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~SEM CONDUCTOR DEVI CE, AND DI SPLAY SYSTEM USI NG THE SAME FI ELD OF THs
I NVENTI ON The present invention relates to a thin-filmsem conductor device
.conpki sing”a non-single-crystal sem conductdr film a nmethod of fabricating
=suchyza tHin-filmsen conductor device, and a display systemin which this
th%'ﬁ. 31.m sem ‘conduct or- devi ce i s used. BACKGROUND OF THE | NVENTI ON
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lf an increase in speed could be |mplemented for thin-film semlconductor devices, the range of
apphcat:ons of such thm-fulm semlconductor devices would be much wider than in the pnor art. In
other words, the apphcatlon of such thin-film semuconductor devices is limited in the prior art to
liquid crystal display devnces, and |t has been impossible to extend the appllcatlon thereof to digital
and analog circuits in wh:ch smgle-crvstal MOSFETs are used. This is because a thin-film
semiconductor device has a smaller carrier mobility than does a single-crystal MOSFET, and thus
itis slower. Hovtlever, if it is possible to plan a faster thin-film semiconductor device ‘which operates
at a speed ccmbarable to that of a single-crystal MOS?EI‘ thin-film semiconductor devices may be
used in dlgltal and analog circuits where only smgle-crvstat MOSFETs are used in the prior art. A
thm-fllm semtconductor device differs from a smgle~crystal MOSFET in that it is formed on an
msulatmg substance. Thls means that it is not affected by the problems with the single-crystal
MOSFET, such as noise being transmmed through the substrate or tatch-up being caused by current

"\ '_ flowing through the substrate. Thcs also means that increasing the speed of a thin-film



In order to inplenment an increase in speed of a thin-filmsem conductor
devi ce, the problem described bel ow nust first be solved. An exanple of the
configuration of such a thin-filmsem conductor device is shown in Fig.
56A;: with an equivalent circuit diagramof this thin-filmsem conductor
devi ce being shown in Fig. 56B. In Fig. 56B,7Rcl and Rc2 denote the contact.
resi stances of a contact portion 412 (a contact between wiring 408 and a
sourice portion 404) and a contact portion 414 (a contact between wiring 410
and a drain portion 406). Rs is the source resistance of the source portion
404, Rch is tdemicdnandiot démi.ghmﬁcafobﬁcwtannel portion 402, and Rd I S the
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of simplifying the fabrication process.

In increasing the carrier mobility of the semiconductor films, it is preferable to employ a thin-film
semiconductor device of polycrystalline silicon (polysilicon). A polycrystalline silicon thin-film
semiconductor device generally has carrier mobility of at least approximately 10 cm’N.é, which is
far higher than that of an amorphous silicon thin-film semiconductor device.

Three fabrication methods are known in the prior art as methods of fabricating a polycrvstallihe
silicon thin-film semiconductor device of this type, as described below by way of example. With the
first fabrication method, a polycrystalline silicon film is first deposited by a low-pressure chemical
vapor deposition (LPCVD) method at a depaosition temperature of approximately 600°C or more.

_ . The size of the regions (islands) of which the polycrystalline silicon is composed .ra'_lnges
- approximately from 20 nm to 80 nm. The polycrvstalﬁne. silicon film surface is then thermally

\ oxidized to form the semiconductor layer and gate insulation layer of the thin-film semiconductor



-3 - device. The boundary surface roughness (center |ine average height,

Ra) between the gate insulation filmand gate electrode in this case is at

| east approxinmately 3.1 nm One exanple of an n-channel type thin-film
transi stor made through this fabrication netBed has the carrier nobility of
approximately 10 [err] to 20 [err].. The average grain area (average area of
the grains) of the sem conductor filmis approximtely 4,000 to 6,000
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| productivity. In addition, since the initial sem:conductor film is deposuted by PECVD in this second
fabrication method, very many particles are g_enerated in the reactlon chamber. These particles
cause many defects of the devices, because they fall on the substrate during iﬁé deposition.
Therefore, the yield is very poor. The thi_rd fabrication method, which involves the implantation of
silicon atoms after the polycrystalline silicon film has been.deposited and requires ‘e\'ven lon_ger
furnace annealing, has an even longer and more conlrplicated'process than the above second
fabrication method. If the process in_creases by everi one step, that alone is sufficient to reduce the

product vield. The need for several tens of hours t0 several hundreds of hours of furnace annealing



-4 - is unrealistic fromthe mass-production point of view, and is thus not
practicable. On the other hand, the first fabrication nmethod, which

i nvol ves sinple nethod of depositing a polycrystalline silicon film by

LPCVD then the formation of a thin-film sem conductor device by thernal

oxi dation, is extremely useful fromthe poi m%- of view of mass production
and stabl I ity, wwth an extrenely sinple process. However, as described
prevrousl y, the first fabrication nmethod has problens in that the average
grain area of _the p stalline siljcon, ro duced by .this netho q is small
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restrain the device from generating ‘hot carriers and can also increase its
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MOSFET is r e%ﬁq:o%léi@ khe RIS\ an ordinary structure.
| Smgle~crvstal MOSFETSs possessing LDD structure are widely used in semiconductor integrated
circuits wh:ch are made on single-crystal substrates. The MOSFETSs with LDD structure can restrain
the deyig}e from generating hot carriers and can also increase its reliability. The prior art techniques
of LDD-~type MOSFETS are described in, for exarﬁple, Japanese Patent Application Laid-Open Nos.
2-58274 and 2-45972. Prior art fabrication methods for LDD-type MOSFETSs are described in, for
example,- Japanese Patent Application Laid-Open Nos. 62-241375 and 62-234372. Since the
diffusion coefficient of the impurities in the single-crystal semiconductor material is low, the LOD
length can be shorten to approximately one-tenth of the channel length. Therefore, the source-drain
current of the transistor or:t-state (ON-current) of an LDD-type MOSFET is reduced to only about
one-tenth of that of an ordinary-structure MOSFET. In contrast, since TFTs use non-single-crystal



one-tenth of that of an ordinary-structure MOSFET. In contrast, since TFTs
use non-singl e-crystal thin sem conductor filnms, the inpurity ions
acceleratingly diffuse along the grain boundaries of the sem conductor
films. This means the actual diffusion coeffgcient in poly-Si filmns
increases with the anmount of at |east one order of magnitude over that in

t he §|ngle crystal sem conductor. Therefore, the LDD |l ength of the LDDtype
TFT should be long, and the high electric resistance of this LDD portion
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LDD-type TFTs are used in the display portion. This is because the liquid crystal of this display
portion is a high-resistance material, so it is necessary to restrain the OFF current of the pixel TFTs.

A further prior art technique for using LDD-~type TFTs in peripheral circuitry, not just a display
portion, is disclosed in Japanese Patent Application Laid-Open No. 6-102531. However, even this
prior art technidue operates on the premise that the ON current of each LOD-type TFT is small. This
ON current is increased by adding novel processing steps such as solid-phase crystalfization and
hydrogenation (refer to lines 26 to 36 of the left column of page 7 of Japanese Patent Application
Laid-Open No. 6-102531). In other words, although the utilization of an LDD structure in the prior
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characteristics. The present invention is also intended to provide a nethod
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invention is also intended to provide a method of fabricating such a thin-film semiconductor device
and a display device uéing this thin-film semiconductor device.

Another objective of the present invention is to provide an LDD-type thin-film semiconductor
device that is capable of operafing at high speed without requiring the addition of any novel
processing steps. The present invention is also intended to provide a method of fabricating such a
thin-film semiconductor device and a display device usihg this thin-film semiconductor device,

A further objective of the present invention is to implement higher speeds .for thin-film

. semiconductor devices, and provide a thin-film semiconductor device that can be used in the digital
and analog circuits that used single-crystal MOSFETSs in the prior art, thus broadening the field of
application of such thin-film semiconductor devices, and a method of fabricating this thin-film

semiconductor device.



sem conduct or devices, and provide a thin-film sem conductor device that
can be used in the digital and analog circuits that used single-crystal
MOSFETs in the prior art, thus broadening the field of application of such
thimfilmsemnm conductor devices, and a nethod-of fabricating this thin-film
sem conduct or devi ce. -7- DI SCLOSURE OF THE I NVENTION In order to
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a suitable choice of the type of substrate. The deposition rate could be determined by, for example,
the flow rate of the reactant gas or the deposition pressure.

According to a second aspect of the present invention, the deposition temperature is preferably
550°C or less. In other words, it is pdssible to maximize the average grain area by setting the
deposition temperature to 550°C or less. '

According to a third aspect of the present invention, the deposition temperature is -more-
preferably 530°C or iess. In other words, it is possible to reduce defects within the crystals by
setting the deposition temperature to 530°C or less. Note that the fower limit of the geposition
temparature can be set to suit the type of reactant gas such that, for examgple, it is 460°C for

mono-silane or 370°C for di-silane.



deposition tenperature to [err] or less. According to a third aspect of the
present invention, the deposition tenperature is nore preferably [err] or

|l ess. In other words, it is possible to reduce defects within the crystals

by setting the deposition tenperature to [err] or less. Note that the | ower
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in this case is nore P Iﬁ%r between+ %L angI‘ﬂJHerrl5 hth aspect of
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. portion whi Chan?o%l%u% ﬁgte, can be converted it into a polycrystalline state at a comparatively low
temperature. This makes it possible to obtain a thin-film semiconductor device having even better
quality "characteristics. Note that the temperature range for the annealing in this case is more
preferably between 550°C and 650°C. )
A eighth aspect of the present invention concerns a thin-film semiconductor device comprising
a non-single-crystal semiconductor film formed on an insulating material portion which cove;'s at
least one portion of a surface of a substrate, -wherein the average grain area when the
semiconductor film is in a polycrystalline state is at least 10,000 nm?2.
Since the average grain area in accordance with the present invention is large, the carrier
mobility can be increased, thus enabling an increase in speed of the thin-film semiconductor device.
A ninth aspect of the present invention concerns a thin-film semiconductor device comprising
a non-single-crystal semiconductor film formed on an insulating material portion which covers at
least one portion of a surface of a substrate, wherein the average area of islands grown from nuclei

that act as seeds for forming the semiconductor film is at least 10,000 nm?.
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easi er. An eappagehanwpibes makes their peiptapancei easient i on concerns a thin-film

sen conduct or gV igfGedth "Rbbdt! B tl% Hﬂgerﬁ lj n\%&lﬂorﬁ e¥iidefts & SHInGHAA d&é%SUndIlétledewce

formed on an insulating material port covers at |east one port
of a surf acecmprwr\smsan%w-cm@rsemontimo@@mf@rqueepbrnsmmﬁ @ewmhpyetsmaNh'ch

first inpuritoierlORashst 8RE SEHAOK 6F PEurfact BF b 9QRLEM, WherddUr Ce and dral n
portions of a thin-filmtransistor and a high-resistance secon

i mpur i ty- doped @ ftigeRAyELor filip CPMPrseF 8 FER dBPYrity-deper éé‘EF%ﬂ\’émérf'E% Iqsategldr source

drai n and chaiyRbin ae:&'bhsnm tarn-fmatu\amomu l’a(hihh&é’siktﬁﬁalé&hd w&.w@eeéem:b&duc-
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1ty ot ek Jetter ) o bohSt PR erP BhoyoBe, el GGl PR, of besvpe Prired gnd

1 x [err]. |chancel @odians ef diet thintfikngraasigtectandf t he present invention, the use

of an LDD StruGhdinSxifathpari Iy'%%n+eﬂ9£tﬁd§ﬁ‘-”d?Er?et%?%hﬂ&ﬂ@n&-ﬁb&dféemoﬁm&qmH!’-B%e
devi ce that has a shorter c annel ,
range of between 1 X 1_0 cm”

and 1 x 10" cm™
In accordance with this aspect of the present invention, the use of an LDD structure enables
the implementation of a thin-film semiconductor device that has a shorter channel, that works with
a higher speed, and that heighten a breakdown voltage between source and drain. {n order to
achieve this, the maximum impurity concentration of the second impurity-doped semiconductor film,
that is, the LDD portion, should be optimized. In other words, _the breakdown voliage can be
heightened by setting this maximum impurity concentration to be 1 x 10'® cm™ or less. On the
other hand, the sheet resistance of the LDD portion can be reduced and consequently the ON
current can be prevented from dropping by setting this maximum impurity concentration to 1 x
. 10'® em™ or more. In this case, to achieve further optimization, itis preferable to set tt;e maximum
impurity concentration to be in the range of between 2 x 10'°cm™ and 5 x 10'® em™?, since this
enables an optimum ratio between ON current and OFF current.

A twelfth aspect of the present invention concerns a thin-film semiconductor device comprising



a higher speed, and that heighten a breakdown vol t age between source and
drain. In order to achieve this, the maxi muminpurity concentration of the
second i npurity-doped sem conductor film that is, the LDD portion, should
be optim zed. In other words, the breakdown voltage can be hei ghtened by
setting this maximuminpurity concentration-t®-be 1 x [err] or less. On the
ot her hand, the sheet resistance of the LDD portion can be reduced and
consequently the ON current can be prevented from droppi ng by setting this
maxi mum i npurity concentration to 1 x [err] or nore. In this case, to

achi eve furt henowpinoleicrystal semicprductor fiine fasmad loe ap insylsting materig poriom whighi Feveys at

.concentrati onghg Jpg dopaol;,h,gars@;}g@e &2 DBIHRE Witerefn:[ €7 ] and 5 X [err] si- nce
this enables an optinumrati o between ON current and OFF current.
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i mpurity- dopechaaﬁenmﬁlmdﬂof tife thinlfilm lransidted andh source and drain portions of a
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ot her hand, tresnstamteecaﬂdmradmceﬂemas@aarrwltandhet het mm@eaihm-fdm@iemlqoedmwmge _

can be reducqﬂ, st ¢ %aﬂa{lﬁﬁm fmphﬁtytéaﬁcécn?é{low e §Tx 10® o 3t T dréD In this case,5to

. sem conduct or deVI ce by set I'S_maxi mum | mpur | ty concentr at lon to be
x [err} or nuackieve furthgg @t'ﬁuéaé'°“'t'63 arefrrablectorsat thp Baxigy ifpyrdy cepcentratiqngto be in the

preferable t qaﬁg%tofbbﬁveaﬁm N4 P AP Udrddtay x QOPPGEHY, Eﬂ&d 1813 ehdbldithé indidifent/DBT Bster
between 1 x [errlIB this enahles t enent

S nc n, of
faster oper atdP6H h‘g d@&icﬁﬁsanﬁﬁde'év‘éwef (JRipARAZaYPR O gtcﬂﬂngﬁ MtHn%, #e makdng the
conponent s, Whedkdown kbitghetHigh.br eakdown vol tage high. A thirteenth aspect of

the present inv ncer anl hin-filmsem conduct Of VI
a non-singl e- cré %hé'%egg}na gl.? to? nI"'fsf”'r'ﬁ 1‘"0?"%@8 TReEN n ﬁ mﬁg@#"?ﬂl‘j&we
portion whi cleoowrising azmbn—Isealetcnmmsmmnductooﬁln'afosnadfm lmsrulaalng ubsaﬂabno:twn which

wher ei n: the@g&}%pﬁ&% émiﬁdnrnf%%nnsaes&% bthhe twiepBHi! | Y- doped

.sem conducto ocated 1n source and drain portions of a thin-film
transi stor and therfegyicongdugter fimceompezes idfirtimarity foersremicopdycterfiMdocatedt insopree

| ocat ed in atanl @Ak pdtichsdt 8 thil Al ERBistdF fid b MgHreSib@ndecdilirnpb@RF-deteddRinidAduc-
.source and . . . : L
: _ tor film located in at least one area between drain and channel portions or between source and
_ channel portions of the thin-fil_m transistor, and

an LOD length in the drain portion or the source portidh'is in the range of between 0.6 ym and
4 uym. -

The present invention implements miniaturization of components by setting the LDD length to
be 4 um or less. Setting the LDD length to 0.6 um or more would prevent the effactive LDD length
from disappearing, which is caused from the diffusion of impurities from the saurce and drain

- portions, thus prevents further any lowering of the breakdown voltage. In this case, to achieve

further optimization, it is preferable that this LDD length is in the range of batween 1 ym and 2 ym.

' A fourteenth aspect of the present invention concerns a thin-film semiconductor device

comprising a non-single—crv.étal semiconductor film formed on an insulating material partion which
covers at least one portion of a surface of a substrate, wherein:

the semiconductor film comprises a first impurity-doped semiconductor film located in source



channel portions of the thin-filmtransistor, and an LDD length in the

drain portion or the source portion is in the range of between 0.6 [err]

and 4 [err]. The present invention inplenments mniaturization of conponents
by gsetting the LDD length to be 4 [err] or leps. Setting the LDD iength to
0.6 [err] or nore would prevent the effective LDD | ength from di sappeari ng,
which is caused fromthe diffusion of inpurities fromthe source and drain
portsi ons, thus prevents further any |owering of the breakdown voltage. In
this case, toambdraifwertibts biwthineffdhitrahsistbt and a high-résistgice Setoad ingpurinadoged semicbhtiuc-
I 1 ot ot Regth AR TUaPER dref Rhldop Atk lfahos o OHY bOEHAeR 30GEb ana
of the present inve on concerns a i PR SEm conquer
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transistor and gn hicahiahls ivith 3§ Bspe@R ik drémuf.hwausbpmﬂchmu 846K dorrda®dd ihildngth
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source and chisifiepagslectradalepgthisset faf 4mor lens. sp K13t sUme eductinn it e ONGyent gused
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fil bet 9 t
present. | nvent! 'Bh JeVE: I EseC R oate SHEEPEERGH s el J iEey I i o only
el ectrode | enggchusesusies siort hahasl iehgtbrcan fusther iswedsh ste aperation spbad bf therdevice, bat also

ON current cayse \Sjstetme E‘Bﬁ"‘g?&taggf“m‘? delibs &id rrehu'c%?can be sufficiently

conpensated for, thus opera on-of the devices. In this
case, the gate & diteershi caspeetg of thes p[ﬁsetitelnamﬂpn 3cdneerng aothin-filoxs semigprduictorndevice

only because %nglﬂic g g 2Hhisi thi sbﬂi&gﬁ&c&?‘mrﬁ Wn’h@c%n bAin Qg rﬁﬂé‘na@ﬁ@r%ﬁ WéHich

speed of the but al'so because the supply voltage to the device can
be reduced. AFOVETS{EEISIFHONEARSHIN offa LHECHIBIEUBAMPRTFBN concerns a

thin-film sem médhﬂu&@b’hﬁrecméd éf.@gma:ungruoawgénacam&bahnm Iocated in source
sem conductor filmforned on nsul atin

a te orti VEers
east one. portGTRROrOT A 8 gy Dapastisery abaephEnes Treood Beli Rt ARG
filmconpri seasr tinf iocated umpureastyorﬂqmcbemesmadmu @harfniel gortiarsadredtwernsspuraeand

and drain por { |on and a hi gh-resi stance second
inpurity- dope T %%'ﬂ'gsusm J""fﬁiq'&f% SCat eaJl n at | east one area between

~drain and channedhepentLD@nlsnmh djetdwemoelouns:!eldmd\dcﬁhamnmdm amedgsf theteef on a
thin-filmt raéi’:%ﬁn%¥ ?:Bmoﬁrkﬁde""ﬂ?g i ‘i‘r{‘Q-Fe r{i‘cfna{o“a QQ{et él%ﬂmh -%i:g&lﬂd, the

and the distan man edge t reof on a c anne pertion si
cont act hol efP‘!PVY'mafeéﬁ*'&FW'mém"F%m to a gate electrode is Lcontd, the

foll ow ng rel at p@ghiidudaRRlcor@: <[1€J 'k Liidy. accordance with this aspect of the
present invention, Lcontd can be set to a range of [err] 20% of Llddd. This

makes it possi bingicpeyd cevditf thisAspeck otthe P(Pée‘ltt‘fB’F%‘é%‘e oftd 998 be Rt tqaprange of +20%
resi stance, aadidalshié fnakesdu @ﬁsdi&vetqq&é@at 5mpexce§smt.meaee et ctonfact RSistinte, and

such as the ra?s%ltg treatﬂsce the parasmc resxstgnce based on factors such as the resistance of the LDD portion.

In a similar manner, when the LDD length of a source portion is Lidds and the distance from an
edge thereof on a channel portlon side of a contact hole in the source portion to a gate electrode
is Lconts, the following relationship is preferable

0.8 x Lldds =< Lconts < 1.2 x Lidds.

A sixteenth aspect of the present invention concerns a p-type thin-film transistor having first
and second impuritv-dobed semiconductor films in yyhiéh the implanted impurities are p-type and
an n-type thin-film transistor having first and second impuritv-doped semiconductor films in which
the implanted impurities are n-type. This CMOS configuration enables an apparatus that is faster
but consumes less power, so that it can provide the optjmum thin-film semiconductor device for
use in the peripheral circuitry of a liquid crystal disp.la‘v device, for exémple.

In this case, the gate electrode length of the p-type thin-film transistor is preferably shorter than
the gate electrade length of the n-type thin-film transistor. This enables a balance between the ON

currents of the p~-type and n-type thin-film transistors, and also, because circuits ¢an be configured -



In a simlar manner, when the LDD I ength of a source portion‘is LIdds and
the di stance from an edge thereof on a channel portion side of a contact
hole in the source portion to a gate electrode is Lconts, the follow ng
relationship is preferable: [err] A sixteenth aspect of the present

i nvention concerns a p-type thin-filmtransi.gpar having first and second
| mpurity-doped sem conductor filnms in which the inplanted inpurities are
p-type and an n-type thin-filmtransistor having first and second

I mpurity-doped sem conductor films in which the inplanted inpurities are
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| ess, becausegt:his inplenents a further |ncrease i n speed of the TFTs. A
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is in the range o t ween err err], and an inpurity dose
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[err] and 1 XedeR§y but With amﬁmgﬁuw m&eémsthaapsqéngefcah% fpéeﬂssaatso that the LDD
I nvention, inpurities can anted at, a | ow ener ut wth a
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|t e i mpur (1 PHE or e GRS Roy pa ity nCH) el kit e gove
be suc h t hat electraupas am}asksseaondlv argosulatiph film ie formed oy thelsarfarzetaf the gate electrode, and
' finally an impurity is agam implanted to the semiconductor film.

it is preferable that the method in accordance with this aspect of the present invention further
comprises a step of forming an impurity-doped semiconductor film in the shape of an island shape
in source and drain portions of a thin-film transistor, then forming an intrinsic se;niconductor film
on the impurity-doped semiconductor film formed in the shape of an island. This enables an
improvement in the TFT charactenstlcs by making the channel portion thin, and lowers the contact
resistance by makmg the source and drain portions thick. Since a sufficiently Iarge margin against
overetching is obtamed b_v this method, even when dry etching is used to apen contact holes, vield
is improved.

In this case, an insuléi_tion film formed on the gate electrode surface layer portion could be
formed by thermal oxidation or anodic oxidation of the material of the gate electrode, or by somé
deposition methods. A ;i'e_bosition method such as a chemical vapour debosition method forms an
insuiation film at a low iéﬁ\perature with a high throughput. Suitable combinations of these methods

could be used to form a muiti-layer insulation film, which would enable a further reduction in



el ectrode as a mask, secondly an insulation filmis fornmed on the surface

of the gate electrode, and finally an inpurity is again inplanted to the
sem conductor film It is preferable that the nethod in accordance wth

this aspect of the present invention further conprises a step of form ng

art inpurity-doped sem conductor filmin the shape of an island shape in
source and drain portions of a thin-filmtransistor, then formng an
intginsic sem conductor filmon the inpurity-doped sem conductor film
formed in théﬂfS‘F”r&pe of an island. This enables an inprovement in the TFT
char act eri st i csayighiebnti Gaspb@ ofhae pedsemoinvdnton torcerns andisplaveysters using g thiefilm
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filmis in t4R/éraDDelefdthzah \be @ptithized by the]preseot ifventipre rto pndbie afurthedeaduction in ithe
thi s aspect o{\ﬁ‘bhgﬁpr sent. i nvention, singe a data. driver port lon and a
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scan driver se LDD-type TFrs are provided, dgh speed
operation is erabbrithgad asinetgentioaspacteaf thapresant inwentiopothe Gﬁi?t riyAr postion erthe §Gan

Note that the. &F&%ﬁ%%g@é acémﬁﬁﬂ]&&@tﬂd?&ta@lﬂal Shet r%duit@rtctrbﬂ?%istdﬁaﬂeﬁﬁdlmple

sem conductor | ength can be optim ze grese
i nventi on, twetndioF eevarsingra mﬁeﬂr@aﬂﬂzﬁ'ﬂﬁhh?ﬂ@ﬁtﬁ'é/ ‘P’é’ﬁﬁlcﬂ'vofh‘tsﬂ’ﬁ 3dgaing dre range of

According to &,I&dgﬁggp%m,@m%mcgf t he present i nvention, the data driver
portion or t%e scan driver portion rra}/ rise aclo

bi directional M?ﬂd'qgéﬁlas?’\éﬁ"“ﬂ‘@éﬁ‘?cf 0 SERLIpYeRgion, ‘5? ﬁ%‘?q’aﬁt"e’ portion or the scan

driver portion may comprise a plurality of shlft register circuits each of which has a different clock
signal phase, and gate-circuits to which outputs from the plurality of shift register circuits are input.
This enables the generation of various different timing pulses at high speed. For example, it enables
the seriél input of data driver signals for the Japariese high-definition television (HDTV) system,
which is impossible in the prior art.

