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Introduction and Motivation Nanocrystal Layer Deposition of CdS Tailoring CdS Properties

Cadmium Sulfide: A Versatile Semiconductor NCLD: A room temperature, aqueous synthesis Tuning Band Structure with Growth Modifiers

_ _ | NCLD is an aqueous surface-mediated growth process that 20 nm thick nanocrvstalline CdS oroduced bv NCLD
Cadmium sulfide (CdS) A e\ - - y P C. y .
. produces selective, uniform, and conformally dense would be expected to reduce parasitic absorption.

n-type Semiconductor @ nanocrystalline CdS films on hydroxyl-rich surfaces (e.g. ZnO).

Band gap: E;=2.4-2.5¢eV

(absorbs UV to ~500nm) ZnO

absorbs UV to Ca2* + CH.C(S)NH, n0 CH,C(O)NH, + CdS + H,0 Can we fun‘he.r reduce CdS absorbance by
increasing the CdS band gap?

Crystallographic polymorphs:

: g‘jﬁ?cgfa”i'éigofrlf nm. ¢ = 0671 nm) NCLD produces a dense CdS coating only a single nanocrystal thick

Applications: R|E JELIL. on both 2-D and 3-D ZnO architectures. CdS nanoparticle size can be tuned using peptides rich in amino acids such

Fluorescgnt Probes P - % ay X . , as cysteine (C), and aspartic acid (D) that bind aqueous Cd?* cations.
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CdS serves as a “window layer” in many thin film PV systems. .\ Absorber N St AN A S = el S A —
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* serves as an electron transport layer

] f e Controlled introduction of amino acids (e.g. cysteine,
O o T T histidine, aspartate, glutamate) to the NCLD growth reaction
’ dramatically changes CdS nanocrystal morphology.
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Efficiency is the product of open circuit s P B P = 1
voltage (V¢), short circuit current (Jgc), P o) | 0.1-
and fill factor (FF).
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T] = VOC X FF X JSC http://zone.ni.com/devzone/cda/tut/p/id/7230

Idea CdS layers will minimize factors that decrease Ve, FF, and Jo: Monitoring CdS growth with absorbance shows that film formation is self-limiting!
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Objective: Create thin, dense CdS window
layers, optimized for charge transport in
thin film photovoltaics
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_ _ ] Stamped “micro- dotS,,n O on Si " | Emrgy o | Blue-shifted absorbance shows that by controlling the amount of amino acid
Growi ng CdS Thin Films produce selective CdS growth ZnO nanorods on Ag selectively template CdS growth modifier (e.g. cysteine, aspartic acid, histidine), the band gap of the
CdS film can be tunably increased.

How is CdS grown?
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Chemical Bath Deposition (CBD)

What’s behind the CBD process? t = Agmetal
Cd?*(aq) + S* (aq) & CdS(s) X

0.2

XPS and UPS measurements reveal that the increased band gap is due to the
conduction band moving closer to vacuum. In addition, the shift in the work function
suggests that n-doping in CdS is not sacrificed with conduction band movement.

Cd(OH), + CH,C(S)NH, = CH,C(O)NH, + CdS + H,0
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Uniform CdS thin film growth requires | (Homogensous

NH; —Cd®*—NH; ————» Cd™ 4— particle formation)

rigorous control over reagent o \ _—
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sulfur precursors, hydrated cadmium ions, +

H-N=C=N-H

and cationic chelators (e.g. ammonia). s

o
N
T

—— No CdS

—— 10 min CdS
—— 30 min CdS -
—— 60 min CdS

Summary, Conclusions, and Future Work
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control dynamic reactions with organic

~ NH2

S, « CdS is a critical element of thin film PV that can dramatically affect device
. ! efficiency.
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D488, (Heterogenecas i growth enhancement of V... and Growth *NCLD is a room temperature, aqueous synthesis that produces thin, conformal,
B g3 B> £ efficiency in OPV sOsttem (min) nanocrystalline CdS coating.

Failure to control growth conditions can lead to ool o 0 « NCLD CdS is suitable for application in PV systems, even showing dramatic

non-uniform, low density films. C s il CdS produced by NCLD is 10 improvement of V5 and device efficiency in OPV cells.
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Films often need to be thicker (up to ~200 nm) | L clearly suitable for PV 30 « Using functional amino acid growth modifiers, CdS morphology and
thick to avoid pinholes. o applications. 60 optoelectronic properties of NCLD films can be tuned.

AR TS S e PR - Efforts are underway to incorporate these films into inorganic thin film PV (e.g.
Sanap, V.B. et al. Chalcogenide Lett. 2009, 6 (8), 415-419. Spoerke, et al. Appl. Phys. Lett. DOI: 10.1063/1.3232231 (2009) CdTe) systems.
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