Effect of hydrogen dilution on the structure of SiOF films prepared
by remote plasma enhanced chemical vapor deposition
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Structural and electrical properties of fluorinated silicon dioXi8EF films prepared by remote
plasma enhanced chemical vapor deposition from thg-$)k—H,—He gas mixture have been
studied using ellipsometry, Fourier transform infrared spectroscopy, transmission electron
microscopy, and current—voltage measurements. It has been found that the level of hydrogen
dilution strongly affects the microstructure of deposited SiOF films. The films prepared atthe H
flow rate below about 0.8 sccm have a biphase structure consisting of an amorphous matrix with the
incorporation of 5—30 nm sized particles. The main origin of these particles seems to be gas phase
oxidation of Sik; speciegwith x=1, 2, 3 in plasma and downstream regions. Resulting films are
characterized by extremely low density, reduced structural homogeneity, and poor electrical
properties. Increase in the,Hlow rate above 0.8 sccm completely suppresses the incorporation of
particles into the growing film probably due to effective hindering gas phase oxidation process and
results in dense homogeneous amorphous SiOF films with good electrical properti€Q009
American Vacuum Societ)S0734-210(00)01506-§

|. INTRODUCTION low us to suppose that an increasing amount gfilithe
reaction chamber causes densification of silicon dioxide
The main trend of the modern ultralarge scale integrationjjms prepared by direct PECVD from SiFNO,—H, gas
circuits industry towards device shrinking has aroused &yixture. The purpose of this work is to study in detail the
great deal of interest in low dielectric constant materialSgffect of hydrogen addition to the process on the microstruc-
whose application as an interlayer insulator enables strongye of SIOF films prepared by remote PECVD from
reduction in Wiring Capacitance of multilevel metallization. SiF4_based p|asmas using laser e”ipsometry, Fourier trans-
Among these materials, fluorinated Si(5iOF) is one of the  form infrared (FTIR) spectroscopy, and transmission elec-
best candidates because of its easy integration into existingon microscopy characterization techniques. Since the main
semiconductor processing along with excellent insulatihg, application of SIOF films is to serve as an interlayer dielec-
gap filling properties;* and dielectric constant as low as tric of the integrated circuits with multilevel metallization, it
3.62 is of practical interest to study the correlation between the
SiH,,® SipHs," tetra-ethoxy-siland®~* and other orga-  structural changes observed in SiOF films as a function,of H
nosilanes have been used recently as a silicon source f@low rate and the electrical properties of these films.
plasma enhanced chemical vapor depositiBfECVD) of
SIiOF films. However SiOF films obtained from these precur-
sors usually contain hydrogen bonded in Si—-H and Si—OH!- EXPERIMENT
groups’®*?which causes moisture instability problems dur-  SiOF films were prepared by the remote PECVD tech-
ing the postdeposition period. To avoid hydrogen incorporanique using Sif—0,—H,—He feedstock gas mixtures. The
tion into the SIOF film, hydrogen-free Sjfbased plasmas reaction chamber was equipped by an inductively coupled
have been applied recently in several stui€s® How-  plasma source mounted on the top flange. The detailed ge-
ever, the question about the optimal feedstock gas mixturgmetry of the reaction chamber is described elsewheFae
still remains open. films were deposited om-type (100 silicon substrates of
In our previous study it was shown that hydrogen addition200 () cm. To study the effect of hydrogen dilution on the
to SiF,-based plasmas enables one to control the fluoringleposition of SiOF films, Sif; O,, and He flow rates were
doping level of SiOF films without hydrogen incorporation kept constant at 20, 40, and 280 sccm while the hydrogen
into the film’ However, other reasons exist for hydrogenflow rate was varied from 0 to 10 sccm. For special studies a
addition to Silz-based plasmas. It has been revealed recentlgiF, flow rate of 5 sccm was applied. The total pressure was
that hydrogen dilution can cause considerable improvemertteld at 500 mTorr using a throttle valve for all deposition
in the structure ofuc-Si:H films prepared by PECVD from cycles. The substrate temperature during film deposition was

SiH,—H, plasma® The results of our previous studfésal- 175 °C. The plasma was generated and sustained by applying
200 W of a 13.56 MHz radio frequency power for all depo-
¥Electronic mail: alonso@servidor.unam.mx sitions.
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mixture is applied. SiOF film growth starts only when hydro-

Film thickness and refractive index were measured usin . : .

