
A NEW PROCESS OF OXIDE CROW'TH ON SILIC'ON 

High tempernture (900' C-1200" C') oxidirtioi~ (IS silicoi~ am prtxlticl: 
very pure and st:lblc silicon-dioxide films. But high lulnjmxiulr ~ l l c r ' ~ ~ ~ ; t l  
oxidation process suffers from thc disadvant:rgo of iiinctiriii ni~>\oilrcrll atid 
junction degradation [ I ] :  also this process cannot hc 11sc1.1 !.or ~Icpi)\i(ioi~ 
of silicon dioxide on other subslrates. 

The films of SiO, hnvc also been produced by dca~npo\itinn of ctllll. 
silrrnes such ns ietraethoxy silane [2] or oxidntion of sil:icic 131 hi11 thew lilmh 
sulfcr from the disadvun(agcs of high porosity, high ctch r.;ilr8s :trill :L hi$ 
load of carbon contalnin:\tion and lev stabili~y tow;~rils ~nois(ure. 

In this :u-tick wc will dcscribe a new techniq~~e of' g r w h y  o\iciz ;lnd 
evaluate its physical and chemical properties. 

(0) 0.x-ide Deposition 

The oxide film is deposited from a organo-sila~~c compouiid (acyloxy- 
silane). The compound i s  dissolved in a suittiblc organic solvent (c,,fi.. ;rcettone) 
and is applied on the wafer which is mounted 011 a ' Spirlirer '. The ccntri- 
fugal forces distribute the liquid evenly and the cxccss ~imtcrial is thrown 
off at the substrate edges. The compound reacts in the :rir and produces 
SiO, laycr almost instantaneously. 
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Silicon wafers of n- and p-types of different resistivities and two types 
of crystal orientation ( {loo) and ( 1 1  1) ) are used as substrates. No 
change was found in the dcposited fill11 propel-ties (described latter). The 
surface finish of the substrates is a very important Factor. On b : d y  pre- 
pared surfaces discontinuous films are produced. All descriptions that will 
follow are regarding to optical-polish-finihlled si~rfilces. The cleaning of 
the substrates is also an impoi-t:mt ikcltit-. If thc sur-Sace is not properly 
degreased 110 films could be grown. The wafers are cleaned by the rnctliod 
described in [4]. 

The thickness of the film is dependent on the spinner speed: with higher 
speed the thickness reduces as shown in Fig. I .  In gcner:li. ~uiiCorln Lhick- 
nesses of the film is obtained for spinner speed greater than 3000 rpm. In 
the 1000-2000rpm range, two regions of films are oblaincd as shown in 
Fig. 1 inset. The rcgion A covered almost all of the wafer but region 13, 
which is at thc edge$ of the wafer is of  higher thickness. The re;lavr of this 
is that due to surface tension the liquid film is thicltcr a t  the edges which 
gives rise to thicker oxidc. 

(b) Evnl~ratioiz 

Thc dcpositcd oxidc is evaluated by infrnrcd spectroscopy, p-ctch and 
refractive index measurement. Some mc;~ch:~nical properties are rilso 

h$wcti .spectroscopy. The half widths and position of ball& near 
1090 cm.-' and 805 cm: ' in the infixed spcctm of SiOl is greatly iilfluenccd 
by the bonding ch;mc(el-, stoicliiometry, density and porosity of the films. 
All infrared spcctra is taken on tloublc beam Carl Zeis inslrument. 111 all 
cases, a bare silicon wafer of the same thickness is placed in the reference 
beam to eliminate lattice absorption of silicon. 

Figure 2 shows the spectra ol' as-deposited film. The main bands are 
450 cm-I, 805 cm-I and 1070 cn--'. The weak hand a t  935 c~n-I  is attributed 
to silanol group. The film is subjected to densification at 800" for 15 min 
in steam and purified dry nitrogen atmosphere. The spectra are shown in 
Fig. 3. The Si-0 stretching band shifts lo highcr freyuelicy and the ] ~ ~ l f -  
widths arc reduced. I3y comparing thc tigurcs in Table 1 wc conclud~ that 
steam densification is more eficient. .4lso the band a t  935 cm-' is rernoved. 
To tesi the mois t~ i~r  stnhilily, the film nftw densification, is boilcd ii,'water 
for one houv but there is no significant water pick-lip whicb could he detected 
by infrared spectroscopy. 



