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A methd for crystallizing amorphos silicon (a-Si) films at low temperaturgis proposed|n the
method a-S films are crystallized at temperaturglower than 400 °C by annealig in the presence
of atomic hydrogen The hydrogen atons are generatd by catalytic crackirg reaction of H, gas on
a heatel tungste catalyze in the catalytc chemicd vapa deposition apparatuslt is found tha the
crystallire fraction of sut an a-Si film isincreasd from 0% to severaters %, and at the sane time
the a-Si film itseff is etchel with the rate of severaters nm/min by annealiig in atomic hydrogen.
This incremen of crystallire fraction appeas dependenon the quality of initial a-Si films. It is
implied that there are severd types of a-Si even if the differene amorg a-Si films cannad be
detectd by Raman scatterig spectroscop and othe mears for measurements© 199 American

Institute of Physics [S0003-695(99)01415-1

Polycrystallire silicon (poly-Si) films hawe been widely
applied to variows electront devices sud as sola cells and
thin film transistors However amorphos silicon (a-Si) in-
cubatia layer of severatens nm thicknes is often formed at
theinitial step of poly-S growth on aglass substrattand the
performane of devices using such poly-S deteriorates.
Therefoe the developmenof the crystallization methal of
sud an incubation layer at temperaturelower than the dis-
tortion temperatue of low-cog glas substrates usually
lower than 400°C, is required.

The authos hawe developé a novd low-temperature
depositim method nameal the catalytc chemic vapor
depositim (Cat-CVD) method?™* often called the hot-wire
CVD method In the method depositim gase are decom-
poseal by catalytc crackirg reactiors on a heatel catalyzer
placeal nea the substratesPoly-S films are obtainel at tem-
perature lower than 400°C using a SiH, and H, gas
mixture® Additionally, atomic hydrogen is effectively gen-
eratal by crackirg H, on a heatel catalyzer.

In the presem work, we propog anew crystallization
methal of a-S films at temperaturs lower than 400°C,
namel the atomc hydrogen anne& (AHA) method In the
method a-Si films are expose to atomic hydrogen generated
by the catalytc crackirg reacti;n in a Cat-CVD system.
Structurd properties of a-Si films subjectd to AHA are in-
vestigated.

Details of the Cat-CVD apparats hawe alreagy been
mentione elsewheré.Here atungste wire with a diameter
of 0.75 mm and alengh of 190 cm was usel as the cata-
lyzer. The distane from the catalyze to the substra¢ was
abou 5 cm. Substrag temperatue and catalyze temperature
were measurd by a thermocoups attache to the substrate
and an infrared thermomete throuch a quarz window, re-
spectively Thus the measurd substra¢ temperatue in-
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cludes the effed of both thermd radiation ard irradiation of
heatel gas.

The initial Si films before AHA were preparé by the
Cat-C\D method We expet tha the effed of AHA depends
on structurd properties of initial Si films. So far, it is known
that the crystallire fraction of poly-S films prepare by the
Cat-CVD methal was controlled by changimg the flow-rate
ratio of SiH, and H,.” Therefoeit is expecte tha a-Si films
with various structurd properties are obtainal by changing
the flow-rate ratio. In this case the flow rate (FR) of H,,
FR(H,), was fixed to 30 scan ard tha of SiH,, FR(SiH,),
varied from 1 to 8 sccm The initial Si films of 800 nm
thicknes were depositel on fused quarkz substratesin both
the depositiomn and AHA, catalyze temperatug and substrate
temperatue were 1600 and 350°C, respectively The gas
pressureof depositiomn and AHA were from 0.9 to 2.0 mTorr
ard 300 mTorr, respectively The initial Si films were ex-
posel to air ard fil m thicknes and Raman specta were mea-
sured Then S films were subjecte to AHA. In orde to
measue the chang of film thickness halff of the initial Si
film was maskel with a stainles steé plate during AHA.

It is known that the chemicé transpot takes place dur-
ing hydrogen plasna treatment In this phenomenonSi film
deposité inside of the chambeis etcheal by aH atom Then,
the Si specie arrive at the substrateln this case Si film is
deposite with a high H dilution ratio and has a high crys-
talline fraction In orde to determire the existene of such
phenomengfused quartz and asingle-crystallie Si substrate
were al sd togethe with the initial Si film. However no
depositio of film was detecté on thos substratesThus it
was confirmed tha the chemicé transpot was negligible at
leag unde the experimenthconditiors used.

