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“ Zero” Dependence of Deposition Rate on D eposition
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Abstract Based on the theoretical analysis and experimental verification, it ispresented that
there exists a“ zero” dependence region in the photo-chemical vapor deposition (photo-CVD)
process that the deposition rate does not changew ith the deposition tenperature T he differ-
ences reported on the deposition ratew ith the deposition temperature in photo-CvVD arew ell ex-
plained The result obtained is that betw een the deposition tenmperature 100 250 , under the
deposition pressure 200Pa, w ith the distance betw een the substrate and the light source being 15

25mm, the deposition rate is basically indegpendent on the deposition tenperature change in
photo-CVD.

EEACC: 81154, 6855

1 Introduction

Photo chemical vapor deposition isone of the low temperature technologies, w ithout
any knock-on damage caused by high-energy ions It isindicated that SIO2, SidN 2and SNO
film s deposited by the low tamperaturephoto-Cv D may notonly used as IC mask, isolation
and buried layer, but also the ultra-thin gate dielectric of M IS structure devices and the
passivation layer of saniconductor devices T he side-w all dielectric of GaA |A s/GaA sHBT
can be fabricated w ith photo-CV D technology, at the same time, low temperature double
gaffing w ith full self-alignment is realized and f 7 is raised™". For an InSb Infrared detec-
tor, protective coating fabricatedw ith photo-CVD improves detection sensitivity and relia-
bility. SiGe/Si heterojunction function materials have been grown by using low tempera-
ture photo-CVD'?. It is reported that the lav sof deposition tenperature to the deposition
rates are different Some persons think that the deposition rate increasesw ith the rise of
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the deposition temperature (rise lav) and others think it decreasesw ith the rise of the de-
position tenperature (fall lav). W hy wo absolutely contrary lav sexist in photo-CVD has
not been reported yet It is considered that there should be a gradual transition zone be-
tween® rise lav” and“ fall lav” from photo-CVD technology, with an absolute turning
point through” zero” (or called* zero point”) in it In a certain condition, the change of
deposition tenperaturew ill not affect the deposition rate in some temperature range, w hich
is the :-called* zero” dependence

2 Experments

Experiments are conducted based on theU ItraV iolet (UV) CVD technology system
w hich is currently developed by X idian U niversity. L 800T (s) low pressuremercury lanp
(made in Japan) acts as the ultraviolet source,w hich mainly radiates two typesof ultra-vio-
let lightsw ith thew avelengths being 185nm and 254nm respectively and the pow er being
800VN. Deep ultra-violet light acts as the excitation source of reaction gases after it trans
mits the protective gas and the artificial quartzw indow and then enters into cuboid stain-
less steel reaction chamber The samiconductor chip (substrate) is set on the substrate disc
inw hich temperature is controllable and the distance from the substrate disc to the quartz
w indow can be changed T he back ground vacuum of the reaction chamber isobtained from
thewom turbo molecular pump and preparative-vacuum pump, and the Iim iting vacuum is
1x 10 *Pa W ith SiH2and N 2O acting as reaction gases, the SiO:film isphotolyzed and de-
posited directly w ithout using photo-sensitizer. U nder the conditionsof ratio of SiH 4 flow
to N0 /SiHaflow keeping constant changing the deposition tenperature T (100 , 150
200 , 250 ), the deposition pressure P (200Pa, 400Pa, 800Pa), and the distanceD from
the substrate to the quartzw indow (4nm, 8&nm, 11.5mm, 18. 5mm, 46mm), through ob-
serving the dependence of the deposition rate on these deposition paraneters, we obtain
many groups relative experimental curves Figurel is a group of typical experimental
curves of the dependence of relative deposition rate on a substrate position in the condi-
tions that the deposition tenperature keegps 150  but the deposition pressures are differ-
ent Figure2 isoneof the degpendence of relative deposition rate on deposition tenperatures
in case of one deposition pressure 200Pa and different substrate positions

3 Theoretical analysisand discussion on exper mental result

A fter the reaction gas absorbsultraviolet light, it continuously producesphoto-activa-
tion matter Theones in excitated statew ill collide freely in the reaction chamber. There-
fore, they have a certain average life, and only apart of them can reach the substrate sur-
face through gpace migration in their life tme'*. They react with the gas molecules ab-
rbed on the substrate surface and make contributions to the deposition film. Supposing
that X s is the gpacem igration length of a photo-activation matter, according to the princi-

[3]

ple of photo-chemistry and the reaction mechanisn of photo-CVD *“etc , we have derived



20

918

110

6800Pa © 400Pa o 200Pa e-D=4dmme-p=gmm o p=11. 5mn

3100 - ) o110 " D=15mmAD=18 5mm 4 D=46mm
= T=150C S | Pp=2oopa
PR 2100 p—
£ .8
-—g 80 |- -‘é 90
(=% f+9
& 70 & 8ol
2 g
2 60 | 270 F
] g 5

50 % 60 -

| | ) | i 1 | ] L 1 L L
40 100 150 200 250

6 8 10 12 14 16 18 20
Substrate Position/mm

[a]
S

FIG.1 The dependence of relative deposition rate
on the substrate position for
photo-CVD SiO: film
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FIG.2 The dependence of relative deposition rate
on deposition temperature for photo-CVD SiO:2

film w hen substrate position being different

the analytical expression of the total numberN of photo-activation matters in cubic deposi-
tion reaction gpace (derivation procedures are neglected) as follow s
no(OO(sede- 2ew<5+ Xs+ 2) x JD_