- According to a twenty-first aspect of the present invention, the data driver portion or the scan
driver portion may comprise a level-shifter circuit and a shift register circuit, where the shift register
circuit is driven at or below the TTL level. This ensures that the entire interface for external signals
operates at or below the TTL level, enabling the implementation of smaller, less expensive, less
power-consuming external circuits. '

- According to a twenty-second aspect of the present invention, an input portion of the level-
shifter circuit may comprise a p-type thin-film transistor and an n-type thin-film transistor
connected in series. This enables stable operation even when the difference between input and

output voltages is large.



met hod of reversing a screen image either horizontally or vertically, thus
broadeni ng the range of applications of the display device. According to a
twenti eth aspect of the present invention, the data driver portion or the
scan driver portion may conprise a plurality of shift register circuits

each of which has a different clock signal phase, and gate-circuits to
which outputs fromthe plurality of shift register circuits are input. This
enabl es the generation of various different timng pul ses at high speed.
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interfaces a digita gnal I'a di splay system using t ches
and decoders. According to a twenty-seventh aspect of the present mventlon, the timing controller, the data

driver portion, and the scan driver portion are driven at levels equal to or below the TTL level. This
makes the external circuits extremely simple'. .
Accordingto a twénty-eighth aspect of the present invention, the timing controller is made from
- the thin-film .semiconductor device. This enables a system that is even more compact and
. inexpensive.

According to a twenty-ninth aspect of the present invention, the video signal amplification
circuit comprises a signal frequency conversion circuit for converting a video signal into a plurality
of low-frequency signals or a gamma correction circuit. This improves the horizontal résolution and
also increase grayscale levels.

According to a thirtieth aspect of the present invention, the video signal amplification circuit is
made from the thin-film semiconductor device. When the video signal amplification circuit is formed

integrally of the thin-film semiconductor device of the present invention in this manner, the display



According to a twenty-sixth aspect of the present invention, the display
system further conprises a video signal anplification circuit for

anpli fying video signals output froma video signal generator and a timng
control l er for generating timng signals initgynchronization with video

" signals output fromthe video signal generator, wherein the data driver
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film " of the present mventlon that the nucleus generation rate is retarded and the island growth rate is
accelerated, the numb_e_r of crystal defects is reduced and, thus, the electric resistance of the LDD
portion can be lowered. Therefore, the sheet resistance of the LDD portion is still low, even if the
maximum impurity concentration of the LDD portion is set low. This is why the lower limit of the
maximum impurity concentration of the LDD portion can be set as low as 2 x 10" em™.

To optimize the LDD length, the LDD length can be set to be in the range of between 0.3 yum
and 4 um, thus enabling a broadening of the setting range of the LDD length. In other words, since
the semiconductor film is formed under the principle of the present invention ihat 'the nucleus
generation rate is retarded and the island growth raté is accelerated, the semiconductor film has
rather little grain boundary, restraining impurities from acceleratingly diffusing along the grain

boundaries. Therefore, the minimum LDD length can be shortened to approximately 0.3 ym. This
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. DESCRI PTION OF DRAW N
" fabricating a tﬁr? 3 15,3 §¢ANing ‘6:'8?E?ﬂd?'&'?s‘ii’@e}%@"é’&'e%???ﬁ%

Ip {hg %gfssﬁl re;glfc:ture of a silicon

enbodi ment offilns Hafteyr hemmal dixivation. i dengsition temperature = 600°C) which is used in a thin film

semiconductor device;

Figs. 6A and 6B show the distributions of grain areas;

Figs. 7A to 7E are diagrams used to illustrate the principle of the r;resent invention;

Figs. 8A to 8H are further diagrams used to illustrate the principle of the present invention;

Fig. 9 is a scanning electron microscope (SEM) photograph of the amorphous state of a silicon
film (before thermal oxidation, deposition témperature = 510°C) which is to be used in a thin film
semiconductor device;

Fig. 10 is an atomic force microscope (AFM) photograph of the amorphous state of the
amorphous state of a silicon film (before thermal oxidation, deposition temperature = 510°C) which
is to be used in a thin film semiconductor device;

Fig. 11isan atomic force microscope (AFM) photograph of the amorphous state of a silicon film
{before thermal oxidation, deposition temperature = 570°C) which is to be used in a thin film

semiconductor device;



Fig. 2 is a graph of the transistor characteristics of n-channel TFT and
p-channel TFTs in accordance with the first enbodinent; Fig. 3 is a
characteristic diagram showi ng the rel ationshi ps anong deposition
tenperature, deposition rate, and carrier nmobility; Fig. 4 is a scanning
el ectron m croscope (SEM phot ograph of the crystal structure of a silicon
film(after thermal oxidation, depositi orqlVerrperat ure = 5100C) which is

used in a thin fjl sem’cor]dutor devi ce; nni ng, el ect
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el ectron m crQasPREre(aradN BiYdROr aph of the crystal structure of a silicon
film(before thermal oxi dation, deposition tenFerature = which is to
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F
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and gate of e corrpara Ve exa ar ac eri st I agr am
showi ng t he p@ﬂmdnmhefptub%tsvﬂé?@ﬁ°€hernal OXi datron tenperature and ON

current; Fig. 21 is a scanning electron microscope (SEM) photograph of the state of a MOS boundary
| surface of the thin-_ﬁlm semiconductor device of the present embodiment, when the thermal
oxidation temperature is 900°C; ' '

-Fig. 22 is a scanning electron microscope {SEM) photograph of the state of a MOS boundary
surface of a thirt-film semiconductor device acting as a corriparatitre example, when the thermal
oxidation temperature is 1160°C; ' _ '

Fig. 23 is a scanning electron microscope (SEM} photograph of the state of 3 MOS boundary
surface of a thin-film semiconductor device acting as a comparative example, when the thermal
oxidation temperature is 1050°C; '

Fig. 24 is a scanning electron microscope (SEM) photograph of the state of a MOS boundary
surface of a thin-film se.miconductor device acting ag'a comparative exémple, when the thermal
oxidation temperature is 900°C; :

Figs. 25A to 25D show the process of fabricating a thin-film semiconductor device according
to a fifth embodrment of the present invention;

Fig. 26 is a _cr_'os_s-sectron thr_ough an LDD-type TFT;

Fig. 27 is at_cross-section through a TFT of an ordinary structure; _

Fig. 28is a charécteristic diagram showing the relationship between gate electrode iength and
breakdown voltage between source and drain in an LDD-type TFT and a TFT of an 'ordinary.



Fig. 19 is a scanning electron m croscope (SEM photograph of the state of

a MOS boundary surface of the thin-filmsem conductor device of the present
enbodi ment, when the thernal oxidation tenperature is [err]; Fig. 20 is a
scanni ng eI ectron mcroscope (SEM phot ograph of the state of a MXS
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enbodi nent, when the thernmal oxidation tenperature is [err]; Fig. 21 is a
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- structure; ‘ge?‘zg i s a characteristic diagramshow ng the relationship

bet ween gate &P M(‘fé'“f%ngth and ON current in an LDD-type TFT and a TFT

of an ordinary snig lwtlﬁhe:haxﬁt@ﬁsncl’d%rér@smn@ﬂﬁ rélai@ktapBetwien dose 6fthé LDDGortion
t he operationirnj inverter circuit; Figs. 31 A and 31 B are ‘graphs of
the transfer aﬁﬁf@?’F?PT%s of thin=filmtransistors; Fi.g. 32 is.a graph

of the maxi num dfige 38t is nghbraewristitcdiagrém ahewing the eitiatsbip betweani dgse lof ¢giee soditol, and

33B, and 33C &%ﬁ\’%&%ﬂsg%hlﬂs@gqﬁgg& a pattern diagram and a wafer

- Cross-sectiona respective en a CMOS inverter circuit is nade
f rom si ngl e- cr y figa|I3NE8REIactefstis dlamam showina theetelqtierishigroatwesinedoss obMESource and

i nverter Cir Cythiy doPtidi@dRd Eodlet kbsistands! 0- 35 is a characteristic di agram
showi ng the relationshi p between dose of the LDD portion and ON a

currents; -Fig. 3849 iachapstensticdiqoram H?%F%Fheéﬂ?a%"ﬁ'@p PFFé"eFéngpl 'G'F%'Pl Pbd ON and
bet ween dose OFF &dieentsPD portion

Fig. 41 is a characteristic diagram showing the relatlonshlp between LDD length and breakdown
voltage between source and drain; ' _

Figs. 42A to 42D show thé_ fabrication process according to an efghth émbodiment of the
present invention; '

Fig. 43 is a-graph of the transistor characteristics of an LDD-type TFT in accordance with the
ninth embodiment; '

Fig. 44 is a graph of the maximum operating frequency of a shift register cifcuit using the
LDD-type TFT of the ninth embod:ment, :

Fig. 45 lists the contact resistance, source and drain resistance, and LDD reslstance of TFTs
of the ninth embodiment and comparative examples;

Fig. 46 shows a model u;eq for calcula_tmg parasitic resistance and others;

Fig. 47 is a circuit diagram of a type of active matrix LCD with integral periéheral drive circuits;

Figs. 48A and 488 are a pixel pattern diagram and cross-sectional view of an active matnx LCD;

Figs. 49A and 49B are a cu'cun diagram and timing chart of a bndlrect:onal shift reguster circuit;

Figs. 50A and 50B are a CII'CUIt dlagram and timing chart of a single-direction shift register
circuit; )

F‘gs 51A and 51B are a circuit diagram and timing chart of a level-shifter circuit;



and OV OFF ratio; Fig. 37 is a characteristic diagram show ng the

rel ati onshi p between dose of the LDD portion and sheet resistance; Fig. 38
is a characteristic diagram show ng the rel ati onship between dose of the
souyce and drain portions and diffusion | eng8h; Fig. 39 is a characteristic
di agram show ng the rel ationshi p between dose of the source and drain
portions and contact resistance; Fig. 40 is a characteristic diagram

showi ng the rel ationship between LDD | ength and ON and OFF currents; Fig.
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cal cul ati ng resi Stance and others; 'S a clircuit diagram
of a type of active matrix LCD with integral peripheral drive circuits;

Figs. 48A and 48B are a pl X S AMOBE OF EARRYVING 60F TRE @dvENAONI onal view of -,
an active matrix LCD; Figs. 49A and 49B are a cifcuit di agram and }

chart of a bi difrefes ?4)?!9\’“5‘!1??? of Hgi rresent faventign (will powy be dgpcaibed ity ye eé‘?"éeg° the
circuit di agéc’émnamnﬁd draRigs N6th tidlk tie frbt Q! fitthinibogiiriets debéribed Ibelghﬁdrw'de a high-

circuit Figs. A and 51 B are a cjrcui | a t.1 mn chart

| evel - shi fte?peéij r"(‘,’[]'f'f"' 5""“'°°T§"°tqfldgf"'°3? ?"é""g ﬁ%f@g'} Ppgﬂbg‘é?"é' fe"aﬁ”!s‘H‘éﬁ%&"“ is
| i ne- sequentinpkovddt a driver; Fig. 53 is .a circuit diagramof a digital data
driver; Fig. 54 is a block di agram of a display systemusing an active
matrix LCD, Fig. 55 lists exanples of the carrier nmobility and ON current

of an anor phEit;sEiﬁﬁiWinpnﬁ or art polycrystalline TFTs, TFTs of a twelfth

embodi ment , Gl'{.@ gﬁ;cﬁgé St ff&f e3hid a % Eem‘:dogducﬁ)@%eﬁ%o@fhgqﬁ QMt%nﬁi:diHéﬁt of

confi gurat ion o m sem uct or devi ce, and g IS an
equi val ent cthe erasentdnyegtiemisshown insFigsa il A.te | Prihesefiguserilistate faevr@ess qifabricating

MODE OF CARRy hNGhghflel TiHE as NMAENRGTY,. Bﬁﬁﬁﬂrp’r@éénﬁﬁbé?ﬁtbﬂﬁﬁ 2qadily tvidl B 85phed to the

invention will now be described wth referenc t he ac

drawi ngs. No®RrigatigR of #a-ghapag! TFY of p LMOSHvBRaf Tegﬁ’t"gcth"é‘é‘é tRldn B%Flﬁ(i)"f)'r-r iapda

a hi gh- p-channel-TFT (see Fig. 26). The present invention can also be applied to the TFT which has two
gate electrodes. ' _

In this first embodiment, quartz glass is used as a substrate 201. However, it should be noted
that any type or size of substrate could be used, provided the substrate is capable of withstanding
the maximum temperature achieved with_ih the process of fabricating the thin-film semic_:onductor
device. A semiconductor film such as silicon that is to form the active layer is first deposited on the
substrate 201. At this point, if the substrate is of a conductive material such as a silicon wafer or
of ceramic: and includes impurities, an underlying protective film such as a silicon dioxic_ie film or

_ silicon nitride film could be deposited before the semiconductor film is deposited (see Fig. 25).
In a thin-film semiconductor device fabricated in accordance with this first embodiment, an
_intrinsic silicon film is deposited by LPCVD on the substrate 201. The thickness of the film after this
deposition is 1000 A. The LPCVD apparatus is hot-wall type, having volume of 184.5 L. The total
reactive area in the LPCVD chamber when substrates are set is approximately 44,000 cm?. The
deposition temperature is 510°C, mono-silane (SiH,) of purity of at least 99.99% is _used as the
reactant gas, and the gas is supplied to the reaction chamber at a flow rate of IOQ sccm. The
deposition pressure is 0.8 Torr and a silicon film is deposited under these conditions at a deposition
rate of 21.5 A/minute. The thus-deposited silicon film is subjected to patterning to obtain a silicon
film 202 (see-Fig. 1A).
The patterned silicon film 202 is then thermally oxidized to form a silicon dioxide film 203 on



speed thin-fil msem conductor device in which a nethod of fabricating a
sem conductor filmis inproved. First Enbodi nent The process of fabricating
a thin-fil msem conductor device according to a first enbodi nent of the
present invention is shown in Figs. 1A to 1D, These figures illustrate the
process of fabricating an n-channel TFT as 'a?PéxarrpI e, but the present

I nvention can equally well be applied to the fabrication of a p-channel TFT
or & CMOS type of TFT which consists of an n-channel TFT and a
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as to form sQufshelRGsbdthdlfiimRemicbAtitittof B8 1SlotRaifdl2 Wt lan DRIOEH rad &t chets than eight
orders of magnitude for a change in gate voltage of 10 V. The carrier mobility calculated from the
saturation region of this transistor is the very good value of 106 cm?*V.s. Thus 'this embodiment
of the present invention shows that thin-film semiconductor devices having outstanding
characteristics are very simply fabricated, neither requiring any lengthy furnace annealing nor
hydrogenation, but involving only silicon film deposition by LPCVD.

Nate that equivalent transistor characteristics for a p—channel TFT are also shown in Fig. 2. The
only difference of fabricating p-channel TFT from the above mentioned n-channel TFT fabrication
is that an acceptor-type impurity such as boron is implanted for forming the source and drain
portions. .

If hydrogenation is performed on this thin-film semiconductor device by subjecting it to a
hydrogen plasma for two haours, then both the ON current and the OFF current will improve to the
values of 102 yA and 0.0318 pA, respectively, under the same measurement condition as those



Fig. 1 d. In this first enbodi nent, phosphorus is.selected as the inpurity
ilon, and this inpurity is inplanted at a dose of 2 x [err] with an

accel eration voltage of 90 kV. An interlayer insulation film 208 is next -
deposited by neans such as an atnospheric pressure CVD nethod. This
interlayer insulation filmis formed of a21t+icon dioxide filmwith film

t hi ckness of 5000 A. After the interlayer insulation filmis deposited,
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the different electrical properties of the resuitant thin-film semiconductor devices. Therefore, Fig.
3 shows the relationships between the carrier mobility of each of the thin-film semiconductor
devices abtained by the above described method and the deposition temperature and deposition rate
of the silicon film. The horizontal axis of the Fig. 3 shows the silicon film deposition temperature
while the vertical axis shows the deposition rate. The carrier mobilities of the corresponding thin-
film semiconductor devices are expressed numerically in Fig. 3. The units of carrier mobility are
cm*/V.s. The dotted lines in the figure show boundary lines indicating a deposition temperature of
§80°C and a deposition rate of 6 A/minute. In order to easily recognize the relationship between
deposition conditions and transistor characteristics, transistors having good electrical properties are
indicated by circles in the figure, -while transistors having nearly the same electrical properties as
those of thin-film semiconductor devices produced as comparative examples {by the first fabrication
method described in the section‘on the background of the invention) are indicated by crosses. The



described in the first enbodi ment, except that the deposition conditions of
the silicon filmthat is to formthe active |ayer were varied. Note,

however, that no hydrogenation is perforned in this second enbodi nent. In
thi s second enbodi nent, silicon filnms were deposited under various

conditions to |nvest|gate t he relatlonshlg bet ween transi stor

characteristics and deposition conditions: 2The silicon films are deposi ted

by the LPCVD apparatus described in the section on the first enbodi ment.
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crystal structure of a silicon film of a thin-film semiconductor device obtained as a comparatnve

example (produced by the first fabrication method) as an example. The grain area distribution of this
comparative example is shown in Fig. 6B. The testpiece used for Fi_gs. § and 68 is deposited at a
deposition temperature of 600°C and a depaosition rate of 37.7 A/minute. Fig. 5 shows the state
of the silicon film after thermal oxidation. The carrier mobility of this silicon film is 20 cm?/V.s. The
average grain area of the film is 3,430 nm?, with a standard deviation of 4,210 nm?. Both the
average and standard deviation of the grain size of a silicon film are always less than 5,000 nm?,
either if the silicon film is deposited at the temperature of 600°C or more, or if the silicon film is
deposited at the depositioh rate of less than 6 A/minute. The films deposited at the temperature of

580°C or less with the deposition rate of less than.6 A/minute also consist of smalf grains such



hydr ogenati on process described in the section on the first enbodinent. In
contrast, when the deposition rate is less than 6 [err], the carrier
nmobility ranges from approximately 16 cn2NV.s to approximately 19 [err],
whi ¢h is about the same as the devices produced as conparative exanples. An
extremely hi gh-performance thin-filmsenm.cpnductor device can be obtained
only when the thin-filmsem conductor device is fabricated under conditions
. such that the Peg&shétg&tenperature is [err] or less and the deposition
rate is 6 [eff FRe silicon films forning the active layers of the
thin-film seni chsdbscilmd ableve, dfessifcon dile & deaosited at ¢ Herobitiop remnenitureref 80P Cor less
(the circles )
(SEND - At or i beaad R4 5t 6 AYRBINe 7 Infe, Sy AaiRAP R LB Foieh B,
a 10%-aqueouthesayerage @rﬁ"bﬁfeh)ﬂﬂ ﬂ'@ﬁg%‘?ﬂvﬂ%ﬂ'ﬂecﬁm forming thp @ctive lgyerpf transistor is at 'eaSt
pol ycrystal | 159081 A &9 ﬁﬂgieﬁﬁe? thah £Hae oF URApid¢ ah@ndPiERd cinfrhéteriinies \Sﬂttl'\éJEhm-ﬂm

shows that the grain area distribute in accordance with an exponent i al

di stri but i onSHUMEPYENr device-Are Altg 8 GHUIPPA¥a and the standard deviation of
the grain area are in the range of between 10,000 [err] and 20,000 [err]

for all silicon filns ows.a scanning el ectron mcroscope (SEM

phot ogr aph, ésr}éﬂc'glﬁé’ﬁﬂfe P WE'YAN st al structure of the silicon film
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20 [err]. The average grain rea 0 [err], Wih a
standard devi ati on of SH2#®Bi[e”2H; ! Both the average and standard devi ation

of the grain Sh’ﬁ&e%c@:3‘dédocﬂhrBWtHb@Eo%e%IM%daﬁéQst%“a&h@@zﬁn& 6hé,lmore nuclei
eltherlfthe5|llconflm|s deposited at the tenperature of

more, or if 4a8dsi3 foepin “FF?%"?%WHQME? subgtrate (figy e7 Blig Spess tuclsh3z artd@%ilsq @ow into
than 6 [ er r listanidgesd adcm? dﬂﬂlé&h& edaeatslahheu QAPSS alss! @a:w)fur{tﬁf (Fg. TC).| RS theWatnt
t he deposition r e 0 a égrrhﬂal so consi st of . smal | gé‘al.%s dSlé(iht
-23- as | esd* ' %Wﬁﬁb'sigﬂ % j"sa"REa'd % MBARPr LB, Dare nep ‘é“%ei' F‘P%"SH P'HR9g % o
deposit ed at37acamipastd grow dreilrphey zbmbine od fdrmra thinofiim| 38s(Figa 70).al hikethivstilini 3Bgrows
rate of 6 [g il Pinfr fi Ltertbd fifiQRickidsds' FH £1. 7, YESESWA that th
oxi dation, 't Régeé@é$‘lg{é'ﬁ‘gf}'g‘% éfr}gaeo# f ﬁe _Eo'?ésg]rs CZ’{“ Eé L ﬁ@ ? |\ H& form ng hﬁtet ¢
~active | ayerthipffilm rigris imade upi of regionscladich woill 06 @alfed isjandsjyinfthe fl_gai émseroftdhmsmon
that of the gaide@d) s 52, 880add 4 AR EEPIsBEASL! the offindi Rfankil kel ifhe initial stage of
' deposition process, regardless of whether the silicon film is amorphous or polycrystalline. Island
growth and nucleus generation compete with each other ub 'until the insulating substance surface
is completely covered by the deposited film. Therefore, if the nucleus generation rate is retarded
and the island growth rate is accelerated, then the islands would become extremely large. As a
result, the regions (which will be called "islands” in the final stage of deposition process} 51 ta 54 .
thz_lt make up the thin film also becomes large. This point is clear from reference to Figs. 8A to 8H.
Fids. 8A to 8D show the effects of the present invention by which the nucleus generétion rate is
retarded and the island growth rate is accelerated. In contrast, Figs. 8E to 8H show a comparative
example in which the nucleus generation rate is faster, and the island growth rate is slower as

compared to the present invention. From these figures it is apparent that, for example, three nuclei



sem conductor device are also greatly inproved. A Principle of the Present

I nvention The present invention forns a sem conductor filmw th superior

characteristics by depositing a sem conductor filmunder conditions such

t hat the nucl eus generation rate is retarded and the island growmh rate is

~accelerated. .The principle of the present invention is described below wth
reference to Figs. 7Ato 7E and Figs. 8A-2t8H. In general, when a thin

filmis deposited by the | ow pressure-chem cal vapor deposi tion (LPCVD)
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wll be generdatngfie,hsq u‘:HﬁEHSthB@ssﬁlH cted. In contrast, since the island

growh rate in Fig. Is slower, there
However, the present inventors have verified the presence of islands in an amorphous film with

atomic force microscope (AFM). For example, Fig. 10 shows an atomic force mscroscope (AFM)
photograph of an as-deposited amorphous silicon film, that is, a silicon film in an amorphous state
immediately after the deposition, deposited at a deposition temperature of 510°C and a deposition
rate of 12.9 A/minute. The presence of islands that can not be verified by SEM, as shown in Fig.
9, is. verified with AFM, as shown in Fig. 10. Fig. 11 shows an atomic forée microscope (AFM)
photograph of an as-deposuted amorphous silicon film (a silicon film ]USt after deposmon in an
amorphous state) deposited at 570°C, and Fig. 12 is a scanning electron microscope (SEM)
photograph showing the silicon film in a polycrystalline state after thermal oxidation of this film. As
is clear from a comparison of Figs. 10 and 11, the size of the islands decreases as the deppsition
temperature rises. (tis also clear from a comparison of Fig. 4 {equivalent to Fig. 10, of the film after
thermal oxidation) and Fig. 12 {equivalent to Fig. 11, of the film after thermal oxidation) that, since



are still many vacant regions on the substrate, so that the nunber of

nucl ei which will be generated is not as restrictéd as it is in Fig. 8C
Thus, in contrast to the islands of the conparative exanple that grow small
(Fig. 8H), the islands in accordance with t126-present invention grow to be
extrenely large (Fig. 8D). Wen a sem conductor film made up of islands
(regions) grown large in this manner is subjected to annealing such as

t hermal oxidation, so as to change the filmfrom an anorphous state to a
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device will be fabricated.

