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BaSi, D1 BiE: SiREEFHLRABEMR on Sio,

Si-based crystalline thin-film solar cells on SiO,
Y sHEEAAB BRI
Eg: 1.3 eV (BaSi,)~1.4 ¢V (Ba, sSr, sSi,) suitable for solar cells

= High efficiency solar cell

a
Nakamura,..,Suemasu, 4PL 81 (2002) 1032. a?
Morita,..., Suemasu, JJAP 45 (2006) L390. c=1.158nm
(Theory) Imai and Watanabe, 7SF 515 (2007) 8219.

L
& SRIRFR A KE T

Very large optical absorption coefficient o b=0.680nm a-0.8%2nm
o~ 105 cm™! at 1.5 eV Conversion efficiency
More than 100 times larger than crystalline Si 2% e T
. CdTe
=Thin-film solar cell S GaAsh
Morita, ..,Suemasu, 7SF 508 (2006) 363. : € e '
(Theory) D. B. Migas et al, PSS (b) 244 (2007) 2611. N 22 7
& ths/ i AM1, n=1"]
Y amnes & a9 <
Si & Ba abundant chemical elements 18 7 \\
Clarke number: Si(2), Ba(14), Sr(15) 1 \
cf. CIGS: Cu(26), In(66), Ga(35), S(16), Se(69) 1 // T \
° . 14 Ba, ;Sr, sSi
VSi(m)ﬁl:It Ax v )L R AT HE / e —
Epitaxial growth possible on a Si(111) surface 2
1.25 1.75
= High-quality crystal growth 0 6 io111z1314 Tl.s_fé 7181920212223
Tnomata,..,Suemasu, JJAP 43 (2004) 4155, L478, L771. L2 B
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Schottky-junction

pn-junction

1. A E—EVTICKDEER, Fv ) PBERIE

Control of electron and hole concentrations by impurity doping

2. DICRRERMT

Photoresponsivity

Tandem

3. BaSi,/Si k Y RIVES DR

Formation of heavily doped BaSi,/Si tunnel junction for an electrical contact

4. Ab#EMENEDSREL

Demonstration of solar cell
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Growth of BaSi, epitaxial films using a template layer

Inomata,..,Suemasu, Jpn. J. Appl. Phys. 43 (2004) 4155, L478, L771.
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Electrical properties of undoped BaSi, film

Zintl phase (A X,)
Si-Si: covalent c=1.138nm
Ba-Si: ionic
Temperature [K]
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Morita,..., Suemasu, Thin Solid Films 508 (2006) 363.

11



Electrical properties of impurity-doped BaSi, films
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Kobayashi,.... Suemasu, Thin Solid Films 515 (2007) 8242.

Kobayashi,.....Suemasu, Appl. Phys. Express 1 (2008) 051403.
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1. A E—EVTICRKDEER, Fv ) PBERIE

Control of electron and hole concentrations by impurity doping

2. DICRRERME

Photoresponsivity

3. BaSi,/Si b Y RIVES DMK

Formation of heavily doped BaSi,/Si tunnel junction for an electrical contact

4, KiZEmENEDSEAL

Demonstration of solar cell
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Photoresponse properties of BaSi, epitaxial films

hy
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Matsumoto,...., Suemasu, Appl. Phys. Express 2 (2009) 021101.
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- Analysis of grain size by Electron Backscatter Diffraction

Electron

Diffraction Pattern

ND mapping

Matsumoto,..,Suemasu, Jpn. J. Appl. Phys. (2010) in press.
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e Formation of (111)-oriented Si layers on SiO,

BaSi,

Si(111)

»

by Al-induced crystallization

BaSi,

(111)-oriented Si

SiO,

breaking the vacuum to

form a native Al oxide [32Si(400nM)

Al(100nm)

SiO, sub.

