-1- Title of the Invention THIN FI LM SEM CONDUCTOR DEVI CE, PROCESS'ECR” ™
FABRI CATI NG THE SAME, AND SI LI CON FI LM Background of the Invention (Eield
of the lnvention) This invention relates to thin film sem conductor devices
fabricated on insul ative substances, such as thin filmtransistors,

t hr ee-di nensi onal LSI devices, etc., which are applied to active matrix
liquid crystal displays, etc., to a predess for fabricating the devices,
and silicon films. Specifically this invention relates to a process for
fabricating a thitnd idintsimmonrditciicor devi ce by | owtenperature processing
the steps of which are conducted at a maxi num tenperature equal to or |ower
t han about 600 [err|THIN FdIlH SEMBERPUOTOR REVECRec ®ROCESSad©®npanyi ng t he
enl argenent of screens of liquid crystal displays, and increases of their
resol utions, the driRABRSGASIINGD THEY SAMui 4NOr pILACOYHI FPILdys has changed
fromthe sinple matrix nmethod to the active matrix nmethod, and increasingly
| arger vol unmes of information can be displayed. The active matrix nethod

enabl es a |1 auig grystal, AR 10 N3YE

(Field of the Invention)

This invention relates to thin film semiconductor
devices fabricated on insulative substénces, such as
thin film transistors, three-dimensional LSI devices,
etc., which are applied to active matrix liquid crystal
displays, etc., to a process for fabricating the
devices, and silicon films. Specifically this
invention relates to a process for fabricating a thin
film semiconductor device by low-temperature processing
the steps of which are conducted at a maximum
temperature equal to or_lower than about 600 °C.
(Related Background Art)

Recently, accompanying the enlargement of screens of
liquid crystal displays, and increases of their
resolutions, the driving method for liquid crystél
displays has changed from the simple matrix method to
the active matrix method, and increasingly larger
volumes of information can be displayed. The active
matrix method enables a liquid crystal display to have
more than hundred thousands of picture elements, and
has one switching transistor for each picture element.

As substrates for such liquid crystal displays,



nore than hundred thousands of picture elenents, and has one sw tching
transi stor for each picture elenment. As substrates for such liquid crysta
di spl ays, -2- transparent insulative substrates, such as fused quartz

pl ates, glass or others, which enable transparent-type di splays to be
obtained. But in order to advance the enlargenent of the display screen and
its price reduction it is essential to-se i nexpensive ordinary glass as an

i nsul ative substrate. In thes chuns%a ce a progcess ;or Eabric%ting

thin filmtra §F§FBF§8F5r1858i3¥FH§ gH ﬁgfﬁgsshagiﬁ PP qai*a®er ySEal%di spl ay
: . I b L h.hi L 7 thi
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filmtransistgggpigyal kY 8EOEBRAYSedl ! i con or polycrystalline silicon is
used, but polycrystalline silicon, which has higher operational speed, is

nor e advant ageougutohint Bedeaseot Bakaackhihef hihtEanshst 6F khei Ntegrated up
to the driving circuit.

display screen and its price reduction it is essential

to use inexpensive ordinary glass as an insulative

substrate. 1In these circumstangeé, a process for

fabricating thin film transistors for operating an

active matrix liquid crystal display on an lnexpensive

glass substrate with high performance, retaining this

economy has been required.

As the channel semiconductor layer of a thin film
transistor, usually émorphous silicon or
polycrystalline silicon is used, but polycrystalline
silicon, which has higher operational speed, is more
advantageous for the case that a thin film transistor
is integrated up to the driving circuit.

Conventionally in fabricating such thin film
transistor, thermal oxidation has been used to form a
gate insulating layer. That is, to form the gate
insulating layer after the.formation of a channel
silicon layer, a substrate is inserted into an
oxidizing ambient atmosphere containing oxygen, (Op,
laughing gas U%O), vapor U&O), etc. to raise its
temperature to 800 - about 1100 °"C and partially
oxidize the channel silicon layer. On the other hand,

various processes have been tried in fabricating thin



Conventionally in fabricating such thin filmtransistor, thermal oxidation
has been used to forma gate insulating layer. That is, to formthe gate
insulating | ayer after the formation of a channel silicon layer, a
substrate is inserted into an oxidi zi ng anbi ent at nosphere contai ni ng
oxygen, (O[err]2), laughing gas (N20), vapor (H20), etc. to raise its
tenperature to 800 - about 1100 [err]C3and partially oxidize the channel
silicon layer. On the other hand, various processes have been tried in
fabricating thRinm sem3confduciosemievdrdcuaingepbtesrysitag lpakycrystalline
silicon at maxi mum processi ng tenperatures bel ow about 600 OC at which
i nexpensi ve osdilizon gltassxdamrberosedsifigeyeaperexumpki beddwbynbod process
in which a channel sem conductor layer is formed as-deposited poly-
crystal line siBloiCcof whii eiipiich pmepapesd e bodipesysglessheanchle USSol-
deposition (LPCVD) with the deposition tenperature of about 600 [err]C or
nore, and t hedhgygare exemprddifdgd bvmthe PEPREEShYReMBACPoR Eh@pdredt r on
resonance plasma CVD (ECR-PECVD) and is further .

semiconductor layer 1s formed as-—-deposited poly-

crystalline silicon which is prepared by low pressure

chemical vapor deposition (LPCVD) with the deposition

temperature of about 600 °C or more, and then a gate

insulating film is formed by electronic cyclotron

resonance plasma CVD {ECR-PECVD) and is further

subjected to hydrogenation by e.g., hydrogen plasma

radiation. They are also exemplified by the process in

which an amorphous silicon thin film is deposited on a

channel semiconductor layer, then is heat-treated for

about 24 hours at 600 °C, and then a gate insulating

film is formed by atmospheric pressure chemical vapor

deposition (APCVD) and is subjected to hydrogen

treatment (Japanese J. Appl. Phys. 30L 84, {iL91).

But a number of problems have been pointed out with

the above-—described prior art processes. Firstly, a

problem with the formation of a Sio2 film by thermal

oxidation is the heat resistance of thin film layers

and a substrate below the oxide film because the

formation of the oxide film involves heat treatment at

a high temperature above 800 °C. For example, in the

fabrication of switching transistors for a large screen

liquid crystal display, nothing other than very



subj ected to hydrogenation by e.g., hydrogen plasnma radiation. They are

al so exenplified by the process in which an anorphous silicon thin filmis
deposited on a channel sem conductor layer, then is heat-treated for about
24 hours at 600 [err]C, and then a gate insulating filmis forned by

at nospheric pressure chem cal vapor deposition (APCVD) and is subjected to
hydrogen treatnent (Japanese J. Appl. PHys. 30L 84, [err]L91). But a nunber
of probl enms have been pointed out with the above-described prior art
processes. Firexpynsaver phkem auahttheahos bahd ohhefhibglsi Bmpetratbyesher ma
oxidation is the heat resistance of thin filmlayers and a substrate bel ow
the oxide fil nihethuge-dhmefisianel ohSof dehecexiae ¥¢ln | ks vebBennat
treatnment at a high tenperature above 800 [err]C For exanple, in the
fabrication ofolifiathpRgcenrnnsi Beopsaebicallarigeedchesnusegtird &pysra

di spl ay, nothing other than very - 4- exgensive fused quartz can stand

the high tenpeta¥eFetT2PRifhPES- AF AefCFBRAPT 2P gRYi BRE BiERel |, this

t her nmal oxidatLon canpot be practically used because the | ower
emperatures.

Next, a problem with the process in which a channel
semiconductor layer is formed by LPCVD as-~deposited
poly-crystalline silicon, and a gate insulating film is
formed by ECR-PECVD and is further subjected to
hydrogen plasma treatment is that the resultant thin
film_semiconductor has a mobility as low as 4 — 5
cn@/v-sec., which is so far insufficient for thin film
semiconductor devices. 1In addition, this hydrogenation
treatment, which is conducted for the improvement of
properties of the thin film semiconductor device,
etches parts of the various thin films thereof, with
the adverse result that scme of a number of the thin
film semiconductor devices are broken. A problem with
the process in which an amorphous silicon thin film is
deposited as a channel semiconductor layer and is
subjected to heat treatment at about 600 °C, and then a
gate insulating film is formed by APCVD and is
subjected to hydrogenation treatment by hydrogen plasma
radiation or others is that the resultant thin film
semiconductor dévice has an interface trap level as
high as about 10”, and exhibits properties of the

depletion—-type semiconductor device, which is so far



| ayer transistors are deteriorated by the high tenperatures. Next, a
problemw th the process in which a channel sem conductor |ayer is forned
by LPCVD as-deposited poly-crystalline silicon, and a gate insulating film
is formed by ECR-PECVD and is further subject ed to hydrogen pl asma
treatnent is that the resultant thin film sem conductor has a mobility as
low as 4 - 5 cnferr]/v sec., which is s@-far insufficient for thin film
sem conductor devices. In addition, this hydrogenation treatnent, which is
conduct ed for timesufifprcdwerteftoroftipy dpeint ifad mofs ertie onkiiue tfoxl miesdmecoriduct or
device, etches parts of the various thin filnms thereof, with the adverse
result that somelddftimmurtier sefme pgrathiem fas rehedmiogediredorinddeces ar e
broken. A problemw th the process in which an anorphous silicon thin film
i s deposited advArOEEMIdLcTehredfdtorln &pe PARY Licdiss PBjOSE@SE&d 1S heat
treatment at abaut 600 [err C, and then a gate insul atin fI|mIS ,forrred by
APCVD and i s SGtjiedt & : SHeatith A B eRE Y thy gy I

radi ati on or other.s i dl B&rt e resul tant .t mconductor devi ce

ilm
has an i nt erfa@@"‘f"‘r"éj HGH £&M95u¢ el(ffflé)ﬁl &% exhibits
properties of th%%o%%%le%ﬁfscﬂ HRE SEBPIG Gy %Via%%’a."m' ch is so far

In these circumstances has been expected a thin film
semiconductor device which has a high mobility and, on
the other hand, a clean MOS interface and a low
interface trap level, and does not exhibit depletion,
and a process which can fabricate such thin film
semiconductor devices having these advantages
homogeneocusly and stably on a large area and is free
from the hydrogenation treatment in the fabricating

steps of such thin film semiconductor devices.

Summary of the Invention

This invention has been made in view of these
circumstances, and an object of this invention is to
provide a MIS thin film semiconductor device including
a semiconductor device which is fabricated by
low-temperature processing whose maximum processing
temperature is below about 600 °C, and has good
semiconductor properties, and a process for fabricating
such thin film semiconductor devices homogeneously and
stably on a large area.

It is another object of the present invention



-5- insufficient for the thin filmsem conductor device. In addition, the
sanme problem as that involved in the hydrogenation treatnent in the

previ ous process is still unsolved, with the adverse result that thin film
sem conduct or devi ces cannot be fabricated honbgeneously and stably on a

| arge area. I n these circunstances has been expected a thin film

sem conduct or device which has a high-febility and, on the other hand, a
clean MOS interface and a low interface trap | evel, and does not exhibit

depletion, andtg pre¢eas whkehieandhialbircakeisdChohprNsthkMmasergepduct or
devi ces havi ng these advantages honbgeneously and stably on a | arge area

and is free froealinheohpdaoganat sabstiraaknraving bbeléabti gasupgaskeps of
such thin fil msem conductor devices. Summary of the Invention This

i nvention has Beemedadé Bn ¥newletivhemeterielpsthacesliaod &mlmbj ect of
this invention is to provide a MS thin filmsem conductor device including
a seni conduct obedegi beawhitrhatedf albr rchewdepgture below 600 °C and

being partially coated with a silicon oxide film formed
by electronic cyclotron resonance plasma CVD.

It is more another object of the present invention
to provide process for fabricating a semiconductor
device in a MIS field-effect transistor including a
channel region formed on one face of a substrate having
at least a surface formed of an insulative materiél, a
source region and a drain region, and a gate electrode
opposed to the channel region through a gate insulating
layer the semiconductor device having at least either
of the source and the gate the regions.not superposed
on the gate electrode through the gate insulating film,
the process comprising the step of forming a silicon
film constituting a channel silicon film semiconductor
layer, and the step of forming the source and the drain
regions; and the step of heat-treating at a temperature
below 600 °C the substrate with the channel region, and
the source and the drain regions formed on.

The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not to

be considered as limiting the present invention.



| ow-t enper ature processi ng whose maxi num processing tenperature i s bel ow
about 600 [err]C, and has good sem conductor properties, and a process for
fabricating such thin filmsem conductor devices honogeneously and stably

on a large area. It is another object of the present invention -6- to
provi de a sem conductor device conprising a silicon filmforned on a
substrate having at |east a surface for of an insulative material? the

silicon filmbeing heat-treated at a tenperature bel ow 600 [err] C and bei ng
partially coated w tFuntBeri soopexpleapplicdbi hitly byf etleetpoasentycl ot ron
resonance plasma CVD. It is nore another object of the present invention to
provi de processippentien¢illngeacsentepaseet ofreevike datalies

field-effect transistor including a channel region forned on one face of a
substrate havi ngeS¢TFRELPN a8LVPRARETEOPREHED! AFCYRHEN ativeShRteti B, a

source region and_ a dyai egjo and, a, aée el ectrode o sed to_the

channel region tREBEY °%&géPg£iﬂ§ﬁI§?Fﬁb9? y%?s?ﬂ%pgﬁ%?c%ﬁ%u%?%?lﬁéeice
having at leaSteEQ%gfés, while indicating preferred embodiments of the
invention, are given by way of illustration only, since
various changes and modifications within the spirit and

scope of the invention will become apparent to those

skilled in the art form this detailed description.

Brief Description of the Drawings

FIGs. 1A to 1E show sectional views of the silicon
thin film semiconductor device according to an example
of this invention in the respective fabrication steps;

FIG. 2 is a schematic view of the electronic
cyclotron resonance plasma CVD device used in thé
examples of this invention;

FIG. 3 is a view explaining an effect of this
invention;

FIG. 4 is a view explaining an effect of this
invention;

FIGs. 5A to 5C show sectional views of the silicon
thin film semiconductor device according to an example
of this invention in the respective fabrication steps;

FIG. 6 is a view explaining an effect of this
invention;

FIGs. 7TA to 7D show sectional views of the silicon



of the source and the gate the regions not superposed on the gate el ectrode
through-the gate insulating film the process conprising the step of
forming a silicon filmconstituting a channel silicon film sem conduct or

| ayer, and the step of formng the source and the drain regions; and the
stéep of heat-treating at a tenperature 4 ow 600 [err]C the substrate with
t he channel region, and the source and the drain regions fornmed on. The
present invention will becone nore fully understood fromthe detail ed
description gi wedy hefeimbel i dud f8r aESONRANYd AW M i Sa Wil edgf € gi ven
by way of illustration only, and thus are not to be considered as limting
the present inuentiis inventidnirimeths consaft applioabidddyorofstdiss present
invention will beconme apparent fromthe detail ed description given

herei nafter. HoweVElGs i t84 hiowl &F heham desst vmch I hatewshes tletted |seidl kascr i pti on
and specific exanples, while indicating preferred enbodi nents of the

i nvention, are Wilvertynwgmifordieker alévicorocomsiinge vardnwesxatmiyges and
nodi fications within the spirit and

of this invention in the respective fabrication steps;
FIG. 9 is a view explaining an effect of this
invention; and
FIGs. 10A to 10D show sectional views of .the silicon

thin film semiconductor device according to an example

of this invention in the respective fabrication steps.

Description of the Preferred Embodiment

Example 1

Examples of this invention will be explained with
reference to the drawings attached hereto, but this
invention is not limited to the examples.

FIGs. 1A to 1lE are sectional views showing the steps
of fabricating a silicon thin film semiconductor device
constituting a MIS field-effect transistor of a
non-self-aligned staggered structure according to
Example 1 of this invention.

In Example 1 a substrate 101 was a 235 mm-square
fused guartz glass. But the substrate may be a material
of any kind and size as long as the material can stand
a maximum processing temperature of 600 °C. For
example, in addition to ordinary glass sﬁbstrates,

semiconductor substrates, as of silicon wafers, LSIs



scope of the invention will become apparent to those skilled in the art
formthi$§ detailed description. Brief Description of the Drawings FIGs. 1A
to | E show sectional views of the silicon thin film sem conductor device
according to an exanple of this invention in the respective fabrication
steps; FIG 2 is a schematic view of theSelectronic cyclotron resonance
plasma CVD device used in the exanples of this invention; FIG 3 is a view
expl aining an effect of this invention; FIG 4 is a view explaining an
effect of this iamderhres-dinehsi2hall0 BEsshewisachirangkokie@Waqof the

silicon thin filmsem conductor device according to an exanple of this
i nvention in thercespest ofe sfidhcionatiagrrst,epnd EeCambci sudstiraweexpl ai ni ng
an effect of this invention; FIGs. 7A to 7D show sectional views of the
silicon - 8- SHich fis| middeionocdortide ,deviuménaccelddmigumondhrédanpl e

etc. can be used.

The substrate 101 was immersed for ultrasonic
cleaning in an organic solvent, such as methyl ethyl
ketone, methylisobutyl ketone, cylohexane or others.
Following this cleaning, the substrate was .dried in
nitrogen or under a reduced pressure, then was
ultrasonicQCleaned by ethanol, and was washed with
nitrogeanubbled pure water. Subsequently the
substrate 101 was immersed for 5 minutes in a boiling
60 % concentration-nitric acid, and then was washed in
nitrogen bubbled pure water. 1In the case the substrate
101 is, e.g., a metal which is corroded or deteriorated
with acids, the cleaning with nitric acid is not
necessary. This strong-acid cleaning may use sulfuric
acid or others in addition to nitric acid.

On the thus-prepared quartz substrate a silicon
oxide film (Sioz) 102 as a protective underlayer film
was deposited in a 2000 A-thickness by atmospheric
pressure chemical vapor deposition (APCVD). In the
case that the above-mentioned various materials are
used as the substrate 101, this Siozprotective
underlayer film 102 is necessary to stabilize the film
quality of a silicon thin film to be deposited later

thereon, and the performance of a thin film transistor



of this invention in the respective fabrication steps; FIG. 8A to 8F show
sectional views of the silicon thin film sem conductor device according to
an exanple of this invention in the respective fabrication steps; FIG 9 is
a view explaining an effect of this invention; and FIGs. 10A to | OD show
sectional views of the silicon thin fidino-sem conductor device according to
an exanple of this invention in the respective fabrication steps.
Description of the Preferred Enbodi nent Exanple 1 Exanples of this

i nvention wil 't@%&%ﬁﬁé@%ﬂ%ﬁé&ﬁ ef ef enaee t&é&%ﬁ@‘%w%ﬁéﬁfé@ hereto,
but this invention is not limted to the exanples. - FIGs. 1A to 1E are

sectional viewss show ng dheosd Bpsrpfgfadd | cald rdt&dd ivedruddd i £3dm
sem conductor device constituting a MS field-effect transistor of a

non-sel f - al i gnethist BEerest 51 s et th enh Breder ding dior o eardd of this

i nvention. In Exanple 1 a substrate 101 was a 235 mm square fused quartz
gl ass.. But theistbstiai eoayhdeneb ikt etored, afs anfy dadidimancetsi ze as | ong as
the material can stand a maxi mum processing tenperature of 600 [err]C. For
exanpl e, in adntainad o dikerglagsiskntubthe dirgnsistor region, or

in the case that the substraté 101 is a ceramic plate,
the protective underlayer film 102 functions to hinder
the diffusion and intrusion of the sintering. assistant
materials contained in the ceramic substrate into the
transistor region. The protective SiO2 film 102 is
essential to secure insulation in the case that the
substrate 101 is a metal plate. In three- dimensional
LSIs, the protective underlayer film 102 corresponds to
an inter-layer insulating film, e.g., between
transistors or between lines. In depositing the SiO2
film 102, the substrate temperature was kept to 300 °C,
and 600 SCCM of silane diluted to 20 % with nitrogen
was used together with 840 SCCM of oxygen in order to
deposit Sio2 film by APCVD. The depositing speed of the
SiO2 film was 3.9 A/sec.