. . . en is added into the feedstock gas mixture at flow rates

a Gaertner L117 laser ellipsometer. Films thickness was tar:. ; . .
higher than 0.6 sccm. For both Siflow rates, first an in-

geted for 1000 A. Fl!m composition and. structure was Stuq'crease in the deposition rate is obser¢Eiy. 1) as the H
ied by FTIR absorption spectrometer Nicolet 210. The ratloflow rate increases. then. after reaching a maximum value
of the area of 900—1000 cm Si—F, absorption band to the ' . g '

; . ) ; : which depends on the SjHlow rate, the deposition rate
area of the stretching mode Si-O pedk-F/Si-O ratip decreases as a function of hydrogen flow rate. The effect of

was used after base line correction for qualitative estimatior).; . o .
: . ) i iF,/O, flow rate ratio on the deposition rate of oxides de-
of fluorine content in the SiOF films. IR measurements were__ ° . A
osited at low hydrogen flow rat&.6 sccmis shown in Fig.

used to study the microstructure of our films as a function og : - -

. . , It is observed that under these conditions the deposition
fluorine content. For this purpose we used a procedure bas?gte increases as the $IB, ratio increase
on the central force model of Sen and Thofpeyhich was 2 :

developed in the past to study the structure of thermal an Figure 3 shows the refractive index of SIOF films as a
P P 2120 y . 9unction of H, flow rate. As seen in the figure, the refractive
“2and has been applied recently .

device quality Si@ films index of the films prepared at 0.8—5 sccm of ftow rate is

to study SiOF films= This procedure consists in using the .
relation between the peak position and change in full width" the 1.398-1.417 range, but drops sharply up to the value

at half maximum(FWHM) of the main SFO—Si phonon of 1.2 when the H flow rate is reduced below 0.8 sccm. In

sand wii the SOF network and the wah of @51 ST Sl e el o ower et e of o
bond angle distributiofiSi—O—Siangle deviation which is ’

a direct indicator of film microstructure. On the other hand,performed.

based on several articles related to the t8pié® the ratio The incorporation of fluorine in our SiOF films was stud-

between the IR absorption intensity of the high-wave numbe'red by IR measurements. A typical FTIR spectrum of our

: e : . samples is shown in Fig. 4. It contains three major peaks
;houlder af‘d the main peak of the-8l-Sistretching vibra located at 1090, 800, and 450 ci(see Fig. 4 that are
tion mode in SiQ was used to evaluate the structural prop- . o . . .
. : . . . : usually identified as the stretching, bending, and rocking
erties and porosity of our SIOF films. Film microstructure
was further examined by electron microscope Jeol-1200EX
in bright-field, dark-field, and selected area electron diffrac-

1,45 T " T , T - T : r
tion regimes. Electrical measurements were performed using .
metal—_oxide—semip_onduct(;lk/IOS) structures fabricated on 140 F e* .\._,/"”"/ 4
crystallinen-type silicon wafers of 0.1-1) cm. The metal » i
contacts were aluminum dots with 0.14 cm diam thermally 2 435} i
evaporated through a metallic mask. The current—voltage :—:) -
(I-V) characteristics were measured with a log-picoammeter = 130} -
and a ramp voltage generator. 8 -
g 1.25F .
[ll. RESULTS .
1,20 - . .
A. Deposition rate, fluorine content and structure T L L
. , . ) 0 1 2 3 4 5
Figure 1 shows th_e film deposition rate as a functhn of Hydrogen flow rate (sccm)
H, flow rate for two Sifz flow rates, 5 and 20 sccm. No film
growth is observed when hydrogen-free SiB,—He gas Fic. 3. Refractive index of SiOF films vs tHlow rate.
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Fic. 4. Typical FTIR spectrum of the SIOF film prepared atftéw rate of Fic. 6. FTIR spectra of SiOF films prepared at different fibw rates in

