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We will demonstrate the possibility to use Terahertz (THz) hyperspectral imaging (from
10 µm to 3 mm) for defects detection in composite materials. Different composite materi-
als with known defects (typical size less than 2 mm) are investigated: fiberglass or fiber
carbon embedded in a polymer matrix and honeycomb structures in sandwich between
wood, polymer or textile panels. Although being in some cases completely opaque to
visible light, the temporal measurement of the THz electromagnetic field permits to iden-
tify the nature and the position of the defects into the different layers of the investigated
samples.

Introduction
Terahertz radiation is the spectral range between the Infrared and Microwave domains
(from 30 µm to 3 mm) with various interesting properties [1]: for instance low absorption
by non-polar molecules (wood, textiles, papers...), reflection by metallic parts. These
properties are of particular interest for nondestructive quality contro and security. In the
present case, THz radiation is used to detect various defects into composite materials.
Composites are based on two or more different non miscible materials. The resulting
composite has new properties compared to initial raw materials. Usually, it is composed
of a matrix (plastic or resin) and a reinforcement (fiber or metal structure) material. This
technology offers many possibilities for new high performance and low cost materials
and finds applications in various fields like aeronautics, sports, etc. But the manufactur-
ing and the use of these materials remain difficult and they often present some defects:
porosity, delamination, vacuum, inclusion, structural defects for instance. Quality control
of composite materials is an important topic today in research and industry. IR thermog-
raphy, ultrasonic imaging, X-ray tomography [2] are already well established techniques
but they all present one or more inconvenient: high cost, low resolution, difficulty of
implementation, ect
In this paper, we applied THz technology to the detection of three kinds of defects: struc-
tural defects, vacuum or inclusion and delamination, and we prove that THz could be an
interesting alternative to conventional imaging technologies (already shown in the articles
[3] and [4]).

Experimental setup
The THz setup used for the characterization of composite materiasl is a classical time do-
main spectroscopy imaging [5] system composed of two semiconductor photoconductive
antennas for emission and detection which are excited by a femtosecond fiber laser. The
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detecting antenna is connected to a lock-in-amplifier in order to improve the signal-to-
noise-ratio. An adjustable delay line is placed between the laser and the detector in order
to sample the detected signal. The THz emitted beam is focused by an off-axis parabolic
mirror and a polymethylpentene lens on the sample (in 4f configuration). After travelling
through the sample, the THz beam is collected by an identical optical configuration and
it is focused on the detector antenna. The THz optical setup can be used in transmission
or reflection.
An entire image is obtained with a point by point acquisition procedure, moving the
sample in the vicinity of a lens focal plane.

Figure 1: Setup of the time domain spectroscopy TeraHertz transmission imaging system.

Experimental results
In this part, results of two kinds of composite in which there are different defects, wil be
presented.

Composite with a honeycomb structure

The first sample is a composite with a honeycomb structure in sandwich between two
layers of polymer. The first step for the THz transmission imaging of this composite
begins with the acquisition of the absorption spectrum of the matrix material [6]. The
second step consists in the sample imaging with a classic point by point scanning method.
Then a post-data treatment permits to trace the images of the sample in different THz
bands [7] and in particular in the low absorption band previously defined in order to
improve signal to noise ratio. It is important to note that the chosen spectral band for
imaging will have an impact on the minimum spatial resolution, therefore the choice
of the THz imaging band sould be a tradeoff between absorption and spatial resolution.
The two main considerations for the choice of the spectral band used for imaging the
honeycomb structures: under 0.6 THz, the beam profile is not circular (it is not good for
the point by point scanning method) and above of 1,4 THz the signal is totally absorbed
because the skin thickness of the composite sandwich measures 6,5 mm.
In figure 2.c, we are able to observe the structural defect (the vertical black line at the top
of the picture) and the vacuum (the hole of honeycomb).
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Figure 2: (a) Absorption spectrum of a plastic skin composite with an internal honeycomb
structure, and the bandwidth used for the THz imaging. (b) Picture of the composite in
the visible and (c) picture in the THz domain (in the band between 0.6 and 1.4 THz).

Fiber glass composites with PTFE ”defects”

The second sample is a fiber glass composite in which pieces of PTFE (Teflon) of 2 mm
diameter and around 60 µm of thickness. The pieces of PTFE are placed into the fiber
glass at different depths. As PFTE is almost transparent to the THz rays, the inclusion
of such material wil permit to simulates the case of an internal delamination (because
the PFTE is transparent to the THz ray). Two measures are done for all pieces of PTFE:
transmission and reflection; only the best results are presented on Figure 3.
For these samples, the post-data treatment was more complex because measures are very
noisy due to the fiber glass high absorption. In the transmission measurement (figure
3.b), the best image is obtained with a spectral band between 1.3 and 1.4 THz. We
suppose that the piece of PTFE behaves as a Perot-Fabry cavity with a free spectral range
between 1.3 and 1.4 THz. This tallies with a thickness between 75 and 80 µm (assuming
a refractive index of 1.43 for PTFE). The difference between the real defect thickness and
the measurement is about 20 %. This can be due to a problem related with the sticking
of the PTFE piece in the composite. In the reflection measurement, we obtain expoitable
results only when the piece of PTFE is embedded at a small depth. The reflection image
(figure 3.c) presents an amplitude gradient, certainly because the sample was not exactly
normal to the THz beam but tilted. In the amplitude image [7] the position of the defect
can be detected but its shape and dimension are not as clearly defined as in transmission
mode. Here again we believe that this may be due to the sample positioning in the focal
plane.
Finally in the two types of imaging, we can detect the pieces of PTFE. In transmission
measurement we can clearly detect the defect shape and dimensions (including thick-
ness).In the reflection mode, the fiber glass structure can not be observed whereas in the
transmission mode this structure is clearly visible.
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Figure 3: (a) Image of the fiber glass composite sample used for THz imaging in transmis-
sion mode (b) for this measurement the used THz band lays between 1.3 and 1.4 THz; (c)
Image of the fiber glass composite sample used for THz amplitude imaging in reflection
mode (d).

Conclusion
In this paper, we demonstrated the high potential of THz imaging to detect defects in
composite materials. We performed both transmission and reflection measurements in
various and suitably chosen spectral bands. We were able to identify two types of defects:
the structural defects and the inclusions or air bubbles at different depths of a plastic skin
composite in a honeycomb structure and of a fiber glass with pieces of PTFE inside.
These first measurements have provided for us a lot of feedbacks on our imaging setup
itself and also on our imaging strategy. This will lead to some major improvements in the
upcoming weeks..
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