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Zinc Oxide
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How to enhance p-type doping?

possible
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Wang and Zunger
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Electrical properties of ZnO films

Carrier Carrier
Sample _
type concentration
N doped p 3.25 x 1014 cm-
In-N, codoped p 3.51 x 1017 cm-3
Chen, Lu, Ye, Lin, Zhao, Ye, Li, and Zhu INCrease by

Applied Physics Letters 87 (2005) 252106 factor 1000



Codoping with In and N by implantation

SIMS depth profiling possible

In-N, complex

as T,=1073K
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Perturbed Angular Correlation (PAC)
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Perturbed Angular Correlation (PAC)
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Perturbed Angular Correlation (PAC)
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Intrinsic EFG ;.. Of ZNn0O

1Tn implantation; T, = 1100K t, = 30min
Fourier transforms

EI:Glattice
Vo= 31MHz
n=0
f=86%

” detector

100 200
o [Mrad/s]

45 -geometry

"

¥ detector ' -~
100

o [Mrad/s]

L




Indium penetration in ZnO
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Codoping of ZnO

Group V

\
P
As
Sb

energy

220keV
400keV

400keV

11Tn implantation; T, = 1100K t, = 30min

Fourier transforms
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Indium-Nitrogen codoping of ZnO

N (220keV) + 11In (400keV); T, = 1000K t, = 20min
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Indium-Nitrogen codoping of ZnO

N (220keV) + 11In (400keV); T, = 1000K t, = 20min
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Indium-Nitrogen codoping of ZnO

Isochronic annealing
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Indium-Phosphorus codoping of ZnO

P (400keV) + !1In (400keV); T, = 800K t, = 60min
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Formation of Indium-Acceptor-Pairs
in II-VI semiconductors

wurtzite o{8]s][e
— —A— -~ theoretical
Zn0O *ZnSe *ZnTe
209
153
11N — As ] 196 199
Min - Sb 169 156 167

*Ostheimer, Jost, Filz, Lauer, Wolf, and Wichert
Applied Physics Letters 69 (1996) 2840

**Lany, Ostheimer, Wolf, and Wichert 12
Hyperfine Interactions 136/137 (2001) 619



Formation of Indium-Acceptor-Pairs
In Zinc Oxide

vo [MHz] f [%0] n Orientation
209 (1) 2 0 c-axis
Win —N
239 (1) 5 <0.1 basal plane
]
155 (1) 2 0 c-axis
Win-pP
175 (1) 10 <0.1 basal plane
]
/ / /
Win - Sb
169 (1) 9 <0.1 basal plane




Possible configurations of In-N, Complexes




Summary

Donor—-acceptor codoping of ZnO by ion implantation

Aim: analysis of the microscopic environment on atomic level

Tool: Perturbed Angular Correlation to obtain structural information

PAC

e In-N,: 2 EFG

e In-P,: 2 EFG
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Work In progress

77Br/ 77Se (60keV); T, = 1100K

77Br

Group VII Group I
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Implantations: Michael Uhrmacher and Daniel Jirgens (U Goéttingen)
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