1.5 sccm. S+O-Sistretching, bending and rocking vibrational modes are 950-1300 cm? region. The spectrum from the SiOF film prepared at 0.7

labeled ags), (b), and(r), respectively. sccm of H flow rate is deconvoluted to two Gaussian peaks located at about
1160 and 1090 cm* (shown by dashed lingss an example.

modes of the StO—Sibonding, respectively. The SixRb-
sorption band is clearly seen in the 900-1000 émange.  position of this band shows significant changes as a function
The ratio of the area of this band to the area of Si—O stretchof H, flow rate. From these changes, the values efCsSi
ing vibration peak(Si—F/Si—O rati® was used to estimate angle deviation within SiOF network were calculated em-
the fluorine content in our SiOF films. Figure 5 shows thatploying the equation used in Ref. 13. These values are shown
the relationship between the F content and thdléiv rate is  in Fig. 7 and demonstrate that SiOF films deposited usipg H
not a simple negative exponential, as it was expected on théow rate below about 0.8 sccm are characterized by an in-
basis of our previous studié5On the contrary, an increase creased angle deviation, which is indicative of their reduced
in the F content is observed as the #bw rate increases in  structural homogeneity. It was also found that the ratio of the
the range from 0.6 to 1.5 sccm. The exponential reduction ifntensity of the high-wave number shoulder to the intensity
the F concentration is only observed at #bw rates higher of the main peak of the SIO-Sistretching vibrations band
than 1.5 sccm. Si—H and Si—OH bond absorption peaks weregndergo big changes as the, Hlow rate changes. For the
absent in the FTIR spectra from as-deposited SiOF films irsake of the analysis, the band was deconvoluted using two
the entire range of Hflow ratel’ Gaussian peaks. Figure 6 shows these contributions for a
IR spectroscopy was employed for evaluating the strucfilm deposited with a hydrogen flow rate of 0.75 sccm. In

tural characteristics of the films on the basis of wotk&25  this case the main peak is located at 1090 ¢rand the other
which relate the structural properties of silicon dioxide filmsone, which contributes to the high-wave number shoulder, is
with the form and characteristics of the IR absorption bandocated at about 1160 cm. The behavior of the intensity
associated with the SID-Sibond stretching vibrations in ratio between the high wave number peak and main peak as
Si0, films. As can be observed in Fig. 6, the FWHM and a function of H flow rate is shown in Fig. 8. This ratio

exhibits a trend consistefiwpposite with that of the refrac-

tive index (see Fig. 3 versus the H flow rate. Namely, the
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relative intensity of the high-wave number shoulder drasti- . . . .
cally increases when the Hiow rate reduces below 0.8 9(b)], which consisted of a central halo and diffuse rings and

indicated the structure of the films to be amorphous. This is
seem. istent with a common concept of the Sidm structure
Transmission electron microscogffEM) studies were consis P

performed for further investigation of the structure of SioF23s @ continuous random network of i@trahedra joined

films. Selected area electron diffraction studies showed thatpgether by bridging oxygerts. Dafk'ﬁe'd TEM did not
samples prepared at,Hlow rates ranging from 0.6 to 10 show any presence of the crystalline phase in the samples

. . ; - prepared in the entire range of hydrogen dilution. However,
scem had a diffraction patterfsee inset in Figs. @& and bright-field TEM studies have revealed that the structure of

the samples prepared ap How rates below about 0.8 sccm
differed significantly from that of films prepared at higher
hydrogen flow rates. As seen in Figb® SiOF films pre-
pared at H flow rate exceeding 0.8 sccm are characterized
by uniform homogenous structure typical for amorphous
films. On the contrary, SiOF films prepared at the ftbw

rate below about 0.8 sccm have the structure that can be
classified as a biphase one as seen in Hig. he micro-
structure of these films consists of the amorphous matrix, but
with an incorporation of individual particles of the irregular
shape and sized within 5-30 nm range.

