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Success of SINXx on silicon solar cells

PECVD SiN, is incorporated into most laboratory and industrial silicon
solar cells, fulfilling three functions:

I. it comprises the antireflection coating;
ii. it provides surface and bulk passivation; and

lii. it forms a chemical barrier to protect underlying interfaces from the
degrading effects of moisture, humidity and sodium ions.
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Challenge of SINx on silicon solar cells

Planar undiffused FZ p-Si
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Optics: refractive index
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Optics: extinction coefficient
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Structures: [SI—N]
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Structures: [Si—H] and [N—H]
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Structures: [SI—H] peak wavenumber
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Electronics: insulator charge density Q¢
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Electronics: interface defect density D;,
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Conclusion 1

Irrespective of deposition techniques,

() the bulk structural and optical properties are
universally correlated to the N/Si ratio; and

(i) the electronic properties (Q.¢ and D;) appear
iIndependent of the N/Si ratio.

- Promoting an opportunity of decoupling SIN, surface
passivation and optical transmission properties; and
therefore

-> Circumventing the trade-off between the two properties.
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Methodology
1) Varying deposition parameters in Roth & Rau AK400:
* NH;:SiH, ratio

 Pressure
 Temperature

2) Monitoring surface passivation z(An)

3) Monitoring optical properties n & k

14
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Results — NH,:SiH, ratio
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at An = 10" cm” (us)
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Results — Pressure and temperature
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Results — Sy VS. N
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Surface passivation: 7 (An)
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Thermal stabllity
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Conclusion 2

A single SiN, layer can provide both

v high passivation of c-Si surface

v high transmission at short wavelength
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Methodology

1) Extracting Sg¢, (An) from measured ¢ (AN)
2) Probing electronic properties by C-V measurements: D;, and Q

3) Modeling Sy, (An)

22
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Extracting Sy . (AN)
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Probing electronics: Dy, Q. and oy,
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Modeling S, (An)
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Conclusion 3

« We obtained a low S_;,, = 1.6 cm/s on 0.8 Qcm p-type FZ Si, with
D, = 3.0 x 101 eV-1 cm= at midgap, and Q. = 5.6 x 1011 cm=2.

« Defect A or B (or both) is likely to dominate the recombination at the
Si—-SiN, interface, and

 Defect C is excluded.
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Methodology

1) Employing the optimum deposition condition and varying the NH;:SiH,
ratio to obtain a wide range of film refractive indices (n at 632nm =
1.83-4.1)

2) Monitoring Sy, as a function of n at 632nm on three types of Si
surfaces:
I.  Planar {100}
ii. Planar {111}
lil. Texturing with random upright pyramids

3) Probing electronic properties at textured surfaces by by depositing
corona charge

27
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Drivers of enhanced recombination

<100> X 1.73 A .

1. Enlarged surface area y. /XW‘

2. Orientation of surface planes: /

f, = {111}/{100}

- vertices

3. Presence of concave and convex v

/ ~—L_ edges

surface features: f,, = texture/{111} / pr—
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Results: surface area-corrected Setr UL
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Results: surface area-corrected Sy ratio
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Probing electronics by corona-lifetime technique
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Results: S;, or Q4 versus S,
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Conclusion 4

« Aconstant and low SRV is achieved on planar and textured Si surfaces
over a wide range of n (1.85-4.1),

* When passivated by N-rich SINX, the increase in recombination at
textured surfaces is high, and it is

I.  due to the presence of vertices/edges on pyramids rather than due to the
{111} orientation (i.e., high f,, and low f5), and

ii. primarily caused by an increase in D, rather than a reduction in Q.

« When passivated by Si-rich or a-Si:H, the increase in recombination at
textured surfaces is negligible after are-correction (i.e., f,, and f, are
close to unity).
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Simulating impact of SIN, on cells

« SIN, functions as front surface passivation and ARC layer
+ p-type PERC (n*-diffused front) and n-type IBC (undiffused front)
« Cell simulation using Quokka 2 [Fell 2012]

» Optical simulation using OPAL 2 [McIntosh et al. 2012]
— Random upright pyramids
— Spectrum AM 1.5¢g
— Operating in air Y R wb
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Simulation results (1/3): ARC
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Simulation results (2/3): p-PERC cell
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Simulation results (3/3): n-IBC cell
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n" for contacts

LPCVD SizN,
Al metal

Voc Jsc FF n

(mV) (mA/cm?) (%) (%)

705 41.9+0.7 82.7 24.4 + 0.5

Under standard testing conditions (25°C, AM1.5G spectrum)

Current density J (mA/cm®)
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Conclusion 5

* The optimum SIN, for both p-type PERC and n-type IBC has n = 1.9,
owing to:
— high surface recombination when n < 1.9
— high film absorption when n > 1.9

« Application of the optimum SiNx onto the front textured undiffused
surface of an n-type IBC cell enabled a conversion efficiency of 24.4
+ 0.5%.
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* No universal correlation exists between surface
recombination and bulk structural/optical properties.

« A highly transparent and highly passivating SINX Is
attained, enabling a 24.4%-efficient n-type IBC cell.

 An Increase in recombination of the textured surfaces is

I.  related to the presence of vertices and/or edges of the
pyramids rather than to the presence of {111}-orientated
facets, and,;

ii.  primarily attributable to an increase in D, rather than a
decrease in Q-
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Thank you!
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