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Fig. 1. XRD patterns for IGZO films deposited at 300,
403, 591 K. For clarity, the data for the films deposited
at 403 and 591 K have been shifted by +60 and +180,

respectively.
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Fig. 2. Resistivity as a function of temperature for
a-IGZO films deposited at different substrate temper-
atures. Inset: carrier concentrations obtained from

Hall effect measurements versus temperature.
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Table 1. Sample parameters for a-IGZO films. t is the mean film thickness, Ty is substrate temperature during deposition,

pRT is the resistivity at room temperature, n and D are the carrier concentration and diffusion constant at 10 K. 1/7'0, A§C

are defined in Eq. (3), (AS,)*" and (AL )" are the corresponding theoretical values calculated according to Eq. (1), Agg is

the theoretical values calculated according to Eq. (4).

tom ToK PRT gl Daoky 7m0 K) 1/79 AS, (AS,)th (ALt ALp
/mQ-cm Jem2s~1 /10?5 m=3 /1079 571 /109 K=1P.s~1 /108 K=1:%.s~1 /107 K=2.s71 /105 K=2.s~1
784.5 300  0.42  2.10 2.4 5.92 4.90 4.58 8.50 2.72 7.38
786.0 330 048 1.96 2.2 5.56 6.64 4.75 9.58 2.84 7.26
760.0 403  0.46  2.08 2.4 5.62 1.16 4.47 8.74 2.82 6.94
727.0 498 049  1.99 2.3 5.05 4.29 4.17 9.68 3.03 6.29
755.0 548  0.47  2.10 2.4 5.06 2.19 3.63 8.93 3.02 5.98
689.6 591  0.47 2.05 2.3 5.17 2.59 3.83 9.16 2.98 6.30

3 AFEJRIRE &1 a-IGZO W, B SR NN HPE (a), (b), (c) Al (d) %8RRI E 45 A
300, 403, 548 fil 591 K [IHf i B2 LA HORSEIR R, stdh (2) R4 R
Fig. 3. Magnetoconductivity versus magnetic field for the a-IGZO films deposited at (a) 300 K, (b) 403 K,

(c) 548 K and (d) 591 K. The open squares are experimental results, and the solid curves are least-squares

fits to Eq. (2).
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Fig. 4. The electron dephasing rate 1/74 as a function

of temperature for a-IGZO films deposited at differ-
ent substrate temperatures. For clarity, the data for
films deposited at 300 and 403 K have been shifted
by +1 x 10 s=1 and 40.5 x 101! s, respectively.
The solid symbols are the experimental results, and

the solid curves are least-squares fits to Eq. (3).
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Abstract

Electron dephasing process is important and interesting in disordered conductors. In general three-dimensional
(3D) disordered metals, the electron-electron (e-e) scattering is negligibly weak compared with the electron-phonon (e-
ph) scattering. Thus, the theoretical prediction concerning the e-e scattering rate 1/7c as a function of temperature T’
in 3D disordered conductor has not been fully tested so far, though it was proposed four decades ago. In the frame of
free-electron-like model, the e-ph relaxation rate 1/7., is proportional to carrier concentration n, while the small- and
large-energy-transfer e-e scattering rate obey the laws 1/7'5‘e x n~ %3 and 1/7'eLe x n72/3, respectively. In other words,
e-e scattering may dominate the dephasing processes in 3D disordered metals with sufficient low carrier concentrations.
In the present work, we systematically investigate the electronic transport properties of amorphous indium gallium zinc
oxide (a-IGZO) prepared by the radio frequency sputtering method. The carrier concentrations of the highly degenerate
IGZO films are all ~5 x 10*° cm™3, which are 3-4 orders of magnitude lower than those of typical metals. Our thick
films (~800 nm) are 3D systems with respect to weak-localization (WL) effect and e-e scattering. X-ray diffraction
patterns of the films indicate that our films are all amorphous. For each film, the resistivity increases with the increase
of the temperature in the high temperature region (7' > 200 K) and the carrier concentration is almost invariable in the
whole measured temperature range. This indicates that the films possess metal-like transport properties. By comparing
the low-field magnetoconductivity versus magnetic field data o(B) with that from the 3D WL theory, we extract the
electron dephasing rate 1/7, at different temperatures in the low temperature region. It is found that 1/74 varies linearly
with T3/2 for each film. The T°/? behavior of 1 /Te can be quantitatively described by the 3D small-energy-transfer e-e
scattering theory. The e-ph scattering rate 1/7., and large-energy-transfer e-e scattering rate 1/7 are negligibly weak

in this low-carrier-concentration conductor. Thus, we can observe the 72/ behavior of 1/7,.
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