Subsequently a silicon thin film 103 containing a
dopant as donors or acceptors was deposited by low
pressure CVD. Sipce Example 1 is intended to fabricate
an n-transistor, phosphorus was selected as the dopant.
But, in place of phosphorus, an element of Groups 5 and
6 can be added as a dopant element for an n-transistor,

and for a p-transistor boron or a different element of



sem conduct or substrates, as of silicon wafers, LSIs -9- and

t hree-di nensional LSIs, which are processed products of silicon wafers, and
ceram ¢ substrates, such as silicon carbide, alum na, alumnumnitride,

etc. can be used. The substrate 101 was inmmersed for ultrasonic cleaning in
an-organi ¢ solvent, such as nethyl ethyliketone, nethylisobutyl ketone,

cyl ohexane or others. Following this cleaning, the substrate was dried in
nitrogen or under a reduced pressure, then was ultrasonic-cleaned by

ethanol, and weg.ogshed AMd By Ridd egen:dadDl2d AW st %rlem%lﬁliseqbt@ﬁté y the
substrate 101 was irmmersed for 5 mnutes in a boi ing 6

concentrat i on- kidpaing -a@ddd a1d itdeen teas washedoian iR & @ge_rt Riplelleedh pure
water. In the case the substrate 101 is, e.g., a netal which is corroded or

deteri orat ed wishmrae dad tdieicl eapivg ist koniver iforaeidd iahdndln necessary.

This strong-acid cleaning may use sulfuric acid or others in addition to

nitric acid. Oaddie itomuS-opOdParaesd wpeal tinn fFxagiplat ¢ ,a tdiel ifddm 103 can
be formed by a technigque in which an intrinsic silicon
film containing no dopant is first formed, and then a
dopant is added to the intrinsic silicon film by
diffusion in a gas phase, or in a solid phase in
contact with the intrinsic silicone film 103; by a
technique in which an ionized dopant is implanted into
the intrinsic silicon film 103, or by other techniques.
These technigues in which the intrinsic silicon film
103 is first formed, and then a dopant is added to the
intrinsic silicon film 103 by diffusion or ion
implantation enable a dopant to be added to a required
part of the intrinsic silicon film 103. Consequently a
self-alignment transistor having the gate electrode
terminal, the source terminal and the drain terminal
self-aligned can be fabricated. It is also possible to
change an electric current density and a specific
electric resistance in the intrinsic silicon film 103
so as to cause a current to flow through a required
part by varying a dopant concentration corresponding to
parts.

In Example 1, since phosphorus was used as the

dopant, a mixed gas of phosphine (PHQ and silane was

used in depositing the doped silicon thin film 103 in a



oxide film (SiQ2) 102 as a protective underlayer filmwas deposited in a
2000 A-thickness by atnospheric pressure chem cal vapor deposition (APCVD).
In the case that the above-nentioned various materials are used as the
supstrate 101, this SiO protective underlayer film 102 is necessary to
stabilize the filmquality of a silicon thin filmto be deposited |ater
thereon, and the perfornmance of a thinifid mtransistor to be forned
therein. In the case that the substrate is, e.g., an ordinary glass, the
protective undesbaykrthitxmddR.functions to hinder the diffusion and
intrusion of the nobile ions, as of sodium etc., contained in the glass
into the transistdorn Exghphe by thethéléase thie fhbnsubstvase 101 is a

ceramc plate, the protective underlayer film 102 functions to hinder the
di ffusion and £APPELT®R BY tABSENAt 8PP ngCEdsPStmpROThRi2Re al &€ RePaPhied in
the ceramic substrate into the transistor region. The protective Si film

102 is essentiEFetBe§§EﬂFB§?ﬁEﬁ}ﬁ?iBﬁxFﬁ R %53%9t5é¥.?%éh% bt rafe 101 is
aometal plate. g AN eendLiRISh O"ahat B8 shBY BF SN eI PRI AYSL T ™
a 184.5 volume-low pressure CVD furnace at a depositing
temperature of 600 °C and a furnace interior pressure
of 100 mtorr. The depositing rate at this time was
29.6 °C/min., and the sheet resistance immediately
after.the deposition was 2025 Q/square.

Subsequently a resist was formed on the silicon thin
film 103, and the silicon thin film 103 was patterned
with a mixed plasma of carbon tetrafluoride (CF4) and
oXygen (02), and a source and a drain regions 103 were
formed (FIG. 1A). Then the thus-fabricated substrate
was immersed in boiling nitric acid for 5 minutes to
remove residual resist and then immersed in 1.67
%-hydrofluoric acid for 20 seconds to remove the
natural oxide film on the surfaces of the source and
the drain regions 103. Immediately a silicon thin film
for a channel region was deposited by low pressure CVD.

At this time, the volume of the low pressure CVD
reaction furnace was 184.51, and the substrate was
placed horizontally near the center of the reaction
furnace. Raw material gases,,and dilution gases, such
as helium, nitrogen, argon, hydrogen, etc., were fed as

required from a lower portion of the reaction furnace



an inter-layer insulating film e.g., between transistors or between |ines.
In depositing the SiQ2 film 102, the substrate tenperature was kept to 300
[err] CS’ and 600 SCCM of silane diluted to 20 %with nitrogen was used
together with 840 SCCM of oxygen in order to deposit SiJerr]2 film by
APCVD.- The depositing speed of the Sio[err] filmwas 3.9 Alsec.
Subsequently a silicon thin film 103 cexg-ai ning a dopant as donors or
acceptors was deposited by | ow pressure CVD. Since Exanple 1 is intended to
fabricate an n-dmdarstrstuorted hfosph orusappess geimEcitced s thee mhgmdniton But, in
pl ace of phosphorus, an el enent of Goups 5 and 6 can be added as a dopant
el enent for an fpanagsi stArounxhdtorowt pidg Afsitdeorrdantorprorf urnided afent

el enent of G oups 2 and 3 can_ be added as a dopant elenent. This

dopant - added si94a0% t1Herq ivas 1OFEReS e parkealfst qay Seurtdeehd drain
region is to be forned, and in addition to CVD as used in Exanple 1, the
film 103 can b&RATAF HPRLT ecHhithAt % WA dHEPEhFFKIE G licon film

contal ni ng o dopant, 1.8 155 LOLIEh o 208 S hiPRA: 't d0 She

the reaction furnace by adjusting the three zones
independently. This iso thermal zone spread about 350
mm high, and a temperature difference in this range was
within 0.2 °C when the temperature was set at 600 °C.
When substrates are loaded at a 10 mm—interval, 35
sheets of substrates can be treated. 1In Example 1, 17
sheets of substrates were loaded in the iso thermal
zone with a 20 mm-interval.

The exhaust was performed by a rotary pump, and a
mechanical booster pump directly connected to the
former, and the pressure in the reaction furnace was
measured by a capacitance (Baratron manometer presented
by MKS Company), whose measured value does not depend
on kinds of gases. When the reaction furnace was
evacuated at 550 °C by both pumps with the gas—-feed
valve closed, the reaction furnace interior pressure
was 0 mtorr, and the degree of background vacuum was
below about 10™* torr at worst.

Immediately the substrate having the source and the
drain regions 103 formed on, and in which the natural
oxide films on the surfaces of both regions have been

removed was inserted in a low pressure CVD reaction



diffusion in a gas phase, or in a solid phase in contact with the intrinsic
silicone-film103; by a technique in which an ionized dopant is inplanted
into the intrinsic silicon film 103, or by other techni ques. These
techniques in which the intrinsic silicon film103 is first forned, and
then a dopant is added to the intrinsic silicon film 103 by diffusion or
ion inplantation enable a dopant to be-ddded to a required part of the
intrinsic silicon film 103. Consequently a self-alignment transistor having
the gate el ectr qdernagiali nalhe trivecaOlere & ureratiendin taid otrh e ethpaira thefemiatal |
self-aligned can be fabricated. It is also possible to change an electric
current density tdred tdmsped fihe dmetrtiionr edl shancabistrialte watsr kegitc ati | 1 con
film103 so as to cause a current to flow through a required part by
varyi ng a dopantd3Soricerstoatti g9 cord-esfilnidi ngmperpaurs. wias Eeanphe 1, since
phosphorus was used as the dopant, a m xed gas of phosphine (PH3) and
si | ane was used AUFP@SFoStt MG ITHE g ddresifiorast iom @ ff nahured ioxlgle - 12-

films on the source and the drain regions 103. It is

preferable to keep the reaction furnace interior

temperature as low as possible. It is possible to keep

the reaction furnace interior temperature at, e.g., the

room temperature, but a time exceeding some hours is

necessary to raise the furnace interior temperature to

a deposition temperature, and to return the depositing

temperature to the room temperature after deposition,

some hours are also necessary. At the time of the

insertion of the substrate into the reaction furnace,

about 4 - 10 SLM of nitrogen was caused to flow in the

reaction furnace, keeping the interior in an inert

ambient atmosphere. A nitrogen curtain of about 6 - 20

SLM of nitrogen was formed near the entrance of the

reaction furnace, so that the inflow of air at the time

of the insertion of the substrate was kept minimum. If

moisture in air, or oxygen should enter the reaction

chamber, it will be adsorbed on the Si layer of the

inside wall of the reaction furnace, or will react with

the Si and reside on the furnace. When a silicon film

for the channel region is deposited, the moisture or

oxygen will be released as gases which will cause

degradation of the film quality of the deposited



1500 A-thickness. In Exanple 1, the silicon thin film 103 was deposited by
causi ng 200 SCCM of nonosilane, 6 SCCM of the helium phosphi ne m xed gas of
99.5 % of heliumand 0.5 % of phosphine, and 100 SCCM of heliumto fl ow
into a 184.5 vol ume-1ow pressure CVD furnace at a depositing tenperature of
600 'C and a furnace interior pressure of 100 ntorr. The depositing rate at
this time was 29.6 [err]C min., and thegssheet resistance i mediately after
t he deposition was 2025 @ square. Subsequently a resist was forned on the
silicon thin fidm{403% @nd,the silicon thin film 103 was patterned with a
m xed plasma of carbon tetrafluoride (CFlerr]) and oxygen ((Jerr]), and a
source and a drai mf&gh oite Lk vet forf O eched Hubsth)te , TheR theicuation

t hus-fabricated substrate was imersed in boiling nitric acid for 5 m nutes
to renove resi duad z esssdtagndtddierwamreraerthdtredl. 6 T dstnedriefdkagre ¢ acid for
20 seconds to renove the natural oxide filmon the surfaces of the source
and the drain rtefonstiedafriadi afwinace sids gor fdeitd ¥f ilsoladreda witdnnel
regi on was deposited by | ow pressure CVD. At this time, the volume of the

| ow pressure CE ¥ ddeg i'ohl¥af eyl aging ¥ 1 tdn d-heh e epagidiomtfaingese ol aced

hori zontally near the center of the reaction .
closed to check changes of the reaction furnace

interior pressure. In Example 1, the reaction furnace
interior pressure was belcw 1 mtorr after 2
minute—-isolation at a reaction furnace interior
temperature of 400 °C. After the leakage test found
that there was no abnormalities, the reaction furnace
interior temperature was raised from 400 °C to a
depositing temperature. In Example 1, a silicon thin
film for the channel region was deposited at 550 °(C,
and one hour was taken to raise the reaction furnace
interior temperature. Although it takes about 35
minutes for the furnace interior temperature to reach
the depositing temperature of 550 °C, a temperature-
raising period of one hour or more at shortest,
preferably of some hours, is preferable also for the
purpose of releasing the gases from the furnace wall.
During thils temperature-raising period, the two pumps
were in operation to cause an inert gas or a reductant
gas of at least a 99.995 % or higher purity to flow.
The inert or reductant gas may be a pure gas, such as
hydrogen, helium, nitrogen, neon, argon, xenon, krypton

or others, or may be their mixed gases. In Example 1,



furnace. Raw material gases,,and dilution gases, such as helium nitrogen,
argon,. hydrogen, etc., were fed as required froma |l ower portion of the
reactian furnace -13- and exhausted from an upper portion of the
reaction furnace. Around the outside of the reaction furnace of quartz
there was di sposed a heater having three separate zones, so that a iso
thermal zone of a required tenperature-t6édl d be fornmed near the center of
the reaction furnace by adjusting the three zones independently. This iso
thermal zone spsadahowr IR0 R ok andmod enmpeer atiwhe rdighfrartgnaas n this
range was within 0.2 0C when the tenperature was set at 600 [err] C. Wen
substrat es are daoetel tat contimmuisityerflady, 3ds et 3-e@fc tswls thatres=ecan be
treated. In Exanple 1, 17 sheets of substrates were |oaded in the iso
thermal zone wiitterizy mnasausresas Bie Texhdut W@ mperforned by a rotary
punp, and a nechani cal booster punp directly connected to the forner, and

the pressure in tHE e adhorsastiae P diter oy deamesrattditce

(Baratron manoneter presented L .
reached the depositing temperature, a required amount

of silane, a raw material gas, or of a mixed gas of
silane and a dilution gas was introdpced into the
reaction furnace to deposit a silicon thin film 104.
As the dilution gas, the same combination of gases that
was caused to flow during the temperature-raising
pericd can be used, and what is preferred is that the
respective gases have a 998.999 % or higher purity. In
Example 1, in place of a dilution gas, 100 SCCM of
silane of a 99.999 % or higher purity was caused to
flow to deposit the silicon thin film 104. At this
time, the reaction furnace interior pressure was kept
at 398.6 * 1.9 mtorr by adjusting a conductance valve
disposed between the reaction furnace and the
mechanical booster pump. In Example 1, the silicon
thin film 104 for the channel region was deposited at
the deposition rate of 21.2 A/min. in a 248 A-film
thickness.

In Example 1, the deposition of the silicon thin
films were conducted by LPCVD using monosilane as the
raw material gas. In place of LPCVD, plasma CVD,
APCVD, sputtering, etc. can be used. The raw material

gas 1is not limited to monosilane gas, and higher order



by MKS-Conpany), whose neasured val ue does not depend on kinds of gases.
When the reaction furnace was evacuated at 550 C by both punps with the
gas-feed val ve closed, the reaction furnace interior pressure was 0 nmtorr,
and the degree of background vacuum was bel ow about 10[err] torr at worst.
| medi-ately the substrate having the source and the drain regions 103
formed on, and in which the natural oxtd@-filns on the surfaces of both

regions have beem [,goved yass | PEST {66k | 1A d O e H MR F S Aon
-14- furnace. The reaction furnace Interior tenperature at the tinme of the

insertion of thersubsid ale yhso kefda at BY5Sd WP PoAIBI L tolhieposit

tenperature was for the purpose of minimzing the formation of natura

oxide filns on {he SO &en atthid hei tiaivy rgg e viddherdtdidmedrefreiad e to
keep the reaction furnace interior tenperature as |ow as possible. It is
possi bl e to keavhdeus gartvan dus e indterdmy dfenpier athove-atentelaned t he
roomtenperature, but a tinme exceeding sone hours is necessary to raise the
furnace interioraw empegatak=. to

Subsequently the thus-prepared substrate was
heat-treated to improve the crystallinity of the
silicon thin film 104 and to increase the crystal
grain. The heat-treating furnace was a vertical
furnace and was kept usually at 400 °C. 20 SLM of
nitrogen gas of a 99.998 % or higher purity was kept-
flowing to retain the interior of the heat treating
furnace in the inert ambient atmosphere. The substrate
which was in an equilibrium with the room temperature
was inserted for 17 minutes in the vertical
heat-treating furnace of 400 °C. The interior of the
heat-treating furnace was kept at 400 °C for 30 minutes
after the insertion of the substrate, and after the
interior temperature of the heat treating furnace
reached 400 °C evenly all over the interior of the heat
treating furnace independently of a position of the
substrate, the interior temperature of the furnace was
raised to 600 °C. The substrate could have the same
heat history anywhere irrespective of the position of
the substrate in the heat treating furnace by keeping
the furnace interior temperature first at 400 °C for 30

minutes. This made the crystallization of the silicon



a deposition

tenperature, and to return the depositing tenperature to

room t-enperature after deposition, sone hours are al so necessary. At

time of the i

nsertion of the substrate into the reaction furnace, abo

10 SLM of nitrogen was caused to flow in the reaction furnace, keepin
interior in an inert anbient atnosphere. A nitrogen curtain of about
SLM of nitrogen was formed near the entlBance of the reaction furnace,

(}Wfl%f %' L%j%tneo & U Qi G 'nrlzc%rt&‘ %“w%{ eﬁc% sSubglyate was

that the infl
kept m ni mum

nair, or oxygen € reaction

t he

t he

ut 4 -
g the
6 - 20
SO

chamber, it ‘Maﬂwag% QQ%@rQ%%tQQddﬂ%f§ h@%%% efalthe rbgiite WRlinaefe t he

reactlon furnace, "or wl react with the Si and reside on the furnace.

a silicon fil @pfomnyt ft@lecli%rl@lleartqm Rt sodepesithed inthe iR Slruideor oxygen
will be released as gases which will cause degradation of the filmqu

of the deposi

et trebiing Ifheeiadd hNosAf tverl ulfee wialss abbuan 176 ttHeer

substrate, the evacuation and a | eakage test were conducted. In the

was replaced completely by nitrogen ambient atmosphere.
The temperature increase from 400 °C to 600 °C was
performed over abou£ one hour, and after the
temperature equilibrium was obtained at 600 °C, the
silicon thin film was crystallized by the heat
treatment over more than 7 hours. In Example 1, the
heat treatment was conducted for 23 hours after the
temperature reached 600 °C.

The thus-—-prepared silicon thin film was patterned
using a resist, and then etched with mixed plasma of
carbon tetrafluoride (CF4) and oxygen (02), and a
channel silicon thin film 105 was formed (FIG. 1C). In
Example 1, an etching speed of this silicon thin film
was 2.1 A/sec under a 700 W-output, a 15 Pa-vacuum
and plasma dischargé of CF, and o, in the ratio of 50
SCCM : 100 SCCHM.

Next, this substrate was cleaned with boiling 60
%—concentration nitric acid and then immérsed in 1.867
%—hydrofluoric acid aqueous solution for 20 seconds to
remcve thé natural oxide films on the source and the
drain regions 103, and the channel silicon thin film
105. Immediately after the clean silicon surface was

exposed, a Sio2 film 106 as a gate insulating film was

When
ality

eakage



test, ‘the reaction furnace was perfectly isolated with all the val ves
comuni cating with the reaction furnace closed to check changes of the
reaction furnace interior pressure. In Exanple 1, the reaction furnace
interior pressure was below 1 ntorr after 2 mnute-isolation at a reaction
furnace interior tenperature of 400 [err]C After the | eakage test found
that there was no abnormalities, the rd&ction furnace interior tenperature

df 400 d t I
11 con thin {RPROPAFSEh ycﬁiﬁﬁargﬁég. beaak RBobertbinar RECSFR FYE ane
one hour was t gggcgo(ﬁ EEOB ngﬁgbgnﬁggénagﬁ |nt§féor t egpgrature.

