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Fig. 1. (a) Optical transmission spectra of UID and Sn-doped (-Gay;Oj, where the arrow denotes the pump wavelength; (b) open-

aperture Z-scan data of 8-Ga,Oj3 at different incident light intensities, where the solid lines are theoretical fitting curves.
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Fig. 2. Transient absorption spectra of the UID B8-Ga,O3 crystal probed at different delay times for different probe polarizations

with respect to the (a) [010] and (b) [102] crystal axes. Extracted decay dynamics of absorption under different probe wavelengths

for probe polarization along the (c) [010] and (d) [102] axes. The pump pulse is fixed to be polarized along the [102] axis.
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Fig. 4. Diagram of two-photon excited (2PE) carrier capture and the intrinsic defect absorption, the multiple charge states of the

Viarelated defects (2V§,-Ga® is for consideration) can be excited by pump pulses and allow carrier trapping (black arrows) and

optical transitions (transient absorption experienced by the probe pulses).
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Table 1.  Extracted parameters to model the tran-
sient absorption kinetics.
2R il
Na/em? (1.740.2) x 1016
G52 /(cm-s) (1.6:£0.3)x 106
Cy ' /(cm?s) (1.340.2)x 106

o_1 \max// [010}/Cm2 (1.4:|:0.4)><10717
O_1 jmax// [102]/cm? (2.340.5)x10-17
( )

(0] \max// [102]/cm2 2.240.6 x10-17
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Abstract

The ultra-wide bandgap semiconductor gallium oxide 8-Gay,O5 with enhanced resistance to the irradiation
and temperature is favorable for high-power and high-temperature optoelectronic devices. 8-Ga,O3 also exhibits
great potential applications in the field of integrated photonics because of its compatibility with the CMOS
technique. However, a variety of intrinsic and extrinsic defects and trap states coexist in §-GayOs, including
vacancies, interstitials, and impurity atoms. The defect-related carrier dynamics in 3-GayO5 not only adversely
affect the optical and electrical properties, but also directly limit the performance of (3-Gay,O3; based devices.
Therefore, a comprehensive understanding of the carrier transportation and relaxation dynamics induced by
intrinsic defects is very important. Supercontinuum-probe spectroscopy can provide a fruitful information about
the carrier relaxation processes in different recombination mechanisms, and thus becomes an effective way to
study the defect dynamics. In this work, we study the dynamics of carrier trapping and recombination induced
by intrinsic defects in pristine B-Gay,O3 crystal by using wavelength-tunable ultrafast transient absorption
spectroscopy. The broadband absorption spectra induced by the intrinsic defects are strongly dependent on the
polarization of pump pulse and probe pulse. Particularly, two absorption peaks induced by the two defect states
can be extracted from the transient absorption spectra by subtracting the absorption transients under two
probe polarizations. The observed defect-induced absorption features are attributed to the optical transitions
from the valence band to the different charge states of the intrinsic defects (such as gallium vacancy). The data
are well explained by a proposed carrier capture model based on multi-level energies. Moreover, the hole capture
rate is found to be much greater than that of the electron, and the absorption cross-section of the defect state is
at least 10 times larger than that of free carrier. Our findings not only clarify the relationship between intrinsic
defects and photogenerated carrier dynamics, but also show the importance in the application of (-Ga,O4
crystals in ultrafast and broadband photonics.

Keywords: (3-Ga,0O;, transient absorption, defect dynamics, carrier trapping
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