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Abstract. This work assesses the thermal stability of n-type Epiwafers after a boron diffusion 
based on the carrier lifetime measurements and photoluminescence images. The Epiwafers 
show a high bulk quality (iVoc > 735-745 mV) in their initial state after passivation with PECVD 
SiNx:H films. After a customized thermal budget for boron diffusion, the Epiwafers did not show 
any significant degradation, suggesting their high thermal stability. In contrast, some n-type 
Czochralski (nCz) silicon control samples degraded significantly (∆iVoc = -30 mV) due to the 
formation of ring defects during boron diffusion. 
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1. Introduction

Epitaxially grown wafer (Epiwafers) are considered a promising alternative to conventional sil-
icon wafers for photovoltaic (PV) applications, primarily due to their low carbon footprint in the 
current electricity mix and kerfless manufacturing process [1], [2]. In addition to environmental 
benefits, Epiwafers offer cost-reduction potential, however, their production throughput must 
be improved to match that of a Czochralski (Cz) ingot process. Epiwafers typically exhibit lower 
oxygen than conventional Cz wafers [1], reducing the formation of oxygen-related bulk defects 
during high-temperature processes. 

New Recently, NexWafe’s EpiNexTM solar wafers achieved 24.4% efficiency with a com-
mercial M6 silicon heterojunction (SHJ) cell [3]. However, for high-temperature solar cell fabri-
cation, such as tunnel oxide passivated contact (TOPCon), the thermal stability of Epiwafers 
remains an important question. Previously, Rittmann et al. [2] reported an efficiency potential 
> 25% for p-type Epiwafers using a doped poly-Si passivating contact structure. Their study
examined the impact of 1050°C oxidation for 1 hour on Epiwafers and observed partial degra-
dation in 4-inch wafers. While large areas retained excellent carrier lifetimes, reduced lifetimes
were detected around slip lines. The degradation was attributed to either the dissociation of
impurities clustered at slip lines during oxidation or the multiplication and propagation of dislo-
cations within these regions [4].

This work investigates the thermal stability of n-type EpiNexTM from NexWafe, particularly 
under a high-temperature boron diffusion, and compares their performance with conventional 
n-type industrial Cz wafers.
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2. Experimental details

Three groups of n-type silicon wafers were used in this work. The first group of samples were 
n-type Epiwafers subjected to a phosphorus-diffusion gettering step, with the diffused regions
etched off. The remaining two groups were also n-type wafers but conventional Czochralski-
grown silicon (Cz-Si) wafers (referred as nCz1 and nCz2) from two different ingot growers. The
wafer properties of these samples are presented in Table 1. The interstitial oxygen concentra-
tions ([Oi]) of the Cz wafers were measured at room temperature using Fourier-transform in-
frared (FTIR) spectroscopy. However, the [Oi] in the Epiwafers could not be accurately deter-
mined due to their low thickness and inherently low oxygen content. Therefore, reference [Oi]
values for comparison with Cz wafers are used from Rittmann et al.[2] on p-type Epiwafers,
which is lower than in the conventional Cz wafers. Note the nCz1 wafers were from commer-
cially available wafer stock (ingot position was not available), while the nCz2 wafers were from
a seed-end of a standard silicon ingot.

Table 1. Wafer properties of the samples used in this work. 

Figure 1 shows the detailed experimental outline used in this work. Both types of n-type 
Cz-Si wafers underwent a phosphorus diffusion gettering (PDG) step to be comparable with 
the initial state of the Epiwafers with the diffused surfaces etched off prior to further processing. 
Then, all the samples were passivated by depositing 70 𝑛𝑛𝑛𝑛 thick SiNx:H layers on both sides 
using Plasma Enhanced Chemical Vapor Deposition (PECVD) (Roth and Rau AK400) with a 
substrate temperature ranging from 250 − 300 ℃ to assess their initial material quality and are 
referred as “initial (post-gettering)”. Following this, the SiNx:H layers on all samples were 
etched away using an HF dip, and a short TMAH etch was performed to refresh the surface. 

Next, all the samples were annealed at 650°C for 2.5 hours in nitrogen to accelerate oxy-
gen precipitation. This annealing was utilized to accelerate the formation of oxygen precipita-
tion nuclei [5], [6] and induce ring defects in the subsequent boron diffusion process. Boron 
diffusion was performed at 900°C for 30 minutes with BBr3 as the dopant source, followed by 
a 40-minute drive-in in nitrogen and a 20-min oxidation at 950°C, resulting in a sheet resistance 
of 150-160 Ω/□. Then, all the diffused layers were etched off using TMAH etching and all the 
samples were passivated by the same PECVD-deposited SiNx:H as for the initial state. Note 
that standard RCA cleaning was performed on the samples before any high-temperature pro-
cessing. 

