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ABSTRACT: Carrier-selective contacts (CSCs) solar cells are considerably attractive on highly efficient crystalline silicon heterojunction
(SHJ) solar cells due to their advantages of high thermal tolerance and the simple fabrication process. CSCs solar cells require a hole
selective contact (HSC) layer that selectively collects only holes. In order to selectively collect holes, it must have a work function
characteristic of 5.0 eV or more when contacted with n-type Si. The VOx, NiOx, and Culy thin films were fabricated and analyzed
respectively to confirm their potential usage as a hole-selective contact (HSC) layer. All thin films showed characteristics of band-gap
engergy > 3.0 eV, work function > 5.0 eV and minority carrier lifetime > 1.5 ms.
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Nomenclature Subscript

® : work function, eV SHI : silicon heterojunction

E, : band gap energy, eV HIJ-IBC : heterojunction-interdigitated back contact

o : absorption coefficient TMO : transition metal oxide

t : film thickness CSCs : carrier selective contacts

T : transmittance, % HSC : Hole selective contact

R : reflectance, %

B : band-tail parameter 1. M 2

h : planck constant

v : frequency of incident light afo] 0|2} A= (SH)) BlokaA] W o] 2 o] 85} &)

Eq  band gap energy, eV o] SR (HI-BC) = A2l o] okl 4 A7) 4
ISk B-8(26.7 + 0.4%)S BAISHAT.

SHJ B ¥ A= Ak} 450 =3l o] it o A A& ==
O|F G FZE 7HA] 2 9).o.1, MK electron) X AF{hole) 2]
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Fig. 1. VO« (32 nm) thin film surface (a) and cross-section (b)
SEM images, NiOx (32 nm) thin film surface (c) and
cross-section (d) SEM images, Culy (35 nm) thin film
surface (e) and cross-section (f) SEM images
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Fig. 2. Transmittance of VO (32 nm) thin film, NiOy (32 nm) thin

film, and Culy (35 nm) thin film in the visible range (a),
and plot of (ahv)? vs Photon energy (hv) (b)

(ahv)? :ﬂ(}zl/—E’g) 2)
= Mute] £715 oolalul, Ti £3hg, RE WAHES o

vlRkeh RR<<1)2 At Al FASEA T B= =T 2] v 7

S
e

VO, BH}O] 49~ 3.1 eV E, & 2 ¢ 01 NiOy Bio] 7
2 ~3.8eVY E,E ET CulyB2te] H-~3.0eVe~3.6eV
F 2uellA BEF E4E Bk o] S8 Cul, 9>
~3.6eV o 2] @flo]| SjgEh= Sub-band 7} EAH= AR
2ol Ak,

3.3 VO, Hia} NiO, giaf Cul, Biato| sty HA
Fig. 3-2 VO, v}2}, NiO Bha}, Cul, ¥F}e] UPS B4 A Tto]
o] 0|5 o]-g-5}o] Zgz= 9ol QA e Eaon2} Al 22]
720 2] Erg 4313, the A1 Ff uhete] 2Hes
Aratget” . o710 A hvi= He XUV 4AE o] &315ich
P =hv—|E,,— Ejl (©))

n-type Si §]0]# <] WS UPS & S et & 7]E0] Ao &

Ay

——V0_32 nm
——NiO_32 nm
——Cul 35 nm

[ ]

- h—

30

Intensity (arb.unit)

=

% 1‘0 1‘5 2‘0 2‘5
Kinetic Energy (eV)

Fig. 3. UPS analysis for the VO (32 nm) thin film, NiOyx (32 nm)
thin film, and Culy (35 nm) thin film

Table 1. Work function (@) of the VO (32 nm) thin film, NiO, (32
nm) thin film, and Culx (35 nm) thin film

”':v‘;"f’:rs' VO, NiOx Culy
(280 um) (32 nm) | (32 nm) | (35 nm)
Eotor 6.98 10.10 9.77 10.24
(eV)
B 2365 2350 25.30 25 51
(eV)
Analzed @ 455 7.82 569 5.95
(eV)
Correction
Value V) -0.35 -0.35 -0.35 -0.35
Calculated © 42 7.47 5.34 5.60
(eV)
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Fig. 4. XRD pattern of the VOy (32 nm) thin film, NiOx (32 nm)
thin film, and Culx (35 nm) thin film
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