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Absract: Hydrogenated Amorphous Silicon (a-Si:H) is used as an emitter layer in HIT (heterojunction with Intrinsic
Thin layer) solar cells. Its low band gap and low optical properties (low transmittance and high absorption) cause
parasitic absorption on the front side of a solar cell that significantly reduces the solar cell blue response. To

overcome this,

research on CSC (carrier Selective Contacts)

is being actively carried out to reduce carrier

recombination and improve carrier transportation as a means to approach the theoretical efficiency of silicon solar
cells. Among CSC materials, molybdenum oxide (MoOx) is most commonly used for the hole transport layer (HTL)
of a solar cell due to its high work function and wide band gap. This paper analyzes the electrical and optical
properties of MoOy thin films for use in the HTL of HIT solar cells. The optica properties of MoOy show better

performance than aSi:H and pc-SiOx:H.

Keywords. Carrier selective contacts, Molybdenum oxide, High work function, Hole barrier, Band offset, Heterojunction

solar cell
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9l MoOy (molybdenum oxide)
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o714 AE:= 7PEAAM}Q] band-offset (22 barrier
height) E,= uv|RJA Ag]& vgto] optical band-
gapo|H, x. st xmmo= H]ZA Ay TMOS A
ARlete S YERdTE r]—] SAlOA & Qe A
3 =2 94 S
Ae] ko] oA ‘?a“%*
E olF o|F3AY HIY
X AL oA ASEurt e "o oY
kil 7]4 U AFITFE0] BUSHL e HSCO| Agst
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methyl, DI (De-ionized water)?] <02 x-2u} AA
L Esto] &H|513 00, stoichiometric MoOs; powdery
type?] Sigma Aldrich 2] 99.999% (5 N) grade&

=2 AAg2 AFRSEHITE. MoO,9] d¥rate  thermal
evaporationg ©o|&3sto 3JFAstEth Molybdenum

oxide®] ZAF WlH O 2= thermal evaporationdt ALD
(atomic layer deposition) [10]52 A}235to] L& o]
AlaL A=t EPFLOIA MoOyxg ©l&8h ol58Y H
FA R X 1§89 22.5%% thermal evaporation
L A}8351e] Z2As5t Tt [11]. Molybdenum oxide 8F
ato] Ao ATl 5x10° Torro|A] ZAkstgch o]
o] |Tewl ALor ZANslgon, RTA
(rapid thermal anneal) ¥%]2] system2 ©0]235}c]
MoO, uate] PAH Wat wat 542 elstec

7<O
T

srote] M7)" 542 BAsts] glstel Sus (304)
co-plannar masking2 &3}, Al, 500 nmE A5}

o], Semiconductor Analyzer (EL420C)E &E35to] 2+
gtoko] getivation energy (eV) ¥ dark conductivity
(S/cm)E 573 £A stgon, wa wMg =4
absorption coefficient (o) (cm™)& &4s}7] ¥sto
spectroscopic ellipsometry (VASE, J. A. Woollam
240 nm < A < 1,700 nm)& E35t9, a-Si:tH ¥} p
c-SiOcH 2] MoO, 8taho] reflective index (n)
9} absorption coefficient ()& ¥l EA51%ch &
215to], Lyra Tescan HR-SEMOo 2 ®H 2

HEA2
A% 9 Point defectg BAsI9 00, MoO, vhat

of ZA A Hde st Hstol, XRD (X-ray
diffraction CuKo radiation A =0.1541 nm) 22 =%
Tloj&ct kA Eate 542 UV-Vis spectrophotometer
(Scinco S-3100)2 £35}o] kol w]ojA ).
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3.1 MoOy
anneal 2%

Ed S I8t ambient

SHJ (silicon-heterojunction) %0 <Ydvrdoz

P-emitter 202 AFELE g-SitH 9] 3%, annealing
2 =5 200°C7HX] Z7FAI719 passivationg A7
axte] S0 Fobalch w2 MoO st A8 SH)
AR 4L 130°C o]Are] 2% oA J-V curve 9
S-shapeo] UEIY7] AlAtsto] F41&9] |25t loss
2 QI3to] ARt §/do] AstEtt. %, annealing &%+
MoOy &3+ TCO (transparent conductive oxide) &
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a) Ar_130°C b) Ar_150°C
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c) O, 130°

Point Defect

Fig. 1. SEM Images of anneal ambient and temperature variation
on MoOy thin films.
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Fig. 2. X-Ray Diffraction pattern with anneal ambient variation
on MoOy thin films.