Although this second embodiment has been described with reference to an intrinsic silicon film
as an example, it is obvious to those skilled in the art and universally valid that a large-grained
polycrystalline semiconductor film could be obtained :by firstly controlling the semiconductor film
deposition process to deposit a thin film having large regions and by secondly subiectjng the film
to thermal oxidation, thus creating a high-performance thin-film semiconductor device. This means

-+ that the present invention is effective not only with an intrinsic silicon film, but also with an
impurity-doped silicon film or with: other semiconductor films, such as a silicon germanium film,

regardless of their nature of containing donors or acceptors. Similarly, the method of depositing the



al so dimni shes. Thus, the size of the islands (regions),. which nmake up the
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- 26 - has to be now accelerated, _the flow rate of the reactant gas is increased or the deposition pressure
is raised. This enables the implementation of a control method that does not contradict the principle
of the present invention.
in contrast, the deposition temperature of the semiconductor film used for TFTs in prior art (the
comparative examples) is within a customary range of 600°C to 650°C. It is clear from Fig. 3 that
it is impossible to obtain a good-quality semiconductor film with high carrier mobility under these
conditions, namely the high deposition temperature, even if the flow rate of reactant gas and
deposition pressure are controlled to accelerate the deposition rate, because the high temperature
accelerates the nucfeus generation rate faster than the flow rate or pressure increases the island
growth rate, and thus the-islands making up the as-deposited film would be too small. .
Strictly speaking, the deposition rate does not depend only on the deposition temberature. the



sem conductor filmis not limted to LPCVD, the filmcan equally well be
deposited by plasma- enhanced CVD or sputtering. Provided the average area
of the islands (regions) naking up the sem conductor filminmediately after
the filmformation by one of these nethods-i2d-at | east 10,000 [err], a

| ar ge-grai ned pol ycrystalline filmcan be obtained by thermal oxidation,
thus fabricating a high-performance thin-filmsem conductor device. B.

Deposi tion Tenperature and Deposition Rate As described above, the present
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- of the pr esent }rtlvgnttl on. In contrast, the deposition tenperature of the

seni conduct of 1T USed for TFTs in prior art (the conparative exanples) is
Wi thin a cust orféweyepasitige ratk gpeerally cogegponds|to thet vajue thdtela defpogitedFilrg thicknesrdivided
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nmobi l ity under these conditions, naiei eposition tenperature,
even if the ¥eANciehtocbegeneeasrd. mrhgameawreéwm !sl?ﬁdﬁ)Fcla%@Wr ©nghe other hand, the
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.deposition rate and the |sland grovvth rate are almost the same. In fact. in all 6f the experimental
data shown in Fig. 3, the deﬁo_si_tio__n time (T) and deposited film thickness (tsi) satisfy _the followi_ng
equation (linear equation passing ihrd_ugh the origin): i |

tsi=DR xT '

in other words, the depositibn rate DR coincides with the island growth rate within experimental

errors.

C. Optimizing the Deposition_'qumperature
As described with reference to Fig. 3 the deposition temperature is preferab'sv 580°C or {ess.

Nevertheless, even at 580°C or less there are special temperatures that act as cnitical points. Fig.



-27 - flowrate of the reactant gas, and the deposition pressure; it is

also related to factors such as the volune of the LPCVD apparatus and the
total reactive area when substrates are inserted into the LPCVD chanber.

For .exanple, if the total reactive area is large, the deposition rate is
retarded even-with the sane flow rate of reactant gas. The factors that
deternmine the deposition rate are discussé8~in detail in, for exanple, J.
Appk. Phys. 74 (4), August 15, 1993, pp. 2870-2885. In summary, when the
deposition temperature is.fixed nrate function of
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strictly speaki yFigt hé ifitheaiepesiton temperatuge is ddssithad 500°€.the iggdimarda hecomels lesst but
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i sl and gr owt hyg Rdr@ trkedpahdBEdositidR rftd ilgh. HBwhS thisiidindtithe BdselfbediSiignel | ment al
~data shown in Fig. 3, the deposition tinme (T) and deposited filmthickness

- (tsi) satisfy the follow ng equation (linear equation passing through the
Lorigin): tsi . Roughnésd of SeiniconducrodFiim indeGaie pealationdiim ISatfacdsR coi nci des with

Deposi 1 on Tenpd airl hon oS0 RhE) uF el qagapt il o gilned proge
t enper at ur-e | exiderfimdnheiitsthe penface corfigueation ONBV @rigihak prespxidatior seraicoriduetoi filoy. Smce
less there arggRpPaetilde iBRASASVF Sih bh Bliddfiim iRS MO'S leldéifecPiristor (FETY, the surface

configv;lration of the as-deposited semiconductor film (immediately after its deposition by a method
such as LPCVD) is reflected in the surface configuration of the boundary between the gate
inéblatibn film and the gate electrode. In other words, if the as-deposited semiconductor film is
smooth, the boundary surface between the gate insulat'ioh film and the gate electrode will also be
smooth; if the as-deposited semiconductor film surface has a certain amount of roughness, the
boundary surface between the gate insuiation fiim and the gate electrode will also have that
roughness. The roughness of the boundary surface between the gate insulation film and the gate
electrode has an effect on the breakdown voltage between source and gate or between drain and
gate after the thin-film semiconductor device is fabricated. If the boundary surface is rough, electric
field easily focuses on the peak of the gate electrode, making the electric field locally and extremely
high on the peak, which can easily cause avalanche breakdown between the source and the gate

or the drain and the gate.



-28- 14 is a characteristic diagramshowi ng the rel ationship between
deposition tenmperature and average grain area after thermal oxidation. Note
that in Fig. 14, the points indicated by squares are the average val ues

- caleulated fromthe data listed in Figs. 15 and 6A. As shown in Fig. 14, a
- deposition tenperature of [err] acts as TH2-first boundary bel ow whi ch the
. average grain area becones extrenely |arge. However, as also shown in this

figure, the max 'smémtuéwa%&gnw RGAHAAE APdurraddseR tﬁ@fh.mm%m.eoae&tbe/dev.ces in

setting this tenperature below the second boundar I e. preferably 5500C or

| ess. Simi| arogordance with this emboriment fthe Fiegigscingfiiey 3 #F8 ©xERfiehSTPRth, so arethe gate
rel ationship :bﬁﬂ#m][ﬂhﬂ&ﬁﬂﬁetéfﬁ!ﬂ tﬁeﬁﬁﬂ%ﬁcﬂhtzﬁrﬁ sﬁdﬁdh&t&ﬁ&&mh | e@Eﬁt"eﬁﬂfe atB@pPe héight (Ra)
transistor is_ st ur e_shows, e age, current. whe
the tranai st off 1295 b phcine eetvll Ssimstlo Yo' Diags i £ EE G Cehoetsmt 1ovel. m
t enperat ure’ orfontrestr theoas-depesited| semipenducadr  film Isarficealofithe thinrfilmrsemidoadudtdredevices in

transistor | Sact: rtgeo\?ftﬁlttﬁa \%Awé%rptﬁc le%rq les ti\e crb%seqsc‘h(f{f dl e CH quﬁﬁ,sitepgrdlggsn oB éhe

t ransi st or COﬂSIS t he Cr S con ects.
concl uded f r cdepositiontempanatuse.i \s-m the aaagrsahtm f lm ayrfaq.eg aftaethermahoxidation having center

sert conduct ornb b GFabnélfARAY 6s. 2t AP bl oRfimbRin Jaldd of 2984 HHSR the 95%

subj ected to thernmal oxidation, not onl does the grain area becone

greater, but S@nEdentinideyabs thereasgnywivithe H%dmﬁqdaﬁeg‘"ﬂéﬁ‘f‘%%fsf@“s fenasitrd ingcgprdance
tot Pe ?eposwuomt,s QﬁiBB?lﬁitE?:ﬂ’ ﬁaVeSsn;iB%Erfﬁliﬁd&E‘Q isDiat ﬂa‘étiﬁléﬁd Fegions Qﬂ\lémﬂalﬁé/ Q@ttﬁé as-
react ant gas,, SO i e reactant ga no- si xanpl e, e,

| over t empor At A inthe fraprpfous Hate o acocsE SpavE Fo; N2 T8 efnipelh oo e e
limt is [-erradverage héigl" id the vdiud thet thepowl #re® bf sectiprey olitaingd by réflecingtth@ moughness
[err], the grain a _beco en the reactant gas is

nono- si | ane. °1"ﬂ'°sbycf§%§e'ﬁ8r ""SC 8“'%83 bY H‘ed"eag?rf%e@g%"p ot her reactant gases.
This is becauseTha breakrowdeyaitage betweer mceaarut gate bad keen mdasured GG the Six thin-film

mono-si | ane, Mc\%clldctx?edeb ELint c&ﬁﬁﬂﬁ“\g §én§ lngghtfgﬁt(ﬁle Rir g& in'Fib3Y.¥ach of the

this is not t e case I-SI ane esso em conduct or Fi'l m and
Gat e | nsul at isbrdevicespsepplies, theee ?W%rfe'r the m%ﬁ'e'ﬁmam Foeceéore.j gightees deyicas: Havs been

thermal oxi dadda@ited® e bréah@ovfn‘l %i&a@ﬁw%s@bﬂm A% Bdeh Wohd BiSdet tie ddnBition that
sur face confl uration of the ori ciu nal pre-oxidation sem conductor film

~Since a gat e R Y GeRfearh sqmlﬁésoe W@P"VSQTEW“’&H apg thenegayvs, voltags :mhed to the gate.
- field-effect Refietting Stherabotd hentibied fact bAE Pricehilé,| FlUthet éightedn siniftes have very good

d d d ' di a f d
mot hod subh SENEPRVFS 4 e brealfo Yofden bavith FacBv TGt e 19 Deeient o o
boundary bet hesakddvreelgattiefield stinateithan §.333Mafech) tih eorga'se elemmastodees dfeadt dfethree
- words, if t hgarﬁ&leﬁgpﬁ@tffﬁq’lrﬁes{l}n%%nﬂ}ﬁ?&r%rewt:éé 5{‘1 thé cgrﬂ%q Fnﬁpl 9 Hﬂg P{o\ésers in Fig.

surface bet ween t i nsul at1 on I'mand t
be snooth; i 8) hane aiso beanoveasutpdde theckrazkdewn rvoftagerhes\uqamrmawdaa@ewttaﬁ rthm-ﬂlm

amount of 1 oyghiGmductdr MBviLa SRF %e%ﬂhﬁ%ﬁﬁdn@&i %ﬁé‘ abd\R, 9\%§ s, kﬂésééln%k 8/ drblitBed
and the gate electrode wi|l al so have that roug% ness.. The roughness of the

boundary sur % ghe,gatap are ipHieagtivecvoltags Tyyandpeigh |%taﬁah'ft¥r§"§°df'@ ﬂ'FbE?'Y"SQRQ“““
QaS_ an eL f eCUeﬂd&bsEé?e fﬁ]«ﬁaitedm ufadkaag.e vbﬁgee@tn 1sow 6€ maRy] \@ath&h@bu{aeguﬁsla;bwer
raln an at e er e | em conduct ar, device i s a . .
The. boundary bEaRIAELviBSey, HilF Pl BRTe T fapostiat feoparist ok 8BRS RS fishicagier
t he gat e el eotobifityef 1r58dm’ngsx ﬂoee:ehw isifourfdi te legipdrienca| avylaguhd besakdmwreaty8G WV (dee Fig.
the peak, Whhﬁ)h V\gﬂeﬂ aerﬂﬁ" ﬁ%ﬂﬁ'&?\d@c\{@rl RUEDR REERKARMS N BERer L HE U UAE af8Ifd

. the gate or t rain an
voltage between the source and the gate is approximately 20 V. Nevertheless, several millions of

these thin-film semiconductor devices are present in one panel. Since avalanche breakdown
between the source and the gate is a stochastic process, it is clear that the thin-film semiconductor
device of the present invention is less susceptible to pixel defects due to short-circuiting between

source and gate, in comparison with the comparative examples.

Third Embodiment
Thin-film semiconductor devices have been fabricated by the fabrication process described in
the first embodiment, except that the reactant gases used in the LPCVD has been varied. With this



-29- Since the as-deposited sem conductor filmsurfaces of the thin-film
sem conduct or devices in accordance with this enbodinment (the circles in
Fig. 3) are extrenely snooth, so are the gate insulation filmsurface after
t hersmal oxi dation, such that they have center |ine average height (Ra) of
1.995 nmwith the interval estination value of 0.323 nmat the 95%
confidential level. In contrast, the as-desited sem conductor film
surfaces of the thin-filmsem conduct or devices in accordance vvi th the
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One sanple forned at a deposition tenperature of [err] carrier
nobi ity of 15epispaductar gpvigssshpvgood charasterstios havipg bigh é’h'c‘é'"&weﬂf&ﬁcﬁfe‘\ and fow OFF-
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Source and t nBetRen FRESmeR: TR ey Satewp baEaEn (o BeLOete Bnheas maraur g these
of these thi nﬂireé rhirs-éim semdamhouor dmues.emdas at past 900tV fonalbthe dearices. . If fhese thin-film
aval anche bre : | [

o ocoss, it Sufiifhualth BRfe sAFe bl fo OBEn 1D stRlBet o AR quE thon e OV
‘inventi on | s leursent yyjlt be imprioved too7 1Y wa| thecPER qusreni e impraysd te 0c1|3r7cnﬁ.taindghe carrier

bet ween sour CeoBile, Stfihfbroved 16 0P3MPAQYY W th the conparative exanples. Third
"Enbodi ment Thin-fil m sem conduct or devi ces _have been fabricated by th

fabrication prochSdugeied Py tis third pmpodiment; if a #pmigPRAVETor f"é!(l?é{ﬁ?"’(“ﬁﬁtat \.5%"6 or less
‘react ant gasewitiadposiidnliateldPEWAnINate dorBre, tidh sEijectdd b hekalxidation, the average grain

area of the resultant polycrystalline silicon film is at least 10,000 nm? the boundary surface
between the gate insulation film and the gate electrode is smooth, and thus a high-perfqrmance
~thin-film semiconductor device is provided, without being limited by the use of mono-silane as the
type of reactant gas. The fundamental concept of the present invention is based on the principle
that the nucleus generation rate can be retarded by lowering the deposition temperature and the
island growth rate can also be accelerated, so that the regions (isfands) making up the
semiconductor film are large and have smooth surface. Therefore, the present invention is
completely valid for any means of reducing the nucleus generation rate and increasing the island
growth rate.
Di-silane is used as the reactant gas in this third embodiment, but the present invention is



-30- third enbodi nment, sem conductor filns have been deposited using
di-silane [err] of purity of at |east 99.99% as reactant gas, using the
LPCVD appar atus described previously with respect to the first enbodi ment.
The -deposition tenperature is [err] and dinSilane is introduced at 100 sccm
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i ncreasi ng t{3e15MiAtes, and then the substrates are removed.
The thickness of the thermal oxidation film obtained by this process is 1200 A at all of the

thermal oxidation temperatures, and the thickness of the polycrystalline silicon film acting as the
active layer of the thin-film semiconductor device is 400 A. The thin-film semiconductor devices
are completed by exactly the same fabrication process as that of the first embodiment. except that
final hydrogenation is not performed by this fourth embodiment. The transistor characteristics of
the thus-obtained thin-film semiconductor devices are shown at A in Fig. 18, where ON current is
" plotted along the Y-axis, thermal oxidation temperature is plotted along the upper X—-axis, and the
inverse of the_absolute thermal oxidation temperature is plotted along the lower X-axis. Fig. 18

shows that the transistor characteristic deteriorates as the thermal oxidation temperature is



growh rate. Di-silane is used as the reactant gas in this third

enbodi nent, but the present invention is -31- effective with any
reactant gas that provides a suppression of the nucleus generation rate by
keepi ng the deposition tenperature to [err] or |less and accel erates the
island growth rate by a deposition rate of 634err] or nore, such as
tri-silane [err], a fluoro-silane [err] where n, X, and y are integers), or
a chl oro-sil ane [err] where n, x, and y are integers) Fourt h. Enbodi nent
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shown at Ain Fl
' boundary surface of the thin-film semiconductor device of the comparative example, when the

thermal oxidation temperature is 1160°C, 1050°C, and 900°C, respectively. These photographs
show clearly that the roughness of the MOS boundary surface of this embodiment does not become
too bad in comparison with the comparative example, even when the thermal oxidation temperature
is reduced. For example, from a comparison of Figs. 19 {this embodiment) and 22 {comparative
example), which show the results of a thermal oxidation temperature of 1160°C, it is clear that
both MOS boundary surfaces are smooth and the surface state is nearly the same between them.
However, a comparison of Figs. 20 (this embodiment) and 23 (comparative example), -which show
the results of a thermal oxidation temperature of 1050°C, illustrates a significant difference
between the roughness of the MOS boundary surfaces. This difference becomes even more
dramatic if Figs. 21 {this embodiment) and 24 (comparative example}, showing the resuits of a

thermal oxidation temperature of 900°C, are compared.



plotted along the Y-axis, thermal oxidation tenperature is plotted al ong

the upper X-axis, and the inverse of the absolute thermal oxidation
tenperature is plotted along the lower X-axis. Fig. 18 shows that the
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problems like its electrical characteristics are inferior to those of a polycrvstallme silicon film and

- it has a slower operating speed. For a polycrystalline silicon TFT produced by high-temperature
process, it is difficult to produce a larger, but less expensive, LCD. because a fused quartz plate
must be used. Thus there is a strong demand for a technique of forming a thin-film semiconductor
device in which a semiconductor film such as a polycrystalline silicon film acting as an active layer
is formed on an ordinary glass substrate. This means that the use of large ordinary glass substrates,
which are apt to mass production, places a large restriction on the maximum. processing
temperature required to avoid deformation of; the substrate, to na more.than approximately 600°C.

' In other words, under the above mentioned restriction, techniques are required for forming a high

quality active laver of thin-film transistors; which work as switching elements in a liquid crystal



However, a conparison of Figs. 20 (this enbodinent) and 23 (conparative
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formngath| em con
" silicon dioxide film (SiO, film) 102 to act as an underlying protective film is first formed by a method

‘such as ordinary atmospheric-pressure chemical vapor deposition (APCVD), PECVD, or sputtering
on the substrate 101. The Si0, film can be deposited by APCVD with a substrate temperature of
250°C to approximately 450°C and using mono-silane {SiH,) and oxygen as the reactant gas.
PECVD or sputtering can also deposit the SiO, film at a substrate temperature of room temperature
to 400°C. With this fifth embodiment, a 2000 A Si0, film is deposited by APCVD at a temperature
of 300°C using SiH, and O, as the reactant gas. .

Next, an intrinsic silicon fifm that is'to‘act as an active layer of the thin-film semiconductor
device is deposited to thickness of approximately 500 A. This intrinsic silicon film is deposited by .
an infralow-pressure CVD {ILPCVD) apparatus with a flow of 200 sccm of mono-silane (SiH,) as
reactant gas. at a deposition temperature:of 495°C, for 31 minutes. The ILPCVD apparatus used

for the fifth embodiment has a volume of 184.5 L. Seventeen substrates are inserted face-



device in which a sem conductor filmsuch as a polycrystalline silicon film
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scans again in the horizontal direction at the 4-mm intervals. This scanning is repeated until the
entire surface of the subsﬁ’ate has been subjected to this first laser irradiation. The 'first faser
irradiation energy density is 160 mJ/em?. '

After the first laser irradiation is completed, the entire surface is subjected to a second laser
irradiation at an energy density of 275 mJ/cm?. The scanning method is the same as that of the
first laser irradiation; an 8 mmid square-shaped irradiation region being shifted by 4 mm in the Y
direction and then the X direction. The entire substrate is crystalhzed uniformly from a-Si into poly-
Si by thls two-stage laser |rrad|at|on

In thls fifth embodiment, an XeCl excimer laser is used as the means of irradiating optical energy

or electromagnetic-wave energy, but any suitable energy source can be used provided the time
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vertical dir ecﬁulzhogle insu ét{o%cft lzlnoig )fom%d Is %erably 95640 or less, This condition is important for
preventing thermal deterioration of the MOS boundary surface and gate insulation film, and it alsa
applies for all the subsequent steps described below. The temperature of all processing steps after
the formation of the gate insulation film must be held to 350°C or less. This ensures that a high-
performance thin-film semiconductor device can be fabricated easily and stably.

A thin film that is to become a gate electrode 105 is next deposited by a method such as
sputtering, vapor deposition, or CVD. In this fifth embodiment, tantalum (Ta) is selected as the gate
electrode material, and it is deposited by sputtering to thickness of 5000 A. The substrate
temperature during the sputtering is 180°C, and argon (Ar) containing 6.7% of nitrogen (N2) is

used as the sputtering gas. The content of nitrogen in the argon is optimally between 5.0% and
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such as sputtering to complete the thin-film semiconductor device (Fig. 25 D). Indium tin oxide {ITQ)

or aluminum (Al) is used as the source/drain extraction eleétrodes. The substrate temperature while

. these conductors are formed by sputtering is 100°C to _approxit_nately 250°C.
The transistor characteristics of the thus-obtained thin-film semiconductor device are measured.
* When the transistor is in on-state with the source-drain voltage Vds being 4 V and the gate voltage
Vgs being 10 V, the source-drain current Ids is defined to be an ON current ION, and ION is found
to be (20.6 + 1.67, - 1.48) x 10 A with 95% confidential level. Similarly, when the transistor
is in off-state with Vds being 4 V and Vgs being 0 V, the OFF current IOFF is found to be (2.27 +
0.40, - 0.31) x 102 A. These measurements are performed at a temperature of 25°C, on a
transistor in which the length L and width W of the channel portion are both 10 ym. The effective



apparatus is utilized, but the insulation filmcan equally well be forned

by an ECR-PECVD apparatus. Regardl ess of the type of CVD apparatus and
"reactant gas used, the tenperature at which the insulation filmis forned

is preferably 3500C or less. This condition is inportant for preventing
thermal deterioration of the MOS boundary surface and gate insulation film -
and it also applies for all the subsequent, steps descri bed bel ow. The
tenperature of all processing steps after” 3tie forrratlon of the gate
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surface. As a result, the transistor characteristic will worsen and there will be large variations in
quality. .

When a poly-Si TFT is fabricated through a low-temperature process, the most important point
is the formation of a good-quality poly-Si film. Therefore, when an amorphous film is crystallized
by optical or electromagnetic ‘energy, or by a low-temperature thermal environment in the region
of about 600°C, it is necessary to optimize the quality of the amorphous film. The section on
optimizing the deposition temperature in the description of the second embodiment-stated that
polycrystalline films will consist of large-area grains and contain rather small number of crystaliine
defects, if they are formed bv the crystallization of amorphous semiconductor films {amorphous
silicon film) that is formed under conditions of a depasition temperature of 530°C or less and a

depasition rate of 6 A/minute or more. Therefore, an amorphous semiconductor film formed under



i mpl antation and interlayer insulation filmformation, the substrate is
subjected to furnace annealing for one hour at [err] in an oxygen
environnment to-activate the inplanted ions ap anneal the interlayer
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devices, deterioration of components due to heat is reduced. Thus this fifth embodiment has a huge

effect of simply implementing a high-performance, and inexpensive active matrix liquid crystal

display device or electronic devices such as integral circuits.

Sixth Embodiment -

The sixth to twelfth embodiments described below illustrate how optimization of factors such
as processing conditions can provide LDD-type thin-film semiconductor devices (LDD-type TFT
circuits) having high speeds and good characteristics.

A TFT circuit of the sixth embodiment is a CMOS circuit using both p—channel and n—-channel
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3 is that value muitiplied by 10°® and thus is approximately 5 x 10% cm™=to 1 x 10*' cm™3,
preferably approximately 1 x 102 cm™ to 3 x 10% em™2. This process divides the island-shaped
. thin semiconductor film into three sections with differing resistances: an intrinsic semiconductor
region of channel, high-resistance impurity-doped semiconductor regions on either side of an
intrinsic semiconductor region of a channel portion, and a low-resistance impurity-doped
semiconductor region of the source and drain portions.
In a similar manner, an impurity that is to form accegtors is implanted at low concentration into
the thin semiconductor film at source and drain portions of a p—channel TFT, to form a thin p-
semiconductor film 10, then at high concentration into source and drain portions to form a thinp*
semiconductor film 4. With this method, the gate electrode is used as a mask for the implanﬁﬁon
of impurities, so that boundaries between the thin n" semiconductor film 9 and the channel portion

and batween the thin p- semiconductor film 10 and the channel portion are self-aligned to the qéte



fabrication.
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to 1 x [err],
‘dose is

and pref er abl tErom mat el
e direction of the channel is shortened The capacltances of these

"the diffusion length along
overlappmg pomons work loads for the CMOS circuit as parasitic capacitances. Therefore, the
LDD~type CMOS TFT circuit, which has smaller oveﬂappin§ capacitance, will be operating at higher
speed than be a TFT of an ordinary structure, if it has nearly the same ON-current as does the TFT
of an ordinary structure. T . ' B

As stated previously, the effective n-channel channel length Leffn and the effective p~channel
channel length Leffp are the iengths obtained by subtracting twice the corresponding overlapping
portion Yjn or Yip from the n-channel gate electrode length (see Fig. 26; note that the gate
electrode Iehgth is sometimes called the gate electrode width) Lgaten and the p-channel gate
electrode length Lgatep. Therefore, if the :overlapping portions could be made small, the effective
channel lenﬁth wouid be increased and the ON current decreased. Since the overlapping portions
of the LDD-type CMOS TFT are small, as described above, the effective channel length becomes

somewhat longer than that of a TFT of an ordinaw'etructure, if the gate lengths are the same



within this range, the maxi muminpurity concentration of the thin [err]
sem conductor film9 is that value nultiplied by [érr] (see the

cal cul ations below) and thus is approximately 1 x [err] to 1 x [err], and
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: M compared with a TFT of an ordinary structure.

