SF; 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 SFs were made 10sccm and 50sccm 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 £ilm 905A
positioned outside the W £ilm is etched for about 8 seconds.
After that, toremove etchingresiduesof theTaNfilmcompletely,
an over-etching of 15 seconds is carried out. In this
over-etching, the gaté insulating f£ilm 904A underneath the
gate electrode layer 905A is etched by 3.2nm and becomes a
second shape gate insulating film 904B.

Next, a second doping is carried ocut. 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 80kV.

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 resist mask being removed. Cl,, SF¢
and 0, 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 respective flows of the gases Cl,,

SF; and 0O, 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 obtained.

The TaN f£ilm gate electrode laver is hardly etched at
all and remains present, but the TaN fiim that becomes exposed
as the W £film is etched iﬁ 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 film gate electrode layer
is etched by 37.3, and a third shape gate insulating £ilm 904C
is formed. As a result of the etching carried out so f£ar the
gate insulating film has been etched by 40.5nm.

Whereas in the third preferred embodiment the gate
insulating £ilm was etched by about 64.4nm in the first, second
and third etchings, in this preferred embodiment, by using
SFe¢, it was possible to reduce the amount by which the gate
insulating £ilm is etched by about 42%.

Next, a third doping is 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“

with the W film 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 1aYer 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 film thickness distribution, a slight
distribution also arises in the impurity concentration obtained
in the semiconductor layer as a result of the third doping:
however, this is smaller than the difference in the impurity
concentration between the L. region and the L,, region which
arises 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 laver
909.

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

The edge of the third shape gate electrode layer 2905C
has a tapering shape, and by dry etching being carried out
anisotropically the third shape TaN film gate electrode layer
is gradually etched from its 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 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 ocutside the
fourth shape gate electrode. Consequently, the LDD region
909 becomes an Lyrr region 210 and an L., region 911.

However, because the gate electrode layer 905C is a thin
£film (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 pressuré 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 film 204C
which did not overlap with the third shape gate electrode layer

905C is etched in the fourth dry etching, but even if this

gate insulating 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 CHF3; is being used
as the etching gas the gate insulating f£ilm 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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etching of the TaN film, etching may be carried out for 5 to
20 seconds using an etching gas of Cl,, CFy, and O, to pre-etch
the TaN film before the etching with CHF; is carried out.
And SF¢ can be used instead of CF,.
After the fourth dry'etching the photoresist 907 is
removed.
Byusingthismethoditwaspossibletofonnagateelectrode
of the same shape as in the third preferred embodiment, and
the amount by which the gate insulating £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
asalowerlayerandtungstenasanupperlayer,thegatestructure
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 combining elements among these may
be suitably selected. |

By using the present invention it is possible to fabricate
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electro-optical device in 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 display (a goggle type display); a car navigation
system; a car aud;i,o system; a personal computer; a portable

_ information terminal (such as a mobile computer, a mobile
telephone, oranelectronicbook). Examples of thoseelectronic
equipments are shown in Figs. 10, 11 and 12.

Fig. 10A illustrates a personal computer which includes
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the projection device 2702 and other driving circuits.
Fig. llCisadiagramwhich 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 liquid crystal display device
2808; a phase differentiating plate 2809: and a projection
optical 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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F 10%& glot l@n]_%é&é&t%) thlis exam];gjl?e. For 1ns(t)ance, an ope)rator may

appropriately dispose an optical lens, a £ilm which has a
‘function to polarize 1ight, a film which adjusts a phase
difference and an IR f£ilm, etc.

IntheprojectorshowninFig. 11, acasewhere atransmission
type electro-optical device isused isdescribedanda reflection
type electro-optical device and an EL display device 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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4. A method according to claim 1, wherein in the dry etching
of the seventh step the gate electrode of the second shape

is formed using a chlorine-based gas and a £luorine-based gas.

5. A method according to claim 1, wherein in the dry etching
of the eighth step the gate electrode of the third shape is
formed using a chlorine-based gas and a fluorine-based gas

and oxygen.

6. A method according to claim 1, wherein in the ninth step
the second impurity region is formed in the semiconductor layer

by doping an impurity element through the first conducting
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film of the gate electrode of the second shape and through

the gate insulating f£ilm.

7. A method according to claim 1, wherein in the ninth step
an impurity region is formed simultaneously in a part of the
semiconductor layer positioned outside the gate electrode of
the third shape and a part of the semiconductor layer overlapping

with the gate electrode of the third shape.

8. A method for manufacturing a semiconductor device,
comprising:

a first step of forming a semiconductqr layer:;

é second step of forming a gate insuiating film on the
semiconductor layer:

a third step of forming a first conducting £ilm on the
gate insulating film;

a fourth step of forming a second conducting film on
the first conducting f£ilm;

a fifth step of forming a gate electrode of a first shape
by carrying out dryetching at least once on the second conducting
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 carrying out dry etching selectively on the second
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conducting film of the gate electrode of the first shape;
an eighth 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.

=
Mot
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U
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9. A method according to claim 8, wherein the first conducting
film and the second conducting £ilm are each made of a material
selected from among materials having as a main constituent
one of the refractory metals tungsten, tantalum, titanium,
“and molybdenum; alloys containing at least one of these metals;
and nitrides having at least one of these metals as a main

constituent.

10. A method according to claim 8, wherein in the dry etching
of the fifth step the gate electrode of the first shape is
formed using a chlorine-based gas and a fluorine-based gas

or a chlorine-based gas and a fluorine-based gas and oxygen.

11. A method according to claim 8, wherein in the dry etching
of the seventh step the gate electrode of the second shape
is formed using a chlorine-based gas and a fluorine-based gas

and 0Os.
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12. A method according to claim 8, wherein in the dry
etching of the ninth step the gate electrode of the third
gshape is formed using a gas selected from among: a gas made
up of a chlorine-based gas and a fluorine-based gas; a gas
made up of a chiorine-based gas and a fluorine-based gas

and oxygen; CHFs:; and C,¥g.

13. A method according to c¢laim 8, wherein in the eighth
step the second impurity region is formed in the
gemiconductor layer by doping an impurity element through
the first conducting film of the gate electrode of the

second shape and through the gate insulating film.
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