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Sputter deposition of thin film solar cell material BaSi, composed of
earth-abundant elements
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Semiconductor BaSi,, composed of earth-abundant elements, is an indirect bandgap semiconductor with a

bandgap of about 1.3 eV. This value is suitable for a single-junction solar cell. The feature of this material is its

optical absorption coefficient being as large as that of CulnSe,-based semiconductors in spite of indirect transition

semiconductor. In addition, the carrier type and carrier density of BaSi, films can be controlled by doping with group

13 and 15 elements. We will introduce our approach to thin-film solar cells on glass substrates by radio-frequency

sputtering, utilizing the knowledge we have gained thus far from epitaxial films on Si substrates.
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Fig.2 (a) Absorption spectra of BaSi, (black), Cu2ZnSnS,
(red), CulnSe;(blue), GaAs (green), and Si (cyan)
calculated using HSE06 potential at (a) photon energy
(hw) and (b) h w -Eq. (b) Spectra are compared on an

energy scale that has been shifted by Eg.

This demonstrates that BaSi, has a larger absorption
coefficient than other conventional absorbers.
Reproduced with permission from Ref. [4].
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Fig. 3 Photograph of a 2-inch BaSi, target.
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(a) Ba(red) and Si(black) atomic ratios as a function of P for samples prepared without an additional Ba

source (dotted lines) and those with one Ba source on the BaSi, target (solid lines). The broken lines
are plotted as guides showing the Ba and Si atomic ratio of the BaSi, target.
(b) Dependence of deposition rate of films sputtered at RT when only the BaSi, target is used. (a) and

(b) are reproduced from Ref. [24].
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(a) Gracing-incidence x-ray patterns of BaSi, films prepared with Pg,=30W and Pg,si=20-100W, (b)

Raman spectrum of the sample at Pg.si=30W. (c) Photoresponse spectra of samples in (a) when
0.1 V was applied between top and bottom electrodes. Reproduced with permission from Ref. [25].
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(a) J-V characteristics under AM1.5 illumination on sample B (n-BaSi,/p-Si) and sample C

(n*-BaSi,/p-Si) . (b) EQE spectrum (black bold line) of sample B. Contributions of ITO, a-Si, BaSi,,
and p-Si absorptances are simulated using GENPRO4 software. Calculated band alignments by
AFORS-HET for (c) sample B and (d) sample C. Reproduced with permission from Ref. [27].
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(a) Gracing-incidence x-ray patterns of BaSi, films on SisN4/Si substrate, prepared with

Pgasi= 70W and Pg,=0—-80W, (b)Raman spectra and (c) electron concentration and mobility
of the samples in (a). Reproduced with permission from Ref. [18].
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(a) Optical photographs of sputter-deposited film on ITO/SiO,, and on TiN/SiOs.

(b) Raman spectra of samples in (a). (c) Photoreponse spectra of sputter-deposited
BaSi; films and BaSi; epitaxial films. Reproduced with permission from Ref. [17].



TOSOH Research & Technology Review Vol.67 (2023)

HTL n-BaSi, ETL

MoO,

Vacuumlevel
qy~32eV = ~
W-4.7eV
qy~3.5eV =
— EC
E,~13eV

E,~2.0eV
AE, ~10eV “Thn

BaSi. .

2 a-SiC

Fig.9 Schematic band structure of an HTL/BaSi,/ETL solar cell, and the band alignment
of candidate materials with respect to the vacuum level.

JEE L 72354, BaSi, WIZ K % N EN 2 K %
LRI N 720, ZOME & RIS RREN§ EFT
H%,

4. BEBLVSERDOERE

BaSi, I3 IR AR E <. DBF v ) TR
AR AR Ui Ha R, g e L
T LR OEEE & D, JUE & LT o s
fLE R E NIz, FREEIZT /S ZERK
F ) TOGHEMEAIEKT S 2 LIcikoh b, B
BELEE I 2 FBETINS OFRLIEEHERT L .
EIMRE ORI K O HER L 22 D 4 + LT %
MF =% F72, T T A D)=L D
N AR B Z & T, BaSi, EONY F7 54 XV b
HHERR L 3 S %e & 39 5 51T b 5. BaSi, 137
FRIMIIN 3.26V E/NX W20, K — Lkl & O#E
A& D BaSi, B F v ) 7 EED 720 D
KELNEEL DR PHTFTE 5, SROMEREHHE
LATH 5,

5. HiEE

ARWEZE D — &, B wF %% & wf B & k8w
A(No.18H03767, 21H04548) T 1 b 1 & O T 9,
Raman 7€ 13, REKRZE~T U 7MY ¥ —F A4
Y77 (ARIM) O EEZ > T o728 DT,
BaSi, D & 9 ¥ U\ R C @ wh 3 7 5@ 5 AR5 3 ith 4
HigH 2 BeRs & T A & 2013, £ < DA

MREDZWHINC LD DT HELSIEHEHL EF 9,
HEREPEDOIREZ T L THWR AT N34 2 %10
72 7% < Isabella 7 (Delft University of Technology).
F v ) 7 AR O BRI — R H D Ml S IR
f#1L (NIMS), Gambarelli - (University of Grenoble
Aples) IZEE< BEH U &4, AROFEERT — 213, BifE
BEOMEORFENZEE, REX V- 12k580D
T7,

SEM

[ 1] T. Suemasu, Jpn. J. Appl. Phys. 54, 07JA01 (2015).

[ 2] T. Suemasu and N. Usami, J. Phys. D 50, 023001
(2017).