A characteristic diagram illustrating the relationShip between gate electrode iength and ON
current in the LDD-type TFT of this embodiment and a TFT of an ordinary structure is shown in Fig.
29. As is clear from this figure, the ON current of the TFT of an ordinary structure when the gate
electrode length is 5 um is about the same as the ON current of the LDD-type TFT when the gate
electrode length is 4 um. In other words, although the ON current is reduced by the implementation
of an LDD structure, an ON current of at least the same level as that of the ordinary structure can
be obtained, provided the gate electrode length can be made small. LDD~type TFT causes no
problems concerning low bfgakdown voltage, even when.the electrade length is 4 ym, as can be

seen from Fig. 28, Similarly, the ON current of a TFT of the-ordinary structure when the electrode



a thin anorphous silicon film a thin sem conductoer filmof Te or the liKke,
or a thin sem conductor film of a conpound such as CdSe, can be used as the
material of the thin sem conductor film2. The reason why the LDD-type CMOS
- TFT-circuit of Fig: 26 is nore suited to high-speed operation than a CMOS
TFT circuit of an ordinary structure, shown in Fig. 27, will now be
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thus it is considered that their adverse ‘eftfect on electrical conductivity
i's reduced. VROSUStUL THigd gAI(TRENS 3nd ehe tipe, Fonstant setthyShis sbarge/discliiasge grreqpipes the

parasitic regwRERAE Sperll. dikce thDE}\a{hﬁélﬂdr@ﬂ-. of tAELBDHtyREMbS DFT Bgh B BhoHEnedid3@hown
component s CanFilae 3%d ngéﬁ reStstance Rp1 of the p—channel TFT and an ON resistance Rn1 of the
n-channel TFT are reduced, and the magnitudes of a charge currentip1 and a discharge current in1
are increased. Since an overiapping capacitance Cp02 of the next-stage p-channel TFT and an
overlapping capacitance Cn02 of the next-stage n-channel TFT are reduced as described above_,
and also a capacitance C2 of the channel portion is reduced by the shortening of the chanqel, the
load capacitance under all of the bias conditions (ON state, OFF state, and an intermediate bias) is
reduced. In other words, it is clear that a short-channel LDD-type CMOS TFT circuit has_ a shorter
charge/discharge time constant and a higher operating speed than a circuit with TFTs of the
ordinary structure. Even although the ON resistance Rpl of the p-channel TFT '_al_l_d the ON
resistance Rn1 of the n-channel TFT become somewhat higher, due to a higher resistance in the
LDD portion, than those of the TFTs of the ordinary structure, the operating speed can be increased

if the value of the time constant Rp1 x (Cp02 + Cn02 + C2) and of Rn1 x (Cp02 + Cn02 + C2)



in an LDD-type TFT with a short channel than in a TFT of an ordinary
structure. A characteristic diagramillustrating the relationship between
gate el ectrode |l ength and source- drain breakdown voltage in the LDDtype
TFT ©of this enbodi nent and a TFT of an ordi-#@-y structure is shown in Fig.
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‘very fast in operation
the ON currents ofpthe two TFTs are approximately the same. In particular, since it is necessary to

make the paralle! resistances of the two TFTs constant at the operating points in a CMOS analog
switch, the resistance of the p-channel TFT must be made sufficiently small. From the point of
view of spatial efficiency in the layout, it is more effective to vary the channel length with a
constant channel width, than vary the channel width with a constant channel length. Note,
however, that if design rule restrictions make it impossible to shorten channels, the channel length
could be fixed as the minimum dimension of the gate electrode length, and the n-channel width
could be made smaller than the p—channel width. Note also that, with an analog switch or a circuit
comprising only an inverter, the channel lengths or widths of the p—channel and n-channel TFTs

can be determined comparatively easily. However, with a circuit in which the connections of TFTs



Since the LDD-type TFT has hi gher value of the breakdown voltage between

gate and source than does the TFT of the ordinary structure, the gate

insulation filmin the LDD-type TFT can be made thinner to, for exanple,

1000 A or less. Although making the gate insgbation filmthinner increases: -

t he channel capacitance, it increases the operating speed of the TFT

circuit, because it simultaneously decreases the threshold voltage, and

thus increases the ON current. Circuit synbols for a CMOS inverter circuit
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This embodiment first optimizes the maximum impurity concentration (dose) of the LDD portion,
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then optimizes the maximum impurity concentration {dose) of the source and drain portions, and
finally optimizes the LDD length. Thus this embodimeni is designed to increase the speed and
increase the breakdown voitage of an LDD-type TFT. .

The description first concerns the optimizatidn of the maximum impurity concentration of the
LDD portion. A characteristic diagram showing the relationship between dose of the _LDD portion
and ON and OFF currents is shown in Fig. 35, a characteristic diagram showing the relationship
between dose of the LDD portion and ON/OFF ratio (ON current/OFF current) is shown in Fig. 36,
and a characteristic diagram showing the relationship between dose of the LDD portion and sheet

resistance of the LDD portion is shown in Fig. 37. In this case, polycrystalline semiconductor films



Results of sinulating the maxi mum operating frequency of a shift register
circuit, based on the characteristics of the tested LDD-type TFT, are shown
in Fig. 32. As can be seen fromthis figure, a short-channel LDD-type TFT
circuit can operate at higher speed than a-#67 circuit of the ordinary
structure. Moreover, since the LDD-type TFT has a far smaller OFF current,
t he power consunption of a circuit driven at the sane voltage can be
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very idea of optimizing the maximum impurity concentration of the LDD portion in this seventh
embodiment cannot exist in the techniques of single-crystal LDD-type MOSFETs. This is because
the LDD length of a single-crystal LDD-type MOSFET is as short as, for example, approximately 0.1
um and thus the resistance of this LDD portion has virtually no effect on operating speed.
Therefore, there is no need to consider the maximum impurity concentration of the LOD portion with
an LDD-type MOSFET. On the other hand, since impurity ions acceleratingly diffuse alo_ng with the
grain boundaries (accelerated diffusion) in a non-single-crystal LDD-type TFT, as described
previously, the LDD length must be made longer than that of a single-crystal MOSFET. Thus the
sheet resistance of the LDD portion is not negligible and, in order to implement higher speeds, it is

necessary to consider the idea of optimizing the maximum impurity concentration at the LDD



the occurrence of latch-up. This stopper nust be provided at the boundary

bet ween the p-channel transistor and the n-channel transistor, and thus the
p- channel transistor and the n-channel transistor nust be | ocated even
further apart. For that reasonthe length in-t47e | ateral direction of Fig.

33 is large and thus the area occupied by this circuitry is also large. In
contrast, the island- shaped thin sem conductor filnms of a TFT are

conpletely i nsul ating. Therefore, as shown in Fig. 34 (corresponding to the
cross-secti on®rtignew of Fig. 27). there is no need to provide a stopper for
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If a gate electrode length of 5 yum or less is considered and the components are to be
miniaturized, the LDD length is preferably in the range of approximately between 1 ym and 2 ym.
Therefore, the dose of the source and drain portions in this case is in the range of approximately
between 1 x 10"** cm™and 3 x 10'® cm™, as is clear from Fig. 38.

Thus it is preferable that the dose in the eource and drain portions is in the range of
approximately between 5 x 10" cm2and 1 x 10" cm™2 and the maximum impﬁrity concentration
is in the range of approximately between 5 x 10 cm~and 1 x 10% cm™. More pr-eferablv, the
dose in the source and drain portions is in the range of approximately between 1 X 10'® cm™2 and
3 x 10" cm™? and the maximum impurity concentration is in the range of approximately between

1 x 10 cm™ and 3 x 10% cm™. This optimizes the maximum impurity concentration of the



LDD portion is preferably that value nultiplied by [err], which is 1 X
[err] or less. On the other hand, if the dose of-the LDD portion is too
low, the ON current will drop dranatically, as shown in Fig. 36. This is
because a reduced dose of the LDD portion |ncr eases the sheet resistance at
the LDD portion, as is clear fromFig. 37. 48or exanple, if the dose of the
LDD portion is less than 1 X [err] the sheet resistance becones greater

t han 250 [ err kourdéand hnamrms@\sln t he sheet resistance has an extrenely bad
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-a characteristic.di agram-show ng at I ons et ween dose o0
‘source and drARfRCEREES éﬁgfaahﬂ‘%“ﬂmtfae{e'?t@g?@? aﬁt‘@eﬂ kPR fpegthoand QN and) OFF aurrents is
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as source-dram breakdown voltage is shown in Fig. 41. In this case, the channel and LDD portions are
thin polvs:llcon fi ims with film thickness of 450 A. The dose of the LDD portion is 3 x 10'* cm2.

Fig. 40 shows that the OFF current drops suddenly at a certain LDD length and it decreases only
slightly at Ionger LDD Iengths Slmtlarly, the ON current decreases a little at a certain LDD length
then decreases gradually at longer lengths, but it only decreases by about one half, in contrast to
the drop of at least two orders of magnitude in the OFF current. Fig. 41 shows that there is a huge
increase in the breakdowrl voltage between source and drain (and the breakdown voltage between
source and gate too) at the point at which the OFF current suddenly decreases. From observation
of these phenomena, it is clear that it is better to ensure that the LDD lengths of all the TFTs in a
circuit are greater than length at which the OFF current drops suddenly. {f the LDD length is

determined in a self—allgned manner by means such as side walls made by the insulation film, the



the dose of inpurities inplanted in the source and drain portions

I ncreases. If the diffusion |ength becones too large, inpurities diffuse
into the LDD portion fromthe drain or source portion, causing problens
such as a reduction of the effective LDD | eA8th of the LDD portion to zero.
If the LDD portion is fornmed in a non-self-aligned manner using a

phot oresist, the LDD length is deternined by t he di nensi ons of the

phot oresi st mask. Consider, for exa case i [

in which the LDD | epgth .
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dose of the source and drain ions 1s at | east err as shown in
Fig. 39. Thiandmergsefeally 'Eé'i‘ﬁ’é&?e ?féQP@FmVH?H’e@'héﬂFb%"d iMncr ease in
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bet ween 5 x preterably, the dose in
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e ot bot e ¥ Bopisel Banpd s 1€ b Hplefilt i Var B of affokihaldtP1 o
numeri cal va4 pm, ilosdef By injprovesthel §F T chraactesistics: litis necessary- to reduce the film thickness of
the channel and LDD portions to 1000 A or less, preferably 500 A or less, but this makes it more
likely for variations in the sheet resistance of the LDD portion to occur. However, the TFT must
either ensure the necessary ON current or operate at the speed necessary for the TFT circuitry,
even if the sheet resistance of the LDD portion is maximized and the LDD length is also maximized,
" and thus a special design method that allows for such cases is necessary. Dedica_ted LDD-type
CMOS TFT ‘circuit models have been developed, which take into account large variations in the
assumed range of the resistance of the LDD portion, and which can calculate the resultant effective
voltage applied to the channel portion to estimate the ON current, and thus simulations have been

performed. '

Techniques of making use of a MOSFET-using a single-crystal semiconductor are not employed

in the fabrication method of LDD-type TFT. For example, with a single-crystal semiconductor, it



alimt that ensures that the dose is greater than that of the LDD portion.
A practical problemw th setting the dose to 1 x [err] concerns the way in
whi ch the contact resistance becones approximately 50 [err] for a contact

hol e< having the area of 100 [err], as shovvﬁ in Fig. 39, which cannot be
borne by the LDD-type TFT of this enbodi P=1n other words since the
gate channel length with this lor art technique is 6 [err] and thus the
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| ength and s8u Eé"%rtg ﬁsﬂ'?aebiagf?{)&’]ﬁaﬁ%\flgf’g’ &M shown in Fi g. 41. In this

case, the channel and LDD portions are thin polysilicon films with film

.t hi ckness of ose of..the LDD portionis 3 x [err]. Fig. 40 shows
t hat the C]:FE E?’réﬁ?gﬁﬁoﬂs suddenl y at a certain LDD length and it
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:LDD I ength. The m ni mum value of variations 1n the LDD | ength can be at

least 1 [errfrainangehapnehportipasefi e, frdianebtPBefvpe Tifs the same manner, an impurity that

is to form acceptors, such as boron ions, is lmplantegi at low concentration and high concentration
into regions of the p~channel TFT. Finally, an interlayer insulation film 76 is deposited and metal
wiring 77 is patterned, as shown in Fig. 42D.

Since this method enables unrestricted setting of the LDD lengths by a mask pattern, differing
LDD lengths can’ be used, depending on the type of circuit. If an element is always subjected toa
fixed bias, the LDD structure of the elemeﬁt can be set for only a single electrode. For example, the
LDD structure could be used for the drain portion only.

Another method of forming an LDD-type TFT uses side walls made by an insulation film as a

mask. For example, before -the high-concentration ion implantation, the gate electrode couid be



in which the LDD I ength is varied by mask alignnment. Assum ng that the
differences in ON current are conparatively small with TFTs with slightly
| arge LDD | engths, as seen in Fig. 40, this should not cause much of a
proBlemin a digital circuit. Wth an anal oggircuit, it will be necessary
to set the LDD |l ength in such a manner that the resistance required in the
circuit is satisfied, even at the previously estimted maxi num LDD | engt h.
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of the channel In a TFT having an LDD l'ength of at least 1 [err], it is
difficult to accurately estimate the. TFT current with a prior art MOSFET
nodel . I n pamninth Ehibodinneén a fabrication method is used in which the LDD
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~devel oped, which take into account large variations in the assune
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fabrication imgrbed, b whBbD{dw-paalifyfiexpensivecgiassps esednastthe auhmnagpl emmriy\s tons (such as
sem conduct Oly¢ NEt K, or l\&? can be prevented from diffusing into the semiconductor film, and ¢) nucleus
generation can be stabilized and the variations in the nucleus generation rate between substrates
can be made small. In other words, the size of grains making up the semiconductor film, which is

of polycrystalline silicon after the thermal oxidation, can be made constant between substrates.
Using the same LPCVD apparatus as that of the first embodiment, an amorphous silicon film
is first deposited. The thickness of the film after deposition is 950 A. The deposition temperature
is 495°C, mono-silane {SiH,) of purity of at least 99.99% is used as the reactant gas, and this gas
is supplied into the reaction chamber at a flow rate of 200 sccm. The deposition pressure in this
case is 1.3 Torr and the de'position rate of the silicon film under these conditions is 16 A/minute.

The thus deposited silicon film is subjected to patterning to obtain a silicon film 202 (Fig. 1A).

The substrate is then subjected to furnace annealing for approximately 24 hours at 600°C in



woul d be easy to forman LDD structure by using side walls of a thin
thermal oxidation filmof about 1000 A but it is extrenely difficult to
formdefect-free side walls with an insulation filmthat is about 1 [err]

t hi ck. Mbreover, problens concerning througfgut and variations make it

| npracticable to inplant inpurity ions into a thin sem conductor film of
1000 A or less through such a thick insulation film Various fabrication
met hods have been considered, including a nmethod in_ which the boundaries of

the LDD and MW“M°WS‘F°&° FeRven dhaamgrenays silican film inte 3 pelycrystalling silicon film (solid-
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enabl es i mpuriBly |npl antation at | ow energy but a high throughput, in order
to inplant inpugit fro thin L.ati fdl

descr | bed. above G5 PATERE 1 e aben ieinad b i Sl sl 3% it g™ e Nt ehe
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of fabricating a circult | S used r ocess
‘di agrams of &-elpsneldiFT and po areg someydtat (aeger Hgn the gasq glectrgde githe ni-chagnel AT and the
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subj ected to thermal .oxidation to forma
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for each TFTSOYfedAr d@ﬁ't and.ghapge! gortions,of; tge f"o?'WB'&F' iﬂgr TeH 5 lg HB%\/ﬁaq'?l "FP@F" an
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conpl etes t h& 38Grem™ and the drse iarthe (‘QYHFFI%F@"EQ)FW%S“Q)ﬁfat"h@"FP@HaWHépnce""aﬂon

LDD-type TFTreglonstifa saypes gmnrner, an inpurity that is to formacceptors,
such as boron ions, is inplanted at |ow concentratlon and hi

concentration i ﬁF&'?’E@F%rF%‘a@F‘ef'ﬁ@s of iheatiyaformed LOP-tyge (TG T aé‘hgﬂ’ﬂ'bﬂ %(99‘?’3 The
‘insul ation ftrbmsiﬁr dxﬁenW@ﬁf&lﬁ:h-@ﬁdm&ﬂM-wuemFmgh&&naf&r plstirévis8E th NROSLUDDMare

[ Fig. 42D., Si t hod I t tt f the
Tengt hs by a-lbak g R erER iy B h AR bPREbEIRT Bltaiede” “ahgtnar i Pps
‘the type of bDE)caretL/WI # bh wel/thremt andsthalbatipee batiyper thectutrentasupply edpdliilates of ke
LDD structurg T%TB \OtF ard &‘:H‘?—"Moﬁ%b E%pﬁﬁi{z dpi ?{)srig @lhé/r fﬁm?é @&L&arﬁbﬁ‘ﬁ #.8{% arld¥3, the

.exanpl e, the structure cou e use n porti

“Anot her et hGEF exrreng inshisgninth embpdimeRids restrainedto beiextremely low. rfaﬂéﬂwtd?i\‘ current is
Jinsul ation fhheHhed eden Whdh VHDRs wam 9, B 1eR5fing B fovidriab of ARCSIWr Ybltde. TREON-
‘inpl antati Oncun!err}te lo%%tf %\hlse NEII%[Sr l?DdDels 152 LA (eds = Vgs.= 5 V) and the ON current lon of the PMOS
LDD is 30 pA (Vds = Vgs = -5 V).

In accordance with this embodiment, the threshold voltage of both the NMOS LDD and the
PMOS LDD has little dependency on Vds, enabling a shortening of the channel length. In the prior-

arts, when the channel length was 4 um or less, the dependency of the threshold voltage on Vds

was extremely large, making these TFTs in the prior arts unsuitable for practicable use, while this

embodiment of the present invention provides a much better characteristic. In practice., in a PMOS

* LDD variations in the threshold.voltage between Vds = -6 V and Vds = -12 V are only about 1 V,

and those in the NMQS LDD are only about 0.3. V. If the channel length was 5 ym or less in the

prior art, the corresponding variations in the threshold voltage due to the different values of Vds



-51- covered by an insulation filmmade by thernmal oxidation or anodic

oxi dation, or by a newinsulation filmthat could be forned by a deposition
nmet hod such as chem cal vapor deposition and that could cover the el ectrode
surface |ayer portion with the thickness of_g4.least the necessary LDD

| ength. Note, however, that when a deposition nethod is used, an insulation
filmis deposited on the source and drain portions, and thus fairly

hi gh~energy ion inplantation nust be performed if the insulation filmis

thi ck. Note awsgatt lba’Ht s6dlivVORS (/W bhmodefWiiehilng 4I‘[.ﬁ'ﬂl Thedonest fisistdnoe catlally bé sade

ol ant ati on L hSedlie A Bad ok SRAAARNFUSHOL hd b oDty BEALBOLBRAA' ai'Se g

first thin se?ﬁ r'ea stances an
t hen deposi.ti crngdmersesémeQda ithe sheeti resmmwan b?|r¢dvseawgn Iifetbﬁ doge is fawered. dp other

could be usedyppst E\@q)aragi‘ﬁf: tr&?{ganc@ BPine §5ur§§£ﬂocd?5’iﬂ W6kiBhs dah |b@i’e&|t:et§ i theON current

crystal lini ty, e one wt e thinner channel portion has the better
characteri st e, badﬂ'c"eéﬁeﬂhl cker filmis better for feducing the contact

resi stance of Sque¢@atiship btveeh hd MPaHumShock FRUdHRY abdsipplyOrdltigeioft &gmh reglster
I mpurity-doped sem conduct or flﬁl n sourc and, drain, ‘ﬁ%ﬁ{’af s only, co

be used The SHELRJENGRNG LRPTHRS THyotHHisiembggiment is shown, BCHFnsyE "‘éﬁbﬁ"i‘ 8BF9
to all LDD-type Kddd el befifiet Siongthisfigusi they the @h’;tsmmbte:t dhicoit o thisembbdirhent (Lgaten =

fil Ni nt h d T | ' ' . .
based on the P DREP TS ¢tk SheteBEHE o MR ik TRS Ry ol 6 5 4R FEM
i sl and gr owt hopegdte at sufficient] speed wemme lpowerrzaltagel desips taB M erdessn ip cantraPpDthe FET of
TFT. A sol i d- phdsGar v)é%&?r“ajb ?@{rﬂ Qn?ra:ﬁéroquétﬁrepqwodeﬁtlﬁﬁ'kpeeea 'ié]ﬁnfbh%m'a Bbwer

to convert the as- gOSIte an anor hOUS tate é@ﬂ¥sta I ne
state. The faitageef 3N andithe ghififreqister gircvit is \@mm Pmﬁm.osere&arhe Y -ow

with reference trRe Ebdtet radistaddd, sounéh dn@fain A<ibrahse, 4RALDD FosRtdn@é BPIHE EDBLtYPe TFTs
the ninth embodinment, an intrinsi¢ silicon filmis de osited ‘é#dﬂ D .on a

substrate 2010 aggp(dance gyith, this empadigent and compargpvg F’fi’f't? Rbliind He fefyts

protective f Iﬁeiﬁgdﬁrm&wh(ﬁdF'bh% he commrimd@karhﬂeSarﬁml'dpﬁ&d bh%qﬂr@ﬂﬁﬁ&catmn method
However , SI|ICOﬂ d|0X|de

tinder Lyi ng S BERIGE% AP SROHRISG 45,55 SRR RRITERS: G4 e APy SRRt og and LOD
shown in Fi g.red&anceldfities transistbrpoiahis dmbedireerftatd alléss thae tHose bEthe agmpdnative examples.

adnest on Of " yRSa AR G0UH P fochitha s BN Wi Hin WlABLL 488 ToRbo ok o one-

5|nexpen5|ve g I'S ‘'used as the su rate, | I ons
'K, or My) carfiftieth thapethiose| orfrtbmcemmramengxamﬂe@ tlm@a@e'mrc singache rcrvrataﬂm'tva?fdthe

©) nucl eus I ERF/SMESPRCSF R Smbbiieht iS ?@hu&ﬁ' Clhé Bfee é&:kﬁﬁéeoéﬁhé ot BertigH s ISHS even

generation rate between substrates can be nmade smal I n_other words, t
size of grai nehendRe Aesens thePR pefiemnis dnye dd therArionirt. vorhee An [ 9D gpructure 1 used, the sheet

pol ycryst al | irggistahdel 6¥Qhe abbq:"or&daas k& ﬁ?’gl‘m'llat @5k Aot sbd%ﬁibleftalav&l@ armiﬁmctﬁél oiNeélrrent.

bet bst r at Usi t
oo et S SRR 8 i R PRt o SheE bR poblred 18k oot
the filmaft ahatdthe parasitio nesissari2b Qenbratdd @ithia plos LDD portibe opcheaminimizeds [err],

: I | . | : % |
- 1 10, (e MR bkl S5 Rl B M PR b i e
isccm  The demoaxinhurp impurisy sencentration mitbinctbsssermgonﬂueorlfdmrWaﬂdthemsejm‘t!a dgnoted

rate of the §iINFR -f, ih@lMB&Eﬂ' cB&%ﬁ@atﬁﬂW&)Wbﬂ“?ns'gﬂeﬂr@yA’ m nute. The thus

‘deposi t ed S|I|con mlsms ecte ernlngto obtain a silicon film
202 (Fig. 1 A). Nthe‘ QK2R dP@’l’Sel‘ﬂ{eﬁ(s pI*@&Relt t o furnace annealing for

‘approximately 24 hours xt [err] igistance from the surface
' N(x): Concentration at x
Rp: . Range
aRp: . Range deviation
Therefore, the maximum impurity concentration Nmax is given by:
Nmax = N (X=Rp) = NO/(2n)'*(aRp) _
When the thickness of the gate insulation film (G-Si0,) of the TFT is around 1000 A to 1500 A,
the range deviation of ion implantation into the semiconductor film through the G-Si0, is about 400
A (aRp ~ 400 A). Therefore, Nmax is given by:
Nmax = NO/(2m"*(aRp)



-52 - a nitrogen atnosphere to convert the anorphous silicon filminto a

pol ycrystalline silicon film(solid- phase crystallization nmethod). Note
that the furnace annealing tenperature in this case is not limted to
[er¥]; it is preferably in the range of betwgen [err] and [err], and nore

. preferably in the range of between [err] and [err]. The patterned surface
+of the silicon film202-is subjected to a thermal oxidation nethod to form
"a sflicon dioxide film203. This thermal oxidation is perforned at a
tenperature of [err] in=aNAGO¥OXxygen environngnt at one.-atnospheric
pressure. Th hi ckpesge0 [ S, I gssiced,

and thus a sﬁhlg"gon P?oilsd%rf&?n@lﬁ \l'/":]?‘%rp 44 %etﬁ?ti{ﬁessﬁgf %% ttﬁ ?‘g&gﬁ ai ngldmv
(Fig. A gatemhmrﬁmmmx|"Bﬂﬂ$eln'chmun@dflbhlsﬂhé ttemBt.. oxi dation-[err]
film(Fig. 42A) Vamgtoalcwﬁm& 4rd) amﬁhedT&Tow o E&eépﬁfeeﬁke %hbaremtas.%?m Engﬁ\eafﬁ's

an inpurity that 1s to formdonors is Inp | ow concentration

42B) . Phot or &§ithis embogiment. Based, op 3he éEFacheF 9-t4fe Nate that since thecaptact msustance is
p- channel  TFinvargét Jagﬂ'oﬁdrﬁéhaii ehelanda. of dieddntdch Adle, the fdlldmg Vared aspiia of the

n- channel TFT, an he inpurity that is to formdonors i's inplanted at high
concentration (Fig. 42C). This conpl etes the 'sburce and:diai n and channel
portions of tCoatast Bhlar&lnl L DEbrhpaceivd. EXamplien Rréuen_shnbndmner an inpurity

that is to fq QoI GE S, such asshgron ions, is inp ? phed at low and high
concentration into re lons of the p-channel TFT. ‘FinalTy, an interlayer

i nsul ati on fi6#m?266ium deposi¥-84Qand nmet.al wi rin@-FKQjs patterned, as shown
in Fig. 42D ‘Imﬁ,g_@%engt hsg.8fkqt he t hus- formedj_ﬂg)ty_pe TFTs are 2.0 [err}
on both the p channél side and the n-channel sidé. The dose of the LDD
regions is 22¢mes 2Pund t heSte in the | A¥Esi stance source and drain
portions (highmeoneqmirati omgoagions) is 1 x [erizb.kalhe transi stor
~characteristics of the thus-fornmed LDD-type TFT are shown in Fig. 43. The
transi stor dinmensions of the n-channel LDD-type TFT (hereinafter

abbrevi ated t o FisEQhk [PB)asiic gedistiicas Bf BMOSr and, PMOS JE€Tobf ¢dmpapativl xaraples and this
LDD-type TFT OSIED D) = [err] and
t he bal ance 8‘1?%@% E}%‘gélﬁ’r@?&;ﬁﬁmgsﬁ%ﬁ%?sg%aabl TV er'&(S"? %‘Zﬁ\e%ﬂhﬁéﬁgmo and the
PMOS LDD is optimzed. As is clear froma conparison of Figs. 2 and 43, the

OFF current 4} Thid EmbUdithéhe@NRIOE) MENt is restrained to be extrerrely | ow. A
sufficient ON current is obtained even when Vgs is 5 V or t hus

enabl i ng a | onethefigsepf the LOPRREIonh the AOS Tﬁ%‘“(‘]\? i’lﬁ*l’@fﬁeﬁ%ﬁ'go‘f“ g X \vEem™.

