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State-of-the-art

Intermediate Band and QD Solar cells
InAs/GaAs and GaSh/GaAs QDs
Recent results: InAs QD solar cells
Recent results: GaSb QD solar cells
Carrier multiplication in QDs

Future works



O Single junction
« Silicon (~15%, 1 sun)
o GaAs (~ 27%, 255 sun)
* Organic (~8%)

O Multi-junction (40%, 240 suns)

O Quantum dot solar cells
* Self-assembled (InAs, GaSh, InGaAs)
* Colloidal (PbSe)
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QDs for high efficiency solar cells
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spectra
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* Increased NIR absorption in
a single junction solar cell
from QDs in GaAs matrix.

o Less complex than triple
junction and higher efficiency
than Si or GaAs based solar
cells!
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A. LL'ique, A. Marti, Phys. Rev. Lett. 78, 5014 (1997).
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= IBSC process

E, = 1.95eV, E¢p = 1.24eV

|

In, s5Ga, 4,AS 1Al ,Ga, ;AS

n =63%
e InGaAs QDs are significantly more
complex than InAs or GaSb QDs.
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= InAs/GaAs SK QD bandstructure = GaSh/GaAs SK QD bandstructure
GaAgs GaAs
: GasSb
Yol | Plan view TEM of O -
! | ‘wetting GaSb/GaAs QDs Gas
AFM plan view | Agdot ] layer Gdsb Qb
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= Features Ev ;[100meV »Emission wavelength 1150-1300nm
> Emission wavelength 1150-1300nm  ~ AAverage dot diameter 10nm
»~Type Il (only h* confined)
» Average dot diameter 10nm »High Coulomb attraction between h*/e-
»Long carrier lifetimes ¢ - 2) ]

» Type | (both e- and h* confined)

> Strain mismatch 6.7%

> Strain mismatch 7.3% e
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= Cross sections: QDSC vs control cell * Open circuit voltage has been
Topgid Topgrid reduced due to the presence of
n-GaAs 50 nm «——contact layer —— R defECtS
Sl —— Window layer —— B ER R Recombination in the dots causes
Gafs20am R S || GaAs20am reduction in the short circuit
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Dislocation
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* InAs QD based solar cells require
numerous stacks for significant NIR
absorption.

e Highly strained QDs can only be
stacked to ~ 1-3 layers without the

AR propagation of threading dislocations. o/
TEM image without SC
GaAs barrier - i i = With strain compensation:
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= InAs QD Solar Cell with Strain Compensation (SC)
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“ Enhanced spectral response via QD stack A - ,L[ ) f
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=The IMF growth mode produces strain-relaxed QDs :

Vertical stacking of QDs causes structural defects >

the introduction of IMF array at GaSb/GaAs interface

relieves the strain in a localized manner

® As &) Sb O Ga

= TEM images of 10 stack and
single GaSb/GaAs IMF QD

B

A larger number of QD stacks can be
achieved, avoiding strain
accumulation presents in S-K growth

mode.

» Base width = 30nm
&« Height = 6nm; directional
* Avg. Dot density~1.5x10%° cm-?
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CTngS;S section * Spectral Response “ 1-V characteristics
 1GaAs 50 nm —~ Voltage (V)
1.0E+00 E‘q o 0.1 0.2 03 0.4 0.5 0.6 0.7
n-Alp.3Gag7As 30 nm .'E‘ - g
n-GaAs 250 nm g 1.0E-01 % oz
i-GaAs 95.5 nm "E -, 1.0E-02 N Q DSC
5 E; 1.0E-03 £ s
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5 3 1.0E-04 o
E :
i-GaAs 95.5 nm o L 10E-03 'E -1
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Bottom contact 1
Sample L Vac FF Ideality
(mA/cm?) (V) (%0) factor
Control cell -1.17 0.6 50.6 2.35
QD solar cell -1.29 0.37 | 37.7 3.80

R.B. Laghumavarapu et.al, Appl Phys. Lett, 90, 173125 (2007)



= Avg. Dot density: 1.5x101°cm
* Avg. dot height 7.5 nm

Lower Density &
smaller QDs size

= Room Temperature Photo Luminescence
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“ Improved I-V characteristics
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Before growth optimization 377 380
After growth optimization 50 .4 2 86




1l (AN
D

.G i innnnn
ore Lae

it innnmn
Huffaker Group UCLAJCNSI

= Carrier multiplication (CM or MEG): process in which absorption of a single photon generates
multiple electron-hole pairs (excitons)

180 | ' * J = = PbSe/CdSe colloidal quantum dots can efficiently

I d produce multiple electron-hole pairs (excitons) in

S F - :
. & o response to a single absorbed photon.
1 ] P
£ 140 A - g - . .
& = Traditional photoexcitation: absorption of a single photon
g 120 B o 5 7 produces a single exciton independent of photon excess energy
§ N Sl dissipated (n@ — E ) as heat via phonon emission (QE <100% )
sl Cdse T ET S @ = Nontraditional photoexcitation: photons with energies Eg, 2Eg,
| | | 1 1
335 3% and 3Eg generate one, two, and three excitons, respectively.
Photon energy/Eg (QE >100%)
Klimov et al., Appl. Phys. Lett. 87, 253102 2005
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= In our research group, we are duplicating the colloidal QD band structure in epitaxial QDs.
= CM has been demonstrated in colloidal dot but not yet in epitaxial dots

= We still have to demonstrate the CM in epitaxial QDs but a good candidate for that seems to be
InNAsSb quantum dots layers stacked in the intrinsic region of a single p-i-n junction solar cell.

Structure: Band diagram: Idea: a photon with energy
>Eg could generate up to 3
AlAsSDb AlAsSh e pairs. Rather than
O dissipating the excess
0000000 080 InAsSb dots 1 93pV/ energy into the lattice, it
00000004 Pump — can_be used to create a new
O0O00O0O0O0 INAsSb QD exciton.
0.640.7 eV

» This structure satisfies some of the key requirements for IBSC.
* Possible to observe carrier multiplication.
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= Experiments performed on InAs/GaAs and GaSh/GaAs QD solar cells
demonstrated the basic operation of the phenomenon.

= Strain compensation in InAs has shown improvements in QD solar
cells.

= Reduced I, Voc and FF are observed in QD Solar cells.

= Aninfrared response upto 1100 and 1300 nm is observed in InAs and
GaSb QD solar cells.

= With the combination of right material and growth conditions, better
results can be achieved.



