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Abstract: In recent years, the exploration of van der Waals materials has taken center stage in the field
of advanced materials research. Studies have delved deeply into the multifaceted characteristics of these
materials, and in particular their potential applications in solar cell technology. Van der Waals materials,
named after the unique forces binding their layers, are of high interest because of their unparalleled
physical and chemical properties. Their two-dimensional (2D) nature offers a plethora of advantageous
features, including a high surface-to-volume ratio, which is crucial to enhanced light absorption and
electron transport. The tunable electronic properties of these materials also offer a versatile platform for
customizing behavior to meet the specific requirements of solar cell applications. Their distinctive optical
characteristics can also be enhanced to improve light absorption and reduce energy losses, thereby
increasing overall solar cell efficiency. Recent research has not only investigated the inherent properties
of van der Waals materials but also explored various techniques to combine and stack them. Such
methodologies aim to exploit and optimize the synergistic effects of different materials, paving the way
for next-generation solar cells with improved performance metrics. A comprehensive examination of the
operating principles of these materials provides insights into their interaction with light and their
subsequent electrical behavior. The study concludes with a forward-looking perspective, emphasizing how
the integration of van der Waals materials could very well revolutionize the solar cell industry. Their
potential to significantly boost the efficiency and stability of solar cells positions them as promising
candidates for future sustainable energy solutions.
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Fig. 1. Comparison of various types of Silicon-based solar cells. (a) standard Solar cells; Al-BSF, (b) PERC; Passivated emitter rear
contact, (c) PERT; Passivated emitter rear T, (d) PERL; Passivated emitter rear L, (¢) TOPCon; Tunnel oxide passivation contact, (f) SHJ;
Silicon heterojunction, (g) IBC; Interdigitated back contact, (h) HBC; heterojunction back contact [2-6, 8-10].
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Table 1. Summary of conversion efficiency for van-der Waals materials-based photovoltaics.

Ref Voc (mV)  Jsc (mA/cm?) FF (%) Ex (%) Remark (Device structures)

[21] 620 6.05 34.8 1.29 Au/MoSe,/p-GaN

[22] 600 4.78 54 1.55 MoO,/WS,/Au

[23] 597 5.37 55 1.8 Au/220 nm MoS,

[24] 280 20.9 47 2.8 120 nm MoS,

[25] 520 15.6 37 3.03 Au/SpiroOmetad/MoS,/InSe/TiO,

[26] 360 34 0.6 nm Gr/9 nm WSe,/3 nm MoS,/Au

[27] 350 26 46 4.1 GQDs/InP/MoS,

[28] 4.6 n-WS,/p-BP

[29] 480 0.69* 45 5 Gr/1.7 nm WO,/49 nm WSe,/19 nm MoS,

[30] 476 17.3 61.7 5.1 10 nm M00,/0.34 nm Gr/~200 nm WSe,/135 nm Au
[31] 470 19.61 59 544 0.3 nm Gr/6 nm WO,/242 nm WSe,/2 nm Pt/S0 nm Au

*The unit of this value was nA

¢

Jdo = Qs olUA] A, AlA, Ha)7] B B =st
o TppE ol
Phosphorus) YAFZ 5 o]

m

g FolARE 717 Aol vhe Aol v wheA|et
o] MEAE zhe Sz EdXZHA f-837 A3
ATk FY ES =2 A 8 F] olgkE ML
ool Ak 2 A HEg Holw Y %%4 sde
Z 3o ofgh W Eks glow gk o] flof 47 v
o vl ¢ oloy 7RA0R 54 W w ot
T 585 ®op| "ol gl S8 e AA°]
o} [15, 18] %ﬂL} Bl RIFsHAl R-g-ste] 5

A Ao Fe7F a7dlTh 1
A} v A = Eiifi 70“:9% A8 5ol 7144 54
7HAIAL 9)

A O]:‘iz—iﬁﬂ] 3}&(Transition Metal Dichalcogenides,
TMDCs)2 22Hd A2, 2} 37 B2 A4S w
9= A Folx HiLx] EAL Holxw =y o=