The etchirg rate by AHA was measurd using a stylus
profile meter The structurd properties of Si films were stud-
ied by the Raman scatterig spectroscop using the excited
light of 5145 nm wavelengh of an arga ion lase at room
temperature The crystalline fraction was determiné from
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FIG. 1. Depositim rate ard crystallire fraction for Si films prepare with
variows FR(SiH,). FR(H,) was fixed to 30 sccm The crystallire fraction of
thos films was estimatel from Raman spectra.

the ared ratio of the signd due to the crystalline pha at 520
cm ! to the sum of the signak due to both the crystalline
pha® and the amorphos pha® at 480 cm ™.

The deposition rate and the crystallire fraction of initial
S films for varioss FR(SiH,) are shown in Fig. 1. As
FR(SiH,) increasesthe depositia rate linearly increass and
the crystalline fraction suddery decreasgfrom 50% to 0%.
Initial Si films depositd with FR(SiH,) lage than 2 sccm
were amorphouslt is known tha the amorphos phag was
selectivey etchel compare with the crystallire phag by
atomic hydroger® Therefore as the H, dilution ratio in-
creasesthe crystallinity is improved.

The relationshp betwea FR(SiH,) at the initial Si depo-
sition and etchirg rate by AHA isshown in Fig. 2. AHA was
carried out a& 300 mTor for 10 min. The thicknes of
poly-S films depositéd with FR(SiH,)=1scan is not
changedAs FR(SiH,) increass from 1to 2 sccm the etch-
ing rate increass becaus of the incremen of the ratio of the
amorphos phase The structurad properties of ead a-Si film
deposité with FR(SiH,) large than 2 scan are indistin-
guishabé by Raman measurementsHowever the etching
rates of those films are apparent} different This implies that
there are variows a-S structures whos differenee canna be
detectel by Raman measuremestas we expecte above.
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FIG. 2. Relationshp betwe@ FR(SiH,) at initial Si depositian ard etching
rate by AHA.
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FIG. 3. Raman specta of the film depositel with FR(SiH,) =1.5scen and
of the film subjecte to AHA for 5, 10 ard 15 min.

Raman specta of the initial Si film deposité with
FR(SiH,)=1.5scen ard of the film subjectd to AHA for
various times are shown in Fig. 3. AHA was carried out at
300 mTorr. The phona band due to the crystalline phase
are observe at Raman specta of films subjectd to AHA. It
is clea tha the crystallization of a-Si occuss by AHA. The
role of atomic hydrogen was investigate by the sane ex-
perimen using He instea of H, at 300 mTom for 20 min.
Raman specta of initial Si films depositel with FR(SiH,)
=15 scan and of the film exposeé to He with the same
catalyze ard substrag temperaturg are shown in Fig. 4. In
this case crystallization of a-Si films does nat occur There-
fore, it is confirmed that the crystallization by AHA isrelated
to the chemica reaction of atomic hydrogen The chang in
the crystallire fraction by AHA at 300 mTon for 10 min is
shown in Fig. 5. The data shown by open squars are same
as tho= in Fig. 1. Crystallire fractiors of Si films deposited
with low FR(SiH,) suc as 1.5 ard 2.0 scan areincrease by
30%—-60% with AHA. However the crystallization does not
occu for initial Si films deposite with FR(SiH,) large than
5 sccm It implies tha a particula a-Si structue which is
likely to be crystallized really exists.
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FIG. 4. Rama specta of the film deposite with FR(SiH,) =1.5scen and
of the film expose to He with the catalyze temperatue of 1600 °C and the
substrag temperatue of 350 °C.
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FIG. 5. Chang of crystallire fraction by AHA for Si films preparé with

variows FR(SiH,). Open and closal symbok shov the crystallire fraction
without AHA ard with AHA, respectively.

The following conclusioms are obtained (1) sone a-Si
films were crystallized by AHA; (2) crystallization ard etch-
ing by AHA depen on structurd properties of initial a-Si
films; and (3) there are various structurs of a-Si whos dif-
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ferene@ canna be detecte by the conventionaRaman mea-
surements.

The authos are very gratefd to Dr. A. lzumi for his
discussio ard suggestioa for this work. This work is sup-
ported in patt by the R&D Project in Cooperatio with Aca-
demc Institutiors “Cat-CVD Fabricatiom Processe for
Semiconducto Devices’ from the New Energy and Indus-
trial Technoloy Developmen Organizatio (NEDO).
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