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ABSTRACT

" Silicon- thin films were vacuum deposited onto fused quartz at»600fC

: yith a prior coating of ultra-thin aluminum layer (ca SOOA).. Sigﬁificaut_

increase in crystallinity was observed from both X-ray diffraction
and transmission electron microscopy studies. The prdblem of handling
aluminum film at this temberature in ‘a vacuum of ]_.><10—6 Torr is discussed,

and distribution of aluminum in the silicon film is studied using Auger

spectroscopy.
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Recently, theré”havé Beeuigtudies aimed at producing high
cryStallin%ty siliqonuand g?rméniuﬁ films at rétﬁef 1ow tepperatgres;l
various metais'were used in‘tﬁese:studieé to heip'recrystallize silicqn
and germaﬁium. ‘Here we répoft the use of an'uitfa—fhin éluminuh COatihg
(Fa §00&>]pfior toldéposifingISilicon thin film on£b fused quartz‘héld
at 600°Cf‘fSilicon films thss producedvshbwéd mﬁéh'incréaséd crystaliinity
comparedifq filﬁsjdirECtly deposited oﬁto'a quartz sﬁBstrate. The
process used is similar to the work of Filby and;Nieigdnz uéiﬁé gold
except théf our'wofk ﬁas déne'ét a much 16wer teﬁperature. Also, aluminum
is of partitﬁlér interest becaﬁsé’it gives p-type doping in silicon |
suitable.fdr.solar éells. éhe problem of handling“aluminum>film'oﬁ quértz
at highltemﬁeraturé in 5 vacuum 6f“1X10—6.Torf 13 31sovdiscussed; "

Both aluminum'and silicon wefe vacuum deposited”qnto.fused quartz
-'uéing conventionai-elect%on‘beam heating. A tﬁo;SOQ:;e cﬁppér crucibie
was uéed-ﬁhiéh allowed sgdéeséive evaporation of tHese two'métérials 
without breaking the vacﬁuinf The depoéitioﬁ rate;was_mbnitdyed with an-
evéporafion_réte moﬁitor from Alién anés Electrogics with p;ecaiibréted
depositiop rates for eéch of_éhe matériéls évaporafed; Fused quartz
subétfatgs were mpunted .oﬁto avtaﬁtalum substréfe‘ﬁblder which can be
heated'By.eléctron bombardmént;_ The substrateAteﬁpéféture was meésured with
a chromel-aiumel therchouple.' The'deppsitiOn.raf§ §a$ ﬁypiéally:ca 40 K/mi#
for silicon and ca 100 K/min.fof aiumiﬁum."SfN»pﬁriti-éluminum and silicon
were used fof this work, and fﬁéed quartz sﬁbétrate (iXL/Z in.) were

-cleaned with soap and degreased with isoprdpyl alcohol béfore use. Before
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deposition, the substrates were preheated to ca 800°C for 1 hr for

'outgassing. Film thickness was measured with a Varian A-scope interferometer.

Auger'spectrOSCOpic analysis of aluminum distribution in silicon film was
performed using LEED—Auger spectrometersystem from Phy51cal Electronics which

has adouble—focu51ngcylindrical mirror analyzer and is equipped w1th an

‘ion ° sputtering gun. Ion‘sputtering using argon was performed at an argon

pressure of 5x10™° Torr with'sputtering rates of ca 30-40 A/min for the
silicon film.

Before’we applied the aluminum coating method_tbpsilicon film

: deposition, we -found that at the vacuum of IX10_6nT0rr-which'we used,

aluminum film was unstable at 600°C either deposited directly onto'the
quartz substrate at this temperature or deposited at room temperature and
heated to 600 C for 1 hr.3 Both oxidation and reaction w1th-quartz4
could be responsible for this observation. To overcome - this difficulty

a Si-Al-Si sandwich coating was used at a composition of ca lOOA—SOOA-lOOA

~the inner silicon layer Was to prevent aluminum fromreactingwith quartz

Vand the outer one from oxidation. This Si-Al-Si coating was‘deposited

onto quartz at room temperature. Upon heat treatment of thisvsandwich

film at 660°C signs of.melting were visually observable and the film

i

,turned into pink'color. X—ray diffraction showed highly preferred '

(111)- oriented structures for both Si and Al. For comparison, no
diffraction pattern were observed for either aluminum or silicon deposited
at room temperature, s111con films deposited at 600 C showed only powder

diffraction pattern ‘and aluminum film deposited at room temperature and'

- heat treated at 500°C for 2 hrs showed highly preferred (111) orientation.
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These comparisons thus clearly indicated melting of silicon with aluminum

- in the Si—Al-Si sandwich film described above.-

Next, silicon was deposited on top of the Si Al—Si coating at 600 C.
After'depositingca 2000-5000A thick silicon film the substrate was" heated
'_to 660°C for l hr to allow better eutectic melting between silicon and |
aluminum.s. The silicon film thus produced showed: highly preferred (lll)
orientation with the relative intens1ty of (220)/(111) being 10 20%

' compared with the value of 60/ for the powder diffraction pattern. Nob
-diffraction pattern‘waS'observed‘for aluminum. Transmission electrond
’."microscopy Showed spot diffraction pattern, as shown in.Fig. 1. 'Also -
shown for comparison'is that of the purebsilicon'film_deposited 5£’

6OQ°C as-describedvearlier.i Large increase in Crystallinityiofdthet .

. silicon film‘is clearly seen from Fig. l.b From thefdiffractionypattern'
observed ‘grain size'of”at'least:5u'can be estimated.;:° |
-Auger spectroscopic analysis of the silicon film indicated that
. “aluminum. concentration was ‘higher near the surface than that in the bulk

 f1lm, the latter being_on the-average less than 1%. Quantitative o
determination'of the aluminum concentration:on'thefsurface was'.
difficultfbecause of the ouerlapping bands of silicon.in the‘oxidized’d
form. Theihigher aluminum eontent’near the surfacefthus indicated‘thatb
siliconfatoms eutectically melted withvaluminum upon arriving on'thei.u : .v- .'
' substrate,crystallized 1nto large grains and precipltated from the o
melt. Some of the aluminum also dissolved in and prec1p1tated with
silicon although most aluminum stayed on the top of'the melt. The thusv
"diluted" aluminum also accounted for the earlierimentioned fact that

no aluminum diffractionvpattern was observed for these films. -Also
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consistant with this observation was the resistivity measurement of

these filmé.‘:Using the four—point_probe,tedhnique;‘tﬁe.silicoﬂ films
deposited‘usihg the‘Si—Al-Si coating h#d measured fesisfivity-gf 5-8 Q-cm
which increased almost 60 times after the filmé ﬁad:beén etched in
Keller'svsoiufioﬁ. . .

In summary; we have demonstrated,that an ultra thin layer of

v aluminum»c¢ated on fused quartz helped significantly to increase the

s crystallinity of silicon films'deposited at fairly iowitemperatures;

Work is also in progress to find the temperature dependengé of the

v crystallinity'increase as well as the aluminum content in thé'silicon
film. Other p-type and n-type metals will also be tested using this
technique before it can be combined with that of chemical vapor deposition

:'using, for example silane, fbr large scale production of silicon thin

film solar cells.
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| | FIGURE CAPTION "vl,= | o
 Fig. 1. Elecffén difffaction miérographs of (é)vsilicoﬂ film deposifed . ;
| . on quartz at 600°C; (b)vsiliqoﬁ film depositéd.én ﬁué;tz at'j o
.6097C:with a pribrfcoafing of'Si-Al—Si lajéfs.ﬂ |
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