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Silicon oxynitride films have been deposited with SiCl, by remote-plasma enhanced
chemical vapor deposition (PECVD) at a substrate temperature of 250 °C. Different mixtures
of O, and NH3; were used to obtain different oxynitride compositions ranging from SiO; to
an stoichiometry close to that of silicon nitride. Rutherford backscattering spectrometry
was used to determine the chemical composition of the SiOxN, films. The behavior of the
IR absorption spectra as well as the refractive index measured by ellipsometry were used to
estimate the effect of the different deposition parameters. It was found that the IR spectra
show a shift of the characteristic peak associated with the stretching vibration mode of the
Si-O-Si bonds towards lower wavenumbers as the relative concentration of ammonia was
increased with respect oxygen. No double peaks associated with silicon oxide and silicon
nitride were observed, indicating the formation of an homogeneous alloy. The IR spectra
did not show any presence of water or hydrogen related impurities in the film. Also the
effect of a hydrogen flow added during the deposition process on the structural
characteristics of the deposited films was studied using dielectric spectroscopy and atomic
force microscopy measurements showing that the hydrogen flow added during deposition
results in a reduction of the film roughness and a planarization effect, which is very
interesting for the application of these films in microelectronics devices. © 1999 Kluwer
Academic Publishers

1. Introduction case Si({ and 250°C with Sik4, without any further
Insulating films of SiQNy with values ranging from thermal treatment needed. Also good quality silicon
0 to 2 forx and O to 43 for y have been widely used nitride films have been obtained using $#s a source
in silicon based microelectronics applications. Siliconof silicon [4].
oxynitrides films have received an increasing amount In this work we have used in the deposition of silicon
of interest due to the possibility that, by choosing theoxynitrides SiC} gas as silicon precursor, instead of
proper composition, the excellent electronic characterthe convencional Siin order to obtain low hydrogen
istics of the SiQ and the moisture and alkali ion diffu- concentration in the deposited films. The structural and
sion barrier properties of the §8i; may be preserved. optical characteristics of these silicon oxynitride films
On the other hand, low temperature deposition of highdeposited at 250C by remote-PECVD are reported.
quality insulators is strongly required for surface passi-Oxygen and NH on different relative flow ratios were
vation and interlevel dielectrics of future ULSI. In con- used to obtain oxynitrides with different composition.
ventional plasma assisted chemical vapor depositioifhe IR absorption characteristics show a single peak
(PACVD), silane SiH is the silicon source and it in- associated with the stretching vibration mode, indicat-
duces much hydrogen incorporation into the depositeihg the formation of an homogeneous oxynitride al-
films which causes thermal instability in physical andloy rather than a two phase composition. Rutherford
electrical properties during subsequent processes [1] Backscattering Spectrometry (RBS) was used to deter-
The use of silicon halides as a source of Si insteadnine the compaosition of the deposited films. The effect
of SiH4 [2, 3] has been successful in obtaining goodof adding hydrogen to the reactant gases during the de-
electronic quality silicon dioxide films at 20€@ inthe  position process on the structural characteristics of the
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deposited films was determined by Atomic Force Mi- conductance®) of the samples were measured in the
croscopy. It was found that the average roughness dfequency range between 0.1 to*k®z, with a HP84A
the films decreased as the amount of hydrogen adddatidge. The samples were placed in a tubular furnace
was increased, therefore the planarity of the films is im+to perform isothermal measurements at different tem-
proved. Also, the dielectric parameters calculated fronperatures (300-423 K). The amplitude of the external
theC-F curves measured under an external sinusoidatlectric signal was 100 mV and data were recorded au-
electric field [5] indicates that the addition of hydrogentomatically. The interpretation of the dielectric results
causes positive influence in the electric response of theas made on the basis of the cooperative dipoles and
deposited films. charge carriers interacting model, due to Joncétea).
[8-11]. In order to obtain the best understanding of
. the materials response in terms of the complex capac-
2. Experimental ity a computer program was elaborated based on the

The remote-PECVD system used in this work consistegnethodology reported by Jonscher [11], for dielectric
of a cylindrical cavity capacitively coupled to an rf gata processing.