Al t hough it ta es about mnutes for 't ur nace |nter|or tenperature to

reach the depogbhbmat&enpﬁéatH%etﬁé ReR- b@&vbchealaénaééatyﬁeEXAﬁbiéng
period of one hour or nore at shortest, preferably of sonme hours, is

preferabl e al s@ forntiepBYiROEE eﬁerghea8kﬂgu§5elﬂ§5ﬂﬁlﬁr0ﬁ1&Beeﬁﬁrnace
wall. During this tenperature-raising period, the two punps were in

operation to catiseogavesewbrgagudted fiaduchantagasonfchambenstoa 99. 995 %
or higher purity to flow. The inert or reductant gas nmay be a pure gas,
such as hydrogbhrohghi anvamegndgen20mnedn, fargoh90oxeoom, oRr gpygenofedt her s,
or may be their m xed gases. In Exanple 1,
through a gas—feed pipe 203 into a plasma. At this
time, the output of the microwaves was 2250 W, and a
875 Gauss magnetic field was applied to theﬂoxygen
plasma in the reaction chamber 202 by an outside coil
204 disposed around the outside periphery of the
reaction chamber 202 so that the electrons in the
plasma satisfied the ECR condition. This oxygen plasma
was drawn out of the chamber by the above-mentioned
divergent magnetic field to radiate for 10 seconds the
substrate 205 positioned perpendicular to the plasma.
A heater 205 was deposed behind the substrate 2086 to
keep the entire substrate 205 at 100 °C. At this time
the reaction chamber interior pressure was 1.85 mtorr.
Another gas—feed pipe 207 was disposed immediately
behind the oxygen plasma drawing-out opening. After
the oxygen plasma had become stable in 10 seconds, 60
éCCM of 99.999 ¥ or higher-purity silane was mixed in
the oxygen plasma. The thus-prepared oxygen/silane
plasma was radiated to the substrate for 30 seconds,
and a SiO2 film as the gate insulating layver was

deposited in a 1500 A thickness. (FIG. 1D). At this



-16- 350 SCCM of heliumof a 99.9999 % or higher purity was caused to
continuously flow, and the reaction furnace interior pressure was 80.7 1.2
ntorr. After the reaction furnace interior tenperature reached the
depositing tenperature, a required anount of silane, a raw material gas, or
of a mxed gas of silane and a dilution gas was introduced into the
reaction furnace to deposit a silicon-2R-n film 104. As the dilution gas,

t he sane conbination of gases that was caused to flow during the

t enper at ur e- r &8eng ther FEFCEARTHENGERET ARGCRARE PECSFEFEr FES i%s 3Phat the

respective gases have a 99.999 % or higher purity. In Exanple 1, in place
of a dilution™&SF 100 SCCM of silane of a 99.999 % or higher purity was

caused to flom/t%e %pO%EEOEQeW%Elh% %SHQ% Ehlq] 4 é Bh%t%%q%’»the
S “Kept "at § .é . b§

reaction furnace I'ntérior pressure g ntort

Rt il P s i e

channel regi oppeRs ¢RRIEHESLeAkt this time was 1.356 * 0.047
Q/square. In Example 1, chrome was used as a material
of the gate electrode, but conductive materials other
than chrome can be used, and the technique for forming
the gate electrode is not limited to sputtering and may
be formed by evaporation, CVD, etc. Next, a SiO2 film
for an inter-layer insulating film 108 was deported in
5000 A by APCVD. This deposition was performed on the
same depositing conditions as the protective underlayer
SiO2 film only except the depositing time. Following
the formation of the inter-layer insulating film,
contact holes were opened, and a source and a drain
electrodes 109 were formed by sputtering, and a
transistor was completed (FIG. 1E). In Example 1, as
the source and the drain electrodes, aluminum was
deposited in 8000 A by sputtering. The sheet
resistance of the deposited aluminum film at this time
was 42.48 * 2.02 mQ/square. |

One example, Vgs—-Ids curve, of a characteristic of

the thus-fabricated thin film transistor is shown in
FIG. 3 at 3-a. A source-drain current Ids was measured
with a source-drain voltage Vds = 4V and at 25 °C. The

size of the transistor was a channel length of L = 10



the deposition rate of 21.2 Almin. in a 248 A-filmthickness. In Exanple 1,
the deposition of the silicon thin filns were conducted by LPCVD usi ng
nonosi |l ane as the raw material gas. In place of LPCVD, plasnma CVD, APCVD,
sputtering, etc. can be used. The raw material gas is not linmted to
nonosi | ane gas, and hi gher order -17- silane, such as disilane,
trisilane, or dichlorsilane, etc. can-Bé-also used. It is also possible to

deposit the sijldcamd b R fddd HW the phgye- refd ined Mal iQls-dMPL 4IST Ng
vari ous conbi nati ons of the above-nentioned raw materials. Subsequently the

t hus- prepar ed siibsirals y@se Real daaiadh tdh i MBfOUE-die sforsd Al igHd y of
the silicon thin film 104 and to increase the crystal grain. The

heat -t r eat i ng daftae eandiSf ury efdricats fal nane 28 mess diefie ysitadnatad 400
"C. 20 SLM of nitrogen gas of a 99.999 % or higher purity was kept flow ng
to retain the whdrerVdy =of4Vheariibdlgd reatd'hg flurddace 4.165 He O.18% tuAanbi ent
at nosphere. The substrate
Thus a thin film semiconducter device having a good
characteristic, I ON = 4.65 * 0.39 pA, has been
obtained. The electric field effect mobility poO and
the trap density_Nt (J. Levinson et al., J. Appl. Phys.
53, 1193, 1982) in the saturation current regions of
the transistors were pyo0 = 25.85 * 0.86 cnﬁ/v-sec. and Nt
= (6.81 *# 0.15) x 1011 1/cm{ A transistor
characteristic of a thin film semiconductor transistor
fabricated in accordance with one example of the prior
art processes is shown in FIG. 3 at 3-b. This thin
film semiconductor transistor was fabricated by the
same process as that accbrding to Example 1 of this
invention except that the channel silicon thin film was
deposited at 600 °C by low pressure CVD and was not
subjected to the 24 hour-heat treatment. The reactor
for depositing the channel silicon thin film by low
pressure CVD was the same as that used in Example 1 of
this invention. 12.5 SCCM of monosilane as the raw
material gas was fed, the reaction furnace interior
pressure was 9.0 mtorr, the depositing rate was 11.95
A/min, and the film thickness was 256 A. This TFT

fabricated according to one example of the prior art

processes had an ON-state current of Ids = 0.81 * 0.12



which was in an equilibriumwth the roomtenperature was inserted for 17
mnutes in the vertical heat-treating furnace of 400 [err]C. The interior
of the heat-treating furnace was kept at 400 [err]C for 30 m nutes after
the'insertion of the substrate, and after the interior tenperature of the
heat treating furnace reached 400 [err]C evenly all over the interior of
the heat treating furnace independentl|l y28F a position of the substrate, the

interior tenperaiurrofe tha fild 86 Map uialitsd dr0 800 [eris] € oThe wwhistrate
coul d have the same heat history anywhere irrespective of the position of
the substrate imnde healp Wderrtiityg Srunrace (sy. Jeeepiong ahhe frothagem’nt eri or
tenperature first at 400 [err]C for 30 mnutes. This nade the

crystallizati onAsfotihee $iHincdilm sebfi-conduntivanuigerieeuyas?2@ adiricafteni t r ogen
was caused to always flow continuously in the heat treating furnace, and by
t he pre-heatingbat t3@0 sfager pCocies s msertingyt @fccorelimgatt ot Exampdg fluraface
whose vol ume was about 176 liter was replaced conpletely by nitrogen

ambi ent at nosphéfds TR endiosr sxGeRt ddedaddef chanped pdldren 4bg@0 [err][C
was
film was deposited by low—-pressure CVD at 600 °C using
12.5 SCCM of monosilane, and the gate insulating film
was deposited by the same technique as in Example of
this invention and was subjected to hydrogen plasma
treatment by an ECR-PECVD device. This is one example
of the prior art processes including the hydrogenation
treatment. The hydrogenation treatment was conducted
after the chamber of the ECR-PECVD device of FIG. 2 was
evacuated following the formation of the gate
insulating film by the ECR-PECVD device, and then the
temperature of the substrate 205 was raised up to 300
°C in one hour by a heater 206. 125 SCCM of 99.998S8 %
or high purity-hydrogen was fed intoc the reaction
chamber 202 through a gas—feed pipe 203 to form a
hydrogen plasma. The microwave output was 2000 W, and
the reaction chamber interior pressure was 2.83 mtorr.
The hydrogen plasma was radiated for 30 minutes. The

TFT characteristic of the thus-fabricated thin film

semiconductor device was measured. The ON-state

"

current Ids 0.96 * 0.13 pA, the electric field effect

4.68 + 0.22 cnﬁ/v-sec., and the trap

mobility po

density Nt = (5.12 *+ 0.13) x 10 1/cm’. That is,



performed over about one hour, and after the tenperature equilibriumwas
obt.ained at 600 [err][C, the silicon thin filmwas crystallized by the heat
treatment over nore than 7 hours. In Exanple 1, the heat treatnent was
conducted for 23 hours after the tenperature reached 600 [err][C. The

t hus-prepared silicon thin filmwas patterned using a resist, and then
etched with m xed plasma of carbon tetr@Bluoride (CF[err]) and oxygen
(O[err]), and a channe] silicon thin film 105 was forned 10 . In

FILG
Exanpl e 1, an &CMATFSpEdd P Mo 1350k THaT &S rhnwéi’gl(lf.hltﬁesec under a
700 Woutput, a.l5 Pa-vacuum a pl asma di schar.ge of .CE4 an err] in the
rati o of 50 SCﬁ\}Za‘.nnfaO Sééd\?loq\lérlﬁt R RS eé’torsa{t%éed\/ve?st gl%é)ang:d i th boiling
60 % concentratyiQn i tJri ' I r N LB 6 ¥ecpydr of | uoric
aci d aqueous s01103{1iﬂoyr?%%{reggj@eggﬂnfgﬁ%o%ﬂrlggﬁt hee ﬁléteur%éfl g%i de filnms on

the source and yhe- ol B Ir8H 0N dherANd g GRAIE! ¥ Idagon thin film
105. Immediately after the clean silicon surface was exposed, a SIQ2 film
106 as a gate idisyaldaNa ¥ ildPred&e the transistor characteristic by
enhancing,e.g., the electric field effect mobility
about 5 times.

Next, this invention will be compared with further
different examples of the prior art processeé. That
is, in the further different examples of the prior art
processes, the channel silicon thin film was formed by
the same technique as in Example 1 c¢f this invention,
but in one of the further different examples of the
conventional processes the gate insulating film was
deposited by APCVD, and in the other example, the gate
insulating film was deposited by APCVD and then was
subject to the hydrogen plasma treatment. It will be
found this invention is far superior to the prior art
processes. The process according to one of the further
different examples in which a thin film semiconductor
device was fabricated by depositing the gate insulating
film by APCVD is the séme as-the process according to
Example 1 of this invention except that the gate
insulating film was deposited by APCVD in 1500 A. In
the APCVD, with the substrate temperature kept at 300
"C, and with 300 SCCM of a mixed gas of 20 % silane

content nitrogen and silane, 420 SCCM of oxygen, and



-19- depeosited by electronic cyclotron resonance plasma CVD device
(ECR-PECVD device) (FIG ID. FIG 2 is a schematic view of the ECR PECVD
device used in Exanple 1. In depositing the gate insulating film 2.45 Gz
m crowaves were guided into a reaction chanber 202 through a wavegui de 201
to form 100 SCCm of oxygen fed through a gas-feed pipe 203 into a plasna.
At this time, the output of the m crowaves-was 2260 W and a 875 Gauss

magnetic field was.gppkbediiookhe 8XyaedoR! A8EPRokin! BEal CACLLEN Shafber 202
by an outside corl 20 i Sposed around the outside periphery of the
reaction chanbegag0des0stiBali.t henel aepbonsihg tpeepl raguisati afsed.the ECR
condition. This oxygen plasma was drawn out of the chanber by the

above- nment i onedrdGgvesgentwengnesi-e thel irhnsiatdbat ehbvact8rsetdndsft he
substrate 205 positioned perpendicular to the plasm. A heater 205 was
deposed behi nd the stbstfabeig@6etiothénpfihs eamirendubtoratev206.at 100
[err]C. At this tine the reaction chanber interior pressure was 1.85 ntorr
Anot her gas-f ee@hpi p-s0Ztrasudrspésed thiBdtraerBEySHeRi Hast heOBxFgén4PBl asna
drawi ng- out opening. After the oxygen plasma had becone stable in 10
secondsl 60 schISfoéguéggt@@oﬁlﬁPgHéP-Sa?ﬂﬁyegﬁﬁaﬁemaaé1&F¥eH°iﬁ

24.60 £ 0.72 cnﬁ/v-sec., and the trap density was Nt =
{(9.20 £ 0.15) x 10l 1/cm2. In comparison of this
invention with this prior art, it is evidently seen
that this invention can fabricate a very good thin film
semiconductor device which has a drastically reduced
trap potential, and has a sharp rise around a gate
voltage OV. In the prior art in which the gate
insulating film was deposited by APCVD, the electric
field mobility has been raised as high as in this
invention, but the minimum value of the source-drain
current is around -11 V and the trap density is high,
and thus the rise inclination is blunt. This resultant
thin film semiconductor is not practical. Furthermore,
FIG. 3 shows at 3-d a further another example of the
pricor art. In this example, the channel silicon thin
film was deposited in the same process as in Example 1
of this invention, but the gate insulating film was
deposited by APCVD and then was subjected to hydrogen
plasma. The gate insulating film was deposited on the
same conditions as described above and then was

immediately subjected to hydrogen plasma radiation on



t he oxygen plasma. The thus-prepared oxygen/silane plasma was radiated to

the substrate for 30 seconds, and a SIQ2 filmas the gate insulating |ayer

was deposited in a 1500 A thickness. (FIG 1D). At this -20- time, the

reacti on chanber interior pressure was 2.35 ntorr. Next, chrome was

deposited in 1500 A by sputtering,
patterni ng. The sheet

by evaporati on,

rone can e USE

and a gate el ectrode 107 was forned by
resi stance at thi-gstine was 1.356 0.047 C!square.

Exanpl e 1, chropg wag, Sggn§§t§o§%tg£|§L58; £08 9 L& elegﬁrg g n|que tor

conductive materi al S ot her
forming the gatgeg Ojf)@ei;gogetﬁnnﬁml gza.ﬁ,?eioﬁauépmnt&éwaea@gs may be forned

In

Next, a Si Q2 Imfor an inter-layer insulating
film 108 was de@@bf@sat@dSQQOtﬁebyapﬁeq&cabs saglepRsitamplyas pertpiged on
t he sane depositing conditions as the protective underlayer SiQ2 filmonly
except the deposhtengidhie. Th&ottans hgtéhecharaatéphsoictbe théer-| ayer
insulating film contact hol es were opened, and a source and a drain

thus—-fabricated thin film semiconductor device is shown
at 3-d in FIG. 3. Its ON-sate current was Ids = 2.81 #
0.30 pA, the electric field effect mobility was po =
24.51 * 0.67 cnﬁ/v-sec., and the trap density was Nt =
(7.94 *+ 0.15) x 10 1/em’. It is seen that, in
comparison with the prior art using the hydrogen plasma
treatment, this invention exhibits better
characteristics in all the parameters. In the
transistors fabricated by the prior art using the
hydrogen plasma, one of the five measured transistors
has a threshold voltage deviation Vth by about +2 V.
The values of this transistor are not included in the
averages value of the above-mentioned parameters and
the standard deviation value thereof. That is, the
prior art including the hydrogen plasma treatment
improve transistor characteristics in comparison with

the prior art including no hydrogen plasma treatment

but find it difficult to fabricate transistors of the

same quality homogeneously on a large area. In
addition, lot to lot deviation is rather large, when
the hydrogen treatment has been applied for fabricating
the thin film transistors, which prevents the stable

mass-producticn of the devices. Especially, the



el ectrodes 109 were forned by sputtering, and a transistor was conpl eted
(FIG.1E). In Exanple 1, as the source and the drain el ectrodes, alum num
was deposited in 8000 A by sputtering. The sheet resistance of the
deposited alumnumfilmat this time was 42.48 2.02 nierr]/square. One
exanple, Vgs-lds curve, of a characteristic of the thus-fabricated thin
filmtransistor is shown in FIG 3 at -32& A source-drain current |ds was

o e e Darohera kAL aER VERS #58 fhd eqfe P18l Wipadhls, 51 1%
W= 10 pm Thetglﬁ\ggéglﬁgggyﬁae %L 2 9% 5%&&@@&%@1 ’Wf‘éﬂﬁlﬁﬁ 9&%' ve

transi stors at and OUI’ corners MM squar e substrate

when Vds = aénﬂayﬂsamoﬂg‘/lo{: c@z?trgségtcpAthT USJ.@ ftb'f‘olflﬂl&m

sen1conductor evice having a good c%aracterlstlc 0. 39 pA
has been obt ai pggt EﬁfseiﬁGéﬁtﬁoﬁ'ééﬁ @ﬁi@cih@Dﬁwéfé eﬁ€514§m@nd the trap

density Nt (J. Levinson et al. . 53, 1 1982) in the

saturation Curﬁﬁéétm@ﬁtpnﬁhﬂéh results in the dev1atlon, and still
can fabricate transistors of superior quality
hpmogeneously on a large area and stably among lots.
Example 2

In this Example 2, a thin film semiconductor device

was fabricated by the same process as in Example 1
except that the depositing time for the silicon thin
film for the channel region (104 in FIG. l1l)was changed
to change the deposited film thickness of the silicon
thin film 104. In this Example 2, the silicon thin
film 104 was deposited in six different thicknesses of
190 A, 280 A, 515 A, 1000 &, 1100 A and 1645 A, and
thin film semiconductor devices having these different
silicon thin films 104 were fabricated. FIG. 4 shows
the ratios of the ON-state currents of these thin film
semiconductor devices to the OFF-state currents thereof
with respect to film thickness of the channel silicon
film. As seen from FIG. 4, the ratio of the ON-state
current vs. QOFF-state current is sharply improved to 7-
or more-place-order when the thickness of the channel
silicon film semiconductor layer is equal to or smaller
than 500 A, and the thin film semiconductor devices had

such good characteristic.



the transistors were [err]O = 25.85 0.96 cn2/v-sec. and N\t = (6.81 0.15)
X 10[err] 1/cnferr] A transistor characteristic of a thin film

sem conductor transistor fabricated in accordance with one exanple of the
prior art processes is shown in FIG 3 at 3-b. This thin film sem conduct or
transi stor was fabricated by the same process as that according to Exanple
1 of this invention except that the cha®¥el silicon thin filmwas deposited
at 600 [err]C Bxdmpugpraessure CVD and was not subjected to the 24 hour- heat
treatment. The reactor for depositing the channel silicon thin filmby |ow
pressure CVD was tlhe Famplas 3 latthuised ilm Beamnpenduadfornt e iaeventi on. 12.5
SCCM of nonosilane as the raw material gas was fed, the reaction furnace
interior pressutraffget cOimiforlm sawl dupbi tdmgavsitae wef ther5 A/ min, and
the filmthickness was 256 A. This TFT fabricated according to one exarrpl e
of the prior aritiprviessen gy ah @\I—lsqaa?fe%ﬁr@ntuﬁ SQ¥rce Feglomn. 12 '
-22- pA an electrlc field mobiljty errlo = 4.75 0.20Q cn2, and atrap
density of Nt 275 WP draiy EFgﬂﬂQH%ﬁ % WHQHPOSEd on the gat

electrode through the gate insulating film was
fabricated by the same process as in Example 1. 1In
Example 3, the staggered thin film semiconductor device
shown in FIG. 5A was fabricated as an offset type thin
film semiconductor device by alignment of high
precision. It is possible to fabricate offset-type
thin film semiconductor devices of structures other
than the above. For example, it is possible to
fabricate the structure shown in FIG. 5B in which a
source and a drain regions 503 are formed by implanting
dopant ions in an intrinsic silicon thin film with a
gate electrode 504 as the mask, and also a reversely
staggered thin film semiconductor device shown in FIG.
5C having a source and a drain regions 507 formed using
a mask material 506.

