Supplementary information: Isotype heterojunction solar
cells using n-type Sb,Se; thin films

Theodore D. C. Hobson!, Laurie ]. Phillips?, Oliver S. Hutter!, Huw Shiel?, Jack E. N. Swallow?,
Christopher N. Savory??3, Pabitra K. Nayak*®, Silvia Mariotti6, Bhaskar Das’, Leon Bowen®,
Leanne A. H. Jones!, Thomas ]. Featherstonel, Matthew J. Smiles?, Mark A. Farnworth?,
Guillaume Zoppi'®, Pardeep K. Thakur!?, Tien-Lin Lee!l, Henry J. Snaith#, Chris Leighton’,
David 0. Scanlon?311, Vinod R. Dhanak?, Ken Durose!, Tim D. Veal® and Jonathan D. Major!”

1 Stephenson Institute for Renewable Energy, Department of Physics, University of Liverpool, Liverpool L69 7ZF, UK.

2 University College London, Kathleen Lonsdale Materials Chemistry, Department of Chemistry, 20 Gordon Street, London
WC1H 04], UK

3Thomas Young Centre, University College London, Gower Street, London WC1E 6BT, UK
4Clarendon Laboratory, Department of Physics, University of Oxford, Oxford, 0X1 3PU, UK
5TIFR Centre for Interdisciplinary Sciences, Tata Institute of Fundamental Research, Hyderabad 500107, India

¢ Laboratoire de Chimie des Polymeéres Organiques, Université de Bordeaux, Bordeaux INP, Allée Geoffroy Saint-Hilaire,
B8, F-33615 Pessac, Cedex, France

7 Department of Chemical Engineering and Materials Science, University of Minnesota, 421 Washington Ave. SE,
Minneapolis, MN 55455-0132, USA

8G. ]. Russell Microscopy Facility and Department of Physics, University of Durham, South Road, Durham, DH1 3LE, UK

9 NSG-Pilkington, NSG Technical Centre, Lathom, Nr. Ormskirk, Lancashire, L40 S5UF

10 Department of Mathematics, Physics & Electrical Engineering, Northumbria University, Newcastle upon Tyne, NE1 8ST,
UK

11 Diamond Light Source Ltd, Diamond House, Harwell Science and Innovation Campus, Didcot, Oxfordshire 0X11 0DE, UK



—e— Se
Y <@ Sb
9= Cl
1000 4!
z ) ¢ °
2 = T ST
) o X v e wv
8 & 104 v i ".‘V
£ I v v v ¥v_%ovy" e Yy
Eaad x w v 3
=) 2 v Y ¥y v ¥ .
O (6] v L]
-3
10 Oe0
1 T T T T T 1 T T T
0 50 100 150 200 250 300 0 20 40 60
Sputter time (s) Sputter time (s)

Courts (arb. units)

10 T T
0 20 40 60 80

Sputter time (s)

Figure S1: Se, Sb and Cl spectra from TOF SIMS analysis for close space sublimation (CSS) or thermally
evaporated (TE) Sh,Se; layers for a) CdS/CSS-Sh,Ses, b) TiO,/TE-Sbh,Se; and c) CdS/ TE-Sb,Se; devices.
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Figure S2: Secondary electron cut-off (SEC) and valence band maximum (VBM) obtained by XPS for a)
Sb,Se; and b) TiO,. Linear fits to both edges and background are used to determine SEC and VBM energy
with respect to the Fermi level, from which the work function and ionisation potential are calculated.
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Figure S3: X-ray diffraction (XRD) of Sh,Se; crystals synthesized from either elemental Sb and Se (no Cl
impurities) or granulate Sb,Se; showing a) full XRD spectra and b) high resolution of (061) peak with no
shift due to dopant incorporation or secondary phases apparent.



