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Abstract

In this paper we present results on phosphorous-dege&i:H by catalytic chemical vapour deposition in a reactor with an
internal arrangement that does not include a shutter. An incubation phase of around 20 nm seems to be the result of the
uncontrolled conditions that take place during the first stages of deposition. The optimal deposition conditions found lead to a
material with a dark conductivity of 12.8/8m, an activation energy of 0.026 eV and a crystalline fraction of 0.86. These values
make the layers suitable to be implemented in solar cells.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction deposited without the use of a shutter, which allows the
use of a very simple deposition geometry for such
Recent results on microcrystalline silicdp.c-Si:H) layers.

devices deposited by catalytic chemical vapour deposi-
tion (Cat-CVD), also called hot-wire CVOOHWCVD), 2. Experimental
have reported state-of-the-art performahtk Most of
devices incorporating intrinsic active layers deposited
by Cat-CVD use heavily doped layers deposited by
plasma enhanced CVIOPECVD) [1-3. Nevertheless,
Cat-CVD'’s advantages with respect to PECVRigher

A hot-wire assembly has been implemented in one of
the chambers of an ultra high vacuum multichamber
system (PASTA). Fig. 1 shows the schematic cross-
v , ... section of the chamber where both HWCVD and
deposition rates, lack of ion bombardment, greater ability pecyp layers can be deposited. The hot-wire assembly
to produce atomic hydroggmould result in an improve- . .cists of two linear tantalum filament€.3 mm
ment in the performance of a completely hot-wire grown diamete) separated 4 cm and placed approximately 1.5
device. , cm below the substrate. Due to its internal arrangement,

In this work we have focused in the study and g ghytter has been implemented in this chamber. In

optimisation of shutterless grown microcrystalline n- hase shutterless conditions, first the filament was heated
type layers by Cat-CVD so they can be incorporated to i, he deposition temperature, then the gas mix€tte

solar cells. A shutter is commonly used to avoid depo- SiH, and PH) was added and, finally, the process
sition on the substrate during the first stages of the pressure was set. Hydrogen flow of 100 sccm and
process, while deposition conditions have not stabilised.process pressure of 0.1 mbar were used in all samples.
In the n-i-p solar cell configuration, the interface T, gifferent doping levels were usefPH.]/[SiH,] =
between the stainless steel substrate and the n-type layeg 48 and 0.92% in the gas phase. Filament temperature

does not play a critical role in the device performance. (T,) was 1850°C except in theT; series. No heater or
We will show that phosphorous-doped layers can be gy other heat source but the wires themselves were

*Corresponding author. Tel+81-258-47-9502; fax+81-761-51-  USed to heat the samples during deposition.
1149. wc-Si:H films were deposited on 2010 cm Corning
E-mail address: marta@fao.ub.eéM. Fonrodona. 1737 glass. The thickness of the films was measured
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Fig. 1. Schematic cross-section of the deposition chamber. Sample coordinates (cm)

. . . . Fig. 2. Thickness profile of auc-Si:H film. The numbers represent
with a Dektak profilometer and with reflectigtrans- thg relative thickne'is in %. » P

mission measurements, from which we also obtained the

refraction index(no). Raman spectra were taken with a \was introduce in the chamber once hydrogen and phos-
Jobin—Yvon T64000 spectrometer illuminating both phine flows had stabilised. Fig. 3 presents the Raman
from the top of the sample and through the glass. From spectra of these two samples. The first sequence resulted
these spectra, crystalline fractidiX.) was calculated in a sample withX,=0.51. On the contrary, the film
following Ref. [4]. Dark conductivity(oy) and activa-  grown following the second procedure was almost
tion energy(E,) were obtained from conductivity vs. entirely amorphous. The difference could be attributed
temperature measurements. Crystalline preferential ori-to the existence of a huge pressure peak in the latter the

entation was deduced from X-ray diffraction. moment silane entered the chamber. One consequence
of very high pressure is polymerisation. Initial deposition
3. Results and discussion of large Si chains might decrease the number of nucle-

ation centres and result in a more amorphous growth.

All samples exhibited a clear inhomogeneity in thick-
ness, as can be seen in the thickness profile in Fig. 2.
This is caused by the difference between the filament— ——— wire on + (SiH_+H_+PH )
substrate distancél.5 cm) and the distance between wire on + (H_+PH,)+ SiH,
the two wires(4 cm). Material grown between the wires
presented slightly higher dark conductivity and lower
crystalline fraction values than that grown directly above
the wires. On the other hand, material grown at the edge
of the substrate had worse electrical and structural
properties. This can be optimised in further experiments.
Results presented in this paper refer, unless indicated I“ I
otherwise, to material deposited right above the filament. ‘ im"ﬂ\& |