In Example 3, the offset—-type thin film
semiconductor device was fabricated by the same process
as in Example 1 except the substrate was provided by a
75 mm—-diameter fused quartz glass. That is, the
substrate was cleaned, and a underlayer SiO2 film was
depcsited by APCVD or other process, and then a

phosphorus—added silicon film was deposited by LPCVD



Anot her thin filmsem conductor device was fabricated by the sane process
as'that -according to Exanple 1 of this invention except that the channel
siljcon thin filmwas deposited by | owpressure CVD at 600 [err] C using
12.5 SCCM of nonosilane, and the gate insulating filmwas deposited by the
sanme t-echnique as in Exanple of this invention and was subjected to

hydr ogen plasma treatnent by an ECR- PEGMB-devi ce. This is one exanpl e of
the prior art paoéesstbeirmed uth nfiothea hyelwogend on drabt meegiomhedol.
hydrogenation treatnment was conducted after the chanber of the ECR-PECVD
devi ce of FI G Phoediztareateat¥oer oRAgSIRECT Gttt GFaiher Yt ens,
insulating filmby the ECR-PECVD device, and then the tenperature of the
substrate 205 WARLPR; €2y tp P® Yoo Peapmebntemtt by ‘éa%gg‘% et ¥hs. 125 SCcm

f 99.9999 % hi gh. ity-hyd fed i h i hanb 202

?hrough a gas?;ﬁﬁ%gp?%g£éﬁgs?%e;§ e”%¥ﬁ§%r§§%h9%$aihg?r§% l%?%r%ﬁﬁ%eegutput
2000 W d | | i Th

o ooon bl aomaf LB FEACLLE T RIBNDE Lol S| 9L MESOMI Eodl Ot S8 AN8E Ty 11O

Correne 1 oc - G2 LY AR M eotepny Sy ey, cimiecy TopRugty TDepll, 2ot

4.68 0.22 cnfethhb¥r8€s wadnshib&dt{@Pthe reaction furnace with the
top surface thereof faced downward, but in Example 3,
a 75 mm—-substrate was placed in the reaction furnace,
mounted on a 235 mm-square dummy quartz substrate with
the top surface faced upward. Next by the same process
as in example 1, the heat-treatment was conducted to
deposit a gate insulating film, and a gate electrode
502 was formed. This gate electrode has a 10.0
um-width, and high precision—-alignment was performed so
as to agree the midpoint of the source/drain distance
with that of the gate electrode width 10.0 pm.
Resultantly the distance between the gate electrode
edge position, and the source region edge position and
the drain region edge position (offset distance) were
0.25 um respectively. Subsequently an inter-layer
insulating film was formed by the same technique as in
Example 1. Then following the opening of contact
holes, wiring was formed of aluminum, and a thin film
semiconductor device was completed. One example of the
transistor property of the thus-fabricated thin film'

semiconductor devices Vgs—-Ids curve is shown in FIG. 8



density Nt= (5.12 0.13) x 10[err] 1l/cnferr] That is, -23- conpared with
the prior art processes in which the channel silicon filns were deposited
at 600 [err]C by |low pressure CVD irrespective of the use of the hydrogen
pl asma treatnment, this invention can drastically inprove the transistor
characteristic by enhancing,e.g., the ebectric field effect nobility about
5 tinmes. Next, this invention will be cong:)ared with further different
exampl es of theé®hriot: arfI®r oted sy F ihat® i¥19%% the FATHTW £ f erent
exanpl es of the prior arl processes the_cm’ip_n . silicon thin filmwas
formed by the SHMETERH G d&f | BT L 1 Gt 1 | HORTHE B n one
of the further gdiffe el &gﬁptlb it he convent | rﬁ{ Al 5S tr}ﬁgate
insulating fil nﬂm{/aré éepocs! e OsISA ,eaancdgpol n&t% 0 he_ra @xanp e, e gate
nsulating fi 1 yagepepesidad ModFa® and Hhah ues P dedddiie Tugh ogen
plasma treatment. It w1l be found this invention is far superior to the
prior art procesgfisp1d e LR GRSh AEEHF Y 4 0 le Alrddife fdddli¥Fing at

a negatife gate voltage. In Example 3, at a gate

voltage below -2.5 V the sour-drain current is actually

suppressed to about 0.1 pA. The transistor

characteristic of the offset type-thin film

semiconductor device fabricated by the prior art in

Example is shown at 6-b as a control. That is, this

transistor characteristic is obtained by the

offset—-type thin film semiconductor device fabricated

by depositing the channel silicon thin film at 600 °C

by low pressure CVD and aligning with high precision

the midpoint of the source-drain distance of 10.5 um

with that of the gate electrode width of 10.0 um.

Accordingly the characteristic 68-b can be directly

compared with that 3-b in FIG. 6 of the non-self-

aligned staggered thin film semiconductor device

fabricated by the prior art. It is possible to keep

the leak current as low as about 0.1 pA, but

impractically the offset type thin film semiconductor

device fabricated by the prior art adversely has the

transistor characteristics such as ‘ON-state current,

mobility, etc. deteriorated. For example, the ON-state

current of the offseft type thin film semiconductor



different exanples in which a thin film seniconductor device was fabricated
by depositing the gate insulating filmby APCVD is the sane as the process
according to Exanple 1 of this invention except that the gate insulating
filmwas deposited by APCVD in 1500 A. In the APCVD, with the substrate
tenperature kept at 300 [err]C, and WI%B 300 SCCM of a m xed gas of 20 %
silane content nitrogen and sil ane, SCCM of oxygen, and -24- about
140 SLM of a ddewticenfmbtiogérdf bgt, theSpCRofi bntwadveepesytkads ghéds
depositing speed was 1.85 Alsec. FIG 3 shows at 3-c the transistor
characteristic=oP.CR8 thQsOfabhr Wbat:édlshilﬂwerlhYs@nFcendm@rQrPéléWée. The
ON-state current of this transistor = 1.49 + 0.05 pA, the electric
field effect nﬁbﬁplﬁyaFePF]Ghe 29n6931® ?éléﬁférFP}U £&&m  and the trap
density was & 0.15) x . 10[ err\l‘l 1/cn}‘ k ?rrparlson of this
i nventi on vmthSFFi' §°Bfii”‘8it°£rflevflf’e| s &VPdBERP g eﬁstﬂﬁ Lt h#sHPnVention can
fabricate a vepy ogd Ln fe).msem cqndyct.or .device |%%
drastically re uég E p8f“ ntisdC- 4 #hslalsqryaerrpdrvgn u&nd?a gate

For these reasons, it has been useless to fabricate

offset type thin film semiconductor devices by the

prior art.In contrast to this, as shown in FIG. 6 at

6-a, this invention according to Example 3 can sSuppress

the leak current low and maintain the ON-state current

high. Example 3 can obtain an ON-state current of Ids

= 3.71 * 0.43 pA, which is not inferior to the ON~state

current of self-non—-aligned thin film semiconductor

device. This invention according to Example 3

exhibited a mobility as high as po = 22.00 * 0.85

cnﬁ/v-sec.

Example 4

In Example 3 an coffset type thin film semiconductor

device was fabricated by high precision alignment, but,

needless to say, this invention is effective to

fabricate other types of thin film semiconductor

devices. FIG. 5B shows an offset-type thin film

semiconductor device fabricated by depositing an

intrinsic silicon film, patterning a gate electrode,

and then adding dopant ions. This process will be

explained.

FIGs. 7A to 7D are sectional views explaining the



voltage OV. I'n the prior art in which the gate insulating filmwas

deposi ted by APCVD, the electric field nobility has been raised as high as
in this invention, but the mninmmvalue of the source-drain current is
around -11 V and the trap density is high, and thus the rise inclination is
blunt. This resultant thin filmsem conductor is not practical.
Furthernore, FIG 3 shows at 3-d a further another exanpl e of the prior
art. In this exarpdes ateochimmeto sixtample thifof ifahmasatepsated in the
same process as in Exanple 1 of this invention, but the gate insulating
filmwas depos$ikbic®y WOV Bl 3¢reicopdusimy) aawitea ¢ MWMalrdgehing &&ha. The
gate insulating fil mwas deposited on the sane conditions as descri bed
above and t herPiE3et iR o €288} St B Y P WA gt brelsTRE Y adi ati on on

-25- the sane conditions as_described. ab In the othe ects a thin

film senm condutf S Wi Te ek hnritat® ’%laﬁﬁlf]r?e Yarfe $ rte':rsa?*gs 91 Exanpl e

o o Soathh Ot o 0L A0S’ LAY IACHTkTLE BbpblEcbhUga ghr T catec
protective underlayer film 702 in a 2000 A thickness.
Next was formed a first silicon film 7023 which was to
be patterned into a pad. In Example 4; the first
silicon film was deposited in a 1250 A-thickness at a
12.58CCM silane flow rate, at a 600.°C depositing
temperature by LPCVD, which was used also in Example 1
in deposihg the channel silicon film. But it is
possible to deposit the silicon film at a 550 °C
depositing temperature also by LPCVD, to deposit the
silicon film using disilane (Sif%) as the raw material
gas at a 450 °C depositing temperature, or to deposit
the silicon film at a 250 °C depositing temperature by
PECVD. Any technique may be used unless the film
forming temperature exceeds the maximum processing
temperature of 600 °C. Subsequently a second silicon
film 704 was deposited. If the second silicon film 704
has a thickness equal to or larger than 300 A, and the
resistance values of the impurities-added source and
drain regions are sufficiently lower than the
resistance value of the channel region when the
transistor is in operation, the first silicon film or

the silicon film 703 to be patterned into a pad are not



at 3-d in FIG 3. Its ON-sate current was Ids = 2.91 0.30 pA the electric
field effect nobility was po = 24.51 0.67 cnferr]/v-sec., and the trap.
density was Nt = (7.94 0.15) x 10[err] 1/cnferr] It is seen that, in
conparison with the prior art using the hydrogen plasma treatnent, this

I nvention exhibits better characteristics in all the paraneters. In the
transistors fabricated by the prior aF?ZGsing t he hydrogen pl asna, one of
the five measuigdledsapgi sStors has a threshold voltage deviation Vth by
about +2 V. The values of this transistor are not included in the averages
val ue of the above-mnExamebe pay atkeé esscamdl & hkeisdantiorn Uevivwds on val ue
thereof. That is, the prior art including the hydrogen plasna treatnent

i nprove transidepesithed aky ethet § ame | vecmbeue soh wiath fore fermingrihe

i ncl udi ng .no hydrogen plasma treatment but find it difficult to fabricate
transi stors ofSthicernelnaf ey ytiendarredlisTsEbir aln dFfamkeal - | nfiaféi tion,
lot to lot deviation is rather_|large, when the h dr en, t at nent has been
applied for fabfiche® n@e?%dt%”ll?‘?m nf 11BN 4 RS, ‘?)‘feﬁé?&%gt he

stabl e mass-production of L ggv5€e§50E§96Ci€Jéy25éh§ thickness, at

a 21.2 A/min. depositing speed by LPCVD. Any technique
may be used in forming the second silicon film as in
forming the first silicon film unless the film forming
temperature exceeds the maximum processing temperature
of 600 °C. For example, the second silicon film as
well may be deposited using 12.5 SCCM of silane at a
600 °C depositing tempefature, and at a 9.0 mtorr
reaction furnace interior pressure. It is also
possible to form the second silicon film using, as the
raw material gas, a higher silane, such as disilane,
trisilane or others, at a lower temperature. Thus the
second silicon film 704 was fbrmed by any one of these
techniques (FIG. 7B) and patterned. Then as in Example
1, a gate insulating layer 705 was formed. That is, a
SiO2 was deposited in a 1500 A-thickness by ECR-PECVD.
The gate insulating layer 705 may be formed by APCVD in
the case that the second silicon film 704 is a
polycrystalline silicon film.' Subsequently a metal
film for a gate electrode was formed. In Example 4, as
the material of the gate electrode, a silicon film

having a high concentration of phosphorus added was



-26- thieshold voltage Vths and the gate voltages at which the source and
drain current becones the mnimumvary to nach anong lots. In contrast to
this, it is found that this invention can onmt the hydrogen plasnma
treatnment, which results in the deviation, and still can fabricate

transi stors of superior quality honbgeneously on a |arge area and stably
among lots. Exanple 2 In this Exanple 2Z3-a thin filmsemn conductor device
was fabricat eds®d t hd hsigimes idrigeus f ddn ivesEdapeisd tedexdem 3094 t he
depositing tinme for the silicon thin filmfor the channel region (104 in
FIG |)was chdnddddesfands inte 20 SEFe@ T islikans .c n sSSPt Hdesi | con

thin film104. In this Exanple 2, the silicon thin film 104 was deposited
in six differdHEYhiEAH&SP & A qF Aeligh AN P55 % AFoPIRSPIEGE A and

1645 A, and thin film ) conduct.or devi havi ng .t hes i fferent silicon
thin £ 10 0 SR St B e e ¥ oo b s 1ng bt o
currents of t [ il ] GO ctqr..devj 10t F-state currents
thereof with &%?S)eeé{h{héféf |alrﬂrﬁst?ﬁ C rrliceé)stsEno I:tq‘h\eéjec%zcrllr?g]l fls?l?‘lnlgégn film As seen
fromFIG 4, the drdtd0 gfede- N SHA! @ heet resistance of the silicon

film immediately after formed was 744 Q/square.
Subsequently a resist was applied and patterned. Then
the phosphorus—-added silicon film was patterned by a
mixed plasma of CF4 and Oz' The ratio of CF@ and O2 was
200 SCCM vs. 200 SCCM, and the power of the incident
wave for the patterning was 700 W. At this time, the
phosphorus—added silicon film was etched with the
etching rate of 15.4 A/sec. for 5 minutes and 57
seconds to form a gate electrode 706. Since the
thickness of the phosphorus-added silicon film was 3000
A, this plasma etching reduced the width of the gate
electrode on the right and the left sides about 2500 &,
respectively, with respect to the resist 707 (FIG. 7C).
Then dopant ions were added with fthe resist 707 used in
forming the gate electrode 706 left unremoved. As the
dopant ions, in Example 4 phosphorus was selected for
the purpose of fabricating an n-thin film semiconductor
device, but other different ions may be used in
accordance with purposes. In Example 4 the ions were
implanted by an ion implanting system without a mass

spectrometric analyzer. The raw material gas was a 5



current vs. OFF-state current is sharply inproved to 7- or nore-place-order
when the thickness of the channel silicon film seniconductor |ayer is equal
to or smaller than 500 A, and the thin film sem conductor devices had such
good characteristic. -27- Exanple 3 In Exanple 3 a thin film

sem conductor device (offset thin fil m3sem conductor device) of the
structure in which at | east one of the source region and the drain region

i s not superpoSetPRFeRHES HheR RERREDR FhibtRfh I B S hsul HHS ng film
was fabricated by the sane process_ as in Ex le 1. In EX le 3, the

st zggere:j t hi npl?%?ﬁlﬁ%‘?ri ‘é%?\gﬁﬁ?b?nﬁ%@i%% %h]g% lf%ﬁ ?‘T(‘C?nlesIAaaﬁ “fabricated as
an offset type 4hin fi}m sexi ongtuct or,slevige by ol gameat of High
precision. It IS po%5| Te*to Yabricate™offse “t'ype thin fil'msem conduct or

FOP i R e e SR i

regi ons 503 argodPEdethd®YthdPiAMh NBegion 708. The resist 707 used
in forming the gate electrode had such a thickness of
about 2 pm that the ions were not added tc the second
silicon f£ilm, and a channel region 709 was formed (FIG.
7C). This process can also fabricate an offset type
thin film semiconductor device. Then the resist 707
used in the formation of the gate electrode was
removed, and then the substrate was heat-treated at 600
“C for more than 7 hours for the activation of the
added dopant ions, and the improvement of the
crystallinity of the channel silicon film 708 if its
crystallinity was insufficient. 1In Example 4, the
heat;treatment was conducted, as in Example 1, at 600
"C for 23 hours in a nitrogen ambient atmosphere.
Subsequently a sioz 710 as an inter-layer insulating
film was deposited in 5000 A by APCVD or others. Then
hydrogen was implanted at an 80 kV acceleration voltage

in 5 x 108

l/cnﬁ by an implanting system without a mass
spectrometric analyzer. Next, contact holes were
opened, and a wiring 711 was formed by aluminum, and
offset-type thin film semiconductor device was

completed.

The transistor characteristic of the thus-fabricated



dopant 1ions in an intrinsic silicon thin filmwth a gate el ectrode 504 as
the mask, and also a reversely staggered thin film sem conductor device
shown in FIG 5C having a source and a drain regions 507 fornmed using a
mask material 506. In Exanple 3, the offset-type thin film sen conductor
device was fabricated by the sanme prongss as in Exanple 1 except the
substrate was provided by a 75 mmdi an P&r fused quartz glass. That is, the

substrate was elf%@@e@yp@n%anueqw %lé%&c%h%cftbk-”h\éfésm@@@g%lehed R%eAPCVD or
ot her process, and then a phosphorus-added silicon filmwas deposited by

LPCVD - 28- Laadypat ter ped thef Qs aseuecerand @adrai.n pagi orse501. The
di stance between the source and the drain regions, which was to be the

channel | engt hihimwas viQue pm theesourcehdradnecwayecas wasEraopl pal, a
silicon thin filmfor the channel region was deposited in 248 A at a 21.2
A/m n. deposi wheg Ygeed. -Bub Vn ETfhepl&Fistehe subzenst wawad.pgBapéd in the
reaction furnace wwth the top surface thereof faced downward, but in
Exanpl e 3, when Vgs = ~-10 V, and the leak current when the

transistor is off was suppressed low, but good

ON-current could be obtained.

