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Abstract—Sub-terahertz waves are highly sensitive to tissue
hydration levels, making them a promising non-invasive tool for
skin cancer detection. This work validates the capabilities of
a compact, contactless continuous-wave system to discriminate
a synthetic lesion from surrounding tissue using a dedicated
skin phantom. Depth-resolved reflectivity profiles and B-scan
imaging demonstrate that the system can clearly resolve the
lesion, highlighting its potential for dermatological applications.

I. INTRODUCTION

Skin cancer is the most prevalent cancer worldwide and
includes malignant neoplasms such as melanoma, which has
the highest mortality rate, as well as non-melanoma skin
cancers, including basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC), with approximately 5.4 million cases
diagnosed annually in the United States alone [1].

Consequently, to mitigate the disease burden, accurate di-
agnosis and timely, effective treatment are essential; to this
end, numerous electromagnetic-based technologies have been
developed to support clinical management by addressing the
invasiveness and long diagnostic delays associated with biopsy
followed by histopathological examination, which remains the
current gold standard for diagnosis. This can be attributed
to the fact that alternative non-invasive techniques still ex-
hibit several limitations, including limited penetration depth,
bulky systems, the requirement for trained personnel, and
often rely on contact-based probes, which introduce additional
challenges [2].

Terahertz (THz) waves, owing to their non-ionizing na-
ture and high sensitivity to tissue hydration levels, exhibit
significant potential for skin cancer sensing and detection,
offering a favorable trade-off between spatial resolution and
penetration depth compared to microwave- and infrared-based
techniques. This is because tumors, characterized by increased
vascularization and consequently higher blood content than the
surrounding healthy tissue, provide an endogenous contrast
source for THz waves.

In this work, a compact, contactless continuous-wave (CW)
sub-THz system operating in the WR-1.5 band (500-750 GHz)
is presented for skin cancer applications, and preliminary mea-
surements are performed on a dedicated phantom mimicking
a BCC pattern surrounded by healthy skin (HS). This paper
is based on the numerical analysis presented in [3].

II. SKIN PHANTOM

Tissue-mimicking phantoms are essential for the develop-
ment and validation of biomedical devices. By replicating the

dielectric properties of biological tissues across the frequency
bands of interest, they serve as reliable surrogates for real tis-
sues, enabling controlled and repeatable measurements while
addressing ethical constraints in experimentation.

The phantom used in this study is designed by taking as
reference the complex permittivity (£) measurements of HS
and BCC reported by Nourinovin et al. in [4].

To quantify the dielectric contrast between pathological and
healthy tissue, the following definition is adopted:
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where &, and &;, correspond to the frequency-dependent
complex permittivity of the background tissue (HS) and the
lesion target (BCC), respectively.

The skin phantom is therefore realized using mixtures of
silicone rubber loaded with graphite powder and dielectrically
characterized at 625 GHz through a fitting-based methodology
applied to measurements performed with a contact truncated
waveguide system under pressure monitoring. Table I shows
that the contrast at 625 GHz between silicone rubber loaded
with 5% graphite (SR5%) and pure silicone rubber (SR0%) is
consistent with the contrast observed between BCC and HS
in literature.

TABLE I
DIELECTRIC CONTRAST VALUES AT 625 GHZ FOR DIFFERENT
TARGET-BACKGROUND PAIRS.

Target-background C(625 GHz)
BCC-HS max 0.761
BCC-HS min 0.357

BCC-HS average 0.513
SR5%-SR0% 0.512

III. MEASUREMENT SYSTEM

The compact probe, shown in Fig. 1, employs a WR-1.5
diagonal horn antenna to perform contactless reflectivity mea-
surements on the skin or phantom under test. The horn, with a
nominal gain of 26 dBi and a half-power beamwidth of ~ 10°,
is mounted on a VDI WM-380 VNAX frequency extension
module in a downward-facing monostatic configuration and
held vertically by a support stand.

The module connects to a Rohde & Schwarz ZNA67 Vector
Network Analyzer (VNA), with the phantom positioned circa
13 mm below the horn. A motorized linear translation stage,



equipped with a laboratory elevation jack as sample holder,
provides 6 um positioning repeatability over a travel range
of 300 mm. During each session, the stage moves along a
20 mm scan line with 300 pm steps while the VNA measures
reflection coefficients (S1;) by performing frequency sweeps
across 500-750 GHz. Software sweep triggering ensures syn-
chronization between stage position and measurements.

Frequency Extender

Horn antenna

BCC-HS
mimicking phantom

Fig. 1. Measurement setup close-up showing the compact probe mounted
vertically on a metal stand, with the phantom supported by an elevation jack
and positioned on a high-precision linear stage.

Each S;; trace includes 1001 frequency points, correspond-
ing to a maximum unambiguous range of approximately
600 mm. The total scan duration is on the order of 5 minutes.

A single-port offset—short-matched-load (OSM) calibration
is performed at the extender flange prior to measurements to
define a consistent reference plane for the reflectivity analysis
presented in Sect.IV.

IV. RESULTS AND DISCUSSION

The capability to discriminate the presence of a BCC lesion
from the surrounding healthy skin is evaluated by deriv-
ing spatially resolved reflectivity profiles from the measured
Si1 data. A time-domain analysis based on the inverse fast
Fourier transform (IFFT) is then performed to convert the
frequency-domain measurements into the spatial domain, re-
vealing the backscattered response as a function of penetration
depth [5].

From the reflectivity profiles, peaks associated with the
air—sample interface can be clearly identified. The locally
varying amplitudes observed at this interface arise from spatial

variations in dielectric contrast along the linear scan in the
vicinity of the target.

Depth-resolved reflectivity profiles are arranged along the
scan line and mapped to a colormap, producing a B-scan
where columns represent local profiles and color encodes
signal intensity across position and depth. Figure 2 shows
a representative image generated by scanning a phantom
featuring a surface BCC-like pattern, realized by regions of
SR5% with a thickness below 1 mm embedded in an SR0%
background. The corresponding scan line is also highlighted.
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Fig. 2. B-scan image of a silicone rubber phantom featuring a BCC target
pattern mimicking a skin lesion surrounded by healthy skin, acquired in the
WR-1.5 frequency band.

The resulting image clearly resolves the targets at their
correct locations, demonstrating the capability to accurately
differentiate a potential BCC lesion from the surrounding
HS and further highlighting the potential of sub-THz waves
for dermatological applications, with the system presented
here featuring a compact, contactless design operating in the
WR-1.5 frequency band.
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