16 Microsc. Microanal. 28 (Suppl 1), 2022
d0i:10.1017/S1431927622000976 © Microscopy Society of America 2022

FIB Sample Preparation of Hybrid Organic-Inorganic Perovskite (HOIP) Solar
Cells

F. Schnaider Tontini ", M. Bahri *, M. De Keersmaecker %%, E. L. Ratcliff >*° N. R. Armstrong *°, N.
D. Browning 7

1 Department of Engineering & Physical Sciences, University of Liverpool, Liverpool L69 3GH, UK

2 Department of Chemical and Environmental Engineering, University of Arizona, Tucson, AZ 85721,
USA

% Department of Materials Science and Engineering, University of Arizona, Tucson, AZ 85721, USA

% Department of Chemistry and Biochemistry, University of Arizona, Tucson, AZ 85721, USA

> Institute for Energy Solutions, University of Arizona, Tucson, AZ 85721, USA

® Physical and Computational Sciences, Pacific Northwest National Lab, Richland, WA 99352, USA

" Sivananthan Laboratories, 590 Territorial Drive, Bolingbrook, 1L 60440, USA

* Corresponding author: F.Schnaider-Tontini@Liverpool.ac.uk

Hybrid Organic-Inorganic Perovskites (HOIPs) are a class of photoactive semiconductor compounds
which have garnered much attention as candidates for high conversion efficiency solar cells, and have
shown a remarkable increase in conversion efficiencies from ~3.8% in 2009, when they were first
reported, to over 25% in 2021, but are nevertheless below the theoretical ~31% efficiency limit for a
single-junction photovoltaic device [1,2]. Further improvements will require an intrinsic understanding
of the microstructures, interfaces, composition along with the atomic-scale defects present in the
material and the electrochemical behaviour of the device.

Scanning Transmission Electron Microscopy (STEM) is uniquely capable of studying many of these
features but has strict sample geometry and preparation requirements, which require the use of Focused
lon Beams (FIBs) to prepare cross-sections of the thin-film devices [3-5]. Two damage mechanisms are
likely to dominate the effects of the ion-beam on the HOIPs - radiolysis and localized heating, followed
by degradation of the organic cations [6]. This damage appears most evidently as small (<50nm) voids
evenly distributed across the particles, and an overall shrinkage of the perovskite layer due to evolution
of volatile organohalide decomposition products and formation of nanoparticles of Pbl, in the case of
lead-based metal-halide perovskites, as shown in Figure 1. Radiolysis effects tend to be amplified at
lower accelerating voltages and thus the final low-voltage polishing steps commonly used in FIB
preparation procedures appear to introduce a significant portion of the damage observed. Modified
procedures were explored by performing the bulk of the polishing and the final polishing steps at
voltages other than the 1-2keV commonly used, with smoother faces on the finished lamella and
samples thin enough for high-resolution low-dose STEM analysis as demonstrated in Figure 2. In this
study a preparation procedure of samples for high-resolution STEM analysis from whole thin-film HOIP
solar cells via Ga* FIB-SEM in-situ lift-out was studied with a focus on identifying what ion beam-
damage looks like and what steps can be taken to minimize it [7].

References:

1. Kojima, A. et al., Organometal halide perovskites as visible-light sensitizers for photovoltaic
cells. Journal of the american chemical society 2009, 131 (17), 6050-6051.

P N

@ CrossMark
https://doi.org/10.1017/51431927622000976 Published online by Cambridge University Press


http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1431927622000976&domain=pdf
https://doi.org/10.1017/S1431927622000976

Microsc. Microanal. 28 (Suppl 1), 2022 17

2. Aranda, C. A.; Calio, L.; Salado, M., Toward Commercialization of Stable Devices: An
Overview on Encapsulation of Hybrid Organic-Inorganic Perovskite Solar Cells. Crystals 2021, 11 (5),
519.

3. Schaffer, M.; Schaffer, B.; Ramasse, Q., Sample preparation for atomic-resolution STEM at low

voltages by FIB. Ultramicroscopy 2012, 114, 62-71.

4. Rothmann, M. U. et al. , Structural and Chemical Changes to CH3NH3PbI3 Induced by Electron
and Gallium lon Beams. Advanced Materials 2018, 30 (25), 1800629.

5. Cai, S. et al. , Atomically Resolved Electrically Active Intragrain Interfaces in Perovskite
Semiconductors. Journal of the American Chemical Society 2022, 144 (4), 1910-1920.

6. Ran, J. et al. , Electron-Beam-Related Studies of Halide Perovskites: Challenges and
Opportunities. Advanced Energy Materials 2020, 10 (26), 1903191.

7. This work was made possible by a collaboration between the Albert Crewe Centre for
EM/University of Liverpool for the microscopy and the University of Arizona for the sample synthesis.
The first author acknowledges the post-graduate research funding from the Department of Engineering
and Physical Sciences of the University of Liverpool, without which this work would not have been
possible.

Before 2keV polishing After 2keV polishing

il 0 =
Figure 1: STEM BF/DF images of FIB-prepared lamellae of whole thin-film HOIP solar cells (a,b)
before the final 2keV polishing step and (c,d) after the 2keV polishing step. The perovskite layer already
shows the onset of beam-induced damage prior to the final 2keV polishing step, with voids visible in the
ADF image (b) and the precipitation of small particles near the ECL interface. These effects are
amplified after further thinning, with enlargement of the pores, more particles precipitating, and a =15%
reduction in layer thickness.
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Figure 2: STEM BF/DF image pairs of two HOIP solar cell lamellae from the same device prepared at
(a,b) 5keV milling and 2keV final polishing step and (c,d) 8keV milling and 5keV final polishing step.
Of note is the significantly smoother appearance of the particles when the milling and polishing is

conducted at higher voltages.
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