As described in Examples 3 and 4, it is possible to
fabricate offset~type thin film semiconductor devices
having high ON-state currents and small leak currents
by heat-treating the devices following the formation of
their source and drain regions. But this invention is
never limited to the processes according to Examples 3
and 4 for fabricating offset—-type semiconductor
devices. For example, in the process for fabricating
an offset-type thin film semiconductor device according
to Example 4, a resist whose width is larger than the
gate electrode width was used.as the mask for the
implantation, but other different techniques can be
used. To given an instance, a metal is used as the
gate electrode, and the surface and the insides of the
metal are oxidized to thin the gate electrode, and then
dopant ions are added, whereby an offset—-type thin film
semiconductor device can be fabricated. The reversely
staggered structure of FIG. 5C can be fabricated into

an offset-type thin film semiconductor device by

increasing the width of the mask 506 than the width of



a 75 mmsubstrate was placed in the reaction furnace, nounted on a 235

mm square dunmy quartz substrate with the top surface faced upward. Next by
the sane process as in exanple 1, the heat-treatnent was conducted to
deposit a gate insulating film and a gate el ectrode 502 was formed. This
gate ‘el ectrode has a 10.0 pmw dth, ang hi gh precision-alignnent was
perfornmed so as to agree the mdpoint~ P~the source/drain distance with

that of the gafe, eloclrofe. Wbl 485 0 PrludResid d Al o i Aidiee between

the gate el ectrode edge position, and the source region edge position and

the drain regigiy 6085008 6PN 40F { SHL i g SURNE S 1 WP Ferb onduB E/spectivel y.
Subsequently an i nter-layer insulating filmwas forned by the sane

techni que as ideExedP! €o lprdVede f ©F + o3d -Digyd drec e nt 1ign ofereiidrediic tor es,
wiring was forned of alumnum and a thin filmsem conductor device was

conpl eted. Onedextdwd e of the transistor property of the thus-fabricated
thin fil msem conductor devices Vgs-lds curve is showmn in FIG 6 at 6-a.
FIG 3-a in Fikkampbdhoiws the transistor characteristic of the

non-sel f-aligned staggered thin

FIGs. 8A to 8F show sectional views of the steps for
fabricating a silicon thin film semiconductor device
constituting a MIS field-effect tramsistor.

In Example 5 a 235 mm square—quartz glass was used
as an insulative substrate 801. The kind and the size
of the substrate 801 can be any as long as the
substrate 801 is a substrate or a substrate material
which can withstand 600 °*C. For example, a
three-dimensional LSI formed on a silicon wafer can be
used as the substrate. A underlayer SiO2 £ilm 802 was
deposited by atmospheric pressure chemical vapor
deposition (APCVD) on the top surface of the guartz
glass 801 which has been subjected to organic cleaning
and acid cleaning. This Siozfilm was deposited using
120 SCCM of silane, 840 SCCM of oxygen and 140 SLM of
nitrogen at a 300 °"C substrate temperature. The
depositing speed was 3.9 A/sec. and the depositing time
was 8 minutes 33 seconds. Then a silicon thin film 803
having a dopant as donors or acceptors added was
deposited by low pressure chemical vapor deposition

(LPCVD} (FIG. BA). In Example 5 this silicon thin film

803 was deposited in a 1500 A-thickness, using



filmsem conductor device according to Exanple 1. As evidently seen from
FI'G 6, this invention according to Exanple 3 can nmuch decrease a | eak
current occurring at a negative gate voltage. In Exanple 3, at a gate
voltage below -2.5 V the sour-drain current is actually suppressed to about
0.1 pA. The transistor characteristic of_the offset type-thin film

sem conduct or devi ce fabricated by trm?%%Tor art in Exanple is shown at 6-b

as a control. Jghabphdrubhhs Lh8NabshRt, chREaGIes! Stg ag/ gRb&hBefo by 1 he

of fset-type thin film sem conduct or Vice fabricate epositing the

channel silicoppihyi mardd |99AsRRO LC A @ (RYi@SFULES END apd abkgping with
hi gh preci sion the m dpoint of the source-drai i di stance of 10.5 pmwi th

t hat of the gagesehechroede W didposifiingd pempéegoirk Ngl yhé h@esbafachgri stic
6-b can be directly conpared with that 3-b in FIG 6 of the non-self-

al i gned st aggespéde@hwvasfBOndgeimcongudt bhe devéee fabistaned by the prior
art. It is possible to keep the leak current as | ow as about 0.1 pA but

i mpractical |y ineedidtelytgpeerhthefdeprsihicordast b5 HeRi/seudndri cat ed by
the prior art adversely has the transistor characteristics such as ON-state
current, nobil TGN atEesysteradrboped R BNl bicemetiohnsfhlm 803,

and the silicon thin film 803 was patterned by a mixed
plasma of carbon tetrafluoride (CF4), oxygen (02),
nitrogen (NQ, etc., and a source and a draiﬁ region 804
were formed. Then soil and natural oxide films on the
surfaces of the regions 804 were removed, and then
immediately an amorphous silicon thin film 805 was
deposited by LPCVD (FIG. 8B). In Example 5, in the low
pressure CVD device, its reaction chamber was made of
quartz glass with its volume of 184.5 ¢. Around the
outside of the reaction chamber there was disposed a
heater having three separate zones. The three zones
were adjusted so that a required iso thermal zone could
be formed near the center of the reaction chamber. The
substrate was placed horizontally in the territory of
the iso thermal zone to deposit the amorphous silicon
thin fiim 805. For the deposition of the amorphous
silicon thin film 805, 100 SCCM of disilane (Sig%) as
the raw material gas, and 100 SCCM of helium as the
dilution gas were used. The depositing temperature was
450 °C. In Example 5, the exhaustion of the low

pressure CVD furnace used in the formation of the



current -of the offset type thin film sem conduct or -30- device
fabricated by the prior art adversely has a Ids = 0.090 0.01[err] A which
is lower by one or nore places than that of the non-self-aligned thin film
seni conductor device. Its nmobility as well is [err]Jo = 3.33 0.15 cnferr]/v
sec. which is | owered by about 30 % E?% t hese reasons, it has been usel ess
to fabricate offset type thin fil msenf€onductor devices by the prior

art.ln cont raStm&r%ﬁeJ‘lfS’sflsicsor}P%f.rptﬁlelﬁ a%sakvafss_ 2 r;[ .cscé.dwent ion

according to a can ‘suppress eak curren ow and maintain the

ON-state curr gile U Bft o PVII G 3 higlh ARl At P LU ANy of 1ds =
3.71 0.43 pA ﬁ%ic i% not inferior to the CNﬁgﬁzﬁi éﬁrrent oﬁr

sel f-non-al i gnashrddd dkbd i4dn S £nsliict orriad GRs Piiovildaeent i on according
to Exanple 3 exhibited a nobility as high as [err]Jo = 22.00 0.95

cnferr]/v. sec.cdoamienck |valva gl vekrart i hihdniee: 1t dbstidmMpump

sem conduct or device was fabricated by high precision alignnent, but,
and the reaction furnace. This conductance valve was
suitably opened aﬁd closed so that the reaction chamber
interior pressure could be adjusted and maintained as
required. In Example 5 the reaction chamber interior
pressure was retained at 306 mtorr during the
deposition of the amorphous silicon thin film 805. The
amorphous silicon thin film 805 was deposited in a 307
A-thickness at a 18.07 A/min. depositing speed. A
resist was formed on the thus-deposited amorphous
silicon thin film 805. Then the resist was patterned
by a mixed plasma of carbon tetrafluoride (CF4), oXygen
(02), nitrogen (N), etc.. That of the amorphous silicon
thin film 805 at the position where a channel region
was to be formed was left unremoved.

Subsequently this substrate was cleaned with boiling

60 %-concentration nitric acid. Then the substrate was
immersed in 20 seconds in 1.67 % hydrofluoric acid
aqueocus solution to remove the remaining natural oxide
films at the positions where a source and a drain
regions 804, and a channel region were to be formed.
When the clean silicon film was exposed, immediately an
oxygen plasma B07 was radiated to the exposed silicon

film by a electronic cyclotron resonance plasma CVD



needl ess to say, this invention is effective to fabricate other types of
thin filmsem conductor devices. FIG 5B shows an offset-type thin film
sem conduct or device fabricated by depositing an intrinsic silicon film
patterning a gate el ectrode, and then addi ng dopant ions. This process wll
be explained. FIG. 7A to ID are sectiaongl_ views explaining the -31-
process according to Exanple 4 for fabricating a silicon thin film

seni conduct or dsavgseC@ﬁéhLbﬁévagd@oleEB S@héyp&;%t ag@ﬁéeécM&ebsct ric
field-effect transistor. First, as in Exanple 1, a substrate 701 was

cl eaned, and theevacsi Gkear inf Eka’mp@a gdeposi seHemst acRL Oy eshbwa wnder| ayer
film702 in a 2000 A thickness. Next was forned a first silicon film 703

whi ch was to beFpatternethenbrygepaglatnabExaspterdedtbe guigingi bigon film
was deposited in a 1250 A-thickness at a 12.5SCCM silane flow rate, at a
600 [err][C dep@¥#tinhgroeapesatare byatPOVD, chdmncér wag2uskdoakboai n Exanpl e
1 in deposing the channel silicon film But it is
waveguide 201 and feeding 100 SCCM of oxygen from the
gas—feed pipe 203. The reaction chamber interior
pressure was 1.84 mtorr, and the output of the
microwaves was 2500 W. An outside coil 204 was
provided around the ocutside of the reaction chamber for
applying a magnetic field of 875 Gauss to the oxygen
plasma so that the electrons in the plasma satisfied
the ECR condition. The substrate 205 was placed
perpendicular to the plasma, and the substrate
temperature was kept 300 °C by the heater. On these
conditions the oxygen plasma 807 was radiated for 8
minutes 20 seconds to oxidize that of the amorphous
silicon thin film 808 left at the position for the
channel region to be formed in, and a SiO2 film 808
which was to be a part of a gate insulating film was
formed. Below the part which was to be a part of the
gate insulating layer that of the amorphous silicon
thin film 809 whicﬁ was to be the channel region was
left. (FIG. B8E).
Successively, with the vacuum maintained, a SiO2 film
810 which was to be the gate insulating layer was
deposited. This Siozfilm 810 was deposited using 60

SCCM of silane and 100 SCCM of oxygen at a 2250



possi bl'e to deposit the silicon filmat a 550 [err][C depositing
tenperature also by LPCVD, to deposit the silicon filmusing disilane
(Si[err]H err]) as the raw naterial gas at a 450 [err] C depositing
tenperature, or to deposit the silicon filmat a 250 [err]C depositing
tenperature by PECVD. Any techni que may be used unless the filmformng
t enperat ure exceeds the maxi num processing tenperature of 600 [err]C

Subsequently a gespodast! baeputl ! 1 7194 vesseepositedeempetdousecond silicon
film704 has a thickness equal to or larger than 300 A, and the resistance

val ues of the ipptrigiessaddedssourse podc tli G ncli&hONSpEessd fuasent |y
| ower than the resistance value of the channel region when the transistor
is in operation2.6pemforst sThecthu§+formedtmmel si+lgpsr ffimg03et® be
patterned into a pad are not -32- necessary. In Exanple 4, the second
silicon fil m 70deasgredépbyi & enubyitnavehemrstlk chidrrmes Bee tébl ipsemébryn ng
the silicon filmfor the channel region in Exanple 1. That is, the second
silicon film 704mahkigepneleegth spegtroellipsometry, MOSS-ES 4G, by

SOPRA). The remaining amorphous silicon film 809 which
was to be formed in the channel portion had 205 A, The
SiO2 film formed by the oxidation of the amorphous
silicon £ilm 808 had 120 A. The §5iO, film 810 had 1500
A. At the wavelength of 632.8 nm the refractive
indices of the SiO2 film 808 and the S$i0, film 810 were
1.42 and 1.40 respectively.
| Then the thus-prepared substrate was inserted in a
600 °C-electric furnace and was heat-treated for 48
hours. At this time, the electric furnace was kept
supplied with 99.999 % or higher purity nitrogen gas at
20 1/min. to maintain an inert ambient atmosphere. This
heat-treatment at 600 °C in the inert ambient
atmosphere crystallized the amorphous silicon left on
the part which was to be the channel region to be
transformed into a silicon thin film 811 constituting
the channel region (FIG. 8E). Subsequently this
substrate was placed again into the ECR-PECVD to
radiate a hydrogen plasma to the heat-treated
substrate. The hydrogen plasma was formed using 100
SCCM of hydrogen at a 300 °C substrate temperature and

a 2000 W microwave output. In this state, the reaction



100 SCCM-of si-lane at 550 [err]C, in a 250 A thickness, at a 21.2 A/mn.

depositing speed by LPCVD. Any technique may be used in formng the second
silicon filmas in formng the first silicon filmunless the filmform ng
t enperature exceeds the maxi mum processing tenperature of 600 [err]'C. For
exanpl e, the second silicon film as welg may be deposited using 12.5 SCCM
of silane at a 600 'C depositing tenper }Gre, and at a 9.0 ntorr reaction

furnace interi o({khag{breezrqunrg%%ﬁ%' S A S igéghsblle_ dO QP the, 6 d silicon

filmusing, as gas, a er silane, such as disilane,

trisilane or Otlf;&;‘cflsogz?ﬁ F1 A ONET -4 eI Wheks WHfud gy Sepongh Shidweds fil m

704 was forned any one of these techniques (FIG 7B) and patterned. Then

as in Exanple 1, gh&tenrtdineldd ndepsyied O o d & B sphlgednga A
Sigerr] was deposited in a 1500 A-thickness by ECR-PECVD. The gate

insul ating | ayefat/d reytiedd @nededy ARGEA ivy tdet taseindat Athetlsiecond
silicon film704 is a polycrystalline silicon film Subsequently a netal
filmfor a gatetimhecthodehews fesiethnda va@npl 3B 4)/spidte. ned exontact t he
gate electrode, a silicon filmhaving a high concentration of CE)hosphor us
added was hole was formed in the gate insulating film, and a
source and a drain electrodes 813 were formed by
sputtering or other techniques, and a transistor was
completed by patterning (FIG. 8F). In Examéie 5, as
the material of the source and the drain electrodes
aluminum of a 8000 A-thickness was used. The sheet
resistance of this aluminum was 42 mf)/square.
One example of characteristics of the
thus—fabricated thin film transistor (TFT) is shown in
FIG. 9 at 9-a. Here Ids denotes a source-drain
voltage. The measurement was conducted at Vds = 4 V
and at 25 °C. The transistor had a channel length of L
= 10 pm and a width of W = 100 um. When the transistor
was turned on at Vds = 4 V and Vgs = 10 V, its ON-state
current was Ids = 34.5 pA. The resultant thin film
semiconductor device had such good transistor
characteristic. The field effect mobility.of this
transistor based on the saturation current region was
12.52 cnﬁ/v-sec. The transistor characteristic of a
thin film semiconductor device fabricated by the prior

art is shown as a control at 9-b. This thin film

semiconductor device fabricated by the prior art was



-33- used. This silicon filmwas deposited in a 3000 A-thickness, using 200
SCCM of silane, 6 SCCM of the m xed gas of 99.5 % of heliumand 0.5 % of
phosphi ne and 100 SCCM of helium by LPCVD at a 600 [err] C depositing
tenperature and at a 100 ntorr reaction furnace interior pressure. The
sheet ‘resistance of the silicon filmingediately after formed was 744
[err]/square. Subsequently a resist was applied and patterned. Then the
phosphor us- addethisti¢£oad f by nthvass e terawess yan B angsll ol Bseecaf t Gt r |
and O[err] The ratio of CF[err] and O[err] was 200 SCCM vs. 200 SCCM and

t he power of theh¢ nchaemel wavkidon thin phtirerod nighevaformddr Washt this tine,

t he phosphorus-added silicon filmwas etched with the etching rate of 15.4
Alsec. for 5 nmiRRSLERE BY GRRoMesPY oldWwrines Hite EectarlctIDOXBEeEe t he
t hi ckness of the, phosphorus-added silicon filmwas 3000 A, this plasm
etchi ng reduced® 3% ¥R$ BPL tFRAiARted ol oThE FREGIPE HePT i SPROSHA Rfie | ef t

i des about 2500 A tivel i th t_to th ist 707 (FIG 70).
Then dopant | o kT BSHIE® 1 1407 1A Phcl S 207 ARG RIE TE A (1 gat &
el ectrode 706 1&{d #%E”l’gegnaﬁsusﬁ@& AoPAMnd 2% {2 REIP €14y PlipsPhor us

was sel ected for
amorphous silicon thin film. The channel silicon thin

film was deposited in 252 A-thickness using 24 SCCM of
monosilane as the raw material gas at a reaction
furnace interior pressure of 13.8 mtorr and a 19.00
A/min. depositing speed. The ON-state current of the
TFT fabricated by the prior art was Ids = 4.6 pyA, and
the field effect mobility there was 4.40 cnﬁ/V°sec. AS
another control, a thin film semiconductor device was
fabricated by the same process as Example 5 except that
the channel silicon thin film which was deposited at
600 °C by low pressure CVD as done in the above-
described prior art was subjected to oxygen plasma
radiation before the deposition of the gate insulating
film. The TFT characteristic of this thin film
semiconductor device was measured. The TFT
characteristic did not substantially change due to the
oxygen plasma radiation, and the Vgs-Ids curve of this
TFT, which was subjected to the oxygen plasma radiation
agreed with that of 8-b. The ON-state current of this
TFT was Ids = 4.7 pA, and its field effect mobility was

4.44 cnﬁ/v-sec. The oxygen plasma radiation is not much



the purpose of.fabricating an n-thin filmsem conductor device, but ot her
different ions may be used in accordance with purposes. In Exanple 4 the
ions were inplanted by an ion inplanting systemw thout a nmass

spectronetric analyzer. The raw material gas was a 5 - 34-

% concentration phosphine diluted in hydrogen. The phosphi ne was i npl anted

?F a 110dkvhacceleration voltage in a 34%-10[err] 1/cnferr]. Thus, the
irst and the second silicon filns were partialbl.y.f i t i e

and the drain r&Ji'&t 708, Inptds B5IOF d@éghﬁ%hfg%%?%gaﬁﬁglggﬁé§gﬂﬁp

el ectrode had Sﬁ%*lna ftip.:n]cl&%e%%&a(ysi%@“atz GL) F'Eaft% hew QFesweire wp.added

to the second silicon m and a channel region 9 was fornmed (FIG 7C).

This process camal §G aidGalte Ak 1afd Tt o wpant Kinnf islemisendeduct or
device. Then the resist 707 used in the formation of the gate el ectrode was

removed, and thepite suhsticaiteaasy ratthgreanethatr GG dreraxitC ifsorshime

than 7 hours for the activation of the added dopant ions, and the

i nprovenent of tdte swrey.st atdigithioff e ssheirmeldusitiore greviiidemwed i f its
fabricated by the same process as Example 5 except that
the oxygen plasma radiation was not conducted. That
is, an amorphous silicon thin film was deposited as the
channel silicon layer and then was subjected to
heat-treatment at 600 °C. But the oxygen plasma
radiation was not conducted before the formation of the
gate insulating layer. The TFT fabricated by this
prior art had a depletion of -10 V and had a poor rise
characteristic. The ON-state current of this thin film
semiconductor device was 12.1 pA at Vds = 4 V and Vgs =
10 V. The field effect mobility was 8.84 cnﬁ/v-sec.

