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Assessing Soldering Flux-Induced Corrosion on TOPCon Solar Cells 

Summary 

The n-type tunnel oxide passivated contact (TOPCon) cells has made significant progress and is 
now dominating the market. However, reliability concerns persist, particularly in environments with 
high temperatures and humidity, which can result in notable power losses. Metal corrosion is a 
common failure mode in in hot and humid conditions, often leading to a gradual rise in series 
resistance. In addition to acetic acid generated from the decomposition of ethyl-vinyl acetate (EVA), 
residual soldering flux (used in joining ribbon wires and busbars of cells) has been recognized as a 
major contributor to metal corrosion. The activators in soldering fluxes are generally weak organic 
acids, such as carboxylic acids. This study examines the effect of different soldering fluxes (referred 
to as Flux A and Flux B due to confidentiality reasons) on the degradation of TOPCon solar cells 
under damp heat (DH) conditions. The methodology involves applying soldering flux to either the 
front or rear surface of non-encapsulated TOPCon cells, followed by a 122-hour DH test at 100°C 
and 85% humidity. The findings reveal that soldering fluxes with various activators exhibit different 
levels of metal corrosiveness, which can lead to increased porosity and the detachment of contacts 
from the silicon interface. Our results show that Flux A causes more corrosion than Flux B. We also 
delve into the underlying reasons for these observations using nanoscale chemical analysis via 
scanning electron microscopy. These results offer critical insights into the corrosive mechanisms of 
soldering fluxes. This study suggests that certain soldering fluxes can negatively impact TOPCon 
cells under high humidity conditions, particularly when cells are encapsulated with a bill of materials 
that have a high water vapour transmission rate (WVTR), such as a glass-back sheet structure. 
However, it remains uncertain whether the fluxes would similarly affect cells encapsulated with low 
WVTR materials, such as glass-glass structures. Therefore, careful selection of soldering flux is 
essential. Additionally, this research highlights the value of cell-level testing without encapsulation. 
Such testing offers considerable time and cost savings and enables more efficient and accurate 
identification of failure mechanisms. It provides the photovoltaic industry with a rapid method to 
assess the detrimental effects of soldering flux on cell technology, facilitating informed decisions that 
help maintain PV module reliability. 

Introduction 

Although n-type tunnel oxide passivated contact (TOPCon) solar cell technology currently dominates 
the PV market, reliability concerns persist, particularly in environments with high temperatures and 
humidity, which can result in substantial power losses. This issue is further aggravated when using 
low-cost encapsulation materials like ethylene-vinyl acetate (EVA) [1]. Hence, it is crucial to study 
the degradation of TOPCon cells under damp heat (DH) conditions. Metal corrosion is frequently 
observed as the primary failure mode after DH testing, leading to a gradual increase in series 
resistance (Rs) and a resulting decline in module performance [2]. The root cause of corrosion is 
believed to be chemical reactions between moisture, various contaminants, and the metal contacts 
of the solar cell. These contaminants may include acetic acid hydrolysis products from EVA [3], with 
residual soldering flux also playing a significant role in metal corrosion. The activators in organic 
soldering fluxes, along with halogen content and/or mineral salts, can chemically interact with cell 
metallization in highly humid environments, thereby increasing series resistance (Rs) [4]. 
Consequently, this study will examine the effects of different soldering fluxes on damp heat-induced 
degradation in TOPCon cells. 

Approach 

Two types of industrial TOPCon cells from the same production line but fabricated in different years 
were used: one produced in 2022 and the other in 2019, both with dimensions of 158 mm x 158 mm. 
The front side of the cells has a boron-doped emitter (p+ emitter), with a layer of silicon dioxide 
(SiO2)/aluminium oxide (Al2O3)/hydrogenated silicon nitride (SiNx:H), covered by an H-pattern silver 
grid printed using screen printing. The backside consists of SiO2/n+ doped polysilicon/SiNx:H, along 
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with a similar H-pattern silver grid, but the silver paste used on the front and back sides is different. 
Two types of commercial flux were used in the experiment, named Flux A and Flux B. The chemical 
composition of the fluxes consists of different weak acids and alcohols or esters, with the acid serving 
as the main functional component. Flux A contains a dicarboxylic acid as the activator, while Flux B 
contains malic acid. The detailed chemical compositions of the two fluxes are shown in Table 1[5], 
[6]. The cell samples were divided into five groups: T1) Flux A exposure front; T2) Flux A exposure 
rear; T3) Flux B exposure front; T4) Flux B exposure rear; T5) control group. Before performing all 
experimental procedures, the equipment and samples were thoroughly cleaned with deionized water 
to minimize the presence of contaminants on the surface that could affect the results. The flux was 
then applied to the sample surface by spraying. All samples were then dried on a hot plate at 85°C 
for approximately 5-10 minutes to evaporate the residual alcohol in the flux. After drying, DH tests 
were conducted at 100°C and 85% relative humidity (RH). The experimental process is detailed in 
Figure 1. One Sun I-V measurements were taken on all samples before and after the 122-hour DH 
test using pv-tools' LOANA tool under standard testing conditions. Rs images were captured using a 
BTi (LIS-R3) electroluminescence imaging system before and after the DH test. Finally, some 
samples were analyzed with a field emission NanoSEM 450 system to obtain scanning electron 
microscope (SEM) images. 