power generator (13.56 MHz) and positioned to create
a plasma region away from the sample [6]. A flow of
O,, NHz and N> was passed through this cavity gener-3  Results

ating a plasmathat was directed to the substrate surfacne characteristic behavior of the IR% transmitance
The nitrogen flow was kept constant at 20 sccm but th%pectra in the range of 400—4000 this shown in
oxygen to ammonia ratio was varied between 0 10 2gjg 1 for oxynitrides deposited with different flows of
maintaining a total constant flow for both gases at 540xygen (the sum of the £and the NH flows was kept
sccm. The SiGland H, were fed through a dispersor constant), the rest of the deposition parameters were
ring placed near the substrate surface. The silicon tetrgpintained fixed. Those spectra show a dominant peak
chloride was obtained from aliquid sourceda sccm  that shifts its location towards lower wave numbers as
flow was maintained constant in the deposition of theyne relative amount of oxygen is reduced. This peak
oxynitride films used in this work. The hydrogen flow is associated with the stretching vibration mode of the
was varied in the range of 0 to 30 sccm to check on thesj.0-sj ponds and it is located at 1075 chin the
effect of the hydrogen presence during the depositioRase of stoichiometric SO Silicon nitride also shows
process, in the rest of the samples a 30 sccm flow,0f Hg gominant peak but it is located at about 835 &m
was used unless otherwise noted. The deposition chamng it is associated with the stretching vibration mode
ber pressure was kept at 300 mTorr during the deposisf the Si-N bond [12]. It is important to notice that the
tion of the films. The substrate was a p-type 2D0cm  gpectra in Fig. 1 shows a gradual shift of the stretching
silicon wafer with a (100) crystalline orientation. The peak as the amount of oxygen is changed, in contrast

substrate temperature during deposition was held conith the possible presence of two peaks located at 1075
stant to 250°C and no further thermal annealing was

given to the samples. The thickness and refractive index
of the films were determined by ellipsometry measure- 220
ments using the 630 nm line of a He-Ne laser. The de
position rate was estimated from the final thickness o
the film assuming a constant deposition rate throughot
the whole process. The IR% transmission spectra wer s
obtained with a Fourier-Transform Spectrophotomete\’;‘ 180
in the range of 400—4000 crh. e
Rutherford Backscattering Spectrometry (RBS) was g,
used to analyze the amounts of the cations (silicor 2 160 0,3 scom
atoms) in the films. Nuclear microanalysis by direct 8
observation of nuclear reactions and backscattered pa £
ticles was utilized to complete the analysis of the sam-c¢ "% 0,=2 scem
ples. The oxygen'fO) and nitrogeniN) contents of
the films were measured by the usé#d(d, p)O* and
1N(d, @)*?C nuclear reactions respectively, by com-
parison with reference targets. The precise depth dis i without O,
tribution of the various elements in the films were de- 100
termined by using RUMP simulation program [7]. The
surface morphology and roughness of the films were

200 02=5 sccm

3
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determined with an Atomic Force microscope operatec 300 — 20'0 . 30'0 - 40'0 -
in air. For the dielectric measurements parallel plate
capacitors were prepared depositing gold contacts i Wavenumber ( cm-1)

both sides of the samples by rf sputtering. The con-_ o _ o

tact deposited on the oxynitride side was circular WithF'gu_re 1 Infra-red spectra for oxynitride films qbtalned with dlﬁgrent

3 mm diameter. Thé-V characteristics of these sand- relative concentrations of Dand NH;. These films were deposited

. . ] . ; adding 30 sccm of Bland 20 sccm of M to the reactant gases. The
wiches showed good ohmic behaviour at applied Volteposition pressure was 300 mTorr and the power and substrate temper-

ages below 0.15 V. The values of the capadly &nd  ature were 175 W and 25 respectively.
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TABLE | Characteristics of SicNy samples deposited with different 2.0 22
relative amounts of oxygen and ammoniandy parameters, refractive
index () and IR peak position

120
Oxygen Refractive
Sample (sccm) index X y

ON44 118

ON47
ON48
ON49

-— * =
and 835 cm! each, which is characteristic of a two & ] 114
phase formation. None of the spectra measured sho ]
any absorption peaks due to the presence of hydroge . 12
®.
\.

1.74 0.5 0.9
1.59 1.3 0.37
157 1.8 0.2
1.53 1.6 0.16

gawnN o
-
o]
1

efractive Index

Deposition Rate(A/min)

or water related bonds (in the 2000-3500¢mange) 1.6
even though the films in Fig. 1 were deposited with

30 sccm of hydrogen mixed with the reactant species 410
Table | lists thex andy values for the SiQN, stoi-

chiometry calculated from the RBS measurements an O 5 10 15 20 25 30
the corresponding refractive index at 630 nm. RBS mesa H. flow rate (sccm)
surements also indicate the presence of chlorine in the 2

deposited films. The index of refr_actlon. va_lues are k_)?'Figure 3 Refractive index and deposition rate as a function of the hy-
tween the reported values for silicon dioxide and sili-grogen flow used in the gas mixture.

