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Influence of Small Amounts of Oxygen on Xenon Resonance Lamp Photo-CYD

Hidekazu 0KUHIRA, Akira SHINTANI

Central Research Laboratory, HifatchirLtd.

1-280, Higashikoigakubo, Kokubunji, Tokyo 185, Japan

This paper reports the influence of small amounts of oxygen on the deposition of
silicon films when xenon resonance lamp photo-CVD using monosilane diluted with
krypton and xenon is employed. When monosilane diluted with krypton was used,
photo-excited oxygen molecules dissociated to oxygen atoms, which react wlth
monosilane molecules to form SiOx. Monosilane diluted with xenon leads to deposltion
of silicon films along with the SiOx formation. Therefore, xenon photo-sensit,lzation
realizes oxygen-free, mercury-free silicon films.

1 . INTRODUCTION

Photo chemical vapor deposition (photo-CVD)

has been the subject of several investigations
into its potential for use as a low-temperature,
damage-free and low-contaminatlon process

technology for the fabricabion of ULStsl ). In
such photo-assisted processes, ultraviolet, light
having wavelengths below l00nm has been

extensively usud to achieve pho.to-excitation of
the reactunt g"ru"1)

Most of the experiments regarding deposition
of silicon layers from monosilane use mercury

photo-sensit,ized reaction2). In this case,

mercury contamination should influence the film
properties as well as destruct the environment.

Therefore, direct photo-excitation technology of
monosilane needs to be developed whlch requires
less than a 150nm wavelength V.U.V light where the

absorption cross-section of monosilane increases

up to 1 0-1 7cm2 3 ) . However , apparent oxygen

contamination of the photo-CVD films has been
2)observed-'. This is due to photo-excit,ation of

oxygen which remains in the reaction chamber,

because oxygen molecules have almost the same

absorption cross-section as monosilane molecules

below the 150nm wavelength4).

The present paper describes the influence of
small amounts of oxygen on p,hoto-CVD silicon film
deposition by monosilane decompositlon using a

xenon resonance lamp(tr=14/nm). Photo-CVD films
were deposlted under conditions of'lirtentional

A-3-4

oxygen leakage. Oxygen content and deposition
rate dependences on the oxygen leakage rate were

examined. Based on the experimental results, an

oxygen incorporation mechanism was discussed. A

Iook lras also taken at the effect of xenon

photo-sensitization on the deposition of silicon
fiIms, which should enable oxygen-free,
mercury-free silicon film deposition.

2. EXPER]MENTAL PROCEDURES

The experimental apparatus is schematically
shown ln Fig. 1. A xenon resonance lamp was

directly mounted in a reaction charnber to make it
possible to avoid absorption of V.U.V. light in
the atmospherb. Ten-percent nonosilane diluted
with krypton (SiH4(Kr)) or with xenon (Si.H4(Xe))

were used as source gases. The monosilane partial
pressure was kept constant at 5.3Pa. Sillcon
wafers were kept at room temperature and

vertlcally irradiated wlth V.U.V light. A

variable leakage valve was employed to let small
amounts of oxygen lnto the chamber. The oxygen

leakage rate, Q, (Pa r3lru"), was controlled by theL
variable leakage valve to keep it at a certain
value between 10-5 and to-3pa.*3/r"". Under these

experimental conditions, oxygen partial pressure

was less than 1O-1Pa.

Deposited film compositions $rere analyzed by

Auger electron spectroscopy and infra-red
absorption spectroscopy. AI1 Auger spectra were

measured after sputter-cleaned the possible



natural oxide layers by about 1Onm with 3.5-keV

argon ions. Oxygen content in the films was

represented by fhe peak-to-peak intensity of the

oxygen Auger spectra(520eV). Concentrations of

Si-O bonds in those films were measured by

infra-red absorption spectra ( 1060cm-') . The

deposited film thlckness was measured with a

Dek-Tak, with an accuracy of about 1%.

3. RESULTS

Fig. 2 shows Auger electron spectra of
photo-CVD films deposited under the same oxygen

leakage rates, compared with that of thermal

silicon dioxide fllm. Oxygen Auger intensity of

photo-CVD film from SiHU(Kr) is weaker than that

of thermal silicon dioxide film, but stronger than

that of film deposited from SiHU(Xe). These

results were ascertained by infra-red absorption

spectroscopy, as shown in Fig. J. Both types of

photo-CVD films indicate that oxygen atoms were

taken into photo-CVD films in the form of Si-O

bonds.

Oxygen leakage rate dependence of Si-0

absorption coefficient is shown in Fig. 4.

