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The first stages of the chemical vapor deposition of SiOZ on chemically polished InP 
substrates, promoted by UV illumination at room temperature and low ( ~0.01 Torr) 
precursor pressure, have been studied in an ultrahigh vacuum environment. Chemical species 
deposited are found to be quite similar to those deposited by the thermally promoted 
process. Both Si and 0 atom depositions need UV illumination. The reaction rates observed 
in separate or mixed gas exposures indicate that surface-located mechanisms play a 
major part in the buildup of the SiO#nP interface at low precursor pressure, thus opening 
perspectives for localized insulator growth under the UV beam. 

Deposition of dielectrics on III-V semiconductors for 
the fabrication of devices is mainly achieved by chemical 
vapor deposition (CVD) . In order to decrease growth tem- 
peratures which may damage the substrates, cold CVD 
techniques, promoted by plasma or ultraviolet illumination 
(UVCVD) have been devised.’ CVD from the low- 
pressure precursor gas combination ( SiH4 + 0,) assisted 
by the 185 nm radiation of a Hg lamp is one such tech- 
nique.2 It has the further potential interest of allowing lo- 
calized deposition, or direct writing of insulator patterns. 
The resolution of this patterning is linked to the growth 
mechanism: in gas-phase reactions, the diffusion of the 
products can blur the pattern, while for surface-located 
reactions the growth pattern reproduces the UV illumina- 
tion pattern. In spite of the importance of the issue, only 
tentative discussions have been disclosed.3 We present here 
evidence obtained from in situ studies of the occurrence of 
surface-located reactions during the first stages of the 
UVCVD growth of Si02 on InP at room temperature and 
low precursor pressure (0.01 Torr). The influence of the 
pressure on the location of the reactions is discussed. 

Experiments were carried out in an ultrahigh vacuum 
chamber equipped with Auger electron spectroscopy 
( AES) and x-ray photoemission spectroscopy (XPS) .4F5 
(lOO)InP wafers with a low n-type bulk doping (Z lOi 
cmv3 ) were slightly chemomechanically polished and rap- 
idly introduced via load lock in the reaction chamber. SiH4 
and/or O2 gas pressures laid in the 10 - 2 Torr range, and 
exposure times in the 1000 s range, thus giving exposures 
in the 10’ Langmuir range 1 L = lo- 6 Torr s). During 
exposures, all filaments and voltages inside the chamber 
were turned off. The UV illumination was provided by a 
Hg lamp ( 185 and 254 nm) which illuminated homoge- 
neously the sample surface. The fluence was estimated at 
0.05 mW/cm2 at 185 nm from the measurement of the =: 1 
PA/cm2 current photoemitted by the sample,6 i.e., a quite 
small value. 

“Laboratoire de Bagneux is Unite Associie au C.N.R.S. UA250. 

After each exposure, XPS (see Fig. 1) and AES spec- 
tra were taken. Complete sets of spectra will be reported 
elsewhere.6 The deduction of Fermi level shifts from those 
of the substrate core levels In 4d and P 2~~~~ allowed us to 
zero the energy scale for deposit Si and 0 peaks at the 
valence-band maximum, thus keeping only chemical shifts. 
The area of these peaks referred to the one of In 4d was 
taken as a measurement of the silicon and oxygen coverage 
(esi9eO>* 435 From the analysis of standards, and values of 
escape depths,’ and photoionization cross sections,8 we es- 
timated Si 2p/in 4d = 0.048 *O.OlO and 0 Is/ 
In 4d = 0.18 ho.04 for the monolayer coverage (1 ML) 
defined as the atom density (N, = 5.844~ 1014 cme2) in 
the (100) plane of InP. Finally, the deposition efficiency, 
defined as the ratio of adsorbed coverage (ML) to expo- 
sure (L), was deduced. 

The starting surface reproducibly contains about 2.5 
ML of oxygen;5 its carbon contamination is stable through- 
out further treatments and will not be discussed here. 
Without UV illumination, no appreciable change-in par- 
ticular, no Si or 0 uptake-is observed following exposures 
at room temperature to either gas or mixture up to lo9 L. 
On the opposite, with UV illumination, we do observe Si 
and 0 uptakes following alternate exposures to SiH, and 
0, from about 10’ L. 