B. Electrical properties

The electrical properties of the SiOF films as a function of
H, flow rate were studied by takin-V measurements on
MOS capacitors which incorporated these films. The capaci-
tor and equipment setup for these measurements was already
described in Sec. II. Here it is only important to mention that
the ramp rate was 0.5 V/s in the positive bias direction, i.e.,
a positive voltage was applied to the gaésuminum elec-
trode in order to inject electrons from the-type silicon
substrate. Figure 10 shows the current—voltage characteris-
tics obtained for SIOF films prepared at differens Fow
rates. It is clearly seen that the leakage current of SiOF films
increases as the Hlow rate decreases. Figure 11 shows the
value of breakdown electric field of the samples as a function
of H, flow rate. As seen in the figure, the SIiOF films pre-

_ o _ o pared at the K flow rate above 1 sccm are stable at electric
FiG. 9. (& and (b) typical bright-field TEM images of the SIOF films pre- goqs apout 7 MV/cm. However, the dielectric integrity of
pared at the K flow rate below and above 0.8 sccm, respectively, accom-

panied by corresponding selected area electron diffraction imagesin-  films drops sharply when the Hlow rate decreases below
sets. about 1 sccm.
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T - T T — in the range from 0.6 to 1.5 sccm can be due to the ability of
_ _ H radicals to abstract halogen atoms from S# 3¢ Given
L AUUTIIRRRRSEEEPEEE RS e ] this ability, at low hydrogen flow rates an increment in this
] flow rate can change the plasma chemistry in such a way that
[ ! ] more Sik; species are produced and incorporated in the film.
Additionally, interaction of H with electrons coming from
the plasma region can cause changes in the electron energy
distribution function similar to those observed in $iH,
] plasmas’ which can also enhance the production of ,SiF
- species to be incorporated into the films. It is also possible
that the F content in as-deposited SiOF films prepared,at H
flow rates below 1.5 sccm primary follows the exponential
or 4 L ] trend marked by the dashed curve in Fig. 5, but this trend
10 considerably changes during postdeposition period due to in-
tense F desorption. However, this question is out of the sub-
ject of the present work and requires additional studies. As
Fic. 11. Breakdown electric field as a function of How rate. mentioned in Sec. lll, no bands related to hydrogen bonds
were found in the IR spectra of our films. It must be pointed
out that the IR absorption band observed in the range from
IV. DISCUSSION 900 to 1000 cm! (see Fig. 4 was associated with Si—F
bonds. This band cannot be due to Si—OH bonds since the IR
absorption band associated with clustered (§Haround
The behavior of the deposition rate shown in Fig. 1 can be3350 cm'* was not observed in any case. The absence of
explained considering that the SiOF film deposition processi—OH or Si—H bonds in the films indicates that in spite of
is indeed a continuous competition between two processeshe fact that H interacts with the Si—0, mixture, the for-
(a) film growth by dissociation of Sif; followed by oxida-  mation of Si—H and Si—OH bond during SiOF film growth is
tion and reduction of SiFfragments withx=1, 2, 3, andb)  energetically less favorable than Si—F bonds probably due to
etching by highly reactive F species and hydroderii®  the relatively high energy of the latter. On the other hand,
Based on this, it is clear that the deposition rate of the SiOFatomic hydrogen is known to be very effective in releasing
films should be very sensitive to the choice of operationhydrogen weakly bound with silicon. For instance, Shimizu
conditions. In consistency with this, Han and Aydibb- in his study observed that, despite introducing a large
served no SiOF film deposition if the SiFO, flow rate ratio  amount of atomic hydrogen during Si film deposition by
in SiF,—0, gas mixture was above 1. No film growth took glow discharge of SiF-H,, the concentration of hydrogen in
place either in the study of Kinet al’* when radio fre- the film monotonously reduced down to 1-2 at®.
guency power was below the threshold value of 1000 W. Our
results evidently show that hydrogen dilution is able to ef-B. Film structure
fectively control the growth-etching equilibrium and even 1. Refractive index

small hydrogen addition leads the process to shift from etch- o o
ing towards the film growth for a wide range of $i©, It is known that the refractive index of any film is affected

ratios (from 0.5 to 10, as seen in Fig. 2. The ability of by its stoichiometry, type and amount of impurities, density,

hydrogen to control the etching-deposition transition has als§°rosity, and stress. The determination of the influence of
been observed in SjFH, systems fora-Si film growtt each one of these factors on the refractive index is a difficult