LDD is 152 [ ®hdrbfote/Gtscan b¥@errfrém M. £51fat 16 shddt Fddistambs of tAe LOD pbrition R\EEKd/RDThe
is [err] (Vds_= n accoﬁga ﬁds th t hi s enbodi ment, the

t hr eshol d voPTrﬁﬂBgfﬂs'sﬁ?Fﬁ\QWés RRRS 2 HWBVOS LDD has little
dependency onohtdsr,habmahé Ento@umshort eni ng of the channel length. In the
prior arts, t nel .l gngth was 4 [err] or |less, the dependency of

t he t hreshol v @ggﬁgﬁdﬁlv&szv\kgs extrenely | arge, -making these TFTs in the
prior arts uﬁmtarmblcéwme pnchdraingattions ersiéengtihof|sourch pad draipadirtionsit+ wfidth lofsource
present | nVegtd @inRioidnd §Sx nded Wlishikd B souid!Al Wil drigns |1 practice, in a
PMOS LDD variations iIn the t hreshol d voltage between Vds = -5 V and Vds =
-12 V are only about 1 =//7 &Rfl4#msk 5308 Yk =\{2EP KBD are only about 0.3. V.

- 1'f the channpésid@itgtdl LDBSportidreL len@h of ESD pbRioh Ne width @f LBO portioRE x sheet resistance
. correspondi nng Lb%tl ons in the threshold voI tage due to the different-

val ues of vd¥*

= (2 um/10 ym}) x 36 kQ/OO = 7.2 kQ

Overall parasitic resistance = (contact resistance + resistance of source and drain portions +
resistance of LDD portion) x 2 _ '
(1.2kQ + 0.265kQ + 7.2kQ) x 2

17.33 kQ

Note that, since the ON-state channel resistance is 15.56 kQ, the total ON-state resistance Ron

is given by:

Ron = 17.33 kQ + 15.56 kQ = 32.89 kQ .
Therefore, the ON current lon is given by:

lon = Vds/Ron = 5V/32.89 kQ = 152 yA



-53 - was at |east several volts (5 V or nore when L = 4 [err]). The
contact resistance can also be nade sufficiently small with this

enbodi ment. Since the filmquality of the polysilicon filmof this

enbodi ment is so good, the sheet resistance ¥an be reduced even if the dose
is lowered. In other words, the parasitic resistance of the source and
drain portions can be reduced and the ON current can be increased. The

rel ati onshi p between the maxi num cl ock frequency and supply vol tage of a
shift regi st &2 NMQS (Gomparatiye Expmalehy. t ype TFT of this enbodinent is shown
in the charactentacitresistasicegeana e Fig. 44. It can be verified fromthis

figure that t hift ste C.II’CJ Q_f i S.€ L_g = 2.5
[err], Lgat epﬁ.'e—SIs anger:e?m%e ot ?rg'f‘é’s a Io(fwmfemirﬁq{j??@lfgply égﬁ age is 3
V, and it com@tmhlofbﬁemattwnaﬁ (2 unttiOgimeink 1 80dMk 636 kthe power vol t age
drops to 2 V gy ,pﬁaeas)ldcr}eﬁga“@stm ARE 4TS +a33: arative exanple (with

an ordinary structur erating speed Is sI ower at a power
voltage of 3 V and the §h7?f“<|0eg| ster circuit |s VI rtual ly unable.to

operate at bel 0%hds, 2inke tHEfB%eﬁﬂBiraﬁ&c feSistafdedn &R comphtatn? e@nﬁﬁ'nplér'ﬁh@e, itis noi p;ss.me
resi st ance, an LDD resi \s}a\?nce of the LDD-type TEIs in ccor ancqe %
i¢q W Piﬂ“’

enbodi nent arf8 %‘Hﬁﬁ? eal é?%’ﬁf'%’é“‘%fr%’"rrﬁ d’f"ee('} m%\f’?ﬁ“? e stocte
shown in Fi g.stéth.chddiel posispemce is mducedxhr’q%hﬁ'&taﬂﬂ narasmarrcsﬁkth)cet:hecéa-dsnbe with this

fabrication rrethdof t he or ant, inF C ac

Fesi stance. SBteREnelh gork bt B Joran el 114D istmplebiented, TS Gyt ' particuarty
transistors aibvbhssvmbrdﬁwomm as shomin belayes t han 't hose of the conparative
exanples. In particular, it can be seen that the source and drain

resi stances are far | ower (one-fifth to one- fiftieth) than those of the
conparati ve dRbPMOEJThis Embedimeets| ar, since the crystallinity of the

pol ysilicon fgdn{gcpf.esisl@dngee;mom @ent is so h| gh the sheet resistance of the
LDD portion is |ow, even t he dose of DD portion is low. In the

prior art, mkﬂ?ﬁ's?ﬂciﬁf%’fﬁﬂf‘ﬁﬂ’%“ partigns.3, ‘7%1%4‘{'@&‘ PR T IR K] the LDD

-portion is S(Rebibﬁhcé 6aLDD bomuanmtzmﬂew)ect1a kaveizigaadrop in the ON
current. il sheet resi stangf Bf thg)r% or% inaccordance with
this errbodl Frﬁ PAS{RC LTI T t%fce gener at ed
within the LDD portion sah6b&Qm nim zed Not e t hat the description here-
concerns the relationship between the inplantation dose and the maxi num-

§| npurity concentration within the sem conductor film Wen the dose anount
is denoted byHNRMOS(CqmparativeiExpmplek y concentration [err] is given by: [err]

X d%&gg&gg&wmﬁ%urface [err]: Concentration at x Rp:

-Range [err]: Range deviation Therefore, the maxi muminpurity
concentrati oR” 19Agkee agd grajfergsistancy &ri ke Ne26ik knk3&kQf the gate

insul ation fipt £8ur& drld dohin rébistdricd 4 2 anmOONEIN1RQAIsAQ @ 7P A the range
R R G T
' = 155.4 kQ
Thus there is a particularly dramatic difference between the overall parasitic resistance of a
PMQS TFT of this embodiment and that of the comparative exampies.
The description now turns to calculating the parasitic resistance when the contact holes become
smaller as miniaturization increases. As an example, consider the case in which the contact hole

sizeis 2 ym x 2 gm = 4 ym?.

{5) This Embodiment (LDD Structure)

As described previously, an important problem raised by recent advances in miniafurization is
the way in- which the contact resistance is becoming less. That is why the contact portion is
provided at high-concentration source and drain portions, and the doses are such thaf the dose in
the high-concentration portions is 3 x 10'® cm™ and that in the LDD portion {low-concentration
portion) is 2 x 10" cm™2. Assume that the LDD length is 1 um. First, as is clear irom Fig. 39, if

the dose of the source and drain portions is set to 3 x 10'® cm™2, the contact resistance of a 10



[err] -54- [err] Thus, in Fig. 45, for exanple, when the dose NOis 1
[err], the maxi muminpurity concentration Nmax in the sem conductor filmis

1 x [err] Various calculations are performed bel ow to conprae the

conparative exanples and the TFTs of this enggdi ment, based on the data of
Fig. 45. Note that, since the contact resistance is inversely proportional

to the area of the contact hole, the follow ng val ues apply: Contact Hol e

Si zé Conpar ati ve Exanpl e Present Enbodinment, [err] First, the parasitic
resistances ofuniNMORD aitoRtdobhdib décréabesCoiipproRiniavedy €1 KM (TRGs @B Gohtlibtresistance of a 2

enbodi nent, when ug ed in th | f er as shown in Fig. 44, are

conpar ed. (1) Hhi%s E%%oa%ﬁ Fm eg%gbdose of the LDD pgrt ion of the

NMOS TFT in t lQonsiet fesistange st é‘lOOGIm’Hgn’)_AMOHSkQZ =2 |. Therefore, it can

pe seen I om M gtk talisthtes P 8 nighttBhcshliidh Sk g bidl R¥dns 3d b D portion

[err]. The parasitic resistance 1n this case Is C ate
Cont act hol e $resebtainedy The desqrintipnhelavy is basfdannepgiderationof the mpdekshawn larﬁﬂa 48; The

source and dr akhidPhidtida O-pn( Lmaé Ehaaae: ma{hqsa:aiuagﬁ; Ri205 mrﬂ%ﬁaew&s theQlge
source and drai n . OI‘tIOI’lS X resi st ance of source rakLn pOI‘tIO S

[err] Resist ar‘?8§'°8f°f e pate PPFES‘?F‘-W (‘ﬁ“‘e?f‘ﬂfﬁﬁ opthe 9sprasthqle i - g”m' af whigh 1.9)pm is the
portion) x s he;BD wmh.Ss:atu:fhedeu‘ partidrhaspoddse @t 2| B 1G' &y Bipl 4Palicwes thac the .sheet

resi stance %é:o ﬁ\é)' C z’[_n C tgﬁl- Ie
Fesi ot ance. SFRHGES s SEROT G e (SRR I°F il SRHE B ik E0D Blioh 16 um,
channel resi sttimnelsuasceléfﬁe LpBrnoftiontiheivendiyal ON-state resi stance Ron.-is - .
given by: [err] T?@E ,%ex Jei@ A ggprent lon is given by: lon = Vds/Ron =
5V/ 32.89 [err] -55 l'L?Z NMOS ( Conpar ati ve Exanpl e)
Since the dosa of the hlgh-concentratlon source and drain portions is 3 x 10'® cm™2, three
times that of the examples in Fig. 45, their sheet resistance is 1/3 or less of 30Q/[]. The length of
the high-concentration source and drain portions is the distance to the center of the -contact hole
(4.5 um) less the LDD length {1 ym). Thus the resistance of the source and drain portions is:

(4.5 ym - 1.0 ym}/10 gm x 530 Q/3 = 0.062 kQ

Therefore:
Overall parasitic resistance = (2.5 kQ + 0.062 kQ + 3.6kQ} x 2

= 12.32 kQ

ON-state channel resistance = 15.56 kQ

Ron = 12.32 kQ + 15.56 kQ = 27.88 kQ

{6} Comparative Example {Ordinary Self-Aligned Structure)

With an ordinary self-aligned structure, the results are as described below. In order to avoid
problems such as punch-through in the previously described ordinary structure, the minimum
channel length must be more than 5 gym and it is not possible to have an implantation dose of 1 x
10'® cm™2 or less. In that case, the contact resistance taken from Fig. 45 is.given by:

Contact resistance = (100 ym?/4 ym?) x 1.2 kQ = 30 kQ

if the fength of the high-concentration source and drain portions is assumed to be in the same
as that described in {5} above, and the length up to the center of the contact hole is 4.5 uym:
Resistance of source and drain portions = 4.5 yum/10 ym x 530 Q = 0.24 kQ

Therefore:

Overall parasitic resistance = (30 kQ + 0.24 kQ) x 2 = 60.48 kQ

On the other hand, since the channel length is fong at § um, the channel resistance in the ON
state is increased more than twice in comparison with the 15.56 kQ obtained when'the channel
length is 2.5 ym, and is approximately 33 kQ.

ON-state channel resistance = 33 kQ |

As a result:



Contact resistance = 1.4 [err] [err] Thus, since the overall parasitic
resistance in the conparative exanple is large, it is not possible to | ower
the total ON-state resistance Ron, even when the channel is shortened and
thus the ON state channel resistance is reduced. In contrast, the
parasitic resistance in accordance with this enbodi ment does not becone

| arge even if LDD is inplenmented. This tefndency is particularly obvious
with a PMOS LDD, as shown below. (3) PMOS (This Enbodinent) [err] [err] (4)

PMOS (Conparafive e act,resixstance - 1.4 [err] [err] Thus there
is a particulay @(g%l )6 agf';k%_ér é%ég vetween the overall parasitic
resi stance of a AsMescribed akrives dsinginiawiizationprogresses andheantast holasbecomp amalldrithe overall

exanpl es. They 4 O*&a&& Be Weti_'ﬂblr-?pé PFE Bdortle8 WueH 1ds8 RndPHaS bf s.pofdﬁw';tgﬂ&&e.

when t he contact es becone snuller as mniaturization I ncreases. As )
exanpl e, consMaeepverngingethe channeliength is plortes atdibe chasnel resistanceds lowphrRen is gfteptively
= [err] (5) Thiscedeskummet, (LDD Structure) As described previously, an -

i mportant problemraised by recent .advances in mniaturization is the way.

in which the coficuiationssfosipsoying vay RecthR ﬁ&“%@sﬁasmﬁfﬁa?é_%ﬁ}"{eﬂé"?Grﬂ'h@%"_‘a”
portion is praictleé will ndw gé discussed) twithi referense w the privibusly dbstribed Fig 029 Noaé that the
the doses are ﬁu&% t;shé't, -tg-e' l?'%g ‘I‘ ét hed pl'qg c&ncent ration. portions is 3 X
[err] and tha _-clu f’?l_e_ﬁ_ﬁf) .f)eg i.l Qﬁ.Eh, one Eolcetit at i on portion) is 2 x [err].
Assunme that the LDD length is 1 [err]. First, as is clear fromFig. 39, if

the dose of t g eeand dihaid 0ord L one 1S to 3 x [efr], the contact
resi stance,-otﬁmgﬁfﬁsglg‘gg‘ ?i'grarl x&&%hﬁggr .?t'_:%ﬁ_@zact hol e decreases to ’
appr oxi mat el y 0Cengidard case i whichdhe eemtast tholecsizeds Bmoe Xof v > #@pmf, the dopepf the
contact hol e g4k Gnd@rain forlisis'is 3 CA0BRAE2, bSdost 81YRE LBD[pBFoh ¥ 10CRA=, and the
resi stances qf.:the hi gh-concentrati on source and drain portions and the LDD
portion are cPCIPRER S ¥0¢Mescription bel ow is based on consideration of
t he nodel shauatdch résisgancd &= (0L Aal) siodt knis 10 [err] and the channel
| ength (gate | ength) is_ZOg %gér]. The.di stance fromthe edge portion of
the gate el ectrode to the™ g r of the contact hole is 4.5 [err], of which
1.0 [err] i s RebistanBPot souerdeland Sirain gortibres & . Syom +i 100 ing 30 avd asB301/A) x [err]
Fig. 45 shows that the gr}ﬁsé k@'si stance is:36 [err]. Since the LDD | ength
is 1.0 [err] and the w dt .'_o.% he LDD portion is 10 [kgrr], t he resistance
of the LDD péesisnce of N, pertiby = [leym/10Owmdex 36k =3.8kQ [err]
' Overall parasitic resistance = {(0.208 kQ + 0.062 kQ + 3.6 kQ) x 2

| = 7.74 k0

ON-state é:han_nel resistance (LW = 2.5 ym/10 ym) "= 15.56 kQ
Therefore, the total resistance in the ON state is given by:

Ron = 7.74kQ + 15.56 kQ = 23.3 k0

(8) Compargﬁve Example (Qrdinan} siructure)
o Consider a case in'whiéﬁ tﬁe minimdrﬁ ‘channel léhgiﬁ is 5 pm and the dose 6f the source and
_ drain portions for preventing pqnch-throﬁ:gﬁ is1 % 10%em2 ' ' ‘
Contact resistance = (100 ym?/48 ym?) x 1.2 kQ = 2.5'kQ
: Lé_ngth of source and drain portioas = length to contact hole center = 4.5 um
Résistance of source.and drain portions = (4.5 ym - 1.0 pm)/10 pgm x 530 Q
=024k I '
. Overall parasitic resistance = {2.5 kQ +‘(').-24 k0} x 2
= 5.48 kQ ’ o
ON-state channel resistance (LIW = 5 pm/1 0 um) = 33 kQ
Therefore, the total resistance |n t_he ON state is- 'g'i';rer'\ by:
Ron = 5.48ka + 33kQ = 3848k
As described above, the overall barasitic resis-‘t'ance. of an LDD structure is fairly lérgé at7.74

kQ, but the total ON-state resistance can be made 40% smaller.



Since the dose of the high-concentration source and drain portions is 3 x
[err], three tines that of the exanples in Fig. 45,  their sheet resistance

is 1/3 or less of [err]. The length of the high-concentration source and
drain portions is the distance to the centerggt the contact hole (4.5

[err]) less the LDD length (1 [err]). Thus the resistance of the source and
drain portions is: (4.5 [err] - 1.0 [err] x 530 [err] = 0.062 [err]
Therefore: Overall parasitic resistance = (2.5 [err] + 0.062 [err] + 3.6
[err]) x 2 = 12, l@é&e[ﬁﬁf]snﬁ‘d- tHea tnaximban prekessing | winpaatire isl setSfo [1G00PC Ranthis ninth
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even further trons structure
ON current t hism abtaised bwahig e@b? erm ee\ﬁmelt resistanpe otithe sourseand gepin mortenerSeafdew

to the previ o440/0ft8 SSoniparid wEi'ttgraﬂ%thﬁ MNek@tah&ds ﬂ@%@h%ﬂnﬁal‘ﬁ@éeﬁ%dﬁg Nﬁr the
‘based on the nodel of Fi I s Enbodi nent (LDD Structure wth =

2.5 [err]) COEPyaoms 'laé(gé’ef"h "WHT o it semicrndugtor, film. tagss dmplantgd [impyrity )Qtog\s are
[err] = 48 [ eddrinaliyt dt@vated ¢odddn brivther atoms correctly positioned at the Si lattice points) by annealing

at 800°C to 1000°C (in this embodiment, for 20 minutes at 1000°C in a nitrogen atmosphere).
if activation is fo_r 20 minutes at 1000°C, nearly 100% of the implanted impurity atoms are
activated. Although comparative examples and semiconductor films in accordance with this
embodiment have the same impurity dose (see Fig. 45} and the activation ratios of both are nearly
100%, there is a difference in the resultant source and drain resistances, as shown in Fig. 45. This
is because the semiconductor films in accardance with this embodiment have fewer crycial defects
than the comparative examples. Thus, the {eakage current in the OFF state is reduced (see Fig. 16},
the collision times of the electrical conductors (holes with a PMOS device; electrons with an NMOS
device) are extended, the probability of scattering due to crystal defects, etc., is reduced, and thus
the source and drain resistance is reduced. Regardiess of whether solid-phase cwsmllizaﬁcn is
performed before the thermal oxidation, the poly-crystalline film converted from the amorphous film
that has been deposited at 530°C or less has far fewer crystal defects. It should be obvious_ that
a deposition rate of 6 A/minute or more is preferable for making the grains of a polycrystalline film
large, and, from consideration of mass production and transistor characteristics, this rate |s ideally
12 A/minute or more. This condmon makes the grains larger and increases the carrier mobulrty
The description now turns to the reasons why high-speed operatton is implemented by a CMOS
circuit of LDD~type TFTs fabricated by a method that uses the principle that the nucleus generation

’ rate is retarded and the island growth rate is accelerated



source and drain portions is 3 x [err] the dose of -the LDD portion is 2 X
[err] and the LDD length is 1.0 [err]. Contact resistance = (100 [err] X

0.1 [err] = 0.208 [err] Resistance of source and drain portions = (4.5

[errd - 1.0 [err] x (530 [err] = 0.062 [err}s®&esi stance of LDD portion = (1
[err] x 36 [err] = 3.6 [err] Overall parasitic resistance = (0.208 [err] +
0.062 [err] + 3.6 [err] x 2 =7.74 [err] ON-state channel resistance (L/W
2.57err] = 15.56 [err] Therefore, the total resistance in the ON state is

gi ven by: RonA= Sincegh¢ semifondug®r 0y i madq oflargg-aga pains Jthe gyrrierynehility s large) and there
Exanpl e (O di %rﬁémﬁhﬁfé%%ﬁﬂm Qﬂ@w&%s chGﬂSé?cabé‘ cirhin® fin (e OFFNdtitdNis Céhd @hd the

|l ength is 5 pm an source a ortions for preventjn
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drain porgl gnacmoﬁ)en?idnm@tmmrmtcemol e center = 4.5 [grr] Rei5| stance of
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resi stance ingthe ;ﬁtatels given by: Ron = 5.48 [err] + 33 [err] 38. 48
[err] As descti e ove, the overall ara5|t|c resi stance of an LDD
structure is ¢alw1p>¢°nfaﬁfgres'atanqe cap '{eéYeP‘ﬁ) smaljy evenyehep GpmponeRtssIrg Miniawezed: once

can be nmade 48%chaRhdi€Ean be'shortesed: Not e that, since the maxi mum processing
tenperature |s set to in this ninth errbodl ment, at first an anorphous

sem conduct orE+( 524§ )“S'F'LW‘%'}'E’SG%%WQW%‘“& dep05|t|on tenmperature of [err].
and a deposi tF.oryj lcateﬂanﬁngl;ﬁnﬁnmuavﬁ@n s66re@ Bflingintane the- daite élettrddebcan be made small.
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crystallizaticapacinbed is bad and thus it may be |rrpract|cable fromthe

fabrication vi e‘ﬂﬂ‘ﬂ}e{%d of iabﬁ&Jt.*ng aRIBSE Sod YFt, g{ﬂng %rgeteaﬂﬁgsgfe%har{hé {,)&t?eué%nérﬁ% rate

reason, the thermal oxidation Tenpera rease

‘appr oxi mat el yis fasardpd ged fhe iglnsesrewtideteys eqselettade ersbles etbroadening pithe seng ganaps of

sol i d- phase wavasaélféaréa&dnqesatédnpﬂh.h@@rswsdaeschseds edevﬂuwamﬂ\ %sﬁé&a{d wea&é\enm
Is not perfornmed in accordance with this enbodi ment, the thermal oxidation

tenperature cappogiment the gosesrapge gffhe b‘P% PAtioR épaé‘&f'ﬂé"\qﬂ&l Ipwer fimit) is requifedforetting
usi ng sol i d- pjonBidoRs 165 btinhiid@tHe Ansistor ON/OFF ratio. In contrast, with this ninth embodiment, since

the sheet resistance is 1/5 or less of that of the prior art, as shown in Fig. 45, the lower fimit of the

. dose can be set to be 1/5 or less for the same sheet resistance. In other words, the dose df the
LDD portion in accordance with this ninth embodiment can be reduced to approximately 2 x 102
cm™2, Thus the impurity dose of the LDD portion of an LDD-type TFT fabricated by using the
principte that the nucleus generation rate is retarded and the island growth rate is accelerated is
preferably in the range of between 2 x 102 cm™2and 1 x 10™ cm2. The preferable range of
maximum impurity concentration is 2 X 10" em™2to 1 X 10" ecm™3,

With the previously described seventh embodiment (an LDD-type TFT fabricated without using
the principle that the nucleus generation rate is retarded and the isiand growth rate is accelerated),
the range of LDD length is 0.6 ym to 4 ym, due to the restriction of accelerated diffusion along the
grain boundaries from the high-dose-concentration regions. On the other hand, since the grain
boundaries in an LDD-type TFT fabricated using the principle that the nucleus generation rate is
retarded and the island grthh rate is accelerated are so much smaller (see and compare Figs. 4
and 5), the accelerated diffusion is also less. Therefore, use of the principle that the nucleus
generation rate is retarded and the island growth rate is accelerated enables a shortening of the
minimum LDD length to approximately 0.3 ym. in other words, the LOD {ength of an LOD-type TFT
fabricated by using principle that the nucleus generation éte is retarded and the islandl growth rate
is accelerated is now preferably in the range of between 0.3 ym and 4 gum. Note that it should be

obvious that this enabling of a shortening of the LDD length also reduces the parasitic resistance

based in the LDD portion.



