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Fig. 1. Passivated contact solar cell structure and carrier transport model'3],
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Fig. 2. energy band structure diagram.
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Fig. 4. (a) Schematics of the MoO,/n-Si heterojunction solar cell structure; (b) cross section imaged by scanning electron

microscopy!19.
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sio,

(b)

Alia nt-FSF SiN, Al,O3

Silicon

% 6 (a)BackPEDOT K FH e ith iF 1 ; (b)BackPEDOT Jk FH e jth i 4 i 718 25 %] 189
Fig. 6. (a)BackPEDOT solar cell front; (b) schematic cross-section of the BackPEDOT solar cell?.
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Fig. 7. The structure of MLBC solar celll'!l.
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16.6 % %CF, 45 R 9 . WIE 9(b)QE ik
AT LA B, 50 ) SHT A FH >R A n-ne-Si:H
ERE Y, LRFVRH ZnO:BE AT HE

HIAE 900—1200 nm [ % DX (0] H A 5 1 G ik
M 1 .
AR 38 5 WAL G ik S LS L 5 TMO

F 1 FET TMO H T2t i i e B 2 K BH ML e e AR
Table 1.  Summary of Silicon Heterojunction Solar Cells Based on TMO Carrier Selective Contact.
Device Architecture Jyo/mA-cm?  V,./mV  FF  Efficiency/% Reference(Year)
MoO,/nc-Si/n a-Si:H 37.8 580 65 14.3 Battaglia et al.'01(2014)
MoO,/i a-Si:-H/c-Si/i a-Si:H/n a-Si:-H 38.6 725.4  80.36 22.5 Jonas et al.%(2015)
p*-Si/p-c-Si/MoO,, 37 616 72 16.4 Bullock et al.*?(2015)
p*-Si/n-c-Si/TiO, 39.2 639 79.1 19.8 Yang et al.#(2015)
MoO,/a-Si:H(i)/c-Si/a-Si:H(i) /LiF, 37.07 716.4  73.15 19.42 Bullock et al.®/(2016)
MoO,/ia-Si:H/nc-Si/ia-Si:-H/n a-Si:H 39.4 711 67.2 18.8 Battaglia et al.'](2016)
V,0,/c¢-Si/ n a-Si:H 34.4 606 753 15.7 Gerling et al.1%(2016)
MoO,/c-Si/ n a-Si:H 34.1 581 68.8 13.6 Gerling et al.l"(2016)
WO,/c-Si/ n a-Si:H 33.3 577 65 125 Gerling et al.1%(2016)
p*-Si/n-c-Si/Si0,/TiO, 39.5 650 80 20.5 Yang et al.#(2016)
V50, /Au /V50, 38.7 651  75.49 19.02 Wu et al.11(2017)
p*-Si/n-c-Si/MgO, 39.5 628  80.6 20 Wan et al.0(2017)
MoO,/i a-Si:H/c-Si/i a-Si:H/BZO 38.1 599 727 16.6 Wang et al.l47(2017)
MoO, /a-Si:H(i) /c-Si/a-Si:H(i) /TiO,/LiF 38.4 706 76.2 20.7 Bullock et al.2(2018)

ITO

MoO,

ITO
MoO,

(b)l ﬁ'lﬁ..

i-a-Si:H i-a-Si:H
nt-a-Si:II BZO

P8 i MoO, 15 A28 s £ M4 i 1 ik S5 T 45 FL T 254

Fig. 8. Silicon heterojunction cell structure using MoO, as
(b) ZnO:B as electron selectivecontact!*7).

