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INTRODUCTION 

Ultraviolet (UV) and terahertz (THz) radiations 
have a wide range of applications leading to the search 
for novel, easy-to-use, intense, and compact radiation 
emitters and detectors. On the other hand, high-quality 
bulk crystals, heterostructures, and nanostructures of 
various semiconductor materials have been successfully 
fabricated through different growth techniques. Nitride, 
arsenide, and oxide semiconductors usually have novel 
applications due to their wide band gaps and interesting 
optical properties. For example, a hydrothermal-grown 
bulk zinc oxide (ZnO) crystal exhibit similar 
photoluminescence (PL) emission regardless of the 
excitation source [1]. In addition, an aluminum-doped 
ZnO-gallium arsenide (ZnO:Al-GaAs) heterostructure 
has a THz emission intensity improved by more than a 
factor of five [2]. In this regard, we investigate the UV 
and THz emissions of a bulk ZnO single crystal. ZnO is 
a II-VI semiconductor compound with a wide and direct 
band gap (3.3 eV) and large exciton binding energy (60 
meV) at room temperature. The optical properties of the 
bulk crystal are characterized using optical transmission 
spectroscopy, PL spectroscopy, and THz-time-domain 
spectroscopy (THz-TDS). The results obtained yield 
important insights regarding the applications of ZnO as a 
potential radiation emitter and detector. 

EXPERIMENT 

A hydrothermal-grown bulk ZnO single crystal was 
investigated using optical transmission spectroscopy and 
PL spectroscopy. For the optical transmission and PL 
measurements, the solid-state spectroscopy beamline 
(BL7B) of the Institute for Molecular Science Ultraviolet 
Synchrotron Orbital Radiation (UVSOR) facility served 
as the excitation source. The bulk crystal was first placed 
inside a vacuum chamber maintained at 10-5 Pa. A liquid 
helium (He) cryostat and a heater were utilized to vary 
the sample temperature from 10 to 300 K. The sample 
emission was subsequently fiber-fed to a spectrometer 
coupled with a liquid nitrogen-cooled charge-coupled 
device (CCD) camera. For the time-resolved PL (TRPL) 
spectroscopy, a frequency-tripled output (3ω) of a 

Ti:sapphire laser system served as the excitation source. 
The laser beam with 290-nm wavelength, ~ 100-fs pulse 
duration, and 1-KHz repetition rate was focused on the 
sample at an angle of 45° from the normal. The sample 
emission was then focused on an imaging spectrograph 
fitted with 600 grooves mm-1 grating. The spectrograph 
was coupled to a streak camera in conjunction with a 
high-resolution CCD camera. This TRPL system had a 
temporal resolution of 10 ps in its fastest scanning range. 

RESULTS 

Figure 1 shows the optical transmittance and PL 
spectra of a bulk ZnO single crystal at different 
temperatures. The bulk crystal has high transmittance 
above 400 nm and a UV emission corresponding to the 
near-band-edge emission of ZnO. At 300 K, the single 
crystal exhibits high transmission above 390 nm and a 
PL emission centered at ~ 380 nm. With decreasing 
temperature, the transmission edge shifts to shorter 
wavelengths making ZnO transparent in a wider 
wavelength range. Similarly, the UV emission shifts to 
shorter wavelengths and intensifies and sharpens at lower 
tempeatures. The transmission edge and UV emission 
peaks of the ZnO crystal at different temperatures do not 
also overlap. 

Figure 2 shows the PL emission intensity 
distribution and the corresponding temporal profile of a 
bulk ZnO single crystal. The bulk crystal exhibits intense 
emission centered at ~ 380 nm. From the PL intensity 
distribution, the temporal profile is integrated from a 
20-nm spectral range around the emission peak position. 
The decaying part of the profile is fitted to a double 
exponential decay function to determine the emission 
lifetimes. The ZnO crystal exhibits two decay constants 
of 0.47 and 1.35 ns with an average lifetime of 1.12 ns. 
The bulk ZnO single crystal has a faster nanosecond 
lifetime compared to conventional scintillators. 

WORK IN PROGRESS 

The THz emission of the bulk ZnO single crystal is 
currently being investigated. Figure 3 shows the 
schematic diagram of the present experimental setup. A 
mode-locked Ti:sapphire laser serves as the excitation 



source. The laser beam with ~ 800-nm wavelength, ~ 
100-fs pulse duration, ~ 80-MHz repetition rate will be 
split into two as pump and probe beams. The pump beam 
will be mechanically chopped for lock-in detection and 
will then be focused to the sample using a plano-convex 
lens. The THz emission will be subsequently collected 
using off-axis paraboloid mirrors and focused to a 
LT-GaAs photoconductive antenna detector. On the other 
hand, the probe beam with a reduced power of ~ 10-mW 
will be focused on the back side of the antenna to serve 
as an optical trigger. 

Fig. 1. (a) PL emission intensity distribution and (b) 
temporal profile of bulk ZnO single crystal. The 
decaying part of the profile is fitted to a double 
exponential decay function (black dashed lines) of the 
form, I(t) = 0.52 exp (-t/0.47ns) + 0.51 exp (-t/1.35ns). 

SUMMARY 

We investigate the UV and THz emissions of a bulk 
ZnO single crystal. The optical properties are 
characterized using optical transmission spectroscopy 
and PL spectroscopy. A bulk ZnO crystal exhibits high 
transmittance above 390 nm and intense and fast UV 
emission centered at ~ 380 nm. The transmission edges 
and UV emission peaks do not overlap and shift to 
shorter wavelengths with decreasing sample temperature. 
The THz emission of the bulk crystal is still under 
investigation and will be reported in the near future. The 
results nevertheless suggest that bulk ZnO single crystals 
can be used as an efficient emitter and fast detector for 
radiation-related applications. 

 
Fig. 2. Optical transmittance and PL spectra of bulk ZnO 
single crystal at different temperatures. The transmission 
edge and emission peaks shift to lower wavelength with 
decreasing temperature. 

Fig. 3. Schematic diagram of the present THz-TDS 
experimental setup. 
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