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Doped-Chamber Deposition of Intrinsic Microcrystalline Silicon Thin Films
and Its Application in Solar Cells”
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Abstract: A series of microcrystalline silicon thin films were fabricated by very high frequency plasma enhanced chemical
vapor deposition (VHF-PECVD) at different silane concentrations in a P chamber. Through analysis of the structural and
electrical properties of these materials, we conclude that the photosensitivity slightly decreased then increased as the silane

concentration increased, while the crystalline volume fraction indicates the opposite change. Results of XRD indicate that

thin films have a (220) preferable orientation under certain conditions. Microcrystalline silicon solar cells with conversion
efficiency 4. 7% and micromorph tandem solar cells 8.5% were fabricated by VHF-PECVD (p layer and i layer of micro-

crystalline silicon solar cells were deposited in P chamber) ,respectively.
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1 Introduction

Microcrystalline silicon (pc-Si: H) thin films are
of great interest for their potential applications in so-
lar cells due to their low apparent band gap,high sta-
bility,and low process cost'"'* . The preparation and
characteristic research of pc-Si:H solar cells have be-
come a hot topic in the field of PV devices™*!.

High efficiency amorphous silicon solar cells
have been fabricated in a single chamber reactor by
the IMT group et al .~ . However,most pc-Si:H so-
lar cells are prepared in sophisticated , multi-chamber,
loadlocked deposition which
process cost and consumes time">® . To promote the

systems, enhances
industrialization of p.c-Si:H solar cells, the ideal solu-
tion would be to combine a low cost single-chamber
reactor with a process technology of a-Si:H cells.
Recently, Li et al. have deposited a highly stable
pc-Si: H p-i-n single junction solar cell of ~6.5% ef-
ficiency, in a single chamber reactor using sceding
methods™ . However, there has been no study of sin-
gle-chamber deposition of ;c-Si: H solar cells in Chi-
na.In this paper,a series of pc-Si: H thin films were
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fabricated in a P chamber by VHF-PECVD. Then,the
effect of silane concentration on the growth of the
films was investigated. Finally, p.c-Si: H solar cells and
micromorph tandem solar cells were fabricated by
VHF-PECVD (p-layer and i-layer of pnc-Si: H solar
cells were deposited in P chamber) .

2 Experimental details

Microcrystalline silicon thin films and solar cells
(p-layer and i-layer) were prepared in the P chamber
of a cluster CVD system'” at an excitation frequency
of 60MHz. The n-layer was deposited in the N cham-
ber by the RF-PECVD method (13. 56MHz). The in-
trinsic films were grown on Eagle2000 glass treated by
HF (5%).The pressure of the source gas was kept at
120Pa. The silane concentration (SC = [ SiH, |/[ SiH,
+ H,]) varied from 4% to 7% at the power of 20W.
The structure of the single junction solar cell was
ZnO/p(pc-Si: H) /i(pe-Si: H) /n(a-Si: H)/ZnO/Ag.

The photo/dark conductivity was measured with
an aluminum coplanar contact at room temperature u-
sing a Keithley 617 and the Raman scattering experi-
ment was performed using a 632. 8Snm He-Ne laser.
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The crystalline volume fraction ( X.) described the
crystallinity of the films:
Xo = (s + L) /(Ligo + Lo + T (D
In addition, X-ray diffraction using a Cu-Kq radi-
ation source was also applied for the characterization
of the structural variation of the films. I-V character-
istics of the solar cells were measured under illumina-
tion with an AM 1.5 (100mW/cm?) solar condition.

3 Results and discussion

As has been reported, a high quality pc-Si: H i
layer is the key factor for high efficiency solar cells.
First,intrinsic films prepared at different silane con-
centrations have been studied. Figure 1 shows the dark
conductivity and photosensitivity of films as a func-
tion of silane concentrations. The photosensitivity
slightly decreases then increases as the silane concen-
tration increases, while the conductivity indicates the
opposite change.