Vacuum evaporation

»

Al(100nm)

RF magnetron sputtering

O. Nast et al., Appl. Phys. Lett. 73 (1998) 3214.

Mass flow
Controller

holder sample

»

SiO, sub. Annealing at 500°C
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Growth of polycrystalline BaSi, films on AIC-Si/SiO,

MBE substrates
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a-Si nm 0
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» sio,sub | W

SiO, Sub

RDE growth
Tsub: 550°C

(111)-oriented Si

Sio,

oo 101

Undoped n-BaSi,
~300 nm(~10'% cm3)

Tsukada,.....Suemasu, J. Cryst. Growth 311 (2009) 3581.
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Photoresponse properties of polycrystalline BaSi, films on SiO,

Tsukada,.....Suemasu, Appl. Phys. Express 2 (2009) 051601.
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1. A E—EVTICRKDEER, Fv ) PBERIE

Control of electron and hole concentrations by impurity doping

2. DICRRERMT

Photoresponsivity

3. BaSi,/Si b Y RIVES DMK

Formation of heavily doped BaSi,/Si tunnel junction for an electrical contact

4, KiZEmENEDSEAL

Demonstration of solar cell
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Band diagrams of BaSi,/Si structure

Suemasu et al., Jpn. J. Appl. Phys. 45 (2006) L519 .

Vacuum level

Ysi=4.0eV

Egi=1.1eV

n-Si/n-BaSiz_] n*/p* tunnel junction p-Si/p-BaSi,
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XRD Intensity (counts)

Formation of n"-BaSi,/p*-Si tunnel junction by MBE
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Dependence of -V characteristics on template layer thickness
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Photoresponsivity of BaSi, layers on tunnel junction
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Wet chemical etching of BaSi, layers on Si

Saito,.....Suemasu, Jpn. J. Appl. Phys. 48 (2009) 106507.
Tmm ¢
Si0,

Au/Cr\_> \ ‘
'
BaSi, HCL+H,0 N HF+H,0 BaSi,

Si(111) —- Si(111) m—p-

Si(111)
|
5% 15s 2% 10s 1% 180s 0.5% 120s
HCL
5% 2% 15s
HF ‘

(5, 5% 30s) (0.5, 0.5% 60s) (0.5, 1.5% 60s) (1.5, 0.5% 60s)
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1. AN E—EVTICKDEER., +v ) PBERIE

Control of electron and hole concentrations by impurity doping

2. DYCRRERMT

Photoresponsivity

$¥FE2007-208729 , US2009/0044862
$¥FE2008-218688 , PCT/W02009/028560
$5¥FE2009-115337,

3. BaSi,/Si k Y RIVES DR

Formation of heavily doped BaSi,/Si tunnel junction for an electrical contact

4. XF5EMENEDEEE

Demonstration of solar cell

Schottky-junction

pn-junction

Tandem
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-
Schottky-barrier diode n-BaSi,/CoSi,

sunlight

% 7
n"-BaSi,

n-BaSi,
(undoped)

CoSi,
p+_si (1 1 1) CoSi, /n-BaSi,/n*-BaSi,

~0.5um

WL/ /s s s 00,

Epitaxial growth of BaSi,/CoSi,/Si(111) structure

Suemasu et al., J. Cryst. Growth 310 (2008) 1250.
Ichikawa,..., Suemasu, Appl. Surf. Sci. 254 (2008) 7963.
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-
Characterization of n-BaSi,/CoSi, Schottky diode
10000 0-20 XRD pattern TEM
— Si(111) BaSi,
£ 1600)
3 BaSi, BaSi,
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g 100
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&R R — YT ICLBDIEEE, v ) PRI
Control of electron and hole concentrations by impurity doping
n-type: Sb(101°>1 X 102%cm3), As
) e p-type: In(10'6 -5 X 107cm-3), Al, Cu
O DAREN
Photoresponsivity

Photocurrent increases sharply for photons greater than 1.25 eV (~Eg).
R~T75mA/W at 2.3 eV.

&BaSi,/Si kY RILES DR
Formation of heavily doped BaSi,/Si tunnel junction for an electrical contact
n*-BaSi,/p*-Si, J=21A/cm?at 0.5 V

y Wet chemical etching

CE NN ANE

Demonstration of solar cell

Schottky-barrier diode
CoSi,/n-BaSi,, 7~2-3%
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S MDER Future plan
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