It is seen from these results that the transistor
characteristic of the thin film semiconductor device is
drastically improved only when the amorphous silicon
thin film which is to be the channel region is radiated
with an oxygen plasma and then heat-treated to
crystallize the channei silicon thin film.. This is
because the oxidation of the surface of the amorphous
silicon film by the oxygen plasma produces clean MIS
interfaces, and the crystallization is performed. Thus
it is seen that fhe examples of this invention have

much better semiconductor characteristics than those



crystallinity was insufficient. In Exanple 4, the heat-treatnment was
conducted, as in Exanple 1, at 600 [err]C for 23 hours in a nitrogen

anbi ent at nosphere. Subsequently a SiJerr] 710 as an inter-|ayer
insulating filmwas deposited in 5000 A by APCVD or others. Then hydrogen
was i nplanted at an 80 kV acceleration voltage in 5 x 1015 1/cn®2 by an

I npl anting systemw thout a mass spectréﬁétric anal yzer. Next, contact

hol es were open and_a w ri 711 _was fornmed by al um num and of f set - type
thin fiIn1senicg%%ﬁﬁ?%Feﬂm%chgﬁagrt%ﬁp?E?ed The transistor characteristic
of the thus-fab€£§£é§g -35- offset-type thin filmsem conductor was
measur ed. \Wen io pm the ON-state current was 3.4 [err]A. The

m ni mum val ue of thes SPUESe- f'if:h“aﬁ&”éeé‘hi!\@én :QPdsPAff‘ﬂﬁ”wé/ﬂé Formed V-
The OFF-state current was O. pPA wh Vgs = -10 , and the l[eak current

when the trans'éﬁoénlﬁnQiétﬂﬂé ﬁ&@@fﬁ§§?daﬁ@wthéﬁtd&ﬁ&ﬁk§)h§udéﬁ@isC@#'d be

obt ai ned. As described in Exanples 3 and 4, it is possible to
acceptors was added to the silicon film, and a
conducting layer of the silicon film was formed. 1In
Example 6, a substrate was provided by a 75 mm-~diameter
fused quartz substrate. The substrate may be any
material as long as it can withstand the he#t—treatment
at about 600 °C. For example, processed silicon
substrates may be used. A underlayer SiO2 film was
deposited by APCVD on the substrate which had been
organic— and acid-cleaned. This SiO2 film was formed
using 120 SCCM of silane, 840 SCCM of oxygen and about
140 SLM of nitrogen at a 300 °C substrate temperature.
The depositing speed was 3.9 A/sec., and the depositing
time was 12 minutes and 48 seconds. Subsequently a
silicon film was deposited by the LPCVD device used in
the deposition of the channel silicon film in Example
1. The silicon film was deposited at the temperature
of 550 °C using 100 SCCM of silane at a 400 mtorr
reaction chaﬁber interior pressure for 11 minutes and
20 seconds. The silicon film thickness was 252 A.

The thus-prepared substrate was heat—treatéd to

improve the crystallinity. This heat-treatment
technique was the same as that used in the

crystallinity improvement of the silicon film 104.



fabricaté offset-type thin filmsem conductor devices having high ON-state
currents and small |eak currents by heat-treating the devices follow ng the
formation of their source and drain regions. But this invention is never
limted to the processes according to Exanples 3 and 4 for fabricating

of fset-type sem conductor devices. For %éarrpl e, in the process for
fabricating an offset-type thin filmsemrconductor device according to
Exanpl e 4, a regist mhosgavindy-isrdangait Whan dhrigale altedomde Wdlkt h was
used as the mask for the inplantation, but other different techniques can
be used. To gi v myunsiAne i tardmdmlans dised tam sghegat e ’d ldodwiotde, and
the surface and the insides of the netal are oxidized to thin the gate

el ect rode, and ttthien hbogtarttre aomseralr et eed deidl, 1 ashe rfdbyn armsoffastetetngre witin film
sen conduct or device can be fabricated. The reversely staggered structure
of FIG 5C can &d&gsisyt cand funtdhiean wiS stichad it i MIXAS e o rd or

device by increasing the width of the mask 506 than the w dth of - 36- -
the gate el ect (G4e2BO50; ThARA thi¢iTIRERIHETha] e silicon film was
formed.

Subsequently this substrate was cleaned with boiling
60 % concentration-nitric acid, and further was
immersed in 1.67 % hydrofluoric acid agqueous solution
for 20 seconds to remove the natural oxide film, and
the clean silicon surface was exposed. Immediately a
silicon oxide film was deposited thereon in a 1500
A-thickness by ECR-PECVD. This silicon oxide film was
deposited by the same technique as used in Example 1
for the formation of the gate insulating film. Then
dopant ions as donors or acceptors were added to the
wiring of the silicon film by an ion implanting system.
In Example 6 phosphorus was selected as the dopant for
the purpose of fabficating an n-conducting layer. But
other different elements may be used in accordance with
purposes. In Example 6 dopant ions were added by a
bucket ion implanting system of non mass separating
type. The raw material gas was 5 %—concentration
phosphine diluted with hydrogen. The dopant ions were
implanted through the silicon oxide film at a 110 KV

2

acceleration voltage in a 3 x 1015 1/cm®. Then this

substrate was placed in a furnace kept at 300 °C in a



any process for fabricating thin filmsem conductor devices to provide

of fset-type thin filmsem conductor devices. Exanple 5 FIGs. 8A to 8F show
sectional views of the steps for fabricating a silicon thin film

sem conductor device constituting a MS field-effect transistor. In Exanple
5 a 235 mm square-quartz glass was used_ as an insul ative substrate 801. The
kind and the size of the substrate 801 ¢8A be any as long as the substrate

801 is a substrpgie gr.a SHBSLAA! . ABLEALAL L oflogan WiLhistapd 6pRe[err] C

For exanple, a I mensi onal med on a silicon wafer can be used

as the substratge,f Upggthayetime LT bxbil 1y 802 ¥@s. deppsit egdrby
at nospheric pressure chem cal vapor deposition (APCVD) on the top surface

of the quartz ghags-8Pdavhibsh hassbeencsubheeict £o18% 086 sp&asdngnand
acid cleaning. This SiJerr] filmwas deposited using 120 SCCM of sil ane,

840 SCCM of oxygera apuliddf Skhief rhlii oged eleatBdies ewsrt& Bubseédade
tenperature. The depositing speed was 3.9 A/sec. and the depositing tine
was 8 m nutes 38lumivuns. Thenrasistaroe ohithéithmsSOBohmeding a dopant as
donors or acceptors added was deposited by | ow pressure chem cal wvapor
deposi tion dopant—added silicon oxide film wiring was measured.
The sheet resistance was (71 * 15) kQ/square with 95 %
confidential level was measured. It has been believed
generally impossible tc add dopant ions to é'hundreds
A-thickness thin f£film, and to activate the added ions
at a temperature as low as about 300 °C so as to obtain
a conducting layer. That is, in this invention the
film quality of the heat-treated silicon film which was
coated‘with the silicon oxide film deposited by
ECR~PECVD, has been successfully improved, e.g., the
trap density of the surface of the silicon film was
decreased, etc.. Consequently the electron scattering
density was lowered, which has for the first time made
it possible to fabricate the thin film conducting
layer. This point will be compared with the silicon
film formed by the prior art for the purpose of
evidencing the superiority of this invention.
As a first control, a silicon film was deposited at
600 °C by LPCVD, and then a dopant was added to a
silicon film formed by the prior art with a silicon
oxide film formed on by ECR-PECVD, and the activation

was conducted at a low temperature of 300 °C to form a



(LPCVD)" (FIG 8A).
a 1500 A-thickness,

In Exanple 5 this silicon thin film 803 was deposited in
usi ng -37- phosphorus as the dopant, and 0.03 SCCM

of phosphi ne (PH3) and 200 SCCM of silane (SiH4) as the raw naterial gas at
a 600 [err]C depositing tenperature. The depositing speed was 30 A/ m n.

and the sheet resistance i medi ately after the deposition was 1951

Q square. Then a resist was fornmed on tH&-silicon thin film803, and the

silicon thin fi%£}§$$T¥@§lﬂaggg ?gfégélfagéggd pﬂ@s§fpgﬁﬁggaggﬁ

tetrafl uoride (

oxygen Itrogen (Njerr]), etc., and a

source and a drgy ;681 PP1RO0G:i WehE L MBErmddehy SOhd iRl NtYE 8L s 0xsde

films on the surfaces of the regions 804 were renoved, and then inmmedi ately
an anor phous sithceRahpie §i&xe8Pb vBstdepessietedy tPGYO4E fep8Blitedn
Example 5, in the | ow pressure CVD device, its reaction chanber was nade of
quartz gl ass wiih atsc6yohuttricknds8d. bsiing P2 obMdSCtle ofitsiHenefat h&oo
reacti on chanber there was di sposed a heater having three separate zones.
The three zones’@grat adj 9sE edtsort hadchiorquiaroer sintéwionl pressuceul d

The sheet resistance of the thus-prepared silicon film

by the prior art was over 1 GQ/square at all five

measured positions. Actually no current flowed.

As a second control, a silicon film was formed using

the heat-treatment at 800 °C by quite the same process

as in Example 8, while oxide film was formed by APCVD,

and then a dopant was added to the silicon film and the

activation was conducted at a low temperature of 300 °C

to form a silicon film conducting layer. The dopant-

added silicon film wiring was formed by the same

process as in Example 6 except that the silicon oxide

film was deposited by APCVD in a 1500 A-thickness

keeping the substrate temperature at 300 °C, and

feeding together with the raw materiai gas 300 SCCM of

the mixed gas of 20 %-silane content nitrogen and

silane, 420 SCCM of oxygen, and about 140 SLM of

dilution nitrogen. The sheet resistance of the

thus—-prepared silicon film by the prior art was

(175 * 56)KQ/square under 95% confidential level.

Subsequently this substrate was again placed in the

ECR-PECVD device for the hydrogen plasma treatment.

The hydrogen plasma treatment was conducted using 125



be formed near the center of the reaction chanber. The substrate was pl aced
hori zontally in the territory of the iso thernal zone to deposit the

anor phous silicon thin film805. For the deposition of the anorphous
silicon thin film805, 100 SCCM of disilane (Si[err]Herr]) as the raw

mat eri‘al gas, and 100 SCCM of heliun1a§4%be dilution gas were used. The
depositing tenperature was 450 [err][C In Exanple 5, the exhaustion of the

| ow pressure CVEcEMroacRydsefehNathg 506 Mt i S OfriH€ tempSSat@p®! phous
silicon thin film 805 was conducted a nmechani cal booster punp and a rotary
punp directly ceonecveditpowheef onpput dheérLowaso phhvities. a £puductrace

val ve between the nechani cal booster punp and the reaction furnace. This
conduct ance val kednegesuplabhyg btpeatuenhd theseesistiadhee whe meastred
chanmber interior pressure could be adjusted and nmaintained as required. In
Exanpl e 5 the rahcfiva Eﬁéhﬁé@nﬁnPérF£¢ prlesbra e wasThetperE at 306 mtorr
during the deposition of the anorphous silicon thin film 805. The anorphous
silicon thin fiTRF8B52NEe ALpb¥Ptef theaf Bpy positions was over 1

GQ/square, and the average value of the sheet
resistances and the standara deviation at the remaining
three positions were 158 kQ/square and 868 kQ/square,
respectively. ‘
Thus it can be understood that the cocating of a
silicon film heat-treated at a temperature equal to or
lower than 600 °C with a silicon oxide film formed by
an ECR-PECVD device realized, the formation of a
silicon film with high film gquality. Thus, a thin film
semiconductor device having good characteristics can be
fabricated by, as in Example 1, using the silicon film
in the channel region, and using the silicon oxide film
formed by an ECR-PECVD device as the gate insulating
layer. Furthermore, a silicon film conducting layer of
low resistance at low temperatures can be formed by, as
in Example 6, adding dopant ions to the silicon film.
Accordingly the siiicon film according to this
invention is effectively applicable not only to thin
film semiconductor devices, but also to non-single
crystal silicon films used in all electronic devices,
such as gate electrodes and wirings of charge coupling

devices (CCDs).



A-thi ckness at .a 18.07 A/mn. depositing speed. A resist was fornmed on the
t hus- deposi t ed anorphous silicon thin film805. Then the resist was
patterned by a mixed plasma of carbon tetrafluoride (CF4), oxygen (O[err]),
nitrogen (N), etc.. That of the anorphous silicon thin film805 at the
positiron where a channel region was to be fornmed was |eft unrenoved.
Subsequently this substrate was cl eaned-#¢th boiling 60 % concentration
nitric acid. Then the substrate was i mersed in 20 seconds in 1.67 %
hydr of | uori c aciBkaaguleous sol ution to renove the remaining natural oxide
films at the positions where a source and a drain regions 804, and a
channel region wer e tdPHRNT-wdgall el arhd idime g nsiucitdag fligvamaasexposed,

i medi ately an oxygen plasma 807 was radiated to the exposed silicon film
by a el ectroni c ¥3ra1sst roh thes ordie @ §ARST a0VvBR Exaggleddy es eptcrthadcyD

device) (FIG 8C).. The ECR-PECVD device used in Exanple 5, is schematically
Shown 0 FI G 2 OHe BB i 10 GRESTO A B GReniSig LM T B3

mcrowaves to a trheeact;[ulc%etc hié}anrpeirmpzloaznf:[ir}lrgou%hstaem of non mass separation

type was replaced by implanting monovalent phosphorus
ions of a mass number of 31 by an ion implanting system

15 l/cmZ

of mass separation type. In Example 7, 3 x 10
of phosphorus ions were implanted at 90 kV. The
resistance of the thus-prepared dopant-added silicon
film was 1 GQ/square at five positions on the
substrate, and substantially no current flowed. This
results from the following reason. That is, because in
Example 6 a dopant was added using a mixed gas of
hydrogen and phosphine as the raw material gas by an
ion implanting system of non mass separation type,
inevitably hydrogen ions were added at the time of the
implantation of the phosphorus atoms to the silicon
film, and the defects generated at the time of the
implantation were repaired by hydrogens. Only the
combination of the silicon film of good quality
according to this invention and the defects repaired by
hydrogen can provide a silicon conducting layer of low
resistance at low temperatures.
Example 8

FIG. 10A to 10D show sectional views of the steps

for fabricating a silicon thin film semiconductor



wavegui'de 201 and feeding 100 SCCM of oxygen fromthe gas-feed pipe 203.
The reaction chanber interior pressure was 1.84 ntorr, and the output of
the m crowaves was 2500 W An outside coil 204 was provi ded around the
outside of the reaction chanber for applying a nagnetic field of 875 Gauss
to the oxygen plasma so that the electrons in the plasma satisfied the ECR
condition. The substrate 205 was pl acedSperpendi cul ar to the plasma, and
the substrate tenperature was kept 300 [err]C by the heater. On these
conditions the dryder pbastitd@ingas sadifanédgherd 8taggatred #B0Sseconds to
oxi di ze that of the anorphous silicon thin film®808 left at the position
for the channel fieddorffeche treryddtion. aRdratsi efein] EXphpl808.whai ch was
to be a part of a gate insulating filmwas fornmed. Bel ow the part which was
to be a part of StRetgate iLA8dl ¥esSngleaped .t RaE dhepha &&By ghods Y89 i con

L 509 W e A 0k PTATEL L8000 veaol5Th LS 39,
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film was deposited in about 1500 A and was patterned to
form a silicon film 1003 as a pad. (FIG. 10A). In
Example 8, this first silicon film was depogited in
1500 A by the LPCVD device used in the deposition of
the channel silicon film in Example 1 using 12.5 SCCM
of silane at a 600 °C depositing temperature. But it
is possible that the first silicon film is deposited by
the LPCVD device at a 550 °C depositing temperature, is
deposited using disilane (Sig%) as the raw material gas
at a 450 °C depositing temperature, or is deposited by
PECVD at about 250 °C depositing temperature. The
first silicon film may be formed by any technique
unless the film forming temperature exceeds the maximum
processing temperature of 600 °C. Subsequently a
second silicon film 1004 was deposited. The first
silicon film or a silicon film 1003 which is to be a
pad is not necessary if the second silicon film is
about 300 A or more thick, and the resistance value at
the source and the drain region after a dopant is added
is sufficiently low compared with that of the channel
region when the transistor is operated. In Example 8,

the second silicon film 1004 was deposited by the same



-40- m-crowave output, a 300 [err]C substrate tenperature and for 18.7
seconds.- The reacti on chanber pressure was 2.62 nmorr. The thus-forned

mul ti-layer filns were nmeasured by a nulti-wavel ength di spersive

el lipsometry (nulti-wavel ength spectroellipsonetry, MOSS-ES 4G by SOPRA).
The remai ni ng anor phous silicon film809 which was to be formed in the
channel portion had 205 A, The Si Q2 fil-+nifornmed by the oxidation of the

h il ' 08_h ' Al h
mavel ength of c5aohbhikENEsBHa L2056 TRCeRMIELS ! 1P Do AkitalBton A Le®
Sigerr]2 f'|n1§§0tﬂgr§1%168naﬂﬂfﬁ ¢ 1ﬁe§9§8ﬁ'wﬁéYto1gE”EﬁQecﬁ§H§ePrePaVEd

substrate was inserted In 600 [err|Celectric furnace and was

heat-treated fored8oAOUr 8nafl 15N enki §Bcohlies £l 644 1 £1 Il NG6L was kept
supplied with 99.999 % or hlgher purity nitrogen gas at 20 1/mn. to

mai ntai n an i nedépagbteat aat ghepbenperdbuse heatsic eat nent2smd H00y[err] C in
the inert anbient atnosphere crystallized the anorphous silicon left on the
part which was LBCYR ubinghabfeSCCHgoOnmonobhelananss otmedrawntrmatesisl con
thin film811 constituting
gas with the deposition rate of 21.2 A/min. Then the
same heat-treatment as that conducted in Example 1 for
the improvement of the crystallinity followed. That
is, the heat-treatment was performed for 23.hours at
600 °C in a nitrogen ambient atmosphere (FIG. 10B).
Then the second silicon film was patterned.
Subsequently a gate insulating film 1005 was formed by
the same technique as in Example 1. That is, a SiO2
film was deposited in 1500 A by ECR-PECVD. Then a
metal film, etc. for electrodes were formed. In
Example 8, as the gate electrode material a chrome film
of a 2000 A-thickness was used. The chrome film was
formed by sputtering at a 180 °C substrate temperature.
The resistance value immediately after formed was $84
mQ/square. Subsequently a SiO2 film was deposited by
APCVD on the chrome film in 3000 A at a 300 °C
depositing temperature and then patterned with a resist
to form a gate electrode 10068, and a protective cap
layer 1007 of the silicon film, and dopant ions were
added. In Example 8, phosphorus was selected as the

dopant for the purpose of fabricating on n-thin film

semiconductor device. Other different elements may be



the channel region (FIG 8E). Subsequently this substrate was placed again
into the ECR-PECVD to radiate a hydrogen plasma to the heat-treated
substrate. The hydrogen plasma was forned usi ng 100 SCCM of hydrogen at a
300 [err] C substrate tenperature and a 2000 Wmi crowave output. In this
state, the reaction -41- chanber interior pressure was 1.97 ntorr, and
the hydrogen plasma radiation was condiGetéd for 45 minutes. Then chrone was

deposited in 1300 Ay SRLLIGLA 946 hepheade 812 wasnpaTed diy

patterning. At time the sheet resistance was 1.36 @Q square. A contact

hol e was fornmeddm | t@%ﬁ?&ﬁg Sl RG thidu® saRdss sepasatdon a drain
el ectrodes 813 were rmed by sputtering or other techniques, and a

transi stor was [GRIRIARIEG Ay Wald ediing l@ntGtheFdopkhn tExamblee dopaad t he
material of the source and the drain el ectrodes al um num of a 8000

A-t hi ckness wasvassdaip lTEht eshestinege s $t-amee epft raltiiona pinvispiybngasiidnted

nY square. One exanple of characteristics of the thus-fabricated thin film
transi stor (TFRWitls Ighiwegdam as the raw material gas at a 110 kV

15 1/cm concentration.

acceleration voltage in a 5 x 10
Parts of the first and the second silicon films were
formed into the source and the drain regions 1008, and

because of the protective cap layer 1007 of the SiO2

film, no dopant ions are added to the second silicon
f£ilm below the cap layer 1007, and a channel region
1009 is constituted (FIG. 10C). Then the substrate was
heat-treated for 2 hours in a nitrogen ambient
atmosphere for the activation of the added dopanﬁ ions.
Next, a SiOZ film was deposited in 5000 A as an
inter-layer insulating film. Then contact holes were
opened, and a wiring 1011 was formed of aluminum or
others, and a self-aligned thin film semiconductor
device was completed (FIG. 10D).

