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Fig. 1. (a) Schematic diagram of the SHJ solar cell with the double passivation layer; (b) schematic diagram of the SHJ solar cell

with the double emitting layer.
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Fig. 2. Minority carrier lifetime and variation trend of V¢
in single passivation layer with different hydrogen dilution

ratio.
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Fig. 3. FTIR spectra of (a) conventional passivation layers

and (b) buffer passivation layers.

M3 LA Y, IREh 3 m S R L i 22 v 2
o, AR (SiH,) B A7 ECBH R R AL 2
Z. —fekul, BABANHOMES I HF (R) By 5
H i-a-St:H AR FIF SHI K FH AL i R AR, SR
Ifi, 7£ PECVD 22, a-Si:H /c-Si FL 1 il A E A=
KAHF R gl 022, RAFAF GG, HRE S
2% oh JZATY A Ay B8 1 TP B AR 1) a-SitH /c-Si 5t
[k AL, RS PECVD T2, 784K

188401-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 18 (2021)

188401

DUBUERAAE T, n] DU A ROm I it B ke, JF
ST REINZE S ANE A . TRl T2 bR B AR
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i 7 B R XS AR B = f A RCR
AR AR KA TR, fELJE: IR O 42 o J= ) s e
PAKAE 5 SRR IR DTS AR, Si—H, BEWT 3,
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2, MG PR IREEGIN, 3 22 BE 2 fAR R AL
BORTCIEAF R, PRS2 b= A S5 E 28 S E 2L
P a2 iy T [ 5 B2 2 o J= % A F i FlL i Ve
A, rTLUE Y, R 2R 04— 1 nm Z
[E, 7 FF i ETE 3 ms 2, ULWIZE oh 2
XA P B R B B AR T, Y 2% o R R R
1 nm J&, DT R i Voo ATRKH TR, X R
BFA R G2 02 B 20 B RARGALZ RO PERE, i
AR R G2 wh 2 AFAE, Jm SE DRI BEAL )R 1 1
FEAE R R REAR, BEAL R A B 26 MF AR B 2 HiT AT
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Fig. 4. Minority carrier lifetime and Voo of samples with
different thicknesses of buffer layer.
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N w AL )Z SR LU DT 5 iV BIRE
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T A R A REEERCR, R R )2 r
A i-a-Si:H $2 4t 7 /472, [RIE i T2 o202

IR, n] DUA RO i S HEE, Brll g e-Si 4%
fih 1<) 3 75 ARMEIE RSP, I HAR S 3R A9 2 v )2 08
c-Si AP IRAYE i B/, 0 T LB Z R U, WUZ
BiALZ RERS A v BIAL T2 1.

750
5000 F W 7ot
4500 [ iVoc 4197
1740
4000 {3776 3886 3726
3500 1
5 3000 [ 1730 2
< £
5 25001 o
= Y
2000 | 1720 =<
1500 1
1000 1710
500 |
700

0
80/20 90/20 100/20 110/20 120/20
Ry (Hy'SiHy)

Bl5 A [ SR B LB SUZ SRR 9 2 TR 5 iVoe
A

Fig. 5. Minority carrier lifetimes and Ve of samples of
double passivation layer for different hydrogen dilution

ratio.
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Fig. 6. Minority carrier lifetimes of samples with double

passivation layers or single passivation layers.

188401-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 18 (2021)

188401

3.2 WEXAHEX SHI KPHE A
3.2.1  AT#H 2 AT SHI K 8 #8) % vk

R B 4B A o R T 2 1 b, iR
HEECE 5 A B AR v B i 4201 R FRATT R
FREB A0 pne-SEH AR N LRI AZE. B
el T ARSI LT SC PR SH H b & B R 1) H 2
PERE, FEBE FUIRURE 5 nm /Y i-a-Si:H, FUT
FU15 nm (1Y p BB ZR)ZE, SRS HEATAH I 1 HL =
. B 7 FRA p BIBAEE PR R
B el B s e AR k.

7.2

5.4

3.6

sl

N/(10'8 cm—3)

0

L
012 _— \
[ ]

0.116

&
0.114 /
[
0.087F \ /
A
1.0 1.2 1.4

Conductivity/(S-cm~1)

0.038 £

A
0.145 |

E,/eV

0.076
0.058 |

0.8
TMB flow rate/sccm
Bl 7 AFEBA RN p BB A2 0B FHREE . B 5 R LU
B g
Fig. 7. Carrier density, conductivity and activation energy

of p-type layers with different TMB flow rate.
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IR FWIE TR 1.24 x 10 cm 3. NiE—L 56
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Fig. 8. Raman spectra of p-type layers with different TMB
flow rate.
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Table 1.
different hydrogen dilution ratio in the p™ -nc-Si:H

J-V parameters of SHJ solar cells with

layer.

