Proceedings of The first International Conference on Nanoelectronics, Communications and Renewable Energy 2013 37

Optimization of experimental study of PECVD SiN, to improve antireflection
and passivation coating multicristalline silicon solar cells.
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Abstract— Plasma Enhanced Chemical Vapor Deposition
(PECVD) silicon nitride (SiN,:H, simply called SiN,) has
been widely used in photovoltaic silicon solar cells as
dielectric, because of low deposited temperature and
compatibility with other process. SiN, gradually becomes the
first choice in industry silicon solar cells production.
Nowadays, in photovoltaic silicon solar cells, the excellent
antireflection and passivation quality of PECVD SiN, have
obvious effect on efficiency of solar cells. In this paper, we
analysis several critical parameters for PECVD SiN,
deposition, such as temperature of substrate, plasma power,
ratio of NH;3/SiH,; and deposition time, and to investigate
optical properties such as weighted reflectance (Ry),
ellipsometry measurement for SiN, thin film refractiv,
indices and thickness, then we investigate the correlat
between the ratio R=[NH;/SiH4] and plasma pow ith
refractive indices and deposition rate. At last, we @ a
set of optimized parameters for PECVD-SiN, @ ion in
silicon solar cells application. \
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L INT @TION

The stoichiometry of con nitride (SiNx) layer
by varying the silane SiH4

can be varied from Si

to ammonia NH3 bﬂtio in the PECVD (Plasma
Enhanced Che@ Vapor Deposition) deposition
technique [1,Q]" has been reported that SiNx films

le for use as an antireflection coating

&eflection coating.

(ARC tion on multicristalline silicon solar cells
[3] ase of solar cells with high efficiency, the
passt of emitter is an important aspect. Usually not

only must the passivation layer reduce the surface
recombination velocity, it also require that it must
compatible with antireflection coating to minimize the
photo-generated current within the solar cell device.
Relatively higher refractive index that can be easily varied
between 1.9 and 2.6 makes SiN, a much more efficient
ARC than any thermal oxide with refractive index varying
between 1.4 and 1.5 only [4,5]. In the present work, firstly
the SiH4 to NH; ratio (R) was varied in the plasma and
observed the variation of optical properties, minority
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carrier effective lifetime an &

&tl& kness of layers.
Hence, we have committed o s to show that there

are optimum conditions for % ECVD SiN; layers.
1. @B RIMENTAL

L 4
S

Hydrogen silicon nitride films were grown
by using a p x frequency (LF) batch reactor direct-
PECVD [6]@@ SiN, films were deposited on 4inch
HEM talline silicon. These wafers of area
m wtre manufactured by CRTSE. The schematic
% shown in Fig. 1 which consists of a long
ly heated horizontal cylindrical quartz tube
taining 102 graphite plate electrodes. Using this
ectrode assembly, we were able to simultaneously
deposit SiN, for 100 wafers in a single run. All the mc-Si
(and Cz-Si mono-cristalline) samples were first etched in
NaOH to remove saw damage material 10 um thick from
each side of wafers and after that rinsed in HF (10%). All
the chemical processes were completed by rinsing in
deionized water and drying in N,. The thickness and the
refractive index of the SiNx films prepared by PECVD
under different parameters were measured with an ELX
02C ellipsometer employing a He—Ne laser beam
(wavelength of 632.8 nm), at an angle of 70°. The
measurements were performed on CZ-silicon like-mirror
polished wafers. The reflectance was measured using a
Varian Cary spectrophotometer (UV-VIS-IR) equipped
with an integrated sphere. Although minimizing the
reflectivity is  highly desirable. For reflectance
measurement, the spectral aspect of incident sunlight has
to be taken into account. The weighted average

reflectance R,, between A, and 2, is defined as [7]:
A

Rw = [iy R ¢() dA /p(1)dA (1)

Where ¢(1) is the spectral irradiance of sunlight, and R(L)
is the reflectance of the solar cell.

In this work, the general parameters for deposition are
substrate temperature 380°C, pressure 1700 mTorr
through varying the deposition parameters, such as ratio
NH;/SiH,, deposition time and power.
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Figure 1. Schematic diagram of the PECVD system.
III. RESULTS AND DISCUSSION

The thickness and refractive indices of SiNx thin film
deposited in different R=[NH;/SiH,] were determined by
ellipsometry. Under the optimum antireflection condition:
doptim™= Aoptin/4n [8.9], the thickness of SiN, film should be
75-80nm, refractive index should be 2.0. Through
empirical knowledge, SiN; takes on blue color. From this
experience, ARC quality of deposited SiN; thin film
should be good.

In our study, the R is varied in the range of 2.4-33.7 wis
keeping the total flow rate (NH3/SiHy) const: The
temperature, power and pressure were set cq&m
380°C, 3.5 kW and 1700 mTorr, respectively.

From the above Fig. 2 we can see thgp ereases
from 2.4 to 33.7, refractive index of Si@ decreases
from 2.6 to 1.88 in the contradictory ggectioh. Indeed, the
decreases of refractive index wj increases of R
means that they are a strong nitrogen and they
leads to a porous structure wi| er refractive indices
results a densified SiNy =" "he more percentage of
silicon in the SiNy thi the more density the SiN,
thin film [10].
At the part of rel, ip between R and X=N/Si, we use
a model [11, t\analysis the ratio of N/Si in SiNx thin
film, and tk make some comparison. The ratio of
N/Si is a@c parameter, which indicate both optical
any \Won quality of SiNy [13]. According to the
mo i0o N/Si in a specially selected parameter could

be demonstrated as formula (2):

N _ 4(33-n)

X= Si  3(n—0.5)

@

In formula (2), n is the refractive indices of the deposited
SiN; thin film.

