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MINORITY CARRIER PROPERTIESOF MICROCRYSTALLINE SILICON THIN
FILMSGROWN BY HW-CVD AND VHF-PECVD TECHNIQUES
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Opto-electronic properties of pc-Si:H films prepared by hot-wire/catalytic chemical vapor
deposition (HWCVD) and very high frequency plasma enhanced chemical vapor deposition
(VHF-PECVD) techniques with various silane concentrations (SC) have been investigated
using Raman spectroscopy, the steady-state photocarrier grating technique (SSPG), and the
steady-state photoconductivity (SSPC). A correlation between the minority carrier transport
properties and the microstructure has been found, using the dependence of the diffusion
length (Lg) on the SC and Raman intensity ratio (1) representing crystalline volume
fractions. 1;*° changes from 0.22 to 0.77. L4 increases with increasing 17>, It peaks around
0.5 with a maximum vaue of 270 nm, then decreases. Similar dependences of Lq on I*°
were obtained for films prepared by both HWCVD and VHF-PECVD. However, the grating
quality factor measured on highly crystalline HWCVD films is substantially smaller than
that found for VHF-PECVD films, indicating are aively higher surface roughness present in
the highly crystalline HWCV D films.
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1. Introduction

Both hot-wire/catal ytic chemica vapor deposition (HWCVD) [1-2] and plasma enhanced
chemica vapor deposition (PECVD) [3,4] techniques have been successfully used, in the past few
years, to prepare microcrystaline silicon (uc-Si:H) films, with a precise control of the crystalline
volume fraction. Recent experimental results on pc-Si:H materias produced by these techniques
show that the best solar cell performance is obtained in a microcrystalline growth regime close to the
transition to amorphous growth conditions [5,6]. The crystaline volume fraction in these types of
film is usudly inferred from Raman Spectroscopy for structural andysis [7]. The steady-state
photocarrier grating technique (SSPG) and the steady state photoconductivity (SSPC) have been
used for the characterization of both minority and majority carrier transport properties of aSi:H and
pe-Si:H films, or materias between these two regimes [4-6]. A correation between the dectronic
and structurd properties in rdation to the deposition conditions around the transition region from
pe-SizH to aSi:H growth is an important issue for improving solar cell efficiency.

In this work, we have investigated the rdationship between the diffusion length measured
with SSPG and the crystaline volume fractions obtained from Raman Spectroscopy, for pc-Si:H
films which were grown using various silane concentrations, The films, prepared by both HWCVD
and PECVD techniques, ranged from highly crystalline to nearly amorphous.
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2. Experimental details

Undoped hydrogenated microcrystalline silicon (uc-Si:H) films were fabricated using both
the PECVD technique with a very high frequency of 95 MHz and a plasma power of 8W, and the
HWCVD technique with tantalum filaments operating at temperatures between 1650 and 1800 °C.
The substrate temperatures were varied between 185 and 220 °C, and the silane concentrations
(SC = [SIH4)/[SIH4+H,]), between 2% and 10%. Experimental details about the film growth are
givenin [1,4]. A standard SSPG system was used to measure the diffuson length [8,9]. A He-Ne
laser with waveength of 633 nm was used to measure the SSPG small-signd photocurrent for
generation rates, G, between 10™ and 10 cm® s™*. The applied dc voltage (10V) was in the Ohmic
region, for coplanar contacts with a gap of 0.5 mm deposited on the pc-Si:H samples. The
photocurrent ratio (), measured as function of the grating period (A), was independent of the
applied dc voltage up to 10V. A detailed experimenta configuration and procedure for the SSPG
technique used hereis given in previous reports [8,9].

3. Results and discussion

Laser light with a wavdength of 488 nm was used to perform the Raman scattering
experiments. The crystalline volume fraction (1c™°) was calculated from the integrated intensity
ratio, 1c7°=(Ispo+Is00)/(Is20tsaotlago), by de-convolution of the Raman spectral data into three
characteristic Raman peaks positioned a 480, 500 and 520 cm™ Ic°° was used as a
semi-quantitative measure of the crystalline volume fraction. Fig. 1a shows the | ~° of films prepared
in the transition region from amorphous to microcrystalline growth, using a SC from 2.5% to 10%,
for both HWCVD and PECVD films. The Ic™° exhibits a similar dependence on the SC for both type
of films, and decreases as the SC increases.
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Fig 1: (a) Ic*° vs SC (the dashed lineis aguide to the eye) and (b) [ versus grating period A

for HWCVD (filled symbols) and PECVD (open symbols) films prepared in the

microcrystalline (low SC) and amorphous (high SC) regimes. The lines are nonlinear |east

square fits to the Equation 1 given in Reference 9. Lq (diffusion length) and ¢ (grating
quality parameter) are thefitting parameters.

