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Abstract
Preliminary experiments for a planning project to develop terahertz wave devices for non-contact and nondestructive diagnosis of electric power facilities are presented. A reflection-type terahertz time-domain
spectroscopy was built to study the possible applications in diagnosing defects occurred in insulation materials
or other nonmetallic parts of electric power facilities. We performed experiments on detecting some insulation
material samples, and the results show that it is feasible to find out the defects, alien substances and water in
the samples through analyzing the reflected terahertz wave. In addition, a data-processing technology capable
of improving the depth resolution is demonstrated.
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Introduction
As a light between radio waves and infrared, terahertz wave has
some unique properties which are expected to be used in a wide range
of fields [1-10]. Terahertz waves have found applications in many
different fields, such as physics, material science, electrical engineering;
chemistry, forensics, and new research potential are being discovered
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Figure 1: The block diagram of the experimental setup.

in biology and medicine [11-20]. Applications of terahertz wave to
non-contact and non-destructive diagnosis is attracted in recent
years, since it can pass through a variety of amorphous substancesmany synthetics, textiles and plastic products. It has been successfully
applied to check the authenticity of the bank bills and to measure the
complex index of refraction of materials [4-6]. And it is expected to
be applied to the surface and inner-structure diagnosis of insulated
products used for electric power facilities.
Cooperating with an electric power company, a project of
developing non-contact and non-destructive diagnosis of electric
power facilities with terahertz wave is under planning in our institute.
As part of preparation for the project, we performed preliminary
experiments to study the properties of insulation materials in
terahertz regime and explore the possible applications in diagnosis
of electric power equipment. A terahertz time-domain spectroscopy
was built to generate terahertz wave and support the measurement
of terahertz wave reflected from samples. In this paper, we present
preliminary experiments on detecting insulation material samples
with simulated defects to demonstrate the feasibility of terahertz wave
in diagnosing electric power facilities.

Experiments
Experimental setup
A reflection-type time-domain spectroscopy system has been
developed in our laboratory. The block diagram and photograph of
the experimental setup are shown in figure 1, figure 2 respectively.
The terahertz wave emitter and detector are photoconductive dipole
antennas. Femtosecond laser is used for generating pump and probe
pulses for excitation and gating the photoconductive dipole antennas.
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Figure 2: Photograph of setup. (a) THz emitter (b) delay line (c) optics system and (d) control system.
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Figure 3: Observed (a) time wave form and (b) spectrum of reference mirror in the dry air. Observed (a) time wave form and (b) spectrum of reference mirror in
the dry air.

The center wavelength of the laser is 800 nm and the repetition rate is 80
MHz. The emitter bias voltage has a 10 kHz sinusoidal wave form with
100-V amplitude. The terahertz radiation beam is focused on the surface
of a sample with an angle of 8 degree from the normal direction to the
sample surface by using a lens and two mirrors as shown in figure 1. The
reflected terahertz wave is focused on the detector antenna by using a
mirror, a lens and an off-axis parabolic mirror. The timing of the probe

pulse was varied against the pump pulse to obtain time-domain wave
form of the terahertz wave. The spectrum can be obtained by Fourier
transform of the time wave form. The raster scan imaging is realized by
moving the sample stage in the direction perpendicular to the plane of
terahertz wave irradiation. At each position of the raster scanning, the
reflection terahertz wave form is measured. The maximum translation
range of the sample stage (an x-y stage) is 20 mm in each lateral direction.
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Figure 4: (a) A photograph of concentric-circle pattern and (b) frequency decomposed image at 2 THz.
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is 1024. In the time wave form, besides the main pulse at 10 ps, small
pulses appear at ~18 ps and 50 ps, which are due to the reflections
of terahertz pulse at the interfaces between the GaAs substrate and
the Si lens used for the emitter and the detector photoconductive
antennas. These system-intrinsic pulses will produce an artifact in
the depth profile measurements, which should be taken into account
in the interpretation of experimental results. The reference spectrum
in figure 3b shows a monotonic decrease with increasing frequency
from the maximum level at 0.2 THz to the noise level. The signal to
noise is about 102 at 0.2 THz.
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Figure 5: Time wave form of original signal and the component of 3 THz.
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Figure 6: (a) The mock sample of polymer insulator and (b) time wave form.