Results and discussion 

Figure 2 shows the relative changes in I-V parameters and the evolution of Rs images before and 
after the 122-hour DH test of the two types of cells. Figures 2a and 2c show the I-V data images of 
cells produced in 2022 and 2019, respectively. The y-axis represents the relative decrease in Pmax, 
Jsc, Voc, and the relative increase in Rs. The cells produced in 2019 showed no significant changes, 
and the rear exposure and control groups from 2022 also showed no significant changes. However, 
in the front exposure groups, T1 and T3, degradation was clearly observed. The degradation was 
more pronounced in the T1 group, with efficiency decreasing by ~32%rel. Additionally, there was 
almost no change in Voc. Figures 2b and 2d show the Rs image cells produced in 2022 and 2019. 
For the 2019 cells, it is evident from the data that the degradation in each sample group after the DH 
test was minimal, consistent with the I-V results. For the 2022 cells, a significant increase in Rs was 
observed when the front side was exposed to Flux A. The Rs of samples exposed to Flux B also 
increased on the front side, but to a lesser extent than those exposed to Flux A. It is noteworthy that 
the Rs images of all cells (both produced in 2019 and 2022) exposed to rear flux remained unchanged, 
which is very consistent with the I-V results.  

Figure 3 shows the top-view SEM images of the control sample group and the front exposure 
samples manufactured in 2022. It can be observed that the surfaces of both the Flux A and Flux B 
front exposure samples display signs of corrosion and the growth of small, plate-like crystals. The 
corrosion in the FluxA samples is significantly more severe than in the Flux B samples, which is 
consistent with the I-V results. We speculate that the difference in corrosiveness between Flux A 
and Flux B may be due to the halogens detected in Flux A, which were not reported in the datasheet. 
According to mass spectrometry and electron microscopy analysis, the halogen content (iodine, 
fluorine, bromine, etc.) in Flux A is significantly higher than in Flux B. These halogens may react with 
the dicarboxylic acid, replacing the hydrogen atoms on the carbon chain, thereby forming a stronger 
acid[7]. 

Figure 4 shows the cross-sectional SEM images of the fresh cells' front contacts manufactured in 
2022 and the cells exposed to Flux A, manufactured in 2022 and 2019. Despite exposure to Flux A 
and subsequent damp heat (DH) testing, no significant changes were observed in the 2019 samples 
[see Figure 4c]. This lack of change is consistent with the minimal changes in the I-V and Rs images 
for this group. Furthermore, there was no significant difference between the fresh contacts and the 
flux-exposed cells for the 2019 cells, although the specific data is not presented due to space 
limitations. 

On the other hand, the front contacts of the cells produced in 2022 show more porous structures, 
with multiple pores present within the contact, even without flux exposure and DH testing (fresh cells), 
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see Figure 4a. The cells exposed to Flux A show more severe changes, with numerous cracks, 
corrosion, and more prominent pore sizes, see Figure 4b. This suggests that Flux A may have 
penetrated the contacts and chemically reacted with the internal additives, causing severe contact 
damage. Similar changes were observed in the contacts of the cells exposed to Flux B. This can 
explain why the Rs of this group (cells produced in 2022) increased significantly after the DH test. 

 

  

Figure 1. Experimental flow diagram (left), and Table 1 Chemical compositions of two fluxes 
(right). 

(a) I-V results of cell manufactured in 2022 (b) Rs images of cell manufactured in 2022 

  

(c) I-V results of cell manufactured in 2019 (d) Rs images of cell manufactured in 2019 

 
 

Figure 2. I-V results and Rs images before (initial) and after DH testing of (a)&(b) cells 
fabricated in 2022 and (c)&(d) cells fabricated in 2019. 
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(a) Fresh, 2022 (b) Flux A (T1), 2022 (c) Flux B (T3), 2022 

   

Figure 3. Top-view SEM images of the front finger of cells fabricated in 2022. 

 

(a) Fresh, 2022 (b) Flux A (T1), 2022 (c) Flux A (T1), 2019 

   

Figure 4. Cross-section SEM images of the front finger of a) fresh cell fabricated in 2022, b) 
cell exposed to Flux A fabricated in 2022, and c) cell fabricated in 2019 exposed to Flux A. 
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