and can be attributed to both the ability of H to dissociatel@sk especially in SiOF films because fluorine incorporation
SiF, molecules giving free-bond silicon species$iF,) and ~ Sensibly affects, at the same time, their density, porosity,
effective scavenging of free F radicafsyielding HF as a stress and electromc_polarlzablllt_y of thtaT oxide. However,
by-product of this reaction. HF is volatile and is removed based on our results, in the following sect|o.ns \{ve have made
from the reaction chamber by pumping. The saturation trend" attempt to evaluate separately the contribution of some of
observed in Fig. 1 at high hydrogen flow rates likely corre-these factors on the_refractlve index of our films. Since Ru-
sponds to complete scavenging of F species by hydrogeﬁl_werford backscattering spectroscofyBS) measur_ements .
This is consistent with the finding that the film deposition @ve shown that all our samples were nearly stoichiometric
rate saturates at higher,Hlow rates with increasing flow (Si:0=1:2) we haye qnly discussed the contribution of fac-
rate of Sif. Indeed, the higher the Sjflow rate, the higher {Ors other than stoichiometry.
concentration of reactive F species is produced, the higher o ] S
hydrogen dilution is required to completely scavenge them.2- Contribution of electronic polarizability

The dependence of fluorine content in the films on the One important contribution to decrease the refractive in-
hydrogen flow rate shown in Fig. 5 can be explained on thalex of SiOF films is the reduction in their electronic polar-
same basis used in the previous paragraph. For example, timbility due to the amount of F atoms incorporated into the
increase in the fluorine content as the ftbw rate increases  SiO, network!® The trend generally found is that the refrac-
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tive index decreases as the fluorine content increases. It j§S,TO mode mainly contributing to the high-frequency
worth noting that reported values of the refractive index forshoulder is due to a disorderinduced mechanical coupling
high-fluorinated SiOF films are typically in the 1.38—1.43 petween the ASand AS modes® Therefore, any factor
rang(;.,gf(lnlr fluorine concentration in the films as high as 1%ausing structural nonuniformity in the surrounding vibra-
at.%"""Figures 3 and 5 show that our SiOF films preparedtional units(including the deviation from stoichiometry, the
at H, flow rates higher than 1.5 sccm follow the generalpresence of nonbridging oxygen atoms, impurities, porosity,
trend. However, SiOF films deposited af flow rates below  stress, et¢.can cause perturbation and resultant modifica-
1.5 show the opposite trend. In fact, the SiOF film depositedions in the ASTO mode*~33 Some systematic studies re-
at a flow rate of 0.8 sccm is characterized by an extremelyating the height of the shoulder of the-8)—Si stretching
small refractive index of 1.2 and the smallest amount of fluowibration mode with film composition have found that modi-
rine incorporated. On the contrary, the film deposited at 1.5ications in the stoichiometry of the Sjdilms toward the
sccm has a higher fluorine content, however it has a refragsilicon rich composition increase the height of this shoulder
tive index exceeding the value of 1.4. It allows us to excludewith respect to the height of the main pedk> On the other
the reduction in the electronic polarizability as the main fac-hand, several recent works have suggested that the high-
tor contributing to the low values of refractive index ob- wave number shoulder of the -8D—Si stretching vibration
served in films deposited in the 0.6—-1.5 sccm range of Hmode is related to the porosity of the material in such a way
flow rate. It also suggests that other factors are responsibigat the ratio of intensity between this shoulder and the main
for the observed changes in the refractive index, namely depeak increases as film porosity increa®&s® It is worth

crease in the film density and intrinsic stress. mentioning that these studies were carried out on, $i®s
prone to be porous, since most of them were deposited at
3. Contribution of continuous changes in film density very low temperatures by techniques such as spin coating of

- 9 o 30
Various mechanisms can contribute to the reduction in th&llica Sol gel (ro?gm_ te_mperatube’- phof[(_)-CVDo(S%ZC),
SiOF film density. One of them is the presence of voids inPECVD (30°0),™ liquid phase depositior(50°C),™ and

: o 33 e
the form of connected or isolated pores. Another one is th&l€ctron-beam evaporatid0 °C).™ Additionally, the den-
formation of a highly open SiOF network built from high- sity and refractive index of some of these films was as low as

