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Introduction 

With the ongoing demand for high-efficiency and low-cost solar cells, back-contact (BC) solar cells 
have attracted significant attention as a promising direction for crystalline silicon (Si) photovoltaics 
[1]. However, to ensure electrical isolation and effective metal contact, conventional processes 
increase equipment costs, introduce processing complexity, and pose challenges in the fabrication 
of BC cells [2]. As it can integrate junction or back surface field (BSF) formation with metal contact 
deposition in a single step, self-doping doping technology has emerged as a promising alternative 
to traditional diffusion-based methods [3, 4]. Previous studies have demonstrated silver (Ag)-based 
self-doping pastes, but the associated cost remains a major limitation [5, 6]. In this work, we present 
a low-cost alternative based on a modified aluminum (Al) paste, which achieves in-situ formation of 
an n⁺ emitter on p-type silicon and an n⁺ BSF on n-type silicon. 

Methodology 

The base Al paste was a boron-free formulation, in which the glass frit in the standard commercial 
passivated emitter and rear cell (PERC) Al paste was replaced with a boron-free alternative, to 
eliminate the potential influence of boron on doping behaviour. To control the Al–Si reaction and 
doping behaviour, a reaction modifier was added to the Al paste at concentrations of 20 wt%. To 
achieve n-type doping, a powder mixture of 90 wt% phosphorus (P)-containing compounds and 10 
wt% antimony (Sb)-containing compounds was added at 5 wt%, along with an organic P source, 
tributyl phosphate (TBP), at 10 wt%. The detailed compositions of these modified Al pastes are 
summarized in Table 1. 

Table 1 Composition of the modified Al paste. 

 
P-type and n-type bare Si wafers were used in this study, and the wafers were printed with full-area 
Al contacts. Figure 1 (a) and (b) show the experimental flow chart and schematic of potential 
application in BC solar cells for the Al paste developed in this work. On p-type Si, it forms an n⁺ 
emitter, while on n-type Si, it creates an n⁺ BSF. The p⁺ region is formed using conventional Al paste. 
For characterization, the LA-150/LA-200 dark probe station was employed to examine the diode 
behaviour and resistance variation. SunLab Sherescan sheet resistance profiler was used to 
measure the sheet resistance before and after doping. The doping profiles of active doping 
concentration and depth were conducted using the WEP CVP21 ECV doping profiler, while the 
concentration of doping elements was conducted using the Time-of-flight secondary ion mass 
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spectrometry (ToF-SIMS). In addition, the Electron beam induced current (EBIC) characterization 
was conducted on an FEI Helios 600 NanoLab system. 

 
Figure 1. (a) the experimental flow chart, (b) schematic of potential application in BC solar 
cells for the Al paste developed in this work. 

Results 

Figure 2 (a) and (b) illustrate the dark current–voltage (I–V) curves and corresponding sheet 
resistance of p-type Si and n-type Si before and after metallization with the modified n-type Al paste. 
For the p-type wafer, the dark I-V curve changes from linear to diode-like after doping, suggesting 
the formation of a p-n junction. For the n-type wafer, the sheet resistance decreases from 650 Ω/□ 
to 80 Ω/□ after doping. The contact changes from semi-ohmic to ohmic, indicating the formation of a 
low-resistance n+ region at the interface. 

 

Figure 2. Current–voltage (I–V) characteristics of (a) p-type Si wafers and (b) n-type Si wafers 
before and after metallization with the modified n-type Al paste. 

To further investigate the doping concentration and depth, Figure 3 shows the ECV profiles of p-type 
and n-type Si before and after metallization with the modified n-type Al paste. The bulk doping 
concentration of the p-type Si wafer is nearly 1x1016 cm-3. After doping with the modified Al paste, 
an n-type layer with a depth of 0.4 µm and a concentration of 1.2x1019 cm-3 is formed. On the other 
hand, the bulk doping concentration of the n-type Si wafer is nearly 5x1014 cm-3. After doping with 



 

2-4 Dec 2025, Brisbane 

 

 

the modified Al paste, the n-type doping concentration can reach up to 8.0x1019 cm-3, forming a 
heavily doped region with a depth of 0.2 µm. 

 

Figure 3. Electrochemical Capacitance–Voltage (ECV) profiles of (a) p-type Si wafers and (b) 
n-type Si wafers before and after metallization with the modified n-type Al paste. 

 

Figure 4. (a) Secondary ion mass spectrometry (SIMS) profile and (b) Electron beam induced 
current (EBIC) imaging of p-type Si wafers after treatment with the modified Al paste. 

To obtain more direct evidence of n-type doping, SIMS and EBIC measurements were carried out 
on the p-type Si samples treated with the modified Al paste. As shown in Figure 4(a), the SIMS 
profile reveals that the concentrations of n-type dopants (P and Sb) near the Si surface are 
significantly higher than that of Al, confirming the formation of an n-type doped layer. Figure 4(b) 
presents the overlaid EBIC and SEM cross-sectional image, where the EBIC signal clearly reveals 
the presence of a p–n junction. Together, these results provide strong evidence that the modified Al 
paste enables in-situ n-type doping. 

Conclusions 

In conclusion, this work focuses on a modified Al paste with self-doping capability, enabling in-situ 
formation of n-type regions in BC Si solar cells. For n-type BC solar cells, the modified Al paste 
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enables in-situ formation of the n⁺ BSF, while the BSF exhibits a thickness of ~0.2 μm and a peak 
doping concentration of 8.0×1019 cm-3. For p-type BC solar cells, the modified Al paste enables in-
situ formation of the n-type emitter, and the emitter exhibits a thickness of ~0.4 μm and a peak doping 
concentration of 1.2×10¹⁹ cm-3.  The success of this work can significantly reduce the Ag usage and 
simplify the fabrication process of BC solar cells. 
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