Fownal oF NonCrestalling Solids 5% & G0 T19830 609707 A%
WegrtheHultand Fublishing Campany

HYDRDGENATED AMURPHOUS SILICCN PROGUCEG BY LASER INDUCED CKEMICAL VAPOR
DEPOSTTLON OF S1LAKE

#. MEUNIER, J. H. FOINT, Do HOLER, and J. 5. HAGGERTY

Massachusetts Institute of Technology, Cambricge, M&  O2139, USA

a-5icH films deposited by laser indaced CVD [LICYD) nave been charalerized
and the growlh process modelled,  Growth rales are eaponent 1g) 1y dupandent on
qas Lemperalore and FfIm properties follow tne cquilibrioe hydrogen content,
exponent fal Iy depiendent on substrate Lemperature.

THTROIIETTON

Structurally superior a=51:d (1lme are procuced by chesical vapor deposition
(VD) Trom &ilare,) but inoy contain tnsufficient hydrogen o achleve good elec-
tronfc properlies boceuse high substrate tenperalires {T‘- Q00°C) arg ﬂuﬁni;-ﬂ]‘yh
for reasonahle deposition rates, In the lgsér-induced C¥D {LICWO] process, *
skoetehea in Flo. 1, & E.Cl? Vasey bean [PL20) Mine: 10591 ym] laplnges on 4 gas
iilure prarallel to the substrate upon which the film {s deposited. The resc-
Lant gases, which inelude 5id . ore heoted directly by absorbing Infrarves pho-
tons, allowing precise, and indepenoent contreol of both ine gas temparalure, T‘J,
ana Ehe subslrate Lemperature, T . This provides o asjor advantage of the tech-
e hiigh deposition rates -;.:;1 be achioved at low substrale tanperalures.
Sinee Lhe gefecl structurd s precosinant ly determined oy 71_. we anticipated
that LECVD f1lms would ednibit excellest properties.

il BT MODEL

Uepdsftion of a=515R films by LICVD réquires the gas-phase reaction,
S'Ir'\.{-:_;] + :}1H2{uj + Hzlfg], which takes place st lemperature Ig; diffusion of ths
51Hy free radicals Lowards the substrate; and film growth «la a cosgination of
deactivalion and hydrogen elimination, processes which tade place at temperaturs
]5:* The rate-1imiting step 15 probably the 518, dissociation reaction causing
the growlh rete G(T ¢ to pe exponentidlly cepzngent on :g' ke calcutated
shealy-state Tg's b,-.r egquating the absorbea laser endrgy with the heat lest by
tnermal conduction.® This predicts an increase of ‘!l with ipcreasing laser
power, s1lane partial pressure, and T anl with gecreasing thermal conductivity
of tne gas mixtuee. For exanple, .15111; pure SiH_ at pressures of 3 torr (with
Tsh SUDSC) T torr (with Tis 2O°C), laser power of Z0-A0 W, we calculate T 's
petween 940-550°C, A Arraenius pipt of E{'I_n] is linear in the region over
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Fig 1. Schisnatic diagram of the Fig 2. Spin densityN.. vs 1/T k=t
LI1CVE Reaclor. for LICYD f1ims, o29W, adCW, wi5K

laser powers abiove the sub-strate,
and Ter normal CV0 £ iime 9, 0.°

which our estimate ol Tg i pappcted Lo be accurate,” ylelding an sctivation
enizrgy ol db kealfmal, essentially the some a5 obiserved for the pyrolysls of
!-jlhk.l' This 1% consistent with our fdentification of tnis &% the rate=1imiting
step an tilm growih,

Thi LICYD technigue nas some &314larities Lo the HOMOLYU process,
hoth procesd after a pomogéncoys thermal decomposition of Sik, . However, dug to

!oin enat

Lhe high degree of spatial control possible with ihe laser LICWU 15 subject
neitaer to parasiiic reactions near the hot walls nor te contaminalion from
hiateo Surf aces.,

Fil# PROPERTIES

Adnereat f1lms nave ceen Geposited on borosi|icele glass, Vused sillca, alu-
mfnum, and single-crystal silicon subsirates, skl Flles were cetermines to be
amorphous by TEM.

Electron spin resonance (E3R) measurements indicated the existence of neutral
dangling-bznas (g = £.00b5). The unpaired-spin concentrabion, Hﬁ. 15 @ sefsi=
Live tunctilon of 15 only. Fig. 2 shows an Arrhentus plot of ns VErSUs Ts far
both LICVD ang conwentional CVD a-59:H films.¥ AT tne cata are Tit by thes
relationsnip, N = (1.5 » L02cm=3) expl-1.57 €/sl ) emprasizing the basic
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Flg 3, Eydrogen content ond vo/fr = Fig 4. Dptical gap, Eggrs vs T4 ('C)
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gimilaritios of the tws processes. However, the LICVD process permits films to
be deposited av T values that are tnaccessanle to conventional €YD, Tne 8,
yalues, » 4 & 1 5%em=?, ‘pqual other high-guality f1lss énd leportantly do net
eRhAk AL Lo mtnlioum in I".lﬁ plseryel near IL. 30TL for gluw-discharge? or
HOMOEND seposited a-50:d, These LICVD resulls snow Lhat an equl librium number
of dangling bonas form ouring growth a1 T!. with & formation énergy of U.57 o,

The hysrogen concestration, [H], was oeterminec by the effusion technigue.?
Fampas ang Geifritht® proposeo a mooel for the growth of a-51:H f1ims which
rulates the ratio of the rates of deactivation, r,, and hydroged el iminat lon,
fo, 1o the funetion, #LH]"1=3. An Arrhenius plol of this function verses l'S is
shown in Fig. - for botn CICVD films énd conventional Cvl fitms;i! the plot s
Inear witn an activation ensrgy of O,4%% &V for "'?.r"l'l. This walue, essantially
the sane @s for gangling bond creation, represents the difference in activation
engrgies of the dedctivation amd H-eliminalion procasses.

The cptical gap, F’npt‘ of our films, obfalinsd from Tauc plots, 35 shown as a
Function of T  in Fig. 4. E_, 1s independent of laser power, bul decreases
sngrply witn increasing Ts in the ZUl-400°C rangs, becsuse of tne sharp decredse

in (H] ewer Lhis range;
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CURCLUSTURS
Wi have shown that LICVY 3=5i:4 Films are superior L0 thise produced by con-

ventignal CY¥U., Tne best LITVD films had I'|E- 4 x 10:%ce~F and were deposited at
tha lowest 15 {= ZOO"C). ipvestigated, AL this Ts' Eupl = 2.3 eV anc

[H] = 30 at %. Tne film growth rate appears 1o be controlled oy the thermal
gecomposition of 5, et T, while ine dangling bonos appedr to 08 Credled - at T5
wilh o formation energy of 047 V. Tha separate control of Tga:nd Ts' possibie
with LICVD, permits nigh-guality films to be sroduced at reasonsble deposition
rates,
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