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Abstract: Based on the refractive index dispersion effect, the weighted average reflectivity was used as
evaluation function, and the best film thickness parameters of the anti-—reflection coatings for the space
silicon solar cell was obtained by the intelligent optimization algorithm. The optimization results were
compared with that of the anti —reflection coatings designed without considering the dispersion. It
displayed that after optimizing, the minimal weighted average reflectivity of the MgF,/TiO, and SiO,/
TiO, anti—reflection coatings were reduced by 36.6% and 37.6% under considering the dispersion effect
than that without considering dispersion effect. And then the MgF,/TiO, and SiO,/TiO, anti—reflection

coatings were deposited on the silicon solar cells with a thickness of 15 nm SiO, passivation layer and
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optimized again. Comparing without considering dispersion effect, the minimal weighted average
reflectivity in the case of dispersion was reduced by 43.9% and 33.7% for the MgF,/TiO, and SiO,/TiO,
coatings with passivation layer, respectively. The optimal design of the anti —reflection coatings were
carried out for the space silicon solar cells with different thickness passivation layer. It was found that the
minimum weighted average reflectivity of the anti—reflection coatings increased with the increase of the
thickness of the passivation layer, meaning that the anti—reflection effect got weaker and weaker. Finally,
the anti —reflection coatings were redesigned when the thickness of the passivation layer was also
considered as an inversion parameter considering the refractive—index dispersion effect or not. The results
show that the anti—reflection film is more optimization by considering the dispersion. For the MgF,/TiO,/
SiO,(passivation layer) film system, the optimal film thickness parameters are d;(MgF,)=97.6 nm, d>(TiO,)=

40.2 nm, d; (Si0,)=4.9 nm. For the SiO,/TiO,/ SiO, (passivation layer) film system, the optimal film

5415

thickness parameters are d,(Si0,)=85.1 nm, d,(TiO,)=43.4 nm, d;(Si0,)=1.8 nm.
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Fig.4 Relative power distribution of the AMO solar spectrum
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Tab.1 Optimization of SiO,/TiO, anti—reflection

coating for silicon solar cell with a

thickness of 15 nm SiO, passivation layer
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Tab.2 Optimization results of anti—reflection
coatings for space silicon solar cells with
different thickness passivation layers

in the case of considering dispersion

Without dispersion

With dispersion

Film Thickness of

L. Optimization results
system passivation layer/nm

d,(Si0,)=88.5 nm

d,(Si0,)=85.1 nm

Before d,(TiO,)=57.6 nm d,(Ti0O,)=45.8 nm
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d,(S10,)=90.6 nm d,(Si0,)=85.9 nm
After dy(TiO,)=40.0 nm dy(Ti0,)=28.5 nm
optimization d;(Si0,)=15.0 nm d;(Si0,)=15.0 nm
R,in=5.55% Rin=3.68%
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Fig.8 Reflectivity of Si0,/Ti0O,/SiOy(15 nm) anti-reflective
coatings in the case of considering and without

considering dispersion
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Tab.3 Optimization results of the anti-reflection
coatings when the thickness of
the passivation layer is used

as an inversion parameter

Film system Without dispersion With dispersion
d,(MgF,;)=96.4 nm d,(MgF,)=97.6 nm
MgF.,/TiO,/ dy(TiO,)=52.6 nm d»(TiO,)=40.1 nm
Si0, d5(Si0,)=5.0 nm d;(Si0,)=5.0 nm
R\min=4.39% Rmin=2.54%
d1(S10,)=88.7 nm d,(Si0,)=85.6 nm
Si0,/TiOy/ dy(TiO,)=51.1 nm d»(Ti0,)=38.9 nm
Si0, d5(Si0,)=5.0 nm ds(Si0,)=5.0 nm

R,in=3.69%

Rmin=2.21%
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Tab.4 Optimization results of the anti-reflection
coatings when the thickness of
the passivation layer is used

as an inversion parameter

Film system Without dispersion

With dispersion

d,(MgF,;)=96.2 nm,

MgF,/TiO,/ dy(TiO,)=59.1 nm,
SiO, ds(S10,)=6.3x10"* nm
Rin=4.15%
d,(Si0,)=88.5 nm ,
Si0,/TiOy/ dy(TiO,)=57.6 nm
SiO, ds(Si0,)=1.1x10""nm

Ryin=3.40%

d,(MgF,)=97.6 nm,
dy(Ti0,)=40.2 nm ,

dy(Si0,)=4.9 nm
Rynin=2.54%

d,(Si0,)=85.1 nm ,
dy(Ti0,)=43.4 nm ,

dy(Si0,)=1.8 nm
Ro=2.10%
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—0— oF. i
0% \ MEF.(99.8 nm)/Ti0.(25.1 nm)/$i0,(20.0 nm)
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VB TG A I T S 25 i i I Ak il 2%
Fig.9 Curves of the reflectivity of optimized MgF./TiO,
antireflection coatings with the wavelengths under
five thickness passivation layers in the case of

considering dispersion
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Fig.10 Curves of the reflectivity of optimized SiO./TiO,
antireflection coatings with the wavelengths under
five thickness passivation layers in the case of

considering dispersion
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Fig.11 Weighted average reflectivity as a function of thickness of

MgF,, TiO, and SiO, passivation layer
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Fig.12 Weighted average reflectivity as a function of thickness of

SiO,, TiO, and SiO, passivation layer
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