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To decrease cost of IM-V semiconductor solar cells
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= Substrate cost: substrate reuse and epi-growth on inexpensive substrates
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Total gas flow: 10 SLM
Reactor pressure: 15 kPa

Our recent study indicates that a slightly high pressure is
good for InGaP growth.
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= Epitaxial cost: high speed MOVPE and improve material utilization

-V (AM1.5G) Dark I-V
Schematic and details of GaAs 1J —————

0.7
. T 20| < qopfo-20smih Zn > 06
~inGaP Window 25 nm = Areference GaAs cell grown with S S 120 ym/h Zn 5 o6f
ST AL SR L —— o
h:GaAs Emitier 150/nm GR of GaAs base layer at 20 um/h £ § g} 120Mmih C £ o5y
—— - : >12 > e o4}
p-Gahs Base 25 um Vil ratio 20 using Zn dope 3 O ARC 2 100 E}
= 2 samples of 120 um/h grown cells 3 g w/o AR g § ° w/o ARC
p-InGaP 25 nm . . = —o-20 um/h Zn £ S 02F o 20umt zn
p-GaAs Vil ratio 20 using E’ 4F —o-120 ym/h zn é 10 w/o ARC g oaf 125‘Mm/h Zn
Ag/Au contact VIl ratio 3 using carbon auto-dope 3 0 ~-120umhC ] 3 10° S n=1 . 2 0-0 —-120pymhC
00 02 04 06 08 10 0.4 0.6 0.8 1.0 12 W~ 400 600 800
Voltage (V) Voltage (V) Wavelength (nm)
GR Voc ‘]sc (== n ‘]Ol ‘]02 .
(um/h) (V)  (mAlcm?) (%) (mA/cm2) (mA/cm2) = Increase of J,, and J,, with GR from 20 to 120 um/h
20 0.99 19.82 0.836 16.35 4.49x106 1.41x10°° reduce both V.. and J . because of increase in defect density
120 (zn) 0.94 18.76 0852 15.08 1.70x10-5 1.64x108 C dope (low V/IIl) better than Zn dope for 120 um/h grown cells
120 (C) 0.97 19.15 0.853 15.82 6.38x1016 1.28x10° Native defect in p-GaAs = As antisite > decrease defect by lowering V/III ratio
Schematic of InGaP 1J I-V (AM1.5G) EQE Schematicof2J Two combinations of TD used in this work
~ S 07 p*GaAs(Zn)/n*GaAs(Si) and p*AlGaAs(C)/n*InGaP(Si)
& 10 2 06 InGaP cell
i 3 W 2 1-um thick base @30 pm/h
n-InGaP Emitter 50 nm E 8 % g 05 R Tunneling diode (TD; o
> G 04p 4 3 p*GaAs 20 550  Zn 9.2x10
-InGaP Base 1 2 6 () E . GaAs cel
Varie R 10, 30pmn | & | WOARC 1] £ o3| fwoArc i 25-4im thick base @120 pmi T\ Gaas 20 650  Si  8.7x10
i cmcacorms (Y A L‘f & ozpg —-10umih eI 1oy PAIGAAS 3 550 C 107x10%
p-Gats substrate N e lﬁ gorf Toumn & Ag/Au contact nInGaP 50 650  Si  1.55x10%
o 2 &
AtAGRIRG 9005 1o 154 %S00 200 500 600 700
Voltage (V) Wavelength (nm) o -V (AM1.5G) 07 EQE TD V\(/)c A]/SC P 07
T 3 ool @30 @120 i (V) (mA/cm?) (%)
= Increase of W, with GR GR V. W J " S5 % g~ TD1 216 715  13.49
_ _ - n s g ﬁ :
Degradation of InGaP quality (um/h) (V) (V) (mAlcm?) (%) § g 8 r; D2 222 8.19 15.91
= Shunt-like |-V characteristics 10 136 0518 1020 1192 24 2]z W;E’ch 226 1136 22.30
41 &
Not exist in DIV measurement | 20 131 0529 1057 1143 | || §3f WOARC a1z = :
| £ Door carrier extraction 20 131 0543 10.19 1113 S 2[oGaAslGaAsTD {11 ® = Sufficient loss in TD1
Sssue O " R . . 5 —— L £ —-TD2 R
P S é poaeincar 1o 5 2 o0 Absorption loss decreased Jg..
W ""300 400 500 600 700 800 900

00 04 08 12 1.6 20 24
Voltage (V) Wavelength (nm) Voltage drop across TD1 > TD2

= For n-on-p GaAs single junction solar cell, low V/IlI ratio during
high speed grown GaAs base is beneficial for low defect density [1] A. Ubukata et al., J. Cryst. Growth 489, 63, 2018.

and allowing carbon auto-doping. [2] H. Sodabanlu et al., IEEE J. Photovolt. 8, 887, 2018.

= For both GaAs and InGaP, high speed growth results in [3] H. Sodabanlu et al., J. Phys. D: Appl. Phys. 52, 105501, 2019.
decreasing of cell efficiency, which defects and dislocations are [4] H. Sodabanlu et al., in IEEE-PVSC 46th, Chicago, USA, 2019.
responsible. [5] H. Sodabanlu et al., in EU-PVSEC 36th, Marseille, France, 2019.

= InGaP/GaAs 2J solar cells were successfully fabricated with GR
of 1-um thick InGaP and 2.5-pum thick GaAs base layers at 30
and 120 um/h respectively.
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