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ABSTRACT 

Amorphous si l icon oxj~nitride (a-SiO,N,.) ,films 
qf various zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcompositions were depositcd by 
low-pressure chemicul vapour deposition 
(LI'CVD) ut temperuture rurige qf 820-880°C 
and 400 mTorr, using mixture of sicl~H,-NH.,- 
N20.  The irzvestigatiori 011 optical zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAurid electrical 
properties ~ v n s  made using spectroellipsometry 
(SE) atid the ana1yse.r. of I M H z  capacitunce- 
voltage charucteristics. To calccilate optical 
ancl nzicrostructurul parameters of the f i lms we 
used dferen t  approuches (Bruggeinati-EMA, 
Cauchy, Sellmeier mid Wemple-Di Dornenico). 
The observed low densi t ies oJ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthe interfkce 
t rz ips  ure uttributerl to the nitrogen 
iiicorporatiori ut the SiO,N,/Si i i iter-ice which 
leads to .s~ippres.sion qf'their generation. 

1. INTRODUCTION 
The low pressure chemical vapour 

deposition (LPCVD) silicon oxynitride 
(SiOxNy) films have several applications in 
microelectronics and optoelectronics industry: 
passivating coatings [ 1-61, thin gate dielectrics 
121 and, membranes and optical wave guides for zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
inicroclectro-mechanical systems (MEMS) [3 ] .  
Controllable variable refractive index ol: the 
silicon oxynitride films, which arc of growing 
interest i n  integrated opto-ekctronical devices, 
resistance to oxidation, low mechanical stress 
are some properties of these films. 

This paper presents the correlation between 
deposition parameters, material properties and 
internal structure. The investigation on oplical 
and electrical properties was madc using 
spectroellipso-mctry (SE) and the analyscs of I 
MHz capacitance-voltage characteristics. In 
order to calculate thc optical and 
inicrostructural properties of the films froin 
spectro-ellipsometric data, we used three 
different approaches: Blnggernan-EMA[^/] 
Cauchy and Sellincier [ X  1. 
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2. EXPERIMENTAL DETAILS 
LPCVD silicon oxynitride th in  films 

were deposited on 3-inch (100) p-typc silicon 

reacting dichlorosilane (SiH2C12) with niti-ou; 
oxide zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(N20) and ammonia (NH?). The total 
deposition pressure was 400 mTorr. Relative 
gas flow ratio I' = QN,<) QNr, , deposition 

temperature and pressure have a great iniluencc 
on the film composition. Two of these 
parameters were varied during our expetimcnts: 
the relative gas flow ratio was between 0 ancl 8 
for 860°C deposition temperature; keeping the r 
parameter constant (r=3.5) the tlcposition 
temperature was increased from 820°C to 
880°C. We have also depositcd the silicon 
nitride films from dichlorosilane and ammonia 
(NH3) at 800°C using a relative gas flow ratio 
SiH2C12/ NH3 = 0.25. Before deposition, the 
substrates were chemically cleaned using ;I I O  
o/o HF solution in order to remove thc native 
oxide. 

The iihn thickness, the dispersion 01 thc 
rcfractivc index and optical gap  were 
determined using spectroscopic ellipsomctry i n  
320 - XOOnm wavelength ~ i n g c .  All SE 
measurements were clone at an incidcncc angle 
of 70". 

For electrical characterization of 
LPCVD-SiO,N, Cilms, conventional, room 
temperature 1 MHz C-V techniquc was appliccl. 
For this purposc, metal-insulator-silicon (MIS) 
capacitors were Formed by vacuum thcrmal 
evaporation of aluminum dots onto SiO,,N, 
surface through a metal mask, while onto 
silicon backside continuous AI film was 
evaporatctl. The effective diclcctric chargc 
density (Qcf,) was calculated from the I'lat h i i nc l  
voltage shift in the 1 MHz C-V curvcs. 'l'he 
interface traps density (D,J was estirnatctl I'rom 
the comparison of the I MHz cxperiincntal ; i d  

corresponding ideal C-V characteristics. 