The transistor characteristics of the
thus-fabricated self-aligned thin film semiconductor
device were measured. With L = W = 10upm, Vds = 4V and
Vgs = 10V, the ON-state current was 4.89 pA, the
minimum value of the source-drain current was 0.21 pA
with Vvgs = -3.5 V, the OFF-state current was 2.65 pA
with Vgs = -10 V, and the field effect mobility po =

26.1 cnﬁ/v-sec. Thus, very good self-aligned thin film



FIG 9-at-9-a.- Here Ids denotes a source-drain voltage. The neasurenent was
conducted at Vds = 4 V and at 25 [err]C. The transistor had a channel
length of L = 10 pmand a width of W= 100 pm Wen the transi stor was
turned on at Vds = 4 V and Vgs = 10 V, its O\N-state current was Ids = 34.5
pA. The resultant. thin filmsem conductor device had such good transistor
characteristic. The field effect nobil+®y-of this transistor based on the

saturation current, relﬂ(%lon was, 12,52 cnferr /%%?e;;r]sec. The transi stor
characteri stic ST IFIRC 9T nEREHT @ oFTI T D2 ce fabricated by the prior

art is shown as a gontrol . 9-b. Thj hin: £ ' ctor device
fabricated by the %?If o?o%l??ﬁ'}%/\%%n' & égﬁf% r ljé%ic%nem tr%ﬁjsame process as

Exanpl e 5 excep%e%%,a%na FRaRDet c 81 COFad P dh fdd MPfeddIes 4 NBFoMESs

deposited at 60 y lTow pressure CVD, and the oxygen plasna was not
radi ated. The rgacioreffhp fep9sité gt t feathadednmdd caii tidgn frimmby | ow
pressure CVD was the sane as that used in Exanple 5 in depositing the
anor phous sil i ceds tHorméd | vy Thevohatnebo sid¢i caut hias elaborated in

connection with Example 6, in the silicon film formed
by the prior art added dopant ions in the thin film
portion are not activated, and accordingly the
resistance of the dopant-added silicon filmsof the thin
film portion is adversely so high that impractically
the ON-state current of the transistor was 47.9 pA. In
contrast to this, Example 8 omitted the hydrogen plasma
treatment which is a main cause for deflections of the
characteristics, and has succeeded in fabricating a
very good self-aligned thin film semiconductor device
at low temperatures. This is a fruit resulting from
that, as in Example 2, the thickness of a channel
silicon film semiconductor layer is thinned to below
500 A to thereby improve the basic semiconductor
characteristics, and besides as in Example 86, a thin
film conducting silicon film is formed, whereby a
source and a drain regions of a thin film can be formed
easily at low temperatures. That is, it has been
conventionally impossible to activate dopants as donors
or acceptors without heat-treating a silicon film of an
about 1000 A-thickness at temperatures above about 550

“C. Accordingly the self-aligned thin film



filmwas ‘deposited in 252 A-thickness using 24 SCCM of nonosil ane as the
raw material gas at a reaction furnace interior pressure of 13.8 ntorr and
a 19.00 A/min. depositing speed. The ON-state current of the TFT fabricated
by the prior art was Ids = 4.6 [err][A, and the field effect nobility there
was 4.40 cnjerr]/v[err]sec. As another_control, a thin film sem conductor
device was fabricated by the sane procég “as Exanple 5 except that the

channel i | con, &y b ldJB i S 485. SRS AihAly P90 91d Gy diupgessur e

CVD as done int ove- scribed prior art was subjected to oxygen

plasma radi ati ofe P PrEnddle HERPSiti Om&s tihe A idvdatiowm fA lang The TFT
characteristic of this thin filmsem conductor device was neasured. The TFT

characteristic wligl i sttt ad tor tderge. dutidihdriv® rexy gart 43 asia
radi ation, and the Vgs-lds curve of this TFT, which was subjected to the

oxygen pl asma rgaiatimulagriaeg] vagdr tdred tife Edte Biedi¥ateataarecurrent of
this TFT was Ids = 4.7 pA and its field effect nobility was 4.44 cnjerr]/v
sec. The oxygercquplated.adils ilmai-strertmnth at a 4emperature above

about 550 °C has been performed for the activation of
the added dopant ions. This has deteriorated the film
quality of the gate insulating film, and accordingly
the hydrogen treatment has been essential. :Since it
has been impossible to use a metal material as the gate
electrode, the resistance of the gate wiring has been
high, or it has been necessary to form the gate
electrode and the gate wiring independently. But
according to this invention, a metal material can be
used as the gate electrode, and the hydrogen treatment
which is a main cause for the deflections can be
omitted. Conseguently this invention has succeeded in
fabricating thin film semiconductor device of high
characteristics stably by the easier process.

As described above, according to this invention, a
silicon film is deposited on a substrate having the
surface formed of an insulative material, and after
this silicon film is heat-treated at about 600 °C, a
silicon oxide film is deposited thereon by ECR-PECVD,
whereby the film quality of the silicon film can be
improved. TFor example, the transistor characteristics

of thin film semiconductor devices can be drastically



effecti've in the prior art in which the channel silicon thin filmis
deposi t.ed at 600 [err]C by | ow pressure CVD. The TFT characteristic of a
thin filmsem conductor device fabricated by further another prior art is
shown at 9-c. This thin film sem conductor device was fabricated by the
same process as Exanple 5 except that the oxygen plasma radiation was not
conducted. That is, an anorphous silicon thin filmwas deposited as the

channel siliconA¥Rle AR, RN iRt DI RGRG ihE ReaknlikeahRRM: i&n G

[err]C. But the oxygen plasma radiation was not conducted before the
formation of theygatedinglatdiich |Byer s ehfie obdhcftaly iceatied bhitdn s pri or
art had a depletion of -10 V and had a poor rise characteristic. The

ON- st at e curr ertonyfr ifsheiss e s tfdd Meparsidongucet ehateeilc s Madsob? £4 jwA at  Vds
=4 Vand Vgs = 10 V. The field effect nobility was 9.94 cniferr]/v[err]sec.
It is seen fromnhdde sdsn tof thestt-tineatriaesitdteo chamavedc tsdrliisone fofln he
thin filmsem conductor device is drastically inproved only when the

anmor phous si | i &n 839 n & ITAMewRg the heatHaegiamend!, o&gitde PFackFisat ed
wi th an oxygen plasnma and then heat-treated to crystallize the channel
silicon thin fidROTHHINg it Hddduddtand 1on dam §fbar cartd ngu s 4dd Torf il

anor phous silicon fil by the o en _pl asma prqduces.clean M
P semicon ue%or de@%é which co pgises %he g%ep o

depositing an amorphous silicon film constituting the
channel silicon semiconductor layer, the steﬁ of
radiating an oxygen plasma to and heat-treating the
amorphous silicon film a -temperature equal to or lower
than 60 °C before the formation of a gate insulating
layer. At the same time, this invention enables a
number of such thin film semiconductor devices having
good transistor characteristics to be fabricated
homogeneously on a large area. This produces the great
effects of realizing multi-layer LSIs, and inexpensive
active hatrix liguid crystal displays of higher
performance.

From the invention thus described, it will be
obvious that the invention may be varied in many ways.
Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all
such modifications as would be obvicus to one skilled
in the art are intended to be included within the scope

of the following claims.



interfaces, and the crystallization is performed. Thus it is seen that the
exanpl es of this invention have nuch better sen1conducﬁg§SF@%§ag&%%L

t han t hose -44- fabricated by the prior art. Exanpl e Qpgfy s Wit
and a silicon oxide filmwere fornmed on an inslative mat i'? l Emgﬁ};:
dopants as donors or acceptors was added to the silicon /f§2aml a
conducting layer of the silicon filmwaSéforned. In Exanple 6, a substrate
was provided b 25 mMmdi aneter fused quartz substrate. The substrate nmay
be any materi al ng as it can withstand the heat-treatnent at about 600
[err] C. For exanpl & JUPGESRAL & | & SURIMALRS v ke 1usesh £ under| ayer
SiOferr] filmwas deposited by APCVD on the substrate which had been
organi c- and acidimdeaied siistRi€d efddihd idonias f or med S F et SCCM of
silane, 840 SCCM of oxygen and about 140 SLM of nitrogen at a 300 [err]C
substrate tenpeyfatdt einshiles tdieged shd i 10 Sipe arhenas 13 cdrA/fiam bednrg tHeat-
depositing tinme was 12 m nutes and 49 seconds. Subsequently a

treated at a temperature below 600 °C and being

partially coated with a silicon oxide film formed by

electronic cyclotron resonance plasma CVD.

2. A semiconductor device according to claim 1,
wherein the silicon film constitutes a channel region
of a thin film transistor; the silicon oxide film
constitutes a gate insulating film of the thin film
transistdr; and a gate electfode of the thin film

transistor is formed on the silicon oxide film.

3. A semiconductor device according to claim 1,
wherein the silicon film has a thickness equal to or

smaller than 500 A.

4. A process for fabricating a semiconductor device
comprising:

the first step of forming a silicon film on a
substrate having at least a surface formed of an
insulative material;

the second step of heat-treating at a temperature
below 600 °C the substrate with the silicon film formed

on; and the third step of fbrming a silicon oxide film

[N
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silicon fil mwas deposited by the LPCVD device used in the deposition of
the channel silicon filmin Exanple 1. The silicon fiTﬁaﬂmSHdﬁnaﬁm%ggdat

the tenperature of 550 [err] C using 100 SCCM of silane B
reaction chanber interior pressure for 11 m nutes and .I;¢
ra :

silicon filmthickness was 252 A. The thus-prepared subs
heat-treated to inprove the crystallinitd’~ This heat-treatnent technique
was the sane as,ih u LAt Re aryst LOLLY ;] il icon
fimtoa T ca8n Thar STaPRc Rakl 87, BpkEEbK L PYOLERRDD LebUBRSEL [TC
for 23 hours inpasBihkregen anbi ent atnosphere. Following this
heat-treatnment the silicon filmwas patterned with a resist, and further
was etched with a m xed plasna of CF4 and O[err]Jand a wiring pattern of the
silicon filmwas formed. Subsequently this substrate was cleaned with

boi ling 60 % coBceniratoboasni forcrabricaandgf ar sbRicvasut bver 8edics 1. 67 %
hydr of | uori c aci d aqueous solution for 20 seconds to renove the natural
oxide film andaccording to claim 4, wherein the first step is for

forming a silicon film for a channel region of a thin
film transistor; and
the third step is for forming a gate insulating

film of the thin film transistor.

6. A process for fabricating a semiconductor device
comprising;

the first step of forming a silicon film on a
substrate having at least a surface formed of an
insulative material;

the second step of radiating an oxygen plasma to
the silicon film; and

the third step of heat-treating at a temperature
below 600 °C the substrate radiated with the oxygen

plasma.

7. A process for fabricating a semiconductor device
according to claim 6, wherein said silicon film

comprises an amorphous material.

8. A process for fabricating a semiconductor device

according to claim 6, further comprising the fourth

VA T R
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the clean silicon surface was exposed. Immediately a SH%E%QQI XRE8 el
deposited thereon in a 1500 A-thickness by ECR-PECVD. Th

filmwas deposited by the sane technique as used in ExanHE ﬂH Emiﬁ$
formation of the gate insulating film Then dopant ions

acceptors were added to the wiring of the silicon filmby an ion inplanting
system |n Exanple 6 phosphorus was sel écted as the dopant for the purpose
of fabricating apep-eondluching hayelicButopiderrdihfetethe chegaents may be
used in accordance with purposes. In Exanple 6 dopant ions were added by a
bucket ion inplantabgdsysitovof fhdn bhrseleeproaic ngyt yperodheesananateri al
gas was 5 % concentration phosphine diluted with hydrogen. The dopant ions
were inplanted phadmghCy¥Be silicon oxide filmat a 110 KV accel erati on
voltage in a 3 x 10[err] 1/cnferr]. Then this substrate was placed in a
furnace kept at 300 [err]Cin a -46- nitrogen anbi ent atnosphere for

heat-treatnment. The heat-treatin s exactly 1 hour. After the
hoat -t 1ot mont &t SoBroersT CRoRoPEhEICRbiBE Aas e Lntnite For devics

according to claim 8, wherein said silicon film

Eanawas

comprises an amorphous material.

10. A process for fabricating a semiconductor device
according to claim 8, wherein the first step is for
forming a silicon film for a channel region of a thin
film transistor; and

the fourth step is for forming a gate insulating

film for the thin film transistor.

11. A process for fabricating a semiconductor device
according to claim 10, wherein said silicon film

comprise an amorphous material.

12. A process for fabricating a semiconductor device
comprising;

the first step of forming a silicon film on a
substrate having at least a surface formed of an
insulative material;

the second step of heat-treating at a temperature
below 600 °C the substrate with the silicon film formed

on;

A



the silicon oxide film and el ectrodes were forned of Eﬂfﬂﬁ LWMas Hagh Replaced
resi stance of the thus-fornmed dopant-added silicon oxide fig IO =
measured. The sheet resistance was (71 15) k[err]/squarel ﬂ%mﬂﬁﬂgaitg
confidential |evel was neasured. It has been believed gen g$ifbl e
to add dopant ions to a hundreds A-thiclress thin film and to activate the
added ions at a tenperature as | ow as about 300 [err]C so as to obtain a
conducting | ayer. Thahei shiird thiep iofveptrmingt hesfilippvguakity @f lmhen
heat-treated silicon filmwhich was coated with the silicon oxide film
deposi ted by ECRhPELYBL-Hasaliedn sgudcessfilliny iepdroved, e.g., the trap
density of the surface of the silicon filmwas decreased, etc.. )
Consequent |y the el eétfol oggabt SitieRg odedsidipenas [LhReFédichRi &R lRayiftér t he
first tinme made it pqQssible to fabricate the thin fil mconducting. |ayer.
This point will th& EdAd&PEd SkePh ofh@d&iiPEc &R TRenSRoLRRR By 1Bn¥LNR dPeart
for the purpose qf .evidenging the superiorit f this inyention. As a first
contro, & STt St iEPIPRIEEEsdn TTTEe B0% BPPRELaRS| BEUBISARE ¢ hon &
dopant was added t i.ltcon film f.ormed he prior art wWth a_silicon
oxI de f11m for meGCSR By SELK PECUBT dqA e Aatioet PeRals bttt Pes "at ‘o

lo“’tenperatures@%a%&@ibﬁrEb%g,tﬁsﬁﬂﬁnbamixed gas of a hydride of the

dopant and hydrogen.

13. A process for fabricating a semiconductor device
according to claim 12, wherein the third step is for
forming the silicon oxide film by electronic cyclotron

resonance plasma CVD.

14. A process for fabricating a semiconductor device
according to claim 12, wherein the fourth step is for
forming on the silicon oxide film a gate electrode
which is to be a gate insulating film of a thin film
transistor, and adding the dopant to the silicon film
with the gate electrode as a mask to form a source and

a drain regions.

15. A process for fabricating a semiconductor device
in a MIS field-effect transistor including a channel
region formed on one face of a substrate having at
least a surface formed of an insulative material, a

source region and a drain region, and a gate electrode

W o
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-47- silicon fi'l mconducting |ayer. The dopant-added silicon filmwring
was formed by the same process as in Exanple 6 except t Sheay Hasdeprj Replacefii | m
was .deposited in a 263 A-thickness using 12.50 SCCM of si ﬁg (H)

[err]C, at a 9.2 ntorr reaction chanber interior pressur g

resi stance of the thus-prepared silicon ﬁiln1by the prior art was over 1
Jerr]/square at all five neasured posFF ons. Actually no current flowed.

As a second conippbsed %ol ithan chianMeWasebabREdnrsiLBg Bugalﬁéaihf‘shﬁﬁﬁz!i%%t at
600 [err]C by quite the same process as I n Exanple 6, ile oxide filmwas
formed by APCVDlaged thensamdepaductwes addedet BakhagShki censti bicaad the
activation was conducted at a low tenperature of 300 [err]C to forma
silicon film coerduthiengolayer andhehdogane- taddedgsibhscaotf shpewpbsag was
formed by the same process as in Exanple 6 except that the silicon oxide

fil mwas deposi padthg APC¥Deilpcird8e0 thArvbgbkhbssghbepinguihtisgbsitat e
tenperature at 300 [err]C, and feeding together with the raw material gas
300 SCCM of t hethex@dC§&§soroPprdsdnEane content nitrogen and

the step of forming a silicon film constituting a

channel silicon film semiconductor layer, and the steb
of forming the source and the drain regions; and the
step of heat-treating at a temperature beloﬁ 600 °C the
substrate with the channel region, and the source and

the drain regions formed on.

