Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2017

Size-Dependent Donor and Acceptor States in Codoped Si Nanocrystals Studied by

Scanning Tunneling Spectroscopy

Or Ashkenazi,? Doron Azulay,®® Isaac Balberg,? Shinya Kano,” Hiroshi Sugimoto,® Minoru Fuijii,” and
Oded Millo**

'Racah Institute of Physics and the Hebrew University Center for Nanoscience and Nanotechnology,
The Hebrew University of Jerusalem, Jerusalem 91904, Israel. E-mail: milode@mail.huji.ac.il

*Azriely, Jerusalem College of Engineering, Jerusalem 9103501, Israel

Department of Electrical and Electronic Engineering, Graduate School of Engineering, Kobe
University, Rokkodai, Nada, Kobe, 657-8501, Japan

Supplementary Information

Preparation procedure of B and P codoped Si-NCs

Si-rich borophosphosilicate glass films (~10 um in thickness) were first deposited on thin stainless steel
plates by cosputtering Si, SiO,, B,0s3, and P,0s in an rf-sputtering apparatus. The films were peeled
from the plates and then annealed at 6 different temperatures (1100, 1150, 1175, 1200 and 1250 °C) in
a N, gas atmosphere for 30 min to grow Si-NCs with different sizes in BPSG matrices. During the growth
of Si-NCs, B and P atoms are incorporated into Si-NCs from BPSG matrices. Codoped Si-NCs were
liberated from BPSG matrices by etching in HF solutions (46 wt %) for 1 h. Isolated Si-NCs were then
transferred to methanol. For the preparation of undoped Si-NCs, Si-rich SiO, films were sputter-
deposited and then annealed at 1200 °C. Undoped NCs were liberated from the matrices using the
same etching process as that of codoped Si-NCs. It should be noted, however, that undoped Si-NCs are
not dispersed in methanol and therefore the agglomerates tend to precipitate. All the processes were

performed in an ordinary laboratory environment.

Additional tunneling spectra

In the following, we present additional tunneling spectra to which we refer in the main text.
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Fig. S1. Tunneling spectra measured on 5 nm undoped Si-NCs. The spectra were taken on the NCs

marked, with corresponding colors, in the 75x75 nm? topographic (inset).
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Fig. S2. Tunneling spectra measured on codoped Si-NCs, 3.5 nm in diameter.
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Fig. $3. Tunneling spectra measured on codoped Si-NCs, 4.5 nm in diameter.
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Fig. S4. Tunneling spectra measured on codoped Si-NCs, 6. nm in diameter.
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Fig. S5. Tunneling spectra measured on codoped Si-NCs, 7 nm in diameter.
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Fig. S6. Tunneling spectra measured on codoped Si-NCs, 8.5 nm in diameter.