7= a-phase MoOsS Zt+= 7Zlo] & Q@oltt [12-15].

a2 2= 130°CY] 7122 oA Ar, Hy, 2311 0,9]
Gas 27104 EX2st MoOy uhute]l ZAXETS
XRD pattern 8Ast Yoz Z=Q AAHUFSF pegk O
2t ZAASHO] a-phases UUEH= (111), Mixed
phaseg HojF+ (310) JdHao] FEX|7 Uehd
t}. 53] a-phaseE UERH = (111) 478H 2] peak
< amorphous phased|A= WAIE|X] oton|, T 2
o] Oy B710A E3F WATEA] =t} 2L} Ar &
710X+ 7P A3t AI719] a-phase peako] ¥AtE]
ojZlt}. o= ©A] ] AI7I9HE HojR= peako]
ofd dats (Prwo)oll AE?E J&2 &t amorphous
phase ¥+ o-phase? A7|7} A2 (111) 7d7golA
FUAoR =2 MoO, vfete] dgd4rt F/dol ==,
ol oA A9st Silicon AW AEE IFEe A2
5o, Hole Carrier selectivityS TAIA]Z
==} [16-18].

3.2 MoO, ute| F7|= Faix S Hl@ 24

a3 38 P-type emitter2 A8 EE a-Si:H,

pc-SiOgH J2]1l MoO,9] AR AAF HETFAZ &
Abst grato] Bsbel B2 9sto], spectroscopic

S
ellipsometry=2 X E]ojxl A1t ZHS absorption edge
£ fittingsto] UeRQItt. y&0] A4 32 249 jie
78o] Mgt EX(nature of transition)2 UERf=d X
271 1/29 3% AR Aolg(direct-gap transition),
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Fig. 3. Comparison of absorption edge [ahvY?(cm-1eV)¥? on
p &Si:H, p nc-SiO:H and MoOy respectively.
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Table 1. Ew, Ey (optica band gap), EU (urbach energy) value
of P-type emitter.

P-type emitter Eos (eV) Ey (eV) Ey (meV)
aSi:H 1.42 167 310
pnc-SiocH 1.90 213 259
MoOx 2.95 2.96 247

6 p-type emitter
—O— p-type a-Si:H =
F —O— p-type pe-SiOx:H 5

p—
=]

VE , of a-Si:H
E , of p-type pc-SiOx:H
of MoOJ

04

2.95eV

T 2 3 4 5
Photon energy(eV)

Absorption coefficient, a(cm'l)
—
—]

Fig. 4. Absorption coefficient, a(cm?) of p aSi:H, p pc-SiOcH
and MoOy respectively.
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Fig. 5. Activation energy (eV) and dark conductivity (s'cm) of
p aSi:H, p pc-SiOc:H and MoOx respectively.

Voce built-in voltage (V,)2t ¥
activation energy®] (sum)y} #H Qlct. &, oA
Aol o]Z oJu|st:= activation energy’t Yo

FoF
oS 45 sto Ae=s =Y &
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carrier=9]
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Fig. 6. EQE comparison for a amorphous/crystalline silicon
heterojunction solar cell with a MoO, hole selective contact
and a conventional aSi:H(p) emitter.

itk I3 5= a-SitH, pe-SiOxH 28] MoO, ¥t
9] activation energy (eV), dark conductivity (S/cm)

o ¥EEAE Uehd g, o2 AeE ALY
emitter S0 H|s] AjAOZ =2 gctivation
energy?t Yo XEwo] 7|98t device?] series

resistance (Rs) ¥ AE A9 =7tz QAst HX&
(F.F) sto] ofld=ojAn], ol X3 Jo (saturatlon
current) @ reverse bias currento FFZ F
o] =AM ErF WAlE 7o g AlgEch o] okﬂ/\];']
7] 95t MoOy, vtate] H7|1& £4d 7hAlo] =Qstct.
24 62 A2E o]ZAY HYAR A emitter T2
2 dutdo g AFREE g-Si:HeF hole selective
contact A9 MoO,& A&3t ;X9 @y

(external quantum efficiency)& H|u 2A3sH 751}
],

of. A OhEA%0] MoOy 8fare] 45t FshA]
BRF2 54 =2 FoE)o] 44 A& Al Do
Al a-SiHo| H|s] ®2 o]5& 7Nt E3t QE=
EZA% dadsderst 38.11 mA/cm’C® a-SitH
B} | mA/cm? B0t =2 A2 A} 650 nm
o9 FHY FoARE AR S/do] ofstE|7]
A=) o] = molybdenum oxide 24 A7} 7+

Al

= high defect densityZ <t 7102, MoO,/SHJ
3% ®g A] ol ueksh] Yt 24 s} Was
o, Jei SAEgelMe &g Zoksitete a-SiH
of sl w2 WeR Sgom gt gpgolxel 2
0] 52 MoOy =7%0] SH] EiYAIX|o] A&s17]0f] F=2

4.4
Thermal evaporation® 2 ZAst  molybdenum

oxide®] ©dut A ZHu, A2fE AF A} vluwst
o], $1X3] X2 absorption coefficient?} =& optical
MEZ(2.96 eV)S Fo BS FUES uYOU ko
activation energy (0.46 eV)?} H2 HME%(8.11X%
10° s/cm)o] S4€ Roch o W S4o| A
T2 MoO,Z emitter 202 SH] EfYAIX|of] AL A
HHEAFEE ol 71995tH, dupdolAe] quantum
efficiency’l 7]&9 a-Si:tH Xt Z71519ich &,
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9] A3t A] barrier heightS 25 hole extractions
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