Different starting procedures have been tried in order M* H
to minimise the effect of the lack of control of the |l‘, L,m,*M]M %
technological parameters when the gases are introduced
into the chamber. For that purpose, two films were
deposited, the only difference between them being the
sequence in which the different gases were introduced Wavenumber (cm')
in the chamber. In one case, after the wire had been set

to the process temperature, all gases were in_trodUC_Ied iNFig. 3. Raman spectra of samples deposited with different initial
the chamber at once whereas in the other film, silane sequences.
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values were 0.89 for the 130 nm thick layer and 0.70
for the 50 nm thick one. Crystalline fraction values
obtained illuminating through the glass were around
0.67 in both cases. Crystalline preferential orientation in
these films was(111). On the contrary, the thinnest
layer was clearly amorphous from both sides. Electrical
measurements performed on the 50 nm thick sample
(thickness suitable to be used in n-i-p solar oells
resulted inoy=>5.4 §cm andE,=0.034 eV. The same
130 nm trend has been observed using different deposition con-
ditions (T;=1950°C, 1.3 sccm Sigl and 0.92% BRH
In this case, a reduction in thickness caused a change
20 nm in the electrical parameters from clearly microcrystalline
M”MMMWWWW electrical values at 50 nnoy=1.01 Ycm, E,=0.08
eV) to ones characteristic for amorphous material at 27
nm (04=6.4x10"3 S/cm and E,=0.35 e\). This
Wavenumber (cm™) behaviour seemed to indicate the existence of an incu-
bation layer with a thickness of approximately 20 nm
Fig. 4. Evolution of Raman spectra with thickness. as a consequence of the uncontrolled conditions in the
chamber until gas flows are stabilised. Incubation phase

All other samples analysed in this paper have beenthickness observed in samples grown using a shutter at
deposited following the first deposition sequence Similar deposition conditions, with very high hydrogen
described above. dilution, is of tens of A[5,6].

Thickness dependence of the crystalline fraction has Studies(not presented heyef hydrogen dilution and
been studied in order to verify if the uncontrolled doping concentration have shown that an optimum
deposition conditions in the very first stages due to the compromise between electrical and structural properties
lack of shutter in our system caused the growth of and deposition rate is found using 1.3 sccm SiH
material with poor structural properties. Using 2.5 sccm (hydrogen dilution = ¢(H,)/[d(H,) + H(SiH,)] =
SiH, and a gas concentration of PH of 0.48%, 130, 50 98.7% and 0.92% PH gas phase concentratioff;ai
and 20 nm thick samples were deposited . Fig. 4 shows1850°C.
the evolution of the Raman spectra measured illuminat- The following step to optimise the n-typegc-Si:H
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Fig. 5. Dark conductivity o) and activation energyE,) as a function of the filament temperature. Lines are set as a guide for the eye.
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of the Ta wire temperature in the above-mentioned

conditions. With this purpose, several samples approxi-

mately 50 nm thick were deposited in the rangeTpf
comprised between 1580 and 198D. Fig. 5 shows the
evolution of both dark conductivity and activation ener-
gy with T;. o4 increased with increasin@; up to a
value of 12.8 Scm at 177C0°C. For higher temperatures,
o4 decreased again toy=1 S/cm at 1950°C. The
activation energy presented a minimum7Za& 1770°C
(E,=0.026 eV increasing then to 0.08 eV at 195G.
Crystalline fraction values show little differences in the
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tion. The sequence in which gases are introduced in the
chamber can cause changes in the film structure. There-
fore, even though the presence of a shutter in the
deposition chamber might be advisable to prevent the
above-mentioned effects, it is demonstrated here that a
shutter is not strictly necessary to obtain n-type Si:H
suitable to be implemented in solar cells. This result is
of special interest when dealing with large area deposi-
tion systems, where a shutter cannot be handled.

50 nm thick n-typewc-Si:H with good electrical and
structural properties has been obtained by properly

range of temperatures studied. The most crystallinetuning the deposition conditions. Best values obtained

sample is the one deposited at the highe<tX.=0.91)
whereas the film that presented less crystalline contri-
bution was the one deposited at 1770 (X.=0.86).
The refraction index calculated from the reflection

make this material suitable to be used in photovoltaic
devices. Further studies include the utilisation of these
films in solar cells.

transmission measurements also has its maximum at theAcknowledgments

sameT;. This trend seemed to indicate that-Si:H
grown around this wire temperature has a slightly bigger
amount of amorphous phadee. less crystalline frac-
tion) but that the amorphous tissue is dengaaximum
in the refraction index

Phosphorous-dopegc-Si:H deposited under optimi-
sed conditions exhibited dark conductivity and activation
energy valueg12.8 §cm and 0.026 eV in 50 nm thick
films grown at 1 A/s) that make them suitable to be

included in a solar cell. These features are comparable

to those obtained in PECVD n-type layef85 S/cm
and 0.02 eV in 50 nm thick films grown at 0.16/8)
deposited in the same chamber.

4. Conclusions

A hot-wire assembly has been implemented in our
reactor, allowing PECVD and HW deposition of thin
silicon films in the same chamber. Due to its internal
arrangement the deposition chamber is shutterless.

An incubation layer of approximately 20 nm might
be the result of the uncontrolled conditions caused by
the lack of shutter during the first stages of the deposi-
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