3132
order Si-O—Siring units® The internal space of such rings 149 g/ent and 1.1, respectivel}:* Based on these works

can be considered as individual nanovoids. As was shown igNd taking into account that, according to RBS measure-
our previous studiéé® the average order of ring units Ments, our films are nearly stoichiometric, we can suppose
within the SIOF network should increase with the fluorine that the considerable reduction in the refractive index and the
content resulting in a continuous SiOF film density reduc-drastic increasg in the relative inte_nsity_of the high-frequency
tion. As mentioned previously, Figs. 3 and 5 demonstrathoulder(see Figs. 3 and)&f our SiOF films prepared atH
that SiOF films with a refractive index of 1.2 have a moder-floW rates below 0.8 sccm are due to porosity in the films.
ate fluorine content. Consequently, these films must contaiiiOWeVer, as is discussed below using TEM results, the po-
a small amount of nanovoids, whereas those characterized 5§Sity in these films can be typified as formed by closed
a refractive index of about 1.4 must contain more fluorine/0ids. o o .

and consequently more nanovoids. This suggests that the low The coptrlbutlon of intrinsic stress is not clear at present,
refractive index of SiOF films deposited in the 0.6—1 sccm?OWEVer it can probably be neglected since a fixed oxide
H, flow rate range is not due to the continuous reduction irstructure distorted by the stress normally exhibits more sig-
the density of the films produced by the presence of nanolificant changes in the infrared absorption strength of the

voids but rather due to isolated porgmrosity in the films. shoulder relative to the main peak of the-8—Sistretching
band. For example, it has been reported that an oxide film

under stress undergoes structural rearrangement to relieve
_ . the stress and might reveal a strong absorption band between
As shown in Sec. Ill, the form of the IR stretching mode 1150 and 1250 cm' and the virtual disappearance of the
of the Si-O-Sibonding changes as hydrogen dilution 1080 cn'! peak®® As seen in Figs. 6 and 8, the-SD—Si
changes. Specifically, Fig. 8 shows that the intensity of thatretching vibrational mode of our SiOF films does not show

high-wave number shoulder of the stretching band increasegy of the aforementioned extreme changes in the entire
sharply with respect to the intensity of the main peak asange of H flow rates.

hydrogen flow rate decreases below 1 sccm. As discussed
below, these changes can be correlated with porosity and/cg
other structural changes in the films. The shoulder of the™
stretching band located at about 1200 ¢nis attributed to TEM results revealed that our SiOF films deposited at
the out-of-phase motion of adjacent oxygen atoms of thdwydrogen flow rates below 0.8 sccm have a biphase structure,
asymmetric stretching transverse optical ¢AS) vibration,  which consists of individual particles of irregular shape and
whereas the main absorption band at about 1090cis  size (5—-30 nm embedded in an amorphous matrix. Since
assigned to the ASO in-phase motion of adjacent both dark-field TEM and selected area electron diffraction
oxygens>?*Kirk has shown in a quantitative study of the IR did not reveal any presence of polycrystalline phase, we can
absorption spectra of thermally grown Si@ims that the suppose that these particles also have an amorphous struc-

4. Contribution of film porosity

Nature and origin of film porosity

J. Vac. Sci. Technol. A, Vol. 18, No. 6, Nov /Dec 2000
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ture. IR results are consistent with the TEM results since th®. Electrical properties
values of S+O-Siangle deviation within SiOF network, |-V measurement result€Figs. 10 and 11 show that

shown in Fig. 7, demonstrate that SiOF films with biphasey,gre s 4 strong correlation between the electrical properties

microstructure (H flow rate below about 0.8 scorare char- 5 the structural changes observed in SiOF films as a func-

acterized by an increased angle deviation, which is indicativgjgp of H, flow rate. Films deposited at hydrogen flow rates

of their reduced structural homogeneity. higher than 1 sccm are structurally and electrically superior
The most probable explanation of the biphase microstructhan films deposited at lower flow rates. The dielectric integ-

ture formation in films deposited at very low hydrogen flow rity is practically lost and there is a drastic structural degra-

rates is a gas phase oxidation of Sfragments(with x=1,  dation when the SiOF films are deposited at fibw rate

2, 3 in plasma and downstream region followed by theirbelow about 1 sccm. From this correlation we can conclude

incorporation into the growing amorphous SiOF film. Sincethat the structural defects in these biphase and porous SiOF

the image of these patrticles in the micrograph is much lightefilms create a great amount of electronic defects and cause

than that of the matriksee Fig. a)], it allows us to suppose the total deterioration of their insulating properties.

