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Silica nanoparticle anti-reflection coating and efficiency enhancement

using phosphor down-shifting on crystalline silicon solar cell
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National Chiao Tung University

Abstract

Anti-reflection coating plays an important role in photovoltaic devices because the
enhancement in short circuit current can.be.easily achieved by reducing the surface
reflectance. Works reported in this thesis aim.at the anti-reflection performance of spin-coated
dielectric nanoparticles on Si wafers-and the absorption enhancement of Si solar cells using
phosphors.

In the first part, we developed a-new.method that targeted at achieving monolayer (ML)
silica nanoparticles on a textured single crystalline silicon (c-Si) wafer. We simulated the
anti-reflection properties on two types of dielectric nanoparticles (silica and polystyrene)
deposited on a textured c-Si wafer covered with an 80 nm Si3N, thin film. Our results clearly
demonstrated the advantages of combining dielectric nanoparticles with the textured c-Si
substrate on the improvement of the surface anti-reflection properties. With the nanoparticle
coating, reflectance of the textured c-Si wafer in the range of 300 nm to 1200 nm was
decreased with slight compensation between 450 nm to 600 nm.

In the second part, we applied phosphors to enhance c-Si solar cell’s conversion
efficiency by absorbing the UV light and down-shifted to the visible, where the cell has an
optimal response. The conversion efficiency of the c-Si solar cell was increased by nearly

0.75% using the phosphor down-shifting.
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InGaN-based luminescence conversion white LED
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Optical Absorption
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2271 AR x P RF RG2S kA FRAR[10]

(a) Measurement

(b) Simulation

Sphere Efficiency Efficiency with Relative
size without microspheres Enhancement(%) Relative
(um) microspheres (%) (%) B A Enhancement
A B = 100% (%)
0.3 12.10 13.12 8.43 7.3
0.5 11.79 12.57 6.62 7
| 11.67 14.56 25 233
3 11.88 13.72 15 14.9
5 11.71 12.56 7 5.7

Phosphor powder was well mixed
and dispersed in a composite PMMA

polymer binder

@ Screen printing

< | Baking at 130 C, 10 min

Phosphor-coated PV cells with a

transluscent film with a thickness
of 3.4 pm was formed

Testing and
measurements

measured

Phosphor-coated PV cells were tested
and IV curves, V_, I and h were

B 2-39 % 5% kIt L E[20]
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Average 8.10 835 0.25 0.63115 0.63200 0.0085 16.52% 17.00% 0.48%

Standard
deviation

0.02 0.02 0.0010 0.0010

0.0495 0.0517
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UC phosphor powder was well mixed with

and dispersed in a composite PMMA

@ Screen printing

@ Baking at 130 ‘C, 10 min
UC phosphor-coated PV cells with a

polymer binder

transluscent film with 1 mm in

thickness was formed

&Testing and measurements

UC phosphor-coated PV cells were tested

and IV curves, ¥V, , I , and 1 were measured

B 2-43 Az A% 7 B 21 ]

(a)
Ag
<, UP229
«— SIN,
<— N’ doping
= = «— P* doping
(b)
Ag

e

<— P* doping

I .
UP229

«—SiN_
“— N~ doping

B 2-44 T % %47 LW21]

(@) %P I RGHTHS P oa o (DFXPIRGHTHS 245 o
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Normalize intensity (a.u.)

525 =l
1 AH“"Z—’AIISIQ th ®) 56 7 8
b Q/ ,
5- +1
4 - 5;;3!2_'4115& 3 :
3 -
. 24 Eu'8L
2 548
41’:9,’.2_.41'5/2 M
11 655 | | 1
0 L_/\ 0 .
400 500 600 700400 500 600 700
Wavelength / nm

Bl 2-45 & %fe= 2 PLRIGFC 980 nm s ) [21]

(a)LaZMOZOQZYb, Er- (b)LaZMOZOg:Yb, Ho -

% 2-3 ey ERlE%[21]

1 : LaMo:0s:Yb,Ho © 2 ~ 3 : La:Mo20s:Yb, Er = 4 © LaMo:0s:Yb, Er >+ % & o
No. I I AV 7 7 Ay
(bare) (coated) (bare) (coated) (increase)
1 8.05 8.18 0.13 16.53 16.78 0.25 (+1.50%)
2 804 8.19 0.15 16.52 16.81 0.29 (+1.76%)
3 8.00 8.21 0.15 16.53 16.80 0.27 (+1.63%)
4 813 8.31 0.18 16.23 16.67 0.44 (+2.71%)

' Phosphor coated on front-side (No. 1-3) and back-side (No. 4) of cells
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[23] J.R. Nagel and M.A. Scarpulla, Enhanced absorption in optically thin solar cells by
scattering from embedded dielectric nanoparticles, Optics Express. 18(2010)A139.
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