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SiO2 Deposition by Photo-initiation
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Thin filns of silieon dioxide (Si02) was photoehemically deposited by
photo-initiation at low substrate temperatures in a SiH/ +02+N2 systen.
Deposition of Si02 film continued without subsequent UV light-irfadiation, if
film deposition w-as initiated by UV light irradi-ation for a short time at an
early stage. Photo-initiation eondition is closely related with parameters such
as substrate tenperature, chamber pressure and O,rf StH,. gas ratio. SiO, filns
with high resistivities and breakdown fields caJr be 

-beposited using-photo-
initiation. The films have been charaeterized using etch rate, IR spectra and
C-V measurenents.

Si02 film deposition by
lrradiatio.r.5) We found a new

KrF excimer laser
phenomenon of photo-

1. fntroduction
Recently, photo-CVD(chenical vapor deposition)

processes are widely studied for VLSI fabrleatlon
as a new 1ow temperature processing. Deposition of
Si02 filns have been carried out by irradiation of
W l1ght frorn a low pressure Hg-1ampr1 ) O2-tanp2)
or ArF exeimer 1us"".3) Although photo-CVD nethod.

using Hg-sensitization4) t ".r" been reported for
d.epositing Si02 fi1ms, Hg should be avoided. in a

system not to brlng contamination into
semiconductor processing. We prevlously reported

irradiated by a 1ow pressure Hg-lanp through a

synthetic quartz window. The distance between the
lanp and the Si substrate was 10 cm. Reaction gases

were flowed through a special nozzle which was
designed to nake a laminar flow pattern above the
Si substrate. The gas flows of l,-llr seen SiH4(1OZ

in H2)r 2-tnO sccm 02r and 1ZO sccm N2 were used..

Chamber pressure was changed in the range of 6 to
3O Torr. The pressure was measured by a pirani
gauge. fn-situ thickness measurement for the
depositing Si02 film was employed using He-Ne

laser light reflection from the surface. The

thickness and the refractive index of the deposited
film on Si substrates were precisely neasured by
ellipsometry. The deposition rate is deflned by the
ratio of the filn thickness to the deposition time.
For evaluati.ng film properti.es, anneali_ng was done

at a temperature of 4OO oC for t hour in Ar
ambient.

3. Results and discussion

3.1 Filn deposition
Photo-initiation phenonenon was observed i-n

the following sequence. After a Si substrate wbs

set on the susceptor; the reaction chanber was
pumped. down to 1O-2 Torr. First, N2 gas for
dilution of SiH4 and window purge was i_ntroduced.
Then, the Si substrate was heated up , and 02 gas

was introduced. After that, SiH4 gas was added to
the chamber and pressure P was precisely adjusted
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initiation for Si02 deposition by irradiating UV

light to a SiHO+Oa+$, system. Photo-initiation
means the followi-ng: Keep the system not to make

deposition of a Si02 filn without irradlation of
W Iight, once the deposition oceurs by UV light
irradiation, it continues even if the light
irradiation is stopped. fn this report, we

describe a new film deposition method by photo-
initiation for Si02 films and evaluation of the
films in detail.

2. Experinental
A stainless-stee1 chanber with three windows

for W light irradiation was used. for experinent .

A silicon(Si) substrate with 1Ox1O rr2 r." nounted
on a stainless-steel pedestal whleh had a heater
in the i-nner side. The Si substrate was



for a desired condition. A typical condi_tion is
Ts=230 oC ( substrate temperature: T"), p=10 Torr
and gas ratio of Oa/SiH4=1 O. The reaetion gases

were flowed for 9A minutes before photo-
irradiation to confi-rm that film deposltion did

ut2
T|ME (hour)

Fig.1 Photo-initiated
filn deposj_tion.

not occur thermally. When the light was irradi_ated
for only 1 minute, film deposition started and

continued even without subsequent UV light
irradiation as. shown in Fig.1.

