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Recent Progress in GeSe Thin—Film Solar Cells*

Yan, Bin Xue, Ding-Jiang* Hu, Jin-Song
(CAS Key Laboratory of Molecular Nanostructure and Nanotechnology, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100190)

Abstract Germanium monoselenide (GeSe) is a promising photovoltaic absorber material for thin-film solar cells due to its
appropriate bandgap (about 1.14 V), high absorption coefficient (*>10° cm ! at visible light), large carrier mobility (about
128.7 cm?*V es™1) and benign defect properties arising from its antibonding states at the valence band maximum. The theo-
retical Shockley-Quiesser efficiency limit for GeSe single junction solar cells determined by its bandgap is above 30%.
Moreover, this simple binary compound possesses earth-abundant, nontoxic constituents and high stability in ambient at-
mosphere. The easy sublimation feature of GeSe enables the deposition of high-quality films through an industrial
close-space sublimation method. The fundamental properties of GeSe with emphasis on the material, optical, electrical, and
defect properties are introduced, and then the recent progress of fabrication of GeSe thin films and solar cells is summarized.

Finally, a brief perspective on the further development of GeSe thin-film solar cells is provided.
Keywords GeSe; solar cells; photovoltaics; thin-film fabrication; defect property
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Figure 1 Crystal structure of GeSe
Reproduced from Ref. [21], copyright 2021 Royal Society of Chemistry
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R 1 GeSe =AM
Table 1 Fundamental properties of GeSe

P TERE SR
7 [ Pnma 62 [22]
B E/(geem ) 5.56 [22]
J R/ C 670 [22]
iz 4 [26]
AHXS i HL AL 15.3 [26]
BT R feV 1.14 [26]
Wi & & /em ™! 10° [26]
K fem 6.2X 10" [27]
ZIGEBH (cm?V s ) 10.4,12.7 [26]
B TIERE R/ (cm?V les ™! 112 [26]
Ha B % /(Qecm) 78.2 [27]
/Y- F§fir/ns 9.9 [26]
#K E /mm 531 [26]
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Figure 2 Electronic structures of (a) conventional inorganic semicon-
ductors and (b) GeSe

Reproduced from Ref. [25], copyright 2021 Springer Nature
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Figure 3 (a) X-ray diffraction (XRD) patterns of as-purchased GeSe powder and GeSe film deposited by CSS process, (b) temperature-dependent vapor
pressure of GeSe, GeSe, and Ge in the temperature range from 300 to 600 °C, (c) schematic diagram of CSS process for GeSe film deposition and (d)

mass spectra of vapor species above GeSe (s) at the temperature of 400 C

Reproduced from Ref. [23] and [21], copyright 2017 American Chemical Society and 2021 Royal Society of Chemistry
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Figure 4 (a) Schematic configuration of CdS/GeSe superstrate solar cell, (b) cross-sectional SEM image of GeSe thin-film solar cell, (¢) forward and
reversed J-V curves of GeSe solar cell performance in the dark and under 100 mWecm 2 simulated AM1.5G irradiation, respectively and (d) EQE spectrum

of GeSe solar cell
Reproduced from Ref. [23], copyright 2017 American Chemical Society
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Figure 5 (a) Cross-sectional SEM image and EDS elemental mapping of the GeSe/CdS junction interface in superstrate GeSe solar cells, (b)
cross-sectional SEM image and EDS elemental mapping of the GeSe/CdS junction interface in substrate GeSe solar cells, (c) defect level introduced by Cd
doping in the band structure of GeSe and (d) J-V curve of substrate GeSe solar cell

Reproduced from Ref. [28], copyright 2021 Springer
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Figure 6 (a) Partial density of states of (111) surface of GeSe, (b) density functional theory model for delocalized surface defects on GeSe after pas-
sivation, (¢) C-V and DLCP characteristics of control and modified GeSe devices, (d) J-V curve of GeSe solar cell independently certified by Newport
Corporation and (e) long-term air stability, operational stability, ultraviolet photostability and thermal cycling stability measurements of unencapsulated

GeSe solar cells

Reproduced from Ref. [25] and [29], copyright 2021 Springer Nature and 2021 American Chemical Society

A 2.10X 10" em 2 FEMKE 2.07 X 10" ecm 2(H 6¢),
THIGR B FEAIC T RME— MR 2, B BCR 3. SR
I ZR AR B, BEAG S SRR T T =15 B R
EIERESHORTE, T FB AN T % o Hs A7 W] 2 52 71
TF % B, He AR B LIRS T 1) JER DL A S BRI T S
BRI, - 1 p-n 55RO TS BIEAURIN S R,
AT 2115 23 H Newport A FHH TR, IAIESF
5?5(%?9 5.2%, /ﬂ\:‘:':' Voc=0.376 V, Jsc=24.6 mA-em_z,
FF=56.3%( 6d), A HRI GeSe A PHRE HLth & i &
%[25].

802  http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

XFFORBHAE I ER AT S, bR TR, 2
SEMEAR S AR BN, BT R R e
Yo EE R SR e, BRATE BT T GeSe
JEAEE. N GeSe WS IR X FL&ATH
(XRD)H] LA H, GeSe HA L F H#da e R =St
PE. X5 5 KA AL R RS R 2 AR F, IX 2
T GeSe ' Ge Ml Se —FH B AN, 750 2.01
2.55, f#i#3 GeSe HA smILA 14 K58 Ge—Se B, MIMi&
B S AR e M.

FATHE— DX GeSe B PH BE FRIBERAF I RS E 14
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HAT TORAE. e R B od FH RSO BH e vt AR e PRI
FRAE(EC 61646), FRATMIE T GeSe HLth#s {4 A Fs e 1
MARF B, KB GeSe MM EAM RN AT
TAEFREME. AP RRAR E A BE R R e PR (E 6e),
MITARIE T GeSe SBHfE HL L VR AN FCAEL AT B 4T 11
IRZER: 1=

5 #it5RE

FENA T RATEGAL TLETF R GeSe Y6
RIBWEM RIS 284, RGuass T GeSe FAM . #
JE ) 2% S HLORFH RE HL i A FE 8. GeSe JEBFSR (A0 T,
EFE, REtly, BAMNRR6% LS, m
HFIERRR(=1.14 eV)s mRIRAEE(>105em ). @m=
TOEFE#(128.7 cm?eV e 1) AEBREGE R KPS 6
HRARIL 30% L I, EETHME A . faE. &
B ORBABE . FA 1l i HAT SR Al e i 23 (A
WL IR T GeSe MK PHRAE LI, (7] gk —
S S EEEEL, BT 5.2%0 E FRAERCR,
I, R  H E I HOLR R E , B R AT IR
AU SL. SR H AT GeSe FEIMASR BH 2 L ELIR R M PRATY
BIRKZENE, BUITREL—BX GeSe X— WK RE
FRRNBE T, DABAKIE BESE - o as - vE e, S5 4mt 7t 1
VET @i i — A4 ey G ot DL TR B A R B )
AR T DR UL R 23 U SR IE A p-in S5 H0280F 5615
X GeSe K BHBE BT HAR P 0L, P
A fERe, AR BB — AN BT DGR T H4 A

E=TER

A, bk KA L6 SRR A, 2021 4
AT BAF RSB RIADAF R R b TIZHR R B
PABR B35 7. B 9077 61 A AL BE K Fa Ak ¥,

BT YEAHFELEHTHARL. AR T@AL
MERE KAk vk, B4k 45 GeSe. GeS B MUAG4k5 B
K I8 e .
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