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We used depth - resolved cathodoluminescence spectroscopy (DRCLS) to measure how
native point defects move under applied electric fields at metal-ZnO and metal-SrTiO3
interfaces. Native point defects can be electrically active, acting as donors or acceptors that
increase'or compensate?free carrier densities, altering Schottky barrier depletion regions® as well
as forming interface states that “pin” Fermi levels.* For many compound semiconductors, these
defects exhibit pronounced segregation toward free surfaces and metal contacts, amplifying their
interface electronic effects.* Here we report that native point defects in ZnO and SrTiOs,
representative wide band gap semiconductors with and without built-in polarization fields,
respectively, can move hundreds of nanometers under applied electric fields that are comparable
to electric fields in conventional Schottky barriers. In turn, such voltage gradients can account
for the pronounced defect segregation typically reported at oxide semiconductor interfaces.>>45

To gauge how electric fields can affect defect distributions in ZnO, we measured DRCLS
vs. increasing incident electron beam energy Eg and increasing depth below a 20 nm Pt electrode
on a 0.5 mm thick commercial (MTI) ZnO single crystal. Without bias, DRCLS through the Pt
showed significant increases in zinc vacancies (Vzn) and Cu on Zn sites (Cuzn), analogous to
previous studies.® An applied bias of +917V corresponding to 18.3 kV/cm across the entire
crystal width increased this segregation by > 2x nearest the Pt/ZnO interface. This enhancement
extends tens of nanometers into the bulk — comparable to the semiconductor depletion width,
suggesting that the applied field falls primarily across the Schottky depletion region. With bias
removed, these defects redistribute. Applied bias up to 2.5 kV/cm produces analogous oxygen
vacancy (Vo) diffusion in commercial (Crystek) SrTiOs wafers. Here, positive bias drives the
positive donors away from the anode, but with bias removed, these defects don’t redistribute.

Electric fields applied laterally across ZnO surfaces also drive defect diffusion.
Hyperspectral imaging (HSI) maps of Vz, and Cuz, spatial distributions between a 32 nm thick,
300 nm diameter IrOx Schottky diode and ground on a low-Li Tokyo Denpa Ltd. single crystal
wafer displayed acceptor movement toward the diode with increasing positive bias
corresponding to 10%V/cm. These effects have general significance since voltage gradients of this
magnitude are comparable or less than those in conventional band bending regions.

The authors gratefully acknowledge support from NSF Grant No. DMR-1305193 (T. Paskova).

11..J. Brillson and Y. Lu, “ZnO Schottky Barriers and Ohmic Contacts,” J. Appl. Phys. 109, 121301 (2011).

2D.C. Look, K.D. Leedy, L. Vines, B.G. Svensson, A. Zubiaga, F. Tuomisto, D.R. Doutt, and L.J. Brillson, “Self-
compensation in semiconductors: the Zn-vacancy in Ga-doped ZnO,” Phys. Rev. B 84, 115202 (2011).

3 G. M. Foster, H. Gao, G. Mackessy, A. M. Hyland, M. W. Allen, B. Wang, D. C. Look, and L. J. Brillson, “Impact
of Defect Distribution on IrOx/ZnO Interface Doping and Schottky Barriers,” Appl. Phys. Lett. 111, 101604 (2017).
4 L.J. Brillson, Y. Dong, D. Doutt, D.C. Look, and Z.-Q. Fang, “Massive Point Defect Redistribution Near
Semiconductor Surfaces and Interfaces and Its Impact on Schottky Barrier Formation,” Physica B 404, 4768 (2009).
5J. Zhang. S. Walsh, C. Brooks, D.G. Schlom, and L.J. Brillson, “Depth-resolved cathodoluminescence
spectroscopy of defects in SrTi03,” J. Vac. Sci. Technol. B26, 1466 (2008).



Normalized Counts (arib. units)

i ——917 V Bias
——0 V Bias
- 232eV Single Crystal ZnO
' Eg=1 keV

061 187eV

0.4

0.2

0.0

1 2 3 4 5 s

Energy (eV)

Fig.1. 1 keV DRCL spectra under the Pt-ZnO
contact. Positive bias increases Cuz, and Vz,
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Fig. 2. Normalized defect intensities vs. depth
below the metal-ZnO interface. Positive bias
increases acceptor diffusion toward interface.
Inset depicts Vz, and Cuz, response to applied

field.®

Fig. 3. ZnO HSI maps of Vz, and Cuz, intensities vs. voltage gradients up to 10*V/cm. Inset: anode & ground.
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Fig. 4. DRCLS through 40 nm Au into
SrTiO3(100) under positive bias.
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Fig. 5. Vzn and Cuz,acceptor response
in SrTiOs to positive applied bias.



	PCSI 2018 E-field abstract
	PCSI 2018 E-field abstract Supplemental