[ 3] T.Suemasu and D.B. Migas, Phys. Status Solidi A
219, 2100593 (2022).

[ 4 ] M. Kumar, N. Umezawa, and M. Imai, Appl. Phys.
Express 7, 071203 (2014).

[ 5] T. Nakamura, T. Suemasu, K. Takakura, F.
Hasegawa, A. Wakahara, and M. Imai, Appl. Phys.
Lett. 81, 1032 (2002).

[ 6] Y. Inomata, T. Nakamura, T. Suemasu, and F.
Hasegawa, Jpn. J. Appl. Phys. 43, 1478 (2004).

[ 7] R. Takabe, K. Nakamura, M. Baba, W. Du, M.A.
Khan, K. Toko, M. Sasase, K.O. Hara, N. Usami,
and T. Suemasu, Jpn. J. Appl. Phys. 53, 04ER04
(2014).

[ 8] M. Kobayashi, Y. Matumoto, Y. Ichikawa, D.
Tsukada, and T. Suemasu, Appl. Phys. Express 1,



o — g% - Bl

051403 (2008).

[ 9] M.A. Khan, K. Nakamura, W. Du, K. Toko, N.
Usami, and T. Suemasu, Appl. Phys. Lett. 104,
252104 (2014).

[10] D. Tsukahara, S. Yachi, H. Takeuchi, R. Takabe,
W. Du, M. Baba, Y. Li, K. Toko, N. Usami, and T.
Suemasu, Appl. Phys. Lett. 108, 152101 (2016)

[11] S. Yachi, R. Takabe, K. Toko, and T. Suemasu,
Appl. Phys. Lett. 109, 072103 (2016)

[12] T. Deng, T. Sato, Z. Xu, R. Takabe, S. Yachi, Y.
Yamashita, K. Toko, and T. Suemasu, Appl. Phys.
Express 11, 062301 (2018).

[13] S. Aonuki, S. Narita, K. Takayanagi, A. Iwai, Y.
Yamashita, K. Toko, and T. Suemasu, Jpn. J. Appl.
Phys. 62, SD1017 (2023).

[14] S. Aonuki, Y. Yamashita, G. Limodio, S. Narita,
K. Takayanagi, A. Iwai, K. Toko, M. Zeman, O.
Isabella, and T. Suemasu, Prog. Photovoltaics. in
press.

[15] PERRIAKIE SRR 1R S 2020 4F- 3 H

[16] Y. Cao, J.-M. Mouesca, S. Gambarelli, and T.
Suemasu, Jpn. J. Appl. Phys. 62, SD1009 (2023).

[17] R. Koitabashi, T. Nemoto, Y. Yamashita, M.
Mesuda, K. Toko, and T. Suemasu, J. Phys. D 54,
135106 (2021).

[18] R. Koitabashi, K. Kido, H. Hasebe, M. Mesuda,
K. Toko, and T. Suemasu, AIP Adv. 12, 045120
(2022).

[19] Y. Yamashita, K. Takayanagi, K. Gotoh, K. Toko,
N. Usami, and T. Suemasu, ACS Appl. Mater.
Inter. 14, 13828 (2022).

[20] R. Du, S. Aonuki, H. Hasebe, K. Kido, H.
Takenaka, K. Toko, and T. Suemasu, Jpn. J. Appl.
Phys. 62, SD1015 (2023).

[21] H. Takenaka, H. Hasebe, K. Kido, R. Koitabashi,
M. Mesuda, K. Toko, and T. Suemasu, Jpn. J.
Appl. Phys. 62, SD1011 (2023).

[22] M. Kumar, N. Umezawa, W. Zhou, and M. Imai, J.
Mater. Chem. A 5, 25293 (2017).

[23] R. Takabe, T. Deng, K. Kodama, Y. Yamashita, T.
Sato, K. Toko, and T. Suemasu, J. Appl. Phys. 123,
045703 (2018).

[24] S. Matsuno, R. Takabe, S. Yokoyama, K. Toko, M.
Mesuda, H. Kuramochi, and T. Suemasu, Appl.
Phys. Express 11, 071401 (2018).

[25] T. Nemoto, R. Koitabashi, M. Mesuda, K. Toko,

3567 % (2023)

and T. Suemasu, Appl. Phys. Express 13, 085511
(2020).

[26] H. Hoshida, T. Suemasu, and Y. Terai, Defects
and Diffusion Forum 386, 43 (2018).

[27] T. Nemoto, S. Aonuki, R. Koitabashi, Y.
Yamashita, M. Mesuda, K. Toko, and T. Suemasu,
Appl. Phys. Express 14, 051010 (2021).

[28] T. Suemasu, K. Morita, M. Kobayashi, M. Saida,
and M. Sasaki, Jpn. J. Appl. Phys. 45, .519 (2006).

[29] K. Morita, M. Kobayashi, and T. Suemasu, Thin
Solid Films 515, 8216 (2007).

[30] M. Kodama, Y. Yamashita, K. Toko, and T.
Suemasu, Appl. Phys. Express 12, 041005 (2019).

[31] Y. Yamashita, C.M.R. Tobon, R. Santbergen, M.
Zeman, O. Isabella, and T. Suemasu, Sol. Energy
Mater. Solar Cells 230, 111181 (2021).

[32] W. Du, R. Takabe, M. Baba, H. Takeuchi, K.O.
Hara, K. Toko, N. Usami, and T. Suemasu, Appl.
Phys. Lett. 106, 122104 (2015).






