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Non-uniformityfainciiEajstices
mismatch lead tolloVWAelificienElEs

*Non-uniformity -> Loading losses Lattice-Mismatch - Defects - Low V¢

( Substrate

J

|

*V. G. Karpov, A. D. Compaan, and D. Shvydka, “Effects of nonuniformity in thin-film photovoltaics”, Appl. Phys. Let. 80 (2002) 4256-4258.



Local inhomogeneityoiftnelcaystallsialins
Is a dominanglessimeeEalinlisig

21-diode simulation
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~ Strain energy due tollatticelmisimaen
lt creates misiidelisiocau@ls

dislocation dislocation

thick, planar substrate




Misfit dislocationsfalncreigaliin
boundaries edlicelVioe

* Defects increase the recombination velocity, v,

* U, reducesV,,
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1. Proposed concept
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A patterned substiaitelcainieiliaice
U nifielRmieY,

[XINon-uniform growth on polycrystalline CdTe — efficiency losses.

M Improve uniformity by isolating grains.
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Nanopatterningicaiplimpliove

Patterning and

selective-area
deposition '
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N

O SRR Controlled
Growth mask .. | _ | nucleation
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Javier Terrazas, Aaron Rodriguez, Cesar Lopez, Arev Escobedo, Franz J. Kuhimann, John McClure, David Zubia, Ordered polycrystalline thin films for high
performance CdTe/CdS solar cells, Thin Solid Films, Volume 490, Issue 2, IMRC 2004, 1 November 2005, Pages 146-153
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Nanopatternin
through nanoscalelBDEsurinRielic:

e Lattice mismatch is partly accommodated by substrate
e Strain decays exponentially away from the interface
* Epilayer is essentially strain-free beyond characteristic length of decay

/ =T Strain free \

. 2 region
epilayer ~
W 11 Strain
\ ]
]
Nanometer Strain free
sized island region
Island diameter

(10 - 300 nm) 3
"Nanoheteroepitaxy: A New Appros o the H atched Semiconductor Materials" hia and Hersee Appl. PHys., 85 (1999) 6492-

6496



Finite element modeliiyeisihows
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A graded bandgajplicainfinciielase
current and enhancelcotaects

Spatial variation of
the band-gap can
increase both J

Reduced " ° F
lattice y— e Ao/ .2 3 eV
mismatch E e T 1.5eV |
c Ar) E
f

T p-CdTe | p-Zn Cd, Te |meta
p-Zn Cd, Te

band offset
enhances
electron-hole
charge separation
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A graded bandgapicapfalSelincieese
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Arturo Morales-Acevedo, Effective absorption coefficient for graded band-gap semiconductors and the expected photocurrent density in solar cells, Solar Energy
Materials and Solar Cells, Volume 93, Issue 1, January 2009, Pages 41-44



2. Simulations
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IVID Simulations showAeeXeapallilisyAe
simulate misfigdisllecaEelns

Ei: 0.1eV
senee TeCd=l
t=1.2ns L T=1000K

Te, vapor

f y [001] NN, R-~2.4 nm/ng BOP-based MD

e Emerges to be a new,
powerful method to study
thin film growth

e Captures the crystalline
growth of stoichiometric
films (Cd/Te = 1) under non-
stoichiometric, random
vapor fluxes

e Reveals misfit dislocation
formation

10% lattice mismatch = initial substrate X [110]

J. J. Chavez, D. K. Ward, B. M. Wong, F. P. Doty, J. L. Cruz-Campa, G. N. Nielson, V. P. Gupta, D. Zubia, J. McClure, and X.
W. Zhou, Defect formation dynamics during CdTe overlayer growth, Unpublished 20



BOP of misfit disloc-_ in Cdlie/Gahs Films
are validated withfexpelmelteNdeta

)

(a) BOP simulation (only Cd and the approximate “Ga” atoms are shown)

Ty [010]
CdTe I
i R : e BOP allows system energy as
3 B I a function of dislocation
GaAs spacing to be derived

e Minimization of system
..................................................................... energy with respect to
dislocation spacing leads to
an equilibrium spacing
around 3.8 nm, matching
remarkably well with
experiments

—
ez [101] — x [101]
5 nm

J. J. Chavez, D. K. Ward, B. M. Wong, F. P. Doty, J. L. Cruz-Campa, G. N. Nielson, V. P. Gupta, D. Zubia, J. McClure, and X.
W. Zhou, Defect formation dynamics during CdTe overlayer growth, Unpublished 21



BOP has predictediselectiviersifoiyii
of material in patteiinecistositiites
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+10% lattice
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BOP has calculated criticalkinicknessiivasceeomn
misfit strain and dislocaiinleiElie
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3. Initial Results
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We have tried 4 diiieieindlichesieoin,
techniques to achieveralnanopaitten

»

Standard s

Nano Imprint

Feature size
125-275nm

Feature size
200-500nm

Nanopatterning

‘ ' E-beam
E-beam Resist Lithography

Feature size
50-150nm

[

Feature size
150-250nm

[1] P. Carlberg, Development of Nanoimprint Lithography for Applicationsin Electronics, Photonics and
Life-sciences, Doctoral thesis, Dpt. of Phys. Div. of Solid State Phys. Lund University (2006)
[2] F. Zhang, L. Zhang, R. Claus, Investigation of the Photoresist Pattern Profile Contrast Improvement
in Interference Lithography Technique Using 488-nm Laser, IEEE Trans. Sem. Manufac., 21 (2008)
464-468
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We have tried 4didiffeleindlitheeialpln
- techniques to achievelalnaiiopaticin

Standard

Nano Imprint

Nanopatterning
- Feature size 125-275nm
Feature size 200-500nm
eBeam

Interferometry

Feature size 150-250nm Feature size 50-150nm 28



ZnCdTe Sublimation DepositoigalitEinaies
between sourcestinfaflineadmede
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E.M. Larramendi, E. Puron, L.C. Hernandez, M. Sanchez, S. De Roux, O. de Melo, G. Romero-Paredes,
R. Pena-Sierra, M. Tamura, “Atomic layer epitaxy of ZnTe by isothermal closed space sublimation,”
Journal of Crystal Growth 223 (2001) 447-449 29



UTEP design is a rotaiylieactogtoldeoesi
ZnCdTe frombélieelselllijces

Rotation motor wesp

|

*Rotates
*Moves vertically

source-substrate
separation motor

Source holders
«Stationary

Growth chamber s (7 ~_/3

Jacob Rascon, Luis Romo, Scott Rogers, Stella Quinones,
John McClure and David Zubia, “New Sublimation Reactor
for Epitaxial Growth of 1I-VI Films”, poster, presented at the
American Vacuum Society 53rd International Symposium,
San Francisco, California, November 14th, 2006.
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We have achievediselecuyeleeie
deposition on CdS enimiciieinsiZelviincoNys
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David Zubia, Cesar Lopez, Mario Rodrguez, Arev Escobedo, Sandra Oyer, Luis Romo, Scott Rogers, Stella Quinones, and John McClure,
“Ordered CdTe/CdS Arrays for High-Performance Solar Cells”, Journal of Electronic Materials, Vol. 36, No. 12, p. 1599-1603, 2007.
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important to Navelsinglelcnysieals
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CdTe Selective growth CdTe nucleation SiO, mask on CdS

SiO,/CdS substrate where
glass spacer was placed
during CdTe deposition

CdTe selective growth
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