con nitride depending on the relative amount of oxygen

used for the deposition. Itis noticeable that if there is Q.1 results were obtained films deposited using onl
oxygen in the gas mixture, the refractive index corre- P g only

sponding to the deposited sample is slightly lower thangxglgehr; ?quggoimor??r?el:az.e; QStriSelsinatj(gainaer:glatlriﬂgrOf
the reported values corresponding to the silicon nitride 9 P

obtained by PACVD (1.8). This low value can be ex- decrease in the deposition rate with hydrogen flow that

plained by the presence of low oxygen concentrationéS accentuated fpr low flows. The Atomlp Force Mi-
in these films according to the RBS results. Also, RBSCTOSCOPY (AFM) images shown in Fig. 4, illustrate the

measurements indicate the presence of chlorine atome'%rect of the add_ed h_ydrogen on _the surface topogra-
y of the deposited films. In this figure a composition

in the films. The chlorine concentration in the films is gf the three-dimensional images for samples deposited
higher in the films obtained from gas mixtures without g P b

. . ith 0, 10 and 30 sccm of hydrogen flow are shown.
oxygen, decreasing exponentially as long as oxyge mage a, corresponding to the sample deposited with no

present in the gas mixture increases. This behawm{_|2 flow, has a 01000 Aertical scale, while image c,
can be observed in Fig. 2. , on 0-10 Acale. It
The effect of hydrogen addition to the reactant gasegorrespondmg to 30 sccm obfhas a cale.
on the refractive index and the deposition rate is illus- clear that a 30 scem flow of#dded to the reactant
trated in Fig. 3 for samples deposited with ng @im- gases_results in abotwo or moreorder of magnltude_
reduction on the average roughness of the deposited
film. We have performe-F electric measurements
in samples obtained with and without hydrogen in the
109 frequency range 0.02-3@Hz and varying the temper-
: ature from—70 to 160°C. In Fig. 5 the normalized
9- spectra of the imaginary capacitance for samples de-
posited without H (a) and with 30 sccm of Hare
shown. From the figure it is clear that there are dipolar
relaxation processes in the measured samples. Accord-
ing to the results obtained using the other analytical
techniques, we think that these polarization processes
are produced by dipolar centers associated to the sili-
64 con atoms bonded to oxygen and/or chlorine atoms. In
Table Il also the most important dielectric parameters

% chlorine content

TABLE Il Dielectric parameters calculated from tBeF measure-
ments according to the Dissado and Hill Theory for the dipolar relaxation
in solid

4 [

1 N I i I v I ' I i 1
0 1 2 3 4 5 Hydrogen G(0)x 107°
02 flow rate (sccm) flow (sccm) i mz  nz  (S) Er(eV) Ec(eV) &(0)

0 0.42 0.95 0.28 17 055  0.37-0.41 5.8
Figure 2 Variation of the chlorine content with the oxygen flow used in 3q 0.70 055 0.35 7.5 0.55 0.41-0.49 75

the deposition of the oxynitride films.
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Figure 4 Atomic Force Microscope images of samples deposited with different amounts kedthing the rest of the deposition parameters fixed.
(a) 0 sccm H, (b) 10 sccm H and (c) 30 sccm bl

are reported. These values, as we mentioned beford, Discussion

have been obtained according to Dissado and Hill reAn important characteristic of the spectra shown in
laxation theory in solids [5, 8-11]. The andny pa-  Fig. 1 is the smooth shift of the single dominant ab-
rameters are determined from the slopes at high fresorption peak from the location associated with the
quency in the curves for each dipolar process detectestretching vibration mode of the Si-O-Si bond in sil-
in the samples and th@, parameter is related to the icon dioxide to the stretching vibration mode of Si-N
slope in the curves at low frequendy(0) is the con- insilicon nitride, as the relative amount of oxygen is de-
ductance at zero frequency, so the dc conductance, amtleased. This type of behavior is indicative of an homo-
E; and E; are the activation energies corresponding togeneous oxynitride alloy [12] as opposite to atwo phase
the dipolar orientation and the free charge conductionmixture of SiGQ and SiN4 in which a two different
respectively. Also in Table Il the relative permitivity at peaks spectrum is characteristic [13]. Similar type of
zero frequency(0) is shown. The calculated permitiv- behavior has been reported by Testtal [12], on sam-
ities correspond only to the oxynitride film because, inples deposited by remote-PECVD using $is silicon

the frequency and temperature ranges studied, there §purce, but at higher deposition temperatures (40

no influence of the substrate in the electrical response.ower deposition temperatures generally require of a

3010



In fact, the addition of hydrogen to the reactant gases

160 0C a) has a planarization effect on the film (Fig. 4) which
g seems to be related to an etching effect due to the forma-
o Q% without H, tion of the HCI. This effect could explain the decrease

in the deposition rate detected by ellipsometry (Fig. 4)
and IR measurements.

