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Nano-crystalline germanium films for thermo-photovoltaic devises
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We have researched nano-crystalline germanium (nc-Ge) as a material of a photovolt
aic device for infrared light from solar thermal and thermal waste. The nc-Ge was fabricated by a radio-fr
equency (RF) sputtering method, which is expected as a low-cost production method. However, positive ions
are accelerated by the plasma potential and cause ion-damage to the fabricated nc-Ge in the sputtering pro
cess. We successfully reduced the plasma potential by applying negative DC bias voltage to the cathode of
the RF sputtering for the first time. When the negative DC cathode bias voltage was lower than the self-bi
as voltage, the plasma potential was effectively reduced. The improvement of crystallinity in the nc-Ge sa
mples was also observed with decreasing the negative DC cathode bias to lower values than the self-bias vo
Itage, so we could attain the reduction of the plasma damage in the RF sputtering process.



Thermophotovoltaic
RF
DC
1
Ge
DC DC
Ar H,
5 ccm 50 ccm

(13.56MHz)

1 DC

80,
[ ]
S 60k *
‘%‘ [
= [ ]
& .
B a0 °o
o) ° o
200
7100 <120 -140 160 -180 -200
Cathode Biag V]
DC
7 Pa RF 100 W
100 200
2 DC
DC
DC
3 200
DC
-125 -215
2
70 45
4
DC
«C ) (
100




Intensity[arb.unit]

Intensity[arb.unit]

200['C]

Cathode Bias:-215[V]

Cathode Bias:-175[V]

Self Bias-125[V]
200 300 400 500
Raman Shift[cm-1]
DC

1 06[°C]

— Si

Cathode Bias:-185[V]

Cathode Bias:-165[V]

Cathode Bias:-145[V]

Cathode Bias:-125[V]

Self Bias:-105[V]

Cathode Bias:-215[ V]|
Cathode Bias:-175[V]
Self Bias:-135[V]

. .

200 300 400 500
Raman Shiftfcm-1]

DC

DC
32 21

65 43

10

\H—@
H-

"

RF
(13.56MHz)

DC
100
30
200 45
DC
« D
DC
RF
2
1. Yasuyuki Taniuch, Toshinori Yamada,

Takanori Tokieda, Michiaki Utsumi, Masao
Isomura and Haruo Shindo, A new
Floating-Probe for Measurement of Insulated
Plasma Produced by Radio-Frequency Power,
Jpn. J. Appl. Phys. 51, , 116101-1 - 7
(2012).

Vol.51 No.1
pp-77-82 (2011).



11

1. K. Osuga, T. Yamada, H. Shindo, M. Isomura,
Effect of Applying Negative DC Cathode Bias
in RF Magnetron Sputtering, 8th International
Conference on Reactive Plasmas / 31st
Symposium on Plasma Processing (Fukuoka
International Congress Center, Fukuoka, Japan,
Feb. 4-7).

2. K. Osuga, T. Yamada, H. Shindo, M. Isomura,
Effect of applying negative DC cathode bias in
RF magnetron sputtering, Proc. the MJIT-JUC
joint international symposium 2013 (Tokai
Univ., Hiratsuka, Japan, Oct. 6-7, 2013)
pp.737-740.

3. M. Nozawa and M. Isomura, Amorphous
silicon-nitride films prepared by reactive
sputtering, 25rd International Conference on
Amorphous and Nanocrystalline
Semiconductors (Toronto, Canada, Aug. 19-23,
2013).

RF
DC

60
2013 3 27 30
5. T. Yamada, Y. Taniuti, H.Sindo , M. Isomura,
Effect of negative cathode bias voltage in
reactive sputtering of microcrystalline silicon,
2th International Photovoltaic Science and
Engineering Conference (Hangzhou, China,
Nov. 5-9, 2012).

6.
RF
2012 10 18 19
7.
2012 9 11
9 14
8.
59
2012 3 15
18
9.
Si0
2011 10 24 25
10.
Si,_Ge, CH,

2011 10 24 25

11. ) , ,

2011 8 29 9 3

http://www_ei .u-tokai.ac.jp/lsomura-lab/

o
ISOMURA  MASAO