A

(a)n-a-Si:H F 4 B F e BEfil; (b)ZnO:B 1y fL e 85 32 fish 147)

hole selective contact; (a) n-a-Si:H as electron selective contact;

40 T T T T v T T T 100 T T T T T T T -
(a) | (b)
| - L -
5 sl 80
E
% ol —Wfth BzO ?SL % “ ——With BZO ESL
..§ s \With nt-a-Si:H ESL | 8’ s J = 38.12 mA Jom? |
E Voe/V 0:5990.598 ——With n*-a-Si:H ESL
2 10l Ji/mA-cm=2 3812 35.97 Juo = 35.97 mA fom?
3 FF/% 727 67.6 g 20 5 =
Eff./% 16.6 14.4
0 n | 1 | L 1 L 1 1 | 0 1 I ! |
0 01 02 03 04 05 06 400 600 800 1000 1200
Voltage/V Wavelength/nm
B9 R MoO, VE N 28 sk B M4 i, 73 B n+-a-Si:H M1 ZnO:B /E N B T PE B M4 b 69 ik S FR &5 sl 5Pt () VRS

(b)EQE i 111

Fig. 9. Characteristics of silicon heterojunction cells with MoO, as hole selective contact, n+-a-Si:H and ZnO:B as electron selective

contact respectively: (a) JV curve; (b) EQE curvel*’.
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PR CRLPERE, (RIS 1 R s 25 T A R
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Dy fE el AR , DA AT A T eR g A R s, PRk
TEAA AL BH HRL 45 0 A5 3] 732 1 254, Tong
8 199 20l LA R ) %5 1) H-MoO, FI1E f i
FL G 2 s B i, & B A i R 2 AR
B SiO,, A — & MEifL /e, WiE 10 iR, 5,
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=
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Distance/nm

(a) 7E ¢-Si _E UL MoO,, T I5 i % 4 18 18112 ; (b)MoO,, Ml c-Si A 32 LAk B8 ; (c)EDS 28 471 3 IX 38 i 485 4% i STEM & 1%

(d) f# F EDS £l & AN ST R WAL LS , /R 7E MoO, Fil ¢-Si Z [HJE i 1y Sio,, J= 19
Fig. 10. (a) The image of an as-deposited MoO, film on ¢-Si; (b) the image of the MoO, and c¢-Si interface; (c) cross-sectional STEM

image for the region of the EDS line scan; (d) compositional distribution of each element measured using the EDS line scan showing

a thinSiO,, layer formed between the MoO, and the c-Sil*l.
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Abstract

Due to the rapid development of dopant free asymmetric heterogeneous contacts in recent years, the
theoretical conversion efficiency can reach 28%, which has large room for development and has attracted one’s
attention. With the expectation of low cost and green pollution-free solar cell, the traditional crystalline silicon
solar cell has many limitations due to its high equipment cost and flammable and explosive raw materials. It
greatly increases the necessity of research and development of new solar cells with no doping and asymmetric
heterogeneous contacts. The new solar cell is safe and environmental friendly due to the multi-faceted
advantages of dopant-free asymmetric heterogeneous contact (DASH) solar cells constructed by transition metal
oxide (TMO): the TMO has been widely studied as an alternative option, because of its wide band gap, little
parasitic absorption, as well as repressed auger recombination, and conducing to the increase of the short-circuit
current density of the solar cells; the DASH solar cell has high efficiency potential, its theoretical efficiency has
reached 28%, and it can be produced by low-cost technology such as thermal evaporation or solution method; it
always avoids using flammable, explosive and toxic gases in the manufacturing process. Our group proposed
using MoQO, as a hole selective contact and ZnO as an electron selective contact to construct a new and efficient
DASH solar cell. It has achieved a conversion efficiency of 16.6%. Another device, in which MoO,, is used as the
hole selective contact and n-nc-Si:H as the electron selective, was fabricated, and its efficiency has reached
14.4%. In order to further speed up the research progress of the dopant-free asymmetric heterogeneous contact
crystalline silicon solar cell, the development status is reviewed, and the basic principle and preparation
technology of selective transport of transition metal oxide (TMO) carriers are discussed. And the effect of the
hole transport layer, the electron transport layer and the passivation layer on the performance of the TMO
dopant-free asymmetric heterogeneous contact (DASH) solar cells are discussed in order to have an in-depth
understanding of the working mechanism and material selection of the battery, thereby providing guidance in
preparing new and efficient DASH solar cells.

Keywords: dopant-free asymmetric heterocontacts, hole-selective contacts, electron-selective contacts,

transition metal oxide
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