On the other hand, the positive influence of the hy-
drogen addition is also confirmed by tBeF dielectric
results. The physical information of teand m pa-
rameters concerns to the atomic order inside the amor-
phous atomic network [11]. In these films, which have
a stoichoimetry close to silicon nitride, the oxygen and
chlorine atoms play the role of impurities participating
in the observed dipolar relaxation. The values of the
m andn parameters corresponding to the samples de-
posited with and without hydrogen suggest that the uti-
1011 Lol oo vt it v o !izqtion of_ hydrogeninthe oxynitriqle deposition results

102 10 104 105 106 107 108 109 in films with a more ordered atomic network, although
both films have the same stoichiometry, according to
the RBS results. In other words, the two samples have
similar composition and similar oxygen and chlorine
concentrations but the sample deposited without hy-
drogen contains silicon bonded structures (to oxygen
and/or chlorine) more varied in shape and size than the
films obtained with hydrogen.

The effect of the temperature on the variation of the
relaxation peaks also confirms that the oxynitride films
grown without hydrogen have more inhomogeneous
atomic distribution in the network. The activation ener-
gieskE, andEg, calculated from Arrhenius plots and also
100 | the permitivity valuesg(0), are in the range of the val-

r ues reported by other authors using different analytical
techniques [15]. The values calculated Erare only
for the temperature range from 58 to 85. For higher
temperatures, the values for these energies strongly de-
1o Licos . s s , e e o crease and the corresponding error in its determination
102902 104 105 108 107 108 108 increases, indicating that a simple Arrhenius law is not
f [Hz] adequate in this rang&; has the same value for the
two samples studied which suggests that both samples
Figure 5 Normalized spectra of the imaginary part of capacitance for contain similar dipolar centers, as we mentioned be-
s_amples qbtained wi'thoutgl-(a) and with 30 sccm of Hin the reac-  fgre. The conductance at zero frequen&(q)) has
tive gas mixture varying the temperature freni0 °C (upper curve) to been calculated according the method described in pre-
160°C (lower curve). . .
vious works [16] and in the temperature range where the
N Arrhenius law is not accomplished. This conductance
postdeposition thermal treatment to reduce the amoung likely due to that oxygen and chlorine atoms which
of hydrogen related impurities [14]. Regarding the con-yre weakly bonded in the network, acting as quasi-free
tent of hydrogen, the IR spectra for samples depositedharges under the effect of the electric field. From this
with SiCl, at 250°C (Fig. 1) do not present evidence of nint of view, notice that the sample deposited without
O-H or Si-H absorption peaks even though no furthety, has a conductance one order of magnitude higher
thermal treatment was given. The use of silicon halideghan the sample grown with 30 sccm of Hndicating
as a source of silicon on the deposition of &Iy 5 jower dielectric quality. Therefore, this result shows
PECVD and remote-PECVD has been suggested preggain the beneficial role of the hydrogen addition in the

viously as a way to lower the deposition temperaturéjeposition of oxynitride films when Sigls used.
of this material without incorporating hydrogen related

impurities [2, 3]. In particular, the hydrogen gettering

action of the residual chlorine from the reaction of the

SiCl, with the oxidant gas has been reported for the deb. Conclusions

position of SiQ at low temperatures{200°C) [6]. A Oxynitride films with low content of hydrogen related
similar mechanism seems to be occurring in this casémpurities have been deposited at 2%D by remote-

in which the large chemical affinity between chlorine PECVD, using SiCJ as a source of silicon. The IR
and hydrogen most likely propitiates the formation of spectra of these films show a single dominant peak as-
HCI gas or related species that are removed from theociated with the stretching vibration mode of the sil-
deposition chamber. icon bonds with either oxygen or nitrogen, indicating

109 |

C"[nF]

1010 |

C" [nF]
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the formation of an homogeneous alloy. RBS measureReferences

ments have been used to estimate the stoichiometry of.

the films, ranging from Si@to a stoichiometryearto
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deposited films as the amount of hydrogen is increased?-

The presence of hydrogen also results in a drop of the,
deposition rate which could be related to a competi-

tive etching effect produced by the byproducts of the &.

reactant gases (possible formation of HCI). The capac-
itance versus frequency measurements in these fllms
indicates the presence dipolar centers which we have!

associated to the presence of silicon atoms bonded tg

mogenous way when hydrogen is used in the dep05|-
tion process although the global composition of the de?

posited films is independent of the hydrogen presences

in the reactant gas mixture.
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