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Note S1. Demonstration of the importance of the drying process in an air-oven at 90 'C for 10 min
after HF etching

After thorough cleaning, an oxide layer was produced on the surfaces of the c-Si wafer and removed by
the following HF etching. Subsequently, before being transferred to the vacuum chamber of the
thermal evaporator, the wafer was dried in an oven at 90 ‘C for 10 min. Since air was in the oven,
another oxide thin layer must regrow on the surfaces of the wafer. In order to verify the necessity of
this drying process, we fabricated two c-Si heterojunction solar cells with and without the drying
process. The HSCs of the two cells were MoO,/8-nm Ag HSCs and the ESCs were LiF,/Al ESCs. The
measured J-V curves are shown in Fig. S1 and the characteristic parameters are listed in Table S1. With
the drying process, the fabricated solar cell demonstrates enhancements in Ji, V.. and PCE with a
negligible reduction in FF. This clearly illustrates that the drying process is of great necessity to improve

the interfacial qualities between c-Si and LiF, as well as between c-Si and MoO,, and hence the power
conversion performance of the device.
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Fig. S1 Measured J-V curves of the 200-um thick c-Si heterojunction solar cells fabricated with and without the drying process.

Table S1 The characteristic parameters of the 200-um thick c-Si heterojunction solar cells fabricated with and without the drying

process extracted from the measured J-V curves shown in Fig. S1.

200-um thick c-Si Joe Ve FF PCE Shunt Resistance Series Resistance
solar cells (mA/cm?) (mV) (%) (%) (Q:cm?) (Q:cm?)
With drying 17.69 524.4 72.99 6.77 1243.8 3.99

Without drying 16 522.1 73.2 6.11 1154.7 3.88




Note S2. Transfer length method

The contact property between the hole-selective contact (HSC) and the n-type Si was characterized
with a transfer length method [S1]. As shown in Fig. S2, when a voltage (V) is applied to the Ag line
pads, a current (l) can be measured, flowing from one pad to another. If Ohmic contacts are formed at
the HSC/Si interfaces, the current will vary linearly with the voltage. The total resistance, Ry, between

the two pads can be derived easily from the slope of the linear |-V curve.
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Fig. S2. Schematic diagram of the transfer length method for contact property characterization.

Actually, Ry, originates mainly from the in-plane resistance, R;,, between the pads and the contact

resistance, R., under the pads. Assuming the same R, of the two pads, Ry is expressed below:

R

tot

:?zRip +2R, (1)

where, Ri, = Rsh_nsc*S/L, Rsn_nsc is the sheet resistance between the two pads, S and L are the pad spacing
and length, respectively. Since the current can pass through the single layer or double layers of the HSC
and also the inversion layer immediately under the HSC, Rq,_usc is an overall sheet resistance of both
the HSC and the inversion layer.

At the HSC/Si interface, if R, is small enough, only part of the pad is used for current flow. In this

case, the effective width, Wy, is smaller than the physical width, W, of the pad (Fig. S2), and R, can be

Pe_nsc _ N pc_HSCRsh_HSC

expressed below:

R = = (2)
¢ WTL L
On the other hand, if Wy is larger than W, the whole pad is used for current flow, and R is expressed
below:
o)
Rc _ Fe nsc (3)
WL

In Egs. (2) and (3), pc nsc is the contact resistivity of the HSC/Si interface, which is also an overall



parameter representing all the factors along the current flow vertically from the Ag pad to the HSC
under the pad and to the inversion layer immediately under the HSC.

By changing the pad spacing, S, we can measure a series of linear |-V curves and plot the extracted
Riot @s a function of S, as shown in Fig. 2a, 2b and 2c for the three HSCs. According to Egs. (1)-(3), Riot
varies linearly with S, and can be fitted with a straight line. From the slope and the intersection with

the vertical axis of the Ryo-S fitting line, both R, nsc and pe_nsc can be easily derived, respectively.
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Fig. $3. Measured optical transmission spectra of Ag films with different thicknesses a ~ 55-nm thick ITO on quartz substrates

coated with ~ 23-nm thick MoO, layers. All the spectra are normalized to that of the quartz substrate.
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Fig. S4. Measured reflectivity spectra of the 50- and 200-um thick c-Si heterojunction solar cells with MoO,/8-nm Ag and
Mo0O,/55-nm ITO HSCs.
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Fig. S5. Measured J-V curves of the 50-pum thick c-Si heterojunction solar cells with (a) the MoO,/8-nm Ag HSC and (b) the
Mo0,/55-nm ITO HSC, being bent at different curvature radii, r.
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Table S2 Comparison of the contact resistivities of the MoO,/8-nm Ag, Mo0O,/55-nm ITO, and pure MoO, HSCs to the n-type c-Si

in our work, as well as the contact resistivities of previously-reported HSCs to either n-type or p-type c-Si.

HSCs Pc_nsc (Q*cm?) References
8-nm Ag/MoO,/n-Si 0.053 This work
55-nm ITO/Mo0,/n-Si 0.114 This work
Mo0O,/n-Si 2.56 This work
MoO,/n-Si 0.1 S1
Ag/Mo0;,:V/n-Si 2.1 S2
Ag/ITO/Mo00,/n-Si 0.385 S3
Ag/Mo0,/a-Si:H(i)/n-Si 0.224 S4
MoO,/n-Si 0.0785 S5
Ag/MoO,/n-Si 0.0559 S6
Ag/s-Mo0,2/n-Si 5.6 S7
Ag/ALD® MoO,/p-Si 0.38 S8
MoO,/p-Si 0.32 S9
Al/Ni/Mo0O,/p-Si <0.01 S10
MoO,/p-Si 0.053 S11

ALDP VO,/n-Si 0.095 s12

ALDP V,05/n-Si 0.25 S13
Ag/WO,/V,0,/p-Si 0.061 S14
Ag/Cu:CrO,/p-Si 0.095 S15

2Solution-processed MoO,; "Atomic layer deposition.
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