Performance of setup
At room temperature and dry atmosphere, a reference wave form
measured for a high reflection metal plate (a sliver-coated mirror) and
its Fourier transform spectrum are shown in figure 3a and figure 3b,
respectively. The time delay interval is 66.7 fs and the amount of data

In order to investigate the performance of the setup as an image,
a concentric-circle pattern was used as test sample (Figure 4a) to
measure the lateral spatial resolution. The sample is fabricated by
thermal transfer printing on to a plastic sheet with conductive ink.
The width of the lines and gaps are both 1 mm. Scanning experiment
was performed with a 0.2-mm step in x and y direction. The frequency
decomposed image at 2 THz is shown in figure 4b, and the pattern
image is observed clearly. Considering the lens with 360-mmfocus
length and 50-mm diameter, it is reasonable to estimate the lateral
spatial resolution to be about 1 mm.
A paper with thickness of 90 μm is used as a sample for
the resolution test in the direction of incident beam (the depth
resolution). The time wave form is plotted in figure 5 as red line.
It is shown that the peaks of the wave reflected from the air-paper
interface and the paper-air interface could not be distinguished
because peaks are overlapping together. In order to improve the
depth resolution, we used wavelet transform to extract a certain high
frequency component from the original data. In figure 5, the wave
form at 3 THz is plotted as blue line, from which we can distinguish
the peaks reflected from air-paper and paper-air interfaces. With this
data-processing method, a sample with depth of several tens of μm
could be measured. It should be noted that comparing to the incident
wave, the wave reflected from the air-paper interface holds an inverse
phase as shown in figure 5.

Experimental results
Since their introduction in 1970s, polymer insulators have been
increasingly accepted and applied to electrical utilities as suitable
replacements for porcelain and glass insulators. Polymer insulator is
composed of fiber reinforced plastic (FRP) with coating silicon gum
tightly. Separations between the silicon gum and FRP could take place
when polymer insulators are used for a long time, and these separations
lead the decrease of insulating performance. So, it is expected to diagnose
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those separations without destruction. A sample made of a 1 mm thick
silicon gum and a 3 mm thick FRP plate is shown in figure 6a, and a
small gap between the gum and the FRP is set deliberately to simulate the
separation. The reflected wave form was measured and shown in figure

6b. Three reflected peaks are observed, which are from interfaces of airgum, gum-air and air-FRP, respectively. From the separation of time
induced by the air gap, the length of the gap can be concluded as 795 μm,
with using the expression
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Figure 7: (a) The mock sample of cable, (b) time wave form reflected from sample with dry paper and (c) wet paper.
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Figure 8: Detection of alien substances in insulation materials. (a) Sample made of polyethylene plate with inserted metallic needle and (b) the scanning image
at 2 THz.
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l = c ⋅ ∆t ⋅ cos θ / 2
where l is the gap length, c is the light velocity in vacuum, ∆t is
the separation of time, and θ is the incident angle.
As is known, the water leaking into a high voltage cable induces
the corrosion of copper which is used as the shield layer under the
plastic layer. The corrosion could destroy the insulator, so, it is
better to find the place of leakage of water in advance. We attempt
to detect the water leakage between the plastic and the copper layer
with terahertz wave. The mock sample is shown in figure 7a. Between
a copper substrate and a plastic plate with thickness of 2 mm, dry
or wet paper is set to simulate the cases of with and without leakage
of water. The paper is 90 μm thick, and stuck on the plastic plate.
The measured wave forms are given in figure 7b and figure 7c,
respectively. Comparing with the case of dry paper, the case of wet
paper shows a weakened signal reflected from the copper, which is
due to the absorption of water.
Next, we attempt to find alien substances in insulation materials.
A polyethylene plate with an inserted metal needle is used as a sample
as shown in figure 8a. The thickness of the polyethylene plate is 3
mm, and the diameter of the needle is 0.75 mm. The dashed line on
figure 8a indicates the scanning direction, and it is shown that the
scanning path across the area where the needle exists. We scanned
6 mm along the scanning path with a 0.05-mm step. With using the
data-processing method mentioned above, the wave form at 2 THz
is chosen to plot a scanning image as shown in figure 8b. In figure
8b, we can distinguish the air-polyethylene interface, the needle and
the polyethylene-air interface, which means that the needle inside the
polyethylene plate could be detected.

Conclusion
In conclusion, we built a reflection-type terahertz time-domain
spectroscopy, and demonstrated non-contact and non-destructive
diagnosis of insulating materials. The preliminary experiments show
that terahertz wave can be applied to diagnose inner structures of
various insulator used for electric power facilities. The results are
helpful to a planning project on the development of terahertz wave
applications in diagnosis of electric power facilities.
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