A typica B versus A is shown in Fig. 1b, for films prepared in the low (amorphous) and
highly crysdline regions, for both HWCVD and PECVD samples. Ly and the grating quality fit
parameter (p were obtained from a nonlinear least square fit method to Eq. 1 of reference [9]. TheLq
values were around 100 nm and 85 nm for low-crystalline and high-crystalline regions, respectively.
However, a mgjor difference was found for the fitting parameter ¢ which was rather smaller in
highly crystalline regions. The Ly values obtained for other intrinsic pc-S:H films are summarized as
a function of the crystalline volume fraction present in the material. They are shown in Fig. 2a for
films prepared by both types of method. For the pure a-S:H sample, 1c7°=0, L4 was around 105 nm.
It increased with increasing 1™ and peaked at around 270 nm for an I of 0.5. This region
corresponds to the transition from microcrystalline to amorphous growth. For both HCVD and VHF-
PECVD samples, the highest Ly values were obtained in this transition region. Further increases in
1™ cause a substantial decreasein the Ly values. In the highly crystalline region, the defect density
has been suggested to increase, due to the etching effect of hydrogen at the grain boundary walls
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[10]. This causes an increase in the density of recombination centers for both dectron and holes.
Therefore, the Ly values for the minority carriers (holes) decrease with increasing 1c°°. In Fig. 2b,
the SSPG %rating quality factor (Vo) isshown as a function of 1c*°. The y, vaue was obtained as
Vo=(@/yay)""%, where @ is the SSPG fitting parameter obtained from the fit to the experimental {3
versus A curve in Fig. 1b and y is the exponent of the photoconductivity op, power law variation
with the generation rate G, and yy is the dark conductivity reduction factor defined as Yy = Opn/ (Opn
+ Ougak) [9,11]. In the low-crystaline region, the y, values were high for both HWCVD and VHF-
PECVD films. They decreased from 0.95 to 0.75 and from 0.9 to 0.5 after the transition to
microcrystalline growth region, for HWCVD and VHF-PECVD films respectively. It can beinferred
from the results that HW-CVD grown films at the highly crystalline region exhibit a higher surface
roughness [12].
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Fig. 2: (@) Diffusion length Ly versus I1c7° for HWCVD (filled circles) and PECVD (open
circles) films. The lines are guides to the eye, (b) Grating quality factor y, as a function of
1™ for HWCVD (filled circles) and (open circles) PECVD films. The lines are guides to
the eye.

Finally, the minority carrier hole pu,°t," product, calculated using the Ly values in Fig. 2a,
and the majority carrier dectron p,°t," product, obtained from the SSPC measurements, are shown
in Fig. 3a and Fig. 3b respectivdy, as a function of the generation rate for both HWCVD and
PECVD semé)l es. It is clearly seen that mgjority carrier u,°t," products are higher than minority
carrier W,’T, products, for both types of intrinsic pc-S:H film, indicating €ectron dominated
transport. However, the HWCVD films show a better minority carrier p,°t," product than the
VHF-PECVD films. Theratio, b = U, 1,41, aso called Fermi level parameter, changed between
5 and 8 for HWCVD films and between 26 and 354 for VHF-PECVD films. This indicates that a
more n-type character is present in VHF-PECVD films. It is also important to note that the effect of
instabilities due to adsorption and oxidation on the dark Fermi level has to be taken into account in
comparing both the magority and the minority carrier transport properties. In-diffuson of
atmospheric gases, strongly affects the dark conductivity and the ESR measurements, by shifting the
dark Fermi levd when samples are left in air [13]. Therefore, this comparison has to be done under
similar experimental conditions, where the effects of atmospheric gases are not present in intrinsic
pc-Si:H films.
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Fig. 3: & Magjority carrier p,,’t," product and b) minority carrier p,°t," product obtained by SSPC and

SSPG experiments for HWPECVD films (filled symbols) and PECVD films (open symbols). HWCVD

films: @ (SC=4.5, 1c°°=0.59, b=6), m (SC=5, I-°°=0.51, b=8) and A (SC=7, Ic°=0.24, b=5), PECVD
films: o (SC=3.1, 1c"°=0.68, b=355), o (SC=5, Ic"°=0.59, b=85), A (SC=6.25, |c"°=0.39, b=6).
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5. Conclusions

The minority carrier diffusion length of intrinsic puc-Si:H films deposited by both the VHF-
PECVD and the HW-CVD method, with different SCs, was measured using the SSPG technique.
The crystalline volume fraction obtained from Raman experiments changed from 0.22 to 0.77 for
SCs between 10% and 2% respectivedy. The diffusion length L4 obtained from SSPG experiment
showed a maximum value of 271 nm for I~ around 0.5. It then decreased with increasing 1.7,
probably as a result of the increasing defect density detected by both PDS and DBP sub-bandgap
absorption [14] and ESR [10] experiments. The grating quality factor y, decreased substantially
from 0.90 to 0.50 for HWCVD films, and from 0.95 to 0.75 for PECVD films, &fter the transition to
the microcrystalline regime, indicating a relatively higher surface roughness in HWCVD films. The
Fermi level parameter b obtained as a result of p,°t,< product anaysis for both types of intrinsic pc-
S:H film shows that the measured undoped films are slightly n-type.
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