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Introduction 

Tunnel Oxide Passivated Contact (TOPCon) technology, which offers higher efficiency potential and 
lower degradation rate, is increasingly capturing a significant portion of the market share and will 
overtake the Passivated Emitter and Rear Cell (PERC) technology this year [1]. However, extra silver 
usage in TOPCon solar cells has become a significant problem regarding both silver availability and 
material expense [2]. Many efforts have been made to (partially) replace the screen-printed Ag paste 
with other cheap and abundant metal pastes like Aluminum (Al), Nickel (Ni), or Copper (Cu) pastes, 
etc [3], [4], [5]. As a potential candidate to replace Ag, Al has been widely used as p-type contact on 
the rear side of the Aluminum Back Surface Field (Al-BSF) and PERC solar cells. However, it has 
not been widely used on the rear side of n-TOPCon solar cells to form direct contact with thin and 
delicate n-type poly-Si layers. This study investigates the use of a specialized Al paste as a 
replacement for Ag paste in contact with the n-type TOPCon structure. 

Methodology 

Bifacial M6 (166 × 166 mm2) size n-type TOPCon solar cells and TOPCon cell precursors without 
metallisation or rear-side screen-printed contacts from a cell manufacturer were used in this work. A 
femtoseconds (fs) Ultraviolet (UV) laser was used to selectively remove the rear side SiNx layer of 
precursors for the preparation of non-fire-through (NFT) Al contacts. After the laser contact opening 
(LCO), the samples were screen-printed with the traditional and special Al paste, followed by drying 
and co-firing steps. Additionally, numerical simulation software Quokka 3 [6] has been used to 
evaluate power losses from different mechanisms and determine the optimal LCO pattern designs. 
Figure 1 (a) and (b) show the experimental flow chart and schematic of finished precursors and cells. 

 

Figure 1. (a) Experimental flow chart, (b) Schematic of finished precursor and cells. 

For characterization, the Olympus BX61 optical microscope was employed to examine the LCO dots, 
while the BT Imaging LIS-R3 PL imager was utilized to monitor iVOC changes after LCO and 
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metallisation. Cell current-voltage (I-V) measurements were conducted using the Sinton Instruments 
FCT650 IV tester (Xe flash). A FOBA M1000 scribing laser was used to cut samples in preparation 
for the transfer length method (TLM) to extract contact resistance. Scanning Electron Microscopy 
(SEM) was performed to analyse the cross-sectional images of two Al paste contacts and to observe 
the top-view of the LCO dot. 

Results 

Figure 2 (a) illustrates that clear SiNx removal and LCO dot features could be observed under the 
optical microscope. Under optimised LCO conditions, no damage was induced to the underlying 
poly-Si/SiOx stacks, as there was no iVoc loss after LCO from the PL images. From the top-view 
SEM image of the LCO dot in Figure 2 (b), the clear layer difference between the non-LCO and the 
LCO region can also be monitored. 

 

Figure 2. (a) LCO dots under optical microscope, (b) Top-view SEM image of a LCO dot. 

By checking the cross-sectional SEM images of two Al paste contacts to TOPCon stacks in Figure 
3 (a) and (b), the formation of ~5-7 μm thick Al-Si alloy and Al-p+ region under the traditional Al paste 
can be detected. This penetration through the ~120 nm TOPCon stack has severely damaged the 
passivated contact performance. In contrast, the formation of large-area Al-Si alloy and Al-p+ regions 
have been largely suppressed with the special Al paste, which should be considered a critical 
prerequisite for the TOPCon structure to maintain its surface passivation quality. Therefore, the 
special Al paste was selected in this work to further investigate the potential of using Al paste to 
replace the Ag paste in TOPCon solar cells.  

 

Figure 3. Cross-sectional SEM images of (a) Traditional Al paste and (b) Special Al paste 
contacting to TOPCon stacks. 

To understand the Al/Si interfacial contact properties, the conventional area-weighted method [7] 
was conducted to extract the contact recombination (J0, metal) of the special Al paste on TOPCon cell 
precursors. It can be checked from the PL image that even a small difference in contact area could 
lead to a large variation in iVOC results. Also, the contact resistivity (ρc) was measured. The extracted 

J0, metal and ρc of the special Al paste are listed and compared with the Ag paste in Table 1. 



 

3-5 Dec 2024, Sydney 

 
Table 1. J0, metal and 𝛒𝐜 of special Al paste and Ag paste [8] contacting to n-TOPCon. 

Paste type J0, metal (fA/cm2) 𝛒𝐜 (m𝛀 ∙ cm2) 

Special Al paste 41238.2 0.4 

Ag paste 73.8  0.9  

According to Table 1, the contact recombination induced by the special Al paste is much more severe 
than the Ag paste. Such high recombination might greatly affect the surface passivation quality and 
result in a strong VOC loss. However, given the remarkably low contact resistivity achieved with Al 
contacts, one option to minimize the impact of high contact recombination on cell efficiencies is to 
substantially reduce the Al/Si interface areas between Al fingers and the poly-Si layer. 

To understand the efficiency potential of rear-Al TOPCon with such an alternative metallisation 
design, the optimal LCO dot spacings under different J0, metal and ρc conditions have been simulated 
in Quokka 3. The result demonstrates that efficiency can be improved by reducing both J0, metal and 
ρc. Meanwhile, even with the high J0, metal and low ρc values similar to the experimental results, it is 
still possible to achieve relatively good cell efficiency. Most importantly, the simulated optimal LCO 
dot spacing has accounted for and balanced the effects of different J0, metal and ρc  on cell-level 
performance, offering valuable guidance for experimental work. The target to achieve 23.8% 
baseline efficiency could be possible with various ρc and J0, metal values as provided. 

As a proof of concept, M6 full-area TOPCon solar cells were fabricated with the special Al paste in 
this work. As illustrated in Figure 4, the rear-Al champion cell has reached a promising efficiency of 
22.9% with a VOC of 704 mV and an FF of 79.3%, which is within 1% efficiency gap with the rear-Ag 
baseline TOPCon cell. The main efficiency loss is from reductions in VOC and FF. The VOC loss might 
be caused by the strong Al/Si contact recombination, while the FF loss could be attributed to the 
high series resistance. 

 

Figure 4. Rear-Al TOPCon champion cell & Rear-Ag baseline TOPCon cell I-V results. 

Conclusions 

In summary, this work investigated the special NFT Al paste for n-TOPCon solar cells. By optimizing 
laser conditions and LCO pattern design, a 22.9% rear-Al TOPCon champion cell was successfully 
fabricated. Additionally, a numerical simulation roadmap toward 23.8% efficiency was conducted, 
offering a valuable guidance for improving cell performance and narrowing the efficiency gap with 
the rear-Ag baseline TOPCon solar cell. The success of this work can significantly reduce silver 
usage in TOPCon and TOPCon Back Contact solar cells, thereby further reducing the manufacturing 
cost of high-efficiency solar cells. 
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