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Abatract

A process Zar degositing a-5i:d fiims from D, lasar-nea
ana modalled: the propertias of rasulting films have Deen i
growth cate i3 decarmined Dy the .peak gas temperature, defined by an anarcgy
the apsorpticn of the lasar Dbeam and cherzal conduction B2
The hydrogen csntent and neutral apin denaity Zollow an equlliscium
The optical and alestconic properties alsg

supatrates temperacura.
tampacacure.

Ineroduction

mugra nas been Llncreaaing interesc recently in thin £illma sroduced by lasec ircadiacion
for most film deposition processzes, the lasec oDeaa interaacta
This may cause the reaction winetics to be dominated by hetacag
increduces an ambiguicy with respact c£o the parcition of the sbsorbad laser an
The process descrioced In

gf gasaes.

rhe ceactant gaa and the subatzate.

Figuce L.°°?
camperature.
al.? nave alao produced a=3i:d and West at al.
ceconigue.

He anticipaced that cthe LICVD praoceas would be theraally ac:iivitad, wicth Ene film graweh

cate controllac oy the tharzal disascciation of SiH,? chua,
dependent ©on tha peak gas temparature (T.}. In concrast,
primacily be a function of the substrate temperatura (T,).
axpacimencal daca and cheoretical analysia vhicn varifias

tha relatisnahips betwWeen process wvariables and botn process and

Process characzerization
mhe charactariastics of the LICYD procass have Dean acdelled ampirically and
Zmpirical chacacterization involvad systemacic manipulation of process
yaciaoles and che observation of theics affacts on grawsn vate an

analyctically.?

cnaractaciscica.
rata, laser power, laaar incensity, Saam-subsizala spacing
avidanc that the growth rata is directly
relaced to the peak gas teapecatuce now
that ralaticnships between peak gfaa
samperatura and procasa vaciables hava
haan devalopaed. OJur procesd modelling
=ansista of verifying the tharmallszaziaon
gf tne assorbed lasar 2nersy,
caleulating peak fas tappecaturas,
stating prapable aslacular reactions,
ane measuring goowsh Tates in Tar=s ai
apprapriaca process variaolas.

Tnermalization of absgrbed choton anavay

“hHen an lnfrarad photen is absorcoed,
che 5id, molsculs makes a czansitcion T2
an sxcitcag vioracional lavel.
Collisiona radistziouta tne Abssroed
anergy CRCLUTNing the 3ao2oCbing molacula
rg it3 ground scata wnace LC 13 asain
able to apsarb another pnotan. farc
LICYD conditiona (=~ 1 watt abscrcoad/ca,
Pgim, ™ 10 torr and T.~ BOQ®W), a molsc:zla rig. 1.
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the subaccaca and Eh

gzl39

ted gases has Dean demonst
avestigaced extanaively.

enecus sracesses,

CAC@E.

the supatrata.
“ and it
argy batWaeen
this papar dicect=s a Lasar
peam through an asacrbing gas parallel to the subatrate ugpofn umigh zhe film La deposited,
Tha reactant gas temperature. Ls cantcallad indepandent of the subatrata
thia decouples the film propertias from the £ilm goaWwth dilenchi atc
have produced aillcon niczide using this

iz snc -d be axponentially

che £ils propecties ahould

In ti.is paper.
theses p.=3umptions and quancifias
f£ila characteriscics.

W3 prasent

d achar proceas and fila
Thae wariables studied include ga3 composizizn, gas pressurce, Gad

sad subacrate Camperaturca.
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agscrbs a2 gnoton avesy TG00 a3 and tma averags Time seswesn <3llisions 1S J3.3215 us.
vipratianal-vioccacional (¥=V], vibpacional-rstasisnal (T=8], 2nd cstacional-zzanslacional
{3+0) relaxacion times ars J.3 u3, i00 ws, and 2.1 == :eagn:::vu;y.*'L” Therafacs, most of
tha molacules axpsrience sufilclant cesliisicns £ Telax Sz a stata wharce Cae absaroad
wibracional energy is discributad agqually ameng Tne various degrees 2 frasdom o£ che
molacula. Thus, under the conditions amployed in LICYI. tne averall affacz of apsoroing I3
shotans is aimply to incraasas GChe Jas CampaTatira.