Hy:SiH,;:TMB  Jso/mA-em®  Voo/V FF/% Eff /%

120:4:4 38.7 0.709 66.57 18.26
160:4:4 38.91 0.710  69.08 19.08
200:4:4 39.15 0.709 70.84 19.66
240:4:4 38.4 0.708 65.56 17.8

#2 EBEEANBRENLIBAASEH
Table 2.  J-V parameters of SHJ solar cells with
different TMB flow rate in the p**-nc-Si:H layer.

Hy:SiH;:TMB  Jso/mA-cem®  Voc/V FF/% Eff/%
200:4:4 39.15 0.709 70.84 19.66
200:4:4.8 39.37 0.708 71.86 20.03
200:4:5.6 38.79 0.709 69.71 19.17
200:4:6.4 38.7 0.710 63.20 17.3

R TSR Z p B SRR SRR P fiE
B R i 4 p-ne-Si:H fl p-ne-Si:H/p*+-nc-
Si:H (H1B24%) Pish & S A BHE o XT L, WA iF
AL EEE IS 15 nm, W T PR [E A REE
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Fig. 11. (a) J-V curves and (b) EQE curves of SHJ solar cells with different p-type emitters.
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Abstract

Silicon heterojunction (SHJ) solar cells have attracted much attention in the international photovoltaic
market due to their high efficiencies and low costs. The quality of amorphous silicon/crystalline silicon (a-
Si:H/c-Si) interfaces of SHJ solar cells has a key influence on the device performance. Therefore, the carrier
recombination rate of a-Si:H/c-Si interface needs to be effectively controlled. In addition, as the important
component of SHJ solar cells, the p-type emitter must meet the requirements for high conductivity, high light
transmittance, and energy band matching with c-Si. The research contents and the relevant achievements of
this paper include the following aspects.

Firstly, in order to reduce the surface defects and realize the energy band alignment of a-Si:H/c-Si
interface, the effect of passivation layer on passivation effect is studied. An ultra-thin buffer layer deposited by
a low power and a high hydrogen dilution ratio is inserted between the conventional passivation layer and c-Si
to improve the passivation effect and broaden the process window of passivation layer. The effects of the buffer
layer thickness and hydrogen dilution ratio on passivation quality are further studied, and the best experimental
conditions of buffer layer are obtained. The experimental results show that the sample with double-layered
passivation layer is more stable than the conventional passivation layer. The minority carrier lifetime of the
sample with single conventional passivation layer is 3.8 ms and the iV is 712 mV, while the minority carrier
lifetime of the sample with double-layered passivation layer is 4.197 ms and the iV is 726 mV.

Secondly, for the p-type emitters of silicon heterojunction solar cells, the effects of doping level on the

* Project supported by the National Key R&D Program of China (Grant No. 2018 YFB1500402) and the National Natural
Science Foundation of China (Grant No. 62074084).
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photoelectric properties of p-type hydrogenated nanocrystalline silicon (nc-Si:H) thin films are studied. On this
basis, the p*+-nc-Si:H/p-nc-Si:H double-layer emitter with wide band gap and high conductivity is designed and
fabricated. By analyzing the optical and electrical properties of different emitters, it is found that p-nc-Si:H has
good electrical and optical properties. Owing to the high doping efficiency of nc-Si, a small amount of doping
can obtain high conductivity. Lightly doped p-nc-Si:H provides a better contact with the passivation layer,
while heavily doped p**-nc-Si:H can not only provide enough built-in electric field, but also improve the contact
characteristics of p/ITO, thus enhancing the output characteristics of the cell. At the same time, the deposition
of p-nc-Si:H layer with high hydrogen dilution ratio can also implement the hydrogen plasma treatment on the
passivation layer, the reduction of the dangling bonds on the surface of the c-Si, the enhancement of the
chemical passivation effect, and thus improving the open circuit voltage of the cell.

Finally, a silicon heterojunction solar cell with an efficiency of 20.96% is obtained based on the commercial
czochralski silicon wafer, with an open circuit voltage of 710 mV, a short circuit current density of 39.88 mA /cm?
and filling factor of 74.02%.

Keywords: silicon heterojunction solar cell, passivation layer, emitter, composite structure
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