To reduce the processing tenperature and create a CMOS circuit that

operates at high speed from TFTs, the deposition of the anorphous filmis
ideally perfornmed at [err] or less, as shown in Fig. 16. In general, there
are many defects within the crystals of a fibBorobtai ned by solid-phase
crystallization, but there are fewer defects within a filmthat is
crystallized froma filmdeposited at a tenperature of [err] or |ess. Not
only"Fig. 16 but also Fig. 45 prove that, when atons of an inpurity such as
boron (B) have bEwrdeserjsitionnew tirns ty thheosisiondl celatignshimheryvednhOORsirians2d 6and 248 and

silicon film .gixha wiidt 230 ddy memn%f%né., mtth@mamgt Fib 868, Asas &bk asm the LOD
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devicel are emehddedqcetths eangdet redistange cahdmueemengedaastmcecafywastoucbsfm drain
etc., is redu [ ggd EIQ+'§%M§m AdireSidA t@’@nﬂmﬂ&ﬁé stance i s reduced.
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defects. It should bhe o a deposition rate, of nute or
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LED-type TETS 0@ iPbdifackhoh Bl iflai Hio YAE Ep0 BEruBhel BBl a8 b0 in i 46,

‘nucl eus generation rate Is ret el rowt
accel erat ed. the length-of each engntacs holp is 6@ pncenthiatchere will 'FCM’P snylaege insfeasgiinghe eentact

‘grains (the cgkikiaRée #BR ddntatt hdles ﬁE py2d Mﬁ{oeth@'i.gbfp%i'ﬁoﬁ@f ects within the
crystals (the l'eakage current in F state is small,

‘subt hreshol d sw%9gsiferahe Fase 'Wﬂcg%@gfﬁwdéﬁeﬂ%‘l‘@"‘?ﬂsmg% PM?’&FS%I*‘F‘)’ 222
‘the channel r@stheinfisk coy iy 6Ngxammplel ethiohiase iﬂa&hbé‘agé ofltheanbsk Ehmﬁ@ E:aasb QhéSedﬁtact
s P RS A5 o g P By % LB A6 il
I NnCreases i n qataEs h0le @3 ol be Arcen butside riervitivar rerD(hort‘BhéueoﬁIMaoteamsemBSmardisaance
; can be held Sﬁ@\l\ khe .e%\ég szg %ecﬁ@aéﬁghéﬁad & d@ Drhaa‘\h' lEl‘iezt.ﬁs%nce from the edge 226 to the
gate electrode 210 is 3.2 ym. |
Now, the sum of the source-.side LDD leﬁgth Lidds and the drain-side LDD {ength Liddd (Lidds
+ Liddd) is ideally equal to the sum of the distance Lconts from the source-side contact hoie edge
224 to the gate electrode 210 and the distance Lcontd from the drain-side contact hole edge 226
to the gate electrode 210 (Lconf_s + Lcontd). In addition, to reduce the parasitic resistance, it is
preferable that the following conditions are satisfied: |
0.8 x Lidds < Lconts < 1.2 x Lidds
0.8 x Liddd < Lcontd <.1.2 x Liddd
Note that the NMOS and PMOS TFTs making up CMQS TFT circuit of this. embodtment both

have an LDD-type configuration. However, when a semiconductor film is provided t_:v a deposition



D. Channels can be shortened. E. Gate insulation filnms can be made thinner.
F. [err] (overlapping portions between source or drain and the gate

el ectrodel can be nade small. The above reasons A to E increase the ON
current, and reasons D and F reduce the trapgjstor capacitance. A nethod of
fabricating an LDD-type TFT, using the principle that the nucleus
generation rate is retarded and the island growh rate is accel erated,
enabl es a broadeni ng of the setting ranges of various fabrication- rel at ed
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of 4 ym or less, the maximum impurity concentration of the PMOS source and drain portions is
preferably in the range of between 5 X 10" cm™3 (dose: 5 x 102 cm ) and 5 x 10" cm™ (dose:
5 x 10" em~2). By making the entire region of the source and drain portions of low concentration
in the PMOS side alone, the process of fabricating the TFT can be reduced by one photoprocessing
step in comparison with the fabrication of a PMOS LDD-type TFT, which not only simplifies the

" process; it also makes it easier to integrate the circuits.

Tenth Embodiment
This embodiment describes how the present invention can be applied to an active matrix liquid

crystal display device. An active matrix liguid crystal display device comprises three main



to increase the degree of integration of the circuit. On the other hand, it
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lar ge CMOS TFTs of the present invention can achieve a sufficiently high operating speed at the TTL
level, that is, at a voitage of 5 V. Thus the outputs of an external timing controller could all be set
to the TTL {evel, and the circuitry can be made more compact and with a lower power consumption.
If the controller is also integrated on the substrate using TFTs, the device could be made even more
compact.
This circuit diagram illustrates an active matrix liquid crystal display device that uses a dot-
sequential analog method, but this embodiment could equally well be applied to a line-sequential
analog method or digital method, using LDD-type CMOS TFT circuits to enable high-speed

aperation.
A specific pixel patterh will now be described. A plan view and cross-sectional view of a pixel

portion of a liquid crystal display device using LOD-type TFTs in the pixels are shown in Figs. 48A

and 488B. In general, in order to obtain a bright screen for a liquid crystal display device, the



crystal grains and there are few defects within the crystals. To nake use

of such a good-quality sem conductor film the source and drain portions

i npl anted with acceptors to high concentration could be onmitted and the
enti-re source and drain portion region could be nmade a | ow concentration
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- Tenth Embodi ng g Jdhi s embodi ment descri bes how the present invention can be
‘applied to an Clyl ve matrix liquid crystal display device. An active matrix
liquid crystal display device conprises three main - 62 - conmponents: an
active matri eReith EMbollilnenf data driver portion 82, and a scan driver
;portlon 83, as shown in Fig. 47. The active matrix portion 81 conprises
signal |i-hes 90Thig&EBRoqimpRIoies a spREifitpxasplere s CYOS sirenjy wring LD Ttvee TFTs. A circuit

‘i ntersect i ongiagRiERIL dohiRg Sha31Hlan aREnIE &M BidirRBGonabshiftYabisteRBre@hbivi i Mgs. 49A and
g(rjézts al)f ¢ Zgg%bé.? R%: ﬁg:%g‘ lg g?g %QEtt?‘ns sgl?t r%?i? a’(_: {staaégr%gmgt?onco? ?(?u?% oclgeJ goatésr.] ?’hg Lt%allcrrlled '
f arrows and_symbols show that each gate operates as an inverter when the indicated signals are
high and is-at high impedance wheﬁ the signals are low. When R is high and L is low, the shift
register transfer signafs to nght difec;ion (a right shift); when R is low and L is high, it becomes a
left shift. CLis a clock .signal that determines the timing of the shift, and the bar over CL indicates
that the clock sugnal is 180° out of phase

The operatlon of this circuit will now be described with reference to Fig. 498. First of all, for
a right shlft one of the four gates to which the L signal is input is always in the high-impedance
state, and data is transferred by the remaining three gates. If a waveform is applied to the DR
portion at the left end as shown m the figure, the same waveform is shifted to the right at each
half-cycle of the clpck signal. As a result pulses for the half clock cycle are output at the points

of P and Q as shown in the figure. éiinitarly, for a left shift, one of the four gates to which the R



TFTs. Since these pixel TFTs are of the sane LDD type as the TFT of the
peripheral drive circuits, an OFF resistance that is sufficiently high in
‘conparison with the liquid crystal can be achi eved, and thus the generation
of crosstal k can be prevented. Provided a figyd-effect type of liquid
crystal is used as the liquid crystal material of the active matrix

portion, various different materials can be used therefor, not just tw sted
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these input signals are input to an n—channel TFT and a p—channe! TFT. Outputs OUT1 and OUT2
are extracted from connecting portions between two cascadé-connected p~channel TFTs and these
input TFTs. The two cascade-connected p—channel TFTs are connected to a power voitage VDD
at a level higher than the input signal levels. When a VCC-level input signal IN is applied, the two
outputs OUT1 and OUT2 output VDD-level signals, as shown in Fig. 51B. This circuit h_as the p-
channel TFTs connected on the input side, which control the current flowing to another p-channel
TFTs on the VDD side to prevent misoperation of the circuit. In general, a level shifter rﬁust operate
at a suffiéientlv high speed, even at a low input voltige, and the breakdown voltage between
source and drain must be sufficient if the output voltage should rise. Both the n-channel and

p—channel LDD-type TFTs of the present invention enable the implementation of suffii:iently high



smal | pixel pattern. In this exanple, the design mnimzes the decrease in
aperture area due to the existence of the pixel TFT by using the gate |ine
102 without nodification as a gate el ectrode and placing the pixel TFT
under the netal |ine 103. The decrease in aperture area is further
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sem conductor film 104 which extends under the previous-stage gate |line and
another electrode of the previous-stage gate line. Since the netal line 103
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.points of P and gure. t..shitft
of the four gtatﬂefg"%rdhmueweﬁ we"rm s'gna!s teaeﬂvhsmwgnec reyits ﬁbatd'sr’@vam@g/@ow%bq 'nede
hi gh-i npedancg, &f ®ehigtadpdedMOS FFT BirsRE OF itfeChrbént daeer&:envs.nwa\ewms-wpe CMOS .

TFTs are so reliable there is no fear of them breakmg down thev can easily be used in op amps,

dlgltal-to-analpg converslon cm;u:ts, ‘analog-to-digital conversion "circuits, and memory circuits.
. Thus," while only the péridheral drive circuit were integrated with. TFTs in the prior art, the present

invention can implement the integration of more complicated systems such as video signal

amplification devices or signal frequency converters using the TFTs.

Twelfth Embodiment )

This embodiment concerns a display system that uses LDD-type CMOS TFTs. A block diagram
of a display system using an active matrix liquid crystal display device is shown in Fig. 54. Video
signals and timing signals from a video signal generation circuit of a computer or video source are
simultaneously ocutput. These video signals are necessary fora dedicated video signal amplification

circuit that is required for amplifying the signals for a liquid crystal drive. If necessary, this .



gates. If a waveformis applied to the DL portion at the right end, as

shown in the figure, the sane waveformis shifted to the left at each

hal f-cycle of the clock signal. As a result, pulses for the half clock
cycle are output at P and Q as shown in thedggure. In general, a

bi directional shift register has the disadvantage that it operates at a

sl ower speed than a single-direction shift register, but if the LDD-type
CMOS TFT circuits of the present invention are used, even a bidirectional
shift regi st edmpiificitionadiicaiv elsa perfpms frequencys pmydrsbqtaad v torastior ptthe dideg signait If an
of a Single- dilafGlidd Sial letifidisRbGiney WRRrsidy, A boliveiioh clifs, Mlinbly. circuits, and
register is used'in a qU|8 crysta Hlsp l"ay device, 1t sInply enab

m rror-ref | ecPdcanmersion iciseuitsiwill glso §e peeepsarviage so that the sane deV| ce can

be used for Dbotkpg Hl@’koﬁfdﬂhﬁﬁarggs glg?gfsldrﬁgfgpﬂmuf&%rdaté Qfive?@ABT¥cEn driver. By

Simlarl inali st al
light i syal | cmeumghg)agtgn%/ ' siently ‘Pﬁéﬂ‘f‘d gRxmtal ‘I'%?Jﬁﬂ%?%‘l%"ﬂmakﬁ?Pa‘g%‘tfé\??E‘@ liquid
and the |i ghtgystilcdisphividerd afaenwneuraed iSiite o liggidIcngatal ﬂi@ﬁlav)ﬂe\ii&b&:silm the 2DD-type

d I he .t hr d c di
Gtvi cos has (GBS greuEE ot e e onagies St bl hgedt Bord idh 6 o neea o
bi di r ect i onalredduefftequargiestag thei videosigdal atripiification citcpjscSingfe the lqmcd:omopsaa jbe driven at
G op o O e oo B8 budlh sl o Wi g'c%éouw sbe ol B8Id ) B G 1L tovel

diagram and a timng chart of an exa a si ngle-direction
register are Fubom part aviajsof tBQ)Alda%éwB!I Rmplificatine cmraaﬁémmwtmﬂe@?@ besfpsmed

pai red shift .ﬁﬁ&ﬂaﬁ\} 8f $mr&a%§dme&samgﬁg&amoﬁ&@ﬁ ks 6e H&%raﬁéﬂ 9. B mﬁa@fg such

outputs fromthese two shift regl sters to be output. % 50B shows t hat
two clock si Gfempligated syserywith B‘sﬁ?d[@rf’fc‘*‘?d}ﬁmeﬁﬂ% Rlego 'QTPAE"?“EE'!L“'“WI@H"
t he wavef or maygsd6f\portidbleDhformatida’devite fthe.is Iidssibie irfthe| prigelart,Oaridnibe lrﬂ'fg‘e of pdssible

ght a cacimoRieBot Bt bk THSig < BRSreadl o BVSIEIRa Bl sone
shown at P and Roterth&i the ppédBntineention jsurot fimited totbe RlitRe glasaribed Smhaodimedite; it can be
Lheduracy P enthaaBlPbliod koHid inic b el of Wl ol of e B hfigd.our times

the clock fre e an cuit
circuit is naderxemPleh@eIIWW W'@!@SCWFQWOGW thearespatayantiomisaet P'éih amﬂ'ﬁab'e

HDTV- conpat i Qb Giqltl SRystdt Ad1ad HeticsY, iit/@h a%rbeb@ea DY wiRCrande 6f Eifcdith ufti 34 36Tuse
and a timng chart of an exanple of a |evel shifter are shown in Fllﬂ . 51A

and 51 B, ThisipolernipkMOSFETgatihe prierariyeich ap ﬂsﬂ%rw&gé"dcﬁ‘am CireuisTq ifiugtrate this,

: gr ive th 25 I Oﬁhélcé?ﬁértméﬁﬂttﬁggh 2Ntcmtf6htlaia‘éd’ch>6f ah aﬁoaphajsgw,cmw bRlpol}eyplatlije TFTs (of
evi ce. S S| an VEI‘S on

mput i gnal SOUAE Ry v aitest S o SRR ey el e B Tor gl agflinary

"QUT1 and OUT Ztmcmresxmnaatskdlefmnalmsmurerlgtepm Fig. 5% Al é oleme irotnBig. 55, the present

oS Cade NG s N B e BBPRed AP e EoFS siecd 8 MoSEET. sigcs he

‘cascade-conn re connec edto
‘| evel hi gher thindim smwmmor dévigeds fofmearcinan lmulewgesumcpeméﬂla"v ne uvlses«s ARsmitted

i's applied, tﬂ‘?ﬁn {h%uﬁiltawt’fﬁemé]- IR hninlfird s%k%ﬁm&\fﬁhﬁrﬁéﬁi lﬁvenﬁﬁn IS used

‘shown in Fig. B. This circuit has the p- channel TFTs connecte

i nput si de, e e'ﬁh-eemwr\ce m'oelﬂr%frfbaffvvm baye t,uss sigplervsial MORtRLS mfIFr%"% At
the VDD side :ﬁ@cﬁh"r@at@:mncahﬁaaﬂrﬁé Infamatfy ;hIisawea rG(WIdannd Figy Baewith Figd 336Vwith the

hi ft t t t f I
Vol tage, " and “PRBoB 85 Rtashrol depstic s st e BEFEL s e B A rEonh Benion wie
sufficient i fthd shertwbamet lengh isapeintdnottod singleerysBd MOSFER Thusthe thiefilnasmhiconductor
'p-channel LD'EH.X{;Sf %Elﬁes% ihdkAtiBE S usk® Lty in SR 3Rkdimdiy Gide TahG B Hedk ! ON

of suffici ent




- 65 - operating speeds and hi gh breakdown vol tages, thus greatly inproving
the capabilities of |level shifter TFT circuits. A circuit diagram of an
exanpl e of an anal og line-sequential data driver is shown in Fig. 52. Since
a continuous current with a DC bias flows thgpugh this anal og buffer
circuit, it has been difficult up until now to nmake up such a circuits of
TFTs, fromthe reliability point of view However, since an LDD-type CMOS
TFT is extrenely reliable and its characteristics tend not to change while
a current corVHATAS GLAIMEDRS:t her et hrough for a long period, it enables the
i npl enentation of a driver using an analog buffer circuit. A video signal
froma video line Vid is tenporarily held in an analog latch A then is

transferred tb #nmethadogf fabrieating %V"‘I“&'ﬂ"t fepigpraustor meyite gomprsiag @ Aqingle-crystal

The signal i nsghfisonai@bOfin] fkBEd Bn b indlis@ESmadi? lbbRidn WhichcoREr@ |20 JeabtibdeSortisiPaf
t hat the anal ogvpuff r can wite wth sufflazl ent efficiency to the signat -

line of a fai%Pyraceofa spbLiFrey ceMPLsng thastam oty device. A circuit .di.agram of
an exanpl e of adeépdsitingdi Médnddabﬁnldmy\aaﬁhehﬁcaB\VUpmdpasaﬁrgmetﬁad uhﬂerg:émﬁﬁcﬁtis,that

an n-bit digit river it t signal

n o a gr ooy fie bt fef ol BELac) aB el i 1R BAERRARRIR prg o
ti mng. The datexfiislandsdoimeddroms sdd gedleict one of [err] anal 0g switches
according to a decoder, and one voltage froma group of [err] drive ,
voltages V1, V2...Vn is witten to a signal line. Wth a nulti-bit .digital
driver, sone &f Tf'ﬁé‘%md\ﬁé f%bsqcmye%tharfémgsemoaﬂwr 1pvieeandefinad in elsignt. cvherein:

internal ly. To wieWpdriefatioh Rike @F bai®hudki li.&anTtrolléii ik QBdordbAtd QAth Qhe Hﬂmﬁdﬁ téiigerature
used, such as a frane rate control nethod that Surﬁ pl ements gradati on -data

by using a pla&F‘eﬂ‘? gEPvEh rate ghedid iefRRdsis canealied nrpaerEnre Tt dFPféﬁ'""" rate.

suppl ement s gradati ons by a plurality of pixels, and D/A conversion by a

pul se w dth d n Id al so sed. .Since the L

Bt cui ts of Che The el o fekindirire BivR Geoinandiifos Piee 2 JetpY 1 Qam pratmarein:
at hi gh speed, *séléydemsmoenahbeamhes 580 € pelssdndaaidafepasitinghtede Bi Afiminutmordaora.
di splay. Conplicated circuits could be made up by conbining these sinple
circuits. For exanple, a timng controller that supplies timng signals to .
peri pheral drd.v&hemethadof fabricatingi asthinzfijm demicordustan ideviescasndadined)jp eiimt S evherein:
hi gh-speed CMOSgtE & &JsftiSH'té:ﬁpé?ituuteh?sﬁé%Sﬂfesé nvention. Since these LDD-type
CMOS TFTs are so reflab l'e there is no fear of them breaking down, they can
.easily be used in op anps, digital-to-anal og conversion circuits,

‘anal og-to- di @.t fhe ﬁ@fhﬁ&%kﬂc&in@%ﬁ:ﬂm%@ﬂ:cﬁﬁd@fd dBvieCall defined fhltﬁaimVﬂ?ivJ_rtférein:
only the peri pher(?H drjve circuit wg{!ér# lE‘%rated with TFTs in the prior

art, the present® ’\"/‘?é’ﬁi“f’ﬁﬁe"&“aeﬁatf"r’rﬂf i ntegration of nore

.corrpl i cated systens such as VI deo signal anplification devices or si gnal

frequency converte u y |rrent is, e Odl .
conaarne o G A B of fyrdfind s Wi ol Spbichndfap de ke dhca RERGR 1 Sierein:
a display syst eeithes mego-gilanadSiHvieor dixsilan: (SuHaUs dsegrassat adasmhrsmag/oﬁeww das while

shown in Fi gsmﬁégm}éﬂ&fét&'fﬁrn% ﬁetﬁd@ep&:&a 'Y s%id%@tlnﬁ:alf\;aglgp nt%lp%ﬁig&Pmﬁ{hg&al

generation circulrt of a computer or video source are aneously out put.
‘These video signals are necessary for a dedicated video signal

amplificatiof, Crie WethokiN6H tabicatifgl'dl thdhilh MdeniddRbdckor dudick hﬁ SRER S clafd 12 further
liquid crystal drive. |If necessary, this
' comprising the step of:

subjectlng a surface of said semiconductor film to thermal oxidation, after said semiconductor

film deposition step.

8. The method of fabricating a thin-film semiconductor device as defined in claim 2, further
comprising the step of:
subjecting a surface of said semiconductor film to thermal oxidation, after said semiconductor

film deposition step.

9. The method of fabricating a thin-film semiconductor device as defined in claim 3, further

T

comprising the step of:



- 66- anplification circuit also perfornms frequency conversion and [err]
correction of the video signal. If an analog video signal requires
frequency conversion, A/D conversion circuits, menory circuits, and D/ A
conversion circuits will also be necessary, The timng controller shapes
timng signals for driving the data dri vét®and scan driver. By applying the
optimal signals to this liquid crystal display device, the original

capabi l i ti es of subjeeting g sunfacerof sid servicanduetpr film/fogkermnloxitiation siten3aidi semiconductar
l'iquid cryst%tmgw&gms%\_/i ce using the LDD-type CMOS TFT circuits of the
present invention operates at high speed, there m ght be no need to reduce
frequencies at the video signal anplification circuit. Since the logic -
portion can Re, driven atheandthod dfGabritgting 4 fhin-filei sediiconductdrsdesice tak definedi in glaim 4,
controller, for exanple could-gll be at TTL |evel. Further, -part-or. all of
the video si ét,:rg]ergﬁ%?wr?gcéﬁsm °?1 rcuit and tinming controller can be formed
integrally of Téubjectimgla smaceioaeTid semjoariductenfimeto shermalsxidation afteessichsemjeenduetor
too. By integrating: a conplicated systemw th high-speed TFT-cifcuits,
it becones p%&‘%f’ﬁ?‘%"@gggﬁbl enent an ultra-small type of portable -
information device that is inpossible in the prior art, and the range of
possi bl e applyjjcati ons tife\Withdy & HbriblitingCa friniliSsemddniRtdtieice ds dfiredan drine 6,
beyond di splay systens _al one. Note that the present invention is not :
limted to tfithepsempPipingthe 5@ %nbodi nents; it can be enbodi ed in various
forms within thqbfeemga elrfict of edidbamicariduétbefilpr 1o iesninali axidetidr, after $aid semiconduetpr
the thin-fil g] Sﬁm conductor device of the present  invention is not only

appl i cabl e t &' Eﬂﬂsﬁ".’&% al display devices, it can also be used in a w de
range of circuits that had to use single-crystal MOSFETs in the prior art,

such as digitgl circui by, andndé¥s icﬁii.f]gcéi#tﬁrﬁfiiml%rdiéoh&iﬁ&&r%@ic& 5 Yefifedan claim 6,

carrier nobility and current of each of an anorphous TFT, prior art
pol ycryst al | fyrtheTEaroprisistg thesteared: or di nary structures), thin-film
sem conduct or dﬁ%{e%u&é&b f 54 SdhhibohAuétdf filkd D tidiilal Dxidatiéh, Wftoit Saitl seniicmbuctor
and a single-crystal FET are listed in Fig. 55 As is clear from¥Fig.
55, the pres&iM derRpsEIRPISER- enabl es an ON current that is not inferior to
that of a single-crystal MOSFET. Since the thin-film sem conductor device
is formed on_gn insul atjng substance, .virtually no noi iS. LI U
fromthe sub%S'r ate. Théjpgg'bﬁﬂé",ds‘?fgar&frﬁgt"lghal Enh-"'it'#l'l Moo gcr%"guc‘):?\ogudce? '8% agg\aﬁefg "g " ﬂ?ae
-present i nveot cigimsi 5tautZ dusthrer zoinprigingtbe Steprofince anal og circuit that woul d
have to use single- i ] ' t | Shd r
t hereof are rrar'&é%?t%y%ﬁ)f%e\'/'@ E@?fp{g&i "}’1'8? %&P@z%o{ ﬁﬁmﬁ%%%&wgéhaﬁéﬁgﬁ aft?
vi ewpoi nt of saidsenicandustor dilm denagitiop l§tep; Yhereinjthe:naximim PrRASESING tePeratire gfteq said
present inve;}faid%@g%{eg il Beoegriksschannel length is not inferior to a

F

single-crysta ET. Thus the thin-filmsem conductor device of the
present invention can be used in circuits in an extrenely w de range of
fields. - -187 - VHAT Thg ntdudd\§tPatiriBating. a thirsfilinhsethicohddctdirdeciat iasidefined in any one

thin-filmsem conducto 3evi ce conprising a.non-single-crystal :

seni conduct off ‘F'F'f’ﬁﬁf?r{?e uﬁwrgﬂmf“%tgf F%@ %Faterial portion whi ch covers a

| east one por t i anedling 3aid sedmizosduntor filns atastematrature affiOO0P € iontpss, laftessaighsegficonductor
“film deposition step, wherein the maximum processing temperature after said annealing step i§

600°C or less.