In this case, as the R increases, we can see the ratio of
N/Si in the deposited thin film is between 0.4 and 1.4,
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which indicates that the deposited film is Nitrogen-rich
SiN; (x =1.33), and also we could adjust the refractivity of
deposited SiNy thin film to get the optimum antireflection
quality through altering the ratio N/Si with a minimum
interface state density (Dy). Furthermore, the minimum Dj
is observed to decrease with the increase in N/Si, the
concentration of both electron and hole traps are much
lower for nitrogen-rich SiN,. Because D; is directly
associates with the passivation of SiN; film on emitter of

solar cells.
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Figure 2. The relationship of R=NHj/SiH; with SiN;
refractive index and X=N/Si.

The variation of deposition rate of the SiNx films
according to the gas ratio R is shown in Fig. 3. The values
of the deposited rate are scattered. This means that the
deposition rate is independent of the gas flow ratio.
However, it presents a maximum of 28.7 nm/min at R =
16. As the gas flow ratio increase the silane gas flow rate
diminishes leading to the less deposition rate, then
inducing the presence of more hydrogen radical and ions
which are effective SiNj etchants [14]. In work performed
by A. El Amrani etal [15], a regular variation of the
deposition rate was found as the gas flow rate ratio
increases with SiH, flow rate decrease and NH; flow rate
kept constant. In the present work, the irregular behavior
of the deposition rate is due to that the two gas flow rate
of silane and ammonia vary simultaneously.
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Figure 3. Variation of deposition rate with gas ratio
R= [NH3/SIH4]

In the part of study the effect of power, the temperature,
gas flow ratio and pressure were set constant to 380°C, R
= 6 and 1700 mTorr, respectively. The LF power was
varied within the range 3.5-5kW. Fig. 4, show the
variation of the deposition rate and refractive index with
the plasma power. The deposition rate strongly depends
on the LF power in the range of 3.5-4.5 Kw. It is clear that
the electrical power discharge provides energy to
dissociate the gas precursors and induce chemical

reaction. The increase of LF power speeds up @

reactions and thus the deposition rate. The other variat

presented in the Fig. 4 is the effect of power the
refractive index. This last as it has varied bet .0 —
2.06 with the power. In the power range k , We
observe a slight decrease on refractivd{iNgdex. This is
probably due to that the NH; hasNighe? dissociation
energy than the SiHy, so that th jated fraction of
NH; compared to SiH,4 fon increases with
increasing power leading to r N bonding in SiNj,
thus as result a nitrogenbrg€W®vsilicon nitride with lower

refractive index. O
S
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refractive index with the po

Fig. 5 shows the variati eposition rate and refractive
index with the Jepagergtlire deposition. The refractive
index increas he elevation of the temperature.
From 1.78 ai X reaches 2.04 at 380°C. The SiN, film
changes -rich to Si-rich. This indicated that the
N/Si rati reases with the substrate temperature. The
beheg\r ®vhich is contrary has been showed in Fig. 2,
the N/Si ratio increases with the R = [NH3/SiHy].
ed, high temperature leads to high energy electrons in
the reaction chamber, which enhances the dissociation of
the reactant gases. Otherwise, the increase of deposition
temperature promotes the release of hydrogen [16]. As
reported and explained by B. Kim et al. [17] and K.
Byungwhan et al. [18], it is generally observed that
increasing the temperature decreases the deposition rate.
At other hand, as shown in Fig. 5, the deposition rate
decreases from 37nm/min to 3 1nm/min at 200°C, and has
a slight increase with further temperature beyond 200°C.
In addition, an accurate temperature control is not very
important in our PECVD process because the deposition
rate decreases by less than 5% for every 50°C increase in
temperature.
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Figure 5. Effect of deposition temperature on the
refractive index and deposition rate.

For optical properties, we studied the variation of
reflectance which is shown in Fig. 6. This last gives a
typical reflectance spectrum for SiNy thin films with
different refractive index in the range of usable portion of
the solar spectrum AM1.5G (400-1100nm). The average
weighted reflectance presented in figure inset show that

optimum R, is given with the value of refractive in
equal to 2 with NH;/SiH, = 6 and 4.5kW of the pow;

the R,, increases with the refractive indices. Note that the s
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Figure 6. Reflection as function refractive index. Figure
inset shows the weighted reflectance vs. refractive index.
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IV.  CONCLUSION

Silicon nitride films were deposited by a PECVD
process using a mixture of ammonia-silane as reactant-
gas. NH3/SiH4, power and temperature were investigated
with the aim of determining the SiNx film optimum
optical properties for photovoltaic application. The gas
flow ratio R is a major process parameter. It was found
that the refractive index varies (between 1.85 to 2.6) with
R, thus the optimum weighted reflectance re givep with
the optimum R = 6. The power is anothe® jMgamNeter
process. The power is not a sensible process paramNeter for
the refractive index contrary to the depo i@r;‘ite witch
increase with the power increas e deposition
temperature is also a critical ro&s parameter. [ts
variation leads to a significa %e in the refractive
index and a moderate ch, the deposition rate.
Finally, the important an um parameters that can be
used to deposit SiN; fil PECVD process of CRTSE
are: R = 6, 4.5}%mwer, temperature = 380°C and

pressure = 1

<
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