[




sheet resistance of the thus-prepared silicon film by
(175 56)K[err]/square under 95% confidential |evel. Su
substrate was again placed in the ECR PECVD device for ;
treatnment. The hydrogen plasma treatnment was conducted u5| ng 125 - 48-
SCCM of hydrogen at a 300 C substrate temperature, a 2000 Wm crowave
output and for 30 minutes. After the hydrogen plasma treatnent, the

resistance was measusft airmdM \WEMRYINDUAR RO bEIR BSUbSocH s e sheet

resi stance at two of the five positions was over 1 sguare and the
average val ue of the ShEABREGATENGNEBE SAYEs hANGt gaﬁééa dBIEY: i on at the
remai ning three positions were 158 k@ square and 68 kQ square,
respectively. Thus it can be understood that the coating of a sili con film
heat-treated at a tenperature equal to or lower than 600 [err]Cwith a

silicon oxide filmfornmed by an ECR- PECVD device realized, the formation of
a

silane, 420 SCCM of oxygen, and about 140 SLM of dil ut| on n| tr Eij

Abstract of the Disclosure

There is Disclosed a semiconductor device
comprising a silicon film formed on a substrate having
at least a surface formed of an insulative material,
the silicon film being heat-treated at a temperature
below 600 °C and being partialiy coated with a silicon
oxide film formed by electronic cyclotron resonance

plasma CVD.




silicon filmwith high filmquality. Thus, a thin film sem conductor device
havi ng good characteristics can be fabricated by, as in Exanple 1, using
the silicon filmin the channel region, and using the silicon oxide film
formed by an ECR- PECVD device as the gate insulating |layer. Furthernore, a
silicon filmconducting |ayer of |ow resistance at | ow tenperatures can be
formed by, as in Exanple 6, adding dopant ions to the silicon film
Accordingly the silicon filmaccording te this invention is effectively
applicable not only to thin film sem condugt or devices, but also to
non-single crystal silicon filns used in all electronic devices, such as
gate el ectrodes and wirings of charge coupling devices (CCDs). - 49-
Exanpl e 7 A dopant-added silicon filmconducting |ayer was forned by the
sanme process as in Exanple 6 except that the step of adding dopant ions to
the silicon filmby the bucket ion inplanting systemof non nmass separation
type was repl aced by inplanting nonoval ent phosphorus
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ions of a mass ‘nunber of 31 by an ion inplanting system of nmass separation
type. |In Exanple 7, 3 x 1015 1/cnferr] of phosphorus ions were inplanted
at 90 kV. The resistance of the thus-prepared dopant-added silicon filmwas
1 GQ square at five positions on the substrate, and substantially no
current flowed. This results fromthe follow ng reason. That is, because in
Exanpl e 6 a dopant was added using a m xed gas of hydrogen and phosphi ne as
the raw material gas by an ion inplantingf2 stem of non nass separation
type, inevitably hydrogen ions were added the tine of the inplantation
of the phosphorus atonms to the silicon film and the defects generated at
the time of the inplantation were repaired by hydrogens. Only the

conbi nation of the silicon filmof good quality according to this invention
and the defects repaired by hydrogen can provide a silicon conducting |ayer
of low resistance at |ow tenperatures. Exanple 8 FIG | QA to | OD show
sectional vie ug ?he steps for fabricating a silicon thin film
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-50- device:constituting a self-aligned staggered MS field-effect
transistor. First, as in Exanple 1, a substrate 1001 was cl eaned, and then
a Si2 filmwas deposited on the substrate in about 2000 A as a protective
underl ayer film 1002. Then a first silicon filmwas deposited in about 1500
A and was patterned to forma silicon film 1003 as a pad. (FIG 10A). In
Exanple 8, this first silicon filmwas deposited in 1500 A by the LPCVD
device used in the deposition of the chébnel silicon filmin Exanple 1
using 12.5 SCCM of silane at a 600 [err]CQ@epositing tenperature. But it is
possible that the first silicon filmis deposited by the LPCVD device at a
550 [err] C depositing tenperature, is deposited using disilane

(Si[err]H err]) as the raw naterial gas at a 450 [err] C depositing
tenperaturd;jgr 3 s deposited by PECVD at about 250 [err]C depositing
tenperature. The first silicon filmmay be fornmed by any techni que unl ess
the filmformng tenperature exceeds the nmaxi mum processi ng tenperature of
600 [err]C. Subsequently a second silicon film 1004 was deposited. The
first silicon filn1£r.a silicon film 1003 which is to be a pad is not
necessary if the se Shd EiTicon TiTmis Rbout 300 A3QL more thick, and the
resi stance val ue at a
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the source and the drain region after a dopant is added is sufficiently |ow
conpared with that of the channel region when the transistor is operated.
In Exanple 8, the second silicon film 1004 was deposited by the sane

-51- technique as that used in Exanple 1 in the deposition of the silicon
thin filmwhich was to be the channel region. That is, the second silicon
film 1004 was deposited at the tenperature of 550 [err]C in 250 A by LPCVD
usi ng 100 SCCM of nonosil ane as the raW mat eri al gas with the deposition
rate of 21.2 A/mn. Then the sanme heat-treatnent as that conducted in
Example 1 for the inprovenent of the crystallinity followed. That is, the
heat -treat ment was perfornmed for 23 hours at 600 [err]C in a nitrogen

anbi ent atnosphere (FIG | 0OB). Then the second silicon filmwas patterned.
Subsequently a gate insulating film 1005 was formed by the sane techni que
as in Exanple 1. That is, a SIQ2 filmwas deposited in 1500 A by

ECR- PECVD. Then a netal film etc. for electrodes were fornmed. In Exanple
8, as the P4t 4l ectrode material a chrome film
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of  a 2000 A-thickness was used. The chronme filmwas formed by sputtering at
a 180 [err]C substrate tenperature. The resistance value i mediately after
formed was 994 nferr]/square. Subsequently a SiQ2 filmwas deposited by
APCVD on the chrone filmin 3000 A at a 300 [err] C depositing tenperature
and then patterned with a resist to forma gate el ectrode 1006, and a
protective cap |layer 1007 of the silicen film and dopant ions were added.
I n Exanpl e 8, phosphorus was sel ected aSct he dopant for the purpose of
fabricating on n-thin filmsem conductor device. Oher different el enents
may be -52- selected in accordance with purposes. In Exanple 8 an ion

i npl anting system w thout a nass separation anal yzer was used to inplant

t he dopant. The dopant was inplanted using 5 % concentrati on phosphi ne
diluted with hydrogen as the raw material gas at a 110 kV accel eration
voltage in a 5 x I0[err] 1/cnferr] concentration. Parts of the first and
the second silicon filns were formed i ntd®0h2 source and the drain regions

1008, and because of mprotective cap layer 1007 ofgfhe Si Q2
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film no dopant ions are added to the second silicon filmbelow the cap

| ayer 1007, and a channel region 1009 is constituted (FIG 10C). Then the
substrate was heat-treated for 2 hours in a nitrogen anbi ent atnosphere for
the activation of the added dopant ions. Next, a SiJerr] filmwas
deposited in 5000 A as an inter-layer insulating film Then contact holes
were opened, and a wiring 1011 was fornmed of alum num or others, and a
self-aligned thin fil msenm conductor de e was conpleted (FIG 10D). The
transi stor characteristics of the thus-faliticated self-aligned thin film
sem conductor device were neasured. Wth L = W= 10pm Vds = 4V and \Vgs =
10V, the ON-state current was 4.89 pA, the m ninmumval ue of the

source-drain current was 0.21 pAwth Vgs = -3.5 V, the OFF-state current
was 2.65 pAwith Vgs = -10 V, and the field effect nobility po = 26.1 cnR/v
sec. Thus, very good self-aligned thin film -53- sem conduct or device

was obt ai nef.igrof conparison, a self-aligned thin film
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sem conductor device was fabricated by the sane process as in Exanple 8
except that the channel silicon filmwas fornmed by LPCVD at 600 [err]C.

But, as el aborated in connection with Exanple 6, in the silicon filmfornmed
by the prior art added dopant ions in the thin filmportion are not
activated, and accordingly the resistance of the dopant-added silicon film
of the thin filmportion is adversely $0 high that inpractically the
ON-state current of the transistor was .9 pA In contrast to this,
Exanple 8 omtted the hydrogen plasna treatnment which is a nmain cause for
defl ections of the characteristics, and has succeeded in fabricating a very
good self-aligned thin filmsem conductor device at | ow tenperatures. This
is afruit resulting fromthat, as in Exanple 2, the thickness of a channel
silicon filmsem conductor layer is thinned to bel ow 500 A to thereby

i nprove the basic sem conductor characteristics, and besides as in Exanple
6, a thin filmconducting silicon filmis formed, whereby a source and a
drain regions of a thin filmcan be fornmed easily at | ow tenperatures. That
is, it has been conventionally inpossible to activate dopants as donors or
acceptors without heat-treating a silicon filmof an about 1000 A-thickness
at tenperatures above about 550
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'C. Accordingly the self-aligned thin film -54- sem conduct or device
conventionally has had the channel region whose filmthickness is above
about. 1000 A and has had poor characteristics. Furthernore, after the gate
insulating | ayer and the gate el ectrode are conpleted, the heat-treatnent
at a tenperature above about 550 [err]C has been performed for the
activation of the added dopant ions. This has deteriorated the filmaquality
of the gate insulating film and accordifigly the hydrogen treatment has
been essential. Since it has been inpossible to use a netal material as the
gate el ectrode, the resistance of the gate wiring has been high, or it has
been necessary to formthe gate el ectrode and the gate wring

i ndependently. But according to this invention, a netal material can be
used as the gate el ectrode, and the hydrogen treatnent which is a main
cause for the deflections can be on1tted Cbnsequently this invention has

succeeded in fabricatin 3~af 8 i §h
char act erlﬁfggsgﬁst any UAYA +e—easiet— - ocess 802
7801
_ —805
Fig. 8B 4—804
806
. 7
Fig. 8C
808
, % %809.
. 77
Fig. 8D
_ —~810
Fig. 8k
ius em- 812
T B | 813

Fig.8F o7 T,




As déscri bed ‘above, according to this invention, a silicon filmis
deposited on a substrate having the surface forned of an insulative
material, and after this silicon filmis heat-treated at about 600 [err]C,
a silicon oxide filmis deposited thereon by ECR- PECVD, whereby the film
quality of the silicon filmcan be inproved. For exanple, the transistor
characteristics of thin film sem condugtor devices can be drastically

-55- inproved by the process according%%@éthis invention for fabricating a
thin filmsem conductor device which co i ses the step depositing a
channel silicon filmand the step of heat-treating the channel silicon film
at 600 [err]C, following the heat-treatnent, or the process according to
this invention for fabricating a thin filmsem conductor device which
conprises the step of depositing an anorphous silicon filmconstituting the
channel silicon sem conductor |ayer, the step of radiating an oxygen pl asna
to and heat-treating the anorphous silicon film a-tenperature equal to or

| ower thanFﬁﬂg'g before the formation of a gate insulating
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| ayer. At the sane tine, this invention enables a nunber of such thin film
sem conduct or devi ces having good transistor characteristics to be

fabri cated honbgeneously on a |arge area. This produces the great effects °
of realizing nmulti-layer LSIs, and i nexpensive active matrix liquid crystal
di spl ays of higher performance. Fromthe invention thus described, it wll
be obvious that the invention may be vgried in many ways. Such vari ations
are not to be regarded as a departure I mthe spirit and scope of the
invention, and all such nodifications as would be obvious to one skilled in
the art are intended to be included within the scope of the follow ng

cl ai nms. 56 CLAI MS: 1. A process for fabricating a sem conductor device
conprising: a first step of formng a silicon filmon a substrate having at.
| east a surface forned of an insulative materials; a second step of
heat-treating the silicon filmformed on the substrate at a tenperature

bel ow 600[err]C after said first step;
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athird step of forming a silicon oxide filmon the heat-treated sil fi¢en~" ™
filmby electron cyclotron resonance CVD after said.second step; and a-
fourth step of inplanting a dopant as donor or acceptor into the silicon
filmby a bucket type ion inplantation system of non-mass separation type,
using a m xed gas of a hydride of the dopant and hydrogen after said third
step. 2. A process for fabricating a sem conductor device according to
claim1l1, wherein the fourth step is to f&xm a gate el ectrode on the silicon
oxide filmwhich will be a gate insulating filmof a thin filmtransistor,
and is to forma SOUTICEN r BYiLMNSEMECANRIGTOR rREN HIE wi RFPGHRS g% el ectr ode

being a mask. 3. A M g thin,tihm sem canducheb devieencempui sing: a gl ass
substrate; a protective on € glass substrate; a
silicon filmformed on the protective underlayer film and 57 a gate
insulating filmwhich includes a first silicon oxide |ayer and a second
silicon oxide layer, the first silicon oxide |layer and the second silicon
oxi de layer not including inpurities;

Abstract of the Disclosure

There is Disclosed a semiconductor device
comprising a silicon film formed on a substrate having
at least a surface formed of an=insulative material,
the silicon film being heat-treated at a temperature
below 600 “C and being partialiy coated with a silicon
oxide film formed by electronic cyclotron resonance
plasma CVD.

(Figure 1E)
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wherein the first silicon oxide layer is in contact" mnth th”””?ﬁlcon fllm
and.the second silicon oxide layer is in contagt w "1;S|I|con
oxi de layer, and a refractive index of the flrst?S|I|con OXIdG Iayer is
1.42 at a wavel ength of 632.8 nmand a refractive index.of.:t he second
silicon oxide layer is less than the reﬂﬁactlve lndex of the fdrst silicon
oxi de | ayer. 4. The MS thin fllnlsenlconductor ------- devi-ce of” Claﬂn13
wherein the silicon filmhas a thickness of 500A or | ess. 5. .. The

sem conducCdAIMB} ce of claim 3, wherein the glass sibstrate conprises a
mat eri al which can withstand a processing tenperature of at | east

600[err] C. 16.  ATproddsS fohifabfichtingensemichieduetoteldviee obmpridime3, wherein
the first silicon oxide layer is thinner than the second silicon oxide

layer. 7. The a'\'i*u%tté‘ﬂeg 4 ﬁo@}rﬁﬁgéeﬂ% Almdsy 'acﬁﬁétrﬁkéhﬁbﬁlgg%?éﬁt“ the
first silicon oxide ris app X|matey120A|nth|ckness The M'S

thin filmsem cond e.of ¢ the first silicon oxide
| ayer is for madabil 3 érfrar%ééfs(?gtein msqggh%efﬂm éégt hin filmsem conduct or

device of claim3, wherein the second silic oxi de Ia1 yer_is formed by a
chemi cal vapor @eﬁggppfioﬁtqg Sdebgat-treating t e silicon film formed on the

substrate at a temperature below 600°C after said first step;
a third step of forming a silicon oxide film on the heat-treated
silicon film by electron cyclotron resonance CVD after said second
step; and
a fourth step of implanting a dopant as donor or acceptor into the
silicon film by a bucket type ion implantation system of non-mass
separation type, using a mixed gas of a hydride of the dopant and
hydrogen after said third step.

2. A process for fabricating a semiconductor device according to
claim 1,
wherein the fourth step is to form a gate electrode on the silicon
oxide film which will be a gate insulating film of a thin film
transistor, and is to form a source region and a drain region with
the gate electrode being a mask.

3. A MIS thin film semiconductor device comprising:
a glass substrate;
a protective underlayer film formed on the glass substrate;

a silicon film formed on the protective underlayer film; and
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10: The M S thin film sem conductor device of claim3, whegein”

filmis a crystallized film 11. The MS thin film sem cpfe O '
claim 3, wherein a ratio of an ON-state current and an CFF+state current
of the MS thin film seniconductor device is 107 or nore. |12.

film seniconductor device of claim 3,5Ffurther conprising a gate

el ectrode, a source region and a drain regi on wherein at [east ‘one” of the

source region and the drain I‘f?l on do not overlap the gate el ectrode
1

t hrough the gat @ gaisubatiaigngi

silicon film crysseddnd edlidnn axidenapdr, ttheafifgnsilidbnaokielkpkiyat uired dhe

600[err] C or

|l ess. 14. A process for fabricating a thin filmof a

sem conductor d eﬁgf re process
conprising: a f?’%g?ﬁgt%%é&g g:férengﬁlel?%&qn%m&wtgt onﬁae%subst rate havi ng at

l'icon

| east a surface f.orned

t a terrperatureVYj}effrg\]lt?1 6%5[ lrsrthr\i %Ogté}\éggg‘é%’g{ :é%llgf S(H{ %PT: tvérle t thhﬁghforrmd

silicon filmfornped on the substrate, sal(f fecond step perf
%

tenperature bel éWB660Het seeand silicany oK
a surface of the silicon filmby imersing the substrate into a sol ution;

and

silicon oxide layer, and a refractive index of the first silicon oxide
layer is 1.42 at a wavelength of 632.8 nm and a refractive index of
the second silicon oxide layer is less than the refractive index of
the first silicon oxide layer.

The MIS thin film semiconductor device of claim 3, wherein the
silicon film has a thickness of S00A or less.

The semiconductor device of claim 3, wherein the glass substrate
comprises a material which can withstand a processing
temperature of at least 600°C.

The MIS thin film semiconductor device of claim 3, wherein the
first silicon oxide layer is thinner than the second silicon oxide
layer.

The MIS thin film semiconductor device of claim 5, wherein the
first silicon oxide layer is approximately 120A in thickness.

The MIS thin film semiconductor device of claim 3, wherein the
first silicon oxide layer is formed by plasma oxidation.

The MIS thin film semiconductor device of claim 3, wherein the
second silicon oxide layer is formed by a chemical vapor

deposition process.
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film 13. The MS thin filmsem conductor device of claim 10, wherein the
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59 afourth step of formng a silicon oxide filmon the!s ]
el ectronic cyclotron resonance plasma CVD, said fourth sfep perforied ™| i
i medi ately after said third step. 15. A process for fabricgtlng of.a
sem conductor device, said process being a | ow tenperatuye: process i ;
conprising: a first step of formng a s8licon filmfor & seni-conduet-or - i
region of a thin filmtransistor on a substrate having at | east a surfacei
formed of an insulative material, said first step Performad atTar

t enper at ur E0bel The A6 chin dilm semeisandsicspy evissat claim ﬁagwbﬁﬁel’é}l theon

filmformed on the substrate, said second step perfornmed at a tenperature
bel ow 6000C af tsiticenifilnt is atcrgbegilized fili. d step of cl eaning a surface of

the silicon filmby inmersing the substrate into a solution; and a fourth

step of fof{i NorRe IALS tkﬂﬁuhﬁh' aenﬁeéﬁaﬁét&rhaew&bnof Icldind T BN S18drRin R de of
a silicon oxide fllmon the silicon filmby el ectronlc cyclotron resonance

T A process. %%?0"5 OO RARECTRE et SREr el TSRl Erbb i o
device, said proc corrpr_i sing: a first st eg of form ng an anorphous
silicon film ont 1'1S Segpigonductor device is 107 or more.

12. The MIS thin film semiconductor device of claim 3, further
comprising a gate electrode, a source region and a drain region
wherein at least one of the source region and the drain region do
not overlap the gate electrode through the gate insulating film and
the silicon film is a crystallized film.

13. The MIS thin film semiconductor device of claim 10, wherein the
silicon film crystallized by a thermal treatment at a temperature
of 6009C or less.

14. A process for fabricating a thin film of a semiconductor device,
said process being a low temperature process comprising:

a first step of forming a silicon film on a substrate having at least
a surface formed of an insulative material, said first step
performed t a temperature below 6000C.

a second step of heat treating the silicon film formed on the
substrate, said second step performed t a temperature below
6000C after said first step;

a third step of cleaning a surface of the silicon film by immersing

the substrate into a solution; and

I



having at | east a surface fornmed of an insulative naterlal ¥
of crystallizing said anorphous silicon filmto forma polycrystalllne ;
silicon film 60 a third step of cleaning the sur face :oft the _ i
polycrystalline silicon filmby inmrersing the substrate |nto a solutlon

and imedi ately after the third step, &%®erting the substrate into.a. PECVDl
device and radiating an oxygen plasma to the polycrystalllne silicon f|In1§

in the PECVD device to forma silicon oxide filmon the polycrystalline-
silicon film @ fourth step of forming a silicon oxide film on the silicon film by

electronic cyclotron resonance plasma CVD, said fourth step
performed immediately after said third step.

15. A process for fabricating of a semiconductor device, said process
being a low temperature process comprising:
a first step of forming a silicon film for a semiconductor region of
a thin film transistor on a substrate having at least a surface
formed of an insulative material, said first step performed at a
temperature below 6000C;
a second step of heat-treating the silicon film formed on the
substrate, said second step performed at a temperature below
6000C after said first step;
a third step of cleaning a surface of the silicon film by immersing
the substrate into a solution; and
a fourth step of forming a gate insulating film of the thin film
transistor made of a silicon oxide film on the silicon film by
electronic cyclotron resonance plasma CVD, said fourth step
performed immediately after said third step.

16. A process for fabricating a thin film transistor of a semiconductor
device, said process comprising:
a first step of forming an amorphous silicon film on a substrate
having at least a surface formed of an insulative material;
a second step of crystallizing said amorphous silicon film to form

a polycrystalline silicon film;
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a third step of cleaning the surface of the polycrystalhnesﬂlcon
film by immersing the substrate into a solution; and

immediately after the third step, inserting the substrate into a
PECVD device and radiating an oxygen plasma to the
polycrystalline silicon film in the PECVD device to form a silicon

oxide film on the polycrystalline silicon film.
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