Fro. 1. Oxide thickness v.9 speed of the spinner. Inset shows two myinns of irx~de layer 
for speeds <3,000 rpm. 

P-etch fechnique.-A very commonly used etchant is P-etch [5] in which 
the etch rate is highly dependent upon density, bondstrain itnd porosity and 
the etch rate is a good indication of the film quality. 

The P-etch rate of as deposited fllm is very high but can be reduced 
drastically by the heat treatments. The various values are given in 
Table I1 From which we conclude the steam densification is the hest. 

Thickne,ss, Refractive index and dcnsitj~.-The as deposited film is porous 
and can be densified by heat treatments as described earlier. After the densi- 
fication there is a marked change in thickness, refractive index and density, 
The various values are shown in Table 111, 
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FIG. 2.  he I.R. spectra of as-deposited film. The bands are at lower fi,equency and band 
widths are more. 

FIG. 3. The I.R. spectra after densification; continuous line -, densification i,, ,to,, 
for 15 min at 800' C. dotted line . . . . . . densification in dry N, for 15 min at 8006 C. ~h~ ~i-0 

has shifted to higher frequency and band widths are less. 

Meclzanicalproperty.-The oxide film was found to have good mecha- 
nical properties. Sharply defined scratch marks can be made without the 
formation of any crack. Indentation tests were also carried out on the oxide 
film. A sharp diamond point (136" apex angle, square based pyramid) 
was pressed against the film and successively weights are added and the point 
was viewed through a microscope. The weight for which the fitm develops 



-- 
As -4aposilctl film , ,  11l70 'ti) 

l>ensifjed in d ry  N:! lilt. 15 win. at 800 ( '  . . I O M l  '.h 5 

Dcnsifcd at 350 C in air I'os 15 min. 13 

Densified :u 800 ' C' in dry N, fiw I 5  n i ~ n  

TABLE 111 

Densificntion treatment Thickness rcf'r:ictivu 1)cn:ity 
for 15 min. A index F c.c. 
- . . ~  --- -.-~. - . . ..- - -- .. . 

As-deposited . . 1049 1 ,430 7 .01  

111 air nt 350" C 920 1.432 2.05 

Dry N, at 800' C 575 1.451 2.  I2 

Stcam at 800" C 975 I .SS9 2 .2  

.r_r_._c_. 



fracture gives a quantitative ~lieasure of mechanical strcngtl~. For as--depnsiled 
Jilm, the requircd wcight is 120gms whcl-cas for sic111 densifcd film thc 
requircd weight it is 155 gm. In Fig. 4 a photomicrograph of the fractui~c 
is shown. 

\-I,;. 4. Pho\omicrograph of liie ~rac1ul.c which shows hair-likc liacs. Magnification, 
x 400. 

A new technique for oxide deposiiio~~ is described in this paper. The 
rnosl altractivc aspect of this process is that the film is deposited at tempera- 
tures as low as room teniperatu~c. The appar-atns required for depositing 
a uniform layer is also sin~ple. 

The properties of the film are evaluated by the combination of differc~~t 
techniques, e.g. ,  infrared spectroscopy, P-etch fate, rcrmctive index, etc. 
From the infra-red speclnnn of the as-deposited film Fig. 2 it is concluded 
that the film consists only of SiO, because i l ~ e  absorption peaks due to 
other oxides of silicon (e.g., SiO and Si,O,) are absent. By comparing the 



From tz etch rate, refrlrctive index and density data it i \  aincli~riecl th;it 
tile as-deposited film is porous. Porosity of' depobitrd 1El111\ is ;L etllumoii 
characteristics and the lower the telnerattlrc ot' tlcpositi~m, ihc yrc,i\cr i\ thc 
porosity. The etch rate is high bccausc tho pointh t i ) r  chsrniciil ;rtluch i h  

Inore. This porous nature of the film C:UI be reinovcii hy tlc~l\itiuttion rrcaf- 
lnents described earlier and the etching propcrrty i b  i ~ t q o \ c J .  111 w111e 
photoiidmgraphic processes, sonleti~nes it may however hc. clccirithlc t ~ t  Iitric 

a layer with high-etch rate [7]. 

