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Supplementary Note 1. Effect of P doping configuration on MIGS and DBS

We investigated the effects of various P doping configurations on the MIGS and DBS
based on the calculation results presented in Figs. Sd and e. By using the model systems
displayed in Supplementary Fig. 14a, we calculated the integrated numbers of MIGS and
DBS for different surface types and P doping configurations. As shown in Supplementary Fig.
14b, the number of MIGS depends on P doping type (a similar trend is observed for DBS in
Supplementary Fig. 14¢). In particular, when P doping occurred near the Ag—Si interface, the
lowest number of MIGS (which was smaller than that of the pristine system) was obtained for
the (111) surface. Meanwhile, P doping can also increase the number of MIGS if it is performed
far from the Ag—Si interface (P dopingiype ). Nevertheless, this P doping type had the most
thermodynamically unfavorable formation energy (Supplementary Fig. 14d). Although all P
doping configurations obtained for the (100) surface produced lower numbers of MIGS than
that of the pristine system, they still exceeded the values obtained for the (111) surface, except
for P dopingype m1 (Supplementary Fig. 14b). Moreover, the difference between the numbers
of MIGS and DBS on the (111) surface was much larger than that on the (100) surface
regardless of the P doping configuration (Supplementary Figs. 14b and 14c). This indicates
that the recombination process induced by the Si dangling bonds in the (111) surface is
significantly inhibited by the Ag contact due to its epitaxial growth. Therefore, in the present
study, the observed decrease in Jo.metal 1s mainly caused by the lower number of DBS on the

(111) surface containing the epitaxially grown Ag layer.
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44  Supplementary Fig. 1 Parameters of the c-Si solar cell (Voc and pFF) obtained at various

45  firing temperatures. The red dashed lines indicate the average Vo and pFF values.
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Supplementary Fig. 2 Morphology of the Si surface in the glass frit/SiNx/Si structure after
the firing process (7 = 850 °C) determined by SEM. The glass frit was deposited by the

screen printing method, and its etching was performed using a 10 wt.% HF solution (3 min).
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51  Supplementary Fig. 3 Morphology of the Ag-evaporated Si surface in the Ag/SiNx/Si

52  structure obtained after the firing process (7 = 850 °C) by SEM.
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Supplementary Fig. 4 Lifetimes of the SiNx/Si and Ag/SiNx/Si structures obtained after

the firing process (7 = 850 °C). To determine the lifetime of the Ag/SiN,/Si structure, the

evaporated Ag film was removed using a 68 wt.% HNOs solution (3 min).
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Supplementary Fig. 5 Analysis of the Ag—Si interfacial structure. a, HRTEM image (Z.A.
= [001]). b, FFT pattern and filtered atom images of Si (left), Ag (middle), and the Ag—Si

interface (right). The firing temperature is 850 °C.
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61

62  Supplementary Fig. 6 TEM—-EDS mapping images of Ag and Pb elements (top view).
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64  Supplementary Fig. 7 TEM-EDS analysis of Pb atoms.
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66  Supplementary Fig. 8 Model systems of the Si and Ag surfaces. Three different surface

67  types ((111), (110), and (100)) were considered.
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Supplementary Fig. 9 Model systems of the Ag-Si interfacial structures for various
surface and P doping types. a-c, Three different types of Ag—Si interfaces (pristine, P
dopingype 1, and P dopingype 1) obtained for the (111) (a), (110) (b), and (100) (¢) surfaces. The
numbers of Si and Ag atoms in the pristine systems are equal to 90 and 64, respectively,
regardless of the surface type. In the P-doped systems, the number of P atoms is 2 regardless
of surface type. The numbers of H atoms in the (111), (110), and (100) surface systems are
equal to 9, 18, and 18, respectively. The H atoms and the bottom and top two layers of the Si

and Ag surfaces are constrained by x- and y-axes, respectively.
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Supplementary Fig. 10 Model systems constructed for the non-epitaxial Ag—Si interfacial
structures. a-c, Three Ag—Si interfacial structures (pristine, P dopingype 1, and P dopingiype 11)
obtained for the (111) (a), (110) (b), and (100) (c) surfaces. The numbers of Si and Ag atoms
in the pristine systems are equal to 90 and 64, respectively, regardless of the surface type. In
the P-doped systems, the number of P atoms is 2 regardless of the surface type. The numbers
of H atoms inthe (111), (110), and (100) surface systems are equal to 9, 18, and 18, respectively.
The H atoms and the bottom two layers of Si surface are constrained by the x- and y-axes,

respectively.
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Supplementary Fig. 11 LDOS calculated for the Si layers in the Ag-Si interfacial
structures. a,b, LDOS of the three types of Ag—Si interfacial structures obtained for the (111)

(a) and (100) (b) surfaces. The red dashed lines indicate the MIGS regions.
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Supplementary Fig. 12 LDOS of the Si layers containing dangling bonds. a, Model systems

of the (111) and (100) surfaces with dangling bonds. b,e, LDOS of the three types of Ag—Si

interfacial structures obtained for the (111) (b) and (100) (¢) surfaces. The red dashed lines

indicate the DBS regions.
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96  Supplementary Fig. 13 MIGS and DBS for Ag—Si interfaceoo) surface and Si(100) surface With

97  dangling bonds, respectively.
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Supplementary Fig. 14 Effects of P doping configuration on MIGS and DBS. a, Model
systems of the five P doping configurations for the (111) and (100) surfaces of the Ag—Si
interface and Si surface structures containing dangling bonds. b,c, MIGS (b) and DBS (c¢) of
the Ag—Si interface and Si surface structure containing dangling bonds, respectively. The black
and red dashed lines indicate the MIGS and DBS of the pristine (non-doped) systems. d,

Formation energies of the Ag—Si interface(11) surface Structure.

16