Effective carrier lifetimes were measured using the quasi-steady state photoconductance 
and transient photoconductance decay techniques with a WCT-120 tool from Sinton Instru-
ments [7]. PL images were captured using an LIS-R1 PL imaging tool from BT imaging [8].  

Samples Thickness (µm) Resistivity (Ω∙cm) )3-] (cmi[O 
Epiwafers 110 ± 10 1-1.2  [2]1710  ×)4-0.1( 

nCz1 240± 10 1.5 1710  ×4 
nCz2 135± 5 5-6 1710 × 7 
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Figure 1. Experimental outline used in this work. 

3. Results and discussion 

3.1 Initial (post-gettering) 

Figure 2 shows the effective lifetimes (at  ∆𝑛𝑛 = 1 × 1015 cm-3) and the implied open circuit volt-
ages (iVoc) at 1-sun condition for the three types of samples after gettering, which represents 
the “initial state” in this work. The initial effective lifetimes of the samples range from 2.2−  4.5 
ms (740 −  745  mV), 9 −  12.5  ms (730 −  735  mV) and 9 −  12  ms (735 −  740 mV) for the 
Epiwafer, nCz1 and nCz2, samples respectively. The lower effective lifetimes of Epiwafers 
compared to nCz wafers is related to their low thickness and resistivities, as shown in Table 1, 
which makes iVoc values comparable to the nCz2 samples. 

Figure 1. (a) Effective lifetimes (at ∆n=1×10^15 cm-3) and (b) iVoc (at 1-sun) of the three types of 
samples used in this work in their initial state (post gettering). 

3.2 After boron diffusion 

Figure 3 shows the injection-dependent carrier lifetimes of representative samples from the 
three types of samples, both before and after boron diffusion step. The variations in effective 
lifetimes at the initial state (post-gettering) can be partly attributed to differences in the resis-
tivity and thickness of the wafers (Table 1), as also reflected in the intrinsic carrier lifetimes 
derived from the Niewelt model [9]. After boron diffusion, the effective lifetimes of the Epiwafers 
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did not show any significant degradation (Figure 3 (a)). In contrast, the nCz samples exhibited 
some degradation, with the nCz2 samples showing a significant reduction in carrier lifetimes 
(Figure 3 (b) and (c)). Furthermore, the nCz samples experienced a reduction in both iVoc and 
the implied voltage at the maximum power point (iVmpp), as shown in Figure 3 (d). These results 
suggest that Epiwafers exhibit high stability against thermal degradation, primarily due to the 
absence of defects related to oxygen precipitation. 

Figure 2. Injection dependent carrier lifetimes of the representative (a) Epiwafers, (b) nCz1 and (c) 
nCz2 samples in the initial (post-gettering) state and after boron diffusion. (d) Comparison of iVoc (1-

sun) and the iVmpp of the samples before and after boron. 

PL images also confirmed that no significant thermal degradation was observed in the 
Epiwafers, as shown in Figure 4. Note that some local non-uniformities due to processing-
induced damage were observed in the samples. Both types of nCz-Si samples show some 
degradation, with nCz2 exhibiting clear ring defect formation. These wafers are from the seed-
end of an ingot with relatively high [Oi], leading to the formation of ring defects by enhanced 
oxygen precipitation [10]. It is worth noting that the degree of degradation depends on the 
thermal budget, so these wafers may degrade further when used in industrial TOPCon fabri-
cation, which includes front boron diffusion and rear n+ poly-Si formation. It is worth noting that 
recent industrial n-type Cz wafers have achieved a high bulk lifetimes approaching their Auger 
limit, and contains low [Oi] < 4 × 1017 cm-3, ensuring excellent thermal stability [11]. 
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Figure 3. Uncalibrated PL images of the n-type samples before and after boron diffusion and passiv-
ated by SiNx layers. All PL images were captured at 0.5suns illumination intensity for 0.5s. 

4. Conclusion  

This work demonstrates that n-type Epiwafers exhibit excellent thermal stability during a cus-
tomized high-temperature boron diffusion process. No significant degradation in carrier life-
times or iVoc was observed, as confirmed by PL imaging and lifetime measurements. In con-
trast, conventional n-type Cz wafers, especially those with higher interstitial oxygen concen-
trations, exhibit degradation due to oxygen precipitation-induced ring defects. These results 
highlight the suitability of Epiwafers for advanced high-temperature cell architectures like TOP-
Con, offering a promising pathway toward low-carbon, high-efficiency solar cells. 
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