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OUTLINE:

* Introduction: Single vs. Multi-junction Solar Cells
« Extra Junction — Dilute Nitride Material

 How to improve the material quality

* Dilute Nitride Solar Cells Experiments Results
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Extra Junction:
Dilute Nitride Material as 4" Layer
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Design by Kurtz: GalnNAs Jattice matched to GaAs/Ge
=> potential for > 42 % efficiency SC

Problems:
 Low Nitrogen Solubility
 Phase Segregation
=>Short Diffusion Length
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How to solve
the quality problems?
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1. Rapid Thermal Anneling

 Post-growth RTA helps improving the
material quality.
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Sellers et al. Appl. Phys. Lett. 99, 151111 (2011)
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GalnNAs in Solar Cells

« Solar Junction achieved 43.5%
Efficient CPV using Dilute Nitride
©

43.5% Efficient Lattice Matched Solar Cells

Michael Wiemer, Vijit Sabais, Homan Yuen
Solar Junction, 401 Charcot Avenue, San Jose, CA. TUSA 93131

ABSTRACT

The most commen triple-junctien solar c2ll desizn which has been commereially available to date uilizes 2 germanum
bottom cell with an (In)Gals and InGeP muddle and top cell respectively. This tyvpe of device has a well-known
efficiency lumitation somewhers around 40%% at 300 suns. Higher efficiencies can be obtamed by changing the effective
bandzaps of the three pmetions, but the choice of matenals and appreaches to de so 15 very limited. We at Solar hunction
have adopted the dilute mnide matenal system to obtain these new bandgzaps, and birezk through the 40% efficiency
barrier. The wmgue advantage of the dilute miides 1= that the bandzap and lathes constant can be numed mdependently,
allowenz bulk matenial lames matched to Germanmum or Gads over a wide range of bandgaps. The diluee mtnde
technelogy m our first commercial product has snablad us to maxinmze the efficiency of a tmpls pmetion selar cell by
vsing the optmal set of bandgaps (nclidmz one around laV). Commercial Solar hmetion concentrator cells with
efficiencies of 43.5% have been independantly venfied bv WEEL and Fraumhofer. These higher efficiencies are
zenerzlly the result of lusher oumput voltage, not hizher current, which keeps system-lavel resiztive wirmg lozzes
chack.

EKevwords: CFV, Mult-jimeton, Selar Cell, Solar Tunction, 43.5%, Lattce Match, Concentrator
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What else
to improve the quality?
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Hydrogenation has been studied

extensively in the dilute nitrides

“Physics and Applications of Dilute Nitrides,” Vol 21, Chapter 6, “Role of
Hydrogen in Dilute Nitrides,” Polimeni & Capizzi, published by Taylor &
Francis Group

*Passivation of Defects by Hydrogenation

*N-H bond removes effect of nitrogen in

alloy

*The Hydrogenation effect is reversible:
RTA break the bond

*Disassociation temperature different for
various centers

2. Hydrogenation
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Bissiri et al. Phys Rev B. 65, 235210 (2002)
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Selective Defects Passivation
in Solar Cell Materials
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Structure of the Solar Cells

P+ : GaAs 5x10!8 cm3 250nm

P: Al,-Ga,;As 2x10'® cm™ 30nm
P: GaAs 1x108 cm 250nm

* pin
« GalnNAs Solar Cell

I — GaInNA
& ANAS I=500nm

[ =500nm

N : GaAs 1x10!® cm™ 350nm

N+ : GaAs 6x10'8 cm™ 200nm

GaAs Substrate : Si
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1 = 500nm GailnNAs Solar Cell
Temperature Dependence
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1 = 500nm GalnNAs Solar Cell
JV and EQE

2 == J_ Highest Hydrogenation 1.0mm ! J

1 LA Jsc nghest Hydrogenation 2.5mm I.I Lower Hyd rogenated |
=*=J_ Highest Hydrogenation 5.0mm - 1 2

0 —o=J_ Lowest Hydrogenation 1.0mm - ' ' '

1

*‘*‘*'*'*\*l*.

=/A=J Lowest Hydrogenation 2.5mm |
sc ] L NN NI, 4
—%=J Lowest Hydrogenation 5.0mm ,.1 73 1l 1.0 WElaite A
sc P * 8 O k SN ]
=@= Reference 1.0mm 3 B4 II 1 o~ A\
- sc ® N * & ok (=] 0 8 L A .
=A== J_ Reference 2.5mm ® ¢ T 1 o~ V. N
s¢ (AR & 4\' 1 ~=
@ * I 1
HELE _

_' | 0.4'_ — A= 5 0mm

0.2:— \*A -

- 1 %80 975 1050 1125 1200

-0.2 0.0 0.2 04 Wavelength (nm)
Voltage (V)

A\
LIJ — v — * & |
- ks GO'G *=2.5mm \*\A |
' uunmmwlllll Y YYY \\

v AA y‘\g ‘/\,. ¢
[Yyy) “““““‘f'ﬁ%%‘lln
VAT Ty v‘lA
VT WS SR
ath
e “_ “.“‘

NA
S
g -2 _—*— J_. Reference 5.0mm
S
| —
ﬁ

Photovoltaics Materials & Device Group, University of Oklahoma: http://www.nhn.ou.edu/~sellers/group/index.html 13



Summary

Removal/reduction of defects in GalnNAs observed in both
bulk materials and non-optimized solar cells.

The passivation process shows the removal of low-energy
defects and impurities can be achieved without removing
substitutional nitrogen: depends on hydrogen/defect
contraction ratio

Selective passivation has potential to improve the
efficiency of GalnNAs based solar cells be selectively
passivating deleterious non-radiative centers, including
nitrogen clusters and unwanted impurity states improving
carrier collection
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