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Abstract

Interference caused by multiple reflections is a critical issue in transmission measurements
using continuous wave (CW) terahertz and sub-terahertz radiation. This study proposes a
practical method to reduce interference effects and improve the stability of transmittance
measurements. By deriving analytical expressions for interference patterns under both
normal and oblique incidence conditions, we demonstrate that oblique incidence simpli-
fies the interference behavior and allows the reliable extraction of transmittance values
from maximum and minimum signal intensities. Using a 95 GHz CW oscillator (Model
SFD-753114-103-10SF-P1, Eravant, Torrance, CA, USA) and a 1 mm-thick PET sample, we
conducted transmission measurements while varying the detector position. The derived
method enabled the calculation of interference-free transmittance values that were con-
sistent across different sample positions. This approach offers a practical technique for
material characterization, especially in applications such as nondestructive testing and
plastic recycling.
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1. Introduction

In recent years, nondestructive testing (NDT) technologies have expanded their appli-
cable frequency range from the mid-infrared to the far-infrared regions, including terahertz
(THz) and sub-terahertz (sub-THz) waves. Notably, THz radiation can couple with whole-
molecule vibrations, while sub-THz waves couple with phonon vibrations. These features
make them promising for novel inspection techniques in structural health monitoring and
material recycling [1].

Among various THz sources, single-frequency continuous wave (CW) oscillators—based
on semiconductor devices—offer a simple and cost-effective alternative to Fourier Transform
Infrared Spectroscopy (FTIR), particularly since they do not require interferometers. However,
CW systems are highly susceptible to interference caused by multiple reflections, which
compromises measurement stability. Addressing such interference is essential for the accurate
characterization of material properties and reliable inspection [2].

This study investigates interference mitigation methods in transmission measure-
ments using sub-THz CW devices. A practical method for transmittance measurement
and associated data processing is proposed to suppress interference effects and enhance
measurement reproducibility.
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2. Methods
2.1. Interference in Reference Measurements

When performing reference measurements (i.e., without a sample), interference arises
from reflections between the oscillator and the detector (Figure 1) [3]. The complex ampli-
tude of the transmitted wave can be written as follows:

t=tity/{expli(=¢)] + rirsexpli(¢)]}
The detected intensity T =|t12 is as follows:
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By moving the detector, the minimum (T,;;,) and maximum (T};4x) intensities can
be obtained. Using these, the interference-independent product t12t42 can be estimated

as follows: ,
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Figure 1. Interference model for the reference measurement without a sample.

2.2. Interference in Normal Incidence Sample Measurements

For transmittance measurements with normal incidence, multiple reflections occur
at the four interfaces of the oscillator, sample, and detector. The transmitted amplitude
becomes a complex sum involving the phase terms ¢1, ¢, and ¢3, leading to a complicated
interference pattern. Due to this complexity, interference effects cannot be easily canceled
using extreme values as achieved in the reference case [3,4].

2.3. Interference in Oblique Incidence Sample Measurements

To simplify the interference, measurements were performed with an oblique incidence
angle (e.g., 45°) (Figure 2). In this configuration, some reflected components are redirected
away from the detector, reducing the number of interfering terms. The transmission
amplitude is as follows:

t = titatsty/{expli(—L)] +rorzexpi(—L 4 2¢,) | +riraexpli(L)| —rir3rsexp[i(L — 2¢,)]

where L = ¢; + ¢ + ¢3. The detected intensity T :‘t 12 becomes

T = (t1t2t3t4)2/D
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with
D =« + Beos(6(L))

Assuming r; < 1, we approximate & ~ 1, allowing the interference-independent
transmittance to be calculated as follows:
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Figure 2. Interference model for transmission measurement of a sample under oblique incidence.

3. Transmission Measurement and Data Processing

Transmission measurements were conducted using a 95 GHz CW oscillator (Model
SFD-753114-103-10SE-P1, Eravant, Torrance, CA, USA) (Figure 3). A 1 mm-thick PET plate
was used as the sample, and reproducibility was evaluated at different sample positions.

Motor Control
Data Acquisition

Detector

Lens

Plastic Sample

% Oscillator

Figure 3. Experimental setup for transmission measurement of plastic samples.

The detector was motorized and moved over a 2 mm range—sufficient to capture a
full interference cycle (greater than a half-wavelength). Voltage data were recorded, and the



Proceedings 2025, 129, 51

40f5

References

transmittance was calculated using the maximum and minimum values obtained during
movement. The angle of incidence was set to 45°.

4. Results

Figure 4 shows the calculated transmittance values at various sample positions. The
results confirm that the proposed method yields stable and reproducible transmittance
measurements, irrespective of the sample’s position, by effectively suppressing interference.
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Figure 4. Measured transmittance of the PET sample at each sample position.

5. Conclusions

In this study, we addressed the problem of interference in transmission measurements
using sub-terahertz continuous wave radiation. We derived interference equations for
both reference and sample measurements and proposed a method to eliminate interference
effects by analyzing maximum and minimum voltage values. Notably, we found that
using oblique incidence simplifies the interference pattern, allowing for more accurate and
reproducible transmittance measurements. Experimental validation using a 1 mm PET
plate and a 95 GHz oscillator confirmed that our method provides stable transmittance
results, independent of sample position. These findings contribute to improving the relia-
bility of CW-based terahertz and sub-terahertz inspection technologies and hold potential
for broader application in material inspection, especially for nondestructive testing and
plastic recycling.
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