To clarify the role of W light irradiation,
the following experiments were earried out under
the condition of T"=1 75 oC, P=2O Torr and the gas
ratio of Or/Stn^=lO;
a) IIV light i-rradiation for 16 minutes,
b) leave it without W light irradiation for nexr

10 minutes,

c) reaction gas was shut off for /1, minutes, and

d) reaction gas was fl-owed again.
The result of each step is shorun in Fig.2. After
photo-initiatlon, Si02 depositi-on contj_nues
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Fig.2 Photo-irradiation effect.

without photo-irradi-ation during the gas flow by

thermal CVD(step b). The film thickness inereases

linearly with reaction time. At step c, film
deposition ceased because of no reaction gas f1ow.

However, once the reacti-on gas was flowed. agai_n,

the deposition again occured without photo-
irradiatlon(step d). These results indieate that
acti-ve sltes for Si02 deposition are formed on the
Sl substrate by UV light irradiation in the early
stage, and for subsequent film d.eposition UV

irradiation is not necessary.

Substrate temperature dependence of the film
deposition is shown in Frg.3. After UV light
irrad.iation for only flrst 1 minute, the film
thickness was continuously nonitored. The thickness
increased linearly with reacti-on time at T"=1 75 oC.

After deposition for 13 minutes, substrate
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Fig.3 Substrate temperature dependence.

temperature was gradually decreased. The film
depositlon conti-nued to a substrate temperature of
57 oC, though the deposition rate seemed to
decrease. Thus, once the film deposition occurs by
photo-lnitiation, it continues thermally without UV

light irradiation even though the substrate
tenperature is decreased.

Temperature dependence of the deposition rate
at 30 and 10 Torr is shown in Fig./u. The f ilm
deposition occured by photo-initiation in the A and

B regions in the figure, but thermal deposition did
not oecur in these regions. High deposition rates of
3OO A/nin and 150 A/nin were obtained. for chamber

pressures of 3O Torr and 10 Torr, respeetively, in
the photo-initiation dominant region. fn C and D

reglons, the fiLn deposition occured by thermal CVD

process. When the UV light was irradiated during
deposition in regions C and D, the deposition rate
increased by about 10 %(not shown in the figure).
At a chamber pressure of 1 0 Torr, activation
energies of 0.01 6 eV for reglon B and 0.21 eV for
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Fig./u TemPerature dependence
of the deposition rate.

regJ-on D were obtai-ned. The activation energy for
photo-lnitiated deposition is lower than that for
thermal deposition.

Pressure dependence of the deposition rate is
shown in Fig.5. In the l-ower part of the dotted
line in Fig.5 , deposi-tion by photo-ini-tiation
occured., whereas thermal CVD occured in the upper

part At the substrate temperature of 25OoC,

there was no deposltion at a pressure less than 6

Fig.5 Pressure dependenee
of the deposition rate.

Torr even under UV light lrradiation. When the
pressure was increased more, d.eposition occured

suddenly at 10 Torr. Beyond this pressure, the
deposition rate increased gradually. At higher
substrate tenperatures, the deposition rate
reached a saturabl-e value in the higher pressure
range. Once the substrate temperature is chosen,
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Fig.6 O)/SlHt gas ratio dependence.

there seens a threshol-d pressure for the filn
depositi-on. Substrate tenperature and pressure are
closely related with each other for film deposition
by photo-initiatlon.

To understand the mechanism of film
deposition, OZ/SLHL gas ratio dependence of the
deposltion rate for two ehamber pressures was

studied as shown in Fig.6. The deposition rate
increased as the gas ratio increased, and it tended
to saturate in the higher gas ratio. The saturable
deposition rate increased as the chamber pressure
increased. The deposition rate under W irradiation
was always larger than that under non-irradiation.
From the gas ratio dependence, the deposition
nechani.sm of the SiOa film at 1ow pressure using
S1H4+02+N2 mixture gas can be explalned by applying
a bi-urolecular surfaee reaction theory used for
thermal CVD at atmospheric press,rr".6)

3.2 Physieal properties
The etch rate of the SiOa film was studied by

using an etchant of HF:H2O=1 z/,,0 at i3 oC. As the
substrate temperature increased, the etch rate
decreased. The eteh rate of the film d.eposited at
210 oC was about 8 A/s, which was about 5 times
larger than that (t,15 l/s) of the Si02 filn by
thermal oxidation (wet lOOO oC). Th" increase in
the etch rate for the film deposited at lower
temperature ls due to porosity of the fi1ms, though
the refraetive index of 1./16 did not change with
the substrate temperature. OZ/Si-H4 gas ratio
depend.ence of the etch rate was also examined for
the Si02 film deposlted at Z5O oC. The etch rate
decreased with increasing the gas ratio. Under the
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higher oxygen condition (OZ/ SiH4=40) r the
deposited film beeane dense. The etch rate of the

film was not influenced by preparation conditions
with or without UV light iradj-atj-on.

