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Forgation process of solar grade silicon by atomic hydrogen reduction of quartz
san

Yasutake, Kiyoshi
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For the formation of SiH4 gas directly from the low-purity quartz sand (Si02),
we have developed elemental technologies for high-rate etching of Si02 using high-pressure hydrogen
plasma. Based on the newly-developed method for measuring atomic H density, we have clarified the
essential relationships among the plasma condition, H density and SiO2 etching rate. By optimizing the

plasma condition, we have achieved a record-high etching rate of Si02 by hydrogen plasma (303 nm/min),
which is about 100 times faster than the previously reported value.



2010
2.2
23.9 GW
~0.2% 1
10 %
2TW
90% Si 100
Si Si
2
TW Si
Si
Si
Si
Si
Si HCI
Si
Si0,
SiH,
Si
H Si0,
Si0,
SiH,
SiH,
@
SUS
Si0,
SUS
2.45 GHz
0.3 mm H,
H, 50 Torr
3 S SUS
50 170 W
Sio, Si
<50W Si0,

(> 100 W)

0.01 cm®

Si0,
Si
@ H
H
H
Si0,

H

(€)

Si0,

Si0,
Si0,
H
H
Si0, H
@
Si0, 10
1
7 mm
1mm
H
170 W 303 nm/min

3 nm/min Pena et al.,
Thin Solid Films 518 (2010) 3156.
100 Sio,

Depth (um)

|
N

-3

4 6 8 10 12 14 16

10



@

Ar

H density (10" cm™)

H
P
P H,
P H P
Py =P =-P -P
I:)HZ
PH2
H
H
in-situ
H
1)
0.5 eV 2)
3)
Kr 826.3 nm
750.3 nm H
H
H
3 H
4
3 L
2k
1 -
0 1 1 1
0 50 100 150 200

Input power (W)

H

35
L 4
& ’r®
7
E 30 &
E .
> 250 o ®
.‘7’ ,/
g s,
ko] 7
r 20 @
1.5 ' L
4 6 8
E,, (10™ J/molecule)
3 H
(€))
Si0,
4 Sio,
2 H
H
Sio,
H Si0,
2

Si

Si

10

Si0,(s) + 4H(g) — Si(s) + 2H,0(Q)

Si(s) + 4H(g) — SiH,(9)

Si0,
1
Si0, H
Si 1/200
SiH,
Si
288 nm
Si
SiH,
Si0,
SiH,
H,
H, Sio0,
SiH,

SiH,

SiH,

SiH,



Si

Etching rate (nm/min)

SiH,

Si0,
Si
80
600
Si0,
500
Si
400
Si0, Si
400
300 | *
P *
2
200 ¢
L 2
100 -
0 1 1 1
0 50 100 150 200
Input power (W)
4
0.15
[ ]
[ ]
0.10 -
[ |
- |
0.05 |-
0.00 |- ] ! !
0 50 100 150 200
Input power (W)
5 Si /H,
9
H , 2015
, 2015
17,

o

@

, 2015
, 2015 3 17 ,

, 2014 75
, 2014 9 19 ,
2014
, 2014 7 4
, 2014 61

, 2014 3
19,

K. Yamada, T. Adachi, T. Yamada, H.
Ohmi, H. Kakiuchi and K. Yasutake,
Calorimetry Study of Degree of
Dissociation in Narrow-Gap Microwave
Hydrogen Plasma for High-Rate Si
Etching, 1st KANSAl Nanoscience and
Nanotechnology Int. Symp., Feb. 3-4,
2014, Osaka

, 2013
, 2013 9 14

, 2012

2012 9 14 ,
K. Yasutake, H. Ohmi, T. Yamada and H.
Kakiuchi, Atmospheric Pressure Plasma
Processing for Si Photovoltaics

, 2012 Kyrgyz-Japan Solar
Energy Workshop, July 10-12, 2012,
Bishkek, Kyrgyz

YASUTAKE  Kiyoshi

KAKIUCHI  Hiroaki