Low SM, exposures build up a submonolayer Si cov- 
erage, as seen by XPS and AES.6 According to literature 
data’ and our standards, XPS indicates a Si02-like bond- 
ing, seen on both Si 2p and 0 1s peaks. In parallel, the 
native oxygen-InP bonds are nearly completely reduced, 
as seen from the disappearance of the In-O-P XPS peak”, 
of the AES peak associated with P-O bonds, and of the 
In-O components of the In KLL AES peak.6 The reduction 
of the native oxide to form the first Si02 clusters is similar 
to the one observed during the hot CVD process:4 Si atoms 
insert between InP and oxygen atoms, thus turning the 
interface bonding to the “covalent-like” InP-Si-O- 
configuration. Further SiH, exposures increase the Si cov- 
erage, but its bonding clearly changes, with the appearance 
of less oxidized forms, perhaps down to the Si-Si covalent 
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FIG. 1. Evolution upon successive gas exposures under UV illumination 
of Si 2~ and 0 Is XPS peaks referred to the valence-band edge. Energies 
corresponding to the Si oxidation states are derived from Ref. 9. Peaks are 
roughly decomposed into Gaussian components with full width at half 
maximum 2.3 eV for 0 1s and 2.4 eV for Si 2p. 

bonding. The silicon deposited first takes up the oxygen of 
the native oxide to form near-Si02 groups; when those 
bonds are exhausted, it tends to adsorb as covalent Si. In 
parallel, the deposition efficiency decreases from 3 X 10 - ’ 
at zero Si coverage down to 5 X 10 - 9 at 1.5 ML. Figure 2 
shows this evolution as a function of surface stoichiometry, 
averaged by es,-8,. 

Following 0, exposures again oxidize the Si atoms 
present at the surface nearly to the SiO,-like state, as seen 
from the disappearance of the low-energy components to 
the XPS peak and of the --Si AES peak.6 The substrate is 
slightly oxidized again, as seen from the reappearance of 
the In-O-P XPS peak and confirmed by the one of the P-O 
AES peak, and of the In-O components of the In KLL 
AES peak.6 A new bonding state of oxygen intermediate 
between P-O-In and 0-Si appears, which can be at- 
tributed to 0 bonding to both InP and Si following the 
reoxidization of the InP substrate. This shows that the 
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FIG. 2. Deposition efficiency vs average surface stoichiometry es,-0,. 
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SiO,-like layer formed is not uniform. The deposition rate 
of oxygen is found to be similar to the one of silicon, 
=: 3 x 10 - * for a Si-rich surface; for O-rich surfaces, this 
coefficient vanishes (Fig. 2). 

Combined exposures to 1:l mixtures of the two gases 
lead to a simultaneous 0 and Si uptakes. Adsorbed species 
are the same as the ones observed for alternate exposures. 
The Si deposition ,rate referred to the partial pressure of 
SiH4 is found to be z 1 X 10 - ‘, i.e., about three times the 
one observed after exposures to SiH, alone. This corre- 
sponds to a growth rate of F= 10 A/h at 0.01 Torr and 0.05 
mW/cm2 UV ffuence. We tested for the existence of 
charged photofragments in the gas phase during mixed 
exposures by studyi.ng the 1-V curve of the sample/ground 
diode. This curve does not depend on the gas pressure and 
reveals only the photoemission current, from which we 
deduce the photon llux as mentioned earlier. No significant 
variation of the reaction efficiency with the sample bias is 
observed either. 