7Rax cas temparatucs

The peak 3as Camparatucs, T , can be calculated froo a steady-staza enecgy balanca
petwaan the snecsy absocoed oy the 5aa and the snecgy loarC 2y s=armal conduction. For a
hignly simplified system gecmetry. the steady-atata enecgy balance aquation ia

W -__21._ - .7 .
* " Tat20/7) i 3 *,] (watzs/em) (1)

wnare T. is the gas tempecature, T, i3 EChe substrate tempsraturs, < ia the thermal
cnnduativi:y of the gas, @ ia the absocptivity of tha gas, and 4 la the laser power.
31/1nl20/c) is tne tnermal conduction shape factor for an isothecmal cylindec (Ehe laser
beam) of radius © a discance D Zrom an isothermal surface (the substratas}.’®

The absorptivity, &, depends on the numbec of abacorbing aclecules (Pgyn, ¥ P}, the
fraguancy diiil:unc- Setween the laser line and the SiH, abscrption lina, and the ceapective
line widtha. With LICYD procemasing conditicna, the principal source of line overlap ca-
sults from presaucs broadaning, which i{s approximately proporticnal to the 5i8 , prassure; P.
Tharefore, ¢ is proportional to the 3sguace of the 5i4, preasurs:

a = a2’ (2]

Equation (1} can be cewritten in & form that illustrates how the gjas tcampsratura degenda an
the varicus experimental paramétacia:

T = T+ M Hq.;lz . (3]
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Fig. 2. Arcshenius plet 2f growth racte. g. 3. Sgin Denaizy, ¥, ¥3 L/T4 fzp LICVD
A/min per tece of Sid,, as a functicn 2% lms, ® 25W, 4 40W, ¥ 154 lacal lasar
reciprocal calculated peax 3as Tempacatucs souars at posibians aoavae tha subscrate and
for Films made with vacious LICVD processing f3r normal oVO Eilms 3,0, 0.0

condicions. .
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fquazion (3) indicacas :tnat T. is daependent sn The laser gower I%', =che sguare of the
silane greasure, a0C inversely Zégencdent In the Fas rnarnal c=péuzctivizy. Ta salcoculate T
ACCuUrizaly wWe nave salved a mora jenecal vacsion af Sguacisn 3], Esing ctemgarcatura 7
aapendanz values I3c = and <, and our complata systenm zecmecsy.> For the cange of sgnditiona
sad co depgosic filas, caleulated gas Iappecatures fanca fram appraximately 433°*7 =2 STatg.

faaction fnechanianm

Analagous ta the HOMOCYD growth model pcoposad by ScoRt et al.,!? va proposs a meodel £2v
LICYD in which the rate-limiting step is homogeneoua tnermal decomgoaition of the 3id.:

Sifiylg) = Sidals) + Hzlg) . )

If 5iH, decomposition is the zate-limizing step, the £ilm growsh zacte I can ba axprassad
aa:

- .; =E ‘.IE‘I

whaers £ ia the activacion energy of the decomposition reactisn. Accarding o xinatic
studias of homogeneoua 5i4, deccmpesition, the accivation ensrgy L3 52-36 kcal/mole. "

Growtn rate kinestica

Figurs 2 summarizes the cesulta of 80 a=Si:@ fila growth runa made under diffarcent
proceas conditions: variables include laser power, gas pressurs, 7Jaa compoaltion, and aub-
scrats tempacatucs. The growth rate perc LocT 5iH, followa the Archenius degandance an T
pradicted by Equation (3). ¥

The valua of the obascved activation snergy, 46 = % keal/mole, is slightcly lower than
Eha 52-56 kcal/mole zeportzad for the pyrolysia of S5id,. Hevaver. it is muech higher than the
~ 35 xcal/mole reporzad for coaventicnal CVD growth af 34 from Sif, for wnich cthe rats-
iimiting step is reporzed to be suriface diffusion. ' Acknowledging the porential srrors la
caiculacad LICYD peas 548 cSamperacuces, We ssliave cnac the Joascved activatlion anecgy -3 Ln
sufficient agreementC With the higher values to conclude The proceas ia tndead rcaca-
cancrolled by 5iH, disscciaticn.

