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Sub-THz (terahertz, 10" Hz) time-domain spectroscopy (TDS) system was developed to analyze the optical properties of materials within the
D-band (110-170 GHz) frequency range. By directly measuring both the amplitude and phase of the electric field in the time domain, the complex

refractive indices and absorption coefficients of polytetrafluoroethylene, crystalline quartz, and sapphire samples were extracted. The TDS system
provides several advantages, including broad bandwidth, fast acquisition, and the capability to determine complex dielectric properties without the

need for reference samples. These features highlight its potential for applications in telecommunications, biosensing, and semiconductor inspection.
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2.1. Sub-THz A|Zt= 28 A|AH
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Fig. 1. (a) Scheme of the sub-THz time-domain spectroscopy system. (b) Photo of the developed system. A femtosecond laser pulse is split into
two beams using a beam splitter. One of the beams is used to generate a THz pulse, and the other beam passes through a delay line and is used to
detect the THz pulse via photoconductive switching technique.
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Fig. 2. Optical microscope images of the fabricated dipole photoconductive antenna in (a) the emitter and (b) the detector. The generation and
detection antennas have line spacings of 200 um and 100 pm, respectively, with identical line width (10 um), dipole gap (5 um), and dipole width
(20 um). The laser spot is focused on the gap, and a bias voltage is applied between the metallic contacts of the emitter.
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Fig. 3. (a) Detected THz photocurrent in the time domain. (b) Spectrum of (a) in the frequency domain. Each signal was measured three times,
and the average value was calculated with the standard deviation indicated as error bars.



274 F=33kelA] A36d A5%, 20259 10€

3 T T T
— Reference

— — PTFE

g 2 — Quartz ]

— — Sapphire

©

C

%))

w1 fb

£

®

€

o

Q0

[0}

£

l_

_1 1 1 1
0 25 50 75 100
Time (ps)
()
— Reference
—PTFE

-15000 —_Quartz
—_ — Sapphire
(o)
8 -
~—-10000 g
o}
w
© L
-
o

-5000 R
0

0.0 02 04 06 08 10 12
Frequency (THz)
(©

10 T T T T T
El
g
@
©
=
=
£
f — Reference
s — PTFE
o — Quartz
3 )
® 001 — Sapphire I

0.0 0.2 0.4 0.6 08 1.0 12
Frequency (THz)
(b)

S
c
o
»
L
£
w
o
S
|_
—e— Quartz
—s— Sapphire
D 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Frequency (THz)

(d)

Fig. 4. (a) THz waveforms of reference, polytetrafluoroethylene (PTFE), quartz, and sapphire in the time domain. (b,c) Spectral amplitudes (b)
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