For the mixed exposures which are the rule in 
UVCVD, many reaction paths must be considered. For 
medium-pressure CVD ( > 10 Torr), a purely gas-phase 
scheme has been devised on the basis of gas-phase adsorp- 
tion data:12 O2 only is photodissociated to 0 or O3 radicals 
which then react with SiH, to give SiO,H, radicals which 
aggregate and/or stick to the substrate. At lower pressures, 
partly or totally surface-located schemes have been sug- 
gested to become dominant3 Examples of such schemes 
are: (i) photogeneration of SiH, and/or O/O3 radicals in 
the gas phase followed by reaction at the surface with ei- 
ther the other radical or with the other species already 
present, and (ii) adsorption of both molecular species at 
the surface and reaction with other radicals or species al- 
ready present promoted irr situ by UV light. This last 
scheme is coherent with our experimental observations as 
follows: 

(i) the comparatively small difference between dep- 
osition efficiencies for separate or mixed exposures, which 
may be attributed to the constant arrival at the surface of 
the other species during mixed exposures, and which indi- 
cates that mechanisms are the same in both cases; 

(ii) the similar deposition efficiencies of photopro- 
moted UV deposition of Si under SM, exposure and 0 
under O2 exposure compared to the very different gas- 
phase cross sections,‘2 

(iii) the strong dependence of these efficiencies on 
the surface compos:ltion; 

(iv) the similarity of species deposited by UV- 
promoted and hot thermally promoted processes4 

The nonobserva.tion of charged photofragments in the 
gas phase, which should go with the creation of radicals, 
also confirms the surface localization of the process. These 
observations, together with the very strong dependence on 
substrate temperature of the growth rate in UVCVD,2 also 
point to a photoexcitation mechanism different from a sim- 
ple excitation of adaorbed molecules and mediated by the 
substrate as in the hot process. 

This conclusion may be confirmed by an estimation of 
deposition efficiencies in various schemes. Whatever the 
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FIG, 3. Evolution with precursor pressure of the deposition rate for var- 
ious reaction paths (GG,GS,SS); experimental values for separate (resp. 
mixed) exposures are represented as open (resp. full) squares. 

actual reaction path, it involves a photodissociation step, 
which breaks molecules into radicals, and a reaction step 
which groups radicals and/or molecules to form SiO, clus- 
ters. We consider three schemes with various locations for 
these steps: (i) photodissociation and reaction in the gas 
phase (GG), (ii) photodissociation in the gas phase and 
reaction at the surface (GS), and (iii) both steps at the 
surface (SS). We evaluate the deposition efficiency upon 
mixed exposures with the following assumptions. For the 
GG path, a radical created by UV photodissociation with a 
cross section od can react along its path L-Smallest be- 
tween mean free path and lamp-sample distance ( z 1 cm 
in our case)-reacts with the other molecule with a cross 
section a, and adsorbs on the surface with a unity proba- 
bility.12 For the GS path, the dissociation step is similar, 
but the radical sticks to the surface with a unity probability 
and reacts here with already present species. For the SS 
path, molecules adsorb with a stationary coverage 8 de- 
scribed by a Langmuir adsorption isotherm13 with energy 
E. For a homogeneous photon flux Jph, we end up with the 
following efficiencies: 

( GG)Jphudnh,nL/( l@PIv,), 
(Gs&,u&( 1 - o,.d)/( l@PIv,) 
(SS)Jp,,a&V106P, 

where P is the pressure in Torr and n the molecular density 
in the gas. The evolution of those efficiencies with pressure 
at our photon flux Jph = 5 X lOI cm - ’ s - i is shown in 
Fig. 3 for cr, = 10 - I5 cm2, od = 1 X 10 - ” cm’, and 
E=0.6 eV.12 With these values, the model predicts low 
pressure efficiencies in the dominant SS regime in fair 
agreement with experimental values, and also a switch to 
the GG regime above 10 Torr. The comparison between 
GG and the other schemes depends mainly on (T,., for 
which we took a maximal value, thus favoring GG which 

nevertheless remains much less efficient than GS or SS at 
low pressure. The comparison between GS and SS depends 
mainly on E, which is not accurately known; considering 
the experimental indications, the value 20.6 eV is reason- 
able, thus predicting the surface photodissociation to be 
always faster than the gas-phase one. 