w a f , - .  tis. The a-SiO,Ny films were formed by 

- 1  1 
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3. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARESULTS AND DISCUSSIONS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The most significant optical properties in 

amorphous materials, the optical gap (E and 
the refractive index (11) could be obtainetusing 
the SE measurements. Normally, both or them 
depend on the composition of the films.We 
have calculated the coefficients x and y i n  the 
SiO,N, formula using Temple-Boyer formula 
(error lower than I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA%) [9]: 

arid the results are given in Table 1. The sample 
identification is made by its refractive index 
values (at zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh=632.8 nm). In the last row of the 
table 1 there are the values for SinN4 and we can 
observe that the normalization to the silicon 
label produces the good value for nitrogen. 
TABLE 1 : Results concerning the film compo- 
sition, obtained using the Temple-Boyer formula 

11=2-~4i~+aox~ =1.4%~1 %+a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi@ (11 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
n CL p (:I: ] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 1 ~ 2 )  X 2  

1.61 

I .70 
I .x2 

1.59 0.87 1.3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI O "  

I ,6X 0.90 6.3 10-1 

1.78 0.1 I 1.2s I O "  

We have studied the spectral dispersion 
of the refractive index for our five different a- 
SiO,N, samples (Fig. 1 ) .  The dispersion spectra 
of the refractive index was fit using the Cauchy 

formula: n = a + - (2), where a and p are the 

Cauchy's parametcrs and h is tlie wavelength of 
light used at SE.For h + C O ,  the significancc 
of the CL parameter appears immediately as n c o ,  
The values of the fit parameters and the fit 

quality parameter ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx2) are presented in Tablc 2, 

P 
h' 

I ,9x 
2.00 

0.25 0 30 0.35 0.40 0.45 050 0.55 0.60 0.65 0.70 0.75 

h im)  

Fig I The refractive index dispersion and the fit 
with Cauchy's formula 

I .94 I .s 2.39 I o ~ 6  
I .97 I .3 1.22 I O "  

I1 X Y 
1.61 
1.70 
I .82 

Another model used i n  the refractive inclcx 
dispersion study is the Sellmeicr' modcl tlial 

1.21 OS6 
0.86 0.79 
0.50 I .04 

( 3 ) ,  where A and H ;ire gives: n 2  = I +- 
1 ' -B  

Ah' 

I .9x 

the Sellmeier parameters. Under tlicsc 

conditions we can see that n, = and 

the calculated values are given i n  tlic fourth 
column of the Table 3. Comparing these values 
with tlic a values from table 2 we f ind ii very 
good agreement. 
TABLE 3. Sellmcier constants for the studied 

0.05 1.32 

Wemple and Di Domenico [ 10.1 have clevelopcil 

2.00 0 

a model where the refractive index dispcrsion is 
studied in the region of transparency. bel low 
the gap, using tlic single-oscilliitot- 
approximation. Defining two parameters, the 
oscillation energy, E,,, and the dispersion 
energy, E,I, the model conclutlcs: 

1.34 

(4) 
n 2 ( c o ) - l ~  E,, E,, 

E: - E2 
Both Wemple parameters can be obtained 

from the slope and the intercept with Y axis o f  
the plot (ii '-I)-' = f(E2). The energy oscillotioii 
and dispersion energy values are giveii i i i  rl'al~lc 
4. The dispersion energy measures tlic avcragc 
strength of interbancl optical transitions. 
Wemplc arid Di Domenico havc related this 
parameter with the coordination nunihcr I'or 
anion and tlie valencc electrons number per 
anion. In our case the BC1 values increase with 
increasing the silicon nitride relative percentage 
in the films (the bonds' number per nitrogen 
atom is higher in comparison with thaf of 
oxygen atom). The oscillator energy is relatcd 
by an empirical formula to optical gap v;iI~ic: 
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Eo=] ,7Eg zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[ 1 I ,  121 The calculated values of the 
optical gap are also presented i n  tablc 4. We zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
can see that, higher oxygen content in film 
means a higher optical gap value. This result is 
very important because it shows that the 
refractivc index and the optical gap of the 
material caii be controlled by the deposition 
conditions. 

Applying the Sellmeier's model ancl the 
Weniple's model on the same photon energy 
range, thc A and B parameters can be expressed 
as: 

Plank's constant and c is tlie light speed in 
vacuum. 