15. : The method of fabricating a thin-film semiconductor device as defined in claim 14,

wherein:
the maximum processing temperature after said annealing step is 350°C or less.

16. The method of fabricating a thin-film semiconductor device as defined in any one

I

of claims 1 to 12, further comprising the step of:

annealing said semiconductor film at a temperature in the range of between 500°C and 700°C,

. ¢ L M s =

after said semiconductor film deposition step.



depositing a sem conductor filmby a chem cal vapor deposition nmethod under
conditions that retard the generation rate of nuclei that act as seeds for
filmformation and accelerate the growh rate of islands formed from said
nuclei. 2. The nmethod of fabricating a thi n-1%'m seni conduct or devi ce as
defined in claim1, wherein: the generation rate of said nuclei is

controlled in accordance with the deposition tenperature and the growth
rate’ of said i,slands is | ace W L Lyl A

3. The met hod %f fabri caﬁg%&g&{ ﬁﬁﬁﬁﬁfﬁﬁrﬁc és){eh%e@%nsﬁﬁqg:og?&%%v#ggggg E%ﬁe}@fj r'n@%'g%lmn‘l 8.
claim 2. wher &vhereiRsaj d deposition tenperature is [err] or less and said

deposi tion rate g fnideFdtire Pings Betwien S56°CRidWHboef fabricating a
thin-fil msem conductor device as defined-in claim3, wherein: said

deposition tenperature is [err] or less. 5. The nethod of fabricating a
thin-fil msemigonduct or Algin-fith semicdAducistdevite conprisihga nobRsiighé-trystabsefhiconductor film

d iti t t I, . . 6...Th t hod of fabricat)
st o OSHRL B P el 55 e A ok i Asuce ot o
nmono- si | ane [ substracs, veheredn:| ane [err] is used as at |east one type of

{ ant whil e sai. L e . . _ . _ : N
Chor oal vapor. e SCorBBlof RS tRbsil b el dpdf SRR mbtHod fhdar poncitons
sem conduct or thasveeed the aeneratien rate ot puglehthat actpy preds darifiymi formagion laad sceqierate: the

subj ecting a SHdtRGEedr ishids toradl HeRlakd Mictel,i | M to thermal oxidation, after
said sem conductor filmdeposition step. - 8 The nethod of fabricating a .
thin-filmsem conductor device as defined in claim2, further conprising

t h_edSE ep of: f sebj ect idng ﬁ&hﬁ!—ﬁlﬁl@ﬁ?bﬁﬁ?@lﬁﬂrdé\ﬁ@fﬂoﬁ?ﬁdh&éi?n-&ﬂdlg&l&ryrﬁaltsbﬁgégﬁﬁuét? film
oxi dation, after said sem conductor, film sition ep. 9. The | od 0
PAbr T CatT ng. o e A o SRR AR POTHER, EER oS ot et RS ot & & PUTIcRLef @
conpri si ng t heutstrae, ofherein: - 68- subj ecting a surface of said sem conductor
filmto thermnal [ ' . I id..sem tor .fi i 0

10, TheNE sV A3bE B s i o “SMGRARAS i 1t 1y S 5BRERSNNE 48 B toas
defined in cl #0009 nniurt her conprising the step of: subjecting a surface of
said sem conductor filmto thernmal oxidation, after said sem conductor film
deposition step. 11. . The nethod of fabricating a thin-film. .

sem conduct or 28evi ce as Adbnfi@gemisordustofdeyiceicamprising afomsinale-grystal semisprdyctor film
subj ecting a foihbdeR & ins@bfihg RidtertNEbHEer Wwhich! ddvére at st Bhe PUiIdALIFON surfidch &5t a
sai d sem conductor filmdeposition step. 12. The net hod of

fabricating aS{oFFAtes MPRe%eni conduct or devi ce as defined in claim 6,
the average area of islands grown from nuclei that act as seeds for forming said semiconductor

film is at least 10;000 nm?,

21. A thin-film semiconductor device comprising a non-single-crystal semiconductor film
formed on an insulating material porton which covers at ieast one portion of a surface of a
substrate, wherein: '. a '

the boundary surface roughness (center line average height, Ra) between a gate insulation film
formed by thermal oxidation of said semiconductor film and é géte électrode formed on sai(_i gate

insulation film is no more than 2.00 nm.

22, A thin-film semiconductor device comprising a non-single-crystal semiconductor film

formed on an insulating material portion which covers at least one portion of a surface of a

substrate, wherein:

said semiconductor film comprises a first impurity-doped semiconductor film located in source

= and drain portions of a thin-film transistor and a high-resistance second impurity-doped
semiconductor film located in at least one area between drain and channel portions dr between
source and channel portions of said thin-film transistor, and

the maximum impurity concentration of said second impurity-doped semiconductor film is in the

REE) DL




further conprising the step of: subjecting a surface of said sem conductor
filmto thermal oxidation, after said sem conductor film deposition step.
13. The net hod of fabricating a thin-film sem conductor device as
defined in any one of clains 1 to 12, fuppher conprising the step of:

I rradiating said sem conductor filmwth optical energy or

el ectromagneti c-wave energy, after said sem conductor film deposition step,
wher ei n the faayé btibetpeac tssitol dreher ixut@® afi®er said irradiation step is
[err] or less. 14. , The met hod of fabricating a thin-film

sem conductor device as'defined in any one of clains 1 to 12, further -
conprising tB3 step of Theithirfim segicpapirtercdavice a8 defingd inr¢laigy 24, whefeiner at ur e
of [err] or | esfiemakikfim implitty S6/HeRPAdH ot Siid $dcbrid iflpERF-dbpedisemicopductbrdiimisin the

t he maxi mum processing t grature after. said,annealing step is [err] or
| ess. 15.  rfange of beFH’ge'hgT’Edﬂ il r# é‘aﬁ'nﬁmg' thi n-fil m seni conduct or
device as defined in claim 14, wherein: the maxi num processing tenperature

ft id [ t ' . ' . . . .
by oot g Sh i ne? | A bRl B5s unap o S Bisitploct e
clains 1 to fodfmed ontdmeinsdatingr materiaj portisnswhiph gpversi At leasti ong eertien of a surface of a

sem conduct Oéubfs{r@'%eéing enperature-in the range of between [err] and
[err], after~sald sem conductor film deposition, st eg.

The met hod of fealdrsegunondieter filmicamprises SIEHIMRHIINEQRSH Seraigendyctos ﬁlﬁbhﬁﬁ‘éﬂ I gpurce

X ! aih_m 1?; | W& ididiin 'rﬁbﬁsegm_r Minlkifn "tAINGiStor Sankded V\ﬁﬂ_ﬂrekilefah]:e aiedorfderimburit\l-ﬂopgd
thin-filmsem conductor device conprising.a non-single-crystal..

seni conduct ofeMIEINGREF Fiy logated in f',n'gfrggz?f‘? A rP&f"é?ePaqS@"bg?quﬁar?xW?béﬂoncs Sy etwvesn

| east one pogdurddandfchanreli pbrtioss affsaid thinifirh trahsistombased ei n: sai d sem conduct or

filmis deposited by. a chem.cal v . d | 4l | kihP8%n th

that retard th eggﬁé'lmé'f"l e (i r?\ﬁ% g{’&ﬁﬁ%ﬁg@@@%&%ﬁ?&ﬁ%ﬁ %hpig the

f or mat i on . anwnge aibatweeres 40 covit andraxel Bt emd| ands formed from sai d

nucl ei . 19. A thin-filmsem conductor device conprising a

non-singl e-crystal sem conductor filmformed on an insulating material

portion whi c®.covers affhe tinsfilmosemiqopdydtes deyice 3s defined ineclaiip 24, ¥hgeain ot e,

wherein: the aygd AEQinfshtinipuftfySdnddnaaticridftsaRieRrs GMPatG-deped demidonGudtdr film is in the
polycrystalline state is_at |gast, 10,000 [err],. 20. ' A thin-film

) . -3 ) . .
sem conduct oAN@R9% ReEWeRthh Pt dPng™a M9 &i MYl EMcrystal seni conductor film
formed on an insulating material portion which covers at |east one portion
of asurfaceé)f a s e . . . . . :conductor il
26. . A thin-film semiconductor device comprising a non-single-crystal semiconductor film
formed on aninsulating material portion which covers at least one portion of a surface of a
substrate, wherein:
said semiconductor film comprises a first impurity-doped semiconductor film located in source
and drain portions of a thin-film transistor and a high-resistance second impurity-doped
- semiconductor film located in at least one area between drain and channel bortions or between
source and channel portions of said thin-film transistor, and
an LDD length in said drain portion or said source portion is in the range of between 0.6 um and

4 um,

27. The thin-film semiconductor device as defined in claim 26, wherein:_

said LDD length is in the range of between 1 gm and 2 ym.

28. A thin-film semiconductor device comprising a non-single-crystal semiconductor film
fdrmed on an insulating material portion which covers at least one portion of a surface of a

substrate, wherein:
said semiconductor film comprises a first impurity-doped semiconductor film located in source

and drain portions of a thin-film transistor and a high-resistance second impurity-doped

‘N O O




substrate, wherein: the average area of islands growmn fromnuclei that act
as seeds for formng said sem conductor filmis at |least 10,000 [err]. 21.
A thin-filmsem conductor device conprising a non-single-crystal
“sem:conductor filmformed on an insulating nmaterial portion which covers at
| east one portion of a surface of a substr@fle, wherein: the boundary
surface roughness (center |ine average height, Ra) between a gate

insul ation f iieﬁ]it@ L& B fo@gtﬁgﬁlg 2O Fhb ?Fbafﬁet\ﬁ%hl r5if Th& QRSHe! %ﬂgﬂnsl tfép %gaeen

a gate electrode tornmed on sai ate rnsulation T1Imis no nore t

nm "22. _source andchamie} Perprsefisaid tindim tragsstpre @t onpri sing a

non- si ngl e- crystugd lefigH1of @'gdteCdidttrofié toinbdbNESd SiisohdlidSitilat Wit a GBieGhduldtion film in
portion which covers at | east one portion of a surface of a substrate,

wher ei n: “sai PEERTLEFHR LB | m conprises a first inpurity-doped

sem conductor filmlocated in source and drain portions of a thin-film
transi stor a a high-resi st e second. .inpurity- d semgonductor film

| ocated i n at®Teast oneﬁ?fr@E%Wécﬁm&fcé‘f'[?%&'ﬁﬂa%ﬂegﬁﬁif"% 'r"t%r’fv €GP bet ween
source and chansatl gpereldéctmode tehgthds 8 mrhentesdsi | m t r ansi stor, and the maxi hum

I mpurity concentration of said second inpurity-doped sem conductor filmis

in the -70- range of between 1 x [err] and 1 x [err]. 23. . The
t hi n-fil m sem@onduct orA #iffilsesemicagdyqrerdgvicecanpsisiig 9 pon-gipgle-civital semicardustad film
I npurity conggihddbn QR 'iﬁB‘ulaiﬁF CnSErieP DertioR Mt ¥ovdRDSdie8st NBrieOpuHiISH Of afsulfakd of a
in the range of between 2 x [err] and 5 x [err] 24. Athin-film .
sem conduct ors”BWtE'ew%?fﬁ’ri sing a non-single-crystal sem conductor film

formed on an i nsaid sérmiendiidtos filnd borfgrises @ firseimptlitycduped Sensitoridaedt filnidcgted in sorce

of a surface of substrate . whereln: - sai.d sem conductar filmconptis
Fi ot T por (390t SOoioRE cofa B PP, hftfer S8 °F iutEieRkanes, Fofhd Iif-Boned
portions of setivondddtérrfiimtlpeated int atrleagh dnenarea dbtwees idsimansiclanoe mprtions or between

| our ity - dODad,S5Tha CRANGH Rridrsl o shig Bk Ath khslfor! gRSt_One area_between

drain and channel "portions or Dbetween source an nnel portions of said
thin-filmtranswbenpn LRRdengte o draiv retinp i Hddd andribe distance diemoan edgetherepken a

| mpuri ty- dopeAaffRIThERIDA 4ideQst 4 coithdtsholdlin! i BrRAIRGSLrtRIn 1364 WER elettrbdé & Léontd)Che
1 x [err] hin-fil m sem conductor device as defined in

25. . _The t
clai m 24, whdplomirg felationshin 3RA¥S: npuri ty concentration of said first
i mpurity-doped g@nkamduduetiesnttii£ M2  lididt he range of: between 1 x [err] and
3 x [err]. 26. . Athin-filmsem conductor device conprising a
non-si ngl e-crystal sem conductor filmformed on an insulating materi al
~portion whiciBicovers atA thirefiitn semicopductar device comnpgising @nam-siglacrystbisemicpaductor film
wher ei n: formed on an insulating mateﬁal portion which covers at least one portion of a surface of a
substrate, wherein:
said semiconductor film comprises a first impurity-doped semiconductor film located in source
and drain portions of a thin-film transistor and a high-resistance second impurity-doped
semiconductor film located in at least one area between drain and channel portions or between
source and channel portions of said thin-film transistor, and '
when an LDD length of a sourcé portion is Lidds and the distance from an edge thereof on a
channel portion sidé' of a contact hole in said source portion to a gate electrode is Lconts, the
following relationship applies: '

0.8 x Lidds =< Lconts < 1.2 x Lidds.

32. The thin-film semiconductor device as defined in any one of claims 22 to 31,
comprising:

a p-type thin-film transistor having said first and second impurity-doped semiconductor films
in which the implanted impurities are p-type and an n—-type thin-film transistor having said first and

second impurity-doped semiconductor films in which the implanted impurities are n-type.
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said sem conductor filmconprises a first inpurity-doped sem conductor film
| ocated in source and drain portions of a thin-film transistor and a

hi gh-resi stance second inpurity-doped sem conductor filmlocated in at
least one area between drain and-channel_Jpprtions or between source and
channel portions of said thin-filmtransistor, and an LDD length in said
drain portion or said source portion is in the range of between 0.6 [err]

and [err]. 24g, Thé iindsilth M.&Arﬂu&en&m%@bﬁrfeddeuhmesas:vmémned in
claim 26, wherein: sai

he_r ange.
[err]. 28. the gateﬁli"FfPED’ref‘Wﬁ]%i é?ﬁ’ 8o o?fﬂﬁi S pim ag's %’ ¢ %ﬂg%ﬁtﬂa}ﬂ{&w la:@ﬂqvge
non- si ngl e- cenis-fitmh tramsistaronductor filmfor rred on an | nsul ating materi al
portion which covers at |east one portion of a surface of a substrate,
wherein: said sem conductor filmconprises a first inpuri tg%ldo ped

seni conduct oB4f i | m | oc Jhe ahin-iln samieendugtar deviseras gefined ihalaigy 33 WDy i | m
transistor and fﬁr 'Hafbhelétﬁl%h§ NG fhCor Bl Yy pe Wintsiich ¥raA&i§tBand that/df said n-type thin-film

sem conduct or fi cated in at | east one area between drain and channel
portions or bapsiftenargSaeR 4@ ®Sannel portions of said thin-film
transistor, and the length of a gate electrode formed on said sen conductor
filmwith a gate insul ion f. et.we L

The thin-fil #Pseni cond Pé‘?'“’&'k\'/?%c"é‘ Rt &?%"“8 “%eérl%d id c@h‘ é%(/ﬁ'zi}eé%ﬁ said .
gate el ectrode thewtadnel width pesaid n-avpd tirsfilmagansistor is less than that of said prtype thin-film
sem conduct o;ra'ql%/hge conprising a non-single-crystal sem conductor film
formed on an insulating material portion which covers at |east one portion
of a surface of a substrate, wherein: said sem conductor filmconprises a

first inpurigy-doped S%Qﬂﬂ-ﬁlﬁ?&&ﬁm&dﬂh&u S6AteQd dbfihed GHIEISIRM mduwrann
portions of a thin-film transistor_ and tPﬂq{gﬂ'res I.Stance, sec

i npuri ty- doped the gRteotieriods length of said Astrg trapsiztpr ithat %fosabde? v%%%th'"'ﬂm

drain and chgangdtoPsre lehéhS ufW ori@s\veen source and channel portions of said
thin-filmtransistor, and when an LDD length of a drain portion is LIddd
and the distance from an edge thereof on a channel portion side of a
contact hol e37zn sai d drainethpd iof fabricatiog a tijadfitm edmicanducter deyicecomprising a&on-single-

Lol1 oW ng 1 el ot ipRahiohndiBRl i soffl db 4 Aak®] fhioldi SB[ GhEA cbvets %t Idadilohe

31. m sem conduct or~ devi ce conprisin
non- si ngl e- cpgrsrpalof 8 swifasered @cubstrate, campdigingthe Stepraaf:| nsul at| ng nateri.al

portion whi ch GayRhiinddn in%ﬁ{y mﬁua%dt&aeafodaawmaamnef a substrate,
wherei n: said sem conduct or I'm conprises _a first Vg‘%g“ ty-doped

seni conduct or fimpPlptiRg:ah '@EP“F'FY bygisinge® RURLPrefistias @ TSk R "o thin-film
transistor and g ikiptifity'dd5é MpkiRa BASHYhald Gt elécgrodeﬁed niaskrisco deuahge off between
located in a'% >|< el%$‘t em2and 1% 18@'[ We?nng a& Enrtlpu?ipyddogg Fhpist ante P téu?d?au? Bh&grgg}gteé} a

mask is in the range of between 5 x 10" cm™?and 1 x 10" cm™,

38. The method of fabricating a thin'-fflm semiconductor device as defined in 'claim 37,
further comprising a step of: '

forming an zmpurlty-doped semlconductor film in the shape of an island |n source and drain
portions of a thin-film transistor, and then forming an intrinsic semiconductor fslm on said impurity-

doped semiconductor film formed in the shape of an island.

39. A method of fabricating a thin-film semiconductor device comprising a non-single-
crystal semiconductor film formed on an insulating material portion which covers at least one

portion of a surface of a substrate, comprising the steps of:
|mplant|ng an impurity by using a gate electrode as a mask, and
|mp!antmg an impurity after an insulation film is formed on the surface of the gate electrode,

wherein:
an impurity dose implanted by using said gate electrode as a mask is in the range of between

LR I




source and channel portions of said thin-filmtransistor, and when an LDD

| ength of a source portion is Lldds and the distance from an edge thereof

on a channel portion side of a contact hole in said source portion to a
~gate electrode is Lconts, the foll ow ng rel-a@8i-onship applies: 0.8 x LIdds
[err] Lconts [err] 1.2 x Udds. 32. The thin-filmsem conductor
device as defined in any one of clains 22 to 31, conprising: a p-type
thin-filmtransistor having said first and second |npur|tX doped

seni conduct or? 5 19 o’ apgd gh"t‘rﬂa FHDH anft AHimAYAtY, §asp deplapte ﬁﬁPS/f?é" insyatigp film is
n-type thin- frofmadt drPihe istiade GFotie GateSetdctiodd, liSi thd)Fin§E 6PbstwiedD BT X 11D daweand 1 x
sen1conductoq fil IlN8 in which the inplanted inpurities are n-type. -72-

33. 0Th @t hin-filmseniconductor device as defined in claim 32,
wherein: the gate electrode length of said p-type thin-filmtransistor is

shorter than johat of saj g rﬂetLXcP &f fta%h%mﬁ]d 3 HM fil ns%hﬁéogéuctg'lhewce as defined Trps?alm 39,

thin-filmsem conductor evli ce as wher e
el ectrode | elfg'ttlhﬁrobmsml@ psteped: t hi n-fil'in t ran5| stor and that of sai d

n-type thin-filghignsl :%Qflwﬁfoﬁefeﬁ'ﬁcéwd[:&'bf hlrrpfn ﬂw@%ﬁazpe?b"} an island in soufd8and drain

thin-filmsem conductor device as defined.in clamz3 wherei n: the channe]
wi dt h of sai d’°FP°E‘§ Bfaa thin-filog transisteradng, tE‘E’bfr"’ migg pigyingig é?f"{cﬂ%ﬁ""m" ﬁg’é\f"&l s"ﬂd t‘%&ﬁ’“"

thin-film tr Japédidnicondbctor film formed in thesHaPk Bf & Islhdeni conduct or - devi ce- as
defined in claim35, wherein: the gate el ectrode |ength of.said p-type

t hin- f|In1tran5|stor and that of said n-type thin-filmtransistor are each.

5 [err] or | dﬂs The method ¢f fakridatny @ thirf-filbr secddonduptar delvica -ak idefined in claim 39

sem conduct o] ¥‘+g§ wRéFQF:l sing a non-single- crystal sem conductor-:fi-l.m
formed on an RSU ing nat eri al portion which covers at |east one portlon

of a surface ofaminsustian filmeformetpnissidragte electede [syrfage: layenyrogtioni inormed by thermal
i mpurity by B%Q&naougéﬁo%mebﬁgéﬂoﬂd& 08 rAarslaP bf sﬁ@%a{enaéé}%b NGr B4 al GIH Lidpbsitivn

using a photoresist as a nas wherein: an inpurity dose inplanted by using
said gate el 8h¥de as a mask is in the range of between 1 x [err] and 1 X
[err], and an inpurity dose |nplanted by using said photoresist as a mask
s in the rag&e of betwe err], and 1

met hod of faBficating & 'ﬁPlﬁY FY M YEIAP E(S'HBUE'EE B%!'\?’f‘ﬁtg' Q%V'ﬁe‘f"l"ﬁ’é'a'"f’ﬁ "(?f‘éf'}%'e’
37, further’ eam:al sahiamdixcﬁrepmoformédoommg-nsalatmg‘rptafenhlypailﬁm-edrh&a ndogers ciy déast one

filmin the |s an I source and drain portions of a thin-film
transi stor, Eﬁ%g?ﬁgﬁs? c‘rgga “ﬁ?rﬁf’é‘?‘% sem conductor filmon said

i mpurity- dopeclsasiammayrsdsnetndnrtherlcnmbrmesrmhqtme mhmxshalpefameann said insudating@Inaterial
A met hod Of g@tpﬁétg %Hi Q&nadr”a} Ho&bes%moﬁ%ﬁqﬁéu%nQ ﬁr\é{e?gl ﬁﬂrgigo fﬁﬁm 6t said thin-

non-si ngl e
" film semiconductor device,

said semiconductor film comprises a first impurity-doped semiconductor film located in"sourcé
and drain portions of a thin-film transistor and a high-resistance second impuirity-doped
semiconductor film located in at least one area between drain and channel portlons or between
source and channel portions of said thin-film transistor, and ' o

the maximum- impurity concentration of said second |mpuntv-doped semiconductor film is in the |

range of between 1 X 10 em™and 1 x 10" cm™.

