Development and Characterization of Copper Zinc Tin Sulfide (CZTS) Thin Films
for Solar Cells Applications
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Introduction

Current large-scale thin film solar cells require high pro-
duction costs due to the limited and hard to supply materials
like indium, gallium and tellurium [1]. In addition the exten-
sive use of the toxic metal cadmium used in CdTe technolo-
gies has a negative environmental impact. In recent years,
there has been extensive research focused on finding alter-
natives for thin film solar cells based on CIGS and CdTe tech-
nologies. The most promising result is the compound
Cu,ZnSnS, (CZTS), which is now a recognized potential mate-
rial for the absorber layer in photovoltaic applications. The
benefits of CZTS include the abundant and inexpensive sup-
ply of the materials directly reducing the cost of mass pro-
duction, the nontoxic materials, and good photovoltaic prop-
erties with a band gap of 1.5 eV and an absorption coeffi-
cient greater than 10°cm™ making CZTS an ideal candidate as
an absorber layer in solar cells [2]. In past publications, Tauc
plots based on absorption acquired from transmission meas-
urements were used to estimate band gaps [1, 2, 3]. Since
the absorber is typically prepared on a metal Mo film, using
the transmission method might not be an effective method
to determine optical band gap for these structure types.
Spectroscopic ellipsometry is a non-contact technique, which
has been used to determine the band gap for many films.
Optical property of the bulk crystal CZTS, grown by the Bridg-
man method and studied with spectroscopic ellipsometry,
has been reported by S. Levcenko [6]. However, in this study,
spectroscopic ellipsometry will be used to measure CZTS's
film thickness and their optical properties in CZTS/Mo/Glass
stack with the Tauc-Lorentz model.

Four sample sets were investigated in this study: A, B, C,
and D. Sample A and B were prepared first. Sample C and D
were prepared at later stage. Each of sample set consist of at
least two subsamples which originate from the same 1” x 3”
CZTS precursor film and go through the annealing/
sulfurization as a batch. One of the subsamples is then set
aside for characterization of the CZTS film while the other(s)
continue the process of becoming a cell, as shown below.
Some characterization work, mainly with spectroscopic ellip-
sometry, will be reported here.

Film Characterization

CZTS film thickness and optical constants N&K were
obtained by using a spectroscopic ellipsometer TFProbe
SE500BA, developed by Angstrom Sun Technologies Inc.
The spectroscopic ellipsometry technique measures physi-
cal and optical properties on any section of the film with-
out direct physical contact with the film surface. The
TFProbe SES00BA detector covers a wavelength range
from 250nm to 1700nm and is equipped with an advanced
automatic variable incident angle precision goniometer.
The CZTS samples were measured at 67.5, 70, and 72.5
degree incident angles with 512 wavelength points.
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A Tauc-Lorentz dispersion model, calculated by the
TFProbe 3.3 software, was applied on the measured data
sets to obtain the optical properties of the CZTS films. The
imaginary part of the dielectric function €i was developed
by Jessison and Modine in 1996, by multiplying the Tauc
joint density of states with the Lorentz oscillator:

AE,C(E—E;)?
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Si(E) = 0, E < Eg

Si(E) — E>FE
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where Eq is the peak transition energy, C is the broadening
term, Egis the optical band gap, and A is proportional to
the transition probability matrix element.

The real part of the dielectric function &, is calculated
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——Sample A ——Sample 8 Sample C  ——Sample D ——SampleA ——Sample B SampleC ~——Sample D

Sample A | Sample B |Sample C| Sample D

Surface Roughness |137.6 nm |150.9 nm {100.6 nm |107.8 nm

CZTS 905.3 nm |[864.8 nm |561.8 nm |[790.1 nm

Total Thickness 1042.9 nm |1015.7 nm |662.4 nm |897.9 nm

Eg (eV) 0.9182  |1.00 1.3875  [1.4741

A typical Cross sectional SEM image shows CZTS layer
of samples A. Large CZTS grains of 500+ nm and rough top
surface are observed. The lighter regions near the CZTS/Mo
interface are believed to be the ZnS phase.

N633 2.0683 2.0997 2.3978 2.3315

K633 0.7835 0.5682 0.5542 0.5902

Compositional Analysis of CZTS Sample A from SIMS
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Compositional Analysis of CZTS Sample C from SIMS
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Compositional Analysis of CZTS Sample D from SIMS
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A fitted graph for sample C at a
as shown below:
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70 degree angle is plotted
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Note: Eg is from Tauc-Lorentz model output
Discussion and Summary

e Total thickness measured with spectroscopic ellipsometry is
consistent with cross sectional estimates from SEM. Spectro-
scopic ellipsometry model also revealed the same scale top
surface roughness as shown from SEM examination.

e All profiles show similar compositions, with a Zn-rich layer at
the base of the film.

e Older samples A and B have lower band gap values than ex-
pected. While Sample C and D have Eg values at 1.3875eV
and 1.4741eV, respectively, which are close to reported
1.5eV for bulk CZTS

e The older samples A and B show more diffusion of Mo into
the CZTS film than the newer samples (C & D) . In Sample A,
CZTS layer has about 25 at. % Mo in the region close to the
Mo interface and about 10% Mo inside its top area. Sample
B contains about 10% Mo in the CZTS layer. For newly pre-
pared samples C and D, only about 1% Mo in the CZTS layer
was found.
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