The structural properties of thin films have a
close relationship to their electrical properties. Raman
scattering spectra is an effective means to character-
ize the structural properties of thin films™ . The Ra-
man scattering spectra of silicon films deposited at
different SCs are compared in Fig. 2. The peak inten-
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Fig.2 Raman results of films prepared at different silane con-
centrations
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sity of c¢-Si at 520cm ™ slightly increases then decrea-

ses as the SC increases. The peak near 480cm ' is
dominant at SC of 7% , which suggests a decrease of
the microcrystalline phase and an increase of the
amorphous phase. Figures 1 and 2 show that the de-
crease in X, is accompanied by an increase in the pho-
tosensitivity as SC increases from 5. 5% to 7% . This is
because the atomic hydrogen to silane radical ratio
decreases as SC increases, and the thin films show
amorphous characteristics. For the films prepared
with SC between 4% and 5. 5% ,the X. increases,but
the corresponding photosensitivity decreases. A possi-
ble reason is that the material’ s deposition time is
40min,so the lower silane concentration or the stron-
ger hydrogen dilution,the lower the growth rate. The
thickness measurement of the thin films reveals this.
Furthermore, microcrystalline silicon thin films usual-
ly exhibit non-uniformity along the growth direc-
tion''?). Therefore, the ultra thin film shows low crys-
talline volume fraction.

To further study the quality of the films, X-ray
diffraction spectra analysis was carried out. As can be
seen from Fig. 3,all the films show the crystallization
information, which is consistent with the above Ra-
man results. Although the thin film prepared at SC of
6% demonstrates the (220) orientation intensity en-
hancement, the other films are not very evident.
Here, we use another kind of XRD measurement
mode™™ (Fig. 4). Thin films deposited at SC from
4.5% to 6.5% have a (220) preferable orientation,
which is important to enhance the short circuit cur-
rent of solar cells'*''.

To determine whether these high-quality pc-Si:H
films are necessary for the application of solar cell,
we first selected the film with (220) preferred orien-
tation for the application in solar cells. This film was
prepared at an SC of 6. 5% ,and the activation energy
and X, of materials were 0.52eV, and 53% , respec-
tively. A microcrystalline silicon p-i-n solar cell with a
conversion efficiency of 4.7% was deposited by
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VHF-PECVD (p-layer and i-layer in P chamber, n-
layer in N chamber) . Figure 5 shows the J-V perform-
ance of the cell (J. =17.25mA/cm?*, V., = 0.469V,
FF=0.58).J and FF are not very high,which means
that the cell has a relatively high series resistance,
lower shunt resistance,and poor interface characteris-
tics, mainly a p/i interface without processing treat-
ment. The p-layer is a boron-doped silicon thin film
deposited by plasma in a gas mixture containing silane
and diborane gas. The boron from the reactor walls,
pumping lines,or the layer itself can contaminate the
intrinsic i-layer at the critical p-i interface. Then, it
weaks the strength of the built-in electrical field close
to the p-i interface, which may also reduce the elec-
tron life time. This provokes a less efficient carrier
separation in this zone and leads to a reduced collec-
tion efficiency in the solar cell”'". Thus, taking ef-
fective measures to avoid boron contamination is im-
portant.

Various techniques to reduce or eliminate the bo-
ron contamination in the subsequent i-layer have been
investigated for a-Si: H solar cells, such as long time
pumping or the flushing method. In particular, the lat-
ter has more applications, including NF; gas flush"",

[17] [18]

hydrogen plasma or CO, plasma-*, water vapor

treatment™ , or ammonia flush™*! . Therefore, in or-
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Fig.6 Photo J-V curve of micromorph tandem solar cells

der to further improve the performance of microcrys-
talline silicon solar cells, we will pay attention to the
appropriate techniques to deal with boron contamina-
tion at the p/i interface in subsequent experiments.

In addition, a-Si: H/pc-Si: H tandem cells under
the same process condition were also prepared. Figure
6 gives the J-V characteristics of the tandem cells
with a conversion efficiency of 8.5%.

4 Conclusion

The properties of pc-Si:H thin films prepared at
different SCs in a P chamber by VHF-PECVD were
investigated. The results of XRD measurements show
thin films have a (220) preferable orientation under
certain SC conditions. Meanwhile, the results of dark
conductivity (1.7 X 107* S/cm ), photosensitivity
(900) ,activation energy (0.52eV),and X.(53%) of
thin films also indicate that device grade microcrys-
talline silicon film has been deposited at an SC of
6. 5% . Finally, microcrystalline silicon solar cells with
4. 7% conversion efficiency,and a-Si: H/pc-Si:H tan-
dem solar cells with 8.5% conversion efficiency were
fabricated by VHF-PECVD (p layer and i layer of
microcrystalline silicon solar cells were deposited in P
chamber) ,respectively.
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