Pilm prooerciaa

Adherent films have baen depoaited on fusaed silica, berosilicate glaas, aluainum, and
single-coyatal silicon. 111 films were detecmined =3 Se amcrphous by alactron diffraction,
as axpected from the low substrata -emperatuces used (®. ¢ 400°*C). Filma 1 um zhick at the
cancse of 2.5 em % 5.0 3 supstrates ace typically 0.3 :m cthick at tha edges.

whe concentraticn of unpaired spins, ¥, which can 2e avaluated by alactzon apin
raaonance (ESR), provides an important measura af the quality of the a=-3i:i filma.l® 1f ®,
is too large, the rasulcing defact scatas pin the Ferai level, precluding the fabeicacion 2f
high-qualizy samiconductsar devices. The incorpeoracion of nydrogen in a=35i films scdinapily
deucraases the defsct concencration sufficiencly to allow variation of tha Farmi lavel by
substitutisnal deping. Figure 3 showa an Arctheniua plot of 4, versua the substratas
tampacature Zfor a-3i:H filos deposiced by tha LICYVD procasa. Yaluaa far conventional CVD
£ilms are also igcludnd.l"lg Tna cbssrved g value is = 2.9053, indicacive af nautral
dangling sonds. The lowast H, gbtained thus fac is = 8 x 19t%:a~3, whieh iz nearly che
same as the beat films praoduced by glow=dischacga -7 and HOMOCYD tachnigues.®? Tha fac: that
oYpD and LICYD values argz cn the 3ame line empnasizes She similarity af the LCWo processasn.
‘orasovar, the Acrneniua ploc is guize linear which indicaces =mar the. csazidual Fangling=bond
concentrazicn i3 in thecmal eguilibriua ac the 3upaczacs cemperatucs, the activation energy
seing 0.57 &¥ (13.2 weal/melal. The aexplanaticen for tThls phenomensa ia noc yet clears, but
we prasently balisve i1t iz & consaguencs af the grawch sechanism.

oha hvdrogen concencration, (3], was geterained oy Ina affusion zachnigua.:? ZXampas and
griffieh<! have proposed a =mcdel far Ihe growth of a=5i:d 2ilama whlch zelaces the ratio 2t
=ha rates of =3iH, deactivitisn, T and hydrogen aliainacisa, T3+ £3 Cae funcetian [H1-Ei=3,
An Arznenius plot of tnis Zfuaction varsus T, is snown in Figura 4 for both LIZYD Eilms and
canventienal CVD films.®- The ploac ia raasonaoly linsear wizh an activation enecgy atf
.59 a¥., This value, essentially the 3ame a3 ¢apr dangling sond craaticn, Teoresants taa
diffaranca in accivation snersias sf the hydragen eliminacicn and =314, deaczivation
processad.

Figure 3 snows tna optical gao, Z,... as deduced fz3m the Tauc sxoreasion?? as a fuactien
af m_ for LICYD and conventional CVD if1ias, ** The inccease ot Eag: wich decreaaing T, i3
most Likaly due o the tncreasing [4] concentrazison in zhe £ilms, 3ince tha 3i-d bend |
acrangtn (= 3.4 8V ia greacarc thnan the 5i=-51 Bond scrength (=~ 2.4 av), 29
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alchough nct axglained ma@chanistcically, thesa sesults indicacs mhat zhe spia Zdansity, the
nydrogen contant and tae gptizal gap a2 Iunctions 2% T, only. =The gprisasy depandence = -
chaae film cnaracceristics an T4 vas anticizataed;: che ACchenius funcmianal depandancs Ior
[(#] and ¥, was aot.

Preliminary conducsivity and ghotassnductivizy “gasursmencs nava besn comgletad om EWa
films deposited aczosa alumipum elactrodas, The dark conductiviiles werza vagy small
(~ 10=L1 (@ cal=!), and wers thermally activated.  The sonductivizies increased by ovar
2 ¢ 10" when the filma were expossd I3 = 100 mW/ca? of zed lighe(s0d nm ©s 1140 na). The
film desposited ac 200°C demonstratad the Staeolar-Wronski affacz, °% puc the one Jdepoaizad
at 150°C did not. Thesa casults suggest that the Fermi laval lies near the centac 3£ Che
gap Lor our undoped filma. Coping experizmenta ars now oeaing planned to produce filma with

high darck conductivities.

Discussion and conclusions

Host of the presumed actributas sf the LICVD process havwae baen demonszrated with a=-31:H
films depositad from 3iH,. The growth proceaa is controllad by the thecmally activatad
dissociacion of SiH, At a rate detacmined by the geak gas temparature. The peak gaa
temparacuce is established by the balance batJesn the enecgy absorbed oy the gasa molaculas
and that lostc to surrounding sucfaces by thermal conduction. The film properties ace
dacarmined by the subscrate Lemparacuce. Tt is threough independant gontrol of t? and T,
chac LICYD uniquely permits optimizacion of growth and film oropectlas.
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