Infrared spectra of the "Si02 films of as-
deposited and after annealing were measured. There

were three main absorption bands(wave nunbers:d50,

800, and 1O8O "*-1) related to Si-O vibrational
nodes. There was a peak at 33OO "r-1 in the as-
deposited fi1n, whieh is associated with absorbed

water. This peak vanished after annealing . The

peak at 1050 cn-1 "u, shifted to the higher energy

side, indicating decrease of atornic vacaney and

/or bond strain in the fi1m.

3.3 Electrical- properties
ELectrical properties of the deposited films

werej evaluated by fabrlcating MOS diodes
(ltlSigaln-Si). The diameter of a metal el-ectrode

was 1.5 nm. The thlckness of the Si02 film was

about 1 000 A. Temperature dependence of the fil-n
resi-stivity at 1 MV/cn was neasured. The filns
d.eposited above 250 oQ had sufficiently higher
resistivities, and higher reslstivity could be

obtalned by elevating the substrate temperature.

Breakdown fields were 6.2 MV/cn and 9,6 MV/cm for
the films deposited at 250 oC and /uOO oC,

respectively. The breakdown field of 9.6 MV/cm was

conparable with that of thernally oxidized
silicon. The breakdown fleld was defined as the
gate bi-as where leakage current reached 1uA.

Although the breakdown fieLd of the film deposited

at 250 oC was 6-7 MV/cm, it was lmproved to 8.1

MV/cm after annealing. OZ/SiHL gas ratio
dependence of the resistivi-ty was also examined,

but the resistivity did not depend on the gas

rati-o (o r/ ltn 
^=2-/ro).The dielectric constant was not influenced by

the preparation conditlons such as the substrate
temperature and the gas ratio of OZ/SIHL. Average

value of the di-electric constant of the film was

about 4.5. Although the dieLectric constant of the
film depo.sited at 250 oC was about 5, after
annealing it approached the value of 4 for the
f1lm prepared by thermal oxidati-on.

C-V characteristics at 1 MHz were al_so

measured for MOS diodes. Fixed charge density was

caleulated fron the flat band shift of the C-V

curve, and it decreased with inereasing the

substrate tenperature. C-V characteristics of the

MOS diodes with as-deposlted Si02 showed an

injection type hysteresj-s. However, the width of
the hysteresis became narrow for the filrn
deposlted at higher substrate temperature. For the
gas rati o of O2/ SiH4 of about 20-30, the width of
the hysteresis became minimum. And, thls width of
the hysteresi-s decreased after annealing. The

ninlnun surface state density caleulated from the

C-V eurve was 1,/+x1012 cn-2 eV-1 for the SiO2 film
d.eposited at 250 oC, and 6.6x1011 cm-2 eV-1 for
the anneal-ed Si02 film. An appropriate in-situ
cleaning of the Si surface prlor to f1lm deposition
will be necessary for obtaining lower surface state
density and fixed charge in the film.

/r. Conclusion

Direet photochemical deposition of Si02 at l-ow

tenperatures by UV light irradiation to a

SiHa+Oa+N2 gas nlxture was carried out without
using any Hg photosensitization. Photo-initiation
effect was observed in this system. Filn d.eposition

continues wlthout continuous UV light irradiation
and even though the substrate temperature is
lowered from the initial temperature. This
phenomenon is applicable for film deposition at
lower substrate temperatures. Substrate
temperature, pressure and gas ratlo of 02/SiH, are

key parameters for Si02 deposition by photo-
lnitiation. These parameters are found to be

closely related with eaeh other. Physical and

electrlcal- properti-es of the Si02 fil-ms deposited

by photo-initiation were evaluated. Reslstivity of
the filn is high enough for use of an insul-ator.
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