Steal11 densification i s  found to be more oficicnt thtiu other pr<rceshcs. 
In this process a thin layer of thermal oxide (= 100.k) i s  prodiae~i. But 
this thin layer cannot account For all the improvcmcntx a* ir  c:in 1% aeon 
that there is a very little differences between the properties of purified dry 
nitrogen densified and steam densilied films, 

Mechmilicdl properties arc helpful in  evaluating the adhesion of rhc film 
to  the substrate. It is found that nfter hcat treatment the adhcsictn\ i \  w r y  
strong so that when matches arc madc there is no p e l  off along thc ~ratch  
edges. 

One of the authors (UKC) acknowledges the financial assistanm "f the 
Department of Atomic Energy, Government of India. 

[I] Barson, F., Armstrong, Degradation of planar junctions during laoxidntion. Journal of 
W. J. and Mutter, Electrochcnrical Society, 1964, 3, 1263-1266, 
W. E. 

[2] Klerer, J. . . A method for the deposition of SO, at low ttmperaturcs, Jorrrnal 
of Electrochemical Society. 1961, 108, 1070-1071. 

[3]  olds smith, N. and The deposition of vitreous silicot~ dioxide films from ~ilane 
Kern, W. RCA Review. 1967, 28, 153-165. 



A Pew Process of Oxide Grewth on Silicon 

[4] Kern, W. and Cleaning solutions based on hydrogen peroxide for use in silico~i 
Puotinen, D. A. semiconductor techrology. RCA Review. 1970, 31, 187-206. 

[5 ]  Pliskin, W. A. and Evidence for oxidation growth at the oxidesilicon interface 
Gnall, R. P. from controlled etch studies. Jortrnai of Elecz,nchemicnl 

Society, 1964, 3, 872-874. 

[6] Koksova, V. A. . . It~frared abrorption spectra of the silicates containing aluminium 
and of certain crystalline aluminates. Optic$ and Spectroscopy, 
1959, 6 ,  20-24. 

[7] Raju, T. A.  . . Depdrtrnent of Electrical Colnmunication Engineering, I.I.&., 
Bangalore. Private communication. 



Calendar of events: ConferencesiSymposia at the hdian institute oi' 
Science Campus 

SI. Name of the School Pcriod Sponsoring Department 
No. of the Institute 

1. 50th Syrnp~siunl of Ulocitcmicai 9- 10 January 
Sociely 1976 

2. QIP--"Design and Performance Estimation 1-14 February 
o r  Heat Exchangers" 1976 

3. " Design an3 Twhnology of Digital 9-21 February 
Equipn~enr " 1976 

4. " Dynamic:, and Control of Industrial 13-25 February 
Orjianisers " 1976 

5. QI1'- "Public Water Supply System " 16-29 Fcbrunry 
19i6 

6. QIP--" D~namicr of Engineering Systems " 1-1 5 March 
1976 

7. QIP-"Limit State Design of 8-20 March 
Ctmcretc Structures" 1976 

8. "Applications of Computers 17- 23 March 
for Load Despatch" 1976 

9. "An Intensive Course on 
Active and  Digital 
Filters" 

18. "Recent Developments in 
Physical Metallurgy- 
Techniques" 

I I .  QIP- "insulation Pi ohlent, 
in High Voltagc Engineering" 

12. "Particle S ~ z e  Analpi> and 
%pardtion" 

13. "Rcfnsher Courg 
Short Term Institute" 

14. "Advanced Institute on 
Reaction Mechanisms 
All India, University 
axid College Teachers"' 

15. "Advanced Summer lnaritute 
tn Tkyeticai  Plasma 
Physics' 

19 April to  
2 May 1976 

9-23 May 
1976 

1&29 May 
1976 

I4 luue to 
13 luly 1976 

I6 .June t o  
I? Julp 1976 

June-July 
1976 

Mechanical Engineering 

Electrical Communicatic 
Engineering 

Chemical Engineering 

C'lienical Engineering 

School of Automation 
and Mechanical 
Engineering 

Cheinical Engineering 

School of Automatiol 
and Aeronautical 
Engineering 

Metallurgy 

Metallurgy 

High Voltage 
Engineering 

Metnllurgy 

Microbiology apd Cel 
Biology Laboralor 

Organic Chemistry 

Physics 
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