Aojol w2 AATFES} B band gap 5]

Tk TMDCsE 97 @ So= 22E 5 =
Az gos A s diols. of o

o7 BA HH 7zt 2o FYoe HolFE Ao}
o] 2l WA FHEI0] Yl EA0E o))
Bd¥ (Molybdenum disurfide MoS,) ©] —zol| 3|

[16, 19]. °]&2 sH oz HHsi F7u =l
EE-81A] @hobr] MMy Fuf o] 3-8o] 7hseh Zlo]
DAl A B ARG 2Eg 2ol & A

al
=
S

i)
rE -1> —l> ¥

SETENE R NEEER ERAENIE ERIES:
of wel B4 283 5 lout o Yrgow Qs
1A Bie] oFd 4+ glo

oJgt} [17, 20].

3. VAN DER WAALS =& 0| &t Ef &
LTof st =4 A7 Al

[e) [¢] =
FAA e ZEI e sk Rl il delry
ol HiEO R sh= A A T FAE st

o thal =e]
Mo &

o] B w2k Aafje] BiFAA] BEo] 5% o]l
Jolx 7] A&t [21-31]. 9714 FEE v 35
o]l W& ¥ (Gr, Graphene)Z} WSe, 24171 553
o2 AREEE F 9 AElE & 1, 2" 249 W

< 33l Elstarz} gt

% 2= WSe,~MoS, p—n H3 ESFHR 9] 882 T
IN7171 8l A A B2l 4kslE (Tungsten oxide,
WOy) 52 "2d fAguoe]= (Tungsten diselenide,
WSe,d] 23 AspHoz & 229 ZAse A3} A4 2
o7 AMgslHom O]E IO 2 WSe,~MoS, p—n H3

B FeEdS A FIIS S, Yang et al
agelA ®Baskih [29] WSe, &A1 ol WOx =t

o] FAR ARESt] HE g8 0.7%14 5.0%2 5
7HRlEd W 2E7] AH (Schottky barrier) 23k



158

(2]

Intensity (a.u.)

WO, /Wse,

200 250 300 350 400 450 500
Raman Shift (cm™")

" X

Graphene

s, FOICRICEK
R0

Current (uA)

&
10 15
Atomic Ratio (%)
0.6
0.3+ §
Dark ,
0.0f=-
V,=-30V
03 20V
-10Vipgvy
0.6 e ) 70, 20,30 V
04 -02 00 02 04
Bias Voltage (V)

Fig. 2. Interface contact engineering based on WSe,-MoS, p-n photovoltaic heterojunction [29]. (a) Device structure of graphene/WOx/
WSe,/MoS, on SiO,/Si. (b) Cross-section HR-TEM image and EDS line profiles such as tungsten (W), selenium (Se), oxygen (O),
molybdenum (Mo), and sulfur (S) across WOx/WSe,/MoS, heterointerfaces. (c) Raman spectra of MoS, (red line in the bottom panel) and
WOx/WSe,/ (green line in the top panel). (d) Optical image of the active area for photovoltaic heterojunction device, (e) I-V curves in the
dark and under illumination at different gate voltage with a focused 532 nm laser.
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Fig. 3 (a) Device schematic and (b) cross-section of flexible WSe, solar cells. (c) Top-view image of the device, scale bar of 50 um. (d)
Photograph of WSe, solar cells on a flexible substrate (PI, polyimide), scale bar of 1 cm, (¢) Energy band diagram of the device (Gr/WSe,/
Au), (f) [-V characteristic curve under AM 1.5G illumination [30].
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Fig. 4 (a) Schematic structure of the photovoltaic (PV) device (b) Cross-section TEM images of PV device and higher magnification
images of (c) the top contact region and (d) bottom contact region. EDS images for (e) O, (f) W, (g) Se, (h) Au, and (i) Pt. (j) Dark and (k)
light I-V characteristics of the PV devices with WOy and without WOx. (i) Top-view optical image of the PV device and corresponding
spatial photocurrent map with the active area denoted with the red dashed line [31].
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