that the density of these particles is less than that of sur-

rounding SIOF network. As a consequence, SiOF films withy. cONCLUSIONS

biphase structure must have a reduced density. Since the ori-

entation of the incoming flux during remote PECVD is well Analysis of the experimental data has demonstrated that

defined. the presence of irreqularly shaned foreian articlethe structural and electrical properties of SiOF films prepared
' P 9 y P gn p Fom SiF,—0,—He—H, based plasmas depend sensibly on

on the film surface can act as local masks producing th‘Iilydrogen flow rate and change drastically at low hydrogen
effect of shadowing. The surface mobility of precursors dur-

ing | PECVD i i dilution. The correlation among these changes and the
Ing low-temperature remote IS not sufficient to pro'changes in deposition rate indicate that hydrogen added into

vide a conformous coating growth. In these conditions it isthe SiR, /O,/He plasma is effective not only to scavenge F

very probable the formation of closed voi{sorous in the  gpecies but also to control the amount of gas phase reactions
area of shadow which additionally contributes to the reducyq provoke the etching-deposition transition for SiOF film

tion in thg density of SiOIIZ.ﬁIms. In summary, the structuregrowth, When the additon of hydrogen into the
of these films can be typified as a biphase-porous structur§ir, —0,—He feedstock gas mixture is less than 0.8 sccm, the
formed by a SiOF network with amorphous low density par-sjOF films obtained have extremely low deposition rate and
ticles and closed voids embedded on it. are characterized by biphase microstructure consisting of an
When the H flow rate exceeds 0.8 sccm the particles areamorphous matrix with an incorporation of individual par-

not observed in the filnisee Fig. %)]. This allows us to ticles of the irregular shape and sized within 5-30 nm range.
assume that the presence of hydrogen in the reaction charihe origin of the above particles is assumed to be gas phase
ber at a certain concentration is able to effectively suppresexidation of Sik species(with x=1, 2, 3 in plasma and
the gas phase oxidation of SiBpecies preventing thereby downstream regions. It has been shown that building up the
the particle incorporation into the growing amorphous SiOFabove particles into the growing amorphous SiOF network
network. The mechanism of hydrogen action is not clear atesults in the formation of a low density inhomogeneous and
the moment, however it is known for SiFH, plasmas that porous structure and leads to considerable degradation of
an interaction of SiFfragments(x=1, 2, or 3 with atomic  electrical properties of SiOF films. It has also been revealed
hydrogen in gas phase can lead to the production of variouéat addition of hydrogen to the feedstock gas mixture in
SiF,H,, neutral and ionized speciém, n=1, 2, or 3,n+m  quantities higher than 0.8 sccm effectively suppresses the
<3).34% |t has been found that Si—F bonds formed in Particles incorporation into the SiOF matrix probably
a-Si:H(F) films prepared by glow discharge of SiH, are through hindering of gas phase oxidation of S#pecies.
easily changed into SO—Siones as a result of Si—F bond SiOF films prepared in these conditions are characterized by
hydrolysis when the films are exposed to the3&iFhus, in homogeneo.us high—dense amorphous m_icrostructure and
the presence of oxygen, hydrogen and fluorine radicals i¥°°9 4e|ectr|gal propertiegleakage current is less than 4

; . L X10~" Alcm~ at the breakdown electric field of at least 7
SiF,—0,—H,—He plasmas a continuous competition should
exist in the passivation of SjFspecies dangling bonds by O, MVL/C”')'_ h | f the refractive ind f SIOF fi
H, or F. It is obvious that the probability of Si dangling bond owering the value of the refractive index of Si 1ms

L L . below 1.3 is assumed to be an indicator of their reduced
termination by hydrogen is increased with How rate. At density rather than a reduction in electronic polarizability in
present it is not clear whether Si,, or SiQ.F,H,, species y P Y

. the entire range of F doping level.
are the resulting by-products of the above processes. How- I g ping fev

ever, the finding that no particle incorporation takes place

when the H flow rate exceeds about 0.8 sccm allows us toACKNOWLEDGMENTS
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