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2 Focus of the
reported study
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challenges for IlI-nitride tandem SC fabrication
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3 Single-junction
E— solar cell structure
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—— PVcell simulator: http://www.str-soft.com/products/solar/

solar light

> Poisson equation with account of
spontaneous and piezoelectric
polarization

> Drift-diffusion model of carrier
transport enhanced with the
quantum-potential approach for

p-GaN MQWs and superlattices

> Strain effect on the band structure

of III-nitride materials, including
complex structure of the valence
\ band

the same electron and hole non-radiative
carrier life time rin the InGaN active
layer was chosen for the seek of simplicity
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4 Solar light absorptivity

[ of InGaN layers
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BN IIT-polar structure
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N-polar structure

100 3 x=01573 [ generation 3 10%
« [ x=040 3 | ]

e | x=060 ] [

S ) 1+ %z 410"
E 10 - _1/ i i-InGaN (3_

= - 4107
0 | © 3

c o ]

8 3 i [ = | PP
2 sl %0
(] A B ]

% I | recombination |

} A 1 18
© 0.1 F ) R 1 R 1 3 i R R 1 .\ 1 ﬂ 10
0 1 2 450 500 550 600 650

Forward voltage (V)

Distance (nm)

3

/elecfric field M

InGaN favors
separation of
electrons and
holes at any

Energy (eV)

alloy
k composition

7z

holes E

electrons -
=

o 7
&

i-InGaN =

450 500 550 600 650

Distance (nm)

o o o o o o
= = [ = [N}
o ~ © © =}

=

o
N
a

Process rate (cm °s™)

Concentration (cm '3)



Conversion efficiency of
strained solar cell structures
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I conversion efficiency at 1 sun (AM1.5 Global spectrum)
| ; 3.0 18
SN\ Fpoi
2\ Tl & 15
; g
\ 20 @
S0 200 NS =
B LRI 15 ©
S NN S
o e NN 2
IR SRRIRITINN g
R RN >
R =
IR AN 5
SRR )
. QREKY
% VW 0.25
Z '
O)Q
/O .
) 2 0.05 on !
107000 it

at every polarity, the conversion efficiency is limited by the absorptivity of
the InGaN active layer corresponding to the optimal alloy composition; the
optimal composition does not exceed ~0.2 in the case of III-polar structure
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8 Effect of strain relaxation on the

o solar cell conversion efficiency
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* The ranges of the absorptivity values given in the table
correspond to the variation of x__ with the carrier lifetime.



III-polar structure

N-polar structure
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variation of r by 6 orders of magnitude produces ~2.5-fold
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change of the conversion efficiency !

TEM images of In6aN/GaN structures \
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experimentally TDD produced in InGaN by
strain relaxation may exceed that in
underlying 6aN by 2-3 orders of magnitude,
shortening the life time by a similar factor
[S. Karpov & Yu. Makarov, Appl.Phys.Lett.
81 (2002) 4721]: this reduces the SC
conversion efficiency by less than ~20%




10 Beyond the scope of

— theoretical model
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Conclusions
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+ a proper SC structure design should account for the built-in
polarization fields affected by both InGaN composition and strain state

of the whole heterostructure; a strained N-polar n-6aN/InGaN/p-GaN
seems to be most advantageous for achieving high efficiency

+ conversion efficiency of a properly designed SC structure is largely
controlled by absorptivity of the InGaN active layer; increase of the
layer thickness is quite desirable for getting a higher absorptivity

+ the SC performance seems to be rather tolerant to shortening of the
non-radiative carrier life time, e.g. caused by strain relaxation in InGaN

+ parasitic shunting of the SC p-n junctions may largely affect the
conversion efficiency; to account for this factor, detailed understanding
of the shunting mechanism and its relation to the materials properties
and SC structure growth conditions is necessary for further improvement
of the device performance



