Grain Size Control of Novel Photoferroic Absorber

Bournonite (CuPbSbS,)
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What is bournonite? What are photoferroics? How to make thin-films of CuPbSbS,

I * BOUI’nOnIte (CUPbSbSS) |S a mlneral fOUﬂd a” O @ o + Anon_centroymmetric unit cell @ @ @ I
I over the world, including in the U.K. at Cornwall t (seen leftin a perovskite I I
_ _ _ _ _ a o & structure, ABX,) leads to I
I * |t has optimal properties for a single-junction electric fields acting across the I I
PV absorber layer including a direct band gap © B> © - unitcelldue to displaced I I i ‘ - I
I : 1O5nmn-1 electron densities Ij
of 1.3eV and strong absorption (~10~cm™) BhO . I
I » It has a polar space group of Pmn2,. This * Phototerroics are materials which are I I j] \ X S @ |
means it has photoferroic properties! good for PV applications and exhibit | | =
| ferroelectric (FE) properties | Sh,S; CuO I
| " J » FEs can display macroscopic electric | thvlenediamine Stirring this mixture Bournonite Is grown |
fields which can lead to an above- || Y . at atmospheric through annealing L
I bandgap V. dlssolves_ bl_JIk oxides and oressure and room | in atube furnace Thin-film I
| | | | ethanedlthlo_l acts as a S- temperature under N, flow at prepared and
| . Thes_e _exotlc behaw_ours suggest a source to_ build _sulﬂgles IN prepares an ink temperatures ready for |
I promising resea_rc_h fleld to _tackle the | | the stoichiometric ratio for ready for spin- ~400°C for 1hr analysis! [4]
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Why grain size is important and how to make them bigger in CuPbSbS, Structural characterisation:

are the thin-films phase pure?

« We are making bournonite thin-films and optimising the
absorber layer before fabricating devices.

Larger grain sizes

4

« As bournonite is a quaternary it is highly susceptible to

* Currently only one group has made a bournonite solar cell phase impurities. Its structure can be derived from

|
|
I and a grain size of 0.5um limited its power conversion
|
|
|

Fewer grain | | inserting PbS into layered CuSbS,
boundaries Grain boundaries are sources of efficiency (PCE) to 2.65% [2,3] . .
photocarrier recombination, reducing . . . * Itis challenging to keep CuPbSbS; phase pure
‘ . . « The temperature at which the films are annealed is key to _ L
the number of carriers reaching the « XRD (X-Ray Diffraction) is used to compare a reference

controlling the absorber morphology (step 3 of synthesis)

Better performing ~ d€Vvice contacts. Controlling grain size Is from the ICSD to the thin-films synthesised in this work

devices vital to improving solar cell performance. * Thin-films were annealed for one hour at temperatures
] varying from 400°C to 500°C under flowing N,
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« All films show excellent phase purity except for the
475°C which has PbS defects as a result of island

 No change to grain size or film density is seen between growth and nucleation

400°C and 450°C_. G_rains average 0.4£0.1um and there 30 X, = 2.14+0.06 pm What does BSE mean?
are clear voids within the material (seen with a cross 25.
section prepared with a focused ion beam, FIB)

 Annealing at a higher temperature closer to the melting

* Backscattered electrons point of bournonite recovers excellent phase purity

500°C (BSE) can be used to quickly
recognise different phases in
a material in an SEM

2
« At 475°C there is a distinct change - material coalesces § 151
and forms thicker films as islands. This is accompanied by | © ,,|

phase degradation to PbS and CuSbS, . . . .
* The intensity of the signal is

What about a longer anneal at

« At 500°C the phase purity returns along with an average 04 related to the atomic number,
grain size of 2.14%0.06 ym distributed normally (see right). 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 Z. Materials with larger Z give alower tem peratu re?
This is 5*larger than the grain sizes at lower Grain Size (um) stronger intensity (brighter)

temperatures. Grain density is significantly improved too

* Annealing films at
450°C for longer

—I-U\L 450°C 4hr was done to try
‘_t | l o growing larger

GE) 450°C 2hr grains while
= avoiding the
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Raman spectroscopy

Raman spectroscopy shows
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mostly into PbS

I. X-rays can be measured vibrational modes from 3 I i
In an SEM to spatially _ © N ; Island growth
| resolve elemental bonds excited by a laser | 4°0°C 1hr ' ‘h 450°C 1hr which starts at
distribution through * For CuPbSbS;, the Sb-S 5 I 475°C
| Energy Dispersive X-ray ponds are active modes (at | = I PbS | « Longer anneals
I analysis (EDX) 333cm*and 294cm) and a | & I | l L however show
+ EDX of a 475°C sample lattice mode is at 191cm- § 20 | 40 | sg  decomposition
| shows phase - Raman of these thin-flms |2 [RRUFF CuPbSDS, | 20 (degrees) of CUPbSDS,,

decomposition, most shows good agreement to v2vOO i 300 400
clearly with Cu and Pb mineral references avenumber (e )

Conclusions and future work
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CdS) deposited through sputtering or a chemical bath
to investigate a substrate configuration for a solar cell
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