43. A display system using a thin-film semiconductor device comprising a non-single-
crystal semiconductor film formed on an insulating material portion which covers at least one
portion of a surface of a substrate, wherein: '

said display system further comprises an active matrix portion formed on.said insulating material
and data and scan driver portions formed on said insulating material and also formed of said thin-
film semiconductor device, '

said semiconductor film comprises a first impurity-doped semiconductor film located in source
and drain portions of a thin-film transistor and a high-resistance second impurity-doped

semiconductor film located in at least one area between drain and channel portions or between
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crystal sem conductor filmformed on an insulating material portion which
covers at |east one portion of a surface of a substrate, conprising the
steps of: inplanting an inpurity by using a ?ate el ectrode as a mask, and
implanting an inpurity after an insulation ff4mis formed on the surface of
the gate el ectrode, wherein: an inpurity dose inplanted by using said gate
el ectrode as a mask is in the range of between - 73 - 1 x [err] and 1 x

[err], and an i iplanted. after said insulation filmis forned
on the surfac® "H}é"ﬁﬁ?e "81"1875?1?*3585‘%"‘1“5"1%'3[“ Jﬂ?gﬂ%e of between 5 x [err]
and 1 x [err] 4Ghe maximum impikity coaténtrdtiant off saig firstimpaitysiopdd senfi¢dnductor film is in the
sem conduct or gﬂi}g,g £f 3G Jyfs ) urther conprising a step of:
form ng an mpﬂ?iytl:)f/ peerg semecodrqguéo'{d?r m{nn t he shape of an island in
source and drain portions of a thin-fil mtran3|stor and then formrig an

intrinsic senggonductor Afd.édamsﬁm &.dgrawd ﬁl&n‘seﬂﬂ&%ﬁ&i:cidi'ﬂe@i@é‘é&ﬁ fiing 4 han-smgae-
formed in the sha@e of anlslan The et hod of fabricating

t hi n-film senf¥YAGSRMIINdYEter &im é%"“ﬂ%f"F‘ r?é‘d'“?‘ﬂa‘E‘PdT'ﬂW@é Pofition |which ﬁ?yerﬁ/\h‘e‘eéﬁtrf’“e
an insul at i onpdrtibiTof ®&utfade of a 3Gbstra@pivhereinect r ode surface | ayer port ion is

f or med bythermal 0 ti anodi c._ oxi dation of t rial i d .
gat e el ectrode, sgid d syg sbsq%%urga %Ogiqlfﬁﬁnﬁg{i\ﬁa n&amﬁ;?r@on fgr%e% on sgid énsgﬁggglmatenal
system usi ng andidaitmarid $an slomrcmm!:us;fqmedjew sy¢ insulatingi ateripl andalso farmed of said thin-

crystal sem cqRdlirti@nabdbiad v&%rred on an insulating material portion which
covers at | east one portion a surface of a substrate, wherein: said

di spl ay system ﬁaﬂtsn@mwm filra somprisgs 8 fitss imauriny-dopgd semiegnduetorflm lgaatad jngsource

i nsul ating Mednar dadin GHdRtioRS 8F ANChidAIAN tAhsIXEF alaeré | Higtsrebitandy seébnaahdpumy-doped
insulating material and_al so fornmed of said thin- filmsem conduct

devi ce, sai d SeBHFORHHHACHIBY loratednas ieast ope aga PF?’?P" A, And 9‘386?3&9’“"3 or between
sem conduct orsohtdermuoﬂmdporﬂm&(mrsﬂi&tlamdlndtr&isikmpidd ons of athin-film

transi stor and a s. st ce second _i.npurit 8L

ocaed (n a1 B ChBHratn ShaReh RERAT spTBAlte o aER AEHRIEH PGS i g
source and chesmel portions of sal d thin-filmtransi stor, and the maxi num

I mpurity concentration of said second inpurity- doped sem conductor filmis
in the range of between 1 x [err] and 1 x [err], A di spl ay

syst em usi ng 48-t hi n- f i | Andisplay Guster weiog adhigiftie seoﬁwmusﬁOhge\acmmmismaenon-smle-
crystal sem Gapdd CeRlicohlitdidd BRTTRAMES o 3n liRithiAd nfatbridPidtior? Whith! doveit #Nbdst one

‘covers at | east one portlon of a surface of a substrate, wherein: said
di spl ay syst QM4 qffeiuriaes pha subsvate, wariGe matrix portion formed on said

I nsul ating nmat eﬁaumbasﬂaﬂsydmfmd compiised bh ¥&ive mtrtxl poRion Fermea dn e4id M3ulelting material

I nsul ati ng mans data an%nsg:al"lle l:lrst\g)er ];:g)rrngr?sdfongmeds on sau} msulatmg material and also formed of said thin-

film semiconductor device, .

said semiconduct_pr.film comprises a first impurity-doped semiconductor film located in source
and drain portions of.a thin-film transistor and a high-resistance second impurity-doped
semiconductor film located in at least one area between drain and channel portions-or between
source and channel portions of said thin-film transistor, and

the length of a gate electrode formed on said semiconductor film with a gate insulation film in

between is 5 ym or less.

46. A display system as defined in any one of claims 42 to 45, wherein:
said data driver portion or said scan driver portion comprises a clocked gate bidirectional shift

register circuit.

47. A display system as defined in any one of claims 42 to 45, wherein '
said data driver portion or said scan driver portion comprises a plurality of shift reglster circuits,

each of which has a dsfferent clock signal phase, and gate-circuits to which outputs from said

%* [ L M s *

plurality of shift register circuits are input.



filmsem conductor device, said sem conductor filmconprises a first

| mpurity-doped sem conductor filmlocated in source and drain portions of a
thin-filmtransi stor and a hi gh-resi stance cond inpurity-doped
semrconductor filmlocated in at | east one ‘@ ¢a between drain and channel™
portions or between -74- source and channel portions of said thin-film
transi stor, and the nmaxi mum i rrpurl ty concentration of said first

i mparity- dope sem cond | rr] and
1 x [err]. 44& R% s@fag tg;‘“sa?./'s‘jtmce}"rfeltd B’EF%@M f%a"p{a?‘r?n ggfnwﬁeorhﬁuct or
devi ce conpri si mgjd danaciives P@ﬂl@n og:$ajds3can dg\tﬂmoe@nu gemerises p|lenel-ghiftercirgyit apd a shift
i nsul ati ng MegkleALirddR! SAdPShid kit Pedisterirduitis driGéhSdt IVAR eR04!ith @R bBIbwané 1T RVEL.
of a substrate, wherein: said display system further conprises an active
matrix portion formed on said insulating material and data and scan driver
portions formg on sai dAidtswlyatmag' mméda:hclamdmlmre“mrrred of said thin-
filmsem conductor device, tor fi

| pur Ly doped SBMPRARRAG2fAa v EBEP R it Tk RAPIAT A apoi el Stangy-tepe

t hi n-fil m t r ahisifilsharansiswr eodnegtled iresdries.ance . second i npurity-doped

sem conductor filmlocated in at |east one area between drain.and channel
portions or between-source and channel portions of said thin-film

transi stor, & an LDD A disglay systers #5 delinediimanpyoeiob glams 4htu4S oMresdniporti on-

is in the rangesgud dbﬁtd\‘ﬁ&rbogno@n Joﬁfpﬁ&es%?ﬁaét%é bnift4eyister circuit, at Ie%stdén%RJid%\S fine, and

systemusing a thin-filmsen conductor device conprising a non-si

crystal sem G9RIQgEVEFhes; fnd ong ehoytryts of seid shifh registaciteyit é"’r'f‘%t‘l‘t tﬂérg@?"o‘g"\ﬂm'(ﬁﬁ said
covers at | eamklogBwitéif leithértirattiycor throbgtCtlewdi-siifter bRBiit, aihRrebyian analog sigl i supplied

di splay systemf active matrix portion forned on said
i nsul ati ng nﬁ?@?‘f*‘a‘?g}“éﬂﬂwd’g’%"@% @éﬁe‘ﬁﬂ‘ VLM% i ons formed on said
i nsulating material and also fornmed of said thin- film sem conduct or '

~device, saidggem condug Ag{iplgkg‘zgtgggpggfﬁ,gﬁdﬁa,iy@nﬁtof gﬂu‘édf?ﬁ@%{lﬁenn film

sem conductor filml ocat ource an | ons o
transi stor and g$gichilash drivesiportioncempdsas figstistaoe ﬂmhgs latshesd eaeihefcwhichiistconnecrddnto at

| ocated in atleaE@@r%tw&B@in@rééoMt%aﬂﬁ ﬁk&heﬁ%‘icr%mﬂm hd3 %k idalibhe HMpub € WRER an

source and channel portions of said thin-filmtransistor, and the |ength of

a gate el ect OHEW framfaid fisst-stagepnaleg ash rmvars. Gnd pralog bfiers. sach-afavhichds, mneswd o

filmin betwegsof §gt§l itﬁHsrtb veHich @.&ﬁuts ﬂ@m said second-sta%e(ihﬂ% fRicteY akeAifip@b whereby an
defined in an ata.driver portion or

o e an PSS Sapal i AyRpaID catibof Py HATEntEip & Wpe-eR SRRy GATers b f ¢

register circuit. 47. A di splay system-as defined in any one of

clains 42 to 55 wher ei Ay Fa?glgysg%% ?{"”r egl Sortégpclalmss&lt% &cqu‘egrl ver

portion conprises a pIura CIfcurts
said data driver portion comprises a group of n first-stage latches' connected to n digital signal

input lines, a graup of n second-stage latches to which outputs of said first-stage latches are input,
and a decoder connected to 2" analog switch gates to which outputs of said second-stage latches

are input, whereby digital signals are supplied to picture elements.

53. . A display system as defined'in.any one of claims 42 to 45, further comprising:

a video signal ampilification circuit for amplifying video signals output from a video signal
generator and a timing controller for generating timing signals in synchronization with video signals
output from said video signal generator, wherein said data driver portion and said scan driver portion

" are driven by said timing signals.

54. A display system as defined in claim 53, wherein:
said timing controller, said data driver portion, and said scan driver portion are driven at levels

equal to or below the TTL level.

55. A display system as defined in claim 53, wherein: ““l“l I“I“ III“ “III “ ‘“I
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each of which has a different clock signal phase, and gate-circuits to

whi ch outputs fromsaid plurality of shift register circuits are input.

75 - 48. A display systemas defined in any one of clainms 42 to
45, wherein: said data driver portion or sai ®3can driver portion conprises
a level-shifter circuit and a shift register circuit, and said shift
register circuit is driven at |levels equal to or below the TTL |evel. 49.

A display syste ined in c ortion of said

| evel -shifter CISF%LH'Pl'e‘%:qu“gr '8 "gg?)mf’?rfé'dmﬂ'i"ﬁﬁ? FT'WF?W"&%@T é?‘g {# and an n-type

thin-filmtransistor connected in series. A di spl ay system as

defined in an? gone of clagj %Hiayds%s{eﬂt éﬁiefnm?ﬁﬁ%laﬁn 5§q)v,q;,gﬁ.ta driver portion
e

conprises at [east one M ister circuit, at |east one video |ine, and
anal og swi t ches sa'énﬂd?mé'%#‘ W"gﬁﬁt@" Sircui icamerises @ signgl dreayengy [conyarsips cirpyit, for

to a gate tergdmamingfa vidtoGighabihh Mialitd Bf loW-frét@Ency isighals by a PlcofrbétionTircait.
| evel -shifter circurt, whereby an analog signal is supplled to each of

picture elenments in a dot-sequential manner. 51. - - A display system
as defined insany one OA didphdysystéa ds@efifed inkhine53) wiesini data driver portion

conprises fir St h%o%g,%sﬁgndwf‘éagﬁﬁ %irct.“la’tag n'laQ% frﬁfﬁ sS.Q tlln 5-fithy ?&%V\,ﬁ& cﬁlc’%? adlice.

| east one vi deo *fine € ana each o as a
| east one input to which an out put fron1sa|d first- stage anal og | atch

enters, and aggl og buff R%n-fﬁ@&éhx&ﬁnd&@bﬁ&%vabéc&ﬁﬂ?@ﬁ&& én&}i]él&%sﬁf seﬁiu&ﬂ&uctor film

lines to which outputs fromsald second- st age anal og latches ‘are 1 nput
wher eby an arfarmerg on @Rdnsylaging maspriab pofign ufish gevers &t lgist aseARRtiRNSof A sarface of a
| i ne- sequent | gipsi@s Whereins - A display systemas defined in any one

of clains 42 to 45, wherein ai.d data driver portion co ris
ot Mot age | S aReot o FUR i dsPRsiad By o areRg 1P e mekod uilss ongitins
n second- st agaatl rtazd ale enevdiion hate W pudia tmit amlaﬁl séads $or- filinofgmatioh GAnd acedierate the

t d d t sh £
out put s of oA EC A UpER oy rbElid nlRF A S R7 BBy lebE nifl bithess 4 e
supplied to pmoomeiosettsmuxduaer film located in souran apg lda;n poptising 0f a thintilm wangistor and

any one of cl gl didnge ééconfi %[?M-d&ﬂ E&\ﬁbﬁm&ofiﬁm Q@aﬂec? inHi3ast one area between

anplification crrcuit o ngv eo signals output froma v

si gnal gener &r¥n apgh ghapnel, nﬁrwg\scvs etweEn equwwdgfémhnqm@smf ﬁ'ﬁ@“mﬂﬁﬁ&'ﬁ%ﬂﬂﬂf
synchroni zation with video signals output fromsaid video signal generator,
wherein said data driver portion_and said scan driver portion are driven b

said tinming signal s. 54> thin-film semicopdygtar device comerising aRonHinglaRUstRl seRfogndHcros film

wher ei n:  sai doimedi 6v)) af GREuladihh ShaterRab portidM ivihich ¢overs RQbdst @Re paRidnSeR &l sttave of a
driver portlon ai driven at levels equal to or below the TTL |evel. 55.
A di spl ay syssfl & Wed in claim 53, wherein:

the average grain area when said semiconductor film is in a polycrystalline state is at least

10,000 nm?, and also said semiconductor film comprises a first impurity-doped semiconductor film
located in source and drain portions of a thin-film transistor and a high-resistance second impurity-
doped semiconductor film located in at least one area between drain and channel portions or
between source and channel portions of said thin-film transistor.

60. A thin-film semiconductor device comprising a non-single-crystal semiconductor film
formed on an insulating material. portion which covers at least one portion of a surface of a
substrate, wherein: i . '

the average area of islands grown from nuclei that act as seeds for forming said semic_o_nductor
film is at leést 10,000 nm?, and also said semiconductor film comprises a first impurity-doped
semiconductar film located in source and drain portions of a thin-film tranéistor and a high-
resistance second impurity-doped semiconductor film located in at least one area between drain and

channel portions or between source and channel portions of said thin-film transistor.

61. The thin-film semiconductor device as defined in any one of claims 58 to 60,
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- 76 - said timng controller is made fromsaid thin-filmsem conduct or

devi ce. 56. A di splay systemas defined in claim53, wherein: said
video signal anplification circuit conprises a signal frequency conversion
circuit for converting a video signal into a plurality of |owfrequency
signals or a [err] correction circuit. 57. A di splay system as
defined in claimb53, wherein: said video-3i7gnal anplification circuit is
made from s_a‘jvge ginj n-fil msem conductor device. 58. . Athin-film
sem conduct of "Uevi ce conmprising a non-single-crystal sem conductor fjlm.
formed on an i thasaximrg imeurity Feficeptation 8t saigReegnd prRusitg doped sgmicondyctor Sifp 15 ig the
of a surfaceapde 6F ratiedn’ 2b€10WRAFBdna:1 Kaia* &rf conduct.or filmis deposited
by a chem cal vapor deposition nethod under conditions that retard the
generation rate of nuclei that act as seeds for filmformation and :

accel erate tégmre growth. T thiwfilni sémicsiaiuétor devicef ssodefinad dn RO look of alaims580to 60,
said sem conductor filmconprises a first inpurity-doped sem conductor film
located in SUU®B and drain portions of a thin-filmtransistor and a

hi gh- r esi st anc ehesmaximdmi impuritytcpnchppatiprsefsaiddinstimpwrity-tioped segricanducterfilgy is in the
| east one ar bet | RaRRg-L ngl1qaoLb4sons or between source.and
channel portrlg(%l es&o%gg’galngg t@h?(r)]??’l néin‘t%paﬁs}dsat %Jr‘ 59. A thin-film
seni conduct or ‘devi ce conprising a non-single-crystal sém conductor film
formed on argg nsul at i NehdT@iRfilnkerBridubr MbVicehas @efed iMmiany &As fof @iuim$GBt 10060,
of a surface of a substrate, wherein: the average grain area when said

senmi conduct oMT8iPM i s in a polycrystalline state is at |east 10,000 [err],
and al so :sai d ‘a8 IDDHEUEbP4E dfain PErecNGrsoGres pertibn iswithimyp tanige f betpreen 0.3 ym and 4
sem conductor filmlocated in source and drain portions.of a thin-film
transi stor #® a hi gh-resistance second inpurity- doped sem conductor film’
| ocated in at | east one area between drain and channel  portions or between
source and channel porid OfS, i Séhilorlddédr Gividl i @dkinkd iP'any Ve of claims 58 ¥ 60,
thin-filmsem conductor device conprising a non-single-crystal

sem conduct owhdréihm f ormed on an insulating material portion which ‘covers at

| east one port ;Imeﬁgth 8 4 ghdetticrBbe formetPsr Saf SemicknBickérTilmivien 2yfe Agolaboefindin
i slands grown fromnuclei that act as seeds for form ng said sem conductor

filmis at |keiweemipSgomore$-|, and al so sai d seniconductor filmconprises a
first inpurity-doped sem conductor filmlocated in source and-drain

portions of g thin-filmtrangistor. and a high-_resista .
i npuri ty-dod® sem conﬂ']ffcf'lﬂ'ﬁim F?H"F?%’é{ftgﬁnf “%af® ﬁ%‘é‘gé "g(r%lgv Zorﬁg%?%gf'v\seesg to 80,
drai n and chaneteih: porti ons or between source and channel portions of said

thin-filmt i stor. Al - The. t hi naki i ]
01 o ' ooy St 0Bl ot Bfch D R 98 Mg i i on
inpurity corhamel gbiton side efii ostactokrle imsaid drain eRsptes @ At AlagEade s LFentd the
in the rang& pfwilg teifiBRstip Sodies:"] andl x [err]. -

0.8 x Liddd < Lcontd = 1.2 x Liddd.

66. The thin-film semiconductor device as defined in any one .of claims 58 to 60,

wherein: _
when an LDD length of a source portion is Lidds and the distance from an edge thereof on a
channel portion side of a contact hole in said source portion to a gate electrode is Lconts, the
following relationship applies:
0.8 x Udds < Lconts < 1.2 x Lidds.

67. The thin-film semiconductor device as defined in any one of claims 58 to 60,

wherein:
said second impurity-doped semiconductor film is arranged over the entire region of source and

drain portions of a p—type thin-film transistor having an impuritv-doped semiconductor film to which

p-type impurity is implanted.
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62. The thin-filmsem conductor device as defined in any one of
clains 58 to 60, wherein: the maxi muminpurity concentration of said first

i mpurity-doped sem conductor filmis in the range of between 5 x [err] and

1 x-[err] - 63. . The thin?8i| m sem conduct or device as .
defined in any one of clains 58 to 60, wherein: an LDD | ength of a drain
portion or source portion is within a range of between 0.3 [err] and 4 64.
The thin-fil m sem conduct or device as defined in any one of clains 58 to

60, wherein: $8e | engt hAdPethog,gt fabrisating HHéf"f'bﬁ'f’é‘if"é‘ff‘%’ Seyfice SoMRRng R pojy-single-
filmwth a geristal semitaiductor filnk forimied loat anciasulating mytertal portion |vetich céilers at least one
Thethlnfllm t a y one of clains 58 to

60, wherein: rg%ﬂ gﬁ;‘% Fé’fgsﬁﬂs e gﬂgg'{swagtg? |on&| s LI ddd and the

di stance from ameemotmmmndmlaﬂlmmmenmktapmepbsi@mﬂetaowmm@mmmre that
'n said drai Bk befbnbfagéh ARY 6 :ﬁ]cﬁ?ih&félﬁ ab Sedds @&tfﬂn #drgudrPhdditeAlerate the growth
rel ati onship applies .8 x Llddd [err] Lcontd [err] 1.2 x Ll ddd.

The t hi n-fi | nfate:efi islands femenad fny said nudeigef | ned in any one of clains 58 to

60, wherein: \Aheaﬂpnaﬁhdgqa lhﬂﬂﬁwfbv%méa%@wa&t@@éidﬁﬁaéﬁahﬂ dds and the .

di stance from an edge thereof ?)n t"F‘ ort on .si (li‘? of a contact hole

in said source [BPIAMIEG animpuriy (¥“é'f'§8 Bﬁgssﬁai?:ﬁ'ﬁfksw B fol | owi ng

rel ati onshi p apphimpurity deselimpidnted by using saidlgate ¢léitrodd ad amaskiis eesithas tio imuleity dase
as defined in erein: said second

I mpur i ty-dopeﬁ'%%'ﬁ‘\%rhgn'%"&%rﬂém ?n%'ségsargr%aaﬁggd over the entire region of
source and drain portions of a p-type thin-filmtransistor having an: :

i npurity-dop sem cond | | . .
B! G, copegb.sem o K e b lcaudfy i skl dbbied SoriPirgd i
conprising a %W'sﬁ%@duﬁﬁlﬁlﬂhm’%‘me@ﬁdmﬂﬂﬂg M#W#W%V@Fhaﬁ?"ﬂ?sﬁ}l lgast (pge

mat eri al portﬂoﬁﬁbmlacihrﬁeé/sms.mwh@a&mmﬁgwste;s;rbfof a surface of a

substrate, conprisin t e ste a sem conduc
cheni cal vapor HeRsst J i g?’ ﬁ'&!"?'q’éﬂ%" deposition é't“*é"?f{ 't"ﬁlé’ Sonltions that
gener ati on r atardthe rﬂdﬁér&imr{ dat& ofamblematsaeeds sdeds fok FilmTolrastiont dndracediétate the growth

accel erate theteqlrf‘ nra rfat e q felfor med fromsaid nuclei, inplanting
an inpurity 59 usﬁfb 2 8 °Ime%at de"as a mask, and i mpl antlng an |rrpur|ty
by using a phot inpiarntiey aasmaurmabk ustMegenerelectrode as a mask, and

implanting an impurity after an insulation film is formed on the surface of the gate e!ectrode,
wherein:

an impurity dose implanted by using said gate electrode as a mask is less than an impurity dose
implanted after said insulation film is formed on the surface of the gate electrode.

70. The method of fabricating a thin-film semiconductor device as defined in either claim
68 or claim 69, wherein:

the generation rate of said nuclei is controlled by the deposition temperature, the growth rate
.of said islands is controlled by the deposition rate, and while said deposition temperature is 580°C

or less, said depasition rate is 6 A/minute or more. .

71. - The method of fabricating a thin-film semiconductor device as defined in either ciaim
68 or claim 69, further comprising the step of: '
annealing said semiconductor film at a temperature in the range of between 500°C and 700°C,

after said semiconductor film deposition step.

72. The method of fabricating a thin-film semiconductor device as defined in either claim
68 or claim 69, wherein:
an impurity dose implanted by using said gate electrode as a mask is in the range of between

2 x 10 cm2and 1 x 10" cm™2, and an impurity dose implanted by using said photoresist as a
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an inpurity dose inplanted by using said gate electrode as a mask is | ess
than an inpurity dose inplanted by using said photoresist as a mask. 69.

A nmethod of fabricating a thin-film sem conductor device conprising a
non--si ngl e- crystal semi conductor filmforne@on an insulating materi al
portion which covers at |east one portion of a surface of a substrate,
conprising the steps of: depositing a sem conductor filmby a chem cal
vapor deposition nethod under conditions that retard the generation rate of
nucl ei that af@sker andawyrityslose fmaigntest #ar istid insHigtionc i) is formed oR dheysustacs of Hiecgate
of islands foseebde) BN &l rAngiisdtRien § BOIGMEMPPGINAN Xk MY drk¥. by using a gate
el ectrode as a mask, and inplanting an inpurity after an insulation filmis
formed on the surface of 'the gate el ectrode, wherein: an inpurity dose

i npl anted by using said gate el ectrode as a nmask is less than an inpurity
dose inplanted after said insulation filmis formed on the surface of the
gate el ectrode. 70. . The nethod of fabricating a thin-film

sem conduct or device as defined in either claim®68 or claim69, wherein:

t he generation rate of said nuclei is controlled by the deposition
tenperature, the gromh rate of said islands is .controlled by the
deposition rate, and while said deposition tenperature is 5800C or |ess,
sai d deposition rate is 6 [err] or nore. 71. : The net hod of
fabricating a thin-filmsem conductor device as defined in either claim68
or claim®69, further conprising the step of: annealing said sem conduct or
filmat a tenperature in the range of between [err] and-[err], after said
sem conductor filmdeposition step. 72. The net hod of fabricating
a thin-filmsem conductor device as defined in either claim®68 or claim®69,
wherein: an inpurity dose inplanted by using said gate el ectrode as a nask
is in the range of between 2 x [err] and 1 x [err], and an inpurity dose

i npl anted by using said photoresist as a - 79 - mask or an inpurity dose
inplanted after said insulation filmis formed on the surface of the gate
el ectrode, is in the range between 5 x [err] and 1 x [err].
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