(2]

200X s €
w here no is the initial density of the photo-activation gecies, «is the extinction coefficient,
D isthedistance from one substrate to a quartzw indow (may be considered as the distance
from one substrate to the light source). It is shown from this expression that the total N
of photo-activation mattersobeysa rissmaximum-fall lav w ith the increase of distanceD ,
and reaches the peak point at D = Xs The anount of the total number photo-activation
matters is actually one characterized deposition rate The expression reflects the depen-
dence of deposition rate on a substrate position A s shown by the experimental curves in
Fig- 1, the relative deposition rate of film sw ith the substrate position follow s the above ex-
pression, where themaximum relative deposition rate corregponds to D being 8 12mm,
w hich indicates that the gpace migration length X s of photo-activation gecies is different
under different deposition pressures In the casesof D being snaller, obviouslyD < X's Due
to the distance from the substrate to the quartzw indow being too short, there isno ques
tion that a part of photo-activation matters are intercepted by the quartzw indow. W ithD
increasing and the interception decreasing, photo-activation mattersw hich contribute to
the substrate surface depositionw ill not continuously increase untilD = X's, themaximum
value gppears Thisisthe risepart of technology curves W ith further increaseof D, D >
X's The quantity of photo-activation mattersmoving to the substrate surface continuously

N =

w ill decrease, and the intensity of light becom esw eaker andw eaker, the density of photo-
activation mattersw ill al drastically decrease, that is, the technology curvesdiglay afall
trend Expermental results shown in Fig. 2 also denonstrate that the deposition rate has a
fall trendw ith the rising of deposition tenperatureswhen D is relative snall, and it dose
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a rise trendw ith the rising of deposition temperaturesw henD is relative large Figure2 al-
2 show s that the deposition rate dose not changew ith the variation of the deposition tem-
peratureswhen D = 18. 5mm, in thisway &' zero point” isobtained Combining the previ-
ous analysises, we find that the dependence of deposition rate on deposition temperature
follow s different lav s at different distance from the substrate to the quartzw indow. W hen
the distance is rather short, the contributory photoactivation matters decrease, andw ith the
rising of deposition tamperature, the deabsrptivity of gasmoleculeson the substrate sur-
facew ill alo increase, as leads to deposition rate to decrease W hen the distance is relative
long, the heat activation rate of gasmolecules on the substrate surfacew ill increase, as
leads to the deposition rate to rise So before the' zero point” light excitation playsa dom i-
nant role while that” zero point”, heat excitation plays a dominant role In the* zero
zone’, the contributory photo-activation matters start decrease from themaximum value

W ith the increasing of deposition tenperature, the deabsorptivity of gasmoleculeson the
substrate surface continuously increases, w hile the heat activation rate also keeps increas
ing So, the light excitation and the heat excitation compensate each other every-w here in
the different deposition tamperature zones, keeping the relative dynam ic balance, w hich
makes the deposition rate not change with the variation of deposition temperatures, as
shown asd’ zero” dependence It should be point out that & zero point” zone is the transi-
tion zone of light excitation to heat excitation, but not the zone inw hich deposition rate is
maximum, which al® verified by the experimental results For our technology system,

w hen deposition pressure is 200Pa, “ zero point” is betw een the 15 25mm distance range
from the substrate to the light source (quartzw indow s).

W ith” zero” dependence suggested by us, satisfactoly explaination one obtained about
the two contrary points between deposition rate and deposition temperature in photo-
CVv D. Considering practical app lications,w ith the zero dependence either designing technol-
ogy systam or conducting film grow th, can neglect the mportance of the accuracy of con-
trolling the temperature of the substrate, the uniform distribution of the temperature of
large size substrate etc , and wemay obtain very good film deposition uniform ity and re-
peatability easily. The results reported in thepaper have been verifiedw ith the experiments
of photo-CVD-SiO:film, and they are al® suitable for the deposition or grow ing other film

materials using photo-CV D technology.
4 Conclusions

Based on themechanisn of photo-CVD reaction, combined light excitation w ith heat
excitation theories, andw ith the concept of pacem igration length of photo-activation mat-
ters, we have derived an analytical expression of sum total number photo-activation mat-
ters in a cubic reaction region, and theoretically obtained the risemaximum-fall lav on the
sum total photo-activation matters varying with the distance from the substrate to the
light source W hen the distance equals to the gpace migration length of photo-activation
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matters, themaximum point appears, at thistime the deposition rate beingmaximum. The
distance corregponding to maxmum deposition rate obtained through experiments is 8
12nm. Because the generating light excitation is accompanied by heat excitation, there is
the’ zero” dependence of deposition rate on deposition temperature in the transition zone of
light excitation and heat excitation, that is, in the range of low er temperature, for our tech-
nology system, w hen the distance from the substrate to the light source is15 25mm, un-
der the condition of deposition pressure being 200Pa, deposition rate is basically not affect-
ed by the change of the deposition temperatures
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