Absorptlon coefficients of films obtained from

SiH,,(Kr) were independent of the oxygen leakage
4

rate, and were about 501" of those of thermal

silicon dioxide as shown by open circles in

Fig. 4. Therefore, resultant films were composed

OI >1U
x

On the other hand, the infra-red absorption

spectra of films deposited from SiHU(Xe) indicate

that Si-O absorption coefficients were smaller

than those for S1HU(Kr). In addition' absorption

coefficients increased wlth the oxygen leakage

rate as shown by solid circles in Fig. 4.

Oxygen leakage rate dependence of the

deposition rates are depieted in Fig. 5. When

SiH,. (Kr) was used as a reactant 8?S r film
r+

formation was observed only under intentional

oxygen leakage conditions. The deposition rate

was proportional to the square root of the oxygen

leakage rate. On the other hand, in the case of

S1HU(Xe), film formation could be seen without

intentional oxygen leakage. The deposition rate

was also dependent on the oxygen leakage rate t

though higher than for S1HU(Kr).

4. DISCUSSION

Photo-CVD fllms deposited from SiHU(Kr) were

in almost all cases Si0*, regardless of the oxygen

leakage rate, The deposition rate t

R(Kr).-- (nm,/min), was proportional to the square
oepo

root of the oxygen leakage rate, QL' that is bo

the square root of the oxygen partial pressure

P^ (Pa).uz 
R(Kr) -a o 1/2 (nm/min) (1)

depo-'1-L
On the other hand, in the case of films deposited

from SiHU(Xe), the deposition rate was higher than

that of SIHU(Kr). Therefore, the deposition rate,

R (Xe ) r - -- - r can be expressed as a summation of
oepo-

constant term, **"lrrund oxygen partial pressure

dependent term, AeQl " -. That is'
R(Xe), 

- 
=n.,-*A^Q, 

1/2 (nmlmin) (2)
oepo Ae z L

Comparing Eqs. ( 1 ) and (2) , following film
deposition mechanism can be derived.
(1) The constant term, RX", represents

xenon photo-sensitizaLion effect.
(2) The oxygen partial pressure dependent term'

1/2AQI ' represent oxygen photo-excitation

effecb.
Constants At in Eq. ( 1 ) and A, in

deterrnined from experimental results
Fig. 5 as,

Ar=Ar=2.1x102.

eq. (2) were

shown in

(J/

Therefore, the same oxygen photo-exeitation

mechanism contributes both in the case of film
deposition from SiHU(Kr) and SiHU(Xe). In other

words, oxygen molecules are excited by the light
to form SiC.. 1ayer.

x
The constant term, RX"r wBS also determined to

be

R*"=1 .4 (nm,/min) (4)

Therefore, oxygen-freer mercury-free silicon film
deposition is made possible by xenon

photo-sensitization, although about one order of

magnitude slower than by mercury

photo-sensltization. Solid lines in Fig. 5

indicate the oxygen leakage rafe dependences of

deposition rate' calculated from Eqs. ( 1 ) and Q) .

The Si-O absorPtion coefficient,
-1osi_'(cm-'), can also be ex'pressed as follows:

't /2
kA2QL " -

osi_o-fl (cm-1) (8)

Rr"+ArQ'. '' -

The solid Iine i.n Fig.4 is calculated from



Eq.(g), where k=2.3x104("r-1), which is almost the
same as the absorption coefficient of the film
deposited from SiHU(Kr). These results also
ascertained the above mentioned mechanism.

The film deposition mechanism of the oxygen

leakage rate dependent term can be expressed by a
similar mechanism with thermal CVD, in which

square root dependenee was successfully explained
as follows5). One adsorbed oxygen atom, which is
formed by the thermal decomposition of oxygen

molecule, reacts with two adsorbed monosilane

molecufes af the silicon surface, such that
siH4(g)=siHu(a) (9)

oz(e)=2o(a) (10)

2Sitl4(a)+O(a)*(H3Si)r0(a)+Hr(e) (11)
(H3Si)ro(a)---Si02. ( 12)

In the present experiment, the oxygen molecule
phobo-dissociates to oxygen atoms as in place of

A\Eq.(t0)""
?1Ar+hv(147nm)+0(-P2)+0('Dr). (13)

Therefore, silicon dioxide films were deposited
mainly through a reaction between monosilane

molecules and oxygen atoms which were formed by

means of photo-dissociation of oxygen molecules.

5. CONCLUSION

In summary, this paper has shown that:
reacts wibh( 1 )photo-dissociated oxygen

monosilane, and Si0* film is formed, and (2)xenon

photo-sensit,ized deposibion of silicon film was

observed that could enable oxygen-free,
mercury-free silicon film deposition.
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Fig. 2 Auger Electron SPectra
of Photo-CVD Films
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