We have calculated the B-parameter values 
using eqn ( 5 )  and the results arc given in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATable 
3. A comparison between the third and the fifth 
columns shows the good agreement between 
the two optical models. 
TABLE 4. Optical gap and Wemple Di 
Domenico parameters for tlie studied films 

The influcnce of tlie relative percentage of 
oxygen on the optical gap values caii be 
observed from the correlation of the results 
presented in Tablc 1 and 4. In such way, we 
have correlated the two optical films' 
parameters between them and, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAan optical one 
with zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa striicturc paramcter. As it is known, 
when the effective refractive index decreases, 
the value of the optical gap incrcases. One the 
othcr hand, higher silicon dioxide in the film 
means higher optical gap values. For silicon 
nitride Film, we have obtained a good 
agreement with the literature, concerning the 
optical gap : 5.43eV in comparison with 5.35 
cv [13]. 

Typical high-frequency capacitance curves 
for SiOo,~oNI.o~ and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASiOo.86N070 samples are 
plotted in Fig. 2. The density of effective fixctl 
oxide charge Qc,, a s  estiinated from the flatband 
shifts are estimated from the flatband voltage 
values and are presented in Table 5 .  For sample 

SiOo,soNI.oj no hysteresis in the C-V curve aiicl 

lower Q,,, are observed. This caii be relatcd t o  
higher amount OF nitrogen present n the ncar- 
intcrface region, which attaches ~iiis~it~irtitctl Si 
bonds ( 0 , S i ' )  being rcsponsihle l'or tlic I'iuetl . 
oxide charge defect statcs. As thc o x y ~ c i i  
content increases, tlie interface rcgion 
approaches the standard SilSiO? as can be sccn 
in Fig. I ,  The small hysteresis is indicativc l'or 
the presence of slow interfacc traps with a 
density of 4x10"' c d .  

The densities of the interface traps are 
displayed in Fig. 3.givcii in Table 5 .  The 
dielectric permittivity, ci, is calculated from the 
dielectric capacitance, Ci, in the strong 
accumulation regime (C,=Ei&t,). Its valtic is 
also givcn in Table 5. According to the 
refractive index behavior, as tlic oxide Fraction 
becomcs higher in the film structure the 
dielectric permittivity decreases. 

TABLE S The dopant density, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN:,, the 
effective dielectric charge density, Qcf,, and the 
dielectric permittivity, E[ for SiOo,soNI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.1 ( I )  and 
SiOo,~6No.70 (2) samples 

The distribution of the interface traps over the 
silicon energy gap is displayed i n  Fig. 3. Again, 
the higher nitrogen content leads to smaller 
density over most of the bandgap. Obviously, 
trivalent Si such as SipSi' forins rigid Si-N 
bonds reducing tlie intrinsic stress 
interface. 

at thc 

Yo 
V 

Fig. 2 Normalized I MHz capacitaiicc-voltagc 
characteristics of MIS structures for SiOo soN I 04 
( I )  and S i O ~ . ~ ~ N ( ~ , ~ 9  (2)sample 
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As a consequence, the density of interface 
traps related to dangling and deformated bonds 
becomes lower. The lower intrinsic stress at the 
interface is supported by thc low trap density 
approaching the conduction band edges. 

i n  the 
sample with deficit i n  nitrogen, can be 
connected with large amount of trivalet Si 
delcct centcrs. 

The higher density near midgap, 

Encrgy (cV) 

Fig. 3 Energy distribution of interface traps, 
D,,, in the Si forbidcii band gap zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4. CONCLUSION 

The summary of this papcr can be synthesizcd 

Deposition of LPCVD a-SiON films it's 
a good solution to obtain filiiis with controlled 
refractive index 
I .  The dispersion of the refractive index for 
samples with different silicon dioxide content 
was succesfully fitted with Cauchy and 
Sellmeier formula 
2. The optical gap energy (E,) and the 
oscillator energy (Eo) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbccome highcr, while the 
oscillator strength (Ec\) lower, with increase of 
the silicon dioxide in the film. The latter is 
indicative for the stronger Si-N than Si-0 
bonds. 
3. The optical gap and the dispersion energy 
values were determined using Wemple and Di 
Doinenico approximation. 

as : 

From the C-V data analysis we can concludc 
that the observed much lower total tlcnsity o(' 
defects in  SiOxNs i n  coinparisoil with 
conventional thermal Si0,iSi structurcs is due 
to the effect of incorporation of nitrogen. which 

Si-0 bonds and to saturate the dangling 
and Si,=Si. bonds. 

p ~ ~ t l ~ i c e s  strolig S-N boiitls zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10 rcI>lacc the wcitk 
Si 
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