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Carrier dynamics of n-type doped ZnO
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In order to clarify the doping mechanism of the carrier electrons into the conduction band of wide gap
semiconductors and in particular the effect of substitutional doping on the electronic states in the conduction
band, we performed Auger resonant Raman scattering measurement on Al doped ZnO thin films. We show that
this is promising technique which is capable of providing us with information about the degree of localization
of the conduction electrons, by observing the electron dynamics in the conduction band within the
femto-second time scale. Here, we recorded Zn 2p3d3d Auger spectra by changing the incident photon energy
over the Zn 2p absorption threshold, and we found that the branching ratio to the resonant channel increased
dramatically with the Al doping. This result can be interpreted as a direct consequence of the localization of the
conduction electrons, that would be due to the structural disorder at the high-doped regime, e.g. uniformly
distributed disorder produced by the substitutional doping, or decrease of the crystallite size.
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Fig. 1. Zn Ls;-edge XAS spectra of Al,Zn,O thin films with
x=0-0.23 at room temperature. The upper spectra were

measured at 9 =0", and the lower ones were at 6 =60".
The structures at 1024-1034 eV show strong angular
dependence in contrast to the threshold region.
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Fig. 2. Photoemission spectra of ZnO thin film. Photon
energy was varied between 1018-1032 eV. Two resonant
components were seen at 1020-1023 eV. Other d®
components are assigned to normal Auger, whose kinetic
energies are constant.
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Fig. 3. Photoemission spectra of A,Zn,.,O thin film with
x=0.06. Photon energy was varied between 1018-1032 eV.
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Fig. 4. Photoemission spectra of A,Zn,.,O thin film with
x=0.13. Photon energy was varied between 1018-1032 eV.
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5. Photoemission spectra of A,Zn;,O thin film with x=0.19.
Photon energy was varied between 1019-1032 eV.
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Fig. 6. Photoemission spectra of A,Zn,.,O thin film with
x=0.23. Photon energy was varied between 1019-1030 eV.
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