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1 — Purpose

Main objective: alternative passivation layer for crystalline silicon
solar cells.

Motivations for SiO, material : potential barrier (transparent, carrier
selective-contacts), used by notorious TOPCon structure [1].
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SiO, for carrier selectivity TOPCon structure [1]

Challenges: - allowing tunneling requires ultra thin layer (below 2 nm).
- keep high passivation properties.

* For this, ALD facility is used : precise control at atomic scale.
H atoms directly at interface (SiO,:H) for passivation of dangling bonds.

2 — EXpenimentalde
Fabrication processes:

- Wafers: (n-type) Fz-Si <100>, 280 um, 1-5 Qcm.

- Cleaning: 4-step chemical process [2].

- SiO, or SiO,:H layers: deposited by ALD.

- a-Si:H layers: deposited by PECVD.

Characterization techniques:

Quasi Steady-State Photoconductance (QSSPC):
v Minority carrier lifetime (MCLT) measurement at
1x 10 cm3 injection level.

Spectroscopic ellipsometry (SE):
v' Thickness and bandgap of the films deposited.

Fourier transform infra-red (FTIR):
v' Study of Si-H bindings at wavelength 2000-2100 cmL.
v' Si-O bindings at 1050 cm.

Raman spectroscopy:
v Crystallinity of amorphous silicon layers after thermal
annealing (TA).

- All these characterizations techniques were performed after
TA temperatures up to 850°C to underline the evolution of
the deposited film properties.

Atomic Layer Deposition (ALD) Process:
Oxford Instruments FlexAL system

- Substrate holder: 300°C
Spectroscopic ellipsometry in situ
using Cauchy Model
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Ty 1S dependent with:

* SiO, thickness (H atoms effused).

6 — Summarny: and dcknowWIEdGMEnts
= Field effect passivation: SiO, (0.6+ 0.1 nm) / (p) a- v

Si:H (17+ 1 nm): 7,;; reaches 1.6 ms after TA of
850 °C for 1 h (1 °C/min).

Ultra thin SiO:H (< 2 nm) and SiO, (0.6+ 0.1 nm) passivation layers were developed
by using ALD technique (atomic scale precision).

. Doped a-Si:H (n-, p-) [crystallization occurs above = Note: thinner SiO, layer, without H, is beneficial. v Low-T (300 °C) passivation for SiO,:H / (p) a-Si:H stack is achieved. Hydrogenated
600°C (Raman analysis)], and anneallng e e SiO,:H layer greatly enhances the passivation at interface with (p) a-Si:H up to 0.5 ms.
10— soar/ @i . s.o\nusm»f-l.\‘/_gc 685 mv v At high-T (850 °C), dopants from crystallized a-Si:H induce a field effect passivation.

3 15 ] SiO, (0.7 nm) / (p) a-Si:H stack-layers reach 1.6 ms with an implied V. of 685 mV.
£ — B i v Stoichiometry x of SiO,:H and SiO, underlines a reorganization at low-T and high-T.
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