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Outline

1) Capabillities
2) What | mean by “Combinatorial”
3) Case Study: Transparent Conductors

4) Other Applications
5) Other cool stuff
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Optical Characterisation
e UV-VIS-IR (250 — 2000 nm): Shimadzu

 Variable Angle Ellipsometry: Woollam

e Both units have scanning capabillities
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Electrical Characterisation

e Hall Effect — carrier conc & mobility

* APP — Sheet resistance — Scanning!
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Shhh! Don't say the C-word

“Combinatorial” is sometimes a code term used to
describe uncontrolled non-uniform deposition.
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Fitting 2D gaussian to 140804_MgO_289

Controlled Non-Uniformity

* Profile from each gun described by 2D gaussian
* Excellent control over deposition parameters
* High run-to-run reproducibility

* Can predict multi-gun profiles B U NIVERSITY OF
& LIVERPOOL
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Case Study: Transparent Conductors

* Essential materials for PV and consumer electronics
* Combinatorial doping study: Si doped ZnQO

» Sample hundreds of compositions in a single sample
* Mapping opto-electronic properties vs dopant composition

* Extrapolation!
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(that's a big deal)

Can also extract some
fundamental physics

CrossMark
JOURNAL OF APPLIED PHYSICS 115, 063505 (2014) @ *

Non-parabolicity and band gap re-normalisation in Si doped ZnO
R. E. Treharne,"® L. J. Phillips," K. Durose,' A. Weerakkody,” |. Z. Mitrovic,? and S. Hall®

'Stephenson Institute for Renewable Energy, University of Liverpool, Liverpool, United Kingdom
2Department of Electrical Engineering and Electronics, University of Liverpool, Liverpool, United Kingdom

(Received 3 January 2014; accepted 20 January 2014: published online 11 February 2014)

A combinatorial methodology, developed for the rapid optimisation of sputtered transparent
conducting oxides, was applied to Si doped ZnO. A wide range of compositions have been
explored over a single sample to determine an optimum composition, with respect to the
minimisation of resistivity, of x =0.65% wt. Si0,. A fundamental investigation of the conduction
band non-parabolicity yields values of m. = 0.35mg and C=0.3eV ™" for the conduction band
minimum effective mass and the non-parabolicity factor, respectively. The variation of extracted
band gap values with respect to dopant concentration provided an estimate of the magnitude of
re-normalization effects. A model is proposed to describe the carrier transport behaviour for a
degenerate polycrystalline semiconductor by accounting for the tunnelling of carriers through grain
boundaries. © 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4863875]

I. INTRODUCTION which there is a spatial variation in either the major element
s i composition or the doping density. Knowledge of the spa
Polycrystalline ZnO films have received significant ) 1 -
o E : : tial composition variation may then be combined with the
attention in recent years. They can be degenerately doped
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Going deep!

* Effective Mass - dependent on dopant conc.

» Transport mechanisms: Scattering - new physical models!
* Electronic structure: Shape of conduction band

* ALL WITH ONE CONSISTENT SAMPLE!



Further Applications
Optimising Thin-Film PV
CdTe, CZTS, perovskites
Transparent Electronics
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Zn S layers for CdTe TFPV

Example: Cd

* Can investigate x=0.1 - 0.7 in one device
* Mapping performance with respect to x

* Optimum x~0.6 identified

« Improvement in V _identified

» Highly consistent data sets ¢ LIVERPOOL
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A Combinatorial Approach to the
Optimisation of Cd,_,Zn,S layers

for CdTe Solar Cells

Rob Trehame', Andy Clayton®, Laurie Phillips’, Jon Major, Stuart Irvine’, Ken Durose
¢ Livarsly of Liverpod), Livevpood UK
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A Combinatorial Approach to the Optimisation of Cd(;_,)Zn,S Layers
for CdTe Solar Cells

Robert E. Trehame!, Andrew Clayton®, Laurie J. Phillips', Jonathan D. Major!, Stuart J. C. Irvine®, Ken Durose!

!Stephenson Institute for Renewable Energy, University of Liverpool, Liverpool, L69 7ZF, Merseyside, UK
2Centre for Solar Energy Research, University of Glyndwr, St. Asaph, LL17 01D, Denbighshire, UK

Abstract—A combinatorial methodology has been adopted to
determine the optimum composition of a Cd(1—x)Zn.S window
layer for CdTe solar cells. The methodology generated a large, self
consistent dataset which permitted an unambiguous relationship
between x, conversion efficiency and related cell parameters to
be determined. An optimum composition of = = (.57 was shown
to maximise cell efficiency. Analysis of J — V' curves, measured
over 72 separate cells show that both short circuit current, Jsc,
and fill factor, F'F, values increase with respect to x over the

A bh B 1) Bl stames e ey 0

II. EXPERIMENTAL
A. Deposition and Characterisation of Cdyy ) Zn .S Films
Deposition of Cdy;_,)Zn,S films was achieved by co-
sputtering from separate CdS and ZnS targets (37 dia. Pi-
Kem Ltd, UK) using RF powers of 100 W and 200 W
respectively and an Ar pressure of 5 mTorr. The compo-
sition profile was achieved by switching off the substrate
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Perovskite!

* Ellipsometry of perovskite film

* n and k extracted

» Multi-layer model to determine
optimum thickness for device
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A low-cost non-toxic post-growth activation step
for CdTe solar cells

1. D. Major', R. E. Treharne', L. J. Phillips' & K. Durose!

doi:10.1038/nature13435
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Breakthrough in solar pane .
cheap energy within a decq < el A T

the research and development  processed solar cells contain similar concentrations of Mg; this is
st of power generation further  because of Mg out-diffusion from the soda-lime glass substrates and
(ref. 2) and to minimize the is not disadvantageous to device performance. However, treatment
of the manufacturing process  with other low-cost chlorides such as NaCl, KCl and MnCl, leads to
vin-film CdTewith CdCl,. This  the introduction of electrically active impurities that do comprom-
) i ise device performance. Our results demonstrate that CACI, may
,makingitessentialin achiev-  simply be replaced dlrecﬂy with MgCl in the existing fabrication
although such doping hasbeen  process, thus both rrururm:zm the envir | risk and reduci
ment of this processing route 3 3
evere disadvantages; it is both gPPCost of CdTe photovaltaic modul i o dropped below one
and a water-soluble source of g5 dollar - ¢ nower gWation is rapidly ap-
pros 9
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Recent breakthroughs
MgCl, activation of CdTe solar cells NAKED

: SCIENTISTS
No need for toxic CdCl,
CdTe: Old dog, new tricks! ag UNIVERSITY OF
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