In conclusion, we have studied the first stages of the 
deposition of SiO, on InP by UV-promoted CVD at room 
temperature and low precursor pressure ( ~0.01 Tort-). 
The chemical products and the steps of the reaction path 
are very similar to those obtained in the hot CVD process. 
Both the deposition of Si from SiH4 and of 0 from O2 need 
UV illumination. The deposition efficiencies upon separate 
or mixed SiH4 and O2 exposures are similar and depend 
similarly on the surface stoichiometry. All these results 
strongly indicate that both photodissociation of molecules 
into radicals and reaction of these radicals take place at the 
surface. This is confirmed by a modeling of deposition ef- 
ficiencies in processes involving various localizations for 
these reaction steps. This localization of the reaction under 
the UV beam in low-pressure UVCVD opens perspectives 
for the direct writing of oxide patterns with a focused UV 
beam, by avoiding having radicals formed in the gas-phase 
diffusing out of the beam as in medium-pressure UVCVD 
and blurring the pattern. 

We acknowledge with pleasure fruitful discussions 
with C. Licoppe and Y. I. Nissim, and technical assistance 
from F. Barthe. 

‘L. G. Meiners, J. Vat. Sci. Technol. 21, 665 (1982); K. P. Pande and 
V. K. R. Nair. J. Appl. Phys. 55, 3109 (1984); B. R. Benett, J. P. 
Lorenzo, and K. Vaccaro, Electron. Lett. 24, 172 (1988); P. Dimitriou, 
G. Post, and A. Scavennec, J. Phys. (Paris) C5, 50, 675 (1989). 

*Y. I. Nissim, J. L. Regolini, D. Bensahel, and C. Licoppe, Electron. 
Lett. 24, 488 (1988). 

3 J. Takahashi and M. Tabe, Jpn. J. Appl. Phys. 24, 274 ( 1985). 
4C. Licoppe, J. M. Moison, Y. I. Nissim. J. L. Regolini, and D. Ben- 

shahel, Appl. Phys. Lett. 53, 1291 (1988); C. Licoppe and J. M. Moi- 
son, Surf. Sci. 211/212, 979 (1989). 

‘J. M. Moison, Y. I. Nissim, and C. Licoppe, J. Appl. Phys. 66, 3824 
(1989). 

6F. Houzay and J. M. Moison (unpublished). 
‘F. J. Himpsel, F. R. McFeely, A. Taleb-Ibrahimi, J. A. Yarmoff, and G. 

Hollinger, Phys. Rev. B 38, 6084 ( 1988). 
*C. D. Wagner, L. E. Davis, M. V. Zeller, J. A. Taylor, R. M. Raymond, 

and L. H. Gale, Surf. Interf. Anal. 3, 211 (1981); J. J. Scofield, J. 
Electron Spectrosc. Relt. Phenom. 8, 129 (1976). 

9G. Hollinger and F. J. Himpsel, Phy. Rev. B 28, 3651 (1983); F. J. 
Grunthaner and P. J. Grunthaner, Mater. Sci. Rep. 1, 65 ( 1986); P. J. 
Grunthaner, M. H. Hecht, F. J. Grunthaner, and N. M. Johnson, J. 
Appl. Phys. 61, 629 (1987); M. Nakazawa, S. Kawase, and H. 
Sekiyama, J. Appl. Phys. 65, 4014 (1989); M. Nakazawa, Y. Nishioka, 
H. Sekiyama, and S. Kawase, J. Appl. Phys. 65, 4019 (1989). 

i”G. Hollinger, J. Joseph, Y. Robach, E. Bergignat, B. Cornmere, P. 
Viktorovitch, and M. Froment, J. Vat. Sci. Technol. B 5, 1108 ( 1987). 

” B R Bennett, J. P. Lorenzo, and K. Vaccaro, Appl. Phys. Lett. 50, 197 
(i987). 

‘*Y. Tarui, J. Hidaka, and K. Aota, Jpn. J. Appl. Phys. 23, L827 (1984); 
K. Inoue, M. Michimori, M. Okuyama, and Y. Hamakawa, Jpn. J. 
Appl. Phys. 26, 805 ( 1987). 

I35 Benard, editor Adsorption on metal surfaces (Elsevier, New York, 
1983). 

1073 Appl. Phys. Lett., Vol. 58, No. 10, 11 March 1991 Houzay, Moison, and Sebenne 1073  This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

131.104.248.64 On: Tue, 09 Dec 2014 17:17:29


