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Carrier Selective Contacts based on Low Pressure Chemical 

Vapor Deposition on Planar and Black Silicon 

SUMMARY 

We fabricated and investigated the passivation quality of tunnel oxide passivated contacts 

(TOPCon) fabricated by low pressure chemical vapour deposition (LPCVD) of 

polycrystalline silicon (poly-Si) on ultrathin silicon oxide layers. We obtained promising 

implied open circuit voltage (iVoc) values of up to 720 mV on device precursor wafers with 

no surface texturing, and of 707 mV on a wafer textured by reactive ion etch (RIE) to give 

black silicon. Further improvement can be achieved by improving the quality of the p-type 

selective contact, as preliminary results indicate. 

1. INTRODUCTION 

The TOPCon is a class of selective contacts that enables excellent charge carrier selectivity 

on crystalline Si [1,2]. It consists of an ultra-thin (thickness ≤ 2 nm) silicon oxide (SiO2) 

layer in combination with a doped polycrystalline-Si layer, and it is compatible with 

processing temperature up to around 900 °C [3]. Doped poly-Si layers are traditionally 

fabricated by ion implantation of intrinsic poly-Si. Here, we focus instead on depositing in-

situ doped poly-Si layers by LPCVD, a method with a higher degree of compatibility with 

industrial production. We fabricated both symmetric (i.e. same doping of poly-Si on both 

wafer sides) and asymmetric device precursor samples, with p-type or n-type poly-Si on 

either side. The minority carrier effective lifetime of the device wafers is limited by 

recombination at the p-type poly-Si contact, which we therefore investigated in more detail 

by varying parameters such as growth method of the tunnel oxide and gas flow of boron 

precursor during LPCVD. In addition, we present very promising results in terms of implied 

open circuit potential (iVoc) on wafers with one surface textured by reactive ion etch to give 

black silicon, a notoriously challenging surface to passivate effectively. 

2. MATERIALS AND METHODS 

Double side polished n-type Czochralski Si wafers from Okmetic were used (diameter 

100 mm, resistivity 1 Ω cm, thickness 350 µm, (100) orientation). 1.5-1.8 nm thick tunnel 

oxide (TO) layers were grown by: (i) chemical oxidation in 65 %wt HNO3 solution at 95 oC; 

or (ii) thermal oxidation at 600 oC in a tube furnace. Subsequently, 40 nm poly-Si layers 

were deposited using LPCVD at 620 oC, with SiH4, B2H6 and PH3 as precursors for Si, B 

and P, respectively. The flow of B2H6 was either 7 or 14 sccm. Afterwards, the samples were 

annealed for 10 min in N2
 at 850 oC or 900 oC for further crystallization and dopant 

activation. Asymmetrically passivated wafers were prepared using the following procedure: 

protection of the back side by depositing 500 nm of SiO2 by plasma-enhanced CVD 

(PECVD, SPTS); TO growth and p-type poly-Si LPCVD run; RIE and wet etch in buffered 

HF solution to remove poly-Si and SiO2 on the back side, respectively; protection of the 

front side by 500 nm PECVD SiO2; TO growth and n-type poly-Si LPCVD run; RIE (SPTS) 

and wet etch in buffered HF solution to remove poly-Si and SiO2 on the front side, 

respectively; annealing of the poly-Si. Hydrogenation of the samples was achieved with a 

75 nm thick SiNx:H sacrificial layer at 300 °C by PECVD, followed by hydrogen drive-in 

for 30 min at 400 °C in a tube furnace with N2 atmosphere and removal of SiNx:H by 

buffered HF. The effective minority carrier lifetime eff was measured by microwave 

detected photo-conductance method in steady-state configuration using a MDP lifetime 
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scanner from Freiberg Instruments with laser wavelength of 977 nm and photon flux of 

4×1017 cm-2 s-1. Effective lifetime values were averaged over a 90 mm diameter area in the 

center of each 100 mm wafer, due to known edge effects of the passivation.  

3. RESULTS 

Measurements of eff on symmetrically passivated samples fabricated with our baseline 

process (chemical TO, 7 sccm B2H6 during LPCVD of p-type poly-Si) are summarized in 

Figure 1. Both p-type and n-type poly-Si samples benefit from hydrogenation, even after 

removing the sacrificial SiNx:H layer. While the eff of the p-type TOPCon increases to 

around 750 µs after hydrogenation, there is quite some room for improvement. The effective 

lifetime with as-deposited n-type poly-Si is an order of magnitude higher, with average 

values between 2.8 and 3 ms before hydrogenation, and it further increases up to 3.8 ms after 

hydrogenation.  

 
FIG. 1. eff averaged on symmetrical lifetime samples: as-passivated; after deposition of sacrificial SiNx:H 

for hydrogenation; after annealing and removal of sacrificial SiNx:H. 

Figure 2 summarizes measurements of eff mapping performed on asymmetrically 

passivated samples. For these wafers, the iVoc values can be calculated using the equation: 

 

𝑖𝑉𝑜𝑐 =
𝑘𝑇

𝑞
ln [

∆𝑛(𝑁𝐷 + ∆𝑛)

𝑛𝑖
2 ] 

where kT/q is the thermal voltage (25.85 mV at room temperature), ND is the concentration 

of donors in the substrate, ni is the intrinsic concentration of carriers in Si, and n is the 

concentration of light-generated carriers. n was calculated as the product of eff and the 

photon generation rate G, which is known from measurements settings and from front 

surface reflection. eff before hydrogenation is between 0.57 and 0.88 ms, corresponding to 

iVoc of 701 and 684 mV, respectively. As expected, the lower quality of passivation afforded 

by the p-type poly-Si dominates the effective lifetime. eff increases considerably upon 

hydrogenation, and is between 0.93 and 1.58 ms, corresponding to iVoc of 727 and 703 mV, 

respectively. The two textured wafers show eff values of 0.72 and 0.45 ms after 

hydrogenation. This results into values of iVoc of 707 and 688 mV, respectively (the lower 

front surface reflectance of black Si results in a higher G as compared to the wafers with no 

texture). The former value of iVoc is very promising for solar cells textured with black Si, 

where the state-of-the-art in terms of Voc is around 680 mV [4]. Finally, we tested the 

following methods to improve our p-type TOPCon: (i) replacing the chemically grown TO 

with a thermal TO grown in a tube furnace; (ii) increasing the annealing temperature from 

850 °C to 900 °C; (iii) increasing the B2H6 flow from 7 sccm to 14 sccm. Results are 

summarized in Fig. 3. Before hydrogenation, samples with chemical and thermal TO show 
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similar eff around 0.45 ms, in both cases for 14 sccm B2H6. The degradation of passivation 

for TOPCon with chemical TO is in line with previous findings. Upon hydrogenation, the 

thermal TO annealed at 900 °C clearly shows the best performance, with eff of almost 1.2 

ms for one of the wafers with 14 sccm B2H6. Current work focuses on incorporating these 

modifications in the p-type TOPCon and on fabricating compelete devices, which will be 

presented in the final form of the paper. Moreover, we will investigate passivating black Si 

with the n-type TOPCon.  

 
FIG. 2. eff (a) and iVoc (b) of device precursor wafers with p-type and n-type TOPCon on either side, before 

and after hydrogenation. Two of the wafers have one surface textured with black Si. 

 

FIG. 3. eff of (a) as-passivated and (b) after hydrogenation for p-type TOPCon with varying fabrication 

parameters (type of TO, annealing temperature and varying flow of B2H6 during LPVCD). 
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