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Generation of Charged Clusters and their Deposition in Polycrystalline
Silicon Hot-Wire Chemical Vapor Deposition

Jaeik Lee, Jinyong Kim, Dohyeon Kim, Nongmoon Hwang
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Abstract : Polyerystalline silicon films were deposited using hot wire CYD (HWCVD). The
deposition of silicon thin films was approached by the theory of charged clusters (TCC). The TCC
states that thin films grow by self-assembly of charged clusters or nanoparticles that have
nucleated in the gas phase during the normal thin film process. Negatively charged clusters of a
few nanometer in size were captured on a transmission electron microscopy (TEM) grid and observed
by TEM. The negatively charged clusters are believed to have been generated by ion-induced
nucleation on negative ions, which are produced by negative surface ionization on a tungsten hot
wire. The electric current on the substrate carried by the negatively charged clusters during
deposition was measured to be approximately -2 n A/cm’. Silicon thin films were deposited at
different SiHy and Hy gas mixtures and filament temperatures. The crystalline volume fraction,
grain size and the growth rate of the films were measured by Raman spectroscopy, X-ray
diffraction and scanning electron microscopy. The deposition behavior of the silicon thin films
was related to properties of the charged clusters, which were in turn controlled by the process
conditions. In order to verify the effect of the charged clusters on the growth behavior, three
different electric biases of -200 V, 0 V and 425 V were applied to the substrate during the
process. The deposition rate at an applied bias of +25 V was greater than that at 0 V and -200 V,
which means that the silicon film deposition was the result of the deposition of charged clusters
generated in the gas phase. The working pressures had a large effect on the growth rate
dependency on the bias appled to the substrate, which indicates that pressure affects the
charging ratio of neutral to negatively charged clusters. These results suggest that
polycrystalline silicon thin films with high crystalline volume fraction and large grain size can

be produced by controlling the behavior of the charged clusters generated in the gas phase of a
normal HWCVD reactor.
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Fig. 1 Surface ionization in the HWCVD system.
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Fig. 2 Temperatwe dependence of current measured under
different pressures, flowing H, and a gas mixture of 10%
SiHs-90% He.
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Fig. 3 TEM microstructures of clusters captured at the wire
temperatures of (a) 1500 T and (b) 1800 T. The diffraction
pattern in the inset indicates that the clusters are amorphous.
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Fig. 4 TEM microstructures of the TEM grid with (a) + 150 V
and (b) -150 V at the wire temperature of 1500 T. Other
conditions were the same as those of Fig. 3.
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Fig. 5 SEM microstructure on the surface of the film
deposited at 0.3 Torr at the wire temperature of 1800 C
with a gas mixture of 4%SiH,—96%H:. The magnification
bar is 2 (m.
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Fig. 6 Raman spectra for the films deposited at 0.3 torr at
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the wire temperatures of 1800 T (dashed line) and 2000 T
(dotted line) using a gas mixture of 24 sccm Hz and 1 scem
SiHs. The solid line is for the single crystal silicon wafer
for comparison.
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Fig. 7 SEM microstructure of the poly-Si films deposited at
three filament temperatures: (a) 1500, (b) 1650, and (c)
18000 T at 1.1 Torr at the substrate temperature of 460 T
and a gas mixture of 72 sccm Hz and 8 sccm
10%SiH+ 90%He.
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Fig. 8 Growth rate dependence of filament temperature
during poly-Si deposition at 1.1 Torr at the substrate
temperature of 450 T and a gas mixture of 72 sccm Hz and
8 sccm 10%SiH,+ 90%He.
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Fig. 9 Comparison of X-Ray diffraction patterns of the
poly-Si films deposited at three filament temperatures: (a)
1500, (b) 1650, and (c) 18000 T at 1.1 Torr at the
substrate temperature of 450 C and a gas mixture of 72
sccm Hz and 8 sccm 10%SiH s+ 90%He.
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Fig. 10 Crystalline volume faction dependence of filament
temperature for the poly—Si deposited at 1.1 Torr at the
substrate temperature of 450 T and a gas mixture of 72
sccm Hz and 8 scem 10%SiH,+ 90%He.
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Fig. 11 SEM microstructure on the poly-Si films deposited
at different SiH,%(fixed at 20 sccm Hy): (a) 2.4, (b) 4.5, (c)
6.5, and (d) 8.3% at the wire temperature of 1900 T at the
substrate temperature of 470 C.
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Fig. 12 Grain size dependence of SiHs% in the reaction gas
mixture of Hy(fixed at 20 sccm) and 10% SiH,+ 90%He at
the wire temperature of 1900 T at the substrate
temperature of 470 TC.
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Fig. 13 SEM microstructure on the poly—-Si films deposited

at different SiHys concentrations(fixed at 10 scem
10%SiHs+ 90%He): (a) 8.3, (b) 4.5, and (c) 3.1% at the wire
temperature of 1900 T at the substrate temperature of 470
T.
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Fig. 14 Growth rate dependence of SiHy % in the reaction
gas mixture of Hz and 10% SiH,+ 90%He(fixed at 10 sccm):
8.3, 4.5, and 3.1% at the wire temperature of 1900 T at the
substrate temperature of 470 TC.
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Fig. 15 SEM microstructure on the poly-Si films deposited
at different biases: (a) + 25, (b) 0, and (c) —-200 V applied to
the substrate at the wire temperature of 1900 T at the
substrate temperature of 470 T with a gas mixture of 20
sccem Hy and 10 scem 10% SiHa+ 90%He at 0.5 Torr.
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Fig. 16 SEM microstructure on the poly-Si films deposited
at different biases: (a) + 25, (b) 0, and (c) =200 V applied to
the substrate at the wire temperature of 1900 T at the
substrate temperature of 470 T with a gas mixture of 20
sccm Hz and 10 sccm 10% SiH4+ 90%He at 1.0 Torr.
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